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ABSTRACT 

Since 2001, ‘Click Chemistry’ has been of great interest among the researchers 

working in different areas, as it represents a family of wonderful linking reactions that are 

fast, easy to perform, wide in scope, generate less or inoffensive byproducts, high 

yielding, versatile and highly regio-specific. The reaction approach involves simple 

reaction conditions and benign solvents that can be easily separated and isolated from the 

product. Among the various types, the Huisgen 1,3-dipolar cycloaddition reaction 

involving cycloaddition of terminal alkyne and organic azide in the presence of Cu(I) as 

catalyst yielding 1,4-disustituted 1,2,3-triazole has gained worldwide popularity due to 

high stereoselectivity of reaction and purity of the product formed. The 1,2,3-triazole 

linked molecules formed as a result of this wonderful reaction are famous for their 

extensive applications in the areas, such as biomedical sciences, physical sciences, 

polymer chemistry, chemosensing etc. The utility of Cu(I)-catalyzed alkyne-azide 

cycloaddition (CuAAC) reaction to sew up a variety of structural units to prepare a 

library of molecules with huge number of applications suggested a way to choose this 

approach of organic syntheses to pursue this doctoral program. Thrust area of this 

research contribution was to generate various metal ion sensors through CuAAC reaction, 

whose sensing potential can be easily studied by techniques such as UV-

Visible/Fluorescence spectroscopy. With the vast literature survey related to CuAAC 

reaction, the main objectives of the research work were as follows: 

 To synthesize novel 1,2,3-triazole linked molecules using Cu(I)-catalyzed alkyne-

azide cycloaddition (CuAAC) reaction.  

 Characterization of newly synthesized compounds by spectroscopic tools like IR, 

NMR (1H, 13C), along with mass spectrometric studies.  

 To study the chemosensing behavior of synthesized 1,2,3-triazole linkers for 

various ions using UV-Visible spectroscopy.  

Thus, a total of eight novel 1,2,3-triazole linked molecules have been synthesized through 

Cu(I)-catalyzed click cycloaddition of novel terminal alkynes, synthesized during this 
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research work with the freshly prepared azides (azidomethylbenzene & 

azidomethylnaphthalene). 

For the synthesis of terminal alkynes, the starting materials with good 

chromophoric units i.e., having absorption in UV-Visible region were searched and used. 

Each selected starting molecule was having hydroxyl group, whose hydrogen has been 

nucleophilically substituted by propynyl group from propargyl bromide using K2CO3 as 

base in suitable solvent, simply by stirring at room temperature. At the end, the product 

was isolated on treating the reaction mixture with ice-cold water followed by filtration, if 

solid or by solvent extraction method in case of liquid product. Thereafter, the newly 

synthesized alkynes were treated with different organic azides using Cu(I)-catalyst in 

order to generate designed 1,2,3-triazole linkers. All the synthesized molecules (terminal 

alkynes, azides and 1,2,3-triazole linkers) have been well characterized by IR, NMR (1H, 

13C) along with mass spectrometric studies. Finally, the synthesized 1,2,3-triazole linkers 

were explored for their chemosensing nature through UV-Visible spectroscopy by 

performing their absorption titrations with various metal ions, like Na(I), K(I), Ba(II), 

Cr(III), Mn(II), Fe(II), Fe(III), Co(II), Ni(II), Zn(II), Cd(II), Hg(II), Pb(II) and Ce(III) in 

suitable solvent. The synthesized molecular assemblies are equipped with aromatic 

heterocyclic moiety with three nitrogen atoms constituted a perfect molecular framework 

to hold a specific metal ion. The specificity and selectivity of the probe towards a 

particular metal ion has been investigated through the UV-Visible results obtained during 

the addition of different metal ions separately into the solution of molecule under 

examination. The interaction of metal ion with receptor unit causes modulations in the 

absorption behavior of the receptor unit that helps in recognition of its chemosensing 

potential. The absorption responses recorded for various novel 1,2,3-triazole linkers, 

synthesized in this course are presented in this thesis in the form of various types of 

graphs and figures. The analytical calculations like minimum limit of detection (LOD), 

binding ratio and binding efficiency of different receptors towards specific metal ions has 

been done and presented in the text.  
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Chapter 1 

 

Introduction 

 

This chapter of thesis represents literature survey carried out to 

perform research work. It lays out detailed motivational aspects especially 

methodology of synthesis and applications of titled molecules that inspired 

me to pursue research for Ph.D. program.  This chapter lists out essential 

literature surveyed for successful completion of doctoral program, focused 

on detailed background of each portion of my research contribution. 
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1.1 Historical aspects of ‘Click Chemistry’ 

K. B. Sharpless, Nobel prize winning American scientist introduced the 

concept of ‘Click Chemistry’ in 2001, that represents a family of linking reactions that 

are fast, easy to perform, wide in scope, generate less or inoffensive by products, high 

yielding, versatile and highly region-specific [1-5]. The reaction process involves 

simple reaction conditions and benign solvents that can be easily removed to make the 

isolation of product facile. These reactions proceed without any pre-treatment of 

reactants and involve combination of diverse structural units effectively [6-8]. The 

various categories of click chemistry reactions, as reported in literature include 

cycloadditions [9-12], thiol-ene, nucleophilic ring opening of strained heterocycles 

[13-15], photo click reactions etc. [16-19]. Among these categories, the cycloaddition 

reaction, especially Cu(I)-catalyzed Huisgen 1,3-dipolar cycloaddition reaction 

between organic azides and terminal alkynes results into the formation of 1,2,3-

triazoles have gained immense importance. The preparation of 1,2,3-triazoles through 

1,3-dipolar cycloaddition reaction was first reported by Rolf Huisgen, a German 

scientist, in 1960 [20-21], but this reaction gained worldwide importance with the 

introduction of Cu(I) as catalyst, leading to highly stereospecific product. The ‘Click 

Chemistry’ is hence not a new set of synthetic chemistry, but an advanced form of 

previously discovered reactions to be conducted under simple and ambient reaction 

conditions to get pure product with high yield [22-27]. 

1.2 1,3-Dipolar cycloaddition 

The cycloaddition reaction between a 1,3-dipole and a dipolarophile 

(unsaturated molecule) to generate a five membered cyclic structure is termed as 1,3-

dipolar cycloaddition graphically represented in Figure 1.1.  

X
Y

Z

A BX
Y

Z
A B+

1,3-Dipole Dipolarophile

X
Y

Z

A B

Concerted mechanism  

Figure 1.1: Mechanism of 1,3-dipolar cycloaddition reaction 
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The reactions involving 1,3-dipolar cycloaddition were discovered in late 19th 

century to early 20th century with the invention of various types of 1,3-dipoles [28-

30]. The mechanism and application part of cycloaddition reaction was investigated in 

1960s, primarily through the research contribution of Rolf Huisgen. 1,3-dipolar 

cycloaddition reaction has served as an important route for the formation of five 

membered heterocyclic rings. The reaction is highly stereoselective with respect to 

dipolarophile means cis-alkene gives syn-product and vice versa that supports 

concerted mechanism of cycloaddition [31-33]. 

1.3 Huisgen 1,3-dipolar cycloaddition reaction 

Rolf Huisgen developed an uncatalyzed 1,3-dipolar cycloaddition reaction, 

which is also commonly referred to Huisgen reaction or Huisgen cycloaddition. The 

reaction has involved generation of 1,2,3-triazole as a mixture of 1,4 and 1,5-

disubstituted adducts by 1,3-dipolar cycloaddition reaction between terminal alkynes 

as dipolarophile and organic azides as 1,3-dipole at 98 °C in 18 h, presented in Figure 

1.2. The Huisgen reaction has involved the generation of a mixture of two isomers 

which suffered from the difficulty in separation from the mixture of regioisomers [34-

35]. 

R N3 + R' N

N N

R R'

Azide Alkyne

+ N

NN

R

R'

98 oC

18 h

1,4-disubstituted triazole 1,5-disubstituted triazole

 

Figure 1.2: Rolf Huisgen reaction to produce two di-substituted 1,2,3-triazole 

products 

In recent years, this reaction has gained extreme popularity when K. B.   

Sharpless introduced Cu(I) as catalyst in this cycloaddition reaction, making it 

exclusive for the formation of 1,4-disubstituted product and therefore, the Cu(I) 

catalyzed alkyne-azide cycloaddition (CuAAC) refers to the click synthesis of 1,2,3-

triazoles. The generation of 1,4-disubstituted 1,2,3-triazole as only product of this 



      

3 
 

Cu(I)-catalyzed process has brought revolution in the synthetic organic chemistry 

[36]. 

1.4 CuAAC and Mechanism involving catalytic action of Cu(I) 

The Cu(I)-catalyzed 1,3-dipolar cycloaddition reaction between terminal 

alkyne and azide, performed under relatively moderate reaction conditions with high 

stereoselectivity, is presented in Figure 1.3. The reaction process involves the fusion 

of terminal alkyne with organic azide in the presence of Cu(I) with stirring at room 

temperature using a variety of solvents like water, alcohol, tetrahydrofuran, 

acetonitrile etc. Another advanced technology to conduct this cycloaddition reaction 

involves the use of microwave radiations along with Cu(I) in a suitable solvent. 

R N3 +
Cu(I), stirr, rt, Solvent

or µw, Cu(I), Solvent
R'

N

N N
R'

R

Azide Alkyne 1,4- disubstituted- 1,2,3-triazole  

Figure 1.3:  Scheme of Cu(I)-catalyzed alkyne-azide cycloaddition (CuAAC) 

The addition of Cu(I) increases the rate as well as regulates the chemo or 

regioselectivity of cycloadditon reaction leading to 1,4-disubstituted isomer only [37-

39]. For this reaction, only terminal alkynes can be used, because the reaction 

mechanism involves abstraction of terminal proton, which results into Cu-alkynyl 

intermediate. The binding of Cu(I) at one carbon, locked the stereochemistry to single 

position product. This intermediate binds with azide in next step to form six 

membered cyclic intermediate that rapidly change into stable triazole [40-42]. 

Sharpless and co-workers proposed a mechanism that involves a mononuclear Cu-

alkynyl intermediate, as shown in Figure 1.4(a). These studies were later on supported 

by DFT studies in 2005, according to which, the use of Cu(I) cuts the activation 

energy barrier for the formation of intermediate from 14.9 kcal/mol to 24.7 kcal/mol 

in comparison to the reaction without catalyst. Thereafter, Fokin and Finn suggested 

the possibility of another mechanism that involved two Cu-centers in the transition 

state during whole process. It involves π-complexation of alkyne with a copper 
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species that decreases electron density on alkynyl carbon (sp-hybridized) and 

enhances the reactivity of alkynyl moiety towards deprotonation by second copper 

atom, thus facilitating the reaction of azide to produce bridged dicopper µ-

alkenylidene intermediate, as shown in Figure 1.4(b). The intermediate formed in the 

mechanism involving two copper ions has been proved as thermally more stable than 

the ring strained intermediate formed as a result of mononuclear reaction mechanism 

[44-48].  

R1 H

R1 Cu(I)

Cu(I)

H+

R2 N3

R1 Cu(I)

N
N

N
R2

N

Cu(III)

N
N R2

R1

N
N

N
R2

R1

Cu(I)

N
N

N
R2

R1

H

H+

Cu(I)

 

Figure 1.4(a): Mechanism proposed by Sharpless and his research group for Cu(I)-

catalyzed alkyne-azide cycloaddition reaction  

Since discovery, Cu(I)-catalyzed alkyne-azide cycloaddition has gained global 

popularity among the researchers from different disciplines due to formation of 1,2,3-

triazole derivative, a heterocyclic compound which is aromatic, stable and chemically 

inert to different reaction conditions like hydrolysis, reduction and oxidation [49-50]. 

Alternative to the CuAAC, the cycloaddition of azides and terminal alkynes has also 

been reported through catalyzation by other transition metal ions such as Pt(II) [51], 

Ni(II) [51], Pd(II) [52], Ir(I) [53-54] as well as Ru(II) [55]. However, the 
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cycloaddition reaction catalyzed by Cu(I) is found to be superior over others in terms 

of reaction conditions, rate and yield of reaction as well as area of application [56]. 

More importantly, CuAAC follows the principles of green approach of organic 

synthesis. Alternately, several chemical methods have been reported which require 

strong reaction conditions and are accompanied by the formation of toxic by-products 

along with desired product that followed by certain techniques of purification [57-58]. 

Therefore, organic synthesis following click reaction approach is of great interest for 

both academic research as well as industrial applications.  

R1 H
Cu(I)

R1 H

Cu(I)

Cu(I)

H+

R1 Cu(I)

Cu(I)

R2 N3

R1 Cu(I)

N

N
N

R2

Cu(I)

N
N

N
R2

R1

Cu(I)

N
N

N
R2

R1

NN

N Cu(II)

R1

R2

Cu(II)

H

H+

Cu(I)

Cu(I)

 

Figure 1.4(b): Mechanism proposed by Fokin and Finn for Cu(I)-catalyzed alkyne-

azide cycloaddition reaction involving two copper centers  

1.5 Catalytic systems as Cu(I) sources in CuAAC reaction 

There are several types of Cu(I) sources found in literature that catalyze 

alkyne-azide cycloaddition reaction under particular reaction conditions. Depending 
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upon the kind of catalytic material, a variety of catalytic systems is introduced in the 

reports related to CuAAC reaction, a few are as follows: 

 Cu(II) salts in combination with specific reducing agent [59-64] 

 Cu(II) salts with reducing agent as well as phase transfer catalyst [65-68] 

 Cu(II) salts with photoreduction conditions [69-72]  

 Cu(I) salts/coordination complexes [73-75] 

 Cu(I) ions anchored over dendrimers or solid supports [76-79] 

 Ionic liquid crystals with Cu(I) immobilization [80-84] 

 Copper nanoparticles [85-88] 

1.6 Importance of 1,2,3-triazoles 

1,2,3-triazoles are five membered heterocyclic molecules with little basic 

characteristics and consequently, operational under physiological pH without any 

protonation of molecules or loss of their identity. These are aromatic and are 

extremely stable to any chemical or metabolic degradation along with inertness to 

oxidizing, reducing and hydrolytic conditions, even at very high temperature. These 

distinctive features make them different from other heterocyclic compounds and 

therefore, 1,2,3-triazole linkers have great contribution in diverse research areas like 

environmental sciences, biochemical sciences, material sciences, polymer chemistry, 

medicinal chemistry with antimicrobial, anticancer, antiviral, antioxidant, anti-HIV 

and antitubercular activities [89-92].  

One of the promising applications of synthetic 1,2,3-triazole linkers is 

chemosensing of ions (both cations and anions) [93]. The generation of 1,2,3-triazole 

linked molecules through CuAAC has been pursued for the synthesis of a variety of 

fluorescent ionophores [94]. The selective detection of metal ions by these 

chemosensors has attracted researcher’s attention towards the human health and 

environment protection [95-96]. The contamination of heavy metal is a major 

environmental problem due to their strong toxicity that led to major health issues even 

at low concentration limits. The heavy metal ions like As(II), Pb(II), Cr(III), Hg(II), 

Cd(II) and Tl(I) form a major component of environmental contamination that 

severely affects living beings and cause serious health problems. Hence, these toxic 
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ions should be detected both qualitatively as well as quantitatively in order to treat 

them properly for environment safety [97-99].  

1.7 Chemosensing 

A chemosensor is a molecule that produces a detectable change on interaction 

with a specific analyte and is also called as molecular sensor. It exhibits molecular 

recognition characteristics or undergoes specific changes on binding with analyte that 

are then reflected in a signal [100]. A chemosensing device typically consists of 

following units:  

 A receptor unit that selectively identifies a specific analyte and binds with that 

 A transducer unit that converts the identification process into an optical signal 

 A detector unit that detects and transforms the detected change into a readable 

output [101-104] 

 An interesting class of chemosensing material that meets all the above-

mentioned features includes chromophoric or fluorophoric units in their molecules. 

These molecules can combine detection properties with optical transduction, i.e., 

change in absorption or fluorescence emission. The colorimetric reagents for the 

detection of various analytes based on complexation character have gained wide 

popularity. Past few decades have witnessed the growth in various analytical methods 

like voltammetry, atomic absorption spectroscopy and electrochemical methods etc. 

for the detection of ions. But due to expensive instruments, low selectivity, slow 

response time and complexity of methodology, their use has been limited for the 

utility as ion detection [105-106]. In recent years, there have been a growing need for 

the designing and construction of chemical sensors for fast, on-time and cost-effective 

monitoring of environmental samples. In contrast to the traditional analytical 

instruments, chemical sensors are transportable, easy to use and miniature in size. 

These features are ideal for the on-field measurements, therefore the errors caused by 

the sample transportation and storage can be reduced to large extent. Optical 

chemosensors having tendency to be used as indicators for heavy metal ions can 

provide simple and convenient procedures for on-site analysis. Therefore, the research 

and development in the area of chemosensing has expanded exponentially in terms of 
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financial investment, numbers of publications, and the number of active researchers 

worldwide. This research work focuses on the development of chromophoric 

chemical sensors using ‘Click chemistry’ approach to increase the applicability of 

final compounds. 

The organic molecules having 1,2,3-triazole moiety have achieved great 

success in this field due to presence of nitrogen heteroatoms to coordinate with 

specific metal ions. Different kinds of such molecules have been reported as ion 

detectors and among them chemosensors based on luminescence properties have a set 

of merits: high selectivity (among the numerous kinds of ions, they detect only single 

ion), cost effectiveness, easy to use as well as biocompatibility [107-108]. For 

instance, the research group of Shainaz M. Landge synthesized a phenanthrene based 

triazole derivative 3 as fluorescent chemosensor for the detection of fluoride and 

copper ions by click reaction between 2-azidophenol 1 and 9-ethynylphenanthrene 2 

using acetonitrile as solvent in round bottom flask with stirring at room temperature, 

as shown in Figure 1.5. 1,2,3-triazole moiety in final product 3 shows ligation with 

analyte ion and modulates fluorophoric behaviour of phenatharene unit that can be 

easily studied by UV-Visible and Fluorescence spectroscopic techniques [109]. 

+

CuSO4,

Na-ascorbate

rt, 48 h, stirr

N

NN

OH

OH

N3

1 2 3  

Figure 1.5: Synthesis of phenantharene based fluorescent chemosensor 

Among the numerous kinds of luminescent chemosensors, the organic 

fluorescent materials are most widely used and studied because of their chemical 

structures. Their functional groups can be easily modified through various chemical 

processes to enhance their binding ability and fluorescence quantum yield. On binding 

with specific analytic ion, the changes in electronic distribution between the receptor 

unit and analyte cause modulations in their absorption or emission behavior that can 

be examined by UV-Visible or Fluorescence spectroscopy. 
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1.8 Mechanism of chemosensing 

Chemosensing by molecular sensors is based upon the principle of host–guest 

relationship where target species (guest) binds non-covalently with receptor unit 

(host). The origin of molecular detection has his history back to macrocyclic 

compounds, capable of selective binding with alkali metal ions [110]. Crown ethers 

and metal chelators are the typical molecules of these types of hosts. Furthermore, the 

progress in chemosensing leads to the synthesis of more sophisticated organic species 

like cryptands, podants or calixarenes having oxygen, nitrogen and sulphur atoms as 

donor to interact with analyte based upon the principal of hard and soft acids and 

bases (HSAB) [111-112]. Hence, metals like Cs(I), Cu(I), Au(I), Ag(I), Hg(I), Pd(II), 

Cd(II) and Tl(I) categorized as soft acids prefer to bind with host molecules having 

sulphur donor atoms classified as soft bases, whereas the borderline acids like Fe(II), 

Co(II), Ni(II), Cu(II), Zn(II), Hg(II) and Pb(II) favorably interact with ligands 

carrying nitrogen donor atoms [113]. An effective chemical sensor must have 

following features: 

 Should give an optical signal with high signal to noise ratio 

 Should give an observable change on exposure to analyte 

 Should be highly stable over sufficient time period on storage 

 Should be non-toxic and be synthesized at adequate expenses 

 Fluorescent materials constitute a category of molecular sensors that fulfill 

these requirements to large extent, where target species gets bonded with receptor unit 

linked to the fluorescent unit (fluorophore) and results into changes in either position 

or intensity of emission band upon complexation [114-115].  

 

Figure 1.6: A typical design of fluorescent chemosensor [116] 
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 The phenomenon of changes in the detectable signal of fluorescent 

chemosensor caused by interactions between the target ion and receptor unit is 

represented in Figure 1.6. This specific and selective nature of receptor unit imparts 

uniqueness to each chemosensor. In recent years, scientists have shown great interest 

in ‘Click’ variety of organic probes applicable as fluorescent chemosensors using a 

wide range of fluorescent alkynes and azides. UV-Visible and Fluorescence 

spectroscopic techniques are generally used in studying the chemosensing behavior 

[117-119]. 

1.9 UV-Visible and Fluorescence spectroscopy for chemosensing analysis 

UV-Visible spectroscopy is an analytical tool used to determine various 

analytes such as biological molecules, transition metal ions, organic molecules etc. 

When UV-Visible radiations of range 200-800 nm fall on a molecule, broad band of 

specific intensity appears at a particular wavelength (wavelength absorbed by the 

molecule). There exists a change in absorption wavelength or intensity of absorbance, 

when that molecule gets bonded with an analyte thus resulting into chemosensing. 

The absorption spectra of molecules are also affected by solvent and pH changes. 

Similarly, modulations in fluorescence spectra can be observed on ligation of 

fluorescent chemosensor with an analyte [120]. Fluorescence takes place in the 

presence of UV-Visible electromagnetic radiations. It is a type of luminescence that 

involves excitation of molecule on absorption of light of particular wavelength and 

quickly return to the ground state by releasing photons of less energy or high 

wavelength, means the fluorescence can be monitored at a higher wavelength value. 

Generally, both of these methods are used in chemosensing, UV measures the 

absorption of light while fluorescence measures the light emitted by the sample, but 

the sensitivity of fluorometry is 10 to 100 times as much as that of UV-Visible 

absorption spectrometry. This high sensitivity makes fluorescence one of the best 

available methods for trace analysis [121-122]. 

1.10 Conclusion 

The synthesis of sensing probes through Cu(I)-catalyzed alkyne-azide 

cycloaddition (CuAAC), a worldwide popular reaction of ‘Click Chemistry’, is 
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noticeable in terms of stereoselectivity of the reaction and the formation of almost 

pure product under benign reaction conditions. The versatility of CuAAC reaction to 

stitch a variety of terminal alkynes with organic azides under simple and ambient 

reaction conditions to produce 1,4-disubstituted 1,2,3-triazole derivatives having a 

wide range of applications in the areas, such as bio-medical sciences, environmental 

chemistry, polymer chemistry, physical sciences, catalysis and chemosensing, paved 

the way for the synthesis of 1,2,3-triazole derivatives to be used as metal ions sensors. 

Among the various techniques used to study the chemosensing behavior of molecular 

sensors, the UV-Visible and Fluoresence spectroscopy are the most simple and 

reliable techniques, if they are having absorption in UV-Visible region. 
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Chapter 2  

 

                                                                                                         

 

Review of literature 

               

This chapter represents literature regarding the methodology 

adopted for the actual research work conducted during the doctoral 

program. It sketches out details of all the steps involved in the synthesis 

of titled molecules, survey of spectroscopic techniques for the 

characterization of synthesized molecules along with the literature 

related to chemosensing. 
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2.1 Introduction to heterocyclic compounds  

Cyclic organic compounds with the ring structure made up of carbon atoms 

along with atoms like nitrogen, oxygen and sulfur are categorized as heterocyclic 

compounds. Furan, pyrrole and thiophene are the most common heterocyclic 

compounds with five membered cyclic rings containing only one heteroatom along 

with carbons. A large range of heterocyclic compounds are reported in literature 

having isolated or fused heterocyclic rings performing a variety of functions. Figure 

2.1 shows few most commonly known heterocyclic compounds [1-3]. 

N
H

O S

Pyrrole Furan Thiophene

H
N

Indole

N

N
H

Imidazole

N

Pyridine

N
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Figure 2.1: Five and six membered, simple and fused heterocyclic rings  
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Figure 2.2: Tautomeric pairs of 1,2,3-triazole and 1,2,4-triazole molecules 
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The current research work involves the preparation of 1,2,3-triazole linked 

heterocyclic compounds through Cu(I) catalyzed cycloaddition reaction of terminal 

alkyne with organic azide. The triazole is a five membered heterocyclic compound 

with molecular formula C2H3N3, containing three nitrogen and two carbon atoms in 

the ring. Based upon the position of nitrogen heteroatoms, triazoles are represented as 

1,2,3-triazole and 1,2,4-triazole. In 1,2,3-triazole, all the three nitrogen atoms are 

adjacent to each other whereas in its isomer 1,2,4-triazole, one nitrogen atom is 

separated from other two by a carbon atom. These two isomeric molecules also 

exhibit tautomerism, a form of structural isomerism and conventionally classified into 

two pairs of tautomeric forms as shown in Figure 2.2. Two tautomers of each category 

differ by one hydrogen atom attached to nitrogen [4-6]. 

Triazole linked molecules are aromatic and thermally stable, so have multiple 

applications such as pharmacological significance, chemosensing, polymer chemistry 

and many more [7-11]. A wide array of medicinal drugs having triazole moiety as 

core component proves its biological as well as pharmacological significance such as 

antimalarial, antibacterial, anticancer, antitumor, antifungal etc. Another most 

encouraging field of application of triazole linked molecules is chemosensing. 

Presence of heteroatoms promotes their complexation with a range of metal ions that 

can further be sensed by various techniques based upon the nature of complete 

molecular assembly [12-17]. These distinctive attributes of the triazole ring have 

attracted the interest of budding researchers to generate novel triazole linkers. The 

objective of this research work was to synthesize and examine the chemosensing 

nature of novel 1,2,3-triazole linked molecules. 

2.2 Preparation of 1,2,3-triazole linked molecules 

      The extensive literature survey hands us with various set of methodologies 

available for the generation of these five membered heterocyclic compounds, but in 

recent two decades, synthesis of 1,2,3-triazole linked molecules by Cu(I)-catalyzed 

1,3-dipolar cycloaddition between terminal alkynes and organic azides have been in 

use due to mild reaction conditions and pure product formation. Based upon the 

nature of substituents on terminal alkynes and azides, a variety of these triazole 
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derivatives can be designed and synthesized in accordance with the field of 

application. The complete process involves following three steps:  

 Synthesis of the terminal alkyne 

 Synthesis of an organic azide 

 Synthesis of 1,2,3-triazole linkers from cycloaddition of alkyne and azide 

2.2.1 Synthesis of terminal alkynes 

The extensive literature survey on the synthesis of terminal alkynes has 

reported various synthetic routes under different reaction conditions from various 

starting materials. In 1997, Bestmann and co-workers have reported a useful method 

of synthesis of terminal alkynes by reacting aldehydes with a phosphate derivative 

(Ohira-Bestmann reagent) in the presence of potassium carbonate and methanol as 

shown in Figure 2.3 [18]. 

RCHO + P

O

Me

O
OMe

OMe

K2CO3, MeOH

rt, 4-16 h
R

CHOOHC

97%

74%
N2

S
CHO 80%

Cl

CHO

YieldR-CHO

4

5

6

7
8

 

Figure 2.3: Conversion of aldehyde into terminal alkyne using Ohira-Bestmann 

Reagent 

The synthesis of terminal alkynes from primary alcohols (benzylic, 

heterocyclic and propargylic alcohols) has also been reported in literature. It is a two-

step process involving oxidation of alcohol into aldehyde using manganese dioxide as 

an oxidising agent followed by treatment with Ohira-Bestmann reagent [19]. 
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C. Kuang et al. research group reported one pot microwave (200 W) assisted 

synthesis of alkynes 11, 12 using 2,3-dibromoalkanoic acids 10 in DMF and triethyl 

amine as shown in Figure 2.4 [20].  

R
CO2H Br2

CHCl3 or

AcOH

R
CO2H

Br

Br

Et3N/DMF

µw
R Br

DBU

µw, one pot

R

Pd catalyst, 
µw, one pot

Ar

R

Ar

9
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11

12

 

Figure 2.4: Microwave assisted synthesis of alkynes using 2,3-dibromoalkanoic acids 
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H

+ OPPh3 +  HBr

13 14  

Figure 2.5: Synthesis of terminal alkyne from geminal-dibromoalkene 
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Figure 2.6: Na2S mediated synthesis of alkyne from 2-chloro-3- (2,2-                                                                                                                                                        

dibromoethenyl) quinoline 

Doddi et al. described the synthesis of terminal alkynes 14 from geminal-

dibromoalkenes 13 under ambient reaction conditions. The first step involves 
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dehydrohalogenation in the presence of DBU, followed by debromination on 

treatment with triphenylphosphine in aqueous medium as shown in Figure 2.5 and 

results into generation of terminal alkynes as 60-70% [21]. The work carried out by 

R.M. Singh and his research group describes Na2S-mediated process involving alkyne 

17 from germinal-dibromoalkene 15 at 30-40 °C in an open vessel, as shown in 

Figure 2.6 [22], whereas Yang et al. in 2011 used Cs2CO3 at 115 °C, Zhang (2015) 

conducted the same reaction in TBAF, TPP at 80 °C and Ramana et al. in 2015 in 

DBU at room temperature. Mild reaction conditions with inexpensive Na2S. 9H2O 

under atmospheric air has significant advantages over other reaction conditions. The 

dehydration and dehydrogenation of alcohols using SO2F2 in the presence of K2CO3 

in DMSO as solvent enabled a direct synthesis of alkynes under mild reaction 

conditions and the synthesized alkyne can be directly used in Cu(I)-catalyzed alkyne-

azide cycloaddition [23].  

OH

O

+

Br
DMF, K2CO3

300 K, 8 h

O

O

18 19 20  

Figure 2.7:  Synthesis of alkyne by reacting 2-hydroxy-1-naphthaldehyde with 

propargyl bromide 

O
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HO O OH

+

Br
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O

O O O
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Figure 2.8: Terminal alkyne from Fluorescein dye using propargyl bromide with 

potassium carbonate 

On the same note the reaction involving synthesis of terminal alkyne 20 by 

nucleophilic substitution on 2-hydroxy-1-naphthaldehyde 18 using propargyl bromide 
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19 under conditions, as shown in Figure 2.7, is also reported in literature [24]. In 

2019, a research work has shown the synthesis of fluorescein based terminal alkyne 

22 by stirring fluorescein dye 21 with propargyl bromide in DMF as solvent and 

potassium carbonate as base at room temperature with a good yield of 89% as shown 

in Figure 2.8 [25]. 

There are many publications involving synthesis of alkynes by nucleophilic 

substitution reaction on a large variety of compounds having functional groups –OH, 

–NH2 etc. with propargyl bromide using solvents like N,N-dimethylformamide, 

acetonitrile and bases like potassium carbonate, sodium hydride etc. [26-31]. The 

reaction conditions vary with the type of solvent or base used, as the reaction with 

sodium hydride requires stirring under inert atmosphere at very low temperature, but 

with potassium carbonate, reaction can proceed at room temperature by stirring [32-

38]. It means, this approach does not require strong reaction conditions and costly 

experimental setups, therefore, can be explored to synthesize novel terminal alkynes 

with excellent yield. 

