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 ABSTRACT  The FT-IR (4000-400 cm-1) and FT-Raman (3500 - 0 cm-1) spectra have been recorded on the strong 
period of the 2-amino-6-methyl pyridine (2A6MP) molecule. The DFT strategy (Density Functional Theory) helps in 
perceiving the holding highlights and harmonica vibrational frequencies and the equilibrium geometry. "Everything has 
been performed with reference to vitality appropriation (TED) of the vibrational modes, computed with scaled quantum 
mechanical power field procedure (SQMFF)". The molecule geometry, holding highlights, energy gap and Natural Bond 
Orbital (NBO) examination of 2A6MP in ground state were gotten by DFT with standard B3LYP/6-311+G(d, p) premise 
set mixes. Besides, the NBO examination on comparative structures like substitution of H9, H10, H11 by Cl9, Cl10, Cl11 
(2-3-, 4C2A6MP) in the title particle improved the situation various intra-molecular collaborations that are intended for 
the atom adjustment. The energy gap, polarizabilities and first hyper polarizabilities calculations were also done on 2-
3-,4-C2A6MP. The studies of Molecular docking were done with apt protein (Source: Protein Data Bank) 
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Introduction 
The vibrational spectrum and structure spectrum of pyridine`s derivatives are important because of 

the involvement in bioactivities and applications in pharma, agricultural & other domains [1-3]. The 
medicinal value of heterocyclic compounds helps in the attraction of 2-amino pyridine derivatives [4, 5]. 
Pyridine is mixed with ethanol to make it not suitable for drinking. For synthesizing DNA[6], sulfapyridine 
(a drug against various infections of Bacteria and virus), antihistaminic drugs tripelennamine & 
mepyramine, water repellents, herbicides and killing bacteria. The Ring formation is found in some chemical 
compounds even though it’s not from pyridine synthesis. It includes Vitamin B niacin & pyridoxine, isoniazid 
antituberculosis drug, nicotine and plants which contains nitrogen[7]. From Coal Tar Pyridine is produced 
which is the buy product of gasification of the coal. The spike in requirement of Pyridine resulted in 
synthesizing from acetaldehyde and ammonia in more affordable methods which yields 20,000 tons per 
year. 

A hetero aromatic compound which is miscible with water & organic solvents [8]. Crystalline 
hydrochloride salt is formed when its mixed with HCl which melts at 145-147 °C [9]. During organic 
reactions, pyridine behaves both as a "tertiary amine (protonation, alkylation, acylation, and N-oxidation at 
the nitrogen atom) and also as aromatic compound"(undergoing nucleophilic substitutions). It is electron 
deficient due to the presence of electronegative nitrogen in the pyridine ring. So it undergoes soon an 
electrophilic aromatic replacement reactions which depicts a benzene derivatives; the unbound reactions 
will not look for protons (prorogated pyridine is always electron-deficient). Pyridine inclines to nucleophilic 
substitution metalation of the ring by strong organ metallic bases not like Benzene [10-11]. Three chemical 
clusters are noted for the reactivity of pyridine. Pyridine enunciates aromatic properties during 
electrophilic substitution with electrophiles. The capability of pyridine and its derivatives to oxidize, which 
helps in forming the amine oxides (N-oxides), which is of the nature of tertiary amines [12]. Lone pair of 
electrons because of pyridine`s nitrogen center which is not part of aromatic ring, having the chemical 
properties of tertiary amines. By donating its pair of electrons to a Lewis acid as in the sulfur trioxide 
pyridine complex it can perform as a Lewis base. The complexes forming with transition of metals ions 
make pyridine a weak ligand [13]. 

The geometry of isomeric pyridines was examined by X-ray crystallography [14], microwave 
spectroscopy [15] and surface-enhanced Raman spectroscopy [16]. DFT vibrational studies of 5-bromo-2-
nitropyridine [17], pyridinium complexes [18], and 2-chloro-5-bromopyridine [19] were stated. 
Tautomerization and rotamerization of amino pyridines has been described [20]. The vibration (IR and 
Raman) spectra of amino pyridines, methyl-substituted amino pyridines and hydrogen chlorides of amino 
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pyridines had been identified by spinner experimentally [21]. However, to the best of our knowledge, 
according to literature survey there is no results based on quantum chemical calculations, FT-IR/FT-Raman 
spectral studies on (2A6MP). We have documented comprehensive interpretations of the infrared and 
Raman spectra based on the experimental and theoretical results. 

 

Experimental and computational details 
 The title compounds were obtained from Sigma –Aldrich Chemical Company (USA), with a stated 
purity of greater than 98% and it was used as such without further purification. The FT-Raman range of 
2A6MP atom has been recorded utilizing the 1064 nm line of a Nd:YAG laser as excitation wavelength in the 
district 400 – 4000 cm-1 on a BRUCKER demonstrate IFS 66V spectrometer. The detailed wave numbers are 
relied upon to the precise inside 1 or -1 cm-1. The FT-IR range of this compound was recorded in the district 
0 – 3500 cm-1on IFS 66V spectrometer furnished with a MCT identifier utilizing KBr bar splitter and Globar 
source. The information were recorded in the co-expansion of 200 scans at 1 or -1cm resolution with 
250mW of intensity at the example in both the methods. 

