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ABSTRACT 

New heterocyclic derivatives of 7-hydroxy-6-methoxycoumarin (1) 

have been synthesized. The heterocyclic thiazolidone, oxadimoie, trinzol~ 

and thiadiazole derivatives were synthesized by the cyclo-condensation of 

hydrazide { H I ) .  The antimicrobial activity of the new compounds was 

estimated. 

INTRODUCTION 

Several cournarin derivatives possess pesticidal, fungicidal, 

anticoagulant and bacterial 7-0-Ether of 7-hydroxy-coumarin 

2nd substituted hydrazides possess various biological activity (10-15). 

Moreover, oxadiazoles, triazoles and thiadiazoles are known to possess 

bzctefi;,sci&! 2cti?litips(16-23). 

in  view of the bioiogicai properties of nydrazicies and various nitrogen 

heterocyclic compounds, it was of interest to synthesize various cournarin 

2 1 



Synfhesis ofNew Cozlnzarin -7- Derivatives With Expecred ....... ........ ....... 

derivatives having the above moieties incorporated in it starting with the 

naturally occurring scopoletin (6-methoxy-7-hydroxycoumarin). 

DISCUSSION 

Scopoletin (6 - methoxy - 7 - hydroxycoumarin) (I) is a naturally 

occurring compound(24) occurring in roots of Scopolin Japonica Maxim. It 

was synthesized by ~ r o s b ~ ( ~ ~ )  and ~ e s a i ( ~ ~ ) .  

The reaction of 6-methoxy-7-hydroxycoumarin (I) with ethyl 

chloroacetate was carried out in the presence of anhydrous potassium 

carbonate in dry acetone giving rise to ethyl (6 - methoxy - 7 - 

cournarinyloxy) acetate (11). Treatment of (11) with hydrazine hydrate in 

ethanol led to the formation of 6 - rnethoxy - 7 - coumarinyloxy acetic acid 

hydrazide (HI) (Scheme 1). 

The IR spectrum of compound (11) showed characteristic absorption 

bands (cm-') at 1710 (CO - lactone), 1740 (CO - ester), and 1190 (C-OX). 

Also the IR spectrum of (111) showed bands (cm-l) at 1720 (CO - lactone), 

1690 (CO - amide), 3290 (NH), 3300 & 3340 (NHJ and 1190 (C-0-C) 

beside, the other characteristic bands. 

Condensation of the acid hydrazide (111) with different aromatic 

aldehydes namely, benzaldehyde, p - methoxybenzaldehyde, p - chloro - 

benzaldehyde or p - nitrobenzaldehyde in ethanol and few drops of glacial 

acetic acid gave the correspnding Schiffs bases (IV,-,), respectively 

(Scheme 1). The structure of the obtained compounds was confirmed by 
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their correct elemental analysis, IR and 'H - NMR spectra. The physical and 

analytical data are illustrated in Table (1). 

The IR spectrum of compounds (IVa_J showed absorption bands 

(cm-') at 1720 - 1730 (CO - lactone), 1680 - 1690 (CO - amide), 1180 - 1190 

(C - 0  - C) and 1570 - 1590 (C = N). 

The 'I-3 - NMR spectrum (DMSO - d6) of compound (IV,) revealed 

signals (6 = ppm) at 8.6 (lH, s, CH = N), 7.5 - 7.6 (7H, m, aromatic), 7.8 

and 7.9 (2H, dd, coumarin W - 3 and H - 4), 4.2 (3H, s, OCH,) and 5.2 (2H, 

S, 0 - CH,). 

Cyclocondensation of the Schiff's bases (IVa-d) with mercaptoacetic 

acid in dioxane afforded the subsituted - 1, 3 - thiazolidone derivatives 

(V,-d), respectively (Scheme 1). 

