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Some novel pyridothienoxazine (5); pyridothienopyrimidines (6), (8), (9), (14); pyridoth-
ienoimidazole (16); isothiazolopyridine (17), and pyridoisothiazolopyrimidines (18-20) were
synthesized. The structural assignment of the prepared compounds were based on microana-
lytical and spectroscopic evidences. Some prepared compounds were tested in vitro for their
antitumor and radioprotective activities. Compounds (7), (12), (17) and (19) showed signifi-
cant activities against EAC cells, at a concentration of 250pug/ml; while the isothiazolopyrid-
ine (17) exhibited radioprotective activity.

Keywords: Pyridothienopyrimidines; isothiazolopyridine; pyridoisothiazolopyrimidines;
antitumor and radioprotection activities

INTRODUCTION

Pyridothienopyrimidines, an example of triheterocyclic system, have
attracted much attention because of their promising biological activities'.
The various derivatives of 3-cyano-2(1H)pyridinethione are of some inter-
est as strategic intermediates for the production of physiologically active
substances, for the protection of plants,2=5, On the other hand many pyrid-
ine, pyrimidine, imidazole, isothiazole derivatives incorporating a sulfur
are widely used as antitumor and radioprotective drugs7'13. Therefore, it

seemed of interest to synthesize a series of fused ring pyridothieno-hetero-

* To whom correspondence should be addressed.
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cyclic, an isothiazolopyridine and pyridoisothiazolopyrimidines to evalu-
ate their antitumor and radioprotection activities.

RESULTS AND DISCUSSION

Interaction of (1)14 with some active methylene chloro compounds,
namely chloroacetone and ethyl chloroacetate, furnished 2-acetyl-methyl-
thio-6-phenyl-4-methyl-3-pyridinecarbonitrile ~ (2a)  and/or  ethyl
(3-cyano-6-phenyl-4-methylpyridinylthio)acetate (2b), respectively. IR
spectrum of (2a) showed bands at 2920 Cm™! (CH aliphatic), 2210 Cm™!
(C=N), 1690 cm™! (C=0). IR spectrum of (2b) exhibited bands at 2950
Cm™! (CH aliphatic), 2225 Cm™! (C=N), 1750 Cm™! (C=0). 'H-NMR
spectrum of (2a in DMSO-dg) showed signals at 2.4 [s, 3H, CHs), 3.4 [s,
3H, COCH;], 4.1 [s, 2H, SCH,], 7.1-7.8 [m, 6H, Ar-H]. IH-NMR spec-
trum of (2b in DMSO-dg) exhibited signals at 1.1 [t, 3H, CH;, ethyl], 2.8
[s, 3H, CH;], 4.0 [s, 2H, SCH;,], 4.2 [q, 2H, CH,, ethyl], 7.3-8.1 [m, 6H,
Ar-H]. ,

Cyclocondensation of (2a,b) in boiling ethanol in the presence of sodium
ethoxide gave 2-acetyl-3-amino-6-phenyl-4-methylthieno[2,3-b]-pyridine
(3a) and/or ethyl-3-amino-6-phenyl-4-methylthieno[2,3-b]-pyridine-2-car-
boxylate (3b). IR spectrum of (3a) showed disappearance of (C=N) band
and presence of bands at 3450, 3330 Cm! (NH,), 2900 Cm™! (CH
aliphatic), 1640 Cm™! (C=0). IR spectrum of (3b) showed absence of
(C=N) band and presence of bands at 3400, 3320 Cm™! (NH,), 2910 Cm™!
(CH aliphatic), 1700 cm™! (C=0). 'H-NMR spectrum of (3b in DMSO-dg)
exhibited signals at 1.8 [t, 3H, CH3, ethyl], 2.8 [s, 3H, CHj3], 4.1 [q, 2H,
CHy, ethyl], 6.3 [s, 2H, NH,]; 7.4-8.1 [m, 6H, Ar-H].

