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ABSTRACT

Objective: Antimicrobials and antifungals are the most acquired drugs in the world. Today, it becomes
necessary to create new drugs with antimicrobial and antifungal effect. The purpose of our research is the
synthesis of new series of 5-(1H-tetrazole-1-yl)-4H-1,2,4-triazole-3-amine, the establishment of physical-
chemical, antimicrobial and antifungal properties for all synthesized compounds.

Material and Method: 5-(1H-tetrazole-1-yl-methyl)-4H-1,2,4-triazole-3-yl-1-(alkyl-, aryl-)-methanimines
were synthesized by reacting of 5-(1H-tetrazole-1-yl-methyl)-4H-1,2 4-triazole-3-amine with aldehydes in
acetic acid. Then, sodium borohydride was selected as a reducing agent, which allowed for the restoration of
the double bond. The structures of synthesized compounds were confirmed by IR, *H NMR and mass spectra.
The synthesized compounds were evaluated for antimicrobial and antifungal activity by "serial dilutions"
method.

Result and Discussion: During the synthetic studies the new series of 22 compounds were obtained. The 5-
(1H-tetrazole-1-yl-methyl)-4H-1,2,4-triazole-3-yl-1-(5-nitrofuran-2-yl)methanimine was observed to be most
possessing good antimicrobial and antifungal activity and has exceeded the reference standard for
Staphylococcus aureus (12,5/25 mg/ml), Escherichia coli (50/200 mg/ml), Pseudomonas Aeruginosa (100/200
mg/ml), Candida albicans (50/50 mg/ml).
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Amag: Antimikrobiyal ve antifungal ilaglar diinyada en yaygin ila¢ tirlerindendir. Glnumizde
mikroplara ve mantarlara karsi yeni ilacin iiretilmesine ihtiyag¢ duyulur. Arastirmamizin amaci, 5-(1H-tetrazol-
1-il)-4H-1,2,4-triazol-3-amin tlrevi yeni bilesiklerin sentezi ile sentez edilmis bilesiklerin fizikokimyasal,
antimikrobiyal ve antifungal dzelliklerinin tespit edilmesidir.

Gere¢ ve Yontem: 5-(1H-tetrazol-1-ilmetil)-4H-1,2,4-triazol-3-il-1-(alkil-, aril-)-metanim, 5-(1H-
tetrazol-1-ilmetil)-4H-1,2,4-triazol-3-amin’in sirke asidinde aldehitler ile etkilesimi sonucunda sentez
edilmistir. Bir sonraki agsamada indirgen olarak sodyum borOhidriir kullanidig: icin ikili bag yeniden
kurulabilmigstir. Sentez edilmis bilesiklerin yapilari, kizilalt, niikleer manyetik rezonans ve kiitle spektroskopisi
ile dogrulanwr. Sentez edilmis bilesikler mikrop ve mantarlara karst aktivite konusunda serili diliisyon metodu
ile denetlenmistir.

Sonuc ve Tartisma: Sentetik arastirmalarin sonucunda 22 bilesikten olusan yeni seri elde edilmigtir. 5-
(1H-tetrazol-1-ilmetil)-4H-1,2,4-triazol-3-il-1-(5-nitrofuran-2-il)metanimin en iyi antimikrobiyal ve antifungal
etkisine sahip olup Staphylococcus aureus (12,5/25 mg/ml), Escherichia coli (50/100 mg/ml), Pseudomonas
aeruginosa (100/200 mg/ml), Candida albicans (50/50 mg/ml) icin karsilastirmalr ilact gegtigini tespit
edilmistir.

Anahtar Kelimeler: 1,2,4-triazol, 1H-tetrazol, antimikrobiyal ve antifungal aktivite

INTRODUCTION

Piperidinium  2-((5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol)-3-yl) acetate is the active
pharmaceutical ingredient of drug "Tryfuzol™ (API). It is used in veterinary as an immunomodulatory
agent. It increases the resistance of organisms to viral diseases. Forced degradation conditions create the
model influence of various environmental factors on the active substance. In these conditions, various
impurities may be formed in the decomposition, which may alter or weaken the biological activity of
the active compound, as well as increase toxicity. Thus, it is possible to predict which impurities may
be generated during the storage or transportation of drugs containing the investigated API. It will also
help to offer conditions for the protection of this substance from the influence of harmful factors.
Therefore, this study has a significant relevance.

