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The chalcone scaffold has become one of the privileged structures frequently encountered in medicinal chemistry for the 
discovery of new and effective drug candidates. In recent years, chalcone derivatives have attracted intense attention from both 
experimental and theoretical researchers due to their ease of synthesis and wide range of biological activities.  
Herein, quantum chemical-based calculations have been performed on chalcone derivative (E)-3-(4-hydroxyphenyl)-1-(4-
methoxyphenyl)prop-2-en-1-one. Density functional theory (DFT) method has been applied with the B3LYP hybrid functional 
and 6-311++G (d, p) basis set. The structural, electronic, energetic and reactivity properties of the mentioned chalcone 
derivative have been examined. Bond parameters and vibrational analysis results are compatible with experimental data. The 
energy gap (∆E) values corresponding to acetonitrile, DMSO and water phases have been calculated as 3.753, 3.750 and 3.747 
eV, respectively. Also, the reactive regions of the molecule have been visualized with molecular electrostatic potential (MEP) 
maps. The excited state characteristics of the title compound in water, acetonitrile and DMSO environments have been 
calculated by the TD-DFT method. All absorption wavelengths could be qualified as π→π* and n→π* transition type. A 
bioavailability radar has been created by calculating some physicochemical parameters such as lipophilicity, TPSA, and water 
solubility. ADME properties have been predicted from pharmacokinetics and drug likeness data. 
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Chalcones are open-chain all-purpose molecules 
consisting of three-carbon, unsaturated carbonyl 
system connecting two aromatic rings. It serves as a 
precursor for the biosynthesis of flavonoids and 
isoflavonoids and forms the core infrastructure for 
many hybrid substances1,2. At the same time, 
chalcone-derived compounds have become the focus 
of attention in many pharmacological fields due to 
their bioactive nature. Activities such as anticancer3, 
antihypertensive4, antioxidant5, anti-inflammatory6,7, 
anticonvulsant8, antibacterial9, and antifungal10 can be 
given as examples of the pharmacological 
applications they exhibit. In addition, with potential 
applications in different disciplines appearing in the 
literature, studies on the design, synthesis and 
determination of application areas of more specific 
chalcone derivatives have gained momentum11. In the 
literature, it is possible to find dozens of studies 
conducted in this field in recent years. Some of the 
selected studies are summarized in Table 1 along with 
their outlines12-20. Responses to questions regarding 
the recent advances on this topic were described in 

Table 1. As highlighted in Table 1, the principal 
motivation for the synthesis of new derivatives 
containing chalcone core is that they have clinical 
potential against a wide range of diseases. Also, the 
ease of synthesis provides an additional advantage. 
However, the development of effective synthesis 
strategies, isolation of new variants, target 
identification, and elucidation of mechanisms of 
action remain a challenging process21. In such cases, 
computational chemistry methods and in silico 
screening studies offer researchers new and effective 
perspectives. With this respect, predicting the 
structural, electronic, energetic, and physicochemical 
characteristics of new derivatives by applying 
structural optimization at the design stage is a 
frequently preferred effective strategy. On the other 
hand, in silico profiling provides insight into research 
on target identification, determination of bioactivity 
and mechanisms of action. For instance, in order to 
get insights into oral bioavailability in the 
development of bioactive candidates, estimating many 
more determining factors  of the  relevant molecules  
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Table 1 — Several recent studies on the synthesis and applications of chalcone derivatives 

Ref. Target Process Key Findings 
12 *Synthesis and characterization of 

chalcone ligated molybdenum  
carbonyl complexes 
*Investigation of cytotoxicity and 
binding abilities to quadruplex DNA 

*Microwave-assisted synthesis 
*X-ray crystallographic studies 
*Brine shrimp lethality assay 
*Fluorescence intercalator  
displacement (FID) assay 

Molybdenum complexes of pyridine 
carboxaldehydes, acetylpyridines and pyridyl-antryl 
chalcones were synthesized. It was concluded that 
the cytotoxicity and DNA binding abilities of 
molybdenum carbonyl compounds improved by 
adding a chalcone derivative to the structure. 
 

13 *Investigation of anti-inflammatory 
activities of previously synthesized 
naphthalene-chalcone hybrids 

*Carrageenan-induced rat paw edema 
method 
*Molecular docking study 
*In silico ADME analysis 

It was determined that ortho and para difluoro 
substituted chalcone derivative showed crucial 
anti-inflammatory activity in carrageenan-
induced rat paw edema method. In-Silico ADME 
studies revealed that all compounds demonstrated 
acceptable pharmacokinetic properties. 
 

14 *Synthesis of new chromene-chalcone 
and chromene-pyrazole hybrid molecules 
*Investigation of cytotoxicity 

*In vitro anticancer activity 
*In silico ADMET analysis 

Among the synthesized compounds, 4-
fluorophenyl pyrazole substituted and naphthyl 
pyrazole substituted derivatives were determined 
to exhibit significant anticancer activity against 
MDA-MB-231 and MCF-7 cells. 
 

15 *Synthesis of new 1,2,3-triazole- 
tethered chalcone derivatives 
*Investigation of anti-inflammatory  
and antioxidant activity 

*The click chemistry approach 
*% Inhibition of hemolysis activity 
* DPPH anti-oxidant activity 
*Molecular docking study 
*In silico ADME analysis 

It was determined that many of the derivatives 
synthesized and characterized by spectroscopic 
methods showed anti-inflammatory and 
antioxidant activities. Also, the results were 
supported by molecular modeling studies. 
 

