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Abstract: Vibrational spectral analysis and quantum
chemical computations based on density functional
theory have been performed on the antimicrobial agent
6-(1,3-benzodioxol-5-ylmethyl)-5-ethyl-2-{[2-(morpholin-
4-yl)ethyl]sulfanyl}pyrimidin-4-(3H)-one. The equilibrium
structural geometry, various bonding features and
harmonic vibrational wavenumbers of the title compound
have been investigated using DFT-B3LYP function at
6-311++G(d,p) basis set. The detailed interpretations of the
vibrational spectra have been carried out with the aid of
VEDA 4 program. The various intramolecular interactions
of the title compound have been exposed by natural bond
orbital analysis. The FT-IR and FT-Raman spectra of the
title molecule have been recorded and analyzed. Blue-
shifting of the C-H wavenumber along with a decrease
in the C-H bond length attribute for the formation of the
C-H...O hydrogen bonding provide an evidence for a charge
transfer interaction. Also, the distribution of natural
atomic charges reflects the presence of intramolecular
hydrogen bonding. The analysis of the electron density of
HOMO and LUMO gives an idea of the delocalization and
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the low value of energy gap indicates electron transfer
within the molecule. Moreover, molecular docking studies
revealed the possible binding of the title molecule to
different antimicrobial target proteins.

Keywords: Pyrimidinones; Thiouracils; DFT; Molecular
docking; HOMO-LUMO.

1 Introduction

Heterocyclic compounds bearing nitrogen atoms in their
structural skeletons are found in many biologically active
natural products and display appreciable therapeutic
applications: among them, pyrimidines which constitute
eminent parts in the chemistry of nucleic acids [1]. The
pyrimidine system constitutes the key pharmacophore of
several non-nucleoside chemotherapeutic agents due to
their ability to inhibit vital enzymes responsible for DNA
biosynthesis, such as dihydrofolate reductase, thymidylate
synthetase, thymidine phosphorylase and reverse
transcriptase [2]. In addition, the multi-functionalized
pyrimidines exhibit diverse pharmacological efficiencies
including anticancer [3-5], antiviral [6], antitubercular [7],
antibacterial [8], anti-fungal [9] and anti-inflammatory
[10] activities. Uracils are pyrimidine derivatives which
are considered as privileged structures in drug innovation
process due to their wide spectrum of biological activities,
synthetic accessibility and ability to give drug like
properties [11-13].

On the other hand, a number of biologically active
molecules have the 1,3-benzodioxole fragment in their
chemical skeletons and they display a wide array of
biological activities such as anticancer [14], antioxidant
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[15], antiprotozoal [16] and immunomodulatory [17]
activities.

Molecular hybridization is a well documented effective
strategy in synthetic medicinal chemistry to get bioactive
new chemical entities [18]. Covalent combination of two
or more drug pharmacophores into a single molecule gave
molecular hybrids which might devoid of unwanted side
effects with concomitant synergic effect and better activity
in many cases [19].

Molecular hybridization of thiouracil nucleus and
1,3-benzodioxole fragment furnished the title compound
6-(1,3-benzodioxol-5-ylmethyl)-5-ethyl-2-{[2-(morpholin-
4-yl)ethyl]sulfanyl}pyrimidin-4(3H)-one which displayed
antimicrobial activity against Bacillus subtilis, Bacillus
cereus and Aspergillus niger with minimum inhibitory
concentration (MIC) value of 0.19 pmol/mL [20]. Therefore,
we were encouraged to carry out the current spectroscopic
characterization and density functional theory (DFT)
computations on the title compound aiming to get more
insights into its electronic properties as well as its natural
charge distribution which might influence the interaction
with its target protein. Moreover, molecular docking
studies explored the possible binding mode of the title
compound to its target protein.

2 Materials and methods

2.1 General

The FT-Raman spectrum of the title compound was carried
out on a Bruker RFS-27 FT-Raman spectrometer (Bruker,
Billerica, MA, USA) in the region 4000-50 cm”. The 1064
nm line of Nd:YAG laser operating at 100 mW power was
used for excitation and the spectral resolution was 2 cm™.
The FT-IR spectrum of the title compound was recorded
in the 4000-400 cm® range using a Perkin Elmer RXL
spectrophotometer (Perkin-Elmer, Ayer Rajah Crescent
Level, Singapore), with sample in KBr using pellet press
method. The spectral resolution was 1 cm™.

2.2 Synthesis

The title compound molecule was prepared as previously
reported in the literature [20].
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2.3 Computational details

All DFT computations of the title compound have been
performed using Gaussian ‘09 [21] program package at the
Becke3-Lee-Yang-Parr (B3LYP) level with 6-311++G(d,p)
basis set [22-25]. In order to correct the over-estimations
arising from some negative factors such as basis set
incompleteness and anharmonicity characters of the
vibrational modes, the calculated wavenumbers were
scaled using a uniform scaling factor of 0.9673 [26].
The distributions of assignment of the calculated
wavenumbers were aided by VEDA4 program [27]. Natural
charge analyses along with HOMO-LUMO have been used
to elucidate information regarding charge transfer within
the molecule. The Raman activities (S,) calculated in the
harmonic frequency calculations were later converted
to relative Raman intensities (I) using the following
relationship derived from the basic theory of Raman
scattering [28].

fvo—v)*Si
I, = < Chey @
i)l

e

where v, is the exciting wavenumber (in cm?), v, is the
vibrational wavenumber of the i normal mode, h, c and
k are the universal constants and ‘f” is a suitably chosen
common scaling factor for all the peak intensities. The
simulated IR and Raman spectra were plotted using pure
Lorentzian band shapes with a full width half maximum
(FWHM) of 10 cm™.

