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II.D.A. Introduction 

The acetoxylation of a C–H bond converted into a C–O bond in directly has attracted 

significantly attention in recent years because of its industrially important roles of ester or 

phenol compounds.
1
For examples, both of them are used as key structural motifs in various 

drugs, natural products and carbohydrates. C–H bond activation by transition metal-catalyzed 

is a recent strategy for the step-economical organic synthesis. In numerous biologically 

important molecules, it can be applied for the direct modification without 

prefunctionalization.
2
In 2004, Sanford and co-workers reported acetoxylation of pyridine-

directed of the C–H bond by Pd-catalyzed was first demonstrated.
3
 In a while, Yu et al.

4 

reported a variety of acetoxylations of ortho-aryl C–H bonds by Cu-mediated, which showed 

good efficiency and high regioselectivity. Thereafter, C–H bond activation of several 

directing groups such as amine,
6
 pyridine,

5
 carbonyl

8 
and oxime

7
 have been used to catalyst 

by transition-metal. A broad range of metal act as catalysts, including Rh, Ru, Fe, Pd, and so 

on have been greatly explored for this purpose.
3 

Last few years a series of aromatic ortho-

acetoxylation of C-H bonds have been unfolded. In 2010, Yu and coworkers reported triflate 

ortho C-H acetoxylation protected phenethyl- and phenpropylamines by Pd (II)-catalyzed 

using tert-butyl peroxyacetate as the source of acetate.
5
 Kim group synthesized ortho-

acetoxylation of phosphoric and phosphonic monoacids by Pd (II) catalyzed using PhI(OAc)2 

as the oxidant and acetate reagent.
6 

II.D.B. Present work: Background and Objective 

Literature survey reveals that there is a one and only work on pyridine N-oxide has been 

reported by S Shiotani and co-workers. 
12 

No such works yet to be done on imidazole N-oxide 

for acetoxylation. In 1997, S Shiotani and co-workers reported acetoxylation on pyridine N-

oxide using acetic anhydride by varying time at refluxing condition at various position of the 

substituted pyridine N-oxide.  
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In continuation of our curiosity in the use of greener and mild conditions in imidazole 

chemistry, we have unfolded a first time reported newly synthetic route and solvent-free 

condition for almost quantitative conversion of imidazole N-oxide to 2-Acetoxyimidazole in 

excellent yields.(Scheme II.D.1) The initial compounds imidazole N-oxides are easily 

synthesized by our previously reported method.
13

 The solvent-less protocol is less time-

consuming and greener as it only requires only mixing of the imidazole N-oxide and acetic 

anhydride in a mortar and pestle in the presence of a lewis acid, anhydrous Zinc chloride in 

excess. We have applied for another protocol to synthesis acetoxyimidazole by using 

ammonium acetate heated in an oil bath for 10 mins to get desired product by using column 

chromatoghaphy. After successfully synthesized of these series of acetoxyimidazole 

compounds we have tested the biological activity such as anti-microbial and anti-cancer. 

Anti-microbial activity of these series of compounds does not show good results against both 

gram positive and gram negative bacteria but anti-cancer activity reveals that near about all 

compounds showed cytotoxicity against different cancer cell lines. In vitro analysis of these 

compounds against HEK 293, MCF 7, cancer cell lines in comparison with nomal WRL 68 

cell lines, compound 2h showed a excellent results as compared to others compound that only 

showing activity in cancerous cell upto 65% cytotoxicity but no such effect found in normal 

cell lines. The result was confirmed by fluorescence microscope. To knowing further, we 

have done molecular docking studies of all relevant compounds that indicates the good 

binding ability upto -7.2 binding affinity with various amino acid of the respective cell line 

with help of some weak interaction such as H-bonding, vander-waals attractive force, 

hydrophobic interaction and etc. The bioinformatics studies told that compounds 2c, 2d and 

2h can be treated as a drug for various cancer therapies such as lung, breast, liver, kindey, 

overian. Receptor tyrosine-protein kinase erbB-2 is the cell target where the compounds bind 

mainly.  

Scheme II.D.1. Different routes of acetoxylation for the synthesis of 2-acetoxyimidazole 

derivative. 
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Figure II.D.1: Fluorescence microscope of compound 2h comparison between cancer cell 

line (MCF 7) and normal cell line (WRL 68). 

