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ABSTRACT

In this study, a new mannich base 1-(2H-1,3-benzodioxol-5-yl)-3-(morpholin-4-yl)propan-1-one
(Mor) was successfully prepared in good yield. The structure of the title compound was elucidated by
'H-NMR, FT-IR, UV-Vis and electron-impact mass spectroscopy. The inhibitory activity of Mor against
SARS-CoV-2 main protease (Mr*) was investigated by means ofmolecular docking approach. Mor
showed excellent binding affinity to the active residues of MP™ with low binding score energy. Further
improvements in the results were obtained by four designated analogues to Mor, characterized by the
introduction of different methoxyl and hydroxyl substituents. The hydroxyl groups in Mor analogues
significantly improve the binding affinity to the active site of MP* to 56%, the binding energy to
-6.3 kcal/mol, as well as the ability to form hydrogen bonds compared with nirmatrelvir as the
reference Mpro inhibitor.
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INTRODUCTION its top focus areas’. Because viral infections are

prevalent, and new hazardous viral diseases are

Modern medicinal chemistry includes developing due to pathogenic strains such as
research on novel antiviral medicines as one of  Coronaviruses and influenza viruses?. There has
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been a severe outbreak of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) in China
since the end of 2019, prompting a global response
and posing a severe threat to public health. Currently,
there is a limited treatment for COVID-19, which
is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Therefore, identifying
potential pharmacological treatments for this
disorder is imperative.

Nitrogen-containing heterocycles ((N-
heterocycles) received considerable attention due to
their significant therapeutic efficacy*. Heterocycles
containing nitrogen and their synthetic analogs may
produce new medications. Due to their interesting
biological properties, these elements are widely
used in natural or artificial biological processes.?
These compounds possess a wide variety of
chemical structures with anti-inflammatory, anti-
cancer and anti-viral properties, low toxicity, and
the potential to influence multiple cellular targets.®
Some N-heterocycles found in plants, have
long been used as phytochemical medicines’.
N-heterocycles are crucial for biochemical reactions.
biochemical processes in living cells and their
widespread distribution in natural products®. The
primary ingredients of most enzymes consist of
aromatic heterocycles, while the primary ingredients
of most coenzymes are non-amino acids®. The
most important nitrogen-containing heterocyclic
compounds have numerous biological targets with
their structural and pharmacological properties™.

Among many N-containing heterocycles,
morpholine derivatives have attracted considerable
attention due to their biological actions, which can
be found in various therapeutic fields.

Morpholines can be considered a
fundamental class and essential component
in chemical synthesis, and many morpholine
derivatives have attracted attention due to their
unique and diverse uses. It is frequently chosen as a
precursor material for synthesizing enantiomerically
pure-amino acids, -amino alcohols, and peptides.
The popularity of the morpholine moiety can be
attributed to many reasons. For instance, the
oxygen atom at the center of morpholine might
participate in donor-acceptor-type interactions with
the appropriate receptor, increasing binding affinity.
Moreover, the electronegative effect of oxygen
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atom's decreases the nitrogen atom's basicity'3.
In addition, morpholine derivatives are one of the
structural components of many natural sources,™,
such as alkaloids, polygonapholine, chelonian,
antioxidant and chelonian®18.

Chelonian showed antibacterial action
against Bacillus subtilis and an anti-inflammatory
impact, whereas the two novel spiro alkaloids
demonstrated antioxidant characteristics'”. Due to
the aforementioned biological aspects of morpholine,
the current study aims to synthesize new morpholinyl
mannich base and investigate their capability
to inhibit the main protease of SARS-CoV-2 via
molecular docking studies.

MATERIALS AND METHODS

Synthesis of 1-(2H-1,3-benzodioxol-5-yl)-3-
(morpholin-4-yl)propan-1-one (Mor)

