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ABSTRACT

The methods for preparation of novel derivative®thiyl 5-(5-methyl-4-oxo-3,4-dihydrothieno[2,3-dlioyidin-6-

yD)-1,2,4-oxadiazole-3-carboxylate, 3-substitutethéthyl-6-(3-phenyl-1,2,4-oxadiazol-5-yl)thienoipyrimidin-

4(3H)-ones and 4-(alkylthio)-5-methyl-6-(3-pheny2;24-oxadiazol-5-yl)thieno[2,3-d]pyrimidines stamyj from 5-
methyl-4-oxo0-3,4-dihydrothieno[2,3-d]pyrimidine-&rboxylic acid have been developed. The resultsthef
antimicrobial activity screening, performed by agaell diffusion method, for the compounds syntleedsghowed
that ethyl 5-(5-methyl-4-o0x0-3,4-dihydrothieno[2IJpyrimidin-6-yl)-1,2,4-oxadiazole-3-carboxylate drits 3 p-
methylbenzyl derivative together with 5-methyl-@l&nyl-1,2,4-oxadiazol-5-yl)thieno[2,3-d]pyrimidi# (3H)-

thione and its 4-S-alkyl derivatives are active iaghthe Candida albicans fungi, while 2-[5-methybxo-6-(3-
phenyl-1,2,4-oxadiazol-5-yl)thieno[2,3-d]pyrimid8{4H)-yl]-N-phenylacetamide significantly inhibitékde growth
of Staphylococcus aureus and Bacillus subtilis &aat strains.

Keywords: thiophene, pyrimidine, 1,2,4-oxadiazole, thioakiylation.

INTRODUCTION

The derivatives of thieno[2,8lpyrimidine substituted at position 6 with the hetyclic radicals are known as
useful for treatment of obesity, and CNS discofdsfpr the similar compounds significant radicahgenging [2],
antiviral properties [3], and fatty acids metabwligegulation activity [4] have been reported. Thezent
investigations of our research group allowed deigng of some 6-hetarylthieno[2@pyrimidines with
antimicrobial activity [5-8]. Therefore as the paftour work enlargement the novel derivatives aixé- and 4-
thio-5-methyl-6-(1,2,4-oxadiazol-5-yl)thieno[2d@pyrimidines were obtained and their antimicrobéattivity has
been studied.

EXPERIMENTAL SECTION

Chemical part
Melting points (°C) were measured with a with a l€éofmelting point apparatus and were not corredi#emental
analysis were withirt0.4% of the theoretical valudd spectral data was obtained at 200 MHz on Variamoury-
200 spectrometer using TMS as an internal standdegs-spectral analyses were obtained on a PE S@IEX
150EX device.

5-Methyl-4-0x0-3,4-dihydrothieno[2,3d]pyrimidine-6-carboxylic acid (1) and 5-methyl-6-(3phenyl-1,2,4-
oxadiazol-5-yl)thieno[2,3d]pyrimidin-4(3 H)-one were obtained by the previously reported methds [5,9].

Ethyl 5-(5-methyl-4-0x0-3,4-dihydrothieno[2,3€]pyrimidin-6-yl)-1,2,4-oxadiazole-3-carboxylate (2)

To the suspension of 1.5 g of 5-methyl-4-oxo-3 dydrothieno[2,3d]pyrimidine-6-carboxylic acidl in 5 ml of
anhydrous DMF 1.2 g of 1,1'-carbonyldiimidazole waakled and the mixture was heated atCo6f the clear
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solution formation and then for 15 minutes moreeii.2 g of ethyl 2-oximinooxamate was added tor¢iaetion
mixture and it was heated for 3-4 hours at L30&fter the cool reaction mixture was diluted wizh ml of cold
water and the precipitate formed was filtered offl arystallized from ethanol.

This compound was obtained in 54% vyield as a breulit, mp 228-230°C*H NMR (200 MHz, DMSO#dg): &
1.64 (3H, t,CHj); 2.46 (H, s,CHj); 4.19 (2H, q, CH); 8.12 (2H, m, CH + NH). Anal. calcd. for,&1;0N4O,S: H,
3.29; C, 47.06; N, 18.29; S, 10.47. Found: H, 3@447.15; N, 18.37; S, 10.64.

