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5-METHYL-2-(ALKYLTHIO)-4-0X0-3,4-DIHYDROTHIENO
[2,3-d]PYRIMIDINE-6-CARBOXYLATES

0.V.Tkachenko, S.V.Vlasov, S.M.Kovalenko, 1.0.Zhuravel’, V.P.Chernykh

National University of Pharmacy
53, Pushkinska str., Kharkiv, 61002, Ukraine. E-mail: kosn@ukrfa.kharkov.ua

Key words: thiophene; pyrimidine; thiourea

By alkylation of the products of diethyl 3-methyl-5-{[(methylthio)carbonothioyl]lamino}-2,4-thiophenedicarboxylate in-
teraction with benzylamines the novel derivatives of ethyl 5-methyl-2-(alkyithio)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimi-
dine-6-carboxylates have been obtained. It has been found that the signal of the CH,-group adjacent to the nitrogen
atom in position 3 of thieno[2,3-d]pyrimidine system is always observed in the range of 5.35-5.40 ppm, while the posi-
tion of the signal of methythylene-group connected with the sulfur atom much depends upon the structure of the radical
attached to this group. IR-spectra of all the compounds contain the intensive C=0 stretching band at 1721-1678 cm’;
the spectra of the compounds with amide function contain bands of stretching N-H of 3280-3263 cm', while nitriles
have the band of stretching C=N vibrations near 2250 cm'. It has been determined that all of the compounds are mostly
active against the strain of Candida aibicans fungi. The most resistant microorganism was found to be the strains of
Staphylococcus aureus. The only exception is the derivative modified with the thioacetic acid residue in position
2 and unsubstituted benzyl in position 3, which appeared to be highly active against Staphylococcus aureus strain.
Amides of thioactetic acid modified in position 3 with 3,4-dichlorobenzyl substituent and thioacetamide substituents
in position 2 are active against Pseudomonas aeruginosa, as well as the compound, which contains 3-chlorobenzy!
substituent in position 3 and p-chlorobenzotiol substituents in position 2 of thieno[2,3-d]pyrimidine.

CUHTE3 TA AHTUMIKPOBHA AKTUBHICTb MNMOXIQHUX ETUIT 5-METWUII-2-(AJIKI/1TIO)-4-OKCO-3,4-AU-
rigPoOTIEHO[2,3-d]MTIPUMIONH-6-KAPBOKCUIIATIB

