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Abstract

The importance of 1,2,4-triazole derivatives in modern pharmaceuticals is very high. They
find their application in drug therapy as antifungal, antifungal agents (fluconazole, intra-
conazole). It is worth noting that some 1,2,4-triazole compounds are used in therapy for
the treatment of Alzheimer’s disease, and new, more effective pharmacophores are being
sought to create drugs for neurodegenerative diseases. We have proposed a modernized
method for obtaining a new bis(1,2,4-triazole) derivative using the recyclization reaction
of 4-hydroxy-2,5-disubstituted-1,3-6H-oxazin-6-ones with a bisnucleophilic reagent,
which was m-phenylenedihydrazine. The method of preparation described in the litera-
ture did not lead to the expected products, so it was necessary to select new reaction con-
ditions. 1,1’-(benzene-1,3-diyl)bis[5-benzyl-3-(4-nitrophenyl)-1H-1,2,4-triazole] was ob-
tained by recyclization of 4-hydroxy-2-(4-nitrophenyl)-5-phenyl-6H-1,3-oxazin-6-one
with m-phenylenedihydrazine dihydrochloride in absolute methanol in the presence of
sodium methoxide for 48 h. The structure of the compound was confirmed by 'H, *C NMR
spectroscopy and mass spectrometry. Antifungal and antibacterial activities were deter-
mined by serial dilutions using meat-peptone broth and Sabouraud medium. The yield
based on 4-hydroxy-2-(4-nitrophenyl)-5-phenyl-6H-1,3-oxazin-6-one was 76%. The ob-
tained compound exhibits antimicrobial activity against Staphylococcus aureus with a
minimum inhibitory concentration of 62.5 pg/mL and 125 pug/mL against Candida albi-
cans.

Keywords: bis(1,2,4-triazoles); recycling; m-phenylenedihydrazine dihydrochloride;
antimicrobial activity; Staphylococcus aureus; minimum inhibitory concentration

1. Introduction

The study of compounds related to bis(1H-1,2,4-triazole) derivatives occupies an im-
portant place in the chemistry of heterocyclic compounds, and the significance of these
derivatives in modern pharmaceuticals is great. These structures are active drugs with
antifungal and antimicrobial effects (fluconazole, itraconazole) [1]. A wide range of their
biological activity has also been noted in the literature: antitumor [2], analgesic [3],
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antineurodegenerative [4]. It is known that they can inhibit tumor DNA methylation in
sarcoma 180 [5]. It is worth noting that some bis(1H-1,2,4-triazole) compounds can be used
in the treatment of Alzheimer’s disease [6], and a search is underway for new, more effec-
tive pharmacophores to create drugs for the treatment of neurodegenerative diseases.
Thus, the study of bis(1H-1,2,4-triazole) derivatives is an urgent task in the chemistry of
heterocyclic compounds and modern pharmaceuticals.

2. Materials & Metods

Synthesis of 1,1'-(benzene-1,3-diyl)bis [5-benzyl-3-(4-nitrophenyl)-1H-1,2,4-triazole]
and m-phenylenedihydrazine dihydrochloride was carried out according to known
methods [7,8]. Commercially available solvents were used: «Vecton» methanol,
chemically pure; «EKOS-1» ethyl acetate, chemically pure; and «Vecton» dimethyl
sulfoxide, chemically pure.

Thin-layer chromatography to confirm reaction completion was performed on Silica
gel 60 F254 plates (Merck), eluting with a 4:1 mixture of ethyl acetate and methanol,
visualization under UV light.

H and ®C NMR spectroscopy were used to confirm the structure of the synthesized
compounds. 'H and *C NMR spectra were recorded on a Bruker Advance II spectrometer
(400 and 100 MHz, respectively), using the residual signal of deuterated dimethyl
sulfoxide as an internal standard.

The molecular weights of the synthesized compounds were determined by mass
spectrometry. Mass spectra were recorded on a Flexar FX15 liquid chromatograph
equipped with a quadrupole mass spectrometer and an SQ300 electrospray ionization
source (Perkin Elmer, USA).

