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ESI-MS fragmentation pathways of some 1,2,4-triazole-
3-thiones, the intermediate compounds in the synthesis
of active pharmaceutical ingredients

Aim. To determine the fragmentation pathways of eight 1,2,4-triazole-3-thiones, which are intermediate products
in the synthesis of active pharmaceutical ingredients of potential and registered pharmaceutical formulations.

Results and discussion. HPLC-MS analysis of eight 1,2,4-triazole-3-thiones, which are intermediate products
in the synthesis of salts of 1,2,4-triazolylthioacetate acids, has been carried out; the mass spectra of the com-
pounds to be analyzed have been registered in ESI-mode with different fragmentor voltage (0, 100, 200 V).
The fragmentation pathways and patterns of ion decay for compounds to be analyzed have been proposed.

Experimental part. Agilent 1260 Infinity HPLC System with Agilent 6120 mass spectrometer were used.
HPLC-MS conditions: column — @4,6 x 30 mm, reversible phase Zorbax SB C18, 1.8 um, 40°C; mobile phase —
0.1% HCOOH in H,0 and 0.1% HCOOH in CH,CN in isocratic mode (50:50, v/v); the flow rate — 0.4 mL/min; ion
source — API-ES; positive polarity; drying gas — nitrogen (rate — 10 L/min); the capillary voltage — 4000 V; scan-
ning in the range of m/z 100 — 1000.

Conclusions. For the first time it has been interpreted the mass spectra of 1,2,4-triazole-3-thiones series,
the intermediate compounds in the synthesis of active pharmaceutical ingredients of pharmaceutical formula-
tions. The fragmentation pathways and patterns of eight 1,2,4-triazole-3-thiones have been shown.
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B. O. BapuHcbkun, A. I. KannayweHko

Banopisbkuli depxasHull meduyHul yHigepcumem, YKkpaiHa

Wnsaxu ECI-MC cdparmeHTauii aesknx 1,2,4-Tpnason-3-TioHiB, NPOMiXKHMX NPOAYKTIB

npu CUHTE3i aKTUBHUX papMaUeBTUYHUX iHFpedieHTIB

MeTa. BuzHauntu wnsaxu pparmeHTauii BocbMu 1,2,4-Tprasorn-3-TioHiB, SKi € NPOMIXHUMW NPOAYKTaMU B CUH-
Tesi aKTMBHUX hapMaLeBTUYHMX IHFPediEHTIB NOTEHLINHMX Ta 3apeecTpoBaHuX hbapMaLleBTUYHMX Npenaparis.

PesynkraTty Ta ix o6roBopeHHs. [posegeHo BEPX-MC aHanis Bocbmu 1,2,4-Tprason-3-TioHiB, SKi € npo-
MDKHUMW NpoAyKTaMu npu cuHTesi conen 1,2,4-TpuasoninTioauetaTHUX KUCOT; Mac-CnekTpu AOCAiLKYBaHNX
cnonyk 3apeecTtpoBaHo B ECl-pexwumi 3 pisHoto Hanpyroto doparmeHTatopa (0, 100, 200 B). 3anponoHoBaHo Lwwins-
XV dpparmeHTaLii Ta 3aKOHOMIPHOCTI po3nagy iOHIB A5 aHani3oBaHWX CrosyK.

ExkcnepuMeHTanbHa YacTuHa. [1na gocnimpkeHb BukopuctaHo cuctemy HPLC Agilent 1260 Infinity 3 mac-
cnektpomeTpom Agilent 6120. BEPX-MC ymoBu: kornoHka — 4,6 x 30 mm, obepHeHa ¢asa Zorbax SB C18, 1,8 um,
40°C; pyxoma ¢asa — 0,1% HCOOH B H,O T1a 0,1% HCOOH B CH,CN B i3okpatuiHomy pexumi (50:50, v/v);
WwBMakicTe notoky — 0,4 Mn/xB; oxepeno ioHiB — API-ES; nosntuBHa nonspHicTb; ras-ocyllysay — a3oT (LWBua-
kicTb — 10 n/xB); Hanpyra kaninspa — 4000 V; ckaHyBaHHs B gianasoHi m/z 100 — 1000.

