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Abstract 

The work described in this thesis concerns the synthesis of series of novel 1,2,3-

triazole based compounds. The triazole based compounds 4-(4-ethynylphenyl)-1-

methyl-1H-1,2,3-triazole (L1), 4,4'-(5'-(4-(1-propyl-1H-1,2,3-triazol-4-yl)phenyl)-

[1,1':3',1''-terphenyl]-4,4''-diyl)bis(1-propyl-1H-1,2,3-triazole)  (L2) and 1,3,5-

tris(1-(pyridin-3-ylmethyl)-1H-1,2,3-triazol-4-yl)benzene (L3) were synthesized 

by Cu(I)-catalyzed azide alkyne cycloadditon reaction (Known as click reaction) of 

1,4-diethynyl benzene with methyliodide, 4,4''-diethynyl-5'-(4-ethynylphenyl)-

1,1':3',1''-terphenyl with 1-bromopropane and 1,3,5-triethynylbenzene with 2-

(bromomethyl)pyridine in presence of sodium azide  respectively. This compounds 

have been characterized by NMR spectroscopy and Mass spectrometry. 
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Chapter 1  

Introduction 

1.1 General Introduction and Literature Background 

Chemistry, traditionally being the science of synthesis and structural 

manipulations of molecules, has gradually undertaken the more challenging 

task of biology-oriented synthesis. The 1,2,3-triazole offers several N-

coordination modes including coordination via anionic and cationic 

nitrogen donors of triazolate and triazolium ions, respectively. After CH-

deprotection of the triazole and the triazolium, powerful carbanionic and 

mesoionic carbine donors, respectively become a subject of interest in 

organometallic chemistry [1]. Due to this structural and functional diversity 

of 1,2,3-triazole scaffold, over the past decades the chemistry of 1,2,3-

triazole based compounds has been a subject of interest.  Many papers and 

reviews were published concerning the use of triazole derivatives in 

medicinal and organometallic chemistry. 

 1,2,3-triazole based compounds are stable to hydrolysis in acidic and basic 

conditions as well as to oxidation and reduction, which indicates their high 

aromatic stabilization. 1,2,3-triazoles are able to participate actively in 

hydrogen bond formation as well as  dipole-dipole, van der Waals force, 

hydrogen bonds, ion-dipole, cation-π, π- π stacking interactions [2] and also 

they have a high dipole moment (about 5 D) [3], which endows them in 

binding easily with the biological targets and metal ions and also form 

supramolecular aggregate.  

 

1.2 General preparation 

 The 1,2,3-triazole preparation was discovered in the dawn of 20th century, 

but it didn’t gain much attention until the 1960s when Huisgen et al explored 

the reaction and unveil the reaction mechanism [4-5]. Despite the high 

versatility of this reaction, it has several disadvantages, such as the 
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requirement of heating and a long reaction time for completion, lack of 

product selectivity. It gives the 1,4- and 1,5-linked regioisomers which are 

difficult to separate by classical chromatographic techinques. The reaction 

scheme is as shown in the Figure 1.1. 

 

 

Figure 1.1 Huisgen’s 1,3-cycloaddition reaction. 

 

In 2002, the Meldal et al and Sharpless et al brought the ability of Cu(I) salt 

in accelerating this reaction at moderate temperature with higher 

regioselectivity of 1,4-disubstituted-1,2,3-triazole over 1,5-disubstituted-

1,2,3-triazole. And this Cu(I)-catalyzed azide alkyne cycloaddition reaction 

(CuAAC) between azides and terminal alkynes as shown in the Figure 1.4 

referred to as a “click chemistry” [6] reaction. This reaction has an 

extremely high application potential due to the comparatively very facile 

functionalization of organic moiety with azides and alkynes which remain 

unaffected throughout subsequent transformations in the presence of 

immensely functionalized biomolecules, molecular oxygen, water, and 

other common synthesis conditions. 
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Figure 1.2 Cu(I)-catalyzed azide alkyne cycloaddition reaction. 

        

 

 

Figure 1.3 schematic mechanism of 1,2,3-triazole formation by CuAAC. 
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1.3 Applications of 1,2,3-triazoles  

The 1,2,3-triazole moiety is ubiquitous in various fields ranging from 

organic synthesis, medicinal chemistry, catalysis and supramolecular 

chemistry. 

 

1.3.1 Application in medicinal chemistry 

1,2,3-Triazoles are one of the main class of heterocycles in medicinal 

chemistry because of their extensive range of biological properties such as 

anticancer [7-8], antituberculer [9], anti-HIV [10], antiallergic [11], 

antiviral [12-13], antidiabatic [14], antibacterial [15-16], anti-inflammatory 

[17-18] behavior. 1,2,3-Triazole finds use in research as a building block 

for more complex chemical compounds, including pharmaceutical drugs 

such as tazobactam. Therefore many researchers have synthesized these 

compounds as target structures and evaluated their biological activities.  

These observations help the researchers for the development of new triazole 

compounds with enhanced biological activities. 

 

1.3.2 Application in supramolecular chemistry 

Since 1,2,3-triazole have a polarized CH bond which could be used as a 

potential H-bond donor and also it has three nitrogen atom, two which can 

coordinate with metal ions. This properties of 1,2,3-triazole moiety endows 

to form supramolecular aggregate.  

Poly-1,2,3-triazole-based functional materials have shown more 

widespread applications, including self-assembly,  DNA labelling [19], 

surface modification, supramolecular chemistry [20], dendrimer chemistry 

and combination chemistry, and as well as functional macromolecules.      
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1.3.3 Application in sensing 

Since anions and cations are playing a vital role in many biochemical and 

physiological operation in living systems, sensing of neutral molecules [21] 

anions [22-23] and cations [24], become a subject of interest owing to their 

applications in chemistry and biology. The 1,2,3-triazole ring has high 

chemical stability, hydrogen bond donating and hydrogen bond accepting 

ability, which enable 1,2,3-triazole ring to interact with various anions, 

cations and neutral molecules.  