2.2.2 Preparation of organic azides 

R X NaN3 R N3

R
NaN3

X

O

R OH

O

R N3

O
ADMP

R OH R N3
ADMP

Ar NH2 Ar N3

CuSO4, NaN3

EtOH, rt
Ar N3Ar B(OH)3

R N3

O60 °C, DMF

60 °C, DMF

DMSO, stirr

DMSO, stirr

NaN3

NaNO2

 

Figure 2.9: Some common methods of the synthesis of organic azides 

Being highly reactive, the organic azides are in use since they were discovered 

more than 140 years ago. Earlier, these were synthesized using highly volatile, toxic 
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and explosive material like hydrogen azide, but these days different methods of 

azidation, (Figure 2.9) are being experienced that avoid use of such toxic materials 

[39]. Most of the methods involve nucleophilic substitution, SN
2-azidation of alkyl 

halides, acyl halides and aryl halides with sodium azide. To prepare azides from 

carboxylic acids, alcohols and amines, the diphenylphosphorylazide reagent is 

commonly used [40-41]. To replace hydroxyl group another more stable reagent 2-

azido-1,3-dimethylimidazolinium hexafluorophosphate (ADMP) found to be a great 

reagent [42]. To synthesize aromatic azides, the process of diazotization of aromatic 

amines followed by nucleophilic substitution using sodium azide can be practiced.   

2.2.3 Synthesis of 1,2,3-triazole from alkyne and azide (CuAAC) 

The alkynes and azides, separately can give a variety of addition, 

cycloaddition and other types of reactions. Among the prominent reactions; 

electrophilic, nucleophilic and Diel’s Alder type of cycloadditions are main categories 

of chemical processes shown by alkynes. Similarly, organic azides are too involved in 

various reactions. The structure of organic azide consists of three nitrogen atoms as 

shown in Figure 2.10, wherein the nitrogen at first position (N1) can work as a 

nucleophile (typical azidation Schmidt reaction) [43] and at third position (N3) shows 

reactivity as electrophile (electrophilic azidation straudinger reaction) [44]. 

R N3 N N N
+_R

N N N
+ _

R

1   2   3  

Figure 2.10: Structure and resonance forms of a typical organic azide. 

The specific 1,3-dipolar character of organic azides takes part in [3+2] 

cycloaddition reaction with unsaturated compounds to produce triazoles and 

tetrazoles. From past few years, the cycloaddition reactions of different terminal 

alkynes with organic azides (Huisgen reaction shown in Figure 1.2) and the same in 

the presence of copper as catalyst (CuAAC mentioned in Figure 1.3) to form 1,2,3-

triazoles have been a focus in various research areas. Copper as catalyst restricts the 

synthesis of only 1,4-disubstituted 1,2,3-triazoles instead of two isomers (1,4-adduct 
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and 1,5-adduct in Huisgen reaction) as shown in Figure 1.4(a) and 1.4(b). A library of 

alkyne-azide cycloaddition reactions using different catalytic systems as Cu(I) sources 

has been reported in literature.   

2.2.3.1 CuAAC using Cu(II) salt along with reducing agent as catalytic system    

           Being more stable, Cu(II) salts are easily available and can be used as catalytic 

material in CuAAC reactions in the presence of suitable reducing agent. Most 

commonly used is CuSO4. 5H2O, along with sodium ascorbate as reducing agent has 

been found in various research reports [45-49]. A reaction between substrates phenyl 

propargyl ether as terminal alkyne 23 and benzylazide 24 as shown in Figure 2.11, 

resulted into generation of very specific 1,4-disubstituted 1,2,3-triazole derivative 25 

with a good yield of 91% using CuSO4.5H2O and sodium ascorbate (1:5 mol%) as 

catalytic system upon stirring at room temperature in t-butanol:water (1:2) solvent 

mixture [50]. The generation and regiochemistry of the product of cycloaddition 

reaction was also supported by X-ray crystallographic data mentioned in the report.  

+
CuSO4.5H2O,
Na-ascorbate (1:5 mol%)

H2O/t-BuOH (2:1), rt, stirr
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Figure 2.11: CuAAC reaction using Cu(II) salt along with reducing agent 
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Figure 2.12: Formation of 1,2,3-triazole linked coumarin derivatives by CuAAC 
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In one of the research reports, the Cu(I)-catalyzed 1,3-dipolar cycloaddition 

reaction of O-propargylated and N-propargylated coumarins 26 with different organic 

azides to produce 1,4-disubstituted 1,2,3-triazole linked coumarin derivatives 27 has 

been presented, as shown in Figure 2.12. Cu(II) salt along with sodium ascorbate as 

reducing agent acts as Cu(I) source to catalyze the process. These two coumarin 

molecules were used to generate a group of triazole linked coumarins by varying 

substituents on the triazole moiety [51]. 

2.2.3.2 Photochemical reduction of Cu(II) and CuAAC  

                 Besides the use of reducing agent in combination with Cu(II) to convert it 

into Cu(I), a different technique has been used for this reduction process is photo 

reduction, that involved conversion of Cu(II) to Cu(I) using UV-Visible radiations in 

the presence of a suitable photo-initiator in spite of reducing agent [52-55]. With this 

protocol, Yagci et al. group of researchers have made use of copper(II) chloride in 

combination with PMDETA ligand, which involved reduction of Cu(II) ions to Cu(I) 

through the electron transfer from π-system of the ligand by getting energy from 

ultraviolet light. Another way involved the use of molecules that are categorized as 

photo-initiators, that absorbs the UV light and produces high energy radicals that 

facilitates the reduction of Cu(II) to Cu(I), graphically shown in Figure 2.13 [56-57]. 

One of the typical reports on the light induced CuAAC involved use of Fullerene 

(C60) attached with linear polystyrene as a photosensitizer and CuSO4.5H2O as a 

source of copper. The alkyne-azide cycloaddition reaction got completed in 2 h in 

UV-Visible radiations and resulted into 96-97% of the product [58].  
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Figure 2.13: Graphical representation of light induced CuAAC 
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Another research group involved the use of [4-(2-hydroxyethoxy) phenyl-(2-hydroxy-

2-propyl) ketone] 28 as a photo-initiator to generate radical intermediate to reduce 

Cu(II) to Cu(I) shown in Figure 2.14 and a triazole linked external ligand for photo 

click alkyne-azide cycloaddition process [59].  

O
HO

O

OH

UV

O
HO

O

OH

Photoinitiator

Radical intermediate

+

OH
Cu(II) Cu(I)

OH

28

 

Figure 2.14: Conversion of Cu(II) to Cu(I) through electron transfer from radical 

intermediate 

To enlarge the usefulness of photo-induced catalysis, B. Yin and co-workers, 

in 2019, performed a multicomponent one pot light induced CuAAC reaction 

followed by aza-michael addition using isopropylthioxanthone as photosensitizer and 

CuCl2/Me6TREN as catalyst. Very small amount of catalyst (1.7 mol%) generated 

96% of product in just 20 min [60]. Moreover, the photoinduced CuAAC reactions are 

exceptionally controlled, where efficiency of reaction can be managed with the 

adjustment in intensity of light and exposure time [61]. Because of these 

characteristics, this plan of organic syntheses has amazing utility in material science 

and biochemistry involving the use of a variety of ligands along with photoinitiators 

[62-65]. 

2.2.3.3 One pot CuAAC using phase transfer catalyst along with Cu(I) source 

The literature survey also claims multicomponent one pot synthesis of 1,2,3-

triazole based molecules using terminal alkyne and alkyl halide or aryl halide in the 

presence of catalyst, CuSO4.5H2O along with reducing agent (sodium ascorbate), KI 

and NaN3 in aqueous medium at room temperature. The process did not involve 
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synthesis of organic azide separately but is carried out by the stirring of reaction 

mixture for about 1 h using phase transfer catalyst, followed by workup in cold water 

with good yield of isolated product. A study performed by Praveena et al. (2015) has 

reported reaction of 2-chloro-(3-chloromethyl) quinolone 29 with terminal alkyne 30 

to yield a triazole derivative 31 used as cytotoxic agent under same reaction 

conditions along with tetrabutylammonium bromide salt as phase transfer catalyst as 

shown in Figure 2.15 [66]. 
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Figure 2.15: Synthesis of 1,2,3-triazole derivative from quinoline derivatives using 

phase transfer catalyst 

2.2.3.4 CuAAC using Cu(I) salts as catalyst 

              In addition to multicomponent catalytic systems, involving generation of 

Cu(I) from Cu(II) salts, the research contributions involving direct use of Cu(I) salts 

as catalyst have also been reported in literature. According to a research work by S. H. 

Kim and his coworkers in 2010, 1,8-dihydoxyanthraquinone based triazole derivative 

34 with a yield of 35% was synthesized by cycloaddition reaction of 1,8-bis(prop-2-

ynyloxy) anthraquinone 32 with 1,2-bis(2-azidoethoxy) ethane 33 catalyzed by CuI in 

DMF solvent as shown in Figure 2.16. The photophysical properties of probe 34 were 

investigated by UV-Visible as well as Fluorescence spectroscopy and results obtained 

showed sensitivity of synthesized molecule towards selective detection of Al(III) ions 

[67]. 

On the same note, Quinoline-functionalized homooxacalix [3] arene, a turn-

On fluorescent chemosensor was synthesized by click reaction between alkyne of 

homooxacalix [3] arene and 8-azidomethyl quinoline using CuI as catalyst in 

THF/H2O (v/v, 5:1). The reaction content was heated at 70 °C for 24 h to generate 
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fluorescent chemosensor with 65% yield. The probe exhibited a high deal of 

sensitivity and selectivity for Fe(III) ion [68]. 
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Figure 2.16: CuAAC reaction of 1,8-bis(prop-2-ynyloxy) anthraquinone with 1,2-

bis(2-azidoethoxy) ethane 

2.2.3.5 CuAAC accelerated by external ligands 

In order to decrease the usage of reducing agents, the direct utilization of      

Cu(I) salts have been preferred, but the stability/existence of Cu(I) in a particular 

solvent system is normally controversial [69]. It usually gets oxidized into Cu(II) 

form, a stable oxidation state of copper and as a result, low yield of product has been 

recorded as presented in section 2.2.3.4. In order to resolve this issue of conversion of 

oxidation state, the use of external ligand along with Cu(I) salt is found in various 

research contributions. Ligands with donor atoms such as N, O, S or P are most 

common that complexes with Cu(I) ion and inhibit its oxidation to Cu(II). In aqueous 

medium, these ligands also act as base that accelerates the formation of Cu-acetylide 

ion through the fast abstraction of terminal proton of alkyne substrate. 

For CuAAC reactions, the external ligands having nitrogen atom as donor site 

has represented a major category and includes various molecules from monodentate to 

polydentate type as shown in Figure 2.17. Ligands having sp3-hybridized nitrogen 

e.g., aliphatic amines are strongly basic and accelerates the mechanistic action of      

Cu(I) to large extent as compared to ligands having sp2-hybridized nitrogen e.g., 

aromatic amines or pyridine-based ligands, whereas the protection from oxidation of 
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Cu(I) to Cu(II) is more with pyridine based polydentate ligands due to their strong 

chelation [70-73]. 

Aliphatic amines e.g., ethylenediamine, betaine, triethylamine (TEA), 

diisopropylethylamine (DIPEA) etc. that are basic in nature and found to increase the 

stability of Cu(I) by complexing with this ion, but at the same time promotes other 

side chain reactions such as homocoupling of triazole as well as alkyne and decreases 

the output of CuAAC [74-75]. TBTA, a ligand with tris (triazolylmethyl) amine 

backbone is a powerful stabilizer of Cu(I) in t-butanol:water (2:1) solvent system, 

however, it is partially soluble in water, whereas the ligands having hydrophilic 

substituents on tris(triazolylmethyl)amine skeleton such as THPTA and BTTAA have 

better stabilization of Cu(I) in aqueous medium due to their enhanced solubility in 

water [76-77]. 
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Figure 2.17: Ligands with nitrogen atom as donor site used in CuAAC, (A) TEA; 

Triethylamine, DIPEA; Diisopropylethylamine, PMDETA; 

Pentamethyldiethyltriamine, HMTETA; Hexamethyltriethyltetraamine, (B) tpy; 

tripyridyl, dpy; dipyridyl, TPMA; Tris(pyridylmethyl)amine, (C) TBTA; 

Tris(benzyltriazolylmethyl)amine,THPTA; Tris(hydroxypropyltriazolylmethyl)amine, 

TTTA; Tris(t-butyltriazolylmethyl) amine, BTTAA; Bis(t-butyltriazolylmethyl) 

amino-methyltriazolylacetic acid. 

2.2.3.6 CuAAC using Cu(I) coordination complexes as catalyst 

The more advanced catalytic materials are the coordination complexes of 

Cu(I) having bulky organic species as ligands with enhanced stability of Cu(I). The 

coordination complexes, like [CuI(P(OEt)3)], [CuBr(PPh3)3], [Cu(MeCN)4]PF6, 
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[CuF(PPh3)3], etc. are the most frequently employed Cu(I) sources with a great deal to 

act as catalysts for alkyne-azide cycloaddition reaction with minimum risk of 

oxidation of Cu(I) to Cu(II). Grooming research on CuAAC during the past few years, 

has witnessed the use of a variety of Cu(I) coordination complexes.  

According to a research report, an ON-OFF and highly selective chemosensor 

37 was prepared through CuAAC reaction between tripropargylamine 35 and pyrene 

based azide 36 as shown in Figure 2.18 in 82% yield. Fluorescence studies proved it 

as highly selective for Zn(II) ions among a set of different metal ions. The three 

triazole moieties have adopted a suitable geometry to bind with Zn(II) and modulate 

the fluorescence signal [78]  

N
+

N3

2,6-lutidine, [Cu(MeCN)4]PF6

CH3CN, rt

N

N
N

N

N
N

N

N

N
N

35 36 37

3

Figure 2.18: Synthesis of pyrene-based tris-triazole amine, a fluorescence ON-OFF 

sensor 

A report by P. Kaur et al. presented an ON-OFF fluorescent system that has an 

excellent turn-on response with Co(II) and turn-OFF with Cd(II) metal ions. This 

1,2,3-triazole linked fluorescent chemosensor 38 was synthesized from fluorescein 21 

as starting material. In first step, fluorescein undergoes nucleophilic substitution with 

propargyl bromide 19 to get an alkyne 22. Thereafter, this bimolecular alkyne was 

converted into 1,2,3-triazole linked fluorescein sensor 38 by 1,3-dipolar cycloaddition 
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reaction with benzyl azide 24 using catalytic amount of [Cu(PPh3)3Br] in a good yield 

of 81%, as shown in Figure 2.19 [25]. 
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Figure 2.19: Synthesis of fluorescein based 1,2,3-triazole linked turn ON-OFF 

fluorescent chemosensor 

2.3 Characterization techniques 

The generation of any novel molecule requires its proper characterization for 

the authenticity of structure of designed molecule. The spectroscopic techniques like 

IR, NMR (1H, 13C), along with the mass spectroscopic analysis have been reported in 

literature that are generally used for the complete characterization of the molecules 

[79-80]. The synthesized molecules can also be analyzed for their UV-Visible active 

nature using UV-Visible and/or Fluorescence spectroscopic techniques. 

For IR spectrum, molecules are irradiated with infra-red radiations within the 

frequency range 4000 to 500 cm–1. The main contribution of this spectroscopy to 

structure elucidation is to find out the type of functional groups. IR waves cause 

vibrations of different bonds by absorbing radiations of different frequencies 

depending upon their bond strengths. For example, if IR spectrum indicates –OH 
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functional group, it should have broad band in IR range 3500-3350 cm–1 positively. 

Similarly, C≡C stretching in alkynes appear at frequency of vibration approximately 

equal to 2150 cm–1, ≡C–H in the region of 3300 cm–1, C=O stretch in range 1850-

1680 cm–1 etc. 1,4-disubstituted 1,2,3- triazole derivatives, the ultimate products of 

the synthesis part of this research work can be confirmed by IR peak near 3100-3000 

cm–1, which corresponds to –C=C-H present in the aromatic triazole ring, at 1550-

1200 cm-1 due to various modes of vibrations of –C=C- and –N=N- moieties in the 

heterocyclic triazole ring [81-83]. 

The NMR spectroscopy involves the use of radio waves of a particular 

frequency along with change in magnetic field. In 1H NMR, magnetically non-

equivalent protons show signal at different magnetic field values represented by 

chemical shifts (δ) that helps in identification of molecular structure, e.g., a singlet at  

δ = 8.4 ppm of proton at C5 confirms the synthesis of 1,4-disubstituted 1,2,3-triazole 

ring [84]. Splitting of a particular signal indicates number of neighboring protons. The 

magnetic field of observed proton couples with field of neighboring protons to cause 

splitting of signal and extent of coupling expressed by coupling constant. Similarly, 

13C NMR spectrum shows signals corresponding to different types of carbons in a 

molecule e.g., according to one dimensional proton decoupled 13C NMR spectra in 

CDCl3, C5 signal of 1,4-disustituted 1,2,3-triazole appears at approximately δ = 120 

ppm, while in 1,5-disubstituted 1,2,3-triazole, the C4 signal appears at δ = 133 ppm. It 

helps in distinguishing two isomeric triazoles. Research work shown in this thesis 

involved Cu(I)-catalyzed cycloaddition reaction of terminal alkyne with organic azide 

to produce 1,4-disustituted 1,2,3-triazole as the only product i.e., the reaction is highly 

stereospecific, so called as click reaction. Therefore, the 13C NMR spectroscopy is 

very useful technique to prove the stereospecificity of this click alkyne-azide 

cycloaddition reaction. Thus, NMR proves to be a great technique in structure 

elucidation and estimation of purity of compound [85]. 

In addition to above, the mass spectroscopy is also used to determine the 

structure, chemical composition and more importantly, molecular mass of unknown 

molecules. In this technique, the molecules are firstly vaporized and converted into 

charged particles by electron ionization with further fragmentation or non-
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fragmentation of molecular ions. The mass spectrometer measures the mass to charge 

ratio of ions and peaks appeared in mass spectrum against various mass to charge 

values vs. relative abundance of ions that helps in the characterization of molecules. 

Peak against highest mass to charge ratio corresponds to molecular mass. In this way, 

this technique is very useful in scientific research over the traditional methods of 

calculation of molecular masses and structure elucidation [86-87].  

UV-Visible spectrum can be obtained by irradiating the molecules by 

radiations of wavelength range 200-800 nm. Irradiation by this wavelength range 

causes electronic transitions in the molecules from ground state to excited state and 

band appears in the spectrum corresponding to absorbed wavelength, from that the 

information can be drawn regarding functional groups. Generally conjugated 

molecules, aromatic molecules or molecules having non-bonded electrons on O, N or 

S atoms attached with double or triple bonds can be characterized by UV-Visible 

spectroscopy [88]. It becomes more meaningful in terms of structure elucidation when 

UV-Visible data is combined with IR and NMR results. In the absence of IR and 

NMR, information can be drawn as follows: 

 A band in the wavelength range 250 to 360 nm with low intensity, indicates 

n→ᴫ* transition in N=N, C=O, –COOR, –NO2, –COOH etc. 

 Aromatic systems show two bands with medium intensity above 200 nm.  

 Molecules (aldehydes, ketones, amides, esters etc.) having ᴫ-electrons with 

lone pair of electrons show two bands: one of high intensity at wavelength near 

250 nm due to ᴫ→ᴫ* transition and other of low intensity at wavelength greater 

than 300 nm due to n→ᴫ* transition. Wavelength as well as intensity of 

absorption increases with conjugation. 

 Bands of very high intensity above 210 nm indicate α, β-unsaturated aldehyde, 

ketone or a conjugated diene. 

 Highly colored compounds show absorption in visible region. 

 Different molecules have different spectral data that helps in explaining their 

structural features. In this way, these spectral techniques proved very helpful and time 

saving for the characterization of newly synthesized molecules over the traditional 
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qualitative analysis of functional groups. Moreover, these techniques are great tools in 

the hands of researchers [89-90]. 

2.4 Applications of 1,2,3-triazole linkers in chemosensing 

The sensing systems are in demand in many disciplines, including 

environmental sciences, chemistry, biology, etc. and depending upon the nature of 

analyte to be recognized, the designing and development of sensors are being 

practiced [91-98]. For the designing of fluorescent sensors, the material science, 

molecular recognition and device implementation are the main aspects that play vital 

role. An effective fluorescent chemosensor must convert the act of identification of 

target metal ion into highly sensitive and easily detectable fluorescent signal, as 

shown in Figure 1.6. Now a days, the designing and synthesis of chemosensors for the 

effective recognition of metal ions is an important task for clinical, biological and 

environmental applications [99-103]. Several examples and chemical methods of their 

synthesis are available in literature; few of them are as follows:  

An ionophore (Z)-2-[(1H-1,2,4-triazole-3-ylimino) methyl] phenol 39, as 

shown in Figure 2.20, that selectively detects Ce(III) ions, has been synthesized by 

reacting 3-amino-1H-1,2,4-triazole with salicylaldehyde in ethanol and modified into 

potentiometric electrode by mixing with graphite powder, silica nanoparticles and an 

ionic liquid to increase its stability in water. The synthesized Ce(III) selective carbon-

based electrode and its junction with saturated calomel electrode were used for 

potentiometric measurements. The inductively coupled plasma-atomic emission 

spectrometer was used for the determination of Ce(III) [104].  

N

N
H

N

N

HO

39  

Figure 2.20: Phenol based ionophore for the detection of Ce(III) ions 

An optical chemosensor named 2,6-bis (4-dimethylaminophenyl)-4- 

(dicyanomethylene)-cyclohexane-1,1-dicarbonitrile (BDC) 40 as shown in Figure 
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2.21 displayed high sensitivity and selectivity for Cu(II) ion in physiological pH range 

(pH=7.3) without the interference of other ions. Mechanism of chemosensing is 

attributed to the chelation of probe with metal ion that showed optical changes 

confirmed by UV-Visible and Fluorescence studies [105]. 
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40  

Figure 2.21: Optical chemosensor for sensing Cu(II) ion 

The fluorescent sensor di-naphthoylatedoxacalix [4] arene 41 shown in Figure 

2.22 was prepared by using naphthoyl chloride and tetranitrocalix [4] arene in acetone 

by stirring at room temperature for 24 h to detect Ce(III) ion, a rare earth metal. The 

naphthoyl moiety is observed as good fluorophore as it has absorption and emission in 

UV-Visible region. The decrease in emission intensity of sensor 41 was recorded with 

subsequent addition of Ce(III) ions without any interference of other metal ions.  
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Figure 2.22: Di-naphthoylated oxacalix [4] arene fluorescent sensor for Ce(III) ion 

detection  
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The detection was obtained over a range of concentration between 18-20 µM. 

According to molecular geometry and based upon other studies, the nitro groups, 

bridged oxygens and naphthyl groups bent to bind with metal ion and a complex 

formation stabilizes the Ce(III) [106]. 

  In a research paper, a series of macrocyclic ligands 42, 43 with ligating sites 

oxygen and nitrogen atoms having 8-hydroxyquinoline as fluorophoric unit were 

described as shown in Figure 2.23. The results indicated that the substitution of chloro 

group by nitro group on 8-hydroxyquinoline moiety increases the efficiency of probe 

towards the selective detection of mercury ions without interference of other metal 

ions. It may be due to participation of nitro group in complexation with metal ion that 

provided noticeable changes in fluorescence and absorption behavior of sensor [107].  
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Figure 2.23: Macrocyclic ligands as fluorescent chemosensors for mercury ions 

Y.B. Ruan et al. group has synthesized highly sensitive fluorescence turn-on 

sensor using Fenton reaction assisted amplification for the detection of Cu(II) ions. 

They have synthesized triazole linked fluorescein derivative and studied its sensing 

behaviour under different pH ranges [108]. A research work published by Jiang et al. 

has reported gold nanoparticles in conjugation with triazoles for the detection of 

Cu(II) ion [109]. M. Adlim et al. has published a review including sensors for the 

detection of mercury ions obtained by doing modifications in chitosan polymer, as 

chitosan has hydroxyl and amino groups that are good ligating sites for metal ions 

[110]. In another report, chitosan grafted with rhodamine derivative proved to have 

very high affinity for Hg (II) ions. The molecule proved to be good as colorimetric 

and fluorescent turn-ON senor for naked eye [111]. Another colorimetric sensor for 
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the detection of mercury ion is a composite of chitosan and silver nanoparticles with 

detection limit of 7.2 x 10–8 M [112]. 

The strategy of developing 1,2,3-triazole linked molecules as fluorescent 

chemosensors for selective detection of ions has emerged out as a promising approach 

in recent years. A study described the preparation of 1,2,3-triazole linked naphthyl 

fluorescent sensor 47 using materials and experimental steps shown in Figure 2.24. 

The terminal alkyne 20 prepared by nucleophilic substitution reaction between 2-

hydroxy-1-naphthaldehyde 18 and propargyl bromide 19 reacted with 4-chloroaniline 

to get modified alkyne 44, that was further treated with 3-azidopropyltriethoxysilane 

45 through CuAAC reaction to get 1,4-disubstituted 1,2,3-triazole linked molecule 46. 

To enhance the stability and applications of molecule 46 in aqueous medium, it was 

further treated with triethanolamine to get desired product 47. 
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Figure 2.24: Synthesis of 1,2,3-triazole linked naphthyl fluorescent sensor 47 through 

CuAAC 
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Spectral behavior of fluorescent molecule 47 was analyzed for various metal ions 

using different solvent combinations through fluorescence spectroscopy and it was 

found best for sensing Ce(III), then 47-Ce(III) conjugate was examined for various 

anions: NO3
–, oxalate ion, CH3COO–, Cl–, Br –, I– in DMSO:H2O (v/v, 4:1) and was 

found sensitive for NO3
–  ion [24]. 

             A research publication has reported the synthesis of ortho, meta and para 

isomers of chalcone linked 1,2,3-triazole silatranes and examined for their 

chemosensing behavior towards various metal ions. UV-visible spectral studies 

displayed more efficient sensing with ortho isomer 48 for the detection of two ions 

Cu(II) and Ni(II). Expected binding modes between sensor 48 and metal ions are 

shown in Figure 2.25 [113]. 
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Figure 2.25: Expected binding modes between o-isomer 48 and metal ions 

          Sushil K. Dwivedi et al. research group has synthesized anthracene based 

triazole, a dual fluorophore. The complete process involved many steps including 

synthesis of anthracene-based azide 49 and terminal alkyne 50. Thereafter, the azide 

49 and alkyne 50 were reacted through CuAAC at 80 °C for 8 h in a round bottom 

flask containing DMSO-H2O (v/v, 4:1) to get triazole based fluorescent sensor 51 as 

shown in Figure 2.26 with 62% yield. The probe was tested for chemosensing of 

various metal ions, anions and was found best for the detection of Cr(III) and PO4
3– 

with the UV-Visible absorption and fluorescence studies. The probe is also used for 

fluorescent biological imaging of living cells [114]. 
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8-Methylquinoline linked triazole 52, a fluorescent chemosensor, was 

synthesized effectively by click reaction. Firstly, 2-Methyl-8-hydroxyquinoline 

undergoes nucleophilic substitution reaction with propargyl bromide to generate 

terminal alkyne that was further subjected to copper catalyzed alkyne-azide 

cycloaddition reaction with γ-azidopropyl-triethoxysilane at 55 °C for 20 h to 

generate 8-methyl-quinolinyl-1,2,3-triazolyl linked triethoxysilane 52. This probe 

developed by click reaction was found effective for the sensing of Fe(II) and Fe(III) 

ions even in the presence of other ions in competition that was supported by UV-

Visible and Fluorescence spectral studies. The expected binding for the developed 

probe and metal ion is shown in Figure 2.27 [115]. 
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Figure 2.26: Synthetic route of anthracene based triazole, a dual fluorophore 
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Figure 2.27: Expected binding mode for developed probe 52 and metal ion 
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In another report, the presented 1,2,3-triazole linked C-glycosyl pyrene based 

fluorescent chemosensors 53, 54 can selectively detect Au(III) in aqueous medium. 

1,4-disubstituted triazole moiety not only act as linker between carbohydrate and 

pyrene (fluorophor), but acts as coordinating ligand to gold ion also that is proved 

with the results obtained from UV-Visible and Fluorescence measurements. 1,2,3-

triazole linked C-glycosyl pyrene was prepared by Cu(I)-catalyzed cycloaddition 

reaction of azide of acetylated carbohydrate with terminal alkyne having pyrene 

group. With the deprotection of all acetate groups on the carbohydrate moiety under 

two different conditions, two different sensors were synthesized and are presented in 

Figure 2.28 were produced. The limit of detection of chemosensor with alcoholic 

group 54 (0.14 µM) for Au(III) was found to be more as compared to chemosensor 

with acyl group 53 (0.08 µM). Based upon the biological imaging studies, it was 

found that sensor 50 is permeable to cell membrane and is competent to detect gold 

ion in living cells [116]. 
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Figure 2.28: 1,2,3-triazole linked C-glycosyl pyrene based fluorescent chemosensors 

Duxia Cao et al. group of researchers reported a number of coumarin based 

1,2,3-triazole derivatives in a review article. Because of their biocompatibility and 

strong fluorescence emission, these molecules are found to have chemosensing 

applications and are used in various disciplines [117]. The study by A. J. Christensen 

and J. T. Fletcher has described the detection of Ni(II) ion by chemosensors having 2-

(1,2,3-triazol-4-yl) pyridine as chelating moiety. The chemosensors containing two 

such chelating units displayed great changes in fluorescent signal when treated with 

different concentrations of Ni(II) ion without interference of other ions [118]. 

1,2,3-triazole-modified calix[4]crown 55 as a fluorescent ON-OFF 

chemosensor was prepared from bis-(O-propargyl)calix[4]arene that was treated with 
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tetraethyleneglycol-ditosylate in methyl cyanide using cesium carbonate and 

converted into bis-(O-propargyl)calix[4]crown which was further pass through click 

reaction with 9-(azidomethyl)anthracene and resulted into 1,2,3-triazole with 82% 

yield. The fluorescence of sensor 55 was strongly quenched by the addition of Pb(II) 

ions that was found to bind with two triazoles and enhanced with the addition of K(I) 

that fit into crown cavity, as shown in Figure 2.29 [119]. 
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Figure 2.29: ON-OFF fluorescence behavior of 1,2,3-triazole-modified calix [4] 

crown sensor with the exchange of metal ion 

A fluorescent chemosensor, with two anthracenetriazolymethyl groups linked 

to sugar-aza-crown ether exhibited high sensitivity and selectivity for Cu(II) and 

Hg(II) ions. The first step in the synthesis involved ‘click’ reaction of propargyl 

alcohol with 9-(azidomethyl) anthracene to yield triazole linked alcohol with 87% 

yield. After that, chloromethyl-1,2,3-triazole reacted with sugar aza crown ether using 

K2CO3, KI and n-Bu4NI on refluxing in acetonitrile with 73% yield. Its fluoro-

ionophoric properties were studied for various transition metal ions and found to have 

high selectivity and sensitivity for Cu(II) and Hg(II) ions [120].  