Computations was performed at B3LYP/6-311+G(d, p) substantial premise set on PC utilizing 
Gaussian 09W[22] program bundle, summoning slope geometry streamlining, wave numbers, polarizability 
esteems, outskirts sub-atomic orbital investigation, NBO[23]. Moreover the unscaled computed wave 
numbers, drive constants, infrared forces and Raman exercises are received. The vibrational  investigation 
got for 2A6MP with the unscaled B3LYP/6-311+G (d, p) force field are more prominent than the trial 
esteems because of disregard of anharmonicity in genuine frame work. It ought to be noticed that the test 
results belongs to solid stage and theoretical calculations belong to gaseous stage. These disparities can be 
revised either by figuring anharmonic remedies unequivocally or by presenting a scaled field or 
straightforwardly scaling the examined wave numbers with legitimate factor [24]. A provisional task is 
frequently made based on the unscaled frequencies by expecting the watched frequencies with the goal that 
they are same manner as examined one. At that point, for a less demanding correlation with the examined 
value, the calculated frequencies are scaled by the scale to less than 1, to minimize the general deviations. A 
superior assertion between the calculated and tested frequencies can be gotten by utilizing distinctive scale 
factors for various regions of vibrations. For that reason, we have used diverse scaling factors for every 
single essential mode aside from the torsional mode to get the scaled frequencies of the compound. 
 

Result and discussion  
Geometrical parameters 
Before computing the frequencies and electronic properties, it is necessary to analyze the molecular 
structure of the compound. So that the structure is optimized at DFT/B3LYP/6-311+G(d, p) level of theory 
and numbering scheme is represented in Fig. 1 and the calculated optimized geometrical parameters are 
presented in Table 1. To the best of our knowledge, no X-ray crystallography data of the 2A6MP molecule 
has yet been established. Be that as it may, the ascertained outcomes acquired are relatively synonymous 
with the announced structural parameters of similar molecules. For 2-Amino-6-methylpyridinium 2-
carboxybenzoate [25], C-N bond lengths C2-N1=1.350Å , C6-N1=1.369 Å and C2-N8=1.326 Å  . For 2-Amino-

6-methylpridinium 4-methyl-benzenesulfonate [26], C-N bond lengths C6-N1=1.358Å , C2-N1=1.338 Å  and 
C2-N8=1.368 Å. The C-N bond length in pyridine ring of the title compound C6-N1=1.358 Å , C2-N1 =1.358 Å  
and C2-N8=1.462 Å  is significantly shorter than the typical C-N single bond that is alluded to 1.49 Å  , which 
affirms this attach to have some character of a doubled or conjugated bond[27]. For this situation, H9 and 

H10 to ring C2 and C3 separate is 1.1 Å moderately 0.17 Å longer than the x-ray diffraction [25] because of 
the electron pulling back impacts relying upon the nearness of the – NH2, - CH3 clusters connected to these 
bonds. The DFT calculation predict the bond angles within the pyridine ring, C3-C2-N1=122.6°, C2-C3- 
C4=117.9°, C3-C4-C5= 119.8°, C4-C5-C6=118.4°, C5-C6-N1=122.2° and C2-N1-C6=119.1°, whereas the 
corresponding reported values are  118.1°, 119.1°, 121.3°, 119.6°, 118.4°, 123.6°[25] and 120.3°, 120.1°, 
118.2°, 121.5°, 120.1°, 120.6°[26]. At N8 position, the bond angles are C2-N8-H15=114.6°, C2-N8-
H16=117.7° and H15-N8-H16=115.2° and the asymmetry in angles is because of the cooperation between 
the pyridine ring and H9 atom. The CH3, NH2 and pyridine ring are planar from each other as is clear from 
the torsion angles, N1-C2-C3-C4=0.1°, C3-C2-N1-C5=-0.5°, C4-C5-C6-C7=-180.0° and C7-C6-N1-C2=-179.7°. 
 
 
 
 



[ VOLUME 5  I  ISSUE 3  I  JULY– SEPT 2018]                                                    E ISSN  2348 –1269, PRINT ISSN 2349-5138 

 190𝗓         IJRAR- International Journal of Research and Analytical Reviews                                           Research Paper 

 

 
Fig. 1. The theoretical geometric structure and atoms numbering of 2A6MP 

 

Table 1.  Optimized geometrical parameters of 2-Amino-6-methylpyridine at B3LYP/6-311+G(d,p) level. 
Bond 
length 

Value 
(Å) 

Expt.a Expt.b Bond Angle Value 
(°) 

Expt.a Expt.b Dihedral Angle Value 
(°) 