Methods for investigating force degradation effects have been described in a number of
publications [1-6]. Regulatory aspects in Development of Stability-Indicating Methods were presented
in the review of Renu Sehrawat et al. [1]. The condition for stress degradation which usually studied
are: acid hydrolysis, base hydrolysis, thermal hydrolysis, oxidation, thermal degradation,
photodegradation.

Authors [7] proposed potentiometric titration method for quantitative determination of
piperidinium 2-((5-(furan-2-yl)-4-phenyl-4H-1,2 4-triazol-3-yl)thio)acetate in the 1% and 2.5%
solutions. Method is not selective, and it is not applicable for determination of impurities. Method based
on adsorbtion of this API in the ultraviolet region of the spectrum was elaborated [8]. Low selectivity

and sensitivity of the method are not permitted to measure of impurities.
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Our HPLC-DAD method of determination of piperidinium 2-((5-(furan-2-yl)-4-phenyl-4H-1,2,4-
triazol-3-yl)thio)acetate in 1 % solution shown satisfied quality of separation of API from impurities
[9]. This work was not contained forced degradation study.

Aim of the research to make forced degradation study of piperidinium 2-((5-(furan-2-yl)-4-
phenyl-4H-1,2,4-triazol)-3-yl) acetate in active pharmaceutical ingredient, 0.1% solution and 1%

solution for injection.

MATERIAL AND METHOD

Chemicals and reagents

Piperidinium  2-((5-(furan-2-yl)-4-phenyl-4H-1,2 4-triazol)-3-yl)acetate was obtained from
Toxicological and Inorganic Chemistry Department. Substance was synthesized and its structure was
confirmed by the Parchenko V.V. [10,11]. Acetonitrile qualified “HPLC Super Gradient” (Avantor
Performance Materials Poland S.A., Poland), methanoic acid was 100% (AppliChem GmbH, Germany),
ultra-high pure water (18 MQ at 25 °C) was prepared by the Direct Q 3UV Millipore (Molsheim,
France).

Analytical Instrumentation

Agilent 1260 Infinity HPLC System (degasser, binary pump, autosampler, thermostat column
compartment, DAD). Agilent single-quadrupole mass spectrometer 6120 with electrospray ion source
(ESI); OpenLAB Software CDS.

Chromatography conditions
The chromatography study was carried out by elution with a water-acetonitrile mixture (70:30)
with the addition of 0.1% methanoic acid. Column Zorbax SB-C18, 30 mm x 4.6 mm, 1.8 um. Column

Temp. 40 °C. Flow rate was 0.400 ml/min.

Mass spectrometry conditions
Temperature of drying gas was 100 °C. Drying gas (nitrogen) flow rate was 10 I/min. Nebulizing
gas (N2) pressure was 53 psig. Mass spectra were obtained at m/z 100-2000. Fragmentation of molecular

ions was studied at fragmentor voltage: 100, 150, 200 V, positive polarity.

Forced degradation conditions

Samples were taken every day, prepared for injection and injected into HPLC system. VVolume of
injection for 0.1% solution was 5 uL, for 1% solution was 0.5 uL. Content (%) was taken from the report
of OpenLab CDS Software from Signal of the DAD detector at 276 nm.

Laboratory conditions degradation

Substance and solutions (0.1%, 1%) were kept at room temperature in laboratory conditions.
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Thermal degradation

Influence of temperature was studied in the thermostat at the 66 °C for the 0.1%, 1% solutions
and substance. The samples were kept at 66 °C during 5 days.

Oxidative degradation

Hydrogen peroxide (3%) was used for study of the influence of oxidizing agent. About 0.001 g
of APl was dissolved in the 1 mL of 3% hydrogen peroxide.

Ultraviolet (UV) degradation

The irradiation was carried out by the luminescent UV lamp, YF UV-9W 365 nm, which radiates
in the range of long-wavelength ultraviolet with a maximum radiation of 365 nm. The illumination was
measured with a luxmeter and was approximately 2000 lux. Solid substance and solutions with
concentrations 0.1%, 1% were studied. Maximal period of exposure was 4 days.

Acid hydrolysis

Influence of acid was studied. About 0.001 g of API was mixed with the 1 mL of the 0.1 mole/L
of HCI.

Alkaline hydrolysis

About 0.001 g of API was mixed with the 0.1 mole/L sodium hydroxide solution.

Preparation of solutions for laboratory conditions degradation study, thermal decomposition
study, UV degradation study

Solution with concentration 0.1% was prepared by dissolution of 0.001 g of APl in 1 mL of water.
Solution with concentration 1% was prepared according to pharmaceutical preparation “1% solution for
injections”, viz. 0.01 g of API was dissolved in the 1 mL of water, 0.0059 of sodium chloride was added.

