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Abstract 

This mini review summarizes the importance of imidazole derivatives as biomolecules. 

Our focus will be on the structure and pharmacological activities of imidazole and its 

derivatives. 
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Introduction 

Imidazole derivatives are an important group of heterocyclic compounds that have 

biological, chemical properties and have been used for several years to treat parasitic 

illnesses produced by either protozoa or helminthes [I-III]. The imidazole ring is commonly 

create in highly important endogenous biomolecules comprising biotin, the essential amino 

acid histidine, and the autacoid histamine [IV]. Moreover, the imidazole nucleus is of 

significant importance in therapeutic chemistry research since numerous imidazole-

comprising compounds show biological actions. on the other hand                                      

heterocycles form by far the main of classical dissections of organic chemistry and are of 

immense use biologically and industrially. It is well recognized that the heterocycles are 

existent in all types of organic composites of interest in electronics, biology, optics, 

pharmacology, material sciences and so on. Heterocyclic nucleus reports a significant 

function in medicinal chemistry and attends as a key master for the growth of many 

therapeutic agents [V]. Mostly researchers have preserved their interest in sulfur and 

nitrogen-comprising heterocyclic compounds through decades of historical development 
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of organic synthesis [VI], but heterocycles with other heteroatoms such as oxygen [VII], 

phosphorus [VIII] and selenium [IX] also seems.  

On the basis of various literature surveys Imidazole derivatives shows various biological 

activities such as anti -bacterial activity, anti-microbial activity, anti- helmintic activity , 

anti-inflammatory activity  , anti- tubercular activity , anti-cancer activity ,anti-viral 

activity.  

 

Structure and Pharmacological activities 

Imidazole: Imidazoles are well known heterocyclic composites having significant feature 

of a variation of medicinal agents. Imidazole is a planar 5-membered ring. It is a very polar 

composite with dipole moment of 3.61 D. It is extremely soluble in water and also is soluble 

in other polar solvents. It exists in two equivalent tautomeric forms because the proton can 

be positioned on either of the two nitrogen atoms. Due to the presence of 

a sextet of B-electrons the compound is categorized as aromatic. It contains of a pair of 

electrons from the protonated nitrogen atom and one from each of the lasting four atoms 

of the ring. Imidazole is amphoteric, i.e., it can function as both an acid and as a base 

[IX]. Structure of imidazole is shown in Scheme 1: 

 
Scheme 1 

Imidazo [2, 1-a] isoindole derivatives as anti-bacterial agents 

 

Increasing resistance of pathogenic microorganisms toward the presently prevailing 

antibiotic drugs is main concern to the public health around the world. Hence, the treatment 

of microbial infections due to multidrug-resistant microbial pathogens becomes a major 

trial [X]. This has generated a substantial essential for the growth of new and more potent 

antimicrobial causes with broad spectrum of preventing activity, efficiency, and low 

toxicity. Therefore, it needs an effectual method to plan new antimicrobial causes with 

novel mechanism of action and structural modification to advance their target selectivity 

and efficiency. The high therapeutic characteristic of the imidazole-based drugs have 

stimulated the therapeutic chemists to create a great variety of novel chemotherapeutic 

causes [XI]. Furthermore, fused imidazole derivative such as imidazo [2,1-a]isoindole has 

emerged as an important heterocyclic scaffold with potentially therapeutic characteristics. 

One-pot creation of fused imidazo [2,1-a]isoindole products through in situ generation of 

amides from acid products and amines minimizes the hazards derived from their separation 

and handling. In the view of [XII], tetrahydroimidazo[2,1-a]isoindole derivatives 

consuming orthobenzoylbenzoic acid with ethylenediamine. In the study by [XIII], 

research group synthesized fused imidazo[2,1-a]isoindole using cyclic esters and 

ethylenediamine [XIII]. These fused imidazo[2,1-a]isoindoles have revealed strong 
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antiplasmodial activity. In the study by [XIV], fused imidazo[2,1-a]isoindole derivatives 

through intermolecular condensation of 2-formylbenzoic acid and α -aminoamides using a 

catalytic amount of toluene-p-sulfonic acid, which set the phase for the growth of a modular 

one-pot approach to fused imidazo[2,1-a] isoindole. In the view of [XV],   fused 1H-

imidazo[2,1-a] isoindole-2,5(3H,9bH)-dione derivatives by 2-formylbenzoic acid. One-pot 

synthesis of fused 2, 3-diaryl-5H-imidazo[2,1-a]isoindoles using 1,2-diketones, 2-

formylbenzoic acids, and ammonium acetate is reported by [XVI].  Based on the above 

successful synthesis of fused imidazo[2,1-a]isoindoles and continuance of our research 

toward the creation of biologically strong heterocyclic compounds,[XVII] 

 

Anti-microbial activity 

 

On the other hand, antimicrobial resistance has become one of the most serious public 

health concern across the world. Antimicrobial resistance denotes to microorganism that 

has developed the capability to deactivate, reject, or block the inhibitory or fatal way of the 

antimicrobial causes [XVIII]. Structure–activity concept has emerged as a fruitful 

approach for the new drug discovery and is a quickly emerging theme in therapeutic 

chemistry. The 2-amino-4H-pyran are the model constructions, with their inherent affinity 

for diverse biological receptors, represent an ideal cause of core scaffolds and capping 

fragments for the scheme and creation of targeted molecules on a reasonable time scale 

