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Dihydropyrimidine is one of the heterocyclic compounds that has important bioactivity and is well known for its
application in medicine. This study aims to test the catalytic ability of I-proline nitrate in the ionic liquids phase
for the synthesis of pyrimidine derivatives. The pyrimidine derivatives were synthesized through a one-pot three-

component reaction and characterized by a melting point apparatus, UV-Vis spectrophotometry, Fourier transform
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of noncatalysts.

infrared, and chromatography mass spectroscopy. The analysis shows that three pyrimidine derivatives, namely ethyl
6-methyl-4-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (compound 1), ethyl 4-(4-hydroxyphenyl)-
6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (compound 2), and ethyl 4-(4-methoxyphenyl)-6-
methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (compound 3), are presented and identified. The best
condition of the reaction was carried out with a methanol solvent with a catalyst concentration of 3% mol with a yield
at 86.74%. The catalytic ability of ionic liquids l-proline nitrate as a catalyst is more than 2.5 times efficient than that

INTRODUCTION

In medical chemistry, pyrimidine compound derivatives
are well known for their application in various types of treatment
(Mohamed et al., 2011; Tylinska et al., 2021). Pyrimidine core is an
important pharmacophore in medical chemistry (Severinaezal.,2019).
The synthesis of pyrimidine derivatives attracts attention in modern
drug discovery because it has broad benefits and has high potential
(Cahyana et al., 2020; Sharma et al., 2014). One of the potential
pyrimidine derivatives in the field of medicine is dihydropyrimidinones
(DHPMs). DHPMs are heterocyclic compounds that have important
bioactivity, such as anticancer, antimicrobial, antihypertensive, anti-
inflammatory, antitubercular, antimalarial, and antioxidant activities
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(Beena et al., 2016). The compound was identified as a promising
anticancer agent, of which monastrol is one of the most recognized
elements (Mostafa and Selim, 2018).

DHPMs and their derivatives are heterocyclic
compounds that have been synthesized through multicomponent
reactions such as the Biginelli reaction (Matos et al., 2018).
Multicomponent reactions are defined as reactions carried out
into three or more reactants mixed in one reaction container to
form products containing new properties or like the reactants
used in the reaction (Poddar et al., 2017). The synthesis of
previous DHMPs derivatives has traditionally been carried out
with three-component cyclocondensation catalyzed using HCI
but has major disadvantages such as low yield (20%—60%) and
longer reaction times (24-36 hours). Research on the synthesis of
DHPM derivatives continues to be developed with various types
of catalysts to provide more optimal and environmentally friendly
results (Bahekar ez al., 2017b).

Multicomponent reactions (MCRs) are used in the
synthesis of DHPMs, in which the synthesis of DHPMs is carried
out with three reagent components reacted in one flask. The three
components of the reagent are the urea compound, the f-ketoester

© 2022 Antonius Herry Cahyana et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.7324/JAPS.2022.120523&domain=pdf

Cahyana et al. / Journal of Applied Pharmaceutical Science 12 (05); 2022: 240-245 241

compound, and the aromatic aldehyde compound (Bahekar et al.,
2017a). Multicomponent reactions are widely used in the synthesis
of organic compounds because they have high efficiency over the
timing and stages of the reaction (Cahyana et al., 2021; Hapsari
et al., 2020). The reaction on MCRs has a more complex reaction
mechanism than reactions that have different reaction stages with
two reagents to form the same product compound but can produce
high-yield products (Qu et al., 2013). The Biginelli multicomponent
reaction for the synthesis of pyrimidine derivatives in this study was
a catalysis process using organic catalyst l-proline nitrate.

The I-proline is a natural amino acid that has a neutral pH
and a very high solubility, is nontoxic at high concentrations, and
exerts a high osmotic pressure (Zhang et al., 2016). Some previous
studies have used l-proline and its derivatives as catalysts in direct
reactions for asymmetric Diels—Alder reactions, asymmetric
a-amination of ketones, asymmetric aldol reactions, and synthesis of
coumarins (Azimi, 2015). The catalysis reaction will be easier when
a catalyst has great mobility. The l-proline is reacted with nitric acid
to form a liquid phase on l-proline nitrate, so it has higher mobility
than the solid phase (Hirose et al., 2019). Lately, ionic liquids have
been widely used in synthetic organic chemistry because they
have been shown to function as new green reaction media. Excess
ionic liquids include nonvolatile properties, irregularities in some
solvents, and their ability to dissolve catalysts, making them easy to
separate (Loh et al., 2002; Sheldon, 2001; Zhao et al., 2002).

