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Development of methods for determination of 1,2,4-triazole-3-thiones as intermediate substances in
the synthesis of 1,2,4-triazole-3-thioacetate acids salts as potential drugs is an important task at the
research and production stage. The study of absorption, distribution, metabolism and excretion requires
development of the corresponding methods. The most universal and selective methods used in these
cases is the HPLC-MS. The aim of this study was to optimize the conditions of mass spectrometric
detection for FIA-MS (flow injection analysis with mass-spectrometric detection) and HPLC-MS (high
performance liquid chromatography with mass-spectrometric detection) with the electrospray ionization
of eight 1,2,4-triazole-3-thiones by three factors of full factorial design and polynomial regression equa-
tions. The work has been performed using the technique of direct sample introduction into the ion
source (flow injection analysis - FIA) on an Agilent 1260 Infinity HPLC system with an Agilent 6120
single quadrupole mass spectrometer. The equations of polynomial regression dependence of the sig-
nal intensity of the mass detector on three important factors such as the gas drier temperature, the
fragmentor voltage and the nebulizer gas pressure have been calculated for the substances studied.
Based on the location of the maxima of the functions obtained the optimal values of these factors have been
determined. The choice of optimal conditions of mass spectrometric detection allows to maximize the

signal on the detector and thus to increase the sensitivity and selectivity of determinations.

Currently, there are many derivatives of 1,2,4-tria-
zoles with a high biological activity. They are potential
or already widely used drugs. Development of control
methods of synthetic stages for compounds of this class
at the research and production stage is an important task
for modern pharmaceutical science. Determining the abi-
lity of substances for absorption, distribution, metabo-
lism and excretion (ADME) also needs to create appro-
aches to the analysis of a number of compounds of this
range. The high performance liquid chromatography with
mass spectrometric detection, particularly with the electro-
spray ionization (HPLC-ESI-MS) is undoubtedly one of
the universal and selective methods providing elucida-
tion of the structure, determination of the molecular weight,
quantitative determination of substances. Using the me-
thod HPLC-MS is the subject of many works, in which
the conditions of mass spectrometric detection are given
[5, 6, 8, 9], however, these 1,2,4-triazole-3-thiones have
been studied for the first time, and therefore, the current
study has relevance, scientific novelty and practical sig-
nificance. We have not found papers concerning the use

of polynomial models for choosing conditions of the electro-
spray ionization for mass spectrometric detection.

The aim was to optimize the conditions of ionization
with electrospray for mass spectrometric detection of
HPLC-MS range of 5-R-4-R1-1,2,4-triazoles-3-thiones
as intermediates in the synthesis of the corresponding
1,2,4-triazoles-3-thioacetate acids and their salts, some
of them have been already registered and some are po-
tential medicines. In particular, these conditions are the
gas drier temperature, the fragmentor voltage and the
nebulizer gas pressure.

Experimental Part

The device for LC MS is the Agilent 1260 Infinity
HPLC System (degasser, binary pump, autosampler, an
Agilent 6120 single quadrupole mass spectrometer with
ionization in electrospray (ESI); OpenLAB CDS Soft-
ware. Conditions of the LC-MS study are: 1) the isocra-
tic mode using the buffer solution: A, H,O (HCOOH 0.1%)
and solution of organic modifiers: B, CH,CN (HCOOH
0.1%) — 50:50; 2) the ion source — API-ES; 3) the mode
of selective ion monitoring depending on the molecular
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Table 1
Full Factorial Design for determining the detection
conditions of the test substances using ESI-MS

N The gas drier The The nebulizer

o.of the

experiment tempegature, fragmentor | gas pressure,

T,°C voltage, U,V P, psi

1 100 0 10
2 100 0 30
3 100 0 60
4 100 150 10
5 100 150 30
6 100 150 60
7 100 300 10
8 100 300 30
9 100 300 60
10 200 0 10
11 200 0 30
12 200 0 60
13 200 150 10
14 200 150 30
15 200 150 60
16 200 300 10
17 200 300 30
18 200 300 60
19 300 0 10
20 300 0 30
21 300 0 60
22 300 150 10
23 300 150 30
24 300 150 60
25 300 300 10
26 300 300 30
27 300 300 60

weight, SIM; 4) positive polarity; 5) the gas drier rate
(nitrogen) — 10 L/min.

