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Two approaches for synthesis of a great variety of 3-N-substituted 1H-thieno[3,2-d]pyrimidine-2,4-diones have
been investigated. The first one is based on the interaction of methyl 3-aminothiophene-2-carboxylate with isocy-
anates, which is a good way for preparation of 3-N-aryl-1H-thieno[3, 2-d]Jpyrimidine-2,4-diones. The key step of the
other one, which allows introduction of different alkyl substituents in position 3, is oxidation of 4-oxo-2-thioxo-2,3-
dihydrothieno[3,2-d]pyrimidines prepared by interaction of 3-isothiocyanatothiophene-2-carboxylate and the pri-
mary aliphatic amines with hydrogen peroxide. Alkylation of the intermediates obtained in both ways resulted in
1-N-alkyl-3-N-substituted 1H-thieno[3,2-d]pyrimidine-2,4-diones. '"H NMR spectra of the target molecules contain
the signals of thiophene cycle protons H-6 (6 8.02-8.18 ppm) and H-7 (5 7.06-7.15 ppm) together with the signal
of CH, groups in position 1 of the heterocyclic system in the range of & 4.70-5.20 ppm. The antimicrobial activity of
the compounds synthesized has been investigated by the agar well diffusion method. It has been determined that
the compound with phenyl substituents in position 3 and o-methylbenzyl substituent in position 1 is the most active
antimicrobial agent. The 1-N-alkyl derivatives of 2,4-dioxo-1,4-dihydro-2H-thieno[3,2-d]Jpyrimidine-3-yl)propanoic
acid benzyl amide appeared to be active against the strains of Staphylococcus aureus and Bacillus subtilis.

CUHTE3 TA AHTUMIKPOBHA AKTUBHICTb 1-N-AJIKIJTIOBAHUX MOXIOQHUX 3-N-3AMILJEHUX 1H-TIEHO
[3,2-d][MIPUMIQNH-2,4-JIOHIB

O.B.TkayeHko, C.B.Bnacos, C.M.KosaneHrko, I.0.XKypasens, B.I1.HepHux

Knroyoei crioea: miogheH; nipumiOuH; apoMamuyHi crionyku, amiou; aHmumikpobHi 3acobu

HocnidxeHri dsa nioxodu do cuHme3sy rnoxiOHux 3-N-3amiweHux 1H-mieHo[3, 2-d]nipumidun-2,4-0ioHis, siki 30amHi
3abe3snequmu sernuke ximiyHe po3maimmsi. 32i0HO 3 NepWUM 3 HUX, 3aCHOBaHUM Ha 83aeMO0dil Memuriogo2o ecmepy
3-amiHomiogheH-2-kapboHo8oi kKucnomu 3 isoyiaHamamu, 6ynu ompumaHni 3-N-apun 3amiweHi 1H-mieHo[3,2-d]
nipumiduH-2,4-0ioHu. Apyaul nioxid, skuli Hadae Moxrugicmb odepxxamu CKadHi arnKifbHi 3aMiCHUKU Y Mosio-
JKEHHI 3, 3acHOBaHULlI Ha OKUCHEHHI 2i0po2eHy nepokcudom 4-oKco-2-miokco-2,3-0uziopomieHo[3, 2-d]nipumidu-
Hig, ompumaHux wWnsixom e3aemodii Memus108020 ecmepy 3-isomioyiaHamomiogheH-2-kapboHo80i kucriomu 3
MOXIOHUMU NMep8UHHUX anichamuyHux amiHie. LLInsxom arnkinyeaHHs ompuMaHux Haniernpodykmig 6ynu cuHme-
308aHi 1-N-ankin-3-N-3amiwjeHi 1H-mieHo[3, 2-djnipumiounH-2,4-0ioHu. Cnekmpu 'H AMP ompumaHux KiHuesux
CrofnyK Micmsimb cuaHanu rnpomoHie miogheHoeoz2o Uukiy y suansidi 08ox dybrnemHux cuzHarsie npomotie H-6
(6 8.02-8.18 m.4.) i H-7 (6 7.01-7.36 m.4.) ma cueHanu npomonie CH, epynu 3amicHUKa 8 nonoxeHHi 1 2emepoyuk-
niyHoi cucmemu 6 obnacmi 6 4.50-5.25 m.4. AHMuMIKpobHy akmugHiCmb ompuMaHUX CrofyK euedaau Memodom
Oucbysii 8 azap. BcrmaHoerneHo, wo Halbinbwy aHmumikpobHy 0ito YUHUMb crioslyka, sika Micmumb ¢heHinbHUl
3aMiCHUK y MOsIoXKeHHI 3 ma o-MemunbeH3unbHull — y nonoxeHHi 1 monekynu. [ocnidxeHi 1-N-ankinoeaHi ro-
XiOHi 3-N-3amiweHux 1H-mieHo[3, 2-d]nipumiOuH-2,4-0ioHie 8us8unUCL akmueHUMU 10 8iOHOWEHHI0 d0 wmamis
Staphylococcus aureus ma Basillus subtilis.