 

II.D.C. Chemistry studies:  

II.D.C.1. Present work: Result and Discussion 

In general, we started our journey with the intimately mixing the reactants, the imidazole N-

oxide, acetic anhydride and the lewis acid, anhydrous Zinc chloride in an agate mortar and 

pestle. The precursors, imidazole N-oxides were prepared via our previously reported 

procedures under solvent-free conditions. Continuous mixing of the reactants at room 

temperature and then heated on an oil bath for 10–20 minutes at 140°C resulted into good 

conversion and isolation of the products with the help of column chromatoghaphy with high 

yields up to 81%.  

All the compounds were characterized by NMR, FT-IR and mass spectrometry.
 
In the study 

of optimization, a model reaction was conducted for the formation of 2e. The reaction was 

optimized with regards to the amounts of the substrate, temparature and the time for the 

reaction which has been summarized in Table II.D.1.  

We optimized the reaction condition, initially we took the imidazole N-oxide and acetic 

anhydrate at equivalent ratios (1:1) at room temperature for 30 mins, the reaction does not 

show any response. The temperature and time remaining constant, we varied only 

concentration of corresponding substrate, reaction showed slightly improvement (27%, table 

II.D.1, entry 2). With constant reagent concentration with changing time, the reaction yields 

are continuously increases even in decreasing reaction time. After a certain time, reaction did 
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not show much more improvement then we once again varied reagent concentration with 

increasing temperature with constant timing, eventually reaction yields conversion increases 

with reaction condition (77%, table II.D.1, entry 7). Then for further optimization, we 

increased the temperature at 140°C with same reagent concentration in lowering the reaction 

time, it was found that best conversion of this reaction upto 81% (table II.D.1, entry 8) only 

in 10 mins. It was confirmed by further increasing reagent concentration remaining the other 

parameter same, reaction did not show any improvement.  It is evident that the best 

conversion (81% yield) is achieved with 4 equivalent of acetic anhydride  with respect to 

imidazole N-oxide in the presence of slight excess of Zinc chloride and stirring for 10 

minutes at 140°C temperatures. The presence of anhydrous Zinc chloride promotes the 

reactions, since its absence the reaction proceeds with moderate yields (69%). Anhydrous 

Zinc chloride acting as a lewis acid to serve as a catalyst to bind with carbonyl oxygen that 

enhance the electrophilic character of carbonyl carbon of acetic anhydride to facilitate the 

attack by oxide of imidazole N-oxide to produce acetate ion in the reaction intermediate. That 

acetate ion acted as a nucleophile to attack the corresponding C-2 position of imidazole N-

oxide being an electron deficient centre.   

Table II.D.1: Optimized table for acetoxylation of imidazole N-oxide
a
(2e) by acetic 

anhydride 

 

Entry Reagent(equiv) Temp (°C) Time (min) Yield (%)
b
 

            1            1           RT          30           ND 

            2            2           RT          30           27 

            3            2           50          20           49 

            4            2           80          20           57 

            5            3           80          20           67 

            6            4           80          20           72 

            7            4          120          20           77 

            8            4          140          10           81
c
 

            9            5          140          10           81 
a
Reactant (1 mmol),                      

b
Isolated Yield,               

c
Optimized reaction condition 

 

After achieving the optimization, the scope of variation of substrates was examined. At first, 

we applied these optimized reaction conditions to the various functionalized aryl ring and 

aliphatic system as well as fused ring also, a variety of 2-acetoxyimidazoles derivatives were 

synthesized using acetic anhydride under solvent-free protocol (Table II.D.2). It was 

examined that the presence of electron- donating groups such as –Me, –OMe, at different 
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position of the N-phenyl ring afforded the product in 69-75% (Table II.D.2, entries 2b, 2c, 

2d). Alternatively, the presence of electron-withdrawing groups such as –Cl and –Br, gave 

slightly better yields and in the range of 78-81% yields (Table II.D.2, entries 2e, 2f). 

