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CLICK CHEMISTRY AND ITS APPLICATIONS 
 

Abstract 

 

 Metal complexes play significant roles in 

many chemical and biochemical reactions. The 

efficiency and potency of these complexes were 

further enhanced by the advent of Click 

reactions that allow broad scope for substrates 

offers modularity, specificity, reliability, mild 

reaction conditions, ease of reactions, etc. The 

application of Click chemistry has been well 

proven in many organic synthesis reactions 

particularly those that involve biochemical 

predecessors. The utilization of Click chemistry 

has been well demonstrated in organic synthesis, 

particularly in reactions that involve 

biocompatible predecessor as these reactions 

exhibit bio-compatibility and latency towards 

other components in its surrounding biological 

and cellular environments. In this chapter, the 

significance of Click chemistry along with their 

applications and uniqueness are discussed. 

 

Keywords: Click Chemistry, Organic reactions, 

Optical applications, Anti oxidants 

 

Authors 

 

Swathi Venkatesan  

Chemistry Division  

School of Advanced  Sciences  

Vellore Institute of  Technology  

Chennai Campus  

Chennai, Tamil Nadu, India.  

  

Balamurali MM  

Chemistry Division  

School of Advanced Sciences  

Vellore Institute of Technology  

Chennai Campus   

Chennai, Tamil Nadu, India.  

mmbala@gmail.com 

 

 Kaushik Chanda 

Department of  Chemistry 

Rabindranath Tagore University 

Hojai, Assam,India. 

chandakaushik1@gmail.com 

 

 

Graphical Abstract 

 

 

mailto:mmbala@gmail.com


Futuristic Trends in Chemical, Material Sciences & Nano Technology 

e-ISBN: 978-93-5747-825-0 

IIP Series, Volume 3, Book 13, Part 2, Chapter 5 

  CLICK CHEMISTRY AND ITS APPLICATIONS 

 

 
Copyright © 2024 Authors                                                                                                                        Page | 217 

I. INTRODUCTION 

 

 It is well known that metal ions are important for the proper functioning of numerous 

key enzymes in living systems. Transition metal complexes have shown significant roles 

towards catalysing many chemical and biochemical reactions, synthetic chemistry, 

photochemistry, etc. In particular transition metals like copper, iron and manganese, are 

involved in multiple biological processes including electron transfer reactions. Due 

considerations are given to those transition metal complexes that possess the tendency to 

couple easily without much complications or the formation of side products. These metal ions 

are known to coordinate with appropriate ligand moleculesvia coordination covalent bond to 

form the transition metal complexes. These coordination metal complexes do not alter the 

innate properties of the compounds. The two most widely used methods of synthesizing 

coordination metal complexes involve (i) donors and acceptors and (ii) the addition of 

peripheral functional groups to the ligand environment. The latter is mostly involved with the 

post-synthetic modification due to their precise selectivity.  

 

 Click reactions are one of the important classes of reactions that involve 

multifunctional metal complexes for diverse applications.The term Click chemistry was first 

introduced by Professor K. Barry Sharpless in 1998, for which he was awarded Noble prize 

in chemistry in 2022. These reactions were able to overcome the limitations faced by 

synthetic chemists for efficient formation of products in very good yields. In general, it 

involves connecting two molecular entities snap together in a single step to form complexes 

without altering the native properties of the respective molecules. Sharpless et al. first 

demonstrated the copper catalysed azide-alkyne cycloaddition, which is now utilized for the 

development of numerous pharmaceuticals, DNA mapping and material synthesis. Moreover 

these reactions reveal many advantages over conventional reactions like high modularity, 

flexibility, reliability, high specificity, ease of synthesis, high yield swith no formation of any 

by-products, biocompatibility, less time consuming, etc. These properties make them well 

suitable for their applications in medicinal fields and drug discovery. Also these reactions 

have paved way for the evolution of numerous novel schemes in synthetic organic chemistry 

like ring opening reactions, conjugate additions, α-effect nucleophilic aldehyde capture, 

cycloaddition, acylation/sulfonylation,etc,. In spite of these, certain challenges are still 

prevailing like the rate of degradation, the mechanics and so on.
1
 In order to progress further, 

bio-orthogonal click chemistry is being implements along with for successful synthesis. 