CUHTE3 U TMPOTUBOMUKPOBHASTI AKTUBHOCTD 1-N-AJIKUTTUPOBAHHbIX TPOU3BOAHbIX 3-N-3AME-
UEHHbIX 1H-TUEHO[3,2-d][TUPUMULONH-2,4-0UWOHOB

E.B.Tka4eHko, C.B.Bnacoe, C.H.KoeaneHko, U.A.XKypaeenb, B.I1.YepHbix

Krnrouesnbie cnosa: muogheH; nupumuduH; apomamu4deckue coeOUHeHUsI; amMudhbl; MPOMUBOMUKPOBHbIe cpedcmea
Bbino uccnedosaHo dsa nodxoda K cuHme3y npou3eooHbix 3-N-3ameuw,eHHbix 1H-mueHo[3, 2-dnupumuduH-2,4-
OuoHos, komopsble criocobHbl obecriedums 6orbLWoe xumuyeckoe pa3Hoobpasue. CoenacHo Nepeomy U3 HUX, OC-
HOBaHHOMY Ha 83aumodelicmeuu Memurio8o2o aghupa 3-aMuHOmMuogeH-2-kapboHO80U KUCIo0MbI ¢ UsoyuaHa-
mamu, 6binu rony4eHsl 3-N-apun 3ameuweHHbie 1H-mueHo[3,2-dJnupumuduH-2,4-0uoHbl. Bmopol nodxod, ko-
mopsbili 0aem 803MOXHOCMb MOTyYUMb PasHOObpasHble anKuilbHbIE 3aMecmumenu 8 nofoXxeHuu 3, OCHO8aH
Ha okucneHuu repokcudom 8odopoda 4-0Kco-2-muokco-2,3-0uaudpomueHo|3,2-djnupumuduHos8, noy4YeHHbIX
nymem 83aumodelicmeusi Memuisiogoeo aghupa 3-uzomuoyuaHamomuogeH-2-kapboHo80U KUC/I0mb! C Mpou3-
B80OHbLIMU MeP8UYHBIX anugamudecKkux aMuHos. [Tymem anKunupoeaHusi noy4YeHHbIX nosynpodyKkmos 6biiu
cuHme3auposaHsbi 1-N-ankun-3-N-3ameweHHble 1H-mueHo[3,2-dlnupumuduH-2,4-duoHbl. Cnekmpsi 'H SAMP no-
JIyYEHHbIX KOHEYHbIX coeQuHeHUl codepxxam cuaHarsbl MPOoMoHO8 MuogeH08020 yukna 8 sude 08yx dybnem-
HbIx cueHanos H-6 (6 8.02-8.18 m.d.) u H-7 (6 7.01-7.36 m.0.) u cueHanbl npomoHos CH, 2pynnbi 3amecmumensi
8 ronoxeHuu 1 2emepouyuknudeckol cucmembi 8 obrnacmu 6 4.50-5.25 m.0. [pomu8OMUKPOBHYHO akmueHOCmb
M071y4eHHbIX COeOUHEeHUU u3ydanu memodom Oughgby3uu 8 azap. YcmaHoeneHo, Ymo Hauboree 8bICOKUM I1po-
mugoMuKpobHbIM Oelicmeuem obnadaem coeOUHEHUE, KOMOpPoe coOepPKum ¢heHUbHbIU 3amecmumerb 8 1o-
noxeHuu 3 u o-memunbeH3usnbHbIl — 8 nonoxeHuu 1 monekynbsi. ccriedosaHHble 1-N-ankunupogaHHbie rpo-
u3800HbIe 3-N-3ameweHHbix 1H-mueHo[3,2-d]nupumuduH-2,4-0uoHo8 oKa3asuchb akmueHbIMU 10 OMHOWEHUIO
Kk wmammam Staphylococcus aureus u Bacillus subtilis.
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Nowadays much information is published about
the chemical and pharmacological properties of thio-
phene and pyrimidine. But the only few of them de-
scribe the synthesis and properties of thieno[3,2-d]
pyrimidine-2,4-diones. Because of the possible high
biological activity of the similar compounds develop-
ment of their preparation methods, together with in-
vestigations of their biological activity are of great
importance.

