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e synthesis and characterization of 2,3-dihydro-6-methyl-2-thioxopyrimidin-(1H)-one (I) and some of its derivatives has been
performed in our lab. Ring-closing cyclization, as a result of the condensation of ethyl-3-oxobutanoate with thiourea in KOH
in an ethanol medium produced 2,3-dihydro-6-methy -2-thioxopyrimidin-(1H)-one (I). e reaction of compound (I) with 2-
chloroacetic acid in an alkaline KOH solution produced the carboxylate derivative, 2-(2,6-dihydro-4-methyl-6-oxopyrimidin-2-yl-
thio)ethanoic acid (II). e reaction of the resulted derivative of carboxylate (II) with the salt of copper sulphate, produced a new
copper salt (III). A substitution reaction between synthesized compound (I) and 2-chloroethanol in an aqueous solution of KOH,
created 2-(2-hydroxyethylthio)-6-methylpyrimidin-4(3H)-one (IV). e reaction of compound (I) with 2-(chloromethyl)oxirane
in the presence of an aqueous solution of KOH, resulted yielded 2-(3-chloro-2-hydroxy-propylthio)-6-methylpyrimidin-4(3H)-one
(V). Sodiummercaptide compound (VI), was produced by the reaction of (I) with NaOH and then the sodium salt of 2,3-dihydro-
6-methyl-2-thioxopyrimidin-(1H)-one (VI) was reacted with 2-(chloromethyl)oxirane to result in 2-((oxiran-2-yl) methyl-thio)-
6-methyl-pyrimidin-4(3H)-one (VII). Different acylation reagents (acetyl chloride, benzoyl chloride) were reacted with compound
(I), in dimethylformamide, acylation happens on sulfur and furnished S-acyli�ed derivatives of (VIII-I�). All the synthesized and
obtained products were con�rmed by IR, 1H, and 13C NMR and elemental analysis.

1. Introduction

Among hexagonal heterocycles, pyrimidine has extensive
and special applications in chemistry and biochemistry. e
structure of pyrimidine is used in medical compounds. For
example, Vitamin B1 or thiamin has the pyrimidine ring in
its structure [1]. Synthesized derivatives of barbituric acid
and sleep-inducing medications like Luminal and veronal
(Barbitone) are also from this category of compounds.

Moreover pyrimidines generally have attracted much
interest for their widespread potential in biological activities
and medicinal applications, thus their chemistry has been
investigated extensively [2, 3]. In particular, various ana-
logues of pyrimidine-thiones possess effective antibacterial,
antifungal, antiviral, anti-AIDS, insecticidal and medicinal
applications [4, 5].

Furthermore many condensed heterocyclic systems,
especially when they are linked to a pyrimidine ring, play an
important role as analgesic, antihypertensive [6], antipyretic
and anti-in�ammatory drugs [7, 8]. ey also �nd use
as pesticides, herbicides, and plant growth regulators [9].
Amongpyrimidines derivatives, uracil is one of the important
bases which can be found in nucleic acids and has different
efficient derivatives with broad effects.

e importance of uracil and its annealed derivatives is
well recognized by synthetic [10], as well as biological [11],
chemists. For example, pyrazolo[3,4-d]pyrimidines consti-
tute a class of naturally occurring fused uracils that possess
diverse biological activities [12].

5-Flourouracil itself is used in the biosynthesis of the
molecular structure of RNA [13]. 5-Bromouracil alternates’
hereditary information carries the chemical properties of
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mutants at high speed and in mutant parts affect alkaline
changes of amines.

According to scienti�c studies [14], thiouracil derivatives
are tranquilizers of the nervous system; they also play protec-
tive roles in human immunity against viruses. Other uracil
derivatives such as 5-oximethyl-4-methyluracil (Pentoil) and
4-methyluracil (Metoil) are quite effective against colds.

Pentoil, metoil, and uracil play very important roles in
anemia, nucleic acid synthesis, and biosynthesis of blood
proteins. Derivatives of thiouracil have extended applications
in the treatment of nervous disorders. ese compounds
can also be used for the treatment of Alzheimer’s disease,
Parkinson’s disease, migraines, depression and amnesia.

Nowadays, uracil derivatives are successfully applied in
immunotherapy and as an implement to show the stability of
the properties of the cell membrane [15]. Uracil derivatives
are also useful in the biosynthesis of xanthines [16].