However, the results could be discussed on the basis of electron deficiency (electrophilicity) 

at the C-2 position of the imidazole ring system. In the presence of electron-withdrawing 

groups at the imidazole ring system, eletrophilicity increases rapidly that facile the 

nucleophilic attack at the C-2 position. We also continued the reaction with a bulky 

naphthalene ring in the imidazole N-oxide, which also afforded a good to excellent 

conversion (81%, Table II.D.2, entry 2g). Further derived a diverse application of this 

protocol was carried out with benzyl group, which worked quite slightly but afforded the 

required product in relatively lower yield (69%, Table II.D.2, entry 2h). The reaction was 

also carried out efficiently with n-butyl group (an aliphatic substituent) yielding the desired 

2-acetoxyimidazole (65%, Table II.D.2, entry 2i).  

 

Table II.D.2: Scope of various imidazole N-oxide in the synthesis of substituted 2-

acetoxyimidazole
a
 by varying time 

Entry Imidazole N-oxide 

(1) 

Acetic 

Anhydride 

Temp 

(°C) 

Time 

(min) 

Product (2) Yield 

(%) 

 

 

 

1 

 
 

 

 

 

 

 

 

140°C 

 

 

 

10 

 

 

 

 

79 

 

 

 

2 

 
 

 

 

 
 

 

 

 

 

140°C 

 

 

 

15 

 

 

 

 

73 
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3 

 
 

 

 

 

 

 

 

140°C 

 

 

 

15 

 

 

 

 

75 

 

 

 

4 

 
 

 

 

 

 

 

 

140°C 

 

 

 

20 

 

 

 

 

69 

 

 

 

5 

 
 

 

 

 

 

 

 

140°C 

 

 

 

10 

 

 

 

 

81 

 

 

 

6 

 
 

 

 

 

 

 

 

140°C 

 

 

 

10 

 

 

 

 

78 

 

 

 

7 

 
 

 

 

 

 

 

 

140°C 

 

 

 

10 

 

 

 

 

81 
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8 

 

 

 
 

 

 

 

 
 

 

 

 

140°C 

 

 

 

10 

 
 

 

 

 

69 

 

 

 

9 

 
 

 

 

 

 

 

 

140°C 

 

 

 

15 

 

 

 

 

65 

 

II.D.C.2. Mechanism 

Here we proposed the plausible mechanism analogous to that of cine substitution, initially 

imidazole N-oxide activated to binds with Zinc chloride to lowering the polarity reacts with 

carbonyl carbon of acetic anhydride which is also activated by Zinc chloride to form N-

acetate imidazolium species (3).  Being activated the C-2 position of N-substituted 

imidazolium species (3), the acetate ion which is produced during reaction attacks as a 

nucleophile to the C-2 position formation of a reactive intermediate (4). The hydrogen atom 

at C-2 position, being now more acidic which is easily eliminated along with acetate group to 

produces derivatives of 2-acetoxyimidazole as a desired product (2).  

  

 

 Scheme II.D.2. Plausible mechanisms for solvent-free synthesis of substituted 2-

acetoxyimidazole. 
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II.D.D. Biological Studies:  
 

II.D.D.1. Anti-microbial study of substituted 2-acetoxyimidazoles 

In our anti-bacterial studies, we have found the antimicrobial activities against gram negative 

(E.coli K12 MTCC1265 and Pseudomonas fluorescencs MTCC 103) or gram positive 

(Staphylococcus Aureus MTCC1144, and Bacillus Subtilis MTCC1305) bacteria. Seven  

compounds out of total acetoxyimidazole compounds exhibited antimicrobial activities 

against gram negative or gram positive bacteria, especially E.coli K12 (gram negative) and 

Staphylococcus Aureus (gram positive) bacteria. 2a and 2g compounds do not respond any 

antimicrobial activity. Compound 2d, 2f and 2i are also quite sensitive against E.coli K12 

(gram negative) bacteria. All MIC (µg/ml) values of the entire compounds are shown in 

Table II.D.3.   

