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HE  VERSATILE synthon  2-Amino-4-(thiophene-2-yl)

thiophene-3-carbonitrile (1) was used as precursor for the
synthesis of a series of bithiophene (2) and thieno [2, 3-d] pyrimidine
(3) derivatives. The antimicrobial evaluations of the newly
synthesized compounds were carried out in vitro assays for antifungal
and antibacterial activities. Amongst the tested compounds, 1-(4-
cyano-2,3“bithiophen-5'-y1)3-phenylthiourea (2b), 4-imino-3-phenyl-
5-(thiophenyl-2-yl)-3,4-dihydrothieno[2,3-d] pyrimidine-2(1H)-thione
(3b) and 1-phenyl-3-(5-(thiophenyl-2-yl)thieno[2,3-d]pyrimidin-4-yl)
thiourea (5¢) exhibit significant antibacterial activities against
Pseudomonas sp, Escherichia coli, Streptococcus lactis, Bacillus
subtilis and exhibit significant antifungal activities against Aspergillus
niger, Penicillium sp, Candida albicans and Rhodotorula ingeniosa.
From structure-activity relationship (SAR) point of view, the
attachment of phenyl thioureido moiety to bithiophenes can be
considered as a breakthrough in developing a new therapeutic
antimicrobial agents related to bithiophene system.

Keywords: Phenylthiourea, Bithiophen, Heterocycles, Antimicrobial
agents, Structure elucidation and Thieno [2,3-d] pyrimidine

Attention, which has led to the development of different synthetic procedures in
the pharmaceutical industry. The amino thiophene derivatives belong to an
important structural class, which is used toward the preparation of other highly
functional derivatives, such as heterocyclic containing systems“®. ‘Also, Ureido
and thioureido compounds are well known for their wide biological activities®®.
However, the derivatives of thieno-thiophene were developed for different
purposes in the pharmaceutical field and have been tested as potential
antitumort? antiviral™ and antibiotic®®. Also the derivatives of fused thiophene
and pyrimidines are valued not only for their rich and varied chemistry, but also
for many important biological properties™®. Among them, the thieno pyrimidine
derivatives have interesting biological applications, for example, some alkyl
substituted thienopyrimidines show significant anticancer, antifungal and
antibacterial activities™**®. From the previous reports, and as part of our ongoing
research program aiming at the synthesis of variety organic compounds that of
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heterocyclic systems for biological and pharmacological evaluation®™?, we
report here the synthesis of organic compounds that are of biological interest
starting from 2-amino-4(thiophene-2-yl) thiophene-3-carbonitrile 1 to increase
the selectivity of the new compounds towards bacteria and fungi.

