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                                                                                                    CHAPTER-I                        

I. Introduction 

 

Heterocyclic compounds are of mainly interest in medicinal chemistry. The most 

complex branches of chemistry are normally heterocyclic chemistry. It is equally contributed in 

interesting for the industrial and physiological significances and for its diversity of its synthetic 

procedure as well as its theoretical implication. Synthetic heterocyclic chemistry has not only 

played an important role in every place of human life and also found their application in diverse 

field as agriculture, medicine, polymer and various industries. Most of the synthetic heterocyclic 

compounds act as a drug is used as anticonvulsants, hypnotics, antineoplastics, antiseptics, 

antihistaminics, antiviral, anti-tumor etc. In every year large number of heterocyclic drugs is 

being introduced in pharmacopeias. The size and type of ring structures, together with the 

effective substituent groups of the mother scaffold, showed strongly their physicochemical 

properties.
1,2

Among the various medical applications, heterocyclic compounds have a significant 

active role as anti-viral 
3
, anti-bacterial 

4,5
, anti-inflammatory 

6
, anti-fungal 

7
, and anti-tumor 

drugs
8–10

. Heterocycle’s general applications are as immense as they are various and are not 

extensively encompassed in the scope of this brief review. The alkaloids form a most important 

group of naturally occurring heterocyclic compounds having wide-ranging biological activity. 

Most of the alkaloids contain basic nitrogen atoms. Here we have mainly focused on two 

heterocycles that is imidazole and quinazoline. Recent developing organic synthetic 

methodologies on heterocyclic chemistry are more successful pathways for the chemists to 

prepare useful bulk chemicals and fine. This is not only their strategies are influenced by 

economical aspects, expressed in enhancement of reaction yield and purity, but the 

environmental aspect is gaining additional importance as well. As the reducing of using 

hazardous solvents and reagents is one of the major reasons why this work regarding the design 

of the reaction conditions was performed in the absence of any solvent, this chapter will start 

with a brief introduction of imidazole and quinazoline moiety with a focus on solvent–free multi-

component reactions.   
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 I.1. History of Heterocyclic Chemistry 

The history of the heterocyclic chemistry began in 1800s, in step with the improvement 

of organic chemistry. Some noteworthy developments-  

1818: From uric acid, Brugnatelli isolates alloxan.  

1832: Dobereiner produces furfural (a furan) by mixing starch with sulfuric acid.  

1834: Runge isolates pyrrole ("fiery oil") by bones dry distillation.  

1906: Friedlander discovered indigo dye, allowing synthetic chemistry methodologies to displace 

a large number of agricultural industry.   

1936: Treibs syntheses chlorophyl derivatives from crude oil, explaining the biological source of 

petroleum.  

1951: Chargaff's rules are explained, importance the role of heterocyclic compounds 

(pyrimidines and purines base) in the genetic code.     

 

I.1.A. Brief review on Imidazole  

Medicinal chemistry is the discipline anxious with determing the manipulate of chemical 

structure in biological field to determine activity and in the practice of medicinal chemistry 

unfolded from an empirical one connecting organic synthesis of new compound based mainly on 

the modification of structure and then find out their biological activity .
11, 12

 Medicinal chemistry 

concerns with the development, discovery, interpretation and the identification of mechanism 

path way of biologically active compounds at molecular level. 
13

 Synthetic biologically active 

compounds have mainly five-membered nitrogen-containing heterocyclic ring structures. 
14

 

Structural frameworks have been explained as privileged structures and in particular, N-

containing polycyclic hetero structures have been reported to be linked with a broad range of 

biological activity. In the field of heterocyclic five membered ring structures imidazole nucleus 

shows diverse properties. The elevated therapeutic behaviors of the imidazole moiety connected 

drugs have encouraged in the medicinal field to chemists to synthesize a bulky number of novel 

chemotherapeutic agents. The drugs containing imidazole ring have broadened scope in 

remedying a mixture of dispositions in clinical medicines. In the medicinal field imidazoles 

properties include 20HETE (20-Hydroxy-5,8,11,14-eicosatetraenoic acid) synthase inhibitors, 

anticancer, b-lactamase inhibitors, carboxypeptidase inhibitors, antiaging agents, hemeoxygenase 

inhibitors, anticoagulants, antibacterial, anti-inflammatory, antiviral, antifungal, antidiabetic, 
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antitubercular and antimalarial. 
15-28

 At high concentrations, some imidazole drugs, could apply 

direct inhibitory action on membranes, without interference by way of sterols and sterol esters. 
29, 

30
 Infectious microbial disease creates worldwide problem, because microbes have protected 

therapy or prophylaxis longer than any other form of life. In recent decades, troubles of 

multidrug-resistant microorganisms have attained an alarming level in many countries in the 

world. Resistance of anti-microbial agents such as macrolides, -lactam antibiotics, vancomycin 

and quinolones etc. and unlike species of bacteria causes increased significant global problem.
31

 

In the literature overview, imidazole and its derivatives have pharmacologically and 

physiologically active and find applications in the treatment of numerous diseases.  

   

I.1.A.1. Structure and pharmacological activities of Imdazole  

Imidazoles are very important heterocyclic compounds which have important feature of 

various medicinal agents. Imidazole is a 5-membered planar ring compound, which is soluble in 

polar solvents water. It exists in two canonical tautomeric forms because the hydrogen atom can 

be situated on either of the two nitrogen atoms. It is very much polar compound, as evidenced by 

a calculated 3.61D dipole moment. Imidazole compound is treated as aromatic due to the 

presence of sextet of π-electrons, consisting of a pair of electrons on the nitrogen atom. 

Imidazole is amphoteric, i.e. it can acts as a both base and an acid.  

Imidazole derivatives shows diverse pharmacological activities on the basis of a variety of 

literature surveys  

 Anti analgesic activity and inflammatory activity   

 Anti-bacterial activity and Anti fungal  

 Anti depressant activity  

 Anti tubercular activity  

 Anti viral activity  

 Antileishmanial activity 

 Anti cancer activity  

 

I.1.A.2. Development of the Synthesis of Imidazoles:  

Imidazoles are very omnipotent class of drug due its wide-ranging antimalarial, 

antibacterial, antifungal, anti-inflammatory, antiviral, antitubercular and finally anti cancer 
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activity. The development of synthesis of imidazoles moiety as well as its functionalisation at 

various position is still going on to raise its activity. Generally, these procedures involve harsh 

condition, various name reaction, multicomponent reaction, multi-step strategy, and use of lewis 

base and lewis acid, metal free condition, costly transition metal catalyst or in solvent and 

solvent-free condition. In this literature survey, we mainly focus on the different route of 

synthesis part of imidazoles and functionalisation at its various positions.  

 

In 2007, M. Kidwai and co-workers, syntheses one pot multicomponent tri- and tetra-

substituted imidazole using molecular iodine as a catalyst with diketo system, substituted 

aldehyde and ammonium acetate and substituted amine as a source of nitrogen. They proposed a 

mechanism where iodine not only acts as a mild lewis acid catalyst to activate the carbonyl 

system of the parent diketo compound as well as initiate the formation of diamine intermediate to 

produced iso-imidazole followed by dehydration and finally to sigma topic rearrangement to 

produced imidazoles.
32

 

 

Scheme I.1: Synthesis of substituted imidazoles catalyzed by molecular iodine. 
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In 2008, S. Sharma and coworkers, typically syntheses substituted imidazole from acid 

chloride and ethylenediamine at 0°C in non polar solvent, dry dioxane and stirring at room 

temperature to furnish the N-acyl-1,2-ethylenediamine derivatives followed by the addition of 

strong lewis acid triflouroboron etherate. They used acid chloride containing long-chain at the 

alkyl group is not available in the commercial source. This was synthesized from hydroxyl 

olifinic and olifinic long acids chain in situ preparation.
33

  

 

Scheme I.2: Preparation of 2-substituted imidazoles using lewis acid.  

 

In 2009, J.pandey et al. described the synthesis of 1,3-bis-(2-propyl-imidazol-1-yl) 

propane from the reaction between 2-propyl imidazole and 1,3-dibromopropropane in presence 

of NaH in polar aprotic solvent at 0-30° C for 4 hrs. Using this synthetic pathway it is possible to 

synthesis the several substituted imidazoles and their multi coupling products. Among the whole 

compounds, 1,3-bis-(2-propyl-imidazol-1-yl) propane serve as a better antitubercular activity.
34

  

 

Scheme I.3: Preparation of antitubercular active compound from 2-propyl imidazole. 
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In 2010, Hasaninejad et al. reported the multi-component catalyst free polysubstituted 

imidazole in presence of neutral ionic liquid. This methodology has several advantages as 

compared to other method due to in this procedure reaction has carried out under microwave one 

pot multi-component condition as well as catalyst free. Finally using of ionic liquid it is more 

facile to accept a greener process.
35 

 

  

Scheme I.4: Preparation of polysubstituted imidazole using ionic liquid.  

 

In 2010, there is another important work to synthesis of substituted imidaole, C. 

