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ABSTRACT 

 In the recent two decades, the field of chemical synthesis has been revolutionized by 

the introduction of ‘Click Chemistry’, a set of remarkably efficient and precise processes that 

facilitate the swift construction of intricate molecular structures. The flagship transformation 

in ‘Click Chemistry’, i.e., the Copper(I)-catalyzed alkyne-azide cycloaddition (CuAAC), a has 

gained immense prominence due to its remarkable versatility, mild reaction conditions, and 

wide range of applications. The methodology has been instrumental in bridging the gap 

between synthetic feasibility and structural diversity, and entails the amalgamation of a 

terminal alkyne and an azide through a cycloaddition process, facilitated by a copper(I) 

catalyst, yielding the production of a 1,4-disubstituted 1,2,3-triazole functional group. The 

regioselectivity and tolerance of a plethora of functional groups under mild reaction conditions 

have made CuAAC an indispensable tool in chemical synthesis. The ability to rapidly access 

diverse 1,2,3-triazole derivatives through CuAAC has opened up avenues for the design and 

creation of structurally complex molecules, that find utility in drug discovery, material science, 

and chemical biology, owing to their unique electronic and steric properties. Additionally, the 

modular nature of click chemistry allows for facile introduction of functional groups, enabling 

the tailoring of the 1,2,3-triazole derivatives for specific applications including bioconjugation 

and drug delivery, thereby highlighting its potential in both academic and industrial settings.  

 Particularly, the synthesized 1,2,3-triazoles via CuAAC have found relevance in the 

recognition of metal ions. Metal ions play pivotal roles in various physiological and 

environmental processes, necessitating the development of reliable methods for their detection. 

The facile modification of 1,2,3-triazoles enables the design of chemosensors that exhibit 

enhanced metal ion binding affinity and selectivity. By judiciously introducing chelating 

groups onto the triazole scaffold, researchers have developed sensor platforms that undergo 

specific structural changes upon metal ion coordination. These changes are often accompanied 

by alterations in optical, electrochemical, or spectroscopic properties, allowing for sensitive 

and quantitative metal ion detection. Therefore, in the light of the utility of CuAAC as an 

efficient and robust methodology to regioselectively synthesize the 1,4-disubstituted 1,2,3-

triazoles, this synthetic pathway was selected as the main approach of organic synthesis to 

pursue this research work, with the primary focus to develop selective, sensitive, and robust 

1,2,3-triazole derivatives as chemosensors meeting the stringent criteria of analytical 

chemistry. The literature review conducted in relation to the CuAAC methodology and the 
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application of the products thereof as ion sensors, the following objectives were selected for 

the proposed research: 

1. Synthesis of 1,4-disubstituted 1,2,3–triazole derivatives by Cu(I) catalyzed Click 

reaction between terminal alkyne and organic azide.  

2. Characterization of synthesized compounds by spectroscopic techniques like IR, 

NMR (1H, 13C), mass spectroscopy and X-ray (wherever possible). 

3. To study ion sensing behavior of synthesized 1,4-disubstituted 1,2,3–triazole 

derivatives using UV–Visible spectroscopy and/or fluorescence. 

In accordance with these objectives, six derivatives of 1,2,3-triazole were prepared and 

after successful characterization via different spectroscopic techniques, these 1,2,3-triazole-

linked compounds were successfully implemented as selective chemosensors for various 

biologically and ecologically relevant metal ions. 

 The selection of the starting reactant for the synthesis of the precursors for the 

formation of the 1,2,3-triazole functional group, i.e., the terminal alkyne was undertaken on 

the basis of the presence of labile protons in the parent structure, preferably with chromophoric 

units. Every starting molecule had a labile proton containing hydroxyl group or amino group, 

which was subjected to the action of a base such as K2CO3/Cs2CO3 to abstract the protons, 

followed by the nucleophilic substitution by a propargyl group an appropriate solvent. The 

addition of ice-cold water resulted in the reaction quenching, and the product was separated by 

filtering (for solids) or solvent extraction (for liquids). The organic azides were prepared by 

subjecting the starting material (benzyl chloride/ 1-chloromethylnaphthalene) to sodium azide 

(NaN3) at a temperature of 85 - 90 °C for 5 hours. Subsequently, the terminal alkynes 

underwent Cu(I)-catalyzed cycloaddition with organic azides to yield 1,4-disubstituted 1,2,3-

triazole derivatives. The characterization of the synthesized compounds was done utilizing 

different spectroscopic techniques such as Infrared (IR) Spectroscopy, Nuclear Magnetic 

Resonance (NMR) Spectroscopy (1H, 13C), and Mass Spectrometry. 

 The ion recognition potential of 1,2,3-triazole-linked probes was ascertained via 

absorption and/or emission spectroscopy with various biologically and ecologically relevant 

metal ions such as Cr(III), Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Na(I), K(I), Mg(II), 

Ca(II), Ba(II), Cd(II), Hg(II), Pb(II), and Ce(III) in an appropriate solvent. To bind with a 

particular metal ion, the synthesized molecular assemblies have the lone-pair bearing nitrogen 

in the heterocyclic 1,2,3-triazole moiety in addition to the other electron rich heteroatoms like 
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oxygen in their structure. Since various metal ions were added in separate titrations to the 

solution of the molecule under study, the UV-Visible findings provided insight into the probe's 

specificity and selectivity towards a particular metal ion. The changes observed in the receptor 

unit's absorption and/or emission behaviour owing to the metal ion binding were used to 

identify its chemosensing capability. On that basis, a variety of graphs and figures illustrating 

the absorption and/or emission responses observed for the binding of different 1,2,3-triazole-

linked sensor probes with particular metal ions were presented in this research work. 

Furthermore, the results of analytical calculations such as the stoichiometric ratio, the 

association constant (Ka), the limit of quantification (LoQ), and the limit of detection (LoD of 

the probes towards certain metal ions were also presented. 
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Chapter I 

 

 

Introduction 

This section of the thesis pertains to the research terminologies, modus 

operandi, and developments till date regarding the undertaken research work 

that will be presented in subsequent chapters; and provides a comprehensive 

review of the reported literature that was conducted as part of the research. In 

particular, it outlines in significant detail, the factors that had to be considered 

for working on the proposed research gap, while arranging the same like pieces 

of a puzzle to successfully conclude the research work.
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1.1. Click Chemistry- a general perspective 

 The idea of ‘click’ reactions can be traced back to the early 20th century, where the 

chemists began to explore reactions that were straightforward, efficient, and had broad 

applicability. For example, the development of the ‘click-like’ reactions like the Mannich 

reaction, which involves the condensation of a primary or secondary amine with an aldehyde 

or ketone, was an early step towards the principles of click chemistry. Dr. Karl Barry Sharpless, 

the two times Nobel laureate in chemistry, played a pivotal role in shaping the concept of click 

chemistry in 2001, wherein he and his colleagues bestowed on the global research community 

a novel paradigm for organic synthesis, i.e., ‘Click Chemistry’, which is a modular approach 

for generating novel and intricate molecular structures, meeting various essential requirements: 

the method should be flexible, encompass a wide scope, yields should be high, and be 

executable under mild conditions..1–3 This guiding principle, inspired by the nature’s lead to 

preferably form carbon-heteroatom (C-X) bonds such as proteins, nucleic acids, etc. resulting 

in the joining of small units,4 was magnificently accoutred to satisfy the needs of contemporary 

chemistry.5 In that aspect, several methodologies are encompassed under click chemistry that 

share a common trajectory, which is further defined by some significant and distinct ‘click’ 

characteristics (figure 1.1) like modularity, wide scope, high product yields, inoffensive by-

product generation, stereospecificity, insensitivity to oxygen and moisture, utilization of 

benign solvents, effortless product isolation, etc.5–7 

 

Figure 1.1: Distinct characteristics of ‘Click Chemistry’ methodology5–7 

Over the past few years, the evolution of mechanistically discrete but conceptually 

similar ‘click’ approaches have equipped the researchers to increase the range of the arsenal of 

possible organic reactivity, by partially or fully satisfying the comprehensive set of 'click 

chemistry’ characteristics including Cu(I)-catalyzed alkyne azide cycloaddition (CuAAC),8 
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Inverse electron demand Diels–Alder reaction (IEDDA),9,10 Thiol-click (thio-ene and thiol-

yne) reactions,11,12 SPAAC, i.e., Strain promoted azide-alkyne cycloaddition,13–15 SPANC, i.e. 

Strain-promoted alkyne-nitrone cycloaddition,16 and Staudinger ligation17,18 (figure 1.2). 

Among all these methodologies, CuAAC has stood out to be the quintessential example of click 

chemistry, being implemented in the rapid assembly of heterocyclic molecular entities with 

desirable functions and hence emerging as the gold standard of click chemistry that has swiftly 

pushed the boundaries of previously established scientific specializations; The procedure 

entails the utilization of Cu(I) species as a catalyst, leading to the selective combination of an 

alkyne and an azide to produce 1,4-disubstituted 1,2,3-triazoles regioselectively. 

 

Figure 1.2: Diverse reaction methodologies classified under ‘Click Chemistry’8–20 

The ‘click’ methodology has found diverse applications in a vast array of research 

owing to its high efficiency and biocompatibility. For instance, under aqueous conditions with 

orthogonality, click chemistry can be performed, opening the door to the possibility of 

performing artificial chemical reactions in diverse biological systems such as cell surfaces and 

cell cytosol.21–23 Click chemistry for post-polymerization modification is a prominent example 

of the functionalization strategies for polymeric product design.24,25 Another crucial use of click 

chemistry is the construction of fluorogenic complexes between non-fluorescent alkynes and 

azides, which enables the ligation of two biomolecules with extensive applications in the 

developing field of cell biology and functional proteomics.26–28 Furthermore, the synthesis of 

low molecular weight compounds in a single step renders in situ click chemistry as a target-

guided synthesis (TGS) offers significant potential in drug delivery applications and can be 

utilized as a new method to screen building block libraries.29–32 All these necessary utilities of 

‘click chemistry’, in addition to many more such practical applications render this methodology 

a ‘near ideal’ approach for obtaining the desirable results in a convenient and efficient manner. 
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1.2. Huisgen 1,3-dipolar cycloaddition- the precursor to ‘Click Chemistry’ 

The heterocycles synthesis involving the 1,3-dipolar addition is considered as one of 

the most significant routes for the synthesis of heterocyclic compounds.33,34 The mechanism of 

the reaction involves the concerted formation of a cyclic compound through the combination 

of a 1,3-dipole (a three-atom -electrons containing molecular entity having an atom of 

incomplete valency at one terminal position with the adjacent atom carrying a formal positive 

charge and a lone pair bearing atom at the other terminal position carrying a formal negative 

charge) with a dipolarophile group bearing multiple bonds. The common examples of 1,3-

dipoles include nitrile imines, azomethine ylides, and diazo compounds. The electronic 

arrangement of these dipoles makes them highly reactive and prone to seeking out regions of 

high electron density in other molecules. On the other hand, the dipolarophile is typically an 

electron-rich species, as it contains regions of high electron density that can interact with the 

electron-deficient 1,3-dipole. The cyclic product is formed via cyclic electron displacement 

involving the formation of two new -bonds utilizing two available -bonds35,36 as shown in 

figure 1.3. The reaction follows a pericyclic process, meaning that it occurs in a single step 

without the formation of intermediates. 

 

Figure 1.3: Proposed concerted mechanism of 1,3-dipolar cycloadditions35,36 

 The significance of 1,3-dipolar cycloaddition reactions lies in their versatility, 

efficiency, and applicability across a wide range of scientific disciplines. These reactions have 

revolutionized synthetic chemistry, enabled innovative material design, advanced drug 

discovery, and facilitated the exploration of biomolecular interactions, among other 

contributions to scientific and technological progress.37,38 As a result of its efficiency and 

robustness, the 1,3-dipolar cycloaddition is also widely used in the synthesis of complexes of 

biological significance.39 
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It was Rolf Huisgen's exceptional work to organize previously disparate findings 

regarding the 1,3-dipolar cycloadditions into a logical progression, to go deeply into specifics, 

and to creatively expand on the new knowledge which was largely responsible for the direction 

in which this vital area of chemistry has progressed.40,41 He focused on the reactions involving 

nitrile imines, azides, and diazo compounds as 1,3-dipoles and various alkynes and alkenes as 

dipolarophiles, highlighting the regioselectivity and stereoselectivity of these reactions and laid 

the groundwork for synthetically producing  different five-membered heterocycles. It was 

proposed that these species, characterized by alternating positive and negative charges, could 

serve as highly reactive intermediates in cycloaddition reactions. A synthetic pathway for the 

synthesis of 1,2,3-triazoles, also known as the Huisgen cycloaddition was presented by him in 

196336 wherein a terminal alkyne (acting as a dipolarophile) was subjected to thermal fusion 

with an organic azide (acting as a 1,3-dipole) under thermal conditions (> 100 ºC) which 

resulted in the production of 1,4-disubstituted as well as 1,5-disubstituted 1,2,3-triazoles42 (ca. 

1:1) as shown in figure 1.4. 

 

Figure 1.4: An illustrative representation of Huisgen 1,3-dipolar cycloaddition36 

 Huisgen's work was fundamental in shaping the click chemistry paradigm, as the 

concept of highly efficient, selective, and reliable chemical reactions aligns closely with 

Huisgen's emphasis on the practicality and versatility of 1,3-dipolar cycloadditions. The 

methodology, although an effective and robust route for the synthesis of 1,2,3-triazoles 

presented the following challenges resulting in the limiting of its utility: 

➢ The reaction process involved the requirement of high temperature range (˃ 100 °C) 

➢ Duration of the reaction was extremely long, ranging from a few days to a few weeks 

➢ Due to no regiospecificity thereby resulting in the formation of a racemic mixture (ca. 

1:1), the separation of the products imposed a challenge39 
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1.3. Cu(I)-catalyzed alkyne azide cycloaddition (CuAAC)- the quintessential ‘Click 

Chemistry’ 

 The independent investigations led by Sharpless and Meldal research groups in 2001 

brought renewed interest to the 1,3-dipolar cycloadditions43 wherein accentuating the 

regioselectivity and tolerance of this reaction, the findings of the conducted research evidenced 

that the introduction of Cu(I) species as the catalyst in Huisgen cycloaddition reaction 

significantly enhances the regiospecificity44 as the 1,4-disubstituted 1,2,3-triazole is formed 

exclusively, and the reaction rate is accelerated by 107 times compared to the uncatalyzed 

process; while allowing the reaction to advance at relatively milder temperatures. This 

enhanced approach was termed as Cu(I)-catalyzed alkyne-azide cycloaddition, abbreviated as 

CuAAC45 (figure 1.5), which since its inception, has become the flagship methodology that 

represents the ‘click’ pathway46 with exceeding expectations, while also meeting majority of 

the criteria of green synthesis.47 

 

Figure 1.5: A visual depiction showcasing the Cu(I)-catalyzed alkyne-azide cycloaddition 

process8 

 As represented in figure 1.5, Cu(I) species mediates the cycloaddition of a terminal 

alkyne with an organic azide by acting as the catalyst, and the reaction involves the use of 

benign solvents like tetrahydrofuran (THF), acetonitrile, ethanol, water, etc. and providing 

moderately elevated temperature (55 - 60 °C). Microwave irradiation (50 - 480 W) in 

combination with Cu(I) in a suitable solvent is another cutting-edge technique that can be used 

to carry out this cycloaddition reaction. 48,49The high yield, tolerance of reaction conditions like 

benign solvents, moisture and oxygen insensitivity, creation of a single product, and speed of 

the CuAAC reaction are all features that contribute to the method's widespread appeal.50 The 

utility of CuAAC in chemical synthesis, bioconjugation, materials science, and many other 

areas has revolutionized the way researchers design molecules, materials, and technologies, 

contributing to significant advancements in science and technology. However, in contrast to 

the great majority of coupling systems, this reaction has a few extra properties that contribute 

significantly to its advantages,51 such as: 
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➢ Under the mild conditions usually seen in CuAAC reaction, the azide and the alkyne 

that serve as the reactants are resistant to interaction with many other functional groups, 

which is remarkably useful when trying to immobilize a molecule with a lot of different 

functional groups.52 

➢ Due to the non-availability of azide and alkyne in living organisms and hence their 

consequential inertness towards the biological functions, the site-specific attachment of 

biomolecules to surfaces is greatly facilitated by this reaction, due to which CuAAC 

has been dubbed ‘bio-orthogonal’53–55  

➢ The catalysis can be turned on and off by adjustment of the copper redox state for a 

wide range of catalytically active Cu(I) complexes, thereby providing control over the 

reaction kinetics56 

➢ The final product of the reaction has good stability, with excellent resistance to 

hydrolysis and redox processes, compared to linkages originating from alternative 

couplings57 

➢ Combining CuAAC with other orthogonal click reactions, such as oxime ligation or 

Staudinger ligation, allows for the sequential modification of a molecule with different 

functionalities. This can lead to the construction of intricate architectures with multiple 

points of attachment58 

➢ Intramolecular versions of CuAAC have been developed, enabling the construction of 

cyclic structures through the formation of triazole linkages within a single molecule. 

This approach has been used in the synthesis of complex natural products and drug 

candidates59 

➢ Advanced CuAAC products have been utilized to label and track molecular interactions 

in situ. These applications provide insights into protein-protein interactions, enzyme 

dynamics, and cellular signaling pathways28 

➢ CuAAC is known for its high atom economy, meaning that a substantial portion of the 

initial materials becomes part of the product, thereby minimizing waste generation, 

while often avoiding the use of toxic or expensive reagents and implementing the use 

of benign solvents. As a result, many features of CuAAC align with the principles of 

green chemistry60  
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1.4. Mechanistic aspects of CuAAC 

In order to improve and broaden the applications of any synthetic methodology, it is 

essential to comprehend the reaction pathway(s) along with the probable intermediates and 

various transition states. Any postulated mechanism regarding a methodology must account for 

the kinetic credence of the various types of components involved in the reaction such as 

reactants, catalysts, solvents, etc., as well as the stereoselectivity and regiospecificity.61 The 

CuAAC has also remained a comprehensive subject regarding its mechanistic studies wherein 

it has been established that while azides and alkynes typically engage in 1,3-dipolar 

cycloaddition through a concerted mechanism, DFT simulations conducted on monomeric 

copper acetylide complexes have confirmed that a stepwise approach is considerably preferred 

over this mechanism.62 

1.4.1. The mononuclear mechanism by Sharpless et al. 

Sharpless research group initially proposed a mononuclear mechanistic pathway for 

CuAAC involving a six-membered mononuclear copper(III) species.63 It is possible to think of 

the first proposed mechanism as a crude outline for a more veritable diagram. It clarifies why 

the presence of copper(I) is essential for the progression of the reaction and why the resulting 

triazole is regiospecific, while also emphasizing the appropriate copper-alkyne and copper-

azide interactions,64,65 as shown in figure 1.6. 

 

Figure 1.6: Mononuclear mechanism of CuAAC as proposed by Sharpless research group8  
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The mechanistic approach outlined in figure 1.6 can be considered as a basic outline for a 

complete and more elucidated pathway. It clarifies the copper(I) dependency of the reaction 

and the regiospecificity of the 1,4-disubstituted 1,2,3 triazole. The -bonded copper(I) 

acetylide that must form and the azide that must coordinate with copper(I) through the alkylated 

nitrogen are both specified. The kinetic and structural research have revealed the refinements 

of this sequence since its conception.65,66 The plausible mechanism was proposed to advance 

in the following sequential manner: 

➢ Emergence of Cu(I)-acetylide complex (A) by the substitution of the labile alkynyl 

proton of the terminal alkyne with Cu(I) 

➢ The coordination of azide group with the Cu(I)-acetylide complex through Cu(I) and 

alkylated nitrogen (B) 

➢ Formation of a C-N bond resulting in the transformation of the azide-coordinated Cu(I) 

acetylide structure into a six-membered metallacycle (C) accompanied by change in the 

oxidation state of Cu from +1 to +3 

➢ Generation of cuprous-triazolide complex (D) due to ring contraction in combination 

with the oxidation state reduction from Cu(III) to Cu(I) 

➢ Protonation of triazolide complex to give the 1,2,3-triazole species 

1.4.2. The binuclear mechanism by Fokin et al. 

 Fokin and Finn observed a rate order of two with regard to the concentration of 

copper(I) ions in both ligand-free and most ligand-containing CuAAC reactions, thereby 

suggesting that the rate-determining step involves two copper(I) ions. Molecular mechanics 

studies using density functional theory (DFT) agree with this concept,66–68 predicting that a 

mechanistic approach involving binuclear copper(I)-acetylide complexes is preferable to a 

mononuclear pathway69–71 (figure 1.7). The research in quantum mechanics corroborated this 

reaction pathway by demonstrating that the energy barrier for the reaction route using a 

binuclear structure is much lower than that for the reaction path including a mononuclear 

structure, which was found to be on the order of the noncatalyzed path. Furthermore, the 

conclusive evidence of the existence of bis(copper) intermediates has also been reported 

experimentally via isotopic labelling, separation, and electrospray ionisation mass 

spectrometry methods, thereby supporting the binuclear nature of the CuAAC process.66,70  
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Figure 1.7: Binuclear mechanism of CuAAC as proposed by Finn and Fokin72 

It was claimed that the conceivable mechanism would develop as follows: 

➢ Formation of a , -dicopper-acetylide complex (A) 

➢ The coordination of azide group with the dicopper-acetylide complex (B) through one 

of the Cu(I) and the alkylated nitrogen leading to the formation of a ternary complex 

➢ Oxidation of the other Cu(I) from +1 to +3 resulting in metallacycle formation (C) 

➢ Ring contraction to yield the Cu(I)-triazolide complex (D) accompanied by the 

oxidation state reduction from Cu(III) to Cu(I) 

➢ Protonation of triazolide complex to give the 1,2,3-triazole species 

 The activation barrier for the mononuclear mechanism is found to be greater than that 

of the uncatalyzed process. Furthermore, it has been established that the Cu(I) catalyst is unable 

to overcome the observed highest barrier for any concerted process, which stands at 23.7 

kcal/mol, indicating its ineffectiveness to significantly impact the reaction rates. On the other 

hand, the activation barrier for the binuclear mechanism is determined to be reduced by as 

much as 11 kcal/mol compared to the uncatalyzed process, which explains the remarkable rate 

improvement observed under Cu(I) catalysis. As a result, the binuclear mechanism is strongly 

favoured over the mononuclear mechanism as supported by the DFT calculations and kinetic 

experiments.65,72 
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1.5. The 1,2,3-triazole ring 

1.5.1. Structural aspects and properties 

The 1,2,3-triazole is a five-membered, aromatic nitrogen heterocycle containing three 

nitrogen atoms in a five-membered ring73,74 as represented in figure 1.8. Within a cyclic 

arrangement, all three nitrogen atoms are adjacently coupled with two carbon atoms and have 

two double bonds conjugating with the nitrogen lone pairs.75,76 The aromatic nature of 1,4-

disubstituted 1,2,3-triazoles stems from the sp2 hybridization of all the atoms and hence the 

delocalization of the accessible 6 electrons of the ring.77 The increasing demand for 1,2,3-

triazoles in modern synthetic chemistry is largely due to their easy and modular synthesis using 

CuAAC click chemistry,78 and the 1,2,3-triazole ring's unique structure and its significance in 

bioconjugation have made it a crucial building block, providing valuable tools for drug 

development, materials science, and biochemical research. 

 

Figure 1.8:  An illustration of 1H-1,2,3-triazole ring 

The following are some key characteristics of 1,2,3-triazoles: 

➢ The 1,2,3-triazole motif is intriguing in and of itself due to its strong dipole moment, 

hydrogen-bond donor (C-5 H) and acceptor (N-2 and N-3) sites, and cyclic nature.79 

➢ The 1,2,3-triazole units have been shown to have a wide range of biological activity 

such as antibacterial and antiviral effects when included in synthetic compounds.80,81 

➢ These moieties have the potential to function in the body at physiological pH levels 

without being negatively affected by protonation or changing their structure, which 

contrasts with the behavior of other aza-heterocycles.82 

➢ The nitrogen-rich triazole is documented to implement hydrogen and halide bonding to 

form complexes with anions, or charge-assisted hydrogen and halogen bonds in the 

instance of triazolium salts.83  
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1.5.2. Potential Uses of 1,2,3-Triazoles 

The CuAAC approach has been used globally to manufacture 1,2,3-triazole linked 

molecules having a wide variety of potential uses. It is a well-known fact that scaffolds based 

on 1,2,3-triazoles make up an important class of heterocycles, particularly in medicinal 

chemistry because 1,2,3-triazoles have demonstrated pharmacological activity84,85 against a 

wide variety of pathogens. However, it is also important to note that these moieties have 

substantial operations in several other research zones, such as medicinal attributes,86 

proteomics,87 polymer synthesis,88,89 optical brightening agents,90,91 drug discovery,92 cellular 

bioimaging,93 antimicrobial activity,94 chemosensing,95,96 etc. (figure 1.9) 

 

Figure 1.9: Diverse applications of 1,2,3-triazoles in several research areas84–96 

While the uses of 1,2,3-triazoles are certainly noteworthy, chemosensing is arguably 

one of the most significant and extensively explored applications of 1,2,3-triazoles. Since the 

contamination of our environment (be it water bodies or soil/land) by the accumulation of some 

of the toxic heavy metal ions such as Arsenic, Chromium, Mercury, Cadmium, Lead, etc. in 

significantly dangerous concentrations has become a serious cause of concern,97,98 therefore 

cost-effective and effectual methodology for toxic ions detection rapidly as well as efficiently 

has become of paramount importance and 1,2,3-triazole derivatives prepared through ‘click 

chemistry’ can substantiate to be a great asset for addressing this particular problem.99  
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1.6. Chemical Sensor 

1.6.1. Concept and classification 

To perform chemical sensing, a target molecule (analyte) interacts with a receptor 

(chemosensor), causing a readily observable change. The majority of chemical sensors rely on 

a binding event or chemical reaction to modify the absorption and/or emission properties of an 

attached fluorophore, while other chemosensors exhibit change in the redox potential or 

conformational changes.100 This design principle, which leverages specific molecular 

interactions, has been instrumental in the development of a wide array of chemosensors tailored 

to identify and quantify a diverse range of substances that hold significance in both 

physiological and ecological contexts.101 Chemical sensors possess the remarkable capability 

to transform various forms of chemical data, spanning from the precise measurement of 

individual components to the comprehensive characterization of an entire sample's chemical 

composition, into readily interpretable and actionable signals. Within an analyzer system, a 

chemical sensor stands as the foundational component, serving as the frontline data gatherer 

that interacts with the analyte. It is complemented by an array of essential components, 

including signal processing units for amplifying and refining the sensor's output, data 

processing systems for converting raw data into meaningful information, data storage 

capabilities for archiving valuable results, and precise sample delivery mechanisms that ensure 

a consistent and reliable flow of analytes to the sensor.102  

Within meticulously controlled laboratory settings, the distinctive advantage lies in the 

ability to isolate and distinguish the analyte's signal from the complex matrix of other 

substances within the sample. This capability minimizes the necessity for extensive and often 

time-consuming sample pre-treatment procedures, streamlining the analytical process and 

providing researchers with more precise and efficient means of quantifying and characterizing 

target compounds, making laboratory analyses quicker and more accurate.103 Chemical sensors 

are categorically classified based on the nature of their output signal and their operational 

principles,104 as represented in figure 1.10. This systematic classification provides a structured 

framework for understanding and differentiating the diverse array of chemical sensors 

available. By grouping sensors into distinct categories, researchers can navigate the sensor 

landscape more effectively and select the most suitable sensor type, thereby optimizing sensor 

performance and analytical outcomes. 
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Figure 1.10: A pie chart representation for the classification of chemical sensors into various 

categories based upon the technique used104 

➢ Optical sensors: The interlinkage between an analyte and a receptor portion of such a 

sensor causes changes in the overall optical phenomena, such as absorbance, 

fluorescence, reflectance, etc., which can be recorded by optical instruments.100,105 

➢ Electrochemical sensors: An analyte and an electrode can interact electrochemically, 

and the resultant signal, which is essentially an effect of such electrochemical 

interactions can be transformed for useful interpretations.106 Both electrical stimulation 

and spontaneous interaction under the zero-current state have been observed in cases of 

such effects and some examples include voltametric sensors, potentiometric sensors, 

etc.107,108 
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➢ Electrical sensors: No electrochemical activities take place in measurement-based 

electrical devices; rather, the signal is generated by the analyte's interaction with its 

surroundings, resulting in a change in electrical characteristics.109 

➢ Mass sensitive sensors: Devices that are sensitive to mass do so by converting a 

variation in mass at a specifically modified surface into a variation in some other 

property of the substrate. The shift in mass results from the analyte's accumulation.110 

➢ Thermometric sensors: Analyte-involved chemical reactions or adsorption processes 

that generate heat can be measured using thermometric instruments.111 

1.6.2. Essential components of chemosensor 

Any ligand designed to act as a chemosensor consists of three main parts: the receptor, 

which serves as the first line of interaction, not only offers a specific binding site for the target 

ion but also governs the chemosensor's sensitivity and selectivity. Meanwhile, the transducer 

or signal unit acts as the dynamic reporter, responding to the receptor-ion interaction by 

generating measurable photoluminescence changes. The spacer unit, a critical link between the 

receptor and the transducer, ensures optimal distance and flexibility, facilitating efficient 

molecular recognition and signal transmission within the chemosensor structure. (figure 1.11). 

Additionally, the receptor's cavity should have roughly the same size as the metal ion, allowing 

the ion to be precisely positioned within the cavity with no effort on the part of the ion. Using 

such voids for reversible ion adhesion by ionophores is a step towards modifying the 

chemosensor selectivity even further.112,113 Each chemosensor has its own characteristics due 

to the specialized receptor unit that makes it work. The receptor, serving as the first line of 

interaction, not only offers a specific binding site for the target ion but also governs the 

chemosensor's sensitivity and selectivity. Meanwhile, the transducer or signal unit acts as the 

dynamic reporter, responding to the receptor-ion interaction by generating measurable 

photoluminescence changes. This integrated architecture forms the foundation of 

chemosensors, allowing them to convert molecular recognition events into easily detectable 

signals, making them invaluable tools in fields ranging from analytical chemistry to biomedical 

research. 
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Figure 1.11: An illustration of the indispensable components of a chemosensor and the 

functions thereof 

1.6.3. The sensing process 

The whole procedure of chemosensing involves the target species, i.e., the guest 

connecting non-covalently with the receptor unit, i.e., the host in chemosensors, based on the 

host-guest relationship principle which in turn causes the transducer to exhibit photophysical 

changes to confirm the metal ion binding.114,115 Additionally, the hard and soft acid-base 

(HSAB) concept, a fundamental principle in coordination chemistry, serves as a guiding 

framework for understanding how metal ions interact with chemosensors by elucidating the 

nuanced preferences of metal ions for certain ligands based on their electronic and structural 

characteristics.116,117 In lieu of this theory, the metal ions categorized under soft acids such as 

Hg2+, Pt2+, Pd2+, Ag+, Au+ etc. preferentially bind with the ligands having donor atoms 

classified under soft bases such as sulphur, while the ligands having borderline bases such as 

nitrogen atoms have a binding appetite for borderline acids like Fe2+, Co2+, Cs2+, Pb2+ etc. 

Molecules with chromophoric or fluorophoric units are an intriguing type of chemosensing 

material since they possess all the desirable characteristics of a chemosensor. These compounds 

can incorporate detecting features with optical transduction, i.e., an alteration in the absorbance 

and/or fluorescence.118–120 
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1.7. Metal ion recognition by 1,2,3-triazoles 

The analytical methods for metal ions recognition have expanded over past few 

decades, and now include several techniques ranging from Atomic Absorption Spectroscopy 

(AAS)121,122 and voltammetry to Inductively Coupled Plasma Mass Spectrometry (ICP-

MS)123,124 and electrochemical techniques. Despite their long-standing use in various fields, it 

is important to recognize the substantial limitations associated with these methods. These 

include expensive equipment, lack of precision in distinguishing similar substances, slow 

response times, intricate procedures, and environmental concerns.125,126 These drawbacks 

collectively hinder the versatility and accessibility of these techniques, prompting the ongoing 

search for more efficient and cost-effective alternatives in scientific research and industrial 

applications. As a result of these problems, their application is constrained in achieving the 

desired effects. But 1,2,3-triazole moiety-containing organic compounds have remarkable 

success in the detection of a wide range of ions, owing to the presence of nitrogen lone pairs 

(the 1,2,3-triazole ring is a very electron-rich site that can be coordinated by metal electrophile). 

Thus, the presence of an electron-rich, non-hydrolyzable 1,2,3-triazole ring in a compound 

makes it possible for the positively charged metal ions to interact with the ring via several 

coordination strategies127,128 as illustrated in figure 1.12. Furthermore, the exocyclic groups 

that are meant to attach with this triazole ring by exchanging the existing H- atoms can be 

electron rich in nature, hence improving the ring's functionality.129 To rephrase, click chemistry 

allows us to consciously build molecules to have the qualities we find useful and desirable. 

 

Figure 1.12: An illustration of metal ion-binding with the ligand in accordance with the host-

guest relationship and HSAB concept130 
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1.8. Determination of chemosensing behaviour via spectroscopic analysis 

1.8.1. UV-Vis spectroscopy 

 For metal ion recognition, UV-absorption spectroscopy is a fast, non-destructive, high-

resolution, and low-cost alternative to conventional spectroscopic methods. In addition, recent 

instrumental and theoretical advancements have enhanced its usefulness, leading to a modest 

renaissance in its use for chemosensing purposes.131 As UV absorption spectrophotometers are 

commonly found in biochemical labs, this method could be utilized to provide evidence for 

metal ion recognition by the chemosensors in the absence of more specialist equipment. 

Typically, chemosensors tend to have a pronounced peak in the UV-Vis region of the spectrum. 

This is made up of several bands that overlap one another and originate mostly from aromatic 

or conjugated residues. In great part, n→* and →* transitions involving the electrons of 

their aromatic rings are responsible for these signals.132 To confirm ion recognition, the changes 

in the absorption maxima and/or intensities are compared between the absorption spectra of 

the pure ligand and the metal-ligand solution (figure 1.13). The addition of metal ions could 

alter the energy difference between the ligand's ground state and its excited state, thereby 

resulting in a shift of the absorption peak and/or a change in the peak's intensity.133,134 

Therefore, the detection of metal ions by the ligand under observation can be understood by 

comparing the spectra before and after the addition of ions to the molecule. 