In this research, the I-proline nitrate catalyst which is an
amino acid ionic liquid is used to synthesize dihydropyrimidinones
which are known to have many bioactivities. The l-proline nitrate
is an environmentally friendly catalyst and has many benefits
such as higher yields and shorter reaction times, is economical
and recyclable, and can be reacted under simple conditions (Liu
et al., 2008). The catalysis process using l-proline nitrate can be
carried out at simple conditions, meaning it does not require a
high-temperature reaction. The use of the l-proline nitrate catalyst
was previously used by Tao ez al. (2006) and Agrawal et al. (2015)
to synthesize functional piperidine using the Diels—Alder reaction.
Also, in the research of Bahekar ef al. (2017a, 2017b), 1-proline
nitrate could facilitate electrophilic activation of enon sulfonamide
with acetonitrile with an optimal dielectric constant of the solvent
which can increase thiophenol nucleophilicity.

EXPERIMENT

Materials and instrumentations

All reagents and chemicals in this study were obtained
from Merck or Sigma-Aldrich Chemical Company without the
refining process. Some chemicals used were I-proline (Sigma-
Aldrich, >99%), nitric acid (Merck, 65%), benzaldehyde (Sigma-
Aldrich, 98%), 4-hydroxybenzaldehyde (Sigma-Aldrich, 98%),
3-methoxy benzaldehyde (Sigma-Aldrich, 98%), thiourea (Sigma-
Aldrich, >299%), ethyl acetoacetate (Sigma-Aldrich, 99%), methanol
p.a. (Sigma-Aldrich, 99.9%), distilled water, n-hexane (Merck,
>99%), and ethyl acetate (Merck, 96%). For analysis, several
instruments were used: Merck grade thin layer chromatography
(TLC) plate, visualized by UV light; a melting point apparatus;
the Fourier transform infrared (FTIR) IRPrestige-21 Shimadzu
spectrophotometer that is registered in the 4,000-400 cm™ region;
the Shimadzu UV-Vis UV-2450 spectrophotometer; and the Agilent
HP 6890 for gas chromatography mass spectroscopy (GCMS).

Synthesis of 1-proline nitrate ionic liquids

The l-proline nitrate catalyst was synthesized by mixing
an l-proline reagent with nitric acid with a stoichiometric mol
ratio of 1:1. First, the l-proline was dissolved in deionized water
for 1 hour until homogeneous. Then, nitric acid was added to the
I-proline solution and stirred constantly for 4 hours. After being
homogeneous, the solution was evaporated at room temperature.
The evaporation process was carried out for 40 days to form a
transparent yellow liquid. The synthesized product was ready to
be characterized for its functional group using FTIR.

Synthesis of pyrimidine derivatives

In general, the synthesis of pyrimidine derivatives
was carried out by mixing urea or thiourea (2 mmol), aromatic
aldehydes (2 mmol), B-ketoester (2 mmol), and I-proline nitrate
(0.2 mmol) in a 2 ml solvent at room temperature (Fig. 1). The
reaction was carried out at room temperature using a magnetic
stirrer for 60 minutes. The reaction process was monitored by
TLC. After completion of the reaction, the mixture was evaporated
and recrystallized with hot ethanol a few times. Next, the product
was analyzed and characterized using a melting point apparatus,
FTIR spectrophotometer, UV-Vis spectrophotometer, and GCMS.

RESULTS AND DISCUSSION

The synthesis of the I-proline nitrate catalyst was carried
out by the method reported in Yogam et al. (2012), with some
modifications. In this work, the precursors used to make ionic liquid
l-proline nitrate are l-proline and nitric acid. The advantages of the
used synthesis method are that the formation process does not utilize
thermal energy. In other words, the synthesis process is carried out at
room temperature, so the process is more environmentally friendly.
An early indicator of the success of the synthesis of l-proline nitrate
as an ionic liquid can be observed through color changes. Initially,
colorless precursors will turn into pale yellow. According to the
report of Yogam et al. (2012), the catalyst /-phenylalanine chloride
(from [-phenylalanine and hydrochloric acid) was successfully
synthesized for 25 days and formed a transparent yellow crystal.
However, this study took 40 days to obtain I-proline nitrate in the
form of a pale yellow liquid. The physical form and structure of the
l-proline nitrate catalyst can be seen in Figure. 2.