Table II.D.3: MIC (µg/ml) values of the substituted 2-actoxyimidazole compounds  

Compounds 

Code 

Bacillus Subtilis 

(MTCC1305) 

Staphylococcus 

Aureus 

(MTCC1144) 

Pseudomonas 

fluorescencs 

(MTCC 103) 

E.coli K12 

(MTCC1265) 

 

2a --- --- --- --- 

2b --- --- --- 1000 

2c --- 1000 --- 750 

2d --- 1000 --- 500 

2e --- --- --- 1000 

2f --- 1000 --- 500 

2g --- --- --- --- 

2h --- 800 --- 800 

2i --- --- --- 500 

 
II.D.D.1.2. In-vitro Results and Discussion  

In biological system, drug availability at the target site is very important and longer time stay 

in the cell affect viability. However, excretion is also important for any drug. So, we have 

chosen normal human liver cell line (WRL-68) for our experiments because all drugs will 

pass through to liver to spread in human body. We were also interested to see the effect on 

compounds on cancerous cell i.e. we have taken human breast adenocarcinoma cell line 

(MCF-7) because this is an important cancer disease nowadays. 

Till date, the various studies by using various combinations of drugs have been tested on only 

the cancerous cells. Similar work on any normal cells has not been yet reported. The 
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treatment bears quite satisfactory results for cancer cells but its effect on normal cells are not 

known. With such combination treatments the normal cells are expected to suffer more than 

the cancerous cells. So we wanted to make a comparative analysis using both cancer cells on 

one hand and normal cells on the other.  

Firstly we wanted to check the effects of chemical compunds on both the cancer and normal 

cells at various cellular levels, such as mitochondria, lysosomes, DNA, protein, reproductive 

viability and also whether compound is toxic to the cells or not. We treated both the cells 

(cancer and normal) with chemical compounds by increasing the concentration of complexes 

from 50 to 250µg/ml. Then, firstly performed the MTT assay to see the effect of synthetic 

compounds on the viability of cells. It is known that mitochondria are responsible for the 

production of ATP in cells, which is responsible for the cellular metabolism. So we wanted to 

assess the effect of 2a to 2i series at the mitochondrial level.   

MTT assay measures the reduction of yellow 3-(4,5-dimethythiazol-2-yl)-2,5-  diphenyl 

tetrazolium bromide (MTT) by the enzyme mitochondrial succinate dehydrogenase. The 

MTT enters the cells and passes into the mitochondria where it is reduced to an insoluble, 

coloured (dark purple) formazan product. The cells are then solubilised with an organic 

solvent and the released, solubilised formazan reagent is measured. Since reduction of MTT 

can only occur in metabolically active cells, thus the level of activity of the mitochondria can 

be measured by this assay. 

We observed the differences in the level of activity of the mitochondria of the overall cells 

(cumulative effects) with respect to the normal cells. We observed that after treating with 2a 

to 2i the cytoxicity increase in both normal as well as cancer cell, the level of toxicity 

increase in the MCF-7 cell lines and also affect the WRL-68 cell lines (Figure II.D.2). 
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Figure II.D.2. Effect of chemical compounds on cell viability in respect of diluent DMSO.  

MTT assay were performed with MCF 7 and WRL-68 cells with increasing concentration of 

compounds.  Percentage of cytotoxicity was calculated in respect of DMSO treated cells. Bar 

graph representations cell cytotoxicity data as determined by MTT assay.   
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Indicating that due to the increasing concentration of complex in the cells, the normal 

cells try to adapt and the environment upto certain level and produce more energy for the 

cellular metabolism which is required for their survivality whereas the cancer cells also try to 

survive but the activity of mitochondrial enzyme is decreasing may be due to the occurrence 

of mitophagy, which is also a survival strategy adopted by cells in response to any stress. We 

observed that 2h did not show any toxicity to normal cell lines.  

 

It was interesting result, so, we further studied mother compound to understand the effect of 

mother compound and its derivatives.  We have not found any cytotoxicity in mother 

componds and its derivatives. 
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Figure II.D.2. Effect of chemical compounds on cell viability in respect of diluent DMSO.  

MTT assay were performed with MCF 7 and WRL-68 cells with increasing concentration of 

compounds.  Percentage of cytotoxicity was calculated in respect of DMSO treated cells. Bar 

graph representations cell cytotoxicity data as determined by MTT assay.  

 

 It was surprising result and raised questions in our mind than why 2h compound could have 

cytotoxcity only to cancerous cells.  So, we have performed fluorescence based assay because 

2h compound have fluorescence property and give emission spectra. Results were according 

to our expectation it did not enter in the normal cell because of highly active membrane 

whereas 2h compound enter in cancerous cell because of high speed proliferation and uptake 

2h compound easily. There was no fluorescence in WRL-68 cell line whereas green colour 

fluorescence observed in MCF-7 cell line.  
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Figure II.D.3. Membrane invading property of chemical compound wad observed by 

Fluorescence property:- Fluorescent image of MCF 7 and WRL-68  cells were seen in the 

presence of compounds under fluorescence microscope, 10X magnification. There was no 

fluorescence measured in WRL-68 cells. 

