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Present investigation deals with the synthesis and density functional theory study (DFT) of a Biginelli
6-methyl-2-oxo0-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate
synthesis of a MOPTHPC has been carried out by the reaction of benzaldehyde, ethyl acetoacetate and
urea in ethanol 70-80 °C under stirring condition in presence of catalytic amount of sulfamic acid. The
structure of a synthesized chalcone is affirmed on the basis of 'H NMR and 3C NMR. The geometry of a
MOPTHPC is optimized by using the density functional theory method at the B3LYP/6-311G(d,p) basis
set. The optimized geometrical parameters like bond length and bond angles have been computed.
Quantum chemical parameters have been determined and examined. Molecular electrostatic surface
potential (MESP) surface plot analysis has been carried out at the same level of theory. Mulliken atomic

(MOPTHPC).  The

charge study is also discussed in the present study.

1. Introduction

The Biginelli reaction is a multi-component reaction of aldehyde, urea,
and acetoacetate, involving Mannich reaction in the first step, which
furnishes multifunctionalized 3,4-dihydropyrimidin-2-(1H)-ones
(DHPMs) and related heterocyclic compounds. The Biginelli reaction is
frequently used for the direct synthesis of 3,4-dihydropyrimidin-2(1H)-
one (DHPM) derivatives which display interesting biological activities
[1,2]. Notable examples are calcium channel modulators [3], antibacterials
[4], antivirals [5], antifungal [6] and other biological activities have been
discovered in DHPMs [7-14]. Calculations in theoretical chemistry are
based on physicochemical calculations and quantum chemistry. Different
molecular properties can be predicted using density functional theory
(DFT) [15-20]. UV/Vis spectra [21, 22], IR and Raman frequencies and
intensities [23, 24], NMR chemical shifts [25], and spin-spin coupling
constants [26] are the spectroscopic investigations that can be carried out.
HOMO-LUMO energies [27-31], bond lengths and bond angles [32], and
absorption energies [33-35] can all be predicted using DFT calculations.
DFT method with B3LYP functional has gained a lot of interest in the last
two decades. B3LYP stands for "Becke, 3-parameter, Lee-Yang-Parr". The
structural and chemical properties of organic molecules have been
effectively explored using the density functional theory based on
theoretical quantum calculations [38-42]. As theoretical calculations are
compared to experimental findings, a lot of knowledge is gained. It is now
possible to arrive at a reaction mechanistic pathway using computation
data. The current study looked at DFT analysis of molecular structure,
bond length, bond angle, and Mulliken atomic charges. The DFT approach
is also used to investigate important parameters such as total energy,
HOMO-LUMO energies, and charge distribution. In last decades several
green chemistry methods have been employed for the synthesis of variety
of organic compounds [43-46]. In light of the above, I'd like to present a
density functional theory investigation of previously synthesised 6-
methyl-2-oxo-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate
(MOPTHPC) compounds in this paper.
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2. Experimental Methods

2.1 General Remarks

The chemicals with high purity were purchased from Virion
Enterprises, India. The chemicals were used as received without any
further purification. The melting point was determined in open capillary
and uncorrected. 'H NMR and 13C NMR spectra were recorded on a
sophisticated multinuclear FT-NMR spectrometer model Advance-II
(Bruker) with 'H frequency 500 MHz and 3C frequency 125 MHz using
DMSO-d6 as a solvent. The reaction was monitored by thin-layer
chromatography using aluminium sheets with silica gel 60 F254 (Merck).

2.2 Procedure for the Synthesis of Ethyl 6-Methyl-2-oxo-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (MOPTHPC)

As shown in Scheme 1, a mixture of benzaldehyde (0.01 mol), urea (0.01
mol), and ethyl acetoacetate, (0.01 mol) were mixed in 10 mL ethanol in
the conical flask and catalytic amount of sulfamic acid were added to it.
The resulting mixture was stirred on a magnetic stirrer at 70-80 °C for the
required time which was monitored by TLC. The crude product was
transferred into a beaker containing crushed ice, stirred, filtered, dried
naturally, and recrystallized from ethanol to furnished pure white solid
(m.p. 196 °C -198 °C).

EtOH,
Sulfamic acid, o
H ™o (Cat. Amount)
EtO | NH
EtO + NH, 70-80 °C N’Ro
0 H,N"TO H

Scheme 1 Synthesis of MOPTHPC

2.3 Computational Details

All of the calculations for this work have been performed at DFT
(B3LYP) methods with 6-311G(d,p) basis sets using the Gaussian 03 W
program [47]. The geometry optimization of the title compound and
corresponding energy were calculated with a 6-311G(d,p) basis set by
assuming C1 point group symmetry. Accordingly, the optimized
geometrical parameters, energy, atomic charges, dipole moment, and
other thermodynamic parameters were calculated theoretically.
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Moreover, the electronic properties, such as HOMO-LUMO energies were
determined using time-dependent DFT (TD-DFT) and 6-311G(d,p) basis
set, in view of the optimized structure.

