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Summary. A new series of thiophenic isosters of thioxanthones, namely: 2-substituted-4 H-thieno-
[2,3-b][1]benzothiopyran-4-ones and 5-substituted-2-nitro-8-methyl-4 H-thieno[2,3-b][1]benzothio-
pyran-4-ones were synthesized as potential schistosomicidal agents. The synthesized compounds were
characterized by their 'H-NMR data.
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Synthese von substituierten 4 H-Thieno[2,3-b][1]benzothiopyran-4-onen als mogliche schistosomicide
Wirkstoffe

Zusammenfassung. Es wurde eine neue Serie von thiophenischen Isosteren des Thioxanthons, ndmlich
2-substituierte 4 H-Thieno[2,3-b][ 1]benzothiopyran-4-one und 5-substituierte 2-Nitro-8-methyl-4 H-
thieno[2,3-b][ 1Tbenzothiopyran-4-one als potentielle schistosomicide Wirkstoffe synthetisiert. Die
synthetisierten Verbindungen wurden mittels ihrer 'H-NMR Daten charakterisiert,

Introduction

The first major series of nonantimonial compounds with schistosomicidal activity
were the thioxanthones. Lucanthone [1] and its metabolite Hycanthone [2] were
successfully used in the treatment of schistosomiasis. Other thioxanthone derivatives
[3-5] were also reported to possess potent schistosomicidal activity. In addition,
certain thioxanthones were proved to possess carcinostatic activity [6, 7]. The
pyrido isosters of thioxanthones, azathioxanthones [8, 9], were also reported to
be of great schistosomicidal acitivity. The present work describes a convenient
synthesis of certain substituted-4 H-thieno[2,3-b][ 1]benzothiopyran-4-ones, as the
thiophenic isosters of thioxanthones, for evaluation as schistosomicidal agents.
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Results and Discussion

A literature survey has revealed that a limited number of publications have been
reported for the synthesis of isomeric thieno-benzothiopyranones [10-15]. 2-For-
myl-4 H-thieno[2,3-b][ 1 ]benzothiopyran-4-one (2), required as a starting material,
was prepared by interaction of 5-bromo-2-thenaldehyde A and thiosalicylic acid B
in dimethylformamide in presence of potassium carbonate to furnish 2-[(5-formyl-
2-thienyl)thio]benzoic acid (1), which was cyclized by the action of polyphosphoric
acid ethyl ester (PPE) [16] to yield 2. Compound 2 was condensed with some
substituted anilines or phenylhydrazines to give the corresponding anils 3-9. In-
teraction of compound 2 with a variety of aromatic ketones in ethanolic sodium
hydroxide solution furnished the chalcone analogues 10-15. The 'H-NMR assign-
ment proved that the two olefinic protons of compounds 10-15 were in E position
to each other. Compounds 10 and 15 were allowed to react with methylhydrazine
to afford the pyrazoline derivatives 16 and 17. The acetylpyrazolines 18, 19 were
obtained by interaction of compounds 10, 15 with hydrazine hydrate followed by
acetylation with acetic anhydride in presence of few drops of pyridine (Scheme 1).

Interaction of methyl 2-bromo-5-nitrothiophene-3-carboxylate (C) with 2-
methyl-5-chlorothiophenol (D) in dimethylformamide in presence of potassium
carbonate afforded methyl S5-nitro-2-[(5-chloro-2-methylphenyl)thio]-3-thio-
phenecarboxylate (20) at ambient temperature. Compound 20 was hydrolyzed by
the action of 50% sulphuric acid to afford the corresponding carboxylic acid 21,
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which was subsequently cyclized by the action of sulphuric acid to yield compound
22. Trials to replace the chlorine atom at position 5 with a variety of cyclic secondary
amines in polar solvents even at room temperature led to an immediate decom-
position of the compound. In nonpolar solvents, the reaction proceeded very slowly
as detected by TLC, however, the compounds 23-25 were obtained in poor yields
(Scheme 2).

The structures of the synthesized compounds were assigned on the basis of
clemental analysis and "H-NMR spectral data.