Materials and Methods

Acetonitrile of the HPLC grade and formic acid (100%)
were supplied by Merck KGaA (Darmstadt, Germany).
Ultrapure water (18 MQ cm at 25°C) was prepared using
a Direct Q 3UV Millipore purification system (Molsheim,
France).

The following compounds 4-(2-methoxyphenyl)-5-
(pyridin-4-yl)-2,4-dihydro-3H-1,2 4-triazole-3-thione (1);
5-(furan-2-yl)-4-phenyl-2,4-dihydro-3H-1,2,4-tria-
zole-3-thione (2); 5-(pyridin-4-yl)-2,4-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-
(morpholin-4-ylmethyl)-2,4-dihydro-3H-1,2,4-tria-
zole-3-thione (5); 4-ethyl-5-(morpholin-4-ylmethyl)-2,4-
dihydro-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 used. They were synthesized at the de-
partments of Physical and Colloidal Chemistry (the head
of the Dept. — Doctor of Pharmacy, associate professor
Kaplaushenko A.G.), Toxicological and Inorganic Che-

mistry (the head of the Dept. — Doctor of Pharmacy, pro-
fessor Panasenko O.1.) at the Zaporizhzhya State Medical
University; their composition was confirmed earlier [1-4].

Preparation of Solutions

The sample of the substance solution was prepared
by dissolving 1.0 mg of compounds 2, 4-7 in 1.0 mL of
50% acetonitrile. Analytes 1, 3 and 8 were dissolved in
dimethyl sulphoxide (DMSO). The study was conduc-
ted by flow injection analysis (direct introduction of the
sample into the ionization chamber without chromato-
graphic separation). The injection volume was 2 pl.

Statistical Analysis

The statistical analysis of the results was performed
on a personal computer employing Statistica Package v. 8.0
(StatSoft, USA) based on the values of full factorial de-
sign and the corresponding peak areas. The polynomial
regression equations were determined. The optimal va-
lues of factors were found from the equations using Solver
(optimization tool for Excel, Frontline Systems, Inc., USA).

Results and Discussion

Taking into account the opinions of developers in the
research sector of hardware and software (Agilent Techno-
logies company) presented in the recommendations of
the OpenLAB CDS software system some of the factors
of ionization for the mass detector were selected with-
out optimization. According to these data we selected the
flow rate of the eluent — 400 pl/min, the flow rate of the
gas drier — 10 L/min, the capillary voltage — 4000 V be-
fore planning the experiment.

The objects under research are new derivatives of
1,2,4-triazoles, they have a specific structure, elemental
composition, chemical bonds strength. Thus, we decided
to optimize the factors affecting the value of the mass
detector signal for each compound individually.

To achieve aim of the work the full factorial design
by 3 factors was used. The interval for each factor was
selected according to the recommendations of the OpenLAB
CDS software package. Since the gas drier temperature
recommended by the software is 300°C, but it also de-
pends on the flow rate, the boiling point of the eluent,
the gas drier rate and thermal stability of the sample. The
eluent contained water, therefore, the temperature of 100°C
was chosen as minimal. The nebulizer gas pressure was
proposed by the software from 20 to 60 psi, depending
on the flow rate of the eluent. As the minimal value 10 psi
was chosen to study a broader range and determine the
best value. The fragmentor voltage may vary depending
on the nature of chemical bonds, so we varied it from 0
to 300 V. The flow-injection analysis (the method of the
sample direct introduction) was used. The full factorial
design is shown in Tab. 1. The factors were considered
to be the best if they corresponded to the maximal value
of the signal peak area of the mass detector. For each new
compound of 1,2,4-triazole-3-thione series 27 combina-
tions of factors (3°) were studied. All in all 216 experi-
ments were conducted. Each combination was repeated
three times. Therefore, 648 measurements were done.

