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Summary: Pyrimidine derivatives have biological and pharmacological properties. Therefore, in
this study we focused on the synthesis various Pyrimidine derivatives to make noteworthy
contributions this class of heterocyclic compounds. In the present study, the new compounds (4-6)
were obtained by the reactions of 1-amino-5-benzoyl-4-phenylpyrimidin-2(1H)-one (1), 1-amino-5-
(4-methylbenzoyl)-4-(4-methylphenyl) pyrimidin-2(1H)-one (2) and 1-amino-5-(4-methoxybenzoyl)-
4-(4-methoxyphenyl)pyrimidin-2(1H)-one (3) with dimethyl acetylenedicarboxylate. The structures
of these compounds were proved by elemental analysis, FT-IR, *H and 13C-NMR spectra. In addition
to, quantum chemical calculations were made to find molecular properties of the pyrimidin-1(2H)-
ylaminofumarate derivatives (4-6) by using DFT/B3LYP method with 6-311++G(2d,2p) basis set.
Quantum chemical features such as Enomo, Erumo, €nergy gap, ionization potential, chemical
hardness, chemical softness, electronegativity etc. values for gas and solvent phase of neutral

molecules were calculated and discussed.

Keywords: Pyrimidine Derivatives; Dimethyl Acetylenedicarboxylate; Synthesis; DFT; Quantum Chemical

Calculations.
Introduction

Pyrimidines and their derivatives as
important sensitive chemicals [1, 2] have been
frequently found in many natural products and
medicines, and have demonstrated a wide range of
biological activities, such as anticancer [3], anti-
inflammatory properties [4], antibacterial [5] and

adenosine receptor antagonists [6].
Methylenaminopyrimidine derivatives were
synthesized from the reactions of

acetophenoncarbazones with various furandione
derivatives. N-aminopyrimidine-2-one derivatives (1-
3) were synthesized from the hydrolysis of
methylenaminopyrimidine derivatives in the acidic
medium [7-9]. Aminopyrimidine-2-one derivatives
appeared to be an important starting compound in
synthetic organic chemistry. In recent years, the
reactions of aminopyrimidine-2-one derivatives with
anhydrides [10], isothiocyanate [11], 1,3-dicarbonyl
compounds [12, 13] and transition metal complexes
[14] have been reported. Nowadays, theoretical and
experimental comparison of N-aminopyrimidine-2-
one derivatives has become popular [15].
Acetylenedicarboxylate derivatives are electron-
minus acetylenic molecules having two ester groups.
They are prerogative and expedient compounds
which engage in easily and practically in
heterocyclization [16]. Because of having two ester
group, acetylenedicarboxylate derivatives easily
undergoes Michael addition that create a chance to
synthesize heterocyclic molecules with diverse ring

sizes. The compounds (1-3) were made in two steps
from furan-2,3-diones and
acetophenonsemicarbazone derivatives (Scheme 1).

Considering the biological activities of these
compounds, in this study, pyrimidin-1(2H)-
ylaminofumarate derivatives (4-6) were synthesized
from the reactions of aminopyrimidine-2-one
derivatives (1-3) with dimethyl
acetylenedicarboxylate.  The  synthesized and
investigated compounds: dimethyl 2-(5-benzoyl-2-
oxo-4-phenylpyrimidin-1(2H)-ylamino)fumarate (4),
dimethyl 2-(5-(4-methylbenzoyl)-4-(4-methylphenyl)
-2-oxopyrimidin-1(2H)-ylamino)fumarate (5) and
dimethyl 2-(5-(4-methoxybenzoyl)-4-(4-
methoxyphenyl)-2-oxopyrimidin-1(2H)-
ylamino)fumarate (6) are shown in Table 1 [17]. In
experimental studies, the structures of molecules
were defined by FT-IR, H-NMR and C-NMR
spectroscopies.

Table-1: Structures of investigated compounds.
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Scheme-1: General synthesis reaction of N-aminopyrimidine-2-one derivatives (1-3).

In addition to experimental study, all
calculations were done using DFT/B3LYP method.
Optimisation of molecules was performed by using 6-
311++G(2d,2p) basis set of Gaussian 09, Revision A.02
program [18]. This basis set is known as one of the basic
sets that provide more accurate results in determining
the electronic and geometric properties for a variety of
organic compounds [19]. The quantum chemical
calculation of the molecules was carried out
using density functional theory/the integral equation
formalism polarizable continuum model
(DFT/IEFPCM) [20], with basis set 6-311++G(2d,2p)
for solvent phase. Quantum chemical parameters for
investigated molecules such as; the energy of the highest
occupied molecular orbital (Exomo), the energy of the
lowest unoccupied molecular orbital (ELumo), HOMO-
LUMO energy gap (AE), ionization potential (I),
chemical hardness (), chemical softness (o),
electronegativity (y), chemical potential (), dipole
moment (DM), global electrophilicity (@) and total of
negative Mulliken atomic charges (TMAC), Mulliken
charges of some atoms for gas and solvent phase of
neutral molecules were calculated. The relationship
between the activity and stability of molecules is
discussed with the help of these calculated quantum
chemical parameters. For example, Exomo and ELumo
are associated with electron donating capability and
electron accepting capability of a molecule; | is one of
the basic indicators of chemical reactivity, n and c are
widely used in chemistry to explain the stability of
compounds. Recently, the optimization of the molecules
by using different basic sets and the discussion of the
results has been widely used [21-41]. The experimental
and calculated C and 'H-NMR spectra results of
compounds was discussed.

