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A chemical library of small drug-like heterocylic compounds, 2,3-dihydro-1,5-

benzothiazepines was synthesized using Silica gel as an inorganic support. All the 

synthesized 2,3-dihydro-1,5-benzothiazepines  were obtained in excellent yields. Another 

library of 1,4-disubstituted-1,2,3-triazoles was synthesized by a Cu(I) catalyzed click 

reaction, where  organic azides, with electron donating and electron withdrawing groups 

acted as 1,3-dipoles and 1-ethynyl-1-cyclohexanol and acetylene served as the terminal 

alkyne counterparts. The [3+2] cycloaddition was highly regiospecific and lead 

exclusively to 1,4-disubstituted triazoles in high yields. Seven sets of triazoles were 

synthesized, the synthesized triazoles were obtained in good yields. Some hetero-aryl 

1,2,3-triazoles were also synthesized successfully in good yields. “On water”, one pot 

synthesis of triazoles of set 4, under the same click conditions was also employed. The 

method proved to be facile and more economic. Characterization of all the synthesized 

2,3-dihydro-1,5-benzothiazepines, azides and triazoles was carried out through their 

physical constants and spectroscopic data.  

Regioselective chiral synthesis of peptides and iso-peptides was also carried out 

by employing benzotriazole mediated synthesis where benzotriazole acts as both 

activating and leaving group. All the synthesized peptides were obtained in good to 

excellent yields with retention of original chirality as confirmed through the single set of 

signals in 
1
H and 

13
C NMR spectra. Peptidyl triazoles were also synthesized for fragment 

based coupling to obtain longer chain iso-peptides. Microwave assisted ON acyl 

migration in iso-tri peptides and iso-tetrapeptide was carried out for the synthesis of 

native peptides from iso-peptides. Moreover Traceless Native Chemical Ligation (TNCL) 

on the serine site was successfully achieved through 8- and 11- membered transition 

states in iso-tri- and iso-tetrapeptides respectively. 

The synthesized chemical libraries of heterocycles were screened for their 

potential as, α-glucosidase and Butyrylcholinesterase (BChE)  inhibitors, BChE is a 

tetrameric glycoprotein BChE, distributed in the body of vertebrates specially Central 

Nervous System (CNS). Some 1,4-di-substituted 1,2,3-triazoles  such as 37, 40, 45, 53 

and 60 were found active  against α-glucosidase and BChE. These dual inhibitors may be 

important for developing drugs for the treatment of AD and T2D. Peptides and iso-
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peptides were subjected to chemo-preventive assays on breast cancer cell lines along with 

cytotoxicity assays. Some of these peptides exhibited moderate activities against cancer 

cell lines. Antibacterial and antifungal activities of synthesized heterocycles and peptides  

were also studied but activities were not remarkable.   

Computational studies were carried out on active compounds, with an objective to 

provide an insight to binding mode analysis of active compounds against different targets 

by using the molecular docking tools and physical descriptor module of Molecular 

Operating Environment (MOE).  All the compounds except few deviations from only one 

parameter, showed compliance with Ro5 and hence found to be druglike. Human BChE 

(PDB code:1POI) was selected for docking studies of active compounds. Homology 

modeling of α-glucosidase was carried out for maximum sequence similarity. Modeled α-

glucosidase was used for molecular docking studies. A good relationship was observed 

between the activity and ligand receptor interaction of active compounds. Molecular 

docking of peptides were also carried out against kinases and two of the proteins were 

imported from the protein data bank with PDB codes, 3BRT (1kkα) and 3BRV (1kkβ) 

respectively. The binding mode was analyzed by studying ligand-receptor complex 

interaction of these peptides.  

 

 



Acknowledgement 

 

i 
 

All praises be to Almighty Allah who induced the man with intelligence, knowledge, sight to observe and mind 

to think. Who created us as a Muslim and blessed us with knowledge to differentiate between right and wrong. Many 

thanks to Him as He blessed us with the Holy Prophet, Hazrat Muhammad for whom the whole universe is 

created and who enabled us to worship only one God. He (PBUH) brought us out of darkness and enlightened the way of 

Heaven and exhorted his followers to seek knowledge from cradle to grave. 

I feel great pleasure in expressing my ineffable thanks to my co-supervisor Prof. Dr. Farzana Latif Ansari (TI), 

who designed and supervised this research work. Her personal interest, valuable suggestions and discussions enabled me 

to complete this tedious work. I appreciate her kind supervision during the course of this study 

I am highly indebted to my supervisor  Prof. Dr. Sahid Hameed without his help I wouldn’t be able to achieve this 

objective, I am also thankful to him for providing necessary research facilities as Head of Organic Section. 

I feel great pleasure in expressing my ineffable thanks to Prof. Dr. Alan Roy Katritzky for providing me place 

in his lab and accepting me as visiting research student in his prestigious research group, for his guidance and valuable 

advice during my research work. I would ever feel privileged and lucky to work under such a great scientist. I extend 

many thanks from the core of my heart to Dr. Ektrina Todadze, Dr. Siva S. panda, Dr. Baha Elgendy and all Katritzky 

group fellows for their guidance and help during my stay in Florida Centre for Heterocyclic Chemistry, University of 

Florida, USA.  

I owe many thanks to Dr. Qaiser Fatimi,, Assistant Prof. Department of Biosciences, COMSATS Institute 

of Information Technology, Islamabad for help in computational studies and homology modeling of glucosidase. I am 

thankful to Dr.Javed  Hussain Zaidi for  valuable discussions. 

Many thanks to Chairman, Prof. Dr. AmeenBadshah, Department of Chemistry, Quaid-i-Azam University, 

Islamabad. Special thanks are due to all the faculty members of Chemistry Department, especially to all teachers of 

Organic Section, for being a source of inspiration and enlightenment for me.  

I also owe my recognition to my all lab fellows for their support and company during crucial times of my 

research work. 

I am thankful to my friends and all those who helped in one or other way to accomplish this task. Special 

thanks to my friends, Irum Batool and Hira Kuasar for helping me in typing thesis they acted like my right hand while 

my right hand was injured and for their pleasant company and cooperation during my research work. 

Many thanks are due to the supporting staff of the department, namely Mr. Chohan, Mr. Shams, Mr. Tayyab, Mr. 

Mustafa, Mr. Noman, Mr. Jumma Khan, Mr. Raza, Mr.Rashid and Mr. Bilal for their all time help. 

I wish to express my devoted thanks to my parents, whose prayers and affection eventually enabled me to 

complete this task and materialize my dreams. It’s beyond expression to acknowledge the sacrifices, efforts, lots of 

prayers, guidance, support, encouragement and firm dedication of my parents. Words become meaningless when I look at 

them as icons of strength for being what I am today. Had my father not been there as pillar of strength, this building of 



Acknowledgement 

 

ii 
 

my achievement would never have stood. I am also thankful to my sister Wajiah Zafar and my brothers for 

encouragement and moral support. I appreciate their commendable and valued help.   

I owe special thanks to my nephews Ahmad Amjad, Ibrahim Amjad and niece Zena Qamar for their cheerful 

company. Without their love it would have been impossible to complete this task. 

May Almighty Allah shower His choicest blessings on all those who assisted me in any way during the 

completion of my research work. 

 

 

Farukh Jabeen 

House # 51, Street 2, G10/3 

Islamabad 

Farree2005@yahoo.com 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Chapter 1 

Introduction 



Introduction 

 
 

 
1 

 

A heterocycle or heterocyclic compound is an organic compound in which carbon 

ring includes at least one hetero atom such as S, O, N, etc. The N containing 

heterocycles are known as aza-heterocycles. These compounds probably compose the 

largest and most varied family of organic compounds. Replacement of one or more 

ring carbon atom converts the carbocyclic compound to a compilation of heterocyclic 

analogs, regardless of structure and functionality.  The incarnations and permutations 

of the most common heterocyclic elements lead to a diverse range in the realm of 

heterocyclic chemistry. Sulfur and nitrogen-containing heterocyclic compounds have 

maintained the interest of researchers through decades of historical development of 

classical organic synthesis. 

Heterocycles have always remained on the forefront of interest as heterocyclic 

moieties are an integral part of a range of biologically active synthetic compounds and 

natural products.
1-2  

The overwhelming cascade of commercially available synthetic 

drugs encompasses a heterocyclic constituent.
3-4

 The majority of additives,  modifiers 

used in industrial applications ranging from cosmetics, photography, information 

storage and plastics are heterocyclic in nature.
5-8 

Due to the pervasive impact of 

heterocycles, their synthesis have remained among the important research agendas for 

synthetic chemists, ensuing in the development of classic name reactions.
9-10

 The 

classic syntheses are not very eco friendly. Contemporary developments in discovery 

and process chemistry emphasize new sustainable synthetic routes, requiring rapid 

and environmental friendly alternatives to the classical methods.
11-12

 The development 

of sustainable synthetic procedures to replace the efficient but outdated classical 

methods began decades back and such methods are still in towering demand.  

 

1.1 Benzothiazepines 

Heterocycles containing nitrogen and sulphur as hetero-atoms constitute an 

important class of molecules because of their interesting biological activities and used 

as key structural motif for the synthesis of various products of pharmaceutical 

interest. Benzothiazepines exists in various regioisomers such as 1,2-, 1,3-, 1,4- and 

1,5- among this array 1,4-benzothiazepines (1) and 1,5-benzothiazepines (2) are 

important. Benzothiazepines possess extremely versatile pharmacophor and a class of 

privileged scaffolds that features in a large number of life saving drugs.
13-15

  



Introduction 

 
 

 
2 

 

 

Literature perusal on pharmacological studies of 1,5-benzothiazepines reveals 

that these compounds possess immense chemotherapeutic significance. These could 

be used for the treatment of hyper proliferation diseases, IAP (inhibitors of apoptosis 

proteins) interleukin-1 converting enzyme inhibitor, as well as selective bradykinin 

agonist JMV1116. Antipsychotic, quetiapine (Seroquel), the angina relieving calcium 

channel blocker diltiazem (4)
 
and the antihypertensive agent clentiazem (5)

 
are some 

of the marketed 1,5-benzothiazepines.
12–16

 In addition to above these are also reported 

as anti-depressants,
16

 CNS antagonists,
16 

antihypertensives,
17

 vasodilators (4,5),
18

 

calcium channel modulators,
18

 anticonvulsants,
19

 cytotoxic,
20

 antihypertensive,
21

 

antiarrhythmic,
21 antiasthemics,

22
  blood platelet aggregation inhibitors,

23
 

antiarrhythmic agents,
24

 α-glucosidase inhibitors,
25

 anticancer agents,
25

 

antimicrobial,
26-27 

anti‐HIV agents,
28

 antithrombotic agents
29

 gastrin receptor 

antagonists,
30

 antiinflammatory,
31

 antiallergic agents,
31-32

 anti-depressant (3),
33

 AChE 

inhibitors,
34

 and calmodulin antagonist.
35

 Such a wealth of biological activities has 

provided impetus for chemists to explore it further to launch new drug  like scaffold. 

1,5-benzothiazepine
16

 is the most frequently employed scaffold for the 

development of peptidomimetics.
36

 These efforts have led to the discovery of a 

considerable number of pharmaceutically interesting molecules.
37
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A general way to construct the ring skeleton of 1,5-benzothiazepine is via 

reaction of o-aminothiophenol (o-ATP) with α,β-unsaturated carbonyl compound as 

shown in scheme 1.1. 
 

 

Scheme 1.1: Classical method for the synthesis of 1,5-benzothiazepines 

 

Several methods
 
are in practice for synthesis of 1,5-benzothiazepine, such as 

solid phase synthesis (SPS),
25

classical solution phase synthesis,
 36 

microwave assisted 

synthesis,
37 

and solvent free synthesis.
37

 Synthetic community exploited a plethora of 

catalysts  in above described  methods such as aluminium oxide,
38 

BF3/SiO2,
39 

clay,
40

 

CH3COOH/MeOH,
41

 solid super acid sulfated zirconia,
42

 dichloroacetyl chlorides,
43 

HBF4-SiO2,
44

  DMF/MW,
45

 methoxyethanol,
46

 ionic liquids 
47

 EtOH/HCl,
48

 and many 

other catalysts.
48  

 SPS have edge over the classical method as in SPS the  yield is far 

greater than in classical synthesis. Ansari et al.
25

 reported 53 % to 90 % yield for 

various substituted 1,5-benzothiazepines in SPS (Scheme 1.2) . SPS employs long 

reaction time and expensive resins which mask its advantage of producing good yield. 
 

 

Scheme 1.2: Solid phase synthesis of 1,5-benzothiazepines 

 

Most of these methods suffer from the limitations such as harsh reaction 

conditions, high temperature, low yield, long reaction time and serious environmental 
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concerns, so a generalized method which can eliminate all these limitations is still an 

ongoing challenge. Keeping in view the tremendous disadvantages of all known 

strategies, such as low yield, long reaction time, cost-effectiveness and above all 

environmental threats posed by chemical synthesis, there is a need of a 

comprehensive tool to combat all these issues. Synthetic chemists found gravitated 

towards eco-friendly techniques to combat with the hazardous chemistry. Over the 

decades, copious techniques have been exploited to improve reaction efficiency, good 

yield and cost effectiveness for the production of these high profile compounds.
48

 

Great wealth of biological activities has provided impetus for chemists to invent a 

number of synthetic strategies to access 1,5-benzothiazepine scaffold. Heterogeneous 

catalysis such as synthesis on inorganic support is a cutting edge research now a days. 

These are convergent, elegant, and eco-friendly procedures for the rapid construction 

of complex molecules and are attractive from the viewpoint of green chemistry.   

 

1.2      Green chemistry 

Eco friendly chemistry is called green chemistry, which involves an 

interdisciplinary efforts, guided by the principle ‘‘benign by design’’.
49  

The concept 

green chemistry is based on the 12 principles formulated by Anastas and Warner at 

the end of the twentieth century.
50-51

 The development of green chemistry, in its 

mature form can be considered as an established discipline since a decade.
52-53 

Green 

chemistry is exerting a strong influence and pushing organic synthesis towards a 

profound change. Sustainability and an environmentally benign character of green 

chemistry are robust driving forces to abandon traditional organic reagents and 

conventional solvents
54-56

 and this tendency presents new reaction toolbox for organic 

synthesis. Conspicuously, green chemistry promises the minimization of waste and 

replacement of stoichiometry by catalytic reaction.
57-58 

The development of selective 

and reusable solid catalysts for organic reactions has been a very active area of 

research.
58-61 

It imparts easy separation,
62-64

 minimizes wastes derived from catalyst 

separation and disposal. Solid catalysts highly economical due to recyclability
65 

and
 

allow the design of continuous flow processes at the industrial scale.
66

 Taking into 

account the basic principles of green synthesis and the production of chemicals 

outlined by Anastas and Warner,
67 

various new eco-friendly approaches have been 
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designed. These includes the application of non-traditional activation methods, such 

as sonochemistry,
68 

 microwave irradiation,
68-70

 the use of environmentally benign 

solvents and catalysis
71-73

 as major tools in green synthesis.
74-75 

Green chemistry 

mainly concerns more environment-friendly synthetic methods, based on better 

catalytic systems, less harmful solvents and alternative physical techniques.
76

 One of 

these strategies is silica mediated synthesis as discussed in the following section. 

 

1.3      Silica mediated synthesis  

Adsorption of a variety of compounds to chromatographic silica gel results in 

substantial enhancement of their reactivity-affording easily prepared, environmentally 

benign heterogeneous media that are highly effective in mediating a number of 

processes.
77 

 

Based on a broad array of literature, it has been found that heterogeneous 

catalytic
78-79

 reactions occurred much more rapidly than their conventionally heated 

counterparts, thus the time factor is another advantage owing to its significant 

reduction. The smaller reaction mass and the direct energy transformation by the solid 

catalyst suggest that the unique heterogeneous catalysis would be more energy 

efficient than its convectively heated counterpart.
80  

The catalyst itself serves both as a 

heat source and as a medium for reaction, eliminating the need of solvent for 

reaction.
81

 In fact, the use of solvent has an adverse effect on reaction. Solvent keeps 

the reactants in the solution phase which often makes mass transfer, a limiting factor. 

This factor is abandoned in physio-soprtion and renders the reaction significantly 

fastest than in solvents. Although a small amount of solvent is applied for adsorption 

of reactants and desorption of product, therefore, only the reaction and not the entire 

process is solvent free. Both the solvent and catalyst used can be easily recycled and 

reused. Recyclable and efficient heterogeneous catalysts have attracted vastly soaring 

interest in the context of appealing to green synthesis. Silica as a catalyst is the 

cheapest and easiest to be implanted for industrial use. Silica supported chemistry can 

be achieved in many different ways varying from mere physio-sorption to the most 

sophisticated covalent anchoring.
 82-83 

Covalent anchoring is assumed to constitute last 

generation in a series of catalysts.  
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Figure 1.1: Schematic diagram of silica mediated synthesis 

 

Disposal of the inactive waste silica gel after several uses despite advantages 

of recyclability especially at industrial level where it is used in large scale is really 

problematic and a big environmental concern. Despite of the disadvantage silica gel 

has been effectively used in organic synthesis not only as a simple medium but also as 

a mild acid catalyst or as an accelerator.
84

 It is easily separable from the product 

because of its insolubility in organic solvents. Silica gel has been used in many 

reactions.
 

Silica-gel-supported catalysts such as Silica/guandine,
85 

SiO2/BF3,
86

 

SiO2/FeCl3,
87

 SiO2/NaHSO4,
88 

and SiO2/H2SO4
89

 have been used for varied organic 

transformations.
 
Heterogeneous catalysis was broadly applied in the synthesis of 

heterocycles.
 
The application combined with microwave assisted synthesis (MWAS) 

were pioneered by Varma in the early 1990s
 
and later expanded  by others.

90-91  
Silica 

mediated synthesis opened  new avenues in the realm of organic synthesis. In coming 

decades synthetic chemists will make an even wider use of heterogeneous catalysis to 

switch over to green processes.
91

 

 

1.4  1,2,3-Triazoles 

  Five membered heterocyclic systems comprising 3 nitrogen atoms in the ring 

are called triazoles. It exits in two regio-isomers such as 1,4- and 1,5- triazoles 

depending on the position of substitution as shown in Figure 1.2.  
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Figure 1.2: 1,4- and 1,5-Disubstituted 1,2,3-triazoles 

  The importance of triazoles in medicinal chemistry is undeniable. Particularly, 

1,2,3-triazoles have grasped  increased attention in the drug-discovery field since the 

inception of the “click” chemistry concept by Sharpless.
92-93

 Triazoles are extremely 

stable to hydrolysis and oxidative/reductive conditions and can actively participate in 

hydrogen bonding and dipole-dipole interactions because of their strong dipole 

moments. Moreover, contrary to other aza-heterocycles, 1,2,3-triazole ring is not 

protonated at physiological pH because of its poor basicity.  

 

1.4.1   Significance and synthesis of triazoles  

1,2,3-Triazoles have grabbed considerable attention for the past few decades 

due to their significance in terms of their industrial and chemotherapeutic values. A 

few worth-mentioning examples of their medicinal properties are their potential as 

antibmicrobial (6,7),
94 

anti-inflammatory,
95

 anti-nociceptive,
96 

anticonvulsant,
97

 anti-

HIV (8) 
98

 and antituberculosis agents.
99-100

 They are also being employed as local 

anaesthetics,
94

 DNA-cleaving
 
agents,

101
  1,2,3-Triazoles are documented to open 

selectively the BKca channels and hence afforded a new therapeutic approach for 

several pathological conditions such as asthma, gastric hypermotility, hypertension, 

coronary artery spasm and psychosis.
101

 Furthermore, these are reported to be 

promising protein tyrosine phosphatase inhibitors,
102

 GABA-antagonists,
103

 

virostatic,
104

  chemosenser
105

 and UV-screens for human skin (9).
106

 1,2,3-Triazoles 

are equally dominant in industrial applications such as corrosion inhibitors (9),
106-107

 

photostabilizers
108 

optical brightners,
109

 plant growth regulator 
110

 and dyes.
111

 



Introduction 

 
 

 
8 

 

 

Due to their overwhelming industrial and medicinal applications, they have 

attracted the attention of organic chemists for designing strategies leading to their 

facile synthesis.  

 1,2,3-Triazoles are an important class of heterocycles with the following 

special features such as:  

 These are less basic than I,2,4-triazole as reflected from their pKBH+ values. 

 

Figure 1.3: Acid base properties of triazole 

Triazole can also act as weak acid with comparable strength to phenol. 
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Figure 1.4: Acidic strength of 1,2,3-triazole 

  

 1,4- and 1,5-disubstituted-1,2,3- triazoles have a larger dipole moment
112

 (4.7 

& 5.2 D respectively) than that of the amide bond, it might be  able to participate 

actively in hydrogen bond formation as well as in dipole–dipole and π-stacking 

interactions.
113-114 

Due to these pharmacophore properties, they act as permanent 

connectors. 

 

                                          μ = 4.7 D                           μ = 5.2 D 

Figure 1.5: Dipole moments of 1,4 and 1,5-disubstituted-1,2,3-triazoles  

The 1,4-disubstituted triazole moiety mimics Z-amide bond in the sense that 

the lone pair of electron on N(2) atom of triazole, acts as hydrogen bond acceptor 

(HBA), just like lone pair of electron on carbonyl oxygen of the amide bond, similarly 

the polarized C-5-H bond acts as a hydrogen bond donor (HBD), similar to  amide  

N-H bond, and the electrophilic polarized C-4 is electronically resembles to the 

carbonyl carbon. The major structural difference between a 1,4-disubstituted triazole 

and a Z-amide is the distance between the substituents.  

It has been proposed that the non-protonated sp
2
-hybridized nitrogen atoms of 

1,2,3-triazoles may better mimic the partial positive charge at the anomeric carbon in 
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the transition state of the glucosidase catalyzed reaction than the corresponding basic 

nitrogen atoms of iminosugars.
115-116

 This property rationalizes that sp
2
-

azaheterocycle may behave as more specific enzyme inhibitors. Conventional 

methods produce both regio-isomers in equal quantity.  

 

 

 

Scheme 1.3: Preparation of 1,4 and 1,5-disubstituted triazoles 

 

Various classes of 1,2,3-triazoles (mono-, di-, and tri-substituted)  can be 

synthesized by a number of versatile and efficient methods. 

The Cu(I)-catalyzed, stepwise cycloaddition of azides to terminal alkynes 

provides 1,4- triazoles in excellent yields and high regioselectivity.
117-118

 

 

Scheme 1.4: Cu(I)-catalyzed, stepwise cycloaddition of azides to terminal alkynes  

They can be obtained in excellent yield from the in situ generated aryl azides 

& terminal alkynes under Cu(1) catalyzed conditions.
119

 

 

Scheme 1.5: One pot synthesis of 1,2,3-triazoles 

Addition of o-phenylenediamine to a mixture of glucosyl azide, propargyl 

alcohol and copper sulfate/ascorbate in pure water, leads to completion of the 

cycloaddition reaction in a much shorter time, indicating that amine accelerates the 

reaction, possibly via the formation of a Cu(I) complex.
120
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Scheme 1.6: Synthesis of triazoles from glycosyl azides  

 Copper nanoparticles mounted within the pores of activated charcoal lead to 

highly efficient click chemistry between azides and terminal alkynes in the presence 

of Et3N under microwave irradiation.
121

 

 

Scheme 1.7: Copper nanoparticles catalyzed synthesis of triazoles  

 The cycloaddition reaction between azides (aliphatic, benzylic and aryl azides 

with electron donating and withdrawing groups) and terminal alkynes, in the presence 

of Cu(0) powder and NEt3.HCl salt, gives desired 1,4-disubstituted-1,2,3-triazoles.
122

  

          

Scheme 1.8: Synthesis of triazoles by using copper powder  

   They can also be prepared in good to modest yield by cycloaddition of alkyl 

azides onto enol ethers under solvent free conditions.
123

  

 

Scheme 1.9: Solvent free synthesis of triazoles  
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Another high-yielding method is Cu(I) catalyzed 1,3-dipolar cycloaddition 

reaction between in situ generated azides and terminal acetylenes.
124

  

 

Scheme 1.10: 1,3-Dipolar cycloaddition reaction between in situ generated azides and 

alkyne 

A Cu(I)-catalyzed three-component reaction of amines, propargyl halides and 

azides forms 1-substituted-1H-1,2,3-triazol-4-ylmethyl)-dialkylamines in water.
125

 

 

 Scheme 1.11: Three component synthesis of triazoles 

A Cu(I) catalyst in a mixture of the ionic liquid [bmim][BF4] / water, leads to 

an environmentally friendly reaction between organic halides, sodium azide and 

alkynes to form 1,4-disubstituted 1,2,3-triazoles in good to high yield.
126 

 

Scheme 1.12: Ionic liquid catalyzed synthesis of triazoles  

1,5-Disubstituted triazoles can be obtained by the reaction of acetylene with azide in 

the presence of Grignard reagent.
127 

 

Scheme 1.13: Triazoles synthesis by using Grignard reagent 



Introduction 

 
 

 
13 

 

            Tetrabutylammonium fluoride (TBAF)-catalyzed [3+2] cycloadditions of 2-aryl-

1-cyano/carbethoxy-1-nitroethenes with TMSN3 under solvent free conditions allow 

the preparation of 4-aryl-5-cyano/carbethoxy-1H-1,2,3-triazoles in excellent yields.
127

 

 

Scheme 1.14: TBAF-catalyzed [3+2] cycloadditions 

 Trisubstituted-1,2,3-triazoles like 1,4,5-, 2,4,5- can be prepared by using CuI 

catalyst.
128 

 

Scheme 1.15: Triazoles synthesis by using copper iodide 

Direct arylation of I-substituted 1,2,3-triazoles catalyzed by Cu(1) using “Click” 

methodology leads to the synthesis of fully substituted 1,2,3-triazoles.
129

 

 

Scheme 1.16: C-5 Substituted triazoles synthesis by using copper iodide 

1,4,5-trisubstituted-1,2,3-triazole can be obtained by Pd-catalyzed multi-

component reaction between 1,4-disubstituted-1,2,3-triazoles & aryl bromide.
130

 

 

Scheme 1.17: Synthesis of triazoles by using copper iodide 
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   2-Allyl-1,2,3-triazoles can be prepared by the palladium-catalyzed three component 

coupling reaction of alkynes, allyl methyl carbonate and trimethylsilyl azide.
131

 

 

Scheme 1.18: Pd catalyzed synthesis of triazoles  

1,3-Dipolar cycloaddition between an azide and an alkyne also called [3+2] 

cycloaddition. It was first discovered in 1893 by Michael and 70 years later 

thoroughly developed by Huisgen.
132

 The original reaction suffered a high activation 

barrier and demanding reaction conditions are required, such as elevated temperature 

and pressure. Despite a mixture of 1,4- and 1,5-disubstituted 1,2,3-triazoles were 

obtained. 

 

 

Scheme 1.19: 1,3-Dipolar cycloaddition of azides and alkynes 

 

1.4.2: Click chemistry 

The process of drug discovery based on natural products is generally slow, 

costly, and hampered by complex synthesis. The recent advancement in combinatorial 

chemistry and high-throughput (HTP) screening has aided in the rapid generation of 

compounds for biological function and relies on the success of the individual 

reactions to construct molecular building blocks.
133 

Therefore, a set of criteria 

defining a few near perfect reactions known as “click” chemistry was proposed by 

Sharpless and coworkers in order to speed up the process of drug discovery.
 134-135

 

Click chemistry is a chemical philosophy introduced by Sharpless in 2001, 

http://pubs.rsc.org/en/content/articlehtml/2012/ob/c2ob26213d#cit1
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emphasizing reactions that generate substances quickly and reliably by joining small 

units together.
136

 

 

 

Figure 1.6: Properties of click synthesis 

 

In 2001-2002, Sharpless
135 

and Meldal
6
 independently improved the 1,3-

Huisgen cycloaddition by using copper catalysts and successfully achieved mild 

reaction conditions and exquisite regioselectivity 

The advent of click chemistry that advocates the utilization of easy and 

selective carbon-heteroatom ligation reactions for the modular construction of useful 

compound libraries has fueled much energy into the advancement of modern science. 

Cu(I)-catalyzed azide–alkyne 1,3-dipolar cycloaddition reaction forming exclusively 

the 1,4-disubstituted 1,2,3-triazoles
137-140

 arguably represents the best paradigm of the 

defined click reactions, which has been extensively employed as a powerful synthetic 

tool for the preparation of various functional compounds.
141–146

 

Copper-catalyzed Azide-Alkyne Cycloaddition (CuAAC)  is known for its high 

fidelity in the presence of many functional groups and under demanding reaction 

conditions.
147-149 

Experimental simplicity and high selectivity of this process have 

been exploited in many applications in synthetic and medicinal chemistry,
150-152 

bioconjugations,
153-154

  materials science
155 

and  polymer chemistry.
156-157 

The 

efficiency and selectivity of this transformation are a direct consequence of the 

reactivity of in situ generated Cu(I) acetylides. CuAAC shows tolerance to variation 

http://pubs.rsc.org/en/content/articlehtml/2012/ob/c2ob26213d#cit3
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in both pH and solvent polarity, thereby facilitating the ligation of peptides and 

proteins to produce peptidomimetics and synthetic proteins.
158-159

 

The reaction is not significantly affected by the steric and electronic properties 

of the groups attached to the azide and alkyne centers. Primary, secondary, and even 

tertiary, electron-deficient and electron-rich, aliphatic, aromatic, and heteroaromatic 

azides usually react well with variously substituted terminal alkynes. The reaction 

proceeds in many protic and aprotic solvents, including water and is unaffected by 

most organic and inorganic functional groups.
160

 

Many investigators have experienced working with CuAAC.  It is observed 

that a mixed valency (+2 and +1) dinuclear copper species is a highly efficient 

catalyst. 5-Iodo-1,2,3-triazole is formed via iodination of a Cu(I) triazolide 

intermediate by the electrophilic triiodide ions (and possibly triethyliodoammonium 

ions). The experimental evidence explains the higher reactivity of the in situ 

generated Cu(I) species and triiodide ion in the formation of 5-iodo-1,2,3-triazoles 

than that of the pure forms of Cu(I) iodide and iodine.
161

 

Hein et al reported refinement in CuAAC.
162

 It is also postulated that a low 

amount of Cu(PPh3)2NO3 complex can efficiently promote the CuAAC reaction under 

solvent-free conditions.
163-168

 Further improvement in this system was introduced by 

the same group to obtain excellent yield by designing the catalyst in the form of 

complex like [Cu(phen)(PPh3)2]NO3 (1mol%). Flash (quasi instantaneous) solvent-

free method for the synthesis of triazoles using this polymer-supported catalyst. Many 

other chemists also used the supported catalyst for 1,3 cycloaddition.
167-169

  

More recently, much effort has been devoted to the development of the so 

called green corrosion inhibitors that are defined to be more eco-friendly via the 

powerful CuAAC in enhancing their inhibitive activity could represent a promising 

strategy for the discovery of new green corrosion inhibitors.
169-171 

 

1.4.3   Mechanism of 1,3 cycloaddition 

Cycloaddition generally seems to proceed through a concerted mechanism. 

However, experimental kinetic data
172 

and molecular modeling
173 

studies on the 

reaction seem to favor a stepwise reaction pathway.
174-175

 It has been calculated that 

the activation barrier for a catalyzed concerted reaction is actually greater than that for 
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an uncatalyzed concerted reaction (27.8 kcal/mol vs. 26 kcal/mol) in one particular 

reaction using Density Functional theory (DFT) calculations.
176-177

  

Furthermore, a stepwise catalyzed reaction has an activation barrier of 11 

kcal/mol lower than a concerted catalyzed reaction. Cu(I) can readily insert itself into 

terminal alkynes thus first step of the reaction involves π-complexation of a Cu(I) 

dimer to the alkyne (i) as shown  in Figure 1.7. After this, deprotonation of the 

terminal hydrogen occurs to form a Cu-acetylide (ii). The π complexation of Cu(I) 

lowers the pKa of the terminal alkyne by as much as 9.8 pH units, allowing 

deprotonation to occur in an aqueous solvent without the addition of a base.
175

 In the 

following step, nitrogen of azide displaces one of the ligands from the second Cu in 

the Cu-acetylide complex to form (iii). This in turn “activates” the azide for 

nucleophilic attack at C of acetylene. Due to proximity and electronic factors, N can 

now easily attack C of the alkyne, leading to a metallocycle. The metallocycle then 

contracts when the lone pair of electrons of N attacks C to form the respective triazole 

(iv). Once (iv) is formed, the attached Cu dimer immediately complexes to a second 

terminal alkyne. However, this second alkyne cannot undergo a cycloaddition due to 

the unfavorable structure of the complex, and dissociates upon protonation to reform 

(iv). One final protonation releases the Cu(I) catalyst from 1,2,3-triazole product (v), 

to undergo a second catalytic cycle with different substrates. Both of these 

protonations are most likely the result of interactions with protonated external base 

and /or solvent, but further studies are still needed essentially. 
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Figure 1.7: Proposed mechanism for the CuAAC reaction. 

The efficiency and selectivity of this transformation are a direct consequence 

of the reactivity of in situ generated Cu(I) acetylides. Coordination of the organic 

azide to the copper center of the acetylide increases the nucleophilicity of the triple 

bond and initiates a sequence of steps which ultimately results in the formation of the 

new C-N bond between the nucleophilic β-carbon atom of the acetylide and the 

terminal, electrophonic nitrogen atom of the azide.
176-177

 Naturally, internal alkynes 

are devoid of such reactivity, and therefore CuAAC is limited to terminal acetylenes, 

producing only 1,4-disubstituted triazoles. 

1.4.4   Click and green, one pot synthesis 

The concepts of click chemistry and green chemistry share a series of stringent 

criteria in order to design and implement more efficient and environmentally benign 

processes.
178-179 

Accompanied with low efficiency and tedious workup, stepwise 

synthesis appears to be relatively extravagant, as it requires long synthetic steps for 

acquiring general, rapid and operationally simple method for the chemo- and 
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regioselective synthesis of 1-4, di substituted-1,2,3-triazoles. One pot synthesis leads 

to the green route due to elimination of intermediate steps. Reaction takes place in 

interface on the surface of water. 

 

Figure 1.8: On water synthesis 

It has been observed that many click reactions often proceed most rapidly and 

in highest yield, not in water or water–co-solvent mixtures,
180

 but floating ‘on water” 

approach, pioneered by Sharpless.
181

 Water is used as solvent in Click synthesis of 

triazoles since two decades.
182-184 

Water is the best heat dissipating (heat-sink) for 

controlling the exothermic transformations of click reactions. The free energies of 

organic molecules are usually greater when poorly solvated in water, and thus often 

result in increased reactivity which can compensate for low concentration of reactant 

molecules in water. Water can also activate the electrophile and nucleophile through 

hydrogen bonding. Another advantage is that its presence prevents interference from 

simple protic groups (alcohols and amides).
184

 

It is assumed that reactions “on water” actually proceeds through small 

amounts of dissolved solutes.
185

 The effect of water in homogeneous aqueous solution 

has been attributed to a variety of parameters such as hydrophobic aggregation,
185 

cohesive energy density,
186

 or ground-state destabilization.
187

 The driving force of 

hydrogen bonding in the acceleration of Diels Alder (DA) reactions in aqueous 

solutions is supported both experimentally
 188 

and theoretically.
189

 

            High cost and toxicity of many transition metals has led to an increasing 

interest in transition-metal-catalyst-free synthetic reactions. Although organic azides 

are generally safe compounds, those of low molecular weight can be unstable and, 

hence, difficult to handle,
190

 especially small molecules with multi azide 

functionalities. In situ generation of organic azides followed by addition of alkyne in 
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one pot, to form the corresponding 1,2,3-trizoles avoids the difficulties associated 

with the explosive nature of the azides.
191-194

 One-pot synthesis of only 1,4-

disubstituted-1,2,3-triazoles from organic halides, sodium azide, and alkynes 

catalyzed either by combination of Cu(I) and L-proline,
194

 microwave irradiation 

Cu(I)
 195

 or Cu(I) in DMF
196

 has also been reported. Recently Li & Wang reported an 

efficient, safe and green one-pot synthesis of 1,2,3-triazoles from benzyl and alkyl 

halides, sodium azide and alkynes in water under transition-metal-catalyst free 

conditions.
197 

Besides heterocycles another class of compounds of great interest for 

organic chemists is the peptides. Peptides were synthesized keeping in view their 

pharmaceutical importance.   

1.5      Peptides:  

Proteins are biochemical macromolecules that play a vital role in the 

physiological and chemical processes in living bodies. Study of proteins is vital to 

comprehend the physiological functions and pathological conditions to develop new 

drugs. Proteins generally consist of one or more polypeptide chains, which fold into a 

unique, three-dimensional structure while a peptide is combination of two or multiple 

units of amino acids. A diverse arsenal of peptide based drugs are developed for the 

treatment of cancer, viral infections, pain management, and other diseases.
198-199

  The 

ubiquity of biologically active peptides and peptide derivatives has attracted attention 

of synthetic community. In this context Nobel prize was awarded in 1923 to Banting 

and Macleod for the discovery and the extraction of insuline.
199

  du Vigneaud a Nobel 

laureate in chemistry, presented the first total synthesis of a naturally occurring 

bioactive octapeptide, oxytocin, which was totally synthesized in solution phase.
200

 

Stretched over more than a century progress and improvement,
202

 peptides are now 

routinely prepared by chemical synthesis in solution and solid phase and are being 

used as therapeutic agents, few noteworthy are leuprolide acetate (Lupron™), 

octreodide acetate (Sandostatin™) 10 and goserelin acetate (Zoladex™) 11
199,202 
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10 

Octreodide acetate (Sandostatin™) 

 

Due to wide range use of peptides in drug development, cosmetics and many 

consumer products “peptide synthesis” enjoys prime importance, accumulated over 

the decades. Chemists sought to find a new approach to overcome the limitations of 

previous molecular biological approaches. If the manipulation of any amino acid 

residue along the polypeptide of a protein could be carried out, the total chemical 

synthesis of a protein could be achieved with relative ease and high control. Scientists 

desired a technique that would allow them to alter protein structure by changing its 

amino acid sequence. Such a technique would provide a means to observe protein 

function after structural manipulation.  

 

11 

Goserelin acetate (Zoladex™) 

 

  Peptides are intrinsically able to interact with biological systems and are 

therefore potent therapeutics,
203-206

 while their conformational flexibility, low ability 

to cross physiological barriers and metabolic instability, i.e. a poor pharmacokinetic 
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profile, represent major hurdles for the successful development of peptide-based 

drugs.
207 

A major breakthrough in the production of peptides was accomplished by the 

introduction of solid phase peptide synthesis (SPPS) by Merrifield
208 

leading for 

instance to the marketed exenatide (Byetta™) and enfivirtide (Fuzeon™)
209

 The 

advent of solid phase methods heralded a revolution for peptide synthesis
209 

Currently, three main pipelines exist for the production of peptides: (i) extraction 

from natural sources, (ii) recombinant techniques and (iii) synthetic procedures. 

 

 

 

 Scheme 1.20:  General scheme for synthesis of a tetrapeptide 

   

  Advantages for purely synthetic peptides are clearly established, large scale 

preparation, incorporation of unnatural amino acid residues and peptide bond analogs 

to improve their absorption-distribution-metabolism profile, limitless sequence 

variety, well-defined homogeneity.
211-213

 New and improved strategies lead to more 

efficient synthesis of complex peptide targets, opening the avenues to both new drug 

candidates and a deeper understanding of the intimate relation between sequence, 

conformation and properties. Pioneering research during the last decade afforded 

preliminary insights towards the understanding of peptide conformation onset, 

folding, misfolding and aggregation, a series of phenomena of particular importance 
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for amyloid- (Alzheimer’s disease, AD), tau (Parkinson’s disease) and prion 

(Creutzfeldt-Jacob) proteins.
214-216

 

Despite recent progress and the arsenal of reagents available, peptide synthesis 

remains challenging, complex targets and regulatory authority constraints in terms of 

purity for drugs are continuously stimulating chemists to improve and ponder over the 

facile synthetic approaches.  

1.5.1 Synthesis of peptides 

1901 is recognized as birth year of peptides in the realm of organic synthetic 

chemistry. E. Fischer
217

 and T. Curtius
218

 set the foundation of an era of peptide 

synthesis.   E. Fischer documented the preparation of the first dipeptide glycylglycine 

in 1901, with this emerged term "peptide" which referred to amino acid polymers.
217

 

Since then peptide science has made tremendous progress and with recent innovations 

it is currently possible to routinely synthesize proteins, well over 200 amino acids in 

length. 

In 1931, Bergmann, M. and Zervas, L.
199 

used the carbobenzoxy (Cbz) group 

for the temporary protection of the amino function which led to a new avenues in 

peptide synthesis,
219 

accomplished by synthesis of numerous small peptides such as 

carnosine.
220 

and glutathione.
221

 

Efficient peptide and corresponding conjugate syntheses demand (i) high 

yields, (ii) fast reactions and (iii) preservation of chirality. Presently,  numerous 

methodologies are in practice including the ester  and anhydride methods.
222-224 

 Use 

of many coupling reagents comprising, ethyl propiolate
225

 N-N’-iso-

propylcarbodiimides (DIC),
226

 N’N-dicyclohexylcarbodiimides (DCC),
226

 N’-

ethylcarbodiimide hydrochloride (EDC),
226

 1-Hydroxybenzotriazole (HOBt)
 226 

onium 

salt,
227 

Hydroxy-7-azabenzotriazole (HOAt),
228

 ammonium salts,
229 

and 1H-

benzotriazoles are being used frequently.
230

 In the extensive literature on peptide 

synthesis, no single method of choice has so far emerged. Many previous coupling 

methods can be classified into two major categories: (i) one-pot synthesis in which no 

C-terminus-activated intermediate is isolated and (ii) procedures involving isolated   

C-terminus-activated intermediates. One-pot synthesis utilizes protecting and 
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coupling agents.
 
Over the years, numerous other coupling reagents have been 

developed.   

The peptide synthesis was revolutionized in 1963
231

 with the inception of solid 

phase peptide synthesis (SPPS) by Bruce Merrifield who was awarded with the Nobel 

Prize in 1984 for this invention.
 
The growing peptide in the solid-phase approach is 

linked to an insoluble support, because of the repetitive nature of peptide synthesis, 

amino acids are coupled by condensation agents such as DIC/HOBt. The use of an 

insoluble support in a single reaction vessel allowed optimization of the process and 

lead to the automatization and now a broad array of mechanized instrumentation is 

available for SPPS.  

 

Figure 1.9:  Schematic representation of Merrifield’s  SPPS
231

  

Reducing the number of steps is a synonym of better yields and ease of 

purification, which explains the success of convergent peptide synthesis. Ideally, 

chemoselective and fast transformations under smooth conditions also help to avoid 

the requirement of protecting groups and eliminate the threat of epimerization.  
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There are only a few examples describing the synthesis of longer chains, such 

as ribonuclease A (124 residues)
 
and human immunodeficiency virus (HIV)-1 TaT 

(86 residues) or the green fluorescent protein, a 238-residue peptide chain synthesized 

by fragment coupling on solid phase.
231

 These examples are, however, rather 

exceptional as the solid-phase methodology is usually limited because of the 

accumulation of side products arising from incomplete deprotection or coupling 

reactions. Unfortunately, the average length of a protein is approximately 250 amino 

acids and consists of two functional domains of 15 kDa in size. In order to circumvent 

this limitation of solid-phase methodology for the preparation of longer proteins, new 

approaches have been developed. The most useful and important one of these is 

chemical ligation, which allows the coupling of unprotected peptide fragments in 

aqueous solution. 

Three essential amino acids, namely Cysteine (Cys), Serine (Ser) and 

Threonine (Thr), bearing nucleophilic -sulfhydryl or hydroxyl side chain residues, 

have been the focus over the last three decades for the development of two major 

synthetic chemical strategies for the elaboration of synthetic peptides, namely Native 

Chemical Ligation (NCL) and (O, S)-acyl iso-peptide-based strategies.
232-236

 The term 

Chemical Ligation (CL) was defined as the chemoselective covalent condensation of 

unprotected peptide segments and applies only to NCL, and not to the so-called S,O-

iso-peptide-based techniques.   

Despite competition by recombinant DNA techniques, the synthetic 

preparation of peptides and proteins offers approaches to protein engineering that are 

beyond the realm of biology and the limitations of the genetic code. Unlike nature, 

purely synthetic methods allow the design of peptides entirely from scratch and the 

furnishing of protein analogs with virtually any unnatural residue. 

 

1.5.2 Benzotriazole chemistry 

In the 1987, emerged the benzotriazole (Bt-H or -Bt) mediated synthesis with the 

documentation of applications of benzotriazole derivatives in organic synthesis.
237-240

 

Since then tremendous progress has been achieved in this field.
241

 It is intrinsically 

uncreative and stable,
241

 readily removed from the molecules and can be easily 

recovered and recycled. It is adaptable to solid phase and Microwave Assisted 
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Synthesis (MWAS). 
 
Benzotriazole bears high reactivity profile. It can be easily 

inserted in a molecule by substitution, addition and by three component condensation 

reaction.
241 

Benzotriazole methodology offers an advantage for the synthesis of 

enantiopure O-(protected α-aminoacyl) derivatives by affording shorter reaction times 

with chiral products conveniently prepared under microwave irradiation in isolated 

yields of 78–98% 
 
and complete retention of chirality.  

  

1.5.3 Properties of N-substituted benzotriazoles 

Benzotriazole is useful synthetic auxiliary as it confers multiple activating 

influences on groups to which it is attached. Benzotriazole demonstrates enviable 

physical and innocuous biological properties. Following are the few significant 

utilities of benzotriazole in synthesis.
241-242

 It can act:   

As leaving group 

It is good leaving group it generate a cation which can further react with other 

groups to give various products as shown in Scheme 1.21. 

 

Scheme 1.21: Benzotriazole as a good leaving group 

As activating group 

Activate α-CH group to lose H and stabilize resulting anion to facile introduction 

of electrophile as shown in Scheme 1.22.   

 

Scheme 1.22: Benzotriazole as an activating group 

As cation stabilizer  

It stabilizes the cation formed by loss of leaving group by donating electron as  

shown in Scheme 1.23. 

 

Scheme 1.23: Benzotriazole as a cation stabilizer 
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As radical precursor 

Bond between and carbon atom can be cleaved by free radical mechanism as 

given in Scheme 1.24. 

 

Scheme 1.24: Benzotriazole as a radical precursor 

As anion precursor 

It can help to generate carbanion by transfer of two electrons by metal as shown in 

Scheme 1.25.             

 

Scheme 1.25: Benzotriazole as an anion precursor 

A plethora of drug like compounds has been outcome of the benzotriazole 

methodology, ranging from fascinating small cyclic peptides to broad range of 

heterocycles, amino acids generated fascinating groups to nearly infinite combination 

of amino acids (peptides) with intrinsically specific behavior.  In addition to solution 

phase synthesis this Bt-technique is equally successful under microwave irradiation 

for SPPS where N-Fmoc-α-(aminoacyl)-Bt were used for synthesis of di- to 

heptapeptides. Bt methodology offers an advantage for the synthesis of enantiopure 

O-protected-α-(aminoacyl)-sugars with reaction times ca. 3-15 minutes. Chiral 

products are conveniently prepared under microwave irradiation in isolated yields of 

83–94%, with complete retention of Chirality. Bt-methodology has been applied for 

the syntheses of wide array of varied classes of compounds such as: Preparation of 

difficult peptide sequences and sterically hindered peptides (Scheme 1.26). 
241-242

  

 

Scheme 1.26:   Preparation of dipeptides by coupling at NH2 of sterically hindered 

amino acids 
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 Bt is also used in the preparation of iso-peptides,
243 

preparation of peptides via 

Staudinger ligation, 
244  

preparation of 2,5-diketopiperazines.
245 

preparation of peptide 

conjugates (steroids, sugars, terpenes, nucleosides).
246- 249 

Bt-chemistry is also being 

employed in Microwave-Assisted Solid Phase Peptide Synthesis (MWA-SPPS)
250 

and
 

synthesis of cyclic peptides (Scheme 1.27).
251-252  

 

 

Scheme 1.27:  Synthesis of cyclic peptides 

Bt-Chemistry has facilitated the preparation of aminoxy conjugates,
2 

synthesis 

of depsi peptide
253 

and selective S- and N-acylation,
254-255 

It acts as diazotransferring 

agents.
256 

It is used in
 
the preparation of peptidomimetics,

257-258
 in the introduction of 

fluorescent markers into peptides,
259 

and detection of  biological thiols using 

fluorescent conjugates is another advantage of  Bt-chemistry (Scheme 1.28).
260 
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Scheme 1.28:  Synthesis of fluorescent peptide conjugates 

1.5.4 Bt-chemistry in solution phase peptide synthesis  

The growing peptide in the solid-phase approach is linked to an insoluble 

support, because of the repetitive nature of peptide synthesis (deprotection, washing, 

coupling, washing, deprotection, and so on). The reagents involved in the preparation 

are inexpensive and offer an overall cost-effective technique. The reagents are 

relatively insensitive to water and can be used in aqueous solution, thus allowing 

efficient peptide coupling. Bt-chemistry reported the convenient solution phase 

peptide-coupling reactions between N-protected-(α-aminoacyl)-Bt and unprotected 

amino acids yielding di-, tri- and tetrapeptides with minimal epimerization in partially 

aqueous solution under mild conditions. N-Protected-(α-aminoacyl)-Bt are efficient 

coupling reagents for N- and O-aminoacylation. These coupling reagents enable fast 

preparations of peptides and peptide conjugates in high yields and purity, under mild 

reaction conditions, with full retention of the original chirality. N-Protected-(α-

aminoacyl)-Bts are efficient intermediates for N- and O-aminoacylation. These 

intermediates enable fast preparations of biologically relevant peptides and peptide 

conjugates in high yields and purity, under mild reaction conditions, with full 

retention of the original chirality. The developed methodology allows simple solution 

and solid-phase preparative techniques to generate complex peptides and peptide 

conjugates. Moreover, it serves as a platform for generating diverse medicinal 
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chemistry building block libraries involving amino acid and heterocyclic moieties, 

crucial for drug development. Recently, two methods were developed by Katritzky et 

al. 
230

 to prepare a wide array of N-(aminoacyl)-Bts starting directly from carboxylic 

acids. The first method involved treatment of the carboxylic acid with BtS(O)Bt, 

prepared in situ from thionyl chloride and an excess of benzotriazole (Scheme 1.24)
241 

 

The 2
nd

  method employed sulfonylbenzotriazoles as a ‘counter attack’ reagent 

(Scheme 1.25).
241

 In the presence of Et3N, carboxylic acids were converted into the 

desired N-(aminoacyl)Bts through intermediate formation of the mixed carboxylic 

sulfonic anhydride and benzotriazole anion, which was then acylated by the mixed 

anhydride.
 241

 

 

Scheme 1.29:  Preparation of N-acyl-Bt  using excess benzotriazole 

 

`  

 

Scheme 1.30: General Scheme for amino acyl benzotriazole synthesis  

 

The two methods enabled a wide range of acyl-Bts to be prepared. Carboxylic 

acids as starting materials included not only alkyl and aryl carboxylic acids, but also a 

wide range of heterocyclic carboxylic acids, unsaturated carboxylic acids and 

carboxylic acids with other functionalities. Major advantages of  acyl-Bt over the 

corresponding acid chlorides include (i) their resistance to short periods of contact 

with water, allowing compounds such as free amino acids (only soluble in water or 

mixed solvents containing a high proportion of water) to be reacted in solution with 

the acyl-Bt, and (ii) their crystallinity and ease of preparation, handling and storing, 

which is especially valuable when the corresponding acid chlorides are unknown or 

difficult to prepare/handle. The methods have both been applied to prepare Bt 
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derivatives of N-protected α-amino acids. Scheme 1.30 was applied for the 

preparation of N-Boc-(α-aminoacyl)-Bt. Scheme 1.29 was found to be more 

convenient for the preparation of N-Cbz- and N-Fmoc-(α-aminoacyl)-Bt wherein a 

mixture of 1 equivalent of a carboxylic acid with 4 equivalents of Bt-H and 1–1.2 

equivalents of thionyl chloride in tetrahydrofuran or dichloromethane was stirred at 

20 °C for 2 hours.
230

  

 The coupling reactions were achieved in good yields with minimal 

racemization (<1%) as observed by NMR spectroscopy and HPLC analysis. 
243 

1.5.5  iso-Peptides 

iso-Peptide bond containing peptides are called iso-peptides. An iso-peptide 

bond is an amide bond present in the side chain of a protein.
261

 An N-acyl linkage on 

the hydroxylamine acid residue is replaced with an O-acyl linkage, the resulting 

species is an O-acyl iso-peptide (Figure 1.10a).
262

 Any amide bond formed between a 

carboxyl group of one amino-acid molecule or residue and an amino group of another, 

where either group occupies a position other than α (or both do so). Examples include 

peptide bonds formed from the β-carboxyl group of aspartic acid, the γ-carboxyl 

group of glutamate from the ε-amino group of lysine, and from either the carboxyl 

group or the amino group of β-alanine.  

 

Figure 1.10 a) iso-Peptide b) Native peptide 

The native peptide is then generated from the corresponding O-acyl iso-

peptide via an ON intramolecular acyl migration reaction.
263

 Sohma et al. 

introduced this  novel method, called the ‘‘O-acyl iso-peptide method,’’ for the 

synthesis of peptides containing difficult sequences.
263

 Consequently surprising 

discovery “O-acyl iso-peptide”
 
derived from the phenylnorstatine-containing peptide 

derivatives emerged in 2003 by the same group,
264 

which obviated the facts that ‘O-



Introduction 

 
 

 
32 

 

acyl iso-peptide’ possess a higher solubility in various media, but also that the 

coupling and deprotection efficacy during solid-phase peptide synthesis (SPPS) was 

improved by modifying the nature of the difficult sequence. The isomerization of the 

peptide backbone from the N-acyl to O-acyl iso-peptide structure significantly 

changed the unfavorable secondary structure of the native peptides.
264 

 

Scheme 1.21: General scheme for synthesis of iso-dipeptide and iso-tripeptide 

Chemical methods for modification and preparation of proteins have recently 

become focal point for chemical and biological research oriented community to 

unfold biochemical functions. iso-Peptide bond is useful entity for total synthesis of 

proteins and poly peptides. Site-specific iso-peptide bonds by using thiol-ene coupling 

(TEC) chemistry were documented to join ubiquitin molecules.
265

 

iso-Peptides suppress aggregation as compared to the native peptide, and due 

to the presence of the protonated amino group, O-acyl iso-peptides are generally 

hydrophilic, advantageous in effective purification by HPLC than that of the 

corresponding native polypeptide.
266-267

 O-acyl iso-peptides can be converted into the 

corresponding target natural peptide via an ON acyl migration triggered by change 

in pH.
268-269

 Sohma et al. named O-acyl iso-peptide as "Click Peptide," because of 

their "quick and easy one-way conversion" to the parent Abeta1-42.
270

 Click peptides 
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were found as a potential powerful tool for identifying the pathological functions in 

AD.
270

 Replacement of N-acyl with an O-acyl residue in the peptide backbone 

significantly altered the secondary structure of native peptides.
 
ON Intramolecular 

acyl migration has employed auxiliary and byproduct free pro-drug strategies. This 

‘‘O-acyl iso-peptide technique’’has been involved to develop AD-related amyloid-β 

peptide (Aβ),
270

 water-soluble taxoid prodrugs,
271 

and the anti-tumor agent, 

paclitaxel,
272 

difficult sequence-containing peptides, and cyclic peptides.
273-274

 

Dasgupta et al
.274

 provided an insight about principles governing iso-peptide 

ligation reactions to produce cyclic and branched peptides. iso-Peptides are reported 

to be utilized for the synthesis of peptidomimetics,
275 

and these also entails a CL. iso-

Peptide ligation ensues both from intermolecular and intramolecular transpeptidation 

leading to peptide branching or cyclization.
276 

Kiso et al.
276 

documented synthesis of 

peptide segments containing C-terminal O-acyl Ser/Thr residues by utilizing three 

step syntheses. Scheme 1.31 depicts the general synthesis of iso-di and tripeptide. 

