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ABSTRACT

Objective: In the present study, we focused on the environment-friendly processes
used for the preparation of pyrimidine derivatives with pharmacological properties. In
this regard, microwave heating is used as the alternative energy sources to synthesize
a series of pyrimidine derivatives by the condensation of chalcones with urea under
basic conditions. Chalcones were synthesized by Claisen-Schimidt condensation
of acetophenone with various substituted benzaldehyde in the presence of ethanolic
potassium hydroxide solution. Methods: The IR, "TH-NMR, mass spectra and CHN analyses
confirmed the structure of the prepared compounds. Shorter reaction time, environment
friendly procedure and excellent yields are the advantages of microwave synthesis. The
newly synthesized pyrimidine derivatives were screened for their anthelmintic activity
and found to have moderate to considerable activity as compared to the standard drug.
Results: Some of the synthesized compounds exhibited significant anthelmintic activity.
Compound 4e with electron withdrawing groups was found to be highly potent among
the series. This attempt will lead to an increased number of new and sustainable methods
for the synthesis of biologically-active pyrimdine derivatives.

Keywords: Anthelmintic activity, Chalcone, Claisen-schmidt reaction, Green synthesis,

Pyrimidine.

INTRODUCTION

Chalcones are a,B-unsaturated ketones con-
sisting of two aromatic rings such as ring
A and B. Both rings are interconnected
by a highly electrophilic three carbon a,
B-unsaturated carbonyl system that assumes
linear or planar structure.”” They possess
conjugated double bonds and a completely
delocalized m-electron system on both benzene
rings. Chemically, chalcone is 1,3-diphenyl-
2-propene-1-one. These are coloured com-
pounds due to presence of the chromophore,
ketoethylenic group (—-CO-CH=CH-) in
their structure.™ The structure of chalcone
with plane, centroid and exclusion sphere
is shown in the Figure 1. The energy mini-
mized 3D structure of chalcone is presented
in the Figure 2. Chalcones are synthesized
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by claisen-schmidt condensation of ketone
with different aromatic aldehydes by strong
bases (NaOH/ KOH) or acid catalyzed
followed by dehydration process.™® The
presence of reactive o,f3-unsaturated keto
group in chalcones is found to be respon-
sible for producing their biological activity.”
Chalcone derivatives are considered as key
starting materials for the syntheses of dif-
ferent classes of heterocyclic compounds
such as pyrazolines, oxazoles, isoxazoles,
thiophenes and pyrimidines, etc.*’ Among
the heterocyclic compounds, Pyrimidine
derivatives are valuable heteroaromatic
compounds because of their wide spectrum
such

of pharmacological applications

as antimalarial, anthelmintic, anticancer,

Submission Date: 20-07-2017;
Revision Date: 17-09-2017;
Accepted Date: 23-11-2017

DOI: 10.5530/ijper.51.4s.101
Correspondence:

Biswa Mohan Sahoo,
Department of Medicinal
Chemistry, Vikas College

of Pharmacy, Vissanna-
peta, Krishna District, Andhra
Pradesh, INDIA.

Tel: +91-9133055582

E-mail: drbiswamohansa-
hoo@gmail.com

OIVIO0SSY
o
ey
HERS OF INDIA

2

%
Riga ceyric?™

www.ijper.org

Indian Journal of Pharmaceutical Education and Research | Vol 51 | Issue 4S | Oct-Dec (Suppl), 2017



Sahoo et al.: Green Synthesis of Pyrimidine Derivatives as Anthelmintic Agents

antimicrobial, anti-convulsion and anti-inflammatory
activities.'”"” Numerous methods have been reported
to prepare pyrimidine derivatives.”>'* However, these
reported methods suffered from drawbacks such as
longer reaction time, complicated work up procedures,
use of acids or bases and hazardous solvents.!>!¢ Thus,
the use of microwave energy for the synthesis of new
drug molecules follows green chemistry approach.'” "
Out of the various principles of green chemistry, the
important one is the maximization of the atom economy
which evaluates the efficiency of chemical transforma-

tion of reactant materials and is calculated as follow.?*??