BucHoBku. Brneplue iHTepnpeTtoBaHo Mac-cnekTpu cepii 1,2,4-Tpnasorn-3-TioHiB, NPOMKHUX CMOMYK MPW CUH-
Te3i aKTMBHMX hapMaLeBTUYHUX iHrpeaieHTiB hbapmaueBTUYHMX NpenapariB. [MokaszaHo wnaxu doparmeHTauii Ta
po3nagy BocbMu 1,2,4-Tprason-3-TioHiB.

Knrouoei crioea: mac-CnekTpoMeTpisi; BUCOKoeeKTUBHA pianHHa xpomaTtorpadis; 1,2,4-t1pnason-3-TioHu

B. A. BapuHckuni, A. I KannayweHko

Barnopoxckull eocydapcmeeHHbIl MedUUUHCKUU yHUsepcumem, YkpauHa

Mytn 3CU-MC dparmeHTaumm HekoTopbix 1,2,4-Tpua3on-3-TMOHOB, MPOMEXYTOYHbIX

NPOAYKTOB NPU CUHTE3e aKTUBHbIX hapMaLeBTUYECKUX UHIPEeAUEHTOB

Lenb. Onpegenutb Nyt parmeHTauum BocbMu 1,2,4-1pnason-3-TMOHOB, ABNAIOLLMXCA NPOMEXYTOYHBIMM
NnpoayKkTamu B CUHTE3E aKTUBHbIX (hapMaLEBTUYECKMX MHIPEONEHTOB NOTEHLUMANbHbIX U 3apErMCTPUPOBaHHbIX
hapmaLeBTUYECKMX NpenapaTos.

Pe3ynkraTthl U ux obcyxaeHue. NposeaeH BOXKX-MC aHanu3 Bocbmu 1,2,4-Tprason-3-TMOHOB, ABMSHO-
LLIMXCS NMPOMEXKYTOUHBIMW NPOAYKTaMu Npy cuHTe3e conen 1,2,4-TpnasonuntuoaueTaTHUX KACOT; Macc-CrnekTpbl
uccregyemMbix CoOeQuHeHn 3apernctTpupoBaHbl B QCU-pexrMe ¢ pasnuyHbiM HanpskeHmem dparmeHTaTtopa
(0, 100, 200 B). MNpeonoxeHbl NyT1 hparMeHTaLUmMmn U 3aKOHOMEPHOCTM pacrnaga MOHOB Ans uccnegyemMbix coeam-
HEHWIA.

JKcnepuMeHTanbHas YacTb. [1n1a uccrnegoBaHuii ncrnons3osaHa cuctema HPLC Agilent 1260 Infinity ¢ macc-
cnektpomeTpoMm Agilent 6120. BOXXX-MC ycnosus: konoHka — &4,6 x 30 mm, obpalueHHas casa Zorbax SB C18,
1,8 um, 40°C; nogewxHas dasa — 0,1% HCOOH B H,0 1 0,1% HCOOH B CH,CN B n3okpaTu4eckom pexunme
(50:50, v/v); ckopocTb notoka — 0,4 Mn/MyH; UICTOYHUK MOHOB — API-ES; N03uTUBHas NONSipPHOCTb; ra3-oCcyLUnTenb —
asoT (ckopocTb — 10 n/mMuH); HanpsbkeHne kanunngapa — 4000 V; ckaHupoBaHue B gnanasoHe m/z 100 — 1000.

BbiBoabI. BriepBble MHTEPNpETMPOBaHbI Macc-cnekTpbl cepun 1,2,4-Tpnason-3-TMOHOB, MPOMEXKYTOYHbIX MPOo-
[OYKTOB MpU CUHTE3€ aKTUBHbIX hapMaLeBTUYECKNX MHIPEaNEHTOB (hapMaLeBTMYECKMX NpenapaToB. MNoka3aHbl
nyTn pparmeHTaumm n pacnaga socbMm 1,2,4-Tpnason-3-TMOHOB.

