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Abstract

In this work, we report an efficient synthetic strategy for accessing novel 1,4-disubstituted-
1,2,3-triazole-1,3-oxazole hybrids. The synthesis involves a two-step, three-sequence ap-
proach: a multicomponent reaction, subsequent oxidation, and the Van Leusen reaction.
This operationally simple protocol proceeds under mild reaction conditions and allows
the rapid assembly of structurally diverse heterocyclic systems. Three new hybrid mole-
cules were synthesized and structurally characterized. To investigate their biological po-
tential, we performed bioactivity prediction studies using cheminformatics tools. Polo-
like kinase 3 (PLK3), a serine/threonine-protein kinase involved in cell cycle regulation
and apoptosis, was identified as a potential molecular target, for which docking studies
were performed, obtaining good ligand efficiency.

Keywords: 1,4-disubstituted 1,2,3-triazoles; 1,3-oxazoles; Polo-like kinase 3; CuAAC

1. Introduction

Heterocyclic chemistry has continuously evolved over the years, contributing signif-
icantly to advancements in biological sciences, chemistry, and materials science [1].
Among heterocyclic compounds, certain scaffolds exhibit remarkable versatility in mod-
ulating biological activity depending on their chemical functionality. These scaffolds, of-
ten referred to as privileged structures, have become essential frameworks in medicinal
chemistry. Thus, one of the current challenges in synthetic and medicinal chemistry is the
development of hybrid molecules that combine at least two privileged scaffolds into a
single framework. Such molecular hybrids often display enhanced bioactivities compared
to the reference drugs [2—-4].

On the other hand, 1,4-disubstituted-1,2,3-triazoles and 1,3-oxazoles are well-recog-
nized privileged motifs widely employed in the design of bioactive compound libraries
with potential pharmacological relevance [5,6]. Figure 1 illustrates some FDA-approved
drugs that incorporate either a 1,2,3-triazole or a 1,3-oxazole scaffold.
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Figure 1. Some examples of drugs containing 1,4-disubstituted-1,2,3-triazoles and 1,3-oxazoles moi-

eties.

In continuation of our research on the development of novel synthetic strategies for
the rapid and simple construction of hybrid compounds [7-11], we herein report a concise
two-step strategy for the synthesis of three novel 1,4-disubstituted-1,2,3-triazole-1,3-ox-
azole hybrids. This approach integrates a multicomponent reaction, a subsequent oxida-
tion, and the Van Leusen reaction, obtaining moderate yields. Furthermore, the synthe-
sized compounds were evaluated in silico to predict their potential biological activities,
revealing that they may act as promising Polo-like kinase 3 (PLK3) inhibitors, as sup-
ported by molecular docking studies.

2. Materials and Methods

2.1. Experimental Section

All reagents, reactants, and solvents were purchased from Merck (Darmstadt, Ger-
many) without further purification. NMR spectra were recorded in a Bruker AMX Ad-
vance III spectrometer (500 MHz) (Bruker Daltonics, Bremen, Germany). HRMS spectra
were acquired on a Bruker MicroTOF-II spectrometer (Bruker Daltonics, Bremen, Ger-
many). Melting point was determined on a Fisher-Johns melting point apparatus (Fisher
Scientific International, Pittsburgh, PA, USA) and are uncorrected.

2.2. General Procedure for Aldehyde-1,2,3-Triazol 10a—c

The synthesis of aldehyde-1,2,3-triazole 10a was previously reported by our research
group [12]. Compounds 10b and 10c were synthesized following the same procedure,
varying only in the benzyl bromide derivative employed.

2.3. General Procedure for 1,4-Disubstituted-1,2,3-Triazole-1,3-Oxazoles 12a—c

Aldehyde-triazole 10a—c (1.0 equiv), p-toluenesulfonylmethyl isocyanide (1.1 equiv),
and potassium carbonate (2.5 equiv) were placed into a sealed pressure tube. Anhydrous
MeOH (0.1 M) was then added, and the mixture was stirred at 120 °C for 30 min until
complete consumption of the starting material was confirmed by TLC. The reaction
mixture was concentrated to dryness under reduced pressure. The residue was dissolved
in 15 mL of DCM and washed with 15 mL of water. The aqueous layer was extracted with
DCM (2 x 10 mL). The combined organic extracts were washed with water (2 x 15 mL),
dried over anhydrous Na250s, and concentrated under reduced pressure. The crude
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product was purified by column chromatography using hexane/ethyl acetate (6:4, v/v) as
the eluent to afford the desired 1,4-disubstituted-1,2,3-triazole-1,3-oxazoles.
5-(1-benzyl-1H-1,2,3-triazol-4-yl)oxazole (12a):

