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ABSTRACT 
 

Protein-Protein Interaction (PPIs) plays the central role in many diseased conditions. 

Therefore, to target and to modulate PPIs is efficient approach for the disease treatment. 

Cancer is also arise because of protein-protein interaction. In cancer, the tumour suppressor 

p53 protein inhibited by the MDM2 protein. p53 protein regulates the cell cycle and 

apoptosis in the body. Interaction between the p53-MDM2 proteins is responsible for the 

inhibition of the p53 function (apoptosis). By this interaction MDM2 degrade and inhibit the 

p53 protein. Hence, to target and inhibit this PPI (p53-MDM2 interaction) for the treatment 

of cancer is the rational approach. By targeting this interaction with the designed drugs, we 

can reactivate the p53 function (apoptosis) in the cancer cells and can selectively kill the 

cancer cells over the normal cells. 

In this study, a novel MDM2 inhibitors (1,2,4-triazole and 1,3,4-thiadiazole based) were 

designed and synthesized. In-silico study and molecular docking of the designed compounds 

was carried out. 

We have reported the novel Green chemistry based method for the synthesis of amide from 

the carboxylic acid and urea. It is simple, efficient and solvent-free (direct heating) 

technique. Amide is an important intermediate compound in our synthesis work. 

Synthesized compounds were successfully characterized by physical and spectral methods. 

And biological activity of the synthesized compounds was evaluated by cell based assays. 

MTT assay was performed to determine the anti-neoplastic activity of the synthesized 

compounds. And potency of the synthesized compounds was derived by IC50 value. 

In an assay (in-vitro), synthesized compounds induced the apoptosis in the cancer cell line. 

This apoptosis is a marker of the p53 reactivation by the compounds through binding to 

MDM2 protein and its inhibition. 

In-silico study and In-vitro testing indicate the compound 1a as a potential MDM2 inhibitor. 

It successfully reactivates the p53 function in the cancer cell lines and proved as a potent 

anti-cancer agent. 

 

Keywords: Cancer, p53 protein, MDM2 protein, p53-MDM2 interaction, p53 reactivators, 

MDM2 inhibitors, Small molecule p53-MDM2 interaction inhibitors, In-silico study, Drug 

design, Molecular docking 1,2,4-triazole, 1,3,4-thiadiazole, IC 50, MTT assay, Apoptosis. 
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1. CANCER 

Cancer is a diseased condition in which cells grow out of the control. It is characterized by the 

unregulated division and growth of the cells. This uncontrolled cell division and growth is 

abnormal and invade the adjoining parts of the body. 

Cancer is a bunch of disease which can affect the different organs and any part of the body. It 

can be starts in the lungs, colon, breasts or even in the blood [1]. There are some similarities in 

the various types of cancers, but there is so much difference in their growth and spreading [2]. 

For the growth of the body, cells multiplication and growth is necessary. The new cells replace 

the worn-out tissues and heal the injuries. In normal physiological process cell multiply and die 

in an orderly way. Normal cells division and cell growth controlled by the various genes and 

proteins. 

Cancer occurs when cells cease to respond to growth inhibition signals. So they multiply in an 

uncontrollable manner. And in certain situations, mutation in growth controlling genes causes 

the out of control cells division and growth. This arise the cancer.    

The uncontrolled cell division and cell growth resulted into the tumour or abnormal blood cells 

(as of in leukemia). Tumour is an abnormal mass of the cells, also called as lump.  

Tumours may invade deeper into surrounding tissue and can grow its own blood vessels is called 

angiogenesis. 

All tumours/lumps are not cancerous. Tumours can be divided into two types, benign and 

malignant.  

 

1.1.1 Benign Tumour 

Non-cancerous tumours are called as benign tumour. Cells of the benign tumors are confined to 

one area and they can’t spread to other parts of the body [1]. 
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1.1.2 Malignant Tumour  

Cancerous tumours are called as malignant tumour. Cells of the malignant tumours can spread 

to other parts of the body. They travel through the lymphatic system (lymph fluid) or blood 

stream. 

Malignant tumour, which does not spread to the other organs or parts of the body, is called 

localized cancer. 

Cancer cells can migrate from the primary cancer site to the other parts of the body or organ. 

And they form the tumors over there, which is called metastasis or secondary cancer [2]. 

Metastasis cancer names according to the primary or original cancer. Like, lungs cancer cells 

spread to the bones (secondary site) is called metastatic lung cancer. 

 

1.2 Risk factors 

Despite the actual causes of the cancer are not completely known yet, but there are certain risk 

factors of cancers.  

The various risk factors are, smoking, alcohol consumption, unhealthy life style, diet, obesity, 

hereditary, hormonal factors, exposure to carcinogenic chemicals and hazardous substances, UV 

radiation, chronic infections like human papillomavirus (HPV) and hepatitis B/C etc.  

 

1.3 Treatments  

Complete treatment of the cancer is not available in the world yet. The treatment can be more 

successful and effective if the cancer found or diagnose at early stage. 

Treatment of cancer includes the surgery, chemotherapy and radiation therapy. For the hormone 

dependent cancers, hormone (endocrine) therapy has been used. With advancement of the 

medical science, newer techniques are also included like targeted therapy and immunotherapy. 
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1.3.1 Side effects of the chemotherapy  

Anti-neoplastic drugs used in the chemotherapy are cytotoxic in nature. As the cancer cells 

divide and grow rapidly, so chemotherapy drugs target the cells which divide and grow faster.  

But along with the cancer cells, it also targets the normal cells of the various organs and systems 

of the body (which grow and divide rapidly)  

Blood cells, Hair cells, skin cells, cells of the gastric mucosa, Genital cells/reproductive 

system’s cells are fastly dividing and growing in nature. So chemotherapy drugs also target and 

kill these normal cells, which produce the severe and serious side effect to the body. 

The various side effects of the chemotherapy are as below: 

Fatigue, Hair loss, Nausea and vomiting Appetite changes, Constipation, Diarrhea, Easy 

bruising and bleeding, Anemia, Infection, Weight changes, Mood changes, Changes in libido 

and sexual function and Fertility problems. 

Other side effects are (1) Mouth, tongue and throat problems such as sores and pain with 

swallowing. (2) Peripheral neuropathy or other nerve problems (numbness, tingling and pain). 

(3) Skin and nail changes such as dry skin and color change. (4) Urine and bladder changes and 

kidney problems 
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2.1. Technology Gap with Current Treatment of Cancer  

Selectively targeting the cancer cells over the normal cells is main technology gap. Anti-cancer 

drugs can’t able to specifically target the tumour cells is the major limitation. Since the anti-

cancer drugs are one of the most potent and toxic drugs used in treatment so they pose the 

toxicity and side effects to normal cells and vital organs of the body. This is the major drawback 

of current treatment of the cancer. 

 

2.2. AIM OF THE THESIS 

Our aim is to overcome or to narrow down this technology gap through our study/research work. 

And to develop the drugs which can be selectively target the cancers cells. 
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3.1. REGULATION OF CELL DEATH 

In our body, cell division and cell growth are regulated by the various biological processes like 

apoptosis and necrosis. Among these, apoptosis is main mechanism which regulates the cell 

division and cell growth. So cancer can’t be arise, if apoptosis is occurring properly. All cancer 

tumours have an inhibited apoptosis process. Hence, normal apoptosis process is mandatory for 

the inhibition of cancer genesis. 

 

3.1.1. Apoptosis and Necrosis  

Programmed death of the cells is known as apoptosis. Programmed cell’s death is a checking 

switch and controlling mechanism for the total turnover of the cells in the body. Apoptosis 

occurs normally during development and aging and as a homeostatic mechanism to maintain 

cell populations in tissues [3]. But there are one more phenomenon, which involves the cell 

death and that is Necrosis. 

Apoptosis and Necrosis are totally different process (figure 1). Apoptosis is generally initiated 

by normal homeostasis process of the body. During normal healing process, it can be occurred 

as a defense mechanism. Apoptosis is a normal and routine process of the body. 

Whereas necrosis is a premature death of the cells and living tissue. External factors/disease 

(trauma or infection) can initiate the Necrosis [4]. And it is always abnormal and harmful.  

 

                
 

 FIGURE 1. Apoptosis and Necrosis[4]  
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Apoptosis involves a wide variety of physiological and pathological stimuli [5]. At low doses, 

a variety of injurious stimuli such as heat, radiation, hypoxia and cytotoxic anticancer drugs can 

induce apoptosis but these same stimuli can result in necrosis at higher doses.  

Apoptotic cell death occurs through a p53 protein dependent pathways [6]. When this process 

of apoptosis is altered or override, then it leads to cancer. This apoptotic function of p53 has 

been inhibited by the specific protein-protein interaction.  
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3.2. PROTEIN-PROTEIN INTERACTION 

Protein is a vital component of the living organism as well as of the humans. The main role of 

any protein is heavily depending upon the way it interacts with other protein. Based on this 

interaction it can modulate various biological processes. So, Protein-Protein Interaction (PPIs) 

is much concerned in the biological system. In majority of the disease, there is deregulated PPIs. 

Therefore, to identify these kinds of the PPIs in the body/disease and targeting it to modulate it 

(inhibition or activation) by drug is rational approach in drug design and discovery. Mostly the 

compounds/drugs which target the PPIs, are kind of PPIs inhibitors in the majority of cases. 

Previously, to target the PPIs was thought to be impossible. But with the advancement of 

technology and the newer drug candidates it can be possible to target the PPIs. Most of the early 

reported PPIs inhibitors were originated from High throughput Screening (HTS). To target and 

inhibit the PPIs, the compound/drug need to be mimic the protein interaction at the protein-

protein interface.   

One of the most Important PPI in cancer is p53-MDM2 interaction [7]. p53 protein mainly 

regulates the apoptosis of the cells. More than half of all the cancers have an inhibited p53 

protein function. The function of the p53 protein has been derange or inhibited by MDM2 

protein, via p53-MDM2 interaction. To directly activate the p53 function in the cancer cells, we 

have to target (inhibit) the p53-MDM2 interaction (PPIs) by drugs. In this thesis, inhibitors 

targeting the protein-protein interface will be discussed. 

 

3.2.1. p53 protein 

p53 is an abbreviation of the “protein having the weight of 53 kD”. In 1979, p53 was originally 

identified as a 53 kD protein bound by the large T-antigen of the sarcoma-associated virus, 

assuming that it is a cell-cycle accelerator [8]. Later on, it was characterized as an oncogene and 

tumor suppressor protein. 

p53 in humans, is encoded by the TP53 gene (located on the short arm of chromosome). p53 

protein regulates the apoptosis, DNA damage response, cell cycle arrest and autophagy. It is a 

powerful anti-proliferative protein. p53 induces the apoptosis, cell cycle arrest and senescence 

depending upon the cellular stress (DNA damage, oncogenic activity, ribosomal stress, hypoxia 

and metabolic stress) [9]. 
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In normal or non-stressed condition p53 is having a short half-life and low cellular level. It has 

been achieved by the inhibition of the p53 accumulation and p53 mediated pathways [10]. 

As a potent transcription factor p53 regulates the major pathway and protects the cells from 

malignant transformation. It can be act as transcription factor to activate targets genes (e.g. 

PUMA, NOXA and BAX) to induce apoptosis [11]. Post-translational modifications 

(phosphorylation, acetylation and SUMOylation) can occur on multiple sites of p53. These 

modifications and phosphorylation on its N-terminus plays an important role in the dissociation 

of p53 from MDM2, and activates the p53 as a transcription factor [12-13]. 

These kinds of modification results into the two types of changes in p53 protein, (1) Half-life of 

p53 increased from minutes to hours (2) Concentration of p53 in the cell, increased up to 10 

folds. 

 

3.2.1.1. Domains of p53 

Transcriptional activity of p53 has been controlled by four functional domains of p53 [14]. 

Which are as follow (figure 2): (1) N-terminal transactivation domain (required for the 

interaction with transcriptional protein factors as well as it is proline-rich domain) (2) Central 

conserved DNA-binding core domain (3) Tetramerization domain (assists in sequence-specific 

DNA binding) (4) C-terminal negative regulatory domain (used for the sequence-specific DNA-

binding when getting phosphorylated). 

Most of the negative regulators of p53 bind with N-terminal transactivation domain, including 

MDM2. 
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FIGURE 2. Domain Composition of p53 and MDM2 Protein 

 

3.2.1.2. Mechanism of p53 induced apoptosis  

In the situation of cellular stress, upstream signaling in the p53 pathway cause the p53 

stabilization and activation of p53 in response to stress, while downstream p53 signaling 

executes the appropriate cellular response [15]. This upstream or downstream regulation has 

been modulated or disabled in the cancer cells. 

In a stressed condition, p53 can be stabilized (cellular level of p53 increase) by post-translational 

mechanism. Hence it will be accumulated in the cell nuclei and activates or inhibits its target 

genes to induce cell-cycle arrest or apoptosis [16].  

Activation of the p53 protein will leads to following changes: Inhibits the Glycolysis, Induce 

Autophagy, Promote Oxidative Phosphorylation and Induce Apoptosis [17]. 

Upon activation of p53 target genes, various Cyclin Dependent Kinase (CDK) inhibitors like 

p21, WAF1/CIP1 blocked the cell cycle in G1 and G2 phases. 

Various stimulation stabilized and activated the p53, the various stimulations are as follow: (a) 

Aberrant growth signals (p14ARF and oncogenes Ras, Myc or Fas involved) (b) DNA damage 
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(ATM and Chk2 involved) (c) Number of chemotherapeutic drugs, ultraviolet light, and protein-

kinase inhibitors (ATR and CKII involved) [18]. 

According to cellular damage, p53 protein may induced the cell death (apoptosis) or cell cycle 

arrest: 

(1) Cell cycle arrest 

It activates DNA repair proteins when DNA has repairable damage. And in this situation, it 

induces growth arrest by holding the cell cycle at the G1/S regulation point on DNA damage 

recognition. 

(2) Cell death/apoptosis 

It can initiate apoptosis, if DNA damage proves to be irreparable.  

 

In response to DNA damage, the various kinases including ATM (Ataxia Telangiectasia 

Mutated) kinase activates the p53 protein. Mechanism point of view, ATM kinase does the 

phosphorylation of MDM2 at S395 (present in the RING domain) which in turn activate the p53 

[19]. 

During apoptosis process bcl-2 family of proteins controls the release of cytochrome-c from 

mitochondria, by altering the permeability of the mitochondria [20]. This Bcl-2 family of 

proteins is regulated by the p53 protein. p53 can also play a pro-apoptotic function, by mediating 

large number of factors and involves multiple pathways.  

 

3.2.1.3. Role of p53 in cancer  

p53 is most frequently mutated protein in human cancers. Its mutation and inhibition cause its 

inactivation and leads to malignancy. Approximately half of all cancers have inactivated 

mutation of p53 protein, while rests of the cancers have adopted the ways to override its 

function. 

50 % of all cancer cells which contains mutated p53, are having the mutations within the DNA-

binding domain of p53 [21], and makes the p53 unable to act as a sequence-specific DNA 

binding transcription factor. Apart from inhibition of p53 by MDM2, some other mechanisms 

can also alter the p53 pathway or its regulation.  

Conditions which alter the p53 function, without its mutation are as follow:  
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(i) Though half of the all cancer cells bearing the wild-type p53, its function will be inadequate 

because of abnormal regulation of p53 and defective signaling in pathways of p53.  

(ii) Other situation incorporates the over expression of MDM2 without gene amplification [22].  

(iii) Many human tumours are having a MDM2 overproduction because of an amplification of 

a chromosome segment including the MDM2 gene [23].  

In such situations like (i) and (iii), p53 function is effectively suppressed without the need for 

mutation. 

In addition to above conditions, other causes of p53 inactivation are as follow: (a) Gene mutation 

(b) Interaction of p53 with viral proteins. 

Therefore, activation of p53 protein is a promising approach for the selective cancer therapy.  

 

3.2.2. MDM2 protein 

MDM2 is an abbreviation of “Murine/Mouse Double Minute 2”. It is an Oncoprotein. MDM2 

was cloned from transformed mouse cell line 3T3-DM in 1987 [24]. It is a 491 amino-acid 

protein. HDM2 or Human MDM2 gene is present on chromosome 12q14.3–q15. The MDM 

genes are located on small, acentromeric extrachromosomal nuclear bodies, called double 

minutes [25]. 

MDM2‘s expression and its function is mainly governed at the transcriptional level. It controls 

the activity and protein levels of p53 in normal cells. MDM2 maintain the low level of the p53 

in the normal unstressed cells and switch the p53 to activate in the stressed conditions. So p53 

protein is mainly regulated and inhibited by MDM2 protein [26]. 

p53 is a potent anti-proliferative and pro-apoptotic protein so it can harm normal cells. That’s 

why the cellular level of p53 is preciously controlled in normal/unstressed cells by MDM2. 

