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Abstract 

The indole and its derivatives are privileged scaffold in drug discovery as well as development. We herein 

report the theoretical and experimental study of ethyl 5-methyl-3-phenyl-1H-indole-2-carboxylate (5-MPIC). 

The solvatochromic shift method is utilized for studying the solvents’ imapct on 5-MPIC. Molecule’s emission 

as well as absorption spectra were obtained at room temperature (300K) in alcohol. Bakshiev, Lippert, as well 

as Kawaski Chamma Viallets equations have been used to produce experimental estimates for the dipole 

moments in the excited along with ground states. When compared to the dipole moments of the ground state, 

those of the excited state are bigger, proving that the excited state is more polar. The Catalan and Kamlet-Taft 

equations are used in the calculation of the linear solvation energy relation. We used the Gaussian 16W 

programme with the B3LYP 6-31+G (d, p) basis set for determining optimal molecular shape, Mulliken, NLO, 

HOMO-LUMO, NBO, and atomic charges. This molecule's physicochemical features, including its drug-

likeness as well as bioactivity, have been determined. To learn about the compound's biophysical 

characteristics, molecular docking experiments were conducted using cyclooxygenase-2 (PDB ID-Cox-2). 
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1.Introduction 

Researchers in the field of quantum chemistry 

greatly benefit from experimentally obtained data 

on the electro-optical properties of molecules in 

various states, which may be used to compare with 

theoretical records or to evaluate certain 

computational procedures based on the data. The 

digital valence cloud, which is particularly 

sensitive to external influences, may be found in 

the fluorescence and absorption spectra of 

electronic states. 

Solute molecules in a solution are affected by the 

internal electrostatic field generated by the solvent 

molecules [1]. The electro-optical characteristics of 

the spectrally active molecules and magnitude of 

internal reactive field influence the strength of 

solvent-solute interactions [2]. In most cases, the 

transition and absorption occur between electronic 

states that have differing molecular characteristics. 

Hence, the dissimilarity between the solute and 

solvent solvation energies [3-5]. 

Effective dye-sensitized solar cells [6] may be 

made using indole-based chemicals, which also 

have many other uses in the biological sciences [7-

8]. ant hypersensitizing, antispasmodic, anti-

inflammatory, antifungal, antibacterial, anticancer 

effects were all seen in indole as well as its 

derivatives [9]. There are numerous research 

articles [10-15] in the literature describing indole 

derivative studies, particularly the solvatochromic 

method. This is a standard approach of determining 

a molecule's dipole moment. This technique 

depends on a linear connection between the 

absorption and emission wavenumbers as well as 

the solvents’ polarity functions. Because 

computational tools can assess specific molecular 

properties fast and correctly, Researchers are keen 

in theoretical studies that might validate their 

empirical findings. 

An appropriate quantum chemical study can aid in 

the economically predicted properties of a 

compound as well as the clarification of some 

experimental phenomena [16-19]. This allows for 

theoretical research to be utilised to provide 

numerical estimates for experimental results. In 

this case, we used DFT (density functional theory) 

as well as molecular docking to investigate the 5-

MPIC molecule. From the literature, we find that 

no such work has been done on this class of 

molecules. To understand this class of molecules, 

this work was performed and reported. 

 

2.Experimental 

2.1. Materials and method 

5-MPIC, an indole derivative, was produced by 

following the specified procedure [20-22]. 

Decanol, Methanol, Nonanol, Ethanol, Octanol, 

Butanol, Heptanol, Pentanol, Hexanol, Propanol, 

were the solvents used in this study, and they all 

belonged to the spectroscopic grade. There was no 

further refining of the solvents before they were 

used. The required solution has been ready with 

solute concentration that was held constant at 

1× 10−6M. The solvent concentration was kept 

low enough to minimise the impact of self-

absorption. 

With a twin beam PG Insta Ltd. model T-90+ UV-

V spectrophotometer, we were able to note the 5-

MPIC’s absorption as well as fluorescence spectra 

in diverse solvents from 250 to 550 nm wavelength 

at room temperature. Hitachi F-2700 fluorescence 

spectrophotometer has been used to get the spectra 

of fluorescence. The Origin software has been used 

to analyse the data. 

Quantum chemical calculations were executed for 

extracting the ground state dipole moment, 

HOMO-LUMO, Mulliken atomic charges, NLO 

(Nonlinear optical properties) and NBO (Natural 

orbital bonding) properties. The calculations have 

been performed utilizing GAUSSIAN -16W 

program at photophysical laboratory, Department 

of Physics, Gulbarga University, Kalaburagi. 