Mukhopadhyay et al. at first syntheses the mercaptopropylsilica in water medium. It is a very 

efficient catalyst to synthesis the imidazole derivatives because of its large surface area which 

increases the binding ability as a catalyst. C. Mukhopadhyay et al. reported the synthesis of 

polysubstituted imidazole using this catalyst in water/ethanol mixture (1:1) at room temperature. 

One scheme is reported as follow.
36
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 Scheme I.5: Synthesis of polysubstituted imidazole using MPS as a catalyst.  

 

In 2011, H.R. Shaterian, M. Ranjbar reported the synthesis of tri- and tetra-substituted 

imidazoles from benzyl or benzoin and substituted aldehyde and substituted aniline or 

ammonium acetate as a source of nitrogen in presence of Bronsted acidic ionic liquid, N-methyl-

2-pyrrolidonium hydrogen sulfate under solvent-free thermal condition.
37 

  

 

Scheme I.6: Preparation of tri- and tetra-substituted imidazoles using Bronsted acidic ionic 

liquid.  
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  In 2012, Shun-Jun Ji and co-workers reported a novel method of preparation of highly 

substituted imidazoles with ketones and benzylamines using CuI/BF3.Et2O cocatalyzed aerobic 

oxidative in the presence of O2 through aerobic oxidation. In presence of CuI, co-catalyst activity 

of BF3.Et2O is much more increased.
38

   

 

Scheme I.7: CuI/BF3.Et2O cocatalyzed synthesis of tri-substituted imidazoles.  

In 2013, Bao-Hua Chen et al. reported the multisubstituted imidazole via copper 

catalyzed cycloadditions reaction. The preparation of multisubstituted imidazoles from 4-methyl-

N-phenylbenzamidine and 1-(2-nitrovinyl)benzene using 2,2-bipyridyl (bipy) as the ligand and 

CuI as the catalyst  in DMF at 90 °C under air conditions. In this case Cu
I
 was primarily oxidized 

to Cu
II
 in presence of oxygen atmosphere. Finally a copper catalyzed cycloaddition reaction to 

formation of substituted imidazoles was developed.
39

  

 

Scheme I.8: Copper catalysed synthesis of multisubstituted imidazoles via cycloadditions. 
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In 2013, Jeh-Jeng Wang and co-workers reported a metal free multicomponent acid 

catalyst synthesis of substituted imidazoles with diphenylacetylene and benzaldehyde using 

various additives, oxidants, solvent and temperature to produced tri-substituted imidazole and 

derivatives of aniline used for tetra-substituted imidazoles.
40

  

 Scheme I.9: Synthesis of imidazole derivatives via multi-component acid catalyzed reactions. 

 

In 2014, Ahmad Reza Moosavi-Zare and co-workers demonstrated one pot synthesis of 

tetra-substituted imidazole using trityl chloride (TrCl or Ph3CCl) with benzyl, derivatives of 

aldehydes, ammonium acetates and finally substituted aniline under solvent-free condition at 

90°C.  This methodology furnished the more efficient products. Using the all reagents in this 

method is eco-friendly so it’s denoted as a greener process.
41
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Scheme I.10: Trityl chloride catalyzed synthesis of tetra-substituted imidazole.  

 

In 2014, Iftikhar Ahsan et al described an efficient strategy for the synthesis of 

derivatives of imidazole containing 2-(4-chlorophenyl)-4, 5-diphenyl imidazole ring as 

antimicrobial and anti-inflammatory agents with benzyl and chlorobenzaldehyde and ammonium 

acetate under glacial acetic acid condition. Further, the 2-(4-chlorophenyl)-4, 5-diphenyl 

imidazole was converted by the corresponding substituent at NH- position to give biological 

active compound that showed anti-inflammatory and antimicrobial activity.
42

               

    

Scheme I.11: Preparation of 2-(4-chlorophenyl)-4, 5-diphenyl imidazole from benzyl in 

presence of glacial acidic acid.  
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In 2015, Irishi N. N. Namboothiri et al. envisioned a one-pot reaction to synthesis of 

highly substituted and bioactive imidazoles ring connecting of Morita-Baylis-Hillman (MBH) 

acetates of nitroalkenes and amidines under mild conditions. The significant 1,2- and 1,3-

bielectrophilic character of nitroallylic acetates and 1,3-binucleophile such as amidine has leads 

the reaction to produce substituted imidazole with a efficient conversion in presence of a base, 

DABCO at room temparature.
43

 

 Scheme I.12: Synthesis of substituted imidazole from MBH acetates having Trypanocidal 

activity. 

 

In 2015, Jianli Li and co-workers demonstrated here an efficient and facile route for the 

preparation of tetrasubstituted imidazoles with amidines and chalcones through FeCl3/ I2-

catalyzed from aerobic oxidative coupling reaction has been developed. This reaction is highly 

regioselective and more functional groups tolerance as well as mild reaction conditions.
44

  

Scheme I.13: Formation of tetrasubstituted imidazole from amidines and chalcones. 

 

In 2016, Anxin Wu and team reported 1,2,5-trisubstituted imidazole via a formal 

(2+1+1+1) type annulations  through  Radziszewski-type reaction in presence of molecular 
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iodine catalyzed mediated with methyl ketones, tosylmethyl isocyanide and anilines has been 

unfolded. It is the first time reported example where methyl ketones act as the α-dicarbonyl 

compounds and aldehydes act in Radziszewski-type reactions. Discussing the mechanistically 

the reaction may be proceeds by way of a key C-acylimine intermediate and I2 plays a significant 

role in the self-sorting tandem reaction.
45

 

 

Scheme I.14: Radziszewski-type synthesis of 1,2,5-trisubstituted imidazole reaction catalyzed 

by molecular Iodine. 

Very recently, Esmail vessally and co-workers revels that synthesis of imidazole 

derivatives from N-propargyl-benzamidines and aryl halides via a tandem aminopalladation or 

reductive elimination or isomerization process involving Pd(PPh3)4 as a catalyst and CuI act as a 

co-catalyst and in presence of a base, K2CO3 in anhydrous DMF medium. The role of co-catalyst 

is very crucial for the success of this reaction. Even in found that in absence of co-catalyst, 

reaction will proceed at a longer time and low yield.
46

   

  

Scheme I.15: Synthesis of substituted imidazoles from N-propargyl-benzimidines via palladium 

catalyzed.  
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I.1.A.3. Pharmacological activities of some imidazole moiety:  

Anti analgesic activity and inflammatory activity:  

Kavitha C.S.et al reported a series of derivatives of 2-methylaminibenzimidazole and 

newly synthesized drugs were screened for inflammatory and anti- analgesic activities. Analgesic 

activity   of this compouds compared with the standard nimesulide drug.
47

    

 

Puratchikody A.et al reported 2-substituted-4, 5-diphenyl-1H-imidazoles and their anti-

inflammatory activity of this compound were examined by using Carrageenan-induced paw 

edema method. Finally found the maximum activity of this compound with reference as an 

indomethacin drug.
48

 

 

Anti-bacterial activity and Anti fungal: 

Deepika Sharma et al have described [2-(substituted phenyl)-imidazol-1-yl]-menthanone 

and 2-(substituted phenyl)-1H-imidazole analogues and tested for their antimicrobial activity 

against Gram negative, gram positive and fungal species. Norfloxacin used as a reference drug.
49
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Ramya v et al reported a novel series of 5-(nitro/bromo)-styryl-2-benzimidazole 

derivatives and studies for the anti-bacterial activity against Escherichia coli, Staphylococcus 

aureus, Klebsiella pneumoniae and Enterococcus faecalis and anti-fungal activity against 

Aspergillus fumigates and Candida albicans. This was compared with ciprofloxacin as reference 

drug.
50 

 

 

 

Daniele Zampieri et al reported bis-imidazole derivatives and tested for anti 

mycobacterial and antifungal activity. All compounds have moderate to good activity against 

Candida glabrata and Candidaalbicans. Miconazole used as a standard reference drug.
51
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  Dorota Olender et al reported nitroimidazole derivatives and studies for their antifungal 

activity against sclerophoma pityophila using the standard nutrient method. After successfully 

examined, finally found more potent fungistatic activity of this compound.
52

  

 

Anti depressant activity: 

Farzin Hadizadeh et al reported moclobemide analogues by changing moclobemide 

phenyl ring with derivative of imidazole and tested for the antidepressant activity of this 

compound using forced swimming test. Compounds 7a-c was found to be more potent as a drug 

than moclobemide.
53
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 Anti tubercular activity:  

Preeti Gupta et al illustrate anti-mycobacterium tuberculosis activities of 3-(2-alkyl-1H-

imidazole-4-yl)-propionic acid derivatives and substituted ring -1H-imidazole-4-carboxylic acid 

derivatives against durg-resistent and durg-sensetive M. tuberculosis strains. The compounds 2f 

and 2h were found most potent as a drug.
54

 

 

 

Ramya V et al developed a novel series of 5-(nitro/bromo)-styryl-2-benzimidazoles (1–

12) derivatives and tested for in vitro anti-tubercular activity of these series against 

Mycobacterium tuberculosis and all these compounds responded good anti-tubercular activities. 

