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Synthesis of new coumarin derivatives using Diels-Alder reaction
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Abstract: A novel series of new coumarin derivatives were prepared using Diels-Alder reaction. Derivatives of
chromeno 2, 4- dione 1a, b reacted with dienophile such as cinnamic acid, acrylonitrole and maleic anhydride to afford
Diels-Alder adduct 2-4a, b respectively. In addition, compound 4 reacted with hydrazine hydrate to afford the

corresponding pyidazine derivatives 5.
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1. Introduction

The Diels-Alder reaction is one of the most
important reactions in organic synthesis [1, 2]. It is
widely used in heterocyclic reaction especially for the
preparation of six-member compounds [3, 4].

The chemistry of coumarins has received a
great attention due to the importance of coumarins as
a great class of heterocyclic compounds [5-8]. Many
of biological activities have been reported for
coumarins as anticoagulant, antimicrobial, antiviral
and anti-inflammatory and it's widely used in the
perfume, cosmetic and pharmaceutical industries [9-
13]. In this research, we used derivatives of coumarin
as a diene to can prepare new compounds via Diels-
Alder reaction.

2. Experimental

Melting points were determined by an electro
thermal  melting point apparatus and are
uncorrected.The reaction times were determined using
the thin-layer chromatography (TLC) technique which
was performed with fluorescent silica gel plates
HF245 (Merck) and plates were viewed under UV 245
and 265 light. Silica gel (230-400 mesh) was used for
flash chromatography separations. Elemental analysis
were carried out by Micro analytical Unit, (Faculty of
Science,Cairo University), IR (KBr) spectra were
recorded on a Pye-Unicam infrared spectrophotometer
SP 2000 (Faculty of Science, Fayoum University), The
mass spectra were run by a Shimadzu-GC-MS-GP
1000 EX using the direct inlet system and Nuclear
magnetic resonance spectra were recorded on Varian
Mercury 300MHz spectrometer using TMS as internal
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standard; chemical shifts are recorded in & units
(National Center Researcher).
Synthesis of 2-carboxy-3-phenyl-4-aryl-2, 3, 4, 5-
tetrahydro-pyrano [3, 2-c] chromen-5-one 2a, b

A solution of cinnamic acid (1.48g, 0.01mol.)
in dioxane was added on a solution of 1a, b (0.01mol.)
in dioxane and refluxed for 15hrs.The reaction mixture
was concentrated and cooled. The solid product was
filtered off and crystallized from propel solvent.

2a: crystallized from dioxane as a yellow
crystal in 85% yield m.p.258-260 °C. Analysis for
C26H1807 (M.wt.442.42). Calculated %: C 70.58, H
4.10, Found % C 70.62, H 4.09, IR (cm-1): 3472 due
to vOH of carboxylic acid, 3015 due to vCH aromatic,
2847 due to vCH aliphatic, 1731, 1659 due to vCO of
d-lactone and carboxylic acid, MS(m/z%):
442(6.29%).

2b: crystallized from dioxane as a black
crystals in 55% yield, m.p.>360 °C. Analysis for
C23H1606 (M.W1t.388.37) Calculated % C 71.13, H
4.15, Found %:C 71.28, H 4.10, IR(cm-1): 3473 due
to vVOH of carboxylic acid and 3069 due to
vCHaromatic, 2977 due to vCH aliphatic, broad band
at 1714 due to 2vCO of é-lactone and carboxylic
acidlH-NMR (8,ppm,DMSO-d6):3.53-5.50
(d,3H,CH),5.92 (s,2H,CH2), 6.50-7.65 (m,12H,3Ar-
H), 11.20 (s,1H,0OH).
Synthesis of 3-carboxy-4-aryl-3, 4, 5-trihydro-2-
dihydro- pyrano [3, 2-c] chromen-5-one 3a, b.

A mixture of acrylonitrile (0.01mol.) in
dioxane was added on solution of l1a (0.01mol.)
indioxane and refluxed for 15hrs. The reaction mixture
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was concentrated and cooled. The solid product was
filtered off and crystallized from propel solvent.

3a: crystallized from dioxane to give yellow
crystals in 89% vyield m.p.248 °C. Analysis for
C20H1407 (M.wt.366.07). Calculated %:C 65.57, H
3.85, Found %: C 65.30, H 3.73, IR(cm-1) 3448 due
to vVOH in carboxylic acid, 3088 to vCH aromatic,
2874 due to vCH aliphatic, 1731 and 1660 due to vCO
of &-lactone and carboxylic acid.