 

 
 

3. Theoretical background 

3.1. Estimation of ground state and excited state 

dipole moments using the Solvatochromic shift 

method 

Several techniques, such as solvatochromic, 

electronic and, thermochromic, may be utilized for 

calculating the natural compounds’ excited along 

with ground state dipole moments. The 

solvatochromic technique was selected because it 

provides reliable findings for a large variety of 

chemicals. Three separate equations have been 
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employed to approximate the 5-MPIC molecule’s 

dipole moments in both its excited and ground states: 

Lippert’s equation, [23] 

 

͞νa-ν͞f =m1F1(ɛ, n) +Constant                            (1) 

 

Baksheiv’s equation, [24] 

 

νa-ν͞f = m2F2(ɛ, n) + Constant                        (2) 

 

Kawaski Chamma Vialette’s equation, [25, 26] 

 
𝜈𝑎+𝜈𝑓

   2
  = m3F3(ɛ, n) +Constant                           (3) 

 

The polarity parameters of the solvents are denoted 

by the symbols F1, F2, and F3, respectively. 

 

F1(ɛ, n) = [(
(ɛ−1)

2ɛ−1
) −

(𝑛2−1)

(2𝑛2−1)
]                           (4) 

 

F2(ɛ, n) = [
(2𝑛2−1)

(𝑛2+2)
] [(

ɛ−1

ɛ+2
) − (

𝑛2−1

𝑛2+2
)]             (5) 

 

F3(ɛ,n)= {
1

2

(2𝑛2+1)

(𝑛2+2)
[

ɛ−1

ɛ+2
−

𝑛2−1

𝑛2+2
] +

3

2
[

𝑛4−1

(𝑛2+2)2]}      (6) 

 

where, ͞ νf  and  ͞νa are defined as the maxima 

wavenumber of fluorescence and absorption in cm-

1, respectively. ‘ɛ’ is defined as dielectric constant 

‘n’ is defined as refractive index. From (4) (5) and 

(6) equations, graphs(͞𝜈𝑎 − ͞𝜈𝑓) v/s F1(ɛ, n),(͞𝜈𝑎 −

͞𝜈𝑓) v/s F2(ɛ, n) and 
𝜈𝑎+𝜈𝑓

   2
 v/s F3(ɛ, n) were plotted 

respectively where m1, m2,and m3 slopes are 

obtained respectively, as shown below. 

 

m1   =
2(µ𝑒−µ𝑔)

2

ℎ𝑐𝑎3                                                       (7) 

 

m2    =
2(µ𝑒−µ𝑔)

2
   

ℎ𝑐𝑎3                                                   (8) 

 

m3 =  
2(µ𝑒

2−µ𝑔
2 )

ℎ𝑐𝑎3                                                       (9) 

 

Where µ𝑒 is defined as the ground state’ molecules 

dipole moments, µ𝑔 is defined as the molecules' 

dipole moments of excited state. Planck constant is 

defined by symbol ‘h’ whereas velocity of light in 

vacuum is defined by symbol ‘c’, Onsager’s cavity 

radius is defined by symbol ‘a’. Atomic increment 

technique, introduced by Edward Lorenz, is used to 

determine the value of a. [27]. The equations (10) 

and (11) are obtained on the basis of equations (8) 

and (9). 

µ𝑔= 
𝑚3−𝑚2

2
[

ℎ𝑐𝑎3

2𝑚2
]

1

2
  For(m3>m2)                      (10) 

 

µ𝑒  = 
𝑚3+𝑚2

2
[

ℎ𝑐𝑎3

2𝑚2
]

1

2
                                               (11) 

 

3.2 Molecular microscopic solvent polarity 

parameter 

The molecular microscope, 𝐸𝑇
𝑁solvent polarity 

function introduced by Reichardt [28] may be used 

to learn about the polarisation dependency or the 

impact of hydrogen bonding on certain features. 

Reichardt proposed, and Ravi developed, the 

theoretical foundation for the Stokes shift 

connection with, 𝐸𝑇
𝑁. Based on this, we may write 

(12) where, 𝐸𝑇
𝑁is the resulting expression. 

 

𝐸𝑇
𝑁 =

𝐸𝑇(𝑆𝑜𝑙𝑣𝑒𝑛𝑡)−30.7

32.4
                                               (12) 

 

The pyridinium-N-phenolate betaine dye has an 

intramolecular charge transfer absorption peak at a 

red wavelength of ET(Solvent)=28,591/λmax. Here, 

we use stokes shift vs., 𝐸𝑇
𝑁 graphs to determine the 

resulting change in dipole moment. 

 

𝑣𝑎̅̅ ̅ − 𝑣𝑓̅̅ ̅ = 11307.6(
∆µ2𝑎𝐷

3

∆µ𝐷
2 𝑎3) 𝐸𝑇

𝑁+ Constant       (13) 

 

In the above equation, ∆µ= (µ𝑒-µ𝑔) is defined as 

the change in the dipole moment whereas ‘a’ is 

indole molecule’s Onsager cavity radius. Since we 

know aD and D values (6.2 and 9D), we can use 

this information to insert a ratio using the Onsager 

radii of Betadine dye and an indole derivative into 

the formula. 