 

Cellular metabolism is also responsible for production of toxin when comes in contact of 

foreign particles which takes part in cell proliferation, cell activation. This mechanism also 

affects cell shape, size, and attachment to the surface in case of adherent cells.  Cellular 

responses were measured in 2h treated cells by morphological assessment assay and 

compared it with untreated cells. Cells were healthy and in proper shape and size like control 

shown in Figure II.D.4. Cells were properly attached to substratum and vacuoles were in 

normal in size. The numbers of cells were increased as compared to control which indicated 

non toxic effect of 2h on WRL-68 cell proliferation whereas it affects proliferation of 

cancerous cells MCF-7.  



II.RESULTS AND DISCUSSION 

 

128 

 

 

Figure II.D.4:- Morphological assessment Assay:- Observation effect of  2h compound on 

cellular metabolism in human breast cancer cell line (MCF-7) and comparison with hepato 

cellular cell line (WRL-68).  

 

Here, we used 2 cell lines- MCF-7 (cancer) cell lines and wrl-68 (normal) cell lines. MCF-7 

is a well differentiated breast carcinoma cell line. The MCF-7 cell line is an immortal cell 

line, tumorigenic cells, and are adherent in nature.  The doubling time is approximately 36 

hours. WRL 68 - the human hepatic cell line WRL 68 exhibits a morphology similar to 

MCF-7 and hepatic primary cultures. It is epithelial-like and are adherent in nature.  Firstly 

we intended to see the effect of synthetic compunds on both normal and cancer cell lines at 

various cellular levels. MTT assay was done to see the effect of compounds at the 

mitochondrial level. We observed the activity of the mitochondrial enzyme-succinate 

dehydrogenase, thus observing the activity of the mitochondria. Any effect on the 

morphology of the cells were also analysed by the morphological assessment assay.  

We observed that the effect of this 2h only on the cancer cell and normal cell lines are almost 

similar. 2h has been presented as excellent synthetic compound. The cytotoxicity profile of 

the compound measured via Cell culture, MTT assay in normal human hepato cell line 

(WRL-68) showed that the particles are nontoxic and have toxic effect on MCF-7 and may be 

useful for pertinent drug delivery and other biomedical applications. So, it’s better to explore 
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more and more about 2h compound and keep it for future cancer therapeutics. This is 

expected to increase the drug efficacy by more study. This will hopefully provide a future 

direction for using the non-toxic synthetics products for the cancer therapeutics rather than 

the previously existing treatment.  

II.D.D.1.3. Bioinformatics Results and Discussion  

On the basis of our in-vitro studies, we have chosen the best five compounds for 

bioinformatics study to knowing the binding pattern as well as for cell target and want to see 

the compared study with various cancer cell proteins. However, 2f compound failed to bind 

with most of the cancer specific proteins. Docking studies of five selected compounds with 

receptors predicted from Swiss Target Prediction server showed that, most of the trans-

membrane proteins are acting as good receptor for our ligand compounds. The drug ability 

nature of our studied compound was found out by using Lipinski rule which is summaries in 

table II.D.4.  

Table II.D.4: Physio-chemical properties of all the five compounds abide by the Lipinski 

Rule of Five. 

ligand Molecular    

mass 

(Dalton) 

Hydrogen 

bond donor 

Hydrogen 

bond 

acceptors 

logP Molar 

Refractivity 

2c 260 0 4 2.613640 71.061989 

2f 310 0 3 1.810780 64.207993 

2a 230 0 3 2.605040 64.509987 

2b 244 0 3 2.913460 69.246986 

2h 244 0 3 2.473540 68.553986 

 

This all molecules followed the Lipinski rule of five and thus can be used as drug for 

medicinal purpose. The binding energies of five compounds with different target proteins 

were found out using various techniques (table II.D.5a, 5b).  

 



II.RESULTS AND DISCUSSION 

 

130 

 

Table II.D.5a: Binding affinities with cancer proteins. 

