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ABSTRACT
7-hydroxy-4-methyl coumarin (1) was prepared by
cyclization of resorcinol with ethylacetoacetate in presence of
sulphuric acid. Furan substituted coumarin molecules at C-4
position (1a) and substituted at C-4 and C-7 positions (1c) are
prepared by condensation of 7-hydroxy-4-methyl coumarin
(2). All the newly synthesized compounds were characterized
by IR, '"H NMR and EI-MS. The antioxidant activity, anti-
inflammatory and antibacterial activity of newly synthesized
compounds la and lc were evaluated. The result of these
newly synthesized compounds containing furan substitution
exhibit good antioxidant activity, anti-inflammatory and

antibacterial activity.
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INTRODUCTION

Coumarin derivatives continue to be investigated over the years due to their importance to
organic and medicinal chemists because of their huge biological activities'. Coumarin and its
derivatives are associated with various biological activities viz. anti-inflammatory”, anti-
convulsant® , an‘[icoagulant5 , antioxidant6, antibacterial’, antifungalg, anti-HIVg, anti-carcinogenic
material'®. Apart from this, they are attracting considerable attention of chemists as a large
number of natural products contain this heterocyclic nucleus and are widely used as additives, in
food, perfumes, cosmetics, pharmaceutical'?,optical brighterners', in dispersed fluorescent and
laser dyes '*.

Coumarin derivatives have been reported for antimicrobial'®, antiallergic, anticancer'® and anti
proliferative and antiviral'’ activities. Coumarins and their derivatives have been found to exhibit
different biological and pharmacological activities'®. The 4-methylcoumarins have been found to
possess cholesretic'’, antispermatogenic® and diuretic?' properties. Apart from the medicinal
applications coumarins are also used as sweetener, fixative of perfumes®, enhancer of natural
oils such as lavender, a food additive in combination with vanillin, a flavour/odour stabilizer in
tobacco™, an odour masker in paints and rubber. Owning to the widespread applications,
synthetic and biological activity evaluation of coumarins and their derivatives has been a subject
of intense investigations.

Table 1. Physicochemical properties of coumarin derivatives

Substitution ) o Molecular
Compd. . % yield | Solvent® | M. point® | R:°

R R formula
O
BN

la e} C— - 43.80 Chloroform 164 0.84 | C;5H;0Os5
BN

1c (6} C— CH3CO- 29.00 Ethanol 90 0.69 C22H1408

“ Recrystallization solvent, ® Melting point ° C, ‘R values (Chloroform: Ethyl acetate, 4:1) as a

mobile phase and U.V Chamber as visualizing agent.
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IN VITRO ANTIOXIDANT ACTIVITY

Reactive oxygen species (ROS) are well recognized to be the pathogenesis of various diseases such
as atherosclerosis, diabetes, cancer, arthritis etc. thus a scavenger of ROS is expected to prevent
these free radical mediated diseases. The use of antioxidants, both synthetic and natural, in the
prevention and cure of various diseases is gaining wide importance in the medicinal field. Currently
we have evaluated our synthesized compounds for four different in vitro antioxidant methods;
DPPH, nitric oxide radical scavenging, hydrogen peroxide scavenging, lipid peroxide assay

methods, total antioxidant capacity and reducing power of the compounds.
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Scavenging of DPPH radical activity

DPPH has widely used to evaluate the free radical scavenging activity of various antioxidant
substances. The method is based on the reduction of DPPH radical in the presence of oxidizing
agent or hydrogen donating antioxidants due to the formation of non radical form stable DPPH
molecule. By the reaction with DPPH our study determines the antiradical power of coumarin
derivatives by measuring of decreased absorbance of DPPH at 517 nm.”® All the compounds
tested for antioxidant activity against scavenging of DPPH radical activity. Compound 1, 2, and
la at 50, 25, 12.5 and 6.25 pg/ml showed comparable percentage of inhibition when compared to
the standard rutin. Compounds 1¢ were found to be moderate antioxidant. The results were given

in table 2.

