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ABSTRACT 

Heterogeneous metal catalysis has gained importance in the last decade as it offers advantages like 

reusability of the catalyst, ease of separation, minimum metal contamination in product and economical 

as well as environmental sustainability. Heterogeneous copper catalyst has been developed with an aim 

to study the efficiency of supported copper on synthetic organic reactions leading to useful molecules 

which are important components in pharmaceutical chemistry. The methodologies involving 

heterogeneous copper catalysis leads to sustainable alternative pathways to the synthesis of drug 

molecules as well as other biologically relevant moieties.  This review will include the synthesis and 

application of copper catalysts supported on several different solid supports like hydroxyapatite, 

titanium dioxide, silica etc. The review will highlight the use of these solid supported copper catalysts in 

useful organic reactions. The aim of this article is to develop a platform which will guide future organic 

chemists towards developing newer methods of heterogeneous catalysis for sustainable organic 

synthesis. 

 
1.  Introduction 

Transition metal catalysed organic synthesis has gained 

tremendous attention since the last few decades [1-7] and the 

trend of developing newer and more improved methodologies 

of transition metal catalysed reactions are still on the rise. In 

today’s world where we are constantly striving to achieve 

sustainability, heterogeneous metal catalysis has become a 

popular mode for the transition metal catalysed synthesis of 

organic molecules [8-11]. Heterogeneous catalysis leads to 

reuse of metal salts, thus ensuring economical as well as 

environmental sustainability. Since the solid supported metal 

catalyst can be separated from the organic medium most of the 

times by simple filtration, the product has minimum risk of 

metal contamination, thus reducing the toxic metallic side 

effects which is highly desirable in medicinal chemistry.   

Copper has gained tremendous importance as transition 

metal catalyst employed in the synthesis of a variety of organic 

molecules [12]. Versatility, abundance, low cost and low 

toxicity make copper a very efficient catalyst for organic 

synthesis. Quite a few reviews have already been published 

about the effectiveness of copper as a catalyst in synthetic 

organic reactions [11, 13, 14]. However, there is scope for 

covering the recent important developments of solid supported 

copper catalysts employed for catalysing organic reactions. It 

will be the aim of this review to highlight useful oraganic 

reactions catalysed by copper supported on easily available 

solid supports like hydroxyapatite and titanium dioxide. 

 

2.  Hydroxyapatite supported copper catalysed 

cyanation of styrenyl and aryl halides 

Hydroxyapatite serves as a good support for cations and 

anions as the apatite system can incorporate a large number of 

ions owing to their high ion exchange capacity.  Ranu and his 

group [15] developed Cu(I) catalyst supported on 

hydroxyapaptite, starting from easily available starting 

materials like calcium nitrate, diammonium hydrogen 

phosphate and cuprous iodide. The resultant catalyst was 

characterised by SEM, EDS, AFM, XPS and ICP-MS analysis.  

The copper content as determined by ICP-MS analysis was 

found to be 0.3237 mmol/g. The EDS (Energy Dispersive 

Spectra) confirmed the presence of copper and calcium in the 

catalyst system. XPS (X-ray Photoelectron Spectroscopy) 

showed a peak corresponding to Cu 2p3/2 at 934.2 eV with no 

satellite peak, thus indicating the oxidation state of copper as 

+1 in the catalyst system. FESEM and AFM studies showed 

the morphology of the catalyst system.  

Ranu and his group employed this Cu(I) supported on 

hydroxyapatite (Cu-HAP) as catalyst for the cyanation of 

styrenyl bromides and aryl iodides (Figure 1). Potassium 

hexacyanoferrate served as sustainable alternative cyanating 

agent to the conventional toxic alkali metal cyanides. The 

authors used potassium fluoride as the base and dimethyl 

formamide a s solvent. A variety of differently substituted aryl 

bromides and styryl  bromides participated in the reaction 

leading to significantly high yields of products. In case of 

styryl bromides, the reaction was found to be stereoselective 

except in the case of (Z)-2-methylstyrenyl bromide. 
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Figure 1: Copper hydroxyapaptite catalysed cyanation of aryl and styrenyl halides. 
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Figure 2: Copper hydroxyapaptite catalysed Sonogashira reaction of styrenyl bromides. 
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The catalyst could be reused for four cycles. However, 

significant loss in yield of product was observed, possibly due 

to the formation of contaminant coating on the catalyst surface. 

The authors proposed a reaction mechanism involving the 

usual oxidative addition, transmetallation and reductive 

elimination steps. The XPS analysis of the recycled catalyst 

was found to contain copper in the +1 oxidation state, thus 

supporting the proposed mechanism.  

 

3.  Hydroxyapatite supported copper catalysed 

Sonogashira reaction of Styrenyl bromides 

In 2012, Ranu and his group [16] employed the 

hydroxyapatite supported copper catalyst for Sonogashira 

reaction of styrenyl bromides. The trans styrenyl bromides 

produced the usual trans-ene-yne product but the cis styrenyl 

bromides produced unsymmetrical 1,3-diynes via cross 

coupling of alkyne starting material and the alkyne generated 

from the styrenyl bromide (Figure 2). This reaction of cis 

styrenyl bromides to produce cross 1,3- diynes was found to be 

unique in literature. The reactions proceeded in argon 

atmosphere with sodium hydroxide as base. No use of toxic 

ligand or additive was needed in the protocol. The catalyst 

could be reused but after each cycle the catalytic activity 

decreased. A single electron transfer mechanism was proposed 

for the reaction of cis styrenyl bromides leading to the 

formation of unsymmetrical 1,3-diynes. 

 

4.  Titanium dioxide supported copper catalysed C-2 

amination of azoles 

In 2018 Sen, Saha and coworkers developed a nano 

structured copper catalyst supported on titanium dioxide [17]. 

The catalyst was prepared from tetraethylene glycol, 

titanium((IV)isopropoxide and copper(I) iodide via a sol gel 

method. The catalyst was characterised by SEM, TEM, EDS, 

ICP-MS and XPS analyses. ICP-MS analysis indicated 0.77 

wt% of Cu in the catalyst system. XPS analysis showed Cu 

2p3/2 peak with the absence of any satellite peak, thus 

indicating the oxidation state of Cu to be +1 in the catalyst 

system.  

The authors employed the catalyst for the regioselective 

C-2 amination of benzoxazole, benzothiazole and thiazole in a 

ligand and solvent free process (Figure 3). Several substituted 

amides and amines successfully participated in the reaction 

yielding the aminated azoles in high yields. Potassium tert-

butoxide served as the base and silver acetate served as the 

additive in the methodology. The catalyst could be recycled 

four times. The authors extended the protocol towards gram 

scale synthesis of bioactive small molecule having anti tumour 

and anti HIV properties. 
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Figure 3: Titanium dioxide supported copper catalysed C-2 amination of azoles. 

 

5.  Conclusions 

Supported metal catalysts serve as useful sustainable 

alternatives to homogeneous ones. In this review, the 

importance of a few solid supported copper catalytic systems 

that played useful catalytic role in synthetic organic reactions, 

have been highlighted.  This article will hopefully be useful to 

scientists working in the area of heterogeneous catalysis.  
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