Morpholine (1.74 mL, 2.00 mmol),
paraformaldehyde (612 mg, 2.00 mmol) and
hydrochloric acid (few drops) were dissolved in
dimethyl sulfoxide (40 mL) and the mixture was stirred
at 100°C for 12 hours. Then 3,4-(methylenedioxy)
acetophenone (3.35 g, 2.00 mmol) was added to
the mixture, and the pH was adjusted to around
2-3. The reaction was monitored by RP-HPLC-UV
to completeness. The reaction mixture was allowed
to cool to room temperature, neutralized to pH 7
using concentrated NaOH, then poured into distilled
water (60 mL). The formed greyish yellow precipitate
was collected by filtration, washed with acetonitrile,
and left to dry in air to give the title compound (yield
78 %). '"H NMR (500 MHz, CDCl,) 7.56 (dd, J=8.2,
1.7 Hz, 1H), 7.43 (d, J=1.7 Hz, 1H), 6.85 (d, J=8.2
Hz, 1H), 6.05 (s, 2H), 3.71 (t, J=5.0 Hz, 2H), 3.10
(t, J=5.0 Hz, 2H), 2.81 (t, J=5.0 Hz, 4H), 2.53-2.48
(m, 4H). FT-IR: 2895, 2801, 1661, 1588, 1422,1250,
1217, 1013 cm™'; EI-MS m/z [M-H]* 262 (requires for
263.1158 C, H,,NO,).

14" 717

Molecular docking

The ligands were prepared using
ChemSketch in mol forms. Then converted to
PDB forms with OpenBabel online tools converter,
enabling add hydrogens and generate 3D coordinates
functions. The reference, Nirmatrelvir, used in this
study, and was obtained from PubChem library. Their
structures energies were minimized utilizing the
Molecular Modeling Toolkit plugin UCSF Chimera
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software, attempting 5000 steepest descent steps
of 0.02 A and 5000 conjugate gradient steps of 0.02
A.The charges were assigned using antechamber.
The crystal structure of the 3D Mpro was taken from
the Protein Data Bank (PDB ID: 6Y2E). In order to
prepare it for docking analysis, water residues have
been removed, the missed hydrogens were added,
and net charge was computed using antechamber?e.
Then its energy was minimized using the same
tools and protocols used for ligands, utilizing 1000
steepest descent steps and 20 conjugate gradient
steps. Molecular docking was achieved out with
AutoDock Vina plugin UCSF Chimera software.
The grid box size used was (32.0, 61.0, 60.0) A,
centered at (—17.0x-25.0x 16.0) A. Conformers
images interaction with the active sites of M of
SARS-CoV-2 were visualized and processed via
UCSF Chimera software'824,

RESULTS AND DISCUSSION

Synthesis and characterization

The target compound (MOR) was
synthesized using a reported procedure and the
synthetic route is illustrated in Scheme 1. Compound
MOR was synthesized be dissolving morpholine and
paraformaldehyde in DMSO and after adjusting the
PH of the solution to around 2-3, acetophenone
derivative was added and the target compound was
obtained in a good yield.

o
0
0™
(NH + > RCHO, DMSO, HCI >
morpholing  3,4-(methylenedioxy’ 100 nC 12h
acetophencne
Scheme 1. Synthetics route of Mor
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Fig. 1. 'H-NMR spectra of Mor
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The structure of the final compound was
characterized by 'H-NMR, FT-IR and mass spectroscopy.
In "H-NMR (Fig. 1), the disappearance of the singlet peak
around 2.53ppm which corresponds to the CH, group
in the starting materials material (3,4-(Methylenedioxy)
acetophenone)® along with the appearance of the triplet
peak at 3.71 ppm indicate a successful coupling. FT-IR
spectrum (Fig. 2.) did not show any signs of the presence
of NH stretch bands in the range 3310-3350 cm™’
which indicates the formation of C-N bond. The UV-Vis
absorption spectrum of MOR is presented in Fig. 3, and
was carried out in methanol solution (2ppm). The UV-Vis
absorption spectrum of MOR shows a wide absorption
band in the UV region from 200nm to 400nm with four
maxima of absorption (A ) at237, 262, 309 and 315nm.
Fig. 4 showed the mass spectra of MOR using electron
impact technique. The present of the parent molecular
peak with the mass of 262 for m/z [M-H]* was detected.
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Fig. 2. FT-IR spectra of Mor
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Dockinganalysis

MOR ligand was docked to the active
site of MP© with promising binding energy
ranged from-5.5 to -5.9 kcal/mol. The lower
bound RMSD is 0.00 and upper bound is 6.96,
indicating stable and good binding affinity
to Mrre receptor. The binding affinity or the
preferences of the conformers to be docked to
the active site was 44%. To test the efficiency
of the docking investigation, Nirmatrelvir was
docked to the M as a reference. Nirmatrelvir
was thoroughly studied as MP™ inhibitor2s27,
Its shows binding affinity of 11% to the active
pocket, with binding energy of 6.5 kcal/mol and
RMSD ranged from 22.535 to 26.1. Nirmatrelvir
do not show a hydrogen bond to GLU 166
residue as well as catalytic dyad of HIS 41 and
CYS 145, its form hydrogen bond to CYS 44
(Figure 5).