 

 The initial reaction of azide-alkyne cycloaddition in the presence of copper catalyst 

involves activation of terminal alkynes to react with azide to form coordinate complexes. The 

reaction was complete with the formation of certain intermediates. The challenge involves the 

difficulty in eliminating multiple equilibria between the intermediates to form the products 

and hence to deduce a stable reaction mechanism. 

 

 The applications of Click chemistry extend to various fields of drugs discovery
2
, drug 

delivery
3
, altering the proximity effects to catalyse biological chemistry

4
,etc. To elaborate, 

1,2,3-triazole ring was prepared as a pharmacophore by 1,3-dipolar cycloaddition reaction 

catalysed by copper. The simultaneous binding of two reactants within the same pocket can 

occur when they are present in the close proximity. With the emergence of biorthogonal 

reactions in Click chemistry it is possible to induce proximity effects.  
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 Recently many Click derived luminescent probes such as imidazoquinolines, 

thiazetidines, and quino lines along with the aid of computational analysis of drug 

development (CADD), were proven as drug molecules to inhibit different cancers. The 

linkers used in Click chemistry enables spontaneity in therapeutic implementation and hence 

can be utilized for theranostic applications. In addition to all these, Click chemistry is known 

for it senvironmental friendliness, easily acquirement and manageable reaction conditions. 

Herein, Click chemistry behind the multifunctional metal complexes and their applications in 

radiochemistry, material science, organic synthesis, bio-conjugation, drug discovery,etc. are 

discussed.  

 

II. SIGNIFICANCE IN CHEMICAL SYNTHESIS 

 

 The Click chemistry enabled the possibility for efficient accessibility of a large library 

of diverse molecular drugs. Further it is possible to optimize, screen and narrow down the 

library based on their functionalities and efficiencies. Numerous such molecules with their 

pharmacological activities optimized along with the identification of active derivatives 

followed by their mechanisms of actions were reported. Particularly with the case of complex 

natural product derived molecules involving complicated synthetic approaches with multiple 

stereo-centres and reactive functional itiescan be scaled up to yield unique stereo-active 

molecules. Also, Click chemistry facilitates the possibility of late-stage functionalization and 

diversification of desirable products with flexible and wide scope for substrate molecules.
43-

45
Till date there exists a research gap that remains to be addressed. 

 

 Metal complexes are utilized widely to catalyze reactions especially in medicinal 

chemistry like selective hydrogenation, olefin metathesis and cross-coupling reactions 

because of their unique properties including luminescence and magnetic properties. Cisplatin 

is a well-known metal complex that is used as antitumor agents till date. Yet this drug is 

reported to display resistance in biological systems with differential toxicity. Also there are 

other platinum(II)-based complexes that are reported as antitumor agentsby their ability to 

crosslink nucleic acids and form adducts to inhibit the viability of cancer cells. Similar 

responses are being attempted with other metal complexes by tuning their potential to display 

similar activity as the platinum complexes do. In general fictionalization of transition metal 

complexes provides unique pathways to enhance reaction conditions. For example, 

complexes with organoselenium as ligand scaffolds were utilized to fine tune many reaction 

conditions as they are non-reactive towards moist and air. Click chemistry provides facile and 

easy route for synthesis of coordination metal complexes that can catalyze chemical 

transformation reactions such as transfer hydrogenation, Sonogashira coupling, Suzuki–

Miyaura coupling, and Heck reaction, etc. 

 

1. Oxidation Reactions: In many heterogeneous systems, the bond forming reactions 

particularly those involve surface modifications, Click chemistry is known to play 

significant roles.
51

Oxidation reactions involve the generation of carbon atoms that are 

highly reactive to build larger molecules similar to artificial oxidation-assisted ligation. In 

general an increase subsequently increases the reactivity. As shown in figure 1, the 

reaction involving the oxidation of hydrocarbons via the formation of higher oxidation 

state products that can further undergo nucleophilic attack to form imines and amides. 

Moreover, these reactive species can de-energize in the presence of catalysts, to generate 

several other compounds. 
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Figure 1: Reactions that involve the formation of higher oxidation states (a) Oxidation of 

hydrocarbons to yield carboxylic acids. (b) Aldol condensation and (c) Claisen 

condensation. 

