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ABSTRACT

Coumarins are the family of benzopyrones, in which benzene ring amalgamated with the pyrone
ring. Their versatile oxygen-containing heterocyclic structure and physicochemical characteristics
are responsible to attract great attention from medicinal chemists and pharmacologists and for
being a privileged scaffold in medicinal chemistry. In this study, 1, 3, 4 -oxadiazole incorporated a
series of new coumarin derivatives have been synthesized. Structures of the newly synthesized
compounds were established on the basis of FT-IR, *H NMR spectroscopic techniques and
elemental analysis. The synthesized compounds were screened for their in vitro antifungal activity
against five pathogenic fungal strains: Aspergillus niger, Penicillium notatum, Saccharomyces
cerevisiae, Penicillium chrysogenum and Neurospora crassa by disk-diffusion method. All the
compounds were found to have significant antifungal activity against all the fungal strains.
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INTRODUCTION

Coumarins (Chromen-2-ones) are a group of naturally occurring benzopyrone framework

containing organic compound '. Due to their inimitable and versatile oxygen-containing
heterocyclic structure synthesis of coumarin and its derivatives have drawn great attention from
organic and medicinal chemists for many years #°. The large-conjugated system with electron-rich
and charge-transport properties of this family of compounds, makes them attractive molecules for
different fields of research 2. Therefore, many coumarin derivatives have been extracted from
natural sources, designed, synthesized, and evaluated on different pharmacological targets *. In
addition, based on coumarin nucleus ion receptors, fluorescent probes, and biological stains are
developed rapidly and forms widespread applications to guide timely enzyme activity, complex
biological events, as well as accurate pharmacological and pharmacokinetic properties in living
cells .

As an important group of organic heterocycles, coumarin derivatives possess many important
biological activities such as antifungal °, antibacterial /, anti-inflammatory &, antiproliferative °,
antitumor ', antiviral !, antioxidant *, anticoagulant *3, anticancer ** and anti-HIV *° activities.
Moreover, their unparalleled photochemical and physicochemical properties make them efficient
in a diverse of applications such as optical brighteners *°, dispersed fluorescent and laser dyes *',

19 20 and pharmaceuticals 2. So, the synthesis of

additives in food ', perfumes °, cosmetics
coumarin derivatives have attracted great interest recently.

Our interest in synthesizing some advanced coumarin derivatives have been developed by seeing
its widespread applications. So, in this study, we synthesized some 1, 3, 4-oxadiazole incorporated
coumarin derivatives. All the synthesized compounds were fully characterized by spectroscopic
techniques and elemental analysis and were screened for antifungal activity.

MATERIALS AND METHOD

All the chemicals were collected from Sigma-Aldrich and used without further purification. All the
solvents were distilled using standard methods before use. The progress of the reaction and the
purity of the synthesized compounds were determined by TLC using aluminum sheets of merck
silica gel 60 F254 of 0.25 mm thickness detected by UV light (254 nm). Melting points were
determined in open capillaries on Stuart SMP10 melting point apparatus and are uncorrected. The
IR spectra (KBr discs) were recorded on a Perkin-Elmer FT-IR Spectrometer from thesis
laboratory, Department of Chemistry, Mawlana Bhashani Science and Technology University
(Bangladesh). The 'H NMR spectra were recorded on BRUKER FT-NMR-AV400N
spectrophotometer-300 MHz (Pharmaceutical Science Laboratory, Tokushima University, Japan)
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and BRUKER AVANCE Il — 400 MHz NMR instrument (Wazed Miah Science Research Centre,
Jahangirnagar University, Bangladesh) in Chloroform-d, Methanol-d, and DMSO-ds solvent, using
TMS as an internal reference and values of chemical shift were expressed in ppm. Elemental
analysis was performed on PerkinElmer, ChemBioDraw Ultra, version 14.0.0.117. For the
antifungal activity evaluation, MacConky agar, MHB (Mueller Hinton Brooth), PDA (Potato
Dextrose Agar) were purchased from Oxoid, UK, and Econazole was purchased from Biomaxima,
Poland, EU.

dd

Figure 1: Structure of the synthesized compounds (Numbering was used for *H NMR
assignment).

