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((2, 4-dinitrophenyl) amino)-5-methyl-2-phenylimidazolidin-4- one

(1) and 3-((2,4-dinitrophenyl) amino)-2-phenylimidazolidin-4- one (2)
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were carried out using the Density Functional Theory method. The
geometrical parameters of the molecules in the ground state was
optimized at the DFT-B3LYP level of theory and ab initio method
using 6-31G (d,p) basis set. Bond angle and bond length were
calculated from optimized geometry. The calculated bond angle and
bond length indicated that both the molecules are planar. Various
quantum chemical parameters such as dipole moment (u), energy
difference (AE), softness (S) and global hardness (1), highest occupied
molecular orbital (EHOMO) and lowest occupied molecular orbital
(ELUMO) has been calculated in order to elucidate the adsorption and
corrosion inhibition behavior of the molecules. The anticorrosive
ability of the molecules was also established.

INTRODUCTION: Nitrogen-based heterocyclic

Assistant Professor,

Department of Chemistry, RSM
SNDP Yogam Arts and Science
College. Koyilandy, Kozhikode -
673305, Kerala, India.

E-mail: namithasajish@gmail.com

Possess  physiological and  pharmacological

chemistry is an important and unique class among
the applied branches of organic chemistry, with a
significant amount of research dedicated to the
development of novel molecules and composites.
These molecules have received increasing attention
over the past two decades. They contributed to the
development of numerous organic synthesis
protocols and found abundant applications in the
chemical sciences ' ° Many N-heterocyclic
compounds are broadly distributed in Nature.
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properties and are constituents of many biologically
important molecules, including many vitamins,
nucleic acids, pharmaceuticals, antibiotics, dyes,
and agrochemicals, amongst many others & 1°,
Moreover, they form an integral part of many
pharmacologically active molecules.

Density functional theory (DFT) is one of the
important tools of quantum chemistry to understand
popular chemical concepts like electronegativity
and chemical potential ionization potential and
electron affinity etc 1+ 2 13, The electron density-
based local reactivity descriptors, local hardness h,
14 local softness s(r) and the Fukui function f (r) 15
were proposed to explain the chemical selectivity
or reactivity at a particular site of a chemical
system. It has also been shown that local hardness
is a reliable intermolecular reactivity descriptor and
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the local softness and Fukui function are more
reliable intramolecular site selectivity descriptors
16, 1718, 19 Several attempts have been made to
evaluate the Fukui function indices. Parr and Yang
proposed a finite difference (FD) approach to
calculate FF indices, i.e.,  nucleophilic,
electrophilic, and radical attacks 2°. Corrosion of
metals is a major issue in various industrial fields,
resulting in huge economic losses. Several
approaches are therefore employed to reduce the
corrosion process of mild steel and one of these
approaches is the use of corrosion inhibitors.

Organic compounds, which can donate electrons to
the unoccupied d orbital of the metal surface to
form coordinate covalent bonds and can also accept
free electrons from the metal surface by using their
anti-bonding orbital to form feedback bonds,
constitute excellent corrosion inhibitors. Quantum
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chemical methods have already proven to be very
useful in determining the molecular structure as
well as elucidating the electronic structure and
reactivity. Quantum chemical studies have been
successfully performed to link the corrosion
inhibition efficiency with molecular orbital (MO)
energy levels for some kinds of organic compounds
21 In this study, we intend to find the theoretical
parameters which influence the reactivity of 3-((2,
4-dinitrophenyl) amino)-5-methyl-2 —phenylimida
zolidin-4-one (1) and  3-((2,4-dinitrophenyl)
amino)-2-phenylimida zolidin-4-one (2) by using
Gaussian 09 calculations.

Experimental Details: The compounds under
study were prepared in our laboratory and the
structures were confirmed with spectral studies %’.
The chemical structure of the compounds is shown
in Fig. 1.