MDM2, is a p53 specific E3 ubiquitin ligase, and the antagonist of p53 protein [27]. It also 

limits the p53 growth suppressive function in unstressed cells. Protein-Protein interaction (p53-

MDM2) maintains the basal level of p53. In many of the cancers, MDM2 is overexpressed (by 

means of gene amplification). 
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3.2.2.1. Domains of MDM2  

There are five structural domains present on MDM2, which are as follow (figure 2): (1) p53 

binding domain (2) p300-binding domain (3) Acidic domain (4) Zinc finger domain (5) RING 

domain. 

p53 binding domain of the MDM2 protein can bind with the transactivation domain of p53. 

MDM2 binds with the alpha helical transactivation domain near N-terminus of p53 protein [28]. 

So, it is responsible for p53-MDM2 binding.  

The MDM2 binding site of p53 partially overlaps with its transactivation domain and this is why 

MDM2 effectively inhibits p53 transcriptional activity. MDM2 plays a dual role, it serves as an 

E3 ubiquitin ligase for p53 and also its binding facilitates p53 proteolysis. 

RING (Really Interesting New Gene) domain is important domain of MDM2 protein [29]. 

Which is responsible for the E3 ligase activity of the MDM2. This RING domain founds in E3 

ubiquitin ligases and RING domain plays an important role in protein-protein interaction [30].  

Acting as E3 ubiquitin ligase, MDM2 attaches ubiquitin groups to the carboxy terminus of p53, 

and induce the ubiquitin-dependent degradation of p53 via 26S proteasome. MDM2 can also be 

ubiquitinate itself.  E4 ligase activity of MDM2 is because of its binding with p300/CBP via 

RING domain, rendering it to poly-ubiquitinate and target the p53 for proteosomal degredation 

[31]. This RING domain and Zinc finger domain provide the ability to MDM2, to ubiquitinate 

and cause proteosomal degradation of its substrates. 

 

3.2.2.2. Activity of MDM2 in Cellular stress 

In response to the cellular stress, post-translational modification occurs in MDM2 protein and 

MDM2 stops the inhibition of p53 protein. Hence, p53 can respond to the damage/stress [32]. 

In the oncogenic stress condition, MDM2 get associated with the ARF. In the state of ribosomal 

stress, MDM2 associated with the ribosomal proteins (L5, L11, L23), and kinases (released by 

DNA damage) initiates the post-translational modifications of MDM2 and p53 [33]. 

It has been found that MDM2 gene has been amplified/overexpressed in many human cancers. 

So, suppression of MDM2 expression can activate the p53 and inhibits the tumour growth. 

The over expression of MDM2 protein, makes tumours less susceptible to natural and 

chemotherapeutic signals to undergo programmed cell death or apoptosis, and will leads to the 

poor patient prognosis [34]. 
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Therefore, Inhibition of the activity of MDM2 protein is fruitful strategy to reactivate the p53 

function. 

 

3.2.3. p53/MDM2 Interaction 

The activity and protein levels of p53 are tightly regulated by MDM2 in normal cells. MDM2, 

a p53-specific E3 ubiquitin ligase, is the principal cellular antagonist of p53, acting to limit the 

p53 growth-suppressive function in unstressed cells [35] 

Direct protein-protein interaction between MDM2 and p53 regulates the basal levels and activity 

of p53 in cells through an auto-regulatory negative feedback loop (figure 3) [36].  

Upon activation, p53 binds to the P2 promoter of the MDM2 gene and transcriptionally induced 

the MDM2 protein expression [37]. As it is negative feedback look (figure 3), MDM2 protein 

expression suppresses the p53 level and its function. MDM2 protein binds to p53 protein and 

inhibits it through multiple mechanisms [38]. 

 

 
 

FIGURE 3. p53-MDM2 Interaction 
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3.2.3.1. Interacting Regions  

p53-MDM2 interaction is mostly kind of hydrophobic interaction. So, it mostly involves the 

Van der waals forces.  

p53-MDM2 PPI consist the surface area of 700 angstrom, which is deep, well-structured and 

hydrophobic binding site region. Biological and functional studies indicated that, 19-102 

residues of MDM2 act as the domain for p53 protein binding [39]. 

The crystal structure of the p53-MDM2 complex (figure 4) shows that, 15-29 amino acid 

residues of the p53 protein interact with the MDM2 protein. Among them Phe19-Leu29 amino 

acid residues forms the α-helix in the p53-MDM2 complex. 

Three pocket binding: 

The three main interaction residues (hot spot residues) of p53 are Phe19, Trp23 and Leu29. 

These three hot spot/interacting residues are present at i, i+4 and i+7 position of the p53 helix 

[40]. These three hot spot residues of p53 binds/sits into the MDM2 pocket. 

Along with that, indole NH group of the Trp23 forms the hydrogen bond with the backbone 

carbonyl group of Leu53 (MDM2). In the three buried hydrophobic side chains, Trp23 

contributes most to the interaction energy and thus must be closely mimicked in terms of 

hydrophobicity and shape [41]. 

The p53 binding pocket in the MDM2 is composed of 14 amino acid residues. Which are Leu54, 

Leu57, Ile61, Met62, Tyr67, Gln72, Val75, Phe86, Phe91, Val93, His96, Ile99, Tyr100 and 

Ile101 [42]. So, these amino acids formed the pocket of the MDM2 protein (figure 4). The NMR 

structure of the apo-MDM2 protein doesn’t show any binding pocket. So, this pocket has been 

formed in MDM2 when induced by the p53 or ligand (induced fit theory).  
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FIGURE 4. p53 bound with the MDM2 Protein (p53-MDM2 Complex) (pdb id: 4hfz) 

 

3.2.3.2. Mechanism of p53 Inhibition 

Through p53-MDM2 interaction, MDM2 inhibits the p53 by following processes: 

(1) MDM2 directly binds and forms a complex with p53, inhibiting p53 transactivation function 

[43].  

(2)  Ubiquitinate it and exports the p53 out of the nucleus [44]. 

(3)  Promotes proteosome-mediated degradation of p53 protein (figure 3) [45]. 

p53 is getting Mono-ubiquitinated by MDM2 (act as an ubiquitin ligase), which results the 

nuclear export of p53 and also inhibits the translational activity of p53 [46]. Ubiquitin dependent 

degradation of protein includes three major steps: (1) Ub-activating (E1 enzyme), (2) Ub-

conjugating (E2 enzyme), (3) Ub protein (E3 ligase) 

Ubiquitination of p53 by MDM2 causes the export of the p53 to cytoplasm, from the nucleus. 

So that p53 will no longer be able to bind with DNA and act as a transcriptional factor. This 

export also causes the proteasomes depended degradation of p53 [47]. RING domain (MDM2) 

and p53 domain (N-terminal transactivation domain) interaction will result into the proteasome 

mediated degradation of p53 [48].                    

Hence, targeting the MDM2-p53 interaction by small molecules for the reactivation of p53 has 

emerged as a promising approach for the treatment of cancers. 
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3.2.4. Reactivation of p53 Function 

There are various approaches to reactivate the inhibited function of the p53 protein in the tumour 

cells. And its application in cancer therapy can be achieved through various strategies. 

 

Approaches for the reactivation of the p53 function are as below:  

(i) Inhibiting the p53-MDM2 interaction.  

(ii) Modulating the E3 ubiquitin ligase activity of MDM2.  

(iii) Inhibiting MDM2 expression.  

(iv) Targeting the MDM2-p53 complex.  

(v) p53 dependent gene therapy.  

(vi) Restoring the mutated p53 function. 

Among these strategies, the p53-MDM2 interaction inhibition (MDM2 inhibitors) is most 

promising and most studied. 

 

3.2.4.1. Ubiquitin Ligase Inhibitors (ii) 

According to the latest studies, small molecules containing benzenesulfonamides, ureas and 

imidazoline moieties, inhibit MDM2 depended ubiquitylation of p53 [49]. Therefore, it prevents 

the MDM2 mediated degradation of the p53 protein. Apart from this, 5-deazaflavin compound 

can inhibit the MDM2 auto-ubiquitylation and induces the p53 activation [50]. 

 

3.2.4.2. Small Molecule Activators of Mutant p53 (vi) 

Some of the small molecules have been come across during the chemical library screening, 

which are having the anti-neoplastic activity through restoring the DNA-binding activity of a 

mutant p53 protein [51-52]. 

Among the various approaches for the reactivation of p53 function, the p53-MDM2 interaction 

inhibition (MDM2 inhibitors) approach is most convenient. 
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3.3. MDM2 INHIBITORS (p53-MDM2 Interaction Inhibitors) 

p53-MDM2 interaction inhibitors must target the binding site region of MDM2 and required to 

mimic the p53 topology (Phe19, Trp23, Leu26) at this interaction site. So, these inhibitors can 

inhibit the MDM2 mediated degradation of the p53 and maintain the high level of p53 in the 

tumour cells and thus trigger the selective apoptosis in the cancer cells (figure 5). 

 

FIGURE 5. Mechanism of p53-MDM2 Interaction Inhibition by MDM2 Inhibitors 

 

Crystal structure of MDM2 bound with the transactivation domain of p53 shows that MDM2 is 

having a deep hydrophobic pocket, which is filled with the 3 side chains of the helical region of 

p53. So presence of this kind of hydrophobic pocket on the MDM2, has raised the idea that the 

this interaction can be inhibited by using the compound/drugs which mimics the 3 side chains 

of p53 helix and can bind with the three pocket of MDM2 protein. 

So the three pocket binding pharmacophore model for the successful development of the MDM2 

inhibitors has been accepted and followed [53]. 
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To design potent MDM2 inhibitors (p53-MDM2 Interaction inhibitors), it should produce 

following effects: 

(1) Stabilization and accumulation of p53 protein (By preventing its degradation and its export   

      from the nucleus).  

(2) Activation of p53 pathway and various genes, which regulates p53 function (Induce cell    

     cycle arrest in the G1and G2 phases and/or apoptosis). 

 

Therefore, if any compound can mimic the 3 points of α-helical segment of p53, it will bind/fit 

into the respective 3 pockets of MDM2 protein (three pocket binding) and will inhibit the p53-

MDM2 interaction. 3 pocket binding is necessary for the development of any p53-MDM2 

interaction inhibitors (figure 10). This is a newer approach, so there is not any compound is 

present in market. Some of the compounds of this class are under clinical trials.  

 

3.3.1. Types of MDM2 Inhibitors  

Various types of the p53-MDM2 interaction inhibitors or MDM2 inhibitors have been reported 

till date. Either they are from natural origin or designed and developed by the various 

investigators. Types of MDM2 inhibitors are as below: 

 

3.3.1.1. Natural Inhibitors 

These are the natural products or natural compounds, isolated from the nature. MDM2 inhibitors 

belongs to the natural origin are come under this class. 

 

3.3.1.1.1. Chalcone analogues 

Chalcone based MDM2 inhibitors were the first reported natural MDM2 inhibitors. These kinds 

of inhibitors have been studied extensively [54]. In the various studies, chalcone based natural 

MDM2 inhibitors released the p53 from p53-MDM2 complex and re-established the p53 

function. Various researchers also studied the boronic chalcone analogues [55]. 
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Isoliquiritigenin (4,2,4-trihydroxychalcone) is a natural chalcone, isolated form the shallot and 

licorice root. It induces the p53 dependent cell cycle arrest and cell death in the liver cancer cells 

[56].  

 

 

 

 

3.3.1.1.2. Chlorofusin 

Chlorofusin was the second natural product, identified as MDM2 inhibitors [57]. Chlorofusin 

was first isolated in 2001 by Duncan from the Fusarium sp. Microdocium caespitosum, a type 

of marine sponge. 

Later on, Williams and co-worker were also reported the chlorofusin. They had identified the 

chlorofusin after the testing of 53,000 extracts from the fermentation of a diverse collection of 

micro-organisms for MDM2 inhibitors activity. This novel metabolite was isolated from the 

microdochium caespitosum.  

Chlorofusin contains the unnatural cyclic peptide and chromophore moieties. In which, 

azaphilone derived chromophore linked through the terminal amine of ornithine to a cyclic 

peptide composed of nine amino acid residues. Two of the cyclic peptide amino acids possess a 

nonstandard or modified side chain, and four possess the D-configuration. 
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The full peptide and azaphilone structure are required for inhibition of the p53-MDM2 

interaction. In the study, chlorofusin binds with the N-terminal region of the MDM2 protein and 

inhibits its activity. 

 

3.3.1.1.3. Hexylitaconic acid 

Hexylitaconic acid-(-) is a good MDM2 inhibitor from natural origin. It was reported recently 

[58]. Arthrinium sp. fungus was isolated from the marine sponge, and hexylitaconic acid was 

derived from the fermentation culture of this fungus.  

The result of various studies indicated that the hexylitaconic acid can effectively inhibit the p53-

MDM2 interaction and can able initiate the p53 function. 
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Various derivatives of the hexylitaconic acid, like monomethyl ester, dihydro derivative and 

dihydro derivative of the monomethyl ester can’t inhibit the MDM2 function at µg 

concentrations. Two commercially available di-carboxylic acids derivatives (itaconic acid, 

succinic acid) of hexylitaconic acid are also not effective as MDM2 inhibitors at µg 

concentration. 

 

3.3.1.2. Synthetic Inhibitors  

Synthetic MDM2 inhibitors are comes under this class. These types of inhibitors are designed 

and developed by the various researchers. They are further classified as peptide inhibitors and 

non-peptide (small organic) inhibitors. 

 

3.3.1.2.1. Peptide Inhibitors  

These types of inhibitors are synthetic peptides (proteins). Peptides based inhibitors can be 

designed to successfully mimic the alpha helix topography of the p53 protein [59]. So, they can 

be developed as potent p53-MDM2/X interaction inhibitors. 

MDM2 binding site on p53 protein was mapped by the Novartis group. They mapped it by using 

the synthetic peptide libraries derived from the N-terminal region of p53. The most active 

peptide obtained from this study, was having the 28 folds greater MDM2 inhibitory property 

than the wild type p53-derived peptide (figure 6) [60].    

 

   
 

FIGURE 6. Structure of Peptide class MDM2 Inhibitor 
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Peptides based MDM2 inhibitors have a structural similarity with the p53 sequence, so it easily 

permits the entry into the cells. They can mimic the conformation of the p53 helix and cause 

non-genotoxic activation p53 function. These types of inhibitors have an advantage of the 

possibility of high specificity, potency and low toxicity. These synthetic linear peptides can 

adopt a helical conformation and inhibit the p53-MDM2 interaction. 

Use of this linear peptide as drugs has faced some problems, which are: 

(1) Peptide can adopt random conformations in solution.  

(2) Peptide suffers from low cell permeability. 

(3) Peptides are proteolytically unstable.  

 

Strategy to overcome these problems, is to staple the hydrocarbon with the peptide. 

Hydrocarbon linker holds the peptide in a helical conformation so it will be always in the helical 

conformation. And it can be able to permanently bind with MDM2 [61]. Hydrocarbon stapling 

will inhibit the proteolytic degradation and increase the cellular uptake.  

Other strategy to overcome the rapid enzymatic degradation is to use D-amino acids for 

synthetic peptides chain [62]. This type of peptides are far more stable to proteolytic 

degradation, as enzymes present in the body are only capable of processing L-amino acids due 

to their stereo-specificity. 

These are some of the approaches to stabilize the peptides. Though many of peptides are 

reported, which can inhibit p53-MDM2 interaction. But there are currently no peptide based 

inhibitors in clinical trials. 

 

3.3.1.2.2. Organic Inhibitors (Non-peptidic Inhibitors)  

These are the synthetic organic (non-peptidic) MDM2 inhibitors. These types of inhibitors are 

subdivided according to their alpha helix mimetic property. So, they further classified as Non 

α-helix mimetics and α-helix mimetics. 

 

3.3.1.2.2.1. Non α-helix mimetics (Functional mimetics) 

These MDM2 inhibitors are small organic (non-peptide) compounds that place substituents in 

the same spatial orientation as the p53 helix. They do not mimic the α-helix topography [63]. 

These types of compounds are the competitive inhibitors of MDM2 protein.  
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By using the High Throughput Screening (HTS) campaigns at Hoffmann-La Roche, Vassilev 

and colleagues were discovered the first compound of this class called as Nutlin (figure 7). 