16 *Synthesis of 25 push–pull type  
chalcone derivatives by modifying  
the chalcone skeleton 
*Examination of optical and  
electrochemical properties 

*Photophysical properties in CHCl3 

*Solid-state photophysical properties 
*Electrochemical studies 
*DFT study 

Outcomes obtained from the photophysical and 
electronic features of push–pull chalcone present 
the possibility of adaptively tuning the optical and 
electronic features of chalcone in both CHCl3 
solution and solid state. DFT techniques were 
utilized to determine the structure and electronic 
properties, including EHOMO&ELUMO and other 
quantum chemical descriptors. 
 

17 *Investigation of the effectiveness of 
previously synthesized nitrogen-based 
chalcone analogs on KRAS mutant CRC 

*Cell culture 
*Cell viability assay 
*Morphological examination 
*Colony formation 
*Flow cytometric analysis of cell cycle 
*Invasion assay 
*Western blot analysis 
*Statistical analysis 
 

Tests and analyzes performed within the  
scope of the study revealed that mentioned 
chalcone compounds may be effective in the 
treatment of human CRC, especially KRAS 
mutant CRC, as well as other types of cancer. 

18 *Synthesis of thienyl chalcones using 
iron oxide nanoparticles (FeONPs) as a 
heterogeneous catalyst 

*Sonochemical method 
*X-ray diffraction (XRD) pattern 

A new and effective method using sonochemistry 
to synthesize thienyl chalcones has been 
developed (high yields of up to 94%). 
 

19 *Design and synthesis of chalcone 
derivatives containing benzoxazole 

*Anti-bacterial activity test 
*In vivo inhibitory activity 
*In vivo antiviral activity assay 
*Molecular docking study 

Biological analyzes showed that some of the 
synthesized derivatives exhibited excellent 
antibacterial and antiviral activities. In 
conclusion, this study reveals the applicability  
of chalcone derivatives in pesticides. 
 

20 *Design and synthesis of a novel series 
of cycloheptapyridinone fused 1,2,3–
triazolyl chalcones 
*Creation of new methods to modify 
compounds with a 1,2,3‒triazole and 
chalcone scaffolds 

*Antimicrobial and antifungal activity 
*In vitro antitubercular effect 
*Molecular docking study 
*In silico ADMET prediction  

Synthesis of aimed chalcone derivatives was carried 
out by utilizing the Claisen‒Schmidt functionalized 
carbonyl coupling reaction. According to bioactivity 
tests, dichloro, difluoro and OH-substituted hybrids 
exhibited exceptional antibacterial activities with 
zone of inhibition 27, 32, and 38 mm against the 
tested E. faecalis bacteria, whereas difluoro 
substituted derivative displayed better antitubercular 
potency against M. tuberculosis H37Rv strain with 
MIC value 5.25 µg/mL 
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such as lipophilicity, polar surface area, and numbers 
of hydrogen-bond acceptors and donors, will shed light 
on studies. Furthermore, it is vital to determine water 
solubility values in order to accomplish in vitro 
experiments and move on to the in vivo phase. 
Therefore, quantum chemical methods and in silico 
screening have become important tools that offer 
advanced perspectives to modern drug design studies, 
enabling researchers to develop candidates with fewer 
side effects, potent and superior pharmacokinetic 
properties. 

Keeping these considerations in mind, in this 
current study, the methoxy substituted chalcone 
derivative synthesized by Qiu et al.22 was subjected to 
quantum chemical and in silico examinations. 
Cytotoxicity evaluation of the compound in question 
was performed by Wilhelm et al23. As far as we know, 
no comprehensive theoretical and/or in silico study 
has been found in the literature for the relevant 
compound. In this context, structural, vibrational, 
electronic, energetic and physicochemical properties 
of the title compound were examined by performing 
DFT-based calculations. Calculations were repeated 
in three distinct solvent environments (acetonitrile, 
DMSO, and water) to determine solvent effects. 
Considering the importance of chalcone derivatives in 
the field of medicinal chemistry, it was concluded that 
including in silico analyzes in the study would be of 
great benefit. Therefore, it is expected that the 
findings of the study will guide and inspire many 
further studies. 
 

Computational Methodology 
All DFT computations represented in this study 

were performed by using GAUSSIAN 16 software 
package24 on applying the B3LYPhybrid functional 
and the 6-311++G (d, p)split-valence triple zeta basis 
set to examine the optimized structure of studied 
chalcone derivative25-27. Gauss View 6 software28 was 
utilized for visualizations of the optimized structure, 
FMOs, and MEP diagrams. To gain the density of 
states (DOS) plot, Gauss-Sum 3.0 program29 was 
operated. The solvent phase calculations were carried 
out by using Integral Equation Formalism Polarizable 
Continuum Model (IEFPCM) 30,31. Acetonitrile 
(ε=35.7), DMSO (ɛ=46.8), and water (ɛ=78.4) 
environments were simulated by mentioned solvent 
model. For computations, optimized structure was 
verified by the absence of imaginary frequency. The 
TD-DFT method32-36 was utilized to enlighten UV–
vis. features such as possible electronic transitions, 

energies, and oscillator strengths. To appraise basic 
physicochemical and lipophilicity features of studied 
compound, SwissADME web server37 was utilized. 
The n-octanol/water partition coefficient (logPow) was 
established utilizing five methodologies, which were 
ILOGP, XLOGP3, WLOGP, MLOGP, and SILICOS-
IT38-42. Additionally, molecular lipophilicity potential 
(MLP) map of studied compound was visualized in 
Molinspiration Galaxy 3D Structure Generator 
v2018.01 beta43, 44. 