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

Knrouoei cnoea: miogheH; nipumiduH;, miocedosuHa

LLinsixom ankinysaHHs1 Mpodykmie esaemodii Oiemun 3-memurn-5-{[(memurnmio)kapboHomioinjamiHo}-2,4-miogpeHOuKap6-
okcunamy 3 beH3unamiHamu ompumani Ho8i noxiOHi emusn 5-memuri-2-(ankinmio)-4-okco-3,4-0uzidpomieHo[2, 3-d]
nipumiduH-6-kapbokcunamie. BcmaHoerneHo, wo e criekmpax 'H IMP cuzHan epynu CH,, 3’€dHaHoi' 3 amomom
HimpoeeHy y nonoxeHHi 3 mieHo[2, 3-d]nipumiduHogoi cucmemu, 05151 yCix KiHUeaux crioflyk 3Haxo0umbcsi 8 Oiana-
30Hi 5,35-5,4 m.u., 8 moli xe Yac ronoxeHHs1 cueHany MmemuneHo8oi epynu 6ins amoma Cyrnbgypy 3Ha4HO 3are-
JKumb 8i0 bydosu padukary, 6e3rnocepedHbo 38’93aH020 3 Heto. B I4-criekmpax Onis ycix criornyk xapakmepHUMU €
iHmeHcueHi cMyeu saneHmHux konueaHb C=0 1721-1678 cm, 055 crionyk 3 aMiOHUM ghpacMeHmMoM HasigHi cMyau
saneHmHux konuearHb N—H 3280-3263 cm', Onst Himpurie criocmepieaembcsi cMyaa 8aneHmHux KonueaHb C=EN
npu 2250 cm'. BcmaHoerneHo, wo eci crionyku Halibinbwe npueHidytoms picm 2pubie Candida aibicans. HalimeHw
akmusHoro binbwicms crionyk susisunack 00 wmamig Staphylococcus aureus. BUKYeHHsIM € nuwe criosyka i3
3anuwKoM miooymoeoi KUC/Iomu y rnosIoXeHHIi 2 ma HesamiuyeHUM BeH3UbHUM 3aMIiCHUKOM Yy MOMOXeHHI 3, sika
rposisuia 3Ha4Hy akmueHicmb 1o 8iOHoweHH0 0o wmamy Staphylococcus aureus. AMidu miooymoeoi kucriomu
3 3,4-0uxs10pobeH3uUnIbHUM 3aMICHUKOM Yy MOJIOXEHHI 3 ma mioauemamiOHUMU 3aMiCHUKaMU Y MOJIOXKEHHI 2 € aK-
mugHuUMU 1o 8idOHoweHH 00 Pseudomonas aeruginosa, mak siK i crionyka, wo micmums 3-x/10p06eH3unbHUl
3aMicHUK y nornoxeHHi 3 mieHo|[2, 3-d]nipumiouHy ma n-xropobeH30mionbHUL 3aMICHUK Y MOMOXEHHI 2.

CUHTE3 U TTPOTUBOMMUKPOBHASI AKTUBHOCTb NMPOU3BOLAHbLIX 3TUJ1 5-METWUII-2-(AJIKUITITUO)-4-
OKCO-3,4-QUrnQPOTUEHO[2,3-d]IMTUPUMULNH-6-KAPBEOKCUJIATOB