Saponification of the amino ester (3b) using alcoholic sodium hydroxide
furmished  sodium-3-amino-6-phenyl-4-methylthieno[2,3-b]-pyridine-2-
carboxylate (4), which afforded the 7-phenyl-2,9-dimethyl-pyrido
[3",2":4,5]thieno[3,2-d] —-3,1-oxazine-4(3H)-one (5), upon heating under
reflux in acetic anhydride. IR spectrum of (5) showed the absence of
(NH,) bands and presence of (C=0) at 1690 Cm~!.!H-NMR spectrum of
(5 in DMSO-dg) exhibited signals at 2.2 [s, 3H, CH;], 2.9 [s, 3H, CHj3,
pyridine], 7.2-8.1 [m, 6H, Ar-H].
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Treatment of (5) with ammonium acetate in boiling acetic acid led to
formation of 7-phenyl-2,9-dimethylpyrido[3‘,2°:4,5]thieno[3,2-d]-pyrimi-
dine-4(3H)-one (6). The same product (6) was obtained also when (7) was
heated under reflux in acetic anhydride. IR spectrum of (6) gave bands at
3365 Cm~! (NH), 1675 Cm™! (C=0). 'H-NMR spectrum of (6 in
DMSO-dg) exhibited signals at 2.4 [s, 3H, CHj, pyrimidine], 2.9 [s, 3H,
CH,;, pyridine], 7.2-7.8 [m, 6H, Ar-H], 10.5 {s, 1H, NH].

6-Phenyl-3-amino-4-methylthieno[2,3-blpyridine-2-carboxamide  (7)
was obtained via reaction of (1) with chloroacetamide in presence of
sodium ethoxide. IR spectrum of (7) showed the absence of (C=N) band
and presence of bands at 3400, 3340 Cm™! (NH,), 1680 Cm™! (C=0).
IH-NMR spectrum of (7 in DMSO-dg) showed signals at 2.8 [s, 3H, CHs],
3.5[s, 2H, CONH,], 7.2 [s, 2H, NH,}, 7.5-8.1 [m, 6H, Ar-H].

Interaction of (3b) with formamide gave 7-phenyl-9-methylpy-
rido-[3",2":4,5 Jthieno[3,2-d]pyrimidine-4(3H)-one (8). IR spectrum of (8)
exhibited bands at 3380 Cm™! (NH), 1700 Cm~}(C=0). 'H-NMR spec-
trum of (8 in DMSO-dg) showed signals at 2.8 [s, 3H, CH3], 6.6 [s, 1H,
CH, pyrimidine], 7.4-8.1 [m, 6H, Ar-H], 10.1 [s, 1H, NH].

Interaction of (3b) with phenyl isothiocyanate in dry pyridine for 48hr
gave 2-thioxo-3,7-diphenyl-9-methylpyrido[3°,2":4,5 ]thieno-[3,2-d]pyri-
midine-4(3H)-one (9). IR spectrum of (9) showed bands at 3300 Cm™!
(NH), 1700 Cm™! (C=0), 1600 Cm™~! (C=N), 1280 Cm™! (C=S). 'H-NMR
spectrum of (9 in DMSO-dg) exhibited signals at 2.7 [s, 3H, CH;], 7.0-7.9
[m, 11H, Ar-H], 10.7 {s, 1H, NH]. Mass spectrum of (9) showed a molecu-
lar ion peak m/z 401 (0.1%) with a base peak at 194 (100%) and other sig-
nificant peaks appeared at 373 (0.5%), 301 (0.26%), 289 (1.85%), 288
(16.62%), 286 (27.75%), 228 (6.87%), 210 (10.15%), 167 (8.34%), 105
(0.79%), 93 (74.71%), 77 (45.11%), 65 (24.64%).

Although a number of papers have been published conceming the syn-
thesis of 2(1 H)-pyridinethione derivatives, those containing a styryl group
have not yet been reported. Now we report the synthesis of some new
3-cyano-2(1H)-pyridinethiones containing styryl group and the corre-
sponding  polyfunctionally  substituted-3-aminothieno-[2,3-b]pyridine
derivatives. Thus, interaction of (1) with aromatic aldehydes afforded
3-cyano-6-phenyl-4-styryl-2-(1H) -pyridinethione (10), which was con-
verted into ethyl-3-amino-6-phenyl-4-styrylthieno [2,3-b]pyridine-2-car-
boxylate (11) via reaction of (10) with ethyl chloroacetate in
dimethylformamide in presence of anhydrous potassium carbonate. IR
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spectrum of (10a) showed bands at 3400 Cm™! (NH), 2220 Cm™! (C=N),
1290 Cm’l(C=S). IR spectrum of (11a) showed the absence of (C=N)
band and presence of bands at 3320, 3280 Cm™! (NH,), 2950 Cm~!(CH
aliphatic), 1680 Cm™! (C=O).1H-NMR spectrum of (10a in DMSO-dg)
showed signals at 7.3 [d, 1H, CH (b)], 7.9 [d, 1H, CH (a)], 7.4-7.8 [m,
11H, Ar-H]j, 8.4 [s, 1H, NH]. IH-NMR spectrum of (11a in DMSO-dg)
showed signals at 1.3 [t, 3H, CHj, ethyl], 4.4 [q, 2H, CH,, ethyl], 6.7 [br,
2H, NH,], 7. 1 [d, 1H, CH(b)], 7.3-7.8 [m, 11H, Ar-H], 7.9 [d, IH,
CH (a)l. .