The equations of polynomial regression for depen-
dence of the mass detector signal intensity on three fac-
tors, such as the gas drier temperature, the fragmentor
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Table 2

The regression equations and the optimal conditions for mass spectrometric detection of the substances

Subst SIM, R . " R R? Feal . Optimal conditions
ubstances | egression equations ' calc 0 T 0 b

S=4118250.98 — 12777.609-T + 0975171

1 285 |53.8893833-T + 359928.242 - U - oroaia | 646 | 303 | 300 | 143 | 60
1260.7575 - U2 +104089.817 - P :
S=1565874.72 - 18586.382 - T + 0955808

2 244 |51.7684279-T + 624107234 - U — o200 | 352 | 303 | 300 | 144 | 60
216.66037 - U? +47798.1473 - P :
S =-2634692.0 + 231926314 -T
+62.112728 - T + 637928.295 - U 0.964899

3 179 | 22053596 - U2 +517198.506 - P - 0031030 | 49 | 303 | 187 ) 145 | 53
4891.4904 - P
S =341090031 - 42541.095 - T +
111.018572 - T2 + 122595.835 - U 0.894853

4 277 | _ 458.85424 - U? +285964.863 - P - 0.800762 | 134 | 303 | 300 | 134 | 49
2930.0861 - P?
S =2929281.14 + 5097.55089 - T
+17.001536 -T2 + 59439.8118 - U 0.872500

3 215 125238307 U? +133239.578 - P - 0761255 | 106 | 303 | 150 | 118 | 43
1550.2213 - P2
S =2421565.82 - 6703.0294 - T +
16.2619500 - T2 + 37001.4610 - U 0.871407

6 229 | 15009844 - U? +68908.2841 - P - 0759350 | 10> | 303 | 100 | 116 | 60
551.18155 - P
S =-279018.59 + 9838.26968 - T
+20.735148 - T2 + 59972.0000 - U 0.975704

7 201 1 516.85533 - U? +56634.5387 - P - 0951908 | 961 3.03 | 237 ) 138 | 51
555.88194 - P?
S =5354847.93 - 55171.225-T+
143.746231 -T2 + 432318132 U 0.728245

8 208 1 13009561 - U? +36117.971-P + 0530340 | 376 | 303 | 300 | 155 | 10
496.813383 - P2

voltage and the nebulizer gas pressure, were calculated.
The adequacy of the models obtained was checked using
Fisher criteria. The calculated value of Fisher’s statis-
tics F,,, for all compounds is more than F_, of tabular
values for f, =3, f, =23, 0= 0.05, and equals 3.03 indi-
cating the significance of the polynomial regression equa-
tion. The coefficients of determination (R?) for seven com-
pounds are in the range of 0.76-0.95.

When calculating with the help of “Solver” for Ex-
cel the optimal values of the factors in determining the
maxima of the functions were obtained, the search was
converged in probability to a global solution.

The effect of the gas drier temperature on the mass
detector signal intensity is generally described as fol-
lows: higher temperatures lead to more effective crea-
tion of ions, but at the definite temperature the thermal
decomposition of molecules and ions of a substance in-
creases [7]. Therefore, it is likely that the maximum in-
tensity must be observed at the appropriate temperature.
We found confirmation of this in practice.