Experimental

Melting points were determined on a Thomas-Hoover melting point apparatus. '"H-NMR Spectra
were obtained on a Varian EM-390 90 MHz spectrometer using TMS as an internal standard. Mass
spectra were recorded on a Hewlett Packard GC-MS, 5987 A mass spectrometer at 70eV. Elemental
analyses were performed by M-H-W laboratories, Phoenix, Arizona, USA. 2-Methyl-5-chlorothio-
phenol was prepared by the method described in Ref. [17], methyl 2-bromo-5-nitro-3-thiophene-
carboxylate was prepared from 3-thenoic acid by the methods cited in Refs. [18-20].

The microanalytical data were in full agreement with the molecular formulae, Compounds where
no 'H-NMR data are listed were insufficiently soluble in common NMR solvents.

2-[ (5-Formyl-2-thienyl) thio Jbenzoic acid (1)

A mixture of thiosalicylic acid (1.54 g, 0.01 mol), 5-bromo-2-thenaldehyde (1.9 g, 0.01 mol) and anh.
K,CO; (2.8g, 0.02mol), in DMF (20 ml) was heated under reflux for 4h. The solvent was then
removed in vacuo, the residue was dissolved in water, filtered and acidified with HCI. The precipitated



48 M. M. El-Kerdawy etal.

crude product was filtered, washed with water, dried and crystallized. Yield 81%. M.p. (benzene):
158-60°C. C,,Hg0,S,. NMR (DMS0-dy): 6.8-7.6 (4 H, m, Ar-H), 7.8-8.0 (1 H, dd, Thiophene-H at
4-), 8.0-8.2 (1 H, m, Thiophene-H at 3-) and 9.9 (1 H, s, CHO).

2-Formyl-4 H-thieno[2,3-b][ 1 ]benzothiopyran-4-one (2)

A solution of 1 (2.6 g, 0.01 mol) and 70% PPE in CHCl; (300 ml), was heated under reflux for 3 h.
The solvent was then removed in vacuo and the obtained oily residue was poured onto crushed ice
(100 g). The precipitated product was filtered, washed with 10% NaHCO;, dried and crystallized.
Yield 76%. M.p. (Acetic acid): 240-2°C. C;,H,0,3,. NMR (CDCly): 7.5-7.7 3H, m, 4r-H), 8.4
(1H, s, Ar-H at 3-), 8.5-8.7 (1H, m, 4r-H at 5-) and 9.9 (1H, s, CHO).

2-( Arylazomethine )-4 H-thieno[2,3-b][ 1 |benzothiopyran-4-ones 3-9

Compound 2 (0.25g, 0.001 mol), was added to a solution of the appropriate amino compound
(0.001 mol) in acetic acid (20ml) and the mixture was heated under reflux for 1h. On cooling, the
separated solid was filtered and crystallized.

3: R = 0-CH;C4H,. Yield 60%. M.p. (DMF): 248-50°C. C;,H3NOS,. NMR (CF;COOH): 2.4
(3H, s, CH;), 7.3-7.8 (7TH, m, Ar-H), 8.5-8.8 (1H, m, Ar-H at 5-), 9.1 (1 H, s, 4Ar-H at 3-) and 9.4
(1H, s, CH=N).

4: R = 0-BtC¢H,. Yield 30%. M.p. (DMF): 173-5°C. C,,H;sNOS,. NMR (CF,COOH): 1.1-1.4
(3H, t, CH,), 2.5-2.8 (2H, q, CH,), 7.3-7.8 (7TH, m, Ar-H), 8.5-8.8 (1H, m, 4r-H at 5-), 9.1 (1H,
s, Ar-H at 3-) and 9.4 (1H, s, CH = N).

5: R = 2,4-CL,C¢Hs. Yield 30%. M.p. (DMF): 305-7°C. C,sH,CL,NOS,.

6: R = p-BrC¢H,. Yield 45%. M.p. (DMF): 254-6°C. CgH;(BrNOS,.

7: R = CsHsNH. Yield 55%. M.p. (DMF): 280-2°C. C;gH,N,0S,.

8: R = p-NO,CsH,NH. Yield 40%. M.p. (DMF): 340-2°C. C;sH;;N;0,S,.

9: R = p-CIC,HsNH. Yield 35%. M.p. (DMF): 288-90°C. C;3H,,CIN,0S,.

E-2-(3-Aryl-3-0x0-1-propenyl)-4 H-thieno[2,3-b][ I Jbenzothiopyran-4-ones 10-15

Compound 2 (0.25g, 0.001 mol) was added portionwise to a solution of the appropriate ketone
(0.001 mol) in 2.5% ethanolic NaOH solution (10 ml). The mixture was stirred at ambient temperature
for 1h. The precipitated solid product was filtered, washed with water, dried and crystallized.

