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ÖZET 
YENİ TİYAZOL TÜREVLERİ VE BİYOLOJİK ETKİLERİNİN ARAŞTIRILMASI 

 

Abd Al Rahman ASFOUR 

Farmasötik Kimya Anabilim Dalı 

Anadolu Üniversitesi, Sağlık Bilimleri Enstitüsü, Mayıs 2023 

Danışman: Prof. Dr. Leyla YURTTAŞ 

 

Bu tez kapsamında, Alzheimer ve Parkinson hastalıkları gibi nörodejeneratif 

bozuklukların tedavisinde kullanılabilecek potansiyel bir iskelet olan tiyazol halkasını içeren 

toplam oniki bileşiğin (5a-5l) tasarımı ve sentezi hedeflenmiştir. N-[4-(4-

Asetamidofenil)tiyazol-2-il)-]2-((heteroaril)tiyo)propanamit (5a-5l) türevi bileşikler IR, 

NMR ve HRMS gibi çeşitli teknikler kullanılarak analiz edilmiş ve fiziksel özellikleri 

belirlenmiştir. Ardından sentezlenen bileşikler, asetilkolinesteraz (AChE), bütirilkolinesteraz 

(BChE) ve monoamin oksidaz (MAO-A ve MAO-B) enzimleri üzerindeki potansiyel 

inhibitör etkinlikleri için test edilmiştir. Bileşikler AChE inhibitörü olarak kayda değer 

etkinlik göstermiş, aralarından 5d, 5e ve 5j bileşikleri en yüksek AChE inhibitör aktivite 

sergilemiştir. Ancak bileşiklerin hem BChE enzimine karşı hem de MAO alt tiplerine karşı 

inhibitör etkinlikleri zayıf kalmıştır. En etkili bulunan üç bileşik, protein yörelerine bağlanma 

şekilleri, yaptıkları bağlar ve zaman-çevresel değişkenleri ile bu etkileşimler üzerindeki 

etkileri moleküler docking ve dinamik simülasyon analizleri ile incelenmiştir. Bu çalışma, 

ilaç geliştirme çalışmalarında tiyazol bileşiklerinin nörodejeneratif bozuklukların tedavisi 

için kullanılabilecek iyi bir iskelet olduğunu vurgulamaktadır. 

Anahtar kelimeler: Tiyazol, AChE inhibitörleri, BChE inhibitörleri, MAO inhibitörleri, 

Moleküler docking analizi. 
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ABSTRACT 
INVESTIGATION OF NEW THIAZOLE DERIVATIVES AND THEIR BIOLOGICAL 

EFFECTS 

 

Abd Al Rahman ASFOUR 

Department of Pharmaceutical Chemistry 

Anadolu University, Graduate School of Health Sciences, May 2023 

Supervisor: Prof. Dr. Leyla YURTTAŞ 

 

           In this thesis, it was aimed to design and synthesize a total of 12 compounds (5a-5l) 

containing the thiazole ring, which is a potential structure that can be used in the treatment 

of neurodegenerative disorders such as Alzheimer's and Parkinson's diseases. N-[4-(4-

Acetamidophenyl)thiazol-2-yl)-]2-((heteroaryl)thio)propanamide  (5a-5l) derivative 

compounds were analyzed using various techniques such as IR, NMR, and HRMS, and their 

physical properties were determined. The synthesized compounds were then tested for their 

potential inhibitory activity on acetylcholinesterase (AChE), butyrylcholinesterase (BChE) 

and monoamine oxidase (MAO-A and MAO-B) enzymes. The compounds showed 

remarkable activity as AChE inhibitors, of which compounds 5d, 5e and 5j exhibited the 

highest AChE inhibitory activity. However, the inhibitory activities of the compounds 

against both the BChE and the MAOs were weak. The three most effective compounds, the 

way they bind to protein sites, the bonds they make, and the effects of time-environmental 

variables on these interactions were investigated by molecular docking and dynamic 

simulation docking analyses. This study highlights that thiazole compounds are a good 

framework for the treatment of neurodegenerative disorders in drug development studies. 

Keywords: Thiazole ring, AChE inhibitors, BChE inhibitors, MAO inhibitors, Molecular 

docking analysis. 
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1. INTRODUCTION 

Neurodegenerative illnesses, like Parkinson's and Alzheimer's diseases, are 

characterized by selective or generalized nervous cell malfunction. There are numerous 

factors, including mitochondrial failure, neuro-inflammatory processes, and oxidative stress, 

that contribute to the chain of events that results in neuronal malfunction and finally cell 

death [1–3].  

The development of sophisticated medical technology has led to an increase in the 

average lifespan, particularly among older individuals [4–6]. However, this has also brought 

about significant societal and complex challenges, notably neurodegenerative disorders 

(NDDs) [7–9]. NDDs is a broad term encompassing various degenerative neurological 

conditions that are linked to brain neuron injuries, for which recovery is often difficult or 

impossible [10–12]. Various neurodegenerative disorders (NDDs), including stroke, 

depressive illness, Parkinson's disease (PD), Alzheimer's disease (AD), as well as many 

others, are caused by the selective death of neurons in certain regions of the brain. AD and 

PD are the most frequent types of NDDs, but the particular areas of the brain affected can 

vary depending on the disorder, and as of now, there is no absolute curative remedy for these 

conditions [13]. As a result, altering the disease route by neuroprotective therapy is a critical 

unmet therapeutic need. 

AD is a persistent, neurodegenerative, and deadly brain illness that causes memory 

loss, attention deficits, and a variety of other cognitive impairments [14]. Alzheimer's disease 

affects approximately about 47 million people, and the number is growing every year [15]. 

Unfortunately, due to its complicated etiology, its mechanism has not been fully understood. 

Despite the fact that the specific causes of AD is unknown, studies find that a number of  

factors, including oxidative stress, s-protein aggregation,  β-amyloid (Aβ) deposits, 

imbalances in biometals, and deficiencies in acetylcholine (ACh) levels within the cortex and 

hippocampus regions inside the brain [16].  

Monoamine oxidases (MAOs), which are enzymes found in different cells (including 

liver, nerve terminals, and stomach mucosa), contain flavin adenine dinucleotide (FAD) and 

are situated in the outside barrier of mitochondria [17, 18] Their function involves the 

oxidation and deamination of neurotransmitters and biogenic monoamines [19]. MAOs 
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comprise two distinct isoforms, MAO-B and MAO-A, that have almost 70 percent amino 

acid series but differ in their specificities towards substrates and inhibitors. Additionally, the 

genes responsible for encoding these isoforms are found on the X chromosome [20–22]. 

MAO-A is accountable for breaking down adrenaline, noradrenaline, and serotonin and also 

is majorly inhibited by clorgyline. In contrast, MAO-B is specifically inhibited by selegiline 

and it primarily catalyzes the oxidation of β-phenylethylamine and benzylamine. Targeting 

MAO-B was discovered to have value in the management of neurodegeneration disorders 

like AD [23, 24]. In addition, blocking the activity of MAO-B has been shown to be effective 

in managing NDDs like Parkinson's and Alzheimer's disease [25–27], selective MAO-A 

inhibition has also been shown to be advantageous in the treatment of anxiety and depression. 

[19,20]. Furthermore, depressive symptoms are frequently linked to NDDs [29]. When 

monoamine oxidases exist in high levels in neuronal tissue, they generate hydrogen peroxide 

as a byproduct, which subsequently elevates the productions of reactive oxygen species 

(ROS). These ROS are significant factor in the development of neurodegenerative disorders. 

The Inhibitor of MAOs can be a useful treatment for NDDs because they have the potential 

to prevent oxidative damage [30]. 

According to studies, the heterocyclic compounds have a variety of biological activities 

[31]. The thiazole moiety is an essential pharmacophore and intermediary in the production 

of agro-chemicals and medicines [32–34]. Thiazoles are a kind of heterocyclic structure 

present in several biologically active substances, including central nervous system (CNS) 

drugs as Riluzole (anticonvulsant), Talipexole and Pramipexole (antiparkinsonian) (see 

Figure 1.1) [35]. Additionally, it is utilized in the creation of medications that treat 

inflammation [36]. Recently, thiazole analogues have also been discovered to have anti-

diabetic, anti-glycation, and strong cholinesterase inhibitor properties [37, 38]. 
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2. LITERATURE REVIEW 

2.1. Thiazole Chemistry 

The class of azole heterocycles includes thiazoles. The  general formula for thiazoles 

is C3H3NS, and they are organic compounds with five aromatic rings. Free thiazole smells 

like pyridine and is a pale-yellow liquids [39]. Thiazole and its derivatives have industrial 

applications including agrochemicals and photography. Additionally, they have many 

pharmacological activity including hepatoprotective, anti-inflammatory, anti-Alzheimer’s, 

anti-hypertensive, antioxidant, and antimicrobial activities (sulfazole, ritonavir, abafungin, 

and tiazofurin) [2, 40, 41]. Many natural products, including vitamin B and penicillin, have 

molecules with thiazole moieties as a key structural component. Thus, many forms of 

thiazole-type heterocyclic structures, such as bicyclic or monocyclic structure synthesized, 

are discussed in this chapter along with studies of their biological functions. Additionally, it 

is discussed how to modify thiazole-based compounds at various places to create novel 

molecules with strong anti-Alzheimer, and anti-Parkinson activity [42, 43]. 

Since thiazole-containing compounds are useful for making photosensitizers, rubber 

vulcanizers, sunscreens, chromophores, pigments, catalysts, dyes, sensors, and liquid 

crystals, interest in their synthesis has been continuously rising [37, 44]. Thiazoles also hold 

a major position in modern medicinal chemistry because of their numerous uses in the areas 

of drug discovery and design [45, 46]. They appear as the short-acting sulfa medication 

sulfathiazole in bacitracin, penicillin antibiotics, and many synthetic medicines [47–50]. 

They are furthermore utilized nizatidine is an anti-ulcer agent, meloxicam is an anti-

inflammatory medicine, and pramipexole is used as an antidepressant, a medicine for 

HIV/AIDS (ritonavir), and a drug for treating cancer (tiazofurin). Thiazole occurs more 

frequently in FDA-approved medications than other 5 heterocyclic rings such as furan, 

azoles, isothiazole, and thiophene. In contrast, Various linked heterocyclic compounds that 

possess biological activity, including imidazothiazoles, thiazolopyridine, and 

thiazolopyrimidine, can be produced by subjecting 1,3-thiazoles to various types of reactions. 

Photocatalysis typically uses thiazole metal complexes [51–53]. 

Thiazole is an aromatic compound containing nitrogen and sulfur atoms. Electrons in 

four 2pz orbitals and one 3pz orbital are delocalized. Three carbon atoms and one nitrogen 
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atom each donate one electron to the ring, while the sulfur atom contributes two electrons. 

The thiazole ring has a planar structure, in which case the sulfur atom makes a spd hybrid 

and the calculated π electron densities for each atom are as in Figure 2.1 [54–56]. 

 

S N

0.89

1.191.97

0.961.01E  Nu-+
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(3)

(4)(5)

 

Figure 2.1. The chemical shift of ring proton 

 

The excess of π electrons in the thiazole ring is concentrated on heteroatoms. For 

example, due to the density on the nitrogen, the density of the electron on the carbon 2 has 

decreased. Because of this, nucleophilic attack occurs on carbon atom 2, while electrophilic 

attack occurs at position 5. If position 5 is blocked, the attack takes place from position 4 [57, 

58].   
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Figure 2.2. Thiazole resonance structures 

 

The resonance forms of the thiazole ring are shown in the figure above (Figure 2.2). 

Due to the d orbitals in the thiazole ring, additional resonance structures exist. Heteroatoms 

containing unbonded electron pairs have increased the resonance structures of the molecule, 

and thanks to conjugation, molecules have become more important as optical electroactive 
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materials. The presence of heteroatom increases electron-hole mobility and enables 

molecular charge transfer [59]. 

 

2.2. 1,3-Thiazole Synthesis Methods 

The synthesis of thiazole compounds can be done by several methods. These methods 

can be classified as shown in Figure 2.3. The first structure (1A) is a very common method. 

Desired groups can be attached to the 2-, 3-, 4- or 5- positions of the ring by appropriate 

selection of alkyl, aryl or heterocyclic substituents. This method is named after the German 

chemist "Hantzsch". Another method (1B), proposed by Tcherniac, is based on the 

cyclization of α-halo ketones and α-thiocyano ketones obtained from metal thiocyanates to 

thiazoles [60]. Other processes can be used to synthesize the thiazole ring, but their 

application is restricted. One of these is the interaction of carbon disulfide with α-

aminonitriles or α-aminoamides used by Cook and Heilborn (2). Thiazoles can also be 

obtained from α-acylamino carbonyls with phosphopentasulfide (3) [61]. They can also be 

obtained by combining α-mercaptoketone with nitriles (4) or by reaction of α-mercaptoacids 

or their esters with Schiff bases. In the (5) type synthesis pathway, the thiazole ring can be 

reached by forming the 5-position of one of the reactants [62]. 
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Figure 2.3. Different types of thiazole ring closure methods 

 

By using well-known techniques from Hantzsch [63], Cook-Heilbron [64], and Gabriel 

[65], thiazole ring systems were simply synthesized. Various substances and their 

derivatives, like thiourea, thioamides, dithiocarbamate or ammonium thiocarbamate, and 
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their derivatives, may act as a nucleophilic reagent in this reaction. In 1887, Hantzsch created 

the first straightforward thiazole nucleus [66]. This method of synthesis, which is thought to 

be the most extensively used one for the production of the thiazole molecule, entails the 

condensation of haloketones with thioamide and their subsequent cyclization. This method 

of synthesis, which is thought to be the most extensively used one for the production of the 

thiazole molecule, entails the condensation of thioamide with haloketones and their 

subsequent cyclization. On the other hand, by reacting Lawesson's reagent with α-

acylaminoketones or stoichiometric quantity of P2S5, Gabriel created thiazoles [67]. 

Additionally, to produce substituted aminothiazoles, Cook-Heilbron employed various 

techniques, one of which involved the gentle reaction of  carbonyl sulfide, isothiocyanates, 

carbon disulfide,  and dithioacids or esters with α-aminonitriles [68]. Thiazole derivatives 

have recently been produced using a microwave irradiation approach [69] and in the presence 

of many catalysts [70–73]. 

