
A J CSIAN OURNAL OF HEMISTRYA J CSIAN OURNAL OF HEMISTRY
https://doi.org/10.14233/ajchem.2019.21934

INTRODUCTION

Green chemistry approach is an eco-friendly approach
which is used to prevent, or at least reduce pollution and has
tremendous application in synthetic organic chemistry. This
technique consists of an alternative reaction media to replace
hazardous and expensive solvents consistently used in organic
synthesis [1]. Green synthesis of organic compounds using
solvent-free condition has gained popularity in recent years,
since the majority of solvents are either toxic or flammable.
Compared with conventional method the solvent free method
is more convenient, simple to run, provide higher yield and
shows maximum efficiency [2]. Recently fruit juice is known
to be the potential organic solvent for the synthesis of pharma-
ceutically important organic compounds [3]. Fruit juices are
used for various organic transformation reactions [4,5] and its
widespread applications are due to their inexpensive, non-toxic,
safe and environmentally benign nature [6].

Dihydropyrimidinones, the products of Biginelli reaction,
are widely used in the pharmaceutical industries. Research has
stimulated the invention of a wide range of synthetic methods
for their preparation and chemical transformations. Dihydro-
pyrimidinones and their derivatives show wide range of applica-
tions in natural, synthetic, pharmacological, therapeutic and
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bioorganic chemistry mainly due to their biological activities
[7,8]. Moreover, dihydropyrimidinthiones have been suggested
to be useful building blocks for synthesis of natural products,
such as the batzelladine family of polycyclic marine alkaloids
[9] of which batzelladine alkaloids have been found to be potent
HIV gp-120-CD4 inhibitors [10].

The simple one-pot three component procedure for the
synthesis of dihydropyrimidinone was first reported by Biginelli
and Gazz in 1893 [11]. However, this reaction requires harsh
condition, long reaction time and affords low yields, parti-
cularly when substituted aromatic aldehydes are employed.
To overcome these disadvantages, several protocols have been
developed to modify this reaction by means of microwave irra-
diation, ultrasound irradiation using various reagents. Resea-
rchers reported the synthesis of dihydropyrimidinones using
various reagents or catalyst such as ionic liquids, metal oxide
nanoparticles, enzyme, phase transfer catalysts, nanomagnetic-
supported sulphonic acid, iron(III) tosylate, bis[(L)prolinato-
N,O] Zn-water, 1-glycol-3-methylimidazolium chloride, Cu(II)
complex, SiO2-CuCl2, metal oxide-MWCNTs, FeCl3 and boeh-
mite nanoparticle, nanosilica-supported tin(II) chloride,
graphite, trypsin, silica sulphuric acid, etc. [12-19]. However,
inspite of their potential utility, many of these reported proto-
cols have some drawbacks such as the use of expensive reagents,



strong acidic condition and longer reaction times. Therefore,
to avoid these limitations, more efficient method is employed
for the synthesis of dihydropyrimidinones.

Based on the literature survey, the present work focuses
on the green synthesis of dihydropyrimidinone derivative [ethyl-
4-(4-hydroxy-3-methoxyphenyl)-6-methyl-2-oxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate] synthesized from vanillin,
ethylacetoacetate and urea using gooseberry extract. Gooseberry
is commonly known as amla and it belongs to the family Phyll-
anthaceae, one of the important herbal drugs used in Ayurvedic
system of medical preparations against liver injury, atheros-
clerosis and diabetes [20,21]. Gooseberry is highly nutritious
and is one of the richest sources of vitamin C, amino acids and
minerals. It contains several chemical constituents like tannins,
alkaloids and phenols. Among all hydrolyzable tannins, gallic
acid, Emblicanin A and B, ellagic acid are reported to possess
biological activity. The dihydropyrimidinone derivative synthe-
sized from gooseberry extract is characterized by UV-visible
and FT-IR spectral techniques. The biological activity of the
synthesized dihydropyrimidinone derivative is tested and it
shows antibacterial, antifungal, antioxidant and anti-helminthic
activities.

EXPERIMENTAL

Fresh and ripened gooseberries were obtained from the
local market of Nagercoil, India. Vanillin, ethyl acetoacetate
and urea were procured from Merck. Analytical grade ethanol
was used for the recrystallisation of the products. Double-
distilled deionized water was used for the washing of precipitate.

Preparation of gooseberry extract: Ripened gooseberry
was used for the preparation of the extract. This ripened fruit
(25 g) was thoroughly washed with distilled water and cut into
small pieces. Grind the pieces by a pestle and mortar and the
resulting extract was filtered using Whatmann filter paper. The
filtrate was collected and then centrifuged for about 8000 rpm
for about 10 min. The supernatant extract was collected and
used for the synthesis of ethyl-4-(4-hydroxy-3-methoxy-
phenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate from vanillin, ethylacetoacetate and urea. This
gooseberry extract acts as natural acid catalyst for the synthesis
of dihydropyrimidinone derivative.

