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Derivatives of 1,2,4-triazole and related heterocycles continue to attract significant attention due to their diverse biological activities and
potential pharmaceutical applications.

The aim of this work is to resynthesize and perform mass spectrometric characterization of a series of 16 organic compounds — derivatives
of 1,2,4-triazole and 1,3,4-oxadiazole — containing a 5-mercapto-1,2,4-triazole fragment and various substituents at the N? atom. The
objective is to investigate their fragmentation patterns and establish analytical markers for these bioactive heterocycles.

Materials and methods. The target compounds were resynthesized according to established procedures, with reagents purchased from
Sigma-Aldrich. The preparation involved refluxing 2,6-dioxo-1,2,3,6-tetrahydropyrimidine-4-carbohydrazide with appropriate isothiocyanates
or carbon disulfide, followed by purification. S-alkyl derivatives were prepared via nucleophilic substitution of haloalkanes under basic
conditions. Mass spectra were recorded using liquid chromatography coupled with electrospray ionization mass spectrometry (LC-ESI-MS)
in both positive and negative ion modes. Chromatographic separation was performed on a Zorbax SB-C18 column under gradient elution.

Results. Protonated molecular ions [M+H]* were observed for all compounds, with characteristic isotopic peaks confirming the presence of
sulfur. Fragmentation primarily involved cleavage at sulfur and N? substituents, yielding prominent ions corresponding to loss of alkyl radicals
as alkenes. N-phenyl derivatives showed additional fragmentation pathways, including cleavage of the phenyl group and deeper degradation
of the triazole ring. A consistent fragment corresponding to the protonated 1,2,4-triazole core was identified across most spectra, serving as
a useful structural marker. Substitution pattern and alkyl chain length significantly influenced fragmentation intensity and pathways.

Conclusions. LC-ESI-MS analysis revealed reproducible fragmentation trends for these heterocyclic derivatives, providing valuable insights
for their structural identification and analytical profiling. These findings facilitate the development and quality control of new bioactive
1,2 4-triazole-based compounds. Further research is recommended to expand chemical diversity and conduct biological evaluations,
including antimicrobial and antidiabetic activity assessments.
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LC-ESI-MS aHani3 noxigHux 1,2,4-tpiasony 3 pisHOMaHiTHUMM ankKinbHUMKU Ta apOMaTUHHUMM 3aMiCHUKaMU
tO. B. KapneHko, M. O. MaHaceHko, I". |. XapuToHeHKo

MoxigHi 1,2,4-Tpia3ony Ta CNopigHEHUX rETEPOLIMKITIB MalOTh BaXNMBE 3HAYEHHS Yepe3 LUMPOKUI CNEKTP BioNorivyHOi akTUBHOCTI, WO iM
BI1acTVBa, Ta NepcneKkTMBY (hapMaLeBTUYHOMO 3aCTOCYBaHHS.

Meta po6oTh — JOCNIAXEHHSA PECUHTESY Ta Mac-CeKTPOMETPUYHOT XapakTepPUCTUKM 16 opraHivHmX cnonyk — noxiaHux 1,2,4-tpiasony ta
1,3,4-okcagiasony, Lo MicTATb 5-MepkanTo-1,2,4-Tpia3onbHuit parMeHT i pi3Hi 3aMiCHUKK npy atoMi N?; BUBYEHHS iXHIX XapaKTepHUX
LWNSXiB oparMeHTaLlii Ta BU3HaYEHHs aHaniTMYH1X MapKepiB Ans Lux 6i0aKTUBHWX reTepoLMKIiB.

Matepianu i meToau. PecuHTes cnonyk 3aiicHeHo 3a BiZOMWMU METOAMKaMU 3 BUKOPUCTaHHAM peareHTiB Sigma-Aldrich. Mpogyktv peakuii
OiepXKaHo LWNAXOM KUMATIHHS 2,6-aiokco-1,2,3,6-TeTparigponipumignH-4-kapborigpasuay 3 BignosigHumu isoTiouiaHatamy abo kapboH-
ANCYNb@iOOM i3 HACTYMHUM OYMLLEHHAM. S-ankinmnoxigHi OTPUMyBanu peakuielo 3amilLeHHs ranoreHankaHiB y ny>KHoOMy cepefoBULL.
Mac-cnekTpy 3anncaHo MeToLOM piauMHHOI xpomatorpadii 3 enektpocnpeii-ioHisauieto (LC-ESI-MS) y nosutuBHoMy Ta HeratuBHOMY
pexumax. XpomarorpadiyHe po3gineHHs 3aiicHeHo Ha komnoHLi Zorbax SB-C18 3a rpagieHTHWX yMOB.

