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ABSTRACT: Biological Electronic, Optical Properties and Vibrational Analysis of 1-benzyl-4-

formyl-1H-pyrrole 3carboxamide are studied by using a combination of DFT/B3LYP method  

and 6-311G (d, p) basis set. Optimized parameters of the title molecule are well-matched  

with the experiments. The NLO properties of 1-benzyl-4-formyl-1H-pyrrole 3carboxamide  

have been examined with the help of Polarizability and Hyper-Polarizability. The electronic properties 

of 1-benzyl-4-formyl-1H-pyrrole 3carboxamide are described with the help of HOMO, LUMO 

composition. The UV spectra suggest that a strong excitation line occurs at 2.03 eV (160 nm) due to 

H-2→LUMO (30%). NBO analysis shows that hyper conjugative interaction energy has higher 

value during LP→ π*, π→ π* transitions. Several biological activities are calculated by PASS 

software. Docking of the molecule is performed with 5P4Q protein and FF score is -1051.65A.U. 

 

 

KEYWORDS: Vibrational analysis; NBO; NLO; DFT; Electronic properties; PASS. 

 

 

INTRODUCTION 

Quantum Chemical calculations give important 

information about molecular geometry, vibrational 

frequency, electronic properties, UV spectra analysis  

as well as NLO properties of a molecule. [1-2] Benzyl is 

the substituent possessing the benzene ring attached to  

a CH2 group (C6H5CH2-). [3] The position of the first  

carbon bonded to benzene or another aromatic ring  

is described as benzyl. The 4-formyl-1H-pyrrole-3 

carboxamide is a heterocyclic aromatic organic compound  

 

 

 

in which three hydrogen of Pyrrole ring (five-membered) 

replaced by formyl, carboxamide, and Benzyl group. 

Heterocyclic compounds are those cyclic compounds that 

contain at least two different elements as ‘ring members’ 

atoms. These compounds are organic or inorganic, within 

the ring structure containing one carbon atom, and one or 

more atoms of elements other than carbon, such as 

sulphur, oxygen, nitrogen, etc. Simple N heterocycles 

have acknowledged significant consideration because of  
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their important biological properties and their role  

as pharmacophores. [4.] The introduction of acyl group  

on nitrogen atom of pyrrole possesses medicinal 

importance. [5]. In chemistry, formylation is termed  

as addition of formyl functional group. Formylation  

has been identified in several critical biological processes [6]. 

Pyrrole rings have pharmacological as well as biological 

implications [7]. The derivatives of Pyrroles are very 

important in drug discovery. [8] These derivatives  

are used as pharmacological activity such as anti-

inflammatory [9], antibacterial [10-13], antioxidant [14] 

and antitumour agents [15]. Qi-Di Zhong etal. 

synthesized new pyrrole derivatives 1-benzyl-4-formyl-

1H-pyrrole 3carboxamide with good biological 

activities, and also reported  its crystal structure.  

The present work on 1-benzyl-4-formyl-1H-pyrrole 

3carboxamide has been carried out to support and  

as an extension of the work of Qi-Di Zhong et al. [16] 

In this paper we perform a complete quantum chemical 

study of 1-benzyl-4-formyl-1H-pyrrole 3carboxamide 

by using combination DFT/B3LYP method and 6-311G 

(d, p) basis set. To verify its biological activity several 

biological activities have been calculated using PASS 

software and docking is performed by appropriate 

target. 

 

Computational Methods 

Initial geometry of the molecule is modeled with  

the help of Gauss View 5.0 by using slandered parameters. 

Geometry optimization is done without any constraint 

in the potential energy surface. The gradient corrected 

Density Functional Theory (DFT) with the three-

parameter hybrid functional (B3) [17] for the exchange 

part and the Lee-Yang-Parr (LYP) correlation function 

[18] has been employed for the computation of 

molecular structure, vibrational frequencies, HOMO-

LUMO, by using GAUSSIAN 09 [19]. Vibrational 

frequency assignments were made with a high degree of 

accuracy by combining the results of the 

GAUSSVIEW’S program [20] with symmetry 

considerations. In this study, 6-311G(d, p) basis set with 

d polarization function for heavy atoms and  

p polarization function for hydrogen atom is used.  