Among the derivatives of thieno[3,2-d]pyrimidi-
ne-2,4-dione the substances with analgesic and anti-
inflammatory [1], antiulcer [2], antitumor [3, 4] ac-
tivities have been found. Some of them were reported
as the drugs against diabetes mellitus complications
[5]- Thieno[3,2-d]pyrimidine-2,4-diones are corona-
ry and peripheral blood vessels dilatants [6]; they are
also selective serotonin receptors antagonists and
adrenergic a-blockers [7], all the abovementioned
make thieno[3,2-d]pyrimidine-2,4-diones useful for
treatment of cardiac and blood circulatory system
diseases.

The derivatives of thieno[3,2-d]pyrimidine-2,4-
dione are mainly obtained by the reaction of methyl
3-aminothiophene-2-carboxylate with aryisocyana-
tes as the second carbonyl component for the py-
rimidine ring closure [1, 3]. The interaction of ethyl
(2-carbamoylthiophene-3-yl-amino)acetic acid with
1,1’-carbonyldiimidazole is a good way for synthe-
sis of ethyl (2,4-dioxo-3,4-dihydro-2H-thieno[3,2-d]
pyrimidine-1-yl)-acetic acid [5].

In this work we propose two approaches for syn-
thesis of 3-N-substituted 1H-thieno[3,2-d]pyrimidi-
ne-2,4-diones. According to the first one (Method A)
3-N-substituted 1H-thieno[3,2-d|pyrimidine-2,4-di-

ones were prepared by interaction of methyl 3-ami-
nothiophene-2-carboxylate with 1 with isocyanates
in pyridine (Scheme 1).

The second approach (Method B) was based on
oxidation of 3-N-substituted 2-thioxo-2,3-dihydrothie-
no[3,2-d]pyrimidine-4(3H)-ones [8] prepared by the
method reported by us previously. The advantages
of this method are the high yields (up to 76-80%),
the short reaction time and the great chemical diver-
sity of the target thieno[3,2-d]pyrimidine-2,4-diones.

As an example (2,4-dioxo-1,4-dihydro-2H-thieno
[3,2-d]pyrimidin-3-yl)propanoic acid 4 has been ob-
tained according to Method B. The introduction of
1,1’-carbonyldiimidazole promotes amidation of 4
and allows obtaining of the corresponding benzyl
amide 5 (Scheme 2).

Alkylation of 3-N-substituted 1H-thieno[3,2-d]py-
rimidine-2,4-diones 2 and 5 with alkyl halides, a-bro-
moketones, and chloroacetamides is a versatile re-
action to achieve a great chemical diversity in this
range of compounds (Scheme 3).