Streptomycin was used as a standard reference drug.
50
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Jyoti Pandey et al reported a series of substituted imidazole derivatives and compounds were 

tested against M .tuberculosis where this compound showed excellent anti-tubercular activity.
55

 

 

Anti viral activity: 

Deepika Sharma et al reported derivatives of imidazole and their antiviral activity against 

viral strains, testing of (substituted phenyl)-[2-(substituted phenyl)-imidazol-1-yl]-methanones 

analogous indicated that compounds A and B showed as the most potent antiviral agents. 

Ribavirin was used as standard reference drug.
49

 

 

 

Michele Tonelli et al reported seventy six 2-phenylbenzimidazole derivatives and invented their 

cytotoxicity and anti-viral activity against a DNA and RNA viruses. Compound ([56-dichloro-2-

(4-nitrophenyl) benzimidazole]) showed a high activity as a more potent drug than reference 

drugs 6-azauridine and smycophenolic acid.
56
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Anti leishmanial activity: 

Kalpana bhandari et al reported a novel series of substituted aryloxy aryl alkyl and 

aryloxy alkyl imidazole and evaluated for their anti-leishmanial activity against Leshmania 

donovani in vitro process. Most of the compounds showed 94–100% inhibition.
57

   

 

 

Anti cancer activity: 

Yusuf Ozkay et al reported so many novel imidazole-(Benz) azole and derivatives of 

imidazole epiperazine with the purpose of study of anticancer activity. Anticancer activity 

showing results exposed that these were the most anticancer active compounds in these series. 

Cisplatin was used as a standard reference drug.
58
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Hanan M. Refaat et al developed various type of 2-substituted benzimidazole. Several of 

the unfolded products were subjected for anticancer testing which exposed that all the tested 

compounds displayed antitumor activity against breast adenocarcinoma, human hepatocellular 

carcinoma and human colon carcinoma. The following two compounds exhibited the maximum 

potency resistant to human hepatocellular carcinoma.
59  

  

 

Antitumor activity against human hepatocellular carcinoma 

 

 

          Most active against human breast adenocarcinoma and moderately against human colon            

carcinoma 

                                                                     

I.1.A.4. Biological significance of imidazole:  

Imidazole is built-in into many significant biological molecules. The most essential is the 

amino acid histidine, which has an imidazole ring side chain. Histidine is present in many 
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enzymes and proteins play a fundamental role in the structure and hemoglobin binding functions. 

Histidine can also be decarboxylated to histamine, which is also a familiar biological compound. 

It is a part of the toxin that sources urticaria, i.e. allergic. The decarboxylation of histidine to 

histamine are shown below 

 

Scheme I.16: Synthesis of histamine from histidine uder decarboxylation. 

 

I.1.A.5. Conclusion:  

The above mentions information about imidazole ring containing compounds has clearly 

shown that the structurally simple imidazole moiety plays a significant role in medicinal 

chemistry and the related research has been being unusually active subjects. A large amount of 

work has been reported toward imidazole-based a highly biological activity in medicinal 

chemistry. Numerous outstanding achievements exposed that imidazole moiety containing 

compounds possess widely potential application as medicinal drugs, pathologic probes and 

diagnostic agents. In particular, a huge number of imidazole-based compounds as clinical 

antibacterial, anticancer, antifungal, antihypertensive, antineuropathic, antiparasitic, 

antihistaminic agents and so on have been successfully expanded, marketed and widely used in 

the clinic in preventing and treating different types of diseases with high bioavailability, low 

toxicity, good biocompatibility and curative effects. An expanding attempt from all over the 

universe has been directly focusing on imidazole moiety containing compounds for potential 

clinical application in the diagnosis and treatment of diverse types of diseases. Excitingly, a 

growing number of derivatives of imidazole have been becoming scientific drug candidates in 

actively constant research and developments. All these have powerfully suggested the infinite 

potentiality application of imidazole derivatives in the field of medicine. 
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I.1.B. Brief review on Quinazoline: 

  Quinazoline molecules are family of fused heterocycles that are of significant interest 

because of their various pharmacological profile.
60

 Quinazoline catch the attention of the 

scientists since 1888, with the innovation of the first natural demonstrated - (+)-peganine 

(vasicine).
61

 Quinazoline has become a popular topic up of two fused ring containing 

aromaticity, a benzene ring and a pyrimidine ring due to its multiple uses.    

 

Many quinazoline-based compounds have been found to have a wide spectrum of 

pharmacological activities, which enhanced the research activity in this field. Various substituted 

derivatives of quinazoline possess an broad range of biological activity for example antimalarial, 

anticancer, antifungal, anticonvulsant, antiviral, antimicrobial, anti-protozoan, anti-

inflammatory, muscle relaxant, diuretic, weedicide, antidepressant, acaricidal, anti-tubercular, 

and lots of other pharmacological activities.
62-64

 Quinazoline compounds are also used in the 

preparation of a mixture of functional diversity for synthetic medicinal chemistry and also 

present in several drugs molecules. The synthetic work on quinazolines are showed in huge 

potentiality and resolved on a variety of pharmacological activities of quinazolines.
65

 

Quinazolinones are one of derivative of quinazoline which is also very active compound like 

quinazoline. Quinazolinones will be divided into the following categories, based on the 

substitution positions in the ring system.
66

 (a) 3-Substituted-4(3H)-quinazolinones (b) 2-

Substituted-4(3H)-quinazolinones, (c) 2,3-disubstituted-4(3H)-quinazolinones, (d) 2,4-

disubstituted-4(3H)-quinazolinones (e) 4-Substituted-quinazolines. Depending upon the nature of 

arrangement of the keto or oxo group, these lead compounds may be three forms of categories of 

which, 4-(3H)-quinazolinones are most common, either as natural products or as intermediates in 

several projected biosynthetic pathways.
67
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Figure I.1: Biological activity of quinazoline scaffold. 
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Figure I.2: Quinazoline moiety containing marketed drugs.  

 

I.1.B.1. Importance of quinazoline nucleus in biological field:  

Quinazoline as Anticancer:  

A main difficulty about healthiness which concerns medical society is cancer disease 

throughout the world. The extensive progress in various aspects of cancer research come about in 

researcher, cancer chemotherapy is extremely insufficient.
68

 Abdel Gawad et al.(2010), reported 

the quinazolin-4(3H)-one derivatives compounds are very well-known in industrial interest, 

medical and technological. A variety of new 3,4-dihydro-quinazolin-2(1H)-one and 3-substituted 

quinazolin-4(3H)-ones derivatives are demonstrated that compounds 3-(4-chlorophenyl)-2-

[2(4methoxyphenyl)-2-oxo-ethylthio] quinazolin-4(3H)-one (1) and 2-[2-(4-chlorophenyl)-2-

oxo-ethylthio]-3-(4-methoxyphenyl) quinazolin-4(3H) one as wide-ranging anti-tumor confirm 

effectiveness toward various cell lines that belong to indivisual tumor subpanels.
69

A novel series 

containing thiosemicarbazide moiety quinazoline derivatives (2) and evaluate the biological 

activity as an antitumor agents by  He et al. (2012).
70

  Fernandes et al. (2007) reported a series of 

novel quinazoline derivatives (3)  were investigated for their function as EGFR inhibitors by 
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using radio iodination. All quinazoline containing compounds were further investigated for their 

potential SPECT activity for breast cancer molecular imaging.
71

  Noolvi  et al. (2013) 

demonstrated a novel series quinazoline derivatives (4) were investigated for the biological 

response against tyrosine kinase (EGFR).
72

 The 3-(pyrimidin2-yl)-2 styrylquinazolin-4(3H)ones 

(5) and 3-(3-methylisoxazol-5-yl) were arranged by refluxing in acetic acid corresponding 2-

methylquinazolinones followed by the benzoic aldehyde and examined for their anti-leukemic 

activity in vitro against K-562 (human chronic myelogenous leukemia), HL-60 (human 

leukemia) and L-1210 (murine leukaemia) cell lines screening in a few cases good activity by 

Raffa et al. (2004).
73

 In 2008, Chinigo and co-workers reported 2,3-dihydro-2-arylquinazolin-4-

ones (6) and activity evaluation found to have potent  fluorescent tubulin inhibition with 

anticancer. In 2010, Tian and co-workers reported a series of novel 5, 8 disubstituted 

quinazolines (7) and were found to have antitumor activity. In 2010, Sirisoma and co-workers 

reported N-methyl-4-(4-methoxy anilino) quinazolines (8) and mentioned that all these 

compounds induced apoptosis. Krishnan et al.(2011) reported a series of novel 3-

(benzylideneamino)-2-phenyl quinazoline-4(3H)-ones (9) from 3-amino-2-phenyl-3H-

quinazoline-4-one with a variety of carbonyls compounds and evaluated cytotoxic activity.
74

 In 

this study, a novel series 7 or 8-substituted-4-morpholinequinazoline derivatives (10) was 

proposed and synthesized. Their anti-proliferative activities, PI3Kα inhibitory activities against 

few cancer cell lines, namely, DU145, PC-3, U937, BT474, MCF-7, A431, and SK-BR-3 were 

investigated in vitro by Tu et al.(2015). Most active compound showed to be a potential drug 

with high PI3Kα inhibition activity (IC = 4.2 µM) and excellent anti-proliferative activity. 