They are also used as fluorescence chemosensors [25], optical brighteninig 

agents [26-27] and corrosion retarding agents. 

                    

1.3.4 Application in organometallic and catalytic 

chemistry 

 1,2,3-triazole receiving high interest for their application in new ligand 

systems for transition metal complexes. Generally 1,2,3-triazole form 

complexes with transition metal through nitrogen atom. In addition to this 

1,2,3-triazoles allow access to a rich diversity of organometallic ligands 

including triazolylidene, cyclometalates and triazolide based ligands [28]. 

Complexes of this ligand are shows application in light emitting devices, 

solar energy conversion and in catalysis.  

 

1.3.5 Application in gas storage 

On the road to a sustainable, low-carbon future, the design and construction 

of chemical or physical adsorbents for CO2 capture and clean energy storage 

are key technologies. The incorporation of accessible nitrogen donor sites 

into the pore walls of porous adsorbents can significantly influence CO2 

absorption capacity and selectivity due to dipole-quadrupole interactions 

between the polarizable CO2 molecule and the accessible nitrogen site. So, 

now a days it become subject of interest on metal organic framework (MOF) 

containing 1,2,3-triazole for gas adsorption (like CO2, H2 ) [29-32].  
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1.4 Organization of the thesis 

The aim of the this project was to synthesize different structural motifs of 

1,2,3-triazole based compounds. This was to be achieved by click reaction 

between alkyne and azide. 

 

Chapter 2: In this chapter, we have discussed about the past works on the 

1,2,3-triazole containing compounds.  

 

Chapter 3: This chapter includes materials, techniques and experimental 

procedure which were used to synthesize 1,2,3-triazole compounds. 

 

Chapter 4: In this chapter, we have discussed about the results that was 

obtained during synthesis of these compounds. 

 

Chapter 5: In this chapter, we have concluded all the results of our work 

and their future aspects. 
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Chapter 2 

Review of past work 

As 1,2,3-triazole ring has three nitrogen atom, so it can strongly bind with 

metal ion and biological targets as well as form supramolecular aggregate 

through non-covalent interaction. Thus the many researchers studying this 

interaction of 1,2,3-triazole ring in different ways.  

 

2.1. Medicinal application 

Amino acid frames come together to give different proteins, where amide 

bond represents a binding key strategy. 1,2,3-triazole ring is one the best 

isosteres to amide linkage [33]. Which make them very important in drugs 

or medicinal chemistry. In 2011 Boechat et al reported a novel 1,2,3-triazole 

derivatives for use against Mycobacterium tuberculosis H37Rv strain [34]. 

Recently Pokhodylo et al reported a 1,2,3-triazole derived compound as an 

anticancer agent [35]. 

 

 
 

Figure 2.1 Isosteric similarities between 1,2,3-triazole and amide. 
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2.2 Supramolecular application 

 

The potential of 1,2,3-triazole to form supramolecular arrays become a 

subject of interest due to their wide structural diversity and theirs possible 

applications in nonlinear optics, electrical conductivity, catalysis, ion 

exchange, biochemistry and others. Damijana et al has reported four 

complexes of 2-((4-phenyl-1H-1,2,3-triazol-1-yl)methyl)pyridine ligand 

with Rh, Pd, Au and Hg metals, which  are forming supramolecular 

associations [36]. In 2008 Li and Flood et al synthesized a shape-persistent 

triazole based macrocycle for halide ion sensor [37].  

 
Figure 2.2 supramolecular interaction of 1,2,3-triazole and their 

derivatives 

 

2.3 Application in sensing 

In 2015, Osman et al synthesized a 1,2,3-triazole connected ferrocene 

complex to sense phosphate ion [38]. Serkan et al reported a simple 1,2,3-

triazole based “turn on” fluorescent sensor for Al3+ ion in MeCN-H2O and 

F- ion in MeCN [39]. 
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2.4 Application in organometallic and catalytic 

chemistry 

 1,2,3-triazole NHC ligand are mimicking the properties of PPh3 ligand. But 

1,2,3-triazole has much more advantage over PPh3 ligand because 

tryazolylidene has more sigma donating power than the PPh3 as well as 

other NHC ligand. 

The first 1,2,3-triazole abnormal NHC ligand was reported by the group of 

Albrecht [40]. Imidazolylidene carbene [41] ligands become ubiquitous as 

supporting ligands in enormous organic coupling reactions as catalyst. 

Recently in 2011 Hohloch et al reported a Cu(I)-1,2,3-triazole NHC 

complex which is an active catalyst for CuAAC reaction [42-43]. In recent 

years many papers were published on PEPPSI type catalyst for cross 

coupling reactions [44-45]. 

 

2.5 Application in gas storage 

Metal organic framework (MOF) of 1,2,3-triazole compounds are good gas 

adsorber as reported in the literature. In 2012 Gao et al synthesized a MOF 

by using, 4,4/-(2H-1,2,3-triazole-2,4-diyl)dipyridine as a ligand and Zn(II) 

ion as metal ion source, which shows remarkable enhancement of CO2 

uptake [46].  