Results and Discussion

Chemistry

Treatment of 2-amino-4-(thiophene-2-yl)-thiophene-3-carbonitrile (1) with
isocyanate or isothiocyanate derivatives, in pyridine for 15-30 min, afforded the
corresponding open structures of 1-(4'-cyano-2,3"-bithiophen-5')-3-(substituted)
urea or thiourea derivatives (2a-e). It was of interest that, when compound 1 was
treated with ethyl isocyanate or phenyl isothiocyanate under the same reaction
conditions but for longer time(3 hr), it afforded the corresponding cyclic
structures of 4-imino-3-phenyl-5-(thiophenyl-2-yl)-3,4-dihydrothieno [2,3-d]
pyrimidine-2(1H)-one and thione (3a,b), respectively. Compounds 3a, b could
also be obtained from gentile boiling of compounds 2a, b in 1 % sodium
hydroxide solution (Schemel). The structures of products 2a-e and 3a, b were
confirmed by their elemental analysis and spectral data. For example, the IR
spectrum of compound 2a showed two absorption bands at 1660 and 2208 cm™
assignable to amide carbonyl and cyano groups, respectively. Other important
bands appeared at 3331 and 3282 cm™ characterized for two amides NH. The 'H
NMR spectrum of compound 2a showed signals at 8 7.31-8.10, 8.50 and 9.70 due
to 5 aromatic, 4 thiophene and 2NH protons, respectively. The lake of absorption
bands of the cyano groups in the IR spectra of compounds 3a, b confirms the inte
armolecular cyclization of compound 2a, b (Schemel).
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Compound 1 condensed with formamide followed by inte armolecular cyclization
afforded the 5-(thiophene-2-yl)-thieno [2, 3-d] pyrimidine-4-yl amine (4). The *H
NMR spectrum of the latter compound displayed broad signal (D,0O-exchangble)
at 8 5.08 due to NH, protons, and C-2 proton of the formed pyrimidine ring
showed at & 8.65. Furthermore, the *C NMR spectrum of compound 4 displayed
two important signals at 166.74 and 158.26 corresponding to C-2 and C-4 of the
pyrimidine ring, respectively. Treatment of compound 4 with ethyl isocyanate,
methyl isothiocyanate or phenyl isothiocyanate in refluxing benzene, afforded the
corresponding 1-(substituted)-3-[5-thiophene-2-yl] thieno [2,3-d]pyrimidin-4-yl]
urea or thiourea derivatives 5a-c, respectively. The IR spectrum of compound 5a
showed absorption bands at 3377, 3224 and 1670 cm™ due to two NH and C=0
groups, respectively. The *H NMR spectrum of 5a revealed signals & 1.05-1.08
(triplet) and 3.19-3.37 (quartet) corresponding to the ethyl group and two NH
(D,0O-exchangble) protons signals at & 8.20 and 8.90 (Scheme 2). On the other
hand, when compound 4 was refluxed with ethyl chloroformate, it afforded a
product identified as ethyl N-[5-(2-thienyl)-3-ethoxycarbonyl]-thieno[2,3-d]
pyrimidine-4-ylidene]carbamate (6) The. IR spectrum of compound 6 showed
presence of two carbonyl (carboxylic ester) absorptions bands at 1760, 1725 cm™
and absence of bands corresponding to amino group. The *H NMR spectrum of
compound 6 showed ethyl proton signals at 6 1.15-1.30 (triplet) and 4.10-4.30
(quartet). Alkylation of the 5-(thiophene-2-yl) thieno [2,3-d]pyrimidine—4-ylamine
(4) with alkyl iodides gave the corresponding 3-alkyl derivatives 8a,b and not the
isomeric 1-alkyl derivatives 7. The structures of 3-alkyl derivatives 8ab
confirmed and the isomeric 1-alkyl 7 excluded on the basis of elemental analysis
and spectral data of the products. For example, the'H NMR spectra of products
8a,b, generally, revealed characteristic signals, beside the signals due to the
incurporation of the alkyl not radical at N3- of the thienopyrimidine ring at 6 3.90.

As a complementary support for the proposed structure of type 8, obtained
when the pyrimidinium iodide salts 8a,b were treated with aqueous sodium
hydroxide solution, the dequaternized and rearranged (Dimroth type) products N-
alkyl-5-(thiophene-2-ylthieno[2,3-d]pyrimidine 9a,b were obtained. The
structures of 9a, b were confirmed by careful studying of their mass spectra
which revealed m/z 247 (M*-HI) and m/z 261 (M*-HI), respectively. This
observation suggested the splitting of HI in mass spectrometer™® (Scheme 2).

Treatment of 2-amino-4-(thiophene-2-yl) thiophene-3-carbonitrile (1) with
triethylorthoformate and trifluoroacetic acid in tetrahydrofuran afforded the ethyl
N-4-cyano-2,3-bithiophen-3-yl formimidate (10). The *H NMR spectrum of the
latter compound revealed ethyl proton signals as triplet and quartet at 6 1.45-1.58
and 4.39-4.42, respectively and signal at & 8.0 which corresponds to N=CH-O
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proton. However, in the present work it was found that, the formimidate 10
reacted with hydrazine hydrate and alkyl amines at room temperature to afford
the corresponding N-substituted products 11a-c. Structure of product 11a as an
example was confirmed by the presence of absorption bands at 3317, 3193, 3103,
2200 cm™ due to NH,, NH, C=N groups. The'H NMR spectrum of product 11a
showed (D,0-exchangble) singlet signals at 6 5.30, 8.60 due to NH, and NH
protons, respectively and signal at & 8.10 due to N=CH protons. On the other
hand when the formimidate 10 was treated with hydrazine hydrate, in refluxing
ethanol, it afforded product 1 (Scheme 3).
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Biological Testing

Antimicrobial screening

In this study, we tested the antimicrobial activities of some of the synthesized
compounds. The results of the antimicrobial evaluation of the tested compounds
are presented in Table 1. They showed that most of the tested compounds exhibit
significant antibacterial effect against Pseudomonas sp (Ps), Escherichia coli
(E.c), Streptococcus lactis (S.I) and Bacillus subtilis (B.s), while the antifungal
activities of the tested compounds showed significant antifungal activities against
Aspergillus's niger (A.n), Penicillium sp (P.sp), Candida albican (C.al) and
Rhodotorula ingeniosa (R.i). Compounds 2b, 3b and 5c exhibited potent
bioactivity against bacteria and fungi as compared to the reference streptomycin
and fusidic acid, respectively while compounds 1, 2d, 3a, and 11c exhibited a
moderate antimicrobial activity against bacterial and fungal strains used.
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TABLE 1. Antimicrobial activity of the synthesized compounds.