C2-C3 1.42 1.413 1.407 C3-C2-N1 122.6 118.1 120.3 N1-C2-C3-C4 0.1 
C2-N1 1.358 1.350 1.338 C3-C2-N8 121.2 122.9 123 N1-C2-C3-H9 179.6 
C2-N8 1.462 1.326 1.368 N1-C2-N8 116.2 119.0 116.7 N8-C2-C3-C4 -177.7 
C3-C4 1.42 1.356 1.366 C2-C3-C4 117.9 119.1 120.1 N8-C2-C3-H9 1.9 
C3-H9 1.1 0.93 1.896 C2-C3-H9 120.7 120.5 119.7 C3-C2-N1-C6 -0.5 
C4-C5 1.42 1.397 1.390 C4-C3-H9 121.4 120.5 120.3 N8-C2-N1-C6 177.4 
C4-H10 1.1 0.93 0.93 C3-C4-C5 119.8 121.3 118.2 C3-C2-N8-H15 -165.9 
C5-C6 1.331 1.368 1.375 C3-C4-H10 120.0 119.4 120.9 C3-C2-N8-H16 -25.7 
C5-C11 1.1 0.93 1.900 C5-C4-H10 120.3 119.4 120.9 N1-C2-N8-H15 16.2 
C6-N1 1.358 1.369 1.358 C4-C5-C6 118.4 119.6 121.5 N1-C2-N8-H16 156.5 
C6-C7 1.497 1.491 1.471 C4-C5-H11 121.0 120.2 117.8 C2-C3-C4-C5 0.3 
C7-H12 1.113 0.96 0.96 C6-C5-H11 120.5 120.2 121.5 C2-C3-C4-H10 -179.9 
C7-H13 1.113 0.96 0.96 C5-C6-N1 122.2 118.4 120.1 H9-C3-C4-C5 -179.2 
C7-H14 1.113 0.96 0.96 C5-C6-C7 121.8 125.3 124.6 H9-C3-C4-H10 0.6 
N8-H15 1.05 0.95 0.87 N1-C6-C7 116.0 116.4 115.3 C3-C4-C5-C6 -0.2 
N8-H16 1.05 0.92 0.88 C2-N1-C6 119.1 123.6 120.6 C3-C4-C5-H11 179.8 
    C6-C7-H12 110.2 109.5 109.5 H10-C4-C5-C6 180.0 
    C6-C7-H13 111.7 109.5 109.5 H10-C4-C5-H11 0.0 
    C6-C7-H14 110.2 109.5 109.5 C4-C5-C6-N1 -0.2 
    H12-C7-H13 108.8 109.5 109.5 C4-C5-C6-C7 -180.0 
    H12-C7-H14 107.1 109.5 109.5 H11-C5-C6-N1 179.7 
    H13-C7-H14 108.7 109.5 109.5 H11-C5-C6-C7 0.0 
    C2-N8-H15 114.6 122.3 123 C5-C6-N1-C2 0.5 
    C2-N8-H16 117.7 119.1 117 C7-C6-N1-C2 -179.7 
    H15-N8-H16 115.2 118 118 C5-C6-C7-H12 121.4 
        C5-C6-C7-H13 0.4 
        C5-C6-C7-H14 -120.6 
        N1-C6-C7-H12 -58.3 
        N1-C6-C7-H13 -179.4 
        N1-C6-C7-H14 59.7 

               a X-ray data from Ref. [24][26].  
              b X-ray data from Ref. [24]. 

 

Vibrational assignments of the IR and Raman spectra 
Understanding the point by point infrared and Raman natures of naturally active particles is basic 

for following purposes and also increasing progressed structural comprehension. Keeping in mind to 
additionally expand on the vibrational spectral properties of 2A6MP, the figured scaled wave numbers, 
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observed IR, Raman bands and point by point vibrational assignments for 2A6MP were given in Table 2. The 
watched (FT-IR and FT-Raman) spectra are appeared in Fig. 2. 

 

NH2 modes 
 The appearance of bands in 3600-3200 cm-1 region shows the presence of NH2 group in the 
compound. The position, intensity and the breadth of the band indicate whether the group is free, exhibit 
intermolecular hydrogen bonding or is intra-molecularly bonded [28]. According to Socrates [29] the 
frequency of amino group appears around 3500–3300 cm-1 for NH2 stretching, 1700 –1600 cm-1 for 
scissoring and 1150–900 cm-1 for rocking deformation.  In the present study, the predicted strong band at 
3536 cm-1 and 3331 cm-1 by DFT method was assigned to asymmetric and symmetric stretching mode of 
NH2. The recorded band at 3324 cm-1 was assigned to asymmetric stretching mode of NH2 and which are in 

agreement with the calculated values.  Of course these two modes are extending modes as it is clear from 

TED, they are relatively contributing 99%. The NH2 scissoring mode is allotted at 1609 cm-1 in FT-IR. The 
computed value of NH2 scissoring is at 1610 cm-1.  The rocking mode is obtained at 994 cm-1 in Raman.  

 

CH3 modes 
Saturated hydrocarbons contain methyl bunches demonstrated two different groups at 2962 cm-1 

and at 2872 cm-1 [30]. The first of these outcomes from the not symmetrical extending mode as as CH3) in 

which two C-H obligations of CH3 aggregate are broadening while the third one in contracting. The second 

emerges from symmetrical extending ss CH3) in which all the three CH bonds extended and contract in 

stage. 
A noteworthy fortuitous event of theoretical qualities with that of trial assessments is found in the 

symmetric and asymmetric vibrations of the CH3 moiety. The asymmetric extending for the NH2, CH2 extent 
higher than the symmetric extending [31]. The symmetric extending of CH3 is seen in both FT-IR and FT-
Raman is allocated at 2922 cm-1. Parker [32] appointed these groups at 2930 and 2903 cm-1 in FT-IR and FT-
Raman for N-methylmaleimide. The distortion method of CH3 gatherings of title compound was typically 
exceedingly combined with other bending modes. The CH3 bending is watched vibration band almost 1450 
cm-1 [31, 33]. In this examination, the 1462 cm-1 FT-IR groups relate to inside bowing vibrations of the CH3 

cluster. DFT strategy concurs with the trial value. Parker [32] allocated CH3 bending modes as 1440 and 
1456 cm-1 both for FT-IR and FT-Raman. In methyl substituted molecule the symmetric disfigurement of 
CH3 is required to show up in the range 1360-1390cm-1 [34] with a power fluctuating from frail to 
exceptionally solid. In this examination FT-IR and FT-Raman is assigned to 1379 and 1377 cm-1 individually. 
The processed wave numbers at 1361 cm-1 (B3LYP) is allocated to CH3 symmetric bending for 2A6MP 
particle. Aromatic compounds show a methyl rock in the area of 1045 cm-1 [35]. It is valid from the above 
writing in our present investigation additionally the weak band saw in FT-IR range 1034 cm-1 is tagged to 
CH3 rocking vibrations with TED commitment of 76%, the theoretically wave number for this mode is at 
1038, 1136 cm-1. As CH3 torsional modes are normal underneath 100 cm-1, the compound wave number at 
47 cm-1 is tagged to CH3 torsional mode.  
 