Recently in 2016 Li and Wang et al reported a MOF of Cu(II) ion as a metal 

precursor with ligand 5,5′,5″,5‴-((methanetetrayltetrakis-(benzene-4,1-

diyl)) tetrakis (1H-1,2,3-triazole-4,1-diyl)) tetraiso-phthalic acid , which 

effectively act as catalyst for CO2  conversion.  
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Chapter 3 

Experimental section 

3.1 Reagent chemical 

All chemicals and reagent were purchased from commercial available 

sources. Reagent are of analytical grade and were used without purification. 

Cu(II) sulphate pentaydrate, Cu(I) iodide, 

bis(triphenyphosphine)palladium(II) dichloride, sodium ascorbate, 

trimethylsilyl acetylene, methyl iodide, 1-bromopropane, 2-

(bromomethyl)pyridine hydrobromide, 1,4-dibromobenzne, 4,4''-dibromo-

5'-(4-bromophenyl)-1,1':3',1''-terphenyl, 1,3,5-tribromobenzene and 

Sodium azide were purchased from Merck India company limited. 

 

3.2 Methods and instrumentation 

Reactions were monitored by TLC on Merck silica gel plates and spot were 

viewed under UV lamp. Column chromatography were performed using 

silica gel or neutral alumina. 1H NMR (400 MHz) and 13C NMR (100 MHz) 

spectra were recorded using CDCl3 or DMSO-d6 on a Bruker Avance 400 

spectrometer at 298 K. Chemical shifts are reported in ppm relative to 

tetramethylsilane, singlet at 7.26 ppm for CDCl3 and 2.49 ppm for DMSO-

d6. 
13C NMR are reported in ppm with relative to tetramethylsilane, sep at 

39.50 ppm in 13C NMR for DMSO-d6. The splitting patterns of 1H NMR 

peaks are denoted as: s, singlet; d, doublet; t, triplet; q, quartet; m, 

multiplate. ESI-mass spectra were recorded on Bruker-daltonics, 

microTOF-Q II mass spectrometer. GC-TCD analysis was performed on a 

Shimadzu GCMS-QP2010 Ultra and GC-2010 plus system in electron 

impact mode using RT-Msieve 5A column.  
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3.3 Synthesis of 1,2,3-triazole Ligands 

3.3.1 Synthesis of 1,4-diethynyl benzene 

 1,4-dibromobenzene (0.233 g, 1 mmol), trimethylsilylacetylene (0.345 ml, 

2.5 mmol), bis(triphenyphosphine)palladium(II) dichloride (0.140 g, 0.2 

mmol) and copper iodide (0.38 g, 0.2 mmol) as a catalyst were mixed in 20 

ml dry THF and 10 ml triethyl amine with inert condition. The reaction 

mixture was refluxed for 10 hr according to previous report [47]. Then 

solvent was evaporated and crude pale yellow solid product was extract 

through column chromatography with 95 % yield, desired 1,4-diethynyl is 

then obtained by desilylation of this pale yellow product with aqueous KOH 

(0.140 g, 2.5 mmol) in methanol and reflux for 4 hr. After 4 hr solvent was 

evaporated, brown colored precipitate was obtained with 100% yield. The 

precipitate was filtered off, wash with water and dried in vacuum oven.  

 GC-MS (EI)+ calcd for C10H6 is 126; 1H NMR δH (400 MHz, CDCl3) 7.43 

(s, 4H), 3.16 (s, 2H); 13C NMR δC (100 MHz, CDCl3) 132 ( Ar-C), 122.55 

(Ar-C), 83.02 ( Acetylene-C), 79.06 ( Acetylene-C). 

  

 
Figure 3.1 Reaction scheme for the synthesis of 1,4-diethynylbenzene. 
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3.3.2 Synthesis of 4-(4-ethynylphenyl)-1-methyl-1H-

1,2,3-triazole (L1) 

1,4-diethynyl benzene (0.126 g, 1 mmol), MeI (0.093 ml, 1.5 mmol) and 

sodium azide (0.065 g, 1 mmol) were dissolved in 1:3 (v/v) water and THF. 

Then solution of sodium ascorbate (0.059 g, 0.3 mmol) in 5 ml water was 

added and then on add solution CuSO4.5H2O ( 0.049, 0.2 mmol) in 5 ml 

water. The reaction mixture was stirred for 12 hr in reflux condition. Solvent 

was evaporated and white colored precipitate was obtained with 60 % yield, 

which was filtered off and washed with water for several times and finally 

dried in vacuum. 

GC-MS (EI)+ calcd for C11N3H9 is 183; 1H NMR δH (400 MHz, CDCl3) 

7.78 ( d, 2H), 7.74 (s, 1H), 4.13 (s, 3H), 3.11 (s, 1H);  13C NMR δC (100 

MHz, CDCl3) 147.27 (Triazole-C), 132.62 (Ar-C), 130.94 (Ar-C), 125.48 ( 

Ar-C), 121.72 ( Triazole-C), 120.88 ( Ar-C) 83.42 ( Acetylene-C), 77.90 ( 

Acetylene-C), 36.77 (Methyl-C). 

 

Figure 3.2 Reaction scheme for the synthesis of ligand L1. 

 

3.3.3 Synthesis of 4,4''-diethynyl-5'-(4-

ethynylphenyl)-1,1':3',1''-terphenyl 

 4,4''-diethynyl-5'-(4-bromophenyl)-1,1':3',1''-terphenyl (0.539 g, 1 mmol),  

trimethylsilylacetylene (0.484 ml, 3.5 mmol), 

bis(triphenyphosphine)palladium(II) dichloride (0.210 g, 0.3 mmol) and 

copper iodide (0.571 g, 0.3 mmol) as a catalyst were mixed in 25 ml dry 
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THF and 10 ml triethyl amine with inert condition. Then reaction mixture 

was stirred for 10 hr in reflux condition. Then solvent was evaporated and 

crude pale yellow solid product was extracted through column 

chromatography with 90% yield. 4,4''-diethynyl-5'-(4-ethynylphenyl)-

1,1':3',1''-terphenyl was obtained by desilylation of this pale yellow product 

with aqueous KOH (0.196 g, 3.5 mmol) ) in methanol and reflux for 4 hr 

with 100% yield. After 4 hr solvent was evaporated, white colored 

precipitate was obtained. The precipitate was filtered off, wash with water 

and dried in vacuum oven.  

