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In the present work, the 1-Benzyl-3-[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-4,5-dihydro-1H-pyrazol-1-yl)-4-oxo-

4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one (BCPOT) anticancer candidates to treatment of breast 

cancer based on B3LYP level 6-31G(d,p) and LanL2DZ basis sets calculations and molecular docking. BCPOT have been 

proposed as potential stabilization energies, and topological properties have been evaluated as a function of acceptors and donor 

groups present in their structures. Detailed interpretation of the vibrational spectral assignments has been carried out using the 

Potential energy distribution (PED) analysis. The evaluation of the Fukui functions has also been carried out to describe the 

activity of the sites in the title compound. The non-covalent interaction (NCI) of the molecule has been explained by a reduced 

density gradient. Molecular electrostatic potential explains the nucleophilic and electrophilic reaction of the molecule. 

Molecular orbital interaction has been explained by Frontier molecular orbitals. For a better prediction of the anticancer 

properties of the proposed compound, molecular docking calculations are performed by using four structures of breast cancer 

activity. Docking results have been discussed based on binding affinities and the interaction types among ligands and different 

amino acid residues, indicating the powerful ability of ligands in front of the novel cancer disease.  
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In this work, structures of compounds clinically used 

as anticancer drugs for the treatment of abundant 

infections including their activity spectral, 

mechanisms of action, major indications, and 

administration have been carefully studied by Clerk
1
. 

Therefore, biologically those compounds are known 

while only some of them the structural, electronic, 

topological, and vibrational properties were studied 

combining experimental results with theoretical 

calculations derived from the density functional 

theory (DFT)
2
. This work has the purpose of 

proposing BCPOT compounds for the treatment of 

breast cancer based on some important properties 

predicted by computational DFT calculations and 

specific molecular docking studies. High-resolution 

crystal structures of the enzyme from three viral 

serotypes have been used for the design. Anticancer 

therapeutics with profiles of high potency, low 

resistance, and low toxicity remain challenging, and 

obtaining such agents continues to be an active area of 

therapeutic development. Due to their unique three-

dimensional structural features, BCPOT has been 

identified as one of the privileged chemotypes of 

anticancer drug development. Thiazole and its 

derivatives are very useful compounds in different 

fields of chemistry including medicine and 

agriculture. Thiazoles, for instance, exhibit 

widespread biological activities like antiviral, anti-

diabetic, antibacterial, anticancer, and antifungal
3,4

. 

The present work describes the Quantum chemical 

calculation of 1-Benzyl-3-[2-(3-(4-chlorophenyl)-5-

[4-(propan-2-yl)phenyl]-4,5-dihydro-1H-pyrazol-1-

yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-

dihydro-1H-indol-2-one (BCPOT) by density 

functional theory. The redistribution of electron 

density in various bonding and antibonding orbitals 

along with stabilization energies have been calculated 

by natural bond orbital analysis to give clear proof of 

stabilization originating from hyper-conjugation of a 

variety of intra-molecular interactions. 
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The Mulliken atomic charges and Fukui functions 

have been analyzed. Molecular docking is a powerful 

computational tool in predicting the binding affinity 

of a ligand with the proteins, which is very much 

useful and effective in modern structure-based drug 

designing. The structure of the target protein can be 

obtained from the protein data bank (PDB) format. 

The ligand-protein molecular docking can predict the 

preferred orientation of the ligand concerning the 

protein to form a stable complex and its derivatives. 
 

Experimental Section 

The compound was synthesized by refluxing 3-(4-

chlorophenyl)-5-[4-propan-2-yl)phenyl]-4,5-dihydro-

1H-pyrazole-1-carbothioamide(0.01 mol) and 2-

(bromomethyl)-4-methoxyphenol (0.01 mol in 

ethanol/DMF mixture (30 mL) as per the procedure 

reported by Vinutha et al.
5
. Fourier transform infrared 

(FT-IR) spectrum of the compound was recorded 

employing the Perkin-Elmer spectrometer fitted with a 

KBr beam splitter around 4000-450 cm
-1
. Bruker RFS 

27 FT-Raman spectrometer was used to report the FT-

Raman spectrum in the region 4000-0 cm
-1
 using a 1064 

nm Nd: YAG laser source. Both spectral measurements 

were performed at the Sophisticated Analytical 

Instrumentation Facility (SAIF), IIT, Madras, India.  
 

Computational details  

All the calculations of the title compound were 
carried out using Gaussian 09 software

6
 by utilizing 

Becke’s three-parameter hybrid model with the Lee-
Yang-Parr correlation functional (B3LYP) method. 
The LANL2DZ and 6-31G(d,p) basis set was 
employed to predict the molecular structure and 

vibrational wavenumbers. Gauss View program was 
used for the visualization of optimized structures

7
. 

Molecular electrostatic potentials and Natural 
population analysis were also computed at the same 
level. The non-covalent interactions were studied and 
their reduced density gradient was graphed by 

Multiwfn
8
. Molecular docking studies were performed 

with the help of Autodock software
9
. 

 

Results and Discussion 
 

Molecular geometry  

The geometry of the molecule under investigation 
is considered by possessing C1 point group symmetry. 
The optimized molecular structure of BCPOT along 
with the numbering of the atom is shown in Fig. 1. To 
understand the vibrational frequencies, it is essential 
to know the geometry of the compound. The values of 

the optimized bond lengths and bond angles of 

BCPOT are presented in Tables 1 and 2. Generally, 
the carbon-carbon bonds in phenyl ring are not the 
same length. The bonds C1-C2 = 1.45/1.42, C1-C6 = 
1.38/1.40, C1-C7 = 1.46/1.46, C2-C3 = 1.38/1.39, C3-

C4 = 1.40/1.40, C4-C5 = 1.39/1.40, C5-C6 = 
1.40/1.40, C7-C8 = 1.41/1.50, C7-C15 = 1.54/1.54, 
C8-C14 = 1.43/1.23, C15-C16 = 1.40/1.22, C15-C20 
= 1.39/1.39, C22-C26 = 1.39/1.09, C26-C49 = 
1.29/1.39, C27-C28 = 1.40/1.09, C27-C29 = 
1.39/1.39, C28-C31 = 1.10/1.39, C29-C33 = 

1.10/1.40, C38-C39 = 1.40/1.09, C38-C40 = 
1.39/1.40, C39-C42 = 1.10/1.40, C40-C44 = 
1.10/1.40, C59-C60 = 1.54/1.40, C60-C61 = 
1.40/1.09, C60-C62 = 1.39/1.40, C61-C64 = 
1.10/1.40, C62-C65 = 1.40/1.09 are varied. The C-H 
bond lengths of BCPOT are fall in C3-H9 = 

1.10/1.08, C4-H10 = 1.10/1.09, C5-H11 = 1.10/1.09, 
C22-H24 = 1.39/1.52, C23-H24 = 1.40/1.10, C23-
H48 = 1.07/1.40, C28-H30 = 1.39/1.08, C29-H32 = 
1.40/1.08, C39-H41 = 1.39/1.09, C40-H43 = 
1.40/1.09, C50-H51 = 1.54/1.09, C50-H55 = 
1.54/1.10, C50-H71 = 1.07/1.10, C59-H69 = 

1.07/1.40, C59-H70 = 1.07/1.39 Å, C61-H63 = 
1.39/1.09 Å, C65-H66 = 1.39/1.40 Å, C65-H68 = 
1.10/1.20 Å, H66-H72 = 1.07/1.05 Å which is in good 
agreement with the reported values

10
. The calculated 

shorter bond length is O25-H26 =0.96 Å and the longer 
bond length is Cl11-O24=2.07 Å. Ergodu et al.

11
 

reported that the optimized bond angles of C-C-C and 
C-N-C in phenyl ring fall in the range from 119°-
120°. In the present case, these angles fall in C1-C2-
C3, C4-C3-H9, C5-C4-H10, C4-C5-H11, C5-C6-N12, 
H24-C27-C28, H24-C27-C29, C28-C27-C29, C27-
C28-H30, C27-C28-C31, H30-C28-C31, C27-C29-

H32, C27-C29-C33, C28-H30-H35, H34-H30-H35, 
C29-H32-Cl36, N21-C38-C39, C39-C38-C40, C38-
C39-H41, C38-C39-C42, C38-C40-H43, C38-C40-
C44, C39-H41-H46, C61-C60-C62, C60-C61-C64, 
H63-C61-C64, C60-C62-C65, C60-C62-H73, C65-
C62-H73, C61-H63-H66, C61-H63-H67, H66-H63- 

 
 

Fig. 1 — Optimized molecular structure of BCPOT 
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Table 1 — Optimized geometrical parameter (bond lengths(Å)) of 1-benzyl-3-[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-4,5-

dihydro-1H-pyrazol-1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one obtained B3LYP/ lanl2dz and 
B3LYP/6-31G (d, p) basis sets. 