CH modes 
The most noticeable and informed bands in the spectra of aromatic compounds happen in the low 

frequency area between 675 - 900 cm-1. The solid bonds initiates in the out-of-plane bending of the ring CH 
bonds [28]. The bands at 929, 785 and 736 in FT-IR and FT-Raman are related to CH out of plane bending 
methods of 2A6MP. The hetero aromatic structure demonstrates the occurrences of CH extending vibrations 
in the area 3100-3000 cm-1 which is identification are  for the prepared distinguishing proof of CH extending 
vibrations [36, 37]. In the present work, the FT-Raman and FT-IR vibrational frequencies saw at 3066 and 
3177cm-1 for 2A6MP have been relegated to CH extending vibration. 
 

Pyridine ring modes 
The ring extending vibrations are critical in the range of pyridine and its subsidiaries and are very 

normal for the aromatic ring itself. The C-N stretching modes are observed in the range 1300-1000 cm-1 [38, 
39]. Silverstein [40] assigned    C-N stretching absorption in the region 1382-1266 cm-1 for aromatic 
amines. Silverstein [40] appointed C-N extending  
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Table 2. The observe FT-IR, FT-Raman and calculated frequencies (in cm-1 using B3LYP/6-311+G(d,p) along 
with their relative intensities, probable assignments reduced mass an force constants of 2-Amino-6-Methyl 

pyridine. 

 
as →asymmetric; ss→ symmetric; 𝜈 →stretching; ipb→in-plane bending; opb→out-of-plane bending; 
t→tortion; twist→twisting;  
wagg→wagging; siss→scissoring; rock→rocking; Rsymd →ring symmetric deformation; Rasymd →ring 
asymmetric deformation; 
Rtrigd →ring trigonal deformation. 
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Fig 2. Observed FT-IR and FT-Raman spectra of 2A6MP 

absorption in the area 1382-1266 cm-1 for aromatic amines. In the present work, C-N stretching modes are 
assigned at 1280 cm-1 in the Raman spectrum, 1279, 1238 cm-1 in the IR spectrum and at 1218, 1269 cm-1 
theoretically with PEDs 40%. The aromatic ring carbon-carbon extending vibrations happen in the area 
1430-1625 cm-1[27] and for the title intensify, the C-C aromatic stretch is seen in the area of 1609, 1580 cm-

1and 1469 cm-1 in FT-IR and FT-Raman range, individually. These vibrations are in agreement with the 
theoretically assignment given by DFT. In general, the C-C vibrations (in-plane and out-of-plane bending) 
computed by DFT/6-311+G (d, p) methods show good agreement with experimental observation as well as 
literature value. 
 

Natural Bond Orbital analysis 
The NBO examination has been performed on 2A6MP particle in order to clear up intra-molecular 

charge trade (ICT). The NBO calculations were performed using NBO 3.1[41] program as implemented in 
the Gaussian 09[22] package and various hyper-conjugative interaction parameters are given in Tables 3. 
The second-arrange bother hypothesis investigation of Fock matrix calculations were done on comparable 
structure like substitution of H9, H10, H11by Cl9, Cl10, Cl11 substitution (2C2A6MP, 3C2A6MP and 
4C2A6MP) in the Pyridine ring modifies the hyper conjugative cooperation’s. The important interactions 
between ‘filled’ (donor) Lewis type NBO’s and ‘empty’ (acceptor) non-Lewis NBO’s of 2A6MP, 2C2A6MP, 
3C2A6MP and 4C2A6MP are given in Table 4. The second-order perturbation theory analysis of Fock matrix 
in NBO shows strong intra-molecular hyper conjugative interactions. 

The table shows solid intra-molecular hyper conjugative collaborations are framed by orbital cover 
between LP (N) and BD*(C-C), (C-N) bond orbital which result in intra-molecular charge exchange causing 
adjustment of the framework. The different critical intra-molecular hyper conjugative associations are: C2-
C3 from N1 of LP (N1) BD*(C2-C3) which builds electron density 0.55831e and debilitates the separate 
securities C2-C3 prompting adjustment of 9.48KJmol-1; C2-C3 from N8 of LP (N8) BD*(C2-C3) which 
expands electron thickness 0.55831e and debilitates the particular securities (C2-C3) prompting adjustment 
of 5.83KJmol-1. 
This highest interaction around the ring can induce large bioactivity in the compound. The number of 
occupancies and energies of most communicating NBOs alongside their level of half and half nuclear 
orbital’s recorded in Table 3. The percentage of hybrid atomic orbital’s of nitrogen lone pair atoms, N8 and 
N1 is partially contributed to both s-type and p-type sub shell, while N8 and N1 is predominantly 
contributed to P- type sub shell. The P-character of the Nitrogen lone pair orbital’s LP (N1) and LP (N8) is 
73.69% and 81.51%, respectively. This demonstrates the solitary match orbital takes part in electron gifting 
in the compound. 