Antibacterial activity was determined by serial dilution. A sample of the test
compound was weighed on an analytical balance and dissolved in dimethyl sulfoxide,
with the initial concentration of the compound in the resulting solution being 2000 pg/mL.
One ml of the resulting solution was then added to the first of eight test tubes containing
1 mL of meat-peptone broth. By sequentially transferring 1 mL of the mixture of the
nutrient medium and the test substance from one test tube to another, concentrations of
the test substances ranged from 1000 pg/mL (in the first test tube) to 7.8 pg/mL (in the
eighth test tube). One of the test tubes (control) did not contain the test compound. The
microbial suspension was prepared in sterile saline using a turbidity standard containing
10° microbial cells. The cell suspension was diluted, and 100 pL of the diluted suspension
was added to each test tube. The final microbial load was 107 cells/mL. The test tubes
containing the microorganisms were kept in a thermostat at 36-37 °C for two days. To
determine the minimum inhibitory concentration (MIC), the turbidity of the test tube
contents was compared with the control. Test tubes that showed no signs of growth, or
showed weaker growth than the control tube, were streaked with a loop onto a solid
nutrient medium (meat-peptone agar). After streaking, the Petri dishes were incubated in
a thermostat for two days.

Antifungal activity was determined by serial dilution. A sample of the test substance
was taken on an analytical balance and dissolved in dimethyl sulfoxide, with the initial
concentration of the substance in the resulting solution being 2000 pg/mL. Then, 1 mL of
the resulting solution was added to the first of eight test tubes containing 1 mL of
Sabouraud’s medium for culturing Candida albicans. By sequentially transferring 1 mL
of the nutrient medium and test substance mixture from one test tube to another,
concentrations of the test substances ranged from 1000 pg/mL (in the first tube) to 7.8
pug/mL (in the eighth tube). One of the test tubes (control) did not contain the test
compound. A microbial suspension was prepared in sterile saline using a turbidity
standard containing 10° microbial cells. The cell suspension was diluted, and 100 pL of



Chem. Proc. 2025, x, x FOR PEER REVIEW 3 of 7

the diluted suspension was added to each test tube. The final microbial load was 107
cells/mL. The test tubes containing the microorganisms were incubated in a thermostat at
36-37 °C for two days. To determine the minimum inhibitory concentration (MIC), the
turbidity of the test tube contents was compared with the control. Test tubes that showed
no signs of growth, or showed weaker growth than the control tube, were streaked onto
Sabouraud agar medium using a loop. After streaking, the Petri dishes were incubated in
a thermostat for two days. The minimum fungicidal concentration (MFC) was determined
by the absence of microorganism growth on a solid nutrient medium.

3. Results & Discussion
3.1. Synthesis

To obtain 1,1'-(benzene-1,3-diyl)bis[5-benzyl-3-(4-nitrophenyl)-1H-1,2,4-triazole], we
studied the reaction of 4-hydroxy-2-(4-nitrophenyl)-5-phenyl-6H-1,3-oxazin-6-one and m-
phenylenedihydrazine dihydrochloride (Figure 1). These compounds were stirred in
methanol with sodium methoxide at room temperature for 48 h. Reaction completion was
determined by TLC, as the absence of a spot of the starting oxazine in the reaction mixture.
Upon completion of the synthesis, the target product was isolated by distillation of the
solvent and addition of 15% aqueous sodium hydroxide solution to the residue. The
precipitate of the target compound was washed with water on a filter and dried in an oven
at 60 °C. The yield was 76%.

NH
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CH;OH; CH.ONa
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Scheme 1. Reaction of 4-hydroxy-2-(4-nitrophenyl)-5-phenyl-6H-1,3-oxazin-6-one and m-phe-
nylenedihydrazine dihydrochloride.

3.2. Chemical Structure

The TH NMR spectrum (Figure 1) of the obtained compound contains resonance sig-
nals of the protons of the “-CH-" group (4.34 (s, 4H)), protons of the phenyl ring (positions
5-8) (7.82 (s, 3H), 7.93 (s, 1H)), aromatic protons of the benzyl radical (7.16-7.27 (m, 10H)),
and aromatic protons of the p-nitrophenyl radical (8.29-8.39 (q, 8H)).
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Figure 1. 'H NMR spectrum of 1,1'-(benzene-1,3-diyl)bis[5-benzyl-3-(4-nitrophenyl)-1H-1,2,4-tria-