 

2.2.1. The Hantzsch reaction: synthesis from α-halocarbonyl compounds 

2.2.1.1 Thioamide-related reactions 

Thiazoles with functional groups at positions 2, 4, or 5 include heteroaryl of various 

types or arylalkyl, aryl, and alkyl were produced by reacting thioamides with various α-

halocarbonyl compounds [74, 75] (Figure 2.4). 

R2
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Figure 2.4. The synthesis of 2-, 4-, 5-trisubstituted thiazoles. 

 

2.2.1.2 N-Substituted thiourea reactions 

The interaction of N-substituted thiourea with halo-carbonyl compounds results in the 

production of aminothiazoles that have either one or two substituents [76] (Figure 2.5). 
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Figure 2.5. Substituted aminothiazole synthesis. 

 

2.2.1.3 With esters of thiocarbamic acid reaction 

2-Hydroxythiazole derivatives were produced through the reaction of thiocarbamates 

with α-halocarbonyl compounds to form a condensation product [77, 78] (Figure 2.6). 

 
R2

X

R3 O NH2R1O
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Figure 2.6. Production of 2-hydroxythiazoles  

 

2.2.2. The Cook Heilbron's reaction: Synthesis from molecules containing α-

aminonitrile 

By strongly interacting the production of 5-aminothiazole with diverse substitutions at 

position two is accomplished through the interaction of aminonitrile compound with esters 

and salts of isothiocyanates, dithioacids carbon oxysulfide, and  carbon disulfide [79–81]. 

2.2.2.1 Reaction using carbon dioxide 

At order to create 5-amino-thiazoles replaced compound at position two, 2-mercapto-

5-amino thiazoles were produced by interaction between of α-aminonitriles with CS2 to form 

a condensation product [79, 82] (Figure 2.7). 
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Figure 2.7. Synthesis of 2-mercapto-5-aminothiazoles. 

 

2.2.3. Reaction with esters and salts of dithioacids 

5-Aminothiazoles were produced in good quantities by reacting α-aminonitriles 

with the esters or salts of both dithiophenacetic and dithioformic acids [83] (Figure 2.8). 
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Figure 2.8. Synthesis of 5-aminothiazole derivative products. 

 

2.2.4. The Gabriel's reaction: Phosphorus pentasulfide and acylaminocarbonyl 

compound synthesis and condensation  

Gabriel first referred to this reaction in 1910. By the interaction of acylaminoketone 

with P₂S₅ a significant yield of 2-phenyl-5-alkyl-thiazole was produced [84] (Figure 2.9). 
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Figure 2.9. Synthesis of 2-phenyl-5-alkyl-thiazole compounds. 

 

2.2.5. Synthesis utilizing eco-friendly techniques 

2.2.5.1 Utilizing microwave-assisted organic synthesis  

Derivatives of thiazoles are usually created under harsh conditions of reaction, leading 

to the disposal of solvents and catalysts. In order to resolve these issues,, more 

environmentally-friendly techniques like irradiation of  microwave  are frequently employed 

in the synthesis of thiazole derivatives [85]. A quick and efficient method for producing a 
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variety of thiazoles involves the application of microwave heating in the absence of solvents 

[69, 86, 87] (Figure 2.10). 

 

2.2.5.2 Aqueous one-pot multicomponent reaction. 

H2O is a suitable solvent for eco-friendly chemical reactions because it is 

commercially viable, non-toxic, and eco-friendly. The combination of thiourea, phenyl 

acetylene, and N-bromosuccinimide in a three component process resulted in high yields of 

substituted thiazole derivatives [88](Figure 2.11). 

 

2.2.5.3 Utilizing silica-supported tungstosilisic acid 

An environmentally friendly and effective technique has indeed been created for 

synthesizing a new substituted Hantzsch dericatives of thiazole through a one-pot 

multicomponent approach. The method involves the reaction of thiourea with 3- 

(bromoacetyl)-4-hydroxy-6-methyl-2H-pyran-2-one and substituted benzaldehydes using 

silica supported tungsto-silisic acid as a catalyst, either by customary heating or ultrasonic 

irradiation [86–89] (Figure 2.12). 
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Figure 2.10. Thiazole synthesis using microwave irradiation. 
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Figure 2.11. Aqueous synthesis of 2-aminothiazole. 
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Figure 2.12. The use of silica in the synthesis of thiazole derivatives. 
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2.2.6. Miscellaneous methods 

The reaction between thioamides or thioureas and α-chloroglycinate esters led to the 

discovery of the Hantzsch construction of thiazole derivatives. Targeted substances are 

synthesized from easily accessible and cheap constructing elements in a non-hazardous to 

the environment and catalyst-free approach [76] (Figure 2.13). 

High yields of numerous 2,5-diarylthiazole derivatives were produced under mild 

conditions in the CH replacement methods of thiazole, which was catalyzed by the 

palladium/copper technique in the existing tetrabutylammonium fluoride [90]. 

 

R1 N
H

Cl

COOEt

O
+

S

R1HN NH2

N

S NHR2

HO

HN

R1 O
Rt,2h
THF

 
Figure 2.13. Thiazole derivative synthesis. 

 

2.2.7. Using oxidizing agents and thiourea 

The oxidative reagents, like SO2Cl2, HSO3Cl, SOCl₂, S2Cl2, SO₃, H₂SO₄, S, and 

HNO₃ were used to treat the mixes of thiourea and acetophenone. A significant amount of 2-

amino-4-phenylthiazole was obtained in all cases [91] (Figure 2.14). 

COCH3 C NH2
SH

N Oxidation Agent

S

N
NH2 + 2H + 2e H2O+

+

 
Figure 2.14. Synthesizing of thiazole derivatives utilizing oxidizing agents. 

 
2.3. Thiazole Derivatives as Anticholinesterases, Butyrylcholinesterase and 

Monoamine Oxidase Inhibitors  

Mazzone and colleagues synthesized three sets of 2-thiazolylhydrazines in 1992 and 

evaluated their MAO inhibitory (MAOI) activity using both in vivo and in vitro methods. In 

the in vivo tests, the researchers measured the changes in pressure of the blood caused by 

clonidine and tyramine, as well as Hypermotility produced by L-amfetamine. The in vitro 
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assessments involved using a kinuramine fluorimetric assay to determine the effect of the 

compounds on rat brain mitochondria. All of the examined substances had a significant 

impact on the evaluation measures in vivo. All substances demonstrated MAOI activity in an 

in vitro test at a concentration of 1.10(-4) mol. L-1, which was substantial in several situations. 

The impact of the produced compounds' structures on their biological activity was outlined 

in the discussion of the findings [92]. 

 

N
N

O

O
O

S

N  
Figure 2.15. N-(4-p-Tolyl-thiazol-2-yl)-N'-(3,4,5-trimethoxy-benzyl)-hydrazine 

 

Later in 1995 Raciti et al. identified how the chemical structure of various hydrazine-

thiazole derivatives affects their ability to inhibit rat liver mitochondria monoamine oxidase. 

A total of 45 hydrazine-thiazole derivatives were examined, which were categorized into 

three distinct series and had either arylic or alkylic substitutes for the thiazole ring. Two 

piperonyl derivatives having a 4-methyl group in the thiazole ring had the best inhibitory 

efficacy. The study established a link between the activity of MAOs inhibitors and the 

structure in terms of their hydrophobic, electronic, and steric hindrance characteristics. 

Additionally, the researchers postulated a hypothetical mechanism of inhibition of enzyme 

according to the determination of HOMO energy [93]. 
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Figure 2.16. (E)-N-(4-Methylthiazol-2-yl)-N'-(3,4,5-trimethoxyphenyl) formimidamide (Left) N-(4-

Methylthiazol-2-yl)-N-(3,4,5-trimethoxyphenyl)methanediamine (Right) 

 

Andreani et al. created a brand-new class of imidazo  [2,1-b] thiazole compounds in 

2005. They were evaluated as AChE inhibitors using a high throughput 

screening chemiluminescent technique. The lack of quaternization caused the compounds' 

lack of considerable inhibitory efficacy, which is likely a result of their poor water solubility. 

The quaternized compounds that corresponded to them were effective inhibitors with action 

based on the chosen spacer [94].  

 

After three years in 2008, Chimenti et al. studied the efficacy of a sequence of 2-

methylcyclohexylidene-(4-arylthiazol-2-yl) hydrazones to selectively block the activity of 

the hMAOs. All drugs exhibited enhanced anti-human MAO-B isoform activity, with IC50 

from 26.81 M (2.74 nM) to 14.20 M (0.26 nM), while pure enantiomers demonstrated 

stronger activity for the (R) form [95]. 
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Figure 2.17. (Z)-2-[2-(2-Methylcyclohexylidene)hydrazinyl]-4-phenylthiazole (Left) (Z)-4-(4-

Chlorophenyl)-2-[2-(2-methylcyclohexylidene)hydrazinyl]thiazole(Right) 

 

Carradori et al. developed a new substructure of hydrazothiazoles in 2013 that act as 

MAO by merging the thiazole ring of glitazones with the N2H4 component of iproniazid. 

Glitazones belong to a type of drugs called PPARγ agonists, which have been found to 

crystallize with hMAO-B. The researchers synthesized the occurring compounds and tested 

their activity in vitro against the hMAOs isoforms. The study confirmed that all of the 

substances are effective inhibitor against hMAO-B, and the IC50 range in the high 

nanomolar/low micromolar number [96]. 
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Figure 2.18. (E)-Ethyl 2-[2-(1-(furan-2-yl)ethylidene)hydrazinyl]thiazole-4-carboxylate(Left) (E)-

Ethyl 2-[2-(thiophen-2-ylmethylene)hydrazinyl]thiazole-4-carboxylate (Right) 

 

In 2015, Rahim et al. produce a series of 30 thiazole compounds showed strong BChE 

and AChE inhibitory activity. In comparison to the standard eserine (IC50 = 0.850 ± 0001 

µM), every analogs showed varying inhibition activity against, by IC50 values varying from 

1.59 ± 0.01 to 389.25 ± 1.75 µM.  
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In order to evaluate the potency of BChE inhibition, the IC50 values for 4-chlorophenyl 

and 4-methoxyphenyl substituted derivatives were determined. The results revealed that the 

IC50 value for the 4-chlorophenyl derivative was 1.59 ± 0.01 µM, while the IC50 value for the 

4-methoxyphenyl derivative was 16.54 ± 0.21 µM. In order the IC50 values for 4-

chlorophenyl and 4-methoxyphenyl substituted derivatives for BChE inhibition are 1.59 ± 

0.01 µM and  16.54 ± 0.21 µM. In addition, the IC50 values for 4-chlorophenyl and 4-

methoxyphenyl substituted derivatives for AChE inhibition are   21.3 ± 0.50 µM and   48.2 ± 

0.06 µM, subsequently [97]. 
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Figure 2.19. (E)-4-[[2-(4-(4-Chlorophenyl)thiazol-2-yl)hydrazono]methyl]benzene-1,2-diol (left) (E)-
4-[[2-(4-(4-Methoxyphenyl)thiazol-2-yl)hydrazono]methyl]benzene-1,2-diol (Right) 

 

Sun et al.  developed a novel class of thiazole acetamides in 2016. These substances 

were evaluated for their capacity to inhibit BChE and AChE in vitro in the goal of treating 

AD. The 4-methoxyphenyl substituted derivative was discovered as the one that 

demonstrated the highest level of effectiveness in inhibiting AChE had an IC50 rate of 3.14 ± 

0.16 µM. Furthermore, this specific compound exhibited a selectivity index of 2.94 towards 

BChE in comparison to the other synthesized compounds [98]. 
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Figure 2.20. 2-(4-Methoxyphenyl)-N-(4-phenylthiazol-2-yl)acetamide 

 

In 2017, Abbas and others write a novel. To locate newer and unique pharmacophores 

in purpose of treat of NDDs such as PD, the bis-iminothiazolidinone compounds were 

evaluated in vitro inhibition against MAO-B & MAO-A enzymes. The majority of the 

developed compounds demonstrated strong MAO inhibitory effectiveness. The IC50 value 

was 0.001 µM, compound (2E,2'E)-dimethyl 2,2'-((2Z,2'Z)-3,3'-(1,4-phenylene)bis(4-oxo-2-

(pentanoylimino)thiazolidin-3-yl-5-ylidene))diacetate was shown to be the most effective 

MAO-A inhibitor, having a 4-fold higher inhibiting potency than the original (Clorgyline, 

whose IC50 value is 0.0045 µM). MD study shed light on the interactions between enzymes 

and inhibitors and explained the observed inhibition of monoamine oxidases [99]. 
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Figure 2.21. (2E,2'E)-Dimethyl 2,2'-[(2Z,2'Z)-3,3'-(1,4-phenylene)bis(4-oxo-2-

(pentanoylimino)thiazolidin-3-yl-5-ylidene)]diacetate 

 

Also, during 2017, Atli and Özkay synthesized several new thiazole-hydrazones, which 

included 4-phenylthiazole and 4-(2,4-difluorophenyl). These compounds were subsequently 

characterized and examined via utilizing the in vitro fluorometric methodology to determine 

their capacity to inhibit hMAO-B and A. The SI were determined as IC50 MAO-A and B. 

One of the compounds, 2,4-dichlorophenyl, demonstrated a promising ability t to inhibit 

hMAO-A, with an IC50 =1.20 µM. Moreover, this compound exhibited an effective SI of 

0.04 against hMAO-A [100]. 
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 = 8.54± 0.39 µM, 

hMAO-B IC50 = 50.43± 2.48 µM, 

SI = 0.17 forward MAO-A
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 = 1.20 ± 0.08µM, 

hMAO-B IC50
 = 33.47 ± 1.98µM, 

SI = 0.04 forward MAO-A
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hMAO-A IC50 = 26.74 ± 1.53 µM,
hMAO-B IC50 = 279.70 ±13.27 µM,
SI = 0.10 forward MAO-A  

Figure 2.22. (E)-2-[2-(4-(4-Methoxyphenoxy)benzylidene)hydrazinyl]-4-phenylthiazole (Up) (E)-4-

(2,4-Dichlorophenyl)-2-[2-(4-(4-methoxyphenoxy)benzylidene)hydrazinyl]thiazole 

(middle) (E)-4-(2,4-Difluorophenyl)-2-[2-(4-((4-methoxyphenyl)thio)benzylidene) 

hydrazinyl]thiazole (Down) 

 

Later In 2018, Tripathi and et al. developed a series of semicarbazone derivatives of 2-

amino-5-nitrothiazole and studied their abilities to inhibit MAOs, AChE, and BChE.  by IC50 

=0.212 M with a SI =331.04, the compound 4 [1-(1-(4-bromophenyl)ethylidene)-4-(5-

nitrothiazol-2-yl)semicarbazide] was shown to be the best promising candidate against 

MAO-B. In order compounds 21 and 17 were shown to have the most impact against 

acetylcholinesterase and butyrylcholinesterase, with IC50 = 0.264 mM and 0.024 mM. 