_N"—N
OQN 2

CHs
3-((2.4-dinitrophenylJamino }-3-methyl-2-

phenylimidazolidin-4-one

H
C—MN—N
J.’ H
HN 0 QoM ND2

3-{(2,4-dinitrophenyljamino)-
2-phenylimidazolidin-4-one

2

FIG. 1:

Computational Details: To obtain stable
structures, the geometrical parameters of the
ground state were optimized at the DFT-B3LYP
level of theory and ab initio method using a 6-31G
(d,p)basis set. The molecular geometry was not
restricted, and all the calculations (geometric
parameters and other molecular properties) were
performed by using the Chemcraft molecular
visualization program and Gaussian 09 program
package on a computing system 22, The optimized
geometry corresponding to the minimum on the
potential energy surface has been obtained by
solving the self-consistent field equation iteratively.
The harmonic vibrational wavenumbers have been
analytically calculated by taking the second-order
derivative of energy using a similar level of theory.
The optimized geometrical parameters such as,
bond lengths and angles, HOMO, LUMO, dipole
moment, the first-order hyperpolarizability (B)
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electron affinity (EA), ionization potential (IP),
dipole moment (W), hardness (n), softness (S) ,
absolute electronegativity (y), electrophilicity index
(w), fractions of electrons transferred (AN) and
back donation (AE) fukui indices and the Mulliken
charges were calculated.

The energies of HOMO and LUMO are related to
the IP and EA, respectively, in the framework of
Koopmans’s theorem. IP= -EHOMO, EA=-
ELUMO, y = (IP+EA)/2, n= (IP-EA)/2. The S is
defined as the inverse of n. Chemical potential (),
which is half of the energy of HOMO and LUMO
p= (EHOMO+ELUMO)/2. Electrophilicity is a
descriptor of reactivity. Q = p2/2n. An electronic
back donation process might govern the interaction
between the metal surface and inhibitor molecule
according to the simple charge transfer model for
donation and back donation of charges.
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If both processes occur, charge transfer to the
molecule and back donation from the molecule, the
energy change is directly related to the hardness of
the molecule. AE Back donation = n/4. The AE
Back-donation shows that when n > 0 and AE
Back-donation < 0 the charge transfer to a
molecule, followed by a back-donation from the
molecule, is energetically preferred. It is possible to
compare the stabilization among inhibiting
molecules since there will be an interaction with
the same metal. It will decrease as hardness
increases. The fraction of electrons transferred
(AN) from the inhibitor molecule to the metallic
atom was calculated according to Pearson
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electronegativity scale 2. AN= yFe- yinh/2
(nFetninh). Where y Fe and y inh denote the
absolute electronegativity of iron and inhibitor
molecule respectively nFe and ninh, denote the
absolute hardness of iron and the inhibitor
molecule respectively. In this study, we use the
theoretical value of yFe=7.0 eV 24 and nFe = 0 by
assuming that for a metallic bulk 1 = A 25 because
they are softer than the neutral metallic atoms. The
optimized geometry for the studied compounds are
shown in Fig. 1, Fig. 2. shows the shapes of the
highest occupied and lowest unoccupied molecular
orbital (HOMO and the LUMO) for these
structures, drawn by Chemcratft.

OPTIMIZED GEOMETRY STRUCTURE OF 3-((2, 4-DINITROPHENYL) AMINO)-5-METHYL-2-PHENY L
IMIDAZOLIDINE-4-ONE (1)
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RESULTS AND DISCUSSION:
Optimized Geometry Parameters:

TABLE 1: THE CALCULATED BOND LENGTH OF 3-((2, 4-DINITROPHENYL) AMINO)-2-PHENYLIMIDA
ZOLIDIN-4-ONE
Atoms  Bond Length  Atoms Bond Atoms Bond Atoms Bond Atoms Bond

Length Length Length Length
R(1-2) 1.396 R(6-35) 1.083 R(13-14) 1.41 R(20-22) 1.416 R(25-29) 1.381
R(1-3) 1.397 R(7-8) 1.087 R(13-17) 1.226 R(21-23) 1.458 R(26-28) 1.083
R(1-10) 1.085 R(7-9) 1.41 R(14-15) 1.383 R(21-25) 1.395 R(26-29) 1.402
R(2-4) 1.086 R(9-12) 1.454 R(14-36) 1.076 R(22-24) 1.082 R(29-30) 1.463
R(2-6) 1.392 R(11-12)  1.369 R(15-16) 1.009 R(22-26) 1.378 R(30-31) 1.232
R(3-5) 1.086 R(11-13) 1.48 R(18-19) 1.019 R(23-33) 1.227 R(30-32) 1.231
R(3-7) 1.391 R(11-18) 1.376 R(18-20) 1.374 R(23-34) 1.245 R(19-34) 1.843
R(6-9) 1.408 R(12-15) 1.34 R(20-21) 1.425 R(25-27) 1.081 R(27-33) 2.318