The characteristics of 1-N-alkyl-3-N-substituted
1H-thieno[3,2-d]pyrimidine-2,4-diones 6{1-23} are
presented in Table 1.
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Table 1
Physical and chemical properties of 1-N-alkyl-3-N-substituted 1H-thieno[3,2-d]pyrimidine-2,4-diones 6
Molecular N, %
Compound R, R, formula calc/ M.p., °C Yield,%
M.w. found
6(1} Ph _CH,CONH(CH,),Ph CaftP0> | 1038 1 555257 90
612} Ph _CH,COPh Cafhe0:5 | 28| 198200 75
6(3) Ph _CH,(2-Me-C,H,) Cafbe05 | B4 1 552254 70
64} ~C,H,4-Me CH,COI-N-Me-CHN) | CaftalsdsS | 1021 1 965 967 85
6(5) —C,H,-4-Me _CH,COPh CafbM:5 | 7441 199201 80
6(6} —C,H,4-Me _CH,(2-Me-C,H,) Cafta2> | 731 280-282 75
607} _C,H,4-Me ~CH,CONHCH,(a-Me-CH) | CoflatOs | 1002 1 547 569 90
6(8) —C,H,-4-Me —CH,CONH(4-MeO-C,H,) bl | 97| 265268 95
6(9) _C,H,-4-OFt CH,COIN-2MeCHN) | Carlsheds | 383 | 957983 85
6(100 | -C,H, 4-OFt —CH,CONH(4-EtO-C,H,) Gl | 2031 591203 90
6(1) | -CH,4-OFt _CH,(2,4,6-triMe-C.H,) Gl | 8861 548250 80
6{12} | -(CH,),CONHBn Bn Cafta D> | 10921 561263 70
6(13) | -(CH,),CONHBn ~CH,(3-NO,-C,H,) Coflollis> | 1298 1 54024 75
6174 | -(CH,),CONHBN | -CH,CONH(CH,),(3.4-diMeO-CiHy) | Caflallids> | 10171 515 514 90
6(15 | -(CH,),CONHBn _CH,CONH(4-Et-C.H,) bl | 1142 | 564-266 95
6(16) | -(CH,),CONHBn _CH,COOBN ol | 8801 510012 75
6{17} | -(CH,),CONHBn ~CH,(2-CN-C,H,) Caflolli0> | 12801 243245 70
6(18) | -(CH,),CONHBn ~CH,(4-NO,-C,H,) Coflollis5 | 1208 1 511013 75
6119 | -(CH),CONHBn | ~CH,CONH(4-MeO-3-CLCHy | CorlsSNOS | 1063 ) 56057 85
6(20} | -(CH,),,CONHBn —CH,CONH(2-EtO-C,H,) Canlbelids> | 11951 53901 9
6(21) | -(CH,),CONHBn | ~-CH,CONH(2,4,6-triMe-C.H,) Cﬂ?&fé‘?“s 110 | 251253 95
6122) | -(CH),CONHBn |  ~CHCONHQR6diMe-CHy | CofltliOs | 1142 | 573575 85
6(23} | -(CH,),CONHBn _CH,CON(Me)Ph Cuftullds> | 1178 1 570272 90

The structures of all the compounds obtained have
been confirmed by *H NMR spectra (Table 2). The thio-
phene protons H6 and H7 in thieno[3,2-d]pyrimidine
structures 6{1-23} are sometimes concealed by other

signals, but usually clearly observed as doublets in the
range of 8 8.02-8.18 ppm (H6) and 7.01-7.36 ppm (H7).
The signals of pyrimidine NH disappear, but the new
singlet signals of NCH, are observed in the range of
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Table 2

Data of '"H NMR-spectra of 1-N-alkyl-3-N-substituted 1H-thieno[3,2-d]pyrimidine-2,4-diones 6

