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ABSTRACT: 3, 4-Dihydropyrimidine compounds are widely used in the pharmaceutical industry due to
their biological, antibacterial, antiviral, anti-HIV and anti-tumor properties and other medicinal
properties, and therefore, considering the practical importance of these compounds, providing new
synthetic methods and synthesis New derivatives of them are necessary. In this research, the synthesis
of new derivatives of these compounds using tetrabutylammonium bromide (TBAB) surfactant as a
green and environmentally friendly catalyst is reported. From the condensation of B-dicarbonyl with
urea or thiourea and aromatic aldehydes in the presence of catalyst TBAB at 80°C in solvent-free
conditions, new dihydropyrimidine derivatives were substituted. The structure of the synthesized
compounds was confirmed using spectroscopic data. The features of this method include high
efficiency, mild conditions, single container, not need for solvent, and compatibility of the catalyst with
the environment.
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M Introduction

Multicomponent reactions were discovered in 1850 by Strecker. The most important criteria for the
efficiency and feasibility of a process is to minimize the number of synthesis steps and reaction purification
steps [1]. Carrying out multi-component reactions is considered as a promising field, fundamental and a
great success in chemistry [2]. In the multicomponent reaction technique, useful and valuable complex
structures are synthesized in a very fast, efficient and effective way and with little time, without the need
to separate the intermediates [3]. Therefore, by reducing the steps of synthesis compared to traditional
methods, it will have a faster reaction and more efficiency [4]. This method allows us to avoid separating
the limits of the means, changing the conditions or adding any additional reactivity [5]. Minimize the
amount of waste and wastage of products and save energy, time and raw material (cost) to get the
maximum benefit of synthetic products [6]. The attention and interest of organic chemists to
multicomponent reactions has led to the development and progress of multicomponent reactions in the
direction of greater reactivity and optimization [7]. For this reason, partial reactions are considered to be
superior techniques in green chemistry; And it has been increasingly important in organic chemistry and
medicinal chemistry, and has turned into one of the most effective and economical tools for simultaneous
synthesis of compounds [8]. These reactions have been widely used for the simultaneous synthesis of
many compounds under mild conditions in one pot due to their high speed and efficiency [9].

In 1893, an Italian chemist named Pietro Biginelli performed the cyclization reaction of an aldehyde with
a -B-ketostere and urea in a one-pot reaction under reflux conditions in ethanol in an acidic environment,
which led to the synthesis of dihydropyrimidine became [10]. Although the Biginelli reaction had a low
yield at first and was limited to few derivatives, the biological properties of the products of this reaction
made scientists look for ways to optimize the conditions, use new catalysts, and use various solvents to
synthesize new derivatives [11]. Diazines are a group of compounds derived from benzene in which two
carbon atoms in a six-membered ring have been replaced by two nitrogen atoms. All these compounds
are aromatic. According to the position of nitrogen atoms, diazines include pyrimidine (1), pyrazine (2)
and pyridazine (3) [12].
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In pyrimidine, nitrogen atoms are located in positions 1 and 3. These three diazines are colorless
compounds, stable and soluble in water [13]. The origin of the word pyrimidine dates back to 1884, when
Pinerquind chose this name for pyrimidine due to its similarity to pyridine and amidine [14]. The electronic
structure of pyrimidine is similar to benzene, in that it has 6 electrons and follows Hoeckel's law (4n+2),
and because it is flat, it is known as an aromatic compound [15]. The first pyrimidine derivative was
obtained by Brugnatelli in 1818, this compound, called alloxan, was formed from the oxo-reduction
reaction of uric acid with nitric acid. In 1878, barbituric acid was synthesized from the condensation of
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malonic acid with urea [16]. This compound has antidiabetic properties in animals. Pyrimidines are more