TABLE 2: THE CALCULATED BOND ANGLE OF 3-((2, 4-DINITROPHENYL) AMINO)-2-PHENYLIMIDA ZOLIDIN-4-ONE
In Between Angle InBetween Angle InBetween Angle InBetween Angle InBetween Angle
A(2-1-3) 119.6 A(9-6-35) 1199 A(11-18-19) 116.6 A(21-20-22) 117.1  A(33-23-34) 123
A(2-1-10) 120.2 A(6-9-7) 118.8  A(11-18-20) 119 A(20-21-23) 122.4  A(23-33-27) 89
A(1-2-4) 120 A(6-9-12) 121.7  A(12-15-14) 1132  A(20-21-25) 121.2 A(23-34-19) 109.2
A(1-2-6) 120.6 A(8-7-9) 120 A(12-15-16) 122.1 A(20-22-24) 1184  A(27-25-29) 120.9
A(3-1-10)  120.2 A(7-9-12) 119.6  A(14-13-17) 137.1  A(20-22-26) 121.6 A(25-27-33)  96.5
A(1-3-5) 120.2  A(9-12-11) 130 A(13-14-15) 108.6  A(23-21-25) 116.3 A(25-29-26) 121.1
A(1-3-7) 120.2  A(9-12-15) 1253  A(13-14-36) 129.3 A(21-23-33) 1184  A(25-29-30) 119.3
A(4-2-6) 119.4  A(12-11-13) 1121  A(15-14-36) 122 A(21-23-34) 118.6  A(28-26-29) 119.2
A(2-6-9) 120.2  A(12-11-18) 1243 A(14-15-16) 1244  A(21-25-27) 119.8 A(26-29-30) 119.6
A(2-6-35) 1199 A(11-12-15) 104.8 A(19-18-20) 1147 A(21-25-29) 119.4  A(29-30-31) 117.3
A(5-3-7) 119.6  A(13-11-18) 121.9 A(18-19-34) 129.3  A(24-22-26) 120 A(29-30-32) 117.8
A(3-7-8) 119.4  A(11-13-14) 101.2 A(18-20-21) 122.1  A(22-26-28) 121.2 A(31-30-32) 124.8
A(3-7-9) 120.6  A(11-13-17) 121.7 A(18-20-22) 120.6 A(22-26-29) 119.6
A(2-1-3) 119.6 A(9-6-35) 119.9 A(11-18-19) 116.6 A(21-20-22) 117.1

TABLE 3: THE CALCULATED BOND LENGTH OF 3-((2, 4-DINITROPHENYL) AMINO)-5- METHYL-2-
PHENYLIMIDA ZOLIDIN-4-ONE.

Atoms Bond Atoms Bond Atoms Bond Atoms Bond Atoms Bond
Length Length Length Length Length

R(1-2) 1.397 R(7-8) 1.087 R(14-15) 1.383 R(22-24) 1.082 R(30-31) 1.232

R(1-3) 1.397 R(7-9) 1.411 R(14-35) 1.488 R(22-26) 1.378 R(30-32) 1.231

R(1-10)  1.085 R(9-12) 1452  R(15-16) 1.01 R(23-33)  1.227  R(35-37)  1.092
R(2-4) 1086  R(11-12) 1371  R(18-19)  1.018  R(23-34) 1245 R(35-38)  1.098
R(2-6) 1392  R(11-13) 1469  R(18-20) 1374  R(25-27)  1.081  R(35-39)  1.098
R(3-5) 1086  R(11-18) 1377  R(20-21) 1425  R(25-29) 1381  R(19-34)  1.845
R(3-7) 1391  R(12-15) 1344  R(20-22) 1416  R(26-28)  1.083  R(27-33)  2.317
R(6-9) 1409  R(13-14) 1414  R(21-23) 1458  R(26-29)  1.402

R(6-36) 1.083  R(13-17) 1.23 R(21-25) 1395  R(29-30)  1.462
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TABLE 4: THE CALCULATED BOND ANGLE OF 3-((2, 4-DINITROPHENYL) AMINO)-5-METHYL-2-
PHENYLIMIDA ZOLIDIN-4-ONE