Synthesis of dihydropyrimidinone derivative: The
equimolar quantities of vanillin (0.1 mol), ethyl acetoacetate
(0.1 mol) and urea (0.1 mol) were mixed in a round bottom flask.
Added 1 mL of gooseberry extract to the mixture and refluxed
at 80 ºC for 30 min. The mixture became solid at the end of
reaction and the crude product was washed with water in order

to remove any water soluble impurities. The resulting yellow
solid was filtered and recrystallized with ethanol to get fine
crystals of ethyl-4-(4-hydroxy-3-methoxyphenyl)-6-methyl- 2-
oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (Scheme-I).

The absorption spectral measurement of the synthesized
compound was carried out using Shimadzu UV-1800 spectro-
photometer. FTIR analysis was carried out through potassium
bromide (KBr) pellet (FTIR grade) method in 1:100 ratio and
spectrum was recorded using Shimadzu IR Affinity-1.

Biological evaluation: Dihydropyrimidinone derivative
[ethyl-4-(4-hydroxy-3-methoxyphenyl)-6-methyl-2-oxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate] was synthesized
from vanillin, ethyl acetoacetate and urea was subjected to
investigate antimicrobial, antioxidant and antihelminthic
activities.

The antibacterial activity of ethyl-4-(4-hydroxy-3-methoxy-
phenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate was carried out on Escherichia coli, Staphylococcus
aureus, Pseudomonas fluorescens and Klebsiella pneumonia.
Agar-well diffusion method was used to evaluate the antibac-
terial activity of the compound. Same amount (15-20 mL) of
Mueller-Hinton agar was poured on glass petri-plates of same
size and allowed to solidify. Standardized inoculum of the test
organism was uniformly spread on the surface of these plates
using sterile cotton swab. Four wells with a diameter of 8 mm
(20 mm apart from one another) were punched aseptically
with a sterile cork borer in each plate. The sample was added
in each well. Then, the agar plates were incubated under suitable
conditions depending upon the test microorganism. After
incubation, clear zone was observed. Inhibition of the bacterial
growth was measured in mm using vernier caliper.

Antifungal activity of ethyl-4-(4-hydroxy-3-methoxy-
phenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate was carried out on Candida albicans and Aspergillus
niger. Well diffusion assay method was used to detect anti-
fungal activities of the sample. A sterile swab was used to evenly
distribute fungal culture over the potato dextrose agar medium
and the plates were allowed to dry for 15 min. Wells were then
created and a pipette was used to place the sample into each
well. The plates were incubated at room temperature for 3 days
after which they were examined for inhibition zones. A vernier
caliper was used to measure the inhibition zones.

Antioxidant activity of ethyl-4-(4-hydroxy-3-methoxy-
phenyl)-6-methyl-2-oxo-1,2,3,4-tetra-hydropyrimidine-5-
carboxylate was carried out by 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay method. Ascorbic acid was used as a reference
standard and dissolved in distilled water to make the stock
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Scheme-I: Synthesis of ethyl-4-(4-hydroxy-3-methoxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate
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solution with the concentration (1mg/1000 µL). The solution
of DPPH in methanol 60 µM was freshly prepared before UV
measurements. This solution (3.9 mL) was mixed with 100
µL of test solution at various concentrations. The samples were
kept in the dark for 15 min at room temperature and the decrease
in absorbance was measured. The experiment was carried out
in triplicate. Control of same volume was prepared without the
test sample. Ascorbic acid is used as reference and 95 % methanol
was used as blank. The radical scavenging activity was evaluated
by measuring the absorbance at 515 nm and the percentage of
inhibition was calculated as follows:

(Abs of C at 0 min Abs of T)
Inhibition (%) 100

Abs of C at 15 min

−= ×

where C is the control sample and T is the test solution. The
antioxidant activity of the synthesized dihydropyrimidinone deri-
vative was expressed by IC50 value. The IC50 values were deter-
mined from plots of percentage inhibition versus log inhibitor
concentration and were calculated by non-linear regression
analysis from the mean inhibitory values.

Antihelminthic activity of ethyl-4-(4-hydroxy-3-methoxy-
phenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate was carried out in Pheretima posthuma due to its
anatomical resemblance with the intestinal round worm para-
sites of human beings. They were procured from Agriculture
College, Vellayani, India TVM collected and washed with
normal saline to remove all fecal matter and were used for
antihelmintic activity. The suspension of extract in different
concentration (10 mg/mL) was prepared by using distilled
water as a suspending agent and final volume was made to 20
mL. Distilled water was used as control. A group containing
two worm′s approximately equal size was released into 20
mL of desired concentration of the test sample in different petri-
dishes. Observation was made for the time taken for paralysis

and death. Time for death of worms was recorded after ascer-
taining that worms neither moved when shaken vigorously.
All the results were expressed as mean ± S.D. of two worms
in each group.

