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Abstract: 

Heterocyclic compounds are of particular interest, especially in the area of medical chemistry. The bulk of contemporary 

drugs do, in fact, include a heterocyclic ring. The seven-atom unsaturated heterocycles known as azepines have one spot 

where a nitrogen atom takes the place of a carbon atom. In a single pot, it is subjected to cyclization and has a fresh 2-

aminophenol substituted for the aromatic ring. A possible skin cancer treatment drug (2VCI), 4,5-diaryl isoxazole Hsp90 

Chaperone inhibitors, are tested insilico docking studies against bromooxazepine derivatives. 
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1.Introduction: 

A unique class of chemicals known as heterocyclic 

compounds has been linked to both natural and 

therapeutic benefits [1, 2]. Chalcone, a derivative of 1,3-

diphenyl-2-propen-1-one, has a preferred structure with 

two aromatic rings connected by an unsaturated, three-

carbon carbonyl system. Chalcones are an easily 

cyclized family of flavonoids that has a wide range of 

structural variations [3]. An amphoteric chemical called 

2-aminophenol acts as a reducing agent. It serves as a 

useful reagent in the synthesis of heterocyclic 

compounds [4]. Oxazepine, a heterocyclic substance, has 

one oxygen atom, one nitrogen atom, and five carbon 

atoms. Oxazepine derivatives are one type of 

heterogeneous nitrogen-containing chemical compound 

that has several medicinal applications [5,6]. The 

relevance of bromosubstituted oxazepine derivatives is 

highlighted. The development of novel methodologies 

based on a multi-component strategy has become an 

increasingly active area of study in order to generate 

physiologically active polysubstituted oxygen structures 

for drug discovery programmes such as bromooxazepine 

derivatives. Molecular chaperones play a significant role 

in maintaining the stability, function, and proper folding 

of various proteins within the cellular environment [7,8]. 

Among them, Hsp90 is crucial for stabilizing and 

transporting tyrosine and serine/threonine kinases, 

which become active when the cell experiences 

genotoxic stress, and are essential for the survival of 

cancer cells. In light of this, several Hsp90 inhibitors are 

currently undergoing phase I/II clinical trials, alongside 

ionizing radiation (IR) or chemotherapeutic agents, with 

the aim of evaluating their potential in combating cancer 
[9-11]. To assess the efficacy of these compounds in 

inhibiting skin cancer development, both in vitro and in 

silico investigations were conducted. 

 

2.Materials and methods 

2.1 Synthesis of Tetrabromochalcone: 

Several heterocyclic compounds, including pyrimidines 
[12], thiazines [13], flavones [14], aziridine aziridine[15], and 

benzofurans [16], have been synthesised using 

bromochalcones as potential intermediates [17]. The 

Scheme comprises two steps that make up the overall 
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schematic representation, detailing the synthesis routes. 

Chalcones (1) were prepared using a water/ethanol 

solution as the reaction medium. The synthesis involved 

the combination of Benzaldehyde with acetone, 

followed by the addition of sodium hydroxide and 

stirring the mixture for one hour. This process resulted 

in the formation of Chalcones. On the other hand, 

Bromochalcone (2) was obtained through a different 

procedure. Chalcone was subjected to a reaction with 

liquid Bromine in a chloroform medium. The reaction 

took place in a chilled ice bath and was stirred for two 

hours, with the addition of glacial acetic acid. 

 

 
Figure 1: Schematic diagram 

 

3 Experimental Section: 

3.1 General Methods: 

Thin-layer chromatography (TLC) was utilized to 

monitor all reactions under standard conditions, 

employing Merck silica gel 60 F254 precoated plates 

(0.25 mm). Column chromatography was employed for 

purification on silica gel. The chemical yields were 

determined for pure, separated compounds. The 1H and 

13C NMR spectra were recorded in a CDCl3 solution, 

and the spectral data were expressed in ppm relative to 

the internal standard tetramethylsilane (TMS). The 13C 

NMR spectra were recorded with perfect proton 

decoupling. High-resolution mass spectra were obtained 

using quadrupole electrospray ionization (ESI). Melting 

points were determined using a melting point 

instrument. Table 1 displays the observed yields (85-

92%) of compounds (1a-1j).  

 

 
To synthesize the bromo oxazepine derivatives, 2-

aminophenol and bromo chalcone compounds were 

mixed with sodium hydroxide in an ethanol medium. 