Nutlin contains the cis-imidazoline (4,5-dihydroimidazoline) moiety. Nutlins mimic the three 

main amino acid residues on p53 (i, i+4, i+7), involved in its interaction with MDM2. Hence, it 

shows 3 pocket binding. And inhibit the p53-MDM2 interaction. Nutlin group contains three 

compounds, Nutlin-1, Nutlin-2 and Nutline-3 (figure). Among them, Nutlin-3 is most potent 

compound (IC50 – 90nM). 

 

 
 

FIGURE 7. Structures of Nutlins 

Assay of nutlin on various cell lines, shows the dose dependent MDM2 inhibition and activation 

of wild type p53 protein function. Currently, there are total seven compounds of this class, which 

are under clinical trials. 

In our study, we have designed and developed this type of MDM2 inhibitors. Therefore in this 

thesis, MDM2 inhibitors of this class will be discussed in details. 

 

3.3.1.2.3. α-helix mimetics 

Inhibitors pertaining this class are organic in nature and mimics the α-helix of p53. They mimic 

the topography of α-helix and can position the substituents in the same spatial orientation as the 

three different interaction points of p53 helix [64]. With contrast to Functional mimetics, these 

types of inhibitors are generally more extended. 

Hamilton and co-workers discovered the first compound of this class (α-helix mimetics). And 

it was the terphenyl derivatives.  
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FIGURE 8. Structures of Organic (α-helix mimetics) class MDM2 Inhibitors 

 

Other reported compounds of this class contain the various chemical derivatives like 

pyrrolopyrimidine derivatives, spirooligomer derivatives and oligobenzamide derivatives 

(figure 8). Oligobenzamide scaffold was reported by wilson and co-workers. This class of 

compounds has a good potential of inhibiting the p53-MDM2 interaction effectively.  
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3.4 SMALL MOLECULE (NON-PEPTIDE) MDM2 INHIBITORS 

(class-2(b)(i) types of MDM2 inhibitors) 

It is very much difficult to target protein–protein interactions by small molecules. Because any 

of the protein–protein interactions incorporate the large surfaces, which are difficult to break by 

small molecules. Hence, inhibition of non-enzyme interaction by using small molecules is 

difficult.  

If we design small molecule (non-peptide) that can bind with p53 binding pockets of MDM2 (3 

pocket binding) will inhibit the p53-MDM2 interaction. Hence, p53 will be liberated and 

activation of p53 will occur. And ultimately triggers the selective apoptosis in cancer cells.                

In 2004, Vassilev and his colleagues at Roche Pharmaceutical reported the compound which 

inhibits the p53-MDM2 Interaction [65]. Later on, that compound was termed as “Nutlin”. So 

the first potent compound, which can inhibit this interaction, was “Nutlins” (cis-

imidazoline/4,5-dihydroimidazoline) (figure 9). Nutlin can displace p53 from MDM2 (IC50 - 

100 to 300 nM). 

Among the Nutlin class of compounds, Nutlin-3 is most potent. And again in Nutlin-3, one of 

its enantiomer Nutlin-3a(-) is 150 times more active than its other enantiomer Nutlin-3b(+). As 

of the p53, nutlins also have three pockets binding with MDM2 protein. 

 

FIGURE 9. Structure of the Nutlin-3a and Nutlin-3b 

 

Superimposition of 3D structure of Nutlin-2 on co-crystal structure of MDM2 protein reveals 

that, Trp23 binding pocket of MDM2 protein has been occupied by bromo-phenyl ring of the 
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Nutlin-2 (figure 10). Second bromo-phenyl ring sits deeply into the Leu26 binding pocket and 

ethyl ether side chain occupies the Phe19 binding pocket of MDM2 [66]. So, it shows the three 

pocket binding. This study provides the basis for the design of a non-peptide, small molecule 

inhibitors of p53-MDM2 Interaction.  

 

FIGURE 10. Crystal Structure of the Nutlin-2 bound with MDM2 Protein 

 

Fortunately, data from various studies indicate that, after treatment with small molecule MDM2 

inhibitors, p53 gets accumulated in the nuclei of cancer cells after liberating from MDM2. And 

activate p53 target genes and p53 pathways [67]. And the proliferating cancer cells were 

effectively blocked in G1 and G2 phases (G2/M phase fraction and nearly complete depletion 

of the S-phase), which subsequently undergoes to the apoptosis/cell cycle arrest (cells which 

contains wild type p53).  

However, clinical data evident that, cell cycle arrest and/or apoptosis by MDM2 inhibitor has 

only occur in cells with wild-type p53 and not in the cells containing mutant or deleted p53 [68]. 

With contrary to this, low cytotoxicity of MDM2 inhibitors results in the cells which contains 

the mutant p53 protein. 

The plus point of non-peptide small molecule MDM2 inhibitors over peptide based inhibitors is 

that they have greater stability and cell permeability. 
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Though, many of the MDM2 inhibitors are at the upper limits of a molecular weight cut-off 

(Lipinski’s rule of five), they proved to have a drug-like properties. 

Since from the discovery of Nutlins, number of p53-MDM2 interaction inhibitors have been 

reported by various researchers and companies. The reported p53-MDM2 interaction inhibitors 

(MDM2 inhibitors) consist of the diverse chemical classes and moieties. Amongst them, most 

of the inhibitors have a multiple chiral centers, so their synthesis and purification is very tedious 

and difficult process. Here our designed molecules do not contain any kind of chiral center, so 

its synthesis and purification can be done easily (figure 11).  

 

FIGURE 11. Structure of Nutlin-3a, RG7112 and Lead compound 1a 

 

Since last many years, the substantial efforts have been invested for this approach. Which yields 

some of the promising compounds of this class [69]. And some of the compounds have been 

successfully entered into the clinical trials. 
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3.4.1. Clinical Development of small molecule MDM2 Inhibitors  

(class 2(b)(i)): 

The first compound to enter into the clinical trials was RG7112 (R7112, RO5045337). It is small 

molecule (non-peptide) type of MDM2 inhibitor. It was discovered and developed by the 

Hoffmann-La Roche pharmaceuticals [70]. And it is a cis-imidazoline analogue as of nutlins. 

RG7112 was advanced into the clinical trials in 2007-2008. It successfully completes its phase 

I trials in 2016. And recently it is under phase II trials. 

It is an orally administered agent. It inhibits p53-MDM2 interaction and prevents the 

proteosomal degradation of p53 [71]. Hence, p53 getting stabilized and its concentration 

increases in the cancer cells. 

Structures and details of the MDM2 inhibitors, which are under clinical trials are shown in the 

figure 12 and table 1,2 [72]. 

 

 
 

FIGURE 12. Structures of the Compounds under clinical trails [73-76] 
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Compound Phase of  

Clinical 

Trial 

Status Originator 

RG7112 (RO5045337) 2 Active Hoffmann-La Roche  

RG7388 (RO5503781) 

(Idasanutlin) 

1 Active Hoffmann-La Roche 

MI-77301 (SAR405838) 1 Active University of Michigan, 

Advanced into clinical 

trials by Sanofi in 2012 

MK-8242 (SCH 900242) 1 Active Merck 

AMG232 1 Active Amgen Biopharma 

DS-3032b 1 Active Daichi Sankyo 

HDM201 1 Active Novartis 

CGM097 1 Active Novartis 

ALRN-6924 

(Stapled Peptides) 

1 Active Aileron Therapeutics and 

Roche 

 

TABLE 1. Details of the Compounds under clinical trails [77] 
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Sr. No Compound IC 50 value 

(nM) 

01 RG7112 (RO5045337) 18 

02 RG7388 (RO5503781) (Idasanutlin) 06 

03 MI-77301 (SAR405838) 100-200 

(Cell lines: SJSA-1, RS411, 

LNCaP, HCT116) 

04 MK-8242 (SCH 900242) 20 

05 AMG232 0.6 

06 DS-3032b 5.57 

07 HDM201 0.21 

08 CGM097 1.7 

  

TABLE 2. IC50 values of the MDM2 inhibitors [73-76] 

 

3.4.2. Clinical application of MDM2 inhibitors in cancer therapy 

The conventional anti-neoplastic drugs are genotoxic in nature. They induced the apoptosis by 

phosphorylation of the protein on specific serine residues (Ser15 is phosphorylated most 

frequently) near the MDM2 binding domain. So, conventional anti-neoplastic drugs trigger the 

indirect activation of the p53 protein function [78]. While MDM2 inhibitors can activate the 

p53 and induces the apoptosis without the phosphorylation of the protein. Therefore, p53-

MDM2 interaction inhibitors are non-genotoxic and trigger the direct activation of p53 protein 

function.  

Clinical experiments show that, in a cancer cell lines, activation of p53 by MDM2 inhibitors 

induced the p53 dependent cell cycle arrest and cell death (In cells with wild-type p53, but not 

in cells with deleted or mutated p53) [79]. Whereas in normal cells, p53 activation by MDM2 
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inhibitors leads to cell cycle arrest (dose dependent), but not cell death. Hence, p53 activation 

by MDM2 inhibitors can be selectively target the cancer cells only. 

 

3.4.2.1. Combination with conventional anti-neoplastic drugs 

Cyclotherapy approach can be used to minimize the side effects of the conventional anti-

neoplastic drugs to normal cells [80]. Cyclotherapy is a conditioning treatment with low doses 

of p53 activators to induce cell cycle arrest in normal cells with a cytostatic effect that will be 

protected from the toxicity of conventional drugs targeting the S/M phases of the cell cycle [81]. 

 

3.4.2.2. Limitation in Mutated p53 

MDM2 inhibitors exhibit a good anti-tumour activity in various studies. But the mutated p53 

cannot be targeted and affected by these compounds. Because mutated p53 protein cannot 

activate its negative regulator (MDM2 protein) and disruption of p53–MDM2 binding [82]. 

In certain cancer cells, TP53 gene is either mutated or deleted [83]. So, it will be non-effective 

as a transcription factor. Therefore, MDM2 inhibitors have major limitation in cancers which 

contains the mutated/deleted p53 protein. 
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4.1. MDM2 INHIBITORS (IN CLINICAL TRIALS) 

Currently, there are nine MDM2 inhibitors have advanced into human clinical trials for the 

treatment of human cancers. Among them, eight compounds are small molecule MDM2 

inhibitors and one is stapled peptide type MDM2 inhibitor. Following is a review of the non-

peptidic small molecule MDM2 inhibitors that have been advanced into clinical trials.  

 

RG7112 was discovered at Hoffmann-La Roche Pharmaceuticals as MDM2 inhibitor [84]. It is 

diphenyl substituted imidazoline-containing compound belongs to nutlin class. It was the first 

MDM2 inhibitor to enter phase I clinical trials. It complted it phase I trials in 2016 and recently 

it is under phase II trials (IC50: 18 nM) 

 

 

 

 

 

 

 

 

 

 

RG7388 was also designed and synthesized by Hoffmann-La Roche [85]. It is pyrrolidine 

containing MDM2 inhibitor, Recently, it is under Phase I clinical trials (IC50: 06 nM). 
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MI-77301 is a spiro-oxindoles containing MDM2 inhibitor. It was discovered at the University 

of Michigan [86]. And it was advanced into phase I clinical trials by Sanofi in 2012 (IC50: 100-

200 nM). 

 

 

 

 

 

 

 

 

 

 

 

 

AMG 232 was designed and reported by the Amgen biopharma as piperidinone containing 

MDM2 inhibitor [87]. It was entered into phase I clinical trials in 2012 (IC50: 0.6 nM).  

 

 

 

 

 

 

 

 

 

 

 

 

MK-8242 was designed and developed by Merck [88]. It is Tetrahydro-furan based potent 

MDM2 inhibitor. Merck has been tested since 2011. Currently, it is under phase I clinical trials 

(IC50: 20 nM). 
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DS-3032b is a chloro-indolinone derivative bearing potent MDM2 inhibitor, originated by the 

Daichi Sankyo [73]. It was entered into phase I clinical trials in 2013 (IC50: 5.57 nM). 

 

 

 

 

 

 

 

 

 

           

HDM201 was discovered by Novartis as Dihydro pyrrolo[3,4-d]Imidazol-4(1H)-one containing 

potent MDM2 inhibitor [74]. Currently it is under phase I clinical trials (IC50: 0.21 nM). 
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CGM097 was discovered and developed by Novartis International [75]. It is 1,2-

dihydroisoquinolin-3(4H)-one based potent MDM2 inhibitor. Recently, it is under 1st phase of 

clinical trials (IC50: 1.7 nM) [76]. 
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4.2. REPORTED MDM2 INHIBITORS 

In addition to eight compounds (small organic molecule) that have been advanced into the 

clinical development, there are several potential MDM2 inhibitors that have been reported by 

the various academics and industries. They are belonging to the diverse chemical classes. 

  

Vassilev and colleagues in 2004, reported the diphenyl substituted imidazoline-containing 

compounds, called the “Nutlin”[89], as a first class of potent, specific, and orally active small 

molecule MDM2 inhibitors. Nutlin(s) were desicovered by the screening of chemical library. 

“Nutlin-1” inhibits the interaction between p53-MDM2 protein and stabilized the p53 in cancer 

cells (IC50: 0.26 μM). 

 

 

 

Hoffman-La Roche scientist, Vassilev and co-workers identified and reported “Nutlin 2”[89]. 

It is cis-imidazoline based MDM2 inhibitors. It was identified in the same library screening as 

of nutlin 1. It selectively induced a growth inhibiting state called senescence in cancer cells 

(IC50: 0.14 μM).  
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Vassilev and co-workers at Hoffman-La Roche were discovered and identified the cis-

imidazoline containing compound “Nutlin 3”[90], as potent MDM2 inhibitor. It was identified 

in the same library screening as of nutlin 1 and nutlin 2. Nutlin 3 has been shown to affect the 

production of p53 within minutes (IC50: 0.09 μM).  

 

 

Cpd 1 was jointly developed by the Astex Pharmaceuticals and Newcastle University as MDM2 

inhibitor [91]. It contains the Iso-indolinone as moiety. It is metabolically labile and is more 

lipophilic in nature. 

 

 

 

 

Cpd 3 is also a MDM2 inhibitor of the Iso-indolinone series of compounds, jointly developed 

by Astex Pharmaceuticals and Newcastle University [91]. It has a low bioavailability and low 

half-life. 
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Cpd 4 is an Iso-indolinone containing MDM2 inhibitor, same as of Cpd 1 & 3, it was reported 

and jointly developed by Astex Pharmaceuticals and Newcastle University [91]. Deuterating the 

C-3 side chain, increases the oral bioavailability and hydrophilicity. 

 

                        

APG-115 reported by the Ascentage Pharma as MDM2 inhibitor [92]. It contains the indolinone 

derivative. And it enhances radiosensitivity of gastric adenocarcinoma. 
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Barkata and co-workers synthesized and reported the spiroindolinones containing compound 

in 2019 [93]. Their investigation involves the design and synthesis of spiroindolinones based 

compound, as potent MDM2 inhibitor. The compound shows the potent MDM2 inhibition 

property and can induce the apoptosis in the tumor cells. 

 

Johnson & Johnson reported the benzodiazepine containing compound as MDM2 inhibitor 

[94]. The compound had a good MDM2 inhibition potency and anti-cancer activity (IC50: 394 

nM)  
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Scientist from the Amgen biopharma reported the chromeno-triazolo-pyrimidine class of 

compound as MDM2 inhibitor (IC50: 350 nM) [95]. It shows the moderate microsomal stability 

and cellular activity. It has a high bioavailability and slow rate of clearance in rodents. 

 

 

Researchers from Daiichi Sankyo reported the potent MDM2 inhibitor [96]. It contains 5,6-

dihydroimidazo[2,1-b][1,3]thiazole as core chemical moiety (IC50: 58 nM).  

 

 

Novartis International design and developed the MDM2 inhibitor, featuring a 3-(1H-imidazol-

5-yl)-1H-indole- 2-carboxylic acid derivative [97]. It has a good MDM2 inhibition rate (IC50: 

30 nM).  
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Domling’s group at the University of Pittsburg, were synthesized the compound as a MDM2 

inhibitor [98]. It contains the 3-(1H-imidazol-5-yl)-1H-indole- 2-carboxylic acid derivative. 

And it shows good MDM2 binding affinity. 

 

 

Wang and co-workers identified and developed the thiophene clss of MDM2 inhibitors [99]. 

It shows the potent cell growth inhibition (IC50: 0.90 μM). 
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Merck scientist reported the piperidine based MDM2 inhibitor [100]. It is a potent MDM2 

inhibitor and can induce the apoptosis in cancer cells (IC50: 41 nM) 

 

 

Amgen scientist were developed the morpholinone based MDM2 inhibitor [101]. It was found 

as an effective MDM2 inhibitor in the various cell-based assays (IC50: 0.4 nM). 
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Zhang and co-workers were reported the dihydrospiro[pyrrolidine-3,6'-thieno[3,2-b]pyrrole 

based MDM2 inhibitor [102]. It shows the potent anti-tumour activity in the in-vivo assay (IC50: 

07 nM).  
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4.3. ANTI CANCER AGENTS  

4.3.1. (1,2,4-triazole) containing Compounds 

Philip S, et al. have synthesized and tested some novel 3-(4,5-substituted)-4H-1,2,4-triazol-3-

ylthio)-N isopropylpropan-1-amine derivatives for their cytotoxic activity [103].  