Analysing the optimal temperature of the gas drier
(Tab. 2) we note the following. Most compounds, which
optimal temperature is 300°C, have the methoxyphenyl
or phenyl radical (compounds 1, 2, 4) in position 4 of

the 1,2,4-triazole cycle, the exception is compound 8,
which has no substituents in position 4 of the 1,2,4-tria-
zole cycle. It can be explained by the fact that introduc-
tion of the phenyl radical leads to - conjugation of the
1,2,4-triazole cycle, and it stabilizes the molecule as a
whole. This fact correlates with the data obtained in the
analysis of compounds 1 and 3 differing only by the pre-
sence of the 2-methoxyphenyl substituent in position 4 of
the 1,2,4-triazole cycle of compound 1 and its absence
for compound 3, the optimal temperatures are 300°C and
187°C, respectively (the optimal temperature for com-
pound 3 is below than that for compound 1).

As for the results of the experiment with the sub-
stances containing morpholinomethylene substituents in
position 5 of the 1,2,4-triazoles nucleus (compounds 4,
5, 6, 7) it should be noted that the high temperature of
300°C is optimal for the compound containing phenyl
in position 4 (compound 4). For thione without substi-
tuent in N4 the best temperature is 237°C. Replacement
of the methyl substituent to the ethyl one (compounds
5, 6) creates conditions for reduction of the optimal tem-
perature (from 150°C to 100°C). It can be explained by
the fact that the phenyl radical stabilizes the compound
through m-m conjugation with the 1,2,4-triazole cycle.
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The absence of the substituent is characterized by the zero
effect (7). The electron-donor properties of alkyl radicals in-
crease (from thione 5 to 6), and it destabilizes compounds.

Researchers from the Agilent technologies company
carefully studied the correlation of the fragmentor vol-
tage and the mass detector signal intensity [10]. It can
be assumed that with increase in the fragmentor voltage
the mass detector signal intensity should decrease because
ions break up into fragments more actively. But, as we
see from the data obtained by the authors [10], the signal
intensity first increases, passes through the maximum,
and then it decreases. The voltage on the capillary and
the fragmentor applied to the inlet and outlet of the capil-
lary significantly affect transmission of ions into the detec-
tor. The voltage also leads to fragmentation of the sample
ions. Generally, the higher fragmentor voltage helps trans-
mission of ions through the area of a relatively high pres-
sure between the outlet of the capillary and the inlet to
the skimmer. High fragmentor voltage can cause frag-
mentation that provides the structural information. For
compounds that are fragmented with difficulty the increase
in voltage usually results in better transmission of ions.

As can be seen from Table 2, the optimal conditions
of fragmentation are in the range from 116 to 155 V. This
factor depends on the structure of the compound. Thus,
for morpholinomethylene derivatives (4, 5, 6, 7) the lo-
west optimal fragmentor voltage is observed, namely from
116 to 138 V. It can be seen that when shortening the
alkyl chain alkyl chain on the methylene group (com-
pounds 6, 5, 7) the increase in the optimal fragmentor
voltage can be observed, i.e. electron donor substituents
reduce the stability of molecules. The presence of aromatic
substituents stabilizes the molecule as a whole due to n-n
conjugation with the triazole cycle (compounds 1-3, 7, 8).

Prospects for further research. The next step is to
study the chromatographic retention of these substances,
as well as 1,2,4-triazole-3-thioacetate acids and their salts,
as desired products.

CONCLUSIONS

1. The polynomial regression equations demonstra-
ting dependence of the signal intensity of the mass de-
tector on three important factors such as the gas drier tem-
perature, the fragmentor voltage and the nebulizer gas pres-
sure have been calculated for eight 1,2,4-triazole-3-thiones.

2. Based on the regression equations the optimal con-
ditions of mass spectrometric detection of eight compo-
unds have been calculated by three factors.

3. It has been determined that introduction of phe-
nyl and methoxyphenyl substituents in position 4 of the
1,2,4-triazole cycle leads to greater stability of the com-
pounds to temperature (the recommended temperature
of the gas drier is 300°C). Introduction of the electron-
donor alkyl substituent in position 4 reduces thermal sta-
bility when increasing the chain length; therefore, for
ethyl derivatives the lowest temperature (100°C) is recom-
mended.

