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Abstract
The acid-base properties of the derivatives of 5-methylthieno[2,3-d]pyrimidine-6-carboxylic acids in the dioxane-water system have been investigated. It was determined that their esters are weak acids, which dissociate in enol or thiol forms. Thiol group is more ionized than enol. It was shown that acids are dibasic and their strength much depends upon the substituents in heterocycle. The strongest but the least sensitive center of acidity is COOH-group. 
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STATEMENT OF THE PROBLEM
One of the fundamental technological parameters for synthetic biologically active substances, which plays crucial role in action of the drugs for peroral administration, is the possibility to obtain water-soluble drug from. 
Nowadays FDA stated the system of biopharmaceutical classification of drugs [25, 26], which is used to predict bioavailability at peroral administration. This system uses the correlation between the parameters of solubility and passage of molecules through the wall of the gastrointestinal tract [24]. To increase the solubility of drugs different physical, chemical and technological approaches are used, like diminution of the particles size, modification of the crystalline structure, preparation of solid dispersion of medicinal substances (MS) with additives etc. [19,20].
The most significant effect is achieved either by transformations of then drugs to their water-soluble salts (in the case of pronounced acid-base properties of the medicinal substance) or by introduction of MS into supramolecular water-soluble complexes. That is why the problem of acid-base properties investigations for active pharmaceutical substances is very topical.
ANALYSIS OF THE LATEST INVESTIGATIONS

AND PUBLICATIONS

Among the derivatives 4-oxo and 4-thio-5-methylthieno[2,3-d]pyrimidine-6-carboxylic acids there are some compounds investigated as kinase inhibitors [6], gonadoliberine antagonists [9], inhibitors of PDE-9, which may be used to cure the urinal tract discords [8], and metalloprotease inhibitors useful for treatment of arthritis, atherosclerosis and osteoporosis [11]. According to the reported data 4-oxo and 4-thio-5-methylthieno[2,3-d]pyrimidine-6-carboxylic acids are also potential medicinal substances for treatment of the discords associated with the calcium channels of T-type dysfunction [10]. Among the derivatives of 5-methyl-2-thioxothieno[2,3-d]pyrimidine-6-carboxylic acids there are some compounds with the affinity to serotonin receptors [9] and anti-inflammatory substances [18]. Moreover the derivatives of 5-methylthieno[2,3-d]pyrimidine-6-carboxylic acids were used as the precursors for synthesis of 6-hetaryl-5-methylthieno[2,3-d]pyrimidines, which display antimicrobial activity [3,12].
However no any information about the acid-base equilibrium constants for the abovementioned carboxylic acids was published in literature. The derivatives of 
4-oxo and 4-thio-5-methylthieno[2,3-d]pyrimidine-6-carboxylic acids presented in this research work are poorly soluble in water [14], which complicates preparation of their drug forms. Therefore in order to choose the appropriate cation and the salts formation conditions the information about acid-base properties of the following compounds is required.
Article Aims Formulation 
The aim of the work was to study the acid-base properties of the derivatives of 
4-oxo and 4-thio-5-methylthieno[2,3-d]pyrimidine-6-carboxylic acids in order to investigate the conditions of their salts formation and to increase their solubility, which is an important quality criterion for active pharmaceutical substances.
Presentation of the main results
The results published in our previous works [3,12] describes the synthesis and reactivity of the derivatives of 5-methylthieno[2,3-d]pyrimidine-6-carboxylic acids. For some relative compounds anti-inflammatory and antimicrobial properties were disclosed [3,12]. The further development of active medications, from the compounds obtained, requires analysis of their ability to produce water-soluble forms, particularly their salts. 

To achieve this aim we studied the ways of ionization in the range of the 
5-methylthieno[2,3-d]pyrimidine-6-carboxylic acids derivatives, and determined their acid-base equilibrium constants. Because the molecule of 5-methylthieno[2,3-d]pyrimidine-6-carboxylic acid contains more than one acidic center, in order to correlate the data for each of them we have synthesized the range of model compounds, like 5-methyl-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylic acid (compound 3), its ethyl ester (compound 1) the ester of its 4-thioanalogue (compound 2), and 2-oxo and 2-thio-3-N-substituted thieno[2,3-d]pyrimidine-6-carboxylic acids (compounds 4 – 6).  
The results of experiment allowed us to compare the influence of different changes in the molecular structure on the acidity values in the acid-base equilibrium conditions. 
The determination of the ionization constants has been carried out in the binary solvent 1,4-dioxane-water (60 volume percent) at 25°C by acid-base potentiometric titration. The results are lusted in table 1.
For ethyl 4-oxo and 4-thio-5-methylthieno[2,3-d]pyrimidine-6-carboxylates 1 and 2 the equilibrium may be represented by the scheme 1.
Scheme 1
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We have also obtained the data about acidity of 4-oxo-5-methylthieno[2,3-d]pyrimidine-6-carboxylic acid 3. We failed to obtain its 4-thioanalogue because of easy hydrolysis of mercapto-group in position 4 of the starting ester 2 (scheme 2).
Scheme 2
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For the corresponding 2-oxo(thioxo)-4-oxo-5-methylthieno[2,3-d]pyrimidine-6-carboxylic  acids 4-6 the equilibrium may be presented by the scheme 3.