RESULTS AND DISCUSSION

The role of gooseberry extract in the synthesis of biolo-
gically active ethyl-4-(4-hydroxy-3-methoxyphenyl)-6-methyl-
2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate from
vanillin, ethylacetoacetate and urea is reported. The synthesized
compound is characterized by UV-visible and FT-IR spectral
analysis.

Synthesis of ethyl-4-(4-hydroxy-3-methoxyphenyl)-6-
methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate is
a natural acid catalyzed reaction of vanillin, ethyl acetoacetate
and urea. Gooseberry extract contains ascorbic acid, citric acid,
gallic acid and ellagic acid. The acid present in the extracts
gives H+ ions for protonation. The first step in the mechanism
is the condensation reaction between vanillin and urea and it
forms an iminium intermediate. The iminium intermediate
generated acts as an electrophile for the nucleophilic addition
of the ketone and the ketone carbonyl of the resulting adduct
undergoes condensation with the urea NH2 to give ethyl-4-(4-
hydroxy-3-methoxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetra-
hydropyrimidine-5-carboxylate. The mechanism for the formation
of dihydropyrimidinone derivate is shown in Scheme-II.

Absorption spectral analysis: The formation of ethyl-
4-(4-hydroxy-3-methoxyphenyl)-6-methyl-2-oxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate is characterized by UV-
visible spectrophotometric analysis. The absorption spectrum
of the synthesized compound is carried out in ethanol. The
dihydropyrimidinone shows absorption peaks at 209, 250, 299
and 335 nm due to π-π* and n-π* transitions (Fig. 1). The peaks
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Scheme-II: Mechanism for the synthesis of ethyl-4-(4-hydroxy-3-methoxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate
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Fig. 1. Absorption spectrum of dihydropyrimidinone derivative synthesized
from gooseberry extract

at 209, 299 and 335 nm correspond to vanillin moiety. The peak
at 250 nm corresponds to urea and ethyl acetoacetate moiety.
Thus the peaks observed in the absorption spectrum indicate
the formation of dihydropyrimidinone derivative.

FT-IR spectral analysis: FT-IR spectrum of ethyl-4-(4-
hydroxy-3-methoxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetra-
hydropyrimidine-5-carboxylate shows IR bands at 3395, 3050,
2923, 2850, 1672, 1589, 1509, 1380, 1300, 1164, 1010, 883,
756 and 674 cm-1, respectively (Fig. 2). The FT-IR spectrum
of the synthesized dihydropyrimidinone shows a band around
3395 cm-1 indicates the N-H stretching of amide derivative.
A weak band at 3050 cm-1 is due to the stretching vibration of
aromatic C-H group. The presence of weak bands at 2923 and
2850 cm-1 corresponds to the C-H stretching of aryl and alkyl
groups. The IR band at 1672 cm-1 is due to the presence of
C=O stretching of amide moiety. IR spectrum exhibits weak
band at 1589 cm-1 due to the stretching vibration of aromatic
C=C bond. The band at 1509 cm-1 corresponds to the bending
vibration of N-H bond. A weak band at 1380 cm-1 is due to the
O-H bending of phenolic group. The bands at 1300 and 1164
cm-1 are due to the C-O stretching vibrations of aromatic ester.
The weak band at 1010 cm-1 is due to ring stretching. Aromatic
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Fig. 2. FT-IR spectrum of dihydropyrimidinone derivative synthesized from
gooseberry extract

C-H bending vibrations occur at 883, 756 and 674 cm-1,
respectively. This, FT-IR spectrum confirms the formation of
dihydropyrimidinone derivative.

Antimicrobial activity: Antimicrobial activity of ethyl-
4-(4-hydroxy-3-methoxyphenyl)-6-methyl-2-oxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate was tested on Escherichia
coli, Staphylococcus aureus, Pseudomonas fluorescens, Klebsiella
pneumonia, Candida albicans and Aspergillus niger. The synthe-
sized compound shows activity against the human pathogens
(Table-1). Standard antibiotic disc ampicillin is used as the
control for the evaluation of antibacterial activity. The inhibi-
tion zone for the control against Gram-positive and Gram-
negative bacteria are in the range of 22-27 mm. The synthesized
compound ethyl-4-(4-hydroxy-3-methoxyphenyl)-6-methyl-
2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate shows
higher activity against Escherichia coli than that of Staphylo-
coccus aureus and Klebsiella pneumonia. The drug fluconazole
is used as the control for the evaluation of antifungal activity.
Dihydropyrimidinone derivative shows activity on Candida
albicans and Aspergillus niger. The dihydropyrimidinone
derivative synthesized from gooseberry extract interact directly
with the microbe′s outer membrane, causing the membrane to
rupture and kills the microorganisms.

