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INTRODUCTION 

1.1 Multicomponent Reactions 

Multicomponent reactions (MCRs) can be defined as the one pot reactions where 

three or more components are introduced at once, to form a product containing a 

majority of the constituent atoms present in the reactants. Thus, such protocols 

encompasses as a series of chemical transformations without bearing the 

necessity to change the “pot” after each conversion. This enables to achieve the 

creation of diverse molecular structures and create libraries of compounds within 

less time and helps in by-passing the efforts required in step-by-step synthetic 

procedures [1]. This has resulted in the MCR protocols attaining the centre 

stages in pharmaceutical industries, where libraries of compounds having 

probable biological activities are tested day in and day out. Some of the 

molecules having biological utilities are shown in figure 1.1 [2]. The onus of 

these protocols does not end here, as the number of publications and patents 

related to MCR technology have also increased manifolds in the last couple of 

decades, thereby showing the engagement of a multitude of synthetic chemists in 

the development of different strategies for the synthesis of molecules with 

complex structures, in a simpler way.  

 
Figure 1.1 Examples of drugs synthesized with the help of MCR strategy: factor 

Xa inhibitors [3], praziquantel [4], farnesoid X receptor agonists [5], 
and (–)-oseltamivir [6] 
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The development of MCRs has also brought in the concept of overlapping the 

protocols with sustainable chemistry and has been synonymous with the 

principles of green chemistry. The terminologies such as eco compatibility, atom 

economy, and pot-economy have seen wide spread implications in the realms of 

multicomponent reactions [7-9].  

Checking into the history of MCRs has revealed that the Strecker reaction (1850) 

can be taken into consideration as the first reported MCR [10] and since its 

inception a great number of interesting MCRs have stood out as classics of 

MCRs. It is on these reactions that the modern day MCRs are planned or 

derived. Some of the most significant ones are: Hantzsch 1,4-dihydropyridine 

synthesis (1891) [11], Hantzsch pyrrole synthesis (1890) [12], Biginelli reaction 

(1891) for the synthesis of dihydropyrimidones [13], Mannich reaction (1917) for 

the synthesis of -amino carbonyl compounds [14], Robinson annulation (1917) 

for the synthesis of tropinone [15], Passerini reaction (1921) for the synthesis of 

-acyloxy amides [16], and the Ugi reaction (1959) for the synthesis of -N-

acylamino acids [17]. In recent times asymmetric MCRs have caught the interests 

of many and this has led to the development of quite a number of asymmetric 

catalysts, thereby, leading a way for merging different domains of synthetic 

chemistry [18].  

1.1.1 Synthetic approaches in MCRs 

There is no definite boundary to the approaches that can be made to designing 

MCRs. Depending upon the limitations of the reactants used, conditions that 

needs to be applied or the desires of the researcher in making the methodology 

greener, several strategies have emerged. Microwave (MW) radiations have 

come up as an excellent substitute to conventional heating reactions. The MW 
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radiations has a huge advantage over normal heating methods because when a 

polar solvent media is used, the heating of the reaction media is more efficient 

and requires very less time for completion [19]. Another strategy that has been 

taken up to obtain better results is ultra-sonication. Ultrasound irradiations are 

useful in multiphasic systems, where the starting materials of a particular reaction 

are nearly insoluble in the reaction media or when there is generation of volatile 

gases during the reaction or in cases where radical or ionic species are involved 

[20]. Solid-phase synthesis is another strategy that has proven its utility in many 

MCRs [21]. In this method, the final products adhere to a solid support and 

collected via simple washing steps after the removal of the by-products. This 

simplifies the post reaction work-up process, as it requires only simple filtration 

for the isolation of pure products and thereby bypasses tedious chromatographic 

techniques. This saves time as well as valuable resources. Also, in multicatalytic 

MCRs, this technique has helped in maintaining the goals of one-pot strategy. 

Again, when combined with automated reaction preparation system, solid-phase 

synthetic procedures have become the go-to protocol for the easy and rapid 

creation of various libraries of compounds [22]. 