Table 2. Antioxidant activity of coumarin derivatives by scavenging of DPPH radical activity

Compound % Inhibition +S.D.*
Code 50 pg/ml 25 pg/mi 12.5 pg/ml 6.25 pg/ml
1 60.33 + 0.04 56.69 + 0.40 52.17+£0.24 48.88 +0.19
2 60.83 +0.52 52.74 £0.23 51.84+£0.21 49.63 +0.34
la 61.15+0.17 53.03+0.15 47.29+0.34 41.72+0.23
Ic 56.90+0.17 52.02 £0.52 46.5 £0.35 42.87+0.11
Standard 70.60 + 0.03 55.81+0.10 37.69 + 0.25 21.79 £ 0.09
(Rutin)

*Average of three determination += S.D.*

Nitric oxide radical inhibitory assay

Nitric oxide radical inhibition assay was determined by using Geiss Ilsway method. Nitrite ions
react with oxygen and get converts to citric oxide radical and the reaction produces purple
colour. The antioxidants by donating the electrons to nitric oxide radical, decreases the intense
purple colour.”* All the compounds tested for antioxidant activity against nitric oxide radical.
Compound 1, 1a and 1¢ at 31.25 pg/ml showed highest percentage of inhibition when compared
to the standard ascorbic acid. (Table 3).

In the nitric oxide scavenging activity method, compounds 1 exhibited highest antioxidant

activity with the ICso value of 76.33 £ 1.52 pg/ml.
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Table 3. Antioxidant activity of coumarin derivatives by Nitric oxide radical inhibitory assay

Compound % Inhibition +S.D.*

Code 250 pg/ml 125 pg/mi 62.5 pg/ml 31.25 pg/ml

1 65.51 £0.06 53.28+0.0 52.15+0.04 47.89 +£0.05

2 60.23+0.02 | 50.15+0.03 36.64 + 0.06 20.77 £ 0.03

la 57.63+0.16 | 38.66+0.23 35.42+0.03 3433 £0.11

lc 62.40+0.11 | 47.41=+0.10 39.36 £ 0.15 31.00 £ 0.01
Standard 54.52 £ 0.55 24.47+1.42 2.35+0.55 0.18+0.01
(Ascorbic acid) | (62.5 pg/ml) (31.25 pg/ml) | (15.64 pg/ml) | (7.81 pg/ml)

* Average of three determination + S.D.
Scavenging of hydrogen peroxide
The newly synthesized coumarin derivatives were screened for their antioxidant activity against
H,O; radical. The scavenging of all synthesized compounds of the H,O, radical was evaluated.
H,0, is strong oxidizing nature with many oxidizing capacity of enzymes such as superoxide
dismutase and catalase. H,O; crosses the membrane and slowly oxidize number of compounds
present in the body.*” The ability of coumarin derivatives to scavenge H,O, was determined. All
the compounds tested for antioxidant activity against scavenging of hydrogen peroxide.
Compound 1la at 100, 50 and 25 pg/ml showed highest percentage of inhibition when compared
to the standard BHA. Compound 1 and 1c¢ has shown comparable percentage of inhibition with
the standard. (Table 4).
Table 4. Antioxidant activity of coumarin derivatives by scavenging of hydrogen peroxide

*Average of three determination += S.D.*

Compound % Inhibition £ S.D.*
Code 100 pg/mi 50 pg/ml 25 pg/ml
1 89.92 +0.29 70.62 £0.14 | 26.16 £0.29
2 178.48 £0.07 158.72£0.13 | 66.21 +0.04
la 121.15+0.29 89.24 £0.25 | 20.09+0.19
Ic 101.95+0.23 53.78 £0.67 | 24.27+0.12
Standard 82.42 +1.04 7336 £0.59 | 56.63 £0.71
(BHA)
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Lipid peroxidation inhibitory activity

Results of antioxidant activity was given in the Table 5. All the twelve compounds tested for
antioxidant activity against lipid peroxidation inhibitory activity. In lipid peroxidation formation
of lipid hydroperoxides called inhibition step.”® We have investigated the effect of coumarin
derivatives on the inhibition of lipid peroxidation. The result given in Table 5. The coumarin
derivatives shown very good antioxidant property but when 7-hydroxy group is acetylated with
the acetic anhydride shown much less inhibition against lipid peroxide.

Compound 2 at 250, 125, 62.5 and 31.25 pg/ml showed highest percentage of inhibition when
compared to the standard BHA. Compound 1la has shown comparable percentage of inhibition
with the standard. Compounds 1 and 1c were found to be moderate antioxidant activity. The
compounds 1 and 2 have shown highest percentage inhibition and compared with the well known
antioxidant BHA and it was observed that 7-hydroxy coumarin derivatives were much better
antioxidant than BHA. Blocking of the 7-hydroxy group and substitution of furans with side
chain at the 4™ position on coumarin suppresses the inhibition activity of coumarin derivatives
against lipid peroxidation.

