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Abstract

New S-derivatives of 1,2,4-triazole have been synthesized, namely 2-(5-(4-methoxyphenyl-(3,4,5-trimethoxyphenyl))-1,2,4-triazole-3-ylthio)acetic acids. Theoretical and practical determination of ionization constants of some 2-(4-R-4H-1,2,4-triazole-3-ilthio)acetic acids and its salts have been set. Following the discussion, the influence of the presence and nature of substituents at C5 atom in 1,2,4-triazole nucleus on acidity and basicity of compounds has been set.
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 the study of physical and chemical properties of the synthesized compounds in order to study biological activity of the obtained compounds and to implement original drugs into medical practice is necessary both from theoretical and practical point of view [1, 3].

The ascertainment of ionization constants of compounds is one of the most important aspects of the study of physical and chemical properties [1, 4, 5, 6]. These figures are extremely important both from theoretical and practical points of view.  For example, the reaction of esterification of carboxylic acids is catalyzed by free hydrogen ions. Wherein 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 [3, 4, 6]. 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 [1, 5]. 

Working on 1,2,4-triazole-3-ilthioacetic acids it is necessary to note that they have amphoteric properties, i.e., the simultaneous presence of both acidic (-COOH) and basic (N: in cycle) centers.  So we should assume the presence of equilibrium in this class of compounds, which can be represented as follows: 
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Depending on pH the accumulation of 2 products in ionized form is possible: 
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In the absence of the nitrogen atom, or while adding big amount of strong mineral acids, the protonation of both oxygen atoms of carboxyl groups may also take place: 
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If to talk about solvatation of carboxylic acids, this process can be represented as follows: 
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or: 
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Thus compounds containing carboxyl groups can exist as dimers and have a tendency to association: 
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Calculations of ionization constants of compounds was carried out by Spikmen and Bates methods [Speakman J.C. //J.Chem.Soc.-1940.- P.855-858; Бейтс Р. Определение рН. Теория и практика. -Л.: Химия, 1972. - 400 с.] [William O. Foye, Thomas L. Lemke, David A. Williams (2008). Foye's principles of medicinal chemistry. Walters Kluwer: Lippincott Williams & Wilkins. pp. 78–81., Mannhold, Raimond (2008). Molecular drug properties: measurement and prediction. Weinheim: Wiley-VHC Verlag GmbH & Co.KGaA. p. 426.] using computer site http://www.chemicalize.org/.
Experimental determination of ionization constants of salts of 2-(5-(4-methoxyphenyl, 3,4,5-trimethoxyphenyl)-1,2,4-triazole-3-ilthio)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 [Альберт А. Константы ионизации кислот и оснований [ пер. с англ. Порай-Кошица Б. А.] / А. Альберт, Е. Сержент. – М. : Химия, 1964. – 180 с.; Визначення констант іонізації 2-R-4(3Н)хіназолінтіонів у змішаному розчиннику методом потенціометричного титрування / А. І. Авраменко, Т. М. Калугіна, В. О. Нікітін [та ін.] // Актуальні питання фармацевтичної та медичної науки і практики. – Запоріжжя, 2008. – Випуск XХI. – С. 6-10. ]. 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 (1-16, 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. 

Thus calculations of the ionization constants of 2-(4-H-5-(4-methoxyphenyl)-4H-1,2,4-triazole-3-ilthio)acetic acid and 2-(4-(3,4,5-trimethoxyphenyl)-4H-1,2,4-triazole-3-ilthio)acetic acid have been calculated.  These acids 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. 

	Ionization Constants of 2-(4-(4-methoxyphenyl, 3,4,5-trimethoxyphenyl)-4H-1,2,4-triazole-3-ilthio)acetic acids and its salts 
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The calculations (Table 1) confirm the assumption that 1,2,4-triazole-3-ilthioacetic acids have two distinct centers - weakly basic center - hydrazine nitrogen atom of 1,2,4-triazole cycle and weakly acid center - carboxylic group.  Ionization constants obtained by experiment within errors do not differ from the calculated one.  It is also necessary to note the pattern of changes in both calculated and experimentally determined values. Thus there is little difference in constants of various salts, which are derivatives of the same acid.  Differences between calculated pKa and experimentally determined one is observed only in salts (compounds 7-14) which contain an organic cation.  This fact can be explained by slight shift of pH to the base value, caused by hydratation of organic cation that appears because of dissociation. Potassium (1, 15), sodium (2, 16), magnesium (3), zinc (4) Copper (5) and iron (6) salts do not hydrolyze in a short time thus their pH values do not differ from each other and from ph obtained by calculation. 

Starting the discussion of the results it should be noted that the existence and nature of substituents and their position in the chain of electronic conjugation influence the strength of carboxylic acids affect. It is known that the presence of electron-acceptor groups increases the acidity especially when they are located close to the carboxyl group.  The presence of electron-donor groups conversely reduces the acidity of substances.  For aromatic acids the position of substituents also has significant impact. So the greatest impact is felt in ortho-acids [1, 3, 7]. 

As to determined ionization constants of discussed 2-(5-R-4H-1,2,4-triazole-3-ilthio)acetic acids it should be noted that the acidity of compounds is influenced by methoxyphenyl radicals at C5 atom of 1,2,4-triazole cycle.  Yes 2-(4-N-5-(4-methoxyphenyl)-4H-1,2,4-triazole-3-ilthio)acetic acid has smaller acidity than 2-(4-H-5-(4-methoxyphenyl)-4H-1,2,4-triazole-3-ilthio)acetic acid and 2-(4-(3,4,5-trimethoxyphenyl)-4H-1,2,4-triazole-3-ilthio)acetic acid.  The distribution of electron density of mentioned acid molecules can be represented as follows: 
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Methoxy group is electron-donor substituent which participates in p,π- conjugation of molecule, shows positive mesomeric effect (+M) and theoretically should reduce the acidic properties of compounds. But next to the positive mesomeric effect of this functional group negative inductive effect (-I) also exhibits. Despite the fact that usually mesomeric effect is higher than the inductive and the last one dies in the chain of conjugation, in our case, the introduction of additional methoxy groups conversely increases the acidity of the carboxyl and NH-groups. 

Comparing values of ionization constants (calculated and determined experimentally) we should assume, that discussed acids and their salts by oral administration will be more actively absorbed in the stomach (pH 1-3) or colon (pH=8) [С. А. Куценко  Основы токсикологии //  Санкт-Петербург, 2002 г. том 4, 119 стр.].  Therefore, these compounds are recommended in the form of tablets for oral administration. 

Conclusions:
1. Theoretical and practical determination of ionization constants of some 2-(4-R-4H-1,2,4-triazole-3-ilthio)acetic acids and its salts has been done.
2. It is found out that the data obtained by theoretical calculations correlated with experimental one.
3. Following the discussion, the influence of the presence and nature of substituents at C5 atom in 1,2,4-triazole nucleus on acidity and basicity of compounds has been set.
4. Suggestion that discussed acids and their salts in oral administration will be more actively absorbed in the stomach or colon has been made basing on the results.
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