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

Knrodesnie cnoea: muogheH,; nupumuduH; muoMoYesuHa

TMymem ankunuposaHusi npodykmos e3aumodelicmausi dusmur 3-memun-5-{f(Memunmuo)kapb6oHomuousnjamuHo}-
2,4-muogbeHdukapbokcunama ¢ 6eH3unamuHamu rosy4eHbl HO8ble MPOU3800HbIE 3musl 5-mMemuri-2-(ankunmuo)-
4-0kco-3,4-0ueudpomueHo[2, 3-djnupumuduH-6-kapbokcunamos. YcmaHoeneHo, Ymo 6 criekmpax 'H AMP cue-
Han epynrbl CH,, ces3aHHOU ¢ amoMoM a3oma 6 nonoxeHuu 3 mueHo[2,3-djnupumuduHosoll cucmemsi, 0115 8cex
KOHeYHbIX coeduHeHuUl Haxodumcsi @ uarnasoHe 5,35-5,4 m.0., 8 mo e epemMsi MofoXKeHUe cueHara MemuseHo-
80Ul epyrrbl 803/1e amoMa cepbl 3Ha4UMesIbHO 3a8UCUM om cmpoeHUs padukana, HerocpedCmMeeHHO C8sI3aHHO20
¢ Hel. B VIK-cnekmpax 0t ecex coeOuHeHUU xapaKmepHbIMU S8/ISI0MCS UHMEHCUBHbLIE 0/10Chl 8aNI€HMHbIX
konebaHuli C=0 1721-1678 cm', drnisi coeduHeHUl ¢ aMUuOHbIM ¢hpacMeHMoM MPUCymcmayom Monochk! 8aeHm-
Hbix konebaHuli N-H 3280-3263 cm, 0nsi Humpurioe Habrirodaemcs rosioca saneHmHbIx konebarulti C=EN npu
2250 cmr'. YemaHoeneHo, Ymo ece coeduHeHus1 Hauboree akmueHo rnodaesssitom pocm epubos Candida aibicans.
BbonbwuHcmeo coeduHeHull 0Ka3anocb HaUMeHee akmueHbIM 110 OMHOWEHUK K wmammam Staphylococcus
aureus. VickrnodeHueM U3 3moeo Aensemcs CoeduUHeHUe ¢ 0CMamKoM MUOYKCYCHOU KUCIOMbI 8 MOI0XKeHuUU 2 U
He3aMmeWweHHbIM 6eH3UMbHbIM 3aMecmumerieM 8 NosIoKeHUU 3, Komopoe MposisUIIo 3HaYUMEsbHYH aKmueHOCb
Mo omHoweHuro K wmammy Staphylococcus aureus. AMudbl muoyKcycHoU Kuciomsi ¢ 3,4-0uxmnopbeH3urbHbIM
3amecmumesieM 8 rosIoKeHUU 3 U muoayemamuOHbIMU 3aMeCMUMEesIsIMU 8 NMOSIOKEHUU 2 S8/ISomCcsi akKmueHbIMU
Mo omHoweHuto K Pseudomonas aeruginosa mak xe Kak u coeOuHeHue, cooepxauwiee 3-x10pbeH3urnbHbIl 3a-
mMecmumerb 8 rnonoxeHuu 3 mueHo[2,3-djnupumuduHa u r-x1o0p6eH30muUorbHLIU 3aMecmumerb 8 MoIoKeHUU 2.
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It has been recently published that esters of 5-
methyl-2-thioxothieno[2,3-d]pyrimidine-6-carboxylic
acid display affinity to histamine receptors of 5-HT,
subtype and could be used as medicines for treat-
ment of Bowel disease. They may also bind 5-HT,,
subtype receptors, which make them useful for treat-
ment of stress induced ulcer [1]. As the result of in
vivo investigation of S-glycosides of ethyl ester of 3-
amino-5-methyl-2-thioxothieno|[2,3-d]pyrimidine-6-
carboxylic acid some compounds with a high range
of anti-inflammatory activity have been found [2].
Esters of 2-S-alkylthiothieno[2,3-d]pyrimidine-6-carb-
oxylic acid may also be applied as the intermediates
for preparation of fused systems of heterocycles with
the antimicrobial activity [3].

Since the number of works dedicated to investi-
gations of the biological activity of 5-methyl-2-thioxo-
thieno[2,3-d]pyrimidine-6-carboxylic acid is not enough,
we devoted our work to the synthesis and research
of the antimicrobial activity of some derivatives of
ethyl 5-methyl-2-(alkylthio)-4-oxo-3,4-dihydrothieno
[2,3-d]pyrimidine-6-carboxylate.

Synthesis of the target compounds has been car-
ried out by cyclization of the starting dithiocarba-
mate 1 [4,5], with primary, amines [4]. Mostly amines
of benzyl type were used. The above mentioned pro-
cedure resulted in the corresponding 3-R-5-methyl-
4-oxo0-2-thioxo-1,2,3,4-tertrahydrothieno[2,3-d] pyri-
midine-6-carboxylates 2 as the crude products, which
were suitable for further use without additional pu-
rification.

Target molecules 3 were prepared by alkylation
of intermediates 2 with different alkyl halides (like
benzyl chlorides and derivatives of chloroacetic acid).
The radicals R and R? and physicochemical proper-
ties of compounds 3 are listed in Table 1.