Herein, some of the synthesized derivatives of com-
pounds, 6-amino-4-hydroxy-2-mercaptopyrimidine [17],
synthesis of uracil derivatives and some of their reactions
have been reported alongside our previous investigations
[18].

e purpose of this paper in the context of organic
chemistry is the “synthesis, cyclization and reactions of given
reactants,” which plays an important role in this branch
of chemistry. Moreover, uracil derivatives have important
usages inmedical sciences, as mentioned above. It seems self-
evident that these synthesized compounds have also been
investigated from a biological point of view and are being
studied by biologists andwill be presented in a separate paper.

e most available routes for the synthesis of 1-aryl- or
1-heteroaryl-5-substituted uracil derivatives involve conden-
sation reactions [19]. In an effort to increase the molecular
structures, that is, in the synthesis of uracil and its derivatives,
we have developed a novel synthesis method by applying
Diels-Alder reactions [20] and an efficient synthesis by using
catalytic material [21].

2. Experimental

1H and 13C NMR spectra of all synthesized compounds were
obtained using a Bruker ABM-300 spectrometer. Chemical
shis (𝛿𝛿) are given in ppmusingTMS as an internal reference.
IR spectra were recorded on Spekord 75-IR. in Layer
Chromatography (TLC) was performed on silica gel plates.
Silufol UV-254 nm in chloroform-methanol (20 : 1 V/V)
and chloroform-methanol (9 : 1 V/V) were used as solvent
systems. Plates were visualized with iodine vapor under UV
light.

2.1. 2,3-Dihydro-6-methyl-2-thioxopyrimidin-(1H)-one (I).
KOH along with ethanol are mixed with ethylacetoacetate
and thiourea in a three-necked round-bottomed �ask with
thermometer and a back �ow condenser on the magnetic
stirrer. e required amount of each compound is as
follows: ethyl-3-oxobutanoate 28.0 g (0.2mL), thiourea
15.2 g (0.2mL), KOH 9.0 g (0.16mL) and ethanol 15.0mL.
e solution is stirred in a hot water bath for 12 h at 50∘C

until it turns orange. e solution is then added to a small
beaker aer it has cooled down and is then washed with
20.0mL of double-distilled water, then 16.0mL of HCl is
added to it, the product �rst becomes foam and then changes
to white crystals.

e solution is �ltrated with a water suction pump,
it changes to light yellow precipitation as the �nal prod-
uct, which is insoluble in benzene but dissolves in 2-
propanol. e amount of produced 2,3-dihydro-6-methyl-2-
thioxopyrimidin-(1H)-one (I) 18.2 g in 64% yield with m.p.
235∘C.

Rate of Flow in TLC (Rf) = 0.27, Anal. Calcd (%) for
C5H6N2OS, C, 42.53; H, 4.03; N, 19.54; S, 22.76, found: (%)
C, 42.24; H, 4.23; N, 19.27; S, 22.54.

2.2. 2-(2,6-Dihydro-4-methyl-6-oxopyrimidin-2-ylthio)etha-
noic Acid (II). A three-necked round-bottomed �ask with
a thermometer, a back �ow condenser along with a magnetic
stirrer are prepared for the experiment; 2,3-dihydro-6-
methyl-2-thioxopyrimidin-(1H)-one (I) 3.55 g (0.025mL),
2-chloroacetic acid 2.4 g (0.25mL) and dimethyl sulfoxide
(DMSO) 20.0mL as a solvent are added to the �ask and
heated up to 60–65∘C.

Light yellow-colored crystals, which are insoluble in
propanone but soluble in water, are formed if the �ask is put
in ice. Product (II) is 3.0 g, in 61.50% yield with m.p. 220∘C.
Rf = 0.49, Anal. Calcd. (%) for C7H8N2O3S, C, 41.03; H, 4.04;
N, 14.11; S, 16.01, found: (%) C, 42.00; H, 4.00; N, 14.00; S,
16.00

2.3. Copper Di(2(-1,6-dihydro-4-methyl-6-oxopyrimidin-2-yl-
thio)ethanoate (III). A three-necked round-bottomed �ask
with a thermometer, a back �ow condenser along with amag-
netic stirrer are prepared for the experiment; 2-(2,6-dihydro-
4-methyl-6-oxopyrimidin-2-ylthio)ethanoic acid (II) 3.0 g
(0.02mL), copper sulphate 3.2 g (0.02mL), and 15.0mL
distilled water are added to the �ask and stirred fast. e
reaction continues for 5 h at 60–70∘C.en it is cooled down
to room temperature. 3.44 g copper salt (III) in 80% yieldwith
m.p. 270∘C is separated from the rest of the solution in the
form of precipitated crystals. Rf = 0.38 Anal. Calcd. (%) for
CuC14H16N4O6S2, C, 36.47;H, 3.23;N, 12.34; S, 13.52, found:
(%) C, 36.36; H, 3.03; N, 12.12; S, 13.85.

