
ABSTRACT
A series of pyrimidine derivatives and were synthesized by condensation of thienylchalcones and urea, thiourea under phase 
transfer catalysis conditions (PTC) with short reaction time and excellent yields. The mechanism of reaction of the synthetic 
compounds and their structures were established using physical analysis methods 1H-NMR and IR. The compounds were also 
screened for radical scavenging activity using 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity. Compounds 
A6 and A8 showed radical scavenging stronger than the standard antioxidant and ascorbic acid. While the other compounds 
showed mild and varying activities.
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INTRODUCTION
One of the most important heterocyclic organic compounds that 
contain two nitrogen atoms is pyrimidine and is characterized 
by biological activities, such as antiviral, anticancer, 
antimicrobial, anti-inf lammatory and antimalarial.1-7 
Pyrimidines can be considered as one of the most important 
pharmaceutical parts widely present in many natural 
products and an essential structure block of RNA and 
DNA. All chemical molecules containing pyrimidine have 
pharmacological properties.8 Recently, anticancer drugs used 
in medical treatments as well as being evaluated in clinical 
studies have often been based on the pyrimidine structure, 
and new pyrimidine derivatives show favorable activities.9-12

Also, the most important compounds that are used as 
an intermediate for the preparation of heterocyclic organic 
compounds are chalcones, which are easy to prepare and 
have many biological activities including antibacterial, anti-
inflammatory and antioxidant.13-18

It is worth noting that the thiophene group is found in a 
large number of biologically active molecules that have diverse 
biological activities.19,20 The chalcones cyclization, leads to 
pyrimidines is an emerging field of heterocyclic chemistry in 
many years due to accessibility and diverse biological activities 
as antibacterial, antifungal, antiprotozoal, anti-inflammatory 
substances.

Pyrimidine derivatives are synthesized through many 
methods with some negative aspects like extended reaction 
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times, complicated workup and lesser yields with the use of 
relatively high temperature.21-24  In the present study and as 
a part of our project, we have planned to prepare 4,6-Diaryl-
3,4-Dihydropyrimidine derivatives from chalcones bearing 
thiophene nucleus with thiourea and urea by using The liquid-
liquid phase-transfer catalysis (L-L PTC) technique.25-28 
The (L-L PTC) technique has some drawbacks as efficiency, 
product purity, time and atom economy.

EXPERIMENTAL

Materials
1H-NMR spectrums of synthetic compounds were recorded 
on NMR-Bruker 300 MH Ultra-shield. Melting points were 
obtained in an open capillary tube and were uncorrected. IR 
spectra were recorded on a Bruker –Alpha with Platinum-
ART spectrometer (Germany). UV-Perkin Elmer Lambda25 
UV-Vis spectrometer. DPPH (90%) (1,1-diphenyl-2-picrylhy-
drazyl) free radical, L-Ascorbic acid and tetra butyl ammo-
nium bromide (TBAB) reagents were obtained from sigma  
Aldrich.
Methods
General procedure for the synthesis of thiophen-2-yl –
chalcones(a-f)29:
The base-catalysed Claisen–Schmidt condensation were used 
for the synthesis of chalcones (Scheme 1).
General procedure for synthesis pyrimidine derivatives using 
(liquid-liquid) PTC technique (A1-A9)30:
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The chalcones (a-f) (0.005 mole) was added To a solution of 
aqueous sodium hydroxide (6 mL, 50%), benzene (25 mL), 
tetra butyl ammonium bromide (TBAB) (0.2 g, 0.0015 mole) 
and urea or thiourea (0.005 mole).The mixture were stirred 
well for 30–60 minutes at 30–35ºC, The aqueous layer was 
separated and the organic layer was washed several time with 
cold water,(to get rid of the base and the catalyst), then dried 
with anhydrous MgSO4. the solvent was evaporated and the 
precipitate was recrystallized from suitable solvent. (Scheme 2). 
Antioxidant Activity
1,1-diphenyl-2-picrylhydrazyl is a purplish-colored stable 
free radical in the presence of antioxidants, it can accept an 
electron or a hydrogen radical to become a magneto tropic 
molecule. Purple color of DPPH degrades. By using the 
spectrophotometric method this change can be monitored 
and used to estimate the radical scavenging activity, which is 
valent to the antioxidant activity of the prepared compounds. 
According to Brand William et  al. (1995)31 with some 
modifications, the free radical scavenging activity of DPPH 

