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Abstract 

A chalcone namely (E)-3-(4-(benzyloxy)phenyl)-1-(4-methoxyphenyl)prop-2-en-1-one 

(4BPMP) has prepared from 4-benzyloxy benzaldehyde and 4-methoxyacetphenone by 

microwave method and the yield has obtained as higher. The IR and NMR spectra are 

recorded, and from these spectra, the functionality and α and β-protons/carbons are observed 

including the carbonyl group. The computational calculations for the title compound were 

carried out using the density functional theory (DFT) method with B3LYP (Becke's three-

parameter exchange functional with the Lee-Yang-Parr) hybrid functional and 6-311++G(d,p) 

basis set. The structural parameters like bond lengths, bond angles, and dihedral angles were 

obtained from the optimized molecular geometry and discussed. The quantum chemical 

calculations showed that the 4BPMP molecule has a non-planar structure and possesses C1 

point group symmetry. The frontier molecular orbital, molecular electrostatic surface 

potential, and global chemical reactivity parameters for the title molecule in the gas phase 

were reported and discussed. Based on the results, the synthesized molecule possesses good 

chemical strength and kinetic stability. The hyperpolarizability is greater than urea and 

pointed as a good NLO (Non-Linear Optical) material. Further, the α-amylase inhibitory 

behavior has been studied by docking method of the title compound with respective enzyme 

(pdb id : 1hny) and the results are well docked. 

Keywords: Prop-2-en-1-one; DFT analysis; Molecular optimization; NLO prediction; In-

silico α-amylase inhibitory study. 
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1.   Introduction 

Chalcones or diarylpro-2-en-1-ones are important from the perspective of medicinal as well 

as synthetic chemistry. They are the building blocks for the synthesis of pharmacologically 

active agents [1] as well as the synthesis of novel organic molecules. Hence, they seek 

interest in the view of synthetic organic chemists. Chalcones are naturally occurring 

derivatives of the parent compound α,β- unsaturated ketone of the type 1,3-diarylprop-2-

en-1-one belonging to the flavonoid family. Chemically they are open-chain flavonoids [2] 

in which two aromatic rings are held together by a three-carbon enone (-CO-CH=CH-) 

moiety. 
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 In addition, chalcones have interesting optical properties including non-linear optical 

responses [3] and these chalcones have potential applications in the areas of photonics, 

optoelectronics, optical information processing, frequency conversion, and 

telecommunication. The nonlinearity of the chalcone is due to the delocalization of the π-

electron system connecting the donor-acceptor system across the molecule [4]. Claisen-

Schmidt condensation [5] is known to be one of the most classical organic reactions through 

which chalcones can be synthesized. The presence of the alkene group in conjugation with 

carbonyl functionality is the principal reason behind the biological activities of chalcones 

[6]. Generally, they exhibited several biological properties like antimicrobial [7], anti-insect 

feedings [8], anti-malarial [9], antidiabetic [10], antiviral [11], anti-cancer [12], etc. They 

were prepared by the reaction of respective ketones with benzaldehydes via a crossed Aldol-

condensation reaction. The titled compound has been synthesized to study its quantum 

chemical analysis and docking interactions and its IR and NMR spectra. The gas phase 

theoretical study has been ascertained for the compound using DFT calculations with 

B3LYP/6311++(d,p) basis set [13]. The structure has been optimized and its chemical 

reactivity and reactive sites are identified from HOMO-LUMO energies along with 

Mulliken charges. The NLO behavior of the titled molecule was also measured. The 

inhibition of α-glucosidase and α-amylase, enzymes involved in the digestion of 

carbohydrates, can significantly reduce the post-prandial increase of blood glucose and 

therefore can be an important strategy in the management of blood glucose levels in type-2 

diabetic and borderline patients. The present article summarizes the developments in 

organic products like chalcones as α-amylase inhibitors. The inhibitory behavior of α-

amylase enzyme by in-silico anti-diabetic activity [14] (pdb id : 1hny) has been performed 

using Auto dock vina and its best docking position has been identified.  