6-311G(d, p) basis set gives better description of polar 

bond in our study. [21-22] Natural bond analysis  

is calculated by NBO3.0 program package [23]. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: PES Scan of dihedral angle <3C-12C-15N-18C with 20 

step each of 50. 

 

RESULTS AND DISCUSSIONS 

Optimization   

The local minimum energy obtained by structure 

optimization of the molecule is approximately 

716.02957909 A.U. Animated gauss view picture shows 

that the molecule has no point group symmetry.  

For optimized parameters bond length is measured in A0 

and bond angle in degrees. To obtain global minima we scan 

dihedral angle <3C-12C-15N-18C with 20 step each of 50 

and then plot a graph (Fig. 1) in between relative energy 

and dihedral angle. From this plot, conformer with 

dihedral angle <3C-12C-15N-18C = 91.147 0 (shown Fig. 3) 

has the lowest energy. This conformer has 0.01041 

kcal/mol lower energy than next stable conformer 

with<3C-12C-15N-18C = 76.1470. For sake of simplicity 

we have considered the most stable conformer for our 

study. In the molecule there are two rings namely pyrrole 

and benzyl rings, nearly perpendicular, are connected 

with methyl group. The calculated geometry parameter 

are compare with experimental data in Supplementary 

Table 1. The calculated (C-N) bond length, lies in 

between 1.3976Å- 1.3488Å, is in agreement with 

experimental results [16](1.37Å -1.36Å) while calculated 

(N-H) bond length lies in between 0.9973Å- 0.9937Å, 

which matches with experimental value (1 Å). The C-O 

bond length is found to be 1.37 Å however experimental 

value is 1.29 Å. In Fig. 2 we plot a graph between 

experimental and calculated bond length of the molecule. 

Graph shows linear relation and after linear correlation 

between experimental bond lengths with calculated bond 

length by DFT method we find correlation equation 
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Fig. 2: Comparison between experimental and theoretical 

bond length. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Model molecular structure of 1-benzyl-4-formyl-1H-

pyrrole-3carboxamide. 

 

Calculated = 0.98062 experimental + 0.01911  

with correlation factor R2=0.99861. 

The correlation factor >0.99 shows that the DFT  

can reproduce experimental result well. The angular changes 

in benzene ring geometry have proved to be a sensitive 

indicator of the interaction between the substituent and 

the attached ring. The (C-N-C) bond angle varies from 

124.820- 109.400 while (C-N-H) varies between 181.070-

123.240.   

 

Polarizability, Hyper polarizability and thermodynamic 

properties 

The Dipole moment (μ), polarizability <α> and total 

first static hyper polarizability β are used to determine 

NLO property of title molecule.[24-25] These parameter 

are calculated by using combination of DFT/B3LYP 

method and 6-311G(d, p) basis set (supplementary Table-2). 

First order hyperpolarizability is a third rank tensor of 

3×3×3 matrix. By using Kleinman symmetry, 

consideration 27 components of the 3-D matrix  

can be reduced to 10 components.[26]  Polarizability and 

hyperpolarizability  belongs to first and  higher order 

derivatives of the electron density which is helpful  

to determine shape and interaction characteristics  

of chemical bond in molecule. These parameter  

can be expressed in terms of x, y, z components and are given  

by following equations 1, 2,3 

 X Y Z    
1 2

2 2 2                                                    (1) 

xx yy zz/        1 3                                        (2) 

   Total x y z xxx xyy xzz
         


1 2 22 2 2      (3) 

   yyy yxx yzz zzz zxx zyy
      


1 2
2 2

  

The β components of Gaussian output are reported  

in atomic units. 

Where (1 a.u. = 8.3693X10-33 e.s.u.). 

For 1-benzyl-4-formyl-1H-pyrrole-3carboxamide 

molecule, calculated dipole moment value is 4.2863 Debye 

which is greater than dipole moment of water  

(2.16 Debye), is attributed to electron withdrawing group 

–COONH2- and –OH- group present on hetro-cyclic ring.  