3b: crystallized form dioxane to give black
crystals in 61 % vyield, m. p. >360 °C. Analysis for
C17H1206 (M.wt.312.06). Calculated %: C 65.39, H
3.87, Found %: C 65.55, H 3.61, IR(cm-1): 3456 due
to vOH in carboxylic acid, 3066 to vCH aromatic,
2912 due to vCH aliphatic,1737 and 1680 due to vCO
of 6-lactone and carboxylic acid.

Synthesis of 7-benzo [1, 3] dioxol-5-yl-7a,10a-
dihydro-7H-5, 9, 1l-trioxa-cyclopenta [b]
phenanthrene-6, 8, 10-trione 4

A solution of maleic anhydride (0.98g,
0.01mol.) in dioxane was added on solution of la
(2.94¢g, 0.01mol.) in dioxane and refluxed for 15hrs.
The reaction mixture was concentrated and cooled.
The solid product was filtered off and crystallized
from propel dioxane to give yellow crystals in 88%
yield m.p.248 °C.

Analysis for C21H120s
(M.wt.392.32).Calculated %: C 64.29, H 3.08, Found
%: C 64.32, H 3.07, IR (cm-1): 3065 due to vCH
aromatic, 2914 due to vCH aliphatic, 1740,1670
vCOof -lactone and anhydride ring.

Synthesis of 7 a, 9, 10, 1la-tetrahydro-7H-5, 12-
dioxa-9,10-diaza benzo [a] anthracene -6, 8, 11-
trione derivatives 5

A mixture of compound 4 (3.92g, 0.01mol.),
excess of hydrazine hydrate (98%) (3ml), few drops of
piperidine in absolute ethanol was added and refluxed
for 9hrs. The reaction mixture was cooled, poured into
ice and hydrochloric acid.The solid product was
filtered off and crystallized from ethanol as orange
crystals in  54% vyield,m.p.288°C.Analysis for
C21H14N207(M.wt.406.35). Calculated % C 62.07,
H 3.47, N 6.89, Found % C 61.80, H 3.73, N 6.99,
IR(cm-1): 3334, 3225 2vNH, 1710 vCO of 5-lactone
and 1681,1673 vCO of amide. MS (m/z %): 406
(2.13%), 408 (2.57%).1H-NMR (8,ppm,DMSO-
d6):3.40-5.1(d,3H,CH-pyran), 5.93
(s,2H,0CH20),6.52-7.63(m,7H,2Ar-
H),8.0(s,2H,2NH).

2.1. Antibacterial activity

Coumarin and its derivatives represent one of
the most active classes of compounds possess a wide
spectrum of biological activity. Many of these
compounds have been used for the treatment of
various diseases, such as Alzheimer’s disease,
amyotrophic lateral sclerosis, Huntington’s disease,
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AIDS associated dementia, and schizophrenia [14-16].
The present study reports the evaluation of the
antibacterial activity of the newly synthesized
compounds towards different types of Gram (+ve) and
Gram (-ve) bacteria. The disc diffusion method [17] is
used in this study. Compounds 2b, 3b showed
excellent activity against Streptococci  while
compounds 2a, 3a, 4 and 5 exhibited no activity. All
tested compounds showed no activity against Gram (-
ve) as shown in Table 1.

2.1.1. Culture media

Muller-Hinton agar medium g/l

Beef extract powder 3.0
Casein hydrolase 175
Starch 1.5
Agar 17.0

2.1.2. Preparation of agar

Muller-Hinton agar (38 g) was suspended in
one liter of distilled water, then left for heating in
orderto dissolve the medium completely. Later on, the
medium is sterilized using autoclaving at 121 °C for
15 min [18].
2.1.3. Test Organisms
» The Gram positive bacteria: Bacillus Subtilis and
Streptococci.
» The Gram negative bacteria: Klebsiella Pneumoniae
and Escherichia Coli.
2.1.4. Antibacterial test

The antimicrobial activity of each compound
under investigation was evaluated in term of disc
diffusion method using sterile whatman-No5 filter
paper discs (11 mm diameter) [17] which explained as
follow: “Each compound was dissolved in N, N-
dimethylformamide (DMF). Filter paper discs (11
mm) were loaded with certain amount of the tested
material (50uL), then left for complete dryness” [17].
“Then test plate were prepared by pouring 10 ml
Muller-Hinton agar medium seeded with the test
organism” [17]. “The discs were deposited on the
surface of agar plates along with control disc, which
loaded only with used solvent” [17]. The discs were
incubated at 5 °C for 1 hrs. in order to permit good
diffusion. “All the plates were then incubated for 24
hrs. at 37 °C” [17]. Finally, the inhibition zones were
measured and tabulated.