 

3.3. Correlation with multiparameter solvent 

polarity scale 

Numerous physical and chemical aspects involving 

solute-solvent interactions may be correlated with 

the help of solvatochromic parameters. There are 

many polarity scales for these factors. Two well-

known multiparametric weights are optimal for 

quantifying the nature of the various solvent-

specific interactions: the Kamlet-Taft [29, 30] and 

Catalan solvatochromic approaches [31, 32] or 

LSER (linear solvation energy relations). 

 

Predicting different photophysical properties in 

different sorts of solution equilibria can be done 

with the help of the Kamlet-Taft and Catalan 

empirical solvation scales, which take into account 

the solvent’s polarity, SPP/p* (polarizability), SB 

/b (basicity) and SA /a (acidity) by measuring the 

specific interactions occurring locally in the 
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solution shell. Kamlet-Taft (Eq. 14) and Catalan 

(Eq. 15) expressions are given as: 

 

y = y0 + aα +bβ +cπ*                                        (14) 
                                          

y = y0 +aSASA +bSB SB+cSP SP + dSdP SdP        (15) 

 

Absolute ion characteristics are represented by 

s*/SSPP, a/aSA, and b/bSB. s*/SSPP characterise 

the solute's polarizability/polarity, a/aSA defines 

the solute's propensity to absorb hydrogen bonds 

from the solvent, and b/bSB quantifies the solute's 

propensity to emit hydrogen bonds to the solvent. 

Parameters for numerous solvents are included in 

Table 3, which was compiled using references [33, 

34]. 

 

3.4 Molecular docking studies 

3.4.1. Preparation of protein and ligand 

structure for docking studies 

Cyclooxygenase-2 coordinates were obtained from 

the protein database [35]. Redocking with 6COX 

has been utilized to determine the binding affinity 

of the crystallised ligand 1-phenylsulforamide-3-

trifluoromethyl1-5-prabromophrnylpyrazole S58). 

The docking studies were carried out using the 

Auto Dock programme (version 4.2.3), a successful 

protein-ligand binding prediction tool [36]. Open 

Babel was used in PyRx0.9.9 [37] to minimise 

energy. Since the protein is a homodimer by nature, 

only the chain was taken into account for the 

docking study. The x, y, and z coordinates of the 

docking region for 6COX were set for interaction 

with the target protein and were centred at 27.77, 

29.38, and 40.14 respectively. The docking region 

was defined using Auto Grid with a grid box size 

of 201 x 258 x 219 and a grid spacing of 0.375. We 

conducted 10 independent docking runs with 150 

randomly distributed individual sets for each 

docked compound. Using Lamarck's genetic 

algorithm, 250000 energy evaluations were 

performed for each docking calculation. A 

graphical user interface for docking studies called 

PyRx 0.99 was employed. Specifics of protein-

ligand interactions were analysed with the help of 

the Protein-Ligand Interaction Profiler [38]. 

 

4.RESULTS AND DISCUSSION 

4.1. Solvent effects on absorption and 

fluorescence emission spectra 

5-MPIC’s emission and absorption spectra in 

numerous solvents are presented in Figures 2, 3. 

Absorption peaks may be seen between 310 nm and 

350 nm. The fluorescence spectra exhibit a 

maximum at around 390–415 nm. Table 1 

represents the wavenumbers, Stokes shifts and 

arithmetic mean shifts for the molecule in various 

solvents. There is a significant difference in Stokes 

shift of around 8236 cm-1 [39], with 4411cm-1 to 

12647cm-1 range in magnitude. Tables 1 along with 

2 demonstrate that Stokes shift undergoes a 

bathochromic shift whenever the polarity of the 

solvent is increased, presenting more support to the 

existence of the π→π*   transition. As can be seen 

in Table 12, the dipole moment of the excited state 

is greater than that of the ground state. 

 

The linear Lippert polarity function, Bakshiv 

polarity function, along with Kawasaki chamma 

polarity violet polarity function vs Stokes shift are 

presented in Figures 4, 5, and 6. The Stokes shift 

has been utilised to probe the shift in the dipole 

moment (see Figure 7) as a function of the, 

𝐸𝑇
𝑁parameter (see Figure 6). The slope is utilized 

for calculating µ𝑔and  µ𝑒. Table 11 listed the dipole 

moment, radius, datapoints, correlation factors, 

slopes and change in the dipole moment of 5-

MPIC. 