The number of intra-molecular hyper conjugative interactions are formed by BD(C-Clx) (x=9, 10, 

11) BD*(C-C) in 4C2A6MP have more energy than other chlorinated substituent’s. In 4C2A6MP, the 

contribution of energy for BD (C5-Cl11 BD*(C5-C6) is 23.27 kcal/mol. For the other chlorinated 

substituent energy is less for the above interaction. The interaction LP (Clx=9, 10, 11) BD*(C-C) was observed 

only in 2C2A6MP (LP (Cl11) BD*(C3-C4)  shows a large amount of energy (138.66 kcal/mol). These 
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charge transfer interaction of x2A6MP(x=2C, 3C, 4C) were suggested to highly responsible for 
pharmaceutical and biological properties. 
Table 3.Natural atomic orbital occupancies of most interacting NBO’s of 2AMP along with their percentage 

of hybrid atomic orbitals 
 

ED/energy 
BOND(A-B) EDB 

(%) 
EDA 

(%) 
NBO S(%) P(%) 

1.98272 
-0.71451 

(C2-C3) 49.32 50.68 0.7023(sp1.58)+ 

0.7119(sp1.87) 
38.68 
34.84 

61.28 
65.11 

1.98399 
-0.82574 

(C2-N1) 40.76 59.24 0.6385(sp2.09)+ 

0.7696(sp1.74) 
32.37 
36.53 

67.54 
63.39 

1.72234 
-0.29813 

(C2-N1) 40.17 59.83 0.6338(sp1.00)+ 

0.7735(sp1.00) 
0.00 
0.01 

99.87 
99.86 

1.99053 
-0.73358 

(C2-N8) 41.08 58.92 0.6410(sp2.48)+ 

0.7676(sp2.18) 
28.68 
31.44 

71.22 
68.48 

1.97996 
-0.53629 

(C3-H9) 60.33 39.67 0.7767(sp2.39)+ 
0.6298(sp0.00) 

29.44 
99.96 

70.52 
0.04 

1.98193-0.53861 
(C4-H10) 60.36 39.64 0.7769(sp2.43)+ 

0.6296(sp0.00) 
29.13 
99.96 

70.83 
0.04 

1.9774 
-0.52769 

(C5-H11) 60.38 39.62 0.7771(sp2.48)+ 
0.6294(sp0.00) 

28.73 
99.96 

71.23 
0.04 

1.98150 
-0.82076 

(C6-N1) 40.67 59.33 0.6377(sp2.29)+ 

0.7703(sp1.67) 
30.37 
37.37 

69.53 
62.55 

1.90939 
-0.32030 

LP(N1)   sp 2.81 

- 
26.23 73.69 

1.93621 
-0.31365 

LP(N8)   sp 4.42 

- 
18.43 81.51 

0.03757 
0.55831 

(C2-C3) 50.68 49.32 0.7119(sp1.58) 
-0.7023(sp1.87) 

38.68 
34.84 

61.28 
65.11 

0.02943 
0.53478 

(C2-N1) 59.24 40.76 0.7696(sp2.09) 
-0.6385(sp1.74) 

32.37 
35.53 

67.54 
63.39 

0.39734 
0.00571 

(C2-N1) 59.83 40.17 0.7735(sp1.00) 
-0.6338(sp1.00) 

0.00 
0.01 

99.87 
99.86 

0.03452 
0.34196 

(C2-N8) 58.92 41.08 0.7676(sp2.48) 
-0.6410(sp2.18) 

28.68 
31.44 

71.22 
68.48 

0.01436 
0.44218 

(C3-H9) 39.67 60.33 0.6298(sp2.39) 
-0.7767(sp0.00) 

29.44 
99.96 

70.52 
0.04 

0.01276 
0.44532 

(C4-H10) 39.64 60.36 0.6296(sp2.43) 
-0.7769(sp0.00) 

29.13 
99.96 

70.83 
0.04 

0.01569 
0.44594 

(C5-H11) 39.62 60.38 0.6294(sp2.48) 
-0.7771(sp0.00) 

28.73 
99.96 

71.23 
0.04 

0.00436 
0.43155 

(C7-H12) 39.03 60.97 0.6248(sp3.11) 
-0.7808(sp0.00) 

24.35 
99.97 

75.60 
0.03 

0.00381 
0.42154 

(C7-H13) 40.09 59.91 0.6288(sp3.15) 
-0.7740(sp0.00) 

24.10 
99.97 

75.85 
0.03 

0.00724 
0.42178 

(C7-H14) 39.54 60.46 0.6288(sp3.16) 
-0.7775(sp0.00) 

24.02 
99.97 

75.92 
0.03 

 
Table 4.Comparison of Second-order perturbation theory analysis of Fock matrix in NBO basis 

corresponding to the intramolecular and bonds of 2A6MP, 2C2A6MP, 3C2A6MP 4C2A6MP. 
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 aE(2) means energy of hyper-conjugative interactions (stabilization energy in lJ/mol). 
 bEnergy  difference (a.u.) between donor and acceptor i and  j NBO orbitals. 
 cF(I,j) is the Fock matrix elements (a.u.) between I and j NBO orbitals.  

 

Frontier molecular orbital analysis 
To comprehend the firmness and responsive properties of explored compounds have studied 

frontier molecular orbitals. To be specific, the most elevated involved molecular orbital (HOMO) and least 
vacant molecular orbital (LUMO) are the principle molecular orbital’s that participate in responses with 
other molecular structures. Conveyance of HOMO and LUMO gives imperative understanding into the 
reactive properties of organic molecules [42]. Visual in Fig. 3 demonstrates that HOMO is delocalized over 
C5-C6 and LUMO is delocalized over N1-C2. 

