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Abstract: Herewith, we report the design and synthesis of a novel series of ethyl 4-(substituted
phenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate ~ derivatives, obtained by
condensation of substituted aldehydes, ethyl 3-oxobutanoate and urea in ethanol as solvent and
Potassium tert-butoxide as a catalyst under microwave irradiation for about 2—4 min (800 W) to get
structural prerequisite indispensable for anticancer activity. The synthesized derivatives will be
investigated for MTT assay, enzymatic assay and molecular modeling studies. Compounds were
found to be potent in docking studies.
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1. Introduction

Pyrimidine moiety is an important class of nitrogen containing heterocycles [1] and is widely
used as a key building block for medicinal as well as pharmaceutical agent. Pyrimidine derivatives
exhibit antifungal [2], analgesic [3], calcium antagonist [4] and anti-inflammatory activity [5]. The
combination of an aldehyde, 3-keto ester and urea under acid catalysis to give a dihydropyrimidine
was first reported by Pietro Biginelli in 1893 [6] referred to as Biginelli reaction. The original Biginelli
reaction was carried out by refluxing a mixture of the three components such as ethyl acetoacetate,
benzaldehyde and urea in presence of ethanol catalyzed by small amount of HCI which often result
in poor to moderate yields of desired product [7]. The one pot Biginelli protocol for 3,4-
dihydropyrimidines synthesis was explored by varying all components and catalyst [8-16] in protic,
aprotic solvents, and solvent free condition [17] using ether classical heating, microwave [18,19].

In continuation of our work, [20-28], we have developed the new protocol for the microwave-
assisted facile synthesis of novel ethyl 4-(substituted phenyl)-6-methyl-2-oxo-1,2,3,4-
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tetrahydropyrimidine-5-carboxylate. The substituted benzaldehyde was then subjected to a
condensation with the urea and ethyl acetoacetate which was synthesized to provide new series of
target compounds 4a-h. Target compounds were synthesized by microwave irradiation (MW) as well
as conventional heating with Potassium tert-butoxide and ethanol.

2. Result and Discussion

2.1. Chemistry

We have been synthesized and screening of model reaction of ethyl 6-methyl-2-oxo-4-phenyl-
1,2,3,4-tetrahydropyrimidine-5-carboxylate 4a (Scheme 1, Table 1) and synthesis of ethyl 4-
(substituted phenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (Scheme 2, Table 2)
under microwave irradiation as well as conventional method. We would like to mention here we find
out best result as a potassium tert-butoxide good base and ethanol good solvent. However, the MW
reaction provided cleaner reaction, short reaction time, and the products were only required to be
washed with ice-cold water. The yields were good to excellent.
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Scheme 1: Screening of model reaction of ethyl 6-methyl-2-oxo-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylate. @ Reaction condition (4a-h): Benzaldehyde (1a) (1 mmol), ethyl
3-oxobutanoate (2) (1 mmol), Urea (3) (1 mmol), Solvent, bases, reflux 3-7 h,/Microwave 3-10 min.®
Isolated yield.
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Scheme 2: Synthesis of ethyl 4-(substituted phenyl)-6-methyl-2-oxo0-1,2,3,4-tetrahydropyrimidine-
5-carboxylate. 2 Reaction condition (4a-h): Method A: Compound (1a-h) (1 mmol), Compound (2) (1
mmol), Compound (3) (1 mmol), Ethanol, Potassium tert-butoxide(l1 mmol), Microwave 3-4 min.
Method B: Compound (1a-h) (1 mmol), Compound (2) (1 mmol), Compound (3) (1 mmol), Ethanol,
Potassium tert-butoxide(l mmol), reflux 3—4 h.*Isolated yield.

2.2. Effect of Catalyst and Solvents

A variety of catalysts were screened under microwave irradiation in order to validate the right
choice and the results are shown in Table 1. We have justified the influence of the catalyst; the reaction
was carried out in the presence of catalyst potassium tert-butoxide wherein a maximum yield of 95%
could be obtained (Table 1, Entry 1). It was further observed that the yield of the reaction hardly
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improved in the presence of other like sodium acetate and potassium carbonate catalysts (Table 1,
Entries 6 and 11), whereas the use of potassium tert-butoxide as catalyst significantly improved the
yield to 98% (Table 1, Entry 1) by MW method. Hence potassium tert-butoxide under microwave
irradiation was selected for our further studies.