3-Amino—4-methylthieno[2,3-b]pyridine-2-carboxhydrazide (12) was
obtained upon treatment of the amino ester (3b) or its precursor (2b) with
hydrazine hydrate. IR spectrum of (12) exhibited bands at 3400, 3360,
3280 Cm™! (NH, NH,), 1640 Cm™! (C=0).

The interaction of (12) with acetylacetone furnished 3-amino-4-methyl-
2-(3,5-dimethylpyrazol-1-yl)carbonylthieno-[2,3-b]pyridine (13). IR spec-
trum of (13) showed bands at 3200, 3150 Cm™! (NH,), 1700 Cm'l(C=0).
Mass spectrum of (13) showed a molecular ion peak m/z 362 (0.50%),
with a base peak at 317 (100%) and other significant peaks appeared at
334 (50.71%), 332 (97.44%), 289 (85.16%), 274 (31.84%), 189 (12.52%),
158 (71.45%), 144 (93.25%), 94 (10.30%), 75 (2.61%).

3-Formylamino-7-phenyl-9-methylpyrido[3*,2" : 4,5]thieno{2,3-d]-pyri-
midine-4(3H)-one (14) was obtained upon treating the amino hydrazide
(12) with formic acid. The interaction of (12) with nitrous acid gave
3-amino-6-phenyl-4-methylthienof2,3-b]pyridine-2-carboxyazide  (15),
which was subjected to Curtius rearrangement in refluxing xylene15 to
give 2-0x0-6-phenyl-8-methylpyrido[3°,2":4,5]thieno[3,2-d]imidazole
(16). IR spectrum of (14) showed bands at 3380 Cm™! (NH), 2930 Cm™!
(CH aliphatic), 1700, 1650 Cm™} (2C=0). IR spectrum of (15) showed
bands at 3230, 3190 Cm™! (NH,), 2180 Cm™! (CON3), 1690 Cm™! (C=0).
IR spectrum of(16) showed the absence of (CON3) band and presence of
bands at 3420, 3360 Cm™! (2NH), 1650 Cm™! (C=0). 'H-NMR spectrum
of (14 in DMSO-dg) showed signals at 2.7 [s, 3H, CH; ],7.4-8.2 [m,
6H,Ar-H], 8.5 [s, 1H, CH, pyrimidine], 8.6 s, 1H, CHO]}, 11.6 [s, 1H,
NH].

Treatment of (1) with chloramine furnished 3-amino-4-methyl-6-phenyl-
isothiazolo[5,4-b]pyridine (17), which was reacted with, methyl acrylate,
diethylmalonate and/or ethyl acetoacetate to give (18), (19) and (20),
respectively. IR spectrum of (17) showed the absence of (C=N) band and
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presence of bands at 3420, 3300 Cm™! (NH,), 3100 Cm™! (CH aromatic),
1630 cm™! (C=N). IR spectra of (18, 19, 20) showed the absence of (NH,)
bands. Mass spectrum of (17) showed a molecular ion peak m/z 241
(100%, base peak), and other significant peaks appeared at 243 (29.10%),
212 (21.28%), 192 (26.20%), 166 (27.86%), 127 (17.07%), 102 (15.08%),
77 (21.13%), 63 (10.52%). 'H-NMR spectrum of (18 in DMSO-dg) exhib-
ited signals at 2.7 [s, 3H, CH3], 3.9 [t, 2H, CH,CO], 4.3 [t, 2H, N-CH,],
7.2-7.8 [m, 6H, Ar-H]. Mass spectrum of (19) showed a molecular ion
peak m/z 309 (100%, base peak) and other significant peaks appeared at
310 (18.36%), 281 (27.59%), 267 (54.78%), 241 (50.83%), 226 (17.31%),
193 (21.65%), 140 (28.07%), 77 (18.35%), 69 (94.94%), 63 (7.39%).
Mass spectrum of (20) showed a molecular ion peak m/z 307 (1.12%),
with a base peak at 241 (100%) and other significant peaks appeared at
308 (2.37%), 309 (2.44%), 268 (35.66%), 192 (31.70%), 139 (24.51%), 85
(21.34%), 69 (15.06%).