When the solid substance was studied, 0.001 g was dissolved in 1 mL water and 5 uL of solution
was injected to the HPLC.

RESULT AND DISCUSSION

Optimized chromatography conditions

2-((5-(Furan-2-yl)-4-phenyl-4H-1,2 4-triazol-3-yl)thio)acetic acid was formed in the stream of
solvent from the API (salt). Therefore, the detector identified the acid. Thus, APl was determined in
form of the acid.

Results of the study of the substance decomposition are shown in Table. 1. Mass balance, %
(content of the main substance, % plus content of degradation products and impurities, %) in all cases

was equaled 100%.
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Table 1. Quantitative content of the piperidinium 2-((5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol)-3-yl)

acetate.
Days

Terms of decompositi 0 1 2 3 4 5
Laboratory conditions, 99.64 9954  99.53 99.47 99.47 99.46 99.48
0.1% solution
Laboratory conditions, 1% 99.97 9997  99.97 99.94 99.94 99.93
solution
Alkaline hydrolysis. 0.1 M 99.64 9958  99.66  99.64 9964 9961  99.66
solution of NaOH
3% H,0, 99.63 7910 7320 6954 6544 6157 5549
Thermal effect 66 °C, 0.1% 99.64 9953  99.35 99.25 99.25 99.24
solution

0
Thermal effect 66 °C, 99.97 99.94 9992 9987 9985  99.85
1%solution

0
Thermal effect 66 °C, 99.64 9980 9972 9990 9980  99.81
substance
UV light irradiation, 99.64 97.41 8931 7761 56.25
solution 0.1%
UV light irradiation, 99.97 9729 9336  89.68  80.03
solution 1%
UV light irradiation, 99.64 9980 9976 9923  99.76

substance

Laboratory conditions degradation

During the storage of the 0.1% reference API solution in the laboratory conditions, percentage of
the substance was decreased about 0.1% for 6 days. The level of the substance in 1% solution under
these conditions was not changed for 5 days.

Thermal degradation

Thermal effect (66 °C) on the 0.1% solution of API leads to its decomposition by approximately
0.4% over 5 days (Fig.1). Substantial degradation products, however, was not identified.

66 grad 0.1%
100 —
80
API Content,
% 40
20
O T T 1
0 2 4 6
Days

Figurel. The API degradation curve in the 0.1% solution at a temperature 66 °C
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At the same time, under the influence of the temperature (66 °C) on the 1% solution
decomposition occurs only about 0.1% (Fig. 2). During the study of the thermal effect (66 °C) on the

solid substance (API) the content of API in a substance was not changed.

66 grad, 1%
100 & o o o o
80
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40
20
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0 1 2 3 4 5 6
Days

Figure 2. The API degradation curve in the 1% model solution for injection at a temperature 66 °C

Oxidative degradation
The effect of 3% hydrogen peroxide over 6 days results in a decrease in the concentration of API
about 2 times (Fig. 3).
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Days

Figure 3. The API degradation curve under action 3% H,O,
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Ultraviolet (UV) degradation

UV light irradiation causes the decomposition of the 0.1% solution during four days at more than

40% (Fig. 4).
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Figure 4. The API degradation curve in 0.1% solution

At the same time, for 1% solution the concentration was decreased about 20% (Fig. 5). The API

content was not changed during irradiation of dry substance for 4 days.
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Figure 5. The API decomposition curve in the 1% solution for injection.
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Acid hydrolysis

Under the action of 0.1 M solution of chloride acid APl immediately decomposes with formation
2-((5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol-3-ythio)acetic acid, which is insoluble in water. So, the
study of exposure of 0.1 M chloride acid was finished at this step.

Alkaline hydrolysis

Under the action of 0.1 M solution of sodium hydroxide, the content of the API was not changed

for 6 days.

Determination of the structure of degradation products

Possible structures of compounds formed as a result of API degradation under stress conditions
was proposed after study of the mass spectra of the corresponding chromatography peaks.
The structure determination of APl degradation products formed by the action of 3% hydrogen peroxide.
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Figure 6. The TIC chromatogram of API degradation products formed by action of 3%H-0, at 150V
(a). Mass spectrum of peak at 1.219 min (b). EIC chromatogram (c).