1.8.2. Fluorescence spectroscopy 

 When a molecule absorbs photons of a specific wavelength, it transitions from its 

ground state to an excited state. Following a brief interval, the molecule emits photons upon 

returning to the ground state. This emitted light possesses longer wavelengths than the absorbed 

photons, yielding a characteristic fluorescence spectrum135 and can be utilized to obtain 

information about the ion recognition ability of a ligand. The molecular entities exhibiting 

fluorescence emission on excitation with a suitable wavelength are referred to as fluorophores, 

whose emission intensity depends on three factors: the concentration of the sample, the 

absorbing power, i.e., extinction coefficient at the excitation wavelength, and the quantum 

yield.136,137 Since the emission spectra obtained is based on fluorescence, it can be used in the 

same way as UV-Vis spectroscopy to estimate the metal binding ability of a ligand probe by 

observing any significant influence of the metal ions on the position and/or intensity of the 

fluorescence peak (figure 1.13) if metal binding with the probe occurs.138–140 
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Figure 1.13: Different alterations exhibited in the absorption/emission spectrum of a 

chemosensing probe on binding with an analyte 

1.9. Conclusion 

The CuAAC 'click' methodology, known for its remarkable efficiency, affordability, 

and biocompatibility, stands as a paramount approach for seamlessly joining molecular entities. 

Beyond its role as a connector, this technique brings forth the intriguing world of 1,2,3-triazole 

rings, offering a myriad of practical applications. Its versatility extends to the substrates 

employed, enabling the creation of diverse 1,2,3-triazole-appended conjugated systems. These 

systems possess an inherent capability for metal-ion recognition, presenting a promising 

solution in the ongoing battle against the escalating menace of environmental contamination 

caused by toxic heavy metal ions. With CuAAC at its core, this scientific innovation not only 

facilitates molecular bonding but also opens doors to safeguarding our planet's ecological 

balance. This innovative utilization of the CuAAC 'click' reaction is paving the way for the 

creation of 1,2,3-triazole-based optical sensors which are engineered to excel in the precise 

detection of metal ions through absorption and/or emission spectroscopy techniques. This 

strategic fusion of click chemistry and spectroscopy promises to revolutionize the field of 

analytical chemistry, offering selective and sensitive tools for monitoring and mitigating the 
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metal ions presence in various environmental and industrial settings. The contemporary 

research is underway that seeks to elucidate the mechanism through which a triazole ring binds 

metals, while the reported literature is reminiscent that the performance of such a 1,2,3-triazole 

derivative is affected by several variables, including solvent, counterion, molecular, and 

electronic structures. The development of more sensitive and selective metal ion sensors may 

be made possible by future systematic research that provide light on definite patterns in metal 

ion binding. 
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Chapter II 

 

Review of Literature 

This section is a comprehensive review of the approaches taken into 

consideration and implemented in the conducted research. It provides a 

detailed study of the literature on Nitrogen-based heterocyclic compounds 

utilized for chemosensing as well as an overview of the spectroscopic 

techniques for characterizing the manufactured molecules; and all the stages 

involved in the synthesis of the molecules under investigation till their 

application.
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2.1. Heterocycles in organic chemistry  

2.1.1. A general overview 

Compounds having a cyclic structure that includes elements other than carbon and 

hydrogen, such as oxygen, nitrogen, sulfur, etc., are referred to be heterocyclic, in the sense 

that the term ‘heterocycle’ itself refers to the presence of different atoms in a ring structure, as 

opposed to a homocyclic compound, where the ring consists only of carbon atoms. More than 

half of all organic compounds are heterocycles, making them an exceptionally significant 

family of molecules having wide applications.1–3  Some heterocyclic compounds are inorganic, 

but the ring structure of most of the compounds often includes at least one carbon atom and 

other heteroatoms like sulfur, oxygen, or nitrogen, making up both aromatic and non-aromatic 

ring structures. The presence of heteroatoms imparts different electronic and chemical 

properties to the heterocycles compared to their all-carbon counterparts, as the heteroatoms can 

alter the reactivity, acidity/basicity, and overall chemical behavior of the compounds.4 

Heterocyclic compounds can exhibit aromaticity provided that the ring satisfies the criteria, 

and such compounds often have enhanced stability compared to the non-aromatic heterocycles. 

In contrast to the more complicated reactivity seen in non-aromatic systems, the reactivity of 

aromatic heterocycles is a mix of the normal non-cyclic derivatives and the effect of the 

heteroatoms involved, making aromatic heterocycles a more interesting class of compounds, 

as understanding the structural properties of heterocyclic compounds is crucial for predicting 

their behavior, reactivity, and interactions in various chemical and biological processes.5–7  

Heterocyclic compounds encompass a wide range of structures, including five-membered (e.g., 

pyrrole, furan, thiophene), six-membered (e.g., pyridine, pyrimidine, pyrazine), and larger ring 

systems (e.g., indole, quinoline, porphyrins). The arrangement of atoms, the number of rings, 

and the presence of different heteroatoms contribute to the diversity of these compounds.2,8–10 

Figure 2.1 shows the different heterocyclic compounds, both aromatic as well as non-aromatic, 

grouped in accordance with the ring size, i.e., 3-membered, 4-membered, 5-membered, 6-

membered, and fused heterocycles. The heterocyclic molecule of interest, the required 

heteroatom(s), and the accessible starting materials dictate the approach used for the synthesis 

of these compounds. As a result, synthetic organic chemistry is still driven by the pursuit of 

novel techniques and the strategic use of established methods for the synthesis of complex 

heterocyclic molecules.11–17  
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Figure 2.1: Three, four, five, six-membered and fused heterocyclic systems2 
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2.1.2. Applications of heterocyclic compounds 

Being a bridge between the biological and chemical realms, where so much scientific 

discovery and practical application takes place, they are present in more than 90% of new 

medications.18–20 Their polarity, lipophilicity, pharmacokinetics, and toxicological qualities are 

just a few of the physicochemical characteristics that are desirable and may be constructively 

manipulated. The heterocyclic compounds are the constituent structural motifs in several 

antidepressant, antitumor, antimalarial, anti-HIV, antidiabetic, anti-inflammatory, 

antibacterial, fungicidal, herbicidal, insecticidal, and synthetic drugs21–23 found in 

pharmaceuticals, vitamins, natural products, biomolecules, and biologically active 

compounds,8–10,24,25  while significant bio- and chemiluminescent, photochromic, and 

solvatochromic characteristics are seen in several of these substances.26–31 In addition to this, 

these groups as linkers do show some properties like fluorescent sensors, polymers, dyes, 

brightening agents, and analytical reagents.32–35 They may also be used in conjugated polymers 

and other supramolecular and polymer chemistry, as molecular wires, light harvesting systems, 

organic conductors, semiconductors, organic light-emitting diodes (OLEDs), photovoltaic 

cells, optical data carriers, corrosion inhibitors, etc.36–45 In addition to their synthetic value, 

heterocycles are of interest due to their potential as metal ligands in chiral auxiliaries, 

asymmetric catalysts, organocatalysts, protecting groups in organic synthesis, and synthetic 

intermediates.46–48 The applications of heterocyclic compounds as mentioned above have been 

illustrated in figure 2.2. 

 

Figure 2.2: Applications of heterocyclic compounds8–10,21–48 
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2.1.3. The 1,2,3-triazole 

The 1,2,3-triazoles and their derivatives are a class of N-containing, five-membered 

heterocyclic compounds having three nitrogen atoms and two carbon atoms constituting the 

heterocyclic ring, that have attracted a lot of interest from theoretical as well as experimental 

chemists for their potential in the modification of biologically active chemicals with 

applications in the chemical, biological, and medical sciences.49,50 Since the 1,2,3-triazole core 

often has a number of pharmacophore properties, the hybrids that contain or are fused by a 

1,2,3-triazole ring are commonly referred to as ‘lead compounds’ and can form hydrogen bonds 

with biomolecular targets, increasing their solubility and ability to interact with them. 

Additionally, having an electron rich core attributable to the presence of lone pair containing 

N atoms, they are prime moieties to be implemented as metal ion recognition agents. The 1,2,3-

triazoles are broadly categorized into three main categories as monocyclic 1,2,3-triazoles, 

benzotriazoles, and triazolium salts (figure 2.3); and the position of the N-H proton allows for 

further subdivision of the monocyclic 1,2,3-triazoles into three distinct groups, i.e., the 

aromatic 1H- and 2H-1,2,3-triazoles, and the non-aromatic 4H-1,2,3-triazole which exists in 

equilibrium with the aromatic 1H- and 2H-1,2,3-triazoles in solution and in the gas phase.2,51 

A substantially high dipole moment of 4.18 D is observed in the 1,4-disubstituted 1,2,3-

triazoles due to which the hydrogen bonds and/or  -  stacking interactions ought to be 

strengthened in such compounds. This is one of the quintessential features of these compounds 

which makes them a likely moiety for ion recognition analysis; with the additional essential 

ability of 1,4-disubstituted triazoles to be non-classical bioisosteres of the amide group for 

medicinal chemists since the amide group is one of the most often represented functional 

groups in medications.52 

 

Figure 2.3: An illustrative categorization of 1,2,3-triazoles2 
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2.2. CuAAC ‘click’ methodology for 1,2,3-triazole linked derivatives 

The literature is abundant with several methods describing the formation of 1,2,3-

triazole derivatives,53 however, the CuAAC has been the method of choice54,55 for the past two 

decades due to its desirable characteristics, such as mild reaction conditions, regioselective 

nature, and high yields of pure products.56 Therefore, the use of CuAAC for synthesizing the 

1,2,3-triazole derivatives has been extensively done, and fruitful results have been yielded by 

the research community by implementing this methodology as a synthetic tool. The precursor 

to the 1,2,3-triazole derivative, i.e., the terminal alkyne can also be synthesized via numerous 

synthetic routes. While the Sonogashira coupling57,58 has remained a conventional method for 

obtaining alkyne reagents, other methodologies involving in situ approaches like using the 

Bestmann-Ohira59,60 reagent have also been devised for obtaining alkyne reagents directly from 

aldehyde precursors. As for the other reactant of CuAAC, i.e., the organic azides, diazonium 

salts61,62 provide a convenient route from amine precursors to the resulting azides, while the 

conversion of diaryl ethers obtained via Ullmann reaction to yield aryl azides are also employed 

to obtain the desired organic azides. In addition, the remarkable ability of CuAAC to 

accommodate diverse functional groups enables the introduction of supplementary donor 

moieties at the 1- and 4-positions, thereby facilitating the synthesis of diverse chelating 

ligands.63,64 The synthesis of 1,2,3-triazoles, via the CuAAC pathway, is achieved through the 

following three steps: 

• Synthesis of a terminal alkyne 

• Synthesis of an organic azide 

• Synthesis of 1,2,3-triazole from terminal alkyne and organic azide 

2.2.1. Synthesizing a terminal alkyne 

Terminal alkynes are also called as monosubstituted alkynes (R-C≡C-H), as they 

consist of a single alkyl group bonded to a single sp hybridized carbon atom of the triple bond 

present at the very end of the carbon chain.65 Terminal alkynes have been extensively used by 

the organic chemists as valuable precursors in several reactions, including the synthesis of 

carbocycles, heterocycles, enamines, etc. Additionally, the C≡C owing to its electronic 

properties and versatility has been implemented as a building block in biochemical and material 

science.66,67 Several discrete pathways for synthesizing terminal alkynes from different starting 

materials and under different sets of reaction conditions have been reported in the literature, 

some of which are: 
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2.2.1.1. α, β-eliminations 

Zhao et al. presented a practical and effective method to synthesize terminal alkynes 2 

from 1,1-dibromo-1-alkenes 1, wherein the reaction was conducted using Cs2CO3 as the base 

and DMSO as the solvent (figure 2.4). The reaction was maintained at 115 °C and progressed 

rapidly, while also being tolerant to several different functional groups.68 The synthesized 

products were isolated with a yield of 85 - 94% via this methodology. 

 

Figure 2.4: Synthesis of terminal alkyne from 1,1-dibromo-1-alkene employing Cs2CO3 as the 

base68 

Singh and co-workers synthesized terminal alkynes 4 from gem-dibromoalkenes 3 

wherein the reagent, i.e. Na2S, being readily available in commercial quantities and at a 

moderate cost, the approach was considered preferable to others. With no base needed, the 

reaction can take place at room temperature (20 - 40 °C) and in air, with good yields of 65 - 

83% (figure 2.5). With this approach, various heteroaromatic, aromatic, and aliphatic gem 

dibromoalkenes gave rise to matching terminal alkynes.69 

 

Figure 2.5: Synthesis of terminal alkynes from gem-dibromoalkenes via Na2S mediation69 

Morri research group reported the conversion of 1,1-dibromoolefin 5 to yield the 

terminal alkynes by using excess 1,8-Diazabicycloundec-7-ene (DBU), thereby taking 

advantage of its nucleophilicity in anhydrous conditions which resulted in the production of 

the terminal alkynes 6 with a high yield of 76 - 93% for substrates with electron rich moieties 

(figure 2.6).70 
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Figure 2.6: Conversion of geminal-dibromoalkene into terminal alkyne70 

The decarboxylation and dehalogenation of 3-aryl-2,3- dibromopropanoic acid 7 was 

demonstrated by Kuang’s group using K2CO3 as the base for the synthesis of terminal alkynes 

8, which was carried out at 115 °C in DMSO (figure 2.7). The reaction was observed to go 

without a hitch and was tolerant to a wide variety of heteroaryl substituents in addition to aryl 

groups that may either remove or donate electrons, and demonstrated high yields of 83 - 94%.71 

 

Figure 2.7: Synthesis of terminal alkyne from dibromopropanoic acid71 

Kuang et al. reported the terminal alkyne synthesis from 3-aryl-2,3- dibromopropanoic 

acids 9 through microwave irradiation in the presence of Et3N and DBU. Initially, a mixture of 

isomers of alkene 10 were produced in the presence of Et3N. The weak basic character of Et3N 

prevented the abstraction of a vinylic hydrogen and the direct synthesis of the alkyne. Then, 

DBU was used to carry out the elimination of the HBr form of the (Z)-aromatic alkene to get 

the terminal alkynes 11 with excellent yield of 88 - 99% (figure 2.8).72 

 

Figure 2.8: Microwave-assisted one-pot synthesis of terminal alkyne72 



36 
 

2.2.1.2. Carbene rearrangement 

Corey and Fuchs presented an efficient strategy for converting aldehydes to alkynes via 

Ramirez olefination followed by Fritsch-Buttenberg- Wiechell (FBW) rearrangement (figure 

2.9). The 1,1-dihaloalkene 13 obtained from the aldehyde 12 was subjected to n-BuLi to give 

the carbenoid 14 which subsequently gave the carbene 15. A 1,2-shift of 15 resulted in the 

synthesis of the terminal alkyne 16 with good yields of 80 - 95%.73 

 

Figure 2.9: Synthesis of terminal alkynes from aldehydes as reported by Corey and Fuchs73 

Hijfte and colleagues observed that aldehyde 17 reacted with carbontetrabromide to 

form vinyl dibromide 18, which reacted with Mg in THF during refluxing to form terminal 

alkynes. This reaction proceeds owing to the sufficiently negative reduction potential of 

magnesium to transfer electrons to vinyl dibromide (figure 2.10). The methodology suggested 

the use of magnesium as a useful alternative to a strong base, which causes many unwanted 

side reactions, and the terminal alkynes 19 were also in good yields of 75 - 95%.74 

 

Figure 2.10: Synthesis of terminal alkynes from aldehydes as reported by Hijfte et al.74 

Beshai group demonstrated the dehydrohalogenation of 1-iodo-1-alkenes 20 using 

tetrabutylammonium fluoride (TBAF) as the base, to produce terminal alkynes 21 in high 

yields of 81- 98% (figure 2.11(a)). The methodology was applicable to many functional 

groups, including -NO2, C=O, aromatic halogens, and -CF3. Also, under the usual reaction 

conditions, heteroaromatic groups like pyridine also posed no difficulty. Above and beyond, a 

one-pot direct synthesis of terminal alkynes from aldehydes 22 was also demonstrated (figure 

2.11(b)), eliminating the need to isolate the intermediate iodoalkene. This reaction approach is 

a promising addition to the existing arsenal of ways to synthesis terminal alkynes 23 in good 
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yields of 73 - 86% from aldehydes because of its extensive substrate scope and functional group 

tolerance.75 

 

Figure 2.11: a) synthesis of terminal alkynes via dehydrohalogenation of (Z)-1-iodo-1-alkenes 

with TBAF. b) synthesis of terminal alkyne directly from aldehyde75 

Illa and colleagues successfully produced several different alkynes 26 in moderate 

yields of 40 - 67% beginning with a carbonyl molecule 25 by using the neutral reagent C-

silylated-diazophosphines 24 under relatively mild reaction conditions (figure 2.12).76 

 

Figure 2.12: Synthesis of terminal alkyne from aldehyde using C-silylated-diazophosphines76 

Acetoxynitrosamides 28 may be converted to terminal alkynes 32 in high yields of 77 

- 97% by refluxing in THF leading to the formation of carbene 29 and subsequently undergoing 

a rearrangement to generate the corresponding terminal alkyne (figure 2.13). This strategy was 

applicable to the synthesis of terminal alkynes with either aryl or alkyl substituents.77 

 

Figure 2.13: Synthesis of terminal alkyne from acetoxynitrosamide77 
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2.2.1.3. Miscellaneous Reactions 

The reaction of aldehydes 33 with the Ohira–Bestmann reagent 34, which is a 

phosphate derivative, in the presence of potassium carbonate and methanol was suggested by 

Bestmann research group as a method for the synthesis of terminal alkynes 35 with good yields 

of 65 - 89% (figure 2.14).78 

 

Figure 2.14: Synthesis of terminal alkynes by reacting aldehyde with Ohira–Bestmann 

reagent78 

Using [18F]-fluorobenzaldehyde 36, Krapf et al. produced radiofluorinated 

phenylacetylene 37 with a yield of 40 - 60% and more than 98% radiochemical purity in under 

20 minutes by treating the former with Ohira-Bestmann reagent, with K2CO3 as the base in 

CH3CN solvent (figure 2.15).79 

 

Figure 2.15: Synthesis of radiofluorinated phenylacetylene from [18F]-fluorobenzaldehyde79 

Beier group described the production of phenylacetylene 39 with a good yield of 71% 

via the removal of HF from α,α-difluorophosphonate 38, mediated by t-BuOK. In addition to 

this, the phenylethynylphosphonate was discovered as a minor byproduct (figure 2.16).80 

 

Figure 2.16: Synthesis of phenylacetylene from α,α-difluorophosphonate80 
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An examination of the pertinent literature uncovers numerous publications that describe 

the creation of new terminal alkynes through the utilization of different compounds that have 

functionalities containing at least one labile proton (-OH, -NH2 etc.); and with the use of 

propargyl bromide in conjunction with various solvents such as N,N-dimethylformamide, 

acetone, and acetonitrile; and bases such as potassium carbonate, cesium carbonate, and sodium 

hydride, the successful synthesis of terminal alkynes from a wide range of compounds can be 

accomplished.81–84 This method can be studied for the synthesis of new terminal alkynes with 

high yield since it does not necessitate robust reaction conditions or expensive experimental 

equipment, and can be conducted under normal laboratory conditions in an efficient and facile 

manner. 

 Ozukanar et al. reported the synthesis of compound 43 with 65% yield by reacting 

propargyl bromide 42 with p-hydroxy benzaldehyde 41 using potassium carbonate base in 

acetone as a solvent. This compound was then reacted with 2,7-dihydroxynaphthlane in glacial 

acetic acid and catalytic amount of HCl to yield the corresponding product 44, which was 

further nucleophilically substituted with propynyl moieties to yield the terminal alkyne 45 as 

the final product (figure 2.17).85 

 

Figure 2.17: Synthesis of terminal alkyne based on p-hydroxy benzaldehyde85 
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Kursunlu research group reported the propargylation of phenolic O-H groups of 

compound 46 using the base potassium carbonate and solvent media dimethylformamide 

(DMF), leading to the formation of the molecule containing di-alkyne 47 (figure 2.18).86 

 

Figure 2.18: Synthesis of the 3,4-dihydroxybenzaldehyde-based terminal alkyne86 

 Tamanini and co-workers reported a synthetic procedure wherein a solution of 48 in 

acetonitrile (50 mL) was subjected to the addition of propargyl bromide and then stirred 

overnight. Subsequently, the cyclam based terminal alkyne 49 was formed with 78% yield 

(figure 2.19), which was subjected to washing with cold acetonitrile after filtration, and dried 

in vacuum.87 

 

Figure 2.19: Synthesis of the cyclam based terminal alkyne87 

Huang et al. presented the synthesis of a terminal alkyne wherein compound 50 was 

etherified using propargyl bromide using a base (potassium carbonate), potassium iodide, and 

acetonitrile over a period of twelve hours, which resulted in 94% yield of the bispropargylether 

51 (figure 2.20).88 

 

Figure 2.20: Synthesis of the bispropargylether containing terminal alkyne88 
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Shen and co-workers proposed a synthesis route in which the terminal alkyne Py-NRhB 

53 was produced when NH2-NRhB 52 was nucleophilically substituted with propargyl bromide 

in acetonitrile at a temperature of 60 °C (figure 2.21). Consequently, the labile protons of the 

-NH2 group were substituted with propargyl groups, leading to the synthesis of the terminal 

alkyne in the form of a yellow solid.89 

 

Figure 2.21: Synthesis of the terminal alkyne Py-NRhB from NH2-NRhB89 

 Ko research group synthesized two terminal alkynes 55  and 57 via the nucleophilic 

substitution of the -OH groups of salicylaldehyde 54 and 2-(benzo[d]thiazol-2-yl)phenol 56 

separately. The reaction conditions and solvent used for both the starting materials were the 

same, with the base being K2CO3 and the solvent being CH3CN; refluxing the reaction mixture 

for 12 hours gave the corresponding terminal alkynes81 (figure 2.22(a) and 2.22(b)). 

 

Figure 2.22: Synthesis of salicylaldehyde and 2-(benzo[d]thiazol-2-yl)phenol based terminal 

alkynes81 
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2.2.2. Synthesizing an organic azide 

Phenyl azide 59, which was originally synthesized by Peter Griess in 1864,90 was the 

first organic azide ever to be synthesized (figure 2.23). Since then, researchers are interested 

in these highly reactive compounds owing to their possible applications in organic synthesis, 

medicine delivery, and other fields. Due to their usefulness in the synthesis of heterocycles 

including triazoles and tetrazoles, organic azides have established themselves in the realm of 

commercial science as well.91 Sodium azide is often used for the SN2-azidation of alkyl halides, 

acyl halides, and aryl halides. Aryl azides are crucial precursors in organic chemistry due to 

their high stability and high degree of conjugation. These properties have led to their 

widespread application in different research fields,92–95 including biology and industry, where 

they are used as photoaffinity labels, cross-linkers in photoresistors, building blocks for 

conducting polymers, and activators of polymer surfaces when exposed to light.96–98 Organic 

azides were traditionally produced using extremely volatile, poisonous, and explosive materials 

like hydrogen azide (figure 2.24)99; but, recently, alternative azidation techniques have been 

tried out that eliminate the need for these dangerous chemicals.100  

 

Figure 2.23: Synthesis of phenyl azide 59 from phenylhydrazine 5890 

 

Figure 2.24: Synthesis of an organic azide 61 by using the highly toxic hydrogen azide99 

The different methodologies reported for synthesizing organic azides are discussed below: 

Organic azides have been synthesized directly using alcohols, as described by Kitamura 

et al., who used 2-azido-1,3-dimethylimidazolinium hexafluorophosphate (ADMP) 63 for 

azide transfer to an alcohol 62 to obtain the desired product 64 by using 1,8-

Diazabicyclo(5.4.0)undec-7-ene (DBU) as base (figure 2.25(a)). The whole reaction was 

completed in 10 minutes at room temperature, with high product yield (65 - 96%).101 Similar 

results were also reported when primary amine 65 was used as the starting material to react 
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with ADMP 63 using N,N-dimethyl-4-aminopyridine (DMAP) as base to yield the products 66 

with yields of 63 - 94% (figure 2.25(b)).102 

 

Figure 2.25: Synthesis of organic azide by reacting (a) alcohol with ADMP and DBU as the 

base; and (b) primary amine with ADMP and DMAP as the base101,102 

An alternative approach to produce aromatic azides includes the diazotization of 

aromatic amines, and their subsequent a nucleophilic substitution using sodium azide. Capitosti 

and co-workers reported a procedure for azide synthesis wherein the nitro group of the 

heterocyclic reactant 67 was efficiently reduced using 10% Pd/C and H2, resulting in 80% yield 

of the 4-amino-substituted analogue. The corresponding 4-azido-substituted thalidomide 

analogue 69 was obtained in 35% yield through diazotization of 68 by using sodium nitrite in 

aqueous HCl, and subsequently adding sodium azide (figure 2.26).103 

 

Figure 2.26: Synthesis of azido-thalidomide from 4-amino-substituted analogue103 

Knepper et al. reported the synthesis of diaryl ethers 73 in varying yields of 34 - 95% 

via Ullmann reaction through the cleavage of polymer-bound aryl triazenes 72, which provided 

a combinatorial route to aryl azides, wherein in the presence of trimethylsilyl azide, the aryl 

triazenes underwent conversion to yield the corresponding azides (figure 2.27).104 
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Figure 2.27: Synthesis of diaryl ether thorugh trimethylsilyl azide following Ullmann 

reaction104 

Gavenonis research group proposed the conversion of 2,6-dimesitylphenyliodide 74 to 

its corresponding azide 75 with 96% yield by reacting the former with n-BuLi at 0 °C in hexane 

and then subjecting p-toluenesulfonyl azide to the resulting lithium salt with to yield the azide 

(figure 2.28) as red-orange crystals in 96% yield.105 

 

Figure 2.28: Synthesis of 2,6-dimesitylphenyliodide based azide105 

The utilization of hydrazines 76 in conjunction with nitrosyl ions or their precursors is 

a recognized procedure that is applicable in the production of different aromatic and aliphatic 

azides. 77 with excellent yields (84 - 95%) as described by Kim et al. (figure 2.29).106 

 

Figure 2.29: Synthesis of nitrosyl-hydrazine-based azide106 

Liu and Tor described that the reaction of anilines 78 with triflyl azide 79 yielded aryl 

azides and heteroaryl azides 80 with good yields (78 - 96%) (figure 2.30). These 

transformations are the go-to for preparing a wide variety of aromatic azides due to their low 

reaction temperatures, good yields, and ease of use.107 

 

Figure 2.30: Synthesis of aromatic azide from the corresponding amine using triflyl azide107 
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2.2.3. Synthesizing 1,2,3-triazoles via cycloaddition of a terminal alkyne with an organic 

azide mediated via Cu(I) catalyst 

The Huisgen cycloaddition, which yielded 1,2,3-triazoles as a racemic mixture (1,4- 

and 1,5-disubstituted, ca. 1:1), was further improved independently by Sharpless and Meldal 

by introducing Cu(I) salt as the catalyst and since its inception, the methodology has been 

extensively explored to synthesize several 1,2,3-triazole derivatives, owing to the desirable 

characteristics of this pathway including modularity, high yields, stereospecific nature, benign 

solvents, etc. in addition to the overlapping features with green synthesis such as atom 

economy, energy efficient, less hazardous, waste prevention, etc. The 1,3-dipolar nature of the 

organic azide makes it possible to undergo [3+2] cycloaddition with the unsaturated alkyne 

mediated via Cu(I) catalytic system to yield the 1,4-disubstituted 1,2,3-triazole. Some of the 

reports of synthesizing 1,2,3-triazole derivatives via the cycloaddition of a terminal alkyne with 

an organic azide have been enlisted as under: 

 Puthiyedath and Bahulayan demonstrated the successful formation of a 1,2,3-triazole-

linked compound 83 consisting of two different coumarin derivatives by reacting an equimolar 

amount of 4-azidomethyl umbeliferone 82 and the coumarin based alkyne 81 in the presence 

of CuSO4/Na ascorbate catalyst for 12 h at room temperature following the CuAAC 

methodology (figure 2.31).108 

 

Figure 2.31: Synthesis of CuAAC-derived 1,2,3-triazole-coumarin derivative108 

Tane and Michinobu demonstrated that by combining the monomeric 1,8-

diethynylcarbazole 84 with counter monomer 2,7-diazidofluorene 85 via the CuAAC pathway, 

the polymeric systems based on 1,8-carbazole 86 were produced, by employing 

CuSO4.5H2O/Na ascorbate as the catalytic system and THF/t-BuOH/H2O (5:1:1) as the solvent 

media (figure 2.32).109 
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Figure 2.32: Synthesis of carbazole-triazole-fluorene conjugated polymer109 

Xu research group designed 1,2,3-triazole-tethered cyclen-functionalized anthracene 

conjugates 89 via ‘click’ reaction between anthracene azide 88 and boc-cyclen alkyne 87 using 

CuI catalytic system in acidic medium (figure 2.33).110 

 

Figure 2.33: Synthesis of 1,2,3-triazole-linked dianthracene-cyclen based conjugate110 

Shaily research group synthesized a 1,2,3-triazole tethered compound 92 by converting 

4‐hydroxycoumarin into its corresponding alkyne 90 as well as azide 91 in separate reactions, 

and then combining the two precursors via the cycloaddition process in the presence of 

CuSO4.5H2O/Na ascorbate catalyst to produce the final product, having two coumarin moieties 

connected via a 1,2,3-triazole moiety (figure 2.34).111 

 

Figure 2.34: Synthesis of coumarin-linked 1,2,3-triazole‐based probe111 
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According to the work of Dwivedi et al., a 1,2,3-linked compound 94 was synthesized 

by connecting naphthalimide-based alkyne 93 and anthracene-based azide 88 via a molecular 

bridge comprising piperazine and triazole units via the click reaction, utilizing the CuSO4/Na 

ascorbate catalytic system in DMSO/H2O solvent (4:1, v/v) (figure 2.35).112 

 

Figure 2.35: Synthesis of dual fluorophore containing 1,2,3-triazole derivative112 

Joshi and coworkers demonstrated the successful formation of two coumarin-1,2,3-

triazole based chemosensor probes 97 by stitching together protected amino acyl O-propargyl 

esters 95 with 4-azidomethyl-7-hydroxycoumarin 96 via cycloaddition mediated by Cu(I) 

catalyst (figure 2.36).113 

 

Figure 2.36: Synthesis of coumarin-1,2,3-triazole based chemosensors113 

Kang and co-workers demonstrated the development of a 1,2,3-triazole-linked 

derivative 100 via the cycloaddition of 98 and 99. The catalytic system used for the 

cycloaddition reaction was CuSO4/Na ascorbate in EtOH/H2O (1:1) solvent system (figure 

2.37).114  

 

Figure 2.37: Synthesis of rhodamine 6G based 1,2,3-triazole derivative114 
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Zhang et al. reported the cycloaddition of N-phenylaza-15-crown-5 ether 101 with 

coumarin fluorophore 102 to synthesize a 1,2,3-triazole-linked compound 103 using 

CuSO4.5H2O/Na ascorbate as the catalyst in partial aqueous solvent system (THF/H2O, 1:1) 

with 65% yield (figure 2.38).115 

 

Figure 2.38: Synthesis of phenylaza-15-crown-5-triazol-substituted coumarin 

fluoroionophore115 

Kaur group reported a fluorescein based 1,2,3-triazole derivative 106 obtained via 

CuAAC reaction between fluorescein based moiety 104 and benzyl azide 105 using 

Cu(PPh3)3Br as the Cu(I) source and THF/TEA (1:1) as the solvent media with a high yield of 

81% (figure 2.39).116 

 

Figure 2.39: Synthesis of 1,2,3-triazole probe based on fluorescein116 

Liu and co-workers designed an amphiphilic 1,2,3-triazole based probe 109 by the 

cycloaddition of a hydroxylquinoline ring 107 with a hydrophobic cetyl chain 108, while using 

CuSO4.5H2O/ NaVc as the Cu(I) source in DMF as the solvent with 80% yield (figure 2.40).117 

 

Figure 2.40: Synthesis of an amphiphilic 1,2,3-triazole based probe117 
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The aforementioned examples demonstrate the emergence of CuAAC as a versatile and 

efficient methodology in the realm of organic chemistry. It has revolutionized the production 

of 1,4-disubstituted 1,2,3-triazoles, thereby offering an exceptionally efficient, selective, and 

adaptable approach for constructing heterocyclic compounds. These reactions further 

underscore the substantial benefits offered by CuAAC, such as its ability to work effectively 

with a wide range of functional groups and under various reaction conditions. This flexibility 

serves diverse 1,2,3-triazoles with tailored properties, making it a valuable methodology in 

drug discovery, materials science, and analytical chemistry. The simplicity of the reaction 

setup, relatively low cost of copper catalysts, and high yields further contribute to the 

widespread adoption of CuAAC in academic and industrial laboratories. 

2.3. Spectroscopic analysis of the products 

The products of every synthesis must undergo critical characterization, which 

irrefutably proves the product formation and is thus of the highest significance. In the 

characterization of 1,2,3-triazole-based probes, various analytical techniques such as IR 

spectroscopy, NMR spectroscopy (1H and 13C), mass spectrometry, etc. can be employed. The 

additional studies to understand the photophysical properties of the synthesized molecules can 

be performed using UV-Vis and fluorescence spectroscopy. In addition to these spectroscopic 

techniques, some basic analytical methods can also help us to confirm the product formation 

that include melting/boiling point determination, CHNS analysis, etc. Apart from these, 

physical inspection can also help a researcher to evaluate the product by looking at the color, 

texture, and odour of the compound.  

2.3.1. Infrared (IR) spectroscopy 

IR spectroscopy provides information about the vibrational modes of molecules, 

thereby allowing for the identification of functional groups and structural characterization. The 

shifts in a molecular dipole are due to the vibrations and can provide a detailed understanding 

of the interaction of IR radiations with the product, especially the functional groups present in 

a synthesized molecule/compound.118 The interaction of IR radiations with a sample is 

measured as a function of frequency using an infrared spectrometer, yielding an IR spectrum. 

The absorption of the IR radiations by distinct functional groups at a particular frequency 

causes vibrations in various bonds in the molecule,119 and the strength of vibration determines 

the specific frequencies at which the bonds vibrate.120 Several important distinguishing peaks 
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and regions in IR spectroscopy provide valuable information for the structure elucidation of 

organic compounds. These peaks correspond to specific functional groups or structural 

features, allowing chemists to identify and characterize different bonds and groups within a 

molecule. Here are some notable peaks and regions in IR spectroscopy: 

• O-H Stretch: A broad peak around 3600 - 3200 cm-1 indicates the presence of hydroxyl 

groups (alcohols, phenols, carboxylic acids) or water molecules. 

• C=O Stretch: The carbonyl group (C=O) shows characteristic peaks around 1750 - 1650 

cm-1. The position of the peak can vary depending on the specific type of carbonyl 

compound: ketones (~1715 cm-1), aldehydes (~1735 cm-1), amides (~1670 - 1650 cm-1), 

carboxylic acids (~1725 - 1710 cm-1), and esters (~1750 - 1740 cm-1).  

• C=C Stretch: Double bonds (C=C) typically exhibit peaks in the range of 1680 - 1600 cm-

1. The exact position of the peak can depend on factors such as conjugation and substitution 

patterns. 

