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An effective approach for synthesis of 5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2,3-d]pyrimi-
dine-2,4(1H,3H)-dione by 1,1’-carbonyldiimidazole promoted interaction of 5-methyl-2,4-dioxo-3-phenyl-1,2,3,4-
tetrahydrothieno[2,3-d]pyrimidine-6-carboxylic acid with benzohydrazide has been developed. The procedure
also includes cyclization of N’-benzoyl-5-methyl-2,4-dioxo-3-phenyi-1,2,3,4-tetrahydrothieno[2, 3-d]pyrimidine-
6-carbohydrazide obtained by boiling in phosphorous oxychloride and further hydrolysis of the chlorine atom at
position 2 of the thieno[2,3-d]pyrimidine system. Alkylation of the assembly of two heterocyclic units obtained
with benzyl chlorides, chloroacetamides, and 5-(chloromethyl)-3-aryl-1,2,4-oxadiazoles has allowed obtaining
of 1-alkyl-5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones. The struc-
tures of the compounds obtained have been confirmed by the 'H NMR, chromato-mass spectral and elemental
microanalysis data. The results of the screening performed by the agar diffusion method (“well method”) have
shown the absence of the antimicrobial activity for 1-benzyl-5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)
thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones and 2-[5-methyl-2,4-dioxo-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)-
3,4-dihydrothieno[2,3-d]pyrimidin-1(2H)-yl]-N-arylacetamides; but the activity for 1-{[3-aryl-1,2,4-oxadiazol-5-yl]
methyl}-5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2, 3-d]pyrimidine-2,4(1H,3H)-diones has been
found. The compounds of this range appeared to be active against the strains of Staphylococcus aureus,
Escherichia coli and Bacillus subtilis; the diameters of their growth inhibition zones were similar to those for the
reference drugs Metronidazole and Streptomycin.

CUHTE3 TA AHTUMIKPOBHA AKTUBHICTb 1-AJIKI1-5-METWJ1-3-®EHIJI-6-(5-®EHIJI-1,3,4-OKCAQIA30]1-
2-1NMN)TIEHO[2,3-d]MNIPUMIONH-2,4(1H,3H)-4IOHIB