Fungi Bacteria
Compound RI C. P.sp An Gram -ve Gram +ve
alb. Ps | Ec| SI | Bs
1 14 15 16 14 18 20 17 19
2a 13 11 15 11 11 13 14 12
2b 18 19 17 19 22 22 24 23
2c 13 14 15 12 15 15 15 14
2d 16 16 15 16 20 19 21 19
2e 10 11 10 9 4 5 6 7
3a 16 17 16 16 18 17 18 17
3b 15 13 14 16 23 21 22 22
4 14 12 13 13 12 14 12 11
5a 5 4 6 7 15 17 17 15
5b 16 17 18 17 20 18 18 19
5c 16 19 17 19 23 22 26 23
8a 11 10 12 12 6 9 8 7
10 7 7 9 9 8 7 8 9
11a 12 12 14 13 15 14 15 15
11b 7 6 5 5 13 11 12 14
11lc 15 16 16 15 20 21 20 19
Streptomycin - - - - 22 21 22 21
Fusidic acid 17 18 18 17 } } 3 }
R.i: Rhodotorula ingeniosa C.alb: Candida albicans
P.sp: Penicillium sp A.n: Aspergillus niger
P .s: Pseudomonas sp E. ¢: Escherichia coli

S.I: Streptococcus lactis B.s: Bacillus subtilis

Experimental

Chemistry

General

Melting points were determined on the Electro thermal 9100 melting point
apparatus (Electro thermal, UK) and are uncorrected. Micro analytical date
(Elementar, Vario El, USA) were found within £ 0.4% of the theoretical values.
The IR spectra (KBr) were recorded on a FT-IR NEXCES spectrophotometer
(Shimadzu, Japan). The '"H NMR spectra were measured with a Jeol ECA 500
MHz (Japan) in DMSO-ds and chemical shifts were recorded in & ppm relative to
TMS. Mass spectra (EI) were run at 70 eV with a Finnegan SSQ 7000
spectrometer (Thermo-Instrument System Incorporation, USA). The reaction was
followed by TLC (silica gel, aluminum sheets 60 F,s4, Merck, Germany). Some
of the analytical data was summarized in Table 2.
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TABLE 2. Analytical data of newly synthesized compounds.

Cpd. . Solv. Elemental analysis
No. Yield Cryst. mp Mol. Formula M.W cal/found %

C H N S
1| 8% | weon | 220 | CHNS: | 2083 | oeiaae 3100
2a | e0% | EOH | G | cuhunos, | 51 | SIS 08
| 5% | S| Te | CsruNss | ses | o st
2 | e5% | EOH | Sy | CobuNSs | 2934 | 4o0ihontyoe 3500
20| 5% | some | s | CuMNS | 294 | 000, 3451
2 | 0% | EOH | S | CaMuNOS: | 2774 | Siso0ion 06
% | 0% | eon | “ago | CsHaNOS: | 325 | 20003 a0, 1060
3 | 5% | yeop | a0 | CetuNSs | 31 | Be 0, 20,08
4 | 5% | see | Tos | CoHNS: | 2833 | GOR0e0nncs arao
sa | 70% | EOH | o | CaMaNOS: | S04 | 5r35Sonteas oioo
S| 70% | EOH | Gy | CubuNis | 306 | 40055500 515
s | 0% | EOH | Tt | CobaNiss | 388 | ouiiote 2610
o | sow | Mot | U5 | CuMsNOS: | 374 | Goent T ces
s | 70% | EOH | A | camNst | 3153 | 3D e T 1700
8 | 70% | EOH | "3 | CobuNis: | 2893 | 3003001070 1041
sa | s0% | EOH | 55 | CuMiNs: | 273 | UITEN0G poe
B | s0% | EOH | T | CoruNs: | 2610 | I00T0000 Beso
0 | 0% | EOH | g | CoMaOS: | 2026 | gisedniioso puss
tia | S0% | MeoW | Y | CoMiN: | 2680 | 45355500 e
b | 50% | o | o0 | CafNS: | 2473 | So00EiIe e 700
o | 50% | e | gop | CoruN: | 2610 | 8300000 0 paas