 

Orthogonal oxidative Click chemistry is the most studied one in recent days 

because of its ability to enable unique oxidation to form highly selective products even 

under single pot synthesis methods without the formation of any by-products. Under 

Click catalysis, the reaction rates are higher than other organic substrates which align 

their way in heterogeneous biological systems. Since the Click catalysts are stable under 

environmental conditions, higher reaction rate, excellent yields and adaptability of 

oxidant for reactions are highly supported. Chalcogen-ligated metal complexes, like the 

one based on sulphur or selenium complexed with ruthenium, rhodium and iridiumare 

reported for their catalytic activity in alcohol oxidation. The kinetically stable ligand 

including selenium and nitrogen donors were synthesized following Click chemistry.The 

strong electron donating property of Se and Senables potential bulkier group substitution 

on the triazole moiety as shown in figure 2. 

 
Figure 2:  Structure of Click-derived ligands containing Se and nitrogen donors. 
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In addition, ruthenium, iridium and rhodium complexes were also prepared by the 

reaction of organoselenium ligands along with precursors[(µ-Cl)RuCl(η
6
-benzene)]2, [(µ-

Cl)RhCl(η
5
-Cp

*
)]2 and [(µ-Cl)IrCl(η

5
-Cp

*
)]2 as shown in figure 3. 

 

 
 

Figure 3: Structures of Click-derived complexes for with organoselenium ligands along with 

precursors of ruthenium, rhodium and iridium. 

 

2. Transfer Hydrogenation: Transition metal catalysts are known for their efficient 

catalytic property in organic transformations. Singh et al.,investigated the complexion of 

Ruthenium-based metal compounds [{(η
6
-C6H6)RuCl(μ-Cl)}2] with 1,2,3-triazile 

organoselenium or sulphur ligands to produce sandwich structured Ru-complex 

coordinated with N-atoms forming a five membered ring around the metal. In this the 

initial substrate, organochalcogenated triazole ligand was synthesized following Click 

chemistry. Both the substrates were bound together in methanol followed by the addition 

of NH4PF6 to get the desired product. The sandwich shaped complex was produced by the 

formation of a five carbon ring using the metal Ru and azide present in the triazole ring. 

Further, in these the donors are responsible for the formation of half sandwiched 

octahedral structure,resulting in the formation of a coordination sphere with chlorine and 

chalcogen as chelating ligands as shown in figure 4. 

 
 

Figure 4:  Synthetic scheme representing the formation of catalytically active half sandwich 

Ru(II) complexes. 
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Further reactions with the same substrates and ruthenium precursors were carried 

out using copper catalysts following Click chemistry. In aqueous solutions, the complex’s 

potential to act as catalysts for transfer hydrogenation reaction of the carbonyl compound 

in the presence of glycerol as hydrogen source was investigated. Excellent catalytic 

activity was recorded in the presence of KOH at 0.4 mol% at 110°C. The catalytic 

activity of Mn(I) for hydrogenation reactions was carried out for 16 hours at high 

temperatures, in the presence of dry toluene as a precursor to coordinate several triazoles 

to yield a variety of substrates, together with aromatic and aliphatic ketones with different 

functional groups as shown in figure 5.  

 

 
Figure 5: Structures of Click-derived manganese complexes. 

 

3. C-C or C-N Bond Formation Reactions: Following the discovery of carbenes by 

Arduengo et al.,several bond formation reactions between C-C and C-N were explored 

extensively. The N-heterocyclic carbenes serve as good catalyst owing to their strong M-

C bonds that are difficult to dissociate,hence making them more stable thermally 

withenhanced resistance for oxidation. Moreover, this catalyst can be recovered at the end 

of the reaction. For example, the NHC-Rh complex was synthesized using Click reaction 

and applied in the addition ofarylboronic acid to aldehydes as shown in figure 6. 