Knroyeenle crioea: Macc-CneKTpoOMETpUst; BbICOKO3((heKTUBHAS XUAKOCTHAsA XpomaTtorpadus;
1,2,4-Tpnason-3-T1oHbI
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Fig. 1. Mass-spectra of 4-(2-methoxyphenyl)-5-(pyridin-4-yl)-2,4-dihydro-3H-1,2,4-triazole-3-thione at different fragmentor voltage (0, 100, 200 V)

Heterocyclic systems based on 1,2,4-triazole are
the subject of interest for the present-day medicinal
chemistry. They have the antioxidative, hepatopro-
tective and other activities; moreover, some of them
have been already registered and used in the present-
day veterinary (tryfusol, avesstym) [1, 2], and one of
them is on the stage of registration for human use
and manufacturing application (thiometrizol) [3].

In this way, the study of the preparation methods
and the quality control of all stages of the develop-
ment and production of the abovementioned com-
pounds and their initial products in the synthesis is
the urgent task for the present-day pharmaceutical
science and of a scientific interest and practical im-
portance.

One of the main methods, which may be used for
the effective and reliable identification and the quan-
titative determination of the target products of the or-
ganic synthesis and impurities is chromatography

H,

| =S

N
\ = O~Me — »
N~

285.080457 Da

N

N/

e
N e

253.054243 Da

/N® /N%L)
| D—SH ey SH
N
U O~Me SO N on
Yo Yo
l 275.096108 Da
v \)
N \ N\ Me I >
— d /N \o ~ N O-
Me-o N ,\}/ Me
S-S
N
—

HN. -
. 253108387 D
N N)\CN ]

567.137988 Da

Fig. 2. The pathways proposed for the dissociation of
4-(2-methoxyphenyl)-5-(pyridin-4-yl)-2,4-dihydro-3H-1,2,4-triazole-
3-thione and theoretical monoisotopic masses of ions at 100 V

with mass spectrometric detection. The most appro-
priate for the analytical goals is a combination of high
performance liquid chromatography and mass spectro-
metry with ionization under atmospheric pressure,
in electrospray (ESI), chemical ionization under at-
mospheric pressure (APCI), photochemical ionization
under atmospheric pressure (APPI). The current work
is devoted to ionization in electrospray, which is the best
choice for the analysis of polar non-volatile com-
pounds, such as the analytes under research.

At the first stage, there was the optimization of
the mass spectrometry detection conditions [4], at
the second stage the behavior of analytes to be chro-
matographed was studied [5].

Patterns of hydrazide of definite organic acids and
their corresponding hydrazinecarbothioamides mass
spectrometric decay were showed [6]. The mass frag-
mentation patterns of 1,2,4-triazole derivatives were
reported in different articles [7-10].

The aim of the present work is to study mass-
spectra and offer plausible fragmentation pathways
of eight 1,2,4-triazole-3-thiones, the intermediate pro-
ducts in the synthesis of active pharmaceutical ingre-
dients. The elucidation of fragmentation pathways was
based on the electrospray ionization single quadru-
pole mass spectrometry.

Results and discussion

The mass spectra are presented in graphical and
tabular form, providing the most intensive peaks star-
ting about 1%. The maximal peak was shown from
isotope group peaks. All compounds can exist as a thiol
and thione forms. We analyzed the mass spectra and
suggested the possible fragmentation pathways of
the compounds.