Yellow solid (39 mg, 48%); mp = 129-133 °C; Rr = 0.23 (Hex:EtOAc 6:4 v/v);']H-NMR
(500 MHz, CDCls): 7.87 (s, 1H), 7.69 (s, 1H), 7.50 (s, 1H), 7.40-7.38 (m, 3H), 7.32-7.30 (m,
2H), 5.59 (s, 2H). 3C NMR (125 MHz, CDCls): d = 150.2, 143.7, 137.7, 134.1, 129.2, 129.0,
128.1, 123.0, 120.2, 54.3. HRMS (ESI*): m/z: Calcd. for C12HuN+«O[M+H]*: 227.0933; Found:
227.0938.

5-(1-(2-fluorobenzyl)-1H-1,2,3-triazol-4-yl)oxazole (12b):

Yellow solid (33 mg, 38%); mp = 126-130 °C; Rr = 0.26 (Hex:EtOAc 6:4 v/v);'H-NMR
(500 MHz, CDCls): 7.89 (s, 1H), 7.79 (s, 1H), 7.51 (s, 1H), 7.42-7.37 (m, 1H), 7.34 (tdd, ] =
7.5,1.7,0.5 Hz, 2H), 7.20-7.13 (m, 2H), 5.66 (s, 2H). 3C NMR (125 MHz, CDCls): d = 160.6
(d,J=248.4Hz), 150.3, 131.2 (d, ] =8.2 Hz), 130.7 (d, ] = 3.2 Hz), 124.9 (d, ] = 3.8 Hz), 123.1,
120.3, 1159 (d, J = 20.9 Hz), 47.9. HRMS (ESI*): m/z: Calcd. for Ci2H1o0FN«O[M+H]*:
245.0839; Found: 245.0852.

5-(1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-yl)oxazole (12c):

Yellow solid (28 mg, 41%); mp = 139-143 °C; Rr = 0.20 (Hex:EtOAc 6:4 v/v);]H-NMR
(500 MHz, CDCls): 7.89 (s, 1H), 7.70 (s, 1H), 7.50 (s, 1H), 7.33-7.30 (m, 2H), 7.10-7.07 (m,
2H), 5.57 (s, 2H). BC NMR (125 MHz, CDCls): d = 162.9 (d, ] = 246.1 Hz), 150.3, 143.6, 137.8,
130.0 (d, J = 8.3 Hz), 129.1 (d, ] = 29.7 Hz), 123.1, 120.0, 116.2 (d, ] = 22.0 Hz), 54.3. HRMS
(ESI*): m/z: Calcd. for Ci2H1o0FNsO[M+H]*: 245.0839; Found: 245.0846

2.4. Computational Details

The 2D structures of the designed molecules were sketched using ChemDraw 19.1,
converted into 3D structures on Avogadro 2 and optimized to ensure proper geometry
and energy minimization. Docking studies were performed using Molegro Virtual Docker
5.0 to predict the binding energies of the designed compounds. The crystal structure of
serine/threonine-protein kinase PLK3 was retrieved from the Protein Data Bank (PDB ID:
4B6L). All solvent molecules and non-essential ligands were removed prior to docking.
The docking procedure employed the MolDock Score [GRID] with a resolution of 0.30 A,
MolDock SE, and the following parameters: 10 runs, a population size of 50, 1500 maxi-
mum iterations, 300 maximum steps, a neighbor distance of 1.0, and an energy threshold
of 100. The binding site was defined with coordinates x = 52.64, y = -6.92, z=-2.14, and a
radius of 16 A. With these parameters, an RMSD of 1.14 A was obtained for the co-crys-
tallized ligand, thereby validating the docking protocol.