We synthesized and screening of model reaction under microwave irradiation and conventional
method of the compound ethyl 6-methyl-2-oxo-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate
4a (Scheme 1, Table 1). The reaction in which the compound 1a (1 mmol), compound 2 (1 mmol) and
the compound 3 (1 mmol), various catalyst and various solvents were selected as a model reaction to
optimize the reaction conditions. In terms of the effect of solvents and catalyst on the condensation
reaction, potassium tert-butoxide was found to be the better catalyst and ethanol was found to be the
best solvent for the reaction (Table 1, entry 1); other solvents, including methanol, acetic acid, N,N-
dimethylformamide (DMF) and toluene were less efficient (Table 1, entries 2-5, 7-10 and 12-15). Rest
all of these yields were generally was the best among these solvents (Table 1, entries 1, 6 and 11). To
increase the efficiency of the condensation reaction, the effects of different catalyst were investigated
(Table 1, entries 1-15). Potassium tert-butoxide exhibited the best performance with used solvents
and gave better yield, (Table 1, entries 11-15). Potassium carbonate and sodium acetate gave lower
yields with other solvents, but gave better yield in ethanol as a solvent (Table 1, entries 1 and 6). All
the reactions were carried out in equimolar amounts of each compound in 1 mL of solvent. Among
these reactions same amounts of the solvent, namely 2 mL of ethanol turned out to be the best choice
with yields of 98%, 85% and 90% (Table 1, entries 1, 6 and 11).

Table 1. Screening of catalyst, solvents, reaction time, and yield for the synthesis (4) .

Yield ® Yield ®

Time (h) Time (Min.)
. . (%) (%)
Entry Base Solvent Convention Microwave Conventi Microwa
al Method Method

onal ve

1 Potassium tert-butoxide Ethanol 3 3 95 98
2 Potassium tert-butoxide Methanol 6 10 80 90
3 Potassium tert-butoxide Acetic acid 6 8 75 85
4 Potassium tert-butoxide DMF 7 9 80 90
5 Potassium tert-butoxide Toluene 6 10 85 90
6 Sodium acetate Ethanol 5 6 65 85
7 Sodium acetate Methanol 7 8 58 68
8 Sodium acetate Acetic acid 7 8 50 70
9 Sodium acetate DMF 6 8 55 75
10 Sodium acetate Toluene 7 7 40 70
11 Potassium carbonate Ethanol 5 6 60 90
12 Potassium carbonate Methanol 6 10 48 78
13 Potassium carbonate Acetic acid 6 50 70
14 Potassium carbonate DMF 6 8 45 75
15 Potassium carbonate Toluene 7 9 50 70

2 All the reactions were carried out in equimolar amounts of each compounds in 1 mL of solvent. *Isolated yield.
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Table 2. Physical data of the synthesized compounds (4a-h)=.

Time (h) Time (Min.) Yield ® Yield ® Melting
Compounds (R) Conventional Microwave (%) (%) Point °C)

Method Method CN MW
4a H 4 3 90 98 200-202
4b 4-F 4 3 88 98 175-177
4c 4-NO2 3 3 88 98 233-235
4d 4-OH 4 4 90 98 222-224
4e 4-OMe 4 3 90 98 198-200
4f 4-Me 4 3 90 97 210-212
4g 4-Cl 4 4 90 98 215-217
4h 2-Cl, 4-Cl 3 4 92 98 240-242

aReaction condition (4a-h): Compound (1a-h) (1 mmol), Compound (2) (1 mmol), Compound (3) (1
mmol), Ethanol, Potassium tert-butoxide(1 mmol), reflux 3—4 h, reflux. P Isolated yield.

Figure 1. The compound screened during docking was found to attach properly at the binding site of
EGFR enzyme. Hydrogen bonding with the amino acids ASP 855, THR 854 and ARG 841 was
observed as key interactions. Also compound was found potential to show interactions with amino
acid CYS 797 which is key binding site for EGFR kinase enzyme in the (Figure 1).

