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ABSTRACT 

Coumarin is a heterocyclic moiety containing   benzo pyran ring structure. It is widely distributed in the plant kingdom as a glycoside. 
Many compounds of medicinal and pharmaceutical importance possess coumarin ring structure. Drugs with coumarin structure can 
be synthesized by many well-known synthetic reactions. Coumarin derivatives were found to be antibacterial, anticoagulant, anti-
inflammatory, anti-HIV, anti-cancer and antioxidant. As part of the search for new and effective antibacterial agents, eight novel 
derivatives of coumarins were synthesized by Mannich reaction. All the compounds were evaluated for antibacterial activity against 
Staphylococcus aureus and Escherichia coli using ciprofloxacin as standard and DMSO as solvent. Three of the synthesized derivatives 
exhibited good antibacterial activity against Staphylococcus aureus and Escherchia coli. The work must be extended so as to develop 
coumarin derivatives into highly effective antibacterial agents.   
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INTRODUCTION 

oumarin,  a major class of naturally occurring 
compounds possess an oxygen heterocyclic benzo 
pyran system belonging to the lactone family.1 Their 

synthesis can be achieved by any one of the methods 
named Pechmann condensation2,Claisen rearrangement,3 
Knoevenagel reaction,4 Reformatsky synthesis,5 Wittig 
reaction6 and Mannich reaction.7An important property of 
coumarin moiety is it’s ability to form C-glycosides by 
combining with sugar units.8The benzopyran structure 
enables coumarin derivatives to combine with biological 
macromolecules like drug receptors, enzymes etc. This  
combination arises  due to the weak bond interactions of 
coumarin derivatives with various drug receptors.9 The  
bonding  ability offers immense potential for coumarin 
derivatives as therapeutic agents. Coumarin derivatives 
are an essential constituent not only  to the 
pharmaceutical industry but also to the cosmetic and 
perfumery industries.  Coumarin analogs  are very well 
known in pharmaceutical industry as drugs and also as 
intermediates in drug synthesis. For example, Warfarin, 
Dicoumarol, Acenocoumarol all coumarin derivatives 
which are used as anti coagulants,10 Novobiocin 
Chlorobiocin and Coumermycin A1 as antibiotics.11  
Umbelliferone, a 7 hydroxy coumarin   is present in about 

150 different plant species, distributed over 30 different 
families.12  

A detailed and comprehensive survey of the published 
research articles shows that coumarin derivatives possess 
an array of pharmacological activities viz anti coagulant,13 

anti fungal, 14anti inflammatory, 15anti HIV,16 anticancer17 

and antioxidant.18 In addition, extensive scanning of the 
literatures revealed the antibacterial activities of coumarin 
compounds  against a wide spectrum of pathogenic 
bacterial organisms.19-22 

As the number of drug resistant strains of bacteria are 
increasing at a rapid pace, the need for developing newer 
antibacterial agents is an immediate priority for medicinal 
chemists. These facts along with the proven antibacterial 
potency of coumarins prompted us to synthesize newer 
analogs of coumarin by Maanich reaction and evaluate 
their activity on gram positive and gram negative 
organisms.   

MATERIALS AND METHODS 

All the chemicals and reagents were of analytical grade and 
was procured from Sara fine chemicals, spectrum reagents 
and NICE chemicals. The melting points of the starting 
materials were uncorrected. UV spectra was recorded 
using JASCO V-630 spectrophotometer, IR spectra was 
recorded using AVATAR 370 and 1HNMR spectra was 
recorded using BRUKER AVANCELL. Mass spectra was 
recorded using Q-Tof mass spectrophotometer. The 
progress of the reactions was monitored using TLC. The 
bacterial strains were procured from National Collection of 
Industrial Micro organisms (NCIM), Pune. 