Molecular weight of

desired product %100

% Atom utilization = - -
Molecular weight of desired

product + waste product

In the present study and as a part of our project, we
have planned to prepare pyrimidine derivatives using
both conventional as well as microwave induced heating
methods and to study their anthelmintic activity.”*

Chemistry

Pyrimidine derivatives (4a-e) were prepared via chal-
cones by the treatment of chalcones with urea in the
presence of ethanolic potassium hydroxide solution.
Claisen-Schimidt condensation mechanism is followed
to synthesize chalcones (3a-e) by reaction of acetophe-
none (2) with various substituted benzaldehyde (1a-e)
in the presence of ethanolic potassium hydroxide solu-

tion as presented in Figure 3 and scheme-1.7%

EXPERIMENTAL METHOD

All chemicals were of synthetic grade (S. D. Fine. Chem.
Ltd. Mumbai, India). Both conventional and mictro-
wave synthesis was carried out to compare reaction
time and yield of product. The microwave irradiated
synthesis was performed in scientific microwave oven,
Catalyst System (operating between 140-700 W). All
the reactions were carried out at power level-2, which
corresponds to 210 W. The synthesized products were
recrystallized from ethanol as a solvent. Melting points
were determined in open capillary tubes, expressed in
’C and are uncorrected. The time required for comple-
tion of the reaction and the purity of the compounds
were checked by ascending TLC using pre-coated Silica
gel-G plates and spots were observed by exposure to
iodine vapours or by UV light at 254 and 366 nm. The
compounds were characterized by using IR, 'H NMR,
Mass spectral and Elemental analysis. The IR spectra of
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Figure 1: Structure of chalcone showing plane, centroid and
exclusion sphere.
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Figure 3: Reaction mechanism involved in formation of
pyrimidine via chalcone.

Microwave (lﬂmm)J NH,CONH,

R
H o
== | 1 _40% KOH, CHOH
=0+ HC—C
\ /. °¢ ° " ClaisenSchimidt

1(a-¢) @ Condensation

Conventional (3h) | 40% KOH, C,H;0H

4(a-e)

Scheme 1: Synthesis of pyrimidine derivatives.

the compounds were recorded on Shimadzu IR Affinity
FT-IR using KBr discs and the values are expressed in
cm’. The 'THNMR spectra were recorded on a Bruker
AC 400 MHz spectrometer using TMS as the internal
standard in DMSO-46. The multiplicities of the signals
are denoted with the symbols s, d, # and m for singlet,
doublet, triplet and multiplet, respectively. The LC-MS
spectra were recorded on Waters Micromass Q-Tof
Micro (70 eV), a hybrid quadrupole time of flight mass
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Table 1: Elemental analysis of titled compounds (4a-e)

Compound Code | Molecular Elemental Analysis (%)
formula Calculated Found
C H N (o] C H N (0}
4a C,;H,,N,O 77.40 4.87 11.28 6.44 77.33 4.85 11.23 6.43
4b C,.H,N,O, 65.53 3.78 14.33 16.37 65.20 3.69 14.36 16.39
4c C,H,N,O, 65.53 3.78 14.33 16.37 65.80 3.79 14.30 16.38
4d CH,,N,0, 72.72 4.58 10.60 12.11 72.18 4.71 10.63 12.09
4e C,H,,N,O, 72.72 4.58 10.60 12.11 72.90 4.54 10.58 12.10

spectrometer. Elemental analyses of the newly synthe-
sized compounds were carried out on Carlo Erba 1108
analyzer and values are given in Table 1.

Synthesis of chalcones 3(a-e)

Substituted benzaldehydes (1a-e) (0.01mol) and aceto-
phenone (2) (0.01 mol, 1.2 g) were mixed and dissolved
in ethanol (10 mL). To this, 40% aqueous solution of
potassium hydroxide (10 ml) was added slowly with
constant stirring. The reaction mixture was stirred
continuously for 3 h at room temperature. The com-
pletion of reaction was confirmed by monitoring TLC
using silica gel-G. After completion of the reaction, the
reaction mixture was kept in refrigerator overnight. The
product was filtered and washed with cold water till the
washings were neutral to litmus, if necessary acidified
with dilute HCL. The product was dried and recrystal-
lized from rectified spirit to get pale yellow colored solid
chalcones (3a-e).