2.3. Molecular Docking Study

Molecular docking study was carried out using EGFR kinase enzyme of Human (PDB ID: 3W33).
Molecular docking was performed using Autodock vina. The crystal structures of Human EGFR
kinase in complex with compound 19b were picked up from the Protein Data Bank
(PDB).(http://www.rcsb.org/pdb/explore/explore.do?structureld=3W33) (PDB code: 3W33). The X-
raycrystal structure of the EGFR enzyme (PDB code 3W33) was obtained from the protein data bank
and prepared by removing water molecules and minimized usingAmber94 force field with Chimera
modeller. The total number of loops was set to 1000 to ensure maximum minimization of the protein.
The minimization was terminated when the energy converged or the route mean square deviation
(RMSD) reached a maximum cutoff of 0.30 A. Ramachandran plot at was set to check the total number
of disallowed residues. The minimized protein was converted to PDBQT format applicable for
docking process. By means of targeted docking process, the minimized protein was then subjected to
grid generation through Autodock by creating a configuration text file. All the ligand were drawn
using Marvin sketch were converted to PDBQT format by using Babel. Finally, the configuration text
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file, ligands and the protein were collected in a singlefile with the vina extension and through the
command prompt the docking procedure was processed. The results for each input ligand was saved
as a text file consisting of docking scores and RMSD values of each ligand conformation which was
used for analysis of data. The output file was then converted into Pymol readable extension of image
saving.

We have also synthesized and screening of model reaction under conventional method and the
results of these findings are presented in Table 1. The reaction in which the compound 1a (1 mmol),
compound 2 (1 mmol) and the compound 3 (1 mmol), various catalyst and various solvents were
selected as a model reaction to optimize the reaction conditions. In terms of the effect of solvents and
catalyst on the condensation reaction, potassium tert-butoxide was found to be the better catalyst and
ethanol was found to be the best solvent for the reaction (Table 1, entry 1); other solvents, including
methanol, acetic acid, DMF and toluene were less efficient (Table 1, entries 2-5, 7-10 and 12-15).
Nevertheless, all of these yields were generally low before further optimizations. Ethanol gave the
corresponding product in 60-95% yield, which was the best among these solvents (Table 1, entries 1,
6 and 11). To increase the efficiency of the condensation reaction, the effects of different catalyst were
investigated (Table 1, entries 1-15). Potassium tert-butoxide exhibited the best performance with
used solvents and gave better yield, (Table 1, entries 11-15). Sodium acetate and Potassium carbonate
gave lower yields with other solvents, but gave better yield in ethanol as a solvent (Table 1, entries 6
and 11). All the reactions were carried out in equimolar amounts of each compound in 2 mL of
solvent. Among these reactions same amounts of the solvent, namely 2 mL of ethanol turned out to
be the best choice with yields of 95%, 65% and 60% (Table 1, entries 1, 6 and 11).

We would like to mention here that ethanol as a solvent with Potassium tert-butoxide as catalyst
was the best choice with a yield of 98% and less time required for the completion of the reaction
(Table 1, entry 1). Thus we decided to carry out the further reactions in ethanol as a solvent with
potassium tert-butoxide a catalyst. As a result the reaction time was shortened; thermal
decomposition was also minimized, at reflux temperature stirring, resulting in higher isolated yields.
But in this synthesis, we compared to the reaction between MW and conventional method, the MW
is the best method. Because the studies indicated that the use of MW irradiation made the reactions
very fast, very less time required to complete the reaction, and recorded high product yields 98%,
85% and 90% (Table 1, entries 1, 6 and 11) and surprisingly, in the conventional method, the reactions
sluggish and recorded low yields 95%, 65% and 60% (Table 1, entries 1, 6 and 11). After that we plane
to synthesize another derivative. Physical data of the synthesized compounds (4a-h) are shown in
Table 2.