2-Amino-4-(thiophene-2-yl) thiophene 3-carbonitrile (1)

A mixture of 2-acetylthiophene (12.6 ml, 10 mmol), malononitrile (6.6 g,
10 mmol), ammonium acetate (0.7 g, 40 mmol) and glacial acetic acid (12 ml,
20 mmol) in dry benzene (50 ml) was refluxed for 30 hr with separation of water,
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and then kept in an ice chest for 12 hr. The precipitated solid was collected by
filtration, washed with water, dried, and finally crystallized from EtOH/DMF.
A mixture of the obtained solid product from the pervious step, diethyl amine (2
ml) and elemental sulfur (3.2 g, 10 mmol) in ethyl alcohol (50 ml) was refluxed
for 6 hr and then left to cool. The obtained solid product was collected by
filtration, washed with EtOH, dried and recrystallized from THF/MeOH to afford
(60 %) of compound 1.

IR (KBr): v 3384, 3311 (NH,), 2186 (C=N) cm™. *H NMR (DMSO-dg): & 5.5
(2H-NH, D,0 exchangeable), 7.0-8.0 (m, 4 thiophene-H). Ms m/z (%): 206 (M,
100, base peak).

Preparation of 1 (4' - cyano-2, 3-bithiophen-5"-yl) 3-substituted urea or thiourea
(2a-e)

General procedure

A mixture of 1 (0.2 g, 1 mmol) and appropriate isocyanate or isothiocyanate
(1.2 mmol) in pyridine (10 ml) was refluxed for 15-30 min. The solvent was
removed by distillation under reduced pressure and the reminder left to cool then
titrated with methanol. The precipitated solid product was collected by filtration
and recrystallized from the proper solvent to afford the 3-substituted urea or
thiourea derivatives (2a-¢).

1-(4'-Cyano-2,3"-bithiophen-5"-yl)-3-phenyl urea (2a)

IR (KBr): v 3331, 3282 (2 NH), 2208 (C=N), 1660 (C=0) cm™; 'H NMR
(DMSO-dg): 6 7.31-8.10 (m, 10 H, 4 thiophene-H and 5 ArH's) 8.5 (s, 1H, NH-
D,0O exchangeable.), 9.70 (s, 1H, NH D,0 exchangeable). MS m/z (%): 325 (M,
100, base peak).

1-(4'-Cyano-2,3"-bithiophen-5"-yl) 3-phenyl thiourea (2b)

IR (KBr): v 3368, 3200 (2 NH), 2204 (C=N), 1514, 1245 (C=C), (C=S)) cm™.
'H NMR (DMSO-dg): & 6.85-7.65 (m, 4 thiophene-H and 5 ArH's), 8.40 (s, 1H,
NH D,O exchangeable), 9.70 (s, 1H, NH D,O exchangeable). MS m/z (%): 341
(M*, 19) and 77 (100, base peak).

1-(4'-Cyano-2,3"-bithiophen-5"-yl)-3-ethyl thiourea (2c)

IR (KBr): v 3376, 3195 (2 NH), 2199 (C=N) *H NMR (DMSO-dg): & 1.10-
1.30 (t, 3H, CHjy), 3.40-3.50 (g, 2H, CH,), 6.60-7.50 (m, 4 thiophene-H, NH D,0
exchangeable), 10.20 (s, 1H, NH, D,0 exchangeable). MS m/z (%): 293 (M*, 35)
and 205(100, base peak).

1-(4'-Cyano-2,3"-bithiophen-5'yl)-3-methyl thiourea (2d)

IR (KBr): v 3370, 3313 (2 NH), 2190 (C=N), 1205 (C=S) cm™; 'H NMR
(DMSO-dg): 6 1.10 (s, 3H, CH3), 6.80-7.90 (m, 4 thiophene-H), 8.65(s, 1H, NH
D,0 exchangeable), 11.4 (s, 1H, NH D,0 exchangeable.). MS m/z (%): 279 (M",
28) and 205(100, base peak).
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1-(4-Cyano-2, 3' -bithiophen-5'- yl) - 3 -ethyl urea (2¢)

IR (KBr): v 3396, 3281 (2 NH), 2210 (C=N), 1697 (C=0) cm™ H NMR
(DMSO-dg): & 1.00-1.030 (t, 3H, CHjs ethyl, J = 6.8 Hz), 3.35-3.4 (q, 2H, CH;
ethyl, J = 6.6 Hz), 6.92-7.65 (m, 5H, 4 thiophene-H), 8.5(s, 1H, NH, D,0O
exchangeable), 10.30 (s, 1H, NH, D,0 exchangeable.). Ms m/z (%): 277 (M",
20) and (206, base peak).