2.4. 2-(2-Hydroxyethylthio)-6-methylpyrimidin-4(3H)-one
(IV). A three-necked round-bottomed �ask with a ther-
mometer, a back �ow condenser and a magnetic stirrer
are prepared for the experiment. 2,3-Dihydro-6-methyl-
2-thioxopyrimidin-(1H)-one (I) 4.26 g (0.02mL), 2-
chloroethanol 1.8 g (0.02mL), DMSO 10mL and K2CO3
8.28 g (0.06mL) are added to the �ask and stirred at room
temperature. e solution in the �ask alongside ethanol
converts to precipitate in four hours. Dark yellow crystals
are recrystallized by hexane and then �ltered, the product
is free from chlorine which is insoluble in DMSO, ethanol,
buthanol and benzene, but soluble in water. e product
(IV) in 69% yield and has m.p. 210∘C. Rf = 0.58, Anal. Calcd.
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T 1: e physicochemical characteristics of synthesized derivatives of 2,3-dihydro-6-methyl-2-thioxopyrimidin-(1H)-one, (I–IX).

Products Yields% Temp mp, ∘C
Elemental analysis

Mol. formula Calculated/found, %
C H N S

I 64 235 C5H6N2OS
42.53 4.03 19.54 22.76
42.25 4.23 19.72 22.54

II 61.5 220 C7H8N2O3S
41.03 4.04 14.11 16.01
42 4 14 16

III 80 270 C14H16N4O6S2Cu
36.47 3.23 12.34 13.52
36.36 3.03 12.12 13.85

IV 69 210 C7H10N2O2S
45.02 5.54 15.28 16.89
45.16 5.38 15.05 17.20

V 44 200 C8H11N2O2SCl
40.72 4.81 11.75 13.84
40.94 4.69 11.94 13.65

VI 100 340 C5H5N2OSNa
36.28 3.23 17.29 19.28
36.59 3.05 17.07 19.51

VII 67 210 C8H10N2O2S
48.22 5.16 14.35 16.47
48.48 4.05 14.14 16.16

VIII 63.5 240 C7H8N2O2S
45.36 4.63 15.03 17.55
45.65 4.35 15.22 17.39

IX 57.3 215 C12H10N2O2S
58.72 4.18 11.4 13.25
58.54 4.07 11.38 13.01
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+

F 1: Syntheses of 2,3-dihydro-6-methyl-2-thioxopyrimidin-
(1H)-one (I).

(%) for C7H10N2O2S, C, 45.02; H, 5.54; N, 15.28; S, 16.89,
found: (%) C, 45.16; H, 5.38; N, 15.05; S, 17.20.

2.5. 2-(3-Chloro-2-hydroxypropylthio)-6-methylpyrimidin-4
(3H)-one (V). A three-necked round-bottomed �ask with a
thermometer, a back �ow condenser and a magnetic stirrer
are prepared for the experiment. 2,3-Dihydro-6-methyl-2-
thioxopyrimidin-(1H)-one (I) 3.33 g (0.02mL), Na2CO3
2.0 g (0.02mL) and ethanol (20.0mL) are added to the �ask
and stirred fast. 2-(Chloromethyl)oxirane is added to the
�ask drop wise and is stirred at room temperature for 5 h.
e mixture of the reaction is extracted by ester and it has
separated in the form of white precipitates by a water suction
pump. Crystals are 200∘C. Rf = 0.48, Anal. Calcd. (%) for
C6H11N2O2SCl, C, 40.72; H, 4.81; N, 11.75; S, 13.48, found:
(%) C, 40.94; H, 4.69; N, 11.94; S, 13.65.

2.6. Sodium Salt of 2,3-Dihydro-6-methyl-2-thioxopyrimidin-
(1H)-one (VI). A mixture of 2,3-dihydro-6-methyl-2-thiox-
opyrimidin-(1H)-one (I) 1.5 g (0.01mL), NaOH 0.40 g and

HN
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O

N

H
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O

Cl
OH

O
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F 2: Syntheses of 2-(2,6-dihydro-4-methyl-6-oxopyrimidin-2-
ylthio)ethanoic acid (II).

H2O 7.0mL was added to a small beaker andmixed together.
Aer 4-5 h of stirring precipitation in the form of crystals
appear on themagnetic stirrer. Crystals are �ltered, separated
and are recrystallized by ethanol. e white crystals are in
100% yield with m.p. 340∘C. Rf = 0.59, Anal. Calcd. (%) for
NaC5H5N2OS, C, 36.28; H, 3.23; N, 17.29; S, 19.28, found:
(%) C, 36.59; H, 3.05; N, 17.07; S, 19.51.

