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Abstract 

Isorhapontigenin (IRPG) drug emerges as promising efficient inhibitor for H1N1 and H3N2 

subtypes which belong to influenza A virus; reported with IC50 value of 35.62 and 63.50 μM respectively. 

The computed geometrical parameters and vibrational assignments (FT-IR and FT-Raman) are compared 

with experimental results, these results exhibits good correlation with each other. UV-Vis electronic 

property reveals that the absorption bands of π→π* transitions, this authorizes that the bands are very 

strong in the IRPG molecule. The kinetic stability and chemical reactivity of the IRPG molecule was 

probed through NBO and HOMO-LUMO analysis. Electrophilic and nucleophilic site selectivity of IRPG 

was explored through MEP map and Fukui function. In molecular docking analysis, the IRPG molecule 

exhibits the better inhibition constant and binding affinity for H1N1 and H3N2 influenza virus. As a result, 

the IRPG molecule exposes virtuous biological deeds in nature and it can be performed as a prospective 

drug candidate for H1N1 and H3N2 viral A influenza.             

Keywords FT-IR ∙ FT-Raman ∙ UV-Vis ∙ ADMET ∙ Influenza  

Introduction 

Since overall scourge strains and yearly pandemic, Influenza can cause an intense respiratory 

ailment [1] caused by RNA virus which belongs to the Orthomyxoviridae family [2]. As the mortality and 

morbidity rate caused by influenza virus is very high, it crafts severe consequences throughout the world 

[3-8]. Influenza contains two glycoproteins specially; Hemagglutinin (HA) [9] and Neuraminidase (NA) 

[10] based on this influenza A is branched into subgroups. Consequently HA as 18 subcategories and NA 

as 11 subcategories, in this subtypes H1N1 and H3N2 are endemic in humans [11-12]. HA was a cell-

anchoring viral glycoprotein which is responsible for viral infection via linking monosaccharide sialic acid 

having receptors on the host cells and mediating the entry and fusion of virus [13]. NA (sialidase) is a 

hydrolytic viral glycoprotein which is feasible for cleaving of sialic acid from surface of the cell and also to 

release the progeny virus particles from host cells [14]. Hence the viral NA enzyme has been a functioning 

exploration territory against anti-influenza treatment due to release of virus particles from host cells. For 

the vast majority, influenza settles on its own, but in some cases its complications can be treacherous. In 

this sense there is a need of proceeding requirement for advancement of new anti-influenza drugs.  
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 Presently, most of the research experts progress fewer generic effect plant derivative antiviral 

drugs to treat influenza virus. Isorhapontigenin (IRPG) is an isomer of rhapontigenin derived from Chinese 

herb Gnetum cleistostachyum [15] which belongs to the family Gnetaceae and also from some wine grapes. 

The IRPG possess stilbenoid structure with four hydroxyl groups and one methoxy group attached to it. 

IRPG was recognized as inhibitor of H1N1 and H3N2 subcategories which belongs to influenza A virus. 

IRPG targets were reported to inhibit H1N1 and H3N2 NA enzymes with IC50 value of 35.62 and 63.50 μM 

[16] respectively. 

As IRPG has extraordinary pharmaceutical application in treating influenza, an endeavor has been 

made to examine its molecular properties. A complete literature survey has been done and it is found that 

so far either spectroscopic investigations or molecular docking studies have not been reported. Hence this 

research investigation has been performed by means of DFT/B3LYP method with 6-311G(d,p) and                  

6-31G(d,p) basis set to study various spectroscopic and biological properties of IRPG. The calculated 

spectroscopic data (FT-IR and FT-Raman) supported by potential energy distribution were compared with 

experimentally recorded values. Electronic (UV-Vis) spectral analysis were recorded and compared with 

theoretically predicted spectra computed through TD-DFT method. Global reactivity descriptors were 

determined with the help of frontier molecular energies. Molecular electrostatic potential map is analyzed 

to find the reactive sites of the molecule. Fukui function has been employed to find the electron density of 

the title compound. NBO analysis is done to find the properties of electronic structure. A molecular 

docking, druglikeness and ADMET predictions are used to analyse the drug behavior in nature and NA 

active site cavity. The actual research is very essential for the drug improvement to explore the feasible 

drug candidate for anti-viral agent against H1N1 and H3N2 influenza viral contagion.    