General method for synthesis of 3-alkyl-5-methyl-§4,2,4-oxadiazol-5-yl)thieno[2,3H]pyrimidin-4(3 H)-ones
(4-6a-c).

To the 0.0005 mole of the 5-methyl-6-(1,2,4-oxadig&yl)thieno[2,3d]pyrimidin-4(3H)-one 2 or 3 in 2.5 ml of
DMF 0.0005 mole of KCO; and the corresponding alkylating agent was addibd. reaction mixture was stirred
and heated at 50-60°for 8 hours and then cooled and quenched withrwatee precipitate formed was filtered off
and crystallized from 2-propanol.

Ethyl 5-[5-methyl-3-(4-methylbenzyl)-4-o0xo0-3,4-dihgrothieno[2,3-d]pyrimidin-6-yl]-1,2,4-oxadiazole-3-

carboxylate (4).

This compound was obtained in 85% yield as a brselid, mp 193-195°C*H NMR (200 MHz, DMSOsd): & 1.29

(3H, t,CHa); 2.21 (2H, s, Ch); 2.88 (3, s,CHj); 4.39 (2H, g, CH); 5.11 (2H, s, CH); 7.13 (2H, d, Ar-H); 7.27
(2H, d, Ar-H); 8.79 (1H, s, CH). Anal. calcd. fopdH1gN4O,S: H, 4.42; C, 58.53; N, 13.65; S, 7.81. Found4133;

C, 58.58; N, 13.78; S, 7.88.

2-[5-Methyl-4-ox0-6-(3-phenyl-1,2,4-oxadiazol-5-yihieno[2,3-d]pyrimidin-3(4 H)-yl]-N-phenylacetamide (5)
This compound was obtained in 79% vyield as a wéited, mp > 300°C*H NMR (200 MHz, DMSOdg): & 2.94
(2H, s, CH); 4.87 (31, s,CHy); 7.01 (1H, t, Ar-H); 7.31 (2H, t, Ar-H); 7.57 (2H, Ar-H); 8.55 (1H, s, CH); 10.46
(1H, s, NH). Anal. calcd. for GH,/NsOsS: H, 3.86; C, 62.29; N, 15.79; S, 7.23. Found3ly; C, 62.55; N, 15.85;
S, 7.35.

5-Methyl-3-{[3-(4-methylphenyl)-1,2,4-oxadiazol-5-fjmethyl}-6-(3-phenyl-1,2,4-oxadiazol-5-yl)thieno[23-d]
pyrimidin-4(3 H)-one (6a)

This compound was obtained in 73% yield as a wéoti, mp 235-237°C*H NMR (200 MHz, DMSOd): § 2.34
(1H, s, CH); 2.91 (2H, s, Ch); 5.63 (H, s,CHy); 7.32 (2H, d, Ar-H); 7.57 (3H, m, Ar-H); 7.83 (2id, Ar-H); 8.04
(2H, d, Ar-H); 8.80 (1H, s, CH). Anal. calcd. fopH1gNO5S: H, 3.76; C, 62.23; N, 17.42; S, 6.65. Found318]1;
C, 62.29; N, 17.27; S, 6.65.

3-{[3-(4-Chlorophenyl)-1,2,4-oxadiazol-5-ylJmethyl}5-methyl-6-(3-phenyl-1,2,4-oxadiazol-5-yl)thieno[3-d]
pyrimidin-4(3 H)-one (6b)

This compound was obtained in 76% yield as a wéoliel, mp 225-227°C*H NMR (200 MHz, DMSOd): § 2.95
(2H, s, CH); 5.66 (3, s,CHy); 7.52-7.67 (5H, m, Ar-H); 7.96 (2H, d, Ar-H); &@2H, m, Ar-H); 8.79 (1H, s, CH).
Anal. calcd. for GH1sCINgO5S: H, 3.01; C, 57.32; N, 16.71; S, 6.38. Found3188; C, 57.49; N, 16.78; S, 6.49.