The structures of all compounds 3 were deter-
mined by *H NMR and IR-spectral data (Tables 2 and
3). In all 'H NMR-spectra of compounds 3 the signal
of the methyl group is observed in the range of 2.65-
2.85 ppm together with the signals of the carbethoxy-
group protons as a triplet of CH, at 1.15-1.38 ppm
and a quartet of CH,-group at 4.2- 4.6 ppm. The sig-
nal of the CH,-group adjacent to the nitrogen-atom
in position 3 of thieno[2,3-d]pyrimidine system is
always observed in the range of 5.35-5.40 ppm. The
position of the methythylene-group attached to the
atom of sulfur much depends upon the structure of
R%; for example, for benzylated derivatives its position
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H,C OEt H,C
H,NR 0
o) ]\ — 74
NH

S EtO ]
EtO //K s

1 S !

CH

Scheme
10

islocated in the range of 4.43-4.47 ppm, for compounds
with the benzoyl-group attached to CH, it is shifted
downfield to 4.78-4.85 ppm. For compounds 3h, 3Kk,
3p and 3q with the carbethoxy-group this signal is
found at 3.8-4.05 ppm, nitriles 3g and 3m - 4.20-
4.35 ppm, carboxamides 3d, 31, 3r-3u - 3.85-4.1 ppm;
for acid 3e the signal CH,COOH is located at 4.03 ppm.
For compounds 3t and 3u with the phenylethyl frag-
ment two signals of methylene-groups are present -
4.2 (2H, t, NCH,CH, Ph) and 3.03 (2H t,, NCH,CH,Ph).
The integral intensity of all the signals present in
the region the aromatic protons resonance well cor-
relates with the number of protons in the structure
of compounds 3. For compound 3e the signal of the
carboxyl-group OH-proton is observed at 12.8 ppm;
amides 3d, 31, 3r-3u show the signals of NH-proton
in the range of 7.9-8.7 ppm.

IR-spectra of all compound 3 show the stretch-
ing bands of C-H in the region of 3091-2853 cm};
for all of these compounds the intensive C=0 stretch-
ing band is present at 1721-1678 cm™. The spectra
of compounds 3 with the amide function contain bands
of stretching N-H 3280-3263 cm, while nitriles have
the band of stretching C=N vibrations near 2250 cm™.

The antimicrobial activity of compound 3 were
investigated by the agar well diffusion method [6, 7].
The antimicrobial effect was measured by the diameter
of the growth inhibition zone based on the known
data about active antibiotics applied for the well dif-
fusion method against susceptible microorganism strains
[7, 8]. To evaluate the antimicrobial activity the fol-
lowing criteria were used: in the case of the inhibition
zone absence or its diameter was less than 10 mm
either the bacteria strains were considered to be re-
sistant or the concentration of the compound tested
was rather low for the inhibition effect; the diameter
of the inhibition zone was 10-15 mm - the low sen-
sitivity of the bacteria strain to the compound in the
given concentration; the diameter of the inhibition
zone of 15-25 mm was considered as the sign of the
substance activity against the microorganism strain;
the diameter of the inhibition zone of 25 mm or more
was considered as the evidence of the high antimic-
robial activity of the compound tested. The results of the
antimicrobial activity assay are presented in Table 4.

All of compounds 3 possessed the antimicrobial
activity, but they were mostly active against the strain
of Candida albicans fungi. The most antifungal activity
was displayed by compounds 3e, 30 and 3s, which
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Physicochemical properties of ethyl
5-methyl-2-(alkylthio)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylate derivatives 3

Table 1

Mol. formula . Yield %, . N%
Compound R R’ M, in the alkylation | M.p., °C “calc.
step found