The solid-phase synthesis of peptides with ‘‘difficult sequences’’ remains 

problematic due to low yields and purity despite of ruling peptide chemistry for three 

decades.
277

 Moreover, intermolecular hydrophobic interactions in difficult sequences 

leads to aggregation in conventional solution phase synthesis while hydrogen bond 

networks in resin bound peptides can form extended structures such as β-sheets.
278-279

 

Inspired by the overwhelming use of this synthetic tool in peptide chemistry current 

study is based on an efficient single-step preparation of chiral O-acyl iso-tripeptides 

and iso-tetrapeptide from serine and threonine residues. In this study, barriers 

imposed by SPPS and Conventional Solution Phase Peptide (CSPP) chemistry were 

surmounted by the use of benzotriazole methodology. N-Acyl-benzotriazoles are 

advantageous for N-, O-, C-, S- acylation, and N-Boc-protected iso-dipeptides were 

reported to obtain in good yield by making use of Bt-chemistry,
243

 especially where 

the corresponding acid chlorides are unstable or difficult to prepare. N-Protected-α-

(aminoacyl)-Bt have enabled fast preparations of biologically relevant peptides and 

peptide conjugates in high yields and purity, under mild reaction conditions, with full 

retention of the original chirality. The O-acyl iso-peptide method has also been used 

in various research fields including peptide synthesis,
279

 peptide localization,
279

 

protein splicing, proteomics,
280

 and click peptide (switch peptide) concept.
281
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The iso-peptide method is useful for preparation and purification of large 

difficult peptides, known for their propensity to aggregate in solution. Significantly, 

the combination of iso-peptide techniques with NCL has advanced further the 

frontiers of synthetic peptide chemistry. Keeping in view the advantages of iso-

peptides and Bt-chemistry it would be pertinent to proclaim that; Benzotriazole 

mediated O-acyl iso-peptide methodology would be an attractive tool box for future 

protein synthesis.  

1.5.6 Chemical ligation  

Chemical Ligation (CL) is a set of techniques used for creating long peptide or 

protein chains. It is the second step of a convergent approach. First, smaller peptides 

containing 30-50 amino acids are prepared by conventional chemical peptide 

synthesis. Then, these are completely deprotected. CL is the technique of coupling 

these peptides by chemo-selective reaction to give a unique reaction product, usually 

in aqueous solution. With several coupling steps, proteins of up to 200-300 amino 

acids can be produced.
282-283 

In 1953, Wieland et al
284 

reported the possibility of 

generating an amide bond in aqueous solution through an intramolecular acyl shift, 

which was used 25 years later by Kemp et al.
285

 and Kemp and Kerkman
286

 in the 

development of the first ligation methodology for the coupling of two peptide 

fragments. The thiol functionality present in the hydroxy-template moiety is referred 

to as the capture site and serves to attach the second peptide fragment to the template. 

 

 

Figure 1.11: Peptide ligation  

Selectively combining large molecules is a hot topic in chemical biology. 

Particularly, when biopolymers and bioconjugates are involved, there is high need for 

biocompatible reactions. Ligation method represents a significant advance as it is 

orthogonal, form an amide bond regiospecific to the desired N–terminal-amine of 

unprotected peptide segments present in the reaction mixture. Peptide ligation has also 

http://en.wikipedia.org/wiki/Peptide
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Convergent_synthesis
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Peptide_synthesis
http://en.wikipedia.org/wiki/Peptide_synthesis
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Amino_acid
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been documented as chemoselective, capture-activated,
286

 native,
287

 intramolecular,
288

 

or biomimetic ligation.
288-298

 It is different from the conventional synthetic or semi-

synthetic methods because no enthalpic agents, enzymes, microbial agents or 

protecting groups are used.
 289-290 

One of the first total syntheses of a protein by 

chemical ligation using unprotected peptides in aqueous solution was that of the 

human immunodeficiency virus-1 protease (99-residue peptide HIV -1) by  

Schnölzer and Kent.
291

 

 

 

Figure 1.12: a) Erythropoietin    b) Oxytocin 

 

Synthesis of erythropoietin
292

 which possess therapeutic application in 

treatment of anemia and oxytocin a neurotransmitter in the brain are the outcome of 

chemical ligation (Figure 1.12, b). A set of techniques comprising several powerful 

chemical ligation methodologies is already in practice and extended continuously. 

Most important constituents of this technique for research at the interface of chemistry 

and biology are NCL.
293

 

 

1.5.7 Native chemical ligation 

It is a widely employed technique for the synthesis of large polypeptide chains 

and small proteins. In the 1990's, this seminal discovery was developed into a 

practical method to ligate large peptide fragments (Dawson et aI, 1994; Kent, 

2000).
293-294 

It indeed forms the basis of modern chemical protein synthesis. Kent et al 

introduce this methodology
294 

albeit Wieland had observed the condensation of 

peptide thioesters long time ago.
295

 In NCL a peptide containing a C-terminal 

thioester reacts with another peptide having N-terminal cysteine residue. An amide 
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linkage forms after rapid S-N acyl transfer. In NCL, the thiolate of an N-terminal 

cysteine residue of one peptide attacks the C-terminal thioester of a second peptide. 

An amide linkage forms after rapid SN acyl transfer at the ligation site. This 

method is limited, however, by an absolute requirement for a cysteine residue at the 

ligation juncture.  

NCL is a powerful technique for the preparation of proteins by total or semi-

synthesis.
294-295 

Contemporary syntheses of peptides and proteins now incorporate 

chemo-selective peptide ligation in an ever expanding manner.
296-298

 The classical 

NCL method needs an N-terminal cysteine residue on a peptide or glycopeptide 

fragment. The bi-functional nature of the N-terminal cysteine 1,2-mercaptoamine 

moiety is the reason for   chemo-selectivity in NCL.
298-300 

Thiol auxiliary ligation and 

sugar-assisted ligation can overcome this limitation, but need auxiliaries and can 

sterically hinder the ligation. 

 

 

Scheme 1.32: Mechanism of NCL at cysteine site. (SN acyl shift) 

 

One major limitation of NCL is its intrinsic reliance for a cysteine residue at 

the ligation juncture. Cysteine is uncommon, comprising only 1.7% of all residues in 

proteins.
301 

The relative rarity of cysteine has encouraged attempts to overcome this 

limitation. Modern peptide synthesis is typically limited to peptides containing 40 

residues
302

 whereas most proteins contain hundreds of residues. Hence, most proteins 

cannot be prepared by any method that allows for peptides to be coupled only at 

cysteine residues. Synthetic strategies using removable cysteine mimics can sterically 
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hinder the ligation.
303-304 

An emerging strategy is the use of auxiliaries that act as 

cysteine surrogates to mediate the chemical ligation of peptide fragments. These 

auxiliaries are synthetically appended to the N-terminus of a peptide. A second 

peptide is activated at the C-terminus in a manner that is specifically complementary 

to capture by the auxiliary. Upon capture, an acyl transfer event occurs. The final step 

is removal of the auxiliary to yield the native amide bond. The first reported use of 

auxiliaries for peptide ligation at non-cysteine residues was the use of ethanethiol and 

oxyethanethiol.
305  

The selective S-acylation achieved via N-acyl-Bt is of considerable 

value. Microwave accelerated ligation via 5, 11 13-15, 17-19 membered transition 

states have been documented recently.
306  

Ligation in 11 membered TS is shown in  

Scheme 1.33
 

 

 

 

Scheme 1.33: NCL via 11 membered TS 

 

 



Introduction 

 
 

 
38 

 

A large number of combinations of different atoms in the transition state cycle 

can now be studied, beyond the question of the viability of cyclic transition states. 

The results open many avenues for further investigations, both in the general area of 

peptide chemistry and also beyond.  

 

 

 

Figure 1.13: Possible 8-18 membered Transition States during NCL 

 

The removal of the cysteine limitation by applying a more general ligation 

technology would greatly expand the utility of total protein synthesis. An ideal 
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technique should efficiently and rapidly splice two amino acid residues without 

detectable levels of racemization. 

The key advances in peptide synthesis of the last century are the total 

synthesis of proteins. Emerging technology for the chemo-selective ligation of 

synthetic peptide fragments is building upon this foundation and making the total 

chemical synthesis of proteins an increasingly accessible endeavor. The development 

and refinement of ligation methods for protein assembly has entered an explosive 

phase of growth. The combination of chemical synthesis and biology in the realm of 

protein structure and function will be among the most dynamic fields of discovery for 

the next century. 

1.5.8 Traceless native chemical ligation  

Kiso et al.
 276

 had demonstrated that O-acyl residues in a peptide backbone 

imparted hydrophilic character and altered the secondary native structure of peptide.  

They further emphasized that NT serine iso-peptides rapidly generated, by ON 

intramolecular acyl migration, the corresponding native peptide via a 5-membered 

transition state.  

The ligations of S-acylated cysteine peptides to form native peptides through 

expanded transition states with 5- to 19-membered rings has been developed.
307

 The 

developed methodology carried out selective S-acylation of cysteine peptides without 

auxiliaries. N-acyl-Bt mediated iso-peptide synthesis, under mild conditions followed 

by microwave-assisted chemical ligations of S-acyl iso-peptides has been reported by 

Katritzky et al.
307

 Despite of this achievement, ligation through 8-membered 

transition state and the low abundance of cysteine were an obstacle. This limitation 

was addressed in current approach by focusing on serine which possesses the 1,2-

hydroxylamine bifunctionality
308 

(mimicking the SH/NH2 bifunctionality of cysteine) 

and thus offers the possibility of chemo-selective ligations by ON-acyl transfer 

without the need of cysteine residues. This study has demonstrated classic ON-acyl 

shift via a 5-membered transition state can be extended to eight-membered and 

eleven-membered transition states. ON- ligation was successfully achieved in 8 and 

11 membered TS and named as, “Traceless” chemical ligation as it involves ON-

acyl shift (at a Ser site) without cysteine and any auxiliary group at the ligation site.
308

 

O-acyl iso-dipeptides underwent ligation under microwave irradiation in piperidine–
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DMF 20 v/v%, 50 °C, 50 W, 1 h.
308

 Anhyd. conditions were chosen to avoid ester 

hydrolysis.
  
 

 

 

Figure 1.14: ON ligation 

The structurally similar O-acyl tripeptide demonstrated a preferential internal 

O- to N-acyl shift contrary to satirically hindered and poorly organized for binding 

eight-membered cyclic transition state in S-acyl tripeptides. This counterintuitive 

reactivity of O-acyl tripeptides is however rationalized by the same computational 

protocol of virtual screening and quantum chemical calculations.
308

 

 

1.6 Biological activities 

 

1.6.1 α-Glucosidase 

Glucosidases are responsible for the hydrolytic cleavage of glycosidic bonds 

of oligosaccharides during the digestive process of carbohydrates. The catalytic 

specificity of glucosidases depends on the number of monosaccharides, the position of 

cleavage site, and the configuration of the hydroxyl groups in the substrate.
309 

The 

most extensively studied among the glucosidases are α- and β-glucosidases which are 

known to catalyze the hydrolysis of the glycosidic bonds involving a terminal glucose 

moiety at the cleavage site through α- and β-linkages at the anomeric center. These 

two glucosidases differ in the orientation of carboxylic acid side chains during 

catalysis.
310-311

 Of the two popular glucosidases, α-glucosidase (EC 3.2.1.20) has 

drawn a special interest of the pharmaceutical research community because it was 

shown in earlier studies that the inhibition of its catalytic activity resulted in the 

retardation of glucose absorption and the decrease in postprandial blood glucose 

level.
312–313

 Therefore, effective α-glucosidase inhibitors may be required as 
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chemotherapeutic agents for clinical use in the treatment of the eventual disorders 

such as diabetes and obesity. Diabetes mellitus is widespread chronic metabolic 

disorder and the frequent prevalence and drastic incidence of hyper- and hypo-

glycemic affects the quality of life of people worldwide. It is, therefore, imperative to 

develop safe and efficacious medicines for treating type 2 diabetes mellitus (T2DM). 

The α-glucosidase inhibitors act by a reversible inhibition of α-glucosidase by 

interacting with the active centre of α-glucosidase.
314 

Due to the catalytic role in digesting carbohydrate substrates, α-glucosidase 

has also been well appreciated as a therapeutic target for other carbohydrate mediated 

diseases including cancer,
315

 viral infections,
316 

 and hepatitis.
317 

With the  discovery 

of acarbose, the first  α-glucosidase inhibitor approved for the treatment of T2DM,
 
a 

variety of α-glucosidase inhibitors have been discovered, recently reviewed in an 

extensive fashion.
318 

 These include transition state analogues,
319-320 

newly identified 

synthetic compounds,
320-321 

and natural products isolated from a variety of species.
322-

323
 

 

1.6.2 Butyrylcholinesterase  

Butyrylcholinesterase (BChE) is a tetrameric glycoprotein with molar mass of 

342 kDa.
324

 BChE is widely distributed in the body of vertebrates. It appears in 

serum, liver, lung, and heart and within the Central Nervous System (CNS). In 

particular,
324

 in normal brain some 10-15% of cholinergic neurons possess BChE, 

rather than acetyl cholinesterase (AChE), as their metabolizing enzyme, and BChE is 

often expressed and secreted by glyal cells.
325

 Secretion of BChE are elevated in the 

(Alzheimer’s disease) AD brain, accounting for the increased expression of BChE. 

Furthermore, as AD progresses, the increasing role that BChE is considered to play in 

regulating brain ACh levels makes it a valuable target to ameliorate the cholinergic 

deficit and provide symptomatic benefits over the course of disease severity.
324-325

 

Hence, the depletion of AChE and elevation of BChE in the AD brain causes a 

mismatching between ACh synthesis/synaptic release and its enzymatic hydrolysis, 

suggesting that BChE inhibition may provide therapeutic value in moderate and 

severe disease.
326

 AChE and BChE both hydrolyze ACh, albeit with  different 

kinetics, and coexist ubiquitously in humans.
324

 Unlike AChE, the physiologic 
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function of BChE is elusive but BChE is involved in the patho-genesis, treatment and 

prognosis of Alzheimer’s disease.
326-327

 

BChE is also reported to have a possible role in the aggregation of β-amyloid 

protein (A β),
326-328

 that occurs in the early stages of senile plaque formation in AD. 

329 
Individuals without BChE activity due to a genetic variation were reported to be 

more prone to AD. In advanced AD, however, AChE activity reduced while BChE 

activity elevated consequently lacking in synchronization of  ACh synthesis/synaptic 

release and its enzymatic hydrolysis, suggesting that BChE inhibition may provide 

therapeutic value in moderate and severe disease.
330

 Cytochemical studies have 

revealed that in certain neuronal pathways of some species, BChE replaces AChE.
331

  

The only symptomatic treatment proven to be effective to date is the use of 

cholinesterase inhibitors (ChEI) to augment surviving cholinergic activity. 

 CNS have two types of ChE enzymes, AChE (EC 3.1.1.7) and BChE (EC 

3.1.1.8).
332 

AChE is responsible for the hydrolysis of acetylcholine at the synaptic 

cleft and the neuromuscular junction in response to nerve action potential while the 

BChE acts on butyrylcholine (BCh) and also hydrolyzes acetylcholine (Ach).
333 

Previously, the relative contribution of BChE to the regulation of ACh levels was 

largely ignored presumably due to unclear physiological function of BChE.
334 

Cholinesterases have been studied extensively due to their versatile 

pharmacological significance as a result a few palliative drugs presently marketed for 

the treatment of the Alzheimer’s disease are designed.
334

 Among the various 

restorative strategies explored, the use of reversible inhibitors of AChE (AChEIs) is 

considered to be a viable and attractive therapeutic approach to amplify the action of 

the residual ACh in the brain of AD patients. tacrine, galantamine, rivastigmine, 

donopezil and huperzine, some Federal Drug Agency (FDA) approved drugs for  the 

treatment of Alzheimer’s disease  are mainly inhibitors of AChE 
335-336  

but their 

clinical use is strictly limited because of several adverse effects such as, nausea,  

vomiting
 

 hepatotoxicity and some pharmacokinetic disadvantages.
337

 limited 

therapeutic benefits, mainly due to the multifactorial nature of AD.
338

 Besides, there is 

still no cure for severe type of AD. Combinations of different drugs or drug cocktails 

have been applied to solve these problems.
339 

 



Introduction 

 
 

 
43 

 

Study of new compounds as cholinesterase inhibitors is imperative to discover 

more effective and targeted drugs. BChE-specific inhibition is unlikely to be 

associated with adverse events clinical efficacy without remarkable side effects.
339-340

 

Therefore, BChE may be one of the potential targets for novel drug development to 

treat AD patients and BChE inhibitors would be the future drug to treat AD. 

 

1.7. Computational studies 

 In-silico studies such as descriptor calculations to observe the preliminary 

criteria of drug likeness for compounds were carried out. To have thorough analysis 

of the binding mode of compounds and their interactions with enzymes’ residues 

ligand protein interactions were studied.  Molecular docking studies further to 

complement the experimental results. For this purpose many computational softwares 

such as MOE,
341

 Swiss Model,
342

 AutoDock,
343

 GOLD,
344

 VMD,
345

 Chimera,
346

 

Pimol 
347

 and many visualization softwares were used. 

 According to “Lipinski’s Ro5”,
348

 molecules are said to be drug-like if they 

fulfill the following criteria: MW of a molecule <500, HBD <5(expressed as sum of 

all NHs, OHs), HBA <10 (expressed as sum of all Ns and Os), LogP <5, NOR < 5. 

 These are important parameters. Molecular weight (MW) is related to the size 

of molecule. As size of molecule increases, a large cavity is formed in water to 

solubilize the compound and solubility decreases. Increasing MW reduces compound 

concentration at the surface thus reducing absorption. Hydrogen bonds increase 

solubility in water and must be broken in order for the compound to permeate into and 

through the lipid bilayer membranes. Hence number of HBD and HBA is also limited. 

In pharmaceutical sciences, a partition coefficient (logP) is the ratio of concentration 

of compound in the two phases of a mixture of two immiscible solvents at 

equilibrium. The logP values are known as a measure of lipophilicity, increasing logP 

decreases solubility which reduces absorption. Another molecular descriptor is 

number of rotatable bonds (NoR) in a drug which affects molecular flexibility which 

in turn affects oral bioavailability hence all these parameters, also called molecular 

descriptors, were calculated by using MOE 
341

 in order to confirm that the synthesized 

compounds at least fulfill the Ro5 criteria for drug likeness. Homology modeling of 

the protein was carried out by using SWISS MODEL software. In-silico studies are 
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important part of designing molecular docking studies were carried out to 

complement the wet lab results. 

 
1.8. Plan of work  

Keeping in view the significance of heterocycles in pharmaceutical industry, it 

was planned to design a synthesis of a variety of small drug-like heterocycles such as 

benzothiazepines and triazoles. Since an easy, facile, eco-friendly and economic 

synthetic route has always been a first choice for sustainable environment, therefore, 

it was planned to include some green strategies for synthesis of these heterocycles.  A 

survey of literature revealed that click chemistry is reliable, wide in substrate scope, 

high yielding, regioselective, simple to perform and is ‘green’ in nature. The Cu(I)-

catalyzed 1,2,3-triazole formation from [3+2] dipolar cycloaddition between azides 

and terminal acetylenes is considered as cream of the crop of click reactions because 

of its reliability, specificity, and the bio-compatibility. Inspired by overwhelming 

advantages of click chemistry it was planned to adopt this strategy for synthesis of 

chemical libraries of variety of triazoles.  In addition to synthesis of aza heterocycles, 

another most important class of pharmaceutical interest, chiral peptides and iso-

peptides were also planned to synthesize. Synthesis of chiral peptides and iso-peptides 

were designed, keeping in view the tremendous significance of iso-peptides in the 

field of medicinal chemistry.  Benzotriazole mediated solution phase synthesis was 

planned to adopt, where benzotriazole would be employed as an activating, coupling,  

leaving group and also an efficient coupling reagent, to obtain excellent yield and 

retention of original chirality. Peptidyl triazoles were planned to synthesize for 

extension of peptide chain. Traceless Native Chemical Ligation (TNCL), a new 

approach, was designed for synthesis of large peptides and proteins. It was planned to 

form native peptide from iso-peptides. 

It was planned to screen synthesized heterocycles against various targets such 

as, antibacterial,  antifungal,   α-glucosidase, BChE   and cancer cell lines  with a view 

to identify leads in different bioassays. It was also planned to identify some dual 

inhibitors on the bases of α-glucosidase and BChE assays for the treatment of both 

AD and T2D as both are old age diseases and documented to play role in progress of 

each other. 
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 In the demanding world of medicinal chemistry, computational chemistry is 

impacting right at the core, with significant development of novel approaches.  It was 

also planned to conduct computational studies on synthesized compounds in the dry 

lab, with a view to find a rationale for the greater activity of some compounds over 

the others. Structure Activity Relationship (SAR) was also planned to carry out to 

have a better insight about the reason of higher potential of some compounds than 

others. In silico studies such as descriptor calculations of molecules to observe the 

preliminary criteria of drug likeness for compounds was planned to carry out. Due to 

lack of some structural information about human α-glucosidase, it was planned to 

model the available yeast α-glucosidase to introduce maximum sequence similarity, 

for this purpose SWISS MODEL software would be used. Physical descriptor module 

and molecular docking module of MOE and other softwares would be used for 

docking and druglikeness of compounds, detailed analysis of the binding mode of 

compounds and their interactions with enzymes’ residues ligand protein interactions 

would be also be studied to accomplish the planned work.  
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 Present work describes the synthesis of pharmaceutically high profile aza-

heterocycles such as 2,3-dihydro-1,5-benzothiazepines, 1,4-disubstituted-1,2,3-

triazoles, bis-triazoles and chalcone derivatives of triazoles followed by an in vitro 

studies of their pharmaceutical potential and theoretical studies to find a rationale in 

experimental  and theoretical results. Furthermore, peptides, iso-peptides and peptidyl 

triazoles were synthesized by making use of benzotriazole mediated solution phase 

synthesis. Traceless chemical ligation was also designed for the synthesis of native 

peptides from iso-peptides through ON-acyl migration. Similarly these peptides 

were also studied for their biological affects followed by their computational studies.  

 

2.1 Synthesis of 2,3-dihydro-1,5-benzothiazepines 

 Solution41 and solid phase25 synthesis of 2,3-dihydro-1,5-benzothiazepnines 

through Michael addition of  o-ATP to α-β-unsaturated ketones (chalcones) to 

generate seven membered heterocycles has been documented.   

 

2.1.1 Synthesis of chalcones (1a-32a) 

 Chalcones were synthesized according to literature procedure349-350 and were 

characterized by their physical constants. Melting points were matched with that of 

documented and found in close agreement, since synthesized chalcones were already 

reported by Ansari et al. and coworkers 

 therefore their characterization details are not discussed here.349-351 

2.1.2 Synthesis of 2,3-dihydro-1,5-benzothiazepines (1-32)  

 The chalcones (1a-32a) were used to synthesize 2,3-dihydro-1,5-

benzothiazepines by the literature protocol.72 An attempt was made to optimize the 

reaction conditions by following different methods. Comparison of different strategies 

was carried out to select the best method for synthesis. The results of the reaction of 

o-ATP with chalcone in the presence of solid support (Silica), under sonocatalysis, 

MWAS and conventional solution phase synthesis are shown in Figure 2.1. 
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Figure 2.1 Synthesis of benzothiazepines (1-4) using different strategies.  

 

 Analysis of these reactions revealed that silica mediated synthesis proved to be 

the first-rate among four methods. Neutral silica was categorized as the most 

adaptable solid support for synthesis of 1,5-benzothiazepines. Comparatively higher 

yield was achieved under these conditions. Alumina (both acidic and neutral) 

mediated synthesis was also attempted but silica mediated synthesis was found to be 

more cost effective and feasible. It imparts easy workup and assures secure 

environment. The reaction of o-ATP with chalcones was carried out without solvent 

in the presence of silica gel at 85oC for 2-3 h to afford the corresponding 1,5-

benzothiazepines in good yield (Table 2.1). Figure 2.2 depicts the method of silica 

mediated synthesis of benzothiazepines.  

 

 

Figure 2.2: Schematic diagram of silica mediated synthesis of benzothiazepines. 

0
10
20
30
40
50
60
70
80
90

100

1 2 3 4

Solid State

Ultrasound

MWAS

Reflux

Y
ie

ld
(%

)



Results & Discussion 

 

48 

 

 Reagents were dissolved in small amount of diethyl ether followed by addition 

of silica gel, reaction mixture was stirred for 3-5 minutes for proper adsorption of 

reagents on silica. Reaction was carried out under inert conditions.  

 

Entry R1 R2 Entry R1 R2 

1 C6H5 C6H5 17 C6H5 3-NO2 C6H4 

2 C6H5 2-Cl C6H4 18 C6H5 4-NO2 C6H4 

3 C6H5 3-Cl C6H4 19 C6H5 2-CH3, 3,4-diOCH3 C6H2 

4 C6H5 4-Cl C6H4 20 3-OH C6H4 3-OH  C6H4 

5 C6H5 2-OMe C6H4 21 3-OH C6H4 3-OMe C6H4 

6 C6H5 3-OMe C6H4 22 3-OH C6H4 3-Cl C6H4 

7 C6H5 4-OMe C6H4 23 3-OH C6H4 3-NO
2
 C6H4 

8 C6H5 2-F C6H4 24 C6H5 2-Indolyl 

9 C6H5 3-F C6H4 25 3-OH C6H4 4-Me C6H4 

10 C6H5 4-F C6H4 26 2-OH C6H4 4-Cl C6H4 

11 C6H5 2-OH C6H4 27 C6H5 tertBuO-C6H4 

12 C6H5 3-OH C6H4 28 3-OH C6H4 4-N(CH3)2 C6H4 

13 C6H5 4-OH C6H4 29 C6H5 3-OCH3, 4-OH C6H3 

14 C6H5 3-Br C6H4 30 4-I C6H4 2-Cl, 4-F C6H3 

15 C6H5 4-Br C6H4 31 3-OH C6H4 5-Me-Thienyl 

16 C6H5 2-NO2 C6H4 32 4-NH
2 
C6H4 2-Cl C6H4 

 

Scheme 2.1 Silica mediated synthesis of benzothiazepines (1-32). 

  

 The reaction using silica gel under solvent-free conditions gave 1,5-

benzothiazepines in good yield independent of the chalcone substituents, with the 

exception of nitro and hydroxyl groups. In the case of chalcones having nitro and 

hydroxyl groups, the yield were found relatively low. The lower yield in this case may 

be attributed to a stronger adsorption of these groups on the surface of silica gel than 

that of a carbonyl group in the same molecule and also involvement of nitro and 

hydroxy to other electrostatic interactions such as hydrogen bonding which in turn 

made desorption difficult and consequently reduce yield. Therefore the carbonyl 
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group in chalcones having nitro or hydroxy groups is less activated than in chalcones 

with the other substituents. All the compounds of the series were obtained in 

crystalline form, after recrystalization or washing crystals with cold methanol 

(5mL/1gm of product). The synthesized 2,3-dihydro-1,5-benzothiazepines were 

characterized by their physical constants. Melting points were recorded which were in 

agreement with the reported values (Table 2.1). Compounds 1-6, 10, 11, 17, 18, 20-

23, 25, 26, and 29 are known as obvious from the reference cited above the m.p. of 

these compounds in Table 2.1. 

Table 2.1: Physical constants and yield of benzothiazepines (1-32) 

 

Entry MW m.p. 

(ºC) 

Yield 

(%) 

Entr

y 

MW m.p. 

(ºC) 

Yield 

(%) 1 315 129 72  87 17 360 106 352 75 

2 349 84  85 18 360 116354 77 

3 349 84.6 85 19 389 70 87 

4 349 96352  87 20 347 140-14125 75 

5 345 84353 85 21 361 59-60 25 80 

6 345 93353 89 22 367 10125 80 

7 345 116 85 23 376 8125 76 

8 333 108 87 24 354 93 84 

9 333 110 85 25 345 98 25 84 

10 333 125352  85 26 365 167-16841  71 

11 331 14541  75 27 371 60-61 84 

12 331 100 76 28 374 10125  88 

13 331 99 77 29 377 95-9625 81 

14 393 109 85 30 492 101 88 

15 393 121 89 31 353 9525  80 

16 360 112352  89 32 364 101 88 

 

These 2,3-dihydro-1,5-benzothiazepines were further characterized through 

spectroscopic techniques such as 1H, 13C NMR and mass spectroscopy. In 1H NMR 

the most characteristic signal was that of diastereotopic   protons present at C-3. Two 

doublet of doublets appeared in the range of 2.51-3.70 ppm (J=12.0 to 12.8 Hz and 

2.9 to 5.0 Hz) and 3.08-3.98 ppm (J=12.0 to 12.9 Hz and 2.4 to 7.7 Hz) corresponded 

to diastereotopic protons at C-3. A triplet (J=12 to 12.9 Hz) in the range of 4.20 to 

5.20 ppm was assigned to H-2.  In 13C NMR, the downfield signal (165.0-169.6 ppm) 

was assigned to C=N carbon while the up signals in the range of 39-49 ppm were 

assigned to aliphatic carbons. In GC-MS and LC-MS molecular ion peaks M+ was 
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observed, M+1 and M+2 in case of chloro and bromo substituted compounds were 

also observed in addition to M+. H NMR and C NMR spectra of 2,3-dihydro-1,5-

benzothiazepine 23 are shown in Figure 2.3 and 2.4 respectively.  

 

 
 

Figure 2.3: 1H NMR (300 MHz, DMSO-d6) of benzothiazipine 23 
 

 

 

 Figure 2.4: 13C NMR (75MHz, DMSO-d6) of benzothiazipine 23 
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2.2 Synthesis of triazoles  

 Triazoles belong to another class of heterocyclic compounds of 

pharmaceutical significance. These compounds can be synthesized by following click 

protocol as reported by Sharpless.135 This includes an initial formation of an azide 

followed by a [3+2] dipolar cycloaddition of an azide with an alkyne under Cu(I) 

catalyzed conditions. 

2.2.1 Synthesis of organic azides 

 Organic azides (33a-51a) were synthesized by diazotization of primary 

aromatic amines followed by azidation with sodium azide. Diazotization was carried 

out by treating substituted anilines with sodium nitrite in HCl or in a mixture of 

H2SO4 & glacial acetic acid.355-358 The reaction was carried out at 0-5 
o
C as higher 

temperature have led to reversal of reaction or decomposition of the synthesized 

azides. After careful workup, all the azides were stored below 0 
o
C to avoid their 

decomposition. Since inorganic azides are hazardous and explosive, therefore, 

reactions were carried out in open vessel in closed hood, however no accident 

occurred during synthesis and storage of these organic azides. All the synthesized 

azides (33a-51a) were purified by recrystallization from distilled ethanol or methanol 

(5mL/1gm of product) at room temperature and were characterized on the basis of 

their physical constants and spectral data. The physical data of synthesized 

compounds is given in Table 2.2.  

 

Table 2.2: Physical constants and yield of organic azides (33a-51a) 

Entry MF MW 
m.p. 

(ºC) 

Yield 

(%) 
Entry MF MW 

m.p. 

(ºC) 

Yield 

(%) 

33 a C6H4N3Cl 153 48358 73 43 a C6H4N4O2 164 112359 43 

34 a C6H4N3Cl 153 Oil 63 44 a C6H4N4O2 164 108-109359  47 

35 a C6H4N3Cl 153 119358 57 45 a C7H3N5O2 189 189360   67 

36 a C6H4N3Br 197 120358 77 46 a C8H7N3O 161 Oil360 77 

37 a C7H7N3O 149 77359  54 47 a C8H7N3O 161 Oil360 78 

38 a C7H7N3O 149 120358  63 48 a C8H7N3 161 Oil360 83.9 

39 a C7H7N3 133 120358 43 49 a C10H7N3 169 111360  78 

40 a C7H6N3Cl 167 74359  63 50 a C5H4N4 120 Oil360 53 

41 a C7H6N3F 151 Oil359 77 51 a C3H5N3O2 115 Oil360 90 

42 a C6H4N4O2 164 50-51359  53      
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2.2.2   Synthesis of 1,4-disubstituted-1,2,3-triazoles  

 The click strategy was followed for the synthesis of 1,4-disubstituted-1,2,3-

triazoles via Cu(I) catalyzed [3+2] dipolar cycloaddition reaction between the 

synthesized azides and terminal alkyne. It involves the use of Cu(I) catalyst that is 

generated in situ by the reduction of copper sulphate pentahydrate with sodium 

ascorbate. The azides served as 1,3-dipoles for cycloaddition reaction. Two different 

types of terminal alkynes i.e phenyl acetylene and 1-ethynyl-1-cyclohexanol were 

used as dipolariphiles, leading to formation of 1,2,3-triazoles (Set 1-7).     Copper 

azide alkyne cycloaddition (CuAAC) strategy was employed for the synthesis of 1,4-

disubstituted-1,2,3-triazoles for its advantages of being efficient, easy-to-use, 

regioselective, hazard-free and excellent yielding.355-358 Another advantage of CuAAC 

over many available copious strategies is that the reaction can be carried out both in 

organic and aqueous solvents. 

 The reaction of azides (33a-51a) with 1-ethynyl-1-cyclohexanol afforded 1-

aryl-(1-hydroxycyclohexyl)-1,2,3-triazoles (55-70). The reaction involved the use of 

Cu(I) catalyst that was generated in situ by the reduction of CuSO4.5H2O with sodium 

ascorbate. Since Cu(I) salts are unstable in aqueous solution in the presence of air and 

readily oxidized to Cu(II) salts, an excess of sodium ascorbate was used to ensure the 

fast reduction of  CuSO4.5H2O to Cu(I) rather than Cu(II). The amount of sodium 

ascorbate used in this reaction was 6 times greater than the amount of CuSO4.5H2O 

used. Several attempts were made to optimize reaction conditions. Amount of 

ascorbic acid was tried from 4 to 6 equivalents of CuSO4.5H2O and 6 equivalents 

were found best in terms of reaction time, yield and workup. Conditions were 

optimized to ensure fast production of Cu(I). This Cu(I) catalysis accelerated the 

addition of azide to alkyne.  Triazoles were obtained with ethyl acetate (30mLx 4) and  

5 % aq. NH4OH (50 mL) in good to excellent yield. 

 

2.2.2.1 Synthesis of triazoles of Set 1 (33-48) 

 Synthesis of 1,2,3-triazoles (33a-48a) was accomplished via stepwise Cu(I) 

catalyzed [3+2] cycloaddition reaction of different substituted organic azides (33a-

48a) while 1-ethynyl-1-cyclohexanol was used as terminal alkynes counterpart.356-357 

The reaction mixture was stirred at room temperature till the completion of reaction 
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was indicated by TLC using solvent system (n-hexane: acetone 2:1) as shown in 

Scheme 2.2.  

 

Reaction conditions: (i) 33-50 (5.00 mmol), ii (1-ethynylcyclohexanol, 5.0 mmol),   

CuSO4.5H2O (0.25 mmol), sodium ascorbate (1.5 mmol), tert-BuOH / H2O (1:4, 20 mL), 6-

24 h, 0-5 °C. 

Entry R1 R2 R3 Entry R1 R2 R3 

33 Cl H H 41 F H CH3 

34 H Cl H 42 NO2 H H 

35 H H Cl 43 H NO2 H 

36 H H Br 44 H H NO2 

37 H OCH3 H 45 CN H NO2 

38 H H OCH3 46 COCH3 H H 

39 H H CH3 47 H COCH3 H 

40 Cl H CH3 48 H H COCH3 

 

Scheme 2.2: Synthesis of triazoles 33-48 (Set 1) 

 The reaction time varied from 12-26 h. Azides substituted with electron 

donating group especially at ortho and para position of phenyl ring was more 

reactive, reaction was completed in short time when monitored through TLC. 

Reaction completed in 12 to 13 h for azides substituted with methoxy and halo groups 

especially at ortho and para positions while azides substituted with electron 

withdrawing groups especially NO2 group added in alkynes very slowly to produce 

triazoles, reaction completed in 18 to 26 h. It was observed that reaction completed in 

23 to 26 h in case nitro group was present at meta position of aryl azide. The purity of 

resulting triazoles was judged by taking TLC in solvent system C. The physical 

constants of 1,2,3-triazoles (33-48) are presented in Table 2.3. Reaction was highly 

regioselective and generated exclusively 1,4-disubstituted 1,2,3-triazoles. 

Regioselectivity of the reaction was maintained by rapid production of Cu(I) which in 

turn catalyzed the addition of azide into terminal alkyne to generate 1,4-disubstituted-

1,2,3-triazoles.  



Results & Discussion 

 

54 

 

 The reaction was not significantly affected by the steric properties of the 

groups attached to the azide and alkyne centers, primary, secondary, tertiary, 

aliphatic, aromatic, and heteroaromatic azides reacted well with variously substituted 

terminal alkynes.  

 

Figure 2.5:  Simplified representation of the proposed C–N bond making steps in the 

reaction of Cu(I) acetylides with organic azides157 

A very simple mechanism is shown in Figure 2.5. It is assumed that a major 

role for regioselectivity was played by terminal alkyne, copper attached with alkyne 

by removing hydrogen to form Cu-acetylide complex as shown in Figure 2.5 where 

[Cu] denotes either a metal center, then partial negative charge present on nitrogen of 

azide adjacent to the phenyl group forms a co-ordinate complex, a metallocycle, with 

Cu. Due to electronic environment, N could easily attack terminal alkyne, leading to a 

metallocycle. As it is obvious from metallocycle, only 1,4-disubstituted 1,2,3-triazole 

would be the outcome of this CuAAC. Finally protonation releases the Cu(I) catalyst 

to generate 1,2,3-triazole as final product.  

  Using this procedure seven sets of 1,2,3-triazoles were synthesized. The 

percentage yield was good to excellent, ranging from 80-88%. Since final product of 

the  triazoles (33-48) were obtained after extraction with ethyl acetate (30mLx 4) and 

subsequent washed with 5 % aq. NH4OH (50 mL), dried over MgSO4. Melting points 

were in the range of 64-243 oC. Synthesized triazoles (33-48) were characterized on 

the basis of their physical constants as given in Table 2.3. Compound 48 is known. 

These were further confirmed by1H NMR, 13C NMR and mass spectral data.  
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Table 2.3: Physical constants and yield of triazoles of (33-48) Set 1   

 

Entry MF MW 
m.p. 

(oC) 

Yield 

(%) 
Entry MF MW 

m.p. 

(oC) 

Yield 

(%) 

33 C14H16N3OCl 277 168-170 82.8 41 C15H18N3OF 275 104-106 87 

34 C14H16N3OCl 277 200-201 82.2 42 C14H10N4O2 288 146-147 87 

35 C14H16N3OCl 277 138-140 83.8 43 C14H10N4O2 288 210-213 85 

36 C14H16N3OBr 303 179-181 84 44 C14H10N4O2 288 200-201 88.1 

37 C15H19N3O2 273 146-148 83 45 C15H9N5O2 313 184-186 81 

38 C15H19N3O2 273 161-163 84.9 46 C16H19N3O2 285 170-171 80 

39 C15H19N3O 257 190-192 89 47 C16H19N3O2 285 194-196 85 

40 C15H18N3OCl 291 110-111 87 48 C16H19N3O2 285 200-201361 81.1 

 

The identity of 1,2,3-triazoles (33-48) was confirmed on the basis of their 

spectral data.  1H NMR spectra of synthesized compounds (33-48) exhibited a 

characteristic peak at 8.1-9.7 ppm, showing an integration of one proton that has been 

assigned to H-5 proton of triazole nucleus. In 1H NMR spectra of compounds (33-48), 

aromatic protons resonated in the range of 7.68-8.78 ppm. In acetyl substituted 

triazoles (46-48), the signal due to three methyl protons appeared as singlet at 2.2-2.3 

ppm. Ten methylene protons of cyclohexyl moiety in triazole appeared as multiplets 

in the range of 1.42-1.98 ppm. A singlet at 2.4 ppm with an integration of three 

protons was assigned to methyl group while another singlet of one proton at 5.0 ppm 

represented the OH proton of cyclohexyl ring. Three protons of phenyl ring resonated 

in the region from 7.34-7.57 ppm. 1H NMR spectra of triazole 40 is shown in Figure 

2.6 while data is tabulated in Table 2.4. 
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Figure 2.6: 1H NMR (300 MHz, DMSO-d6) spectrum of triazole 40 

 

Table 2.4: 1H NMR (300 MHz, DMSO-d6) data of triazole 40  

 

 

 

 

 

 

              Triazoles 33-48 were also characterized by their 13C NMR data.  The signals 

due to presence of methyl and methoxy substituent at triazoles appeared in the 

aliphatic region as 50-53 ppm. 13C NMR of all the synthesized compounds (41-48), 

showed a characteristic up field signal at 120.6-121.7 ppm for C-5 carbon of triazole 

nucleus, while relatively downfield signal at 147-149 ppm was assigned to C-4 carbon 

which further confirmed the identity of compounds. Aryl carbons resonated in the 

range of 125-144 ppm, whereas the most downfield signal at 198-199 ppm was 

assigned to carbonyl carbon (C=O) in triazoles (46-48).  

   In case of triazole 40, signal for cyclohexyl-CH2 appeared at 20-22 ppm and 38ppm, 

ipso carbon of cyclohexyl appeared downfield i.e. 64 ppm. Methyl carbon resonated 

at 25 ppm, whereas C-5 of triazole ring appeared at 120.5 ppm. The aryl carbons 

resonated in the region of 123-137 ppm. The most downfield signal at 145.9 was 

assigned to C-4 of triazoles.  

δ (ppm) Multiplicity Integration Assignment 

1.40-1.91 m 10 H Cyclohexyl-CH2 

3.2 s 3 H CH3 

5.01 bs 1 H OH 

7.4-7.7 m 3 H Ar-Hs 

8.23 s 1 H H-5 
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Figure 2.7: 13C NMR (75 MHz, DMSO-d6) spectrum of triazole 40. 

 

Table 2.5: 13C NMR (75 MHz, DMSO-d6) data of triazole 40. 

δ  

(ppm) 
Assignment 

δ  

(ppm) 
Assignment 

20 Cyclohexyl-CH2 64 C-OH 

22 Cyclohexyl-CH2 120.5 C-5 

25 CH3 123-137  Ar-Cs 

38 Cyclohexyl-CH2 145.9 C-4 

           

        

 The EI-MS spectra of triazoles 33-48 were also recorded. The molecular ion 

peak was observed in almost all cases although its intensity was very low. The loss of 

nitrogen molecule was a common observation with a percentage abundance of 5-100. 

EI-MS was also used for characterization of triazoles of Set 1, molecular ion peak 

(M+) was negligible while the M-N2 observed as base peak in almost all cases. EI-MS 

and mass fragmentation pattern of a representative triazole (40) is shown in Figure 

2.8 and 2.9 respectively. The molecular ion peak at m/z = 291 was of very low 

intensity. The base peak was observed at m/z = 220 which was generated by the loss 

of n-pentyl (C5H11) radical from molecular ion peak. This fragment then readily loses 

carbon monoxide to give a peak at m/z = 192. An aziridine type ion (at m/z = 263, 

5%) also appeared in the mass spectra of 40 by the removal of the stable N2 molecule 

from molecular ion peak as shown in Figure 2.9. 
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Figure 2.8: EI-MS of triazole 40. 

Figure 2.9: Mass fragmentation pattern of triazole 40. 

 

2.2.2.2  Synthesis of triazoles of Set 2 (49-52) 

Triazoles 49-51 were prepared by the click reaction of azides 49a-51a with 1-

ethynylcyclohexanol. Besides using 1-ethynylcyclohexanol, phenyl acetylene was 

also used for the synthesis of triazole 52 as shown in scheme 2.3.  
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Entry R1 R2 

49 Naphthyl 1-cyclohexyl-1-ol 

50 4-Pyridyl 1-cyclohexyl-1-ol 

51 -CH2CO2Me 1-cyclohexyl-1-ol 

52 -CH2CO2Me Phenyl 

* and **as described in Scheme 2.2 
 

Scheme 2.3: Synthesis of triazoles 49-52 (Set 2)  

 

Table 2.6: Physical constants and yield of triazoles 49-52 (Set 2) 

Entry MF MW 
m.p. 

(oC) 

Yield 

(%) 

49 C18H19N3O 293 198-199 83 

50 C13H16N4O 244 64-65 83 

51 C11H17N3O3 239 146-147 82 

52 C11H11N3O2 217 64-66 89 

 

 The synthesized triazoles were characterized by their physical data (Table 2.6) 

and spectral techniques. Triazoles (49-51) were also collected through extraction as 

described for triazole (33-49). Triazoles (49-51) are novel as best of my 

knowledge.1H NMR exhibited signals for cyclohexyl protons in the range of 1.29-2.1 

ppm which confirmed the addition of azide and alkyne. In triazole 52 (Figure 2.10 

and Table 2.7) a singlet of three methyl protons of methoxy group appeared at 3.88 

ppm, while two protons of methylene group appeared as singlet at 5.4 ppm. Five aryl 

protons resonated in the region from 7.26-8.5 ppm. Characteristic singlet for H-5 of 

triazole ring resonated at 8.8 ppm. The hydroxy proton in all three triazoles (49-51) 

resonated around 4.8-5.2 ppm as broad singlet. The presence of most deshielded 

signal at 8.28-8.8 ppm is the characteristic of H-5 of triazole ring. The appearance of 

this signal clearly confirmed the identity of products. 
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Figure 2.10: 1H NMR (300 MHz, DMSO-d6) spectrum of triazole 52. 

 

Table 2.7: 1H NMR (300 MHz, DMSO-d6) data of triazole 52 

α     
(ppm) 

Multiplicity Integration 
Coupling constant 

J  (Hz) 
Assignment 

3.7 S 3H - CH3 

5.4 S 2H - CH2 

7.32-7.87 m 2H 7.5 Ar-Hs 

8.5 S 1H - H-5 

 

 

Figure 2.11: 13C NMR (75 MHz, DMSO-d6) spectrum of 1,2,3-triazole 52 
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Table 2.8: 13C NMR (75 MHz, DMSO-d6) data of triazole 52 

δ (ppm) Assignment δ (ppm) Assignment 

51 CH2 127.6-138.6 Ar-Cs 

54 CH3 147.43 C-4 

123.6 C-5   

 

13C NMR also proved to be a characteristic parameter in confirmation of 

triazoles of set 2. The presence of a signal around 22-67 corresponded to CH2 carbons 

of cyclohexyl moiety. The most down field signals were assigned to the C-5 and C-4 

of triazole’s ring carbons (C-4,175-175.5ppm). 13C spectrum of 52 is shown in Figure 

2.11 while data is tabulated in Table 2.8. 

The EI-MS spectrum & fragmentation pattern of triazole (52) are shown in 

Figure 2.12 and 2.13 respectively. The molecular ion peak was observed at m/z = 217 

while the base peak was observed at m/z = 116. This peak was formed by the loss of 

N2 molecule and -CH2CO2CH3 radical from molecular ion peak.  

 

Figure 2.12: EIMS of triazole 52. 



Results & Discussion 

 

62 

 

 

 

Figure 2.13: Mass fragmentation pattern of triazole 52. 

 

2.2.2.3 Synthesis of triazoles of Set 3 (53-64)  

Triazoles (53-64) were synthesized by the [3+2] cycloaddition reaction 

between aryl azides and phenyl acetylene according to procedure reported in 

literature355-356 (Scheme 2.4). After completion of reaction monitored through TLC, 

resulting solution was concentrated under reduced pressure. The residue was 

dissolved in 40 mL of brine and then extracted with ethyl acetate (90 mLx3). The 

combined organic layers were washed with 5 % aq. NH4OH (50 mLx3), dried over 

anhyd. Na2SO4, filtered and solvent was removed under vacuum to obtain pure 

product. 
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*as described  Scheme 2.2 

Scheme 2.4: Synthesis of triazoles 53-64 (Set 3) 

The reaction time varied from 7-26 h. The azides substituted with electron 

donating groups especially at ortho and para positions added faster in alkynes than 

the azides substituted with electron withdrawing groups especially at meta position of 

phenyl ring. Moreover due to Cu(I) catalysis and terminal alkyne counterpart azides 

added into alkyne regioselectively to produce exclusively 1,4-regioisomers with 

excellent yield. The purity of resulting triazoles was checked by taking TLC in 

solvent system C and by GC-MS spectral analysis. Pure product was obtained through 

extraction as described in Section 2.2.2.2 (The residue was dissolved in 40 mL of 

brine, extracted with ethyl acetate (90 mLx3), washed with 5 % aq. NH4OH (50 

mLx3).  All the synthesized compounds (53-64) were characterized on the basis of 

their physical constants, 1H, 13C NMR and mass spectral data. The physical constants 

of 1,2,3-triazoles (53-64) are presented  in Table 2.9. The percentage yield was 

excellent, ranging from 81-87 %, while their melting points were found in the range 

of 64-243 oC. Triazoles 53-55, 57-58, 60 and 64 are known and references are cited 

above their melting points (Table 2.9) which are in close agreement to the reported 

one. The identity of synthesized triazoles was confirmed on the basis of their spectral 

data, in 1H NMR, aryl protons resonated in the range of 7.2-7.96 ppm. In methoxy 

Entry R1 R2 R3 Entry R1 R2 R3 

53 Cl H H 59 H NO2 H 

54 H Cl H 60 H H NO2 

55 H H Cl 61 CN H NO2 

56 H H Br 62 COCH3 H H 

57 H OCH3 H 63 H COCH3 H 

58 NO2 H H 64 H H COCH3 
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substituted triazoles e.g. 57, the signal due to three methyl protons appeared as singlet 

at 3.8 ppm. The most down field signals were assigned to H-5 of triazoles. 

Table 2.9:  Physical data and yield of triazoles 53-64 (Set 3) 

Entry MF MW 
m.p. 

(oC) 

Yield 

(%) 
Entry 

MF 

 
MW 

m.p. 

(oC) 

Yield 

(%) 

53 C14H10N3Cl 255 146-147361 82 59 C14H10N4O2 266 194-195362 82.2 

54 C14H10N3Cl 255 210-213361  83 60 C14H10N4O2 266 144-145361 83.8 

55 C14H10N3Cl 255 208-210361 87.1 61 C15H9N5O2 291 229-231 84 

56 C14H10N3Br 299 210-212 84 62 C16H13N3O 263 118-119 81 

57 C15H13N3O 251 116-118358 83 63 C16H13N3O 263 202-203357 83.9 

58 C14H10N4O2 266 143-144362 82 64 C16H13N3O 263 165-167360 81 

  

  1H NMR spectra of triazoles 53-64 exhibited a characteristic peak at 8.18-9.7 

ppm showing the integration of one proton assigned to H-5 proton of triazole nucleus. 

The appearance of this signal clearly confirmed the identity of products. The aryl 

protons resonated in the range of 7.3-9.1 ppm. In acetyl substituted triazoles (62-64), 

the signal due to three methyl protons appeared as singlet at 2.14-2.3 ppm confirms 

that cycloaddition reaction between aromatic azides and phenyl acetylene was 

successful. 13C NMR spectra of synthesized triazoles (53-64) showed a characteristic 

up field signal at δ = 119.5-122.2 ppm for the C-5 carbon of triazole nucleus, while 

relatively downfield signal at 147.43-157.5 ppm was assigned to C-4 carbon of 

triazole ring. The presence of these signals is a clear confirmation for the synthesis of 

1,4-disubsituted 1,2,3-triazoles. Aryl carbons resonated in a region around 125-148 

ppm, whereas the most downfield signal at 168-199 ppm was assigned to carbonyl 

carbon. 

The synthesized triazoles were further confirmed by their GC-MS and EI-MS 

spectral analysis. The molecular ion peak was observed in almost all compounds 

although its intensity was low. The loss of nitrogen molecule was a common 

observation with low to moderate intensity. The fragmentation pattern of one of the 

representative triazole (58) is shown in Figure 2.14. The molecular ion peak was 

negligible. The base peak was observed at m/z = 208. This peak was formed by the 

loss of NO radical and CO molecule from molecular ion peak which is characteristic 

of a nitro-substituted aryl compound.  
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Figure 2.14: Mass fragmentation pattern of triazole 58. 

 

  2.2.2.4 One pot synthesis of triazoles of Set 4 (65-70)  

 The triazoles of set 4 (65-70) were synthesized by using “on water” not in 

water approach.364 It involves in situ generation of organic azides from alkyl bromides 

and sodium azide followed by the addition of terminal alkynes under transition metal 

catalyst free condition, in the presence of water to form the corresponding 1,2,3-

triazoles (Scheme 2.5). The presence of water acts as a sink for heat dissipation 

produced during azide generation. One pot synthesis is more feasible and environment 

friendly as it doesn’t utilize the metal catalyst and organic solvent.  In situ generation 

of azide not only abandoned the separation of intermediates, it also eliminates 

maintenance of sensitive azides. This method is safe as unstable inorganic azides were  
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produced in-situ reducing the risk of an accident due to explosive nature of azides. It 

also eradicated laborious workup, handling and safety of unstable azides.  

 

Entry R1 R2 Entry R1 R2 

65 1-cyclohexanol-1-yl CH2Ph 68 1-cyclohexanol-1-yl C8 H17 

66 1-cyclohexanol-1-yl C 4H9 69 1-cyclohexanol-1-yl C16 H33 

67 1-cyclohexanol-1-yl C6 H13 70 Phenyl C16 H33 

 

Scheme 2.5: One pot synthesis of triazoles 65-70 (Set 4) 

   

   Following this one pot protocol of N-alkyl-1,2,3-triazoles 65-70 (Set 4) with the 

aliphatic chain at C-4 was synthesized using an alkyl halide and NaN3
362-363,369 under 

nitrogen atmosphere. After completion as observed through TLC, diethyl ether (40 mL) 

was added to the mixture to extract the product after cooling to room temperature. The 

combined layers were washed with water (30mL) and brine (5%, 30mL), dried with 

MgSO4 and evaporated under reduced pressure. Finally the residues were recrystallized 

with hot ethanol (5mL/1gm of product) and kept at room temperature in closed round 

bottom flask for 5-8 h. to give the desired product. Synthesized triazoles were 

characterized by physical data (Table 2.10) and spectroscopic techniques such as 1H, 

13C NMR and GC-MS.  Triazoles 65, 67 and 68 are known references cited above 

melting points in Table 2.10. 

Table 2.10: Physical data and yield of triazoles 65-70 (Set 4). 

Entry MF MW 
m.p. 

(ºC) 

Yield 

(%) 
Entry MF MW 

m.p. 

(ºC) 

Yield 

(%) 

65 C15H19N3O 257 124-125 362 

 
80 68 C16H29N3O 279 84-86364 

 
86 

66 C12H21N3O 223 Oil 81 69 C24H45N3O 391 84-86 80.5 

67 C14H25N3O 251 98-100365 

 
84 70 C24H39N3 369 99-100 83 

 
1H NMR data of N-alkyl-1,2,3-triazoles revealed following facts, a singlet in 

the up field region showing the integration of three protons at 0.89-1.2 ppm was 

assigned to methyl protons in triazoles (66-70). A triplet of two protons with coupling 

constant of 7.2 Hz in the narrow range of 4.3-4.5 ppm was assigned to two methylene 
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protons directly linked to nitrogen atom (N-1) of triazole nucleus (65-70). Other 

methylene protons of alkyl chain appeared as unresolved multiplets in the range of 

1.1-1.6 ppm while ten methylene protons of cyclohexyl moiety were observed in the 

range of 1.2-2.32 ppm. The aryl protons resonated in the range of 7.34-7.85 ppm for 

compounds 70. A broad singlet was observed in the range of 2.5-4.0 ppm in triazoles 

65-69, which was assigned to proton of hydroxyl group. The most downfield signal of 

one proton in all compounds at 7.43-9.5 ppm has been assigned to H-5 proton of 

triazole nucleus, confirming the identity of triazoles. N-alkyl substituted 1,2,3-

triazoles were also characterized by their 13C NMR spectral data. The analysis of 13C 

NMR spectra of N-alkyl substituted 1,2,3-triazoles (65-70)  showed characteristic 

peak for aliphatic region. The most up field signal observed in the range of 13.5-16 

ppm was assigned to methyl carbon of alkyl chain in triazoles (66-70). The methylene 

carbons of long alkyl chain in (66-70), and cyclohexyl moiety in 65-69 were observed 

in range of 21.3-39.9 ppm. The signal at 57 ppm in N-benzyl substituted triazole (65) 

was assigned to the methylene carbon directly linked to nitrogen atom (N-1) of 

triazole nucleus while in case of N-alkyl substituted triazoles (66-70) signal at 57-67 

ppm were assigned to methylene carbon directly attached to nitrogen atom (N-1) of 

triazole nucleus.  Methylene carbons of cyclohexyl moiety were observed in the range 

of 22-38 ppm in compounds (66-69).  

The synthesis of 1,2,3-triazoles (65-70), was further confirmed by their GC-

MS analysis. The molecular ion peak was observed in all the mass spectra of triazoles 

with moderate to high intensity. All triazoles showed a characteristic peak due to loss 

of nitrogen molecule with low to moderate intensity. 
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Figure 2.15: The mass fragmentation pattern of triazole 69 

The mass fragmentation pattern of triazole (69) is shown in Figure 2.15. The 

molecular ion peak at m/z = 391 was observed as base peak. The loss of nitrogen 

molecule from molecular ion peak gave a fragment of moderate intensity (25%) at 

m/z = 363. The synthesis of triazole (69) was further confirmed by the loss of alkyl 

radicals of different m/z values as shown in Figure 2.15. 

2.2.3    Synthesis of bis-triazoles  

Besides synthesizing mono triazoles, two sets of bis-triazoles were also 

synthesized. In first step bis-azides were synthesized from bis-amines following the 

same protocol as described for mono azides and from these bis-azides, bis-triazoles 

were synthesized through click chemistry. 