 1H NMR δH (400 MHz, CDCl3) 7.75 (s, 3H), 7.63 (d, 6H), 7.61 ( d, 6H), 

3.15 (s, 3H); 13C NMR δC (100 MHz, CDCl3) 141.67 (Ar-C), 141.08 (Ar-

C), 132.67 (Ar-C), 127.18 (Ar-C), 125.26 (Ar-C), 121.51 (Ar-C), 83.38 

(Acetylene-C), 78.09 (Acetylene-C) 

 

 

Figure 3.3 Reaction scheme for synthesis of 4,4''-diethynyl-5'-(4-

ethynylphenyl)-1,1':3',1''-terphenyl. 
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3.3.4 Synthesis of ligand 4,4'-(5'-(4-(1-propyl-1H-

1,2,3-triazol-4-yl)phenyl)-[1,1':3',1''-terphenyl]-4,4''-

diyl)bis(1-propyl-1H-1,2,3-triazole) (L2) 

4,4''-diethynyl-5'-(4-ethynylphenyl)-1,1':3',1''-terphenyl ( 0.189 g, 0.5 

mmol), 1-bromopropane (0.159 ml, 1.75 mmol) and sodium azide (0.113 g, 

1.75 mmol) were dissolved in 1:3 (v/v) water and THF. Then solution of 

sodium ascorbate (0.039 g, 0.2 mmol) in 5 ml water was added and then on 

add solution CuSO4.5H2O (0.037 g, 0.15 mmol) in 5 ml water. The reaction 

mixture was stirred for 15 hr in reflux condition. Solvent was evaporated 

and white colored precipitate was obtained with 58% yield, which was 

filtered off and washed with water for several times and finally dried in 

vacuum. 

ESI-MS calcd for [M+Na]+  C39H39N9 633.33, found 656.33; 1H NMR δH 

(400 MHz, DMSO-d6) 8.67 (s, 3H), 7.99 (s, 15H), 4.37 (t, 6H), 1.91 ( m, 

6H), 0.89 (t, 9H); 13C NMR δC (100 MHz, DMSO-d6) 146.13 (Triazole-C), 

141.32 (Ar-C), 139.44 (Ar-C), 130.49 (Triazole-C), 127.85 (Ar-C), 125.78 

(Ar-C), 124.23 (Ar-C), 121.63 (Ar-C), 51.33 (Methylene-C), 23.28 ( 

Methylene-C), 11.03 (Methyl-C). 

 

 
 

Figure 3.4 Reaction scheme for synthesis of ligand L2. 
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3.3.5 Synthesis of 1,3,5-triethynylbenzene 

1,3,5-tribromobenzene (0.311 g, 1 mmol),  trimethylsilylacetylene (0.484 

ml, 3.5 mmol), bis(triphenyphosphine)palladium(II) dichloride (0.210 g, 

0.3 mmol) and copper iodide (0.571 g, 0.3 mmol) as a catalyst were mixed 

in 25 ml dry THF and 10 ml triethyl amine with inert condition. Then 

reaction mixture was stirred for 10 hr in reflux condition. Then solvent was 

evaporated and crude pale yellow solid product is extract through column 

chromatography with 90% yield. Finally 1,3,5-triethynylbenzene was 

obtained by desilylation of this pale yellow product with aqueous KOH 

(0.196 g, 3.5 mmol) ) in methanol and reflux for 4 hr. After 4 hr solvent was 

evaporated, white colored precipitate was obtained with 100% yield. The 

precipitate was filtered off, wash with water and dried in vacuum oven.  

GC-MS (EI)+ calcd for C12H6 is 150; 1H NMR δH (400 MHz, CDCl3) 7.56 

(s, 3H), 3.09 (s, 3H), 13C NMR δC (100 MHz, CDCl3) 131.98 (Ar-C), 122.52 

(Ar-C), 83.01 ( Acetylene-C), 77.32 (Acetylene-C) 

 

 
Figure 3.5 Reaction scheme for synthesis of 1,3,5-triethynylbenzene. 
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3.3.6 Synthesis of ligand 1,3,5-tris(1-(pyridin-3-

ylmethyl)-1H-1,2,3-triazol-4-yl)benzene (L3) 

1,3,5-triethynylbenzene ( 0.156 g, 0.5 mmol), 3-(bromomethyl)pyridine 

hydrobromide (0.442 g, 1.75 mmol) and sodium azide (0.113 g, 1.75 mmol) 

were dissolved in 1:3 (v/v) water and THF. Then solution of sodium 

ascorbate (0.039 g, 0.2 mmol) in 5 ml water was added and then on add 

solution CuSO4.5H2O (0.037 g, 0.15 mmol) in 5 ml water. The reaction 

mixture was stirred for 20 hr in reflux condition. Solvent was evaporated 

and white colored precipitate was obtained with 55% yield, which was 

filtered off and washed with water for several times and finally dried in 

vacuum. 

