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By alkylation of 3-amino-5-methyl-4-oxo-N-aryl-2-thioxo-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidine-
6-carboxamides with substituted benzyichlorides and chloroacetic acid the series of novel derivatives
of 3-amino-5-methyl-2-(alkylthio)-4-oxo-N-aryl-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxamides
have been obtained. The structures of these compounds have been confirmed by '"H NMR spectral
data and the elemental analysis. For all of the products obtained the 'H NMR spectra contain the
signals of the amino group as the sharp singlet in the region of 5.75-5.84 ppm, the signal of the
methyl group at position 5 of the thieno[2,3-d]pyrimidine system (2.68-2.75 ppm); the signal of the
carboxamide NH group, which position varies from 9.67 ppm to 10.61 ppm depending on the struc-
ture of the substituent of the amide aromatic cycle, is also observed. In the spectra the signals of
the benzyl CH, group protons are located in the region of 4.23-4.29 ppm, while the same signal for
the derivative of thioacetic acid is observed at 3.82 ppm. The antimicrobial activity screening for the
compounds obtained has been performed by the agar well diffusion method. In general, it has been
found that all of the compounds tested appeared to be more active than the reference drugs against
the strains of both Proteus vulgaris and Pseudomonas aeruginosa; 3-amino-2-(benzyithio)-5-methyl-
N-(4-methylphenyl)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxamide was the most active
compound, which moderately inhibited the growth of all test-strains of microorganisms, and showed
even higher activity than the reference drugs streptomycin and metronidazole against Bacillus subtilis

and Candida albicans fungi.

It was reported that some derivatives of thieno[2,3-d]
pyrimidin-4(1H)-one showed the antimicrobial activi-
ty [1-4, 6, 8-10]. The compounds with modified amino
and thioxo groups at positions 2 and 3 of the core heter-
ocyclic system [3], as well as the derivatives containing
these groups included into the other fused heterocyclic
system [1, 6, 9] are known among them. Our special at-
tention was paid to the derivatives containing the carb-
oxamide group at a-position of the thiophene ring. Ear-
lier we reported about the triheterocyclic systems con-
taining similar heterocyclic fragments as the effective
antimicrobials [1, 9]. However, the simpler compounds
with the free amino group at position 3 were not pre-
pared previously and were not used for antimicrobial
trials. Therefore, the synthesis and study of the anti-
microbial activity of derivatives of 3-amino-5-methyl-
2-(alkylthio)-4-oxo-N-aryl-3,4-dihydrothieno[2,3-d|pyri-
midine-6-carboxamide were the aim of our research work.

Materials and Methods

Chemical Part

All of the solvents and reagents were received from
the commercial sources. Melting points (°C) were de-

termined with a Kofler (Hotbench) melting point ap-
paratus. '"H NMR spectra were recorded using a Varian
Mercury (200 MHz) spectrometer in DMSO-d, with
TMS as an internal standard. Chemical shifts (5) are
reported in ppm. Elemental analysis was performed by
Kjeldahl method.
3-Amino-5-methyl-4-oxo-N-phenyl-2-thioxo-1,2,3,4-
tetrahydrothieno[2,3-d[pyrimidine-6-carboxamides (1)
were obtained by the methods previously reported [1, 9].

The general method for the synthesis of 3-amino-
5-methyl-2-(alkylthio)-4-oxo-N-aryl-3,4-dihydrothieno
[2,3-d[pyrimidine-6-carboxamides (2)

To the suspension of 0.00045 mol of the starting com-
pound 1 in dimethylformamide add 0.0005 mol of triethyl-
amine and 0.0005 mol of the corresponding chloroderiva-
tive. Heat the reaction mixture (70°C) with stirring for 5-8
hours. After cooling the reaction mixture dilute it with wa-
ter. Filter the precipitate of compound 2 formed and wash
with water. Purify the products by boiling in 2-propanol.

