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and their antimicrobial activity study

Sergiy V. Vlasov*, Sergiy M. Kovalenko, Valentin PChernykh and Konstantin Yu. Krolenko

National University of Pharmacy 53, Pushkinska, #tharkiv, Ukraine

ABSTRACT

Interaction of 5-methyl-4-oxo0-3,4-dihydrothieno[2JByrimidine-6-carboxylic acid with benzohydrazideomoted
by 1,1'-carbonyldiimidazole leads to N'-benzoyl-Bthyl-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-
carbohydrazide. The cyclization of the hydrazidthwhosphorous oxychloride resulted in the unstdbiloro-5-
methyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2lpyrimidine, which formed 5-methyl-6-(5-phenyl-4:3
oxadiazol-2-yl)thieno[2,3-d]pyrimidine-4(3H)-thiorafter reaction with thiourea in dimethylformamid®l of the
compounds tested showed moderate unspecific antinit activity against the strains of bacteria arfidngi
similar to Synthomycine an higher then Streptomggainst Proteus vulgaris and Pseudomonas aeruginos

Keywords: thiophene, pyrimidine, cyclization, oxadiazolikyation.

INTRODUCTION

The derivatives of 5-methylthieno[2¢8pyrimidine-4(3H)-one are of the great interest as the compounds wi
antifungal activity [1] or as the drugs to cure apcevent cerebral ischemia [2]. Some of the thigi8[
d]pyrimidines are calcium channels blockers [3]jla/the other ones are inhibitors of Mnkl or Mnkibdse and
may be applied to cure diabetes and cancer [4].

Moreover the derivatives of 4-thiothieno[2Jfpyrimidines are also known as biologically actisempounds, for
example as tumor necrosisfactor inhibitors [5]. Evaluation of the inhibi®ron seven protein kinases revealed
considerable selectivity towards of some of subtgd (thieno[2,3d]pyrimidin-4-ylthio)carboxylic acids CK2 [6].
4-Thiothieno[2,3d]pyrimidine-6-carboxylic acids are patented as PDiBBibitors [7]; some of the relative
compounds with alkoxy group in position 2 are artiobial agents useful for protect agricultural ik from
pathogenic bacteria and fungi [8]. The compoundmfthieno[2,3d]pyrimidine range are also known to be active
againste.Coli [9].

But the only one publication devoted to 6-oxadiglz6tmethylthieno[2,3d]pyrimidine-2,4-diones, which were
reported as A2A adenosine receptor antagonistspwhlshed [10]. In view of that we focused our effoon the
synthesis 5-methyl-4-thio-6-(1,3,4-oxadiazol-24yigno[2,3d]pyrimidines, as the novel and potentially biolaig
active heterocycles.

EXPERIMENTAL SECTION

Melting points (°C) were measured with a with a Hiee melting point apparatus and were not corrécte
Elemental analysis were withi#t0.4% of the theoretical value. IR spectra were méed on FT-IR Bruker tensor-27
spectrometers in KBrfH and**C NMR spectral data were recordered at 200 and A& késpectively on Varian
Mercycry-200 and Varian Geminy-300 spectrometeisgu3MS as an internal standard. Mass-spectralyaaal

were obtained on a PE SCIEX API 150EX device eqeippith mass spectrometer.
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5-Methyl-4-0x0-3,4-dihydrothieno[2,3d]pyrimidine-6-carboxylate 1, 5-methyl-4-ox0-3,4-dilydrothieno[2,3-
d]pyrimidine-6-carbohydrazide 2, and 5-methyl-4-o0x03,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylic acid
3 were obtained according to the known methods [11,12

Procedure  for preparation of  N'-benzoyl-5-methyl-4-o0x0-3,4-dihydrothieno[2,3d]pyrimidine-6-
carbohydrazide 4.

Method A: to the mixture of 2 mmole of 5-methyl-4-oxo-3,4-gilnothieno[2,3d]pyrimidine-6-carbohydrazid8
and 2 mmole of dried potassium carbonate in 10l 4-dioxane 2.1 mmole of benzoyl chloride wasextidThe
mixture was stirred at 50-70°for 5 hours. Then it was quenched with water 40 Thle resulted precipitate was
filtered off and dried.