ESI-MS  calcd for [M+Na]+ C34H24N12, found 575.22, 1H NMR δH (400 

MHz, DMSO-d6) 8.81 (s, 3H), 8.68 (3H,), 8.55 (d, 3H), 8.29 (s, 3H), 7.80 

(d, 3H), 7.43 (q, 3H), 5.74 (s, 6H); 13C NMR δC (100 MHz, DMSO-d6) 

149.32 (Py-C), 149.11 (Triazole-C), 146.08 (Py-C), 135.76 (Py-C), 131.64 

(Py-C), 131.36 (Ar-c), 123.71 (Triazole-C), 121.97 (Ar-C), 121.13 (Py-C), 

50.46 (Methylene-C). 

 

 

Figure 3.6 Reaction scheme for synthesis of ligand L3. 
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Chapter 4 

Result and discussion 

4.1 Characterization of 1,4-diethynylbenzene 

4.1.1 Mass Spectrometry 

EI-MS data supports the formation of 1,4-diethynylbenzene with 

molecular ion peak at m/z 126 which corresponds to [M]+.  

 

 

Figure 4.1 EI-MS spectrum of 1,4-diethynylbenzen. 

 

4.1.2 NMR Spectroscopy 

NMR spectrum of 1,4-diethynylbenzene were recorded in CDCl3 using 

TMS as an internal standard. In 1H NMR aromatic proton peaks were 

observed at about 7.43 ppm and peak at 3.16 ppm corresponds to acetylene 

proton. In 13C NMR spectrum of 1,4-diethynylbenzene aromatic carbon 

peaks were shown at 132-120 ppm and acetylene carbon peaks shown at 84-

78 ppm.  
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Figure 4.2 1H NMR spectrum of 1,4-diethynylbenzene. 
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Figure 4.3 13C NMR spectrum of 1,4-diethynylbenzene. 
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4.2 Characterization of L1 

4.2.1 Mass spectrometry 

EI-MS data supports the formation of L1 with molecular ion peak at m/z 

183 which corresponds to [M]+.  

 

Figure 4.4 EI-MS spectrum of L1. 

 

4.2.2 NMR Spectroscopy. 

NMR spectrum of L1 were recorded in CDCl3 using TMS as an internal 

standard. In 1H NMR benzene ring proton peaks were observed at about 

7.78 and 7.54 ppm and peak at 7.14 ppm corresponds to triazole proton. 

Peaks at 4.13 and 3.11 ppm are correspond to methyl and acetylene proton 

respectively. 13C NMR spectrum of L1 shows 9 different types of carbon. 

Peak at 147.27 and 121.72 ppm corresponds to triazole and peak at 83.42 

and 77.90 ppm corresponds to acetylene carbon and 36.77 ppm corresponds 

to methyl carbon. 

 

 

 

 

 

 

 

Figure 4.5 1H spectrum of L1. 
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Figure 4.6 13C spectrum of L1. 

 

4.3 Characterization of 4,4''-diethynyl-5'-(4-

ethynylphenyl)-1,1':3',1''-terphenyl 

4.3.1 NMR Spectroscopy 

NMR spectrum of 4,4''-diethynyl-5'-(4-ethynylphenyl)-1,1':3',1''-terphenyl 

were recorded in CDCl3 using TMS as an internal standard. In 1H NMR, 

aromatic ring proton peaks were observed at about 7.75-7.59 ppm and peak 

at 3.15 corresponds to acetylene protons. In 13C spectrum peaks at 142-120 

ppm corresponds to aromatic carbons and peaks at 83.38 and 78.09 ppm 

corresponds to acetylene carbon. 
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Figure 4.7 1H spectrum of 4,4''-diethynyl-5'-(4-ethynylphenyl)-1,1':3',1''-

terphenyl. 
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Figure 4.8 13C spectrum of 4,4''-diethynyl-5'-(4-ethynylphenyl)-1,1':3',1''-

terphenyl. 
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4.4 Characterization of L2 

4.4.1 Mass Spectrometry 

ESI-MS data supports the formation of L2 with molecular ion peak at m/z 

656.33 which corresponds to the [M+Na]+. 

 

Figure 4.9 ESI-MS spectrum of L2. 

 

4.4.2 NMR Spectroscopy 

NMR spectrum of L2 were recorded in DMSO-d6 using TMS as an internal 

standard. In 1H NMR, benzene ring proton peaks were observed at about 

7.99 ppm and peak at 8.67 ppm corresponds to triazole proton. Peaks at 

4.37, 1.91 and 0.89 ppm corresponds to propyl group. In 13C spectrum peaks 

at 146-120 ppm corresponds to aromatic carbons and peaks at 51.12, 23.06 

and 10.82 corresponds to propyl carbons. 
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Figure 4.10 1H spectrum of L2 
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Figure 4.11 13C spectrum of L2 

 

4.5 Characterization of 1,3,5-triethynyl benzene 

4.5.1 Mass Spectrometry 

EI-MS data supports the formation of 1,3,5-triethynylbenzene with 

molecular ion peak at m/z 150 which corresponds to [M]+.  

 

Figure 4.12 EI-MS spectrum of 1,3,5-triethynylbenzene. 

 

4.5.2 NMR Spectroscopy 

NMR spectrum of 1,3,5-triethynylbenzene were recorded in CDCl3 using 

TMS as an internal standard. In 1H NMR, aromatic ring proton peaks were 

observed at about 7.56 ppm and peak at 3.09 ppm corresponds to acetylene 

protons. In 13C spectrum peaks at 131.98 and 122.52 ppm corresponds to 
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aromatic carbons and peaks at 83.01 and 79.07 ppm corresponds to 

acetylene carbon. 
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Figure 4.13 1H NMR spectrum of 1,3,5-triethynylbenzene. 
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Figure 4.14 13C spectrum of 1,3,5-triethynylbenzene. 
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4.6 Characterization of L3 

4.6.1 Mass Spectrometry 

ESI-MS data supports the formation of L3 with molecular ion peak at m/z  

575.22, which corresponds to the  [M+Na]+. 

