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ABSTRACT

for antibacterial and antifungal activities.

Naphthalene structure consists of a fused pair of benzene rings. 6-Substituted Naphthalene 2-carboxamide
derivatives (R=Br, CF3) are found to be most potent antimicrobial, antitubercular agents. Numerous biological
activities have been attributed to simple coumarins as well as pyranocoumarins, furocoumarins and analogues, e.g.
antimicrobial, antiviral, anticancer, enzymes inhibition, anti-inflammatory, antioxidant, and central nervous system
activities. Coumarin derivatives have also been used as anticoagulants and also exhibit anti-HIV and anti-
tuberculosis (anti-TB) activities. The synthesized compounds are purified by column chromatography and
characterized by analytical and spectral data (IR, 1H NMR and Mass). The synthesized compounds were evaluated

KEYWORDS: Diethyl Malonate, Triethyl amine, Coumarins, Antibacterial agents, Anti-fungal agents.

INTRODUCTION

Antimicrobial susceptibility testing can be used for drug
discovery, epidemiology and prediction of therapeutic
outcome. In this review, we focused on the use of
antimicrobial testing methods for the in
vitro investigation of extracts and pure drugs as potential
antimicrobial agents.

After the revolution in the “golden era”, when almost all
groups of important antibiotics  (tetracyclines,
cephalosporins, aminoglycosides and macrolides) were
discovered and the main problems of chemotherapy were
solved in the 1960s, the history repeats itself nowadays
and these exciting compounds are in danger of losing
their efficacy because of the increase in microbial
resistance.’). Currently, its impact is considerable with
treatment failures associated with multidrug-resistant
bacteria and it has become a global concern to public
health. ]

For this reason, discovery of new antibiotics is an
exclusively important objective. Natural products are still
one of the major sources of new drug molecules today.
They are derived from prokaryotic bacteria, eukaryotic
microorganisms, plants and various animal organisms.
Microbial and plant products occupy the major part of
the antimicrobial compounds discovered until now. !

Plants and other natural sources can provide a huge range
of complex and structurally diverse compounds.
Recently, many researchers have focused on the
investigation of plant and microbial extracts, essential
oils, pure secondary metabolites and new synthetized
molecules as potential antimicrobial agents." ! []
However, when we reviewed the published articles on
the antimicrobial effect of these natural products, the
comparison between results is often difficult, because of
the use of different non-standardized
approaches inoculum preparation techniques, inoculum
size, growth medium, incubation conditions and
endpoints determination.

The fact that a plant extract exhibits antimicrobial
activity is of interest, but this preliminary part of data
should be trustworthy and allow researchers to compare
results, avoiding work in which researchers use
the antimicrobial activity investigation only as a
complement to a phytochemical study.

A variety of laboratory methods can be used to evaluate
or screen the in vitro antimicrobial activity of an extract
or a pure compound. The most known and basic methods
are the disk-diffusion and broth or agar dilution methods.
Other methods are used especially for antifungal testing,
such as poisoned food technique. To further study the
antimicrobial effect of an agent in depth, time-Kkill test
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and flow cytofluorometric methods are recommended,
which provide information on the nature of the inhibitory
effect (bactericidal or bacteriostatic) (time-dependent or
concentration-dependent) and the cell damage inflicted
to the test microorganism.

Owing to the new attraction to the properties of new
antimicrobial products like combating multidrug-
resistant bacteria, it is important to develop a better
understanding of the current methods available for
screening and/or quantifying the antimicrobial effect of
an extract or a pure compound for its applications in
human health, agriculture and environment. Therefore, in
this review, the techniques for evaluating thein
vitro antimicrobial activity were discussed in detail.

SCHEME-I

MARERIALS AND METHODS

Reagents and various solvents are used for synthetic
work. All the reactions were performed in dried Borosil
glass beakers, round bottom flasks, conical flasks.
Precoated silica gel plates (MERK) were used for TLC.
Compounds melting points were determined by the open
capillary method. JASCO UV Chamber was used for the
detection of spots in TLC. IR spectra were recorded on
the BRUKER FTIR spectrometer.