Compound 21 is 1-(5-bromo-2-oxoindolin-3-ylidene)-4-(5-nitrothiazol-2-yl)semicarbazide, 

while compound 17 is 1-((4-chlorophenyl)(phenyl) compounds [101]. 
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Figure 2.23. 2-[1-(4-Bromophenyl)ethylidene)-N-(5-nitrothiazol-2-yl]hydrazinecarboxamide 

 

In 2019, Secci and colleagues developed a modern set of 4-[3-nitrophenyl] thiazol-2-

yl hydrazone derivatives, which synthetically produced and tested their inhibiting results 

against hMAOs. To establish stable SAR, The N1 of the hydrazone was modified by the 

researchers by adding several un/substituted hetero/aromatic substituents [102]. 
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MAO-A IC50
 = 28.1 ± 3.32 µM, 

MAO-B IC50
 = 4.52 ± 0.915 µM,

SIb =  6.2

N
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MAO-A IC50
 = 8.98 ± 0.621 µM, 

MAO-B IC50
 = 0.095 ± 0.0043 µM,

SIb =  95
 

Figure 2.24. (E)-2-[2-(Furan-2-ylmethylene)hydrazinyl)-4-(3-nitrophenyl]thiazole (Left)  (E)-2-[2-

(1-(1H-Indol-3-yl)ethylidene)hydrazinyl]-4-(3-nitrophenyl)thiazole (Right) 

 

In 2020, Sağlık et al. synthesized a novel compound series and evaluated their 

inhibitory effects on both BChE and AChE. While all compounds showed some inhibitory 

effect on BChE, the 2-methoxy substituted derivative was found to be the most effective 

compound against AChE among the series, by an IC50 = 0.028 ± 0.001 µM, showing similar 

characteristics of inhibition to the standard drug donepezil [103]. 
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Figure 2.25.  (E)-2-Methoxy-5-[(2-(4-(4-(trifluoromethyl)phenyl)thiazol-2-

yl)hydrazono)methyl]phenol  

 

Also, in 2020 Ghotbi et al. produced a novel containing thiazole and pyridinium. In 

order the most effective AChE inhibitory actions were demonstrated by 2-bromobenzyl and 

2-fluorobenzyl substituted derivative at sub micromolar concentration ranges (IC50 = 0.69 ± 

0.06 µM, and 0.40 ± 0.04 µM). The majority of the new compounds had a medium to minor 

levels of BChE inhibition, suggesting that they selectively inhibit AChE [104]. 
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Figure 2.26. 1-(2-Fluorobenzyl)-4-[[4-oxo-4-((4-phenylthiazol-2-yl)amino)butanamido] 

methyl]pyridin-1-ium chloride (Up) 1-(2-Bromobenzyl)-4-[[4-oxo-4-((4-phenylthiazol-

2-yl)amino)butanamido]methyl]pyridin-1-ium (Down) 
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After that in 2021 Aya Y. Hemaida et al. produced a novel of nineteen new thiazole- 

derivatives in vitro  as an inhibitor of AChE with corresponding IC50 =103.24 nM and 108.94 

nM, the compounds R( CH3)  - R′/Ar (3,4-(CH3O)2C6H3)  and R (CH3)  - R′/Ar (4-CH3OC6H4) 

produced significant AChE inhibitory actions [105]. 

 

S

N
NH

S
N

O
OCH3

OCH3
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 = 103.24 ± 2.8 nM
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 = 108.94 ± 3 nM

 
Figure 2.27. (Z)-5-(3,4-Dimethoxybenzylidene)-2-[(4-(p-tolyl)thiazol-2-yl)amino]thiazol-4(5H)-one 

(left) (Z)-5-(4-Methoxybenzylidene)-2-[(4-(p-tolyl)thiazol-2-yl)amino]thiazol-4(5H)-one 

(Right) 

 

In 2022, a number of benzimidazole-based thiazole compounds were created by 

Rafaqat Hussain and et al., and their ability to inhibit cholinesterase enzymes was tested. The 

analogues showed strong inhibitory activity against both BChE and AChE, having IC50 that 

range from 0.20 ± 0.050 µM to 14.20 ± 0.10 µM and from 0.10 ± 0.05 to 11.10 ± 0.30 µM 

respectively. These values were compared to the commonly used medication Donepezil. The 

analogues with R1 (2-NO2), R2 (4-OH), and R1 (3,4-Cl), R2 (3,4-Cl) were shown being the 

strongest AChE and BChE enzyme inhibition in the series, respectively [106]. 
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Figure 2.28. (E)-4-[2-[2-(2-((1H-Benzimidazol-2-yl)thio)-1-(2-nitrophenyl)ethylidene)hydrazinyl]thiazol-4-

yl]phenol (left) (E)-2-[2-[2-((1H-benzimidazol-2-yl)thio)-1-(3,4-dichlorophenyl) 

ethylidene)hydrazinyl]-4-(3,4-dichlorophenyl]thiazole (Right) 

 

Meiyang Xi et al. synthesized 33 analogs and evaluated their capacity to inhibit BChE 

and AChE. Among the analogs, one of them, named N-isobutyl-N-[2-(p-

tolyloxymethyl)thiazol-4-yl)methyl]benzodioxole-5-carboxamide (1), was found to be a 

selective inhibitor of BChE [107]. 
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BChE: IC50 = 1.28 ± 0.27 µM 

Figure 2.29. N-Isobutyl-N-[[2-((p-tolyloxy)methyl)thiazol-4-yl]methyl]benzodioxole-5-carboxamide 
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3. MATERIALS AND REAGENTS 

3.1. Chemicals Reagents 

Acetic acid     : Carlo Erba, France 

2-Mercapto-1-methylimidazole   : abcr, Germany 

4-Aminoacetophenone    : Sigma-Aldrich, Germany 

Acetyl chloride     : Merck-Schuchardt, Germany 

Bromine      : Merck, Germany 

Acetone      : Merck, Germany  

Tetrahydrofuran (THF)    : Sigma-Aldrich, Germany  

Potassium carbonate    : Merck, Germany  

Ethanol      : Merck, Germany 

2-Chloropropionyl chloride   : Merck, Germany  

N,N-Dimethylformamide (DMF)  : Sigma-Aldrich, Germany 

Triethylamine (TEA)    : Merck, Germany 

Thiourea      : Sigma-Aldrich, Germany  

2-Mercapto-1-methytetrazole   : Sigma-Aldrich, Germany 

5-Chloro-2-mercaptobenzothiazole        : Sigma-Aldrich, Germany  

2-Mercapto-5-methy-1,2,3-thiadiazole  : Alfa Aesar, USA 

2-Mercapto-5-nitrobenzimidazole       : Sigma-Aldrich, Germany 

2-Mercaptobenzimidazole        : J&K Scientific GmbH, Germany 

2-Mercaptobenzothiazole   : Acros Organics, Belgium 

3-Mercapto-4-methyl-4H-1,2,4-triazole : TCI, Belgium 

2-Mercaptobenzoxazole   : Acros Organics, Belgium 

2-Mercapto-5-chlorobenzoxazole  : Sigma-Aldrich, Germany  

2-Mercaptopyrimidine    : Sigma-Aldrich, Germany 

2-Mercapto-5-methylbenzoxazole  : Sigma-Aldrich, Germany 
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3.2. Instruments and Tools 

Lamb Ultraviolet (UV)   : Camag, Cabinet, Switzerland 

Analytical balance (electronic)  : Shimadzu, Libror EB-330 HU, Japan 

Mass spectrometer    : Shimadzu, LCMS-IT-TOF, Japan 

Microplate reader    : BioTek-Synergy H1, USA 

Nuclear magnetic resonance spectrometer : Bruker, UltraShield 400 MHz, USA  

Robotic pipetting table   : BioTek- Precision XS, USA 

Vortex      : Wisemix, Korea 

Sterile cabinet   : Class II TypeA2 (CHC-222A2-60), Korea 

Robotic pipetting table   : Biotek Precision XS robotic, USA 

Melting point system    : IA9000 Digital Melting Point Apparatus, UK 
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4. METHODOLOGY 

4.1. Chemical Synthesis Methods 

4.1.1. Method A: Synthesis of N-(4-Acetylphenyl) acetamide 

In an ice bath, 4-aminoacetophenone (5 g, 0.036 mol), (1 equivalent), TEA (1.5 

equivalent), and THF as a solvent (200 mL), were added to the reaction flask. Acetyl chloride 

(3.07 ml, 0.043 mol), (1.2 equivalent) was diluted with THF solvent in the dropping funnel 

and then dropped into the reaction flask for approximately three hours. TLC was used to 

confirm that the reaction had ended, then we poured the mixture into a glass dish, the solvent 

and TEA were evaporated under the fume hood, and distilled water was used to wash and 

filter the precipitated part, then left to dry. 

 

H2N

O

N
H

O

Oa

1 2  
Figure 4.1. Method A: Synthesis of N-(4-acetylphenyl)acetamide 

 

4.1.2. Method B:  N-[4-(2-Bromoacetyl) phenyl]acetamide  

We added N-(4-acetylphenyl)acetamide (5.5 g, 0.031 mol) (1 equivalent) into a round 

flask with 1-2 drops of HBr, and acetic acid (200 mL)  as solvent. Br2 (1.91 ml, 0.037 mol) 

(1.2 equivalents) and acetic acid in the dropping funnel on the balloon were dropped into the 

reaction for about three hours. TLC was used to confirm that the reaction had ended. After 

that the product was added to ice water with continuous stirring and then filtered and left to 

dry.  
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Figure 4.2. Method B: Synthesis of N-(4-(2-bromoacetyl)phenyl)acetamide 

 

4.1.3. Method C:  N-[4-(2-Aminothiazol-4-yl)phenyl]acetamide  

N-[4-(2-Bromoacetyl)phenyl]acetamide (8.45 g, 0.033 mol) (1 equivalent) and 

thiourea (2.51 g, 0.033 mol)  (1 equivalent) were added in a round flask with ethanol as a 

solvent (100 mL) and the reaction was boiled for about two hours under reflux. When the 

reaction was finished, the substance was poured into the beaker because of that the ethanol 

was permitted to evaporate under a fume hood, then the substance was scraped from the 

beaker and placed on the filter paper, washed with a little ethanol then left to dry. 
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Figure 4.3. Method C: Synthesis of N-[4-(2-aminothiazol-4-yl)phenyl]acetamide 

 

4.1.4. Method D: N-[4-(4-Acetamidophenyl) thiazol-2-yl]-2-chloropropanamide  

N-(4-(2-Aminothiazol-4-yl)phenyl)acetamide (6.26 g, 0.027 mol) (1 equivalent), 

TEA (3.38 ml, 0.032 mol) (1.2 equivalent), and THF (200 mL) as solvent are mixed into the 

reaction flask and the reaction placed in ice bath. 2-Chloropropionyl chloride (4.5 ml, 1.2 eq) 

was diluted with THF solvent in the dropping funnel and then dropped into the reaction flask 

for approximately three hours. TLC was used to confirm that the reaction had ended, then we 
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poured the mixture into a glass dish, the solvent and TEA are evaporated under the fume 

hood, and distilled water was used to wash and filter the precipitated part, then left to dry. 
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Figure 4.4. Method D: Synthesis of N-[4-(4-acetamidophenyl) thiazol-2-yl]-2-chloropropanamide 

 

4.1.5. Method E: N-[4-(4-Acetamidophenyl)thiazol-2-yl]-2-(heteroarylthio) 

propanamide 

N-[4-(4-Acetamidophenyl)thiazol-2-yl]-2-chloropropanamide (0.25 g, 0.00077 mol)  

(1 equivalent), various heterocyclic mercaptan derivative (1 equivalent), and potassium 

carbonate (1 equivalent) in acetone (40 mL)  solvent for one day at room temperature are 

mixed. TLC was used to confirm that the reaction had ended, and then poured into the beaker 

to allow evaporation of the acetone under the fume hood. Distilled water was used to wash 

the compounds and dried. It was crystallized by ethanol. 
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           Figure 4.5. Method E: Synthesis of N-[4-(4-acetamidophenyl)thiazol-2-yl]-2-            

(heteroarylthio)propanamide 
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4.2. Chemical Analysis 

4.2.1. Thin layer chromatography (TLC) studies 

Thin Layer Chromatography (TLC) was used to evaluate each compound during and 

after the reactions. In thin layer chromatography, 20x20 sized, silicagel 60 F254 coated 

aluminum plates were used. Ultraviolet (UV) lamps with 366 nm and 254 wavelengths were 

used to determine the spots. The plate was then immersed in a mobile phase made up of 

various concentrations of ethyl acetate/chloroform or petroleum ether mixture (1:1, 3:1, and 

1:9). 

Under UV light, the advancement of the reaction was evaluated by comparing 

reaction sample spots to reactant spots at the beginning (254 nm and 366 nm). 

 

4.2.2. Infra-red (IR) spectrometry  

The IR spectra of the created substances were taken in Perkin Elmer Spectrum Two 

FT-IR Spectrometer device by direct compression method after the compounds were finely 

powdered in an agate mortar and dried in a vacuum oven. 

 

4.2.3. High-resolution mass spectroscopy (HRMS) 

Mass spectra of compounds were taken in high resolution (HRMS) on a Shimadzu 

LCMS-IT-TOF (Shimadzu, Tokyo, Japan) instrument. 

 

4.2.4. 1H-NMR spectral acquisition  
1H-NMR spectra of compounds were taken in Bruker 400 MHz Ultra Shield NMR 

by adding TMS (tetramethyl silane) internal standard in a solution of 20-30 mg of substance 

in hexadeutero dimethylsulfoxide (DMSO-d6). 
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4.2.5. 13C-NMR spectral acquisition  
13C-NMR spectra of the compounds were taken on the Bruker 100 MHz UltraShield 

NMR instrument. 

 

4.3. Melting Point Determination 

All substances were added in powder form up to 0.5 cm in height into capillary tubes, 

and the Electrothermal IA 9100 Melting Point Instrument accustomed to calculating the 

materials' melting points. 