The thermochemical quantities, Evib. (vibrational 
thermal energy), Svib. (vibrational entropy), and Cvvib. 
(vibrational heat capacity) of the studied molecule 
were calculated through specific equations ((1)-(5)) 
defined below in accordance with the principles of 
quantum mechanics45-48. The following explanations 
refer to the terms presented in the equations:Θν,j=hνj 
/k →vibrational temperature, k→ Boltzmann constant, 
h→ Planck constant, and νj→ jth fundamental 
frequency. 
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According to Koopmans theorem49, ionization 
energy (I)(I= – EHOMO) and electron affinity (A) (A= –
ELUMO) values can be defined by Highest Occupied 
Molecular Orbital (HOMO) and Lowest Unoccupied 
Molecular Orbital (LUMO) energies. Additionally, 
some DFT-based reactivity parameters, calculated 
using I and A values, with their corresponding 
equations are presented below ((6)-(13)) 50-56. 
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NBO analysis were performed utilizing the 2nd-order 
Fock matrix57,58 at DFT/B3LYP/6–311++G (d, p) theory 
level. So, donor-acceptor orbital interactions, 
hybridization types, and stabilization energy predictions 
were elucidated. Stabilization energy values were 
calculated according to the formula specified in equation 
(14). The terms in the formula are expressed as follows: 
E(2) : Stabilization energy, qi: Donor orbital occupancy, 
Fij: Off diagonal Fock matrix, ɛi and ɛj: diagonal 
element, donor and acceptor orbital energies. 
 

𝐸ሺଶሻ ൌ ∆𝐸௜௝ ൌ 𝑞𝑖 ቈ
ሺ𝐹𝑖𝑗ሻଶ
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... (14)

 

Results and Discussion 
 

Molecular structure 
The ground-state geometry of the title compound 

was optimized using DFT/B3LYP/6-311++G (d, p) 

methodology in the gas phase. The X-Ray structure 
was employed for optimization23. The crystal 
structure was ensured from the Cambridge 
Crystallographic Data Centre (CCDC 2062758) 23. 
The resulting optimized structure is depicted in 
Fig. 1(a) along with the numbering and labelling 
scheme. Also, molecular geometry of the relevant 
compound determined by XRD was superimposed 
with the geometry of the DFT-optimized structure and 
Fig. 1(b) was obtained. The obtained RMSD (root 
mean square deviation) value of 0.077 Å reflects the 
suitability of the theoretical model used in the current 
study. In other words, it is concluded that the 
difference between experimental and theoretical 
structures is at an acceptable level.  

Some of the experimental22 and theoretical bond 
parameters of the title compound are listed in Table 2. 
Accordingly, while the bond lengths of C5=O1,  
C11-O2, and C12-O3 were theoretically calculated as 

 
 

Fig. 1 — DFT-optimized molecular structure of the title compound at
B3LYP/6-311++G (d, p) level (a); Atom-by-atom superimposition of 
the optimized structure (purple) and the X-ray (blue) (b) 

Table 2 — Selected bond parameters for title compound 

Bond Length (Å) Exp. DFT Bond Length (Å) Exp. DFT 
C5-O1 1.237 1.227 C7-C15 1.385 1.398 
C12-O3 1.361 1.364 C7-C13 1.398 1.407 
C11-O2 1.415 1.359 C5-C10 1.463 1.483 
C6-C17 1.386 1.407 C5-C7 1.473 1.496 
C6-C25 1.398 1.406 C10-C4 1.328 1.346 

Bond Angle (°) Exp. DFT Bond Angle (°) Exp. DFT 
C17-C6-C25 116.87 117.39 O2-C11-C19 125.22 124.56 
C17-C6-C4 120.22 118.93 O2-C11-C21 115.27 115.79 
C25-C6-C4 122.77 123.66 O3-C12-C8 117.12 117.57 
O1-C5-C10 120.40 121.12 O3-C12-C23 123.04 122.59 
O1-C5-C7 119.33 119.87 C4-C10-C5 122.63 120.37 

Dihedral Angle (°) Exp. DFT Dihedral Angle (°) Exp. DFT 
O2-C11-C19-C15 179.7 179.9 O3-C12-C8-C17 –179.22 –179.98 
C27-O2-C11-C21 –178.6 –179.6 C6-C17-C8-C12 –2.3 –0.1 

