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Abstract 
 

In this present study, a pharmaceutically potent property of the title compound has been analysed by 

theoretical analysis with higher order basis set B3LYP/6-311++ G (d, p). Chemical reactivity of the 

titled compound was confirmed using ELF and LOL studies. Theoretical simulations through two 
different module CAM-B3LYP/6-31G (d, p) and B3LYP/6-311++G(d,p) gas phase have been carried 

out for better comparison. NBO studies helpful understanding the stability and charge delocalization 

of the titled compound. All the results and studies were presented best, after thorough literature 
survey. Molecular docking studies have been carried out to compliment the pharmaceutically potent 

nature of the title compound. 
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Introduction 
 

(6R,7R)-7-{[2-(2-Amino-1,3-thiazol-4-yl)-2-
(carboxymethoxyimino)acetyl]amino}-3-

ethenyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-

ene-2-carboxylic acid (6CA2C), a 
cephalosporin antibiotic is used to treat various 

bacterial infections such as strep throat, 

pneumonia, urinary tract infections and 
gonorrhoea [1-4]. The bactericidal action of 

6CA2C is due to inhibition of cell wall 

synthesis. It binds to penicillin binding 

proteins (PBP) leading to final 
transpeptidation step of the peptidoglycan 

synthesis. During this process, the bacterial  

cell activity is constrained due to inhibition of 

biosynthesis, arresting cell wall assembly [5-

7]. Some significant microorganisms such as 

Escherichia coli and Proteus mirabilis cause 
urinary tract infections well treated by 6CA2C. 

After administering the title compound, 

inflammatory ear infection Otitis media, 
Tonsillitis and pharyngitis throat infection 

caused by Haemophilus influenzae, Moraxella 

catarrhalis and Streptococcus pyogenes are 
treated [8-11]. 

 

A thorough literature survey has been 

performed on 6CA2C based on bacterial 
infections and it is found that no work has 

been carried out on spectroscopic analysis and 

DFT [1]. Therefore, theoretical DFT 
calculations featuring nonlinear optical 
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property, NBO, wavefunction analyses, charge 
transfer due to excitation, molecular docking 

and drug likeness have been carried out for the 

title compound. 

 

Materials and methods 
 
The titled compound 6CA2C is purchased 

from Sigma-Aldrich chemical company (USA) 

with 99% pureness and used the same form to 

record UV-Visible spectra. Ultraviolet 
absorption spectrum is recorded for DMSO as 

solvent using JASCO V-670 Spectrometer in 

the range 200-800 nm sophisticated 
instrumentation facility (SIF), Vellore Institute 

of Technology, Vellore, India. Computational 

calculations were set up based on Gaussian 09 

version [12] with the higher order basis set 
B3LYP/6-311++G (d,p) for vibrational 

assignments. Density functional theory (DFT) 

[13-17] also called as computational modelling 
method is used to investigate the electronic 

structure of many body systems Origin version 

6.1 is used to plot the comparative graphs for 
spectroscopic characterizations. Theoretical 

UV spectra have been created with two 

different modules for better calculations and 

plotted. Using NBO output, density of states 
(DOS), partial density of states (PDOS) and 

crystal overlap population (COOP) were 

imaged using Gauss Sum software [18]. 
Multiwfn 5.0 [19] is used to generate electron 

localized function (ELF) and local orbital 

locator (LOL) maps for topological studies. 

Autodock tools 1.5.6 (ADT) software is used 
to model the ligand and protein mode of 

interactions for three different active site 

proteins captured in 3D images. 

 

Results and discussions 
 

Electronic properties 

 

Density of States (DOS, PDOS and COOP) 

analysis 

 

Density of states (DOS) spectrum 

demonstrates the number of available states as 
a function of energy. Figure 1 represents the 

optimized molecular structure used for all the 

calculations. Figure 2 (a) corresponds to DOS 

spectrum in which maximum states under 
virtual orbitals (negative) and occupied 

orbitals (positive). Partial DOS (PDOS) 

spectrum corresponds to the energy range -20 
to 10 eV with fragments C-H and C-S 

maximum. C-C and O-H are considered to be 

the least among the other contributions and the 
Figure 2 (b) indicates the spectrum of partial 

density of states. Crystal orbital overlap 

population (COOP) indicates the nature of 

overlap of between two groups of atoms. 
Furthermore, Figure 2 (c) stipulates the 

overlap of C-N with C-S as maximum anti-

bonding interactions represented in negative y 
axis. This study reveals about composition of 

molecular orbitals and chemical bonding of the 

title compound. 
 