1H NMR spectra were recorded on a BRUKER-
400MHZ spectrometer using DMSO as solvent. The
chemical shift data were expressed as values relative to
TMS in 6 ppm.

STEP -1: Preparation of ethyl 2-oxo-2H-chromene-3-carboxylate
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STEP -3: Preparation of N-(naphthalen-1-ylmethyl)-2-oxo-2H-chromene-3-carboxamide
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General procedure

STEP-1: Preparation of ethyl 2-oxo-2H-chromene-3-
carboxylate (3)

Mixture of the appropriate salicylaldehyde (1, 0.50 mole)
in EtOH (90 mL) is refluxed under magnetic stirring with
diethyl malonate (2, 0.55mole) and catalytic amounts of
piperidine for 24 h. After cooling to room temperature,
the solution is filtered to give the desired 2-oxo-2H-
chromene-3carboxylic acid ethyl ester (3).

STEP-2: Preparation 2-oxo-2H-chromene-3-carbonyl
chloride (5)

Compound (3) on hydrolysis with NaOH 20% (100 mL),
followed by acidification with hydrochloric acid (4 N)
resulted in to the desired 2-oxo-2Hchromene-3-
carboxylic acid (4) The 2-oxo-2H-chromene-3-
carboxylic acid (4, 0.05 mol) is added with thionyl
chloride (5ml) and (4) refluxed for 3 h at 100 C under
magnetic stirring. After cooling to room temperature, the
solution was filtered to give the desired chromene
carbonyl chloride (5). 5a). 6-methoxy-20x0-2H-
chromene-3-carbonyl chloride; light brown crystals;
m.p:92-94°C, % vyield: 62; Ry 0.12. 5b). 7-(diethyl
amino)-2 oxo-2H-chromene-3-carbonyl chloride; yellow
solid; m.p:80-82°C, % vyield: 73.5; Rf: 0.8. 5c). 6-Chloro-
20x0-2H-chromene-3-carbonyl chloride; white solid,;
m.p:123-125°C, % yield: 73; Rf: 0.4. 5d). 6-Nitro-20xo-
2H-chromene-3-carbonyl chloride; reddish brown solid,;
m.p:90-92°C, % vyield: 53.5; Ry 0.26. 5e). 20x0-2H-
chromene-3-carbonyl chloride; white crystal; m.p:106-
108°C, % vyield: 70; Ry: 0.32.

STEP-3: Preparation of N-(naphthalen-1-ylmethyl)-2-
ox0-2H-chromene-3-carboxamide (7)

A solution of the naphthalene-1-yl methanamine (6,
0.0072 mol) in the ethanol (30 mL) is added dropwise to
a solution of the appropriate 2-oxo0-2H-chromene-3-acyl
chloride (5, 0.0072 mol) and triethylamine (1 mL). The
reaction mixture is stirred for 96h at reflux, then cooled
to room temperature and filtered off to remove
triethylammonium salt. The organic layer is concentrated
under vacuum, cooled to 4°C to give the final
compounds (7). 7a). 6-methoxy-N-(naphthalen-1-
ylmethyl)-2-oxo-2H-chromene-3-carboxamide; light
brown crystals; m.p: 183°C; %yield:57; R:0.34. (Mobile
phase: hexane: ethyl acetate; 7:3). 7b).7-(diethylamino)-
N-(naphthalen-1-ylmethyl)-2-oxo0-2H-chromene-3-
carboxamide; reddish brown solid; m.p: 1900C;
%yield:63; Rf:0.25.  7c).6-Chloro-N-(naphthalen-1-
ylmethyl)-2-ox0-2H-chromene-3-carboxamide; white
solid; m.p: 153°C; %yield:69; R:0.36. 7d (6-Nitro-2-
0x0-2H-chromene-3-carboxamide) yellow solid; m.p:
201°C, percentage yield: 47, Ry 0.25. 7e). N-
(naphthalen-1-ylmethyl)-2-oxo-2H-chromene-3-
carboxamide; light brown crystal; m.p: 161°C; %yield:
70; R¢: 0.32.