Infrared (IR) and photochemical irradiations are some upcoming methods 

brought into effect for MCRs. However, these approaches can be successfully 

employed in situations where the reactants absorb these specific radiations to 

participate in a reaction with other reagents. Therefore, the reports on such 

methodologies are limited [23] but that does not hinder further research to reveal 

the new prospects and potential ways of synthesising complex molecules. 
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1.1.2 Green chemistry in MCRs 

To a large extent MCRs have been in fine agreement with the basic concepts of 

green chemistry which were set up by Anastas and Warner in 1998 [24]. 

Formation of complex products in one pot through modified synthetic strategies is 

environmentally benign as there is conservation of resources, reduction in energy 

requirements and substantial reduction the generation of wastes. Thus, MCRs 

have become the centre of attraction to those researchers who target 

development of green processes of synthesis. In this section we shall discuss 

about the ways MCRs have ticked the boxes of being green protocols. 

a) Atom economy 

Atom economy is the measure of the efficacy of a reaction by establishing a 

comparison between the amounts of target product formed to the amount of by-

products generated [11]. To be more atom-economic, it must be ensured that a 

majority of the reactants are incorporated into the desired molecule. If the design 

of a complex molecule is carried out in a step wise fashion (multi-pot), the 

efficacy is lost in the process of transfer and isolation. MCRs provide an excellent 

platform to achieve this as different molecules are efficiently combined in a single 

pot to constitute a complex product. Thus, development of MCRs can be 

synonymously used for development of atom-economic protocols. 

b) Usage of green solvents 

Solvents are an indispensable part designing a synthetic route. Their nature has 

been a matter of concern in recent times and search for greener alternatives to 

the ones which pose hazard to the environment or to human health has been 

actively taken up by researchers around the globe. It is desired to perform and 

accomplish a reaction in environmentally friendly solvents and if possible reuse or 
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recycle them efficiently. Water [25], ionic liquids [26, 27] and various bio based 

solvents [28] have been extensively used in MCRs. They are environmentally 

benign and in many a case, have exhibited fascinating properties leading to 

unprecedented results, which would have been difficult to obtain with other 

solvents. Since the reaction protocols reported in this thesis have been 

accomplished in aqueous media, therefore we shall discuss in detail the usage of 

water as green solvent in MCRs.  

MCRs in aqueous media 

Termed as the lingua franca of life, water happens to be the solvent of choice of 

the nature, where all the biochemical reactions and the life processes take place 

[29]. Contrastingly, this is not always the case while designing complex organic 

compounds in the laboratory. Where on one hand, complex biological molecules 

take shape and attain specific geometries in aqueous and oxygenated 

environment; on the other hand a lot of organic reactions carried out in academic 

laboratories and industries do not even proceed by a marginal percentage under 

such conditions. Thus, mimicking nature takes a hit while attempting to create 

some chemical bonds. Therefore, researchers from time immemorial have sorted 

to rely on highly reactive reagents to gain the control over chemical reactivity and 

channelize the chemical reactions down the desired routes. Nevertheless, 

chemical transformations accomplished in aqueous environments are also not 

unheard of. It is quite common and the earliest reports can be traced back to the 

urea synthesis by Wöhler in 1828 [30]. However, if we consider the scenario from 

the perspective of an organic chemist, then, perhaps the synthesis of indigo by 

Baeyer and Drewsen in 1882 could suffice as an aqueous media reaction [31]. 

Water possesses several unique properties, both physical and chemical, such as 
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wide spread hydrogen bonding, high heat capacity and dielectric constant, 

optimum solubility factor for gases like oxygen and carbon dioxide and sufficiently 

large temperature window that allows it to remain in the liquid state. These 

distinctive properties arise due to the structure of the water molecule [31, 32]. 