3. Results and Discussion

3.1 Spectral Analysis

The detailed spectral results are tabulated in Table 1. The 'H NMR
spectrum predicts types and the total number of hydrogen atoms in the
molecule. There are total of nine types of protons in the title molecule has
furnished seven signals in the 'H NMR spectrum. The two NH group signals
are 9.18 (s, 1H) and 7.73 (s, 1H). All other signals are correctly matched
with the structure of the MOPTHPC molecule. The 3C NMR spectrum
predicts types of carbons atoms in the molecule and therefore one can
anticipate the skeleton of the molecule. There are total of twelve types of
carbons that have displayed twelve signals in the 13C NMR spectrum
affirming the structure. The two signals 165.81 and 152.60 & are due to
carbonyl carbons of ester and amide groups respectively.

Table 1 Physicochemical and spectral dada of title compound

Characteristics
6-methyl-2-oxo0-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylate

Yield: 78%, Colour: white solid, m.p. : 196 °C-
198 °C

1.09 (t, /= 7.0 Hz, 3H), 2.25 (s, 3H), 3.98 (q, ]/ =
7.0 Hz, 2H), 5.14 (s, 1H), 7.25-7.33 (m, 5H),
7.73 (s, 1H), 9.18 (s, 1H)

14.54,18.24, 54.43, 59.65,99.73, 126.71,
127.73,128.86, 145.34, 148.83, 152.60,
165.81

Properties
Systematic Name of the Product

Physicochemical data

1H NMR (400 MHz, DMSO-d6, &)

13C NMR (100 MHz, DMSO-d6, &)

3.2 Computational Study
3.2.1 Molecular Structure, Bond Lengths and Bond Angle Analysis

The optimized molecular structure of the title molecule is depicted in
Fig. 1. The optimized molecular geometry provides a good deal of
information about the spatial orientation of various atoms in a molecule.
From optimized molecular structures, it can be easily seen that the
MOPTHPC molecule possesses C1 point group symmetry due to the overall
asymmetry of the molecule. Hence, the MOPTHPC is an asymmetric top
molecule. This data is a lot of helpful for the determination of various
spectroscopic parameters.

The structural parameters like bond lengths and bond angles for the
title molecule have been established by the DFT/B3LYP method with the
6-311G(d,p) as basis set and are presented in Table 2. The MOPTHPC
molecule comprises of two six-membered rings. The DFT computation
predicts the benzene ring is planar (as expected) while the other ring is
non-planar. The self-consistent field (SCF) energy of the title molecule at
the DFT/B3LYP method with the 6-311G(d,p) as basis set is found to be
-878.57 a.u. with dipole moment 3.71 Debye. The C10-C12, C13-020, and
C11-026 bonds are 1.3602 A, 1.2168 &, and 1.2161 A long respectively.
The bond angles of H30-C28-027, C2-C1-C6 and N21-C11-N23, are
108.775° 120.2966° and 113.3341° respectively. The bond angle and
bond length data are in good agreement with the structure of the title
molecule.

Fig. 1 Optimized molecular structure of MOPTHPC
https://doi.org/10.30799/jacs.236.21070105

Table 2 Optimized geometrical parameters of MOPTHPC by DFT/ B3LYP with 6-
311G(d,p) basis set

Bond Lengths (A)