2.2.3.1 Synthesis of bis-azides and bis-triazoles  

Bis-Azides were prepared by literature procedure,356 after completion of 

reaction as obvious from TLC, reaction mixture was extracted with ethyl acetate (75 

mLx3). The combined organic layers were dried over anhyd. Sodium sulphate filtered 

and concentrated on rotary evaporator without heating. 
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Entry Linker (L) Entry Linker (L) 

Azide Triazoles  Azide Triazoles  

71 80 
 

76 - 

 

72 81 
 

77 83 

 

73 84 
 

78 86 

 

74 85 

 

79 87 

 

75 82 
 

   

Scheme 2.6: Synthesis of bis-azides 71-79, and bis- triazoles 80-87 (Set 5). 

Table 2.11: Physical data and yield of bis-azides (71-79) 

Entry 
m.p. 

(ºC) 

Yield 

(%) 
Entry 

m.p. 

(ºC) 

Yield 

(%) 

71 85-87366 75 76 132-134 70 

72 62-65366 75 77 81-83 69 

73 49-50367 69 78 85-87 75 

74 132-134 70.5 79 75-77 69 

75 115-117366 79    

   

 The purity of bis azides (72, 73 and 76) was inspected through TLC in solvent 

system A; (72 and 73) B; n-hexane: ethyl acetate (3:2) and in n-hexane: acetone (4:1). 

bis azides 71, 72 and 75 are known. Melting points of these organic bis-azides were 



Results & Discussion 

 

70 

 

low, ranging from 49-134 ºC. Percentage yield of bis-azides was found to be good 

(Table 2.11). 

The characterization of bis-azides was carried out by IR, 1H, 13C-NMR and EI-

MS data. At the outset characterization of bis-azides was carried out through IR 

spectroscopy. bis-Azides were characterized by the disappearance of a peak 

corresponding to primary amino group in the range of 3500-3300 cm-1. The IR spectra 

of bis-azides exhibited a distinct absorption in the region of 2296-2160 cm-1 and 1340-

1180 cm-1 for asymmetric and symmetric stretching of azido group respectively. 

Many organic azides show weak bands at about 2400 cm-1, due to overtones or 

combination bands of the symmetric stretching vibration.  Medium absorption in the 

range of 1599-1612 cm-1 and 1492-1422 cm-1 corresponded to asymmetric stretching 

of C-C double bond in aromatic ring.  

1H NMR spectra of bis-azides were also recorded. The disappearance of a broad 

singlet of two NH2 protons in the range of 4-5 ppm showed that conversion of 

diamines into respective bis-azides was successful. A multiplet assigned to aryl 

protons appeared in the narrow range of 6.5-7.7 ppm. 13C NMR spectra of synthesized 

compounds were also recorded. The characteristic absorption due to aryl carbons 

appeared in the range of 110-160 ppm. The most downfield signal at 154 ppm was 

assigned to ipso carbon linked to N. 

The synthesized bis-azides were also identified by their electron impact mass 

spectral data. Molecular ion peak was observed for both compounds. All the 

synthesized bis-azides showed a characteristic peak due to loss of nitrogen molecule 

from one of the azides which are base peaks in most cases and confirmed the 

formation of bis-azides from the corresponding diamines.  

  After having synthesized bis-azides (71-79), these were converted to their 

corresponding bis-triazoles following the same click strategy. 

 

2.2.3.2 4,4' bis-(4-1-phenyl)-1,2,3-triazoles of Set (80-87) 

 Using this procedure, two sets of bis 1,2,3-triazoles were synthesized. The 

reaction time varied from 12-26 h. Reaction time and yield was observed to be 

substituent dependent but it was found that steric factor of the substituents didn’t 

affected the yield and reaction time. Azides with electron rich substituents at ortho 
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and para positions of phenyl at position 1 of triazoles ring, added in alkyne faster than 

those with electron deficient groups at these positions. Azides with the longer linker 

gave lower yield and also took long reaction time. Reaction completed in 25 to 26 h 

for triazoles 85 to 87. After completion as monitored through TLC the reaction 

mixture was concentrated under reduced pressure. The residues were dissolved in 40 

mL of brine and then extracted with ethyl acetate (90 mLx3). The combined organic 

layers were washed with 5 % aq. NH4OH (50 mL), dried over MgSO4, filtered and 

solvent was removed under vacuum to give pure product. Synthesized compounds 

were confirmed on the basis of their physical constants and spectral data. bis-

Triazoles 80-82 are known. The physical constants of bis-1,2,3-triazoles are shown in 

Table 2.12. The percentage yield was found to be good. Melting points of bis-1,2,3-

triazoles were in the range of 138-201 oC. 

 

Table 2.12: Physical data and yield of bis-triazoles 80-87 (Set 5) 

 

Entry MF MW 
m.p. 

(oC) 

Yield 

(%) 
Entry MF MW 

m.p. 

(oC) 

Yield 

(%) 

80 C
22

H
16

N
6
 440 

188-

189368 

(decom.) 

81 84 C
29

H
22

N
6

O
2
 454 164-168 80.6 

81 C
28

H
20

N
6
 456 

148-

149368 
80 85 C

29
H

22
N

6
 500 138-141 82 

82 C
28

H
20

N
6

O 389 
147-

150368 
72 86 C

33
H

30
N

6
 O

2
 556 

196-198 

(decom.) 
75 

83 C
33

H
23

N
7

O
2
 549 165-168 70 

87 

 
C

38
H

40
N

6
 O

2
 626 

199-201 

(decom.) 
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1H NMR spectra exhibited a characteristic peak at 8.5-9.2 ppm showing the 

integration of one proton that has been assigned to H-5 proton of triazole nucleus. The 

appearance of this signal clearly confirmed that cycloaddition reaction between bis-

azides and phenyl acetylene was successful. The aryl protons resonated in the range of 

6.5-7.9 ppm. In bis-triazoles (84-87), the signal due to methyl protons appeared at 1.2-

4.2 ppm. 1H NMR data of bis-triazole 82 is tabulated in Table 2.13.  

 

Table 2.13: 1H NMR data of bis-triazole 82 

 

δ (ppm) 

 

Multiplicity 

 

Integration 

 

Coupling 

constant 

 J  (Hz) 

Assignment 

 

7.2-7.9 m 18H - Ar-Hs 

9.2 s 1H - H-5 
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In 13C NMR spectra of the synthesized compounds (80-87), signal around 157-

157.8 ppm was assigned to C-5 of triazole nucleus while relatively downfield signals 

at 130-135 ppm were assigned to ipso carbons directly linked to nitrogen and oxygen 

in some of the triazoles. The signals ranging from 119-149 ppm corresponded to aryl 

carbons. The appearance of these signals is a clear confirmation of the synthesis of 

1,4-disubsituted 1,2,3-triazoles.   

The mass fragmentation pattern of a representative triazole (82) is shown in 

Figure 2.16. The molecular ion peak was absent. The base peak was observed at m/z 

= 400. This peak was formed by the loss of two nitrogen molecules from molecular 

ion peak which is characteristic of triazole nucleus. The formation of other 

characteristic ions corresponding to characteristic peak in spectrum, along with their 

m/z values and intensity is shown in Figure 2.16. 

 

 

  

Figure 2.16:  Mass fragmentation pattern of bis-triazole 82 
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2.2.3.3: 4,4' bis-(4-1-Hydroxycyclohexyl)-1,2,3-triazoles 88-90 (Set 6)  

            Triazoles (88-90) were synthesized by the same protocol (Scheme 2.7). 

Another set of bis-triazoles (88-90) were synthesized by cycloaddition of bis-azides 

(71, 72 and 75) by their reaction with 1-ethynyl-1-cyclohexanol under click 

conditions (Scheme 2.6).   

 

Entry Linker (L) Entry Linker (L) 

Azide Triazoles  Azide Triazoles  

71 88 
 

75 90 

 

72 98 

 

   

 

Scheme 2.7: Synthesis of bis-triazoles 88-90 (Set 6) 

 The physical data and yield of the compounds (88-90) are presented in Table 

2.14. Melting points were found in the range of 140-168oC. The yield obtained was 

excellent ranging from 81-83 %. The purity of compounds was accessed by thin layer 

chromatography using (n-hexane and acetone 2:1). 

 

Table 2.14: Physical data and yield of bis-triazoles 88-90 (Set 6) 

Entry MF MW 
M.P 

(oC) 

Yield 

(% ) 

88 C22H28N6O2 408 140-141 82 

89 C28H32N6O2 484 146-147 81 

90 C28H32N6O3 500 165-168 83 

 

In the 1H NMR spectra of triazoles (89-90), three different signals were 

observed in aliphatic region while the other signals were observed in aryl region. The 

ten methylene (CH2) protons of cyclohexyl moiety appeared as multiplets in a close 

range of 1.17-2.98 ppm (88-90), a broad singlet appearing in the range of 5.1-5.2 

ppm, as a board singlet has been assigned to hydroxyl proton. The aryl protons 

covering the central part of spectrum were observed at 7.86-8.75 ppm (Table 2.15). 
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The signal appearing down field at 8.3-8.9 ppm as sharp singlet was assigned to H-5 

proton of triazole nucleus. The appearance of this signal is a direct confirmation of the 

synthesis of bis-1,4-disubsituted 1,2,3-triazoles (89-90) as shown in Table 2.15. 

  

Table 2.15: 1H NMR data of bis-triazole 89 

δ (ppm) Multiplicity Integration 
Coupling 

constant 
Assignment 

2.19 -2.98 m 20H - Cyclohexyl-CH2 

5.2 s 1H - OH 

7.86-7.97 m 4H - Ar-Hs 

8.3 s 1H  H-5 

 

bis-Triazoles 88-90 were also characterized by their 13C NMR analysis. 13C NMR 

data of triazole 89 is tabulated in Table 2.16. 
 

 

Table 2.16: 13C NMR data of bis-triazole 89 

 
δ   

(ppm) 
Assignment 

δ  

 (ppm) 
Assignment 

22-38 Cyclohexyl Cs 136.5  C-5 

64 C-OH 157 C-4 

119-144.7 Ar-Cs   

 

The most characteristic and important signal due to C-5 & C-4 carbon atoms 

of triazole nucleus were observed at 120-122 ppm & 157-158 ppm respectively. 

Signals appearing in the range of 22-39 ppm have been assigned to methylene carbons 

of cyclohexyl nucleus. The signal at 64-68 ppm was assigned to ipso carbon bonded to 

cyclohexyl group (C-OH). The signals for aryl carbons were observed at 114-149 ppm.  

 

2.2.4: Synthesis of chalcone derived triazoles 91-96 (Set 7)   

Triazoles are documented to possess overwhelming pharmaceutical activities, 

similarly chalcone nucleus also remains a center of interest for medicinal chemists 

due to wide array of their medicinal properties. Keeping in view the capabilities of 

both templates, conjugate triazoles were designed to enhance the expected activity. A 

set of the chalcone derived triazoles were synthesized by the addition of azide 

substituted at 4 position of triazole ring to phenyl acetylene. In first step amino 

chalcones (91a-94a) were converted to azido chalcones under the same conditions 
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used for synthesis of aryl azides (33a-51a) and afterward triazole rings were formed 

under click conditions. Chalcones formed in first step were characterized through 

their physical data. Moreover chalcones are already documented so these are only 

characterized through their physical data.  

 

Entry R1 R2 

Azide  Triazoles   

91  95 2-Cl Ph 

92  - 4-Cl - 

93  96 4-OMe  Ph 

-  97 2-Cl 1-cyclohexyl-1-ol 

-  98 4-OMe 1-cyclohexyl-1-ol 

94  99 OC(CH3)3 
1-cyclohexyl-1-ol 

 

Scheme 2.8: Synthesis of chalcone derived triazoles 91-96 (Set 7) 

Synthesized azido chalcones were characterized by their physical data (Table 2.17) 

 Table 2.17: Physical data of azido chalcones (91-94) 

Entry R MW  
m.p. 

(oC)  

Yield 

(%) 
Entry R MW  

m.p. 

(oC)  

Yield 

(%) 

91 2-Cl 283 195-197 78 93 4-OMe 279  116 68  

92 4-Cl 283 190-192 76 94 OC(CH3)3 321 185-186  69  
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 Azido chalcones were characterized by their physical constants (Table 2.17) 

and spectral data. In 1H NMR, azido chalcones were confirmed by presence of two 

doublets of olefinic protons around 7.55 to7.91 ppm. Multiplets for eight aryl protons 

resonated in the range of 7.2-7.6 ppm. Absence of a singlet for 4 Hs of NH2 were also 

characteristic.  

Table 2.18: Physical data of chalcone derived triazoles 95-99 (Set 7) 

Entry R 1 R2 MW  
m.p.  

(oC)  

Yield 

(%) 

95 2-Cl Ph 407 155-158 70 

96 4-OMe  Ph 383  167-168  54  

97 2-Cl 1-cyclohexyl-1-ol 407 210-212 70 

98 4-OMe 1-cyclohexyl-1-ol 403 155-158 60 

99 OC(CH3)3 1-cyclohexyl-1-ol 445 185-186 56 

 

 Chalcone derived triazoles (95-99) were synthesized by the cycloaddition of 

chalcone azide into phenyl acetylene and 1-ethenyl-cyclohexyl-1-ol under click 

conditions leading to triazoles. These azido chalcones offered chalcone derive 

triazoles when it was subjected to 1,3-dipolar cycloaddition under click conditions. 

These compounds were characterized through physical data (Table 2.18) and spectral 

data.  In 1H NMR signals observed in the range of 1.3-2.0 ppm were assigned to 

cyclohexyl protons. A singlet of one proton at 5.08 ppm corresponded to the OH 

proton present at position 1 of cyclohexyl ring. Eight protons of phenyl ring resonated 

in the aromatic region from 7.4-8.4 ppm. The most downfield signal for one proton at 

8.82 ppm was assigned to the proton of triazole ring. Two doublets appearing at 7.5 

ppm and 8.25 ppm respectively corresponded to two olefinic protons. 1H NMR 

spectrum of the representative compound (97) is shown in Figure 2.17 and data is 

tabulated in Table 2.19.  

 In 1H NMR the most deshielded singlet was assigned to the triazole proton 

which is the most characteristic signal confirming the presence of triazole moiety in 

the molecule.  

 In 13C NMR spectrum the most deshielded signal was assigned to carbonyl 

carbon. The signals around 154 ppm and 133 ppm were assigned to C-4 and C-1, 

while the signal at 134-122 ppm was assigned to olefinic and aryl carbons. 
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Figure 2.17: 1 H NMR (300 MHz, DMSO-d6) spectrum of triazole 97                                                                            

 

Table 2.19: 1H NMR (300 MHz, DMSO-d6) chalcone derived triazole 97  

δ ppm                       Multiplicity Integration   
Coupling constant  

J (Hz)         
Assignment 

1.3-2.08 m 10H - Cyclohexyl-CH2 

5.05 s 1H - OH 

7.5 d 1H 3.6 H-7 

7.4-8.4 m 8H - Ar-Hs 

8.25 d 1H 6.3 H-8 

8.82 s 1H - H-5 

   

In 13C NMR spectrum (Figure 2.18, Table 2.20) of compound 97 the 

relatively downfield signal was assigned to C-4 of triazole moiety. The signals for 

aryl carbons were observed in the range of 120-160 ppm and the triazoles carbons 

appeared in the same range. The most up field signals were assigned to the cyclohexyl 

carbons, while the most downfield signal was assigned to carbonyl carbon.  



Results & Discussion 

 

78 

 

 

Figure 2.18: 13C NMR (75MHz, DMSO-d6) spectrum of triazole 97 

13C NMR for triazole 97 is recorded in Table 2.20. 

Table 2.20: 13C NMR (75 MHz, DMSO-d6) chalcone derived triazole 97  

δ  

(ppm) 

                       

Assignment 

22-38 Cyclohexyl-CH2 

68 C-OH 

120-140 Ar-Hs 

120 C-5 

157 C-4 

188 C=O 

 

Two classes of heterocyclic compounds were synthesized keeping in view 

their pharmaceutical importance. This section comprises the synthesis of a library of 

substituted benzothiazepines and seven sets of triazoles. After successful completion 

of synthesis of important classes of compounds it was envisaged to synthesize another 

class of compounds which is equally important in drug market. Peptides have also 

been remained the point of attraction for chemists due to their important physiological 

and biological role in the life of human beings. The introduction of facile strategies 

for protein synthesis and splicing always has been in towering demand. A strategy 



Results & Discussion 

 

79 

 

was designed to synthesize peptides and proteins through NCL without the traces of 

cysteine.  

2.3    Synthesis of peptides 

This study reports an efficient single-step synthesis of chiral peptides from 

unprotected amino acids. N-(aminoacyl)-benzotriazoles (N-(aminoacyl)-Bt) are useful 

analyzing agents since the corresponding acid chlorides are unstable and difficult to 

prepare.230 Furthermore, N-protected-(aminoacyl)-Bt have facilitated fast preparations 

of biologically relevant peptides and peptide conjugates with full retention of the 

original chirality in high yield and purity, under mild reaction conditions. 

This benzotriazole mediated synthesis required minimum amount of reactants 

as compared to the solid phase peptide synthesis.230 It also avoided the excessive use 

of expensive protecting groups, and hence ruled out the intermediate steps of 

protection and deprotection, which consequently reduced product. In addition to that 

Bt mediated peptide synthesis does not need the expensive activating agents which 

were customary to solid phase synthesis. This acyl benzotriazole is extremely 

advantageous as compared to corresponding acyl chloride which is unstable, sensitive 

to moisture and are not isolable.230 This solution phase Bt mediated peptide coupling 

avoids both epimerization and hydrolysis due to fast coupling rate. 

 
2.3.1   (Aminoacyl)-Bts  

Cbz and Boc protected aminoacyl Bts were synthesized, Bt acted as both 

activating agent and good leaving group. These (aminoacyl)-Bts were synthesized for 

coupling with free amino acids. 

 

2.3.1.1 Synthesis of N-Cbz-(aminoacyl)-Bts369 (99-101)  

N-(Aminoacyl)-Bt was synthesized by reacting N-protected amino acids, such 

as benzoxy carbonyl. Benzotriazole activated amino acid in first step and also worked 

as leaving group in coupling stage. Reaction was carried out in dry acetonitril (ACN) 

under an inert atmosphere. Benzotriazole mediated synthesis of peptides, 

peptidomimetics and a peptidyl analog of heterocycles is a highly efficient, elegant 

and simple procedure with mild conditions. It is proposed for the formation of peptide 

bonds, iso-peptides and an array of biologically and pharmaceutically active 
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peptidomimetics, heterocycles and fluorescent analyzers. It′s 2-3 h reaction at room 

temperature and owes facile work up and easy handling (Scheme 2.9). Products 

formed are stable, insensitive to moisture easy to store as compared to corresponding 

acyl chlorides. After completion of reaction as judged by TLC, reaction mixture was 

concentrated under vacuum and residues were dissolved in EtOAc. Product was 

collected after extraction with the concentrated solution (10%) of sodium carbonate 

followed by drying and evaporation. Following this procedure, benzotriazole 

derivatives of Cbz-phe-OH, Cbz-ala-OH, Cbz-gly-OH were prepared. The reaction 

was highly regioselective and stereoselective with the yield ranging from 95-98 %. 

 

Scheme 2.9:  Synthesis of N-Cbz-(aminoacyl)-Bts (99-101) 

Synthesized N-Cbz-(aminoacyl)-Bts (99-101) were characterized through their 

physical data as shown in Table 2.21. N-Cbz-(aminoacyl)-Bts 99-101 are known. 

 

Table 2.21: Physical data and yield of N-Boc-(aminoacyl)-Bts 99-101 

Entry N-Cbz-(aminoacyl)-Bts  
m.p.  

(oC) 

Yield 

(%) 

99 Cbz-Phe-Bt  151.9369 98 

100 Cbz-Gly-Bt  113.5369 96 

101 Cbz-Ala-Bt  109-110369 95 

 

2.3.1.2 Synthesis of N-Boc-(aminoacyl)-Bts 102-103  

            N-Boc-(aminoacyl)-Bts were synthesized (Scheme 2.10) for extension of 

peptide chain from dipeptides to tri- and tetrapeptides. Boc protected amino acids 

were selected with the objective that Boc group would remain unaffected during the 

selective deprotection of Cbz group. 
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 R 

102 H 

103 CH3 

 

Scheme 2.10: Synthesis of N-Boc-(aminoacyl)-Bts (102-103). 

Synthesized N-Boc-(aminoacyl)-Bts were characterized through their physical 

data as shown in Table 2.22. 

 

Table 2.22: Physical data and yield of N-Boc-(aminoacyl)-Bts 102-103. 

Entry N-Boc-(aminoacyl)-Bts 
m.p.  

(oC) 

Yield 

(%) 

102 N-Boc-(Gly)-Bt 140243,369 94 

103 N-Boc-(Ala)-Bt 149243,369 93 

 

Synthesized compounds were characterized by their physical constants, 1H and 

13C NMR.  Compound 102 and 103 are known. Synthesis of N-Pg-(aminoacyl)-Bts 

was confirmed by the presence of two triplets in the range of 7.40-8.18 ppm. These 

triplets confirmed the presence of Bt in the product. These strong signals are 

characteristic for aryl protons of benzotriazoles.369 Melting points were comparable 

with the reported values.343,369 Similarly 13C NMR also confirmed the identity of Bt 

derivatives of amino acids. 
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2.3.2   Synthesis of chiral dipeptides (104-106) 

 A series of chiral dipeptides was synthesized by coupling N-protected-

(aminoacyl)-Bt with unprotected amino acids according to procedure reported by 

Katritzky et al.230 This owed the mild and efficient preparation of optically pure 

dipeptides without protection of the carboxyl groups. The method was highly 

chemoselective and regioselective. Benzotriazole acted as activating as well as good 

leaving group. Activation by benzotriazole eliminated the use of expensive activating 

reagents, which is laborious, takes long time, need sensitive conditions and 

consequently reduces yield. Dipeptides were obtained with complete retention of 

chirality in Bt-mediated solution phase synthesis. The procedure was based on the 

hypothesis that epimerization should be suppressed in solution due to faster coupling 

rate as compared to that on a solid support. In this solution phase coupling of amino 

acids no acylation and epimerization was observed which is usual in case of SPPS.263 

Preparation of dipeptides 104-106 was achieved by coupling of a Cbz-protected O-

(aminoacyl)-Bt with a free amino acids (Scheme 2.11). The reaction was carried out 

by  stirring a solution of unprotected amino acid (1.5 equivalent) in water with the 

subsequent addition of N-Pg-(aminoacyl)-Bt solution in ACN and 2.5 equivalents  of 

Et3N at 20oC for 2 h. ACN and water were used in the ratio of 7:3. Residues were 

dissolved in EtOAc after evaporation of ACN under reduced pressure, extraction with 

dilute hydrochloric acid and subsequent drying over anhydrous sodium sulphate 

yielded optically pure dipeptides as white solids. No further purification was required. 

The products obtained were characterized by NMR and elemental analysis (Table 

2.24). Neither epimerization of free amino acid nor hydrolysis of 99-101 occurred 

under these conditions.243 Epimerization is the process of changing the "handedness" 

of one of the chiral centers in a molecule with several chiral centers in order to change 

the chirality of the molecule itself. Epimers are diastereomers that are related by the 

inversion of configuration at a single chiral center. Unlike enantiomers, epimers are 

not mirror images of each other and have multiple stereogenic centers. Epimers are 

diastereomers that differ in configuration of only one stereogenic center. 

Diastereomers are a class of stereoisomers that are non-superimposable, non-mirror 

images of one another.  Racemization refers to the conversion of one optically active 

compound into a racemic mixture where more than one enantiomer is present. Rapid 
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coupling rate in solution phase Bt mediated synthesis eliminated the chances of 

epimerization. Bt mediated synthesis of dipeptides reduced drastically not only the 

reaction time but also led to many folds increase in yield. 

 

 

Entry R1 R2 Entry R1 R2 

104 CH2-Ph CH3 106 H CH2-Ph 

105 CH3 H 
   

 

Scheme 2.11: Synthesis of dipeptides 104-106 

Reaction completed in 2-3 h irrespective of the amino acids used. Steric factor 

didn’t affect the yield in dipeptides.  After completion reaction mixture was acidified 

with 6N HCl concentrated and dissolved in 20 mL of ethyl acetate and washed with 

6N HCl (20 mLx3), dried over anhyd. MgSO4, 104-106 were obtained as white solid 

with excellent yield ranging from 88 to 89%. Melting points of all the synthesized 

compounds varied from 142-166 oC as presented in Table 2.23.  

 

Table 2.23:  Physical data and yield of dipeptides, 104-106 

 
Entry R1 R2 MW m.p.  

(oC) 

Yield  

(%) 

104 CH2-Ph H 356 164-165230 89 

105 CH3 H 280 165-166 89 

106 CH3 CH2-Ph 370 142-144 88 

 

The products obtained were characterized by NMR and elemental analysis. 

dipeptide 104 is known. In 1H NMR of dipeptide multiplets at 4.25-4.33 ppm to 4.39-

5.0 ppm corresponded to the enantiomeric protons which proclaimed the coupling of 

glycine with 99 to produce dipeptide 104. Absence of two strong triplets in the range 

of 7 ppm to 9 ppm, characteristic of benzotriazole moiety, further confirmed the 
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formation of dipeptide after removal of benzotriazole. The presence of a multiplet in 

the range of 7.42-7.43 ppm corresponding to 10 aryl protons further obviated the 

replacement of benzotriazole moiety due to coupling of from 99 with Gly-OH further 

confirmed the synthesis of dipeptide 104. In case of 105, a singlet at 4.12 ppm for 2Hs   

in 1H NMR characteristic of coupling of the Gly-OH with 101 to form 105. Synthesis 

of 106 was confirmed by the presence of two strong singlets   at 7.57 ppm and 7.87 

ppm each corresponding to  NH proton was characteristic of peptide bond and hence 

formation of dipeptide. A multiplet at 6.83-7.22 ppm in aromatic region corresponded 

to 10 aryl Hs and absence of two triplets in the range of 7 to 9 ppm was also 

characteristic for removal of Bt and synthesis of dipeptide. Coupling of L-Phe-OH 

with 101 was further confirmed by the presence of two multiplets in aliphatic region 

which corresponded to 2 enantiomeric protons.  

In 13C NMR, the presence of 3 signals at 156 ppm, 171.5 ppm and 17 ppm 

were assigned to carbonyl group where the most down field signal corresponded to 

carbonyl of carboxylic group. A signal at 41.1 ppm corresponded to CH2 carbon 

which confirmed the peptide bond formation. The presence of a signal at 48.1 ppm 

corresponded to the CH2 carbon which further confirmed the synthesis of 105. In case 

of 106, presence of three signals for carbonyl carbon at155.8, 172.7 and 173.0 ppm 

confirmed the presence of three carbonyl carbons and hence presence of Cbz group 

and two amino acids where the most downfield corresponded to C-terminal. Signals at 

36.5 ppm corresponded to CH2 carbon (CH2-Ph). Signals at 53.6 ppm (CH-COOH), 

and 65.6 ppm (CH2-O) further confirmed the synthesis of 106. Moreover presence of 

a single set of signals in NMR proclaimed the regioselectivity of the reaction and 

enantiomeric purity of the product. It is evident from 1H NMR and 13C that no 

epimerization took place and optically pure product obtained with retention of 

original chirality. Data of elemental analysis of dipeptides is shown in Table 2.24. 
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Table 2.24:  Data of elemental analysis of dipeptides 104-106 

Entry MF MW Required Found 

 
 

 C H N C H N 

104 C19H20N2O5 356 64.04 5.66 7.86 63.70 5.24 8.01 

105 C13H16N2O5 280 55.71 5.75 9.99 55.82 5.65 9.84 

106 C20H22N2O5 370 64.85 5.99 7.56 64.82 5.78 7.32 

 

2.3.3 Synthesis of serine and threonine containing chiral dipeptides (107-114) 

Serine and threonine containing peptides were synthesized for further 

synthesis of iso-peptides by making use of these dipeptides. Preparation of dipeptides 

107-114 were achieved by coupling of various N-Pg-(aminoacyl)-Bt with unprotected 

L-serine, D-serine and L-threonine  in  presence of Et3N in ACN and water 

(7:3,10mL). Solution phase synthesis of serine and threonine containing dipeptides is 

highly facile and efficient method which gives product with complete retention of 

chirality. This reaction is also highly stereospecific, regiospecific and chemoselective 

and hence gave excellent yield ranging from 87-90%.  The pure product is obtained as 

described for dipeptides in Section 2.3.2. 

 

 

 

 

 

 

 

Scheme 2.12: Synthesis of Serine and Threonine containing dipeptides 107-114 

 

All the synthesized chiral dipeptides were characterized by their physical 

constants as shown in Table 2.25 and spectroscopic techniques. Dipeptides 107 and 

Entry R1 R2 Entry R1 R2 

107 -CH2-Ph -CH2OH 111 -CH3 -CH2OH (D-Serine) 

108 -CH2-Ph -CH(CH3)-OH 112 -CH3 -CH2-CH(CH3)-OH 

109 -CH3 -CH2-OH 113 H -CH2OH 

110 -CH2-Ph CH2OH (D-Serine) 114 H -CH2-CH(CH3)-OH 
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109 are known. Dipeptides obtained were white solid with excellent yield ranging 

from 80-90%. The melting points were observed in the range of 120-210 oC.  

 

Table 2.25: Physical data and yield of Serine and Threonine containing peptides, 107-

114 

 

 

 

 

 

 

 

 

Synthesis of dipeptide 107 was confirmed by 1H NMR as shown by data 

tabulated in Table 2.26. A multiplet of 10 protons at 7.23-7.53 ppm (m, 10H) and the 

absence of two triplets for benzotriazole was an indication of formation of dipeptide. 

The presence of signals in aliphatic region indicated the coupling of serine with 99, 

these signals being in single set emphasized coupling rather than hydrolysis or 

epimerization. Two downfield signals at 8.23 ppm 8.30 ppm assumed to correspond 

to two NH protons which confirmed the formation of peptide bond. Moreover signals 

in aliphatic region also supported the coupling rather than hydrolysis of 99 and 

epimerization of serine. It is advantage of Bt mediated solution phase synthesis of 

peptides that it snubs epimerization due to fast coupling and no inversion of 

configuration took place at both the chiral centres.230 Product obtained was optically 

pure as obvious from presence of single set of signals in NMR spectra. Katritzky and 

coworkers recently reported the chiral iso-dipeptides, these dipeptides were found 

optically pure, their HPLC analysis [chirobiotic T column (250mm × 4.6 mm), 

detection at 254 nm, flow rate 0.5 mL min-1, MeOH:H2O, 4:1] confirmed no 

racemization of the iso-dipeptides occurs.243 

Entry R1 R2 MW 
m.p.  

(oC) 

Yield  

(%) 

107 -CH2-Ph -CH2OH 386 120-121230 90 

108 -CH2-Ph -CH(CH3)-OH 400 146 89 

109 -CH3 -CH2-OH 310 192-194230 80 

110 -CH2-Ph 
CH2OH 

(D-Serine) 
386 191-193 87 

111 -CH3 
-CH2OH 

(D-Serine) 
310 200-202 88.6 

112 -CH3 -CH(CH3)-OH 325 203-204 88 

113 H -CH2OH 295 208-210 87 

114 H -CH(CH3)-OH 310 186-188 86 
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107 

Table 2.26: 1H NMR (300 MHz, DMSO-d6) data of dipeptide 107  

δ ppm                       Multiplicity Integration   
Coupling constant  

J (Hz)         
Assignment 

δ 3.37-2.32 m 1H - H-7 (CH2-Ph) 

3.55-3.75 m 1H  H-7 (CH2-Ph) 

4.10 t 1H 5.8 Hz H-3 CH-CH2-Ph 

4.32-4.37 m 1H   H-6 (CH2OH) 

4.42 s 2H - H-1 (CH2-O) 

4.96-4.42 m 1H - H-6(CH2OH) 

4.65-4.96 d 1H - H-7 CH2OH 

7.23-7.53 m 10H - Ar-Hs 

8.30 s 1H - H-5, OH 

 

Synthesis of 108 was confirmed by 1H NMR, a doublet present at 4.36 ppm 

was corresponded to 1 and 3 protons of CH, and CH3 of threonine which further 

confirmed the coupling of threonine with 99. In addition to the above signals, a 

multiplet for five aryl protons at 7.20 ppm and absence of characteristic signals for 

benzotriazole protons further indicated the coupling and confirmed the presence of 

serine in the product. Two singlets at 8.01ppm and 7.56 ppm for two NH protons 

indicated the formation of peptide bond. The absence of two triplets characteristic for 

benzotriazole and presence of a multiplet (7.23-7.35, m, 10H) corresponding to 

phenyl protons were also decisive. In case of peptides 110-112, 1H NMR have two 

singlets at  7.56 ppm and 8.01 ppm  corresponded to the NH proton which indicated 

the formation of peptide bond and ruled out the probability of any hydrolysis product. 

Moreover single set of signals in NMR was an indication that no epimerization and 

racemization took place and only single product formed with retention of original 

chirality. 
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107 

 

Table 2.27: 13C NMR (75 MHz, DMSO-d6) data of dipeptide 107  

δ ppm                       Assignment δ ppm                       Assignment 

38.7 C-7, CH2 114.2-134.9 Aryl-Cs 

55.6 C-8, CH2-OH 145.9 C-4,C=O 

67.1 C-3, CH 156.7 C-2, C=O 

76.5 C-5, CH-CH2OH  172.3 C-6, C=O 

 

In 13C NMR spectrum of dipeptides 107 the presence of signals (Table 2.27) 

at 38.7 ppm 55.6 ppm, 67.1 ppm and  76.5 ppm  corresponded to various aliphatic 

carbons and hence confirms the presence of serine in the dipeptide. Two downfield 

signals at 172.3 ppm and 156.7 ppm were assigned to carbonyl carbons. In case of 

108, the most up field signal at 20.7 ppm corresponded to CH3 carbon indicated the 

presence of threonine in the product. The signals at 155.8 ppm, 171.9 ppm, and 

171.61 ppm indicated the presence of three carbonyl carbons with the most downfiled 

signal assigned to the carbonyl carbon of C-terminal, which confirmed the coupling 

rather than hydrolysis.  In hydrolysis Bt removes and hydroxy group replaces Bt but 

this was not noticed in any case in the synthesis of peptide from 107-114. Single set 

of signals in NMR indicated that no epimerization and racemization took place and 

only enantiomerically pure peptide is formed. The method  employed, has been 

previously used by Katritzky group and is documented230 with  similar amino acids in 

some cases, and those literature products didn’t suffer from epimerization,  current 

work  carried out we assume that no epimerization for our reaction occurred which 

was further confirmed by presence of a single set of signals in NMR spectra. 

Furthermore we look into this possibility by synthesizing both epimers L- and D- 

serine such as dipeptides 107, 109, 110, 111, tripeptide 115 L-serine and 117 D-

serine. Thus at least for these examples we can confidently conclude that no 
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epimerization took place. Moreover, excellent yield, ranging from 86 % to 90 %, is 

another symbol for chiral purity of dipeptides.  

 

Elemental analysis (Table 2.28) of dipeptides confirmed that no epimerization 

and hydrolysis occurred during coupling in solution phase as found results were 

consistent with calculated one.  

  

 

Table 2.28:  Elemental analysis of dipeptides, 107-111 

 

Entry MF  MW Required Found 

 
 

 C H N C H N 

107 C20H22N2O6  386 62.17 5.74 7.25 62.47 5.82 7.21 

108 C21H24N2O6  400 62.99 6.04 7.00 63.30 6.42 6.95 

109 C20H22N2O6  310 54.19 5.85 9.03 54.49 6.16 8.82 

110 C20H22N2O6 386 62.17 5.74 7.25 62.45 5.80 6.89 

111 C14H18N2O6 310 54.19 5.85 9.03 53.92 6.07 9.42 

112 C15H20N2O6 324 55.56 6.24 8.66 56.24 6.56 9.18 

113 C13H16N2O6 296 52.72 5.45 9.47 53.18 5.82 9.82 

114 C14H18N2O6 310 54.19 5.85 9.03 54.54 5.72 9.51 

 

 

.3.4:  Synthesis of chiral O-acyl iso-tripeptides (115-119) 

Peptides containing iso-peptide bond are called iso-peptides. An iso-peptide 

bond is an amide bond that is not present on the main chain of a protein. It can occur 

between the side chain amine of lysine (Figure 2.19) and the side chain carboxyl 

groups of either glutamate or aspartate. The iso-peptides are useful moiety for 

synthesis of large peptides and proteins. The iso-peptide method led to the efficient 

preparation and purification of large difficult peptides, which are known for their 

propensity to aggregate in solution. Significantly, the combination of both techniques, 

peptide and iso-peptides synthesis has advanced further the frontiers of synthetic 

peptide chemistry. “O-Acyl iso-peptides” are more hydrophilic and easier to purify by 

HPLC than their corresponding native peptides. N-terminal serine iso-tri-peptides 

rapidly generated by ON intramolecular acyl migration, the corresponding native 

peptide via a 5-membered transition state. 
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Figure: 2.19 iso-Peptide formed in side chain of lysine. 

 

The O-acylated iso-tripeptides were synthesized with a view to form a native 

peptide bond through NCL via ON acyl transfer which is not possible through main 

chain peptide bond formation. NCL forms the basis of modern chemical protein 

synthesis. In NCL a peptide containing a C-terminal thioester reacts with another 

peptide having N-terminal cysteine residue. A native peptide bond forms after rapid 

SN acyl transfer.236 It would be carried out via ON acyl transfer in serine based 

peptides. 

Synthesis of iso-tripeptides was carried out in dry acetone in the presence of 

Et3N.  The reaction was completed in 3 to 4 h. The reduction in reaction time may be 

ascribed to the benzotriazole activated N-protected aminoacyl benzotriazole. N-Boc-

protected glycine-Bt (102) was coupled with dipeptide that was unprotected at C-

terminal. This benzotriazole mediated synthesis led to iso-tripeptides without any 

epimerization. Moreover no hydrolysis of Boc-N-Gly-OH was observed. 

 Synthesis of iso-tripeptides was carried out in dry acetone in the presence of 

Et3N.  The reaction was completed in 3 to 4 h. Reaction mixture was evaporated and 

the residue was dissolved in ethyl acetate (20mL) and washed with 6N HCl (20 

mLx3), dried over anhyd. MgSO4. The iso-tripeptides were obtained in good yield in 

short time which also supported the hypothesis that the solution phase synthesis 

promises rapid rate of coupling. 
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Scheme 2.13: Synthesis of iso-tripeptides, 115-119 

 

This rapid coupling in turn eliminated the risk of racemization as no inversion 

of configuration at any of the chiral center was noticed and hence iso-tripeptide, a 

valuable moiety achieved in optically pure form. The process is palpable because 

complete retention of chirality is an implausible advantage. O-Acylation was carried 

out in serine and threonine based dipeptides with protecting acyl group of dipeptide, 

which is specificity of this methodology that acylation takes place only at alcoholic 

oxygen. It is assumed that Bt-activated carbonyl (102-103) is more effective reaction 

site than free carboxylic acid carbonyl, therefore reaction exclusively took place at 

that carbonyl, lone pair of oxygen attacked the Bt-activated carbonyl and peptide 

grew in side chain. Since Bt-activated carbonyl was more vulnerable reaction site 

therefore no intermolecular reaction took place between the molecules of dipeptides 

which was obvious from high yield and characterization. A drawback to the 

convergent synthesis has been the racemization of the C-terminal residue of the N-

segment during peptide coupling, particularly, during solid-phase segment 

condensations, in which lower reactivity causes higher degree of epimerization.199, 263 

as shown in Table 2.29 and spectroscopic techniques. Iso-tripeptides obtained as  

white solid in very good yield. The melting points were observed in the range of 65-

96 oC.  

 

 

Entry R1 R2 R3 Entry R1 R2 R3 

115 H -CH2Ph H 118 -CH3 -CH3 H 

116 H -CH2Ph -CH3 119 -CH3 -CH3 H 

117 H -CH2Ph H     
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Table 2.29: Physical data and yield of iso-tripeptides, 115-119 

 

All the synthesized iso-tripeptides were also characterized by NMR and 

elemental analysis. Synthesis of 115 was confirmed by 1H NMR, e.g. a decisive signal 

was a singlet for 9 protons at 1.32 ppm corresponding to Boc-group. The presence of 

additional Hs of Boc-Glycine-OH as compared to iso-dipeptide is characteristic for 

confirmation of iso-tripeptide formation. 13C NMR futher confirmed the  of O-

acylation at serine due to the  presence of two signals for  tertiary butyl group at 28.7 

and 49.7 ppm each for tertiary carbon and for three CH3 groups carbons respectively. 

Two more down field signlas coressponing to carbonyl  in addition to two carbonyl 

signals of dipeptide further confirmed the synthesis of iso-tripeptide. Bt mediated 

racemization free synthesis of O-Acyl iso-dipeptides were already reported by 

Katritzky and coworkers.243 and confirmed, therefore the determination of their optical 

activity in current study was not carried out. Current studies report effectively the 

synthesis of O-Acyl iso-dipeptides without racemization. This protocol, for the 

racemization-free synthesis of peptides/proteins is being utilized and evaluated for 

synthesis of higher sequence. In case of 116, a signal at 1.12 ppm of 9 integration, 

proclaimed the presence of Boc group and hence coupling of 102 with 108 to produce 

116. A doublet at 1.39 ppm corresponding to 3 protons of CH3 group confirmed the 

presence of threonine in the peptide. 

Entry R1 R2 R3 Sequence 
m.p.  

(oC) 

Yield  

(%) 

115 H -CH2Ph H Cbz-L-Phe-L-Ser-Boc-L-Gly-OH  86.0 80 

116 H -CH2Ph -CH3 Cbz-L-Phe-L-Thr-Boc-L-Gly-OH  65.0-66.0 82 

117 H -CH2Ph H Cbz-L-Phe-D-Ser-Boc-L-Gly-OH  67.0-68.0 79 

118 -CH3 -CH3 H Cbz-L-Ala-L-Ser-Boc-L-Ala-OH  92.4 - 94.0 70 

119 -CH3 -CH3 H Cbz-L-Ala-L-Ser-Boc-L-Gly-OH   66.0-68.0  78  
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115 

Table 2.30: 1H NMR (300 MHz, DMSO-d6) data of iso-tripeptide 115 

 

δ ppm                       Multiplicity Integration   
Coupling constant  

J (Hz)         
Assignment 

1.32 s 2H - C(CH3)3 

3.54-3.55 m 1H - H-12 (CH2-Ph) 

3.68 s 2H - H-1, CH2O 

4.16-4.18 m 1H  H-12 (CH2-Ph) 

4.53 t 1H 6.7 Hz H-5, (CH- CH-CH2-Ph) 

4.65-4. 73 m 1H  H-6, (CH2OCO) 

4.80-4.86 m 1H 6.9 H-6 (CH2OCO) 

4.95 t 1H - H-3  (CHCH2Ph) 

7.26-7.67 m 10H - Ar-Hs 

 

  In 13C NMR presence of a signal for methyl carbon at 18.6 ppm and a signal 

for Boc protons at 28.0 ppm confirmed the synthesis of 116.  In case of 117, a singlet 

at 1.32 ppm for 9 Hs of Boc group is the indication of the presence of Boc group and 

hence formation of tripeptide, multiplet of five protons appeared in the range of 7.29-

7.67 ppm was assigned to aryl protons. 1H NMR data of one of the representative iso-

tripeptide 115 is tabulated in Table 2.30. 

In 13C NMR of 117, the signals at 28.7 ppm, 49.7 ppm and 127-137.8 ppm, 

corresponded to two carbons of CH3, Boc groups and phenyl rings respectively. It is 

obvious from the presence of single set of signals both in 1H and 13C NMR that no 

racemization and epimerization took place and iso-tripeptide was obtained with 

original chirality.  Table 2.31 depicts the 13C NMR data of iso-tripeptide 115. 
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115 

Table 2.31: 13C NMR (75 MHz, DMSO-d6) data of of iso-tripeptide 115 

δ  

(ppm)                       
Assignment 

δ   

(ppm)                       
Assignment 

28.7 C-11 (CH3)3 115.6-137.9 Ar-Cs 

49.7 C-10 (C-(CH3)3) 155.8 C-4 (C=O) 

56.6 C-12 (CH2-Ph) 156.0 C-7 (C=O) 

67.9 C-5 (CHCOOH) 170.5 C-2 (C=O) 

80.5  C-3 (CH-NH) 173.3 C-13 (C=O) 

80.6  C-1 (CH2O),   

 

Elemental analysis (Table 2.32) further confirmed the synthesis of these 

peptides. Elemental analysis confirmed that no hydrolysis occurred during coupling in 

solution phase as the results were consistent with the calculated values. 

 

Table 2.32:  Elemental analysis of iso-tripeptides, 115-119 

Entry MF MW Required Found 

   C H N C H N 

115 C27H33N3O9 557 59.66 6.12 7.73 59.58 6.40 8.30 

116 C28H35N3O9 571 60.31 6.33 7.54 60.41 6.22 7.42 

117 C27H33N3O9 599 59.66 6.12 7.73 60.77 7.18 7.58 

118 C22H31N3O9 523 54.88 6.49 8.73 55.16 6.92 9.22 

119 C21H29N3O9 467.32 53.96 6.25 8.99 54.16 6.62 9.22. 
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2.3.5: Deprotection of O-acyl iso-tripeptides (120-122) 

Deprotection of Cbz group from iso-tripeptide was imperative for the 

extension of peptide bonds from iso-tripeptides to iso-tetrapeptides, iso-pentapeptides 

and so on. Moreover this deprotected iso-tripeptide would be utilized for native 

peptide synthesis via NCL.  

 

Entry R 

119 H 

120 CH3 

121 H 

Scheme 2.14: Hydrogenlysis of iso-tripeptides 120-122 

Hydrogenloysis was carried out in Schlenk flask under dry conditions in 

absolute ethanol in the presence of Pd/C, it was also tried in dry methanol, but in dry 

methanol Pd/C caught fire, however same reaction was observed in different solvents, 

e.g. ethanol, methanol, ethyl acetate but absolute ethanol was the solvent of choice. 

Mixture of EtOAc and absolute EtOH were also good in respect of yield and reaction 

time but absolute ethanol was found best among all attempted solvents, more than 

80% yield was acquired. It has been found during optimization of reaction conditions, 

2-4 equivalents of catalyst and 5 Pascal pressure were found to be the best choice. 

Evacuation at each step to remove air from the reaction mixture was carried out. The 

catalyst was removed by filtering the reaction mixture through a multilayered bed of 

celite and silica topped with sand and anhydrous sodium sulfate as apparent in Figure 

2.20. The filtrate was evaporated under vacuum. Ether (20mL) was added to the 

residue and left for 8 h. The diethyl ether was decanted and kept under vacuum for 2 

h. Cbz deprotected iso-tripeptide was obtained as white solid. 
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Figure 2.20: Filtration of Cbz-deprotected mixture on multilayered bed of celite and 

silica.  

Deprotected iso-tripeptides were characterized by their physical constants 

(Table 2.33) and spectroscopic techniques. All the deprotected iso-tripeptides were 

white solid with 85 to 87 % yield.  

 

Table 2.33: Physical data and yield of deprotected iso-tripeptide, 120-122 

 

1H NMR data and 13C NMR of deprotected iso-tripeptide 120 is shown in Table 2.34 

and 2.35 respectively. 

 

 

 

 

Entry R Sequence MW 
m.p. 

 (oC)  

Yield  

(%) 

120 H NH2-L-Phe-L-Ser-Boc-Gly-OH  409  170.0 (decomp.)  85 

121 -CH3 NH2-L-Phe-L-Thr-Boc-Gly-OH  423  203.0  87 

122 H NH2-L-Phe-D-Ser-Boc-Gly-OH  409 189-190  85 
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120 

Table 2.34: 1H NMR (300 MHz, DMSO-d6) data of deprotected iso-tripeptide 120 

δ  

(ppm)                      
Multiplicity Integration   

Coupling constant  

J (Hz)         

Assignment 

 

1.38 s 9H - H-9-9 (CH3)3 

2.98-3.02 m 1H  H-10 (CH2-Ph) 

3.25-3.29 m 1H - H-10 (CH2-Ph) 

4.21 t 1H 6.2 Hz H-1 (-CHCH2-Ph) 

4.30-4.45 m 1H - H-4 (CH2-O) 

4.50 s 2H - H-6 (CH2NH) 

4.59-4.67 m 1H - H-4 (CH2-O) 

4.95 t 1H 6.9 H-3 (CHCH2O) 

7.28-7.35 m 5H - Ar-Hs 

 

Table 2.35: 13C NMR (75 MHz, DMSO-d6) data of deprotected iso-tripeptide 120 

δ  

(ppm)                       
Assignment 

δ  

(ppm)                       
Assignment 

28.2 C-9 (CH3)3 65.5  C-3 (CHCH2O) 

38.0 C-8 (C-(CH3)3) 128.2-130.1 Ar-Cs 

43.2 C-10 (CH2-Ph) 171.1 C-2 (C=O) 

47.7 C-6 (CH2NH) 172.1 C-7 (C=O) 

55.4 C-1 (CH2NH2) 175.1 C-5 (C=O) 

61.0  C-4 (CH2O) 179.5 C-10 (CH2-Ph) 

 

Deprotected iso-tripeptides were also confirmed by NMR. Hydrogenolysis 

was confirmed by the reduction of number of aryl protons in the spectrum as 

compared to the corresponding iso-tripeptide. Integration of a singlet at 1.38 ppm as 9 

protons corresponded to the Boc group integrated aryl protons as 5 (7.28 ppm (s, 
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5H)). Presence of 5 aryl protons rather than 10 confirmed the removal of Cbz group.  

Removal of Cbz group was further confirmed by 13C NMR, presence of reduced 

number of aryl carbons in 13C NMR indicated the removal of Cbz group and hence 

deprotection of iso-tripeptides.  

Elemental analysis (Table 2.36) and HRMS were also used for further 

confirmation of deprotection of Cbz group from iso-tripeptide. Elemental analysis 

confirmed that only Cbz group was removed during deprotection process, the 

procedure used did only selective deprotection and didn’t affect other groups in the 

peptides as found results were consistent with calculated one. 

 

Table 2.36: Elemental analysis of deprotected iso-tripeptide, 120-122 

Entry MF MW Required Found 

   C H N C H N 

120 C19H27N3O7 409 55. 74 6.65 10.26 56.40 6.66 10.06 

121 C20H29N3O7 423 56.73 6.90 9.92 57.26 7.71 10.21 

122 C19H27N3O7 409 55.74 6.65 10.06 56.40 6.66 10.36 

 

2.3.6: Synthesis of chiral O-acyl iso-tetrapeptides (123) 

Deprotected iso-tripeptide was used for the synthesis of iso-tetrapeptide. 

Peptide chain was extended at the deprotected N-terminal of iso-tri-peptide. Synthesis 

of iso-tetrapeptide was carried out at -20 oC to avoid any racemization and to achieve 

optimum yield.  The conditions followed for this coupling at free NH2 group proved 

successful.  This coupling was also tried at -15 to -20 oC in different solvents like 

THF, DCM, acetone, methanol and EtOH both dry and analytical grade but coupling 

didn’t occur. Similarly different catalyst like DIPA, DIPEA and pyridine were also 

used but the reaction didn’t proceed in the derived direction. The Bt-mediated 

synthesis ratifies the efficient preparation of optically pure O-acyl iso-peptides from 

serine and threonine without protection of their carboxyl group. Furthermore, the O-

acyl iso-peptide method proved to be useful once again in the synthesis of small 

peptides like the one’s reported in this study. 
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                                      Cbz-Gly-NH2-L-Phe-L-Ser-Boc-Gly-OH 

                                                         Yield = 89%,   MW = 600,     m.p. = 180oC 

                                                                          

Scheme 2.15: Synthesis of iso-tetrapeptide 123 

   

After completion of reaction, solvent was evaporated, residue was dissolved in 

EtOAC (30mL), washed with 1N solution of HCl (50mLx3) or 3N solution of citric 

acid (250 mL), dried over anhyd. magnesium sulphate and evaporated under vacuum. 

Dry ether (10 mL) was added, mixture was shaken thoroughly and left to stand for 4 

h. Ether was decanted and solid was kept under vacuum for 12 h.  Synthesis of iso-

tetrapeptide was confirmed by physical constants, NMR and HRMS. Presence of a 

multiplet for 10 aryl Hs in the range of 7.03-7.20 ppm double in number than in 

deprotected iso-tripeptide confirmed the extension of peptide chain at N-terminal. 

Presence of three  singlets at 3.82 ppm, 4.18 ppm and 4.89 ppm corresponding to two 

CH2 of glycine and one CH2 of Cbz group  respectively indicated the presence of two 

glycine residues and a Cbz group as protecting group in 123 while in precursor  

deprotected iso-tripeptide 120,  only one glycine residue was present.     
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2.3.7: Deprotection of O-acyl iso-tetrapeptides (124) 

            The same strategy was adopted for hydrogenlysis of iso-tetrapeptides which 

was used for the hydrogenlysis of iso-tripeptides. The deprotected iso-tetrapeptide 

would be utilized for extension of peptide chain, long chain iso-peptides and also 

native peptide via O N acyl shift.  

                                                                 

NH2-Gly-L-Phe-L-Ser-Boc-Gly-OH 

                                                          Yield = 85%,  MW = 466,                                     

                                                                                           m.p. = 168-173oC (decomp.) 

 

Scheme 2.16: Hydrogenolysis of 124 

 

The deprotection of Cbz group from iso-tetrapeptide was confirmed by 

physical constants. The product obtained was white solid with 85% yield. However it 

decomposed at 173 oC. The deprotection of Cbz group from iso-tetrapeptide was 

further confirmed by spectroscopic techniques such as NMR and HRMS. The 

deprotection of Cbz group was confirmed by the number of protons which was found 

to be reduced to 5 protons, half of that present in 123. It was further confirmed by 13C 

NMR and HRMS. The reduced number of aryl carbons indicated the removal of Cbz 

group. HRMS confirmed that only Cbz group was removed selectively without 

affecting any other group and link in 124. 

 

2.3.8: Synthesis of dipeptide-Bts (125-128) 

          Dipeptide-Bt was synthesized for its extension to iso-pentapeptides and then 

native pentapeptide through NCL. These di-peptide Bts were synthesized (Scheme 

2.17) for fragment based coupling and extension of peptide chain at C-terminal. This 
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dipeptide-Bt could generate iso-pentapeptide by coupling with iso-tripeptide and iso-

hexapeptide by coupling with iso-tetrapeptide and so on.   

 

  

Scheme 2.17: Synthesis of dipeptide-Bts (125-128) 

      

The synthesis of dipeptide-Bt was carried out at -20 oC in dry DCM. The 

dipeptides were obtained as white solid in excellent yield. Synthesized dipeptide-Bts 

were characterized through their physical data (Table 2.37) and spectroscopic 

techniques.  

 

Table 2.37: Physical data and yield of dipeptide-Bts, 125-128 

     

 

 

 

 

 

In 1H NMR dipeptide-Bt was confirmed by presence of characteristic triplets 

in the range of 7.42-7.85 ppm which indicated the presence of benzotriazole ring in 

the product. 

Entry R1 R2 Entry R1 R2 

125 -CH2Ph H 127 -CH2Ph -CH2OH 

126 -CH3 -CH2Ph 128 -CH2Ph -CH(CH3)OH 

Entry R1 R2 MW 
m.p.  

(oC) 

Yield  

(%)  

125 -CH2Ph H 457 166.0-167.0 85 

126 -CH3 -CH2Ph 471 148.0-149.0 85.5 

127 -CH2Ph -CH2OH 487 165.0-166.0 85 

128 -CH2Ph -CH2CH(CH3)OH 501 168.0-169.0 86 
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125 

Table 2.38: 1H NMR (300 MHz, DMSO-d6) data of dipeptides-Bt 125 

 

δ ppm                       Multiplicity Integration   
Coupling constant  

J (Hz)         

Assignment 

 

3.13 dd 1H 11.9 Hz, 5.9 Hz H-8 (CH2-Ph) 

3.42 dd 1H 12.2 Hz, 6.1 Hz H-8 (CH2-Ph) 

4.42 s 2H - H-4 (CH2-NH) 

4.82 t 1H 9 Hz H-3 (CHCH2Ph) 

5.01 s 2H - H-1 (CH2O) 

7.24-7.35 m 10H - Ar-Hs 

7.42 t 2H 7.2 H-6-6’ (benzotriazoles) 

7.57 t 2H 7.5 H-7-7’ (benzotriazoles) 

 

Table 2.37 and 2.38 shows the 1H and  13C NMR data of a representative  dipeptide-

Bt 125 

 

Table 2.39: 13C NMR (75 MHz, DMSO-d6) data of dipeptides-Bt 125 

δ ppm                       Assignment δ ppm                       Assignment 

37.5 C-8 (CH2CH) 113.7-138.1 Ar-Cs 

42.6 C-4 (CH2NH) 155.2 C-2 (C=O) 

56.0 C-3(CH2CH), 168.5 C-2 (C=O) 

65.2 C-1 (CH2O), 172.7 C-5 (C=O) 

 

Elemental analysis (Table 2.40) further confirmed the synthesis of these 

peptides. Elemental analysis confirmed that no hydrolysis occurred during synthesis 

of Bt in solution phase as found results were consistent with calculated one. 
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Table 2.40: Elemental analysis of deprotected iso-tripeptide 125-128. 