Table 5. Antioxidant activity of coumarin derivatives by lipid peroxidation inhibitory activity

Compound % inhibition +S.D.*
Code 250 pg/ml 125 pg/ml 62.5 pg/ml 31.25 pg/ml
1 70.40 + 0.53 64.17 £ 0.06 58.99 +0.02 31.68 £0.18
2 185.86 £0.15 | 143.55+0.37 64.45 £0.49 44.81 £0.22
la 82.32 £0.25 69.62 £ 0.38 49.53+0.40 26.65 +0.26
lc 72.84 +£0.18 60.66 + 0.30 47.55+0.10 33.43+0.39
Standard(BHA) | 86.40+0.11 | 61.69 +0.37 48.75+0.12 22.43+0.20

* Average of three determination + S.D.*

Evaluation of total antioxidant capacity

In total antioxidant capacity method, phosphomolybdenum (VI) reduces to phosphomolybdenum
(V) by complexing with antioxidants and produces green colour with maximal absorbance at 695
nm.”’ The synthesized furan derivatives were performed for total antioxidant capacity. Total
antioxidant activity determination was performed in mM equivalent to BHA and the highest total

antioxidant capacities were shown by the compounds 3a, 3b, 4a and 4d (Table 6).
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ICso values of newly synthesized coumarin derivatives in different in vitro antioxidant

methods:

Among all derivatives tested for in vitro antioxidant activity compounds 1, 2, la and lc in

scavenging of DPPH radical method and the ICsy values were found to be (8.10 + 0.10, 8.54 +

0.05, 17.61 £ 0.12, 20.16 £ 1.04 ug/ml) respectively,

In lipid peroxidation inhibitory method

compounds 1, 2, 1a and the ICs, values were found to be (50.03 + 0.45, 40.0 + 0.5, 74.46 + 0.45

pg/ml) respectively, exhibited potent antioxidant activity and shown in Table No 6. The values

were found to be potent antioxidant than standard used. All other compounds found to be

moderate to low antioxidant activity in scavenging of all radicals, which were tested (Table 6).

Table 6. ICg, values of synthesized compounds and standard in different antioxidant methods.

ICs0 £ S.D*ug/ml

Compound
Total
Code DPPH NO radical Hydrogen Lipid antioxidant
assay inhibition peroxide | peroxidation | capacity (mM)?

1 8.10+0.10 50.0+£0.5 45.36+0.32 | 50.03 £0.45 1.61 £0.04

2 8.54 £0.05 125.1 £0.28 22.7+0.26 40.0£0.5 0.50+0.01

la 17.61 £0.12 | 204.23 +£0.25 | 75.48 £0.45 | 68.3+0.51 5.22+0.10

Ic 20.16 £ 1.04 149.5+0.5 49.05+0.48 | 80.26 £0.46 0.21+0.03

Standard
Rutin 26.26 £0.25 - - - -
Ascorbic

aeid - 60.5+0.5 - -
BHA - - 25.5+045 - -
BHA - - - 76.36 £ 0.32 -

*Average of three determinations * mM equivalent to BHA

Reducing power assay

Results for antioxidant activity were given in the Table 10. The reducing capacity of the

synthesized derivatives was determined by the method of Oyaizu.”® The compounds 1, 2, la and

1b have shown good reducing capacity of reduction (Table 7).
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Table 7. Reducing power of coumarin derivatives

Compound Absorbance (Mean £ S.D.)*
Code 500 pg/ml 250 pg/ml 125 pg/mi 62.5 pg/mi
1 0.104 £0.0004 | 0.079 +£0.0006 | 0.065+0.001 0.015 £ 0.0006
2 0.086 £0.0011 0.040 £ 0.001 0.025 £ 0.0008 0.019 £0.0005
la 0.015+£0.0010 | 0.009 £ 0.0006 | 0.007 +0.0004 | 0.004 = 0.0002
Ic 0.097 £0.0013 | 0.071 £0.0007 | 0.069 +0.0015 0.065 £0.0015
*Average of three determination + S.D.*
Table 8. In vitro anti-inflammatory activity of the coumarin derivatives
Compound Absorbance (Mean + S.D.)* ICs5 £ S.D.
Code pg/ml
500 pg/ml 250 pg/ml 125 pg/mi 62.5 pg/mi
1 62.5+0.10 | 58.33+0.29 | 55.87+0.09 46.6 +0.20 85.23 £0.25
2 65.37£0.08 | 63.56+0.15 | 59.75+0.14 | 43.10£0.49 | 92.16 +0.28
la 31.18£0.21 | 14.25+0.02 | -61.36 £0.31 | -147.1 £0.27 <500
Ic 55.83+0.05 | 4548 +£0.06 | 354 +£0.05 16.62 £0.05 | 380.4+0.36
Standard
Diclofenac | 87.78 £ 1.19 | 84.08 £ 1.28 | 78.09+1.41 | 48.24+1.30 | 70.43£0.40
sodium