 
 

Figure 1: Optimized geometrical figure of 6CA2C 
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Figure 2(a-c): DOS, PDOS and COOP spectrum of 6CA2C. 
 

Charge transfer due to excitation 

 

Electron-hole distribution for the three excited 
states S1, S2 and S3 are represented in Figure 

3. Details pertaining to charge transfer  

length D, o v e r l a p i n t e g r a l S, 

excitation energy ΔE as well as Δr of excited 
states S1, S2 and S3 are tabulated in Table 1. 

A small overlap integral S, large charge 

transfer length D and ∆r index greater than 2.0 

Ǻ affirms there is a stronger charge transfer at 

the third excited state. Also, RMSD electron 

distribution relates to broader orientation in X 
direction compared to Y and Z directions for 

all three states.t index for states S2 and S3 are 

not negative in all the directions projecting a 

medium spatial separation whereas state S1 is 

negative values in all the directions showing 
hole-electron overlap. 

 

 
 

Figure 3: Electron-hole distribution for the excited states a) S1 b) S2 and c) S3 of 6CA2C. 

 

Parameters 
Excited states 

S1 S2 S3 
Overlap integral of electron-hole 

S 
0.187 0.228 0.114 

Charge transfer length D(Ǻ) 2.902 3.625 7.614 

Excitation energy, ∆E (eV) 3.095 3.529 3.701 

∆r (Ǻ) 8.954 9.251 14.332 

RMSD of electron       

X 3.007 3.228 3.025 

Y 1.482 1.419 1.482 

Z 1.186 1.394 1.189 

RMSD of hole       

X 3.161 2.748 1.538 

Y 2.087 1.504 1.388 

Z 1.384 1.386 1.45 

t index       

X -0.571 0.483 5.300 

Y -1.530 -0.798 -0.814 

Z -0.145 -0.584 -0.975 
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Table 1: Overlap integral, charge transfer length, ∆r and excitation energy for different excited states 
of 6CA2C. 

 

UV-visible spectral analysis 

 
Theoretical and experimental spectra of 

ultraviolet-visible analysis are represented in 

Figure 4 and wavelength, bandgap and 
oscillator strength are listed in Table 2. 

Density functional calculations are used to 

identify the excitation region of the compound 

through ultraviolet-visible analysis [20-22]. 
Both experimental DMSO and density 

functional theory method using CAM-

B3LYP/6-31 G (d,p) and Gas phase modules 

are in concordance. Highest occupied 

molecular orbital to lowest unoccupied 
molecular orbital transition for 6CA2C is 

3.867 electron volts [23,24] and energy gap 

obtained through experimental solvent DMSO 
is 3.737 electron volts, respectively. Time 

dependent- density functional theory gives the 

bandgap as 3.737 electron volts for solvent 

DMSO by CAM-B3LYP/6-31G (d,p) module. 
The peak wavelengths are observed at 393, 

355 and 318 nm for gas phase shows good 

agreement with experimental findings. 
 

 
 

Figure 4: Experimental and theoretical UV-Vis spectrum of 6CA2C. 

 
Experimental 

(DMSO) 

Theoretical 

CAM-B3LYP/6-31G(d,p) Solvent Phase B3LYP/6-311++G(d,p) Gas Phase 

λmax 

(nm) 

Band 

gap 

(eV) 

λcal 

(nm) 

Band 

gap 

(eV) 

Energy 

(cm-1) 

Oscillatory 

strength 
Assignments 

λcal 

(nm) 

Band 

gap 

(eV) 

Energy 

(cm-1) 

Oscillatory 

strength 
Assignments 

348 3.565 389 3.187 25659 0.0003 

H-2->LUMO 
(83%)  

H-3->LUMO 
(9%)                  

393 3.155 25433 0.0004 

H-3->LUMO 
(58%),  

H-2->LUMO 
(30%),  

H-5->LUMO 
(6%) 
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332 3.737 343 3.615 29131 0.0582 

H-3->L+1 (30%), 
H-1->L+1 (48%), 
H-2->L+1 (8%), 

H-1->LUMO 

(2%), HOMO-
>L+1 (7%) 

355 3.492 28119 0.0102 

H-3->L+1 
(14%),  

H-2->L+1 
(57%),  

HOMO->L+1 
(24%) 

323 3.841 332 3.737 30065 0.1429 

HOMO->LUMO 

(90%)  
H-1->LUMO 

(5%) 

318 3.899 31384 0.0795 

H-1->LUMO 
(73%),  

HOMO-
>LUMO 
(21%) 

 

Table 2: Comparison of electronic properties of 6CA2C obtained theoretically and experimentally. 