Entry MF MW Required Found 

   C H N C H N 

125 C25H23N5O4 457 65.53 5.07 15.31 66.20 5.48 14.80 

126 C26H25N5O4 471 66.23 5.34 14.85 66.76 5.77 15.22 

127 C26H25N5O5 487 64.06 5.17 14.38 64.41 5.48 14.78 

128 C27H27N5O5 501 64.66 5.44 13.95 66.26 5.81 13.72 

 

The reaction of dipeptide-Bt with free NH2 group of iso-tripeptide was carried 

out under different conditions to yield the expected pentapeptide, however, the 

pentapeptide was not obtained. The reaction was carried out at different temperature, 

with different catalyst and in different solvents. The “on water synthesis” protocol 

was also tried to couple the peptides at interface but it remained unsuccessful.  

 

2.3.9  “Traceless” Native Chemical Ligation: (O N NCL) via 8 membered TS  

Traceless native chemical ligation (TNCL) was designed to form native 

peptide bond in iso-peptides by ON acyl migration. An ON acyl migration was 

tried in aq. conditions as it was carried out by Katritzky et al.  and  his co-workers in 

case of S N via several TS.233,235 
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Conditions:  i) Pipridine, DMF (20, 20V/V) 

                 ii) 1 M sodium phosphate buffer pH 6.0-8.5/CH3CN (24:1) 

Scheme 2.18: Chemical ligation of iso-tripeptide via 8-membered TS 

 However in this case, despite of manipulating pH of phosphate buffer, the 

devised ON acylation couldn’t be achieved. In case of SN migration the yield 

was also low in 8 membered TS 307,370 as compared to ligation in higher transition 

states. Katritzky et al.234 has recently studied the feasibility of chemical ligation of S-

acylated cysteine peptides via 5-, 8-, 11-, and 14-membered cyclic transition states, 

leading to the corresponding native di-, tetra-, and pentapeptides without the use of 

auxiliaries. It was demonstrated that chemical ligation of S-acyl peptides via an 8-

membered cyclic transition state was disfavored, whereas the 11- and 14-membered 

cyclic transition states are relatively favored. The S-acyl tripeptide, via an eight-
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membered TS led to the expected native tripeptide 129 (ligated product) in poor yield 

(Scheme 2.18). instead preferring to react by an intermolecular acylation.233 

 

 

Scheme 2.19: SN NCL in 14 membered TS (aqueous)297 

 

The reason for a slow rate and low yield was attributed to incomplete ligation 

and formation of side products through disproportionation reaction. Regarding the 

mechanism of ON acylation, it was expected to proceed through 8 membered TS 
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under non-aqueous condition as reported by Katritzky and coworkers.308 in case of 

SN migration (Scheme 2.19). However an attempt to force the reaction towards 

completion was not successful.  

2.3.10 “Traceless” O N NCL via 8 membered TS (Non aqueous conditions) 

     In order to avoid the side reactions such as disproportionation and 

hydrolysis the reaction was also carried out under non-aqueous conditions using 

DMF/pyridine while keeping other conditions unaltered which led to O N ligation 

in 57% yield. In disproportionation reaction both the intermolecular reaction and 

intramolecular reaction takes place at a time. In disproportionation reaction, acyl shift 

from ON acyl group takes place in the same molecule and at the same time same 

acyl group, from the other molecule of the peptide also attaches at the site from where 

acyl group has been migrated to N-terminal. Both the reaction assumed to take place 

side by side. But no such product was noticed in the spectra of 8 membered TS.  In 

present studies no such products were obtained however an incomplete ligation 

reaction took place in which some of the starting material didn’t undergo ON 

acylation and an attempt to force the reaction toward completion was not successful. 

 

 

Figure 2.21:  HRMS a) Starting material 120 (MW 409) b) Ligated product 129 (MW 

409) 

a 

b 
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The deprotected iso-tripeptide 120 underwent ligation under microwave 

irradiation in piperidine–DMF, 20 V/V%, (50 °C, 50 W, 1 h) as shown in Scheme 

2.18. Anhydrous conditions were chosen to avoid ester hydrolysis. HPLC-MS 

indicated the formation of the desired intramolecular ligated products 129 (57%, 

retention time 23.07 min) and the presence of starting materials 120 (43%, retention 

time, 19.61 min). The retention time and fragmentation pattern of 120 were studied by 

control experiments (HPLC-MS of pure 120). The confirmation of ON was carried 

out through ESI-MS/MS. HPLC-MS, via (−) ESI-MS/MS (Figure 2.21, Figure 2.22 

and Figure 2.22). Compounds 120 and 129 with MW 409 have different 

fragmentation patterns. This Figure 2.21, Figure 2.22 and Figure 2.22 proved the 

formation of intramolecular ligated products 129. Moreover, product 129 was isolated 

and the structure was further confirmed by its HRMS analysis.  

Since both the starting material that is iso-tripeptide 120 and the ligated 

product 129 have same molecular weight (i.e 409) therefore the ON acylation was 

confirmed through fragmentation patterns of both the compounds as shown in Figure 

2.25 
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Figure 2.22: HPLC/UV/(-)ESI-MS and –MSn chromatograms of the compounds  120 and 129 
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Figure 2.23: The 120 (MW 409-A) starting material and ligated product 129 (MW 409-B) (-)ESI-MS/MS  
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The two compounds (120 & 129) with MW 409 were characterized by the 

formation of different major product ions from the (-) ESI-MS/MS collision-induced 

dissociation (CID) of their m/z 408 [M-H]- ions. Both isomers with the MW 409 

were well separated and were characterized relatively uniquely by their (-)ESI-

MS/MS product ions as in shown in Figure 2.25. ESI itself is a 'soft ionization' 

technique, because there is very little fragmentation. This is used for peptides as this 

can be advantageous in the sense that the molecular ion (or more accurately a pseudo 

molecular ion) is always observed, however very little structural information can be 

gained from the simple mass spectrum obtained.371 This disadvantage can be 

overcome by coupling ESI with tandem mass spectrometry (ESI-MS/MS). Another 

important advantage of ESI is that solution-phase information can be retained into the 

gas-phase. Tandem mass spectrometry, also known as MS/MS or MS2 or MSn 

involves multiple steps of mass spectrometry selection, with some form of 

fragmentation occurring in between the stages as shown in Figure 2.24. In current 

study ligation reaction mixture was studied through tandem mass spectrometry (ESI-

MS/MS) because it contained mixture of peptides, (two isomers of same molecular 

weight i.e. starting material and ligated product) which helps in identification of 

ligated product and starting material. It may be seen from Figure 2.25 that the 

starting peptide 120 gave a fragment at m/z 174 while the ligated product 129 led to 

different fragment with m/z 334, hence a difference in fragmentation pattern through 

CID enabled the differentiation of 120 and 129. 

 

Figure 2.24: Mechanism of ESI-MS/MS371 
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  Figure 2.25: ESI-MS/MS Collision-induced dissociation (CID) of 120 and 129 

2.3.11 “Traceless” Native Chemical Ligation (O N) via 11 membered TS  

The chemical ligation by O N acyl shift from a serine site via 11-membered 

TS was also achieved in iso-tripeptides 124. Amino-unprotected O-acyl iso-

tripeptides were coupled with Pg-Gly-Bt to give 124 which after deprotection of the 

protecting group “Cbz′′ led to an O-acyl iso-tetrapeptides 122. This intermediate 

(deprotected iso-tetrapeptide) 124 underwent ligation as shown in Scheme 2.18) 

under anhydrous conditions (piperidine 20 V/V% in DMF, MW 50 °C, 50 W, 1 h 

(Scheme 2.20) HPLC-MS showed the formation of expected intramolecular ligated 

product 130 with 99 % yield (retention time 21.67 min). Moreover small amount of 

(1%) of the hydrolyzed product was also obtained under non aqueous conditions 

while the disproportionation product was not obtained under any of the condition 
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used (Scheme 2.20). The retention time and fragmentation pattern of 124 and 130 

were also studied by control experiments (HPLC-MS of pure 124 and 129). HPLC-

MS, via (−)ESI-MS/MS, demonstrated that products 124 and 130, each of MW 466, 

produced different fragmentation patterns. In addition, product 130 was isolated and 

its structure further confirmed by HRMS. 

Conditions: i) Pipridine, DMF (20,20V/V%) 

                    ii). 1 M sodium phosphate buffer pH 6.0-8.5/CH3CN (24:1)  

Scheme 2.20: Traceless O N NCL in 11 membered TS (aqueous, non aqueous 

conditions) 
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Figure 2.26: EIMS/MS of starting material 124 ( RT 25.46 min) 

 

Starting material 124 (MW 466) which eluted after 25.46 minutes.  The 

starting peptide 124 (MW 466) produced m/z 467 [M+H]+, m/z 489 [M+Na]+ and 

m/z 511 [(M-H+Na)+Na]+ ions (top, underlined with green colour). The latter is 

characteristic of compounds with acidic protons, e.g. RCOOH. The spectra in Figure 

2.26 shows the formation of these fragments.   

 

 

Figure 2.27: HPLC of 130 a) (MW 466) RT 21.67 min.   

a 

b 

c 

a 

b 
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Figure 2.28: HPLC/(-)ESI-MS mass chromatograms a) 124, b) 130 Non aqueous 

conditions c) 130, aqueous (pH=7.65).   

 

Only a very minor amount of the product (130) with MW 466 was detected 

under aqueous condition (pH= 7.65).  It is obvious from chromatogram that the 

products eluted prior to the starting material of m/z 465. Peak for compound 130 

(MW 466) is shown in Figure 2.27. The product MW 466 was expected to produce 

m/z 467 [M+H]+ and m/z 489 [M+Na]+ ions.  The mass chromatograms show only 

one potential MW 466 compound at RT 21.6 (Figure 2.29b).                               

a 

b 

c 
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Figure 2.29: (-)ESI-MS/MS. a) 124, b) Non aqueous conditions 130 c) Aqueous pH= 

7.65 (130) 

  Since starting material 124 and product 130 had different retention times it 

was confirmed that the starting material and the ligated products were different 

isomers with MW 466, therefore two isomers (124 and 130, MW 466) also produced 

different dissociation ions. Figure 2.30 depicts starting material 124, ESI-MS/MS of 

the m/z 465 [M-H]- ions of the MW 466 of ligated product 130 under non aqueous 

conditions    and  aqueous conditions pH= 7.65 (130)   

  Contrary to the expected ligation of 120, ligation of 124 under aqueous 

conditions remain successful which was carried out under microwave irradiation. 

However, besides ligation removal of protecting Boc-group was also observed either 

from the iso-tripeptide or from its ligated product as shown in Scheme 2.19. The 

ligation of 124 was also examined under aqueous conditions, HPLC-MS of the 

aqueous product, showed a small peak corresponding to the ligated product 130, 

together with a major peak corresponded to a fragment have MW 366, that 

corresponds to the removal of the Boc-group either from 124 or from the ligated 

product 130.  

a 

b 

c 
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2.3.13 Effect of pH on ON acyl migration  in 11 membered TS. 

Previous studies have shown that pH plays a significant role in peptide 

ligation.297 Typically, ligation proceeds rapidly under neutral pH, and the rate of 

reaction declined when pH is less than 5.5. Studies on NCL have shown that the rate 

of formation of ligated product was optimum when pH was raised to 7.4. To 

investigate the effect of pH on O N acyl via 11 TS migration experiment, a series 

of reactions run on deprotected iso-tripeptide 124 in 1 M phosphate buffer at pH 

ranging from 6.0 to 8.2 under microwave irradiation for one hour at different pH.  

The crude product was analyzed through HPLC-MS (ESI), The results of each 

ligation reaction at each measured pH are displayed in Figure 2.30 and Table 2.41.  

The crude product of the reaction at pH 6.0 did not favored ligated product 

having a product ratio of 10:90. At pH 8.2, similar results were found with a product 

ratio of 36:64. In contrast, the rate of reactions at pH 7.0 to 7.6 showed a significant 

increase in the formation of the desired tetra-peptide 130, although the ligated product 

was not favored overall. HPLC-MS (ESI) analysis revealed that the ligation reactions 

ran at pH levels at 7.4 had a hydrolyzed and ligated product ratio of 49:51, this was 

the pH which gave maximum ligated product. It is assumed that the formation of the 

desired peptide was unfavorable under mild acidic conditions (pH 6.0) due to the 

partial protonation of the free amino group. Protonation deactivated the amino group, 

consequently reduced the rate of intramolecular O  N acyl migration via 11 

membered TS, and the formation of the hydrolyzed product was significantly more 

favoured at relatively basic conditions (pH 8.2) in intramolecular 11 membered 

ligation. 
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Table 2.41: Effect of pH on 11 membered O  N acyl migration of 123. 

No of 

Exp. 
pH  

Relative 

abundance % 

No of 

Exp. 
pH 

Relative 

abundance % 

1 6.0 10 7 7.2 36 

2 6.2 13 8 7.4 51 

3 6.4 16 9 7.6 49 

4 6.6 18 10 7.8 44 

5 6.8 20 11 8 39 

6 7 30 12 8.2 36 

 

 

 

 

 

 

 

 

 

 

Figure 2.30: Effect of pH of the long-range ON acyl migration in 123. 

 

Intramolecular hydrogen bonding was thought to be the possible reason for 

facile O N acyl shift leading to the formation of a native peptide from iso-peptide 

via 8 and 11 membered transition state (Figure 2.30). This intramolecular hydrogen 

bonding was observed in molecular modeling studies carried out by using MOE.  
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Figure 2.31: Intramolecular hydrogen bonding in a) 8 membered TS b) 11 membered

 TS 

             Intramolecular hydrogen bond interaction (Figure 2.31) was thought to be a 

key factor for the pre-organization of the peptides in a “ready to migrate” 

conformation of 11-membered cyclic TS. Molecular modeling studies using MOE 

were carried out to find a rationale for ON acyl migration through 8 and 11 

membered TS.  Preliminary computational studies by MOE341 clearly indicated that 

pre-organized conformers of O-acyl peptides via   8- and 11-membered cyclic 

transition state ligation studies ON acyl migration was supported by intramolecular 

hydrogen bonding (Figure 2.32)  

 

 
 

a)                                                    b) 

Figure 2.32: Hydrogen bonding between OH and NH2, a) 8-membered cyclic TS, b) 

11-membered cyclic TS (image by MOE). 
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Current study on peptides describes the synthesis of iso-peptides via O N acyl 

migration leading to “Traceless” chemical ligation via different TS. This mechanistic 

study exploits the power of Bt chemistry in solution phase peptide synthesis.  

The synthesized compounds were subjected to bioevaluation for gauging their 

potential as drug candidate in different bioassays. Literature persual113,141-142 had already 

clue that both synthesized classes of heterocyclic and peptide possess wide array of 

biological activities. 

 

2.4    Bioevaluation 

  Synthesized heterocycles, peptides and pepidoyl triazoles were subjected to 

bioevaluation such as antibacterial activity and antifungal activity. None of the 

compounds showed any activity against both bacterial and fungal strains. Triazoles set 

1-4 were screened against α-glucosidase and BChE, several of these compounds were 

found active against these targets. Synthesized peptides were investigated for their 

potential against chemo-preventive assays and some of the peptides showed activity 

against some cancer cell lines. 

 

2.4.1    Antibacterial activity 

 All the synthesized compounds including heterocycles, peptides and pepidyl 

triazoles were tested for their antibacterial activity on five bacterial strains; M. luteus, 

(ATCC T18), S.  aureus ATCC (C55), E. coli, ATCC (O157). BSOP ATCC (22), B. 

bronchiseptica, ATCC (833CER), E. aerogenes, ATCC (13048) using agar well 

diffusion method372 but none of the compounds in any set showed significant activity 

against these strains. 

2.4.2  Antifungal activity 

 The synthesized peptides and petidyol triazoles were tested against five fungal 

strains: Aspergillus niger ATCC (0198), Aspergillus fumigatus ATCC (66), Mucor 

species ATCC (0300), Aspergillus flavus ATCC (0064) and Fusarium solani ATCC 
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(36031) using agar tube dilution method 369 None of the synthesized heterocycles, 

peptides or pepitdyol triazoles showed antifungal activity.  

It is an established fact that many life-saving dugs perform their function 

through enzyme inhibition pathways. The discovery of new enzyme inhibition has led 

to many interesting discoveries in drug development. In this context synthesized 

compounds were screened against different enzymes in search of new inhibitors. 

2.4.3 Enzyme inhibition assays 

All the synthesized compounds were subjected to α-glucosidase and BChE 

inhibition assay. All the benzothiazepines and peptides were found inactive against 

both these targets. However, triazoles exhibited good activity against both the 

enzymes. BChE inactivates the neurotransmitter acetylcholine (ACh) and a viable 

therapeutic target in AD, which is characterized by a cholinergic deficit. Potent, 

reversible, and brain-targeted BChE inhibitors are now being searched and developed 

to help elucidate the role of this enzyme in treating the disorder related to central 

nervous system. 

2.4.3.1 BChE inhibition assay  

 

Synthesized triazoles were screened for their potential as BChE inhibitors and 

quite a few compounds were found to have valuable BChE inhibitory characteristic as 

shown in Table 2.42. Some triazoles showed significant inhibitory potential ranging 

from 85-98% inhibition at 500 μM concentration and showed good half maximal 

inhibitory concentration (IC50) ranging from 25 to 320 µM.  Compounds 35, 37, 40, 

45, 55, 60, 68 and 69 exhibited good inhibitory potential on further lower 

concentration yielding very good half maximal inhibitory concentration (IC50) 

ranging from 25-95 µM, while 36, 62, 68, and 69 showed moderate value of IC50. It 

was observed that compounds (35, 37, 40, 45, 55, 60, 68, 69) which revealed up to 98 

% inhibition of enzyme activity at 500 μM did not produce as remarkable results as 

they were expected to show. It happened in several cases that, the activity dropped 

drastically at µM/mL level. It seemed that substitution of a hydroxyl group at position 
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1 of cyclohexyl ring played an important role in increasing the inhibitory potential of 

these compounds against BChE as hydroxyl group established strong hydrogen 

bonding in many cases. Compound 60, was found to be the most active member of 

the library with IC50 of 25.2.  Triazoles (Set 1) 37, 40 and 45 cyclohexyl-1-ol at 

position 4 is substituted at C-4 while substituted phenyl ring is present at position 1 of 

triazole. substitution at phenyl ring is variable in different triazoles such as 37 (IC50 = 

83.3   0.09 μM) has methoxy group at meta position of phenyl ring. Triazole 40 

(IC50 65.5 0.027 μM) has chloro group at meta and methyl at para position of phenyl 

ring. Triazole 45 (IC50 42.4 0.027 μM) has cyano and nitro at ortho and para 

position of phenyl ring respectively.  Set 3 triazoles have unsubstituted phenyl ring at 

position 4 of triazoles ring while substituted phenyl ring is present at position 1 of 

triazole ring, these substituents are different for different triazoles, In case of 55 (IC50 

41.3  0.04 μM) chloro group is present at para position of phenyl ring.  

 

    IC50= 42.2 µM                  IC50= 41.3 µM            IC50= 25.2 µM 

 

Triazole 60 (IC50 25.20.11 μM) possesses acetyl group at meta position of 

phenyl while in case of triazole 69 (IC50 43.6   0.03 μM) long alkyl chain is present 

at position 1 of triazoles while cyclohexyl-1-ol at position 4 of triazoles. It can be 

concluded from above observations that most of the active compounds possess 

cyclohexyl-1-ol at position 1 of triazoles, hydroxyl group can establish strong 

hydrogen bonding with active site residue which is a determinant for activity as it can 

bind ligand strongly in active site while no clear SAR can be deduced from the 

substitutions at phenyl ring present at position 4 of triazole ring. 
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 Table 2.42: BChE inhibition studies on triazoles  

 

Entry 
% Inhibition 

 500 μM 

IC50 

20 μM 
Entry 

% inhibition  

500 μM 

IC50 

20 μM 

33 58 430 52 44 568 

34 49.3 512 53 69 362.3 

35 85 95.40.19 55 98.5 41.3  0.04 

36 84 297.6 56 45 555.5 

37 83 83.3   0.09 58 66.6 375.3 

40 88 65.5 0.027 59 2 12500 

42 75 333.3 60 98.3 25.20.11 

43 42.7 585 62 85 295 

44 61 409 63 50.4 499 

45 81.8 42.4 0.027 65 55.3 452 

47 56 451 68 98.4 43.6   0.03 

48 57 450.3 69 78.2 248    0.07 

50 65 384.6 70 50.5 500 

Std (Esirine) 99.78 0.930.3 71 55 454.5 

 

 The synthesized compounds are less potent than the commercial drug (Esirine) used 

as standard, it may be inferred from these results (Table 2.42) that some of the tested 

compounds such as 35, 37, 40, 45, 55, 60, 68 and 69 can be considered for further 

studies to develop as better BChE inhibitors. Further studies like molecular modeling 

predictive techniques would be helpful to develop new potent hACh inhibitors as 

potential anti Alzheimer agent. 

α-Glucosidases are present at the brush border of intestine and are involved in 

catalytic breakdown of carbohydrates. Due to the catalytic role in digesting 

carbohydrate substrates, α-glucosidase has also been well appreciated as a therapeutic 

target for carbohydrate mediated diseases including diabetes, cancer and many others 

Therefore, effective α-glucosidase inhibitors may be required as chemotherapeutic 

agents for clinical use in the treatment of the eventual disorders such as diabetes and 

obesity. Diabetes mellitus (DM) is a widespread chronic metabolic disorder that 

affects the quality of life of people worldwide. It is, therefore, imperative to develop 



Results & Discussion 

 

123 

 

safe and efficacious medicines for treating Type 2 diabetes mellitus (T2DM). The 

inhibitors act by a reversible inhibition of α-glucosidase by interacting with the its 

active center. 

2.4.3.2: α-Glucosidase inhibition by triazoles 

A 27 membered library of triazoles was evaluated for α-glucosidase inhibition 

and several compounds were found potent inhibitors although less potent than the 

commercial drug used as standard in this studies, showing significant inhibitory 

potential ranging from 85-99% inhibition at 500 μM concentrations. However, the 

activity dropped drastically at µM/mL level. The IC50 values and percent inhibition of 

these compounds are given in Table 2.43.  

 

Table: 2.43. α-Glucosidase inhibition studies on triazoles 

 

Entry 
% inhibition 

 500 μM 

IC50 

μM 
Entry 

 % Inhibition 

 500 μM 

IC50 

μM 

33 94  3700.5 52 30.8   812.5 

34 18  1388 53 98    57.2  0.05 

35 18.6  1386 55 97  255    0.16 

36 77  3250.09 56 66.2 3780.31 

37 98  245    0.09 58 61  4090.08 

40 57.3  3660.83 59 3.7  6756.7 

42 14.6  1712 60 48.3  5200.68 

43 29  862 62 77.9  3131.1 

44 86.1  3200.08 63 91  235.3    0.08 

45 99  49.7    0.078 65 62  265    0 .06 

47 86  320   0.002 68 23  1086 

48 16      1562.2 69 38  657.8 

50 48  5200.22 70 21  1190.4 

Std 

DNJ 
99 3.491.7 71 68  3700.79 

 

Compounds 45 and 53 proved themselves as potent inhibitors while 37, 45, 

53, 56 and 65 inhibited α-glucosidase from good to moderate extent.  
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        IC50  = 49.7  μM   IC50  = 57.2 μM 

 

Triazoles 37 and 45 have cyclohexyl-1-ol at C-4 of triazole ring while triazole 

53 and 60 possess phenyl ring at this position. All the triazoles have substituted 

phenyl ring at position 1 of triazole ring, the affect substituent present at phenyl ring 

on activity was analyzed by SAR studies of active compounds. Triazole 37 with the 

IC50 value of 245 μM have methoxy group at meta position of phenyl ring substituted 

at position 1 of triazole while cyclohexyl-1-ol. Triazole 45 was found to be most 

active member of the library with the IC50 value of 49.7 μM. It has cyno and nitro 

group substituted at ortho and para position of phenyl ring respectively, while 

triazole 53 exhibited good inhibitory activity with IC50 values of 57.2  0.05 μM, it 

has chloro group at ortho position of phenyl ring substituted at position 1 of triazoles 

while phenyl ring is present at position 4 of triazole.  Some of the compounds of set 3 

also exhibited activities, set 3 triazoles have phenyl ring at position 4 of triazoles. In 

case of triazoles 53 (IC50 = 255    0.16 μM) and 56 (IC50 = 3780.310 μM) chloro 

and bromo groups are present at para position of phenyl ring. Moreover, cyclohexyl-

1-ol substituted triazoles emerged as good inhibitors of α-glucosidase, it is assumed 

that OH group present at position 1of cyclohexyl ring might be reason of greater 

activity as it can establish the interaction with target through hydrogen bonding, 

which is a strong determinant for inhibitory activities.  

After detailed analysis of the bio-activities of triazoles against both the 

enzymes, α-glucosidase and BChE, an interesting finding came out that some of the 

compounds were found active against both the targets.  The compounds that exhibit 

inhibitory potential against two targets are known as dual inhibitors. Compounds 37, 

40, 45, 53 and 60 could serve as a platform for further studies aimed at fine-tuning of 
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their multifaceted activities for the identification of new molecular entities, in which 

the activities on different targets appropriately balanced, play the role in an emerging 

paradigm for drug discovery known as multi target directed ligands (MTDL). The 

potential of these analogs as gateway molecules for the development of multi-target 

drugs was demonstrated by evaluating their biological profile towards a series of AD-

related targets such as cholinesterases and α-glucosidase inhibitors. Current study will 

spark new avenues of research for discovery of novel MTDL. 

These results were corroborated by molecular docking studies with α-

glucosidase inhibition, which showed that this compound presents the binding 

requisites for inhibition. Indeed molecular docking studies further supported the 

inhibitory activity of 45 and 53 and would further help in understanding various 

interactions between the ligands and enzyme active sites in detail and would be 

helpful for further design and modification of potent inhibitors. 

Besides, diabetes another life threaten chronic diseases is cancer, scientist 

from different but related disciplines are trying to combat diseases. Synthesis and 

studies of anti cancer compounds has always been focal point for chemists. Several 

types of assays are in practice to find the cancer chemo-preventive potential of natural 

and synthetic compounds. In this study we carried out, inhibition of TNF-α activated 

nuclear factor kappa-B (NFκB), and inhibition of MCF-7 ATCC (HTB-22), and 

MDA-MB-231 ATCC (HTB-26) cell proliferation induction of quinone reductase 1 

(QR1), to evaluate the potential of peptide and peptidyl benzotriazole as 

chemopreventive agents.   

 

2.4.3 Chemo-preventive assays of peptides  

 Peptides 108, 118 and 120 showed QR1 greater than 2 (Table 2.44). The 

cytotoxic potential of the synthesized peptides towards hormone responsive breast 

cancer cell line MCF-7 ATCC (HTB-22), and estrogen receptor negative breast cancer 

cell line MDA-MB-231 (ATCC, HTB-26) was determined and the results are shown in 

Table 2.44. 
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Table 2.44: Chemo-preventive assays (Anti cancer assays) of peptide 

 

 

         

 

Inhibition of cell proliferation of cancer cell lines is one of the most 

commonly used methods to study the effectiveness of any anticancer agents. In the 

present study, three cancer cell lines (MCF-7, MDA-MB 231) were used to determine 

antiproliferative potential of selected samples. Both MDA-MB-231 and MCF-7 are 

cytotoxcity assays. These are performed on breast cancer cell line. All assays were 

carried out at 20µg\mL. In case of NFkB 108, and 125 showed better inhibition.  

  Nuclear factor kappa-B (NFkB) is an inducible transcription factor that plays an 

important role in the regulation of apoptosis, cell differentiation, and cell migration. 

NFkB is commonly involved as a regulator of genes that control cell proliferation and 

cell survival. Many different types of human tumors have miss-regulated NFkB that 

is constitutively active. Thus, inhibition of NFkB signaling has a potential application 

for the prevention or treatment of cancer.373-374As NFkB is an important regulator in 

cell fate decisions, such as programmed cell death, proliferation control, and cell 

invasion, it is critical in tumor-genesis. Inhibition of NFkB signaling has potential 

applications for the prevention or treatment of cancer.374-375 

In the quinoline reductase (QRI) assay,376-277 after the initial testing of 22 

samples, 3 samples were selected to determine CD values (concentration required to 

double the QRI activity). These samples showed either an induction ratio (IR) ˃ 2 or 

Entry % Survival Entry % Survival 
 

 MDA-MB-231 MCF-7  MDA-MB-231 MCF-7 

 99 98.0 74.2 111 94.9 66.3 

100 102.7 103.9 112 92.8 105.8 

101 106.3 103.8 115 92.1 141.8 

102 107.5 90.3 116 83.9 114.5 

103 90.9 75.8 117 105.8 125.5 

105 90.8 68.6 118 104.4 110.1 

106 98.9 63.9 120 99.4 104.4 

107 99.9 75.8 121 93.9 93.8 

108 103.8 58.3 122 92.8 84.2 

109 98.1 78.6 124 105.8 93.2 

110 97.4 69.5 125 91.4 59.3 
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cytotoxic activity with cell survival ≤ 50 % at 20 µg/mL.376-277 In this study, 22 

peptides showed various levels of inhibition for NFкB. Although the results were not 

promising they can be further studied as anti-tumour agents. Among them, the most 

potent 108 and 125 had ≤ 50 % inhibition at 20 µg/mL. Results are tabulated in Table 

2. 45.  

 

 

Table 2.45: Chemo-preventive assays of peptides 

 

2.5 Computational studies 

 Different softwares such as MOE, 341 Swiss-Model,342 Autodock,343 GOLD,344 

VMD, 345 Chimera,346 PMV347 and many other visualization softwares were used for 

this purpose. 

 

Entry NFkB QR1 Entry NFkB QR1 

 % inhibition % survived IR  % inhibition % survived IR 

99 -32.5 103.6 1.3 111 10.7 123.3 0.9 

100 3.6 99.7 1.2 112 -37.7 115.7 1.7 

101 32.6 126.2 1.0 115 -5.2 136.4 1.1 

102 41.3 110.4 1.1 116 -4.1 121.8 0.9 

103 35.7 121.5 1.2 117 10.1 121.4 1.1 

105 49.0 111.5 1.4 118 22.0 108.0 2.5 

106 18.7 113.3 1.1 120 14.8 120.9 2.4 

107 18.3 119.1 1.2 121 26.3 103.0 1.0 

108 55.7 122.5 2.2 122 8.7 116.1 1.5 

109 13.9 109.5 1.1 124 12.2 96.9 0.9 

110 24.5 121.7 1.5 125 49.6 103.7 1.2 
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2.5.1    Druglikness 

The concept of drug-likeness is widely integrated to prioritize compounds in 

early-stage drug discovery processes. It helps to optimize pharmacokinetic and 

pharmaceutical properties of molecules (i.e. solubility, chemical stability, 

bioavailability and distribution profile etc.) on the basis of a number of molecular 

descriptors such as logP, number of hydrogen bond acceptor (HBA) and hydrogen 

bond donor (HBD) and molecular weights (MW). These properties are embedded in 

well known Lipinsky’s378 rule of five (RO5) which comprises following parameters:  

I. MW of a molecule <500 

II. HBD <5 ( expressed as sum of all NHs and OHs) 

III. HBA <10 (expressed as sum of all Ns and Os) 

IV. LogP <5 

V. NOR < 5 

 Physical descriptors were calculated by making use of MOE software.341 All 

the synthesized benzothiazepines were found to obey the preliminary criteria of 

druglikeness. Molecular weight of these compounds were found to be in the range of 

315 to 493, HBD were also within the acceptable range like 1-3 while HBD were also 

found in narrow ranges of 0 to 2. It is obvious from values of logP that compounds 

are hydrophobic in character as the values slightly exceeded the upper limit of 5. The 

number of rotatable bonds (NoR) ranges from 2 to 4 in case of all benzothiazepines. 

All the five descriptors such as MW, HBA, HBD, logP and NoR were under 

permissible limits as shown in Table 2.46. 
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Table 2.46: Molecular of benzothiazepines 

 

All the synthesized triazoles were found to obey the preliminary criteria of 

druglikness. Molecular weight of these compounds were found to be in the range of 

217 to 369, HBA  are also within range like 1-3 while HBD also found in narrow 

ranges of 0 to 2. It is obvious from values of logP that compounds 33-65 are 

hydrophilic in character while triazoles 66-71 are hydrophobic in character as the 

values exceeded the upper limit of 5. NoR ranges from 2 to 4 in case of triazoles 33-

65 while compounds 68-71 drastically violated the Ro5 by exhibiting values in the 

range of 8-16 for NoR. The results obviate the facts that the synthesized triazoles 33-

65 fulfilled the minimum criteria for being drug like while triazoles 68-71 showed 

deviation from one parameter which is permissible by the Ro5 (Table 2.47). 

 

 

 

 

Entry MW log P HBD HBA NoR Entry MW log P HBD HBA NoR 

1 315.4 5.5730 0 1 2 17 315.4 5.5730 0 1 2 

2 349.8 6.1630 0 1 2 18 360.4 5.5080 0 1 3 

3 349.8 6.2020 0 1 2 19 389.5 5.8530 0 3 4 

4 349.8 6.1650 0 1 2 20 347.4 5.0310 2 3 2 

5 345.4 5.5270 0 2 3 21 361.4 5.2950 1 3 3 

6 345.4 5.5660 0 2 3 22 365.8 5.9310 1 2 2 

7 345.4 5.5290 0 2 3 23 376.4 5.2740 1 2 3 

8 333.4 5.7240 0 1 2 24 370.4 5.6690 2 2 2 

9 333.4 5.7630 0 1 2 25 345.4 5.6000 1 2 2 

10 333.4 5.7260 0 1 2 26 365.8 5.8550 1 2 2 

11 331.4 5.2630 1 2 2 27 387.5 6.7390 0 2 4 

12 347.4 5.0310 2 3 2 28 403.5 6.4680 1 3 4 

13 331.4 5.2650 1 2 2 29 358.5 5.4880 0 1 3 

14 394.3 6.3710 0 1 2 30 377.4 4.9850 2 4 3 

15 360.4 5.5060 0 1 3 31 374.5 5.2170 1 2 3 

16 360.4 5.5450 0 1 3 32 493.7 7.5430 0 1 2 
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Table 2.47: Molecular descriptors of triazoles  

 

 

The same exercise when applied to peptides revealed that the number of HBD 

either got reduced or remained the same within narrow range of 1-5. LogP was in the 

range of 0.13 to 1.4 which reflected the hydrophilic character of peptides, which in 

turn predicted its high solubility in polar solvents. Low value of this parameter is 

good in respect of solubility (ADMET). It may be concluded that all peptides  showed 

compliance with Lipinski’s Ro5 and hence exhibited druglike behaviour despite one 

violation in case of number of rotatable bonds which drastically exceeded from 

permissible limits of 10 (Table 2.48).  

 

 

 

 

 

 

Entry MW 
LogP 

(o/w) 
HBD HBA NoR Entry MW 

LogP 

(o/w) 
HBD HBA NoR 

33 277.75 2.954 1 4 2 52 217.22 0.916 0 5 4 

34 277.75 2.993 1 4 2 53 255.7 3.391 0 3 2 

35 277.75 2.956 1 4 2 55 255.7 3.393 0 3 2 

36 322.2 3.162 1 4 2 56 300.15 3.599 0 3 2 

37 273.33 2.357 1 5 3 58 266.26 2.734 0 6 3 

40 291.78 3.289 1 4 2 59 266.26 2.773 0 6 3 

42 288.30 2.297 1 7 3 60 266.26 2.736 0 6 3 

43 288.31 2.336 1 7 3 62 263.3 2.652 0 4 3 

44 288.33 2.299 1 7 3 63 263.3 2.691 0 4 3 

45 313.31 1.994 1 8 4 65 257.33 2.498 1 4 3 

47 285.34 2.254 1 5 3 68 279.42 3.875 1 4 8 

48 285.34 2.217 1 5 3 69 405.6 7.853 1 4 17 

50 244.29 1.132 1 5 2 70 369.59 7.848 0 3 16 

51 239.27 0.479 1 6 4 71 369.59 7.835 0 3 16 



Results & Discussion 

 

131 

 

 

Table 2.48: Molecular descriptors of  peptides  

 

2.5.2 Molecular docking studies  

Molecular docking studies were carried out on triazole for BChE inhibitors. It 

involves the following four steps:  

 Preparation of molecular data bank  

 Selection and preparation of target 

 Identification of active site 

 Running and analyzing docking 

 

2.5.2.1 Preparation of molecular data bank 

3D structures of ligand molecules (triazoles derivatives) were built using 

MOE builder panel, and the structures were optimized using the standard MMFF94 

(Molecular mechanics force field-94), with a 0.001 kcal/mol energy gradient 

convergence criterion.379 These ligands were saved in molecular data base file for 

descriptor calculation and docking studies. 

  

 

Entry MW 
Log P  

(o/w) 
HBD  HBA NoR Entry MW  

Log P 

(o/w) 
HBD  HBA NoR  

99 400.4 4.3530 1 4 9 115 543.5 2.8850 5 6 19 

100 310.3 2.3560 1 4 7 116 557.6 3.3470 5 6 19 

101 324.3 2.8180 1 4 7 117 543.5 1.6730 5 6 12 

103 276.2 1.7780 1 4 6 118 481.0 2.8850 5 7 19 

104 356.3 3.4800 2 4 12 119 467.0 3.6740 3 5 17 

105 280.2 3.9420 2 4 12 120 408.4 0.7630 3 4 14 

106 370.4 2.2460 4 4 11 121 423.4 1.1040 5 6 14 

107 386.4 0.7110 4 5 9 125 457.4 2.1350 5 5 12 

108 400.4 0.1380 5 5 10 126 471.5 2.7080 4 5 11 

109 310.3 0.1380 5 5 10 128 501.5 3.9420 2 6 12 

110 386.4 1.6730 5 5 12 143 501.5 0.3150 6 5 18 

111 310.3 0.1380 5 5 10       
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2.5.2.2  Selection and preparation of BChE as target 

The protein (human BChE, PDB code: 1POI) was selected as it was found 

better among 1PO1, 1POP, 1POM.  1POI comprises 4 chains, A, B, C and D. It was 

found during studies that structure of 1POI encompasses 9433 atoms in 1593 

residues. The protein crystal structure was cleaned by removing water molecules. H-

atoms were added to these target proteins for correct ionization and tautomeric states 

of amino acid residues.  

Figure 2.33:  Structure of 1POI, chain A (red) and B (green) C (Cyan) and (Yellow)     

                   Image by Chimera UCF 

 

2.5.2.3 Identification of active site of BChE 

MOE the most comprehensive suite of modeling and simulation solutions for 

drug discovery was used for all these studies. Active site was identified by using site 

finder module of MOE, longest chain was selected as per protocol prescribed by 

tutorial.  Alpha centers were created followed by insertion of dummies, the docking 

was performed along the dummy atoms but all the ligands clustered outside the 

 

A B 

C D 
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pocket ( Figure 2.35), which means the actual active site lied in some other chain, 

hence the receptor was further investigated and C chain was found to be most suitable 

for active site gorge.  

Cavity was lined with the amino acid residues, known to play a critical role in 

the catalytic activity of BChE. The observed key residues AspB174, LysB206, 

HisA97, ValC170, TyrB144, GluA163, GlnC172, LysA160, TyrB95, ThrA123 and 

Ala328 were based in close proximity to the cavity. The cluster of hydrophobic 

residues LueB96, ValC170, PheA159, ProB183, ProC118 from all four chains  is part 

of a compact core that is likely to be important for maintaining structural integrity.  

 

 

Figure 2.34:  Dummy atoms in active site gorge (Chain A and C) 

 

A 

C 
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Figure 2.35:  Active site with dummy atoms in chain A, docked ligands (cyan) 

clustered outside the active side 

 

  a)                                               b) 

Figure 2.36: 1POI, C chain, a) Alpha centre (pink balls), b) dummies (cyan) created 

by Site finder module of MOE suite in active site gorge 

 

2.5.2.4: Docking of triazoles against BChE (PDB code: 1POI) 

The prepared mdb file containing 3D structures of the ligands was subjected 

to docking simulations. Docking simulations were analyzed in order to investigate the 

possible interactions between the inhibitor and the amino acid residues on the 

catalytic active site. The conformation with the lowest docking energy was selected 
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as the best solution. Most of the compounds were gorged into the catalytic amino acid 

triad.  The catalytic triad of BChE, consisting of GlnC172 and LysA160, was located 

within the 5.5 Å of the docked ligand.    

The ligand enzyme complex with the highest binding affinity (London dG) 

was studied and the same exercise was repeated with all triazoles. Binding energy 

was found in the range of -8.90 to -11.02 kcal/mol. Study of lowest energy 

conformation of the selected compounds (35, 36, 37, 40, 45, 55, 60, 62, 65 and 68) 

revealed that all these compounds clustered in the active site gorge as shown in 

Figure 2.37.  

 

Figure 2.37: Overlaying of all the active compounds inside the gorge (mesh) of 

BChE. 

 

Compound 57 showed hydrophobic interactions with amino acid residues 

such as ValC170, LeuB96, ProC118, PheA159. A strong Hydrogen bond AsnB93 in 

addition to polar interactions with GlnC172 and LysA160 played momentous role. 

The geometry of H bond interactions was evaluated considering (i) the distance from 

the heavy atoms (ii) the direction of the dipole vectors.  Based on docking 

simulations, it can be explained that strong binding affinity of triazole 35 with BChE 

is due to the hydrogen bonding of OH of cyclohexyl moiety with N-H of AsnA 157 

residue and tremendous hydrophobic and polar interactions with ValC170, LeuB96, 

ProC118, PheA159, GlnC172 and LysA160 as shown in Table 2.47. Analysis of 

lowest energy pose of 53 revealed that a significantly low binding energy (London 
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dG=-9.27) coupled with broad range of hydrophobic and polar interactions with 

ValC170, LeuB96, ProC118, HisB97 and LysA160 supported the good inhibitory 

activity (IC50= 41μ M) of the ligand 53.   

 

 

   a)                                           b) 

Figure 2.38: Docking pose of triazole 45 in active site gorge of 1POI, a) 3D (mesh) 

interaction of 45 with key residues b) 2D interaction of 45 with key residues. 

 

Triazole 60 emerged to be the most potent BChE inhibitor of the series with 

IC50 value of 25.2 µM, it has binding energy -9.33 kcal/mol as shown in Table 2.49.  

lowest energy docking pose of 60, that it  was positioned near the catalytic triad right 

in the mid of the gorge compact with key residues such as  strong arene-H interaction 

with Lys160, Ala 112 and GlnC172, hydrophobic interactions with Lue96, Phe159, 

Pro183 and 118 electrostatic interactions with Glu163, Gln 172, Lys160 and Tyr95 

proclaimed its promising wet lab results.  
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Figure 2.39: Docking position of 60 (magenta) in active site gorge of 1POI. 3D 

interactions, dotted lines represent Arene-H interaction, interacting residue (cyan) 

 

 

      a)                  b) 

Figure 2.40:  Docking pose of traizole 60 inside gorge of BChE, a) 3D (surfaces, 

mesh) b) 2D interactions of 60 

Multiple hydrophobic and polar interactions provide a rational for 60 to 

magnificently lye in the mid gorge portion of active site and inhibit its activity as 

evidenced in Figure 2.39 and 2.40.  

Ligand 68 with the binding energy of -10.69 kcal/mol (IC50 = 43.6 µM) 

showed almost equaling IC50 values (Table 2.49) with that of 45 (-11.02 kcal/mol, 

IC50 = 42.2 µM) and 53 (-9.27 kcal/mol, IC50 = 41.3 µM) but all three have slight 

variation in binding energy. No linear co-relationship was noticed in binding energy 



Results & Discussion 

 

138 

 

and IC50 values however it’s noteworthy that the compound which showed activity 

possesses low binding energy and also showed multiple interactions with key 

residues. Detailed docking results for all active triazoles (35, 36, 37, 40, 45, 53, 60, 

62, 65 and 68), interactions along with interacting residues and binding energies are 

tabulated in Table 2.49. These may prove to be useful pharmacological tools to 

investigate the physiological role of BChE in health, development, aging, and disease. 
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Table 2.49: Results obtained from the molecular docking of selected ligands against BChE.  

Entry IC50 

(µM) 
Binding Energy 
(kcal/mol) 

 H-Bonding Arene-H 
interaction 
 

Arene-
arene 
interaction 
 

Hydrophobic 
Interactions 

Polar 
Interaction 

S 
 

London 
dG 

 Interacting 
residues 

Distance 
(Å) 

35 95.4.+0.19 -5.14 -9.30  AsnB93 2.48   ValC170 
LeuB96 
ProC118 
PheA159 
 

GlnC172 
LysA160 
 

36 297.6 -5.00 -9.79  - - - - LueB96 
ProC118 
PheA159 
ValC170 
 

GlnC172 
LysA160 

37 83.3   0.09 -4.54 -9.41  - - GlnC172 
 

 ProC118 
ValC170 
LueB96 
PheA159 
 

LysA160 

40 65.5 0.027 -5.04 
 
 

-9.65  AsnA157 3.4 
 
 
 
 
 
 

- - LeuB96 
ProC118 
ProB183 
ValC170 
PheA159 
 
 

GlnC172 
ThrA123 
LysA160 
GluA163 
TyrB144 
TyrB95 

45 42.4 0.027 -6.18 -11.02  GlnC172 3.1 
 
 
 
 

- 
 

- 
 

ValC170 
LeuB96 
ProC118 
PheA159 
 
 

 
LysA160 
HisB97 

53 41.3+0.04 -4.03 -9.27  - - - 
 

- 
     

 
ValC170 
LeuB96 
ProC118 

LysA160 
HisB97 
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PheA159 
 

60 25.20.11 -4.72 -9.33 
 

 - - GlnC172 
 
 

-  
 

  

62 295 -4.50 -8.90  - 
 

- 
 

ValC170 
Ala112 
Lys 
 

- 
 

LueB96 
PheA159 
ProB183 
ProC118 

GluA163 
GlnC172 
LysA160 
TyrB95 
 

65 248+0.07 -4.22 -8.98  - - TyrB144 
 

- 
 

LueB96 
ValC170 
PheA159 
ProB183 
ProC118 

GluA163 
GlnC172 
ThrA123 
LysA160 
TyrB95 
 

68 43.6+0.03 -4.69 -10.69  ProC118 3.02 - GlnB172 
 

LueA96 
ValB170 
 

ThrA123 
LysB206 
HisA97 
AspB174 
 

Eserine 
 

0.930.3 -0.51 -0.99  - - - - LeuB96 
ValC170 
ProC118 
PheA159 

GlnC172 
LysA160 
HisB97 
LysC206 
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2.5.3 Molecular docking studies on triazoles as α-glucosidase inhibitors 

In case of BChE, human BChE is available in crystallized form for mechanistic 

and pharmacological studies of this enzyme but lack of 3D structure of human α-

glucosidases limits the mechanistic and pharmacological studies of this enzyme. 

Indeed, the structural information of α-glucosidases has been reported merely for a 

few bacterial and fungal strains only in ligand-free forms.380-381 This limitation has 

made it a difficult task to discover good lead compounds against α-glucosidases.  

Bridging this ‘structure knowledge gap’ is an imperative demand. In recent years, 

computational methods for protein structure prediction have grabbed the attention of 

computational medicinal chemist. Comparative modeling is the only method among 

all current theoretical approaches that can reliably generate a 3D model of a protein 

(target) from its amino acid sequence in an affordable time frame with the current 

computing facilities. Ab initio methods for protein folding simulations are another 

established method; however, they are not very practical due to high time and 

computation demands.  

 

2.5.3.1 Homology modeling and validation of yeast α-glucosidase structure 

Functional annotation of protein sequences is an ambiguous process as there is 

no direct relationship between sequence identities and similarities and function.381 

The availability of 3D protein structures from X-ray crystallography and NMR 

experiments supplement sequence information with structural information to probe 

biological functions.381 In the absence of experimentally qualified protein structures, 

there are several examples where homology models have aided in the prediction of 

protein function. The BLAST program was used that identified the pdb entry 

3A47.pdb as a top hit with the maximum sequence identity of over 72% with the 

target protein. 382 
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Figure 2.41: Sequence alignment of α-glucosidase MAL12 (baker’s yeast) with oligo-

1,6-glucosidase obtained from Bacillus cereus (PDB code: 3A47) 

 

Figure 2.41 displays the sequence alignment of α-glucosidase MAL12 

(baker’s yeast) with oligo-1,6-glucosidase obtained from Bacillus cereus (PDB code: 

3A47), which revealed that there are 72% and 85% of sequence identity and 

similarity, respectively, between these proteins. Such a high sequence homology 

eventually generated a highly refined 3D structure of α-glucosidase. It is indeed well 

known that the homology-modeled structure of a target protein can be accurate 

enough to be used in docking studies once the sequence identity between target and 

template approaches to 40%.365 The root mean square deviation (RMSD) between the 

backbone of the template protein (pdb entry 3A47.pdb) and the minimized model is 

0.389 Å. The low RMSD value is one of the criteria for the good quality model. The 

Quality Model Energy ANlysis (QMEAN) score of minimized model was 0.825 

(range = 0-1),383 which was quite high and promising for compactness of modeled 

structure. QMEAN is a composite scoring function which is able to derive both global 

(i.e. for the entire structure) and local (i.e. per residue) error estimates on the basis of 

one single model.384 

Figure 2.42 shows the structure of α-glucosidase obtained from the homology 

modeling in comparison with the X-ray crystal structure of oligo-1,6-glucosidase 
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which was used as a template protein. Both proteins possess a very similar folding 

structure as inferred from the superimposed structure. The comparison between the 

template and modeled protein at the active site region revealed that 54% of amino 

acid residues are identical. This is not surprising as both enzymes catalyze the 

hydrolysis of terminal glycosidic bond of carbohydrates.385 A difference of 46% may 

be related with the differentiations of the active site geometry and substrate specificity 

as well as the catalytic efficiency.  

 

 

Figure 2.42: (a) The superimposition of the modeled S. cerevisiae α-glucosidase 

(yellow) on the template oligo-1,6-glucosidase (Cyan) obtained from B. cereus (PDB 

code: 3A47). The active site residues are shown as licorice. (b) The superimposed 

active site residues have been zoomed in for clarity. The red and green colors indicate 

active site residues for modeled and template protein, respectively. 

 

 

2.5.3.2   Preparation of target 

 

Pdb file of modeled α-glucosidase was imported in MOE, protein was ripped 

off its water molecule.  Protein was 3D protonated and energy minimized (Figure  

2.43) by  Pi Mole Visualizer, PMV) by making use of MMFF method with active site 

was isolated by making use of surfaces and maps option of site finder module.  
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   a      b 

Figure 2.43: α-Glucosidase, 3D-protonated energy minimized, a) cartoon and ribbon  

b) 3D, surfaces with residue color (images by Pi Mole Visualizer, PMV) 

 

2.5.3.3   Identification of the active site of α-glucosidase 

Active site gorge was further confirmed by docking the standard drug and also 

by docking by GOLD software.344 Docking the standard drug 1-Deoxynojirimycin 

(DNJ) identified Phe157, His279, Arg312, Phe311, Phe300, Ser308, Glu304, His279 

and His239 as key residues. The guanidine group of Arg312 formed H-bonds with the 

hydroxyl moiety of 1-Deoxynojirimycin. The residues Phe157, Phe311, Phe300 and 

Phe309 allocated the hydrophobic properties to the binding site. Residues His279, 

Arg312, Ser308, Glu304, His279, Arg312 and His239 comprised the hydrophilic 

portion of the pocket around the 1-Deoxynojirimycin. The Arg312, Phe157 and 

His279 residues formed the catalytic triad in the yeast α-glucosidase. Figure 2.44(a) 

displays DNJ inside the binding gorge; its 2D interaction with the protein residues is 

shown in Figure 2.44(b). 
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Figure 2.44: a) Active site of S. cerevisiae α-glucosidase with 1-Deoxynojirimycin 

(DNJ; standard α-glucosidase inhibitor) docked inside gorge. b) Molecular interaction 

of standard with the active site residues of the modeled protein represented in 2D 

space. 

 

2.5.3.4 Docking of the ligands 

 To obtain structural insight into the inhibitory mechanisms for the identified 

inhibitors of α-glucosidase, their binding modes in the active site were investigated 

using the docking program of molecular operating environment of the chemical 

computing group. Of all the 27 compounds only 9 were selected for further studies 

based on their IC50 values obtained from the wet lab. The details of the IC50 value are 

given in Table 2.50. The top-ranked conformations of 9 selected dockings form a 

single cluster in the binding site as is obvious from Figure 2.45 (a,b), where binding 

site residues are defined as the vicinity of ligands within 5.5Å.   

 Table 2.50 displays the detailed analysis of the results obtained from the 

molecular docking studies of 9 selected ligands i.e. 33, 37, 44, 45, 47, 52, 53, 60, 62 and 

63. All the active compounds exhibited very good binding energy ranging from -8.53 to -

10.58 kcal/mol as shown in Table 2.50. In the case of ligand 33 binding energy -9.7 

kcal/mol with the IC50 value of 370 µM, a strong hydrogen bond was established 

between the hydroxyl group of ligand and catalytic residues. Few hydrophobic 

interactions of ligands were also observed with His239, Phe311, Phe157 Phe177 and 

Pro309. These interactions are the possible reasons for holding ligands inside the 

active gorge. This compound showed a better binding energy and London dG value (-

16.39 and -9.78 kcal/mol, respectively) as compared to those of the DNJ (-11.51 and -

8.99 kcal/mol, respectively). However, the IC50 value doesn’t correspond with its 

good binding energy.  
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Figure 2.45: a) Superimposition of ligands inside gorge. b) Close view of the active 

site with the cluster of docked ligands.   

 Figure 2.46 depicts the preferred docked orientation of ligand 45 in the 

binding cavity of protein; the key residues have been highlighted in the rectangular 

box. An arene-arene interaction is very obvious between the phenyl group at 4 

position of triazole ring and Phe157. This phenyl ring of ligand is also involved in 

arene-hydrogen interaction with His279. While the second phenyl ring of ligand 

showed hydrophobic interactions with protein residue Phe311. Arg312 of the receptor 

was found to involve in arene-cation interaction. The compound under observation 

showed an IC50 value of 57 uM and corresponded to the binding energy and London 

dG values of -14.70 and -9.50 kcal/mol, respectively. The sufficient number of 

interactions with active site residues and a good IC50 value coupled with favorable 

binding energy proclaimed that this compound may serve as an effective surrogate for 

the monosaccharide of a carbohydrate substrate.  
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     a)                                                                    b) 

Figure 2.46: Docking position of triazole 45 in side gorge. a)3D Interaction of 

triazoles  (shown in CPK) with the amino acid residues (displayed as line 

representation, cyan) of modeled protein. b) 2D interaction inside gorge 

  The black dotted lines indicate the formation of hydrogen bonds of triazoles 

with the active site residues. The important residues having direct interaction with the 

ligands have been labeled in rectangular boxes. Amino acid residues colored in light 

red are the part of the active site, however, do not directly interact with the ligands. 

Red, blue and cyan colors represent oxygen, nitrogen and carbon atoms, respectively. 

Hydrogen atoms have been removed for clarity. Figure 2.46 depicts the preferred docked 

orientation of ligand 53 in the binding cavity of protein; the key residues have been 

highlighted in the rectangular box. An arene-arene interaction is very obvious between the 

phenyl group at 4 position of triazole ring and Phe157. This phenyl ring is also involved in 

hydrophobic interactions with protein residues Ala278 and Phe311. The compound under 

observation showed an IC50 value of 57 uM and corresponded to the binding energy and 

London dG values of -14.70 and -9.50 kcal/mol (Table 2.50) respectively. The tremendous 

number of interactions with active site residues and a good IC50 value coupled with favorable 

binding energy proclaimed that this compound may serve as an effective surrogate for the 

monosaccharide of a carbohydrate substrate. As contrary to the α-glucosidase 45 complex 

where the hydroxyl group at 1 position of cyclohexyl ring served as a hydrogen bond donor, 

the nitrogen atom of ligand 53 was involved in the hydrogen bonding. Another characteristic 

feature that discriminates the binding mode of 53 from that of 45 lied in that the latter is 

stabilized in the active site by less nonpolar interactions than the former.  
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Figure 2.47: Interaction of triazoles 53, (shown in CPK) with the amino acid residues 

(displayed as line representation) of modeled protein.  