Preparation of the 4-imino-3-[substituted]-5-(thiophenyl-2-yl)-3, 4-dihydro
thieno [2,3-d]pyrimidine-2(1H) one or 2(1H) thione (3a,b)

Method A

A mixture of 1 (0.2 g, 1 mmol) and phenyl isocyanate or isothiocyanate (1.2
mmol) in pyridine (10 ml) was heated under reflux for 1-3 hr. The reaction
mixture was concentrated and left to cool then diluted with methanol. The
precipitated solid product was collected by filtration and recrystallized from the
proper solvent to afford 3a, b.

Method B

A suspension of 2a, b (10 mmol) in sodium hydroxide solution (1 %, 25 ml)
was warmed on a water bath (70-80°C) for one hour. The clear solution was left
to cool and then acidified with diluted hydrochloric acid. The solid product
separated out was filtered off, washed with water, dried and crystallized from
THF/ methanol to give 3a, b.

4-Imino-3- phenyl-5- (thiophenyl-2-yl) -3,4-dihydrothieno [2,3-d] pyrimidine-
2(1H)-one (3a)

IR (KBr): v 3390, 3092 (2NH), 1663 (C=0) cm™. 'H NMR (DMSO-dq): &
6.50 - 7.48 (m, 9 H , 4 thiophene-H , 5 Ar-H) , 940 (s, 1 H, NH D,O
exchangeable ) , 10.50 (s, 1H , NH D,0 exchangeable). MS m/z (%):325 (M",
14) and 77(100, base peak).

4-Imino-3-phenyl-5- (thiophenyl-2-yl) -3,4-dihydrothieno [2,3-d] pyri-midine-
2(1H)-thione (3b)

IR (KBr): v 3415, 3309 (2NH), 1575, 1520 (C=N, C=C) 1222 (C=S) cm™. 'H
NMR (DMSO-dg): 6 6.60—7.50 (m, 9H, 4 thiophene-H and 5 Ar-H), 9.50 (s, 1H,
NH D,0 exchangeable), 10.20 (s,1H, NH, D,O exchangeable.). MS m/z (%): 341
(M*, 28) and 77 (100, base peak).

Synthesis of 5-(thiophene-2-yl) thieno [2, 3-d] pyrimidine-4-yl amine (4)

A mixture of 1 (0.2 g, 1 mmol) and formamide (30 ml) was heated on oil-bath
(210-220° C) for 4 h. After cooling, the resulting solution was diluted with water
and the obtained solid precipitated was filtered off, dried and recrystallizaed from
ethyl acetate to afford (75 %) of compound 4.

IR (KBr): v 3208, 3055 (NH,), 1607, 1562 (C=N, C=C) cm™ 'H NMR
(DMSO-d6): 6 5.08 (s, 2H, NH,, D,0O exchangeable), 7.00-7.80 (m, 4 thiophene-
H), 8.65 (s, 1H, C,-H). *C NMR (DMSO-de): 6 C,- (166.74), C,- (158.26), Cs-
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(112.89), Ce- (153.93), C-,' (120.72), Cs-' (126.49), C,-' (135.88). MS m/z (%)
233 (M7, 25) and 83 (100, base peak).

Synthesis of 1-(substituted)-3-[5-(thiophene-2-yl) thieno [2, 3-d] pyrimidin-4-yl]
urea or thiourea (5a-c)

General procedure

A mixture of compound 4 (0.23 g, 1 mmol), and the appropriate isocyanate or
isothiocyanate (1.2 mmol) in dry benzene (25 ml) containing drops of triethylamine,
was heated under reflux for 15 hr. The solid product which separated after cooling
was filtered off, dried and crystallized from the proper solvent to give 5a-c.