 

Topology analyses 

 

Electron localized function (ELF) 
 

A two dimensional image of Electron localized 

function is presented in Figures 5 (a) and b) 

starting from the scale 1.0 to 0.0. Colour codes 
starts from red for high ELF values, yellow to 

green for medium and blue shades for low 

ELF values respectively. Greater the electron 

localization in a particular region resembles in 

high ELF values, while minimum repulsion 
tends show up at low ELF values [25,26]. 

Carbon atoms in the ring structure namely 2 C, 

6 C and 8C exhibit low localization values as 

represented in blue region. Sulphur atoms 
show a moderate ELF values and occur at 

neutral green region. 

 

 

 



 
Science Academique 

Prabakaran M and Prasana JC. 

Pages: 1-17 
 

Volume 2; Issue: 02  
Article ID: SA2116 

 

Figure 5 (a & b): ELF, color filled and contour map of the 6CA2C. 

 

Local orbital locator (LOL) 

 

A two-dimensional representation of localized 
orbital locator (colour shade and contour 

maps) is displayed in Figures 6 (a) and (b) 

with the scale range of 0.0 to 0.8. Localized 
orbital locator distribution is based on 

B3LYP/6-311++G (d,p) constitutes molecular 

orbitals that are limited to spatial region. Due 

to localized orbitals overlapping, the gradient 

of localized orbitals reaches its maximum as 

represented by red colour indication in colour 

shade map [27]. Most of the carbon atoms are 
enclosed by blue colour circles which indicate 

electron depletion between valence shell and 

inner shell. Local orbital locator shows more 
precise mappings compared to electron 

localized function. This analysis helps in 

understanding overlap pattern of localized 

orbitals of the titled compound. 
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Figure 6 (a & b): LOL, colour filled and contour map of 6CA2. 

 

Nonlinear optical properties (NLO) 

 

A three-dimensional representation of all these 
parameters is listed in Table 3. Dipole moment 

correlates with the charge transfer is maximum 

at x direction compared to y and z directions. 

A standard nonlinear optical material Urea 
[28] is used for comparative study due to its 

intra molecular charge movement capacity. 

Polarizability 𝛼 (4.41×10-23 e.s.u) is 9 times 

greater than standard NLO material urea 

(0.491×10-23 e.s.u). Likewise, first order 
hyperpolarizability (4.36×10-30 e.s.u) is 4.65 

times greater than urea (0.928×10-30 e.s.u). 

This confirms the title compound as a good 

NLO candidate. 

 

Property Parameter Theoretical 

6CA2C Urea 

 

 

 
 

 

Polarizability (𝛼) 

αxx 381.6 37.245 

αxy -42.9 -0.194 

αyy 235.1 37.988 

αxz -43.6 0.052 

αyz -62.4 -0.063 

αzz 276.0 24.012 

α (a.u) 297.6 33.081 

α (e.s.u) 4.41×10-23 0.491×10-23 

 

 

Dipole moment (𝜇) 

μx 3.084 -0.806 

μy 1.384 1.543 

μz -1.729 -0.008 
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μ(D) 3.797 -1.741 

 

 

 
 

 

 
 

First hyperpolarizability (𝛽) 

βxxx -59.8 23.748 

βxxy -325.2 17.376 

βxyy -11.6 -55.468 

βyyy 375.3 44.220 

βzxx 295.6 -0.489 

βxyz 243.4 0.034 

βzyy -158.1 -0.531 

βxzz -368.1 -19.037 

βyzz 151.5 33.038 

Βzzz 9.6 -1.062 

βo (a.u) 505.4 107.407 

βo (e.s.u) 4.36×10-30 0.928×10-30 

 

Table 3: First order hyperpolarizability, static polarizability and Dipole moment values of 6CA2C. 