Method B: to the suspension 5-methyl-4-0x0-3,4-dihydrothi@n®fl]pyrimidine-6-carboxylic acidl (0.0095
mole) in DMF 10 ml 1,1-carbonyldiimdazole (0.01 eplwas added. The mixture was heated at 100°C Gor 2
minutes and then cooled. Then 0.0095 mol of berni@zyde was added and the mixture was stirred -a@108C for
3-5 hours. After the reaction mixture was cooled 48 ml of water was added; the precipitate formed filtered
off, washed with plenty of water and dried.

This compound was obtained in 78%ethod A) and 85 % ifiethod B) yield as a white solid, mp > 300°C ; IR
(cm™): 3290, 3061, 2937, 2869, 1906, 1688, 1643, 16629, 1525, 1486, 1379, 1320, 1294, 1255, 11553,109
1027, 1002, 987, 929, 899, 872, 798, 787, 758, 838, 676, 590, 553, 520, 46H NMR (200 MHz, DMSO#d):

8 2.57 (3, s,CHy); 7.20 (3, m, 3H+4-H+5-H); 7.57 (H, m, 2H+6-H); 7.76 (1H, s, CH)**C NMR (75 MHz,
DMSO-dg): & 15.24, 123.56, 125.12, 127.51, 128.59, 131.98,4632137.76, 147.58, 158.38, 161.77, 164.54,
165.76; lcms: m/z (MB 329. Anal. calcd. for GH:.N.OsS: H, 3.68; C, 54.87; N, 17.06; S, 9.77. Found3Hp;

C, 54.99; N, 17.15; S, 9.85.

Procedure for preparation of 5-methyl-6-(5-phenyl-13,4-oxadiazol-2-yl)thieno[2,3d]pyrimidine-4(3 H)-thione

6.

To 4 g ofN'-benzoyl-5-methyl-4-oxo-3,4-dihydrothieno[2¢Bayrimidine-6-carbohydrazidé 25 ml of phosphorous
oxychloride was added. The reaction mixture wagelddor 2-3 hours until formation of the clear saua. Then the
excess of POGlwas distilled off and crashed ice was added tactié residue. The precipitate formed was filtered
off and used as the crude product for further fansations. The dried at 40°C crude solidsaf3 g) to the mixture
of thiourea (0.8 g) and DMF 10 ml was added. Thectien mixture was heated at 130°C for 2 hours thed
cooled. The reaction was quenched with water (§Cand the precipitated formed was filtered off ainekd.

This compound was obtained in 77% as a yellow safip >300°C*H NMR (200 MHz, DMSOdg): 6 3.11 (3, s,
CH,); 7.52 (3, m, 3+4H+5H); 7.97 (H, m, H+6H); 8.19 (1H, s, CH); 13.95 H, br s, NH); *C NMR (75 MHz,
DMSO-dg): & 17.53, 116.62, 122.95, 126.76, 129.53, 131.88,2/32140.01, 146.19, 160.26, 163.69, 163.82,
179.87; Icms: m/z (MB 326. Anal. calcd. for GH;oN.OS: H, 3.09; C, 55.20; N, 17.17; S, 19.65. Found3HS$;
C,55.07; N, 17.42; S, 19.83.

General procedure for preparation of 5-methyl-4-(akylthio)-6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[23-d]
pyrimidines 7 a-e.

To the suspension of 5-methyl-6-(5-phenyl-1,3,4¢dixz0l-2-yl)thieno[2,3d]pyrimidine-4(3H)-thione 6 (1 mmole)
in 5 ml of DMF 1.1 mmole of triethylamine and 1 minad corresponding alkylating agent were added. fipgure
was stirred at 90°C for 3-5 hours. Then the reactioxture as quenched with water and precipitatenéal was
filtered off.