3-{[3-(2,3-Dimethoxyphenyl)-1,2,4-oxadiazol-5-yl]mihyl}-5-methyl-6-(3-phenyl-1,2,4-oxadiazol-5-yl)théno
[2,3-d]pyrimidin-4(3 H)-one (6¢)

This compound was obtained in 63% yield as a wéoliel, mp 222-224°C*H NMR (200 MHz, DMSOd): § 2.93
(2H, s, CH); 3.72 (3H, s, OCEHJ; 3.83 (3H, s, OCEH); 5.65 (3, s,CHy); 7.12-7.35 (3H, m, Ar-H); 7.50-7.62 (2H,
m, Ar-H); 8.04 (2H, m, Ar-H); 8.79 (1H, s, CH). Anaalcd. for GeH,oNeOsS: H, 3.81; C, 59.08; N, 15.90; S, 6.07.
Found: H, 3.86; C, 59.11; N, 15.92; S, 6.09.

5-Methyl-6-(3-phenyl-1,2,4-oxadiazol-5-yl)thieno[B-d]pyrimidine-4(3 H)-thione (7)

To the compoun@® (2 g) 15 ml of POGlwas added and the mixture was boiled for 48 htilithe formation of the
clear solution. Then the POG¥xcess was distilled off at reduced pressure.rébiglual solid was treated with cold
water and then filtered off and dried at room terapge. To the suspension of 1.5 g of the chloravdgve
prepared in the previous step in 5 ml of DMF 04 ¢hiourea was added and the mixture was heat28CGiC for 3
hours. After the cool reaction mixture wad diluteith water and the precipitate formed was filteodd

This compound was obtained in 56% yield as a yebolid, mp > 300°C*H NMR (200 MHz, DMSO#d): & 3.22
(2H, s, CH); 7.51 (3H, m, Ar-H); 8.04 (2H, m, Ar-H); 8.07 (2Irh, Ar-H); 8.29 (1H, s, CH); 13.95 (1H, br s, NH).
LC-MS: m/z (MH") 327. Anal. calcd. for GH1oN,OS,: H, 3.09; C, 55.20; N, 17.17; S, 19.65. Found3H}5; C,
55.24; N, 17.18; S, 19.71.
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General method for synthesis of the compounds 4-{allthio)-5-methyl-6-(3-phenyl-1,2,4-oxadiazol-5-
ylthieno[2,3-d]pyrimidines (8a,b).

To the suspension of the compoundn 3 ml of DMF 0.0008 mole of triethylamine andd008 mole of the
corresponding alkylating agent ware added. Theticamixture was stirred at 90°for 5 hours. The cool reaction
mixture was diluted with water and the precipitimiened was filtered off and crystallized from 2-pamol.

4-(Benzylthio)-5-methyl-6-(3-phenyl-1,2,4-oxadiazeb-yl)thieno[2,3-d]pyrimidine (8a)

This compound was obtained in 88% yield as a wéotil, mp 203-204°CH NMR (200 MHz, DMSOdj): & 3.13
(2H, s, CH); 4.67 (H, s,CH,); 7.25-7.40 (2H, m, Ar-H); 7.45-7.62 (6H, m, Ar-H.04 (2H, m, Ar-H); 8.96 (1H,
s, CH). Anal. calcd. for £H1gN4,OS:: H, 3.87; C, 63.44; N, 13.45; S, 15.40. Found3K3; C, 63.50; N, 13.58; S,
15.51.

2-{[5-Methyl-6-(3-phenyl-1,2,4-oxadiazol-5-yl)thiewn[2,3-d]pyrimidin-4-yl]thio}- N-phenylacetamide (8b)

This compound was obtained in 74% yield as a wéoliel, mp 243-244°C*H NMR (200 MHz, DMSOd): & 3.17
(2H, s, CH); 4.37 (31, s,CHy); 7.04 (1H, t, Ar-H); 7.31 (2H, t, Ar-H); 7.5-7.65H, m, Ar-H); 8.04 (2H, m, Ar-H);
8.87 (1H, s, CH); 10.39 (1H, br s, NH). LC-MS: niktH™) 460. Anal. calcd. for §H;,N50,S,: H, 3.73; C, 60.11;
N, 15.24; S, 13.95. Found: H, 3.77; C, 60.18; N2%5S, 13.99.