3a o cH, s 76 w0 |2
3b Bn CH,COPh Casflalli0:3: 87 150161 | 20
3¢ B p-CiBn s s |11 | 58
3d Bn CH,CONH(Cyclohexyl) Czszggg""gg‘*sz 94 261-262 %
3e Bn CH,COOH Craflials0:5; 61 192193 | 282
3f 4-FBn CH,COPh Czﬂgg\éf"sz 82 176-178 g%
39 4-FBn p-CIBn C24H25°§£(')\'220352 89 162-164 %
3h 4-FBn CH,COOEt Calf :5: 70 17779 | 293
S chcorn | St | s emes | 3
39 2-ClBn CH,CN CrsFe 05, 68 166168 | 220
3k 2-ClBn CH,COOEt CarFln 05, 73 128130 | 252
3| 2-ClBn CH,CONHBn CaCIL0:5, 93 175176 | 273
3m 3-ClBn CH,CN CrsFisc 055, 62 183185 | 008
il >Cen CH,COPh e 85 164165 | 5
30 3-ClBn p-CIBn CataM0,5; 78 140145 | 239
3p 3-ClBn CH,COOEt CaFln 055, 82 152155 | 252
3q 3,4-diCIBn CH,COOEt C21H§°1C5'f2'50552 88 191-193 %
3r 3,4-diCIBn CH,CONHBN Cap N0 93 25217 | 12
3 34-diCIBn | CH,CONH(Cyclohexyl) C25H§76C;f2'§0452 90 218-220 %
3t CH,CH,Ph CH,CONHBN CaflNi9:3: 78 212-213 8.0
3u CH,CH,Ph | CHCONH(Cyclohexy) | Caeflali0:: 83 197198 | 518

showed the most diameters of the growth inhibition
zones. The most resistant microorganisms were de-
termined to be the strains of Staphylococcus aureus
and Proteus vulgaris. The only exception was the de-
rivative 3e modified with the thioacetic acid residue in
position 2, which appeared to be highly active against

Staphylococcus aureus strain. Amides of thioactetic
acid modified in position 3 with 3,4-dichlorobenzyl
substituent 3r and 3s were active against Pseudomo-
nas aeruginosa, as well as compound 30 with 3-chlo-
robenzyl substituents in position 3 and p-chloroben-
zotiol substituents in position 2.

11
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Data of '"H NMR-spectra of ethyl
5-methyl-2-(alkylthio)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylate derivatives 3

Table 2

Chemical shift, §, ppm.

Compound NH CH, OCH,CH,8 aliphatic protons aromatic protons
OH GH,s) |GH,t.+2H,q) phaticp P
1 2 3 4 5 6
] 2.58 (3H, t, SCH,) ]
3a 23 1374433 | 23700 ) 7.30 (5H, m., Ar-H)
7.30 (5H, m., Ar-H)
] 5.3 (2H, 5., NCH,Ph) 7.55 (2H, t, H-5"+ H-3)
3b 278 135443 1 485H,s. SCH,COPh) 7.68 (1H, t, H-4)
8.02 (2H, d., H-2'+ H-6)
] 5.25(2H, s, CH,Ph) ]
3c 2.83 137443 | ety | 730 OH m, ArH)
1.1-1.8 (10 H, m., cyclohexyl)
3.89 (2H, 5., SCH,CO) )
3d 797 (NH) | 283 13443 |23 b NCHLBh) 7.30 (5H, m., Ar-H)
3.52 (1H, m., NHCHcyclohexyl)
4.03 (2H, 5, SCH,COOH) ]
3e 128(0H) | 285 1224432552 o0 TNCH Py 7.30 (5H, m., Ar-H)
7.06 (2H, t, H-2 + H-6)
7.46 (2H, q., H-3 + H-5)
3f : 2.75 115+425 g.gz(z(ghs.;s%ﬁcap_péh» 7.55 (2H, t, H-5'+ H-3)
32 (2H, s, NCH, 7.64 (1H, t. H-4)
8.07 (2H, d., H-2' + H-6)
738 (2H, d, H-3'+ H-5)
] 443 (2H,s,SCHA-CIPh)  |7.31(2H,q. H-3 + H-5)
39 e 115+4.32 155 2H, s, NCH,(4-FPh)) 7.27 (2H, d. H-2'+ H-6)
7.0 (2H, t, H-2 + H-6)
n ] a3 125+42 |3.8(2H,s, SCH,COOEY) 7.46 (2H, q. 3-H + 5-H)
: 135+44 |53 (2H, s, NCH,(4-FPh)) 7.06 (2H, t, 2-H + 6-H)
6.88-7.48 (4H, m., 2-CIPh-H)
. ] 4.78 (2H, s, SCH,COPh) 7.54 (2H, t, H-5'+ H-3)
3i 28 1354475 15 4. 2H, 5, NCH,(2-CIPh)) 7.64 (1H, t. H-4)
8.07 (2H, d., H-2' + H-6)
_ 420 (2H, s, SCH,CN) ] ]
39 2.83 14432 (oS e ey |688748 (4, m, ArH)
125+42 |3.92(2H, s,5CH,COOEY) ] ]
3k 285 135+44 |537(2H,s, NCH,2-ClPh)) | 77> (4H m. ArH)
53 (2H, 5., NCH,(2-CIPh))
31 86(NH) | 285 142+435 |41 (2H,s, SCH,CO) 6.9-7.5 (9H, m., Ar-H)
4.32 (2H, s, NHCH,Ph)
] 435 (2H,s, SCH,CN) ] ]
3m 2.83 1344431 (03 o ey |72 74 m. ArH)
] 427 (2H, s, SCH,COPh) ] ]
3n 2.81 138446 | L) Ol s N by | 68581 OH m, ArH
] 4.45 (2H, s, NHCH,(4-CIPh)) ] ]
30 2.84 1384422 | 23200 S NCh Bapry | 710745 @ m. ArH
] 125+42 |3.98(2H, s, SCH,COOEY) ] ]
3p 2.79 137443 |53 (2H, s, NCH.(3-CIPh)) 7.2:7.4 (4H, m., Ar-H)
] 125+43 |405(2H, s, SCH,COOEY) ] ]
39 265 135444  |532(2H, s, NCH,(3,4-diCl-Ph)) | /376 BH m. ArH)
4.05 (2,5, SCH,CO)
3r 87(NH) | 282 142443 [532(2H, s, NHCH,Ph) 7.2-7.65 (5H, m., Ar-H)