• C-H Stretch: The aromatic C-H stretch generally appears above 3000 cm-1 whereas the 

aliphatic C-H stretch lies in the range of 3000 - 2850 cm-1. The presence of other functional 

groups can cause shifts or splitting of these peaks. 

• N-H Stretch: Amine groups (primary, secondary, and tertiary) exhibit peaks in the range 

of 3300-3500 cm-1, which can vary depending on the degree of substitution and hydrogen 

bonding. 

• C≡C Stretch: The triple bond (C≡C) stretching frequency typically appears around 2250 - 

2100 cm-1 and is characteristic of alkynes. 

• Fingerprint Region: The region below 1500 cm-1, known as the fingerprint region, contains 

a complex pattern of peaks that can provide additional information about the molecule's 

overall structure and functional groups present. 

2.3.2. Nuclear Magnetic Resonance (NMR) Spectroscopy  

Nuclear Magnetic Resonance (NMR) spectroscopy is an indispensable technique for 

the structure elucidation of organic compounds, as it provides detailed information about the 

connectivity, hybridization, and environment of atoms within a molecule, allowing chemists to 

determine the structure and identify functional groups. Thus, the newly synthesized compounds 

are often characterized using 1H and 13C NMR spectroscopy to get insights into their 

structures.121,122 The recent innovations in magnet technologies, equipment gear, pulse 

sequences, data collecting and processing, and sample preparation have led to a significant 
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upsurge in the quality of information regarding the structure and dynamics of chemical as well 

as biological systems owing to the exceptional increase in the accuracy of the acquired data.123–

125 The signals from chemical shifts at various magnetic field strengths shown by the 

magnetically non-equivalent protons help to deduce the molecular structure. For instance, 

looking at the 1H NMR of a terminal alkyne, a signal in the region of  = 1.7 - 2.7 ppm 

corresponds to an alkynyl proton, whereas the peaks emerging at  = 6.5 - 8.0 ppm are 

suggestive of protons attached to a 1,2,3-triazole ring and/or aromatic groups (figure 2.41). 

The proton of the aldehyde (-CHO) group usually gives a signal at  = 10 ppm. Moreover, 

since the magnetic field of a proton combines with field of neighbouring protons to induce 

splitting of signal, the number of neighbouring protons for each observed proton can be 

validated. To a similar extent, the 13C NMR spectrum displays signals that correspond to 

various forms of carbon in a molecule, for example, the proton decoupled 13C NMR spectrum 

exhibits the C5 signal of a 1,4-disustituted 1,2,3-triazole at around  = 120 ppm, whereas the 

C4 signal appears at  = 133 ppm. 

 

Figure 2.41: Comparative 1H NMR analysis of an alkyne and a 1,2,3-triazole derivative 

depicting the presence of a peak at  = 2.52 ppm and  = 7.54 ppm corresponding to the alkynyl 

proton and the triazole ring proton respectively  



52 
 

2.3.3. Mass Spectrometry 

Mass spectrometry is used for a wide variety of applications, including reaction 

monitoring and optimization, library compound quality evaluation, and structural 

characterization of library products126,127 as well as for determining the molecular mass of 

unidentified substances. The process begins with the vaporization of the product molecules, 

which is followed by their ionization by electrons, and finally their fragmentation into smaller 

ions. The mass spectrometer is used to calculate the mass-to-charge ratio of ions, and peaks are 

produced in the corresponding spectrum for a range of mass-to-charge ratios and ion 

abundances.128,129 In order to determine the molecular mass, the peak is read against the ratio 

of mass to charge that is the highest. By coupling mass spectrometry with chromatographic 

techniques such as Gas chromatography (GC) or Liquid chromatography (LC), the resulting 

hybrid technique provides a highly comprehensive analysis of complex samples owing to the 

detection and quantification of trace-level analytes in addition to providing structural 

information about the analytes, such as molecular weight and fragmentation patterns.  

2.3.4. Ultraviolet-Visible (UV-Vis) Spectroscopy 

The excitation of electrons from the ground state to an excited state and their 

instantaneous reversion to the ground state by emitting energy occurs when ultraviolet light 

passes through a solution of a compound and some of the photons of the radiation have energy 

equal to the difference in energies of the ground state and the excited state of an electron are 

absorbed by the molecules of the compound (figure 2.42).130,131 In general, UV may be used 

to describe compounds that are conjugated, aromatic, or have unpaired electrons on O, N, or S 

atoms connected through double or triple bonds, e.g., a single low-intensity band between 250 

nm and 360 nm represents n→π* transitions, suggestive of functional groups like -N=N, -C=O, 

-COOR, -NO2, -COOH, etc, whereas two medium-intensity bands above 200 nm are indicative 

of the presence of an aromatic system.132,133 

2.3.5. Fluorescence Spectroscopy 

 Fluorescence spectroscopy is a powerful analytical technique used to study the 

fluorescent properties of molecules. It involves the absorption of light energy by a molecule, 

followed by its subsequent re-emission at a longer wavelength (figure 2.42). This phenomenon, 

known as fluorescence, occurs due to the molecule's transition from an excited electronic state 

to a lower energy state. The emitted fluorescence light is characterized by its intensity, 
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spectrum (wavelength distribution), and lifetime (duration of fluorescence emission).134,135 By 

measuring and analyzing these properties, one can gain insights into various aspects of the 

molecule under investigation. Fluorescence spectroscopy offers several advantages over other 

analytical techniques, as it is highly sensitive, capable of detecting extremely low 

concentrations of fluorescent molecules, making it suitable for trace analysis.136 Secondly, it 

has a wide dynamic range, allowing the quantification of both weak and strong fluorescence 

signals. Additionally, fluorescence spectroscopy is highly selective, as the emitted light is 

specific to the molecule of interest, enabling selective detection in complex mixtures. Lastly, 

it is a non-destructive technique, allowing for repeated measurements and sample 

reusability.137–139 

 

Figure 2.42: A representative illustration of the electronic transition corresponding absorption 

and emission spectroscopy 
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2.4. Applications of 1,2,3-triazole linkers as chemosensors 

Click-generated 1,2,3-triazole derivatives have emerged as significant structural motifs 

in the area of chemical sensing owing to the ease with which they can be synthesized and the 

great selectivity they exhibit toward certain analytes of interest like heavy metal ions, anions, 

and neutral analytes.140,141 Because of this ability, click-generated triazoles are considered to 

be one among the many essential classes of chemosensors.142,143 Beyond serving as a bridge 

between the binding site and the reporter, the 1,2,3-triazole component often plays an 

additional role as an integral part of a conjugated fluorophore which in turn aids in the binding 

of the target analyte.144,145 Numerous studies have documented the use of chemosensors 

wherein the 1,2,3-triazole establishes connections, either directly or indirectly, between the 

binding unit and the reporter unit (the chromophore).146–149  

Areti and coworkers presented the synthesis of a quinoline-conjugated glucopyranose 

based 1,2,3-triazole appended chemosensor probe 110 via ‘click’ cycloaddition of 8-

propargyloxyquinoline and tetra acetyl-β-glucopyranosyl azide which was subsequently 

utilized for selectively recognizing Hg(II) , Cd(II), and Zn(II) ions (figure 2.43). The probe 

exhibited fluorescence enhancement on the introduction of Zn(II) and Cd(II) ions whereas 

fluorescence quenching was observed on the introduction of Hg(II) ions.150 

 

Figure 2.43: Quinoline-conjugated glucopyranose based 1,2,3-triazole-linked sensor for the 

recognition of Hg(II), Cd(II), and Zn(II)150 

Pu and co-workers presented a naked eye chemosensor 112 for Al(III) and Cu(II) which 

consisted of a rhodamine B unit linked with triazole along with diarylethene (figure 2.44). The 

diarylethene unveiled significant change in fluorescence for Al(III), converting to yellow color 

from dark in acetonitrile as the solvent, whereas for Cu(II) recognition, the observed 

phenomenon involved a transition in fluorescence intensity, shifting from a low intensity, dark 

yellow color to a high intensity, bright yellow color in CH3CN/H2O (2:3 v/v ratio).151 
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Figure 2.44: Rhodamine B- diarylethene based 1,2,3-triazole-linked chemosensor for Al(III) 

and Cu(II) recognition151 

Aljabri et al. analyzed the binding characteristics of a newly synthesized substituted-

bis(naphthyl)methane ‘capped’ calix[4]arene-based 1,2,3-triazole receptor 114 (figure 2.45) 

toward several clinically relevant metal ions via fluorescence spectroscopy titrations, wherein 

the sensitivity and selectivity of the probe for Fe(III) ions were confirmed by the quenched 

fluorescence spectrum shifts upon successive addition of Fe(III) ions.152 

 

Figure 2.45: Bis(naphthyl)methane ‘capped’ 1,2,3- triazole-based calix[4]arene receptor for 

sensing Fe(III) ions152 

Rathinam and colleagues reported the click reaction of rhodamine alkyne derivative 

with 11- aziodoundecan-1-ol in CuSO4/Na ascorbate catalytic system and tBuOH/H2O (3:1) 

which yielded the 1,2,3-triazole derived receptor 116 (figure 2.46). An increase in the 
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fluorescence by 20-fold compared to the free probe is achieved by adding Cu(II), while an 

increase of 14-fold is achieved by adding Fe(III).153 

 

Figure 2.46: Rhodamine alkyne derived fluorescent sensor for Cu(II) and Fe(III) detection153 

Gahlyan group described a novel isatin triazole-tethered rhodamine-based fluorescent 

probe 119 using the click chemistry technique. The fluorescence of the probe was enhanced on 

successive introduction of both Cu(II) and Fe(III) ions, making it a useful dual-sensor (figure 

2.47). These metal ions were visually recognizable due to the distinctive color shift of the probe 

solution, changing to pink from colorless. The selective recognition of Cu(II)/Fe(II) ions was 

confirmed by strong bands at 585 nm on Cu(II)/Fe(II) ions addition and a faint band for Fe(II) 

at 583 nm in the fluorescence spectrum, while other metal ions did not induce any such shift.154 
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Figure 2.47: Isatin-triazole-tethered rhodamine-based fluorescent probe for selective Cu(II) 

recognition154 

Hou and colleagues presented a BINOL-based cyclophane with two triazole moieties 

121. The emission of the sensor probe was selectively decreased by Ag(I) ions among various 

metal ions screened, in methanol solution (figure 2.48). The probe was conceptualized keeping 

in mind the Stokes shift of roughly 70 nm due to the BINOL moiety, possibility of the O atom 

of the BINOL taking part in binding with the metal ion, and the preorganized cavity of the 

cyclophane formed via click chemistry to enhance the metal ion selectivity of the probe.155 

 

Figure 2.48: BINOL-based cyclophane with two triazole moieties for Ag(I) sensing155 

 Mandal et al. synthesized unsymmetrically 1,19-disubstituted ferrocene based 1,2,3-

triazole derivative 123 with successive functionalization at the cyclopentadienyl rings, wherein 

a cholesterol moiety was connected to the first position of the ferrocene center through a 1,2,3-

triazole ring. Additionally, a fluorescent moiety, i.e., pyrene unit was attached to the 19-

position of the same core using another 1,2,3-triazole-ether linkage. (figure 2.49); these were 

the unique structural features present in these ligands. A colorimetric response was seen from 

the probe, and it was able to selectively exhibit ‘turn off’ fluorescence response on adding 

Hg(II) and Cu(II).156 
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Figure 2.49: 1,19-disubstituted ferrocene-appended 1,2,3-triazole-linked compound for the 

sensing of Hg(II) and Cu(II)156 

 The synthesis of a ferrocene-naphthalene conjugate 125 with 1,2,3-triazole linkages 

(figure 2.50) was described by Bhatta and coworkers. The conjugate was employed as a simple 

colorimetric, electrochemical, and fluorescent chemosensor. The strong binding affinity 

towards Hg(II) ions was demonstrated by the significant quenching of the probe’s fluorescence 

on introducing the metal ions, accompanied by color change from yellow to greenish blue 

rapidly, proving its naked-eye detectability of Hg(II).157 

 

Figure 2.50: Ferrocene-naphthalene conjugate with 1,2,3-triazole linkages for detecting Hg(II) 

ions157 

 Zhang group produced a new b-cyclodextrin derivative chemosensor 127 with 8-

hydroxyquinolino and 1,2,3-triazole group. The probe showed a strong switch-on fluorescence 

response to Cd(II) relative to other common metal ions under physiological conditions, and it 

was water soluble up to 0.03 mol/L. (figure 2.51).158 
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Figure 2.51: Quinolinotriazole-b-cyclodextrin as a selective sensor probe for Cd(II) ions158 

 Ingale and co-workers described a tripropargylamine pyrene azide click adduct-based 

ratiometric fluorescent ‘on-off’ Zn(II) chemosensor 129. The ratiometric shift in emission, 

wherein the monomer emission displayed an enhancement whereas the excimer emission 

displayed quenching, was indicative of Zn(II) selectivity in the fluorescence ‘on-off’ sensor 

(figure 2.52).159 

 

Figure 2.52: A pyrene-linked tris-1,2,3-triazole amine based sensor for Zn(II)159 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

01 

 

Ca2+ 








DMSO 

2.61 µM 

1:1 108 

Fe3+ 








3.81 µM 

02 

 

Sn2+ 








CHCl3 N/A 1:1 109 

03 

 

Pb2+ 








H2O (with 

HEPES 

Buffer) 

N/A 1:1 110 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

04 

 

 

Pb2+ 








DMSO/H2O 

(1:9) 

1.9 × 

10-3 µM 
1:1 111 

05 

 

 

Cr3+ 








THF/H2O (4:6) 
5.567 ×10-

2 µM 
1:1 112 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

06 

 

Fe3+ 
 

 

 

 
DMF 7.65 µM 1:1 113 

07 

 

 

 

 

Fe3+ 
 

 

 

 

aq. CH3CN 

(1:1) 

0.77 µM 

1:1 114 

Cu2+ 
 

 

 

 
0.76 µM 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

08 

 

 

Fe3+ 
 

 

 

 

H2O 

3.6 µM 

1:1 115 

Hg2+ 
 

 

 

 
1.0 µM 

09 

 

Co2+ 








C2H5OH/H2O 

(1:1) 

10 µM 

1:1 116 

Cd2+ 







10 µM 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

10 

 

 

Hg2+ 
 

 

 

 
H2O 4.42 nM 1:1 117 

11 

 

 

Zn(II) 








H2O (with 

HEPES buffer) 

(24±2)× 

10-3 µM 
1:2 

150 Cd(II) 








(38±3)               

× 10-3 µM 

Hg(II) 








(34±3)   × 

10-3 µM 
1:1 

12 Al(III) 








CH3CN N/A N/A 151 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

 

Cu(II) 








CH3CN/H2O 

(2:3) 
N/A 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

13 

 

Fe(III) 








CH3CN/CHCl3 

(9:1) 
N/A 1:1 152 

14 

 

 

Fe(III) 








CH3CN/H2O 

(1:1) 

250 µM 

1:1 153 

Cu(II) 








100 µM 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

15 

 

Cu(II) 








N/A 

12.2 × 10-

3 µM 

1:2 154 

Fe(III) 








0.33 µM 

16 

 

 

Ag(I) 








CH3OH/CHCl3 

(98:2) 
N/A 1:1 155 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

17 

 

 

Hg(II) 








CH3CN/H2O 

(1:1) 
2 ppb 1:1 156 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

18 

 

Hg(II) 








CH3CN/H2O 

(3:7) 
4.5 ppb 1:1 157 

19 

 

 

Cd(II) 








CH3OH/H2O 

(200:1) 

1.89 × 10-

3 M 
1:1 158 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

20 

 

Zn(II) 








CH3CN/CH2Cl

2 (1000:1) 
0.2 µM 1:1 159 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

21 

 

Fe3+ 








D2O/CD3OD 

(9.2:0.8) 
689 ppm --- 160 

22 

 

Fe3+ 








CH3CN/CHCl3 

(9:1) 

N/A 

1:1 161 

Hg2+ 








N/A 
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Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

23 

 

Fe2+ 








CH3OH 

N/A 

1:2 162 

Fe3+ 








N/A 

24 

 

Ni2+ 












CH3CN N/A N/A 163 
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Table 2.1: Chemosensors appended with 1,2,3-triazole moiety for recognizing distinct metal ions 

Entry Sensor probe 
Metal 

ion(s) 

Spectroscopy 

Solvent media 

Detection 

Limit 

(LoD) 

Stoichio

metry 

(L:M) 

Ref 
UV-Vis 

Fluores

cence 

25 

 

Ni2+ 








C2H5OH 

0.5 µM 

1:1 164 

Cu2+ 








0.2 µM 



74 
 

2.5. The advantages of using 1,2,3-triazole derivatives for ion sensing 

As the widespread heavy metal ion build-up in the environment, which is harmful to 

terrestrial and aquatic life, posing a serious worldwide environmental threat, therefore it is 

essential that their presence be detected as quickly and accurately as possible.165 Many methods 

and approaches have been developed specifically for this objective, out of which one of the 

most common approaches of metal ion sensing is Atomic Absorption Spectroscopy (AAS),166–

169 which involves the utilization of metal atom absorption and emission spectra, capitalizing 

on their distinct and robust spectral lines. Additionally, Inductively Coupled Plasma-Mass 

Spectrometry (ICP-MS) stands out as a well-regarded technique, offering multi-elemental 

detection capabilities at ultratrace levels. It has proven particularly valuable in geological 

material analysis, leveraging the selectivity of mass spectrometry and ICP in atomizing and 

ionizing samples.170–172 Despite their remarkable sensitivity, these methods present several 

drawbacks, including the requirement for expensive instrumentation, extensive sample 

preparation, intricate sample pre-treatment procedures, the need for skilled personnel to operate 

the equipment, and the inability to perform on-site analyses.173,174 Recognizing these 

limitations, the scientific community has been exploring alternative methodologies, Notably, 

1,2,3-triazole-linked chemosensors synthesized through CuAAC have shown promise, as these 

probes offer distinct advantages, including , rapid reaction times, high sensitivity, and in some 

cases, the possibility of on-site analysis, all of which may be achieved by their simple 

laboratory synthesis without the utilization of sophisticated equipment and/or instruments.175–

177 The following features of ion sensing ligands are of special relevance in terms of their 

effectiveness and selectivity: 

2.5.1. Tailor-made functionalities for the 1,2,3-triazole moiety 

The flexibility of organic chemistry allows for the precise design of an unlimited variety 

of host compounds including numerous centres capable of interacting with one another in 

mutually beneficial ways. In turn, this allows for comprehensive experimental studies 

predicated on binding increments, which may be demonstrated to be highly additive.178 

Researchers now have the option of producing a wide range of 1,2,3-triazole-based ligands by 

means of ‘click chemistry’, which facilitates the efficient stitching of substituted alkynes and 

azides.179–182 These ligands act as selective recognition agents for many different cations and 

anions. According to the HSAB principle,183 exocyclic moieties linked to the 1,2,3-triazole 

component may display high electron density, like F-, Cl-, -OH, -OR, and similar species (often 
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referred to as hard bases), or in some cases the exocyclic moieties may exhibit low electron 

density, such as -H, -RS, -PR3, and similar species (referred to as soft bases) that demonstrate 

selective binding with the corresponding cations. To further enhance selective ion 

identification, the 1,2,3-triazole ring includes aza atoms that facilitate metal ion attachment to 

the ring. 

2.5.2. Lower limit of detection 

It is generally agreed that chemosensing probes with a lower metal ion detection limit184 

than the allowable value in the environment as stated by the EPA are superior examples of their 

kind.185,186 The limit of detection (LOD) for metal ion sensing using 1,2,3-triazole derivatives 

can vary depending on the specific functional groups, the metal ion being detected, and the 

sensing method used. In this endeavor, sensor probes that exhibit fluorescence upon interacting 

with metal ions demonstrate exceptional sensitivity, capable of detecting concentrations as low 

as parts per billion (ppb). 

2.5.3. Visual changes to naked eye 

Many studies on 1,2,3-triazole derivatives that are able to display colour changes 

following complexation with metal ions can be found in the published scientific literature. 

These visual changes can be useful for rapid and easy detection of metal ions, especially in 

field applications or scenarios where complex instrumentation is not readily available. One 

common approach is the development of colorimetric sensors based on 1,2,3-triazole 

derivatives. These sensors undergo specific interactions with metal ions, leading to changes in 

their molecular structure or conformation. As a result, their absorption properties in visible 

region are altered, leading to changes in color.187–189 

2.6. Aims and objectives of the thesis 

 The extensive research shows that novel 1,2,3-triazole derivatives may be synthesized 

from simple alkynes and azides using the CuAAC technique, and this potential spans a broad 

range of structures. To create novel 1,2,3-triazole linked compounds, a wide variety of organic 

molecules, including those with excellent fluorophoric units, may be used by first changing 

their functional groups using straightforward procedures, yielding new terminal alkynes and 

organic azides. A method of ion sensing may be used to the newly synthesized compounds 

once they have been characterized. The following aims for this study were developed in light 

of this realization: 
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1. Synthesis of 1,4-disubstituted 1,2,3–triazole derivatives by Cu(I) catalyzed Click 

reaction between terminal alkyne and organic azide.  

2. Characterization of synthesized compounds by spectroscopic techniques like IR, 

NMR (1H, 13C), mass spectroscopy and X-ray (wherever possible). 

3. To study ion sensing behavior of synthesized 1,4-disubstituted 1,2,3–triazole 

derivatives using UV–Visible spectroscopy and/or fluorescence. 

 The aim of this thesis titled ‘SYNTHESIS AND CHARACTERIZATION OF 1,4-

DISUBSTITUTED 1,2,3–TRIAZOLES, AS ION SENSORS, USING Cu(I) CATALYZED 

CLICK REACTION’ was to design and test novel 1,2,3-triazole-appended probes with the 

hope of using them as optical sensors for the detection of certain metal ions such as Cr(III), 

Pb(II), Cu(II), Hg(II), Ce(III), etc. 

 The identification of harmful analytes that have an adverse effect on the environment 

and the development of living systems has received a great deal of attention globally in recent 

years and is now regarded as one of the most important areas of study in the discipline of 

chemistry. For instance, humans are susceptible to the harmful effects of cadmium, which may 

have an adverse impact on their skeletons, lungs, kidneys, and reproductive systems, and even 

cause cancer. Because of its tenacious nature, it may build up in several human organs. Every 

chemical form of mercury is neurotoxic, but it is particularly dangerous for developing brains. 

Many organs are susceptible to Hg poisoning, but the CNS is particularly vulnerable on both 

the high and low end of the scale. The non-biodegradable nature of lead is a major contributor 

to its long-lasting presence in the environment, including the soil, the air, and the water. Lead 

is a likely human carcinogen and has been linked to memory and intellectual functioning 

deficiencies in both adults and children who have been exposed to it at high levels. 

 Hence, the synthesis of novel and selective chemosensors is a fundamental endeavour, 

wherein the 1,2,3-triazole-tethered sensors have made great strides in the past decade, with one 

major aim being the detection and sensing of physiologically and ecologically relevant metal 

ions. In that realm, UV-Vis and fluorescence spectroscopy are two important analytical 

instruments because of their high detection limit, instantaneous results, and ability to be used 

in bioimaging. Consequently, over the past decade, 1,2,3-triazole-based chemosensors 

generated through click chemistry have proven to be versatile functional structures, exhibiting 

remarkable selectivity and binding capabilities. It has become common practice to employ click 

reactions in the production of extremely sensitive and selective sensors for metal cations 
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because of their adaptability, efficiency, and durability. As an added bonus, click chemistry 

allows for the preparation of photoactive materials with highly adjustable and fascinating 

sensing capabilities, as well as the use of a broad variety of substrates, which opens the door to 

exploring a vast array of ligand structures for a variety of purposes. 
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Chapter III 

 

Synthetic Procedures and Characterization Data 

This section contains detailed information regarding the synthetic routes for 

the experimental work that was carried out for several novel molecules, as well 

as the comprehensive structural characterization of these molecules, which 

includes various studies such as colour, yield, melting point, Infrared (IR) 

Spectroscopy, Nuclear Magnetic Resonance (NMR) Spectroscopy, and Mass 

Spectrometry.
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3.1. Generalized synthetic route for 1,2,3-triazole synthesis 

 The typical technique for synthesizing 1,2,3-triazole-appended compounds involves the 

sequential steps as described in subsections 3.1.1 to 3.1.3 below. Additionally, the reaction 

conditions and the specific azide and alkyne precursors used can vary depending on the desired 

outcome and the substrates being used. 

3.1.1. Synthesizing a terminal alkyne 

 The starting material consisting of labile protons (1.00 mmol) was completely dissolved 

in DMF followed by adding anhydrous potassium carbonate/cesium carbonate (5.00 mmol). 

Subsequently, the slow and dropwise addition of propargyl bromide (1.30 mmol) was done, 

with constant stirring at room temperature within 5 minutes (scheme 3.1). Thin layer 

chromatography (TLC) with hexane and ethyl acetate solvent mixtures was implemented for 

monitoring the progress. After completion of reaction, the mixture was subjected to chilled 

water for reaction quenching and stirred to separate out the desired product. The resulting 

product, if in the form of precipitates, was filtered and subsequently washed with plentiful 

distilled water to eliminate the residual solvent, then air-dried until consistent weight. In case 

of oily product, the solvent extraction technique was used, wherein the organic compound was 

isolated by ethyl acetate or diethyl ether, and the combined organic phases were desiccated 

using sodium sulphate (anhydrous) and afterwards vacuum evaporation was used to eliminate 

the solvent to yield the pure product. 

 

Scheme 3.1: General reaction procedure for the synthesis of terminal alkyne 

3.1.2. Synthesizing an organic azide 

Caution! Sodium azide must be handled with extra precaution and care as it is heat and shock 

sensitive. 

 As a preliminary step, the sodium azide was subjected to vacuum drying in order to 

completely remove any traces of moisture. Subsequently, the dried sodium azide (5.00 mol) 

was added to a solution of benzyl azide/ 1-chloromethyl naphthalene (1.00 mol) in 25 mL of 

DMF and the reaction temperature was maintained at 85 - 90 °C with continuous stirring for 4 

- 5 h (scheme 3.2). Subsequently, the reaction was allowed to come to room temperature and 
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then terminated employing ice-cold water. The product was isolated by the solvent extraction 

process utilizing ethyl acetate, wherein the organic layers underwent drying with sodium 

sulphate (anhydrous) and vacuum evaporated to yield the pure product. 

 

Scheme 3.2: General reaction procedure for the synthesis of organic azide 

3.1.3. Synthesizing 1,2,3-triazole 

 The terminal alkyne (1.00 mol) was completely dissolved in THF/TEA solution, and 

subsequently the organic azide (1.00 mol) was added. The reaction mixture was then stirred at 

55 - 60 °C after the addition of a catalytic quantity of [CuBr(PPh3)3] (0.001 mmol) complex 

(scheme 3.3). TLC determined the reaction progress and after confirming the reaction 

completion, the product was separated from the mixture by first quenching the reaction using 

ice cold water, and then filtering the solid precipitates followed by their washing with distilled 

water and air-drying, until the weight remained constant. Scheme 3.1 depicts the overall 

reaction procedure including all the steps. 

 

Scheme 3.3: General reaction procedure for synthesizing 1,4-disubstituted 1,2,3-triazole from 

terminal alkyne and organic azide 

3.2. Synthesis of organic azides 

3.2.1. Synthesis and characterization of benzyl azide (105) 

 After dissolving benzyl chloride 135 (5.5 g, 47.8 mmol (1 equiv)) in DMF (25 mL), 

sodium azide (15.5 g, 238.9 mmol (5 equiv)) was added. After 5 hours of stirring the mixture 

at 85 - 90 °C, the product 105 was extracted via the solvent extraction process using ethyl 

acetate. After combining the organic layers, they were desiccated using sodium sulphate 

(anhydrous), filtered, and then evaporated under vacuum for solvent elimination (scheme 3.4.). 
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Scheme 3.4: Synthesis of benzyl azide 105 from benzyl chloride 

Yield: 60 % 

Colour/texture: light yellow oil 

Molecular formula: C7H7N3 

IR (neat, cm- 1): 3032, 2930, 2089, 1452, 1252 

1H NMR (500 MHz, CDCl3): δ = 7.22 (d, J = 7.5 Hz, 2H), 7.19 (d, J = 7.2 Hz, 1H), 7.17 - 

7.13 (m, 2H), 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 1-(azidomethyl)naphthalene (137) 

 After dissolving 1-(chloromethyl)naphthalene 136 (6.0 g, 34.0 mmol, 1 equiv) in DMF 

(25 mL), sodium azide (11.0 g, 170.0 mmol, 5 equiv) was added. After 5 hours of refluxing the 

reaction mixture at 85 - 90 °C, the product 137 was extracted with ethyl acetate via the solvent 

extraction process. After combining the organic layers, they were desiccated over sodium 

sulphate (anhydrous), filtered, and then evaporated under vacuum to remove the solvent 

(scheme 3.5). 

 

Scheme 3.5: Synthesis of 1-(azidomethyl)naphthalene 137 from 1-(chloromethyl)naphthalene 

Yield: 61 % 

Colour/texture: light yellow oil 

Molecular formula: C11H9N3 

IR (neat, cm- 1): 3051, 2938, 2091, 1510, 1229 

1H NMR (500 MHz, CDCl3): δ = 8.10 (d, J = 9.0 Hz, 1H), 7.96 (d, J = 8.1 Hz, 1H), 7.90 (d, 

J = 6.9 Hz, 1H), 7.68 - 7.58 (m, 2H), 7.53 - 7.48 (m, 2H), 4.76 (s, 2H) 

13C NMR (126 MHz, CDCl3): δ = 134.05, 131.50, 131.15, 129.53, 128.97, 127.37, 126.86, 

126.31, 125.37, 123.64, 53.02 
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3.3. Synthesis and characterization of maleic hydrazide-based alkyne and its 

corresponding 1,2,3-triazoles 

3.3.1. Synthesis and characterization of terminal alkyne 1,2-di(prop-2-yn-1-yl)-1,2-

dihydropyridazine-3,6-dione (139) 

 Maleic hydrazide 138 was treated with propargyl bromide, as per the procedure 

described in section 3.1.1, to generate the terminal alkyne (scheme 3.6). After dissolving 

maleic hydrazide (1.0 g, 8.92 mmol) in DMF, potassium carbonate (anhydrous) (6.16 g, 44.6 

mmol) was added, subsequently the dropwise addition of propargyl bromide 42 (2.44 g, 20.5 

mmol) was done. The mixture was stirred for 74 hours and the reaction progress was monitored 

by using TLC (hexane: ethyl acetate:: 4:1). The desired product 139 was obtained by first 

quenching the reaction with chilled water and then proceeding with the solvent extraction 

process using ethyl acetate. The solvent was removed by evaporating the mixed organic layers 

in vacuum, after they had been dried on anhydrous sodium sulphate. Upon the complete 

removal of the solvent, the product solidified. 

 

Scheme 3.6: Synthesis of maleic hydrazide-based terminal alkyne 139 

Yield: 74 % 

Colour/texture: dark brown powder 

mp: 69 - 71 °C 

MF: C10H8N2O2 

Elem. Anal. Calculated (%): C = 63.83, H = 4.29, N = 14.89; Found (%): C = 63.79, H = 

4.31, N = 14.91 

IR (neat, cm- 1): 3289, 3059, 2930, 2125, 1665, 1586, 1433, 1276, 1197, 1149, 839, 646 

1H NMR (500 MHz, CDCl3): δ = 7.01 (d, J = 9.8 Hz, 1H), 6.95 (d, J = 9.8 Hz, 1H), 4.83 (d, 

J = 2.4 Hz, 2H), 4.80 (d, J = 2.5 Hz, 2H), 2.59 (t, J = 2.4 Hz, 1H), 2.35 (t, J = 2.4 Hz, 1H) 

13C NMR (126 MHz, CDCl3): δ = 159.27, 133.15, 75.56, 72.74, 40.56 
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3.3.2. Synthesis and characterization of 1,2-bis((1-benzyl-1H-1,2,3-triazol-4-yl)methyl)-

1,2-dihydropyridazine-3,6-dione (140) 

 The maleic hydrazide-based alkyne 139 (0.7 g, 3.72 mmol) was dissolved in minimal 

volume of THF:TEA (v/v, 3:2) to get a clear solution. Afterwards, freshly synthesized benzyl 

azide 105 (1.0 g, 7.44 mmol) was added, along with a catalytic quantity of [CuBr(PPh3)3] 

(0.001 mmol). After 5 hours of stirring at 55 - 60 °C (Scheme 3.5), the reaction was completed, 

as confirmed by TLC (hexane: ethyl acetate:: 4:1). The addition of chilled water into the 

mixture led to reaction quenching, and a solid product 140, identified by its characteristic dark 

brown appearance, was obtained by filtering the reaction mixture, rinsing multiple times with 

distilled water, and drying the final product till constant yield (scheme 3.7). 

 

Scheme 3.7: Synthesis of 1,2,3-triazole derivative 140 from maleic hydrazide-based terminal 

alkyne 

Yield: 85 % 

Colour/texture: light brown solid 

mp: 136 - 138 °C 

MF: C24H22N8O2 

Elem. Anal. Calculated (%): C = 63.43, H = 4.88, N = 24.66; Found (%): C = 63.34, H = 

4.34, N = 14.97 

IR (neat, cm- 1): 3134, 3061, 2970, 1660, 1576, 1527, 1439, 1281, 1145, 1026, 949, 776, 658 

1H NMR (500 MHz, CDCl3): δ = 7.69 (s, 2H), 7.39 (d, J = 6.2 Hz, 4H), 7.37 - 7.28 (m, 6H), 

6.89 - 6.79 (m, 2H), 5.51 (d, J = 21.3 Hz, 4H), 5.29 (d, J = 17.2 Hz, 4H). 

13C NMR (126 MHz, CDCl3): δ = 158.52, 142.72, 130.10, 129.76, 129.03, 128.82, 127.21, 

125.39, 52.27, 46.66 

Molar Mass Calculated: 454.49; Observed (m/z): 454.25 
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3.3.3. Synthesis and characterization of 1,2-bis((1-(naphthalen-1-ylmethyl)-1H-1,2,3-

triazol-4-yl)methyl)-1,2-dihydropyridazine-3,6-dione (141) 

 The maleic hydrazide-based alkyne 139 (0.7 g, 3.72 mmol) was dissolved in a minimum 

amount of THF:TEA (v/v, 3:2). Thereafter, [CuBr(PPh3)3] (0.001 mmol) and freshly prepared 

1-(azidomethyl)naphthalene 137 (1.36 g, 7.44 mmol) were added. TLC (hexane: ethyl acetate:: 

4:1) verified the reaction completion after the reaction mixture was stirred for 5 hours at 55 - 

60 °C. After subjecting the reaction mixture to ice-cold water, it was filtered to produce a solid 

product 141 with a distinctive dark brown colour. After many washes in distilled water, the 

product was dried at room temperature till a steady yield was maintained (scheme 3.8). 