2.7. 2-((Oxiran-2-yl)methylthio)-6-methylpyrimidin-4(3H)-
one (VII). A three-necked round-bottomed �ask, a back
�ow condenser, a thermometer and a magnetic stirrer
are prepared. Sodium salt of 2,3-dihydro-6-methyl-2-
thioxopyrimidin-(1H)-one (VI) 3.3 g (0.02mL) and NaOH
0.8 g (0.02mL) are dissolved in 15.0mL of distilled water
and are added to the �ask and then stirred fast. Initially
there is no change, but aer 10 h, white precipitate is formed.
is precipitation is insoluble in water, but it dissolves in
2-propanol by heating and it precipitates aer cooling down
again.
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F 3: Syntheses of copper di(2(-1,6-dihydro-4-methyl-6-
oxopyrimidin-2-yl-thio)ethanoate (III).
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F 4: Syntheses of 2-(2-hydroxyethylthio)-6-methylpyrimidin-
4(3H)-one (IV).

It can be recrystallized by 2-propanol aer �ltration, the
�nal product as a crystals (VII) 2.7 g in 67% yield with
m.p. 210∘C is collected. Rf = 0.59, Anal. Calcd (%) for
C8H10N2O2S, C, 48.22; H, 5.16; N, 14.35; S, 16.47, found: (%)
C, 48.48; H, 5.05; N, 14.14; S, 16.16.

2.8. S-1,6-Dihydro-4-methyl-6-oxopyrimidin-2-yl-ethanethi-
oate (VIII). For this reaction 2,3-dihydro-6-methyl-2-thiox-
opyrimidin-(1H)-one (I) 1.24 g (0.01mL), acetyl chloride
0.8 g (0.01mL) and benzene 5.0mL as a solvent are added to
a small beaker and stirred for 8 h by a magnetic stirrer. e
produced compound is insoluble in water, ethanol, and CCl4
even by heating, but it dissolves well in DMSO.

e produced precipitation (VIII) 1.2 g in 63.5% yield
with m.p. 240∘C recovered. Rf = 0.782, Anal. Calcd. (%) for
C7H8N2O2S, C, 45.36; H, 4.63; N, 15.03; S, 17.55, found: (%)
C, 45.65; H, 4.34; N, 15.22; S, 17.30.

2.9. S-1,6-Dihydro-4-methyl-6-oxopyrimidin-2-yl-benzothi-
oate (IX). A mixture of 2,3-dihydro-6-methyl-2-thioxo-
pyrimidin-(1H)-one (I) 1.4 g (0.01mL), benzoyl chloride
1.4 g (0.01mL) and benzene 5.0mL was stirred for 5 h at
room temperature. e collected precipitation is washed
with �tOH and then �ltered. e product (IX) is insoluble
in propanone and benzene. It is 1.3 g in 57% yield with m.p.
215∘C. Anal. Calcd. (%) for C12H10N2O2S, C, 58.72; H, 4.18;
N, 11.14; S, 13.25, found: (%) C, 58.54; H, 4.07; N, 11.38; S,
13.01.

3. Results and Discussion

As a result of the condensation of ethyl-3-oxobutanoate with
thiourea in a KOH and ethanol medium, in a hot water
bath while evaporation of ethanol is in progress, the rest
compound dissolved in water. Aerwards, the neutralization

+ Cl

Cl

HN HN
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F 5: Syntheses of 2-(3-chloro-2-hydroxypropylthio)-6-meth-
ylpyrimidin-4(3H)-one (V).
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F 6: Syntheses of sodium salt of 2,3-dihydro-6-methyl-2-
thioxopyrimidin-(1H)-one (VI).