The reaction mixture was agitated for another 3-4 hours 

while being monitored by TLC. Ice-cold water was used 

to cleanse the mixed organic layers. A silica-gel column 

was used for purification, and the sample was eluted 

using CHCl3/hexane. All of the synthesised compounds 

were analysed and characterised using mass, IR, 1H, and 

NMR data. 

 
Figure 2: Schematic diagram 
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Figure 5: Mass Spectrum                                                                  Figure 6: IR Spectrum 

 
 

4. Docking Study: 

As a result of the completion of the human genome 

project, a rising number of novel therapeutic targets are 

becoming available for drug development. [18] The 

advancement of nuclear magnetic resonance 

spectroscopy, crystallography, and high-throughput 

protein purification procedures has also contributed to a 

better knowledge of the structural characteristics of 

proteins and protein-ligand complexes. These 

advancements now allow computational tools to be 

applied in all stages of drug discovery. [19] 

Ligand docking studies were carried out using 

SCHRODINGER's GLIDE module to investigate the 

interactions between ten chemicals and proteins. This 

technique predicted the optimal binding interactions 

between the ligands and the proteins. Each compound's 

structure was initially created using CHEMDRAW 

ULTRA 12.0 and then converted from .sdf to .mae 

format in MAESTRO 12.1 before ligand preparation. 

Computational assessment of ADMET properties was 

performed using Schrodinger Maestro and Schrodinger 

Qikprop programs, and the results were compared 

against the Pfizer Rule of 5 and Ghose Filter Rule for 

Bioavailability standards [20-24]. 

 

4.1 Preparation of Ligands: 

LigPrep, a valuable application, utilizes energy 

minimization with OPLS_2005 force field for custom 

ligand filtering, making it highly useful for subsequent 

computational research. The 3D structures of the ligands 

were obtained from the Pubchem database and evaluated 

using Schrodinger's QikProp module [17] to assess 

various ADMETox properties, including Rule of Five 

compliance, oral absorption, CNS penetration, 

QPPMDCK, etc [25]. 
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Qikprop from Schrodinger Software is a fast, precise, 

and user-friendly absorption, distribution, metabolism, 

and excretion prediction application. It forecasts the 

individual or cumulative pharmaceutically relevant 

properties of organic substances. This tool assesses 

compounds based on the Lipinski rule, a set of criteria 

for active oral drugs. According to these rules, a viable 

oral drug should meet specific requirements: its 

molecular weight should fall within the range of 560 to 

750 Da, log P should be 5 or lower, the number of H-

bond donors should be between 0 and 5, and the number 

of H-bond acceptors should be between 1 and 7 [26]. 

 

 
4.2 Molecular dynamics simulation: 

We conducted molecular dynamics simulations on 

specific docked complexes identified through XP 

analysis using Desmond, a component of Schrodinger's 

Biosuite, to investigate their stability [27-29]. These 

complexes consist of the protein component of the 2VCI 

(4,5-diarylisooxazole HSP90 chaperone inhibitors) 

complex with 3-bromo-4-(1,2-dibromo-2-phenylethyl)-

2-phenyl-2,3-dihydrobenzo[b] [1,4] oxazepine. The MD 

simulation was limited to 50 ns and initiated using 

System Builder, which set up the solvent model, force 

field, and boundary conditions. [30]  

Using the OPLS 2005 force field, we conducted MD 

simulations on the complexes, filling them with TIP3P 

water molecules. To satisfy the orthorhombic box 

boundary conditions, the complexes were centered at a 

distance of 10 units. The steepest descent technique was 

employed to minimize the energy of the complex 

structures to their absolute minimum, serving as 

Desmond's equilibration procedure. The simulations 

were run for a duration of up to 100 ns in the NPT 

ensemble class to simulate complex and realistic 

conditions. 

 To assess the ligand's stability within the protein's 

binding site, we performed simulated event analysis. 

The behavior and interactions of the ligand within the 

binding area were evaluated using parameters such 

as the root-mean-square-distance of the protein-ligand 

bond, the root-mean-square-free energy, and protein-

ligand interactions. [30,31] 

 

4.3 Results: 

Protein data Bank (PDB): 

The 3D structures of the 4,5 Diaryl Isoxazole Hsp90 

Chaperone Inhibitors: Potential Therapeutic Agents for 

Cancer are available from Protein Data Bank (PDB ID: 

2VCI) [32]. 