4-(2-Methoxyphenyl)-5-(pyridin-4-yl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione. The ion with
m/z 285.0 is observed at 0 V, 100V, and 200 V of colli-
sion voltages (Fig. 1). This ion corresponds to the quasi-
molecular ion (protonated molecule) of the current sub-
stance. The isotope peaks are also present in the mass
spectrum. The ion with m/z 253.1 at 100 Vand 200 Vis
detected (Fig. 2-3, Table 1); it is formed by heterolytic
cleavage of bonds between a phenyl carbon and oxygen
of the methoxy group. It is also possible that this ion cor-
responds to the structure created as a result of the sulf-
hydryl group cleavage from the quasimolecular ion.
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Fig. 3. The pathways proposed for the dissociation of 4-(2-methoxyphenyl)-5-(pyridin-4-yl)-2,4-dihydro-3H-1,2,4-triazole-

3-thione and theoretical monoisotopic masses of ions at 200 V

A pattern for the cation with m/z 275.1 appearing
in the mass spectrum at 100 V has been offered (Fig. 2).
The methoxy group elimination and the reduction
of the triazol cycle are observed. The cation with

Table 2

The values of ions m/z of 5-(furan-2-yl)-4-phenyl-
2,4-dihydro-3H-1,2,4-triazole-3-thione and
the relative abundance at 100V and 200V

Table 1
The values of ions m/z of 4-(2-methoxyphenyl)-5- No m/z Relative abundance, %

(pyridin-4-yl)-2,4-dihydro-3H-1,2,4-triazole-3-thione 100V
ions and the relative abundance at 100V and 200V 1 212.0 20
No | m/z | Relative abundance, % 2 2441 100.0
100V 3 485.0 17

1 253.1 14.7 200V
2 275.1 0.9 1 105.1 276
3 285.0 100.0 2 109.1 7.9
4 567.0 1.5 3 115.1 14
200V 4 118.1 5.8
1 169.2 1.0 5 130.0 3.1
2 184.0 1.2 6 151.0 1.5
3 197.1 29.6 7 157.0 7.2
4 212.1 6.7 8 170.1 12.1
5 221.0 4.8 9 185.1 10.6
6 237.1 6.6 10 2121 2.3
7 253.1 16.1 11 216.0 3.0
8 269.9 4.8 12 2441 100.0
9 271.0 1.1 13 265.0 1.0
10 285.0 100.0 14 485.0 3.6
11 567.1 34 15 485.0 1.7
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Fig. 4. Mass-spectra of 5-(furan-2-yl)-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione at different fragmentor voltage (100, 200 V)

m/z 567.1 is the quasimolecular ion (a protonated
dimer) of the compound at 0V, 100 V and 200 V.
200 V of collision voltage cause the appearance of
the cation with m/z 237.1. (Fig. 3). It is formed due
to partial destruction of the methoxyphenyl cycle.
Several structures of the cation with m/z 221.0 have
been offered. The first one is splitting off sulfur and
the methoxyl group, it leads to formation of the phe-
nylium carbocation. The second one is due to the de-
struction of the pyridin cycle, the corresponding cat-
ion radicals are formed, the third structure is due to

N\/N\
®
e/ N

the destruction of the metoxyphenyl cycle. The ion
with m/z 271.0 appears during cleavage of the me-
thyl group from a quasimolecular ion. The destruc-
tion of the triazole cycle is also possible with the for-
mation of the following ions: the radical cation with
m/z 212.1 and the cation with m/z 197.1 are formed.

5-(Furan-2-yl)-4-phenyl-2,4-dihydro-3H-1,2,4-
triazole-3-thione. At fragmentor voltage of 100 V
the quasimolecular (protonated molecule) ion with
m/z 244.1 and the dimer cation with m/z 485.0 are
formed (Fig. 4, Table 2).
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Fig. 5. The pathways proposed for the dissociation of 5-(furan-2-yl)-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione and theoretical

monoisotopic masses of ions at 200 V
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Fig. 6. Mass-spectra of 5-(pyridin-4-yl)-1,2-dihydro-3H-1,2,4-triazole-3-thione at different fragmentor voltage (0, 100, 200 V)

There is also the ion with m/z 212.1, which ap-
pears as a result of splitting off sulfur from a quasimo-
lecular ion (Fig. 4). When the fragmentor voltage
is increased from 100 to 200 V, more than 10 new
ions appear (Table 2, Fig. 5).

