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PROPERTIES OF NEW DITHIENYL
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Some new pyran 3,8; pyrano[2,3-b]pyridine 4; pyrano[2,3-d] pyrimidine 5,6,7 and 9; pyrid-
ine 1014 derivatives have been prepared. The structure of all the new compounds have been
established on the basis of elemental analyses and spectroscopic data. All the synthesized
compounds have been screened for their antibacterial activity. Pyranopyrimidinethione 7 and
pyridinethione 10 exhibited a good antibacterial activity compared with the standard antibi-
otic Gentamycin.

Keywords: Pyran; pyranopyridine; pyranopyrimidines; pyridines and antibacterial activity

INTRODUCTION

Several polycyclic systems containing a fused pyran ring are reported to
possess biological activity“‘S], Likewise, certain pyridines and pyranopy-
rimidines have been recently described to exhibit antimicrobial action(®7],
On the other hand, the antimicrobial activity has been found in several
derivatives of thiophene[g‘lo]. Based on these findings, and in continua-
tion of our work on search for new antibacterial compounds[11'14], we
report here several new approaches to these derivatives.

* To receive any correspondence.
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RESULTS AND DISCUSSION

Reaction of malononitrile with chalcone 2 in ethanol in the presence of
piperidine afforded 2-amino-4,6-di(2-thienyl)-4H-pyran-3-carbonitrile 3
(Scheme 1), the structure 3 was established from elemental analysis and
spectral data. Its IR spectrum showed an amino stretch at 3350, 3235
em™!a cyano stretch of 2210 cm™! and the 4H-pyran C=C bands at 1640
and 1610 cm™! [13], The 'H-NMR spectrum of (3 in DMSO-dg) showed in
addition to the aromatic signals, a broad singlet integrating for two protons
at 8 5.9 which was attributed to the 2-amino group protons and two dou-
blets at & 4.7 (J=2Hz) and at § 4. 1 (J=2Hz) integrating for one proton
each, which were assigned to H-4 and H-5 respectively; m/z 286 (M*,
10.65%), 272 (100), 243 (65.05); 220 (46.18), 191 (30,95), 111 (77.51), 84
(96.99), 69 (67.19).

b
L

SCHEME 1
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The preparation of 2-amino-4H-pyran by Michael addition of ethyl
cyanoacetate or malononitrile to o-benzoylcinnamonitrile has also been
reported[16]. A proposed reaction mechanism for the formation of the
2-amino-4,6-di(2- thienyl)-4H-pyran-3-carbonitrile 3 is illustrated in
(Scheme 2).
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SCHEME 2

The present investigation represents the action of some active methylene
compounds on 3. Hence, condensation of 3 with malononitrile in refluxing
ethanol in presence of triethylamine gave 5,7-diamino-6-cyano-
2,4-di(2-thienyl)-4H-pyrano -[2,3-b]pyridine 4. Structure 4 is supported by
elemental analysis; IR spectrum, which showed bands at 3450, 3400,
3340, 3250 cm™! (2NH,), 2230 cm™! (C=N).

When 3 was refluxed with formic acid it afforded the corresponding
2,4-di(2-thienyl)-4,6-dihydro-5-oxo-pyrano[2,3-d]pyrimidine 5§, while
with formamide the respective 5-amino-2,4-di(2-thienyl)-
4H-pyranof{2,3-d]-pyrimidine 6 was obtained (Scheme 1). The structure of
5 and 6 were determined from their correct elemental analysis and spectral
data. IR of both 5 and 6 showed the absence of (C=N), 5: vmaX/cm‘13150
(NH), 1690 (C=0), 1630 (C=N); 6: vma,‘/cm‘l 3320, 3280, 1620 due to
(NH,), (C=N); m/z 313 (M*, 15.71%), 244 (29.34), 206 (15.99), 171
(13.90), 129 (27.69), 97 (59.59), 54 (100).
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Interaction of 3 with phenyl isothiocyanate for a long time furnished
5-amino-2,4-di(2-thienyl)-4,6-dihydro-6-phenylpyrano[2,3-d]pyrimidin-
7-thione 7, vma,(/cm‘1 3420 (NH), 1280 (C=S). &y (['H(,] DMSO) 4.4 (1H,
d, H-3 pyran), 4.7 (1H, d, H-4 pyran), 7.1-7.5 (11H, m, Ar-H + thienyl-H),
9.8 (2H, s, 2NH); m/z 421 (M*, 0.22%), 384 (0.28), 194 (86.43), 119
(8.74), 93 (100), 77 (45.82).

