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A facile synthesis of
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Abstract. 3-Methoxy-5-nitrobenzaldehyde undergoes Knoevenagel reaction with malonic
acid to give 3-methoxy-5-nitrocinnamic acid (I). Treatment of I with thionyl chloride
yielded 3-chloro-5-methoxy-7-nitrobenzo[b]thiophene-2-carbonyl chloride (II) in 45 %
yield. The reaction of II with 2-nitrophenol in benzene gave 2-nitrophenyl 3-chloro-5-me-
thoxy-7-nitrobenzo[b]thiophene-2-carboxylate (Ila) in 65 % yield. Finally, dehydrochlo-
rinative photocyclization of IIla in acetone in the presence of the base triethylamine af-
forded 10-methoxy-4,8-dinitro-6/-benzothieno[2,3-c]chromen-6-one (IVa). Thus, a series
of derivatives IVa-i were synthesized in excellent yields. The structures of the obtained
products were characterized by IR and "H-NMR spectroscopy, as well as elemental analy-
sis. Their purity was ascertained by chromatographic analysis. All the compounds were
tested for their antibacterial activity against S. aureus, E. coli, B. subtilis and S. typhosa.
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INTRODUCTION

Coumarin is a simple oxygen-containing heterocycle present in meliot and in tonca beans.
It is the odoriferous principle of wood ruff which led to its wide-spread use as a perfumery
chemical in industry.! Coumarin derivatives have also found applications as fluorescent dyes,?
CNS depressants,3 antitumor agents,* HIV proliferators,> antifungals,® anticoagulents,” anti-
bacterials® and insecticides.” In view of a greater demand for potent pharmacologically active
agents, it was our goal to develop a cheap and valuable facile synthesis of therapeutically signif-
icant 10-methoxy-4,8-dinitro-6H-benzothieno[2,3-c]chromen-6-one (Scheme 1).

The synthetic route chosen involves the reaction of 3-methoxy-5-nitrobenzaldehyde
with malonic acid in the presence of a base, piperidine in pyridine, also a base, as solvent to
give 3-methoxy-5-nitrocinnamic acid (I)19 in 75 % yield. I on refluxing with thionyl chlo-
ride containing a few drops of pyridine for 15 h undergoes ring cyclisation to give
3-chloro-5-methoxy-7-nitrobenzo[b]thiophene-2-carbonyl chloride (IT) in 45 % yield
(Scheme 2). The IR spectrum of I shows the absence of -COOH band which further con-
firms its structure.

* Author for correspondence.
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Scheme 1.

On condensation with 2-nitrophenol in the presence of a base, potassium carbonate, IT
gives 2-nitrophenyl 3-chloro-5-methoxy-7-nitrobenzo[b]thiophenecarboxylate (Illa) in 65
% yield. Photocyclization via dehydrochlorination of Illa in acetone in the presence of
triethylamine afforded a cyclised product in 45 % yield, which was characterised as
10-methoxy-4,8-dinitro-6/-benzothieno[2,3-c|chromen-6-one (IVa) [Scheme 1].

Compounds I'Va-i were synthesized by the condensation of different substituted phe-
nols with II and subsequent photocyclisation.

Antibacterial activity

In view of antimicrobial activities of some coumarin derivatives, it was of interest to
incorporate this moiety into various heterocyclic molecules with the hope that the resulting
compounds may exhibit enchanced activity. Hence, the prepared compounds were tested
in vitro for their antibacterial activity against S. aureus, E.coli, B. subtilis and S. typhosa us-
ing concentrations of 2 and 5 pg/ml by the ditch plate technique.!! The tested compounds
showed a much higher inhibitory effect on the growth of bacteria (Table I).

TABLE I. Antibacterial activity data of compounds IVa-i

Compound S. aureus E. coli B. subtilis S. typhosa

2ug/ml Spg/ml 2pg/ml  Spgml 2pg/ml  Spug/ml  2pg/ml 5 pg/ml

IVa + + — — — + _ +
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TABLE 1. Continued

Compound S. aureus E. coli B. subtilis S. typhosa

2pug/ml Spug/ml 2pg/ml Spg/ml 2pg/ml Spg/ml 2 pug/ml 5 pg/ml

IVb - + + ++ - + + ++
IVe - + + + + + - -
Ivd + + + + + ++ + +
IVe + + - - - + - +
Ivf - + + + - + + +
Ivg + + - - + + — +
IVh - - + - - _ + _
1Vi + — — + + - - +