 

Figure 4.15 ESI-MS spectrum of L3. 

 

4.6.2 NMR Spectroscopy 

NMR spectrum of L3 were recorded in DMSO-d6 using TMS as an internal 

standard. In 1H NMR, aromatic ring proton peaks were observed at about 9-

7.4 ppm and peak at 5.74 ppm corresponds to methylene protons. The 13C 

spectrum shows 10 different types of carbon in L3 molecule. Aromatic 

carbons shows peak at about 150-120 ppm and peak at 50.46 corresponds 

to methylene carbon.  
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Chapter 5 

Conclusion and Future Scope 

In this thesis, three different 1,2,3-triazle based compounds have been synthesized 

successfully by CuAAC reaction. In every cases yield was near to 60%. Their 

molecular structure were confirmed by mass spectrometry and NMR spectroscopy. 

 

1,2,3-triazole compounds shows a broad range of applications in pharmaceutical 

and organometallic chemistry. 1,2,3-triazole can formed mesoionic carbine, which 

can form complex with several transition metals which can show catalytic activity 

in organic reactions and also can show medicinal properties.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



30 
 

 



31 
 

REFERENCES 

 

[1] Somu R.V., Boshoff H., Qiao C., Bennett E.M., Barry C.E. and 

Aldrich C.C. (2006), Rationally designed nucleoside antibiotics that 

inhibit siderophore biosynthesis of Mycobacterium tuberculosis, J Med 

Chem, 49, 31–4. (DOI: 10.1021/jm051060o) 

[2] Whiting M., Muldoon J., Lin Y.-C., Silverman S.M., Lindstrom 

W., Olson, A.J. Inhibitors of HIV-1 Protease by Using In Situ Click 

Chemistry, Angew Chem Int Ed, 45, 1435–9. 

(DOI:10.1002/anie.200502161) 

[3] Yan S.J., Liu Y.J., Chen Y.L., Liu L., Lin J. (2010), An efficient 

one-pot synthesis of heterocycle-fused 1,2,3-triazole derivatives as anti-

cancer agents, Bioorg Med Chem Lett, 20, 5225–8. 

(DOI:10.1016/j.bmcl.2010.06.141) 

[4] Bourne Y., Kolb H.C., Radić Z., Sharpless K.B0., Taylor P., 

Marchot P. (2004), Freeze-frame inhibitor captures acetylcholinesterase 

in a unique conformation. Proceedings of the National Academy of 

Sciences, 101, 1449–54. (DOI:10.1073/pnas.0308206100) 

[5] Kumar B.S.P.A., Reddy K.H.V., Satish G., Kumar R.U., 

Nageswar, Y.V.D. (2014), Synthesis of β-hydroxy-1,4-disubstituted-

1,2,3-triazoles catalyzed by copper ferrite nanoparticles in tap water using 

click chemistry, RSC Adv, 4, 60652–7. (DOI:10.1039/C4RA12061B) 

[6] Huisgen R., Kinetics and Mechanism of 1,3-Dipolar 

Cycloadditions, Angew Chem Int Ed, 2, 633–45. 

(DOI:10.1002/anie.196306331) 

[7] Kokosza K., Balzarini J., Piotrowska, D.G. (2013), Design, 

synthesis, antiviral and cytostatic evaluation of novel isoxazolidine 

nucleotide analogues with a carbamoyl linker, Bioorg Med Chem, 21, 

1097–108. (DOI:10.1016/j.bmc.2013.01.007) 



32 
 

[8] Huisgen R. (1989), Kinetics and reaction mechanisms: selected 

examples from the experience of forty years, Pure Appl Chem, 61, 613–28. 

(DOI:10.1351/pac198961040613) 

[9] He Y.-W., Dong C.-Z., Zhao J.-Y., Ma L.-L., Li Y.-H., Aisa H.A. 

(2014), 1,2,3-Triazole-containing derivatives of rupestonic acid: click-

chemical synthesis and antiviral activities against influenza viruses, Eur 

J Med Chem, 76, 245–55. (DOI:10.1016/j.ejmech.2014.02.029) 

[10] Kolb H.C., Finn M.G., Sharpless K.B. (2001), Click Chemistry: 

Diverse Chemical Function from a Few Good Reactions, Angew Chem 

Int Ed, 40, 2004–21.  

[11] Holla B.S., Mahalinga M., Karthikeyan M.S., Poojary B., 

Akberali P.M., Kumari N.S. (2005), Synthesis, characterization and 

antimicrobial activity of some substituted 1,2,3-triazoles, Eur J  Med 

Chem, 40, 1173–8. (DOI:10.1016/j.ejmech.2005.02.013) 

[12] Duan Y.-C., Ma Y.-C., Zhang E., Shi X.-J., Wang M.-M., Ye X.-

W. (2013), Design and synthesis of novel 1,2,3-triazole-dithiocarbamate 

hybrids as potential anticancer agents, Eur J  Med Chem, 62, 11–9. 

(DOI:10.1016/j.ejmech.2012.12.046) 

[13] Bengtsson C., Lindgren A.E.G., Uvell H., Almqvist F. (2012), 

Design, synthesis and evaluation of triazole functionalized ring-fused 2-

pyridones as antibacterial agents, Eur J Med Chem, 54, 637–46. 

(DOI:10.1016/j.ejmech.2012.06.018) 

[14] Kamal A., Prabhakar S., Janaki M.R., Venkat P.R., Ratna C.R., 

Mallareddy A. (2011), Synthesis and anticancer activity of chalcone-

pyrrolobenzodiazepine conjugates linked via 1,2,3-triazole ring side-

armed with alkane spacers, Eur J Med Chem, 46, 3820–31. 

