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ABSTRACT 

 

The thesis entitled ‘Synthesis and Evaluation of N- and S-Heterocycles as Anti-Parkinson 

Agents’ has been carried out to design and synthesize the MAO-B inhibitors for Parkinson’s 

Disease (PD). The work has been divided into four chapters excluding reference section. 

Chapter 1 covers the description of PD and possible pathways for treatments. The literature 

given in this chapter covers the role of MAO-B inhibitors for the treatment of PD.  

Chapter 2 is the experimental section which explains the procedures for the synthesis of 

different N- and S-containing heterocyclic molecules. The methods for the synthesis of 

pyrazole derivatives, thiazole derivatives, 2-(4-nitrophenyl)-1H-benzimidazole, 2-(4-

aminophenyl)-1H-benzimidazole, pyrazole-thiazole conjugates through amide bond and amine 

bond and benzimidazole-pyrazole/thiazole conjugates through amide bond and amine bond 

have been given in this chapter. Method for in-silico studies, in-vitro studies, and anti-oxidant 

studies have also been covered in this chapter.  

Chapter 3 is the results and discussion chapter which covers detailed explanation about the 

design of molecules through their in-silico studies. The in-silico studies have been carried out 

for individual compounds and their conjugates. A total of 309 compounds have been docked, 

which included pyrazole-thiazole derivatives (amide linkage), benzimidazole-

pyrazole/thiazole derivatives (amide linkage), pyrazole-thiazole derivatives (amine linkage), 

and benzimidazole-pyrazole/thiazole derivatives (amine linkage). A novel, facile, one-pot, 

multicomponent protocol for the synthesis of 5-amino-1H-pyrazole-4-carbonitrile derivatives 

(4) has been developed using alumina–silica supported MnO2 as recyclable catalyst in water 

and sodium dodecyl benzene sulphonate at room temperature. A sustainable, one-pot, 

multicomponent protocol for the synthesis of 4-phenylthiazole-2-amine derivatives catalyzed 

by MoS2 QDs in aqueous medium has been developed. The cyclo-condensation of phenacyl 

bromide and thiourea gave the thiazole derivatives in 89–96% yields. Apart from this, their 

amide and amine conjugates have also been synthesized. The synthesized derivatives were 

evaluated for MAO-B inhibition. The in-vitro study of fifteen compounds was done using 

Amplex™ Red Monoamine Oxidase Assay Kit. The two compounds P11 and P10 with IC50 

values of 80.17 and 86.03 μM have been identified as potential molecules. The antioxidant 

evaluation of the compounds has also been done. The results showed 13 to 83 % antioxidant 

activities of the compounds. Interestingly, the compounds that shows better in-vitro results also 

showed good antioxidant activities.  
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Chapter 4 is the conclusion chapter where all the work carried out has been summarized. This 

chapter is followed by references and publications.  

 

***** 

 

 

 

  



10 
 

List of Figures and Schemes 

Figure/ Scheme  

Number 

Figure/Scheme Captions Page 

No. 

Figure 1.1 Aetiology of PD 3 

Figure 1.2 Different approaches for the treatment of PD 5 

Figure 1.3 Chemical structures of Artane® and biperiden Akineton® 8 

Figure 1.4 Chemical structure of drugs 9 

Figure 1.5 Reaction of MAO with amines 10 

Figure 1.6 MAO-B inhibitors  10 

Figure 1.7 MPTP to MPP+ transformation 11 

Figure 3.1 Peptide bond showing peptide plane, φ and ψ and bond rotation 

involving two amino acids 

32 

Figure 3.2 Chemical structures of docked pyrazole and thiazole derivatives 34 

Figure 3.3 Chemical structures of docked thiazole-pyrazole amide 

conjugates 

47 

Figure 3.4 Chemical structures of docked thiazole/pyrazole and 

benzimidazole amide conjugates 

50 

Figure 3.5 Chemical structures of docked thiazole-pyrazole amine 

conjugates 

61 

Figure 3.6 Chemical structures of docked thiazole/pyrazole-benzimidazole 

amide conjugates 

64 

Figure 3.7 EDX images, quantitative analytical data and SEM images of 

catalysts 

70 

Figure 3.8 XRD results for silica- MnO2, alumina- MnO2 and silica-

alumina-MnO2 catalysts 

70 

Figure 3.9 Yield optimization with product 4a, 3 minutes after phenyl 

hydrazine (3) addition 

72 

Figure 3.10 FTIR spectrum of 

5-amino-1,3-diphenyl-1H-pyrazole-4-carbonitrile (4a) 

72 

Figure 3.11 1H NMR spectrum of 

5-amino-1,3-diphenyl-1H-pyrazole-4-carbonitrile (4a)  

73 

Figure 3.12 FTIR spectrum of 5-amino-3-(4-nitrophenyl)-1-phenyl-1H- 

pyrazole-4-carbonitrile (4b) 

73 



11 
 

Figure 3.13 1H NMR spectrum of 5-amino-3-(4-nitrophenyl)-1-phenyl-1H- 

pyrazole-4-carbonitrile (4b)  

74 

Figure 3.14 A proposed reaction mechanism for the synthesis of pyrazole 

derivatives (4) 

76 

Figure 3.15 Recyclability of the alumina-silica-supported MnO2 for the 

product 4a 

76 

Figure 3.16 Some synthetic routes for 2-aminothiazole derivatives 78 

Figure 3.17 Schematic synthesis of functionalized MoS2 QDs by facile 

hydrothermal process  

79 

Figure 3.18 TEM images at different magnifications (a, b) and 

corresponding size distribution histogram (c) of MoS2 QDs 

dispersed in water 

80 

Figure 3.19 Reusability of catalyst MoS2 QDs for 7a 81 

Figure 3.20 1H NMR spectrum of 4-phenyl-1,3-thiazol-2-amine (7a) 82 

Figure 3.21 Some important drugs having benzimidazole core 83 

Figure 3.22 1H NMR N1,N4-bis(4-(4-nitrophenyl)thiazol-2-yl)butane-1,4-

diamine (18b) 

87 

Figure 3.23 1H NMR N1,N4-bis(4-(4-methoxyphenyl)thiazol-2-yl)butane-

1,4-diamine (18b) 

87 

Scheme 2.1 Synthesis of pyrazole derivatives (4a-n) 4 

Scheme 2.2 Synthesis of pyrazole derivatives (7a-l) 19 

Scheme 2.3 Synthesis of 2-(4-nitrophenyl)-1H-benzoimidazole (9) 22 

Scheme 2.4 Synthesis of 2-(4-aminophenyl)-1H-benzo[d]imidazole (10) 22 

Scheme 2.5 Synthesis of thiazole-pyrazole amide conjugates (11) 23 

Scheme 2.6 Synthesis of 4-oxo-4-((4-arylthiazol-2-yl)amino)butanoic acid 

(13) 

24 

Scheme 2.7 Synthesis of thiazole-pyrazole (11) and thiazole-benzimidazole 

amide (15) conjugates 

25 

Scheme 2.8 Synthesis of thiazole derivatives (17 and 18) 26 

Scheme 2.9 Synthesis of thiazole-pyrazole amine conjugate (19) 28 

 

List of Tables 



12 
 

Table 

Number 

Table Captions Page 

Number 

3.1 Docking Score and MMGBSA dG binding energy of pyrazole - 

thiazole conjugates 

47 

3.2 Docking Score, and MMGBSA dG binding energy of benzimidazole 

and pyrazole/ thiazole amide conjugates 

50 

3.3 Docking Score, and MMGBSA dG binding energy of pyrazole - 

thiazole amine conjugates 

61 

3.4 Docking Score, and MMGBSA dG binding energy of thiazole/pyrazole-

benzimidazole amide conjugates 

64 

3.5 List of compounds selected for synthesis and in-vitro analysis 65 

3.6 Catalyst optimization for the synthesis of 5-amino-1,3-diphenyl-1H-

pyrazole-4-carbonitrile (4a) 

71 

3.7 Synthesized 5-amino-1,3-diphenyl-1H-pyrazole-4-carbonitriles (4) 75 

3.8 List of 2-aminophenylthiazole derivatives (7) synthesized 81 

3.9 In-vitro studies using Amplex™ Red Monoamine Oxidase Assay Kit 88 

3.10 Antioxidant activity of synthesized compounds 90 

 

 

 

 

 

 

 

 

 

 

  



13 
 

List of important abbreviations and notations 

 

S. No. Abbreviations              Full Name 

1 PD                                  Parkinson's disease 

 2 SN                                  Substantia nigra 

3 LB                                   Lewy body 

4 α-syn                               α-synuclein 

5 ROS                                 Reactive oxygen species 

6 RNS                                 Reactive nitrogen species 

7 RSS                                  Reactive sulphur species 

8 MRI                                  Magnetic resonance imaging 

9 US                                     Ultrasonography 

10 SPECT                     Single-photon emission computed tomography 

11 PET                                   Positron emission tomography 

12 MPTP                                Methyl phenyl tertrahydropyridine 

13 EOPD                                Early-onset Parkinson's disease 

14 DA                                     Dopamine 

15 DA                                    Dopamine agonists 

16 NEDA                               Non-ergot derivatives 

17 LEAP                                 Levodopa in Early Parkinson's Disease 

18 CNS                                 Central nervous system 

19 SPNs                                Spiny projection neurons 

20 MAO-B                            Monoamine oxidase-B 

21 hMAO                                 Human monoamine oxidase 

22 AD                                     Alzheimer’s Disease 

23 MPTP                        1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine 



14 
 

 

 

 

 

 

  

24 DMF                                    Dimethyl Formide                           

25 THF                                     Tetrahydrofuran 

26 FTIR                                    Fourier transform infrared 

27 NMR                                   Nuclear magnetic resonance 

28 UV-Vis                                Ultraviolet-Visible 

29 DPPH                                  2,2-Diphenyl-1-picrylhydrazyl 

30 AA                                      Antioxidant activity 

31 SEM                                    Standard error of means 



15 
 

 

 

 

 

 

CHAPTER 1 

 

Parkinson’s Disease: An overview 

  



16 
 

1.1. Introduction 

 

Parkinson's disease (PD) is a neurological disorder developed usually between the ages 

of 55 and 65 years which affects the movement coordination (Qu et al., 2023; Bohnen and 

Albin, 2011). PD is the second-most prevalent neurodegenerative condition. This is 

characterized primarily by the functional impairment of dopaminergic neurons within the 

substantia nigra (SN) of the midbrain (Kordower et al., 2013; Kalia and Lang, 2015; Bohnen 

and Albin, 2011). Despite significant efforts over the past few decades, PD continues to be 

difficult to cure (Poewe et al., 2017). This has been observed that there is continuous increase 

in the number of PD cases due to increase in average population age and life expectancy (De 

Lau and Breteler, 2006; Vos et al., 2016). This has also been observed that men are more likely 

than women to be impacted. Some of the typical symptoms of PD includes bradykinesia, 

tremors, loss of coordination, stiffness, postural instability, and impaired gait. These symptoms 

are employed in early diagnostic tests in the clinic (Jankovic, 2008; Moustafa, 2016). Olfactory 

function, autonomic and the cerebral cortex, and the nigrostriatal dopaminergic system are also 

impacted by the PD (Bohnen and Albin, 2011). In around 83% of PD patients, non-motor 

symptoms and dementia coexist.  

 In recent times, identifying the causes of or elements involved in the development of 

PD have been the focus of research globally. This is vital to understand the precise aetiology 

of PD. This is principally brought on by the development of proteinaceous intraneuronal Lewy 

body (LB) inclusions, Lewy neuritis, and the gradual death of dopaminergic neurons and their 

axons in the SN (Horrocks et al., 2015; Hely et al.; 2008), α-synuclein (α-syn) abnormal 

accumulation (Aliyan et al. 2019; Ilie and Caflisch, 2019; Stefanis, 2012), metal ion 

dyshomeostasis (Barnham and Bush, 2008; Cruces-Sande et al., 2019), oxidative stress 

(Tipton, 2018), aberrant activity of reactive species (e.g., reactive oxygen species (ROS), 

reactive nitrogen species (RNS), and reactive sulphur species (RSS) (Onyango, 2008; Wu et 

al., 2019), mitochondrial dysfunction, and neurotransmitter deficiencies are the other possible 

reasons for the development of PD (Figure 1.1). In brief, the numerous features and related 

biomarkers implicated in PD highlight the complexity of its pathogenesis. Therefore, it is 

challenging to research PD and comprehend its underlying processes.  

Significant diagnostic criteria for PD include the presence of Lewy pathology and the 

preferential degradation of dopaminergic neurons in the SN pars compacta (Wegrzynowicz et 

al., 2019; Armstrong and Okun, 2020; Mahul-Mellier et al. 2020). The magnetic resonance 
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imaging (MRI) (Arribarat and Péran, 2020), ultrasonography (US, (Lin et al., 2020), single-

photon emission computed tomography (SPECT) (Lu and Yuan, 2015), and positron emission 

tomography (PET) are clinically accessible imaging methods that are used to diagnose the 

progression of PD (Gharibkandi and Hosseinimehr, 2019). The diagnosis and treatment of PD 

is still an evolving field of research. The work presented in this thesis is a step toward the search 

for possible MAO-B inhibitors for the treatment of PD.  

 

Etiology of

 Parkinson Disease

Oxidative stress

Reactive oxygen species (ROS)

Reactive nitrogen species (RNS) 

Reactive sulfur species (RSS)

Metal ion 

dyshomeostasis
Intraneuronal 

Lewy body (LB)

Death of 

dopaminergic neurons

Mitochondrial dysfunctionNeurotransmitter deficiencies

 

Figure 1.1. Aetiology of PD 

 

1.2. Parkinson’s Disease (PD): A brief overview 

 

Traditional Indian scriptures from thousands of years ago, about 1000 BC, and ancient 

Chinese sources contain descriptions that seem to point to PD (Manyam, 1990). In 1817, James 

Parkinson for the first time concluded that PD is a neurological syndrome and coined the name 
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Parkinson’s Disease (PD). The description of PD was there earlier also with related symptoms 

(De Sauvages, 1768; Tyler, 1992; Hoehn and Yahr, 1998). In 1912, the concept of ‘Lewy 

bodies’ came into the PD etiopathogenesis given by Frederick Lewy. This was followed by the 

dopamine deficiency concept in PD (Jankovic and Tan, 2020). Working on PD, Carlsson and 

Hornykiemiz in 1957 gave a relationship between dopamine deficiency and PD which was 

further supported by various studies done between 1961 and 1967 (Fahn, 2018). Later, 

Langston in 1982, gave the concept of drug-induced parkinsonism (Langston et al., 1983; 

Langston, 2017). According to him, the patients taking synthetic heroin developed symptoms 

of PD. The compound MPTP (methyl phenyl tertrahydropyridine) came out as a neurotoxin 

that affected SN dopaminergic neurons (Langston, 2017). Further investigations on PD also 

gave information about its genetic aetiology (Golbe et al., 1996; Polymeropoulos et al., 1997). 

The lifestyle of a person and environmental factors also contribute to PD (Ascherio and 

Schwarzschild, 2016; Simon et al., 2020). These developments helped not completely but yes 

up to some extent in the identification of therapeutic targets (Chan and Tan, 2017; Montaut et 

al. 2018).  

According to the website ‘parkinson.org’ (retrieved on 4th February, 2023), only in 

U.S., about one million people are suffering from this disease and the number is expected to 

increase to 1.2 million by the year 2030. Global estimate is more than 10 million cases of PD 

where men are more prone to get affected than women. Women's sex hormones are believed 

to have a protective effect towards PD (Baldereschi et al., 2000, Eeden et al., 2003). The 

occurrence of gender-related genetic processes or/and gender-specific differences in exposure 

to environmental risk factors may help to explain why PD predominate in males (Baldereschi 

et al., 2000, Eeden et al., 2003; Haaxma et al., 2007). PD is an adult neurodegenerative disease 

affecting approximately 1% of the population over 65 and 4-5% over 80 years of age, which 

has an increasing incidence and prevalence with age (Lang and Lozano, 1998). The beginning 

of parkinsonian symptoms before the age of 40 is referred to as early-onset Parkinson's disease 

(EOPD). It makes up 3–5% of all instances of PD. It is divided into the "juvenile" and "young-

onset" PDs, which develop before the age of 21 years, occurring in the age range of 21- 40 

years (Schrag and Schott, 2006). All the statistical studies confirms that PD is a rapidly 

spreading disease globally increasing the economic and social burden (Lampropoulos et al., 

2022; Dorsey et al., 2018; Li et al., 2019). 