The study of the antimicrobial activity

The microbiological experiment was performed at
the premises of the laboratory of Biochemistry of Mic-
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1a: Ar = 2-Pyridyl; 1b: Ar = 2-MeC¢H,; 1c: Ar = 4-MeCH,; 1d: Ar = 4-FC,H,; 1e: 4-CH,OC¢H,; 2a: Ar = 2-Pyridyl, R = C4H;CH,;
2b: Ar = 2-Pyridyl, R = 4-CH,C4H,CH,; 2c: Ar = 2-MeC4H,, R = C,H,CH,; 2d: Ar = 4-MeC4H,, R = CsH,CH,;
2e: Ar = 4-MeC¢H,, R = 4-CH,C¢H,CH,; 2f: Ar = 4-MeC4H,, R = HOOCCH,; 2g: Ar = 4-FC,H,, R = C;H,CH,;
2h: Ar = 4-FC¢H,, R = 4-CH,C:H,CH,; 2i: Ar = 4-CH,OCH,, R = C;H;CH,; 2j: Ar = 4-CH,0C4H,, R = 4-CH,C,H,CH,.

roorganisms and Nutrient Media at the Institute of Mi-
crobiology and Immunology named after I.I.Mechnikov
at NAMS of Ukraine. According to the WHO recom-
mendations [5, 7] such test-strains as Staphylococcus
aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Proteus vul-
garis ATCC 4636, Bacillus subtilis ATCC 6633, Can-
dida albicans ATCC653/885 were used. Bacterial con-
centration was 10’ 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
Research Institute of Nutrient Media). The compounds
were introduced to the wells in the form of DMSO so-
lution in concentrations of 100 pg/ml; the open wells
were filled with 0.3 ml of the solution.

Scheme

Results and Discussion

The target compounds 2 (scheme) were obtained
by alkylation of 3-amino-5-methyl-4-oxo-N-aryl-2-thi-
oxo0-1,2,3,4-tetrahydrothieno[2,3-d|pyrimidine-6-carb-
oxamide derivatives 1 with the substituted benzyl chlo-
rides and chloroacetic acid. Starting compounds 1 a-e
were obtained by the methods previously reported [1,
9], and their purity appeared to be sufficient for further
transformations. All of the compounds 2 were isolated
as crystalline solids (Table 1).

The structure of the compounds obtained was con-
firmed by '"H NMR spectroscopic method (Table 2). For
all of the compounds 2 their '"H NMR spectra contain
the signals of the amino group as the sharp singlet in
the region of 5.75-5.84 ppm, the signal of the methyl
group at position 5 of the thieno[2,3-d]pyrimidine sys-

Table 1
Physico-chemical properties of 3-amino-5-methyl-2-(alkylthio)-4-oxo-N-aryl-
3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxamides (2a-j)
. ) o)

Compd. A Mol. formula Y.|eld %, M.p., N%
No r R Mow in the oC calc
. o alkylation step found
Do CyH;N:O,S, ) 16.54
2a 2-Pyridyl CH.CH, 232 79 264-266 | g2
o ] C,,H,,N;0,S, ] 16.01
2b 2-Pyridyl 4-CH,C,H,CH, ey 83 216-217 | g3
] C,,H,oN,0,5, ] 12.83
2c 2-MeCH, C,H.CH, 2% b 77 25-256 350
] C,,H,N,0,5, ] 12.83

2d 4-MeCH, C.H.CH, 2% ie 69 240-241 505
- - C23H22N4OZSZ _ 1243
2e 4-MeCH, 4-CH,C,H,CH, 22 4 83 256-258 | <533
] C,H,N,0,S, ] 13.85

2f 4-MeCH, CH,COOH v 53 189-190 | 133
] C,,H,,FN,0,S, ] 12.72

29 4-FCH, CH,CH, 0.5 69 278279 | 1572
- ) C,HsFN,O,S, i 12.33
2h 4-FCH, 4-CH,CH,CH, aincs 75 297-299 | <572
. ] C,,H,N,0.S, ] 12.38
2i 4-CH,OCH, CH,CH, 2 i 83 252-253 | =579
. ] ] C,.H,,N,0,S, ] 12.01
2 4-CH,0CH, 4-CH,C,H,CH, ais i 88 289291 | 573




8 BICHWK ®APMALLIT 1(81)2015

ISSN 1562-7241

Table 2

Data of "H NMR-spectra of 3-amino-5-methyl-2-(alkylthio)-4-oxo-N-aryl-
3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxamides (2a-j)

Chemical shift, §, ppm.
Compd. NH Thiophene NH
, . . .
No. (2H. 5) CH, (1H, br.s) Aliphatic protons Aromatic protons
(3H,s)