 Binding Affinity (Kcal/mol) 

 

Molecules 

3U9U 

(Breast 

cancer 

protein) 

4J96 

(Cervical 

cancer 

protein) 

4DD8 

(Liver 

cancer 

protein) 

1X2R 

(Lung 

cancer 

protein) 

2NS2 

(Ovarian 

cancer 

protein) 

1GS4 

(Prostate 

cancer 

protein) 

 
2c -6.2 -6.4 -4.4 -4.8 -4.3 -5.0 

2f -4.4 -3.3 -3.8 -5.0 -4.7 -4.9 

2a -6.8 -7.2 -6.6 -6.5 -5.6 -6.5 

2b -6.7 -6.3 -5.6 -6.8 -5.9 -5.9 

2h -6.6 -5.2 -5.3 -7.2 -6.5 -6.2 

 

Table II.D.5b: Binding affinities with predicted receptor proteins. 

Ligand molecule Predicted Receptor molecule PDB id Binding affinity (kcal/mol) 

 

 

2c 

Cytochrome P450 1og2 -5.0 

Fatty-acid amide 

hydrolase 1 

3qj8 -5.0 

Microtubule associated 

protein tau 

4tqe -5.1 

 

2f 

Fatty-acid amide 

hydrolase 1 

3qj8 -5.3 

 

 

2a 

Dual specificity 

protein kinase CLK1 

5j1v -6.5 

Dual specificity 

protein kinase CLK2 

3nr9 -5.5 

Fatty-acid amide 

hydrolase 1 

3qj8 -6.1 

 

 

2b 

Microtubule associated 

protein tau 

4tqe -6.1 

Cannabinoid receptor 1 5tgz -6.0 

Fatty-acid amide 

hydrolase 1 

3qj8 -5.8 

 

 

 

2h 

Receptor tyrosine-protein 

kinase erbB-2 

2a91 -7.1 

ERBB4 intracellular domain 3u7u -6.1 

Sodium-dependent  serotonin 

transporter 

5i6z -6.2 
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Table II.D.5a clearly reveals that, 2c, 2a, 2b and 2h have good binding affinities against 

breast, liver, lung, prostrate, ovarian and cervical cancer proteins. 

        

   

  

  

Figure II.D.5: Docking of 2c, 2a, 2b, 2h (top to bottom) with cervical cancer protein and 

their interaction with amino acids. 
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Figure II.D.6: Docking of 2c, 2a, 2b, 2h (top to bottom) with breast cancer protein and their 

interaction with amino acids.   
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Figure II.D.7: Docking of 2c, 2a, 2b, 2h (top to bottom) with liver cancer protein and their 

interaction with amino acids.  
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Figure II.D.8: Docking of 2c, 2a, 2b, 2h (top to bottom) with lung cancer protein and their 

interaction with amino acids.          
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Figure II.D.9: Docking of 2c, 2a, 2b, 2h (top to bottom) with ovarian cancer protein and 

their interaction with amino acids.  
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Figure II.D.10: Docking of 2c, 2a, 2b, 2h (top to bottom) with prostrate cancer protein and 

their interaction with amino acids.  
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It has been revealed that, fatty acid amide hydrolase (FAAH) is an important protein having 

good binding affinity to most of the compounds. This particular protein is very important for 

endo-cannabinoid signaling system. Previous studies have proved that FAAH protein 

expression markedly varies between the prostate cancer cell and normal prostate cells.
14

 In 

prostrate cancer cells (LNCaP,DU-145,PC-3) the level of FAAH elevates than normal. 

Furthermore, the elevation of FAAH among different prostate cancer cell line varied. For 

instance, in LNCaP the FAAH level was more than that of DU-145 and PC-3. Interestingly, 

PC-3 and DU-145 cells after treatment with anandamide undergo apoptosis whereas  LNCaP 

cells are resistant to suchtreatment. This may be due to the higher rate of FAAH induced 

anandamide hydrolysis.
15

 Thus, we may hypothesise that, regulation of FAAH can control the 

onset of prostate or other tissue specific cancer and can also trigger the treatment induced 

apoptosis. Since, most of our synthetic compounds have shown good binding affinities with 

FAAH protein, we may say that, these compounds have some regulatory role on the 

aforementioned protein.  
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Figure II.D.11: Docking of 2c, 2a, 2h (top to bottom) with fatty acid amide hydrolase protein 

and their interaction with amino acids.   

