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Abstract

The present paper investigation the biological properties of
N,N,N',\N'-  Tetramethylethylenediamine. The optimized
geometry, NBO analysis, Charge analysis were calculated by
the B3LYP/6-31G(d,p) level. The spectral analysis has been
implemented using FT-IR, FT-Raman, and UV-Visible
absorption spectroscopic techniques. Vibrational spectral
assignments have been performed using MOLVIB program
with potential energy distribution values calculated by normal
coordinate analysis. Antimicrobial testing was performed to
investigate the compound's efficacy against bacterial strains.
To investigate drug likeness was used to determine the
biological characteristics of the title molecule. NTE was
screened for its antimicrobial activity and found to exhibit
antibacterial effects.

Keywords: Antibacterial; DFT; drug likeness; FT IR; Raman;
Reduced Density gradien..

1. Introduction

More than a few classes of antimicrobial compounds
are at the moment existing microorganism’s resistance to
these drugs continuously rising. With the purpose of avoid
this serious health trouble, the embellishment of novel types
of antibacterial or antifungal agents or the development of
bioactivity of the unsurprisingly known biological active
compounds is a very interesting research problem. Diamines
contain numerous developed appliances as mechanism of
surfactants, pharmaceuticals, agrochemicals, polyamides, and
additional materials. Putrescine (1,4-diaminobutane) be
presently used toward synthesize  nylon-4,6 by
polycondensation through adipic acid. 1,4-Butanediamine is
in nature biosynthesized in E. coli and is attention to
participate a position in cell proliferation and normal cell
growth; however, its intracellular concentration in E. coli is
highly synchronized by uptake, biosynthesis, degradation, and
excretion[1]. The methyl group plays a vital role in the
rational drug intend. Methyl improves the metabolic stability
as a soft metabolic point. Also, introducing methyl into drug
molecules can also be applied as a strategy in new uses of old
drugs drugs [2]. Methylene is used in the treatment of drug-
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induced, suitable to the peculiar reactivity and structural
diversity; active methylene compounds comprise a lot of
purpose in  organic  synthesis [3]. N,N,N',N'-
Tetramethylethylenediamine is an  biological active
compound. The aim of this analysis is to evaluate the
biological activity with the aid of DFT computations. In order
to better understand the structure-activity relationship, and
explored using DFT, spectroscopic and bioactivity. The
complete spectroscopic vibrational investigation of the
molecule is carried out in order to provide a detailed
assignment of fundamental bands in the FT-IR, FT-Raman
spectrum based on normal coordinate analysis (NCA). The
study of frontier molecular orbitals has been used to represent
charge transfer in molecules. The antimicrobial activity
together with the extensive analysis of the quantum chemical
studies, structural characteristics, and electronic properties are
discussed in detail.

2. Experimental Details

FT-IR spectrum was recorded using Perkin Elmer
Spectrometer with KBr pellet method. FT Raman spectrum
was recorded with BRUKER RFS 27: Stand alone FT Raman
Spectrometer besides the laser source used was Nd: YAG
1064 nm. UV absorption spectrum in water as a solvent is
scrutinized in the range 100-400 nm using Cary 5E UV-Vis
NIR recording spectrometer. The antimicrobial activity of
NTE was screened by agar well diffusion method and it was
tested against four human pathogenic microorganisms were
observed and the diameter of the inhibition zone was
measured around the well.