C.B.Bnacoes, T.I[1.0cosnodyeHko, C.M.Koeanerko, B.I1.YepHux

Knrovoei cnnoea: miogheH; nipumiduH; asnkinoeaHHs

Po3pobneHo echekmusHull nidxid do cuHmesy 5-memur-3-¢peHrin-6-(5-gpeHin-1,3,4-okcadiazon-2-in)mieHo[2,3-d]
nipumioun-2,4(1H,3H)-dioHy winsxom npomomosaHoi 1,1’-kapborindiimidazonom esaemodii 5-memuri-2,4-0iokco-
3-¢beHin-1,2,3,4-mempaeiopomieHo[2, 3-d]nipumiOuH-6-kapb6oHo80I kucriomu 3 6eH302idpasudom. [Mpoyedypa
MmaKoX eKrtodae HacmynHy yuknizauito ompumaHo2o N’-6eH30in-5-memur-2,4-0iokco-3-¢peHin-1,2,3,4-mempa-
2idpomieHo[2,3-d]nipumiduH-6-kapbozidpasudy Kunm’smiHHSIM y Xr1opoKuci gpocchopy ma nodansbwull 2idponi3
amoma Xsiopy y MosioxeHHi 2 mieHo[2,3-d]nipumiduHosoi cucmemu. AKineaHHs ompuMaHo2o 080/1aHKO8020
aHcambriro 2cemepouyukriie beH3unxmnopudamu, xropoauemamidamu ma 5-(xropomemunn)-3-apun-1,2,4-okcadia3o-
namu do3zsonunno ompumamu 1-ankin-5-memun-3-¢perin-6-(5-¢cpenin-1,3,4-okcadia3on-2-in)mieHo[2, 3-d]nipumi-
OuH-2,4(1H,3H)-8ioHu. Cmpykmypu ompumaHux criofniyk 6yrnu nidmeepoxeHi Ha ocHosi daHux 'H SIMP, xpomamo-
mac criekmpie ma efrieMeHmMHo20 aHanidy. 3a pesynbmamamu CKpuHiH2y memodom Ougbysii 8 azap («memod
Kos100s13i8») 8cmaHoeneHo 8idcymHicmbs aHmMUMIKpobHoI akmugHocmi y 1-6eH3urn-5-memur-3-cheHin-6-(5-cbeHrin-
1,3,4-okcadiazon-2-in)mieHo[2, 3-d]nipumiduH-2,4(1H,3H)-0ioHie ma 2-[5-memunr-2,4-0iokco-3-¢beHirn-6-(5-cheHir-
1,3,4-okcadiazon-2-in)-3,4-0ueciopomierHo[2, 3-dJnipumiouH-1(2H)-in]-N-apunauemamidig, a maKkox HasieHicmb aHMUu-
MikpobHoi akmueHocmi 0nsi 1-{[3-apur-1,2,4-okcadiason-5-injmemur}-5-memurn-3-gpeHin-6-(5-gpenin-1,3,4-okca-
Oiazorn-2-in)mieHo[2, 3-d]nipumioun-2,4(1H,3H)-0ioris. [daHi pe4osuHu sussuiu aHmMuMikpobHy akmueHicmb 00
wmamis Staphylococcus aureus, Escherichia coli ma Bacillus subtilis i3 3HayeHHAMU 30H 3ampuMKuU pocmy,
6nusbKkumu 00 rpenapamis MopieHSIHHS MempPOHI0a3oly ma cmpenmoMiyuHy.

CUHTE3 U TIPOTUBOMUKPOBHAS1I AKTUBHOCTb 1-AJIKWUJ1-5-METWI-3-®EHUNI-6-(5-®EHWII-1,3,4-OKCA-
AWNA30J1-2-NJ1) TUEHO([2,3-d][TUPUMULONH-2,4(1H,3H)-OUWOHOB