Pesynkratu. [Ins BCiX CNonyKk BU3Ha4EHO NPOTOHOBAHI MONEKYNApHi MoHW [M+H]* 3 xapakTepHUMM i30TOMHUMMU NiKamu, LLO MiATBEPIKYOTH
HasIBHICTb Cipku. OCHOBHI LLNSIXM pparmMeHTalLLii — po3prBmM y 3amiCHUKaX npw cipui Ta N? 3 yTBOPEHHSIM iIHTEHCWBHIX iOHIB, LLO BiAMOBIAAKTb
BTpaTi ankinbHUX paavkanis — ankeHis. Y noxigHux 3 N-ceHinom 1oaaTkoBo BUSIBNEHO PO3pMBY eHiNbHOI rpynu Ta rubLuy Aerpagadio
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Tpia3onbHoro KinbLsi. B ycix cnektpax BusiBneHo cTabinbHuii hparMeHT, Lo BiAnosiaae npoToHoBaHoMy sapy 1,2,4-Tpiasony, Skvid Moxe 6yt
CTPYKTYPHUM MapkepoM. Tun 3aMiCHVKa Ta AOBXUHA ankiflbHOro naHutora CyTTEBO BNAWBANM Ha iIHTEHCUBHICTB | XapakTep dparmeHTaLii.

BucHoBku. Y pesynerati LC-ESI-MS gocnimkeHb nigTBepoxeHo cTanicTb WnsaxiB doparMeHTaLii NoXigHUX reTepoLMKIiB, LLO CNPUSIE iXHIN
CTPYKTYPHI ineHTudikauii Ta aHaniTmyHoMy KOHTpOmio. Pesynbraty € nepcrnekTMBHUMK ANt pO3pobneHHst HOBUX GioaKTUBHMX CMOMyK
Ha ocHOBI 1,2,4-Tpiasony. [JouinbHUM € PO3LIMPEHHS XIMIYHOTO PI3HOMAHITTS Ta BionoriyHe TECTYBaHHS CMOMYK, BKIKOYHO 3 OLLIHOBAHHSM

aHTUMIKPOBHOI Ta aHTWUAIabeTUYHOT aKTUBHOCTI.

Kntouosi cnosa: 1,2,4-tpiason, LC-ESI-MS aHani3, parmeHTaLis, MonekynspHui ioH, piauHHa xpomarorpadis.

AkTyanbHi nUTaHHA hapmaLeBTUYHOI | Megu4Hoi Hayku Ta npakTuku. 2025. T. 18, Ne 3(49). C. 237-243

Derivatives of 1,2 ,4-triazole have attracted significant atten-
tion in the fields of medicinal, pharmaceutical, and materials
chemistry due to their broad spectrum of biological activities
and diverse functional applications. It is well established that
over fifteen pharmaceutical drugs and numerous candidates
for new therapeutic agents contain the 1,2,4-triazole moiety
within their molecular structure, which contributes to their
efficacy and selectivity. These compounds exhibit antifungal
[1,2], antiviral [3], antibacterial [4,5], and anti-inflammatory
properties [6,7], and are also widely employed as corrosion
inhibitors [8], components of ionic liquids [9], and ligands
for metal complexation [ 10]. This wide-ranging utility under-
scores the ongoing need to develop new triazole derivatives
with improved physicochemical and biological profiles.

In modern organic chemistry, the synthesis of new complex
compounds cannot be accomplished without thorough and
reliable structural characterization. This is especially true for
heterocyclic compounds such as 1,2,4-triazoles, where precise
identification is critical for the subsequent evaluation of their
properties and applications. In this regard, mass spectro-
metry, particularly electrospray ionization mass spectrometry
(ESI-MS) combined with liquid chromatography (LC), has
emerged as one of the most powerful analytical tools. This
technique not only allows to determine molecular mass and
purity but also provides valuable information on fragmenta-
tion pathways, which is key to confirming molecular structure
and the nature of functional substituents.