 An interesting finding was that the compounds with good IC50 values showed 

maximum number of interactions with strong hydrogen bonds and significant polar, 

hydrophobic and lipophilic interactions. The polar interaction between ligands and 

protein are imperative for good binding affinity. Hydrophobic moieties present in the 

ligands seemed to be stabilized at the active site through the interactions with the 

nonpolar groups of α-glucosidase. However, the binding configuration in which some 

part of an inhibitor resided outside the active site was observed neither for the new 

inhibitors nor for DNJ except in the case of ligand 44 (binding energy -9.66 IC50 320 

µM) which is slightly off set. These results supported the possibility that the inhibitors 

may impair the catalytic activity of α-glucosidase through the specific binding in the 

active site. It was observed that the residues around the docked ligand remain almost 

the same in all the dockings. The study suggested that the protein residues Arg312, 

Phe157, His279 and Asp279 located in the binding pocket may have catalytic role in 

binding interactions and inhibition of enzyme function. The ability of 44 to interact 

with binding pockets and to form H-bond interactions with several residues including 

catalytic triad may account for the high selectivity and inhibitory activity against α-

glucosidase. In summary, no remarkable linear co-relation was observed between the 

IC50 values and binding energies calculated by the MOE docking program. 
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    a)              b) 

Figure: 2.48 Docking pose of ligand 45 inside the gorge, a) overlaying of 45, docked 

by Autodock (pink), GOLD (cyan) and MOE (green), b) close view of the docked 

ligand 45  (images by Chimera). 

 

Figure 2.49: Docking pose of ligand 53 inside the gorge, a) overlaying of 53 docked by Auto 

dock (pink), GOLD (cyan) and MOE (green), b) close view of the docked ligand 53  

Molecular docking studies were carried out for all the active triazoles by using MOE and 

docking mode were analyzed all the results along with IC50 values and binding energy are 

depicted in Table 2.50. After detailed studies through MOE suite,341the most active 

ligands 45 and 53 were docked by AutoDock,343 and GOLD 344 to compare the docking mode 

of ligand by different softwares. The collective ligand- receptor complex was visualized 

through Chimera, it was observed that all the three softwares docked the ligands at the same 

site as shown in Figure 2.48 and 2.49, however these were not stacked on each other. Judging 

from the potency and the structural diversity, all of the newly identified inhibitor scaffolds 

seemed to deserve further development by structure-activity relationship (SAR) methods to 

optimize their inhibitory potential. 
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Table 2.50: Results obtained from the molecular docking of selected ligands against α-glucosidase.  

 

Entry IC50 

(µM) 

Binding Energy 

(kcal/mol) 

 H-Bonding Arene-H 

interaction 

 

Arene-arene 

interaction 

 

Cation-

arene 

interaction 

Hydrophobic 

Interactions 

Polar 

Interaction 

S 

 

Londo

n dG 

 Interacting 

residues 

Distance 
(Å) 

33 370 -16.39 -9.77  Arg312 2.99 - - - Phe157 

His239 

Phe311 

Phe177 

- 

37 245 -17.40 -9.39  Arg312 

 

3.84 

 

 

Phe157 

Phe177 

- -  

Pro309 

 

- 

44 320 -15.00 

(-7.44) 

-9.66  Glu304 

 

His348 

 

His111 

 3.81 

3.65 

4.24 

 

Phe157 

 

 

His239  

Phe157 

 

 

Arg312 

 

 

Phe300 

His239 

 

 

His214 

His348 

His111 

Asp241 

Asp68 

Thr215 

Asp349 

 

45 49.7 -17.10 -10.58  Asp349 3.14 

 

Phe157 

 

Phe157 

     

Arg312 Phe300 

Phe177 

 

Phe311 

Lys155 

Phe310 

Arg312 

His239 

47 320 -14.63 -9.60  Arg312 

 

3.06 

3.94 

 

4.19 

 

Phe157 

His239 

 

- Arg312 

 

His279 

 

Glu304 

 

52 255 -15.27 -8.53  Arg312 3.06 

 

- - - Phe300 

Phe177 

Phe158 

Phe157 

His239 

 

-  
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 53 57.2 -14.70 -9.50  - - His279 

 

 

Phe157 

 

Arg312 

 

Phe311 

 

- 

60 235 -18.00 -9.40  His348 

 

2.71 

 

 Phe157 

Phe177 

 

His279 

Phe300 

 

- Phe300 

 

Asp349 

Glu404 

Asp68 

Asp214 

 

62 313 -18.40 -9.30  Arg312 

 

 

4.66 

  

 

His279 

His245 

 

Phe157 

Phe311 

 

Arg312 

 

Ala278 

Phe311 

Phe177 

 

- 

63 265 -18.40 -9.25  Thr215 

 

3.0 

 

 Phe177 

 

- 

 

Arg312 

 

Phe311 

Phe157 

Ala278 

Phe300 

Phe311 

 

- 

DNJ 3.49 -11.51 -8.99  Arg312 - His279 His239 

Phe157 

 

- - - 
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2.5.5  Dual inhibitors, a concept of MTDL  

Multiple etiologies are thought to contribute to the neurodegenerative process of 

the AD. Molecules that modulate the activity of a single protein target are unable to 

significantly modify the progression of the disease. Metabolic deregulations, including 

abnormal glucose utilization and insulin resistance or deficiency, occurs at an early stage 

of AD independent of T2DM. Thus, AD has been considered as type 3 diabetes. T2DM is 

a risk factor for AD; the coexistence of these two diseases in a society with an increasing 

mean age is a significant issue. Recently, research has focused on shared molecular 

mechanisms in these two diseases with the goal of determining whether treating T2DM 

can lessen the severity of AD.  Considering these facts a strategy have been developed to 

identify novel dual inhibitors of BChE and α-glucosidase.  

 

Table 2.51: Results (IC50 μM) of α-glucosidase and BChE inhibition assays 

Entry 
α -glucosidase 

 

BChE 

 
Entry 

α -glucosidase 

 

BChE 

 

33 3700.5 430 52 255    0.16 362.3 

34 1388 512 53 57.2  0.05 41.3  0.04 

35 1386 95.40.19 55 3780.31 555.5 

36 3250.09 297.6 56 4090.08 375.3 

37 245    0.09 83.3   0.09 58 6756.7 12500 

40 3660.83 65.5 0.027 59 5200.68 499 

42 1712 333.3 60 235.3    0.08 25.20.11 

43 862 585 62 3131.1 295 

44 3200.08 409 63 265    0 .06 452 

45 49.7    0.078 42.4 0.027 65 1086 248    0.07 

47 320   0.002 451 68 657.8 500 

48     1562.2 450.3 69 1190.4 43.6   0.03 

50 5200.22 384.6 70 3700.79 454.5 

51  812.5 568 
Std 

 

3.491.7 

DNJ 

0.930.3 

Eserine 

 

Thus, the current designed strategy outlines a series of newly synthesized 

molecules, structurally related and endowed with extended biological profile. Particularly 

interesting proved to be compound 45, which emerged as the most potent inhibitor of the 

series both for BChE and α-glucosidase as shown in Table 2.51. 
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2.5.6  Molecular docking studies on peptides 

Having studied chemopreventive activities of peptides, molecular docking studies 

were carried out to find a rationale for wet lab results. Molecular docking was carried out  

as per protocol and steps, described in section 2.5.2. 

2.5.6.1 Preparation of receptors  

Receptor was cleaned of water molecules, 3D protonated and energy minimized 

by MMFF94379 by making use of MOE suite. The active site was identified by creating 

alpha centers followed by creation of dummies by making use of site finder module of 

MOE suite.  

 

Figure 2.50: a). Helical structure of  IKKα,  (PDB code: 3BRT) b)Helical structure of 

IKKβ, (PDB code: 3BRV)  

Both IKKα, (PDB code: 3BRT) and IKKβ, (PDB code: 3BRV) comprise of four 

chains each as shown in Figure 2.50. Ribbon and surface structure of both the IKKα,  

(PDB code: 3BRT) and IKKβ, (PDB code: 3BRV)  are shown in Figure 2.50.  

 

2.5.6.2   Identification of active site of 3BRT (1KKα) 

  Active site of IKKα,  (PDB code: 3BRT) was identified by making use of site 

finder module of the MOE. The active site was isolated by selecting the longest chain 

having the active site which is like a cleft as shown in Figure 2.51. Alpha centers were 

created inside the cleft followed by insertion of dummy atoms as receptor was devoid of 
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having its co-crystallized ligand. Figures 2.51 is showcasing the alpha center and 

dummies created in the  the pocket of 3BRT. 

 
 

Figure: 2.51: a) Alpha center (white n red balls), b) dummies (Cyan) inside active site 

 

2.5.6.3: Preparation of ligand (mdb file) 

Accurate 3D structures are essential for computational analysis. Docking 

requires the 3D structure of ligand molecules strictly following stereochemistry of the 

peptides by making use of builder module of MOE program and energy minimized.  

Ligands were 3D protonated. Ligand preparation was comprehensive collection of tools, 

inclusive of 3D protonation and energy minimization by using MMFF94 with 0.001 

iteration criterion.379 This exercise generated lower energy, stable, accurate minimized 

3D model with correct chiralities.  

  

2.5.6.4   Molecular docking analysis of 1KKα (PDB ID:3BRT) 

Detailed results of molecular docking are exhibited in Table 2.52. All the docked ligands 

clustered inside the pocket where the dummies were created as shown in Figure 2.52. 
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Figure 2.52: Overlaying of ligands inside cleft of 3BRT 

 

 
 

Figure 2.53: Position of the active site in 3BRT, Overlaying of active ligands inside 

active site 3BRT. 

 

Figure 2.52 and 2.53 shows overlaying of ligands inside active site, Figure 2.53 

also exhibits the position of active site in heliacal structure of 3BRT. The dipeptide 108 

with binding energy (London dG -9.0400kcal/mol) established deterministic hydrogen 

bonding with Met734 and Lys90 inside the active site which might be a reason for its 

good activity. Moreover it also exhibited hydrophobic and polar interaction with key 

residues. Peptide 125 also showed couple of polar interactions and hydrophobic 

interactions with key residues inside the pocket. It was interesting to note that both the 

ligands didn’t exhibit any arene-H or arene-arene interaction.  The 3D and 2D 

interactions drawn for active peptide 108 with key residues of 3BRT (IKKα) are shown 

in Figure 2.54.   
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Table 2.52: Results obtained from the molecular docking of active peptides against  

1KKα (3BRT) 

 

 

 

  
 

 

Figure 2.54: 3D and 2D interactions of 108 with residues in active site (3BRT)(dotted 

lines represents hydrogen bonding, purple in case of 3D and black in case of 2D 

interaction. 

 

2.5.6.5  Structural aspects of NEMO/IKKβ (PDB code: 3BRV) association domain 

The protein is a 4-helix bundle of NEMO and IKKβ domains each consisting of 

two chains B, D and A, C respectively as shown in Figure 2.50. NEMO density extends 

from residues 49 to 109 in chain B and from 49 to 109 in chain D. The IKK peptide 
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density extends from residues 705 to 743 in chain A and from residues 701-744 in chain 

C. N and C termini of NEMO chains B and D form dimerization. Three regions are 

assigned within the IKKβ peptide, designated as helical (705–731), linker (732–736), and 

the NEMO Binding Domain (NBD) (737–742). Residues 85–101 of dimeric NEMO 

forms a flat slit paving way to two broad and extensive IKK binding pockets; each pocket 

being occupied by the IKK peptide linker and the NBD. The IKK peptide forms 

intermolecular hydrogen-bond interactions (Ser85:Q730 and Glu89:S733) with NEMO in 

the NEMO’s specificity pocket. Three large IKK side chains inside the NEMO pocket 

which form consolidated intermolecular hydrophobic interactions (Leu93:F734, 

Phe92:T735, Met94: F734, Phe97:W739, Ala100:W741, and Arg101:W741) are 

responsible for formation of NEMO-IKKβ complex. 

2.5.6.6 Identification of active site of 3BRV (1KKβ) 

The active site isolated by selecting longest chain of the entire four chains turnout 

to be a deep cleft lined with the key residues such as Gly730, Gly732, Phe734, Gly86, 

Glu89, Lys90, and Leu93. Alpha spheres were created inside the cleft in the form of 

compact cluster, similarly dummy atoms were created at the site of alpha sphere to carry 

out docking around the dummy atoms as receptor was devoid of having its co-crystallized 

ligand. Both Figures 2.55 a and b are showcasing the alpha centre and dummies at the 

pocket of 3BRV (1KKβ) respectively 

 
Figure 2.55: Active site of 1KKβ (PDB code: 3BRV) a) Alpha sphere (white n red). b) 

Dummies (magenta) created in active site cleft (at alpha spheres), Images created by of 

MOE suite 
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2.5.6.7 Molecular docking analysis of 3BRV (1KKβ) 

All the ligand clustered compactly at the same position where dummies were 

created by site finder module of MOE suite in active site cleft of 3BRV (1KKβ) (Figure 

2.56), however ligand 122 found to be off set as compared to all other ligands, some of its 

part seemed to be off lying and this could be a basis for its high binding energy which is -

1.774 and quite high London dG (4.7566). In addition to this ligand, both tri-peptide 120 

and 121 also showed little higher energy in “S” field but they positioned inside the cleft 

during docking however not squashed as compared to other ligands. It is interesting to 

note that these compounds were found inactive in wet lab investigations against chemo-

preventive assays. 

 

Figure 2.56: 3BRV(1KKβ), superimposition of ligands (cyan) inside active site cleft   

 

          Binding mode of ligands inside the active site cleft of 3BRV (1KKβ) was analyzed 

after docking simulation calculations was investigated. Top ranked docking pose being 

lowest energy conformation was selected for further analysis. Tremendous strong 

hydrogen bonding interactions were noticed between the NH groups of Ligand 108 and 

amino acid residues such as Gly730, Ser 85 and Gly 86 as evidenced from Figure 2.58.  

All these interactions were deterministic in strong binding of ligand 108 inside the active 

side cleft and in turn could be reason for its activity. Ligand 108 also ligand 108 showed 

low binding energy such as -8.6 kcal/mol (London dG). 
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Table 2.53: Results obtained from the molecular docking of active ligands against 

3BRV(1KKβ) 

 

 

The ligand 108 showed low binding energy, -4.0436 kcal/mol showed polar 

interactions and hydrogen bonding with key residues as shown in Figure 2.58, which 

might be the possible reason of its activity. Peptide 125 established hydrogen bonding 

and also polar interaction with key residues which proclaimed to be possible reason for 

its activity. Table 2.53 depicts the detailed analysis of molecular docking of active 

triazoles with 3BRV.  

 

 
 

Figure 2.57: Position of active site in 3 BRV (surfaces and map), with the cluster 

of active ligands inside cleft.  
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Figure 2.57 shows the position of active site in the helical structure of 1kkβ and it also 

shows that all docked ligands clustered inside the pocket. Figure 2.58 exhibited the 3D 

and 2D interaction of 108 with key residues in active site inside the active site. 

  
 

Figure 2.58: Docking pose of 108 inside active site of 3BRV. a)3D and 2D interactions 

of 108 (dotted lines represents hydrogen bonding) 

These results demonstrated the in silico molecular docking studies of peptides 

with 1KKα and 1KKβ suggested that peptides possess the potential to disturb 

hydrophobic and H-bond interactions thereby affecting the stability of attachment of 

1KKα and 1KKβ chains. 

Current study presents the synthesis of two different classes of heterocycles, 

namely benzothiazepines and triazoles which were found to have potential as α-

glucosidase and BChE inhibitors. A variety of di-peptides, iso-tri- and iso-tetrapeptides 

were synthesized. Native tri- and tetrapeptide were synthesized via O N TNCL. Some 

of the peptides were potent chemo-preventive against cancer cell lines. 
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3.1 Chemicals Used 

Acetonitrile, anhyd. calcium chloride, potassium carbonate, calcium oxide, 

dichloromethane, methanol, chloroform, dimethyl sulfoxide (DMSO), n-hexane, 

sodium hydroxide, sulphuric acid, glacial acetic acid, hydrochloric acid, anhyd. 

sodium sulphate, 2-aminopyrimidine, anhyd. calcium hydride, diethyl ether, sodium 

nitrite and t-butanol were purchased from E. Merck. 1-Ethynyl-1-cyclohexanol, L-(+) 

sodium ascorbate, copper sulphate pentahydrate, anthranillic acid, 4-nitrobenzoic 

acid, 2-cyano-4-nitroaniline, n-octyl bromide, n-hexyl bromide and n-butyl bromide 

were products of Fluka. 3-hydroxyacetophenone, 3-aminoacetophenone, 4-

aminoacetophenone, 4-iodoacetophenone, phenylacetylene and t-butyl nitrite were 

purchased from Sigma Aldrich. Sodium azide was supplied by Acros. 2-Nitroaniline, 

3-nitroaniline and 2,4-dinitroaniline were purchased from BDH. 4-nitroaniline was 

the product of Riedal de Haёn while ethanol, acetone and ethyl acetate were obtained 

from commercial sources. P-phenylenediamine, benzidine, 4-(4-

aminophenoxy)aniline and 4-(4-aminobenzyl)aniline were products of Fluka. o-

Aminothiophenol (o-ATP), substituted aldehydes, silica gel, Boc-protected and Cbz-

protected aminoacids were purchased from Fluka. α-Amino acids, triethyl amine 

(Et3N), diisopropyl ethylamine, absolute ethanol, diethyl ether, dichloromethane, 

sodium carbonate, ninhydrin, phosphomolybdic acid (pma), benzotriazole (BtH), 

palladium/carbon (Pd/C) and Dicyclohexyl Carbodiamide (DCC) were purchased 

from Sigma Aldrich. 293/NFĸB-Luc HEK cells American Type Culture Collection 

(ATCC), Dulbecco’s modified eagles medium, fetal bovine serum, penicillin G 

sodium and streptomycine sulfate,  test samples (0.4 mg/ml in 10 % DMSO), tumor 

necrosis factor-α (TNF-α, Calbiochem), Hepa 1c1c7 (murine hepatoma) cells, MEM-

α (minimum essential medium) without ribonucleosides or deoxyribonucleosides, 

phosphate saline buffer (PBS), 1X  lysis buffer, 20 % trichloroacetic acid (TCA), 0.4 

% SRB (sulpho-rhodamine B) in 1 % acetic acid, 10 mM Tris base pH 10, N-α-tosyl-

L-phnylalanine chloromethyl ketone (TPCK), fetal bovine serum (FBS) and 

dulbecco’s modified eagles medium (DMEM) were purchased from ATCC. 

Sabouraud Dextrose Agar (SDA), 5-5-dithiobis-2-nitrobenzoic acid (DTNB), 

amphotericin B, penicillin G, streptomycin sulphate, α-glucosidase, hBChE (type III, 
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from yeast), 3-(4,5-dimethylthiazo-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and 

p-nitrophenyl-α-D-glucopyranoside were purchased from Sigma Aldrich. 

3.2  Purification of solvents 

 All the solvents were used after necessary purification and drying according 

to standard procedures. The dried solvents were stored over molecular sieves (4°A). A 

brief account of the purification procedure follows:  

Acetone  

Anhyd. CaCl2 was introduced into a round bottom flask containing acetone 

and was left for 4 to 5 hours. Pure acetone was distilled at 56 °C.  

Absolute ethanol and methanol 

Commercial ethanol and methanol were distilled first and then the distilled 

ethanol and methanol were refluxed over calcium oxide and distilled again. The 99 % 

ethanol and methanol obtained were refluxed after adding magnesium turnings and 

iodine, when the color of iodine disappeared, ethanol and methanol were distilled 

again at 77-78 °C and 64-65 °C respectively. 

Chloroform and dichloromethane  

Chloroform and dichloromethane were dried over anhyd. calcium chloride for 

3 h and then distilled at 39-41 °C and 64-65 °C respectively.  

Diethyl ether and tetrahydrofuran 

  Both solvents were distilled over anhyd. calcium hydride. The distillates were 

dried by refluxing on sodium wire and benzophenone as indicator. The mixture was 

distilled till it turned dark green in colour. Ether was collected around 34-35 °C while 

THF was distilled at 66 °C. The dried solvents were stored on molecular sieves (4 Å) 

under nitrogen. 

  

3.3 Instruments used  

3.3.1 Melting point apparatus  

Melting points were determined on open capillaries using Gallenkamp melting 

point apparatus (M.P.-D) equipped with a digital thermometer and capillary point 

apparatus and are uncorrected.  
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3.3.2 NMR spectrometer   

1
H NMR (300 MHz) and 

13
C NMR (75 MHz) spectra were recorded in CDCl3, 

DMSO-d6, acetone-d6 or CD3OD-d4. The following abbreviations are used to describe 

spin multiplicity: s, d, t, q, b, and dd represents singlet, doublet, triplet, quartet, 

multiplet, broad and doublet of doublet respectively. 

3.3.3 Mass spectrometer  

Mass spectra were recorded on Agilent technologies 6890 N Gas 

chromatography (GC) and an inert mass selective detector 5973 GC-mass 

spectrometer.  

3.3.4   Infrared spectrometer  

Infrared spectra were recorded on Schimadzu Infrared Spectrophotometer 

model 270. Samples were taken in KBr pellets. 

3.3.5   Elemental analyzer 

Analysis was carried out on Eager 200 instrument and was recorded on Eager 

200 Strip chart.  

3.3.6  Microwave synthesizer 

All microwave assisted reactions were run with a single mode cavity Discover 

Microwave Synthesizer (CEM Corporation). The reaction mixtures were transferred 

into a 10 mL glass pressure microwave tube equipped with a magnetic stirrer bar. The 

tube was closed with a silicon septum and the reaction mixture was subjected to 

microwave irradiation (Discover mode; run time: 60 s.; Power Max-cooling mode). 

3.4 Chromatographic techniques  

3.4.1    Thin layer chromatography (TLC)  

The progress of all the reactions was monitored by TLC on 2.0 x 5.0 cm 

aluminum sheets precoated with silica gel 60F254 with a layer thickness of 0.25 mm 

(Merck). The chromatograms were visualized under UV light (254-366 nm) or iodine 

vapours. They were developed by using different solvent systems. Following solvent 

systems were used for the development of chromatogram:  

A   Chloroform: methanol (3:2, 5:1 and 9:1)  

B   n-Hexane: acetone (2:1, 3:2 and 4:1)  

C   n-Hexane: dichloromethane (2:1)  

D   n-Hexane: ethyl acetate (4:1 and 3:2) 
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E   Toluene: methanol (9:1)  

3.4.2 Visualization reagents 

Several visualizating reagents such as, ninhydrin, iodine vapours iodine 

adsorbed on silica gel and phosphomolybdic acid were used to visualize spots on TLC 

plate 

3.4.3    Preparatory thin layer chromatography (TLC)  

The progress of all the reactions was monitored by TLC using TLC plates pre-

coated with silica gel 60F254 with a layer thickness of 0.25-0.30 mm (Merck). The 

chromatograms were visualized under UV light (254-366 nm) or iodine vapours. They 

were developed by using different solvent systems. Different bands were collected. 

The compounds were recovered from silica by using appropriate solvent, followed by 

filtration and evaporation under vacuum. 

3.4.4 Flash column chromatography 

Column was packed with silica (slurry prepared in n-hexane), covered with 

sand, n-hexane was eluted, solution of product was loaded above sand and eluted with 

the mixture of appropriate solvents under pressure. Different fractions were collected, 

evaporated after monitoring by TLC and solid obtained was dried under vacuum. 

3.4.5 HPLC/MS instrument 

HPLC–MS analyses were performed on a reverse phase gradient using 0.2 % 

acetic acid in H2O/methanol as mobile phases; wavelength=254 nm and mass 

spectrometry was done with electrospray ionization (ESI).  

3.4.6  Softwares used 

Chemdraw2012 was used for schemes, structure drawings and nomenclature. 

MOE, GOLD, AutoDock, Chimera, VMD and PMV were used for computational 

studies.
341-347

 

3.5  Synthesis of 2,3-dihydro-1,5-benzothiazepines (1-32) 

General procedure
72

 

A solution of chalcone (4 mmol) in dry THF (10 mL) was taken in 100 mL 

Erlenmeyer flask.  Silica (8 g) was added and stirred for 5 minutes. Solvent was 

removed under reduced pressure, 1.2 equivalent of o-aminothiophenol (o-ATP) was 

added to this mixture. The flask was fitted with a three way stopcock, evacuated and 

stirred for 4 hours at 85 
o
C under nitrogen atmosphere. After completion of reaction, 
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the mixture was stirred with ethyl acetate (15 mL) and filtered through cotton plug. 

The filtrate was concentrated under reduced pressure, the crude product was 

recrystalized with MeOH to afford crystalline solid. Silica was recycled by sequential 

washing, stirring ethyl acetate (30 mL) and subsequent filtration and dried in oven for 

2 hours.  

3.5.1: Synthesis of Chalcones (1a-32a)
  

General procedure
348-352

 

Chalcones were synthesized by following literature procedure.
348-352 

which 

were used as precursors for 2,3-dihydro-1,5-benzothiazepines. All chalcones were 

synthesized An Erlenmeyer flask fitted with mechanical stir bar was loaded with 

solution of acetophenone (5 mmol) in rectified spirit (15 mL) the flask was cooled in 

ice bath and solution of benzaldehyde (5 mmol) in rectified spirit (15 mL) was added 

on stirring. To this mixture was added an ice cold solution of 4 M NaOH in water. 

The mixture was stirred vigorously at room temperature and monitored through TLC. 

The mixture was kept at 0-3 
o
C, neutralized with ice cold aqueous HCl. The 

precipitate were filtered and washed with distilled water thoroughly, the product 

obtained was pure in many cases. In some cases the crude product was re-crystallized 

using hot ethanol. Chalcones (1a-32a) were characterized through their physical 

constants, melting points were found in agreement with literature. Since chalcones 

were already synthesized and documented by Ansari et al
349-350

 therefore detailed 

characterization was not reproduced here. 

3.5.1.1: (E)-3-(Phenyl)-1-phenylprop-2-en-1-one (1a)
350

 

Light yellow solid. Yield 90 %. m.p. 56 
o
C. 

 3.5.1.2: (E)-3-(2-Chlorophenyl)-1-phenylprop-2-en-1-one (2a)
350

 

Light yellow crystals. Yield 88 %. m.p. 45-46 
o
C. 

3.5.1.3: (E)-3-(3-Chlorophenyl)-1-phenylprop-2-en-1-one (3a)
350

  

Light yellow crystals. Yield 86 %. m.p. 69 
o
C. 

3.5.1.4: (E)-3-(4-Chlorophenyl)-1-phenylprop-2-en-1-one (4a)
350 

Light yellow crystals. Yield 85 %. m.p. 114 
o
C. 

3.5.1.5: (E)-3-(2-Methoxyphenyl)-1-phenylprop-2-en-1-one (5a)
350

  

Yellow crystals. Yield 85 %. m.p. 75 
o
C. 
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3.5.1.6: (E)-3-(3-Methoxyphenyl)-1-phenylprop-2-en-1-one (6a)
350

  

Yellow crystals. Yield 92 %. m.p. 56 
o
C. 

3.5.1.7: (E)-3-(4-Methoxyphenyl)-1-phenylprop-2-en-1-one (7a)
350

 

Yellow crystals. Yield 94 %. m.p. 74-75 
o
C. 

3.5.1.8: (E)-3-(2-Fluorophenyl)-1-phenylprop-2-en-1-one (8a)
 349

  

Light yellow crystals. Yield 85 %. m.p. 78 
o
C. 

3.5.1.9: (E)-3-(3-Fluorophenyl)-1-phenylprop-2-en-1-one (9a)
 349

 

Light yellow crystals. Yield 85 %. m.p. 80 
o
C. 

3.5.1.10: (E)-3-(4-Fluorophenyl)-1-phenylprop-2-en-1-one (10a)
350

 

Light yellow crystals. Yield 85 %. m.p. 83 
o
C. 

3.5.1.11: (E)-3-(2-Hydroxyphenyl)-1-phenylprop-2-en-1-one (11a)
350

  

Light brown solid. Yield 85 %. m.p. 143 
o
C. 

3.5.1.12: (E)-3-(3-Hydroxyphenyl)-1-phenylprop-2-en-1-one (12a)
350

 

Light brown solid. Yield 85 %. m.p. 148-149 
o
C. 

3.5.1.13: (E)-3-(4-Hydroxyphenyl)-1-phenylprop-2-en-1-one (13a)
350

 

Light brown solid. Yield 85 %. m.p. 170-171 
o
C. 

3.5.1.14: (E)-3-(3-Bromophenyl)-1-phenylprop-2-en-1-one (14a)
350

 

Light brown solid. Yield 85 %. m.p. 84 
o
C. 

3.5.1.15: (E)-3-(4-Bromophenyl)-1-phenylprop-2-en-1-one (15a)
350

  

Light brown solid. Yield 85 %. m.p. 114 
o
C. 

3.5.1.16: (E)-3-(2-Nitrophenyl)-1-phenylprop-2-en-1-one (16a)
350

 

  Light green solid. Yield 85 %. m.p. 87 
o
C. 

3.5.1.17: (E)-3-(3-Nitrophenyl)-1-phenylprop-2-en-1-one (17a)
350

 

Light brown solid. Yield 85 %. m.p. 120-121 
o
C. 

3.5.1.18: (E)-3-(4-Nitrophenyl)-1-phenylprop-2-en-1-one (18a)
350 

  Yellow crystals. Yield 165 %. m.p. 145 
o
C. 

3.5.1.19: (E)-3-(3,5-Dimethoxy-2-methylphenyl)-1-phenylprop-2-en-1-one 

 (19a)
351

 

  Dark orange crystals. Yield 85 %. m.p. 60-614 
o
C. 

3.5.1.20: (E)-1,3-bis(3-Hydroxyphenyl)prop-2-en-1-one (20a)
 350

 

Light brown solid. Yield 85 %. m.p. 182 
o
C. 
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3.5.1.21: (E)-1-(3-Hydroxyphenyl)-3-(3-methoxyphenyl)prop-2-en-1-one (21a)
 386 

Yellow crystals. Yield 85 %. m.p. 143 
o
C. 

3.5.1.22: (E)-3-(3-Chlorophenyl)-1-(3-hydroxyphenyl)prop-2-en-1-one (22a)
 386

 

Yellow crystals. Yield 85 %. m.p. 128-129 
o
C. 

3.5.1.23: (E)-3-(3-Nitrophenyl)-1-(3-hydroxyphenyl)prop-2-en-1-one (23a)
 386 

Dark orange crystal. Yield 85 %. m.p. 207-208
 o
C. 

3.5.1.24: (E)-3-(7aH-Indol-3-yl)-1-phenylprop-2-en-1-one (24a)
 386

 

Orange solid. Yield 85 %. m.p. 84 
o
C. 

3.5.1.25: (E)-1-(3-Hydroxyphenyl)-3-(4-methylphenyl)prop-2-en-1-one (25a)
 386

 

Yellow crystals. Yield 85 %. m.p. 119-120 
o
C. 

3.5.1.26: (E)-3-(2-Hydroxyphenyl)-1-(4-chlorophenyl)prop-2-en-1-one (26a)
 3826 

  Yellow solid. Yield 85 %. m.p. 184 
o
C. 

3.5.1.27: (E)-3-(4-tert-Butoxyphenyl)-1-phenylprop-2-en-1-one (27a)
 
 

Yellow crystals. Yield 85 %. m.p. 82-84 
o
C. 

3.5.1.28: (E)-3-(4-(Dimethylamino)-1-(3-hydroxyphenyl)prop-2-en-1-one (28a)
 386

 

Yellow crystals. Yield 85 %. m.p. 170-171 
o
C. 

3.5.1.29: (E)-1-(3-Hydroxyphenyl)-3-(3-methoxy,4-hydroxyphenyl)prop-2-en-1-

one  (29a)
 386

 

Yellow crystals. Yield 85 %. m.p. 210-211 
o
C. 

3.5.1.30: (E)-3-(2-chloro-4-fluorophenyl)-1-(4-Iodophenyl)prop-2-en-1-one (30a) 

Light yellow solid. Yield 89 %. m.p. 89-100 
o
C. 

3.5.1.31: (E)-1-(3-Hydroxyphenyl)-3-(5-methylthiophen-3-yl)prop-2-en-1-one 

(31a)
349

  

Orange solid. Yield 85 %. m.p. 83 
o
C. 

3.5.1.32: (E)-3-(4-Aminophenyl)-4-(2-chlorophenyl)prop-2-en-1-one (32a)
349 

 

Bright yellow solid. Yield 85 %. m.p. 128 
o
C. 

3.5.2.1: 2,4-Diphenyl-2,3-dihydrobenzo[1,5]thiazepine (1)
72

 

 Compound (1) was synthesized by the general procedure 

using corresponding chalcone 1a (4 mmol), THF (30 mL), 

silica gel (8 g). o-ATP (4.8 mmol) was added to the mixture. 

Rf = 0.32 (B).  Yield 87 %. Yellow crystals. m.p.129 
o
C. 

1
H-
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NMR (300 MHz, acetone-d6): δ 3.30 (dd, 1H, J3a,3b=12.9 Hz, J3a,2=5.0 Hz, H3a), 3. 60 

(t, J=12.7 Hz, 1H, CH), 4.98 (dd, 1H, J3b,3a=12.8 Hz, J3b,2=7.6 Hz, H3b), 7.23-8.06 (m, 

14H, Ar-Hs), 
13

C NMR (75 MHz, acetone-d6): δ 36.9 (C-3), 45.8 (C-2), 116.80-159.0 

(Ar-Cs), 166.0 (C-4). EIMS (m/z, %): 315 [M
+.

, 100], 211[M
+.

-104, 100]. 

3.5.2.2: 2-(2-Chlorophenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (2)
25

 

Compound (2) was synthesized by the general procedure using 

corresponding chalcone (2a) (0.90 g, 4 mmol) and o-ATP 

(0.52 mL, 4.8 mmol). Yellow crystal. Rf = 0.34 (B).  Yield 85 

%. m.p. 84 
o
C. 

1
H NMR (300 MHz, acetone-d6): δ 2.60 (dd, 

J3b,3a=9.7 Hz, J3b,2=2.9Hz, 1H, H3b), 3.25 (dd, J3a,3b=12.0, 

J3a,2=6.5 Hz, 1H, H3a), 5.20 (t, J=12.8 Hz, 1H, H-2), 6.81-7.94 (m, 13H, Ar-Hs). 
13

C 

NMR (75 MHz, acetone-d6): δ 36.58 (C-3), 45.7 (C-2), 115.80-159.0 (Ar- Cs), 165.0 

(C-4). LCMS (m/z, %): 351 [M
+
+2

.
, 65], 349.2 [M

+.
, 65], 228 [M

+.
-121, 100]. 

3.5.2.3: 2-(3-Chlorophenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (3)
 25

 

Compound (3) was synthesized by the general procedure 

using corresponding chalcone (3a) (1.39 g, 4 mmol) and o-

ATP (0.52, 4.8 mmol). Yellow crystals. Rf = 0.32 (B).  

Yield 85 %. m.p. 84.6 
o
C. 

1
H NMR (300 MHz, acetone-d6): 

δ 2.62 (dd, J3b,3a=12.1 Hz, J3b,2=4.7 Hz, 1H, H3b), 3.35 (dd, 

J3a,3b=12.8, J3a,2=7.5 Hz, 1H, H3a), 4.80 (t, J=12.8 Hz, 1H, H-2), 6.84-7.98 (m, 13H, 

Ar-Hs). 
13

C NMR (75 MHz, acetone-d6): δ 36.58 (C-3), 45.7 (C-2), 115.8-159.0 (Ar-

Cs), 138.5 (C-Cl), 165.0 (C-4). LCMS (m/z, %): 351 [M
+
+2

.
, 65],349.2 [M

+.
, 65], 228 

[M
+.

-121, 97]. 

3.5.2.4: 2-(4-Chlorophenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (4)
 352

 

Compound (4) was synthesized by the general procedure 

using corresponding chalcone (4a) (0.90 g, 4 mmol) and o-

ATP (0.52 mL, 4.8 mmol). Yellow crystals. Rf = 0.36 (B).  

Yield 87 %. m.p. 96 
o
C. 

1
H NMR (300 MHz, acetone-d6): δ 

2.62 (dd, J3b,3a=12.1 Hz,  J 3b,2 =4.7 Hz, 1H, H3b), 3.25 (dd, 

J3a,3b=12.8 Hz, J3a,2=6.5 Hz, 1H, H3a), 4.90 (t, J=12.7 Hz, 
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1H, H-2), 6.81-7.98 (m, 13H, Ar-Hs). 
13

C NMR (75 MHz, acetone-d6): δ 36.58 (C-3), 

45.7 (C-2), 115.8-159.0 (Ar-Cs), 165.0 (C-4). LCMS (m/z, %): 351 [M
+.

+2,  6], 349.2 

[M
+.

, 10], 28 [M
+.

-121, 100]. 

3.5.2.5: 2-(2-Methoxyphenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (5)
 353

 

Compound (5) was synthesized by the general procedure 

using corresponding chalcone (5a) (0.95 g, 4 mmol) and o-

ATP (0.52 mL, 4.8 mmol). Green crystals. Rf = 0.32 (B).  

Yield 85 %. m.p. 84 
o
C. 

1
H NMR (300 MHz, acetone-d6): δ 

2.50 (s, 3H, OCH3), 2.70 (dd, J2,3b=12.1 Hz, J2,3a=5.7 Hz, 

1H, H3b), 3.35 (dd, J3a,3b=12.7 Hz, J2,3a=7.1 Hz, 1H, H3a), 4.20 (t, J=12.8 Hz, 1H, H-

2), 7.81-6.90 (m, 13H, Ar-Hs). 
13

C NMR (75 MHz, acetone-d6): δ 38.0 (C-3), 40.7 

(C-2), 57.5 (OCH3), 117.0-158. (Ar-Cs), 169.6 (C-4). EIMS (m/z, %): 344 [M
+. 

-1, 

10], 345 [M
+. 

, 60], 227 [M
+. 

-118, 100]. 

3.5.2.6: 2-(3-Methoxyphenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (6)
353 

 

Compound (6) was synthesized by the general 

procedure using corresponding chalcone (6a) (0.95 g, 4 

mmol) and o-ATP (0.52 mL, 4.8 mmol). Green crystals. 

Rf = 0.34 (B).  Yield 93 %. m.p. 89 
o
C. 

1
H NMR (300 

MHz, acetone-d6): δ  2.40 (dd, J3b,3a=12.1 Hz, J3b,2=4.7 

Hz, 1H, H3b), 2.70 (dd, J3a,3b=12.8 Hz, J3a,2=7.1 Hz, 1H, H3a), 3.90 (s, 3H, OCH3), 

4.20, (t, J=12.8 Hz, 1H, H-2), 6.98-8.21 (m, 13H, Ar-Hs). 
13

C NMR (75 MHz, 

acetone-d6): δ 36.50 (C-3), 40.7 (C-2), 57.5 (OCH3), 119.0-169.0 (Ar-Cs), 167.0 (C-

4). EIMS (m/z, %): 344 [M
+. 

-1], 345 [M
+. 

, 65], 227 [M
+.

-118, 100].   

3.5.2.7: 2-(4-Methoxyphenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (7)
 
 

Compound (7) was synthesized by the general procedure 

using corresponding chalcone (7a) (0.95 g, 4 mmol) and 

o-ATP (0.52 mL, 4.8 mmol). Green crystals. Rf = 0.36 

(B).  Yield 85 %. m.p. 116 
o
C. 

1
H NMR (300 MHz, 

acetone-d6): δ 2.60 (dd, J3b,3a=11.1 Hz, J3b,2=2.7 Hz, 1H, 

H3b) 3.33 (dd, J3a,3b=10.8 Hz, J3a,2=7.1 Hz, 1H, H3a), 3.50 (s, 3H, OCH3), 5.20 (t, 

J=12.8 Hz, 1H, H-2), 6.98-8.21 (m, 13H, Ar-Hs). 
13

C NMR (75 MHz, acetone-d6): δ 
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36.5 (C-3), 40.7 (C-2), 57.5 (OCH3), 117.0-159.8 (Ar-Cs), 166.4 (C-4). EIMS (m/z, 

%): 344 [M
+. 

-1], 345 [M
+. 

, 66], [M
+.

, 60], 

3.5.2.8: 2-(2-Fluorophenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (8)
 
 

Compound (8) was synthesized by the general procedure 

using corresponding chalcone (8a) (0.90 g, 4 mmol) and o-

ATP (0.52 mL, 4.8 mmol). Light yellow crystals. Rf = 0.34 

(B).  Yield 87 %. m.p. 108 
o
C. 

1
H NMR (300 MHz, acetone-

d6): δ 2.51 (dd, J3b,3a =12.1 Hz, J3b,2=3.6 Hz, 1H, H3b) 3.25 

(dd, J3a,3b=10.8 Hz, J3a, =7.5 Hz, 1H, H3a), 4.32 (t, J=11.0 Hz, 1H, H-2),  7.82 (d, JH-F 

= 12 Hz,  1H, Ar-Hs), 6.81-7.98 (m, 13H, Ar-Hs). 
13

C NMR (75MHz, acetone-d6): δ 

36.58 (C-3), 45.7 (C-2), 115.8-159.0 (Ar-Cs), 160.7 (d, JC-F=20 Hz), 161.3 (C-F), 

165.0 (C-4). LCMS (m/z, %): 333 [M
+.

, 23],  211. [M
+.

, -122, 100].  

3.5.2.9: 2-(3-Fluorophenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (9)
 
 

Compound (9) was synthesized by the general procedure 

using corresponding chalcone (9a) (0.90 g, 4 mmol) and o-

ATP (0.52 mL, 4.8 mmol). Yellow crystals. Rf = 0.34 (B).  

Yield 85 %. m.p. 110 
o
C. 

1
H NMR (300 MHz, acetone-d6): 

δ 2.60 (dd, J3b,3a =12.5 Hz, J3b,2=4.6 Hz, 1H, H3b) 3.25 (dd, 

J3a,3b=12.7 Hz, J3a,2=6.9 Hz, 1H, H3a), 5.20 (t, J=12.8 Hz, 1H, H-2), 7.84 (d, JH-F = 12 

Hz 1H, Ar-H),  6.82-7.95 (m, 13H, Ar-Hs). 
13

C NMR (75 MHz, acetone-d6): δ 37.50 

(C-3), 46.5 (C-2), 114.8-160.3 (Ar-Cs), 162.7 (d, JC-F=20 Hz), 165.5 (C-4). EIMS 

(m/z, %): LCMS (m/z, %): 333 [M
+.

, 23],  211. [M
+.

, -122, 100].  

3.5.2.10: 2-(4-Fluorophenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (10)
352 

 

 Compound (10) was synthesized by the general procedure 

using corresponding chalcone (10a) (0.90 g, 4 mmol) and 

o-ATP (0.52 mL, 4.8 mmol). Yellow crystals. Rf = 0.34 

(B).  Yield 85 %. m.p. 125 
o
C. 

1
H NMR (300 MHz, 

acetone-d6): δ 2.56 (dd, J3b,3a =12.3 Hz, J3b,2=4.8 Hz, 1H, 

H3b) 3.20 (dd, J3a,3b=12.7 Hz, J3a,2=4.8 Hz, 1H, H3a), 5.20 

(t, J=12.7 Hz, 1H, H-2), 7.89 (d, JH-F = 12.2 Hz 1H, Ar-H), 6.81-7.98 (m, 13H, Ar-

Hs). 
13

C NMR (75 MHz, acetone-d6): δ 37.50 (C-3), 46.5 (C-2), 165.0 (C-4). 117.80-
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145.2 (Ar-Cs), 147.7 (d, JC-F=21 Hz), 149.2-164.0. LCMS (m/z, %): 333 [M
+.

, 23],  

211. [M
+.

, -122, 100].  

3.5.2.11: 2-(2-Hydroxyphenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (11)
41 

 

Compound (11) was synthesized by the general procedure 

using corresponding chalcone (11a) (0.90 g, 4 mmol) and o-

ATP (0.52 mL, 4.8 mmol). Yellow crystals. Rf = 0.34 (A).  

Yield 75 %. m.p. 145 
o
C. 

1
H NMR (300 MHz, acetone-d6):  δ 

2.60 (dd, J3b,3a =12.5 Hz, J3b,2=4.6 Hz, 1H, H3b), 3.29 (dd, 

J3a,3b=12.6 Hz, J3a,2=4.8 Hz, 1H, H3a), 5.00 (t, J=11.5 Hz, 1H, H-2), 6.81-7.98 (m, 

13H, Ar-Hs). 9.40 (s, 1H, OH). 
13

C NMR (75 MHz, acetone-d6): δ 37.60 (C-3), 46.5 

(C-2), 114.8-162.2 (Ar-Cs), 163.3 (C-4). EIMS (m/z, %): 331 [M
+.

, 5]. 315[M
+.

,-16, 

100] 

3.5.2.12: 2-(3-Hydroxyphenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (12)
 
 

Compound (12) was synthesized by the general 

procedure using 3-hydroxychalcone (0.90 g, 4 mmol) 

and o-ATP (0.52 mL, 4.8 mmol). Yellow crystals. Rf = 

0.35 (A).  Yield 76 %. m.p. 100 
o
C. 

1
H NMR (300 

MHz, acetone-d6):  δ 2.60 (dd, J3b,3a =12.5 Hz, J3b,2=4.6 

Hz, 1H, H3b), 3.29 (dd, J3a,3b=12.6 Hz, J3a,2=4.8 Hz, 1H, H3a), 5.00 (t, J=12.5 Hz, 1H, 

H-2), 6.73-7.88 (m, 13H, Ar-Hs). 9.49 (s,1H, OH). 
13

C NMR (75 MHz, acetone-d6): δ 

37.60 (C-3), 46.5 (C-2), 115.8-164.3 (Ar-Cs), 165.2 (C-4). EIMS (m/z, %): 331 [M
+.

, 

5]. 315[M
+.

,-16, 100]. 

3.5.2.13: 2-(4-Hydroxyphenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (13)
 
 

Compound (13) was synthesized by the general procedure 

using corresponding chalcone (13a) (0.90 g, 4 mmol) and 

o-ATP (0.52 mL, 4.8 mmol). Yellow crystals. Rf = 0.34 

(A).  Yield 77 %. m.p. 99 
o
C. 

1
H NMR (300 MHz, 

acetone-d6): δ 2.51 (dd, J3b,3a =12.0 Hz, J3b,2=3.6 Hz, 1H, 

H3b), 3.25 (dd, J3a,3b=12.8 Hz, J3a, =7.5 Hz, 1H, H3a), 4.32 

(t, J=12.0 Hz, 1H, H-2), 7.28-8.38 (m, 13H, Ar-H), 9.65 (s, 1H, OH). 
13

C NMR (75 

MHz, acetone-d6): δ 37.58 (C-3), 45.8 (C-2), 116.7-167.0 (Ar-Cs), 165.8 (C-4). EIMS 

(m/z, %): 331 [M
+.

, 5]. 315[M
+.

,-16, 100] 
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3.5.2.14: 2-(3-Bromophenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (14)
 
 

Compound (14) was synthesized by the general 

procedure using corresponding chalcone (14a) (1.11 g, 4 

mmol) and o-ATP (0.52 mL, 4.8 mmol). Yellow crystals. 

Rf = 0.34 (A). Yield 85 %. m.p.109 
o
C. 

1
H NMR (300 

MHz, acetone-d6): δ 2.83 (dd, J3b,3a =12.1 Hz, J3b,2=4.6 

Hz, 1H, H3b),  (t, J=12.9 Hz, 1H, H-2), 3.52 (dd, J3a,3b=12.9 Hz, J3a,2=5.3 Hz, 1H, 

H3a), 7.28-8.38 (m, 13H, Ar-Hs). 
13

C NMR (75 MHz, acetone-d6): δ 37.48 (C-3), 49.7 

(C-2), 119.7-162.0 (Ar-Cs), 169.0 (C-4). EIMS (m/z, %): 393 [M
+.

, 100], 395 [M
+. 

+2, 

97].  

3.5.2.15: 2-(4-Bromophenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (15)
 
 

Compound (15) was synthesized by the general procedure 

using corresponding chalcone (15a) (1.11 g, 4 mmol) and 

o-ATP (0.52 mL, 4.8 mmol). Yellow crystals. Rf = 0.34 

(E).  Yield 89 %. m.p.121 
o
C. 

1
H NMR (300 MHz, 

acetone-d6 δ 2.54 (dd, J3b,3a =12.5 Hz, J3b,2=4.6 Hz, 1H, 

H3b), 3.27 (dd, J3a,3b=12.9 Hz, J3a, =7.4 Hz, 1H, H3a), 4.32 

(t, J=12.0 Hz, 1H, H-2), 7.28-8.44 (m, 13H, Ar-Hs). 
13

C NMR (75 MHz, acetone-d6): 

δ 36.9 (C-3), 41.2 (C-2), 163.5-119.7 (Ar-Cs), 167.9 (C-4). EIMS (m/z, %): 393 [M
+.

, 

100], 395 [M
+. 

+2, 97]. 

3.5.2.16: 2-(2-Nitrophenyl)-4-phenyl-2,3-dihydrobenzo[1,5] thiazepine (16)
 
 

Compound (16) was synthesized by the general procedure 

using corresponding chalcone (16a) (1.44 g, 4 mmol) and o-

ATP (0.52 mL, 4.8 mmol). Yellow crystals. Rf = 0.34 (E).  

Yield 78 %. m.p. 68 
o
C. 

1
H NMR (300 MHz, acetone-d6): δ 

2.62 (dd, J3b,3a =12.5 Hz, J3b,2=4.6 Hz, 1H, H3b), 3.29 (dd, 

J3a,3b=12.6 Hz, J3a,2=5.8 Hz, 1H, H3a), 5.00 (t, J=11.5 Hz, 1H, H-2), 7.08-8.40 (m, 

13H, Ar-Hs). 
13

C NMR (75 MHz, acetone-d6): δ 37.2 (C-3), 58.0 (C-2), 115.7-159.6 

(Ar-Cs), 168.4 (C-4). EIMS (m/z, %): 360 [M
+.

, 6], 360 [M
+.

-29, 100]. 
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3.5.2.17: 2-(3-Nitrophenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (17)
352

 

Compound (17) was synthesized by the general 

procedure using corresponding chalcone (17a) (1.44 g, 4 

mmol) and o-ATP (0.52 mL, 4.8 mmol). Yellow crystals. 

Rf = 0.37 (E).  Yield 75 %. m.p. 106 
o
C. 

1
H NMR (300 

MHz, acetone-d6): δ 3.10 (dd, J3a,3b=12.3 Hz, J3b,2,=5.0 

Hz, 1H, H3b), 3.31 (dd, J3a,3b=12.6 Hz, J3a,2=4.9 Hz, 1H, H3a), 5.10 (t, J=12.8 Hz, 1H, 

H-2), 6.98-8.30 (m, 13H, Ar-Hs). 
13

C NMR (75 MHz, acetone-d6): δ 37.5 (C-3), 58.0 

(C-2), 116.7-160.6 (Ar-Cs), 167.0 (C-4). EIMS (m/z, %): 360 [M
+.

, 6], 360 [M
+.

-29,  

100]. 

3.5.2.18: 2-(4-Nitrophenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (18)
354

 

Compound (18) was synthesized by the general procedure 

using corresponding chalcone (18a) (1.44 g, 4 mmol) and 

o-ATP (0.52 mL, 4.8 mmol). Yellow crystals. Rf = 0.36 

(E).  Yield 77 %. m.p.116 
o
C. 

1
H NMR (300 MHz, 

acetone-d6): δ 3.12 (dd, J3b,3a=12.2 Hz, J3b,2=3.4 Hz, 1H, 

H3b), 3.43 (dd, J3a,3b=12.7 Hz, J3a,2=6.8 Hz, 1H, H3a), 5.30 

(t, J=12.8 Hz, 1H, H-2), 7.18-8.41 (m, 13H, Ar-Hs). 
13

C NMR (75 MHz, acetone-d6): 

δ 37.5 (C-3), 58.0 (C-2), 115.7-159.2 (Ar-Cs), 168.7 (C-4). EIMS (m/z, %): 360 [M
+.

, 

6], 360 [M
+.

-29,  100]. 

3.5.2.19: 2-(3,4-Dimethoxy-2-methylphenyl)-4-phenyl-2,3-dihydrobenzo[1,5] 

      thiazepine (19) 

Compound (19) was synthesized by the general 

procedure using corresponding chalcone (19a) (1.55 g, 

4 mmol) and o-ATP (0.52 mL, 4.8 mmol). Yellow 

crystals. Rf = 0.33 (E). Yield 87 %. m.p.70 
o
C. 

1
H 

NMR (300 MHz, acetone-d6): δ 2.83 (s, 3H, CH3), 3.00 

(dd, J3a,3b=12.3 Hz, J3b,2,=4.0 Hz, 1H, H3b), 3.41 (dd, 

J3a, 3b=12.7 Hz, J3a,2=4.9 Hz, 1H, H3a), 3.78 (s, 3H, OCH3), 3.83 (s, 3H, OCH3), 5.30 

(t, J=12.5 Hz, 1H, H-2), 7.08-8.40 (m, 11H, Ar-Hs). 
13

C NMR (75 MHz, acetone-d6): 

δ 15.3 (CH3), 37.5 (C-3), 58.0 (C-2), 61.0 (OCH3), 62.10 (OCH3), 115.0-159.6 (Ar-

Cs), 165.7 (C-4). EIMS (m/z, %): 389 [M
+.

, 100],  390 [M
+.

+2, 23]. 
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3.5.2.20: 2-(3-Hydroxyphenyl)-4-(3’-hydroxyphenyl)-2,3-dihydrobenzo[1,5]  

    thiazepine (20)
25

 

Compound (20) was synthesized by the general 

procedure using corresponding chalcone (20a) 

(1.38 g, 4 mmol) and o-ATP (0.52 mL, 4.8 mmol). 

Yellow crystals. Rf = 0.32 (E). Yield 75 %. m.p. 

140-141 
o
C. 

1
H NMR (300 MHz, acetone-d6): δ 

3.27 (dd, J3b,3a=12.0 Hz, J3b,2=3.4 Hz, 1H, H3b), 3.83 (dd, J3a,3b=12.9 J3a,2=7.7 Hz, 1H, 

H3a), 5.30 (t, J=12.8 Hz, 1H, H-2), 7.3-8.20 (m, 12H, Ar-Hs), 8.81 (s, 2H, OH). 
13

C 

NMR (75 MHz, acetone-d6): δ 29.5 (C-3), 48.0 (C-2), 115.7-159.8 (Ar-Cs), 168.0 (C-

4). EIMS (m/z, %): 347 [M
+.

, 9], 227 [M
+.

-120, 100].  

3.5.2.21: 2-(3-methoxyphenyl)-4-(3’-hydroxyphenyl )-2,3-dihydrobenzo[1,5]  

     thiazepine (21)
25

 

Compound (21) was synthesized by the general 

procedure using corresponding chalcone (21a) 

(1.38 g, 4 mmol) and o-ATP (0.52 mL, 4.8 mmol). 

Yellow crystals. Rf = 0.35 (E).  Yield 80 %.  m.p. 

59-60 
o
C. 

1
H NMR (300 MHz, acetone-d6): δ 3.02 

(dd, J3a,3b=12.2 Hz, J3a,2=4.4 Hz, 1H, H3b), 3.31 (dd, J3a,3b=12.1  J3a,2=7.0 Hz, 1H, 

H3a), 3.73 (s, 3H, OCH3), 5.30 (t, J=6.7 Hz, 1H, H-), 7.03-8.20 (m, 12H, Ar-Hs), 9.10 

(s, 1H, OH). 
13

C NMR (75 MHz, acetone-d6): δ 40.5 (C-3), 48.0 (C-2), 59.0 (C-

OCH3), 115.3-159.7 (Ar-Cs).  EIMS (m/z, %): 361 [M
+.

, 8], 227[M
+.

-134, 100]. 

3.5.2.22: 2-(3-Chlorophenyl)-4-(3’-hydroxyphenyl)-2,3-dihydrobenzo[1,5] 

thiazepine (22)
25

 

Compound (22) was synthesized by the general 

procedure using corresponding chalcone (2a) (1.46 g, 

4 mmol) and o-ATP (0.52 mL, 4.8 mmol). Yellow 

crystals. Rf = 0.34 (E).  Yield 80 %. m.p. 101 
o
C. 

1
H 

NMR (300 MHz, acetone-d6): δ 3.51 (dd, J3b,3a=12.1 

Hz, J3b,2=3.9 Hz, 1H, H3b), 3.71 (dd, J3a,3b=12.2 Hz, J3a,2=7.2 Hz, 1H, H3a), 4.31(t, 

J=12.6 Hz, 1H, H-2),  8.40-7.09 (m, 12H, Ar-Hs), 9.90 (s, 1H, OH). 
13

C NMR (75 
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MHz, acetone-d6) δ 28.5 (C-3), 45.0 (C-2), 60 (C-4), 116.0- 156.9 (Ar-Cs), 166.0 (C-

4). EIMS (m/z, %): 367 [M
+.

+2, 2], 365 [M
+.

, 2], 240 [M
+.

+1, 100]. 