 

2. Experimental 

 

2.1. Preparation of (E)-3-(4-(benzyloxy)phenyl)-1-(4-methoxyphenyl)prop-2-en-1-one 

(4BPMP) 

 

As per the various synthetic strategies available in the literature, the present compound has 

been prepared by microwave-assisted method for the purpose of its low time and excellent 

yield. Hence, the 4-benzyloxybenzaldehyde and 1-(4-methoxyphenyl)ethanone are taken as 

equal ratio and dissolved in 20 mL of absolute ethanol with a few drops of 10 % NaOH 

solution added [15] (Scheme 1). It was irradiated in a Microwave oven (640 W) for 2 mins 

and the completion of the reaction was checked by the TLC method. After completion of 

the reaction, the product was poured into ice water, filtered, and recrystallized in hot 

ethanol.  
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Scheme 1. Preparation of (E)-3-(4-(benzyloxy)phenyl)-1-(4-methoxyphenyl)prop-2-en-1-one 

(4BPMP). 

 

2.2. Spectral data of the titled compound  

 

Pale yellow solid; m.p. 124 °C; FT-IR (KBr; cm–1): 2915.53, 2620.90, 1666.19 (carbonyl), 

1596.77 (C=C), 1502.28, 1133.94 (CHip), 738.60 (CHop), 1076.08 (CH=CHop), 557.32 

(C=Cop);  δ1Hppm (400 MHz; Choloroform-d): 8.026 (d, 2H), 7.772 (d, 1Hα, J = 15.6Hz), 

7.586 (d. 2H), 7.444 – 7.391 (m, 5H), 7.353 (d, 1Hβ, J = 15.6Hz), 7.007 – 6.956 (m, 4H), 

5.093 (s, 2H), 3.868 (3, 3H); δ13Cppm (100 MHz; Choloroform-d): 188.71 (carbonyl), 

163.27, 160.65, 143.72 (Cα), 136.44, 131.33, 130.69, 130.10, 128.15, 128.04, 119.66 (Cβ), 

115.25, 113.78, 70.78, 55.56.  

 

2.3. Computational details  

 

Density functional theory calculations were performed using the Gaussian-09 program 

package with no geometry constraints. The DFT/ B3LYP/6-311++G (d,p) method was used 

to optimize the geometry of the title molecules using the 6-311++G (d,p) basis set. The 

Gauss View 5.01 molecular visualization tool was used to create optimized geometry. The 

molecular electrostatic potential was computed using the same method to study the reactive 

sites of the title molecule. All of the computations were done in the gas phase for the 

optimized structure. The 6-311++G (d,p) basis set was used to calculate Mulliken atomic 

charges. 

 

3. Results and Discussion  

 

3.1. Chemistry  
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The present molecule 4BPMP ((E)-3-(4-(benzyloxy)phenyl)-1-(4-methoxyphenyl)prop-2-

en-1-one) molecule was synthesized via the Claisen–Schmit condensation reaction and the 

best yield (92 %) was gotten. The synthesized 4BPMP molecule was characterized by FT-

IR, 13C NMR, and 1H-NMR spectroscopy (Fig. 1), and the findings were correlated with 

literature data. In the FT-IR spectra of synthesized chalcone, the appearance of peaks in the 

range of 2920-2887 cm-1 due to Ar-CH stretching vibrations [16]. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  Spectra for 4BPMP (a: IR; b: 1H NMR and c: 13C NMR). 

 

The intense peak at 1666.19 cm-1 is due to νCO stretching. The carbonyl peak was 

observed at a lower wavenumber than a normal ketone carbonyl peak in the infrared spectra 

due to the existence of a ketonic carbonyl group conjugated with the olefinic carbon-carbon 

double bond. The olefinic group (-C=C-) is observed at 1596.77 cm-1. The 1H NMR 

coupling constant analyses indicated that hydrogen atoms of the olefinic carbon-carbon 

bond were in a trans configuration (J approximately 15Hz). The methylene (CH2) group of 

the benzyloxy part of the synthesized chalcone appeared at 5.093 ppm and the methoxy 

proton appeared at 3.868 ppm. The signals for these methylene (CH2) and methyl (OCH3) 

groups can also be observed in the 13C NMR spectrum at 72.05 and 29.23 ppm. 