TABLE-1 
ANTIMICROBIAL ACTIVITY OF DIHYDROPYRIMIDINONE 

DERIVATIVE SYNTHESIZED FROM GOOSEBERRY EXTRACT 

Microbes Zone of inhibition (mm) 
Escherichia coli 23 
Staphylococcus aureus 12 
Pseudomonas fluorescens – 
Klebsiella pneumonia 11 
Candida albicans 12 
Aspergillus niger 11 

 
Antioxidant activity: Antioxidant activity of the synthe-

sized dihydropyrimidinone is studied by DPPH assay method.
Freshly prepared DPPH solution exhibits purple colour with
an absorption maximum at 515 nm, antioxidant molecules can
quench DPPH free radicals and convert them to colourless product.
The synthesized compounds shows moderate antioxidant
activity (Table-2). The percentage of inhibition increases with
increase in the concentration of dihydropyrimidinone derivative.
The IC50 value for the synthesized compound is 217.37 µg/mL
(Fig. 3).

Antihelminthic activity: Helminthes parasite infection
is a serious social and economic repercussion in developing
countries. The antihelminthic assay is performed in vitro using
earth worm Pheretima posthuma, since it has anatomical and

TABLE-2 
ANTIOXIDANT ACTIVITY OF DIHYDROPYRIMIDINONE 

DERIVATIVE SYNTHESIZED FROM GOOSEBERRY EXTRACT 

Concentration (µg/mL) OD at 515 nm Inhibition (%) 
Control at 0 min 0.525 – 

Control after 15 min 0.519 – 
25 0.432 17.90 
50 0.396 24.85 
75 0.385 26.97 
100 0.366 30.60 
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Fig. 3. Plot of % inhibition versus concentration of synthesized dihydro-

pyrimidinone derivative

physiological similarities with the intestinal round worm of
human beings for the preliminary analysis of antihelminthic
activity. The results of antihelminthic activity of the synth-
esized compound is shown in Table-3.

TABLE-3 
ANTIHELMINTHIC ACTIVITY OF DIHYDROPYRIMIDINONE 

DERIVATIVE SYNTHESIZED FROM GOOSEBERRY EXTRACT 

Concentration Paralyzed phase  
(min taken) 

Death phase  
(min taken) 

Control – – 
Albendazole 11.5 ± 0.9 17.9 ± 0.6 
10 mg/mL   7.5 ± 1.0 15.5 ± 1.0 
5 mg/mL 16.5 ± 1.0 38.5 ± 1.0 

 
The reported time taken for paralysis and death of Pheretima

posthuma against albendazole at 2 mg/mL is 11.5 ± 0.9 and
17.9 ± 0.6 min [22]. The mean paralyzing time of Pheretima
posthuma against dihydropyrimidinone derivative at 10 and 5
mg/mL is 7.5 ± 1 and 16.5 ± 1 min. The time taken for the death
of Pheretima posthuma against dihydropyrimidinone deri-
vative at 10 and 5 mg/mL is 15.5 ± 1 and 38.5 ± 1 min. The
time taken for paralysis and death of Pheretima posthuma
against the synthesized compound at 10 mg/mL is less than
that of those in albendazole at 2 mg/mL. The results revealed
that synthesized dihydropyrimidinone derivative (10 mg/mL)
shows higher antihelminthic activity than that of albendazole.
Hence, the synthesized dihydropyrimidinone derivative is used
for the treatment of helminthes in human beings.

Conclusion

An eco-friendly route for the synthesis of dihydropyrimi-
dinone derivative from vanillin, ethylacetoacetate and urea
using gooseberry extract has been investigated. The UV-visible
and FT-IR spectra confirmed the formation of dihydropyri-
midinone derivative. The antimicrobial activity revealed that
the synthesized dihydropyrimidinone can be used for the treat-
ment of diseases caused by microbes. The synthesized compound
shows moderate antioxidant activity. Dihydropyrimidinone
derivative shows antihelminthic activity and hence they can

be used for the treatment of helminthes in human beings. This
natural acid catalyzed synthesis is safe, does not employ any
toxic materials and quantifying it as a green approach for the
synthesis of organic compounds. The biological activities of
the synthesized dihydropyrimidinone will trigger more interest
in the synthesis of these types of compounds from the easily
available starting materials.
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