has been determined. Brief ly, the synthetic compounds 
were dissolved in a minimum volume of dimethylsulfoxide 
(DMSO) and diluted in methanol to 1-mg/mL. The different 
concentrations of compounds or ascorbic acid (62.5, 125, 250, 
and 500 μg/mL) in methanol (about 1-mL) was added to 3 mL of 
(0.5 mM) methanol solution of 1,1-diphenyl-2-picrylhydrazyl 
(DPPH). After incubating the absorbance at room temperature 
for 30 minutes, records was read against the blank at 517 nm. 

The following equation is used to calculate the percentage 
of DPPH scavenging effect: 

% Inhibition = A0 - A1/A0 × 100
A0 = The absorbance of control.
A1 = The absorbance of sample test.

The (IC50) value (half of the maximum inhibitory concentration) 
is the sample concentration that can remove 50% of DPPH free 
radicals. The percentage of inhibition was plotted against four 
concentrations (62.5–500 μg/mL) of the prepared compounds 
to gain the inhibition curves. A straight-line equation was 
derived through a linear regression analysis. The (IC50) value 
determines the concentration of compounds required to inhibit 
half (50%) DPPH radicals.

RESULT AND DISCUSSION
Most heterocyclic compounds that contain Nitrogen and sulfur 
have received considerable attentiveness due to their wide range 
of pharmacological activity. Pyrimidine and their derivatives 
are important for drugs chemicals. Being a basic nucleus 
in DNA and RNA, pyrimidine is associated with diverse 
biological activities.32 The reaction mechanism between 
chalcones compounds and nucleophiles can be accomplished 
through two pathways (Scheme 1). Thus, the reaction between 
thiourea, urea and chalcones containing various substituents 
was conducted in PTC media. The proposed mechanism 
involves the formation of anion from the deprotonation of 
the (-NH) group in urea or thiourea by the effect of the base, 
which is most likely because the negative charge on nitrogen 
is more stable. Through the simple Michael pathway (adding 
1,4 nucleophile). The anion attacks the chalcone that produces 
the intermediary, which in turn cyclizes to provide pyrimidine 
derivatives (Scheme 2).21-23

Compound (A1) 4-phenyl-6-(thiophen-2-yl)-3,4-
dihydropyrimidin-2-(1H) one.
White needles solid; m.p. 289–290°C; Yield 85%, reaction 
time; 30 min., solvent of crystallization: ethanol ; IR (cm-1): 
1640(C=O), 3438 (NH), 1601(C=C), 3086(=C-H), 2960(C-

+ 
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2-Acetylthiophene Aromatic aldehyde Thiophen-2-yl-Chalcones(a-f)
Ar = -C6H5,p-Cl. C6H5,p-CH3.C6H5.,p-OH.C6H5, 3,4-diOCH3.C6H5,furan.

 Scheme 1 : Synthesis of Thienyl Chalcones Derivatives.