C.B.Bnacoe, T.[1.0OconodyeHko, C.H.KoeaneHko, B.I1.YepHbix

Knrodesnie cnoea: muogheH,; nupumuduH; ankuiuposaHue

PaspabomaH aghghekmugHbIli no0xo0 K cuHme3sy 5-memun-3-gpeHun-6-(5-cpeHurn-1,3,4-okcadualon-2-un)mueHo
[2,3-d]nupumudun-2,4(1H,3H)-0uoHa nymem npomomupoeaHHozo 1,1’-kapboHunduumudasonom e3aumooel-
cmeusi 5-memurn-2,4-0uokco-3-¢peHun-1,2,3,4-mempazudpomueHo[2, 3-djnupumuduH-6-kapboHo80U KUCIOMbI
¢ 6eH3ozudpasudom. lMpouedypa makxe gko4aem yuknusayuto nonydyeHHozo N’-6eHsoun-5-memur-2,4-0u-
okco-3-perur-1,2,3,4-mempazudpomueHo[2, 3-djnupumuduH-6-kapboeudpasuda KurnsiyeHUeM 8 X/I0poKUcU ¢hoc-
¢opa u GanbHelwuli 2uGpoOIU3 amoma Xriopa 8 rnofioxeHuu 2 mueHo|2,3-djnupumuduHosol cucmemsl. AnKu-
JiuposaHue nosy4yeHHo20 08yX38eHHO20 aHcaMbrisi 2emepoyukios beHaunxnopudamu, xnopayemamudamu u
5-(xnopmemurn)-3-apun-1,2,4-okcaduasonamu rno38osusio rnony4ums 1-ankun-5-memur-3-gpeHusn-6-(5-cpeHun-
1,3,4-okcadua3zon-2-un)mueHo[2, 3-dJnupumuduH-2,4(1H,3H)-0uoHbl. CmpyKkmypb! NOMyYeHHbIX COeOUHeHUU bbiiu
nodmeepxx0eHbl Ha 0cHose OaHHbIx 'H SIMP, xpomamo-mac crnekmpos u arieMeHmHo20 aHanusa. 1o pesyris-
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mamam cKkpuHuH2a memooom Ouchghy3uu 8 azap («memod Korodues») ycmaHo8eHo omcymcmeue npomueo-
MUKPOBHOU akmusHocmu y 1-6eH3urn-5-memurn-3-¢peHun-6-(5-gpeHur-1,3,4-okcaduason-2-un)mueHo[2, 3-d]nu-
pumuduH-2,4(1H,3H)-0uoHos u 2-[5-memun-2,4-0uokco-3-cpeHun-6-(5-¢peHun-1,3,4-okcaduason-2-un)-3,4-0u-
eudpomueHo|2,3-dJnupumudun-1(2H)-unj-N-apunauemamudos, a makxe Hanu4ue rnPoOmMuU8oMUKPObHOU akmus-
Hocmu 0ns 1-{[3-apun-1,2,4-okcaduason-5-unjmemur}-5-memun-3-¢peHun-6-(5-gpeHurn-1,3,4-okcaduason-2-us)
mueHo[2,3-d]nupumuduH-2,4(1H,3H)-0uoHos. [aHHble seuwecmea rnposisusiu MpomueoMUKpPOBOHYH aKmueHOCMb
K wmammam Staphylococcus aureus, Escherichia coli u Bacillus subtilis co 3HayeHusiMu 30H 3a0epxKu pocma,
6/1U3KUMU K riperniapamam CpasHeHUst MemMpoHUOa3osy U CMpenmoMuyuHy.

In the last years the modification of position 6 of
the thieno[2,3-d]pyrimidine system with 1,3,4-oxadi-
azole substituents has become popular as the way for
obtaining of the novel biologically active compounds.
The first attempt of such synthesis was cyclization
of thieno[2,3-d]pyrimidin-6-carboxylic acids hydrazi-
des with orthoesters [1], or by cyclization using treat-
ment with phosphorous oxychloride of the products
of similar hydrazides acylation with acyl halides [2].
The authors of the article [3] also proposed applica-
tion of the one-pot method where the corresponding
hydrazide reacts with thieno[2,3-d]pyrimidin-6-carb-
oxylic acid right in the POCl; media. Recently we have
reported the approach using generated in situ imi-
dazolide of thieno[2,3-d]pyrimidin-6-carboxylic acid
for the reaction with benzohydrazide suitable for pre-
paration of the product, which after cyclization in phos-
phorous oxychloride allows forming the 1,3,4-oxadi-
azole cycle in position 6 of thieno[2,3-d]pyrimidine
[4]. Our previous data also reported about some deri-
vatives of thieno[2,3-d]pyrimidine ranges modified at

C‘) :
NH
Q N 1) CDI, 2) PACONHNH, /

position 6 with azole heterocyles as the compounds
with the promising antimicrobial activity [2, 4, 5, 6].

In view of such biological activity potential of
5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)
thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones and in order
to investigate the scope of the method previously pro-
posed for modification of thieno[2,3-d]|pyrimidine po-
sition 6 with 1,3,4-oxadiazole we have performed the
interaction of 5-methyl-2,4-dioxo-3-phenyl-1,2,3,4-
tetrahydrothieno[2,3-d|pyrimidine-6-carboxylic acid
[6, 7] imidazolide with benzohydrazide.

