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ABSTRACT

A series of Mannich bases of coumarin derivatives have been synthesized and were evaluated for their
antibacterial activity. The starting material 7-Hydroxy-4-Methyl Coumarin which was prepared by Pechmann
condensation was subjected to O-ethylation at 7-Position to yield 7-Ethoxy-4-Methyl Coumarin. The title
compounds were inturn prepared by the mannich condensation of 7-Hydroxy/7-Ethoxy-4-Methyl Coumarin with a
series of secondary amines. The structure of newly synthesized coumarin derivatives have been established on the
basis of spectral (IR, '"H NMR, Mass) data. The synthesized compounds were screened for anti bacterial activity
against various gram positive and gram negative strains. The compounds demonstrated moderate to significant anti

bacterial activity.
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INTRODUCTION

Coumarins®™? are naturally occurring oxygen containing
heterocyclic compounds having diverse range of
medicinal properties and hence they are used as lead
compounds for designing new potent analogs. Coumarins
form an important class of compounds of both which
have both natural and synthetic origin.*® Many
compounds which contain the coumarin moiety exhibit
useful and diverse pharmaceutical and biological
activities”®, often depending on the substituents they
bear in the parent benzopyran moiety and there has been
a growing interest in their synthesis. Coumarins have
long been recognized to exhibit anti-inflammatory, anti-
oxidant, anti-allergic, hepatoprotective, anti-thrombotic,
anti-viral and anti-carcinogenic activities. In addition to
biological activities they are also used as additives to
food and cosmetics and as optical brightening agents.

Mannich bases are beta-amino-ketones, formed by
Mannich reaction®™*® a nucleophilic addition reaction
of a non-enolizable aldehyde with primary/secondary
amine, forming resonance stabilized imine. Reactivity of
these imines with carbanion produces the Mannich bases.
The present study is envisaged towards the synthesis of a
novel series of coumarin derivatives with Mannich bases
and evaluated for their antibacterial activity.!***®!

MATERIALS AND METHODS

Synthetic grade solvents and all the chemicals used were
of synthetic grade obtained from SD fine chemicals,
Merck and Sigma Aldrich. The solvents received from
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vendors were purified as per the prescribed methods and
used for the synthesis. Reactions were monitored by
using pre-coated Silica Gel TLC plates and the spots
were visualised under UV light and in iodine chamber.
The synthesized compounds were purified by
recrystallization and purity was determined by measuring
in Kofler hot stage melting point apparatus and are
uncorrected. The IR spectrums were recorded on
Shimadzu FTIR spectrophotometer by using 1% KBR
discs. Proton NMR was recorded on Bruker Avance 1l
400 MHz NMR spectrophotometer with TMS as internal
standard mass spectrum was recorded using Agilent
1100.

RESULTS AND DISCUSSION

Synthesis

The synthesis of Mannich bases of Coumarin derivatives
5a-d & 7a-d was achieved from the synthetic route
depicted in figure 3. The 7-Hydroxy-4-Methyl Coumarin
have been synthesized by the reaction of resorcinol(1)
with ethylacetoacetate(2). The reaction progress was
monitored by TLC and the formation of the compounds
was confirmed by melting point and spectral data. The
IR spectra of the compound showed characteristic peak
at 1743cm™ which corresponds to C=0O &-lactone
stretching, 3529 cm™ of O-H stretching and at 1265cm™
which corresponds to C=0 stretching and at 2960cm™ of
Aliphatic C-H stretching), 1481, 1450, 1431 cm™of
Aromatic C=C stretching respectively. ‘H NMR
(DMSO) 6 2.3 (s,CH3), 3 9.8 (s ,OH), & 6.3-7 (m, Ar-
H).), the characteristic singlet of CH; proton at & 2.3 and
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another characteristic —OH singlet at 8 9.8  were

observed in proton NMR spectra.

