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SYNTHESIS AND STUDY OF DERIVATIVES 
IMIDAZO[1,2-a]PYRIMIDINE DERIVATIVES AS POTENTIAL ANTIFUNGAL AGENTS
ABSTRACT

In this article presents information about fungal diseases (mycoses) are caused by fungi of genus Candida. We describe the methods for synthesis of derivatives of imidazo[1,2-a]pyrimidine and also studied antycandidaʼs activity of the synthesized substances.
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Introduction

In last years increased fungal infections, amoung of them is candidiasis,  which is a significant part, pathogens of it is fungi the genus Candida. In nowadays candidiasis is the most common etiological cause of severe invasive micosis. Antybacterial chemical druds are the leader among of existing therapeutical methods by treatment of infectious diseases. However, it should be noted that the nomenclature of substances antifungal therapy must constant updating, primarily, due to resistant strains of microorganisms which appear and spread rapidly.

Analysis of the literature showed that in our days there are several groups of antifungal drugs [1-2] in clinical practice which occurred as natural and synthetical way. The most specific drugs are the group of synthetical antimycotics which are azole derivatives, the advantage of which is due to their direct effects on cells of the fungus, its structure and metabolism. The mechanism of azolesʼ action is based on breach of lipidsʼ biosynthesis, which are necessary for the formation of membranesʼ cell, which oppresses the process inhibits of fungiʼs replication. Drugs of this group have a wide range of actions, demonstrate primarily fungistatic effect.

In nowadays research of situation which composed in a market of pharmaceutical products is evidence of antifungal drugs take their syhment that change fastest. There is serious problem of resistance micosisʼ bacterial to drugs in over the world in last decades, microorganisms uninterruptedly evolve in result of mutations emerge resistant or new strains. Due to the question becomes actually in improvement existent drugs and search a new synthetic antymicotics.

In this investigation for the search for potential bioactive substances which have fungicidal and fungistatic action we were carried out sorting the synthesis of new derivatives of imidazo[1,2-a]pyrimidine and studied antycandidazis activity of obtained compounds.

Materials and Methods

The synthesis of new derivatives of imidazo[1,2-a]pyrimidine performed at the Laboratory of Organic Synthesis of the National University of Pharmacy (Kharkiv).

Examine two approaches to the construction of imidazo[1,2-a]pyrimidine system and carried out the substitution reactions by cycle of imidazole.

The study of antifungal activity of the synthesized compounds was carried out at the Laboratory of antimicrobial drugs «Institute of Microbiology and Immunology n. Mechnikov Medical Sciences of Ukraine" (Kharkiv). As a test culture used such like yeast fungi: C. albicans ATCC 885-65, Sklar C. albicans, 3 C. albicans Sklar -20, C.pseudotropicalis VKHTHu 601 /3, C. parapsilosis VKHTHu 488 /10 which were taken the branch museum of microorganisms. Antycandidozis activity of these substances was determined by serial dilutions on liquid nutrient medium Saburo (pH 7.0). The researching substances were dissolved in DMF in the range of concentrations 7,8-125,0 mg/ml. For cultivate each of examined microorganisms used medium Saburo with microbial load 5×105 microbial units.

The statistic processing of data handing was performed generally methods with using computers program «Statistic for Windows 7.0».

Results and discussion

In modern medical chemistry for produce compounds which have some kind of biological activity and satisfy the strict requirements that apply to medical substances used different approaches aimed direct modification of physiologically active substances, combining in one molecule of several pharmacophore, the use of virtual chemistry.

In our opinion the optimal way in the synthesis of derivatives imidazo[1,2-a] pyrimidine, is using the appropriate reaction of 2-aminodiazyn with 
α-halohenokarbonilnym compounds or their acetals [3-9], which concerned with the availability of initial reagents. So the synthesis of initial imidazo[1,2-a]pyrimidine 1, was performed a cyclization 2-aminopirymidyn 2 of hloracetic aldehyde (method A) and counter synthesis reaction 2-aminoimidazol 3 of 1,1,3,3-tetrametoksypropan (method B). Formation of pyrimidine cycle based on 2-aminoimidazol 3 (method B) occurs with more yield and does not require chromatographic purification of target product.

Target 3-(tryflyuoroatsetyl)-imidazo[1,2-a]pyrimidin 4 was obtained in the way of interaction imidazo[1,2-a]pyrimidine 1 with tryflyuoroacetic anhydride in argon’s atmosphere. Synthesis 3-(2,2,2-trichloro-1-hydroxyethyl)-imidazo[1,2-a] pyrimidine 5 was carried out by the reaction of compound 1 with hloral in acetic acid (Scheme 1).
In 1 table showed the main characteristics of the synthesized derivatives of imidazo[1,2-a]pyrimidine. The structure of the obtained compounds demonstrated spectral analysis methods (Table 2).

Antifungal activity of the synthesized compounds was evaluated using standard microbiological method of two-time serial dilutions in liquid nutrient medium (Table 3).

In 3 table presents the results of research by the effects of these compounds on strains of microorganisms. As a drug of comparator used fluconazole, solvent DMF and saline with appropriate microorganisms with the same microbial load. This method can simultaneously determine the minimum fungistatic and fungicidal concentrations.