 

Scheme 3.8: Synthesis of 1,2,3-triazole derivative 141 from maleic hydrazide-based terminal 

alkyne 

Yield: 80 % 

Colour/texture: light brown solid 

mp: 152 - 154 °C 

MF: C32H26N8O2 

Elem. Anal. Calculated (%): C = 69.30, H = 4.73, N = 20.20; Found (%): C = 69.64, H = 

4.20, N = 14.77 

IR (neat, cm- 1): 3140, 3059, 2960, 1660, 1585, 1437, 1274, 1149, 1039, 925, 840, 776 

1H NMR (500 MHz, CDCl3): δ = 8.13 (d, J = 4.4 Hz, 2H), 8.01 (d, J = 5.7 Hz, 2H), 7.89 (d, 

J = 4.0 Hz, 2H), 7.63 - 7.58 (m, 2H), 7.55 - 7.47 (m, 4H), 7.47 - 7.42 (m, 2H), 7.39 (dd, J = 

7.5, 3.8 Hz, 2H), 6.79 (q, J = 9.7 Hz, 2H), 5.85 (d, J = 2.0 Hz, 4H), 5.17 (d, J = 5.0 Hz, 4H) 

13C NMR (126 MHz, CDCl3): δ = 159.18, 142.42, 133.79, 132.52, 129.89, 129.50, 129.17, 

129.09, 128.76, 128.12, 127.94, 126.86, 126.05, 125.42, 124.79, 54.11, 43.86 

Molar Mass Calculated: 554.61; Observed (m/z): 555.40 (M+1) 
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3.4. Synthesis and characterization of 4-tert butyl catechol-based alkyne and its 

corresponding 1,2,3-triazole 

3.4.1. Synthesis and characterization of terminal alkyne 4-(tert-butyl)-1,2-bis(prop-2-yn-

1 yloxy)benzene (143) 

 With constant stirring, 4-tert butyl catechol 142 (1.0 g, 6.0 mmol, 1 equiv) was 

completely dissolved in DMF (15.0 mL). Thereafter, cesium carbonate (anhydrous) (6.84 g, 

21.0 mmol, 3.5 equiv.) was added to this solution, followed by adding propargyl bromide 42 

(2.05 g, 13.8 mmol, 2.3 equiv.) dropwise over the course of 10 minutes at room temperature. 

TLC (hexane: ethyl acetate:: 4:1) analysis confirmed the reaction completion in 88 hours. Ice-

cold water was used for reaction quenching, and ethyl acetate was used to extract the oily 

product 143. The solvent was removed by drying the mixed organic layers over anhydrous 

sodium sulphate, filtering, and then evaporating under vacuum (scheme 3.9). 

 

Scheme 3.9: Synthesis of 4-tert butyl-catechol based terminal alkyne 143 

Yield: 95 % 

Colour/texture: dark brown viscous oil 

MF: C16H18O2 

Elem. Anal. Calculated (%): C = 79.31, H = 7.49; Found (%): C = 79.44, H = 7.41  

IR (neat, cm- 1): 3290, 3054, 2961, 2869, 2121, 1756, 1590, 1505, 1453, 1366, 1261, 1199, 

1142, 1016, 924, 852, 808 

1H NMR (500 MHz, CDCl3): δ = 7.12 (s, 1H), 6.97 (s, 2H), 4.74 (dd, J = 7.0, 2.4 Hz, 4H), 

2.50 (dt, J = 6.9, 2.3 Hz, 2H), 1.31 (s, 9H) 

13C NMR (126 MHz, CDCl3): δ = 146.94, 145.48, 145.30, 118.72, 114.50, 113.62, 78.85, 

75.71, 75.68, 57.14, 56.90, 34.35, 31.39 
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3.4.2. Synthesis and characterization of 4,4'-(((4-(tert-butyl)-1,2-

phenylene)bis(oxy))bis(methylene))bis(1-benzyl-1H-1,2,3-triazole) (144) 

 THF: Et3N (1:1) solution was used to dissolve 4-tertbutyl catechol-based alkyne 143 

(0.7 g, 2.9 mmol). The reaction mixture was then supplemented with benzyl azide 105 (0.77 g, 

5.8 mmol), followed by 0.001 mmol Cu(I) catalyst. Stirring of the reaction mixture at 55 - 60 

°C for 5.5 hours resulted in completion and ascertained by TLC (ethyl acetate: hexane, 1:4). 

The reaction was quenched by using ice-cold water, and the solid product 144 was filtered, and 

washed with distilled water (3×5 mL), and then air-dried till constant weight (scheme 3.10). 

 

Scheme 3.10: Synthesis of 1,2,3-triazole derivative 144 from 4-tert butyl-catechol based 

terminal alkyne 

Yield: 81 % 

Colour/texture: light brown fine powder 

mp: 120 - 122 °C 

MF: C30H32N6O2  

Elem. Anal. Calculated (%): C = 70.84, H = 6.34, N = 16.52; Found (%): C = 70.75, H = 

6.36, N = 16.59 

IR (neat, cm-1): 3134, 3062, 2956, 2862, 1591, 1511, 1460, 1384, 1315, 1255, 1200, 1145, 

1013, 917, 800, 694 

1H NMR (500 MHz, CDCl3): δ = 7.58 (d, J = 5.6 Hz, 2H), 7.32 (dt, J = 4.3, 2.2 Hz, 4H), 7.28 

- 7.19 (m, 6H), 7.04 (d, J = 2.0 Hz, 1H), 6.93 - 6.89 (m, 2H), 5.45 (s, 4H), 5.19 (d, J = 2.2 Hz, 

4H), 1.24 (s, 9H) 

13C NMR (126 MHz, CDCl3): δ = 147.86, 146.41, 145.50, 134.69, 129.09, 128.71, 128.12, 

128.08, 123.15, 123.10, 118.88, 115.10, 114.05, 63.92, 63.68, 54.11, 34.40, 31.46 

Molar Mass Calculated: 508.63; Observed (m/z): 509.50 (M+1) 
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3.5. Synthesis and characterization of p-rosolic acid-based alkyne and its corresponding 

1,2,3-triazole 

3.5.1. Synthesis and characterization of terminal alkyne 4-(bis(4-(prop-2-yn-1-

yloxy)phenyl)methylene)cyclohexa-2,5-dien-1-one (146) 

 The constant stirring of p-rosolic acid 145 (1.0 g, 3.4 mmol) in DMF (10 mL) resulted 

in a clear solution, which was subjected to the addition of potassium carbonate (anhydrous) 

(2.4 g, 17 mmol), and then propargyl bromide 42 (0.8 g, 6.8 mmol) was added drop by drop 

over the course of 15 minutes. TLC (ethyl acetate: hexane, 2:3) was employed to observe the 

reaction progress; the reaction was finished after 30 hours. Adding ice-cold water led to the 

reaction quenching, and afterwards, the oily product 146 was extracted using ethyl acetate via 

solvent extraction process. The solvent was removed by drying the combined organic layers 

using sodium sulphate (anhydrous), filtering them, and then evaporating them in a vacuum 

(scheme 3.11). 

 

Scheme 3.11: Synthesis of p-rosolic acid-based terminal alkyne 146 

Yield: 93 % 

Colour/texture: dark brown viscous oil 

MF: C25H18O3 

Elem. Anal. Calculated (%): C = 81.95, H = 4.95; Found (%): C = 81.88, H = 4.99 

IR (neat, cm-1): 3286, 3047, 2923, 2121, 1754, 1603, 1503, 1218, 1021, 923, 827, 641 

1H NMR (500 MHz, CDCl3): δ = 7.19 - 7.14 (m, 2H), 7.03 (d, J = 9.0 Hz, 4H), 6.91 - 6.85 

(m, 4H), 6.71 (d, J = 9.4 Hz, 2H), 4.65 (d, J = 2.2 Hz, 4H), 2.51 (t, J = 2.4 Hz, 2H) 

13C NMR (126 MHz, CDCl3):  = 185.26, 157.76, 139.14, 135.72, 131.47, 130.48, 129.18, 

114.19, 78.67, 75.70, 55.90 
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3.5.2. Synthesis and characterization of 4-(bis(4-((1-(naphthalen-1-ylmethyl)-1H-1,2,3-

triazol-4-yl)methoxy)phenyl)methylene)cyclohexa-2,5-dien-1-one (147) 

 The p-rosolic acid-based alkyne 146 (1.0 g, 2.73 mmol) was thoroughly dissolved in a 

THF:Et3N (2:1) solution. To the preceding solution, 1-(azidomethyl)naphthalene 137 (1.0 g, 

5.46 mmol) was added, and then Cu(I) catalyst (0.001 mmol) was introduced. For 12 hours, 

the reactants were stirred at 55 - 60 °C. TLC (ethyl acetate: hexane, 1:4) was used to determine 

reaction completion. Adding ice-cold water led to reaction quenching, and the solid product 

147 was filtered, rinsed with water (3×5 mL), and air-dried till constant yield (scheme 3.12). 

 

Scheme 3.12: Synthesis of 1,2,3-triazole derivative 147 from p-rosolic acid-based terminal 

alkyne 

Yield: 83 % 

Colour/texture: Golden yellow fine powder 

mp: 113 - 115 °C  

MF: C47H36N6O3  

Elem. Anal. Calculated (%): C = 77.03, H = 4.95, N = 11.47; Found (%): C = 77.15, H = 

4.87, N = 11.44 

IR (neat, cm-1): 3142, 3057, 2951, 1602, 1504, 1462, 1300, 1240, 1172, 1120, 1009, 785 

1H NMR (500 MHz, CDCl3): δ = 7.97 - 7.91 (m, 2H), 7.91 - 7.84 (m, 4H), 7.53 - 7.47 (m, 

4H), 7.45 (dd, J = 11.1, 5.7 Hz, 4H), 7.38 (dd, J = 12.0, 6.2 Hz, 6H), 7.32 (d, J = 6.5 Hz, 2H), 

7.05 (d, J = 8.8 Hz, 4H), 6.78 (d, J = 9.0 Hz, 2H), 5.94 (s, 4H), 5.04 (s, 4H) 

13C NMR (126 MHz, CDCl3): δ = 185.52, 158.40, 149.41, 138.31, 133.94, 131.16, 130.13, 

129.65, 129.02, 128.55, 127.97, 127.35, 126.44, 125.36, 124.08, 121.72, 113.97, 62.07, 52.42 

Molar Mass Calculated: 732.28; Observed (m/z): 733.30 (M+1) 
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3.6. Synthesis and characterization of glyoxal bis-(2-hydroxyanil)-based alkyne and its 

corresponding 1,2,3-triazole 

3.6.1. Synthesis and characterization of terminal alkyne (1E,2E)-N1,N2-bis(2-(prop-2-yn-

1-yloxy)phenyl)ethane-1,2-diimine (149) 

 Glyoxal bis-(2-hydroxyanil) 148 (1.0 g, 4.16 mmol) was dissolved in DMF (15.0 mL), 

subsequently adding caesium carbonate (anhydrous) (4.74 g, 14.5 mmol) and the addition of 

propargyl bromide (anhydrous) 42 (0.98 g, 8.32 mmol) over the course of 10 minutes. The 

progress of reaction was monitored by TLC (hexane: ethyl acetate:: 1:4), which confirmed the 

completion after 40 hours. The reaction was quenched with chilled water and the product 149 

was extracted using ethyl acetate. The combined organic layers were dried using sodium 

sulphate (anhydrous). The product was precipitated on the addition of n-hexane, which was 

then filtered, washed, and dried till constant yield (scheme 3.13). 

 

Scheme 3.13: Synthesis of glyoxal bis-(2-hydroxyanil)-based terminal alkyne 149 

Yield: 95 % 

Colour/texture: dark brown fine powder 

mp: 112 - 114 °C 

MF: C20H16N2O2 

Elem. Anal. Calculated (%): C = 75.93, H = 5.10, N = 8.86; Found (%): C = 75.81, H = 

5.15, N = 8.92 

IR (neat, cm-1): 3283, 2967, 2907, 2120, 1670, 1596, 1498, 1452, 1372, 1246, 1198, 1109, 

1018, 924, 801, 741, 634 

1H NMR (500 MHz, CDCl3): δ = 7.05 - 7.00 (m, 2H), 7.00 - 6.94 (m, 2H), 6.92 - 6.87 (m, 

2H), 6.82 (td, J = 7.3, 1.4 Hz, 2H), 6.75 - 6.72 (m, 2H), 4.73 (dd, J = 5.9, 2.5 Hz, 4H), 2.51 (t, 

J = 6.2 Hz, 2H) 

13C NMR (126 MHz, CDCl3): δ = 159.20, 145.42, 136.69, 122.35, 122.21, 118.47, 115.71, 

112.76, 78.88, 75.55, 56.68, 56.58 
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3.6.2. Synthesis and characterization of (1E,2E)-N1,N2-bis(2-((1-(naphthalen-1-ylmethyl)-

1H-1,2,3-triazol-4-yl)methoxy)phenyl)ethane-1,2-diimine (150) 

 Glyoxal bis-(2-hydroxyanil)-based alkyne 149 (0.7 g, 2.2 mmol) was dissolved in 

THF:Et3N (3:2). This reaction mixture was then supplemented with 1-

(azidomethyl)naphthalene 137 (0.8 g, 4.4 mmol), subsequently incorporating Cu(I) catalyst 

(0.001 mmol). For six hours, the reactants were heated between 55 and 60 °C. The end of the 

reaction (ethyl acetate: hexane, 1:4) was determined by TLC. Addition of ice-cold water led to 

reaction quenching, and the solid product 150 was filtered, washed with water (3×5 mL), and 

finally air-dried till constant yield (scheme 3.14). 

 

Scheme 3.14: Synthesis of 1,2,3-triazole derivative 150 from glyoxal bis-(2-hydroxyanil)-

based terminal alkyne 

Yield: 86 % 

Colour/texture: dark brown fine powder 

mp: 130 - 132 °C 

MF: C42H34N8O2 

Elem. Anal. Calculated (%): C = 73.88, H = 5.02, N = 16.41; Found (%): C = 73.82, H = 

5.05, N = 16.44 

IR (neat, cm-1): 3138, 3051, 2963, 1667, 1654, 1596, 1499, 1454, 1396, 1258, 1212, 1162, 

1093, 1044, 1012, 859, 787, 743 

1H NMR (500 MHz, DMSO-d6): δ = 8.31 - 8.21 (m, 6H), 7.82 (d, J = 16.4 Hz, 2H), 7.59 (d, 

J = 7.0 Hz, 4H), 7.46 (d, J = 8.1 Hz, 4H), 7.34 (d, J = 6.7 Hz, 2H), 7.18 (dd, J = 22.2, 13.9 Hz, 

4H), 6.97 (dd, J = 21.4, 12.9 Hz, 4H), 5.98 (d, J = 13.5 Hz, 4H), 5.15 (d, J = 11.7 Hz, 4H) 

13C NMR (126 MHz, DMSO-d6): δ = 143.27, 140.50, 133.31, 131.37, 130.57, 128.98, 128.62, 

127.55, 126.75, 126.13, 125.49, 124.57, 123.15, 121.51, 116.09, 112.77, 61.97, 50.79 

Molar Mass Calculated: 682.28; Observed (m/z): 683.28 (M+1) 
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3.7. Synthesis and characterization of Schiff base-derived alkyne and its corresponding 

1,2,3-triazole 

3.7.1. Synthesis and characterization of Schiff base (E)-2-methoxy-4-(((5-methylpyridin-

2-yl)imino)methyl)phenol (153) 

 2-amino-5-methylpyridine (1.0 g, 9.26 mmol) 151 was dissolved in ethanol with 

continuous stirring and to this solution, 4-hydroxy-3-methoxybenzaldehyde 152 (1.4 g, 9.26 

mmol) was intorduced. The reaction mixture was then subjected to refluxing and TLC (ethyl 

acetate: hexane, 1:4) ascertained reaction completion after 30 hours. The product 153 was 

obtained by adding ice-cold water to the reaction mixture, which resulted in precipitates 

formation, which were subsequently filtered, whased with water (3×5 mL) and dried till 

constant weight (scheme 3.15) 

 

 

Scheme 3.15: Synthesis of Schiff base 153 from 2-amino-5-methylpyridine and vanillin 

Yield: 93 % 

Colour/texture: golden yellow fine powder 

mp: 152 - 153 °C 

MF: C14H14N2O2 

Elem. Anal. Calculated (%): C = 69.41, H = 5.82, N = 11.56; Found (%): C = 69.28, H = 

5.86, N = 11.62 

IR (neat, cm-1): 3367, 2934, 2837, 1672, 1613, 1587, 1498, 1457, 1392, 1282, 1144, 1062, 

1030, 856, 814, 728, 633 

1H NMR (500 MHz, CDCl3): δ = δ 9.68 (s, 1H), 7.90 (d, J = 25.7 Hz, 2H), 7.59 - 7.32 (m, 

4H), 6.85 (d, J = 25.2 Hz, 1H), 3.91 (s, 3H), 2.12 (s, 3H) 

13C NMR (126 MHz, CDCl3): δ =  163.66, 160.46, 149.81, 149.23, 133.23, 129.29, 127.19, 

124.97, 114.56, 110.87, 59.53, 14.13 



100 
 

3.7.2. Synthesis and characterization of terminal alkyne (E)-1-(3-methoxy-4-(prop-2-yn-

1-yloxy)phenyl)-N-(5-methylpyridin-2-yl)methanimine (154) 

 The newly synthesized Schiff base 153 (1.0 g, 4.13 mmol) was dissolved in DMF (5.0 

mL). This solution was augmented with potassium carbonate (anhydrous) (2.85 g, 20.65 

mmol), and subsequently, propargyl bromide 42 (0.5 g, 4.13 mmol) was added dropwise over 

a period of 10 minutes with continuous stirring at room temperature. The reaction was observed 

for its progress using thin-layer chromatography (TLC) with a solvent mixture of hexane: ethyl 

acetate:: 1:4, which confirmed its completion after 24 hours. The product 154 was extracted 

using ice-cold water, which resulted in precipitates formation which were subsequently filtered, 

washed with water (3×5 mL) and dried till constant weight (scheme 3.16). 

 

Scheme 3.16: Synthesis of Schiff base-derived terminal alkyne 154 

Yield: 94 % 

Colour/texture: light brown fine powder 

mp: 165 °C (decomp.) 

MF: C17H16N2O2 

Elem. Anal. Calculated (%): C = 72.84, H = 5.75, N = 9.99; Found (%): C = 72.87, H = 

5.74, N = 9.97 

IR (neat, cm-1): 3282, 3007, 2937, 2867, 2117, 1684, 1608, 1497, 1460, 1383, 1299, 1209, 

1141, 1065, 992, 924, 858, 809 

1H NMR (500 MHz, CDCl3): δ = 7.96 (s, 1H), 7.90 (s, 1H), 7.54 (s, 1H), 7.47 (d, J = 1.2 Hz, 

1H), 7.44 (d, J = 1.9 Hz, 2H), 6.78 (d, J = 8.0 Hz, 1H), 4.70 (d, J = 2.5 Hz, 2H), 3.90 (s, 3H), 

2.57 (t, J = 2.4 Hz, 1H), 2.12 (s, 3H) 

13C NMR (126 MHz, CDCl3): δ = 163.80, 160.53, 150.96, 149.22, 133.65, 129.09, 127.37, 

124.18, 114.60, 110.61, 79.56, 75.74, 56.79, 55.74, 17.36 
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3.7.3. Synthesis and characterization of (E)-1-(4-((1-benzyl-1H-1,2,3-triazol-4-

yl)methoxy)-3-methoxyphenyl)-N-(5-methylpyridin-2-yl)methanimine (155) 

 A solution of Schiff base alkyne 154 (0.8 g, 2.86 mmol) was prepared by dissolving it 

in a mixture of THF and Et3N in a ratio of 2:1. Subsequently, benzyl azide 105 (0.38 g, 2.86 

mmol) and 0.001 mmol Cu(I) catalyst were introduced. The reactants were stirred at 55 to 60 

°C for a duration of six hours. The completion of the reaction was ascertained through thin-

layer chromatography (TLC) (ethyl acetate/hexane, 1:4). Ice-cold water was utilized to 

terminate the process, and subsequently the resultant solid product 155 was filtered, washed 

water (3×5 mL), and subsequently air-dried until constant yield was achieved (scheme 3.17). 

 

Scheme 3.17: Synthesis of 1,2,3-triazole derivative 155 from Schiff base-terminal alkyne 

Yield: 91 % 

Colour/texture: dark brown fine powder 

mp: 184 °C (decomp.) 

MF: C24H23N5O2 

Elem. Anal. Calculated (%): C = 69.72, H = 5.61, N = 16.94; Found (%): C = 69.77, H = 

5.58, N = 16.92 

IR (neat, cm-1): 3137, 3007, 2964, 2811, 1690, 1610, 1498, 1459, 1385, 1301, 1261, 1216, 

1140, 1026, 800, 718 

1H NMR (500 MHz, CDCl3): δ = 7.96 (s, 1H), 7.90 (s, 1H), 7.67 (s, 1H), 7.54 (s, 1H), 7.50 - 

7.42 (m, 8H), 6.79 (d, J = 4.8 Hz, 1H), 5.84 (s, 2H), 5.09 (s, 2H), 3.90 (s, 3H), 2.13 (s, 3H) 

13C NMR (126 MHz, CDCl3): δ = 163.24, 160.34, 151.25, 150.05, 149.79, 149.49, 149.26, 

133.98, 131.08, 129.58, 128.95, 128.60, 127.44, 126.88, 126.05, 124.16, 114.88, 114.34, 

110.94, 58.55, 54.94, 52.14, 18.16 

Molar Mass Calculated: 413.19; Observed (m/z): 414.19 (M+1) 
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 To summarize, different compounds including organic azides, terminal alkunes, and 

1,2,3-triazole derivatives have been synthesized and characterized via elemental analysis, IR, 

NMR (1H, 13C), and mass spectrometry. Table 3.1 illustrates the various compounds 

synthesized, the reaction conditions utilized, and the percentage yield obtained. 

 

Entry Compound 
Reactions 

conditions 
% yield 

01 

 

NaN3, DMF 

85 - 90 °C, stirr, 5 

h 

60 

02 

 

NaN3, DMF 

85 - 90 °C, stirr, 5 

h 

61 

03 

 

K2CO3, DMF 

rt, 74 h 
74 

04 

 

Cs2CO3, DMF 

rt, 88 h 
95 

05 

 

K2CO3, DMF 

rt, 30 h 
93 
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Entry Compound 
Reactions 

conditions 
% yield 

06 

 

Cs2CO3, DMF 

rt, 40 h 
95 

07 

 

EtOH, 

Reflux, 4 h 
93 

08 

 

K2CO3, DMF 

rt, stirr, 24 h 
94 

09 

 

[Cu(PPh3)3Br] 

THF/TEA (3:2) 

55 - 60 °C, 5 h 

85 

10 

 

[Cu(PPh3)3Br] 

THF/TEA (3:2) 

55 - 60 °C, 5 h 

80 

11 

 

[Cu(PPh3)3Br] 

THF/TEA (1:1) 

55 - 60 °C, 5.5 h 

81 
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Entry Compound 
Reactions 

conditions 
% yield 

12 

 

[Cu(PPh3)3Br] 

THF/TEA (2:1) 

55 - 60 °C, 12 h 

83 

13 

 

[Cu(PPh3)3Br] 

THF/TEA (3:2) 

55 - 60 °C, 6 h 

86 

14 

 

[Cu(PPh3)3Br] 

THF/TEA (2:1) 

55 - 60 °C, 6 h 

91 

 

Table 3.1: A tabular representation of the synthesized compounds, their corresponding reaction 

conditions, and the percentage yield 

 



 
 

 

Chapter IV 

 

Results and Discussion 

This chapter provides a detailed interpretation of the spectroscopic 

and photophysical data, giving the conceptions about the synthetic as 

well as spectroscopic aspects of the compounds while explaining the 

outcomes of the photophysical data thereof. 

 



 
 

 

Chapter IV 

Part A 

 

Interpretation and discussion of spectroscopic data 

This section presents a detailed discussion of the spectroscopic analysis of the 

synthesized compounds and the findings and outcomes of the analysis as well 

as the causes for those specific results are presented in the form of text and 

figures in this chapter of the thesis.
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4.1. Synthetic aspects in reference to the N-heterocyclic 1,2,3-triazole ring 

 The 1,2,3-triazoles, owing to their ‘click’ features such as regioselectivity, high yields, 

benign nature in addition to orthogonality enhancement, and processing ease, etc., have been 

frequently used as a linker and a functional moiety in several disparate compounds throughout 

the last several decades.1,2 Consequently, being one of the most important nitrogen-containing 

compounds, 1,2,3-triazoles have been extensively investigated and have found their use in a 

wide variety of organic synthesis, supramolecular chemistry, drug discovery, polymer 

chemistry, cell biology, chemosensing, and material science applications3–6 mainly attributable 

to their aromaticity, polarity, thermal and chemical stability, and inertness to oxidation and 

reduction conditions.7,8 Since 1,2,3-triazole derivatives can be used in a wide variety of 

contexts, their synthesis has been a subject of intensive study. Among the many methods 

utilised to create these extraordinary compounds, the CuAAC is considered a major 

advancement in synthetic organic chemistry.9,10 The CuAAC reaction is notable for its great 

regioselectivity, i.e., its ability to generate 1,2,3-triazole molecules: its outstanding yield of 

product and its scope under moderate circumstances, and its relatively low toxicity.11–14 This 

study focused on the CuAAC reaction for synthesising of different 1,2,3-triazole derivatives, 

with the stages being as follows: 

4.1.1. Synthesis of terminal alkyne 

 The terminal alkynes were synthesised by reacting a labile proton(s) bearing substrate 

with propargyl bromide and a suitable base. Stirring the reaction mixture using a base at room 

temperature in DMF as the solvent resulted in the extraction of the labile protons from starting 

material and subsequent substitution by the propynyl groups. Using TLC, the reaction progress 

was monitored. Since the propensity to lose a proton differs between substrates, the reaction 

time varied accordingly for different substrates. If the synthesised alkyne was a solid, it was 

filtered out of the reaction mixture, and if it is was oily/liquid, then solvent extraction process 

was implemented for its extraction using ethyl acetate. 

4.1.2. Synthesis of organic azide 

 Organic azides were synthesised using the process described by Lourdes et al., 15 by 

nucleophilic replacement of an aralkyl halide with dried sodium azide. The reaction was 

conducted in DMF while being heated at 85 - 90 °C for 5 hours. All the necessary precautions 

were followed to handle sodium azide as it is sensitive to heat and shock. 
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4.1.3. Cu(I)-catalyzed alkyne-azide cycloaddition 

 The cycloaddition between terminal alkynes and organic azides was catalysed by 

utilising the Cu(I) species with THF as the solvent and Et3N base. Maintaining the reaction at 

55 - 60 °C ranging from 5 - 12 hours (depending on the reactants) resulted in the formation of 

1,2,3-triazole derivates by ‘click’ cycloaddition. The Cu(I) catalyst not only accelerated the 

reaction, but also imparted stereospecificity. 

4.2. Synthesis and spectral analysis of benzyl azide (105) 

4.2.1. Synthesis 

 Benzyl azide 105 was synthesized via the combination of benzyl chloride 135 with 

dried sodium azide (NaN3) in DMF as the solvent, wherein the reaction proceeded via 

nucleophilic substitution. The reaction came to completion after 5 hours of stirring the reaction 

mixture at 85-90 °C. The reaction conditions were carefully monitored and managed to prevent 

any mishaps from occurring, which was necessary due to the extreme reactivity and 

explosiveness of sodium azide under these circumstances. After following solvent extraction 

process, benzyl azide was dried to eliminate any traces of the solvent before being analysed by 

infrared (IR) and nuclear magnetic resonance (NMR) spectroscopy to establish its successful 

synthesis. 

 

Figure 4.1: Structure of benzyl azide 105 

4.2.2. Analysis of IR spectrum 

 The IR spectrum of the newly synthesised benzyl azide 105 was reported as neat in the 

range 4000 - 500 cm-1, wherein a significant signal at 2089 cm-1 distinctive of azide group was 

observed, thereby suggesting the replacement of the chloro group of benzyl chloride with the 

azide group to form benzyl azide. The aromatic C-H bond stretching signal was at 3032 cm-1, 
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whereas the aliphatic C-H bond symmetric stretch signal was at 2930 cm-1 for the protons of 

the benzylic carbon. 

4.2.3. Analysis of NMR spectra 

 The 1H NMR spectrum of benzyl azide 105 was recorded at 500 MHz in CDCl3 relative 

to tetramethylsilane, wherein it showed a singlet at  = 4.14 ppm, which was due to the two 

protons on the benzylic carbon, and the multiplet in the region of  = 7.22 - 7.13 ppm 

corresponded to five aromatic protons on the benzene ring. 

 The 13C NMR spectrum was also obtained for benzyl azide 105 in CDCl3, providing 

further evidence in support of the successful synthesis of the product. The C atoms in the 

benzene ring provided the signals at  = 135.53 - 128.31 ppm, whereas benzylic carbon 

contributed the signal at  = 54.82 ppm. 

4.3. Synthesis and spectral analysis of 1-(azidomethyl)naphthalene (137) 

4.3.1. Synthesis 

 The aromatic organic azide 1-(azidomethyl)naphthalene 137 (figure 4.2) was 

synthesised by the nucleophilic substitution reaction of 1-(chloromethyl)naphthalene with the 

highly reactive sodium azide. The light yellow coloured oily product was obtained by stirring 

at 85-90 °C in DMF and then extracting it via solvent extraction process. Thereafter, the 

combined organic layers containing the extracted product were first dried using sodium 

sulphate (anhydrous) and then implementing vacuum evaporation to completely remove the 

solvent. Finally, IR and NMR spectroscopic methods were used to characterize the pure 

product and verify its formation. 

 

Figure 4.2: Structure of 1-(azidomethyl)naphthalene 137 
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4.3.2. Analysis of IR spectrum 

  The IR spectrum of 1-(azidomethyl)naphthalene 137 was measured in the region of 

4000 - 500 cm-1 (neat), and the obtained results verified the formation of the desired product. 

A sharp signal of high intensity at 2091 cm-1 evidenced the presence of a N3 group, whereas a 

signal at 3051 cm-1 was due to the vibrational frequency of the aromatic C-H groups. In 

addition, the signal at 2938 cm-1 corresponded to the C-H stretching of the benzylic carbon. 

4.3.3. Analysis of NMR spectra 

 In the 500 MHz 1H NMR spectrum of 1-(azidomethyl)naphthalene 137 in CDCl3, the 

aromatic protons of the naphthyl group were represented by the multiplet at  = 8.10 - 7.48 

ppm, while the benzylic protons were represented by the singlet at  = 4.76 ppm.  

 Similarly, the 13C NMR findings were also consistent with what was hypothesised. The 

carbon atoms in the aromatic ring contributed to the signals at  = 134.05 - 123.64 ppm, while 

the singlet at  = 53.02 ppm corresponded to the methylene carbon in the synthesized molecule. 

4.4. Synthesis and spectral analysis of terminal alkyne 1,2-di(prop-2-yn-1-yl)-1,2-

dihydropyridazine-3,6-dione (139) 

4.4.1. Synthesis 

 The nucleophilic substitution reaction of the starting material (maleic hydrazide) 138 

with 80% propargyl bromide solution 42 (in toluene) was used to synthesise the terminal alkyne 

139 (figure 4.3). By continuous stirring of the mixture while using K2CO3 as the base, the 

labile protons of the secondary amino groups on the starting material were abstracted, and 

subsequently replaced by the propargyl group to synthesize the terminal alkyne derivative of 

maleic hydrazide. Thereafter, the brown coloured oily product was obtained by employing 

solvent extraction process and further evaporating the combined organic layers through 

vacuum evaporation to get the final product, which eventually solidified. 

 

Figure 4.3: Structure of terminal alkyne 139 
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4.4.2. Analysis of IR spectrum 

 IR spectrum in the range of 4000 - 500 cm-1 (neat) was used to characterize the maleic 

hydrazide-based terminal alkyne 139, and the findings were consistent with those that were 

predicted. The signal observed at 3289 cm-1 is attributed to C≡C-H bond. Similarly, the signal 

observed at 2125 cm-1 is attributed to C≡C bond, thereby confirming the successful synthesis 

of terminal alkyne. The signal at 3059 cm-1 was because of the alkenyl C-H stretching, 2930 

cm-1 was attributable to C-H stretching of methylene group, 1665 cm-1 was owing to the 

carbonyl stretch, 1586 cm-1 was due to C=C stretching and 1276 cm-1 was due to C-N stretching. 

In addition to this, the absence of signal at about 3400 cm-1 corresponding to the N-H stretching 

confirmed the successful conversion of the NH groups to form the terminal alkyne. 

4.4.3. Analysis of NMR spectra 

 The predicted terminal alkyne 139 synthesis was ascertained owing to the presence of 

two triplets at  = 2.35 ppm and  = 2.59 ppm, which was attributable to the alkynyl protons 

(C≡C–H). The signal at  = 4.80 ppm corresponded to the methylene protons, whereas the 

alkenyl protons exhibited doublets at  = 6.95 ppm and  = 7.01 ppm. 

 The 13C NMR spectrum of the terminal alkyne 139 also confirmed its successful 

synthesis, wherein the signals at  = 72.74 ppm and  = 75.56 ppm corresponded to the C atoms 

of the C≡C moiety and a singlet at  = 40.56 ppm corresponded to the methylene C atoms. The 

signal at  = 133.15 ppm was due to the alkenyl C atoms, whereas the signal at  = 159.27 was 

due to the carbonyl C atoms. 

4.5. Synthesis and spectral analysis of 1,2-bis((1-benzyl-1H-1,2,3-triazol-4-yl)methyl)-1,2-

dihydropyridazine-3,6-dione (140) 

4.5.1. Synthesis 

 The maleic hydrazide-based 1,2,3-triazole derivative 140 (figure 4.4) was 

regioselectively synthesized by the combination of maleic hydrazide-based terminal alkyne 

139 and benzyl azide 105 via CuAAC carried out in in a THF:TEA (v/v, 3:2) solvent media 

and in the presence of [CuBr(PPh3)3] (0.001 mmol) complex serving as the catalyst. The 

reaction was facilitated by the triethylamine base, which allowed for the simple abstraction of 

the terminal proton, whereas the stereoselectivity of the cycloaddition to get exclusively the 

1,4-disubstituted product was determined by the presence of Cu(I)-complex as catalyst. The 
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reaction reached completion after 5 hours of stirring at 55-60 °C. The product was produced 

by treating the reaction mixture with ice-cold water, and its comprehensive characterization 

was accomplished via standard spectroscopic techniques. 