The studies made on the structure have brought to light enough theoretical 

evidences to draw the models to explain how water enhances the rate of some 

organic reactions too. Notwithstanding the potential advantages of water, it has 

still failed to be the sole solvent of choice for organic synthesis because many 

organic compounds are not soluble in it and if we follow the common notion 

“corpora non agunt nisi soluta”, meaning that a reaction will not take place until 

and unless the reactants dissolve, it becomes hard to convince the masses about 

the feasibility of the reaction. Despite such common notions doing circles in the 

research community, “aqueous reactions”, where water is used along with an 

organic co-solvent to increase the solubility of the reactants have surfaced quite 

often [33, 34]. Alternatively, the introduction of polar functional groups to the 

reactants leading to increasing its hydrophilicity has also been explored to make 

the reactants at least partially soluble in water [35]. However, manipulation such 

as these only diminishes the wide spectrum of advantages that water holds over 

traditional organic solvents. Water is cheap, offers simplicity to the reaction 

conditions and makes post reaction workup easy along with ease of isolation of 

the products. Therefore, the current scenario of organic synthesis covers a 

plethora of organic reactions being carried out in aqueous media. The solubility of 

reactants and the products have been not given a priority because it has been 

observed in literature that it can range from completely soluble to partially soluble 

to practically not soluble. Hence, the reaction mixture can be both homogeneous 
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and heterogeneous. Even the amount of water used for the reactions can vary 

from being used in stoichiometric amounts to large volumes where the reactants 

are either suspended or dissolved. As a matter of fact, terminologies such as “in 

water”, “in the presence of water” and “on-water” are quite common in recent 

publications [36, 37]. This has also lead to the development of several cases of 

micellar catalysis with the help of non-ionic surfactants such as PTS, Triton-X and 

Aliquat-336 [38-40]. As an attempt to extend our research in the field of “on-

water” reactions, herein the thesis we have tried to develop some 

multicomponent reaction protocols using water as the sole solvent.  

The definition of “on-water”, as stated by Sharpless and co-workers is a situation 

when insoluble reactants(s) are stirred in aqueous emulsions or suspensions 

without the addition of any organic co-solvents [41]. However, as seen in many 

cases it is quite impossible to ascertain whether the reaction is happening in or 

on-water but as long as the heterogeneity of the reaction mixture is maintained 

and the overall reaction benefits from such a situation, it qualifies as “on-water”. 

In short, the moniker should reflect the defining attribute of the reaction, i.e. the 

lack of solubility of the reactant in water. It is observed that there is a 

considerable increase in the rate of the reaction when carried out in water. 

However, it cannot be attributed to the sole factor that while the reaction is being 

carried out on-water, there is an increase in the concentration of the reactants, 

because on-water reactions have even shown accelerated rates in comparison to 

neat reactions. We must also understand the fact that while accelerating the rate 

of a reaction is not the sole attribute of these reactions because, even if this 

factor is modest, water can be used for other advantages. Firstly, water has a 

very high heat capacity and therefore acts as an excellent heat sink, which 
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makes exothermic reactions safer and offers a high degree of selectivity when 

carried out in large scale. Secondly, on-water reactions have water insoluble 

reactants and these obviously lead to the formation of water insoluble products. 

This simplifies their isolation process, which is either a simple filtration for solid 

products or phase separation for liquid products. Thirdly, the growing number of 

reports of attaining high degree of selectivity by carrying out the reactions on-

water underlines the potential for intensification of the processes carried out on-

water [42].  

From the MCR point of view, the classical Ugi and Passerini reactions are great 

examples to begin with. Pirrung and Sarma’s work on the Passerini reaction 

carried out on-water clearly demonstrates the notable enhancement in the 

conversion rate as well as the rate of the reaction on-water as compared to 

dichloromethane (Scheme 1.1) [43].  

 
Scheme 1.1 Enhancement of reaction parameters of the Passerini reaction 

performed on-water (Pirrung and Sarma) 
 
The seleno version of the Ugi reaction developed by Wessjohann and coworkers 

was carried out on-water to afford seleno amino acids in variable yields (24-87%) 

(Scheme 1.2) [44].  