 

 

Synthesis and Antibacterial Activities of Coumarins with An Acyl Amino Side Chain 

C 

Research Article 

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/
mailto:vinodbalan76@gmail.com
http://dx.doi.org/10.47583/ijpsrr.2021.v68i01.001


Int. J. Pharm. Sci. Rev. Res., 68(1), May - June 2021; Article No. 01, Pages: 1-6                                                          ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

2 

Scheme of Synthesis 
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3-5{7-hydroxy-2-oxo-4-[(E)-2-phenylethynyl]-2-H-
chromone-8-yl} methyl)]amino acid 

Preparation of 7-hydroxy-4-methyl coumarin  

A measured volume of 100ml concentrated sulphuric acid 
was taken in a conical flask and immersed in an ice bath. 
Added 12.5gm of resorcinol dissolved in 17.5ml of 
ethylaceto acetate drop wise with stirring and the 
temperature was maintained below 10ºC. The reaction 
mixture was kept at room temperature for 1 hour and 
poured it with vigorous stirring to a mixture of crushed ice 
and water in a beaker. Collected the precipitate by 
filtration and washed with cold water. The crude product 
was dried at 100ºC and recrystalised from ethanol and 
dried. The purity of the product was established by a single 
spot on the TLC. The mobile phase was n-hexane:ethyl 
acetate in the ratio 8:2. The M.P of the compound was 
found to be 168o C. Yield 82%. Spectral details of 7-hydroxy 
-4-methyl coumarin is as follows: 

IR: 3478 (OH str), 1724 (C=O,lactone str),  1527(C=C,Ar str), 

1H NMR (400 MHz, DMSO-d6): δ 2.36 (s, 3H,-CH3), 6.12(s, 
1H), 6.78-6.81 (m, 1H, Ar-H), 10.52(s, 1H, -OH). 

MS: 176 (M+) 

Elemental analysis: Calcd   C (68.18%), H(4.58%)  O(27.25%) 

Found C (68.14%), H(4.56%)  O(27.27%) 

Preparation of 7-hydroxy-4-[(E)-2-phenylethenyl]-2H-
chromone-2-one. 

Weighed out equimolar quantities of 7-hydroxy-4-methyl 
coumarin and benzaldehyde and are fused together with 2 
to 3 drops of concentrated sulphuric acid at a temperature 
of 120-130ºC for 1 hour. The obtained product is treated 
with ethanol and it is then poured into crushed ice. The 
formed precipitate is filtered and is recrystallised from 
ethanol and dried.The purity of the product was 
established by a single spot on the TLC. The mobile phase 
was n-hexane:ethyl acetate in the ratio 8:2. M.P 245 o C.  
Yield -70%. Spectral values of 7-hydroxy-4-[(e)-2-
phenylethenyl]-2h-chromone-2-one are given below. 

IR: 3504 (OH str), 3056,(C-H str Ar) 1654 (C=O,lactone str), 
1705 (CH=CH bending) 1618 

(C=C,Ar str) 

1H NMR (400 MHz, DMSO-d6): δ 2.56 (s, 3H,-CH3), 7.25 -
7.48 (d, 1H, Ar-H), 11.32(s, 1H, -OH). 

MS:264(M+) 

Elemental analysis: Calcd   C (77.26%), H(4.58%)  O(18.16%) 

Found C (777.32%), H(4.53%)  O(27.22%) 

Preparation of {7-hydroxy-2-oxo-4-[(E)-2-phenylethinyl]-
2-H-chromone-8-YL }methyl )] Amino Acid (CR1-CR8) 

 Weighed 1.32gm of 7-hydroxy-4-[(E)-2-phenylethenyl]-
2H-chromone-2-one and was dissolved in ethanol by 
warming. To this 0.83g of amino acid and 0.45ml of 
formaldehyde was added. The precipitate obtained was 
filtered, recrystallised from ethanol and dried. The 
reaction was monitored using TLC using  n-hexane: ethyl 
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acetoacetate as mobile phase. The physical datas of the 
compounds are presented in table number 1.  