Com- Chemical shift, 5, ppm.
pound NH Aliphatic protons Aromatic protons
6(1} | 820t(1H) ;;7(3;%:' )CHZ), 2.70-2.80 m (2H, CH,), 1.10-1.20 |8.10d (1H, H6), 7.06-7.50 m (11H, H7 Ar-H)
’ 2
6(2) ) 5.20s(2H,CH,) 8.12d (2H, Ar-H), 8.08 d (1H, H6), 7.40-7.76 m (6H,
Ar-H), 7.32.d (1H, H7), 7.12-7.30 m (2H, Ar-H)
603} ) 5.20 s (2H, CH,), 2.30 s (3H, CH,) 8.08 d (1H, H6), 7.32-7.52 m (5H, Ar-H), 7.08-7.22
m (3H, Ar-H), 7.06 d (1H, H7), 6.96 d (1H, Ar-H)
6(4) } 4.90 m (2H, CH,), 3.90-4.30 m (2H, CH,), 2.10 s (3H, [ 8.10 d (1H, H6), 7.06-7.20 m (4H, Ar-H), 7.04 d
CH,), 1.42-1.70 m (9H, 4CH,+CH), 0.80 d (3H, CH,) |(1H, H7)
5.20s (2H, CH,), 2.30 s (3H, CH,) 8.02-8.10 g (3H, H6 Ar-H), 7.75 t (1H, Ar-H), 7.58
6{5} - t (2H, Ar-H), 7.20-7.36 m (3H, Ar-H), 7.10 d (2H,
H7 Ar-H)
6(6) } 5.20s (2H, CH,), 2.20 s (3H, CH,), 2.12 s (3H, CH,) [8.06 d (1H, H6), 7.04-7.22 m (7H, Ar-H), 7.02d
(1H, H7),6.90 d (1H, Ar-H)
67} | 8.60t(1H) 5.20 s (2H,CH,), 4.20-4.30 m (2H, CH,), 2.40 s (3H, | 8.10 d (1H, H6), 7.20-7.30 m (3H, Ar-H), 7.04-7.15
’ CH,), 2.20 s (3H, CH,) m (6H, H7 Ar-H)
6(8} |10.10s (1H) 4.80s (2H, CH,), 3.60 s (3H, OCH,), 8.18 d (1H, H6), 7.46 d (2H, Ar-H), 7.20-7.30 q
) 2.60s (3H, CH,) (3H, Ar-H), 7.12 m (2H, H7Ar-H), 6.90 d (2H, Ar-H)
4.90s (2H, CH,), 4.10-4.21 m (2H, CH,), 2.40's 8.10d (1H, H6), 6.90-7.20 m (5H, H7 Ar-H)
6{9) - (3H, CH,), 1.40-1.70 m (6H, 3CH,), 1.22 (3H, CH,),
1.10-1.20 s (3H, CH,+CH)
6(10} |10.02s (1H) 4.90 s (2H, CH,), 3.96-4.02 m (4H, 2CH,), 1.10- 8.10d (1H, H6), 7.45 d (2H, Ar-H), 7.32 d (2H, Ar-H),
’ 1.22 m (6H, 2CH,) 7.10d (2H, Ar-H), 7.02 d (1H, H7), 6.80 d (2H, Ar-H)
6(11} ) 5.20's (2H, CH,), 4.02-4.10 m (2H,CH,), 2.10 t (9H, |8.02 d (1H, H6), 6.80-7.10 m (7H, H7 Ar-H)
3CH,), 1.22 t (3H, CH,)
6(12} | 832t (1H) ggg sr,n(Z(Iz-lﬁCgﬁ),)4.1 0-4.20 m (4H, 2CH,), 2.40- 8.06 d (1H, H6), 7.15-7.30 m (11H, H7 Ar-H)
. , CH,
6(13} | 832 t(1H) 5.30 s (2H, CH,), 4.20-4.30 m (4H, 2CH,), 2.40- 8.20 s (1H, Ar-H), 8.10 m (2H, H6 Ar-H), 7.52-7.78
’ 2.50 m (2H, CH,) m (2H, Ar-H), 7.15-7.30 m (6H, H7 Ar-H)
832t (1H) 4.60 s (2H, CH,), 4.10-4.20 m (4H, 2CH,), 3.70d 8.05d (1H, H6), 7.18-7.32 m (5H, Ar-H), 7.06 d
6{14} ’ (6H, 20CH,), 3.15-3.25 m (2H, CH,), 2.60 t (2H, (TH, H7), 6.64-6.84 m (3H, Ar-H)
8.20t(TH) | c11) 2.48-252 m (2H, CH))
2)1 £+ . ’ 2
10.00 s (1H) | 4.82 s (2H, CH,), 4.10-4.20 m (4H, 2CH,), 2.30- 8.10d (1H, H6), 7.42 d (2H, Ar-H), 7.20-7.30 m
6{15}
8.32t(1H) |2.40 m (4H, 2CH,), 1.20 t (3H, CH,) (7H, Ar-H), 7.10d (1H, H7)
5.20 s (2H, CH,), 4.80 s (2H, CH,), 4.10-4.20 m 8.02d (1H, H6), 7.15-7.30 m (11H, H7 Ar-H)
6116} | 832t(1H) |4} och,), 2.30-2.40 m (21, CH,)
6(17) | 832t (1H) 5.35 5 (2H, CH,), 4.10-4.20 m (4H, 2CH,), 2.30- 8.08 d (1H, H6), 7.88 d (1H, Ar-H), 7.42-7.60 m
) 2.40 m (2H, CH,) (2H, Ar-H), 7.04-7.22 m (7H, H7 Ar-H)
6(18} | 8.34 t (1H) 5.40 s (2H, CH,), 4.10-4.20 m (4H, 2CH,), 2.30- 8.06-8.18 q (3H, H6 Ar-H), 7.58 d (2H, Ar-H), 7.18-
’ 2.40 m (2H, CH,) 7.30 m (6H, H7 Ar-H)
6(19} 9.36 s (1H) [4.80s (2H, CH,), 4.10-4.20 m (4H, 2CH,), 3.80 s 8.08d (1H, H6),7.70d (1H, Ar-H), 7.12-7.42 m
8.34t(1H) | (3H, OCH,), 2.30-2.40 m (2H, CH,) (7H, Ar-H), 7.10d (1H, H7)
9.32's (1H) 4.95s (2H, CH,), 4.10-4.20 m (6H, 3CH,), 2.40- 8.08d (1H, H6),7.80d (1H, Ar-H), 7.16-7.30 m
6{20} ’ 2.50 m (2H, CH,), 1.20 t (3H, CH,) (6H, Ar-H), 7.00-7.10 m (2H, H7 Ar-H), 6.80-6.90
8.34t(1H) m (H, ArH)
6021} 9.40s (1H) |4.80s (2H, CH,), 4.10-4.20 m (4H, 2CH,), 2.40-2.50 |8.08d (1H, H6), 7.12-7.40 m (6H, H7 Ar-H), 6.80 s
8.34t(1H) |m(2H, CH,), 2.25 s (3H, CH,), 2.10 s (6H, 2CH,) (2H, Ar-H)
6(22) 9.50s (1H) |4.80 s (2H, CH,), 4.10-4.20 m (4H, 2CH,), 2.40- 8.08d (1H, H6), 7.01-7.36 m (6H, H7 Ar-H), 6.80 s
8.34t(1H) |2.50 m (2H, CH,), 2.20 s (6H, 2CH,) (3H, Ar-H)
6(23} | 832t (1H) 4.50s (2H, CH,), 4.25d (2H, CH,), 4.20 t (2H, CH,), |8.08 d (1H, H6), 7.31-7.56 m (5H, Ar-H), 7.22-7.30