4.3 (2H, s., NCH,(3,4-diCI-Ph))

12
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Table 2 continued

5

6

3s

7.9(NH)

2.8

1.32+4.3

1.1-1.8 (10 H, m., cyclohexyl)
3.85 (2H,s., SCH,CO)
5.3 (2H, s., NCH, Ph)
3.55 (1H, NH-CH cyclohexyl)

7.37-7.65 (3H, m., Ar-H)

3t

8.62(NH)

2.81

1.38+4.3

4.07 (2H, s., SCH,CO)
4.22 (2 H,t, NCH,CH, Ph)
4.34 (2H, s, NHCH, Ph)
3.03 (2H t., NCH,CH,Ph)

7.30 (10H, m., Ar-H)

3u

7.95(NH)

2.83

1.3+4.2

1.1-1.9 (10 H, m., cyclohexyl)
3.97 (2H,s., SCH,CO)

4.22 (2 H, t., NCH,CH, Ph)

3.03 (2H, t,, NCH,CH, Ph)

3.55 (1H, m., NHCH cyclohexyl)

7.3-7.4 (5H, m., Ar-H)

Data of IR-spectra of ethyl
5-methyl-2-(alkylthio)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylate derivartives 3

Table 3

Wavenumber, v, cm™’
Compound v N-H v C-H v C=N v(C=0 vC=N
v C=C
1 2 3 4 5 6
1537 1540 1470
3a ; 3832 38?2 ;ggé - 1711 1683 1390 1377 1363
1336 1324
1595 1579 1509
3b . 3063 3034 3007 . 1686 1467 1381 1365
2083 2914
1338
3063 3033 2992 1594 1540 1509
3¢ - 2969 2930 2919 - 1718 1686 1471 1406 1388
2868 2709 1372 1358 1335
1561 1516 1468
3091 3033 2989 1715 1681
3d 3277 S - > 1393 1376 1363 1339
1309
1586 1538 1508
3e s - 1744 1697 1469 1374 1335
2738 2677
1302
1510 1469 1449
3f - 2981 2909 - 1719 1688 12 1358 12
1603 1540 1509
3g ; 2991 2972 2933 - 1715 1686 1490 1471 1444
1433 1406 1387
1604 1540 1510
1470 1434 1388
3h - 3067 2978 2935 - 1722 1692 A aliies
1319
1579 1537 1509
3i ; 3059 2973 2924 1715 1686 1467 1448 1365
1326 1293 1251
3062 2977 2941 1594 1591 1469
39 - 2902 2250 1718 1443 1376 1334
1537 1511 1468
3K - 3064 2980 2936 - 1719 1691 1443 1402 1385
1368 1335 1315
3064 3029 2989 1517 1468 1443
3l 3288 2929 2872 - 1717 1678 1391 1376 1332
3m - 2991 2942 2250 1710 1687 1517 }g;g 1434

13
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Table 3 continued

1 2 3 4 5 6

3m - 2991 2942 2250 1710 1687 1517 1;;2 1434
1597 1579 1509

3n . 3083 3904 2980 . 1683 1464 1435 1396
1378 1370 1355

1595 1573 1537

1510 1493 1468

30 - 2979 2937 - 1719 1692 1436 1412 1376
1358 1334 1314

1298
1542 1510 1473
3p - 229932 2298?;?5 - 1721 1693 1437 1388 1377 1366
1336 1309

1560 1537 1509

39 - 2981 2931 2873 - 1719 1689 1469 1432 1400
1562 1538 1511

3r 3263 3080 393 ! . 1717 1681 1469 1431 1399
1366 1350 1331

3093 2986 1562 1517 1470

3s 3273 2933 2854 ) 1717 1680 1394 1375 1352