Physical and spectral data of the products 7
5-Methyl-4-(methylthio)-6-(5-phenyl-1,3,4-oxadiazeR-yl)thieno[2,3-d]pyrimidine 7a.

This compound was obtained in 56% yield as a bsitje, mp 210-212°C*H NMR (200 MHz, DMSOd): 5 2.64
(3H,s, SCH), 3.03 (3 H, s, CH, 7.51 (3 H, m, H-3+ H-4+H-5), 8.08 (2 H, m, H-24), 8.87 (1 H, s, CH); Icms:
m/z (MH") 341. Anal. calcd. for GH;-N,OS,: H, 3.55; C, 56.45; N, 16.46; S, 18.84. Found3H7; C, 56.38; N,
16.78; S, 19.02.

4-(Benzylthio)-5-methyl-6-(5-phenyl-1,3,4-oxadiaze2-yl)thieno[2,3-d]pyrimidine 7b.

This compound was obtained in 79% yield as a yeé#ibvsolid, mp 215-217°CH NMR (200 MHz, DMSOd): &
3.04 (3H,s, Ch), 467 (2H,s,Ch, 7.28 (3 H, m, H-3'+ H-4'+H-5"), 7.47 (2 H, m, B*+H-6"), 7.62 (3 H, m, H-
3+ H-4+H-5), 8.07 (2 H, m, H-2+H-6), 8.89 (1 H,GH); **C NMR (75 MHz, DMSOd,): 16.61, 33.52, 123.09,
126.92, 127.39, 128.56, 129.21, 129.48, 132.29,9084136.79, 153.33; lcms: m/z (MH416. Anal. calcd. for
CoH1eN4OS:: H, 3.87; C, 63.44; N, 13.45; S, 15.40. Found3H18; C, 63.12; N, 13.62; S, 15.67.
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4-[(4-Chlorobenzyl)thio]-5-methyl-6-(5-phenyl-1,3,4oxadiazol-2-yl)thieno[2,3d]pyrimidine 7c.

This compound was obtained in 84% yield as a bsidje, mp 204-206°C*H NMR (200 MHz, DMSOds): & 3.03
(3H,s,CH),4.66(2H,s,Ch), 7.38 (2H, d, J =8.5 Hz, H-3'+ H-5"), 7.53 (2 H| J = 8.5 Hz, H-2'+H-6"), 7.68 (3
H, m, H-3+ H-4+H-5), 8.07 (2 H, m, H-2+H-6), 8.9% K, s, CH);"*C NMR (75 MHz, DMSO«d,): 16.56, 32.68,
118.13, 123.07, 126.90, 128.17, 128.48, 129.45,0031132.28, 134.77, 136.10, 153.27, 160.30, 164168.04.
lcms: m/z (MH) 451. Anal. calcd. for §H;sCIN,OS;: H, 3.35; C, 58.59; N, 12.42; S, 14.22. Found:3Hs8; C,
58.44; N, 12.75; S, 14.34.

4-[(4-Fluorobenzyl)thio]-5-methyl-6-(5-phenyl-1,3,4oxadiazol-2-yl)thieno[2,3d]pyrimidine 7d.

This compound was obtained in 81% yield as a bsidjé, mp 198-200 °C*H NMR (200 MHz, DMSOdg): 6 2.99
(3H,s,CH), 468 (2H,s,Ch, 7.15 (2 H, t, J = 8.8 Hz, H-2'+ H-6"), 7.62 (§ H, H-2'+H-6'+H-3+ H-4+H-5),
8.04 (2 H, m, H-2+H-6), 8.89 (1 H, s, CHJC NMR (75 MHz, DMSOd,): 16.55, 32.69, 115.13, 115.41, 118.08,
123.05, 126.88, 128.12, 129.44, 131.23, 132.26,113334.82, 153.27, 160.29, 163.26, 164.11, 166c2ds: m/z
(MH™) 435. Anal. calcd. for §H1sFN,OS:: H, 3.48; C, 60.81; N, 12.89; S, 14.76. Found:3t57; C, 61.07; N,
12.85; S, 14.82.