is done by HCl or CH3COOH 10%. e result of the
reaction is as follow and it produces 2,3-dihydro-6-methyl-
2-thioxopyrimidin-(1H)-one (I), (Figure 1). 2,3-Dihydro-
6-methyl-2-thioxopyrimidin-(1H)-one (I) reacts with 2-
chloroacetic acid in alkaline KOH solution at room tempera-
ture aer 20 h.en it is acidi�ed by acetic acid and produces
the derivative of carboxylate (II), (Figure 2). e resulting
derivative of carboxylate (II) produced a new copper salt (III)
in the reaction with the salt of copper sulphate (Figure 3).
According to the following reaction, 2,3-dihydro-6-methyl-
2-thioxopyrimidin-(1H)-one (I) in KOH aqueous solution
reacts with 2-chloroethanol aer 6–8 h in a hot water bath
and produces compound (IV), (Figure 4). In the next step,
the reaction of 2,3-dihydro-6-methyl-2-thioxopyrimidin-
(1H)-one with 2-(chloromethyl)oxirane in the presence of
KOH aqueous solution the product will be 2-(3-chloro-2-
hydroxypropylthio)-6-methylpyrimidin-4(3H)-one (V) and
the reaction is as follows (Figure 5). According to obtained
reactions, if 2,3-dihydro-6-methyl-2-thioxopyrimidin-(1H)-
one (I) reacts with NaOH compound (VI) is produced,
(Figure 6) and then (VI) reacts with 2-(chloromethyl)oxirane
and results in a substituted derivative of oxiranyl (VII),
(Figure 7).

Different acylation reagents (acetyl chloride, benzoyl
chloride) in reaction with 2,3-dihydro-6-methyl-2-thioxopy-
rimidin-(1H)-one (I), in DMF at 20∘C were studied. In this
reaction acylation happens on sulfur and produces S-acyli�ed
derivatives (VIII-IX), (Figure 8).

In the IR spectrum, the absorption band characteristics
of the synthesized derivatives of 2,3-dihydro-6-methyl-2-
thioxopyrimidin-(1H)-one (I–IX), appear in the range of
1630–1720 cm−1. is range belongs to the bands of pyrimi-
dine fragments [C=O, =N–C=O].

In this spectroscopy N–H stretching will be at 3300–
3400 cm−1; furthermore absorption bands at the region of
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F 7: Syntheses of 2-((oxiran-2-yl)methylthio)-6-methylpyr-
imidin-4(3H)-one (VII).
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F 8: Syntheses of S-1,6-dihydro-4-methyl-6-oxopyrimidin-
2-yl-ethanethioate (VIII) and S-1.6-dihydro-4-methyl-6-
oxopyrimidin-2-yl-benzothioate (IX).

3090–3100 cm−1 characterize the interior hydrogen of 𝜈𝜈NH.
e intensity of the band at 1715 cm−1 reveals the existence
of 𝜈𝜈(C=O) functional group which itself is evidence of the
presence of a carboxyl group in the 2,3-dihydro-6-methyl-2-
thioxopyrimidin-(1H)-one molecule.

Acetyl and benzoyl groups in (VIII-IX) molecules do
not cause any differences in the spectrums of IR. It is more
probable that stretching 𝜈𝜈C=O functional group in the region
of 1620 cm−1 characterizes the band of𝜈𝜈C=Ogroup of pyrim-
idine. Some compounds have different molecular structures;
and their IR spectrums appear in 1170–1180 cm−1 region.

In the spectroscopy of 1HNMRof 2,3-dihydro-6-methyl-
2-thioxopyrimidin-(1H)-one, the signals of the three protons
of the methyl group at a high �eld 2.1MHz are observed
as a singlet. e single protons of the methine (CH) group
in 6.7MHz and that of amino (NH) group in 12.3MHz
appeared as singlet.

e molecular structure of 2,3-dihydro-6-methyl-2-
thioxopyrimidin-(1H)-one in 13C NMR spectrum has also
been proved. e carbon of the methyl group appeared in a
strong �eld of 19MHz and the splitting carbon of hydrogen
double bond group appeared at the 104MHz �eld.

Signals of carbon atoms existing in uracil groups in 13C
NMR spectrum appeared at 153 and 162MHz �elds and the
signals of the carbon atom of thion- (C=S) group appears at a
down�eld of 178MHz. In all of the synthesized and obtained
compounds, signals of carbon atoms’ in 13C NMR spectra
of pyrimidin-4(3H)-one molecule were 164 (C4), 157 (C2),
153 (C6), and 98–102MHz (C5).e physical-chemical con-
stants and yields of synthesized derivatives of 2,3-dihydro-
6-methyl-2-thioxopyrimidin-(1H)-one (I–IX) are given in
Table 1.

4. Conclusion

In this paper we have presented methods for the synthesis
and cyclization reactions based on a strategy to access and
produce the heterocyclic compounds. In this state some of
their remarkable reactions were also demonstrated.

e �rst synthesis is based on the reaction of ethyl
cyanoacetate and thiocarbamide in the presence of
sodium acetate, and produced 2,3-dihydro-6-methyl-2-
thioxopyrimidin-4(1H)-one (I).

e cyclized product (I), in different reaction conditions
afforded different types of products (II–IX). e synthesized
products were con�rmed by IR, 1H 13C NMR, and element
analysis.
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