 

4.4. Determination of Anticholinesterase Activity 

The produced substances were examined for their inhibiting effects on 

acetylcholinesterase and butyrylcholinesterase using the modified Ellman's spectrometric 

method in 96-well plates. The pipetting procedures were conducted by the Biotek Precision 

XS robotic system in Winooski, VT, USA. The BioTek-Synergy H1 microplate reader, also 

located in Winooski, VT, USA, determined the inhibition percentage at a wavelength of 412 

nm. All solutions were adjusted to a temperature range of 20-25°C before analysis 

In each well of the 96-well plates, a mixture consisting of 140 μL of PO₄³⁻ buffer (0.1 

M, pH = 8), 20 μL of 5,5′-dithiobis-(2-nitrobenzoic acid) DTNB (0.01 M), 20 μL of either 

electric eel AChE or equine serum BChE in 1% gelatin solution at 2.5 U/mL, 20 μL of 

inhibitor solution in 2% aqueous DMSO, and 10 μL of substrate solution (0.075 M 

acetylthiocholine iodide (ATC) or butyrylthiocholine iodide (BTC)) was added, resulting in 

a 210 μL mixture. To evaluate enzyme inhibitory activity, prescreening assessments were 

conducted at concentrations of 10-3 M and 10-4 M, and the outcomes were reported as 

percentages. Tacrine and Donepezil were used as standard compounds BChE for and AChE 

inhibitory activity, respectively.  

To prepare the enzyme-inhibitor solutions, the enzyme, inhibitor, and chromogenic 

reagent DTNB have been added to the PO₄³⁻ buffer and brooded at 25°C for 15 minutes. The 

substrate solution (ATC or BTC) was then added to the mixture. The resulting yellow color's 

absorbance was measured for 5 minutes at 412 nm. A control solution lacking inhibitors was 
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also prepared. The inhibition percentage was calculated using formula (I), taking into account 

the absorbance difference values, and the control and inhibitor readings were adjusted using 

blank readings [108, 109]. 

 

% 𝑖𝑖𝑖𝑖ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = [(A(C)−A(B))−(A(I)−A(B))] 
(𝐴𝐴(𝐶𝐶)−𝐴𝐴(𝐵𝐵))

 * 100    (I) 

 

A(B) and A(C) represent the distinction in absorbance measurements for the blank and 

control, respectively. 

 Blank (B). Inhibitor and substrate free well. 

A(I): Absorbance measurement difference for inhibitors. 

The control (C) is an inhibitor-free well. 

 

4.4.1. AChE and BChE enzyme solutions preparation 

By dissolving the AChE and BChE enzymes in water, a 1% gelatin solution was 

created. The enzymes were dissolved in gelatine solution to reach a 500 U/mL concentration. 

To make a 5 U/mL stock solution, 100 mL of H2O were combined with one mL of the enzyme 

solution.in a Measuring flask, then split into 0.7 mL parts and kept at -20°C. The portions of 

enzyme solution were thawed and allowed to reach room temperature before use. Each 

aliquot was then diluted with water to a concentration of 2.5 U/mL by filling the 0.7 mL 

container to 1.4 mL with water. 

 

4.5. Determination of MAO Inhibitory Activity 

To assess the potential of the synthesized compounds in inhibiting MAO isoenzymes, 

an in vitro fluorometric technique was employed. The procedure involved creating a solution 

mixture of tyramine (200 μL,100 mM), Ampliflu™ Red (200 μL, 20 mM), and horseradish 

peroxidase (200 U/mL, 100 μL) in PO₄³⁻ buffer. Further, solutions of inhibitors in 2% DMSO 

(10^-3 - 10^-9 M) and remerging hMAO-B (0.64 U/mL) and hMAO-A (0.5 U/mL) enzymes 

in phosphate buffer were freshly prepared. The total solution volume was calibrated to 10 

mL [110]. 
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The hMAO-A or hMAO-B enzyme solutions and inhibitor solutions (20 L/well) were 

mixed on a 96-well micro test plate to begin the experiment, which was then incubated for 

30 minutes at 37 °C. The working solution was then added (100 L/well) and the plate was 

incubated once more for 30 minutes. Ex/Em=535/587 nm was used to quantify fluorescence 

at 5-minute intervals. When a 3 percent H2O2 solution (20 mM, 100 L/well) was used in place 

of enzyme solutions, the fluorescence of the plate was measured to determine the inhibitory 

impact of the produced compounds on horseradish peroxidase. Additionally, by combining 

inhibitor and working solutions, non-enzymatic inhibition of the compounds was assessed 

[108, 109]. 

 

The % inhibition was determined using the equation, and all study was carried out in 

quadruplicate. The % inhibition was determined using the equation, and all study was carried 

out in quadruplicate (II), 

 

% 𝑖𝑖𝑖𝑖ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = [(FCt2−FCt1)−(FIt2−FIt1)] 
𝐹𝐹𝐹𝐹𝐹𝐹2−𝐹𝐹𝐹𝐹𝐹𝐹1

 * 100    (II) 

 

FCt2 refers to the fluorescence detected in a control well at time t2, while FCt1 refers 

to the fluorescence detected in the same well at time t1. FIt2 refers to the fluorescence 

detected in an inhibitor well at time t2, while FIt1 refers to the fluorescence detected in the 

same well at time t1. 

 

4.5.1. Preparation of MAO enzymes solutions 

Recombinant hMAO-A and hMAO-B enzyme solutions were produced by dissolving 

the enzymes in phosphate buffer solution followed by modifying the final volumes to 10 mL 

to reach concentrations of 0.5 U/mL and 0.64 U/mL, respectively. 

 

4.6. Prediction of the Pharmacokinetic Profile 

SwissADME is its ability to predict the bioavailability of a compound. The tool 

employs several algorithms to expect the ADME properties of a compound. These algorithms 

consider factors such as lipophilicity, molecular size, and the presence of functional groups 
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to predict the pharmacokinetic behavior of a compound in vivo. SwissADME also provides 

information on the potential toxicity of a compound. The platform includes a toxicity 

prediction module that uses statistical models to predict the toxicity of a compound based on 

its chemical structure. The toxicity prediction module provides information on the potential 

risks associated with a compound, such as carcinogenicity, mutagenicity, and hepatotoxicity 

[111–114]. 

 

4.7. Molecular Docking (MD) and Molecular Dynamics Simulations (MDSs) 

The  binding links of the most active AChE inhibitors (5d, 5e, and 5j) were visualized 

by molecular docking simulations using the Schrödinger Maestro interface. The Protein Data 

Bank (PDB) website was utilized to obtain the X-ray crystal structures of hAChE (PDB ID: 

4EY7) [115], Protocol of the Schrödinger Suite 2020's Protein Preparation Wizard was 

utilized to prepare the protein for docking. The LigPrep module was used to prepare the 

ligands by assigning specific atom types and protonation conditions at pH 7.4±1.0, adding 

hydrogen atoms, and determining bond orders. Standard precision docking mode in the Glide 

module was employed to conduct docking simulations and generate the grid [116, 117]. 

Molecular Dynamics Simulations (MDSs) have become an essential computational 

technique for assessing the stability of ligands in drug-receptor complexes' active sites over 

a period [118]. In our investigation, we used MDSs for 5 nanoseconds to ensure the stability 

of the hits discovered from the docking result [109]. To perform these simulations, we 

utilized the Desmond application [119] We used the Schrodinger Suite's typical force field 

(OPLS3e), along an intermolecular potential that can be transferred and a three points 

(TIP3P) H2O model, in our study. Energy minimization was applied to the complex [120], 

and sodium and Chloride ions were employed to neutralize the system. We then utilized the 

Desmond application to determine the RMSF, RMSD, and Rg values [119]. 
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5. RESULTS AND DISCUSSION 
5.1. Synthesis of the Targeted Compounds 

5.1.1. Synthesis of N-(4-acetylphenyl) acetamide (1) 
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Figure 5.1.Molecular structure of compound (1) 

 

N-(4-Acetylphenyl) acetamide 1 was synthesized according to method A. White 

crystals, compound 1 yield: 88%, measured M.P.=169 °C, literature melting point= 171 °C  

 

5.1.2.  Synthesis of N-(4-(2-bromoacetyl) phenyl) acetamide (2) 
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Figure 5.2.Molecular structure of compound (2) 

 

N-(4-(2-Bromoacetyl)phenyl)acetamide 2 was synthesized according to method B. 

Brown crystals, compound 2 yield: 82%, measured M.P.=145 °C, literature melting point= 

188 °C [121]. 
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5.1.3. Synthesis of N-[4-(2-aminothiazol-4-yl) phenyl] acetamide (3) 
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Figure 5.3.Molecular structure of compound (3) 

 

N-[4-(2-Aminothiazol-4-yl)phenyl]acetamide 3 was synthesized according to method 

C. Brown crystals, compound 3 yield: 76%, measured M.P.=283-285 °C, literature melting 

point= 240-243 °C [122]. 

 

5.1.4. Synthesis of N-[4-(4-acetamidophenyl)thiazol-2-yl]-2-chloropropanamide (4) 
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Figure 5.4. Molecular structure of compound (4) 

 

N-[4-(4-Acetamidophenyl)thiazol-2-yl]-2-chloropropanamide 4 was synthesized 

according to method D. Yellow crystals, compound 4 yield: 89%, measured M.P.=184-186 

°C. 

5.1.5. N-[4-(4-Acetamidophenyl)thiazol-2-yl]-2-[(heteroaryl)thio]propanamide 

derivatives (5a-5l) 

The compounds synthesized according to method E. 
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Figure 5.5. The general molecular structure of derivatives 

 

5.1.5.1 N-[4-(4-Acetamidophenyl)thiazol-2-yl)-]2-((1-methyl-1H-imidazole-2 
yl)thio)propanamide  (5a) 
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O

N
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Figure 5.6. Molecular structure of compound 5a 

 

Physical Characteristics: Material appearance: powder, Color: pale yellow, Yield: 

88%. M.P. :134 °C. 

IR (ATR) υmax (cm-1): 3174-3115 (N-H stretching) 2976-2929 (C-H stretching), 1668 

(C=O stretching, amide), 1541-1408 (C=N stretching, and C=C stretching), 1062-1278 (C-

N stretching). 
1H-NMR (400 MHz, DMSO-d6, ppm) δ: 1.44 (3H, d, J= 6.97 Hz, CH3), 2.06 (3H, s, 

COCH3), 3.59 (3H, s, N-CH3), 4.15 (1H, q, J= 6.95 Hz, CH), 7.03 (1H, s, im-H4), 7.34 (1H, 

s, im-H5), 7.52 (1H, s, thiazole), 7.64 (2H, d, J= 8.52 Hz, Ph-H2,6) , 7.81 (2H, d, J= 8.54 Hz, 

Ph-H3,5),  10.05 (1H, brs, NHCOCH3), 12.59 (1H, brs, NH) 
13C-NMR (100 MHz) (DMSO-d6) δ (ppm): 17.66 (CHCH3), 24.51(COCH3), 33.69 

(NCH3), 45.52 (CH), 107.51 (thi-C5), 119.47 (Ph-C3,5), 124.84 (Ph-C2,6), 126.55 (Ph-C1), 

129.53 (im-C4,5), 137.57 (Ph-C4), 139.49 (Ph-C4), 149.32 (im-C2), 158.00 (thi-C2), 168.80 

(COCH3), 170.52 (CO). 

HRMS (ESI) (m/z): [M + 1]+: Calculated for C18H19N5O2S2: 401.1053; found: 

401.1029. 
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Figure 5.7. The infrared spectrum of compound 5a 
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Figure 5.8. 1H-NMR spectrum of compound 5a 

 



39 
 

 
Figure 5.9. 13C-NMR spectrum of compound 5a 
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Figure 5.10 HRMS of compound 5a 

 



41 
 

5.1.5.2 N-[4-(4-Acetamidophenyl)thiazol-2-yl)-]2-[(1-methyl-1H-tetrazol-5-

yl)thio]propanamide (5b) 
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Figure 5.11. Molecular structure of compound 5b 

 

Physical Characteristics: Material appearance: powder, Color: pale yellow, Yield: 

72%. M.P: 151 °C. 

IR (ATR) υmax (cm-1): 3304-3184 (N-H stretching), 3116-2978 (C-H stretching), 1668 

(C=O stretching, amide), 1541-1408 (C=N stretching, and C=C stretching), 1267 (C-N 

stretching). 
1H-NMR (400 MHz, DMSO-d6, ppm) δ:1.63 (3H, d, J= 6.99 Hz, CH3), 2.06 (3H, s, 

COCH3), 3.97 (3H, s, N-CH3), 4.60 (1H, q, J= 6.98 Hz, CH), 7.56 (1H, s, thiazole), 7.65 (2H, 

d, J= 8.21 Hz, Ph-H2,6), 7.82 (2H, d, J= 8.21 Hz, Ph-H3,5), 10.05 (1H, brs, NHCOCH3), 12.68 

(1H, brs, NH) 
13C-NMR (100 MHz) (DMSO-d6) δ (ppm): 18.72 (CHCH3), 24.51(COCH3), 

34.35(NCH3), 46.22 (CH), 107.79 (thi-C5), 119.48 (Ph-C3,5), 126.57 (Ph-C2,6), 129.43 (Ph-

C1), 139.52 (Ph-C4), 149.42 (thi-C4), 151.89 (tetrazole-C5), 157.80 (thi-C2), 168.81 

(COCH3), 169.51 (CO). 

HRMS (ESI) (m/z): [M + 1]+: Calculated for C16H17N7O2S2 404.0958.; found: 

404.0950. 
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Figure 5.12. The infrared spectrum of compound 5b 
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Figure 5.13.1HRMS of compound 5b 
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Figure 5.14.13C-NMR spectrum of compound 5b 
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Figure 5.15.HRMS of compound 5b 



46 
 

 

5.1.5.3 N-[4-(4-Acetamidophenyl)thiazol-2-yl)-]2-[(5-chlorobenzothiazol-2-

yl)thio]propanamide (5c) 
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Figure 5.16. Molecular structure of compound 5c 

 

Physical Characteristics: Material appearance: powder, Color: brown, Yield: 72%. 

M.P.: 180 °C. 