Additionally, multiplets in the aromatic region (6.80-8.00 ppm) indicate the presence of 

aromatic protons in the compound. The 13C NMR signal at approximately 188.71 ppm in 

the synthesized compound concerns to α,β-unsaturated carbonyl carbon. Despite the fact 

that the ketone absorbs approximately 200 ppm, the existence of unsaturation leads to a 

slight uprooting to the high field, and the reasonable cause is charge delocalization by the 
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benzene ring or by the double bond, which makes the carbonyl carbon less electron 

deficient. 

 

3.2. Computational study  

 

3.2.1. Molecular structure study  

  

The 4BPMP molecule was analyzed in the current examination using the density functional 

theory method with a B3LYP/6-311++G(d,p) basis set to build up different structural and 

chemical parameters. 4BPMP is a non-planer molecule with C1 point group symmetry, as 

predicted by the DFT analysis. Fig. 2 depicts the optimized molecular structure.  

 

 

 

 

 

 

 

 

Fig. 2. Optimized structure of 4BPMP by DFT method. 

 

The bond length and bond angle data of 4BPMP are given in Table 1. In the 4BPMP 

compound, all the phenyl C-C bond lengths are observed at ~1.4A°, the carbonyl bond                       

(C7-O10) length is 1.261 Å and the olefinic bond length (C8-C9) is 1.351 Å. This bond 

length favored the existence of a double bond character. All other bond length values show 

good agreement with the structure of the titled molecule. The bond angle between C7-C8-

C9 bonds is 120.653°. From Table 1, the methyl group lay in the same plane and the 

benzyloxy group lay in non–planar with Chalcone. Similarly, other bond angle data are 

rightly matching with the various bond angles of the titled molecule. The dihedral angle for 

7C-8C-9C-11C is calculated as -179.772° which indicates the E-conformation of the 

molecule. 

 

3.2.2. Non-Linear Optical  (NLO) properties  

 

In different fields, non-linear optical materials have different applications [17], evolving 

outstanding properties such as frequent shift, optical modulation, optical switching, etc. The 

total dipole moment (𝜇tot) of 4BPMP was calculated at 2.1208 D. The higher dipole moment 

will indicate a higher electron density which will lead to a greater charge transfer [18]. The 

higher the dipole moment, the higher the first polarizability will indicate the higher NLO 

properties [19]. Moreover, the calculated values of hyperpolarizability (β0) and linear 

polarizability (αtot) of the compound were 2.15210-30 esu and 20.04010-24 esu 

respectively. The polarisabilty value of the titled compounds is higher than the standard 
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urea (Table 3). Therefore, we can conclude that the synthesized compound has excellent 

candidate NLO materials.  
 

Table 1. Selected bond lengths, bond angles, and dihedral angles of 4BPMP calculated by DFT method. 
 

Bond length (A°)  Bond angle (°)  Dihedral angle (°)  
1C-2C 1.410 1C-2C-3C 121.016 1C-2C-3C-4C 0.032 