Ethical approval: The conducted research is not
related to either human or animals use.

3 Results and Discussion

3.1 Synthesis

The title compound was prepared as depicted in Schemes
1 and 2 by adopting the reported procedure [20]. The
spectral data of the title molecule were in agreement with
the reported ones [29].

3.2 Optimized geometry
The optimized molecular structure of 6-(1,3-benzodioxol-

5-ylmethyl)-5-ethyl-2-{[2-(morpholin-4-yl)ethyl]
sulfanylpyrimidin-4(3H)-one  obtained from DFT
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Reagents and conditions: i) NaBH,, methanol, RT, 18 h; ii) SOCL, RT,
18 h; iii) NaCN, KI, DMF, RT, 18 h

Scheme 1: Preparation of the intermediate compound 4.
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Scheme 2: Preparation of the title molecule 8.

calculations at B3LYP level with 6-311++G(d,p) basis set
is shown in Figure 1 and the geometrical parameters
obtained from optimized geometry and XRD data are
presented in Table 1. The asymmetry of the benzene ring
is evident from the negative deviation in the bond angles
of C36-C35-C34 and (C37-C38-C39 as well as the positive
deviation of the remaining angles from the normal value
of 120°, which might be attributed to the presence of
1,3-dioxolane group. The interesting structural features of
the title compound are the decrease of the cyclic angles
C36-C35-C34 and C37-C38-C39 along with the increase
of the neighbouring angles around the ring indicating a
charge transfer (CT) interaction in the 1,3-benzodioxole
moiety. Similarly, the decrease of the bond angle of C39-
C34-C35 by ~3.4° and the increase of the bond angle of
C34-C39-C38 by ~2.42° is associated with CT interaction
between the 1,3-benzodioxole and pyrimidinone groups.
The DFT calculations also gave a decrease in the bond
angle of C31-C34-C35 by 0.35° and an increase in the
bond angle of C31-C34-C39 by 0.75° from 120° at C34
position. This asymmetry of exocyclic angles reveals
the repulsion between the CH, group and the phenyl
ring. Hyperconjugation of the carbonyl group with the
adjacent C18-C19 single bond, which is evident from the
bond distance of 1.22 and 1.46 A for C18=023 and C18-C19,
respectively.