3. Computational Details

DFT computations have been implemented using the
Gaussian’09 program [4] and the geometry was optimized at
B3LYP level with 6-31 G (d, p) basis set. The vibrational
spectral modes were assigned with potential energy
distribution (PED) values attained from normal coordinate
analysis (NCA) using MOLVIB program version 7.0 program
by Sundius [5, 6]. The calculated harmonic vibrational
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wavenumbers were scaled with multiple scaling factors to C3-H9 1.1068 | N1-C3- C3-N1-C5- -
present the anharmonicity and accurate the basis set [7]. H9 1124424 | H14 61.9397
Natural bond orbital (NBO) analysis were executed using C3-H10 1.0948 | N1-C3- C3-N1-C5-
NBO 3.1 program [8]. Reduced density gradient (RDG) H10 107.0802 | H15 1r7.6677
analysis, Interaction region indicator (IRI) analysis, Electron C4-H11 1.1068 | C4-C3- C6-N1-C5- -
Localization function (ELF) and Localized orbital locator H9 108.8439 | H13 174.9518
(LOL) were performed using Multiwfn, which is a C4-H12 1.0948 | C4-C3- C6-N1-C5- 63.7476
multifunctional wave function analysis program [9,10] and all H10 109.1445 | H14
isosurface maps were rendered by the VMD (Visual C5-H13 1.0929 | H9-C3- C6-N1-C5- -56.645
Molecular Dynamics) program [11]. H10 106.6128 | H15
4. Results and Discussion C5-H14 11079 | N2-C4- C3-N1-Ce- | -
o C3 112.4698 | H16 176.3272
4.1 Optimized Geometry C5-H15 1.0946 | N2-C4- C3-N1-C6- 63.1653
The optimized geometry was obtained by DFT at B3LYP H11 112.4453 | H17
level with 6-31G(d,p) basis set. The optimized molecular C6-H16 1.0949 | N2-C4- C3-N1-C6- 57.841
structure is given in Figure 1 and the geometrical parameters H12 107.0862 | H18
of NTE are listed in Table 1. C6-H17 | 11077 | C3Ca- C5-NI-Co- | 57.2744
H11 108.8482 | H16
C6-H18 1.0945 | C3-C4- C5-N1-C6- -
$ 9 H12 109.1509 | H17 63.2331
' w C7-H19 1.0945 | H11-C4- C5-N1-C6-
H12 106.6202 | H18 175.7606
: . C7-H20 1.1077 | N1-C5- C7-N2-C4- | -
: — H13 110.8095 | C3 161.1279
C7-H21 1.095 | N1-C5- C7-N2-C4- 75.5659
' s ‘ H14 113.0839 | H11
H
J C8-H22 1.1079 | N1-C5- C7-N2-C4- -41.225
y @ H15 109.4938 | H12
C8-H23 1.0929 | H13-C5- C8-N2-C4- 73.7366
H14 107.9064 | C3
Fig. 1 Optimized structure of NTE C8-H24 1.0946 | H13-C5- C8-N2-C4- -
- . H15 107.4154 | H11 49,5696
The global minimum energy is -347.7660 Hatrees. Bond
length of C5-H14, C6-H17, C7-H20, C8-H22 in methyl group :12'C5' - EE'ZNZ‘C“‘ 1663605
is higher than (1.1079A) other bond length in methyl group ) )
(1.09 A) in which correlates with the charge transfer from the N1-C6- C4-N2-C7- 57.8577
to the side chain and also the dependency of the side chain H16 109.6604 | H19
length. Skeleton C-C bonds C21-C22 is 1.5347 A is leads to N1-C6- C4-N2-C7- -
decrease in bond order and bond energy due to attachment of H17 113.4976 | H20 63.1549
methyl group and also these relates with the charge transfer to N1-C6- C4-N2-C7-
the side chain and also the necessity of the side chain length. H18 109.9237 | H21 176.3421
Side chain functionalized as a high stability which is observed H16-C6- C8-N2-C7- -175.746
with carbon atoms in methyl group than other carbon atoms H17 107.7143 | H19
indicating a prominent decrease in electron density. H16-C6- C8-N2-C7- 63.2413
- H18 107.9153 | H20
Table 1 Optimized parameters of NTE
. H17-C6- C8-N2-C7- -
Bond NTE(A) Bond NTE(°) Dihedral NTE(°) H18 107.9552 | H21 57.2616
length Angle Angle
N2-C7- C4-N2-C8- 62.0369
N1-C3 1.4643 | C3-N1- C5-N1-C3- - H19 109.9266 | H22
c5 112.8254 | C4 73.4672
N2-C7- C4-N2-C8- -
N1-C5 1.4579 | C3-N1- C5-N1-C3- 49.8504 H20 113.4979 | H23 59.2528
o 111.5568 | H9
N2-C7- C4-N2-C8- | -177.564
C6 110.5363 | H10 166.6269
H19-C7- C7-N2-C8- -
N2-C4 14644 | C4-N2- C6-N1-C3- H20 107.9583 | H22 63.6626
c7 111.5738 | C4 161.3979
H19-C7- C7-N2-Cs8-
N2-C7 14572 | CA-N2- C6-N1-C3- | - H21 107.9133 | H23 175.0477
c8 112.8167 | H9 75.2845
H20-C7- C7-N2-C8- 56.7365
N2-C8 14579 | C7-N2- C6-N1-C3- 41.492 H21 107.7116 | H24
c8 110.5318 | H10
N2-C8- N1-C3-C4- | -
ca H13
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N2-C8- N1-C3-C4- -
H23 110.8084 | H11 54.4665
N2-C8- N1-C3-C4- 61.541
H24 109.4984 | H12
H22-C8- H9-C3-C4- 54.9354
H23 107.9014 | N2
H22-C8- H9-C3-C4- -179.771
H24 107.9379 | H11
H23-C8- H9-C3-C4- -
H24 107.4172 | H12 63.7636
H10-C3-C4- -
N2 61.0572
H10-C3-C4- 64.2364
H11
H10-C3-C4- -
H12 179.7562