. 7.16 (1H, t); 7.29 (3H, m); 7.43 (2H, m);
2a 5.76 2.72 10.59 |4.29 (2H,s, CH,); 7.82 (1H. 1) 8.05 (1H. d); 8.36 (1H, d)

. . 7.13 (3H, m); 7.31 (2H,d); 7.82 (1H, t);
2b 5.76 2.72 10.61 |2.25(3H,s, CH,); 4.24 (2H, s, CH,); 8.05 (1H. d): 8.36 (1H, d)

. . 7.14 (2H, d); 7.29 (3H, m);
2c 5.76 2.68 10.08 |2.26 (3H, s, CH;); 4.28 (2H, s, CH,); 7.44 (2H. m); 7.53 (2H, d)
2d 5.76 2.75 9.67 |2.23(3H,s, CH,);4.29 (2H, s, CH,); 7.09-7.48 (9H, m)
2e 5.76 2.68 10.10 |2.25(6H, s, 2CH.); 4.23 (2H, s, CH,); 7.13 (4H, m); 7.31 (2H, d); 7.54 (2H, d)
2f 5.84 2.68 10.07 |2.25(3H,s, CH,); 3.82 (2H, s, CH,); 7.12 (2H, d); 7.52 (2H, d)
29 5.76 2.70 10.22 |4.29 (2H, s, CH,); 7.09-7.50 (6H, m); 7.68 (2H, m)
2h 5.75 2.70 10.21 |2.25(3H,s, CH,); 4.24 (2H, s, CH,); 7.15 (4H, m); 7.31 (2H, m); 7.67 (2H, m)

. . . |6.90(2H, d); 7.29 (3H, m);
2i 5.76 2.69 10.03 |3.72(3H, s, OCH,); 4.28 (2H, s, CH,); 7.44 (2H. m): 7.56 (2H, d)
. 2.25(3H, s, CH,); 3.72 (3H, s, OCH,) 6.90 (2H, d); 7.10 (2H, d); 6.32 (2H, d);

2j 5.76 2.69 10.04 423 2H, s, CH.); 7.56 (2H, d):

tem (2.68-2.75 ppm); the signal of the carboxamide NH
group, which position varies from 9.67 ppm to 10.61 ppm
depending on the structure of the substituent of the ami-
de aromatic cycle, is also observed. In the spectra the
signals of benzyl CH, group protons are located in the
region of 4.23-4.29 ppm, while the same signal for the
derivative of thioacetic acid is observed at 3.82 ppm.
As to the spectrum and efficacy of antimicrobial
properties, the highest activity in the range of com-
pounds 2 (Table 3) was revealed by compound 2d, which

moderately inhibited the growth of all test-strains of mic-
roorganisms and showed even higher activity than the
reference drugs against Bacillus subtilis and Candida al-
bicans fungi. All of the 4-methylphenyl amides 2e and
2f tested also exhibited a moderate antimicrobial acti-
vity. Its noteworthy that most of the compounds studied,
namely 2a, 2d-2g and 2i appeared to be more active than
the reference drugs against Proteus vulgaris and Pseu-
domonas aeruginosa; it agreed with the previously re-
ported typical manner of thieno[2,3-d|pyrimidines [10].

Table 3
The antimicrobial activity of 3-amino-5-methyl-2-(alkylthio)-4-oxo-N-aryl-
3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxamides (2a-j)*

Compnd. Stap ZZ Irzzc;ccus Escherichia coli | Proteus vulgaris P;e;zl;mgg;s Bacillus subtilis g;z;gclffs]

No. ATCC25923 | ATCC25922 | ATCC4636 | arccozgs3 | ATCC6633 | arccess/sss

2a ++ ++ + + ++ +

2b ++ + - + ++ +

2c - - - - - -

2d ++ ++ ++ ++ ++ ++

2e ++ ++ ++ ++ ++ +

2f ++ ++ ++ ++ ++ +

29 + + + ++ ++ +

2h - - - - - -

2i ++ ++ ++ ++ ++ +

2j + + - - + +

Metr.** + + - - ++ +

Strept.*** ++ ++ - - ++ -

*“_"_ diameter of the growth inhibition zone is less than 10 mm; “+

"— diameter of the growth inhibition zone is 10-14 mm; “++" - diameter

of the growth inhibition zone is 15-20 mm; “+++" - diameter of the growth inhibition zone is more than 20 mm. ** Metr. - Metronidazole,
DMSO solution (the concentration is 30 pg/ml); *** Strept. — Streptomycin, H,O solution (the concentration is 30 pug/ml).
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CONCLUSIONS