As the result of our experiment N’-benzoyl-5-me-
thyl-2,4-dioxo-3-phenyl-1,2,3,4-tetrahydrothieno
[2,3-d]pyrimidine-6-carbohydrazide 2 was isolated;
its further cyclization was performed by heating in
phosphorous oxychloride (Scheme). The 2-chloroin-
termediate obtained was hydrolyzed to 5-methyl-3-
phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno
[2,3-d]pyrimidine-2,4(1H,3H)-dione 3 by heating in
the water-acetic acid medium after the continuous
heating.
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Table 1
Physico-chemical properties of 1-alkyl-5-methyl-3-phenyl-
6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones 5, 7 and 9
ield 9 N%
Compd A Mol. formula . hYlellclj( /|°' . M.p., °
No. r M.w. inthe a y ation °C ﬂ
step found
CysH5N,055 ) 11.37
>a CeHs 499 56 87 295-297 e
4 CyoH,N,055 ) 11.06
5b C,H,-4-CH, 0t 2o 85 290-291 T3
. C,4H,F,N,0.5 ] 10.60
5¢ CH,3,4-diF ges 83 266-267 1079
C29H21NSO4S w
7a Cefs 535.59 76 >300 13.20
N C,oHyNLO,S 12.74
7b CH,-4-CH, ey 83 >300 575
Ao C5,H,,N0,S 12.12
7c C,H,-4-i-Pr e 79 >300 534
g C,,H,sN.O,S 11.76
7d C,H,-3,4-diOMe ot ea 68 >300 T8
N C,,H,.N.0.S 12.08
7e CH,-4-OFt o2 ea 85 >300 5
o C.,H,,CIN.0,S ] 11.99
7f CH,-4-Me-2-Cl a0l 92 297-298 503
N C,H,,N0,S ] 14.63
% C,H,-4-CH, o o 63 272-273 275
5 C;H,,CINGO,S i 14.12
%b C,H,-2-Cl 0504 68 215-217 1137
N C,,H,,CIN,O,S ] 14.12
9% C,H,-4-Cl Son0h 59 281-283 1230

The further modification of product 3 was per-
formed by its alkylation with benzyl chlorides 4, chlo-
roacetamides 6 and 5-(chloromethyl)-3-aryl-1,2,4-
oxadiazoles 8; using this versatile synthetic proce-
dure 1-alkyl-5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxa-
diazol-2-yl)thieno[2,3-d]pyrimidine-2,4(1H,3H)-di-
ones 5,7,9 were obtained. All of the final products
were isolated as crystalline substances with high mel-
ting points (Tab. 1).

The structures of all of the compounds obtained
were confirmed by the data of 'H NMR spectrosco-
py and elemental analysis. In all spectra of 1-alkyl-
5-methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)
thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones 5,7,9 ob-
tained (Tab. 2) the signals of the methyl group pro-
tons at the thiophene ring are observed in the range
of 2.82-2.87 ppm. The signals of the methylene group
protons are located for compounds 5 at 5.21-5.26 ppm,
while for the derivatives of acetamides 7 at 4.85-4.96 ppm;
such location of these signals well correlate with the
previously reported data [6, 8, 9] confirming the al-
kylation of the nitrogen atom at position 1, but not
the oxygen attached at position 2. For compounds 9
of the (3-phenyl-1,2,4-oxadiazol-5-yl)methylene range
the signal of the methylene group is observed at 5.68-

22

5.74 ppm. All of the spectra of compounds 7 contain
the signal of the NH fragment in the range from 10.05
to 10.47 ppm.

The antimicrobial activity of the compounds ob-
tained was evaluated by the agar diffusion screening
method (“well method”) [10, 11]. The results showed
that compounds 5 and 7 tested did not reveal any an-
timicrobial activity, however, compounds 9 showed
the antimicrobial effect against the strains of Staphy-
lococcus aureus, Escherichia coli and Bacillus subtilis;
the diameters of their growth inhibition zones were
similar to those for the reference drugs Metronida-
zole and Streptomycin (Tab. 3).