4.2 Bonding Analysis

NBO analysis is executed in order to quantifying resonance
structure contributions to the molecule and also provides an
efficient method to study intra-molecular charge transfer
interactions, rehybridization and delocalization of electron
density within the molecule. NBO analysis was performed at
B3LYP/6-31G(d,p) level to reveal the delocalization of
electron density of NTE and Second order perturbation theory
analysis of Fock matrix in NBO basis as given in Table 2.
From the Table 2, the transitions has been confirmed by the
charge transfer lone pain with anti-bonding orbitals of n1 (N1)
— 6*(C3- H9); n1 (N1) - c*(C6- H17); n1 (N1) —» o*(C1-
H17) and nl1(N2) — o*(C4-H11) with the stabilization
energies 8 kcal/mol. Likewise some more transitions also
given in Table 2. From these values, the transitions that
contribute to intra-molecular charge transfer, and therefore, to
the stabilization of the system, are mainly due to orbital
overlap between the bonding (c) — antibinding (c*) and lone
pair (n) — antibinding (c*) orbitals.

Table 2 Bonding Analysis of NTE

H11

n1(N 2) o*C7- 134 0.68 0.028
H19

n1(N 2) *C7- 8.54 0.65 0.068
H20

n1(N 2) o*C7- 1.30 0.68 0.027
H21

n1(N 2) c*C 8- 8.47 0.65 0.068
H22

n1(N 2) c*C 8- 137 0.68 0.028
H23

n1(N 2) 6*C8- 1.26 0.68 0.027
H24

n(N1-C | o*C5- 1.04 111 0.030

3) H15

NI(N1-C | o*C5- 1.04 111 0.030

3) H15

NI(N1-C | o*C6- 1.02 111 0.030

3) H16

nI(N1-C | o*C3- 114 111 0.032

5) H10

NI(N1-C | o*C6- 121 111 0.033

5) H18

ni(N2-C | o*C7- 1.02 111 0.030

4) H21

Donor Acceptor E(2)? E()- F(ij)°
0] ()] (kcal/mol) E(i)° (a.u)
(a.u)

n1(N1) c*C3-C4 | 1.86 0.66 0.032

n1(N 1) c*C3-H9 | 844 0.66 0.068

n1(N 1) c*C5 - 1.37 0.68 0.028
H13

n1(N 1) c*C5 - 8.47 0.65 0.068
H14

n1(N 1) c*C5 - 1.26 0.68 0.027
H15

n1(N 1) c*C6 - 1.30 0.68 0.027
H16

n1(N 1) c*C6 - 8.54 0.65 0.068
H17

n1(N 1) c*C6 - 1.34 0.68 0.028
H18

n1(N 2) c*C3-C4 | 186 0.66 0.032

n1(N 2) c*C4 - 8.44 0.66 0.068
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4.3 Electronic Spectral Analysis