 

Natural Bond orbital (NBO) analysis 

 

Natural bond orbital analysis is a prominent 

study of acceptor and donor interactions with 

respect to stabilization energies. 𝜋 (C2-C3) 

corresponds to 𝜋*(C9-O10) and 𝜋*(C13-C14) 

has the maximum stabilization energies 25.76 

and 14.79 Kcal/mol, respectively. 𝜋 (C4-S5) 

transition to 𝜋*(C2-C3) and 𝜋*(C3-C4) with 

stabilization energies 14.58 and 11.58 

Kcal/mol. 𝜋 (C6-C7) has donor interactions 

with acceptor groups 𝜋*(C8- O12) and 

𝜋*(N15-C16) at 11.04 and 12.04 Kcal/mol 

stabilization energies. 𝜋 (C18-N19) donor 

corresponds to 𝜋*(C28-C29) acceptor and 

𝜋*(C16-O17) with stabilization energies 11.61 
and 18.07 Kcal/mol. Lone pair donor orbitals 

corresponds to the interaction of O 10, N 1 to 

acceptors 𝜎*(C9) and (C2-C3) with 12.39 
kcal/mol and 11.21 kcal/mol respectively. 

Table 4 depicts the stabilization energies with 

donor and acceptor groups of title compound. 

This delocalization energies at its maximum 
are related to intramolecular hyperconjugation 

allows electron in each π bonding orbital 

electrons to delocalize anti- bonding orbitals. 
This NBO analysis helps in understanding the 

electron density transfer from donor to 

acceptor and intermolecular interactions of the 
title compound. 

 

Donor Type ED/e Acceptor Type ED/e E(2) E(j)-E(i) F(i,j) 

C 2 - C 3 π 1.74453 C 9 - O 10 π* 0.36369 25.76 0.32 0.098 

C 13 - C 14 π* 0.05934 14.79 0.34 0.067 

C 2 - C 9 σ 1.96911 N 1 - C 2 σ* 0.25885 3.97 1.37 0.066 

C 4 - S 5  

π 

1.93643 C 2 - C 3 π 0.36511 14.58 0.66 0.095 

C 3 - C 4 π* 0.35412 11.58 1.01 0.036 

C 6 - C 7 π 1.9618 C 8 - O 12 π* 0.03181 11.04 1.23 0.104 
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N 15 - C 16 π* 0.25326 12.04 1.08 0.03 

C 18 - N 19  

π 

1.8964 C 28 - C 29 π* 0.38277 11.61 0.47 0.071 

C 16 - O 17 π* 0.36854 18.07 0.38 0.08 

C 13 - C 14 σ 1.84133 C 2 - C 3 σ* 0.36511 3.12 0.29 0.083 

C 18 - C 28 σ 1.85649 C 18 - N 19 σ* 0.35631 3.34 1.38 0.061 

N 19 - O 20 σ 1.85471 C 7 - H 34 σ* 0.25897 0.55 1.59 0.028 

C 16 - O 17 π 1.96979 C 18 - N 19 π* 0.3175 10.04 0.39 0.06 

N 1 - C 8 σ 1.97294 N 1 - C 2 σ* 0.63019 6.15 1.54 0.087 

N 1 - C 8 σ 1.97294 N 1 - C 6 σ* 0.25885 3.07 1.17 0.054 

N 1 - C 8 σ 1.97294 C 2 - C 3 σ* 0.2903 1.26 0.94 0.034 

N 1 - C 8 σ 1.97294 C 2 - C 9 σ* 0.6117 1.61 1.52 0.045 

N 1 - C 8 σ 1.97294 S 5 - C 6 σ* 0.12725 1.08 1.03 0.03 

S 25 - C 29 π 1.96881 C 18 - C 28 π ∗ 0.5923 13.24 1.51 0.127 

C 26 - N 27 π 1.84051 C 28 - C 29 π ∗ 0.38277 12.17 0.43 0.112 

N 27 - C 28 π 1.96909 C 26 - N 30 π ∗ 0.3879 10.38 1.5 0.112 

C 28 - C 29 π 1.96017 C 18 - C 28 π ∗ 0.5923 10.06 1.51 0.11 

C 28 - C 29 π 1.8073 C 18 - N 19 π* 0.3175 24.86 0.33 0.083 

C 26 - N 27 0.55593 11.32 0.33 0.06 

N 1 LP (1) 1.72425 C 2 - C 3 σ ∗ 0.64849 11.21 0.99 0.1 

S 5 LP(2) 1.7487 C 2 - C 3 σ ∗ 0.36511 19.37 0.28 0.068 

O 10 LP(1) 1.95441 C 9 σ* 0.85946 12.39 1.48 0.122 

 

Table 4: Natural bond orbital analysis of 6CA2C. 
 

Drug likeness 

 

An active pharmaceutical drug can be studied 
based on Lipinski rule of five conditions, 

through which drug likeness parameters are 

identified and compared [29,30]. Drug 

parameters with their respective range 

obtained through Lipinski rule of five were 

tabulated in Table 5. All these values of drug 
likeness parameters fall in the desirable range; 

hence the title compound can be applicable as 

a pharmaceutically potential candidate. 
 