From supplementary Table 2 we see higher contribution 

of axial component in polarizibility shows that molecule 

is elongated more towards axial direction.  

In hyperpolarizibilty βxxx, βxzz component having larger 

contribution shows that a larger electron density along 

bond along X direction and XZ plane. This shows that  

X axis and XZ plane are more optical active directions. 

The calculated values for the total intrinsic hyperpolarizability 

βTOTAL and the component of the hyperpolarizability ( ) 

are given in supplementary Table 2. The calculated value 

βTOTAL of title molecule (0.9339x10-30 e.s.u.) is nearly 

five times greater than hyperpolarizibilty of urea 

(0.19347x10-30e.s.u.) so title molecule use as NLO active 

molecule 

 

Thermodynamical Properties 

Thermodynamic properties like entropy, enthalpy  

and heat capacity at various temperatures (100-400 K) 

have been calculated (Fig. 4) by DFT/6-311G(d, p) method 

from the theoretical vibration analysis. These parameters 

increase with temperature. The graphs between 
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Table 1: The observed UV-vis spectra are calculated by TD-DFT method at B3LYP/6-311 G (d, p) level. 

Excitation energy (eV) 
wavelength (nm) 

Oscillator strength Orbital transition 
Calculated Assignment 

4.12 250.62 n→π* 0.0008 H-4->L+1 (26%) 

2.03 160.20 π→ π* 0.2305 H-2->LUMO (30%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Graph plotted between entropy enthalpy Heat capacity 

V/S Temperature (K) calculated by DFT/6-311G (d, p) 

method. 

 

temperature-entropy and enthalpy -heat capacity  

are plotted and fitted in quadratic formula of order two. 

The fitting factors for these calculated thermodynamic 

properties are 0.97519 (for C), 0.99873 (S) and 0.9899 

(H), respectively, while the second order quadratic fitting 

equations are as follows  

H0
m=147.1585-0.07799T+.000221T2 (R2= 0.9899) 

C0
p.m=8.503+0.11861T+0.000067T2 (R2=0.97519) 

S0
m= 78.14075+0.02638T+0.000247T2 (R2=0.99873) 

These quadratic equations give significant 

information about thermochemical field to calculate 

thermodynamic energy.           

 

Electronic Properties and UV Spectra 

The interaction of the molecule with other chemical 

system is resolute by frontier orbitals, FHOMO and 

FLUMO which can be verified by experimental data.  

The frontier orbital gap is equal to HOMO-LUMO gap which 

helps to determine the kinetic stability and chemical 

reactivity of the molecule.  The molecule is termed as soft 

molecule when it becomes more polarizable, high 

chemically reactive, low kinetically stabile and have 

small frontier orbital gap. [27] The frontier orbital gape 

calculated for given molecule is 6.20 eV, shows molecule 

is less chemically active. The contour plots of HOMO, 

LUMO orbital and MESP of the molecule are shown  

in Fig. 4. In this plot HOMO, which primarily acts as donor 

is distributed over R2 ring of the molecule while LUMO 

behaves as acceptor distributed over benzene ring.  

The transition from HOMO→LUMO shows that charge 

is transferred from ring R2 to benzene ring. 

 The MESP plot gives valuable information about 

reactive site to positive, negative, and neutral electrostatic 

potential region in terms of color coding e.g red as electro 

negative, blue as electro positive and yellow as neutral 

site[28-30]. MESP of the molecule visibly suggests that 

the major electronegative potential region (shaded with 

Red colour) O27, O26 atoms of –CONH2- group and most 

electropositive region C22 (shaded with blue colour).  

 
UV spectra TDDFT analysis 

Time dependent density theory is important tool for 

the study of the nature of transition of electron in title 

compound. After optimization by using combination of 

DFT/B3LYP method and 6-311G (d, p) basis set,  

we have used TD-DFT calculation with same level theory 

to find energy of various transition state. The calculated 

electronic transition energies (Table 1) at 4.12 eV (250.62 nm) 

and 2.0 3eV (160.20 nm) mainly originate due to  

H-4→L+1(26%), H-2→LUMO(30%) transitions 

respectively. The plot and transition of HOMO-

4(MO=53), H-2(MO=55), LUMO (MO=58) 

LUMO+1(MO=59) of the molecule is shown in Fig. 6. 