Scheme 3
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E=O; S; R=-С6Н5; СН2-С6Н5

Table 1

Dissociation constants 
in the binary solvent dioxane-water (60 % v.v of dioxane) at 25оС.

	№
	Compound srtucture
	рКа1
	рКа2
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	9.40±0,01
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	5.79±0.01
	11.44±0.01
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	5.50±0,01
	9.80±0.04
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	5.47±0.01
	10.06±0.01
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Analysis of the literature [16] showed that for all of the compounds used in the experiment either lactam-lacitim (compounds 1,3-5) or thiolactam-thiolactim (compounds 2, 6) tautomerism types are possible. The increase of solution pH (addition of standard KOH solution) shifts the equilibrium for all of the compounds to lactim (or thiolactim) side and promotes their acidic dissociation. The titration curves study for the ethyl esters 1 and 2 showed that they are monobasic acids, with 
f = 1, E = M.
Analysis of titration curves for corresponding acids 3-6 showed that these compounds are dibasic, but the steep plunge in all the cases is the only one, which means that ΔрКа (рКа2 - рКа1) is less than 4, f = 1/2, E = 1/2M. Hence accurate results may be obtained applying Noyes method [2]. 
In order to correlate the рКа values with the certain centers of acidic ionization we used рКа of the corresponding esters and the greater рКа values were associated with acidic ionization of lactim or thiolactim groups (рКа2). That well correlates with the previously reported data [5] about the higher acidity of carboxyl group than aromatic hydroxyl or thiol group.
The data from table 1 is a good evidence that thiol group is more ionized than hydroxy group (differ by two orders of magnitude) (compounds 1 and 2), regardless that S-H bond is less polar. Most likely the higher acidity of SH-group is related with the peculiar properties of electronic structure of anion formed, which implies the possibility for effective negative charge delocalization [21].
For carboxylic acids addition of acceptor phenyl radical to heterocycle results in the increase in acidic ionization. However the sensitivity of acid centers is different ΔрКа1 = 0.29; ΔрКа2 = 1.64 (compounds 4,5). The higher sensitivity of lactim hydroxyl is probably caused by its proximity to phenyl radical.  
The change of phenyl radical with benzyl, which methylene-group makes conjugation impossible, has not effect on the ionization of carboxyl group, because of the far distance between these substituents. At the same time the acidity of lactim hydroxyl decreases. The presence of thiol group in position 2 of heterocyclic system increases the acidic ionization of both centers due to the all the abovementioned reasons. 
Experimental part.
Acid-base equilibria were studied by potentiometric titration method [2]. Potassium hydroxide water 0.01 molar standard solution free from CO2 has been used as titrant. Concentration of analyte solutions was 0.001 М in half neutralization point. pH measurements were made on Mettler Toledo «Seven Easy» pH Meter with glass combine electrode ЕСК-10603. Silver/silverchloride saturated electrode was used as reference. The calibration of device has been made using water standard titers, the results obtained were corrected. The investigations were performed at 25°С and repeated three times. The accuracy of the results obtained has been evaluated by mathematical statistical methods suitable for small samples (probability 0.95) [4].
Binary solvent has been obtained from freshly distilled water free from CO2 and 1,4-dioxane distilled over lithium alumohydride. 
The compounds were synthesized according to the procedures presented below. 
Ethyl 5-methyl-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylate 1 [6,17].

To 10.0 g of diethyl 5-amino-3-methyl-2,4-thiophenedicarboxylate (0.04 mole) 50 mL of formamide was added and mixture was heated at reflux for 4-5 hours. After the reaction had been cooled it was quenched with water. The precipitate formed was filtered off, washed with methanol and dried. The compound was crystallized from 2-propanol. Yield − 53 %. M.p. 244-245 °С. 1H NMR (200 MHz, DMSO-d6) δ 1,27 (3H, t., COOСН2CH3); 2,81 (3Н, s., CH3); 4,27 (2H, q., COOСН2CH3); 8,21 (1Н, s., CH), 12,63 (1Н, broad s., NH).
Ethyl 5-methyl-4-thioxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylate 2 was obtained by the method published [14].

Yield − 78%. M.p. 254-255 °С.1Н NMR (200 МHz, DMSO-d6) δ 1,27 (3Н, t., CH2СH3); 3,07 (3Н, s., СH3); 4,28 (2Н, q., CH2СH3); 8,22 (1Н, s., СH); 13,93 (1Н, broad s.., NH). IR (KBr): 2982, 2864, 1719, 1691, 1555, 1443, 1417, 1374 сm-1.