1-Ethyl-3-(5-(thiophenyl-2-yl) thieno [2, 3-d] pyrimidin-4-yl) urea, (5a)

IR (KBr): v 3377, 3224 (2 NH), 1670 (C=0) cm™. *H NMR (DMSO-d6): &
1.05-1.08 (s, 3H, CH3 ethyl), 3.19-3.37 (q, 2 H, CH, ethyl), 5.40 (b.s, 1H, NH D,0O
exchangeable), 7.25-7.88 (m, 4 thiophene-H), 8.20 (s,1H, NH D,0O exchangeable),
8.90 (s, 1H, C-, H). MS m/z (%): 304 (M", 23) and 88 (100, base peak).

1-Methyl-3-(5-(thiophenyl-2-yl) thieno [2, 3-d] pyrimidin-4-yl) thiourea (5b)

IR (KBr): v 3294, 3091 (NH, NH) cm™. *H NMR (DMSO-dg): & 3.20-3.40 (s,
3H, CH3) 7.19-7.68 (m, 4 thiophene-H, NH D,O exchangeable), 8.31 (s, 1H, C-
,H), 8.60, 9.10 (b. s, 2H, 2NH, D,0 exchangeable),. MS m/z (%): 306 (M*, 35)
and 83 (100, base peak).

1-Phenyl-3-(5-(thiophenyl-2-yl) thieno [2, 3-d] pyrimidin-4-yl) thiourea (5c)

'H NMR (DMSO-dg): 7.19-7.68 (m, 10H, 4 thiophene-H, 5 Ar-H, NH), 8.30
(s, 1H, C-, H) § 9.00, 9.30 (s, 1H, NH D,0 exchangeable). MS m/z (%): 368 (M,
26) and 77 (100, base peak).

N-[5-(2-thienyl-3-ethoxycarbonyl) thieno [2.3-d] pyrimidin-4-ylidene] carbamate (6)
A mixture of 4 (0.23 g, 1 mmol) and excess ethyl chloroformate (10 ml) was
heated under reflux until a clear solution was obtained (3 hr). The reaction
mixture was then evaporated till dryness and the obtained solid product was
filtered off. Recrystallization from n-hexane afforded (75 %) of N-[5-(2-thienyl)-
3-ethoxycarbonyl) thieno [2.3-d] pyrimidin-4-ylidene] carbamate (6).

IR (KBr): v 1760, 1725 (C=0) cm™. 'H NMR (DMSO-dg): 5 1.15-1.30 (t, 6H,
2CHs-ethyl), 4.10-4.30 (m, 4H, 2CHy,), 6-70-7.60 (m, 4H thiophene- H), 8.65 (s,
1H, C,-H). MS m/z (%):377 (M", 36) and 83(100, base peak).

Reaction of 5-(thiophene-2-yl) thieno [2, 3-d] pyrimidine-4-ylamine 4 with alkyl halides
General procedure
Compound 4 (0.23 g, 1 mmol) and the desired alkyl iodide (methyl or ethyl)
(1 mmol) were dissolved in dimethyl formamide (20 ml) and heated under reflux
for 3 hr. Excess solvent was evaporated till dryness under pressure. The remained
residue was triturated with drops of dry acetone. The solid product obtained was
filtered off, dried and crystallized from ethanol to give 8a, b.
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3-Methyl-5-(thiophenyl-2-yl) thieno [2, 3-d] pyrimidinium iodide (8a)

IR (KBr): v 3385, 3100 (NH,) cm™. *H NMR (DMSO-d6): & 3.90 (s, 3H,
CHs), 5.20 (b, 2H, NH, D,0O exchangeable), 6.90-7.50 (m, 4H, thiophene-H),
8.20 (s, 1H, C-, H). MS m/z (%): 247 (M*-HI) and 88(100, base peak).

3-Ethyl-5-(thiophenyl-2-yl) thieno [2, 3-d] pyrimidinium iodide (8b)

IR (KBr): v 3429, 3130 (NH,), 1628, 1544 (C=N, C=C).cm™; 'H NMR
(DMSO-dg): & 1.20-1.40 (t, 3H, CHj3), 3.60-3.80 (g, 2H, CH,), 5.55 (b, 2H, NH,
D,0 exchangeable), 6.80-7.60 (m, 4H thiophene-H), 8.55 (s, 1H, C-,H). MS m/z
(%): 261 (M*-HI) and 88 (100, base peak).