The relevance of LC-ESI-MS in the study of 1,2,4-triazole
derivatives [ 11] stems from its high sensitivity, selectivity, and
capability to analyze complex mixtures even at low concen-
trations [12]. This method enables rapid and accurate identi-
fication of synthetic products, detection of side reactions, and
differentiation of conformational isomers, which is essential
in pharmaceutical chemistry and drug development. Further-
more, mass spectrometric analysis facilitates the elucidation
of characteristic fragmentation patterns related to the triazole
core structure and the diversity of substituents, enhancing the
understanding of the chemical behavior of these compounds.

Thus, the application of mass spectrometry is an indispen-
sable component of contemporary research in the organic
synthesis of 1,2,4-triazole derivatives, supporting effective
identification, structural characterization, and the advance-
ment of new bioactive compounds.

Aim
The aim of this work is to synthesize and perform mass
spectrometric characterization of a series of 31 organic com-

pounds — derivatives of 1,2,4-triazole and 1,3,4-oxadiazole
—containing a 5S-mercapto-1,2,4-triazole fragment and various
substituents at the N atom. The objective is to investigate
their fragmentation patterns and establish analytical markers
for these bioactive heterocycles.

Materials and methods

Compounds 1.1-1.16 were resynthesized following known
procedures described in previous studies [13], with phys-
icochemical properties consistent with literature data. All
reagents were purchased from Sigma-Aldrich (Merck).

Objects of study. Thirty-one organic compounds — deriva-
tives of 1,2,4-triazole and 1,3,4-oxadiazole — were analyzed;
their general structure is shown in Fig. 1.

All compounds contain a 5-mercapto-1,2,4-triazole frag-
ment (a substituent at the 5" position of the triazole ring — the
—S-R group) and various substituents at the N* atom of the
triazole ring. The following variations were made: the alkyl
substituent R, on sulfur (-~S-R) was varied from methyl to
decyl; the substituent N* was varied from methyl / ethyl to
phenyl; and the heteroatom at the 2nd position of the ring
was modified (in compound 1.16, the N* atom was replaced
by oxygen, forming a 1,3,4-oxadiazole fragment).

Mass spectra were acquired using liquid chromatography
coupled with electrospray ionization (LC-ESI-MS) on an
Agilent 1200 LC/MSD SL system equipped with a single quad-
rupole mass detector. Analyses were performed in both positive
and negative ionization modes. Chromatographic separation
was carried out on a Zorbax SB-C18 column (30 x 4.6 mm,
1.8 pm particle size) using a mobile phase consisting of solvent
A (water with 0.1 % formic acid) and solvent B (acetonitrile
with 0.1 % formic acid) under gradient elution conditions. The
ESI source was operated at a fragmentation voltage of 150 V.
For each compound, total ion chromatograms (TIC) and mass
spectra of the main chromatographic peaks were recorded.
In the positive ion mode, protonated molecular ions [M+H]"
were detected, whereas in the negative ion mode, deprotonated
molecules [M—H] (typical for acids and their salts) as well as
characteristic adducts and fragment ions were observed.

Results

To enable standardized identification, we compiled a refer-
ence set of LC-MS parameters for 16 compounds (7able 1),
including the monoisotopic mass (Da), theoretical m/z values
for [M+H]" and [M-HJ, and the retention time under the
selected chromatographic method. For each compound, we
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Fig. 1. Chemical structures of the main compounds studied in this work.
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Table 1. LC-MS compound parameters of 1,2 4-triazole / 1,3,4-oxadiazole derivatives