The obtained 7-Hydroxy-4-Methyl Coumarin(4) were
inturn reacted with ethyl iodide and potassium carbonate
in acetone using ethanol under reflux conditions to yield
7-Ethoxy-4-Methyl Coumarin(6). The IR spectra of the
compound showed the characteristic absorption peak at
2819cm™ corresponds to C-O stretching indicates the
substitution at 7" position which confirms the formation
of compound. In the next step each of the 7-Hydroxy/7-
Ethoxy-4-Methyl Coumarin was subjected to Mannich
reaction with a series of 2° amines like dimethyl amine,
diethyl amine, piperidine and morpholine respectively.
The reaction conditions, have been found to yield a
single product in each case. All the compounds (5a-5d,
7a-7d) were obtained in good yields and were
characterized by melting point, proton NMR, FTIR and
mass spectral data. The formation of title compound (7d)
was confirmed by FTIR with the characteristic C-H
stretching at (2941.44cm™), O-H stretching (3431.36cm’
1), C-N stretching(1327.03cm™), 8-lactone (1743.65cm™)
which indicates (dimethyl amino)methyl substitution at
8-position has occurred. In *HNMR, the characteristic
singlet of CHj proton (position 4) at  2.43 and another
characteristic —OH singlet (position 7)at & 8.03 and
characteristic doublet (dimethyl) at & 2.27, 2.27 were
observed in proton NMR spectra and mass peak is
observed at m/z of 232 .

Anti-bacterial activity

The synthesized compounds of Mannich bases of
coumarin derivatives were evaluated for the antibacterial
activity against E.coli (NCIM 2068) P.aeruginosa(NCIM
2862), S.aureus(NCIM 2079), B.subtilis(NCIM 2921)
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bacterial strains employing disc diffusion method using
Gentamycin as the standard (10pg/ml).

Filter paper discs impregnated with test and standard
solutions were placed appropriately on the prepared
petriplates under aseptic conditions. The plates were then
kept at room temperature for the diffusion of solution
into the media, further the plates were incubated at
37+1°C for one day (24hr). After the completion of the
incubation period the zone of inhibition of the bacterial
growth was measured. Petri plates were also maintained
for simultaneously for both positive controls and
negative controls. Each of the tests was carried in
triplicates and the standard deviation was calculated. The
results of antibacterial activity of the title compounds
diameter of the zone of inhibition are presented in the
table.

The synthesized compounds were evaluated for their
antibacterial activity, from the results it was concluded
that the compounds showed higher sensitivity towards
Gram positive bacteria i.e., S.aureus (NCIM 2079) and
B.subtilis (NCIM 2921) than Gram negative bacteria
E.coli (NCIM 2068) P.aeruginosa (NCIM 2862)
respectively. Compounds 7c and 7d exhibited remarkable
inhibition on the growth of all the bacterial strains
respectively. Apparently, all the remaining compounds
demonstrated moderate anti bacterial activity on S.aureus
(NCIM 2079) and B.subtilis (NCIM 2921) than Gram
negative bacteria E.coli (NCIM 2068) and comparatively
weaker inhibition on P.aeruginosa (NCIM 2862). It was
evident from the above results that the mannich bases of
coumarin derivatives could be used as better alternatives
for the treatment of bacterial diseases.

I. Anti bacterial Activity of title compounds against Bacillus subtilis and Staphylococcus aureus at various

concentrations

Compound Bacillus subtilis Staphylococcus aureus

Conc(pg/ml) 10 25 50 75 100 10 25 50 75 100

5a 0.9 2.1 3.4 4.1 5.4 1.1 2.1 3.1 6.1 7.2

5b 0.8 2.3 3.2 4.4 6.3 2 3.4 4 55 7.4

5¢c 0.7 2.4 3.5 5.3 7.2 1.8 2.3 3.2 54 7.5

5d 1.9 2.1 3.6 4.2 8.1 1.4 2.5 4.5 6.1 7.9

7a 0.6 19 3.1 4.5 5.3 1.3 2.7 4.1 4.8 7.4

7b 0.7 2.2 4 5.1 8.4 25 3.5 4.2 5.9 5.9

7c 0.8 2.3 8.2 11 13 3.1 5.1 7.1 7.6 11

7d 1 2.1 3.4 4.3 6.2 1.3 6.3 7.2 8.3 10.4
Ciprofloxacin (10pg/ml) 116 | 116 | 116 | 116 | 116 | 116 | 116 | 116 | 116 | 116
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Fig. 1: Graphical Representation of Anti bacterial Activity of title compounds against Bacillus subtilis at various

concentrations.
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Fig. 2: Graphical Representation of Anti bacterial Activity of title compounds against Staphylococcus aureus at

various concentrations.