 

Figure 4.4: Structure of 1,2,3-triazole derivative 140 

4.5.2. Analysis of IR spectrum 

 The measurement of the IR spectrum (neat) of compound 140 between 4000 - 500 cm-

1 provided conclusive evidence of the production of the target compound. The absence of 

signals due to the C≡C-H and C≡C stretching at 3289 cm-1 and 2126 cm-1 respectively, and -

N=N=N stretching at 2090 cm-1 indicated the modification of C≡C-H and N3 groups to form 

1,2,3-triazole ring. Furthermore, the signal at 3134 cm-1 was due to the aromatic C-H stretching, 

3061 cm-1 was due to the C-H stretching of the 1,2,3-triazole moiety, 2970 cm-1 was due to the 

C-H stretching of the methylene groups, 1660 cm-1 corresponded to the carbonyl stretching, 

and 1281 cm-1 was due to C-N stretching. 

4.5.3. Analysis of NMR spectra 

 The 1H NMR spectrum of compound 140 was observed in comparison to 

tetramethylsilane at 500 MHz, wherein the absence of triplets at  = 2.35 ppm and  = 2.59 

ppm indicated the conversion of the alkyne moieties into 1,2,3-triazole rings. Due to this, the 

signal of the erstwhile alkynyl proton was observed in aromatic range of 1H NMR spectrum of 

140. Furthermore, the doublet at  = 5.29 ppm corresponded to the methylene protons adjoining 

the 1,2,3-triazole ring and the N atoms of parent structure, whereas the doublet at  = 5.51 ppm 

resulted from the benzylic protons. The alkenyl protons gave the multiplet at  = 6.89 - 6.79 

ppm, whereas the multiplet at  = 7.39 - 7.28 ppm were due to the aromatic protons. 

 The confirmation of effective synthesis of compound 140 was also provided by 13C 

NMR spectroscopy. The methylene C atoms in the 13C NMR of maleic hydrazide-based 

terminal alkyne 139 exhibiting signal at  = 40.55 ppm was shifted downfield to  = 46.66 

ppm, due to their presence near the 1,2,3-triazole moiety in the 13C NMR of the 1,2,3-triazole 
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derivative 140. Also, the signals at  = 72.74 ppm and  = 75.55 ppm corresponding to the C≡C 

moiety in the 13C NMR of maleic hydrazide-based terminal alkyne were absent in the 13C NMR 

of 140, thereby indicating their conversion to form the 1,2,3-triazole ring. The signal at  = 

52.27 ppm was due to the benzylic C atoms, whereas the signals at  = 142.72 - 125.39 ppm 

corresponded to the aromatic C atoms. Furthermore, the signal at  = 158.52 ppm corresponded 

to the C atoms of the carbonyl groups. 

4.5.4. Analysis of mass spectrum 

 The synthesised 1,2,3-triazole derivative 140 had a predicted molecular mass peak 

(m/z) of 454.49 and its mass spectrum (GC-MS) revealed a prominent peak at m/z = 454.25, 

thereby verifying its successful synthesis. 

4.6. Synthesis and spectral analysis of 1,2-bis((1-(naphthalen-1-ylmethyl)-1H-1,2,3-

triazol-4-yl)methyl)-1,2-dihydropyridazine-3,6-dione (141) 

4.6.1. Synthesis 

 The regioselective synthesis of the maleic hydrazide-based 1,2,3-triazole derivative 141 

(figure 4.5) was achieved by reacting the terminal alkyne 139 derived from maleic hydrazide 

with 1-(azidomethyl)naphthalene 137 in the presence of [CuBr(PPh3)3] (0.001 mmol) complex 

in THF:TEA (v/v, 3:2) solvent media. The triethylamine base assisted the reaction by allowing 

for the easy abstraction of the terminal protons, while the presence of Cu(I)-complex as a 

catalyst regulated the stereoselectivity of the cycloaddition, resulting in the selective formation 

of the 1,4-disubstituted product. The reaction completion was achieved after 5 hours of stirring 

at 55-60 °C. Using chilled water, the solid product was obtained from the reaction mixture, and 

conventional spectroscopic methods were used to characterize it. 

 

Figure 4.5: Structure of 1,2,3-triazole derivative 141 

4.6.2. Analysis of IR spectrum 

 The 1,2,3-triazole derivative of maleic hydrazide 141 was shown to have been 

synthesised by measuring its infrared spectrum (neat) between 4000 - 500 cm-1. The synthesis 
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of the 1,2,3-triazole was verified by the elimination of the signals at 3289 cm-1 owing to C≡C-

H stretching, 2126 cm-1 due to C≡C stretching, and 2091 cm-1 due to -N=N=N stretching of 1-

(azidomethyl)naphthalene. The signal due to aromatic C-H stretching was observed at 3140 

cm-1, and the C-H stretching of the 1,2,3-triazole moiety was attributed to 3059 cm-1, 2960 cm-

1 for C-H stretching of the methylene groups, 1660 cm-1 for carbonyl stretching, and 1274 cm-

1 for C-N stretching. 

4.6.3. Analysis of NMR spectra 

 The 1H NMR spectrum of compound 141 was obtained in CDCl3 at 500 MHz in 

reference to tetramethylsilane. The absence of triplets at  = 2.35 ppm and  = 2.59 ppm 

suggested that the alkyne moieties had been converted into 1,2,3-triazole rings. As a 

consequence of this, the signal of the alkynyl proton manifested itself in aromatic range. In 

addition, the doublet at  = 5.17 ppm belonged to the methylene protons, whilst the doublet at 

 = 5.85 ppm was due to the benzylic protons. The signal at  = 6.79 ppm was caused by the 

alkenyl protons, whilst the multiplet at  = 8.13 - 7.39 ppm was caused by the aromatic protons. 

 The 13C NMR spectroscopy also presented evidence for the successful synthesis of 

compound 141. Due to their proximity to the aromatic 1,2,3-triazole ring, the methylene C 

atoms in the 13C NMR of the terminal alkyne 139, displaying signal at  = 40.55 ppm, were 

shifted downfield to  = 43.86 ppm in the 13C NMR of the 1,2,3-triazole derivative 141. 

Additionally, the 13C NMR of the terminal alkyne 139 showed signals at  = 72.74 ppm and  

= 75.55 ppm corresponding to the C≡C moiety; these signals were missing in the 13C NMR of 

the 1,2,3-triazole derivative 141, confirming their conversion to create the 1,2,3-triazole ring. 

Besides, the benzylic C atoms contributed the signal at  = 54.11 ppm, whereas the aromatic C 

atoms were responsible for the signals at  = 142.42 - 124.79 ppm. The carbonyl C atoms 

exhibited the signal at  = 159.18 ppm. 

4.6.4. Analysis of mass spectrum 

 The synthesised 1,2,3-triazole derivative 141 had a predicted molecular mass peak 

(m/z) = 554.61 and its mass spectrum (GC-MS) revealed a prominent peak at m/z = 555.40 

corresponding to M+1, thereby verifying its successful synthesis. 
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4.7. Synthesis and spectral analysis of terminal alkyne 4-(tert-butyl)-1,2-bis(prop-2-yn-1-

yloxy)benzene (143) 

4.7.1 Synthesis 

 The terminal alkyne 143 (figure 4.6) was synthesised by reacting 4-tert butyl catechol 

142 with a solution of propargyl bromide 42 in toluene at a concentration of 80%. The reaction 

proceeded with the abstraction of the labile protons of the hydroxyl groups on the starting 

material via Cs2CO3 as the base, and replacing them with the propargyl groups. Ice-cold 

distilled water was used to quench the reaction, and ethyl acetate was used to extract the final 

product. The organic layers were combined and desiccated over sodium sulphate (anhydrous), 

and the solvent was evaporated using vacuum evaporation to obtain the dark brown oily 

product. Subsequently, IR and NMR spectroscopy were used to determine the precise structure 

of the terminal alkyne, thereby proving its effective synthesis. 

 

Figure 4.6: Structure of terminal alkyne 143 

4.7.2. Analysis of IR spectrum 

 The characterization of 4 tert-butyl catechol-based terminal alkyne 143 was done by 

infrared spectroscopy in the region of 4000 - 500 cm-1 (neat), and the findings agreed with 

those expected. The synthesis of terminal alkyne was verified by the signal at 2121 cm-1, 

attributable to C≡C stretching and the signal at 3290 cm-1, owing to C≡C-H stretching. At the 

same time disappearance of a broad signal at 3341 cm-1 indicated the modification of -OH 

functional group on starting compound. The methylene C-H stretching contributed to the signal 

at 3054 cm-1, whereas the methyl C-H stretching contributed to the signal at 2961 cm-1. The 

aromatic C=C stretching contributed the signals at 1590 cm-1 and 1505 cm-1 and the signals at 

1453 cm-1 and 1366 cm-1 were attributed to methylene groups and the methyl groups 

respectively (bending vibrations). In addition to this, the absence of a broad signal at about 

3400 cm-1 corresponding to the O-H stretching confirmed the successful conversion of the OH 

group to form the terminal alkyne. 
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4.7.3. Analysis of NMR spectra 

 The signal at  = 2.50 ppm in the 1H NMR spectrum of 143, which corresponded to the 

alkynyl protons, provided evidence that the terminal alkyne synthesis that had been anticipated 

was successfully achieved. Additionally, the singlet at  = 1.31 ppm was due to the methyl 

protons. The methylene protons were responsible for the signal at  = 4.74 ppm, whereas the 

signals at  = 6.97 ppm and  = 7.12 ppm corresponded the aromatic protons. 

 The 13C NMR spectrum of compound 143 further validated the successful synthesis of 

the compound. In this spectrum, the signals at  = 75.71 ppm and  = 78.85 ppm belonged to 

the C atoms of the C≡C moiety, while the signals at  = 31.39 ppm and  = 34.35 ppm were 

due to the C atoms of the methyl groups and the quaternary C atom attached to them 

respectively. Also, the signals at  = 56.90 ppm and  = 57.14 ppm were due to the methylene 

C atoms. The signals that appeared at  = 146.94 - 113.62 ppm were due to the aromatic C 

atoms. 

4.8. Synthesis and spectral analysis of 4,4'-(((4-(tert-butyl)-1,2-

phenylene)bis(oxy))bis(methylene))bis(1-benzyl-1H-1,2,3-triazole) (144) 

4.8.1. Synthesis 

 The 4-tert butyl catechol-based 1,2,3-triazole derivative 144 (figure 4.7) was 

synthesised by reacting the terminal alkyne 143 with benzyl azide 105 using [CuBr(PPh3)3] 

(0.001 mmol) catalytic system in THF:TEA (v/v, 1:1) solvent medium. By facilitating the 

abstraction of the terminal protons, the triethylamine base aided the reaction, while the Cu(I)-

complex controlled the stereoselectivity of the cycloaddition. After 5.5 hours of stirring at 55 

- 60 °C, the reaction reached completion. The solid product was separated from reaction 

mixture using ice-cold water, and then characterized using traditional spectroscopic techniques. 

 

Figure 4.7: Structure of 1,2,3-triazole derivative 144 
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4.8.2. Analysis of IR spectrum 

 The measurement of the IR spectrum (neat) of compound 144 between 4000 - 500 cm-

1 gave strong evidence of the target compound's synthesis. The absence of signals at 3290 cm-

1 owing to C≡C-H stretching, 2121 cm-1 due to C≡C stretching, and 2089 cm-1 due to -N=N=N 

stretching suggested that the C≡C-H and N3 groups were modified to produce the triazole 

moiety. Furthermore, the signal at 3134 cm-1 was caused by aromatic C-H stretching, 3062 cm-

1 by C-H stretching of the 1,2,3-triazole moiety, 2956 cm-1 by C-H stretching of the methyl 

groups, 1591 cm-1 and 1511 cm-1 by aromatic C=C stretching, and the signals at 1460 cm-1 and 

1384 cm-1 were attributable to the methylene groups and the methyl groups respectively 

(bending vibrations). 

4.8.3. Analysis of NMR spectra 

 The 1H NMR spectrum of compound 144 was observed at 500 MHz in CDCl3, with 

tetramethylsilane as the reference. The lack of triplet at  = 2.50 ppm indicated the conversion 

of alkyne moieties into the 1,2,3-triazole rings. The methyl protons caused the singlet at  = 

1.24 ppm, while the methylene protons exhibited the signal at  = 5.19 ppm. In addition, the 

benzylic protons caused the signal at  = 5.45 ppm. The aromatic protons provided the multiplet 

at  = 7.32 - 6.89 ppm, and the protons of the 1,2,3-triazole rings were represented by the 

singlet at  = 7.58 ppm. 

 The 13C NMR spectroscopy also confirmed the successful synthesis of compound 144. 

The signals at  = 75.71 ppm and  = 78.85 ppm owing to the C≡C moiety of the terminal 

alkyne were absent in the 13C NMR of the 1,2,3-triazole derivative 144, showing their 

conversion to the 1,2,3-triazole ring. Also, the methylene C atoms in the 13C NMR spectrum 

of the terminal alkyne 143 displaying signals at  = 56.90 ppm and  = 57.14 ppm were 

displaced downfield to  = 63.68 ppm and  = 63.92 ppm due to their presence in the proximity 

of the aromatic 1,2,3-triazole ring in the 13C NMR of the 1,2,3-triazole derivative 144. The 

benzylic C atoms were responsible for the signal at  = 54.11 ppm, whereas the aromatic C 

atoms were responsible for the signals at  = 147.86 - 114.05 ppm.  

4.8.4. Analysis of mass spectrum 
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 The 1,2,3-triazole derivative 144 had a predicted molecular mass peak (m/z) of 508.63, 

and its mass spectrum (GC-MS) showed a strong peak at m/z = 509.50 corresponding to M+1, 

thereby confirming that the synthesis was successful. 

4.9. Synthesis and spectral analysis of terminal alkyne 4-(bis(4-(prop-2-yn-1-

yloxy)phenyl)methylene)cyclohexa-2,5-dien-1-one (146) 

4.9.1. Synthesis 

 The terminal alkyne 146 (figure 4.8) was synthesised by combining p-rosolic acid 145 

with an 80% propargyl bromide solution 42 in toluene. Using K2CO3 as the base, the labile 

protons of the starting material were removed and replaced with propargyl groups. The reaction 

was quenched with ice-cold water, and the product was isolated using ethyl acetate. The dark 

brown viscous product was obtained by removing the solvent by dehydrating the combined 

organic layers over sodium sulphate (anhydrous), filtering them, and then evaporating them 

under vacuum. IR and NMR spectroscopy were then used to ascertain the precise structure of 

the terminal alkyne, thereby demonstrating its successful synthesis. 

 

Figure 4.8: Structure of terminal alkyne 146 

4.9.2. Analysis of IR spectrum 

 The terminal alkyne 146 was characterized by infrared spectroscopy (4000 - 500 cm-1) 

with expected results. A signal at 2121 cm-1, attributed to the C≡C stretching, and an additional 

signal at 3286 cm-1, owing to the C≡C-H stretching, confirmed the synthesis of the terminal 

alkyne. The aromatic C-H stretching corresponded to the signal at 3047 cm-1, whereas the C-

H stretching of the methylene groups contributed to the signal at 2923 cm-1. The aromatic C=C 
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stretching contributed the signals at 1603 cm-1 and 1503 cm-1. In addition to this, the absence 

of a broad signal at about 3400 cm-1 corresponding to the O-H stretching confirmed the 

successful conversion of the OH group to form the terminal alkyne. 

4.9.3. Analysis of NMR spectra 

 The 1H NMR spectrum of the terminal alkyne 146 was obtained at 500 MHz in CDCl3 

using tetramethylsilane as the reference. The presence of a triplet at  = 2.51 ppm, which 

corresponded to the alkynyl protons, was evidence that the anticipated terminal alkyne 

synthesis was successful. Additionally, methylene protons were responsible for the doublet at 

 = 4.65 ppm, and the aromatic protons corresponded the multiplets at  = 7.19 - 6.71 ppm. 

 The 13C NMR spectrum of the terminal alkyne 146 further validated the effective 

synthesis of the compound. The signals at  = 75.70 ppm and  = 78.67 ppm in this spectrum 

belonged to the C atoms of the C≡C moiety, whereas the signal at  = 55.90 ppm was caused 

by the C atoms of the methylene groups. The signals at  = 157.76 - 114.19 ppm were caused 

by aromatic C atoms, whereas the carbonyl C atom gave the signal at 185.26. 

4.10. Synthesis and spectral analysis of 4-(bis(4-((1-(naphthalen-1-ylmethyl)-1H-1,2,3-

triazol-4-yl)methoxy)phenyl)methylene)cyclohexa-2,5-dien-1-one (147) 

4.10.1. Synthesis 

 The p-rosolic acid-based 1,2,3-triazole derivative 147 (figure 4.9) was synthesized by 

reacting the terminal alkyne 146 with 1-(azidomethyl)naphthalene 137 in the presence of 

[CuBr(PPh3)3] (0.001 mmol) in a solvent medium of THF:TEA (v/v, 2:1). The triethylamine 

base helped the reaction by enabling the abstraction of the terminal protons, while the Cu(I)-

complex regulated the stereoselectivity of the cycloaddition, resulting in the selective synthesis 

of the 1,4-disubstituted product. The reaction was complete after 12 hours of stirring at 55-60 

°C. Using chilled water, the solid product was obtained from the reaction mixture and 

subsequently characterized using standard spectroscopic methods. 
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Figure 4.9: Structure of 1,2,3-triazole derivative 147 

4.10.2. Analysis of IR spectrum 

 The infrared spectrum (neat) between 4000 and 500 cm-1 of compound 147 provided 

conclusive evidence that the compound had been synthesised. The disappearance of -N3 

stretching signal at 2091 cm-1 from 1-(azidomethyl)naphthalene, C≡C stretching signal at 2126 

cm-1, and C≡C-H stretching signal at 3289 cm-1 due to the alkyne group confirmed the 

successful conversion of these moieties to synthesize the 1,2,3-triazole ring. Additional signals 

were seen at 3142 cm-1 for aromatic C-H stretching, 3059 cm-1 for C-H stretching of the 1,2,3-

triazole moiety, and 2951 cm-1 for C-H stretching of the methylene groups. The signals for the 

aromatic C=C stretching were present at 1602 cm-1 and 1504 cm-1, while the C-H bending of 

the methylene groups corresponded to the signal at 1462 cm-1. 

4.10.3. Analysis of NMR spectra 

 The 1H NMR spectrum of compound 147 was measured in CDCl3 at a frequency of 500 

MHz relative to tetramethylsilane wherein the lack of a triplet at  = 2.51 ppm evidenced that 

the alkyne moieties had been transformed into 1,2,3-triazole rings. Because of this, the signal 

from the alkynyl protons appeared in the aromatic range of the 1H NMR spectrum of the 1,2,3-

triazole derivative 147. In addition, the singlets that appeared at  = 5.04 ppm and  = 5.94 

ppm were attributed to the methylene protons and the benzylic protons respectively. The 

aromatic protons were responsible for the multiplets that appeared at  = 7.97 - 6.78 ppm. 

 The effective synthesis of compound 147 was also validated by 13C NMR spectroscopy. 

The signals at  = 75.70 ppm and  = 78.67 ppm owing to the C≡C moiety were absent in the 
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13C NMR of the 1,2,3-triazole derivative 147, indicating their conversion to the 1,2,3-triazole 

ring. Furthermore, the methylene C atoms in the alkyne 13C NMR spectrum with signal at  = 

55.90 ppm were displaced downfield to  = 62.07 ppm due to their proximity to the aromatic 

1,2,3-triazole ring in the 13C NMR of compound 147. The signal at  = 52.42 ppm was 

attributed to the benzylic C atoms, whereas the signals at  = 185.52 - 113.97 ppm were caused 

by aromatic C atoms. 

4.10.4. Analysis of mass spectrum 

 The mass spectrum (LC-MS) of the synthesised 1,2,3-triazole derivative 147 displayed 

a prominent peak at m/z = 733.30, matching to M+1, verifying the accuracy of the expected 

molecular mass peak (m/z) of 732.28. 

4.11. Synthesis and spectral analysis of terminal alkyne (1E,2E)-N1,N2-bis(2-(prop-2-yn-

1-yloxy)phenyl)ethane-1,2-diimine (149)  

4.11.1. Synthesis 

 By reacting glyoxal bis-(2-hydroxyanil) 148 with propargyl bromide solution 42 in 

toluene at a concentration of 80%, the terminal alkyne 149 (figure 4.10) was synthesised. The 

Cs2CO3 acting as the base led to the removal of the labile protons which were substituted with 

propargyl groups. The adding ice-cold water resulted in the quenching of the reaction, and ethyl 

acetate was used to separate the product. The drying of the combined organic layers was done 

over sodium sulphate (anhydrous) and then filtered. The final product was obtained after the 

addition of n-hexane, which precipitated the product, followed by filtration, washing, and 

drying.  

 

Figure 4.10: Structure of terminal alkyne 149 

4.11.2. Analysis of IR spectrum 

 Infrared spectroscopy was used in the region of 4000 - 500 cm-1 (neat) in order to 

characterize the terminal alkyne 149, and the findings were as anticipated. The synthesis of the 
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terminal alkyne was validated by the appearance of a signal at 3283 cm-1, which corresponded 

to the C≡C-H stretching, as well as an additional signal at 2120 cm-1, which was attributable to 

the C≡C stretching. The C-H stretching of the aromatic groups contributed to the signal that 

was seen at 3062 cm-1, while the C-H stretching of the methylene groups was responsible for 

the signal that was observed at 2967 cm-1. The signal at 1670 cm-1 was attributed to the C=N 

stretching, whereas the 1596 cm-1 and the 1498 cm-1 signals were due to the aromatic C=C 

stretching. In addition to this, the absence of a broad signal at about 3400 cm-1 corresponding 

to the O-H stretching confirmed the successful conversion of the OH group to form the terminal 

alkyne. 

4.11.3. Analysis of NMR spectra 

 Using tetramethylsilane as a standard, the 1H NMR spectrum of the terminal alkyne 149 

was recorded at 500 MHz in CDCl3. The terminal alkyne synthesis was confirmed owing to 

the observation of a triplet at  = 2.51 ppm in the 1H NMR spectrum of the alkyne, 

corresponding to the alkynyl protons. The methylene protons were attributable to the signal at 

 = 4.73 ppm, whereas aromatic protons showed up as multiplet at  = 7.05 - 6.72 ppm. 

 The 13C NMR spectrum of the terminal alkyne 149 provided additional validation of 

the effective synthesis. The C atoms that make up the C≡C moiety were ascribed to the signals 

that appeared at  = 75.55 ppm and  = 78.88 ppm. On the other hand, the methylene C atoms 

were responsible for the signal at  = 56.58 ppm. The presence of aromatic C atoms was the 

origin of the signals that were observed between  = 159.20 - 112.76 ppm. 

4.12. Synthesis and spectral analysis of (1E,2E)-N1,N2-bis(2-((1-(naphthalen-1-ylmethyl)-

1H-1,2,3-triazol-4-yl)methoxy)phenyl)ethane-1,2-diimine (150) 

4.12.1. Synthesis 

 Figure 4.11 shows the glyoxal bis-(2-hydroxyanil)-based 1,2,3-triazole derivative 150, 

which was synthesized by reacting the previously synthesized terminal alkyne 149 with 1-

(azidomethyl)naphthalene 137 in the presence of 0.001 mmol of [CuBr(PPh3)3] in a THF:TEA 

(v/v, 3:2) solvent media. The triethylamine base helped the reaction by allowing the terminal 

alkynyl protons to be removed; while the Cu(I)-complex acted as a catalyst to control the 

stereoselectivity of the cycloaddition, which made it possible to make only the desired 1,4-

disubstituted product. After 6 hours of stirring at 55 to 60 °C, the process was completed, as 
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ascertained via TLC. The solid product was separated from the reaction mixture with ice-cold 

water and then analyzed with standard spectral methods. 

 

Figure 4.11: Structure of 1,2,3-triazole derivative 150 

4.12.2. Analysis of IR spectrum 

 The synthesis of compound 150 was shown by its characteristic infrared spectrum 

(neat) between 4000 and 500 cm-1. The effective formation of the 1,2,3-triazole ring was 

verified by the absence of -N=N=N stretching signal at 2091 cm-1, C≡C-H stretching signal at 

3283 cm-1, and C≡C stretching signal at 2120 cm-1, owing to the alkyne group. C-H stretching 

signals were also seen at 3138 cm-1 for aromatic C-H stretching, 3051 cm-1 for the 1,2,3-triazole 

moiety, and 2963 cm-1 for the methylene groups. The signals at 1596 and 1499 cm-1 were 

suggestive of aromatic C=C stretching and the signal at 1454 cm-1 corresponded the C-H 

bending in methylene groups. 

4.12.3. Analysis of NMR spectra 

 The 1H NMR spectrum of compound 150 was measured in DMSO as the solvent at a 

frequency of 500 MHz relative to tetramethylsilane. It was shown that the alkyne moieties had 

been converted into 1,2,3-triazole rings as a result of the absence of a triplet at  = 2.51 ppm. 

As a result of this, one of the signals in the aromatic section of the 1H NMR spectrum of the 

1,2,3-triazole derivative 150 was caused by the protons that were previously connected to the 

alkynyl group. In addition, the doublets that manifested at  = 5.15 ppm and 5.98 ppm were 
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assigned to the methylene protons and the benzylic protons, respectively. The multiplets that 

emerged at   = 8.31 - 6.94 ppm was caused by aromatic protons. 

 The 13C NMR spectroscopy was also used to demonstrate the effective synthesis of 

compound 150. In the spectrum, the absence of signals at  = 75.55 ppm and  = 78.88 ppm 

corresponding to the C≡C moiety of the terminal alkyne indicated that the moiety was 

converted to the 1,2,3-triazole ring. Furthermore, the methylene C atoms of the terminal alkyne 

149, which had a signal at  = 56.58 ppm, were displaced downfield to  = 61.97 ppm in the 

13C NMR spectrum of 150 because of their proximity to the aromatic ring. The benzylic C 

atoms were responsible for the signal at  = 50.79 ppm, whilst the aromatic C atoms were the 

source of the signals at  = 143.27 - 112.77 ppm. 

4.12.4. Analysis of mass spectrum 

 The mass spectrum (LC-MS) of the synthetic 1,2,3-triazole derivative 150 showed a 

peak at m/z = 683.28, which corresponded to the theoretically calculated [M+1] peak 

(theoretical m/z = 682.28). This verified that the desired 1,2,3-triazole derivative was 

successfully synthesized. 

4.13. Synthesis and spectral analysis of Schiff base (E)-2-methoxy-4-(((5-methylpyridin-

2-yl)imino)methyl)phenol (153) 

4.13.1. Synthesis 

 The Schiff base 153 was synthesized by subjecting the reaction mixture containing 

equimolar concentration of 2-amino-5-methylpyridine 151 and 4-hydroxy-3-

methoxybenzaldehyde 152 (vanillin) to refluxing in ethanol as the solvent, wherein the two 

reactants underwent nucleophilic addition to get connected via a newly formed imine moiety. 

A TLC analysis confirmed the reaction completion after 40 hours. After separating the solid 

product from the reaction mixture using ice-cold water, it was examined using conventional 

spectroscopic techniques. 

 

Figure 4.12: Structure of Schiff base 153 
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4.13.2. Analysis of IR spectrum 

 The IR spectrum (neat) analyzed for the Schiff base 153 in the range of 4000 - 500 cm-

1 was suggestive of its successful synthesis. The broad signal corresponding to the -OH moiety 

appeared at 3367 cm-1, whereas the signal at 1672 cm-1 was suggestive of the formation of a 

C=N bond. In addition to this, the absence of signals at 3450 cm-1 and 3300 cm-1 corresponding 

to the NH2 stretching confirmed the successful conversion of the NH2 group to form the Schiff 

base. 

4.13.3. Analysis of NMR spectra 

The 1H NMR spectrum of compound 153 was measured in CDCl3 as the solvent at a 

frequency of 500 MHz relative to tetramethylsilane. The methyl protons were attributable to 

the singlet at   = 2.12 ppm, while the methoxy protons were responsible for the singlet at  = 

3.91 ppm. The aromatic protons appeared as multiplets at  = 7.93 - 6.82 ppm. The proton of 

the hydroxyl group was attributed to the singlet at  = 9.68 ppm. 

 The 13C NMR spectroscopy was also used to demonstrate the effective synthesis of 

compound 153. The C atom of the methyl group was assigned to the signal at  = 14.13 ppm, 

whereas the C atom of the methoxy group was responsible for the signal at  = 59.53 ppm. The 

aromatic C atoms were marked by the presence of the signals between  = 160.46 - 110.87 

ppm, and the C atom of the C=N group was attributed to the signal at  = 163.66 ppm. 

4.14. Synthesis and spectral analysis of terminal alkyne (E)-1-(3-methoxy-4-(prop-2-yn-

1-yloxy)phenyl)-N-(5-methylpyridin-2-yl)methanimine (154) 

4.14.1. Synthesis 

 The terminal alkyne 154 (figure 4.13) was synthesized by reacting the synthesized 

Schiff base 153 with propargyl bromide solution 42 in toluene at an 80% concentration. Stirring 

the reaction mixture with K2CO3 as the base at room temperature resulted in the removal of 

labile protons from the hydroxyl group on the Schiff base and their replacement with propargyl 

groups. Following the addition of ice-cold water to terminate the reaction, the resultant solid 

product was subjected to filtration, further washing with water, and subsequent drying until a 

constant weight was achieved. The structure of the terminal alkyne was then determined using 

infrared (IR) and nuclear magnetic resonance (NMR) spectroscopy, thereby evidencing that 

the synthesis was successful. 
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Figure 4.13: Structure of terminal alkyne 154 

4.14.2. Analysis of IR spectrum 

 The terminal alkyne 154 was characterized using infrared spectroscopy (4000 - 500 cm-

1), and the findings corroborated the anticipated outcomes. A sharp signal at 3282 cm-1, 

corresponding to the C≡C-H stretching, and an additional signal at 2117 cm-1, related to the 

C≡C stretching, confirmed the terminal alkyne synthesis. The signal at 3007 cm-1 was due to 

the aromatic C-H stretching, and the signal at 2937 cm-1 corresponded to the C-H stretching of 

the aliphatic groups. Furthermore, the absence of a broad signal at 3367 cm-1 due to the O-H 

stretching was absent, which confirmed the successful conversion of the O-H moiety into the 

terminal alkyne. 

4.14.3. Analysis of NMR spectra 

 The 1H NMR spectrum of the terminal alkyne 154 was attained at 500 MHz in CDCl3 

using tetramethylsilane as a reference, and the results were suggestive of successful synthesis 

of the product. The detection of a triplet at  = 2.57 ppm, corresponding to the alkynyl proton, 

validated the terminal alkyne synthesis. Also, the methylene protons were responsible for the 

singlet at  = 4.70 ppm. The methyl protons were attributable to the singlet at   = 2.12 ppm, 

while the methoxy protons were responsible for the singlet at  = 3.90 ppm. The aromatic 

protons appeared as multiplet at  = 7.96 - 6.78 ppm.  

 The 13C NMR spectrum of the terminal alkyne 154 gave further confirmation of the 

successful synthesis. The C atoms that comprised the C≡C moiety were assigned to the signals 

at  = 75.74 ppm and  = 79.56 ppm, while the methylene C atom was attributed to the signal 

at  = 56.79 ppm. Additionally, the C atom of the methyl group was assigned to the signal at  

= 17.36 ppm, whereas the C atom of the methoxy group was responsible for the signal at  = 

55.74 ppm. The aromatic C atoms were marked by the presence of the signals between  = 

160.53 - 110.61 ppm, and the C atom of the C=N group was attributed to the signal at  = 

163.80 ppm. 
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4.15. Synthesis and spectral analysis of (E)-1-(4-((1-benzyl-1H-1,2,3-triazol-4-

yl)methoxy)-3-methoxyphenyl)-N-(5-methylpyridin-2-yl)methanimine (155) 

4.15.1. Synthesis 

 The 1,2,3-triazole derivative 155 of the Schiff base alkyne is shown in figure 4.14, 

which was prepared by reacting the previously synthesized terminal alkyne 154 with benzyl 

chloride 105 in THF:TEA (v/v, 2:1) solvent medium containing 0.001 mmol of [CuBr(PPh3)3]. 

The removal of the terminal alkynyl protons was facilitated by the triethylamine base, and the 

Cu(I)-complex worked as a catalyst to maintain stereoselectivity throughout the cycloaddition, 

allowing for the production of solely the required 1,4-disubstituted product. TLC confirmed 

completion of reaction after 6 hours of stirring at 55 to 60 °C. The solid product was extracted 

from the reaction mixture using ice-cold water, and then conventional spectrum techniques 

were applied to it for analysis. 

 

Figure 4.14: Structure of 1,2,3-triazole derivative 155 

4.15.2. Analysis of IR spectrum 

 The successful synthesis of compound 155 was demonstrated by its infrared spectrum 

(neat) between 4000 and 500 cm-1. The absence of -N=N=N stretching signal at 2089 cm-1 due 

to the azide group, the C≡C stretching signal at 2117 cm-1, and C≡C-H stretching signal at 3282 

cm-1 due to the alkyne group confirmed the efficient synthesis of 1,2,3-triazole moieties to 

create the 1,2,3-triazole ring. The signals for aromatic C-H stretching were seen at 3137 cm-1 

for the C-H stretching of the 1,2,3-triazole moiety, 3007 cm-1 for the aromatic C-H stretching, 

and 2964 cm-1 for the methylene groups. The signals at 1610 and 1498 cm-1 indicated aromatic 

C=C stretching, while the signals at 1459 cm-1 and 1385 cm-1 indicated C-H bending of the 

methylene and methyl groups respectively. 

4.15.3. Analysis of NMR spectra 

 The 1H NMR spectrum of compound 155 was measured in CDCl3 at a frequency of 500 

MHz relative to tetramethylsilane, wherein the results obtained were suggestive of successful 
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synthesis of the product. The absence of a triplet at  = 2.57 ppm demonstrated that the alkyne 

moiety had been converted into the 1,2,3-triazole moiety. Therefore, the aromatic region of the 

1H NMR spectrum of 155 showed a signal from the proton that was originally connected to the 

alkynyl group. Furthermore, the singlets at  = 5.09 ppm and  = 5.84 ppm were assigned to 

methylene protons and benzylic protons, respectively. Additionally, the methyl protons were 

attributable to the singlet at  = 2.13 ppm, while the methoxy protons were attributed to the 

singlet at  = 3.90 ppm. The aromatic protons were responsible for the multiplet at  = 7.96 - 

6.79 ppm. 

 The successful synthesis of compound 155 was also confirmed via 13C NMR spectrum, 

which was also obtained in CDCl3 in reference to tetramethylsilane. The spectrum displayed 

no signal at  = 75.74 ppm and  = 79.56 ppm, which were due to the C≡C moiety in the 13C 

NMR spectrum of terminal alkyne, thereby indicating the conversion of this group into the 

1,2,3-triazole ring. Additionally, two signals at  = 58.55 ppm and  = 52.14 ppm were assigned 

to the methylene C atom and the benzylic C atom, respectively. Furthermore, the methyl C 

atom was attributable to the signal at  = 18.16 ppm, while the methoxy C atom was attributed 

to the signal at  = 54.94 ppm. The aromatic C atoms were marked by the presence of the 

signals between  = 160.34 - 110.94 ppm, and the C atom of the C=N group was attributed to 

the signal at  = 163.24 ppm. 