Chromatography of the degradation products appeared after action of 3% H,0O, shown two peaks
(Fig. 6). First peak (at 1.219 min) was not pure. The most intensive peak in extracted ion chromatogram
(EIC) had m/z=318. It corresponded to the sulfoxide (Fig. 7). It is known reaction of sulfoxide formation

from organic compounds of sulfur with valence two by the influence of the H.O, solution [12].
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Figure 7. Formaton of 3-[(carboxymethyl)sulfinyl]-5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol-1-ium
cation (m/z=318).
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Figure 8. The TIC chromatogram of API degradation products formed by action of 3% H,0O, at 200V
(a). Mass spectrum of peak at 1.217 min (b). EIC chromatogram (c).

When fragmentation voltage was increased till 200 V the ion with the m/z 259 in the mass spectra
of first peak was appeared (Fig.8). The possible structure of this ion is presented at Fig. 9.

NH"—N \ o)
m \ /? e 0, /o \ / N S/!

BN
N CID 200V
[6]
C,H,0,

59.0133 Da

Monoisotopic Mass = 259.040998 Da
C,HgN;O,S
259.0415 Da

Monoisotopic Mass = 318.054302 Da

Figure 9. Transformation of cation with m/z 318 during fragmentation in CID at 200V
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Second peak of the degradation product was at 2.140 min (Fig. 10).
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Figure 10. The TIC chromatogram of API degradation products formed by action of 3% H.0- at 100V
(a). Mass spectrum of peak at 2.140 min (b).EIC chromatogram (c).

Quazimolecular ion with m/z = 334 correspond to the sulfone which was formed at the second
step oxidation by the H,O- (Fig. 11). It is well-known reaction [12].

NH" NH"
O 0
M XN - M X /
¥ '
Monoisotopic Mass = 334.049217 Da

Figure 11. Formation of 3-[(carboxymethyl)sulfonyl]-5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol-1-ium
cation (m/z=334).

There are two fragment ions present in mass spectra of second peak at 100 V (m/z =278.0 and
m/z=123.2). Possible structure of first ion present at Fig. 12.



80 Frolovaetal.

J. Fac. Pharm. Ankara, 44(1): 70-88, 2020

/ \ o] C,H,0,, + 3H

o ,?*J—>23 100V

CZHSOZ
C,HN,0,S 59.0133 Da

275.0365 Da

Monoisotopic Mass = 334.049217 Da

N.———'N
@_&Xo
/
/!

Monoisotopic Mass = 278.059388 Da

Figure 12. Converting of cation with m/z 344 during fragmentation in CID at 100V to product the cation

with m/z 278.

Reaction formation of the ion with m/z 123 present at Fig.13.
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Figure 13. Transformation of cation with m/z 344 during fragmentation in CID at 100V to product the

cation with m/z 123.

The structure determination of API degradation products formed by the influence of UV radiation

on 0.1% solution.
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Figure 14. The TIC chromatogram of API degradation products formed by UV radiation (fragmentation
voltage 100V) (a). Mass spectrum of peak (1) at 0.675 min (b). EIC chromatogram (c).
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Figure 15. The TIC chromatogram of API degradation products formed by UV radiation (fragmentation
voltage 150V) (a). Mass spectrum of peak (1) at 0.670 min (b). EIC chromatogram (c).

The first peak was not identified (Fig. 15). The monoisotope mass m/z = 285.2 and m/z = 207.2
in the mass spectrum of the unidentified peak (1) was observed (Fig.14, 15).
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Figure 16. The TIC chromatogram of API degradation products formed by the action of UV radiation
(fragmentation voltage 150V) (a). Mass spectrum of peak (2) at 1.275 min (b). EIC chromatogram (c).

Sulfoxide was also observed at 150V in API degradation products formed by the action of UV
radiation. The retention time was close to 1.2 (peak 2), m/z 318 (Fig. 16).

There was an impurity that is associated with the cleavage of the furan cycle to form the
corresponding structure with m/z 236.1 (Fig.17). On the second day of irradiation there was a peak of

dimer ion with m/z 471, which confirms that the quasimolecular ion has a mass 236.
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Figure 17. Possible way of degradation of the APl at UV radiation influence with cleavage of the furan

ring.
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Figure 18. The TIC chromatogram of API degradation products formed by the action of UV radiation
(fragmentation voltage 100V) (a). Mass spectrum of peak (3) at 1.616 min (b).EIC chromatogram (c).

Possible structures of the ion with m/z 308 (Fig. 18) ([M+H]*) proposed at Fig. 19. They are
formed as a result of the reduction and opening of furan cycle. The dimeric ion with m/z 615 ([2M+H]*)
was detected in the mass spectrum on the second day of irradiation. The presence of the corresponding

dimer ion confirms that the ion with m/z 308 is a quasimolecular ion.
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Figure 19. Possible API photodegradation pathway with formation of the product with molecular mass
308.1
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Figure 20. The TIC chromatogram of API degradation products formed by the action of UV radiation
(fragmentation voltage 100V) (a). Mass spectrum of peak (4) at 2.070 min (b).EIC chromatogram (c).