 

 
Figure 6: Scheme for the synthesis of NHC-Rh complex. 
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Another example that includes the synthesis of rhodium complex through 

nucleophilic substitution with Merrifield resin and excess of sodium azide was allowed to 

react with [Rh(COD)Cl]2 in presence of the base KOtBu. The best efficiency of the 

catalyst was reported as 96% with a catalyst load of 2 mol %. Further improvement in the 

yield was observed by the presence of electron withdrawing groups in arylboronic acid at 

ortho or para-positions. A three component single pot synthesis of propargylamines was 

performed using Click NHC-Ag(I) complex via coupling reaction between alkyne, amine 

and aldehyde as shown in figure 7.  

 

 
 

Figure 7: Synthesis scheme for NHC-Ag complex. 

 

This NHC-Ag(I) complex was obtained by the Click reaction of azomethyl 

polystyrene and propargyl imidazolium bromide that further reacted with azide and silver 

oxide. In this the chitin was modified with Pd(II) and was further utilized for Sonogashira 

coupling reaction to generate arylalkenes as shown in figure 8. It is a C-C cross coupling 

reaction involving Pd(II) metal complex as catalyst. 

 

 The polymer linked catalyst is recyclable without any significant loss of its 

activity. The nano-form of catalyst showed excellent results in green solvent, water. 

Chalcogen (sulfur) was used in the organic catalyst with the help of Cu-catalyzed Click 

reaction to form a Pd-based complex. The cyclized azide-alkyne complex was coupled 

with Pd-precursor to get the desired Pd-catalyst. This catalyst was used in the well-known 

C-C coupling Heck reaction to generate alkenes. Such Click-derived catalysts based on 

the Pd metal complexes are used in numerous well-known coupling reactions such as 

Suzuki coupling to yield alkanes with aryl boronic acid and aryl halides. In these the 

donor atom plays a vital role in the preparation of these catalysts. It can be noted that the 

sulphur analogues are more efficient in all the other three types of coupling processes 

than their selenium counterparts. Such click-derived catalytic systems have the added 

benefit of being effortless to recover and reuse the catalysts for a number of reactions.  
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Figure 8:  Scheme representing the synthesis of chitin-derived Pd(II) catalyst. 

 

III.  CLICK CHEMISTRY FOR OPTICAL APPLICATIONS 

 

 The photochemistry based Click reactions are known as photoclick reactions and they 

are non-toxic and time efficient. The light energy provides the spatiotemporal control that 

gives the advantage of cross-linking and conjugation of polymers, surface functionalization 

and labelling of biomolecules. Numerous reactions that involve photoclick mechanisms such 

as Diels-alder reaction and 1,3-dipolar cycloadditions were investigated extensively and 

reported. These reactions possessing the ability to transfer energy from materials for solar 

energy convertion, biological photosynthesis and photocatalysis were generated. But these 

reactions were reported with lack of selectivity in non-symmetric heterometallic complexes 

surmounted by ligand based approaches. The beneficial aspects of supramolecular photoclick 

chemistry is observed in UV and NIR regions and are utilizedin the generation 

ofphosphorescent organic light emitting diodes (PHOLEDs), Organic Light Emitting Diodes 

(OLEDs) and photosensitizers. 

 

1. Photosensitizers: Photosensitizers are the catalysts that absorb the light and alter the 

photochemical reactions to achieve the desired product. For instance, Ru(II) polypyridyl 

complexes are used as photosensitizers because of their stable and inert energy transfer. 

Also, heteroleptic Ru(II) complexes show comparative yields and better selectivity. A 

representative example of such complex is shown in figure 9.  
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Figure 9:  Heteroleptic bis(tridentate) Ru(II) complex containing parent terpyridine ligand. 

 

Semiconductors such as TiO2 bound chromophores were utilized to produce 

photosensitized solar cells and photocatalysts
7
 Similarly, astar shaped homoleptic 

ruthenium complexes was synthesized via Click chemistry and successfully tested for 

their potential a photocatalysts in liquid phase after being anchored to nanoparticle films 

made of the semiconducting TiO2 and the insulating ZrO2 (figure 10).
 8

 

 

 
 

Figure 10: Structure of star shaped ruthenium complexes. 

 

These complexes were composed of 2,2´- bipyridine ligands with 4,4´-

disubstitution in 1,2,3- triazole moiety. The Ru(bpy)3 core is C4-connected in 

complexes,with different anchoring groups (R= p-benzoic and isophthalic methyl esters 

respectively). The luminescence of the above photosensitizer was recognized by turn-off 

luminescence with TiO2 and the turn-on emission with ZrO2 functionalized films. 