 

 

Chowrasia D, et al. were synthesized the series of fluorinated diaryl-1,2,4-triazolo-[3,4-b]-

1,3,4-thiadiazoles and evaluated the effect of various substitution in the aryl ring attached to the 

triazole moiety on anti-tumour activity exhibited by these compounds [104].  

 

 

Al-Wahaibi LH, et al. reported the novel series of triazolyl coumarin derivatives and evaluated 

the anticancer activity of the synthesized compounds against human colorectal cancer cell line 

(HCT116) [105]. 
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El-Sherief HAM, et al. were reported and synthesized the new set of compounds bearing 1,2,4-

triazole core, and evaluated them for their anticancer activity against a panel of cancer cell lines 

[106]. 

 

 

Mioc M, at al. were reported the synthesis of a novel series of S-substituted 1H-3-R-5-

mercapto-1,2,4-triazoles derivatives, and their biological evaluation as anti-proliferative agents 

against the HT-29 colorectal cancer cell line [107].  
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Hassan AY, et al. reported the various 1,2,4-triazole containing compounds. And determine 

their anti-cancer activities against various cancel cell lines [108].   

 

 

Kumar D, et al. have synthesized a new series of indolyl-1,2,4-triazoles as potential anticancer 

agents [109]. The synthesized compounds showed significant inhibitory effects against the 

tested cancer cell lines 

 

 

Mahantia S, at al. were reported the series of fused acridine containing 1,2,4-triazole 

derivatives, and evaluated their in-vitro anticancer activity [110]. The compounds exhibited the 

potent anticancer activity against four cancer cell lines.  

 



CHAPTER-4                                                             REVIEW OF LITERATURE 
 

CHIRAG J. GOHIL/Enrolment No.: 169999901003                                                                                       47 
 

Mansury SA, et al. have designed and synthesized the series of 3-mercapto-1,2,4-triazole 

derivatives [111]. The cytotoxicity of the compounds were evaluated against colon cancer cell 

line (SW480), compounds found to be the potent and showed a kind of selectivity to cancer cells  

 

 

Han M, et al. reported the naproxen containing 1,2,4-triazole derivatives [112]. The synthesized 

compounds were evaluated for their anticancer activity and found to be cytotoxic.  

 

 

Dasa M, et al. developed the 5-substituted-4-amino-1,2,4-triazole-linked hydroxamic acid 

derivatives [113]. The antioxidant and anticancer activity of the synthesized compounds were 

evaluated. In the study compounds have shown potent antioxidant activity and promising 

anticancer activity.  
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4.3.2. (1,3,4-thiadiazole) containing Compounds 

Joanna Matysiak et al, introduced a series of N-substituted 2-amino-5-(2,4- dihydroxyphenyl)-

1,3,4-thiadiazoles were synthesized and evaluated for their antiproliferative activities against 

human cancer cell lines [114]. 

 

 

Wojciech Rzeski et al continued the anticancer activity studies of 2 (4 fluoro phenyl mino) -5-

(2,4-dihydroxyphenyl)-1,3,4-thiadiazole (FABT), as one of the most promising derivatives from 

the N-substituted 2-amino-5-(2,4-dihydroxyphenyl)-1,3,4-thiadiazole [115]. 

 

 

Charitos G et al. Synthesized the Novel 3,6-disubstituted 1,2,4-triazolo-[3,4-b]-1,3,4-

thiadiazole derivatives and studied their anticancer activities [116]. 
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Obakachi V.A et al. Studied the Synthetic and anti-cancer activity aspects of 1, 3, 4-thiadiazole 

containing bioactive molecules [117]. 

 

 

Janowska S et al. Synthesize the New 1,3,4-Thiadiazole Derivatives and evaluate their 

anticancer Activity [118]. 

 

 

Doaa.E.Rahman et al studied the antitumor activity of 1,3,4-thiadiazole derivatives [119]. 
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Kai Bo Zheng et al A new series of N1-acetylamino-(5-alkyl/aryl-1,3,4-thiadiazole-2- yl)-5-

fluorouracil derivatives showed potent anticancer activity than 5-fluorouracil [120]. 
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4.3.3. Imidazo [2,1-b]-1,3,4-thiadiazoles containing Compounds 

Malleshappa N. Noolvi et al. have been synthesized 2,6-Disubstituted imidazo [2,1-b] 

[1,3,4]thiadiazoles and evaluated their anticancer activity [121]. 

  

 

Kemal Sancak et al. studied potential antitumor activity of imidazo[2,1b]thiazole derivative 

[122]. 

 

Kamal A et al. performed the synthesis of imidazo[2,1-b][1,3,4]thiadiazole–chalcones and 

studied the anticancer activity by induction of apoptosis [123]. 

 

Sridhar G et al. carried out the design, synthesis, and anticancer evaluation of amide 

derivatives of imidazo[2,1-b][1,3,4]thiadiazole [124]. 
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Sujeet Kumar et al. studied potential antitumor activity of imidazo[2,1-b]thiazole 

derivative[125]. 

 

 

Zadorozhnii P.V et al. carried out the synthesis of N-(5-Morpholino-2-arylimidazo[2,1-

b][1,3,4]thiadiazol-6-yl) carboxamides and studied the anticancer activity of them [126]. 

 

 

Andanappa K. Gadad et al. studied antineoplastic activity of imidazo[2,1-b] thiazole 

derivative [127]. 
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5. RATIONALE 

There are many anti-neoplastic drugs, which are highly toxic against tumour/malignant cells. 

But their lack of specificity for the tumour population is a major limiting factor. 

Clinical data evident that, in tumor cell lines, activation of p53 by MDM2 inhibitors induces 

p53 and p21 dependent cell cycle arrest and p53 dependent cell death. However in normal cells, 

p53 activation by MDM2 inhibitors leads to dose dependent cell cycle arrest, but not the cell 

death.  

These results indicate that activation of p53 by an MDM2 inhibitor is nontoxic to normal cells 

and specific to tumor cells only, 

In addition to this, Our molecules have fulfilled the structural requirements require to inhibit the 

MDM2 protein, due to this reason our lead molecule probably activates the p53 and will develop 

as new anti-cancer agent. 

Design rationale for the lead compound 
 

 
                                         

FIGURE 13. Design Strategy 
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6. OBJECTIVES OF THESIS 

The objective of this research work was to investigate our designed novel scaffolds as an 

anticancer agent, specially inhibitors of the p53/MDM2 protein-protein interaction. 

Our hypothesis is that synthesized lead compounds targets cancer cells to induce apoptosis with 

minimal effect on non-cancerous cells or tissues, and thus would improve cancer patient 

outcomes if used in the clinical treatment of human cancer. 

The synthesized compounds isolated and purify using various chromatographic techniques. In 

addition, to determine the physicochemical properties of the synthesized compounds. 

The pure synthesized compounds should then submitted to NMR spectroscopic techniques for 

their structure elucidation. Molecular weight and fragmentation patterns of the synthesized 

compounds have to be analysed by Mass spectroscopy. 

The potential lead compounds were subjected to selected bioassays to determine their 

pharmaceutical potential. 

The cytotoxicity of the lead compounds will be studied in vitro using A549 cell line. Moreover, 

the lead compounds will also be tested for their MDM2 inhibitory activity, by initiation of 

apoptosis in cancel cell lines. 
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7.1. INTRODUCTION 

Protein-Protein Interaction (PPIs) is much concerned in the biological system. In majority of the 

disease, there is deregulated PPIs. So to identify these kinds of the PPIs in the body/disease and 

targeting it to modulate it (inhibition or activation) by drug is rational approach in drug design 

and discovery [128]. Mostly the compounds/drugs which target the PPIs, are kind of PPIs 

inhibitors in the majority of cases. To Target and inhibit the PPIs, the compound/drug need to 

be mimic the protein interaction at the protein-protein interface [129].   

One of the most Important PPI in cancer is p53-MDM2 interaction. In most of the cancers the 

apoptotic function of the p53 protein has been derange or inhibited by MDM2 protein, via this 

interaction [130]. Therefore to inhibit this interaction by drugs is most efficient and selective 

treatment of the cancer.  

There are numbers of p53-MDM2 interaction inhibitors have been reported by various 

researchers and pharma companies [131]. For the successfully development of the potent 

MDM2 inhibitors, the first and for most important step is drugs design. Now a days CADD and 

in-silico studies speeds up the process of drug design and discovery.  

Computer Aided Drug Design (CADD) or computational methods are an approach of rational 

drug design [132]. The base of all CADD methods is chemo-informatics, the application of data 

storage, handling, and retrieval methods to chemical structures, their properties, and biological 

activity [133-134]. The first design or reported compound during the chemical database search 

is called hit compound. Then its potency and safety has been optimized to yield the lead 

molecule or compound [135].   

Chemo-informatics can be derived by the CADD techniques. Chemo-informatics covers the 

calculation of the molecular descriptors (QSAR parameters). Molecular descriptors described 

the chemical/physical property based on the structure of the molecule [136]. These molecular 

descriptors can be used for the filtering of the compounds from the compound libraries. 

In-silico study mainly applied for the drug design and discovery [137]. It uses computer 

simulations for the process of drug discovery. One of best technique of the in-silico study is the 

docking study [138]. Through molecular docking, we can predict the binding of the ligand with 
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the receptor (protein structure) in 3D mode, and can score that binding with different orientation 

of the ligand. By scoring function, we can predict the affinity/free energy of binding [139].  

We reported the 1,2,4-triazole based potential lead (1a) for the p53-MDM2 interaction inhibition 

(figure 11).  Here we have discussed the design process and the in-silico study of the reported 

compounds.  

 

7.2. MATERIAL AND METHOD 

7.2.1. Design  

We used the classical medicinal chemistry approaches for the design of compound 01 (figure 

14). In classical medicinal chemistry approach, the drug design can be based on the observed 

structure-activity relationships (SAR) or based on structural information [140]. From the SAR 

and structural information of the existing drugs, we design the necessary fragments of the 

Compound 01. Then isosteric replacement of the central scaffold in reference compounds with 

the 1,2,4-triazole leads to the compound 01. Nutlins and RG7112 are our reference compounds 

(figure 13), which consist of substituted imidazoline moieties. This moiety was iso-sterically 

replaced by 1,2,4-triazole to yield the novel molecule compound 01.  

And lead 1a was designed and developed from compound 01 by using the Sanjeevini Drug 

Designing Software Suite. And molecular descriptors (QSAR parameters) of the compound 01 

and lead 1a had been derived by using the Lipinski filter of the Sanjeevini Drug Designing 

Software Suite (table 3, 4).  

The compound 01 and Lead 1a were designed for the part of project work for the Development 

of Novel small molecular MDM2 inhibitors as anti-cancer agents. 
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7.2.2. In-silico study 

7.2.2.1. Preparation of target for the docking 

(a) Removing Hetatoms (water and ligands from receptor): 

As the co-crystal structure of the MDM2 protein complex with ligand (pdb id: 3jzk) were 

obtained from the RCSB protein data bank. The downloaded protein structure contains the water 

molecules and some ligand molecules. So, before docking our ligand/molecule, it is required to 

remove the already present ligands and other hetatoms from the receptor. The Hetatoms were 

removed from the protein receptor/target by using the Discovery Studio Visualizer v 19. 1. 0. 

18287 (figure 15).  

(b) Finding the active site residues: 

As p53-MDM2 interaction has been widely discussed by the various researchers [141-142]. 

Hence, active site residues of the MDM2 protein was determined by literature search. Active 

site residues of the MDM2 protein are 14 amino acid residues. Which are, Leu54, Leu57, Ile61, 

Met62, Tyr67, Gln72, Val75, Phe86, Phe91, Val93, His96, Ile99, Tyr100 and Ile101 [143]. 
 

7.2.2.2. Molecular Docking  

The structures used in the docking study was generated by ChemDraw Ultra (12.0.2.1076) as 

Sdf file. The 3D structures of MDM2 protein complex with co-crystallized ligand (pdb id: 3jzk) 

were obtained from the RCSB protein data bank.  

Docking of each compound was done by Autodock vina of PyRx software (0.8), using the Nutlin 

3a and RG7112 as a reference and lead 1a as test. We successfully docked the design lead 

molecule (1a) and reference ligands (Nutlin 3a, RG7112). It provided and ranked all the possible 

conformations/orientation of the single compound and gives the docking scores. Also provide 

the binding affinity of the each compound with the target.  

 

7.2.2.3. Receptor-ligand interaction 

Interaction of the docked ligand (lead 1a) with the MDM2 protein was done by using the 

Discovery Studio Visualizer (v 19. 1. 0. 18287) and PyMOL Molecular Graphics System (V 2. 
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3. 3). The binding of lead 1a in the ligand binding pocket of MDM2 protein, was determine by 

the PyMOL Molecular Graphics System (figure 16).  

Ligand binding affinity was investigated by using the PyRx software (table 7). H-bond 

interactions and hydrophobic interactions of the docked ligands were scrutinized by using 

Discovery Studio Visualizer (DS Visualizer) to quantify its role in binding affinity and drug 

efficacy. 
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7.3. RESULTS 

7.3.1. Design of compound 01 and lead 1a 

For the development of the novel non-petidic MDM2 inhibitors, the compound 01 and lead 1a 

was designed. From the literature it is clear that, two halo-phenyl ring and one alkyl ether 

containing phenyl ring is necessary for the three pockets binding into the MDM2 protein [144]. 

And all reported non-peptidic MDM2 inhibitors consist of the central scaffold. Central scaffold 

provide the backbone to the compound [145]. Central scaffold may be the heterocyclic ring, 

annulated ring and acyclic linear moieties (in some compounds). 

Hence, we have put all the moieties required for the three pocket binding and then all these 

moieties are joined with the central scaffold (triazole). Here we choose the 1,2,4-triazole ring as 

a central scaffold/back bone, because it is isoster of the imidazoline ring (present in the Nutlins 

and RG7112). So we have first designed the compound 01 as MDM2 inhibitor. 
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FIGURE 14. Drug design of the compound 01 and lead 1a 

 

By studying the molecular descriptors of compound 01 (table 3), it is found that all profiles of 

molecular descriptors of the compound 01 are in the range of average range of the reference 

compounds (Nutlins and RG7112), but the logP profile/value is very poor. So compound 01 

would have very low water solubility and can’t develop as a drug. To overcome this, we have 

added the polar tail into the compound 01, so ultimately it resulted into the lead compound 1a 

(figure 14).                                                       

Evaluating the molecular descriptors of the lead 1a by using Lipinski filter (Sanjeevini) (table 

4), it is clear that all the parameters of the molecular descriptors are in the range of average 
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range. Same as of reference compound, lead 1a will have a good MDM2 inhibitory property and 

anti-cancer activity too.  

 

Compound Molecular 

weight 

(g/mol) 

H-bond 

acceptor 

(n+O) 

H-bond 

donors 

(NH+OH) 

LogP Molar 

Refractivity 

Compound 01 421 05 00 -0.22 88.79 

 

 

TABLE 3. Molecular descriptors of compound 01 

 

 

 

Compound Molecular 

weight 

(g/mol) 

H-bond 

acceptor 

(n+O) 

H-bond 

Donors 

(NH+OH) 

LogP Molar 

Refractivity 

STD Range 150 to 480 2 to 9 0 to 3 -1 to 6 40 to 130 

Nutlin 3a 551 08 00 -0.20 115.23 

RG7112 679 08 00 1.07 151.88 

Avg. Range 615 08 - -0.34 to 

0.63 

133.55 

1a 631 10 00 -1.03 127.66 
 

TABLE 4. Molecular descriptors of lead 1a and reference compounds 
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7.3.2. Docking simulation 

Nutlin 3a, RG7112 and lead 1a were submitted to PyRx software for the docking on the MDM2 

protein. Autodock vina of PyRx docked the different possible orientation/conformation of the 

ligands on the active site of MDM2 protein. And provide the score of 09 best orientations of the 

ligands. We had checked the different orientation/conformations, by using the Discovery Studio 

Visualizer (discussed in the receptor-ligand interactions portion). We visualize the binding of 

the lead 1a in the active site of the MDM2 protein by using the PyMOL Molecular Graphics 

System (figure 16). In our result, among the different orientation of the ligands, the Orientation 

with Zero is the best result. And for the Binding Affinities: lower the value better the docking.    