Inhibition zone diameter: (-) < 11 mm [inactive]; (+) 11-14 mm [weakly active]; (++) 15-18 mm [moder-
ately active]

EXPERIMENTAL

All the melting points were taken in open capillaries on a Cintex melting point apparatus and are uncor-
rected. The purity of the compounds was checked by thin-layer chromatography. IR spectra were recorded in
KBr on a Shimadzu 8201PC FTIR spectrophotometer, "H-NMR spectra on a Bruker WM 400 Spectrometer
(500 MHz, CDCls, 6 in ppm) using TMS as internal standard and mass spectra on a Hitachi RMU GL mass
spectrometer at 70 eV.

3-Methoxy-5-nitrocinnamic acid (I)

A mixture of 3-methoxy-5-nitro-benzaldehyde (5 g, 0.027 mol), malonic acid (3.1 g, 0.03 mol),
pyridine (50 cm?) and piperidine (2.5 cm?) was refluxed for 3 h. The resulting solution was poured into
ice-water. The precipitated product was separated by filtration, dried and crystallised from ethanol to give I
(4.6 g,75 %), m.p. 241 °C (Found: C, 53.76; H, 3.95; N, 6.20. C;(HgNOj requires: C, 53.81; H, 4.01; N, 6.28
%); IR: 3350 (—OH stretching), 3080 (aromatic C—H stretching), 2800 aliphatic C—H stretching), 1770 (C=O
stretching), 1610, 1575, 1490 (C=C stretching), 1525, 1360 (-NO, stretching), 1380 (C—H bending).

3-Chloro-5-methoxy-7-nitrobenzo[bthiophene-2-carbonyl chloride (II)

A solution of T(2 g, 0.01 mol) in 1 cm? pyridine was heated to 90-95 °C and 10 cm? thionyl chloride
was added dropwise. The mixture was heated for a further 15 h. The excess thionyl chloride was removed by
distillation and the black gummy residue was taken up in hot hexane (50 cm?) and decanted. On cooling a
yellow solid was obtained which was crystallised from methanol to give IT (0.8 g, 45 %), m.p. 206 °C (Found:
C,39.17; H, 1.55; N, 4.63. C;gH5CLLINO,S requires: C, 39.22; H, 1.63; N, 4.58 %); IR: 3020 (aromatic C-H
stretching), 2900 (aliphatic C—H stretching), 1770 (C=0O stretching), 1610, 1575, 1490 (C=C stretching),
1525, 1360 (-NO; stretching), 1380 (C—H bending).

TH-NMR (CDCly): 3.8 (s, 3H, -OCH3), 7.2 (dd, 1H, Ar-H), 7.8 (dd, 1H, Ar-H).

Mass m/z: 306 (57), 291 (100), 245 (12), 209 (52), 181 (63), 153 (21), 107 (18), 93 (76), 78 (82).

2-Nitrophenyl 3-chloro-5-methoxy-7-nitrobenzo|b|thiophene-2-carboxylate (1lla)

Amixture of IT (2 g, 0.005 mol), o-nitrophenol (0.77 g, 0.006 mol) in acetone (50 cm?) in the presence
of potassium carbonate (2 g) was refluxed on a water-bath for 5 h. The reaction mixture was cooled and fil-
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tered. The filtrate on distillation under reduced pressure afforded a solid which was crystallised from metha-

nol to give Illa (1.7 g, 65 %), m.p. 187 °C (Found: C, 47.03; H, 2.26; N, 6.78. CgHyCIN,O+S requires: C,

47.00; H, 2.20; N, 6.85 %); IR: 3050 (aromatic C—H stretching), 2980 (aliphatic C—H stretching), 1770 (C=O

stretching), 1610, 1575, 1490 (C=C stretching), 1525, 1360 (-NO, stretching), 1380 (C—H bending).
TH-NMR (CDCl3): 3.8 (s, 3H, ~OCHj), 6.8-8.2 (m, 6H, Ar-H).
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Mass m/z: 409 (51), 394 (75), 348 (4), 306 (100), 302 (69), 291 (15), 245 (72), 211 (70), 182 (65), 150
(68), 102 (10), 93 (21), 78 (56).