Syntheses of 4-(substituted-phenyl)-6-phenyl-
pyrimidin-2(1H)-one (4a-e)

Conventional synthesis

A mixture of chalcone (3a-e) (0.01 mol), urea (0.01
mol, 0.6 g) were dissolved in ethanol (10 mL, 95%).
To this, 40% aqueous potassium hydroxide solution
(10 mL) was added slowly with constant stirring. The
reaction mixture was allowed to reflux on water bath
for 4 h. In between TLC was monitored to check the
completion of reaction. After completion of reaction,
the reaction mixture was cooled to room temperature
and then poured into ice cold water and neutralized by
adding dilute HCI. The precipitate (4a-e) obtained was
filtered, washed with water and dried. The product was
recrystallized from rectified spirit.

Microwave synthesis

A mixture of chalcone (3a-e) (0.01 mol), urea (0.01 mol,
0.6 g) were dissolved in ethanol (10 mL, 95%). To this,
40% aqueous potassium hydroxide solution (10 mL) was
added slowly with constant stirring. The reaction
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mixture was placed in microwave and irradiated at power
level-2 (210 W) for 7-10 min. In between, TLC was
monitored to check the completion of reaction condi-
tion. After completion of reaction, the reaction mixture
was cooled to room temperature and then poured into
ice cold water and neutralized by adding dilute HCL. The
precipitate obtained was filtered, washed with water and
dried. The product (4a-e) was recrystallized from rectified
spirit.

4,6-diphenyl-pyrimidin-2(1H)-one (4a)

IR (v, cm): 3308 (Pyrimidine-NH Str), 1655 (C=O Sts),
2983 (Ar. C-H Str). 'H-NMR (400 MHz, DMSO-d6) &
(ppm): 3.46 (s,1H, -CH of Pyrimidine ring), 6.31-7.93
(m,10H,Ar-H),7.95 (s,1H,-NH). MS, m/z (%): Found
for C,;H N, O: 248.26

4-(3-nitro-phenyl)-6-phenyl-pyrimidin-2(1H)-one
(4b)

IR (v, cm™): 3320 (Pyrimidine-NH Str), 1650 (C=0O
(Str), 2923 (Ar.C-H (Str), 1606(-NO2 Str). 'H-NMR
(400 MHz, DMSO-d6) 6 (ppm): 3.61 (s, 1H, -CH of
Pyrimidine ring), 7.36-8.02 (m, 9H, Ar-H), 8.24 (s, 1H,
-NH). MS, m/z (%): Found for C, H, N O.: 293.4.

4-(4-nitro-phenyl)-6-phenyl-pyrimidin-2(1H)-one
(4c)

IR (v, cm™): 3326 (Pyrimidine-NH Str), 1654 (C=0O
(Str), 2926 (Ar.C-H (Str), 1608 (-NO, Str). 'H-NMR
(400 MHz, DMSO-d6) & (ppm): 3.63 (s, 1H, -CH of
Pyrimidine ring), 7.24-8.14 (m, 9H, Ar-H), 8.32 (s, 1H,
-NH). MS, m/z (%): Found for C, H N.O,: 293.5.

4-(2-hydroxy-phenyl)-6-phenyl-pyrimidin-2(1H)-
one (4d)

IR (v, cm™): 3247 (Pyrimidine-NH Str), 1647 (C=0 Str),
2933 (Ar.C-H Str), 3362 (-OH Str). "H-NMR (400 MHz,
DMSO-d6) 6 (ppm): 3.34 (s, 1H, -CH of pytrimidine
ring), 6.83-7.98 (m, 9H, Ar-H), 8.13 (s, 1H, -NH), 10.10
(s, 1H, -OH). MS, m/z (%): Found for C _H N O
264.19.
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Table 2: Anthelmintic activity of titled compounds

Sl. No. Compounds Dose Paralysis time Death time (Minute)
(Minute)
MeanS.E.M MeantS.E.M

1 4a 100mg/mL 25+0.5 30+0.41

2 4b 100mg/mL 29+0.529 33+0.36

8 4c 100mg/mL 30+ 0.763 34+0.61

4 4d 100mg/mL 27+0.76 32+0.8

5 4de 100mg/mL 25+0.36 35+0.72

6 3a 100mg/mL 20£1.2 22+0.78

7 Control | e e e

(Normal saline)
8 Albendazole 100mg/mL 17+1.1 21+2.1

4-(4-hydroxy-phenyl)-6-phenyl-pyrimidin-2(1H)-
one (4e)

IR (v, em™): 3378(Pyrimidine -NH Str), 1648 (C=O
Str), 2926 (Ar.C-H Str), 3420 (-OH Str). 'H-NMR
(400 MHz, DMSO-d6) 6 (ppm): 3.33 (s, 1H, -CH of
pyrimidine ring), 6.86-7.88 (m, 9H, Ar-H), 8.11 (s, 1H,
-NH), 10.28 (s, 1H,-OH). MS, m/z (%): Found for
C,H,N,0,:264.23.