4. Reduction of the methylene group in the alkyl chain
(compounds 6, 5, 7) increases the optimal fragmentor vol-
tage, i.e. electron-donor substituents reduce the stability
of molecules. The presence of aromatic substituents (com-
pounds 1-3, 7, 8) stabilizes the molecule as a whole due
to -1 conjugation of the triazole cycle.

5. Determination of the optimal conditions for mass
spectrometric detection is necessary to maximize the sig-
nal intensity on the detector and thus increase the sensi-
tivity and selectivity of the methods. Since these condi-
tions are somehow specific, the partial separation of the
analyte signal from the signal of impurities is possible.
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ONTUMI3ALIA YMOB OETEKTYBAHHA PAAY 1,2,4-TPUA30I-3-TIOHIB ANA MNIA-ECI-MC TA
BEPX-ECI-MC

Bb.0.BapuHcbkut, A.lKannayweHko

Knroyoei cnoea: npomoyHo-iHxXekuyitiHut aHanis ([IA); sucokoeghekmueHa piduHHa
xpomamoepadpisi (BEPX); mac-cnekmpomempis (MC); ioHizauis enekmpopo3snumneHHam (ECI);
1,2,4-mpua3son-3-mioHu; onmumisay,isi; nosiiHoMianbHa pespecis

Pospobka memodie susHaq4eHHs1 1,2,4-mpua3osn-3-mioHie sik Hariernpodykmie cuHmesy conel 1,2,4-mpu-
ason-3-mioayemamHux KUCiom romeHUyitiHUX JlikapCbKUuX rpenapamie Ha cmadii 00crnidxeHb i 8u-
pobHUYMEa € 8axnueoto 3adaqeto. BusHadyeHHs1 rnoenuHaHHs, po3nodiny, memaborniamy ma eugedeH-
Hs1 nompebye po3pobku aHanimu4yHux Mmemodis. Halibinbw yHieepcanbHUMU i CeIeKmu8HUMU Memo-
damu, sukopucmaHumu 8 uux surnadkax, € BEPX-MC. Mema ubo2o 00cnidXeHHs nossieana 8 ornmu-
misaujii mac-criekmpomempuyHoi 0emexuji 0risi NMIA-MC (mpomoyHo-iHXeKUilHUG aHani3 3 Mac-CrieKmpo-
mempuyHoro demekuiero) | BEPX-MC (sucokoeghekmugHoi piOuUHHOI xpoMamoepadii 3 Mac-criekmpo-
Mempu4HOr demeKuiero) 3 iOHI3aujiero erieKmpopOo3nuUIeHHsIM 80CbMu 1,2,4-mpua3osn-3-mioHig no mpbox
ghakmopax rnosHoO20 ¢hakmopHO20 eKcriepuMeHmy i NoniHoMiannbHUX Pi8HSIHHSIX peepecii. Po6omu ripo-
800urnucs 3 sUKopucmaHHsIM MemoQy rnpsiMo20 88e0eHHs1 rpobu 8 ioHHe Axeperio 3a doriomozoro BEPX
cucmemu Agilent 1260 Infinity 3 0OHokealpynonbHUM Mac-criekmpomempom Agilent 6120. Bynu pospa-
X08aHi Pi8HSIHHS MOIIHOMIaIbHOI pezpecii 3anexxHocmi iHmeHcusHoCcmi cugHarsy mac-0emekmopa 8iod
mMpPbOX BaXIUBUX (hakmopie: memrepamypu 2a3y-ocywiyeada, Harpyau Ha chpasMeHmamopi, mucky
2asy-poasnurnoeadya. Ha nidcmasi makcumymie QyHKUil Byriu ompumMaHi onmumaribHi 3Ha4eHHS Yux
ghakmopis. Bubip onmumarnbHUX yMO8 Mac-criekmpomempuyHoi demekuyii 00380s1s€ Makcumidysamu
cueHarn 0emekmopa I makuMm YUHOM Mid8uUWUMU Yymaugicme | CeNeKmMu8HICMb 8U3HaYEHHS.