The reaction product of 3 with acetic anhydride varies with the time of
reaction. When the reactants were refluxed for 15 min,
2-acetylamino-3-cyano-4,6-di (2-thienyl)-4H-pyran 8 was obtained
(Scheme 1). vmax/cm‘13360 (NH), 2220 (C=N), 1720 (C=0). 3y ([1H6]
DMSO) 2.3 (3H, s, COCH3), 4.5 (1H, d, H-5 pyran), 4.7 (1H, d, H-4
pyran), 7.2-7.6 (6H, m, thienyl-H), 10.1 (1H, s, NH). On the other hand 10
h reaction time afforded the 2,4-di(2-thienyl)-4,6-dihydro-5-oxo-7-methyl-
pyrano[2,3-d]-pyrimidine 9, Ve /em™! 3270 (NH), 1700 (C=0), 8(I'H]
DMSOQ) 2.2 (3H, s, CH3), 3.9 (1H, d, H-3 pyran), 4.3 (1H, d, H-4 pyran),
6.9-7.7 (6H, m, thienyl-H), 10.3 (1H, s, NH).

Condensation of 2-acetylthiophene 1 with p-methoxyphenylmethylene-
cyanothioacetamide furnished 3-cyano-4(4’-methoxyphe-
nyl)-6-(2thienyl)-2(1H)pyridinethione 10 (Scheme 3). vma,(/cm”l 3150
(NH), 2215 (C=N), 1320 (C=S). SH([IHé] DMSO) 3.5 (3H, s, OCH;), 7.0-
7.6 (TH, m, Ar-H + thienyl-H), 8.3 (1H, s, CH pyridine), 9.2 (1H, s, NH);
m/z 324 (M*, 41.97%), 293 (11.31), 213 (7.81), 185 (9.86), 129 (23.74),
97 (51.39), 54 (100). Treatment of 10 with chloroacetone yielded 2-acetyl-
methylthio-4 (4’-methoxyphenyl)-6-(2-thienyl)-pyridine-3-carbonitrile 11.
vmax/cm”1 2900 (CH aliphatic), 2210 (C=N) 1680 (C=0) 81([1H6]
DMSO) 2.5 (3H, s, COCHjs), 3.4 (3H, s, OCHj3), 3.9 (2H, s, SCH»), 7.1-
7.7 (7TH, m, Ar-H + thienyl-H), 8.1 (1H, s, CH pyridine); m/z 380 (M*,
18.87%), 381 (M+1, 4.95), 324 (100), 293 (37.21), 229 (24.53), 163
(71.76), 90 (39.98), 82 (17.87).

The reaction of malononitrile with chalcone 2 in the presence of sodium
hydroxide in  methanol and/or n-butyl alcohol  afforded
4,6-di-(2-thienyl)-2- methoxypyridine-3-carbonitrile 12a and 2-buty-
loxy-4,6-di-(2-thienyl)-pyridine- ~ 3-carbonitrile  12b,  respectively
(Scheme 3). The IR spectra of the pyridines 12a,b showed a nitrile stretch
at 2220, 2200 cm™', and characteristic pyridine ring bands at 1610, 1595
and 1570, 1550 cm™' U7}, &, of 12b (['Hg] DMSO) 1.9 (3H, t, CH3), 3.5~
4.2 (6H, m, 3CH,butyl), 7.2-7.6 (6H, m, thienyl-H}), 8.3 (1H, s, CH pyrid-
ine).
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SCHEME 3

A proposed route for the formation of the 2-meth-
oxy-4,6-di-(2-thienyl)-pyridine-3-carbonitrile 12a is shown in (Scheme 4),
the initially formed 2-amino-4,6-di(2-thienyl)-4H-pyran 3 undergoes ring
opening and subsequent pyridine ring formation, the pyridine nitrogen
being drived from the 2-amino group.“g'zol .
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Treatment of the chalcone 2 with malononitrile and/or ethyl cyanoace-
tate in presence of ammonium acetate in ethanol afforded
2-amino-4,6-di(2-thienyl)- pyridine-3-carbonitrile 13 and 2-0xo0-4,6-di(2-
thienyl)-pyridine-3-carbonitrile 14, respectively (Scheme 3). 13:
Vmax/cm™ 13380, 3200 (NH,), 2210 (C=N), 1650 (C=N). 14z v, Jom™!
3320 (NH), 2220 (C=N), 1690 (C=0). 14: &y ({'Hg} DMSO) 7.2-7.7 (6H,
m, thienyl-H), 8.2 (1H, S, CH pyridine], 9.7 (1H, s, NH).
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Biological Activity

The synthesized compounds (3-14), dissolved in dimethylformamide
(DMF), were screened for their antibacterial activity against Escherichia
coli, Serratia marcescens, Staphylococcus aureus and Bacillus cereus,
using Gentamycin as a comparison standard antibiotic. The cup-diffusion
technique was performedm].