10: R = p-CH,OC¢H,. Yield 60%. M.p. (DMSO): 188-9°C. C,;H,,05S,. NMR (CF,COOH):
3.5 (3H, s, CHy), 6.4-6.6 (1H, d, olefinic CH, J = 9Hz), 6.8-7.8 (9H, m, Ar-H and olefinic CH)
and 8.1-8.3 (1H, m, Ar-H at 5-).

11: R = 0-NO,C¢H,. Yield 45%. M.p. (DMF): 234-6°C. C,0H,|NO,S,.

12: R = p-CICH,. Yield 65%. M.p. (DMF): 263-5°C. CyH;,CIO,S,.

13: R = p-BrCsH,. Yield 55%. M.p. (DMF): 242-4°C. C,,H,;BrO,S,.

14: R = p-CH;CONHCH,. Yield 40%. M.p. (DMF): 314-6°C. C,HsNO,S,. NMR
(CF;COOH): 2.3 (3H, s, CHy), 7.1-7.3 (1 H, d, olefinic CH, J = 14Hz), 7.4-8.1 (O H, m, Ar-H and
olefinic CH), 8.4-8.7 (1H, m, 4r-H at 5-) and 8.9 (1H, s, NH).

15: R = 2-thienyl. Yield 60%. M.p. (Acetic acid): 235-7°C. C;gH,;,0,S;. NMR (CF;COOH):
7.0-8.1 (O H, m, Ar-H and CH = CH) and 8.5-8.7 (1H, m, Ar-H at 5-).

2-(4,5-Dihydro-1-methyl-3-aryl-1 H-pyrazol-5-yl)-4 H-thieno[ 2,3-b ] [ 1 [benzothiopyran-4-ones 16, 17

A solution of methylhydrazine (0.18 g, 0.004 mol) and compound 10 or 15 (0.001 mol) in ethanol
(30ml), was heated under reflux for 3h. The solvent and the excess methylhydrazine were removed
in vacuo and the residue was extracted with CHCI,, dried over MgSO,, evaporated to dryness and
the remaining crude product was crystallized.
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16: R = p-CH,0CH,. Yield 30%. M.p. (ErfOH/CHCl;): 190-2°C. C,HgN,0,8,. NMR
(CDCly): 2.8 (3H, s, CH3), 2.9-3.6 (2 H, double ABq, pyrazoline CH,), 3.75 (3 H, s, OCHj;), 4.2-4.5
(1H, dd, pyrazoline CH), 6.7-7.7 (8 H, m, Ar-H) and 8.5-8.7 (1 H, m, 4r-H at 5-).

17: R = 2-Thienyl. Yield 35%. M.p. (aqu. EtOH): 125°C. C;oH4N,OS;. MS (m/z): 382 (68%,
M™),383(15), 384 (9). NMR (CDCly): 2.9 (3H, s, CH3), 2.9-3.7 (2 H, double ABq, pyrazoline CH,),
4.3-4.7 (1 H, dd, pyrazoline CH), 6.9-8.8 (7H, m, Ar-H) and 8.5-8.8 (1 H, m, Ar-H at 5-).

2-(I-Acetyl-4,5-dihydro-3-aryl-1 H-pyrazol-5-yl)-4 H-thieno-{2,3-b ][ I [benzothiopyran-4-ones 18, 19

A solution of hydrazine hydrate (0.2 g, 0.004 mol) and compound 10 or 15 (0.001 mol) in ethanol
(30 ml) was heated under reflux for 3 h. The solvent and the excess hydrazine were removed in vacuo.
Acetic anhydride (10ml) and few drops of pyridine were added to the remaining residue and the
mixture was heated under reflux for 1 h. On cooling, the mixture was poured onto crushed ice (50 g),
the precipitated solid was filtered, washed with water and crystallized.

18: R = p-CH,OC(H,. Yield 40%. M.p. (aqu. £1OH): 198-200°C. Cy3H3N,05S,. NMR (CDCl;):
2.3 (3H, s, COCH,), 3.2-3.7 (2H, double ABq, pyrazoline CH,), 3.8 (3H, s, OCHj), 5.7-5.9 (1 H,
dd, pyrazoline CH), 6.7-8.2 (8 H, m, Ar-H) and 8.4-8.8 (1 H, m, 4r-H at 5-).