EVALUATION OF ANTIMICROBIALACTIVITY
The antibacterial activity of substituted chalcones (7a-
7e) had been assayed against four different strains of

bacteria by cup-plate agar diffusion method by
measuring the zone of inhibition. The test organisms
were sub cultured using nutrient broth medium. The
tubes containing sterilized medium were inoculated with
respective bacterial strains. After incubation at 37+1°
for 24 hours they were stored in refrigerator. The stock
cultures were maintained. Bacterial inoculum was
prepared by transferring a loopful of culture to nutrient
broth in conical flask. The flasks were incubated at
37+l for 48 hours before the experimentation. Solution
of test compound was prepared by dissolving the sample
in DMSO. Areference standard for both Gram positive
and Gram-negative bacteria was made by dissolving
accurately weighed quantity of Moxifloxacin in sterile
distilled water. The nutrient agar medium was sterilized
by autoclaving at 121°C for 15min. The petriplates, tubes
and flasks plugged with cotton were sterilized in hot air
oven at 160° for two hours. Into each sterilized petri
plate, about 25mL of molten nutrient agar medium
inoculated with the respective strains of bacteria was
transferred aseptically. The plates were left at room
temperature to allow solidification. In each plate, cups of
5 mm diameter were made with sterile borer. Then 100ul
of the test solution was added to the respective cups
aseptically and labelled accordingly. The plates were
kept undisturbed for at least 2 hours in refrigerator to
allow diffusion of the solution properly into the nutrient
agar medium. After the incubation of the plates at 37+1°c
for 24 hours, the diameter of the zone of inhibition
surrounding each of the cups was measured with the help
of the scale and tabulated.

Anti-fungal Activity

The anti-fungal activity of all compounds was
determined on potato dextrose agar medium against
Rhizopusoryzae, Aspergillus Niger, Aspergillus flavus,
Candida albicans and Saccharomyces cerevisiae
organisms using Amphotericin-B as a standard and DMF
was used as control. The sterile molten potato dextrose
medium was cooled to 45°% and inoculated with test
organisms and mixed the contents thoroughly and poured
into the sterile petri dishes under aseptic conditions. All
the inoculated petri dishes were incubated at 28°c for 4
days and the extent diameter of inhibition was measured
as the zone of inhibition in millimeters.

Preparation of test solution

10mg of each compound was dissolved in 10ml of DMF,
from this stock solution further required concentration of
100pg/ml were prepared by dilution using DMF.

Preparation of standard anti-fungal solution
Ketoconazole was used as standard anti-fungal for
comparison and solution were prepared by using sterile
water, so that the concentrations of the solution were
100pg/ml.

Methods of testing
The method of testing fungicidal activity is the same as
that of antibacterial testing. DMF was used as a solvent
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control.

RESULTS AND DISCUSSION

Spectral characterization

Synthesized title compounds are characterized by their
spectral analysis. For instance, the compound 7b, in its
I.R spectrum showed characteristic N-H (str) absorption
band at 3400 cm™1. Carbonyl (C=0) Stretching was seen
at 1635 cm™. Aliphatic and aromatic C-H, (str) bands
were present at 2926 and 3046 cm'l respectively. 1H-
NMR spectrum of the compound 7b showed signals due
to ethyl, methylene and aromatic protons present. Six
protons of two methyl groups appeared as a triplet at
1.29-1.27 ppm (J= 4Hz) and two methylene groups for
four protons appeared as a quartet at 3.68-3.64 ppm. The

two protons of methylene group attached to amide
nitrogen observed as a doublet at 4.68-7.66 ppm. All
eleven protons aromatic protons resonated between 7.37-
8.019 ppm. Mass spectrum of the compound 7b
(Molecular weight - 400.4) showed M+1 peak at m/z
401. Based on the spectral analysis, the compound is
characterized as 7- (diethylamino)-N-(naphthalene-1-
ylmethyl)-2-oxo0-2H-chromene-3-carboxamide.