The IR spectra of compounds (Vad showed absorption bands (cm-I) at 

1720 - 1740 (CO - lcatone), 1670 - 1690 (CO - amide), 1650 - 1660 (CO - 

thiazalidone), 990 - 1000 (C - S - C), 1170 - 1190 (C - 0 - C) and 3450 - 

3470 (NH). 

The 'H - NMR spectrum (DMSO - d6) of compound (Vc) revealed 

signals (6 = ppm) at 5.9 (lH, s, thiazolidone), 5.0 (2H, s, thiazolidone), 5.3 

(2H, s, 0 -  CH2),4.2 (3E.1, s, OCHJ, 7.2 - 7.4 (6H, m, A*) and7.6 & 7.8 

(2H, dd, N - 3 and H - 4 coumarin). 

On the other hand, treatment of the acid hydrazide (111) with phenyl 

isothiocyanate or tolyl isothiocyanate in ethanol and in the presence of few 

drops of glacial acetic acid gave the corresponding (6 - methoxy - 7 - 



Synthesis of New Coumarin -7- Derivatives With Expected . ... .. ... .. .. ... .. ... .. 

coumarinyloxy) acetic acid - N - (phenyl or p - tolyl) hydrazine 

carbothiarnides VIa and V?, , respectively (Scheme 2). 

Cyclocondensation of (VIJ and 1 or (VIJ with iodine solution in 

sodium hydroxide led to the formation of 2 - arylamino - 5 - substituted - 1, 

3 ,4  - oxadiazole derivatives (VII,) and (VIIb), respectively (Scheme 2). 

The IR spectra of VIIa,b showed absorption bands (cm-') at 17 10 & 

1730 (CO - lactone), 3400 and 3390 (NH), 1170 and 1190 (C - 0 - C), and 

1560 and 1570 (C = N). 

The 'H - NMR spectrum (DMSO - dg) of compound VIIa revealed 

signals (6 = pprn) at 5.1 (2H, s, 0 - CH2), 4.3 (3H, s, OCH3), 7.4 - 7.5 (7H, 

m, ArH) and 7.6 and 7.8 (2H, dd, H - 3 and H - 4 coumarin). 

Also, cyclocondensation of the carbothiamide VIil and / or VIb using 

4N sodium hydroxide gave the corresponding 1 ,2 ,4  - triazole - 3 - thiones 

VIIIa and VIIIb, respectively (Scheme 2). 

The IR spectra of compounds VIII%b showed absorption bands (cm-l) 

at 1720 - 1725 (CO - lactone), 1250 & 1240 (C - 0 - C), 2420 & 2430 (SH), 

1570 & 1560 (C = N), 3300 & 3330 (NH) and 1160 and 1150 (C = S). The 

bands 3300 (NH) and 1160 (C = S) showed the predominance of the thiol 

form confirmed the tautorneric mixture. 

The 'H - NMR spectrum of compound VIIIb (DMSO - d6) revealed 

signals (6 = ppm) at 2.3 (3H, s, CE$ - tolyl), 4.9 (2H, s, 0 - CH2), 4.1 (3H, s, 

OCH,), 7.2 - 7.3 (4H, m, ArH), 6.7 and 6.9 (2H, s, H - 5, H - 8, coumarin) 

and 7.5 and 7.6 (2H, dd, H - 3, H - 4 coumarin). 
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Moreover, the cyclocondensation of the carbothiarnide VIa and 1 or VZb 

using orthophosphoric acid gave the corresponding 2 - arylamino - 5 - 

subsituted 1, 3, 4 - thiadiazole derivatives (IX,) and (IXJ, respectively 

(Scheme 2). 

The IR spectra of compounds IXa and IXb showed absorption bands 

(cm-') at 1730 - 1735 (CO - lactone), 1250 - 1260 (C - 0 - C), 1550 & 1570 

(C=N), 1100 and 1090 (C - S - C) and 3340- 3390 (NH). 