Materials and methods 

Experimental details 

The material IRPG was acquired from Tokyo chemical industry (TCI) chemical company (purity 

of >95.0%) and exploit without any other purification for the spectral measurements. FT-IR spectrometer 

(Bruker Tensor 27) was utilized to trace the FT-IR spectrum of the IRPG in the range of 400-4000 cm-1                 

(4 cm-1 resolution) through the KBr pellet technique. Bruker RFS 27 FT-Raman Spectrophotometer (1064 

nm Nd: YAG laser source) was employed to trace the FT-Raman spectrum of the IRPG in the region of 

https://en.wikipedia.org/wiki/Rhapontigenin
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400-4000 cm-1. The ultraviolet-visible-NIR (UV-vis-NIR) spectrum of the IRPG was recorded with a UV-

vis spectrophotometer (UV-2501, Shimadzu Corp., Japan) in the array among 200 and 900 nm. 

Computational details 

IRPG molecule was optimized through DFT method via Gaussian09W software program package 

[17]. IRPG geometrical parameters were conquered via Gauss view 5.0 software [18]. Using VEDA 4xx 

program package [19] the vibrational assignments for IRPG was requiring through an average of potential 

energy distribution percentage (PED %). Further, the potential cube file engendered in Gaussian09W 

software [17] was embraced for the generation of MEP map of the IRPG molecule via WinXPRO software 

[20]. Moreover, the electronic properties (UV absorption, HOMO and LUMO) of IRPG molecule were 

indicated through TD-DFT method [21-23] accomplished in Gaussian 09W software [17]. Second order 

Fock matrix which regulates the donor-acceptor interactions of IRPG was computed via NBO 3.1 program 

[24]. Molecular docking exploration was executed with AutoDock4.2 software package [25] and their 

interactions amid IRPG ligand molecule and NA enzyme were determined through Discovery Studio [26], 

Chimera [27], PyMOL [28] and Ligplot [29] software programmes.      

Results and discussion 

Geometry analysis 

Geometrical parameters like bond lengths and bond angles of IRPG molecule is computed through 

DFT (B3LYP level of theory) method [30,31] with basis sets (6-31G(d,p) and 6-311G(d,p)) and the 

optimized scaled ball and stick model structure is shown in Fig. 1. IRPG molecule was converged at the 

threshold limits of maximum force (0.000023 a.u.) and displacement (0.001240 a.u.) whereas the gradient 

of potential energy surface was converged with the RMS gradient value (0.000307 a.u.), and also the dipole 

moment value is found to be 2.2865 Debye. The computed structural parameters of IRPG molecule were 

compared with experimental XRD data [32] related to the structure because IRPG crystal structure is not 

published so far based on literature survey and the parameter values are listed in Table 1. The experimental 

values varies slightly with computed values for IRPG molecule, which is due to fact that the experimental 

values are analysed in solid phase and computed values are analysed in gas phase. IRPG affirms that eleven 

C–H, fifteen C–C, five C–O and three O–H bond lengths respectively. 
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In IRPG molecule, the resorcinol ring C–C bond lengths ranges from 1.366 to 1.407 Å. The 

hydroxyl groups (O–H) present in resorcinol ring is O(8)–H(24) and O(7)–H(23) the values are found to be 

0.966/0.963/0.900* Å and 0.966/0.963/0.920* Å respectively (* specifies the experimental value). The 

hydroxyl group present in 2nd ring is O(19)–H(33) and the value is 0.970/0.967/0.880* Å. In the bond 

angles, C(5)–C(9)–C(10) and C(9)–C(10)–C(11) are the highest bond angles values present in IRPG 

molecule. Due to same charges the C–C homonuclear bond length correlates to repulsive and owing to 

opposite charges, the C–H, C–O and O–H hetronuclear bond lengths correlates to attraction. Moreover, the 

hetronuclear is smaller when compare to homonuclear bonds [33]. Consequently, these geometrical data 

imply a good approximation with experimental crystal data and the values are appropriate crucial for 

computing vibrational frequencies.                                                           