Similarly, the triazole linked pyrano [2,3-c] pyrazolone, a colorimetric 

chemosensor, highly selective for Fe(III) and H2PO4
– ions was synthesized by Cu(I)-

catalyzed alkyne-azide cycloaddition [121]. The bis-glycoconjugated triazole, a 
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fluorescent chemosensor has been developed from D-glucose as starting material. 

Reaction mechanism involved series of steps and in final step, CuAAC reaction with 

3-azidocoumarin in dichloromethane took place to generate bis-glycoconjugated 

triazole, found to be highly selective for detection of Cu(II) ions by means of 

fluorescence quenching [122]. The Table 2.1 summarizes the reaction conditions for 

the synthesis, yield and chemosensing behavior of few 1,2,3-triazole linked 

molecules. 

Table 2.1: Summary of few 1,2,3-triazole linked chemosensors synthesized through 

CuAAC reaction 

1,2,3-triazole linked 

molecules as chemosensors 

Reaction Conditions 

for synthesis 

%Yiel

d 

Ions 

recogni

zed 

Refe

renc

es 

2-hydroxy-1-naphthaldehyde 

based 1,2,3- triazole derivative 

THF:TEA (v/v, 1:1),      

15 min, 60 °C, µw,  

[Cu(PPh3)3Br] 

87 
Ce3+, 

NO3
– 

[24] 

     

Fluorescein based 1,2,3-

triazole, an ON-OFF 

fluorescent sensor 

THF:TEA (v/v, 1:1),       

60 °C, 8 h, stirr, 

[Cu(PPh3)3Br] 

81 
Co2+, 

Cd2+ 
[25] 

     

Quinoline-functionalized 

homooxacalix [3] arene 

THF:H2O (v/v, 4:1),    

24 h, stirr, 70 °C, CuI 
65 Fe3+ [68] 

     

Pyrene-linked tris-triazole 

amine fluorescent ON-OFF 

chemosensor 

2,6-lutidine, 

[Cu(MeCN)4]PF6, 

CH3CN, rt 

82 Zn2+ [78] 

     

Anthracene based 1,2,3-

triazole, a dual fluorophore 

CuSO4.5H2O, Na-

ascorbate, 80 °C, 

DMSO:H2O (v/v, 4:1),    

8 h, stirr 

62 
Cr3+, 

PO4
3– 

[114] 

     

8-methylquinoline based 1,2,3-

triazole derivative 

THF:TEA (v/v, 1:1),        

55 °C, 20 h, stirr, 

[Cu(PPh3)3Br] 

78 
Fe2+, 

Fe3+ 
[115] 
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C-glycosyl pyrene based 1,2,3-

triazole-I 

CuSO4.5H2O, Na-

ascorbate, 6 h, stirr, rt 
53 Au3+ [116] 

     

C-glycosyl pyrene based 1,2,3-

triazole-II 

CuSO4.5H2O, Na-

ascorbate, 8 h, stirr, rt 
76 Au3+ [116] 

     

Pyridine based 1,2,3-triazole 

linked sensors I and II 

CuSO4.5H2O, Na-

ascorbate, 24 h, rt,            

t-BuOH:H2O (v/v, 4:1)  

93, 50 Ni2+ [118] 

     

1,2,3-triazole-modified calix 

[4] crown 

24 h, stirr, 50 °C, CuI, 

THF:H2O (v/v, 2:1) 
82 

Pb2+, 

K+ 
[119] 

     

Sugar-aza-crown ether based 

1,2,3-triazole linked fluorescent 

chemosensor 

(i) CuSO4.5H2O, Cu, 

EtOH 
87 

Cu2+, 

Hg2+ 
[120] 

(ii) K2CO3, KI, n-Bu4NI, 

CH3CN 
73 

     

1,2,3-triazole-appended 

pyrano[2,3-c] pyrazolone 

CuSO4.5H2O, Na-

ascorbate, THF:H2O 

(v/v, 2:1), overnight 

refluxing 

82 
Fe3+, 

H2PO4
– 

[121] 

     

Coumarin based Bis-

glycoconjugated 1,2,3-triazole 

derivative 

CuI, DIPEA, DCM,  

12 h, rt, stir 
76 Cu2+ [122] 

 

              From above data, it can be concluded that the synthesis by click reaction is 

high yielding, requires mild reaction conditions, wide in scope and results into 

formation of almost pure product or inoffensive by-products that can be removed by 

simple procedure under normal and environmentally amiable conditions. Synthesized 

molecules can be characterized easily by IR, NMR (1H, 13C) and mass spectroscopy. 

UV-Visible and Fluorescence studies help in explaining the chemosensing behavior of 

molecules.       
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2.5 Objectives and scope of thesis 

            A perusal of the literature survey shows a lot of scope for the synthesis of new 

molecules (terminal alkynes and organic azides) resulting into novel 1,2,3-triazole 

linkers. There is a lot of potential to explore the organic molecules with good chromo 

or fluorophoric units, whose functional groups can be modified to generate new 

terminal alkynes and organic azides that can further be subjected to CuAAC reaction 

to synthesize novel 1,2,3-triazole linked molecules. After characterization, the 

synthesized molecules can further be subjected to ion sensing. Based upon this 

observation, the objectives of this research work were coined as follows:  

 To synthesize novel 1,2,3-triazole linked molecules using Cu(I)-catalyzed 

alkyne-azide cycloaddition (CuAAC) reaction.  

 Characterization of newly synthesized compounds by spectroscopic tools like 

IR, NMR (1H, 13C), along with mass spectrometric studies.  

 To study the chemosensing behavior of synthesized 1,2,3-triazole linkers for 

various ions using UV-Visible spectroscopy.  

The goal of this thesis titled “Synthesis and Characterization of 1,2,3-

triazole linked chemo sensors using Cu(I) catalyzed alkyne-azide cycloaddition 

reaction” was the development of new 1,2,3-triazole linked molecules and to explore 

their utility as optical sensors for the determination of various metal ions.  

The transition or other metal ions can be toxic to humans or other living 

organisms when present in excess and their determination is therefore of tremendous 

interest. For example, as cobalt is a trace element, a key component of most common 

vitamin B12 that is responsible for smooth functioning of various biological activities, 

but the excess dietary intake of cobalt can lead to various diseases such as cardiac 

arrest, lung infection, asthma and/or dermatitis. In addition, hyperglycemia and 

polycythemia have been reported during cobalt administration, with a huge damage to 

alpha- cells in pancreas, whereas injection of cobalt in experimental animals has been 

known to induce cancer [123-124]. Therefore, continuous monitoring of cobalt 

concentration level in both biological as well as environmental specimens is of great 

concern for analytical scientists [125-126]. On the other hand, the heavy metal ions 

like Pb(II), Cd(II), Hg(II) etc. are very toxic to all kind of living organisms on earth. 
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These are very hazardous even at very low concentration level and cause serious 

health issues that are irreparable. For example, unnecessary exposure to lead metal 

can cause severe damage to central nervous system, increases blood pressure, causes 

anemia and severely affects the functioning of kidneys [127-128]. Similarly, other 

heavy metal ions are also very noxious to mankind and their qualitative as well as 

quantitative recognition is of utmost importance for their proper treatment. Various 

analytical techniques have been reported in literature, that is used to sense these metal 

ions, but most of those require high-cost analytical instruments and huge experimental 

setups. This thesis presents the synthesis of molecular sensors through CuAAC 

reaction, appended with organic moieties having excellent absorption in UV-Visible 

region, whose sensing potential can be explored by simple and highly reliable 

techniques, such as UV-Visible and Fluorescence spectroscopy. The titled molecules 

are having 1,2,3-triazole ring in their structure, that provides nitrogen atoms as 

binding sites to coordinate with metal ions and on ligand-metal complexation, the 

modulations in their absorption behavior can be studied by UV-Visible/Fluorescence 

spectroscopy. Therefore, these molecules and the techniques used for exploration of 

their sensing potential towards various metal ions are superior over conventional 

methods. 

             The synthetic approach leading to several chemosensors involves ‘Click 

Chemistry’ which follows the cyclization of organic azides with different terminal 

alkynes in the presence of Cu(I) as catalyst (CuAAC) and results into various 1,2,3-

triazole linked molecules to be used as effective chemosensing materials. The 

simplicity and reliability of the CuAAC, has made this reaction an asset to have wide 

range of scientific applications. Now a day, the click reactions are being incorporated 

onto or into biomolecules, including introduction of synthetic amino acids with 

different reactive sites as well as modifications in DNA and nucleotides. Recently, in 

2022, the Nobel Prize in chemistry was awarded to three scientists C. R. Bertozzi, M. 

P. Meldel and K. B. Sharpless for the ‘Development of Click Chemistry and 

Bioorthogonal Chemistry’ [129-130].   It would be impossible, in the context of this 

thesis, to give a complete overview of the numerous applications of the CuAAC in 

materials science, drug discovery, environmental chemistry, catalysis, chemosensing 

etc. [131-134]. With this perspective in mind, various 1,2,3-triazole linked derivatives 
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have been synthesized though Cu(I)-catalyzed alkyne-azide cycloaddition reaction 

and explored for their chemosensing behavior towards various metal ions. 
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Chapter 3  

 

 
 

Experimental Data  
 

 

                    This section includes detailed data regarding the experimental 

work done for the synthesis of various novel molecules along with their 

complete structural characterization that includes various studies like 

Color, yield, melting point, CHN analysis, IR, NMR, and HRMS. 
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3.1 General procedure for the synthesis of 1,2,3-triazole derivatives  

General procedure adopted for the synthesis of 1,2,3-triazole linked molecules to 

pursue this research work includes following steps: 

Step I: Synthesis of terminal alkyne  

         To the stirred solution of starting material (1.00 mol) in DMF, added dried 

potassium carbonate (5.00 mol) as base. Then propargyl bromide (1.30 mol) was 

added drop wise with stirring at room temperature. The growth of reaction was 

monitored by thin layer chromatography using various solvent combinations. At the 

end, the desired product was separated out using ice-cold water, for that whole of the 

reaction mixture was poured into ice-cold water and stirred well. The product was 

separated by filtration, washed with chilled water in order to remove solvent and dried 

in air till constant weight (if solid). For the liquid product, the solvent extraction 

process was followed.   

Step II: Synthesis of organic azide 

          To proceed for the synthesis of an organic azide, first of all sodium azide was 

vacuum dried. Then dried sodium azide (5.00 mol) was added into the solution of 

organic halide (1.00 mol) in suitable amount of DMF used as solvent and set to 

stirring at 85-90 °C for 4-5 h. The product was isolated using ice cold water and 

ethylacetate through solvent extraction process.  

Step III: Synthesis of 1,4-disubstituted 1,2,3-triazole derivatives 

           To the stirred solution of terminal alkyne (1.00 mol) in THF/TEA (v/v, 1:1), 

added accurately weighed (1.00 mol) amount of organic azide and dissolved into the 

same reaction mixture. After that catalytic amount of [CuBr(PPh3)3] (0.001 mmol)  

complex was added and the reaction mixture was allowed to stir at 55-60 °C for 4-6 h. 

After the completion of reaction, the product was isolated from reaction mixture using 

ice-cold water and dried till constant weight. The general scheme involving all the 

steps is shown in Scheme 3.1. 
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Scheme 3.1: General scheme for all the steps involved in the proposed research work, 

abbreviations used are DMF; N, N-dimethyl formamide, THF; Tetrahydrofuran, TEA; 

Triethylamine, stirr; stirring, rt; room temperature. 

3.2 Synthesis of organic azides 

3.2.1 Synthesis and characterization of benzyl azide 

             To the stirred solution of accurately weighed chloromethylbenzene 56 (5.00 

g, 4.55 ml, 39.50 mmol) in DMF (50.00 ml), dried NaN3 (12.87 g, 197.91 mmol) was 

added slowly and the reaction content was stirred for 5 h at 90 °C (Scheme 3.2), 

following the procedure in step-II of section 3.1.  

NaN3, DMF

85-90 °C, stirr, 5 h

Cl N3

56 24
 

Scheme 3.2: Synthesis of benzyl azide 
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After 5 h, the product was isolated by solvent extraction method using ethyl acetate-

water mixture. The organic layer collected from extraction process was dried over 

anhydrous sodium sulphate and vacuum evaporated to remove all the solvent to have 

pure azidomethylbenzene 24.  

Yield: 60% 

Color/Texture: Light yellow oil 

Molecular formula: C7H7N3 

IR (neat, cm–1):  3051, 2930, 2091, 1675, 1345, 1250. 

1H NMR (500 MHz, CDCl3): δ = 7.24-7.14 (m, 5H), 4.14 (s, 2H). 

13C NMR (126 MHz, CDCl3): δ = 135.53, 128.91, 128.37, 128.31, 54.82. 

3.2.2 Synthesis and characterization of azidomethylnaphthalene 

            To the solution of chloromethylnaphthalene 57 (5.00 g, 4.24 ml, 28.30 mmol) 

in DMF (50.00 ml), pure and dry sodium azide (9.20 g, 14.15 mmol) was added. The 

whole mixture was stirred for 6 h at 85-90 °C (Scheme 3.3). After the completion of 

reaction, the whole content was poured into ice-cold water and after that, the product 

was extracted by treating with ethyl acetate. The desired product 

azidomethylnaphthalene 58 was isolated from organic layer by vacuum evaporation of 

ethyl acetate.  

NaN3, DMF

85-90 °C, stirr, 6 h

Cl N3

57 58  

Scheme 3.3: Synthesis of azidomethylnaphthalene 

Yield: 55% 

Color/Texture: Light brown oil  

Molecular Formula: C11H9N3 

IR (neat, cm–1):  3049, 2930, 2090, 1460, 1345, 1253. 
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1H NMR (500 MHz, CDCl3): δ = 8.12 (d, 1H), 7.99 (d, 1H), 7.94 (dd, 1H), 7.65 (m, 

2H), 7.53 (m, 2H), 4.78 (s, 2H). 

13C NMR (126 MHz, CDCl3): δ = 134.05, 131.50, 131.15, 129.53, 128.07, 127.37, 

126.86, 126.31, 125.37, 123.64, 53.02.  

3.3 o-Cresolphthalein based alkyne 59a and 1,2,3-triazole derivatives 59b and 

59c  

3.3.1 Synthesis and characterization of alkyne 3,3-bis(3-methyl-4-(prop-2-

ynyloxy) phenyl) isobenzofuran-1(3H)-one (59a) 

The starting material 59 (o-cresolphthalein) was treated with propargyl 

bromide 19 to prepare terminal alkyne 59a (Scheme 3.4) following the procedure 

mentioned in step-I of section 3.1. To do this, o-cresolphthalein (1.00 g, 2.87 mmol) 

was dissolved in DMF and then dried potassium carbonate (1.98 g, 14.40 mmol) was 

added into it, followed by slow and dropwise addition of propargyl bromide (0.89 ml, 

7.50 mmol). The reaction content was set to stirring at room temperature and 

atmospheric pressure for 14 h. The growth of reaction was tracked with the thin layer 

chromatography in hexane:ethyl acetate (4:1) solvent system. Upon completion of 

reaction, the expected product 59a was extracted using ethyl acetate-water as liquid 

mixture. In order to purify the extracted product, the impurities like base and DMF 

was removed by washing repeatedly with chilled water and dried for further use. 

O

O

HO OH

+

Br DMF, K2CO3

14 h, stirr, rt O

O

O O

59 59a19

2

 

Scheme 3.4: Synthetic route of alkyne 59a 
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Yield: 91% 

Color/Texture: Highly viscous yellow oil  

Molecular Formula: C28H22O4  

Elem. Anal. Calculated (%): C = 79.61, H = 5.24; Found (%): C = 79.58, H = 5.28 

IR (neat, cm–1): 3286, 2923, 2121, 1755, 1671, 1606, 1497, 1460, 1107, 750, 632. 

1H NMR (500 MHz, CDCl3) δ = 7.81 (d, J = 7.6 Hz, 1H), 7.56 (s, 1H), 7.47-7.38 (m, 

2H), 7.08-6.96 (m, 4H), 6.77 (d, J = 8.3 Hz, 2H), 4.57 (s, 4H), 2.41 (s, 2H), 2.06 (s, 

6H). 

13C NMR (126 MHz, CDCl3) δ = 169.98, 162.61, 155.88, 133.58, 129.83, 129.24, 

127.40, 125.94, 125.70, 124.17, 111.02, 91.73, 78.70, 75.68, 55.94, 16.45. 

3.3.2 Synthesis and characterization of 3,3-bis(4-((1-benzyl-1H-1,2,3-triazol-4-yl) 

methoxy)-3-methylphenyl) isobenzofuran-1(3H)-one (59b)  

 

O

O

O
O

N3

O

O

O

O

N

N
N

N

NN

[Cu(PPh3)3 Br],

THF, TEA, 7 h, 60 °C
59a 59b

24

2

 

Scheme 3.5: Schematic procedure of the synthesis of 59b 

The compound 59a (1.00 g, 2.35 mmol) was dissolved in minimum amount of 

THF:TEA (v/v, 1:1) taken in 100.00 ml round bottom flask, to have a clear solution. It 

is then followed by addition of catalytic amount of [CuBr(PPh3)3] (0.001 mmol) and 

freshly prepared benzyl azide 24 (0.62 g, 0.59 ml, 4.74 mmol). The reaction was 
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allowed to refluxing for 7 h (Scheme 3.5). On pouring the reaction mixture into ice-

cold water, a creamy white colored solid product 59b was appeared, that was isolated 

by filtration. To purify the product, it was washed repeatedly with diethyl ether and 

finally, dried at room temperature to get constant yield.  

Yield: 92% 

Color/Texture: Creamy white powder 

M. Pt. = 90-92 °C 

Molecular Formula: C42H36N6O4 

Elem. Anal. Calculated (%): C = 73.23, H = 5.26, N = 12.22; Found (%): C = 

73.25, H = 5.24, N = 12.17  

IR (neat, cm–1): 3027, 2924, 1755, 1606, 1560, 1498, 1460, 1130, 1041, 941, 806, 

750, 619. 

1H NMR (500 MHz, CDCl3) δ = 7.91 (d, J = 7.6 Hz, 1H), 7.67 (s, 1H), 7.50 (d, J = 

7.2 Hz, 4H), 7.47-7.30 (m, 6H), 7.26 (t, J = 3.6 Hz, 6H), 7.08 (d, J = 1.8 Hz, 3H), 

6.85 (d, J = 8.5 Hz, 2H), 5.52 (s, 4H), 5.17 (s, 4H), 2.12 (s, 6H). 

13C NMR (126 MHz, CDCl3) δ = 171.69, 170.19, 158.14, 152.69, 144.73, 134.43, 

133.17, 129.91, 129.34, 129.01, 128.30, 128.29, 127.26, 126.10, 122.46, 110.90, 

91.93, 66.06, 54.62, 16.64. 

Molar Mass Calculated: 688.27; Found (m/z) = 689.28 (M+1)+ 

3.3.3 Synthesis and characterization of 3,3-bis(4-((1-((naphthalen-1-yl)methyl)-

1H-1,2,3-triazol-4-yl)methoxy)-3-methylphenyl)isobenzofuran-1(3H)-one (59c) 

Alkyne 59a (1.00 g, 2.36 mmol) was dissolved in THF:TEA (v/v, 1:1) to get a 

clear solution,  added newly prepared azidomethylnaphthalene 58 (0.87 g, 4.74 mmol) 

along with [CuBr(PPh3)3] (0.001 mmol) as catalyst and set to refluxing with constant 

stirring for 8 h (Scheme 3.6). A light brown solid 59c was obtained with the addition 

of ice-cold water into the reaction mixture. The synthesized product was isolated by 
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filtration, washed thoroughly with chilled water and then stirred in diethyl ether for 

few minutes to remove any organic impurity, thereafter dried to get constant weight.  

O

O

O
O

N3

O

O

O

O

N

NN

N

NN

[Cu(PPh3)3 Br],

THF, TEA, 8 h, 60 °C59a
59c

58

2

 

Scheme 3.6: Synthetic route of triazole 59c 

Yield: 95% 

Color/Texture: light brown powder 

M. Pt. = 130-132 °C 

Molecular Formula: C50H40N6O4 

Elem. Anal. Calculated (%): C = 76.12, H = 5.11, N = 10.65; Found (%): C = 

76.09, H = 5.14, N = 10.57 

IR (neat, cm–1): 3025, 2964, 1753, 1499, 1464, 1252, 786. 

1H NMR (500 MHz, CDCl3) δ = 7.92 (m, 4H), 7.69-7.46 (m, 8H), 7.43 (t, J = 11.1 

Hz, 4H), 7.35 (s, 4H), 7.26 (s, 3H), 7.10-6.95 (m, 2H), 6.80 (d, J = 8.4 Hz, 2H), 5.98 

(s, 4H), 5.10 (s, 4H), 2.05 (s, 6H).  

13C NMR (126 MHz, CDCl3) δ = 169.89, 156.43, 152.63, 144.57, 133.94, 133.18, 

130.13, 129.62, 128.98, 127.86, 127.32, 126.45, 125.74, 125.37, 122.84, 122.51, 

110.95, 91.72, 62.31, 52.44, 16.39. 

Molar Mass Calculated: 788.85; Found m/z = 789.32 (M+1)+ 
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3.4 1,4-Dihydroxyanthraquinone based terminal alkyne 60a and 1,2,3-triazole 

derivatives 60b and 60c 

3.4.1 Synthesis and characterization of terminal alkyne 1,4-bis(prop-2-ynyloxy) 

anthracene-9,10-dione (60a) 

             1,4-dihydroxyanthraquinone 60 (1.00 g, 4.16 mmol) was dissolved in DMF 

(20.00 ml) taken in a round bottom flask, followed by addition of dry potassium 

carbonate (2.87 g, 20.76 mmol). Thereafter, the propargyl bromide 19 (1.24 ml, 8.34 

mmol) was added dropwise into the flask and set to stirring at room temperature for 

18 h (Scheme 3.7). Upon completion of the reaction that was regularly monitored by 

TLC, a mustard-colored solid product 60a was obtained on pouring the reaction 

mixture into ice-cold water. The product was filtered, washed with chilled water to 

remove DMF and vacuum dried to get constant weight.  

 

O O

O O

O

O

OH

OH

DMF, K2CO3

18 h, stirr, rt

60 60a

+

Br

19

2

 

 

Scheme 3.7: Scheme for the synthesis of 1,4-dihydroxyanthraquinone based alkyne 

60a 

Yield: 98% 

Color/Texture:  Mustard colored solid 

M. Pt. = 160-162 °C 

Molecular Formula: C20H12O4 

Elem. Anal. Calculated (%): C = 75.94, H = 3.82; Found (%): C = 75.90, H = 3.84 
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IR (neat, cm–1): 3288, 3020, 2160, 2017, 1815, 1725, 1666, 1448, 1166, 642. 

1H NMR (500 MHz, CDCl3) δ = 8.16 (dd, J = 5.7, 3.3 Hz, 2H), 7.72 (dd, J = 5.8, 3.3 

Hz, 2H), 7.52 (s, 2H), 7.26 (s, 1H), 4.90 (s, 4H), 2.57 (s, 2H). 

13C NMR (126 MHz, CDCl3) δ = 182.98, 152.86, 134.09, 133.52, 126.56, 124.74, 

123.74, 78.19, 76.69, 58.28. 

3.4.2 Synthesis and characterization of 1,4-bis((1-benzyl-1H-1,2,3-triazol-4-yl) 

methoxy) anthracene-9,10-dione (60b) 

To the solution of alkyne 60a (1.00 g, 3.16 mmol) and benzyl azide 24 (0.84 g, 

0.78 ml, 6.31 mmol) in THF:TEA (v/v, 4:1) in a round bottom flask, added 

[CuBr(PPh3)3] (0.001 mmol) as catalyst (Scheme 3.8). The reaction was set to 

refluxing with stirring. In just 15 min, a yellow-colored solid appeared in the reaction 

mixture and within 30 minutes maximum amount of product was formed in the flask. 

The solid yellow colored product 60b was obtained by filtration, washed thoroughly 

with water to remove solvents and dried.  

N3

[Cu(PPh3)3 Br],

THF, TEA, 30 min, 60 °C

O O

O O

60a

O O

O O

N N

N

N

N N

60b

24

2

 

Scheme 3.8: Synthetic route of 60b 

Yield: 99% 

Color/Texture: yellow powder 

M. Pt. = 198-200 °C 
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Molecular Formula: C34H26N6O4  

Elem. Anal. Calculated (%): C = 70.10, H = 4.47, N = 14.43; Found (%): C = 

70.14, H = 4.43, N = 14.40 

IR (neat, cm–1): 3073, 1661, 1567, 1494, 1452, 1256, 1238, 1125, 1055, 989, 808, 

717, 655. 

1H NMR (500 MHz, CDCl3) δ = 8.12 (dd, J = 5.7, 3.3 Hz, 2H), 7.85-7.64 (m, 2H), 

7.49 (s, 2H), 7.36-7.30 (m, 12H), 7.26 (s, 1H), 5.57 (s, 4H), 5.34 (s, 4H).  

13C NMR (126 MHz, CDCl3) δ = 183.09, 153.32, 134.56, 134.12, 133.38, 129.12, 

128.76, 128.06, 126.45, 123.39, 64.81, 54.29.  

Calculated Molecular Mass: 582.21; Observed m/z = 583.21 (M+1)+ 

3.4.3 Synthesis and characterization of 1,4-bis((1-methylnaphthyl-1H-1,2,3-

triazol-4-yl) methoxy) anthracene-9,10-dione (60c) 

N3

[Cu(PPh3)3 Br],

THF, TEA, 40 min, 60 °C

O O

O O

60a

O O

O O

N N

N

N

N N

60c

58
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Scheme 3.9: Synthesis of 60c 

Following the procedure of step-III in section 3.1, the terminal alkyne 60a 

(1.00 g, 3.15 mmol) was dissolved in THF:TEA (v/v, 4:1) in 100.00 ml round bottom 

flask, followed by the addition of azidomethylnaphthalene 58 (1.16 g, 6.33 mmol) and 

[CuBr(PPh3)3] (0.001 mmol) as catalyst as shown in Scheme 3.9. The reaction 

mixture was set to stirring at 60 °C. In just 40 min, a maximum of yellow colored 

solid 60c was collected in the reaction vessel. The solid product was separated by 
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filtration, washed thoroughly with water to remove solvents and dried to get constant 

weight.  

Yield: 99% 

Color/Texture: yellow powder 

M. Pt. = 214-216 °C 

Molecular Formula: C42H30N6O4  

Elem. Anal. Calculated (%): C = 73.91, H = 4.39, N = 12.32; Found (%): C = 

73.94, H = 4.36, N = 12.34 

IR (neat, cm–1): 3078, 1663, 1569, 1496, 1454, 1335, 1278, 1248, 1125, 1066, 997, 

830, 798, 779, 721. 

1H NMR (500 MHz, DMSO) δ = 7.46-7.13 (m, 4H), 7.05 (dd, J = 13.0, 8.4 Hz, 6H), 

6.90 (dd, J = 5.5, 3.5 Hz, 2H), 6.82-6.45 (m, 10H), 5.22 (s, 4H), 4.34 (s, 4H). 

13C NMR (126 MHz, DMSO) δ = 182.39, 153.01, 143.47, 134.12, 133.84, 131.96, 

131.10, 129.56, 129.16, 127.71, 127.29, 126.68, 126.34, 126.04, 125.35, 123.97, 

123.75, 123.24, 68.78, 57.40. 

Calculated Molecular Mass: 682.21; Observed m/z = 683.35 (M+1)+ 

3.4.4 Optimization of reaction conditions for the synthesis of 60b and 60c and 

product yield 

A number of trials were taken out for this [3+2] cycloaddition process to get 

maximum yield of 60b and 60c with minimum time duration as presented in Table 

3.1. The analysis of results shows no outcome of reaction at room temperature even 

on stirring the reaction mixture for 5-6 h, the conventional duration of cycloaddition 

reaction. On increasing the temperature up to 60 °C, an observable change in the yield 

has started appearing after 15 min. Within a time period of 15 min to 40 min, a 

maximum of yellow colored solid accumulated in the reaction vessel that was 

calculated as 99% for both 60b and 60c, the highest yield of product. At the 
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temperature above 60 °C, no further increase in yield was observed. From the whole 

practice, it was concluded that the cycloaddition reaction for the synthesis of these 

two 1,2,3-triazole linkers is very fast and get completed in just 30-40 min at 60 °C. 

Table 3.1: Optimization of reaction conditions (temperature and time) for the 

generation of 1,2,3-triazole linkers 60b and 60c 

S.No. Temperature (°C) Time (min) % Yield 

60b 60c 

1 25 120 0 0 

2 25 240 0 0 

3 25 360 0 0 

4 60 10 0 0 

5 60 15 20 18 

6 60 20 70 65 

7 60 30 99 85 

8 60 40 97 99 

9 80 30 78 85 

10 80 60 70 80 

 

3.5 1-Naptholphthalein based terminal alkyne 61a and 1,2,3-triazole derivative 

61b  

3.5.1 Synthesis and characterization of terminal alkyne 3,3-bis(1-(prop-2-

ynyloxy) naphthalen-4-yl) isobenzofuran-1(3H)-one (61a) 

           To the solution of starting material 61 (1-naptholphthalein, 1.00 g, 2.38 mmol) 

in DMF (10.00 ml) as solvent, potassium carbonate as base (1.65 g, 11.94 mmol) was 

added. Then propargyl bromide 19 (0.71 ml, 5.97 mmol) was added slowly into the 

reaction mixture and set to stirring for 28 h at room temperature and atmospheric 

conditions (Scheme 3.10). The growth of reaction was regularly watched with TLC 

and after 28 h, brown colored solid product 61a was obtained on pouring the reaction 
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mixture into ice cold water. Solid product was filtered, washed thoroughly with 

chilled water to remove DMF and vacuum evaporated to get constant weight.  

 

 

O

O

HO OH

+

Br DMF, K2CO3

28 h, stirr, rt
O

O

O
O

61 61a19

2

 

 

 

Scheme 3.10: Synthesis of alkyne 61a 

Yield: 90%  

Color/Texture: brown colored solid 

M. Pt. = 118-120 °C 

Molecular Formula: C34H22O4 

Elem. Anal. Calculated (%): C = 82.58, H = 4.48; Found (%): C = 82.53, H = 4.50 

IR (neat, cm–1): 3287, 2034, 1758, 1627, 1587, 1459, 1157, 632.  

1H NMR (500 MHz, CDCl3) δ = 8.27 (d, J = 8.4 Hz, 2H), 8.05-7.79 (m, 3H), 7.70-

7.61 (m, 4H), 7.70-7.30 (m, 4H), 7.28-6.89 (m, 2H), 6.82 (d, J = 7.4 Hz, 2H), 4.87 (s, 

4H), 2.54 (s, 2H).  