 

 
Figure 2: Normalised absorption spectra 5-MPIC    Figure 3: Normalized fluorescence of 5-MPIC 
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Figure 4: Lippert’s polarity function 5-MPIC         Figure 5: Baksheive’s polarity for function for 5-MPIC 

 

 
Figure 8: Kawaski Chamma Viallets polarity function      Figure 7: “Variation of stoke shift with 𝐸𝑇

𝑁  

polarity function for 5-MPIC                                             for 5-MPIC 

 

Table 1: Absorption maxima, fluorescence maxima wave number, Stokes shift and arithmetic stokes shift 

data 

Solvents 
𝝂𝒂 

cm-1 

𝝂𝒇  

cm-1 

𝝂𝒂 − 𝝂𝒇  

cm-1 

𝝂𝒂 + 𝝂𝒇

𝟐
 

cm-1 

Methanol 37037 24390 12647 30713 

Ethanol 29411 24390 5021 26900 

Propanol 31250 24350 6900 27800 

Butanol 28985 24096 4889 26540 

Pentanol 29850 24096 5754 26973 

Hexanol 29411 25000 4411 27205 

Heptanol 30303 25000 5303 27651 

Octanol 30303 24390 5913 27346 

Nonanal 35714 24096 11618 29905 

Decanol 30303 24096 6207 28751 

 

Table 2: Polarity function and microscopic solvent polarity parameter for respective solvents 

Solvents ɛ n F1(ɛ, n) F2(ɛ, n) F3(ɛ, n) 𝑬𝑻
𝑵

 

Methanol 33.0 1.329 0.308 0.855 0.652 0.762 

Ethanol 24.6 1.360 0.289 0.830 0.652 0.654 

Propanol 20.6 1.387 0.274 0.781 0.653 0.617 

Butanol 17.4 1.399 0.263 0.749 0.646 0.586 

Pentanol 14.8 1.409 0.253 0.716 0.636 0.568 

Hexanol 13.0 1.417 0.244 0.686 0.626 0.559 

Heptanol 11.3 1.428 0.232 0.650 0.615 0.549 

Octanol 9.80 1.428 0.223 0.614 0.547 0.537 

Nonanal 9.00 1.430 0.216 0.590 0.587 0.528 

Decanol” 8.00 1.437 0.204 0.553 0.573 0.525 
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4.2 Multiple linear regression analysis 

Analysis utilizing Kamlet-Taft and Catalan's 

proposed Multiple Regression (MLR) technique. 

Bathochromic variations in fluorescence and 

absorption spectra with rising polarity are 

attributable to negative values of all parameters in 

Eqs. (14) and (15), as proven by the Kamlet-Taft 

and Catalan solvent scale (15). 

Kamlet-Taft parameter 

͞νa = 56052 + 5028α - 26837β +2601 π* 

∆͞ν = 15840 - 6744α - 12746β + 14417π* 

 

The solvent in the molecule of interest is 

significantly affected by the non-specific dielectric 

interaction (π*) as seen in preceding equation. But 

HBA and HBD parameters value can't be 

underestimated. Multiple regression analysis of ν͞a 

and ∆͞ν shows that HBA (β) has more influence than 

HBD (α). This suggests that the spectroscopic 

features of these molecules are not as dependent on 

solvent’s hydrogen bonding. More so, the 

solvatochromic characteristics of SdP, SP, SB, and 

SA, are linked to the spectroscopic properties of ∆͞ν  

and ͞νa molecules: 

 

͞νa = 320045 + 21245 SA + 92940 SB + 568393 SP 

+54352 SdP 

∆͞ν = 90942 – 7274 SA + 21106 SB + 75614 SP - 

21563 SdP 

According to the above equation, solvent has a 

greater influence on polarizability (SP) and 

dipolarizability (SdP). Conversely, acidic and basic 

solvent effects should be considered. A solvent's 

basicity (SB) is greater than its acidity (SA) [40]. 

 

Table 3: The values of Kamlet solvatochromic parameters and Catalan emphatical solvents scale SA, SB, 

SP, SdP in alcohols 
Solvents α β π* SA SB SP SdP 

Methanol 0.98 0.66 0.60 0.605 0.545 0.608 0.904 

Ethanol 0.86 0.75 0.54 0.400 0.658 0.633 0.783 

Propanol 0.84 0.90 0.52 0.367 0.782 0.658 0.748 

Butanol 0.84 0.84 0.47 0.341 0.809 0.674 0.655 

Pentanol 0.84 0.86 0.40 0.319 0.86 0.687 0.587 

Hexanol 0.80 0.86 0.40 0.315 0.879 0.698 0.552 

Heptanol 0.80 0.86 0.40 0.302 0.912 0.706 0.499 

Octanol 0.77 0.81 0.40 0.299 0.923 0.713 0.454 

Nonanal 0.70 0.80 0.40 0.270 0.906 0.717 0.429 

Decanol 0.70 0.82 0.45 0.259 0.912 0.722 0.383 

 

4.2 Analysis of quantum chemical calculation 

4.2.1 Optimised structure 

Optimal molecular geometry was calculated 

utilizing DFT/B3LYP process with 6-31+G (d, p) 

basis set over Gaussian 16W as given in Fig 8.. 