(DOI:10.1016/j.ejmech.2011.05.050) 

[15] Phillips O.A., Udo E.E., Abdel-Hamid M.E., Varghese R. (2009), 

Synthesis and antibacterial activity of novel 5-(4-methyl-1H-1,2,3-

triazole) methyl oxazolidinones, Eur J  Med Chem, 44, 3217–27. 

(DOI:10.1016/j.ejmech.2009.03.024) 



33 
 

[16] Haider S., Alam M.S., Hamid H., Shafi S., Nargotra A., Mahajan 

P. (2013), Synthesis of novel 1,2,3-triazole based benzoxazolinones: their 

TNF-α based molecular docking with in-vivo anti-inflammatory, 

antinociceptive activities and ulcerogenic risk evaluation, Eur J Med 

Chem, 70, 579–88. (DOI:10.1016/j.ejmech.2013.10.032) 

[17] Shafi S., Alam M.M., Mulakayala N., Mulakayala C., Vanaja G., 

Kalle A.M. (2012), Synthesis of novel 2-mercapto benzothiazole and 

1,2,3-triazole based bis-heterocycles: their anti-inflammatory and anti-

nociceptive activities, Eur J Med Chem, 49, 324–33. 

(DOI:10.1016/j.ejmech.2012.01.032) 

[18] Wuest F., Tang X., Kniess T., Pietzsch J., Suresh, M. (2009), 

Synthesis and cyclooxygenase inhibition of various (aryl-1,2,3-triazole-

1-yl)-methanesulfonylphenyl derivatives, Bioorg  Med Chem, 17, 1146–

51. (DOI:10.1016/j.bmc.2008.12.032) 

[19] Gierlich J., Burley G.A., Gramlich P.M.E., Hammond D.M., 

Carell, T. (2006), Click chemistry as a reliable method for the high-

density postsynthetic functionalization of alkyne-modified DNA, Org 

Lett, 8, 3639–42. (DOI:10.1021/ol0610946) 

[20] Haas K.L., Franz, K.J. (2009), Application of Metal Coordination 

Chemistry To Explore and Manipulate Cell Biology, Chem Rev, 109, 

4921–60. (DOI:10.1021/cr900134a) 

[21] Webb T.H., Wilcox C.S. (1993), Enantioselective and 

diastereoselective molecular recognition of neutral molecules, Chem Soc 

Rev, 22, 383–95. (DOI:10.1039/CS9932200383) 

[22]    Ghosh D., Rhodes S., Hawkins K., Winder D., Atkinson A., Ming 

W. (2014), A simple and effective 1,2,3-triazole based “turn-on” 

fluorescence sensor for the detection of anions, New J Chem, 39, 295–

303. (DOI:10.1039/C4NJ01411A). 

[23]      Ghosh K., Sarkar A.R., Chattopadhyay A.P. (2012), Anthracene-

Labeled 1,2,3-Triazole-Linked Bispyridinium Amide for Selective 



34 
 

Sensing of H2PO4– by Fluorescence and Gel Formation, Eur J  Org 

Chem , 1311–7. (DOI:10.1002/ejoc.201101240). 

[24] Kim S.H., Choi H.S., Kim J., Lee S.J., Quang D.T., Kim J.S. 

(2010), Novel optical/electrochemical selective 1,2,3-triazole ring-

appended chemosensor for the Al3+ ion, Org Lett, 12, 560–3. 

(DOI:10.1021/ol902743s) 

[25] Zhang Q., Wang X., Cheng C., Zhu R., Liu N., Hu, Y. (2012), 

Copper( i ) acetate-catalyzed azide– alkyne cycloaddition for highly 

efficient preparation of 1-(pyridin-2-yl)-1,2,3-triazoles, Org Biomol 

Chem, 10, 2847–54. (DOI:10.1039/C2OB06942C). 

[26]      Huo J. P., Luo J. C., Wu W., Xiong J. F., Mo G. Z., Wang Z. Y. 

(2013), Synthesis and Characterization of Fluorescent Brightening 

Agents with Chiral 2(5H)-Furanone and Bis-1,2,3-triazole Structure, Ind 

Eng Chem Res, 52, 11850–7. (DOI:10.1021/ie401149p). 

[27]      Huo J., Hu Z., Chen D., Luo S., Wang Z., Gao Y. (2017), 

Preparation and Characterization of Poly-1,2,3-triazole with Chiral 

2(5H)-Furanone Moiety as Potential Optical Brightening Agents, ACS 

Omega , 2, 5557–64. (DOI:10.1021/acsomega.7b00196). 

[28] Elliott P.I.P. (2014), Chapter 1:Organometallic complexes with 

1,2,3-triazole-derived ligands, Organometallic Chemistry, p. 1–25. 

(DOI:10.1039/9781849737692-00001) 

[29] Wang X.-J., Li P.-Z., Chen Y., Zhang Q., Zhang H., Chan X.X. 

(2013), A Rationally Designed Nitrogen-Rich Metal-Organic Framework 

and Its Exceptionally High CO2 and H2 Uptake Capability, Sci Rep, 3, 

1149. (DOI:10.1038/srep01149) 

[30] Vogiatzis K.D., Mavrandonakis A., Klopper W., Froudakis G.E. 

(2009), Ab initio study of the interactions between CO2 and N-containing 

organic heterocycles, ChemPhysChem, 10, 374–83. 