Active compound was also analyst for its inhibitory activities against new kinases, such as 

PI3K , PI3Kδ, mTOR and PI3K  its outcome on p-Akt (S473) and cell cycle. These results 

indicated that compound could considerably inhibit the mTOR/ Akt/PI3K pathway as a potent 

anticancer agent and PI3K inhibitor.
75
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Figure I.3: Quinazoline nucleus containing anticancer drugs. 

 

Quinazoline as Anticonvulsant  

 

A neurological condition, Epilepsy, which is universally upsetting almost 0.5 to 1% of 

the global population annually [45 to 100 million people], is a relation of neurological disorder, 

which if kept untreated, can affect the human brain and lead to other neurological deficits. 

Patients with epilepsy, in severe cases, retain a normal life by the use of antiepileptic drugs 

(AEDs), and others continue for the management of epilepsy, which can provide control or total 

gross relief of the seizures.
76

 Aly et.al in 2010, synthesized a compound, named 3-aryl-4(3H)-

quinazolinone-2 carboxaldehydes (11), thio-semicarbazone derivatives and their corresponding 

Schiff’s Base and reported these compounds as anticonvusants.
77

Mukherjee et.al. in 2014,
78
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synthesized a compound named 2, 4-dichloroquinazoline (12) which was made to react with 

different N-substituted piperazines and a series of compounds were obtained [6(A-G)]. All the 

compounds synthesized were characterized by spectral data, and it was found that these showed 

anticonvulant activity. Ibrahim et. Al. In 1998 studied the anticonvulsant activity
79

 of a series of 

3-substituted-6,8-dichloro-2-phenyl-4(3H)-quinazolines (13) and he was successful in his 

operation. Jatav et. Al. In the year 2008, prepared a series of 3-[5-substituted 1, 3, 4-thiadiazole-

2-yl]-2styryl quinazoline-4(3H)-ones derivatives (14) and evaluated their activity for their use as 

antidepressant agents.
80

 Many 1-(4-substitutedphenyl)-3-(4oxo-2-phenyl/ethyl4H-quinazolin-3-

yl)-urea derivatives (15) have been examined for their anticonvulsant activity (16) by MES and 

Kashaw et. Al. In 2009
81

 were found to be active in the scPTZ screen after testing them on mice.  

 

 

Figure I.4: Quinazoline nucleus containing anticonvulsant drugs. 

 

Quinazoline as Anti-inflammatory and Analgesic  

 

Anti-inflammatory drugs (NSAIDs) which are Non-steroidal such as acetylsalicylic acid 

(ASA) majorly contributed in the management of inflammation and pain. Cycloxygenase (COX), 

the essential enzyme in prostaglandin biosynthesis, exists in 2 forms, constitutive COX-1 

(responsible for physiological functions) and inducible COX-2 (involved in 

inflammation). Inhibition COX described both the beneficial effects (inhibition of COX-2) and 

adverse effects (inhibition of COX-1) of non-steroidal anti-inflammatory drugs (NSAIDs).
82

 



I. Literature Overview 

 

28 

 

Mohamed et al successfully synthesised two series of 2-phenyl-4(3H) quinazolinone derivatives 

(17).As far as indomethacin was considered as the reference drug,
83

 most of the tested 

quinazolinone derivatives showed considerable potent anti-inflammatory and analgesic activity 

of superior GIT safety profile in experimental rats. In addition, some compounds surpassed the 

work of indomethacin as the reference drug and were the most potent antiinflammatory in 

experimental rats. Baja kumar et al. (2010) synthesized a series of novel 8/10 trifluoromethyl-

substituted-imidazo [1, 2-c] quinazolines (18) and evaluated in vivo (rat paw edema) for their 

anti-inflammatory activity and in silico (docking studies) to recognize the hypothetical binding 

motif with the Cycloxygenase enzymes (COX-1 and COX-2) employing GOLD (CCDC, 4.0.1 

version) software and found that compounds shows good anti-inflammatory activity against 

standard: indomethacin.
84

 Alafeefy et al.(2010) synthesized  quinazoline derivatives (19) which 

showed potent analgesic and antiinflammatory activity. The reference compound indomethacin 

was found to be highly inferior as compared to the potent activity of these compounds as anti-

inflammatory analgesic.
85

 Hemlatha et al.(2011) synthesized a series of some novel 2,  

3disubstituted quinazolinone derivatives (20) by condensing 2-methyl/ 2-phenyl/6-bromo-2-

methyl/6-bromo-2phenyl/6, 8-dibromo-2-methyl/ 6, 8-dibromo-2-phenyl benzoxazines with 

compounds containing amino group were confirmed by IR,  C-NMR and Mass spectral data and 

evaluated for their analgesic activity. The report was that this compound (21) showed promising 

analgesic activity compared to standard drug diclofenac sodium.
86
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Figure I.5: Quinazoline nucleus containing anti-inflammatory and anti-analgesic drugs. 

 

Quinazoline as Antimicrobial  

 

Diseases caused by the multi-drug resistant bacteria are life threatening. Their quantity 

has reached a high shocking level in many countries or precisely more or less, the entire world. 

At this moment, SARS (or, Severe Acute Respiratory Syndrome) that is caused by the Corona 

virus SARS-CoV and bird flu, that is caused by the H5N1 (or avian influenza) virus have come 

forward to become the two most important contagious diseases, when thought about their 

epidemic perspective. These infections have crossed the hurdle of species to get itself transmitted 

to humans.
87

 Patel et. Al. In 2011, had synthesised 2-[2-(2,6-dichlorophenyl) amino] phenyl 

methyl-3-[(5-substitutedphenyl)1,5-dihydro H-pyrazol-3-yl-amino]-6-iodoquinazolin-4(3H) ones 

(22), a new series of compound. This was prepared by mixing 2-[2-(2,6-dichlorophenyl)amino] 

phenyl methyl-3-1substituted phenyl acryl amido-6-iodoquinazolin-4(3H)-ones along with 

hydrazine hydrate, and this was done in the presence of acetic acid [glacial]. The compounds that 

were synthesized, were then tested for their antibacterial activity. This was done in vitro, by 

measuring a zone of inhibition (in mm) by a cup plate method and was texted against two 

different strains like two Gram positive bacteria such as Bacillus subtilis, Staphylcoccus aureus 

and two Gram negative bacteria such as Certium, Escherichia coli. This work was conducted 

under two different concentrations, 100 µg/mL and 50 µg /mL.
88

 Gautam et. Al. In 2012 
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synthesized some 4, 6-disubstituted derivatives (23) and tested these for their anti microbial 

activity that started from anthracitic acid derivatives by normal conventional methods. At the 

initial level, acylation was followed by cyclisation. Then, benzoxazinones were obtained, which 

when treated further with ammonia. This reaction yielded the crucial intermediate, 2-substited, 

benzamide. Then the product was subsequently cyclised to obtain quinazoline, which on 

chlorination yielded various 4,6-disubstituted quinazoline derivatives.
89

 Jatav et. Al. In 2008 

prepared 3-[5-(4-substituted phenyl)-1,3,4-thiadiazole-2yl]-2-styryl quinazoline-4(3H)-ones (24) 

and reported that these showed anti-fungal and anti-bacterial activity.
90

 All these compounds 

showed antifungal activity in good amounts, especially those which had a wide spectrum of 

values that ranged from 8.3 to 64.2 𝜇g/mL. Of bioactivity ; it shows potent inhibitory activity on 

the growth of most of the fungi with EC50 values ranging from 8.3 to 46.2 µg/ml. 

