
Araştırma Makalesi 
 

   BAUN Fen Bil. Enst. Dergisi, 24(1), 100-110, (2022) 
 

DOI:10.25092/baunfbed.870307 J. BAUN Inst. Sci. Technol., 24(1), 100-110, (2022) 
 

 

100 

 

 

 

 

TDOS/PDOS/OPDOS, reduced density gradient 

(RDG) and molecular docking studies of                

[3-(3-bromophenyl)-cis-4,5-dihydroisoxazole-4,5-

diyl]bis(methylene) diacetate 

 

 

Yesim S. KARA 1*, Aslı ESME2, Seda G. SAGDINC3 

 
1Department of Chemistry, Science and Art Faculty, Kocaeli University, 41380, Umuttepe, Kocaeli, 

Turkey 
2Department of Elementary Science Education, Kocaeli University, 41380, Umuttepe, Kocaeli, Turkey 

3Department of Physics, Science and Art Faculty, Kocaeli University, 41380, Umuttepe, Kocaeli, Turkey 

 
Geliş Tarihi (Received Date): 28.01.2021 
Kabul Tarihi (Accepted Date): 02.08.2021 

 

 

Abstract 

 

Due to the wide range of biological activity, 4,5-dihydroisoxazole compounds form an 

important family of five-membered heterocycles containing an oxygen atom and a 

nitrogen atom in the adjacent position.  Therefore, [3- (3-bromophenyl) -cis-4,5-

dihydroisoxazol-4,5-yl] bis (methylene) diacetate [BDBD] compound, which is a 

derivative of 4,5-dihydroisoxazole, was investigated in this study.  The partial density of 

state (PDOS), the overlap population density of state (OPDOS) and total density of 

state (TDOS) of functional groups of the [BDBD] compound were theoretically 

evaluated using the DFT / B3LYP / 6-311G (d, p) method.  Reduced density gradient 

(RDG) was also given to study the weak interaction, strong attraction, and strong 

repulsion interactions of the studied molecule.  The PASS (Prediction of Activity 

Spectra) analysis predicts the carcinogenic activities with probability to be active value 

of 0.273 for the studied molecule.  The antibacterial and anti-inflammatory activities of 

the [BDBD] compound against various the HIV-1 protease (1HSG), GyrB ATPase 

(3U2D), and VEGFR-2 kinase enzyme (4AG8) proteins were studied using molecular 

docking.  The binding energies of 1HSG, 3U2D, and 4AG8 target proteins with 

[BDBD] ligand were calculated to be -6.11, -4.54, and -4.80 kcal/mol, respectively. 

Results were interpreted by comparing with the literature. 
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[3-(3-bromofenil)-cis-4,5-dihidroisoksazol-4,5-

il]bis(metilen)diasetat molekülünün TDOS/PDOS/OPDOS, 

azaltılmış yoğunluk gradyanı (RDG) ve moleküler yerleştirme 

çalışmaları 
 

 

Öz 

 

Geniş biyolojik aktivite yelpazesi nedeniyle, 4,5-dihidroisoksazol bileşikleri, bir oksijen 

atomu ve bir nitrojen atomunu bitişik pozisyonda ihtiva eden beş üyeli heterosikliklerin 

önemli bir ailesini oluşturur.  Bu nedenle 4,5-dihidroizoksazol türevi olan [3- (3-

bromofenil) -cis-4,5-dihidroisoksazol-4,5-yl] bis (metilen) diasetat [BDBD] bileşiği bu 

çalışmada incelenmiştir.  [BDBD] bileşiğinin fonksiyonel gruplarının kısmi durum 

yoğunluğu (PDOS), örtüşen nüfus yoğunluğu (OPDOS) ve toplam durum yoğunluğu 

(TDOS) DFT / B3LYP / 6-311G (d,p) yöntemi kullanılarak teorik olarak değerlendirildi. 