(DOI:10.1002/cphc.200800583) 

[31] Vaidhyanathan R., Iremonger S.S., Shimizu G.K.H., Boyd P.G., 

Alavi S., Woo T.K. (2010), Direct Observation and Quantification of CO2 



35 
 

Binding Within an Amine-Functionalized Nanoporous Solid, Science, 

330, 650–3. (DOI:10.1126/science.1194237) 

[32] Zheng B., Bai J., Duan J., Wojtas L., Zaworotko M.J. (2011), 

Enhanced CO2 Binding Affinity of a High-Uptake rht-Type 

Metal−Organic Framework Decorated with Acylamide Groups, J Am 

Chem Soc, 133, 748–51. (DOI:10.1021/ja110042b) 

[33] Tiwari V.K., Mishra B.B., Mishra K.B., Mishra N., Singh A.S., 

Chen X. (2016), Cu-Catalyzed Click Reaction in Carbohydrate 

Chemistry, Chem Rev, 116, 3086–240. 

(DOI:10.1021/acs.chemrev.5b00408) 

[34] Boechat N., Ferreira V.F., Ferreira S.B., Ferreira M. de L.G., da 

Silva F. de C., Bastos M.M.  (2011), Novel 1,2,3-Triazole Derivatives for 

Use against Mycobacterium tuberculosis H37Rv (ATCC 27294) Strain, J 

Med Chem, 54, 5988–99. (DOI:10.1021/jm2003624) 

[35] Pokhodylo N., Shyyka O., Matiychuk V. (2013), Synthesis of 

1,2,3-Triazole Derivatives and Evaluation of their Anticancer Activity, 

Scientia Pharmaceutica, 81, 663–76. (DOI:10.3797/scipharm.1302-04) 

[36] Urankar D., Pevec A., Turel I., Košmrlj J. (2010), Pyridyl 

Conjugated 1,2,3-Triazole is a Versatile Coordination Ability Ligand 

Enabling Supramolecular Associations, Cryst Growth Des, 10, 4920–7. 

(DOI:10.1021/cg100993k) 

[37] You L.-Y., Chen S.-G., Zhao X., Liu Y., Lan W.-X., Zhang Y., 

C-H⋅⋅⋅O Hydrogen Bonding Induced Triazole Foldamers: Efficient 

Halogen Bonding Receptors for Organohalogens. Angewandte Chemie 

International Edition, 51, 1657–61. (DOI:10.1002/anie.201106996) 

[38] Karagollu O., Gorur M., Gode F., Sennik B., Yilmaz F. (2014), 

Phosphate ion sensors based on triazole connected ferrocene moieties, 

Sens Actuators B Chem, Complete, 788–98. 

(DOI:10.1016/j.snb.2013.12.046) 



36 
 

[39] Erdemir S., Malkondu S. (2015), A simple triazole-based “turn 

on” fluorescent sensor for Al3+ ion in MeCN–H2O and F- ion in MeCN, 

J  Lumi, 158, 401–6. (DOI:10.1016/j.jlumin.2014.10.043) 

[40] Mathew P., Neels A., Albrecht M., (2008) 1,2,3-Triazolylidenes 

as Versatile Abnormal Carbene Ligands for Late Transition Metals, J Am 

Chem Soc, 130, 13534–5. (DOI:10.1021/ja805781s) 

[41] Sinn S., Schulze B., Friebe C., Brown D.G., Jäger M., Altuntaş E. 

(2014), Physicochemical Analysis of Ruthenium(II) Sensitizers of 1,2,3-

Triazole-Derived Mesoionic Carbene and Cyclometalating Ligands, 

Inorg Chem, 53, 2083–95. (DOI:10.1021/ic402702z) 

[42] Hohloch S., Suntrup L., Sarkar B. (2013), Arene–Ruthenium(II) 

and −Iridium(III) Complexes with “Click”-Based Pyridyl-triazoles, Bis-

triazoles, and Chelating Abnormal Carbenes: Applications in Catalytic 

Transfer Hydrogenation of Nitrobenzene, Organometallics, 32, 7376–85. 

(DOI:10.1021/om4009185) 

[43] Nakamura T., Terashima T., Ogata K., Fukuzawa S. (2011), 

Copper(I) 1,2,3-Triazol-5-ylidene Complexes as Efficient Catalysts for 

Click Reactions of Azides with Alkynes, Org Lett, 13, 620–3. 

(DOI:10.1021/ol102858u) 

[44] Canseco‐Gonzalez D., Gniewek A., Szulmanowicz M., Müller‐

Bunz H., Trzeciak A.M., Albrecht M., PEPPSI-Type Palladium 

Complexes Containing Basic 1,2,3-Triazolylidene Ligands and Their 

Role in Suzuki–Miyaura Catalysis, Chem Eur J, 18, 6055–62. 

(DOI:10.1002/chem.201103719) 

[45] Maity R., Mekic A., Meer M., van der, Verma A., Sarkar B. 

(2015), Triply cyclometalated trinuclear iridium(III) and trinuclear 

palladium(II) complexes with a tri-mesoionic carbene ligand, Chem 

Comm, 51, 15106–9. (DOI:10.1039/C5CC05506G) 

[46] Gao W.-Y., Yan W., Cai R., Williams K., Salas A., Wojtas L. 

(2012), A pillared metal–organic framework incorporated with 1,2,3-



37 
 

triazole moieties exhibiting remarkable enhancement of CO2 uptake, 

Chem Comm, 48, 8898–900. (DOI:10.1039/C2CC34380K) 

[47] Chinchilla R., Nájera C. (2007), The Sonogashira Reaction:  A 

Booming Methodology in Synthetic Organic Chemistry, Chem Rev, 107, 

874–922. (DOI:10.1021/cr050992x) 

 

 

 