 

 



19 
 

 

1.3. Parkinson’s Disease (PD): Treatments Approach 

 

Biochemical studies show a decrease of dopamine (DA) in the caudate nucleus and 

putamen; PD is therefore considered to be a disease of the neuronal system, which largely 

involves the nigrostriatal dopaminergic system (Kasper et al.; 2015). Various approaches have 

been adopted by the medicinal chemists to treat PD (Figure 1.2) (Ellis and Fell, 2017; Sun and 

Armstrong, 2021; Bologna et al., 2022). This disease is identified on the premise of two 

considerable pathological processes: early selective loss of dopamine neurons, and the build-

up of LBs made up of α-synuclein that become misfolded and accumulate in a number of body 

systems of Parkinson’s patients (Rizek et al., 2016). The dopamine is a neurotransmitter that 

helps towards the communication with neurons which further supports the movements 

coordination in the body. The lowering down of the dopamine levels leads to decline in 

movement coordination, an important symptom of PD (Triarhou, 2013). Resting tremor, 

rigidity, declining balance and motor coordination, and bradykinesia, which is characterized 

by a creeping slowness of voluntary movement, are all movement-related symptoms of PD 

(Robertson et al., 1990; Triarhou, 2013). 

 

 

Figure 1.2. Different approaches for the treatment of PD 
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LBs are fibrillar aggregates whose major constituents include α-synuclein 

(Wakabayashi et al., 2007; Inskip et al., 2016). LBs and Lewy neurites are pathologically 

important to PD as they serve to be a prominent indication of the disease, being actively 

associated with PD pathogenesis (Mehra et al., 2019). Six genetic PD-associated mutations of 

α-synuclein have been discovered (Sahay et al.; 2017). The acceleration of α-synuclein 

aggregation showed in three mutations, while an additional three show delay of aggregation 

kinetics. It is therefore troublesome to provide a unifying mechanism describing how familial 

PD-associated mutations affect the structure of α-synuclein, and how their accumulation and 

function link with PD, as there have been several suggestions pointing in this direction (Sahay 

et al.; 2017). 

LBs have been found in the neurons of the nucleus basalis of Meynert, the source of 

cholinergic innervation of the cerebral cortex (Bohnen and Albin, 2011). The basal forebrain 

complex, which provides the principal cholinergic input of the entire cortical mantle, 

degenerates in PD and can lead to symptoms such as dementia, depression, or apathy (Bohnen 

and Albin, 2011). Anosmia and hyposmia are common side effects of PD. While the 

pathophysiology is not fully understood, it could be related to α-synuclein deposits in the 

olfactory bulb, medulla oblongata, anterior olfactory nucleus, and limbic rhinencephalon 

(Braak et al., 2002; Bohnen and Albin, 2011). Progressive, non-linear loss also occurs in 

serotonergic terminals, although slower than the progressive loss seen in dopaminergic 

terminals. It can lead to both motor and non-motor symptoms such as depression, tremors, 

weight loss, and visual hallucinations (Politis and Niccolini, 2015). Reduced levels of serotonin 

and its metabolite are found in the caudate nucleus, hippocampus, brainstem, and frontal cortex 

(Scatton et al., 1983; Halliday et al. 1990). Additionally, adrenergic neurons are impacted. One 

study has shown an increase in α1 and β1 receptors, especially in demented PD patients, and a 

decrease in α2 receptors within the pre-frontal cortex (Cash et al., 1984). Disruptions in 

adrenergic pathways may lead to or worsen dementia and depression (Cash et al., 1984). One 

of the effective ways to alleviate PD is to block the α-synuclein receptors. Some of other most 

studied treatment approaches have been discussed in the following sections: 

 

1.3.1 Dopamine Agonists 

 

Dopamine agonists (DA) are powerful drugs in the management of PD and have shown 

equal evidence of being clinically useful both as monotherapy and as adjunct to levodopa in 

early and mid-stage/advanced PD patients (Aradi and Hauser, 2020). DA have also 
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demonstrated efficacy in delaying the introduction of levodopa therapy and the risk of motor 

complications (Nutt et al., 2000; Stocchi, 2011), becoming preferable drugs for the treatment 

of younger patients (Fox et al., 2011). They are commonly classified in two groups: ergot 

derivatives (e.g. bromocriptine, pergolide, lisuride and cabergoline) and non-ergot derivatives 

(e.g. pramipexole, ropinirole, piribedil and rotigotine (Cerri and Blandini, 2020). The DA 

mostly used today belong to the class of non-ergot derivatives (NEDA) (Stocchi et al., 2020). 

There are several indications of gender differences in PD: incidence and prevalence of the 

disease is higher in men than in women who show a more benign progression and lower striatal 

degeneration at the time of diagnosis (Kotagal et al., 2013). According to some studies, both 

levodopa and DA agonists significantly improve motor symptoms when used as monotherapy 

in early/stable PD. However, the Levodopa in Early Parkinson's Disease (LEAP) study 

demonstrated a more rapid disease progression in patients receiving early levodopa treatment 

(Verschuur et al., 2019). The use of DA agonists is also recommended for mitigating levodopa-

associated motor complications in older PD patients without a history or risk of psychosis or 

impulse control disorders (Latt et al., 2019). 

  

1.3.2 Anticholinergic approach 

 

The first medications used to treat PD patients were anticholinergic medicine. 

Currently, they are either utilised as an earlier start monotherapy or as an adjuvant therapy with 

Levodopa. In young PD patients, these medications are frequently used to treat tremor, delay 

the need for L-dopa treatment, and also to lower the dose of L-dopa in individuals with severe 

disease stages (Katzenschlager et al., 1996). Anticholinergics' primary adverse effects are 

bladder dysfunction, gastrointestinal distress, diminished focus, disorientation, attention deficit 

disorder, memory impairment, and psychological issues (Wawruch et al., 2012). Patients' short-

term memory and frontal lobe function are impaired by anticholinergic activities at extrastriatal 

locations, and gait and postural impairments may get worse (Perez et al., 2018). Tremor and 

bradykinesia, two parkinsonian symptoms, were exacerbated by acetylcholinesterase inhibitors 

(Duvoisin, 1967). Although the exact mechanism has not been fully elucidated, it is thought 

that inhibiting muscarinic acetylcholine receptors corrects the imbalance between dopamine 

and acetylcholine in the striatum. Trihexyphenidyl (Artane®) and biperiden (Akineton®) 

(Figure 1.3) are two examples of anticholinergic medications that are still in use today 

(Kawabata and Katsuno, 2021). Drugs having anticholinergic action that cross the blood-brain 
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barrier and fight with acetylcholine for the same binding sites on muscarinic receptors in the 

central nervous system provide central anticholinergic effects (Kersten and Wyller, 2014). 

 

OH

N

Trihexyphenidyl

N

OH

Biperiden

 

Figure 1.3. Chemical structures of Artane® and biperiden Akineton® 

  

1.3.3 Glutamatergic approach 

 

The neurotransmitter glutamate predominates in the excitatory synapses of the central 

nervous system (CNS). It is essential for basic brain processes like synaptic plasticity and the 

evolution of neural networks (Reiner and Levitz, 2018). Excitatory amino acid transporters 

transfer glutamine, the precursor of glutamate, into the presynaptic terminals of glutamatergic 

neurons where it is converted into glutamate. Glutaminase turns glutamine into glutamate in 

this instance. Glutamate is released into the synaptic cleft upon activation of the neuron and 

binds to pre- and post-synaptic receptors (Niciu et al., 2012; Tozzi et al., 2021). Due to the 

degradation of dopaminergic afferents, the striatal dopamine (DA) release is reduced in PD 

(Natale et al., 2021; Babinski et al., 1921). This results in numerous modifications to the 

synaptic physiology, mostly impacting the striatal glutamatergic transmission, with modest 

changes to the spiny projection neurons (SPNs), which in turn cause the striatal microcircuitry 

to activate compensatory mechanisms (Tozzi et al., 2011, Tozzi et al., 2016). With a novel 

method of action that comprises inhibiting excessive glutamate release when nerve terminals 

are hyperactive, safinamide (Figure 1.4) is a recognised treatment for PD. In most of the studies 

only animal models have been used to show the direct effects of safinamide on glutamate 

release (Caccia et al., 2006; Morari et al., 2018; Gardoni et al., 2018; Pisanò et al., 2020). 
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1.3.4 Role of monoamine oxidase-B (MAO-B) in PD treatment 

 

Mammal CNS and peripheral tissues have cells that contain the flavoenzyme MAO in 

their outer mitochondrial membranes (Cohen et al., 1997; Edmondson et al., 2009; Blazevic et 

al., 2017). It catalyzes the conversion of dietary and biogenic amines to their corresponding 

aldehydes (Figure 1.5), subsequently, hydrogen peroxide and ammonia are produced. The two 

isoforms of MAO, MAO-A, and MAO-B, are distinguished by their unique properties, 

substrates, and inhibitors (Bach et al., 1988; Vindis et al., 2001; Li et al., 2014, 2015; Binda et 

al., 2005). The hydroxylated amines and serotonin (5-HT) are preferred substrates for the 

MAO-A isoform, which is specifically inhibited by clorgyline. While MAO-B is selectively 

inhibited by rasagiline, pargyline, and low quantities of selegiline (Figure 1.4). It metabolises 

non-hydroxylated amines as benzylamine and β-phenylethylamine (Youdim et al., 2006a; 

Finberg and Rabey, 2016). Drugs with amines moieties such as DA, tyramine, tryptamine and 

epinephrine works to inhibit both the isoforms of MAO (Youdim et al., 2006b). In this regard, 

MAO inhibitors (Figure 1.6) have a long history of usage as anti-parkinsonian and anti-

depressant medications that enhance patients' quality of life (Marti et al., 1990).  

 

 

Figure 1.4. Chemical structures of approved drugs for PD 
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Figure 1.5. Reaction of MAO with amines 

 

Figure 1.6. MAO inhibitors  

 

 The MAO-B isoform, which predominates in the human brain, breaks down dopamine 

into 3,4-dihydroxyphenylacetic acid and homovanillic acid. PD pathomechanism is strongly 

impacted by mitochondrial dysfunction, notably oxidative stress brought on by reactive 

dopamine metabolites and disruption of complex I of the mitochondrial electron transport 

chain. Because it catalytically converts both endogenous and exogenous dopamine to hydrogen 

peroxide, MAO-B is essential for the oxidative stress and oxidative damage mechanisms that 
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occur in PD (Marti et al., 1990). MAO-B levels have been linked to ageing and various 

neurodegenerative conditions, including Alzheimer’s Disease (AD) and PD; this phenomenon 

is assumed to be connected to the elevated oxidative stress that these conditions induce (Hauser 

and Hastings, 2013). It's noteworthy that 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 

(MPTP) (William, 2017) is converted by the enzyme MAO-B into the neurotoxic metabolite 

1-methyl-4-phenylpyridinium ion (MPP+), which might result in experimental or secondary 

parkinsonism (Figure 1.7) (He and Nakayama, 2009). Also, β-carbolines and isoquinolines, 

two more potential poisons, are activated by MAO-B which showed adverse effect (Chiba et 

al., 1984; Dézsi and Vécsei, 2014).  

 

 

Figure 1.7.  MPTP to MPP+ transformation 

 

 Increased striatal dopaminergic activity brought on by MAO-B inhibition lowers 

dopamine breakdown and provides therapeutic advantages in dopamine-deficient diseases. As 

a result, levodopa's actions are enhanced and more dopamine is made available to interact with 

dopamine receptors (Dezsi and Vecsei, 2017). Inhibiting MAO-B limits the conversion of 

MPTP to MPP+ and lowers the amount of free radicals created by the oxidation of dopamine 

in animal models. Thus, MAO-B inhibition may have neuroprotective benefits, but more 

clinical studies are still required (Knoll et al., 1978; Cohen et al., 1984). The potential for some 

MAO-Bs to treat illness was examined in the data top study for selegiline and the delayed-start 

clinical trials for rasagiline. There are many scaffolds that have been synthesized and evaluated 

as MOA-B inhibitors (Pretorius et al., 2008; Borges et al., 2010; Carradori et al., 2014; Matos 

et al., 2014; Rodriguez-Enriquez et al., 2020; Boulaamane et al., 2022). Still, there is a lot of 
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scope available to design, synthesize and evaluate MAO-B inhibitors to either treat completely 

or atleast hold the disease at diagnosed stage. To enrich the library of more MAO-B inhibitors, 

in the present work, conjugates of thiazole, pyrazole, and benzimidazole have been designed 

and in-silico studies have been done. The selected conjugates have been synthesized and 

evaluated.  

 

1.4 Conclusions  

 

The chapter covers the description of Parkinson’s Disease (PD) and its possible 

pathways of treatment. PD was first medically described as a neurological syndrome by James 

Parkinson in 1817, though fragments of Parkinsonism can be found in earlier descriptions. This 

is the second most common neurodegenerative disorder worldwide, affecting 2–3 % of the 

population ≥ 65 years of age. There are different targets for the treatment of this disease which 

includes restoring dopamine synthesis, avoiding excess of dopamine breakdown, genetic 

neuromodulation, neuroprotection, and addressing disease-specific pathogenic variants. There 

are many targets for the treatment of PD, out of which MAO-B inhibitors have become recent 

target of research. MAOs are flavin adenine dinucleotide (FAD) containing enzymes that 

catalyze the oxidation of xenobiotics and endogenous monoamine neurotransmitters to 

modulate their levels and functions in peripheral and brain tissues. MAOs exist in two forms 

as MAO-A and MAO-B. The use of MAO-B inhibitors for the treatment of PD have been 

discussed in this chapter.  

The present work has been carried out to design and synthesize the MAO-B inhibitors 

for PD. The conjugates of thiazole, pyrazole, and benzimidazole have been designed and in-

silico studies have been done. The selected conjugates have been synthesized and evaluated. 

The work entitled “Synthesis and evaluation of heterocycles as anti-Parkinson agents” has been 

divided into four chapters excluding reference section: 

 

Chapter 1: Parkinson’s Disease: An overview 

Chapter 2: Experimental Section 

Chapter 3: Results and Discussion 

Chapter 4: Conclusion 

References 
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Experimental Section 
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2.1 Materials and Instrumentation 

 

All the chemicals, solvents and reagents were purchased from commercial suppliers 

and were used without further purifications. Reactions were performed in oven-dried 

glassware. Melting points were determined on a laboratory open-glass melting apparatus and 

were uncorrected. Thin-layer chromatography (TLC) was performed on aluminum-coated 

silica plates purchased from Merck (TLC Silica gel 60 F254). UV-Visible spectrophotometer 

spectra were recorded on Perkin-Elmer Lambda-365. Fourier-transform infrared spectroscopy 

(FTIR) spectra were recorded in KBr on a Perkin-Elmer Spectrum II spectrophotometer, and 

proton nuclear magnetic resonance (1H NMR) spectra were recorded on a Bruker Avance-300 

spectrophotometer using tetramethylsilane (TMS) as an internal reference with chemical shift 

values being reported in ppm (δ value). The coupling constants are given in Hertz.  Splitting 

patterns are designated as s (singlet), d (doublet), t (triplet), m (multiplet) etc. The elemental 

analysis was measured by Perkin Elmer 2400. The mass spectra were recorded by maXis 

impact and XEVO G-2-XS QTOF instruments. The RP-HPLC Thermofisher Ultimate 3000 

UHPLC was used for purity check. 

 

2.2 In-silico studies  

 

2.2.1 Modelling platform 

The computational analysis was carried out using the Schrödinger Maestro 16.4 trial 

version which included LigPrep, Glide XP docking, grid generation, free energy calculations, 

absorption, distribution, metabolism, and excretion (ADME) calculations, and MD simulations 

(Maestro 10.2 user manual). Windows 7 was used as the operating system. 

 

2.2.2 Biological data 

In this study, 3-D structure of the MAO-B target was retrieved from the Research 

Collaboratory for Structural Bioinformatics Protein Data Bank (www.rcsb.org). The 

conjugates of pyrazole and thiazole, benzimidazole and pyrazole, and benzimidazole and 

thiazole were used for further studies. The MAO-B targets were taken from the Protein Data 

Bank and its databank alpha-numeric identity is 4A7A for MAO-B. 

 

2.2.3 Preparation of the protein 

http://www.rcsb.org/
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The crystallographic structure of enzyme MAO-B was retrieved from protein data bank 

(PDB) (PDB ID: 4A7A). The crystal structure of MAO-B is in complex with a rasagiline 

analogue as inhibitor with resolution of 1.7 Å (Binda et al., 2005). Before docking, the crystal 

structures of MAO-B were prepared using protein preparation wizard in Schrödinger Maestro 

16.4 trial version (Maestro 10.2 user manual). The protein structure was optimized by removing 

the ligand, heteroatoms, water molecules, and co-factors. Missing atoms, hydrogen bonds, and 

charges were computed. Before generation of receptor grid, active sites were identified using 

sitemap.  