C7-C5-C10-C4 168.96 176.67 C13-C7-C15-C19 0.3 –0.1 
C17-C6-C4-C10 176.0 178.71 C27-O2-C11-C19 0.9 –0.03 
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1.227, 1.359, and 1.364 Å, they were experimentally 
reported as 1.237, 1.415, and 1.361 Å, respectively. 
C-C bond lengths of aromatic rings were
theoretically predicted to be in the range of
1.398-1.407 Å, according to X-ray results, these
values were determined to be in the range of
1.385-1.398 Å experimentally. On the other hand,
bond angles of O1-C5-C10, O1-C5-C7, O2-C11-C19,
O2-C11-C21, O3-C12-C8, and O3-C12-C23  
were theoretically/(experimentally) determined as
121.12°/(120.40), 119.87°/(119.33), 124.56°/(125.22),
115.79°/(115.27), 117.57°/(117.12) and 
122.59°/(123.04), respectively. On comparing the
dihedral angles, the values of O2-C11-C19-C15, C27-
O2-C11-C21, C7-C5-C10-C4, C17-C6-C4-C10, and
O3-C12-C8-C17 angles have been experimentally
reported as 179.7°, –178.6°, 168.96°, 176.0°, and –
179.22°, respectively. On the other hand, it can be
seen from Table 2 that the experimental values of the
C6-C17-C8-C12, C13-C7-C15-C19, and C27-O2-
C11-C19 angles are determined as –2.3°, 0.3°, and
0.9°, respectively. It is clear that the calculated values
of the mentioned dihedral angles are quite close to the
experimental values. X-ray and DFT outcomes reveal
that the title compound exhibits a nearly planar
molecular structure.

Vibrational spectral analysis 
The literature survey revealed that neither 

experimental nor theoretical FT-IR spectral 
characterization of the studied compound was 
available.Therefore, in this current study, the 
theoretical vibrational analysis throughputs of the 
mentioned molecule were evaluated in a detailed 
manner. In this respect, the FT-IR spectrum created at 
the B3LYP/6-311++G (d, p) theory level is exhibited 
in Fig. 2. Since studied compound consists of 33 

atoms, it exhibits total 93 different vibrational modes 
figured out according to the 3N-6 formula. The 
selected vibrational mode assignments for the title 
compound are given in Table 3. The vibrational 
modes between 3830 cm–1 and 1710 cm–1 were scaled 
by 0.983, and modes between 1655 cm–1 and 848 cm–1 
were scaled by 0.95859.  

The characteristic vibrational wavenumber regions 
of C–H stretching vibrations are in the range of 3100-
3000 cm–1 60. The theoretical C-H symmetric stretching 
vibrations of title compound appeared at 3153, 3148, 
3143, 3142, 3132 and 3092 cm–1 as pure bonding 
vibration with lower IR intensities.Similarly, C-H 
asymmetric stretching vibrations were detected in the 
3131, 3125, 3116, and 3096 cm–1 regions.On the other 
hand, symmetric and asymmetric stretching vibrations 
belonging to the methoxy group were determined in 
regions of 2957 cm–1 and 3084/3017 cm–1, 
respectively.Also, CH3 symmetric bending umbrella 
mode was computed as the pure mode at 1413 cm–1 
region.In general, hydroxyl stretching vibrations (νOH) 
cause bands around 3500-3700 cm–1 61. In title 
compound, the computed O-H stretching wavenumber 
was assigned at 3765 cm–1 as a pure mode.The strongest 
peaks of the simulated FT-IR spectrum are observed at 
1572, 1557, and 1135 cm–1 with IR intensities of 394, 
608, and 542 km/mol, respectively.The peaks in the 
region of 1572 and 1557 cm–1 have been attributed 
νC=O stretching vibration, in addition, νC=O vibration 
modes are combined with νCC and ipb HCC modes.The 
same vibrations were also identified at 1681 and 1585 
cm–1.νC–O modes for the title compound were 
determined at 1235, 1225, 1015, and 991 cm–1. 

Thermodynamic parameters 
The thermodynamic parameters of title compound 

were calculated using B3LYP functional with 6-

Fig. 2 — Theoretically simulated FT-IR spectrum of title compound 
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311++G (d, p) basis set level in both gas and solvent 
environments. The investigation of such parameters is 
constructed on the values of enthalpy (∆H), entropy 
(S), free energy (∆G) and heat capacity (Cv), which 
are key concepts for understanding the 
thermodynamics of a substance62. Electronic, 
translational, rotational, and vibrational partition 
functions contribute to thermodynamic parameters. 
Since vibrational freedom provides the greatest 
contribution to the relevant quantities, ∆Evib., Svib., and 
Cvvib.parameters were also calculated63. Computed 

values are displayed in Table 4. Accordingly, ΔE, ΔH, 
and ΔG values for the gas phase were calculated as –
843.737 a.u., –843.737 a.u., and –843.802 a.u., 
respectively. It is observed that the relevant values 
decrease in the acetonitrile, DMSO and water phases. 
In addition, the variations in ΔEthermal(kcal/mol), Cv 
(cal/molK), and S (cal/molK) values according to 
phases were computed as follows: ΔEthermal: 173.877 
(gas) > 173.827 (acetonitrile) > 173.824 (DMSO) > 
173.822 (water); Cv: 64.999 (gas) > 64.918 (water) 
>64.917 (acetonitrile & DMSO); S: 137.736 (gas) 
>137.077 (water) > 137.076 (acetonitrile & DMSO). 
Referring to Table 4, it is obvious that the contributions 
of vibrational freedom (namely, ∆Evib., Cvvib., Svib.) to 
ΔEthermal, Cv and S values are quite high. In the case of 
polarizability values (α, a.u.), the following values 
were obtained for each phase: 236.403 (gas) < 326.212 
(acetonitrile) < 327.501(DMSO) < 329.197 (water). 
Based on this, the dielectric constant of the medium 
affects the polarizability value. The studied chalcone 
derivative is expected to be more polarizable in the 
water environment. 
 
