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ABSTRACT

HPLC-MS analysis of 4-amino-5-(4-nitrophenyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione tautomeric derivatives has
been performed and composition of the tautomers mixture has been set. The relationship between the structure of
synthesized compounds and their UV-spectrums has been studied, the results of atomic charges calculation have
been described. Proofs conformity peaks in the chromatogram thione and thiol. Based on these data, we consider
that the major component is thione and the minor oneisthiol.
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INTRODUCTION

The theory of tautomeric transformations is on¢hef most important aspects of theoretical orgah@nustry. The
theory of tautomerism gives an opportunity to ustierd the diversity of the existence forms of orgaompounds.
There are many bioactive substances take parutortgeric transformations. For example pyrazolaferivatives

[1].

Traditional methods of studying tautomeric transfations in solutions and in crystalline state (vehidre influence

of molecular interactions are very large) are UR-spectrophotometry, NMR- spectrometry, X-ray tajlsgraphy
and quantum chemistry [2-7]. It is known some wonkbere the presence of thione-thiol equilibrium1g?,4-
triazole-3-thionesdhas been proved with the help of UV- spectrophetoyn8,9], however, quantitative assessment
have not studied.

Simultaneous using chromatomass- and UV- specttopiedry in studying tautomerism can identify notyotine
real "tautomeric" state of monomolecular systentsaltgo give quantitative characterization of twegant isomeric
forms.

The aim of this work was to study the thione-thialtomerism of 1,2,4-triazole derivatives using KPUS
method, identify the form of thione and thiol iretbhromatogram and set quantitative proportioriofiie and thiol
in the mixture.

EXPERIMENTAL SECTION

The research of 5-(4-nitrophenyl)-4-amino-3-thi@;4;triazole have been set using the device LC Wdlent
1260 Infinity HPLC System (Degasser, Bynary Pumptosampler, Thermostat Column Compartment, DAD);
Agilent single-quadrupole mass spectrometer 612@h welectrospray ion-source (ESI); OpenLAB CDS
Software. Conditions of HPLC-MS studies: 1) Binamsadient. A: HO (HCOOH 0.1%), B: CKCN (HCOOH
0.1%); 2) Column. Zorbax SB-C18, 30 mm x 4.6 mn8, dm; 3) Column temperature: 25; 4) DAD: 210, 254,
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280 nm; 5) lon Source: API-ES; 6) Scan. Mass Rarid@#-500; 7) Fragmentor voltage: 10V; 8) Positive
polarity. Other reagents were not lower than thalifjoations for HPLC.

RESULTSAND DISCUSSION

Tautomerism is a dynamic isomerism as tautomerseaeily converted into each other in solution. Bhedy of
equilibration processes, in cases when chromopiiangp undergo isomerization, indicates the migratbbdouble
bond. This process is accompanied by significargngks in the electronic spectra. Thus, while thitna
tautomerism, the transition of the thione groupoomwphore to the double bond between nitrogen ambona
connected with thiol group, takes place (Fig.1)slteported in the literature [2,3] that in consleth phase and in
solutions while equilibrium tautomerism thione fousually dominates.
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Fig.1.Thione-thiol tautomerism in the molecule of 1,2,4-triazole-3-thione

It is known that in the neutral and the acidic nuediin the system thione form prevails, in an ak@lsolution, the
equilibrium shifts toward the formation of thiol][9hus two versions of substances’ sample prejmara&tchnique
have been used for chromatographic study. In tisé dine the substances were dissolved in DMSO withdding
reagents, in the second one 0.5 mol of sodium Igairacarbonate was added to 1 mol solution of snbstain
DMSO.

While chromatography of 5-(4-nitrophenyl)-4-amindkgo-1,2,4-triazole (M, 237) two peaks with the same mass
(m/z 235) were recorded in each case, that is whigonsider the simultaneous presence of 2 tautorfems. In
each case, we have found one major and one mimate pe example of chromatography is shown in Ejgpeaks
area ratio was 97.27% : 2.73%. In case of addimtiuso hydrogen carbonate minor peak increased amddtio
was 94.5% : 5.5% (Fig. 3). Thus we assume thatitstepeak (a) corresponds to thione form, whickhviicreasing

of pH becomes thiol peak (b).
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Fig. 2. Chromatogram of 3-thio-4-amino-5-(4-nitrophenyl)-1,2,4-triazole and mass-spectrums of form (a) and (b) (first sample
prepar ation technique)
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Fig. 3. Chromatogram of 3-thio-4-amino-5-(4-nitrophenyl)-1,2,4-triazole and mass-spectrums of form (a) and (b) (second sample
prepar ation technique)

In order to characterize the main and minor pehlsges on individual atoms of 3-thio-4-amino-5-{#aphenyl)-
2,4-dihydro-3#-1,2,4-triazole in both thione and thiol forms habeen calculated. Calculations have been
performed using the Hickel's method. The resuktsseiown in Table. 1 and 2.