There is also sulfone in products of the photodegradation, the retention time is approximately 2.1,
m/z 334 (Fig.20).
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Figure 21. The TIC chromatogram of API degradation products formed by the action of UV radiation
(fragmentation voltage 150V) (a). Mass spectrum of peak (5) at 2.478 min (b).EIC chromatogram (c).

An impurity with a retention time approximately 2.5 min and m/z 192 was observed (Fig. 21). It
is the product of the breakaway of the furan cycle, as well as carbon dioxide (decarboxylation) from
protonated 2-((5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol)-3-yl) acetate acid (Fig. 22).

UV

Monoisotopic Mass = 302.059388 Da Monoisotopic Mass = 192.058994 Da

Figure 22. Cleavage of furan cycle and decarboxilation of API

The formation of the thione under the influence of UV radiation was observed. The 5-(furan-2-
yl)-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione is precursor in the synthesis of API [10, 11]. It was
confirmed by the retention time and m/z. The retention time corresponds to the retention time from
chromatography of the standard solution of the corresponding thione (3.7 min), m/z of quasimolecular

ion equals 244, which corresponds to the molecular weight of the protonated compound (Fig.23, 24).
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Figure 23. The TIC chromatogram of API degradation products formed by the action of UV radiation
(fragmentation voltage 200V) (a). Mass spectrum of peak (6) at 3.695 min (b).EIC chromatogram (c).
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Figure 24. The 5-(furan-2-yl)-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione formation.
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Figure 25. The TIC chromatogram of API degradation products formed by the action of UV radiation
(fragmentation voltage 200V) (a). Mass spectrum of peak (7) at 4.363 min (b). EIC chromatogram (c).
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Figure 26. Formation of decarboxilated sulfone.

Anion with m/z = 290.0 was formed in the ion source ([M+H]"), as well as dimer ion with m/z
579.0 ([2M+H]"), which confirms that the ion with m/z 290 is a quasimolecular ion (Fig. 25). The carbon
dioxide was eliminated, and the sulfur atom was oxidized under the action of UV light to form the
methylsulfone with the monoisotope mass 289.0 (Fig. 26).
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Table 2. Impurities were formed in stressful conditions.

# Compound 3% UV  Retention m/z quasimolecular Monoisotope
H202 time ion molecular weight

0 API 2.8 302 301

1 2-((5-(furan-2-yl)-4-phenyl- +* 4+ 1.2 318 317

4H-1,2,4-triazol-3-
yl)sulfinyl)acetic acid

2 2-((5-(furan-2-yl)-4-phenyl- + + 2.1 334 333
4H-1,2 4-triazol-3-
yl)sulfonyl)acetic acid

4 2-((4-phenyl-4H-1,2,4- S 1.3 236 235
triazol-3-yl)thio)aceticacid
5 2-((5-(1-hydroxybutyl)-4- - + 1.6 308 307

phenyl-4H-1,2,4-triazol-3-
yDthio)acetic acid, 2-((5-(4-
hydroxybutyl)-4-phenyl-4H-
1,2,4-triazol-3-yl)thio)acetic
acid

6 3-(methylthio)-4-phenyl-4H- - + 2.5 192 191
1,2,4-triazole

7  5-(furan-2-yl)-4-phenyl-2,4- - + 3.7 244 243
dihydro-3H-1,2,4-triazole-3-
thione

8 3-(furan-2-yl)-5- - + 4.4 290 289
(methylsulfonyl)-4-phenyl-
4H-1,2 4-triazole

*Substance was found in degradation products
**Substance was absent in degradation products

Influence of the sodium hydroxide, hydrochloride acid, 3% H0O,, temperature, UV radiation on
piperidine 2-((5-(furan-2-yl)-4-phenyl-4H-1,2 4-triazol)-3-yl) acetate substance, 0.1% solution and 1%
solution for injections were studied. Dependence of the quantitative content of the piperidinium 2-((5-
(furan-2-yl)-4-phenyl-4H-1,2,4-triazol)-3-yl) acetate from exposition time was determined. The
composition of degradation products formed under the actionof anoxidizer was established (3%H-0,).
This is sulfoxide and sulfone corresponding to the API. The composition of degradation products which

were formed under the influence of UV radiation was proposed.
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