The Highest Occupied Molecular Orbitals (HOMO) and the
Lowest Unoccupied Molecular Orbital (LUMO), along with
the HOMO-LUMO gap which is plot in DOS spectrum of the
NTE is shown in Fig. 2. Generally, the intra-molecular charge
transfer occurs from side to side the excitation of an electron
from the HOMO to the LUMO. From Fig. 2, the HOMO
LUMO plots can be seen the intra-molecular charge transfer.
HOMO energy is 5.6139 eV, LUMO energy is -1.1186 eV
and the energy gap (Enomo-Lumo) is 4.4953 eV which low
energy gap ensures the biological activity of NTE.
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Fig 2 HOMO- LUMO plots with its DOS spectrum
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The UV-Vis spectrum of NTE is shown in Fig. 3 and the UV-

vis wavelength with their contributions of NTE are given in
Table 3 which is characterized by the presence of an
absorption band in the region between 250 and 400 nm. The F: =
. . . g "'. o
observed absorption value at Amax at 300 nm is attributed to gl ™ - wa Lk
the transition n—c™> where this transition corresponds to the z ' 1" ) '
HOMO — LUMO boundary orbital. The band gap value is i\
correlates with the HOMO LUMO energy gap. g
Table 3 UV-vis wavelength and their contributions of NTE el bos
Energy Experimental Theore | Osc. Strength | Symmet |
(cm) tical b =i s e
Wavelen | Band Wavelen Band | g iagmLan g, | () 2k 1279
gth (nm) gap gth (hm) gap Lo
38597 300 | 4133 | 299 0.0009 | Singlet | HOMC 06 1000 1500 2000 2800 3000
4.1471 -A LUMC ey Wavenumber [em |
38624 258 0.0009 | Singlet | HO ; ;
48062 Y Luw%géﬁ) Experimental (B) Simulated Raman Spectra
39615 252 0.0447 | Singlet | HOMIA-LH. group vibrations
4.9206 -A LUMO (99%) . . .
Generally, the asymmetric and symmetric CH; stretching
vibration in amino acids are detected in the region 3100-3000
] 300 cm? and 3000-2900 cm™ respectively [12]. The symmetric
[\ stretching vibration is scaled at 3078 and 3063 in addition
0.8 ( asymmetric CH stretching vibration is observed at 2961 cm?
s [ corresponding scaled at 2944 cm* and 2930 cm™. The other
£ ( bending and torsions of methylene are given in Table 4.
= 0.0 \ . .
g 1 4.4.2 CHsgroup vibrations
g e | Typically, the CHs; asymmetric and symmetric stretching
8 044 vibrations in the alkyl group occur at lower frequencies for
2 instance 3010-2900 cm™ and 2950-2850 cm™ respectively
< 034 when compared to that of the aromatic C-H stretching
o2 —_—— vibrations (3150-3000 cm™) [13,14]. CHs asymmetric
stretching vibrations are observed as strong bands in Raman at
. T T T T T T T T T -1 i
AR LR BUE = L = o as  3241,3144 and 3111 cm™ and in IR at 3037 as a strong band

Wavelength (nm)

Fig 3 UV Spectrum of NTE
4.4 Vibrational Spectral Analysis

The vibrational spectral assignments have been performed by
NCA wusing the scaled quantum mechanical force field
methodology. The simulated and experimental FT-IR along
with FT-Raman spectra are publicized in Fig. 4 and 5
respectively. The thorough vibrational assignments with PED
contributions are presented in Table 4. The detailed vibrations
of NTE are given below:

3 "y Iﬂ*.lf) ALl
| 1393
! I
£ o ||
3 Y 1058
c
g 1
&
c R ey
& 037
-
23873
132t
"”
IR gt o
s
1] v L] T ¥ |
500 1000 1500 2000 2500 3000

Wavenumber (cm )

Fig 4 (A) Experimental (B) Simulated IR Spectra
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and 2990 cm-1 as a weak band these corresponding scaled
values are good agreement with scaled values and the
symmetric stretching vibrations also are given in Table 4. The
observed blue shift in stretching frequency is due to the
formation of intra-molecular C-H...N hydrogen bonding. The
increases in intensity of these bands are due to the methyl
group are attaches with nitrogen having electron—donor
properties.

Normally, CHs asymmetric and symmetric bending vibrations
seem to be in the region 1470 -1440 cm™ and 1390 - 1370 cmr
! respectively [18]. The asymmetric vibrations are observed in
Raman at 1614, 1582, 1542 and 1472 cm? in addition
symmetric bending vibrations are observed in IR at as a
strong band at 1322, 1192 cm with Raman counterpart as
strong bands observed at 1295, 1258 and 1217 cm™. All these
modes are good agreeing to scaled values are given in Table
4.

4.4.3 C-N and C-C Vibrations

" aracterization of C-N stretching mode is mixing with

vibrations such as C-C stretching, C-H in-plane

J, and CHjs vibrations. The C-N stretching frequencies

for some classes of compounds have been carried at the 1495-

1028 cm ! region. Chis et al . [19], for 2-fluoro benzamide at

1408 and 1096 cm™ was observed by Krishnakumar et al .

[20] In NTE, this mode is observed as medium in IR intensity

at 1072 cm-1 and in Raman at 1073 and 1032 cm*. The C-C

stretching vibration is observed at 1004 cm™ in IR and in
Raman at 965 cm™.
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Table 4 Vibrational assignments of NAA MLIB( 86), MLOR(
Calculated Observed 1560 8)
alculate
fundamentals Assignment with 1542vs | MLIB(79), MLOR(
Wavenumber 1542 10)
(Cm'l) PED%
(cm?) MLIB( 82), MLOR(
IR Raman 1542 11)
30415 | MLOS (73), MLIS ( 1520 MLSD( 96)
3134 26)
) ( 1520 MLSD( 92)
MLOS( 64), MLIS
3134 31445 | 5y MLSD( 85), SMN (
1490 11)
MLOS(58), MLIS(
3121 40) 1489 1472vs | MLSD( 88)
MLIS(56), MLOS( 1431m | 14450 | ©MN (64), MNT (
3121 3w 43 1431 11),CN ( 9)
MNSS( 50), MNAS( oMN (76), CC (
2078 1) 171 | 1343m | 1372ws | 2R
MNAS( 52), MNSS( tMN (71), oMN (
3063 45) 1341 6), MLOR ( 6)
30375 MLIS( 78), MLSS( MLOR( 29), MLIR(
3044 11), MLOS( 10) 22), CN (20),
MLOS(58), MLIS( 1330 f(')\)'SD( 11), MLIB(
3043 31), MLSS( 11) ’
MLIS( 46), MLOS( gﬂz'iOCRl\f 3(236;\,/'L|R(
3035 38), MLSS( 12) 13225 CNSD( 12). MLIB(
MLIS( 53), MLOS( 1328 10)
2990w
3035 34), MLSS( 12) VINR (35)CN (
MNAS( 52), MNSS( 17), MLOR( 15),
2944 2961s | 47 12955 1 MLIR( 11), CNR (
MNSS( 53), MNAS( 1297 10)
2930 46) MNT (35), MNW (
23), MLIR( 11),
MLSS( 85), MLIS(
2833 10) 1282 MLOR ( 10)
MLSS(85), MLIS( 151 12585 2"6')-'3(53)5 ('\2'6)OR(
2832 9), MLOS( 6) *
2821 g/l L'\s/l?_(gg),gn Ht 1217vs 2/(I)I)TIE/l('\slaf')(’ xl)_%RN(
) (5) 1234 (7)
2821 S§ L,\S/ISL((?SBE 2;' LIS MLOR( 33), MLIR(
’ 1192 31), ®MN ( 13), CN
1605 1614s | MLOB(85) 1192 (8)
MLOB( 66), SMN ( MLIR( 39), MLOR(
1604 23) 1189 33),CN (7)
MLOB( 87), MLIR( MNR ( 50), MLOR(
1595 7) 24), MLIR( 14),
MLOB( 87), MLIR( 1186 MNT ( 7)
1593 7) 1120m | MLOR(49), MNT (
1581 1582vvs | SMN( 83) 1133 24), MLIR(16)
MNS ( 67), MLOBY( Logg | 1072m | 1073m ;’gNM(S(g’ '\é“-OR(
1569 22) ). MLIR( 6)
CN (69), CC (
MLIB( 82), MLOR( v
1561 g) 1062 16), MLOR( 7)
1048 uCN (71), MLOR(
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vw-very weak; w-weak; m-medium; vs-very strong; s-
strong;v-stretching; ~ SS-  symmetric  stretching;  AS-
asymmetric stretching; IP- in-plane stretching; OP- out of
plane stretching; TD- trigonal deformation; AD- asymmetric