m Monoisotopic mass, m/z [M+H]*, m/z [M-H20+H]*, m/z Top 3 fragments

239.2572 0.516 240.0 149.0, 197.0, 464.2 m/z
12 253.2843 0.675 254.2 = 149.0,197.2,212.2 m/z
13 267.3114 0.772 268.2 - 152.0, 196.2, 269.2 m/z
1.4 281.3385 0.865 = 263.2 197.0, 226.2, 290.2 m/z
15 365.5010 1.049 366.2 - 226.2,290.2, 366.2 m/z
1.6 253.2843 0.585 - - 173.2,201.2,237.2 m/z
1.7 267.3114 0.623 268.2 - 201.2,202.2,237.2 m/z
1.8 281.3385 0.801 - - 173.2,212.0, 240.2 m/z
19 295.3656 1.715 - - 173.2,174.2,312.2 miz
1.10 379.5281 1.648 - 361.2 194.0, 269.2, 312.2 m/z
1.1 301.3289 0.858 - 285.2 194.0,192.2, 237.2
1.12 315.3560 0.981 = 297.2 102.2, 269.2, 298.2
1.13 329.3831 0.960 - 311.2 269.2,313.2
1.14 343.4102 1.018 = 326.2 269.2, 327.2
1.15 427.5727 1.242 - 409.2 268.6, 340.6, 395.6
1.16 212.1878 1.018 - - 102.2, 130.2, 131.4

report the top MS/MS fragments with annotations of plau-
sible neutral losses, allowing the observed fragmentation to
be linked to key structural motifs. These characteristics can
be used directly to build an internal library, support retention
indexing, and enable routine confirmation of target analytes
in complex biological and technological matrices.

The molecular ion peak [M+H]" was observed in positive
ESI mode for most of the studied compounds. For example, for
compound 1.5 (V*=CH,,R,=C, H,)), the protonated molecular
ion was detected at m/z~366.2. The presence of a sulfur atom in
the structure was confirmed by a characteristic isotopic peak at
m/z =368.2 [M+H+2]" with an intensity of approximately 4 %
relative to the main peak, attributable to the S isotope (Fig. 2).

Similarly, for the series of compounds with varying
alkyl chain lengths R, (1.7: R, = C,H_; 1.8: R, = C.H_; 1.9:

2775
R, = C,H,; L10: R, = C,H, , all with N*= C,H.), [M+H]+

peaks were observed in the m/z range of approximately
288-410, increasing with molecular weight. For compounds
bearing an aromatic substituent R, = C H, (series 1.11-1.15,
R=C-CH,,), the [M+H] values ranged from about m/z
283 (for R, =CH,) up to ~410 (for R, = C, H,)).

The mass spectra of the compounds revealed consistent
fragmentation processes associated with the cleavage of
substituents from the 1,2,4-triazole core [14]. The most in-
tense fragments for 5-alkylthio-1,2,4-triazoles result from the
heterolytic cleavage of the C—S bond with loss of the alkyl
radical R as an alkene. In this process, the charge remains on
the heterocycle, while a proton attaches to the sulfur atom
(forming a thiol group) — effectively, a neutral alkene mo-
lecule (C H, ) is lost from the molecular ion.

For example, in compound 1.9 one of the main peaks in the
positive spectrum appears at m/z ~269.2, corresponding to
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Fig. 2. Mass spectrum of 6-(5-(decylthio)-4-methyl-4H-1,2,4-triazol-3-yl)pyrimidine-2,4(1H,3H)-dione (1.5).

the ion [M+H-C,H,]* —the protonated molecule (m/z 343.2)
has lost butyl (57 Da). Similar processes were observed
throughout the series: the fragment [M+H-R-H]" (loss of
alkane C H, ., or alkene C H, ) appears for every value of
n. For instance, in compound 1.8 (R, = C,H.), the fragment
resulting from propene loss (42 Da) corresponds to an ion
at m/z ~240 (M+H 282 — 240), while in 1.7 (R, = C H,)

the fragment [M+H-C,H,]" is also observed near m/z ~240.
Due to the close masses of ethene and propene, these values
partially overlap. In all cases, cleavage of the alkyl group
is accompanied by the attachment of a hydrogen atom to
sulfur, i. e., restoration of the thiol group at the 5th position
of the triazole.

For compounds bearing a substituent at N2, cleavage of this
substituent is also characteristic. In particular, for N-ethyl
derivatives (1.6-1.10), a fragment corresponding to the loss
of ethylene (28 Da) forming the ion [M+H-C_H,]* was ob-
served. Often, the cleavage of substituents at N? and sulfur
occurs sequentially or even simultaneously.

As a result, many spectra exhibit an ion corresponding to
the “naked” triazole core — that is, the protonated molecule
lacking substituents at both N and sulfur. For 5-alkylthio-N-
ethyl-1,2,4-triazoles, this «core» corresponds to a protonated
S-mercapto-1,2,4-triazolyl-aminoacyl fragment (a structure with
a restored thiol group and a reduced secondary amine at N?).