13C NMR (126 MHz, CDCl3) δ = 170.12, 155.15, 153.38, 133.83, 131.95, 130.95, 

130.30, 129.43, 126.83, 126.69, 126.47, 125.86, 125.33, 124.59, 122.50, 122.03, 

103.95, 93.83, 78.25, 75.89, 56.12. 
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3.5.2 Synthesis and characterization of 3,3-bis(1-((1-((naphthalen-1-yl) methyl)-

1H-1,2,3-triazol-4-yl) methoxy) naphthalen-4-yl) isobenzofuran-1(3H)-one (61b)   

Synthesized alkyne 61a (1.00 g, 2.02 mmol) was taken in 100.00 ml round 

bottom flask and the solvent mixture THF:TEA (v/v, 1:1) was added into it to get a 

clear solution. To the above solution, added freshly prepared azidomethylnaphthalene 

58 (0.74 g, 4.04 mmol) along with catalytic amount of [CuBr(PPh3)3] (0.001 mmol) 

(Scheme 3.11). After stirring the reaction mixture at 60 °C for 8.5 h, a reddish brown 

colored solid 61b was obtained on putting the ice-cold water into the reaction mixture. 

The reddish-brown solid was separated out from the reaction mixture by filtration, 

washed with ice-cold water to remove all the solvent and vacuum dried to get constant 

weight.                            

O

O

O
O

N3

O

O

O O
N

NN

NN

N

[Cu(PPh3)3 Br],

THF, TEA, 8.5 h, 60 °C
61b61a

58

2

Scheme 3.11: Synthetic route of 61b 

 

Yield: 95%  

Color/Texture: Reddish brown powder  

M. Pt. = 220-222 °C 

Molecular Formula: C56H40N6O4   

Elem. Anal. Calculated (%): C = 78.12, H = 4.68, N = 9.76; Found (%): C = 78.09, 

H = 4.70, N = 9.79. 
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IR (neat, cm–1): 3017, 2934, 1767, 1593, 1498, 1460, 1247, 1135, 1053, 941, 807, 

761, 720, 619. 

1H NMR (500 MHz, CDCl3) δ = 8.12 (d, J = 8.3 Hz, 2H), 8.08-7.82 (m, 4H), 7.54-

7.48 (m, 18H), 7.45 (t, J = 7.5 Hz, 2H), 7.26 (s, 3H), 7.14 (s, 2H), 6.77 (s, 2H), 5.99 

(s, 4H), 5.28 (s, 4H). 

13C NMR (126 MHz, CDCl3) δ = 170.18, 154.80, 153.37, 144.17, 142.91,  141.87, 

141.58, 133.96, 133.85, 131.16, 130.17, 129.96, 129.67, 129.43, 129.27, 129.00, 

127,99, 127.95, 127.35, 126.46, 125.40, 125.11, 124.57, 123.97, 122.85, 122.76, 

122.43, 122.33, 103.97, 93.88, 62.35, 52.49.  

Molar Mass Calculated: 860.45; Observed m/z = 861.45 (M+1)+ 

3.6 Sudan-IV dye based terminal alkyne 62a and 1,2,3-triazole derivatives 62b 

and 62c 

3.6.1 Synthesis and characterization of 1-(3-methyl-4-(2-(prop-2-yn-1-yloxy) 

naphthalene-1-yl) diazenyl) phenyl)-2-(o-tolyl) diazene (62a) 

                 

OH

N

N N
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Scheme 3.12: Synthetic route of 62a 

  

For the synthesis of alkyne 62a, the solution of organic dye 62 (Sudan IV, 

1.00 g, 2.63 mmol) was prepared in DMF (20.00 ml) taken in a round bottom flask. 

Thereafter, potassium carbonate (1.82 g, 13.14 mmol) and propargyl bromide (0.31 g, 

0.40 ml, 2.63 mmol) was added into the reaction vessel and set to stirring on a 

magnetic stirrer under normal temperature and pressure conditions (Scheme 3.12). 
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After 19 h, red colored solid product 62a was obtained on pouring the reaction 

mixture into ice-cold water. The product was filtered, washed thoroughly with chilled 

water and vacuum dried to remove all the solvent to get constant weight.  

Yield: 88% 

Color/Texture: Red colored solid 

M. Pt. = 130-132 °C 

Molecular Formula: C27H22N4O  

Elem. Anal. Calculated (%): C = 77.49, H = 5.30, N = 13.39; Found (%): C = 77. 

53, H = 5.28, N = 13.36.  

IR (neat, cm–1): 3280, 3050, 2985, 2100, 1550, 1504, 1456, 1274, 1219, 1146, 1057, 

810, 679, 523, 556, 457. 

1H NMR (500 MHz, CDCl3) δ = 7.98-7.81 (m, 5H), 7.68 (d, J = 8.0 Hz, 1H), 7.57 (s, 

1H), 7.52 (m, 2H), 7.38 (d, J = 7.5 Hz, 2H), 7.27 (d, J = 18.0 Hz, 2H), 4.91 (s, 2H), 

2.54 (s, 1H), 2.35 (s, 6H). 

13C NMR (126 MHz, CDCl3) δ = 153.97, 153.02, 150.91, 147.58, 139.05, 138.54, 

138.03, 131.40, 131.35, 131.24, 130.17, 128.51, 128.00, 127.95, 126.47, 125.98, 

125.14, 123.79, 121.19, 117.71, 116.36, 115.43, 78.71, 76.08, 59.15, 18.13, 17.61. 

3.6.2 Synthesis and characterization of 1-benzyl-4-(((1-((E)-(2-methyl-4-((E)-o-

tolyldiazenyl) phenyl) diazenyl) naphthalene-2-yl) oxy) methyl)-1H-1,2,3-triazole 

(62b) 

The synthesized terminal alkyne 62a (1.00 g, 2.39 mmol) was put into the 

solvent system, THF:TEA (v/v, 4:1) to get a clear solution, followed by the addition 

of azidomethylbenzene 24 (0.32 g, 2.39 mmol) and catalytic amount of [CuBr(PPh3)3] 

(0.001 mmol) (Scheme 3.13). The reaction content was refluxed with stirring for 5 h. 

Wine red colored solid 62b was produced on treatment with ice-cold water. The solid 
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was separated out by filtration, washed thoroughly with water to remove solvents and 

dried to get constant weight. 

O
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N N
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N
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N N

N

N3

[Cu(PPh3)3 Br],

THF, TEA, 5 h, 60 °C

62a 62b

24

 

 

Scheme 3.13: Schematic procedure for the synthesis of 62b 

Yield: 92% 

Color/Texture: Wine red solid 

M. Pt. = 140-142 °C 

Molecular Formula: C34H29N7O 

Elem. Anal. Calculated (%): C = 74.03, H = 5.30, N = 17.77; Found (%): C = 

74.07, H = 5.27, N = 17.72. 

IR (neat, cm–1): 3051, 2921, 1561, 1590, 1510, 1455, 1422, 1269, 1250, 1212, 1150, 

1044, 891, 828, 807, 763, 603, 493, 455.  

1H NMR (500 MHz, CDCl3) δ = 7.98 -7.81 (m, 5H), 7.77 (d, J = 8.2 Hz, 1H), 7.73-

7.45 (m, 2H), 7.49 (d, J = 9.3 Hz, 2H), 7.52-7.45 (m, 2H), 7.45 (s, 2H), 7.46-7.28 (m, 

3H), 7.22 (d, J = 4.2 Hz, 2H), 7.11-7.02 (m, 1H), 5.45 (s, 2H), 5.43 (s, 2H), 2.79 (s, 

3H), 2.65 (s, 3H). 

13C NMR (126 MHz, CDCl3) δ = 153.92, 150.95, 147.71, 138.81, 138.52, 137.79, 

134.38, 131.59, 131.40, 131.31, 129.84, 129.14, 129.04, 128.80, 128.68, 128.07, 
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127.98, 126.51, 126.04, 125.00, 123.59, 122.67, 121.14, 117.13, 116.26, 115.46, 

65.33, 54.26, 17.82, 17.61. 

Calculated Molecular Mass: 551.40; Observed m/z = 552.35 (M+1)+ 

3.6.3 Synthesis and characterization of 4-(((1-((E)-(2-methyl-4-((E)-o-

tolyldiazenyl) phenyl) diazenyl) naphthalene-2-yl) oxy) methyl)-1-(naphthalen-1-

ylmethyl)-1H-1,2,3-triazole (62c) 

To the solution of alkyne 62a (1.00 g, 2.39 mmol) in THF:TEA (v/v, 4:1) 

taken in 100.00 ml round bottom flask, mixed newly prepared 

azidomethylnaphthalene 58 (0.44 g, 2.39 mmol) along with small amount of 

[CuBr(PPh3)3] (0.001 mmol) (Scheme 3.14). The reaction content was allowed to stir 

at 60 °C for 5.5 h. Wine red colored product 62c was produced upon addition of ice-

cold water into the reaction mixture. The solid was separated by filtration, washed 

thoroughly with water to remove extra amount of solvent and dried to get constant 

weight. 
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Scheme 3.14: Synthesis of 62c 

Yield: 91% 

Color/Texture: Wine red colored solid 

M. Pt. = 152-154 °C 
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Molecular Formula: C38H31N7O  

Elem. Anal. Calculated (%): C = 75.85, H = 5.19, N = 16.30; Found (%): C = 

75.81, H = 5.21, N = 16.33.  

IR (neat, cm–1): 3090, 2919, 1592, 1510, 1457, 1270, 1250, 1215, 1151, 1094, 892, 

799, 780, 746, 602, 493. 

1H NMR (500 MHz, CDCl3) δ = 7.87 (ddd, J = 21.1, 18.6, 9.0 Hz, 6H), 7.74 (dd, J = 

15.9, 8.2 Hz, 4H), 7.59-7.33 (m, 10H), 7.29 (s, 1H), 5.95 (s, 2H), 5.40 (s, 2H), 2.85 (s, 

3H), 2.57 (s, 3H). 

13C NMR (126 MHz, CDCl3) δ = 155.46, 152.49, 149.25, 140.34, 140.27, 140.06, 

139.33, 135.92, 134.12, 133.13, 132.94, 132.84, 132.31, 131.37, 130.91, 130.67, 

130.40, 130.34, 130.21, 129.61, 129.52, 128.05, 127.58, 126.54, 125.12, 124.21, 

122.68, 118.67, 117.80, 117.00, 66.87, 55.80, 19.36, 19.14. 

Calculated Molecular Mass: 601.4; Observed m/z = 602.43 (M+1)+ 

3.7 1-Naphtholbenzein based terminal alkyne 63a and 1,2,3-triazole derivative 

63b  

3.7.1 Synthesis and characterization of 4-(phenyl (1-(prop-2-ynyloxy) 

naphthalen-4-yl) methylene) naphthalen-1(4H)-one (63a) 

To the solution of compound 63 (1-naphtholbenzein, 1.00 g, 2.68 mmol) in 

DMF (15.00 ml), pure and dry potassium carbonate (1.84 g, 13.34 mmol) was added. 

To this solution, next was dropwise addition of accurately weighed propargyl bromide 

19 (0.32 g, 0.40 ml, 2.67 mmol). After the addition of all the components of reaction, 

it was set to stirring at room temperature and observed for the progress of reaction 

through TLC (Scheme 3.15). After 22 h, rusty red colored solid product was obtained 

on pouring the reaction mixture into ice-cold water. The product was filtered, washed 

thoroughly with chilled water and vacuum dried to remove all the solvent to get 

constant weight. Dried sample was further subjected to its characterization through 

various spectroscopic techniques like IR and NMR, along with yield and melting 

point were also noticed. 
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Scheme 3.15: Synthesis of terminal alkyne 63a 

Yield: 89% 

Color/Texture: Rusty red solid 

M. Pt. = 118-120 °C 

Molecular Formula: C30H20O2  

Elem. Anal. Calculated (%): C = 87.36, H = 4.89; Found (%): C = 87.30, H = 4.91 

IR (neat, cm–1): 3288, 3057, 2982, 2104, 1736, 1561, 1508, 1456, 1234, 1219, 1157, 

1078, 810, 679, 523, 556, 470. 

1H NMR (500 MHz, CDCl3) δ = 8.13 (d, J = 7.9 Hz, 1H), 7.69 (d, J = 10.3 Hz, 1H), 

7.53 (s, 2H), 7.22 (m, 12H), 6.94 (s, 1H), 6.47 (d, J = 10.3 Hz, 1H), 4.86 (s, 2H), 2.51 

(s, 1H). 

13C NMR (126 MHz, CDCl3) δ = 185.63, 155.53, 155.35, 155.17, 154.35, 144.92, 

143.70, 131.50, 130.35, 130.21, 129.40, 129.07, 128.67, 128.56, 127.28, 127.21, 

123.46, 106.2, 105.74, 79.02, 77.06, 57.23. 

3.7.2 Synthesis and characterization of 1,2,3-triazole derivative 4-((1-((1-benzyl-

1H-1,2,3-triazol-4-yl) methoxy) naphthalen-4-yl) (phenyl)methylene) naphthalen-

1(4H)-one (63b) 

The alkyne 63a (1.00 g, 2.42 mmol) was dissolved in THF:TEA (v/v, 4:1) 

taken in 50.00 ml flask, followed by the addition azidomethylbenzene 24 (0.32 g, 2.42 

mmol) along with [CuBr(PPh3)3] (0.001 mmol) (Scheme 3.16). After refluxing the 
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content of reaction for 4 h, an orange-colored product was separated out upon addition 

of ice-cold water into the reaction mixture. The solid product was obtained by 

filtration, washed thoroughly with water to remove solvents and dried well to get final 

weight of product 63b. 

O
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[Cu(PPh3)3 Br],

THF, TEA, 4 h, 60 °C

O

N

N
N

63b

O O
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Scheme 3.16: Schematic procedure for the synthesis of 63b 

Yield: 91% 

Color/Texture: Orange colored solid 

M. Pt. = 160-162 °C 

Molecular Formula: C37H27N3O2  

Elem. Anal. Calculated (%): C = 81.45, H = 4.99, N = 7.70; Found (%): C = 81.42, 

H = 5.01, N = 7.72. 

IR (neat, cm–1): 3010, 2964, 1761, 1591, 1440, 1357, 1327, 1246, 1210, 1159, 1051, 

967, 812, 761, 721. 

1H NMR (500 MHz, CDCl3) δ = 8.26 (s, 1H), 8.19 (m, 1H), 7.78 (d, J = 10.5 Hz 

6H), 7.61 (m, 9H), 7.34 (s, 2H), 7.29 (s, 1H), 7.01 (dd, J = 14.9, 7.2 Hz, 2H), 6.92 (s, 

1H), 6.57 (d, J = 8.2 Hz, 1H), 5.62 (s, 2H), 5.44 (s, 2H). 

13C NMR (126 MHz, CDCl3) δ = 183.57, 154.41, 153.74, 153.46, 143.12, 143.02,  
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142.92, 139.36, 132.79, 131.12, 130.59, 130.18, 130.01, 129.53, 128.99, 128.59, 

128.20, 127.89, 127.82, 127.41, 127.10, 126.52, 126.28, 125.30, 124.72, 122.90, 

121.72, 121.59, 121.44, 110.12, 104.78,  61.43, 53.67. 

Calculated Molecular Mass: 545.21; Observed m/z = 546.22 (M+1)+ 

 

 

 

 

 

 

 

 

 



Chapter 4 

Section  I 

 

Results and Discussion of 

Spectroscopic Data 

 

This chapter of thesis presents the findings and outcomes of 

present research contribution and reasons for those particular 

results in the form of text and figures. 
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4.1 Synthetic aspects 

The 1,2,3-triazoles are the five membered heterocyclic compounds with three 

nitrogen atoms, that are aromatic, polar, thermally and chemically very stable and are 

inert to oxidation and reduction conditions, so considered as one of the most 

significant nitrogen containing compounds with a wide range of applications in a 

variety of organic syntheses, supramolecular chemistry, drug discovery, polymer 

chemistry, cell biology, chemosensing and material science [1-3]. Owing to their 

versatility in applications, the synthesis of 1,2,3-triazole linked molecules has been a 

concern of extensive scientific research. 

Among the different approaches used to synthesize these magical molecules, 

the Cu(I)-catalyzed alkyne-azide cycloaddition (CuAAC) reaction has been identified 

as one of the most important contributions to synthetic organic chemistry [4-6]. The 

distinctive features of CuAAC reaction includes; high regioselectivity i.e generation 

of only 1,4-disubstituted 1,2,3-triazole molecule with less or innocuous by-products, 

excellent yield of product and scope under mild conditions [7-8]. This research work 

involves the synthesis of various 1,4-disubstituted 1,2,3-triazole derivatives through 

CuAAC reaction that includes following steps: 

(i) Synthesis of terminal alkynes 

The synthesis of terminal alkynes involved reaction of substrate having labile 

protons with propargyl bromide in the presence of suitable base. The labile protons of 

hydroxyl groups on starting materials get abstracted by base and substituted by 

propynyl group through nucleophilic substitution reaction on propargyl bromide, by   

stirring the reaction mixture at room temperature in DMF as solvent. The progress of 

reaction can be studied by TLC using various solvent combinations. The reaction time 

varies with change in substrate, as the tendency to lose a proton is different for 

different starting materials. The synthesized alkyne can be isolated from reaction 

mixture by filtration, if solid or extracted using suitable solvent, if liquid. 

(ii) Synthesis of organic azides 
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The nucleophilic substitution reaction of aralkyl halide with dried sodium 

azide resulted into the generation of organic azides, preceded through the method 

reported by Lourdes et al. [9]. The reaction was carried out in suitable solvent on 

heating under precautionary measures in order to avoid explosion at higher 

temperature. 

(iii) Cu(I)-Catalyzed alkyne-azide cycloaddition reaction  

Terminal alkynes and organic azides undergo 1,3-dipolar cycloaddition 

reaction in the presence of a base and suitable solvent using a source of Cu(I) as 

catalyst. After stirring the reaction mixture at a particular temperature, 1,4-

disubstituted 1,2,3-triazole linkers get formed as a result of click cycloaddition. Use 

of Cu(I) species as catalyst enhances the rate as well as stereo specificity of reaction.  

4.2 Synthesis and spectral analysis of 1-(azidomethyl) benzene (24) 

4.2.1 Synthesis  

Benzyl azide 24 (Figure 4.1) was synthesized through the nucleophilic 

substitution reaction of chloromethylbenzene with dried NaN3 in DMF as solvent on 

stirring for 5 h at 85-90 °C. As the azides are highly reactive and explosive at high 

temperature, the reaction conditions were properly controlled in order to avoid any 

accident. After extracting the benzyl azide by ethylacetate from reaction mixture, it 

was dried to remove all the solvents and then characterized by IR and NMR 

spectroscopy.  

N3

 

Figure 4.1: 1-(azidomethyl) benzene 24 

4.2.2 IR spectral analysis 

The IR spectrum of freshly prepared benzyl azide was recorded as neat in the 

range 4000-500 cm-1 that displayed a strong peak at 2091 cm-1 characteristic to azide 

group indicating the substitution over benzyl chloride with azide group. Peak at 3050 
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cm-1 corresponds to vibration of aromatic C-H bond and at 2931 cm-1 is for 

symmetric stretch of C-H bond at benzylic carbon. Peaks in the fingerprint region are 

in line with the structure of synthesized azide molecule. 

4.2.3 NMR spectral analysis 

1H NMR spectrum of benzyl azide obtained at 500 MHz in CDCl3 with 

respect to tetramethylsilane as reference. It exhibited multiplet signal at δ = 7.24-7.14 

ppm, which is due to five aromatic protons on benzene ring and a singlet at δ = 4.14 

ppm, that corresponds to two protons on benzylic carbon. 

 13C NMR spectrum of benzyl azide was also recorded in CDCl3 and the data 

found was exactly in support of the structure of investigated azide. It has peaks at δ 

(ppm) = 135.53, 128.37, 128.91, 128.31 and 54.82. The signals in the range δ = 

135.53-128.31 ppm belongs to carbons of benzene ring and at δ = 54.82 ppm 

corresponds to benzylic carbon. 

4.3 Synthesis and spectral analysis of 1-(azidomethyl) naphthalene (58) 

4.3.1 Synthesis  

The nucleophilic substitution reaction of chloromethylnaphthalene with highly 

reactive sodium azide resulted into azidomethylnaphthalene 58 (Figure 4.2), an 

aromatic organic azide.  

N3

 

Figure 4.2: 1-(azidomethyl) naphthalene 58 

The reaction was conducted on stirring the components of reaction mixture at 

85-90 °C in DMF that end up with brown oily product, extracted through ethylacetate. 

Extracted product was firstly dried over anhydrous sodium sulphate and then vaccum 

dried to found its exact yield. Thereafter, the pure product was characterized by IR 

and NMR spectroscopy to confirm its generation. 
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4.3.2 IR spectral analysis 

The IR spectrum of azidomethylnaphthalene was recorded as neat in the range 

4000-500 cm-1. The high intensity peak at 2091 cm-1 confirms the presence of azide 

group and a signal at 3040 cm-1 corresponds to vibrational frequency of aromatic C-H 

bond. Rest of the peaks found in IR spectrum are due to different types of vibrational 

modes found in molecule 58 and are in well agreement with the structure of 

synthesized molecule. 

4.3.3 NMR spectral analysis 

1H NMR spectrum of azidomethylnaphthalene was obtained at 500 MHz in 

CDCl3, the peaks at δ (ppm) = 8.12, 7.99, 7.65, 7.53 corresponds to aromatic protons 

of naphthyl group and singlet obtained at δ = 4.78 ppm is for –CH2 group attached to 

azide functionality. On the same note, the data obtained from 13C NMR is in 

accordance with the expected results. The signals in the range δ = 134.05-123.64 ppm 

are due to carbon atoms of aromatic ring and at δ = 53.02 ppm corresponds to 

methylene carbon of synthesized molecule 58. 

4.4 Synthesis and spectral analysis of 3,3-bis(3-methyl-4-(prop-2-ynyloxy) 

phenyl) isobenzofuran-1(3H)-one (59a) 

4.4.1 Synthesis  
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Figure 4.3: 3,3-bis(3-methyl-4-(prop-2-ynyloxy) phenyl) isobenzofuran-1(3H)-one 

59a 

The terminal alkyne 59a (Figure 4.3) was synthesized by nucleophilic 

substitution reaction of starting material (o-cresolphthalein) with 1.30 mol of 80% 
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propargyl bromide solution. With K2CO3 as base, labile proton of hydroxyl group on 

starting material was substituted by propynyl group by stirring at room temperature. 

Highly viscous and yellow colored oily product as terminal alkyne was extracted from 

reaction mixture for further use in cycloaddition reaction. 

4.4.2 IR spectral analysis 

The IR spectra of newly synthesized alkyne 59a and starting material 59 were 

obtained in the range 4000-500 cm-1 as neat and compared, the data obtained was as 

per the expectation. The IR signal at 3287 cm-1 is for –C≡C−H group and at 2117 

cm-1 is due to −C≡C− moiety in the newly prepared alkyne. Peak at 1759 cm-1 

corresponds to carbonyl group in the molecule. No signal in region 3500-3350 cm-1 

due to −O−H group confirms the moderation of –OH group on the starting molecule. 

Other peaks (fingerprint region) in the spectrum are due to a large number of 

vibrations of different types of bonds are in accordance with the molecular structure 

of 59a. 

4.4.3 NMR spectral analysis 

In the 1H NMR spectrum of compound 59a, singlet at δ = 2.40 ppm is for 

proton of terminal alkyne group (≡C-H) and peak at δ = 4.57 ppm is for –CH2 of 

propynyl group indicates the formation of expected alkyne. No signal at δ = 5.38 ppm 

due to –OH group in the spectrum of compound 59a confirms the modification of this 

group. Signals in the range δ = 7.82-6.76 ppm characterizes aromatic protons and 

singlet at δ = 2.06 ppm corresponds to protons of two methyl groups in the 

synthesized alkyne 59a. 

In the 13C NMR spectrum of molecule 59a, the peaks at δ (ppm) = 78.71, 

75.69 corresponds to −C≡C− and singlet at δ = 55.94 ppm is for carbon of –

CH2−O− group ensures the generation of terminal alkyne 59a. Signals in the range δ 

= 169.99-124.17 ppm corresponds to differently shielded aromatic carbons present in 

phthalein unit of molecule and at δ = 16.45 ppm represents the carbons of two methyl 

groups. 



      

81 
 

4.5 Synthesis and spectral analysis of 3,3-bis(4-((1-benzyl-1H-1,2,3-triazol-4-yl) 

methoxy)-3 methylphenyl) isobenzofuran-1(3H)-one (59b) 

4.5.1 Synthesis  

o-Cresolphthalein based 1,2,3-triazole derivative 59b shown in Figure 4.4 was 

stereo selectively prepared by 1,3-dipolar cycloaddition reaction of alkyne 59a with 1-

(azidomethyl) benzene 24 using [CuBr(PPh3)3] (0.001 mmol) complex as catalyst in 

THF:TEA (v/v, 1:1) solvent mixture. Presence of Cu(I)-complex as catalyst defined 

the stereoselectivity of cycloaddition to get 1,4-disubstituted product only and triethyl 

amine base helped in easy abstraction of terminal proton on alkyne 59a to facilitate 

1,3-dipolar cycloaddition of azide 24. The reaction completed in 5 h on stirring the 

components of reaction mixture at 60-65 °C. Solid product was obtained on treatment 

of reaction mixture with ice-cold water and was fully characterized by various 

spectroscopic techniques. 
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Figure 4.4: 3,3-bis(4-((1-benzyl-1H-1,2,3-triazol-4-yl) methoxy)-3 methylphenyl) 

isobenzofuran-1(3H)-one 59b 

4.5.2 IR spectral analysis 

          Vibrational spectrum of 1,2,3-triazole derivative 59b was recorded as neat in 

the range 4000-500 cm-1. It shows vibrational band at 3141 cm–1 that is due to –C=C-

H group at C5 carbon of 1,2,3-triazole ring. The absence of peaks at 3288 cm–1 for the 

vibration of –C≡C−H bond and at 2117 cm–1 corresponding to vibration of –C≡C− 
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moiety in the IR-spectrum of alkyne 59a along with a signal at 2091 cm–1 for –N3 

group in the spectrum of organic azide 24 proves the success of expected 

cycloaddition reaction between alkyne 59a and azide 24 to generate heterocyclic 

molecule 59b as shown in Figure 4.4. There are asymmetric stretching bands at 1606 

cm–1 and 1498 cm–1, that corresponds to –C=C- and –N=N- groups in the resulting 

molecule. 

4.5.3 NMR spectral analysis 

             The 1H NMR spectrum of compound 59b strongly favors the cycloaddition of 

terminal alkyne 59a with organic azide 24. The peak at δ = 4.57 ppm is due to protons 

of –CH2 group linked to cresol oxygen, that gets downfield (δ = 5.52 ppm), because 

of desheilding caused by 1,2,3-triazole ring attached to this part of the molecule. The 

signal of proton of terminal alkyne group at δ = 2.40 ppm is absent, as it is now a part 

of aromatic triazole ring. The singlet at δ = 5.17 ppm belongs to benzylic –CH2 group 

of product 59b as shown in Figure 4.5. Also, the 13C NMR spectrum of heterocyclic 

compound 59b verifies the successful outcome of cycloaddition reaction. The signal 

at δ = 55.94 ppm due to carbon atom of –CH2−O−  group in the spectrum of 59a 

shifted downfield at δ = 66.06 ppm, as it is now directly linked to the triazole ring of 

molecule 59b. A singlet at δ = 54.62 ppm observed in the spectrum of triazole linked 

molecule corresponds to –CH2 of benzyl group. The signals at δ = 78.70 ppm and 

76.58 ppm for −C≡C− present in the spectrum of alkyne gets down in aromatic 

region, as this moiety constituted triazole ring of molecule 59b. 

4.5.4 Mass spectral and elemental analysis 

The molecular mass ‘M’ of newly synthesized triazole derivative 59b is 

calculated as 688.28 and the mass spectrum obtained for this molecule shows a 

significant peak at m/z = 689.28 corresponding to (M+1)+, confirms the successful 

generation of heterocyclic molecule 59b, a product of Cu(I)-catalyzed cycloaddition 

reaction between o-cresolphthalein based terminal alkyne 59a and benzyl azide 24. As 

per the results of elemental analysis, the observed percentages of elements of 

molecule 59b are in close agreement with the calculated percentages. 
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Figure 4.5: 1H NMR spectra of compound 59a and 59b showing success of 

cycloaddition reaction 

4.6 Synthesis and spectral analysis of 3,3-bis(4-((1-((naphthalen-1-yl) methyl)-

1H-1,2,3-triazol-4-yl) methoxy)-3-methylphenyl) isobenzofuran-1(3H)-one (59c) 

4.6.1 Synthesis  

Using terminal alkyne 59a, another triazole derivative 59c was prepared 

through Cu(I)-catalyzed alkyne-azide cycloaddition reaction. The reaction involved 

use of azidomethylnaphthalene 58 as an organic azide that undergo cycloaddition with 

o-cresolphthalein based alkyne 59a in the presence of [CuBr(PPh3)3] complex as 

Cu(I)-catalyst in THF:TEA (v/v, 1:1) as a solvent mixture upon stirring at 60-65 °C  

to give 1,2,3-triazole linker 59c as a desired product shown in Figure 4.6.  

4.6.2 IR spectral analysis 

  IR spectrum of heterocyclic compound 59c was obtained as neat in the IR 

range 4000-500 cm-1. No signal at 3287 cm–1 for –C≡C−H group and 2117 cm–1 due 

to –C≡C− part of alkyne in the IR spectrum of 59c ensures the modification of 
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terminal alkyne, when treated with organic azide 58. The signal at 3025 cm–1 is due to 

–C=C-H group at C5 of 1,2,3-triazole ring and at 1499 cm–1 corresponds to –N=N- in 

the product of cycloaddition and at the same time, absence of peak at 2091 cm–1 for –

N3 group ensures the favorable outcome of cycloaddition process as an expected 

product 59c as depicted in Figure 4.6. 
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Figure 4.6: 3,3-bis(4-((1-((naphthalen-1-yl) methyl)-1H-1,2,3-triazol-4-yl) methoxy)-

3-methylphenyl) isobenzofuran-1(3H)-one 59c 

4.6.3 NMR spectral analysis 

The 1H NMR spectrum of compound 59c recorded at 500 MHz in CDCl3 

shows a number of signals in the range δ = 7.92-6.80 ppm that corresponds to 

aromatic protons in the heterocyclic product 59c. Peak at δ = 4.56 ppm recorded in the 

spectrum of 59a for –CH2 group with o-cresol oxygen has been shifted down at δ = 

5.98 ppm in the spectrum of 59c due to desheilding caused by triazole ring. The 

singlet due to terminal alkynyl proton at δ = 2.40 ppm has been lost, as it is then 

attached to C5 of aromatic 1,2,3-triazole ring. The peak at δ = 5.10 ppm is due to –

CH2 group bonded to naphthyl group of compound 59c. 