Copyrights @Kalahari Journals

12), MLIR( 7) deformation; ADO-out of plane asymmetric deformation; PU-
CN (53), MLOR( Puckermg, AT—gsy_mmetrlc tor5|o_n, ATO-out-of ;?Iane
asymmetric torsion; ML- Methyl; MN- Methylene;p
1032m | 13), CCPS( 12), Rocking: 5-Scissorind: o-Waading- »Twisti
1037 MNR ( 7). ocking; 8-Scissoring; w-Wagging; 3Twisting
L00ts o5 oCC (48) vCN | 4.5 Charge.AnaIyS|s
1006 24), CCPS ( 19) 4.5.1 Atomic charge analyses
uCN  (76), CCPS ( The atomic charge of a molecule is an essential chemical
859 857vs 869 16) property and used to elucidate in chemical reactivities the
electronegativity equalization, electronic structures, charge
PMN (61), bCN ( transfer mechanism. Atomic charges of NTE are presented in
841 | 14),TMN (12), Table 5. Atoms C5 and C8 atom have larger negative charge
838 T™N (11) among all carbon atoms which confirms these atoms involve
in the intra-molecular hydrogen bonding interactions. From
796 735vvs | 791m ll)g)N (74), MNR ( The Table 5, one hydrogen atom from each methyl group
higher than other two hydrogens are reasonably suitable for
5005 CNSD (/54), CCPS ( the intra-molecular interaction in solid states.
485 18), oCN (11) Table 5 Natural Charge of NAA
4 SCN ?\IZSI%’ CZClPS( Atoms | Natural | Atoms | Natural | Atoms | Natural
S53vww | 25), CNSD (21), Charge Charge Charge
472 oCN (16)
N1 - H13 0.18898 | N1 -
a11vs | CNSD (69), pCN ( 0.55717 0.55717
419 12),
N2 - H14 0.16004 | N2 -
oCN (57), pCN ( 0.55717 0.55717
371 375Ws | 19y, CNSD
C3 - H15 0.19189 | C3 -
oCN ( 46), oCN( 0.16938 0.16938
342 33w 5
C4 - H16 0.19027 | C4 -
pCN ( 25), CCPS( 0.16938 0.16938
208 z‘gNClesD( 23) c5 : H17 | 015922 | C5 :
vCN (18) 0.35549 0.35549
278m | @GN (58), CNSD( C6 - H18 | 0.19010 | C6 -
280 23), pCN (' 11), 0.34983 0.34983
o0sw | PCN (46), oCN ( C7 - H19 0.19010 | C7 -
204 34) 0.34983 0.34983
TN (87), TML ( c8 - H20 0.15922 | C8 -
199 10) 0.35549 0.35549
T™N (48), CNW ( HO9 0.16444 | H21 0.19027 | H9 0.16444
17), t™ML ( 11),
CCPS(10), MNR ( H10 0.18692 | H22 0.16004 | H10 0.18692
187 7) H11 0.16444 | H23 0.18898 | H11 0.16444
170w | TMN (60), T™ML ( H12 0.18692 | H24 0.19189 | H12 0.18692
184 20),
CCPS( 45), CNW . . .
131w | (19). CNSD ( 14) 4.5.2 Electrostatic Potential Analysis
144 tML (12), CNR (10) The Molecular Electrostatic Potential (MEP) map is a
qualitative explanation of nucleophilic and electrophilic
112 ™ML (92) reaction sites. The MEP map of the NTE molecule is also
26 TML ( 83), pCN( g:spla_yed in Fig. 6. Thus, th_e most negative region (Red and
79 10) ue) is that 91_‘ the ar_ound nitrogen atoms which are Whereqs
the most positive(white and green) is the methyl group. This
T™L (68), TMN ( contributes to a cooperative effect charge transfer providing
10 17), CNSD( 11) additional stability to the system.
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Fig 6 Electrostatic Potential Map
4.6 ELF AND LOL Analysis