HOMO-2 is localized over Benzene ring (as HOMO) 

however HOMO-4 is localized over –CONH2-group. 

The LUMO and LUMO+1 are nearly localized over whole 

molecule. So the transitions from H-4→L+1 and  

H-2→LUMO show that charge transfer from benzene and 

–CONH2- group to R2 ring.  A graph is plotted between 

wavenumber and oscillatory strength and shown in Fig. 5. 

On the basis of the calculated molecular orbital 

coefficients analyses electronic transition are assigned to 

n→π* and π→π* respectively.  
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Fig. 4: HOMO - LUMO MESP pictures of 1-benzyl-4-formyl-

1H-pyrrole-3carboxamide 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Calculated UV spectra of Title molecule using 

combination of DFT/B3LYP method and 6-311G(d,p) basis set. 

Assignments of Fundamentals 

In 1-benzyl-4-formyl-1H-pyrrole-3-carboxamide has 

28 atoms 78 normal modes of vibration. The assignments 

of the calculated wave numbers are based on animated 

view of normal mode and listed in supplementary Table 3. 

The calculated frequencies are typically higher than  

the experimental one due to combination of electron 

correlation and anharmonicity. [31-32] Due to this reason 

thr theoretical frequency is scaled. Vibrational 

frequencies is scaled by the factor of 0.96 [33]. Some 

important modes of vibrations are discussed here.  

 
Vibrational modes discription 

Ring vibration 

The presence of C–H stretching vibrations in the 

region 2800–3100 cm−1, which is the characteristic 

region for identification of the C–H group.[33]  

In the molecule the C-H functional group is present at a number 

of positions. Three medium intense polarized peaks  

with polarization vectors directed along ring R1 appear at 

3231 cm-1, 3240 cm-1 and 3251 cm-1 due to ν(C–H) R1. 

Two medium intense polarized peaks lying  on  lower  

side  of  spectral  region due  to β (C-H) R1  and  γ (C-H) 

R1 are at 1562 cm-1 ,778 cm-1 respectively. An intense and 

a medium intense peaks occur due to mixing of  ν(C=C) 

R1, β (C-H)R1 corresponding to 1743 cm-1  and 1562 cm-1  

respectively. A very intense peak occurs due to mixing  

of in plane O27-H28 bending C16-N15 stretching in ring R2 is  

at 1470 cm-1. The µ(C16-N15) appears as a prominent mode 

in the FT-IR spectra at 1686 cm-1. Three back to back sharp 

peak appears due to stretching of C16-N15 bond in ring R2 

appears at 1472 cm-11500 cm-1 1529 cm-1 . A very weak 

intense peak appears at 1115 cm-1  due to in plane 

bending C16-N15 -C17 in ring R2 however at lower range  

of spectra two intense peak appears due to γ (C16-N15 -

C17)R2 appears at 928 cm-1   and 684 cm-1   respectively. 

 
-CONH2-group vibration 

The –NH2 and –C=O functional groups are 

noteworthy elements of the molecule and vibrations 

corresponding to these groups are present in a number  

of modes. The N-H stretching vibration generally obtained 

in the region of 3500-3000 cm-1 [34]. In this study at 

higher frequency region two intense modes due to 

antisymmetric and symmetric stretching of NH2 in –CONH2 
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Fig. 6: Electronic Transition of TD-DFT of title molecule by DFT/B3LYP method. 