FMO and MEP analyses 

The phenomenon of frontier molecular orbitals, 
which is frequently encountered in computational 
chemistry, involves examining both the energies and 
electron density distributions of HOMOs and 
LUMOs. Analyzing this phenomenon allows the 
prediction of some quantities such as energy gap, 
chemical hardness, electronegativity. This 
information ensures insights into the stability and 
reactivity of the molecule of interest64-66. In this part 
of the study, some quantum chemical reactivity 
parameters were calculated for the title compound at 
the level of theory under study, in accordance with the 
relevant equations (6)-(13). The alterations of the 
relevant parameters according to the dielectric 

Table 3 — The computed approximate frequencies (in cm–1)  
for title compound 

Assignment IIR Unscaled Scaled 
νOH 104 3830 3765 
νCH 11 3208 3153 
νCH 6 3202 3148 
νCH 12 3197 3143 
νCH 5 3196 3142 
νCH 2 3186 3132 
νasCH 11 3185 3131 
νasCH 1 3179 3125 
νasCH 4 3170 3116 
νasCH 21 3150 3096 
νCH 1 3145 3092 
νasCH3 (OMe) 23 3137 3084 
νasCH3 (OMe) 34 3069 3017 
νCH3 (OMe) 59 3008 2957 
νC=O + νCC 158 1710 1681 
νC=O + νCC+ ipb HCC 4 1655 1585 
νC=O + νCC+ ipb HCC 394 1641 1572 
νC=O + νCC+ ipb HCC 608 1625 1557 
νCC+ ipb HCC  40 1618 1550 
νCC+ ipb HCC 45 1601 1534 
νCC+ ipb HCC 118 1543 1478 
νCC + ipb HCC 62 1537 1472 
ẟ CH3 (OMe) 36 1503 1440 
ẟ CH3 (OMe) 9 1493 1430 
CH3umb. 2 1475 1413 
ipb HCC + ipb COH 146 1464 1403 
νCC + ipb HCC 36 1447 1386 
νC-O + ipb HCC 163 1289 1235 
νC-O + ipb HCC 277 1279 1225 
ipb HCC + ipb COH 272 1229 1177 
ω CH2 14 1201 1151 
ipb HCC + ipb COH 542 1185 1135 
ρ CH2 1 1167 1118 
νC-O + ipb HCC 54 1060 1015 
νC-O + Ph ring breathing 160 1034 991 
ipb HCC 0 1024 981 
opb HCC 1 970 929 
Ph ring breathing  1 906 868 
opb HCC 0 888 851 
Ph breathing 27 848 812 

Abbreviations; IIR: IR intensity, ν: symmetricstretching, νas: 
asymmetricstretching, ipb: in planebending, opb: out of
planebending, ẟ: scissoring, ω: wagging, ρ: rocking, umb:
umbrella 
 

Table 4 — Thermodynamic and physicochemical parameter 
predictions for the title compound 

 Gas Acetonitrile DMSO Water 
DM (Debye) 6.027 8.673 8.712 8.762 
∆E (a.u.) –843.737 –843.754 –843.755 –843.755 
∆H (a.u.) –843.737 –843.753 –843.754 –843.754 
∆G (a.u.) –843.802 –843.819 –843.819 –843.819 
∆Ethermal(kcal/mol) 173.877 173.827 173.824 173.822 
∆Evib. (kcal/mol) 172.100 172.049 172.047 172.044 
Cv (cal/molK) 64.999 64.917 64.917 64.918 
Cvvib. (cal/molK) 59.037 58.955 58.956 58.956 
S (cal/molK) 137.736 137.076 137.076 137.077 
Svib. (cal/molK) 60.788 60.118 60.118 60.119 
α (a.u.) 236.403 326.212 327.501 329.197 
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constant of the medium were perused. The data 
obtained are presented in Table 5. Accordingly, while 
the energy gap (∆E = ELUMO-EHOMO) values for 
acetonitrile, DMSO, and water phases were found to 
be 3.753, 3.750, and 3.747 eV, respectively, a higher 
energy gap value of 3.940 eV was determined in the 
gas phase. The following ranking was obtained for 
chemical hardness values displaying a similar trend: ղ 
in eV; 1.970 (gas) > 1.877 (acetonitrile) > 1.875 
(DMSO) > 1.874 (water). Chemical hardness and 
energy gap values are directly proportional to each 
other and inversely proportional to the reactivity of 
the molecule. A small ∆E value (small chemical 
hardness) indicates high reactivity and low stability. It 
also shows up remarkable likelihoods of 
intramolecular charge transfer, hence higher 

polarizability. On the other side, molecules with large 
ΔE values (large chemical hardness) are less 
polarizable molecules with lower reactivity and are 
referred to as hard molecules67. From the outcome of 
the computations, it was determined that the 
electrophilicity index value of the gas phase was 
relatively lower than that of the solvent phases. The 
order of relevant values is as follows: ω in eV; 5.086 
(water) > 5.074 (DMSO) > 5.064 (Acetonitrile) > 
4.490 (gas). On account of this, the title compound is 
expected to exhibit slightly more electrophilic 
character in aqueous environment. 