Vibrational frequency analysis 

Computed vibrational frequencies (FT-IR and FT-Raman) for IRPG molecule were investigated 

through DFT method with the basis sets 6-31G(d,p) and 6-311G(d,p) which are scaled down by scaling 

factors (0.961 and 0.967) [34] along with their PED% analysed via VEDA 4xx software program [19]. The 

experimental data are compared with theoretically analyzed data and the values are in noble agreement with 

the basis set 6-311G(d,p) which is owing to allotment of Gaussian type orbitals (GTOs) for absolutely 

describing the H, O and C atoms. IRPG molecule possess C1 point symmetry group which is more stable 

and it consists of 33 atoms with 93 vibrational modes. Table 2 represents the IR intensities, Raman 

intensities, vibrational assignments for IRPG. Figs. 2 and 3 display the experimental and theoretical FT-IR 

and FT-Raman spectra for IRPG molecule.                                     

Hydroxyl (O–H) vibrations 

Owing to intra or inter molecular hydrogen bonding in the molecule, the O–H stretching vibrations 

are highly sensitive which reveals a huge variation in intensity, bandwidth and wavenumber. O–H 

stretching vibrations commonly occur in the region of 3600-3200 cm-1 (while H-bonded) and 3700-3500 

cm-1 (while stretch free) [35]. In IRPG molecule the theoretical wavelength are observed at 3676, 3675 and 

3620 cm-1 for 6-31G(d,p) and 3708, 3707 and 3648 cm-1 for 6-311G(d,p) with a PED contributions of 96, 

96 and 100 % respectively. Experimental values for IRPG molecule was observed at 3367 cm-1 in FT-IR.                                          
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C–H Vibrations 

The C–H Vibrations frequently occurs in the region of 3100 to 3000 cm-1 for strong Raman peaks 

[36]. In IRPG molecule the vibrations occur in the region of 3107, 3091, 3080, 3076, 3058, 3043, 3037, 

3030, 3028, 2966, 2904 cm-1 for 6-31G(d,p) and 3105, 3092, 3082, 3078, 3061, 3046, 3040, 3033, 3030, 

2966, 2908 cm-1 for 6-311G(d,p). The experimental values are observed at 3020, 2937 cm-1 for FT-IR and 

3071 cm-1 for FT-Raman. The experimental values are in good agreement with theoretical 6-311G(d,p) 

values.            

Carbonyl (C–O) vibrations  

The C=O stretching vibration of COOH group is exactly matched with the C=O stretch in ketones, 

which is estimated in the region 1740-1660 cm-1 [37]. The C–O stretching vibrations are predictable in the 

range from 1300-1000 cm-1 [38]. In IRPG molecule C–O stretching vibrations appears in the region of 1015 

cm-1 for FT-IR and 1120, 1010, 996 cm-1 for FT-Raman. The theoretical values are observed in the region 

of 1119, 1029, 995, 979, 917 cm-1 for 6-31G(d,p) and 1116, 1026, 994, 978, 917 cm-1 for 6-311G(d,p).           

C–C vibrations 

C–C vibrational bands stimulate the aromatic and hetero aromatic modes in the range of 1650-

1400 cm-1 [39] and C–C ring stretching vibrations are anticipated within the region of 1300–1000 cm-1 [40]. 

The C–C vibrations are reported at 1635, 1594, 1345, 1309, 1148, 781 cm-1 for FT-Raman and 1607, 1373 

cm-1 for FT-IR in IRPG molecule. The theoretical values are observed in the range of 1637 to 791 cm-1 in   

6-31G(d,p) and 1633 to 793 cm-1 in 6-311G(d,p).             