Functional supramolecular structures from alkyne-azide based transition metal complexes 

were studied using azidobipyridyl ligands in [Ru(p-cymene)Cl]
+
 complexes which 

exhibited the azide functioning in Ru-complex were prepared via Cu-mediated Click 

chemistry.
 9

 Luminescence properties of Ir(III) bis-terpyridine was investigatedusing 

Click chemistry.
10

 In order to enhance the luminescence functionality, the bisterpyridine 

complex was directly converted from alcohol to azides
11

followed by activiation by a 
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Click alkyl moiety to yield triazoyl. The terpyridine behaves as electron acceptor and the 

other functional groups act as donorswith the tendency to increase the absorption because 

of the intra ligand charge transfer (ILCT) transitions. Similarly, Click synthesized Ru-

complexes were also reported with bi- and tetra-dentate ligands. Based on the differences 

in the energy gap of HOMO and LUMO of triazolyl-pyridine-Ru(II) complex was higher 

than the bi- and tetra-dentate because of the numberof triazolyl ring that alters the 

photophysical properties. This can be overcome by increasing the -conjugation thus 

adapting the Ru(II)-based complexes as efficient photosensitizers. They also exhibit 

improved photovoltaic activity and are hence applied in solid and liquid state dye 

sensitized solar cells
12

 

 

2. Organic Light Emitting Diodes (OLEDs) : OLEDs are nothing but the organic layer of 

light emitting diodes which when comes under the contact of electrical signal can emit 

light. They are used as bio-imaging labels
13

, as sensors in material fabrication
14,15

, 

electrochemical cells,
16

etc. For example, iridium cyclometallated complexes
17

 can 

undergo intramolecular rearrangements to form stable metal-carbon bond. For an 

exceptional OLED short excitation lifetime, higher quantum efficiency and ability to 

control the light emission are expected. Tris-cyclometalated iridium(III) complexes using 

ligands derived from 2-phenylpyridine and 2-(1H-[1,2,3]triazol-4-yl)pyridine (trpy) 

synthesized using transmetalating agent Cu(I)-triazolides under one pot synthesis with 

short duration is one such example of OLEDs as shown in figure 11.
18

 It is feasible to 

introduce ligands with diverse functional groups that can act as anchoring groups in Click 

chemistry. 

 

 
 

Figure 11: Structure of trpy C
/\
N chelate complexes 

 

3. Phosphorescent organic light emitting diodes (PHOLEDs) : PHOLEDsare similar to 

the organic light emitting diodes but they exhibit phosphorescence. They are recognized 

as recently growing field with extending π-conjugations. These molecules concurrently 

yield light from singlet and triplet excitons. The small triplet band gap that promotes the 

unnecessary intramolecular energy transfer between the guest emitter and the host 

systems is considered as the major disadvantage in these systems. Copper-catalyzed 

azide-alkyne cycloaddition reaction was proven to overcome this difficulty by decreasing 

the donor-acceptor band gaps within the molecule. Theunsymmetric bipyridine–Pt
II
–

alkynyl complexes (figure 12)derived through post-Click reaction with emission 

enhancement characteristics and their applications as phosphorescent Organic Light-

Emitting Diodes with high quantum efficiency is reported as ~ 5.8%.
19
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Figure 12: Scheme showing unsymmetric bipyridine-platinum-alkynyl complexes formed 

through a post-Click reaction. 

 

IV. CLICK CHEMISTRY FOR BIOMEDICAL APPLICATIONS 

  

 Chemically synthesized drugs have low biocompatibility for several reasons like the 

solvents used in the synthesis might display adverse effects, the catalyst might be toxic, 

involvement of non-ambient reaction conditions like pressure and temperature, etc. Moreover 

the purification processesare difficult and time consuming. Click chemistry has paved way 

for the drug production, imaging and drug delivery applications. The orthogonality observed 

with this concept of synthesis has provided the perspective to mimic the chemical reaction 

under cellular atmosphere. Click chemistry is stereospecific, selective and higher product 

yields. Bifunctionality is made possible with Click chemistry with suitable building blocks. 