 

2.2.4 Ligand preparation 

The compounds 4a, 4b, 4f, 4h, 4m, 7a, 11 and 20-302 (total 304 compounds) were 

prepared using LigPrep module the Epik2.0 in the pH range of 7.0 ± 2.0. Preparation of ligands 

include generation of various tautomer’s, assigning bond orders, stereochemistry and ring 

conformations to eliminate molecules on the basis of various criteria such as molecular weight 

or specified numbers. The OPLS-2005 force field was used for the optimization, which 

produced the low-energy isomer of the ligand (Vijayakumar et al., 2018).  

 

2.2.5 Molecular docking 

Molecular docking is a computational stimulation that predicts the preferred orientation 

of a ligand with a receptor during their interaction to form a complex with high stability. 

Docking studies were carried out using Glide tool of Schrödinger Maestro16.4 trial version to 

perform rigid, flexible docking for predicting the binding affinity, ligand efficiency, and 

inhibitory constant to the target. The compounds 4a, 4b, 4f, 4h, 4m, 7a, 11 and 20-302 (total 

304 compounds) were docked to the active site of MAO-B using Glide Extra Precision (XP) 

mode, which docks to determine the ligand’s flexibility. Only the active molecule would have 

available access to avoid the penalties and receive favourable docking scores with accurate 

hydrophobic contact between the protein and ligand. The obtained results were analysed 

considering the XP GScore (Vijayakumar et al., 2018; Schrodinger, LCC, PyMOL, 2015). 

 

2.2.6 Prime molecular mechanics-generalized born surface area (MM-GBSA) 

calculations 

The ligand binding energy of each compound 4a, 4b, 4f, 4h, 4m, 7a, 11 and 20-302 

(total 304 compounds) required to inhibit MAO-B was estimated using Prime MMGBSA 

module in Schrödinger Maestro16.4 trial version. The binding mode for each compound was 
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visualized using PyMOL. The total free energy binding (dG bind, kcal/mol) was estimated as 

follows using the software:  

ΔG bind = G complex - (G protein + G ligand) 

where each energy term is a combination of G = molecular mechanics energies (MME) + 

GSGB (SGB solvation model for polar solvation) + GNP (non-polar solvation) coulomb 

energy, covalent binding energy, van der Waals energy, lipophilic energy, GB electrostatic 

solvation energy, prime energy, hydrogen-bonding energy, hydrophobic contact, self-contact 

correction (Vijayakumar et al., 2018). OPLS 2005 force field was used for the optimization, 

which produced the low-energy isomer of the ligand (Vijayakumar et al., 2018).  

 

2.3 Synthesis of 5‑amino‑1H‑pyrazole‑4‑carbonitrile derivatives (4a-n) 

 

2.3.1 General procedure for the synthesis of catalytic MnO2 

In a solution of n-propanol and de-ionised water (70 mL, 1:1 v/v), manganese acetate 

tetrahydrate [Mn(OAc)2·4H2O, 6 g] and silica and/or alumina (3 g) were added. The reaction 

mixture was stirred at 80 °C for 3 h. Further, an aqueous solution of KMnO4 (1.5 g in 70 mL 

water) was added to the mixture and kept stirring for 2 h. A black precipitate was obtained. It 

was centrifuged and separated and then dried at 70 °C under vacuum for 5 h. 

 

2.3.2 General procedure for synthesis of pyrazole derivatives (4a-n)  

 

 

Scheme 2.1. Synthesis of pyrazole derivatives (4a-n) 

 

Aldehyde (1, 1 mmol), malononitrile (2, 1 mmol), and catalyst (150 mg) were taken in 

distilled water (10 mL) into a round-bottomed flask. To the reaction mixture, sodium 

dodecylbenzene sulphonate (SDBS, 150 mg) was added and stirred at room temperature for 20 

min till a white precipitate was obtained. At this point, phenylhydrazine (3, 1 mmol) was added, 

and the reaction mixture was further stirred at room temperature (35 °C) for 3–12 min. The 

progress of the reaction was monitored by TLC (hexane/ethyl acetate 7:3, v/v). After 
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completion of the reaction, water and ethyl acetate (1:1, v/v, 30 mL) were added and filtered. 

The filtrate was put in a separating funnel to separate the ethyl acetate layer. The ethyl acetate 

was dried over anhydrous sodium sulfate (Na2SO4), filtered, and evaporated to give the final 

product that was further recrystallized with hot ethanol. 

 

5‑Amino‑1,3‑diphenyl‑1H‑pyrazole‑4‑carbonitrile (4a) 

Yield: 91%; Mp.: 158-159 oC (Lit. Mp. 161 oC) (Mishra et al., 2017); FT-IR (KBr, cm−1): 3458, 

3344, 3026, 2926, 2865, 2209, 1615, 1594, 1562, 1493, 1257, 1195, 1138, 1088; 1H NMR 

(DMSO-d6): δ 7.85 (s, 2H, NH2), 7.64 (d, 2H, J = 7.2 Hz, ArH), 7.41–7.36 (m, 2H, ArH), 7.31–

7.24 (m, 3H, ArH), 7.06 (d, 2H, J = 7.5 Hz, ArH), 6.74 (t, 1H, J = 7.2 Hz, ArH). 

5‑Amino‑3‑(4‑nitrophenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4b)  

Yield: 94%; Mp.: 161-162 oC (Lit. Mp. 164-165 oC) (Mishra et al., 2018); FT-IR (KBr, cm−1): 

3454, 3300, 3105, 2926, 2196, 1594, 1555, 1536, 1493, 1324, 1241, 1164, 1100, 915. 1H NMR 

(CDCl3): δ 8.24–8.21 (m, 2H, NH2), 7.79–7.70 (m, 3H, ArH), 7.36–7.29 (m, 3H, ArH), 7.15 

(dd, 2H, J = 9.0 and 1.2 Hz, ArH), 6.95 (t, 1H, J = 7.2 Hz, ArH). 

5‑Amino‑3‑(2‑nitrophenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4c) 

Yield: 90%; Mp.: 159 oC (Lit. Mp. 160-162 oC) (Kiyani and Bamdad, 2018); FT-IR (KBr, 

cm−1): 3449, 3294, 3023, 2970, 2855, 2196, 1601, 1572, 1533, 1491, 1334, 1254, 1132, 903. 

1H NMR (CDCl3): δ 8.36 (s, 2H, NH2), 8.26–8.14 (m, 2H, ArH), 8.05–7.95 (m, 2H, ArH), 

7.59–7.53 (m, 2H, ArH), 7.15–7.12 (m, 2H, ArH), 6.84 (t, 1H, J = 7.3 Hz, ArH). 

5‑Amino‑3‑(2‑bromophenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4d)  

Yield: 86%; Mp.: Semi solid (Lit. Mp. Semi solid) (Poonam and Singh, 2019); FT-IR (KBr, 

cm−1): 3455, 3331, 3298, 3053, 2967, 2226, 1602, 1579, 1512, 1438, 1255, 1142, 1021. 1H 

NMR (CDCl3): δ 8.07–8.04 (m, 2H, NH2), 7.52 (dd, 2H, J = 8.1 and 1.2 Hz, ArH), 7.30–7.24 

(m, 4H, ArH), 7.25–7.15 (m, 2H, ArH), 6.86 (t, 1H, J = 7.2 Hz, ArH). 

5‑Amino‑3‑(2‑fluorophenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4e) 

Yield: 88%; Mp.: Viscous Oil (Lit. Mp. Oil) (Poonam and Singh, 2019); FT-IR (KBr, cm−1): 

3458, 3344, 3026, 2926, 2855, 2209, 1594, 1493, 1354, 1257, 1138, 1091. 1H NMR (CDCl3): 

δ 7.99–7.55 (m, 4H, NH2, ArH), 7.27–7.25 (m, 2H, ArH), 7.11–6.88 (m, 5H, ArH). 

5‑Amino‑3‑(4‑fluorophenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4f) 

Yield: 93%; Mp.: Oil (Lit. Mp. Yellow oil) (Srivastava et al., 2014); FT-IR (KBr, cm−1): 3465, 

3311, 3053, 2924, 2208, 1597, 1502, 1445, 1229, 1089. 1H NMR (CDCl3): δ 7.87 (s, 2H, NH2), 

7.61–7.56 (m, 2H, Ar-H), 7.28–7.23 (m, 2H, ArH), 7.09–7.02 (m, 4H, ArH), 6.86 (t, 1H, J = 

7.2 Hz, ArH). 
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5‑Amino‑3‑(4‑bromophenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4g)  

Yield: 95%; Mp.: 164-165 oC (Lit. Mp. 164-165 oC) (Kiyani and Bamdad, 2018); FT-IR (KBr, 

cm−1): 3465, 3310, 3043, 2926, 2210, 1600, 1501, 1493, 1320, 1202, 1150, 1062. 1H NMR 

(CDCl3): δ 7.83 (s, 2H, NH2), 7.71–7.69 (m, 2H, ArH), 7.65–7.59 (m, 3H, ArH), 7.32–7.21 (m, 

3H, ArH), 6.89–6.83 (m, 1H, ArH). 

5‑Amino‑3‑(4‑chlorophenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4h)  

Yield: 95%; Mp.: 128-129 oC (Lit. Mp. 129 oC) (Mishra et al., 2017); FT-IR (KBr, cm−1): 3445, 

3342, 3033, 2986, 2203, 1612, 1595, 1544, 1493, 1090. 1H NMR (CDCl3): δ 7.85 (s, 2H, NH2), 

7.70–7.49 (m, 5H, ArH), 7.38–7.24 (m, 3H, ArH), 6.88 (t, 1H, J = 7.3 Hz, ArH). 

5‑Amino‑3‑(2‑chlorophenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4i)  

Yield: 90%; Mp.: Semi solid (Lit. Mp. Semi solid) (Srivastava et al., 2014); FT-IR (KBr, cm−1): 

3455, 3341, 3022, 2921, 2853, 2204, 1591, 1497, 1355, 1257, 1130, 1091, 953. 1H NMR 

(CDCl3): δ 7.98 (s, 2H, NH2), 7.62–7.55 (m, 2H, ArH), 7.40–7.34 (m, 3H, ArH), 7.25–7.15 (m, 

3H, ArH), 6.76 (t, 1H, J = 7.3 Hz, ArH). 

5‑Amino‑3‑(4‑methylphenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4j) 

Yield: 96%; Mp.: 117-118 oC (Lit. Mp. 120 oC) (Mishra et al., 2017); FT-IR (KBr, cm−1): 3455, 

3310, 2924, 2205, 1595, 1505, 1256, 1128, 1069. 1H NMR (CDCl3): δ 8.26 (s, 2H, NH2), 7.82–

7.77 (m, 2H, ArH), 7.53–7.41 (m, 4H, ArH), 7.22–7.15 (m, 2H, ArH), 6.87 (t, 1H, J = 7.2 Hz, 

ArH), 2.33 (s, 3H, CH3). 

5‑Amino‑3‑(4‑methoxyphenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4k)  

Yield: 96%; Mp.: 107-108 oC (Lit. Mp. 110 oC) (Mishra et al., 2017); FT-IR (KBr, cm−1): 3455, 

3300, 2962, 2889, 2198, 1603, 1556, 1519, 1483, 1303, 1122, 1011, 993. 1H NMR (CDCl3): δ 

7.94 (s, 2H, NH2), 7.69–7.61 (m, 2H, ArH), 7.57–7.52 (m, 3H, ArH), 7.13– 7.00 (m, 3H, ArH), 

6.76 (t, 1H, J = 7.3 Hz, ArH), 3.74 (s, 3H, OCH3). 

5‑Amino‑3‑(2‑methoxyphenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4l)  

Yield: 90%; Mp.: 130-131 oC (Lit. Mp. 130-132 oC) (Srivastava et al., 2014); FT-IR (KBr, 

cm−1): 3453, 3297, 2962, 2919, 2198, 1596, 1519, 1493, 1333, 1128, 1016, 997. 1H NMR 

(CDCl3): δ 7.84 (s, 2H, NH2), 7.66–7.61 (m, 2H, ArH), 7.50–7.44 (m, 2H, ArH), 7.13–7.01 (m, 

4H, ArH), 6.89–6.93 (m, 1H, ArH), 3.84 (s, 3H, OCH3).
 

5‑Amino‑3‑(3,4‑dimethoxyphenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4m)  

Yield: 94%; Mp.: 120-122 oC (Lit. Mp. 120-123 oC) (Srivastava et al., 2014); FT-IR (KBr, 

cm−1): 3463, 3294, 2972, 2939, 2201, 1596, 1511, 1494, 1330, 1128, 1016. 1H NMR (CDCl3): 

δ 8.45 (s, 2H, NH2), 7.69–7.63 (m, 2H, ArH), 7.35–7.29 (m, 3H, ArH), 7.16–6.97 (m, 3H, 

ArH), 3.79–3.76 (m, 6H, 2×OCH3). 
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5‑Amino‑3‑(3‑nitrophenyl)‑1‑phenyl‑1H‑pyrazole‑4‑carbonitrile (4n)  

Yield: 93%; Mp.: 127-129 oC (Lit. Mp. 128-130 oC) (Srivastava et al., 2014); FT-IR (KBr, 

cm−1): 3450, 3284, 3023, 2972, 2855, 2206, 1601, 1572, 1555, 1533, 1490, 1334, 1251, 1130, 

943. 1H NMR (CDCl3): δ 8.16 (s, 2H, NH2), 7.76–7.64 (m, 2H, ArH), 7.45–7.35 (m, 2H, ArH), 

7.19–7.03 (m, 2H, ArH), 6.99–6.84 (m, 3H, ArH). 

 

2.4 Synthesis of phenyl-1,3-thiazole-2-amine derivatives (7a-l) 

 

2.4.1 Procedure for the synthesis of MoS2 quantum dots 

 The MoS2 QDs were prepared through facile hydrothermal route. The sodium 

molybdate (24 mM) and thioacetamide (55 mM) were taken in a certain amount and stirred for 

30 min under inert environment. Then, 1,4-diamino butane (DAB, 1.4 mL) was added to the 

above mixture and stirred for another 10 min. Afterwards, the mixture was transferred to the 

Teflon lined hydrothermal reactor at 200 oC for 24 h. The mixture was allowed to cool naturally 

to the room temperature and then, the surfactant was purified through dialysis process for 48 

h. The cellulose membrane of 1 kda was used to eliminate impurities and unreacted reagents. 

The DI water used for dialysis was changed at an interval of 2 h. The final product obtained is 

the pale-yellow colloidal solution which exhibit bright blue fluorescence under UV 

illumination. The purified QDs were then kept at 4 oC until further characterizations and 

reactions. 

 

2.4.2 Procedure for the synthesis phenyl-1,3-thiazole-2-amine derivatives (7a-l) 
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Scheme 2.2. Synthesis of pyrazole derivatives (7a-l) 
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2.5 Synthesis of 2-(4-nitrophenyl)-1H-benzoimidazole 
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Scheme 2.3. Synthesis of 2-(4-nitrophenyl)-1H-benzoimidazole (9) 

 

Benzene-1,2-diamine (8, 9.2 mmol) and 4-nitrobenzaldehyde (1b, 9.2 mmol) was 

thoroughly ground with a pestle in a mortar at room temperature until the overall mixture turned 

into a melt. The melt was then heated at 140 oC for 2 h. The progress of reaction was monitored 

by TLC. After completion, the compound was extracted with ethyl acetate and was purified by 

column chromatography. 

 

2-(4-Nitrophenyl)-1H-benzo[d]imidazole (9) 

Yield: 88%; Mp.: >300 oC (Lit. Mp. 324-326 oC) (Patil et al., 2016); FT-IR (KBr, cm-1): 3337, 

2963, 1604, 1511, 1433, 1337, 1281, 1101, 1008, 968, 852, 744, 709, 681, 614; 1H NMR 

(DMSO-d6, 400 MHz) δ: 13.30 (s, 1H, NH), 8.44-8.39 (m, 4H, ArH), , 7.74 (d, J = 8.0 Hz, 1H, 

ArH), 7.60 (d, J = 8.0 Hz, 1H, ArH), 7.31-7.23 (m, 2H, ArH). 