Molecular electrostatic potential (MEP) 

MEP map clearly conveys about the necessary properties (electron density, reactivity, electrophilic 

sites, nucleophilic sites and further to determine the H bonding interaction among NA enzyme and IRPG) 

of drugs and biomolecules. Moreover in MEP map the positive region contribute to electrophilic sites 

(resembles to higher electron density) and the negative region contribute to nucleophilic sites (resembles to 

lower electron density) [41-43]. Based on Mulliken atomic charges the MEP map for IRPG is coloured and 

Mulliken sketch was given identical to MEP as exposed in Fig. 4. Furthermore, nucleophilic and 

electrophilic sites for IRPG are signified in the increasing electron density order of 



7 
 

red<orange<yellow<green<sky-blue<blue. The MEP map colour code for IRPG molecule is in the range 

among -6.225x10-2 (orange and deepest red) to 6.225x10-2 (sky blue and deepest blue). The orange to 

deepest red colour indicates positive electrostatic potential, sky blue to deepest blue indicates negative 

electrostatic potential and green colour indicates neutral charge for IRPG molecule. Fig. 5 expose the iso 

surface representation of IRPG molecule and the values are positive potential at 0.8 eÅ-1 and negative 

potential at 0.08 eÅ-1. The H and C atom possess blue colour (electrophilic region) while O atom possess 

red colour (nucleophilic region). In IRPG molecule the negative region is more concentrated over O(7), 

O(8), O(17) and O(19) atom and further these O atom present in Mulliken sketch also possess negative 

region. This graphical representation evidently affirms that the MEP and Mulliken charges are parallel.                                              

Electronic transition analysis 

The nature of electronic transition properties for IRPG molecule was analysed through UV-Vis 

absorption spectra, this transition takes place from HOMO to LUMO level and this was absorbed by 

bonding (π, σ), anti-bonding (π*, σ*) and non-bonding (n). The theoretical spectrum of IRPG molecule was 

computed through TD-DFT approach (6-311G(d,p) basis set) using DMSO as a solvent and this values are 

compared with experimental values. Table 3 exposes the electronic properties of IRPG molecule. The 

experimental and theoretical spectra of IRPG molecule as displayed in Fig. 6. The strong and weak bands 

were confirmed through UV absorptions bands of π→π* and n→π* transitions [44-47]. The π→π* 

electronic transition bands of IRPG molecule was experimentally observed at 333, 307 and 282 nm and 

theoretically observed at 349, 311 and 288 nm, these values are closely reliable with each other. 

Subsequently, this transition clearly says about the strong interaction among IRPG and DMSO solvent 

which reveals the biological nature of the IRPG molecule.                                                                                                                     

Global reactivity descriptors 

Kinetic stability, chemical reactivity and toxicity of the drug molecule are analysed through 

HOMO and LUMO energies. HOMO energy behaves as a nucleophilic character (electron donation) and 

LUMO energy behaves as an electrophilic character (electron acceptance). The global reactivity descriptors 

such as ionization potential (I = –EHOMO), electron affinity (A = –ELUMO), global hardness ( = (I–A)/2), 

chemical softness (s = 1/2η), electronegativity (χ = (I+A)/2), chemical potential (μ = -χ) and electrophilicity 
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(ω = μ2/2) were computed for IRPG molecule and listed in Table 4. HOMO and LUMO energies of IRPG 

molecule is revealed in Fig. 7.  

The energy difference between the molecular orbitals (HOMO and LUMO) is known as band gap 

energy, whereas the molecule which has large energy gap means it is hard molecule and small energy gap 

means it is soft molecule [44-48]. The band gap energy for IRPG molecule is found to be 3.859 eV which 

implies that IRPG is soft molecule. The Koopmans’s theorem [49] for closed shell molecules states that the 

ionization potential (change of energy of a system when an electron is removed) and electron affinity 

(variation of energy of a system when an electron is added) of the molecule. The ionization potential 

resembles the negative of HOMO energy is found to be 5.368 eV and the electron affinity resembles the 

negative of LUMO energy is found to be 1.508 eV. Pauling and Mulliken [50-52] describes the 

electronegativity (measure the tendency to attract electrons through an atom in a covalent bond) to 

determine the electron density of the molecule and the value is found to be 3.438 eV. The computed value 

of ionization potential value is very high when compared to electron affinity and electronegativity; 

therefore the molecule has fewer tendencies to accept electrons. 