Il. Anti bacterial Activity of title compounds against Pseudomonas aeruginosa and Escherichia coli at various

concentrations
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Compound Pseudomonas aeruginosa Escherichia coli

Conc(ug/ml) 10 25 50 75 100 10 25 50 75 100
5a - - - - - 2.1 3.1 4.6 5.1 7.1

5b - - - - - 1.9 4 5.3 5.2 8.9

5c - - - - - 2.4 3.3 4.1 4.4 8.1

5d - - - - - 3.2 4.1 5.2 4.2 5.3

7a - - - - - 2.1 3.7 4.4 4.6 6.1

7b - - - - - 3.1 4.2 5.1 4.3 5.2

7c 45 6.2 8.1 7.2 9.3 1.9 3.2 4.5 5.4 8.3

7d - - - - - 4 5.1 5.6 6.1 7.4
Ciprofloxacin (10pg/ml) 115 | 115 | 115 | 115 | 115 11.7 11.7 11.7 11.7 11.7
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Fig. 3: Graphical Representation of Anti bacterial Activity of title compounds against Pseudomonas aeruginosa

at various concentrations.
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Fig. 4: Graphical Representation of Anti bacterial Activity of title compounds against Escherichia coli at various

concentrations.

EXPERIMENTAL

Synthesis of Mannich bases of Coumarin Derivatives
SYNTHESIS OF 7-Hydroxy-4-Methyl Coumarin(4):
Concentrated Sulphuric acid (50ml) was taken in a 3-
necked round bottomed flask (250ml) and cooled to
10°C. Powdered resorcinol (5g,0.04M) dissolved in
freshly distilled ethyl acetoacetate (6.8ml,0.05M) was
taken in a dropping funnel. The mixture of resorcinol and
ethyl acetoacetate was added dropwise to cold Conc.
Sulphuric acid solution with constant stirring. The
temperature was maintained always below 10°C. After
adding all the portions of the resorcinol solution and
ethyl acetoacetate mixture, the solution was kept aside
for cooling 24hrs, without further cooling. Then the
reaction mixture was poured into crushed ice (150gms).
The precipitate obtained was filtered and dried. The dried
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product was dissolved in NaOH Solution(10%) then
acidified with dilute Sulphuric acid till the solution was
acidic to litmus. The solution was kept aside for 10
minutes. The formed precipitate was washed with water
and recrystallized from the ethanol. Yield-50.6%, M.P-
180-190°.

SYNTHESIS OF MANNICH BASES OF
COUMARIN DERIVATIVES (5a-d & 7a-d): In a
250ml three necked round bottomed flask attached to a
reflux condenser are placed 3g (0.5 mole) of 7-Hydroxy-
4-Methyl Coumarin (7ml, 0.65ml) of dimethylamine and
1g (0.22 mole) of paraformaldehyde. After the addition
of 0.04ml of concentrated Hydrochloride in 8ml of 95%
ethanol, the mixture is refluxed on a waterbath for 2
hours. The yellowish solution is filtered. If it is not clear,
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it is transferred to Erlenmeyer flask. Subsequently the
solvents were removed by distillation and the solid mass
obtained was washed with water. It was dried in vacuum
and recrystallised from methanol. Yield-2gms, 78-82%
and melts at 138-141°C.

European Journal of Biomedical and Pharmaceutical Sciences

Further the derivatives were obtained by mannich
reaction of 7-Hydroxy-4-Methyl Coumarin with diethyl
amine, piperidine, morpholine, dimethyl amine, diethyl
amine to yield mannich bases of 7-Hydroxy-4-Methyl
Coumarin.