10-methoxy-4,8-dinitro-6H-benzothieno| 2, 3-clchromen-6-one (IVa)

A stirred solution of TIT (1 g, 0.003 mol) and triethylamine (0.5 cm?) in acetone (25 cm?) was irradiated
with a 450 W Hanovia medium pressure mercury lamp for 4 h. The acetone solution was evaporated under re-
duced pressure and the residue was washed with water, dried and crystallized from ethanol to give IV (0.2 g, 45
%), m.p. 253 °C (Found: C, 51.58; H, 2.20; N, 7.50. C;gHgN,O4S requires: C, 51.61; H, 2.15; N, 7.53 %); IR:
3020 (aromatic C—H stretching), 2950 (aliphatic C—H stretching), 1750 (C=O stretching), 1620, 1585, 1500,
1440 (C=C stretching), 1530, 1350 (-NO, stretching), 1390 (C—H bending), 1110 (C-O bending).

TH-NMR (CDCl5): 3.8 (s, 3H, -OCHj3), 6.8-8.1 (m, SH, Ar-H).

Mass m/z: 372 (75), 357 (50), 311 (43), 306 (100), 291 (82), 265 (54), 240 (20), 211 (36), 185 (80), 150
(61), 93 (68), 78 (70).

Characterisation data of derivatives (IVa-i)

Comp. Molecular formula (mol.wt) R R! R’ Crystallised from M.p./°C Yield/%

IVa C16HgN,05S (372) -H -H -H Ethanol 256 62
IVb C6H7N300S (417) “H -NO, -H Methanol 223 72
IVe C7H;oN,04S (386) CH; -H -H Methanol 212 68
vd C7H;oN,04S (386) “H -CH; -H Ethanol 252 65
Ve C7H;oN,04S (386) “H -H -CHs DMF 198 50
Ivf C;7H;oN,OgS (402) ~OCH; -H -H Ethanol 232 70
Vg C7H;oN,OgS (402) -H -OCH; -H Ethanol 202 65
IVh  CjH7CIN,O5S (406.5) -l -H -H DMF 187 75
Vi C16HCLN,05S (441) “H -CI  -Cl  Aceticacid 278 60

Acknowledgement: The authors are thankful to TIFR, Mumbai for providing the "H-NMR spectra, Mr.
S. V. Chiplunkar, UDCT, Mumbai for the elemental analysis.

U3BOJ

JIAKA CMHTE3A
10-METOKCH-48-TMMHUTPOBEH30-6H-TUEHO[2,3-c]XPOMEH-6-OHA

FREDDY H. HAVALDAR, SANJAY BHISE u SANDEEP BURUDKAR

Nadkarny-Sacasa Research Laboratory, Department of Chemistry, St. Xavier's College, Mumbai 400 001, India

Knoevenagel-oBoM peakmyjoMm 3-METOKCH-S-HUTPO-OSH3aAEXH]] Ca MAIIOHCKOM KHCEIIHOM Jiaje
3-meTokcH-5-HuTpo-1MeTHY KicemmHy (I). Tpetuparse I ca THOHWI-XIIOPHIOM f1aje 3-XITopo-5-MeTo-
Kcu-7-HuTpoben3o[b]troden-2-kapoonmt-xinopuy (IT) ca 45 % npuxocom. Peakimja I ca 2-Hutpodpe-
HOJIOM y GeH3eHy faje 2-HUTPO(eHT-3-XII0pO-5-METOKCH-7-HUTPOOEH30[ h|THoheH-2-KapOoKcHIaT
(IIa) ca mpuHOCOM Off 65 %. Haj3an, dorommkmsanmja y3 nexugpoxnoposaie Illa y anetony y
TPUCYCTBY TPUETWIaMIHA Kao faje 10-MeTokcn-4,3-miuHiTpo-6H-0eH30THeHO[2,3-cJxpoMeH-6-0H (IVa).
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Ha Taj Haunn je cuaretusoBan Hu3 fiepuBarta IVa-i ca ogymraanmM npuHocma. CTpyKTypa HoOHjeHIX
npousBoja KapakTepucana je IR 1 "H-NMR crieKTpocKommjaMa 1 eleMeHTaTHOM aHamu3oM. Yrcroha
OBHX IIPOM3BOJia yTBpbuBaHa je xpoMartorpadckoMm aHammszoM. CBa OBa jeAMIbEH-A HCIUTAHA CY Y
OFHOCY Ha aHTUOAKTEPHUjCKY aKTUBHOCT TipeMa S. aureus, E. coli, B. subtilis 1 S. typhosa.

(ITpumibeno 2. okTo6pa 2003, peuupato 9. heGpyapa 2004)
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