In Between Angle InBetween Angle InBetween Angle InBetween Angle InBetween Angle
A(2-1-3) 119.5 A(6-9-7) 118.6  A(12-15-14) 113.7 A(21-20-22) 117.1  A(23-33-27) 89
A(2-1-10) 120.3 A(6-9-12) 121.8  A(12-15-16) 122 A(20-21-23) 1225  A(23-34-19) 109.2
A(1-2-4) 120 A(8-7-9) 120 A(14-13-17) 1355 A(20-21-25) 121.3  A(27-25-29) 120.9
A(1-2-6) 120.7 A(7-9-12) 119.6  A(13-14-15) 107.6 A(20-22-24) 1184  A(25-27-33) 96.5
A(3-1-10) 120.2  A(9-12-11)  130.2 A(13-14-35) 128.1 A(20-22-26) 1216  A(25-29-26) 121.1
A(1-3-5) 120.2  A(9-12-15) 1254  A(15-14-35) 1243 A(23-21-25) 116.3  A(25-29-30) 119.3
A(1-3-7) 120.3 A(12-11-13) 112 A(14-15-16) 124 A(21-23-33) 1184  A(28-26-29) 119.2
A(4-2-6) 119.3 A(12-11-18) 1244  A(14-35-37) 107.7 A(21-23-34) 118.6 A(26-29-30) 119.6
A(2-6-9) 120.3 A(11-12-15) 104.4  A(14-35-38) 1129 A(21-25-27) 119.8 A(29-30-31) 117.3
A(2-6-36) 119.8 A(13-11-18) 1219 A(14-35-39) 1129 A(21-25-29) 1194  A(29-30-32) 117.8
A(5-3-7) 1195 A(11-13-14) 102.2  A(19-18-20) 1148 A(24-22-26) 120.1  A(31-30-32) 1248
A(3-7-8) 119.3  A(11-13-17) 1224  A(18-19-34) 129.2 A(22-26-28) 121.2  A(37-35-38) 107.7
A(3-7-9) 120.7 A(11-18-19) 116.6 A(18-20-21) 1222 A(22-26-29) 119.6 A(37-35-39) 107.7
A(9-6-36) 119.9 A(11-18-20) 119.1 A(18-20-22) 120.6 A(33-23-34) 123 A(38-35-39) 107.7

The optimized bond lengths and angles for the
thermodynamically preferred geometry determined
at B3LYP/6-31G (d,p) levels are represented in
Tables 1, 2, 3 & 4 in accordance with the

molecule shown in Fig. 1 & 2. In the studied
compounds from the bond length, the inner angle
and outer angles suggested that the molecule is
planar.

TABLE 5: THE CALCULATED MULLIKEN CHARGE VALUES OF IMIDAZOLIDINONES

ATOMS gN ATOMS gN ATOMS gN ATOMS gN
C1 -0.0798 c21 0.2151 C1 -0.0780 c21 0.2152
c2 -0.0932 c22 -0.1053 c2 -0.0930 c22 -0.1067
Cc3 -0.0881 N23 -0.3844 c3 -0.0882 N23 0.3848
H4 0.1021 H24 0.1240 H4 0.1038 H24 0.1247
H5 0.0987 C25 -0.1064 H5 0.1007 C25 -0.1063
Ccé -0.0991 C26 -0.0797 cé -0.0961 C26 -0.0797
c7 -0.1311 H27 0.1824 c7 -0.1284 H27 0.1826
H8 0.0832 H28 0.1481 H8 0.0868 H28 0.1486
C9 0.1165 C29 0.2354 c9 0.1148 C29 0.2355
H10 0.0989 N30 0.3846 H10 0.1010 N30 0.3848
N11 -0.4660 031 -0.4001 N11 -0.4616 031 -0.3998
C12 0.4923 032 -0.3974 C12 0.4982 032 -0.3972
C13 0.5101 033 -0.3830 C13 0.5283 033 -0.3826
Cl4 0.1992 034 -0.4356 cl4 -0.0220 034 -0.4356
N15 -0.5825 C35 -0.3798 N15 -0.5368 H35 0.1024
H16 0.2815 H36 0.1009 H16 0.2874 H36 0.1253

017 -0.5703 H37 0.1594 017 -0.5588
N18 -0.4485 H38 0.1160 N18 -0.4486
H19 0.3236 H39 0.1188 H19 0.3240
C20 0.3703 C20 0.3706

The calculated Mulliken charge values of 3-((2, 4-
dinitrophenyl) amino)-5-methyl-2-phenylimida
zolidin-4-one (1) and 3-((2,4-dinitrophenyl) amino)
-2-phenylimida zolidin-4-one (2) using B3LYP
levels of theory and basis set is listed in Table 5.
As seen from Table 5, for 3-((2, 4-dinitrophenyl)
amino)-5-methyl-2-phenylimida zolidin-4-one (1)
Cl, C? C8 C5 C7, Cc?? C%, C®* atoms exhibit a
substantial negative charge, which are donor atoms.
C% Ct2, cB, cl c®, c?, Cc® atoms exhibit a
positive charge, which is acceptor atoms.