EXPERIMENTAL

All melting points are uncorrected. The IR spectra were recorded on potas-
sium bromide disks on a JASCO FT IR spectrometer. 'H-NMR spectra
were measured on a Varian GEMINI 200 instrument (200 MHz,
1H-NMR), using DMSO-dg as a solvent and TMS as internal standard.
Chemical shifts are expressed as & ppm units. Mass spectra were obtained
using GCMS qp 1000 ex Scheimadzu instrument (70eV). Elemental analy-
ses were checked on a Perkin-Elmer CHN 240 A analyzer in Cairo Uni-
versity (ARE). The irradiation tool was a Canadian Cesium 137 irradiation
unit installed at National Centre for Radiation Research and Technology.

Alkylation of 3-cyano —6-phenyl —4-methyl-2(1H )-pyridinethione:

General Procedure

Compound (1, 0.005 mol) was dissolved in ethanolic solution of sodium
hydroxide (20 ml, 10%), then chloroacetone or ethyl chloroacetate (0.05
mol) was added and the mixture was heated under reflux for 15 minutes.
After cooling, the reaction mixture was poured into cold water, and the
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solid product was collected and recrystallized from ethanol to give 2a or
2b (Table I).

Cyclization of 2-alkylthio-6-phenyl-4-methylpyridine-3-carbonitrile

The mercapto derivatives (2a or 2b; 0.005 mol) was heated under reflux in
ethanolic sodium ethoxide solution (0.5 g, 0.02 g-atom of sodium in 25 ml
of absolute ethanol) for 30 minutes. After cooling, the solid product was
filtered and recrystallized from ethanol to give 3a or 3b (Table I).

Formation of 4

The amino ester (3b, 0.01 mol) was heated under reflux in methanolic
sodium hydroxide (30 ml, 10%) for 3hr. The solid product obtained after
cooling was filtered, washed with ethanol and dried. This compound was
used as such in the next procedure.

Formation of oxazine derivative 5

The sodium salt (4, 0.01 mol) was heated under reflux in acetic anhydride
(20 ml) for 3hr. The solid precipitate obtained on cooling was filtered and
recrystallized from dioxane to give 5 (Table I).

Formation of 6

Method A

A mixture of (5, 0.01 mol), ammonium acetate (0.02 mol) was heated
under reflux in acetic acid (20 ml) for 3hr. The solid product obtained after
cooling was filtered and recrystallized from acetic acid to give 6 (Table I).

Method B

A solution of (7, 0.01 mol) in acetic anhydride (5 ml) was heated under
reflux for 12hr. After cooling the solid formed was collected and recrystal-
lized from acetic acid to give 6.

Formation of 7

To a solution of (1; 0.005 mol) in ethanolic sodium ethoxide solution
(0.5 g, 0.02 g-atom of sodium in 25 ml of absolute ethanol), chloroaceta-
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mide (0.005 mol) was added and the mixture was heated under reflux for
1hr. After cooling, the solid product was collected and recrystallized from
ethanol to give 7 (Table I).

Formation of 8

A mixture of (3b, 0.01 mol) and formic acid (20 ml) was heated under
reflux for 8 hr. The solid product formed on cooling was collected and
recrystallized from ethanol to give 8 (Table I).

Formation of 9

A mixture of (3b, 0.01 mol) and phenyl isothiocyanate (0.01 mol) in pyrid-
ine (20 ml) was refluxed in an oil-bath for 48 hr (tlc). The reaction mixture
was cooled and triturated with aqueous ethanol. The resulting solid was
filtered, dried and recrystallized from dimethylformamide to give 9
(Table I).

Formation of 10

To a solution of (1, 0.01 mol) in dioxane (20 ml), benzaldehyde or 2-thien-
aldehyde (0.011 mol) and a catalytic amount of piperidine were added.
The reaction mixture was refluxed for 45hr. After cooling, the precipitate
was filtered and recrystallized from acetic acid to give 10a or 10b
(Table I).

Formation of 11

To a solution of (10a,b; 0.01 mol) in dimethylformamide (50 ml), potas-
sium carbonate anhydrous (2.76 g, 0.02 mol) and ethyl chloroacetate
(0.01 mol) were added. The reaction mixture was stirred at room tempera-
ture for 7hr and then diluted with cold water (50 ml). The resulting solid
product was collected by filtration, washed with water, dried and recrysta-
lized from ethanol to give 11a or 11b (Table I).

Formation of 12

A mixture of (2b; 0.01 mol) and hydrazine hydrate (0.1 mol) in ethanol
were heated under reflux for 2 hr and was then allowed to cool. The solid
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precipitate was filtered, washed with water and recrystallized from diox-
ane to give 12 (Table I). Alternatively, it was obtained in 95% yield using
compound 3b instead of 2b.