There is a theoretically predicted dipole moment of 

0.88 D for the 5-MPIC compound, which 

corresponds to the direction of dipole moment. 

Taking into consideration the chemical's 

interaction with the molecules of the solvent is 

necessary for obtaining correct values for the 

dipole moments in both the ground as well as 

excited energy states. 

 
Figure 8: Optimized structure of 5-MPIC 

4.2.2. Frontier molecular orbital analysis 

The molecule's chemical reactivity as well as 

stability may be defined in part by its GCRD 

(Global Chemical Reactivity Descriptors). 

Chemical Potential, IP (ionisation potential), 

electron negativity (χ), chemical softness, EA 

(electron affinity), chemical hardness (ɳ), of 

molecule in ethanol and gas phase are represented 

in Table 4. This reveals that all values in the solvent 

are greater than in the gas phase. 5-MPIC is highly 

reactive according to the IP and EA values [41]. 5-

MPIC is electronegative due to the carbonyl 

oxygen because electronegativity describes a 

molecule's ability for attracting electron density. 

The fact that ‘µ’ is negative also indicates that 5-

MPIC is highly reactive. In addition, this frontier 

molecular orbital calculation utilizing DFT 

/B3LYP with 6-31+G (d, p) as the basis set reveals 

that 5-MPIC is moderately stable and readily 

polarizable due to its low chemical hardness, 

energy gap, as well as chemical softness. Figure 9 

depicts the 3D HOMO-LUMO plots in vacuum and 

ethanol. 
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Table 4: HOMO-LUMO Energy gap 
Parameters (in ev) In gas phase In ethanol 

HOMO -0.2044 -0.2103 

LUMO -0.0536 -0.0612 

IP =-HOMO 0.2044 0.2103 

EA)= -LUMO 0.0536 0.0612 

χ= 
 IP + EA

2
 0.1290 0.1358 

μ = -χ -0.1290 -0.1358 

η = 
 IP− EA

2
 0.0754 0.0745 

s = 1/2ɳ 6.6304 6.7073 

 

In Gas phase                                                                     In Ethanol 

HOMO 

 
∆E = -0.20618 eV 

HOMO 

 
∆E = -0.14000 eV 

LUMO 

 

LUMO 

 
Figure 9: HOMO-LUMO Energy gap 

 

4.2.3 Mulliken atomic charges 

The idea of atomic charge as well as transfer of 

charge between atoms is the basis for 

understanding molecular behaviour and reactivity. 

Hence, the study of atomic charges is crucial in 

quantum chemistry. Atomic charges are 

determined utilizing DFT/B3LYP process and G 

(d, p) +6-31 basis set for analysing Mulliken 

population [42]. Figure 10 depicts the Mulliken 

charges, and Table 5 lists the value 

 

 
Figure 10: Mulliken atomic charges 

C C C C C C H H H C C C C C C C C N C H H H H H H H H H C O O C H H C H H H

-0.6

-0.4

-0.2

0.0

0.2

0.4

M
u

lli
ke

n
 C

h
a

rg
e

s

A

Gas phase 

 Ethanol



Synthesis, Spectral Analysis, Quantum Chemical Calculation And Molecular Docking Studies  

Of Indole Derivative                   Section A-Research Paper 

 

Eur. Chem. Bull. 2023, 12(Special Issue 5), 6704 - 6717                         6711 

Table 5: Mulliken atomic charges 
S.No. Atom Charge value (Gas phase) Charge value (Ethanol) 

1  C -0.007 -0.093 

2  C 0.175 -0.186 

3  C -0.142 0.069 

4  C -0.161 0.307 

5  C 0.067 0.154 

6  C -0.139 0.138 

7  H 0.131 0.145 

8  H 0.124 -0.007 

9  H 0.151 0.240 

10  C 0.047 0.054 

11  C 0.065 -0.098 

12  C -0.154 -0.164 

13  C -0.103 -0.129 

14  C -0.122 -0.157 

15  C 0.113 -0.141 

16  C -0.140 0.490 

17  C -0.174 -0.490 

18  N -0.612 -0.515 

19  C -0.468 -0.031 

20  H 0.159 0.173 

21  H 0.148 0.173 

22  H 0.147 0.484 

23  H 0.306 0.156 

24  H 0.110 0.150 

25  H 0.109 0.156 

26  H 0.115 -0.424 

27  H 0.108 0.155 

28  H 0.105 0.354 

29  C 0.429 0.142 

30  O 0.429 0.141 

31  O -0.528 0.140 

32  C -0.058 0.146 

33  H 0.196 0.148 

34  H 0.173 0.173 

35  C 0.433 0.172 

36  H 0.171 -0.484 

37  H 0.166 0.156 

38  H 0.152 0.150 

 

4.2.4. Natural Bond Orbital Analysis 

NBO analysis calculated with Gaussian 16w 

software can be used to efficiently analyze intra- 

and intermolecular bonding, providing an auxiliary 

mode for studying charge transfer or 

hyperconjugated interactions, rehybridization, 

intramolecular charge delocalization, and electron 

affinity within molecules [43]. The NBO approach, 

which expresses the perturbation energy E, is used 

to quantify the binding and anti-binding 

interactions caused by the second-order 

perturbations E (2). 