The bio-othogonal Click reactions that target specific sites under mild reaction conditions 

make their utilization for various biological applications. 

 

1. Anti-cancer agents : Cancer cells grow uncontrollably and arethe cause fora large 

number of diseases. Only few drugs were successfully synthesized as potent anti-cancer 

agents. Thesepotential of these anticancer agents were enhanced through numerous 

methods including photodynamic therapy (PDT), nucleic acid binding, etc. PDT is a 

clinically accepted treatment as it is non-invasive. It requires light, oxygen and 

photosensitizer for their function. All three together are not toxic and they tend to 

generate a very reactive single oxygen species which is engaged in killing cancer cells. 

Organo-metallic frameworks
20

 are utilized as photosensitizer with dual functioning - 

imaging and ROS production. Furthermore, fabrication of these organometallic 

frameworks with near infrared properties and capping to hyaluronic acid will enhance the 

ability of PDT against cancer cells. A dinuclear gold organometalic complex has revealed 

excellent anti-proliferative activity against various cancer cells with IC50 value 3.12-8.5 

µM. This was acquired by Click reacting 1,4-C6H4(C≡CAuPPh3)2and 4-(azidomethyl) 

benzonitrile.
21

 One of the important research projects for medication development is the 

study of DNA-drug interactions. It is vital to comprehend the mechanism behind this 

interaction to develop new treatments. Platinum metal complexes were most commonly 

used in this study but the performance of Click reactions on platinum complexes is 

inadequate. Certain disadvantages that hampered the druggability of Pt-compounds 

include drug resistance, neuro- and nephro-toxicity, partial target reception,
22

 and 

deactivationof drug due to other side mechanism.
23

 So nanoparticle assisted platinum-

based delivery system and Pt(IV) prodrugs wereinvestigatedtowards developing new 

drugs. Magnetic nanoparticles were bound with Pt-complex generated viaClick chemistry 
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was investigated in intracellular tumor distribution
24

 in which the iron oxide was 

connected via amide bond.  

 

These magnetic nanoparticle-based Pt complexes were relatively more efficient 

than the commonly used drug cisplatin. This claim was also supported by its low 

inhibitory concentration values. Furthermore, the potential of Pt-prodrugs were modified 

through strain-promoted azide-alkyne cycloaddition reaction.
25

  For instance, 

modification of the prodrug with hydrophobic azadibenzocyclooctyne molecules 

enhanced the lipophilic nature of the drug to give desired results. It can also be reduced to 

form the drug cisplatin. Apart from platinum based drugs, polyethylene glycol supported 

iridium(III) complexes were used for bio-imaging applications. They also act as 

phosphorescent dyes. This PEG based iridium complex was produced by Click chemistry 

and found that even minimum concentrations of the prodrug can result in higher cell 

viability and appropriate cytotoxicity.
26

 

 

2. Anti-microbial agents: Recently, certain microbes reported to display drug resistance. 

For a drug to be a potent inhibitor, its ability to bind with bacterial lipids has to be higher. 

Many Ru(II) complexeswere found to possess lipophilicity to exhibit efficient antibiotic 

activity against Staphylococcus aureus.
27

 -
28 

Cu(I)-catalyzed Click-derived ruthenium 

complex (figure 13) produced by reacting with 2,6-bis(1-R-1H-1,2,3-tiazol-4-yl)pyridine 

ligand displayed excellent antimicrobial potency. This complex is active against both 

gram positive and gram negative bacteria. The length of alkyl chains in this complex and 

their antibacterial activity were correlated with its anti-bacterial action exhibited by 

complexes with either hexyl or heptyl substituent.   

 

 
 

Figure 13: Structure of Click-derived ruthenium complex possessing 2,6-bis(1-R-1H-1,2,3-

iazol-4-yl)pyridine ligand. 

 

Later, a series of three different copper complexes anti-bacterial activitywas 

synthesized following Click chemistry,
29

of which two were mononuclear, having nitrate 

ion and Cu with 6-fold distorted octahedral geometry while the third one was a trinuclear 

with 4-fold distorted square planner geometry (figure 14).   
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Figure 14: Click-derived mononuclear complexes with 6-fold distorted octahedral geometry 

(top) and trinuclear 4-fold distorted square planner geometry (bottom). 

