THE STUDY OF acid-base properties of
2-(4-AMINO-5-(2-, 3-, 4-NITROPHENYL)-1,2,4-TRIAZOLE-3-YLTHIO) ACETIC Acids and their salts 
Shcherbak M.O., Kaplaushenko A.G.

Zaporozhye State Medical University
Abstract
The creation of new original drugs is one of the major aims of pharmaceutical industry for today, it based on purposeful synthesis of new highly efficient and low-toxic compounds and the study of its biological activity. From both practical and theoretical point of view the determination of ionization constants of synthesized compounds plays an important role. In our work we determined ionization constants of 2-(4-amino-5-(2-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acids and its salts and detected the influence of substituents on the acid-base properties of the compounds. Suggestion that discussed acids and their salts in oral administration will be more actively absorbed in the stomach or bowels has been made based on the results.

The application of original medicines into medical practice is one of the major social and economic problems of pharmaceutical industry for today. The main stage of original medicines’ creation is the purposeful synthesis of new highly efficient compounds and the study of their biological activity. 
Working on synthesis of 1,2,4-triazole-3-ilthioacetic acids and also salts, complex esters, amides, hydrazides, ylidene- and acyl hydrazides, based on them, we see that both from theoretical and practical point of view it is necessary to study physical and chemical properties of the synthesized compounds, including the establishment of the ionization constants of substances that comprise carboxyl group. As an example esterification reactions of carboxylic acids are catalyzed by free ions of hydrogen. Thus carboxylic acids that dissociate completely or almost completely will engage in these reactions more active and we can get higher yields of desired products of the reaction. From biological point of view ionization constants of compounds will correctly detect the part of the gastrointestinal tract where will the suction of a substance be in case of oral medications, and also make assumptions about compound’s overcoming of the blood-brain barrier.
Working on 4,5-alkyl-(aryl-, heteryl-)substituted 1,2,4-triazoles-3-ylthioacetic acids it should be noted that they have amphoteric properties, that is the simultaneous presence of both acid (-COOH) and basic (N: in a loop) centers [3]. The presence of free amino group in the molecule significantly increases interest in the acid-base properties. From theoretical point of view working on 2-(4-amino-5-(2-, 3-, 4-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acids we should take into account additional centre named above. 
Considering organic amines in terms of their basicity it should be noted that most basic are aliphatic amines, which are compounds with electron donor substituents towards amino group. Replacing alkyl-radical on aromatic group reduces discussed properties of amino group. As an example, aniline, forms ammonium salts only with strong mineral acids. The presence of several aromatic radicals even greater reduces the basicity of the amino group (diphenylamine). This fact can be explained by the interaction of unshared electron pair of the nitrogen atom with π-electrons of aromatic structure. Taking into account the fact that 1,2,4-triazole cycle exhibits aromatic properties, from theoretical point of view, we can not hope for high amphoteric properties of these class of compounds, although the migration of a carboxyl group’s proton is possible:
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Moreover we should also pay attention to the strong electron acceptor presence in the structure of the investigated molecules, namely the nitro group in o -, m - and p-positions of the benzene nucleus at C-5 carbon atom of 1,2,4-triazole cycle. From theoretical point of view the presence of the nitro group should increase the acidic properties of the compounds.
Summarizing the foregoing we should allow the presence of relatively high acid properties of carboxyl group in 2-(4-amino-5-(2-, 3-, 4-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acids. Using Spykman and Bates methods theoretical assumptions of compounds’ ionization constants have been confirmed, the results are summarized in Table. 1 [4].
Experimental determination of ionization constants of salts of 2-(4-amino-5-(2-, 3-, 4-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acids has been carried out at the Department of physical-colloidal chemistry at Zaporozhye State Medical University by potentiometric titration of samples in aqueous solution [1]. The point of equivalence has been determined with using device for measuring ions ЭВ-74 using glass (ЕСЛ6307) and silver chloride (ЕВЛ1193) electrodes.  Measurements have been performed in cell that has been thermostated to the standard (20°C) temperature. To determine the ionization constants 0.01 M solutions of the compounds (1-19, table 1) have been titrated with 0.1 M solution of hydrochloric acid and parallel with solution of 0.1 M potassium hydroxide, every ten portions of 0.25 ml each using a pipette dosing П-1 with measuring pH after each addition of titrant. Constants have been calculated using formula (1) by the average of experiments with deviations not exceeding 0.05 units. 

pKa = pH + lg ([A] / [B])         (1)

where [A] - equilibrium concentration of acid, mol/L, [B] - base equilibrium concentration, mol/L. 

2-(4-amino-5-(2-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acid (1), 2-(4-amino-5-(3-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acid (3), 2-(4-amino-5-(4-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acid (10) are slightly soluble in water, so in order to determine their ionization constants water-soluble salts have been used.  The results of calculations and experimental determination are shown in Table 1. 

Table 1
	Ionization Constants of 2-(4-amino-5-(2-, 3-, 4-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acids and its salts 

№

Compound
	Formula
	рКа COOH/NH2/N: (calculated)
	рКа COOH/NH2
(found)
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The calculations (Table 1) confirm the assumption that 2-(4-amino-5-(2-, 3-, 4-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acids have 3 distinct centers - hydrazine nitrogen atom of 1,2,4-triazole cycle, amino group in 1,2,4-triazole cycle and a carboxyl group, and the basic properties of the amino group are not severe, and the acidity caused by the carboxyl group has almost same results as other compounds of this series. Ionization constants that have been obtained experimentally within the error practically do not differ from calculated constants. Pattern changes in both calculated and experimentally determined constants should be also noted. Thus there are minor differences in the constants of various salts, which are derivatives of the same acid.
2-(4-amino-5-(2-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acid has the strongest acidic properties  and 2-(4-amino-5-(4-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acid has the smallest acidic properties. This circumstance can be explained by the fact that nitro group as a substituent with electron acceptor character is placed in different positions (o-, m-, p-). Assuming that 1,2,4-triazole cycle is an electron donor towards the phenyl radical, then it becomes clear that the nitro group in the ortho-position most actively charge over the electron density, including the electron density from 1,2,4-triazole nucleus. This assumption is supported by theoretical and experimental pKa constants of other isomers. So nitro group, which is placed further in the conjugation chain, namely in the meta-position less actively charge the electron density, and the lowest elelektron acceptor properties has been found at nitro group maximum distance from 1,2,4-triazole cycle, i.e., para-position. Conjugation scheme of the studied compounds can be cited as follows:
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Comparing ionization constants ​​(calculated and determined experimentally) we should assume that discussed acids and their salts in their oral administration will be more actively absorbed in the stomach (pH 1-3), or bowels (pH 8) [2]. Therefore, it is advisable to recommend compound in tablet form for oral administration.
Conclusions:
1. Theoretical and practical determination of ionization constants of 2-(4-amino-5-(2-nitrophenyl)-1,2,4-triazole-3-ylthio)acetic acids and its salts has been done, wherein it is detected that theoretical calculations are correlated with experimental calculations.
2. The influence of substituents on the acid-base properties of the compounds has been detected based on theoretical assumptions, calculations and experimental calculations.
3. Suggestion that discussed acids and their salts in oral administration will be more actively absorbed in the stomach or bowels has been made basing on the results.
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