Experimental Part

Chemical Part

The melting points (°C) were measured with a
Koeffler melting point apparatus and were not cor-
rected. 'H NMR spectra were recorded on Varian Mer-
cury (200 MHz) spectrometers in DMSO-d, using TMS
as an internal standard (chemical shifts are in ppm).
LC/MS was recorded with PE SCIEX API 150EX chroma-
tograph equipped with the mass-spectrometer using
the column C18 (100x4 mm), the cycle of analysis was
25 min.
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Table 2

'H NMR spectral data of 1-alkyl-5-methyl-3-phenyl-
6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones 5, 7 and 9

Chemical shift, 5, ppm.
Compd Thiophene CH
No. NH |08Her;¢§ 3 Aliphatic protons Aromatic protons
5a - 2.82 5.26 (2H, s, CH,) 7.20-7.65 (13H, m, Ar-H); 8.01 (2H, m, Ar-H
5b - 2.82 2.27 (3H, s, CH,); 5.21 (2H, s, CH,) 7.11-7.67 (12H, m, Ar-H); 8.00 (2H, m, Ar-H)
5¢ - 2.83 5.25(2H,s, CH,) 7.24-7.70 (11H, m, Ar-H); 8.02 (2H, m, Ar-H)
7.08 (1H, m, Ar-H); 7.21-7.70 (12H, m, Ar-H);
7a 10.47 2.85 4.89 (2H, s, CH,) 8.05 (2H. m. Ar-H)
. 7.11 (1H, d, Ar-H); 7.22-7.73 (11H, m, Ar-H);
7b 10.39 2.85 2.23 (3H, s, CH,); 4.87 (2H, s, CH,) 8.02 (2H, m, Ar-H)
~ 113 (3H,5,CH,); 1.17 (3H, 5, CH,); ] N ]
7¢C 10.41 2.84 (4H, m, CH.+CH); 4.87 (2H, s, CH,) 7.05-7.70 (12H, m, Ar-H); 8.03 (2H, m, Ar-H)
. 6.24 (1H, m, Ar-H); 6.82 (2H, d, Ar-H);
7d 10.45 2.86 3.69 (6H, s, 2 OCH,); 4.87 (2H, s, CH,) 7.26-7.69 (8H, m, Ar-H): 8.05 (2H, m, Ar-H)
e 1032 285 1.28 (3H, t, CH,); 3.95 (2H, g, CH,); 6.86 (2H, d, Ar-H); 7.29 (2H, d, Ar-H);
: : 4.85 (2H,'s, CH,) 7.35-7.70 (8H, d, Ar-H); 8.04 (2H, m, Ar-H)
, 7.13 (1H, d, Ar-H); 7.24-7.69 (8H, d, Ar-H);
7f 10.05 2.85 2.24 (3H, s, CH,); 4.96 (2H, s, CH,) 8.05 (2H. m, Ar-H)
. 7.22-7.68 (10H, d, Ar-H); 7.86 (2H, d, Ar-H)
9% - 2.85 2.35 (3H, s, CH,); 5.68 (2H, s, CH,) 805 (2H. m, Ar-H)
7.25-7.73 (11H, d, Ar-H); 7.88 (1H, d, Ar-H)
9b - 2.85 5.74 (2H, s, CH,) 8.04 (2H. m, Ar-H)
7.31 (2H, d, Ar-H); 7.47 (3H, m, Ar-H);
o - 286 |570(2H,s, CHy) 7.62 (5H, m, Ar-H); 7.62 (4H, m, Ar-H)
Table 3
The antimicrobial activity of 1-{[3-aryl-1,2,4-oxadiazol-5-ylImethyl}-5-methyl-3-phenyl-
6-(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones 9
Diameter of the growth inhibition zone in mm
The number of the repeated experiment n=3
Stap ZZ i(;lcgccus Escherichia coli | Proteus vulgaris Pfeigglr.ggsgs Bacillus subtilis %}gﬂz
ATCC 25923 | ATCC25922 | ATCCA636 | precy7gss | ATCC6633 | arecgs3/88s
9a 15,16, 15 14,14, 15 growth growth 17,16,18 growth
9b 16,15, 14 14,15,14 growth growth 17,17,17 growth
9c 15,15,15 15,14, 14 growth growth 17,17,17 growth
Metr.** 14,15, 14 14,13, 14 growth growth 16,15,16 14, 14,14
Strept.** 15,16, 15 15,16,17 growth growth 17,16,17 growth

**Metr. — Metronidazole, DMSO solution, the concentration of 30 pg/ml; **Strept. — Streptomycin, H,O solution, the concentration of 30 pg/ml.