N-(2,4-Difluorophenyl)-2-{[5-methyl-6-(5-phenyl-1,34-oxadiazol-2-yl)thieno[2,3d]pyrimidin-4-

yl]thio}acetamide 8e.This compound was obtained in 92% vyield as a beiel, mp 246-248 °C*H NMR (200
MHz, DMSO<g): 6 3.08 (3 H, s, CH, 4.38 (2 H, s, Ch), 7.02 (2 H, t, J = 9.1 Hz, H-5), 7.30 (2 H, m3j, 7.61

(3 H, m, H-3+ H-4+H-5), 7.78 (2 H, m, H-2'), 8.08 H, m, H-2+H-6), 8.84 (1 H, s, CH}’C NMR (75 MHz,
DMSO-dg): 16.55, 34.07, 104.39, 111.20, 118.29, 123.08, 9 128.34, 129.47, 132.30, 134.76, 153.17, 160.3
164.17, 165.88, 166.20; Icms: m/z (MH496. Anal. calcd. for §H:sF-NsO.S,: H, 3.05; C, 55.75; N, 14.13; S,
12.94. Found: H, 3.15; C, 55.61; N, 14.24; S, 13.12

Antimicrobial activity study

According to the WHO recommendations [13-18] thélofeing microorganisms test-strains have been used
Staphylococcus aureu8TCC 25923, Esherichia coliATCC 25922, Pseudomonas aeruginosaTCC 27853,
Proteus vulgaris ATCC 4636, Bacillis subtilis ATCC 6633, Candida albicans ATCC653/885. Bacterial
concentration was 1@CFU/mI (determined by McFarland standard). Overnizultures kept for 18-24 h at 36°C +
1°C were used. The bacterial suspension was inecutato the entire surface of a Mueller-Hintonra@agestan
Scientific research institute of nutrient medialieTcompounds were introduced to the wells in thenfof DMSO
solution in concentrations 1Q@/ml; the open wells were filled with 0.3 ml of tkelution.

For evaluation of antimicrobial activity the folling criteria were used: in the case of inhibiti@me absence or its
diameter less then 10 mm either the bacteria stra@re considered to be resistant or the concentraf the tested
compound rather low for inhibition effect; the diat@r of inhibition zone 10-15 mm — low sensitivity the
bacteria strain to the compound in the given cotmataon; the diameter of inhibition zone 15-25 mnasw
considered as the sign of the substance activaynagthe microorganism strain; the diameter oftiition zone 25
mm or more was considered as the evidence of giedrtimicrobial activity of the compound tested.

RESULTS AND DISCUSSION

The most common way for 1,3,4-oxadiazole prepamasacyclization of diacyl hydrazides [19-23]. Tasthors of
patent [10] described the synthesis of 5-methyitbj2,3-d]pyrimidine-2,4-dione-6-carboxyxlic acid hydrazide
preparation by reaction of the corresponding esir hydrazine hydrate at 12091-6 hours). We similarly tried to
obtain 5-methyl-4-o0x0-3,4-dihydrothieno[2¢syrimidine-6-carboxylic acid hydrazid2 by hydrazinolysis of ester
1, but the only products of molecule destructionenieplated. Therefore, we used the other synthetite based on
milder reaction of easily available 5-methyl-4-a&@-dihydrothieno[2,3f]pyrimidine-6-carboxylic aci® [11] with
hydrazine hydrate, promoted by 1,1-carbonyldiimaaz(scheme 1). Unfortunately isolation of hydrazi|
because of its high solubility, required DMF distilon, which was inconvenient [12]. The other disantages of
this method were low yield and purity of the hydda2 in some cases.

The further investigations showed that the bettay ¥o producé was a direct interaction of generaiedsitu 5-
methyl-4-ox0-3,4-dihydrothieno[2,8}pyrimidine-6-carboxylic acid imidazolide with bewizydrazide (scheme 2).
This method allowed us to obtain compouhid high yield and purity right from the ackliin one step.