Formation of 13

A mixture of (12; 0.01 mol) and acetylacetone (0.0l mol) was heated
under reflux in ethanol (20 ml) for 6 hr and was then allowed to cool. The
solid precipitate was filtered and recrystallized from ethanol to give 13
(Table I).

Formation of 14

A mixture of (12, 0.01 mol) and formic acid (10 ml) was heated at reflux
for 6 hr., and allowed to cool. The solid precipitate was collected and
recrystallized from ethanol-dimethylformamide to give 14 (Table I).

Formation of 15

A solution of sodium nitrite (0.01 mol) in water (10 ml) was added with
stirring to a solution of compound 12 (0.01 mo}) in acetic acid (15 ml) dur-
ing 5 minutes at room temperature. The solid product was filtered, washed
with cold water and air dried to give 15 (Table I).

Formation of 16

The carboxyazide (15, 0.01 mol) was heated at reflux in xylene (30 ml) for
30 minutes and then was allowed to cool. The solid product was filtered,
washed with petroleum ether, dried and recrystallized from dioxane to
give 16 (Table I).

Formation of 17

Aqueous chloramine [made by mixing 14% w/w sodium hypochlorite
(150 g) and aqueous ammonia (d 0.88; 12g) at 0°C was added in one por-
tion to a stirred solution of (1, 0.044 mol) in M sodium hydroxide (100 ml)
at 70°C. The mixture was allowed to cool, the colourless precipitate was
collected, washed well with water, and recrystallized from ethanol to give
17 (Table I).
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Formation of 18

A suspension of 17 (0.01 mol) and (0.01 mol) of methyl acrylate in ben-
zene (30ml) was heated under reflux. In 5 minutes the solid disappeared
and instantaneously a new white solid precipitated, which was filtered and
recrystallized from dioxane to give 18 (Table I).

Formation of 19

A suspension of 17 (0.01 mol) and (0.01 mol) of diethyl malonate in
o-dichlorobenzene (20ml) was heated under reflux for 3 hr. When the solu-
tion was cooled a white solid crystallized which was purified from
o-dichlorobenzene to give 19 (Table I).

Formation of 20

A mixture of 17 (0.01 mol), ethyl acetoacetate (0.01 mol) and 20 ml of
ethanol was refluxed for 3 hr. Once the solution cooled, a white solid crys-
tallized which was recrystallized from methanol to give 20 (Table I).

TABLE I Characterization data of newly synthesized compounds (2-20)

Compd. M P°C Yield Mol.-formula Analysis % Required / (Found)
No. %o

c H N
Za 12426 64 CieHN,0S 6808 496 0.92
(6820)  (4.60)  (10.10)
2b 135-37 58  CysH;gN,0,S 6538 5.12 8.97
(65.60)  (5.30)  (8.60)
3a > 300 82 CigHN,0S 6808 496 9.92
(6830) (470)  (9.70)
3b 276-78 86  CH;N,0,8 6538  5.12 8.97
(6580)  (540)  (8.70)
4 > 300 79 CisHyN,O,SNa  58.82 3.59 9.15
(59.10)  (320)  (9.40)
5 280-82 65  CjiH|pN,0,8 6623 3.89 9.09
(66.50)  (3.60)  (3.80)
6 > 300 61 C7H;3N;0S 6644 423 13.68
(66.80)  (4.10)  (13.30)
7 > 300 85 CisH;3N;0S 6360 459 14.84

(63.20) (4.20) (14.40)
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Compd. M. P°C Yield Mol.-formula Analysis % Required / (Found)
No. %

C H N
8 > 300 63 CigH;N;0S 6552 3.15 1433
(65.80)  (3.50)  (14.10)
9 220-22 58 CpH;sN30S, 6583 3.74 1047
(6550) (3.90)  (10.80)
10a >300 61 CyoH1aNoS 7643 445 8.91
(76.10)  (4.10)  (8.60)
10b 160-62 65 CigHpN,S, 6750 375 8.75
(67.90) (350)  (8.50)
11a >300 51 CuHyN,0,8 7200 5.00 7.00
(7230)  (480)  (7.20)
11b > 300 56 CpHgN,0,S, 6502 443 6.89
(64.80)  (4.10)  (6.60)
12 287-89 81 CisHN;0S 6040 469 18.79
(60.60)  (4.40)  (18.40)
13 218-20 67 CuHgN4OS 6629 497 15.46
(66.10)  (4.60)  (15.10)
14 248-50 71 CHpN,0,S 6071 3.57 16.66
(60.40)  (320)  (16.30)
15 158-60 84 CisH;NsOS 5825 3.55 22.65
(58.60)  (3.70)  (22.40)
16 >300 78 CisHy N3OS 6405 391 14.94
(6380) (3.50)  (14.70)
17 133-35 90 Cp3HN;S 6473 456 17.42
(6440)  (420)  (17:20)
18 165-67 82 CigH;sN3OS 6508 4.40 14.23
(6530)  (4.10)  (14.50)
19 240-42 74 CiHyN30,S 6213 355 13.59
(6240)  (3.80)  (13.20)
20 202-204 86 C;H)3N;08 6644 423 13.68