ELF is a measure of the possibility of outcome an electron in
the vicinity of a reference electron positioned at a given point
and has the same spin [21,22]. High ELF values around 0.9e
are colored red the series fall away through green to blue for
middle ELF values ~0.5e. The lowest value is represented by
blue. Furthermore, a n-c* anomeric effect is estimated
between the lone pair nitrogen atoms [23]. This ought lead to
a deformation of the ELF sharing around the methyl groups.
The 2D plot of ELF and LOL in the hydrogen bonding region
is shown in Fig. 7. The monosynaptic lone pair regions of N
occupy more space and then it can attract the H atom of
methyl group, leading to hydrogen bonding.

Fig 7 Colour filled Electron Localization
Functionofhydrogen bonding region in

LOL is based on comparing local non-interacting kinetic
energy density with uniform electron gas density (Causa et al.,
2015). LOL values are less than 0.5, which exhibits the non-
covalent interactions. The covalent regions are seen between
hydrogen and nitrogen atoms, indicated by red color with high
LOL value, the electron depletion regions between valence
shell and inner shell are shown by the blue circles around the
carbon and oxygen nuclei. LOL conveys a more significant
and perfect portrait than ELF.

4.7 Reduced Density Gradient Analysis

Non-Covalent interaction analysis is frequently used to
evaluate intra and inter-molecular non-covalent interactions.
The reduced density gradient (RDG) analysis is relied on
electron density and its derivatives, purely be responsible for
the region of these interactions besides their pictorial
reference. A graphical representation offers beneficial
information on the effectiveness and nature of interactions.
The repulsive, attractive, and van der Waals interactions
correspond to sign(A2) p> 0, sign(A2) p< 0 and sign(A2) p=0,
respectively [24-25]. 2D scatter and Isosurface density plots
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illustrating the non-bonded interactions of RDG isosurface are
shown in Fig.8.

The RDG plot between the negative area -0.045 to -0.025 a. u.
highlighted by blue colour depicts a more favourable
interaction due to strong hydrogen bonds. The red colour in
the centre of the methyl group around nitrogen atoms indicate
steric effect, which is also visible in the scatter plot in the
positive 0.015 to 0.03 a. u. areas. Green color reveals van der
Waals interactions between the hydrogen atoms, which is also
seen from RDG plot between regions -0.02 to 0.005 a. u.