Electro negativity ( ), hardness ( ), softness (s), electrophilicity index ( ) and dipole moment are 

ordinarily utilized as worldwide reactivity parameters inside density functional theory.  In the present 

examination, the HOMO and LUMO energies gap ( ), absolute electronegativity, absolute hardness and 

electrophilicity index of the 2A6MP molecules were registered by B3LYP/6-311+G(d, p). The accounted 
HOMO and LUMO energies of the title compound was observed to be −6.7672eV and 0.2882eV. As per 
Koopmans’s hypothesis [43] the ionization potential (IP) and electron affinity (EA) can be expressed 
through HOMO and LUMO orbital energies: Ionization Potential (IP) = −EHOMO = 6.7672eV, Electron 

affinity (EA) ELUMO −0.2882eV [44]. The electro negativity ( ), characterized by Mulliken [45] as the mean 

of ionization potential (IP) and electron affinity (EA): Electro negativity ( ) 3.2395 eV. The 

hardness of an molecule is identified with the  
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Fig. 3. The HOMO and LUMO diagrams of 2A6MP 

gap between the HOMO and LUMO orbital's. The bigger the HOMO-LUMO energy gap, the harder will be the 

molecule [46].Chemical hardness can be calculated as follows: Chemical hardness ( ) 3.5277 eV. 

The global softness is the inverse of global hardness: Softness (S)  0.2835eV. The electron affinity in 

blend with ionization energy likewise give chemical potential ( ) characterized by Parr and Pearson [47] as 

a property of the electronegative molecules, Chemical potential ( ) 3.5277 eV.  Parr and 

Yang [48] have presented the worldwide electro philicity record which estimates the tendency of a species 

to acknowledge electrons. It tends to be computed by utilizing the electronic chemical potential ( ) and 

chemical hardness ( ).Electrophilicity index   0.25eV. It has been found from the examination of 

the responsive descriptors that the chemical hardness of the title molecule was observed to be 3.5277eV 
which is similarly high. While its electro negativity value is nearly high uncovering that the compound is 
equipped for showing certain organic movement. Additionally, the dipole snapshot of the title compound 
showed that the compound can get high energy flow out of electrophile to nucleophile . 
 

NLO and HOMO-LUMO analysis 
The sizes of hyper polarizabilities are unequivocally upgraded by hydrogen holding. The lion's 

share of molecular crystals with hydrogen bonding tends to improve the NLO impacts in the crystal 
structure [53]. So the hydrogen bonds might be utilized as NLO useful bonds in the material designing. The 
theoretical estimation is by all accounts more accommodating in the assurance of specific segments of β 
tensor than in building up the genuine estimations of β. 

The extensive estimation of polarizability, β, might be expected to π-electron cloud from 
contributor to acceptor which can make the molecule profoundly polarized and the intermolecular charge 
exchange (intermolecular hydrogen bonding). The nearness of intra-molecular charge exchange cooperation 
and the intermolecular hydrogen bonding is affirmed with the vibrational investigation and NBO 
examination.  

The ascertained polarizability and first polarizability of 2A6MP, 3Cl2A6MP, 4Cl2A6MP and 
5Cl2A6MP are outlined in Table 5. As can be seen from Table 5, the measured first hyper polarizability 
values have been observed to be 2.5243x10-31esu. for 2A6MP, 4.0155x10-31for 2C2A6MP, 3.4096 x10-31for 
3C2A6MP and 1.5989x x10-31for 4C2A6MP at DFT/B3LYP/6-311+G(d, p) technique. The β esteem for 
2C2A6MP is bigger incentive than the others. The explanation behind this might be area of NH2 and CH3 
cluster. 

Table 5. The Predicted polarizability and first hyperpolarizability of 2A6MP, 2C2A6MP, 3C2A6MP and 
4C2A6MP 

α components Polarizability(a.u) β 
components 

First hyperpolarizabilities(a.u) 
2A6MP 2C2A6MP 3C2A6MP 4C2A6MP 2A6MP 2C2A6MP 3C2A6MP 4C2A6MP 

xx -39.971   -52.827 xxx -20.83 19.996 -24.14 21.638 
yy -47.9505   -60.4403 yyy 11.504 -2.589 -15.7 -13.42 
zz -49.3383   -59.2876 zzz 0.0827 0.0525 -0.074 0.0076 
xy 2.2314 5.7677 -57.1642 -59.8311 xyy -2.8749 16.2512 7.0239 -6.9852 
xz -0.7655 1.2584 -57.2652 -53.705 yxx -6.212 1.0218 -14.1512 -1.3711 
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examination of the electronics progress demonstrates the change starting from the ground to the first 
excited state and is basically depicted by one-electron excitation from the most occupied  sub-atomic orbital 
(HOMO) to the least empty orbital (LUMO). This examination uncovers that these molecular systems have 
vast first static hyper polarizabilities and may have potential applications in the advancement of NLO 
materials. Atomic HOMOs and LUMOs have been register utilizing Gaussian 09 computer program. The 
HOMO, LUMO and energy gap estimations of 2A6MP, 2C2A6MP, 3C2A6MP and 3C2A6MP are given in Table 
6. The energy gap for 2C2A6MP is higher than the others. 

Table 6. Comparison of HOMO-LUMO energy gap for the constituents of 2A6MP, 2C2A6MP, 3C2A6MP and 
4C2A6MP. 

 
2A6MP 
(a.u.) 

2C2A6MP 
(a.u.) 

3C2A6MP 
(a.u.) 

4C2A6MP(a.u.) 