[XIX]. Between them, 2-amino-4Hpyran-3-carbonitrile include a class of therapeutic 

compounds that apply a wide range of biological activities such as antitumor, antibacterial, 

antiviral, spasmolytic, and ant anaphylactic [XX–XXIII]. Literature survey showed that 

many 2-amino-4H-pyran derivatives displayed potent for the cure of Alzheimer, 

Schizophrenia, Myoclonus diseases [XXIV]. Green chemistry plays an important role in 

synthetic organic chemistry in current decades has been multicomponent reactions (MCRs) 

[XXV, XXVI]. The MCRs permit combination of more than two reactants in one-pot 

operations and permit direct admission to complex molecules and chemical libraries 

[XXVII, XXVIII]. Herein, we are recording an Imidazole catalyzed one-pot three-

constituent coupling reaction under nonhazardous solvent, that is, mixture of EtOH and 

were evaluated for  compositesO (1:1) at room temperature and synthesized 2H

antimicrobial analysis.                                                                                                            

Imidazo [1, 2-a] pyridine analogues or derivatives as anti-helmintic drug                    

Helminths are parasites that live in the intestines of  humans or other animals, and are 

mainly affected by polluted food or drinking water. There were several types of helminths, 

such as roundworm, pinworm, hookworm, tapeworm and whipworm [XXIX- XXXI]. The 

roundworm is the most broadly spread parasite in the world, and it is the most common 

parasite in humans. According to the World Health Organization (WHO) survey, about 

25% of the world’s population was infected with roundworms, and with an infection rate 

of more than 70% in individual areas [XXXII-XXXV]. Helminths are predominant in 

countries or areas where are tropical, economically undeveloped, warm and humid, and in 

poor sanitation. Anti-helminth drugs can destroy or eliminate the intestinal parasite 

(roundworm, pinworm, hookworm, whipworm and tapeworm) for human or other animals 

[XXXVI – XXXVII].  They comprise the anti-roundworm drugs, anti-hookworm drugs, 

antipinworm drugs, anti-whipworm drugs and anti-tapeworm drugs. Some drugs can 

destroy or drove for a variety of helminth infection, too be recognized as extensive-
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spectrum anti-helminth. Now, the medical used main anti-helminth drugs have imidazoles 

(Albendazole, Ciclobendazole, Obibendazole, Parbendazole, Mebendazole and 

Tiabendazole, Figure 1), piperazines (Phosphate and Citrate), piperidines (Pyrantel and 

Oxantel) and other drugs (Toosendanin and Agrimophol) [XXXVIII – XL]. These anti-

helminth drugs essentially act on the intestinal, their chemical configuration was dissimilar, 

and they vary in the mechanism of action [XLI – XLIII]. However, the basic mechanism 

is generally in the neuromuscular system of paralytic body, affecting spasm or paralysis of 

the worm muscle, also producing the insect body to miss the adsorption ability of the 

intestinal wall and eject the polypide [XLIV]. Furthermore, the action mechanism of some 

drugs is to affect the biological action of the enzyme in the insect, which causes the loss of 

energy in the polypide because of the failure of glucose metabolism. The other drugs can 

directly digest the polypide [XLV]. In clinical, the imidazoles drugs are the most broadly 

used for anti-helmintic [XLVI – XLVII] because they can expel roundworm, hookworm, 

pinworm and whipworm. They are wide-spectrum of anti-helminth drugs. The 

pharmacological action of imidazole drugs selectively and irreversibly prevents the 

acceptance of glucose by the helminths, which leads to endogenous glycogen reduction of 

the helminths. The inhibition of the fumarate reductase [XLVIII] delays the creation of 

adenosine triphosphate, leading to the regular death of the helminths due to energy 

reduction. There are four binding places among fumarate reductase and imidazoles of drug 

[XLVIII], which have strong capability of combination. For imidazole drugs of anti-

helmintic, Albendazole is good in the clinical cure effect, it has a broad-spectrum of anti-

helmintic, such as roundworm, hookworm, whipworm and pinworm, and it has good to 

destroy or diver influence for imago and egg. Albendazole is an oral absorption drug, and 

it has side-effects on human gastrointestinal, teratogenic and embryo toxic effects on 

pregnant women.                                                                                                                    

Using structural transformation and by modification with alkyl groups, this research used 

Albendazole as the lead compound to plan a novel of chain imidazo [1, 2-a] pyridine 

analogues or derivatives (Figure 2). From the view of structure-activity relationship 

(SAR), the a new planned compounds (4a–4r) and Albendazole are like the imidazole ring 

construction, and may too have the influence of anti-helmintic. The adaptation with alkyl 

might influence to design the anti-helmintic drugs with broad-spectrum, less body to 

absorb, low poisonousness and low on the gastrointestinal mucosa irritation. This novel of 

series imidazo [1, 2-a] pyridine analogues or products were created by 2-hydrimidazo [1, 