2.00 0,020
1.80 0.015
1.60 0.010
A i 0.005

o i o 0,000

it 2

g o i 0.005

B oo k! -0.010

= q -0.015
.50 3 -0.020
0.40 3 -0.025
020 { 0,030
0.00 . ' -0.035

2 28 8§ 382 3 8 8 &3 8

sign(izlp (a.u.)

Fig 8 Reduced Density Gradient Analysis

4.8 Antimicrobial Activity

The NTE molecule was screened for its in vitro antimicrobial
activity against bacterial and fungal strains by agar well
diffusion method. The activity was determined by measuring
the inhibition zone diameter values (mm) of the investigated
compound. The antimicrobial activity test for microbial
strains were measured and mentioned in the Tables 6. and the
photographed are shown in Figure 9. The molecule NTE was
tested for its antimicrobial activity against human pathogens
of clinical isolates (Salmonella paratyphi, Shigella sp.,
Staphylococcus aureus, Streptococcus pyogenes and
Klebsiella pneumonia).
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Fig 9 Antimicrobial Activity of NTE

NTE showed a maximum inhibition of zone diameter 36mm
by Klebsiella pneumonia. This is followed by Staphylococcus
aureus, Streptococcus pyogenes and Staphylococcu saureus
with a diamter shows resistant to NTE. Comparative study
results in a high degree zone of inhibition seen in
streptomycin than ciprofloxacin. Penicillin G showed very
less zone of inhibition of the selected pathogens. Klebsiella.
pneumoniae can be treated with antibiotics if the infections
are not drug-resistant. These results clearly indicate that the
compound has antimicrobibacterial activities against the
tested organisms. The presence of methyl group is responsible
for the antibacterial action.

Table 6 Antimicrobial activity of NTE

concerned involved numbers that are multiples of five: [26—
31]. All these expected values as given in Table 7 are satisfied
within the acceptable range. A molecule can be a suitable
candidate for drug and it is clear that NTE is a good candidate
to be utilized as a drug because it satisfies four Lipinski rules.

Table 7 Drug likeness parameters calculated for title

molecule
Descriptors Calculated Expected
Molecular mass(Dalton) 116 <500
Hydrogen bond donor 0 <5
Hydrogen bond acceptor | 2 <10
Log P 0.1096 <5
Molar refractivity 42.1079 40-130

Zone of inhibition (diameter in
SI.N | Microorganis mm)
0 ms Ciprofloxa | Streptomy | Penicill
cin cin inG
1 Salmonella 20 6 6
paratyphi
2 Shigella spp. | 20 6 6
3 Staphylococc | 20 20 6
us aureus
4 Streptococcus | 20 16 6
pyogenes
5 Klebsiella 36 17 7
pneumonia

4.9 Drug likeness

An extensive choice of potential medicinal applications fort
this substance showed a drug-likeness test on the
SwissADME [30] online platform. According to the rule of
thumb, orally absorbed drugs ought to have the tendency to
obey Lipinski’s rule of five. The rule was derived from an
analysis of compounds from the World Drugs Index database
aimed at identifying features that have been important in
making a drug orally active. It has been found that the factors
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5. Conclusion

A detailed exploration of the structural, vibrational,
electronic, and biological properties of NTE was analysed
using spectroscopic techniques and DFT computation
methodology. The HOMO-LUMO energy gap is 5.186 eV
indicating that the molecule would be stable and bioactive.
The reactive areas of the molecule are schematically depicted
using MEP and it is highly electrophilic around the nitrogen
atoms, enabling it to interact with proteins produced from
amino acids. The antibacterial test supports vital antibacterial
efficacy against the Klebsiella pneumonia. that causes urinary
tract infections, pneumonia, and meningitis. NTE is
appropriate to be used as an antibacterial therapeutic because
it vividly matches the Lipinski rule of five and also shows
inhibitory action against the tested bacterial strains.
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