 

Here, diagonal elements are represented by Ei and 

Ej, donor orbital’s occupation is represented by qi 

and off-diagonal NBO matrix elements is 

represented by Fij. Table 6 displays the results of a 

calculation of productive interactions between an 

occupied Lewis-type NBO orbital (bonding) and 

antibonding. There are two kinds of donors as well 

as acceptors, denoted by π and σ and, π* and σ*. 

Based on measurements of the transition's 

dispersion energy E2, we can deduce its probability 

for the following states: C1-C2 C3-C4 

(17.48KJ/mol π π*), C3-C4→C1-C2 (19.06KJ/mol 

π→π*), C5-C→6C3-C4 (19.5KJ/mol ππ*), C10-

C11→C29-O30 (26.93KJ/mol π→π*. This 

transition is indicative of a significant role played 

by π-electrons, that engage in substantial hyper 

conjugative interactions between molecules. The 
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high polarizability is due to the NLO activity of the 

molecule, that is in turn due to the strong 

intermolecular contacts created by orbital overlap 

of the π →π* transition indicated by the NBO study 

[44]. 

 

4.2.5 Nonlinear optical properties 

Electron motion along the molecule's length is 

linked to its nonlinear optical characteristics. 

Increasing the degree of conjugation enhances the 

molecule's nonlinear optical characteristics. 

Nonlinear optical characteristics may also be 

enhanced by the addition of strong acceptor and 

donor groups. Elevated temperatures increase both 

the main hyperpolarizability and polarizability of 

organic molecules, as well as the electron 

superposition on them. [45]. The results of the 

DFT/B3LYP calculation of the β0 (first 

polarizability), Δα (polarizability anisotropy), α 

(polarizability), μ (Dipole moment) of the indole 

molecule are presented in Table 7. 

 

4.2.6 Molecular docking studies 

Molecular docking investigations’ results of using 

AutoDock4.2 software are shown in Table 8. The 

protein 6-COX was docked with the 5-MPIC. To 

understand the intermolecular interactions, the 

results are compared to the reference molecule S58. 

The most stable cluster size and the lowest binding 

energy for every protein's active site conformation 

were selected for the interaction investigations. 

S58, the reference ligand, is a diaryl heterocyclic 

inhibitor that is selective for COX -2 over COX -1. 

The inhibition constant was calculated to be 462.11 

nM, and binding affinity has been determined to be 

-8.64kcal/mol. The co-crystallized inhibitor (S58) 

formed three hydrogen bonds with ASN39, 

CYS47, and TYR130.The ligand methyl indole 

interacted at a new binding pocket created by 

conformational changes at Tyr355, which opened a 

hydrophobic pocket composed of Leu352, Ser353, 

Tyr355, Phe518 and Val523, as well as the 

formation of a salt bridge with Arg120. Binding 

energy was -7.93 kcal/mol for methyl indole, while 

the inhibition constant was 1.54 M, making it the 

most potent of all the compounds tested. Using the 

hydrogen-bonding interaction diagram, Figure 11 

shows how the ligand in the stick interacts with the 

amino acids. 

 

“Table 6: Second order perturbation theory analysis of Fock matrix in NBO basis for 5-MPIC 

Donor (i) Occupancy Acceptor(j) Occupancy E2 (Kj/ mol) a E(j)-E(i) (a.u) b F(i,j)(a.u)c 

