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Abstract: 3-Bromo acetyl coumarins (4a-c) on treatment with methyl and ethyl es-
ters of nicotinic acid, isonicotinic acid (5a-d) gave 3-coumrinoyl pyridinium bromides 
(7a-l) and with quinoline (6) gave 3-coumarinoyl quinolinium bromides (8a-c). The 
structures of the final compounds were established by their spectral data. The antimi-
crobial activitiy of all the newly synthesized test compounds were evaluated and some 
of them, showed good antibacterial activity.
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Introduction

Coumarins are known to possess an array of 
biological activities such as photodynamic(1), 
analgesic(2), antimicrobial(3), antifungal(4) 

and antiviral(5) and are used in treatment of vitiligo, 
psoriasis and other dermal diseases(6-8). Incorpora-
tion of small heterocyclic system at third position on 
coumarins are known to exhibit variation in their 
biological activity(9). Series of heteroaryl coumarins 
have already been synthesized in our laboratory with 
five membered pyrazoline and thiazole substitution 
at third position on coumarins and were evaluated 
for their anti-inflammatory, analgesic and antimicro-
bial activity(10,11). This prompted for further syn-
thesis of useful six membered heterocyclic substitu-
tions on coumarins.

3-Acetyl coumarins (3a-c) were synthesized 
by condensation of salicyladehyde (1) and ethyl 
acetoacetate (2), which was brominated to yield 
3-bromoacetyl coumarins (4a-c). 3-Bromo acetyl 

coumarins (4a-c) on treatment with methyl and 
ethyl esters of nicotinic acid, isonicotinic acid (5a-d) 
yielded 3-coumarinoyl pyridinium bromides (7a-l) 
and with quinoline (6) yielded 3-coumarinoyl qui-
nolinium bromides (8a-c). IR, NMR and Mass 
spectral data supported the structural assignments 
of 7a-l and 8a-c.

MATERIALS AND METHODS
 Melting points of the test compounds were deter-
mined by using Thiele’s melting point apparatus and 
were found uncorrected. The IR spectra were run on 
Shimadzu FT-IR spectrophotometer in KBr pellets. 
1H NMR was obtained using JEOL AMX-400, 
FT-NMR 400MHz in CDCl3/DMSO-d6 as sol-
vent and Tetra Methyl Silane (TMS) as an internal 
standard. Mass spectra of few of the test compounds 
were recorded by JEOL JMS-300 spectrometer at 
70eV by electron impact ionization.

3-Bromoacetyl coumarin (4a)
3-Acetylcoumarin 3a (18.8 g, 0.1 mol) in glacial ace-
tic acid (150 ml) was taken in a conical flask and to 
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it a mixture of bromine (5.12 ml, 0.1 mol) in glacial 
acetic acid (20 ml) was added with stirring for 30 
min. at room temperature. The mixture was stirred 
at room temperature for another 3 hr. It was then 
poured into ice-cold water and the ester 4a separat-
ed out as solid was filtered, washed with water and 
dried. The product was further recrystallized from 
chloroform (yield, 20.2 g 76%; m. p. 165⁰). Other 
3-bromoacetyl coumarins (4b-c) were prepared sim-
ilarly (Scheme-1).

Ethyl isonicotinate (5a)
Isonicotinic acid (12.3 g, 0.1 mol), ethanol (30 ml, 1 
mol) and concentrated sulphuric acid (2.2 ml, 0.04 
mol) were taken in 250 ml round bottom flask and re-
fluxed for 6 hr. The reaction mixture was then poured 
into ice-cold water and the oil separated on basifica-
tion with sodium carbonate was extracted with 3 × 50 
ml portions of ether. Combined extracts were washed 
twice with saturated solution of sodium bicarbonate 
and then with water. Pure ester (5a) was obtained by 
distilling off the ether (yield, 76%; m. p. 223-224⁰). 
Other methyl and ethyl esters of isonicotinic acid and 
nicotinic acid (5b-d) were similarly prepared.

3-Coumarinoyl (4’-ethoxy carbonyl)  
pyridinium bromide (7a)
To a solution of 3-bromoacetylcoumarin 4a (0.03 
mol) in dry toluene (100 ml) was added ethyl 

isonicotinate 5a (0.0315 mol) and the mixture 
was heated at reflux temperature for 2 hr. The so-
lution was cooled to room temperature and was 
maintained at this temperature for 4 to 5 hours. 
The resultant pyridinium bromide (7a) was fil-
tered out and washed with hot toluene. It was 
then dried and crystallized from ethanol: n-hexane 
(yield, 85%; m. p. 210⁰). IR (KBr) : 3402 cm-1 
(N-CH2), 3022 cm-1 (ArC-H), 2958 cm-1 (C-H), 
1730 cm-1 (C=O of ester), 1687 cm-1 (C=O of lac-
tone), 1610cm-1 (C=N), 1552, 1487, 1448 cm-1 
(ArC=C), 1247cm-1 (C-N). 1H NMR (CDCl3): 
δ 1.47 (3H, t, CH2CH3), 4.53 (2H,q, CH2CH3), 
7.13 (1H, d, ArH), 7.28-7.33 (3H, m, CH2 and 
ArH), 7.62 (1H, t, ArH), 7.71 (1H, d, ArH), 8.50 
(2H, d, J=8.1Hz ArH3’5’), 8.77 (1H, s, ArH), 9.91 
(2H, d, J=8.1Hz ArH2’6’).