Azaltılmış yoğunluk gradyanı (RDG), molekülün zayıf etkileşimi, güçlü çekiciliği ve 

güçlü itme etkileşimlerini incelemek için verildi.  PASS (Biyolojik Aktivite Spektrumunu 

Tahmin etme) analizi aktif olma olasılık verisi 0.273 ile incelenen molekül için 

kanserojen aktivitesini önerir.  [BDBD] bileşiğinin seçilmiş bazı HIV-1 proteaz 

(1HSG), GyrB ATPase (3U2D) ve VEGFR-2 kinaz enzimi (4AG8) proteinlerine karşı 

antibakteriyel ve anti-inflamatuar aktiviteleri moleküler yerleştirme yöntemiyle 

araştırıldı. 1HSG, 3U2D, and 4AG8 hedef proteinleri ile [BDBD] ligandı bağlanma 

enerjileri sırasıyla -6.11, -4.54, and -4.80 kcal/mol olarak hesaplandı. Sonuçlar 

literatürle karşılaştırılarak yorumlanmıştır. 

 

Anahtar kelimeler: DFT, 4,5-dihidroisoksazol, moleküler orbital durum yoğunluğu, 

azaltılmış yoğunluk gradyanı (RDG), moleküler yerleştirme 

 

 

1. Introduction 
 

4,5-dihydroisoxazoles belong to an important class of heterocyclic compounds.  

Because they are used several useful synthetic synthesis of units such as to α,β-

unsaturated ketones, β-hydroxy ketones, β-ketols, ɣ-amino alcohols, α,β-unsaturated 

oximes and β-hydroxynitriles [1-5].  The chemistry of 4,5-dihydroisoxazole has been an 

interesting field of study for decades because of their prominent potential as analgesic, 

anti-inflammatory, anticancer, antimicrobial, antiviral, anticonvulsant, antidepressant, 

and immunosuppressant [6-9]. Emir et al. [10] reported that they detected very high 

anti-inflammatory activity by carrageenan-induced rat paw edema method, a 4,5-

dihydroisoxazole derivative compound carrying the indole fragment they synthesized. A 

series of 4,5-dihydro derivative compounds by Gautam and Singh [11] tested in vitro 

for antibacterial activities against S. aureus, B. subtilis, E. coli and P. aeruginosa and 

compound 5-(3-chlorophenyl)-3-(thiophen-2-yl)-4,5-dihydroisoxazole was found to be 

quite high active against E. coli and P. aeruginosa due to increased lipid solubility the 

presence of chloride in the aromatic ring. Starting material is variable according to type 

of nitrile oxide. Starting material is variable according to type of nitrile oxide.  

Aromatic nitrile oxides are produced from the derivatives of hydroxamic acids, and 

aliphatic nitrile oxides from primary nitro compounds [12].  The synthesis of [3-(3-

bromophenyl)-cis-4,5-dihydroisoxazole-4,5-diyl]bis(methylene)diacetate (BDBD) was 
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previously given in substituent effect study on experimental 13C NMR chemical shifts 

of 4,5-dihydroisoxazole derivatives [13].  In our previous study, the crystal structure of 

the BDBD compound was investigated using single-crystal X-ray diffraction analysis 

[14].  In addition, Hirshfeld surface analysis, fingerprint graphics, optimized molecular 

structure analysis, frontier molecular orbital analysis, quantum chemical parameters, 

NMR chemical shifts and vibrational frequency analysis were studied by theoretically 

[14].  In this study, we report its molecular orbital density of states (TDOS/ 

PDOS/OPDOS), reduced density gradient (RDG) study, and molecular docking study 

using theoretical calculations. 

 

 

2. Experimental and calculations 

 

2.1. Materials and physical measurements 

The structure of [3-(3-bromophenyl)-cis-4,5-dihydroisoxazole-4,5 diyl] bis (methylene) 

diacetate compound studied is given in the Scheme.  

 

O

CH3

O

N

O

O

CH3

O

Br
1

2

3

4
5

6
7

8

10

9

11

12

13

14

15

4

3

1

2
5

1
 

 

Scheme. [3-(3-bromophenyl)-cis-4,5-dihydroisoxazole-4,5 diyl] bis (methylene) 

diacetate. 