Rearrangement of thieno pyrimidinium iodides salts (8a-b)

To a solution of thieno pyrimidinium iodides salts (8a, b) (10 mmol) in dilute
ethanol (50 %, 50 ml), sodium hydroxide solution (4%, 2 ml) was added. The
reaction mixture was refluxed on water bath for 2 hr and then left to cool. The
obtained solid product was filtered off, dried and crystallized from ethanol to
give compounds 9a, b.

N-methyl-5-(thiophen-2-yl) thieno [2,3-d]pyrimidin-4-amine (9a)

IR (KBr): v 3429, 3130 (NH,) cm™; *H NMR (DMSO-d6): § 3.65 (s, 3H,
NCHj3), 6.70-7.8.5 (m, 4H thiophene-H), 8.65 (s, 1H,C-,H), 9.20 (br, 1H, NH
D,0 exchangeable) MS m/z (%):247 (M*, 33) and 88(100, base peak).

N-ethyl-5-(thiophen-2-yl) thieno [2,3-d]pyrimidin-4-amine (9b)

IR (KBr): v 3429, 3130 (NH,) cm™. *H NMR (DMSO0-d6): & 1.30 (s, 3H, CHj),
4.30 (g, 2H, CH,); 6.70-7.80 (m, 4H, thiophene-H), 8.70 (s, 1H,C-,H), 10.2 (br, 1H,
NH D,O exchangeable). MS m/z (%): 261 (M", 19) and 88 (100, base peak).

Synthesis of ethyl —-N-4-cyano-2,3 -bithophene-5-yl- formimidate (10)

A mixture compound 1 (0.2 g, 1 mmol), triethylortho-formate (10 ml) and
trifluroacetic acid (0.5 ml) in THF (5 ml) was heated under reflux for 6 hr. The
solvent was removed by distillation under reduced pressure, the reminder was left
to cool and titrated with ethanol. The formed solid product was collected by
filtration, washed with ethanol and recrystallized from ethanol to afford 60 % of
compound 10.

IR (KBr): v 2214 (C=N) cm™; 'H NMR (DMSO-d6): 81.45-1.58 (t, 3 H, CHs
ethyl), 4.39-4.42 (q, 2 H, CH, ethyl), 6.90-7.50 (m, 4 H, thiophene-H), 8.00 (s, H,
N=CH). MS m/z (%): 262 (M", 29) and 190 (100, base peak).

Synthesis of (11 a —)

General procedure

A mixture of compound 10 (0.26 g, 1 mmol) and hydrazine hydrate (0.5 ml,
80%) or alkyl amine (methyl, ethyl amine) in absolute ethanol (10 ml) was stirred
at room temperature for 20 hr. The solid product was filtered off, dried and
crystallized from ethanol to give 11a-c.
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N'-(4'cyano-2,3'-bithiophen-5"-yl)formimidohydrazide (11a)

IR (KBr): v 3317, 3193, 3103 (NH,, NH), 2200 (C=N) cm™; 'H NMR
(DMSO-d6): & 5.30-5.80 (b, 2H, NH, D,0 exchangeable.), 6.80-7.80 (m, 4H
thiophene-H) 10 8.60(s,1H, NH D,O exchangeable) (s, 1H, N=CH),). MS m/z
(%): 248 (M*, 29) and 88(100, base peak).

N'-(4'-Cyano-2, 3-bithiophen-5-yl)-N-methyl formimidohydrazide (11b)

IR (KBr): v 3316 (NH), 2198 (C=N), (1613) (C=N) cm™; 'H NMR (CDCLs): &
2.80 (s, 3H, CHs), 7.10-7.60 (m, 4H, thiophene-H), 8.10 (s, 1H, N=CH), 8.40 (s,
1H, NH D,0 exchangeable). MS m/z (%): 247 (M*, 19) and 88 (100, base peak).

N'-(4'-cyano-2.3'-bithiophen-5'-yl)-N'-ethyl formimidohydrazide (11c)

IR (KBr): v 3321 (NH), v 2199 (C=N) cm™; *H NMR (DMSO0-d6): & 1.30-
1.50 (t, 3H, CHs), 4.10-4.30 (g, 2H, CH,), 7.00-7.50 (m, 4H, thiophene-H), 8.20
(s, 1H, N=CH), 8.30 (s, 1H, NH, exchangeable with D,0). MS m/z (%):261 (M", 15)
and 88(100, base peak).