 

 

FIGURE 15. Structure of MDM2 protein after removing Hetatoms 

 

 

FIGURE 16. Binding of lead1a in the MDM2 pocket, (Mesh surface: Binding pocket of the MDM2 protein, Red 

Spheres: Lead 1a) 
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7.3.3. Receptor-ligand interactions. 

Proper estimation of the ligand-receptor interaction is indispensible for the computer-assisted 

drug design and discovery [146]. As of this, Interaction of the MDM2 inhibitors with the MDM2 

protein is required to inhibit the MDM2 function. We reported the various kinds of the 

interactions between the lead 1a and binding site residues of the MDM2 protein (figure 17). In 

this study, we mainly focused on the binding affinity, hydrogen bonding interaction and 

hydrophobic interaction to quantify the ligand-receptor interactions [147].  

 

FIGURE 17(A). 3D representation of the various interactions 

 

FIGURE 17(B). 2D representation of the various interactions 

 

FIGURE 17. Various interactions of the lead 1a with active site residues (amino acids) of the MDM2 protein 
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We have studied and evaluated the lead 1a binding pattern and its interaction with the ligand 

binding site of MDM2 protein. We compare it with the p53 binding pattern. Lead 1a has bound 

in p53 binding pocket of MDM2 protein. Lead 1a shows the identical three pocket binding 

(Phe19, Trp23, Leu26) as of p53 protein. 

The binding pattern of the lead 1a is similar to that of p53 protein. Lead 1a interact with all the 

amino acids of the MDM2’s active site (except Val75, Ile101), as shown in the table 5. 

 

Interacting moieties of Lead 1a Amino acid residue of binding 

Pocket 

Ar-Cl -Cl Ile19, Gln24, His96, Tyr100 

Ar-ring  Leu54, His96 

Ar-Cl -Cl Leu57, Gly58, Ile61, Leu82, Phen86, Phe91  

Ar-ring Leu54, Leu57, Ile99 

Triazole ring  Val93 

Ar-OCH3 -CH3 Met62, Tyr67 

Ar-ring Val93 

-CO (polar tail)  His96 (H-bond) 

 

TABLE 5. Detail interactions of the lead 1a with amino acid residues (active site) of MDM2 protein 

 

His96 forms the three different bonds with the different moieties of lead 1a. One of its three 

bonds is, bond with the Ar-ring of Ar-Cl (saffron bond in figure 17(b)). The bond length of 

Ar(ring)-His96 bond is 4.44 angstrom. And type of that bond is Pi-cation. Apart from the 

traditional interactions, lead 1a has shown the extra interaction with the Ile19, Gln24, Gly58, 

His73, Leu82, Lys94. From the traditional interaction with the amino acids of the MDM2’s 

active site, interaction with the Val75 and Ile101 has been absent. Details of the bonds formed 

between lead 1a with active site residues (amino acids) of MDM2 protein has described in the 

table 6 and figure 18.   
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Ligand-receptor 

interaction 

Max. distance of 

interaction 

(max. bond length) 

Min. distance of 

interaction 

(min. bond length) 

lead 1a-MDM2 5.42 angstrom 

 

3.50 angstrom 

 
 

TABLE 6. Bond lengths of lead 1a-MDM2 interactions  

                            

 

FIGURE 18(A). Distance of particular bonds 

 

FIGURE 18(B). Types of particular bonds 

FIGURE 18. Distance and types of particular bonds formed by interaction between lead 1a and active site 

residues (amino acids) of MDM2 protein 
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7.3.3.1. Binding affinity  

The biological response initiated by ligand depends upon the affinity of the binding. The high 

binding affinity is product of the greater intermolecular force between the ligand and receptor 

protein and vice a versa [148]. Therefore, the ligand-receptor interaction mainly depends upon 

the physico-chemical properties of the ligands [149]. 

Post docking analysis revealed the binding affinities of the Nutlin 3a, RG7112 and lead 1a. By 

comparing the binding affinities of the all the ligands (table 7), It is observed the tight binding 

of lead 1a with MDM2 protein. LogP/molecular weight ratio of lead 1a has found to be good 

compare to RG7112. As the lead 1a is having the good binding affinity, it will be having the 

strong biological response (MDM2 inhibition).     

                       

Sr No. Compound No. of Conformations/ 

Orientations 

Binding affinity 

(kcal/mol) 

01 Nutlin 3a 09 -8.3 

02 RG7112 09 -7.4 

03 1a 09 -8.9 

 

TABLE 7. Binding affinity and number of possible conformation of ligands 
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7.3.3.2. Hydrogen bonding Interactions 

H-bond potentiates the diverse biological drug response by facilitating the interaction of ligand 

with the receptor protein [150-151]. Hydrogen bonds strengthen the ligand binding affinity by 

displacing protein-bound water into bulk solvent [152-153].         

 

FIGURE 19. H-bonds interactions of the lead 1a with active site of the MDM2 protein, (cloud around the lead 1a 

shows the H-bond interaction region, green spot in cloud: H-bond acceptor, pink spot in cloud: H-bond donors) 

 

We assess the hydrogen bonding between lead 1a and MDM2 protein (figure 19). According to 

results, it is clear that H-bonds accelerate the lead 1a-MDM2 protein interaction. It revealed the 

bonding between lead 1a’s H-bond acceptor and MDM2 protein’s H-bond donors. During the 

hydrogen bonding, water molecule’s position and orientation is constrained by the protein. And 

H-bonds contribute to the polarity of the Lead 1a. 

 

Compounds Distance of 

H-bond 

Types of H-bond Amino acid residue 

which form H-bond 

Lead 1a 2.39 Angstrom Conventional His96 

 

 

TABLE 8. H-bonds profile of the lead 1a 
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The details of the H-bond between lead 1a and active site residues of MDM2 protein has given 

in the table 8. Plot showing the probability of H-bond forming residues of MDM2 protein was 

derived by using the DS Visualizer (figure 20).  

 

FIGURE 20. Plot of the probability of H-bond forming residues of MDM2 protein 
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7.3.3.3. Hydrophobic interaction  

Hydrophobic interaction is the important player in ligand-receptor binding and activity. We 

visualized the hydrophobic interaction between the lead 1a and the MDM2 protein at the site of 

binding (figure 21, 22). Since the lead 1a is non-polar so this interaction is essential in the 

binding and elucidated drug response.  

 

FIGURE 21. Hydrophobic interactions of the lead 1a with active site of the MDM2 protein, (cloud around the lead 

1a shows the hydrophobic interaction region, blue spot in cloud: minimum distance of hydrophobic interactions, 

brown spot in cloud: maximum distance of hydrophobic interactions) 
 

 

FIGURE 22. Formation of bonds by hydrophobic interactions between lead 1a and active site residues (amino 

acids) of MDM2 protein 
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We observe an inter-relationship between the hydrophobic interaction and H-bonds. Tight 

binding of lead 1a is observed if we optimized the hydrophobic interaction at the expense of H-

bonds. Hydrogen bonding and hydrophobic interaction is key player in stabilizing the lead 1a at 

the interface of the MDM2 protein. Plot showing the index of average hydrophobicity of the 

MDM2 residues was derived by the DS Visualizer (figure 23). 

 

FIGURE 23. Plot of the index of average hydrophobicity of the MDM2 protein’s residues 
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7.4. DISCUSSIONS  

In search of small molecule p53-MDM2 interaction inhibitors, we designed the 1,2,4-triazole 

based inhibitors using the Sanjeevini Drug Designing Software Suite. We design the first 

molecule, which is compound 01. And further optimization of it leads to the potential lead 

molecule 1a.  

In-silico study of lead molecule (1a) and reference compounds (Nutlin 3a, RG7112) in MDM2 

protein was performed. The designed lead 1a contains the 1,2,4-triazole as central scaffold. The 

1,2,4-triazole is an important heterocyclic moiety in medicinal chemistry. And it is having the 

wide range of biological activities [154]. 1,2,4-triazole can be synthesized by various methods 

[155-156]. By adding the different substitution to the lead compound 1a, we can have different 

derivatives of the lead compound 1a.  

And by evaluating the ligand-target interaction, it has been cleared that we can alter the 

interaction and affinity by integrating the various functional group of ligand [157]. And Results 

presented that H-bonds and optimized hydrophobic interactions stabilize the ligands at the active 

site of MDM2 protein, and can help to alter binding affinity and drug efficacy.    

The lead 1a showed the comparable result with potent MDM2 inhibitors (Nutlin 3a and 

RG7112). Lead 1a shows the three pocket binding by successfully mimicking the three 

important residues (Phe19, Trp23 and Leu26) of p53 in the binding pocket of the MDM2 protein 

[158].  

The binding affinity of lead 1a found as -8.9, which is better than Nutlin 3a (-15.6) and RG7112 

(-7.4) (table 7). Reference compound nutlin 3a was reported by the vassilev and his colleagues 

at the Roche pharmaceuticals [159]. Nutlin 3a is the most potent compound of nutlin class. 

Nutlin 3a is having the IC50 value 90 nM. Alongside, our lead 1a performed better than nutlin 

3a, so it will be more potent than nutlin 3a.  

RG7112 was also designed and developed by Roche Pharmaceuticals [160]. And it was the first 

MDM2 inhibitor to enter into the clinical trials. IC50 value of RG7112 is 18 nM. RG7112 has 

a higher molecular weight than lead 1a (table 4).  
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Polarity/mole. weight ratio of lead 1a is good than the RG7112. Because lead 1a have a more 

H-bonds acceptors than the RG7112 (table 4). Therefore lead 1a is having the better logP profile 

than the RG7112 (table 4). LogP value of the RG7112 is low so it will have a low polarity and 

low bioavailability. Our lead 1a is more polar than the RG7112 so it will be having the good 

bioavailability. 

Nutlin 3a and RG7112 both are stereo-active compounds (figure 13). Hence, Nutlin 3a and 

RG7112 have a multiple chiral centers so their synthesis and purification is very tedious and 

difficult process. Here our lead la does not contain any kind of chiral center, so its synthesis and 

purification can be done easily. 

The data of the in-silico study shows that our design lead 1a is having the good binding affinity 

along with good logP (polarity). Therefore it will prove to be a potent inhibitor of the MDM2 

protein. These data are indicating Lead 1a as a potential inhibitor of p53-MDM2 interaction.  
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8.1. CHEMISTRY OF 1,2,4-TRIAZOLE 

Triazole is a five-membered nitrogen containing heterocyclic compound. It contains three 

nitrogen in the ring. The molecular formula of triazole is C2H3N3. It is an important structural 

fragment and biologically active compound. Triazoles exist in two isomeric forms, 1,2,3-

triazoles and 1,2,4-triazoles [161]. 1,2,4-triazole is found in drugs more than 1,2,3-triazoles.  

IUPAC name: 

1H-1,2,4-triazole 

Other names: 

1,2,4-triazole Pyrrodiazole 

 

 

8.1.1. Aromaticity and Stability  

The stability of the triazole nucleus is because of its aromaticity. An aromatic sextet is formed 

by donation of one π electron from each atom connected by double bonds, in addition of the 

remaining two electrons from a nitrogen atom [161]. 
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Resonance also stabilized the triazole nucleus. It can be represented by the tautomeric forms of 

triazoles. Tautomerism is possible in the both of the structural isomeric forms, 1,2,3-triazoles 

and 1,2,4-triazole. 

 

 

 

8.1.2. Tautomerism in 1,2,4-triazoles 

1,2,4-triazole have two tautomeric forms, 1H-1,2,4-triazole and 4H-1,2,4-triazole. These both 

forms are in equilibrium with each other [162].  

 

The interconversion of these two forms occurs rapidly. And they are difficult to separate. Many 

studies indicates that 1H-1,2,4-triazole is more stable than 4H-1,2,4-triazole. 

 

8.1.3. Synthesis 

Usually, 1,2,4-triazoles are formed by the cyclization of a preformed nucleus of the following 

types [162]: 
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1,2,4-triazole is synthesized form the formic acid and thiosemicarbazide. Reflux of these two 

reactants produced the various intermediates. It is three step process and involves the various 

solvents like NaOH, HCl, HNO3, NaNO2 etc. At the end, intermediate 2,4-triazole-3(5)-thiol 

resulted into the desired product 1,2,4-triazole in a good yield.  

 

 

 

8.1.4. Reactivity  

The high reactivity of 1,2,4-triazole toward the electrophiles, determines their wide application 

as a reagent. 1,2,4-triazoles contains the several nucleophilic centers. Any of the ring nitrogen 

atom is nucleophilic center. Therefore, 1,2,4-triazole can be considered as multifunctional 

nucleophilic reagents. N-2 and N-4 nitrogens of the 1,2,4 triazole ring are the most favorable 

sites for the attack of electrophiles [163]. This multifunctionality, provides the good possibilities 

for the synthesis of various substituted triazoles and condensed heterocycles. 

 

8.1.5. Pharmacological Activities   

1,2,4-triazole is most frequently found heterocyclic compounds in the drugs and intermediates. 

It possesses the wide range of biological activity [163]. Various pharmacological properties are 

antimicrobial, antifungal, antibacterial, antitubercular, anti-inflammatory, anticonvulsant, 

antioxidant, anticancer, antiviral.  
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The various marketed drugs contain the triazole, the drug and pharmacological activity is 

mentioned in the table. 

 

Sr. 

No 

Triazole containing marketed 

Drugs 

Activity 

01 Rizatriptan Anti-migraine 

02 Estazolam Anxiolytic 

03 Alprazolam Anxiolytic 

04 Itraconazole Anti-fungal 

05 Fluconazole Anti-fungal 

06 Posoconazole Anti-fungal 

97 Ribavirin Anti-viral 

08 Letrozole Breast cancer 

09 Anastrazole Breast cancer 

10 Vorozole Anti-cancer 

11 Amsacrine Anti-cancer 
 

TABLE 9. 1,2,4-triazole containing marketed drugs 
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8.2. Chemistry of 1,3,4-thiadiazole 

Thiadiazoles contain the five membered di-unsaturated ring system containing sulphur and 

nitrogen atom structure having the structural formula C2H2N2S. They occur in four isomeric 

forms[164].  

 

 

 

 

 

 

8.2.1. Preparation 

Thiadiazoles can be synthesized from mainly thiosemicarbazide or hydrazide that is thiadiazole 

can cyclized from thiosemicarbazide or hydrazide by methods like conventional method [164], 

ultrasound or microwave using catalyst like H2SO4, POCl3, CS2, polyphosphoric acid and HCl. 

Thiosemicarbazide react with carboxylic acids in presence of POCl3 to give the thiadiazole 

derivatives.18 

 

8.2.2. Reactivity 

(1) Thiadiazoles are weak bases due to inductive effects of the extra hetero atoms. Although 

thiadiazoles are weak bases but N-quaternization reaction can carried out. 

(2) Thiadiazoles are susceptible to nucleophilic attack, thiadiazoles often undergo ring cleavage 

with aqueous acid or base unless both carbon positions are substituted. 
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(3) Electrophilic substitutions on carbon are practically unknown, apart from few halogenations 

and mercurations. 

(4) N-anion mediated reactions are not possible because of the absence of N-hydrogen. 

(5) Leaving group is generally displaced easily. 

 

8.2.3. Pharmacological Activity 

1,3,4-thiadiazole is associated with diverse biochemical activities, probably by virtue of 

incorporating a toxophoric -N=C-S- grouping [164]. The earliest uses were in the 

pharmaceutical area as an antibacterial with known sulfonamide drugs. 1,3,4-thiadiazole and its 

derivatives posses wide range of therapeutic activities like antibacterial, antifungal, 

antiepileptic, antileshmanial, antiulcer, antimicrobial, anti-inflammatory, pesticide, dyes and 

anti-leukemia agent. 
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8.3. Chemistry of Imidazothiadiazoles  

The fusion of a imidazole ring with a [1,3,4]thiadiazole nucleus give rise to a class of 

heterocyclic systems containing a bridgehead nitrogen atom known as imidazothiadiazoles. 

These may be of two types, the imidazo[2,1-b][1,3,4]thiadiazoles  and the imidazo[5,1-b][1,3,4] 

thiadiazoles [165]. 

       

 

 

 

 

The bicyclic molecule many viewed as 2-vinylimino-3H- 3- alkyl-1, 3, 4-thiadiazole. 

(1) Important canonical structure of imidazo[2, 1-b][1, 3, 4] thiadiazole indicate greater 

delocalisation of π electrone in the imidazole ring, while the double bond of the thiadiazole ring 

is almost localized in structure is maximum contributing structure. 

(2) It is pseudo-aromatic in behavior containing imidazole moiety as electron rich center. 