The ion with m/z 212.1 is also present at voltage
of 200 V. The radical cation with m/z 185.1 appears
during cleavage of CO from the ion with m/z 212.1.
In the case of additional splitting of the methyl group,
the cation with m/z 170.1 appears. The alternative
structure of the cation with m/z 170.1 may appear
from a quasimolecular ion during the destruction of
the furan cycle and elimination of the SH-group. With
further cleavage of the methylene group the radical
cation with m/z 157.0 appears. During disintegra-
tion of the triazole cycle the cation with m/z 151.0
appears at first, then the radical cation with
m/z 109.1. A direct elimination of the furan and ben-
zene ring from thiol forms of a quasimolecular ion
with the reduction of the triazole cycle; in this case,
the appearance of the radical cation with m/z 105.1
is possible. If CO is cleaved from the quasimolecu-
lar ion, the cation with m/z 216.1 may be formed.
This cation turns into the ion with m/z 130.0 after
eliminating the methylene group and benzene ring.
In the case of the triazole cycle reduction, the forma-
tion of the ion with m/z 118.0 is possible. The radi-
cal cation with m/z 115.1 may appear after cleavage
of CH, from the ion with m/z 130.0.
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Fig. 7. The pathways proposed for the dissociation

of 5-(pyridin-4-yl)-1,2-dihydro-3H-1,2,4-triazole-3-thione
and monoisotopic masses of ions
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5-(Pyridin-4-yl)-1,2-dihydro-3H-1,2,4-tria-
zole-3-thione. At voltage of 0, 100, 200, and 300 V
the quasimolecular cation of the protonated substan-
ce with m/z 179.0 is observed in mass spectra, as well
as the dimeric cation with m/z 355.0 and a partially
hydrogenized dimeric cation with m/z 357.0 are for-
med (Fig. 6-7, Table 3).

At 0V the adduct of the quazimolecular ion of
the protonated ion exists with dimethyl sulfoxide with
m/z 257.0. The substance studied is solved in dime-
thyl sulfoxide. The scan range of 160-1000 m/zis used
for maximal exclusion of ions, which are the products
of transformation of dimethyl sulfoxide in the ion source,
it has not entirely obtained yet. The ions of product
fragmentation of the compound studied have low in-
tensity (less than 1% of the basic peak intensity);
therefore, the interpretation of them is considered
to be inappropriate.

5-(Morpholin-4-ylmethyl)-4-phenyl-2,4-di-
hydro-3H-1,2,4-triazole-3-thione. At voltage of 100 V
the quasimolecular ion MH* with m/z 277.1, as well
as the ion with m/z 245.1 are present (Fig. 8, Table 4).

The ion with m/z 245.1 appears after cleavage
of sulfur from a quasimolecular ion. The cation with

Table 3
The values of ions m/z of 5-(pyridin-4-yl)-1,2-dihydro-

3H-1,2,4-triazole-3-thione and
the relative abundance at0V, 100V, 200 V

No m/z Relative abundance, %
oV
1 172.0 0.8
2 179.0 100.0
3 257.0 71.9
4 355.1 5.0
5 357.0 10.2
100V
1 179.0 100.0
2 355.0 0.6
3 357.0 0.5
200V
1 179.0 100.0
2 354.8 1.1
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Table 4
The values of ions m/z of 5-(morpholin-4-ylmethyl)-
4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione and
the relative abundance at 100V and 200V

No m/z | Relative abundance, %
100V
1 100.15 33
2 102.15 1.1
3 173.1 1.1
4 245.05 2.2
5 2771 100.0
6 551.15 3.5
200V
1 100.1 100.0
2 105.1 52.8
3 1171 12.1
4 131.10 89.5
5 136.0 9.5
6 143.0 1.0
7 148.0 4.0
8 157.1 5.5
9 163.0 7.3
10 190.0 834
11 2771 8.1
12 551.2 30.7

m/z 173.1 is formed during forthcoming elimination
of the phenyl radical and reduction of the triazole
cycle. After cleavage of triazole, cations with m/z 102.1
and 100.1 appear (Fig. 9) [6].