2C-3C 1.389 2C-3C-4C 119.974 2C-3C-4C-5C -0.074 

3C-4C 1.401 3C-4C-5C 120.069 3C-4C-5C-6C 0.022 

4C-5C 1.401 4C-5C-6C 119.348 5C-6C-1C-7C -179.974 

5C-6C 1.392 6C-1C-7C 117.825 6C-1C-7C-8C -178.248 

1C-7C 1.490 1C-7C-8C 120.064 1C-7C-8C-9C -179.678 

7C-8C 1.473 7C-8C-9C 120.653 6C-1C-7C-10O 1.575 

8C-9C 1.351 1C-7C-10O 119.393 7C-8C-9C-11C -179.772 

7C-10O 1.261 8C-9C-11C 128.193 8C-9C-11C-12C 179.818 

9C-11C 1.458 9C-11C-12C 118.939 9C-11C-12C-13C -179.910 

11C-12C 1.407 11C-12C-13C 121.930 11C-12C-13C-14C -0.017 

12C-13C 1.396 12C-13C-14C 119.276 12C-13C-14C-15C -0.014 

13C-14C 1.399 13C-14C-15C 119.943 13C-14C-15C-16C 0.023 

14C-15C 1.405 14C-15C-16C 120.152 12C-13C-14C-17O -179.953 

15C-16C 1.384 13C-14C-17O 124.774 13C-14C-17O-18C -0.870 

14C-17O 1.389 14C-17O-18C 119.210 14C-17O-18C-19C -179.468 

17O-18C 1.473 17O-18C-19C 107.617 17O-18C-19C-20C 83.452 

18C-19C 1.502 18C-19C-20C 120.394 18C-19C-20C-21C -178.798 

19C-20C 1.402 19C-20C-21C 120.546 19C-20C-21C-22C 0.046 

20C-21C 1.396 20C-21C-22C 120.016 20C-21C-22C-23C 0.154 

21C-22C 1.398 21C-22C-23C 119.844 21C-22C-23C-24C -0.060 

22C-23C 1.397 22C-23C-24C 119.992 2C-3C-4C-25O 179.938 

23C-24C 1.397 3C-4C-25O 115.501 3C-4C-25O-26C 179.920 

4C-25O 1.387 4C-25O-26C 119.348   
25O-26C 1.454     

 
Table 2. Dipole moment (μ), polarizability (α0) and hyperpolarizability (β0) of 4BPMP by DFT method. 
 

Dipole vector components Dipole moment, µ (Debye) Parameters Hyperpolarizability 

µx -1.6634 βxxx 321.278 

µy -1.3146 βxxy -46.883 

µz 0.0519 βxyy -43.261 

µtotal 2.1208 βyyy -12.120 

Parameters Polarizability βxxz -0.242 

αxx -94.913 βxyz 6.126 

αxy -8.969 βyyz 0.870 

αyy -157.063 βxzz -37.024 

αxz 0.729 βyzz -4.232 

αyz -0.764 βzzz 0.387 

αzz -153.694  () 249.153 

<α> (a.u) 135.223 βo(esu) x                               

10-30 
2.152 

αtot (esu) x 10-24 20.040 
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3.2.3. Frontier molecular orbital 

 

The optoelectronic parameters of the structure of the title compound were obtained 

using Frontier theory at the B3LYP/6-31++G (d,p) basis set. Frontier Molecular Orbital 

(FMOs) such as highest occupied molecular orbital (HOMO) and lowest unoccupied 

molecular orbital (LUMO) has been used to draw useful information on the optoelectronic 

properties of various organic molecules [20]. The electron donors will be present in HOMO 

and the innermost orbital unoccupied by the electrons performs as the electron acceptor. 

EHOMO has the electron-donating capability of the molecule. The greater the HOMO energy, 

the more will be the electron-donating capability. The energy gap ΔE= 3.984eV between 

the HOMO, and LUMO orbital (Table 3) indicates the reactivity and stable structure of the 

molecule. As shown in Fig. 3, HOMO predominantly occupies the central α,β-unsaturated 

ketone, and aldehydic phenyl moieties except the benzyloxy moiety. LUMO occupies the 

same trend as HOMO with the inclusion of p-methoxyphenyl moiety of the ketone. In 

addition, the energy gap between HOMO-1 and LUMO+1 is 5.638eV. Moreover, the lower 

the HOMO and LUMO energy gap explains the eventual charge transfer interactions taking 

place within the molecule. 

Density functional theory-based global chemical reactivity descriptors like Chemical 

hardness, chemical softness, electronegativity, chemical potential, electrophilicity index, 

etc. are calculated from HOMO and LUMO energies [21] and are given in Table 4. Global 

chemical reactivity descriptors are used to understand the relationship between structure, 

stability, and global chemical reactivity of compounds.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. HOMO – LUMO energy diagram of 4BPMP by DFT method. 
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In accordance with the HSAB principle, normally the molecule with the least value of 

global hardness is expected to have the highest inhibition efficiency [22]. In our present 

study, it is clear from the calculation that the 4BPMP compound having the lowest hardness 

value and highest softness value suggests that more reactive and expected to be the best 

inhibitor [23]. 

 
Table 3. Electronic and Global descriptors of 4BPMP by DFT method. 
 