Parameters Bond lengths (Å) Parameters Bond lengths (Å) Parameters Bond lengths (Å) 

B3LYP/ 

lanl2dz 

B3LYP/6-

31G(d,p) 

B3LYP/ 

lanl2dz 

B3LYP/ 6-

31G(d,p) 

B3LYP/ 

lanl2dz  

B3LYP/6-

31G(d,p) 

 C1-C2  1.45 1.42  N21-C49  1.08 1.38  H45-C50  1.54 1.10 

 C1-C6  1.38 1.40  C22-H24  1.39 1.52  C50-H51  1.54 1.09 

 C1-C7  1.46 1.46  C22-C26  1.39 1.09  C50-H55  1.54 1.10 

 C2-C3  1.38 1.39  C23-H24  1.40 1.10  C50-H71  1.07 1.10 

 C2-O13  1.46 1.40  C23-N25  1.07 1.46  H51-H52  1.07 1.10 

 C3-C4  1.40 1.40  C23-H48  1.07 1.40  H51-H53  1.07 1.09 

 C3-H9  1.10 1.08  H24-C27  1.54 1.41  H51-C54  1.07 1.10 

 C4-C5  1.39 1.40  C26-C49  1.29 1.39  H55-H56  1.07 1.52 

 C4-H10  1.10 1.09  C27-C28  1.40 1.09  H55-H57  1.07 1.10 

 C5-C6  1.40 1.40  C27-C29  1.39 1.39  H55-C58  1.07 1.09 

 C5-H11  1.10 1.09  C28-H30  1.39 1.08  C59-C60  1.54 1.40 

 C6-N12  1.10 1.08  C28-C31  1.10 1.39  C59-H69  1.07 1.40 

 C7-C8  1.41 1.50  C29-H32  1.40 1.08  C59-H70  1.07 1.39 

 C7-C15  1.54 1.54  C29-C33  1.10 1.40  C60-C61  1.40 1.09 

 C8-O13  1.41 1.38  H30-H34  1.40 1.08  C60-C62  1.39 1.40 

 C8-C14  1.43 1.23  H30-H35  1.10 1.76  C61-H63  1.39 1.09 

 H9-C62  2.10 1.46  H32-H34  1.39 1.40  C61-C64  1.10 1.40 

 N12-N18  1.65 1.52  H32-Cl36  1.10 1.40  C62-C65  1.40 1.09 

 O13-C59  1.47 1.77  H34-C37  1.76 1.39  C62-H73  1.07 1.39 

 C15-C16  1.40 1.22  C38-C39  1.40 1.09  H63-H66  1.40 1.09 

 C15-C20  1.39 1.39  C38-C40  1.39 1.40  H63-H67  1.10 1.09 

 C16-N18  1.43 1.30  C39-H41  1.39 1.09  C65-H66  1.39 1.40 

 C16-S19  1.43 1.81  C39-C42  1.10 1.40  C65-H68  1.10 1.20 

 O17-S19  1.40 1.35  C40-H43  1.40 1.09  H66-H72  1.07 1.05 

 O17-C20  1.39 1.55  C40-C44  1.10 1.40    

 O17-C26  1.54 1.49  H41-H45  1.40 1.09    

 N21-C23  1.43 1.52  H41-H46  1.10 1.52    

 N21-C26  1.40 1.09  H43-H45  1.39 1.54    

 N21-C38  1.54 1.29  H43-H47  1.10 1.54       
 

Table 2  — Optimized geometrical bond angles(degrees) of 1-Benzyl-3-[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-4,5-dihydro-

1H-pyrazol-1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one obtained B3LYP/ lanl2dz and B3LYP/6-
31G (d, p) basis sets. 

Parameters Bond angle (degree) Parameters Bond angle (degree) Parameters Bond angle (degree) 

B3LYP/ 

lanl2dz 

B3LYP/6-

31G(d,p) 

B3LYP/ 

lanl2dz 

B3LYP/6-

31G(d,p) 

B3LYP/ 

lanl2dz  

B3LYP/6-

31G(d,p) 

 C2-C1-C7  107 107  H24-C23-N25  110 112  H43-H45-C50  120 112 

 C6-C1-C7  133 134  H24-C23-H48  110 113  H45-C50-H51  120 112 

 C1-C2-C3  120 122  N25-C23-H48  110 111  H45-C50-H55  120 107 

 C1-C2-O13  107 110  C22-H24-C23  108 108  H45-C50-H71  90 111 

 C3-C2-O13  133 128  C22-H24-C27  121 114  H51-C50-H55  120 107 

 C2-C3-C4  118 118  C23-H24-C27  130 121  H51-C50-H71  90   

 C2-C3-H9  121 121  O17-C26-N21  130 125  H55-C50-H71  90 111 

 C4-C3-H9  120 121  O17-C26-C22  121 127  C50-H51-H52  109 111 

 C3-C4-C5  121 121  O17-C26-C49  118 120  C50-H51-H53  109 111 

 C3-C4-H10  119 119  N21-C26-C22  108 113  C50-H51-C54  109 108 

 C5-C4-H10  120 120  C22-C26-C49  145 121  H52-H51-H53  109 108 

 C4-C5-C6  121 121  H24-C27-C28  120 120  H52-H51-C54  109 108 

        (Contd.) 
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Table 2  — Optimized geometrical bond angles(degrees) of 1-Benzyl-3-[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-4,5-dihydro-

1H-pyrazol-1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one obtained B3LYP/ lanl2dz and B3LYP/6-

31G (d, p) basis sets. (Contd.) 

Parameters Bond angle (degree) Parameters Bond angle (degree) Parameters Bond angle (degree) 

 B3LYP/ 
lanl2dz 

B3LYP/6-
31G(d,p) 

 B3LYP/ 
lanl2dz 

B3LYP/6-
31G(d,p) 

 B3LYP/ 
lanl2dz  

B3LYP/6-
31G(d,p) 

 C4-C5-H11  120 120  H24-C27-C29  120 119  H53-H51-C54  109 111 

 C6-C5-H11  119 119  C28-C27-C29  120 121  C50-H55-H56  109 111 

 C1-C6-C5  118 119  C27-C28-H30  120 120  C50-H55-H57  109 111 

 C1-C6-N12  121 119  C27-C28-C31  120 119  C50-H55-C58  109 108 

 C5-C6-N12  120 121  H30-C28-C31  120 121  H56-H55-H57  109 108 

 C1-C7-C8  108 106  C27-C29-H32  120 119  H56-H55-C58  109 108 

 C1-C7-C15  125 135  C27-C29-C33  120 120  H57-H55-C58  109 114 

 C8-C7-C15  127 119  H32-C29-C33  120 119  O13-C59-C60  109 109 

 C7-C8-O13  110 107  C28-H30-H34  120 121  O13-C59-H69  109 105 

 C7-C8-C14  125 127  C28-H30-H35  120 120  O13-C59-H70  109 110 

 O13-C8-C14  125 125  H34-H30-H35  120 119  C60-C59-H69  109 110 

 C2-O13-C8  108 110  C29-H32-H34  120 121  C60-C59-H70  109 108 

 C2-O13-C59  125 127  C29-H32-Cl36  120 120  H69-C59-H70  109 120 

 C8-O13-C59  127 123  H34-H32-Cl36  120 121  C59-C60-C61  120 121 

 C7-C15-C16  130 128  H30-H34-H32  120 119  C59-C60-C62  120 119 

 C7-C15-C20  121 122  H30-H34-C37  120 119  C61-C60-C62  120 120 

 C16-C15-C20  108 109  H32-H34-C37  120 121  C60-C61-H63  120 119 

 C15-C16-N18  126 123  N21-C38-C39  120 120  C60-C61-C64  120 120 

 C15-C16-S19  107 113  N21-C38-C40  120 119  H63-C61-C64  120 121 

 N18-C16-S19  126 124  C39-C38-C40  120 120  C60-C62-C65  120 120 

 S19-O17-C20  108 119  C38-C39-H41  120 120  C60-C62-H73  120 120 

 S19-O17-C26  130 124  C38-C39-C42  120 120  C65-C62-H73  120 120 

 C20-O17-C26  121 117  H41-C39-C42  120 121  C61-H63-H66  120 120 

 C16-S19-O17  107 112  C38-C40-H43  120 120  C61-H63-H67  120 120 

 C15-C20-O17  109 87  C38-C40-C44  120 120  H66-H63-H67  120 120 

 C23-N21-C26  107 101  H43-C40-C44  120 121  C62-C65-H66  120 120 

 C23-N21-C38  126 114  C39-H41-H45  120 119  C62-C65-H68  120 120 

 C23-N21-C49  151 111  C39-H41-H46  120 120  H66-C65-H68  120 120 

 C26-N21-C38  126 113  H45-H41-H46  120 121  H63-H66-C65  120 120 

 C38-N21-C49  71 109  C40-H43-H45  120 119  H63-H66-H72  120 120 

 H24-C22-C26  109 109  C40-H43-H47  120 119  C65-H66-H72  120 120 

 N21-C23-H24  107 109  H45-H43-H47  120 118    

 N21-C23-N25  110 102  H41-H45-H43  120 121       

 

H67, C62-C65-H66, C62-C65-H68, H66-C65-H68, 

H63-H66-C65, H63-H66-H72, C65-H66-H72=120
0
. 

For BCPOT, the shorter and longer bond angles are 

H51-C50-H71 = 90°/107, C6-C1-C7 = 133°/134°. 

The greater bond angles are assigned to be due to the 

delocalization of electrons due to the presence of the 

phenyl ring. 
 

Vibrational spectral analysis 

The title compound 1-Benzyl-3-[2-(3-(4-

chlorophenyl)-5-[4-(propan-2-yl)phenyl]-4,5-dihydro-

1H-pyrazol-1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-

5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one (BCPOT) 

comprises of 73 atoms, giving rise to 213 vibrational 

modes. Vibrational assignments have been carried out 

for the complete span of wavenumbers predicted 

theoretically with the DFT method. Minor 

divergences are observed between the theoretical and 

experimental values. The experimental FT-IR and FT-

Raman spectra for the title compound are shown in 

Figs 2 and 3 along with the theoretical ones. Table 3 

shows the complete vibrational assignments based on 

the percentage PED values along the experimental 

and theoretical results. 