 

2.6 Synthesis of 2-(4-aminophenyl)-1H-benzo[d]imidazole (10) 

 

NH

N
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Scheme 2.4. Synthesis of 2-(4-aminophenyl)-1H-benzo[d]imidazole (10) 

 

A solution of 2-(4-nitrophenyl)-1H-benzoimidazole (9, 500 mg, 2.0 mmol) in dry 

ethanol (50 mL) was taken in a glass reaction bottle (500 mL). To this solution Pd/charcoal 

(10%) (0.01 g) was added. The reaction mixture was hydrogenated at an ambient temperature 

and at 60 psi pressure for 7 h. After completion of the reaction, the catalyst was filtered using 

a celite pad. The solvent was evaporated under reduced pressure to obtain the desired product 

10. 
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2-(4-Aminophenyl)-1H-benzo[d]imidazole (10) 

Yield: 90%; Mp.: 242-244 oC (Lit. Mp. 246-248 oC) (Khan et al., 2009); FT-IR (KBr, cm-1): 

3361, 2964, 1607, 1497, 1442, 1398, 1273, 1181, 1044, 831, 744, 697, 615; 1H NMR (DMSO-

d6, 300 MHz): δ 12.40 (s, 1H, NH) , 7.84 (d, J = 9.0 Hz, 2H, ArH), 7.50 (d, J = 9.0 Hz, 2H, 

ArH), 7.11-7.08 (m, 2H, ArH), 6.67 (d, J = 9.0 Hz, 2H, ArH), 5.57 (s, 2H, NH2). 

 

2.7 Synthesis of thiazole-pyrazole amide conjugate (11): Method-I 

 

 

Scheme 2.5. Synthesis of thiazole-pyrazole amide conjugates (11)  

 

Succinyl dichloride (148 mmol) was diluted with DMF (25 mL). This solution was 

added dropwise to a solution of 4-(4-nitrophenyl)-1,3-thiazol-2-amine (7g, 156 mmol) in DMF 

(100 mL) at room temperature during 25 min. After the addition was completed, the pyrazole 

4m was added dropwise and after addition temperature of the reaction mixture was increased 

to 60 °C. The content was stirred at room temperature for 24 h and then cold 2% sodium 

bicarbonate was added. The product that was separated, filtered, washed thoroughly with water, 

ethanol (100 mL), acetone (100 mL) and finally with hexane (50 mL). It was dried under 

vacuum and subjected to column chromatography to get the desired conjugate 11.  

 

N1-(4-Cyano-3-(3,4-dimethoxyphenyl)-1-phenyl-1H-pyrazol-5-yl)-N4-(4-(4-nitrophenyl) 

thiazol-2-yl)succinimide (11) (P11) 

Yield: 36%; Mp. > 250 oC; FT-IR (KBr, cm-1): 3396, 3120, 2956, 2233, 1685, 1562, 1501, 

1433, 1350, 1301, 1299, 1192, 1001, 839 ; 1H NMR (300 MHz, CDCl3) δ: 8.24-8.01 (m, 4H, 

ArH), 7.62-7.45 (m, 6H, H-thiazole, ArH,), 7.11-6.94 (m, 3H, ArH), 3.73 (s, 6H, 2×CH3), 2.50-
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2.46 (m, 4H, CH2CH2); 
13C NMR (75 MHz, CDCl3) δ: 174, 164, 150, 148, 147, 135, 130, 126, 

124, 123, 120, 116, 111, 108, 105, 74, 57, 32; Anal. Calcd. for C31H25N7O6S: C, 59.70; H, 4.04; 

N, 15.72; S, 5.14%, Found: C, 59.73; H, 4.00; N, 15.73; S, 5.15%. 

 

2.8 Synthesis of thiazole-pyrazole amide conjugates: Method - II 

 

2.8.1 Synthesis using step-wise methods  

 

 

Scheme 2.6. Synthesis of 4-oxo-4-((4-arylthiazol-2-yl)amino)butanoic acid (13)  

 

2-Aminothiazole derivative (7, 284 mmol) was dissolved in THF (10 mL). After 

dissolution, succinic anhydride (12, 189 mmol) was added to the reaction mixture. The reaction 

mixture was kept on stirring for 24 h. Progress of the reaction was monitored by TLC (MeOH- 

CH3Cl - 1:9 v/v). After completion, the crude product was obtained by solvent extraction and 

dried over reduced pressure.  

 

4-Oxo-4-((4-phenylthiazol-2-yl)amino)butanoic acid (13a) (P7) 

Yield: 41%; Mp.: >250 oC; FT-IR (KBr, cm-1): 3502, 3434, 3146, 2926, 2862, 1705, 1678, 

1605, 1515, 1484, 1443, 1333, 1218, 1083, 914; 1H NMR (DMSO, 300 MHz) δ: 12.18 (s, 1H, 

OH), 9.16 (s, 1H, NH), 7.79 (d, 2H, J = 8.4 Hz, ArH), 7.61 (s, 1H, H-thiazole), 7.51 (d, 2H, J 

= 8.4 Hz, ArH), 7.39-7.38 (m, 1H, ArH), 2.60 (t, 2H, CH2), 2.42 (t, 2H, CH2). 

 

4-Oxo-4-((4-methoxyphenyl)thiazol-2-yl)amino)-4-oxobutanoic acid (13b) (P8) 

Yield: 45%; Mp.: >250 oC; FT-IR (KBr, cm-1): 3498, 3424, 3046, 2922, 2862, 1706, 1672, 

1605, 1513, 1484, 1441, 1331, 1217, 1083, 914; 1H NMR (DMSO, 300 MHz) δ: 12.05 (s, 1H, 

OH), 9.10 (s, 1H, NH), 7.79-7.51 (m, 4H, ArH), 7.41 (s, 1H, thiazole), 3.71 (s, 3H, OCH3), 

2.62 (t, 2H, CH2), 2.40 (t, 2H, CH2).  
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4-Oxo-4-((4-nitrophenyl)thiazol-2-yl)amino)-4-oxobutanoic acid (13c)  

Yield: 39%; Mp.: >250 oC; FT-IR (KBr, cm-1): 3503, 3454, 3421, 3046, 2920, 2860, 1703, 

1668, 1605, 1550, 1513, 1484, 1435, 1349, 1331, 1211, 1080, 1H NMR (DMSO, 300 MHz) δ: 

11.88 (s, 1H, OH), 8.10 (s, 1H, NH), 7.76-7.48 (m, 4H, ArH), 7.38 (s, 1H, thiazole), 2.58 (t, 

2H, CH2), 2.42 (t, 2H, CH2).  

 

2.9 Synthesis of thiazole-pyrazole and thiazole-benzimidazole amide conjugates 

 

 

Scheme 2.7. Synthesis of thiazole-pyrazole (11) and thiazole-benzimidazole amide (15) 

conjugates  

 

Thionyl chloride (60 mmol) was added to 4-oxo-4-((4-arylthiazol-2-yl)amino)butanoic 

acid (13, 3.0 mmol) and the resulting suspension was refluxed for 3 h to give a clear light 

yellow solution. Excess thionyl chloride was removed in vacuo. The obtained acid chloride 

without further characterisation was mixed with dry DMF (15 mL) and cooled to 0 – 4 oC. A 

solution of amine (10, 5.0 mmol) and triethylamine (6.0 mmol) in dry DMF (2.5 mL) was 

added. The resulting mixture was stirred at room temperature for 12 h. The solvent was 

removed with rotatory evaporator. The solid obtained was washed with aqueous ammonium 
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chloride solution and water, then dried to get the amide conjugates which was recrystallised to 

get the pure compounds. 

 

N1-(4-(1H-benzo[d]imidazol-2-yl)phenyl)-N4-(4-phenylthiazol-2-yl)succinimide (15) 

(P15) 

Yield: 38%; Mp. >250 oC; FTIR (KBr, cm-1): 3331, 3259, 3102, 2964, 2926, 2862, 1676, 1672, 

1607, 1498, 1438, 1300, 1273, 1181, 1044, 831; 1H NMR (300 MHz, CDCl3) δ: 7.84-7.81 (m, 

2H, ArH), 7.72-7.68 (m, 4H, ArH), 7.61-7.41 (m, 6H, ArH), 7.22-7.19 (m, 2H, ArH), 5.01 (s, 

1H, NH), 2.60-2.55 (m, 4H, CH2CH2); 
13C NMR (75 MHz, CDCl3) δ: 177, 174, 164, 150, 148, 

142, 136, 133, 130, 128, 124, 122, 120, 115, 106, 32; Anal. Calcd. for C26H21N5O2S: C, 66.79; 

H, 4.53; N, 14.98; S, 6.86%, Found: C, 66.81; H, 4.55; N, 15.03; S, 6.89%. 

 

2.10 Synthesis of thiazole-thiazole and thiazole-pyrazole amine conjugates  

 

 

Scheme 2.8. Synthesis of thiazole derivatives (17 and 18) 

 

4-Aryl-1,3-thiazol-2-amine (7, 100 mmol) was dissolved in dry DMF (5 mL). After 

dissolution, fused K2CO3 (2.8 g) was added to the solution. The reaction was stirred at 80 oC 

for 20 min. After that, 1,4-diiodobutane (16, 100 mmol) was added dropwise to the reaction 

mixture and the temperature was raised to 105 oC. The heating was continued for 15 h. Progress 
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of the reaction was monitored by TLC (hexane: ethylacetate 7:3, v/v). After the reaction, the 

solvent was removed under reduced pressure. The crude product was purified by column 

chromatography.  

 

N-(4-Iodobutyl)-4-phenylthiazol-2-amine (17a)  

Yield: 42%; Mp.: 178-179 oC; FTIR (KBr, cm-1): 3305, 3250, 3100, 2924, 2862, 1605, 1514, 

1485, 1405, 1350, 1226, 1080, 914, 845, 772, 515; 1H NMR (DMSO-d6, 300 MHz) δ: 7.79-

7.74 (m, 2H, ArH), 7.48-7.43 (m, 2H, ArH), 7.25-7.22 (m, 1H, ArH), 7.05 (s, 1H, H-thiazole), 

3.35 (m, 2H, CH2), 3.14 (t, 2H, CH2), 1.86 (m, 2H, CH2), 1.50 (m, 2H, CH2); ESI-Mass (m/z): 

358 (M+). 

 

N-(4-Iodobutyl)-4-(4-nitrophenyl)thiazol-2-amine (17b) 

Yield: 40%; Mp.: 195-196 oC; FTIR (KBr, cm-1): 3298, 3150, 3100, 2914, 1605, 1550, 1514, 

1486, 1405, 1350, 1320, 1226, 1086, 917, 848, 772, 521; 1H NMR (DMSO-d6, 300 MHz) δ: 

8.20-8.02 (m, 3H, Ar-H), 7.38-7.24 (m, 2H, H-thiazole, ArH), 3.32 (m, 2H, CH2), 3.10 (t, 2H, 

CH2), 1.84 (m, 2H, CH2), 1.52 (m, 2H, CH2); ESI-Mass (m/z): 403 (M+). 

 

N-(4-Iodobutyl)-4-(4-methoxyphenyl)thiazol-2-amine (17c) 

Yield: 41%; Mp.: 189-190 oC; FTIR (KBr, cm-1): 3296, 3120, 2945, 1601, 1523, 1481, 1337, 

1218, 1076, 914, 773, 530; 1H NMR (DMSO-d6, 300 MHz) δ: 7.84 (d, 2H, J = 9.0 Hz, ArH), 

7.30 (s, 1H, H-thiazole), 6.96 (d, 2H, J = 9.0 Hz, ArH), 3.78 (s, 3H, OCH3), 3.28 (m, 2H, CH2), 

3.10 (t, 2H, CH2), 1.80 (m, 2H, CH2), 1.50 (m, 2H, CH2); ESI-Mass (m/z): 388 (M+). 

 

N1,N4-Bis(4-phenylthiazol-2-yl)butane-1,4-diamine (18a) (P9) 

Yield: 39%; Mp.: >250 oC; FTIR (KBr, cm-1): 3305, 3255, 3108, 2920, 2861, 1600, 1512, 1475, 

1405, 1352, 1220, 1020, 916, 848, 778; 1H NMR (DMSO-d6, 300 MHz) δ: 8.03-7.79 (m, 4H, 

ArH), 7.51-7.41 (m, 6H, ArH), 7.28 (s, 1H, H-thiazole), 6.86 (s, 1H, H-thiazole), 3.36-3.34 (m, 

4H, 2×CH2), 1.49 (t, 4H, 2×CH2); ESI-Mass (m/z): 407.13, 406.12 (M+); Anal. Calcd. for 

C22H22N4S2: C, 64.99; H, 5.45; N, 13.78; S, 15.77%, Found: C, 65.01; H, 5.43; N, 13.76; S, 

15.75%.  

 

N1,N4-Bis(4-(4-nitrophenyl)thiazol-2-yl)butane-1,4-diamine (18b) (P12) 

Yield: 36%; Mp.: >250 oC; FTIR (KBr, cm-1): 3422, 3101, 2977, 2874, 1598, 1556, 1507, 1458, 

1336, 1319, 1285, 1104, 943, 854; 1H NMR (CDCl3, 300 MHz) δ: 8.32-8.22 (m, 4H. ArH), 
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8.07-7.98 (m, 4H, ArH), 6.89 (s, 2H, 2×H-thiazole), 3.67-3.38 (m, 4H, 2×CH2), 2.69-1.92 (m, 

4H, 2×CH2); Anal. Calcd. for C22H20N6O4S2: C, 53.21; H, 4.06; N, 16.92; S, 12.91; Found: C, 

53.24; H, 4.04; N, 16.96; S, 12.96.  

 

N1,N4-Bis(4-(4-methoxyphenyl)thiazol-2-yl)butane-1,4-diamine (18c) (P13) 

Yield: 41%; Mp.: >250 oC; FT-IR (KBr, cm-1): 3431, 2963, 2930, 2856, 1607, 1563, 1457, 

1439, 1414, 1332, 1292, 1170, 1106, 1032, 837, 803, 732; 1H NMR (CDCl3, 300 MHz): 𝛿 

7.71-7.67 (m, 4H. ArH), 6.83-6.74 (m, 4H, ArH), 6.45 (s, 2H, 2×H-thiazole), 3.89 (s, 6H, 

2×CH3), 3.45-3.36 (m, 4H, 2×CH2), 1.98-1.83 (m, 4H, 2×CH2); Anal. Calcd. for 

C24H26N4O2S2: C, 61.78; H, 5.62; N, 12.01; S, 13.74; Found: C, 61.72; H, 5.59; N, 12.11; S, 

13.76.  

 

 

Scheme 2.9. Synthesis of thiazole-pyrazole amine conjugate (19) 

 

5-Amino-1,3-diphenyl-1H-pyrazole-4-carbonitrile (4a, 100 mmol) was dissolved in 

dry DMF (10 mL). After dissolution, fused K2CO3 (2.8 g) was added to the solution. The 

reaction was stirred at 80 oC for 30 min. After that, N-(4-Iodobutyl)-4-(4-nitrophenyl)thiazol-

2-amine (17b, 100 mmol) was added to the reaction mixture and the temperature was raised to 

105 oC. The heating was continued for 20 h. Progress of the reaction was monitored by TLC 

(benzene:ethyl acetate 9:1, v/v). After the reaction, the solvent was removed under reduced 

pressure. The crude product was washed with cold water and dried. This was further 

recrystallized with hot ethanol to get the pure compound 19. 

 

5-((4-((4-(4-Nitrophenyl)thiazol-2-yl)amino)butyl)amino)-1,3-diphenyl-1H-pyrazole-4-

carbonitrile (19) (P10) 

Yield: 42%; Mp.: >250 oC; FT-IR (KBr, cm-1): 3332, 3314, 3000, 2907, 2196, 1601, 1553, 

1493, 1356, 1250, 1131, 1083;  1H NMR (300 MHz, DMSO-d6) ppm: 8.32 (d, 2H, J = 8.44 
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Hz, ArH), 8.05 (d, 2H, J = 8.44 Hz, ArH), 7.79-7.76 (m, 3H, ArH), 7.62-7.41 (m, 7H, ArH), 

7.30 (s, 1H, H-thiazole), 3.35 (t, 2H, CH2), 3.20 (t, 2H, CH2), 1.49 (t, 4H, 2×CH2); 
13C NMR 

(75 MHz, DMSO-d6) ppm: 165, 150, 149, 148, 142, 139, 131, 129, 128, 126, 124, 123, 116, 

105, 75, 45, 40, 26; ESI-Mass (m/z): 536.13, 535.12 (M+); Anal. Calcd. for C29H25N7O2S: C, 

65.03; H, 4.70; N, 18.31; S, 5.99; Found: C, 64.98; H, 4.71; N, 18.32; S, 5.96. 