The vibration characterization of the 1-proline functional
group was carried out by the FTIR spectrophotometer. In the
FTIR spectrum of l-proline nitrate (Fig. 3), there are several
specific peaks. Bands between 3,600 and 3,000 cm™' indicate
the existence of O-H stretching vibrations from the carboxylic
acid group found in I-proline nitrate. The vibration stretch of the
N-H functional group is in the range of 3,350-3,310 cm™' but
is covered by a widening O-H peak due to additional hydrogen
bonds between O on C carbonyl and hydrogen. In addition, there
may still be residual water used as a solvent at the beginning of
the experiment. Then, the C-H sp® stretch vibration is in the area
of 2,850 cm'!; the vibration at 1,325 cm™! is thought to be the
N-O peak region of the nitrate group. In addition, there are also
vibration groups C=0, C-N, and C-O in the 1,743, 1,422, and
1,053 cm! regions, respectively. Based on the IR spectrogram
data, it can be concluded that the resulting peak indicates all the
groups contained in the l-proline nitrate catalyst.
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Figure 1. General reaction of pyrimidine derivatives synthesis.

oH| NO3’

100 4

oo
=
L

Transmittance (%)

C-H (sp’) e

] i
0 N-H O-H C=0 C-N/ ~~N-0

—— 71— —T——T7——
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm")

Figure 3. FTIR spectrum of l-proline nitrate.

The evaluation of the catalytic ability of ionic liquids
l-proline nitrate was carried out by synthesizing pyrimidine
derivatives. The synthesis of pyrimidine compounds occurs
through the reaction of the Biginelli multicomponent using the
one-pot multicomponent reaction method. The proposed reaction
mechanism that occurs is shown in Figure 4 (compound 1). The
reaction begins with a nucleophilic addition reaction between
benzaldehyde and thiourea using the I-proline nitrate catalyst and
the methanol solvent in the reaction. At this stage, the catalyst
l-proline nitrate attacks the nucleophilic benzaldehyde group and
forms an iminium catalyst intermediate. Then, in the next stage,
thiourea is assisted by iminium to form acyl imine intermediates.
On the other hand, there is a reaction between ethyl acetoacetate

and the l-proline nitrate catalyst to form ethyl-3-hydroxy-2-
butenoate intermediates. Furthermore, the final step of this
reaction is the reaction between the intermediate acyl iminium and
ethyl-3-hydroxy-2-butenoate to form pyrimidine derivatives.
Monitoring of reaction conditions of pyrimidine synthesis,
variations in solvent type, and catalyst concentration was studied by
reacting benzaldehyde, thiourea, and ethyl acetoacetate (compound
I)ina 1:1:1 molar ratio as a reaction model. Treating optimization of
the reaction can be seen in Table 1 under reaction conditions at room
temperature for 60 minutes. The use of methanol as a solvent is the
best choice for this reaction with a yield of 86.74%. The effect of the
reaction with the catalyst and without the catalyst on the methanol
solvent was significantly different. Without the use of catalysts, the
yield obtained is 33.04%, while the addition of a 10% mol ionic
liquids 1-proline nitrate catalyst obtained a yield of 86.74%. The
ability of catalytic ionic liquids I-proline nitrate as a catalyst is more
than 2.5 times that of noncatalysts. To obtain the optimal solvent
reaction, this study also uses water as a reaction medium. Under the
same conditions as methanol (10% catalyst, room temperature for
60 minutes), the yield was much lower at only 12.56%.
With the encouraging result from the optimization
process of the reaction, compound 2 and compound 3
were synthesized by replacing the benzaldehyde with
4-hydroxybenzaldehyde and 3-methoxybenzaldehyde. The three
names of pyrimidine-derived compounds are ethyl 6-methyl-
4-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate
(compound 1), ethyl 4-(4-hydroxyphenyl)-6-methyl-2-thioxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate ~ (compound  2),
and ethyl  4-(4-methoxyphenyl)-6-methyl-2-thioxo-1,2,3.4-
tetrahydropyrimidine-5-carboxylate (compound 3). Product
characterization and yield data are as illustrated in Table 2.
Experimental evidence in support of the structural
evaluation and determination was conducted by melting
point, functional group vibration, maximum wavelength, and
molecular weight by a melting point apparatus, FTIR, a UV-Vis
spectrophotometer, and GCMS, respectively. The FTIR spectrum
of compound 1 (Fig. 5a) shows several peaks that indicated
compound 1 vibration. The peak at 3,330 cm™' is secondary
N-H stretching vibrations. Peaks 3,172 cm™! and 3,106 cm
are stretching vibrations of C-H sp?, while the peak at 2,985
cm! is stretching vibrations of C-H sp®. In addition, there are
also stretching vibration peaks of C=0, C=C, C-N, and C-O at
1,680, 1,587, 1,465, and 1,202 cm!, respectively. The maximum
wavelength absorption test with a UV-Vis spectrophotometer
found that compound 1 is absorbed at a wavelength of 309 nm (Fig.
5b). At the maximum absorption wavelength, a transition from n
to m* occurs due to the presence of an aromatic chromophore.
Confirmation of the molecular weight of pyrimidine
derivatives in this study was carried out by GCMS analysis. The
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Figure 4. The proposed reaction mechanism of compound 1 synthesis assisted by l-proline nitrate.