19: R = 2-Thienyl. Yield 35%. M.p. (aqu. E:OH): 225°C. C,0H;4,N,0,S,. NMR (CDCl;): 2.3
(3H, s, COCH,), 3.3-3.9 (2H, double ABq, pyrazoline CH,), 5.7-5.8 (1 H, dd, pyrazoline CH), 6.7~
7.7 (8H, m, Ar-H) and 8.5-8.7 (1H, m, 4r-H at 5-).

Methyl 5-nitro-2-[ ( 5-chloro-2-methylphenyl) thio [-3-thiophenecarboxylate (20)

A mixture of methyl 2-bromo-5-nitro-3-thiophenecarboxylate (0.27 g, 0.001mol), 5-chloro-2-meth-
ylthiophenol (0.2 g, 0.0012mol) and anh. K,COj; (0.14 g, 0.001 mol) in DMF (10ml), was stirred at
ambient temperature for 3h. The solvent was then distilled in vacuo and the residue was dissolved
in CHCl,, dried over MgSO, and evaporated. The remaining crude product was crystallized. Yield
85%. M.p. (EfOH): 165-6°C. C;3H;(CINO,S,. NMR (CDCl;): 24 (3H, s, 4r-CH;), 3.9 3H, s,
COOCH,), 7.3-7.65 (3H, m, Ar-H) and 8.1 (1 H, s, Thiophene-H).

5-Nitro-2-{ ( 5-chloro-2-methylphenyl) thio |-3-thiophenecarboxylic acid (21)

A mixture of compound 20 (0.35 g, 0.001 mol) and 50% H,SO, (20 ml), was heated under reflux for
5h. The mixture was diluted with water (100 ml) and the separated solid product was filtered, washed
with water and crystallized. Yield 62%. M.p. (aqu. ErOH): 218-20°C. C;,H;CINO,S,. NMR (DM SO-
de): 2.4 3H, s, CH;), 7.6-7.8 (3H, m, Ar-H) and 8.1 (1 H, s, thiophene-H).

2-Nitro-5-chloro-8-methyl-4H-thienof 2,3-b ] [ 1 ] benzothiopyran-4-one (22)

A mixture of compound 21 (0.3 g) in 98% H,SO, (10ml) was heated at 90°C for 3h. The mixture
was then poured onto crushed ice (50 g), the separated crude product was filtered, washed with water
and crystallized. Yield 71%. M.p. (benzene): 275°C. C;,HcCINO,S,. MS (m/z): 311 (100%, M),
312 (13) and 313 (41).

2-Nitro-5-substituted-8-methyl-4 H-thieno[2,3-b ][ 1 [benzothiopyran-4-ones 23-25

A mixture of compound 22 (0.1g, 0.3 mmol) and the appropriate secondary amine (0.4 mmol) in
benzene (10 ml), was heated under reflux for 8 h. The mixture was distilled in vacuo and the remaining
crude products were purified by elution from a silica gel column using the eluents: CHCI; (23),
CHCI,/EtOAc, 5:1 (24) and CHCl;/MeOH/EtOAc, 2:2:1 (25).

23: R = CH,. Yield 36%. M.p. (EtORH): 134-6°C. C;H;N,0;S,. NMR (CDCl;): 1.6-1.9 (6 H,
m, 3CH,), 2.4 (3H, s, CH3), 3.0-3.2 (4H, m, CH,NCH,), 6.9-7.3 2H, dd, 4Ar-H) and 84 (1 H, s,
Ar-H at 3-).
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24: R = 0. Yield 48%. M.p. (EtOH): 223-4°C. C(H4,N,0,S,. NMR (CDCl;): 2.4 (3H, s, CH3),
3.0-3.2 4H, m, CH,NCH,) 3.94.1 (4H, m, CH,OCH,), 6.9-7.4 (2H, dd, Ar-H) and 84 (1H, s,
Ar-H at 3-).

25. R = NCH;. Yield 28%. M.p. (ErOH): 160-2°C. C;;H;N;0,S,. NMR (CDCl,): 2.38 (3H,
s, Ar-CH;), 2.4 (3H, s, NCH,), 2.6-2.7 [4H, m, (CH,),NCH,], 3.0-3.2 (4H, m, CH,NCH,), 6.9
7.3 (2H, dd, Ar-H) and 8.4 (1H, s, Ar-H at 3-).
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