 

2.11 Biological screening methods 

 

2.11.1 In-vitro studies  

The potential effect of the synthesized compounds on hMAO-B enzyme were evaluated 

according to the previously reported fluorometric assay (Can et al., 2017). For the experiment, 

commercially available AmplexTM Red Monoamine Oxidase Assay kit (InvitrogenTM by 

Thermo Fisher Scientific) and hMAO-B enzyme (recombinant, expressed in baculovirus 

infected BTI insect cells from Sigma Life Science) were used. The fluorescence measurements 

were taken by a Bio Tek-Synergy H1 microplate reader (Can et al., 2017). 

a) Inhibitor solutions: Different concentrations (10-3-10-9 M) of the synthesized compounds 

and reference compounds (Pargyline hydrochloride and Safinamide mesylate) were 

prepared in 2% DMSO (vehicle). 

b) Enzyme solution: Recombinant hMAO-B enzyme (0.64 U/mL) was dissolved in 1X 

Reaction Buffer (prepared by dissolving 5 mL of 0.25 M sodium phosphate buffer stock 

solution available in assay kit to 20 mL deionized water). 

c) Working solution: Working solution was prepared by adding 200 μL of Amplex Red 

reagent stock solution (~20 mM), 100 μL of Horseradish peroxidase stock solution (200 

U/mL) and 200 μL of substrate stock solution (benzylamine, 100 mM) to 9.5 mL 1X 

Reaction Buffer. 

In flat black bottom 96-well micro test plate, we added inhibitor solution (20 μL/well) 

and hMAO-B enzyme (100 μL/well), which was incubated at 37oC for 15 minutes. After this 

incubation period, the reaction was started by adding the working solution (100 μL/well). The 

mixture was incubated for 30 minutes at 37oC and fluorescence (Excitation: 535 nm, Emission: 

587 nm) was measured at 5 minutes intervals to follow the kinetics of the reaction (Can et al., 

2017). The control experiments were carried out by replacing the inhibitor solution with 

vehicle. A positive control was prepared by diluting 20 mM H2O2 working solution to 10 μM 

in 1X Reaction Buffer. 1X Reaction Buffer without H2O2 was negative control. Further, to 
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check the possibility of non-enzymatic inhibition by the inhibitor solution, the inhibitor 

solution and working solution was mixed (Can et al., 2017). The background activity was 

determined from the vials containing all the components except the hMAO-B enzyme which 

was replaced by 1X Reaction Buffer (Can et al., 2017). The blank, control and the different 

concentrations of inhibitor solutions were analyzed in triplicates and percent inhibition was 

calculated using following equation: 

 

% Inhibition =
(Fluoroscence of control) − (Fluoroscence of inhibitor)

(Fluoroscence of control)
× 100 

 

The IC50 values were determined from a dose-response curve obtained by plotting the 

percentage inhibition versus log concentration and were expressed as mean ± SEM (standard 

error of means) (Can et al., 2017). 

 

2.11.2 Antioxidant Test 

 

2,2-Diphenyl-1-picrylhydrazyl (DPPH) Scavenging Activity 

Each compound (1 mL) was mixed with freshly prepared DPPH solution (3 mL) and 

allowed to react for 30 minutes at room temperature in the dark. After that, the mixture was 

tested for DPPH radical scavenging activity on a double beam UV-visible spectrophotometer 

at a wavelength of 517 nm. The solution of DPPH in methanol (1.2 mg in 50 mL) was used as 

blank and studied at the same wavelength. The samples were run in triplicate, and the mean 

value of three of them was recorded, and results are calculated. Percentage of antioxidant 

activity was calculated using the formula:  

AA (%) = [(Ab – As) / Ab] × 100 

where  AA = Antioxidant activity; Ab = Absorbance of blank; As = Absorbance of sample 

The AA (%) of the samples was compared with gallic acid (0.3 mg in 20 mL methanol). 

 

***** 
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3.1  In-silico interaction studies 

 

3.1.1 Preparation of the protein 

The protein preparation wizard in Schrödinger Maestro 16.4 version (Maestro 10.2 user 

mannual) was used for the preparation of protein of MAO-B (PDB ID: 4A7A). The proteins 

are the clusters of amino acids that are bonded together by peptide bonds (Bhagavan and Ha, 

2015). The carbonyl oxygen and amine hydrogen of peptide bond are trans in the position. The 

C-N bond in the peptide bond possess partial double bond character. Therefore, it is rigid, 

planar and not free to rotate but the N-Cα and Cα-C bonds (Figure 3.1) are not rigid and hence 

possess the ability to rotate freely (Bhagavan and Ha, 2015; Choudhari, 2014). The angle of 

rotation or dihedral angle around N-Cα bond is called phi (φ) and that around Cα-C bond is 

called psi (ψ). The bulkiness of R groups attached to the N-Cα and Cα-C bonds may impose 

some restrictions on the rotation leading to certain combinations of φ and ψ which is preferred 

for stability of protein. The φ/ψ plot of amino acid residues in a peptide is called the 

Ramachandran plot (Bhagavan and Ha, 2015; Choudhari, 2014).  

 

 

Figure 3.1. Peptide bond showing peptide plane, φ and ψ and bond rotation involving two 

amino acids (Choudhari, 2014)  

 

3.1.2 Active site prediction 

 The first step is the preparation of protein. After the preparation of protein, the active 

sites for MAO-B protein were identified using sitemap tool. The site score above 1, was 

selected for grid generation in Glide application of Maestro and then receptor grid was 

generated around the most active site with a grid box by receptor grid generation tool in Glide. 

Once receptor grid was generated, docking studies were carried out. 
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3.1.3 Molecular docking 

In the in-silico study, benzimidazole, pyrazole, thiazole, and their amide and amine 

linked conjugates were docked using Glide tool of Schrödinger Maestro 16.4 version (Tables 

3.1-3.4). The docking score of compounds 4a, 4b, 4f, 4h, 4m, 7a, 11 and 20 – 154 varied from 

-13.427 to -3.626 (Table 3.1). The compound 11 have the highest docking score value of -

13.427 and the MMGBSA dG bind score is -72.967856 showing the good binding affinities of 

compound 11 with the amino acid residues of MAO-B enzyme. Therefore, this compound was 

selected for the synthesis. In another series of the compounds 155 – 176 (Table 3.2), the 

compound 155 showed highest docking score of -14.435 with the MMGBSA dG bind score of 

-67.215204. This also showed good binding affinities with the amino acid residues of MAO-B 

enzyme. In the series of pyrazole-thiazole amine conjugates, the compounds 19, 177 – 280 

(Table 3.3) have been docked. The compound 177 has highest docking score of – 11.318 with 

the MMGBSA dG bind score of – 53.163778 also showed good binding affinities with the 

amino acid residues of MAO-B enzyme. In the series of pyrazole/thiazole-benzimidazole 

amine conjugates, the compounds 281 – 302 (Table 3.4) have been docked. The compound 282 

has highest docking score of – 13.600 with the MMGBSA dG bind score of – 57.154 also 

showed good binding affinities with the amino acid residues of MAO-B enzyme.                   

All the compounds were analysed and then among them some of the compounds were 

selected for the synthesis (Table 3.5). Not all the compounds having highest docking score 

have been selected for synthesis. The selected compounds exhibited docking score between -

10.678 to -7.836 which was comparable with the standard drug safinamide (-10.600). The 

compounds also showed good measurable binding affinities to the target residues. The binding 

affinities indicate the flexibility and contribution of ligand for the target enzyme 

(Subramaniyana et al., 2018). The chemical structures of all the compounds docked have been 

given in Figures 3.2 – 3.6.  
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Figure 3.2. Chemical structures of docked pyrazole and thiazole derivatives  
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Figure 3.3. Chemical structures of docked thiazole-pyrazole amide conjugates  

 

 

Table 3.1. Docking Score and MMGBSA dG binding energy of pyrazole - thiazole conjugates 

 

S. 

No. 

Comp. 

No. 

Docking 

Score 

MMGBSA 

dG Bind 

S. No. Comp. 

No. 

Docking 

Score 

MMGBSA 

dG Bind 

1 4a (P1) - 07.322 -60.62500 73 85 -8.915 -50.2219 

2 4b (P2) -06.427 -58.26785 74 86 -8.859 -55.39791 

3 4f (P3) -06.120 -42.96785 75 87 -8.768 -37.45065 

4 4h (P4) -05.427 -45.16745 76 88 -8.672 -55.69619 

5 4m (P5) -04.117 -49.26235 77 89 -8.581 -44.07569 

6 7a (P6) -06.117 -52.16281 78 90 -8.497 -48.54077 

7 11 (P11) -13.427 -72.96785 79 91 -8.474 -39.67303 

8 20 -12.715 -64.65098 80 92 -8.314 -73.29795 

9 21 -12.607 -79.90876 81 93 -8.295 -70.56567 

10 22 -12.443 -67.46143 82 94 -8.288 -56.86454 

11 23 -12.169 -64.43956 83 95 -8.228 -41.48521 

12 24 -12.028 -71.10664 84 96 -8.219 -49.37585 

13 25 -11.856 -58.94233 85 97 -8.203 -40.79328 

14 26 -11.766 -71.02189 86 98 -8.142 -45.82173 

15 27 -11.655 -58.81248 87 99 -8.136 -39.46883 

16 28 -11.666 -64.12453 88 100 -8.105 -35.98340 

17 29 -11.528 -57.39658 89 101 -8.055 -45.78359 

18 30 -11.485 -65.01902 90 102 -7.938 -39.15077 

19 31 -11.206 -65.43137 91 103 -7.927 -59.73038 

20 32 -10.936 -22.99578 92 104 -7.768 -38.67606 

21 33 -10.567 -33.01805 93 105 -7.73 -48.29584 

22 34 -9.963 -70.72467 94 106 -7.727 -48.38702 

23 35 -9.934 -69.02352 95 107 -7.716 -51.14378 

24 36 -9.714 -58.97533 96 108 -7.626 -57.66074 

25 37 -9.15 -55.05303 97 109 -7.434 -37.44305 

26 38 -8.534 -54.20310 98 100 -7.307 -39.38934 

27 39 -8.382 -37.62175 99 111 -13.023 -54.50811 

28 40 -8.35 -73.95354 100 112 -7.22 -44.38678 

29 41 -8.313 -50.49239 101 113 -13.591 -71.41940 

30 42 -8.183 -32.91565 102 114 -13.428 -68.33812 

31 43 -8.071 -51.93345 103 115 -12.765 -33.76273 
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32 44 -7.98 -41.40454 104 116 -12.687 -73.29037 

33 45 -7.959 -40.00047 105 117 -12.473 -65.88930 

34 46 -7.926 -40.00424 106 118 -12.334 -62.12912 

35 47 -7.852 -46.94272 107 119 -12.062 -69.59791 

36 48 -7.837 -43.74067 108 120 -11.74 -51.36682 

37 49 -7.812 -24.73939 109 121 -11.645 -46.67981 

38 50 -7.794 -41.56877 110 122 -10.553 -8.551436 

39 51 -7.775 -35.70930 111 123 -10.332 -57.88219 

40 52 -7.713 -45.93053 112 124 -10.279 -67.73949 

41 53 -7.697 -58.08369 113 125 -9.858 -75.62142 

42 54 -7.638 -42.42142 114 126 -9.387 -66.91801 

43 55 -7.617 -47.39709 115 127 -9.585 -34.11455 

44 56 -7.61 -40.29136 116 128 -8.925 -52.20770 

45 57 -7.599 -36.11169 117 129 -8.906 -78.91174 

46 58 -7.51 -47.15118 118 130 -9.201 -49.76318 

47 59 -7.49 -34.99515 119 131 -8.807 -47.29007 

48 60 -7.446 -48.46508 120 132 -7.974 -46.73126 

49 61 -7.318 -39.22995 121 133 -8.954 -78.47065 

50 62 -13.056 -79.54763 122 134 -8.693 -47.40557 

51 63 -7.159 -20.02438 123 135 -8.604 -52.35801 

52 64 -7.202 -40.10629 124 136 -8.179 -37.20836 

53 65 -12.737 -68.33822 125 137 -8.057 -50.03593 

54 66 -3.626 -41.97711 126 138 -8.057 -41.04990 

55 67 -14.145 -42.58398 127 139 -8.021 -31.22424 

56 68 -7.248 -38.38555 128 140 -8.02 -51.29192 

57 69 -13.001 -55.47968 129 141 -8.673 -36.14959 

58 70 -12.982 -68.90953 130 142 -8.344 -60.72774 

59 71 -12.74 -68.81842 131 143 -8.293 -70.50601 

60 72 -7.054 -37.96785 132 144 -7.926 -40.64685 

61 73 -12.713 -68.06458 133 145 -7.71 -37.22610 

62 74 -12.594 -74.20229 134 146 -7.268 -41.83091 

63 75 -12.377 -60.77399 135 147 -7.172 -55.71677 

64 76 -12.372 -42.54026 136 148 -7.145 -50.73298 

65 77 -12.266 -32.83532 137 149 -6.476 -28.68385 

66 78 -11.972 -64.93161 138 150 -5.029 -30.89684 

67 79 -11.546 -62.01759 139 151 -8.545 -81.73348 

68 80 -11.076 -57.08489 140 152 -8.326 -38.23872 

69 81 -10.866 -78.27710 141 153 -7.979 -49.45120 

70 82 -10.298 -34.82011 142 154 -7.936 -54.25634 

71 83 -9.449 -56.53079     

72 84 -9.398 -74.77043     
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Figure 3.4. Chemical structures of docked thiazole/pyrazole and benzimidazole amide 

conjugates  

 

Table 3.2. Docking Score, and MMGBSA dG binding energy of benzimidazole and pyrazole/ 

thiazole amide conjugates 

 

S.No. Comp. 

No. 

Docking 

Score 

MMGBSA 

dG Bind 

S.No. Comp. 

No. 

Docking 

Score 

MMGBSA 

dG Bind 

1. 155 -14.435 -67.215204 12. 166 -9.557 -47.018737 

2. 156 -13.39 -56.322533 13. 167 -9.596 -71.804696 

3. 157 -11.706 -70.137721 14. 168 -9.517 -70.813017 

4. 158 -11.679 -76.544846 15. 169 -7.979 -55.183647 

5. 159 -11.562 -82.553074 16. 170 -7.654 -67.58963 
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6. 160 -11.43 -49.29868 17. 171 -7.252 -70.658141 

7. 161 -9.909 -46.514256 18. 172 -7.023 -72.684139 

8. 162 -9.619 -15.737579 19. 173 -7.020 -65.729976 

9 163 -9.001 -17.206988 20. 174 -6.951 -72.351388 

10. 164 -9.467 -18.390625 21. 175 -8.883 -70.817557 

11. 165 -9.327 -47.000101 22. 176 -8.723 -70.914404 
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Figure 3.5. Chemical structures of docked thiazole-pyrazole amine conjugates  

 

 

Table 3.3. Docking Score, and MMGBSA dG binding energy of pyrazole - thiazole amine 

conjugates  

 

S.No. Comp. 

No. 

Docking 

Score 

MMGBSA 

dG Bind 

S.No. Comp. 

No. 