(3) Chlorine or bromine does not add to double bond at 2,3-position on other hand, electrophillic 

substitution reaction like bromination, nitration etc. take place at 5-position  

 

 

 

 

 

 

 

 

 
 

(4) This bicyclic ring system with desired substituents at 2, 5, and 6-position can be built by 

starting with appropriate synthons, for introduction of substitutents at 5 and 6-position, the 

synthons R1COCHR2Br is employed for subtituents at 2-position, 5-substituted 2-

aminothiadiazole is required. 
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(5) The ring nitrogen in imino form of the starting thiadiazole attacks the carbon carrying 

bromine in the synthon.  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

(6) The ring nitrogen in imino form of the starting thiadiazole attacks the carbon carrying 

bromine in the synthon. 

(7) Imidazo[2,1–b][1, 3, 4] thiadiazoles contain nitrogen as a bridge head atom at 4th position. 

(8) - electron charge density measurement indicated that the imidazole ring is rich in - electron 

density having at N-7 position and then at C-5 position. This accounts for the preferable 

electrophilic substitution reaction at C-5 position. 

(9) Of the three nitrogen atoms, N-7 is the most basic center. The order of basicity is N-7> N-

3> N-4. Therefore, protonation occurs first at N-7 then at N-3 position.  

(10) Schenett et.al. have reported a detailed  study on the structure and protonation of the 

imidazo[2,1-b][1,3,4]thiadiazole systems by means of 1H NMR, X-ray analysis, ring current 

model performance and MO calculations. Electronic delocalization’s deduced from 

experimental measurements both NMR and X-ray analysis and MO calculations, involve 

electrons moving from thiadiazole to imidazole ring. This causes the shielding of H-2 where as 

H-5 and H-6 appear at low field with respect to the parent thiadiazole and imidazole system 

respectively. 
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8.3.1. Synthesis  

The classical method involving 2-amino[1,3,4]thiadiazole derivatives with appropriate α-

haloketones is widely employed. Such a synthesis is usually accomplished by using variety of 

reagents like chloroacetyl chloride, haloacetic acid, acetophenones, diethyl chloroacetal, 

dimethylformamide dimethyl amide and trichloroacetyl chloride [165]. 
 

 

 

Gadad et al. have reported the synthesis of 2-sulfonamido/ trifluoromethyl-5,6-diaryl-

imidazo[2,1-b][1,3,4]thiadiazoles by the reaction of 2-amino-5-sulfonamido / trifluoromethyl-

[1,3,4]thiadiazoles with the appropriate α-bromo-1,2-(4-(un)-substituted)diaryl-1-ethanones in 

refluxing ethanol for 4-6 h, followed by the addition of phosphorus pentoxide and further 

refluxing for 4-6 h to obtain hydrobromide salts, which on neutralizationwith sodiumcarbonate 

yielded free bases.        

 

8.3.2. Biological activities  

The thiadiazole and imidazole compounds are extensively studied due to their spectrum 

bioactivities. Among them the imidazo[2,1-b][1,3,4]thiadiazole derivatives are 

pharmaceutically important [165]. 

A variety of biological activities have been reported for a large number of derivatives, such as 

antitubercular, antibacterial, anticancer, anthelmintic, antifungal, anticonvulsant, anti-

inflammatory, analgesic, local anaesthetic, cardiotonic, diuretic, leishmanicidal and herbicidal 

activities. In addition, they have been reported to selectively inhibit several therapeutic receptors 

and enzymes, extending their applications in modern drug design. 
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9. MATERIAL AND METHOD 

9.1. Experimental  

All the chemicals and reagents/solvents were obtained from the commercial suppliers with the 

high purity. The chemicals and reagents/solvents were used as received without further 

purification. 

Melting points of all compounds were determined in one-end open capillary tubes on a liquid 

paraffin bath and are uncorrected. The 1H spectra were recorded in DMSO, using a Bruker 400 

MHz FT-NMR Spectrometer Avance III, the solvents and reagents were used without further 

purification.  

 

9.1.1. General procedure for Synthesis (scheme-1) 

 

FIGURE 24. Scheme for the Synthesis of disubstituted 1,2,4-triazole 
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Step 1: Amide (i (1)) from acid (greener method)[166] 

Weigh the Carboxylic acid (0.06 mol), urea and boric acid.  The weigh amount was thoroughly 

mixed and triturated the mixture in mortar and pestle for 2-5 min. The triturated mixture was 

transferred into the beaker and was directly heated without the solvent at the 160-180 °C for 10-

30 min. During the course of reaction, the reaction mixture was completely melted and then 

reappeared as product (amide). Heating was removed and product (amide) was allowed to cool 

to room temperature. The aqueous ammonia solution (50-55 ml) was added to the crude product 

and heated with stirring, so unreacted acid was removed. Heating was stopped and filter to give 

a product. The collected product (amide) was successively washed with distilled water (100 ml) 

to remove residual boric acid and dried the product/amide at room temperature to give a 

corresponding amide (i (1)) with high purity.  

Proportion ratio of Urea and Boric acid for the any given Acid: 

g of acid x 1.5 = Quantity of Urea, g of acid x 0.4 = Quantity of Boric acid. 

 

Step 2: Hydrazide (i (2)) from amide (i (1))[167] 

19.3989 gms of amide (i (1)) was dissolved in 39.488 gms of methyl alcohol and 14.14 gms of 

hydrazine hydrate (100 %) was added to it. The reaction mixture was refluxed in glycerine bath 

for 4 hours at 110 degree Celsius. After which alcohol was distilled off and solid mass, acid 

hydrazide was taken out in hot condition. Cool the product, which afford the acid hydrazide (i 

(2)).  

 

Step 2: Hydrazide (i (2)) from acid (Microwave method)[168] 

The aromatic hydrazides were prepared in a single step from the carboxylic acid precursor by 

using microwave irradiation. 

9.7 gms of amide was dissolved in 19.5 gms of absolute alcohol and 4.13 gms of hydrazine 

hydrate (100 %) were added to a 20 mL microwave reaction vessel. The reaction mixture was 

subjected to microwave irradiation at 150 °C for 4 hours. This gives the respective hydrazide, 
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This hydrazide was isolated by standard aqueous workup. The crude product was found to be 

pure enough to be carried on to the 1,2,4-triazole formation step. 

 

Step 3: 1,2,4-triazole (i (3)) from condensation of hydrazide (i (2)) and nitrile[169]  

Aromatic hydrazide (i (2)) (0.005 moles) and substituted nitrile (0.0055 moles) were added to a 

20 mL microwave reaction vessel with 10 mL of n-Butanol. Potassium carbonate (0.0055 moles) 

was added and the reaction mixture was subjected to microwave irradiation at 150 °C for 2 

hours. Precipitated substituted 1,2,4-triazole (i (3)) was filtered after cooling the reaction 

mixture and recrystallized from ethanol. 

In all cases, product 1,2,4-triazoles (i (3)) were insoluble in n-butanol leading to easy recoveries 

by filtration. Isolated crude materials could then be recrystallized in ethanol to give analytically 

pure products. 

 

Step 4: N-Acylation to give final product (1)[170] 

5g (0.038 mol, 1.5 eqv.) of sodium acetate trihydrate was dissolved in 50 ml of brine solution 

(36 % aq. Solution of sodium chloride). To this was added 0.025 mol of the substituted 1,2,4-

triazole (i (3)) dissolved in the water (water insoluble 1,2,4-triazole were taken in 20 ml 

acetone). Then 2ml of acetyl chloride (v (2)) (0.028 mol, 1.1 eqv.) in 3ml of acetone was added 

to the mixture drop-wise with stirring at room temperature. The reaction mixture was stirred for 

further one hour. Saturated NaHCO3 solution was added till the effervescence ceased. The 

solution was then acidified with conc. HCl. The sparingly soluble acetyl derivative separated as 

solid. It was filtered under suction, crystallized from methanol/methanol–water solvent system. 

This affords the final compound (1). 

 

Acetyl Chloride (v (2)) from acid (v (1))[171] 

To 100 gm of acid (v (1)) in round bottom flask connected with a condenser, 80 gm of 

phosphorus trichloride are added through a dropping funnel. Hydrochloric acid gas appears and 

the reaction rate is regulated by cooling the reaction mixture with cold water. After all 
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phosphorus trichloride has been added the reaction flask is gently heated to 40-50° C and the 

liquid (reaction mixture), which was homogeneous before heating separates into two layers. 

Acetyl chloride (v (2)) which forms the upper, lighter layer, and lower heavier layer is of 

phosphorous acid. The mixture is heated until nothing more passes over the two layers. After 

the completion of the reaction, distilled the reaction mixture to isolate acetyl chloride. The first 

collected portion (upper layer of the reaction mixture) of the distillate was acetyl chloride (v 

(2)). Since acetyl chloride is very easily decomposed by moisture, the distillate must be 

protected from the air with a calcium chloride tube. For complete purification of crude acetyl 

chloride (v (2)), the distillate is redistilled.  

 

FIGURE 25. Scheme for the Synthesis of acetyl chloride from acid 
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9.1.2 General procedure for Synthesis (scheme-2) 

 

FIGURE 26. Scheme for the Synthesis of substituted 1,3,4-thiadiazole 

 

2-amino-5-ethyl-1,3,4-thiadiazole[172] 

A mixture is prepared of 92.6 parts of acid, 215 parts of commercial polyphosphoric acid, and 

1 part of 50% aqueous hypophosphorous acid, to which is added 91 parts of thiosemicarbazide. 

The reaction mixture is heated with stirring to between 102 °C and 111 °C. for 1.5 hours at 

which time the reaction is substantially complete. The reaction mixture is drowned in 500 parts 

of water and neutralized with ammonium hydroxide. The reaction mixture is filtered at room 

temperature, and the cake of 2-amino-1,3,4-thiadiazole (i (4)) washed with water and dried.  

 

Step 2:[173]  

2-amino-1,3,4-thiadiazole (i (4)) (5 mmol), sodium hydrogencarbonate (6 mmol) and sodium 

dodecyl sulfate (20 mg) were taken up in water/ethanol (20 ml) and heated at 80 °C for 5 min. 

Alkyl halide (6 mmol) was added to the reaction mixture. And heated the reaction mixture for 

6-7 hours. Monitor the completion of the reaction byvthin-layer chromatography (TLC). The 

reaction mixture was cooled and the product extracted with ethyl acetate to yield the final 

product (2).  
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10. RESULT AND DISCUSSION  

Our study is focused on the formation of Novel MDM2 inhibitors (organic small molecule). 

Which consist of the different chemical core like triazole, thiadiazole and imidazothiadiazole 

group.   

We utilized the two different schemes for the experimental work. Scheme-1 can be utilized for 

the synthesis of 1,2,4-triazole and scheme-2 is for the 1,3,4-thiadiazole and imidazothiadiazole. 

Total six series of compounds have been synthesized by using the scheme-1 and scheme-2. 

 

Route of synthesis for lead compound 1a (Scheme-1) 

Synthesis of final compounds (scheme-1) was carried out by condensation of 1,2,4-triazole 

derivative with polar tail, in the presence of PCl3 and I2.  

Polar tail v(2) was synthesized from the reaction of acid with PCl3. Polar tail synthesis was 

problematic as it involves the I2 and PCl3 

Compounds i(1) to i(3) were obtained as intermediates in the synthesis of final compounds 

(scheme-1).  

We have developed the novel solvent free green chemistry based method for the synthesis of 

amide, from the acid and urea in the presence of boric acid). 

Acetyl-hydrazide was prepared from two alternative methods. In the first method, Acetyl-

hydrazide was directly prepared from acid and hydrazine by using the microwave energy. 

Second method is conventional synthetic route of acetyl-hydrazide from amide and hydrazine, 

which is proved to give low yields. 

Similarly, we obtained 1,2,4-triazole derivatives by using microwave technique for the synthesis 

of final compounds (scheme-1). These microwave procedures gave higher yields and were less 

time consuming 
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Considering the lead compounds (scheme-1, series-1) as highly active molecules and they were 

tested for their biological activity 

 

 

FIGURE 27. Scheme-1 for the synthesis of lead compound 1a  

 

Reaction Mechanism 

Formation of substituted 1,2,4-triazoles occurs by “Pellizzari Reaction”. By means of 

microwave technique, mechanism of formation of 1,2,4-triazole is in similar manners that of 

Pellizzari Reaction [174]. Pellizzari Reactions is very useful for the preparation of mono, di and 

trisubstituted-l,2,4-triazoles. 
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FIGURE 28. Method of 1,2,4-triazoles synthesis 

Condensation of acetyl-hydrazide and nitrile forms the substituted 1,2,4-triazoles by using 

microwave method. The synthesis of 1,2,4-triazole moiety starts with construction of acetyl-

hydrazide structure from the hydrazine and amide.   

Mechanism:  

 

FIGURE 29. Mechanism of the 1,2,4-triazoles formation[175] 

Acid and hydrazine reaction gives the acetyl-hydrazide. Reaction is initiated by activation of 

acid. Then activated acid is converted into a reactive oxygen species (nucleophile). And 

subsequent attack of the nucleophile on the hydrazine gives the final condensed product acetyl-

hydrazide. 

In reaction, nitrile acts as a nucleophile and attacks on the positive center of the acetyl-

hydrazide. So, acetyl-hydrazide is get activated towards nucleophilic attack. Reaction follows 

by ring closing and condensation with the nitrile to form the final product 1,2,4-triazole.   

https://chempedia.info/info/condensation_with
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Usually, Pellizzari reaction requires the high temperatures (more than 250°C). However, at such 

a high temperature, transamination may occur between reacting species and may results into a 

mixture of triazoles and low yield of the product [176]. 

But these shortcomings can be overcome by using the microwave technique for the synthesis of 

1,2,4-triazole. 

 

10.1. Series-1 (Scheme-1) 

10.1.1. Starting material for Series-1 (scheme-1)  

 

FIGURE 30. Structure of 2,2-bis(4-chlorophenyl)acetic acid 

 

10.1.2. Compound details of Series-1 (scheme-1) 

1a: tert-butyl 4-(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazole-1-

carbonyl)-3-oxopiperidine-1-carboxylate 

1b:(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazol-1-yl)(4-(3-

(methyl sulfonyl)propyl)piperazin-1-yl)methanone 

1c:(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazol-1-yl)(4-

(piperazin-1-ylmethyl)phenyl)methanone 

1d: (3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazol-1-yl)(piperidin-

4-yl)methanone 

1e: (3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazol-1-yl)(4-

hydroxy-3-nitrophenyl)methanone 
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1f: tert-butyl 4-(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-

triazole-1-carbonyl)-3-oxopiperidine-1-carboxylate 

1g: (3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-triazol-1-

yl)(4-(3-(methylsulfonyl)propyl)piperazin-1-yl)methanone 

1h: (3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-triazol-1-

yl)(4-(piperazin-1-ylmethyl)phenyl)methanone 

1j: (3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-triazol-1-yl) 

(piperidin-4-yl)methanone 

1k: (3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-triazol-1-

yl)(4-hydroxy-3-nitrophenyl)methanone 

 

10.1.3. Compound structures of Series-1 (scheme-1) 

 

FIGURE 31. Structures of the compounds from Series-1 (scheme-1) 



CHAPTER-10                                                         RESULT AND DISCUSSION  

 

CHIRAG J. GOHIL/Enrolment No.: 169999901003                                                                                    92 
 
 

10.1.4. Compound characterization of Series-1 (scheme-1) 

Starting material 

Crystalline white. IR (KBr): 3018.70 (Ar, C-H), 1699.34 (COOH, C=O), 1494.88 (Ar, C=C), 

698.25 (C-Cl) cm-1 

Compound 1a 

Amorphous white. 86 % yield, m.p. 262-264 °C (lit), TLC (eluent: n-Hexane/ethyl acetate. 70 : 

30 v/v) Rf : 0.67, IR (KBr): 3278.13 (Ar, C-H), 1725.38 (COO, C=O), 1696.45 (C=O), 1621.22 

(Ar, C=N), 1423.51 (Ar, C=C), 1239.31 (Ar, C-N), 843.88 (C-Cl) cm-1, 1H NMR (400 MHz, 

DMSO) δH (ppm): 2.568 (09H, side chain CH3), 3.374 (06H, OCH3), 3.792 (07H, side chain 

Ar-H), 5.562 (01H, CH), 6.556-6.562, 7.063 (03H, Ar-H), 7.063-7.604 (08H, Ar-H), MS (EI, 

70 eV) m/z: 666.21 [M+1]+, 531.19, 427.17, 402.22, 263.03 

Compound 1b  

White. 82 % yield, m.p. 265-267 °C (lit), TLC (eluent: n-Hexane/ethyl acetate. 70 : 30 v/v) Rf 