Aromatic compounds commonly exhibit multiple 

weak bands in the region 3100-3000 cm
-1 

(Ref.12) due 

to aromatic C-H stretching vibrations. Accordingly, in 

the present study the C-H stretching vibrations of 

BCPOT is Calculated wave numbers at 3113, 3108, 
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3101, 3095, 3092, 3088, 3086, 3076, 3071, 3064, 

3060, 3055, 3049, 3044, 3040, 3035, 3026, 2968, 

2934 [LanL2DZ] and 3110, 3105, 3098, 3093, 3089, 

3085, 3079, 3072, 3067, 3061, 3056, 3052, 3045, 

3041, 3036, 3031, 3021, 2966, 2930 cm
-1 

[6-31G  

(d, p)]. Corresponding experimental vibrations are 

identified at 3111vw, 3057vw, 3032vw (FT-IR)  and 

3063w cm
-1 

(FT-Raman). The bands due to C-H in-

plane and out-of-plane bending vibration interacting 

somewhat with C-C stretching vibration are observed 

as several medium weak intensity sharp bands in the 

region 1300-1000 cm
-1 

and 1000-750 cm
-1

 (Ref.13). In 

BCPOT, the C-H in-plane bending vibrations are 

observed at 1547ms, 1491w (FT-IR), and 1550ms cm
-1
 

(FT-Raman) respectively. The computed values by 

B3LYP/ LanL2DZ method are predicted at 1550, 

1537, 1512, 1495, 1483, 1380, 1375, 1370, 1154, 

1150, 1145, 1133, 1125 cm
-1 

and by B3LYP/6-31G 

(d, p) 1548, 1535, 1512, 1493, 1482, 1376, 1373, 

1369, 1154, 1149, 1140, 1131, 1124 cm
-1

. Theoretical 

spectrum obtained at 971, 965, 958, 950, 949, 944, 

938, 935, 923, 919, 880, 875, 869, 862, 859, 845, 811, 

798 cm
-1

 B3LYP/ LanL2DZ and by B3LYP/6-31G (d, 

p) are 968, 963, 957, 951, 945, 940, 936, 931, 923, 

917, 879, 875, 866, 860, 857, 845, 808, 796 identified 

as CH out-of-plane bending vibrations. 

The CC stretching vibrations in the aromatic ring 

are generally observed at 1600-1460 cm
-1 

(Ref.14). In 

the present case, carbon-carbon stretching vibrations 

are assigned at 1597vw, 1287vw, 1228ms, 1181vw, 

1010w cm
-1 

(FT-IR) and 1584vs, 1179vw, 1062vw, 

1011vw cm
-1 

(FT-Raman). The computed values by 

B3LYP/ LanL2DZ method are predicted at 1615, 

1607, 1600, 1590, 1585, 1581, 1575, 1565, 1340, 

1330, 1322, 1305, 1290, 1228, 1182, 1097, 1075, 

1061, 1050, 1018, 1005, 997, 989, 984, 980, 976, 905, 

896, 840, 793, 784, 778, 764 cm
-1 

and by B3LYP/6-

31G (d, p) 1613, 1605, 1599, 1588, 1583, 1579, 1574, 

1562, 1338, 1329, 1320, 1302, 1288, 1226, 1180, 

1095, 1072, 1060, 1047, 1015, 1003, 995, 988, 982, 

979, 974, 902, 894, 838, 790, 782, 775, 762 cm
-1

. 

The methylene group (CH2) of the title molecule 

which works as a bridge between the COOH group 

and phenyl ring, shows the CH2 asymmetric 

stretching, symmetric stretching, scissoring, rocking, 

wagging, and twisting vibrational modes. The 

asymmetric and symmetric C-H stretching vibrations 

of CH2 appear in the range 2936-2916 cm
-1

 and 2865-

2845 cm
-1

 respectively
15

. The CH2 asymmetric 

stretching mode calculated wavenumbers are 3015, 

2993 cm
-1 

(LanL2DZ) and 3013, 2990 (6-31G (d, P)). 

The CH2  scissoring vibrations appear normally in the 

region 1490-1435 cm
-1

 as a medium intense band
16

. In 

the present case, The CH2 scissoring mode is found to 

be strongly mixed with the CH2 scissoring modes of 

the phenyl ring, and the dominant CH2 scissoring 

mode is assigned at 1466, 1450 cm
-1 

(LanL2DZ), and 

1465, 1447 (6-31G (d, P)) with experimental FTIR 

band at 1464w cm
-1

. CH2 wagging mode is calculated 

at 1207, 1165, and 1206, 1163 which is in good 

agreement with an observed band at 1162 vw cm
-1

  

in the FT-IR spectrum. The dominant mode 

corresponding to the CH2 rocking vibrational motions 

are assigned at  1366,  1354, and   1364,   1354   cm
-1

,  

 
 

Fig. 2 — Observed FT-IR and simulated spectra of BCPOT. 

 

 
 

Fig. 3 — Observed FT-Raman and simulated spectra of  BCPOT. 
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Table 3 — Observed and calculated FT-IR and FT-Raman frequencies for 1-Benzyl-3-[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-

4,5-dihydro-1H-pyrazol-1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one obtained B3LYP/ lanl2dz and 

B3LYP/6-31G (d, p) basis sets. 

S. No. Observed wavenumbers  

(cm-1) 

Calculated wavenumbers  

(cm-1) 

Vibrational assignments  

(%PED) 

FT-IR FT-Raman B3LYP/ LAN12DZ  B3LYP/ 6-31G(d,p) 

1 3111vw  3113 3110 ν CH (99) 

2   3108 3105 ν CH (98) 

3   3101 3098 ν CH (98) 

4   3095 3093 ν CH (99) 

5   3092 3089 ν CH (97) 

6   3088 3085 ν CH (98) 

7   3086 3079 ν CH (98) 

8   3076 3072 ν CH (97) 

9  3063w 3071 3067 ν CH (99) 

10 3057vw  3064 3061 ν CH (99) 

11   3060 3056 ν CH (99) 

12   3055 3052 ν CH (98) 

13   3049 3045 ν CH (98) 

14   3044 3041 ν CH (97) 

15   3040 3036 ν CH (97) 

16 3032vw  3035 3031 ν CH (98) 

17   3026 3021 ν CH (98) 

18   3015 3013 νass CH2 (97) 

19 3032vw  3006 3004 νass CH3 (97) 

20   2998 2996 νass CH3 (98) 

21   2993 2990 νass CH2 (98) 

22   2985 2982 νass CH3 (97) 

23   2976 2975 νass CH3 (97) 

24   2968 2966 ν CH (98) 

25   2964 2961 νss CH2 (97) 

26 2962vw  2956 2954 νss CH2 (97) 

27   2948 2945 νss CH3 (98) 

28  2929vw 2941 2938 νss CH3 (98) 

29 1682vs  2934 2930 ν CH (97) 

30   1636 1633 ν CO (75), ν CN (17) 

31   1625 1624 ν CO (72), ν CN (18) 

32   1615 1613 ν CC (78),δ CH(17) 

33   1607 1605 ν CC (75),δ CH(20) 

34 1597w  1600 1599 ν CC (75),δ CH(18) 

35   1597 1594 ν CN (65), ν CC (20),δ CH(10) 

36   1590 1588 ν CC (68),δ CH(26) 

37  1584vs 1585 1583 ν CC (68),δ CH(26) 

38   1581 1579 ν CC (68),δ CH(25) 

39   1575 1574 ν CC (75), ν CN (16) 

40   1570 1569 ν CN (70), ν CC (15) 

41   1565 1562 ν CC (83),δ CH(11) 

42   1557 1555 ν CN (66), ν CC (20),δ CH(10) 

43 1547ms 1550ms 1550 1548 δ CH(80), ν CC (11) 

44   1537 1535 δ CH(81), ν CH (12) 

45   1524 1523 δopb CH3 (72) 

46   1512 1512 δ CH(68) 

     (Contd.) 
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Table 3 — Observed and calculated FT-IR and FT-Raman frequencies for 1-Benzyl-3-[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-

4,5-dihydro-1H-pyrazol-1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one obtained B3LYP/ lanl2dz and 

B3LYP/6-31G (d, p) basis sets. (Contd.) 

S. No. Observed wavenumbers  

(cm-1) 

Calculated wavenumbers  

(cm-1) 

Vibrational assignments  

(%PED) 

 FT-IR FT-Raman B3LYP/ LAN12DZ  B3LYP/ 6-31G(d,p)  

47   1503 1500 δopb CH3 (75) 

48 1491w  1495 1493 δ CH(66), ν CC (12) 

49   1483 1482 δ CH(68), ν CC (12) 

50  1475vw 1478 1476 δipb CH3 (72) 

51   1474 1470 δipb CH3 (68) 

52 1464w  1466 1465 σSci CH2 (78) 

53   1450 1447 σSci CH2 (78) 

54 1436vw  1437 1435 ν CN(63), ν CC (20) 

55   1416 1415 ν CN(62), ν CC (22) 

56  1398vw 1400 1399 δSb CH3 (65), ν CC (12) 

57 1382vw  1386 1383 ν CN (62), ν NN (20) 

58   1380 1376 δ CH(63), ν CC (21) 

59   1375 1373 δ CH(66), ν CC (18) 

60   1370 1369 δ CH(63), ν CC (18) 

61   1366 1364 ρrock CH2 (63), ν CN (16) 

62   1360 1359 δSb CH3 (69), ν CC (15) 

63 1355w  1354 1354 ρrock CH2 (64), ν CN (16) 

64   1340 1338 ν CC (61), δ CH(15) 

65   1330 1329 ν CC (61), δ CH(18) 

66   1322 1320 ν CC (60), ρrock CH2 (19) 

67  1312vw 1316 1314 ν CN (60), ρrock CH2 (18) 

68   1305 1302 ν CC (58), ρrock CH2 (18) 

69   1298 1297 γ CH(60), δ CC (20) 

70 1287vw  1290 1288 ν CC (62), δ CC(18) 

71   1280 1279 δ CH(58), ν CC (26) 

72   1273 1273 δ CN(58), ν CC (25) 

73   1270 1268 δ CN(58), ν CC (26) 

74   1263 1262 δ CH(60), ν CC (18) 

75  1254w 1258 1255 δ CH(61), ν CC (22) 

76 1491w  1244 1241 δ CH(62), ν CC (20) 

77 1228ms  1228 1226 ν CC (55), δ CH(18) 

78   1207 1206 σwag CH2 (55), γ CH(12) 

79   1190 1188 δ CO(52), ν CC (21), ν CN (10) 

80 1181vw 1179vw 1182 1180 ν CC (60), δ CH(12) 

81   1173 1172 γ CH(58), ν CC (19) 

82   1170 1168 δ CO(55), ν CN (20) 

83  1162vw 1165 1163 σwag CH2 (50), γ CH(18) 

84   1154 1154 δ CH(60), δ CC (19), δ CCl (10) 

85   1150 1149 δ CH(60), δ CC (18), δ CCl (12) 

86   1145 1140 δ CH(51), ν CC (19), ν CO (12) 

87   1133 1131 δ CH(50), ν CC (19), ν CO (10) 

88   1125 1124 δ CH(50), ν CC (21), ν CCl (12) 

89  1115ms 1118 1116 τ CH2(58) 

90   1113 1109 τ CH2(60) 

91 1103w  1107 1105 γ CO(58) 

92   1100 1099 γ CO(57) 

93   1097 1095 ν CC (54),δ CH(20) 

94 1089ms  1090 1090 ν NN (57),δ CN(18) 

95   1075 1072 ν CC (52),δ CH(18) 

     (Contd.) 
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Table 3 — Observed and calculated FT-IR and FT-Raman frequencies for 1-Benzyl-3-[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-

4,5-dihydro-1H-pyrazol-1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one obtained B3LYP/ lanl2dz and 

B3LYP/6-31G (d, p) basis sets. (Contd.) 