Docking 

Score 

MMGBSA 

dG Bind 

1 177 -11.318 -53.16378 54 229 -7.983 -52.25799 

2 178 -8.096 -63.69943 55 230 -7.789 -50.04472 

3 19 (P10) -8.307 -43.92454 56 231 -8.381 -48.46461 

4 179 -8.129 -53.69284 57 232 -10.977 -46.01390 

5 180 -10.794 -61.11997 58 233 -7.897 -51.24656 

6 181 -8.168 -64.61136 59 234 -8.507 -21.44656 

7 182 -7.681 -49.97205 60 235 -7.859 -66.33484 

8 183 -7.871 -37.60808 61 236 -6.641 -86.80195 

9 184 -8.05 -60.09588 62 237 -7.637 -53.86354 

10 185 -7.998 -59.87407 63 238 -7.857 -62.89989 

11 186 -6.544 -83.21273 64 239 -8.135 -61.50115 

12 187 -7.795 -56.65387 65 240 -7.625 -73.50663 

13 188 -8.137 -54.56686 66 241 -8.152 -63.65521 

14 189 -7.251 -63.94217 67 242 -8.366 -60.91398 

15 190 -8.156 -45.35619 68 243 -7.435 -61.05944 

16 191 -8.757 -40.01694 69 244 -8.568 -55.38142 

17 192 -7.829 -60.99614 70 245 -7.441 -65.19839 

18 193 -8.661 -34.19255 71 246 -8.639 -62.98721 

19 194 -6.571 -75.18716 72 247 -7.93 -58.44017 

20 195 -8.54 -61.50344 73 248 -8.155 -40.62434 

21 196 -8.446 -60.00485 74 249 -7.573 -73.57162 

22 197 -7.147 -54.41918 75 250 -9.341 -77.96320 

23 198 -7.515 -28.02065 76 251 -8.276 -48.32443 

24 199 -8.283 -58.61552 77 252 -8.368 -57.69196 

25 200 -7.735 -60.00444 78 253 -8.345 -52.53528 

26 201 -7.485 -63.94676 79 254 -7.662 -55.51619 

27 202 -7.896 -58.08785 80 255 -8.801 -56.81113 

28 203 -8.86 -57.13529 81 256 -8.181 -61.07634 

29 204 -7.856 -52.78459 82 257 -7.737 -55.50073 

30 205 -6.956 -71.31487 83 258 -8.353 -65.98946 
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31 206 -8.173 -38.98339 84 259 -7.833 -67.34129 

32 207 -8.216 -69.25410 85 260 -8.732 -59.06762 

33 208 -7.948 -47.71604 86 261 -8.198 -52.22738 

34 209 -8.457 -43.78170 87 262 -8.039 -55.17104 

35 210 -7.908 -43.93298 88 263 -8.031 -60.31780 

36 211 -7.602 -52.09757 89 264 -8.124 -59.16397 

37 212 -7.768 -53.97086 90 265 -10.956 -55.95643 

38 213 -7.403 -62.53275 91 266 -7.045 -56.33524 

39 214 -7.331 -82.10484 92 267 -7.973 -50.89576 

40 215 -8.722 -51.93475 93 268 -10.308 -30.19337 

41 216 -7.998 -46.89179 94 269 -7.451 -58.50875 

42 217 -7.232 -54.23931 95 270 -9.507 -58.64853 

43 218 -7.72 -67.89435 96 271 -9.475 -59.15306 

44 219 -8.733 -49.22611 97 272 -11.236 -52.30619 

45 220 -7.643 -48.20389 98 273 -9.635 -24.80813 

46 221 -7.618 -40.43550 99 274 -12.626 -53.96134 

47 222 -7.874 -47.87621 100 275 -11.045 -53.28802 

48 223 -10.757 -62.11760 101 276 -10.951 -47.59198 

49 224 -8.087 -58.34640 102 277 -9.026 -68.90677 

50 225 -7.548 -63.65747 103 278 -11.26 -67.20042 

51 226 -7.516 -56.73934 104 279 -9.949 -73.82400 

52 227 -8.236 -61.46516 105 280 -10.96 -46.75680 

53 228 -10.427 -57.19323     
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Figure 3.6. Chemical structures of docked thiazole/pyrazole-benzimidazole amine conjugates  

 

Table 3.4. Docking Score, and MMGBSA dG binding energy of thiazole/pyrazole-

benzimidazole amide conjugates  

 

S.No.  Comp. 

No. 

Docking 

Score 

MMGBSA 

dG Bind 

S.No. Comp. 

No. 

Docking 

Score 

MMGBSA 

dG Bind 

1 281 -9.789 -63.181 12 292 -8.14 -50.408 

2 282 -13.6 -57.154 13 293 -7.189 -80.484 

3 283 -9.258 -37.569 14 294 -7.083 -77.125 

4 284 -9.86 -61.592 15 295 -6.37 -69.593 

5 285 -10.504 -51.770 16 296 -6.456 -78.495 

6 286 -10.004 -62.154 17 297 -7.087 -76.815 

7 287 -10.12 -58.658 18 298 -6.913 -79.335 

8 288 -13.448 -56.830 19 299 -9.29 -60.695 

9 289 -9.9 -57.797 20 300 -6.612 -78.694 

10 290 -9.513 -49.719 21 301 -8.654 -65.001 

11 291 -9.108 -62.543 22 302 -5.935 -72.185 
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Table 3.5 List of compounds selected for synthesis and in-vitro analysis 

Compound Structure Compound name 

NN

NC

NH2

 

5-Amino-1,3-diphenyl-1H-

pyrazole-4-carbonitrile (4a) (P1) 

NN

NC

NH2
O2N

 

5-Amino-3-(4-nitrophenyl)-1-

phenyl-1H-pyrazole-4-

carbonitrile (4b) (P2) 

NN

NC

NH2
F

 

5-Amino-3-(4-fluorophenyl)-1-

phenyl-1H-pyrazole-4-

carbonitrile (4f) (P3) 

NN

NC

NH2
Cl

 

5-Amino-3-(4-chlorophenyl)-1-

phenyl-1H-pyrazole-4-

carbonitrile (4h) (P4) 

H3CO NN

NC

NH2
H3CO

 

5-Amino-3-(3,4-

dimethoxyphenyl)-1-phenyl-1H-

pyrazole-4-carbonitrile (4m) 

(P5) 

NH
2

S

N

 

4-Phenylthiazol-2-amine (7a) 

(P6) 

 

4-Phenylthiazol-2-amine (7g) 

S

NH

O
OH

O

N

 

4-Oxo-4-((4-phenylthiazol-2-

yl)amino) 

butanoic acid (13a) (P7) 
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H3CO

S

N
NH

O
OH

O

 

4-((4-(4-Methoxyphenyl)thiazol-

2-yl)amino)- 

4-oxobutanoic acid (13b)(P8) 

S

N

NH
NH

S

N

 

 N1,N4-Bis(4-phenylthiazol-2-

yl)butane-1,4-diamine (18a) (P9) 

N
+

O
–

O

N

O

O

NHN

S

N

N

NH

 

3-(3,4-Dimethoxyphenyl)-5-((4-

((4-(4-nitrophenyl)thiazol-2-

yl)amino)butyl)amino)-1-

phenyl-1H-pyrazole-4-

carbonitrile (19) (P10) 

 

N1-(4-Cyano-3-(3,4-

dimethoxyphenyl)-1-phenyl-1H-

pyrazol-5-yl)-N4-(4-(4-

nitrophenyl)thiazol-2-

yl)succinimide (11) (P11) 

S

N

NH
NH

S

N

O
2
N

NO
2

 

N1,N4-Bis(4-(4-

nitrophenyl)thiazol-2-yl)butane-

1,4-diamine (18b) (P12) 

S

N

NH
NH

S

N

H
3
CO

OCH
3

 

N1,N4-Bis(4-(4-

methoxyphenyl)thiazol-2-

yl)butane-1,4-diamine (18c) 

(P13) 

NH
2

S

N

O
2
N

 

4-(4-nitrophenyl)thiazol-2-amine 

(7g) (P14)  

 

 



79 
 

3.2 Synthesis of pyrazole derivatives 

The highly functionalized pyrazole derivatives are the potential biologically active 

scaffolds due to their wide applications in pharmaceuticals (Khan et al., 2016; Lim et al., 2016; 

Wu et al., 2017; Kiyani and Bamdad, 2018). These scaffolds have been used as analgesics, 

anti-bacterial (Bekhit and Abdel-Aziem, 2004; Tanitame  et al., 2004a; Akbas et al., 2005), 

anti-convulsant (Özdemir, 2007), anti-pyretic activities (Mantzanidou, 2021), anti-depressant 

(Naim et al., 2016), anti-fungal (Tanitame et al., 2004b), anti-inflammatory (Badawey and El-

Ashmawey, 1998; Tewari & Mishra, 2001), antimalarials (Gilbert et al., 2006), anti-microbials 

(Foks et al., 2005; Dardari et al., 2006), anti-parasitic (Rathelot et al., 2002; Bernardino et al., 

2006), and anti-tumor (Daidone et al., 1998; Taylor and Patel, 1992). Further, these 

compounds reported to have appreciable anti-hypertensive activity in-vivo and, also exhibit 

properties such as human cannabinoid receptors (hCB1 and hCB2), inhibitors of p38 Kinase 

and CB1 receptor antagonists. 

The most well-known method for the synthesis of the 5-aminopyrazole-4-carbonitriles 

scaffold is the three-component cyclo-condensation (3-CC) of aldehydes, phenyl hydrazine 

derivatives, and malononitrile (Srivastava et al., 2013; Chen et al., 2014; Li et al., 2014; 

Srivastava et al., 2014; Kamal et al., 2015; Maddila et al., 2015; Saha et al., 2015; Kashiwa  et 

al., 2016; Kumari et al., 2016; Ma  et al., 2016; Meng et al., 2016; Rakhtshah et al., 2016; Ubale 

and Shioorkar et al., 2016; Saeed and Channar, 2017; Mishra et al., 2017). A variety of catalysts 

and reagents like sodium ascorbate (Kiyani and Bamdad, 2018), molecular iodine (Srivastava 

et al., 2014), ionic liquids (Srivastava et al., 2013), nanoparticles (Rakhtshah et al., 2016; Li et 

al., 2014), rhodium catalyst with sodium acetate (NaOAc) (Li et al., 2014), piperidine (Saeed 

and Channar, 2017), piperidinium acetate (Kamal et al., 2015), Cu(OAc)2 (Chen et al., 2014), 

CuO/ZrO2 (Maddila et al., 2015), cerium (IV) ammonium nitrate (Meng et al., 2016), graphene 

oxide-TiO2 (Kumari et al., 2016), oxone (Kashiwa  et al., 2016), palladium and copper (Ma  et 

al., 2016) and alum (Ubale and Shioorkar et al., 2016) have been studied for this reaction. 

To our knowledge, metal oxide with inorganic oxide surfaces using multicomponent 

reactions has not been used as the catalyst in the synthesis of pyrazoles under aqueous 

conditions. Heterogenous catalysts using inorganic oxide surfaces like zeolites, clays, silica, 

alumina have received attention due to ease of working process (Pompe et al., 2018; Zhang et 

al., 2018). Considering the utility of alumina and silica, we synthesized, an efficient, eco-

friendly, one-pot, three-component synthesis of 5-amino-1,3-diphenyl-1H-pyrazole-4-
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carbonitrile derivatives (4) in water using alumina-silica supported MnO2 as the heterogeneous 

catalyst (Poonam and Singh, 2019).  

 

3.2.1 Preparation of supported catalysts  

The initial studies focussed on the development of heterogeneous catalysts based on 

inorganic oxides: silica gel (60-120 mesh) and acidic alumina (Pompe et al., 2018). The in-situ 

generation of manganese oxide (MnO2) was done from manganese acetate tetrahydrate 

(Mn(OAc)2
.4H2O) by the modification of the reported method (Zhong, 2016). A mixture of n-

propanol, de-ionised water, manganese acetate tetrahydrate and silica and/or alumina was 

stirred at 80 oC for 3 hours. To this, an aqueous solution of KMnO4 was added and the stirring 

was continued for another 2 hours. The reaction mixture was filtered to get a black solid which 

was washed with water and dried at 70 oC under vacuum for 5 h.  

 The elemental compositions of manganese acetate tetrahydrate, acidic alumina, silica 

gel, silica-supported MnO2, alumina-supported MnO2, and alumina-silica-supported MnO2 

were established by energy dispersive X‐ray (EDX) spectroscopy (Figure 3.7). The SEM 

images showed the morphology of the prepared catalysts (Figure 3.7). The EDX patterns 

clearly indicated the expected elemental components with no extra peaks observed for any 

other impurities. The corresponding analytical data derived from EDX analysis are summarized 

along with images in Figure 3.7.  

 The images clearly confirm the presence of silica, alumina and MnO2 in the 

catalyst. Moreover, the absence of C shows the conversion of manganese acetate tetrahydrate 

to manganese oxide. 

The X-ray diffraction results for the silica-MnO2, alumina-MnO2 and silica-alumina-

MnO2 catalyst are shown in Figure 3.8. The features found in these diffractograms showed the 

presence of manganese oxide, silica and alumina in the catalyst samples and compared with 

JCPDS data sheet. 
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Manganese acetate tetrahydrate 

 

 

Element Weight% Atomic% 

C K 2.23 22.21 

O K 7.98 59.78 

Mn K 8.26 18.01 

Totals 18.47  

  

 

 

Alumina 
 

Element Weight

% 

     Atomic% 

O K 11.25 72.08 

Al K 7.35 27.92 

Totals 18.59  

 
 

 

 Silica  

 
Element Weight% Atomic% 

O K 22.91 65.83 

Si K 20.88 34.17 

Totals 43.79  
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Silica-supported MnO2  

 
Element Weight% Atomic% 

O K 25.81 66.18 

Si K 22.59 33.00 

Mn K 1.09 0.81 

Totals 49.48  
 

 

 

 

Alumina-supported MnO2  

 
Element Weight% Atomic% 

O K 26.73 73.42 

Al K 15.65 25.48 

Mn K 1.37 1.09 

Totals 43.74  
 

 

 

 

Alumina-silica-supported MnO2 

 

 
Element Weight% Atomic% 

O K 25.38 74.39 

Al K 4.77 8.30 

Si K 8.90 14.86 

Mn K 2.87 2.45 

Totals 41.92  
 

 

Figure 3.7. EDX images, quantitative analytical data and SEM images of catalysts 
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Figure 3.8. XRD results for silica-MnO2, alumina-MnO2 and silica-alumina-MnO2 catalysts 

 

3.2.2 Synthesis of 5-amino-1,3-diphenyl-1H-pyrazole-4-carbonitriles (4) 

The use of water as solvents for organic synthesis in order to achieve environmentally 

friendly methods is in accordance with the principles of green chemistry (Li and Chan 1997; 

Li, 2005; Mamgain et al., 2009). Our objective was to develop a synthetic method for the 

synthesis of 5-amino-1,3-diphenyl-1H-pyrazole-4-carbonitriles (4) in water at room 

temperature. A reaction was tried with reactants aldehyde (1), malononitrile (2), and catalyst 

(150 mg), all were taken in distilled water (10 mL) into a round-bottomed flask. To the reaction 

mixture, sodium dodecylbenzene sulphonate (SDBS, 150 mg) was added and stirred at room 

temperature for 20 min till a white precipitate was obtained. At this point, phenylhydrazine (3) 

(Scheme 2.1, Chapter 2) in water using manganese acetate tetrahydrate, a random selection of 

metal salt. Even after stirring for 24 hours, we did not get any product (Table 3.6, entry 1). The 

reaction was repeated in silica gel and alumina with similar outcome. We changed the catalyst 

and prepared silica-supported MnO2, alumina-supported MnO2 and alumina-silica-supported 

MnO2 (Zhong, 2016). In a typical case, the product 4a formation showed the order silica-
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supported MnO2 < alumina-supported MnO2 < alumina-silica-supported MnO2, though the 

yield was less than 30% (Table 3.6). We concluded solubility as the major issue. The literature 

shows the use of surfactant combined catalysts can cater some of these problems (Manabe et 

al., 2000; Sahu et al., 2014). Hence, we tried the reaction in sodium dodecyl benzenesulfonate 

(SDBS) in combination with catalysts that gave better results (Table 3.6, entries 8-10). 

However, the reaction was also tried in SDBS only without the use of metal oxide to ascertain 

its role. The reaction did not produce any result in 10 minutes as shown by the TLC profile 

where reactants spots appeared unchanged. On prolonging this reaction for 40 minutes, 

formation of 10% 4a was observed.    

 

Table 3.6. Catalyst optimization for the synthesis of 5-amino-1,3-diphenyl-1H-pyrazole-4-

carbonitrile (4a)  

 

S. 

No. 

Catalyst# Isolated 

yields (%) 

S. 

No. 

Catalyst# Isolated 

yields (%) 

1 Mn(CH3COO)2.4H2O 0 6 Alumina-silica-MnO2 30 

2 Alumina (neutral) 0-5 7 SDBS 0 

3 Silica gel (100-200 

mesh) 

0-5 8 Alumina-MnO2/ 

SDBS 

50 

4 Alumina-MnO2 25 9 Silica-MnO2/SDBS 40 

5 Silica-MnO2 20 10 Alumina-silica-

MnO2/SDBS 

91 

 #reactants 1 mmol; solvent (water) 10 mL; time 10 min; room temperature (35oC); 

catalyst (1:1, w/w, 500 mg each)   

 

Then, we optimized the reaction conditions for the product 4a with respect to yield by 

varying the amount of surfactant and catalyst (Figure 3.9). Since, the catalyst alumina-silica-

supported MnO2 gave better results and so chosen as suitable catalyst for this reaction. The 

amount of SDBS and catalyst was optimized by changing their amount from 25 to 250 mg of 

each (Figure 3.9). The reaction that used 150 mg of SDBS and catalyst each gave maximum 

isolated yield of 91% at room temperature in water.  

A broad range of structurally diverse aromatic aldehydes including electron-releasing 

substituents and electron-withdrawing substituents were used to check the prosperity in the 

reaction, and gave the corresponding products in high yields in short reaction time without the 

formation of any major by-products (Table 3.7). The formation of pyrazoles 4 were established 
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on the basis of melting points, FTIR, and 1H NMR and their comparison with the literature 

(Figures 10-13) (Experimental section, Chapter 2).  