Scheme 2: Mechanism of pyrimidine derivatives synthesis. 
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H) ; 1H-NMR (DMSO-d, 300 MHz): 4.7 (d, 1H, pyrimidine 
H-4), 5.71 (d, 1H, pyrimidine H-5), 6.76-7.60 (8H, m.Ar-H and 
thiophene-H),7,70 (brs, 2H,NH) (Figure 1).
Compound (A2) 4-(4-chlorophenyl)-6-(thiophen-2-yl)-3,4-
dihydropyrimidin-2-(1H) one.
Yellow needles solid; m.p. 260–262˚C; Yield 83%, reaction 
time; 30 minutes, solvent of crystallization: ethanol, IR (cm-1): 
1638(C=O), 3436 (NH), 1603(C=C), 3105 (=C- H), 2946(C-
H), 715(C-Cl); 1H-NMR (DMSO-d, 300 MHz): 4.65 (d, 1H, 
pyrimidine H-4), 5.75 (d, 1H, pyrimidine H-5), 6.57-7.72 (7H,m.
Ar-H and thiophene-H), 7.99(brs, 2H,NH).
Compound (A3) 4-(4-methylphenyl)-6-(thiophen-2-yl)-
3,4-dihydropyrimidin-2-(1H) one.
Pale Yellow needles solid; m.p. 270–272˚C; Yield 80%, 
reaction time; 30 min., solvent of crystallization: ethanol IR 
(cm-1): 1638(C=O), 3442 (NH), 1605(C=C), 3093 (=C- H), 
3016(C-H); figure 2. 1H-NMR (DMSO-d, 300 MHz): 4.01 (d, 
1H, pyrimidine H-4), 5.74 (d, 1H, pyrimidine H-5), 6.70-7.69 
(7H, m.Ar-H and thiophene-H), 7.98 (brs, 2H,NH) (Figure 2).
Compound (A4) 4-(4-chlorophenyl)-6-(thiophen-2-yl)-3,4-
dihydropyrimidin-2-(1H) thione.
Brown powder solid; m.p. 230–232˚C; Yield 77%, reaction 
time; 1 hour, solvent of crystallization: ethanol IR (cm-1): 
1087(C=S), 3438 (NH), 1603(C=C), 3090 (=C- H), 2983(C-
H), 716(C-Cl); 1H-NMR (DMSO-d, 300 MHz): 5.26 (S, 1H, 
pyrimidine H-4), 5.74 (d, 1H, pyrimidine H-5), 6.79-7.99 (7H, 
m.Ar-H and thiophene-H), 8.29(brs, 2H,NH) (Figure 3).
Compound (A5) 4-(4-hydroxyphenyl)-6-(thiophen-2-yl)-
3,4-dihydropyrimidin-2-(1H) one.
Brown powder solid; m.p. 208–210˚C; Yield 75%,, reaction 
time; 1 hour, solvent of crystallization: ethanol IR (cm-1): 
1628(C=O), 2957 (NH), 1588(C=C), 2870(=C-H),3103(OH).
(Figure 4) ; 1H-NMR (DMSO-d, 300 MHz): 4.02 (d, 1H, 
pyrimidine H-4), 5.59 (d, 1H, pyrimidine H-5), 6.25-8.0 5(7H, 
m.Ar-H and thiophene-H),8.87 (brs, 2H,NH),9.05(brs,1H,OH).
Compound (A6) 4-(3,4-dimethoxyphenyl)-6-(thiophen-2-
yl)-3,4-dihydropyrimidin-2-(1H) thione. 
Yield 85%, m.p. 285–287°C, reaction time; 1 hour, solvent 
of crystallization: ethanol, yellow needles. : 3300 (NH), 
1187(C=S), 1590,1H NMR (400 MHz, DMSO-d6): 3.75, 
3.77 (2s, 6H, 2OCH3), 4.37 (d, pyrimidine H-4), 6.10(d, 1H, 
pyrimidine H-5), 6.65-8.33 (6H, m.Ar-H and thiophene-H),, 
9.81 (brs, 1H, NH), 11.15 (brs, 1H, NH).
Compound (A7) 4-(4-methylphenyl)-6-(thiophen-2-yl)-
3,4-dihydropyrimidin-2-(1H) thione.
Yellow powder solid; m.p. 250-252˚C; Yield 80%, reaction 
time; 30 minutes, solvent of crystallization: ethanol IR (cm-1):, 
3090 (NH), 1565(C=C), 3007 (=C- H), 2917(C-H), 1183(C=S); 
1H-NMR (DMSO-d, 300 MHz): 4.00 (d, 1H, pyrimidine 
H-4), 6.72 (d, 1H, pyrimidine H-5), 6.74-8.61 (7H,m.Ar-H 
and thiophene-H), 11.25(brs, 1H,NH), 12.09(brs, 1H,NH).
(Figure 5).