 

 

2.2. Calculation methods 

DFT calculations were carried out the Gaussian 09 Rev. A 11.4 package program [15] to 

visualize by the GaussView Rev. 5.0.9 software [16] program.  X-ray structural 

parameters of BDBD was used as initial guess for geometry optimization [13].  The 

molecular structure of the studied compound in the ground state was optimized by the 

using the three-parameter hybrid functional of Becke based on the correlation functional 

of Lee, Yang, and Parr (B3LYP) level [17 ,18] at the 6-311G(d,p) basis set.  The 

Reduced Density Gradient (RDG) was obtained from Multiwfn 3.4.1 software, which is 

a multifunctional wavefunction analysis program and rendered by the VMD 1.9.1 

program [19, 20].  The total density of states (TDOS), the partial density of state 

(PDOS) and the overlap population density of state (OPDOS) of BDBD obtained using 

the same method was also evaluated with of Multiwfn 3.4.1 program [19]. 
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3. Result and discussion 

 

3.1. Total, partial and overlap density of states 

The original density of states (DOS) graph does not provide any additional information 

except energy level distribution.  The total density of states (TDOS) is the sum of 

density contributions from each fragment orbitals using the partial density of states 

(PDOS) calculation.  To plot the TDOS graph (the black curve) using the Multiwfn 

3.4.1 suite version [20], fragments f1-f5 of the BDBD compound are defined as five 

groups, which are assigned as isoxazole ring, phenyl ring, methyl (-CH3) groups, 

methylene (-CH2) groups, and hydrogens, respectively, and the results are represent in 

Fig. 1.  

 

 
 

Fig. 1. Molecular orbital density of states (DOS) in BDBD with respect to f1-f5 functional 

groups. 

 

The vertical dashed line shows the position of the HOMO level.  The red, blue, 

magenta, brown, dark green curves and discrete lines represent PDOS of fragment 1, 2, 

3, 4, and 5, respectively.  The f1 (red curve) and f2 (blue curve) belong to isoxazole and 

phenyl rings have the contribution in the HOMO level between -0.35 – -0.60 a.u., and 

the other contribution is by the f3 methyl groups (-0.40 – -0.50 a.u.) denoted as the pink 

line in PDOS spectrum.  The ranges of the Y-axis corresponding to overlap density of 

states (OPDOS) are set to -4.61, 9.22 (right side).  The OPDOS values of BDBD are 

almost zero, which means that there is weak covalent character in the studied 

compound. 
  

3.2. Reduced density gradient (RDG) 

Johnson and co-workers [21] studied Reduced density gradient (RDG), which describes 

the weak interactions come from the quantum-mechanical electron density and its first 

derivatives in real space.  The electron density value in a reduced density gradient, 

which a fundamental dimensionless quantity called RDG provides information about 

interaction strength and is defined as:   
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where the )(r is the electron density and )(r  is the norm of the electron density 

vector.  The sign of λ is used to distinguish bonded (λ2 < 0) from non-bonded (λ2 > 0).  

To better define the nature of the intermolecular interaction of BDBD, the RDG analysis 

results plotted by the Multiwfn 3.4.1 package and VMD programs are shown in Fig. 2 

[20].   

 

 

 
Fig. 2. The plot of reduced density gradient (RDG) scatter (up), the color filled isosurface of 

BDBD (down). 
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In the scatterplot [Fig. 2. (up)], many spikes are found in the region -0.05 – +0.05 a.u.  

Combining with Fig. 2. (up), negative values of sign (λ2)ρ (left side of Fig. 2.) are 

indicative of attractive interactions with the other molecule, while positive values of 

sign (λ2)ρ (right side of Fig. 2.) indicate strong repulsion interactions (steric effect).  As 

can be seen in Fig. 2., the isosurfaces of RDG for BDBD show that a strong Van der 

Waals interaction can be observed between the methylene groups and hydrogens 

indicated by green-brown isosurfaces.  It can be seen that in the middle of the isoxazole, 

phenyl rings and around the C=O bond there are red fusiform areas, which reflect strong 

steric effect.   
 

3.3. Molecular docking study 

Pa (states probability to be active) and Pi (probability to be inactive) values tell the 

probability of biological activity of BDBD.  The studied molecule has Pa=0.273 and 

Pi=0.114 values using the PASS (Prediction of Activity Spectra) computational 

program which predicts the carcinogenic activities [22].  Isoxazole compounds are well 

known for wide biological activities as anti-inflammatory, antimicrobial, antifungal and 

antibacterial [23]. 