C1-C2 1.3923 C12-C16 1.5061
C1-Cé 1.3934 C12-N21 1.3834
C1-H25 1.0845 C13-020 1.2168
C2-C3 1.4 C13-027 1.357
C2-H7 1.0832 C14-H15 1.0906
C3-C4 1.3984 C14-N23 1.4645
C3-C14 1.5356 Cl16-H17 1.0925
C4- C5 1.3938 C16-H18 1.0869
C4-H8 1.0833 C16-H19 1.0924
C5-C6 1.3923 N21-H22 1.0085
C5- H9 1.0845 C20-C23 1.5153
C6-H35 1.0843 N23-H24 1.0093
C10-C12 1.3602 027-C28 1.4478
C10-C13 1.4662 C28-H29 1.0923
C10-C14 1.5275 C28-H30 1.0922
C10-C14 1.5278 C28-C31 1.5153
C11-N21 1.4037 C31-H32 1.0923
C11-N23 1.361 C31-H33 1.0932
C11-026 1.2161 C31-H34 1.0924
Bond Angles (°)
C2-C1-Cé 120.2966 C3-C14-H15 107.5108
C2-C1-H25 119.6264 C3-C14-N23 113.1114
C6-C1-H25 120.0758 C10-C14-H15 107.1084
C1-C2-C3 120.6314 C10-C14-N23 108.9859
C1-C2-H7 120.2405 H15-C14-N23 107.3219
C3-C2-H7 119.1225 C12-C16-H17 110.6121
C2-C3-C4 118.6887 C12-C16-H18 111.3418
C2-C3-C14 119.3756 C12-C16-H19 110.1778
C4-C3-C14 121.9352 H17-C16-H18 107.1198
C3-C4-C5 120.6158 H17-C16-H19 108.3867
C3-C4-H8 120.4492 H18-C16-H19 109.1039
C5-C4-H8 118.9279 C11-N21-C12 124.9643
C4-C5-C6 120.308 C11-N21-H22 113.2921
C4-C5-H9 119.5902 C12-N21-H22 119.4968
C6-C5-C9 120.1005 C11-N23-C14 123.9911
C1-C6-C5 119.4564 C11-N23-H24 113.8512
C1-C6-H35 120.3039 C14-N23-H24 117.977
C5-C6-H35 120.2382 C13-027-C28 115.6801
C12-C10-C13 126.291 027-C28-H29 108.7957
C12-C10-C14 118.9815 027-C28-H30 108.775
C13-C10-C14 114.6848 027-C28-C31 107.642
N21-C11-N23 113.3341 H29-C28-H30 107.561
N21-C11-026 121.0623 H29-C28-C31 111.9929
N23-C11-026 125.5813 H30- C28-C31 111.9969
C10-C12-C16 127.5788 C28-C31-H32 111.0629
C10-C12-N21 118.5132 C28-C31-H33 109.6935
C16-C12-N21 113.9033 C28-C31-H34 111.1053
C10-C13-020 123.3551 H32-C31-H33 108.2002
C10-C13-027 114.9177 H32-C31-H34 108.5105
020-C13-027 121.7178 H33-C31-H34 108.1739
C3-C14-C10 112.4893 -
Table 3 Mulliken atomic charges
Atom Charge Atom Charge
1cC -0.093711 19 H 0.099408
2C -0.062545 20 0 -0.380916
3C -0.045872 21 N -0.440812
4 C -0.080657 22 H 0.235484
5C -0.097981 23 N -0.395826
6 C -0.084594 24 H 0.235751
7 H 0.115665 25 H 0.093706
8 H 0.103071 26 0 -0.370488
9 H 0.092582 27 0 -0.368006
10 C -0.245390 28 C -0.020205
11 C 0.449185 29 H 0.121176
12 C 0.249113 30 H 0.121997
13 C 0.444290 31C -0.306426
14 C -0.037308 32 H 0.114208
15 H 0.165526 33 H 0.112009
16 C -0.218696 34 H 0.114550
17 H 0.141558 35 H 0.092406
18 H 0.147749 - -
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3.2.2 Mulliken Atomic Charges and Molecular Electrostatic Potential Surface
Analysis

The Mulliken atomic charges depend on the electron density. The
charge distribution on the molecules has a crucial role in the field of
quantum mechanical calculations for the molecular systems. The pictorial
illustration of the Mulliken atomic charges of the MOPTHPC molecule
calculated by the DFT/B3LYP method with a 6-311G (d,p) basis set and
tabulated in Table 3. Mulliken atomic charges reveal that all the hydrogen
atoms have a net positive charge but H22 and H24 hydrogen atoms are
highly electropositive with atomic charges of 0.235484 and 0.235751
respectively. This can be ascribed to attachment with a nitrogen atom in
both cases. The C11 atom has the highest net positive charge 0.449185
whereas C31 atom has the highest net negative charge -0.306426 amongst
all carbon atoms. Out of the three oxygen atoms, 020 is having more
negative charge density of -0.380916 and out of the two nitrogen atoms;
N21 is more negative with -0.440812 Mulliken atomic charges.