4.15.4. Analysis of mass spectrum 

 The mass spectrum (LC-MS) of the synthesised 1,2,3-triazole derivative 155 revealed 

a prominent peak at m/z = 414.19 (M+1), which corresponded to the theoretically calculated 

peak (413.19). This confirmed the effective synthesis of the required 1,2,3-triazole derivative.  
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Chapter IV 

Part B 

 

Scrutinization of Photophysical Data 

In this part of chapter 4, the photophysical properties of the newly 

synthesised 1,4-disubstituted 1,2,3-triazole-appended compounds are 

described in detail. UV-Visible and fluorescence spectroscopy were 

used to investigate the photophysical behaviour of these compounds, 

on the basis of which the selective chemosensing behaviour of the 

1,2,3-triazole appended probes is established.
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4.16. Electronic spectroscopy- mechanistic aspect and application for ion(s) sensing 

4.16.1. UV-Visible spectroscopy 

Lambert-Beer's law is the foundation of early spectroscopic observations involving 

UV-Vis spectroscopy and many current analytical procedures in the environment and the 

laboratory.1,2 The principle i.e., “in a medium of uniform transparency the light remaining in a 

collimated beam is an exponential function of the length of the path in the medium” was 

originally described by Bouguer,3 which forms the foundation of UV-Vis spectroscopy. In 

comparison to other typical spectroscopic methods employed for analysis, UV-Vis 

spectroscopy has the advantages of being quick, non-destructive, high-resolution, and low-cost, 

due to which it has found widespread applications in qualitative and quantitative analysis, such 

as pharmaceutical analysis, pollution monitoring, DNA and RNA analysis, nanoparticle 

characterization, etc.4–8  

Electronic transitions occur when a molecule absorbs UV-Visible light, with the most 

likely transition involving excitation of an electron from the HOMO, i.e., the highest occupied 

molecular orbital to the LUMO, i.e., the lowest unoccupied molecular orbital, thereby resulting 

in the attenuation of the incident light which is subsequently measured by the UV-Vis 

spectrophotometer. Due to the presence of different types of molecular orbitals in a compound 

(bonding, antibonding and non-bonding), the electronic transitions occurring are also of several 

types depending on the type of electrons present, as represented in figure 4.15.  

➢ Molecules such as alkanes which possess only single bonds are able to exhibit only →* 

transitions, owing to the exclusive presence of  electrons. Such transitions are extremely 

energetic, absorbing ultraviolet light at wavelengths that are too short to be measured by 

conventional spectrophotometers in experiments and hence it is not feasible to deduce 

much information about such compounds through UV. 

➢  n→* transitions are observed in saturated molecules having atoms with lone pairs of 

electrons, such as alcohols, amines, ethers, etc. Although being high-energy transitions 

like →*, these are observed in experimentally accessible range, with alcohols and 

amines exhibiting such transitions in the range of 175-200 nm whereas sulfides and thiols 

demonstrate these transitions in the range of 200-225 nm. However, most of these 

transitions are below the cut-off value for the solvents used in UV-Vis spectroscopy and 

hence are not observed. 
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➢ Unsaturated molecules having  electrons demonstrate →* transitions, such as the 

alkenes show absorption at 175 nm, whereas alkynes show absorption at 170 nm. 

Furthermore, the positions of such transitions are highly sensitive to the presence of 

substitution, despite their relatively high energy. 

➢ Unsaturated molecules having lone pair bearing heteroatoms such as oxygen or nitrogen 

exhibit n→* transitions. When it comes to carbonyl compounds, these are the transitions 

that have received the greatest attention and study, and the changes are also rather sensitive 

to substitutions made to the chromophoric structure. Transition occurs at 280-290 nm for 

the typical carbonyl compound. Because most n→* transitions are forbidded, they are 

relatively weak in intensity. 

  

Figure 4.15: An illustrative representation of the types of electronic transitions in conjugated 

system and/or C=O group1-3 

UV-vis spectroscopy is still the standard spectroscopic technique for many niche 

applications, especially those involving distinctive chromophoric compounds like dyes, 

indicators, and filters,9,10 but it is not as commonly used as other spectroscopies like nuclear 
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magnetic resonance for initial structural analysis. An analyte possessing chromophoric 

group(s) and absorptions typical of a certain family of functional groups can be investigated by 

UV-vis spectroscopy.11 Taking direction from this idea, the analysis of new compounds with 

chemosensing applications using UV-Vis spectroscopy was the focus of this research. 

Therefore, in this research work, using aromatic compounds as building blocks, novel 

chemosensing compounds were synthesized, and their ability to detect various metal ions was 

analyzed through UV-Vis and/or fluorescence spectroscopic techniques. 

The transition metal ions in their solution state exist as cations due to their 

electropositive nature. These cationic species are also capable of exhibiting electronic 

transitions by absorbing radiations in the UV-Vis region. Their positive charge is mainly 

responsible for their interaction with electron rich species, thereby potentially altering the 

electron density on both the interacting species due to the potential for different types of 

electronic transitions to occur during this interaction.12–14 The metal ion or its binding ligands 

(other ions or molecules that coordinate with the metal ion) may be involved in these 

excitations. In case of the metal ion, these are the d-d transitions, and they are unique to 

transition metals, whereas for the ligands, the type of electrons present is responsible for the 

different transitions as discussed above. In any case, if the electronic arrangement of a free 

ligand gets transformed due to its interaction with an analyte in the solution state (in this case 

a metal ion) then there is a distinctive change in the absorbance of the sensor probe after metal-

ion binding, which provides evidence for the successful interaction of the ligand and the metal 

ion which can be established by comparing the UV-Vis spectrum before and after the addition 

of the metal ions.15–18 

4.16.2. Fluorescence spectroscopy 

The theory and practice of fluorescence spectroscopy have been widely used in the 

fields of chemistry and biochemistry to examine molecular structure and function.19 The 

electron density of a chromophore is redistributed upon absorption of light of visible and 

ultraviolet wavelengths, inducing an electronic transition.20 Some organic compounds, such as 

those with a system of conjugated double bonds, can radiate the absorbed energy as 

fluorescence, which is typically the rapid emission of the photons from the singlet state.21 There 

are a number of benefits unique to fluorescence spectroscopy that make it ideal for studying 

molecular interactions and reactions. To begin, its sensitivity is 100-1000 times higher than 

that of conventional spectrophotometric methods. Second, the environment has a profound 
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effect on the sensitivity of fluorescent compounds.22 Therefore, fluorescence spectroscopy in 

the light of such desirable advantages is employed in a diverse range of applications, ranging 

from in vivo analysis to wastewater monitoring.23–27 

Regarding the recognition of metal ions by electron-rich ligands, fluorescence 

spectroscopy is employed in a manner akin to UV-Vis spectroscopy. The synthesized ligands 

in this research work contain fluorophores, which are the functionalities that emit fluorescence 

when excited by light of a certain wavelength.28,29 On binding with a metal ion, the electronic 

rearrangement within the metal-ligand complex induces substantial changes in the fluorescence 

spectrum, which on comparison with the fluorescence of the free sensor confirms the 

recognition of metal ions.30,31 

4.17. Chemosensing analysis of maleic hydrazide based 1,2,3-triazoles 140 and 141 

4.17.1. Ion recognition analysis of 1,2,3-triazole derivative 140 

Utilizing UV-Vis spectroscopy, the ion recognition potential of the synthesized 1,2,3-

triazole derivative 140 was analyzed utilizing a variety of metal chlorides. The molecule was 

designed by modifying the parent maleic hydrazide moiety in such a way that it was connected 

to a benzyl group (acting as the transducer group) via a 1,2,3-triazole bridge, which in addition 

to serving as the spacer unit, also had the potential to provide the receptor sites for the electron-

deficient metal ions due to the presence of lone pair bearing N atoms. As a result, an overall 

strong molecular framework accompanied by aromaticity presented the synthesized probe as a 

robust molecule to possess chemosensing potential. 

Dimethylsulfoxide (DMSO) was chosen as the solvent for UV-Vis investigations of the 

1,2,3-triazole derivative 140 owing to its good solubility and favourable spectral data. 

Following the completion of the optimization for the solution concentration in the UV-vis 

examinations of the probe, a concentration of 0.5 mM was established to be employed for 

monitoring the sensing behaviour because of the presence of interpretable absorption band. The 

probe 140 exhibited an absorption peak at 312 nm, along with a slight shoulder peak at 258 

nm, characterized by respective intensities of 1.7 and 0.8. Subsequently, the chemosensing 

potential of the probe were evaluated using 1 mM chlorides of Ca(II), Mg(II), Ba(II), Cr(III), 

Mn(II), Co(II), Ni(II), Zn(II), and Pb(II) dissolved in DMSO. When the probe solution was 

subjected to titration with 1 mM solutions of the metal chlorides, the absorption spectrum of 

the probe exhibited negligible alterations in absorption maxima and/or absorption intensity, 
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except for Pb(II) and Cr(III), which displayed the most significant changes in absorbance 

peaks. Figure 4.16 is a graphical representation of the relative chemosensing behavior of the 

probe 140 for several metal ions, where it can be seen that the probe has a relatively higher 

recognition potential for Pb(II) and Cr(III) over other metal ions. 

 

Figure 4.16: An illustration of the relative absorption change of probe 140 for several metal 

ions in DMSO solvent  

4.17.1.1. Chemosensing response of probe 140 for Pb(II) and Cr(III) via UV-Vis 

spectroscopy 

In order to investigate the interaction between probe 140 and Pb(II) and Cr(III) ions, an 

analysis was performed by UV-Vis spectroscopy wherein titration of a 0.5 mM solution of 

probe 140 was undertaken with 1 mM solutions of Pb(II) and Cr(III) ions. The results of these 

titrations are shown in figure 4.17, wherein the incremental introduction of Pb(II) ions resulted 

in a significant hyperchromic shift at 258 nm in probe 140, surpassing the shift observed in 

Cr(III) by more than twofold. A bathochromic shift of 4-5 nm was also observed in addition to 

the hyperchromic response. On the contrary, the absorption peak at 312 nm exhibited a 

decrease in intensity, resulting in the appearance of an isosbestic point around 288 nm. The 

relative change in the maximum absorbance (An/Ao) for peaks at 258 nm and 312 nm is 

displayed in figure 4.18, wherein An = absorption maxima with succeeding addition of Pb(II) 

ions, and Ao = absorption maxima of the probe. Furthermore, the correlation plot as depicted 

in figure 4.19 was utilized to determine the limit of detection (LoD) and limit of quantification 
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(LoQ) of the probe for Pb(II), which came out to be 58 µM and 195 µM respectively, whereas 

the binding ratio calculated from the plot was established to be 2:1 (M:L). In addition to this, 

the Benesi-Hildebrand (B-H) equations (A) and (B) were implemented to calculate the first 

association constant Ka1
 and second association constant Ka2 for 1:1 and 1:2 host-guest 

complexation respectively, and the corresponding B-H plot for the complexation of the probe 

for Pb(II) is represented in figure 4.20. The first association constant (Ka1) of 140 for Pb(II) 

was determined to be 0.22 × 104 M-1; whereas the second association constant (Ka2) was 0.61 

× 105 M-1.  

1

𝐴 − 𝐴𝑜
=

1

𝐴′ − 𝐴𝑜
+

1

𝐾𝑎(𝐴′ − 𝐴𝑜)[𝑀𝑛+]
                                      (𝐴) 

1

𝐴 − 𝐴𝑜
=

1

𝐴′ − 𝐴𝑜
+

1

𝐾𝑎(𝐴′ − 𝐴𝑜)[𝑀𝑛+]2                                     (𝐵) 

Where Ao = initial absorption intensity 

             A = absorption intensity with a specific metal ion concentration 

            A’ = final absorption intensity 

          [Mn+] = metal ion concentration, and  

         Ka = association constant 

 

Figure 4.17: UV-Vis spectra of probe 140 (0.5 mM) upon the progressive addition of Pb(II) in 

DMSO as the solvent 
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Figure 4.18: Relative absorbance maxima (An/Ao) shifts of probe 140 according to the 

concentration of Pb(II) ions added 

 

Figure 4.19: Correlation plot of relative absorption intensity of probe 140 (Ao-An)/Ao as a 

function of Pb(II) concentration; where Ao = initial absorption of probe 140 and An = absorption 

of probe 140 in the presence of Pb(II) 
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Figure 4.20: Benesi-Hildebrand plot for probe 140-Pb(II) complexation 

The probe 140 showed a consistent hyperchromic change in the absorbance intensity 

measured at 258 nm when Cr(III) ions were utilized in the titration procedure. In addition to 

this, a hypochromic shift of equivalent magnitude was seen in the absorbance at 312 nm, 

thereby resulting in an isosbestic point located at 279 nm (figure 4.21). The relative absorption 

change (An/Ao) for the peaks at 258 nm and 312 nm is shown in figure 4.22, where An denotes 

the absorption maxima with further addition of Cr(III) ions and Ao denotes the maximum 

absorption of the probe. Additionally, the correlation plot shown in figure 4.23 was used to 

calculate the binding ratio, which was established to be 2:1 (M:L), as well as the limit of 

detection (LoD) and limit of quantification (LoQ) of the probe for Cr(III), which turned out to 

be 79 µM and 263 µM, respectively. Moreover, the B-H equations (A) and (B) were used to 

calculate the first association constant Ka1 and second association constant Ka2 for 1:1 and 1:2 

host-guest complexation respectively, and the corresponding B-H plot for the complexation of 

the probe for Cr(III) is shown in figure 4.24. In the case of a 1:1 host-guest complex, the first 

association constant (Ka1) for the probe for Cr(III) was found to be 0.55 × 104 M-1; whereas, 

with a 1:2 stoichiometry, the second association constant (Ka2) was found to be 0.20 × 106 M-

1. The values of LoD, LoQ, stoichiometric ratio, and association constants of the probe for 

Pb(II) as well as Cr(III) have been compiled in table 4.1. 
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Figure 4.21: UV-Vis spectra of probe 140 (0.5 mM) upon the progressive addition of Cr(III) 

in DMSO as the solvent 

 

Figure 4.22: Relative absorbance maxima (An/Ao) shifts of probe 140 according to the 

concentration of Cr(III) ions added 
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Figure 4.23: Correlation plot of relative absorption intensity of probe 140 (Ao-An)/Ao as a 

function of Cr(III) concentration; where Ao = initial absorption of probe 140 and An = 

absorption of probe 140 in the presence of Cr(III) 

 

Figure 4.24: Benesi-Hildebrand plot for probe 140-Cr(III) complexation 

0.0 0.1 0.2 0.3 0.4

0.1

0.3

0.0

0.2

0.4

(A
o
-A

n
)/

A
o

Cr(III) concentration (mM)

y = 1.1507x - 0.0178

       R² = 0.9959

0 10 20 30 40

-50

-40

-30

-20

-10

0

1
/(

A
-A

o
)

1/[Cr(III)]´ 10-3 M

y = -1.0987x + 2.1305

         R² = 0.9864



138 
 

Table 4.1: LoD, LoQ, Ka1, Ka2, and stoichiometric ratio values for probe 140 on binding with 

Pb(II) and Cr(III) 

4.17.1.2. Competitive metal ion interaction analysis 

In addition to the analysis focused on selective ion recognition, the probe 140's 

selectivity was also assessed when all the metal ions were present in equimolar concentrations, 

and the titration carried out of a 0.5 mM probe solution in DMSO with a solution comprising 

equimolar ratio of all the metal ions produced a UV-Vis spectrum that closely resembled the 

one observed for pure Cr(III) as shown in figure 4.25. This experiment effectively showcased 

the probe's specificity for Cr(III) and established that other metal ions did not impact the 

chemosensing capabilities of the probe. 

 

Figure 4.25: Absorption spectra of probe 140 (0.5 mM) in DMSO recognizing Cr(III) ions 

among several metal ions at equimolar concentrations 
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140 
Pb(II) 58 195 0.22 × 104 M-1 0.61 × 105 M-1 2:1 

Cr(III) 79 263 0.55 × 104 M-1 0.20 × 106 M-1 2:1 
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4.17.1.3. Time dependence analysis of probe 140-metal ion complexation 

 The examination of the response of the probe 140-metal ion complex to variations in 

time provides valuable insights about its susceptibility for the analytes (metal ions). The impact 

of time on the behavior of metal-bound probe 140 by the utilization of absorption spectroscopy 

was carried out, and the results (figure 4.26) indicated that the absorbance of Pb(II)-bound and 

Cr(III)-bound probe solutions displayed no significant change despite being left to stand for 

long periods of time. This demonstrated a very stable and robust affinity of the probe 140 for 

metal ions. 

 

Figure 4.26: Time dependent absorption spectrum of probe 140-Pb(II)/Cr(III) complex 

solution exhibiting a constant absorbance at 258 nm 

4.17.1.4. Temperature dependence analysis of probe 140-metal ion complexation 

 The temperature effect on the binding capability of probe 140 was also studied 

throughout a range of temperatures, complementing the time-dependent study. Absorption 

spectra were recorded at 2 °C intervals from 20 °C up to 50 °C, wherein the investigation 

revealed that variations in temperature did not have a substantial impact on the binding capacity 

of probe 140, as illustrated in figure 4.27. This suggests a strong and stable binding interaction 

between the probe and the metal ions. 

0 200 400 600 800 1000 1200

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

 140-Cr(III)

 140-Pb(II)

A
b

s
o

rb
a

n
c

e
 (

A
.U

.)

Time (s)



140 
 

 

Figure 4.27: Temperature dependent absorption spectrum of probe 140- Pb(II)/Cr(III) 

exhibiting a constant absorbance over a temperature range of 20 - 50 ºC 

4.17.1.5. Plausible binding mode 

Pb(II) is classified as a borderline acid in accordance with the HSAB hypothesis, but 

Cr(III) is regarded as a hard acid. Both ions have the ability to form bonds with the lone-pair 

containing N, O or S. The synthetic probe 140 contains 1,2,3-triazole moieties with lone pair-

bearing N atoms, and O atoms on the parent structure, which can be attributed for binding with 

the ions mentioned above. This is attained through the regulation of the orientation of the 1,2,3-

triazole moieties, resulting in the formation of a binding core designed to have a cavity of 

appropriate size to accept Pb(II) and Cr(III) ions through coupling with the nitrogen and oxygen 

atoms. Consequently, a ligand-metal stoichiometry of 1:2 is observed. (figure 4.28). Rest of 

the coordination sites are expected to be filled by the solvent molecules. 

 

Figure 4.28: Proposed interaction between probe 140 and Pb(II)/Cr(III) 
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4.17.2. Ion recognition analysis of 1,2,3-triazole derivative 141  

The ion sensing potential of the synthesised 1,2,3-triazole derivative based on maleic 

hydrazide 141 was studied using UV-Vis spectroscopy in a similar manner as that of probe 

using a number of metal chlorides. The synthesis of this molecule was carried out to achieve 

relatively more aromaticity on the transducer moiety in order to get better UV-Vis spectral 

results. For this, the parent maleic hydrazide moiety was modified so that it was linked to a 

naphthyl group (the transducer group) via a 1,2,3-triazole bridge, thereby providing higher 

aromaticity to the transducer in comparison to the previous 1,2,3-triazole derivative. Similar to 

the probe, the 1,2,3-triazole moiety not only served as a spacer unit, but also had the potential 

to provide receptor sites for electron-deficient metal ions owing to the presence of electron-

rich N atoms. Therefore, the synthesised probe was presented as a strong molecule with 

relatively better chemosensing potential due to its overall strong molecular framework and high 

aromaticity. 

Dimethylsulfoxide (DMSO) was chosen as the solvent medium for the UV-Vis 

examinations of the 1,2,3-triazole derivative 141 in this case also due to its admirable solubility 

and good spectrum data. Because of the existence of an interpretable absorption band, a 

concentration of 0.5 mM was chosen to be used for monitoring the sensing behaviour after 

optimizing the solution concentration for the UV-Vis examinations of the probe. The probe's 

absorption peak was found at 284 nm, with additional smaller peaks at 274 nm and 294 nm. 

The absorption intensities corresponding to these peaks were 1.5, 1.3, and 1.2 respectively. 

Thereafter, the probe's ion sensing capabilities were tested using 1 mM chlorides of Ca(II), 

Mg(II), Ba(II), Cr(III), Mn(II), Co(II), Ni(II), Zn(II), and Pb(II) dissolved in DMSO. With the 

exception of Pb(II) and Cr(III), which showed the greatest changes in absorbance peaks when 

the probe solution was titrated with the aforementioned metal chlorides, no appreciable change 

was observed in the former's absorption spectrum. Figure 4.29 shows a graphical depiction of 

the probe's relative chemosensing behaviour for several metal ions of equimolar concentration, 

with Pb(II) and Cr(III) showing a significantly stronger behavioural response than the other 

metal ions. 
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Figure 4.29: An illustration of the relative absorption change of probe 141 for several metal 

ions in DMSO solvent 

4.17.2.1. Chemosensing response of probe 141 for Pb(II) and Cr(III) via UV-Vis 

spectroscopy 

Similar to the experiments to establish the chemosensing potential of probe, UV-Vis 

analysis for probe 141 was conducted wherein 0.5 mM of the probe solution was titrated with 

15 equiv. of 1mM of Pb(II) solution, to analyze the UV-Vis spectrum for evidence of the 

interaction of the probe with Pb(II) ions. The titration outcomes shown in figure 4.30 reveal 

that the peak at 294 nm was shown to undergo a hypochromic shift when Pb(II) ions were 

successively added to the probe solution, whereas the peaks at 274 nm and 284 nm underwent 

an immense hyperchromic shift, eventually merging at about 270 nm and giving rise to a broad 

band. The emergence of an isosbestic point was observed at about 287 nm. Figure 4.31 

illustrates the relative variation in maximum absorption intensity (An/Ao) for the peaks at 270 

nm and 294 nm, wherein An represents the maximum absorption with the addition of Pb(II) 

ions, while Ao denotes the absorption maximum of the probe. The correlation plot (figure 4.32) 

was employed to determine the limit of detection (LoD) and limit of quantification (LoQ), and 

was found to be 142 µM and 473 µM respectively, with the binding ratio of probe with Pb(II) 

being 2:1 (M:L). Moreover, the B-H equations (A) and (B) were employed to determine the 

first association constant (Ka1) and second association constant (Ka2) respectively, and the 
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values were 0.18 × 105 M-1 for Ka1 and 0.46 × 106 M-1 for Ka2 in case of binding with Pb(II). 

The B-H plot for the same has been represented in figure 4.33. 

 

Figure 4.30: UV-Vis spectra of probe 141 (0.5 mM) upon the progressive addition of Pb(II) in 

DMSO as the solvent 

 

Figure 4.31: Relative absorbance maxima (An/Ao) shifts of probe 141 according to the 

concentration of Pb(II) ions added 
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Figure 4.32: Correlation plot of relative absorption intensity of probe 141 (Ao-An)/Ao as a 

function of Pb(II) concentration; where Ao = initial absorption of probe 141 and An = absorption 

of probe 141 in the presence of Pb(II) 

 

Figure 4.33: Benesi-Hildebrand plot for probe 141-Pb(II) complexation 
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A hypochromic shift was seen in the absorption peaks at 274 nm, 284 nm, and 294 nm 

for probe 141 when Cr(III) ions were employed in the titration experiment. Furthermore, an 

additional spectral peak was detected at a wavelength of 260 nm, accompanied by the 

appearance of an isosbestic point at 270 nm (figure 4.34). The relative absorption change 

(An/Ao) is shown in figure 4.35 for the peaks at 260 nm, 274 nm, 284 nm and 294 nm, wherein 

the absorption maxima with subsequent accumulation of Cr(III) ions are denoted by the symbol 

An, whereas the maximum absorbance of the probe is denoted by the symbol Ao. The limit of 

detection (LoD) and limit of quantification (LoQ) of the probe for Cr(III) were determined to 

be 87 µM and 290 µM, respectively, and the binding ratio was shown to be 2:1 (M:L) using 

the correlation plot given in figure 4.36. Furthermore, the complexation of the probe 141 for 

Cr(III) is depicted in a B-H plot (figure 4.37), and the association constants Ka1 and Ka2 for 1:1 

and 1:2 host-guest complexation were calculated using the B-H equations (A) and (B), 

respectively. The first association constant (Ka1) for the probe for Cr(III) was determined to be 

0.30 × 105 M-1 for a 1:1 host-guest complex, while the second association constant (Ka2) was 

determined to be 0.76 × 106 M-1  for a 1:2 stoichiometry. The values of LoD, LoQ, 

stoichiometric ratio, and association constants of the probe for Pb(II) ans well as Cr(III) have 

been compiled in table 4.2. 

 

Figure 4.34: UV-Vis spectra of probe 141 (0.5 mM) upon the progressive addition of Cr(III) 

in DMSO as the solvent 
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Figure 4.35: Relative absorbance maxima (An/Ao) shifts of probe 141 according to the 

concentration of Cr(III) ions added 
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Figure 4.36: Correlation plot of relative absorption intensity of probe 141 (Ao-An)/Ao as a 

function of Cr(III) concentration; where Ao = initial absorption of probe 141 and An = 

absorption of probe 141 in the presence of Cr(III) 
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Figure 4.37: Benesi-Hildebrand plot for probe 141-Cr(III) complexation 

Table 4.2: LoD, LoQ, Ka1, Ka2, and stoichiometric ratio values for probe 141 on binding with 

Pb(II) and Cr(III) 

4.17.2.2. Competitive metal ion interaction analysis 

In addition to the analysis focused on selective ion recognition, the probe 141's 

selectivity was also evaluated when all the metal ions were present in equimolar proportions. 

The titration carried out of a 0.5 mM probe 141 solution in DMSO with a solution comprising 

equimolar ratio of all the metal ions yielded UV-Vis spectrum similar as in the case of pure 

Cr(III), thereby proving the selectivity of the probe 141 for Cr(III) (figure 4.38). 
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Entry Metal ion 
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constant (Ka2) 

Stoichiometry 

(M:L) 

141 
Pb(II) 142 473 0.18 × 105 M-1 0.46 × 106 M-1 2:1 

Cr(III) 87 290 0.30 × 105 M-1 0.76 × 106 M-1 2:1 
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Figure 4.38: Absorption spectra of probe 141 (0.5 mM) in DMSO recognizing Cr(III) ions 

among several metal ions at equimolar concentrations 

4.17.2.3. Time dependence analysis of probe 141-metal ion complexation 

 The effects of time on metal-bound probe 141 were also explored using absorption 

spectroscopy, and the results (figure 4.39) indicated that the absorbance of Pb(II)-bound and 

Cr(III)-bound probe solutions displayed no significant change despite being left to stand for 

long periods of time. This demonstrated that the probe 141 had a very stable and robust affinity 

for metal ions. 

 

Figure 4.39: Time dependent absorption spectrum of probe 141-Pb(II)/Cr(III) complex 

solution exhibiting a constant absorbance at 260 nm 
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4.17.2.4. Temperature dependence analysis of probe 141-metal ion complexation 

 The study of the binding ability of probe 141 influenced by temperature was conducted 

across a spectrum of temperatures, complementing the time-dependent investigation. 

Absorption spectra were recorded at 2 °C intervals from 20 °C up to 50 °C, wherein it was 

observed that the A variation in temperature did not produce any noteworthy impact on the 

binding capacity of probe 141, as shown in figure 4.40, thereby suggesting a strong and 

consistent binding between the probe and the metal ions. 

 

Figure 4.40: Temperature dependent absorption spectrum of probe 141-Pb(II)/Cr(III) 

exhibiting a constant absorbance over a temperature range of 20 - 50 ºC 

4.17.2.5. Plausible binding mode 
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the transducer, therefore, the binding of the probe to the metal ions was achieved in a manner 

analogous to the probe 140, through the manipulation of the arrangement of the 1,2,3-triazole 

groups to create a binding core structured to allow for the accommodation of Pb(II) and Cr(III) 

ions through interaction with the nitrogen and oxygen atoms, thereby exhibiting a 1:2 ligand-

metal stoichiometry (figure 4.41). Rest of the coordination sites are expected to be filled by 

the solvent molecules. 
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Figure 4.41: Proposed interaction between probe 141 and Pb(II)/Cr(III) 

4.18. Chemosensing analysis of 4-tert butyl catechol based 1,2,3-triazole 144 

4.18.1. Ion recognition analysis of 1,2,3-triazole derivative 144 

Analysis of the ion recognition potential of 4-tert butyl catechol-based 1,2,3-triazole 

derivative 144 was carried out using UV-Vis spectroscopy, and a number of different metal 

chlorides were used in the analysis. The molecule was designed by modifying the 4-tert butyl 

catechol moiety in such a way that it was connected to a benzyl group (which acted as the 

transducer group) via a 1,2,3-triazole bridge. This bridge, in addition to serving as the spacer 

unit, also had the potential to provide the receptor sites for the metal ions due to the presence 

of N atoms having lone pairs of electrons. As a consequence of this, the synthesised probe was 

a robust molecule that had chemosensing potential. 

For the purposes of sensing, the probe 144 displayed fine quality and interpretable 

spectral data. The solvatochromic evaluation of probe 144 resulted in the identification of 

acetonitrile and water in a ratio of 4:1 as the preferred solvent system for conducting UV-Vis 

analysis after considering other solvents such as DMSO, THF, acetonitrile, and 

acetonitrile/water (4:1). The selection was based on the solvent's effective solubility properties 

and the high quality of the obtained spectral data, as shown in figure 4.42. Following the 

completion of an optimization process aimed at determining the optimal solution concentration 

for conducting UV-Vis experiments, the concentration of the probe 144 solution was adjusted 

to 0.4 mM. The probe exhibited an absorption peak at 277 nm, which was equivalent to a 1.5 

magnitude intensity. 
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Figure 4.42: Absorption spectra of probe 144 (0.4 mM) solution in various solvents: (a) 

CH3CN/H2O (4:1), (b) CH3CN, (c) DMSO, and (d) THF 

Thereafter, the ion sensing capabilities of the probe 144 were tested by utilizing 1 mM 

chlorides dissolved in CH3CN/H2O (4:1) of the ions Na(I), Mg(II), Ba(II), Cr(III), Mn(II), 

Co(II), Ni(II), Cu(I), Zn(II), Cd(II), Hg(II), and acetate of Pb(II), wherein the metal ions were 

put through their paces in terms of sensing experiments using the probe solution. It was found 

that only the metal ion solutions of Pb(II) and Hg(II) (1mM) were able to effectively generate 

significantly large changes in the absorption spectra of probe 144, as represented in figure 4.43 

as relative absorption change. 

 

Figure 4.43: An illustration of the relative absorption change of probe 144 for several metal 

ions in CH3CN/H2O (4:1) solvent 
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4.18.2. Chemosensing response of probe 144 for Hg(II) and Pb(II) via UV-Vis 

spectroscopy 

 The assessment of probe 144's ability to detect Pb(II) and Hg(II) ions involved 

conducting a titration using a 0.4 mM solution of probe 144 and 1 mM solutions of Pb(II) and 

Hg(II). During this process, absorption spectra for every titration were recorded, wherein the 

concentration of the probe was kept constant at 0.4 mM while incrementally increasing the 

concentration of the metal ions from 0 to 15 equivalents. In figure 4.44, it is evident that the 

binding of Hg(II) ions to the probe solution was confirmed as indicated by a gradual decrease 

in absorption intensity at 277 nm (hypochromic shift) and a slight increase at 249 nm 

(hyperchromic response), and an isosbestic point at 255 nm was also observed. An inset graph 

displaying the ratio of the absorbance maxima (An/Ao) at 277 nm as a function of the molar 

concentration of Hg(II) ions, where An represents the absorption maxima with incremental 

Hg(II) ions and Ao represents the absorption maxima of the probe, is included. While 

progressively titrating the ligand solution with Pb(II), the probe 144 displayed a strong 

hyperchromic response at 277 nm, with a blue shift of roughly 22 nm as shown in figure 4.45. 

Furthermore, the association constant (Ka) of probe 144 was calculated using the B-H equation, 

yielding values of 2.46 × 103 M-1 and 0.71 × 103 M-1 in the case of interaction with Hg(II) and 

Pb(II) respectively; figure 4.46 and figure 4.47 depict the B-H plot for the same. 

 

Figure 4.44: UV-Vis spectra of probe 144 (0.4 mM) upon the progressive addition of Hg(II) 

in CH3CN/H2O (4:1); the inset exhibits the relative absorbance change (An/Ao) vs metal ion 

concentration (mM) 

225 275 325250 300 350

0.0

0.5

1.0

1.5

2.0

0.0 0.1 0.2 0.3 0.4

0.0

0.7

0.8

0.9

1.0
 277 nm

A
n
/A

o

Hg(II) concentration (mM)

A
b

s
o

rb
a
n

c
e
 (

A
.U

.)

Wavelength (nm)

 = 277 nm

Hg(II)

 = 249 nm

iso = 255 nm



153 
 

 

Figure 4.45: UV-Vis spectra of probe 144 (0.4 mM) upon the progressive addition of Pb(II) in 

CH3CN/H2O (4:1); the inset exhibits the relative absorbance change (An/Ao) vs metal ion 

concentration (mM) 

 

Figure 4.46: Benesi-Hildebrand plot for probe 144-Hg(II) complexation 
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Figure 4.47: Benesi-Hildebrand plot for probe 144-Pb(II) complexation 

4.18.3. Chemosensing response of probe 144 for Hg(II) and Pb(II) via fluorescence 

spectroscopy 

Fluorescence spectroscopy was also used to analyze the sensing behaviour of the probe 

144 for different metal ions. When excited at a wavelength of 280 nm (λex), probe 144 displayed 

a peak emission (λems) characterized by a prominent peak at 340 nm and a secondary peak at 

653 nm, which exhibited a relatively lower intensity. The excimer formation accounts for the 

653 nm emission peak, whereas the monomer emission is responsible for the 340 nm emission 

peak, wherein it is possible for the benzyl groups of distinct molecules to undergo - stacking, 

thereby allowing for the formation of the excimer. The ratio of the relative intensities of the 

monomer and excimer bands for the free probe 144 (M340/E653) was 2.45, which went up to 

2.53 when either of the metal ions was added, which signifies that a probe 144-metal complex 

was formed. The successive introduction of Hg(II) and Pb(II) ions in distinct analytical 

titrations to probe 144 resulted in an enhanced fluorescence emission at the peaks at 340 nm 

and 653 nm, with the emergence of an isosbestic point at about 630 nm, as shown in figure 

4.48 and figure 4.49 respectively; and the insets on both plots show the relative fluorescence 

emission (I/Io) plotted against metal ion concentration, wherein I is the intensity of the 

fluorescence emission of probe 144 when metal ions are added, and Io is the intensity of 

fluorescence emission of pure probe 144. Also, the correlation plot (Io-I)/Io vs. Pb(II) 

concentration (figure 4.50) revealed that the probe's limit of detection (LoD) and limit of 

quantification (LoQ) were 8.6 µM and 28.7 µM, respectively, while the metal-to-ligand 
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binding ratio was 2:1 (table 4.3). In the same way, the correlation plot for Hg(II) (figure 4.51) 

showed that the probe's limit of detection (LoD) and limit of quantification (LoQ) were 11 µM 

and 38 µM, respectively, and the ratio of metal to ligand binding was 2:1 (table 4.3). 