General procedures of synthesis and spectral data analysis

Synthesis of Methyl 3-acetyl-2-oxo0-2H-chromene-6-carboxylate (2)

Methyl 3-acetyl-2-oxo-2H-chromene-6-carboxylate (2) was synthesized according to the
Knoevenagel condensation reaction. To a solution of Methyl 3-formyl-4-hydroxybenzoate 1 (0.01
mole) and ethyl acetoacetate (0.011 mole) in ethanol (40 mL), few drops of piperidine was added.
This mixture was stirred well for 2-3 hr. at room temperature. Progress of the reaction was
monitored by TLC. After completion of the reaction, precipitate was filtered, dried and
recrystallized from ethanol.

Methyl 3-acetyl-2-ox0-2H-chromene-6-carboxylate (2)
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White crystal, Yield 84%, m.p. 207-209 °C, R¢ 0.74 (Ethyl acetate- Petroleum ether = 2:8), FT-IR
(KBr, cm™): v = 3116, 3046 (Ar, C-H, str.), 1743 (C=0, lactone), 1716 (C=0, ester), 1684 (C=0,
acetyl), 1619 (C=C, pyrone), 1292, 1237 (C-O, lactone); *H NMR (300 MHz, Chloroform-d): 5=
2.75 (s, 3H, CHjs, acetyl), 3.99 (s, 3H, OCHg, ester), 7.45 (d, J = 6.0 Hz, H-10, Ar-H), 8.33 (d, J =
6.0, H-9, Ar-H), 8.34 (s, H-6, Ar-H) 8.56 (s, H-4, Py-H) ppm; Anal. Calcd. for C13H1005 (246.21):
C 63.42, H 4.09, O 32.49; found: C 63.36, H 4.06, O 32.49.

Synthesis of 3-Acetyl-2-0x0-2H-chromene-6-carbohydrazide (3)

A mixture of Methyl 3-acetyl-2-ox0-2H-chromene-6-carboxylate 2 (0.001 mole) and hydrazine
hydrate (0.004 mole) in absolute methanol (10-15mL) was refluxed on water-bath for 1-1.5 hr. at
64 °C temperature. The progress of the reaction was judged by TLC. After completion of the
reaction, reaction-mixture was poured into ice cold water. The obtained precipitate thus filtered
off, washed with water and dried. Finally, the product was purified by recrystallization from
ethanol to give the compound 3.

3-Acetyl-2-0x0-2H-chromene-6-carbohydrazide (3)

White powder, Yield 65%, m.p. 160-162 °C, R¢ 0.70 (Ethyl acetate- Petroleum ether = 3:7), FT-IR
(KBr, cm™): v = 3373, 3309 (N-H, str., 1°), 3231 (N-H, str., 2°), 3000 (Ar, C-H str.), 1702 (C=0,
lactone), 1601 (C=0, acetyl), 1582 (C=C, pyrone), 1495 (N-H, bend); 'H NMR (300 MHz,
Chloroform-d): & = 2.75 (s, 3H, CHs, acetyl), 5.54 (s, 2H, NH,), 7.86 (d, J = 3.0 Hz, H-11, Ar-H),
7.90 (d, J = 3.0 Hz, H-10, Ar-H), 7.92 (s, H-8, Ar-H), 8.53 (s, H-4, py-H), 11.62 (s, 1H, NH) ppm;
Anal. Calcd. for C1,H10N204 (246.21): C 58.54, H 4.09, N 11.38, O 25.99; found: C 58.48, H 4.06,
N 11.37, O 25.99.

Synthesis of 3-Acetyl-6-(substituted 5-phenyl-1, 3, 4-oxadiazol-2-yl)-2H-chromen-2-one
derivatives (4a-4d)

A mixture of 3-Acetyl-2-0x0-2H-chromene-6-carbohydrazide 3 (0.001 mole), substituted benzoic
acid (0.001 mole) and POCI; (0.11 mole) was refluxed on water-bath for 1-2 hr at 60-70 °C
temperature. The progress of the reaction was monitored by TLC. After completion of the reaction,
resulting reaction mixture was cooled to room temperature and poured into crushed ice. Then the
resulting solution was neutralized with 10 % NaHCO3 solution. Then colored solid product was
isolated by filtration and dried. Finally, purification by recrystallization with appropriate solvents
gave desired products.