Experimental
General materials and instruments

Chemicals and all solvents were commercially
available and used without further refinement. Melting
points were set on the digital melting point apparatus
(Electrothermal 9100). The compounds were regularly
checked for their homogeneity by Thin Layer
Chromatography (TLC) using DC Alufolien Kieselgel
60 F254 (Merck) and Camag TLC lamp (254/366 nm).
The IR spectra were recorded on a FT-IR
spectrophotometer (Shimadzu Model 8400). The *H and
13C-NMR spectra were recorded by Bruker 400(100)
MHz Ultra Shield instrument. The chemical shifts (3)
are indicated in ppm from tetramethylsilane as a
standard.

General procedure for the synthesis of pyrimidin-1(2H)-
ylaminofumarate derivatives (4-6)

Compounds (1-3) (1 mmol) and dimethyl
acetylenedicarboxylate (1.3 mmol) were refluxed in 30
mL ethanol for 24 hours. The solvent was vaporized.
After then the residue was treated with dry diethyl ether
and filtered. The raw product was recrystallized from
ethanol.

Dimethyl 2-(5-benzoyl-2-oxo-4-phenylpyrimidin-1(2H)-
ylamino)fumarate (4)

Compound 4 was prepared as a colourless
solid from compound 1 and dimethyl
acetylenedicarboxylate (Scheme 2). Yield: 68%; m.p.:
232-234 °C. FT-IR v (cm™): 3249 (N-H), 3058, 2964
(Ar-C-H and aliphatic C-H), 1750, 1716 (C=0 of ester),
1671, 1645 (C=0 of pyrimidine ring and benzoyl),
1598, 1574, 1500 (C=N, C~=C). Elemental analysis (%)
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for CasHisNzOs, Found (Calc.): C= 63.65 (63.74); H=
4.30 (4.42); N= 9.61 (9.70).

'H-NMR (400 MHz, DMSO): § (ppm)=
10.24 (s, 1H, pyrimidine -CH), 7.41-7.04 (m, 10H,
ArH), 5.61-5.58 (d, 1H, -NH), 4.25-4.21 (d, 1H,
=CH), 3.78-3.71 (s, 6H, 2x-OCHs). *C-NMR (100
MHz, CDCIls): & (ppm)= 194.5, 170.8, 161.4, 147.6,
147.3, 145.8, 139.2, 132.9, 131.9, 130.5, 130.4,
129.3, 128.3, 127.9, 109.6, 65.6, 57.7 and 53.2-53.0
(2x-OCHs).
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Dimethyl 2-(5-(4-methylbenzoyl)-4-(4-methylphenyl)-
2-oxopyrimidin-1(2H)-ylamino)fumarate (5)

Compound 5 was prepared as a colourless
solid from compound 2 and  dimethyl
acetylenedicarboxylate (Scheme-3). Yield: 74%;
m.p.: 194-196 °C. FT-IR v (cm™): 3262 (N-H), 3050,
2950 (Ar-C-H and aliphatic C-H), 1750, 1714 (C=0
of ester), 1670, 1644 (C=0O of pyrimidine ring and
benzoyl), 1597, 1573, 1512 (C=N, C=C). Elemental
analysis (%) for CasHa3N3Os, Found (Calc.): C=
64.95 (65.07); H=4.90 (5.02); N=9.02 (9.11).

(0]

O

Scheme-2: The reaction for the formation of the 4.

'H-NMR

Fig. 1: 'H and **C-NMR spectra of compound 4.
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Scheme-3: The reaction for the formation of the 5.
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Fig. 2: H and *C-NMR spectra of compound 5.

!H-NMR (400 MHz, DMSO): & (ppm)=
10.24 (s, 1H, pyrimidine -CH), 7.34-6.90 (m, 8H,
ArH), 557-5.53 (d, 1H, -NH), 4.17-4.13 (d, 1H,
=CH), 3.77-3.66 (s, 6H, 2x-OCHj3), 2.16-2.12 (s, 6H,
2x-CH3). **C-NMR (100 MHz, CDCl3): & (ppm)=
194.1, 170.7, 161.4, 147.6, 147.5, 146.6, 140.2,
136.4, 130.1, 130.0, 129.5, 129.4, 129.2, 128.8,
128.6, 109.2, 65.5, 57.7, 53.1-53.0 (2X-OCHjs) and
21.4-21.2 (2x-CHs).