Synthesis  of [({7-hydroxy-4-[(Z)-2-phenylethenyl]-3,4-
dihydro-2H-1-benzopyran-8-yl}methyl)amino] acetic 
acid.( CR1) 

IR : 3432 (NH str), 2922(Aromatic CH str) 2679(Alkyl CH 
Str) 1776 (C=O str ) 1550(Aromatic C-C str) 1214 (C-N Str) 

1H NMR: δ 2.03 (2H,), 3.52 (s 2H,),), 4.15 (2H,ddd), 6.58 
(1H, s), 7.17-7.35 (m,10H, Ar),10.5(s,1H,NH),11.32 
(s,1H,OH) 

13 C NMR:163.15(C=O), 155.25,151.34,144.78,30.15 

MS:351(M+) 

Elemental analysis : Calcd C(68.37%) H(4.88%) N(3.99%) 
O(22.77%) 

Found C(68.48%) H(4.81%) N(3.75%) O(22.72 %) 

Synthesis of 2-[({7-hydroxy-2-oxo-4-[(E)-2-
phenylethenyl]-3,4-dihydro-2H-1-benzopyran-8-
yl}methyl)amino] propanoic acid. ( CR2) 

IR : 3314 (NH str), 3071(Aromatic CH str) 2679(Alkyl CH 
Str) 1764 (C=O str )  

1550(Aromatic C-C str) 1200(C-N Str)1021(C-O Str) 

1H NMR: δ 1.35 (d, 3H, ) 6.58 (s, 1H), 7.18-7.37 (m,10H, 
Ar) , 10.20(s,1H,NH),11.36(s,1H,OH) 

13 C NMR: 166 27 (C=O), 152.25,148.34, 143.78, 28.75. 

MS:365 (M+) 

Elemental analysis: Calcd C(69.03%) H(5.24%) N(3.83%) 
O(21.89%) 

C(69.223%) H(5.18 %) N(3.74 %) O(22.08%) 

Synthesis of 3-phenyl 2-[({7-hydroxy-2-oxo-4-[(E)-2-
phenylethenyl]-3,4-dihydro-2H-1-benzopyran-8-yl} 
methyl)amino] propanoic acid. ( CR3) 

IR : 3314 (NH str), 3071(Aromatic CH str) 2679(Alkyl CH 
Str) 1767 (C=O str ) 1538 (Aromatic C-C str) 1210(C-N Str) 

1H NMR: δ 1.89 (ddddd ,1H, )  7.17-7.35 (m,10H 
Ar)10.45(s,1H,NH), 11.24(s,1H,OH) 

13 C NMR: 165.16  (C=O), 164.25, 153.15,149.15,31.45. 

MS:441(M+) 

Elemental analysis: Calcd C(73.46%) H(5.25%) N(3.17%) 
O(18.12%) 

C(73.49%) H(5.1 4%) N(3.11%) O(18.02 %) 

Synthesis of 3-hydroxy-2-[({7-hydroxy-2-oxo-4-[(E)-2-
phenylethenyl]-3,4-dihydro-2H-1-benzopyran-8-
yl}methyl)amino] propanoic acid. (CR4) 

IR : 3314 (NH str), 3071(Aromatic CH str) 2679(Alkyl CH 
Str) 1750(C=O str ) 1550(Aromatic C-C str) 1200(C-N 
Str)1021(C-O Str) 

1H NMR: δ 1.89 (ddddd ,1H,)  7.45-  8.15(m,10H,Ar), 
10.35(s,1H,NH),11.25(s,1H,OH)   

13 C NMR: 163.26 (C=O), 160.18, 151.15,151.15,28.76. 

MS:381(M+) 

Elemental analysis: Calcd:   C(66.13%) H(5.02%) N(3.67%) 
O(25.17%) 

C(66.22 %) H(4.96 %) N(3.58 %) O(25.35 %) 

Synthesis of 2-[({7-hydroxy-2-oxo-4-[(E)-2-
phenylethenyl]-3,4-dihydro-2H-1-benzopyran-8-
yl}methyl)amino]-3-sulfanyl propanoic acid. ( CR5) 

IR : 3314 (N-H str), 2985 (Aromatic C-H str) 2679(Alkyl 
C-H Str) 1763 (C=O str ) 1525 (Aromatic C-C str) 1264 
(C-N Str) 

1H NMR: δ 1.89 (dddd,1H, CH2)  7.24-8.35(m,10H,Ar), 
10.43 (s,1H,NH),11.28 (s,1H,OH)   

13 C NMR: 164.26  (C=O), 162.25, 150.15,148.15,29.78. 

MS: 411 (M+) 

Elemental analysis: Calcd:  C(63.46%) H(4.82%) N(3.52%) 
O(20.13%) S(8.07%). 

C(63.29 %) H(4.84%) N(3.55%) O(20.18%) S(8.12%). 