 

 

 

Figure 3.9. Yield optimization with product 4a, 3 minutes after phenyl hydrazine (3) addition 

 

 

 

 

Figure 3.10. FTIR spectrum of 5‑amino‑1,3‑diphenyl‑1H‑pyrazole‑4‑carbonitrile (4a) 
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Figure 3.11. 1H NMR spectrum of 5‑amino‑1,3‑diphenyl‑1H‑pyrazole‑4‑carbonitrile (4a) 

 

 

Figure 3.12. FTIR spectrum of 5‑amino‑3‑(4‑nitrophenyl)‑1‑phenyl‑1H‑pyrazole‑4‑ 

carbonitrile (4b)  
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Figure 3.13. 1H NMR spectrum of 5‑amino‑3‑(4‑nitrophenyl)‑1‑phenyl‑1H‑pyrazole‑4‑ 

carbonitrile (4b)  

 

As per our results and reported literatures (Srivastava et al., 2014; Bamdad and Kiyani, 

2017; Badhe et al., 2018; Kiyani and Bamdad, 2018), the product formation takes place through 

Knoevenagel condensation and Michael addition followed by uncommon hydride transfer and 

releasing molecular hydrogen (H2) (Srivastava et al., 2014). A possible reaction mechanism is 

given in Figure 3.14. The Knoevenagel condensation takes place between the substituted 

benzaldehyde (1) and malononitrile (2) which seems to be facilitated through a six-membered 

ring formation (303) using MnO2. The Michael addition takes place between the Knoevenagel 

product (305) and phenyl hydrazine (3). The Michael addition product (306) undergoes 

intermolecular cyclization, and air oxidation to give the final products (4). For the prepared 

heterogeneous solid catalyst, recycling status was also evaluated taking the reactants 1a, 2 and 

3 for the synthesis of 4a under optimized conditions. The catalyst was recovered by simple 

filtration and the obtained solid was washed with water (2 × 20 mL). The recovered catalyst 

was dried for 5 h under vacuum at 70 °C. The performance of the recycled catalyst in reaction 

up to five successive runs is given in Figure 3.15. 
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Table 3.7. Synthesized 5-amino-1,3-diphenyl-1H-pyrazole-4-carbonitriles (4)  

 
Comp. 

No. 

Structure of 4 

R =  

Time (min)# Isolated 

yields (%) 

4a H 3 91 

4b 4-NO2 5 94 

4c 2-NO2 7 90 

4d 2-Br 7 86 

4e 2-F 7 88 

4f 4-F 6 93 

4g 4-Br 7 95 

4h 4-Cl 6 95 

4i 2-Cl 8 90 

4j 4-CH3 10 96 

4k 4-OCH3 6 96 

4l 2-OCH3 12 90 

4m 3,4-OCH3 10 94 

4n 3-NO2 11 93 

#time after phenyl hydrazine addition; melting points and literature melting points are given 

in Experimental section (2.3.2) Chapter 2. 

 

3.3  Synthesis of thiazole derivatives 

Thiazole is a five-membered heterocyclic molecule with the chemical formula C3H3NS. 

In 1887, Hantzsch and Waber were the first to describe this biologically active compound 

(Hantzsch and Weber, 1887). This molecule possesses both an electron accepting (C=N) and 

an electron donating groups (-S-). The thiazole ring can be found in a variety of natural and 

synthetic chemicals that have a wide range of biological applications, including antileishmanial 

(Rios Martinez and Durant-Archibold, 2018), anticonvulsant (Siddiqui and Ahsan, 2011), 

antiviral (Ghaemmaghami et al., 2010), anti-inflammatory (Giri et al., 2009), anticancer 
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(Dobbelstein and Moll, 2014), antidiabetic (Chhabria et al., 2016), antimicrobial (Arora et al., 

2015), and antihypertensive (Gallardo-Godoy et al., 2011).  

 

 

 

Figure 3.14. A proposed reaction mechanism for the synthesis of pyrazole derivatives (4) 

 

 

Figure 3.15. Recyclability of the alumina-silica-supported MnO2
 for the product 4a 
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The thiazole molecule in vitamin B1 (thiamine) helps neurological system by assisting 

in the creation of acetylcholine (Hantzsch and Weber, 1887). The medicines bacitracin and 

penicillin (Bhargava et al., 1983) both have a thiazole motif in their structure. Synthetic drugs 

belonging to the thiazole family consist of acinitrazole and sulfathiazole antimicrobial agents 

(Borisenko et al., 2006), pramipexole an antidepressant (Maj et al., 1997), bleomycin and 

tiazofurin are antineoplastic agents (Milne, 2000), ritonavir - an anti-HIV drug (Souza and 

Almeida, 2003), cinalukast is antiasthmatic drug (Britschgi et al., 2003), and nizatidine is an 

antiulcer agent (Evans et al., 1984). The thiazole derivatives have also been successfully used 

as potential neuroprotective agents (Storch et al., 2000). Tetrahydrobenzothiazole (Harnett et 

al., 2004), phenolic thiazole (Greig et al., 2004), and benzothiazole (Avila, 2012) are well 

known for their neuroprotective nature. Benzothiazole derivative is a potent adenosine receptor 

(A2AR) antagonist and is used for the treatment of Parkinson’s disease. 

Due to the wide utility in medicinal and other fields, different groups designed synthesis 

of the thiazole moiety possessing -NH2 group at 2-position (Dawane et al., 2009). Many 

methods for the synthesis of 2-aminothiazole and its derivatives have been published (Mishra 

et al., 2015). The first and most widely used approach is Hantzsch's synthesis, which involves 

reacting -halo carbonyl compounds with thioureas or thioamides in the presence of 

bromine/iodine (Hantzsch and Weber, 1887), silica chloride (Kesicki et al., 2016), 1,3-di-N-

butylimidazolium tetrafluoroborate (Potewar et al., 2007), ammonium 12-molybdophosphate 

(Das et al., 2006), and cyclodextrin (Elsadek et al., 2021), aqueous NaICl2 (Godse and Telvekar 

2015), or combining carbonyl compounds and thiourea (Figure 3.16). Kidwai et al. reported 

the microwave-assisted preparation of 2-aminothiazoles using substituted thiourea and halo 

carbonyl compounds (Kidwai et al., 2000). In the present work, quantum dots (QDs) have been 

used for the synthesis of 2-aminothiazole derivatives in aqueous medium as a catalyst.  

MoS2 is a very popular two-dimensional metal dichalcogenide, which happen to exhibit 

splendid electronic and optical properties. The MoS2 QDs possesses the distinct optical 

properties than its bulk counterparts because of the domination of the quantum confinement 

and edge effects. The MoS2 QDs exhibits magnificent blue fluorescence under the influence of 

near-ultraviolet (UV) region, attributing the K point transitions in the Brillouin zone (Sharma 

and Mehata, 2020a; Sharma and Mehata, 2020b). The fluorescence properties of the MoS2 QDs 

had been exploited to pursue different applications like, cell imaging, chemo-sensing, bio-

sensing, QLEDs, etc. (Wang and Ni 2014; Ou et al., 2014; Xu et al., 2015 Dong et al., 2016; 

Bogale et al., 2016). 
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Scheme 15. Different synthetic pathways to the 2-aminothiazole core preparation
 

Figure 3.16.  Some synthetic routes for 2-aminothiazole derivatives 

 

Here, the bottom-up approach has been applied to synthesize water soluble MoS2 QDs 

through facile hydrothermal technique. The blue fluorescent QDs holds high quantum yield 

(QY) of about 17%, which is very high when compared to other water-soluble quantum dots. 

The use of MoS2 QDs in the reaction of thiazole and its derivatives have increased the reaction 

rate by approximately 30 times. 

 

3.3.1 Synthesis of MoS2 quantum dots 

 The MoS2 QDs were prepared through a hydrothermal route from sodium molybdate 

and thioacetamide under inert environment (Figure 3.17). Further, 1,4-diamino butane (DAB) 

was added, stirred for 10 min and transferred to the Teflon lined hydrothermal reactor at 200 

oC for 24 h. The mixture was allowed to cool to the room temperature and then, the surfactant 

was purified through dialysis process for 48 h. The cellulose membrane of 1 kda was used to 

eliminate impurities and unreacted reagents. The DI water used for dialysis was changed after 

every 2 h. The final product obtained is the pale-yellow colloidal solution which exhibit bright 
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blue fluorescence under UV illumination. The purified QDs were then kept at 4 oC until further 

characterizations.  

 

 

        Figure 3.17. Schematic synthesis of functionalized MoS2 QDs by facile hydrothermal 

process 

 

The Figures 3.18a-c demonstrates the high-resolution images of the MoS2 QDs through 

HR-TEM. Figure 3.18a exhibits the occurrence of nano-sphere like formation or usually known 

as dots like structure. The heterogeneous particle size distribution ranging from 1-4 nm had 

been recorded in the Figure 3.18b. The corresponding histogram of the particle size distribution 

of the QDs describes the average particle size to be ~3 nm (Figure 3.18c). The UV-visible 

absorption spectroscopy is a well-recognized diagnostic tool to record the electronic structure 

of the materials. The absorption spectrum of the MoS2 QDs was recorded and observed a small 

hump at 300 nm of wavelength, which is related to the excitonic behaviour of the MoS2QDs. 

 

3.3.2 Synthesis of 2-aminophenylthiazole derivatives (7) 

The synthesis of 2-aminophenylthiazole derivatives have been performed with 

phenacyl bromide (5) and thiourea (6) in water dispersed MoS2 QDs (Scheme 2.2, Chapter 2). 

The reaction mixture was performed at room temperature. The progress of reaction mixture 

was monitored by TLC. After completion of reaction, the solid products were filtered and 

washed with water. The crude products were further recrystallized by using ethanol to get the 

pure compounds. The performance of the recycled catalyst in reaction up to four successive 

runs is given in Figure 3.19. The formation of the products 7 gave been confirmed by melting 

point, IR, and 1H NMR and their comparison with the literature (Experimental section, Section 

2.4.2, Chapter 2). In the 1H NMR of 4-phenyl-1,3-thiazol-2-amine (7a), the peak at 6.75 ppm 
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has been assigned to the H-thiazole and at 5.12 ppm due to the NH2 protons. The others peaks 

have been obtained in the aromatic region (Figure 3.20).   

  

 

Figure 3.18. TEM images at different magnifications (a, b) and corresponding size distribution 

histogram (c) of MoS2 QDs dispersed in water. 

 

3.4 Synthesis of benzimidazole derivative (9,10) 

Due to the versatile applications of benzimidazole molecules, notable efforts have been 

made by different groups to design efficient methods for synthesis. The benzimidazole ring 

system is fairly widespread among heterocyclic pharmacophores. Because of their widespread 

occurrence in bioactive chemicals, these substructures are sometimes referred to as 

"privileged" (Alaqeel, 2017). The therapeutic potential of benzimidazole nucleus has been 

recognized since Woolley postulated in 1944 that benzimidazole may operate similarly to 

purines, activating a variety of biological responses (Woolley, 1944).  

Table 3.8 List of 2-aminophenylthiazole derivatives (7) synthesized 

 

Comp. No. R 

Reaction 

Time 

(min) 

Yield (%) 

7a H 5 92 

7b 4-F 12 94 

7c 4-Cl 10 95 

7d 4-Br 9 95 

7e 4-CH3 5 90 

7f 4-OCH3 4 94 

7g 4-NO2 8 96 

7h 4-CN 10 89 

7i 3-Br 8 90 

7j 3-NO2 8 91 

7k 3-OCH3 8 94 
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7l 3,4-dichloro 12 96 

 

 

 

Figure 3.19. Reusability of catalyst MoS2 QDs for 7a  
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Figure 3.20. 1H NMR spectrum of 4-phenyl-1,3-thiazol-2-amine (7a)  

 

Sometime later, Brink discovered that 5,6-dimethylbenzimidazole is a breakdown 

product of vitamin B12 and that some of its derivatives showed actions that were comparable 

to those of vitamin B12 (Brink and Folkers 1949; Emerson et al., 1950). When the groups on 

the core structure of benzimidazole are altered, a broad variety of biological actions are 

displayed by benzimidazole-based medications (Figure 3.21). The synthesis of benzimidazole 

has been achieved as given in Schemes 2.3 and 2.4. Benzene-1,2-diamine (8) and 4-

nitrobenzaldehyde (1b) was thoroughly ground with a pestle in a mortar at room temperature 

until the overall mixture turned into a melt. The melt was then heated at 140 oC for 2 h. The 

progress of reaction was monitored by TLC. After completion, the compound was extracted 

with ethyl acetate and was purified by column chromatography to get compound 9. The 

reduction of nitro group was done with H2/Pd/Charcoal. The compounds 9 and 10 have been 

characterized with FTIR and H NMR spectroscopy (Experimental section, Sections 2.5 & 2.6; 

Chapter 2).  
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Figure 3.21. Some important drugs having benzimidazole core   

 

3.5 Synthesis of thiazole-pyrazole amide conjugate (11) 

  

The synthesis of amide conjugates was done using two methods. This was done to 

improve the yield of the product formation. The selected thiazole-pyrazole amide conjugate, 

N1-(4-cyano-3-(3,4-dimethoxyphenyl)-1-phenyl-1H-pyrazol-5-yl)-N4-(4-(4-nitrophenyl) thia 

-zol-2-yl)succinimide  (11) was synthesized from 4-(4-nitrophenyl)-1,3-thiazol-2-amine (7g) 

(Scheme 2.5, Chapter 2). The four-carbon source, succinyl dichloride was diluted with DMF 

and was added dropwise to a solution of 7g in DMF at room temperature during 25 min. After 

the addition was completed, the pyrazole 4m was added dropwise and after addition 
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temperature of the reaction mixture was increased to 60 °C. The content was stirred at room 

temperature for 24 h and then cold 2% sodium bicarbonate was added to stop the reaction. The 

product 11 that was separated and filtered, washed thoroughly with water, ethanol, acetone, 

and finally with hexane to remove the impurities. The final purification was done with column 

chromatography to get the compound in 36% yield. The formation of the compound was done 

with spectral data. The appearance of amide peak at 1685 cm-1 in FTIR confirmed the formation 

of amide bond. The absence of >C=O peak above 1700 cm-1 further confirmed the non-

formation of corresponding acid or acid chloride. In 1H NMR spectrum, the two methoxy 

groups appeared at 3.73 ppm and two methyl groups appeared in the aliphatic region 2.50-2.46 

ppm. The other peaks were observed in the aromatic region confirmed the conjugate formation. 

This was further confirmed with 13C NMR and elemental analysis (Experimental section, 

Chapter 2). 

Since the yield of the product was very poor, so we decided to perform the reaction in 

step-wise manner. First, we prepared the mono derivative having -COOH functional group and 

amide formation was done by converting -COOH to -COCl. This reaction was performed with 

the help of succinic anhydride (Tyurina et al., 2021). 2-Aminothiazole derivative (7) was 

dissolved in THF and succinic anhydride (12) was added to the reaction mixture. This was kept 

on stirring for 24 h. The progress of the reaction was monitored by TLC in the solvent system 

CH3OH- CH3Cl (1:9 v/v). After completion of the reaction, the solvent was removed under 

reduced pressure to obtain the crude products which was recrystallized to get the pure product. 

In FTIR spectrum, the absence of peak around 1860 and 1780 cm-1 confirmed the absence of 

anhydride and appearance of peak in the region 1670 – 1678 cm-1 was for the amide group 

(Tyurina et al., 2021). In a typical example, the 1H NMR of 4-oxo-4-((4-phenylthiazol-2-

yl)amino)butanoic acid (13a), the presence of peak at 12.18 ppm for one proton which 

disappeared after D2O exchange confirmed the acid functional group (-COOH) in the molecule. 

Similarly, the other prepared compounds 13b & 13c were characterized (Experimental section, 

Chapter 2). 

  

3.6 Synthesis of thiazole/pyrazole and benzimidazole amide conjugates 

 

The compound 13a was further reacted with thionyl chloride to transform the functional 

group acid (-COOH) to acid chlo ride (-COCl) (4-oxo-4-((4-phenylthiazol-2-

yl)amino)butanoyl chloride (14). The compound was not separated and further reacted with the 
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4-(1H-benzo[d]imidazol-2-yl)aniline (10) to give the thiazole-benzimidazole amide conjugate, 

N1-(4-(1H-benzo[d]imidazol-2-yl)phenyl)-N4-(4-phenylthiazol-2-yl)succinimide (15) in 38% 

yield. During the process of reaction, thionyl chloride was (13a) and the resulting suspension 

was refluxed for 3 h to give a clear light-yellow solution. The excess of thionyl chloride was 

removed in vacuo. The obtained acid chloride without further characterisation was mixed with 

dry DMF and cooled to 0 – 4 oC. A solution of 10 and triethylamine in dry DMF was added. 