(66.10) (4.40) (13.90)

BIOCHEMICAL STUDIES

In-vitro studies

- Determination of LD sy of the synthesized compounds

Various concentrations (25, 50, 100, 250 and 500 pg/ml)of the selected
compounds (1, 2b, 7, 12, 17 and 19) were incubated with Ehrlich Ascites
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Carcinoma cells (2.5 % 106 cells/ml) for 2 hr. The cytotoxic effect of the

tested compounds were determined according to the method of Lin. et al
(1978)1S, (Table I1).

TABLE II In-vitro cytotoxic activity of the synthesized compounds against Ehrlich Ascites
Carcinoma cells

Compd. % viability*
No.
conc ug/ml
0 25 50 100 250 500

1 100 91 84 70 76 71

2b 100 96 82 83 1 63

7 100 71 78 55 7 0

12 100 93 92 41 23 0

17 100 100 100 59 23 0

19 100 74 94 66 41 23

No. of non viable % 100

* % of nonviable cells= ——— "~
Total No. of cells

Effect of the synthesized compounds on growth rate of EAC cells

Compounds (1, 2b, 7, 12, 17 and 19) were incubated for 2 hr with EAC
cells (2.5 x 108 cells/ml) in a concentration of 100 pg/ml. At the end of
incubation the viable cells were counted in aheomocytometer using trypan
blue dye according to the method of Takemoto, et al (1982)'7. These
results were compared with those obtained by irradiation with a dose of 5
Gy after incubation.

TABLE III Effect of the synthesized compounds? on viability of EAC cells with or without
radiation exposure

Compd. Non-Irradiated Group Irradiated Group®
No.
No. of viable cells mean® + % No. of viable cells Mean + %
SE Mortality SE Mortality
Control 2.6 10°+0.06 x 10° - 2.26 x 108+ 0.01 x 10%* 13
1 1.75 % 10° £ 0.01 x 106+ 30 0.416x10%+0.02 % 10+ 84

2b 2.087x10%40.03x105% 165  0.37x 10540.01 x 10%* 85.7
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Compd. Non-Irradiated Group Irradiated Group®
No.

No. of viable cells mean® £ % No. of viable cells Mean %
SE Mortality SE Mortality

7 1.375x 10° + 0.01 x 10%* 45 2.593x10%10.01x 10% 100
12 1.06x10%+£0.02x10% 585  0.150x10°+0.01x10%* 942
17 1.487x1004£003%x10° 405  2.37x105+£0.09 x 105* 8

19 1.73 x 10° £ 0.06 x 105+ 335  2.61%10°£0.08 x 10° 100

a- Compound concentration = 100 pg/ml

b- Radiation dose = 5 Gy as single dose .

c- Mean of count for at least four sterile test tubes containing tumor cells suspension
per each group.

* significant P<0.05.

- Effect of the synthesized compdunds on nucleic acids of EAC cells.

A- Quantitative determination of DNA

DNA content in Ehrlich Ascites carcinoma cells after the incubation
period was evaluated by the method of Schnieder (1957)18.

B- Quantitative determination of RNA

RNA was estimated according to the method of Bobin (1953)19,
(Table IV).

TABLE 1V Effect of the synthesized compounds® on DNA and RNA of EAC cells with or

without radiation exposure®

Compd. DNA content (ug/ml ascites) RNA content (ng/ml ascites)
No.