 

functional group  occur at 3637 cm-1,3554 cm-1. At lower 

region frequency two scissoring S(H24-N23-H25) of –

CONH2 group  are 1682 cm-1 and 1145 cm-1 and wagging 

modes ω(H24-N23-H25) R2   obtained are 1184 cm-1, 1226 cm-

1,  856 cm-1 and 611 cm-1. The C=O stretching band having 

high intensity is obtained  in the region 1800 cm-1- 

1650 cm-1 [35.], however their exact position is governed 

by the inter and intra molecular hydrogen bonding, 

electronic and mass effects of adjacent substituents and 

conjugations [36-37]. The C-O stretching vibrations 

intensity increases the probability of formation of 

hydrogen bonds.  The C=O bond is produced by pπ - pπ 

between carbon and oxygen atoms. In C=O bond bonding 

electron are not equally distributed but shifted towards 

oxygen because oxygen is more electronegative than 

carbon  and lone pair  electron of oxygen   decides  nature 

of the C=O group. In this study a very intense polarized 

band with polarization vector directed along  

the plane of adjacent ring occurs at 1785 cm-1 due to  

µ(C22-O26) R2. In this stretching mode both carbon and 

oxygen vibrate with equal intensity. Some bending modes 

due to C22-O26in plane bending modes appears lower side 

of IR spectra with low intensity e.g. 627 cm-1. 

 

Other Modes of Vibration 

Pulay et al [38] recommended the vibratuinal 

frequencies on the basis of internal coordinate system.  

NH2 and CH2 group connect with six types of vibrational 

frequencies namely: two stretching modes symmetric, 

asymmetric and rest four bending modes e.g., scissoring, 

rocking, wagging and twisting. In which two scissoring and 

rocking deformations belong to polarized in–plane vibration 

however wagging as well as twisting deformations belong to 

depolarized out–of–plane vibration.  

In calculated spectra one low intense polarized peak with 

polarization vector is directed along C17-N15 at 3140 cm-1 

due to μas(H14-C12-H13) adj R1 and a medium intense peak 

occurs at 3097 cm-1  due to symmetric μs(H14-C12-H13)  

stretching vibration. . On the lower side of spectra, two 

intense peaks due to scissoring modes of vibration, occur at 

1612 cm-1 and 1460 cm-1. A very intense polarized peak 

occurs at 1472 cm-1 with polarization vector directed along 

bond C17-H21 due to S(H14-C12-H13)adjR2.. At higher 

frequency region an intense polarized peak at 3760 cm-1  

with polarization vector directed along N15-C 16 due to μ (O27-H28) 

R2 occurs. From lower side of IR spectra two intense peaks 

occur at 709 cm-1,713 cm-1 due γ (O27-H28) R2. The O-H 

group present in our molecule is expected to be most 

sensitive which shows noticeable shifts in the spectra of  

the hydrogen-bonded species. 

 

NBO analysis 

Natural bond orbital analysis is used to study 

interaction among the bond and charge transfer or 



Iran. J. Chem. Chem. Eng. Biological, Electronic, NLO, NBO, TDDFT and Vibrational Analysis ... Vol. 39, No. 1, 2020 

 

Research Article                                                                                                                                                                  239 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Calculated IR spectra of Title molecule using 

combination of DFT/B3LYP method and 6-311G(d, p) 

basis set. 

 

conjugative interactions in a molecular system. NBO 

analysis provides information about how electron density 

gets transferred from the bonding orbitals to the 

antibonding orbitals [39]. The strength of these 

interactions depends on the value of the second order 

energy of interaction between the donor and acceptor 

orbitals. The interaction between electron donors and 

electron acceptors is intense If the value of E(2) is high. 

The second order energy lowering is calculated by using 

each donor NBO(i) and acceptor NBO(j) and  the strength 

of delocalization interaction [40] 

  ij

i
j i

F
E q 

  

2
  

Several significant interactions are listed for the study 

molecule in Supplementary Table 4. From this table this 

is clear that σ electron density (1.976e - 1.983e) shows 

higher value than π electron density (1.862e -1.665e).  

In this molecule mainly σ → σ* π→ σ*,π→π* ,LP→π*/ σ*  

interactions occurs between bonding antibonding orbitals 

i.e. The σ → σ * interactions between bonding and 

antibonding orbitals are found to be σ (C23-C25)→σ* 

(C22-O26) and σ (C16-C18)→σ* (C18-C21), having E(2) 

values of 10.04 kcal/mol and 4.15 kcal/mol respectively. 