Octahydroquinazoline (25) was found on modification of the Biginelli reaction with phenacyl 

bromide and bromomalononitrile for furnishing thiazolo [2,3-b] quinazoline and it was found 

that the interaction of the compound with formamide, formic acid, and phenyl isothiocyanate had 

yielded the corresponding pyrimidine thiazolo [2,3-b] quinazolines(26) and that revealed 

antifungal activity against Candida albicans by Ghorab  et al. in the year 2000.
91

   

 

 

Figure I.6: Quinazoline nucleus containing antimicrobial drugs. 
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Quinazoline as Anti-malarial  

Malaria is the most well known protozoan disease. Malaria infects about 300-600 million 

people and kills about 3 million in a year. While the most influential weapon against malaria 

would actually be a lifelong vaccine, there has been a failure of various vaccine developments 

indicating that extremely active vaccine is extended way from certainty. The rising incidents of 

several drug resistant strains in the malaria prevalent field have extensively reduced the efficacy 

of current anti-malarial drugs for prophylaxis and the management of this ailment. Therefore, 

drugs based on new mode of working are compulsory to overcome the coming out of resistance 

as well as to manage the ever increasing figure of the epidemic that is caused by the malaria 

parasite.
92

 Mohammed et al. (2015) synthesised six 3-aryl-2(substituted styryl)-4(3H)-

quinazolinone derivatives (27) by the treatment of 3-aryl-2-methyl 4(3H)-quinazolinone 

(intermediate species) with a various types of substituted aromatic aldehydes. Their structures 

were finally confirmed by IR, HNMR, CNMR spectroscopic procedures and several elemental 

microanalyses. The synthesized compounds were then evaluated for their corresponding in vivo 

anti-malarial activity against a strain called P. berghei. Four of the produced compounds 

possessed the activity against the parasite. One of them was found to be the most active one 

amongst them. Results of the acute toxicity study had shown that oral administration of the 

synthesized drugs in single doses (100, 250 and 500 mg/kg) had no adverse effects thus 

indicating that the compounds have very high safety margin and their corresponding LD50 is 

much higher than 500 mg/kg. As a whole, this study thus indicates that 4(3H)-quinazolinone 

derivatives are effective sources of lead compounds for anti-malarial drugs.
93 

Sen et al.
94 

(2010) 

prepared a series of 2-substituted and 2,3-substituted quinazolin-4(3H)-one derivatives (28) 

depending on the structure of febrifugine. The in vivo biological activity results indicated that 

these compounds exhibited anti malarial activities by Werbel et al. (1987) against P. berghei in 

mice, at a dose of 5 mg/kg. As compared to Chloroquine or Artemisinin, these compounds have 

the advantages of a shorter synthetic route and consequently they are highly cost effective in 

nature. Werbel et al. (1987) synthesized a variety of similar  2, 4-diamino-6-[(aryl) thio] 

quinazolines (29) with well known anti-malarial properties where the 4-amino group was 

substituted by hydroxyamino and hydrazino moieties and it was found that such changes reduced 
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remarkably the anti-malarial properties of this series. The compound was again tested against a 

normal drug-sensitive strain of P. berghei in mice by the parental route.
95   

Quinazoline as Anti-oxidant  

Selvam et al. (2010), synthesized a number of novel thiazolo  quinazoline derivatives(30) 

by reaction of various aromatic aldehydes with 4-nitro aniline and the chemical structures of the 

compounds were finally confirmed by IR, H-NMR, mass spectroscopy and elemental analyses 

and was screened for the antioxidant activity by nitric oxide scavenging activity, DPPH radical 

assay and the Hydrogen Peroxide scavenging activity and it was reported that  compound was 

found to exhibit the most effective anti-oxidant activity.
96

Al-Omar et al. 2006
97

 synthesized a 

completely new series of 6-iodo-2-propyl-4(3H)-quinazolinone (31) and its condensed 

heterocyclic and was screened for their antioxidant activity. Selvam et al.(2010 ) synthesized  

some compounds which inhibited aldehyde oxidase effectively by more than 98%. A series of 

novel thiazolo quinazoline derivatives (32) by reaction of various aromatic aldehydes with 4-

nitro aniline are screened for their antioxidant activity by nitric oxide scavenging activity, DPPH 

radical assay and hydrogen peroxide scavenging activity and it was reported that the synthesized 

compounds were found to possess the most efficient antioxidant activity.
98

 

Quinazoline as Anti-leishmanial  

Sinha et al. (2013) synthesized a series of compounds 4-(substituted benzyl dine)-2-

substituted-3,4,5,6tetrahydrobenzo[h]quinazolinefrom2-(substituted-benzyl dine)tetralone-1 (33) 

and several other substituted guanidine sulphates and were evaluated for their in vitro anti-

leishmanial activity and it was reported that the compounds showed significant amount of anti-

leishmanial activity against the parasite Leishmania donovani.
99

 Agarwal et al. (2009) 

synthesized 4-(Substitutedbenzylidine)-2-substituted-5, 6 dihydrobenzo[h]quinazoline and 4-

(substituted benzylidine)-2-substituted-3, 4, 5, 6 tetrahydrobenzo[h]quinazoline (34) using 2-

(substituted-benzylidine) tetralone-1 and other substituted guanidine sulphates and then  

evaluated their in-vitro anti-leishmanial activity and then reported that the compounds showed 

high amounts of anti-leishmanial activity against Leishmania donovani.
100   
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Figure I.7: Quinazoline nucleus containing anti-malarial, anti-oxidant and anti-leishmanial 

drugs. 

Quinazoline as Antihypertensive  

Patel et al.(2013)
101

 synthesized an entirely new Quinazoline derivative (35) in three 

steps and then screened for the α1-adrenergic receptor blocking activity. Alagarsamy et al.(2007) 

synthesised  a new series of 3-benzyl-2 substituted-3H-[1,2 ,4]triazolo[5,1-b]quinazolin-9-ones 

(36) by the cyclo condensation of 3-amino-2-benzylamino-3H-quinazolin-4-one. The compounds 

were then evaluated in vivo anti-hypertensive activity. All the compounds showed significant 

amounts of antihypertensive activity. The compound 3-benzyl-2-methyl-3H-[1, 2,4]triazolo[5,1-

b] quinazolin-9-one showed antihypertensive activity much more than the conventional drug 

prazocine.
102
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Quinazoline as Anti HIV 

  Pandeya et al. (1999) synthesized a new quinazolinone  which showed Anti-HIV activity 

where the compound 3amino-2-methyl mercaptoquinazolin-4(3H)-one (37) was prepared by the 

condensation of the acidic amino group of isatin with formaldehyde and secondary amines and 

were evaluated for anti-HIV activity against HIV-1 III B in MT-4 cells.
103 

Yahia et al.(2012)
104 

synthesized a new series of dihydrobenzo[h]quinazoline derivatives (38) from aryl 

ethylenethiopyrimidine and 2-(4-(thiophen-2-yl)-5,6-dihydrobenzo[h]quinazolin-2-ylthio) acetic 

acid as the starting materials. The biological screening then showed that several of these 

compounds have high amounts of anticancer and antiviral activities. In the year (2004), anti-HIV 

activities by some  2,3- substituted quinazolin-4(3 H)-ones were being reported by  Agarsamy et 

al., who synthesized the compound 2-mercapto-3-[(benzimidazol-1--methylamine]-quinazolin4-

(3H)-one (39) which exhibited maximum 31% and 25% protection against HIV-1. Especially, 2-

mercapto-3[(pyridine-2-yl)-methylamino]-inazolin-4-(3H)-one showed 27% protection against 

HIV-2. 

 

Figure I.8: Quinazoline nucleus containing anti-hypertensive and anti-HIV drugs. 

 

I.1.C. Conclusion:  

Quinazoline rings have been studied extensively; the variety in the structural 

modifications surrounding the ring system subsequently gives a measure of their effectiveness 
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for the treatment of various pathophysiological conditions. Quinazoline, being an important body 

of pharmacephore, has various types of groups and substituents attached to it. The results of the 

diverse literature survey conclude that Quinazoline shows various types of biological activities. 

Thus, it can be concluded that the above mentioned work will bestow with the diverse and novel 

drug synthesis and enhancements for an improved efficiency and lowered toxicity. 

I.1.D. Benign Methods in Organic Synthesis 

 

I.1.D.1. Solventless Reactions 

 

Normally the assumption with regard to organic reactions is that the reactions are 

performed in a solvent medium. The reason behind this concept is quite simple. The interactions 

of the reactants in the solvent medium is effective, in homogenous solutions, facilitating the 

shaking, stirring or other different ways of agitation. The reactant molecules can hence come 

together, continuously and rapidly. In addition to this, if uniform cooling or heating of the 

mixture is required, would be easy to carry out in a solvent-inclusive reaction medium. Hence, 

the solvent’s role in an organic reaction is much more complex, than we think of, let alone 

providing a homogenous medium for conduction of a larger number of collisions of the reactants 

taking place. A solvent can work hand and gloves with the process of the organic reaction 

through the solvation of the products and reactants, the transition state or any other species that 

intervene in the course of reaction. Despite such a strong involvement, the product does not 

usually include the solvent [which is the case in solvolysis reactions], and is recovered in an 

unchanged condition after the completion of the reaction. Hence, we normally do not envisage or 

plan for performing a particular reaction in the solvent’s absence. 

 

Any liquid can act as a solvent by principle. But there is a restriction in a number of 

commonly used solvents. Chlorinated hydrocarbons, esters, a few hydrocarbons, a few ethers, 

sulphoxides, amide derivatives, alcohols, water, CS2, liq. Ammonia, etc. are in frequent use for 

carrying out an organic synthesis. The choice one makes about a solvent depends on many 

factors. If an experienced investigator or researcher has to make selections for a solvent for a 

particular new synthesis, he would keep in mind its physical and chemical properties. 

Sometimes, the reactant, if liquid would itself act as a solvent.  Considering every case, we can 

never overlook its use in any particular reaction. It has been reported by GlaxoSmithKline [GSK] 
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that in a pharmaceutical process,
105

 80-90% of the mass intensity is typically constituted by the 

solvent, and this fact was validated by a benchmarking exercise conducted by a pharmaceutical 

industry in 2007 which involved seven inventor pharmaceutical companies. After careful 

conduction and assessment conducted over many years over pharmaceutical batch reactions, the 

biggest mass contributor to the processes as found were the solvents and this was confirmed by 

GSK. The organic solvents are normally volatile liquids that are difficult to store, as they are 

employed on huge amounts, and hence contribute to be on the list of the chemicals which get 

damaged easily. 