2.40-2.50 m (5H, CH, ), 2.40-2.50 m (3H, CH,)

m (6H, H7 Ar-H)
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Table 3

LC/MS-spectra of 1-N-alkyl-3-N-substituted
1H-thienol[3,2-d]pyrimidine-2,4-diones 6

MS (m/z)
405, 301, 285, 257,138,110

Compound
6{1}

6{4} 411, 382, 299, 271, 258, 165, 138

6{9} 427,138,126, 98,44

6{19} 526,421, 370, 343,328,183, 157,138, 106
6{23} 370, 341, 328, 236, 223, 195, 181, 138, 106

6 4.50-5.25 ppm for compounds 6. The multiplet sig-
nals of aromatic protons are clearly seen in the ran-
ge of 5 6.90-8.18 ppm. The position and the splitting
of signals well correlate with the structures of com-
pounds.

For 3-N-substituted 1H-thieno[3,2-d]pyrimidine-
2,4-diones 2 and 5 because of the tautomerism with
the possible transfer of proton between the nitrogen
in position 1 and the oxygen in position 2 the regio-
selectivity of their alkylation is an important prob-
lem. It has been reported that for 1-N-alkylated de-
rivatives of 3-N-substituted 1H-thieno[3,2-d]pyrimi-
dine-2,4-diones the signal of NCH, group protons is
observed in the range of 6 5.20-5.38 ppm [4], while
for 2-propoxy-3-propyl-3H-thieno[3,2-d]|pyrimidine-
4-one prepared by the reaction of 2-methylthio-3-
propyl-3H-thieno[3,2-d]pyrimidine-4-one with so-
dium propylate the signal of OCH, protons is located
at § 4.38-4.48 ppm [9]. The comparison of the re-
ported data with our results show that compounds
6 are the products with the substituents at the nitro-
gen atom in position 1.

In the LC/MS-spectra of the compounds synthe-
sized the signals of molecular ions are cleanly ob-
served. The further fragmentation mostly occurs for
the fragment in position 1 (Table 3).

As the part of investigations on the biological ac-
tivity of 1-N-alkyl-3-N-substituted 1H-thieno[3,2-d]
pyrimidine-2,4-diones the antimicrobial activity of
some compounds from this range has been studied.

The antimicrobial activity of compounds 6{1-3,
5, 6, 12-16} has been investigated by the agar well
diffusion method [10, 11]. The antimicrobial effect
has been measured by the diameter of the growth
inhibition zone based on the known data about ac-
tive antibiotics applied for the well diffusion method
against susceptible microorganism strains. For eva-
luation of the antimicrobial activity the following cri-
teria have been used: in the case of the inhibition zone
absence or its diameter less than 10 mm either the
bacteria strains are considered to be resistant or the
concentration of the tested compound rather low for
the inhibition effect; the diameter of the inhibition
zone of 10-15 mm - the low sensitivity of the bacte-
ria strain to the compound in the given concentra-
tion; the diameter of the inhibition zone of 15-25 mm
is considered as the sign of the substance activity
against the microorganism strain; the diameter of the
inhibition zone of 25 mm or more is considered as
the evidence of the high antimicrobial activity of the
compound studied. The results of the antimicrobial
activity assay are given in Table 4.

It has been found that all compounds 6{1-3, 5, 6,
12-16} are active against Staphylococcus aureus and
Bacillus subtilis. While compounds 6{2, 3, 5, 6} showed
the high activity against the strain of Escherichia coli.