The starting 5-methyl-2,4-dioxo-3-phenyl-1,2,
3,4-tetrahydrothieno[2,3-d]pyrimidine-6-carb-
oxylic acid 1 was obtained using the previously re-
ported method [6].

5-Methyl-3-phenyl-6-(5-phenyl-1,3,4-oxadi-
azol-2-yl)thieno[2,3-d]pyrimidine-2,4(1H,3H)-
dione (3).

To the mixture of 5.0 g (0.0165 Mole) of acid 1
add 2.75 g (0.017 Mole) of 1,1’-carbonyldiimidazole

and heat in 50 ml of anhydrous DMF for 25 minutes
at 80°C. Then to the clear solution formed add 2.25 g
(0.0165 Mole) of benzohydrazide, heat the reaction
(130°C) and stir for 3-4 hours. After that quench the
cool reaction mixture with water (50 ml) and fil-
ter the precipitate formed, washed with a plenty of
2-propanol-water mixture (1:1). 'H NMR spectrum:
2.66 (3H,s),7.27 (2H, d), 7.38-7.63 (6H, m), 7.90 (2H,
m) 10.14 (1H, br:s), 10.53 (1H, brs).
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Suspend the dried compound 2 (6 g) in 45 ml of
POCl,, boil the mixture, stir till dissolution of the pre-
cipitate and then stir additionally for 5 hours. After
that pour the reaction onto the crashed ice and filter
the precipitate of chloroderivative. Suspend the fil-
tered pad of chloroderivative in 70% acetic acid and
boil with stirring for 12-15 hours. Next quench the
reaction with water to the volume of about 250 ml,
filter the precipitate formed and wash with a plenty
of cold water.

M.p. >300°C.

Yield - 63%.

IH NMR: 2.79 (3H, s), 7.30 (2H, d), 7.39-7.67 (6H,
m), 8.03 (2H, m), 12.64 (1H ,br.s).

LC/MS: m/z (M*) 402.

Found, %: N 14.15. C,,H,,N,0,S. Calculated, %: N
13.92. M. 402.43.

General method for synthesis of 1-alkyl-5-me-
thyl-3-phenyl-6-(5-phenyl-1,3,4-oxadiazol-2-yl)
thieno[2,3-d]pyrimidine-2,4(1H,3H)-diones 5, 7
and 9.

To 0.15 g (0.372 mmole) 5-methyl-3-phenyl-6-
(5-phenyl-1,3,4-oxadiazol-2-yl)thieno[2,3-d]pyrimi-
dine-2,4(1H,3H)-dione 3 in 3 ml of dimethylformamide
add the corresponding alkylating agent (0.372 mmole)
and 0.053 g (0.372 Mole) of K,CO.,. Stir the mixture
at 70-100°C for 8-10 hours. Then dilute the cool
reaction mixture with water, filter the precipitate
formed and crystallized from the suitable lower al-
cohol.

The study of the antimicrobial activity

According to the WHO recommendations [10, 11]
the following test-strains were used: Staphylococcus
aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Proteus vul-

References

garis ATCC 4636, Bacillus subtilis ATCC 6633, Can-
dida albicans ATCC653/885. The bacterial concen-
tration was 107 CFU/ml (determined by McFarland
standard). Overnight cultures kept for 18-24 h at
36°C+1°C were used. The bacterial suspension was
inoculated onto the entire surface of a Mueller-Hin-
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