Antimicrobial activity study

According to the WHO recommendations [10-15] thélofeing microorganisms test-strains have been used
Staphylococcus aureuBTCC 25923,Escherichia coliATCC 25922,Pseudomonas aeruginos&lTCC 27853,
Proteus vulgaris ATCC 4636, Bacillus subtilis ATCC 6633, Candida albicans ATCC653/885. Bacterial
concentration was I@CFU/mI (determined by McFarland standard). Overhigultures kept for 18-24 h at 36°C *
1°C were used. The bacterial suspension was inecutmto the entire surface of a Mueller-Hintonra@zagestan
Scientific research institute of nutrient mediapeTcompounds were introduced to the wells in therfof DMSO
solution in concentrations 1Q@/ml; the open wells were filled with 0.3 ml of thelution.

For evaluation of antimicrobial activity the folling criteria were used: in the case of inhibiti@me absence or its
diameter less than 10 mm either the bacteria stna@re considered to be resistant or the concentirat 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 cotmeéon; the diameter of inhibition zone 15-25 mmaswv
considered as the sign of the substance activaynagthe microorganism strain; the diameter oftiition zone 25
mm or more was considered as the evidence of gtedtimicrobial activity of the compound tested.

RESULTS AND DISCUSSION

Recently we have reported the synthesis of 5-mdikH@-aryl-1,2,4-oxadiazol-5-yl)thieno[2 @pyrimidin-4(3H)-
one derivatives, which was performed by cyclizatwingeneratedn situ imidazolide of 5-methyl-4-oxo-3,4-
dihydrothieno[2,3d]pyrimidine-6-carboxylic acidl with aromatic amidoximes [5]. It is also known ttlegclization
of ethyl 2-oximinooxamate with carboxylic acids proted with coupling-reagents or their chlorideghis way for
preparation of 1,2,4-oxadiazole cycle with carbgthgroup at its position 3 [16-18].

As the part of our research program of 5-methykd-8,4-dihydrothieno[2,3pyrimidine-6-carboxylic acidl
modification we performed the 1,1'-carbonyldiimidée promoted interaction of this compound with &tBy
oximinooxamate (scheme 1). As the result of thitien performed at heating 140for 3-4 hours we isolated the
product2. The®H NMR spectrum of the compourticontains the signals of carbethoxy group proten$.&4 ppm
(3H, t,CHs) and 4.19 ppm (2H, g, G} together with the intense singlet of the pyrimélring proton at 8.12 ppm.
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Scheme 1. Synthesis of ethyl 5-(5-methyl-4-oxo-3J#ydrothieno[2,3-d]pyrimidin-6-yl)-1,2,4-oxadiazole-3-carboxylate deivatives 2,4
and 5-methyl-6-(3-phenyl-1,2,4-oxadiazol-5-yl)thien{2,3-d]pyrimidin-4(3 H)-one 3

Further the produ@ was alkylated withp-methylbenzyl chloride in DMF-BCO; conditions, which resulted in the
compound4. In the’H NMR spectrum of the compourtthe signal of Chibenzylic fragment is observed at 5.11
ppm, which well correlates with the data obtainedthe similar heterocyclic systems. It was eadienfirmed by
the NOESY experiments that benzylation of 5-metiwB-phenyl-1,2,4-oxadiazol-5-yl)thieno[2d3pyrimidin-
4(3H)-ones in the same conditions occurs at positiohtBieno[2,3€d]pyrimidine system [5].