3. Material and Methods
3.1. Experimental

3.1.1. Method A: Microwave-Assisted Synthesis

In a 100 mL round bottom flask, the compound substituted benzaldehyde (1 mmol), ethyl
acetoacetate (1 mmol), and urea (1 mmol) with solvent was added and this mixture subjected to MW
irradiation (800 W), for 3—4 min. The progress of the reaction was monitored by TLC (20% n-hexane:
ethyl acetate). After completion of the reaction, the reaction mixture was concentrated in vacuo. The
residue was washed with water (2 x 10 mL) to afford the crude product. The crude product was
recrystallized using ethanol as solvent to give yield in the range 97-98%.

3.1.2. Method B: Conventional Synthesis

In a 100 mL round bottom flask, the compound substituted benzaldehyde (1 mmol), ethyl
acetoacetate (1 mmol), and urea (1 mmol) with solvent was added and this mixture subjected to
stirred for 3—4 h at reflux temperature. The progress of the reaction was monitored by TLC (20% n-
hexane: ethyl acetate). After completion of the reaction, the reaction mixture was concentrated in
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vacuo. The residue was washed with water (2 x 10 mL) to afford the crude product. The crude product
was recrystallized using ethanol as solvent to give yield in the range 88-92%.

Ethyl 6-methyl-2-oxo-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4a). Yellow solid. Yield 98%,
mp 200-202 °C; ES-MS m/z (%):260.29, 'TH NMR (500 MHz, DMSO-d6): 6 8.88 (s, 1H), 7.33 — 7.27 (m,
1H),7.21(d,J=7.7 Hz, 1H), 5.32 (dd, ] =7.6, 1.1 Hz, 1H), 4.11 (q, ] =7.1 Hz, 2H), 2.30 (s, 1H), 1.19 (t, ]
=7.1 Hz, 3H). ®*C NMR (125 MHz, DMSO-d6): 0 = 167.40, 154.78, 148.44, 141.87, 129.12, 128.48, 126.98,
102.90, 60.12, 51.74, 18.97, 14.40.

Ethyl 4-(4-fluorophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4b). Yellow solid.
Yield 98%, mp 200-202 °C; ES-MS m/z (%): 278.28, "H NMR (500 MHz, DMSO-46): 6 8.88 (s, 1H), 7.33
—-7.26 (m, 2H), 7.24 (d,] =7.7 Hz, 1H), 7.10 - 7.03 (m, 2H), 5.31 (dt, ] = 7.5, 0.8 Hz, 1H), 4.11 (q, ] =7.1
Hz, 2H), 2.30 (s, 1H), 1.19 (t, ] = 7.1 Hz, 3H). *C NMR (125 MHz, DMSO-d6): 6 = 167.40, 163.16, 161.15,
154.78, 148.44, 138.45 (d, ] = 2.9 Hz), 128.74 (d, ] = 8.1 Hz), 116.46, 116.30, 102.49, 60.12, 51.58, 18.97,
14.40.

Ethyl 6-methyl-4-(4-nitrophenyl)-2-oxo0-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4c). Yellow solid.
Yield 98%, mp 233-235 °C; ES-MS m/z (%):305.29, 'H NMR (500 MHz, DMSO-d6):  8.88 (s, 1H), 8.18
-8.12 (m, 2H), 7.57 - 7.50 (m, 2H), 7.24 (d, ] =7.5 Hz, 1H), 5.31 (dq, ] = 8.0, 1.0 Hz, 1H), 411 (q, ] =7.1
Hz, 2H), 2.30 (s, 1H), 1.19 (t, ] =7.1 Hz, 3H). ¥C NMR (125 MHz, DMSO-d6): 6 =167.40, 154.78, 148.44,
146.21, 145.32, 127.62, 124.31, 102.39, 60.12, 51.70, 18.97, 14.40.

Ethyl 4-(4-hydroxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4d). Yellow solid.
Yield 98%, mp 222-224 °C; ES-MS m/z (%): 276.29, "H NMR (500 MHz, DMSO-d6): 5 8.88 (s, 1H), 8.15
(s, 1H), 7.23 (s, 1H), 7.05 — 6.99 (m, 2H), 6.82 — 6.76 (m, 2H), 5.16 — 5.10 (m, 1H), 4.11 (q, ] = 7.1 Hz, 2H),
2.30 (s, 1H), 1.19 (t, ] = 7.1 Hz, 3H)."*C NMR (125 MHz, DMSO-d6): d = 167.40, 157.48, 154.78, 148.44,
135.12, 128.47, 116.22, 102.63, 60.12, 51.81, 18.97, 14.40.