Table 4

Antimicrobial properties of 1-N-alkyl-3-N-substituted 1H-thieno[3,2-d]pyrimidine-2,4-diones
concentration 100 pug per ml*

Staphylococcus - . | Pseudomonas ; . - Candida
Compound aureus ESAC?EEZZISZC;II aeruginosa Pro/;%l(s: \‘/‘Lélggrls Ba;#lcucs gzgghs albicans
ATCC 25923 ATCC 27853 ATCC 653/885
6{1} ++ - - - ++ +
6{2} ++ ++ ++ - ++ +
6{3} ++ +++ ++ - ++ +
6{5} ++ ++ ++ - ++ +
6{6} ++ ++ ++ - ++ +
6{12} ++ + + - ++ +
6{13} ++ + + - ++ +
6{14} ++ + + - ++ +
6{15} ++ + + - ++ +
6{16} ++ + + - ++ +
DMSO + - - - + -
* " — diameter of the growth inhibition zone less than 10 mm; “+" — diameter of the growth inhibition zone 10-15 mm; “++" — diameter of

the growth inhibition zone 15-25 mm; “+++" — diameter of the growth inhibition zone more than 25 mm.
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It has been found that the most active compound is
6{3}, which contains the phenyl substituent in posi-
tion 3 and o-methoxybenzyl in position 1 of the mol-
ecule. Compounds 6{12-16} showed a weak antimi-
crobial action in relation to the strains of Escherichia
coli and Pseudomonas aeruginosa. Compounds 6{1-
3, 5, 6, 12-16} revealed the moderate antifungal ac-
tivity against the strain of Candida albicans. All com-
pounds 6{1-3, 5, 6, 12-16} appeared to be inactive
against Proteus vulgaris.

Experimental Part

The melting points (°C) were measured with a
Buchi B-520 melting point apparatus and were not
corrected. Elemetal analyses (N) were measured with
a EuroVector Euro EA-3000 apparatus.

'H-NMR spectra were recorded on a Varian Mer-
cury 200 (200 MHz) spectrometer in DMSO-d, using
TMS as an internal standard (chemical shifts are re-
ported in ppm).

LC/MS-spectral analyses were obtained on a PE
SCIEX API 150EX chromatograph equipped with a
mass spectrometer. Compounds 6{1, 4, 9, 19, 23} were
prepared to 295% purity by LC/MS.

All the solvents and reagents were obtained from
commercial sources and were used without addi-
tional purification. Methyl 3-aminothiophene-2-car-
boxylate 1 was obtained from “Sigma-Aldrich” (USA).

General method for synthesis of 3-N-substitu-
ted 1H-thieno[3,2-d]pyrimidine-2,4-diones 2{1-3}.

Dissolve methyl 3-aminothiophene-2-carboxy-
late 1 (0.0015 mole) in 2 ml of pyridine and add
0.0016 mole of the corresponding isocyanate. Heat
the mixture at reflux till the reaction is completed
(TLC control). Then dilute the reaction mixture with
water and acidify with concentrated hydrochloric
acid. Filter the precipitate formed, wash with water
and crystallize from 2-propanol : DMF mixture.

3-Phenyl-1H-thieno[3,2-d]pyrimidine-2,4-dione 2{1}:
Yield - 80%. M.p. - 186-188°C."HNMR, d, ppm: 11.82 s
(1H, NH); 8.08 d (1H, H6); 7.42-7.50 m (3H, Ar-H);
7.24-7.30 m (2H, Ar-H); 6.96 d (1H, H7). Anal. for
C,,HgN,0,S: calc. N, 11.47; found N, 11.54.

3-(4-Methylphenyl)-1H-thieno[3,2-d]pyrimidine-
2,4-dione 2{2}: Yield - 75%. M.p. - 188-200°C. '"H NMR,
o, ppm: 11.82 s (1H, NH); 8.08 d (1H, H6); 7.24 d (2H,
Ar-H); 7.12d (2H, Ar-H); 6.96 d (1H, H7); 2.30 s (3H,
CH,). Anal. for C;3H,,N,0,S: calc. N, 10.85; found. N,
10.96.

3-(4-Ethoxyphenyl)-1H-thieno[3,2-d]pyrimidine-
2,4-dione 2{3}: Yield - 78%. M.p. - 204-206°C. 'H NMR,
o, ppm: 11.90 s (1H, NH); 8.08 d (1H, H6); 6.90-7.20
m (5H, H7 Ar-H); 4.00-4.10 m (2H, CH,); 1.20 t (3H,
CH,). Anal. for C;,H,,N,0,S: calc. N, 9.72; found. N, 9.82.