Compound (A8) 4-phenyl-6-(thiophen-2-yl)-3,4-
dihydropyrimidin-2-(1H) thione.
Yellow needles solid; m.p. 270-272˚C; Yield 80%, reaction 
time; 45 minutes, solvent of crystallization: ethanol IR (cm-1):, 
3190 (NH), 1560(C=C), 1117(C=S) ; 1H-NMR (DMSO-d, 300 
MHz): 4.44 (d, 1H, pyrimidine H-4), 6.05 (d, 1H, pyrimidine 
H-5), 6.51-7.61 (8H,m.Ar-H and thiophene-H), 8.25(brs,  
2H,NH).

Figure 1: 1H-NMR of compound A1.

Figure 2: IR spectra of compound A1.

Figure 3: 1H-NMR of compound A4

Figure 4: IR spectra of compound A5.
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Compound (A9) 4-(furan-2-yl)-6-(thiophen-2-yl)-3,4-
dihydropyrimidin-2-(1H) one.
Brown powder solid; m.p. 235-237˚C; Yield 70%, reaction 
time; 30 min., solvent of crystallization: ethanol ; IR (cm-1): 
1640(C=O), 3430 (NH), 1601(C=C), 3080(=C-H), 2960(C-H) 
; 1H-NMR (DMSO-d, 300 MHz): 4.7 (d, 1H, pyrimidine H-4), 
5.61 (d, 1H, pyrimidine H-5), 6.56-7.83 (6H, m.Furan-H and 
thiophene-H),8,70 (brs, 2H,NH).
Antioxidant Activity of Synthetic Pyrimidine Derivatives
The formation of free radicals causes many chronic diseases 
such as cancer, diabetes, and cardiovascular disorders.33 One 
of the most important characteristics of antioxidants is their 
ability to eliminate free radicals. According to scientific 
research, antioxidants reduce the risk of many chronic diseases. 

Many foods, fruits and vegetables contain natural antioxidants 
and have tremendous nutritional and therapeutic properties.34 
While the second type of antioxidants are those that are 
prepared in the laboratory The most important synthetic 
antioxidant are butylated hydroxyl anisole (BHA), butylated 
hydroxy toluene (BHT), and 1, 1-diphenyl-2-picrylhydrazyl 
(DPPH).

Radical scavenging activity of compounds (A1-A9) is 
summarized in Table 1. Better radical scavenging activity 
was observed for compound A6(IC50= 14 μg/mL) and A8 
(IC50=23  μg/mL) than other compounds when compared 
to ascorbic acid (IC50= 109μg/mL), a known and potent 
antioxidant compound. Because of electron donating 
substituent such as methoxy group in A6 enhances the 
activity.35 The compounds A3 and A4 showed moderate 
antioxidant, whereas the compounds A1, A5, and A7 exhibit 
mild activity. While the last two compounds A2 and A9 did 
not show any significant activity (Table 1 and Figure 6).

CONCLUSION
The present work is concentrating on a facile procedure for the 
synthesis of a series 4,6-diaryl-3,4-dihydropyrimidine-2(1H)-
thione and 4,6- diaryl-3,4-dihydropyrimidine-2(1H)-one under 
PTC. This method depends on the reaction of thienylchalcone 
with urea and thiourea under basic conditions and provides 
products with good yield in a brief time. All synthetic 
compounds were studied for their antioxidant activity. It has 
been observed that the presence of substitutes affects the 
activity of the compound. All the compounds except A6, A8 
exhibited lower inhibition. Electron donating methoxy group 
in A6 showed higher antioxidant activity compared to other 
compounds in the series.
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