3.5.2.23: 2-(3-Nitrophenyl))-4-(3’-hydroxyphenyl-2,3-dihydrobenzo[1,5] 

    thiazepine (23)
 25

 

Compound (23) was synthesized by the general 

procedure using corresponding chalcone (23a) (0.95 

g, 4 mmol) and o-ATP (0.52 mL, 4.8 mmol). 

Yellow crystals. Rf = 0.32 (E).  Yield 76 %. m.p. 81 

o
C. 

1
H NMR (300 MHz, acetone-d6): δ 2.86 (t, 

J=12.9 Hz, 1H, H3b), 3.38 (dd, J3a,3b=12.9 Hz, J3a,2=9 Hz, 1H, H3a), 5.42 (dd, J=9.0 

Hz, J=12.6 Hz,1H, H-2), 66.9-8.22 (m, 12H, Ar-Hs), 9.70 (s, 1H, OH). 
13

C NMR (75 

MHz, acetone-d6): δ 37.0 (C-3), 58.0 (C-2), 62 (C-4), 114.1-158.1 (Ar-Cs), 169.1 (C-

4). EIMS (m/z, %): 376 [M
+.

, 3], 227 [M
+.

-149, 100].  

3.5.2.24: 2-(1H-Indole-2-yl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (24) 

Compound (24) was synthesized by the general 

procedure using corresponding chalcone (24a) (0.95 g, 

4 mmol) and o-ATP (0.52 mL, 4.8 mmol). Yellow 

crystals. Rf = 0.32 (B).  Yield 84 %. m.p. 93 
o
C. 

1
H 

NMR (300 MHz, acetone-d6): δ 3.51 (dd, J3b,3a=12.9 

Hz, J3b,2=3.3 Hz, 1H, H3b), 3.71 (dd, J3a,3b=12.9 Hz, J3a,2=6.9 Hz, 1H, H3a), 4.38 (t, 

J=12.6 Hz, 1H, H-2), 7.09-8.40 (m, 14H, Ar-Hs), 11.9 (s, 1H, NH). 
13

C NMR (75 

MHz, acetone-d6): δ 38.5 (C-3), 55.0 (C-2), 101.5 (CH-indole), 141.0 (ipso, C-

indole), 116.0-156.0 (Ar-Cs), 168.0 (C-4). EIMS (m/z, %): 354 [M
+.

, 100]. 

3.5.2.25: 2-(4-Methylphenyl)-4-(3’-hydroxyphenyl)-2,3-dihydrobenzo[1,5]  

     thiazepine (25)
25

 

Compound (25) was synthesized by the general 

procedure using corresponding chalcone (25a) (0.95 

g, 4 mmol) and O-ATP (0.52 mL, 4.8 mmol). Yellow 

crystals. Rf = 0.34 (E).  Yield 84 %. m.p. 98 
o
C. 

1
H 

NMR (300 MHz, acetone-d6): δ 3.21 (dd,  J3a,3b=12.8 

Hz, J3b,2=5.0 Hz, 1H, H3b), 3.51(dd, J3a,3b=12.9 Hz, J3a,2=7.0 Hz, 1H, H3a), 4.31 (t, 

J=12.6 Hz, 1H, H-2), 7.09-8.40 (m, 12H, Ar-Hs), 8.90 (s, 1H, OH). 
13

C NMR (75 
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MHz, acetone-d6): δ 28.5 (C-3), 45.7 (C-2), 116.0-156.0 (Ar-Cs), 166.5 (C-4). EIMS 

(m/z, %): 345 [M
+.

,
 
8], 227 [M

+.
-118, 100]. 

3.5.2.26: 2-(4-Chlorophenyl)-4-(2’-hydroxyphenyl)-2,3-dihydrobenzo[1,5]  

    thiazepine (26)
41

 

Compound (26) was synthesized by the general procedure 

using corresponding chalcone (26a) (1.46 g, 4 mmol) and 

o-ATP (0.52 mL, 4.8 mmol). Yellow crystals. Rf = 0.38 

(B).   Yield 71 %. m.p. 167-168 
o
C. 

1
H NMR (300 MHz, 

acetone-d6): δ 3.04 (dd, J3b,3a=12.6 Hz, J3b,2=3.8 Hz, 1H, 

H3b), 3.25 (dd, J3a,3b=12.6 Hz, J3a,2=6.8 Hz, 1H, H3a), 4.94 

(t, J=12.6 Hz, 1H, CH), 7.23-7.84 (m, 12H, Ar-Hs), 9.70 (s, 1H, OH). 
13

C NMR (75 

MHz, acetone-d6): δ 28.5 (C-3), 45.0 (C-2), 116.0-169.8 (Ar-Cs), 165.5 (C-4). EIMS 

(m/z, %): 365 [M
+.

, 7], 367 [M
+..

+2, 10], 227[M
+.

-138, 10]. 

3.5.2.27: 2-(4-tert-Butoxyphenyl)-4-phenyl-2,3-dihydrobenzo[1,5]thiazepine (27) 

Compound (27) was synthesized by the general 

procedure using corresponding chalcone (27a) (1.54 

g, 4 mmol) and O-ATP (0.52 mL, 4.8 mmol). 

Yellow crystals. Rf = 0.34 (B).  Yield 84 %. m.p. 60-

61 
o
C. 

1
H NMR (300 MHz, acetone-d6): δ 2.01 (s, 

9H, O(CH3)3), 3.01 (dd, J3b,3a=12.8 Hz, J3b,2=4.3 Hz, 1H, H3b), 3.23 (dd, J3a,3b=12.5, 

J3a,2=7.0 Hz, 1H, H3a), 5.30(t, J=6.7 Hz,  1H, H-2), 7.03-8.20 (m, 13H, Ar-Hs). 
13

C 

NMR (75 MHz, acetone-d6): δ 25.6 (C-(CH3)3, 41.5 (C-3), 43.0 (C-2), 58.0 (C-

(CH3)3, 115.7-159.5 (Ar-Cs), 168.2 (C-4). EIMS (m/z, %): 371 [M
+.

, 100], 372 

[M
+.

+1, 23]. 

3.5.2.28: 2-(4-N,N-Dimethylphenyl)-4-(3’-hydroxyphenyl)-2,3-dihydrobenzo[1,5]  

    thiazepine (28)
25

 

Compound (28) was synthesized by the general 

procedure using corresponding chalcone (28a) 

(1.49 g, 4 mmol) and o-ATP (0.52 mL, 4.8 

mmol). Yellow crystals. Rf = 0.38 (B).  Yield 88 

m.p.101 
o
C. 

1
H NMR (300 MHz, acetone-d6): δ 
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3.04 (dd, J3b,3a =12.0 Hz, J3b,2=3.9 Hz, 1H, H3b), 3.24 (dd,  J3a,3b=12.0 Hz, J3a,2=7.1 

Hz, 1H, H3a), 3.81 (s, 6H, N-(CH3)2), 4.94 (t, J=12.0 Hz, 1H, H-2), 7.49-6.69 (m, 12H, 

Ar-Hs), 8.50 (s, 1H, OH). 
13

C NMR (75 MHz, acetone-d6): δ 40.5 (C-3), 42.0 

(N(CH3)2), 65.0 (C-2), 60.3 (C-4) 116.0-159.5 (Ar-Cs), 166.2 (C-4). EIMS (m/z, %): 

376 [M
+.

+2, 1], 374 [M
+.

, 10], 227 [M
+.

-146, 100]. 

3.5.2.29: 2-(3-Methoxy-4-hydroxyphenyl)-4-(3’-hydroxyphenyl)-2,3-dihydro-1,5- 

  benzothiazepine (29)
25

 

Compound (29) was synthesized by the general 

procedure using corresponding chalcone (29a) (1.50 g, 

4 mmol) and o-ATP (0.52 mL, 4.8 mmol). Yellow 

crystals. Rf = 0.37 (B).  Yield 81 %. m.p. 95- 96 
o
C. 

1
H 

NMR (300 MHz, acetone-d6): δ 2.61 (dd, J3b,3a=12.9 

Hz, J3b,2=4.5 Hz, 1H, H3b), 3.06 (dd, J3a,3b=12.2 Hz, J3a,2=6.6 Hz, 1H, H3a), 3.80 (s, 

3H, OCH3), 4.36 (t, J=6.6 Hz, 1H, h-2), 6.46-7.75 (m, 11H, Ar- Hs), 9.2 (s, 1H, OH ), 

9.7 (s, 1H, OH). 
13

C NMR (75 MHz, acetone-d6): δ 39.7 (C-3), 49.5 (C-2), 61.0 

(OCH3), 65 (C-4), 112.0-162.1(Ar-Cs), 165.5 (C-4). EIMS (m/z, %): 391 [M
+. 

,
 
+6], 

227 [M
+.

-164,
 
100]. 

3.5.2.30: 2-(2-Chloro-4-fluorophenyl)-4-(4’-iodophenyl)-2,3-dihydrobenzo[1,5] 

   thiazepine (30) 

Compound (30) was synthesized by the general 

procedure using corresponding chalcone (30a) (1.49 g, 4 

mmol) and o-ATP (0.52 mL, 4.8 mmol). Yellow crystals. 

Rf = 0.30 (B).  Yield 88 %. m.p. 101 
o
C. 

1
H NMR (300 

MHz, acetone-d6):  δ 2.51 (dd, J3b,3a=12.0 Hz, J3b,2=3.9 

Hz, 1H, H3b),  3.08 (dd, J3a,3b=12.1 Hz, J3a,2=6.9 Hz, 1H, H3a), 4.94 (t, J=12.8 Hz, 1H, 

H-2), 6. 64-7. 81 (m, 10H, Ar-Hs), 7.86 (d, JH-F = 12 Hz 1H, Ar-H). 
13

C NMR (75 

MHz, acetone-d6): δ 39.9 (C-3), 50.5 (C-2), 102.5 (C-4), 112.0-162.1 (Ar-Cs), 164.7 

(d, JC-F=20 Hz), 167.0 (C-4).EIMS (m/z, %): 492 [M
+.

, 12], 494 [M
+.

+2, 10],  

227[M
+.

-265,
 
100]. 

 

 

 



Experimental 

 

 

 

178 

 

3.5.2.31:2-(5-Methylthiophene)-2-(3’-hydroxyphenyl)-2,3-dihydrobenzo[1,5] 

   thiazepine (31)
25

 

Compound (31) was synthesized by the general procedure 

using corresponding chalcone (31a) (1.49 g, 4 mmol) and 

o-ATP (0.52 mL, 4.8 mmol). Yellow crystals. Rf = 0.32 

(B).  Yield 80 %. m.p. 95 
o
C. 

1
H NMR (300 MHz, acetone-

d6): δ 1.91 (s, 3H, CH3), 2.78 (dd, J3b,3a=12.3 Hz, J3a,2=3.9 

Hz, 1H, H3b), 3.20 (dd, J3a,3b=12.3 Hz, J3a,2=6.9 Hz, 1H, H3a), 4.63 (t, J=12.3 Hz, 1H, 

C-2), 6.53-7.26 (m, 10H, Ar-Hs), 8.30 (s, 1H, OH). 
13

C NMR (75 MHz, acetone-d6): δ 

16.0 (CH3), 38.9 (C-3), 50.6 (C-2), 60.3 (C-4) 128.0-161.8 (Ar-Cs), 168.0 (C-4). 

EIMS (m/z, %): 353 [M
+..

+2, 10], 352 [M
+..

+1, 1], 351 [M
+.

, 9], 227 [M
+.

-24, 100]. 

3.5.2.32: 2-(2-Chlorophenyl)-4-(4’-aminophenyl)-2,3-dihydrobenzo[1,5] 

thiazepine (32) 

Compound (32) was synthesized by the general procedure 

using corresponding chalcone (32a) (1.49 g, 4 mmol) and 

o-ATP (0.52 mL, 4.8 mmol). Yellow crystals. Rf = 0.33 

(B).  Yield 88 %. m.p. 101 
o
C. 

1
H NMR (300 MHz, 

acetone-d6): δ 2.60 (dd,  J3b,3a=12.0 Hz, J3b,2=3.8 Hz, 1H, 

H3b), 3.08 (dd, J3a,3b=12.0 Hz, J3a,2=6.9 Hz, 1H, H3a),  4.77 (s, 2H, NH2), 4.94 (t, J=6.8 

Hz, 1H, H-2), 6.46-7.18 (m, 12H, Ar-Hs). 
13

C NMR (75 MHz, acetone-d6): δ 39.3 (C-

3), 51.5 (C-2), 63.1 (C-4), 113.0-157.0 (Ar-Cs), 166.7 (C-4). GC-MS (m/z, %): 364 

[M
+.

,
 
95], 333 [M

+.
-31, 100].   

 

3.6 Synthesis of triazoles (Set 1 to Set 7) 

3.6.1 Synthesis of azides (33a-51a) 

General procedure  

Azides (33a-51a) were synthesized according to following literature 

procedure.
355-357

 To a stirred solution of substituted aniline (11.5 mmol) in glacial 

acetic acid (75 mL) and 96 % sulphuric acid (15 mL) at 8 °C was added drop wise to 

a solution of sodium nitrite (0.86 g, 12.5 mmol) in water (2.5 mL). After 40 minutes 

later by a solution of sodium azide (0.86 g, 13.25 mmol) in water (2.5 mL). The 

solution was stirred at 0-5 °C for one hour and water (100 mL) was added slowly with 
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cooling. The precipitate was collected by suction filtration, washed with ice cold 

water and recrystallized from ethanol or methanol. 

3.6.1.1: 2-Chlorophenylazide (33a)
 358

 

  Orange brown solid. Rf 0.47 (B). Yield 73 %. m.p. 48-50 °C.  

3.6.1.2: 3-Chlorophenylazide (34a)
 358

  

 Orange brown oil. Rf 0.56 (B). Yield 63 %.  

3.6.1.3: 4-Chlorophenylazide (35a)
 358

 

 Light Yellow solid. Rf 0.4 (B). Yield 57 %. m.p. 119 
o
C.  

3.6.1.4: 4-Bromophenylazid (36a)
 358

 

Grey solid. Rf 0.3 (A). Yield 77 %. m.p. 120 °C.
121

  

3.6.1.5: 3-Methoxyphenylazide (37a)
 358

 

 Brown solid. Rf 0.5 (A). Yield 54 %. m.p.77 °C.  

3.6.1.6: 4-Methoxyphenylazide (38a)
 358

 

 Brown solid. Rf 0.5 (A). Yield 54 %. m.p.120 °C.  

3.6.1.7: 4-Methylphenylazide (39a)
 359

 

 Yellow ppt. Rf 0.57 (A). Yield 43 %. m.p. 120 
o
C.

121
  

3.6.1.8: 2-Chloro-4-methylphenylazide (40a)
 359

 

   Dark brown solid. Rf 0.5 (A). Yield 63 %. m.p. 74 °C.  

3.6.1.9: 2-Fluoro-4-methylphenylazide (41a)
 359

 

   Orange brown oil. Rf 0.5 (A). Yield 77 %.  

3.6.1.10: 2-Nitrophenylazide (42a) 
359

 

 Cream coloured needles. Rf 0.4 (B). Yield 63 %. m.p. 50-51 (lit. 51-52) °C.  

3.6.1.11: 3-Nitrophenylazide (43a)
 359

 

 Yellow needles. Rf 0.47 (B). Yield 43 %. m.p. 112 °C.   

3.6.1.12: 4-Nitrophenylazide (44a)
 359

 

 Light yellow needles. Rf 0.56 (B). Yield 67 %. m.p. 108-109 °C. 

3.6.1.13: 2-Cyano-4-nitrophenylazide (45a)
 359

 

 Light yellow needles. Rf 0.4 (B). Yield 67 %. m.p. 189 °C. 
 
 

3.6.1.14: 2-Actyl-phenylazide (46a)
 360

 

  Dark brown oil. Rf 0.54 (A). Yield 77 %. .  

3.6.1.15: 3-Actyl-phenylazide (47a)
 360

 

  Orange brown oil. Rf 0.56 (A) Yield 78 %.  



Experimental 

 

 

 

180 

 

3.6.1.16: 4-Actyl-phenylazide (48a)
 360

 

Yellow oil. Rf 0.5 (B). Yield 83.9 %. 

3.6.1.17: 1-Naphthylazide (49a)
 360

 

  Dark brown solid. Rf 0.5 (A). Yield.78 %. m.p.111 °C.  

3.6.1.18: 4-Pyridylazide (50a)
 360

 

    Colourless oil. Rf 0.5 (B). Yield 53 %.  

3.6.1.19: Methyl-2-azidoacetate (51a)
 360

 

    Yellow oil. Rf 0.53 (B).  Yield 90 %.  

 

3.6.2: Synthesis of triazoles of Set 1 (33-48)  

 General procedure 
356-357

 

  Organic azide (5.0 mmol) and 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 mmol), 

were suspended in a mixture of H2O:tert-BuOH (1:4, 20 mL). To this mixture was 

added CuSO4.5H2O (0.06 g, 0.25 mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). 

The mixture was stirred at room temperature for 24 h, at which time TLC (silica, 

petroleum ether-acetone) indicated a complete conversion. The resulting solution was 

concentrated under reduced pressure (rotary evaporator). The residues were dissolved 

in 40 mL of brine and then extracted with ethyl acetate (60 mL). The combined 

organic layers were washed with 5 % aq. NH4OH (50 mL), dried over MgSO4, 

filtered and solvent was removed under vacuum to give pure product. 

3.6.2.1: 1-(2-Chlorophenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (33) 

Compound (33) was prepared according to general procedure 

by using corresponding azide 33a (0.76 g, 5.0 mmol), 1-

ethynyl-1-cyclohexanol (0.62 mL, 5.0 mmol), H2O:tert-

BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) and 

(+) sodium ascorbate (0.29 g, 1.5 mmol). Yellow solid. Rf 0.37 (C). Yield 82.8 % 

(recrystallized from ethanol). m.p. 168-170 °C. 
1
H NMR (300 MHz, acetone-d6): δ 

1.37-2.91 (m, 10H, cyclohexyl-CH2), 5.2 (bs, 1H, OH), 7.68-8.1 (m, 4H, Ar-Hs), 8.3 

(s, 1H, H-5). 
13

C NMR (75 MHz, acetone-d6): δ 22-38 (cyclohexyl-CH2), 64 (C-OH), 

121.5 (C-5), 122.0-144.7 (Ar-Cs), 157 (C-4). GC-MS (m/z, %): 277, [M
+.

, ], 279 

[M
+.

+2, 2], 151 [M
+.

-126, 100]  

 



Experimental 

 

 

 

181 

 

3.6.2.2: 1-(3-Chlorophenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (34) 

Compound (34) was prepared according to general procedure 

by using corresponding azide 34a (0.76 g, 5.0 mmol), 1-

ethynyl-1-cyclohexanol (0.62 mL, 5.0 mmol), H2O:tert-

BuOH (1:4, 20 mL), CuSO4.5H2O (1.4 g, 0.25 mmol) and (+) 

sodium ascorbate (0.29 g, 1.5 mmol). Yellow ppt. Rf 0.39 (C). Yield 82.2 %. m.p. 

200-201 °C. 
1
H NMR (300 MHz, acetone-d6): δ 1.37-2.51 (m, 10H, cyclohexyl-CH2), 

5.1 (bs, 1H, OH), 7.38-7.7 (m, 4H, Ar-Hs), 8.1 (s, 1H, H-5). 
13

C NMR (75 MHz, 

acetone-d6): δ 23-37 (cyclohexyl-CH2), 64 (C-OH), 121.5 (C-5), 122-144.7 (Ar-Cs), 

155 (C-4). GC-MS (m/z, %): 277, [M
+.

, 5],  279 [M
+.

+2, 2], 206 [M
+.

-71, 100].  

3.6.2.3: 1-(4-Chlorophenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (35) 

Compound (35) was prepared according to general 

procedure by using corresponding azide 35a (0.76 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 mL, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) and (+) sodium 

ascorbate (0.29 g, 1.5 mmol). Light yellow solid. Rf 0.43 (C). Yield 73.8 %. m.p. 138-

140 °C. 
1
H NMR (300 MHz, acetone-d6): 1.35-2.41 (m, 10H, cyclohexyl-CH2), 5.3 

(bs, 1H, OH), 7.41-7.8 (m, 4H, Ar-Hs), 8.32 (s, 1H, H-5). 
13

C NMR (75 MHz, 

acetone-d6): δ 20-39 (cyclohexyl-CH2), 64 (C-OH), 122 (C-5), 128-145.7 (Ar-Cs), 

150 (C-4). GC-MS (m/z, 100): GC-MS (m/z, %): 277, [M
+.

, 9],  279 [M
+.

+2, 3], 206 

[M
+.

-71, 100].  

3.6.2.4: 1-(4-Bromophenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (36) 

Compound (36) was prepared according to general 

procedure by using corresponding azide 36a (0.89 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 mL, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 

mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). Grey ppt. Rf 0.4 (C). Yield 84 %. 

m.p. 179-181 °C. 
1
H NMR (300 MHz, DMSO-d6): 1.32-2.41 (m, 10H, cyclohexyl-

CH2), 4.9 (bs, 1H, OH), 7.26-7.61 (m, 4H, Ar-Hs), 8.6 (s, 1H, H-5). 
13

C NMR (75 

MHz, DMSO-d6): δ 24-36 (cyclohexyl-CH2), 64 (C-OH), 123.5 (C-5), 129.2-144.7 

(Ar-Cs), 158 (C-4). GC-MS (m/z, 100): 321, [M
+.

, 4],  323[M
+.

+2, 3], 250 [M
+.

-19, 

100].  
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3.6.2.5: 1-(3-Methoxyphenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (37) 

Compound (37) was prepared according to general 

procedure by using corresponding azide 37a (0.74 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 mL, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 

mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). 

Yellow ppt. (recrystallized from ethanol). Rf 0.34 (C). Yield 83 %. m.p. 146-148 °C. 

1
H NMR (300 MHz, acetone-d6): δ 1.38-2.51 (m, 10H, cyclohexyl-CH2), 3.7 (s, 3H, 

OCH3), 5.0 (bs, 1H, OH), 7.1-7.8 (m, 4H, Ar-Hs), 8.6 (s, 1H, H-5). 
13

C NMR (75 

MHz, acetone-d6): δ 23-40 (cyclohexyl-CH2), 53.5 (OCH3), 64 (C-OH), 121.5 (C-5), 

125-144.7 (Ar-Cs), 152 (C-4). GC-MS (m/z, %): 273 [M
+.

, 5], 202 [M
+.

-71, 100].  

3.6.2.6: 1-(4-Methoxyphenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (38) 

Compound (38) was prepared according to general 

procedure by using corresponding azide 38a (0.74 g, 

5.0 mmol), 1-ethynyl-1-cyclohexanol (0.62 mL, 5.0 

mmol), H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O 

(0.06 g, 0.25 mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). Light yellow ppt. 

Rf 0.36 (C). Yield 85 %. m.p. 161-162 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 1.35-

2.41 (m, 10H, cyclohexyl-CH2), 3.5 (s, 3H, OCH3), 5.3 (bs, 1H, OH), 7.96-8.06 (m, 

4H, Ar-Hs), 8.45 (s, 1H, H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 23-37 (cyclohexyl-

CH2), 53.5 (OCH3), 64 (C-OH), 119.5 (C-5), 120.3-137.4 (Ar-Cs), 147.9 (C-4). GC-

MS (m/z, %): 273 [M
+.

, 4], 202 (M
+.

-71, 100).  

3.6.2.7: 1-(4-Methylphenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (39) 

Compound (39) was prepared according to general 

procedure by using corresponding azide 39a (0.67 g, 

5.0 mmol), 1-ethynyl-1-cyclohexanol (0.62 mL, 5.0 

mmol)), H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) and (+) 

sodium ascorbate (0.29 g, 1.5 mmol). Light brown ppt. Rf 0.36 (C). Yield 89 %. m.p. 

190-192 °C. 
1
H NMR (300 MHz, DMSO-d6): 2.6 (cyclohexyl-CH2), 3.31 (s, 3H, 

CH3), 7.48-7.95 (m, Ar-Hs), 9.47 (s, 1H, H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 24-

27 (cyclohexyl-CH2), 27.4 (CH3), 39 (cyclohexyl-CH2), 64 (C-OH), 119.5 (C-5), 

125.8-142.5 (Ar-Cs), 147.9 (C-4). GC-MS (m/z, %): 257 [M
+.

, 2], 237 [M
+.

-20, 100].  
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3.6.2.8: 1-(2-Chloro-4-methylphenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole 

(40) 

Compound (40) was prepared according to general 

procedure by using corresponding azide 40a (0.83 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 

mmol) and (+) sodium ascorbate (0.297 g, 1.5 mmol). Rf 0.28 (C). Yield 87 %. m.p. 

110-111 °C. 
1
H NMR (300 MHz, acetone-d6): δ 1.40-1.91 (m, 10H, cyclohexyl-CH2), 

3.2 (s, 3H, CH3), 5.01 (bs, 1H, OH), 7.4-7.7 (m, 3H, Ar-Hs), 8.23 (s, 1H, H-5). 
13

C 

NMR (75 MHz, acetone-d6): δ 27 (cyclohexyl-CH2), 28 (CH3), 38 (cyclohexyl-CH2), 

64 (C-OH), 120.5 (C-5), 123-137 (Ar-Cs), 145.9 (C-4). GC-MS (m/z, %): 291 [M
+.

, 

7], 263 [M
+.

+2, 2]. 

3.6.2.9: 1-(2-Fluoro-4-methylphenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole 

(41)  

Compound (41) was prepared according to general 

procedure by using corresponding azide 41a (0.75 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 

mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). Rf 0.28 (C). Off white ppt 

(recrystallized from ethanol). Yield 87 %. m.p. 104-106 °C. 
1
H NMR (300 MHz, 

acetone-d6): δ 1.30-2.61 (m, 10H, cyclohexyl-CH2), 2.3 (s, 3H, CH3), 5.01 (bs, 1H, 

OH), 7.86 (d, JH-F = 12 Hz 1H, Ar-H), 7.89-8.18 (m, 2H, Ar-Hs), 8.4 (s, 1H, H-5). 
13

C 

NMR (75 MHz, acetone-d6): δ 24-27 (cyclohexyl-CH2), 28 (CH3), 39 (cyclohexyl-

CH2), 64 (C-OH), 119.5 (C-5), 122.1-134.0 (Ar-Cs), 144.7 (d, JC-F=20 Hz), 157 (C-4). 

GC-MS (m/z, %): 275 [M
+.

, 4], 204 (M
+.

- 71, 100),  

3.6.2.10: 1-(2-Nitrophenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (42)  

Compound (42) was prepared according to general procedure 

by using corresponding azide 42a (0.82 g, 5.0 mmol), 1-

ethynyl-1-cyclohexanol (0.62 g, 5.0 mmol), H2O:tert-BuOH 

(1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) and (+) sodium 

ascorbate (0.29 g, 1.5 mmol). Rf 0.28 (C). Brown ppt (recrystallized from 

ethanol).Yield 87 %. m.p. 146-147 °C. 
1
H NMR (300 MHz, acetone-d6): δ 1.37-2.91 
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(m, 10H, cyclohexyl-CH2), 5.2 (bs, 1H, OH), 7.86-8.18 (m, 4H, Ar-Hs), 8.3 (s, 1H, H-

5). 
13

C NMR (75 MHz, acetone-d6): δ 22-38 (cyclohexyl-CH2), 64 (C-OH), 121.5 (C-

5), 122 -144.7 (Ar-Cs), 157 (C-4). GC-MS (m/z, %): 288 [M
+.

, negligible], 260 [M
+.

-

28, 100]. 

3.6.2.11: 1-(3-Nitrophenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (43)  

Compound (43) was prepared according to general 

procedure by using corresponding azide 43a (0.82 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 

mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). Rf 0.27 (C). Off white ppt. Yield 

85 %. m.p. 210-213 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 1.17-1.98 (m, 10H, 

cyclohexyl-CH2), 5.1 (bs, IH, OH), 7.86-8.75 (m, 4H, Ar-Hs), 8.9 (s, 1H, H-5). 
13

C 

NMR (75 MHz, DMSO-d6): δ 22-25.6 (cyclohexyl-CH2), 68 (C-OH), 114.8 (C-5), 

120.4-149 (Ar-Cs), 157.58 (C-4).  GC-MS (m/z, %): 288 [M
+.

, negligible], 260 [M
+.

-

28, 100].  

3.6.2.12: 1-(4-Nitrophenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (44) 

Compound (44) was prepared according to general 

procedure by using corresponding azide 44a (0.82 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) and (+) sodium 

ascorbate (0.29 g, 1.5 mmol). Rf 0.37 (C). Yield 88.1 %. m.p. 200-201 °C. 
1
H NMR 

(300 MHz, DMSO-d6): δ 1.45-2.0 (m, 10H, cyclohexyl-CH2), 5.1 (bs, 1H, OH), 8.25-

8.43 (m, 4H, Ar-Hs), 8.86 (s, 1H, H-5 triazole). 
13

C NMR (75 MHz, DMSO-d6): δ 22-

39 (cyclohexyl-CH2), 68 (C-OH), 120.3 (C-5), 120.7-146.9 (Ar-Cs), 158 (C-4). GC-

MS (m/z, %): 288 [M
+.

, negligible], 217 [M
+.

-71, 100].  

3.6.2.13: 1-(2-Cyano-4-nitrophenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole  

(45) 

 Compound (45) was prepared according to general 

procedure by using corresponding azide 45a (0.94 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 

mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). Rf 0.28 (C). Yield 81 %. m.p. 
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184-186 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 1.28-2.23 (m,10H, cyclohexyl-CH2), 

5.2 (bs, 1H, OH), 8.2-8.68 (m, 4H, Ar-Hs), 8.73 (s, 1H, H-5). 
13

C NMR (75 MHz, 

DMSO-d6): δ 22-39 (cyclohexyl-CH2), 68 (C-OH), 115 (CN), 122 (C-5), 126-147.3 

(Ar-Cs), 157.6 (C-4). GC-MS (m/z, %): 313 [M
+.

, negligible], 285 [M
+.

-28, 100]. 

3.6.2.14:  1-(2-Acetylphenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (46) 

Compound (46) was prepared according to general 

procedure by using corresponding azide 46a (0.80 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 

mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). Rf 0.34 (C). Off white ppt. Yield 

80 %. m.p. 170-171 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 1.37-2.91 (m, 10H, 

cyclohexyl CH2), 2.6 (s, 1H, CH3), 4.2 (bs, 1H, OH), 7.86-7.97 (m, 1H, Ar-Hs), 8.2 

(s, 1H, H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 21-38 (cyclohexyl-CH2), 28 (CH3), 68 

(C-OH), 121.6 (C-5), 124-136 (Ar-Cs), 157 (C-4), 196.7 (C=O).  GC-MS (m/z, %): 

285 [M
+.

, negligible], 214 [M
+.

-71, 100]. 

3.6.2.15: 1-(3-Acetylphenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (47) 

 Compound (47) was prepared according to general 

procedure by using corresponding azide (47a) (0.80 g, 

5.0 mmol), 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 

mmol), H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O 

(0.06 g, 0.25 mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). Rf 0.37 (C). Yellow 

ppt. Yield 85 %. m.p. 194-196 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 1.29-1.99 (m, 

10H, cyclohexyl CH2), 2.68 (s, 1H, CH3), 5.0 (bs, IH, OH), 7.74-8.4 (m, 4H, Ar-Hs), 

8.8 (s, 1H, H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 22-38 (cyclohexyl-CH2), 27.5 

(CH3), 68.4 (C-OH), 119.6 (C-5), 120.1-131.9 (Ar-Cs), 157.43 (C-4), 197.7 (C=O). 

GC-MS (m/z, %): 285 [M
+.

, negligible], 214 [M
+.

-71, 100]. 

3.6.2.16:1-(4-Acetylphenyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (48)
361

  

Compound (48) was prepared according to general 

procedure by using corresponding azide (48a) (0.80 g, 

5.0 mmol), 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 

mmol), H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O  
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(0.06 g, 0.25 mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). Rf 0.37 (C). Yellow 

ppt (recrystallized from ethanol). Yield 81.1 %. m.p. 200-201 °C. 
1
H NMR (300 

MHz, DMSO-d6): δ 1.25-1.90 (m, 10H, cyclohexyl CH2), 2.57 (s, 1H, CH3), 5.2 (bs, 

IH, OH), 7.73-8.10 (m, 4H, Ar-Hs), 8.10 (s, 1H, H-5). 
13

C NMR (75 MHz, DMSO-

d6): δ 23-37 (cyclohexyl-CH2), 27.7 (CH3), 67.9 (C-OH), 120.6 (C-5), 120.3-130.7 

(Ar-Cs), 157.40 (C-4), 197.9 (C=O). GC-MS (m/z, %): 285 [M
+.

, negligible], 214 

[M
+.

-71, 100]. 

  

3.6.3: Synthesis of triazoles of Set 2 (49-52) 

3.6.3.1: 1-(1-Naphthyl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (49) 

Compound (49) was prepared according to general 

procedure by using corresponding azide (49a) (0.84 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 

mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). Rf 0.28 (C). Dark brown ppt 

(recrystallized from ethanol).  Yield 83 %. m.p. 198-199 °C. 
1
H NMR (300 MHz, 

acetone-d6): δ 1.37-2.21 (m, 10H, cyclohexyl-CH2), 5.1 (bs, 1H, OH), 7.26-7.86 (m, 

7H, Ar-Hs), 8.3 (s, 1H, H-5). 
13

C NMR (75 MHz, acetone-d6): δ 22-38 (cyclohexyl-

CH2), 64 (C-OH), 121.5 (C-5), 122-144.7 (Ar-Cs), 157 (C-4). GC-MS (m/z, %): 293 

[M
+.

, 3], 222 (M
+.

-71, 100).  

3.6.3.2: 1-(1-Pyridin-4-yl)-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (50) 

Compound (50) was prepared according to general 

procedure by using corresponding azide (50a) (0.60 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 

mmol) and (+) sodium ascorbate (0.29 g, 1.5mmol). Rf 0.28 (C). Light yellow ppt. 

(recrystallized from methanol). Yield 83 %. m.p. 64-65 °C. 
1
H NMR (300 MHz, 

acetone-d6): δ 1.27-2.21 (m, 10H, cyclohexyl-CH2), 5.2 (bs, 2H, OH), 7.5-8.5 (m, 4H, 

Ar-Hs), 8.28 (s, 1H, H-5). 
13

C NMR (75 MHz, acetone-d6): δ 22-38 (cyclohexyl-

CH2), 67 (C-OH), 121.5 (C-5), 130-138 (Ar-Cs), 157 (C-4). GC-MS (m/z, %): 244 

[M
+.

, 5], 173 [M
+.

-71, 100].  
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3.6.3.3: Methyl-2-(4-(1-hydroxycyclohexyl)-1H-1,2,3-triazol-1-yl)acetate (51)  

Compound (51) was prepared according to general 

procedure by using corresponding azide (51a) (0.57 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 

mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). Rf 0.28 (C). Yellow solid 

(recrystallized from ethanol). Yield 82 %. m.p. 146-147 °C. 
1
H NMR (300 MHz, 

acetone-d6): δ 1.37-2.31 (m, 10H, cyclohexyl-CH2), 3.8 (s, 3H, CH3), 3.9 (s, 2H, 

CH2), 4.8 (bs, 1H, OH), 8.3 (s, 1H, H-5). 
13

C NMR (75 MHz, acetone-d6): δ 22 

(cyclohexyl-CH2), 24 (CH2), 25-38 (cyclohexyl-CH2), 40 (CH3), 64 (C-OH), 121.5 

(C-5), 157 (C-4), 168 (C=O). GC-MS (m/z, %): 293 [M
+.

, 50], 196 [M
+.

-97, 100].  

3.6.3.4: Methyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)acetate (52)  

Compound (52) was prepared according to general 

procedure by using corresponding azide (52a) (0.57 g, 5.0 

mmol), 1-ethynyl-1-cyclohexanol (0.62 g, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 

mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). Rf 0.28 (C). Yellow solid. Yield 

89 %. m.p. 64-66 °C. 
1
H NMR (300 MHz, DMSO-d6): δ3.88 (s, 3H, CH3), 5.4 (s, 2H, 

CH2), 7.74-7.84 (m, 5H, Ar-Hs), 8.8 (s, 1H, H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 

51 (CH2), 54 (CH3), 123.6 (C-5), 127.6-138.6 (Ar-Cs), 147.43 (C-4), 168 (C=O). GC-

MS (m/z, %): 217 [M
+.

, negligible],  116 [M
+.

-101, 100]. 

3.6.4: Synthesis of triazoles of Set 3 (53-64) 

Triazoles were prepared by the following literature procedure.
 353-354

 

General procedure
 

Organic azide (5.0 mmol) and phenyl acetylene (0.55 mL, 5.0 mmol) were 

suspended in H2O:tert-BuOH (1:4, 20 mL). To this mixture was added CuSO4.5H2O 

(0.06 g, 0.25 mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). The mixture was 

stirred at room temperature for 24 h, at which time TLC (silica, n-hexane-acetone, 

4:1) indicated a complete conversion. The resulting solution was concentrated under 

reduced pressure. The residue was dissolved in 40 mL of brine and then extracted 

with ethyl acetate (90 mL). The combined organic layers were washed with 5 % aq. 
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NH4OH (50 mL), dried over anhyd. Na2SO4, filtered and solvent was removed under 

vacuum to give pure product. 

3.6.4.1: 1-(2-Chlorophenyl)-4-phenyl-1H-1,2,3-triazole (53)
361

 

Compound (53) was prepared according to general 

procedure by using corresponding azide (33a) (0.76 g, 5.0 

mmol), phenyl acetylene (0.55 mL, 5.0 mmol), H2O:tert-

BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) and 

(+) sodium ascorbate (0.29 g, 1.5 mmol). Rf 0.28 (C). Yellow ppt (recrystallized from 

ethanol). Yield 82 %. m.p. 146-147 °C. 
1
H NMR (300 MHz, acetone-d6): δ 7.36-7.96 

(m, 9H, Ar-Hs), 8.3 (s, 1H, H-5). 
13

C NMR (75 MHz, acetone-d6): δ 124.6 (C-5), 

125.6-138.8 (Ar-Cs), 157 (C-4). GC-MS (m/z, %): 255 [M
+.

,9] 257 [M
+.

,+2, 3], 227 

(M
+.

-28, 100] 

3.6.4.2: 1-(3-Chlorophenyl)-4-phenyl-1H-1,2,3-triazole (54)
 361

  

Compound (54) was prepared according to general 

procedure by using corresponding azide (34a) (0.76 g, 5.0 

mmol), phenyl acetylene (0.55 mL, 5.0 mmol), H2O:tert-

BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) and 

(+) sodium ascorbate (0.29 g, 1.5 mmol). Rf  0.27 (C). Bright yellow solid. Yield 83 

%. m.p. 210-213 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 7.29-7.86 (m, 9H, Ar-Hs), 8.9 

(s, 1H, H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 114.8 (C-5), 120.4-144.5 (Ar-Cs), 

157.5 (C-4). GC-MS (m/z, %): 255 [M
+.

,9] 257 [M
+.

,+2, 3], 227 (M
+.

-28, 100]. 

 3.6.4.3: 1-(4-Chlorophenyl)-4-phenyl-1H-1,2,3-triazole (55)
 361

 

Compound (55) was prepared according to general 

procedure by using corresponding azide (35a) (0.76 g, 5.0 

mmol), phenyl acetylene (0.55 mL, 5.0 mmol), H2O:tert-

BuOH (1:4, 20 mL), CuSO4. 5H2O (0.06 g, 0.25 mmol) and (+) sodium ascorbate 

(0.29 g, 1.5 mmol). Rf 0.37 (C). Yellow ppt. Yield 87.1 %. m.p. 208-210 °C. 
1
H NMR 

(300 MHz, DMSO-d6): 7.4-7.78 (m, 9H, Ar-Hs), 8.70 (s, 1H, H-5). 
13

C NMR (75 

MHz, DMSO-d6): 123 (C-2), 123-148 (Ar-Cs), 153.6 (C-4). GC-MS (m/z, %): 255 

[M
+.

,3], 257 [M
+.

,+2, 1], 206 (M
+.

-49, 100]. 
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3.6.4.4: 1-(4-Bromophenyl)-4-phenyl-1H-1,2,3-triazole (56) 

 Compound (56) was prepared according to general 

procedure by using corresponding azide (36a) (0.89 g, 5.0 

mmol), phenyl acetylene (0.55 mL, 5.0 mmol), H2O:tert-

BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) and (+) sodium ascorbate 

(0.29 g, 1.5 mmol). Rf 0.28 (C). Brown solid.  Yield 84 %. m.p. 210-212 °C. 
1
H NMR 

(300 MHz, DMSO-d6): 7.2-7.6 (m 9H, Ar-Hs), 8.73 (s, 1H, H-5). 
13

C NMR (75 MHz, 

DMSO-d6): 120-146 (Ar-Cs), 122 (C-5), 156.6 (C-4). GC-MS (m/z, %): 321, (M
+.

, 4], 

323[M
+.

+2, 100].   

3.6.4.5: 1-(3-Methoxyphenyl)-4-phenyl-1H-1,2,3-triazole (57)
358

 

Compound (57) was prepared according to general 

procedure by using corresponding azide (37a) (0.75 g, 

5.0 mmol), phenyl acetylene (0.55 mL, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 

0.25 mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). Rf 0.34 (C). Yield 83 %. 

m.p. 116-118 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 3.9 (s, 3H, OCH3), 7.36-7.97 (m, 

9H, Ar-Hs), 8.3 (s, 1H, H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 53 (CH3), 123.6 (C-

5), 124-148 (Ar-Cs), 158 (C-4). GC-MS (m/z, 100): 273 [M
+.

, 5],  202 [(M
+.

-71, 100]. 

3.6.4.6: 1-(2-Nitrophenyl)-4-phenyl-1H-1,2,3-triazole (58)
362

 

Compound (58) was prepared according to general procedure 

by using  azide (42a) (0.82 g, 5.0 mmol), phenyl acetylene 

(0.55 mL, 5.0 mmol), H2O:tert-BuOH (1:4, 20 mL), 

CuSO4.5H2O (0.06 g, 0.25 mmol) and (+) sodium ascorbate 

(0.29 g, 1.5 mmol). Bright yellow ppt. Rf 0.37 (C). Yield 82 % (recrystallized from 

ethanol). m.p. 143-144 °C. 
1
H NMR (300 MHz, CDCl3): δ 7.39-7.92 (m, 9H, Ar-Hs), 

8.1 (H-5). 
13

C NMR (75 MHz, CDCl3): δ 121 (C-5), 125.6-144.4 (Ar-Cs), 148.3 (C-

4). GC-MS (m/z, %): 266 [M
+.

, negligible], 208 [M
+.

-58 100].  

3.6.4.7: 1-(3-Nitrophenyl)-4-phenyl-1H-1,2,3-triazole (59)
 362

 

Compound (59) was prepared according to general 

procedure by using corresponding azide (43a) (0.82 g, 

5.0 mmol), phenyl acetylene (0.55 mL, 5.0 mmol),  
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H2O-tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) and (+) sodium 

ascorbate (0.29 g, 1.5 mmol). Bright yellow ppt. Rf 0.39 (C) Yield 82.2 %. m.p. 194-

195 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 7.4-8.78 (m, 9H, Ar-Hs), 9.7 (s, 1H, H-5). 

13
C NMR (75 MHz, DMSO-d6): δ 120.6 (C-5), 128.8-148 (Ar-Cs), 149 (C-4). GC-MS 

(m/z, %): 266 [M
+.

, 5], 238 [M
+.

-58, 70], 191 [M
+.

-75, 100]. 

3.6.4.8: 1-(4-Nitrophenyl)-4-phenyl-1H-1,2,3-triazole (60)
360 

Compound (60) was prepared according to general 

procedure by using corresponding azide (44a) (0.8 g, 

5.0 mmol), phenyl acetylene (0.5 mL, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) and (+) sodium 

ascorbate (0.29 g, 1.5 mmol). Yellow ppt. Rf 0.43 (C). Yield 83.8 %. m.p. 144-145 

°C. 
1
H NMR (300 MHz, DMSO-d6): 7.42-8.52 (m, 9H, Ar-Hs), 9.5 (s, 1H, H-5). 

13
C 

NMR (75 MHz, DMSO-d6): δ 120.8 (C-5), 129.8-149 (Ar-Cs), 148.5 (C-4). GC-MS 

(m/z, %): 266 [M
+.

, 5], 238 [M
+.

-58, 70], 191 [M
+.

-75, 100]. 

3.6.4.9: 1-(2-Cyano-4-nitrophenyl)-4-phenyl-1H-1,2,3-triazole (61) 

 Compound (61) was prepared according to general 

procedure by using corresponding azide (45a) (0.94 g, 

5.0 mmol), phenyl acetylene (0.55 mL, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 

mmol) and  (+) sodium ascorbate (0.29 g, 1.5 mmol). Yellow ppt. Rf 0.4 (C). Yield 84 

%. m.p. 229-231 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 7.42-9.1 (m, 8H, Ar-Hs), 9.4 

(s, 1H, H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 115 (CN), 122 (C-5), 126-147.6 (Ar-

Cs), 148 (C-4). GC-MS (m/z, %): 291 [M
+.

, 100], 233 [M
+.

-58, 7].  

3.6.4.10: 1-(2-Acetylphenyl)-4-phenyl-1H-1,2,3-triazole (62) 

Compound (62) was prepared according to general 

procedure by using corresponding azide (46a) (0.80 g, 5.0 

mmol), phenyl acetylene (0.55 mL, 5.0 mmol), H2O:tert-

BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) and 

(+) sodium ascorbate (0.29 g, 1.5 mmol). Yellow ppt (recrystallized from ethanol). Rf 

0.34 (C). Yield 81 %. m.p. 118-119 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 2.2 (s, 3H, 

CH3), 7.4-7.83 (m, 9H, Ar-Hs), 8.8 (s, 1H, H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 29 

%): 263 [M
+.

, 5], 235 [M
+.

-28, 100].  
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3.6.4.11: 1-(3-Acetylphenyl)-4-phenyl-1H-1,2,3-triazole (63)
357

 

Compound (63) was prepared according to general 

procedure by using azide (47a) (0.80 g, 5.0 mmol), 

phenyl acetylene (0.55 mL, 5.0 mmol), H2O:tert-

BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) 

and (+) sodium ascorbate (0.29 g, 1.5 mmol). Light yellow ppt. Rf 0.36 (C). Yield 

83.9 %. m.p. 202-203 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 2.3 (s, 3H, CH3), 7.77-

8.45 (m, 9H, Ar-Hs), 9.45 (s, 1H, H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 27.4 (CH3), 

119.5 (C-5), 120.3-138.6 (Ar-Cs), 147.9 (C-4). GC-MS (m/z, %): 263 [M
+.

, 4], 193 

[M
+.

-70, 100].  

3.6.4.12: 1-(4-Acetylphenyl)-4-phenyl-1H-1,2,3-triazole (64)
357,360

 

 Compound (64) was prepared according to general 

procedure by using corresponding azide (48a) (0.805 

g, 5.0 mmol), phenyl acetylene (0.55 mL, 5.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.06 g, 0.25 mmol) and (+) sodium 

ascorbate (0.29 g, 1.5 mmol). Light yellow ppt. Rf 0.36 (C). Yield 81 %. m.p. 165-167 

°C. 
1
H NMR (300 MHz, DMSO-d6): δ 2.14 (s, 3H, CH3), 7.3-8.12 (m, 9H, Ar-Hs), 

8.18 (s, 1H, H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 28.5 (CH3), 122.2 (C-5), 125.24-

136.14 (Ar-Cs), 147.43 (C-4), 198.19 (C=O). GC-MS (m/z, %): 263 [M
+.

, 4], 193 

[M
+.

-70, 100].  

 

3.6.5 Synthesis of triazoles of Set 4 (65-70) 

General procedure 
363, 369

 

Triazoles (65-70) were synthesized by the following literature procedure.
363,369

 

 Under an atmosphere of nitrogen, a two-necked round-bottom flask containing a stir 

bar was charged with an organic halide (10 mmol), sodium azide (11.0 mmol), 

terminal alkyne (10 mmol) and water (30 mL). The mixture was heated and stirred at 

100 °C for 24 h. After cooling to room temperature diethyl ether (40 mL) was added 

to the mixture to extract the product. The combined layers were washed with water 

and brine, dried with MgSO4 and evaporated under reduced pressure. Finally the 

residues were recrystallized with hot ethanol (5mL/1gm of product) and kept at room 

temperature in closed round bottom flask for 5-8 h. to give the desired product.  
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3.6.5.1: 1-Benzyl-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (65)
362 

 

 Compound (65) was prepered according to general procedure 

by using benzyl bromide (1.15 mL, 10 mmol), 1-ethynyl-1-

cyclohexanol (1.24 g, 10 mmol), sodium azide (0.71 g, 11.0 

mmol) and 30 mL water. White ppt (recrystallized from 

ethanol). Rf 0.34 (C). Yield 80 %. m.p. 124-125 °C. 
1
H NMR 

(300 MHz, acetone-d6): δ 1.3-2.1 (m, 10H, cyclohexyl CH2), 3.9 (s, 1H, OH), 5.6 (s, 

2H, CH2), 7.34-7.39 (m, 5H, Ar-Hs), 7.79 (s, 1H, H-5). 
13

C NMR (75 MHz, acetone-

d6): δ 22.1-38.1 (cyclohexyl-CH2), 57 (CH2), 69 (C-OH), 120 (C-5), 128.0-136 (Ar-

Cs), 156.6 (C-4). GC-MS (m/z, %): 257 [M
+.

, 30], 239 [M
+.

-28, 7], 91 [M
+.

-166, 100]. 

3.6.5.2: 1-Butyl-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (66)  

Compound (66) was prepared according to general 

procedure by using butyl bromide (1.37 mL, 10 mmol), 1-

ethynyl-1-cyclohexanol (1.24 g, 10 mmol), sodium azide 

(0.71 g, 11.0 mmol) and 30 mL water. Oil. Rf 0.6 (C).  

Yield 81 %.  
1
H NMR (300 MHz, acetone-d6): δ 1.2 (t, 3H, CH3, J=6.7 Hz), 1.2-1.36 

(m, 4H, CH2), 1.45-1.86 (m, 10H, CH2), 2.9 (bs, 1H, OH), 4.5 (t, 2H, CH2, J=7.2 Hz), 

7.77 (s, 1H, H-5).
13

C NMR (75 MHz, acetone-d6): δ 13.5 (CH3), 24.9-39.9 (CH2), 53 

(C-OH), 67 (CH2), 120 (C-5), 155 (C-4). GC-MS (m/z, %): 223 [M
+.

, 80], 195 [M
+.

-

28, 30], 41 [M
+
-182,

 
100] 

3.6.5.3: 1-Hexyl-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (67)
364,365 

Compound (67) was prepared according to general procedure by 

using hexyl bromide (1.4 mL, 10 mmol), 1-ethynyl-1-

cyclohexanol (1.24 g, 10 mmol), sodium azide (0.71 g, 11.0 

mmol) and 30 mL water. White solid, m.p. 98-100 °C. Rf 0.59 

(C). Yield 84 %. 
1
H NMR (300 MHz, acetone-d6): δ 0.92 (t, 3H, CH3, J=6.9 Hz), 

1.12-1.4 (m, 11H, CH2), 1.4-1.69 (m, 10H, CH2), 2.9 (bs, 1H, OH), 4.4 (t, 2H, CH2, 

J=7.2 Hz), 7.77 (s, 1H, H-5). 
13

C NMR (75 MHz, acetone-d6): δ 13.5 (CH3), 20.1-38.9 

(CH2), 51 (C-OH), 67 (CH2), 120 (C-5), 158 (C-4). GC-MS (m/z, %): 251 [M
+.

, 60], 

223 [M
+.

-28, 30], 43 [M
+.

-208, 100] 
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3.6.5.4. 1-Octyl-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazol (68)
364

 

 Compound (68) was prepared according to general procedure 

by using octyl bromide (1.74 mL, 10 mmol), 1-ethynyl-1-

cyclohexanol (1.24 g, 10 mmol), sodium azide (0.71 g, 11.0 

mmol) and 30 mL water. White ppt (recrystallized from 

ethanol). Rf 0.6 (C). Yield 86 %. m.p. 84-86 °C. 
1
H NMR (300 MHz, acetone-d6): δ 

0.89 (t, 3H, CH3, J=6.9 Hz), 1.12-1.6 (m, 12H, CH2), 1.48-1.98 (m, 10H, CH2), 3.99 

(bs, 1H, OH), 4.38 (t, 2H, CH2, J=7.2 Hz), 7.79 (s, 1H, H-5). 
13

C NMR (75 MHz, 

acetone-d6): δ 13.5 (CH3), 21.3-38.2 (CH2), 49.5 (C-OH), 69.58 (CH2), 120 (C-5), 156 

(C-4). GC-MS (m/z, %): 279 [M
+.

, 100], 251 [M
+.

-28, 25].  

3.6.5.5. 1-Hexadecyl-4-(1-hydroxycyclohexyl)-1H-1,2,3-triazole (69) 

 Compound (69) was prepared according to general procedure 

by using hexadecyl bromide (3.05 mL, 10 mmol), 1-ethynyl-1-

cyclohexanol (1.24 g, 10 mmol), sodium azide (0.71 g, 10 

mmol) and 30 mL water. White ppt (recrystallized from 

ethanol). Rf 0.6 (C). Yield 80.5 %. m.p. 84-86 °C. 
1
H NMR (300 MHz, CDCl3): δ 

0.89 (t, 3H, CH3, J=6.9 Hz, CH3), 1.12-1.6 (m, 28H, CH2), 2.5 (bs, 1H, OH), 4.4 (t, 

2H, J=7.2 Hz, CH2), 1.53-2.32 (m, 10H, CH2), 4.3 (t, 2H, CH2, J=7.2 Hz), 7.43 (s, 

1H, H-5).
13

C NMR (75 MHz, CDCl3): δ 14 (CH3), 22-38 (CH2), 69.58 (CH2-N), 50.3 

(C-OH), 119.3 (C-5), 155 (C-4). GC-MS (m/z, %): 391 [M
+.

, 100], 363 [M
+.

-28, 25].   

 3.6.5.6. 1-Hexadecyl-4-phenyl-1H-1,2,3-triazole (70) 

Compound (70) was prepared according to general procedure 

by using hexadecyl bromide (3.05 mL, 10 mmol), phenyl 

acetylene (1.02 mL, 10 mmol), sodium azide (0.71 g, 11.0 

mmol) and 30 mL water. Rf 0.6 (C). White ppt (recrystallized from ethanol). Yield 83 

%. m.p. 99-100 °C. 
1
H NMR (300 MHz, CDCl3): 0.9 (t, 3H, CH3, J=6.0 Hz), 1.2-1.6 

(m, 28H, CH2), 4.4 (t, 2H, CH2, J=7.2 Hz), 7.34 -7.45 (m, 5H, Ar-Hs), 7.76 (s, 1H, H-

5). 
13

C NMR (75 MHz, CDCl3): δ 16 (CH3), 22-31.9 (CH2), 50 (CH2), 119.4-131 (Ar-

Cs), 128 (C-5), 148 (C-4). GC-MS (m/z, %): 369 [M
+.

, 30], 117 [M
+.

-522, 100]. 
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3.6.6: Synthesis of bis-azides (71-80) 

General procedure 

These triazoles were by the reaction of bis azides which were prepared by 

following procedure.
365

 Organic azides (71-80) were synthesized by diazotization of 

bis-primary aromatic amines followed by azidation with sodium azide. Diazotization 

was carried out by treating diamines with sodium nitrite in HCl
 
or in a mixture of 

H2SO4 & glacial acetic acid
 
and finally addition of sodium azide leads to respective 

bis-azides. 

 A mixture of a bis primary aromatic amine (5.5 mmol), water (6 mL) and 

concentrated hydrochloric acid (3.2 mL) was placed in a 250 mL conical flask. The 

flask was cooled to 0°C and then sodium nitrite (11.5 mmol) in water (3.5 mL) was 

added drop wise. After one hour of stirring at 0°C, the yellow solution was poured 

into a 250 mL beaker surrounded by an ice bath. With stirring, sodium azide (11.5 

mmol) in 3 mL water was added. The resulting solution was washed with (5 %) 

sodium carbonate solution till neutral pH. The resulting solution was extracted with 

ethyl acetate (75 mL). The combined organic layers were dried over anhyd. sodium 

sulphate, filtered and concentrated on rotary evaporator. 

3.6.6.1: 1,4-Diazidobenzene (71)
365,366

 

Compound (71) was prepared according to general procedure 

by using 1,4-diazidobenzene (1.0 g, 9.5 mmol), glacial acetic 

acid (6 mL), 96 % sulphuric acid (3.2 mL), sodium nitrite (1.3 g, 20.09 mmol) and a 

solution of sodium azide (1.38 g, 21.75 mmol) in water (2.5 mL). Dark brown solid. 