 

Even now, the basis of our chemical operations is mostly organic, and contains various 

environmental and health concerns and their source continue to be petroleum. Though they are 

recycled as and when possible but this is not the case always, since this process is rarely 

accomplished which an efficiency of unity. This however means that some chemicals would 

escape from the reaction vessel and would severely pollute the environment. Hence Green 

Chemistry comes into existence. This area of research involves the replacement of hazardous 

solvents with their eco-friendly counterparts which stops the pollution of the environment. 

Therefore the best way to curb this problem would be to stop the use of solvents and make the 

reaction medium solvent-free.
106

 This, in recent times, has led to increase in vigorous research 

activity and also reinvestigation of reactions which are known, so that that we could achieve an 

organic synthesis under solvent-free conditions.  

 

But, we still observe that some chemists even at this day carry out their reactions in the 

solution phase, when they know that the reason behind the use of solvents cannot be found until 

this day. This can be because a reaction which is carried out without the use of a solvent, or in a 

solid state, was generally thought to be less feasible or inefficient with respect to the reactions 

which use solvents, even though, organic reactions that are solid state reactions have been known 

to exist. The fact of the matter today is that organic chemists are trying to choose solvent free 

media over solvents, although many modern solvents, such as ionic liquids, water and fluorous 

media are gaining prominence, but still we can say that not using a solvent is a better option over 

the others. 
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Reactions that are performed under solvent-free conditions have many advantages. Since 

the requirement of a solvent is nil, hence the process would be economical too, as it saves the 

money that would be required in the buying of a solvent. The rates of the reactions too are high 

owing to the fact that the reactants are of higher concentrations. At the end, since we do not 

require removing the solvents after the reaction is complete, hence the workup decreases. During 

industrial production, these would gain special importance, and the environment too would be 

benefited as well.
107

 

 

A process that is solvent-free or solvent-less, may be carried out by incorporating the 

reactants in zeolites, clays, alumina, silica, other matrices etc. or can also be carried out using the 

reactants alone. Ultrasound, irradiation with UV, microwave or thermal processes can gain 

employment during the course of reaction. While there are many advantages, the researcher must 

be careful to conduct the mixing of the reactants in a homogenous system, which is problematic, 

because the system has high viscosity. To add to this, this methodology becomes unsuitable for 

reactions that are solvent assisted. 

 
I.1.D.2. Developments in Solvent-less Synthesis 

 

There are of path an enormous many reactions that can be happened in the absence of a 

solvent. Solid state reactions are very well known process. Its application can also be found in 

undergraduate text books. In fact, first organic synthesis by Wohler of urea achieved in 1828 

belongs to this family are the historically significant (Scheme 1).
108 

  

                                                       Scheme I.17: Wohler’s synthesis of urea 

Pyrolytic distillation to prepare ketones of calcium or barium salts of carboxylic acids is 

even now a usually used procedure (Scheme 2).
109
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                                Scheme I.18: Pyrolytic distillation of Barium dicarboxylates  

In the earlier there is another record of a synthetic organic reaction is the Claisen 

rearrangement to produce o-allyl phenol from allyl phenyl ether in dry state (Scheme 3).
110 

 

                                                            Scheme I.19: Claisen Rearrangement 

Nevertheless, in recent times the mentioning examples focus on the organic reactions 

studied under solvent-free condition with the particular purpose. However, it should be noted 

that most of the organic reactions are being carried out in organic solvent. Solvent-free reaction 

procedures used in the synthetic condensation reactions such as Michael and Aldol reactions are 

speedy becoming the most excellent synthetic approaches. New reactions designed exclusively 

for such processes, both in industrial process and in research laboratory intensification, have led 

to an understanding of solvent-free protocols of the synthetic potential that afford close to 

quantitative yields with no or little waste.  

  

Michael Addition 

 

The attack of a nucleophile to a double bond with a strong electron-withdrawing 

substituent at vinylic position is commonly known as Michael addition. A series of 2̍-hydroxy-4̍, 

6̍ -dimethyl chalcones go through an intramolecular Michael type solid state addition to yield the 

respective flavonones (Scheme 4).
111 
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                                                 Scheme I.20: Solventless Michael Addition 

 

Aldol Reaction 

 

The addition of an enolate ion or enol of a ketone or an aldehyde to the carbonyl group of 

a ketone or an aldehyde is aldol condensation or aldol addition, if water is eliminated in a 

successive step to produce α, β-unsaturated ketone or aldehyde. A few aldol condensations have 

been found to continue more stereoselectively and efficiently in the absence of solvents than in 

the solution.
112

 Aldol reactions may be occurred simply by grinding the solid reagents in the 

presence of NaOH. No organic solvent (unless recrystallisation is required of product) is used in 

the reaction and the only small amount of acidic aqueous waste is produced (Scheme 5).  In case 

of crossed aldol condensation high yield products are produced even in reactions where a chance 

to produce a mixture products. These reactions are extremely atom and energy efficient and also 

are extremely chemoselective.
113  

    

                                       Scheme I.21: Solventless Aldol Condensation 

Stobbe condensation 

Stobbe condensation reactions under solvent-free condition from cyclohexanone (1) and 

diethyl succinate (2) at room temperature in the presence of 
t
BuOK and at 80 °C produced 

cyclohexenylsuccinic acid (3) and cyclohexlidenesuccinic acid (4), respectively (Scheme 7). The 

reactions were also established to proceed more selectively and more efficiently than those in 

solution state.
114  
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                                         Scheme I.22: Solvent-free Stobbe Condensation 

 

Sequential Aldol and Michael addition reactions 

 

Generally aldol condensation followed by Michael addition of Krohnke type pyridines 

under solvent-less condition involving solid NaOH followed by ammonium acetate in acetic acid 

are readily accessible to produce required products as a one pot reaction, which facilitates both 

the symmetrical or unsymmetrical 2,6-bisaryl derivatives of pyridines to be isolated in good 

yield (Scheme 8).
115 

 

                            Scheme I.23: Solventless sequential Aldol and Michael addition reaction 

 

Thorpe Reaction 

 

The dinitriles cyclization via intramolecular and nitriles dimerization via intermolecular, 

which are generally known as Thorpe reactions, have been established to proceed extremely 

efficiently under solvent-less conditions.
116

 The solid reaction product can be isolated just by 

washing with water of the reaction mixture. The solvent-free protocol in Thorpe reactions is 

expensive not only for economical and ecological aspects but also for straightforwardness in 
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protocol and for the excellent yields of the products. The solvent-less Thorpe reaction of benzyl 

cyanide gives a mixture of (E) - and (Z)-enamines at 4:1 in 73% yields within 3 hours at 80 °C 

(Scheme 9). 

 

                                            Scheme I.24: Solvent-free Thorpe Reaction 

 

Tischenko reaction 

 

The formation of dimeric esters of the corresponding aldehydes, commonly known as 

Tischenko reaction has been well-known for over a hundred years. This reaction is greatly used 

in industry and it is environmentally benign process since it uses catalytic conditions. Waddell et 

al. illustrated that the solvent-less Tishchenko reaction by ball milling process could be carried 

out for aryl aldehydes in excellent yields in 0.5 hours with high speed ball milling in presence of 

sodium hydride as a catalyst (Scheme 10).
117

  

 

                                               Scheme I.25: Solventless Tischenko reaction 

Robinson Annulation 

 

A tandem reaction combination of a Michael addition step and an aldol condensation to 

make a cyclic compound is known as Robinson annulation. A series of such reactions have been 

successfully performed under solvent-less condition. The involving of (S)-proline in the reaction 
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protocols a chiral intermediate that finally one enantiomer  are produced at high percentage of 

yields. (Scheme 11).
118

 

 

                                   Scheme I.26: Solventless Robinson annulations 

Cannizzaro and Claisen reactions 

 

Cannizzaro and Claisen reactions were found to carry on efficiently under solvent-less 

conditions.
119

The solvent-less Claisen reactions was especially efficient for the ester, substituted 

with sterically hindered bulky groups, which does not react in solution state. (Scheme 12) 

 

                                 Scheme I.27: Claisen reaction under solvent-free condition 

The solvent-less Cannizzaro reaction has several advantages. In addition to cleanness and 

simplicity of the procedure, the solvent-less reaction proceeds much more rapidly than a solution 

reaction. Cannizzaro reactions were found to carry on under solvent-less condition efficiently 

even in milder conditions and the products were formed in moderate yields by a simple 

separation procedure. (Scheme 13) 

 

                                Scheme I.28: Cannizzaro reaction under solvent-free condition 
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Reformatsky and Luche Reaction 

 

Tanaka et al. described Luche (Scheme 15) and Reformatsky reactions (Scheme 14) with 

Zn give more economical C-C bond formation protocols with more expensive Mg metal
120

 than 

Grignard reactions. However, it was pointed out that in the absence of any solvent, the reactions 

proceed efficiently. The non-solvent Luche and Reformatsky reactions can be performed by a 

very effortless procedure and give products in higher percentage of yield than with solvent.  