The data obtained from 13C NMR spectrum of heterocyclic molecule 59c also 

explains the success of cycloaddition reaction. The singlet at δ = 55.93 ppm due to the 

carbon of –CH2−O− in the record of 59a shifted downfield at δ = 62.31 ppm, as it is 

now linked to the 1,2,3-triazole unit in derivative 59c. The signal at δ = 52.44 ppm 
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observed in the spectrum of triazole linked molecule corresponds to –CH2 of naphthyl 

group.  

4.6.4 Mass spectral and elemental analysis   

HRMS obtained for molecule 59c shows an observable peak at m/z = 789.32 

that represents a peak at (M+1)+ value, where ‘M’ is the molecular mass of newly 

synthesized triazole derivative 59c which is calculated as 788.85. Parent ion peak and 

other signals due to fragment ions confirm the successful generation of heterocyclic 

compound 59c, a product of Cu(I)-catalyzed cycloaddition reaction of o-

cresolphthalein based terminal alkyne 5a with azidomethylnaphthalene 58. The 

calculated and observed percentage of component elements was also in favor of 

synthesized molecule. 

4.7 Synthesis and spectral analysis of 1,4-bis(prop-2-ynyloxy) anthracene-9,10-

dione (60a) 

4.7.1 Synthesis 

In the presence of potassium carbonate as base, the protons of hydroxyl 

functional groups on the substrate 1,4-dihydroxyanthraquinone were nuleophilicaly 

substituted by propargyl group to give terminal alkyne 60a. The reaction took place 

by simple stirring at room temperature in DMF as solvent to produce a mustard-

colored solid product shown in Figure 4.7 in good yield. The solid product was 

filtered, washed well to remove all the impurities and vacuum dried to find constant 

weight. 
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Figure 4.7: 1,4-bis(prop-2-ynyloxy) anthracene-9,10-dione 60a 
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Melting point of product was recorded to check its purity. The exact structure 

of compound 60a was elucidated by IR and NMR spectroscopy to confirm its 

successful generation for further use as one of the reactants of [3+2] cycloaddition 

reaction in order to generate 1,2,3-triazole derivatives.   

4.7.2 IR spectral analysis  

The synthesized alkyne molecule 60a was characterized by IR spectroscopy in 

the range 4000-500 cm-1 and the data obtained was in line with anticipated values. IR 

peak found at 2160 cm-1 is the vibrational frequency of −C≡C− bond and at 3288 

cm-1 corresponds to –C≡C−H stretching mode. Signal at 3020 cm-1 is due to 

aromatic -C-H stretch and for carbonyl group, IR peak is observed at frequency of 

vibration equal to 1725 cm-1. Clear spectrum in the region 3500-3350 cm-1 due to 

vibration of –O-H bond confirms the substitution of protons on hydroxyl groups of 

starting material 60 with propynyl groups and confirms the formation of designed 

alkyne 60a.  

4.7.3 NMR spectral analysis 

Interpretation of NMR spectrum of molecule 60a strongly favors its 

generation. The singlet signal at δ = 2.57 ppm in the 1H NMR of alkyne 60a 

corresponds to alkynyl proton ≡C-H and peak at 4.90 ppm is due to protons of           

–CH2–O– group attached to terminal alkyne. Signals from δ = 8.16 ppm to δ = 7.52 

ppm are due to aromatic protons of anthraquinone moiety of compound 60a. Data of 

13C NMR spectrum of this newly synthesized alkyne also favors its successful 

generation. The signals at δ = 78.19 ppm, 76.69 ppm are due to carbons of −C≡C− 

and at δ = 58.28 ppm is for carbon of –CH2−O− ensures the synthesis of alkyne. 

Signals at higher δ values belong to carbons of aromatic part of this molecule. 

4.8 Synthesis and spectral analysis of 1,4-bis((1-benzyl-1H-1,2,3-triazol-4-yl) 

methoxy) anthracene-9,10-dione (60b) 

4.8.1 Synthesis 
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In order to prepare triazole linker 1,4-bis((1-benzyl-1H-1,2,3-triazol-4-yl) 

methoxy) anthracene-9,10-dione (60b) shown in Figure 4.8, the mustard yellow 

colored solid alkyne 60a discussed in section 4.7 was treated with required amount of 

freshly prepared azidomethylbenzene 24 in THF:TEA (v/v, 4:1) as solvent system 

using catalytic amount of [CuBr(PPh3)3] (0.001 mmol) as a source of Cu(I). Use of 

[CuBr(PPh3)3] complex increases the rate as well as stereoselectivity of the reaction 

that yields 99% of heterocyclic compound 60b as a result of [3+2] cycloaddition 

reaction between alkyne 60a and organic azide 24, completed in just 30 min on 

stirring the reaction components at 60 °C.  
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Figure 4.8: 1,4-bis((1-benzyl-1H-1,2,3-triazol-4-yl) methoxy) anthracene-9,10-dione 

60b 

4.8.2 IR spectral analysis 

In the IR spectrum of molecule 60b, the signal at 3073 cm–1 is due to –C=C-H 

group of 1,2,3-triazole ring. The close comparison of IR spectra of starting materials 

related to CuAAC reaction, 60a and 24 clearly signifies the formation of heterocyclic 

product 60b as an outcome of the reaction. The fading of signals at 3288 cm–1 for the 

stretching vibration of –C≡C−H bond and at 2160 cm–1  due to –C≡C− 

accompanying a peak at 2091 cm–1 due to vibration of –N3 supports the success of 

[3+2] cycloaddition reaction to produce the designed triazole linker 60b.  
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4.8.3 NMR spectral analysis 

NMR spectral elucidation of molecules 60a and 60b shows the data as per the 

expected values. The peak at δ = 2.57 ppm for the alkynyl proton ≡C-H in 1H NMR 

spectrum of alkyne 60a is missing in the 1H NMR spectrum of triazole derivative 60b, 

indicates the moderation of alkyne molecule. The study of mechanism of reaction 

involving synthesis of product 60b shows that this alkynyl carbon constitutes 1,2,3-

triazole ring as a result of Cu(I)–catalyzed cycloaddition reaction among the terminal 

alkyne 60a and azide 24. The signal of this proton is now present in aromatic region. 

The peak at δ = 4.90 ppm in 1H NMR spectrum of alkyne 60a for the proton of –CH2–

O– get shifted downfield and appeared at δ = 5.57 ppm due to linking of this group 

with aromatic triazole moiety in the heterocyclic assembly 60b. One more signal was 

recorded at δ = 5.34 ppm that was identified as a singlet due to four benzylic protons. 

Peaks at δ = 78.19 ppm and 76.69 ppm due to −C≡C− (13C NMR spectrum of 

alkyne 60a) are extinct in the 13C NMR spectra of 1,4-bis((1-benzyl-1H-1,2,3-triazol-

4-yl) methoxy) anthracene-9,10-dione 60b ensures merging of these alkynyl carbons 

into triazole ring during cycloaddition reaction and now appeared at higher δ values in 

the spectrum of 60b.  

4.8.4 Mass spectral and elemental analysis 

Molar mass has been observed at m/z = 583.21 (M+1)+ in the mass spectra 

(HRMS) of triazole derivative 60b against the calculated molecular mass ‘M’ as 

582.21 proved as strong evidence in favor of successful generation of this molecular 

framework. In elemental analysis the observed values of percentages of elements are 

in line with the calculated values. 

4.9 Synthesis and spectral analysis of 1,4-bis((1-methylnaphthyl-1H-1,2,3-triazol-

4-yl) methoxy) anthracene-9,10-dione (60c) 

4.9.1 Synthesis 
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1,4-Dihydroxyanthraquinone linked triazole 60c as shown in Figure 4.9 is 

prepared from alkyne 60a on treatment with azidomethylnaphthalene 58 in the 

presence of catalytic amount of [CuBr(PPh3)3] complex through a Cu(I)-catalyzed 

alkyne-azide cycloaddition process, a worldwide popular form of ‘Click Chemistry’. 

The reaction proceeded on stirring the component reactants at 60 °C in THF:TEA 

(v/v, 4:1) solvent system. The cycloaddition was so quick, that a maximum of yellow 

colored solid 60c was collected in the reaction mixture in just 40 min as a pure 

component with an excellent yield of 99%. The purity and generation of designed 

triazole derivative was confirmed through various spectroscopic techniques. 
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Figure 4.9: 1,4-bis((1-methylnaphthyl-1H-1,2,3-triazol-4-yl) methoxy) anthracene-

9,10-dione 60c 

4.9.2 IR spectral analysis 

IR spectrum of 1,4-dihydroxyanthraquinone based 1,2,3-triazole derivative 

60c was recorded as neat in range 4000-500 cm–1. A signal at 3078 cm–1 found in the 

spectrum, corresponds to vibrational frequency of –C=C-H group of triazole ring. The 

signals at 3288 cm–1 for –C≡C−H stretching and at 2160 cm–1 for –C≡C− including 

a peak at 2091 cm–1 due to –N3 are absent in the spectrum of triazole linked molecule 

60c that ensures the success of reaction between alkyne 60a and azide 58 to produce 

the expected compound. Other peaks are in accordance with the different functional 

groups and various types of bonds present in the newly generated molecule.  
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4.9.3 NMR spectral analysis 

NMR spectrum of triazole derivative 60c was recorded in DMSO as solvent 

using 500 MHz spectrometer. The aromatic protons of benzene rings as well as 

protons at C5 of both the triazole rings, all shows NMR signals in range δ = 7.46-6.45 

ppm. The protons which are more deshielded due to being attached with electron 

withdrawing groups appear more downfield i.e., at higher δ values as compared to 

others. The peak at δ = 2.57 ppm due to the proton ≡C-H group found in 1H NMR 

spectrum of alkyne 60a is lost in the 1H NMR spectrum of triazole derivative 60c, 

indicates modification of alkyne molecule during its reaction with 

azidomethylnaphthalene 58. As the alkyne constitutes triazole ring during the 

cycloaddition process, the terminal proton changes to aromatic one (proton at C5 of 

1,2,3-triazole ring) and appeared very downfield. The peak at δ = 4.90 ppm in 1H 

NMR of alkyne 60a for the protons of –CH2–O– group shifted downfield and 

appeared at δ = 5.22 ppm due to its bonding with aromatic triazole moiety in the 

heterocyclic compound 60c. Signal at δ = 4.34 ppm was identified as a singlet due to 

four protons of methylene groups attached with naphthalene rings. 

Peaks at δ = 78.19 ppm and 76.69 ppm for −C≡C− in the 13C NMR of alkyne 

60a are missing in the 13C NMR spectrum of 60c proves the merging of these alkynyl 

carbons into triazole ring during cycloaddition reaction and appeared at higher δ 

values in the spectrum of 60c. All other signals in the 13C NMR of 60c are in 

accordance with the expected data. 

4.9.4 Mass spectral and elemental analysis 

The peak at m/z = 683.35 (M+1)+ for the ion of 1,2,3-triazole linker 60c 

justifies the success of cycloaddition reaction for the generation of that particular 

compound. ‘M’ corresponds to molecular mass of parent ion which is calculated as 

682.21. Other signals at lower m/z values explain fragmentation of parent ion. From 

the data obtained from elemental analysis, it is noticed that the observed percentages 

of constituent elements are quite similar to the calculated ones that supports the 

results obtained from other studies. 
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4.10 Synthesis and spectral analysis of 3,3-bis(1-(prop-2-ynyloxy) naphthalen-4-

yl) isobenzofuran-1(3H)-one (61a) 

4.10.1 Synthesis 

The protons of two hydroxyl groups on starting material 61(1-

naphtholphthalein) undergoes nucleophilic substitution by propynyl groups to get a 

novel terminal alkyne 61a (Figure 4.10) during the reaction of compound 61 with 

propargyl bromide 19 in the presence of potassium carbonate as base on stirring at 

room temperature. After a stirring of 28 h, the product 61a was obtained as solid on 

treatment of reaction mixture with ice cold water. Solid was filtered and washed well 

with chilled water in order to remove extra solvent. The isolated solid was vacuum 

dried to get constant weight. Melting point was recorded to check the purity of alkyne 

61a and its generation was confirmed by IR and NMR spectroscopy for further use as 

starting material of CuAAC reaction to get chemosensing material.  
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Figure 4.10: 3,3-bis(1-(prop-2-ynyloxy) naphthalen-4-yl) isobenzofuran-1(3H)-one 

61a 

4.10.2 IR spectral analysis  

IR spectra of both starting material 61 and 61a were recorded as neat in the 

range 4000-500 cm-1 and compared for useful changes occurred during the reaction of 

compound 61 with propargyl bromide. There was no broad band near 3400 cm-1 due 

to hydroxyl group in the spectrum of product 61a indicated modification over –OH 

functional group on starting molecule 61. Peaks found at 3288 cm-1 corresponds to –

C≡C−H and at 2034 cm-1 is due to −C≡C− group of terminal alkynes. Peaks in the 

range below 1500 cm-1 corresponds to various vibrational modes of bonds constituting 

unsaturated moiety in the synthesized alkyne. 
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4.10.3 NMR spectral analysis 

                 1H NMR spectrum of alkyne 61a have a singlet at δ = 2.54 ppm that is due to 

protons of ≡C-H and at δ = 4.87 ppm represents –CH2 group attached with the oxygen 

of 1-naphthol unit of alkyne 61a supported its successful generation from starting 

material 61, whose NMR spectrum does not have these signals. Moreover, the signal 

at δ = 5.57 ppm corresponding to protons of –OH group present in the spectrum of 

compound 61 is absent in the spectrum of molecule 61a that proves certain type of 

modification over -OH group.  

Similarly, the data obtained from 13C NMR supports the generation of 

expected product 61a. The signals at δ = 78.25 ppm and 75.89 ppm corresponds to 

−C≡C− and at δ = 56.12 ppm notifies the carbon of –CH2−O− group in the newly 

synthesized alkyne molecule 61a. Peaks at higher chemical shift (δ values) represent 

aromatic carbons of 1-naphtholphthalein unit. 

4.11 Synthesis and spectral analysis of 3,3-bis(1-((1-((naphthalen-1-yl) methyl)-

1H-1,2,3-triazol-4-yl) methoxy) naphthalen-4-yl) isobenzofuran-1(3H)-one (61b) 

4.11.1 Synthesis 

Using catalytic amount of [CuBr(PPh3)3] complex, the highly acclaimed 

stereoselective click cycloaddition reaction of newly synthesized 1-naphtholphthalein 

based terminal alkyne 61a and azidomethylnaphthalene 58 as an azide, the second 

reactant of Cu(I)-catalyzed cycloaddition reaction was conducted in a basic medium 

of THF:TEA (v/v, 1:1) to get 1-naphtholphthalein based 1,2,3-triazole derivative 61b 

as the final product shown in Figure 4.11.  The basic medium promotes easy 

abstraction of terminal alkynyl proton to form copper-acetylide intermediate that fuses 

with azide very stereoselectively to yield expected product. The triazole linker 61b 

was characterized by various spectroscopic techniques like IR, NMR and mass 

discussed in next coming sections and was further investigated for its chemosensing 

applications through UV-Visible spectroscopy. 
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Figure 4.11: 3,3-bis(1-((1-((naphthalen-1-yl) methyl)-1H-1,2,3-triazol-4-yl) 

methoxy) naphthalen-4-yl) isobenzofuran-1(3H)-one 61b 

4.11.2 IR spectral analysis 

IR spectra of all the newly synthesized compounds (terminal alkyne 61a, 

azidomethylnaphthalene 58 and final product of cycloaddition 61b) were obtained as 

neat in the range 4000-500 cm-1 and the results found were compared for the success 

of CuAAC reaction between terminal alkyne 61a and azide 58. IR peaks due to 

vibrational stretching of –C≡C−H, −C≡C− bonds of terminal alkyne found at   

3287 cm-1 and 2034 cm-1 respectively were absent in the vibrational spectrum of click 

generated product 61b confirms its generation. A signal at 2091 cm-1 in the IR spectra 

of azidomethylnaphthalene 58 due to –N3 group was also missing in the spectrum of 

cycloaddition product 61b supports the expected outcome of CuAAC reaction. 

Signals at 3017 cm-1 in the spectrum of 61b is due to –C=C-H, at 2934 cm-1 is for 

methylene –C-H stretching, at 1767 cm-1 signifies vibrations of carbonyl group and 

other peaks at 1498 cm-1 and 1247 cm-1 are due to vibrations of –C=C- and –N=N- 

moieties in the heterocyclic product 61b. 

4.11.3 NMR spectral analysis 

1H NMR spectrum of compound 61b strongly authenticates the cycloaddition 

of alkyne 61a with azidomethylnaphthalene 58. The spectrum illustrates the 

downfield shifting of peak at δ = 4.87 ppm (spectrum of alkyne 61a) due to –CH2 

linked with oxygen of 1-naphthol unit to δ = 5.99 ppm, as a result of its attachment 

with 1,2,3-triazole ring of molecule 61b along with disappearance of the signal of 
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proton of terminal alkyne at δ = 2.54 ppm. During fusion of alkyne 61a with azide 58, 

the terminal alkynyl proton get converted into aromatic proton at C5 of triazole ring 

and appeared in between δ = 7.20-7.00 ppm. A peak at δ = 5.28 ppm in the spectrum 

of heterocyclic product 61b corresponds to –CH2 of methylnaphthalene unit.  

The 13C NMR spectrum also favors the generation of molecule 61b, depicting 

the signal at δ = 56.12 ppm for the carbon of –CH2−O− group in the spectrum of 

alkyne 61a that has been shifted downfield at δ = 62.35 ppm, due to the formation of 

1,2,3-triazole ring. The singlet at δ = 52.49 ppm is due to −CH2 of methylnaphthalene 

unit. The peaks at δ = 78.71 ppm and 76.58 ppm corresponding to −C≡C− in the 

spectrum of 61a gets down in aromatic region, as these carbons account for 1,2,3-

triazole ring in the desired product 61b.  

4.11.4 Mass spectrum and elemental analysis 

In the high-resolution mass spectrum (HRMS) of triazole derivative 61b, the 

molecular ion peak observed at m/z = 861.45 (M+1)+ against the calculated molecular 

mass M = 860.45 confirms the generation of heterocyclic compound 61b. The data 

obtained from elemental analysis proved the success of cycloaddition reaction of 

alkyne 61a and azide 58. 

4.12 Synthesis and spectral analysis of 1-(3-methyl-4-(2-(prop-2-yn-1-yloxy) 

naphthalene-1-yl) diazenyl) phenyl)-2-(o-tolyl) diazene (62a) 

4.12.1 Synthesis 
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Figure 4.12: 1-(3-methyl-4-(2-(prop-2-yn-1-yloxy) naphthalene-1-yl) diazenyl) 

phenyl)-2-(o-tolyl) diazene 62a 
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Azo-dye, Sudan IV was nucleophilicaly substituted at its hydroxyl group 

present on naphthyl ring with propargyl group on treatment with propargyl bromide 

involving abstraction of hydroxyl proton by potassium carbonate base on stirring at 

room temperature in DMF solvent. The reaction took 19 h to complete; the progress 

of reaction was monitored by TLC. Red colored solid 62a shown in Figure 4.12 was 

obtained as a pure product on treatment of reaction mixture with ice cold water in a 

good yield of 88%.  

4.12.2 IR spectral analysis 

The IR spectrum obtained as neat in range 4000-500 cm-1 was viewed as in 

accordance with synthesized alkyne 62a. Peaks found at 3280 cm-1 corresponds to 

stretching vibrations of –C≡C-H bond and at 2100 cm-1 is due to –C≡C- group of 

alkyne 62a shown in Figure 4.12. Signal at 3050 cm-1 corresponds to asymmetric 

stretch of aromatic –C-H bond and at 2985 cm-1 illustrated stretching vibrations of 

aliphatic –C-H of methyl groups present in the molecule. Peaks in the range 1500-

1200 cm-1 are due various types of vibrational modes of –C=C- and –N=N- bonds in 

newly synthesized alkyne 62a. Signal at 1146 cm-1 explains vibration of etheral bond. 

4.12.3 NMR spectral analysis 

1H NMR spectrum recorded for Sudan IV based alkyne 62a in CDCl3, using 

500 MHz spectrometer with tetramethylsilane as internal standard. It shows a singlet 

at δ = 2.54 ppm that is for proton of ≡C-H and singlet at δ = 4.91 ppm represents –

CH2 group attached to the oxygen of 1-naphthol unit in alkyne 62a. Protons of two 

methyl groups have a singlet at δ = 2.35 ppm. Multiplets in range δ = 7.98-7.27 ppm 

represents all aromatic protons. No signal in the range δ = 5.00-3.00 ppm due to 

hydroxyl proton favors modification of this functional group on starting material 62 

and confirms the generation of designed alkyne 62a shown in Figure 4.12. 

13C NMR obtained for compound 62a is also in accordance with the proposed 

structure. The signals at δ = 78.71 ppm and 76.08 ppm corresponds to −C≡C− and δ 

= 59.15 ppm notifies the carbon of –CH2−O− group attached with propynyl unit in 



      

96 
 

the newly synthesized alkyne molecule 62a. Singlets at δ = 18.13 ppm and 17.61 ppm 

represents carbons of two methyl groups. Peaks at higher δ values, from δ = 153.97-

115.43 ppm corresponds to carbons of aromatic rings in the novel alkyne 62a. 

4.13 Synthesis and spectral analysis of 1-benzyl-4-(((1-((E)-(2-methyl-4-((E)-o-

tolyldiazenyl) phenyl) diazenyl) naphthalene-2-yl) oxy) methyl)-1H-1,2,3-triazole 

(62b) 

4.13.1 Synthesis 

1,4-disubstituted 1,2,3-triazole derivative 62b shown in Figure 4.13 was 

synthesized through CuAAC reaction between newly synthesized alkyne 62a and 

freshly prepared azidomethylbenzene 24 in a basic medium of THF:TEA (v/v, 4:1) 

taken in 100.00 ml round bottom flask, followed by the addition of [CuBr(PPh3)3] 

(0.001 mmol) as Cu(I) source.  
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Figure 4.13: 1-benzyl-4-(((1-((E)-(2-methyl-4-((E)-o-tolyldiazenyl) phenyl) diazenyl) 

naphthalene-2-yl) oxy) methyl)-1H-1,2,3-triazole 62b 

The presence of Cu(I) restricts the stereospecificity of cycloaddition towards 

the synthesis of only 1,4-disubstituted product in pure form, whereas basic medium 

accelerates the abstraction of terminal proton of alkyne substrate. Wine red colored 

solid product 62b was produced in a good yield of 92% by stirring the reaction 

mixture at 60 °C for 5 h. The generation of triazole linker 62b was confirmed by IR, 
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NMR and Mass spectroscopic studies discussed in forthcoming sections and was 

further analyzed for its chemosensing applications through UV-Visible spectroscopy. 

4.13.2 IR spectral analysis  

IR spectral data obtained for heterocyclic compound 62b was found in line 

with the expected values. Spectra of all the newly synthesized compounds (terminal 

alkyne 62a, azidomethylbenzene 24 and final product of cycloaddition 62b were 

compared for the favorable outcome of CuAAC reaction between terminal alkyne 62a 

and azide molecule 24 and the search ended up with expected results. IR peaks due to 

vibrational stretching of –C≡C−H, −C≡C− bonds of terminal alkyne found at 3280 

cm-1 and 2100 cm-1 respectively were missing in the vibrational spectrum of click 

generated product 62b supports its generation. A signal at 2091 cm-1 in the IR 

spectrum of azidomethylbenzene 24 due to –N3 group was also absent in the spectrum 

of cycloaddition product 62b, i.e., clear spectra around 2100 cm-1 indicates success of 

CuAAC reaction. Signals at 3051 cm-1 in the spectrum of 62b corresponds to –C=C-H 

present in the aromatic rings, at 2921 cm-1 is for aliphatic –C-H stretching and at 

1561-1212 cm-1 signifies various modes of vibrations of –C=C- and –N=N- moieties 

in the heterocyclic product 62b.  

4.13.3 NMR spectral analysis 

  1H NMR spectral data of compound 62b strongly favors the click 

cycloaddition of alkyne 62a with azidomethylbenzene 24. A singlet peak at δ = 2.54 

ppm that was due to proton of terminal alkyne group ≡C-H in the spectrum of alkyne 

62a was missing in the spectrum of product 62b. During cycloaddition, −C≡C− 

constituted 1,2,3-triazole ring and as a result terminal proton now behaved as aromatic 

proton and appeared downfield at around δ = 7.20 ppm. Singlet at δ = 4.91 ppm 

represents –CH2 group attached with the oxygen of 1-naphthol unit in alkyne 62a 

went downfield at δ = 5.54 ppm due to its attachment with 1,2,3-triazole ring in 

molecule 62b. A peak at δ = 5.28 ppm in the spectrum of heterocyclic compound 62b 

corresponds to –CH2 of methylbenzene unit. Protons of two methyl groups appeared 
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as singlets at δ = 2.79 ppm and δ = 2.65 ppm. Multiplets in range δ = 7.99-7.02 ppm 

represents all aromatic protons. 

The 13C NMR spectrum also confirms the synthesis of 1,2,3-triazole derivative 

62b, showing a signal at δ = 65.33 ppm for carbon of –CH2−O− group attached to 

1,2,3-triazole ring. The singlet at δ = 54.26 ppm corresponds to −CH2 of 

methylbenzene unit. The two signals at δ = 78.71 ppm and 76.08 ppm due to −C≡C− 

present in the spectrum of 62a shifted downfield in the spectrum of molecule 62b, as 

these carbons account for 1,2,3-triazole ring in the desired triazole derivative 62b 

formed during cycloaddition reaction. Peaks at δ = 17.82 ppm and δ = 17.61 ppm 

corresponds to methyl carbons. 

4.13.4 Mass spectral and elemental analysis  

              In the mass spectrum of triazole derivative 62b, the molecular ion peak has 

been observed at m/z = 552.35 (M+1)+ against the calculated molecular mass M = 

551.40 confirms the formation of heterocyclic compound 62b. The analysis of 

observed and calculated percentage of component elements of 1,2,3-triazole 

derivative 62b for elemental analysis also supports the success of cycloaddition 

reaction of alkyne 62a and organic azide 24. 

4.14 Synthesis and spectral analysis of 4-(((1-((E)-(2-methyl-4-((E)-o-

tolyldiazenyl) phenyl) diazenyl) naphthalene-2-yl) oxy) methyl)-1-(naphthalen-1-

ylmethyl)-1H-1,2,3-triazole (62c) 

4.14.1 Synthesis 

Sudan IV dye based 1,2,3-triazole linked molecule 62c shown in Figure 4.14 

was generated through Cu(I)-catalyzed alkyne-azide cycloaddition (CuAAC) reaction 

between newly synthesized terminal alkyne 62a and freshly prepared 

azidomethylnaphthalene 58 as an organic azide in a solvent medium of THF:TEA 

(v/v, 4:1), followed by the addition of catalytic amount of [CuBr(PPh3)3] (0.001 

mmol). The presence of Cu(I) converts the reaction to a highly stereospecific one and 

directs the cycloaddition towards the synthesis of only 1,4-disubstituted product in 

pure form. Wine red colored solid 62c was produced in a good yield of 91% by 
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stirring the reaction mixture at 60 °C for 5.5 h. The melting point of dried sample was 

recorded with electronic melting point apparatus and found as 152-154 °C. The 

generation of 1,2,3-triazole linker 62c was confirmed by IR, NMR and Mass 

spectroscopic studies discussed in next sections followed by investigation of its 

chemosensing behavior through UV-Visible spectroscopy. 
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Figure 4.14: 4-(((1-((E)-(2-methyl-4-((E)-o-tolyldiazenyl) phenyl) diazenyl) 

naphthalene-2-yl) oxy) methyl)-1-(naphthalen-1-ylmethyl)-1H-1,2,3-triazole 62c 

4.14.2 IR spectral analysis  

IR spectral data recorded for the molecule 62c was found in accordance with 

the expected results. Spectra of starting material 62 and all the newly synthesized 

molecules (terminal alkyne 62a, azidomethylnaphthalene 58 and resultant product of 

cycloaddition reaction 62c) were viewed side by side for the evaluation of success of 

CuAAC reaction between terminal alkyne 62a and organic azide 58 and the search 

ended up with awaited results. IR peaks due to vibrational stretching mode of             

–C≡C−H, −C≡C− bonds of terminal alkyne 62a, found at 3280 cm-1 and 2100 cm-1 

respectively were absent in the vibrational spectrum of click generated product 62c 

that favors its generation. A signal at 2091 cm-1 in the IR spectra of 

azidomethylnaphthalene 58 due to –N3 group was also missing in the spectrum of 

cycloaddition product 62c, i.e., clear spectra around 2100 cm-1 indicates modification 

of alkyne as well as azide groups during cycloaddition process. Signals at 3090 cm-1 
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in the spectrum of 62c corresponds to –C=C-H present in the aromatic rings, at 2919 

cm-1 is for aliphatic –C-H stretching and at 1592-1215 cm-1 signifies various 

vibrational modes of –C=C- and –N=N- moieties in the novel heterocyclic compound 

62c.  

4.14.3 NMR spectral analysis 

1H NMR spectral study of molecule 62c and the recorded data strongly favors 

the successful conduct of click cycloaddition between alkyne 62a and 

azidomethylnaphthalene 58. In the spectrum of alkyne 62a, a singlet peak at δ = 2.54 

ppm that was for proton of terminal alkyne ≡C-H was found missing in the spectrum 

of product 62c shown in Figure 4.14. In cycloaddition reaction, −C≡C− group 

involved in generation of 1,2,3-triazole ring and as a result terminal proton 

transformed into aromatic proton and has appeared downfield at around δ = 7.29 ppm. 

Signal at δ = 4.91 ppm represents –CH2 group linked with the oxygen of 1-naphthol 

unit in the alkyne 62a moved downfield at δ = 5.95 ppm due to presence of 1,2,3- 

triazole ring in molecule 62c. The peak at δ = 5.40 ppm in the NMR-spectrum of 

heterocyclic compound 62c corresponds to –CH2 of methylnaphthalene unit. Protons 

due to two methyl groups appeared as singlets at δ = 2.85 ppm and δ = 2.57 ppm. 

Protons of shielded methyl protons generally appear at δ = 0.9 ppm and in this 

molecule 62c, these are found downfield due to deshielding created by electron 

withdrawing azo-groups and aromatic rings. Multiplets in range δ = 7.87-7.33 ppm 

represents all the aromatic protons.  

The 13C NMR spectrum also substantiates the generation of cycloaddition 

product 62c, has shown signal at δ = 66.87 ppm (s) due to carbon of –CH2−O− group 

attached to 1,2,3-triazole ring that was earlier linked to terminal alkynyl moiety of 

molecule 62a. In alkyne 62a, the signal due to this carbon has appeared at δ = 59.13 

ppm. The cause of this downfield shifting is strong deshielding effect of aromatic 

1,2,3-triazole ring. The singlet at δ = 55.80 ppm has appeared due to −CH2 of 

methylnaphthalene unit. The peaks at δ = 78.71 ppm and 76.08 ppm for the −C≡C− 

in the spectrum of 62a gets down at higher δ values, as these carbons account for 

1,2,3-triazole ring in the expected triazole derivative 62c formed as a result of 



      

101 
 

cycloaddition reaction. Peaks at δ = 19.36 ppm and δ = 19.14 ppm corresponds to 

methyl carbons. 