S. No. Observed wavenumbers  

(cm-1) 

Calculated wavenumbers  

(cm-1) 

Vibrational assignments  

(%PED) 

 FT-IR FT-Raman B3LYP/ LAN12DZ  B3LYP/ 6-31G(d,p)  

96  1062vw 1061 1060 ν CC (54),δ CH(21) 

97 1010w 1011vw 1050 1047 ν CC (54),δ CH(19) 

98   1018 1015 ν CC (52), δsb CH3(20) 

99   1013 1010 δipr CH3(54) 

100   1005 1003 ν CC (54),δ CH(17) 

101   997 995 ν CC (54),δ CH(18) 

102   989 988 ν CC (54),δsciss CH2(20) 

103   984 982 ν CC (54),δsciss CH2 (22) 

104   980 979 ν CC (52),δ CCl(18) 

105   976 974 ν CC (56) 

106   971 968 γ CH(57), σwagg CH2 (24) 

107   965 963 γ CH(54), σwagg CH2 (25) 

108   958 957 γ CH(52), σwagg (26) 

109  948vw 950 951 γ CH(50), σwagg (25) 

110   949 945 γ CH(50) 

111   944 940 γ CH(51) 

112   938 936 γ CH(50) 

113   935 931 γ CH(48), γ opr CH3(17) 

114   930 928 δipr CH3(56), δ CH(24) 

115   923 923 γ CH(50), γ opr CH3(14) 

116   919 917 γ CH(51), σwaggCH2 (17) 

117  900vw 911 910 γ opr CH3(49) 

118   905 902 ν CC (54),δ CH(18) 

119   896 894 ν CC (53),δ CH(18) 

120   893 890 ν CN (60),δ CO(20) 

121   885 883 γ opr CH3(55) 

122   880 879 γ CH(50), γ CO(18) 

123 876ms 874vw 875 875 γ CH(50), γ CO(18) 

124   869 866 γ CH(51), γ CO(18) 

125   862 860 γ CH(50), γ CC(22) 

126   859 857 γ CH(51), γ CC(18) 

127   845 845 γ CH(50), γ CC(20) 

128   840 838 ν CC (58), σscissCH2(18) 

129 828w 825vw 825 822 ν CCl (58) 

130   817 815 ν CCL (55), δ CH (17) 

131   811 808 γ CH(50) 

132   798 796 γ CH(52) 

133   793 790 ν CC (55),δ CH(22) 

134  781vw 784 782 ν CC (55),δ CH(20) 

135   778 775 ν CC (55),δ CH(22) 

136 764vw  764 762 ν CC (55),δ CH(22) 

137   753 750 δ CC(55), δ CH(20) 

138 744vw  745 742 δ CC(54), δ CH(20) 

139   738 736 δring(60) 

140   732 730 δ CC(54), δ CCl(21) 

141  724vw 726 722 δ CC(52), δ CCl(21) 

142   715 712 δring(66) 

143   705 704 δ CC(53), δ CH(25) 

144 695w  694 692 δ CC(55), δ CH(20) 

     (Contd.) 
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Table 3 — Observed and calculated FT-IR and FT-Raman frequencies for 1-Benzyl-3-[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-

4,5-dihydro-1H-pyrazol-1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one obtained B3LYP/ lanl2dz and 

B3LYP/6-31G (d, p) basis sets. (Contd.) 

S. No. Observed wavenumbers  

(cm-1) 

Calculated wavenumbers  

(cm-1) 

Vibrational assignments  

(%PED) 

 FT-IR FT-Raman B3LYP/ LAN12DZ  B3LYP/ 6-31G(d,p)  

145   675 673 δring(64) 

146  662vw 663 660 δring(65) 

147   648 644 δring(66) 

148   641 639 δring(66) 

149 624vw 625vw 626 625 ν CS (59),δ CN(18) 

150   618 615 ν CS (58),δ CO(18) 

151  600vw 605 603 γ CC(48), γ CH(22) 

152   595 592 δ CCl(55), δ CH(20) 

153 585vw  590 586 δring(60) 

154   582 579 δ CC(53) 

155   670 568 δ CC(53) 

156  562vw 564 561 γ CC(50), γ CH(20) 

157 550vw  556 552 γ CC(48), γ CC(22) 

158  537vw 540 538 γ CC(48), γ CC(20) 

159   515 512 δring(65) 

160 501w  504 503 γ CC(48), γ CH(22) 

161   494 492 δring(60) 

162   485 484 δring(64) 

163  475vw 480 476 δring(60) 

164   465 463 δring(61) 

165 450vw  453 452 δring(60) 

166   440 438 γ ring (51) 

167   423 420 γ ring (50) 

168   413 411 γ ring (51) 

169   404 401 γ ring (50) 

170   400 396 γ ring (54) 

171   391 388 δring(56) 

172  375vw 375 373 δring(56) 

173   355 351 γ ring (54) 

174   343 338 γ ring (52) 

175   328 325 γ ring (54) 

176   316 312 δring(55) 

177   310 306 δring(53) 

178   298 294 γ ring (54) 

179   287 285 δring(55) 

180   280 277 γ ring (54) 

181   274 269 γ ring (55) 

182   263 261 δring(54) 

183  250vw 254 250 γ ring (51) 

184   239 235 γ ring (50) 

185   225 221 δring(52) 

186   216 212 γ ring (50) 

187   209 206 δring(56) 

188   195 193 γ ring (52) 

189   189 188 δring(56) 

190   166 165 δring(55) 

191   160 158 γ CCl(55), γ CH(19) 

192  150vw 153 151 δring(66) 

193   137 136 δring(64) 

     (Contd.) 
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Table 3 — Observed and calculated FT-IR and FT-Raman frequencies for 1-Benzyl-3-[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-

4,5-dihydro-1H-pyrazol-1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one obtained B3LYP/ lanl2dz and 

B3LYP/6-31G (d, p) basis sets. (Contd.) 

194   133 130 δring(64) 

195   121 119 δring(65) 

196   115 112 γ ring (60) 

197   104 101 γ ring (54) 

198   95 92 γ ring (55) 

199   80 76 γ ring (58) 

200   73 70 γ ring (58) 

201  74vw 65 64 γ ring (55) 

202   58 56 γ ring (55) 

203   49 45 γ ring (57) 

204   46 40 γ ring (57) 

205   42 39 τ CH3(55) 

206   35 34 τ CH3(55) 

207   34 31 γ ring (49) 

208   28 26 γ ring (50) 

209   25 22 γ ring (50) 

210   19 14 γ ring (50) 

211   17 14 γ ring (49) 

212   13 10 γ ring (41) 

213     8 6 γ ring (49) 
 

respectively, and in good agreement with 

experimental data (1355w cm
-1

 in FTIR). 

The absorption bands arising from C-N symmetric 

stretching modes are observed in the wavenumber 

region 1150-850 cm
-1 

(Refs 17,18). In the present 

case, C-N stretching vibrations are assigned at 

1436vw, 1382vw cm
-1 

(FT-IR), and 1312vw cm
-1 

(FT-

Raman). The calculated spectrum of LanL2DZ and 6-

31G (d, P) at 1597, 1570, 1557, 1437, 1416, 1386, 

1316, 893 and 1594, 1569, 1555, 1435, 1415, 1383, 

1314, 890 cm
-1

 are assigned to the C-N stretching 

mode of BCPOT. 

The vibrational mode belonging to the bond 

between the ring and halogen atom is worth 

discussing here since the mixing of vibrations is 

possible due to the lowering of the molecular 

symmetry and the presence of a heavy atom on the 

periphery of the molecule
19

. The C-Cl absorption is 

observed in the broad region between 750-580 cm
-1 

(Ref.20). Thus, the band observed in the IR spectrum 

at 828w cm
-1

 and FT-Raman at 825vw cm
-1

 is 

assigned to the C-Cl stretching mode of BCPOT. The 

C-Cl in-plane bending mode is 595 cm
-1

 LanL2DZ 

and 592 cm
-1

 6-31G (d, p). The calculated value of  

C-Cl out-of-plane bending is computed at 160 

(LanL2DZ), 158 cm
-1 

(6-31G (d, p)).  

The stretching vibration assigned to the C–S 

linkage occurs in the range of 700–600 cm
-1

 (Ref.21). 

The bands were identified at 644, 459 cm
-1

 (IR), 640, 

480 cm
-1

 (Raman), and 650, 473, and 267 cm
-1

 

theoretically for C-S vibrations assigned by Maha  

et al.
22

.  In the present case, C-S stretching vibrations 

are assigned at 624vw cm
-1 

(FT-IR) and 625vw cm
-1 

(FT-Raman). The calculated spectrum of LanL2DZ 

and 6-31G (d, P) at 626, 618, and 625, 615 cm
-1

 are 

assigned to the C-S stretching mode of BCPOT. 