1. The synthesis of novel derivatives of 3-amino-5-
methyl-2-(alkylthio)-4-oxo-N-aryl-3,4-dihydrothieno
[2,3-d]pyrimidine-6-carboxamides has been performed by
alkylation of 3-amino-5-methyl-4-oxo-N-aryl-2-thioxo-1,2,
3,4-tetrahydrothieno[2,3-d]pyrimidine-6-carboxamides.

2. Their antimicrobial activity screening has shown
that almost all of the compounds obtained appeared to

be more active than the reference drugs against both
Proteus vulgaris and Pseudomonas aeruginosa strains.
Compound 2d — 3-amino-2-(benzylthio)-5-methyl-N-
(4-methylphenyl)-4-oxo0-3,4-dihydrothieno[2,3-d|pyrimi-
dine-6-carboxamide has been identified as the most ac-
tive one, which moderately inhibited the growth of all
of the test strains and showed the high activity against
Bacillus subtilis and Candida albicans fungi.
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CUHTE3 TA AOCNIOXEHHA AHTUMIKPOBHOI AKTUBHOCTI 3-AMIHO-5-METWU-2-
(ANKINTIO)-4-OKCO-N-APUN-3,4-AUTAPOTIEHO[2,3-d]NIPUMIANH-6-KAPBOKCAMIAIB
C.B.Bnacos, C.M.KosaneHko, T.I[1.0Ocosod4yeHko, B.I1.YepHux

Knroyoei crioea: miogheH; nipumiOuH; amiou; arkinyeaHHsi

Llinsixom arnkinysaHHs1 3-amiHo-5-memurn-4-okco-N-apus-2-miokco-1,2,3,4-mempaziopomieHo[2, 3-d]
nipumiduH-6-kapbokcamidie 3amiwyeHUMuU 6eH3unxmaopudamMmu ma X0poUMmMo8oH Kuciomor bynu
odep>kaHi Ho8i roxiOHi 3 psdy 3-amiHO-5-memurn-2-(ankinmio)-4-okco-N-apun-3,4-0ueidpomieHo[2,3-d]
nipumiouH-6-kapbokcamiois. Cmpykmypa odepxaHux crionyk 6yna nidmeepdxeHa daHumu 'H SAMP
criekmpockonii ma enneMeHmMHo20 aHarnisdy. [ns ecix odepxaHux criornyk y cnekmpax 'H 5SIMP criocme-
piearombcs cugHanu npomoHig amiHogpynu y euansdi 4imkoz2o cuHenemy 6 diana3oHi 5.75-5.84 m.u.,
CueaHarn MemurbHOI 2pynu y nornoxeHHi 5 mieHo[2,3-d]nipumiduHoeoi cucmemu ripu 2.68-2.75 M.4. ma
cueHan npomoHy NH kapbokcamidHOI 2pynu, rnonoxxeHHs1 sikoeo eapitoe 8id 9.67 m.4. 3o 10.61 m.u. 8
3anexHocmi 8i0 npupodu 3amiCHUKI8 y apoMamu4HoMy s0pi amidy. Takox y criekmpax rnposiensitomb-
¢ cueHanu npomodis 2pyn CH, 6eH3urnbHUX 3amicHUKig y diarna3oHi 4.23-4.29 m.4., 0551 noxidHo20
miooumoeoi Kucriomu yel cuaHarn 3Haxodumscs rpu 3.82 m.4. CKpuUHIiHe aHMUMIKpobHOI akmueHOC-
mi o0epxaHux criofyK npoeodunu wiissxom Ougysii 8 azap, 8UKOPUCMOBYOYU «Memod KO0053i8x.
BcmaroeneHo, wo binbwicmse 3i CrionyK susigusiacb akmueHIWOo 3a rperapamu riopieHsHHS odpasy
rno eiOHoweHHro 0o Proteus vulgaris ma Pseudomonas aeruginosa, Halbinbw akmugHOK Crosy-
Koro gusigucs 3-amiHo-2-(6eH3unmio)-5-memun-N-(4-memurngbeHin)-4-okco-3,4-0ucidpomieHo[2, 3-d]
nipumiduH-6-kapbokcamio, KUl MOMIPHO MpuU2HIdy8as picm ycix mecm-wmamie MiKkpoopaaHismie ma
rnepesuwue akmusHicms rpenapamie rnopieHsIHHSA CmpenmomiyuHy ma MempoHida3ony rno 8idHo-
weHHro 0o Bacillus subtilis ma epubie Candida albicans.