3066 3027 2990 1604 1586 1552

3t 3271 2932 2869 2285 - 1715 1681 1533 1511 1468
1561 1516 1468

3u 3980 309209;’202248524986 - 1718 1687 1453 1396 1377
1366 1337 1303

Table 4
Antimicrobial properties of ethyl
5-methyl-2-(alkylthio)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylate derivartives 3
The growth inhibition zone diameter, mm
experiments were performed in triplicate, n=3
Compound i
P Stap (% ﬁz(;ccus Escherichia coli Pf;it;g;m?;s Proteus vulgaris | Basillus subtilis gﬁ)’;g;ii
ATCC 25923 | ATCC25922 | arccazgsy | ATCC4636 ATCC6633 | AtcC 653/885

3a 15,16, 15 15,14,15 17,17,16 16,15, 14 17,16, 16 20,19,18
3b 14,15, 14 16,17,16 17,17,16 15,16, 16 18,19,18 17,16,17
3c 14,15,14 14,15,14 13,12,13 12,12,13 17,17,17 20, 21, 22
3d 14,15,14 14,15, 14 13,12,13 12,12,13 17,17,17 20, 21, 22
3e 25,22,23 15,15,16 17,18,18 16,15,16 18,19, 20 24,22,22
3f 15,15,14 14,13, 14 16,16,17 15,14,14 16,16, 16 14,14, 14
39 15,14,15 18,17,17 16,17,16 15,15,15 18,19,19 20, 21,20
3h 17,18,18 13,13,14 15,15,15 13,14,13 15,16, 16 17,18,17
3i 14,15,15 12,13,13 13,12,13 12,12,13 15,15,15 19,18, 18
39 18,18, 19 16, 15,15 16,18,17 15,15,16 17,18,18 16,16, 17
3k 14,15,15 17,18,17 15,17,17 13,14,14 16,15, 16 16,17,17
3l 15,15,15 16,15,16 14,13,14 12,13,13 14,15,14 20,19,19
3m 18,17,18 16,16,17 16,16, 16 15,16, 14 19,18,18 17,16,16
3n 14,15,15 13,13,13 14,13,14 14,13,13 16,15,16 19, 20,19
30 14,14,15 16,17,17 22,21,20 17,17,18 18,19,19 23,24,23
3p 15,15,15 13,14,14 15,16, 16 14,13,14 15,16,17 18,19, 19
3q 14,15,15 14,13,14 14,14,14 12,13,12 15,17,16 14,15, 14
3r 15,16, 15 14,13,13 20,18, 19 16,17,16 16,15,16 18,19, 19
3s 15,16, 15 14,14,13 20, 20, 21 15,16, 16 15,16,17 22,21,22
3t 15,14,14 14,13,14 16,17,16 15,14,14 15,16, 16 20,19,19
3u 15,14,15 14,14, 14 15,14,14 13,13,13 16,17,16 17,18,17
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Thus, it is obvious that introduction in position 3
of chlorinated benzyl substituents or the derivative
of thioacetic acid in position 2 of ethyl 5-methyl-4-
oxo0-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxy-
late increases the antimicrobial properties of the com-
pound. It is noteworthy that ethers of thioacetic acid
(namely compounds 3h, 3k, 3p, 3q) show a low ac-
tivity, which indicates the importance of the OH or
NH-acid fragment for compound 3 to be active as an
antimicrobial agent.