Scheme For The Synthesis Of Mannich Bases Of Coumarin Derivatives Is Outlined Below

n HO OH
HO OH Conc.H,S0,
ety =2 O e
5 3
1 HO 0
R i -C,H;OH
HO o 0o
HO o0 C,H;OH, R=2° amine
- A
o HCHO .
(5a-d) CHs Mannich Reaction CHs
Acetone C,oHsI/K,CO;
R
C2Hs0 o o C,Hs0 o 0
C,Hs0H, R=2° amine
s - %
(Ta-d) HCHO .
CHs Mannich Reaction CH,
Compound R
5a -N(CH,),
5¢ — )
/N
5d —N 0
/
7a -N(CHz),
7b -N(CoHs),
7c — )
7d —N 0
\_/
5a: 8-(Dimethyl amino)methyl-7-Hydroxy-4-Methyl 5c: 7-Hydroxy-4-Methyl-8-(Piperidin-1-yl)
Coumarin: Yield: 2.599(84%), M.P(°C): 126-128, Coumarin: Yield: 2.1g (81%), M.P(°C): 137-139,

IR(KBr) (cm-1):2941.44(-CH,- stretching), 3431.36 (O-
H stretching), 802,823,850(Aromatic C-H stretching),
1431,1500,1543(Aromatic C=Cstretching. 'H NMR: &
2.41 (3H, s), 2.44 (6H, s), 3.97 (2H, s), 5.87 (1H, s), 6.59
(1H,d, J=8.4Hz), 7.29 (1H, d, J = 8.4 Hz).

5b: 8-(Diethyl amino)methyl-7-Hydroxy-4-Methyl
Coumarin: Yield: 2.29(82%), M.P(°C): 124-126,
IR(KBr) (cm-1):2941.44(-CH,- stretching), 3529.73 (O-
H stretching), 1265.3(C-O stretching), 1327.03(3° N
stretching), 1431,1460,1543(Aromatic C=Cstretching).
"H NMR: § 0.99 (6H, t, J = 7.2 Hz), 2.41 (3H, s), 2.67
(4H, g, J =7.2 Hz), 3.98 (2H, s), 5.88 (1H, s), 6.59 (1H,
d, J=8.4Hz),7.29 (1H, d, J = 8.4 Hz),m/z ratio:262.
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IR(KBr) (cm-1):2933.73(-CH,- stretching), 3527.8 (O-H
stretching), 1265.3(C-O stretching), 1344.38(3° N
stretching), 1734 (C-O &-lactone) 1384,1442,1447
(Aromatic C=C stretching). *H NMR: & 1.47 (2H, dtt, J =
10.9, 10.2, 3.3 Hz), 1.73 (4H, ddddd, J = 10.9, 3.3, 2.9,
2.7,2.4 Hz), 2.41 (3H, s), 2.52 (4H, ddd, J = 13.0, 10.3,
2.7 Hz), 3.90 (2H, s), 5.88 (1H, s), 6.59 (1H, d, J = 8.4
Hz), 7.29 (1H, d, J = 8.4 Hz), m/z ratio:274.

5d:  7-Hydroxy-4-Methyl-8-(Morpholino  methyl)
Coumarin: Yield: 2.5g (84%), M.P(°C): 136-138,
IR(KBr) (cm-1):2920.23(-CH,- stretching), 3412.08 (O-
H stretching), 1220.94(C-O stretching), 1367.53(3° N
stretching), 1718.58 (C-0 d-lactone)
1527,1597,1571(Aromatic C=C stretching). '"H NMR: &
2.41-2.54 (7H, 2.48 (ddd, J = 11.9, 10.2, 2.5 Hz), 241
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(s)), 3.60 (4H, ddd, J = 12.2, 3.1, 2.5 Hz), 3.97 (2H, ),
5.88 (1H, s), 6.59 (1H, d, J = 8.4 Hz), 7.29 (1H, d, J =
8.4 Hz).