: 0.70, IR (KBr): 2983.98 (CH3, C-H), 1696.45 (C=O), 1618.33 (Ar, C=N), 1243.16 (Ar, C-N), 

1145.75 (SO2, S=O), 1057.99 (C-S) cm-1, 1H NMR (400 MHz, DMSO) δH (ppm): 2.353 (09H, 

side chain CH3), 2.893 (08H, side chain Ar-H), 3.490-3.831 (06H, OCH3), 5.338 (01H, CH), 

6.647 (03H, Ar-H), 7.083-7.579 (08H, Ar-H), MS (EI, 70 eV) m/z: 673.11 [M+1]+, 359.4, 

341.4, 331.4, 313.5  

Compound 1c 

Light purple. 74 % yield, m.p. 260-263 °C (lit), TLC (eluent: n-Hexane/ethyl acetate. 70 : 30 

v/v) Rf : 0.76, IR (KBr): 3337.93 (Ar, C-H), 1688.73 (Ar, C=N), 1576.86 (Ar, N-H), 1230.63 

(Ar, C-N) cm-1, 1H NMR (400 MHz, DMSO) δH (ppm): 1.287 (01H, NH), 2.443 (08H, side 

chain Ar-H), 2.792 (06H, OCH3), 3.470 (02H, side chain CH), 5.438 (1H, CH), 6.558-6.571, 

7.090 (03H, Ar-H), 7.067-7.077 (08H, Ar-H), 7.601-7.929 (04H, side chain Ar-H), MS (EI, 70 

eV) m/z: 641.18 [M–1]-, 541.08, 485.01, 327.10, 233.09, 204.03 
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Compound 1d 

Purple. 79 % yield, m.p. 239-242 °C (lit), TLC (eluent: n-Hexane/ethyl acetate. 70 : 30 v/v) Rf 

: 0.72, IR (KBr): 1729.24 (C=O), 1696.45 (Ar, N-H), 1620.26 (Ar, C=N), 1235.45 (Ar, C-N) 

cm-1, 1H NMR (400 MHz, DMSO) δH (ppm): 1.329-1.647 (04H, side chain Ar-H), 2.010 (01H, 

NH), 2.324-2.710 (05H, side chain Ar-H), 2.853 (06H, OCH3), 4.593 (01H, CH), 6.793-7.055 

(03H, Ar-H), 7.061-7.536 (08H, Ar-H), MS (EI, 70 eV) m/z: 551.17 [M]+, 433.12, 313.16, 

274.16, 135.01 

Compound 1e 

Yellow. 68 % yield, m.p. 246-249 °C (lit), TLC (eluent: n-Hexane/ethyl acetate. 70 : 30 v/v) Rf 

: 0.66, IR (KBr): 3332.14 (Ar, O-H), 1696.45 (Ar, C=N), 1220.02 (NO2, N-O) cm-1, 1H NMR 

(400 MHz, DMSO) δH (ppm): 2.439-2.848 (06H, OCH3), 5.721-5.738 (01H, CH), 5.765-5.785 

(01H, OH), 6.810-6.848 (03H, Ar-H), 7.083-7.278 (08H, Ar-H), 7.580-7.587 (03H, side chain 

Ar-H), MS (EI, 70 eV) m/z: 606.10 [M+1]+, 536.12, 408.19  

Compound 1f 

Off white. 81 % yield, m.p. 279-281 °C (lit), TLC (eluent: n-Hexane/ethyl acetate. 70 : 30 v/v) 

Rf : 0.69, IR (KBr): 3090.07 (CH3, C-H), 1614.47 (COO, C=O), 1518.99 (Ar, C=N), 1380.11 

(Ar, C-N) cm-1, 1H NMR (400 MHz, CDCl3) δH (ppm): 0.925 (04H, side chain Ar-H), 1.337 

(09H, side chain CH3), 2.360 (03H, CH3), 2.759 (06H, OCH3), 3.352 (03H, side chain Ar-H), 

5.746 (01H, CH), 7.049-7.884 (08H, Ar-H), 7.951-8.162 (02H, Ar-H), MS (EI, 70 eV) m/z: 

679.18 [M]+, 678.12 [M–1]+, 533.10, 501.06  

Compound 1g 

Pale yellow. 75 % yield, m.p. 302-305 °C (lit), TLC (eluent: n-Hexane/ethyl acetate. 70 : 30 

v/v) Rf : 0.74, IR (KBr): 2891.39 (CH3, C-H), 1694.52 (Ar, C=N), 1318.39 (Ar, C-N), 1166.97 

(SO2, S=O), 1030.99 (C-S) cm-1, 1H NMR (400 MHz, CDCl3) δH (ppm): 1.177-1.196 (05H, 

side chain CH2), 2.016 (03H, side chain Ar-H), 2.513-2.531 (06H, OCH3), 3.357 (01 H, side 

chain CH2), 3.357 (03 H, CH3), 3.573 (04H, side chain Ar-H), 4.139 (03H, side chain CH3), 
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4.165 (01H, side chain Ar-H), 5.535 (01H, CH), 6.771-6.793 (02H, Ar-H), 7.055-7.654 (08H, 

Ar-H), MS (EI, 70 eV) m/z: 686.17 [M]+, 649.16, 541.10, 529.08, 426.16, 361,02 

Compound 1h 

Light purple. 69 % yield, m.p. 264-267 °C (lit), TLC (eluent: n-Hexane/ethyl acetate. 70 : 30 

v/v) Rf : 0.65, IR (KBr): 3029.31 (Ar, C-H), 2846.06 (CH3, C-H), 1692.59 (Ar, C=N), 1560.46 

(Ar, N-H), 1301.03 (Ar, C-N) cm-1, 1H NMR (400 MHz, CDCl3) δH (ppm): 1.278 (01H, NH), 

1.995-2.504 (04H, side chain Ar-H), 2.573 (06H, OCH3), 3.357 (03H, CH3), 3.573 (04H, side 

chain Ar-H), 4.139-4.165 (02H, CH2), 5.535 (01H, CH), 6.771-6.793 (02H, Ar-H), 7.055-7.276 

(08H, Ar-H), 7.282 (02H, side chain Ar-H), 9.073 (02H, side chain Ar-H), MS (EI, 70 eV) m/z: 

657.17 [M+1]+, 658.22 [M+2]+, 569.12, 533.08, 488.13, 231.12  

Compound 1j 

Light purple. 71 % yield, m.p. 254-256 °C (lit), TLC (eluent: n-Hexane/ethyl acetate. 70 : 30 

v/v) Rf : 0.73, IR (KBr): 2756.97 (CH3, C-H), 1524.78 (Ar, N-H), 1329.96 (Ar, C-N) cm-1, 1H 

NMR (400 MHz, DMSO) δH (ppm): 0.947 (01H, NH), 1.495 (03H, CH3), 1.495 (01H, side 

chain Ar-H), 2.395 (05H, side chain Ar-H), 2.873 (06H, OCH3), 3.441 (03H, side chain Ar-H), 

5.746 (01H, CH), 7.092 (02H, Ar-H), 7.143-7.951 (05H, Ar-H), 8.136-8.162 (03H, Ar-H), MS 

(EI, 70 eV) m/z: 565.13 [M]+, 522.14, 485.17, 380.02 

Compound 1k 

Yellow. 77 % yield, m.p. 257-259 °C (lit), TLC (eluent: n-Hexane/ethyl acetate. 70 : 30 v/v) Rf 

: 0.70, IR (KBr): 3448.84 (Ar, O-H), 2914.54 (CH3, C-H), 1540.21 (NO2, N-O) cm-1, 1H NMR 

(400 MHz, CDCl3) δH (ppm): 2.406 (03H, CH3), 2.725 (06H, OCH3), 4.588 (01H, OH), 4.588 

(01H, CH), 7.057-7.063 (02H, Ar-H), 7.073-7.284 (08H, Ar-H), 7.515-7,531 (03H, side chain 

Ar-H), MS (EI, 70 eV) m/z: 618.16 [M-1]-, 604.01, 541.16  
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10.2. Series-2 (Scheme-1) 

10.2.1. Starting material for Series-2 (scheme-1)  

 

FIGURE 32. Structure of 2,2-bis(4-chlorophenyl)acetic acid 

 

10.2.2. Compound details of Series-2 (scheme-1) 

1n: (3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazol-1-yl)(4-((4-

methylpiperazin-1-yl)methyl)phenyl)methanone 

1o: (4-amino-3-hydroxyphenyl)(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxyphenyl)-1H-

1,2,4-triazol-1-yl)methanone 

1p: 4-(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazole-1-carbonyl 

)benzamide 

1q: (3-amino-4-hydroxyphenyl)(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxyphenyl)-1H-

1,2,4-triazol-1-yl)methanone 

1r: 4-(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazole-1-carbonyl 

)piperidine-1-carboxamide 

1s: methyl 4-(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazole-1-

carbonyl)piperidine-1-carboxylate 

1t: (3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-triazol-1-

yl)(4-((4-methylpiperazin-1-yl)methyl)phenyl)methanone 

1u: (4-amino-3-hydroxyphenyl)(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxy-6-methyl 

phenyl)-1H-1,2,4-triazol-1-yl)methanone 
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1w: 4-(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-triazole-1-

carbonyl)benzamide 

1x: (3-amino-4-hydroxyphenyl)(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxy-6-methyl 

phenyl)-1H-1,2,4-triazol-1-yl)methanone 

1y: 4-(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-triazole-1-

carbonyl)piperidine-1-carboxamide 

1z: methyl 4-(3-(bis(4-chlorophenyl)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-

triazole-1-carbonyl)piperidine-1-carboxylate 

 

10.2.3. Compound structures of Series-2 (scheme-1) 

 

FIGURE 33. Structures of the compounds from Series-2 (scheme-1)-A 
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FIGURE 34. Structures of the compounds from Series-2 (scheme-1)-B 
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10.2.4. Compound characterization of Series-2 (scheme-1) 

Compound Molecular 

Weight 

% Yield  M. P Rf 

1n 656.60 62 275-278 0.67 

1o 575.44 68 232-235 0.66 

1p 587.45 56 235-237 0.71 

1q 575.44 59 230-232 0.64 

1r 594.49 61 241-244 0.73 

1s 609.50 66 248-250 0.61 

1t 670.63 72 281-283 0.59 

1u 589.47 63 238-241 0.63 

1w 601.48 73 243-245 0.70 

1x 589.47 60 240-242 0.72 

1y 608.51 67 246-249 0.58 

1z 623.53 55 251-253 0.67 
 

TABLE 10. Physical characteristics of the compounds from Series-2 (scheme-1) 

 

 

10.3. Series-3 (Scheme-1) 

10.3.1. Starting material for Series-3 (scheme-1)  

 

FIGURE 35. Structure of 2,2-bis(2-chlorophenyl)-2-hydroxyacetamide 
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10.3.2. Compound details of Series-3 (scheme-1) 

1A: tert-butyl 4-(3-(bis(2-chlorophenyl)(hydroxy)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-

triazole-1-carbonyl)-3-oxopiperidine-1-carboxylate 

1B: (3-(bis(2-chlorophenyl)(hydroxy)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazol-1-

yl)(4-(3-(methylsulfonyl)propyl)piperazin-1-yl)methanone 

1C: (3-(bis(2-chlorophenyl)(hydroxy)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazol-1-

yl)(4-(piperazin-1-ylmethyl)phenyl)methanone 

1D: (3-(bis(2-chlorophenyl)(hydroxy)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazol-1-yl) 

(piperidin-4-yl)methanone 

1E: (3-(bis(2-chlorophenyl)(hydroxy)methyl)-5-(2,4-dimethoxyphenyl)-1H-1,2,4-triazol-1-

yl)(4-hydroxy-3-nitrophenyl)methanone 

1F: tert-butyl 4-(3-(bis(2-chlorophenyl)(hydroxy)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-

1H-1,2,4-triazole-1-carbonyl)-3-oxopiperidine-1-carboxylate 

1G: (3-(bis(2-chlorophenyl)(hydroxy)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-

triaz ol-1-yl)(4-(3-(methylsulfonyl)propyl)piperazin-1-yl)methanone 

1H: (3-(bis(2-chlorophenyl)(hydroxy)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-

triaz ol-1-yl)(4-(piperazin-1-ylmethyl)phenyl)methanone 

1J: (3-(bis(2-chlorophenyl)(hydroxy)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-

triaz ol-1-yl)(piperidin-4-yl)methanone 

1K: (3-(bis(2-chlorophenyl)(hydroxy)methyl)-5-(2,4-dimethoxy-6-methylphenyl)-1H-1,2,4-

triaz ol-1-yl)(4-hydroxy-3-nitrophenyl)methanone 
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10.3.3. Compound structures of Series-3 (scheme-1) 

 

FIGURE 36. Structures of the compounds from Series-3 (scheme-1) 
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10.3.4. Compound characterization of Series-3 (scheme-1) 

Compound Molecular 

Weight 

% Yield  M. P Rf 

1A 681.56 78 290-293 0.76 

1B 688.62 73 296-298 0.75 

1C 658.57 79 277-280 0.68 

1D 567.46 65 241-243 0.66 

1E 621.42 72 260-262 0.73 

1F 695.59 69 302-305 0.70 

1G 702.65 67 304-307 0.65 

1H 672.60 71 286-288 0.71 

1J 581.49 65 248-250 0.64 

1K 635.45 68 265-268 0.63 
 

TABLE 11. Physical characteristics of the compounds from Series-3 (scheme-1) 
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10.2. Route of synthesis for lead compound 2a (Scheme-2) 

Preparation of the final compounds (scheme-2) is simply two steps process. In the course of 

reaction, acid reacted with thiosemicarbazide in the presence of POCl3 to gives 1,3,4-thiadiazole 

derivatives. Later on, reaction of substituted benzyl halide with 1,3,4-thiadiazole forms the final 

compound.  

In the study, lead compounds (scheme-2, series-1) found as highly active molecule and it is 

tested for biological activity. 

 

FIGURE 37. Scheme-2 for the synthesis of lead compound 2a  

 

Mechanism:  

Reaction of acid with POCl3 generate the acetyl chloride derivative as reaction intermediate. 

Thiosemicarbazide bearing a nitrogen which has a lone pair of the electrons, that’s why it acts 

as negative centre. In next step, thiosemicarbazide as a nucleophile and attack on the positive 

centre of the acetyl chloride derivative. 

This nucleophilic attack on positive centre of acetyl chloride derivative, causes the internal 

electron shifting. Process of internal electron shifting produces the various intermediates. 

Finally reaction is completed by internal re-arrangement and cyclization, which gives the 1,3,4-

thiadaazole derivative as product.  
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FIGURE 38. Mechanism of the 1,3,4-thiadaazole formation[177] 

 

10.1.1. Starting material for Series-1 (scheme-2)  

 

FIGURE 39. Structure of 2,2-bis(4-chlorophenyl)acetic acid 

 

10.1.2. Compound details of Series-1 (scheme-2) 

2a: 5-(bis(4-chlorophenyl)methyl)-N-(4-methoxy-2-methylphenyl)-1,3,4-thiadiazol-2-amine 

2b: 5-(bis(4-chlorophenyl)methyl)-N-(2,6-dimethoxyphenyl)-1,3,4-thiadiazol-2-amine 

2c: 5-(bis(4-chlorophenyl)methyl)-N-(2-methoxy-5-methylphenyl)-1,3,4-thiadiazol-2-amine 

2d: 4-((5-(bis(4-chlorophenyl)methyl)-1,3,4-thiadiazol-2-yl)amino)-2-ethoxyphenyl acetate 
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10.1.3. Compound structures of Series-1 (scheme-2) 

 

FIGURE 40. Structures of the compounds from Series-1 (scheme-2) 

 

10.1.4. Compound characterization of Series-1 (scheme-2) 

Starting material 

Crystalline white. IR (KBr): 3018.70 (Ar, C-H), 1699.34 (COOH, C=O), 1494.88 (Ar, C=C), 

698.25 (C-Cl) cm-1 

Compound 2a  

Pale yellow. 73 % yield, m.p. 182-185 °C (lit), TLC (eluent: chloroform/methanol. 90 : 10 v/v). 