Electronic Parameters 4BPMP 

EHOMO (eV) -6.292 

ELUMO (eV) -2.308 

Energy gap (eV) 3.984 

Ionization energy (I) 6.292 

Electron affinity (A) 2.308 

Global reactivity parameters 

Global hardness (η) 1.992 

Chemical potential (µ) -4.300 

Electrophilicity index (𝜔) 4.641 

Electronegativity (χ) 4.322 

Chemical softness (s) 0.502 

 

Table 3 revealed that the present molecule has a higher global electrophilicity index 

(4.641 eV), signifying that it is more likely to accept electrons and nucleophilic attack. The 

calculated chemical potential (-4.3006 eV) and the electrophilicity index indicate that the 

4BPMP molecule possesses excellent chemical strength and stability. Additionally, the title 

compound has a high electrophilicity index which highlights the biological activity of the 

compound [24]. 

 

3.2.4. Mulliken atomic charges and molecular electrostatic potential studies  

 

In view of the atomic charge effect, dipole moment, molecular polarizability, electronic 

structure, and many properties of molecular structures, Mulliken atomic charge calculation 

has a key role in the application of quantum chemical approximation to molecular 

frameworks [25]. The distributions of charge over the atoms represent the existence of pairs 

of donors and acceptors enabling the transfer of charge in the molecules. The Mulliken 

population analysis as displayed in Table 4, for the 4BPMP molecule was derived using the 

6-311++G(d,p) basis of the B3LYP stage. The charge distribution in the 4BPMP molecule 

indicates that all hydrogen atoms are positively charged while the magnitudes of the carbon 

atomic charges are found to be both positive and negative. C26 is the carbon with the largest 

positive charge (0.284). The attachment to oxygen is the cause behind its high atomic charge 

content. The charges on all the three oxygen atoms (O10, O17, O25) are negative. The 

respective column chart is given in Fig. 4. 

 

 
 



D. Santhiya et al., J. Sci. Res. 17 (1), 259-271 (2025) 267 

 

Table 4. Mulliken population charges of 4BPMP by DFT method. 
 

Atoms Charges Atoms Charges 

1C -0.132 14C -0.020 

2C 0.117 15C 0.090 

3C -0.039 16C 0.128 

4C 0.272 17O -0.508 

5C 0.006 18C 0.018 

6C 0.081 19C 0.067 

7C 0.174 20C -0.008 

8C 0.033 21C 0.028 

9C 0.007 22C -0.009 

10O -0.399 23C 0.053 

11C 0.001 24C 0.268 

12C 0.009 25O -0.518 

13C 0.002 26C 0.284 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Column chart of Mulliken charges of 4BPMP by DFT method. 

 

At the B3LYP/6-311++G(d,p) level of theory, the MESP (Molecular Electrostatic 

Potential) surface and electrostatic potential values were calculated. Fig. 5 shows the MESP 

plotted for each of the three chalcones. MESP's importance stems from the fact that it 

simultaneously reveals molecular size, and shape, as well as positive, negative, and neutral 

electrostatic potential regions in terms of color differentiation, and it's critical for studying 

the interaction between molecular structure and its physio-chemical properties [26]. The 

different colors represent different features of the electrostatic potential on the surface; red 

represents places with the largest electro-negative electrostatic potential, blue represents the 

most positive electrostatic potential, and green represents zero potential. The potential 

increases in the following order: red, orange, yellow, green, blue. The most electropositive 

region (blue region, electron-poor) is placed over the hydrogen atoms of phenyl rings, 
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whereas the most electronegative region (red region, electron-rich) is located over the 

oxygen atoms [27], according to the MESP plots. 

 

 

 

 

 

 

 

 

Fig. 5. Molecular Electrostatic Potential Distribution of 4BPMP by DFT method. 

 

3.3. Molecular docking procedure 

 

Molecular docking studies is a search algorithm for the best orientation of the small 

molecules known as ligand which perfectly fits into the target protein’s cavity and therefore 

plays a vital role in drug design and therapy. It is also used to analyze the affinity and 

binding orientation of the molecule with the target. In this present study, a graphical tool 

known as Auto Dock suite 1.5.6 (ADT) is used to predict how the ligand binds with a 

receptor in 3D. 

 

3.3.1. Protein setup 

 

The crystal structure of (PDB ID: 1HNY) [28], was obtained from the RCSB Protein Data 

Bank [29]. All the water, non-interacting ions, and cocrystallized inhibitors were removed. 

AutoDockTools (Version 1.5.6) was used to prepare the proteins for molecular docking. 