IR (ATR) υmax (cm-1): 3228-3180 (N-H stretching), 3084-2981 (C-H stretching), 1681 

(C=O stretching, amide), 1597-1406 (C=N stretching, and C=C stretching), 1178-1010 (C-

N stretching). 
1H-NMR (400 MHz, DMSO-d6, ppm) δ: 1.73 (3H, d, J= 6.94 Hz,CH3), 2.08 (3H, s, 

COCH3), 4.96 (1H, q, J= 6.94 Hz, CH) , 7.44 (1H, d, J= 8.23 Hz, bt-H6) , 7.56 (1H, s, thiazole 

-H5), 7.67 (2H, d, J= 8.33 Hz, Ph-H2,6), 7.85 (2H, d, J= 8.39 Hz, Ph-H3,5) , 7.92 (1H, s, bt-

H4),  8.08 (1H, d, J= 8.57 Hz, bt-H7), 10.07 (1H, s, NHCOCH3), 12.81 (1H, s, NH) 
13C-NMR (100 MHz) (DMSO-d6) δ (ppm): 18.83 (CHCH3), 24.51(COCH3), 46.62 

(CH), 107.75 (thi-C5), 119.49 (Ph-C3,5), 121.22 (bt-C4), 123.85 (bt-C6), 125.28 (bt-C7), 

126.58 (Ph-C2,6), 129.46 (ph-C1), 131.78 (bt-C5), 134.17 (bt-C7a), 139.51 (ph-C4), 149.41 

(thi-C4), 153.81 (bt-C3a), 157.92 (thi-C2), 167.59 (bt-C2), 168.81 (COCH3), 169.60 (CO). 

HRMS (ESI) (m/z): [M + 1]+: Calculated for C21H17N4O2S3Cl: 489.0275; found: 

489.0278. 
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Figure 5.17. The infrared spectrum of compound 5c 
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Figure 5.18.1H-NMR spectrum of compound 5c 
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Figure 5.19.13C-NMR spectrum of compound 5c 
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Figure 5.20. HRMS of compound 5c 
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5.1.5.4 N-[4-(4-Acetamidophenyl)thiazol-2-yl)-]2-[(5-methyl-1,3,4-thiadiazol-2-

yl)thio]propanamide (5d) 
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Figure 5.21. Molecular structure of compound 5d 

 

Physical Characteristics: Material appearance: powder, Color: light brown, Yield: 

93%. M.P.: 140-143 °C. 

IR (ATR) υmax (cm-1): 3234-3180 (N-H stretching), 3084-2848 (C-H stretching), 1688 

(C=O stretching), 1597-1427 (C=N stretching, and C=C stretching), 1178-1010 (C-N 

stretching). 
1H-NMR (400 MHz, DMSO-d6, ppm) δ: 1.61 (3H, d, J= 6.98 Hz, CH3CHCO), 2.07 

(3H, s, COCH3), 2.69 (3H, s, CH3), 4.70 (1H, q, J= 6.96 Hz, CH), 7.54 (1H, s, thiazole-H5), 

7.65 (2H, d, J= 8.46 Hz, Ph-H2,6), 7.83 (2H, d, J= 8.51 Hz, Ph-H3,5), 10.04 (1H, s, 

NHCOCH3), 12.68 (1H, s, NH). 
13C-NMR (100 MHz) (DMSO-d6) δ (ppm): 15.71 (CH3CHCO), 18.41 (CH3), 24.51 

(COCH3), 46.43 (CH), 107.69 (thi-C5), 119.49 (Ph-C3,5), 126.57 (Ph-C2,6), 129.48 (Ph-C1), 

139.50 (Ph-C4), 149.38 (NCHCH3), 157.92 (thi-C4), 162.41 (thiadiazole-C2), 167.42 (thi-C2), 

168.81 (COCH3), 169.72 (CO). 

HRMS (ESI) (m/z): [M + 1]+: Calculated for C17H17N5O2S3: 420.0617; found  

420.0613. 
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Figure 5.22.The infrared spectrum of compound 5d 
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Figure 5.23.1H-NMR spectrum of compound 5d 
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Figure 5.24.13C-NMR spectrum of compound 5d 
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Figure 5.25.HRMS of compound 5d 
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5.1.5.5 N-[4-(4-Acetamidophenyl)thiazol-2-yl]-2-[(5-nitro-1H-benzimidazol-2-

yl)thio]propanamide (5e) 
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Figure 5.26. Molecular structure of compound 5e 

 

Physical Characteristics: Material appearance: powder, Color: dark orange, Yield: 

91%. M.P :177 °C. 

IR (ATR) υmax (cm-1): 3080-3063 (N-H stretching), 2972-2931 (C-H stretching), 

1681-1688 (C=O stretching, amide), 1405-1539 (C=N stretching, and C=C stretching), 1371 

(N=O stretching), 1178-1008 (C-N stretching). 
1H-NMR (400 MHz, DMSO-d6, ppm) δ: 1.67 (3H, d, J= 7.03 Hz, CH3), 2.07 (3H, s, 

COCH3), 4.90 (1H, q, J= 7.00 Hz, CH), 7.52 (1H, s, thiazole-H5), 7.58 (1H, d, J= 8.38 Hz, 

benzimidazole -H7), 7.65 (2H, d, J= 8.38 Hz, Ph-H2,6), 7.83 (2H, d, J= 8.41 Hz, Ph-H3,5), 

8.02 (1H, d, benzimidazole -H6), 8.33 (1H, s, benzimidazole -H4), 10.06 (1H, s, NHCOCH3, 

NH). 
13C-NMR (100 MHz) (DMSO-d6) δ (ppm): 18.35 (CH3), 24.50 (COCH3), 44.13 

(CH), 107.41 (thi-C5), 110.89 (benzimidazole -C7), 114.11 (benzimidazole -C4), 117.11 

(benzimidazole -C5), 119.46 (Ph-C3,5), 126.53 (Ph-C2,6), 129.50 (Ph-C1), 141.71 (Ph-C4, 

benzimidazole -C7a), 146.77 (benzimidazole -C6,3a), 149.28 (benzimidazole -C2), 158.01 (thi 

-C4), 158.08 (thi -C2), 168.80 (COCH3), 170.61 (CO). 

HRMS (ESI) (m/z): [M + 1]+: Calculated for C21H18N6O4S2: 483.0894; found  

483.0904. 
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Figure 5.27. The infrared spectrum of compound 5e 
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Figure 5.28.1H-NMR spectrum of compound 5e 
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Figure 5.29.13C-NMR spectrum of compound 5e 
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Figure 5.30.HRMS of compound 5e 
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5.1.5.6 2-[(1H-Benzimidazol-2-yl)thio]-N-[4-(4-acetamidophenyl)thiazol-2-

yl]propanamide (5f) 
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Figure 5.31. Molecular structure of compound 5f 

 

Physical Characteristics: Material appearance: powder, Color: pale yellow, Yield: 

70%. M.P.: 149 °C. 

IR (ATR) υmax (cm-1): 3063 (N-H stretching), 2974-2961 (C-H stretching), 1668 (C=O 

stretching, amide), 1597-1406 (C=N stretching, and C=C stretching), 1094-1008 (C-N 

stretching). 
1H-NMR: (400 MHz, DMSO-d6, ppm) δ: 1.66 (3H, d, J= 6.98 Hz, CH3), 2.07 (3H, s, 

COCH3), 4.83 (1H, q, J= 6.86 Hz, CH), 7.15 (2H, brs, benzimidazole-H5,6), 7.51 (3H, brs, 

thiazole-H5, benzimidazole-H5,6), 7.66 (2H, d, J= 8.42 Hz, Ph-H3,5), 7.83 (2H, d, J= 8.42 Hz, 

Ph-H2,6), 10.09 (1H, s, NH).  
13C-NMR (100 MHz) (DMSO-d6) δ (ppm): 18.86 (CH3), 24.50(COCH3), 44.92 (CH), 

107.41 (thi-C5), 109.95 (benzimidazole-C4,7),  119.48 (Ph-C3,5), 122.12 (benzimidazole-C5,6), 

122.76 (), 126.53 (Ph-C3,5), 129.61 (Ph-C1), 132.71 (Ph-C4), 139.42 (benzimidazole-

C2),149.07 (benzimidazole-C7a), 149.25 (benzimidazole-C3a), 158.59 (thi-C4) 168,56 (thi-

C2),168.82 (COCH3), 170,74 (CO). 

HRMS (ESI) (m/z): [M + 1]+: Calculated for C21H19N5O2S2: 438.1053; found  

438.1045. 
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Figure 5.32.The infrared spectrum of compound 5f 
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Figure 5.33..1H-NMR spectrum of compound 5f 
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Figure 5.34.13C-NMR spectrum of compound 5f 
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Figure 5.35.HRMS of compound 5f 

 



66 
 

5.1.5.7 N-[4-(4-Acetamidophenyl)thiazol-2-yl]-2-(benzothiazol-2-ylthio)propanamide 

(5g) 
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Figure 5.36. Molecular structure of compound 5g 

 

Physical Characteristics: Material appearance: powder, Color: light brown, 

Yield: 76%. M.P: 190 °C. 

IR (ATR) υmax (cm-1): 3244-3107 (N-H stretching), 3059 - 2988 (C-H stretching), 

1687 (C=O stretching, amide), 1663-1423 (aromatic C=N stretching and C=C stretching), 

1236-1002 (C-N stretching). 
1H-NMR: (400 MHz, DMSO-d6, ppm) δ: 1.71 (3H, d, J= 6.99 Hz, CH3), 2.07 (3H, 

brs, COCH3), 4.95 (1H, q, J= 7.03 Hz, CH), 7.39 (1H, t, J= 7.60 Hz,  benzothiazole-H5), 7.48 

(1H, t, J= 7.67 Hz, benzothiazole-H6), 7.55 (1H, s, thiazole-H5), 7.65 (2H, d, J= 8.53 Hz, Ph-

H2,6), 7.84-7.87 (3H, m, J= 8.52 Hz, benzothiazole-H4, Ph-H3,5), 8.04 (1H, d, J= 7.95 Hz, 

benzothiazole-H7). 10.05 (1H, s, NHCOCH3). 12.78 (1H, s, NH). 
13C-NMR (100 MHz) (DMSO-d6) δ (ppm): 18.83 (CH3), 24.52(COCH3), 46.47(CH), 

107.73 (thiazole -C5), 119.49 (Ph-C3,5), 121.84 (benzothiazole-C4), 122.44 (benzothiazole-

C7), 125.31(benzothiazole-C6), 126.58 (Ph-C2,6), 126.98 (benzothiazole-C5), 129.48 (Ph-C1), 

135.41 (benzothiazole-C7a), 139.50 (Ph-C4), 149.39 (thiazole -C4), 152.96 (benzothiazole-

C3a), 157.97 (thiazole -C2), 164.66 (benzothiazole-C9), 168.82 (COCH3), 169.80 (CO). 

HRMS (ESI) (m/z): [M + 1]+: Calculated for C21H18N4 O2S3: 455.0665; found  

455.0665. 
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Figure 5.37. The infrared spectrum of compound 5g 
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Figure 5.38. 1H-NMR spectrum of compound 5g 
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Figure 5.39.13C-NMR spectrum of compound 5g 
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Figure 5.40. HRMS of compound 5g 
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5.1.5.8 N-[4-(4-Acetamidophenyl)thiazol-2-yl]-2-[(4-methyl-1H-1,2,4-triazol-3-

yl)thio]propanamide (5h) 
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Figure 5.41. Molecular structure of compound 5h 

 

Physical Characteristics: Material appearance: powder, Color: pale yellow, Yield: 

81%. M.P: 201 °C. 

IR (ATR) υmax (cm-1): 3246-3176 (N-H stretching), 3115-2931 (C-H stretching), 1666 

(C=O stretching, amide), 1566-1406 (C=N stretching, and C=C stretching), 1176-1060 (C-

N stretching). 
1H-NMR (400 MHz, DMSO-d6, ppm) δ: 1.52 (3H, d, J= 6.83 Hz, CH3CHCO), 2.07 

(3H, s, COCH3), 3.58 (3H, s, CH3), 4.31 (1H, q, J= 6.84 Hz, CH), 7.54 (1H, s, thiazole-H5), 

7.65 (2H, d, J= 8.05 Hz, Ph-H2,6), 7.82 (2H, d, J= 7.96 Hz, Ph-H3,5), 8.65 (1H, s, NCH), 10.05 

(1H, s, NHCOCH3), 12.57 (1H, s, NH). 
13C-NMR (100 MHz) (DMSO-d6) δ (ppm): 18.08 (CH3CHCO), 24.51(COCH3), 

31.49 (CH3), 45.32 (CH), 107.64 (thiazole-C5), 119.48 (Ph-C3,5), 126.56 (Ph-C2,6), 129.48 

(Ph-C1), 139.48 (Ph-C4), 147.00 (triazole-C3), 147.20 (triazole-C5), 149.38 (thiazole-C4), 

157.91 (thiazole-C2), 168.82 (COCH3), 170.07 (CO). 

HRMS (ESI) (m/z): [M + 1]+: Calculated for C17H18N6O2S2: 403.1005; found  

403.1008. 
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Figure 5.42.The infrared spectrum of compound 5h 
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Figure 5.43. 1H-NMR spectrum of compound 5h 
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Figure 5.44. 13C-NMR spectrum of compound 5h 
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Figure 5.45. HRMS of compound 5h 
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5.1.5.9 N-[4-(4-Acetamidophenyl)thiazol-2-yl]-2-(benzoxazol-2-ylthio)propanamide 

(5i) 
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Figure 5.46. Molecular structure of compound 5i 

 

Physical Characteristics: Material appearance: powder, Color: brown, Yield: 85%. 

M.P.:159 °C. 

IR (ATR) υmax (cm-1): 3244-3180 (N-H stretching), 3107-2931 (C-H stretching), 

1678-1660 (C=O stretching, amide), 1598-1406 (C=N stretching, and C=C stretching), 

1236-1176 (C-N stretching). 
1H-NMR (400 MHz, DMSO-d6, ppm) δ: 1.74 (3H, d, J= 7.03 Hz, CH3), 2.06 (3H, s, 

COCH3), 4.88 (1H, q, J= 6.56 Hz, CH), 7.34 (2H, brs, J= 2.16 Hz, benzoxazole -H4,7), 7.49 

(1H, s, thiazole-H5), 7.64 (4H, brs, J= 7.78 Hz, Ph-H2,6, benzoxazole -H5,6), 7.82 (2H, d, J= 

8.40 Hz, Ph-H3,5), 10.05 (1H, s, NH),  
13C-NMR (100 MHz) (DMSO-d6) δ (ppm): 19.48 (CH3), 24.50 (COCH3), 46.89 

(CH), 107.49 (thiazole -C5), 110.76 (benzoxazole -C4), 118.91(benzoxazole -C7), 119.47 (Ph-

C3,5), 120.64 (benzoxazole -C5), 122.16 (benzoxazole -C6), 123.24 (Ph-C1), 125.02 (Ph-C4), 

125.18 (benzoxazole -C7a), 126.53 (Ph-C2,6), 129.73 (thiazole -C4), 139.39 (benzoxazole -

C3a), 141.64(thiazole -C2), 149.26 (benzoxazole -C2), 151.65(COCH3), 168.79(CO). 