Antibacterial activity

Result of antibacterial activity of substituted N-
(naphthalen-1-ylmethyl)-2-oxo0-2H-chromene-3-
carboxamides (7a-7e) against Gram-negative bacteria at
various concentrations on different strains of bacteria
was given in Table:1

Table 1: Antibacterial activity against E. coli (Zones of inhibition in mm).

Compounds 5.0“9/ ml
(in mm)

7a 12

7b 15

7c 14

7d 17

Te 14

MXN 19

100pg/ml | 300pg/ml
(in mm) (in mm)

16 16

18 15

17 18

19 19

17 15

22 22

25
20
1

th

1

—

zone of inhibition
h

—

Ta b 7c 7d Te MXN

Compounds

= S0pg/ml =100pg/ml = 300png/ml

Figure 1: Antibacterial activity against E. coli (Zones of inhibition in mm)

Table 2: Antibacterial activity against Klebsiella pneumonia (Zones of inhibition in mm)

Compounds 5_0ug/m| 1(_)0ug/m| 3(_)Oug/ml

(in mm) (in mm) (in mm)
7a 11 13 16
7b 9 11 13
7c 10 12 15
7d 12 15 17
Te 09 12 14
MXN 16 20 24
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Figure 2: Antibacterial activity against Klebsiella pneumonia (Zones of inhibition in mm).

Zone of inhibition

Figure 3: Antibacterial activity against Bacillus substilis (Zones of inhibition in mm)
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=1

0
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Compounds

L SOpg/ml =

100pg/ml =

300pg/ml

Compounds 5_0pg/m| 1(_)0pg/m| 3(_)Oug/ml
(in mm) (in mm) (in mm)

7a 12 13 18

7h 16 19 21

7c 14 16 18

7d 12 17 18

7e 15 17 18

MXN 18 20 23

7a 7b 7ec 7d Te MXN

Compounds

u Sopg/ml =

100pg/ml = 300pg/ml

Table 4: Antibacterial activity against Staphylococcus aureus (Zones of inhibition in mm)

50ug/ml | 100pg/ml | 300ug/ml

Compounds (inur?1m) (in‘:r?m) (iniﬂm)
7a 12 16 18
7b 16 19 20
7c 09 15 16
7d 10 18 19
Te 10 1 16
MXN 19 22 24
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Figure 4: Antibacterial activity against Staphylococcus aureus (Zones of inhibition in mm).
Antibacterial activity (zone of inhibition in mm) of synthesize N-(naphthalen-1-ylmethyl)-2-oxo-2H-chromene-3-
carboxamides (7a-7e).

Figure 5: E.Coli-(Zone of inhibition in mm)

Figure 6: Klebsiella Pnuemonia- (Zone of inhibition in Figure 7: Staphylococcusaureus-(Zone of inhibition in
mm). mm).
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Figure 8: Bacillus subtilis - (Zone of inhibition in mm)

The synthesized derivatives 7a-7e has been evaluated for
their antimicrobial activity against Gram-positive
(Staphylococcus aureus, Bacillus subtilis) and Gram-
negative (Escherichia coli, Klebsiella pneumonia)
bacteria by measuring the zone of inhibition. The results
have been compared with a broad-spectrum antibacterial
agent Moxifloxacin as standard drug. The compound 7d
substituted with 6-CI group showed significant zone of
inhibition 19mm at 300ug/ml against E. coli. when
compared 22mm zone of inhibition shown by standard
Moxifloxacin at 300ug/ml. However, the compounds 7a
and 7d substituted with methoxy, 6-Cl groups showed
significant zone of inhibition 16mm, 17mm at 300ug/ml
against Klebsiella pneumonia. when compared 24mm
zone of inhibition shown by standard Moxifloxacin at
300ug/ml. The compounds 7b, 7e substituted with 7-
diethylamine, 6-Cl groups showed significant zone of
inhibition of 21mm, 18mm at 300pg/ml Bacillus
substilis. when compared 23mm zone of inhibition
shown by standard Moxifloxacin at 300ug/ml. The
compounds 7b, 7d substituted with 7-diethylamine, 6-Cl
groups showed significant zone of inhibition of 20mm,
19mm at 300pug/ml against Staphylococcus aureus. When
compared 24mm zone of inhibition shown by standard
Moxifloxacin at 300ug/ml.