2-a] pyridin-2-amine (1a) as the initial material, and the target compounds were took by 

three steps of chlorination, amidation, and alkylation, correspondingly (Scheme 2). The 

synthetic way was characterized by simple process, high total yield and mild reaction 

circumstances.                                                                                                                         
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Figure 1:  the structure of imidazoles drugs with anti-helminth 

 

 
Figure 2:  Design of imidazole [1, 2-a] pyridine analogues or derivatives 
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Scheme 2: The synthetic route of imidazo [1-2a] pyridine analogues or derivatives 

 

Anti-inflammatory and Anti-microbial Activity of Novel Indolyl Chalcone 

Derivatives 

Heterocyclic compounds containing nitrogen have been pronounced for their biological 

action against different microorganisms. The indole unit is the key structure block for 

variability of compounds, which have vital roles in the roles of biologically significant 

molecules [XLIX, L]. Introduction of varies groups to the adapted indole construction can 

yield a sequence of composites with multiple actions. Various 3-substituted indoles had 

been used as beginning resources for the creation of a number of alkaloids, agrochemicals, 

pharmaceuticals, and perfumes. Also, 3-substituted indole derivatives have different kinds 

of extensive spectrum’s biological actions such as antimicrobial, antitumor, hypoglycemic, 

anti-inflammatory, analgesic, and antipyretic activities [LI, LII]. Additionally, the 

replacement at the 3-position of the indole circle can take place by presenting an extra 

heterocyclic ring, for example imidazole (topsentins, nortopsentins) [LIII, LIV], 

dihydroimidazole (discodermindole) [LV], oxazole [LVI, LVII], thiazole [LVIII], 

quinazoline [LIX], pyrimidine [LX, LXI] as shown in Figure 3, and pyrazoline [LXII]. 

Therefore, 3-substituted indoles still characterize an important synthetic task. In view of 

the important biological properties of the indole ring, we have scheduled to synthesize a 

new series of 3-chloro-2-substituted indole products bearing side chains with altered 

constructions; as such products could own interesting and beneficial antimicrobial and anti-

inflammatory actions.                                                                                                              
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Figure 3: pyrimidinyl and  pyrazolylindole as bioactive moleculesAnti-tubercular activity

 
 

The [LXIII] created sequence of novel 5-(nitro/bromo)-styryl-2-benzimidazoles 

derivatives and screened for in vitro anti-tubercular action against Mycobacterium 

tuberculosis, and these compounds exhibited good antitubercular actions. Streptomycin 

was used as reference drug.  

 

 

 

 

 
Fig-4 

 

The [LXIV] described anti-mycobacterium tuberculosis actions of ring substituted -

1Himidazole-4-carboxylic acid products and 3-(2-alkyl-1H-imidazole-4-yl)-propionic acid 

products against durg-sensetive and durg-resistent M. tuberculosis strains. (Fig.5) 

compounds were most strong compound.  
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Fig-5 

 

The [LXV] created a series of imidazole derivatives and compounds were screened against 

M .tuberculosis where this compound exhibited good antitubercular activity.  

 

 

 

 
 

Fig- 6 

 

Anti-cancer activity 

Ten new aryl imidazoles combined with chemotherapeutic pharmacophores have been 

created and assessed for their anti-bacterial and short term anti-cancer activity. All the 

manufactured substituted imidazoles have revealed good antibacterial action against gram 

negative bacterial strains Klebsiella pneumoniae and Escherichia coli. The produced 

imidazole derivatives have important cytotoxic action against Ehrich’s Ascites Carcinoma 

(EAC) cell lines and Dalton’s Lymphoma Ascites (DLA) cell lines. Compound 1 exhibited 

the best anti-cancer action with CTC50 value of 98.56 and 31.25 μg Ml [LXVI] against 

DLA and EAC cell line [LXVII]. 
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A new series of 1-substituted imidazole products have been created by taking altered 

anilines and sulfonamides as substitutions [LXVIII]. The compounds were screened for 

their anticancer and antimicrobial activities. Compound 2 exhibited highest activity against 

cervical cancer. Compound 3 showed good antifungal activity while compound 4 showed 

good antibacterial activity. 

 

 
 

Anti-viral activity 

The [LXIX] created imidazole derivatives and the antiviral screening of (substituted 

phenyl)-[2-(substituted phenyl)-imidazol-1-yl]-methanones against viral strains showed 

that compounds A and B selected as the most potent antiviral agents. Ribavirin was used 

as standard drug.  
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The [LXX] created seventy six 2-phenylbenzimidazole derivatives and assessed for 

cytotoxicity and anti-viral activity against a panel of RNA and DNA viruses. Compound 

([5,6- dichloro-2-(4-nitrophenyl) benzimidazole]) revealed a high activity resulting more 

strong than reference drugs smycophenolic acid and 6-azauridine.  

 

 
 

Conclusion 

Imidazole derivatives have several antimicrobial activities such as anti -bacterial activity 

, anti-microbial activity, anti- helmintic activity, anti-inflammatory activity,anti- tubercular 

activity,anti-cancer activity,anti-viral activity. 
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