HOMO -0.23497 -0.19671 -0.22198 -0.20064 
LUMO -0.04153 -0.04638 -0.04091 -0.04554 
HOMO-LUMO Energy gap -0.19344 

 
-0.15033 

 
-0.18107 

 
-0.1551 
 

 

As it tends to be seen, the molecular structure of 2A6MP, 2C2A6MP, 3C2A6MP and 4C2A6MP having the 
higher βtot value, when compared to the low HOMO-LUMO energy gap. This outcome demonstrates HOMO-
LUMO energy graphs impacts on the main hyper polarizabilities. The higher βtot value and the comparing 
low HOMO-LUMO energy gap indicate 2A6MP, 3C2A6MP, 4C2A6MP and 5C2A6MP structures is exceedingly 
NLO dynamic material [54]. This plainly demonstrates the strong hydrogen bonding between the charged 
species diminishes the energy gap extensively with the arrangement of the charge exchange hub [55]. 
 

Molecular docking 
PASS analysis [56]of the title compound predicts activities the top four activitiesTaurine 

dehydrogenase inhibitor, CDP-glycerol glycerophosphotransferase inhibitor, Membrane integrity agonist, 
Leukopoiesis stimulantwith probability to be active (Pa) value were 0.857, 0.829, 0.824 and 0.785 
respectively(Table 7).High resolution crystal structure of the corresponding inhibitors triclinic ternary 
complex (6ADH), glycerol-3-phosphate cytidylyltransferase(1COZ), beta1 adrenergic receptor  (2Y02) and 
antimicrobial peptidase lysostaphin(4LXC), were downloaded from the protein data bank website and these 
receptors are used as target for docking study.PatchDock is a very efficient algorithm for protein–small 
ligand and protein–protein docking and is a geometry-based molecular docking algorithm [57, 58]. It is 
aimed at finding docking transformations that yield good molecular shape complementarity. The algorithm 
was verified on enzyme–inhibitor and antibody–antigen complexes from benchmark 0.0 [59], where it 
successfully found near-native solutions for most of the cases. The PatchDock algorithm divides the 
Connolly dot surface representation [60] of the molecules into concave, convex and flat patches. Then, 
complementary patches are matched in order to generate candidate transformations. Each candidate 
transformation is further evaluated by a scoring function that considers both geometric fit and atomic 
desolvationenergy [61]. Finally, an RMSD (root mean square deviation) clustering is applied to the 
candidate solutions to discard redundant solutions. The main reason behind PatchDock’s high efficiency is 
its fast transformational search, which is driven by local feature matching rather than brute force searching 
of the six-dimensional transformation space. The ligand title molecule and proteins retrieved from protein 
data bank are in PDB format submitted to the PatchDock Server.PatchDock Server, aweb page is generated 
to show the predicted solutions, downloading and viewing the solutions. The detailed ligand-receptor 
interactions are viewed using Discovery Studio Visualizer 4.0 software.The ligand binds at the active site of 
the substrate by weak non-covalent interactions. In the case of ligand withtriclinic ternary 
complexinteractions are detailed in Fig.4a. Aminoacids Glu107 forms H-bond π-alkyl and π-anion 
interaction with pyridine ring, Gly108 forms H-bond with NH2 group and Val186, Lys185 forms alkyl 
interaction with methyl group of the title compound. For the amino acids of glycerol-3-phosphate 
cytidylyltransferaseinteractions with ligand as shown in Fig.4b. Tyr forms H-bond and π- π stacked 

yz 1.5677 -1.1461 -59.3044 -59.315 zxx 4.7645 4.4658 -6.5382 1.975 
α tot -45.7533 -57.9113 -57.617 -57.5183 xzz -5.4565 9.9953 -1.1084 -0.4144 

Δα 
1.05 
X10-24esu 

1.11 
X10-24esu 

1.02 
X10-24esu 

8.99 
X10-24esu yzz -6.8161 6.1291 -5.1381 2.992 

     zyy -3.8032 -5.5709 5.6348 -1.2065 

 
    

βtot 
2.5243 

X10-31esu 
4.0155 

X10-31esu 
3.4096 

X10-31esu 
1.5989 

X10-31esu 
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interaction with pyridine ring and NH2 group. Tyr15, His550, His554 shows π-alkyl interaction with methyl 
group while Glu125 has a H-bond with NH2 group. In Fig.4c, the residues of beta1 adrenergic 
receptorPro196 forms H-bond with NH2 group and Trp182, Cys114 having π-alkyl interaction with pyridine 
ring and methyl group of the title compound. For antimicrobial peptidase lysostaphin (Fig.4d), the residues 
Asn372, His362, Met328 forms H-bond, π- π stacked, alkyl interaction with NH2 group, methyl group 
respectively while His329, Ile274 shows π-alkyl interaction with pyridine ring. The docked ligand title 
compound forms a stable complex with the four receptors (Fig.5)with lowest ten minimum conformation of 
Patch Dock Energyvalues are tabulated in Table.8 These preliminary results suggest that the compound 
might exhibit inhibitory activity against these receptors. 

 

Table 7.PASS prediction for the activity spectrum of the title compound.  