In the 3C NMR spectrum (Figure 2) of the obtained compound, the following signals
are observed: those of the nodal carbon atom of the 4-nitrophenyl radical: 159.40 ppm —
at the nitro group and 157.10 ppm —at the triazole ring; 148.37 and 137.97 ppm —corre-
spond to the carbon atoms of the triazole ring; the signals of 136.77 —122.48 ppm —corre-

spond to the carbon atoms of the benzene rings; and the signal of 32.48 ppm —to the meth-
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Figure 2. 3C NMR spectrum of 1,1'-(benzene-1,3-diyl)bis[5-benzyl-3-(4-nitrophenyl)-1H-1,2,4-tria-

zole].
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The mass spectrum (Figure 3), obtained in the positive ionization mode by the elec-
trospray method using a quadrupole analyzer, contains an intense signal corresponding
to a molecular ion of the [M+Na]* type with an m/z value of 657.26.
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Figure 3. Mass spectrum of 1,1'-(benzene-1,3-diyl)bis[5-benzyl-3-(4-nitrophenyl)-1H-1,2,4-triazole].

3.3. Evaluation of Antibacterial and Antifungal Activities

Based on the results of in vitro tests, it was established that the compound exhibits
moderate inhibitory activity against Staphylococcus aureus and weak antifungal activity
against Candida albicans (Table 1).

Table 1. Results of determination of the minimum inhibitory concentration (MIC), minimum bacte-
ricidal (MBC) and fungicidal (MFC) concentrations of the synthesized compound against Staphylo-

coccus aureus and Candida albicans.

Staphylococcus aureus Candida albicans
mcg/ml MIC MBC MIC MFC
62.5 1000 125 1000

4. Conclusions

Thus, an effective laboratory method for the synthesis of 1,1'-(benzene-1,3-diyl)bis [5-
benzyl-3-(4-nitrophenyl)-1H-1,2,4-triazole] was developed by studying the cleavage reac-
tion of 4-hydroxy-6H-1,3-oxazin-6-one and m-phenylenedihydrazine dihydrochloride.

The structure of the resulting compound was confirmed using physicochemical anal-
ysis methods—'H and *C NMR spectroscopy and mass spectrometry.

An experimental in vitro evaluation of its antibacterial and antifungal activity against
opportunistic microorganisms—Staphylococcus aureus and Candida albicans —was con-
ducted. It was found that the resulting compound exhibits moderate inhibitory activity
only against Staphylococcus aureus.
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Abbreviations

MIC Minimum inhibitory concentration
MBC Minimum bactericidal concentration
MEC Minimum fungicidal concentration
NMR Nuclear magnetic resonance
Appendix A

Appendix A.1. 1,1°-(benzene-1,3-diyl)bis [5-benzyl-3-(4-nitrophenyl)-1H-1,2,4-triazole]

Light orange powder. m.p. =131-132 °C

H NMR spectrum data (400.17 MHz, DMSO-dé) o, ppm (J, Hz): 4.34 s (4H, -CH>-);
7.18 m (10H, Phag); 7.82 s (3H, H57); 7.93 s (1H, H?); 8.32 d (4H, H3434, ] = 8.53 Hz); 8.36 d
(4H, H2v2, ] =8.66 Hz).

13C NMR spectrum data (101.63 MHz, DMSO), o, ppm: 32.48 (-CHz-), 122.48-136.77
(Co-11, C33343637, C13141716, C19-24 C39-44); 148.37 (C¥73); 137.97 (C25); 157.10 (C315); 159.40
(C32,12)‘

LRMS (ES], pos), m/z, Calculated: 657.20 [M+Na]*; Found: 657.26 [M+Na]*

Appendix A.2. Synthesis

A 25 mL round-bottomed flask was charged with 2.2 mmol (464,4 mg) of m-phe-
nylenedihydrazine dihydrochloride, 4.4 mmol (237,6 mg) of sodium methoxide, and 6 mL
of methanol. The mixture was stirred for 30 min, then 4.4 mmol (1364,0 mg) of 4-hydroxy-
5-(4-nitrophenyl)-6H-1,3-oxazin-6-one was added, and the mixture was stirred for 48 h at
room temperature. Reaction completion was determined by TLC, as evidenced by the ab-
sence of a spot of the starting oxazine in the reaction mixture. Upon completion of the
synthesis, the methanol was distilled off, 15% aqueous sodium hydroxide solution was
added to the residue, and the mixture was stirred for 30 min. The suspension was then
filtered. The precipitate was washed with water on the filter. Drying was carried out in a
drying oven at 60 °C. The yield of the product was 76%.
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