3-Acetyl-6-[5-(4-methylphenyl)-1, 3, 4-oxadiazol-2-yl]-2H-chromen-2-one (4a)

Yellow solid, Yield 68 %, m.p. 135-137 °C, Ry: 0.60 (Ethyl acetate- Hexane = 3:7), FT-IR (KBr,
cm™): v = 3070 (Ar, C—H, str.), 1725 (C=0, lactone), 1679 (C=0, acetyl), 1633, 1610 (C=N,

WWW.ajptr.com “



http://www.ajptr.com/

Liton et. al., Am. J. PharmTech Res. 2022; 12(02) ISSN: 2249-3387

oxadiazole), 1578 (C=C, pyrone); *"H NMR (300 MHz, DMSO-ds): & = 2.42 (s, 3H, CH3), 2.75 (s,
3H, CHjs, acetyl), 7.30 (d, J = 6.0 Hz, H-11, Ar-H), 7.44 (dd, J = 6.0 Hz, H-16, H-17, H-18, Ar-H),
7.83 (d, J= 6.0 Hz, H-10, Ar-H), 8.02 (d, J = 6.0 Hz, H-15, H-19, Ar-H), 8.44 (s, H-4, py-H) ppm;
Anal. Calcd. for CyoH14N204 (346.33): C 69.36, H 4.07, N 8.09, O 18.48; found: C 69.29, H 4.04,
N 8.08, O 18.47.

3-Acetyl-6-[5-(4-chlorophenyl)-1, 3, 4-oxadiazol-2-yl]-2H-chromen-2-one (4b)

Pale yellow solid, Yield 72 %, m.p. 260-262 °C, Rs. 0.65 (Ethyl acetate - Hexane = 4:6), FT-IR
(KBr, cm™): v = 3034 (Ar, C-H, str.), 1694 (C=0, lactone), 1671 (C=0, acetyl), 1595 (C=N,
oxadiazole), 771 (Ar-Cl); *H-NMR (300 MHz, Methanol-ds): & = 2.75 (s, 3H, CHs, acetyl), 7.35
(dd, J = 6.0 Hz, H-8, H-9, Ar-H), 7.65 (d, J = 9 Hz, H-15, H-19, Ar-H) 7.92 (d, J = 6.0 Hz, H-16,
H-18, Ar-H), 8.17 (s, H-6, Ar-H), 8.53 (s, H-4, py-H) ppm; Anal. Calcd. for Ci9H11N,O4CI
(366.75): C 62.22, H 3.02, Cl 9.67, N 7.64, O 17.45; found: C 62.16, H 2.99, Cl 9.67, N 7.63, O
17.45.

3-Acetyl-6-[5-(2-chlorophenyl)-1,3,4-oxadiazol-2-yl]-2H-chromen-2-one (4c)

Pale yellow solid, Yield 65 %, m.p. < 25 °C, Ry 0.55 (Ethyl acetate - Hexane = 5:5); FT-IR (KBr,
cm™): v=3015 (Ar, C-H, str.), 1718 (C=0, lactone), 1661 (C=0, acetyl), 1614 (C=N, oxadiazole),
1586 (C=C, pyrone), 771 (Ar-Cl); '"H NMR (300 MHz, Chloroform-d): & = 2.75 (s, 3H, CHs,
acetyl), 7.28-7.46 (m, H-17, H-18, Ar-H), 7.48 (d, J = 6.0 Hz, H-19, Ar-H), 7.60 (d, J = 6.0 Hz, H-
9, Ar-H), 7.61 (d, J = 6.0 Hz, H-16, Ar-H), 8.13 (d, J = 6.0 Hz, H-8, Ar-H), 8.42 (s, H-4, py-H)
ppm; Anal. Calcd. for C19H11N,04Cl (366.75): C 62.22, H 3.02, Cl 9.67, N 7.64, O 17.45; found:
C 62.16, H 2.99, C1 9.67, N 7.63, O 17.45.
3-Acetyl-6-[5-(4-nitrophenyl)-1,3,4-oxadiazol-2-yl]-2H-chromen-2-one (4d)

Yellow solid, Yield 71 %, m.p. 202-204 °C, R¢ 0.45; (Ethyl acetate - Hexane = 4:6), FT-IR (KBr,
cm™): v = 3114, 3081 (Ar, C-H, str.), 1694 (C=0, lactone), 1628 (C=0, acetyl), 1605 (C=N,
oxadiazole), 1586 (C=C, pyrone); *H NMR (400 MHz, Chloroform-d): & = 2.75 (s, 3H, CHs,
acetyl), 7.54 (d, J = 8 Hz, H-11, Ar-H), 8.14 (d, J = 8.0 Hz, H-15, H- 19, Ar-H), 8.75 (s, H-4, py-
H) ppm; Anal. Calcd. for C19H11N3O¢ (377.30): C 60.48, H 2.94, N 11.14, O 25.44; found: C
60.42, H2.91, N 11.13, O 25.44.