important than other compounds of diazines, because most pyrimidine derivatives play a key role in
biological processes [17]. For this reason, there are many synthetic methods for pyrimidine nuclei. One of
the most common methods of pyrimidine synthesis is the condensation of a three-carbon unit with
species having an N-C-N bond [18]. This general method is very versatile because there are many different
molecules that perform cyclization. For example, the three-carbon unit may be a B-dialdehyde, B-
ketoester, B-diketone, malonic ester, B-ketonitrile, or other such compounds. Also, the nitrogen-
containing unit may be urea, thiourea, guanidine or amidine [19]. Due to the high electronegativity of two
nitrogen atoms, unsubstituted diazines are resistant to electrophilic substitution reactions [20]. The
electronic structure of pyrimidine is similar to 3,1-dinitrobenzene, because this compound has two
nitrogens in its structure, which, like the nitro groups in benzene, causes the electron deficiency of this
compound, and its electron deficiency is felt mostly on carbons 2, 4, and 6 [21]. Therefore, this ring
performs the nucleophilic substitution reaction easily because the negative charge resulting from the
nucleophilic reaction is placed on the electronegative nitrogen atoms [22]. To perform electrophilic
substitution reactions, it is necessary to have strong electron-donating groups such as hydroxy and amino
groups on the pyrimidine ring [23]. The electrophilic substitution reaction takes place at carbon 5 because
this position has the least electron deficiency [24]. To perform a successful nitration, the presence of at
least two electron-donating groups is necessary [25]. The position of these groups is important in nitration
[26]. Positions 2, 4 and 6 of pyrimidine are electron poor due to the strong electrophilic effect of nitrogen
atoms, so they are suitable for carrying out nucleophilic substitution reactions [27]. The presence of
proper leaving groups is usually necessary in these situations [28]. Substituents such as chlorine, methoxy,
methylthio or methylsulfonyl are used [29]. The use of chlorine compared to other leaving groups
facilitates the reaction conditions and increases the yield of the reaction [30]. The presence of electron
withdrawing groups in position 5 increases the electron poverty of the ring and increases the rate of
nucleophilic substitution reactions [31].

The review of scientific literature shows that the most common method of synthesis of 3,4-
dihydropyrimidines is the reaction of acetylacetone with aldehyde urea or thiourea. This method is
exclusively applicable for the synthesis of 3,4-dihydropyrimidines with substitutions in positions 2, 4, 5,
and 6. Many methods have been reported for the synthesis of these compounds, but due to the
widespread use of these compounds, scientists are looking for more efficient, practical and less expensive
methods for the synthesis of these compounds.A review of the scientific literature shows that it was used
in the Beguinelli reaction for the synthesis of 3,4-dihydropyrimidine; But until now, surfactant has not
been reported as a catalyst in the synthesis of these compounds. In this project, new derivatives of
substituted 3,4-dihydropyrimidine were synthesized in the presence of catalyst TBAB in solvent-free
conditions at 80°C with high yield.

I Results and Discussion

The studies conducted show that the Beguinelli reaction was used for the synthesis of 3,4-
dihydropyrimidine, in which TBAB surfactant was reported as a catalyst in the synthesis of these
compounds. In this project, new substituted 3,4-dihydropyrimidine derivatives were synthesized in the
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presence of TBAB catalyst under solvent-free conditions at 80°C with high yield. The IR spectrum of 3,4-
dihydropyrimidine compound is shown in Figure 1. In the IR spectrum of this compound, which was taken
in the form of a KBr tablet, the absorption related to the NH, group of the original material has been
removed, and the absorption peak of the NH group at 3235 and 3120 cm™ and the absorption peak of
C=0 groups at 1725 cm™ are related to the ketone group and peak C=0 at 650 cm™ related to carbamide

group confirms the reaction.
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Figure 1. FT-IR spectra for 3,4-dihydropyrimidine compound.

To optimize the reaction conditions, the reaction of benzaldehyde, urea and acetylacetone was used as
the base reaction. In this reaction, the effects of solvent and catalyst amounts and the effect of
microwaves on the reaction efficiency were investigated. The results of the reactions are shown in Table
1. According to the obtained results, this reaction was investigated in different polar and non-polar
solvents, and the results showed that the reaction yield is low in non-polar solvents, and the highest
reaction yield is related to the use of 15 mg of catalyst TBAB in solvent-free conditions at 80 °C and for 30
minutes. These conditions were used for the synthesis of 3,4-dihydropyrimidine derivatives substituted in
positions 2, 4, 5, and 6.

Table 1. Optimizing reaction conditions for 3,4-dihydropyrimidines synthesis ?