Atvoltage of 200 V (Table 4, Fig. 10) the quasimo-
lecular ion may be disintegrated in few ways. Firstly,
after elimination of sulfur, the triazole cycle reduction
and the morpholine fragment separation, the radical
cation with m/z 163.0 is formed, and then after clea-

& sy o ¥

Table 5
The values of ions m/z of 4-methyl-5-(morpholin-
4-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione
and the relative abundance at 100V and 200V

No | m/z Relative abundance, %
100V
1 100.1 1.6
2 183.1 1.0
3 215.1 100.0
4 429.1 49
200V
1 100.1 100.0
2 128.1 15.7
3 2151 9.5
4 4271 1.9

vage of the methylene radical the cation with m/z 148.0
is observed. The structure of the ion with m/z 148.0
is also possible; it corresponds to the cation, which
appears during elimination of sulfur, the morpholine-
methylene fragment and partial reduction of the tria-
zole cycle. The cation with m/z 136.0 is formed after
cleavage of sulfur;, the morpholinemethylene fragment
and partial destruction of the triazole cycle.

During elimination of the morpholine fragment
from the quasimolecular ion the ion with m/z 190.0
appears. The alternative structure of the radical ca-
tion with m/z 163.0 may be obtained by destruction
of the triazole cycle. Elimination of sulfur and the mor-
pholine methylene fragment, the triazole cycle destruc-
tion lead to the appearance of the radical cation with
m/z 105.1. During cleavage of sulfur, the phenyl ra-
dical and the triazole cycle destruction the radical ca-
tion with m/z 157.1 is formed, it is successively trans-
formed into the cation with m/z 143.0, 131.1 and 100.1
(we suggested two structures; one of them was de-
monstrated in the previous research paper [6]). After
elimination of the phenyl fragment and the morpho-
line cycle destruction the formation of the alternative

g
511 |

W

i3
.
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Fig. 8. Mass-spectra of 5-(morpholin-4-ylmethyl)-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione (100, 200 V)
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Fig. 9. The pathways proposed for the dissociation of 5-(morpholin-4-ylmethyl)-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione and
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Fig. 10. The pathways proposed for the dissociation of 5-(morpholin-4-ylmethyl)-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione and
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Fig. 11. Mass-spectra of 4-methyl-5-(morpholin-4-yimethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione at different fragmentor voltage (100, 200 V)
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Fig. 12. The pathways proposed for the dissociation of 4-methyl-
5-(morpholin-4-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione
and theoretical monoisotopic masses of ions at 100 V
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Fig. 13. The pathways proposed for the dissociation of 4-methyl-

5-(morpholin-4-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione
and theoretical monoisotopic masses of ions at 200 V
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Fig. 14. Mass-spectra of 4-ethyl-5-(morpholin-4-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione at different fragmentor voltage (100, 200 V)
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Fig. 15. The pathways proposed for the dissociation of 4-ethyl-5-
(morpholin-4-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione
and theoretical monoisotopic masses of ions at 100 V

structure of the cation with m/z 131.1 becomes pos-
sible, then it creates the cation with m/z 117.1. At both
voltages of 100 V and 200 V the protonated cation of
the dimer of the compound with m/z 551.2 mentio-
ned appears (Fig. 9-10).
4-Methyl-5-(morpholin-4-ylmethyl)-2,4-di-
hydro-3H-1,2,4-triazole-3-thione. At the fragmen-
tor voltage of 100 V the quasimolecular ion with
m/z 215.1 of the compound itself can be observed.
We can also mark the ion of the dimer of the sub-
stance with the reduction of one of the triazole cycle.
The cation with m/z 183.1 appears as a result of eli-

N~N o

Table 6
The values of ions m/z of 4-ethyl-5-(morpholin-
4-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione
and the relative abundance at 100V and 200V

No m/z Relative abundance, %
100V
1 197.1 1.5
2 229.1 100.0
3 457.2 10.6
200V
1 100.1 100.0
2 114.0 3.0
3 142.0 209
4 229.1 17.7
5 455.0 1.2
6 4571 1.4

mination of sulfur from a quasimolecular ion. The for-
mation of the cation with m/z 100.1 is possible after
the destruction of the triazole cycle corresponding
to the above-described morpholine methylene deri-
vatives (Fig. 11-12, Table 5).