The pictorial presentation of the HOMO and 
LUMO densities and DOS diagram of studied 
chalcone derivative is introduced in Fig. 3. The red 
and green colours designate negative and positive 
lobes, respectively. With respect to Fig. 3, it is clearly 
seen that HOMO and LUMO densities are distributed 
almost throughout the molecule. Besides, Fig. 4 
represents the MEP and ESP maps created using 
B3LYP/6-311++G (d, p) theory level for the title 
compound. Isodensity valuation is 0.0004 a.u. The 
molecular electrostatic potential surface mapping is 
extremely useful for defining feasible electrophilic 
and nucleophilic attack sites. It is specified utilizing 
the total charge density, involving both the electrons 
and protons of the studied molecule. In this method, 
which uses color regulations, red designates the most 
negative electrostatic potential and blue designates the 

Table 5 — The calculated quantum chemical reactivity parameters 
of the title compound 

 Gas Acetonitrile DMSO Water 
EHOMO –6.176 –6.236 –6.237 –6.239 
ELUMO –2.236 –2.483 –2.487 –2.492 
∆E 3.940 3.753 3.750 3.747 
ղ 1.970 1.877 1.875 1.874 
µ –4.206 –4.360 –4.362 –4.366 
χ 4.206 4.360 4.362 4.366 
ω 4.490 5.064 5.074 5.086 
ω+ 2.633 3.119 3.127 3.138 
ω– 6.839 7.478 7.489 7.503 
∆Nmax 2.135 2.323 2.326 2.330 
∆Eback –0.493 –0.469 –0.469 –0.468 

 
 

Fig. 3 — DOS plot and HOMO & LUMO surfaces (isoval: 0.02 a.u.) of the title compound 
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most positive electrostatic potential68,69. The 
molecular electrostatic potential of title compound 
was calculated in the range of –0.006705 a.u (deepest 
red) – +0.006705 a.u. (deepest blue). Also, ESP map 
was colored from deepest red (–0.01286 a.u.) to 
deepest blue (0.01286 a.u.). Consequently, it can be 
pointed out that the electron density is higher around 
O1, O2, and O3 atoms and there is predominantly red 
coloration. On the other hand, due to the low electron 
density, blue coloration is mostly noticeable around 
hydrogen atoms. 
 
UV-Vis characterization 

The excited state properties of the title compound in 
water, acetonitrile, and DMSO environments were 
calculated by TD-DFT method based on the optimized 
ground state geometry. The IEFPCM model was used 
to compare the solvent effects on UV-vis absorption 
characteristics. The outcomes revealed by calculations 
are presented in detail in Table 6. From Table 6, it is 
observed that the values of absorption peaks and 
transition types are not crucially affected by the solvent 
environment. The transition type with the highest 

oscillator strength (f; 1.0207, 1.0219, and 1.0377) for 
the water, acetonitrile, and DMSO phases is the S1 
singlet state. As can be evident from the TD-DFT,  
the absorption wavelength (λcalc) values corresponding 
to this transition were calculated as 365 ,364, and  
366 nm. It was determined that the mentioned  
UV-vis absorption maxima correspond to the electron 
transition from HOMO to LUMO. To gain more 
insights into the molecular orbitals contributing to the 
transitions identified for the DMSO phase, their spatial 
distributions are picturized and exhibited in Fig. 5. 
Accordingly, whole absorption wavelengths can be 
qualified as π→π* and n→π* transition type. 
 
NBO analysis 

Quantum chemical examination of charge transfer 
interactions from donor orbitals to acceptor ones is 
performed with the help of NBO analysis. In this 
section, the title compound was subjected to  
NBO analysis using the B3LYP hybrid functional and 
the 6-311++G (d, p) basis set in gas phase. By 
applying 2nd-order perturbation theory, probable 
donor-acceptor interactions and their corresponding 

 
 

Fig. 4 — MEP & ESP surfaces created using B3LYP/6-311++G (d, p) theory level 
 

Table 6 — Theoretical UV-Vis absorption characteristics of the title compound 

Medium ES λcalc. (nm) ∆E (eV) f Symmetry Major Contributions 
Water S1 365 3.3981 1.0207 Singlet-A H→L (69%) 

 S2 354 3.5014 0.0033 Singlet-A H-2→L (68%) 
 S3 319 3.8791 0.0823 Singlet-A H-1→L (67%) 
 S4 286 4.3314 0.0029 Singlet-A H-3→L (62%), H-4→L (23%) 
 S5 285 4.3412 0.0035 Singlet-A H-4→L (57%), H→L+2 (26%) 
 S6 259 4.7721 0.0683 Singlet-A H→L+1 (65%), H-4→L (23%) 

Acetonitrile S1 364 3.3996 1.0219 Singlet-A H→L (69%) 
 S2 354 3.4964 0.0034 Singlet-A H-2→L (68%) 
 S3 320 3.8795 0.0826 Singlet-A H-1→L (67%) 
 S4 286 4.3338 0.0030 Singlet-A H-3→L (63%), H-4→L (20%) 
 S5 285 4.3446 0.0033 Singlet-A H-4→L (58%), H→L+2 (26%) 
 S6 260 4.7718 0.0683 Singlet-A H→L+1 (65%), H-4→L (23%) 

DMSO S1 366 3.3846 1.0377 Singlet-A H→L (69%) 
 S2 354 3.4981 0.0034 Singlet-A H-2→L (68%) 
 S3 320 3.8719 0.0867 Singlet-A H-1→L (67%) 
 S4 286 4.3321 0.0032 Singlet-A H-3→L (63%), H-4→L (21%) 
 S5 285 4.3425 0.0035 Singlet-A H-4→L (58%), H→L+2 (26%) 
 S6 260 4.7683 0.0710 Singlet-A H→L+1 (65%), H-4→L (23%) 