The 'H - NMR spectrum of compound (DL3 (DMSO - d6) revealed 

signals (6 = pprn) at 5.2 (2H,  s, 0 - C%), 4.3 (3H, s, OCH3), 7.2 - 7.5 (7H, 

m, ArH) and 7.6 & 7.8 (2H. dd, H - 3, H - 4 coumarin). 

EXPERIMENTAL 

Melting points were taken in open capillary tubes on Stuart Scientific 

Melting Point SMPI (U. K.). The compounds were checked by TLC. IR 

spectra were recorded on Karl Zeis IMR 16 spectophotometer and Mattson 

1000, FTIR spectrophotometer. The 'W - NMR spectra were determined on 

Jeol EX - 270 MH, spectrometer using TMS as internal standard. 

1) Ethyl (6 - methoxy - 7 - coumarinyloxy) acetate (11) :- 

To a mixture of 6 - methoxy - 7 - hydroxycournarin(l) (0.01 mol) in 

100 ml dry acetone and 1.4 g anhydrous potassium carbonate, (0.012 mol) 

nf ethyl rh!oroaretate was added. The reaction mixture was refluxed on 

water bath for 16 h then filtered while hot. The solvent was evaporated to 1 / 

3 of its volume and the found solid after cooling was collected and 
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crystallized from chloroform - methanol to give the title compound in about 

70% yield. 

2) 6-Methoxy-7- coumarinyloxy acetic acid hydrazide (111) :- 

To a solution of compound I1 (0.005 mol) in 50 ml absolute ethanol, 

0.005 mol(98 %) of hydrazine hydrate was added. The reaction mixture was 

left for 2 days at room temperatuer. The formed solid material was filtered 

off, air dried and crystallized from ethanol to give the title compound in a 

yield about 55 %. 

3) N-(substituted-benzylidene) (6-methoxy-7-coumarinyloxy) 
acetic acid hydrazone (IV, - d) :- 

A solution of the hydrazide (111, 0.001 mol) in 20 ml ethanol was 

warmed, cooled and to it the appropriate aromatic aldehyde (0.001 mol) and 

a few drops of glacial acetic acid were added. The mixtrure was refluxed far 

8 h and the separated solid, after cooling, was filtered off, washed with cold 

ethanol and crystallized from glacial acetic acid to give the title compounds 

in yield about 50 - 60 %. 

4) 7-[(2-substituted-phenyl-4-0x0-3-thiazolidin carbomoyl) 
methoxyl-6-methoxycoumarin (V, - d) :- 

A mixture of IVa-d (0.001 mol) and thioglycolic acid (0.01 rnol) in 

diosane (15 ml) was refluxed for 7 - 9 h. The solvent was distilled off under 

reduced pressure and the reaction mixture was cooled and extracted with 5% 

sodium bicarbonate solution. The bicarbonate extract was acidified with 

diluted hydrochloric acid and the resulting solid was filtered off, washed 
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with water and crystallized from dimethyl formamide to give the title 

compounds in yield about 35 - 40 9%. 

5) 7-[(2-Methoxy-2-oxo-2H-l-benzopyran-7-yl) oxy] acetic 

acid-2-[(4-substituted pheny1)-amino) thioxomethyl] 
hydrazide (VI, - d) :- 

A solution of phenyl or tolyl isothiocyanate (0.001 mol) and hydrazide 

(I1,0.001 mol) in 20 ml absolute ethanol and few drops of glacial acetic acid 

was refluxed for 7 h. The reaction mixture was cooled, filtered and then the 

solvent was removed under vacuum. The yielded product was crystallized 

from dioxane to give the title compounds in yield 40 and 45 %. 