 Parr and Pearson [52] formulated the global hardness of the molecule which describes the 

absolute hardness, kinetic stability and reactivity. Global hardness value for IRPG is found to be 1.929 eV; 

this affirms that the molecule has more kinetic stability and reactivity. Chemical softness reveals the 

reactivity of the molecule and the value for IRPG is found to be 0.259 eV. Parr et al. [53] proposed the 

conception of electrophilicity index [54] to expose the reactivity and toxicity nature [55] of the molecule 

and the value for IRPG is found to be 3.062 eV, this reveals that the molecule has low toxicity. Therefore 

these results exhibit that the IRPG molecule has good biological behavior in pharmacological properties 

and drug design.                             

Local reactivity descriptors 

Local reactivity descriptors, also known as Fukui function plays a vital role in designing the 

pharmaceutical compounds and drugs to expose the chemical reactivity and site selectivity [56,57]. The 

Fukui function is based on electron density when some electrons are accepting or donating from it and this 

helps to predict the electrophilic and nucleophilic attack. The charge distribution between the atoms inside the 

molecule is predicted through Mulliken population analysis; the charge may be positive or negative depending 
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on the number of neighboring atoms. Fig. 8 shows the histogram of computed Mulliken charge of IRPG 

molecule expect hydrogen atoms. Fukui function, local softness and local electrophilicity index can be 

expressed as  

k
+ = (N+1) – (N)] for nucleophilic attack                                                                       (1)                                       

k
– = [ (N) – (N–1)] for electrophilic attack                                                                         (2) 

sk
+= (s k

+  and sk
– = (s k

– for local softness                                                                  (3) 

ωk
+ = (ω k

+ and ωk
– = (ω k

– for local electrophility index                                            (4)     

The Fukui function is calculated on the origin of Mulliken atomic charges for cation (N+1), anion 

(N-1) and neutral (N) states for selected atomic sites of IRPG molecule are listed in Table 5. The k
+ and 

k
– values impels to nucleophilic attack and electrophilic attack respectively. The k

+ possess the possible 

nucleophilic reactivity sites is in the increasing order of O7<O19<O17<O18 while k
– possess electrophilic 

reactivity sites is in the increasing order of C6<C4. This result shows that the IRPG molecule has high 

reactive in nature.      

Natural bond orbital’s (NBO’s) 

The intra and inter molecular interactions within the complex, charge transfer and stabilization 

energy of molecular systems are analysed through NBO analysis. The stabilization energy of the system 

which reveals the delocalization of electron density from Lewis type of NBO’s (donor orbital (i)) to virtual 

Rydberg non-Lewis type of NBO’s (acceptor orbital (j)) via second order Fock matrix with hyper 

conjugative interactions [58] and it can be predictable with the subsequent equation.       

 
ij

iji
ij

Fq
EE

 


2

)2(                                                                                                        (5)                

      Where, iq , ijF  and ji , are the donor orbital occupancy, Fock matrix element between i and j NBO 

orbitals and orbital energies of diagonal element, respectively. The possible interactions for IRPG molecule 

are π→π* and LP→π* and listed in Table 6. For IRPG molecule the delocalization of π→π* interactions of 

π(C1–C2) → π*(C3–C4), π(C3–C4) → π*(C5–C6), π(C5–C6) → π*(C1–C2), π(C11–C16) → π*(C14–

Fukui functions 
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C15), π(C14–C15) → π*(C11–C16), π(C14–C15) → π*(C12–C13) with high stabilization energy 

contributions of 26.36, 24.73, 26.28, 20.44, 20.8 and 20.03 kJ/mol respectively. The LP(2) of oxygen atom 

interacts with π* are LP(2)O7→ π*(C1–C2), LP(2)O8 →π*(C3–C4), LP(2)O17 →π*(C12–C13), 

LP(2)O19 →π*(C14–C15) and the values are 28.39, 29.09, 26.40 and 28.82 kJ/mol respectively. Moreover, 

this result shows that IRPG molecule possess high stabilization energy.  