 

The molecular docking studies were performed using the AutoDock version 4.2 

program with the AutoDockTools (ADT) version 1.5.6 to explorer the binding energy 

(kcal/mol), inhibition constant (µM), intermolecular energy (kcal/mol), and bond 

distances (Å) for BDBD with targeted the HIV-1 protease (PDB ID: 1HSG), GyrB 

ATPase (PDB ID: 3U2D), and VEGFR-2 kinase enzyme (PDB ID: 4AG8) proteins 

which have the properties of anticancer, antimicrobial, and anti-inflammatory activities, 

respectively [24].  The graphical interface ADT was used to remove the all hetero atoms 

and water molecules in the targeted 1HSG, 3U2D, and 4AG8 proteins.  Polar hydrogen 

bond and Kollman charges were added to the 1HSG, 3U2D, and 4AG8 proteins and 

then Lamarckian Genetic Algorithm (LGA) was used for molecular docking 

calculations in the AutoDock 4.2 program [25].  After molecular docking studies, 

Discovery Studio Visualizer software was used to visualize the docking results and 

search the interactions between ligand and receptor proteins [26]. 

 

Isoxazoline derivatives are an important class of five membered nitrogen-oxygen 

containing heterocyclic compounds that exhibited promising anticancer properties [27].  

The optimized structure for BDBD from Gaussian 09 [9] was used to dock into the 

active sites of receptors 1HSG, 3U2D, and 4AG8 of the anticancer, antimicrobial, and 

anti-inflammatory proteins downloaded from the Research Collaboratory for Structural 

Bioinformatics (RCSB).  The interactions of BDBD molecule with the 1HSG, 3U2D, 

and 4AG8 proteins are shown in Fig. 3.  The molecular docking binding energies, 

inhibition constants, intermolecular energies, and bond distances (Å) for BDBD with 

targeted 1HSG, 3U2D, and 4AG8 proteins were listed in Table 1.  The minimum 

binding energies of 1HSG, 3U2D, and 4AG8 are -6.11, -4.54, and -4.80 kcal/mol, the 

intermolecular energies were -8.20, -6.63, and -6.89 kcal/mol with the interactions, 

respectively.  The bonded residues and bond lengths were LYS-55, LYS-55, GLU-35, 

ARG-57 and 2.1, 3.6, 2.7, 2.0 Å for 1HSG, LYS-155, GLN-159 and 1.8, 1.8 Å for 

3U2D, ARG-1124, GLY-1145 and 2.1, 3.3 Å for 4AG8, respectively.  The docking 

results of BDBD revealed that the amino acids LYS-55, GLU-35, ARG-57 / LYS-155, 

GLN-159 / ARG-1124, GLY-1145 in the active sites of the target 1HSG / 3U2D / 

4AG8 proteins bind with the title compound by C=O bonds, N1 atom, O2 atom / 

C2=O5 bond, C12=O4 bond / C=O bond, O2 atom, respectively.  It also showed that 
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the presence of the isoxazole ring plays an important role in protein-ligand interaction 

[28]. No traces of antibacterial and anti-inflammatory impact were observed from the 

studied ligand These preliminary results support the exhibited anticancer activity of the 

BDBDmolecule.
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Fig. 3. 3D and 2D docking pose diagrams showing interactions of BDBD with its target proteins 1HSG, 3U2D, and 4AG8. 
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4. Conclusion  

 

Intermolecular interactions for BDBD molecule of reduced density gradient (RDG) as 

strong hydrogen bonds are depicted with the colorful diagram using Van der Walls 

interactions and steric effects.  The energy flow from the HOMO to LUMO has been 

shown by the TDOS and PDOS diagram.  The antibacterial and anti-inflammatory 

activities of BDBD against various proteins (1HSG, 3U2D, and 4AG8) were studied 

using molecular docking.  The results of molecular docking indicate that BDBD 

interacts with 1HSG at minimum binding energy of -6.11 kcal/mol binds to the amino 

acids LYS-55, GLU-35, ARG-57 receptors by C=O bonds, N1 atom, O2 atom, 

respectively.   
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