H = HOMO; L = LUMO 
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stabilization energy values (E(2))were calculated. The 
outputs obtained as a result of the analysis are listed 
in Table 7. Stabilization energy values of 10 kcal/mol  
and above were taken into account. Table 7 reflects 
the information that the possible interaction types  
are π → π*, LP → σ* and LP → π*. While the  
total stabilization energy value resulting from π-π* 
interactions was calculated as 303.73 kcal/mol, the 
total value for LP-π* interactions was found to be 
65.27 kcal/mol. Among the π-π* interactions  
with energy values ranging from 11.44 kcal/mol to 
24.09 kcal/mol, the maximum contributor is the 

electron donation from π C8-C12 (EDi =1.61632e) to 
the π* C6-C17 (EDj= 0.39544e) with a stabilization 
energy of 24.09 kcal/mol. On the other hand,  
the highest stabilization energy values were  
calculated as 37.93 kcal/mol and 27.34 kcal/mol,  
and correspond to LP (2) O2 (EDi =1.83139e) → π* 
C11-C19 (EDj = 0.38743e) and LP (2) O3  
(EDi = 1.86929e) → π* C8-C12 (EDj = 0.38181e) 
transitions, respectively. For the LP (2) O1→ σ* C5-
C7 and LP (2) O1→ σ* C5-C10 transitions,  
very close energy values were calculated as 19.86  
and 19.85 kcal/mol. 

 
 

Fig. 5 — FMO diagrams contributing to the electronic transitions identified for DMSO phase 
 

Table 7 — NBO analysis results of the possible interactions for the title molecule 

Donor(i) EDi/e Acceptor(j) EDj/e E(2) kcal/mol E(j)-E(i)/a.u F(i.j)/a.u 
π C4-C10 1.84219 π* O1-C5 0.22418 20.57 0.30 0.071 

  π* C6-C17 0.39544 11.44 0.29 0.055 
π C6-C17 1.61316 π* C4-C10 0.11891 17.95 0.29 0.070 

  π* C8-C12 0.38181 19.07 0.27 0.064 
  π* C23-C25 0.31979 22.68 0.27 0.071 

π C7-C15 1.65593 π* O1-C5 0.22418 19.26 0.28 0.068 
  π* C11-C19 0.38743 16.82 0.27 0.061 
  π* C13-C21 0.26617 20.27 0.29 0.070 

π C8-C12 1.61632 π* C6-C17 0.39544 24.09 0.29 0.075 
  π* C23-C25 0.31979 16.82 0.28 0.063 

π C11-C19 1.65088 π* C7-C15 0.37065 23.42 0.30 0.075 
  π* C13-C21 0.26617 14.00 0.30 0.059 

π C13-C21 1.70031 π* C7-C15 0.37065 16.35 0.28 0.062 
  π* C11-C19 0.38743 23.43 0.27 0.073 

π C23-C25 1.71853 π* C6-C17 0.39544 15.47 0.29 0.062 
  π* C8-C12 0.38181 22.09 0.28 0.072 

LP (2) O1 1.88873 σ* C5-C7 0.06499 19.86 0.65 0.102 
  σ* C5-C10 0.05813 19.85 0.66 0.103 

LP (2) O2 1.83139 π* C11-C19 0.38743 37.93 0.28 0.098 
LP (2) O3 1.86929 π* C8-C12 0.38181 27.34 0.35 0.094 
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In silico ADME predictions 
The development of effective and safe bioactive 

drug precursors is a multi-step, time-consuming and 
financially burdensome process. In order to make this 
process more qualified in every respect, researchers 
have turned to in silico methods in the light of 
advances in computational techniques and computer 
hardware. In this context, the field of 
cheminformatics, which systematizes computer 
applications in chemistry, facilitates the development 
of new compounds and methods for chemists. 
Cheminformatics has many applications in the 
discovery and optimization of new lead compounds, 
determination of quantitative structure-activity 
relationships, analysis of data from high-throughput 
screening methods, and modelling of ADME-Tox 
data70,71. The sum of the events that occur from the 
intake of a chemical into the biological system to its 
excretion is called ADME. It refers to absorption, 
distribution, metabolism and excretion, respectively. 
In the case of ADME characteristics of a drug-like 
molecule are of sufficiently high quality, the molecule 
could be evaluated for a next step. Therefore, in this 
section, the title compound is subjected to in silico 
evaluations. SwissADME web server37 was utilized 

for this purpose. First, the SMILES (Simplified 
Molecular Input Line Entry Specification, 
COC1=CC=C(C=C1)C(=O)\C=C\C1=CC=C(O)C=C1) 
string of the studied chalcone derivative was created 
and uploaded to the web platform. The parameters of 
interest of the questioned compound were accessed 
under the headings of physicochemical properties, 
pharmacokinetics, drug-likeness, lipophilicity, water 
solubility, and medicinal chemistry. The findings 
obtained are presented in Table 8. Under the heading of 
physicochemical properties; values of parameters such 
as molecular weight, Csp3 fraction, number of 
rotatable bonds, number of H-bond acceptors and 
donors, and topological polar surface area (TPSA) 
were calculated. Table 8 contains data on 
gastrointestinal (GI) absorption, blood-brain barrier 
(BBB) permeability, P-gp substrate, inhibition of CYP 
enzymes, and skin permeability (logKp) as 
pharmacokinetic properties. Blood-brain penetration 
(BBB) and gastrointestinal absorption (GI) features 
were scrutinized using the BOILED-Egg (Brain Or 
IntestinaLEstimateD absorption) method. The 
BOILED-Egg graph of the studied compound is shown 
in Fig. 6(b). Accordingly, in the graph, it can be seen 
that the title compound is located in the yellow region 

