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Introduction: 
In recent times, Nanocatalyst is a rising field applicable to almost all types of catalytic organic transformations and an essential tool of green chemistry as it enables the development of less polluting chemical processes and opens up synthetic pathways to desired products using a sustainable approach.[1] Nanoparticles (NPs) play a crucial role in the organic transformation and are increasingly attractive in the field of catalysis as they show good catalytic activity in organic as well as aqueous medium.[2] Several forms of nanocatalyst such as metal NPs, metal oxide, magnetic nanocatalyst, nano-mixed metal oxide, core-shell nanocatalyst, and supported nano catalysts have been employed in the catalytic applications.[3] Nanocatalysts have a particle size in the nm scale, and thus have a large surface area, which enables the interaction of chemical reactants via cooperative activation to bring them in closer proximity with each other.On the other hand, The synthesis of heterocyclic as well as biologically active compound represent a broad class of compounds, which have received considerable attention due to their wide range of biological activities. 
In parallel, According to green chemistry, nanoparticles catalyzed organic transformations are the safest reactions, which do not affect the environment. Most heterocyclic compounds synthesized in the laboratory as well as in industry need organic solvents as reaction media.[4] In spite of the fact that water is safe, environmentally friendly, benign and cheap compared with organic solvents. Today’s environmental consciousness imposes the use of water as a solvent in both industrial and academic chemists.[5] In essence, water is an interesting and beneficial solvent in organic synthesis, but the poor solubility of organic substances in water is the main obstacle. However, a variety of strategies have been investigated to solubilize organic compounds in water in order to expand the scope of water based organic synthesis. This problem is overcome by the addition of amiphiphiles for example, Phase Transfer Catalyst, Co-solvents, Hydrotropes and Surfactants. It performs as a greener reaction media alternative to organic solvent in organic synthesis with eco-friendly approach. Aqueous solution of hydrotropes represents clean and green protocol; it shows unique properties as an alternative reaction media for organic synthesis. Hydrotropes are cheap, non-toxic and environment friendly. The aqueous hydrotropic solutions possess physico-chemical characteristics which being an alternative greener solvents for organic synthesis. The number of different organic synthesis carried out in aqueous hydrotropic medium which includes Claisen-Schmidt reaction in hydrotropic aqueous solution [6],  microwave-enhanced Hantzschdihydropyridine ester synthesis [7], Friedlander′s Heteroannulation method for synthesis of quinoline [8]. Along with organic synthesis hydrotrope also enhance the rate of multiphase reaction [9] which can lead to autocatalysis in the biphasic alkaline hydrolysis of aromatic esters [10]. The hydrotropes shows variety of applications other than organic synthesis such as, in formulation of pharmaceuticals [11-15], extraction and separation processes [16-18]and the most recent research of hydrotropic action has been performed on these above two processes. They show influence on oil-in-water (OW) for micro-emulsions [19-20] and related cleaning and washing processes. Their biological action has also received more attention [21].
Our goal is to develop a novel system that enables the use of water as a solvent for wide range of reactions of organic materials. It performs as a greener reaction media alternative to organic solvent in organic synthesis.
Recent Research and Development 
	Synthesis of important organic scaffolds via nanocatalyst is a significant aspect related to synthesis of bioactive compounds. Nanocatalysts have a particle size in the nm scale, and thus have a large surface area, which enables the interaction of chemical reactants via cooperative activation to bring them in closer proximity with each other.[4] This study more advantageous when the synthesis is carried out in aqueous medium and it follows the principals of green chemistry. So that many active research group are engaged in research field of organic synthesis in aqueous medium. The uses of hydrotropic medium for various organic transformations have been done due to the diverse applications of the hydrotrope in organic chemistry. Hydrotropic medium fulfill the many principles of green chemistry.There are large numbers of publications have been cited in the reputed international journals. Numbers of citations are also reported due to its valuable applications. These parts of synthesis have made significant contribution in this field at national and international level.
Alonso and co-workers recently reported Copper nanoparticles catalyzed click reaction[Scheme 1] in water[22]. On the other hand, Borah et al. collected Montmorillonitrile clay from west part of India and generated Cu (0) nanoparticles in the nanopores of modified Montmorillonite. Furthermore it was used as catalyst for Click reaction in aqueous medium.[23]


[Scheme 1]
Deng et al. developed magnetic Silica supported dodecyl benzene sulphonic acid catalyst for an efficient one pot three component reaction of Spirooxindole- pyrimidine derivatives [Scheme 2] in water.[24]


[Scheme 2]
Ghahremanzadeh also reported synthesis of spiroindoles derivatives via one pot three component system of isatins, dimedone and anilinolactones [Scheme 3] using Mn/Fe2O4 NPs.[25]


[Scheme 3]
After successful application of Mn/Fe2O4 NPs Naeimi and group reported synthesis of Pyrimidine derivative by using Cu/Fe2O4 NPs as a inverse structure [Scheme 4] as compared to Mn/Fe2O4 NPs.[26]