Voltage of 200 V initiates the formation of the qua-
simolecular ion with m/z 215.1 and the dimeric ion
with m/z 427.1. After elimination of sulfur and par-
tial destruction of the morpholine cycle the radical
cation with m/z 128.1 is observed. In the case of de-
struction of the triazole cycle morpholine methylene
the cation with m/z 100.1 appears (Fig. 13, Table 5).
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Fig. 16. The pathways proposed for the dissociation of 4-ethyl-5-(morpholin-4-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione

and theoretical monoisotopic masses of ions at 200 V
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Fig. 17. Mass-spectra of 5-(morpholin-4-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione at different fragmentor voltage (100, 200 V)
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Fig. 18. The pathways proposed for the dissociation
of 5-(morpholin-4-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione
and theoretical monoisotopic masses of ions at 100 V
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Fig. 19. The pathways proposed for the dissociation of 5-(morpholin-
4-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione
and theoretical monoisotopic masses of ions at 200 V

Table 7

The values of ions m/z of 5-(morpholin-4-ylmethyl)-
2,4-dihydro-3H-1,2,4-triazole-3-thione
and the relative abundance at 100V and 200V

No m/z Relative abundance, %
100V
1 100.2 2.2
2 201.0 100.0
3 399.1 7.2
200V
1 100.1 100.0
2 114.1 4.6
3 157.1 1.0
4 201.1 16.8
5 284.1 6.6
6 31241 1.0
7 399.1 19.9

4-Ethyl-5-(morpholin-4-ylmethyl)-2,4-dihy-
dro-3H-1,2,4-triazole-3-thione. At voltage of 100 V
we can observe the quasimolecular ion with m/z 229.1
and the dimericion m/z 457.1 with partial reduction
of one of the triazole cycles. The elimination of sul-
fur leads to formation of the cation with m/z 197.1
(Fig. 14-15, Table 6).

Voltage of 200 V initiates the appearance of a qu-
asimolecular ion of the substance. The formation of
the dimeric cation with m/z 455.0 and the cation
with m/z 457.2 is observed. The percentage of the ca-
tion with m/z 457.2 decreases in almost eight ti-
mes comparing with the voltage of 100 V (Fig. 16,
Table 6).

After cleavage of sulfur, the partial destruction of
the morpholine cycle and the fractional reduction of
the triazole cycle the radical cation with m/z 142.0 is
formed. This cation after elimination of the methyl-
amine group can be transformed into the cation with
m/z 114.0. The appearance of the cation with m/z 100.1
is observed as a result of the triazole cycle destruc-
tion as described above.
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Fig. 20. Mass-spectra of 5-(2-methoxyphenyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione at different fragmentor voltage (100, 200 V)

5-(Morpholin-4-ylmethyl)-2,4-dihydro-3H-
1,2,4-triazole-3-thione. The quasimolecular ion MH*
withm/z 201.0 and the dimer ion with m/z 399.1 are
formed at 100 V (Fig. 17-18, Table 7).

Splitting off the triazole cycle causes the forma-
tion of the methylene morpholinium cation with
m/z 100.1. The quasimolecular ion of disintegration
products appears at 200 V. At the triazole cycle de-
cay the cation with m/z 157.1 is formed. The cleavage
of the morpholine radical causes the formation of
the cation with m/z 114.1 (Fig. 19, Table 7).