Table 1. Antibacterial activity of compounds 2 a,b,
3a,b, 4 and5.
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Antihacterial activify

Gram +ve bacteria Gram vehacteria

(e LW Bocillic | Streprococci Elsbsidla Escherichia

Subrilis Prcwrnonias Colt
2a -
T +H -
3a - -
3b > -
4 _ _
Coniral - - - -
- = no activity + = weak activity

++, +++ = moderate activity >+++ = strong activity

3. Results and Discussion

Derivatives of chromeno-2,4-dione 1a,b [19]
underwent the reaction with cinnamic acid in a
refluxing dioxane to yield 2-phenyl-3-
carboxypyrano[3,2-c]chromene-5-one derivatives 2 a,
b [18, 20].
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Scheme 1

The structures 2 a, b were confirmed from
elemental analysis and spectral data. The IR spectrum
of 2a,b showed strong absorption band at 3473-3472
cm-ldue to vOH of the carboxylic group and
absorption band at 1731-1714 cm-1 due to vCO of &-
lactone and at 1659 cm-1 due to vCO of carboxylic
acid. The 1H-NMR (DMSO-d6) spectrum of
compound 2b showed signal at 6 4.20 ppm (s,1H,CH-
Ar), 5.85-7.65 ppm (m,12H,3Ar-H),11.20 ppm
(s,1H,OH). The mass spectrum of compound 2a
showed ion peak at m/e = 440 (6.29%) corresponding
to the molecular formula Cz6H1607.

The interaction of 1 a, b with acrylonitrile in
dioxin gave 2-carboxy-pyrano [3, 2-c]chromen-5-one
derivatives 3 a, b via Diels-Alder reaction (Scheme 2)
[21]. The structures of compounds 3 a, b were
confirmed from their elemental analysis and spectral
data. The CN group converts to COOH group by
hydrolysis. IR spectrum showed strong absorption
band at 3456-3448 cm-1 due to vOH, absorption band

at 1737, 1731 and 1660 cm-1 due to vCO of 5-lactone
and carboxylic group. Compound 1a reacted as a diene
with maleic anhydride which act as a dienophiles in
refluxing xylene for 15hrs to afford 4 ( Scheme 3) [21].
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Scheme 3

The structure of compound 4 was confirmed
from its elemental analysis and spectral data. IR
spectrum showed absorption band at 3065 cm-1due to
vCH aromatic, 2914 cm-1 due to vCH aliphatic, strong
absorption bands at 1740, 1670 cm-1due to vCO of 8-
lactone and anhydride ring. The action of hydrazine
hydrate as a nitrogen nucleophillic on compound 4
resulted in the formation of pyridazine derivative 5
[22].

NHH;0 %

O

Scheme 4
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The structure of compound 5 was confirmed
from its elemental analysis and spectral data. IR
spectrum showed strong absorption band at 3334,
3225 cm-1 due to 2v NH, absorption band at 1710 cm-
1 due to vCO of 6-lactone, 1681, 1673 cm-1 due to
vCO of amide. The *H-NMR( DMSO-d6) of X showed
signal at 6 3.40-5.16 ppm (m,3H,CH-pyran), 5.90 ppm
(s,2H,0-CH2-0), 6.52-7.63 ppm (m,7H,2Ar-H), 8.0
ppm (s,2H,2NH). The mass spectrum of compound 5
showed ion peak at m/e = 406 (2.13%) corresponding
to the molecular formula C1H14N20Oy.

4. Conclusion

A series of new coumarin derivatives were
successfully synthesized using Diels-Alder reaction.
All the new compounds were characterized and tested
for their antibacterial activities. Some of the
synthesized compounds showed excellent activity
against Streptococci, while all compounds showed no
activity against Gram —ve bacteria.
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