 

Figure 4.48: Fluorescence spectra of probe 144 (50 µM) upon the progressive addition of 

Hg(II) ions in CH3CN/H2O (4:1); the inset exhibits the relative emission change (I/Io) vs 

metal ion concentration (µM) 

 

Figure 4.49: Fluorescence spectra of probe 144 (50 µM) upon the progressive addition of 

Pb(II) ions in CH3CN/H2O (4:1); the inset exhibits the relative emission change (I/Io) vs metal 

ion concentration (µM) 
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Figure 4.50: Correlation plot of relative fluorescence emission of probe 144 (Io-I)/Io as a 

function of Hg(II) concentration; where Io = initial emission of probe 144 and I = emission of 

probe 144 in the presence of Hg(II)  

 

Figure 4.51: Correlation plot of relative fluorescence emission of probe 144 (Io-I)/Io as a 

function of Pb(II) concentration; where Io = initial emission of probe 144 and I = emission of 

probe 144 in the presence of Pb(II) 
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4.18.4. Competitive metal ion interaction analysis 

A solution of 0.4 mM probe 144 in CH3CN/H2O (4:1) was subjected to a competitive 

titration with the aim of determining whether the probe could selectively detect either Hg(II) 

or Pb(II) when other metal ions were present. This involved titrating the 0.4 mM probe solution 

with a solution containing an equivalent quantity of all the metal ions in an equimolar ratio. 

The absorption spectra obtained after the titrations closely resembled those observed during 

Hg(II) complexation, indicating that the sensor probe 144's ability to detect Hg(II) remained 

unaffected by the presence of other metal ions (figure 4.52). 

 

Figure 4.52: Absorption spectra of probe 144 (0.4 mM) in CH3CN/H2O (4:1) recognizing 

Hg(II) ions among several metal ions at equimolar concentrations 
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The time-dependent binding of probe 144 to Pb(II) and Hg(II) ions was examined by 
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over a period of one hour. As illustrated in figure 4.57, the spectral data suggests a gradual 

reduction in the absorption intensity of the 144-Pb(II) complex over time, while the absorption 

intensity of the 144-Hg(II) complex increases towards the end of the spectrum (figure 4.53 and 
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observed upon the addition of these metal ions to the probe solution, indicating that probe 144 

serves as an efficient and "no-wait" sensor for Pb(II) and Hg(II). 
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Figure 4.53: Time dependent absorption spectrum of probe 144-Hg(II) complex solution 

exhibiting a successive enhancement in  absorbance at 277 nm 

 

Figure 4.54: Time dependent absorption spectrum of probe 144-Pb(II) complex solution 

exhibiting a successive decline in  absorbance at 277 nm 
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increasing temperature is attributed to the time dependency, as the delayed recording of the 

absorption intensity values of 144-Pb(II) complex at temperatures of 34 °C and 36 °C provides 

further confirmation of this. Consequently, it was determined that the interaction between 

probe 144 and Hg(II) and Pb(II) was not influenced by changes in temperature. 

 

Figure 4.55: Temperature dependent absorption spectrum of probe 144-Hg(II) exhibiting 

variation in absorbance over a temperature range of 20 - 50 ºC 

 

Figure 4.56: Temperature dependent absorption spectrum of probe 144-Pb(II) exhibiting 

variation in absorbance over a temperature range of 20 - 50 ºC 
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4.18.7. Plausible binding mode 

The HSAB concept recognizes Pb(II) to be a borderline acid whereas Hg(II) is a soft 

acid. Interactions can be established between these metal ions and groups that possess atoms 

carrying lone pairs like N, O, and S. The probe 144 may attach to the incoming metal ions via 

the 1,2,3-triazole moiety, as it contains the lone pairs present on the N atoms. The probe 144 

formed a 2:1 metal-ligand combination with both Pb(II) and Hg(II), as confirmed by the 

correlation plot. Based on the foregoing, figure 4.57 depicts a possible mode of interaction of 

the receptor 144 with the metal ions; wherein it is hypothesized that the triazole moiety's arms 

adjust such that the the N atom of the triazole ring bind with the metal ions on either side of 

the molecule. Rest of the coordination sites are expected to be filled by the solvent molecules. 

 

Figure 4.57: Proposed interaction between probe 144 and Hg(II)/Pb(II) 

4.19. Chemosensing analysis of p-rosolic acid-based 1,2,3-triazole derivative 147 

4.19.1. Ion recognition analysis of 1,2,3-triazole derivative 147 

Using UV-Vis spectroscopy, an evaluation of the ion recognition potential of the newly 

synthesized p-rosolic acid-based 1,2,3-triazole derivative 147 was performed employing a 

variety of various metal chlorides. The evaluation was carried out in order to determine whether 

or not the ion recognition potential was present. The molecule was selected on the basis of the 

presence of labile protons which could be replaced to synthesize the corresponding alkyne, 

thereby subsequently subjecting it to cycloaddition with organic azide to form the 1,2,3-triazole 

derivative, Besides, the high aromaticity of the parent structure could be useful for better 

spectroscopic investigations. p-rosolic acid was likewise changed in the same way as the other 

compounds mentioned, with a 1,2,3-triazole bridge connecting it to a naphthyl moiety (the 
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transducer group). The 1,2,3-triazole bridge had electron-rich receptor sites for electron-

deficient metal ions in addition to serving as the spacer unit, thanks to the presence of lone pair 

carrying N atoms. As a result, the synthesized probe was a robust molecule that had the ability 

to exhibit chemosensing potential. 

The probe 147 showed fine quality and interpretable spectrum data, making it a good 

candidate for usage in sensing applications. For the spectral study of PRT, DMSO was chosen 

as the solvent of choice due to its solvability and fine spectrum data. Once the optimal 

concentration of probe 147 for UV-Vis studies was established, the concentration was set at 50 

µM. Absorption maximum for the probe was observed at 284 nm, with two additional smaller 

peaks at 274 nm and 294 nm. Assessment for the recognition ability of probe 147 towards 0.5 

mM chlorides of Cr(III), Mn(II), Co(II), Ni(II), Zn(II), Na(I), K(I), Mg(II), Ca(II), Ba(II), 

Cd(II), Hg(II), and Pb(II) prepared in DMSO, via UV-Vis analysis resulted in substantial 

changes in the UV-Vis spectrum exclusively for Cr(III), Hg(II) and Pb(II), whereas  in the case 

of the remaining metal ions, no significant changes were observed (figure 4.58). 

 

Figure 4.58: An illustration of the relative absorption change of probe 147 for several metal 

ions in DMSO solvent 
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4.19.2. Chemosensing response of probe 147 for Hg(II), Pb(II), and Cr(III) via UV-Vis 

spectroscopy 

 To assess the remarkable selectivity of probe 147 in detecting the metal ions Hg(II), 

Pb(II), and Cr(III), a comprehensive investigation was conducted employing UV-Vis spectral 

analysis. This analytical approach involved titrating a solution of probe 147 with solutions 

containing each of these metal ions individually at a concentration of 0.5 mM. Throughout all 

UV-Vis analyses, the probe's concentration was consistently maintained at 50 µM, while the 

metal ions concentration was systematically raised from 0 to 15 equivalents. The titration 

process was methodically executed by incrementally increasing the metal ions concentration 

from an initial concentration of 0 mM, representing the absence of metal ions, to a maximum 

of 15 equiv. This gradual increment in metal ion concentration enabled the monitoring of 

spectral changes in the probe's UV-Vis absorption profile as the metal ion concentration 

increased. 

When 15 equivalents of Hg(II) ions were introduced into the solution of probe 147, all 

three peaks at 274 nm, 284 nm, and 294 nm significantly exhibited hypochromic shift, and a 

concomitant hyperchromic effect resulting in the emergence of a peak at 262 nm was observed, 

thereby creating an isosbestic point at 271 nm (figure 4.59). For Pb(II) ions, the peak at 294 

nm was barely impacted, but the peaks at 274 nm and 284 nm exhibited an immense 

hyperchromic response, leading to their merging into a single peak with a simultaneous 

hypsochromic shift to around 266 nm (figure 4.60).  

Titration of the probe solution with Cr(III) ions yielded a hypochromic response at 274 

nm, 284 nm, and 294 nm, with a new peak observed at 262 nm exhibiting a significant 

hyperchromic response (figure 4.61). The insets in all the absorption spectra demonstrate the 

relative change in the absorption intensity (An/Ao) as a function of the metal ion concentration; 

Ao = absorbance maxima of probe 147 and An = absorbance maxima of probe 147 with 

successive addition of metal ions. Additionally, the association constant (Ka) of probe 147 was 

calculated using the B-H equation (A), yielding values of 1.312 × 104 M-1, 1.527 × 104 M-1, 

4.94 × 104 M-1 in the case of interaction with Hg(II), Pb(II), and Cr(III) respectively; figure 

4.62 - 4.64 depict the B-H plot for the same respectively. 
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Figure 4.59: UV-Vis spectra of probe 147 (0.05 mM) upon the progressive addition of  Hg(II) 

in DMSO; the inset exhibits the relative absorbance change (An/Ao) vs metal ion concentration 

(mM) 

 

Figure 4.60: UV-Vis spectra of probe 147 (0.05 mM) upon the progressive addition of Pb(II) 

in DMSO; the inset exhibits the relative absorbance change (An/Ao) vs metal ion concentration 

(mM) 
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Figure 4.61: UV-Vis spectra of probe 147 (0.05 mM) upon the progressive addition of Cr(III) 

in DMSO; the inset exhibits the relative absorbance change (An/Ao) vs metal ion concentration 

(mM) 

 

Figure 4.62: Benesi-Hildebrand plot for probe 147-Hg(II) complexation 
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Figure 4.63: Benesi-Hildebrand plot for probe 147-Pb(II) complexation 

 

Figure 4.64: Benesi-Hildebrand plot for probe 147-Cr(III) complexation 
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4.19.3. Chemosensing response of probe 147 for Hg(II), Pb(II), and Cr(III) via 

fluorescence spectroscopy 

 The complexation of the sensor probe 147 with the aforementioned metal ions was also 

investigated using fluorescence spectroscopy. Intense fluorescence emission (em) at 365 nm 

and a comparatively weak emission at 657 nm, attributable to excimer emission were observed 

in the fluorescence spectrum of the probe 147 when excitation wavelength (ex) was set to 290 

nm. The effect of the three distinct metal ions on probe 147 solution was done at a concentration 

of 0.1 µM, it was observed that the fluorescence emission peaks at 365 nm and 657 nm 

experienced an increase in intensity as the metal ions concentration increased from 0.5 µM to 

4 µM (figures 4.65 - 4.67), the inset illustrates the relative change in emission (I/Io) plotted 

against metal ion concentration. Furthermore, figure 4.68 - 4.70 show the correlation plot of 

(I-Io)/Io against [Mn+], and the LoD and LoQ values calculated using these plots for all three 

metal ions were determined to be 0.09 µM and 0.29 µM for Hg(II), 0.10 µM and 0.33 µM for 

Pb(II), and 0.12 µM and 0.41 µM for Cr(III). Additionally, the binding ratio as calculated from 

the correlation plots was determined to be 1:1 in all three cases. The values of LoD, LoQ, 

binding ratio, and association constant have been compiled in table 4.4. 

 

Figure 4.65: Fluorescence spectra of probe 147 (0.1 M) upon the progressive addition of 

Hg(II) ions in DMSO; the inset exhibits the relative emission change (I/Io) vs metal ion 

concentration (µM) 
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Figure 4.66: Fluorescence spectra of probe 147 (0.1 M) upon the progressive addition of 

Pb(II) ions in DMSO; the inset exhibits the relative emission change (I/Io) vs metal ion 

concentration (µM) 

 

Figure 4.67: Fluorescence spectra of probe 147 (0.1 M) upon the progressive addition of 

Cr(III) ions in DMSO; the inset exhibits the relative emission change (I/Io) vs metal ion 

concentration (µM) 
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Figure 4.68: Correlation plot of relative fluorescence emission of probe 147 (Io-I)/Io as a 

function of Hg(II) concentration; where Io = initial  emission of probe 147 and I = emission of 

probe 147 in the presence of Hg(II) 

 

Figure 4.69: Correlation plot of relative fluorescence emission of probe 147 (Io-I)/Io as a 

function of Pb(II) concentration; where Io = initial  emission of probe 147 and I = emission of 

probe 147 in the presence of Pb(II) 
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Figure 4.70: Correlation plot of relative fluorescence emission of probe 147 (Io-I)/Io as a 

function of Cr(III) concentration; where Io = initial  emission of probe 147 and I = emission of 

probe 147 in the presence of Cr(III) 

Table 4.4: LoD, LoQ, Ka and stoichiometric ratio values of probe 147 on binding with Hg(II), 

Pb(II), and Cr(III) 

4.19.4. Competitive metal ion interaction analysis 

The probe 147's ability to selectively detect a particular metal ion, regardless of the 

presence of other metal ions, was demonstrated through a competitive titration. In this 

experiment, probe 147 was titrated with a solution containing equal concentrations of various 

metal ions. The absorption spectrum shown in figure 4.71, obtained after the titration, 

displayed an identical pattern to that of probe 147-Pb(II). This observation suggests that probe 

147's capacity to identify Pb(II) remained unaffected, even when other metal ions were present. 
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Probe Metal ion LoD (µM) LoQ (µM) Association Constant (Ka) 
Stoichiometry 

(M:L) 

147 

Cr(III) 0.12 0.41 4.94 × 104 M-1 1:1 

Pb(II) 0.10 0.33 1.527 × 104 M-1  1:1 

Hg(II) 0.09 0.29 1.312 × 104 M-1 1:1 



170 
 

 

Figure 4.71: Absorption spectra of probe 147 (0.05 mM) in DMSO recognizing Pb(II) ions 

among several metal ions at equimolar concentrations 

4.19.5. Time dependence analysis of probe 147-metal ion complexation 

 The time dependent study investigated the impact of time on the metal-bound probe 

147, aiming to understand the contributions to sensing and to gain insights into the probe's 

capability for detecting metal ions. The absorption spectroscopy technique was employed to 

analyze the time dependence of metal-bound probe 147. The spectra of the probe in case of 

distinct metal ions, depicted in figure 4.72, indicated that the absorbance remained unchanged 

even after an extended period of time. This observation indicates a significant level of stability 

and a strong attraction between the probe and the metal ions. 

 

Figure 4.72: Time dependent absorption spectrum of probe 147-Hg(II)/Pb(II)/Cr(III) complex 

solution exhibiting a constant absorbance at 284 nm  
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4.19.6. Temperature dependence analysis of probe 147-metal ion complexation 

 In addition to the time-dependent analysis, an investigation was carried out to assess 

how the probe's binding capacity was affected by the variations in temperature over a range of 

values. The temperature of the solutions containing probe 147 bound to metal ions was 

systematically increased from 20 °C to 50 °C, with absorbance being recorded at 2 °C intervals 

during this temperature escalation. Because of this progressive increase in temperature, the 

findings that were obtained showed that all the solutions had increased absorbance, as seen in 

figure 4.73 - 4.75. 

 

Figure 4.73: Temperature dependent absorption spectrum of probe 147-Hg(II) exhibiting a 

successive enhancement in absorption over a temperature range of 20 - 50 ºC 

 

Figure 4.74: Temperature dependent absorption spectrum of probe 147-Pb(II) exhibiting a 

successive enhancement in absorption over a temperature range of 20 - 50 ºC 
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Figure 4.75: Temperature dependent absorption spectrum of probe 147-Cr(III) exhibiting a 

successive enhancement in absorption over a temperature range of 20 - 50 ºC 

4.19.7. Plausible binding mode 

The interaction between probe 147 and the electron-deficient metal ions can be 

elucidated using the HSAB approach, according to which Hg(II) is classified as a soft acid, 

Pb(II) enacts as a borderline acid, and Cr(III) is a hard acid. Based on the observation that the 

Job plot of the probe corresponds to a 1:1 (M:L) complex, and taking into account that the 

nitrogen atoms within the 1,2,3-triazole moiety and the oxygen atoms within the ligand are 

likely responsible for interacting with the metal ions, a proposed binding mode between probe 

147 and the metal ions is illustrated in figure 4.76. Rest of the coordination sites are expected 

to be filled by the solvent molecules. 

 

Figure 4.76: Proposed interaction between probe 147 and Hg(II)/Pb(II)/Cr(III) 



173 
 

4.20. Chemosensing analysis of glyoxal bis-(2-hydroxyanil)-based 1,2,3-triazole derivative 

150 

4.20.1. Ion recognition analysis of 1,2,3-triazole derivative 150 

The newly synthesised glyoxal bis-(2-hydroxyanil)-based 1,2,3-triazole derivative 150 

was tested for its ion recognition potential using UV-Vis spectroscopy and fluorescence 

spectroscopy for different metal chlorides. The molecule was chosen owing to its high 

aromaticity and the presence of labile protons which are easily replaceable, allowing for the 

synthesis of the appropriate alkyne and subsequent cycloaddition with organic azide, yielding 

the 1,2,3-triazole derivative. Like the other compounds discussed, glyoxal bis-(2-hydroxyanil) 

underwent a similar transformation by adding a 1,2,3-triazole bridge to its naphthyl moiety (the 

transducer group). Due to the existence of lone pair carrying N atoms, the 1,2,3-triazole bridge 

not only served as the spacer unit, but also as electron-rich receptor sites for electron-deficient 

metal ions. The resulting synthetic probe was a robust molecule with chemosensing 

capabilities. 

The 1,2,3-triazole-linked probe 150 demonstrated fine spectrum data when used as a 

sensing probe. For the ion recognition investigations of the probe, DMSO was selected as the 

solvent due to its high solubility and fine quality spectrum data. The optimal concentration of 

probe 150 solution was set at 50 µM and subsequently employed for UV-Vis studies. The 

maximum absorption (max) was observed at 284 nm, with two additional bands at 274 nm and 

294 nm. The metal ions including Na(I), K(I), Mg(II), Ca(II), Ba(II), Mn(II), Co(II), Ni(II), 

Cu(II), Zn(II), Cd(II), Pb(II), and Ce(III) were solubilized in dimethyl sulfoxide (DMSO) at a 

concentration of 1 mM. These metal ion solutions, which are of physiological and 

environmental importance, were subsequently subjected to analysis in order to evaluate the 

sensing characteristics of the probe. Substantial shifts in the absorption spectrum of the probe 

were seen when metal ion solutions of Cu(II) and Pb(II) were progressively added, whereas no 

significant change was observed for the rest of the ions as shown in the figure 4.77. 
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Figure 4.77: An illustration of the relative absorption change of probe 150 for several metal 

ions in DMSO solvent 

4.20.2. Chemosensing response of probe 150 for Cu(II) and Pb(II) via UV-Vis 

spectroscopy 

 Titrations of a 0.05 mM probe 150 solution with 0.5 mM solutions of Cu(II) and Pb(II) 

were performed separately to examine the ion detection potential of probe 150 with these metal 

ions by UV-Vis spectral analysis. The probe showed a hyperchromic shift with the incremental 

addition of Cu(II) ions to the ligand solution, confirming the binding of Cu(II) to the probe as 

shown in figure 4.78, with an inset showing the relative maximum absorbance change (An/Ao) 

as a function of the increase in Cu(II) molar concentration. In the case of Pb(II) ions, a 

hypochromic shift in the 294 nm peak was observed, as well as a hyperchromic shift in the 274 

nm and 284 nm peaks, with the latter two peaks merging into a single peak at about 270 nm as 

shown in figure 4.79, the inset exhibits the relationship between the relative change in the 

absorption intensity (An/Ao) and the increase in Pb(II) molar concentration at, where Ao = 

maximum absorbance of the probe, and An = maximum absorbance upon progressive addition 

of Pb(II) ions. In addition, the association constant (Ka) for the 1:1 probe 150-metal 

complexation in respect to both metal ions was calculated using the B-H equation (A), and the 

related B-H graphs are shown in figure 4.80 and figure 4.81, wherein the Ka values for Cu(II) 

and Pb(II) were determined to be 1.16 × 103 M-1 and 1.10 × 103 M-1 respectively. 
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Figure 4.78: UV-Vis spectra of probe 150 (0.5 mM) upon the progressive addition of Cu(II) 

in DMSO; the inset exhibits the relative absorbance change (An/Ao) vs metal ion concentration 

(mM) 

 

Figure 4.79: UV-Vis spectra of probe 150 (0.5 mM) upon the progressive addition of Pb(II) in 

DMSO; the inset exhibits the relative absorbance change (An/Ao) vs metal ion concentration 

(mM) 
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Figure 4.80: Benesi-Hildebrand plot for probe 150-Cu(II) complexation  

 

Figure 4.81: Benesi-Hildebrand plot for probe 150-Pb(II) complexation 
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4.20.3. Chemosensing response of probe 150 for Cu(II) and Pb(II) via fluorescence 

spectroscopy 

 To further investigate the ion-binding properties of probe 150, the fluorescence 

emission of a 20 µM probe 150 solution was monitored, wherein the probe when excited at 270 

nm, showed a monomer emission at about 324 nm and a weak excimer emission at about 617 

nm, attributed to the - interactions of the naphthyl moieties. When testing probe 150's 

selective ion recognition behaviour for Cu(II), it was observed that the emission intensity of 

the probe decreased dramatically as more and more Cu(II) ions were added, reaching a 

minimum at 15 equiv. of Cu(II). The development of the probe 150-Cu(II) complex was 

accountable for the drop in fluorescence intensity since it resulted in a charge transfer from the 

metal to the ligand. The d9 electronic structure of Cu(II) often results in chelation-enhanced 

fluorescence quenching (CHEQ) effect throughout the formation of its metal complex, and the 

results obtained in this case were in line with expectations. 

 When it came to Pb(II) ions, their gradual introduction into solution of probe 150 

resulted in a modest red shift of the em and an intense enhancement of the fluorescence 

emission, suggesting the formation of a probe 150-Pb(II) complex. In the presence of Pb(II), 

the amplification of the monomer emission as well as the excimer emissions of the probe were 

ascribable to chelation-enhanced fluorescence (CHEF). Figure 4.82 and figure 4.83 represent 

the fluorescence spectra of the probe on incrementally adding Cu(II) and Pb(II) ions 

respectively, wherein the inset displays the relative emission change against metal ion 

concentration. Moreover, from the correlation plots exhibiting relative emission intensity (I-

Io)/Io against the metal ion concentration, the LoD and LoQ were calculated for Cu(II) and 

Pb(II) ions, using the widely used criteria of LoD = 3/S and LoQ = 10/S, where  is the 

blank standard deviation and S is the slope of the calibration curve, as shown in figure 4.84 

and figure 4.85 respectively. It was found that the LoD for Cu(II) was 3.16 µM and for Pb(II) 

it was 2.52 µM, whereas the LoQ was 10.53 µM and 8.40 µM. In addition, the correlation plots 

showed that the stoichiometric ratio was 1:1 in both instances. The stoichiometric ratio, Ka, 

and the values for LoD and LoQ have been tabulated in table 4.5 
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Figure 4.82: Fluorescence spectra of probe 150 (20 µM) upon the progressive addition of 

Cu(II) ions in DMSO; the inset exhibits the relative emission change (I/Io) vs metal ion 

concentration (µM) 
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Figure 4.83: Fluorescence spectra of probe 150 (20 µM) upon the progressive addition of 

Pb(II) ions in DMSO; the inset exhibits the relative emission change (I/Io) vs metal ion 

concentration (µM) 
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Figure 4.84: Correlation plot of relative fluorescence emission of probe 150 (Io-I)/Io as a 

function of Cu(II) concentration; where Io = initial emission of probe 150 and I = emission of 

probe 150 in the presence of Cu(II) 
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Figure 4.85: Correlation plot of relative fluorescence emission of probe 150 (Io-I)/Io as a 

function of Pb(II) concentration; where Io = initial emission of probe 150 and I = emission of 

probe 150 in the presence of Pb(II) 
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Table 4.5: LoD, LoQ, Ka and stoichiometric ratio values of probe 150 on binding with Cu(II) 

and Pb(II) 

4.20.4. Competitive metal ion interaction analysis 

 An essential characteristic exhibited by some potential metal ion sensors is their 

capacity to selectively detect specific metal ions among other competing metal ions. In the 

presence of other metal ions, the chemosensor 150 was shown to be effective using competitive 

ions titration for specifically detecting Pb(II). The process of ion titration involved the 

incremental introduction of a solution containing multiple metal ions at equimolar 

concentrations into the probe solution at a concentration of 50 µM, dissolved in DMSO. 

Absorption spectrum observed after titrations (figure 4.86) revealed that the ability of the 

sensor probe to selectively detect Pb(II) was unaffected by the presence of other metal ions. 
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Figure 4.86: Absorption spectra of probe 150 (0.5 mM) in DMSO recognizing Pb(II) ions 

among several metal ions at equimolar concentrations 

Probe Metal ion LoD (µM) LoQ (µM) Association Constant (Ka) 
Stoichiometry 

(M:L) 

150 
Cu(II) 3.16 10.53 1.16 × 103 M-1 1:1 

Pb(II) 2.52 8.40 1.10 × 103 M-1  1:1 
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4.20.5. Time dependence analysis of probe 150-metal ion complexation 

 To comprehend the probe's sensitivity towards metal ions, it is necessary to examine its 

reaction to temporal fluctuations. The technique of absorption spectroscopy was employed to 

investigate the temporal evolution of the metal-bound probe 150, and the findings (figure 4.87) 

were suggestive of the fact that the absorbance of Cu(II)-bound and Pb(II)-bound probe 150 

solutions exhibited no substantial change despite keeping them undisturbed for long periods of 

time. This established that the binding of the chemosensor with the metal ions was stable and 

strong. 
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Figure 4.87: Time dependent absorption spectrum of probe 150-Cu(II)/Pb(II) exhibiting a 

constant absorbance at 284 nm 

4.20.6. Temperature dependence analysis of probe 150-metal ion complexation 

 The efficiency of binding of the probe with the metal ions was also assessed at various 

temperature levels to observe the impact of the latter on the ion sensing potential of the probe. 

To demonstrate that the Cu(II) and Pb(II) binding to the probe was temperature-insensitive, the 

absorption spectra of metal-bound probe 150 solutions at 2 °C intervals from 20 °C up to 50 

°C (figure 4.88) was obtained, wherein it was observed that the absorption of metal-bound 

probe 150 solution was insensitive to temperature variation across these temperature ranges. 
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Figure 4.88: Temperature dependent absorption spectrum of probe 150-Cu(II)/Pb(II) 

exhibiting constant absorbance over a temperature range of 20 - 50 ºC 

4.20.7. Plausible binding mode 

 The HSAB theory states that Cu(II) is a borderline acid whereas Pb(II) is a weak acid. 

Coordination bonds can be established between metal ions and atomic groups that possess lone 

pairs, including N, O, and S. The probe 150 can be ascribed to be able to capture the incoming 

metal ions because of the presence of lone pairs of N atoms on the 1,2,3-triazole moiety 

incorporated within its structure. As expected from the probe's Job plot, it forms a 1:1 metal-

ligand combination with Cu(II) and Pb(II). From these findings, the manner of interaction of 

the receptor 150 with the metal ions can be inferred, as shown in figure 4.89. Rest of the 

coordination sites are expected to be filled by the solvent molecules. 

 

Figure 4.89: Proposed interaction between probe 150 and Cu(II)/Pb(II) 
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4.21. Chemosensing analysis of Schiff base-derived 1,2,3-triazole derivative 155 

4.21.1. Ion recognition analysis of Schiff base-derived 1,2,3-triazole derivative 155 

The newly synthesised Schiff base-derived 1,2,3-triazole derivative 155 was examined 

for its chemosensing potential against a variety of metal chlorides using UV-Vis and 

fluorescence spectroscopy. The molecule was synthesized starting from the combination of an 

aldehyde and an amine to form a Schiff base, which possesses C=N functionality in addition 

to the aromatic functionalities of the parent compounds, thereby imparting it the ability to 

exhibit →* as well as n→* transitions which in turn yields fine quality absorption and/or 

emission spectrum.  

Besides, other fluorophore moieties attached to this compound by subjecting it to the 

CuAAC methodology further improved the molecular design to obtain the desirable results. 

Above and beyond, the 1,2,3-triazole moiety attached to the Schiff base functionality also acted 

as an electron-rich receptor sites owing to the N atoms, thereby enhancing the probability of 

the probe to act as a selective metal ion recognition agent. As a result, the end product was a 

robust molecule with chemosensing capabilities. 

When utilized as a sensing probe, the Schiff base-derived 1,2,3-triazole derivative 155 

produced fine and interpretable spectrum data. For determining the ion sensing potential of the 

probe, DMSO/H2O (4:1) was chosen as the solvent as it exhibited good solubility and spectral 

results.. The ideal concentration of probe 155 solution was determined to be 0.1 mM and was 

then used for UV-Vis investigations. The greatest absorption (max) was measured at 284 nm, 

corresponding to an intensity of 0.76. Subsequently, chlorides of Mg(II), Ca(II), Ba(II), Cr(III), 

Mn(II), Co(II), Ni(II), Zn(II), Cd(II), Hg(II), Pb(II), Na(I), K(I), and Ce(III) were prepared in 

DMSO/H2O (4:1) (0.5 mM) and the probe was examined for sensing behaviour with these 

physiologically and ecologically relevant metal ion solutions. Significant changes in the probe's 

absorption spectra were seen when metal ion solution of Ce(III) was gradually introduced, 

whereas no significant change was found for the other ions, as indicated in the figure 4.90. 
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Figure 4.90: An illustration of the relative absorption change of probe 155 for several metal 

ions in DMSO/H2O (4:1) solvent 

4.21.2. Chemosensing response of probe 155 for Ce(III) via UV-Vis spectroscopy 

 The metal ion recognition potential of probe 155 with Ce(III) ions was investigated by 

successively adding a solution of Ce(III) ions (0.5 mM) to a 0.1 mM probe 155 solution and 

observing the absorption spectra after every addition. The binding of Ce(III) to the probe was 

confirmed by a substantial hyperchromic shift, concomitant with a red shift of about 23 nm, 

thereby leading to the shifting of max from 284 nm to 307 nm when Ce(III) ions were 

progressively intorduced to the ligand solution, as depicted in the figure 4.91; the inset depicts 

the relative maximum absorbance change (An/Ao) as a function of the increase in Ce(III) molar 

concentration. Additionally, the Ka value for the 1:1 probe 155-Ce(III) complexation was 

calculated using the B-H equation (A), which came out to be 3.55 × 103 M-1, while the B-H 

graph is depicted in figure 4.92. 
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Figure 4.91: UV-Vis spectra of probe 155 (0.1 mM) upon the progressive addition of Ce(III) 

in DMSO/H2O (4:1); the inset exhibits the relative absorbance change (An/Ao) vs metal ion 

concentration (mM) 

 

Figure 4.92: Benesi-Hildebrand plot for probe 155-Ce(III) complexation 
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4.21.3. Chemosensing response of probe 155 for Ce(III) via fluorescence spectroscopy 

 The ion-binding properties of probe 155 were further studied by monitoring the 

fluorescence emission of a 50 µM probe 155 solution, which revealed a monomer emission at 

around 313 nm and a weak excimer emission at around 611 nm, ascribable to - interactions 

of the benzyl moieties. The emission of the solution of probe 155 significantly enhanced when 

Ce(III) ions were incrementally introduced into the probe 155 solution, reaching a maximum 

intensity at 15 equiv. of Ce(III). The relative emission change vs the concentration of metal 

ions is shown in the inset of the figure 4.93 depicting the probe's fluorescence spectrum after 

incremental addition of Ce(III) ions. LoD = 3/S and LoQ = 10/S, where  is the standard 

deviation of blank and S is the slope of the calibration curve, were applied to the correlation 

plot (figure 4.94) displaying relative emission intensity (Io-I)/Io versus Ce(III) concentration to 

determine the LoD and LoQ for Ce(III) ions. It was determined that the LoD was 9.53 µM, 

whereas the LoQ value was 31.75 µM. The stoichiometric ratio was also shown to be 1:1 using 

the correlation plot. The values for LoD and LoQ as well as the stoichiometric ratio, Ka, are 

reported in table 4.6 
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Figure 4.93: Fluorescence spectra of probe 155 (50 µM) upon the progressive addition  of 

Ce(III) ions in DMSO/H2O (4:1); the inset exhibits the relative emission change (I/Io) vs metal 

ion concentration (µM) 
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Figure 4.94: Correlation plot of relative fluorescence emission of probe 155 (Io-I)/Io as a 

function of Ce(III) concentration; where Io = initial  emission of probe 155 and I = emission 

of probe 155 in the presence of Ce(III) 

Table 4.6: LoD, LoQ, Ka and stoichiometric ratio values of probe 155 on binding with Ce(III) 

4.21.4. Competitive metal ion interaction analysis 

 The selective detection capability of various potential metal ion sensors, distinguishing 

specific metal ions from competing ones, represents a fundamental attribute. In the presence of 

other metal ions, the probe 155 was proven to be effective for precisely detecting Ce(III) 

utilizing competitive ions titration, which was performed by progressively adding an equimolar 

quantity of several metal ions to the 0.1 mM probe solution. The absorption spectrum, as 

depicted in Figure 4.95, obtained subsequent to the titration experiments, revealed that the 

presence of alternative metal ions did not exert any influence on the sensor probe's capacity to 

detect Ce(III). 

Probe Metal ion LoD (µM) LoQ (µM) Association Constant (Ka) 
Stoichiometry 

(M:L) 

155 Ce(III) 9.53 31.75 3.55 × 103 M-1 1:1 
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Figure 4.95: Absorption spectra of probe 155 (0.1 mM) in DMSO/H2O (4:1) recognizing 

Ce(III) ions among several metal ions at equimolar concentrations 

4.21.5. Time dependence analysis of probe 155-metal ion complexation 

 Investigating the way in which the metal ions-appended probe behaves with variations 

in time might offer useful information on the sensitivity of the probe to metal ions. The 

influence of time on the metal-bound probe 155 was investigated through absorption 

spectroscopy, and the results (figure 4.96) indicated that the absorbance of Ce(III)-bound probe 

155 solution did not display any significant change despite being left to stand for extended 

periods of time. This demonstrated that the probe has a great affinity for Ce(III) as well as a 

high degree of stability of the complexation. 

 

Figure 4.96: Time dependent absorption spectrum of probe 155-Ce(III) exhibiting a constant 

absorbance at 307 nm 

0 200 400 600 800 1000 1200

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

A
b

s
o

rb
a

n
c

e
 (

A
.U

.)