 

 
 

XP Docking analysis:  

The selected drug was docked with the target protein, 

4,5-Diaryl Isoxazole Hsp90 Chaperone Inhibitors 

(2VCI), using XP docking. Additionally, ten oxazepine 

derivative compounds were subjected to XP docking. 

The results revealed variations in the dock scores and 

positions of the top three compounds among the 

oxazepine derivatives. The top-ranked compound was 4-

(3-bromo-4-(1,2-dibromo-2-(4-hydroxyphenyl)ethyl)-

2,3-dihydrobenzo[b][1,4]oxazepin-2-ylphenol, which 
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formed two hydrogen bonds with Leu 48 and Ser 52, and 

had a dock score of -5.1 kcal/mol. The second-ranked 

compound was 3-bromo-4-(1,2-dibromo-2-(4-

methoxyphenyl)ethyl)-2-(4-methoxyphenyl)-2,3-

dihydrobenzo[b][1,4]oxazepine, forming one hydrogen 

bond with Asn 51, and a dock score of -3.6 kcal/mol. In 

the third position, 3-bromo-4-(1,2-dibromo-2-

phenylethyl)-2-phenyl-2,3-

dihydrobenzo[b][1,4]oxazepine, formed one hydrogen 

bond with Lys 58 (a p-cation), and had a dock score of -

3.5 kcal/mol. The standard drug, Binimetinib, interacted 

with three residues (Lys 58, Gly 07, and Leu 107) 

forming three hydrogen bonds and had a dock score of -

6.0 kcal/mol. Out of the ten oxazepine derivatives, nine 

compounds showed interactions with the target protein, 

while one compound showed no interactions 
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The free energies of target-ligand complexes may be 

calculated using Table 7. In this case, the bigger the 

negative number, the stronger the bond. The binding 

affinity of the Standard medication was discovered to be 

-37.21. The binding affinity of Structure 3 was greater 

than that of a conventional medication. Structure 6 in our 

study has fairly inadequate free energy values when 

compared to other target-ligand complexes. As a 

standard, the majority of the compounds have a rather 

high binding affinity. Structure 5 has the closest free 

energy value to the reference ligand value. 

 

 

 
 

Molecular dynamic simulation:  

RMSD analysis: 

A complex docked structure of the 4,5-Diaryl Isoxazole 

Hsp90 Chaperone Inhibitors Component with 4-(3-

bromo-4-(1,2-dibromo-2-(4-hydroxyphenyl) ethyl) was 

used to assess stability. It was produced (-2,3 

dihydrobenzo[b][1,4] oxazepin-2-yl). The RMSD 

values illustrate the stability of complex systems when 

analysed using the RMSD plot. Between 30 to 50 ns, the 

complex demonstrated stability, with the heavy ligand 

atoms and the protein's C alpha atoms showing 

variations within a 3A range. This indicates a strong 

interaction between the ligand and the protein, making 

the complex more stable. [33] 
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RMSF analysis: 

RMSF analysis was used to describe how the protein 

chain changed throughout the simulation. The residues 

from the range of 45 to 70 showed a small fluctuation, 

but the remaining were within the acceptable range. [34] 

 

 
 

Protein-ligand interactions:  

Proteins and their ligands can engage in four distinct 

types of interactions: hydrogen bonds, hydrophobic 

bonds, water bridges, and ionic bonds. Among these, 

hydrogen bonds play a crucial role in pharmaceutical 

design as they significantly influence drug selectivity, 

metabolism, and absorption. [35,36] 

 In the complex structure of 4,5-Diaryl Isoxazole Hsp90 

Chaperone Inhibitors with 4-(3-bromo-4-(1,2-dibromo-

2-(4-hydroxyphenyl)ethyl)-2,3-

dihydrobenzo[b][1,4]oxazepin-2-yl), a prominent 

hydrogen bond was observed between the ligand and key 

residues, indicating a strong interaction at the binding 

site. Hydrogen interactions involved LEU 48, SER 50, 

ASN 51, SER 52, ASP 93, GLY 97, and THR 184. 

Additionally, water bridges were formed by GLU 47, 

ASN 51, ASP 93, and GLY 97, while hydrophobic 

connections were established by ALA 55, MET 98, LEU 

107, PHE 138, and VAL 186 [Refer to Figure 9]. 