The contraction of the C1-H8 bond length (1.091 A)
from the other methylene C-H bonds and the H8....042
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Figure 1: The optimized molecular structure of the title molecule
based on the B3LYP/6-311++G(d,p) level of basis set.
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Figure 2: Linear curve fitting plots of the calculated and
experimental bond lengths and bond angles parameters for the title
compound.
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Table 1: The calculated optimized geometrical parameters of compound at B3LYP/6-311++G(d,p) level of basis set.
Bond length Calc. Expt. Bondangle Calc. Expt. Torsion angle Calc. Expt.
(Y] (Y] © © © ©
C1-C2 1.54 1.51 C2-C1-N6 108.64 111.34 N6-C1-C2-03 39.29 -58.69
C1-N6 1.47 1.46 C2-C1-H7 109.07 109.31 N6-C1-C2-H9 161.58 179.61
C1-H7 1.09 0.97 C2-C1-H8 111.59 109.31 N6-C1-C2-H10 -79.07 62.19
C1-H8 1.10 0.97 N6-C1-H7 108.62 109.43 H7-C1-C2-03 157.52 62.33
C2-03 1.43 1.43 N6-C1-H8 111.29 109.39 H7-C1-C2-H9 -80.18 -58.79
C2-H9 1.10 0.97 H7-C1-H8 107.58 107.98 H7-C1-C2-H10 39.16 59.40
C2-H10 1.09 0.97 C1-C2-03 112.94 111.11 H8-C1-C2-03 -83.77 -179.67
03-C4 1.42 1.42 C1-C2-H9 109.24 109.39 H8-C1-C2-H9 38.53 59.40
C4-C5 1.53 1.51 C1-C2-H10 110.41 109.40 H8-C1-C2-H10 157.87 -58.79
C4-H11 1.10 0.97 03-C2-H9 109.64 109.43 C2-C1-N6-C5 -58.27 54.39
C4-H12 1.09 0.97 03-C2-H10 105.90 109.38 H7-C1-N6-C5 -176.78 -66.56
C5-N6 1.48 1.47 H9-C2-H10 108.59 108.07 C1-C2-03-C4 19.51 59.80
C5-H13 1.09 0.97 C2-03-C4 113.39 108.80 H9-C2-03-C4 -102.56 -170.34
C5-H14 1.10 0.97 03-C4-C5 111.13 111.84 H10-C2-03-C4 140.47 -61.08
S15-C16 1.78 1.75 03-C4-H11 110.80 109.25 C2-03-C4-C5 -64.03 -59.41
S15-C16 1.81 1.75 03-C4-H12 106.56 109.26 €2-03-C4-H12 176.48 179.52
C16-N17 1.36 1.37 C5-C4-H11 110.70 109.45 03-C4-C5-N6 43.98 57.39
C16-N21 1.29 1.30 C5-C4-H12 109.72 109.24 03-C4-C5-H13 -74.60 -63.52
N17-C18 1.41 1.38 H11-C4-H12 107.79 107.96 03-C4-C5-H14 165.94 178.28
N17-H22 1.01 0.92 C4-C5-N6 108.89 110.99 H11-C4-C5-N6 -79.60 -63.66
C18-C19 1.46 1.45 C 4-C5-H13 110.13 109.37 H11-C4-C5-H13 161.83 175.43
C18-023 1.22 1.24 C4-C5-H14 109.04 109.45 H11-C4-C5-H14 42.36 57.23
C19-C20 1.37 1.37 N6-C5-H13 108.27 109.45 H12-C4-C5-N6 161.57 178.48
C19-C24 1.51 1.50 N6-C5-H14 111.58 109.47 H12-C4-C5-H13 42.99 57.57
C20-N21 1.38 1.38 H13-C5-H14 108.92 108.05 H12-C4-C5-H14 -76.48 -60.64
C20-C31 1.52 1.51 C1-N6-C5 115.38 109.27 C4-C5-N6-C1 16.74 -53.38
C24-H25 1.09 0.97 N6-C48-H49 110.77 108.91 H13-C5-N6-C1 136.49 67.53
C24-H26 1.09 0.97 C48-C51-515 113.23 112.18 H14-C5-N6-C1 -103.66 -174.21
C24-C27 1.54 1.53 C51-S15-C16 101.48 101.53 S515-C16-N17-C18 -179.60 178.67
C27-H28 1.09 0.96 N17-C16-N21 123.06 123.63 515-C16-N17-H22 0.23 4.48
C27-H29 1.09 0.96 C16-N17-C18 123.17 121.88 N21-C16-N17-C18 0.59 1.81
C27-H30 1.09 0.96 C16-N17-H22 121.45 120.58 N21-C16-N17-H22 -179.58 -175.04
C31-H32 1.09 0.97 C18-N17-H22 115.37 117.47 $15-C16-N21-C20 -179.53 179.24
C31-H33 1.10 0.97 N17-C18-C19 113.72 116.05 N17-C16-N21-C20 0.26 -1.28
C31-C34 1.52 1.52 N17-C18-023 119.58 119.72 C16-N17-C18-C19 -0.28 -0.46
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Table 1: The calculated optimized geometrical parameters of compound at B3LYP/6-311++G(d,p) level of basis set.

Bond length Calc. Expt. Bondangle Calc. Expt. Torsion angle Calc. Expt.
(Y] Y] ©) ©) ©) ©)

C34-C35 1.41 1.39 C19-C18-023 126.70 124.23 C16-N17-C18-023 179.72 179.66
C34-C39 1.40 1.40 C18-C19-C20 118.54 117.45 H22-N17-C18-C19 179.88 176.48
C35-C36 1.38 1.37 C18-C19-C24 115.32 115.97 H22-N17-C18-023 -0.12 -3.39
C35-H43 1.08 0.93 C20-C19-C24 126.14 126.57 N17-C18-C19-C24 179.41 179.68
C36-C37 1.39 1.38 C19-C20-N21 123.55 123.72 023-C18-C19-C24 -0.59 -0.45
C36-040 1.38 1.38 C19-C20-C31 123.69 123.87 C18-C19-C20-C31 -179.14 -177.96
C37-C38 1.38 1.37 N21-C20-C31 112.75 112.41 (€24-C19-C20-C31 0.58 1.05
C37-042 1.38 1.38 C16-N21-C20 117.94 117.24 C18-C19-C24-C27 82.60 74.61
C38-C39 1.40 1.40 C19-C24-H25 107.44 109.00 C20-C19-C24-C27 -97.13 -104.42
C38-H46 1.08 0.93 C19-C24-H26 110.50 108.96 C19-C20-C31-C34 125.59 -11.61
C39-H47 1.08 0.93 C19-C24-C27 113.62 113.05 N21-C20-C31-C34 -55.23 -69.92
040-C41 1.43 1.44 H25-C24-H26 106.72 107.73 C20-C31-C34-C39 -58.13 109.14
C41-042 1.43 1.42 C31-C34-C35 119.12 119.65 H32-C31-C34-C35 -112.75 -129.46
C41-H44 1.09 0.97 C31-C34-H39 121.20 120.75 (31-C34-C35-C36 178.35 175.81
N6-C48 1.46 1.46 €39-C34-C35 119.64 119.54 C31-C34-C35-H43 -1.68 -4.19
C48-H50 1.10 0.97 C31-C34-C39 120.63 120.75 H43-C35-C36-C37 -179.60 -179.26
C48-H49 1.09 0.97 (C34-C39-C38 122.19 122.42 (€35-C36-C37-042 177.61 178.27
C51-H52 1.09 0.97 C34-C35-C36 117.70 117.36 040-C36-C37-C38 -177.75 179.17
C5-H53 1.09 0.97 C37-C38-C39 116.94 116.60 H44-C41-042-C37 -138.76 -116.63

bond distance of 2.59 A, which is shorter than the van
der Waals radii of 2.72 [30], indicate C-H...0 hydrogen
bonding. Similarly C41-H45 bond length (1.083 A) is much
shorter than any other C-H bonds. H45.....040 bond length
is only 2.012 A, which is shorter than van der Waals radii,
indicating hydrogen bonding. The hydrogen bridge tends
to push the two hetero atoms closer to each other.