Table 1. Optimization of reaction conditions.

No. Solvent Catalyst (Yomol) Yield (%)
1 Methanol - 33.04
2 Methanol 10% 86.74
3 Methanol: H,0 (1:1) 10% 70.31
4 H,0 10% 12.56
5 Methanol 5% 67.43

Table 2. Characterization data and yield of pyrimidine derivatives.

Melting point (°C)
No. Product Characterization data Yield (%)
literature Actual
Yellowish white powder. IR (cm™): 3,330 cm™
o (N-H), 3,172 cm™" and 3,106 cm™ (C-H sp?),

2,985 em™! (C-H sp?), 1,680 cm™ (C=0), 1,587 208.0-210.0 (Mostafa

! HN o™ cm™ (C=C), 1,465 cm™ (C-N), and 1202 cm™  and Selim, 2018) 20402043 8674

)\ (C-0). UV-Vis (nm): 309. MS (m/z): 276, 247,
S H 199, 171, 153, 128, and 77.
OH
Yellow powder. IR (cm™): 3,500 cm™ (N-H),
3,200 cm™' (O-H), 3,005 cm™' (C-H sp?), 2,891 199.0.901 3
-1 _ 3 -1(C= -1 VT .
2 2 om” (C-H sp?), 1,703 em™ (C=0), 1,601 em (Hassanpour et al.,  203.4-203.6  87.93
P (C=C), 1,500 cm™" (C-N), and 1,183 cm 2015)
HN | o (C-0). UV-Vis (nm): 308. MS (m/z): 292, 263,
s N 2,019, 199, 171,147, 126, 91, and 77,
H
Yellowish white powder. IR (cm™): 3,200 cm™
(N-H), 3,006 cm™ (C-H sp?), 2,902 cm™' (C-H
140.0-146.0
sp®), 1,719 em™ (C=0), 1,612 cm™" (C=C), i 3
3 1,493 em! (C-N), and 1,193 em-! (C-0). UV- (Hassa;g;);l)r etal., 142.4-142.7 84.80

Vis (nm): 309. MS (m/z): 306, 277, 233, 199,
171,153,112, and 77.
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Figure 6. Mass spectrum of compound 1.

single peak of compound 1 on the peak chromatogram was obtained
at a retention time at 14,592 minutes. Then, the peak was analyzed
by the mass spectrum and obtained a spectrum with parent peak
m/z 276.1 (Fig. 6). The molecular weight of compound 1 with the
molecular formula C, ,H, \N,O,S is 276 g/mol. Thus, it can be said
that the compound 1 pyrimidine derivative has been successfully
synthesized. As additional information, fragments formed from the
mass spectrum of compound 1 also support the formation of these

compounds with base peak m/z 199 (Fig. 7). In this situation, the
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Figure 7. Some fragments of compound 1 based on mass spectrum.

benzene group is released from the main compound. In addition,
other fragments supporting the formation of this compound are at
m/z 247,171, 153, 128, 103, 77, and 42.

CONCLUSION

In summary, a series of pyrimidine derivative compounds
were successfully synthesized. The analysis of products was
carried out by a melting point apparatus, FTIR, UV-Vis, and
GCMS, and identified that the compound formed was pyrimidine
derivative compounds. The three pyrimidine derivatives are ethyl
6-methyl-4-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (compound 1), ethyl 4-(4-hydroxyphenyl)-6-methyl-
2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (compound
2), and ethyl 4-(4-methoxyphenyl)-6-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (compound 3). The catalytic
ability of ionic liquids l-proline nitrate as a catalyst is more than
2.5 times that of noncatalysts. The best condition of the reaction
was carried out with a methanol solvent at a catalyst concentration
of 3% mol with a yield of 86.74%.
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