Fig.4. Formula of 4-amino-5-(4-nitrophenyl)-2,4-dihydro-3H -1,2,4-triazole-3-thione
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Table 1. Results of the atomic charges calculation and the amount of the molecule fragments char ge of 4-amino-5-(4-nitrophenyl)-2,4-
dihydro-3H -1,2,4-triazole-3-thione

1,2,4-triazole -3-thiong 4-nitrophenyl
C(7) 0.019447 C(1) -0.114198
N(8) -0.347656 C(2) -0.13433p
N(9) -0.052654 C@3) -0.162678
C(10) 0.083537 C4) 0.00653f
N(11) -0.277436 C(5) -0.1499411
N(12) -0.248094 C(6) -0.134638
S(13) -0.123958 | N(14 0.51918p
H(21) 0.388722 o(15 -0.345044
H(22) 0.215495 0O(16 -0.34536
H(23) 0.235327 H(17 0.250434
H(18) 0.23226
H(19) 0.234746
H(20) 0.250302
Sum -0.10727 Sum 0.10721

D H(20)
A 5 '
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Fig.5. Formula of 4-amino-5-(4-nitrophenyl)-4H -1,2,4-triazole-3-thiol

Table2. Resultsof the atomic charges calculation and the amount of the molecule fragments char ge of 4-amino-5-(4-nitrophenyl)-4H -
1,2 ,4-triazole-3-thiol

1,2,4-triazol-3-thiol 4-nitrophenyl
C(10) | -0.031665] C(1)| -0.12179
N(9) -0.05002 C(2) -0.12868
N(8) | -0.092177| C(3)| -0.19581
N(11) | -0.198626] C(4)| 0.01351
N(12) | -0.254858| C(5)| -0.16078
S(13) | 0.243021| C(6)] -0.13062
H(14) | 0.091063| N(15) 0.51981
H(22) | 0.223627| O(16)] -0.34519
H(@23) | 0.22316 | O(17) -0.34662
C(7) | -0.231891| H(18) 0.249454
H(19) | 0.23356
H(20) | 0.240503
H(21) | 0.251034
Sum | -0.078366| Sum| 0.078364

©

= O Ot

Rl O I S %)

The distribution of electrons indicates that thiaeemore polar form (difference in total charges atoms for
nitrophenyl and triazole fragments is bigger faotte (from 0.10727 to -0.10727), than for thiob¢fr 0.078364 to -
0.078364). As thione is more polar than thiol i$ention time on a reversed-phase sorbent shoulshizdler.
So presumably, first peak corresponds to the thiorma and the second peak — thiol form.

In addition, we carried out calculations of the emlles of the test compounds with the program Chein§,

software package ACDLABS 12.00 free version, assult we have got theoretical proof that the tifidom is a
minor component in a mixture of tautomeric formietie-thiol (Fig. 6).
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Fig. 6. Scheme of tautomeric thione-thiol transfor mations of 4-amino-5-(4-nitrophenyl)-2,4-dihydro-3H -1,2,4-triazole-3-thione and 4-

amino-5-(4-nitrophenyl)-4H -1,2,4-triazole-3-thiol

To conclusively confirm our assumptions and caliboies we have analyzed the UV-spectra of 4-amirfd-5-
nitrophenyl)-2,4-dihydro-8 -1,2,4-triazole-3-thione and 4-amino-5-(4-nitropyg-4H -1,2 4-triazole-3-thiol (Fig.
7. and Fig.8.).
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Fig. 7. UV-spectra of 4-amino-5-(4-nitrophenyl)-2,4-dihydro-3H -1,2,4-triazole-3-thione (form a)
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Fig.8. UV-spectra of 4-amino-5-(4-nitrophenyl)-4H -1,2,4-triazole-3-thiol (form b)
In the UV-spectrum of major form four absorptiomta are traced. The first band is in the rang&@i0 nm is due

to local excitation of the benzene ring electrortse total optical density of the second absorpband at 210-240

nm is

likely due to the overall contribution sf>n~ - transitions in 1,2,4-triazole ring. Third absiop band at

250-300 nm should be considered as a resultrof penjugation of the molecule in whole, the fousdmd 300-350
is likely due tor—n * and r>n~ chromophore transitions of thione group.