The linear fitting graphs (Figure 2) manifested the
correlation between the experimental and computed
results. The correlation between the calculated and
experimental bond lengths and bond angles showed
R? values of 0.979 and 0.922, respectively. The statistical
results revealed that the computed results are in good
agreement with the experimental XRD values. Therefore,
this computation method was considered to carry out the
required vibrational studies, natural bond orbital and
Frontier orbital energy analyses.

3.3 Natural bond orbital analysis

The natural bond orbital (NBO) analysis is proved
to be an effective tool for chemical interpretation of
hyperconjugative interactions and electron density
transfer (EDT) from filled lone electron pairs of the n(Y)
of the “Lewis base” Y into the unfilled anti bond o*(X-H)
of the “Lewis acid” X-H in X-H---Y hydrogen bonding
systems [30]. NBO analysis provides a description of
the structure of a conformer by a set of localized bonds,
antibonds and Rydberg extra valence orbitals. Stabilizing
interactions between the filled and unoccupied orbitals
and destabilizing interactions between the filled orbitals
can also be obtained from this analysis [31]. The lowering
of orbital energy due to the interaction between the
doubly occupied orbital and the unoccupied ones is a very
convenient guide to interpret the molecular structure. In
energetic terms, hyperconjugation is an important effect
[32] in which an occupied Lewis-type natural bond orbital
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Table 2: The most important interactions between “filled’ (donors) Lewis-type NBOs and ‘empty’ (acceptors) non-Lewis NBOs of the title

compound.
Donor (i) ED (i)e Acceptor (j) ED (j)e E(2) EG)-E()° F(i,j)
(kcal/mol) (a.u.) (a.u.)
m(C19-C20) 1.77576 m*(C16-N21) 0.36608 10.20 0.26 0.048
m(C19-C20) 1.77576 n*(C18-023) 0.34349 25.90 0.28 0.079
n1(03) 1.96421 0* (C4-H12) 0.01402 2.48 0.96 0.044
n2(03) 1.92515 0*(C4-C5) 0.02547 6.13 0.66 0.057
n2(03) 1.92515 0*(C4-H11) 0.03004 5.83 0.67 0.057
n1(N17) 1.60742 0*(C16-N21) 0.01966 58.60 0.28 0.114
n1(N17) 1.60742 0*%(C18-023) 0.00967 46.00 0.30 0.106
n1(023) 1.97888 0*(N17-C18) 0.09184 1.02 1.07 0.030
n1(023) 1.97888 0*(C18-C19) 0.06139 2.71 1.15 0.050
n2(023) 1.85977 0*(N17-C18) 0.09184 29.10 0.64 0.123
n2(023) 1.85977 m*(C18-C19) 0.06139 16.60 0.72 0.100
n2 (040) 1.86172 0* (C35-C36) 0.37937 25.30 0.35 0.090
n2 (040) 1.86172 0*(C41-H45) 0.03860 6.14 0.68 0.059
n2(042) 1.86390 m* (C37-C38) 0.37833 24.90 0.35 0.089
n2(042) 1.86390 0* (C41-H45) 0.03860 6.22 0.68 0.060

2 Energy of hyperconjugative interactions; * Energy difference between donor and acceptor i and j NBO orbitals; ¢ The Fock matrix element

between i and j NBO orbitals.

is stabilized by overlapping with a non Lewis-type orbital
(either one-center Rydberg or two-center antibonding
NBO). This electron delocalization can be described as
a charge transfer from a Lewis valence orbital (donor),
with a decreasing of its occupancy, to a non-Lewis orbital
(acceptor). Several other types of valuable data, such as
directionality, hybridization and partial charges, were
analyzed in the output of NBO analysis. The second-
order perturbation theory analysis of Fock matrix in the
NBO of the title compound shows strong intramolecular
hyperconjugative interactions, which are presented in
Table 2.

The intramolecular hyperconjugative interactions
are formed by the orbital overlap between m*(C-C) and
1*(C-C) bond orbitals which results in an intramolecular
charge transfer (ICT) causing stabilization of the system
[33]. These interactions are observed as an increase in the
electron density (ED) in C19-C20 anti-bonding orbital that
weakens the respective bonds. The strong intramolecular
hyperconjugative interaction of n electrons from C16-N21
bond to the *(C19-C20) bond of pyrimidine ring increases
ED. Similar effect is shown by m(C19-C20) to m*(C18-023).
Energy E(2) associated with  hyperconjugative
interactions n2(03)->0*(C4-H11), n2(03)~>0*(C4-H12),

n2(042)>0*(C41-H45) and n2(040)->0*(C41-H45) are
obtained as 5.83, 2.48, 6.22 ,6.14 kcal.mol’, respectively
which quantify the extend of intramolecular hydrogen
bonding.