* Average of three determination

Full Text Available On www.ijipls.com
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Table 9. Antibacterial activity of coumarin derivatives at different concentration by well diffusion method (values in mm)

Compound Mean zone of inhibition (in mm)
code S .Aureus K. Pneumonia E. coli P. Auruginosa
62.5 125 250 500 62.5 125 | 250 | 500 | 625 | 125 | 250 500 | 62.5 | 125 250 500
pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml| pg/mi; pg/mlf pg/ml| pg/ml| pg/ml pg/ml | pg/ml | pg/ml
g/
ml
2 - - - - - - - - - - - - 3 5 8 11
la - - - - 3 7 10 16 - - - - - - - -
Ic - - - - - - - - - - - - - - - -
Standard
Ciprofloxacin’ 11 13 15 17 12 13 15 17 13 15 16 18 10 12 14 16

* Average of three determination

* Ciprofloxacin for bacteria was used at the concentration of 100, 50, 25. 12.5 pg/ml

The results for anti-inflammatory activity are given in the (Table 8). The coumarin derivatives synthesized were tested to evaluate

their in vitro anti-inflammatory and antibacterial activities at 500, 250, 125, 62.5 ng/ml respectively. The studies showed (Table 8 and

9) Synthesized compounds were tested for anti-inflammatory activity and compared to standard diclofenac sodium. Among all the

derivatives tested for in vitro anti-inflammatory activity, compound 1¢ showed comparable activity with the standard diclofenac

sodium and the ICsy value was found to be 380.4 = 0.36 ug/ml. Other compounds showed less anti-inflammatory activity when

compared to standard diclofenac sodium and compounds were active against K. pneumonia. 1la was found to be the most active

derivative against K. pneumonia.
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Experimental:

Melting points of the synthesized compounds were determined using the microcontroller
based melting point apparatus (Uniline) and were found uncorrected. The IR spectra of
the synthesized compounds were recorded using KBr pellets in range of 4000 - 400 cm™
on a Fourier transform IR spectrometer (Therma Nicolet 380, SAC College of Pharmacy,
B.G.Nagara, India) and the frequencies were recorded in wave numbers. "H NMR (400
MHz) spectra were recorded in Brucker, liquid state NMR spectrometer (NMR research
Center, Indian institute of science Bangalore, India). Chemical shifts (8) were reported in
parts per million downfield from internal reference Tetra Methyl Saline (TMS). Mass
spectra were recorded on GCMS in dimethyl sulphoxide (University Science Instrument
Center, Dharwad, India). The homogeneity of the compounds was described by TLC on
aluminum silica gel plates detected by UV light (254 nm) and iodine vapours. The
reagents used were all analytical grade reagents.

Preparation of compounds 7-hydroxy-4-methyl-2H-chromen-2-one (1):

A mixture of resorcinol (5.5 g, 0.05 mole), ethyl acetoacetate (6.35 ml, 0.04 mole),
sulphuric acid (75%, 50 ml) was refluxed on a water bath for 30 min at 100 °C. The
resultant dark green solution was cooled and stirred in 250 g of crushed ice. The crude
product was filtered and washed with water. Recrystallized by using methanol to get pale
yellow crystals of product. A single spot in TLC indicated the purity of the
compound.”*

Preparation of compound 4-[2-(furan-2-yl)-2-oxoethyl]-7-hydroxy-2H-chromen-2-one (1a):
A mixture of compound 1(0.69 g, 0.00395 mole) and 2-furoyl chloride (0.52 g, 0.004
mole) and potassium carbonate (0.5 g) was stirred at room temperature in 25 ml of dry
acetone for 12-14 h. The reaction mixture was evaporated to remove acetone and added
to 100 ml of water. The obtained residue was washed with dilute hydrochloric acid,
filtered, dried and recreystallized from dioxane and ethanol mixture (1: l).31

Preparation of compound 4-methyl-2-oxo0-2H-chromen-7-yl acetate (1b):