Experimental Part

Chemical research

The melting points (°C) were measured with a
Koeffler melting point apparatus and were not cor-
rected. IR spectra were recorded on Bruker Tensor
27 spectrometer in KBr. 'H NMR spectra were record-
ed on Bruker DRX-500 (500 MHz) spectrometers in
DMSO-d, using TMS as an internal standard (chemi-
cal shifts are in ppm).

Diethyl methyl-5-{[(methylthio)carbonothioyl]
amino}-2,4-thiophenedicarboxylate 1 has been ob-
tained by the known method [4, 5].

General method for synthesis of compounds 3

To 2g (0.0028 mol) of diethyl methyl-5-{[(methyl-
thio)carbonothioyl]amino}-2,4-thiophenedicarboxy-
late 1 0.004 mol of the corresponding primary amine
was added. The mixture was diluted with DMF and
stirred at reflux until the release of methylthiol oc-
curred (about 2-5 hours). Then the reaction mixture
was cooled and diluted with water. The mixture ob-
tained was acidified with 1 mL of the concentrated hy-
drochloric acid and the precipitate formed was filtered
and thoroughly washed with a lot of water. Product 2
was additionally purified by reflux in 2-propanol.
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To compound 2 0.9 mmol of DMF, 1 mmol of tri-
ethylamine were added together with 1 mmol of an
alkylating agent and the mixture was stirred at 70°C
for 8-12 hours. After that the reaction mixture was
cooled and diluted with water. The precipitate of
product 3 formed was filtered and crystallized form-
ing 2-propanol.

Research of the antimicrobial activity

According to the WHO recommendations [6, 7]
the following test-strains were used: Staphylococ-
cus aureus ATCC 25923, Esherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Proteus vul-
garis ATCC 4636, Bacillis subtilis ATCC 6633, Candida
albicans 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 a Mueller-Hinton agar (Dagestan Sci-
entific Research Institute of Nutrient Media). The com-
pounds were introduced to the wells in the form of
DMSO solution in concentrations of 100 ug/mL; the
open wells were filled with 0.3mL of the solution.

Conclusions

The synthesis of novel derivatives of ethyl 5-me-
thyl-2-(alkylthio)-4-oxo-3,4-dihydrothieno[2,3-d]py-
rimidine-6-carboxylates has been carried out and the
compounds obtained have been screened for the an-
timicrobial activity. As the result, it has been found
that introduction of chlorinated benzyl substituents
in position 3 of thieno[2,3-d]pyrimidine system or
the moiety of thioacetic acid in position 2 promotes
the antimicrobial activity, while OH- or NH-acidic
fragment of thioacetic acid derivative increases the
antimicrobial activity of a molecule.
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