The differences in E(2) energies are reasonably due to
the fact that the accumulation of electron density in the
C-H bond is not only drawn from the n(0O) of hydrogen-
acceptor but also from the entire molecule. The orbital
interaction energy for n2(023)-> 0*(C18-C19) is 16.6 kcal.
mol™and n1(023)> 0*(N17-C18) is 29.1 kcal.mol! which
are higher values than the other delocalizations. This
interaction is responsible for a pronounced increase
of the 023 (1.97888e) orbital occupancy than the other
occupancies, and it is possibly due to hyperconjugation
between 023 and the pyrimidine ring. These ICTs
around the rings can induce large bioactivity in the
molecule. The p-character of the oxygen lone pair orbitals
n2(023) and n1(023) is 99.89% and 40.34%, respectively,
which is a very close to pure m-type lone pair orbital
participates in electron donation to the 0*(C-0)
orbital for the n1(N17)->0*(C18-023) interaction in the
title molecule. Also, an intermolecular hyperconjugative
interaction occurs in n2(S15)->0*(C16-N21) which
increases ED (0.01966e) that weakens the respective
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bond leading to stabilization of 23 kcal.mol®. The
n1(N17)->0*(C16-N21) interaction shows the highest E(2)
energy of 58.6 kcal.mol™.

3.4 Natural population analysis

Natural population analysis provides an effective method
to calculate atomic charges and electron distribution
within the molecule [34]. The net atomic charges of the
title molecule, obtained by means of natural population
analysis [35], are plotted in Figure 3. Very similar negative
charges are noticed for the two oxygen atoms of the
1,3-benzodioxole group. A little more complicated situation
is observed when the charges on the carbon atoms are
considered. All hydrogen atoms have net positive charges
and H22 (0.2073 e) shows more positive charge than
the other hydrogen atoms due to its attachment with a
nitrogen atom and with the oxygen atom of the pyrimidine
ring N-H- -0 via intramolecular hydrogen bonding.
All carbon atoms are negatively charged except C5, C16,
C18, C20, C36, C37 and C41 due to their attachments with
electronegative nitrogen, sulphur or oxygen atoms.

3.5 Vibrational analysis

The vibrational spectral analysis of the title compound
has been performed based on the characteristic vibrations
of its carbonyl, methylene, methyl and N-H groups.
The computed vibrational wavenumbers, their IR and
Raman activities as well as the atomic displacements
corresponding to the different normal modes are used
to identify the vibrational modes unambiguously. The
selected vibrational assignments are presented in Table
3. The experimental and simulated FT-IR and FT-Raman
spectra of the title compound are given in Figures 4 and
5, respectively. Correlation graphs between theoretical
and experimental wavenumbers are given in Figure 6.
There is a good agreement between the calculated and
experimental values with a correlation coefficient (R?)
values = 0.999 for both IR and Raman.

3.5.1 Methyl group vibrations

Methyl groups are generally referred to as electron
donating substituents in the aromatic ring systems. The
methyl hydrogen atoms in the molecule are simultaneously
subjected to hyperconjugation and back donation, which
cause the decrease of stretching wavenumbers and IR
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Figure 3: Natural charge distribution chart of the title molecule.

intensities [36]. Symmetric methyl stretching vibrations
are normally observed between the wavenumbers 2952
and 2972 cm?, while the asymmetric stretching usually
occurs between 2862 and 2882 cm?, respectively [37].
The methyl asymmetric stretching vibration of the title
compound appears at 2973 cm? as strong band in its FT-
Raman spectrum, whereas its symmetric methyl stretching
mode is observed at 2928 cm in its FT-IR spectrum. The
increase in wavenumber by 91 cm? (blue shifting) suggests
the presence of intermolecular hydrogen bonding.

The asymmetrical bending vibrations usually occur
in the range of 1450-1470 cm?, while the symmetrical
bending vibrations appear in the range of 1365-1385 cm?!
[33, 38]. The asymmetrical methyl vibrations generally
overlap with the scissoring vibrations of the methylene
groups. The asymmetrical bending vibrations of the title
compound were identified at 1439 cm? as medium FT-IR
band and at 1441 cm?! as medium FT-Raman band. The
absorption band arising from the symmetrical bending of
the C-H bonds is very stable in position when the methyl
group is attached to another carbon atom.

The rocking mode of the methyl group usually appears
in the region of 1070-1010 cm' [35] and it is observed at
1361 cm? as very weak band in the FT-IR spectrum of the
title compound. Its methyl wagging vibrations occurred at
736 cm™ as weak bands in its FT-Raman spectrum.

3.5.2 Methylene group vibrations
The asymmetrical stretching and symmetrical stretching

bands of the methylene groups occur near 2926 and 2855
cm’, respectively [39]. The wavenumber of the methylene
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stretching is increased when the methylene group is a
part of a strained ring. The qualitative interpretation of
intensities must rely on the understanding of some basic
aspects of intramolecular charge distribution and on their
effects on the IR intensities. The title compound has nine
methylene groups. The CH,(1) and CH,(2) asymmetric
stretching modes manifest their characteristic bands at
2967 and 2973 cm™ as a weak and strong bands in the FT-IR
and FT-Raman spectra of the title compound, respectively.
CH2(3) symmetric stretching band occurs at 2916 cm? in the
FT-IR spectrum of the title compound as strong band and at
2922 cm? in its FT-Raman spectrum as a very strong band.