[Scheme 4]

Saha et al. demonstrated fluorescent tetragonal ZrO2 NPs catalyzed multicomponent synthesis of biological active 2-aminochromenes, dihydropyrano [3,2,c] chromene, Chromeno [4,3,b] chromene derivative [Scheme 5] in aqueous medium.[27]



[Scheme 5]
Shrestha et al. reported green and efficient protocol for the synthesis of Spirooxindole derivatives [Scheme 4] by using CeO2 as a nanocatalyst in aqueous medium.[28]


[Scheme 6]
Payra et al. reported synthesis of 3,4-dicarbonyl substituted furan derivatives [Scheme 5] via direct functionalization of α, β-unsaturated carbonyl compounds through conjugate addition initiated domino reactions by using CuO NPs in aqueous alcohol.[29]


[Scheme 7]
Naeimi and group reported synthesis of Pyrimidine derivative [Scheme 6] by using Cu/Fe2O4 NPs as a catalyst in aqueous medium.[30]


[Scheme 8]
In another report, Kale et al. designed novel γFe2O4 @ hydroxyapatite (HAP) catalyst and used for the synthesis of 1,2,3 Triazole [Scheme 7] in aqueous medium.[31]


[Scheme 9]
Importance and current status of various nanocatlyst for organic synthesis
Organic scaffold by nanocatalyst in aqueous medium has become a crucial and demanding research area in modern synthetic chemistry. In the year 1980, Breslow discovered that huge rate (i.e. 700 times faster reaction rate) accelerations occurred when the Diels-Alder reaction was performed in water. This observation increased the interest of synthetic organic chemists to analyze organic reactions in aqueous medium. To date, many more organic transformations have been carried out in water.
The use of environmentally benign solvents like aqueous hydrotropic medium represents very powerful green chemical technology from the economical and synthetic point of view. They not only reduce the burden of organic solvent disposal, but also enhance the rate of many organic reactions. It performs eco-efficient processes. It protects the environment, not by cleaning up, but by inventing new chemical processes that do not pollute the environment.
Recyclability with high efficiency is the most important factor for any catalyst in organic transformation. The most important aspect of this NPs heterogeneous nanocatalyst with respect to previously reported work is its recyclability. NPs (catalyst) were separated by a simple process after completion of the reaction and rerycled without loss of catalytic efficiency. 
Naturaly abundant and eco-friendly nanocatalyst are not only easy to prepare but also highly sustainable in nature due to its recyclability. These all factors like aqueous medium, sustainable catalyst and reusability of the catalyst make this ptotocol most efficient and green. 

[image: ]
Fig. 1 Applications of nanocatalysts for various organic transformations.

Synthesis of Nanocatalyst: 
Synthesis of Nanocatalyst from plant extract for Sustainable Development 
	In the scenario of nanotechnology numerous methods have been employed to develop sustainable synthetic methods for preparation of nanocatalyst. To control size and shape with desired functional property further efforts are necessary. Plant extract contains organic compounds like alkaloids and terpenoids which are act as reducing agents, capping agents, and/or complexing agents to control size and shape of Nanocatalyst.   
Synthesis of supported Nanocatalysts: 
Recently, Supported nanoparticles are of great interest due to its numerous applications. In recent years supported metallic nanoparticles and their applications is one of the fastest growing research field. When metal nanoparticles deposited onto the surface of mono porous material it forms supporting metal nanoparticles.[32] While formation of nanocatalyst particle size decreases to nanoscale dimensions due to which aggregation of the particles into small clusters were formed. This aggregation degrades the catalytic efficiency. To achieve the aim of nanoparticles size, shape it is necessary to terminate aggregation and partial growth addition of organic ligands, inorganic capping materials, metal salts and polymer plays vital role.[33] The porous material is normally solid like silica gel,[34]zeolites,[35] metal oxides,[36] activated charcoal,[37] and graphite materials[38] can be considered as porous media. Naturally occurring clay and rocks[39] also used as porous media. The support can be either a powder or pre-shaped cheap solid with a porous environment that usually not only inhibits particle growth to a particular size but also reduces particle aggregation.
Applications of Nanocatalyst in organic transformations: 
Scheme 1: Reaction of o-phenylenediamines and ketone in aqueous medium by efficient recyclable heterogeneousnanocatalyst.



Scheme-1
Scheme 2: Nanoparticle catalysedFriedel-Crafts alkylation of indole with different α,β-unsaturated Nitroalkenes.

Scheme-2
Scheme 3: Synthesis of 2-substituted quinazoline using nanocatalyst.


Scheme-3
Scheme 4:Synthesis of 2-amino-5-cyno-6-hydroxy-4-arylpyrimidines by using nanocatalyst.

Scheme-4
Scheme 5:Synthesis of quinoxaline from 1,2-Diamine and 1,2-Diketone by using nanocatalyst.

Scheme-5
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