Descriptor Values Desirable range 

Hydrogen bond donor (HBD) 4 <5 

Hydrogen bond acceptor (HBA) 9 <10 

A logP 0.92 <5 

Polar surface area (PSA) [Å2] 109.91 <140 
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Molar refractivity 93.59 40-130 

Number of rotatable bonds 9 <10 

 

Table 5: Calculated Drug likeness parameters for 6CA2C. 

 

Molecular docking studies 

 

Primary proteins such as antibacterial protein 

(4AAW) [31], a DNA ligase inhibitor protein 
(4GLW) [32] and Peptidoglycan receptor 

(2F2L) [33] were used to create docking with 

ligand 6CA2C. 4AAW antibacterial protein 
has observed with -2.27 kcal/mol binding 

energy and bond length 2.77 Ǻ formed in 

Chain A. 4GLW show a slight high binding 
energy -3.44 kcal/mol compared to 4AAW 

formed in Chain B. 2F2L, a peptidoglycan 

receptor has observed with the maximum 

binding energy -6.84 kcal/mol compared with 
other two proteins. It is attached to Chain A 

forming a bond length of 3.48 Ǻ. This affirms 

that the titled compound 6CA2C can be 

considered as a potential anti-bacterial. 

Primary ligand with antibacterial protein 

(4AAW), DNA synthesis inhibitor (4GLW) 

and Peptidoglycan receptor (2F2L) 
interactions and bond formation are 

represented in Figures 7 (a) - (c) respectively. 

Ramachandran plot [34] depicts that most of 
the amino acids are in the favorable zone. 

Ligplot version 4.5.3 helps in understanding 

the two-dimensional interaction profiles of 
selected protein structures Figure 8. Figures 9 

(a) – (c) depicts 2D interaction profile pictures 

mediated by hydrogen bonds and hydrophobic 

contacts. The maximum binding energy results 
show that the title compound can be 

considered as a potential antibacterial 

compound. 
 

Protein 

(PDB 

ID) 

Chain 
Bonded 

residues 

Bond 

distance 

(A) 

Inhibition 

constant 

(µm) 

Binding 

energy 

(kcal/mol) 

Intermolecular 

energy 

(kcal/mol) 

Reference 

RMSD(A) 

4AAW A 

LYS389:HZ2 

LYS350 

LYS391 

2.77 21.74 -2.27 -5.55 75.72 

4GLW B 

LYS62:HZ3 
THR56 THR44 

GLU43 GLY61 

VAL40 PRO47 
ARG145 

2.63 3.01 -3.44 -6.72 46.40 

2F2L A 

ASP354:H3 

VAL363 

ASN427 
GLN393:HE22 

PHE335:HZ2 

SER391 
THR392 

3.48 9.71 -6.84 -10.12 26.33 

 

Table 6: Molecular docking parameters of 6CA2C Ligand with 4AAW, 4GLW and 2F2L proteins 
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Figure 7a: Molecular docking site with 4AAW receptor. 

 

Figure 7b: Molecular docking site with 4GLW receptor. 

 

Figure 7c: Molecular docking site with 2F2L receptor. 
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Figure 8: Ramachandran plot of 4AAW,4GLW and 2F2L receptor. 
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Figure 9: 2D interaction profile representation of 4AAW,4GLW and 2F2L structure. 
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Conclusion 
 

6CA2C has been thoroughly studied in the 

aspect of theory and experiments. Obtained 
experimental results were in good agreement 

with theoretical calculations. This compound 

was found to be a potential antibacterial drug. 
In electron-hole analysis, excited state S3 has 

larger charge transfer length compared to S1 

and S2 states. Electronic properties are 

compared with UV spectral analysis and found 
both experiments and DFT show concurrence. 

First order hyperpolarizability (4.36×10-

30e.s.u) show larger values identify the 
molecule as a perfect NLO material. Drug 

likeness parameters affirm the drug nature of 
the molecule-based on Lipinski’s rule of five. 

An active site docking has been made with two 

proteins such as antibacterial 4AAW and DNA 

synthesis inhibitor 4GLW show favourable 
binding with the ligand and therefore the title 

compound can be considered as an active 

antibacterial drug. From the above results, it is 
predicted that the title compound can be 

effectively used as an active antibacterial 

compound. However, the experimental 

analyses and clinical trials must be performed 
to further confirm the biological activity of the 

compound. 
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