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Abstract: A novel synthetic strategy to obtain acylhydrazone-oxazole hybrids in three-step reactions
in moderate to good yields is reported. The key step reaction consists in a Van Leusen reaction using
a bifunctional component of both an aldehyde and a functional group. The target molecules were
evaluated via in-silico by molecular docking with the main protease enzyme of SARS-Cov-2, where
two acyl hydralazine-oxazoles yielded good predicted free energy values in comparison to the co-
crystalized ligand.
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1. Introduction

Both 1,3-oxazoles and acylhydrazones based molecules are of biological and phar-
macological relevance as they are considered pharmacophoric subunits [1-4]. Some ex-
amples of drugs or drugs candidates containing these pharmacophoric fragments are
shown in Figure 1. In addition, the biological diversity of acylhydrazones is due to the
nitrogen atom of the azomethine group having the lone pair of electrons in its sp> hybridized
orbital and to the presence of geometrical isomers E and Z of azomethine group [5-7].
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Figure 1. Drugs and drugs candidates containing 1,3-oxazole and acylhydrazone scaffolds.
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On the other hand, molecular hybridization is a novel strategy within medicinal
chemistry that has as its main objective the search and efficient development of new can-
didate drug molecules. It is based on the combination of two of more pharmacophores of
different bioactive substances to produce a hybrid compound with better biological activ-
ity and pharmacokinetic profile when compared to parent drugs [8-10]. Hybrid molecules
can be prepared by linking the pharmacophoric fragments directly or with spacer agents
[11]. Herein, we report a novel synthetic strategy to obtain the acyl hydrazone-oxazole
hybrids 7a—h by using the molecular hybridization strategy and based on the pharmaco-
logical relevance of 1,3-oxazoles and acylhydrazones derivates (Figure 2).

5
.,

~

Molecular O
+ hybridization
0 | e— HN—N\
0
H \ |/
R
7a-h

R = 4-(2-pyridyl), 4(4-pyridyl), 2-F 4-F, 3-F, 3-
Cl, 4-OMe, 3,4,5-OMe

- S

Figure 2. Molecular hybridization strategy to obtain our target molecules by combining the 1,3-
oxazoles and acylhydrazones scaffolds.

In addition, with the global health problem caused by SARS-CoV-2 that generates
COVID-19 and that has infected and killed millions of people worldwide, medicinal and
synthetic chemists are challenged to find new molecules that can act as possible antiviral
agents for the inhibition of this virus [12-18]. Thus, we decided to evaluate the target mol-
ecules via in-silico by molecular docking with the main protease enzyme of SARS-Cov-2.

2. Materials and Methods
2.1. Experimental Section and Computational Details

All reagents, reactants and solvents were purchased from Merck (Darmstad, Ger-
many)) without further purification. Melting points (uncorrected) were determined on a
Fischer apparatus. Thin-layer chromatography (TLC) was performed with silica gel plates
from Merck (silica gel 60 F2s) and by using as eluent a mixture of heptane-AcOEt. NMR
spectra were recorded at 400 MHz for 'H and 100 MHz for *C on a Varian Mercury 400
spectrometer, using DMSO-ds as the solvent and TMS as the internal standard. Chemical
Shift () are reported in ppm and | values are given in Hertz. IR spectra were recorded on
a Thermo Scientific NICOLET iS10 by ATR method using neat compounds. The wave-
lengths are reported in reciprocal centimeters (v/cm™).

2.1.1. Ligand Preparation

All the structures of compounds 7a-h were modeled as 2D structures with the soft-
ware ChemBio Draw Ultra 12.0 (Perkin Elmer, San Bernardino, USA) [19] and were con-
verted into 3D structures in MDL format. Their protonated states were then computed
using the online tool Chemicalize [20]. The geometries of the compounds and co-crystal-
ized ligand were calculated at the semiempirical AM1 level in the Gaussian 16 software
package [21]. Finally, using Autodock Tools [22], the ligands were prepared by adding
polar hydrogens and Gasteiger charges and rotatable (i.e., single) bonds were assigned by
default and a pdbqt file was generated.
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2.1.2. Receptor Preparation

The X-ray coordinates of the Mrr protease receptor of SARS-CoV-2 were retrieved
from the Protein Data Bank [23] (PDB code: 6L.U7). Molecular water was removed from
the crystallographic structure and the final preparation and minimization of the receptor
structure was carried out using the Dock Prep module of Chimera software [24] using the
AMBER-£f14SB force field. Lastly, Kollman charges were added using Autodock Tools
and a pdbqt file was generated.