HRMS (ESI) (m/z): [M + 1] +: Calculated for C21H18N4O3S2: 439.0893; found 

439.0891. 
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Figure 5.47.The infrared spectrum of compound 5i 
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Figure 5.48. 1H-NMR spectrum of compound 5i 
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Figure 5.49. 13C-NMR spectrum of compound 5i 
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Figure 5.50. HRMS of compound 5i 
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5.1.5.10 N-[4-(4-Acetamidophenyl)thiazol-2-yl]-2-[(5-chlorobenzoxazol-2-

yl)thio]propanamide (5j) 
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Figure 5.51. Molecular structure of compound 5j 

 

Physical Characteristics: Material appearance: powder, Color: brown, Yield: 98%. 

M.P.:165 °C. 

IR (ATR) υmax (cm-1): 3180-3115 (N-H stretching), 3066-2933 (C-H stretching), 1688 

(C=O stretching, amide), 1597-1446 (C=N stretching, and C=C stretching), 1253-1060(C-N 

stretching). 
1H-NMR (400 MHz, DMSO-d6, ppm) δ: 1.75 (3H, d, J= 6.98 Hz, CH3), 2.06 (3H, s, 

COCH3), 4.93 (1H, q, J= 7.03 Hz, CH), 7.39 (1H, d, J= 8.66 Hz, benzoxazole-H6), 7.56 (1H, 

s, thiazole-H5,), 7.65 (2H, d, J= 8.24 Hz, Ph-H2,6), 7.71 (1H, d, J= 8.66 Hz, benzoxazole -

H7), 7.82-7.84 (3H, m, J= 9.76 Hz, Ph-H3,5, benzoxazole -H4),  10.04 (1H, s, NHCOCH3), 

12.83 (1H, s, NH). 
13C-NMR (100 MHz) (DMSO-d6) δ (ppm): 19.24 (CH3), 24.51(COCH3), 46.28 (CH), 

107.48 (thi-C5), 112.09 (benzoxazole -C4), 118.72 (benzoxazole -C7),  119.48 (Ph-C3,5), 

125.04 (benzimidazole-C5),  126.58 (Ph-C3,5), 129.43 (Ph-C1), 129.53 (benzoxazole-C6), 

139.52 (Ph-C4),142.86 (benzoxazole-C7a), 149.41 (benzoxazole-C3a), 150.49 (thi-C4) 157,85 

(thi-C2),165.00(benzoxazole-C2), 168.81 (COCH3), 169,42 (CO). 

HRMS (ESI) (m/z): [M + 1] +: Calculated for C21H17N4O3S2Cl: 473.0503; 

found473.0503. 



82 
 

 
Figure 5.52.The infrared spectrum of compound 5j 
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Figure 5.53. 1H-NMR spectrum of compound 5j 
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Figure 5.54. 13C-NMR spectrum of compound 5j 
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Figure 5.55. HRMS of compound 5j 
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5.1.5.11 N-[4-(4-Acetamidophenyl)thiazol-2-yl]-2-(pyrimidin-2-ylthio)propanamide 

(5k) 
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Figure 5.56. Molecular structure of compound 5k 

 

Physical Characteristics: Material appearance: powder, Color: light yellow, Yield: 

74%. M.P.:153 °C. 

IR (ATR) υmax (cm-1): 3255 (N-H stretching), 3115 - 2976 (C-H stretching), 1681-

1660 (C=O stretching, amide), 1597-1539 (C=N stretching, and C=C stretching), 1259-1060 

(C-N stretching). 
1H-NMR (400 MHz, DMSO-d6, ppm) δ: 1.59 (3H, d, J= 7.08 Hz, CH3), 2.06 (3H, s, 

COCH3), 4.77 (1H, q, J= 7.10 Hz, CH), 7.24 (1H, t, J= 4.88 Hz, pyrimidine-H5), 7.52 (1H, 

s, thi-H5), 7.64 (2H, d, J= 8.41 Hz, Ph-H2,6), 7.82 (2H, d, J= 8.48 Hz, Ph-H3,5),  8.65 (2H, d, 

J= 4.98 Hz,  pyrimidine-H4,6), 10.05 (1H, s, NHCOCH3), 12.61 (1H, s, NH). 
13C-NMR (100 MHz) (DMSO-d6) δ (ppm): 18.21 (CH3), 24.51(COCH3), 43.70 (CH), 

107.47 (thiazole-C5), 118.11 (pyrimidine-C5), 119.46 (Ph-C3,5), 126.56 (Ph-C2,6), 129.54 

(Ph-C1), 139.45 (Ph-C4), 149.28 (thiazole-C4), 158.20 (thiazole-C2), 158.39 (pyrimidine-C4), 

159.03 (pyrimidine-C6), 168.80 (COCH3), 170.35 (CO), 170.84 (pyrimidine-C5). 

HRMS (ESI) (m/z): [M + 1]+: Calculated for C18H17N5O2S2: 400.0896; found  

400.0896. 
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Figure 5.57.The infrared spectrum of compound 5k 
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Figure 5.58. 1H-NMR spectrum of compound 5k 
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Figure 5.59. 13C-NMR spectrum of compound 5k 
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Figure 5.60. HRMS of compound 5k 



91 
 

 

5.1.5.12 N-[4-(4-Acetamidophenyl)thiazol-2-yl]-2-[(5-methylbenzoxazol-2-

yl)thio]propanamide (5l) 
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Figure 5.61. Molecular structure of compound 5l 

 

Physical Characteristics: Material appearance: powder, Color: pale yellow, Yield: 

72%. M.P.:140 °C. 

IR (ATR) υmax (cm-1): 3292-3184 (N-H stretching), 3111-2978 (C-H stretching), 1688 

(C=O stretching, amide), 1539-1408 (C=N stretching, and C=C stretching), 1257-1062 (C-

N stretching). 
1H-NMR (400 MHz, DMSO-d6, ppm) δ: 1.73 (3H, d, J= 6.95 Hz, CH3CHCO), 2.07 

(3H, s, COCH3), 2.39 (3H, s, CH3), 4.90 (1H, q, J= 6.91 Hz, CH), 7.14 (1H, d, J= 8.26 Hz , 

benzoxazole -H6 ), 7.46 (1H, s, thiazole-H5), 7.53 (2H, t, J= 8.05 Hz, benzoxazole -H4,7), 7.65 

(2H, d, J= 8.26, Ph-H2,6), 7.83 (2H, d, J= 8.37 Hz, Ph-H3,5),  10.05 (1H, s, NHCOCH3), 12.79 

(1H, s, NH),  
13C-NMR (100 MHz) (DMSO-d6) δ (ppm): 19.14 (CH3CHCO), 21.35(CH3), 24.51 

(COCH3), 45.97 (CH), 107.77 (thiazole-C5), 110.16 (benzoxazole -C4), 118.86 (benzoxazole 

-C7),119  .49 (Ph-C3,5), 125.92 (benzoxazole -C5), 126.58 (Ph-C2,6), 129.46 (Ph-C1), 134.66 

(benzoxazole -C6), 139.52 (Ph-C4), 141.78 (benzoxazole -C7a), 149.41 (benzoxazole -C3a), 

149.95 (thiazole-C4), 157.92 (thiazole-C2), 162.77 (benzoxazole -C2), 168.81 (COCH3), 

169.64 (CO). 

HRMS (ESI) (m/z): [M + 1] +: Calculated for C22H20N4O3S2: 453.1050; found 

453.1050. 
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Figure 5.62.The infrared spectrum of compound 5l 
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Figure 5.63. 1H-NMR spectrum of compound 5l 
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Figure 5.64. 13C-NMR spectrum of compound 5l 
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Figure 5.65. HRMS of compound 5l 
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5.2.   Chemical Synthesis Evaluation 

The compounds were synthesized in the laboratory within five steps. The process 

started with adding the acetyl group, followed by adding bromine, closing the thiazole ring, 

adding the acetyl group again, and finally adding the twelve mercaptan compounds in the 

substitution reaction as shown in the Figure 5.66. 
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Figure 5.66. Synthesize route for all molecules 

 

In the first step, as shown in Figure 5.67 the acetyl group was added to the compound 

5-aminoacetophenone by reacting with acetyl chloride in the presence of triethylamine in 

THF nonpolar aprotic solvent to form N-(4-acetylphenyl)acetamide compound via 

nucleophilic substitution reaction. 
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Figure 5.67.Mechanism of method A 

 

In the second step, as shown in Figure 5.68 In the protic solvent acetic acid, the N-(4-

acetylphenyl)acetamide was reacted with bromine in the presence of droplets of 

hydrobromide acid   by an exothermic chemical reaction SN2 to be N-[4-(2-

bromoacetyl)phenyl]acetamide. 
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Figure 5.68.Mechanism of method B 

 

In the third step, N-[4-(2-bromoacetyl)phenyl]acetamide reacts with thiourea in the 

ethanol solvent in presence of heat by Hantzsch synthesis reaction to close the thiazole ring 

and form N-[4-(2-aminothiazol-4-yl)phenyl]acetamide as shown in Figure 5.69. 
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Figure 5.69.Mechanism of method C 

 

In the fourth step, a second acetyl group was added using a mechanism similar to that 

of method A. This was achieved by reacting 2-chloropropionyl chloride with N-[4-(2-

aminothiazol-4-yl)phenyl]acetamide via nucleophilic substitution reaction in tetrahydrofuran 

solvent, with triethylamine used as a nucleophile. The resulting product was N-[4-(4-

acetamidophenyl)thiazol-2-yl]-2-chloropropanamide, as illustrated in Figure 5.70. 
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Figure 5.70. Mechanism of method D 
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In the final step, all 12 compounds were synthesized through a reaction between the 

mercaptan derivatives and N-[4-(4-acetamidophenyl) thiazol-2-yl]-2-chloropropanamide in 

the presence of potassium carbonate as a catalyst, using acetone as a solvent. The reaction 

was carried out at room temperature for one day as shown in Figure 5.71 . 
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Figure 5.71. Mechanism of method E 

 

All of the synthesized compounds are original derivatives, with yields ranging between 

70-98% for the final compounds 5a-5l. The purity and chemical structure of all targeted 

compounds were confirmed using chemical spectral analysis techniques such as IR, 1H-

NMR, 13CNMR, and HRMS. 

 

5.3. Chemical Analysis Results Evaluation 

5.3.1. IR analysis results  

The synthesized compounds (5a-5l) were subjected to IR analysis to determine their 

main functional groups. The N-H functional group showed a band above 3000 cm-1, 

particularly between 3063 and 3292 cm-1. The C-H aromatic of sp2 hybridized carbons had a 

value above 3000 cm-1, except for 5g, which showed a value of 2974 cm-1. The aliphatic C-

H of sp3 hybridized carbons were observed below 3000 cm-1, ranging from 2848-2988 cm-1. 

For the (C=O) group, most compounds recorded a band of around 1688 cm-1, with an 

overall band ranging between 1660 and 1688 cm-1. The aromatic (C=N) functional group 

showed a general value between 1537-1597 cm-1, except for compound 5g, which recorded 

a peak at 1663 cm-1. The (C=C) aromatic group of sp2 hybridized carbons recorded a band 
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ranging from 1405-1489 cm-1 except for 5k, which showed a value of 1539 cm-1, while the 

range of picking in the (C-N) group was observed between 1002-1267 cm-1. 

 

5.3.2. 1H-NMR analysis results 

All compounds contain thiazole ring bound with N-phenylacetamide on 4th position. 

The reaction of alkyl chloride moiety with various mercaptan derivatives at the junction no. 

2 of propanamide produced a variety of derivatives. 

The Bruker UltraShield 400 MHz was utilized for performing NMR analysis. All the 

samples have been dissolved in DMSO-d6, which was observed as a quintet at 2.5 ppm in all 

the spectra. A powerful singlet was observed in the spectra of most compounds at 

approximately 3.4 ppm, indicating the presence of water protons. 

In the aliphatic region there are three carbons containing protons common to all 

compounds. These protons are doublet (CH3), singlet (COCH3), quartet (CH), and have found 

their value  within (1.44-1.75), (2.08-2.51) and (4.15-4.96) ppm ranges, respectively. In 

addition, compounds 5a, 5b, 5d, 5h, and 5l have singlet aliphatic protons branched from the 

azo group of the rings. 5a and 5b are related to N-CH3 with a value of 3.59 and 3.97 ppm, 

respectively, while 5d, 5h and 5l compounds are related to CH3 with a value of 2.69,3.58, 

and 2.39 ppm respectively. The reason for the change in values is the deshielding effect of 

oxygen, nitrogen and sulfur in these compounds. 

In the aromatic region the compound 5a, the C4 proton in the imidazole ring was found 

to be single at a value of 7.03 ppm, and the same with C5 proton, which also appeared single 

at a value of 7.34 ppm, while both were supposed to appear as doubles, but the reason could 

be the magnetic force generated by the instrument, which is not strong enough to achieve 

optimal results.[123, 124] As expected, in compound 5c the C4 proton of the benzothiazole 

group was singlet with 7.92 ppm value, while C6 and C7 protons were observed doublet in 

7.44 and 8,08 ppm respectively.  The 5g compound also contains a benzothiazole ring and as 

expected, the protons of C5, C4 and C7 observed peaks triplet, multiplet and doublet at 7.39, 

7.85 and 8.04 ppm respectively. 

Both 5e and 5f contain a benzothiazole ring, where 5e, as expected, protons of C5 and 

C6 Doublet, while C4 was single with values of 7.52, 8.08 and 8.33 ppm respectively. But 
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unexpectedly for the 5f all the protons of the carbons ring observed singlet peaks with a value 

of 7.16 ppm for protons C5 and C6 and a value of 7.50 ppm for protons C4 and C7 respectively. 