Antifungal activity

Antifungal activity of compounds 7a-7e (Zone of
inhibition in mm) Among the series the compound 7d
showed the potent activity with zone of inhibition 21mm
against S. cervisiae at 100ug/ml. when compared 24mm
zone of inhibition shown by standard ketoconazole at
100pg/ml.

Table 5: Antifungal activity of compounds 7a-7e
(Zone of inhibition in mm) (Conc: 100ug/ml).

c C. albicans | A.niger | S.cervisiae
ompounds . . .
(in mm) (in mm) (in mm)

7a 10 12 8

7b 13 8 12

7c 15 12 19

7d 18 12 21

Te 6 10 14
Ketoconazole 25 22 24

Note: 8-12 mm poor activity, 13-16 mm moderate
activity, 18-25 mm significant activity.

CONCLUSION

The synthesized compounds are purified by column
chromatography. Compounds are characterized by the
analytical and spectral (IR, '"H NMR and Mass) data. The
synthesized compounds were evaluated for anti-
microbial activity. When the two moieties are fused or
combined and screened for antibacterial studies, they
showed moderate to strong antibacterial activity against
Gram positive and Gram-negative bacteria. It is clearly
concluded that the synthesized compounds with
substitution at 4, 5™ position of Benzopyrone naphthalene
conjugates showed potent antibacterial activity against
Gram positive and Gram-negative bacteria. The
compound 7d substituted with 6-Cl group showed zone
of inhibition of 19mm at 300ug/ml against E. coli. when
compared to 22mm shown by standard Moxifloxacin at
300ug/ml.  However, the compounds 7a and 7d
substituted with 6-methoxy, 6-Chloro groups showed
significant zones of inhibition of 16mm & 17mm at
300pg/ml against Klebsiella pneumonia, respectively
when compared 24mm zone of inhibition shown by
standard Moxifloxacin at 300ug/ml. The compounds 7b,
7e substituted with 7-diethylamine, 6-Chloro groups
showed significant zone of inhibition of 21mm, 18mm at
300pg/ml Bacillus substilis. when compared to 23mm
zone of inhibition shown by standard Moxifloxacin at
300ug/ml. The compounds 7b, 7d substituted with 7-
diethylamino, 6-Chloro groups showed significant zone
of inhibition of 20mm, 19mm at 300ug/ml against
Staphylococcus aureus. when compared 24mm shown by
standard Moxifloxacin at 300pug/ml. Among the series
the compound 7d showed the potent antifungal activity
with zone of inhibition 21mm against S. cervisiae at
100pg/ml. when compared 24mm zone of inhibition
shown by standard ketoconazole at 100ug/ml.

ACKNOWLEDGMENT
The authors are grateful to the Management and
Principal of Vaagdevi College of Pharmacy, Ramnagar,

Hanamakonda, Warangal urban, Telangana, India-
506001.

REFERENCES

1. D.L. Mayers, S.A. Lerner, M. Ouelette, et al;

Antimicrobial Drug Resistance C: Clinical and
Epidemiological Aspects, vol. 2, Springer Dordrecht
Heidelberg, London, 2009; 681-1347.

2. A. Guschin, P. Ryzhikh, T. Rumyantseva, et al.
Treatment efficacy, treatment failures and selection
of macrolide resistance in patients with high load
of Mycoplasma genitalium during treatment of male
urethritis with Josamycin BMC Infect. Dis., 2015;
15: 1-7.

3. | Martin, P. Sawatzky, G. Liu, et al. Antimicrobial
resistance to Neisseria gonorrhoeae in Canada:
2009-2013; Can. Commun. Dis. Rep., 2015; 41:
40-41.