 
Scheme 1.2 Ugi reaction performed on-water for the synthesis of seleno 

cysteines (Wessjohann and coworkers) 
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MCR strategy was applied for the synthesis of highly functionalised thiophenes 

by Moghaddam and coworkers [45]. In this study 3-morpholino-3-

thioxopropanenitrile was heated with -haloketone and cyclohexyl isocyanide in 

water at 60 °C to yield the desired thiophenes in considerably moderate to good 

yields (59-74%) (Scheme 1.3).   

 
Scheme 1.3 On-water synthesis of highly functionalised thiophenes (Moghaddam 

and coworkers) 
 
Dandia in 2012 reported the synthesis of spiroxindoles via a novel MCR route, 

where the reaction between isatin, malononitrile/ -cyanoacetic ester and 5-

amino-3-methylpyrazole was catalysed by sodium chloride in water to result in 

the formation of spiroxindoles in good to excellent yields (Scheme 1.4) [46]. The 

products obtained were a mixture of diastereomers in 3:1 ratio.   

 
Scheme 1.4 NaCl catalysed, on-water, multicomponent synthesis of 

spiroxindoles (Dandia et al.) 
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In another instance, an on-water, piperidine catalysed reaction between 

hydantoin, aldehydes and malononitrile to result in the formation of 2-

azapyrrolidines was reported by Vasuki and Rajarathinam (Scheme 1.5) [47]. 

The product formed was obtained as a single diastereomer in moderate to good 

yields. 

 
Scheme 1.5 On-water, piperidine catalysed synthesis of 2-azapyrrolidines 

(Vasuki and Rajarathinam) 
 
A multicomponent synthesis of phosphonates was reported by Rostami-Charati 

and Hossaini, where trialkylphosphites were treated with 4-hydroxycoumarin and 

activated acetylenes at 70 °C, on-water, to render the corresponding 

phosphonates in good yields (Scheme 1.6) [48].  

Scheme 1.6 Synthesis of phosphonate derivatives on-water 
(Rostami-Charati and Hossaini) 

 

Following this Myrboh and coworkers reported a -alumina catalysed 

multicomponent synthesis of -functionalised 5-methyl-1H-pyrazol-3-ol 

derivatives by reacting in situ generated 3-methyl-1H-pyrazol-5-ones (formed via 

the reaction between ethylacetoacetate and hydrazine) with aldehydes and 

ethylcyanoacetate in aqueous media. The corresponding pyrazol-3-ol derivatives 
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were obtained as a diastereomeric mixture in 1:1 ratio in good to excellent yields 

(Scheme 1.7) [49].  

Qu and coworkers synthesised 5-methoxyseselin and alloxanthoxyletin skeletons 

by MCR approach on-water under catalyst free conditions and by only varying the 

molar ratios of the reactants namely isoprenyl acetate, propiolic acid and 

phloroglucinol (Scheme 1.8) [50]. 

Scheme 1.7 Synthesis of -functionalised 5-methyl-1H-pyrazol-3-ol derivatives 
(Myrboh and coworkers) 

 

 
Scheme 1.8 Catalyst free, on-water MCR approach towards the synthesis of 5-

methoxyseselin and alloxanthoxyletin scaffolds (Qu and coworkers) 
 
On-water reactions are often found to be associated with the claim that they are 

environmentally benign and thereby green. However, this fact does take a hit 

when we realise that environmental impact is not only determined by the solvent 

used. The efficacy of the reaction in terms of atom economy (which is almost 
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always achieved by MCRs), nature of the solvent used during the post reaction 

workup, the residual amount of organic compounds or catalysts or additives that 

remain in the aqueous waste and the cost of cleaning up or proper disposal also 

add up to the greenness factor [51-53]. The mere finding of a reaction that 

performs well in the presence of water gives very little information about the 

potential environmental impact. 

c) Solventless MCRs 

Moving from the perspective of green solvents, there is another perspective to 

performing reactions effectively under solventless conditions. It has risen up to be 

a lucrative and interesting yet challenging topic owing to the fact that absence of 

solvents would mean elimination of the process of generating solvent wastes. 