The thiazole and phenyl ring in-plane bending 

vibrations were calculated at 738, 715, 675, 663, 648, 

641, 590, 515, 494, 485, 480, 465, 453, 391, 375, 316, 

310, 287, 263, 225, 209, 189, 166, 153, 137, 133, 121 

cm
-1 

for B3LYP/ LanL2DZ and 736, 712, 673, 660, 

644, 639, 586, 512, 492, 484, 476, 463, 452, 388, 373, 

312, 306, 285, 261, 221, 206, 188, 165, 151, 136, 130, 

119 cm
-1

 B3LYP/6-31G (d, p). The peak was 

observed at 585vw, 450vw cm
-1

 in FT-IR, and 662vw, 

475vw, 375vw, and 150vw cm
-1

 in the FT-Raman 

spectrum was assigned to ring in-plane bending 

vibration. The ring out-of-plane bending vibrations 

were calculated at 440, 423, 413, 404, 400, 355, 343, 

328, 298, 280, 274, 254, 239, 216, 195, 115, 104, 95, 

80, 73, 65, 58, 49, 46, 34, 28, 25, 19, 17, 13, 8 cm
-1 

for B3LYP/ LanL2DZ and 438, 420, 411, 401, 396, 

351, 338, 325, 294, 277, 269, 250, 235, 212, 193, 112, 

101, 92, 76, 70, 64, 56, 45, 40, 31, 26, 22, 16, 14, 10, 6 

cm
-1
 B3LYP/6-31G(d, p). The observed values are at 

250vw, and 74vw cm
-1

 in the FT-Raman spectrum. 

The group and skeletal deformational modes  

were calculated at the low wavenumber region. 
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Charge analysis 

The charge distribution on a molecule has a 

significant influence on the vibrational spectra. The 

atomic charge in molecules is fundamental to 

chemistry. For instance, the atomic charge has been 

describing the process of electro negativity 

equalization and charge transfer in chemical 

reactions
23,24

. Mulliken atomic charges and natural 

atomic charges are computed by the DFT/B3LYP 

method 6-31G (d, p) basis set. The computed reactive 

atomic charges play an important role in the 

application of quantum mechanical calculations of the 

molecular system. The charges of the title compound 

are tabulated in Table 4 and shown in Fig. 4. The 

results show that substitution of the phenyl ring by 

chlorine atoms leads to redistribution of electron 

density. The charges of CH2 groups are the same 

distribution. Hydrogen atoms H9, H10, H11, H24, 

H30, H32, H34, H35, H41, H43, H45, H46, H47, 

H48, H51, H52, H53, H55, H56, H57, H63, H66, 

H67, H68, H69, H71, H72 and H73 exhibit a positive 

charge (0.2 a.u), S19 = 0.913/0.801 a.u which is an 

acceptor atom. Oxygen (O13= -0.398 /-0.706 a.u, O17 

= -0.400/-0.655 a.u) have high negative charge, which 

are donor atoms. 
 

Molecular electrostatic potential (MEP)  

Molecular electrostatic potential (MEP) gives a 

clear picture of the distribution of charge at the 

surface and surrounding of the title compound in three 

dimensions. By doing so, the nature of interactions 

and chemical bonds can be identified. Colour grading 

helps us to classify nucleophilic and electrophilic 

Table 4 — Natural and Mulliken atomic charge of 1-Benzyl-3-[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-4, 5-dihydro-1H-

pyrazol-1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one 

Atoms numbers  Mulliken charge (a.u) Natural charge (a.u) Atoms numbers Mulliken charge (a.u) Natural charge (a.u) 

C1 0.159 -0.094 C38 -0.295 -0.168 

C2 0.212 0.197 C39 -0.344 -0.181 

C3 -0.219 -0.255 C40 -0.385 -0.181 

C4 -0.262 -0.177 H41 0.236 0.228 

C5 -0.314 -0.226 C42 -0.393 -0.202 

C6 -0.312 -0.149 H43 0.235 0.228 

C7 0.231 -0.033 C44 0.500 0.024 

C8 0.012 0.614 H45 0.234 0.228 

C9 0.241 0.226 H46 0.227 0.226 

H10 0.212 0.219 H47 0.263 0.248 

H11 0.354 0.282 H48 0.205 0.430 

N12 -0.237 -0.476 C49 -0.103 -0.225 

O13 -0.398 -0.706 C50 -0.672 -0.614 

C14 -0.485 -0.429 H51 0.218 0.219 

C15 0.013 0.559 H52 0.216 0.214 

C16 -0.390 0.051 H53 0.200 0.209 

O17 -0.400 -0.655 C54 -0.691 -0.614 

N18 -0.059 -0.559 H55 0.210 0.206 

S19 0.913 0.801 H56 0.209 0.209 

C20 -0.010 -0.108 H57 0.216 0.218 

N21 -0.050 -0.228 C58 -0.475 -0.198 

C22 -0.569 -0.498 C59 0.433 -0.029 

C23 0.077 0.281 C60 -0.338 -0.210 

H24 0.257 0.244 C61 -0.447 -0.246 

N25 -0.216 -0.247 C62 -0.223 -0.200 

C26 0.376 -0.088 H63 0.234 0.227 

C27 -0.359 -0.200 C64 -0.216 -0.205 

C28 -0.348 -0.165 C65 -0.233 -0.213 

C29 -0.213 -0.221 H66 0.217 0.224 

H30 0.233 0.225 H67 0.217 0.223 

C31 -0.207 -0.219 H68 0.228 0.216 

H32 0.283 0.258 H69 0.239 0.242 

C33 -0.110 -0.012 H70 0.149 0.223 

H34 0.245 0.242 H71 0.235 0.219 

H35 0.251 0.245 H72 0.267 0.223 

Cl36 -0.034 -0.017 H73 0.234 0.217 

C37 0.312 -0.094    
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regions effortlessly. It also aids in evaluating the 

physiochemical properties of the title compound
25

.  

Figure 5 shows the MEP map for the title 

compound. A scale ranging from −8.840 ×10
−2

 a.u to 

8.840 ×10
−2

 a.u with colour grading (Red<Orange< 

Yellow<Green<Blue in the potential increasing order) 

is used. O atom has the highest electrophilicity 

indicated by the red colour, while hydrogen atoms 

have the highest nucleophilicity. Neutral regions are 

shown in green. 
 

HOMO – LUMO analysis  

Knowledge of the highest occupied molecular 
orbital (HOMO) and lowest unoccupied molecular 
orbital (LUMO) and their properties such as their 
energy is very useful to gauge the chemical reactivity 

of the molecule. The ability of the molecule to donate 
an electron is associated with the HOMO and the 
characteristic of the LUMO is associated with the 
molecule's electron affinity. The HOMO and LUMO 
energies are very useful for physicists and chemists 
and are very important terms in quantum chemistry

26
. 

In the present study, the HOMO and LUMO energies 
have been predicted at the B3LYP method with a  
6-31G (d,p) basis set. According to the calculated 
results, the energy value of HOMO is computed as -
5.68eV and the energy of LUMO is -2.47eV. As a 

result, a very small energy gap observed between 
HOMO and LUMO is -3.21 eV. The distribution and 
energy levels of the HOMO-LUMO orbital of 
BCPOT are shown in Fig. 6. 

 The positive phase is red and the negative one is 

green. The chemical hardness and softness of a 

molecule are a good standards to value the chemical 

stability of a molecule. The chemical hardness and 

softness of a molecule depend on the energy gap 

between HOMO-LUMO. The molecules having a 

small energy gap are known as soft molecules and 

molecules having a large energy gap are known as 

hard molecules. The soft molecules are more 

polarizable than the hard ones due to their need for 

small energy for excitation. BCPOT has a small 

energy gap, hence from the calculation, it can be 

concluded that the molecule taken for investigation 

belongs to soft material. The lowering of the HOMO-

LUMO band gap is essentially a consequence of the 

large stabilization of the LUMO due to the strong 

electron accepting ability of the electron acceptor 

group
27

. The energies of HOMO and LUMO and their 

neighboring orbitals are all negative values, which 

indicates BCPOT is stable
28

. 

 
 

Fig. 4 — Graphical representation of  charge analysis of  BCPOT. 
 

 
 

Fig. 5 — Molecular electrostatic potential of BCPOT. 
 

 
 

Fig. 6 — HOMO LUMO energy gap of BCPOT. 
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Local reactivity descriptors 

Fukui function is one of the broadly used local 

density functional descriptors to represent the 

chemical reactivity and site selectivity of the 

molecule. It is local reactivity descriptors that specify 

the selected regions where a chemical species will 

modify its density when the quantity of the electron 

was changed
29

. It is feasible to describe the equivalent 

condensed or aromatic Fukui functions on the k
th
 

atom site as stated in the below equations (1-3): 

 fk
+
= qk (N +1) – qk (N)                                … (1) 

 fk
-
  =qk (N) – qk (N-1)                                 … (2) 

       fk
0
 = ½ qk (N+1) – qk (N-1)                    … (3) 

fk
+
indicates the molecule under nucleophilic and fk

-

indicates the electrophilic attack. 
In the above equation, qk is the atomic charge at the 

k
th
atomic site is the neutral (N), anionic (N+1), or 

cationic (N-1) chemical species. Morellet al.
30

 

proposed a dual descriptor Δf(r), which is defined as 

the difference between the nucleophilic and 

electrophilic Fukui function and is given by  
 

      rfrfrf                                   
… (4)

 
 