Anthelmintic Activity

Helminthiasis is a macroparasitic disease found in
humans due to parasitic worms such as Nematodes or
Cestodes which are present in skin, liver, brain, lungs,
lymph, eye, muscles etc. of the body. The marketed
anthelmintic drugs are used to expel such parasitic
worms from the body by either stunning or killing them
without causing any significant damage to the host cell.
Pyrimidine derived drugs such as pyrantel and morantel
are commonly used as anthelmintic agents which has
broad spectrum activity. Indian adult earthworms were
selected to study the antihelmintic activity. The earth-
worms were collected from the water logged areas of
soils in Vissannapeta, Andhra Pradesh, India. Earth-
worms were washed with normal saline to remove all
the fecal matter and waste surrounding their body. The
carth worms (Pheritima posthuma) 5-8 cm in length and
0.2-0.3 cm width weighing 0.8-3.04 g were used for
experimental protocols. As the earthworms are resem-
bled anatomically and physiologically with the intestinal
roundworm parasites of human beings, hence they were
selected to study the anthelmintic activity.”

Procedure

Gum acacia solution (1%) was prepared by using normal
saline. Test solutions (100mg/ml) were prepared by
using Gum acacia solution. Samples were taken in
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petriplates and adult healthy earth warms (n=06) were
introduced into petriplates. Observations were made for
the time taken to paralyze and time taken for death of
the earthworms. Paralysis was said to occur when the
worms do not revive even in normal saline. Death was
concluded when worms lost their motility followed by
fading away of the body color and the values are
summarized in Table 2 and presented in Figure 4.

RESULTS AND DISCUSSION

The chalcones were prepared by the Claisen Schmidt
condensation of acetophenone (2) with various substi-
tuted benzaldehyde (la-e) in the presence of ethanolic
potassium hydroxide solution. Both conventional as
well as microwave assisted methods followed to prepare
a series of pyrimidine derivatives via chalcones by
the treatment of chalcones with urea in basic media
(Scheme I). The prepared compounds along with their
reaction time period and percentage yields were given
in Table 3. It was found that the microwave assisted
method is energetically favourable which requires less
time with enhanced reaction rates and provides better
yields (79-85%) with pure product as compared to

 Effect of pyrimidine derivatives on pheritima posthuma (Earth worms) ™

404
™ m 4da
]
=P
<
2 4d
g 20 o
= N de
"
E il 3a
a 104 BB Albendazole
n‘i
" Treatment Group's i

Figure 4: Anthelmintic activity (paralysis time) of titled
compounds.
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Table 3: Physical characterization data and comparison between conventional and microwave assisted
synthesis of pyrimidine derivatives (4a-e)

Comp. | Structure (R) | R, Value M.P. (°C) Conventional Method Green Synthesis (Microwave) Method
Code
Time Energy Yield Time Energy | Yield (%) Atom
(h) (Temp. °C) (%) (min.) (Power. Economy
Watt)
4a H 0.62 90-93 3 98-100 58.67 7 210 79.48 67.52 %
4b 3-NO, 0.63 201-204 4 98-100 60.85 9 210 82.73 71.47%
4c 4-NO, 0.65 176-179 4 98-100 62.85 8 210 82.33 69.35%
4d 2-OH 0.57 197-200 4 98-100 65.31 10 210 85.25 72.83%
4e 4-OH 0.51 185-190 3 98-100 62.56 9 210 81.66 68.28%

_ Substitutions on
R, aromatic ring Substitutions on

aromatic ring

-.; ; n;\>7NH/U\O/

T INZ i
Lipophilic Part \"/
o
Pyrimidine Derivatives

P

Albendazole

Figure 5: Pharmacophoric requirements for anthelmintic
activity.