In order to enlarge the variety of the 5-methylt62(4-oxadiazol-5-yl)thieno[2,8}pyrimidines we have modified
the compouna, obtained using the previously reported method\ii 2-chloro-N-phenylacetamide and 3-aryl-5-
(chloromethyl)-1,2,4-oxadiazoles [19] (scheme Z)e Tesulted derivatives and6 a-c were isolated in high yields
(scheme 2).
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6a: Ar = 4-CH;-CgHs-; 6b: Ar = 4-CI-CgH,-; 6¢: Ar = 2,3-di(OCH)-CsH4-; 8a: R = GHs-CH,-; 8a: R = GHsNHCOCH-
Scheme 2. Synthesis of 3-alkyl-5-methyl-6-(3-phen¥l2,4-oxadiazol-5-yl)thieno[2,3d]pyrimidin-4(3 H)-ones 5,6a-c and 4-(alkylthio)-5-
methyl-6-(3-phenyl-1,2,4-oxadiazol-5-yl)thieno[2,8pyrimidines 8a,b
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The other way for modification of the compouBdvas the exchange of the oxo-group in position thi@no[2,3-
d]pyrimidine with the sulphur. The transformationsyaerformed similarly to the method proposed eaftie The
main problem for this procedure was extremely lalukility of the compound3 in POCE, which critically
complicated the chlorination step. To accomplishchlorination 48 hours of the compoudtoiling in phosphorus
oxychloride was required. The unstable 4-chloropobdvas immediately reacted with thiourea in DMMRem*H
NMR spectrum of the isolated produttontains the signal of NH proton at 13.95 ppm,aletis typical for such
thiones [6]; mass-spectrum of the derivativehas the peak of quasimolecular ion (m/z [N 327) well
corresponding with its molecular weight.

The product7 obtained was then alkylated with benzyl chlorided aN-phenylchloroacetamide using DMF-
triethylamine conditions. As the result the 4-Syhlklerivatives 8a and 8b were isolated (scheme 2). The
antimicrobial activity study for the novel derivads of 5-methyl-6-(1,2,4-oxadiazol-5-yl)thieno[2Jyrimidines
was performed by agar well diffusion method; theutes of antimicrobial activity study are listedthre table.

Table. Antimicrobial activity of 5-methyl-6-(1,2,4-0xadiazol-5-yl)thieno[2,3d]pyrimidines 2, 4, 5, 6a-c, 7 and 8a,b (concentrath 100

Hg/ml) *
Com Staphylococcus | Escherichia Proteus Pseudomonas Bacillus Candida
No P aureus coli vulgaris aeruginosa subtilis albicans
B ATCC 25923 ATCC 25922 | ATCC 4636 | ATCC 27853 | ATCC 6633 | ATCC 653/885
2 16 13 growth 16 15 21
4 18 15 growth 15 18 21
5 20 16 16 16 22 growth
6a 15 14 growth growth 17 growth
6b 15 14 growth growth 17 growth
6C 15 15 growth growth 17 growth
7 growth growth 18 18 19 22
8a 19 16 17 17 16 22
8b 19 16 17 16 15 20
Metr. ** 14 14 growth growth 16 14
Strept.*** 15 16 growth growth 17 growth

* — the average values for 3 experiments are ligtetthe table;
** Metr. — Metronidazole, DMSO solution (concentoat 30 pg/ml);
*** Strept. — Streptomycint,0 solution (concentration 30 pg/ml).

The results of antimicrobial activity study showthdt most of the compounds like the derivativestbiyl 5-(5-
methyl-4-ox0-3,4-dihydrothieno[2,8lpyrimidin-6-yl)-1,2,4-oxadiazole-3-carboxylat2 and 4 together with 5-
methyl-6-(3-phenyl-1,2,4-oxadiazol-5-yl)-4-thiothig{2,3-d]pyrimidines 7, 8a, 8bare active against th€andida
albicansfungi. At the same time 3-alkyl-5-methyl-6-(3-plyef,2,4-oxadiazol-5-yl)thieno[2,8}pyrimidin-4(3H)-
ones5 and6a-c showed no activity against the fungi strain. Bfbanethyl-4-oxo-6-(3-phenyl-1,2,4-oxadiazol-5-
yhthieno[2,3d]pyrimidin-3(4H)-yI]- N-phenylacetamideb significantly inhibited the growth ofStaphylococcus
aureus and Bacillus subtilisbacterial strains. Their activity was higher thhe activity of the reference drugs
metronidazole and streptomycin.