Rf 0.89 (B). Yield 75 %. m.p. 85-87 °C. 
1
H NMR (300 MHz, CDCl3): δ 7.1 (s, 4H, 

Ar-Hs). 
13

C NMR (75 MHz, CDCl3): δ 120-138 (Ar-Cs), IR (KBr, υ, cm
-1

); 3106, 

3070 (=CH-Ar), 2433, 2129 (N3). EIMS (m/z, %):  167[M
+.

, 2], 149 (M
+. 

–56, 100].   

3.6.6.2: [1,1'-Biphenyl]-4,4'-diylazide (72)
366

 

Compound (72) was prepared according to general 

procedure by using [1,1'-biphenyl]-4,4'-diylanilin (1.0 g, 

5.4 mmol), glacial acetic acid (6 mL), 96 % sulphuric acid 

(3.2 mL), sodium nitrite (0.81 g, 11.79 mmol) and a 

solution of sodium azide (0.81 g, 12.48 mmol) in water (2.5 mL). Light brown solid. 

Rf 0.87 (B). Yield 75 %. m.p. 62-65 °C. 
1
H NMR (300 MHz, CDCl3): δ 7.2-7.7 (m, 
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8H, Ar-Hs). 
13

C NMR (75 MHz, CDCl3): δ 125-139 (Ar-Cs). IR (KBr, υ, cm
-1

); EIMS 

(m/z, %): 236 [M
+.

-2], 180 [M
+.

–56, 100]. 

3.6.6.3: bis-(4-Azidophenyl)methane (
 
73)

367
 

 Compound (73) was synthesized by using bis-(4-

aminophenyl)methane (1 g, 5.5 mmol), concentrated 

hydrochloric acid (3.2 mL), sodium nitrite (0.74 g, 11.5 

mmol) in water (3.5 mL), sodium azide (0.71 g, 11.5 mmol) in 3 mL water. Yellow 

solid Rf 0.8 (A). Yield 69 %. m.p. 49-50 °C. 
1
H NMR (300 MHz, CDCl3): δ 3.9 (s, 

2H, CH2), 7.0-7.2 (m, 8H, Ar-Hs). 
13

C NMR (75 MHz, CDCl3): δ 45.5 (Ar-CH2-Ar), 

139-138 (Ar-Cs), IR (KBr, υ, cm
-1

); 2409, 2132 (N3). EI-MS (m/z, %): 250 [M
+.

], 193 

[M
+.

–56, 100].   

3.6.6.4: bis-(4-Azidophenoxy)ethane (74) 

 Compound (74) was prepared according to 

general procedure by using bis-(4-

aminophenoxy)ethane (0.5 g, 2.0 mmol), glacial 

acetic acid (6 mL), 96 % sulphuric acid (3.2 mL), sodium nitrite (0.3 g, 4.0 mmol) and 

a solution of sodium azide (0.3 g, 4.0 mmol) in water (2.5 mL). Dark brown solid. Rf 

0.8 (A). Yield 70.5 %. m.p. 132-134 °C. 
1
H NMR (300 MHz, CDCl3): δ 6.5 (s, 4H, 

CH2-CH2), 6.65-7.0 (m, 8H, Ar-Hs), 
13

C NMR (75 MHz, CDCl3): δ 88.1 (O-CH2), 

118-150.5 (Ar-Cs),). IR (KBr, υ, cm
-1

); 3106, 3070 (=CH-Ar), 2414, 2122 (N3)EI-MS 

(m/z, %): 296 [M
+.

, 2], 268 [M
+. 

–56, 100].  

3.6.6.5: bis-(4-Azidophenyl)ether (75)
366

 

 Compound (75) was prepared according to general 

procedure by using bis-(4-aminophenyl) ether (1.0 g, 3.5 

mmol), glacial acetic acid (6 mL), 96 % sulphuric acid (3.2 

mL), sodium nitrite (0.51 g, 7.4 mmol) and a solution of sodium azide (0.51 g, 7.4 

mmol) in water (2.5 mL). Off-white solid. Rf 0.83 (B). Yield 79 %. m.p. 115-117 °C. 

1
H NMR (300 MHz, CDCl3): δ 7.0-7.2 (m, 8H, Ar-Cs). 

13
C NMR (75 MHz, CDCl3): 

δ 120-154 (Ar- Cs). IR (KBr, υ, cm
-1

): 3106, 3070 (=CH-Ar), 2426, 2112 (N3). EIMS 

(m/z, %): 252 (M
+.

), 224 [M
+. 

–56].  
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3.6.6.6: bis-(4-Azidophenoxy)methane (76) 

Compound (76) was prepared according to 

general procedure by using bis-(4-

aminophenoxy)ethane (0.5 g, 2.0 mmol), glacial 

acetic acid (6 mL), 96 % sulphuric acid (3.2 mL), sodium nitrite (0.3 g, 4.0 mmol) and 

a solution of sodium azide (0.3 g, 4.0 mmol) in water (2.5 mL). Dark brown solid. Rf 

0.8 (A). Yield 70 %. m.p. 132-134 °C. 
1
H NMR (300 MHz, CDCl3): δ 5.8 (CH2) 6.65-

7.0 (m, 8H, Ar-Hs), 
13

C NMR (75 MHz, CDCl3): δ 88.5 (CH2), 119-152 (Ar-Cs), IR 

(KBr, υ, cm
-1

): 3106, 3070 (=CH-Ar), 2414, 2122 (N3). EIMS (m/z, %): 296 [M
+.

, 2], 

268 [M
+. 

–56, 100].  

3.6.6.7: 2,6-bis-(4-Azidophenoxy)pyridine (77) 

 Compound (77) was prepared according to 

general procedure by using 2,6-bis-(4-

aminophenoxy)pyridine (1.0 g, 5.0 mmol), 

glacial acetic acid (6 mL), 96 % sulphuric acid (3.2 mL), sodium nitrite (0.74 g, 10.0 

mmol) and a solution of sodium azide (0.74 g, 10.25 mmol) in water (2.5 mL). Brown 

solid. Rf 0.89 (A). Yield 69 %. m.p. 81-83 °C. 
1
H NMR (300 MHz, CDCl3): δ 6.5-7.1 

(m, 11H, Ar-Hs). 
13

C NMR (75 MHz, CDCl3): δ 110-160 (Ar-Cs), IR (KBr, υ, cm
-1

): 

3106, 3070 (=CH-Ar), 2428, 2125 (N3), EIMS (m/z, %): 345 [M
+.

, 2], 317 [M
+. 

–56, 

100].  

3.6.6.8: 1-(5-(4-Azidophenoxy)pentyloxy)-4-azidobenzene (78) 

 Compound (78) was prepared according to 

general procedure by using 1-(5-(4-

aminophenoxy)pentyloxy)-4-aminobenzene 

(0.68 g, 2.0 mmol), glacial acetic acid (6 mL), 96 % sulphuric acid (3.2 mL), sodium 

nitrite (0.29 g, 4.0 mmol) and a solution of sodium azide (0.29 g, 13.25 mmol) in 

water (2.5 mL). Dark brown solid. Rf 0.81 (C). Yield 75 %. m.p. 85-87 °C. 
1
H NMR 

(300 MHz, CDCl3): δ 1.5 (m, J=8.1 Hz, 2H, CH2), 1.7-2.0 (m, J=8.1 Hz, 4H, CH2), 

3.9 (t, J=8.4 Hz, 4H, CH2), 6.9-7.1 (m, 8H, Ar-Hs). 
13

C NMR (75 MHz, CDCl3): δ 21-

69 (Aliphatic Cs), 115-157 (Ar-Cs), IR (KBr, υ, cm
-1

): 3106, 3070, (=CH-Ar), 2420, 

2126 (N3), EIMS (m/z, %): 282 [M
+.

, 2
 
], 204 [M

+. 
–56, 100] . 

 



Experimental 

 

 

 

197 

 

3.6.6.9: 1-(10-(4-Azidophenoxy)decyloxy)-4-azidobenzene (79) 

 Compound (79) was prepared according to 

general procedure by using 1-(10-(4-

azidophenoxy)decyloxy)-4-azidobenzene (0.4 g, 

1.4 mmol), glacial acetic acid (6 mL), 96 % sulphuric acid (3.2 mL), sodium nitrite 

(0.21 g, 3.0 mmol) and a solution of sodium azide (0.20 g, 3.0 mmol) in water (2.5 

mL). Off-white solid. Rf 0.81 (C). Yield 69 %. m.p. 75-77 °C. 
1
H NMR (300 MHz, 

CDCl3): δ 1.2-2.5 (m, 8Hs, CH2) 4.5 (t, J=7.2 Hz, OCH2), 6.65 -7.0 (m, 8H, Ar-Hs),  

13
C NMR (75 MHz, CDCl3): δ 19.0-67.2(Aliphatic Cs),  119-155 (Ar-Cs). IR (KBr, υ, 

cm
-1

): 3106, 3070 (=CH-Ar), 2451, 2112 (N3). EIMS (m/z, %): 408 [M
+.

, 2], 312[M
+.

-

56, 100].  

 

3.6.7: Synthesis of triazoles of Set 5 (80-87) 

 General procedure 

 bis-Triazoles (80-87) were prepared by the following literature procedure.
353 

Organic bis-azide (2.5 mmol) and phenyl acetylene (0.55 mL, 5.0 mmol) were 

suspended in H2O:tert-BuOH (1:4, 20 mL). To this mixture was added CuSO4.5H2O 

(0.06 g, 0.25 mmol) and (+) sodium ascorbate (0.29 g, 1.5 mmol). The mixture was 

stirred at room temperature for 24 h, at which time TLC (silica, petroleum ether-

acetone) indicated a complete conversion. The resulting solution was concentrated 

under reduced pressure. The residues were dissolved in 40 mL of brine and then 

extracted with ethyl acetate (90 mL). The combined organic layers were washed with 

5 % aq. NH4OH (50 mL), dried over MgSO4, filtered and solvent was removed under 

vacuum to give pure product. 

3.6.7.1: 1,4-bis-(4-Phenyl-1-H-1,2,3-triazol-1-yl)benzene (80)
368

 

Compound (80) was prepared according to 

general procedure by using 71 (0.6 g, 3.0 

mmol), phenyl acetylene (0.82 mL, 7.5 

mmol), H2O:tert-BuOH (1:4, 20 mL), 

CuSO4.5H2O (0.09 g, 0.3 mmol) and (+) sodium ascorbate (0.44 g, 2.2 mmol). Brown 

ppt. Rf 0.62 (B). Yield 81 %. m.p.188-189 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 

7.30-7.5 (m, 14H, Ar-Hs), 8.5 (s, 2H, H-5).
 13

C NMR (75 MHz, DMSO-d6): δ 119-
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130 (Ar-Cs). 133 (C-5), 148 (C-4), EIMS (m/z, %): 364 [M
+.

, negligible], 308 (M
+. 

–

56, 100). 

3.6.7.2: 4,4'-bis(4-Phenyl-1-H-1,2,3-triazol-1-yl)biphenyl (81)
 368

 

 Compound (81) was prepared 

according to general procedure by 

using 72 (1.0 g, 4.23 mmol), phenyl 

acetylene (0.92 mL, 8.46 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.10 g, 0.42 mmol) and (+) sodium 

ascorbate (0.5 g, 2.5 mmol). Brown ppt. Rf 0.62 (2). Yield 80 %. m.p. 148-149 °C. 
1
H 

NMR (300 MHz, CDCl3): δ 6.6-7.7 (m, 18H, Ar-Hs), 8.9 (s, 2H, H-5).
 13

C NMR (75 

MHz, DMSO): δ 145 (C-4), 136 (C-5), 116-132 (Ar-Cs). EIMS (m/z, %): 440 (M
+.

, 

negligible), 384 [M
+. 

–56, 100 ].  

3.6.7.3: bis(4-(4-Phenyl-1-H-1,2,3-triazol-1-yl)phenyl)ether (82)
 368,369

 

 Compound (82) was prepared 

according to general procedure by 

using 75 (0.49 g, 1.44 mmol), 

phenyl acetylene (0.31 mL, 2.88 

mmol), H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.03 g, 0.14 mmol) and (+) 

sodium ascorbate (0.17 g, 0.86 mmol). Light yellow ppt. Rf 0.64 (B). Yield 72 %. 

m.p. 147-150 °C. 
1
H NMR (300 MHz, CDCl3): δ 7.2-7.9 (m, 18H, Ar-Hs), 9.2 (s, 2H, 

H-5).
 13

C NMR (75 MHz, CDCl3): δ 119-130 (Ar-Cs). 142 (C-5), 157 (C-4), EIMS 

(m/z, %): 456 (M
+.

, negligible), 400 [M
+. 

-56, 100]. 

3.6.7.4: 2,6-bis(4-(4-Phenyl-1-H-1,2,3-triazol-1-yl)phenoxy)pyridine (83) 

Compound (83) was 

prepared according to 

general procedure by 

using 77 (0.5 g, 1.98 mmol), phenyl acetylene (0.43 mL, 3.96 mmol), H2O:tert-BuOH 

(1:4, 20 mL), CuSO4.5H2O (0.04 g, 0.19 mmol) and (+) sodium ascorbate (0.23 g, 

1.19 mmol). Off-white ppt. Rf 0.66 (A). Yield 70 %. m.p. 165-168 °C. 
1
H NMR (300 

MHz, CDCl3): δ 7.1-7.5 (m, 17H, Ar-Hs), 9.0 (s, 2H, CH-triazole).
 13

C NMR (75 

MHz, CDCl3): δ 126-133 (Ar-Cs), 148 (C-5), 152 (C-4, triazole), EIMS (m/z, %): 549 

(M
+.

, negligible), 493 [M
+. 

-56, 100].  
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3.6.7.5: bis(4-(4-Phenyl-1-H-1,2,3-triazol-1-yl)phenyl)methane (84) 

Compound (84) was prepared 

according to general procedure by 

using 73 (0.25 g, 1.0 mmol), 

phenyl acetylene (0.21 mL, 2.0 

mmol), H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.02 g, 0.1 mmol) and (+) 

sodium ascorbate (0.11 g, 0.6 mmol). Off-white ppt. Rf 0.66 (A). Yield 80.6 %. m.p. 

164-168 °C. 
1
H NMR (300 MHz, CDCl3): δ 3.9 (s, 2H, CH2), 7.1-7.5 (m, 14H, Ar-

Hs), 9.0 (s, 2H, H-5).
 13

C NMR (75 MHz, CDCl3); δ 49 (CH2), 115-132 (Ar-Cs), 140 

(C-4), 149 (C-5). EIMS (m/z, %): 454 (M
+.

, negligible), 398 [M
+. 

-56,100].  

3.6.7.6: 1,2-bis(4-(4-Phenyl-1-H-1,2,3-triazol-1-yl)phenoxy)ethane (85) 

 Compound (85) was 

prepared according to 

general procedure by using 

76 (0.12 g, 0.4 mmol), 

phenyl acetylene (0.08 mL, 0.8 mmol), H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O 

(0.01 g, 0.04 mmol) and  (+) sodium ascorbate (0.04 g, 0.24 mmol). Brown ppt. Rf 

0.77 (A). Yield 82 %. m.p. 138-141 °C. 
1
H NMR (300 MHz, CDCl3): δ  4.1 (t, 4H, 

CH2), 7.0-7.7 (m, 18H, Ar-Cs), 9.0 (s, 2H, H-5).
 13

C NMR (75 MHz, CDCl3): δ 47 

(CH2), 121-131 (Ar-Cs), 135 (C-5), 158 (C-4), EIMS (m/z, %): 500 (M
+.

, negligible), 

444[M
+. 

-56, 100].  

3.6.7.7: 1-5-bis(4-(4-Phenyl-1H-1,2,3-triazol-1-yl)phenoxy)pentane (86) 

Compound (86) was 

prepared according to 

general procedure by using 

78 (0.6 g, 1.7 mmol), 

phenyl acetylene (0.37 mL, 3.5 mmol), H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O 

(0.04 g, 0.17 mmol) and (+) sodium ascorbate (0.20 g, 1.0 mmol). Yellow ppt. Rf 0.57 

(C). Yield 75 %. m.p. 196-198 °C (decomp). 
1
H NMR (300 MHz, CDCl3): δ 1.3-1.9 

(m, 6H, CH2), 3.9 (t, 4H, OCH2),  7.1-7.6 (m, 18H, Ar-Hs), 9.1 (s, 2H, H-5).
 13

C NMR 

(75 MHz, CDCl3): δ 48 (CH2),  126-133  (Ar-Cs), 141 (C-4), 147 (C-5). EIMS (m/z, 

%): 556 [M
+.

, negligible], 500 [M
+. 

-56, 100]. 
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3.6.7.8: 1-10-bis(4-(4-Phenyl-1H-1,2,3-triazol-1-yl)phenoxy)decane (87) 

Compound (87) was prepared according to general procedure by using 79 (0.2 g, 0.4 

mmol), phenyl acetylene 

(0.10 mL, 0.98 mmol), 

H2O-tert-BuOH (1:4, 20 

mL), CuSO4.5H2O (0.01 g, 

0.04 mmol) and (+) sodium ascorbate (0.05 g, 0.29 mmol). Dark brown ppt. Rf 0.6 

(C). Yield 67 %. m.p. 199-201 °C (decomp). 
1
H NMR (300 MHz, CDCl3): δ 1.2-3.9 

(m, 20H, CH2), 7.1-7.5 (m, 18H, Ar-Hs), 9.0 (s, 2H, H-5).
 13

C NMR (75 MHz, 

CDCl3): δ 48 CH2, 126-134 (Ar-Cs), 141 (C-4), 147 (C-5). EIMS (m/z, %); 612 [M
+.

, 

negligible], 556 [M
+. 

-56, 100].  

 

3.6.8 Synthesis of triazoles of Set 6 (88-90) 

General procedure 

Triazoles of set 6 were synthesized by reaction of bis azides which were 

prepared by using  following procedure.
354-356 

Organic azide (0.6 g, 1.19 mmol) and 1-

ethynyl-1-cyclohexanol (0.60 mL, 2.38 mmol) were suspended in H2O:tert-BuOH 

(1:4, 20 mL). To this mixture was added CuSO4.5H2O (0.04 g, 0.19 mmol) and (+) 

sodium ascorbate (0.23 g, 1.19 mmol). The mixture was stirred at room temperature 

for 24 h, at which time TLC (silica, petroleum ether-acetone) indicated a complete 

conversion. The resulting solution was concentrated under reduced pressure (rotary 

evaporator). The residues were dissolved in 40 mL of brine and then extracted with 

ethyl acetate (90 mL). The combined organic layers were washed with 5 % aq. 

NH4OH (50 mL), dried over MgSO4, filtered and solvent was removed under vacuum 

to give pure product. 

3.6.8.1: 4,4'-bis(1,1-Hydroxyl,cyclohexyl-4-phenyl-1-H-1,2,3-triazol-1-yl)phenyl 

(88) 

Compound (88) was prepared according to 

general procedure by using 71 (1.0 g, 4.0 mmol), 

1-ethynyl-1-cyclohexanol (1.00 mL, 8.0 mmol), 

H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.10 

g, 0.42 mmol) and (+) sodium ascorbate (0.5 g, 2.5 mmol). Rf 0.57 (C). Brown ppt. 
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Yield 82 %. m.p. 140-141 °C. 
1
H NMR (300 MHz, acetone-d6): δ 2.08-2.91 (m, 20H, 

cyclohexyl-CH2), 5.2 (s, 2H, OH), 7.86-8.18 (m, 4H, Ar-Hs), 8.3 (s, 2H, H-5). 
13

C 

NMR (75 MHz, acetone-d6): δ 38 (cyclohexyl-CH2), 64 (C-OH), 121.5 (C-5), 122-

144.7 (Ar-C), 157.2 (C-4). EIMS (m/z, %); 408 [M
+.

, negligible], 315 [M
+. 

–56, 100].  

3.6.8.2: 4,4'-bis(4-(1-Hydroxycyclohexyl)-1-H-1,2,3-triazol-1-yl)biphenyl (89) 

Compound (89) was prepared according 

to general procedure by using 72 (1.0 g, 

2.23 mmol), 1-ethynyl-1-cyclohexanol 

(1.07 ml, 4.46 mmol), H2O:tert-BuOH 

(1:4, 20 mL), CuSO4.5H2O (0.10 g, 0.42 mmol) and (+) sodium ascorbate (0.5 g, 2.5 

mmol). Rf 0.57 (C). Brown ppt .Yield 81 %. m.p. 146-147 °C. 
1
H NMR (300 MHz, 

acetone-d6): δ 2.19-2.98 (m, 20H, cyclohexyl-CH2), 5.2 (s, 2H, OH) 7.86-7.97 (m, 

8H, Ar-Hs), 8.3 (s, 2H, H-5). 
13

C NMR (75 MHz, acetone-d6): δ 22-38 (cyclohexyl-

CH2), 64 (C-OH), 121.5 (C-5), 119-144.7 (Ar-C), 157.5 (C-4). EIMS (m/z, %); 484 

[M
+.

, negligible], 372 [M
+. 

–56,100].  

3.6.8.3: bis(4-(4-(1-Hyroxycyclohexyl)-1-H-1,2,3-triazol-1-yl)phenyl)ether (90) 

Compound (90) was prepared 

according to general procedure by 

using 75 (0.5 g, 1.19 mmol), 1-

ethynyl-1-cyclohexanol (0.30 ml, 

2.28 mmol), H2O:tert-BuOH (1:4, 20 mL), CuSO4.5H2O (0.05 g, 0.19 mmol) and (+) 

sodium ascorbate (0.23 g, 1.19 mmol). Rf 0.66 (C). Yellow ppt. Yield 83 %. m.p. 165-

168 °C. 
1
H NMR (300 MHz, DMSO-d6): δ 1.17-1.98 (m, 20H, cyclohexyl-CH2), 5.1 

(bs, 2H, OH), 7.86-8.75 (m, 8H, Ar-Hs), 8.9 (s, 2H, H-5). 
13

C NMR (75 MHz, 

DMSO-d6): δ 38 (cyclohexyl-CH2), 68 (C-OH), 119 (C-5), 120-149 (Ar-Cs), 157.8 

(C-4). EIMS (m/z, %); 500 [M
+.

, negligible], 444 [M
+. 

-56, 100].  

 

3.6.9: Synthesis of  azidochalcones (91-94) 

 General Procedure 

 Procedure followed for synthesis of triazole of set one was adopted.
354-356
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3.6.9.1: (E)-1-(4-Azidophenyl)-3-(2-chlorophenyl)prop-2-en-1-one (91) 

Compound (91) was prepared according to the general 

procedure by using 4-amino-4-chlorochalcone (0.72 g, 3 

mmol), glacial acetic acid (20 mL), 96 % sulphuric acid (2 

mL), solution of sodium nitrite (0.27 g, 4 mmol) in water (2 mL) and a solution of 

sodium azide (0.27 g, 4.30 mmol) in water (2 mL). Yellow ppt. Rf 0.34 (A), m.p. 195-

197 °C. Yield 78 %. 
1
H NMR (300 MHz, DMSO-d6): δ 7.4-7.6 (m, Ar-Hs), 7.66 (d, 

J=7.9 Hz, 1H, Hα), 7.91 (d, J=7.8 Hz, 1H, Hβ). 
13

C NMR (75 MHz, DMSO-d6): δ 124 

(Cα), 125-129 (Ar-C’s), 134 (Cβ), 153 (C-N3), 168 (C=O). IR (KBr, υ, cm
-1

); 3089 

(=CH Ar), 2126 (N3), 1511 (C=C Ar). EIMS (m/z, %); 283 [M
+.

, negligible], 255 [M
+. 

–28, 100].  

3.6.9.2:  (E)-1-(4-Azidophenyl)-3-(4-chlorophenyl)prop-2-en-1-one (92) 

Compound (92) was prepared according to the 

general procedure by using 4-amino-4-

chlorochalcone (0.72 g, 3 mmol), glacial acetic acid 

(20 mL), 96 % sulphuric acid (2 mL), solution of 

sodium nitrite (0.27 g, 4 mmol) in water (2 mL) and solution of sodium azide (0.27 g, 

4.30 mmol) in water (2 mL). White ppt. Rf 0.4 (A). m.p. 190-192 °C. Yield 76 %. 
1
H 

NMR (300 MHz, DMSO-d6): δ 7.4-7.5 (m, 8H, Ar-Hs), 7.55 (d, J=7.7 Hz, 1H, Hα), 

7.91 (d, J=7.8 Hz, 1H, Hβ). 
13

C NMR (75 MHz, DMSO-d6): δ 124-155 (Ar-C’s), 

122.9 (Cβ),  143.1(Cβ),   166 (C=O). IR (KBr, υ, cm
-1

): 3088 (=CH Ar), 2122 (N3), 

1512 (C=C Ar). EIMS (m/z, %); 283 [M
+.

, negligible], 255 [M
+. 

–28, 100].  

3.6.9.3: (E)-1-(4-Azidophenyl)-3-(4-chlorophenyl)prop-2-en-1-one (93) 

Compound (93) was prepared according to the 

general procedure by using 4-amino-4’-

methoxychalcone (0.71 g, 3 mmol), glacial acetic 

acid (20 mL), 96 % sulphuric acid (2 mL), solution 

of sodium nitrite (0.27 g, 4.0 mmol) in water (2 mL) and solution of sodium azide 

(0.27 g, 4.30 mmol) in water (2 mL). Yellow ppt. Rf 0.32 (A). m.p. 116 °C. Yield 68 

%. 
1
H NMR (300 MHz, DMSO-d6): δ 3.95 (s, 3H, CH3), 7.2-7.4 (m, 8H, Ar-Hs), 7.58 

(d, J=7.9 Hz, 1H, Hα), 7.91 (d, J=7.8 Hz, 1H, Hβ). 
13

C NMR (75 MHz, DMSO-d6): δ 

65 (OCH3), 124-129 (Ar-Cs), 133 (Cα), 134.7 (Cβ), 153 (ipso, C-N3), 167 (C=O). IR 
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(KBr, υ, cm
-1

): 3085 (=CH Ar), 2125 (N3), 1511 (C=C Ar). EIMS (m/z, %); 279 [M
+.

, 

negligible], 251 [M
+. 

–28, 100].  

3.6.9.4: (E)-1-(4-Azidophenyl)-3-(4-(tert-butoxyphenyl)prop-2-en-1-one (94) 

Compound (94) was prepared according to the 

general procedure by using 4-amino-4’- 

methoxychalcone (0.84 g, 3 mmol), glacial 

acetic acid (20 mL), 96 % sulphuric acid (2 mL), solution of sodium nitrite (0.27 g, 4 

mmol) in water (2 mL) and solution of sodium azide (0.27 g, 4.30 mmol) in water (2 

mL). Yellow ppt. Rf 0.34 (A). m.p. 185-186 °C. Yield 69 %. 
1
H NMR (300 MHz, 

DMSO-d6): δ 1.60 (s, 9H, (CH3)3),
 
7.2-7.4 (m, 8H, Ar-Hs), 7.56 (d, J=7.8 Hz, 1H, 

Hα), 7.90 (d, J=7.8 Hz, 1H, Hβ). 
13

C NMR (75 MHz, DMSO-d6):  δ 28 (O-(CH3))3, 63 

(OC-(CH3)3), 124-129 (Ar-Cs), 133 (Cα) 134.7 (Cβ),  153 (C-N3), 168 (C=O). IR 

(KBr, υ, cm
-1

); 3089 (=CH Ar), 2124 (N3), 1510 (C=C Ar).EIMS (m/z, %); 321 [M
+.

, 

negligible], 293 [M
+. 

–28, 100].  

 

3.6.10:  Synthesis of chalcones derived triazoles of Set 7 (95-99) 

 The procedure followed for synthesis of triazole of set one was adopted.
356

 

3.6.10.1: (E)-3-(2-Chlorophenyl)-1-(4-(4-phenyl-1H-1,2,3-triazol-1-yl)phenyl) 

                 prop-2-en-1-on (95) 

Compound (95) was prepared according to 

general procedure by using previously 

synthesized azide 91 (0.19 g, 1.0 mmol), 

phenyl acetylene (0.28 g, 1.0 mmol), 

H2O:BuOH (1:4, 4 mL), CuSO4.5H2O (0.01 g, 

0.05 mmol) and (+) sodium ascorbate (0.06 g, 0.3 mmol). Yellow ppt. Rf 0.45 (C). 

m.p. 155-158 °C. Yield 70 %. 
1
H NMR (300 MHz, DMSO-d6): δ 7.4-7.8 (m, 14H, 

Ar-Hs), 7.51 (d, 1H, Hα), 8.25 (d, 1H, Hβ), 8.82 (s, 1H, H-5). 
13

C NMR (75 MHz, 

DMSO-d6): δ 120 (C-5), 120-140 (Ar-Cs), 157 (C-4), 188 (C=O). EIMS (m/z, %); 

387 [M
+.

, negligible], 385 [M
+.

, negligible], 357 [M
+. 

–28, 100].  
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3.6.10.2: (E)-3-(4-Methoxyphenyl)-1-(4-(4-phenyl-1H-1,2,3-triazol-1-yl)phenyl)  

    prop-2-en-1-on (96) 

Compound (96) was prepared 

according to general procedure by 

using previously synthesized azide 93 

(0.27 g, 1.0 mmol). Phenyl acetylene  

(0.12 g, 1.0 mmol), H2O:BuOH (1:4, 4 mL), CuSO4.5H2O (0.01 g, 0.05 mmol) and 

(+) sodium ascorbate (0.06 g, 0.3 mmol). Yellow ppt. Rf 0.45 (solvent system C). m.p. 

167-168 °C. Yield 54 %. 
1
H NMR (300 MHz, DMSO-d6): δ  2.55 (s, 3H, OCH3), 7.51 

(d, 1H, Hα), 7.4-7.8 (m, 13H, Ar-Hs), 8.25 (d, 1H, Hβ), 9.47 (s, 1H, H-5). 
13

C NMR 

(75 MHz, DMSO-d6): δ 59 (O-CH3), 120 (C-5), 120-140 (Ar-Cs), 157 (C-4),  188 

(C=O). EIMS (m/z, %); 381 [M
+.

, negligible], 353 [M
+. 

–28, 100].  

3.6.10.3: (E)-3-(2-Chlorophenyl)-1-(4-(4-(1-hydroxycyclohexyl)-1H-1,2,3-triazol-

1-yl)phenyl)prop-2-en-1-on (97)  

Compound (97) was prepared according to 

general procedure by using previously 

synthesized azide 91 (0.28 g, 1.0 mmol), phenyl 

acetylene (0.12 g, 1.0 mmol), H2O:BuOH (1:4, 4 

mL), CuSO4.5H2O (0.01 g, 0.05 mmol) and (+) 

sodium ascorbate (0.06 g, 0.3 mmol). Yellow ppt. Rf 0.45 (C). m.p. 210-212 °C. Yield 

70 %. 
1
H NMR (300 MHz, DMSO-d6): δ 1.17-2.08 (m, 10H, cyclohexyl-CH2), 5.05 

(s, 1H, OH), 7.51 (d, 1H, Hα), 7.4-7.8 (m, 8H, Ar-Hs), 8.25 (d, 1H, Hβ), 8.82 (s, 1H, 

H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 22-38 (cyclohexyl-CH2), 68 (C-OH), 120 (C-

5), 120-140 (Ar-Cs), 157 (C-4), 188 (C=O). EIMS (m/z, %); 409 [M
+.

, negligible], 

407 [M
+.

, negligible], 379 [M
+. 

–28, 100].  

3.6.10.4: (E)-3-(4-Methoxyphenyl)-1-(4-(4-(1-hydroxycyclohexyl)-1H-1,2,3- 

                 triazole -1-yl)phenyl)prop-2-en-1-on (98) 

Compound (98) was prepared according 

to general procedure by using previously 

synthesized azide 92 (0.19 g, 1.0 mmol), 

1-ethynyl-1-cyclohexanol (0.12 g, 1.0 

mmol), H2O:BuOH (1:4, 4 mL),  
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CuSO4.5H2O (0.01 g, 0.05 mmol) and (+) sodium ascorbate (0.06 g, 0.3 mmol). 

Yellow ppt. Rf 0.45 (C). m.p. 155-158 °C. Yield 70 %. 
1
H NMR (300 MHz, DMSO-

d6): δ 1.19-2.12 (m, 10H, cyclohexyl-CH2), 2.8 (s, 3H, OCH3), 5.05 (s, 1H, OH), 7.51 

(d, 1H, Hα), 7.4-7.8 (m, 8H, Ar-Hs), 8.25 (d, 1H, Hβ), 8.82 (s, 1H, H-5). 
13

C NMR (75 

MHz, DMSO-d6): δ 22-38 (cyclohexyl-CH2), 68 (C-OH), 120 (C-5), 120-140 (Ar-Cs), 

156 (C-4), 188 (C=O). EIMS (m/z, %); 403 [M
+.

, negligible], 375 [M
+. 

–28, 100].  

3.6.10.5: (E)-3-(4-Methoxyphenyl)-1-(4-(4-(1-hydroxycyclohexyl)-1H-1,2,3- 

                 triazol-1-yl)phenyl)prop-2-en-1-on (99) 

 Compound (99) was prepared 

according to general procedure by 

using previously synthesized azide  

(0.283 g, 1.0 mmol) 1-ethynyl-1-

cyclohexanol (0.32 g, 1.0 mmol), 

H2O:BuOH (1:4, 4 mL), CuSO4.5H2O (0.01 g, 0.05 mmol) and (+) sodium ascorbate 

(0.06 g, 0.3 mmol). Yellow ppt. Rf 0.45 (C). m.p. 185-186 °C. Yield 70 %. 
1
H NMR 

(300 MHz, DMSO-d6): δ 1.23 (9H, (CH3)3), 1.37-2.28 (m, 10H, cyclohexyl-CH2), 

5.10 (s, 1H, OH),  7.5-7.8 (m, 8H, Ar-Hs), 7.83 (d, 1H, Hα), (8.26 (d, 1H, Hβ), 9.14 (s, 

1H, H-5). 
13

C NMR (75 MHz, DMSO-d6): δ 29-38 (cyclohexyl-CH2), 37 (CH3)3, 68 

(C-OH), 120 (C-5), 120-140 (Ar-Cs), 157 (C-4), 188 (C=O). EIMS (m/z, %); 445 

[M
+.

, negligible], 417 [M
+. 

–28, 100].  

 

3.7: Synthesis of peptides  

Peptides and iso-peptides were synthesized by making using of solution phase 

Bt-chemistry. 

3.7.1: Synthesis of N-Cbz-(aminoacyl)-Bts (99-101) 
369 

Thionyl chloride (0.6 mL, 8.00 mmol, 1.2 equiv) was added to a solution of 

benzotriazole (3.17 g, 26.67 mmol, 4 equiv) in DCM to give a clear yellow solution 

that was stirred for 15 minutes at room temperature. The amino acid (6.67 mmol, 1 

equiv) was then added to give a suspension which was stirred for 2.5 h at room 

temperature. The suspension was filtered, the filtrate was evaporated, the residue was 

dissolved in EtOAc and the solution was washed with a 10% solution of sodium 
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carbonate. The organic portion was dried over anhyd MgSO4, filtered and dried to 

give the corresponding N-Cbz-(aminoacyl)Bt. 

3.7.1.1: (S)-Benzyl (1-(1H-benzo[d][1,2,3]triazol-1-yl)-1-oxo-3-phenylpropan-2- 

                 yl)carbamate (99)
366

 

 Compound (99) was prepared according to 

general procedure by using thionyl chloride 

(3.01 mL, 20.4 mmol), 1H-benzotriazole (5.9 g, 

50 mmol), (L)-N-Cbz-Phe-OH (5 g, 16.7 mmol), 

dry DCM (20 mL). White solid. Rf 0.15 (A). 

Yield 98 %. m.p. 151 
o
C. 

1
H NMR (300 MHz, DMSO-d6): δ 2.99 (dd, J=6.5 Hz, 

J=3.1 Hz, 1H, CH2), 3.50 (dd, J=6.3 Hz, J=3.0 Hz, 1H, CH2), 4.55 (t, J=6.8 Hz, 1H, 

CH-CO), 4.89 (s, 2H, CH2-O), 5.30 (s, 1H, NH), 7.30-7.26 (m, 10H, Ar-Hs), 7.68 (t, 

J=6.0 Hz, 2H, benzotriazole), 8.16 (t, J=9.0 Hz, 2H, benzotriazole). 
13

C NMR (75 

MHz, DMSO-d6): δ 37.4 (CH2), 65.1 (CH2-O), 122.1-145 Ar-Cs), 155.8 (C=O), 171.8 

(C=O),  

3.7.1.2: Benzyl (2-(1H-benzo[d][1,2,3]triazol-1-yl)-1-oxoethyl)carbamate (100)
369

 

Compound (100)  was prepared according to 

general procedure by using thionyl chloride 

(0.35 mL, 0.47 mmol), 1H-benzotriazole (2.23 g, 

0.18 mmol) in dry DCM (15 mL), (L)-N-Cbz-

Gly-OH (1.0 g, 0.47 mmol) dissolved in dry DCM (5 mL). White solid. Rf 0.28 (A).  

Yield 96 %. m.p. 113 
o
C.  

1
H NMR (300 MHz, CDCl3): δ 4.86 (s, 2H, CH2), 4.90 (s, 

2H, CH2-O), 5.60 (s, 1H, NH), 7.17-7.13 (m, 5H, Ar-Hs), 7.40 (t, J=7.5 Hz, 2H, 

benzotriazole), 7.92 (t, J=8.4 Hz, 2H, benzotriazole). 
13

C NMR (75 MHz, CDCl3): δ 

37 (CH2), 67.2 (CH2-O), 114-145.9 (Ar-Cs), 155.8 (C=O), 172.3 (C=O). 

3.7.1.3: (S)-Benzyl (1-(1H-benzo[d][1,2,3]triazol-1-yl)-1-oxopropan-2-yl) 

carbamate (101)
 366

   

Compound (101)  was prepared according to 

general procedure by using thionyl chloride (0.52 

mL, 4.0 mmol) 1H-benzotriazole (2.13 g, 17 

mmol) in dry DCM (15 mL), (L)-N-Cbz-Ala-OH (5.1 g, 4.0 mmol) in dry DCM (5 

mL). White solid. Rf 0.25 (A).  Yield 95 %. m.p. 109-110 
o
C. 

1
H NMR (300 MHz, 
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CDCl3): δ 1.64 (d, J=6.9 Hz, 3H, CH3),
 
5.10 (q, J=7.2 Hz, 1H, CH-CO), 5.6 (s, 1H, 

NH), 5.78 (s, J=5.7 Hz, 2H, CH2-O), 7.40-7.55 (m, 5H, Ar-Cs), 7.82 (t, J=7.5 Hz, 2H, 

benzotriazole), 8.18 (t, J=8.4 Hz, 2H, benzotriazole) 
13

C NMR (75 MHz, CDCl3): δ 

18.8 (CH3),  50.6 (CH), 67.2 (CH2-O), 114.3-145 (Ar-Cs), 172.3 (C=O), 155.8 (C=O). 

3.7.2: N-Boc-(aminoacyl)-Bt (102-103)
243

 

Boc-protected amino acid (0.03 mol) was added to a solution of DCC (1 

equiv) in methylene chloride under an atmosphere of nitrogen. After 30 minutes, 

benzotriazole (1 equiv) was added and this was stirred for 12 h. The suspension was 

filtered on a bed of silica and celite, the filtrate was evaporated and the residue was 

dissolved in 30 mL of ethyl acetate. Washed with 10%  solution  of sodium carbonate 

(30mLx5) followed by washing with water and brine (5%, 30mL). The organic 

portion was dried over anhyd. MgSO4, filtered on a bed of silica and evaporated to 

give the corresponding N-(Boc-aminoacyl)-Bt 102 and 103. 
1
H NMR and m.p. of 102, 

103 agreed to the literature values. 

3.7.2.1: tert-Butyl (2-(1H-benzo[d][1,2,3]triazol-1-yl)-2-oxoethyl)carbamate 

(102)
243 

 

Compound (102) was prepared according to general 

procedure by using DCC (5.36 g, 0.03 mol), DCM (30 

mL), 1H-benzotriazole (3.09 g, 0.01 mol), N-Boc-Gly-

OH (3.01 g, 0.01 mol). White solid. Rf 0.27 (A). Yield 

94 %. m.p. 140 
o
C.  

1
H NMR (300 MHz, CDCl3): δ 1.50 (s, 9H, C(CH3)3), 5.32 (s, 

2H, CH2), 5.56 (s, 1H, NH), 7.53 (t, J=7.8 Hz, 1H, benzotrizole), 7.68 (t, J=7.2 Hz, 

2H, benzotrizole). 
13

C NMR (75 MHz, CDCl3): δ 80.3 (C-CH3)3), 113.9-126.3(Ar-

Cs), 156.2 (C=O), 168.9 (C=O). 

3.7.2.1: (S)tert-Butyl(2-(1H-benzo[d][1,2,3]triazol-1-yl)-2-oxopropane) carbamate 

(103)
 243

 

Compound (103) was prepared according to general 

procedure by using DCC (5.36 g, 0.03 mol), DCM (30 

mL), 1H-benzotriazole (3.09 g, 0.01 mol), Boc-Ala-OH 

(3.7 g, 0.01 mol).  White solid. Rf 0.26 (A). Yield 94 %. m.p. 142-143 
o
C. 

1
H NMR 

(300 MHz, CDCl3): δ 1.04 (s, 9H, C(CH3)3), 1.41 (d, J=6.8 Hz, 3H, CH3), 5.10 (q, 

J=7.2 Hz, 1H, CH-CH3), 5.50 (s, 1H, NH), 7.45 (t, J=7.8 Hz, 2H, benzotriazole), 7.60 
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(t, J=7.2 Hz, 2H, benzotriazole). 
13

C NMR (75 MHz, CDCl3): δ 18.8 (CH3)3), 27.2 

(CH3), 45.4 (C-CH3)3), 80.9 (CH), 113.9-146.5 (Ar-Cs), 156.2 (C=O), 168.9 (C=O).  

3.7.3: Synthesis of chiral dipeptides (104-106)  

 General procedure
230

 

 L-amino acid (0.18 mmol, 1.5 equiv) was taken in H2O (4 mL) and stirred, 

Et3N (0.31 mmol) was added and stirred until the reagent was dissolved. An 

appropriate N-Pg-(aminoacyl)-Bt (0.49 mmol, 1 equiv) dissolved in ACN (5 mL) was 

added to the clear solution and the mixture was stirred for 2 h at room temperature. 

Complete reaction was judged by the disappearance of starting material. The solution 

was acidified with 6N HCl and evaporated. The residue was dissolved in ethyl acetate 

(20mL) and washed with 6N HCl (20 mLx3), dried over anhyd. MgSO4, filtered and 

evaporated to give respective dipeptide as white solid. 

3.7.3.1: (S)-2-(2-(((Benzyloxy)carbonyl)amino)-3-phenylpropanamido)acetic acid 

    (104)
230 

 

Compound (104) was prepared according to 

general procedure by using L-Gly-OH (140 

mg, 1.8 mmol), Et3N (0.31 mL, 3.1 mol), 99 

(500 mg, 1.25 mol), MeCN:H2O (8:2). White 

solid. White solid. Rf 0.14 (E). Yield 89 %. 

m.p. 164-165 
o
C. 

1
H NMR (300 MHz, DMSO-d6): δ 2.77-2.69 (m, 1H, CH), 3.04 (s, 

2H, NH-CH2), 4.25-4.33 (m, 1H, CH2Ph), 4.93-5.00 (m, 1H, CH2 Ph), 5.93 (s, 2H, 

CH2-O), 7.38-8.40 (m, 10H, Ar-Hs). 
13

C NMR (75 MHz, DMSO-d6): δ 37.8 (CH2), 

41.1 (CH2-NH), 56.4 (CH), 65.5 (CH2-O), 126.6-138.5 (Ar-Cs), 156.2 (C=O), 171.5 

(C=O), 172.3 (C=O). Anal.calcd for C19H20N2O5 (MW=356.41) C: 64.04; H, 5.66; N, 

7.86; Found C, 63.70; H, 5.24; N, 8.01. 

3.7.3.2: (S)-2-(2-(((Benzyloxy)carbonyl)amino)propanamido)acetic acid (105) 

Compound (105) was prepared according to 

general procedure by using L-Gly-OH (173 

mg, 2.31 mml) Et3N (0.44 mL, 3.85 mmol), 

101 (500 g, 1.54 mmol) MeCN:H2O (8:2).  White solid. Rf 0.18 (E). Yield 89 %. m.p. 

165-166 
o
C. 

1
H NMR (300 MHz, DMSO-d6): δ 1.19-1.17 (d, J=6.0 Hz, 3H, CH3), 

4.12 (s, 1H, NH-CH2), 4.39 (q, J=7.0 Hz, 1H, CH-CH3), 5.01 (s, 2H, CH2-O), 5.10 (s, 
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1H, NH), 7.42-7.44 (m, 5H, Ar-Hs), 8.06 (s, 1H, OH). 
13

C NMR (75 MHz, DMSO-

d6): δ 17.7 (CH3), 38.0 (CH2), 40.9 (CH2-NH), 56.4 (CH), 65.7 (CH2-O), 126.8-138.7 

(Ar-Cs), 156.4 (C=O), 172.0 (C=O), 174.6 (C=O). Anal.calcd for C13H16N2O5 

(MW=280.21) C: 55.71; H, 5.75; N, 9.99; Found C, 55.82; H, 5.65; N, 9.84. 

 3.7.3.3: (S)-2-((S)-2-(((Benzyloxy)carbonyl)amino)propanamido)-3-phenyl  

      propanoic acid (106) 

Compound (106) was prepared according to 

general procedure by using L-Phe-OH (381 mg, 

0.22 mmol), Et3N (0.44 mL), 101 (500 mg, 0.15 

mmol), MeCN:H2O (8:2). White solid. Rf 0.14 

(E).  Yield 88 %. m.p. 142-144 
o
C. 

1
H NMR (300 

MHz, DMSO-d6): δ 0.97 (d, J=6.0 Hz, 3H, CH3), 2.79-2.90 (m, 1H, CH2Ph), 3.80-

3.94 (m, 1H, CH2 Ph), 4.24 (t, J=6.5Hz, 1H, CHCOOH), 4.59 (q, J=7.5 Hz, 1H, CH-

CH3), 4.80 (s, 2H, CH2-O), 6.83-7.22 (m, 10H, Ar-Hs), 7.57 (s, 1H, NH), 7.87 (s, 1H, 

NH). 
13

C NMR (75 MHz DMSO-d6): δ 18.5 (CH3), 36.5 (CH2), 50.2 (CH), 53.6 (CH-

COOH), 65.6 (CH2-O), 126.7-137.8 (Ar-Cs), 155.8 (C=O), 172.7 (C=O), 173.0 

(C=O). Anal.calcd for C20H22N2O5 (MW=370.32) C: 64.85; H, 5.99; N, 7.56; Found 

C, 64.82; H, 5.78; N, 7.32. 

 

3.7.4: Synthesis of Serine and Threonine containing chiral dipeptides (107-114) 

General procedure
230

 

A solution of L-Ser-OH or L-Thr-OH (0.37 mmol) was taken in H2O (4 mL), 

Et3N (0.07 mL, 0.62 mmol) was added and stirred until reagent dissolved.  The 

appropriate N-(Pg-aminoacyl)-Bt (0.49 mmol) dissolved in ACN (16 mL) was added 

to the clear solution and stirred for 2 h, complete reaction was judged by the 

disappearance of starting material. The solution was acidified with 6 N HCl and 

evaporated. The residue was dissolved in EtOAc and washed with 6 N HCl or 3 N 

solution of citric acid (250 mL). The organic portion was dried over anhyd. sodium 

sulfate, filtered and evaporated to give respective O-acyl iso-dipeptides. 
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3.7.4.1: (S)-2- ((S)-2-(((Benzyloxy)carbonyl)amino)-3-phenylpropanamido)-3- 

             hydroxypropanoic acid (107)  

Compound (107) was prepared according to 

general procedure by using L-Ser-OH (1.05 g, 10 

mmol), Et3N (0.07 mL, 0.62 mmol), 99 (2 g, 5 

mmol), MeCN:H2O (8:2). White solid. Rf 0.17 

(E). Yield 90 %. m.p. 120-121 
o
C. 

1
H NMR (300 

MHz, DMSO-d6): δ 2.32-3.37 (m, 1H, CHCH2Ph), 3.55-3.75 (m, 1H, CH2-Ph), 4.10 

(t, J=5.8 Hz, 1H, CHCOOH), 4.32-4.37 (m, 1H, CH2OH), 4.42 (s, 2H, CH2-O), 4.65-

4.96 (m, 1H, CH2OH), 5.10 (s, 2H, NH), 7.23-7.53 (m, 10H, Ar-Hs), 8.23 (s, 1H, 

OH), 8.30 (s, 1H, OH),  
13

C NMR (75 MHz, DMSO-d6): δ 38.7 (CH2), 55.6 (CH2-

OH), 67.1 (CH), 76.5 (CH-CH2OH), 114.2-134.9 (Ar-Cs), 145.9 (C=O),  156.7 

(C=O), 172.3 (C=O). Anal.calcd for C20H22N2O6 (MW=386.41) C: 62.17; H, 5.74; N, 

7.25; Found C, 62.47; H, 5.82; N, 7.21. 

3.7.4.2: (2S,3S)-2-((S)-2-(((Benzyloxy)carbonyl)amino)-3-phenylpropanamido)-3- 

   hydroxybutanoic acid (108) 

Compound (108) was prepared according to 

general procedure by using L-Thr-OH (44.6 

mg, 0.37 mmol), Et3N (0.07 mL, 0.62 mmol), 

99 (100 mg, 0.25 mmol), MeCN:H2O (10 mL, 

8:2). White solid. Rf 0.16 (E). Yield 89 %. 

m.p.146.0 
o
C. 

1
H NMR (300 MHz, DMSO-d6): δ 1.07 (d, J=12 Hz, 3H, CH3), 2.8-

3.09 (m, 1H, CH2Ph), 4.19-4.26 (m, 1H, CH2-Ph), 4.36 ( d, J=9.02 Hz, 1H CHOH), 

4.42 (d, J=9.0 Hz, 1H, CH-COOH), 4.8 (t, J=6.2 Hz, 1H, CHCH2Ph), 4.93 (s, 2H, 

CH2-O), 7.23-7.35 (m, 10H, Ar-Hs), 7.56 (s, 1H, CH-OH), 8.01 (s, 1H, CH-OH). 
13

C 

NMR (75 MHz, DMSO-d6): δ 20.7 (CH3), 37.6 (CH2), 56.3 (CH-OH), 66.5 (CHCH2), 

126.4-138.4 (Ar-Cs), 156.1 (C=O), 172.3 (C=O). Anal.calcd for C21H24N2O6 

(MW=400.44): C, 62.99; H, 6.04; N, 7.00; Found C, 63.30; H, 6.42; N, 6.95. 
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3.7.4.3: (S)-2-((S)-2-(((Benzyl)oxycarbonyl)amino)-propanamido)-3-hydroxy  

    propanoic acid (109)
230

 

Compound (109) was prepared according to 

general procedure by using 101 (310 mg, 1.0 

mmol), L-Serine-OH (110 mg, 1.0 mmol), Et3N 

(0.2 mL, 2 mmol). White crystals. Yield 80.0 %. m.p. 192.0-194.0 
o
C. 

1
H NMR (300 

MHz, CD3OD): δ 1.22 (d, J=7.2 Hz, 3H, CH3), 3.58-3.65 (m, 1H, CH2OH), 3.70-3.75 

(m, 1H, CH2OH), 4.15 (q, J=7.2 Hz, 1H, CHCH3), 4.26 (t, J=3.9 Hz, 1H, CH-

COOH), 5.02 (s, 2H, CH2-O), 7.36-7.46 (m, 5H, Ar-Hs), 7.98 (s, 1H, CH-OH), 8.00 

(s, 1H, CH-OH). 
13

C NMR (75 MHz, CD3OD): δ 18.3 (CH3), 49.9 (CH-CH3), 54.6 

(CH-NH), 61.4 (CH2-OH), 65.4 (CH2-O), 127.7-137.0 (Ar-Cs), 155.6 (C=O), 171.9 

(C=O), 172.6 (C=O). Anal.calcd for C20H22N2O6 (MW=310.31): C, 54.19; H, 5.85; N, 

9.03; Found: C, 54.49; H, 6.16; N, 8.82. 

3.7.4.4: (R)-2-((S)-2-(((Benzyloxy)carbonyl)amino)-3-phenyl-propanamido)-3- 

 hydroxypropanoic acid (110) 

Compound (110) was prepared according to 

general procedure by using D-Ser-OH (1.05 g, 

10 mmol), Et3N (0.072 mL, 0.625 mmol) 99 (2 

g, 5 mmol), MeCN:H2O (8:2). White solid. Rf 

0.16 (E). Yield 87 %.  m.p. 191-193 
o
C. 

1
H 

NMR (300 MHz, DMSO-d6): δ 2.77 (t, 1H, , J=12 Hz , CHCH2Ph), 3.01-3.14 (m, 1H, 

CH2Ph), 3.61-3.72 (m,  1H, CH2Ph), 4.01-4.23 (m, 1H, CH2OH), 4.40 (t, J=6.9 Hz, 

1H, CH-COOH), 4.91-5.0 (m, 1H, CH2OH), 5.30 (s, 2H, CH2-O), 7.23-7.31 (m, 10H, 

Ar-Hs), 7.55 (s, 1H, OH), 8.23 (s, 1H, OH). 
13

C NMR (75 MHz, DMSO-d6): δ 37.2 

(CH2), 54.6, 56.0 (CH-COOH), 61.5 (CH2OH), 65.2 (CH2-O), 126.2-138.1 (Ar-Cs), 

155.8 (C=O), 171.6 (C=O), 171.9 (C=O). Anal.calcd for C20H22N2O6 (MW=386.41): 

C, 62.17; H, 5.74; N, 7.25; Found: C, 62.45; H, 5.80; N, 6.89. 

3.7.4.5: (R)-2-((S)-2-(((Benzyloxy)carbonyl)amino)propanamido)-3-hydroxy- 

  propanoic acid (111) 

 Compound (111) was prepared according to 

general procedure by using D-Ser-OH (243 mg, 
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2.1 mmol), Et3N (0.072 mL, 0.62 mmol), 101 (500 mg, 1.54 mmol) and MeCN:H2O 

(10 mL, 8:2). White solid. Rf 0.17 (E). Yield 88.6 %. m.p. 200-202 
o
C.  

1
H NMR (300 

MHz, DMSO-d6): δ 1.07 (d, J=6.9 Hz, 3H, CH3), 3.50 (m, 1H, CH2OH), 3.99-4.01 

(m, 1H, CH2OH), 4.13 (t, J=3.6 Hz, 1H, CH-COOH), 4.70 (q, J=6.6 Hz, 1H, 

CHCH3), 5.32 (s, 2H, CH2-O), 7.20-7.25 (m, 5H, Ar-Hs), 7.32 (s, 2H, NH), 7.86 (s, 

1H, OH), 7.97 (s, 1H, OH), 
13

C NMR (75 MHz, DMSO-d6): δ 18.3 (CH3), 49.9 

(CHCH3), 54.6 (CH-COOH), 61.4 (CH2OH), 65.4 (CH2-O), 127.1-137.0 (Ar-Cs), 

155.6 (C=O), 171.9 (C=O), 172.6 (C=O). Anal.calcd for C14H18N2O6 (MW=310.31): 

C, 54.19; H, 5.85; N, 9.03; Found: C, 53.92; H, 6.07; N, 9.42. 

3.7.4.6: (2S,3S)-2-((S)-2-(((Benzyl)oxycarbonyl)amino)-propanamido)-3-hydroxy- 

    butanoic acid (112) 

Compound (112) was prepared according to 

general procedure by using   L-Thr-OH (249 

mg, 2.1 mmol), Et3N (0.072 mL, 0.625 mmol), 

101 (500 mg, 1.54 mmol) and MeCN:H2O (10 mL, 8:2). White solid. Rf 0.18 (E). 

Yield 88 %. m.p. 203-204 
o
C. 

1
H NMR (300 MHz, DMSO-d6): δ 1.07 (d, J=6.9 Hz, 

3H, CH3CHOH), 1.76 (d, J=7.0 Hz, 3H, CHCH3),  3.59 (d, J=7.2 Hz, 1H, CHOH), 

4.04 (d, J=7.4 Hz, 1H, CHCOOH), 4.13 (q, J=3.6 Hz, 1H, CHCH3), 5.30 (s, 2H, CH2-

O), 7.40-7.86 (Ar-Hs). 
13

C NMR (75 MHz, DMSO-d6): δ 18.3 (CHCH3), 19.9 

(CH3CHOH), 54.6 (CHCH3), 61.4 (CHCOOH), 65.4 (CHOH), 66.5 (CH2-O), 127.1-

137.0 (Ar-Cs), 155.6 (C=O), 171.9 (C=O), 172.6 (C=O). Anal.calcd for C15H20N2O6 

(MW=324.31): C, 55.56; H, 6.24; N, 8.66; Found: C, 56.24; H, 6.56; N, 9.18. 