Materials and Method

Biological activity

Antimicrobial activities of the newly synthesized compounds were tested by
measuring the inhibitory effects of such compounds against Gram-negative,
Gram-positive bacteria and fungi using agar diffusion technique. The fungi
(Aspergillus niger and Penicillium sp.), the yeast (Rhodotorula ingenious), the
gram positive bacteria (Bacillus subtilis , Streptococcus lactis) and the gram
negative bacteria (E. coli, Pseudomonas sp.) and Streptomycin sp. were obtained
from Biotechnology Department at the National Research Center (Egypt).
Streptomycin and fusidic acid were used as references and were also obtained
from the same source.

Concentrations of the compounds under test were used according to modified
Kirby-Bauer's disk diffusion method®. The sterile discs were impregnated with
10pg/disc with the tested compound. Each tested compound was performed in
triplicate. The solvent DMSO was used as a negative control, streptomycin and
fusidic acid were used as stander. Calculated average diameters (for triplicates)
of the zone of inhibition (in mm) for tested samples with that produced by the
stander drugs®®.

On the other hand, we used 5 different concentrations (10, 20, 30, 40 and 50
ug) of the compounds that exhibited a moderate antimicrobial activity such as (1,
2d, 3a and 11c), all the compounds exhibit significant antibacterial and antifungal
activity at higher concentration (Table 2).

The following media were used:
1-PDA medium: this medium was used for fungi cultivation. It consists of 4 g
dextrose /L Potatoes extract.
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2-Czapek Dox medium; It consists of 10 g glucose, 2 g KNOs, 1 g K;HPO,,
0.5 g KClI, and 0.5 g MgSQ,, and 0.05 g ferrous sulphate / L distilled water.
This medium is specialized for bacteria cultivation.

3-Medium 3: It consists of 10 g glucose, 59 peptone, 3 yeast extract, and 3
Malt extract. It is used for yeast cultivation.

The gram positive, gram negative bacteria and fungi were found to be more
sensitive to the compounds 2b, 3b and 5c compared to the corresponding
references. The growth of all strains under study was inhibited when high
concentration of compounds 1, 2d, 3a and 11c were used.

On the other hand when we used different concentrations of the compounds
that exhibited a moderate antimicrobial activity (1, 2d, 3a and 11c), all the
compounds exhibit significant antibacterial and antifungal activity at higher
concentration as depicted in Table 3 and Fig. 1 & 2.

TABLE 3. Effect of different concentrations of compounds that have a moderate
effect on the growth.

Fungi Bacteria
Compound
conc.(ug) Ri calb P.sp An Gram-ve Gram +ve
P.s E.c S B.s
10 14 15 14 19 17 20 18 19
20 18 17 18 20 18 21 21 20
1 30 21 19 21 22 20 23 23 22
40 21 20 21 25 24 23 24 25
50 21 20 21 25 24 24 24 25
10 16 16 16 19 21 19 20 19
20 19 20 19 22 24 22 23 22
2d 30 22 22 22 25 24 24 25 25
40 22 22 22 25 24 24 25 25
50 22 22 22 25 24 24 25 25
10 16 17 16 17 18 17 18 17
20 19 20 19 20 21 20 20 20
3a 30 20 21 20 23 24 23 23 23
40 20 21 20 23 24 23 23 23
50 20 21 20 23 24 23 23 23
10 15 17 15 19 20 21 20 19
20 17 18 17 21 23 23 23 21
1lic 30 19 20 19 24 25 24 24 24
40 19 20 19 24 25 24 24 24
50 19 20 19 24 25 24 24 24
control 17 18 18 17 21 22 21 22
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Fig. 2. Effect of different concentrations of compounds 1,2d,3a on Echerichia coli.

Structure—activity relationship (SAR)

From the results obtained, we can conclude that the thiophen-thioureido
moiety is essential for the activity against true fungi (moulds) and Bacteria.
These results agree with previously reported results®®. Amongst the dozens of
synthesized bithiophens found in recent few years™®, compounds 2b, 3b and 5c¢
showed good observed activities against pathogenic bacteria and fungi such as
Pseudomonas sp (Ps), Escherichia coli (E.c) Streptococcus lactis (S.I), Bacillus
subtilis (B.s) and Candida albican (C.a) .

So, these compounds can be considered as a lead compound in this field.
Further studies are in progress on the same compounds to increase their activities
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and understand their QSAR. The overall results of the present study can be
considered very promising in the perspective of new drugs discovery, with
respect to the medical importance of the tested microorganisms.
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