(a) (b)

Fig. 5. (a) Mor in complex form with SARS-CoV-2
main protease with particular attention to the active
residues of GLU 166, CYS 145, HIS 41. (b) The reference
of Nirmatrelvir/MP complexes. Nitrogen atoms of ligands
are blue, oxygens are red, and hydrocarbons are cyan. Blue
lines represent hydrogen bonds, and yellow represent van
der Waals forces
To further improve these results
four compounds were designed, introducing
the different substituents to phenyl group
(Scheme 2). The full results were listed in
Table 1. The replacement of methoxy groups
with hydroxyl groups significantly improve
the efficiency of the docking by increasing
the binding affinity to the active site of MP®,
score energy, as well as the ability to form
hydrogen bonds (Figure 6).
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Scheme. 2. Chemical structures of synthesized MOR,
its designed analogues, and the reference compound
nirmatrelvir

Fig. 6. (a) 1MeO in complex form with SARS-CoV-2 main
protease with particular attention to the active residues
of GLU 166, CYS 145, HIS 41. (b) 10H/MP~ complexes.
(c) diMeO/Mr complexes. (d) diOH/MP° complexes.
Nitrogen atoms of ligands are blue, oxygens are red, and
hydrocarbons are cyan. Blue lines represent hydrogen
bonds, and yellow represent van der Waals forces

All ligands and nirmatrelvir reference
were interacted to the catalytic dyed of HIS
41 and CYS 145 via van der Waals forces.
The compound diOH show high ability to form
hydrogen bonds with several residues including
CYS 145 and GLU 166, with RMSD significantly
higher than that reported for nirmatrelvir, and
comparable binding score energy up to 6.3 kcal/
mol. The carbonyl group in diOH form hydrogen
bond to the important residue GLU 166 with a
distance of 2.195 A. Further, the binding affinity
to the Mp active site is 56%.
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Table 1: The binding affinities the synthesized Mor, its designed analogues, and the reference compound
nirmatrelvir with main protease of SARS-CoV-2 (M?™)

ID Binding  Score RMSD Hydrogen bonding  van der Waals
affinity  Kcal/mol
Mor 44% -55t0-5.9 0.0t06.96 HIS163, MET49, HIS41, SER46, GLU166, THR45,
ASN142, THR25, CYS145, THR24, CYS44, PHE140,
MET165, LEU141, HIS164
diOH 56% -5.5t0-6.3 0.0t05.99 CYS145, HIS163, LEU141, HIS163, PHE140, GLU166, SER144, MET
GLU166, LEU141, 165, MET 49, CYS145, ASN142, HIS41, HIS164, GLY 143,
SER144, PHE140 THR25, LEU27
diMeO 11% -5.4 27.28 to 31.81 - MET49, THR25, LEU27, GLU166, HIS163, HIS41,
ASN142, LEU141, CYS145, SER144, PHE140
10H 44% -5.4t0-5.5 HIS163, GLU166, SER144, ASN142, LEU141, PHE140, HIS163, GLU
LEU 141 166, MET 165, THR 25, HIS 41, CYS 44, CYS 145,
HIS41, THR25
1MeO 11% -5.5 28.87 to 31.28 MET165, GLU166, HIS163, CYS44, MET165, CYS145, MET49,
THR25, SER46, GLN189, THR45, HIS
CONCLUSION SARS-CoV-2 Mr©, especially the compound diOH,

In conclusion, this work presents the
synthesis of the ligand Mor, which was successfully
synthesized and characterized by FT-IR, NMR,
and EI-MS, and UV-Vis. Analogous ligands with
methoxy and hydroxy groups were designed
and their activity against Mpro was investigated
by means of molecular docking approach. The
designed and synthesized ligands showed
excellent binding affinity to the active residues of
Mpr with low binding energy. Our results suggest
that these ligands may be potential candidates for

and thus further studies In vitro and In vivo are
recommended.
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