The resuits (Table I) revealed that compound 7 containing thione and
dithienyl moieties and compound 10 which contains methoxy, thione and
thienyl moieties showed a promising activity equal to that of Gentamycin.

TABLE I Antibacterial activity of the synthesized compounds

Inhibition zone (mm)

Compd.“* No.
E. coli S. marcescens Staph. aureus B. cereus
3 16 - 14 15
4 14 12 12 12
5 12 10 - 16
6 - 12 18 10
7 27 26 28 24
8 10 - 15 13
9 - 16 12 -
10 30 28 30 24
11 18 12 - -
12a 14 - 18 10
12b - 12 20 -
13 - 10 15 10
14 16 14 - -
DMF - - - -
Gemamycinb 28 27 30 25

a- in a concentration of 1 mg/mi DMF.
b- in a concentration of 0.2 mg/ml distilled H,O.

On the other hand the other tested compounds showed a moderate anti-
bacterial activities.
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EXPERIMENTAL

Mps are uncorrected. Elemental analyses were carried out in the Micro-
analytical Laboratories of the Faculty of Science, Cairo University. IR
spectra (KBr discs) were measured on a Shimadzu IR 440 spectrophotom-
eter. 'H-NMR spectra were measured on a Varian GEMINI 200 instrument
(200 MHz, lH-NMR), using DMSO-dg as a solvent and TMS as internal
standard. Chemical shifts are expressed as & ppm units. Mass spectra were
obtained using HP MODEL: MS-5988.

2-Acetylthiophene 1 and chalcone 2 were prepared according to a litera-
ture methods2%23],

2-Amino-4,6-di(2-thienyl)-4H-pyran-3-carbonitrile (3)

A mixture of chalcone 2 (0.01 mol) and malononitrile (0.01 mol) were dis-
solved in ethanol (30 ml), piperidine (8 ml) was added. The resulting solu-
tion was stirred at room temperature for 20 h, and then the solvent was
evaporated. To the residue cold acetic acid solution (20 ml, 20%) was
added and the precipitated product was filtered and crystallised from etha-
nol to give 3 (Table II).

5,7-Diamino-6-cyano-2,4-di(2-thienyl)-4H-pyrano(2,3-bJpyridine (4)

A suspension of 3 (0.01 mol) in ethanol (20 ml) containing a catalytic
amount of triethylamine was treated with malononitrile (0.01 mol). The
reaction mixture was refluxed for 10 h. The separated solid was filtered off
and crystallised from ethanol to give 4 (Table II).

2, 4-Di(2-thienyl)-4,6-dihydro-5-oxo-pyrano(2,3-d]pyrimidine (5)

A solution of 3 (0.01 mol) in formic acid (20 ml) was refluxed for 6 h. The
separated solid was collected and crystallised from ethanol-Benzene to
give 5§ (Table II).

5-Amino-2,4-di(2-thienyl)-4H-pyrano][2,3-d]pyrimidine (6)

A mixture of 3 (0.01 mol) in formamide (20 ml) was refluxed for 8 h. The
solvent is removed under reduced pressure and the obtained solid was
crystallised from DMEF to give 6 (Table II).
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TABLE II Characterization data of newly synthesized compounds 3-14
Compd Analysis% Required / (Found)
‘;\’,’1‘7” " M. P°C Yield%  Mol.-formula
' (o H N

3 248-50 86 Cy4H,oN,08; 58.74 3.49 9.79
(58.50) (3.20) (9.40)

4 >360 81 C;7H,,N,08, 57.95 3.40 15.90
(58.20) (3.70) (15.60)

5 280-82 73 Cy5N1gN70,8, 57.32 3.18 8.91
(56.90) (3.40) (8.80)

6 >360 91 C]5H11N3052 57.50 3.51 13.41
(57.20) (3.10) (13.70)