3. Results and Discussion

Our study began with the synthesis of the key precursors” aldehyde-1,2,3-triazoles
10a-c through a two-step sequence as depicted in Scheme 1. Initially, a three-component
multicomponent reaction (3-CR MCR) was performed using propargyl alcohol 7, sodium
azide 8, and benzyl bromide derivatives 9a—c, according to the conditions reported by
Zhao et al. [13]. This MCR involved two sequential processes: a bimolecular nucleophilic
substitution (SN2) and a copper-catalyzed alkyne-azide cycloaddition (CuAAC). After
the reaction was complete by TLC, the solvent was removed, and the crude product—
without further purification —was subjected to mild oxidation using IBX, yielding the al-
dehyde-1,2,3-triazoles 10a—c in moderate yields.
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Scheme 1. Synthesis of aldehyde-1,2,3-triazoles 10a—c via a two-step sequence: MCR/oxidation.

Subsequently, the second reaction step involved the Van Leusen reaction using p-
toluenesulfonylmethyl isocyanide (TosMIC) 11 under the conditions previously devel-
oped by our group with slight modifications, affording three novel 1,4-disubstituted-1,3-
oxazoles hybrids 12a—c¢ in moderate yields within 20 min of reaction time. Notably, the
triazole-oxazole hybrid system scaffold remains scarcely described in the literature; only
one report involves the use of isocyanides, and none has employed the Van Leusen reac-
tion as the key step. This highlights the relevance of our work in expanding the structural
diversity of this underexplored heterocyclic system.

o
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Scheme 2. Synthesis of 1,4-disubstituted-1,2,3-triazole-1,3-oxazoles hybrids 12a—c via Van-Leusen

reaction.

To preliminarily evaluate the biological potential of the synthesized triazole-oxazole
hybrids, a target prediction analysis was conducted using the freely accessible PASS-
Online platform [14]. This analysis suggested a potential inhibitory activity against the
serine/threonine-protein kinase PLK3, a key regulator involved in cell cycle progression,
DNA damage response, and apoptosis [15]. Based on this prediction, a molecular docking
study was performed with PLK3 (PDB: 4B6L). The docking results (Figure 2) revealed
binding energy (ET) values ranging from —-112.89 to —119.48 kcal/mol and ligand efficien-
cies (LE) between —6.27 and —6.73 kcal/mol for the synthesized hybrids (12a—c), compared
to the reference ligand 9ZP (ET = -185.51 kcal/mol, LE = -5.30 kcal/mol). Notably, com-
pound 12c¢ displayed the most favorable binding energy (—119.48 kcal/mol) among the
synthesized series. Although the hybrids showed less negative binding energies than 9ZP
(13), indicating a moderately lower predicted binding affinity, their ligand efficiencies sur-
passed that of the reference, suggesting a more efficient interaction per heavy atom within
the PLK3 active site. This observation is relevant from a drug design perspective, as high
ligand efficiency often indicates a better starting point for lead optimization, allowing fur-
ther substitution or extension without rapidly compromising binding quality.
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Figure 2. Binding energy (ET) and ligand efficiency (LE) values for the synthesized triazole-oxazole
hybrids 12a—c and the reference inhibitor 13 docked into the PLK3 active site (PDB: 4B6L).

Finally, Figure 3 illustrates the binding mode of the lowest-energy binding
compound, 12¢, within the active site of PLK3 (PDB: 4B6L). The ligand is stabilized by
multiple interactions, including conventional hydrogen bonds with Lys91 and Asp203, as
well as —mt stacking interactions with Phe192. Additional hydrophobic contacts with res-
idues such as Leu68, Leul39, and Vall23 further contribute to the ligand stabilization.
This interaction pattern supports the docking score results, indicating that the hybrid mol-
ecule can effectively occupy the binding pocket and potentially interfere with the enzy-
matic activity of PLK3.
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[] carbon Hydrogen Bond B Fi-pi T-shaped
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N | [ P-Sulfur

Figure 3. Molecular interactions of hybrid 12c within the active site of serine/threonine-protein ki-
nase PLK3 (PDB: 4B6L) obtained through molecular docking studies.

4. Conclusions

In conclusion, we established a concise two-step synthetic strategy to obtain three
novel 1,4-disubstituted-1,2,3-triazole-1,3-oxazole hybrids via MCR/oxidation/Van Leusen
sequence. All compounds were characterized, and in silico studies suggested potential
PLKS3 inhibition, with compound 12¢ showing the most favorable binding profile. These
findings expand the chemical diversity of triazole—oxazole scaffolds and highlight their
promise as starting points for kinase-targeted drug discovery.
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