5-(2-Methoxyphenyl)-2,4-dihydro-3H-1,2,4-
triazole-3-thione. The quasimolecular ion MH* with
m/z 208.0 exists at 100 V. It creates the dimeric ion
of the compound with m/z 413.0 (Fig. 20-21, Table 8).
Voltage of 200 V causes fragmentation of these ions.
The cation with m/z 176.0 appears after cleavage of
sulfur. The further elimination of the methyl group
and the triazole cycle reduction cause the radical ca-
tion with m/z 165.1. The cleavage of the methyl radi-
cal from the quasimolecular ion causes the forma-
tion of the radical cation with m/z 193.0. Removing
of an oxygen atom and proton is a possible cause of
the alternative structures of the ion with m/z 176.0
(Fig. 22, Table 8).
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Fig. 21. The pathways proposed for the dissociation of
5-(2-methoxyphenyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione
and theoretical monoisotopic masses of ions at 100 V
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Experimental part

4-(2-Methoxyphenyl)-5-(pyridin-4-yl)-2,4-di-
hydro-3H-1,2,4-triazole-3-thione 1; 5-(furan-2-yl)-
4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione 2;
5-(pyridin-4-yl)-1,2-dihydro-3H-1,2,4-triazole-
3-thione 3; 5-(morpholin-4-ylmethyl)-4-phenyl-2,4-
dihydro-3H-1,2,4-triazole-3-thione 4; 4-methyl-5-(mor-
pholin-4-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-
3-thione 5; 4-ethyl-5-(morpholin-4-ylmethyl)-2,4-di-
hydro-3H-1,2,4-triazole-3-thione 6; 5-(morpholin-4-
ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione 7;
5-(2-methoxyphenyl)-2,4-dihydro-3H-1,2,4-triazole-
3-thione 8 were synthesized in the Zaporizhzhia State
Medical University at the Department of Natural Sci-
ences for Foreign Students and Toxicological Che-
mistry, Physical and Colloid Chemistry Department.
The composition of compounds was confirmed by
elemental analysis and IR, UV, 'H NMR spectroscopy,
chromatography with mass spectrometric detection.

Table 8

The values of ions m/z of 5-(2-methoxyphenyl)-
2,4-dihydro-3H-1,2,4-triazole-3-thione
and the relative abundance at 100V and 200V

No m/z Relative abundance, %

100V

1 208.0 100.0

2 413.0 6.2
200V

1 165.1 52

2 176.0 1.1

3 193.0 55.6

4 208.1 41.2

5 413.0 23.2
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Fig. 22. The pathways proposed for the dissociation of
5-(2-methoxyphenyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione
and theoretical monoisotopic masses of ions at 200 V

Acetonitrile (HPLC gradient grade), formic acid
(100%) were purchased from Merck KGaA (Darmstadt,
Germany). Highly purified water (18 M under 25°C)
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was produced using the Direct Q 3UV Millipore sys-
tem (Molsheim, France).

Sample solutions. Solutions of compounds 2, 4-7
in 50% acetonitrile and compounds 1, 3, 8 in dime-
thyl sulfoxide were prepared by dissolving to the fi-
nal concentration of 1 mg/mL.

Agilent 1260 Infinity HPLC System (degasser, bi-
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quadrupole mass-spectrometer and software Open-
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HPLC-MS conditions: 1) column - 4,6 x 30 mm,
reversible phase Zorbax SB €18, 1.8 pm; 2) column
temperature - 40°C; 3) eluent A - 0.1% HCOOH in
H,0; eluent B - 0.1% HCOOH in CH,CN; isocratic mode
(50:50, v/v); 4) the flow rate - 0.4 mL/min; 5) ion
source — API-ES; 6) positive polarity; 7) drying gas -
nitrogen (rate - 10 L/min); 8) the capillary voltage -
4000 V; 9) scanning in the range of m/z 100 - 1000
and 160-1000 for compounds 2, 4-7 and 1, 3, 8,
respectively.

Conclusions

1. The ESI mass spectra of eight 1,2,4-triazolethi-
ones at different fragmentor voltage have been shown.

2. For the first time mass spectra of ESI 1,2,4-tria-
zolethiones series, the intermediate materials in the syn-
thesis of active pharmaceutical ingredients of phar-
maceutical formulations has been interpreted.

3. The fragmentation pathways and patterns of
eight 1,2,4-triazolethiones have been proposed.
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