Cyclyzation of4 has been carried out by reflux in phosphorous bboge at stirring. The produbtformed crystals
after distillation of POGland addition of ice. However the spectrunbah DMSO-ds showed the mixture of two
compounds with one singlet of CH at 8.20 ppm amdather at 8.98 ppm. Probably destruction of compduwas
caused by its partial hydrolysis with the traceswvater. It appeared to be impossible to identifynpound5 as
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individual one. The reaction between 4-chloroth[@r®d]pyrimidines and thiourea is a good way to thieng{2
d]pyrimidine-4-thiones [7,9,24,25]. Therefore weated compound with thiourea at heating in DMF. This
experiment resulted the compound with NH protomaigt 13.97 ppm, while its LC/MS showed quasi-roolar
ion peak at 326, which confirmed formation of 5-m6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2d}pyrimidine-
4(3H)-thione6.

O
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Scheme 1. 5-Methylthieno[2,3f]pyrimidine-2,4-dione-6-carboxyxlic acid hydrazidepreparation
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Scheme 2. Synthesis and transformations of 5-meth¥tthio-6-(1,3,4-oxadiazol-2-yl)thieno[2,3f]pyrimidines

Table 1. 5-Methyl-4-(alkylthio)-6-(5-phenyl-1,3,4-g@adiazol-2-yl)thieno[2,3-d]pyrimidines 7 a-e

CO’;}E”"' R Yield, %*  lcms, m/z (MH")
7a Me 56 341
7b Bn 79 417
7c p-CIBn 84 451
7d p-FBn 81 435
F
H
/\/N

7e ” 92 496

* Yield in alkylation step is given
The alkylation of compoun@ with different halides in DMF-trethylamine systeesulted in the compounda-e

(table 1). All theH NMR spectra of compoundscontain the signals of alkyl radicals ¢t 4.67 ppm fo7a, and
CH, in the range 4.38-4.68 ppm féb-7e(Table 1).
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The screening of antimicrobial activity for the gqoounds6 and 7a- e was performed by agar well diffusion
method; the data is presented in table 2. Mosh®ftompounds tested showed moderate antimicrottiaitg, but

it could be seen that S-alkylation increases thivigG especially for compound with the halogen enzyl
fragment (Table 2).

Table 2. Antimicrobial activity of 5-methyl-4-thio-6-(1,3,4-oxadiazol-2-yl)thieno[2,3]pyrimidines 6, 7a- e (concentration 100 pg/ml) *

Staphylococcus Esherichia Pseudomonas Proteus Bacilis Candida

aureus coli aeruginosa  vulgaris subtilis  albicans
Compnd. Ne ATCC ATCC ATCC ATCC ATCC  ATCC
25923 25922 27853 4636 6633  653/885
6 ++ ++ - ++ ++ +
7a ++ ++ ++ ++ ++ ++
7b ++ ++ ++ + + +
7c + ++ ++ ++ ++ ++
7d + ++ ++ ++ ++ ++
7e + ++ + ++ ++ ++
Str.** ++ ++ - - ++
Synt. ** + ++ ++ ++ ++ -

* — - diameter of growth inhibition zone less tHElhmm; + - diameter of growth inhibition zone 10+bfn; ++ - diameter of growth inhibition
zone 15-25 mm; +++ - diameter of growth inhibitiaone more than 25 mm.
** concentration of antibiotics 30 pg/m§tr. — streptomycing4,0 solution); Synt. —synthomycineH>0O solution);

CONCLUSION

A convenient and effective method for synthesis ®methyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)thien@2,
d]pyrimidine-4(3H)-thione has been developed. By dkkylation of the corresponding thione in diméfitymamide
with alkylating agents the series of 5-methyl-dyéttkio-6-(1,3,4-oxadiazol-2-yl)thieno[2,8}pyrimidines was
obtained. All of the compounds tested showed madewaspecific antimicrobial activity against theasts of
bacteria and fungi similar to Synthomycine an highan Streptomycin againBroteus vulgarisndPseudomonas
aeruginosa
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