Non-Irradiated  Irradiated Group Non-Irradiated  Irradiated Group
Group Group

Meant %of Meant % of Meanx %of Meant  %of
SE change SE change SE change SE change

Control  57.331 100 57.116 100 21.403 100 22.56 100

+1.59 +1.59 +23.2 +1.53

1 57.54 100.5 65915 98 19.206*  89.7 17.99* 79.7
+1.37 +2.16 +1.16 +1.35

2b 5295 8826  57.90* 86.3 12.89* 6020 16.045% 711
+1L.19 £0.791 +1.09

7 51.998 85.71  58.00* 86.4 15.48* 72.3 15.94% 70.5
+2.15 +0.87 +1.73
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Compd. DNA content (ng/ml ascites) RNA content (ng/ml ascites)
No.
Non-Irradiated  Irradiated Group ~ Non-Irradiated  Irradiated Group
Group Group
Meant  %of Meant  %of Meant %of Meant  %of
SE change SE change SE change SE change
12 60.77 1065 61.00* 90.8 21.20 99 14.789* 655
+09 +1.679 +0.739 +3.03
17 55944 96.28  31.25* 479 22.55 106.8 14.019* 629
+2.15 +1.325 +1.019 .
19 60.55 108.6  40.40* 60.2 21.76 101.6 13.236* 585
+0.99 +1.491 +0.799 +221

a- Compound concentration = 100 pg/ml
b- Radiation exposure at dose level 5 Gy

* Significant P<0.05

- Effect of the synthesized compounds on protein content of EAC cells
The protein content of the incubation mixture of tumor cells and the tested

compounds (1, 2b, 7, 12, 17 and 19) was determined according to Lowry
(1951)%° using Folin-Ciocalteu reagent, (Table V).

TABLE V Protein content of control EAC cells and cells treated with the synthesized

compounds? with or without radiation exposure

b

Compd. No. Protein content (mg/m! ascites)
Non-Irradiated Group Irradiated Group
Mean £ SE % of change Mean + SE % of change

Control 21.35+£0.20 100 2235+2.03 100

1 2342+1.3 109.7 19.510.15 87.6

2b 15331£04* 71.80 15.33 £ 1.06* 68.5

7 12.48 £0.7* 5845 12.48+£0.4* 55.8

12 2232+0.31* 104.74 10.68 £0.03* 47.7

17 19.5 £0.09 91 23.26 £0.09 100

19 16.2 £ 0.12* 75.8 16.26 £0.05* 72.2

a- Compound concentration = 100 pg/ml
b- Radiation exposure dose = 5 Gy

* Significant P<0

.05
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Biochemical studies of tested compounds were concerned with their
effect, with or without radiation, on the growth rate, DNA, RNA and pro-
tein contents of EAC cells.

The results (Table II) showed that the percentage of viability cells
reached about 50% in compounds (7, 12, 17 and 19) at a dose level of 100
ng/ml of EAC cells, thus the LDsq for these compounds was considered
100 pg/ml.

The thienopyridines, with a carboxamido group (7) and carbohydrazide
group (12), in addition to the isothiazolopyridine (17) and the pyridoisothi-
azolopyrimidine (19) showed a certain antitumor activity at a concentra-
tion of 250 pg/ml, (Table II).

Compounds (7, 12 and 17) showed the highest percentage of mortality in
non-irradiated group of cells at a dose of (100 pg/ml). Compounds (7) and
(19) increase the mortality percentage to 100% in the group of cells
exposed to 5 Gy at a dose of (100 pg/ml), which reflect the sensitization
effects of compounds (7) and (19), (Table III). On the other hand the iso-
thiazolopyridine (17) decreases the mortality percentage of cells to 8% in
irradiated group of cells, which indicates that this compound has a protec-
tion properties against radiation damage, (Table III). .

(Tables 1V) and (Table V) showed that, in non-irradiated group of cells
compounds (2b) and (7) exhibited pronounced depression in RNA and
protein contents. In non-irradiated group of cells all compounds caused a
significant decrease in RNA, and protein content, except for compounds
(1) and (17).

Compounds (17) and (19) revealed a significant reduction in DNA con-
tent.

From these results we can conclude that compounds (17) and (19)
revealed a potential activity against Erlich Ascites Carcinoma cells.

Acknowledgements

The authors wish to thank Dr. Eman N.A. Noaman, Department of Radia-
tion biology, National Centre for Radiation Research and Technology, for
her help in the Biochemical Screening.

References

[1]1 E.F. Elslager; P.W. Jacob and M. Leslic; J. Heterocyclic Chem., 9, 775 (1972); M.
Chaykovsky; M. Lin, A. Rosowsky and E.J. Modest; J. Med. Chem., 10, 188 (1973); E.
Bosquet; G. Romeo, F. Guerrera, A. Oaruso and M.A. Roxas, Farmaco Ed, Sci., 40,



Downloaded by [Dalhousie University] at 09:03 11 December 2012

[2}
{3

[4]
[5]

(6]
(7

[8]

91
[10]
(m
[12]
[13]
(14)
(15]
(16]
(17]
(18]

[19]
[20]

HETEROCYCLES 461

869 (1985), E. Bosquet, F. Guerrera; N.A. Siracusa, A. Oaruso and M. Amico-Roxas,
Farmaco Ed. Sci., 39, 110 (1984).