In the UV-spectrum of minor form three absorpti@ntls are traced. The first band is in the rang2aD nm is due
to local excitation of the benzene ring electroftse total optical density of the second absorpband at 210-240
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nm is likely due to the overall contribution of>n~ - transitions in 1,2,4-triazole ring. Third absiiop band at
250-310 nm should be considered as a resultrof penjugation of the molecule in whole.

Wherein significant bathochromic shift associatethwthe existence of a longer chain of conjugai®nbserved in
form a (Fig. 7) than in the form b (Fig. 8), or bese of the appearance of chromophore. In tionk above-
mentioned phenomena are observed, and therefare docorresponds to thione and form b correspondhicb

(Fig. 9).
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Fig. 9. Electronic effectsin molecule of 4-amino-5-(4-nitrophenyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione

So we got three arguments in favor that the magakpa) corresponds 4-amino-5-(4-nitrophenyl)-2Aidsdro-3H-
1,2,4-triazole-3-thione and a minor peak (b) cqrogsls to 4-amino-5-(4-nitrophenyl)-2,4-dihydrbi-3,2,4-triazol-
3-thiol.

As in the first and in the second case 4-amino-Biphenyl)-2,4-dihydro-8-1,2,4-triazole-3-thione had the
release time about 5.8 minutes, and 4-amino-5#tienyl)-2,4-dihydro-8-1,2,4-triazol-3-thiol had 8.6
minutes. In all mass spectra target ion with m/z B&s been observed clearly.

Interpretation of the mass spectrum a (Fig. 3) based on chromatographic and mass spectrometric data

Studying the purity of peak, releasing on the 5,ifiute, on the extracted ion chromatograms wergbghat m/z
=194, 235, 195 and 236 belong to the same sulesi@ig. 10). Thus 195 and 236 refer to isotopicsidon with
m/z 120 refers to the background and does not balmihe mass spectrum of the test substance. Tiajsy ions
observed in the spectrum are ions 194 and 235.285dcorresponds to the pseudomolecular ion. lonid &4result
of fragmentation of the ion. It was confirmed daaltsappearing of ion with m/z 235 after increasindragmentor
voltage from 10 to 100 V. Reconstructed mass spéstcomposed only of ions 194, 235, as well amofsc ions
195 and 236, of low intensity.
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Fig. 10. Extracted chromatograms for ionsof peak with retention time 5,791 minute
Inter pretation of the mass spectrum b (Fig.3) based on chromatographic and mass spectrometric data

Peak, releasing on the 8,552 minute can be chamedeon the basis of analysis of the extracteds ion
chromatograms (Fig. 10). For minor component whlracteristic ion m/z 235 other ions that go alevit this
peak are not observed. lons with m/z 105, 120, 192, relate to background ions. lon peak at m/z 288f a
different substance, as releases separately frenpélak m/z 235. Thus the reconstructed mass specthould
consist only of the ion with m/z 235 and isotopan iwith m/z 236 (Fig. 11). We do not see selectad i
chromatogram of isotope with m/z 236 because dbitsintensity.
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Fig. 11. Extracted chromatograms for ionsof peak with retention time 8,552 minute
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Fig. 12. Mass spectrum of the minor component reconstructed based on chromatographic and mass spectrometrometric data

1.HPLC-MS analysis of 4-amino-

CONCLUSION

5-(4-nitrophenyl)-2,ingdro-3H-1,2,4-triazole-3-thione tautomeric derivatives

has been performed and composition of the tautomedtsire has been set.
2.The relationship between the structure of syntleesimompounds and their UV-spectrums has been siuttie
results of atomic charges calculation have beeaoritesl. Proofs conformity peaks in the chromatogthione and

thiol.

3.Based on these data, we consider that the majopa@oent is thione and the minor one is thiol.
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