Time (s)



189 
 

4.21.6. Temperature dependence analysis of probe 155-metal ion complexation 

 The influence that varying temperatures had on the effectiveness with which the sensor 

probe bound with the metal ion was investigated. After obtaining the absorption spectra of 

metal-bound probe 155 solutions from 20 °C up to 50 °C at every 2 °C intervals (figure 4.97), 

it was observed that the absorption of metal-bound probe 155 solution was insensitive to 

temperature variation across these temperature ranges. The results corroborated that the probe-

metal ions interaction exhibited temperature insensitivity. 

 

Figure 4.97: Temperature dependent absorption spectrum of probe 155-Ce(III) exhibiting 

constant absorbance over a temperature range of 20 - 50 ºC 

4.21.7. Plausible binding mode 

 Ce(III) is regarded as a hard acid in accordance with the HSAB hypothesis. The metal 

ion may form coordination bonds with atomic groups including N, O, and S which carry lone-

pair electrons. Owing to the presence of lone pairs of N atoms within the 1,2,3-triazole moiety 

included in the structure of probe 155, it is hypothesised that probe 155 is able to grab the 

incoming metal ions via these receptor sites. The Job plot shows that the probe forms a 1:1 

metal-ligand complex with Ce(III), and therefore, these results allowed us to deduce, as seen 

in figure 4.98, how the receptor probe 155 might be able to bind to the metal ions. Rest of the 

coordination sites are expected to be filled by the solvent molecules. 
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Figure 4.98: Proposed interaction between probe 155 and Ce(III) 

Concluding from the observed results, in the specific context of metal ion sensing, 

1,2,3-triazole derivatives stand out as promising ligands, leveraging the HSAB concept and 

host-guest relationship for the selective recognition of metal ions. The nitrogen atoms within 

the triazole ring facilitate multifaceted interactions with the metal ions, as the nitrogen and/or 

oxygen atoms bearing lone pair of electrons act as lewis bases whereas the metal ions which 

are electron deficient act as lewis acids. Furthermore, the host-guest relationship involves 

1,2,3-triazole derivatives providing a suitable sized cavity for the meal ions as hosts and metal 

ions as the guests, yielding stable complexes characterized by discernible electronic 

configurations. Through deliberate molecular design, these 1,2,3,-triazole-based ligands serve 

as effective sensors, demonstrating heightened sensitivity and specificity in detecting targeted 

metal ions. These findings affirm the efficacy of 1,2,3-triazole derivatives as sensors, 

showcasing their potential as robust tools in analytical chemistry, which further contributes 

significantly to the advancement of analytical chemistry methodologies, particularly in the 

realm of metal ion detection. 

4.22. Conclusion 

In conclusion, the interpretation of spectroscopic data for the synthesized compounds 

through spectroscopic methods such as Infrared spectroscopy, Nuclear Magnetic Resonance 

(NMR) spectroscopy, and Mass spectrometry discussed in this chapter has provided invaluable 

insights into the structural and chemical properties of these compounds, aiding in the 

identification of functional groups, and unravelling the intricate details of molecular structures. 

The IR spectroscopic data revealed vital information about the functional groups present in the 

compounds under investigation. The absorption peaks in the IR spectra provided evidence of 
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the presence of key chemical bonds and allowed for the determination of compound purity. 

Moreover, the identification of characteristic peaks aided in confirming the success of the 

synthesis process. NMR spectroscopy played a pivotal role in elucidating the molecular 

structure of the compounds. By examining chemical shifts, coupling patterns, and integration 

values, a deeper understanding of the connectivity of atoms within the molecules was 

established. Mass spectrometry provided valuable data regarding the molecular weight and 

fragmentation patterns of the synthesized compounds. It offered insights into the stability of 

the molecules and allowed for the identification of specific fragments, aiding in the 

determination of their structural components. 

Additionally, the synthesized N-heterocyclic 1,2,3-tethered ensembles, were explored 

as selective recognition agents for different ecologically and physiologically significant metal 

ions. The molecules were designed from commercially available compounds having labile 

protons and fine aromaticity which were subjected to ‘click’ pathway after converting them to 

terminal alkynes via nucleophilic substitution with propargyl groups. The resulting 1,2,3-

triazole derivatives were well equipped with chromogenic/fluorogenic units, thereby allowing 

for better absorption/emission results which were interpreted, after metal ion addition, to 

analyze their selective ion recognition behaviour. The selectivity of the sensing probes was 

observed to diversify with the variation in the structural arrangement of the probe, thereby 

resulting in the alteration of the size and/or flexibility of the receptor cavity which was 

responsible for distinct selectivity in every compound. The probes were also scrutinized for the 

robustness of their binding with the metal ions by subjecting them to absorption analysis over 

prolonged durations of time as well as different temperature ranges. The analytical 

determination of the limit of detection (LoD), limit of quantification (LoQ), association 

constant (Ka), and stoichiometric ratio of the probe-metal ion complexation was also performed 

to elucidate the interaction between the metal ions and the recognition probes.  
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Thesis overview 

 

 
This chapter summarises the whole thesis in a few concise 

paragraphs, providing an overview of the methodology, experimental 

data, and outcomes.
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Dr. M. Meldal's invention of the CuAAC reaction in 2001, which nicely coincided with 

Dr. K.B. Sharpless's broad characterization of the need for such click chemistry, was a case in 

point. The prevalence of the quintessential CuAAC click reaction, which is employed 

extensively across all fields of chemistry to synthesize molecules of inconceivable chemical 

complexity, may be attributed to the fact that it complies with the laws that govern click 

chemistry. The current study activity covers the implementation of CuAAC ‘click’ 

methodology to synthesize 1,2,3-triazole-appended molecules, their subsequent 

characterization using standard spectroscopic methods, and their application as selective metal 

ion recognition agents via absorption and emission spectroscopy. The whole thesis may be 

broken down into four primary sections: The first chapter is the introduction, the second 

chapter is a review of literature, the third chapter describes the synthetic procedures and 

characterization data, and the fourth chapter presents the interpretation and discussion of 

spectroscopic and photophysical data. 

Chapter I: Introduction 

This chapter provides a comprehensive analysis of the key class of 'click chemistry' 

known as the Cu(I)-catalyzed alkyne-azide cycloaddition reaction (CuAAC) (figure S1) and 

its further application in the synthesis of 1,4-disubstituted 1,2,3-triazoles as potential ion 

recognition agents. The chapter is divided into subsections that detail the many features as well 

as mechanistic characteristics of the CuAAC reaction, followed by the significance of the 1,4-

disubstituted 1,2,3-triazole derivatives formed via this cycloaddition. Initiating by providing a 

general prespective of ‘click chemistry’ and the distinct reaction pathways that share this 

common trajectory, the major focus of this chapter is the description of 1,3-dipolar 

cycloaddition processes, which were first explored in the late 19th and early 20th centuries 

when a variety of 1,3-dipoles were developed. After Dr. K. B. Sharpless achieved the same 

reaction in 2001 using Cu(I) as catalyst, it became a major scientific breakthrough worldwide, 

owing to the enhanced reaction rate, and regioselective production of 1,4-disubstituted 1,2,3-

triazole in high yield and purity, under modest reaction conditions.  

 

Figure S1: An illustration of Cu(I)-catalyzed alkyne-azide cycloaddition 
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A description of the mechanistic aspects of CuAAC, discussing both the mononuclear 

as well as binuclear reaction pathways in support of the regioselective nature of the 

methodology has also been provided in the subsequent subsections. The succeeding 

subsections lay emphasis on the fact that the relevance of 1,2,3-triazole ring and its derivatives 

at physiological pH is considerable because they are aromatic with low basicity, very stable to 

small thermal and chemical changes. Most pharmaceuticals include the heterocyclic ring 1,2,3-

triazole, which has several important pharmacological functions (including antiviral, 

anticancer, antibacterial, anti-HIV, and antifungal properties). However, the N heteroatoms in 

the ring provide these compounds a strong propensity to coordinate with a wide variety of metal 

ions, and due to this quality, they may be used as chemosensors for a variety of toxic heavy 

metal ions, thereby providing a substantial solution to tackle the escalating problem of 

environmental contamination. In fields such as drug development, environmental research, and 

process control, these chemosensors prove to be a useful analytical tool for situations in which 

constant monitoring and up-to-the-moment data are necessary. The final subsections include 

the categorization of chemical sensors and the criteria for a molecular ensemble to have 

chemosensing abilities, followed by the recognition of metal ions by the 1,4-disubstituted 

1,2,3-triazole derivatives decorated with chromophoric/fluorophoric units. The chapter 

concludes with a brief discussion of UV-Visible and fluorescence spectroscopy and its 

applications in evaluating the chemosensing capability of 1,2,3-triazole based molecules. 

Chapter II: Review of Literature 

The literature review begins with an overview of heterocyclic compounds, their primary 

applications as significant pharmacophoric agents including antibiotic, antidepressant, 

antitumor, antimalarial, anti-HIV, antimicrobial, antidiabetic, anti-inflammatory, antibacterial, 

etc. Apart from that, their secondary applications such as conjugated polymers, molecular 

wires, light harvesting systems, organic conductors, etc. have also been mentioned. The 

literature on the methods used to synthesise the predicted heterocyclic compounds is discussed 

in the next part, divided into the three categories below: 

➢ Synthesis of a terminal alkyne 

➢ Synthesis of an organic azide 

➢ Synthesis of 1,2,3-triazole from alkyne and azide 

The different chemical approaches to the synthesis of terminal alkynes are described, 

along with the wide range of reactants and reaction conditions used in each synthetic pathway, 
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such as α,β-eliminations, carbene rearrangement, Ohira–Bestmann reagent, etc. These methods 

are discussed in terms of the practicality and feasibility of the reaction conditions, both 

economically and experimentally. In a similar manner, the next section details the various 

synthetic approaches implemented in the synthesis of both aliphatic and aromatic organic 

azides. Subsequently, a description of the [3+2] cycloaddition reaction of organic azide with 

terminal alkyne to yield 1,4-disubstituted 1,2,3-triazoles reported in various instances with 

different Cu(I) catalytic systems and solvent media has been presented. Research contributions 

involving direct use of Cu(I) salts as catalyst have also been reported in the literature, alongside 

multicomponent catalytic systems that involve generation of Cu(I) from Cu(II) salts; however, 

the stability/existence of Cu(I) in a particular solvent system is generally questioned, owing to 

the  observed low yields of Cu(II) since the Cu(I) readily oxidises to Cu(II) form, a stable 

oxidation state of copper. For this, the usage of exogenous ligands that include donor atoms 

like N, O, S, or P in combination with Cu(I) salt has been proposed as a solution to the oxidation 

state-conversion problem, with the latest addition of bulky organic moieties containing 

coordination complexes of Cu(I) to stabilize the Cu(I) state. Therefore, this study reports the 

use of the [CuBr(PPh3)3] complex as a Cu(I) catalyst for the synthesis of new 1,2,3-triazole 

derivatives. 

The next subsection of this chapter provides a short overview of the different 

spectroscopic methods, including infrared (IR) spectroscopy, nuclear magnetic resonance 

(NMR) spectroscopy, and mass spectrometry (MS), that are used to characterize the 

synthesised compounds. The last section focuses on the practical uses of 1,2,3-triazole 

derivatives, with particular attention paid to their potential in chemosensing via presenting the 

reported examples of 1,2,3-triazole based molecular sensors used to analyse a wide range of 

toxic heavy metal ions. In conclusion, the literature review on 1,2,3-triazoles as ion sensors 

highlights the potential of these compounds for the development of highly sensitive and 

selective ion sensors. These sensors can detect a range of metal ions in various solvent media, 

with high selectivity and sensitivity. The incorporation of chromophoric and/or fluorophoric 

groups onto the 1,2,3-triazole moiety enhances their absorption/emission response, thereby 

improving the spectral responses for easy interpretation. Future research in this field is 

expected to focus on the development of new 1,2,3-triazole-based ion sensors with improved 

properties, such as distinct visible changes to the naked eye, increased sensitivity and 

selectivity, applications in biosensing, etc. 
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Chapter III: Synthetic procedures and characterization data 

 This chapter provides a full account of the experimental work carried out to complete 

the research objectives. It provides a comprehensive explanation of all the experimental 

procedures to synthesize the novel 1,2,3-triazole-tethered compounds, in addition to the 

necessary analytical measurements for supporting the synthesis. The chapter starts with a 

detailed description of the general synthetic procedures implemented for the terminal alkyne, 

the organic azide, and the 1,2,3-triazole derivative. The subsequent section provides a 

description of the actual experimental work that was done to synthesise two different organic 

azides, i.e., benzyl azide and 1-(azidomethyl)naphthalene, accompanied by the analytical data 

such as yield, color/texture, and characterization data of IR and NMR (1H, 13C) of the 

synthesised azides. Thereafter, a description of the synthesis of novel terminal alkynes from 

starting materials is demonstrated, and the structures of the synthesized azides and terminal 

alkynes are shown in figure S2. The experimental conditions for each synthesis are also 

mentioned, while the characterization data such as the yield, colour, and melting point is 

provided following every reaction scheme. The IR and NMR (1H and 13C) data values of each 

individual alkyne is provided in order to confirm their successful synthesis. 

The [3+2] cycloaddition procedure to obtain the 1,2,3-triazole-appended molecules 

(figure S3) from their preceding alkynes are described in the individual subsections subsequent 

to the subsections describing the terminal alkyne synthesis, along with the necessary 

experimental conditions. Each 1,2,3-triazole derivative was analyzed for its product yield, 

melting point, color/texture, IR, NMR (1H, 13C), and mass spectrum using appropriate 

instrumentation, and the data values are provided immediately following the reaction schemes. 

In appendix A, the materials, procedures, and instruments employed in the analysis of the 

synthesized compounds have been provided. Infrared (IR), nuclear magnetic resonance (1H, 

13C), and mass spectra are all included as appendices B, C, and D, respectively. 

Chapter IV: Interpretation and discussion of spectroscopic and photophysical data 

This chapter compiles the interpretation and scrutiny of the data obtained from the 

standard spectroscopic analysis and provides a detailed discussion about the successful 

synthesis of the proposed terminal alkynes, the organic azides and the 1,2,3-triazole 

derivatives. Furthermore, the UV-Vis and fluorescence analysis performed to establish the 

chemosensing potential of the synthesized 1,2,3-triazole derivatives is also discussed in detail 

to confirm the metal ion sensing by these compounds. On the basis of the type of spectral 
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results, the chapter is divided into two parts: part A consists the IR, NMR and mass analysis to 

establish the successful synthesis of the desirable products, whereas part B presents the UV-

Vis and fluorescence analysis which explores the selective ion recognition response of the 

synthesized probes.  

Part A 

Benzyl chloride 135 and 1-(chloromethyl)naphthalene 136 were substituted with 

sodium azide by stirring the mixture while heating at 85-90 °C in DMF to produce the 

corresponding azides 105 and 137 respectively. Both the azides were oily at room temperature, 

and their synthesis was corroborated by infrared and nuclear magnetic resonance spectroscopy. 

The IR spectra of both azides recorded as neat in the 4000 - 450 cm-1 range revealed the 

characteristic peak around 2090 cm-1 for the -N3 group, while the other peaks were also in 

good accord with the synthesised azide structures. Both the azides were characterized via 1H 

NMR spectra at 500 MHz in CDCl3; the singlet at  = 4.78 - 4.14 ppm is the result of the -CH2 

group linked to the azide functionality, and the peaks in the range  = 8.12 - 7.14 ppm 

correspond to aromatic protons. Since the naphthyl group is more effective at deshielding than 

the phenyl group, the signal from the -CH2 protons is somewhat further deshielded in 1-

(azidomethyl)naphthalene than in benzyl azide. Like 1H NMR spectra, the 13C NMR data is in 

well agreement with the hypothesised structures. The C atoms belonging to the aromatic rings 

contribute to signals between  = 135.53 - 123.64 ppm, while the methylene C atoms in both 

the azides contributes to signals between  = 54.82 ppm and  = 53.02 ppm. 

 To generate the terminal alkynes, 1 mol of the starting material containing labile 

proton(s) was treated with 1.30 mol of an 80% propargyl bromide solution in toluene and a 

suitable base. At room temperature with DMF as the solvent, stirring the reaction mixture with 

the base causes the labile proton(s) of the starting material to be extracted and replaced by the 

propynyl group(s) via the nucleophilic substitution reaction. As the propensity to lose a proton 

differs amongst substrates, the time required for a reaction to occur also varies accordingly. 

Using IR spectroscopy in the 4000 - 450 cm-1 region, the characterization and comparison of 

the newly formed alkynes with their respective starting materials, and the recorded results have 

thoroughly validated the formation of the predicted output. The -C≡C-H group contributes an 

IR peak at about 3287-3280 cm-1 to the spectra of various alkynes, whereas the -C≡C moiety 

of alkynes contributes a peak at around 2120-2100 cm-1. The alkyne proton (≡C-H), is ascribed 

in the 1H NMR spectra of compounds as a peak at  = 2.47 - 2.40 ppm, and the benzylic group 
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(-CH2) is confirmed as a peak at  = 4.57 - 4.52 ppm. The production of alkyne from the 

reactants having hydroxyl groups is also confirmed by the absence of a signal at  = 5.00 - 3.00 

ppm for the proton of the -OH group, which is suggestive of their replacement by the propynyl 

group, while the aromatic protons are ascribed to the peaks between  = 7.20 - 6.95 ppm. Peaks 

at  = 78.70 - 76.65 ppm in 13C NMR spectra of alkynes are attributable to C≡C, whereas peaks 

at  = 60.02 - 55.23 ppm belong to -CH2O moiety, thereby demonstrating the effective 

synthesis of alkyne. 

 

Figure S2: An illustration of the synthesized azides and terminal alkynes 

 To synthesize the 1,2,3-triazole-derived chemosensor probes, the preceding alkynes 

were subjected to [3+2] cycloaddition with the organic azide in small amounts of 

[CuBr(PPh3)3] complex as the catalytic system in THF:TEA (v/v, 1:1) as a solvent media. The 

IR, NMR, and mass analysis performed on all these heterocyclic compounds demonstrate the 

efficacy of the cycloaddition process. A strong peak observed in the IR spectrum of the azides 

at 2090 cm-1 and in the area of 2120-2100 cm-1 for terminal alkynes vanished entirely from the 

IR spectra of the products after the cycloaddition process, demonstrating that the alkyne and 

azide precursors had been fully cyclized. The NMR experiments corroborated this behaviour 

by showing that the 1,2,3-triazole derivatives were successfully synthesized, as shown by the 

disappearance of a peak at  = 2.59 - 2.35 ppm for the proton of the alkyne group (C≡C-H). 

Due to the creation of the 1,2,3-triazole ring, which has a considerable deshielding effect, the 

peaks at = 4.83 - 4.65 ppm, caused by the -CH2 of the methylene protons in every alkyne 
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molecule, were pushed downfield. As the C atoms of the terminal alkyne and organic azide 

have formed the triazole ring during cyclization, the peaks at  = 78.91 - 72.75 ppm in the 13C 

NMR spectra of the alkynes were displaced downfield in the spectra of 1,2,3-triazole 

derivatives. In addition, the mass spectrum information strongly suggested that the heterocyclic 

compounds resulted from CuAAC reactions. All the 1,2,3-triazole-based compounds had mass 

spectra in accordance with their structures. 

 

Figure S3: An illustration of the synthesized 1,4-disubstituted 1,2,3-triazoles 

Part B 

In order to investigate the ion sensing behaviour of the synthesized 1,2,3-triazole 

derivatives, their photophysical characteristics were investigated in detail by UV-Vis and 

fluorescence spectroscopy, as exhibited in part B of Chapter IV. Having 1,2,3-triazole moieties 

incorporated in their structure with N atoms that are the ideal coordinating sites for certain 

metal ions, the synthesized chemosensor probes were explored for their ion recognition 

potential via UV-Vis and/or fluorescence titrations carried out towards specific metal ions.  



202 
 

The selectivity of the 1,2,3-triazole-appended maleic hydrazid-based probes 140 and 

141 for Pb(II) and Cr(III) ions was analyzed by their respective responses to different metal 

ions in their absorption spectra. As can be seen in figure S4 and figure S5, a discernible 

hyperchromic shift at 258 nm, and a hypochromic shift at 312 nm is shown by the probe 140 

in response to an increase in the concentration of Pb(II) as well as Cr(III) ions respectively. As 

a result, this selective chemosensor a qualified for a direct quantitative measurement of Pb(II) 

and Cr(III) ions by UV-Visible spectroscopy, with LoD of 58 µM and 79 µM respectively, 

while having LoQ 195 µM and 263 µM respectively, as determined by the correlation plots for 

probe a. The association constants calculated from the Benesi - Hildebrand equation were 0.61 

× 105 M-1 for Pb(II) and 0.20 × 106 M-1 for Cr(III) for 2:1 (M:L) complexation, and the 

stoichiometry was deduced to be 2:1 (M:L) in both cases. 

 

Figure S4: Absorption maxima shifts of the probe 140 as a result of titration with Pb(II) 

solution in DMSO 
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Figure S5: Absorption maxima shifts of the probe 140 as a result of titration with Cr(III) 

solution in DMSO 

For the probe 141, the peak at 294 nm displayed a hypochromic shift whereas the peaks 

at 274 nm and 284 nm displayed an intense hyperchromic shift, ultimately merging into a single 

broad band around 270 nm on the addition of Pb(II) ions (figure S6). However, addition of 

Cr(III) resulted in a hypochromic shift in the peaks at 274 nm, 284 nm,, and 294 nm, with a 

concomitant hyperchromic shift at 260 nm, leading to the emergence of an isosbestic point at 

270 nm (figure S7). Therefore, probe b like its counterpart probe a also qualified for a direct 

quantitative measurement of Pb(II) and Cr(III) ions, with LoD of 142 µM and 87 µM 

respectively, while having LoQ 473 µM and 290 µM respectively, as determined by the 

correlation plots for probe a. The association constants calculated from the Benesi - Hildebrand 

equation were 0.46 × 106 M-1 for Pb(II) and 0.76 × 106 M-1 for Cr(III) for 2:1 (M:L) 

complexation, and the stoichiometry was deduced to be 2:1 (M:L) in both cases. 
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Figure S6: Absorption maxima shifts of the probe 141 as a result of titration with Pb(II) 

solution in DMSO 

 

Figure S7: Absorption maxima shifts of the probe 141 as a result of titration with Pb(II) 

solution in DMSO 
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UV-Vis and fluorescence spectroscopy were used to analyze the response of the 1,2,3-

triazole-appended 4-tert butyl catechol-based probe 144 for different metal ions and determine 

the probe's selectivity and sensitivity for Hg(II) and Pb(II) ions. As illustrated in figure S8, the 

probe 144 displayed a hypochromic shift at 277 nm in response to Hg(II) addition, with an 

isosbestic point at 255 nm, whereas for Pb(II) addition, an intense hyperchromic shift in 

addition to a blue shift of about 22 nm was observed (figure S9). Additionally, the fluorescence 

spectra of the probe 144 in separate titrations with Hg(II) and Pb(II) yielded similar results, 

exhibiting hyperchromic response at both the monomer and excimer peaks at 340 nm and 653 

nm respectively (figure S10 and figure S11). The correlation plots deduced from the 

fluorescence spectroscopic data were employed to determine the LoD, LoQ, and stoichiometric 

ratio of the probe for both the metal ions; the LoD was 11 µM and 8.6 µM for Hg(II) and Pb(II), 

while the LoQ was 38 µM and 28.7 µM respectively. Additionally, the association constant 

(Ka) determined from the Benesi - Hildebrand equation was 2.46 × 103 M-1 and 0.71 × 103 M-1 

for Hg(II) and Pb(II) respectively, while the stoichiometric ratio for both the metal ions was 

2:1 (M:L). 

 

Figure S8: UV-Vis spectra of probe 144 during titration with Hg(II) in CH3CN/H2O (4:1) 
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Figure S9: UV-Vis spectra of probe 144 during titration with Pb(II) in CH3CN/H2O (4:1) 

 

Figure S10: Incremental enhancement in the fluorescence emission of probe 144 upon the 

progressive addition of Hg(II) ions in CH3CN/H2O (4:1) 
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Figure S11: Incremental enhancement in the fluorescence emission of probe 144 upon the 

progressive addition of Pb(II) ions in CH3CN/H2O (4:1) 

The selectivity and sensitivity of the 1,2,3-triazole-appended p-rosolic acid-based probe 

147 for Hg(II), Pb(II), and Cr(III) ions was determined by analyzing the probe's spectral 

response to various metal ions using UV-Vis and fluorescence spectroscopy. Addition of Hg(II) 

ions to the probe solution led to a hypochromic shift at 274 nm, 284 nm, and 294 nm, with the 

concomitant hyperchromic shift at 262 nm leading to an isosbestic point around 271 nm (figure 

S12). Addition of Pb(II) ions led to hyperchromic shift at 274 nm and 284 nm, with their 

merging into a single broad peak at 270 nm (figure S13). Cr(III) ions had similar effect on the 

probe’s absorption spectrum as in the case of Hg(II) ions, however, the hyperchromic shift was 

less intense in this case (figure S14). In fluorescence spectral analysis, addition of any of the 

three metal ions led to hyperchromic shift at monomer emission at 356 nm as well as excimer 

emission at 657 nm (figure S15, S16, S17). The correlation plots were employed for the 

determination of LoD and LoQ; the LoD was calculated to be 0.09 µM, 0.10 µM, and 0.12 µM 

for Hg(II), Pb(II), and Cr(III) respectively, while the LoQ was calculated to be 0.29 µM, 0.33 

µM, and 0.41 µM for Hg(II), Pb(II), and Cr(III) respectively. Furthermore, the Benesi - 

Hildebrand equation was used to calculate the association constant (Ka), which had the values 

1.312 × 104 M-1 for Hg(II), 1.527 × 104 M-1 for Pb(II), and 4.94 × 104 M-1 for Cr(III). The 

stoichiometric ratio of the complexation of the probe with all the metal ions was 1:1. 
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Figure S12: Absorption spectrum of probe 147 demonstrating cumulative changes on 

incremental addition of Hg(II) 

 

Figure S13: Absorption spectrum of probe 147 demonstrating cumulative changes on 

incremental addition of Pb(II) 
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Figure S14: Absorption spectrum of probe 147 demonstrating cumulative changes on 

incremental addition of Cr(III) 

 

Figure S15: Incremental enhancement in the fluorescence emission of probe 147 upon the 

progressive addition of Hg(II) ions 
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Figure S16: Incremental enhancement in the fluorescence emission of probe 147 upon the 

progressive addition of Pb(II) ions 

 

Figure S17: Incremental enhancement in the fluorescence emission of probe 147 upon the 

progressive addition of Cr(III) ions 
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The selectivity and sensitivity of the 1,2,3-triazole-appended glyoxal bis-(2-

hydroxyanil)-based probe 150 for Cu(II) and Pb(II) ions were assessed utilising UV-Vis and 

fluorescence spectroscopy on the probe's spectrum response to different metal ions. Addition 

of Cu(II) ions to the probe solution showed a hyperchromic shift at 274 nm, 284 nm and 294 

nm, confirming the binding of Cu(II) to the probe solution (figure S18). Pb(II) ions resulted 

into a hypochromic shift in the 294 nm peak, as well as a hyperchromic shift in the 274 nm and 

284 nm peaks, with the latter two peaks merging into a single peak at about 270 nm (figure 

S19). In fluorescence spectral analysis of probe 150, adding Cu(II) ions to the probe solution 

caused a gradual decrease in the emission intensity for both the monomer emission at 324 nm 

and excimer emission at 617 nm (figure S20), whereas Pb(II) ions led to enhancement in the 

intensity of both the peaks (figure S21). The LoD and LoQ as determined by the correlation 

plots for the complexation of the probe with Cu(II) ions was 4.35 µM and 14.52 µM 

respectively; while for Pb(II) ions, the LoD and LoQ was 3.10 µM and 10.34 µM respectively. 

Also, the Benesi - Hildebrand equation resulted in the association constant (Ka) being 1.16 × 

103 M-1 for Cu(II) and 1.10 × 103 M-1 for Pb(II). The stoichiometric ratio for the probe 

complexation with either of the metal ions was 1:1. 

 

Figure S18: Absorption spectrum of probe 150 representing collective changes on incremental 

addition of Cu(II) 
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Figure S19: Absorption spectrum of probe 150 representing collective changes on incremental 

addition of Pb(II) 

 

Figure S20: Decrease in the fluorescence emission of probe 150 upon the sequential 

accumulation of Cu(II) ions 
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Figure S21: Increase in the fluorescence emission of probe 150 upon the sequential 

accumulation of Cu(II) ions 

The 1,2,3-triazole-appended probe 155’s reaction to various metal ions was studied using UV-

Vis and fluorescence spectroscopy, and the probe's selectivity and sensitivity for Ce(III) ions 

were determined. The probe 155 revealed a hyperchromic shift at 307 nm in response to Ce(III) 

addition, accompanied by a red shift of roughly 23 nm (figure S22). Furthermore, the probe's 

fluorescence spectra during titrations with Ce(III) ions showed a hyperchromic response at both 

the monomer and excimer peaks at 313 nm and 611 nm, respectively (figure S23). The 

correlation plots derived from the fluorescence spectroscopic data were used to calculate the 

LoD, LoQ, and stoichiometric ratio of the probe; the LoD was 9.53 µM while the LoQ was 

31.75 µM. Furthermore, the association constant (Ka) derived using the Benesi - Hildebrand 

equation was 3.55 × 103 M-1, whereas the stoichiometric ratio was 1:1 (M:L). 

300 400 500 600 700

0

50

100

150

200

250
F

lu
o

re
s

c
e

n
c

e
 I

n
te

n
s

it
y

Wavelength (nm)

Pb(II) 

Pb(II) 



214 
 

 

Figure S22: Absorption spectrum of probe 155 representing collective changes on incremental 

addition of Ce(III) 

 

Figure S23: Increase in the fluorescence emission of probe 155 upon the sequential 

accumulation of Ce(III) ions
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Annexure A 

 

Instrumentation and Chemicals 

Annexure A provides all the instruments implemented for 

spectroscopic analysis of the synthesized compounds, and enlists the 

different reagents, catalysts, and solvents used in the chemical 

synthesis and analytical examination of the synthesised molecules.
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General experimental techniques 

1. Infrared spectra 

The infrared spectra of the synthesized compounds were recorded in the range of 4000 - 450 

cm-1 using SHIMADZU FTIR-8400S, availed at Central Instrumentation Facility (CIF), 

Lovely Professional University, Phagwara, Punjab. 

2. NMR spectra 

The 1H and 13C NMR spectra of all the synthesized compounds were recorded utilizing a 

Bruker Advance Neo FT NMR spectrophotometer, with tetramethylsilane (TMS) as the 

internal reference, and CDCl3 and DMSO-d6 as the solvents. The facility was availed at 

Sophisticated Analytical Instrumentation Facility (SAIF), Panjab University, Chandigarh. 

3. Mass spectra 

The mass spectrometric analysis (LCMS) of the synthesized 1,2,3-triazoles was obtained 

through Bruker Esquire 3000 mass spectrometer, availed at Sophisticated Analytical 

Instrumentation Facility (SAIF), Panjab University, Chandigarh. 

4. UV-Vis spectra 

UV-Vis spectroscopic investigations were carried out on SHIMADZU UV-1900 

spectrophotometer, availed at School of Chemical Engineering and Physical Sciences, Lovely 

Professional University, Phagwara, Punjab. 

5. Fluorescence spectra 

The fluorescence spectroscopic investigations were carried out on a Perkin Elmer FL 6500 

spectrophotometer, availed at the Central Instrumentation Facility (CIF), Lovely Professional 

University, Phagwara, Punjab. 

6. Melting Point 

The melting points of the synthesized substances were determined through the Mel Temp II 

apparatus using sealed capillaries at School of Chemical Engineering and Physical Sciences, 

Lovely Professional University, Phagwara, Punjab. 

7. General materials 

Bromotris(triphenylphosphine)copper(I) [CuBr(PPh3)3] (Aldrich), propargyl bromide (80% by 

weight in toluene) (spectrochem), N,N-dimethylformamide (DMF) (LOBA Chemie),  benzyl 



216 
 

chloride (LOBA Chemie), 1-naphthyl chloride (LOBA Chemie), sodium azide (LOBA 

Chemie), tetrahydrofuran (THF) (SDFCL), triethylamine (TEA) (LOBA Chemie), potassium 

carbonate (LOBA Chemie), cesium carbonate (LOBA Chemie), ethyl acetate (LOBA Chemie), 

n-hexane (LOBA Chemie), dimethyl sulfoxide (LOBA Chemie), acetonitrile (SDFCL), maleic 

hydrazide (LOBA Chemie), 4-tert butyl catechol (LOBA Chemie), p-rosolic acid (LOBA 

Chemie), glyoxal bis-(2-hydroxyanil) (LOBA Chemie), 2-amino-5-methylpyridine (LOBA 

Chemie), 4-hydroxy-3-methoxybenzaldehyde (vanillin) (LOBA Chemie). 

 

 



 
 

 

Annexure B 

 
Annexure B contains all the IR, NMR (1H and 13C), and mass spectra 

of all the synthesized terminal alkynes, organic azides, and the 1,2,3-

triazole derivatives.
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IR spectrum of benzyl azide 105 

 

IR spectrum of 1-(azidomethyl)naphthalene 137 
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IR spectrum of alkyne 139 

 

IR spectrum of 1,2,3-triazole derivative 140 
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IR spectrum of 1,2,3-triazole derivative 141 

 

IR spectrum of alkyne 143 
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IR spectrum of 1,2,3-triazole derivative 144 

 

IR spectrum of alkyne 146 
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IR spectrum of 1,2,3-triazole derivative 147 

 

IR spectrum of alkyne 149 
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IR spectrum of 1,2,3-triazole derivative 150 

 

IR spectrum of Schiff base 153 
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IR spectrum of alkyne 154 

 

IR spectrum of 1,2,3-triazole derivative 155 
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1H NMR spectrum of benzyl azide 105 

 

13C NMR spectrum of benzyl azide 105 
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1H NMR spectrum of 1-(azidomethyl)naphthalene 137 

 

13C NMR spectrum of 1-(azidomethyl)naphthalene 137 
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1H NMR spectrum of alkyne 139 

 

13C NMR spectrum of alkyne 139 
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1H NMR spectrum of 1,2,3-triazole derivative 140 

 

13C NMR spectrum of 1,2,3-triazole derivative 140 
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1H NMR spectrum of 1,2,3-triazole derivative 141 

 

13C NMR spectrum of 1,2,3-triazole derivative 141 
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1H NMR spectrum of alkyne 143 

 

13C NMR spectrum of alkyne 143 
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1H NMR spectrum of 1,2,3-triazole derivative 144 

 

13C NMR spectrum of 1,2,3-triazole derivative 144 
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1H NMR spectrum of alkyne 146 

 

13C NMR spectrum of alkyne 146 
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1H NMR spectrum of 1,2,3-triazole derivative 147 

 

13C NMR spectrum of 1,2,3-triazole derivative 147 
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