ONTUMMU3ALMA YCITOBUN OETEKTUPOBAHUA PALA 1,2,4-TPUA30N-3-TUOHOB ANA
MAA-3CU-MC U BIXKX-3CU-MC

B.A.BapuHckut, A.lKannayweHko

Knroyeenbie cnnoea: npomoyYyHO-UHXEKUUOHHBIU aHanu3 (MNA); ebicokoaghgbekmueHas XXUOKOCMHasi
xpomamoepacpusi (BOXKX),; macc-cnekmpomempusi (MC); uoHusauusi anekmpopacrbineHuem (OCH);
1,2,4-mpua3sorn-3-muoHbl; onmumu3ayusi; rnoiuHoOMuUaibHasi pegpeccusi

Paspabomka memoduk ornpedeneHust 1,2,4-mpua3orn-3-muoHo8 Kak MPOMEXYMOYHbIX eeLyecms rpu
cuHmese conel 1,2,4-mpu3onmuoauemamHbIxX KUC/I0M omeHyuarbHbIX J1eKapCmMeeHHbIX 8eiecms
Ha uccriedogamesibCKOM U rpou38o0CmMBEeHHOM amare sersemcs 8axHou 3adadel. ViccnedosaHue
adcopbuuu, pacnpederneHusi, Memabosiuama U 3KcKpeuuu mpebyem co3daHusi Coomeemcmeayujux
memoOuk. Haubonee yHugepcarnbHbie U CeneKkmuaHbie Memoohbl, MPUMEHSIEMbIE 8 3MUX Crly4Yasix, 3mo
B3XXX-MC.Lernbro amozo uccredosaHusi bbinia onmumu3ayus ycrioeuli Macc-CrieKmpomMempu4yecKko20
demexkmuposaHrusi dnsi [MNA-MC (mpomoYHO-UHXEKYUOHHBIU aHanu3 ¢ Macc-criekmpomempuyeckol
demexkyuel) u BOXXX-MC (sbicokoaghghekmugHas xpomamoepaghusi ¢ Macc-criekmpomempudeckol
Odemekuyuell) ¢ uoHu3ayuel 8 anekmpocrpee (3CU) eocbmu 1,2,4-mpua3zon-3-muoHos rno 3 ¢ghakmo-
pam MosIHO20 (hakmMoOPHO20 IKCrepUMeHma U MouHOMUAasbHbIM ypasHeHUsIM pezspeccuu. Paboma
bbiria npodenaHa MexHUKoU npsiMo20 egoda obpasua 8 UOHHbIU UCmOYHUK Ha Agilent 1260 Infinity
HPLC system ¢ oO0Hoke8adpyronbHbIM Macc-criekmpomempom Agilent 6120.6bin1u paccyumansbi ypas-
HEeHUS rnonuHoMuarnbHoU peapeccuoHHOU 3a8uCcCUMOCMU cu2Hana Macc-0emeKkmopa 0m mpex 8aXKHbIX
ghakmopoes: memrepamypbl 2a3a OCyWUMers, HanpspKeHUs Ha copaemeHmamope, 0asreHus 2asa
Hebynatizepa. OnmumaribHble 3Ha4eHUs1 3amux ¢hakmopos bbiniu paccHumaHbl Ha OCHO8e orpedesieHUs
MaKCUMyMO8 rory4eHHbIX ¢hyHKUuUU. Bbibop onmumaribHbIX ycrioguli Macc-CrieKmpomMempu4eckol
demeKyuu ro38osIiem MakcuMu3uposams cueHan Ha demekmope u makum obpa3oMm yeenuyumas
4yyecmeumeribHOCMb U CesIeKmueHocmb ornpedeneHud.