Yu. A. Sharanin and V.K. Promonenkov, Synthesis of Amino-thiophenes [in Russian],
Obzom. Inform. Ser. Khim. Sredstva Zashch. Rast., NIITEKhim, Moscow 28 (1981).
M. Cugnon de Sevricourt, H. El-Kashef, S. Rault and M. Robba, Synthesis, 9, 710
(1981).

M.P. Foloppe, P. Sonnet, S. Rault and M. Robba, Tetrahedron Letters, 36, 3127 (1995).
H.S. El-Kashef, A.A. Geies, A.M. Kamal El-Dean and A.A. Abdel Hafez, J. Chem.
Technol. Biotechnol., 57, 15 (1993).

F. Guerrera, M.A. Siracusa, and B. Tornetta, Farm. Ed., Sci., 31, 21 (1976).

V.I. Laba, A.V, Sviridova; S.A. Bol'shakova, T.N. Tuzhilkova and V.P. Litvinov; Khim-
icheskaya-Fizika, 25(3), 27-29 (1991).

A. Breccia, F. Busi and E. Gattavecchia; Radiation and Environmental Biophysics;
29(3), 153-160 (1990).

Huang Zhengdong, Zhou Weiping and Song Jifang, Journal of Radiation Research and
Radiation processing, 6(2), 45-52 (1988).

J.H. Barnes, E.L. Jones and G. Murray; European Journal of Medicinal Chemistry.
Chimica. Therapeutica, 23(3), 211-216 (1988).

Y. Wang and G. Iliakis, Intemnational Journal of Radiation Biology, 66(2), 133-142
(1994).

V.G. Kitaeva, R.I. Ishmetova, G.L. Rusinov, R.M. Mal'kina; E.I. Tolstykh and T.N.
Tuzhilkova; Pharmaceutical. Chemistry, Journal, 27(3), 204-209 (1994).

G.G. Vatulina, S.A. Bol'shakova; T.I Tuzhilkova, A.l. Bokova, B. Makhsudova, A.G.
Khaitbaeva, and S.Z. Mukhamedzhanov; Pharmaceutical Chemistry Journal. 19(5),
325-330 (1986).

I Mitteil and U, Schmidt, Chem. Ber. 92, 1171 (1959).

A.A. Abdel Hafez, A. Kamal El-Dean, A A. Hassan, H.S. El-Kashef, S. Rault and M.
Robba, J. Heterocyclic Chem., 33, 431 (1996).

1.Y. Lin, M.J. Hou and Y.C. Chen, Toxicon., 16, 653 (1978).

D.J. Takemoto; C. Dunford and M.M. McMurry, Toxicon, 20(3), 593 (1982).

W.C. Schneider. “Methods in Enzymology” S.P. Colowick and N.O. Kaplan, (ed)., Vol.
3, pp. 68, Academic Press, New York (1957).

R. Bobin, G. Delmon and P. Blanquest; Bull. Soc. Pharm. Bordeaux, 91, 208 (1953).
O.H. Lowery; N.J. Rosebrough; A.L. Farr and R.J. Randall, J. Biol. Chem., 193, 265
(1951).



Downloaded by [Dalhousie University] at 09:03 11 December 2012

462

M.-M. GHORAB et al.

CH;

N
CHy=CHCOLCH, fj\—r’
| [} AR

N 3
as)

G/YNu:
o

(5.5
(48 o o [
. ] oh
Clly u,c)\/'\oﬂ Kily d N
-— —
N ] N
P N7 NS T UNT S
o
20 an
Ar
b
a CINH,
o™ ACHO
PN
H cH; CH
a0 i ’
2; Ar=CoHy o o
b; A= 2-thienyl —
DMF /Ym L i [ i ]
KLo | o
o m .
. Naom
a b
~ iy N
NH, a™z c)
7N ST S coE - Ph” KT SsCHLCONH,
Al
) l
NaMy e -
@ * ;
2.2 =C0CH, N
b.Z=COEt
| |
cH; @
Nl
(18 -
S8 7 URT ST N
cH
3 \
o 3
NS lmo" HCOXH,
H,C
ity
ay iy /(‘jjmu
$7 N CoNa
PhNCS
pyridine

oy
NaNO, K
L—— P N
[} N CONy
s)
3] aylene
City
NH,
PH’ N s KCO

NYC"\ CHCONH,
—a,

0
s

(e}

8

CH.

' "
jewig
e

18)

SCHEME 1