Δf(r)>0, then the site is favoured for a nucleophilic 

attack whereas if Δf(r)<0, then the site is favored for 

an electrophilic attack, and these values are 

summarized in Table 5. The behaviour of molecules 

as electrophiles (C2 = -0.108, C7 = -0.002, C8 = -

0.327, H9 = -0.120, H10 = -0.117, H11 = -0.141, C15 

= -0.283, C16 = -0.023, S19 = -0.399, C20 = -0.141, 

C23 = -0.279, H24 = -0.167, N25 = -0.011, H30 = -

0.117, H32 = -0.133, C33= -0.026, H34 = -0.129, H35 

= -0.131, Cl = -0.017, H41 = -0.116, H43 = -0.116, 

C44 = -0.024, H45 = -0.120, H46 = -0.118, H47 = -

0.165, H48 = -0.240, H51 = -0.108, H52 = -0.106, H53 

= -0.110, H55 = -0.105, H56 = -0.106, H57 = -0.113, 

H63 = -0.112, H66 = -0.115, H67 = -0.116, H68 = -

0.113, H69 = -0.123, H70 = -0.112, H71 = -0.114, H72 

= -0.113, H73 = -0.115) or nucleophiles (C1 = 0.052, C3 

= 0.122, C4 = 0.067, C5 = 0.107, C6 = 0.062, N12 = 

0.235, O13 = 0.316, C14 = 0.170, O17 = 0.273, N18 = 

0.253, N21 = 0.145, C22 = 0.267, C26 = 0.064, C27 = 

0.066, C28 = 0.056, C29 = 0.112, C31 = 0.108, C37 = 

0.059, C38 = 0.069, C39 = 0.084, C40 = 0.087, C42 = 

0.099, C49 = 0.114, C50 = 0.306, C54 = 0.306, C58 = 

0.099, C59 = 0.022, C60 = 0.107, C61 = 0.124, C62 = 

0.097, H64 = 0.100, H65 = 0.101) during reaction 

depends on the local behavior of molecules.  
 

 

 

NBO analysis 

In quantum chemistry, a natural bond orbital 

(NBO) is a computed bonding orbital with maximum 

electron density. Natural bond orbitals are used in 

computational chemistry to calculate bonds,  

bond order, donor-acceptor interactions, and the 

distribution of electron density between atoms. The 

NBO also analysis the bonding in terms of the natural 

hybrid orbital. NBO calculations of title compounds 

were performed using NBO 3.1 program
31

 as 

implemented in the Gaussian 09 package and a 

summary of important results is reported in Table 6. 

The higher the E(2) value, the stronger the interaction 

between electron donors and electron acceptors and 

reveals a more donating tendency from electron 

donors to electron acceptors and a greater degree  

of conjugation of the whole system. The  

possible selective intra-molecular hyper conjugative 

interactions noticed in BCPOT are  

C2-C3→C4-C5 (20.38 Kcal/mol, π→π*),  

C14 - S19→ C16-N18 (26.45 Kcal/mol, π→π*),  

C16-N18→C15-O17 (25.72 Kcal/mol, π→π*),  

    C20-N25 → C20-H48 (27.97 Kcal/mol, →
*
),  

C20-C37→ C20-N25 (23.45 Kcal/mol, →
*
),  

C26-C27→C29-C33 (22.95 Kcal/mol, π→π*), 

C28-C31→C26 -C27 (22.17 Kcal/mol, π→π*), 

C38 - C40→ C37 - C39 (22.49 Kcal/mol, π→π*),  

C38 - C40 → C42 - C44 (23.68 Kcal/mol, π→π*),  

    C42-C44→ C37 - C39 (28.45 Kcal/mol, π→π*), 

C59-C60→ C62 - C65 (21.68 Kcal/mol, π→π*), 

    C61-C64→ C59 - C60 (22.21 Kcal/mol, π→π*), 

C62-C65 →C61-C64 (22.54 Kcal/mol, π→π*) 

with stabilization energies. 

 
NCI surface analysis 

The real space weak interaction, supported on 

electron density and derivatives is approached by 

RDG analysis and it is improved by Johnson et al.
32

. 

It is a dimensionless extent and the first gradient 

found in the literature. The leading intention of this 

portion is to study the non-covalent interactions 

between the dissimilar entities and to appraise their 

consequence in the steadiness of the crystal 

formation. The graphical visualization of non-

covalent interaction locations is succeeded by NCI-

RDG analysis. It is examined as resolve and helpful 

technique  for  characterizing  repellent  steric  
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Table 5 — Fukui function (fi+, fi-, Δf) for) of 1-benzyl-3-[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-4,5-dihydro-1H-pyrazol-1-

yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one. 

Atoms No.  Neutral (N) Cation  

(N-1) 

Anion 

(N+1) 

fk
+ fk

- fk° Δƒr sk
+ sk

- sk° ωk
+ ωk

- ωk° 

C1 -0.094 -0.082 -0.054 0.012 -0.040 -0.014 0.052 0.005 -0.016 -0.006 0.039 -0.132 -0.047 

C2 0.197 0.185 0.102 -0.013 0.095 0.041 -0.108 -0.005 0.037 0.016 -0.041 0.312 0.135 

C3 -0.255 -0.277 -0.111 -0.022 -0.144 -0.083 0.122 -0.008 -0.056 -0.032 -0.071 -0.472 -0.271 

C4 -0.177 -0.220 -0.067 -0.043 -0.110 -0.076 0.067 -0.016 -0.042 -0.029 -0.140 -0.359 -0.249 

C5 -0.226 -0.239 -0.107 -0.012 -0.120 -0.066 0.107 -0.005 -0.046 -0.025 -0.040 -0.391 -0.216 

C6 -0.149 -0.182 -0.055 -0.032 -0.094 -0.063 0.062 -0.012 -0.036 -0.024 -0.105 -0.308 -0.207 

C7 -0.033 -0.091 0.022 -0.058 -0.055 -0.056 -0.002 -0.022 -0.021 -0.022 -0.188 -0.180 -0.184 

C8 0.614 0.587 0.313 -0.026 0.301 0.137 -0.327 -0.010 0.116 0.053 -0.087 0.984 0.449 

H9 0.226 0.210 0.122 -0.016 0.104 0.044 -0.120 -0.006 0.040 0.017 -0.052 0.340 0.144 

H10 0.219 0.202 0.120 -0.018 0.100 0.041 -0.117 -0.007 0.038 0.016 -0.058 0.326 0.134 

H11 0.282 0.281 0.143 -0.002 0.140 0.069 -0.141 -0.001 0.054 0.027 -0.006 0.456 0.225 

N12 -0.476 -0.496 -0.222 -0.019 -0.255 -0.137 0.235 -0.007 -0.098 -0.053 -0.064 -0.833 -0.448 

O13 -0.706 -0.758 -0.337 -0.052 -0.368 -0.210 0.316 -0.020 -0.142 -0.081 -0.171 -1.205 -0.688 

C14 -0.429 -0.466 -0.222 -0.037 -0.207 -0.122 0.170 -0.014 -0.080 -0.047 -0.120 -0.677 -0.398 

C15 0.559 0.538 0.297 -0.021 0.262 0.120 -0.283 -0.008 0.101 0.046 -0.070 0.857 0.394 

C16 0.051 0.031 0.048 -0.020 0.003 -0.008 -0.023 -0.008 0.001 -0.003 -0.065 0.011 -0.027 

O17 -0.655 -0.714 -0.325 -0.058 -0.331 -0.195 0.273 -0.022 -0.127 -0.075 -0.190 -1.082 -0.636 

N18 -0.559 -0.579 -0.286 -0.020 -0.273 -0.147 0.253 -0.008 -0.105 -0.057 -0.065 -0.894 -0.480 

S19 0.801 0.796 0.407 -0.005 0.394 0.195 -0.399 -0.002 0.152 0.075 -0.015 1.289 0.637 

C20 -0.108 -0.148 -0.209 -0.040 0.101 0.030 -0.141 -0.016 0.039 0.012 -0.132 0.329 0.099 

N21 -0.228 -0.237 -0.074 -0.009 -0.154 -0.082 0.145 -0.004 -0.059 -0.031 -0.030 -0.504 -0.267 

C22 -0.498 -0.485 -0.245 0.014 -0.253 -0.120 0.267 0.005 -0.098 -0.046 0.045 -0.828 -0.392 

C23 0.281 0.190 0.093 -0.091 0.188 0.049 -0.279 -0.035 0.072 0.019 -0.298 0.615 0.159 

H24 0.244 0.207 0.115 -0.038 0.129 0.046 -0.167 -0.014 0.050 0.018 -0.123 0.422 0.149 

N25 -0.247 -0.268 -0.237 -0.021 -0.010 -0.016 -0.011 -0.008 -0.004 -0.006 -0.068 -0.034 -0.051 

C26 -0.088 -0.070 -0.042 0.018 -0.047 -0.014 0.064 0.007 -0.018 -0.006 0.058 -0.152 -0.047 

C27 -0.200 -0.228 -0.105 -0.028 -0.094 -0.061 0.066 -0.011 -0.036 -0.024 -0.092 -0.309 -0.200 

C28 -0.165 -0.184 -0.091 -0.018 -0.075 -0.046 0.056 -0.007 -0.029 -0.018 -0.060 -0.244 -0.152 

C29 -0.221 -0.230 -0.101 -0.008 -0.120 -0.064 0.112 -0.003 -0.046 -0.025 -0.027 -0.392 -0.210 

H30 0.225 0.219 0.113 -0.005 0.111 0.053 -0.117 -0.002 0.043 0.020 -0.018 0.364 0.173 

C31 -0.219 -0.231 -0.098 -0.012 -0.120 -0.066 0.108 -0.005 -0.046 -0.026 -0.040 -0.394 -0.217 

H32 0.258 0.253 0.130 -0.005 0.128 0.061 -0.133 -0.002 0.049 0.024 -0.016 0.417 0.200 

C33 -0.012 -0.041 -0.010 -0.028 -0.002 -0.015 -0.026 -0.011 -0.001 -0.006 -0.092 -0.008 -0.050 

H34 0.242 0.228 0.126 -0.014 0.115 0.051 -0.129 -0.005 0.044 0.019 -0.046 0.377 0.165 

H35 0.245 0.232 0.128 -0.013 0.118 0.052 -0.131 -0.005 0.045 0.020 -0.044 0.384 0.170 

Cl36 -0.017 -0.058 0.007 -0.041 -0.024 -0.033 -0.017 -0.016 -0.009 -0.013 -0.135 -0.079 -0.107 