Druglikeness properties 

Lipinski’s rule of five [59] is formulated by Christopher A. Lipinski to predict the biological 

activities or pharmacological properties for chemical compound that would make a probable orally drugs in 

humans. In this work the druglikeness parameters for IRPG molecule were predicted through 

Molinspiration cheminformatics program (https://www.molinspiration.com). The computed druglikeness 

values are listed in Table 7. The orally active drugs must obey the following criteria, the H bond donors 

(OH and NH groups) are not more than 5 (IRPG holds 3), the H bond acceptors (N and O) are not more 

than 10 (2*5) (IRPG holds 4), the octanol-water partition coefficient or High lipophilicity log p is less than 

or equal to 5 (IRPG holds 2.80), the molecular weight of the molecule is under 500 g/mol (IRPG holds 

258.27 g/mol), van der Waals bumps topological polar surface area is less than 140 Å2 (IRPG holds 69.92 

Å2) and number of rotatable bonds is less than 10 (IRPG holds 3) [60]. Hence the molecule IRPG obeys the 

Lipinski’s rule of five, this reveals that the bioavailability is good and it is confirmed as suitable oral drug 

candidate for humans. 

The bioactivity score for IRPG molecule is predicted from molinspiration and represented in Table 

8. The probability of bioactivity score for average organic molecules exposes that the value greater than 

0.00 resembles it is active, if -0.50 to 0.00 shows that it is moderately active and the score less than -0.50 

exposes that the molecule is biologically inactive. The nuclear receptor ligand and enzyme inhibitor are 

found to be 0.04 and 0.02 respectively, this data confirms that the molecule is active. The GPCR ligand, ion 

channel modulator, kinase inhibitor and protease inhibitor for IRPG holds -0.13, -0.05, -0.08 and -0.37 

respectively, this values reveals that the molecule moderately active. From this result the IRPG molecule 

does not fall under the value less than -0.05, consequently the molecule IRPG is a potential candidate for 

biological applications and hence utilized for docking analysis.                     

 

http://www.molinspiration.com/
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ADMET predictions 

  The experimental pharmacokinetic and toxicity parameters such as absorption, distribution, 

metabolism, excretion and toxicity (ADMET) [61,62] predicting is of very high risk due to lengthy process 

at different stages with unexpected failures in drug discovery and high cost. Consequently, this ADMET is 

predicted theoretically through web-based platform called PreADMET tools (https://preadmet.bmdrc.kr/) 

which saves time and investment. Table 9 exposes the theoretically predicted ADMET profiles for IRPG 

molecule. BBB penetration potential value for IRPG molecule is found to be 0.560014, this indicates that 

the molecule can cause fewer side effects in the central nervous system. The normal HIA value 70 to 100 % 

specifies excellent intestinal absorption for drug molecules are absorbed from the intestine into the blood 

stream in case of IRPG the value was found to be 88.446064 %. The skin permeability value for IRPG is -

3.39671 cm/h, this value shows that the molecule is not absorbed by skin. Caco-2 cell and MDCK cell 

permeability reveals that oral absorption of drug molecules and the values for IRPG are found to be 

4.89208 and 237.503 nm/s respectively, this shows that the molecule are easy to absorb. The water 

solubility in buffer and pure water solubility for IRPG has attained higher values, which are 40.1042 and 

124.957 mg/L respectively. Ames TA100 (+S9), Ames TA100 (-S9), Ames TA1535 (+S9) and Ames 