Other coumarinoyl pyridinium bromides (7b-
7l) and coumarinoyl quinolinium bromides (8a-8c) 
were similarly synthesized (Scheme-1). 

7c: IR ( KBr) : 3407 cm-1 (N-CH2), 3006 cm-1 
(ArC-H), 2906 cm-1 (C-H), 1735 cm-1 (C=O of 
ester), 1703 cm-1 (C=O of lactone), 1612 cm-1 
(C=N), 1560, 1463, 1417 cm-1 (ArC=C), 1292 
cm-1 (C-N), 752 cm-1 (C-Cl). 1H NMR (CDCl3) 
: δ 1.47 (3H,t, CH2CH3), 4.55 (2H, q, CH2CH3), 
6.79 (2H,s, ArH), 7.42 (1H, d, ArH), 7.70 (1H, 
m, ArH), 7.89 (1H, s, ArH), 8.55 (2H, d, ArH3’5’), 
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8.62 (1H,s, ArH), 9.59 (2H, d, ArH2’6’). Mass: 
m/z - 452 (M+), 403 (Base peak), 406, 372, 220, 
206, 193, 165, 150, 137, 79. 7k: IR ( KBr) : 3435 
cm-1 (N-CH2), 3003 cm-1 (ArC-H), 2922 cm-1 
(C-H), 1732 cm-1 (C=O of ester), 1681 cm-1 
(C=O of lactone), 1600 cm-1 (C=N), 1548, 1471 
cm-1 (ArC=C), 1300 cm-1 (C-N), 661 cm-1 (C-Br). 
1H NMR (DMSO-d6): δ 4.02 (3H, s, CH3), 6.40 
(2H, s, CH2), 7.65 (1H, d, ArH), 7.90 (1H, d, 
ArH), 8.25 (1H, s, ArH), 8.65 (2H, d, ArH3’5’), 
8.95 (1H, s, ArH), 9.14 (2H, d, ArH2’6’). 

8a: IR ( KBr) : 3405 cm-1 (N-CH2), 3000 cm-1 
(ArC-H), 2825 cm-1 (C-H), 1695 cm-1 (C=O 
of lactone), 1604 cm-1 (C=N), 1554, 1446 cm-1 
(ArC=C), 1247 cm-1 (C-N). 1H NMR (DMSO-
d6) : δ 6.73 (2H, s, CH2), 7.51 (1H, t, ArH), 7.63 
(1H, d, ArH), 7.89 (1H, t, ArH), 8.05-8.12 (2H, 
m, ArH), 8.15–8.24 (1H, m, ArH), 8.30-8.34 
(1H, m, ArH), 8.54 (2H, t, ArH), 8.91 (1H, s, 
ArH), 9.44 (1H, d, ArH), 9.51 (1H, d, ArH).

Antimicrobial Activity
All the synthesized test compounds were qualitatively 
screened for their antimicrobial activity against Bacil-
lus subtilis (B. s.), Escherichia coli (E. c.), Pseudomonas 
aeruginosa (P. a.), Staphalococcus aureus (S. a.) using 
agar diffusion method(12). All the test compounds 
were dissolved in dimethylsulphoxide as solvent. 
However, the concentration of dimethylsulphoxide 
chosen to dissolve the test compounds was such that 
they did not show any antimicrobial property. The 
zone of inhibition was measured in millimeters. 

Most of the tested compounds possessed signifi-
cant antimicrobial activity when compared with that 
of gentamycin and amoxycillin. The test compound 
showing good qualitative antimicrobial property 
were further screened for their quantitative antimi-
crobial study by 96-well plate (Two fold dilution 
technique) using an ELISA Reader. It was found 
that coumarinoyl pyridinium salts 7a, 7c, 7d & 7i 
were found to be more active than that of other test 
compounds in those series as shown in table 1.

TABLE 1: PHYSICAL DATA AND ANTIMICROBIAL ACTIVITY OF COMPOUNDS 7a-l and 8a-c.

Compds R’ R
Yield

%

Antimicrobial activity* Zone of inhibition (mm)

M.P. (ºC) B.s. E.c. P.a. S.a.

7a 4–COOC2H5 H 85 210 28 14 26 30

7b 4–COOC2H5 Br 75 228 – – – –

7c 4–COOC2H5 Cl 78 220 24 30 22 22

7d 3–COOC2H5 H 75 224 28 26 28 26 

7e 3–COOC2H5 Br 79 225 – – – –

7f 3–COOC2H5 Cl 82 226 – – – –

7g 4–COOCH3 H 83 200 – 22 – –

7h 4–COOCH3 Br 78 208 – – – 26

7i 4–COOCH3 Cl 82 218 24 24 22 32

7j 3–COOCH3 H 79 218 26 – – 22

7k 3–COOCH3 Br 83 221 26 – – 22 

7l 3–COOCH3 Cl 76 227 – 26 28 24 

8a – H 79 230 – – – –

8b – Br 76 219 20 – – 29 

8c – Cl 75 220 20 – – 24

Standard Amoxycillin 35 33 34 39 

Gentamycin 38 37 39 40

*Concentration of the test compounds and standards was 100 Mcg/ 0.1 ml.  – No activity
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