4.14.4 Mass spectral and elemental analysis  

               In the mass spectrum of 1,2,3-triazole derivative 62c, the molecular ion peak 

was observed at m/z = 602.43 (M+1)+, whereas the calculated molecular mass ‘M’ is 

equal to 601.40. Other peaks in the mass spectrum of 62c correspond to various 

daughter ions formed through fragmentation of parent molecule. The data recorded 

from elemental analysis is in well agreement with the calculated values that is in favor 

of the generation of heterocyclic compound 62c from the cycloaddition reaction of 

alkyne 62a and organic azide 58. 

4.15 4-(phenyl (1-(prop-2-ynyloxy) naphthalen-4-yl) methylene) naphthalen-

1(4H)-one (63a) 

4.15.1 Synthesis 

To get terminal alkyne 4-(phenyl(1-(prop-2-ynyloxy) naphthalen-4-yl) 

methylene) naphthalen-1(4H)-one 63a shown in Figure 4.15, the labile proton of 

hydroxyl group on starting material 63 undergoes nucleophilic substitution by 

propynyl group on stirring with propargyl bromide 19 at room temperature. Reaction 

was conducted in the presence of potassium carbonate as base that facilitated the 

abstraction of proton from starting material, 1-naphtholbenzein 63. After stirring the 

reaction mixture for 22 h, a rusty red colored solid 63a with a yield of 89% was 

obtained on treating the content with ice cold water. Melting point of dried product 

63a was recorded that found as 118-120 °C. The generation of alkyne 63a was 

confirmed by IR and NMR spectroscopy and further used as starting material for 

CuAAC reaction to get chemosensing material. 

4.15.2 IR spectral analysis  

IR spectra of both starting material 63 and terminal alkyne 63a were recorded 

as neat in the range 4000-500 cm-1 and comparatively examined for the useful changes 

occurred during the reaction of compound 63 with propargyl bromide 19. There was 
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no broad band near 3500-3350 cm-1 due to hydroxyl group in the spectrum of product 

63a claimed modification of –OH functional group during chemical reaction. Peaks 

found at 3280 cm-1 corresponds to –C≡C−H and at 2100 cm-1 is due to −C≡C− unit 

of molecule. IR signal at frequency 3050 cm-1 is for aromatic –C-H stretching 

vibrations occurring in the aromatic moiety of synthesized molecule 63a and at 2985 

cm-1 point to aliphatic –C-H stretching. Signal at 1146 cm-1 is for etheral –C-O– bond 

and other peaks in the spectrum signify various vibrational modes of    –C=C- double 

bond.  

O O

 

Figure 4.15: 4-(phenyl(1-(prop-2-ynyloxy) naphthalen-4-yl) methylene) naphthalen-

1(4H)-one 63a 

4.15.3 NMR spectral analysis 

1H NMR spectrum of newly synthesized alkyne 63a was recorded at 500 MHz 

that showed a singlet at δ = 2.51 ppm corresponding to one proton ≡C–H of terminal 

alkyne moiety and at δ = 4.86 ppm represents –CH2 group attached with the oxygen 

of 1-naphtholbenzein unit of alkyne 63a supported its successful generation from 

starting material 63, whose NMR spectrum did not have these signals. Moreover, the 

peak at δ = 5.57 ppm corresponding to proton of –OH functional group in the 

spectrum of compound 63 is absent in the spectrum of molecule 63a that indicates 

certain type of reaction change on -OH functional group. Various signals in range δ = 

8.13-6.46 ppm represent protons of large aromatic moiety of 1-naphtholbenzein unit.  

Similarly, the data obtained from 13C NMR supports the generation of desired 

product 63a. The signals at δ = 79.02 ppm and 77.06 ppm represents carbons of 

−C≡C− group and at δ = 57.23 ppm notifies the carbon of –CH2−O− group in the 

freshly synthesized alkyne molecule 63a. A triplet at δ = 78.25-77.74 ppm is due to 

the carbon of deuterated chloroform used as solvent to conduct NMR spectrum. 
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Signals at higher δ values i.e., from δ = 155.53-105.74 ppm corresponds to carbons in 

aromatic part of molecule 63a. 

4.16 4-((1-((1-benzyl-1H-1,2,3-triazol-4-yl) methoxy) naphthalen-4-yl) 

(phenyl)methylene) naphthalen-1(4H)-one (63b) 

4.16.1 Synthesis 

Using catalytic amount of [CuBr(PPh3)3] (0.001 mmol) complex, a highly 

stereoselective click cycloaddition reaction of newly synthesized 1-naphtholbenzein 

63 based terminal alkyne 63a and azidomethylbenzene 24 as an azide, the second 

reactant of Cu(I)-catalyzed cycloaddition reaction was conducted in a basic solvent 

system of THF:TEA (v/v, 1:1) to get 1-naphtholbenzein linked 1,2,3-triazole 

molecule 63b as a product shown in Figure 4.16. The basic medium promotes easy 

abstraction of terminal alkynyl proton to form copper-acetylide intermediate that 

further reacts with azide 24 very stereoselectively to yield expected product 63b with 

a yield of 91% and melting point 160-162 °C. The triazole linker 63b was 

characterized by various spectroscopic techniques like IR, NMR and mass discussed 

in next sections and was further analyzed for its chemosensing applications through 

UV-Visible spectroscopy. 
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Figure 4.16: 4-((1-((1-benzyl-1H-1,2,3-triazol-4-yl) methoxy) naphthalen-4-yl) 

(phenyl)methylene) naphthalen-1(4H)-one 63b 

4.16.2 IR spectral analysis 

IR spectra of all the synthesized molecules (terminal alkyne 63a, 

azidomethylbenzene 24 and final outcome of click cycloaddition 63b) were obtained 

as neat in the range 4000-500 cm-1 and the results were compared for the success of 
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CuAAC reaction between terminal alkyne 63a and azide 24. IR peaks due to 

vibrational stretching of –C≡C−H, −C≡C− bonds of terminal alkyne found at     

3280 cm-1 and 2100 cm-1 respectively were absent in the vibrational spectrum of click 

generated product 63b confirms its generation. A signal at 2091 cm-1 in the IR of 

azidomethylbenzene 24 due to –N3 group was also absent in the spectrum of 

cycloaddition product 63b supports the expected result of CuAAC reaction. Signals at 

3010 cm-1 in the spectrum of 62b belongs to –C=C–H, at 2964 cm-1 is for methylene –

C–H stretching vibrations and at 1761 cm-1 signifies vibrational frequency of 

carbonyl group. Peaks at 1591 cm-1 and 1246 cm-1 are for the vibrations of –C=C– 

and –N=N– moieties in the heterocyclic product 63b.  

4.16.3 NMR spectral analysis 

1H NMR spectrum of 1,2,3-triazole derivative 63b strongly supports the click 

cycloaddition of terminal alkyne 63a with benzylazide 24 in the presence of Cu(I) as 

catalyst. The spectrum illustrates the downfield shifting of signal at δ = 4.86 ppm 

observed in the spectrum of alkyne 63a for the –CH2 protons linked with oxygen of 1-

naphtholbenzein unit to δ = 5.62 ppm in the spectrum of molecule 63b. This 

downfield shifting is due to the strong deshielding effect of 1,2,3-triazole ring in the 

molecule 63b. The disappearance of the signal due to terminal alkynyl proton at         

δ = 2.51 ppm also favors success of cycloaddition reaction. During fusion of alkyne 

63a with azide 24, the terminal alkynyl proton get converted into aromatic proton at 

C5 of 1,2,3-triazole ring and appeared at δ = 7.29 ppm. A singlet at δ = 5.44 ppm in 

the spectrum of heterocyclic compound 63b corresponds to –CH2 of methylbenzene 

unit. Signals in the range δ = 8.26-6.57 ppm belongs to the protons of aromatic system 

of molecule 63b. 

The 13C NMR spectrum also confirms the generation of cycloaddition product 

63b, depicting the signal at δ = 57.23 ppm for the carbon of –CH2−O− part in the 

spectrum of alkyne 63a that has been shifted downfield at δ = 62.06 ppm in the 

spectrum of 1,2,3-triazole linker 63b due to attachment of heterocyclic ring with this 

carbon. The singlet at δ = 53.96 ppm appeared due to carbon of  −CH2 of 

methylbenzene ring. This carbon was the part of benzyl azide 24, a component of 
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cycloaddition reaction. The peaks at δ = 79.02 ppm and 77.06 ppm due to carbons of 

−C≡C− in the spectrum of 63a shifted at higher δ values, as these carbons 

constituted 1,2,3-triazole ring in the expected product 63b. Peaks in the range δ = 

158.9-104.78 ppm corresponds to carbons of aromatic part of the synthesized 

heterocyclic compound 63b. 

4.16.4 Mass spectral and elemental analysis 

In the high-resolution mass spectrum of 1,2,3-triazole derivative 63b, the 

molecular ion peak observed at m/z = 546.22 (M+1)+ against the calculated molecular 

mass M = 545.21 strongly proves the generation of heterocyclic molecule 63b. The 

data obtained from elemental analysis was also in the line with the expected values 

and confirms the success of cycloaddition reaction of alkyne 63a and azide 24. 
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Chapter 4 

Section II 

 

Analysis of photophysical 

properties  

 

This section of chapter 4 presents detailed discussion of 

photophysical properties of newly synthesized 1,4-disubstituted 1,2,3-

triazole derivatives studied by UV-Visible and Fluorescence spectroscopy. 

The molecules are analyzed for their chemosensing behavior to detect 

various metal ions. 
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4.17 Introduction to electronic spectroscopy 

 UV-Visible spectroscopy (electronic spectroscopy) is an analytical tool to 

determine the existence of various types of compounds, mainly aromatic compounds, 

organic molecules with extended conjugation, transition metal complexes and many 

more. With the absorption of UV-Visible light by a molecule, the electronic 

transitions take place from occupied molecular orbitals to empty molecular orbitals, 

where the most probable transition involves excitation of electron from highest 

occupied molecular orbital (HOMO) to lowest unoccupied molecular orbital 

(LUMO). A set of bonding (σ, π), antibonding (σ*, π*) and non-bonding (n) 

molecular orbitals are present in molecules, where the bonding orbitals are generally 

filled and antibonding are empty to receive electrons during excitation [1-3]. The 

energy level diagram and various types of excitations occurring in molecules are 

presented in Figure 4.17.   

                                  σ * 

                                  π * 

                                  n           Energy 

                                  π 

                                  σ 

Figure 4.17: Molecular electronic energy levels and excitations 

Based upon the nature of electrons present in a molecule, the different types of 

electronic transitions are σ-σ*, π-π*, n-σ* and n-π*. The transitions involving n and π-

electrons happen by absorbing lesser amount of energy as compared to σ-electrons 

and show signals at higher wavelength of UV-Visible region (200-800 nm). 

Molecules having only σ-electrons generally absorb below 200 nm, which is not the 

feasible region for UV-Visible spectroscopy [4-5]. Hence, the electronic spectroscopy 

is more useful to study the molecules having n and/or π-electrons i.e., aromatic, 
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heterocyclic and unsaturated molecules. The objective of this research work was to 

synthesize novel molecules having chemosensing applications to be studied by UV-

Visible spectroscopy. Therefore, the aromatic compounds have been selected as 

starting materials for the synthesis of chemosensors, whose sensing towards various 

metal ions has been analyzed by UV-Visible spectroscopy. 

In addition to aromatic or unsaturated organic molecules, the transition metals 

or metal ions in their solutions also exhibit electronic transitions by absorbing UV-

Visible light. Due to their low electronegativities, these metals generally exist as 

positively charged species or cations and don’t move around one another, but attract 

species with high electron density and form coordination complexes [6]. The species 

with high electron density may be the solvent molecules or other foreign particles like 

the newly synthesized triazole derivatives, 59b-63b and 59c-60c, 62c discussed in this 

research work.  

The transition metal complexes formed so far can interact with photons of 

variable energies when irradiated with the light of UV-Visible region. During this 

interaction, there is always a possibility of number of electronic transitions. These 

excitations might involve the metal ion itself or the binding ligands (ions or molecules 

that coordinate with metal ion). For transition metals, these electronic excitations are 

known as d-d transitions. During the complexation of metal ion with ligands, all the d-

orbitals of metal ion are no longer degenerate i.e., undergoes splitting into different 

energy levels. When the light of particular frequency fall on these complexes, the 

electron from ground d-orbital gets excited into higher d-orbital by absorbing photons 

of suitable energy.  The d-d transitions generally require less energy, but don’t occur 

frequently, means very weak absorbance due to these excitations [7-9]. 

Another most common type of electronic transition is known as charge 

transfer transition that involves the excitation of most loosely held electrons from 

binding molecule (ligand) to the metal ion or vice versa and involves both the metal 

ion and ligand. Charge transfer transitions require much more energy, but occur 

frequently as allowed transitions and show stronger absorbances in the UV-Visible 

spectrum. The variations in the intensity of absorbance or wavelength of electronic 
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transitions on complexation of metal ions with different complexing agents form the 

basis of chemosensing of metal ions [10-11]. 

The chemosensing behavior of organic receptors can also be examined by 

fluorescence spectroscopy. Fluorescence is a kind of luminescence by electromagnetic 

radiations that causes excitation of a molecule, raising it to an excited electronic state, 

in other words, in fluorescence spectroscopy the molecules absorb a beam of light that 

excites its most loosely held electrons to higher energy states and then causes them to 

emit light of higher wavelength, means it is the wavelength of emitted light, which is 

being recorded in fluorescence spectroscopy. Wavelength of emitted light is always 

higher than the wavelength of light required for its excitation, because a molecule 

always needs higher energy for its electronic excitation than the emitted energy [12].  

4.18 Chemosensing studies of 1,2,3-triazole derivatives 59b and 59c  

4.18.1 UV-Visible spectroscopy for sensing studies of 59b 

The newly synthesized compound 59b has been investigated for its potential 

use in ion-sensing through UV-Visible spectroscopy, using a number of metal 

chlorides. o-cresolphthalein, the starting material used to synthesize the sensing probe 

59b has strong absorption in UV-Visible region, so considered as prime candidate to 

develop a chemosensor. On the other hand, the heterocyclic moiety incorporated as a 

result of CuAAC reaction creates a strong molecular framework with nitrogen donor 

atoms that can show complexation with various metal ions. In order to study the 

sensing behavior of heterocyclic molecule 59b, the UV-Visible titrations of 59b were 

performed with different metal ion solutions. 

Solvents like methanol, methanol mixed with water and acetonitrile mixed 

with water were used in the UV-Visible experiments. Based upon the results, it was 

concluded that the acetonitrile-water (CH3CN:H2O::4:1) mixture is an optimal solvent 

system due to high solubility of the test sample and fine absorption bands. Using this 

solvent system, 0.20 mM solution of 1,2,3-triazole derivative 59b and 0.50 mM 

solutions of metal salts such as Na(I), Cr(III), Mn(II), Fe(II), Co(II), Ni(II), Zn(II), 

Cd(II), Hg(II), Pb(II) and Ce(III) were prepared. To conduct ion analysis, 10 equiv. of 
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a 0.50 mM solution of each metal ion were added one by one into 0.20 mM solution 

of receptor 59b in a series of UV-Visible titrations. Figure 4.18 displays the results 

seen in samples containing 10 equiv. of corresponding metal ions in the solution of 

compound 59b. The sensitivity of manufactured probe for Pb(II) ions was declared by 

the maximum rise in absorbance value of ligand 59b upon addition of Pb(II) ions in 

comparison to other metal ions.  
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Figure 4.18: Absorption responses of molecule 59b on adding 10 equiv. of each 

metal ion separately in 0.20 mM of probe 59b in acetonitrile and water 

(CH3CN:H2O::4:1) 

The changes in the electronic distribution between the metal ion and the ligand 

are responsible for the observable variation in absorbance. Figure 4.19 provides more 

illustrated information of probe 59b towards different metal ions; here, a considerable 
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relative shift in the intensity of absorbance of UV-Visible spectrogram was seen for 

Pb(II) ions. 
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Figure 4.19: Relative change in absorbance of molecule 59b with different metal 

ions, observed at λmax = 275 nm 

In order to investigate the complete sensing features of probe 59b, the UV-

Visible titrations were conducted by adding 20 equiv. of 0.50 mM Pb(II) ion solution 

successively into a 0.20 mM solution of testing probe 59b and the results are depicted 

in Figure 4.20. In the beginning, the absorbance steadily increased with each new 

addition of metal ion solution, but after a specific concentration of Pb(II) ions, there 

was no longer any discernible rise in absorbance. In addition, there has been no 

observable shift in the wavelength, despite a very slight shortening (0.5-1.0 nm) in 

some additions. Figure 4.21(a) depicts the relative shift in absorbance maxima 

(An/Ao) with the subsequent addition of 20 equiv. of Pb(II) ions, where An = 

absorbance maxima with sequential addition of Pb(II) ions and Ao = Absorbance 



      

111 
 

maxima of ligand 59b without metal ion. The binding ratio of probe 59b:Pb(II) 

complex was calculated as 2:1 with binding constant of ligand-metal complexation as 

2.8 x 104 M-1, which shows strong chelation of receptor molecule with metal ions. 

From the correlation plot shown in Figure 4.21(b), the detection limit of Pb(II) ions 

was calculated as 13 µM. 
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Figure 4.20: Absorbance responses of 59b on adding 20 equiv. of 0.50 mM Pb(II) ion 

solution in 0.20 mM solution of chemosensor 59b in acetonitrile and water 

(CH3CN:H2O::4:1 

The synthesized probe 59b was also analyzed for its ion sensing potential with 

a sample having a mixture of metal ions. No interference of other metal ions was 

detected, that declares high sensitivity of 1,2,3-triazole derivative 59b towards Pb(II) 

ions.  
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Figure 4.21: (a) Relative change in absorbance (An/Ao) of 59b on adding 20 equiv. 

of 0.50 mM of Pb(II) ions. (b) Correlation plot [Ao-An/Ao vs. concentration of Pb(II) 

ions]  
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4.18.2 UV-Visible spectroscopy for sensing studies of 59c 

             On the same note, another o-cresolphthalein based probe 59c has also been 

explored for its ion-sensing behavior by UV-Visible spectroscopy using various metal 

ion solutions. With a solvent system, acetonitrile-water (CH3CN:H2O::4:1), 0.20 mM 

solution of heterocyclic compound 59c and 0.50 mM solutions of various metal ions 

such as as Na(I), Cr(III), Mn(II), Fe(II), Co(II), Ni(II), Zn(II), Cd(II), Hg(II), Pb(II) 

and Ce(III) were prepared. For ion detection, the UV-Visible studies were conducted 

for molecule 59c on adding 10 equiv. of 0.50 mM solution of each metal ion in 0.20 

mM of heterocyclic compound 59c. The absorption responses recorded for each 

sample having 10 equiv. of respective metal ions in the sample of molecule 59c were 

quite similar to the results recorded for the titrations with 59b as shown in Figure 

4.22. Here also, the maximum rise in absorbance (hyperchromic shift) of ligand 59c 

was observed with Pb(II) ions as compared to other metals, indicating its selectivity 

towards Pb(II) ions. 

In order to know the detailed sensing behavior of probe 59c upon coordination 

with Pb(II) ion, the absorption titrations were conducted with only Pb(II) ions. Figure 

4.22 shows the spectral responses recorded on adding 20 equiv. of metal ion in 0.20 

mM solution of testing molecule 59c. Initially, a noticeable rise in the intensity was 

found with each addition of Pb(II) ions, but after few additions, when whole ligand 

gets saturated with metal, no change in absorbance was recorded with further 

additions. Similar to the behavior of 59b, no appreciable change in wavelength was 

recorded with the addition of Pb(II) ions.  

Figure 4.23 (a) provides the relative shift in absorbance maxima (An/Ao) on 

adding 20 equiv. of Pb(II) ions in the sample of probe 59c, where An = absorbance 

maxima with sequential addition of Pb(II) ions and Ao = Absorbance maxima of 

ligand 59c without metal ion. The binding ratio of probe 59c:Pb(II) complex was 

found as 2:1 with binding constant as 3.2 x 104 M-1, from the correlation plot shown 

in Figure 4.23(b), the minimum limit of  detection of Pb(II) ions was calculated as 

11.2 µM. 
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Figure 4.22: Absorbance responses observed during addition of 20 equiv. of 0.50 

mM Pb(II) ion solution into 0.20 mM of probe 59c in acetonitrile-water 

(CH3CN:H2O::4:1) mixture. 
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Figure 4.23: (a) Graph of relative shift in absorbance (An/Ao) vs. concentration of 

Pb(II) ions. (b) Plot of Ao-An/Ao vs. concentration of Pb(II) 

          These highly selective chemosensors 59b and 59c allow a direct quantitative 

assay of Pb(II) ions by UV-Visible spectroscopy with detection limited to 13 µM and 

11.20 µM respectively. 

4.18.3 Probable binding mode of 59b/59c with Pb(II) 

According to the HSAB theory, Pb(II) is considered as borderline acid and can 

interact with a variety of ligands to exhibit a wide range of coordination modes. The 

synthesized 1,2,3-triazole derivatives 59b and 59c have more nitrogen and oxygen 

heteroatoms in their building blocks, making them capable to bind with Pb(II) ions. 

The computed 2:1 stoichiometry of the 59b/59c:Pb(II) complex from the relative 

change in absorbance with the serial addition of Pb(II) ions implies the encapsulation 

of Pb(II) by two receptor units and the probable binding is as illustrated in Figure 

4.24. Previous studies have shown that the Pb(II) ions, being bigger in size, are able to 

effectively combine with ligands that have cage-like structures and can stabilize a 
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high coordination number [13-14]. The two receptor units constitute a perfect cavity 

to retain the Pb(II) ion, which is in accordance with the reported stoichiometry. 
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Figure 4.24: Possible complexation of probe 59b with Pb(II) ions  

 

4.19 Chemosensing studies of 1,2,3-triazole derivatives 60b and 60c  

4.19.1 UV-Visible spectroscopy for sensing studies of 60b 

The 1,2,3-triazole linker 60b has been synthesized from 1,4-

dihydroxyanthraquinone based alkyne, having strong absorption and emission in UV-

Visible region i.e., 200-800 nm and on Cu(I)-catalyzed cycloaddition with 

azidomethylbenzene, the formation of 1,2,3-triazole ring with three nitrogen atoms 

creates a molecular system that can coordinate with a specific metal ion and the 

changes in spectral behavior of which on complexation with metal ion can be studied 

by UV-Visible spectroscopy. To study the sensing behavior of synthesized molecule 

60b, the UV-Visible analyses has been conducted in different solvent systems, like 

acetonitrile, methanol, acetonitrile-water and methanol-water combinations. Out of 

various solvent systems, the acetonitrile-water (CH3CN:H2O::4:1) mixture has been 

found as the best, because of the better solubility of testing 1,2,3-triazole molecule as 
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well as fineness of the absorption spectra at room temperature and natural pH 

conditions. With the optimization of concentration value, the 0.50 mM solution of 

testing probe 60b and 0.50 mM solutions of various metal ions like, as Na(I), K(I), 

Ba(II), Cr(III), Mn(II), Fe(II), Fe(III), Co(II), Ni(II), Zn(II), Cd(II), Hg(II), Pb(II) and 

Ce(III) were prepared in selected solvent mixture. To examine the chemosensing 

nature of newly generated molecular assembly 60b, the UV-Visible 

spectrophotometric titrations were done with the sequential addition of 10 equiv. of 

0.50 mM solution of different metal ion separately into the solution of examining 

molecule. The analyte 60b has shown significant change in the absorption peak on 

addition of Fe(II) ions as compared to other metal ions.  
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Figure 4.25: Absorption responses recorded with the subsequent addition of 15 equiv. 

of 0.50 mM of Fe(II) ions in 0.50 mM solution of receptor 60b in acetonitrile-water 

(CH3CN:H2O::4:1) mixture as solvent system  

Thereafter, the absorption titrations were performed for molecule 60b with the 

subsequent addition of 15 equiv. of 0.50 mM of Fe(II) ions into 0.50 mM of triazole 

derivative 60b, in order to study its complete chemosensing nature. An observable 
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decrease in absorption intensity has been recorded in between 380 nm and 468 nm 

along with hypochromic shifting in absorption maxima with each successive addition 

of Fe(II) ions into the solution of complexing agent 60b, as presented in Figure 4.25, 

whereas a rise in absorption intensity was observed above 468 nm and below 380 nm, 

generating isosbestic points at these particular wavelengths. The absorption maximum 

at 406 nm shows a shift to lower wavelength of 402 nm with an increase in 

concentration of Fe(II) ions from 0.01 mM to 0.14 mM, causing hypsochromic shift 

of 4 nm.  
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Figure 4.26: Relative shift in absorbance [Ao-An/Ao] vs. concentration of Fe(II) 

ions, An = Absorbance intensity with each addition of Fe(II) ions and Ao = 

Absorption maximum of 0.50 mM of triazole linker 60b 

The Figure 4.26 shows the relative shift in absorbance [Ao-An/Ao] of probe 

60b with the sequential addition of Fe(II) ions, where An = Absorbance maxima with 

each addition of Fe(II) ions and Ao = Absorption intensity of ligand 60b without 

metal ion. From the correlation plot shown in Figure 4.26, the minimum detection 
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limit of Fe(II) ions by the receptor unit 60b has been computed as 10 µM with 1:1 

stoichiometry of 60b: Fe(II) complexation.  

4.19.2 UV-Visible spectroscopy for sensing studies of probe 60c 

Following the same procedure, as practiced for the chemosensing analysis of 

probe 60b, the 1,2,3-triazole derivative 60c was also explored for its sensing quality. 

The sensing behavior of testing molecule 60c (0.50 mM) was investigated with     

0.50 mM solutions of various metal ions such as Na(I), K(I), Ba(II), Cr(III), Mn(II), 

Fe(II), Fe(III), Co(II), Ni(II), Zn(II), Cd(II), Hg(II), Pb(II) and Ce(III), each prepared 

in acetonitrile-water (CH3CN:H2O::4:1) solvent system through UV-Visible 

spectroscopy. The absorption titrations were conducted with the addition of 10 equiv. 

of 0.50 mM of different metal ion solutions separately into the solution of testing 

probe 60c. The noticeable change in the absorption spectrum was observed with the 

addition of Fe(II) ions in the solution of 60c.  
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Figure 4.27: Absorbance responses recorded for probe 60c (0.50 mM) with the 

addition of 15 equiv. of 0.50 mM Fe(II) ions in acetonitrile-water (CH3CN:H2O::4:1) 

solvent mixture 
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Thereafter, the UV-Visible spectrophotometric titrations were conducted with 

the successive addition of 15 equiv. of Fe(II) ions (0.50 mM) into the solution of 

molecule 60c (0.50 mM) and the responses recorded are as presented in Figure 4.27. 

For 1,2,3-triazole derivative 60c, the decrease in absorption intensity with each 

successive addition of Fe(II) ions and hypsochromic shift of 7 nm was recorded with 

an increase in concentration of Fe(II) ions from 0.01 mM to 0.14 mM along with the 

isosbestic points at 392 nm and 455 nm. In the region between isosbestic points, the 

decrease in absorption was recorded, whereas an increase in absorption was observed 

above 455 nm and below 392 nm with successive increase in concentration of Fe(II) 

ions. The lowest limit of detection for probe 60c was calculated from corelation plot 

shown in Figure 4.28, which is found as 9.3 µM in acetonitrile-water 

(CH3CN:H2O::4:1) solvent mixture.
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Figure 4.28: Graph presenting [Ao-An/Ao] vs. concentration of Fe(II) ions, An = 

Absorption intensity with each stepwise addition of Fe(II) ions and Ao = Absorption 

maximum of 0.50 mM of probe 60c without metal ion 

This exceptional behavior of complexing agents, 60b and 60c with Fe(II) ions 

with respect to other metals proves their sensitivity and selectivity towards the 
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detection of Fe(II) ions. The decrease in the absorption intensity along with the 

shifting of signal towards lower wavelength with every addition of Fe(II) ions for 

both 60b and 60c have shown that these changes are more significant for molecule 

60c indicating high sensitivity of probe 60c towards the selective detection of these 

ions with a minimum limit of detection of Fe(II) ions with 60c as 9.3 µM computed 

from the plot depicted in Figure 4.28.  

4.19.3 Fluorescence spectroscopic studies with 60c 

Similar to the UV-Visible titrations, the chemosensing nature of heterocyclic 

compound 60c has also been explored through fluorescence spectroscopy. The 

fluorescence spectrometric titrations were conducted for 60c with the subsequent 

addition of 12 equiv. of 0.10 mM solution of Fe(II) ions into 0.10 mM of testing 

molecule 60c at λex = 406 nm. With increase in concentration of Fe(II) ions from 

0.003 mM to 0.025 mM, a noticeable decrease in emission intensity along with the 

shifting of emission bands from wavelength 563 nm to 551 nm was observed and 

shown in Figure 4.29.  
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Figure 4.29: Emission responses of 1,2,3-triazole linker 60c (0.10 mM) with the 

successive addition of 12 equiv. of 0.10 mM solution of Fe(II) ions in acetonitrile-

water (CH3CN:H2O::4:1) solvent mixture at λex = 406 nm 
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Figure 4.30: Emission intensity ratios (Fo/F) for 60c in between 563 nm to 551 nm 

vs. concentration of Fe(II) ions varying from 0.003 mM to 0.025 mM at λex = 406 nm 

From the fluorescence data, a plot of fluorescence intensity ratio, Fo/F vs. 

concentration of Fe(II) ions was drawn, which shows a regular increase in 

fluorescence intensity ratio with an increase in concentration of Fe(II) ions as 

presented in Figure 4.30. Putting this data into Stern-Volmer equation, as given 

below, the binding coefficient for the ligand-metal interaction was calculated.  

Fo/F = 1 + Ksv [Q]  (Stern-Volmer equation) 

 Fo in equation is the fluorescence intensity of molecule 60c and F is the 

fluorescence intensity of molecule 60c with the addition of Fe(II) ions at 

concentration Q. Ksv is the Stern-Volmer or binding coefficient of probe 60c for the 

complexation with Fe(II) ions, which is calculated as 14.28 x 104 M-1. 
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4.19.4 Probable binding mode of 60b/60c with Fe(II) 

As per the postulates of HSAB theory, the iron is identified as hard acid and 

has tendency to interact with hard bases i.e., ligands having oxygen and/or nitrogen 

atoms as donor sites. Literature survey on chemosensing of iron has revealed few 

reports, describing the synthesis of organic molecules having nitrogen and oxygen 

atoms and has been employed as chemosensor of Fe(II) ions. The data mentioned in 

those reports have witnessed the binding of Fe(II) ions with the organic complexing 

agents through nitrogen and oxygen atoms [15-17]. The organic molecules 60b and 

60c synthesized in this research work are appended with 1,2,3-triazole rings having 

three nitrogen atoms and anthraquinone moiety with oxygen atoms can hold Fe(II) 

ions by coordinating through these atoms. The absorption responses recorded during 

the UV-Visible titrations of these linkers with the addition of Fe(II) ions declares the 

binding ratio of ligand:metal ion as 1:1.The possible binding mode of ligand 60b with 

Fe(II) is presented in Figure 4.31. Fe(II) ions may bind with synthesized molecules 

through the acceptance of lone pair of electrons on binding atoms into their vacant 

orbitals.  
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Figure 4.31: Possible binding mode of synthesized 1,2,3-triazole derivative 60b with 

Fe(II) ions.   