Ethyl 4-(4-methoxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4e). Yellow solid.
Yield 98%, mp 198-200 °C; ES-MS m/z (%):290.31, "TH NMR (500 MHz, DMSO-d6): d 8.88 (s, 1H), 7.24
(d, J=7.7Hz, 1H), 7.21 - 7.15 (m, 2H), 6.96 - 6.90 (m, 2H), 5.16 - 5.10 (m, 1H), 4.11 (q, ] =7.1 Hz, 2H),
3.78 (s, 2H), 2.30 (s, 1H), 1.19 (t, ] = 7.1 Hz, 3H)."*C NMR (125 MHz, DMSO-d6): = 167.40, 159.12,
154.78, 148.44, 135.98, 127.36, 114.35, 102.63, 60.12, 55.32, 51.64, 18.97, 14.40.

Ethyl 6-methyl-2-oxo-4-(p-tolyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4f). Yellow solid. Yield 97%,
mp 210-212 °C; ES-MS m/z (%): 274.32, "H NMR (500 MHz, DMSO-d6): 0 8.88 (s, 1H), 7.21 (d, ] =7.7
Hz, 1H), 5.62 — 5.56 (m, 1H), 4.11 (q, ] = 7.1 Hz, 2H), 2.34 (s, 3H), 2.30 (s, 1H), 1.19 (t, ] = 7.1 Hz, 3H).
13C NMR (125 MHz, DMSO-d6): d = 167.40, 154.78, 148.44, 139.75, 138.03, 130.16, 127.12, 102.90, 60.12,
51.79, 21.06, 18.97, 14.40.

Ethyl 4-(4-chlorophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4g). Yellow solid.
Yield 98%, mp 215-217 °C; ES-MS m/z (%): 294.73, "H NMR (500 MHz, DMSO-d6): 6 8.88 (s, 1H), 7.30
(s, 2H), 7.34 - 7.27 (m, 1H), 7.21 (d, ] = 7.5 Hz, 1H), 5.33 - 5.28 (m, 1H), 4.11 (q, ] = 7.1 Hz, 2H), 2.30 (s,
1H), 1.19 (t, ] = 7.1 Hz, 3H). C NMR (125 MHz, DMSO-d6): d = 167.40, 154.78, 148.44, 140.20, 134.75,
129.30, 128.44, 102.58, 60.12, 51.23, 18.97, 14.40.

Ethyl 4-(2,4-dichlorophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4h). Yellow solid.
Yield 98%, mp 240-242 °C; ES-MS m/z (%):329.18, 'H NMR (500 MHz, DMSO-d6): & 8.96 (s, 1H), 7.49
(d, J=1.8 Hz, 1H), 7.36 — 7.28 (m, 2H), 7.14 (d, ] = 7.9 Hz, 1H), 5.59 — 5.53 (m, 1H), 4.11 (q, ] =7.1 Hz,
2H), 2.30 (s, 1H), 1.19 (t, ] = 7.1 Hz, 3H).1*C NMR (125 MHz, DMSO-d6): d = 167.49, 155.02, 148.49,
139.34, 138.38, 133.58, 129.66, 129.65, 127.99, 102.84, 60.12, 47.84, 19.00, 14.40.

4. Conclusions

In conclusion, we have successfully developed an easy access to a new series of ethyl 4-
(substituted phenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate derivatives by MW
irradiation as well as conventional method. The mild reaction conditions, stirring at reflux
temperature, good to excellent yields, easy workup, and easily available substrates make the
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reactions attractive for the preparation of compounds 4a-h. Efforts towards the synthesis of other

important drug molecules with tetrahydropyrimidine-5-carboxylate moiety by MW irradiation as
well as conventional method are ongoing in our laboratory. Also work is in progress to obtain
biological activity such anticancer activity of the synthesized compounds.
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