CH,(4) and CH2(7) show a medium symmetric
stretching band at 2875 cm? in the FT-Raman spectrum
with a blue shifting of 20 cm? along with increase in the
wavenumber of bending vibration by 18 cm? indicating
the possibility of C41-H45...042 intramolecular hydrogen
bond. This possibility can be confirmed from the optimized
geometry and NBO analysis of the title compound. CH,(8)
symmetric stretching mode occurs as a weak band at
2933 cm” Electronic effects including back-donation can
shift the position and alter the intensity of methylene
vibrations. The blue-shifting of the methylene stretching
wavenumbers, point out to the influence of back-
donation in the ring. The spectral analysis reveals that
the methylene symmetric stretching modes are shifted
to higher wavenumbers, probably because of electronic
effects resulting from the influence of the methylene
group on its adjacent groups.

The scissoring bands in the FT-IR spectra of
hydrocarbons occur nearly at constant positions near 1465
cm?, The scissoring modes of methylene groups of the
title compound are observed as strong band at 1483 cm?
in its FT-IR spectrum and as medium bands at 1441 and
1439 cm™ in the FT-Raman and FT-IR spectra, respectively.
Moreover, the vibrational bands corresponding to the
twisting, wagging, and rocking vibrations of the methylene
groups and the in-plane and out-of plane deformation
modes have also been observed and supported by DFT
computations.

3.5.3 Carbonyl group vibrations

The intensity of carbonyl group bands can increase due
to the conjugation or formation of hydrogen bonds. The
carbonyl stretching vibrations in aromatic compounds are
expected in the region of 1700-1640 cm™ [40].

The carbon-oxygen double bond is formed by mn-n
bond between carbon and oxygen and the lone pair of
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electrons on the oxygen atom affects the nature of carbonyl
group. A very weak carbonyl stretching band is formed at
1645 cm? in the FT-Raman spectrum and at 1650 cm? in
the FT-IR spectrum of the title compound. NCO rocking is
identified as weak bands in the FT-Raman spectrum of the
title molecule at 558 cm™.

3.5.4 Aromatic CH vibration

Aromatic CH vibrations occur above 3000 cm [40]. A very
strong FT-IR band is noted at 3129 cm* and a very weak FT-
Raman band at 3198 cm* corresponding to the aromatic
CH stretching. FT-Raman weak bands are also found at
3106, 3066 and 3016 cm?. The intensity enhancement of
C-H stretching wavenumber and decrease in intensity of
the C-H bending wavenumber could be attributed to the
conjugation with ring n system.

3.5.5 NH vibrations

The N-H stretching vibrations generally occur in the region
0f3500-3300 cm™*[40]. The FT-IRband appeared at 3464 cm
has been assigned to N-H stretching vibration. The red
shifting is further enhanced by the reduction in the NH
bond order values due to donor-acceptor interaction. The
N-H in-plane bending mode is observed as a medium band
in the FT-IR spectrum at 1497 cm? and as a weak band at
1511 cm?! in FT-Raman spectrum.

3.5.6 C-Svibrations

The FT-IR stretching mode of the C-S bond usually occurs
at 696 and 671 cm® and Kaur et al. [41] reported that the
C-S stretching mode appeared at 672 cm™. In the title
compound, the C-S stretching band is observed at 466 cm*
in FT-IR spectrum as a medium band.

3.5.7 C-N and C-Cvibrations

The C-N stretching vibrations generally occur in the region
of 1350-1250 cm?. Symmetric stretching of C16-N17 and
C18-N17 shows a weak band in the FT-Raman at 1135 cm.
Similarly, C1-N6 and C5-N6 shows a weak band in the FT-
Raman at 1148 cm™.
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Table 3: The selected vibrational wavenumbers (cm-?), measured infrared and Raman band positions (cm?), and their tentative assignment.