 

                                               Scheme I.29: Solventless Luche Reaction 

  

                                           Scheme I.30: Solventless Reformatsky Reaction  

 

Heck Reaction 

 

Coupling reactions of olefins with vinyl or aryl halides catalyzed by palladium, known as 

the Heck reaction. In the modern synthetic chemistry, Heck reaction is the most attractive 

protocols to form a new carbon–carbon double bond. The solvent-less Heck reaction catalyzed 

by recyclable Pd catalyst based on SBA-15 through an ionic liquid. (Scheme 16)
121

  

 

                                          Scheme I.31: Heck reaction under solvent-free condition 

 

Apart from the some famous reactions that have been pointed out above the solvent-free 

reaction protocol has been used in various other cases such as the synthesis of 
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Dihydropyrimidinones,
 122 

chalcones,
123 

Bis-N-Boc Protection of Adenosine, 3- 

carboxycoumarins,
124

 Guanosine and Cytidine derivatives,
125

 manufacture of Polycarbonate and 

Polypropylene,
126 

synthesis  of primary imines,
127

 the preparation of bis-imine Schiff bases,
128

 

and so on. The above examples show that a mixture of organic reactions, which are traditionally 

handled in solvent media, can be performed more profitably without solvents. To be an organic 

chemist our effort would certainly be to carry on bringing more and more organic reactions into a 

single umbrella of the solvent-less synthetic methodology. 

 

The examples of diverse thermal and photochemical organic reactions under solvent-less 

conditions are only the glimpse of the vast possibilities of such reactions in organic synthetic 

chemistry. We may not be capable of totally keep away from organic solvents, but nonstop 

attempts have to be completed to explore and devise synthetic protocols in this direction. It is the 

required of the hour to put away the environment and remove costs of production. In one 

direction of achieving this is to remain the solvents away whenever it is necessary. It is satisfying 

to note that numerous Indian scientists are still working in this area. At this point of view it 

becomes essential, to get an improved understanding on a molecular level reactions without any 

media and how, if at all, the mechanisms of reaction vary from those in additional conventional 

media.  

 

I.1.E. Multi-component Reactions  

 

The efforts that are made to increase the efficiency of a certain process, serves to 

minimise the impact this has on the environment from the chemical industry, that encompasses 

everything, viz. Ceramics, polymers, paints, drugs, textiles, pharmaceuticals, beverages, fossil 

fuels, food and all other non-renewable source of energy. In the recent years, though 

implementation of new strategies has been done in almost all chemical companies, still, the 

amount of waste that results from highly optimised synthesis has not found much signs of 

reduction. Significant changes are encountered in lieu of the fact that old processes and 

methodologies are redesigned and we are moving towards a goal of conducting an ideal 

synthesis. This would refer to a process, that would be safe, eco-friendly, selective, high 

yielding, based on readily available starting materials, and highly diverse. In addition to the fact, 
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the criteria of selectivity, has to be matched with ecological aspects and also with the economical 

significance.  

 

The initiation of green Chemistry or sustainable Chemistry has put a major jump on the 

above aspects which in the recent times calculates the efficiency of a chemical reaction not only 

by considering parameters such as over all yield and selectivity but also by its time, human 

resources, raw materials and energy requirements. Toxicity and hazardousness of the chemicals 

are also the protocols that are involved. Designing a Chemical synthesis on the basis of the 

Green Chemistry protocol it certainly addressing many issues but getting due and outright 

acceptance from the Chemical Industry is still far away. Deviation from the use of conventional 

procedures and choosing the path of sustainable Chemistry, diverse eco friendly protocols which 

range from systems that are efficient in energy such as microwave, ultrasound, micro-reactors 

etc. to alternative media, organocatalytic systems
129

 and solvent-less methodology come into 

active use. 

 

Leave alone catalytic reactions, multi-catalyst reactions in the form of one-pot reactions, 

multistep and micro reactors, and the one-pot multi-component condensations have now become 

a versatile tool for the conduction for clean and efficient transformations. The multicomponent 

coupling reactions (MCRs) now form a highly valuable and synthetic tool for the efficient 

construction of complex and novel structures of molecules, by using a minimum number of 

synthetic steps.  It therefore is a process where multiple components that are easily accessible are 

together combined to conduct a single reaction in a vessel such as to produce a final product that 

would contain a significant portion from the reactants
130

, and if considering the ideal view, then 

all reactants. Jieping Zhu in his book Multicomponent Reactions puts forward a definition of 

MCR which states that, “Multicomponent reactions (MCRs) are processes involving sequential 

reactions among three or more reactant components that co-exist in the same reaction mixture. In 

order to be efficient, MCRs rely on components that are compatible with each other and do no 

undergo alternative irreversible reactions to form other products or by-products.” Since the 

MCRs have the ability to build a single product in a single operation from multiple reactant 

molecules, with multiple bond-forming efficiency and high atom efficiency, MCRs therefore 

provide a well established approach to reach the goal of idealist.  
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A MCR is a domino process, involving a sequence of elementary steps which is 

determined by conduction of subsequent transformations and the products produced in the step 

before. Hence they are also sometimes referred to as domino or tandem reactions. These 

reactions are advantageous over the normal conventional techniques because these involve lower 

costs, higher degrees of atom economy, shorter time for completion of the reaction, the 

possibility for combinatorial surveillance of variations in structure and eco-friendliness. 

Conventional techniques require greater time and money to advance starting materials towards 

targets that are complex.  
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On the other hand, the multicomponent reactions decrease the cost in the form of material 

and time and by generating complex targets in a single convergent step. This also avoids the 

consumption of time during the isolation and purification of the intermediates. 
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Although the most conducted applications lie in the line of library synthesis, the high 

amount of convergence between these reactions also provide an efficient, quick, and low-cost 

alternative to the current conventional syntheses. Since multicomponent reactions are one-pot 

reactions, these are easy to carry out as compared to multistep syntheses and these also provide 

fast access to large libraries of organic chemicals and their diverse patterns of substitutions. As 

compared to the conventional reactions, conduction of a low-yielding multicomponent reaction is 
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not as costly as we think it to be. As we reduce the number of reaction steps, and start the 

reactions by using simple, inexpensive starting materials, the money required for construction of 

the higly diverse and complex small molecules is automatically reduced. Most MCRs contain a 

broad substrate scope which can tolerate diverse functionalities as well as reactive centers. This 

can set up MCR products so that these can be used for conductions of further cascade 

transformations.
131

 

I.1.E.1. Recent Developments in Multi-component Synthesis 

In spite  of the tremendous useful features of MCRs in modern organic chemistry and 

their capability of creating large compound libraries, the reactions remained of limited interests 

in the early stages for as long as fifty years. Although the multicomponent reactions have 

accompanied organic chemistry in its early days, especially in the field of heterocyclic 

chemistry, but it was not considered as a fundamental principle until Ugi’s significant extension 

of the Passerini reaction and the conclusions that he obtained from it. With this groundbreaking 

discovery, Ivar Ugi had already recognized as early as in 1961 that MCR is capable of obtaining 

the structure-reactivity relationships through the synthesis of a “large variety of compounds”, 

which are now recognized as libraries. But, in the past few decades, with the utilization of high-

throughput biological screening, this strategy was a vital development in the discovery of drugs 

in the field of rapid identification and purification of biologically active lead compounds. By 

using a very small set of starting substances, a large number of libraries can be created in a very 

short span of time, which can be easily utilized for research purposes on medicinal substances. 

This growing interest has received a boost by significant therapeutic potential of various 

heterocyclic compounds.  

With the passage of time, there has been tremendous development in the MCRs and 

nowadays they are used for the condensing of 3, 4,5,6,7 and even 8 reactants in a single reaction 

container. An example of the five-component reaction as reported by Haslinger et al is as shown 

below (Scheme 36).
132 
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Scheme I.32: A typical five-component reaction 

A current example involves the highly efficient synthesis of tetrahydropyridines via a one 

pot,  five component reaction.
133  

 

An example of a six-component (seven–centre) reaction was reported by Mannich-Ugi 

(Scheme 37). 
134

 

 

Scheme I.33: A typical six-component reaction 

Recently Bonfield et al. has also reported a highly efficient method for the synthesis of 

the isoindoline mechanism through a six component, tandem double A3-coupling and [2+2+2]-

cycloaddition reaction .
135 

 

About 10 years ago Asinger-Ugi had  reported a seven-component reaction (Scheme 

38).
136
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Scheme I.34: A typical seven-component reaction 

Very recently, Brauch et al. have extended MCRs to seven components by taking help of the 

various chemo selectivities of the Ugi-Mumm and the Ugi-Smiles reaction.
137

  

In the recent developments in MCRs,
138

 a one-pot reaction consisting of eight 

components has been developed by the Orru group that includes nine new bond formations and a 

total of eleven points of diversity.
139

 

In addition to these, most of the work in MCRs over the past few decades has been done 

to extend the applicability of the classical MCRs to the newer systems.
 140

 Among all these 

efforts there have been two fields which have stood apart from the others and have gained a lot 

of attention in the past decade and they are- MCRs carried under solvent free conditions and their 

applicability in DOS (diversity oriented synthesis). MCR strategies can be planned effectively 

under solvent free conditions. In addition to this, the ease with which a large number of 

compounds can be can be synthesized using MCRs makes them suitable for any Diversity 

Oriented Synthesis. Thus we can easily relate its significance in drug discovery efforts. All the 

three topics will be discussed briefly. 