The π→ σ * interactions between bonding and 

antibonding orbitals which stabilized molecule is found 

to be π (C2-C3)→σ*(C4-C5) with E(2) 45.21 kcal/mol. 

The π→ π* interactions between bonding and 

antibonding orbitals are π (C1-C6) →π* (C2-C3),  

π (C1-C6)→π* (C4-C5),π (C4-C5) → π* (C2-C3), π (C4-C5) 

→ π* (C1-C6), having E(2) values 46.69 kcal/mol, 46.75 

kcal/mol, 48.01 kcal/mol and 45.21 kcal/mol 

respectively. The strongest interaction LP→ π*/ σ*  

involving lone pairs and  nearly vacant antibonding 

orbitals such as LP(1) N15→π* (C16-C18)and LP(1) 

N22→π* (C17-C20) and LP(2)O26→σ* (C22-N23) have 

high E(2) values of 67.11 kcal/mol 72.42 kcal/mol and 

24.69 kcal/mol respectively. These interactions contribute 

the greatest role to stabilizing the molecule. 

 

Biological activity and docking 

PASS [41] predicts Methylenetetrahydrofolate 

reductase to be inhibitor (0.7610) and having Antiallergic 

biological activity (0.7180), which is based on the 

structure activity relationships with Pa > 0.70. In methyl 

cycle Methylene tetrahydrofolate, reductase is the rate-

limiting enzyme .The molecule under study inhibits this 

enzyme and prevent the human body from Alzheimer, 

other forms of dementia, colon cancer and acute leukemia 

disease. The molecule shows better activity against 

allergic diseases which are caused by hypersensitivity  

of the immune system typically harmless substances  

in the environment [42]. Swiss dock [43] is online webserver, 

which predicts suitable binding protein for the molecule 

is 5P4Q [44]. The structure 5P4Q has in total one chain 

with sequence from Cryphonectria parasite.  

The Cryphonectria parasitica is fungus belonging to 

Ascomycota taxon pathogen. It is the main cause  

of chestnut disease, a shocking disease of the American 

chestnut trees. [45] 

After predicting suitable protein we perform docking 

of the molecule with the trial protein 5P4Q by Swiss 

Dock web server. All the probable conformers of  

the ligand and their corresponding energy values are resolute 

and best binding modes are ranked allowing to the full 

fitness (FF). This docking process is not covered  

on specific region of the chosen protein but blind follows 

whole region of chosen protein. The highest negative 

values of full fitness score shows best binding site 

between protein and the taken molecule. The full fitness 

score obtained in docking is -1051.65 A.U. Docking 

between title molecule and 5P4Q protein is shown in Fig. 8 

using UCSF chimera software. The binding sites between 

title molecule and 5P4Q protein are H9and LIG (residue) 

and distance between H9-LIG is 2.169A0.  .  FF score and 

docking between title molecule and 5P4Q protein shows 
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Fig. 8: Docking of Title molecule with 5P4Q protein 

predicated by Swiss Dock wave server. 

 

that the molecule can be useful to stop fungus related 

dieseses. This study gives a pathway for drug 

researcher to design new drugs for fungus related 

diseases. 

 

CONCLUSIONS 

In this paper we calculate geometric parameters, 

vibrational frequencies, electronic and the non-linear 

optical properties of title molecule using combination 

of DFT/B3LYP method and 6-311G (d, p) basis set. 

Optimized geometry clearly shows that the molecule  

is non-planar. Correlation factor > 0.99 between 

calculated and experimental value shows that they  

are well matched with each other. Non-linear optical 

behavior of the molecule shows that title molecule  

is optically active along the plane of the molecule.  

The molecular electrostatic potential contours and surfaces 

show that electron density transfer to benzene ring. 

NBO analysis shows that strongest interaction between 

bonding and antibonding orbitals is LP (1) N22 →π* 

(C17-C20) with E(2) values 72.42 kcal/mol. The 

molecule shows better activity against allergic 

diseases. 
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