4-0xo0-2-thioxo-2,3-dihydrothieno[3,2-d]pyri-
midine-3-propanoic acid 3 was obtained by the me-
thod reported previously [8].
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Method for the synthesis of (2,4-dioxo-1,4-di-
hydro-2H-thieno[3,2-d]pyrimidine-3-yl)propano-
ic acid 4.

Dissolve 0.01 mole (2.56 g) of 4-Oxo0-2-thioxo-2,3-
dihydrothieno[3,2-d]pyrimidine-3-propanoic acid 3 in
20 ml of sodium hydroxide solution (0.02 mole) at room
temperature. Then add dropwise 0.04 mole of 50% so-
lution of hydrogen peroxide. Stir the reaction mixture
additionally overnight. Add 5 ml of concentrated hydro-
chloric acid. Filter the precipitate formed, wash with
water and crystallize from DMF-propanol-2 mixture.

(2,4-Dioxo-1,4-dihydro-2H-thieno[3,2-d]pyrimidine-
3-yl)propanoic acid 3. Yield - 60%. M.p. - 192-194°C.
'H NMR, o, ppm: 11.80 s (1H, NH); 8.02 d (1H, H6);
6.92 d (1H, H7); 4.02-4.10 m (2H, CH,); 3.20 s (1H,
OH in exchange); 2.32-2.40 m (2H, CH,). Anal. for
Cy,HgN,0,S: calc. N, 11.66; found N, 11.74.

2,4-Dioxo-1,4-dihydro-2H-thieno[3,2-d]pyrimi-
dine-3-yl)propanoic acid benzyl amide 5 was ob-
tained by the method reported [8].

2,4-Dioxo-1,4-dihydro-2H-thieno[3,2-d]pyrimidi-
ne-3-yl)propanoic acid benzyl amide 5. Yield - 95%.
M.p. - 221-223°C.'H NMR, 8, ppm: 11.80 s (1H, NH);
8.30 t (1H, NH); 8.02 d (1H, H6); 7.20-7.30 m (5H,
Ar-H); 6.92 d (1H, H7); 4.10-4.20 m (4H, 2CH,); 2.40-
2.50 m (2H, CH,). Anal. for C;;H,;,N;0,S: calc. N, 12.24;
found N, 12.32.

General method for synthesis of 1-N-alkyl de-
rivatives of 3-N-substituted-1H-thieno[3,2-d]py-
rimidine-2,4-diones 6{1-23}.

To the mixture of 0.5 mmole of 3-substituted 3-N-
substituted 1H-thieno|3,2-d]pyrimidine-2,4-dione 2{1-3}
or 5 and potassium carbonate (1.5 mmole) add 0.6 mmole
of the corresponding halocarbon (alkyl halide, a-bro-
moketone, substituted chloroacetamide, etc.). Stir the
reaction mixture at 60°C for 1-2 hours. Then dilute
with water (30 ml), filter the precipitate formed, washe
with water and crystallize from 2-propanol.

Study of the antimicrobial activity

According to the WHO recommendations [10, 11]
the following test-strains have been used Staphylo-
coccus aureus ATCC 25923, Esherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Proteus vulga-
ris ATCC 4636, Bacillus subtilis ATCC 6633, Candida albi-
cans ATCC653/885. The bacterial concentration 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 Mueller-Hinton agar (Dagestan
Research Institute of Nutrient Media). The compounds
were introduced to the wells in the form of DMSO so-
lution in the concentrations of 100 pg/mL; the open
wells were filled with 0.3 mL of the solution.

Conclusions

The novel 1-N-alkyl derivatives of 3-N-aryl-1H-
thieno|[3,2-d]pyrimidine-2,4-diones and (2,4-dioxo-
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1,4-dihydro-2H-thieno[3,2-d]pyrimidine-3-yl)propa-
noic acid benzyl amide have been synthesized and
screened for the antimicrobial activity. It has been
determined that all of the compounds obtained are
active against the strains of Staphylococcus aureus

and Bacillus subtilis. The introduction of phenyl sub-
stituent in position 3 and o-methoxybenzyl in posi-
tion 1 of 1H-thieno[3,2-d]pyrimidine-2,4-dione in-
creases the activity of the compound against Esche-
richia coli.
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