Evaluation of antifungal activity

Preparation of complexes

The stock solution of all synthesized compounds was prepared by dissolving the compound in a
minimum amount of DMSO. The trial samples had been prepared on four different concentrations
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such as 1 mg/mL, 0.75 mg/mL, 0.50 mg/mL, 0.25 mg/mL which are indicated as a, b, c, d
respectively. DMSO indicates the solvent.

Microbial culture

All the synthesized compounds were screened in vitro for their antifungal activity against five
pathogenic fungal strains: Aspergillus niger, Penicillium notatum, Saccharomyces cerevisiae,
Penicillium chrysogenum and Neurospora crassa. The fungi were identified following growth on
appropriate media and morphological and microscopic characteristics .

Antimicrobial Assay of the complexes

Antimicrobial assay of the complexes was performed by agar well diffusion method in Potato
Dextrose Agar (PDA) plates for fungi. The synthesized complexes were considered as
experimental compounds and solvent of the complexes was used as negative control. Econazole
was used as positive control for fungi. For the experimental compounds, 20 micro-liter of liquid
solution of each sample were soaked in filter paper disk. All discs were gently pressed down onto
the agar with forceps to ensure complete contact with the agar surface by maintaining sterile
condition. It was allowed to diffuse for about 30 minutes at room temperature, incubated for 48-72
hours at 26 °C for bacteria and fungi respectively. After incubation, plates were observed for the
formation of a clear zone around the disks which corresponds to the antimicrobial activity of tested
compounds. The zone of inhibition (ZOI) was observed and measured in mm. in diameter.

RESULTS AND DISCUSSION

Chemistry

Coumarin derivative Methyl 3-acetyl-2-oxo-2H-chromene-6-carboxylate 2 was synthesized from
Methyl 3-formyl-4-hydroxybenzoate 1 which combined with ethyl acetoacetate in the presence of
piperidine in ethanol at room temperature in 84 % vyields via Knoevenagel condensation 2*. Later
on, treatment of Methyl 3-acetyl-2-oxo-2H-chromene-6-carboxylate 2 with hydrazine hydrate in
methanol at 64 °C gave 3-Acetyl-2-oxo-2H-chromene-6-carbo- hydrazide 3 in 65 % vyields .
Finally, treatment of various benzoic acid derivatives with 3-Acetyl-2-0xo0-2H-chromene-6-
carbohydrazide 3 in phosphorus oxychloride at 60-70 °C followed by neutralization with 10 %
NaHCO; solution afforded new coumarin derivatives 4a-4d with 60-75 % yields (scheme-1)*%,
Structures of the newly synthesized compounds have been established on the basis of FT-IR, *H

NMR spectroscopic techniques and elemental analysis.
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Scheme 1: Synthetic route of coumarin derivatives (4a-4d)

Antifungal Activity

The synthesized complexes (2, 3, 4a, 4b, 4c and 4d) exhibited a varying degree of inhibitory

effects on the growth of different tested fungi strains. The solvent DMSO had no antifungal effect

at the concentrations employed. The results were compared with Econazole used as standard. The

activity of the complexes was recorded as zone of inhibition, ranged from 8 mm to 12 mm in

diameter Figure 2.
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Figure 2: Antifungal activity of complexes against Aspergillus niger, Penicillium notatum,

Saccharomyces cerevisiae, Penicillium chrysogenum and Neurospora crassa fungal species.
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However, the results reveal that compounds 2, 3, 4a, 4b, 4c, and 4d showed excellent antifungal
activities against all the fungal strains. So, we may conclude that all the tested compounds have

antifungal activities.
CONCLUSION

In the last few years, coumarin and coumarin related compounds turn out most promising field of
research due to its unique and versatile oxygen-containing heterocyclic structure and its large
biological, photochemical and therapeutically applications. In this study, some 1,3,4-oxadiazole
incorporated coumarin derivatives have been synthesized and characterized by FT-IR, *H NMR
spectroscopic techniques and elemental analysis. The in vitro antifungal screening of the
synthesized compounds against five pathogenic fungal strains: Aspergillus niger, Penicillium
notatum, Saccharomyces cerevisiae, Penicillium chrysogenum and Neurospora crassa by disk-
diffusion method were carried out. All the compounds were found to have significant antifungal

activity against all the fungal strains.
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