Table 8 — Key parameters of in silico analysis of the title compound 

Physicochemical properties  Pharmacokinetics  
Formula C16H14O3 GI absorption High 
Molecular weight (g/mol) 254.28 BBB permeant Yes 
Num. heavy atoms 19 P-gp substrate No 
Num. arom. heavy atoms 12 CYP1A2 inhibitor Yes 
Fraction Csp3 0.06 CYP2C19 inhibitor Yes 
Num. rotatable bonds 4 CYP2C9 inhibitor Yes 
Num. H-bond acceptors 3 CYP2D6 inhibitor No 
Num. H-bond donors 1 CYP3A4 inhibitor Yes 
Molar Refractivity 74.76 Log Kp (skin permeation) –5.33 cm/s 
TPSA (Å²) 46.53   
Lipophilicity  Druglikeness  
Log Po/w (iLOGP)  2.47 Lipinski Yes; 0 violation 
Log Po/w (XLOGP3)  3.55 Ghose Yes 
Log Po/w (WLOGP)  3.19 Veber Yes 
Log Po/w (MLOGP)  2.42 Egan Yes 
Log Po/w (SILICOS-IT)  3.48 Muegge Yes 
Consensus Log Po/w  3.02 Bioavailability Score 0.55 
WaterSolubility  Medicinal Chemistry  
Log S (ESOL)  –3.86 PAINS 0 alert 
Solubility (mg/mL)x10–2 3.54 Brenk 1 alert: michael_acceptor_1 
Class  Soluble Leadlikeness No; 1 violation: XLOGP3>3.5 
Log S (Ali)  –4.21 Synthetic accessibility 2.40 
Solubility (mg/mL)x10–2 1.56   
Class  Moderately soluble   
Log S (SILICOS-IT)  –4.51   
Solubility (mg/mL)x10–3 7.86   
Class  Moderately soluble   
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as a red hollow sphere. Based on the data in Table 8, 
regarding Cytochrome P450 (CYP) inhibitors, it can be 
said that the title compound present inhibition 
properties for CYP1A2, CYP2C19, CYP2C9, and 
CYP3A4, excluding CYP2D6. Considering the 
bioavailability radar diagram (Fig. 6(a)), the pink-
colored zone represents the physicochemical area 
suitable for oral bioavailability72. It was established that 
the physicochemical characteristics of the examined 
derivative were within the boundaries determined by 
the pink zone, except for insaturation. Also, 
bioavailability score was predicted as 0.55.  

Under the title of lipophilicity, logPo/w (partition 
coefficient between n-octanol and water) values of the 

molecule of interest were calculated according to five 
different methods (iLOGP, XLOGP3, WLOGP, 
MLOGP, and SILICOS-IT). Consensus values 
represent the average lipophilicity value. Lipophilicity 
is an important factor regarding permeability through 
biological membranes. From Table 7, the Consensus 
log Po/w value was calculated as 3.02. In addition, 
lipophilicity assessments can be enhanced using 
visualization methods.Towards this end, a molecular 
lipophilicity potential (MLP) map (Fig. 7) was created 
for the title compound via Molinspiration web  
server43, 44 and lipophilic interaction regions were 
determined.As can be clearly seen from Fig. 7, the 
regions where purple and blue colours are dominant 

 
 
Fig. 6 — Bioavailability radar (a); BOILED-Egg diagrams (b): BBB (Blood-Brain Barrier) yellow yolk-like sphere, HIA (Human 
Intestinal Absorption) oval white part, PGP+ P-glycoprotein substrate, PGP- a non-P-glycoprotein substrate. 
 

 
 

Fig. 7 — Molecular lipophilicity potential (MLP) map of the title compound 
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represent the surfaces where lipophilic interactions are 
most intense, while the yellow and green regions 
represent intermediate lipophilic interactions. 
Therefore, it is concluded that aromatic rings in the title 
compound promote lipophilic interactions. 
 
Conclusions 

This current study was mainly conceived to explore 
thermodynamic, electronic, physicochemical, and 
ADME characteristics of the title compound from 
theoretical aspects.The main findings can be 
summarized as follows: 1) It was determined that the 
theoretical bond parameters and vibrational analysis 
results were consistent with the experimental data. 2) 
For the gas phase, ΔE, ΔH, and ΔG values were 
calculated as –843.737, –843.737 and –843.802 a.u., 
respectively, while it was observed that the relevant 
values decreased in the solvent phases. 3) Energy gap 
(ΔE) is considered an important metric of stability.The 
highest energy gap value was calculated as 3.940 eV in 
the gas phase. Relatively lower values were obtained 
for the solvent phases. 4) In silico analysis results 
indicate that the physicochemical properties of the 
examined derivative are within the determined limits, 
except for unsaturation. Additionally, the 
bioavailability score was estimated at 55%. 5) The 
lipophilic character of the title compound was 
examined both numerically (consensus logPo/w = 3.02) 
and visually (MLP map).It is prominent that the results 
support each other. 

As pointed out earlier, members of the chalcone 
family are proven candidates for potential 
applications in different disciplines.It is expected that 
the findings revealed in the study will help find 
effective application areas by providing detailed 
perspectives for further research. 
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