The resulting mixture was stirred at room temperature for 12 h. The solvent was removed with 

rotatory evaporator. The solid obtained was washed with aqueous ammonium chloride solution 

and water, then dried to get the amide conjugates which was recrystallised with ethanol to get 

the pure compound 15. Similarly, compound 11 was also prepared and compared with the 

earlier method. The compound 15 was characterized with spectral data (Experimental section, 

Chapter 2). The presence of peaks at 3331 and 3259 cm-1 in the FTIR accounted for the two 

amide -NH groups present in the molecule. The peals at 1676, 1672 cm-1 was assigned to the 

carbonyl group of amide linkage. In the 1H NMR spectrum, the appearance of peaks in the 

regions 7.84-7.19 ppm was assigned to the aromatic protons. The peaks in the aliphatic region 

between 2.60-2.55 ppm were accounted for the -CH2CH2- group.  

 

3.7 Synthesis of thiazole-thiazole and thiazole-pyrazole amine conjugates  

  

 The synthesis of amine conjugates was based on the simple chemistry where amines 

react with alkyl halides via substitution reactions. This has been observed that in these types of 

reactions, the products are mixture of amines and hence the yields have been usually poor for 

a particular compound. The reaction of 4-aryl-1,3-thiazol-2-amine (7) with 1,4-diiodobutane 

(16) was carried out in dry DMF in the presence of fused K2CO3 (Scheme 2.8, Chapter 2) The 

reaction was stirred at 80 oC for 20 min. After that, halo compound 16 was added dropwise to 

the reaction mixture and the temperature was raised to 105 oC. The heating was continued for 

15 h. The progress of the reaction was monitored by TLC (hexane: ethyl acetate 7:3, v/v). After 

the reaction, the solvent was removed under reduced pressure. The crude product was further 

purified by column chromatography due to the presence of mixture of amine products. We 

were able to isolate the mono products, N-(4-iodobutyl)-4-arylthiazol-2-amine (17) in 40-42% 

yield and the bis-products, N1,N4-bis(4-arylthiazol-2-yl)butane-1,4-diamine (18) in 38-41% 

poor yields. The obtained products were characterized with the help of spectroscopic data 

(Experimental section, Chapter 2). 
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    The characterization of N-(4-iodobutyl)-4-phenylthiazol-2-amine (17a) was done 

with FTIR, 1H NMR, and mass spectra. The change in FTIR spectral profile from primary 

amine to secondary amine where only a single weak band at 3305 cm-1 was obtained, confirmed 

the alkylation of anime group. All the five aromatic hydrogens appeared in the region 7.79-

7.22 ppm. The thiazole proton appeared at 7.05 ppm. The other eight protons obtained in the 

aliphatic region between 3.35-1.50 ppm. The molecular ion peak at 358 confirmed the 

formation of mono derivative. The spectral data for other two compounds 17b and 17c showed 

the similar pattern (Experimental section, Chapter 2).  

 The characterization of the bis product, N1,N4-bis(4-phenylthiazol-2-yl)butane-1,4-

diamine (18a) was done with FTIR, 1H NMR, mass spectra, and elemental analysis. The 

presence of weak bands at 3305 and 3255 cm-1 were assigned to the -NH group of amine bonds. 

In the 1H NMR spectrum, the appearance of peaks in the aromatic regions between 8.03 and 

7.41 ppm for ten protons confirmed the amine conjugate formation. The two thiazole peaks at 

7.28 and 6.86 ppm convey that the two protons are not chemically equivalent. The molecular 

ion pean in mass spectra at 406 further confirmed the formation of compound 18a. The other 

amine conjugates 18b and 18c were characterized with similar approach (Experimental section, 

Chapter 2). The 1H NMR spectrum of compounds 18b and 18c are given in Figures 3.22 and 

3.23 respectively. 

For the synthesis of thiazole-pyrazole amine conjugate, 5-((4-((4-(4-

nitrophenyl)thiazol-2-yl)amino)butyl)amino)-1,3-diphenyl-1H-pyrazole-4-carbonitrile (19), 

the reaction of 5-amino-1,3-diphenyl-1H-pyrazole-4-carbonitrile (4a) was done with N-(4-

iodobutyl)-4-(4-nitrophenyl)thiazol-2-amine (17b) in the presence of  fused K2CO3. The 

reaction was performed in dry DMF to produce the product in 42% yield. The prepared 

compound was characterized with the help of FT-IR, NMR spectroscopy, mass spectrometry, 

and elemental analysis (Experimental section, Chapter 2). 

 

3.8 Biological evaluation of selected synthesized compounds 

 

3.8.1 In-vitro studies  

The MAO-B inhibition activity of selected synthesized compounds is given in the Table 

3.9. The selected compounds belong to pyrazole derivatives, thiazole derivatives, and their 

amide and amine conjugates (Table 3.5).  
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Figure 3.22. 1H NMR N1,N4-bis(4-(4-nitrophenyl)thiazol-2-yl)butane-1,4-diamine (18b) 

 

 

Figure 3.23. 1H NMR N1,N4-bis(4-(4-methoxyphenyl)thiazol-2-yl)butane-1,4-diamine (18b) 

 

The compound N1-(4-cyano-3-(3,4-dimethoxyphenyl)-1-phenyl-1H-pyrazol-5-yl)-N4-

(4-(4-nitrophenyl)thiazol-2-yl)succinimide  (11) (P11) showed the highest activity towards 

MAO-B inhibition with IC50 value of 80.17 ± 0.75 μM followed by the compound 3-(3,4-

dimethoxyphenyl)-5-((4-((4-(4-nitrophenyl)thiazol-2-yl)amino)butyl)amino)-1-phenyl-1H-

pyrazole-4-carbonitrile (19) (P10) with IC50 value of 86.03 ± 0.26 μM (Table 3.9).  
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Table 3.9. In-vitro studies using Amplex™ Red Monoamine Oxidase Assay Kit 

 

S. No. Compd. No. IC50 (μM) Docking Score 

1. P1 (4a) 903 ± 5.03 -10.678 

2. P2 (4b) 813 ± 6.01 -10.188 

3. P3 (4f) 1012 ± 0.75 -10.147 

4. P4 (4h) 992 ± 0.95 -9.836 

5. P5 (4m) 603 ± 24.01  -9.290 

6. P6 (7a) 501 ± 5.54 -8.661 

7. P7 (13a) 289 ± 0.94  -7.974 

8. P8 (13b) 280.8 ± 1.16  -7.836 

9. P9 (18a) 102.94 ± 1.13  -7.967 

10. P10 (19) 86.03 ± 9.26  -11.318 

11. P11 (11) 80.17 ± 0.75 -13.427 

12. P12 (18b) 332 ± 0.84 - 9.002 

13. P13 (18c) 200.0 ± 0.84 -10.147 

14. P14 (7g) 125.6 ± 07.97 -9.836 

15. Safinamide 0.031 ± 0.05  -10.6 

 

The similarity in these two most potent compounds is the functional groups present in 

them along with their aromatic group which might be occupying the substrate cavity 

effectively. This can be seen by the π-π interactions of phenyl group of aromatic substrates of 

11 with amino acid residue and hydrogen bonding of oxygen of carbonyl of amide functional 

group. The other hydrophobic interactions, positive charge interactions and polar interactions 

between the compound 11 and amino acid residues of active core of MAO-B are also 

responsible for the binding affinity of this compound. This has been observed with the analysis 

from the two active compounds 11 and 19 that the presence of functional groups to make the 
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conjugates such as amine and amide linkages does not play important role toward activities. 

The individual compounds present in the conjugates like 4m (P5) and 7g (P14) (Table 3.9, 

entry 5 and 14) do not show appreciable activity or in other words, their IC50 values are more 

than the conjugates. This infers that the conjugates made up of these two moieties are effective 

and may further be modified to bring the IC50 values as per with the drug safinamide (Table 

3.9, entry 15). The IC50 values for other synthesized compounds were higher and requires 

further functional group transformation.  

 

3.8.2 Antioxidant (AA) studies  

In molecular biology, the development of degenerative processes is linked to the 

existence of an excess of free radicals, which encourages oxidative reactions that are bad for 

the organism. Antioxidants have the function of neutralising free radicals in biological cells, 

which have a detrimental effect on living things (Rodrigo and Rodrigo, 2009; Shahidi and 

Zhong, 2015; Munteanu and Apetrei, 2021). This has been observed that the oxidative stress 

has become a popular notion in medical sciences. It actively participates in the physiology of 

many common disorders, including AD, PD, high blood pressure, preeclampsia, 

atherosclerosis, and acute renal failure (Prior et al., 2005; Rodrigo and Rodrigo, 2009; Çekiç 

et al., 2013; Siddeeg et al., 2021).  

 MAO with amines leads to the production of H2O2 (Figure 1.5 Chapter 1), which is 

sometimes responsible for oxidative stress through the generation of free radicals. Due to the 

above facts, the synthesized compounds have also been evaluated for AA activities and results 

are given in Table 3.10. The results show the similarity with in-vitro results as both the active 

compounds also gave better AA. The compound 11 (P11) showed 83% AA whereas the 

compound 19 (P10) showed 82% AA. The other evaluated compounds showed AA between 

13-79% (Table 3.10). 
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Table 3.10. Antioxidant activity of synthesized compounds 

S.No. Compound Synthesis Antioxidant 

activity (%) 

1. N1-(4-cyano-3-(3,4-dimethoxyphenyl)-1-phenyl-1H-pyrazol-5-yl)-

N4-(4-(4-nitrophenyl)thiazol-2-yl)succinamide (11) (P11) 

83.22 

2. 3-(3,4-dimethoxyphenyl)-5-((4-((4-(4-nitrophenyl)thiazol-2-

yl)amino)butyl)amino)-1-phenyl-1H-pyrazole-4-carbonitrile (19) 

(P10) 

82.01 

3. 5-Amino-1,3-diphenyl-1H-pyrazole-4-carbonitrile (4a) (P1) 79.66 

4. 4-(4-Nitrophenyl)-1,3-thiazol-2-amine (7g) (P14) 68.37 

5. 4-(4-Chlorophenyl)-1,3-thiazol-2-amine (7c) 59.80 

6. N1,N4-bis(4-(4-nitrophenyl)thiazol-2-yl)butane-1,4-diamine (18b) 55.07 

7. 5-Amino-3-(3,4-dimethoxyphenyl)-1-phenyl-1H-pyrazole-4-

carbonitrile (4m) (P5) 

52.56 

8. 4-Oxo-4-((4-phenylthiazol-2-yl)amino)butanoic acid (13a) (P7) 41.75 

9. 4-(4-Methylphenyl)-1,3-thiazol-2-amine (7e) 38.54 

10. 5-Amino-3-(4-chlorophenyl)-1-phenyl-1H-pyrazole-4-carbonitrile 

(4h) (P4) 

33.50 

11. N1,N4-Bis(4-phenylthiazol-2-yl)butane-1,4-diamine (18a) (P9) 

 

32.20 

12. 4-(4-Bromophenyl)-1,3-thiazol-2-amine (7d) 31.80 

13. 4-(3-Methoxphenyl)-1,3-thiazol-2-amine (7k) 28.64 

14. 4-(4-Fluorophenyl)-1,3-thiazol-2-amine (7b) 27.86 

15. 4-(4-Cyanophenyl)-1,3-thiazol-2-amine (7h) 26.85 

16. 4-(3-Nitrophenyl)-1,3-thiazol-2-amine (7j) 25.35 

17. 4-Phenyl-1,3-thiazol-2-amine (7a) (P6) 20.11 

18. 4-(4-Methoxyphenyl)-1,3-thiazol-2-amine (7f) 13.04 

 

***** 
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CHAPTER 4 

Conclusion   
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The present work has been carried out to design and synthesize the MAO-B inhibitors 

for PD and overcome some of the limitations reported in literature. The work entitled 

“Synthesis and Evaluation of Heterocycles as Anti-Parkinson Agents” has been divided into 

four chapters: 

Chapter 1: Parkinson’s Disease: An overview 

Chapter 2: Experimental Section 

Chapter 3: Results and Discussion 

Chapter 4: Conclusion 

References 

 

Chapter 1 covers the description of Parkinson’s disease (PD) and monoamine oxidases 

(MAOs) and their inhibitors. The literature given in this chapter covers MAO distribution, 

substrate specificity and kinetics. This chapter also covers MAO-B inhibitors and examples of 

clinical trial or approved drugs for MAO-B inhibition.  

Chapter 2 is the experimental section which explains the procedures for the synthesis of 

different N-containing heterocyclic molecules. The methods for the synthesis of pyrazole 

derivatives, thiazole derivatives, 2-(4-nitrophenyl)-1H-benzimidazole, 2-(4-aminophenyl)-1H-

benzimidazole, pyrazole-thiazole conjugates through amide bond and amine bond and 

benzimidazole-pyrazole/thiazole conjugates through amide bond and amine bond have been 

given in this chapter. Method for in-silico studies, in-vitro studies, and anti-oxidant studies 

have also been covered in this chapter.  

Chapter 3 is the results and discussion which covers detailed explanation about the design of 

molecules through their in-silico studies. The in-silico studies have been carried out for 

individual compounds and their conjugates. A total of more than 300 compounds have been 

docked, which included pyrazole-thiazole derivatives (amide linkage), benzimidazole-

pyrazole/thiazole derivatives (amide linkage), pyrazole-thiazole derivatives (amine linkage), 

and benzimidazole-pyrazole/thiazole derivatives (amine linkage). To synthesize the 

conjugates, three N-containing heterocyclic compounds have been synthesized: pyrazole 

derivatives, thiazole derivatives, and benzimidazole derivatives.  

A novel, facile, one-pot, multicomponent protocol for the synthesis of 5-amino-1H-

pyrazole-4-carbonitrile derivatives (4) has been developed using alumina–silica supported 

MnO2 as recyclable catalyst in water and sodium dodecyl benzene sulphonate at room 

temperature. The cyclo-condensation of substituted benzaldehydes, malononitrile and phenyl 
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hydrazine gave the 5-amino-1,3-diphenyl-1H-pyrazole-4-carbonitriles (4) in 86–96% yields 

(Scheme 2.1). 

 

 

Scheme 2.1. Synthesis of pyrazole derivatives (4a-n) 

 

A sustainable, one-pot, multicomponent protocol for the synthesis of 4-phenylthiazole-

2-amine derivatives catalyzed by MoS2 QDs in aqueous medium has been developed. The 

cyclo-condensation of phenacyl bromide and thiourea gave the thiazole derivatives in 89–96% 

yields (Scheme 2.2). 2-(4-Nitrophenyl)-1H-benzo[d]imidazole was synthesized using the 

literature method. In the further step, 2-(4-nitrophenyl)-1H-benzo[d]imidazole was reduced 

using catalytic hydrogenation to give 4-(1H-benzoimidazol-2-yl)-phenylamine, which 

underwent a coupling reaction with aromatic acids to give the final product. The synthesized 

molecules have been reacted with different linkers to form the respective conjugates (Schemes 

2.6-2.8).  
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Scheme 2.2. Synthesis of pyrazole derivatives (7a-l) 

 

 

Scheme 2.6. Synthesis of 4-oxo-4-((4-arylthiazol-2-yl)amino)butanoic acid (13) 
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Scheme 2.7. Synthesis of thiazole-pyrazole (11) and thiazole-benzimidazole amide (15) 

conjugates  

 

Scheme 2.8. Synthesis of thiazole derivatives (17 and 18) 
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The synthesized derivatives were evaluated for MAO-B inhibition. The in-vitro study 

of seventeen compounds was done using Amplex™ Red Monoamine Oxidase Assay Kit. Over 

all – two best compounds, N1-(4-cyano-3-(3,4-dimethoxyphenyl)-1-phenyl-1H-pyrazol-5-yl)-

N4-(4-(4-nitrophenyl)thiazol-2-yl)succinamide (P11) with IC50 value of 80.17 μM and 3-(3,4-

dimethoxyphenyl)-5-((4-((4-(4-nitrophenyl)thiazol-2-yl) amino)butyl)amino)-1-phenyl-1H-

pyrazole-4-carbonitrile (P10) with IC50 value of 86.03 μM have been obtained. The antioxidant 

evaluation of the compounds has also been done. The results showed 13 to 83 % antioxidant 

activities of the compounds. Interestingly, the compounds that shows better in-vitro results also 

showed good antioxidant activities.  

Chapter 4 is the conclusion chapter where all the work carried out has been summarized. This 

chapter is followed by references and publications. 
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