MESP is the three-dimensional portrayal of the charge appropriations
on molecules. The MESP diagram plotted by utilizing a 6-311G(d,p) basis
set is represented in Fig. 2. Over the span of on-going years, the MESP has
risen as a convincing manual for investigating the molecular interactions.
The phenomena like solvent effects, nucleophilic and electrophilic sites,
hydrogen bonding forces, etc. could be predicted by the utilization of MESP
plots. The different regions of the MESP plot are represented by different
colors. The red and yellow surfaces are the regions of large electron
density and therefore linked with nucleophilic sites. Similarly, the blue
colors indicate low electron density and associated with electrophilic sites.
On the other hand, green surfaces suggest regions of zero potential. The
MESP proposes, in the MOPTHPC molecule, the benzene ring is highly
reactive towards electrophiles. The two carbonyl group are showing high
reactivity towards nucleophile and rest of the molecular moiety doesn’t
show a significant reactive site for electrophilic or nucleophilic reaction.

Y J‘: 4\ "J
b/ 5

)

A

Fig. 2 MESP diagram of MOPTHPC

3.2.3 Frontier Molecular Orbital Analysis

The FMOs, highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) are extremely crucial to anticipate
the reactivity of the molecules. HOMO is the orbital which decides the
nucleophilic ability whereas LUMO decides the electrophilic ability of the
molecules. The energy gap between these two orbitals helps in deciding
the stability. A smaller energy gap indicates high stability. Hence, one can
foresee the chemical reactivity of the molecule. The expansion of the
HOMO-LUMO energy gap prompts a reduction in adaptability,
polarizability, and electron movement in a molecule. The HOMO energy
corresponds to ionization enthalpy (I) and LUMO energy to an electron
affinity (A). The pictorial outline of the FMOs has been given in Fig. 3.

\

9
HOMO LUMO
Fig. 3 HOMO-LUMO pictures of MOPTHPC

The examination of the FMOs affirms that the electron excitation
corresponds to the transition from the ground state to the first excited
state and is chiefly portrayed by one-electron transfer from HOMO to
https://doi.org/10.30799/jacs.236.21070105

LUMO. The HOMO-LUMO energy gap suggests the inevitable charge
transfer phenomenon is taking place within the MOPTHPC molecule.

The various electronic parameters of the MOPTHPC molecule are
tabulated in Table 4 and reactivity descriptors in Table 5. Based on HOMO
and LUMO energies and by using Koopmans' theorem various global
reactivity descriptors like electronegativity (x) absolute hardness (n)
global softness (o) global electrophilicity (w) chemical potential (Pi), the
maximum number of electron transferred (ANmax) are calculated. The
electrophilicity w scale allowed the gathering of organic molecules as
strong electrophiles with w > 1.5 eV, moderate electrophiles with 0.8 <
< 1.5 eV and very weaker electrophiles with w < 0.8 eV. The title molecule
MOPTHPC is a good electrophile (w = 2.87 eV). The ANmax value of
MOPTHPC molecule is 1.59 eV indicating charge transfer. The energy gap
is 5.07 eV which indicates an inevitable electron movement within the title
molecule.

Table 4 Electronic parameters of MOPTHPC

Etotal Enomo Erumo AE 1 A
(au) (eV) (eV) (eV) (eV) (eV)
-878.57 -6.35 -1.28 5.07 6.35 1.28

Note: Abbreviations: 1, ionization potential; A, electron affinity; Note: I = =Enomo and
A =-ELymo

Table 5 Global reactivity parameters of MOPTHPC

X n [ W Pi ANmax Dipole

(eV) (eV) (ev1) (eV) (eV) (eV) moment
(Debye)

3.82 2.54 0.39 2.87 -3.82 1.59 3.71

Note:x=(1+4)/2;n=(1-4)/2; 0 =1/n; w = Pi2/2n; Pi = -x; ANmax = -Pi/n.
Abbreviations: x, electronegativity; n, absolute hardness; o, global softness;
w, global electrophilicity; Pi, chemical potential; ANmax, maximum no. of
electron transferred.

4. Conclusion

In conclusion, the MOPTHPC molecule is synthesized by a three-
component Biginelli reaction. The structure of the MOPTHPC molecule is
confirmed on the basis of 1H NMR and 13C NMR spectroscopic analysis. The
geometry of the molecules was optimized by using a 6-311G(d,p) basis set
and the geometrical parameters like bond lengths and bond angles have
been computed at the same level of theory. The MOPTHPC molecule is an
asymmetric top molecule with C1 point group symmetry. The dipole
moment is 3.71 Debye. The FMO study is discussed and various chemical,
electronic, and quantum chemical parameters are studied to analyze the
chemical reactivity of the title molecule. The HOMO-LUMO energy gap
suggests that the charge transfer phenomenon is taking place within the
molecule. The MESP suggest the benzene ring is highly reactive towards
electrophiles. The two carbonyl group are showing high reactivity towards
nucleophile.
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