Synthesis of 3-(4-hydroxy) phenyl 2-[({7-hydroxy-2-oxo-
4-[(E)-2-phenylethenyl]-3,4-dihydro-2H-1-benzopyran-8-
yl} methyl)amino] propanoic acid. (CR6) 

IR : 3358 (NH str), 2881(Aromatic CH str) 2679(Alkyl CH 
Str) 1745 (C=O str ) 1550(Aromatic C-C str) 1205 (C-N Str) 

1H NMR: δ 1.89 (dddd, 1H, CH2 )  2 .53-2.69 (dd,2H,CH) 
7.17-7.35 (m,10H,Ar), 10.35 (s,1H,NH),11.43 (s,1H,OH)   

13 C NMR: 162.38  (C=O), 159.25, 153.15,147.18, 28.65. 

MS: 457(M+) 

Elemental analysis: Calcd:C(70.89%) H(5.07%) N(3.06%) 
O(20.98%) 

C(71.03 %) H(5.22%) N(3.12 %) O(21.05 %) 

Synthesis of  2-methyl- 2-[({7-hydroxy-2-oxo-4-[(E)-2-
phenylethenyl]-3,4-dihydro-2H-1-benzopyran-8-yl} 
methyl)amino] butanoic acid. ( CR7) 

IR : 3314 (NH str), 3112 (Aromatic CH str) 2679(Alkyl CH 
Str) 1757 (C=O str ) 1532 (Aromatic C-C str) 1225 (C-N Str) 

1H NMR: δ 1.89 (1H,  CH2) 2.12 (1H, dddd, CH ) 7.17-7.35 
(m. 10H Ar ,) 10.38 (s,1H,NH) 11.15(dd,1H,OH) . 

13 C NMR: 161.16  (C=O), 159.25, 151.15,149.15,30.73. 

MS:393(M+) 

Elemental analysis: Calcd :  C(70.21%) H(5.89%) N(3.56%) 
O(20.33%) 

C(70.24 %) H(5.94%) N(3.58%) O(20.37 %) 
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Synthesis of  3-hydroxy - 2-[({7-hydroxy-2-oxo-4-[(E)-2-
phenylethenyl]-3,4-dihydro-2H-1-benzopyran-8-yl} 
methyl)amino] butanoic acid. ( CR8) 

IR : 3314 (NH str), 29941(Aromatic CH str) 2679(Alkyl CH 
Str) 1760(C=O str ) 1550(Aromatic C-C str) 1223 (C-N Str) 

1H NMR: δ 1.89 (1H, ddddd, CH2)  7.20 -7.45 (m, 10H, Ar, ) 
10.42 (s,1H,NH) 11.25(dd,1H,OH)  

13 C NMR: 164.24  (C=O), 159.33, 152.23,149.15,29.45. 

MS:409(M+) 

Elemental analysis: Calcd ::  C(66.83%) H(5.35%) N(3.54%) 
O(24.28%) 

C(66.45%) H(5.46 %) N(3.46 %) O(24.25%) 

Antibacterial Screening 

Placed agar plates right side up in an incubator heated to 
37ºC for 10-20 minute with the covers adjusted so that the 

plates are slightly opened. Label the covers of each of the 
plates with the name of test organisms to be inoculated 
using sterile technique, inoculate all agar plates with E.coli 
and S.aureus. Using the swab, streak the entire agar 
surface horizontally, vertically and around the outer edge 
of the plate to ensure a heavy growth over the entire 
surface. Allow the culture plates to dry for about 5 minute. 
After solidification of the media, a well with the help of 
borer (0.85cm) was made and 0.1ml of synthetic 
compound dissolved in DMSO was inoculated into the well. 
Controls are performed (for each bacterial strains), where 
0.1ml of pure solvent was inoculated into the well. The 
plates were inoculated for 24 hours at 37ºC. The zone of 
inhibition of bacterial growth exhibited by the compounds 
against the particular test bacterial strains determined, the 
antibacterial activities of the synthetic compound.23  The 
zone of inhibition measured for the compounds against 
Staph Aureus and E Coli are depicted in table number 2.  