4.20 Chemosensing studies of 1,2,3-triazole derivative 61b  

4.20.1 UV-Visible spectroscopy for sensing studies of 61b 
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The probe 61b has been analyzed for its ion-sensing behavior using solutions 

of a set of metal chlorides. The excellent absorption of 1-naphtholphthalein 61 in UV-

Visible region make it a good choice to use as starting material for the synthesis of 

chemosensor and during the cycloaddition reaction, the generation of heterocyclic 

triazole ring with three snitrogen atoms provides a molecular moiety to coordinate 

with specific metal ion. The studies were performed using various solvents and 

among them, the combination of acetonitrile and water (CH3CN:H2O::4:1) was 

evaluated as the best solvent owing to the better solubility of testing analyte. 

Thereafter, the solutions of testing probe 61b (0.50 mM) and metal salts of Na(I), 

K(I), Ba(II), Cr(III), Mn(II), Fe(II), Co(II), Ni(II), Zn(II), Cd(II), Hg(II), Pb(II) and 

Ce(III) each with concentration 1.00 mM were prepared using acetonitrile and water 

(CH3CN:H2O::4:1) mixture. To examine the ion-sensing potential, the absorption 

titrations were conducted for 61b on adding 20 equiv. of 1.00 mM solution of each 

metal ion separately into 0.50 mM solution of receptor molecule at room temperature 

and the absorption responses recorded for different samples are as presented in Figure 

4.32. The significant decrease in the absorbance of testing chemosensor 61b at λ = 

438 nm upon addition of Co(II) ions was noticed in contrast to rest of the metals that 

indicates the selectivity of newly prepared heterocyclic probe 61b for Co(II). Figure 

4.33 highlights the relative change in absorption of testing probe for various metal 

ions, where an abundant relative shift in the absorbance has been observed for Co(II) 

ions. 

To examine the complete sensing characteristics of receptor 61b with change 

in concentration of Co(II) ions, the absorption titrations were conducted with the 

serial addition of 15 equiv. of 1.00 mM Co(II) ions in 0.50 mM solution of the sample 

61b and the absorption results obtained were as depicted in Figure 4.34. A uniform 

dip in the absorption intensity was recorded with each addition of Co(II) ions without 

any significant change in λmax. This decrease in absorption intensity of organic 

complexing moiety, on complexation with Co(II) ions has also been supported by 

various studies reported in literature [18-20].   
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Figure 4.32: UV-Visible spectral responses recorded for testing probe 61b on 

addition of 20 equiv. of different metal ions (1.00 mM) separately into 0.50 mM 

solution of 61b 
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Figure 4.33: Relative change in absorption responses for probe 61b with various 

metal ions in acetonitrile-water (CH3CN:H2O::4:1) as solvent system, observed at λmax 

= 438 nm on adding 20 equiv. of each metal ion (1.00 mM) solution separately into 

0.50 mM solution of chemosensor 61b 
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The relative absorbance (An/Ao) with increase in concentration of Co(II) ions 

is presented in Figure 4.35(a), where An = Absorption intensity with each addition of 

Co(II) ions and Ao = Absorption intensity of probe 61b without Co(II) metal ion. The 

minimum limit of detection of Co(II) with the synthesized probe has been calculated 

from plot shown in Figure 4.35(b) and was found as 1.87 µM with the stoichiometry 

of probe 61b:Co(II) complex as 1:1. From absorption data, the binding constant for 

ligand-metal complexation was calculated as 5.7 x 104 M-1. 
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Figure 4.34: Absorbance responses recorded during each successive addition of    

1.00 mM Co(II) ions in 0.50 mM of probe 61b using acetonitrile-water 

(CH3CN:H2O::4:1) as solvent system.  



      

127 
 

0.00 0.05 0.10 0.15 0.20 0.25

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00
A

n
/A

o

Concentration of Co(II) 10-3 M

(a)

 

0.00 0.05 0.10 0.15 0.20 0.25

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

A
o
-A

n
/A

o

Concentration of Co(II) 10-3 M

(b)

y = 0.703x - 0.013

R
2
 = 0.9841

 

Figure 4.35: (a) Relative change in absorption intensity (An/Ao) of testing probe on 

adding 15 equiv. of 1.00 mM Co(II) ions. An = Intensity of absorption of 61b for each 

addition of Co(II) ions and Ao = Intensity of absorption of chemosensor 61b without 

Co(II) ions. (b) Plot of Ao-An/Ao vs. concentration of Co(II) ions. 
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4.20.2 Probable binding mode of 61b with Co(II) 

According to HSAB theory, Co(II) is categorized as borderlines acid that has 

tendency to interact with receptors having both hard as well as soft basic moiety. Few 

searches related to Co(II) ion sensing have reported the coordination of this metal ion 

with nitrogen and oxygen donor atoms [21-22]. The newly synthesized compound 

61b has both these heteroatoms to coordinate with Co(II) ions through the transfer of 

lone pair of electrons present on these heteroatoms into vacant orbitals in the 

outermost shell of Co(II). The results of relative change in absorbance with change in 

concentration of metal ion shows 1:1 stoichiometry of 61b:Co(II) complex. As per the 

observed stoichiometry, the two triazole rings of the synthesized heterocyclic probe 

constitute a perfect cavity to surround Co(II) and the possible binding mode for 

complexation is as shown in Figure 4.36.  
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Figure 4.36: Plausible complexation of Co(II) ion with heterocyclic compound 61b. 
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4.21 Chemosensing analysis of 1,2,3-triazole derivatives 62b and 62c 

4.21.1 UV-Visible spectroscopy for sensing studies of 62b 

Similar to the molecules 59b-61b and 59c-60c, the 1,2,3-triazole linked 

molecule 62b has also been investigated for its chemosensing behavior by UV-Visible 

spectroscopy. In order to analyze its ion-sensing behavior, the absorption titrations 

were conducted with solutions of various metal ions. The significant absorption of 

sudan-IV dye 62 in UV-Visible region due to presence of azo-groups in its structure 

proves it a good choice to use as substrate for the synthesis of chemosensor 62b and 

during the cycloaddition reaction between sudan-IV based terminal alkyne 62a and 

benzylazide 24 in the presence of catalytic amount of [CuBr(PPh3)3] complex, the 

generation of 1,4-disustituted 1,2,3-triazole ring with three nitrogen atoms produces 

an excellent system to coordinate with specific metal ions. The studies were 

performed using various solvents and out of those, the mixture of acetonitrile:water 

(CH3CN:H2O::4:1) was found as the suitable solvent system owing to the complete 

solubility of testing molecule 62b along with clarity of absorption spectrum. 

Thereafter, the solutions of testing analyte 62b (0.20 mM) and metal salts of Na(I), 

K(I), Ba(II), Cr(III), Mn(II), Fe(II), Fe(III), Co(II), Ni(II), Zn(II), Cd(II), Hg(II), 

Pb(II) and Ce(III)  each of concentration 0.50 mM were made ready in the selected 

solvent system.  

In order to analyze the sensing behavior of molecule 62b, absorption titrations 

were conducted for sudan-IV appended 1,2,3-triazole derivative 62b on adding 10 

equiv. of 0.50 mM solution of each metal ion separately into 0.20 mM solution of 

receptor molecule at room temperature and the absorption spectra recorded for 

different samples are as depicted in Figure 4.37. The significant rise in absorbance of 

testing chemosensor 62b at λ = 350 nm and λ = 422 nm with the addition of Fe(III) 

ions in contrast to other ions, describes the selectivity of newly prepared heterocyclic 

molecule 62b for Fe(III) ions.  
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Figure 4.37: UV-Visible spectral responses for testing probe 62b on addition of 10 

equiv. of different metal ions (0.50 mM) separately into 0.20 mM solution of 

molecule 62b in acetonitrile-water (CH3CN:H2O::4:1) mixture 

In order to examine the sensing characteristics of receptor 62b with the change 

in concentration of Fe(III) ions, the UV-Visible titrations were carried out with the 

addition of 20 equiv. of 0.50 mM Fe(III) ions in 0.20 mM of sample 62b and the 

spectra recorded are as shown in Figure 4.38. Initially, a uniform rise in the 

absorption intensity was recorded with each addition of Fe(III) ions, whereas, after 

certain additions, no effect on absorption was recorded with increase in concentration 

of metal ion. The relative change in absorption intensity (An/Ao) with increase in 

concentration of Fe(III) ions is presented in Figure 4.39(a), where An = Absorbance 

with each stepwise addition of Fe(III) ions and Ao = Absorption intensity of probe 

61b without Co(II) metal ions. The minimum limit of detection of Fe(III) ions with 

the synthesized probe has been computed as 6.50 µM with the stoichiometry of 

complexation of probe 62b: Fe(III) as 1:1 and binding constant as 1.8 x 104 M-1, from 

graph presented in Figure 4.39 (b). 
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Figure 4.38: Absorbance responses of heterocyclic compound 62b recorded with 

each addition of 20 equiv. of 0.50 mM of Fe(III) ions in 0.20 mM of 62b in 

acetonitrile-water (CH3CN:H2O::4:1) mixture 
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Figure 4.39: (a) Relative change in absorption intensity (An/Ao) of testing probe on 

addition of 20 equiv. of 0.50 mM Fe(III) ions into 0.20 mM of 62b. An = Absorbance 

maxima for each addition of Fe(III) ions and Ao = Intensity of absorption of 

chemosensor 62b without Fe(III) ions. (b) Plot of Ao-An/Ao vs. concentration of 

Fe(III) ions, where the limit of detection of Fe(III) ions was found as 6.5 µM 

4.21.2 UV-Visible spectroscopy for sensing studies of molecule 62c 

             UV-Visible spectroscopic titrations were also performed to investigate the 

sensing behavior of another sudan-IV based 1,2,3-triazole derivative 62c, that was 

prepared as a result of Cu(I)-catalyzed cycloaddition reaction of sudan-IV based 

alkyne 62a with azidomethylnaphthalene 58. Using acetonitrile-water 

(CH3CN:H2O::4:1) mixture as solvent system, 0.20 mM solution of heterocyclic 

compound 62c and 0.50 mM solutions of various metal such as Na(I), K(I), Ba(II), 

Cr(III), Mn(II), Fe(II), Fe(III), Co(II), Ni(II), Zn(II), Cd(II), Hg(II), Pb(II) and Ce(III) 

were prepared. For ion detection, the absorption titrations were carried out for 

molecule 62c with the addition of 10 equiv. of 0.50 mM solution of different metal 

ions separately in 0.20 mM of 1,2,3-triazole derivative 62c. Similar to 62b, a 

noticeable hyperchromic shifting of absorption was observed with the addition of 

Fe(III) ions in the 0.20 mM solution of receptor 62c, indicating no change in sensing 
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behavior with the introduction of one more phenyl ring in the structure of organic 

azide. 

The UV-Visible spectral results observed with the addition of 15 equiv. of 

0.50 mM Fe(III) ion solution into 0.20 mM of molecule 62c are presented in Figure 

4.40. The noticeable increase in the absorption intensity was found with each addition 

of Fe(III) ions into the solution of ligand 62c and after a stage, no change in 

absorbance was recorded with further additions. Figure 4.41 (a), presents the relative 

change in absorption (An/Ao) upon sequential addition of Fe(III) ions where An = 

Absorption intensity with each addition of Fe(III) ions and Ao = Absorption intensity 

of ligand 62c without metal ion. The minimum detection limit of Fe(III) ions has been 

computed from the plot displayed in Figure 4.41(b) and was found as 6.38 µM with 

stoichiometry of complexation of 62c: Fe(III) as 1:1 and and binding constant as 1.9 x 

104 M-1. 

200 300 400 500 600

0.2

0.4

0.6

0.8

1.0

1.2

1.4

A
b

so
r
b

a
n

c
e
 (

a
.u

.)

Wavelength (nm)

Fe(III)

 

Figure 4.40: UV-Visible responses of 0.20 mM of ligand 62c on addition of 15 equiv. 

of 0.50 mM of Fe(III) ions  
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Figure 4.41: (a) Relative change in absorption intensity (An/Ao) of testing probe 62c 

on addition of 15 equiv. of 0.50 mM Fe(III) ions into 0.20 mM of 62c. (b) Plot of Ao-

An/Ao vs. Concentration of Fe(III) ions, where the limit of detection of Fe(III) ions 

was found as 6.38 µM 
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4.21.3 Probable binding mode of 62b/62c with Fe(III) 

According to HSAB theory, iron is classified as hard acid and likely to show 

binding with hard bases such as ligands having nitrogen and oxygen as binding sites. 

The literature studies regarding iron sensing have reported few organic receptor units 

equipped with oxygen and nitrogen atoms as coordinating sites to show complexation 

with Fe(III) ions [23-24]. The molecules 62b and 62c obtained as a result of CuAAC 

reaction contain heterocyclic 1,2,3-triazole moiety having three nitrogen atoms and 

sudan-IV linker with azo-groups to co-ordinate with Fe(III). From the plot of relative 

shift in absorption of molecules 62b and 62c with respect to change in concentration 

of Fe(III) ions, the binding ratio of ligand-metal complex was calculated as 1:1. In 

line with the observed stoichiometry, the possible binding of metal ion with 1,2,3-

triazole derivative 62b is given in Figure 4.42.  
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Figure 4.42: Possible binding mode of synthesized 1,2,3-triazole derivative 62b with 

Fe(III) ions.   

4.22 Chemosensing analysis of 1,2,3-triazole derivative 63b  

4.22.1 UV-Visible spectroscopy for sensing studies of 1,2,3-triazole derivative 63b 

1-naphtholbenzein based 1,2,3-triazole linker 63b, synthesized through Cu(I)-

catalyzed alkyne-azide cycloaddition of 1-naphtholbenzein based alkyne 63a and 

azidomethylbenzene 24 has been investigated for its ion sensing behavior towards 
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several metal ions. The excellent absorption of 1-naphtholbenzein 63 and 

chloromethylbenzene 57 in UV-Visible region make them a better choice to use as 

starting materials for the synthesis of chemosensor 63b. 1-naphtholbenzein was 

converted to terminal alkyne 63a, the first reactant of CuAAC reaction that was 

generated by the substitution of proton of hydroxyl group on molecule 63 with 

propynyl group following a suitable procedure. Chloromethylbenzene was converted 

to azidomethylbenzene 24, the second component of click cycloaddition, on treatment 

with sodium azide under suitable reaction conditions. During the cycloaddition 

reaction between 1-naphtholbenzein based terminal alkyne 63a and 

azidomethylbenzene 24, the generation of heterocyclic 1,2,3-triazole ring having three 

nitrogen atoms fabricates an excellent molecular setup for binding with metal ions. 

The molecular assembly 63b has nitrogen as well as oxygen atoms to coordinate with 

a specific metal ion and make this molecule a chemosensor for the detection of that 

metal ion. Considering this specific feature of the molecule 63b, the sensing studies 

were performed on UV-Visible spectrophotometer using various solvents and among 

them, the combination of acetonitrile and water (CH3CN:H2O::4:1) was analyzed as 

the best solvent in respect to solubility of testing analyte as well as fineness of 

absorption spectrum. Thereafter, the solutions of testing molecule 63b (0.20 mM) and 

metal salts of Na(I), K(I), Ba(II), Cr(III), Mn(II), Fe(II), Fe(III), Co(II), Ni(II), Cu(I), 

Zn(II), Cd(II), Hg(II), Pb(II), Th(IV) and Ce(III) each of concentration 0.50 mM were 

made in acetonitrile-water (CH3CN:H2O::4:1) solvent mixture. 

For ion detection, the absorption titrations were conducted for heterocyclic 

compound 63b with the sequential addition of 10 equiv. of 0.50 mM of each metal 

separately in 0.20 mM of ligand molecule 63b at room temperature. Ligand 63b was 

showing two peaks with maximum intensity at λ = 426 nm and λ = 303 nm. No 

significant change in the absorption of ligand 63b was observed with the addition of 

various metal ions except for Cu(II). Changes in the absorption responses recorded 

with an increase in concentration of Cu(II) ions from 0.013 mM to 0.174 mM are 

shown in Figure 4.43. The noticeable changes in the absorbance intensity of testing 

chemosensor 63b was observed at λ = 426 nm and λ = 303 nm upon addition of 

Cu(II) ions into 0.20 mM solution of molecule 63b. 
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Figure 4.43: UV-Visible spectral responses of 1,2,3-triazole derivative 63b with 

increase in concentration of Cu(II) ions from 0.013 mM to 0.174 mM in acetonitrile-

water (CH3CN:H2O::4:1)  mixture 

With an increase in concentration of Cu(II) ions, hypochromic shifting in the 

intensity of absorbance was recorded at λ = 426 nm. In between λ = 500-520 nm, an 

isosbestic point was observed, above λ = 520 nm, an increase in intensity was noticed 

with increase in concentration of metal ion, whereas below λ = 500 nm, there is a 

regular decrease in intensity with each successive addition of Cu(II) ion. Highly 

significant change in the absorption pattern was recorded below and above λ = 290 

nm, a visible isosbestic point, with rise in concentration of Cu(II) ions. The deep 

examination of results obtained from UV-Visible spectroscopy indicates the 

sensitivity of synthesized probe 63b towards Cu(II) ions. In order to support the 

results obtained from UV-Visible titrations, the chemosensing studies has also been 

extended with Fluorescence spectroscopy. 
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4.22.2 Fluorescence spectroscopic studies of 63b  

The fluorescence spectroscopic titrations were performed for heterocyclic 

molecule 63b of concentration 0.10 mM with 0.01 mM of Cu(II) ions in acetonitrile-

water (CH3CN:H2O::4:1) solvent system. Significant fluctuations in the emission 

spectra of testing probe were observed at wavelengths 372 nm, 579 nm and 730 nm at 

λex = 290 nm as shown in Figure 4.44 (a). At wavelengths 372 nm and 730 nm, 

noticeable fall in emission intensity was recorded with increase in concentration of 

Cu(II) ions, whereas at wavelength 579 nm {Figure 4.44(b)}, the emission intensity 

goes on increasing with the successive addition of Cu(II) ions. This distinctive 

fluorescence response of 63b towards Cu(II) ions makes this receptor selective for the 

recognition of these ions. 
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Figure 4.44(a): Emission spectra of testing analyte 63b (0.10 mM) with the 

successive addition of 0.01 mM of Cu(II) ions in acetonitrile and water 

(CH3CN:H2O::4:1) mixture 

500 550 600 650

0

50000

100000

150000

F
lu

or
es

ce
n

ce
 i

n
te

n
si

ty

Wavelength (nm)

 Ligand 63b

 1 equiv.

 2 equiv.

 3 equiv.

 4 equiv.

 5 equiv.

 6 equiv.

 7 equiv.

 8 equiv.

 9 equiv.

 10 equiv.

Cu(II)

 

Figure 4.44(b): Fluorescence spectra for 63b recorded at λex = 290 nm showing 

increase in emission intensity at λ = 579 nm with increase in concentration of Cu(II) 

ions 
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Figure 4.45: Relative change in emission intensity (Fo/F) with increase in 

concentration of Cu(II) ions from 0.32 x 10-5 M to 2.50 x 10-5 M at λ = 372 nm 
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The relative change in emission intensity (Fo/F) with increase in concentration 

of Cu(II) ions from 0.32 x 10-5 M to 2.50 x 10-5 M at wavelength λ = 372 nm is shown 

in Figure 4.45, where Fo is the fluorescence maximum of ligand 63b without the 

addition of Cu(II) ions and F is the fluorescence intensity with each successive 

addition of Cu(II) ions in the solution of probe 63b. From this graph, the minimum 

limit of detection of Cu(II) ions by heterocyclic molecule 63b was calculated as 3.12 

µM and on putting this fluorescence data into Stern-Volmer equation, the binding 

constant of this complexation was found as 0.15 x 105 M-1. Figure 4.46 shows the 

relative change in emission intensity (Fo/F) with change in concentration of Cu(II) 

ions at wavelength, λ = 579 nm, from where binding ratio of ligand-metal 

complexation has been calculated as 2:1. 
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Figure 4.46: Relative change in emission intensity (Fo/F) with increase in 

concentration of Cu(II) ions from 0.32 x 10-5 M to 2.50 x 10-5 M at λ = 579 nm. The 

63b:Cu(II) complex ratio is found as 2:1 

4.22.3 Probable binding mode of probe 63b with Cu(II)  

Based upon the concept of HSAB theory, Cu(II) is classified as borderline 

acid and has potential to interact with receptor units having both hard as well as soft 
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basic sites. Literature survey has revealed various complexing units found to show 

interaction with Cu(II) ions through oxygen and nitrogen donor sites [25-27]. The 

newly synthesized complexing agent, 1,2,3-triazole derivative 63b is enriched with 

oxygen and nitrogen atoms to coordinate with Cu(II) ions. The relative change in 

absorption intensity with change in concentration of metal ion shows binding ratio of 

63b:Cu(II) complexation as 2:1. As per the observed stoichiometry, the two 1,2,3-

triazole linked molecules 63b arrange themselves to create a cavity to encapsulate the 

Cu(II) ions and the possible binding mode for the complexation may be as per the 

interaction shown in Figure 4.47.  
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Figure 4.47: Possible binding of 1,2,3-triazole derivative 63b with Cu(II) ions. From 

job’s plot, the binding ratio of 63b:Cu(II) has been found as 2:1 

4.23 Conclusion  

The 1,2,3-triazole linkers presented in this section are heterocyclic compounds 

having three nitrogen atoms in the triazole ring, that fabricate a perfect moiety to 

coordinate with metal ions. Each molecule is appended with good chromophoric unit 

in their structure, so have excellent absorption in UV-Visible region that helps in 

analyzing their sensing behavior through UV-Visible and Fluorescence spectroscopy. 

This section describes the chemosensing studies of various novel 1,2,3-triazole 

derivatives synthesized through CuAAC reaction of newly synthesized terminal 

alkynes with two different azides (azidomethylbenzene and azidomethylnaphthalene) 

and it was observed that 1,2,3-triazole derivatives prepared from cycloaddition of two 

different organic azides with same terminal alkyne do not differ much in their 
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chemosensing behavior. Both the molecules are showing their sensitivity towards 

same metal ion and almost to same extent. The observed spectral responses for 

different probes are shown in various figures, from where their specificity towards a 

particular metal ion is examined. The analytical calculations for the determination of 

limit of detection of metal ion, binding ratio of receptor:metal ion complex as well as 

binding constant for various newly synthesized 1,2,3-triazole linkers are done and 

reported in the text. 
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Thesis overview 
 

 

 

This section packs down complete thesis into a compact form and briefly 

describes all the work done such as experimental data along with the results obtained. 



      

144 
 

The present research work involves the synthesis of 1,2,3-triazole linked 

molecules, their characterization by various spectroscopic techniques and 

chemosensing applications to detect various metal ions.  Whole work is divided into 

four main parts: Introduction (Chapter 1), Review of literature (Chapter 2), 

Experimental details (Chapter 3) and Results and discussion (Chapter 4)  

Chapter 1: Introduction 

This chapter presents detailed discussion and outcomes of Cu(I)-catalyzed 

alkyne-azide cycloaddition reaction (CuAAC), an important class of ‘Click 

Chemistry’. The chapter is divided into various sections and subsections describing 

several aspects of CuAAC reaction along with the importance of heterocyclic product 

obtained as a result of this cycloaddition reaction. First section introduces with the 

historical aspects of ‘Click Chemistry’ including contribution of Sir K. B. Sharpless, a 

noble laureate and founder of ‘Click Chemistry’ who introduced this term in 2001. 

‘Click Chemistry’ is not a new set of synthetic chemistry, but an advanced form of 

previously discovered reactions to be conducted under simple and ambient reaction 

conditions to get pure product with high yield. Among the various types of click 

chemistry reactions, the main attraction of this chapter is the discussion of 1,3-dipolar 

cycloaddition reactions investigated in late 19th century to early 20th century with the 

invention of various types of 1,3-dipoles. Application part of this reaction was 

investigated with the research outcome of Rolf Huisgen 1,3-dipolar cycloaddition 

reaction shown in Figure S1, involving cycloaddition of organic azide as a dipole with 

an alkyne as a dipolarophile, but this reaction was suffering from the difficulty in 

separation of two isomers formed as a result of cycloaddition process. 

R N3 + R' N

N N

R R'

Azide Alkyne

+ N

NN

R

R'

98 oC

18 h

1,4-disubstituted triazole 1,5-disubstituted triazole

 

Figure S1:  Rolf Huisgen 1,3-dipolar cycloaddition reaction to form two di-

substituted 1,2,3-triazole products 
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The reaction gained extreme importance and worldwide popularity, when Dr. 

K. B. Sharpless, in 2001, performed the same reaction using Cu(I) as catalyst (Figure 

S2). Presence of catalytic amount of Cu(I) improved the rate as well as 

stereoselectivity of the reaction, i.e. generation of only 1,4-disubstituted 1,2,3-triazole 

as an exclusive product in high yield and purity under simple reaction conditions.  

R N3 +
Cu(I), stirr, rt, Solvent

or µw, Cu(I), Solvent
R'

N

N N

R'

R

Azide Alkyne 1,4- disubstituted- 1,2,3-triazole  

Figure S2:  Scheme of Cu(I)-catalyzed alkyne–azide cycloaddition (CuAAC) 

In order to support the stereoselectivity of alkyne-azide cycloaddition reaction 

in the presence of Cu(I), the catalytic action of Cu(I) was discussed in the mechanism 

of CuAAC reaction discovered by V. Fokin and K. B. Sharpless as shown in Figure 

1.4a and 1.4b. In the next section, various catalytic systems as source of Cu(I) are 

described. A huge number of publications are found in literature using different types 

of catalytic systems. 

Further sections familiarize with the importance as well as applications of 

1,2,3-triazole linked molecules. As these molecules are aromatic with little basic 

character, highly stable to little thermal and chemical changes, therefore have great 

importance under physiological pH. The heterocyclic ring 1,2,3-triazole is found as 

core component of most of the drugs, so have wide pharmacological significance such 

as antiviral, anticancer, antimicrobial, anti-HIV etc. Due to the presence of nitrogen 

heteroatoms in ring, these molecules have great tendency to coordinate with various 

metal ions. This property leads to have their use as chemosensors to address certain 

environmental issues. The sensors constitute an effective analytical tool, when regular 

monitoring and real-time facts are required in the area of drug discovery, 

environmental study and process controlling. The chapter 1 involves detailed 

description of molecular sensors including their composition, features and mechanism 

of chemosensing. 1,2,3-triazole linkers appended with certain chromophoric or 

fluorophoric units have a great deal of sensing characteristics that can be examined 

through UV-Visible and Fluorescence spectroscopy. A brief description of 
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chemosensing analysis of molecules by UV-Visible and Fluorescence spectroscopy is 

presented in the last section of this chapter. 

Chapter 2: Review of literature  

This chapter has also been divided into various sections and subsections 

having the content of extensive literature survey related to the actual work done 

presented in this thesis. 1,2,3-triazole derivatives, the titled molecules of this research 

work are the heterocyclic compounds, so the  first section shows general introduction 

of heterocyclic compounds along with a brief knowledge of isomeric forms of 1,2,3-

triazole and their tautomerism. Next section focuses on the literature regarding 

methodologies used in the synthesis of expected heterocyclic compounds that are 

mentioned under following three headings: 

 Synthesis of terminal alkynes 

 Synthesis of organic azides 

 Cu(I)-catalyzed cycloaddition of terminal alkynes and organic azides 

Various types of chemical methods used for the synthesis of terminal alkynes 

are expressed, involving a variety of reactants and reaction conditions showing 

continuous growth and required modifications in terms of getting good yield of 

product, feasibility of reaction conditions and simplicity of experimental setup 

economically as well as experimentally. On the same note, next subsection describes 

the different methods of synthesis of aliphatic as well as aromatic organic azides 

under different azidation conditions.  

Next to this, the literature review on [3+2] cycloaddition reaction organic 

azide with terminal alkyne has been elaborated showing a wide range of catalytic 

systems as Cu(I) sources. This section of thesis focuses on the evolutionary history of 

various Cu(I)-catalytic systems. Initially, the CuAAC reactions were being conducted 

using most common Cu(II) salts in combination with reducing agent e.g. CuSO4.5H2O 

in combination with sodium ascorbate. Besides the use of reducing agent in 

combination with Cu(II) to convert it into Cu(I), a different technique has also been 

used for this reduction process, known as photo reduction, that involved reduction of 

Cu(II) to Cu(I) using UV-Visible light in the presence of a suitable photo-initiator in 
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spite of reducing agent. The literature survey also revealed one pot synthesis of 1,2,3-

triazole based derivatives using terminal alkyne and alkyl halide or aryl halide in the 

presence of catalyst CuSO4.5H2O along with sodium ascorbate, NaN3 and KI in water 

at room temperature. The process did not involve synthesis of organic azide 

separately but is carried out by the stirring of reaction mixture for about 1h using 

phase transfer catalyst, followed by workup in cold water to isolate the product. In 

addition to multicomponent catalytic systems, involving generation of Cu(I) from 

Cu(II) salts, the research contributions involving direct use of Cu(I) salts as catalyst 

have also been reported in literature, but the stability/existence of Cu(I) in a particular 

solvent system is generally controversial. It usually gets oxidized into Cu(II) form, a 

stable oxidation state of copper and as a result, low yield of the product has been 

recorded. In order to resolve this issue of conversion of oxidation state, the use of 

external ligands along with Cu(I) salt is found in various research contributions. 

Ligands with donor atoms such as N, O, S or P are the most common that complexes 

with Cu(I) ion and inhibit its oxidation to Cu(II).  

More advanced catalytic materials are the coordination complexes of Cu(I) 

having bulky organic species as ligands with enhanced stability of Cu(I). 

Coordination complexes, like [CuI(P(OEt)3)], [CuBr(PPh3)3], [Cu(MeCN)4]PF6, 

[CuF(PPh3)3], etc. are the most commonly employed Cu(I) sources with a great deal 

to act as catalysts for alkyne-azide cycloaddition reaction with minimum risk of 

oxidation of Cu(I) to Cu(II) and high yield of product. Various research reports have 

been discussed in this section of thesis as evidence in favor of regular advancements 

in catalytic material. Therefore, [CuBr(PPh3)3] complex has been selected as Cu(I)-

catalyst to generate novel 1,2,3-triazole derivatives reported in this research 

contribution. 