However, working under such conditions does complicate the process of mixing 

the reactants and also obstruct the course of the reaction. Nevertheless, many 

MCRs have been reported to be performed without the incorporation of a solvent 

[54, 55] and the techniques that have emerged to give the best results are 

mechanochemical process [56], MW irradiation [57] and infra-red (IR) irradiation 

[58]. 

We have seen that MCRs have run a long mile to prove its pivotal role in the 

development of modern chemistry. However, there are still some fertile lands to 

till and explore the scopes and limitations of MCRs. Moreover, with the advent of 

green chemistry, cleaner organic reactions performed under milder and energy 

efficient conditions and high selectivity will be the standards in near future. The 

existing methods will continue to develop and reform as newer methodologies are 

discovered. Development of analytical and computational techniques will also 

reduce the planning time and help researchers design highly selective protocols. 
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We have also seen that the newer MCRs work in lines of green chemistry and 

continue to evolve in that route. This will make MCRs a valuable asset for a 

synthetic chemist for developing spectrum of biologically active products and 

complexes which can revolutionise minor as well as industrial scale research. 

1.2  5-Arylidene/alkylidene barbiturates/thiobarbiturates 

The chemistry of arylidene and alkylidene compounds has engaged a lot of 

researchers throughout the world and has brought to light intensive scientific 

studies focusing on the methods of preparation, reactivity and usage. They have 

been found to be pharmaceutically active on their own and also open a wide 

arena of application as a starting material or as an in situ formed intermediate. 

This class of compounds is usually prepared through Knoevenagel condensation 

of aldehyde and active methylene compounds via base [59], acid [60] or 

surfactant [61] catalysed methods. However, recent reports have also shown the 

formation of alkylidene/arylidene compounds under solvent free conditions and 

even in the absence of a catalyst [62, 63]. Knoevenagel condensations have also 

been reported to be carried out on solid supports promoted by IR [6] or MW [64, 

65] irradiations, under solvent free conditions. Although there are a number of 

classes of alkylidene/arylidene compounds, we shall only discuss about the 5-

alkylidene/arylidene derivatives of barbituric acid and thiobarbituric acid here. 

1.2.1 Synthesis of 5-arylidene/alkylidene derivatives of barbituric and 

thiobarbituric acids 

Medicinal chemists have been attracted to barbituric and thiobarbituric acids for 

over a century now [66, 67]. Their therapeutic values have earned them the spot 

of a go to component to be incorporated in several drug molecules bearing 

antibacterial, hypotensive and tranquilizing properties, which are still available in 
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the market [68]. They are used for the clinical treatment of neurological disorders 

[69]. This valuable member of the pyrimidine family has been the centre of 

applications as precursors to several heterocyclic compounds and as oxidising 

agents showing high selectivity [70, 71]. A very useful compound prepared from 

barbituric or thiobarbituric acid is 5-arylidene/alkylidene barbiturate. It is prepared 

via Knoevenagel reaction of barbituric acid with varied aldehydes under different 

conditions (Scheme 1.9).  

 
Scheme 1.9 Synthesis of 5-alkylidene/arylidene barbiturates and thiobarbiturates 
 
First reported to have been synthesised under reflux in water using acetic acid as 

a catalyst [72], the compound have come up with numerous methodologies of 

preparation. Villemin and Labiad reported the synthesis of 5-arylidenebarbiturates 

under the influence of MW irradiation in the presence of montmorillonite KSF clay 

[73]. On the other hand Dewan and Singh reported the use of various catalysts 

like ammonium acetate/acetic acid mixture, silica gel, basic alumina, sodium 

chloride, montmorillonite KSF and K-10 and KSF/NaCl for the synthesis of 5-

arylidene barbiturate derivatives [74]. They even went to apply mechanochemical 

method for the purpose [75]. Solventless synthesis of the compound has been 

reported to be accomplished under IR and MW irradiation and in the presence of 

bismuth chloride [76-78]. Bismuth chloride catalysis in the presence of water for 

the synthesis of 5-arylidene barbiturates has been reported by Khan et al. [79]. 
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Similar catalysis with ethanolamine and L-tyrosine has also been reported [80, 

81]. 