7 140-42 63 C,H,5N;08; 59.85 356 9.97
(59.50) 3.20) (9.70)

8 358-60 75 CiH3N,0,8;  58.53 3.65 8.53
(58.20) (3.30) (8.80)

9 200-202 69 CgH{2N;0,8, 58.53 3.65 8.53
(58.20) (3.80) (8.70)

10 240-42 85 Cy7H,,N,08, 62.96 3.70 8.64
(63.20) (3.40) (8.30)

11 >360 59 CyH gN,0,S,  63.15 4.21 7.36
(63.50) (4.10) (7.60)

12a >360 64 CsH,oN,0S, 60.40 3.35 9.39
(60.60) (3.10) (9.20)

12b >360 58 C gHgN,0S, 63.52 4.70 8.23
(63.80) (4.30) (8.50)

13 120-22 78 C14HgN3S, 59.36 3.18 14.84
(59.70) (3.50) (14.60)

14 350-52 72 C14HgN,08, 59.15 2.81 9.85
(58.80) (2.50) (9.50)

5-Amino-2,4-di(2-thienyl)-4,6-dihydro-6-phenyipyrano

[2, 3-d]pyrimidine-7-thione (7)

A mixture of 3 (0.01 mol), phenyl isothiocyanate (0.01 mol), dioxan (15
ml) and pyridine (2 ml) was heated under reflux for 24 h. The reaction
mixture was then cooled poured into crushed ice. The resulting solid was
washed with water, dried and crystallised from acetic acid to give 7
(Table II).
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2-Acetylamino-3-cyano-4,6-di(2-thienyl)-4H-pyran (8)

A solution of 3 (0.01 mol) in acetic anhydride (20 ml) was heated under
reflux for 15 min to give N-acetyl derivative 8 (Table II).

2,4-Di(2-thienyl)-4,6-dihydro-5-oxo-7-methylpyrano(2,3-d]
pyrimidine (9)

A solution of 3 (0.01 mol) in acetic anhydride (20 ml) was heated under
reflux for 10 h. The solid obtained was crystallised from acetic acid to give
9 (Table II).

3-Cyano-4(4’-methoxyphenyl)-6-(2-thienyl)-2 (1H)pyridinethione (10)

A mixture of 1 (0.01 mol), p-methoxyphenylmethylenecyan-
othioacetamide (0.01 mol) in ethanol (50 ml) containing ammonium ace-
tate (1g) was refluxed for 5 h. The reaction mixture was cooled, filtered,
washed with water, dried, and crystallised from ethanol to give 10 (Table
).

2-Acetylmethylthio-4(4'-methoxyphenyl)-6-(2-thienyl) -pyridine-3-
carbonitrile (11)

Compound 10 (0.005 mol) was dissolved in ethanolic solution of sodium
hydroxide (20 ml, 10%), then the chloroacetone (0.05 mol) was added and
the mixture was heated under reflux for 15 minutes. After cooling, the
reaction mixture was poured onto a cold water and the solid product
formed was collected and crystallised from ethanol to give 11 (Table II).

General preparation for 2-alkoxy-4,6-di(2-thienyl)-pyridine-
3-carbonitrile (12a,b)

The chalcone 2 (0.01 mol), and malononitrile (0.01 mol) were dissolved in
the alcohol (methanol, n-butyl alcohol) (30 ml) and crushed sodium
hydroxide pellets (2.0 g) were added. The mixture was stirred at room
temperature for 18 h. The precipitated product was filtered off and crystal-
lised from ethanol to give 12a,b (Table II).
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2-Amino-4,6-di(2-thienyl)-pyridine-3-carbonitrile (13)

A solution of the chalcone 2 (0.01 mol), malononitrile (0.01 mol) and
ammonium acetate (0.08 mol) in absolute ethanol (50 ml) was heated at
reflux for 8 h. The reaction mixture was filtered while hot, concentrated
under vacuum, and then left to cool in an ice-bath. The separated product
was filtered and crystallised from ethanol to give 13 (Table II).

2-0x0-4,6-di(2-thienyl)-pyridine-3-carbonitrile (14)

A solution of the chalcone 2 (0.01 mol), ethyl cyanoacetate (0.01 mol) and
ammonium acetate (0.08 mol) in absolute ethanol (30 ml) was heated at
reflux for 10 h and then cooled. The separated solid was filtered and crys-
tallised from acetic acid to give 14 (Table II).
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