C37 -0.094 -0.077 -0.052 0.017 -0.042 -0.012 0.059 0.007 -0.016 -0.005 0.056 -0.137 -0.040 

C38 -0.168 -0.174 -0.093 -0.006 -0.075 -0.041 0.069 -0.002 -0.029 -0.016 -0.021 -0.247 -0.134 

C39 -0.181 -0.182 -0.096 -0.001 -0.085 -0.043 0.084 0.000 -0.033 -0.017 -0.002 -0.278 -0.140 

C40 -0.181 -0.188 -0.087 -0.007 -0.093 -0.050 0.087 -0.003 -0.036 -0.019 -0.022 -0.306 -0.164 

H41 0.228 0.222 0.118 -0.006 0.110 0.052 -0.116 -0.002 0.042 0.020 -0.020 0.360 0.170 

C42 -0.202 -0.210 -0.096 -0.007 -0.106 -0.057 0.099 -0.003 -0.041 -0.022 -0.023 -0.347 -0.185 

H43 0.228 0.223 0.118 -0.005 0.111 0.053 -0.116 -0.002 0.043 0.020 -0.017 0.362 0.172 

C44 0.024 0.004 0.020 -0.020 0.004 -0.008 -0.024 -0.008 0.001 -0.003 -0.065 0.013 -0.026 

H45 0.228 0.215 0.120 -0.013 0.107 0.047 -0.120 -0.005 0.041 0.018 -0.042 0.351 0.155 

H46 0.226 0.214 0.119 -0.012 0.106 0.047 -0.118 -0.005 0.041 0.018 -0.039 0.348 0.154 

H47 0.248 0.213 0.118 -0.035 0.130 0.048 -0.165 -0.013 0.050 0.018 -0.114 0.425 0.156 

H48 0.430 0.403 0.216 -0.027 0.213 0.093 -0.240 -0.010 0.082 0.036 -0.087 0.698 0.305 

C49 -0.225 -0.221 -0.114 0.004 -0.110 -0.053 0.114 0.001 -0.043 -0.021 0.012 -0.361 -0.175 

C50 -0.614 -0.615 -0.306 -0.001 -0.307 -0.154 0.306 -0.001 -0.118 -0.059 -0.005 -1.005 -0.505 

             (Contd.) 
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Table 5 — Fukui function (fi+, fi-, Δf) for) of 1-benzyl-3-[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-4,5-dihydro-1H-pyrazol-1-

yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-1H-indol-2-one. 

Atoms No.  Neutral (N) Cation  

(N-1) 

Anion 

(N+1) 

fk
+ fk

- fk° Δƒr sk
+ sk

- sk° ωk
+ ωk

- ωk° 

H51 0.219 0.222 0.108 0.003 0.111 0.057 -0.108 0.001 0.043 0.022 0.010 0.363 0.186 

H52 0.214 0.217 0.106 0.003 0.109 0.056 -0.106 0.001 0.042 0.021 0.009 0.355 0.182 

H53 0.209 0.198 0.111 -0.012 0.099 0.044 -0.110 -0.004 0.038 0.017 -0.038 0.323 0.142 

C54 -0.614 -0.616 -0.306 -0.002 -0.308 -0.155 0.306 -0.001 -0.119 -0.060 -0.006 -1.007 -0.507 

H55 0.206 0.203 0.105 -0.003 0.101 0.049 -0.105 -0.001 0.039 0.019 -0.011 0.331 0.160 

H56 0.209 0.206 0.106 -0.003 0.103 0.050 -0.106 -0.001 0.039 0.019 -0.010 0.335 0.163 

H57 0.218 0.209 0.113 -0.009 0.105 0.048 -0.113 -0.003 0.040 0.018 -0.028 0.342 0.157 

C58 -0.198 -0.196 -0.101 0.002 -0.097 -0.048 0.099 0.001 -0.037 -0.018 0.007 -0.318 -0.155 

C59 -0.029 -0.014 -0.022 0.015 -0.007 0.004 0.022 0.006 -0.003 0.002 0.048 -0.023 0.013 

C60 -0.210 -0.206 -0.108 0.004 -0.103 -0.049 0.107 0.002 -0.040 -0.019 0.014 -0.336 -0.161 

C61 -0.246 -0.243 -0.125 0.003 -0.121 -0.059 0.124 0.001 -0.046 -0.023 0.010 -0.394 -0.192 

C62 -0.200 -0.205 -0.097 -0.005 -0.103 -0.054 0.097 -0.002 -0.040 -0.021 -0.017 -0.336 -0.176 

H63 0.227 0.229 0.113 0.002 0.114 0.058 -0.112 0.001 0.044 0.022 0.006 0.373 0.190 

C64 -0.205 -0.210 -0.100 -0.005 -0.105 -0.055 0.100 -0.002 -0.041 -0.021 -0.017 -0.344 -0.181 

C65 -0.213 -0.224 -0.101 -0.011 -0.112 -0.061 0.101 -0.004 -0.043 -0.024 -0.035 -0.366 -0.201 

H66 0.224 0.217 0.116 -0.007 0.108 0.050 -0.115 -0.003 0.042 0.019 -0.024 0.353 0.165 

H67 0.223 0.214 0.116 -0.009 0.107 0.049 -0.116 -0.003 0.041 0.019 -0.028 0.350 0.161 

H68 0.216 0.205 0.114 -0.011 0.102 0.046 -0.113 -0.004 0.039 0.018 -0.035 0.334 0.150 

H69 0.242 0.237 0.124 -0.005 0.118 0.057 -0.123 -0.002 0.046 0.022 -0.015 0.387 0.186 

H70 0.223 0.221 0.112 -0.002 0.110 0.054 -0.112 -0.001 0.042 0.021 -0.006 0.361 0.177 

H71 0.219 0.211 0.114 -0.009 0.105 0.048 -0.114 -0.003 0.041 0.019 -0.028 0.344 0.158 

H72 0.223 0.221 0.113 -0.002 0.110 0.054 -0.113 -0.001 0.042 0.021 -0.008 0.361 0.176 

H73 0.217 0.202 0.117 -0.015 0.100 0.042 -0.115 -0.006 0.039 0.016 -0.049 0.327 0.139 
 

Table 6 — Second order perturbation theory analysis of Fock matrix in NBO basis corresponding to intra molecular bands of 1-benzyl-3-

[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-4,5-dihydro-1H-pyrazol-1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-
dihydro-1H-indol-2-one obtained B3LYP/6-31G (d, p) basis set. 

Donor(i) Type ED/e Acceptor(j) Type ED/e E(2)a Kcal/mol E(i)-E(j)b 

 C1 - C2 1.95704 * C7 - C14 6.68 1.04 0.074 

 C2 - C3 1.70534 LP ( 1) C1 35.99 0.16 0.086 

 C2 - C3 1.70534 * C 4 - C5 20.38 0.31 0.071 

 C3 - C4 1.97228 * C2 - N12 8.28 1.01 0.082 

 C3 - H9 1.97063 * C1 - C2 6.13 1.01 0.070 

 C4 - C5 1.67742 LP*( 1) C6 48.73 0.16 0.094 

 C4 - C5 1.67742 * C2 - C3 19.33 0.28 0.066 

 C5 - C6 1.97438 * C1 - C7 6.97 1.14 0.080 

 C6 - H11 1.96582 * C1 - C2 7.16 0.97 0.075 

 C8 - O13 1.92528 LP ( 1) C7 15.04 0.18 0.064 

 C14 - S19 1.83808 * C16 - N25 7.99 1.03 0.082 

 C14 - S19 1.83808 LP ( 1) C7 9.96 0.27 0.062 

 C14 - S19 1.83808 * C15 - O17 14.82 0.35 0.072 

 C14 - S19 1.83808 * C16 - N18 26.45 0.32 0.096 

 C15 - O17 1.89199 * C14 - S19 10.69 0.23 0.053 

 C15 - N18 1.96597 * C7 - C14 7.35 1.14 0.082 

 C15 - N18 1.96597 * C16 - N25 9.56 0.91 0.084 

 C16 - N18 1.82179 * C14 - S19 17.44 0.27 0.072 

 C16 - N18 1.82179 * C15 - O17 25.72 0.28 0.085 

 C16 - S19 1.97804 * C7 - C14 6.44 1.28 0.082 

 C20 - C22 1.93436 * C16 - N25 8.07 0.87 0.075 

 C20 - C22 1.93436 * C20 - H48 6.22 0.95 0.069 

  
 

    
(Contd.) 
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Table 6 — Second order perturbation theory analysis of Fock matrix in NBO basis corresponding to intra molecular bands of 1-benzyl-3-

[2-(3-(4-chlorophenyl)-5-[4-(propan-2-yl)phenyl]-4,5-dihydro-1H-pyrazol-1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-
dihydro-1H-indol-2-one obtained B3LYP/6-31G (d, p) basis set. (Contd.) 