           Next section of this chapter briefly describes about various spectroscopic 

techniques like IR, NMR along with mass spectroscopy to be used, in order to 

characterize the synthesized molecules. In the last, applications of 1,2,3-triazole 

derivatives are discussed, among them more emphasis is laid on chemosensing. This 

section includes various examples of the molecular sensors and sensing techniques 

followed to analyze different analytes.  
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Chapter 3: Experimental details 

This chapter provides detailed experimental work performed to achieve the 

proposed objectives. It contains complete description of all the experimental steps 

followed to synthesize novel 1,2,3-triazole linked molecules along with required 

analytical measurements in support of synthesis. The three step procedure was 

followed to prepare the designed molecules. First section of this chapter provides 

general course of action of all the three steps involved in the preparation of 1,2,3-

triazole linkers. Next part describes the actual experimental work done to synthesize 

two different organic azides, azidomethylbenzene 24 and azidomethylnaphthalene 58, 

including reaction conditions along with analytical data such as yield, color/texture, 

characterization data of IR and NMR (1H, 13C) of synthesized azides. Thereafter, the 

synthesis of novel terminal alkynes 59a-63a presented in Figure S3 from starting 

materials 59-63 is described. The experimental conditions for each synthesis are 

expressed in detail separately in different sections. IR, NMR (1H, 13C) data of each 

alkyne is given in order to support their generation. Other features such as yield, color 

and melting points of each alkyne are also mentioned.  

In the synthesis section, next is [3+2] cycloaddition reactions of synthesized 

alkynes with two different azides to get 1,2,3-triazole linked molecules 59b-63b and 

59c-60c, 62c (Figure S4) has been elaborated in detail including all experimental 

conditions of each reaction properly. Product yield, melting point, color/texture, 

elemental analysis, IR, NMR (1H, 13C) and mass spectrum of each 1,2,3-triazole 

derivative were recorded on suitable instrument and the data is presented in this 

chapter, wherever required. Materials and methods including specification of 

instruments used during the research work are given in appendix A. IR spectra, NMR 

(1H, 13C) and mass spectra are provided in appendix B, C and D respectively. 

Chapter 4: Results and discussion 

This chapter gives detailed discussion of all the data expressed in experimental 

section. It is further divided into two sections based upon synthesis, spectral studies 

and application part of synthesized heterocyclic compounds. 
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Figure S3: Organic azides 24 and 58 with terminal alkynes 59a-63a 

Section I: Results and discussion of spectroscopic data  

Section II: Photophysical properties of 1,2,3-triazole linkers by UV-

Visible/Fluorescence spectroscopy 

Section I of this chapter displays synthetic aspects and discussion of 

spectroscopic data of all the synthesized molecules. For the generation of 1,2,3-

triazole linkers, the three-step procedure was followed, where the different organic 

entities were reacted in suitable reaction conditions to result into expected molecules.  
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Figure S4: 1,2,3-triazole linked molecules 59b-63b and 59c-60c, 62c 

Two different azides 24 & 58 were synthesized by the substitution reaction of 

benzyl chloride and chloromethylnaphthalene with sodium azide on stirring at         

85-90 °C in DMF respectively. Both the azides are oily products at room temperature; 

whose generation was supported by IR and NMR spectroscopy. A strong peak at 

frequency of vibration 2091 cm-1 in the IR spectra of both the azides recorded as neat 

in range 4000-500 cm-1 characterizes –N3 group, whereas other peaks are in well 

agreement with the structures of synthesized azides. 1H NMR spectra of both the 

azides were obtained at 500 MHz in CDCl3, the peaks in range δ = 8.12-7.14 ppm 

corresponds to aromatic protons and singlet obtained at δ = 4.78-4.14 ppm is due to –

CH2 group attached to azide functionality. The signal due to protons of –CH2 group is 

little bit more downfield in azidomethylnaphthalene as compared to benzylazide, 
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because of strong deshielding effect of naphthyl group than phenyl group. Similarly, 

the data obtained from 13C NMR spectra is in accordance with the proposed 

structures. The signals in the range δ = 135.53-123.64 ppm are due to carbons of 

aromatic rings and at around δ = 54.82-53.02 ppm corresponds to methylene carbon in 

both the azides. 

Same section describes the synthesis and characterization of all the alkynes, 

59a-63a. The generation of terminal alkynes involved the treatment of 1 mol of 

substrate, 59-63 having labile proton with 1.30 mol of 80% propargyl bromide 

solution in toluene in the presence of suitable base. Using K2CO3 as base, proton of 

hydroxyl group on each starting material get abstracted and substituted by propynyl 

group through nucleophilic substitution reaction on propargyl bromide, by stirring the 

reaction mixture at room temperature in DMF as solvent. Reaction time varies with 

change in substrate as the tendency to lose proton is different for different starting 

materials. 

All the newly generated alkynes 59a-63a were characterized and compared 

with their respective starting materials by IR spectroscopy in the range 4000-500 cm-1 

as neat and the recorded data have fully supported the generation of expected product. 

IR peak observed at about 3287-3280 cm-1 in the spectra of different alkynes is for –

C≡C−H group and at 2120-2100 cm-1 is due to −C≡C− moiety of alkyne. At the 

same time, no broad band in the range 3500-3350 cm-1 due to −O−H group indicates 

some changes over –OH group on the starting material of each alkyne.  In 1H NMR 

spectra of compounds 59a-63a, a peak around δ = 2.47-2.40 ppm is for proton of 

alkyne, ≡C-H and at δ = 4.57-4.52 ppm corresponds to –CH2 of propynyl group in 

each newly synthesized alkyne molecule. No signal at around δ = 5.00-3.00 ppm for 

the proton of –OH group supports the substitution of this proton by propynyl group 

and confirms the formation of alkyne. Signals in the range δ = 8.20-6.87 ppm are 

characteristic of aromatic protons. In the 13C NMR spectra of alkynes, the peaks at δ = 

78.70-76.65 ppm are due to −C≡C− and at δ = 60.02-55.23 ppm corresponds to –

CH2−O− proves the synthesis of alkyne.  
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The alkynes 59a-63a were converted into 1,2,3-triazole linked molecules 59b-

63b on cycloaddition reaction with benzyl azide 24 and 59c-60c, 62c on treatment of 

alkynes with azidomethylnaphthalene 58 using small amount of [CuBr(PPh3)3] 

complex in THF:TEA (v/v, 1:1) as solvent system. All these heterocyclic compounds 

were characterized for IR, NMR and mass spectroscopic studies, which have clearly 

represented the success of cycloaddition reaction. The IR of azide molecules 

displayed a sharp signal at 2091 cm-1 and terminal alkynes in the region 2120-2100 

cm-1. After cycloaddition reaction, the IR spectra of products exhibited complete 

disappearance of these signals, indicating complete cyclization of respective alkyne 

and azide precursors. This behavior was also supported by NMR studies, where the 

disappearance of singlet at around δ = 2.47-2.40 ppm for the proton of alkyne group, 

≡C-H indicated the success of cycloaddition reaction to produce 1,2,3-triazole linkers. 

The peak at around δ = 4.57-4.52 ppm  due to –CH2 of propynyl group in each newly 

synthesized alkyne molecule has been shifted downfield due to formation of triazole 

ring, that has strong deshielding effect. In the 13C NMR spectra of alkynes, the peaks 

at δ = 78.70-76.65 ppm, due to −C≡C− has been shifted downfield in the spectra of 

1,2,3-triazole linkers, as these carbons have constituted triazole ring during 

cyclization. Other strong evidences in favor of the outcomes of CuAAC reactions in 

the form of heterocyclic compounds 59b-63b and 59c-60c, 62c are the mass spectra 

and elemental analysis data. Mass spectral and elemental analysis data of each 1,2,3-

triazole linked molecule is in well agreement with their molecular structures. 

Section II of chapter 4 illustrates the details of photophysical properties of all 

the novel 1,2,3-triazole derivatives by UV-Visible/Fluorescence spectroscopy to 

explore their ion sensing behavior. The selection of starting materials 59-63 to 

develop chemosensors 59b-63b and 59c-60c, 62c owes to their absorption in UV-

Visible region and the incorporation of 1,2,3-triazole moiety during cycloaddition 

reaction provides nitrogen atoms as best coordinating sites for specific metal ions. 

The solutions of probes 59b-63b and 59c-60c, 62c and various metal ions were made 

in acetonitrile and water (CH3CN:H2O::4:1) as solvent system. In order to analyze the 

sensing behavior of synthesized heterocyclic compounds towards a particular metal 

ion, the UV-Visible/Fluorescence titrations were performed. The examination of 



      

154 
 

absorption responses recorded for receptors 59b and 59c with various metal ions 

explains their sensitivity for Pb(II) ions. Both the probes show significant 

hyperchromic shift with the increase in concentration of Pb(II) ions as shown in 

Figures S5 and S6. These highly selective chemosensors 59b and 59c allow a direct 

quantitative assay of Pb(II) ions by UV-Visible spectroscopy with the detection 

limited of 13 µM and 11.2 µM respectively. The limit of detection for each receptor 

unit has been calculated from job plots, discussed in detail in Section II of chapter 4.  
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Figure S5: Absorption responses of 59b with the addition of 20 equiv. of 0.50 mM 

Pb(II) ions into 0.20 mM solution of probe 59b prepared in CH3CN:H2O::4:1 

In the similar manner, the chemosensing activity of molecules 60b and 60c 

was explored by UV-Visible as well as Fluorescence spectroscopy. Both the probes 

have shown distinct results during the titration with Fe(II) ions. The absorption 

responses recorded with each sequential addition of 10 equiv. of 0.50 mM of Fe(II) 

ions into 0.50 mM solution of 60b as well as 60c in acetonitrile and water 

(CH3CN:H2O::4:1) mixture is presented in Figures S7 and S8. Absorption responses 

of 60b with increase in concentration of Fe(II) ions illustrates an observable change in 

the absorbance intensity before and after isosbestic points at wavelengths 380 nm and 

468 nm and hypsochromic shifting of absorption maxima recorded in between these 

wavelengths with significant decrease in intensity. Similarly, UV-Visible spectra of 
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60c shows same type of character on titration with Fe(II) ions with a hypochromic 

shifting of absorption maxima to an extent of 7 nm with increase in concentration of 

Fe(II) ions from 0.013 mM to 0.141 mM. 
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Figure S6: Absorbance responses observed during each addition of 20 equiv. of 0.50 

mM Pb(II) ions in 0.20 mM solution of probe 59c 
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Figure S7: UV-Visible spectra of 60b with the addition of 10 equiv. of 0.50 mM 

Fe(II) ion solution in 0.50 mM of its solution in acetonitrile and water 

(CH3CN:H2O::4:1) mixture 
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Figure S8: Absorption responses recorded for probe 60c (0.50 mM) with the serial 

addition of 10 equiv. of 0.50 mM Fe(II) ions in acetonitrile and water 

(CH3CN:H2O::4:1) mixture 
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Figure S9: Emission responses of 1,2,3-triazole linker 60c (0.10 mM) at λex = 406 nm 

with the addition of 12 equiv. of 0.10 mM Fe(II) ions in acetonitrile and water 

(CH3CN:H2O::4:1) mixture 
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The chemosensing behavior of heterocyclic compound 60c has also been 

studied through fluorescence spectroscopy. The fluorescence spectrometric titrations 

were conducted for 60c with the subsequent addition of 12 equiv. of 0.10 mM 

solution of Fe(II) ions into 0.10 mM of testing molecule 60c at λex = 406 nm and the 

emission responses recorded are presented in Figure S9.  

Similarly, the UV-Visible spectral studies of probe 61b with various metal 

ions show its sensitivity with Co(II) ions. The absorption spectra recorded during the 

titration of 0.50 mM of receptor unit 61b with 0.50 mM of Co(II) ions shows a regular 

decrease in absorption with an increase in concentration of metal ions from 0.026 mM 

to 0.242 mM as shown in Figure S10. The minimum limit of detection of Co(II) with 

the synthesized probe 61b has been calculated as 1.9 µM with the complexing ratio of 

probe 61b:Co(II) as 1:1. 
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Figure S10: Absorbance responses recorded for each successive addition of 0.50 mM 

of Co(II) ions into 0.50 mM solution of 1,2,3-triazole linker 61b in acetonitrile-water 

(CH3CN:H2O::4:1) mixture 
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Figure S11: Absorption spectra of 0.20 mM of ligand 62b with the addition of 20 

equiv. of 0.50 mM of Fe(III) ions in acetonitrile-water (CH3CN:H2O::4:1) mixture 
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Figure S12: UV-Visible responses of 0.20 mM of ligand 62c with the addition of 15 

equiv. of 0.50 mM of Fe(III) ions in acetonitrile-water (CH3CN:H2O::4:1) mixture 
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Next part of this section presents chemosensing behavior of 1,2,3-triazole 

linkers 62b and 62c analyzed by UV-Visible spectroscopy. Studies were explored by 

performing absorption titrations of probes 62b and 62c (0.20 mM) with 0.50 mM of 

different metal chlorides in acetonitrile-water (CH3CN:H2O::4:1) mixture as solvent 

system. The results recorded have exhibited the selectivity of designed probes 62b 

and 62c for Fe(III) ions. The Figures S11 and S12 have shown the absorption 

responses of receptors 62b and 62c respectively with the successive addition of 0.50 

mM of Fe(III) ions into the 0.20 mM solution of these receptors. The observable rise 

in absorption i.e., hyperchromic shifting was recorded with each successive addition 

of Fe(III) ions. The minimum limit of detection of Fe(III) ions with the synthesized 

probes 62b and 62c has been calculated from jobs plot as 6.50 µM and 6.38 µM 

respectively with the binding ratio of probe 62b/62c:Fe(III) as 1:1. 

One more 1,2,3-triazole linked molecule, 63b was investigated for its 

chemosensing nature in the similar manner as for other molecules discussed earlier 

and the present molecule is responding to Cu(II) ions among a variety of metal ions. 

The results obtained from UV-Visible titrations of 0.20 mM solution of 63b with each 

successive addition of 0.50 mM of Cu(II) ions prepared in acetonitrile-water 

(CH3CN:H2O::4:1) mixture are presented in Figure S13. The ligand 63b was showing 

two peaks with maximum intensity at λ = 426 nm and λ = 303 nm. The noticeable 

change in the absorbance of testing chemosensor 63b was observed at these two 

wavelengths with successive increase in concentration of Cu(II) ions. Highly 

significant change in the absorption pattern was recorded below and above λ = 290 

nm, a visible isosbestic point, with rise in concentration of Cu(II) ions. 

The selectivity of ligand 63b towards Cu(II) ions has also been supported by 

fluorescence spectroscopy. For the same, the fluorescence spectroscopic titrations 

were performed at λex = 290 nm for heterocyclic molecule 63b (0.10 mM) with Cu(II) 

ion (0.10 mM) solution and the results obtained are as shown in Figure S14. The 

1,2,3-triazole derivative 63b is showing significant changes in the emission spectra on 

interaction with Cu(II) ions. At wavelengths 372 nm and 730 nm, noticeable fall in 

emission intensity was recorded with increase in concentration of Cu(II) ions, whereas 
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at wavelength 579 nm, the emission intensity goes on increasing with each addition of 

Cu(II) ions. 
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Figure S13: UV-Visible responses for probe 63b (0.20 mM) with the sequential 

addition of 20 equiv. of 0.50 mM of Cu(II) ions in acetonitrile-water 

(CH3CN:H2O::4:1) mixture 
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Figure S14: Emission responses of probe 63b (0.10 mM) with the addition of 10 

equiv. of 0.10 mM of Cu(II) ions in acetonitrile-water (CH3CN:H2O::4:1) mixture 



Appendix A 

 

 

 

 

Chemicals and Instruments 

Appendix A illustrates all the chemicals, reagents, catalysts and solvents involved 

in chemical syntheses and analytical study of synthesized molecules. This section also 

mentions instruments used for various studies. 
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Experimental techniques: 

1. Infrared spectra 

Infrared spectra were recorded on SHIMADZU FTIR-8400S Spectrometer in the 

range 4000-500 cm–1 at CIF department, LPU Phagwara. 

2. NMR spectra 

1H and 13C NMR spectra were recorded with respect to TMS as standard 

reference. 1H NMR spectra of the samples were recorded in CDCl3 and DMSO-d6 on 

BRUKER-ADVANCE HD III 500MHz spectrometer and 13C NMR in CDCl3 and 

DMSO-d6 on BRUKER-ADVANCE HD III 126 MHz spectrometer at Emerging Life 

Sciences Department (Central Instrumentation Facility), GNDU Amritsar. 

3. Mass spectra 

Mass spectral measurements (HRMS) were carried out on Waters Q-TOF Micro 

mass spectrometer at SAIF, Panjab University, Chandigarh. 

4. Fluorescence spectra 

Fluorescence spectral study was performed on Perkin Elmer LS6500 

Fluorescence Spectrophotometer at CIF, LPU Phagwara. 

5. UV-Visible spectra 

UV-Visible spectra were recorded on SHIMADZU UV-1800 Spectrometer using 

quartz cuvettes and standard solutions at Department of Chemistry, LPU, Phagwara. 

6. CHNS Analysis 

CHNS analyses were obtained on a Perkin   Elmer   Model   2400   CHNS   

elemental   analyzer at Department of Chemistry, Panjab University, Chandigarh. 
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7. Melting Point 

Melting points were measured in a Mel Temp II device using sealed capillaries at 

Department of Chemistry, LPU, phagwara. 

8. General materials 

Bromotris(triphenylphosphine)copper(I) [CuBr(PPh3)3]  (Aldrich), propargyl   

bromide   solution   (80%   by   weight   in   toluene)   (CDH), N,N-dimethylformamide 

(DMF) (CDH), benzyl chloride (Loba chemie), tetrahydrofuran (THF) (CDH), 

triethylamine (CDH), diethylether (Qualigens), potassium   carbonate   (Nice),   sodium   

azide   (Nice),  diethyl   ether   (CDH),   hexane   (Nice),   ethylacetate   (Nice), 

chloromethylnaphthalene (Loba chemie), o-cresolphthalein (Sigma aldrich), 1,4-

dihydroxyanthraquinone (Loba chemie), 1-naphtholphthalein (CDH), 1-naphtholbenzein 

(Loba chemie), sudan-IV (Nice). 
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Appendix B 

IR of azidomethylbenzene 24 
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IR of azidomethylnaphthalene 58 
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IR of alkyne 59a 
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IR of triazole 59b 
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IR of triazole 59c 
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IR of alkyne 60a 
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IR of triazole 60b 
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IR of triazole 60c 
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IR of alkyne 61a 
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IR of triazole 61b 
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IR of alkyne 62a 
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IR of triazole derivative 62b 
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IR of triazole derivative 62c 
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IR of alkyne 63a 
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IR of triazole derivative 63b 
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Appendix C 

NMR Spectra 1H, 13C 

1H NMR of azidomethylbenzene 24 
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13C NMR of azidomethylbenzene 24 
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1H NMR of azidomethylnaphthalene 58 
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13C NMR of azidomethylnaphthalene 58 
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1H NMR of alkyne 59a 
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13C NMR of alkyne 59a 
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1H NMR of 1,2,3- triazole derivative 59b 
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13C NMR of 1,2,3- triazole derivative 59b 
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1H NMR of 1,2,3-triazole derivative 59c 
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13C NMR of 1,2,3-triazole derivative 59c 
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1H NMR of alkyne 60a 
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13C NMR of alkyne 60a 
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1H NMR of 1,2,3-triazole derivative 60b 
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13C NMR of 1,2,3-triazole derivative 60b 
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1H NMR of 1,2,3-triazole derivative 60c 
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13C NMR of 1,2,3-triazole derivative 60c 
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1H NMR of alkyne 61a 

 



      

195 
 

13C NMR of alkyne 61a 
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1H NMR of 1,2,3-triazole derivative 61b 
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13C NMR of 1,2,3-triazole derivative 61b 
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1H NMR of alkyne 62a 
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13C NMR of alkyne 62a 

 



      

200 
 

1H NMR of 1,2,3-triazole derivative 62b 
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13C NMR of 1,2,3-triazole derivative 62b 
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1H NMR of 1,2,3-triazole derivative 62c 
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13C NMR of 1,2,3-triazole derivative 62c 

 



      

204 
 

1H NMR of alkyne 63a 
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13C NMR of alkyne 63a 
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1H NMR of 1,2,3-triazole derivative 63b 
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13C NMR of 1,2,3-triazole derivative 63b 
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Appendix D 

Mass spectrum of 59b 
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Mass spectrum of 59c 

 

SAIF,PANJAB UNIVERSITY CHANDIGARH
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Mass spectrum of 60b 

 

SAIF,PANJAB UNIVERSITY CHANDIGARH
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Mass spectrum of 60c 
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Mass spectrum of 61b 
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Mass spectrum of 62b 
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Mass spectrum of 62c 
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Mass spectrum of 63b 
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	2.2.3 Synthesis of 1,2,3-triazole from alkyne and azide (CuAAC)
	The alkynes and azides, separately can give a variety of addition, cycloaddition and other types of reactions. Among the prominent reactions; electrophilic, nucleophilic and Diel’s Alder type of cycloadditions are main categories of chemical processes...
	Figure 2.10: Structure and resonance forms of a typical organic azide.
	The specific 1,3-dipolar character of organic azides takes part in [3+2] cycloaddition reaction with unsaturated compounds to produce triazoles and tetrazoles. From past few years, the cycloaddition reactions of different terminal alkynes with organic...
	2.2.3.1 CuAAC using Cu(II) salt along with reducing agent as catalytic system
	Being more stable, Cu(II) salts are easily available and can be used as catalytic material in CuAAC reactions in the presence of suitable reducing agent. Most commonly used is CuSO4. 5H2O, along with sodium ascorbate as reducing agent has b...
	Figure 2.12: Formation of 1,2,3-triazole linked coumarin derivatives by CuAAC
	In one of the research reports, the Cu(I)-catalyzed 1,3-dipolar cycloaddition reaction of O-propargylated and N-propargylated coumarins 26 with different organic azides to produce 1,4-disubstituted 1,2,3-triazole linked coumarin derivatives 27 has bee...
	2.2.3.2 Photochemical reduction of Cu(II) and CuAAC
	2.2.3.3 One pot CuAAC using phase transfer catalyst along with Cu(I) source
	General procedure adopted for the synthesis of 1,2,3-triazole linked molecules to pursue this research work includes following steps:
	Step I: Synthesis of terminal alkyne
	To the stirred solution of starting material (1.00 mol) in DMF, added dried potassium carbonate (5.00 mol) as base. Then propargyl bromide (1.30 mol) was added drop wise with stirring at room temperature. The growth of reaction was monitored ...
	Step II: Synthesis of organic azide
	To proceed for the synthesis of an organic azide, first of all sodium azide was vacuum dried. Then dried sodium azide (5.00 mol) was added into the solution of organic halide (1.00 mol) in suitable amount of DMF used as solvent and set to st...
	Step III: Synthesis of 1,4-disubstituted 1,2,3-triazole derivatives
	To the stirred solution of terminal alkyne (1.00 mol) in THF/TEA (v/v, 1:1), added accurately weighed (1.00 mol) amount of organic azide and dissolved into the same reaction mixture. After that catalytic amount of [CuBr(PPh3)3] (0.001 mmol)...
	Scheme 3.1: General scheme for all the steps involved in the proposed research work, abbreviations used are DMF; N, N-dimethyl formamide, THF; Tetrahydrofuran, TEA; Triethylamine, stirr; stirring, rt; room temperature.
	3.2 Synthesis of organic azides
	3.6.2 Synthesis and characterization of 1-benzyl-4-(((1-((E)-(2-methyl-4-((E)-o-tolyldiazenyl) phenyl) diazenyl) naphthalene-2-yl) oxy) methyl)-1H-1,2,3-triazole (62b)
	The synthesized terminal alkyne 62a (1.00 g, 2.39 mmol) was put into the solvent system, THF:TEA (v/v, 4:1) to get a clear solution, followed by the addition of azidomethylbenzene 24 (0.32 g, 2.39 mmol) and catalytic amount of [CuBr(PPh3)3] (0.001 mmo...
	In the 1H NMR spectrum of compound 59a, singlet at δ = 2.40 ppm is for proton of terminal alkyne group (≡C-H) and peak at δ = 4.57 ppm is for –CH2 of propynyl group indicates the formation of expected alkyne. No signal at δ = 5.38 ppm due to –OH group...
	4.5.1 Synthesis
	Figure 4.4: 3,3-bis(4-((1-benzyl-1H-1,2,3-triazol-4-yl) methoxy)-3 methylphenyl) isobenzofuran-1(3H)-one 59b
	4.5.2 IR spectral analysis
	4.5.3 NMR spectral analysis
	The 1H NMR spectrum of compound 59b strongly favors the cycloaddition of terminal alkyne 59a with organic azide 24. The peak at δ = 4.57 ppm is due to protons of –CH2 group linked to cresol oxygen, that gets downfield (δ = 5.52 ppm), beca...
	4.5.4 Mass spectral and elemental analysis
	The molecular mass ‘M’ of newly synthesized triazole derivative 59b is calculated as 688.28 and the mass spectrum obtained for this molecule shows a significant peak at m/z = 689.28 corresponding to (M+1)+, confirms the successful generation of hetero...
	Figure 4.5: 1H NMR spectra of compound 59a and 59b showing success of cycloaddition reaction
	4.6 Synthesis and spectral analysis of 3,3-bis(4-((1-((naphthalen-1-yl) methyl)-1H-1,2,3-triazol-4-yl) methoxy)-3-methylphenyl) isobenzofuran-1(3H)-one (59c)
	4.6.1 Synthesis
	Using terminal alkyne 59a, another triazole derivative 59c was prepared through Cu(I)-catalyzed alkyne-azide cycloaddition reaction. The reaction involved use of azidomethylnaphthalene 58 as an organic azide that undergo cycloaddition with o-cresolpht...
	4.6.2 IR spectral analysis
	Figure 4.6: 3,3-bis(4-((1-((naphthalen-1-yl) methyl)-1H-1,2,3-triazol-4-yl) methoxy)-3-methylphenyl) isobenzofuran-1(3H)-one 59c
	The 1H NMR spectrum of compound 59c recorded at 500 MHz in CDCl3 shows a number of signals in the range δ = 7.92-6.80 ppm that corresponds to aromatic protons in the heterocyclic product 59c. Peak at δ = 4.56 ppm recorded in the spectrum of 59a for –C...
	The data obtained from 13C NMR spectrum of heterocyclic molecule 59c also explains the success of cycloaddition reaction. The singlet at δ = 55.93 ppm due to the carbon of –CH2−O− in the record of 59a shifted downfield at δ = 62.31 ppm, as it is now l...
	4.6.4 Mass spectral and elemental analysis
	HRMS obtained for molecule 59c shows an observable peak at m/z = 789.32 that represents a peak at (M+1)+ value, where ‘M’ is the molecular mass of newly synthesized triazole derivative 59c which is calculated as 788.85. Parent ion peak and other signa...
	4.7 Synthesis and spectral analysis of 1,4-bis(prop-2-ynyloxy) anthracene-9,10-dione (60a)
	4.7.1 Synthesis
	In the presence of potassium carbonate as base, the protons of hydroxyl functional groups on the substrate 1,4-dihydroxyanthraquinone were nuleophilicaly substituted by propargyl group to give terminal alkyne 60a. The reaction took place by simple sti...
	Figure 4.7: 1,4-bis(prop-2-ynyloxy) anthracene-9,10-dione 60a
	Melting point of product was recorded to check its purity. The exact structure of compound 60a was elucidated by IR and NMR spectroscopy to confirm its successful generation for further use as one of the reactants of [3+2] cycloaddition reaction in or...
	4.7.2 IR spectral analysis
	4.7.3 NMR spectral analysis
	Interpretation of NMR spectrum of molecule 60a strongly favors its generation. The singlet signal at δ = 2.57 ppm in the 1H NMR of alkyne 60a corresponds to alkynyl proton ≡C-H and peak at 4.90 ppm is due to protons of           –CH2–O– group attached...
	4.8 Synthesis and spectral analysis of 1,4-bis((1-benzyl-1H-1,2,3-triazol-4-yl) methoxy) anthracene-9,10-dione (60b)
	4.8.1 Synthesis
	In order to prepare triazole linker 1,4-bis((1-benzyl-1H-1,2,3-triazol-4-yl) methoxy) anthracene-9,10-dione (60b) shown in Figure 4.8, the mustard yellow colored solid alkyne 60a discussed in section 4.7 was treated with required amount of freshly pre...
	Figure 4.8: 1,4-bis((1-benzyl-1H-1,2,3-triazol-4-yl) methoxy) anthracene-9,10-dione 60b
	4.8.2 IR spectral analysis
	In the IR spectrum of molecule 60b, the signal at 3073 cm–1 is due to –C=C-H group of 1,2,3-triazole ring. The close comparison of IR spectra of starting materials related to CuAAC reaction, 60a and 24 clearly signifies the formation of heterocyclic p...
	4.8.3 NMR spectral analysis
	4.8.4 Mass spectral and elemental analysis
	4.9 Synthesis and spectral analysis of 1,4-bis((1-methylnaphthyl-1H-1,2,3-triazol-4-yl) methoxy) anthracene-9,10-dione (60c)
	4.9.1 Synthesis
	1,4-Dihydroxyanthraquinone linked triazole 60c as shown in Figure 4.9 is prepared from alkyne 60a on treatment with azidomethylnaphthalene 58 in the presence of catalytic amount of [CuBr(PPh3)3] complex through a Cu(I)-catalyzed alkyne-azide cycloaddi...
	Figure 4.9: 1,4-bis((1-methylnaphthyl-1H-1,2,3-triazol-4-yl) methoxy) anthracene-9,10-dione 60c
	4.9.2 IR spectral analysis
	IR spectrum of 1,4-dihydroxyanthraquinone based 1,2,3-triazole derivative 60c was recorded as neat in range 4000-500 cm–1. A signal at 3078 cm–1 found in the spectrum, corresponds to vibrational frequency of –C=C-H group of triazole ring. The signals ...
	4.9.3 NMR spectral analysis
	NMR spectrum of triazole derivative 60c was recorded in DMSO as solvent using 500 MHz spectrometer. The aromatic protons of benzene rings as well as protons at C5 of both the triazole rings, all shows NMR signals in range δ = 7.46-6.45 ppm. The proton...
	Peaks at δ = 78.19 ppm and 76.69 ppm for −C≡C− in the 13C NMR of alkyne 60a are missing in the 13C NMR spectrum of 60c proves the merging of these alkynyl carbons into triazole ring during cycloaddition reaction and appeared at higher δ values in the ...
	4.9.4 Mass spectral and elemental analysis
	4.10.2 IR spectral analysis
	IR spectra of both starting material 61 and 61a were recorded as neat in the range 4000-500 cm-1 and compared for useful changes occurred during the reaction of compound 61 with propargyl bromide. There was no broad band near 3400 cm-1 due to hydroxyl...
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