The residues ASN 51, SER 52, ALA 55, ASP 93, GLY 

97, etc., maintained the contacts for the longest possible 

time throughout the simulation, according to the 

Timeline representation. (Ref. Figure 10) 

The 2D picture of the complexed structure demonstrates 

that the interactions between the residues ASP 93, GLY 

97, THR 184, SER 52, and SER 50 were maintained 

during the simulation period in proportions of 98%, 

57%, 39%, 88%, and 64%, respectively. The interaction 

between 4,5-Diaryl Isoxazole Hsp90 Chaperone 

Inhibitors and 4-(3-bromo-4-(1,2-dibromo-2-(4-

hydroxyphenyl) ethyl)-2,3 dihydrobenzo[b][1,4] 

oxazepin-2-yl) is depicted in Fig. 11 below. 

According to the results of the Molecular Dynamics 

simulation study, the complex formed between 4-(3-

bromo-4-(1,2-dibromo-2-(4-hydroxyphenyl)ethyl)-2,3-

dihydrobenzo[b][1,4]oxazepin-2-yl) and 4,5-Diaryl 

Isoxazole Hsp90 Chaperone exhibited stability. Notably, 

it showed strong interactions with functionally 

conserved residues Ser 50 and Ser 52, as well as with the 

interacting residue Leu 48, Ser 52 in the XP analysis. As 

a result of this simulation investigation, it is suggested 

that 4-(3-bromo-4-(1,2-dibromo-2-(4-
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hydroxyphenyl)ethyl)-2,3-

dihydrobenzo[b][1,4]oxazepin-2-yl) may possess 

potential anticancer effects against 4,5-Diaryl Isoxazole 

Hsp90 Chaperone.  
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We obtained the A431 cell line from the Pune-based 

National Centre for Cell Sciences (NCCS). DMEM was 

supplemented with 10 percent FBS, 100 U/ml penicillin, 

and 100 g/ml streptomycin to keep the cells alive and 

well during culture. This was followed by 37 degrees 

Celsius of incubation in a CO2 incubator with a humidity 

of 5 percent. 

To assess the anticancer activity through an in vitro test, 

the MTT assay (Mosmann, 1983) was conducted. The 

experiment involved plating 1 × 105 cells per well in 24-

well plates, followed by incubation at 37 °C with 5% 

CO2. Once the cells reached confluence, various 

concentrations of the substances were applied and 

further incubated for 24 hours. After incubation, the 

samples were removed from the wells, washed in 

phosphate-buffered saline (pH 7.4) or serum-free 

DMEM. Subsequently, 0.5 percent 3-(4, 5-dimethyl-2-

thiazolyl)-2,5-diphenyl-tetrazolium bromide (MTT) was 

added (100 µl/well at 5 mg/ml) and allowed to incubate 

for 4 hours. After the incubation period, 1 ml of DMSO 

was added to each well. The UV Spectrophotometer was 

then used to measure the absorbance at 570 nm, 

employing DMSO as the blank. The data obtained from 

these measurements were used to calculate the 

concentration required to inhibit 50% of the organisms 

(IC50). The percentage of viable cells was determined 

using the following formula: 

            

 
The X-axis of the plot represents the concentration of the 

sample, while the Y-axis represents the percentage of 

cell viability. To ensure comprehensive cell viability 

assessments, each assay includes both a cell control and 

a sample control for comparison purposes.  
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Table 16: Anticancer activity for STD using A431 

 
                        

Figure 15:  Anticancer effect of Standard drug on A431 cell line 

\ 

 
  

 Conclusion: 

The synthesised compounds were identified using 1H 

NMR, 13C NMR, IR, and mass spectrum analyses. The 

results of the investigation showed that bromooxazepine 

was generated. Despite these qualities, all chemicals 

have a variety of biological actions, including 

antibacterial, antifungal, anti-inflammatory, and 

anticancer properties. According to the data gathered, all 

bromooxazepine molecules have significant bioactivity. 

Accordingto molecular docking examinations of all ten 

compounds, the 3C molecule is the most active for skin 

cancer. Furthermore, a cell line analysis sample of the 

3C molecule compared to the usual medicine 

demonstrated an anti-cancer influence. These 

pharmacological targets may also be important for drug 

treatments since they may lead to the development of 
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novel therapeutic compounds with no detrimental effects 

on people.                          
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