 Paa Pib Activity 

0.857 0.005 Taurine dehydrogenase inhibitor 

0.829 0.024 CDP-glycerol glycerophosphotransferase inhibitor 

0.824 0.031 Membrane integrity agonist 

0.785 0.003 Leukopoiesis stimulant 

0.779 0.005 Corticosteroid side-chain-isomerase inhibitor 

0.775 0.005 Pterindeaminase inhibitor 

0.784 0.014 Glucose oxidase inhibitor 

0.79 0.021 Mucomembranous protector 

0.741 0.013 Complement factor D inhibitor 

0.732 0.006 Amine dehydrogenase inhibitor 

0.71 0.013 IgA-specific serine endopeptidase inhibitor 

0.71 0.019 Omptin inhibitor 

0.714 0.025 NADPH peroxidase inhibitor 

0.704 0.026 Glutamylendopeptidase II inhibitor 

0.681 0.007 Laccase inhibitor 

0.703 0.03 Methylenetetrahydrofolate reductase (NADPH) inhibitor 

0.69 0.018 Venombin AB inhibitor 

0.68 0.008 Alopecia treatment 

0.732 0.062 Phobic disorders treatment 

aProbability to be active  
bProbability to be inactive.  

 
Table 8.The top ten conformation of the complex candidate of ligands 

Table 8.1 with triclinic ternary complex 
No. glob aVdw rVdw ACE 

1 -21.39 -9.47 0.42 -4.74 

2 -21.05 -7.82 0.16 -6.15 

3 -20.14 -8.11 0.4 -5.22 

4 -20.02 -9.05 1.08 -4.82 

5 -19.32 -8.81 0 -4.04 

6 -17.89 -8.97 0.08 -3.61 

7 -17.76 -6.45 1.56 -5.97 

8 -17.41 -9.17 0 -2.64 

9 -15.79 -5.45 0 -5.04 

10 -14.32 -7.94 1.82 -3.16 
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Table 8.2 with glycerol-3-phosphate cytidylyltransferase 

1 -16.87 -7.88 1.21 -4.78 

2 -16.61 -7.33 0.83 -4.22 

3 -16.05 -9.27 2.92 -3.03 

4 -15.75 -6.89 0.44 -3.97 

5 -14.21 -8.56 3.36 -3.28 

6 -11.79 -7.48 0.53 -1.89 

7 -11.45 -7.32 0.5 -1.49 

8 -9.39 -6.18 0.05 -2.01 

9 -6.84 -3.55 0.77 -2.9 

10 -2.76 -4.37 1.1 -0.31 

Table 8.3 with beta1 adrenergic receptor 

1 -26.46 -8.91 0.36 -8.49 

2 -21.41 -8.04 0.22 -6.7 

3 -20.68 -9.21 1.4 -5.6 

4 -19.86 -7.75 0.24 -5.4 

5 -19.69 -7.76 0.47 -5.48 

6 -19.34 -7.74 0.51 -5.65 

7 -18.69 -8.08 1.26 -5.15 

8 -18.26 -9 2.17 -4.19 

9 -15.97 -7.3 0 -3.74 

10 -14.58 -7.28 0.79 -4.33 

Table 2.4 with antimicrobial peptidase lysostaphin 

1 -23.16 -11.93 3.05 -4.93 

2 -18.91 -9.21 0.6 -3.52 

3 -18.65 -7.97 0.21 -4.48 

4 -17.44 -8.05 0.05 -3.39 

5 -16.65 -6.29 0.1 -4.61 

6 -15.72 -7.05 0.07 -3.36 

7 -14.45 -7.1 0.13 -3.02 

8 -13.33 -7.92 0 -1.75 

9 -12.57 -8.08 1.71 -1.57 

10 -10.58 -6.63 0.24 -0.67 
glob - Global Energy (kcal/mol) (binding energy of the solution); 
aVdW and rVdW - softened attractive and repulsive van der Waals energy; 
ACE - atomic contact energy (ACE) 

 
Fig. 4.The interactive plot of docked ligand with residues of (a) triclinic ternary complex and hydrophobic 

surface shown (b) glycerol-3-phosphate cytidylyltransferase and hydrophobic surface shown (c) beta1 
adrenergic receptorand hydrophobic surface shown (d) antimicrobial peptidase lysostaphinand hydrophobic 

surface shown 
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Fig. 5. The docked ligand at the active sites of (a) triclinic ternary complex (b) glycerol-3-phosphate 
cytidylyltransferase (c) beta1 adrenergic receptor (d) antimicrobial peptidase lysostaphin 

 

Conclusion 
The improved geometric parameters of title compound were deciphered and equated with the before 
announced experimental values for a comparable compound. The FT-IR and FT-Raman spectra of 2A6MP 
were recorded and vibrational modes were allotted with the guide of the trial and figured vibrational wave 
numbers and their TEDs. The second-order perturbation theory investigation of fock network, ESP, energy 
gap, polarizability and first hyper polarizability counts were performed on x2A6MP(x=2C, 3C, 4C). As 
indicated by the computed outcomes of ESP, the normal greatest negative electrostatic potential estimation 

of x2A6MP(x=2C, 3C, 4C), increment all together in the order of2A6MP 3C2A6MP 4C2A6MP 

2C2A6MP. Low estimation of HOMO LUMO energy gap proposes the likelihood of intra-molecular charge 
move in the molecule. This assumes a vital part in the huge increment of β value, which is an addictive 
property to show non-linear optical movement. The NBO investigation uncovers hyper conjugative 
cooperation, ICT and adjustment of molecule. The examination of NBO estimations of x2A6MP(x=2C, 3C, 4C) 
proposes the pharmaceutical properties of 2C2A6MP was more noteworthy than the others. The molecular 
docking experiments demonstrates that the docked ligand, title compound compound steady complex with 
pyridine inhibitor and gives a binding affinity value of - 4.75 Kcal/mol and this outcome recommends that 
the compound may show inhibitory action against cyclin-subordinate kinase 2 (CDK2). It is believed that the 
results of the current theoretical investigations could support the development of clinical applications. 
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