π (C1-C2) 1.5755 π*(C3-C4) 0.2995 17.48 0.27 0.064 

π (C3-C4 1.9759 π*(C1-C2) 0.0275 19.06 0.29 0.069 

π (C5-C6) 1.9748 π*(C3-C4) 0.2995 19.50 0.27 0.069 

π (C10-C11) 1.9694 π*(C29-030) 0.0198 26.93 0.23 0.073 

σ (C1-C10) 1.9617 σ*(C2-C3) 0.0228 2.15 1.18 0.045 

σ (C2-C3) 1.9757 σ*(C2-N18) 0.0241 4.11 1.23 0.045 

σ (C2-N18) 1.9759 σ*(C3-C4) 0.2995 1.02 1.12 0.030 

σ (C3-C4) 1.9985 σ*(C3-H7) 0.1277 2.76 1.16 0.048 

π (C3-C4) 1.7493 σ*(C4-C5) 0.2368 0.90 1.06 0.002 

σ (C3-H7) 1.9714 σ*(C4-H8) 0.0115 1.37 1.16 0.036 

σ (C4-C5) 1.9755 σ*(C5-C6) 0.0202 2.96 1.24 0.054 

σ (C4-H8) 1.9981 σ*(C5-C19) 0.0152 2.23 1.17 0.046 

σ (C5-C6) 1.7242 σ*(C10-C11) 0.3713 3.33 1.28 0.058 

π (C5-C6) 1.9748 σ*(C10-C15) 0.0292 18.14 0.28 0.066 

σ (C5-C19) 1.9831 σ*(C11-N18) 0.0196 2.29 1.12 0.030 

σ (C6-H9) 1.9779 σ*(C12-C13) 0.0154 1.38 1.15 0.036 

π (C10-C11) 1.9694 π*(C13-C15) 0.3608 0.84 1.26 0.029 

σ (C10-C15) 1.9710 σ*(C13-C27) 0.0120 2.74 1.13 0.050 

σ (C11-N18) 1.9800 σ*(C14-C16) 0.0165 1.10 1.07 0.031 

σ (C11-C29) 1.9792 σ*(C14-H24) 0.0121 0.88 1.25 0.030 

σ (C12-C13) 1.9760 π*(C16-C17) 0.0248 2.O3 1.23 0.045 

π (C12-C14) 1.9803 σ*(16-H25) 0.0121 2.78 1.26 0.053 

σ (C12-C26) 1.9826 σ*(C17-H28) 0.0185 1.32 1.16 0.035 

π (C13-C15) 1.9712 π*(N18-H23) 0.0188 3.14 1.25 0.056 

σ (C13-C27) 1.9982 σ*(C19-H20) 0.0088 1.43 1.16 0.036 

σ (C14-C16) 1.9980 σ*(C19-H21) 0.0041 2.65 1.26 0.052 

σ (C15-C17) 1.9714 π*(C29-O30) 0.0198 2.89 1.22 0.053 

σ (C17-C28) 1.9981 σ(C32-H33) 0.0181 2.12 1.16 0.044 

σ (N18-H23) 1.9989 σ*(C32-H34) 0.0179 0.92 1.24 0.030 

σ (C19-H20) 1.9823 σ*(C35-H36) 0.0075 2.65 0.67 0.066 
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Table 7: Electric dipole moment, polarizability and first hyper polarizability of 5-MPIC” 

Parameters (esu)*10-33 

αxx -95.54 

αyy -123.29 

αzz -127.92 

αxy 0.40 

αxz -3.50 

αyz -2.66 

α0 -115.58 

∆α0 30.96 

βxxx 48.93 

βyyy 21.93 

βzzz 4.70 

βxyy -27.89 

βxxy -17.63 

βxxz 0.95 

βxzz 12.39 

βyzz -12.13 

βyyz 10.89 

βxyz 6.64 

β0 34.28 

µx -0.14 

µ(D) 0.88 

µz 0.79 

µy 0.44 

Table 8: Molecular interaction of 5-MPIC and reference inhibitor S58 with 6COX 

Comp. BE 

(kcal/mol) 

Inhibition 

constant 

Hydrophobic 

Interactions 

Hydrogen 

Bonds 

Salt 

Bridges 

pi-

Stacking 

Halogen 

Bonds 

5-MPIC -7.93 1.54uM VAL349 

LEU352 

TYR355 

ILE517 

PHE518 

VAL523 

LEU531 

TYR355 ARG120   

S58 -8.64 462.11nM LEU152 

PRO153 

ASN39 

CYS47 

TYR130 

  TYR130 

 

 
Figure-11: Three dimensional interaction of ligand in stick and  aminoacids forming hydrogen interaction 

representation 

 

4.2.7. a. Analysis of molecular lipophilicity 

potential (MLP) 

MLP is calculated using atomic hydrophobicity 

contributions www.molinspiration.com. MLPs are 

important properties that explain various molecular 

properties of ADME, such as membrane 

penetration and binding to plasma proteins. 

Hydrophobicity is indicated by purple and blue 



Synthesis, Spectral Analysis, Quantum Chemical Calculation And Molecular Docking Studies  

Of Indole Derivative                   Section A-Research Paper 

 

Eur. Chem. Bull. 2023, 12(Special Issue 5), 6704 - 6717                         6714 

coded levels and hydrophilicity by orange and red 

coded levels. It also shows how a particular 

molecule resembles a drug. 