The results of research indicated the presence of susceptibility like-yeast fungi of genus Candida by derivative of imidazo[1,2-a]pyrimidine. It was found that 3-(tryflyuoroatsetyl)-imidazo[1,2-a]pyrimidin 4 and 3-(2,2,2-trichloro-1-hydroxyethyl)-imidazo[1,2-a]pyrimidine 5 perfome express antifungal effect. The substance 4 showed the activity by the strains C. albicans Sklar-20 and C. parapsilosis VKHTHu 488/10, and the substance 5 showed fungicidal effect on the level of product comparison.

Conclusions:

1. Developed and proved that preparative methods related to a new modifications of synthesis of derivatives imidazo[1,2-a]pyrimidine .

2. Studied the antycandidazis activity of the synthesized compounds. Determinated that substance 4 showed high activity by strains of  like-yeasting fungi of genus Candida and shows the express antifungal activity and substance 5 achieved fungicidal action at the level of the drug comparison.

Experimental PART
Melting of point (mp) were determined on the equipment  of company "Buchi" model B-520. Elemental analysis (C, H, Ν, S) was performed on the instrument Euro EA-3000 of company EuroVector.

1H- NMR spectra of the synthesized substances stored on the device "Varian WXR-400, 200" (400, 200 MHz), "Varian Gemini- 300" (300 MHz) and "Bruker DRX300" (300, 75 MHz) in DMSO-D6 or DMSO-D6 + CCl4 (1:3), the internal standard is TMS. Chemical shifts are given in the scale δ (ppm).

Analytical TLC was performed on silica gel on aluminum plates Silufol UV254 (5 cm×15 cm) "Kavalier" (Chech. Republic) or on glasses plates with 0.25 mm layer of silica gel 60F254 "Merck" (Germany). Systems eluents for TLC: ethyl acetate - hexane (1:2).

Output connections are 2 aminopirymidyn and 2 aminoimidazol and reagents of company "Enamine LTD". Solvents of mark "Cl." or "Ch.cl." are a domestic production.

Imidazo[1,2-a]pyrimidine (1) Method A. In  200 ml of ethanol was dissolve 47.5 g (0.5 mol) of pyrimidin-2-amine 2, in the obtained solution make 100.0 g 50 % solution chloroacetaldehyde. The reaction mixture boil at 110ºC in an argon atmosphere 30 hours. The control of reactions carry out by method of TLC (eluent: ethyl acetate; Rf (2) - 0.3; Rf (1) - 0.1). After the ending of reaction the solvent remove in vacuo, the residue neutralize with 40% aqueous solution K2CO3. The product extract by chloroform (4×300 ml), the extract dry over K2CO3 and concentrate on a rotary evaporator to 100 ml. The obtained solution chromatograph on a funnel Schott (d=160 mm) through a layer of silica gel (150 mm) (eluent: chloroform- methanol (10 %)). The obtained sediment crystallize from 100 ml ethylacetate. Yield is 49.0 g (84%).

Method B. In flask place 17.9 g (0.1 mol) 2-sulfate imidazol-2-amine 3, 18.0 g (0.1 mol) of 1,1,3,3-tetrametoksypropan and 50 ml of acetic acid. The resulting solution boil for 5 hours with constant stirring. After the ending of reaction the solvent was removed in vacuo, the residue neutralize with 20% aqueous solution K2CO3 (pH~9-10). The product extract with methylen chloride (2×100 ml). The extract was dry over K2CO3, the resulting solution evaporate in vacuum to dryness. Yield is 11.1 g (92%).
3-(Tryflyuororatsetyl)-imidazo[1,2-a]pyrimidine (4) three-neck flask equipped with a funnel, the gas tube and meter of bubbles place 11.9 g (0.1 mol) imidazo[1,2-a]pyrimidine 1, 11.1 g (0.11 mol) of triethylamine and 200 ml of tetrahydrofuran. To the reaction mixture in argon atmosphere add slowly 23.1 g (0.11 mol) tryfluororacetic anhydride, then the flask boil  at 60°C for 5 hours. After the ending of reaction the solvent remove in vacuo dissolve the resulting sediment in chloroform and wash out 3 times K2CO3 solution . The extract dry over K2CO3 and chromatograph on Schottʼs funnel (d=160 mm) through a layer of silica gel (60 mm) (eluent: chloroform is ethyl acetate), the resulting solution evaporate to dryness in a vacuum. Yield is 14.4 g (67%).

3-(2,2,2-trichloro-1-hydroxyethyl)-imidazo[1,2-a]pyrimidine (5) In the flask place 50 ml of acetic acid, 11.9 g (0.1 mol) imidazo[1,2-a]pyrimidine 1 and 14.7 g (0.1 mol) trichloroacetaldehyde. The reaction mixture boil for 10-15 minutes. After cooling, precipitate with ether, the obtained sediment was filter, wash out with ether and acetone. Yield is 23.8 g (95%).
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Summary

The article is centered upon the data about fungal diseases (mycosis), which are caused by yeast-like fungi of the genus Candida. Described the methods of synthesis derivatives of imidazo[1,2-a]pyrimidine, and also studied the antycandidoze activity of synthesized substances.
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