70 : 30 v/v) Rf : 0.81, IR (KBr): 2833.52 (CH3, C-H), 1681.98 (N-H), 1247.99 (Ar, C=N), 

1176.62 (OCH3, C-O), 1026.16 (Ar, C-S), 810.13 (C-Cl) cm-1, 1H NMR (400 MHz, DMSO) 

δH (ppm): 2.353 (03H, CH3), 3.753 (03H, OCH3), 5.338 (01H, CH), 5.738-5.765 (01H, NH), 

6.550-7.196 (11H, Ar-H), MS (EI, 70 eV) m/z: 459.2 [M+3]+, 457.3 [M+1]+, 359.4, 341.4, 

331.4, 313.5   

Compound 2b 

Yellow. 66 % yield, m.p. 188-190 °C (lit), TLC (eluent: chloroform/methanol. 90 : 10 v/v). 70 

: 30 v/v) Rf : 0.87, IR (KBr): 1510.31 (N-H), 1334.78 (Ar, C=N), 1145.75 (Ar, C-S), 1024.24 

(OCH3, C-O) cm-1, 1H NMR (400 MHz, DMSO) δH (ppm): 2.594 (06H, OCH3), 3.376 (01H, 
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NH), 5.680 (01H, CH), 7.011 (03H, Ar-H), 7.011 (01H, Ar-H), 7.264-7.753 (07H, Ar-H), MS 

(EI, 70 eV) m/z: 472.06 [M]+, 359.17, 321.00, 240.19, 193.15  

Compound 2c 

Light brown. 59 % yield, m.p. 191-193 °C (lit), TLC (eluent: chloroform/methanol. 90 : 10 v/v). 

70 : 30 v/v) Rf : 0.90, IR (KBr): 3051.49 (CH3, C-H), 1685.84 (N-H), 1352.14 (Ar, C=N), 

1118.75 (Ar, C-S) cm-1, 1H NMR (400 MHz, CDCl3) δH (ppm): 2.457 (03H, CH3), 3.389 

(03H, OCH3), 3.624 (01H, NH), 5.618 (01H, CH), 6.774-6.801 (03H, Ar-H), 7.153-7.738(08H, 

Ar-H), MS (EI, 70 eV) m/z: 457.01 [M+1]+, 456.06 [M]+, 330.04, 279.18, 244.00 

Compound 2d 

Light brown. 64 % yield, m.p. 202-205 °C (lit), TLC (eluent: chloroform/methanol. 90 : 10 v/v). 

70 : 30 v/v) Rf : 0.84, IR (KBr): 1616.40 (OCOCH3, C=O), 1572.04 (N-H), 1321.28 (Ar, C=N), 

1112.96 (Ar, C-S) cm-1, 1H NMR (400 MHz, DMSO) δH (ppm): 1.277 (03H, CH3), 2.416 

(03H, CH3), 3.452 (02H, CH2), 3.452 (01H, NH), 5.794 (01H, CH), 7.093-7.117 (03H, Ar-H), 

7.264-7.973 (05H, Ar-H), 8.189-8.259 (03H, Ar-H), MS (EI, 70 eV) m/z: 513.02 [M-1]+, 

460.11, 386.05, 166.09 

 

 

10.3. Series-2 (Scheme-2) 

10.1.1. Starting material for Series-2 (scheme-2)  

 

FIGURE 41. Structure of 2,2-bis(2-chlorophenyl)-2-hydroxyacetamide 
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10.1.2. Compound details of Series-2 (scheme-2) 

2A: bis(2-chlorophenyl)(5-((4-methoxy-2-methylphenyl)amino)-1,3,4-thiadiazol-2-

yl)methanol 

2B: bis(2-chlorophenyl)(5-((2,6-dimethoxyphenyl)amino)-1,3,4-thiadiazol-2-yl)methanol 

2C: bis(2-chlorophenyl)(5-((2-methoxy-5-methylphenyl)amino)-1,3,4-thiadiazol-2-

yl)methanol 

2D: 4-((5-(bis(2-chlorophenyl)(hydroxy)methyl)-1,3,4-thiadiazol-2-yl)amino)-2-ethoxyphenyl 

acetate 

 

 

10.1.3. Compound structures of Series-2 (scheme-2) 

 

FIGURE 42. Structures of the compounds from Series-2 (scheme-2) 
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10.1.4. Compound characterization of Series-2 (scheme-2) 

Compound Molecular 

Weight  

 

% Yield M.P Rf 

2A 472.39 63 184-186 0.84 

2B 488.39 67 193-196 0.81 

2C 472.39 71 186-189 0.86 

2D 530.42 69 214-216 0.91 
 

TABLE 12. Physical characteristics of the compounds from Series-2 (scheme-2) 

 

10.3. Series-3 (Scheme-2) 

10.1.1. Starting material for Series-3 (scheme-2)  

 

FIGURE 43. Structure of 2,2,2-triphenylacetic acid 

 

10.1.2. Compound details of Series-3 (scheme-2) 

2aa: N-(4-methoxy-2-methylphenyl)-5-trityl-1,3,4-thiadiazol-2-amine 

2bb: N-(2,6-dimethoxyphenyl)-5-trityl-1,3,4-thiadiazol-2-amine 

2cc: N-(2-methoxy-5-methylphenyl)-5-trityl-1,3,4-thiadiazol-2-amine 

2dd: 2-ethoxy-4-((5-trityl-1,3,4-thiadiazol-2-yl)amino)phenyl acetate 
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10.1.3. Compound structures of Series-3 (scheme-2) 

 

FIGURE 44. Structures of the compounds from Series-3 (scheme-2) 

 

10.1.4. Compound characterization of Series-3 (scheme-2) 

Compound Molecular 

Weight 

 

% Yield  M.P Rf 

2aa 463.59 56 171-173 0.85 

2bb 479.59 52 190-193 0.93 

2cc 463.59 59 176-178 0.88 

2dd 521.63 53 210-213 0.90 
 

TABLE 13. Physical characteristics of the compounds from Series-3 (scheme-2) 
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11.1. INTRODUCTION 

The in vitro determinations of toxic effect of compounds on viable cells have been popular in 

drug development studies and is performed by various methods like, measurement of 

radioisotope incorporation as a measure of DNA synthesis (or) counting viable cells by 

automated counters (or) by vital dye staining viability method (MTT assay) [178]. Since the 

method relying on redox reaction of MTT dye proportional to the cellular activity is accurate by 

yielding reproducible results, cheaper and easy to perform, it is a classical standard. The MTT 

system is a mean of measuring the activity of living cells via mitochondrial dehydrogenases. 

The key component 3-[4, 5-dimethylthiazol-2- yl]-2, 5-diphenyl tetrazolium bromide or MTT, 

is a water soluble tetrazolium salt yielding a yellowish solution when prepared in media or salt 

solutions lacking phenol red [179]. 

 

11.2. PRINCIPLE 

Mitochondrial dehydrogenase enzymes of viable cells cleave the tetrazolium ring in MTT and 

converts to a water insoluble purple formazan. Which can be solubilized using DMSO, acidified 

isopropanol or other solvents (Pure propanol or ethanol) and the resulting purple solution is 

spectrophotometrically measured [180]. An increase or decrease in cell number results in a 

concomitant change in the amount of formazan formed, indicating the degree of cytotoxicity 

caused by the test material. 

 

FIGURE 45. Principle of MTT assay 
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11.3. MATERIALS & METHODS 

(1) MTT reagent procured from M/s. Merck (the solution is filtered through a 0.2μm filter 

and stored at 2 to 8°C for frequent use or frozen for extended periods) 

(2) DMSO procured from M/s. Merck 

(3) DMEM, FBS, Trypsin procured from M/s. Himedia. 

(4) Standard drug, Cisplatin procured from M/s. TCI Chemicals 

(5) A549 cells procured from NCCS, Pune 

 

11.3.1. Instruments Employed 

(1) CO2 incubator (2) Micro Plate reader (3) Inverted microscope (4) Refrigerated centrifuge 

 

11.3.2. Preparation of Test solutions 

As per information obtained from client/user, the given sample was 1g. For Anticancer studies, 

serial two-fold dilutions (3.125 to 100μg/ml) were prepared in DMSO and tested. 

 

11.3.3. Cell lines and Culture medium 

The cell line A549 procured from the NCCS, were maintained in DMEM medium supplemented 

with 10% FBS, penicillin 100 IU/ml and streptomycin 100 μg/ml. The cell was maintained at 

37°C in a humidified atmosphere 95% containing 5% CO2. The cell was dissociated with TPVG 

solution (0.2 % trypsin, 0.02 % EDTA, 0.05 % glucose in PBS). The viability of the cells was 

checked and centrifuged. Further 50,000 cells/well were seeded in a 96-well plate and incubated 

for 24 hrs. at 37°C, 5% CO2 incubator. 
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11.3.4. Procedure 

The monolayer cell culture was trypsinized and the cell count was adjusted to 1.0 x 105 cells/ml 

using respective media containing 10% FBS. To each well of the 96 well microtiter plate, 100μl 

of the diluted cell suspension containing 50,000cells/well were added. After 24h, when a partial 

monolayer was formed, the supernatant was decant, washed once with the medium and 100μl 

of different test concentrations of test compound/drug were added. The plate was then incubated 

at 37°C for 24h in 5% CO2 atmosphere. After incubation the test solutions in the wells were 

discarded and 100μl of MTT (5mg/10ml of MTT in PBS) was added to each well. The plate 

was then incubated for 4h at 37°C in 5% CO2 atmosphere. The supernatant was removed and 

100μl of DMSO was added and the plate was gently shaken to solubilize the formed formazan. 

The absorbance at the wavelength, 570nm was measured using a microplate reader [181]. The 

percentage growth inhibition was calculated using the following formula and concentration of 

test drug needed to inhibit cell growth by 50% (IC50) values is generated from the dose-response 

curves for each cell line. 

 

11.3.4.1. IC50 value 

The half maximal inhibitory concentration (IC50) is a measure of the effectiveness of a 

compound in inhibiting biological or biochemical function. This quantitative measure indicates 

how much of a particular drug or compound (inhibitor) is needed to inhibit a given biological 

process (or component of a process, i.e. an enzyme, cell, cell receptor or microorganism) by 

half. 

The IC50 of a drug can be determined by constructing a dose-response curve and examining the 

effect of different concentrations of antagonist on reversing agonist activity. IC50 values can be 

calculated for a given antagonist by determining the concentration needed to inhibit half of the 

maximum biological response. IC50 values for cytotoxicity tests were derived from a nonlinear 

regression analysis (curve fit) based on sigmoid dose response curve [182]. 

The direct Microscopic Observations of Drug Treated Images of Cell lines by Inverted 

Biological Microscope are enclosed with the report. 
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11.4. RESULTS  

4.1 Compound 1a: 

 

The IC50 value of the given sample (compound 1a) and standard (Cisplatin) was found to be 

4.59 µg (7.2742 nM) and 2.45 µg, respectively. The cell death recorded due to apoptosis. 

 

4.2 Compound 1b: 
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The IC50 value of the given sample (compound 1b) and standard (Cisplatin) was found to be 

5.11 µg (7.5972 nM) and 2.45 µg, respectively. The cell death recorded due to apoptosis. 

 

4.3 Compound 2a: 

 

The IC50 value of the given sample (compound 2a) and standard (Cisplatin) was found to be 

4.96 µg (10.868 nM) and 2.45 µg, respectively. The cell death recorded due to apoptosis. 
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12.1. INTRODUCTION 

The synthesized compounds were biologically evaluated based on three parameters: (1) Primary 

evaluation of anti-cancer activity of compound (2) determination of the IC 50 value of the 

compounds (3) To evaluate the p53 re-activation (via MDM2 inhibition) by compounds in 

cancer cells. 

Parameter 1 and 2 have already been discussed in the previous chapter. For the parameter 3, 

there are various methods available to evaluate the MDM2 inhibition (p53-MDM2 interaction 

inhibition) by synthesized small molecules. In this chapter/section, principle of the biochemical 

methods used to evaluate p53 re-activation via MDM2 inhibition are presented. 

 

12.1.1. p53 dependent Apoptosis 

p53 is a powerful anti-tumour protein. p53 induces the apoptosis, cell cycle arrest and 

senescence depending upon the cellular stress (DNA damage, oncogenic activity, ribosomal 

stress, hypoxia and metabolic stress) 

Restoration of wild type p53 protein function by MDM2 inhibition is extremely helpful for 

eradicating established tumours and it does not damage non-transformed cells (specific for 

tumour cells). 

MDM2 inhibition leads to re-activation of p53 function. So, p53 can activates its target genes 

followed by the induction of growth arrest or apoptosis and tumour suppression in-vitro. 

 

12.2. METHOD 

Among all in vitro anti-cancer assays/methods, MTT and Sulforhodamine-B assay are most 

popular for estimating anticancer activity of the compound. Here, we primarily used the MTT 

assay for the study of cellular stress and cellular damage of the tumour cells.  
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12.2.1. Marker of the Apoptosis 

Apoptosis can be characterized by various cellular process like cell shrinkage, membrane 

blebbing, chromosome condensation, nuclear fragmentation, DNA laddering, and the eventual 

engulfment of the cell by phagosomes [183-184]. 

 

12.3. OBSERVATION 

12.3.1. Compound 1a: 
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12.3.2. Compound 1b: 

 

 

12.3.3. Compound 2a: 
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(1) Control sample: Shows the confluent growth of the cells.  

(2) Test sample (compounds): As the concentration of sample increased from 3.125 µg to 100 

µg, cell experiences a stress, and cell death recorded in the form of blebbing and apoptosis. The 

cells also lose the cell-cell contact and resultant into cell senescence, recorded as the 

concentration increases. 

 

 

12.4. RESULT 

Treatment of cancer cell lines (A549) with synthesized compounds, induced prominent growth 

inhibition and induces senescence followed by cell-cycle block. It caused the cell cycle arrest in 

G1 and G2 phases. And S-phase fraction significantly decreased upon treatment with 

compounds. 

Compounds have been shown to induce cell shrinkage and membrane blebbing that eventually 

ends in cell death. Cell cycle arrest and apoptosis are an outcome of high levels of intracellular 

p53 protein and p53-dependent apoptosis in cancer cells. It is results of p53 re-activation via 

MDM2 inhibition.  

Therefore, synthesized compounds (lead molecules) provide strong evidence for the feasibility 

of MDM2 inhibition to rescue p53 function.  
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13. CONCLUSION 

Inhibition of the MDM2 protein activity is prerequisite to reactivate the p53 function and the 

apoptosis. MDM2 Inhibitors causes the reactivation of p53 and leads to trigger the apoptosis in 

cancer cells. It is a promising approach for the treatment of the cancers which are having the 

low levels of TP53 mutations. 

It is known that activation p53 function, offers an effective therapeutic strategy for tumors that 

retains the wild-type p53 and in which the downstream p53 dependent apoptotic signaling is 

preserved. 

Small molecule inhibitors are capable to inhibit this phenomenon (p53-MDM2 interaction). So 

small molecules will reactivate the p53 function and selectively kills the tumour cells (via 

sparing the normal cells). 

The interaction between p53-MD2 proteins in the biological systems, unveils the three pocket 

binding and the p53 side chain topology which must be mimicked by drugs. To mimic the three 

points (Phe19, Trp23, Leu26) of the p53 topology is the key requirement for the successful 

development of the MDM2 inhibitor based novel anti-cancer agents.  

Here, we discussed the design, synthesis and biological evaluation of the novel small molecule 

MDM2 inhibitors. During in-silico study, the synthesized compounds were found to have three 

pockets binding into the MDM2 protein by perfectly mimicking the three residues of p53. With 

compared to Reference compounds (Nutlin 3a and RG7112) compound 1a showed the better 

result in terms of protein binding and binding energy.  

In conclusion to synthetic aspect, we have developed the Greener method for the synthesis of 

amide (intermediate of final compound) under solvent-free condition. In this method, amide has 

been formed directly from the acid and urea in the presence of boric acid as a catalyst. The 

reaction is having the high rate of reaction or shorter reaction time. 

Synthesized compounds were characterized and further evaluated for their biological efficacy. 

MTT assay indicates the good cytotoxic property of the synthesized compound. MDM2 

inhibitory activity of the synthesized compounds were determined by induction of apoptosis in 

the cancer cell line (A549).  
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It has been observed the apoptosis in the cancer cell lines (A549), after treatment with the 

synthesized compounds.  

So, it is concluded that synthesized compounds effectively inhibit the MDM2 protein in cancer 

cell lines (A549). And they have been shown to stabilize p53 protein and facilitate p53-mediated 

selective cancer cell death without obvious toxic effects. 

IC50 values of the synthesized compounds found to be in nano-molar range, so it indicates as 

potent MDM2 inhibition property. 

Data of In-silico study and In-vitro assay, indicates the p53 reactivation via MDM2 inhibition 

by compounds.  

This data has arisen the hope for the lead compound (1a) result into the potent anti-cancer agents. 

Therefore, synthesized compound (lead molecules) appears to be promising as potent and 

selective MDM2 inhibitors (p53-MDM2 interaction inhibitors) and potent anti-cancer agents. 
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