Donor(i) Type ED/e Acceptor(j) Type ED/e E(2)a Kcal/mol E(i)-E(j)b 

 C20 - C22 1.93436 * C23 - C26 7.28 1.06 0.079 

 C20 - N25 1.90557 * C20 - H48 12.34 0.47 0.104 

 C20 - N25 1.90557 * C20 - H48 27.97 0.96 0.148 

 C20 - N25 1.90557 * C16 - N18 9.86 0.38 0.059 

 C20 - N25 1.90557 * C20 - N25 12.00 0.68 0.085 

 C20 - C37 1.77522 * C20 - N25 23.45 0.81 0.130 

 C20 - H48 1.23893 * C20 - N25 13.81 0.48 0.085 

 C20 - H48 1.23893 * C37 - C39 6.73 0.24 0.040 

 N21 - C23 1.97633 * C26 - C27 8.23 0.34 0.051 

 C22 - H24 1.94170 * C20 - N25 6.20 0.76 0.068 

 C22 - H24 1.94170 * N21 - C23 6.39 0.49 0.053 

 C22 - H47 1.94375 * N21 - C23 6.35 0.49 0.053 

 C26 - C27 1.64238 * C28 - C31 20.19 0.30 0.071 

 C26 - C27 1.64238 * C29 - C33 22.95 0.28 0.072 

 C28 - C31 1.64997 * C26 - C27 22.17 0.28 0.071 

 C28 - H32 1.97290 * C26 - C27 6.20 1.05 0.072 

 C29 - C33 1.66996 * C26 - C27 19.33 0.30 0.069 

 C29 - C33 1.66996 * C28 - C31 19.67 0.31 0.071 

 C37 - C38 1.96915 * C20 - N25 6.02 0.94 0.075 

 C37 - C39 1.97074 * C38 - C40 20.58 0.31 0.072 

 C37 - C39 1.97074 * C42 - C44 15.86 0.32 0.064 

 C38 - C40 1.63781 * C37 - C39 22.49 0.26 0.070 

 C38 - C40 1.63781 * C42 - C44 23.68 0.29 0.075 

 C38 - H41 1.97624 * C37 - C39 6.38 1.05 0.073 

 C39 - H43 1.97568 * C37 - C38 6.38 1.07 0.074 

 C40 - H45 1.97536 * C42 - C44 6.34 1.07 0.073 

 C42 - C44 1.61374 * C37 - C39 28.45 0.26 0.077 

 C42 - C44 1.61374 * C38 - C40 18.33 0.28 0.066 

 C42 - H46 1.97556 * C40 - C44 6.20 1.08 0.073 

 C49 - H70 1.94278 * C40 - C44 8.74 0.99 0.084 

 C59 - C60 1.97322 * C61 - C64 21.50 0.28 0.070 

 C59 - C60 1.97322 * C62 - C65 21.68 0.29 0.071 

 C60 - H63 1.97597 * C59 - C61 6.49 1.06 0.074 

 C61 - C64 1.66387 * C59 - C60 22.21 0.29 0.072 

 C61 - C64 1.66387 * C62 - C65 21.09 0.29 0.070 

 C61 - H72 1.97640 * C59 - C60 6.28 1.08 0.074 

 C62 - C65 1.65421 * C59 - C60 21.71 0.29 0.071 

 C62 - C65 1.65421 * C61 - C64 22.54 0.28 0.071 
 

interaction van der Waals interactions and hydrogen 

bonds using a simple colour code. The quality of the 

strength of the interaction can be investigated through 

RDG surface analysis. Red, green and blue colour 

codes are used to describe destabilizing steric 

interactions, van der Waals, and stabilizing hydrogen 

bonding respectively. 

 
 

 

  3421232

1

r

r

r
rRDG










                              

… (5) 

The plot of r(r) against the l2 sign will help to 
comprehend the quality and strength of the 
interaction. The sign of l2, the second greatest value 
of the Hessian matrix of electron density, is used to 
find the nature of an interaction. If l2 > 0, for non 
bonded and if l2 < 0 for bonded. The RDG isosurface 
of the title compound was drawn with an isosurface 
value of 0.5 as illustrated in Fig. 7. The software and 
it was plotted by Multiwfn and VMD program

33
. The 

red colour in scale in the figure depicts a forcible 
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repulsion that seems in all centralized in the ring 
system. While a strong van der Waals interaction took 
place between the amide group and one of the 
propane phenyl as well as one hydrogen atom in the 
chloro substituted phenyl ring. 
 

ELF and LOL analysis  

The ELF (electron localization function) and LOL 

(localized orbital locator) maps were topology 

analysis performed based on the covalent bonds. 

These maps reveal the regions where the probability 

of finding an electron pair is high
34

. ELF and LOL 

share a similar interpretation depending on the kinetic 

energy density
35

. Colour shade maps of the ELF and 

LOL for the title molecule were presented in Figs 8(a) 

and 8(b), respectively. The electron localization 

function is the estimation of electron localization in 

atomic and molecule systems
36

. Pauli repulsion 

existing among two like–spin electrons was used as a 

measure of electron localization. The region with the 

strongest Pauli repulsion corresponds to highly 

localized electrons. ELF studies describe the bonding, 

reactivity, and chemical structure
37

. The upper limit 

for ELF is 0.8 and the lower limit is 0. Two-

dimensional graphical data employing colour 

gradiation is used to characterize the ELF values for 

the title compound. Red colour corresponds to high 

values of ELF while blue represents the region with a 

low end of ELF value. For the title compound, the 

maximum Pauli repulsion was around hydrogen with 

a single electron depicted by the red region around 

H9, H10, H11, H24, H30, H32, H34, H35, H41, H43, 

H45, H46, H47, H48, H51, H52, H53, H55, H56, 

H57, H63, H66, H67, H68, H69, H71, H72, and H73. 

The regions with chlorine nitrogen having similar spin 

electrons close together were depicted by the blue 

region, whereas electron depletion regions (blue 

regions) are identified at N12, O13, O17, N18, S19, 

N21, N25, and Cl36. ELF and LOL analysis describes 

the chemical structure, molecular bonding, and 

reactivity with extensive prominence in their use for 

the quantitative analysis of aromaticity. 
 

Molecular docking study  

The protein-drug interaction was studied by 

automated docking to determine the orientation of 

inhibitors bound to the active site of the target protein. 

A genetic algorithm method, implemented in the 

program Autodock 4.2 was employed
9
. The 2D 

structures (.mol) of the BCPOT are converted to 3D 

structures (PDB). The protein structure file was 

downloaded from the protein data bank
38

 and was 

edited by removing the hetero atoms and adding C-

terminal oxygen. For docking calculations, Gasteinger 

partial charges were assigned to the inhibitors and 

non-polar hydrogen atoms were assigned to the 

inhibitors and non-polar hydrogen atoms were 

merged. All torsions were allowed to rotate during 

docking. The grid map was centered on the residues 

of the protein. The number of docking runs was 50, 

 
 

Fig. 7 — NCI surface analysis 2D of  BCPOT. 

 

 
 

Fig. 8 — (a) ELF and  (b) LOL of  BCPOT. 
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the population in the genetic algorithm was 250, and 

the number of energy evaluations was 1000. The 

docking results for inhibitors against protein, showed 

minimum docking energy, inhibition constant, with 

RMSD as noted. The molecular docking of the protein 

with BCPOT yielded the best possible conformations 

with parameters including the docking energy, 

binding energy, intermolecular energy, inhibition 

constant, and RMSD (Table 7). Molecular docking 

studies were performed using Auto dock tool 

software
39

. The target protein from anticancer activity 

drugs against breast cancer was downloaded from  
 

Protein data  

Bank (PDB ID: 1T15, 3O37, 3PH9, 3S7S) and the 

active site were chosen. A molecular docking study 

was carried out for the title compound. Figure 9 

shows the active site of the three-dimensional 

structure of a target receptor molecule protein. 

Among the all active sites, the pocket found to be the 

best active contains 58 amino acids. The minimum 

docking energy was found in the 1T15-ligand -10.17 

Kcal/mol) and RMSD (root mean square deviation) 

72.294 Å, and estimation inhibition constant of 35.31 

nm. The minimum docking energy was found in the 

3O37-ligand -9.12 Kcal/mol) and RMSD (root mean 

square deviation) 63.146 Å, and estimation inhibition 

constant of 205.28 nm. The minimum docking energy 

was found in the 3PH9 –ligand (-11.46 Kcal/mol) and 

RMSD (root mean square deviation) 65.494 Å, and 

the estimation inhibition constant of 3.99 nm.  

The minimum docking energy was found in the 3S7S 

-ligand (-9.22 Kcal/mol) and RMSD (root mean 

square deviation) 41.114 Å, and the estimation 

inhibition constant of 175.04 nm.  

 
 

Fig. 9 — BCPOT docked into the binding site of anticancer proteins. 
 

Table 7 — Binding affinity for docking of 1-Benzyl-3-[2-(3-(4-

chlorophenyl)-5-[4-(propan-2-yl)phenyl]-4,5-dihydro-1H-pyrazol-

1-yl)-4-oxo-4,5-dihydro-1,3-thiazol-5(4H)-ylidene]-2,3-dihydro-

1H-indol-2-one 

P
ro

te
in

 

n
am

e 

PDB ID Bond Amino 

acid 

Binding 

energy 

Inhibition 

constant 

(nM) 

RMSD 

(Å) 

Length 
(Å) 

(kcal/mol) 

A
n

ti
ca

n
ce

r 

1T15 3.1 GLN A 

299 

-10.17 35.31 72.294 

3O37 2.4 GLN A 

110 

-9.12 205.28 63.146 

3PH9 2.7 GLN A 

110 

-11.46 3.99 65.494 

3S7S 2.1 HIS A 

1652 

-9.22 175.04 41.114 
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Conclusion 

The examination of the present work has enlightened 

the spectroscopic properties such as optimized 

geometrical parameters, vibrational assignments, and 

electrical properties of the title compound by applying 

FTIR and FT-Raman title molecule revealing the 

necessary techniques and theoretical studies done by the 

density functional theory. The comparative influence 

associated with experimental and theoretical knowledge 

gives a full description of the vibrational assignments of 

the title molecule. The charge transfer occurs in the 

molecule between HOMO and LUMO energies, and the 

frontier energy gap is calculated. The band gap energy of 

HOMO-LUMO is -3.21eV. The molecular electrostatic 

potential diagram of the title molecule revealed the 

negative and positive regions. Fukui function helps to 

identify the electrophilic and nucleophilic nature of the 

title molecule. The molecular docking study shows that 

the lowest binding energy for the title compound with 

the protein is -11.46 Kcal/mol. 
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