4. J.Berdy; Bioactive microbial
Antibiot., 2005; 58: 1-26.

metabolites; J.

www.ejpmrcom | Vol 12, Issue 5, 2025. |

I1SO 9001:2015 Certified Journal | 364




Swamy et al. European Journal of Pharmaceutical and Medical Research

5. D.K. Runyoro, M.I. Matee, O.D. Ngassapa, et al; 18. Zavrsnik synthesized a series of new 3-cynnamoyl-
Screening of Tanzanian medicinal plants for anti- 4-hydroxycoumarins57:61periodic biologram
Candida activity; BMC Complement. Altern. biologram, 2011; 57: 93-97.

Med., 2006; 6: 11.
6. U. Mabona, A. Viljoen, E. Shikanga, et al.

Antimicrobial activity of Southern  African
medicinal plants with dermatological relevance:
from an ethnopharmacological screening approach,
to combination studies and the isolation of a
bioactive compoundJ. Ethnopharmacol., 2013; 148:
45-55,

7. F.Nazzaro, F. Fratianni, L. De Martino, et al; Effect
of essential oils on pathogenic bacteria;
Pharmaceuticals, 2013; 6: 1451-1474.

8. Aminov, RI. 2010. A brief history of the antibiotic
era: lessons learned and challenges for the
future. Frontiers in Microbiology, 1: 134.

9. Singh SP, Qureshi A, Hassan W. Mechanisms of
action by antimicrobial agents: A review McGill J
Med, 2021; 19(1). Available from.

10. Bassett, E.J, Tetracycline-labeled human bone, 1980;
1532-1534.

11. Leon G. Leanse, Carolina A, Sana, M, Tianhong
DAntimicrobial Blue Light: A ‘Magic Bullet’ for the
21st Century and Beyond, 2022; 180: 114057.

12. Ravi K, Vikrant P, Nisarg Gohil, Bhattacharjee G,
Vijai Singh b, Dhanaji P. Rajani, Rajesh B, Jhillu
Singh Y: Synthesis, biological evaluation and
molecular docking study of novel amide-coupled
naphthalene scaffolds as potent inhibitors of
bacterial recombinase A Journal of Medicinal
Chemistry Reports, 2022; 6: 100078.

13. Bagatin, S. Gulay, E. Palaska, M. Ekizoglu, M
Ozap; Synthesis and antimicrobial activity of some
4-Methoxy-1-naphthohydrazide derivatives;
Farmaco, 2019; 57: 539-542.

14. Araujo, Horning; synthesized 7-hydroxy-6-nitro-2H-
chromen-2-onecompounds. J. Chem. Pharm Res,
2017; 75: 539-548.

15. Jiri Kos, lveta Zadrazilova, Matus Pesko, Stanislava
Keltosova, Jan Tengler, Pavel Bobal, Peter Kollar,
Alois Cizek, Katarina Kralova, Josef Jampilek;
Antimycobacterial and herbicidal activity of ring-
substituted 1-hydroxynaphthalene-2-carboxanilides;
Bioorg. Med. Chem, 2015; 21: 666-672.

16. Tomas Gonec, Jiri Kos, lveta Zadrazilova, Matus
Pesko, Stanislava Keltosova, Jan Tengler, Pavel
Bobal, Peter Kollar, Alois Cizek, Katarina Kralova,
Josef Jampilek; Antimycobacterial and herbicidal
activity of ring-substituted 1-hydroxynaphthalene-2-
carboxanilides; Bioorg. Med.Chem, 2013; 21:
666-673.

17. Milelli A, Tumiatti V, Micco M, Rosini M, Zuccari
G, Raffaghello L, Bianchi G, Pistoia V, Fernando
Diaz J, Pera B, Trigili C, Barasoain I, Toniolo M,
Sissi C, Alcaro S, Moraca F, Zini M, Stefanelli C,
Minarini A; Design, Synthesis, and Biological
Evaluation of Substituted Naphthalene Imides and
Diimides as Anticancer Agent; Eur. J. Med. Chem,
2012; 57: 417-28.

www.ejpmrcom | Vol 12, Issue 5, 2025. | ISO 9001:2015 Certified Journal | 365