TA1535 (-S9) for all the isomers Ames test is negative therefore it is mutagen. The carcinogenicity for 

mouse is positive and carcinogenicity for rat is negative for IRPG molecule. In IRPG molecule, HERG 

inhibition is medium risk, Lipinski’s rule is suitable, CMC-like rule is qualified, MDDR-like rule is Mid-

structure, Lead-like rule is suitable if its binding energy is greater than 0.1microMol and WDI-like rule is 

within 90% cutoff. Consequently, the ADMET profiles clearly explain that the IRPG molecule is 

intermediate candidate for bioactive applications.                                             

Molecular docking analysis 

Ligand preparation 

Utilizing Chemdraw8.0 software the IRPG 2D structure was drawn and this structure was 

converted into 3D structure via Chem3D ultra 8.0 programs [63]. Then the compound IRPG was optimized 

through Gaussian09W software using DFT method (basis set 6-311G(d,p)). Furthermore, the optimized 

structure is converted into PDB format and taken as a ligand. The docking analysis was performed via 

Autodock 4.2 software based on the steps followed in the literature [64].                

https://preadmet.bmdrc.kr/
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Protein preparation 

The protein structure of H1N1 NA and H3N2 NA enzyme was downloaded from RCSB protein 

data bank with the PDB id’s of 3NSS (1.902 Å resolution) and 2AEP (2.1 Å resolution) respectively. From 

these proteins, the hetro-atoms such as ligand, ions and water molecules are removed from the H1N1 NA 

and H3N2 NA enzyme for docking process and taken as a target.     

Molecular docking 

Utilizing Autodock tools, the Kollman charges and polar hydrogen were added to the targets 

H1N1 NA and H3N2 NA enzyme. Grid parameter and docking parameter file are achieved by Autogrid and 

Autodock. Generic algorithm and LamarkianGA was used for probing the suitable conformers and score the 

ligand binding respectively. Therefore, the significance of docking process generates 10 conformers and it 

was represented in Table 10, from these conformers 2nd conformer is the best for H3N2 NA enzyme and 3rd 

conformer is the best for H1N1 NA enzyme based on lowest binding energy. Moreover the lowest binding 

energy values are -6.79 kcal/mol (H3N2 NA) and -7.31 kcal/mol (H1N1 NA) with inhibition constant of 

10.57 (H3N2 NA) and 4.41 (H1N1 NA) ki UM (micromol)) and this conformers is taken for further 

process. Likewise, the intermolecular interactions of IRPG with H3N2 NA and H1N1 NA enzyme is 

analysed through Discovery Studio Visualizer, Chimera, PyMOL and Ligplot and are exposed in Fig. 9. 

Surface view of IRPG molecule embedded in H3N2 NA and H1N1 NA enzyme are shown in Fig. 10.            

Fig. 11 shows the Ligplot view of IRPG with H3N2 NA and H1N1 NA enzyme.          

The interaction between IRPG with H1N1 NA enzyme reveals the lowest binding energy when 

compared with H3N2 NA enzyme. In IRPG-H1N1 NA complex the active site residues are Arg 118, Thr 

148, Ile 149, Asp 151, Arg 371, Ser 404, Ile 427, Pro 431, Lys 432 and Glu 433. The Ile 149, Ser 404 and 

Glu 433 residues form strong conventional H bonding interactions with H(23), H(24) and H(33) atoms at a 

distance of 2.05, 2.00 and 1.97 Å respectively. The Pi-cation and Pi-Alkyl interactions form midst the 

residues center and ring center. The Pi-cation interactions form in-between Arg 118 residue center and 2nd 

ring center at a distance of 3.28 Å. Residues Ile 427 and Lys 432 forms Pi-Alkyl interactions with 1st ring 

center at a distance of 4.23 and 4.34 Å respectively. Residues Ile 149 and Pro 431 also form Pi-Alkyl 

interactions with 2nd ring center at a distance of 5.43 and 5.31 Å respectively. 