A mixture of compound 1 (28.2 g, 0.16 mole) and freshly distilled acetic anhydride
(52.87 ml, 0.56 mole) was refluxed for 1.5 h under anhydrous conditions. While the
solution was hot, it was poured to crushed ice and the separated product was filtered and

washed with water. It was crystallized from methanol as fibrous colorless needles.’’
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Preparation of compound 4-[2-(furan-3-yl)-2-oxoethyl]-2-oxo0-2H-chromen-7-yl 3-
(furan-2-yl)-3-oxopropanoate (1c):

To a mixture of 7-acetoxy-4-methyl coumarin 1b (0.86 g, 0.00395 mole) and 2-furoyl
chloride (1.04 g, 0.008 mole) and potassium carbonate (0.5 g) was stirred at room
temperature in 25 ml of dry acetone for 12-14 h. The reaction mixture was evaporated to
remove acetone and added to 100 ml of water. The obtained precipitate was washed with
dilute hydrochloric acid,filtered,dried,recreystallized from dioxane-ethanol mixture (1:1)*
7-hydroxy-4-methyl-coumarin 1, yield 78.40% (6.9 gm); m.p. 184 °C; IR (KBr): OH-
3494, C=0-1670, C-O-C-1069, C=C-1602 cm™'; '"H NMR (400 MHz, § ppm): 4.81(s,
3H, -CH3), 3.30 (s, 1h, -OH), 6.81 (d. 1H, J=2.0 Hz —-CH), 6.79 (d, 1H, J= 2.4 Hz —-CH),
6.08 (s, 1H, -CH), 7.59 (s, 1H); GC-MS: m/z 176 (M").
4-[2-(furan-2-yl)-2-oxoethyl]-7-hydroxy-2H-chromen-2-one (1a): yield 43.80% (0.43
gm); m.p. 164 °C; IR (KBr cm™): OH-3132, C=0-1727, C-0-C-1089; '"H NMR (CDCl;)
O (ppm): 8.12-7.34 (4H, Ar-H), 7.32-6.82 (3H, furan —H), 3.29 (s, 1H, -OH), 2.499 (s,
2H, -CH,-). Mass GC-MS : m/z 270 (M").

Anti-inflammatory assay:

Many in-vitro assays, each based on a specific biochemical or cellular mechanism have
been developed for the initial screening of the anti-inflammatory compounds.
Denaturation of proteins as one of the causes of inflammation well documented. A
number of anti-inflammatory drugs are known to inhibit the denaturation of proteins as
an in vitro screening model for anti-inflammatory compounds.*’

The standard drug and test compounds were dissolved in minimum amount of DMF and
diluted with phosphate buffer (0.2M, pH 7.4) in such a way that concentration of DMF in
all solutions was less than 2.5%. Test solution (1 ml) containing different concentrations
of drug was mixed with 1 ml of 1% albumin solution in phosphate buffer and incubated
at 27°+1°C in an incubator for 15 min. Denaturation was induced by keeping the reaction
mixture at 60°+1° C in a water bath for 10 min. After cooling, the turbidity was

measured at 660 nm. Percentage of inhibition of denaturation was calculated from

control where no drug was added. Each experiment was done in triplicate and average is
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taken. The Diclofenac was used as standard drug. The percentage of inhibition was
calculated using the formula
V-V,
% Inhibition = —_— X 100
Vi
Where,
V; : Absorbance of test compounds
V. : Absorbance of Control
Antimicrobial assay’*~*
Compounds 1a and 1c were screened for their antimicrobial activity by using cup—plate
agar method at a concentration of 500, 250, 125, 62.5 pg/ml respectively against
Staphylococcus aureus, Klebsiella pneumonia, Escherichia coli, Pseudomonas
aeruginosa.
The antimicrobial activity of the compounds was assayed by antimicrobial susceptibility
test.” One hundred microliters of 24 h growth of each microorganism was spread on the
surface of nutrient agar for bacteria in Petri plates. Twenty microliter compounds at the
concentration of 500, 250, 125, 62.5 pg/ml in DMSO saturated in well of 6 mm diameter
were poured in agar. The plates were kept in laminar air flow for 2 h to allow
prediffusion of the compounds from the well into the agar layer and then incubated at 37
°C for 24 h for bacteria. Zones of inhibition were measured in millimeter and size of the
well was subtracted from the zone size to measure final activity. DMSO saturated well
served as solvent control or negative control and Ciprofloxacin saturated well (100, 50,

25, 12.5 ng/ml) for bacteria reference or positive control.

CONCLUSION

The present study was aimed at synthesis and characterization of some novel furan
derivatives bearing coumarin nucleus. The compounds were screened for anti-oxidant,
anti-bacterial and anti-inflammatory activities were found to possess considerable

activity.
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