International Journal of Pharmaceutical Sciences and Research

All the H atoms have positive charges. All the N
and O atoms also exhibit a negative charge, which
is donor atoms. In the case of 3-((2, 4-
dinitrophenyl) amino) -2-phenylimida zolidin-4-
one (2) C%, C?, C3, C8 C’, C14 C?, C®, C* atoms
exhibit negative charges, which are donor atoms.
C% C*2, C13, C?, C?%, C?° atoms exhibit a positive
charge, acceptor atoms. All the H atoms have
positive charges. All the N and O atoms also
exhibit a negative charge, which is donor atoms.
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These atoms may also play an important role in the
biological activity of the molecules.

Frontier Molecular Orbital Analysis: FMO
analysis is a physical property used to determine,
ability to absorb light, electronic as well as optical
properties of organic compounds 25. In molecular
interaction, the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital
(LUMO) play the key role. HOMO is the orbital
that has the ability to donate electrons, and its
energy corresponds to ionization potential (I P.),
while LUMO has electrons accepting ability, and
its energy corresponds to an electron affinity (EA).
FMO analysis was computed with additional
keyword pop = full.

TABLE 6: THE FMO PARAMETERS

E-ISSN: 0975-8232; P-ISSN: 2320-5148

The parameters are listed in Table 6. Parr et al.,
have reported that the frontier molecular orbitals of
a molecule decide its physical and chemical
properties play an important role in the electric and
optical properties; also, the electrophilicity index
values increase with increasing chemical and
biological activities for the reacting species in a
biological system.

As the energy gap decreases, there is a decrease in
excitation energy for the excited states, low
stability, and hence highly reactive. Here 3-((2, 4-
dinitro phenyl) amino)-5-methyl-2-phenylimida
zolidin-4-one (1) has the lowest energy gap value,
highest chemical potential, and lowest hardness
value ',

Molecular Property

B3LYP/6-31G(d,p)

Compond1 Compound 2

Eromo -5.0208 eV -5.2429 eV

ELumo -2.8033 eV -2.8218eV

Energy gap 2.2175eV 2.4211 eV

lonisation potential (IP) 5.0208 eV 5.2429 eV

Electron affinity(EA) 2.8033 eV 2.8218eV
Global hardness () 1.4017 1.2106
Chemical softness(s) 0.7134 0.8260
Chemical potential(m) -3.9121 -4.0324
Global electrophilicity(w) 5.4593 6.7157

Total energy -1267.2023 -1227.8781
static dipole moment u 10.8505 11.0354
AEBack donation 0.3504 0.3027
Electronegativity 3.9121 4.0324
The fraction of electrons transferred (4N) 1.1015 1.2257

The calculated dipole moment of compound 1 is
10.8505, and compound 2 is 11.0354. The very
high value of dipole moment results in stronger
intermolecular interactions and high reactivity.
Values of AN show that the inhibition efficiency
resulting from electron donation agrees with
Lukovit’s study !°. If AN < 3.6, the inhibition
efficiency increases by increasing the electron-
donating ability of these inhibitors to donate
electrons to the metal surface. The results indicate
that AN values are in good agreement with
Lukovit’s study. So in the experimental studies also
the molecules may act as a good anti-corrosive
agent.

CONCLUSION: The optimized geometry
parameters such as bond angle, bond length of the
previously  synthesized compounds  3-((2,4-
dinitrophenyl)  amino)-5-methyl-2  phenylimida

International Journal of Pharmaceutical Sciences and Research

zolidin-4-one (1) and 3-((2,4-dinitrophenyl)amino)-
2-phenylimidazolidin-4-one (2) 27 were calculated
using Gaussian 09 software by DFT method.
Various quantum chemical parameters such as
dipole moment (u), energy difference (AE),
softness (S) and global hardness (1), highest
occupied molecular orbital (EHOMO) and lowest
occupied molecular orbital (ELUMO) has been
calculated in order to elucidate the adsorption and
corrosion inhibition behavior of the molecules. The
anticorrosive ability of the molecules was
established.
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