CUHTE3 U UICCNEOOBAHUE MPOTUBOMUKPOBEHOW AKTUBHOCTU 3-AMUHO-5-
METWUN-2-(ANKUNTUO)-4-OKCO-N-APUN-3,4-AUTMOAPOTUEHO[2,3-d]MMPUMNONH-6-
KAPBOKCAMMOOB

C.B.Bnacoe, C.H.KoeaneHko, T.[1.0conod4yeHko, B.I1.YepHbix

Knroueesnie crnoga: muogheH; nupumuduH; amulbl; ankuauposaHue

lymewm ankunuposaHusi 3-amMuHo-5-memuri-4-okco-N-apurn-2-muokco-1,2,3,4-mempac2udpomueHo
[2,3-dJnupumuduH-6-kapbokcamudos 3amewieHHbIMU 6eH3unxnopudamu U Xs1o0pyKcycHol Kucriomou
Obin1U Noy4YeHb! HO8bIe MPOU3800HbIE psida 3-aMuHO-5-memusi-2-(ankumuo)-4-okco-N-apun-3,4-
OuaudpomueHo[2,3-d]nupumuduH-6-kapbokcamudos. Cmpykmypa rosyYeHHbIX coeOuHeHul bbina
rnoomeep:x0eHa 0aHHbIMU "H SIMP cnekmpockonuu u anemMeHmMHo20 aHanu3a. [risi ecex rnonyyeHHbIX
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coeduHeHuli 8 criekmpax 'H SIMP Habntodatomcsi cugHaribl pomoHO8 aMUHO2PY bl 8 8UOE YEemKOo-
20 cuHenema e duanasoHe 5.75-5.84 m.0., cuzHan MemusibHOU epyrrbi 8 NofIoXKeHUU 5 mueHo[2,3-d]
nupumuduHosol cucmemsbi npu 2.68-2.75 m.0. u cueHan npomoHa NH kapbokcamuOHoU epyninbl,
rosioXxeHuUe Komopoeao sapbupyem om 9.67 m.0. 0o 10.61 m.0. 8 3agucumocmu om npupoodbI 3a-
mMecmumernel 8 apoMmamuyeckoM si0pe amuda. Takxe 8 criekmpax nposienisstomcsi cueHasbl fnpo-
moHos epynn CH, 6eH3unbHbIx 3amecmumened 8 duarna3oHe 4.23-4.29 m.d., 0515 npou38o0HO20
muoyKcyCcHOU KUcriombl 3mom cuzgHan Haxooumcs ripu 3.82 m.0. CKpuHUH2 npomueoMUKpobHOU
aKmueHOCMU rory4YeHHbIX cOeOUHEeHUU rnposodusnu rnymem Oughgby3uu 8 azap, Ucronb3ys «Memood
Koroouesy. YcmaHo8/1eHOo, 4mo 60/1bWUHCMB0 cOeOUHEeHUU OKa3alocb akmueHee rpernapamos
cpasHeHuUs cpady 110 OMHOWeHUIo K Proteus vulgaris u Pseudomonas aeruginosa, Haubornee akmus-
HbIM coeQuHeHuUeM sensiemcs 3-amuHo-2-(6eH3unmuo)-5-memun-N-(4-memungeHun)-4-okco-3,4-
OuzudpomueHo[2,3-dJnupumuduH-6-kapbokcamud, KomopbIl yMepPEeHHO y2Hemars pocim 8cex mecm-
wmamMMO8 MUKPOOP2aHU3MO8 U MPeabICUsT aKmueHOCMb fpernapamos cpasHeHusi CmpenmomuyuHa
u MempoHuda3sona no omHoweHuto K Bacillus subtilis u epubam Candida albicans.