The compounds 5i, 5j and 5l all contain a benzoxazole ring. Compound 5i observed 

two doublet peaks for the benzene ring connected to the oxazole ring as expected, as the 

values were 7.34ppm for the C4 and C7 proteins, while the value was 7.64ppm for the proteins 

of C6 and C5, respectively. As for the 5j and 5l compounds, the doublet and triplet peaks were 

observed as expected, where the values for the protons of C5 were 7.39 and 7.14 ppm for 

both compounds respectively, while the C4 and C7 peaks were observed 7.71 and 7.81 ppm 

for the 5g compound, while the value of 7.53 was given for the 5l compound. 

As for the phenyl ring present in all compounds, it often appears as doublet peaks with 

values between 7.64 - 7.70 ppm for protons of C2 and C6, while it appears at a value between 

7.66- 7.85 ppm for protons of C3 and C5. 

The thiazole ring is the main ring in the all compounds and contains a proton at C5, 

which always shows a singlet peaks with a value between 7.46 and 7.56 ppm. 

Finally, the proton in the two amide groups that are found in all compounds sometimes 

appears in the form of a single between 10.03-12.83 ppm and sometimes does not appear, 

and the reason why the proton does not appear is a link with the nitrogen atom with high 

negativity that may lose the proton and return gain with the solvent used in the analysis, when 

absent in the results, it is at the moment of taking the results remained with the solvent used. 

 

5.3.3. 13C NMR analysis results 

A Bruker UltraShield instrument operating at a frequency of 100 MHz and using 

DMSO-d6 as the solvent was utilized for the 13C-NMR analysis. The solvent peak was 

detected in the form of a very long peak as a septet, with a chemical shift of approximately 

40 ppm. The analysis of each sample necessitated a time investment of 60 minutes. 

In the thiazole ring, the peaks of C2, C4 and C5 appear in all compounds between the 

value of (107.79 - 168.56) ppm, where the C5 is the least deshilded, while C2 is the most 

deshilded, and the reason is because C2 crosses the most carbon in the thiazole ring, which 

has a deshilded is that it is located between two atoms with high negativity, which are sulfur 

and nitrogen. 
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All aromatic carbons in all compounds from the benzene ring, oxathiazole, thiazole, 

imidazole, benzothiazole, benzothiazole, tetrazole, triazole and pyrimidine show peaks 

between about 110-162 ppm. 

The carbonyl carbon displayed the greatest degree of deshielding among all 

compounds. The carbonyl carbon resided within a range of 168.79-170,74 ppm, while in 

carbonyl attached to CH3, it was deshielded to a degree of 151.65-168.82 ppm. 

 

5.3.4. Mass spectrometry 

The LCMS-IT-TOF was used to analyze the mass spectra of all the synthesized 

compounds. This technique involved injecting the samples through liquid chromatography 

before analyzing their mass using a mass spectrometer unit. The obtained results indicated 

that there were no impurities in the chromatogram, and the [M+1] peaks in the spectra of the 

mass of all series corresponded to their expected molecular weights. Therefore, the spectra 

of the all final compounds mass were taken using high-resolution mass-spectrometry device 

with the ESI method, and the peak of the M+1 ion was detected in all compounds according 

to their molecular weights [125]. 

 

5.4. In vitro Anticholinesterase Inhibition Results Evaluation 

The synthesized compounds were tested in vitro to determine their inhibitory effects 

on acetylcholine and butyrylcholine esterase. Generally, the compounds showed better 

efficacy as an acetylcholine esterase inhibitor. To evaluate the percentage of inhibition, 

Elman's modified method [126] was employed using concentrations of 10-3 M and 10-4 M for 

various compounds, with tacrine and donepezil used as reference drugs. Further analysis was 

conducted on the compounds that exhibited over 50% inhibition activity at both 

concentrations by testing them at lower concentrations between 10-5 and 10-9 M to establish 

their IC50 values. Table 5.1. lists the results of this research. 

All the compounds gave an inhibition efficiency aganist AChE over 50% for a 

concentration of 10-3 M, except for 5b, 5c, 5g and 5h. While for a concentration of 10-4 M 

only three compounds gave a concentration above 50%, namely 5d, 5e and 5j.   
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Following the initial evaluation, compounds 5d, 5e and 5j were selected to determine 

their respective IC50 values for acetylcholinesterase inhibition. These compounds were 

assessed at concentrations ranging from 10-5 to 10-9 M against AChE, in comparison to the 

reference medication, donepezil. The IC50 value for donepezil is 0.0201 μM, while the IC50 

values for compounds 5d, 5e and 5j were determined to be 0.223 μM, 0.092 μM, and 0.054 

μM, respectively. 

N-[4-(4-Acetamidophenyl)thiazol-2-yl]-2-[(5-chlorobenzoxazol-2-

yl)thio]propanamide (5j) is the best synthesized compound in terms of efficacy against 

acetylcholine esterase (IC50 = 0.054 μM) and this compound contains a benzoxazole group 

with chlorine at site 5 of the ring bonded with sulfur. Also, the effectiveness was significantly 

reduced when we replaced the chlorine atom with a methyl group at the same location in the 

compound 5l to give IC50 >100  at a concentration of 10-4M.  Also, the benzoxazole ring is 

important for effectiveness, but if you replace it with some rings, it may also give 

effectiveness, but if we replace it with other rings, the effectiveness may decrease, for 

example, as in the 5d compound, we replaced the ring with (2-methyl-1,3,4-thiadiazole) and 

the 5e compound, we replaced it with (5-nitro-1H-benzimidazole), as both compounds gave 

the effectiveness of IC50 0.223 and IC50 0.092 µM respectively, but when we replaced the 

ring with some rings like tetrazole, benzothiazole, triazole and pyrimidine, the effectiveness 

decreased.  

On the other hand, unfortunately  all compounds gave low efficacy against BChE below 

50 % to a concentration of both 10-3 or 10-4 with notable IC50 values.   
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Table 5.1. Inhibition rates and IC50 (μM) values of the obtained compounds against AChE and BChE 
enzymes at concentrations of 10-3 and 10-4 M   

Compound 
AChE % Inhibition 

AChE 
IC50 (µM) 

BChE % Inhibition 
BChE 

IC50 (µM) 
10-3 M 10-4 M 10-3 M 10-4 M 

5a 52.323 
±1.122 

42.597 
±1.454 >100 26.462 

±0.834 
22.746 
±0.720 >1000 

5b 48.154 
±0.936 

41.357 
±1.010 >1000 29.375 

±0.920 
26.128 
±0.967 >1000 

5c 42.759 
±0.806 

38.964 
±0.821 >1000 30.613 

±1.258 
26.408 
±0.857 >1000 

5d 89.646 
±1.958 

83.342 
±1.768 

0.223 
±0.010 

31.045 
±1.041 

24.067 
±0.812 >1000 

5e 92.155 
±1.874 

88.464 
±1.334 

0.092 
±0.003 

24.246 
±0.865 

20.771 
±0.830 >1000 

5f 72.849 
±2.485 

48.328 
±0.889 >100 32.749 

±1.059 
26.697 
±0.718 >1000 

5g 47.764 
±1.030 

31.146 
±1.302 >1000 30.569 

±1.156 
20.203 
±0.801 >1000 

5h 43.233 
±0.955 

29.031 
±0.847 >1000 27.322 

±0.948 
22.345 
±0.720 >1000 

5i 57.954 
±1.537 

30.897 
±0.867 >100 28.048 

±0.864 
21.470 
±0.869 >1000 

5j 93.576 
±2.846 

90.655 
±1.920 

0.054 
±0.002 

26.468 
±0.854 

23.876 
±0.778 >1000 

5k 74.290 
±2.110 

47.231 
±0.886 >100 29.567 

±0.975 
25.661 
±0.897 >1000 

5l 69.067 
±1.854 

38.468 
±0.736 >100 28.357 

±0.923 
22.554 
±0.764 >1000 

Donepezil 99.156 
±1.302 

97.395 
±1.255 

0.0201 
±0.0010 - - - 

Tacrine - - - 
99.827 
±1.378 

98.675 
±1.450 

0.0064 
±0.0002 
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5.5. Evaluation of In vitro  MAO Inhibition Results  

The results of the effectiveness of all compounds gave similar results either for MAO-

A or for MAO-B, where all % inhibition for MAO-A compounds were between 25.362-

38.461 % for a concentration of 10-3, while the compounds gave efficacy values between 

20.415 and 31.748 % for a concentration of 10-4, while for MAO-B, the results of inhibition 

percentage for the compounds are between 30.886 and 45.441 % for a concentration of 10-3, 

while it gave the values of 23.447 and 32.712 % for a concentration of 10-4. Although the 

compounds may have given greater efficacy against MAO-B than MAO-A as shown in the 

Table 5.2, unfortunately all values of MAOs are considered weak compared to Moclobemide 

and Selegiline. 
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Table 5.2.inhibition rates and IC50 (μM) values of the obtained compounds against MAO-A and  
MAO-B enzymes at concentrations of 10-3 and 10-4 M 

Compound 
MAO-A % Inhibition 

MAO-A 
IC50 (µM) 

MAO-B % Inhibition 
MAO-B 

IC50 (µM) 
10-3 M 10-4 M 10-3 M 10-4 M 

5a 32.521 
±0.830 

26.384 
±0.820 >1000 42.449 

±0.934 
32.174 
±0.747 >1000 

5b 36.403 
±1.176 

29.636 
±0.915 >1000 39.534 

±1.225 
31.050 
±1.039 >1000 

5c 30.791 
±1.068 

20.415 
±0.944 >1000 45.441 

±0.984 
28.623 
±1.018 >1000 

5d 37.964 
±1.151 

21.152 
±0.785 >1000 42.822 

±1.562 
32.712 
±0.933 >1000 

5e 29.554 
±0.820 

22.167 
±0.935 >1000 38.774 

±1.467 
31.955 
±1.202 >1000 

5f 33.362 
±1.348 

28.530 
±0.720 >1000 36.451 

±1.208 
29.574 
±1.055 >1000 

5g 38.461 
±0.922 

29.654 
±0.964 >1000 39.113 

±1.235 
29.494 
±0.957 >1000 

5h 32.007 
±0.828 

30.067 
±0.939 >1000 41.464 

±0.837 
31.646 
±1.062 >1000 

5i 36.867 
±1.351 

31.748 
±1.120 >1000 35.774 

±1.348 
30.722 
±1.168 >1000 

5j 30.484 
±0.989 

24.425 
±0.737 >1000 36.959 

±1.534 
32.536 
±0.920 >1000 

5k 25.362 
±0.866 

21.168 
±1.011 >1000 30.886 

±1.467 
23.447 
±0.958 >1000 

5l 38.155 
±1.476 

33.831 
±1.317 >1000 32.303 

±0.918 
24.628 
±0.851 >1000 

Moclobemide 94.121 
±2.760 

82.143 
±2.691 

6.0613 
±0.2625 - - - 

Selegiline - - - 98.589 
±2.055 

94.850 
±1.114 

0.0374 
±0.0016 
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5.6.  Physicochemical Properties Evaluation 

Table 5.3 displays the anticipated pharmacokinetic characteristics of compounds 5d, 

5e, 5j, as well as the reference drugs Moclobemide and Donepezil.  

The SwissADME website have been utilized to expect the pharmacokinetic 

characteristics of the most effective compounds which are 5d, 5e and 5j, where the 

topological polar surface area (TPSA) value of the compounds was found to be somewhat 

high as it was 178.65, 199.13 and 150.66 Å² respectively.  

The LogPo/w, which is an indicator of lipophilicity, was computed and found to be 

within the necessary range of -0.7 to 5, as reported by Daina et al. [127].  

As for the percentage of Log S (ESOL) which is the percentage of aqueous solubility, 

all compounds, including Donepezil, are considered medium solubility, except for 

Molcobemide, which is considered soluble in aqueous. For LogKp (skin permeation) the 

value of the compounds 5d, 5e and Moclobemide is all -6 cm/s, while the 5j and Donepezil 

are worth the same value -5 cm/s. 

 Unfortunately, the three compounds with the most effective all give a prediction that 

the absorption of gastrointestinal will be low. 

The number of hydrogen-bond acceptors for Moclobemide is 3 hydrogen-bond and for 

Donepezil is 4 hydrogen-bond, while 5j and 5d shows that 5 hydrogen-bond can be accepted, 

the highest hydrogen accept compound is 5e, which can accept 6 hydrogens according to 

predict of SwissADME website. On the other hand, for the donating of hydrogen bond, the 

Donepezil drug cannot donate any bond, while the Moclobemide drug can donate one bond, 

the 5j and 5d compounds can donate two bonds, and 5e can donate 3 bonds.  
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Table 5.3.The study focuses on determining how the active compounds 5d, 5e, and 5j are processed by 
the body, including how they are absorbed, distributed, metabolized, and eliminated. 

Compounds M.W.  TPSA Log Po/w  
(XLOGP3)   

Log S 

(ESOL)  

(LogKp) 

cm/s11 

Lipinski GI 

abs 

HA HD   

5d 419.54  178.65  3.12 -4.32 -6.64 Yes  low  5  2  

5e 482.54 199.13 3.67  -5 -6.64 Yes  low  6  3  

5j 472.97 150.66 4.74 -5.71 -5.82 Yes  low  5  2  

S1 379.49 38.77 4.28 -4.81  -5.58 Yes  High  4  0  

S2 268.74 41.57 1.49 -2.36 -6.88 Yes  High  3  1  

          
Mwt (molecular weight), TPSA (the topological polar surface area), Log P (partition coefficient), LogKp: skin permeation , Log 

S: aqueous solubility (highly soluble > 0 > very soluble > −2 > soluble > −4 > moderately soluble > −6 > poorly soluble > −10 > 

insoluble), GI abs (gastrointestinal absorption), HA (Hydrogen bond acceptor), HD (Hydrogen bond donor). S1: Donepezil; S2: 

Moclobemide 

 

5.7. Molecular Docking Evaluation 

5.7.1. Docking with the acetylcholinesterase enzyme's active site. 

AChE is a crucial enzyme that is that is fundamental in the regulation of in the 

regulation of the neurotransmitter acetylcholine. Docking studies have been extensively 

utlized to predict the binding mode of ligands to the active site of AChE and to identify 

potential inhibitors of the enzyme. 

The AChE active site is a deep and narrow gorge lined with amino acid residues that 

are include the catalysis and substrate binding. The amino acids involved in the binding site 

of AChE include tryptophan, tyrosine, histidine, serine, glycine, and glutamate residues. 