 

Another important receptor protein for our compounds was microtubule associated protein 

tau. This protein is also very important in prostate cancer and breast cancer physiology. It has 

been proved that, sensitivity of breast cancerous cells towards paclitaxel (a drug) increase 

with down regulation of tau protein.
16

 Actually, low tau level renders microtubule more 

vulnerable to paclitaxel. Hence, breast cancer cells become hypersensitive to this drug. The 

low expression of tau protein can thus be used as a marker for paclitaxel sensitivity in breast 

cancer.
17

 In our study, we have found that, 2c and 2b both have can bind to tau protein with 

considerable affinity and except 2f, all other compound bound to the breast cancer protein 

with permissible binding affinity. Hence, we may say that, our compounds can regulate the 

expression of tau protein and make the cancer cells sensitive to medicinal treatment. 

Similarly, elevated expression of cannabinoid receptors (with this receptor 2b showed 

considerable binding score) remains associated with pro-oncogenic signaling and breast 

cancer. They can be used as a biomarker with prognostic value in breast cancer or tumors. 

Regulation of these receptors may help in treatment strategy of cancer.
18

 

Another important receptor with which 2h showed good dock score was receptor tyrosine 

kinase ErbB2 and ErbB4.  Mutation in ErbBr and epidermal growth factor receptor may 

induce many types of cancer and also lead to its progression. They do so by interacting with 

multiple signaling pathways. These receptors have been reported to play a pivotal role in 

breast and lung cancer.
19

 Thus, 2h having considerable binding affinities with tissue specific 

cancer proteins and with ErbB receptors may be used as a therapeutic agent against cancer. 
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Figure II.D.12: Docking of 2h with erbB2 and erbB4 (top to bottom) proteins and their 

interaction with amino acids.   

Thus, the these synthetic compounds under investigation revealed substantial binding 

affinities with tissue specific cancer proteins (breast cancer, lung cancer, liver cancer, ovarian 

cancer, cervical cancer and prostate cancer) along with some other predicted receptor 

molecules which are important in cancer induction and progression. Furthermore, the drug 

ability score of all these five compounds also abide by the Lipinski rule of five. Hence, we 

hypothesise that, these five compounds have a potentiality to combat with cancer cells and 

cure the disease through several means. Their anti-cancer roles have been further evaluated 

through some experiments and validation.  
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II.D.D.1.4. In-vivo toxicity assay of 2h  

In-vivo acute toxicity of compound 2h was studied following standard methods
20

 with 

appropriate modifications. Mice were divided into four groups (n = 6) and fasted overnight 

prior to the experiment. Compound 2h was administered orally at 50, 100, 150 and 200 

mg/kg body weight (bw) dose. The experimental mice were carefully observed for 

development of any clinical or toxicological symptoms at different time-period, 0.5, 2, 4, 8, 

24 and 48 h. 

Observation 

  

In the experimental mice, no signs of mortality were observed up to 200 mg compound 2h 

/kg BW (highest dose used in this study). So, a dosage of 100 mg/kg (low dose) was selected 

for in-vivo experiments. 

II.D.E. Conclusion 

In summary, we have developed an eco-friendly diverse synthetic protocol for the synthesis 

of a series of novel 2-acetoxyimidazole derivatives under solvent-free condition in very short 

span to excellent yield which are shows a potent anti-cancer activity in multiple cancers. In 

this work, we have studied with several biological processes such as in-vitro, bioinformatics 

as well as in-vivo for knowing the activity of that series of compounds. Anti-bacterial activity 

reveals that all of these compounds do not show any significant activity against gram positive 

and gram negative bacteria. Among the series of compounds, here we observed that the effect 

of the 2h compound only on the cancer cell and normal cell lines are almost similar. 2h 

compound has been presented as excellent synthetic compound. So, it’s better to explore 

more and more about 2h compound and keep it for future cancer therapeutics. This is 

expected to increase the drug efficacy by more study. This will hopefully provide a future 

direction for using the non-toxic synthetics products for the cancer therapeutics rather than 

the previously existing treatment.   
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