Scaled Wavenumbers Experimental Wavenumber Intensity Assignments with PED%
(cm) (cm*)
IR Raman IR Raman
3446 - 3474 vw 52.13 0.36 v, N17-H22(100)
3097 - 3198 vw 2.87 0.27 Hss C38-H46(92)
3085 - 3106 vw 3.48 0.28 #ss (35-H43(99), #ss C52-H51(66)
3071 - 3066 w 4.60 0.47 #ss C39-H47(92)
3023 - 3016 w 28.26 0.85 Hdss C41-H44(94)
3009 - - 31.38 0.35 Has CH2-1(16), Has CH2-2(12), ¥ss C48-H49(89)
2978 2967 w 2973 s 7.64 0.38 Has CH3, as CH2-1(41), #as CH2-2(70),
2933 2933w - 20.64 0.36 #ss CH2-8(82)
2928 2928 s - 33.74 0.24 1dss CH3 (45)
2921 2916 s 2922vs 40.57 0.27 #ss CH2-3 (64)
2900 - 2875m 41.93 0.60 1#ss CH2-4 (20),CH2-7(35)
2898 2863w 2825w 61.16 0.47 #ss CH2-5 (90),
1677 1650 s 1645 vw 775.72 1.31 #ss C=0 (75)
1607 - 1607 vw 0.01 0.58 1#ss €35-C36(25), ¥ss €36-C37(23),19ss C34-C39(20)
1592 - - 7.32 0.32 #ss €35-C36(17), fiss C37-C38(36), H¥ss C34-C35(12)
1563 1545 m 1541 m 164.15 0.62 Hss N21-C16(32), H#ss C19-C20(37)
1516 - 1511w 405.07 0.34 1#ss C19-C20(23),0sci H22-N17-C16(14)
1487 1483 s - 25.13 0.91 dsci CH2-7(80)
1455 - - 1.10 0.71 dsci CH2-3(11), dsci CH2-4(38),dsci CH2-8(37)
1440 1439 m 1441 m 11.94 0.27 &sci CH2-1(53), 6twi CH3 (20), 6sci CH2(8) (81)
1418 - 1403 vw 7.333 0.76 Osci H22-N17-C16(42)
1378 1379 s 1378 w 2.76 0.38 1C41-H44-040-H45(76),0w H22-N17-C16(42)
1361 - 1361vw 7.08 1.80 or CH3(37)
1353 1357 s - 6.49 0.67 dsci H8-C1-N6(21), TH13-C5-N6-S15(18)
1320 1318 s - 0.25 0.48 0sci H8-C1-N6(27), 1C4-H11-C5-H12(21)
1309 1307 s 1310 w 5.72 0.95 dw H25-C24-C19(29), T H25-C24-C19-C18(11
1194 1246 vs - 34.09 7.34 v, N21-C20(12),ss C19-C24(11), Ffss C18-C19(10)
1175 - - 44.88 0.19 dsci H32-C31-C34(13), T H33-C31-C34-C35(15)
1157 - - 25.58 0.10 dsci H43-C35-C36(25), drH44-C41-042(21)
1155 - 1148 w 14.86 0.29 1#ss N6-C1(32), H¥ss N6-C5(19)
1129 1111 vs 1135w 86.53 0.11 #ss N17-C16(14), 1#ss N17-C18(21)
1089 - 1087 vw 70.41 0.11 #ss 03-C2(17), #ss C4-C5(17), dss C1-C2(15)
1071 - - 14.49 1.59 T C4-C5-03-H(11)

1040 1035 s 1036 vw 26.26 0.06 dss C24-C27(22), dr CH3(10)
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Continued
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Table 3: The selected vibrational wavenumbers (cm-?), measured infrared and Raman band positions (cm™), and their tentative assignment.

Scaled Wavenumbers Experimental Wavenumber Intensity Assignments with PED%
(cm?) (cm?)
IR Raman IR Raman

1008 991 1002 vw 4.78 0.16 #ss C4-C5(13),18ssC1-C2(14)

972 0.90 0.17 Bsci C2-C1-N6(15), T C4-C5-03-H(10), T H13-C5-
N6-S15(14)

965 954 vw 4.50 1.23 #ss C24-C27(18)

909 926 s 907 vw 19.29 0.22 v, €24-C27(10), 5C34-C39-C38(11)

887 859 s 6.12 0.23 0sci N17-C16-N21(12), 1 €31-C20-C34-H32(12)

773 788s 36.99 1.61 TH46-C38-C39-C34(22), 1 023-C19-N17-C18(17)

750 736 w 5.91 0.07 TH25-C24-C19-C18(19), 1023-C19-N17-C8(11),6w
CH3(56)

723 722 m 11.15 0.04 (37-C36-040(12), 1 €35-C36-C37-C38(10)

681 680 m 685 vw 3.99 0.06 v, N6-C1(13), v,, S15-N6(20)

575 566 m 568 vw 6.21 0.70 (5-C4-03(12), T H22-N17-C18-023(10), T C35-C34-
C39-C38(21)

552 558 vw 10.98 0.09 or N17-C18-023(18)

523 5.39 0.05 0sci C16-N21-C20(38)

488 466 m 3.59 0.09 0sci €37-C38-C39(22), f#ss S15-C51(13)

420 4.86 0.06 0C36-C37-C38(32), 5C31-C34-C35(11)

223 218 w 0.81 0.59 0C31-C34-C35(11), T H30-C27-C24-C19(23)

202 197 w 3.59 0.26 0C19-C24-C27(12), 1 C20-N21-C16-S15(19)

170 168 w 1.67 1.00 TN6-C1-C2-03(10)

88 - 88 vs 2.81 0.66 1 C5-N6-515-C16(25)

71 - 70 vs 1.91 0.47 1 C20-N21-C16-N17(15)

v-stretching, 3-bending, t-Torsion, s-strong, vs-very strong, m-medium, w-weak, vw-very weak, ss-symmetric stretching, as-asymmetric

stretching, 6_ -scissoring, dw-wagging, 8 __-rocking, 6,

sci rock twi

3.6 HOMO-LUMO energy gap

HOMO and LUMO are called the frontier orbitals since
they determine the way the molecule interacts with other
species. HOMO is the orbital that could act as an electron
donor, since it is the outermost (highest energy) orbital
containing electrons, while the LUMO is the orbital that
could act as an electron acceptor, since it is the innermost
(lowest energy) orbital that has room to accept electrons.
A single orbital may be both the HOMO and the LUMO
[42]. The lowest singlet transition is the transition from
the HOMO orbital to the LUMO orbital [33] and the
geometrical relaxation can be understood by analyzing
the nodal patterns of the HOMO (-4.15 eV) and LUMO

-twisting, t-torsion.