conventional synthesis (yield 58-65%). All the synthesized
compounds were soluble in methanol, ethanol, and
dimethyl sulphoxide and insoluble in nonpolar solvents.
The structures of prepared pyrimidine derivatives have
been elucidated by spectroscopic data and elemental
analysis. The synthesized compounds were analyzed by
their physical and chromatographic parameters. Further
analysis by IR, NMR, and Mass spectroscopy was carried
out to interpret the structure of the above synthesized
compounds. The mobile phase selected for TLC study
was n-hexane: ethyl acetate (70:30). The spectra of chal-
cones show usually a peak, near 1625-1650 cm™, chat-
acteristic of a,@ unsaturated carbonyl group. The a-H
and B-H of chalcones resonate at 6 6.7-7.4 and 6 7.3-7.7
as two doublets (J=17 H,) in the "H NMR spectra. The
IR spectrum of pyrimidine derivatives (4a-e) showed
absorption at A_ 2923-2983 cm™ (Ar-C-H), 1344 and
1606 cm™ (Ar-NO,), 1647-1690 (C=0O Str), 3247-3378
cm'-3308 (pytimidine-NH Str.), 3362-3420 (Ar-OH)
respectively. In the '"H NMR spectrum, the proton of
the —CH and -NH of pyrimidine nucleus resonated as
a sharp singlet at 8 3.61 and 8.24 respectively. The aromatic
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protons were seen as a multiple at 8 6.74-8.02. The mass
spectra of the pyrimidine derivatives exhibited molecular
ion peak corresponding to their molecular formula.
Compound 4b and 4c¢ showed molecular ion peak at 72/3
293.4 and 293.5 respectively. All the synthesized com-
pounds showed significant anthelmintic activity. Among
the tested compounds, 4e showed potential anthelmintic
activity 25 + 0.36 and 35 £ 0.72 min for paralysis and
death respectively as compated to the standard drug.

STRUCTURE ACTIVITY RELATIONSHIP (SAR) STUDY

The structure-activity relationship study is based on the
above results which indicate that compounds with elec-
tron withdrawing groups on the aromatic ring showed
increased potency. The presence of various substitutions
such as hydroxy, methoxy, nitro groups on ting provides
significant activity. Hence, it clearly indicates that the
position and number of substituents in the compounds
is responsible for increased in their biological activity
as presented in Figure 5. The intense in activity of the
compounds is also greatly influenced by the amount of
activation or deactivation and position of the groups on
the ring.”

CONCLUSION

In an attempt to develop new class of anthelmintic
agents, a series of pyrimidine detivatives were efficiently
synthesized with good yield and purity in less reaction
time by microwave irradiated method as compared to
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conventional heating technique. Microwave irradiated
synthesis is an invaluable technology which made the
chemical reaction simple, rapid and eco-friendly to get
the cleaner products. By the help of microwave synthesis,
the yield of product was increased from 58% upto 85%
as compared to conventional synthesis which signifies
the utility of green chemistry approach. Some of the
synthesized compounds showed significant anthelmintic
activity,. Compound 4e with electron withdrawing
groups was found to be highly potent among the series.
Thus, the quest to explore many more modifications on
chalcone and pyrimidine moiety needs to be continued.
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ABBREVIATION USED

Comp: Compounds; °C: degree centigrade; 'H NMR:
Proton Nuclear Magnetic Resonance; I.R: Infrared
Spectroscopy; KBr: Potassium Bromide; wg: micro
gram; mL: milli liter; min: minute; mm: milli miter;
M.p: Melting point; MWI: Microwave irradiation; ppm:
parts per million; R Retention factor; str: Stretching;
TLC: Thin Layer Chromatography; TMS: Tetra methyl
silane; W: Watt.
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PICTORIAL ABSTRACT SUMMARY
= = A series of pyrimidine derivatives via chalcones (4a-4e)
# “‘r). ® "},L"Pu were synthesized by Claisen-Schimidt condensation
: »f"\m&—\_ reaction and evaluated for in vitro anthelmintic activity
against helminthes. The novel target compounds were
Effect of pyrimidine dervatives on pheritima posthuma (Earth worms) further characterized by various physical, spectral and
’%‘: _ -=n analytical techniques. Among the synthesized deriva-
% . - - by tives, 4e found to be most effective anthelmintic com-
; - pound. Albendazole was used as reference anthelmintic
i BB Albendazole agent. Hence it was summarized that 4-(4-hydroxy-
° Treatment Groups ) phenyl)-6-phenyl-pyrimidin-2(1H)-one (4e) derivative
with electron withdrawing substituent might be used
for designing more effective anthelmintic agents. And
also by the help of microwave synthesis, the yield of
product was increased as compared to conventional
synthesis which signifies the utility of green chemistry
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