13 
 

In IRPG-H3N2 NA complex the active site residues are Cys 124, Pro 126, Cys 129, Ser 411, Val 

412 and Glu 413. The residues Pro 126 and Ser 411 form strong conventional H bonding interactions with 

H(23) and H(24) atoms at a distance of 1.87 and 2.26 Å respectively. Residues Val 412 and Cys 129 form 

Pi-Alkyl interaction with 1st and 2nd ring at a distance of 4.46 and 4.09 Å respectively. The Pi-Sulfur 

interaction form in-between the aromatic ring center and sulphur atom in residues. In IRPG-H3N2 NA 

complex Pi-sulfur interaction forms between 1st ring and Cys 129 (S) and Cys 124 (S) at a distance of 5.81 

and 5.32 Å respectively. The Ligplot also confirms the same active site interactions values for IRPG-H3N2 

NA and IRPG-H1N1 NA complexes. This result reveals that IRPG molecule is strongly embedded with 

H1N1 NA compare with H3N2 NA. Hence this interaction develops the binding affinity of IRPG towards 

H3N2 NA and H1N1 NA enzymes.                                                                       

Conclusion 

IRPG molecular structure was optimized to its minimum energy conformation and the computed 

parameters are compared with the experimental XRD data related to the structure, the values are coincide 

with optimized B3LYP/6-311G(d,p) basis set. The experimental and observed results of FT-IR and FT-

Raman are promising result with each other. In IRPG molecule the strong bands from HOMO to LUMO 

level appears in first major contributions of π→π* transitions with 100%. Mulliken charges and the MEP 

charges are parallel to IRPG and the map exemplifies that the negative regions are on oxygen atoms while 

the positive regions are on carbon and hydrogen atoms. The electrophilicity values for IRPG is found to be 

3.062 eV, this value confirms that the molecule has less toxicity in nature. IRPG molecule falls under soft 

molecule category due to low band gap energy value (3.859 eV). Fukui function and NBO confirms that the 

IRPG molecule possess good chemical selectivity and high stability. IRPG molecule obeys the Lipinski’s 

rule of five and bioactivity score values do not fall under the value less than -0.05, therefore the molecule is 

a potential candidate for bioactive application. An ADMET prediction for IRPG obtains promising 

biological activity, this prediction helps to improve further drug design. The molecule IRPG enters in the 

active site cavity of H1N1 and H3N2 NA enzyme, large conformation modification takes place. The lowest 

binding energy and inhibition constant of IRPG in H1N1 NA enzyme reveals that powerful role when 

compared to IRPG in H3N2 NA enzyme. These results suggest that H1N1 NA is a potential inhibitor of 

influenza A virus and also it provides some key ideas for further development of anti-influenza drugs.    
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Figures

Figure 1

The ball and stick model of optimized structure of IRPG with atom numbering scheme



Figure 2

Experimental (Violet) and theoretical (Green-B3LYP/6-311G(d,p), Red-B3LYP/6-31G(d,p)) FT-IR spectra of
IRPG



Figure 3

Experimental (Violet) and theoretical (Green-B3LYP/6-311G(d,p), Red-B3LYP/6-31G(d,p)) FT-Raman
spectra of IRPG



Figure 4

Molecular electrostatic potential map of IRPG coloured on the basis of Mulliken atomic charges

Figure 5



Molecular electrostatic potential map of IRPG molecule showing the electropositive (blue) and
electronegative (red) regions of the molecule, the Iso surface values are positive potential at 0.8eÅ-1 and
negative potential at 0.08eÅ-1

Figure 6

Experimental and theoretical absorption spectra of IRPG in DMSO solution



Figure 7

The HOMO and LUMO orbitals of IRPG



Figure 8

The histogram of computed Mulliken charge of IRPG molecule expects hydrogen atoms

Figure 9



Intermolecular interactions of IRPG with (a) H3N2 NA and (b) H1N1 NA enzyme

Figure 10

Surface view of IRPG encapsulated in the active site of (a) H3N2 NA and (b) H1N1 NA enzyme



Figure 11

The ligplot showing intermolecular interactions of IRPG in the active site of (a) H3N2 NA and (b) H1N1
NA enzyme