4-Oxо-5-methylthieno[2,3-d]pyrimidine-6-carboxylic acid 3 was obtained by the method published [22]. 
Yield − 82%. M.p. 300 °С.1Н NMR (200 MHz, ДМСО-d6) δ 2,82 (3Н, s., СH3); 3,10-3,82 (1H, broad s.., COOH); 8,12 (1Н, s., СH); 12,52 (1Н, s., NH).

5-Methyl-2,4-dioxo-3-phenyl-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidine-6-carboxylic acid 4  was obtained by the method published [3].

Yield −81%. M.p. >300 ˚С. 1Н NMR (200 MHz, DMSO -d6) δ 2,62 (3Н, s., СН3); 7,55 (5Н, m., Ar-H); 12,48 (1Н, s., NH); 13,17 (1H, broad s., COOH). IR (KBr): 3413, 3219, 3058, 2986, 2862, 2636, 2561, 1733, 1681, 1639, 1596, 1555, 1519, 1495, 1454, 1415, 1376, 1351, 1307 cm-1.

3-Benzyl-5-methyl-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidine-6-carboxylic acid 5 was obtained by the method published [3].
Yield −80%. M.p. 285-287 ˚С. 1Н NMR (200 MHz, DMSO -d6) δ 2,66 (3Н, s., СН3); 4,96 (2Н, s., СН2) 7,22 (5Н, m., Ar-H); 12,52 (1Н, s., NH); 13,05 (1H, broad s., COOH). IR (KBr): 3064, 3035, 2976, 2790, 2631, 1713, 1663, 1586, 1562, 1530, 1496, 1432, 1381, 1342, 1291, 1207, 1177 cm-1.

3-Benzyl-5-methyl-4-oxo-2-thioxo-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidine-6-carboxylic acid 6. 

To 8.0 g (0.023 mole) diethyl 3-methyl-5-{[(methylthio)carbonothioyl]amino}-2,4-thiophenedicarboxylate 0.032 mole of benzylamine was added and the mixture was heated in DMF till the end of methyl mercaptan release (about 2-5 hours). Then reaction mixture was cooled and quenched with water. The mixture was acidified with concentrated acetic acid, and the white precipitate formed was filtered off and washed with plenty of water. Ethyl 3-benzyl-5-methyl-4-oxo-2-thioxo-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidine-6-carboxylate obtained 4.5 g was dissolved in 20 mL of 7% solution of NaOH and heated at 50-70°C for 3-4 hours. After the reaction was cooled and neutralizes with 2.5 mL of concentrated acetic acid. The precipitate formed was filtered off and washed with water. The compound was crystallized from 2-propanol. Yield – 51%. M.p. 255-257 ˚С. 1Н NMR (200 MHz, DMSO -d6) δ 2,64 (3Н, s., СН3); 5,52 (2Н, s., СН2) 7,22-7,25 (5Н, m., Ar-H); 13,75 (2H, broad s., NH + COOH). IR (KBr),: 3607, 3461, 3188, 3034, 2627, 1657, 1555, 1535, 1493, 1434, 1378, 1325, 1291, 1185, 1135, 1074 сm-1. 
Conclusions and recommendations for further Investigations
1. The acid-base properties of the derivatives of 5-methylthieno[2,3-d]pyrimidine-6-carboxylic acids in the dioxane-water system have been studied. 
2. It was determined that their esters are weak acids, which dissociate in enol or thiol forms. Thiol group is more ionized than enol. 
3. It was shown that acids are dibasic and their strength much depends upon the substituents in heterocycle. The strongest but the least sensitive center of acidity is COOH-group. 
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Анотація

Досліджено кислотно-основні властивості похідних 5-метил-4-оксо/тіоксо-3,4-дигідротієно[2,3-d]піримідин-6-карбонових кислот в системі розчинників діоксан-вода. Встановлено, що ефіри є слабкими кислотами, дисоциюючими по єнольній або тіольній групах. Тіольна група іонізує більшою мірою, ніж єнольна. Показано, що кислоти двухосновні, їх сила залежить від природи і положення замісників у гетероциклі. Найбільш сильним, але найменш чутливим центром кислотної іонізації є СООН-група.

Ключові слова: фармацевтичний аналіз; кислотно-основне титрування;  розчинність.
Аннотация
Исследованы кислотно-основные свойства производных5-метил-4-оксо/тиоксо-3,4-дигидротиено[2,3-d]пиримидин-6-карбоновых кислот в системе растворителей диоксан-вода. Установлено, что эфиры являются слабыми кислотами, которые диссоциируют по енольной или тиольной группам. Тиольная группа ионизирует в большей степени, чем енольная. Показано, что кислоты двухосновны, их сила зависит от природы и положения заместителей в гетероцикле. Наиболее сильным, но менее чувствительным центром кислотной ионизации является СООН-группа.
Ключевые слова: фармацевтический анализ; кислотно-основное титрование; растворимость.
_1434993569

_1435471387

_1435471427

_1435471325

_1434993524

_1434993545

_1424672698

_1424672923

_1424672664