CONCLUSION

Using the transformations of 5-methyl-4-oxo-3,4yditothieno[2,3d]pyrimidine-6-carboxylic acid the novel
derivatives of ethyl 5-(5-methyl-4-oxo0-3,4-dihydna&no[2,3d]pyrimidin-6-yl)-1,2,4-oxadiazole-3-carboxylate, 3-
substituted 5-methyl-6-(3-phenyl-1,2,4-oxadiazolihieno[2,3d]pyrimidin-4(3H)-ones and the derivatives of 4-
(alkylthio)-5-methyl-6-(3-phenyl-1,2,4-oxadiazolyBthieno[2,3d]pyrimidine were obtained. The results of their
antimicrobial activity study showed that the compads with ethyl 1,2,4-oxadiazole-3-carboxylate sibsnt in
position 6 of thieno[2,3fpyrimidine system and 5-methyl-6-(3-phenyl-1,2x&diazol-5-yl)-4-thiothieno[2,3-
d]pyrimidines are active against t@andida albicangungi, while 2-[5-methyl-4-o0x0-6-(3-phenyl-1,2,4adiazol-
5-yhthieno[2,3d]pyrimidin-3(4H)-yl]-N-phenylacetamide was determined to be active agahes strains of
Staphylococcus aureahdBacillus subtilisbacteria.

Acknowledgement
Authors gratefully acknowledge Tatyana P. Osolodkbethe Head of microorganism biochemistry andientr
media laboratory of Institute microbiology and immoelogy n.l.I.Mechnikov NAMS of Ukraine for the
microbiological experiment.

REFERENCES

[1] E Elzein; R Kalla; J Zablocki; X Li; T Perry; Kobayashi; E Parkhill, U. S. patent 20070208®0%)7.

1047



Sergiy V. Vlasovet al J. Chem. Pharm. Res,, 2015, 7(4):1043-1048

[2] Y Kotaiah; N Harikrishna; K Nagaraju; C Venkd&a&o,Eur. J. Med. Chem2012 58, 340-345.

[3] D Classen-Houben; A Wolkerstorfer; O Szolar;Svhith; S-S So; S Cusack, T Langer, B Giethlen, Git4o C
Michaut-Simon, L Jung U. S. patent 201301026m11,3

[4] GC Harriman, CE Masse, J Harwood, S Bhat, JBe@wood U. S. patent 2013012322013

[5] SV Vlasov; OV Zaremba; SM Kovalenko; Al Fedos&P ChernykhJournal of organic and pharmaceutical
chemistry 2011, 9(4), 24-30.

[6] SV Vlasov; SM Kovalenko; VP Chernykh; K.Y Kralko,J. Chem. Pharm. Re2014 6(6), 22-27.

[7] SV Vlasov; SM Kovalenko; VP Chernyklpurnal of organic and pharmaceutical chemis2@13 11(2), 41-
46.

[8] SV Vlasov; SM Kovalenko; Al Fedosov; VP Chermiykournal of organic and pharmaceutical chemis2911,
9(3), 51-55.

[9] AN Grinev, NV Kaplina.Chem. Heterocycl. Compnd985 21, 767-770.

[10] Clinical and Laboratory Standards InstituterfBrmance Standards for Antimicrobial Susceptipiliesting;
Twenty-Second Informational Supplement. Documend0®$22, Vol. 32, No. 3, CLSI, Wayne, PA, Januagl2
[11] MB Colyle, Manual of Antimicrobial Susceptiliif Testing, American Society for Microbiology, Wasgton,
2005 236.

[12] CH Lakshmi Praveena; V Esther Rani; YN SpogrttK Ravindranath,J. Chem. Pharm. Re2013 5(5), 280-
292.

[13] SV Deshmukh; BS Rane; MG Ghagare; VB GaikwaB; Bhole; MN Jachak,). Chem. Pharm. Re014
6(1), 540-543.

[14] Ch Sudhakar; KR Raju; MK Reddy, Chem. Pharm. Re2014 6(1), 664-668.

[15] SP Pardeshil; SV Patill; R Patil; VD BobadleChem. Pharm. Re2014 6(4), 675-681.

[16] G Griffioen; T Van Dooren; V Rojas De La ParfaMarchand; S Allasia; A Kilonda; P Chatin, Iftat. Appl.
2010142801201Q

[17] RJ Bull; M Van Der Heuvel; A Mete; AJ Nadinf\Ray, Int. Pat. Appl. 200823152008

[18] GP Jones; KJ Doyle, U. S. pat@i092644412009

[19] Y Dueruest; H Karaku; M Kaiser; D Tasdentiyr. J. Med. Chem2012 48, 296-304.

1048