7a: 8-(Dimethyl amino)methyl-7-Ethoxy-4-Methyl
Coumarin: Yield: 2.4g (82%), M.P(°C): 124-126,
IR(KBr)(cm-1):2941.44(-CH,- stretching), 1265.3(C-O
stretching), 1327.53(3° N stretching),1743.65 (C-O &-
lactone) 1431,1460,1500(Aromatic C=C stretching). ‘H
NMR: 6 1.30 (3H, t, J = 7.0 Hz), 2.41 (3H, s), 2.44 (6H,
s), 3.95 (2H, s), 4.24 (2H, q, J = 7.0 Hz), 5.88 (1H, s),
6.64 (1H, d, J=8.4 Hz), 7.28 (1H, d, J = 8.4 Hz).

7b:  8-(Diethyl amino)methyl-7-Ethoxy-4-Methyl
Coumarin: Yield :2.2g (82%), M.P(°C): 124-126,
IR(KBr)(cm-1): 2961.44(-CH,- stretching), 1275.3(C-O
stretching), 1357.53(3° N stretching),1743.65 (C-O &-
lactone) 1451,1470,1510(Aromatic C=C stretching). 'H
NMR: § 0.99 (6H, t, J = 7.2 Hz), 1.30 (3H, t, J = 7.0 Hz),
2.41 (3H, 5), 2.71 (4H, q, J = 7.2 Hz), 3.96 (2H, s), 4.24
(2H, g, J = 7.0 Hz), 5.88 (1H, s), 6.65 (1H, d, J = 8.4
Hz), 7.28 (1H, d, J = 8.4 Hz), m/z ratio:290.

7c:  7-Ethoxy-4-Methyl-8-(Piperidin-1-yl)Coumarin:
Yield: 2.1g (81%), M.P(°C): 132-134, IR(KBr)(cm-
1):2933.73(-CH,- stretching), 1220.94(C-O stretching),
1344.38(3° N stretching),1744.06 (C-O &-lactone)
1442,1477,1529 (Aromatic C=C stretching). 'H NMR: &
1.30 (3H, t, J =7.0 Hz), 1.48 (2H, dtt, J = 10.9, 10.2, 3.3
Hz), 1.72 (4H, ddddd, J = 10.9, 3.3, 2.9, 2.7, 2.4 Hz),
2.41 (3H, s), 2.52 (4H, ddd, J = 13.1, 10.3, 2.7 Hz), 4.01
(2H, s), 4.26 (2H, g, J = 7.0 Hz), 5.88 (1H, s), 6.65 (1H,
d, J=8.4Hz),7.28 (1H, d, J = 8.4 Hz), m/z ratio:302.

7d: 7-Ethoxy-4-Methyl-8-(Morpholino methyl)
Coumarin: Yield :2.1g (81%),M.P("C): 132-134,
IR(KBr)(cm-1):2960.73(-CH,- stretching), 1265.30(C-O
stretching), 1325.10(3° N stretching),1743.65 (C-O §-
lactone) 1431,1481,1388(Aromatic C=C stretching). *H
NMR: & 1.30 (3H, t, J = 7.0 Hz), 2.41-2.54 (7H, 2.48
(ddd, J =12.1, 10.2, 2.5 Hz), 2.41 (s)), 3.61 (4H, ddd, J
=12.3, 3.1, 2.5 Hz), 407 (2H, s), 424 (2H, q, J=7.0
Hz), 5.88 (1H, s), 6.65 (1H, d, J = 8.4 Hz), 7.28 (1H, d, J
= 8.4 Hz).

CONCLUSION

In the present investigation a new series of Mannich
bases of  7-Hydroxy/Ethyl-4-Methyl ~ Coumarin
derivatives were synthesized and these compounds were
characterized by FTIR, Mass and 1H NMR spectral data.
All the title compounds were evaluated for the
antibacterial activity against E.coli (NCIM 2068)
P.aeruginosa(NCIM  2862), S.aureus(NCIM 2079),
B.subtilis(NCIM 2921). All the compounds tested were
found to be moderately active on the tested bacterial
strains particularly on gram positive bacteria and these
compounds could be considered as potential antibacterial
agents.
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