(0] Ph
(0] (0]
+ -
o Solvent
Ph)J\H

12 Examples
85-97%
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Entry Catalyst (mg%) Solvent Temp (°C) Yield (%) ®
1 -- Neat 80 No
2 5 Neat 80 35
3 10 Neat 80 81
4 15 Neat 80 97
5 20 Neat 80 96
6 15 DMF 80 61
7 15 H,O 80 71
8 15 THF 80 42
9 15 CHsCN 80 62
10 15 CHCl; 80 39
11 15 MeOH 80 81
12 15 DMSO 100 58
13 15 Neat 40 49
14 15 Neat rt 37

The reaction of various benzaldehydes with thio/urea and acetylacetone was carried out in solvent-free
conditions with 15 mg of TBAB and a temperature of 80°C, and new derivatives of substituted 3,4-
dihydropyrimidines were synthesized in different situations with high yield. The results are shown in Table
2. According to the results of this table, electron-killing substitutions had a higher benefit than electron-
donating substitutions.

Table 2. Reaction yield of substituted 3,4-dihydropyrimidine derivatives ?

)J\/U\ TBAB(15 mg)
+

Solvent-free, 80°C

(0] .
)J\ 30 min
e 0 12 Examples
85-97%
Cl
(0]
% o)
4a (97%)
4b (89%) 4c (92%)
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The proposed mechanism of this reaction, which is prepared in scheme 1, is a two-step mechanism. It
seems that TBAB acts as an ionic liquid and causes a homogenous environment of the reaction mixture.

Tetrabutylammonium bromide (TBAB) activates the carbonyl group of the aldehyde for nucleophilic
attack.

A: Formation of N-acylimine: This step is known as the rate-determining step.

B: Increasing nucleophilicity, cyclization and water removal.
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Scheme 1. Plausible mechanism.
H Conclusion

In this research work, we succeeded in synthesizing various derivatives of 3,4-dihydropyrimidines from
the reaction of benzaldehyde, urea and acetylacetone using TBAB catalyst. One of the features of this
method is the one-pot reaction, in which there is no need to separate intermediates and carry out the
reaction in subsequent steps that lead to a reduction in the yield of the reaction. The reaction is carried
out in solvent-free conditions, and organic solvents, which are toxic and harmful to the environment, have
not been used. Using catalyst TBAB, which is an ionic liquid, non-toxic and environmentally friendly.
Products were synthesized with high yield in a short period of time.

M Experimental

Hydrogen nuclear magnetic resonance 1HNMR with 400 MHz field was performed by Bruker's
instrumental analysis. Tetramethylsilane (TMS) has also been used as an internal standard. Infrared (IR)
spectra were recorded using a Shimadzu 470 IR Spectrometer. The spectra of solid compounds were taken
in the form of KBr tablets. The melting points of the compounds have been measured using the
Bamstead/Electrothermal device. All raw materials were purchased from Acros, Floka and Merck.
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Preparation of derivatives of 3,4-dihydropyrimidines substituted in different positions

The reaction mixture of benzaldehyde derivatives (1 mmol), urea (1.5 mmol), acetylacetone (1 mmol) and
TBAB (15 mg) was stirred under solvent-free conditions at 80 °C until completion (the end of the reaction
was determined by TLC became). After the reaction, the reaction mixture was cooled, then the resulting
solid was washed with cold water and crystallized in ethanol.

Supporting Information
5-acetyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one (4a):

1H NMR (400 MHz, DMSO) & 10.25 (s, 1H), 9.51 (s, 1H), 7.24-7.12 (m, 5H), 5.13 (d, J=3.8 Hz, 1H), 2.22 (s,
3H), 1.05 (s, 3H).13C NMR (100 MHz, DMSO) & 175.0, 165.2, 145.2, 129.6, 128.4, 127.1, 101.5, 54.6,
17.6, 14.3.

1-(6-methyl-4-(3-nitrophenyl)-2-thioxo-1,2,3,4-tetrahydropyrimidin-5-yl)ethanone (4l):

1H NMR (400 MHz, DMSO) & 10.44 (s, 1H), 9.66 (s, 1H), 8.12-8.05 (m, 2H),7.72-7.65 (m, 3H), 5.28 (d,
J=4.1 Hz, 1H), 2.26 (s, 3H), 1.06 (s, 3H).13C NMR (100 MHz, DMSO) & 175.1, 165.5, 148.4, 146.6, 146.1,
133.6,131.0, 123.3, 121.7, 100.5, 54.1, 17.8, 14.5.
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