Tryptophan and tyrosine residues form hydrophobic interactions with the ligand, while 

histidine, serine, and glutamate residues are involved in hydrogen bonding with the ligand. 

Glycine residues provide flexibility to the active site and allow it to adapt to the ligand [128–

131]. 

The AChE extensively studied using X-ray crystallography, which has provided 

valuable insights into the architecture of the enzyme and its active site [132, 133]. The 

binding sites within AChE can be classified into two types: the central catalytic anionic site 

(CAS) and the peripheral anionic site (PAS). Both sites are involved in the regulation of 

AChE activity and have been the subject of extensive research [131]. 
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The active site of AChE is mainly composed of two main binding regions: the 

peripheral anionic site (PAS) and the catalytic active site (CAS). The CAS is a narrow, long, 

hydrophobic gorge with a length of about 20 Å. It incorporates the acyl binding site that holds 

Phe295 and Phe297 amino acids, the active center bearing Glu202, Glu450 fragments, the 

hydrophobic subsite having Trp86, Tyr133, Tyr337, and Phe338 residues, the oxyanion 

binding site which contains Gly120, Gly121, and Gly123 residues, and a catalytic triad of 

Ser203-Glu334- His447 amino acids [126, 134]. 

The catalytic triad of AChE is responsible for the hydrolysis of acetylcholine. The 

serine residue (Ser203) acts as a nucleophile and attacks the carbonyl carbon of the acetyl 

group of acetylcholine, leading to the formation of a covalent enzyme-substrate intermediate. 

The histidine residue (His447) acts as a general base and deprotonates a water molecule, 

which subsequently attacks the intermediate, leading to the hydrolysis of acetylcholine. The 

glutamate residue (Glu334) acts as a general acid and protonates the leaving group, which is 

the choline moiety of acetylcholine [135]. 

The PAS is mainly constituted of aromatic residues, including Tyr72, Asp74, Tyr124, 

Trp286, and Tyr341, which provide a binding site for allosteric inhibitors besides their 

recognition function for acetylcholine at the gorge rim. The PAS plays a crucial role in 

regulating the activity of AChE by allosterically modulating the enzyme. Ligands that bind 

to the PAS can affect the activity of AChE by inducing conformational changes in the 

enzyme, which can alter the accessibility of the substrate to the active site [130]. 

Docking studies have been used to predict the binding mode of ligands to both the CAS 

and the PAS of AChE. One study used a combination of molecular docking and molecular 

dynamics simulations to identify potential inhibitors of AChE that bind to the CAS. The 

study identified a compound that showed strong binding affinity to the CAS and inhibited 

the activity of AChE in vitro  [136]. 

Another study used molecular docking to predict the binding mode of ligands to the 

PAS of AChE. The study identified a compound that showed strong binding affinity to the 

PAS and modulated the activity of AChE allosterically [137]. 

The following Figure 5.72 shows the most effective compounds that effectively linked 

to protein in a three-dimensional image. 
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Figure 5.72.The three most active substances ( 5d, 5e, and 5j) in the active site of AChE are layered 

in three   dimensions 

 

5.7.1.1 The molecular docking of compound 5d  

The interaction between compound 5d with the active region in AChE is illustrated in 

Figure 5.73 and Figure 5.74. There are five bonds that bind the compound 5d in AChE, four 

of them are π-π stacking bonds and a hydrogen bond. Two bonds are located in the CAS 

region formed between Phe338 and His447 with thiadiazol ring, the other two bonds are 

located in the PAS region formed between the thiazole ring with Tyr341, and between Trp286 

with the benzene ring. The compound formed a fifth bond, a hydrogen bond between the NH-

benzene and Ser293. 
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Figure 5.73. 3D interactions of compound 5d at the (4EY7 / PBDID) binding region of AChE 

 

 
Figure 5.74. 2D interactions of compound 5d at the (4EY7 / PBDID) binding region of AChE 
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5.7.1.2 The molecular docking of compound 5e  

The following Figure 5.75 and  Figure 5.76  ( 3D and 2D ) illustrate the correlation 

between AChE and compound 5e in seven bonds. Three of them between the benzothiazole 

ring and Trp86 bind by π-π stacking bonds in the CAS region. There are also three bonds 

Linked by π-π stacking bonds tow between the thiazole ring with Trp124 and Tyr341, and 

one bond between the benzene ring and the Trp286 in the PAS region. In addition, in the 

PAS region there is only one hydrogen bond between the NH-benzene and Ser293.  

..

 
Figure 5.75.3D interactions of compound 5e at the (4EY7 / PBDID) binding region of AChE 

 



113 
 

 
Figure 5.76.2D interactions of compound 5e at the (4EY7 / PBDID) binding region of AChE 

 

5.7.1.3 The molecular docking of compound 5j 

The compound 5j is the best synthesized compound that has given effectiveness as an 

anti-acetylcholine esterase. The compound is bonded by many bonds there is a halogenic 

bond between the chlorine on the oxathiazole ring and Asp74. And four of the bonds formed 

by the compound are between the oxathiazole ring and Trp86 by the π-π stacking bond in the 

CAS region. In the PAS region there are also π-π stacking bonds one between the thiazole 

ring and Tyr341 and two bonds between the benzene ring with Trp286 and Ser 293 as shown 

in 3D figure. The last bond formed by the compound is a hydrogen bond between the NH-

Benzene and Ser293 in the PAS region. The following Figure 5.77  and Figure 5.78  illustrates 

the interconnection between the 5j compound and the active site residues. 
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Figure 5.77.3D interactions of compound 5j at the (4EY7 / PBDID) binding region of AChE 

 

 
Figure 5.78..2D interactions of compound 5j at the (4EY7 / PBDID) binding region of AChE 
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5.7.2. Molecular dynamic simulation studies 

MDS provide a valuable computational tool for studying the behavior of molecules 

over time. MDS can provide atomistic-level details on molecular interactions, and they can 

also offer information on the kinetics and thermodynamics of molecular interactions [138, 

139]. Results from MDS can guide drug design and optimization, and help understand the 

structural and dynamical properties of proteins and other biomolecules [140–142]. 

MDS were used to assess the binding interactions and time-dependent stability of a 

ligand-target complex. To conduct the simulations as performed in our previous studies [109, 

143–146], the Desmond program was utilized, which employed the standard OPLS3e force 

field of the Schrödinger Suite with a TIP3P water model, followed by energy minimization 

of the complex [147, 148]. The system was neutralized using Na+ and Cl- ions. After setting 

up the system, MDS was performed, and values for radius of gyration (Rg), root mean square 

deviation (RMSD), and root means square fluctuation (RMSF) were calculated using the 

Desmond program [149]. 

 

5.7.2.1 The MDS of compound 5j 

The RMSD plot provides information on the stability and dynamics of the system being 

simulated. In general, a lower RMSD value indicates that the system is more stable and closer 

to the starting structure, while a higher RMSD value indicates more structural deviation from 

the starting structure [150–152]. The plot of  RMSD value is 1.8 Å for protein and 1.2 Å, (  as 

shown in Figure 5.79-B), throughout the simulation, the protein-ligand system was found to 

be stable, as evidenced by the RMSD value of the protein falling within the range of 1-3Å.  

Also, in radius of gyration (Rg), is a measure of the compactness of a protein-ligand complex. 

In MDS studies, Rg can be used to evaluate the quality of the predicted complex structure 

[153]. A lower fluctuation of Rg peaks as shown in (Figure 5.79-A) indicates a more accurate 

prediction of the binding mode and a more stable complex.  

The RMSF values measure the deviation of atomic positions in an MD simulation, 

providing insights into a molecule's flexibility and dynamics. High RMSF values indicate 

mobility and potential for interactions, while low RMSF values indicate rigidity. RMSF 

values can be plotted against residue number to identify flexible and rigid regions, aiding in 
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the understanding of molecular behavior and interactions. the RMSF value was found to be 

low for α-helices (red areas) and β-strands (blue areas) in the protein complex, indicating that 

these regions were relatively rigid and did not experience higher than 1 Å during the 

simulation same as interacted loop regions. As shown in (Figure 5.79-C) the interaction 

between the ligand and enzyme observed less than 1 Å at the loop region and This 

observation provides evidence for a strong interaction between the ligand and protein. 

The number of interactions by residue during a simulation is a measure of the frequency 

and strength of interactions between individual amino acid residues and other molecules. It 

can provide insights into protein stability and identify key residues involved in specific 

interactions[137, 154]. Many amino acids have been shown to bind to the 5j compound as 

Trp86, Tyr124, His287, Glu292, Phe338 in various concentrations  while TYR341 shows 

highest concentration by 4≤  and continuous line and Trp 286 also shows continuous line 

with high concentration around 3. which that indicating the stability of ligand inside the 

protein, as shown in (Figure 5.80-D) 

As shown in (Figure 5.80-E ) different types of interactions contributing to protein 

stability are color-coded, such as interactions by water-mediated hydrogen bonds were 

observed in blue between 5j and Tyr72, Asp72, Thr83,Arg289, Phe295, Gln291, Asn283, 

Pro290, and regular hydrogen bonds interactions in green with blue water-mediated hydrogen 

bonds at the same time between the 5j and Ser125, Ser239, His 287, and Leu289, In addition 

to an ionic bond association with them and illustrated in pink by the peak of Glu292 amino 

acid., It also illustrates the  hydrophobic interactions with Trp86, Pro88, Trp286, Tyr337, 

Tyr341 and Phe338 observed purple. The plot helps identify stable and flexible regions of 

the protein and can be used to design new drugs or better understand protein function. 

MDS was studied on the most effective synthetic compound against acetylcholine 

esterase which is the compound 5j, as shown in (Figure 5.80-F) The compound was 

associated with many bonds, including H-bonds, water-mediated H-bonds, π-π Stackings and 

aromatic H- bonds. The interactions with Trp286, Tyr341 (π-π stackings), Tyr124, His 287 

(H-bond), Glu 292 (water-mediated H-bond) were preserved as in 2D (Figure 5.80-F). 
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Figure 5.79. Molecular dynamic simulation (MDS) Results of 5j ligand with AChE. (A)  Rg, Plot.  (B) 

Plot of root mean square deviation (RMSD) (Å)‐time (ns). (C) Plot of root mean square 
fluctuation (RMSF)‐residue index. The areas were represented in light red for the helices, 
light blue for the strands, and white for the loops 
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Figure 5.80. MDS Results of 5j ligand with AChE (D) Number of interactions by residue during the 

simulation., (E) Plot of root mean square fluctuation‐residue index (blue: water‐mediated 
H‐bond; green: H‐bond, pink: ionic interaction, purple: hydrophobic interaction) (F) 2D 
diagram of the interaction strengths (cutoff=20%) 
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5.8. Structure-Activity Relationship Evaluation 

According to the results of the compounds in the effectiveness and docking on AChE, 

the SAR of the compounds was observed as follows:  

The thiazole ring and benzene ring share many hydrophobic bonds that are formed by 

π-π stacking overlapping bonds. It contributes to the stability of ligand within the protein, 

and the thiazole ring has a key role in inhibiting the AChE enzyme.  

Also, the two amide groups in the compound showed great importance in the stability 

of the compound, as the oxygen atom made hydrophilic bonds with amino acids, also the 

stability of the compound led to good results in terms of effectiveness. 

In the R groups we have placed several rings such as benzoxazole, triazole, tetrazole, 

benzimidazole, thiadiazole, benzothiazole and pyrimidine. 

The study found that benzoxazole rings were more effective than benzothiazole and 

thiadiazole rings, all of them formed π-π stacking bonds with amino acids. As the majority 

of bonds with benzoxazole that contain four bonds and this indicates its importance in 

stability and three bonds with benzothiazole and two with thiadiazole . The chlorine atom at 

the 5th position of the benzoxazole ring was found to be crucial for its effectiveness. 

Removing this chlorine atom in compound 5i reduced its effectiveness. Replacing the 

chlorine atom with a methyl group in compound 5l resulted in a significant reduction in 

effectiveness which mean Cl atom meak an important for activity. While the benzoxazole 

ring was found to be important for effectiveness, replacing it with certain other rings could 

also result in effectiveness. For example, compounds 5d and 5e, which replaced the 

benzoxazole ring with (2-methyl-1,3,4-thiadiazole) and (5-nitro-1H-benzimidazole), 

respectively. However, replacing the benzoxazole ring with other rings such as tetrazole, 

benzothiazole, triazole, and pyrimidine led to a decrease in effectiveness. 
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Figure 5.81. The structure-activity relationship 
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6. CONCLUDING REMARKS AND FUTURE RECOMMENDATIONS 

The thiazole ring, a potential scaffold for developing drugs to treat neurodegenerative 

disorders like Alzheimer's and Parkinson's diseases, has been thoroughly investigated. In this 

study, a thiazole compound containing N-[4-(2-bromoacetyl)phenyl]acetamide was 

synthesized by reacting with thiourea under basic conditions. The compound was then 

acetylated, and mercaptan groups were added, resulting in a total of 12 compounds (5a-5l). 

These synthesized compounds demonstrated increased effectiveness as AChE 

inhibitors. Specifically, compounds 5d, 5e, and 5j showed high inhibition efficiency against 

AChE with IC50 values of 0.223 μM, 0.092 μM, and 0.054 μM, respectively. However, all 

compounds exhibited low efficacy against BChE below 50% at concentrations of 10-3 and 

10-4, with significant IC50 values. Additionally, the MAO inhibitory activity of all compounds 

displayed weak inhibition percentages against both MAO-A and MAO-B, ranging from 

20.415 to 38.461 % at a concentration of 10-4. 

The three most effective compounds were subjected to docking analysis, which 

revealed strong associations with amino acids through hydrophilic, hydrophobic, hydrogen, 

and π-π stacking bonds. A detailed MDS study of compound 5j found a halogen bond 

between the chlorine on the oxathiazole ring and Asp74, as well as four π-π stacking bonds 

between the oxathiazole ring and Trp86 in the CAS region. In the PAS region, π-π stacking 

bonds included one between the thiazole ring and Tyr341, and two between the benzene ring 

and Trp286 and Ser293. 

For future research, it is suggested to introduce atoms such as halogens and nitro groups 

to the Mercaptan rings. The presence of a chlorine atom and a nitro group in the fifth position 

of the benzoxazole and benzodiazole rings in compounds 5j and 5e showed increased activity 

compared to compounds 5i and 5f, which lack these groups. This indicates that adding atoms 

and groups to these rings enhances activity and ligand-protein binding, as assessed in the in 

vitro activity and docking study. 
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