Its mass is approximately constant (~240.2 Da for the
indicated skeletal fragment), regardless of N> and R . For com-

pound 1.7 (with a shorter R chain), a similar ion is observed
at m/z ~240.2, while for longer chains (1.1, 1.6), the intensity
of the ~240.2 ion is somewhat lower, as the multistep loss of
substituents competes with other fragmentation pathways.

In the presence of an aryl substituent (N-phenyl, series
1.11-1.15), additional fragmentation pathways are observed.
Besides the cleavage of the alkyl group R from sulfur (yield-
ing ions [M+H—-CnH2n]" similar to those in N-alkyl analogs),
cleavage of the phenyl radical from the N? atom also occurs.
This results in a fragment ion corresponding to the loss of

H, (77 Da) from the protonated molecule.

Overall, phenyl-containing triazoles are characterized by
the presence of an intense fragment at m/z ~269-270 (cor-
responding to the loss of an alkene from [M+H]", similar
to N-alkyl series) and a fragment at ~192—194. The latter is
formed through deeper degradation: sequential loss of the
alkyl radical and the phenyl group, as well as partial break-
down of the triazole ring itself (possibly involving the loss
of HNCO or CO fragments).

For example, in the spectrum of compound 1.11 (Fig. 3), the
fragment at m/z 192.2 is one of the main peaks — likely a prod-
uct of cleavage of both the C—S bond and the N*-C H, bond,
followed by the loss of CO from the uracil (dioxo-dihydropy-
rimidine) ring. Thus, the phenyl substituent promotes deeper
fragmentation of the triazole core compared to alkyl analogs.

For the 1,3,4-oxadiazole compound 1.16, in which one of
the nitrogen atoms in the triazole ring is replaced by oxygen,

240
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Fig. 3. Mass spectrum of 6-(5-(methylthio)-4-phenyl-4H-1,2,4-triazol-3-yl)pyrimidine-2,4(1H,3H)-dione (1.11).
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Fig. 4. Mass spectrum of 6-(5-mercapto-1,3,4-oxadiazol-2-yl)pyrimidine-2,4(1H,3H)-dione (1.16).
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similar fragmentation pathways were observed — cleavage of
the C—S bond and loss of substituents — however, the cationic
fragments were less stable, and most ions were detected in
negative mode (Fig. 4). In particular, 6-(5-mercapto-1,3,4-
oxadiazol-2-yl)pyrimidine-2,4(1H,3H)-dione in positive
mode showed a weak [M+H+2]" ion at m/z =215.2 and a
more intense ion [2M+H-42]", corresponding to the dimer
formation via a diprotonated sulfonium bridge and opening
of one pyrimidine ring. Thus, the introduction of an oxygen
atom into the ring (N—O substitution) reduces cation stability
and complicates fragmentation along the typical pathways
seen in triazoles [15].

Discussion

Analysis of the mass spectra of the studied 1,2,4-triazole
derivatives revealed that their fragmentation in the ESI source
follows certain established patterns sensitive to the substitu-
ent structure [16]. The primary fragmentation pathways for
5-alkylthio-1,2,4-triazoles involve the cleavage of the alkyl
substituent at sulfur and, to a lesser extent, the loss of the
substituent at N°.

The loss of the alkyl group (especially a long chain) is an
energetically favorable process; therefore, for compounds
with large R, substituents, the intensity of the [M+H]" peak
decreases, while the fragment [M+H-R]" can become the base
peak. For example, in the compound with the longest chain
(1.10, R, = C, H,)), the fragment corresponding to the loss
of decene ((M+H-C, H, 1) is expected to have an intensity
comparable to or greater than that of the molecular ion, con-
sistent with the general trend that longer radicals detach more
readily, forming more stable carbocations or neutral alkenes.
Accordingly, the molecular ion peak [M+H]" may decrease
in intensity as the chain length n in R, increases.

The substituent at the nitrogen atom (N?) also influences the
fragmentation pattern. N-alkyl derivatives typically exhibit
similar spectral features, differing mainly in the mass of the
fragments. For example, N-methyl (1.1-1.5) and N-ethyl triazoles
(1.6-1.10) produce a related series of ions differing by approxi-
mately 14 Da between corresponding peaks, which corresponds
to the mass difference between —CH, and ~C H, groups.