3.7.4.7: (S)-2-(((Benzyl)oxycarbonyl)amino)-acetoamido)-3-hydroxypropanoic 

acid (113) 

Compound (113) was prepared according to 

general procedure by using L-Ser-OH (243 mg, 

2.1 mmol), Et3N (0.072 mL, 0.62 mmol), 100 

(500 mg, 1.54 mmol) and MeCN:H2O (10 mL, 8:2). White solid. Rf 0.17 (E). Yield 87 

%. m.p. 208-210 
o
C.  

1
H NMR (300 MHz, DMSO-d6): δ 3.59 (s, 2H, NH-CH2), 4.04 

(t, J=9.8 Hz, 1H, CHCOOH), 3.99 (m, 1H, CH2OH),  4.13 (m, 1H, CH2OH), 5.29 (s, 

2H, CH2-O), 7.20-7.86 (Ar-Hs). 
13

C NMR (75 MHz, DMSO-d6): δ 49.8 (CH2NH),  

55.6 (CHCOOH), 62.3 (CH2OH), 65.7 (CH2-O), 127.7-136.5 (Ar-Cs), 155.9 (C=O), 
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172.2 (C=O), 172.8 (C=O). Anal.calcd for C13H16N2O6 (MW=296.31): C, 52.72; H, 

5.45; N, 9.47; Found: C, 53.18; H, 5.82; N, 9.51. 

3.7.4.8: (2S,3S)-2-(2-(((Benzyl)oxycarbonyl)amino)-acetamido)-3- 

             hydroxybutanoic acid (114) 

Compound (114) was prepared according to 

general procedure by using L-Thr-OH (243 mg, 2.1 

mmol), Et3N (0.072 mL, 0.62 mmol), 100 (500 mg, 

1.54 mmol) and MeCN:H2O (10 mL, 8:2). White 

solid. Rf 0.18 (E). Yield 86 %. m.p. 186-188 
o
C.  

1
H NMR (300 MHz, DMSO-d6): δ 

1.06 (d, J=6.9 Hz, 3H, CH3), 3.84 (s, 2H, CH2NH), 4. 01 (d, J=7.0 Hz, 3H, CHCH3), 

4.12 (d, J=6.9 Hz, 1H, CHCOOH), 4.31 (d, J=6.5 Hz, 1H, CHCOOH), 5.31 (s, 2H, 

CH2-O), 7.23-7.80 (Ar-Hs). 
13

C NMR (75 MHz, DMSO-d6): δ 17.8 (CH3), 51.0 

(CH2NH), 56.5(CHCOOH), 60.9 (CH2OH), 65.4 (CH2-O), 127.5-137.0 (Ar-Cs), 

156.0 (C=O), 171.9 (C=O), 172.6 (C=O). Anal. calcd for C14H18N2O6 (MW=310.31): 

C, 54.19; H, 5.85; N, 9.03; Found: C, 54.54; H, 5.72; N, 9.51 

 

3.7.4: Synthesis of iso-tripeptides (115-119) 

General procedure  

iso-Tripeptides were synthesized  by the reaction of serine and threonine 

containing dipeptides with N-Boc-(aminoacyl)-Bt by using following procedure. Iso-

dipeptides (2 mmol, 1eq) in acetone (10 mL) was added drop wise to a solution of   

N-Boc-Gly-Bt (2 mmol, 1eq) in 10 mL acetone and Et3N (4 mmol, 4 eq). The reaction 

was stirred at room temperature for 2-4 hours. Complete reaction was judged by the 

disappearance of starting material. Solvent was evaporated, the residue was dissolved 

in ethyl acetate, washed with 1N solution of HCl (250 mLx3), dried over anhyd. 

MgSO4 and evaporated. Dry diethyl ether (10 mL) was added and mixture was shaken 

thoroughly, left to stand for 4 hours, diethyl ether was decanted and solid was kept 

under vacuum for 12 hours and pure iso-tripeptide was obtained as white solid. In 

case of impurities, the crude product was purified through flash column 

chromatography using EtOAc : n-hexane as solvent mixture. 
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3.7.4.1: (S)-2-((S)-2-(((benzyloxy)carbonyl)amino)-3-phenylpropanamido)-3-(2-

((tert-butoxycarbonyl)amino)acetoxy)propanoic acid (115) 

Compound (115) was prepared according to 

general procedure by using N-Boc-Gly-Bt 

(102) (585 mg, 2 mmol) dipeptide 107 (773 

mg, 2 mmol) and Et3N (0.405 mL, 4 mmol), 

acetone   (30 mL). White solid. Rf 0.17 (E). 

Yield 80 %. m.p. 86 
o
C.  

1
H NMR (300 MHz, 

CD3OD): δ 1.32 (s, 9H, C(CH3)3), 3.54-3.55 

(m, 1H, CH2Ph), 3.68 (s, 2H, CH2NH), 4.16-

4.18 (m, 1H, CH2Ph), 4.53 (t, J=6.7 Hz, 1H, 

CHCOOH), 4.65-4.73 (m, 1H, CH2-OCO), 4.80-4.86 (m, 1H, CH2-OCO), 4.95 (t, 

J=6.9 Hz, 1H, CHCH2Ph), 5.0 (s, 2H, CH2-O), 7.26-7.67 (m, 10H, Ar-Hs). 
13

C NMR 

(75 MHz, CD3OD): δ 28.7 (CH3)3), 49.7 (C-(CH3)3), 56.6 (CH2-Ph), 67.4 (CH2NH), 

67.9 (CHCOOH), 80.5 (CH-NH), 80.6 (CH2O), 115.6-137.9 (Ar-Cs), 155.8 (C=O), 

156.0 (C=O), 170.5 (C=O), 173.3 (C=O). Anal. calcd for C27H33N3O9 (MW=543): C, 

59.66; H, 6.12; N, 7.73; Found: C, 59.58; H, 6.40; N, 8.30. 

3.7.4.2: (2S,3S)-2-((S)-2-(((Benzyloxy)carbonyl)amino)-3-phenylpropanamido)-3- 

             (2((tert-butoxycarbonyl)amino)acetoxy)butanoic acid (116)   

Compound (116) was prepared according to 

general procedure by using N-Boc-Gly-Bt 102 

(68 mg, 0.24 mmol), dipeptide (108) (100 mg, 

0.24 mmol), Et3N (0.071 mL, 0.6 mmol), acetone 

(10 mL). White solid. Rf 0.16 (E). Yield 87 % 

(111 mg, 0.21 mmol). m.p. 65-66 
o
C. 

1
H NMR 

(300 MHz, CD3OD): δ 1.12 (s, 9H, C(CH3)3), 

1.39 (d, d J=7.5 Hz,  3H, CHCH3), 3.54-3.60 (m, 

1H, CH2Ph), 3.62-3.74 (m, 1H, CH2Ph), 4.31 (d, 

J=6.9 Hz, 1H, CHCOOH), 4.56 (d, J=6.5 Hz, 1H, CHCOOH),  4.96 (s, 2H, CH2NH), 

5.0 (s, 2H, CH2O), 7.36-7.21 (m, 10H, Ar-Hs). 
13

C NMR (75 MHz, CD3OD): δ 18.6 

(CH3), 28.0 (CH3)3), 37.0 (CH2),  50.1 (CHCO), 54.9 (CHCOOH), 65.9 (CHCH3), 

120.7-137.0 (Ar-Cs), 145.8 (C=O), 156.1 (C=O), 171.5 (C=O), 173.8 (C=O). 
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Anal.calcd for C29H39N3O9 (MW=557.59): C. 59.66; H, 6.33; N, 7.54; Found: C, 60. 

41; H, 6.22; N, 7.42. 

3.7.4.3: (R)-2-((S)-2-(((Benzyloxy)carbonyl)amino)-3-phenylpropanamido)-3-(2- 

 ((tert-butoxycarbonyl)amino)acetoxy)propanoic acid (117)  

Compound (117) was prepared according to 

general procedure by using N-Boc-Gly-Bt 102 

(585 mg, 2 mmol) dipeptide 109 (773 mg, 2 

mmol), Et3N (0.405 mL, 4 mmol), acetone (30 

ml). White solid. Rf 0.17 (E). Yield 80 %. m.p. 

67-68 
o
C. 

1
H NMR (300 MHz, CD3OD): δ 

1.32 (s, 9H, C(CH3)3), 3.05-3.10 (m, 1H, 

CH2Ph), 3.16-3.23 (1H, CH2-Ph), 3.54-3.55 

(m, 1H, CH2-O), 4.16-4.18 (m, 1H, CH2-O), 4.22 (s, 2H, CHNH), 4.86 (m, 2H, 

CH2O) 7.29-7.67 (m, 10H, Ar-Hs). 
13

C NMR (75 MHz, CD3OD): δ 28.7 (CH3)3), 49.7 

(CHCH3), 56.6 (CHCOOH), 67.4 (CHCH2O), 67.9 (CH2O), 80.5 (C(CH3)3, 127.0-

137.8 (Ar-Cs), 155.1 (C=O), 158.2 (C=O), 173.5 (C=O), 175.0 (C=O). Anal.calcd for 

C29H38N3O9 (MW=543.58): C, 59.66; H, 6.33; N, 7.54; Found: C, 60. 41; H, 6.22; N, 

7.42. 

3.7.4.4: (S)-2-((S)-2-(((Benzyl)oxycarbonyl)amino)propanamido)-3-(((S)-2-((tert- 

  butoxycarbonyl)amino)propanoyl)oxy)propanoic acid (118)  

Compound (118) was prepared according to 

general procedure by using N-Boc-Ala-Bt 103 

(0.29 g, 1.0 mmol), dipeptide 111 (0.32 g, 1.0 

mmol), Et3N (0.2 mL, 2 mmol.) in Acetone (15 

mL). White solid. Rf 0.17 (E). Yield 70.0% (340 

mg, 0.7 mmol). m.p. 92.4-94.0
o
C. 

1
H NMR (300 

MHz, CD3OD): δ 1.33 (s, 9H, C(CH3)3), 1.48 (d, 

J=7.6 Hz, 3H, CH3), 1.49  (d, J=7.7 Hz, 3H, CH3), 2.89 (dd, J=7.1 Hz, J=3.9 Hz, 1H, 

CH2O), 3.10 (dd, J=7.2 Hz, J=4.0 Hz, 1H, CH2O), 4.23 (q, J=3.9 Hz, 1H, CHCH3), 

4.33 (t, J=6.6 Hz, 1H, CHCOOH), 4.64 (q, J=4.1 Hz, 1H, CHCH3), 5.10 (s, 2H, 

CH2O), 7.33-7.25 (Ar-Hs). 
13

C NMR (75 MHz, CD3OD):  δ 17.8 (CH3), 18.4 

(CHCH3), 28.2 (CH3)3), 50.5 (CHCH3), 51.7 (CHCOOH), 63.5 (CHCH2O), 67.0 
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(CH2O), 80.3 (C(CH3)3), 128.1-136.0 (Ar-Cs), 155.6 (C=O), 156.1 (C=O), 171.3 

(COOH), 173.1 (C=O). Anal.calcd for C22H31N3O9 (MW=481.51):  C, 54.88; H, 6.49; 

N, 8.73; Found: C, 55. 16; H, 6.92; N, 9.22 

3.7.4.5: (S)-2-((S)-2-(((Benzyloxy)carbonyl)amino)propanamido)-3-(2-((tert-

butoxycarbonyl)amino)acetoxy)propanoic acid (119)   

Compound (119) was prepared according to 

general procedure by using dipeptide 111 (0.29 g, 

1.0 mmol), 102 (0.32 g, 1.0 mmol), Et3N (0.2 mL, 

2 mmol.) in acetone (15 mL). White solid. Rf 0.18 

(E). Yield 70.0 %. m.p. 90-91 
o
C. 

1
H NMR (300 

MHz, CD3OD): δ 1.32 (d, J=7.5 Hz, 3H, CH3), 

1.38 (s, 9H, C(CH3)3), 4.19-4.23 (m, 1H, CH2O), 

4.33-4.46 (m, 1H, CH2O),  4.62-4.64 (m, 1H, CHCH3),  4.84 (s, 2H, CH2NH), 5.14-

5.10 (m, 1H, CHCH2O) 5.40 (s, 2H, CH2O), 7.33-7.25 (Ar-Hs). 
13

C NMR (75 MHz, 

CD3OD):  δ 17.5 (CH3), 28.2 (CH3)3), 50.5 (CHCH3), 51.7 (CHCOOH), 63.5 

(CHCH2O), 67.0 (CH2O), 81.3 (C(CH3)3), 128.5-136.0 (Ar-Cs), 155.6 (C=O), 156.1 

(C=O), 171.3 (C=O), 173.1 (C=O). Anal.calcd for C21H29N3O9 (MW=467.32): C, 

53.96; H, 6.25; N, 8.99; Found: C, 54.16; H, 6.62; N 9.22. 

 

3.7.5 Selective (Cbz) deprotection of iso-tripeptides (120-122) 

General procedure  

Selective hydrogenlysis of Cbz protected O-acyl-iso-tripeptides was carried 

out according to general procedure by using following procedure: C/Pd (200 mg) was 

taken in Schlenk flask with a three way stopcock, the mixture was degassed, and 

stirred for 10 minutes to saturate the mixture with hydrogen atmosphere. To this 

mixture was added iso-tripeptide (400 mg, 0.71 mmol) dissolved in absolute EtOH 

(100 ml), the mixture was degassed (evacuated) and stirred under hydrogen 

atmosphere (5 Pascal pressure) for 32 h, filtered through a bed of silica and celite 

topped with sand and anhyd. sodium sulphate. The filtrate was evaporated under 

vacuum. Ether was added to the residue and left for 8 h. The diethyl ether was 

decanted and kept under vacuum for 2 h. Cbz deprotected iso-tripeptide was obtained 

as white solid.  
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3.7.5.1: (S)-2-((S)-2-Amino-3-phenylpropanamido)-3-(2-((tert-butoxycarbonyl)  

 amino)acetoxy)propanoic acid (120)  

 Compound (120) was prepared according to general 

procedure by using Cbz protected iso-tripeptide 115 (385mg, 

0.71 mmol) absolute EtOH (100 ml) and Pd/C (200 mg). 

White solid. Rf 0.17 (E). Yield 85 %. m.p.170 
o
C. 

1
H NMR 

(300 MHz, CD3OD): δ 1.38 (s, 9H, C(CH3)3), 2.98-3.02 (m, 

1H, CH2Ph), 3.25-3.29 (m, 1H, CH2Ph), 3.68-3.82 (m, 1H, 

CHCH2Ph), 4.21 (t, J=6.2 Hz, 1H CHCH2Ph), 4.30-4.45 (m, 

1H, CH2O), 4.50 (s, 2H, CH2NH), 4.59-4.67 (m, 1H, CH2O),  

4.95 (t, J=6.9 Hz, 1H, CHCH2O), 7.28-7.35 (m, 5H, Ar-Hs). 
13

C NMR (75 MHz, 

CD3OD): δ 28.2 (CH3)3), 38.0(CCH3)3), 43.2 (CH2CHNH2), 47.7 (CH2NH), 55.4 

(CHNH2), 61.0 (CH2O), 65.5 (CHCH2O), 128.2-130.1 (Ar-Cs), 171.1 (C=O), 172.1 

(C=O), 175.1 (C=O), 179.5 (C=O). Anal. cald. for C19H27N3O7 (MW=409.23): C, 

55.74; H, 6.65; N, 10.26; Found: C, 56.40; H, 6.66; N, 10.06. HRMS. cald. 409.4311. 

Found: 409.4521. 

3.7.5.2: (2S,3S)-2-((S)-2-Amino-3-phenylpropanamido)-3-(-2-((tert- 

        butoxycarbonyl)amino)acetoxy)butanoic acid (121)  

 Compound (121) was prepared according to general 

procedure by using (116) (400 mg, 0.71 mmol), absolute 

EtOH (100 ml), Pd/C (200 mg). White solid. Rf 0.18 (E). 

Yield 85 %. m.p. 203 
o
C, 

1
H NMR (300 MHz, CD3OD): δ 

1.34 (d, J=4.2 Hz, 3H, CH3), 1.37 (s, 9H, C(CH3)3), 3.34 (m, 

1H, CH2CHPh), 3.71 (m, 1H, CH2CHPh), 3.71 (s, 2H, 

CH2NH), 3.82 (t, J=6.0 Hz, 1H, CHCH2Ph), 4.65 (d, J=8.9 

Hz, 1H, CHCOOH), 4.91 (m, 1H, CH3CH). 7.39-7.35 (m, 

5H, Ar-Hs). 
13

C NMR (75 MHz, CD3OD):  δ 19.6 (CH3)3), 28.0 (CH3), 49.1 

(CH2NH), 55.1 (CHNH2), 60.2 (CH2O), 68.3 (CHCH2O), 127.9-135.2 (Ar-Cs), 171.3 

(C=O), 172.1 (C=O), 174.1 (C=O), 175.1 (C=O). Anal. Cald. for C20H29N3O7 

(MW=423.47): C, 56.73; H, 6.90; N, 9.92; Found: C, 57.26; H, 7.71; N, 10.21. 
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3.7.5.3: (R)-2-((S)-2-Amino-3-phenylpropanamido)-3-(2-((tert-butoxycabonyl) 

              amino)amino)acetoxy)propanoic acid (122)  

Compound (122) was prepared according to general 

procedure by using 117 (400 mg, 0.71 mmol) absolute EtOH 

(100 mL), Pd/C (200 mg), White solid. Rf 0.16 (E).  Yield 

87 %. 189.0-190.0 
o
C. 

1
H NMR (300 MHz, CD3OD): δ 1.38 

(s, 9H, C(CH3)3), 2.68-3.02 (m, 1H, CH2Ph), 3.68-3.72 (m, 

CH2Ph), 3.82 (t, J=7.7 Hz, 1H, CHNH2),  4.30-4.37 (m, 1H, 

CH2O), 4.54 (s, 2H, NH2), 4.60-4.67 (m, 1H, CH2O), 7.28-

7.12 (m, 5H, Ar-Hs). 
13

C NMR (75 MHz, CD3OD): δ 28.2 

(CH3)3), 47.7 (CH2NH), 55.4 (CHNH2), 128.2-130.1(Ar-Cs), 172.5 (C=O), 173.2 

(C=O), 174.4 (C=O), 176.5 (C=O), Anal. cald. for C19H27N3O7 (MW=409.36): C, 

55.74; H, 6.65; N, 10.06; Found: C, 56.40; H, 6.66; N, 10.36. HRMS. cald. 409.4421. 

Found: 409.4711. 

 

3.7.6: Synthesis of (8S,11S)-8-Benzyl-11-((2-((tert-butoxycarbonyl) amino) 

acetoxy)methyl)-3,6,9-trioxo-1-phenyl-2-oxa-4,7,10-triazadodecan-12-oic acid 

(123)  

iso-tetrapeptide 123 was prepared according to 

following procedure. Cbz-Gly-Bt (280 mg, 0.90 

mmol) in THF (5 mL) was added to a solution of 

deprotected O-acyl iso-tripeptide (368 mg, 0.90 

mmol) in MeOH:H2O (10 ml, 8:2) and Et3N (0.02 

mmol) and stirred at -10 to -15 
o
C for 4-6 h. 

Complete reaction was judged by the 

disappearance of starting material. Solvent was 

evaporated, residue was dissolved in EtOAC, 

washed with 1N solution of HCl (250mLx3) or 3N solution of citric acid (250 mL), 

dried over anhyd. Magnesium sulphate and evaporated under vacuum. Dry ether (10 

mL) was added, mixture was shaken thoroughly and left to stand for 4 h. Ether was 

decanted and solid was kept under vacuum for 12 h.  Iso-tetrapeptide 123 was isolated 

as a white solid. Rf 0.16 (E). Yield 89 %. m.p. 180 
o
C. 

1
H NMR (300 MHz, CD3OD): 
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δ 1.23 (s, 9H, C(CH3)3), 2.58-2.78 (m, 4H, CH2NH), 2.87-3.11 (m, 1H), 3.12 (dd, 

J=6.6 Hz, J=3.2 Hz, 1H, CH2Ph), 3.47-3.60 (m, J=6.9 1H, CH2-Ph), 3.82 (s, 2H, 

CH2NH), 4.18 (s, 2H, CH2CO), 4.30-4.38 (m, 1H, CH2O), 4.44-4.56 (m, 1H, 

CHCH2Ph), 4.65 (dd, J=7.1 Hz, J=2.6 Hz, 1H, CH2O), 4.88 (t, J=7.1 Hz, 1H, 

CHCOOH), 4.89 (s, 2H, CH2O), 7.03-7.20 (m, 10H, Ar-Hs). 
13

C NMR (75 MHz, 

CD3OD): δ 28.6 (CH3)3), 38.7 (CH2CHNH2), 43.0 (CH2NH), 53.0 (CHNH), 55.7 

(CHCOOH), 65.0 (CH2O), 68.0 (CHCH2O), 80.9 (C(CH3)3), 127.2-138.3 (Ar-Cs), 

171.8 (C=O), 172.1 (C=O), 173.4 (C=O), 177.0 (C=O). HRMS.cald. 600.4421, 

Found 600.2422. 

 

3.7.7 Selective (Cbz) deprotection of iso-tetrapeptide, (S)-2-((S)-2-(2-

Aminoacetamido)-3-phenylpropanamido)-3-(2-((tert-butoxycarbonyl)amino) 

acetoxy)propanoic acid (124)  

  

Selective hydrogenlysis of Cbz protected O-acyl-

iso-tetrapeptides was carried out by using following 

procedure: Pd/C (200mg) was taken in Schlenk 

flask with three way stopcock, mixture was 

degassed, and stirred for 10 minutes to saturate the 

mixture with hydrogen-atmosphere. To this mixture 

was added iso-tetrapeptide 123 (400 mg, 0.67 

mmol) dissolved in absolute EtOH (100 ml), the 

mixture was degassed (evacuated) and stirred under 

hydrogen atmosphere (5 Pascal pressure) for 32 hours, filtered through a bed of silica 

and celite topped with sand and anhyd. Na2SO4. The filtrate was evaporated under 

vacuum. Diethyl ether was added to the residue and left for 8 hours. The diethyl ether 

was decanted and  kept under vacuum for 2 h. Cbz deprotected iso-tetra- peptide was 

obtained as white solid. White solid. Rf 0.14 (E). Yield 85 %. m.p. 168-173 
o
C. 

1
H 

NMR (300 MHz, CD3OD): δ 1.20 (s, 9H, C(CH3)3), 2.40-2.78 (m, 2H, CH2NH), 2.95-

3.04 (m, 1H, CH2Ph), 3.40-3.70 (m, 2H, CH2NH2), 4.10-4.20 (m, 1H, CH2Ph), 4.26-

4.39 (m, 1H, CH2O), 4.40-4.55 (m, 1H, CH2O) 4.56-4.59 (m, 1H, CHCOOH) 6.88-

7.18 (m, 5H, Ar-Hs). 
13

C NMR (75 MHz, CD3OD): δ 28.9 (CH3)3), 38.8 (CH2NH2), 
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44.8 (CH2NH), 54.7 (CHNH), 56.6 (CHCOOH), 66.0 (CHCH2O), 80.9 (C(CH3)3), 

128.0-138.5 (Ar-Cs), 167.8 (C=O), 172.2 (C=O), 173.2 (C=O), 174.9 (C=O). 

HRMS.cald. 465.2046; Found: 465.1992.  

 

3.7.8  Synthesis of dipeptide-Bts (125-128) 

General procedure  

Dipeptide-Bt was prepared according to following procedure, thionyl chloride 

(0.117 mL, 1.4 mmol) was added to a solution of 1H-benzotriazole (670 mg, 5.6 

mmol) in dry DCM or THF (15 mL) at 20°C and the reaction mixture was stirred for 

30 mins. To the reaction mixture at -10°C, dipeptide (500 mg, 1.4 mmol) dissolved in 

dry DCM (5 mL) was added drop wise and stirred for 3-6 hours at -15 to -20°C °C. 

The white precipitates formed during the reaction were filtered off and the filtrate was 

concentrated under reduced pressure. The residue was diluted with EtOAc (100 mL) 

and the solution was washed with sat. Na2CO3 solution (150 mL) and sat. NaCl 

solution (50 mL), dried over anhyd. MgSO4. Filtered and evaporated under reduced 

pressure, dry diethyl ether was added and kept for 4 h, the liquid was decanted and 

residue was kept under vacuum for 4 hours to get respective dipeptide-Bt as white 

solid.  

 

3.7.8.1: (S)-Benzyl (1-((2-(1H-benzo[d][1,2,3]triazol-1-yl)-2-oxoethyl)amino)-1-

oxo-3-phenylpropan-2-yl)carbamate (125)  

Compound (125) was prepared according to 

general procedure by using thionyl chloride 

(0.117 mL, 1.4 mmol) 1H-benzotriazole 

(670 mg, 5.6 mmol) dry DCM (15 mL), 

dipeptide 104 (500 mg, 1.4 mmol) in dry  

DCM (5 mL). White solid. Rf 0.28 (D). Yield 85 %. m.p. 166-167 
o
C. 

1
H NMR (300 

MHz, DMSO-d6): δ 3.13 (dd, J=11.9 Hz, J=5.9 Hz, 1H, CH2-Ph), 3.42 (dd, J=12.2 

Hz, J=6.1 Hz, 1H, CH2Ph), 4.42 (s, 2H, CH2NH), 4.82 (t, J=9.0 Hz, 1H, CHCH2), 

5.01 (s, 2H, CH2O), 7.24-7.35 (m, 10H, Ar-Hs), 7.42 (t, J=7.2 Hz, 2H, benzotriazole), 

7.57 (t, J=7.5 Hz, 1H, benzotriazole), 8.87 (s, 1H, NH). 
13

C NMR (75 MHz, DMSO-

d6): δ 37.5 (CH2CH), 42.6 (CH2NH), 56.0 (CH2CH), 65.2 (CH2O), 113.7-138.1 (Ar-
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Cs), 155.2 (C=O), 168.5 (C=O), 172.7 (C=O). Anal.calcd. for C25H23N5O4 (MW= 

457.31): C, 65.53; H, 5.07; N, 15.31; Found: C, 66.20; H, 5.48; N, 14.80.  

3.7.8.2: Benzyl ((S)-1-(((S)-1-(1H-benzo[d][1,2,3]triazol-1-yl)-1-oxo-3-  

              phenylpropan-2-yl)amino)-1-oxopropan-2-yl)carbamate (126) 

Compound (126) was prepared according to 

general procedure by using thionyl chloride 

(0.110 mL, 1.35 mmol) 1H-benzotriazole 

(257 mg, 2.16 mmol), DCM (20mL), 106 

(500 mg, 1.35 mmol). White solid. Rf 0.27 

(D). Yield 85.5 %. m.p. 148.0-149.0 
o
C. 

1
H NMR (300 MHz, CDCl3): δ 1.23 (d, J=6.9 

Hz, 3H, CH3), 3.17-3.24 (m,  1H, CH2Ph), 4.1 (t, J=7.8 Hz, 1H, CHCH2), 4.89-5.00 

(m, 1H, CH2Ph),  4.95-5.00 (m, 2H, CHCH3), 5.10 (s, 2H, CH2O) 5.86-5.88 (m, 1H, 

CH CH3), 7.17-7.33 (m, 10H, Ar-Hs), 7.47 (t, J=7.3 Hz, 1H, benzotriazole), 7.60 (t, 

J=7.6 Hz, 1H, benzotriazole), 8.18 (s, 2H, NH), 8.25 (s, 1H, NH).
 13

C NMR (75 MHz, 

CDCl3): δ 18.6 (CH3), 37.0 (CHCH3), 50.1 (CH2Ph), 54.9 (CH2CH Ph), 65.9 (CH2O), 

114.4-137.0 (Ar-Cs), 156.1 (C=O), 171.5 (C=O), 173.8 (C=O). Anal.calcd for 

C26H25N5O4 (MW= 471.34): C, 66.23; H, 5.34; N, 14.85; Found: C, 66.76; H, 5.77; N, 

15.22. 

3.7.8.3: Benzyl ((S)-1-(((S)-1-(1H-benzo[d][1,2,3]triazol-1-yl)-3-hydroxy-1- 

 oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate (127) 

Compound (127) was prepared according 

to general procedure by using thionyl 

chloride (0.097 mL, 1.2 mmol) 1H-

benzotriazole (257 mg, 2.16 mmol), DCM 

(20 mL), iso-dipeptide 107 (500 mg, 1.2 

mmol). White solid. Rf 0.26 (D). Yield 85 %. m.p. 165.0-166.0 
o
C. 

1
H NMR (300 

MHz, DMSO-d6): δ 2.82 (t, J=9 Hz, 1H, CHCH2-Ph), 3.13-3.25 (m, 1H, CH2Ph), 

4.17-4.22 (m, 1H, CH2OH), 4.30-4.42 (m, 1H,  CHCH2OH), 4.95 (t, 1H, J=7.5 Hz, , 

CHCH2OH), 5.0 (s, 2H, CH2O), 7.24 -7.33 (m, 10H, Ar-Hs), 7.48 (t, J=7.2 Hz, 1H, 

benzotriazole), 7.65 (t, J=7.6 Hz, 1H, benzotriazole), 8.23 (s, 1H, NH), 8.30 (s, 1H, 

NH), 8.87 (s, 1H, OH).  
13

C NMR (75 MHz, DMSO-d6): δ 37.7 (CH2CHNH), 54.5 

(CH2CHNH), 62.5 (CH2OH), 67.6 (CH2O), 115.1-135.9 (Ar-Cs), 155.3 (C=O), 168.5 
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(C=O), 172.7 (C=O). Anal.calcd for C26H25N5O5 (MW= 487.24): C, 64.06; H, 5.17; 

N, 14.38; Found: C, 64.41; H, 5.48; N, 14.78. 

3.7.8.4: Benzyl ((S)-1-(((2S,3S)-1-(1H-benzo[d][1,2,3]triazoles-1-yl)-1-hydroxy-1- 

 oxobutan-2-yl)amino)-1-oxo-3-phenylpropane-2-yl)carbamate (128) 

Compound (128) was prepared according 

to general procedure by using thionyl 

chloride (0.052 mL, 0.64 mmol), 1H-

benzotriazole (257 mg, 0.64 mmol), 

CH2Cl2 (20 mL), iso-dipeptide 108 (500 

mg, 1.4 mmol). White solid. Rf 0.25 (D). Yield 86 %. m.p. 168-169 
o
C. 

1
H NMR (300 

MHz, CDCl3): δ 1.23 (d, J=6.9 Hz, 3H, CH3), 2.72-2.80 (m, 1H, CH2Ph), 3.12-3.23 

(m, 1H, CH2Ph), 3.24-3.17 (m, 1H, CHOH), 4.1 (d, J=7.5 Hz, 1H, CH3CHOH), 4.8 (t, 

J=7.8 Hz, 1H, CHCH2Ph), 5.16 (s, 2H, CH2O), 7.46-7.17 (m, 10H, Ar-Hs), 7.60 (t, 

J=7.4Hz, 1H, benzotriazole), 7.85 (t, J=7.8Hz, 1H, benzotriazole),  8.18 (s, 1H, NH), 

8.23 (s, 1H, NH), 8.30 (s, 1H, OH).
 13

C NMR (300 MHz, CDCl3): δ 18.0 (CH3), 36.5 

(CH2CHN), 54.9 (CH2CHNH), 66.5 (CHOH), 115.2-148.9 (Ar-Cs), 166.1 (C=O), 

175.5 (C=O). Anal.calcd for C27H27N5O5 (MW= 471.34): C, 66.66; H, 5.44; N, 13.44; 

Found: C, 66.26; H, 5.77; N, 13.72. 

 

3.7.9: Traceless native chemical ligation (Synthesis of ligated product 129-130)  

Aqueous conditions 

The N-terminus unprotected O-Pg-α-(aminoacyl) peptide (0.04 mmol) was 

suspended in degassed phosphate buffer (NaH2PO4/Na2HPO4) (1 M, pH = 6.2–8.2 for 

8 and 11 membered TS  acetonitril (0.4 mL) was added drop wise until the starting 

material was dissolved. The mixture was subjected to microwave irradiation (50°C, 

50W, 1 h). The reaction was cooled to room temperature, and acetonitril was removed 

under reduced pressure. The residue was acidified with 2 N HCl to pH=1 and the 

mixture was extracted with ethyl acetate (30 mL). The combined organic extracts 

were dried over MgSO4, and the solvent was removed under reduced pressure. Native 

peptide analogues analyzed through HPLC were submitted for HPLC/MS. 
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Non aqueous conditions 

Compound (20 mg, 0.04 mmol) was dissolved in piperidine 20 v/v % in DMF 

(1 mL) and stirred at 50 
o
C and 50 W for 1h in microwave. The mixture was then 

evaporated and purified by HPLC to give ligated product. The sample was analyzed 

via reverse phase gradient C18 HPLC/UV (254 nm/ESI-MSn).  

3.7.9.1: (9S,12S)-9-Benzyl-12-(hydroxymethyl)-2,2-dimethyl-4,7,10-trioxo-3- 

                oxa-5,8,11-triazatridecan-13-oic acid (129). 

Aqueous conditions 

Compound 120 (20 mg, 0.05 mmol) was dissolved in 

piperidine (5 mL) and stirred at 50 
o
C and 50 W for 1h in 

MW. The mixture was then evaporated and to give ligated 

product 129. The sample was analyzed via reverse phase 

gradient C18 HPLC/UV/(-)ESI-MSn to give a retention time 

of 23.07 min which indicated no reaction took place. Only 

one retention time corresponded to starting material 

Non aqueous conditions 

Deprotected iso-tripeptide 120 (20 mg, 0.05 mmol) was dissolved in 

piperidine 20 v/v % in DMF (1 mL) and stirred at 50 
o
C and 50 W for 1h in MW. The 

mixture was then evaporated and purified by HPLC to give ligated product 129 

(57%). The sample was analyzed via reverse phase gradient C18 HPLC/UV/(-)ESI-

MSn to give a retention time of 23.07 minutes HRMS m/z for C19H26N3O7 [M-H]
+
 

calcd. 408.1776. Found 408.1794. 

3.7.9.2: (12S,15S)-12-Benzyl-15-(hydroxymethyl)-2,2-dimethyl-4,7,10,13- 

               tetraoxo- 3-oxa-5,8,11,14-tetraazahexadecan-16-oic acid  (130) 

Aqueous conditions 

The N-terminus unprotected iso-tetra peptide 

124 (20 mg, 0.04 mmol) was suspended in 

degassed phosphate buffer 

(NaH2PO4/Na2HPO4) (6.5-8.5, 9.6 mL), and 

acetonitrile (0.4 mL) was added drop wise 

until the starting material was dissolved. The 

mixture was subjected to microwave irradiation (50 °C, 50 W, 1 h). The reaction was 
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cooled to room temperature, and acetonitrile was removed under reduced pressure. 

The residue was acidified with 2 N HCl to pH=1 and the mixture was extracted with 

EtOAc (30 mL). The combined organic extracts were dried over magnesium sulphate 

and the solvent was removed under reduced pressure. The formation of native peptide 

analogue 130 was confirmed subsequently by HPLC/(-) ESI-MS chromatograms. 

 

Non aqueous conditions 

Compound 124 (20 mg, 0.04 mmol) was dissolved in piperidine 20 v/v % in 

DMF (1 mL) and stirred at 50 
o
C and 50 W for 1h in MW. The mixture was then 

evaporated and purified by HPLC to give ligated product 130. The sample was 

analyzed via reverse phase gradient C18 HPLC/UV (254 nm/ESI-MSn to give a 

retention time of 21.67 minutes HRMS m/z for C21H29N4O8 [M-H]
+
 calcd. 465.2064. 

Found 465.1992. 

 

3.8 Bioevaluation 

       Synthesized heterocycles were screened to gauge their potential against different 

bio-assays. 

 

3.8.1 Antifungal assay 

 The synthesized compounds were tested against five fungal strains, Aspergillus 

niger ATCC (0198), Aspergillus fumigatus ATCC (66), Mucor species ATCC (0300),  

Aspergillus flavus ATCC (0064) and Fusarium solani ATCC (36031) using agar tube 

dilution method.
359 

Screw capped test tubes containing 6.5 % SDA pH 5.6 was 

autoclaved at 121 
o
C for 20 minutes. Tubes were allowed to cool down to 50 

o
C and 

to each test tube, containing non-solidified media, 67 uL of each test sample of initial 

concentration, 12 mg/mL was loaded. The media in each tube was allowed to solidify 

in slanting position at room temperature. Each test tube was inoculated with fungal 

spores taken from 7 days old fungal culture.  The media supplemented with DMSO 

and turbinafine were used as negative and positive controls respectively. The tubes 

were incubated for 7 days at 28 
o
C and linear growth of the fungus was measured in 

cm. Criteria for activity was based on percent growth inhibition; more than 70 % 

growth inhibition was considered as significant, 60-70 % inhibition activity as good, 

50-60 % inhibition activity as moderate and below 50 % as non-significant activity. 
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Percentage inhibition was calculated by comparing the linear growth with the control 

and by applying the formula: 

% inhibition = [100 –{(growth (mm) in sample/growth (mm) in control) x 100}] 

3.8.2 Antibacterial assay 

 The compounds were tested against five bacterial strains, two gram positive 

(M. luteus, ATCC (T18), and S. aureus ATCC (C55) and three gram negative (E. coli, 

ATCC (O157). BSOP ATCC (D22), B. bronchiseptica, ATCC (833) CER, E. 

aerogenes, ATCC (13048)). The agar well diffusion method
359

 was used for the 

determination of zone of inhibition using DMSO (1 mg/mL) as negative control and 

Roxithromycin (1 mg ⁄mL) and Cefixime (1 mg ⁄mL) as positive controls. Duplicate 

plates of the bacterial strains were incubated at 37 
o
C for 24 hours. The activity of 

compounds was measured by measuring the diameter of clear zone with the help of a 

vernier caliper. Growth inhibition of bacteria by compounds was then compared with 

the standard drug. 

 

3.8.3 In vitro α-glucosidase inhibition assay 

The enzyme inhibition assay is based on the breakdown of the substrate to 

produce a colored product, followed by measuring the absorbance over a period of 

time. α-Glucosidase (Sigma, type III, from yeast) was dissolved in buffer A (0.1 

mol/L potassium phosphate, 3.2 mmol/L-MgCl2, pH 6.8) (0.1 units/mL), p-

nitrophenyl-α-D-glucopyranoside dissolved in buffer A at 6 mmol/L was used as 

substrate. 102 µL buffer B (0.5 mol/L potassium phosphate, 16 mmol/L-MgCl2, pH 

6.8), 120 µL sample solution (0.6 mg/ml in DMSO), 282 µL water and 200 µL 

substrate were mixed. This mixture was incubated in water bath at 37 ˚C for 5 minutes 

and then 200 µL enzyme solutions was added and mixed. The enzyme reaction was 

carried out at 37 ˚C for 30 minutes followed by the addition of 1.2 mL 0.4 mol/L 

glycine buffer (pH 10) to terminate the reaction. Enzyme activity was quantified by 

measuring the absorbance at 410 nm. DNJ was used as standard inhibitor. 

         The percentage inhibition of α-glucosidase was calculated as follows:  

(E – S) / E × 100, where E is the activity of the enzyme without test compound and S 

is the activity of enzyme with test compound. The concentration of the test compound 

that inhibited α-glucosidase activity by 50 % (IC50) was determined by means of EZ-
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Fit, enzyme kinetics program (Perrella Scientific In., Amhherset, USA).
359 

All 

experiments were carried out in triplicate 

 

3.8.4  In vitro BChE inhibition assay 

 Compounds were screened for BChE inhibition according to the documented 

procedure.
25 

BChE enzyme was prepared in phosphate buffer (pH 8.0) having 0.2 IU 

per well. 180 L of 100 mM sodium phosphate buffer, 10 L of buffered Ellman’s 

Reagent DTNB, 0.1 M NaHCO3, 17.85 mmol/L) and 10 L of test compound solution 

(of various concentrations 5 M to 500 M) were added in each well labeled as test, 

20 L of enzyme solution was then added in each well, mixed and incubated for 15 

min at 25 C. The reaction was then initiated by the addition of 10 L substrate 

solution (Butrylcholine Iodide, 10 mM) in each well and  after 10 min absorbance was 

measured  at 412 nm by micro titer plate reader (Spectramax plus 384 Molecular 

Device, USA). 

 

3.8.5 Inhibition of TNF-α activated nuclear factor-kappa B (NFĸB)   

To measure the inhibitory potential of samples in NFĸB assay, 293/NFĸB-Luc 

HEK cells were used by following reported procedure.
370-373 

Cells were grown in 

DMEM supplemented with 10 % fetal bovine serum (FBS). Antibiotics, penicillin G 

sodium 100 IU/mL and streptomycin sulphate 100 µg/mL were added in the medium. 

Cells were seeded into a sterile white walled 96 well plate at 20 x 10
3
 cells per 200 µL 

per well. After 48 h of incubation at 37 °C and 5 % CO2, test samples were added 

after replacing medium. The final concentration of the sample was 20 µg/mL. TNF-α 

was added at a final concentration of 10 mg/mL. After 6 h of incubation cells were 

washed in PBS and 50 µL 1X reporter lysis buffer was added and cells were subjected 

to one freeze/thaw cycle (-80 °C/37 °C). Inhibition was measured in a luminometer 

using the Luciferase Assay System (LAS). Data were calculated as % inhibition. The 

samples which showed more than 70 % inhibition at 20 μg/mL were tested at different 

concentrations to find IC50 values. To avoid false positives due to cytotoxic effect of 

samples, cytotoxicity assay was run simultaneously. In this procedure  transparent 96 

well plates were used and after 6 hs incubation, cells were treated with 50 µL 20 % 

TCA and incubated at  4 °C for 30 minutes. Then TCA was drained out and cells were 
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washed with tap water 4 times. The plates were air dried overnight and 100 µL 0.4 % 

SRB in 1 % acetic acid was added to each well for 30 min at room temperature. Wells 

were then washed 4 times with 1 % acetic acid and plates were again air dried 

overnight. To each well, 200 µL 10 mM Tris base pH 10 was added and mixed for 10 

min on gyratory shaker to solubilize the bound SRB. Optical density was measured by 

using micro plate reader (Bio-tek) at 515 nm and % survival was determined. TPCK 

was used as positive control (IC50 5.05 µM). The samples which showed more than 70 

% inhibition at 20 μg/mL were tested at three fold serial dilution to find IC50. TPCK 

was used as a positive control (IC50= 5.09 µM). 

3.8.6 Quinone reductase 1 (QR1) induction assay 

Hepa 1c1c7 (murine hepatoma) cells were used in this assay. Cells were plated 

in 96 well format with 200 µL of 0.5 x 10
4
 cells per mL per well in MEM-α 

(minimum essential medium) without ribonucleosides or deoxyribonucleosides, 

supplemented with antibiotic/antimycotic and 10 % FBS (Gibco). Cells were 

incubated for 24 h in a CO2 incubator. After 24 h, old medium was replaced with 190 

µL of fresh medium and 10 µL of test sample to have a final concentration of 20 

µg/mL and was incubated for 48 h, digitonin was used to permeabilize cell 

membranes and enzyme activity was measured by the reduction of 3-(4,5-

dimethylthiazo-2-yl)-2,5-diphenyltetrazolium bromide (MTT) to a blue formazan. 

Production(cells) was measured by absorption at 595 nm.
373

A total protein assay 

using crystal violet staining was run in parallel to test the cytotoxicity of the samples. 

4’-Bromoflavone (CD=0.01 µM) was used as a positive control. The samples with  

induction ratio > 2 at 20 μg/mL were tested at three fold serial dilution to find CD. 

2.8.7: Sulforhodamine B (SRB) (cytotoxicity) assay 

The cytotoxic potential of test samples towards MCF-7, LU-1 and MDA-MB-

231 cancer cells was determined by using an SRB colorimetric assay as described 

previously.
370-373

 All the cells lines were cultured in DMEM supplemented with 10 % 

FBS, 100 IU/mL penicillin G sodium, 100 µg/mL streptomycine sulphate and 0.25 

µg/mL amphotericin B in 96-well plates and incubated in humidified atmosphere at 

37 °C and 5 % CO2 for 72 h to get approximately 60-70 % confluence. Then old 
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medium was replaced with fresh medium and again incubated for 24 h. These cells 

were trypsonised and diluted to get 5x10
4 

cells/mL. Then 10 µL various 

concentrations of test samples in 10 % DMSO in PBS were transferred to 96-well 

plates followed by addition of 190 µL of the cells and incubated for 72 h at 37 °C in a 

CO2 incubator. The incubation was stopped with the addition of 50 µL cold 20 % 

trichloroacetic acid. The cells were washed 4 times with tap water, air dried and 

stained with 0.4 % SRB in 1 % acetic acid for 30 min at room temperature. Wells 

were then washed 4 times with 1 % acetic acid and the plates were dried overnight. 

Bound dye was solubilized with 200 µL 10 mM Tris base, pH 10, for 10 min on a 

gyratory shaker. Optical Density (OD) was measured on a micro-plate reader (Bio-

tek) at 515 nm and percent survival was determined. In each case, a zero-day control 

was performed by adding an equivalent number of cells to sixteen wells, incubating at 

37 °C for 30 min and processing as described above. Percent of cell survival was 

calculated using the formula: 

(ODcells + tested samples – ODday 0) / (ODcells + 10 % DMSO - ODday0) x 100. 

All data presented above is mean of triplicate tests    

± = standard error   OD = Optical density  

 

3.9: Computational Studies  

In silico studies were performed, using the Molecular Operating Environment 

(MOE) version 2011.10 by Chemical Computing Group Inc,
341

 by using the Windows 

Operating system Program was installed on Pentium 1.6 GHz workstation with 512 

MB memory. In addition to MOE, SWISS-MODEL,
342

 AutoDock,
342 

GOLD,
343

 and 

various visualizating softwares were also used. 

3.9.1: Calculation of molecular descriptors 

Descriptors were calculated by using Descriptor module of MOE suite and 

sorted out for Ro5
348

. Prescribed parameters such as number of hydrogen bond donors 

(HBD) ≤ 5, hydrogen bond acceptor (HBA) ≤ 10, logarithm of the octanol/water 

partition coefficient (logP) ≤ 5 were sorted out.
348

 These molecular descriptors were 

calculated for all the synthesized compounds by the ligand property calculation 
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function of MOE. Same protocol was adopted for all series of synthesized 

compounds. 

 

3.9.2 Molecular docking studies on α-glucosidase 

3.9.2.1 Building 3D structure of S. cerevisiae (yeast) α-glucosidase 

Generally a successful model building requires at least one experimentally 

solved 3D structure (template) that has a significant amino acid sequence identity to 

the target protein. The BLAST program
380

 was used that identified the pdb entry 

3A47 pdb as a top hit with the maximum sequence identity of over 72 % with the 

target protein. The homology model was constructed by web integrated SWISS-

MODEL
342

 which is a fully automated protein structure homology-modeling server 

developed within the Swiss Institute of Bioinformatics in collaboration with 

GlaxoSmithKline R&D and the Structural Bioinformatics Group at the Biozentrum in 

Basel. The modeled protein was energy minimized using CHARMM force field for 

1000 steps. The quality of the model was validated by using different parameters 

including RMSD and Q-mean values. Structure visualization and analysis were 

achieved by using VMD,
345

 Chimera software.
346

  

3.9.2.2: Defining the binding site of S. cerevisiae (yeast) α-glucosidase 

The active site was located by superimposing the modeled structure with the 

existing co-crystals of α-glucosidase in the protein data bank. The amino acid residues 

in the active site were identified, which were the same as reported in the literature. 

Moreover, the site finder module of MOE also created the α-sphere at the same site, 

which was further confirmed by creating and isolating surfaces and maps using the 

same software. 'Receptor + solvent' and 'lipophilicity' were taken in atoms and color 

fields, respectively. The residues identified by the site finder module in the MOE suite 

were Lys155, Ser156, Phe157, Phe158, Gly159, Phe177, His239, Asn241, Ala278, 

His279, Phe300, Glu304 Phe311, Arg312, Tyr313, Asp349, Gln350, Asp408 and 

Arg439 which were similar with the reported key residues in literature.
381 

Moreover, 

GOLD another docking software also identified the same amino acid as active site 

key residues of the protein.  
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3.9.2.3 Preparation of receptor and ligand files for molecular docking studies 

The target compounds were built using the builder interface of the MOE 

program and subjected to energy minimization tool using the included MOPAC 7.0. 

The produced model was subjected to systematic conformational search where all the 

atoms were set as default with RMS gradient of 0.001 kcal/mol and RMS distance of 

0.1 Å. The minimized protein model was 3-D protonated using MOE before it was 

used as a target protein for docking studies. Ligand molecules were built using MOE, 

and the structures were optimized using the standard MMFF94 force field, with 0.001 

kcal/mol energy gradient convergence criterion.
365

 These ligands were saved in mdb 

file for further studies. 

3.9.2.4 Molecular docking studies BChE, 1kkα (3BRT), 1kkβ (3BRV) 

The optimized ligands were docked with the modeled α-glucosidase protein 

using the MOE-Dock simulation program. Docking simulations were carried out 

around ligand created inside the gorge of modeled protein.  In case of BChE, 3BRT, 

3BRV docking was carried out at dummy atoms, created by site finder module of 

MOE. The Placement, Rescoring 1 and Rescoring 2 were set as Triangle Matcher, 

London dG and affinity dG, respectively. A total of 20 independent docking runs 

were performed using MOE docking simulation program. The resulting 

conformations and their energies were recorded to a molecular database file (mdb). 

The top ranked conformation (best scored pose) for each compound was chosen for 

further studies of interaction evaluation and validation. The resulting ligand–enzyme 

complex model was then used in calculating the energy parameters using MMFF94 

energy calculation and predicting the ligand–enzyme interactions at the active site. 

The lowest energy minimized pose was used for further analysis. The 2D ligand-

protein interaction diagrams of selected lower energy conformations were visualized 

by using built-in MOE “ligand interactions” program. VMD and Chimera software 

were used to study the ligand-protein interactions in 3D space.  

 

3.9.2.5 Preparation of receptors and ligands 

The data of high resolution crystal structures of BChE were acquired from 

Protein Data Bank (PDB code: 1POI). The crystal structures were imported into MOE 

and 3D hydrogen atoms were added to structure with their standard geometry 
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followed by their energy minimization using MOPAC 7.0. The crystal structures were 

cleared off water molecules using sequence editor interface of the MOE program. The 

resulting models were subjected to systematic conformational search at default 

parameters with RMS gradient of 0.001 kcal/mol using Alpha Site Finder module for 

the active site search in the enzyme structure and dummy atoms were created from the 

obtained alpha centers. Same protocol was applied for preparation of (1KKα) and 

(1KKβ) PDB code: 3BRT, PDB code: 3BRV respectively. 
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 Synthesis of long change iso-peptides such as  penta, hexa and so would be 

carried out  

 Synthesis of higher transition states,13- to onward would be prepared via long 

chain iso-paptides such as hexa, hepta, and onward. 

 Traceless ligation at serine site in higher transition states and also Traceless 

ligation at threonine site to form native peptides would be carried out.  

 Total synthesis of protein would be carried out by making use of Traceless 

ligation at Serine site. 

 A molecular dynamics simulation of ligand-protein complex would be carried 

out to validate their binding energy and interactions obtained from the single 

conformation.  

 Further bio-evaluation of benzothiazepines and peptides on many targets such 

as AChE, BChE and leshminiases are ongoing in wet lab. Computational 

studies would be carried out on the active compounds for which the results are 

awaited 

 QSAR studies would be carried out in quest to design a scaffold which could 

act as dual inhibitor both for AD and T2D. 
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Aβ Amyloid β 

AD Alzheimer disease 

ACN Acetonitrile 

(A)-(E) Solvent systems for TLC (Section 3.4.1 in Chapter 3) 

Ala Alanine 

Anhyd. Anhydrous 

Ar Aryl 

ATCC American type culture collection 

hBChE Human Butrylcholine esterase 

Boc Butoxy carbonyl 

BLAST Computational software for protein modeling 

1BRT PDB code of protein 

1BRV PDB code of protein 

Bt  

 
Benzotriazol-1-yl 

bs Broad signal 

Bu4NOAc Tetrabutylammoniumaceatate 

Bn Benzyl  

tert-

BuONO 
tertiary Butyl nitrite 

Cbz, Z  Carboxybenzyl 

Cys  Cysteine 

CC Click chemistry 

CD Concentration (µg/ml) at induction ratio two 

CHARMM Chemistry at Harvard Molecular  

CL Chemical ligation  

CID collision-induced dissociation  

CSPP Conventional Solution Phase Peptide  

CuAAC Copper catalyzed azide-alkyne cycloaddition 

D Debye 

Da Dalton 

DA Diels Alder 

DCC NN’-iso-propylcarbodiimides  
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DFT Density functional theory 

Decomp. Decomposed 

DIC N’N-dicyclohexylcarbodiimides  

DIPEA Diisopropylethyl amine 

DME Dimethyl ether 

DMEM Dulbecco’s modified eagles medium 

DMF Dimethylformamide 

DNJ Deoxynojirimycin hydrochloride  

DMSO Dimethyl sulfoxide  

dppp 
1,3-bis(Diphenylphosphino) 

Propane 

DTNB 5-5-Dithiobis[2-nitrobenzoic acid 

EDC N’-Ethyl carbodiimide hydrochloride  

EtOAc Ethyl acetate 

Et3N Triethylamine 

ESI Electrospray Ionization 

FBS Fetal Bovine Serum 

FDA Fedral Drug Agency  

GAA Glacial acetic acid 

GABA γ-Aminobutyric acid 

Gly Glycine 

GOLD Genetic optimization for ligand docking 

GSP Guanosinediphosphatemonothiophosphate 

h Hour 

HBA Hydrogen bond acceptor 

HBD Hydrogen bond donor 

HDC Huisgen dipolar cycloaddition 

HIV Human Immune deficiency virus 

HOAt Hydroxy-7-azabenzotriazole  

HOBt 1-Hydroxybenzotriazole  

HPLC High performance liquid chromatography 

HTP High-throughput  
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 IC50 

 

Half maximal inhibitory concentration  or 

Concentration at 50%inhibiton 

IR Induction Ratio 

J Coupling Constant  (J value) 

1KKa or α  Inhibitor of kappaB kinase alpha 

1KKb or β Inhibitor of kappaB kinase beta 

HPLC-

MS(ESI) 

High performance liquid chromatography-mass spectrometry 

(electrospray injection) 

 

HRMS High resolution mass spectrometry 

LC-MS Liquid column mass spectrometry 

Leu Luecine 

LUMIstar galaxy luminometer 

m.p. Melting Point 

MCR Multi component reaction 

MCF-7 Breast cancer cell line 

MDA-MB-

231 
Breast cancer cell line 

Mdb Molecular data bank 

MEM-α minimum essential medium 

MOE Molecular Operating Environment 

MTT 3-(4,5-Dimethylthiazo-2-yl)-2,5-diphenyltetrazolium bromide 

MMFF Molecular mechanics force field 

Hepa 1c1c7 Murine hepatoma 

MW Microwave 

MSn Tendam mass spectrometry 

MWAS Microwave Assisted Synthesis  

NBD NEMO binding domain 

NCL  

 
Native Chemical Ligation 

NEMO Nuclear factor kappa- B essential modulator 

NFkB 
Nuclear factor kappa-light-chain-enhancer of activated B 

cells) 
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N T N –terminal  

NMP N-Methyl-2-pyrrolidone 

OD Optical density 

PDB Protein data bank 

PBS phosphate saline buffer 

Ph  Phenyl group 

Phe Phenyl alanine 

PDB Protein data bank 

ID Identification 

1POI Pdb ID of hBChE 

PTP Protein tyrosine phosphatease  

PMV Pi Mol Visulizer 

PPh3 Triphenylphosphine 

QMEAN Quality Model Energy ANlysis  

QR1 Quinone reductase 1  

QSAR Quantitative structure activity relationship 

s Second 

SAR Structure-activity relationship 

SDA Sabouraud Dextrose Agar  

Ser Serine 

SPS Solid Phase Synthesis 

SPPS Solid Phase Peptide Synthesis 

SRB Sulpho-rhodamine B 

SWISS 

MODEL 
Computational software for homology modeling of protein 

TBAF Tetrabutylammoniumflouride 

T2DM Type 2 diabetes mellitus  

t -BOC N-tert-butoxycarbonyl 

TBTA tris(Benzyltriazolylmethyl)amine 

TCA Trichloroacetic acid 

TEA Triethyl amine 

THF Tetrahydrofuran 
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Thr Threonine 

TEC Thiol-ene coupling  

TMSN3 Trimethylsilylazide 

TS Transition state 

TNF-α, tumor necrosis factor-α 

TNCL Traceless native chemical ligation 

TPCK Nα-tosyl-L-phnylalanine chloromethyl ketone  

RMS Root Mean Square 

RMSD Root Mean Square Deviation 

UV Ultra Violet 

 