 

When antibacterial activity was evaluated for the above three ligands along with 

chloramphenicol as reference, the trinuclear complex was able to efficiently inhibit the 

bacterial growth better than all the other ligands, which could further be attributed to their 

unique structures. The relevant data are compiled in table 1.In these the free nitrogen is 

available to bind to metal ions that can be employed in bacterial metabolism. 

 

Table 1: Anti-bacterial activity as evaluated by their inhibitory concentrations in (µg/ml) 

 

Compound 
Staphylococcus 

aureus 

Bacillus 

Subtilis 

Salmonella 

typhimurium 

Escherichia 

coli 

Chloramphenicol 6 6 6  

Ligand 96 96 48 96 

Complex 1 48 48 24 48 

Complex 2 24 24 12 24 

Complex 3 12 12 6 12 

 

3. Anti-oxidants: As a result of oxidation reaction in live cells highly reactive and unstable 

nitrogen and oxygen are generated. This in turn will initiate a continuous progression of 

chain reactions that can damage or kill cells by inhibiting the activity of numerous crucial 

proteins, lipids and nucleic acids. This action can be inhibited by the presence of a potent 

anti-oxidant that can prevent oxidation. The anti-oxidant activity can be evaluated 

through DPPH and ABTS
+
assays. DPPH, when gets in contact with the reactive free 

radicals it gets reduced to change its color from violet to brown,while the presence of 

anti-oxidants will prevent the convertion of ABTS to green ABTS
+
. Similarly the 
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organoselenium complexes were alsoinvestigated for their potent antioxidant activity 

(figure 15). Its chitosan-based derivatives were synthesized via Click chemistry that 

further inhibited the oxidation reaction
30

.  

 

 
 

Figure 15: Structure of chitosan-derived anti-oxidant potent organoselenium complex. 

 

4. Bioconjugation:  Proteins are complexed biopolymers that are essential for all living 

systems. In order to investigate their structure-activity relationships, chemical 

modifications of proteinsare required. Site-specific modification to develop bio-

conjugates is one of the major developments for chemical modification of proteins. There 

are several methods available to modify the proteins using specified amino acid alteration 

but it remains a challenge to accurately modify the enzymes and antibodies in large 

quantities. This requires ample amount of reaction time and ambient reaction conditions 

to obtain high yields of bio-conjugates. Click chemistry offers excellent quantity of 

products with minimal by-products and fast reaction kinetics. Advantages of high 

selectivity and specificity also aid to follow Click chemistry in the synthesis of bio-

conjugation and it is also widely used in pharmaceuticals. Modification techniques for 

phenol-containing tyrosine, sulfhydryl-containing cysteine, indole ring of tryptophanand 

thioether moiety of methionine were reported. In case of tryptophan, oxidation-mediated 

modification of amino acids through oxidation-induced Click reaction resulted in 

chemoselective tryptophan oxidation  Cysteine containing sulphur that has eight different 

oxidation states can readily undergo oxidation. Under physiological conditoins, persulfate 

will be generated by the oxidation of sulphur in cysteine along with many other side 

reactive species including reactive oxygen and nitrogen. With the oxidation-induced 

Click chemistry ligation using sulfenic acid ligates the sulfhydryl group of cysteine. 

Moreover, the sulfenic acid can act as a biomarker for many oxidative reactions in 

biological system. Oxidation by electrophiles and nucleophiles in microenvironment will 

increase the antioxidant potency of the Click sulfenic acid.  

 

V. CONCLUSION 

 

 Biological systems require connecting many small units following precise 

mechanisms that can offer specificity and selectivity. Click chemistry offers the possibility of 

such reactions to happen in laboratory environments. Recently, click chemistry serves as a 

power tool for heterologous synthesis of novel drug molecules. These reactions have paved 

way for the development of numerous enzyme inhibitors, particularly those that require 

fragment-based inhibition. The scope for enhancing the potency of many therapeutic drugs 

can be attempted with Click chemistry. Moreover, the possibility for the introducing non-
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biological chemical reactions into complex biological systems has been successfully proven 

with Click chemistry. 
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