2.1.3. Docking Calculations

Rigid receptor molecular docking was carried out in Autodock4 using the Lamarck-
ian genetic algorithm [25]. We used grid maps with 70 x 70 x 70 points in the active site of
the receptor with the coordinates x =-12.202, y =11.499, z=69.669 and a grid-point spacing
of 0.375 A. AD4.dat parameters were applied to all the ligands. The parameters used were
10 runs, a population size of 100 and a run-termination criterion of a maximum of 27,000
generations or a maximum of 10,000,000 energy evaluations. The visualization and anal-
ysis of the nonbonded interactions as hydrogen bonds of the best poses were carried out
using Discovery Studio Visualizer software [26].

3. Results and Discussion

The novel acylhydrazones-1,3-oxazoles hybrids were synthetized via a three-step re-
action and is shown in Scheme 1. The first step reaction is the global key step due to the
formation of the first pharmacophoric fragment (1,3-oxazole moiety) via a Van Leusen
reaction by the previously described method by research team [27]. The reacting TOSMIC
and the bifunctional aldehyde component 8 that contain a methyl ester group provided
the intermediate methyl ester-1,3-oxazole 10 in good yield. The second step was the hy-
drazinolysis reaction of the methyl ester group by using hydrazine hydrate to give the
intermediate hydrazide-1,3-oxazole 12 in moderate yield. Finally, the third step was the
Schiff condensation of hydrazide-1,3-oxazole 12 with different functionalized aldehydes
13 to give the novel acyl hydrazone-oxazole hybrids 7a—h in moderate to good yields. In
addition, fluorinated aromatic aldehydes were used given the biological and pharmaco-
logical relevance of fluorine in medicinal chemistry.
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Scheme 1. General synthetic route for the synthesis acylhydrazones-1,3-oxazoles hybrids 7a-h.

Moreover, to explore the possible mode or modes of interaction of compounds 7a-h
against the Mr of SARS-CoV-2, molecular docking studies were carried out. N3 was the
reference compound as a co-crystalized ligand in the receptor (PDB: 6LU7), which has the
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active site in position His41 and Cys145, as some key residues for the Mrr protease inhi-
bition [28]. The predicted free energy and affinity constant values are listed in Table 1.

Table 1. Results of docking studies of the tested acylhydrazone-oxazole hybrids.

Compound AG (kcal/mol) ki (uM) pki
7a =7.72 2.19 5.66
7b ~7.76 2.05 5.69
7¢ ~7.53 3.04 5.52
7d -7.21 5.14 5.29
7e -7.28 4.6 5.34
7f ~7.58 2.79 5.55
78 -8.22 0.94 6.03
7h -7.5 3.17 5.50
N3 7.7 1.70 5.77

Almost all the predicted free energy for all the acylhydrazone-oxazole hybrids are
comparable N3. Nevertheless, only 7a, 7b and 7g (Figure 3), showed the lowest free energy
with some interesting ligand-receptor interactions such as m-sulfur interaction between
Cys145 and Met161 residues in the active site with the 1,3-oxazole moiety (Table 2).

Cl

7
c

Figure 3. Acylhydrazone-oxazole hybrids with the best predicted free energy in docking studies.
Current efforts to inhibit the Mp of SARS-CoV-2 take into account the presence of
Cys145 as a site of inhibition [28]. Notably, this residue is capable of interacting with aro-

matic systems like the 1,3-oxazole moiety (Figure 4, which is present in the synthesized
compounds in our research group.

Table 2. Results of docking studies of acylhydrazone-oxazole hybrids.

Compound Residues of Interaction Type of Interaction

Cys145 r-sulfur

7a Met165 r-sulfur
Thr190 m-amide
Cys145 Hydrogen bond

7b Met165 r-sulfur
Thr190 m-amide

7g Cys145 rt-alkyl

Met165 mt-sulfur
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Figure 4. Poses of the best predicted acylhydrazone-oxazole hybrids ligands into the active site of MP™ protease of SARS-
CoV-2. (A): 7a; (B): 7b and (C): 7g.
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4. Conclusions

A novel synthetic strategy to obtain acylhydrazone-oxazole hybrids in three-step re-
actions in moderate to good yields (36-86%) is reported. The developed synthetic meth-
odology offers operational simplicity and allows obtaining the target molecules in a fast
and efficient way and with a diverse electronic environment. The prediction of m-sulfur
interactions opens a possibility to investigate the chemical characteristics that these ligands
may present in diverse environments including the active site of M of SARS-CoV-2.
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