Polar hydrogens were added, Gasteiger charges and Kollman charges were calculated to 

examine its minimum binding energy, and the generated PDBQT files were saved. Centers 

were constructed using grid box parameters in AutoDockTools. 

 

3.3.2. Ligand setup 

 

The 3D structure of 4BPMP was prepared by ChemDraw Pro12.0 software. [Chemical 

Structure Drawing Standard: Cambridge Soft Corporation, USA (2010)]. Auto Dock tools 

were used to dock, the ligand into the active sites. The title compound acting as a ligand 

was computed with partial charges by the Geistenger method. The ligand was added with 

torsion information depending on which torsions need to be rotated during docking and was 

saved in PDBQT format. 

 

3.3.3. Docking against α-amylaze enzyme 

 

The docking parameters namely binding energy (kcal/mol), inhibition constant (lm), and 

intermolecular energy (kcal/mol) of the 4BPMP molecule with respect to the target protein 
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is tabulated in Table 5. The best-docked conformation was analyzed by the minimum 

binding energy of the 4BPMP molecule with the residue of the proteins of α-amylase 

(1HNY) is presented in Fig. 6. The chalcone fits tightly into the inhibition site of the 1HNY 

protein [30] forming three hydrogen bonds (H-bonds) with residues ASN137, LEU162 and 

ASP206. The oxygen atom in the methoxy group has a strong fitting tendency with ASN137 

protein residue with the shortest distance of 2.578 Å. Similarly, the oxygen atom of the 

carbonyl group in α,β-unsaturated ketone docked with LEU162 residue in a good manner. 

The carbon atom of the methyl group also formed a hydrogen bond with ASP206 residue. 

The oxygen atoms in carbonyl and methoxy groups behave as H-bond acceptors for the 

active-site residues. In addition, other interactions like hydrophobic interactions are also 

observed between the titled molecule and the selected protein residue. The π-electrons of 

the phenyl groups of present molecules are shown two hydrophobic interactions. The alkyl 

groups of ALA198 and, LYS200 have also shown interactions by their alkyl groups with 

the phenyl rings of the present molecule under study.   

 
Table 5. Molecular Docking Results of 4BPMP. 
 

Binding affinity (Kcal/mL) Type of interaction Distance (Å) Interacting Residues 

-9.2 

Hydrogen Bond 2.578 ASN137 

Hydrogen Bond 2.698 LEU162 

Hydrogen Bond 3.563 ASP206 

Hydrophobic 3.648 LEU162 

Hydrophobic 3.652 ILE235 

Hydrophobic 4.469 ALA198 

Hydrophobic 4.456 LYS200 

Hydrophobic 4.526 ALA198 

 

The least value of the inhibition constant gives the minimum value for binding energy 

which indicates the increase in biological activity and hence lower dosage of the drug for 

clinical trials. These results highlight that a stable complex is formed from the docked ligand 

with the target proteins and hence makes the title compound a suitable drug for various α-

amylase inhibitory diabetic treatments. Further experimental analysis is required to validate 

this point. 

 

 

 

 

 

 

 

 

 

Fig. 6. Molecular docking images of 1HNY with 4BPMP (a:3D view; b:2D view). 
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4. Conclusion 

 

In the present study, a para-substituted benzyloxy-based Chalcone (4BPMP) has been 

prepared by adopting the Microwave method. It has been characterized by their IR and 

NMR spectra.  A comparative study of experimental and theoretical investigations on the 

optimized structure was found to be in good agreement with the title molecule. The 

significant variation in HOMO -LUMO energies supports polarization within the molecule 

and further the high electrophilicity index and least value of softness confirm the 4BPMP 

is biologically active. MEP and Mulliken's calculations revealed the positive and negative 

sites within the molecule. Due to its higher polarizability and hyperpolarizability than urea, 

it is stated as a good NLO material. Further, molecular docking for the title molecule on α-

amylase enzyme was done using Auto Dock suite software. These results showed that title 

Chalcone can be used as an effective antidiabetic drug because of its good binding affinity 

which may be effective in inhibition of alpha amylase enzyme. Hence the title compound 

paves the way for clinical chemists to proceed further research in chalcone drug design. 
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