 

Table 1: Physical Properties of {7-hydroxy-2-oxo-4-[(E)-2-phenylethinyl]-2-H-chromone-8-yl }methyl)] Amino Acid (CR1-
CR8) 

Compound 
Code 

R Molecular Formula 

 

Molecular 
Weight (D) 

Melting 
Point 
(0C) 

Rf 
Value 

Yield (%) 

CR1 -CH2- C20H17NO5 351 259 0.67 70 

CR2 -CH-CH3 C21H19NO5 365 284 0.69 64 

CR3 -CH-CH2-C6H5 C27H23NO5 441 263 0.79 62 

CR4 -CH-CH2-OH C21H19NO6 381 280 0.64 63 

CR5 -CH-CH2-SH C21H19NO5 S 411 265 0.72 59 

CR6 -CH-CH2C6H4OH C27H23NO6 457 246 0.67 68 

CR7 -CHCH(CH2)CH2 C23H23NO5 393 301 0.65 61 

CR8 -CH-CH(CH2)OH C22H 21NO6 409 256 0.69 68 

 
Table 2: Zone of Inhibition of compounds against Staphylococcus aureus and Escheichia coli 

Sl 
No 

Codes of Compounds Staphylococcus Aureus Escherichia Coli 

50 µgm/ml 100 µgm/ml 50 µgm/ml 100 µgm/ml 

1 CR1 04 12 03 10 

2 CR2 02 09 05 11 

3 CR3 06 11 04 10 

4 CR4 06 19 06 17 

5 CR5 13 22 09 20 

6 CR6 06 20 05 18 

7 CR7 05 12 03 09 

8 CR8 06 13 04 10 

9 Ciprofloxacin (30µgm/ disc)                            29                    28 

10 Solvent (DMSO)                              0                      0 
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RESULTS AND DISCUSSION 

Eight derivatives of coumarin were synthesized and 
screened for their antibacterial activity. 

The reactions were monitored by TLC analysis and the 
melting points were determined. The structures of the 
respective prototypes were confirmed by UV, IR NMR and 
mass spectra. Antibacterial activity was determined by 
measuring the zone of inhibition of the compounds against 
Staphylococcus Aureus and Escherichia Coli at 
concentrations of 50 μg/ml and 100 μg/ml using 
ciprofloxacin 30µg/ml as standard and DMSO as solvent.  

Out of the synthesized compounds, three compounds had 
good activity against S.aureus and E.coli at a concentration 
of 100 μg/ml, whereas remaining  five compounds exhibited 
moderate activity against the microorganisms. Among the 
three compounds which exhibited good antibacterial 
activity, CR5(2-[({7-hydroxy-2-oxo-4-[(E)-2-phenylethenyl]-
3,4-dihydro-2H-1-benzopyran-8-yl}methyl)amino]- 3-
sulfanyl propanoic acid) exhibited the highest activity at a 
concentration of 100 μg/ml followed by CR6 3-(4-hydroxy) 
phenyl 2-[({7-hydroxy-2-oxo-4-[(E)-2-phenylethenyl]-3,4-
dihydro-2H-1-benzopyran-8-yl} methyl)amino] propanoic 
acid) and CR4 3-hydroxy-2-[({7-hydroxy-2-oxo-4-[(E)-2-
phenylethenyl]-3,4-dihydro-2H-1-benzopyran-8-yl}methyl) 
amino] propanoic acid. At a concentration of 50 μg/ml all 
the compounds showed negligible activity. The 
comparatively higher activity of CR5 can be attributed to 
the presence of sulfhydryl group in the aliphatic chain of the 
molecule. The activities of CR5 and CR4 can be explained on 
the basis of the presence of aromatic ring in the side chain 
of the  molecule.  

CONCLUSION 

From the present study, it can be concluded that 
compounds with 7- hydroxy coumarin ring with an amino 
acyl side chain attached to the eighth position of the 
coumarin ring can be developed as effective antibacterial 
agents against gram-positive and  gram-negative bacteria. 
As infections due to various bacterial organisms are on the 
rise, as well as resistance of currently available drugs also 
on the upswing, studies which focus on the development of 
newer antibacterial agents should be carried out. Hence 
development of more and more analogues of coumarin 
should be undertaken, so that the search for effective 
antibacterial agents get fulfilled. 
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