(-1.55 eV) orbitals with HOMO-LUMO energy gap of 0.2.6
eV for the title compound (Figures 7 and 8). HOMO-LUMO
gap is small because the guest atom orbital(s) are only
partially occupied and leading to a large stabilization of
the LUMO due to the strong electron-accepting ability
of the electron-acceptor group. HOMO localizes on the
1,3-benzodioxole moiety and the LUMOs are localized
on the pyrimidine ring. Consequently, an ED transfer
occurs from the aromatic part of the p-conjugated path in
the electron-donor side to its electron-withdrawing part.
Highly delocalized HOMO indicates that the electrons can
more readily move around the molecule and hence an
improved intramolecular charge transfer (ICT) [43].
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Figure 4: Experimental (a) and simulated (b) IR spectra of the title
molecule.
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Figure 5: Experimental (a) and simulated (b) Raman spectra of the
title molecule.
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Figure 6: Correlation graphs between theoretical and experimental
wavenumbers of (a) FT-IR (b) FT-Raman of the title compound.

3.7 Molecular docking

Molecular docking process involves the prediction of

ligand orientation into its targeted binding site [44]. The
current study was performed using AutoDock 4.2 program
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HOMO =-4.15 eV

Figure 7: HOMO plot of the title compound.

LUMO = -1.55 eV

Figure 8: LUMO plot of the title compound.

[45]. The title molecule was energy minimized based on
the DFT method. Three antimicrobial target proteins
with PDB ID: 3QGT (antimalarial) [46], 3ACX and 1VQQ
(antibacterial) [47, 48] were selected for the present docking
analysis. The three-dimensional structural coordinate files
of the target proteins were downloaded from the research
collaboratory for structural bioinformatics (RCSB) protein
data bank. Grid box size was built 90 x 90 x 90 points as
set to be a catalytic site for all target proteins. The binding
free energy for interactions of the ligand with proteins
3QGT, 3ACX and 1VQQ are -4.69, 3.94 and -3.29 kcal mol?,
respectively. The best result was obtained with the 3QGT
protein for antimalarial activity of the title compound.
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Table 4: Molecular docking results with different target proteins.
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Target protein ID  Docking energy Atoms of ligands

Amino acid residues

Bond distance of No. of hydrogen

(kcal.mol?) involved in docking involved in docking hydrogen bonds (A) bonds
interaction

3QGT -4.69 C4-03 ASN66 1.8 2
C18-023 ARG77 2.5

3ACX -3.94 N17-H22 VAL194 1.7 2
C18-023 LEU189 2.7

vQQ -3.29 N17-H22 SER250 2.0 2
C4-03 GLU246 2.8

Fifty conformations of the title molecule were obtained
and the top-ranked complex was identified which
proved the best fitting. Molecular docking results with
different target proteins are shown in Table 4. Pictorial
representation of the best possible binding pose of the
title compound with 3QGT protein is shown in Figure 9.
Docking analysis showed that the carbonyl group in the
pyrimidine ring and the oxygen atom of the morpholine
group in title compound interact with the ARG77 and
ASN66 residues of the target protein, respectively. The title
compound forms two hydrogen bonds with ARG77 and
ASN66 with distances of 2.5 and 1.8 A, respectively. The
docking results revealed the ability of the title compound
for binding to the antibacterial target proteins (3ACX and
1VQQ) and hence it exhibited antimicrobial potential
which is consistent with its experimental antimicrobial
activity [20]. In addition, prediction of the binding
mode of the title compound to the antimalarial target
protein (3QGT) was also explored and hence its possible
antimalarial potential.

4 Conclusions

A comprehensive FT-IR and FT-Raman spectroscopic
investigations as well as DFT computations were carried
out on the antimicrobial agent 6-(1,3-benzodioxol-5-
ylmethyl)-5-ethyl-2-{[2-(morpholin-4-yl)ethyl]sulfanyl}
pyrimidin-4-(3H)-one. The geometry optimization of the
title molecule exposed its non-planarity. Blue shifting of
the C-H wavenumber along with a decrease in bond length
of C-H attribute the formation of C-H...0 hydrogen bonding.
The possibilities of hydrogen bonding were explained with
the aid of natural charge analysis. NBO analysis showed a
pronounced increase in the lone pair orbital occupancy
and hyperconjugation interactions leading to molecular
stabilization. HOMO-LUMO energy gap suggested the

Figure 9: Binding pose diagram of the title compound to its target
protein.

possibility of intramolecular charge transfer within the
title molecule. Molecular docking results predicted the
antimalarial potential of the title compound due to its
ability to interact with an antimalarial target protein
(3QGT). The results of the current study could support the
development of new potent thiouracil-bearing candidates
in the antimicrobial research area.
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