 

 
Figure 11: Molecular lipophilicity potential 

 

Table-9. Bioactivity scores 

GPCR ligand -0.07 

Enzyme inhibitor -0.01 

Protease inhibitor -0.37 

Nuclear receptor ligand -0.01 

Kinase inhibitor 0.03 

Ion channel modulator -0.14 

 

b. Drug-likeness prediction 

During lead development, molecules are compared 

to a set of criteria, including their ADMET scores, 

physicochemical properties, bioactivity scores and 

resemblance to other drugs. All of the synthesised 

compounds were put through an ADME 

(Absorption, Distribution, Metabolism, and 

Excretion) screening using the Swiss National 

Database (http://www.swissadme.ch/). The 

primary objective of this research is to make 

educated guesses about the pharmacokinetic 

properties of the compounds being studied. Newly 

synthesised compounds and their anticipated 

ADMET features and drug-likeness profiles are 

shown in Table 10. 

 

Table-10: Physiochemical parameters of 

compound predicted by Swiss ADME. 
Parameters* 5-MPIC 

MW 279.33 

NHA 21 

NAHA 15 

NRB 4 

NHBA 2 

NHBD 1 

MR 84.79 

TPSA 42.09 

i LOGp 3.03 

Log S (ESOL) -4.73 

MLOGP 3.24 

GI High 

BBBP Yes 

v LROF 0 

v GR 0 

v VR 0 

BS 0.55 

SA 2.61 

 

• “Molecular weight=MW; Num. heavy 

atoms= NHA; Number of aromatic heavy 

atoms=NAHA; Num. rotatable bonds=NRB;: 

Num. H-bond acceptors-=NHBA; Num. H-bond 

donors= NHBD; Molar Refractivity=MR; 

Topological Polar Surface Area=TPSA; Solubility 

class=Log S; Moriguchioctanol-water partition 

coefficient = MLOGP; Gastrointestinal absorption 

=GI; Blood Brain Barrier Penetration=BBBP; 

Violation of Lipinski’s rule of five=vLROF; 

Violation of Ghose rule= vGR; Violation of Veber 

rule=vVR; Bioavailability Score=BS; Synthetic 

accessibility =SA 

 

Table 11: Statistical treatment of the spectral shift of the compound 

Compound Slope R square No of data 

5-MPIC m1=18599 0.88 7 

m2 = 5776 0.89 9 

m3=-8545 0.88 7 

m = 8632 0.87 7 

 

Table 12: Onsager radius, ground and excited state dipole moments of the compound 

Compound µ𝑒
ℎ(D) µ𝑒

𝑔
(D) µ𝑒

𝑓
(D) µ𝑒

𝑒(D) µ𝑒
𝑑(D) µ𝑒

𝑐(D) µ𝑔
𝑏(D) µ𝑔

𝑎(D) Radius(Å) 

5-MPIC 5.17 5.46 6.76 5.43 11.1 6.77 1.30 0.88 3.730 

 

(1Debye = 3.34X10-30cm=10-18esu cm.)” 

aThe ground state dipole moments using Gaussian 

software; 
bThe ground state dipole moment calculated using 

equation (10); 
cThe excited state dipole moment calculated using 

equation (11); 

dThe excited state dipole moment calculated from 

Lippert’s equation (7); 
eThe excited state dipole moment calculated from 

Bakshieves equation (8); 
fThe excited state dipole moment calculated from 

Kawaski Chamma Viallets equation (9); 

http://www.swissadme.ch/
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gThe Change in dipole moment calculated using 

equation (10) and (11); 
hChange in dipole calculated using equation (12). 

 

Conclusion 

We utilized solva tochromic shift technique to find 

out 5-MPIC’s dipole moments in both excited as 

well as ground states by analysing emission and 

absorption spectra. As opposed to the dipole 

moment in ground state, excited state has a larger 

value. Since the polarity of excited state is much 

higher than ground state, dipole moment is also 

significantly elevated. The parameters of 

microscopic solvent polarity and solvatochromic 

shift were utilized for calculating the change in 

dipole moment and to make a comparison. 

Involvement of π→π* transition was suggested by 

the solvatochromic shift measurements. Schiff 

bases in their excited and ground states were found 

to be very basic and acidic, respectively, by Catalan 

and Kamlet-Taft analyses. DFT /B3LYP 

employing the 6-31+G (d, p) basis set was utilized 

for optimising the geometry of target molecule. 

Internal charge transport was also calculated using 

HOMO-LUMO analysis. The Mulliken atomic 

charges provide light on the behaviour and 

reactivity of the molecules. As such, nonlinear 

optics (NLO) investigations of the provided 

chemical have potential practical uses. From the 

NBO analysis, π (C10-C11) →π*C29-030) has the 

highest stabilization energy of 26.93 Kj/mol. This 

confirms the ICT and thus supports the 

experimental evidence. Molecular docking study 

revealed that the indole derivative showed the most 

suitable binding pattern at the active site through 

interaction with cyclooxygenease-2. 
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