I.1.E.2. Solvent-free Multi-Component Reactions 

There has been a significant growth in the literature of MCRs over the past few decades 

and its applicability in solvent free conditions has expanded exponentially which makes it very 

difficult to keep record of the research done in this field. These solvent-free, eco-friendly MCRs 

has opened up various possibilities for carrying out organic synthesis rapidly and is very useful 

for efficient functional group transformations. This the major reason why solvent-free approach 

has been developed for almost all kinds of classical MCRs like Strecker,
141

 Hantzsch,
142

 

Biginelli,
143 

Mannich,
144

 Passerini,
145

 Ugi,
146

 Gewald,
147

 Petasis,
148

 Radziwenski etc,. The 
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creation of chemo-, stereo-, or regioselective methods for synthesizing high-value chemical 

species and the simultaneous generation of libraries of small molecules will highly add on to 

expansion of multi-component solvent-free reactions in the days to come. A highly efficient and 

thorough review on the recent advancements of the various solvent-free MCRs has exposed the 

scope and the tremendous significance of these methods in the modern day organic synthesis.
 149 

I.1.E.3. Multi-component reactions for Diversity Oriented Synthesis 

MCRs performs a vital role in the library synthesis as they provide a direct access to the 

compounds of the library and also act as the starting points for DOS (Diversity Oriented 

Synthesis).
150 

DOS involves the generation of relatively smaller libraries of organic compounds 

which are more complex structurally and have a higher variety of core structures. It attempts at 

maximizing the total number of scaffolds and structures that are produced from a particular 

synthetic reaction scheme. It is, in some way, opposite to that of natural product synthesis, where 

all efforts are given to produce one molecule at a time. Unlike the traditional target-oriented 

synthesis (TOS) methods, the DOS procedure enables a chemist to synthesize the libraries of 

complex and structurally diverse small molecules in an efficient manner in a small number of 

synthetic steps. Since the only way to identify the biologically active molecules is the proper 

screening of these small-molecule libraries, the major point of interest is to enhance the basic 

diversity of the compound libraries for the biological screening. The continuous and rapid 

decline in successful drug discoveries basically points out to the deficiencies in the current 

collection of compounds. Mainly, these collections are comprised of a very large number of 

structurally similar compounds. However, it is much more important to have a small and diverse 

library (on structural and functional grounds) rather a large one consisting of similar type of 

compounds. Diversity-oriented synthesis (DOS) basically aims at generating such structural 

diversity in a highly efficient manner.  

The main advantages for utilizing an MCR for DOS are as follows :- (i) MCRs can 

provide the maximum number of compounds using the least synthetic effort. A 3CR can provide 

about 1000 compounds when 10 variants of each type of component are used in an entire matrix 

of combinations. Secondly, MCRs can provide SAR (structure activity relationship) information 

for a screening library by providing a set of compounds with similar core structures. Third, 
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‘screening positives’ or ‘hits’ that emerges from MCRs can provide a highly valuable starting 

point for the follow-up as the quick preparation of highly ‘focused’ libraries and the scale up is 

ensured. In spite of the possible advantages, the use of MCRs for the synthesis of diverse 

libraries may carry a highly potential liability of having one core structure that is repeatedly 

represented over the entire collection. The basic diversity of a library of the MCR products is, on 

some level, restricted by the structures of the appendages that are reattached to the core 

substances. This limitation is addressed by the new variants of conventional MCR that results in 

fundamentally different structures. Moreover, the use of MCRs as a starting point for the 

subsequent reactions that defines the basic connectivity of the components is a highly powerful 

method of achieving diversity with efficiency. Many current examples of DOS in which MCRs 

play vital roles was been given by Schreiber in his recent review.
151

 

Recently, the diversity in the products has increased by both versatile MCRs and the 

consecutive reactions like domino reactions and post-condensation-cyclization (PCCs).
152

 This 

can also be obtained by an enhancement of the number of components, as in 5CR, 
153 

7CR, 
154 

and 8CR,
 
transition metal catalyzed MCRs

155 
and the evolutionary chemistry aided MCRs.

156 

Several recent diversity related review demonstrates the innovation and creativity in the seminal 

field of chemistry. 

I.1.E.4. Multi-component reactions in Drug discovery 

In the past decade, the pharmaceutical companies have invested significantly for the 

development of robotics and the miniaturization of the biological screening processes. These 

efforts have resulted in a significant improvement in drug discovery by enhancing the ability of 

the biologists to perform in vitro high-throughput screening of chemicals.
 157

The major drawback 

of this new screening technology is that it causes the chemists to provide the biologists with a 

large number and diversity of products. Conventionally, drug discovery methods involve the 

optimization of the lead structures, which are mostly obtained from the biological sources, 

through a series of steps involving synthesis and screening. The method is extremely expensive 

as each substance has to be synthesized individually in the solution by a synthetic chemist. With 

the current advances in the robotic screening that enables the testing of thousands of products per 

year, the pharmaceutical companies are have to examine MCR synthetic procedure with DOS 
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methods combined with the combinatorial synthetic strategies as means of accelerating drug 

discoveries and also enhancing the chemical diversity of their compound libraries. The
 
chemists 

from academia are at present conscious and tremendous efforts are being made in to meet the 

ever increasing requirements of the high-throughput biologically screening technology. That is 

why the use of MCR along with DOS approach is preferred over combinatorial synthetic 

approach and it highly enhances the diversity of the synthetic libraries.  

By their very nature, MCRs are not restricted to a particular application, but they can be 

used very easily in any domain of modern chemistry-based technology. In the recent years, 

asymmetric MCRs have been employed to the total synthesis of variety of commercial drugs 

enantiopure and natural products, thereby reducing the number of reaction steps significantly.
158

  

Current applications of MCRs which are not related to drugs include biocompatible 

materials, EPR-spin labeling, e.g. polymers with novel properties, for artificial eye lenses, 

natural product synthesis, chiral phases for HPLC, peptide-nucleic acids and agrochemicals. 

Many groups have received advantages in their projects on natural product total synthesis with 

the help of MCR, e.g. Jouille, Ugi, Fukuyama, Hofheinz, Semple, Banfi, Armstrong, Hatanaka, 

Schmidt, etc. The only restriction in total synthesis is that the higher is the number of 

components that an MCR employs, the higher is the complexity of the target that it generates. 

With increase in the complexity of the target, the applicability in the total synthesis decreases. 

The library of the known MCRs is far from complete. New combinations of the existing 

reactions are always possible and a complete understanding of the reaction mechanism can lead 

to the discovery of noble modes of reactivity. The most obvious advantage of MCR is that it can 

be extended into combinatorial, solid phase synthesis thereby promising a large number of 

opportunities for the development of novel lead structures of catalysts, active agents and also 

novel molecule-based substances. 

I.1.E.5. Differential Scanning Calorimetry  

Differential Scanning Calorimetry (DSC) is a method in which the energy required to 

maintain a temperature difference of zero between the sample and reference substance is plotted 

as function of time or temperature. Thus, during an endothermic transition, the energy that is 
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absorbed by the sample is neutralized by an enhanced energy input to the sample to maintain a 

temperature difference of zero Kelvin. As the energy intake is almost equivalent to the energy 

that is absorbed during the transition, the balancing energy will give a measure of the energy 

transition via calorimetric measurement.  

Differential Scanning Calorimetric (DSC) and the thermo gravimetric analysis (TGA) 

methods, which were used to determine the thermal stability of polymers, are also being 

employed for the evaluation of the thermal properties of a large number of bio-composites that 

are mainly used in the packaging industry.
159

DSC is very much useful to obtain the thermal 

properties of substances plotted as a function of temperature. The thermal-temperature dependent 

nature of substances can provide a lot of vital information regarding their structure, properties 

and also the thermo-mechanical history. A typical DSC curve shows the variation of heat 

capacity against temperature, and hence the thermal events which actually do not involve an 

enthalpy change like the transition of a glass can also be detected. These changes mainly appear 

as a change in the position of the baseline or a change in the slope or gradient. 

DSC provides a very rapid but a highly reliable procedure to determine the purity of 

materials. Melting point of a substance can be obtained through DSC technique as the substance 

is heated through its melting point. The presence of impurities reduces the temperature for the 

melting point and the curve gets broader near the melting range. The plot of DSC involves the 

entire melting curve as well as the latent heat of fusion (ΔHf) of the material.  
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