1.2.2 Reactivity of 5-alkylidene/arylidenebarbiturates/thiobarbiturates 

5-alkylidene/arylidene barbiturates and thiobarbiturates are electrophilic entities 

and participate in various conjugate addition and cycloaddition processes. Mayer 

and co-workers reported that 5-arylidene 1,3-dimethylbarbituric acid has a similar 

electrophilicity parameter, “E”, to 5-arylidene Meldrum’s acid which is further in 

line with the electrophilicity of benzylidenemalononitriles [82]. In fact, the 

barbiturate derivatives are much more potent electrophiles than the malonates. 

Again, while considering the thiobarbiturates, it was found to display higher 

electrophilicity than the barbiturates. This was attributed to the higher positive 

polarisation of the nitrogen atoms of thiobarbiturates than the barbiturates. The E 

values are shown in figure 1.2 [83]. 

 
Figure 1.2 Comparison of the electrophilicity parameter (E) of various arylidene 

and benzylidene compounds 
 
5-arylidene/alkylidene barbiturates have been explored for their electrophilicity 

and utilised for the synthesis of several spiro and fused heterocycles. In many a 

case as shown in Scheme 1.10 and Scheme 1.11 the 5-arylidene/alkylidene 

barbiturates are formed in situ to react with a third component present in the 
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reaction mixture and yield the desired products [84, 85]. They are excellent 

candidates for one-pot synthesis and hold up to the standards of green MCRs. In 

this thesis, the in situ formation of the 5-arylidene/alkylidene barbiturates and 

thiobarbiturates have been explored in each and every protocol developed and 

then further reacted with other reactants to explore the scope of cyclisation on-

water. Some already reported protocols have been revisited to state the 

shortcomings of the existing routes and to establish new mechanistic approaches 

to them. 

 
Scheme 1.10 Three component reaction for the synthesis of 1H-pyrano[2,3-

d]pyrimidines via the formation of 5-arylidene barbiturate 
intermediate 

 

 
Scheme 1.11 [4+2] cycloaddition between in situ formed 5-arylidene barbiturate 

and activated alkene for the synthesis of 2H-pyrano[2,3-
d]pyrimidines 

 
1.3 Objectives of the work 

The ever increasing demand for bioactive heterocyclic compounds with naturally 

prevalent core units has instigated us to undertake a manifold objective into 

designing methodologies for the synthesis of pharmaceutically active/important 
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nitrogen and oxygen heterocycles. This will be accomplished majorly by the 

application of one-pot multicomponent reaction strategy which includes 

intramolecular cyclocondensation as a key step. Moreover, all the reaction routes 

designed will also involve the formation of 5-alkyl/arylidene barbiturate 

intermediates and will be carried out on-water. Accomplishing the said objective 

is not our only aim. We also intend to fulfill the following targets: 

[1] To promote economical and environmentally friendly experimental procedures 

(green chemistry). 

[2] To study the selectivity involved in the reactions. 

[3] To accomplish the synthesis of an array of fused heterocycles and establish 

the possible synthetic pathways for the construction of basic skeleton of 

biologically potent scaffolds. 

[4] To accomplish a comprehensive study of the scope and limitations of the 

cyclisation methodologies. 

The methodologies developed, in the works reported in this thesis, have been 

laid on the grounds that have been either overlooked or generalized to be similar 

to some similar reported theories. Since 5-alkyl/arylidene barbiturate 

intermediates are not new to synthetic organic chemists, therefore developing 

newer methodologies which involved them required extensive literature survey. 

That is where the planning of the work begins. Subsequently, the following 

strategies were always kept under consideration while drawing out the rationale 

for the study: 

[1] Whether the reaction could be carried out on-water or not? 

[2] Whether the products could be isolated without chromatography? 
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[3] Whether previously prevalent issues with the synthesis of the scaffolds was 

addressed or not? 
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