In contrast, the presence of an aromatic substituent (phenyl)
at N? significantly alters the fragmentation pattern: unique
fragmentation pathways emerge, involving the cleavage of
the phenyl radical and subsequent charge rearrangement.
The phenyl substituent evidently stabilizes the charge in the
intermediate ion, facilitating additional cleavages within the
triazole ring (e. g., loss of CO, ring breakdown).

Therefore, fragmentation of N-phenyl derivatives is deep-
er: besides ions arising from substituent loss, fragmentation
products of the heterocyclic core itself are observed (e. g.,
an ion at m/z ~192 in the 1.11-1.15 series).

This fact can be exploited analytically to differentiate
N-phenyl from N-alkyl 1,2,4-triazoles: the spectra of the
former show characteristic fragments from phenyl group loss
and ring cleavage, which are absent in the latter.

An interesting fact is that the mass spectra of all studied
compounds share common features — in particular, the

presence of peaks attributable to the preserved triazole core.
Despite the variety of substituents, a fragment with approx-
imately the same mass (around 230 Da in positive mode for
the cation and 210-230 Da in negative mode for the anion)
appears in the spectra of many compounds. This indicates
that the 1,2,4-triazole core together with the attached carbonyl
fragment (formed by the cyclic amide residue) is a relatively
stable ion formed after the loss of peripheral parts of the
molecule. This fragment essentially corresponds to the pro-
tonated (or deprotonated) S-mercapto-3-alkyl-1,2,4-triazole
(in positive mode — with the cationic center on the endocyclic
nitrogen). It can serve as a marker ion for the identification
of certain types of 1,2,4-triazole derivatives.

The general fragmentation pathways can be summarized
as follows:

—[M-H] — [M-H-H:0] —dehydration of the compound
at the uracil core, the most common route leading to major
peaks;

— [M+H]* — [M+H-R_alkene]" — [M+H-R_alkene —
N, _alkene]*—sequential loss of the alkyl substituent at sulfur
as an alkene, followed by loss of the alkyl substituent at NV

—[M+H]" — [M+H-CH.]" - cleavage of the phenyl sub-
stituent (for aromatic derivatives);

A comparative analysis of the mass spectra of a series
of 5-alkylthio-1,2,4-triazoles with N-alkyl and N-phenyl
substituents showed that increasing the length of the alkyl
chain R facilitates its cleavage (reflected by an increase in
the relative intensity of the fragment [M+H—R]"), while the
introduction of an aromatic substituent at N’ promotes the
formation of products resulting from deeper heterocycle
degradation. The obtained results are useful for the iden-
tification of new 1,2,4-triazole derivatives based on their
mass spectrometric “fingerprints” and for understanding
the relationship between molecular structure and ion frag-
mentation pathways.

Conclusions

1. The conducted LC-ESI-MS analysis of 1,2,4-triazole
derivatives with various substituents revealed characteristic
fragmentation patterns of these compounds.

2. It was established that protonated molecules [M+H]"
are observed for all compounds, and the presence of a sulfur
atom in the structure is confirmed by the isotopic peak [M+2]
with arelative intensity of approximately 4 %. The main frag-
mentation pathways of the molecular ions involve cleavage
of substituents at the sulfur and N? atoms. The cleavage of
the C—S bond with loss of an alkyl radical as an alkene leads
to the formation of intense fragments [M+H-R]", which can
dominate the spectrum for long-chain substituents.

3. The cleavage of the substituent at N? (alkyl or phenyl)
produces corresponding ions [M+H-R ]" with somewhat
lower intensity; however, in the case of phenyl derivatives,
this process promotes deeper fragmentation of the triazole
ring. It was found that the final fragment corresponding to
the 1,2,4-triazole core (after removal of peripheral groups)
has a consistent mass and is observed in the spectra of most
compounds, which can serve as a structural marker.
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Prospects for further research. Further research on these
6-(5-mercapto-1,2,4-triazol-3-yl)pyrimidine-2,4-dione
derivatives should focus on expanding their chemical di-
versity through advanced functionalization techniques and
optimizing reaction conditions to improve selectivity and
yields. Comprehensive biological evaluations, including
in vitro and in vivo studies, are necessary to fully assess their
antimicrobial, anti-inflammatory, and antidiabetic potentials.
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