6) 2-Ary1amino-5-[(6-methoxy-2-oxo-2H-1-benzopyran-7-y1 j 

methoxyl-l,3,4-oxadiazole (VII,) and (VII,,) :- 

To the carbothiamide (VI, 0.001 mol) dissolved in minimum quantity 

of ethanol was added 6N sodium hydroxide (15 ml). A 5 % solution of 

iodine in potassium iodide was then added dropwise and the reaction 

mixture was kept at room temperature. The addition of iodine solution was 

continued till the colour of iodine persisted and the reaction mixture was 

refluxed for 5 h on a water bath (70 - 80 "C). On cooling, the separated solid 

was filtered off, washed with water, air dried and crystallized from 

methanol-chloroform to give the title compounds in yield 30 and 35 %. 
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7) 5-[(6-Methoxy-2-oxo-2H-l-benzopyran-7-yl) methoxyl-2, 
4-dihydro-4-subs. phenyl3H-1, 2, 4-triazole-3-thiones 
(VIII,) and (VIII,,) :- 

A mixture of the carbothiamide (VI, 0.001 mol) in 4N sodium 

hydroxide (20 ml) was refluxed for 4 h. The reaction mixture was cooled 

and then neutralized with diluted hydrochloric acid. The formed solid was 

filtered off, washed with water, air dried and crystallized from chloroform to 

give the title compounds in yield about 35 %. 

8) 2-Arylamino-5-[(6-methoxy-2-oxo-2H-l-benzopyran-7-y1) 
methoxyl-l,3, Cthiadiazoles (IX,) and (Mb) :- 

To (0.001 mol) of carbothiamide VI, was added gradually while 

stirring, 5 ml orthophosphoric acid and the reaction mixture was heated at 

110 - 120 "C for 6 h. After cooling, the reaction mixture was neutrallized 

with ammonia solution. The formed solid was filtered off, washed with 

water, air dried and crystallized from chloroform - ethanol to give the title 

compounds in 30 % yield. 
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Schema ( 1 ) 
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9) Antimicrobial Activity Test :- 

The prepared compounds were tested against two local strains of G - 
positive and two strains of G - negative bacteria, and two strains of fungi. 

The antimicrobial activity was performed using the disk diffusion 

From the data obtained, it was noticed that, the Schiffs bases IVa-d 

possess moderate activity towards each of Gram - positive bacteria (Bacellus 

subtilis and Staphylococus aureus) and fungi (Aspergillus f l a w  and 

Aspergillus niger) and inactive towards the Gram - negative bacteria 

(Escherichia coli and Proteus mirabilis). On the other hand, the 

thiazolidones V,-, possess moderate activity towards each of Gram - 

positive, Gram - negative bacteria and high activity towards fungi. 

Moreover, it was noticed that the oxadiazoles VIIa,b triazoles VIIIa,b 

and thiadiazoles IXqb possess moderate activity towards Gram - positive 

bacteria, inactive towards Gram - negative bacteria and possess high activity 

towards fungi. 
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Table (1): The physical arid analytical d m  of tbc prepared compounds. 

Compd. 
No. 

I1  

111 

I V, 

I VI, 

1 v c  

1 Vn 

V, 

M. formula 
M. \\I. 

CtJ%rOn 
3-73 

CIIHIZN@~ 
264 

ClpH~fiN$h 
352 

CzoHtsNz0n 
382 

C I ~ H I  ICJNDS 
386.5 

C~IH,<NIO~ 
397 

C1tHtwN20nS 
426 

M:p. ' 
"C 

163-65 

140-42 

210-12 

2 18-20 

278-80 

260-62 

IIO-12 

120-22 

' Analj.sis Calcd./Found 
C"! 

60.43 
60.50 
54.54 
54 15 
64.77 
64.90 
62.82 
62.63 
58.99 
59.30 
57.43 
57.90 
59.15 
59.30 
57.89 

H% 
5.03 
5.00 
4.54 
4.60 
4.54 
4.30 
4.71 
1.50 
3.118 
3.10 
3.77 
3.110 
4.22 
4.10 
4.38 

N% . - 
10.60 
I 0.30 
7.95 
7 50 
7.32 
7.10 
7.24 
6.90 
10.57 
10.30 
6.57 
6.30 
6.14 
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