Dimethyl 2-(5-(4-methoxybenzoyl)-4-(4-
methoxyphenyl)-2-oxopyrimidin-1(2H)-
ylamino)fumarate (6)

Compound 6 was prepared as a colourless
solid  from compound 3 and dimethyl
acetylenedicarboxylate (Scheme 4). Yield: 60%;
m.p.. 140-142 °C. FT-IR v (cm™): 3262.2 (N-H),

3035, 2949 (aromatic and aliphatic C-H), 1750, 1713
(C=0 of ester), 1670, 1643 (C=0 of pyrimidine ring
and benzoyl), 1585, 1575 (C+N, C=C). Elemental
analysis (%) for CasHa3N3Qs, Found (Calc.): C=
60.70 (60.65); H= 4.58 (4.70); N=8.40 (8.52).

'H-NMR (400 MHz, DMSO): & (ppm)=
10.40 (s, 1H, pyrimidine -CH), 7.44-6.60 (m, 8H,
ArH), 5.54-550 (d, 1H, -NH), 4.20-4.17 (d, 1H,
=CH), 3.70-3.62 (s, 12H, 4x-OCHjs). 3C-NMR (100
MHz, CDCls): 6 (ppm)= 194.1, 170.7, 161.4, 147.6,
147.5, 146.6, 140.2, 136.4, 130.1, 130.0, 129.5,
129.4, 129.2, 128.8, 128.6, 109.2, 65.5, 57.7 and
55.60-53.0 (4X-OCHj).

0
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Fig. 3: 'H and *C-NMR spectra of compound 6.

Computational details

Molecular properties, based on the reactivity
and selectivity of the compounds, were according to the
Koopmans’ theorem [42] relating of Evomo and ELuwmo.
Consistent with the DFT Koopmans’ theorem [42, 43],
the ionization potential (I) can be estimated as the
negative value of Exomo, such as shown in equation 1:

@)

The negative value of Eiumo is similarly
related to the electron affinity (A) [44] in equation 2:

@

I=—-Enomo

A=-ELumo

Energy gap (AE) is estimated by using Enomo
and ELumo:
AE =ELumo —Enomo €))

Electronegativity (y) is estimated using
following the equation from | and A [45, 46]:

T+ 4
=7 (4
Chemical hardness (1) calculates the resistance
of an atom to a charge transfer [45], it’s estimated by

using the equation from | and A [46]:

1 —A
= (T) ©)

Electron polarizability is called chemical
softness (o), relates the capacity of an atom or group of
atoms to receive electrons [45] and it is estimated from
chemical hardness or Exomo and Eiumo by using the
equation:

)
g=-z(—
Ui (EHGMG — Erpmo

(6)

Chemical potential (1) and electronegativity
() can be calculated using the following equations [19]
from Enomo and Erumo:

e (EHOMG + EL-UMG)
T 2 ™

The global electrophilicity index (w) is a useful
reactivity descriptor that can be used to compare the
electron-donating capabilities of molecules [47]. A high
value of electrophilicity describes a good electrophile
while a low value of electrophilicity describes a good
nucleophile [48]. The global electrophilicity index is
estimated by the equation using the parameters of
electronegativity and chemical hardness:

x:
w ==
2 ®
In addition to those calculated above, the *H
and C-NMR chemical shifts and molecular

electrostatic potential (MEP) surface of molecules were
found by using by using B3LYP/6-311++G(2d,2p)
basic set.

Results and discussion

Structural analysis

The N-aminopyrimidine derivatives (1-3) were
prepared as shown in Scheme 1. The new pyrimidin-
1(2H)-ylaminofumarate derivatives (4-6) were prepared
in moderate vyields (60-74%) from the reactions of
dimethyl acetylenedicarboxylate with 1-3 compounds in
Schemes 2-4. All compounds readily purified by
recrystallization. The proposed mechanism for the
formation of compounds (4-6) is depicted in Scheme 5.
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Scheme-5: The mechanism for the formation of the products (4-6).

On treatment of dimethyl
acetylenedicarboxylate with N-aminopyrimidine-2-
one derivatives (1-3), the reaction should begin by a
nucleophilic attack of the nitrogen atom lone pair
electrons of N-aminopyrimidine-2-one derivatives (1-
3) to the alkyne carbon of dimethyl
acetylenedicarboxylate and commence a Michael
addition [16]. The structures of the compounds (4-6)
were verified by IR, *TH-NMR and *C-NMR spectra.
The details of the reaction pathway of (4-6) with
dimethyl acetylenedicarboxylate as outlined are given
in Scheme 5

The compound 4 was obtained from the
reaction of compound 1 and dimethyl
acetylenedicarboxylate in 68% vyield. The IR
spectrum of compound 4 showed the presence of NH
group at 3249 cm. The IR spectrum of compound 4
showed significant characteristic stretching bands to
the C=0 groups. These bands were observed at 1750,
1716, 1671 and 1645 cm™. In the *H-NMR spectrum,
NH proton in the structure of compound 4, resonated
at 5.61-5.58 ppm. The aromatic protons of 4 were
observed in the 7.41-7.04 ppm as multiplet. The
signals of methoxy protons in the structure of 4 were
observed at 3.78 and 3.71 ppm as singlets. *C-NMR
spectra showed highest frequency signal observed at
194.5 ppm to the benzoyl carbon. The signals of
CH3O- groups were observed at 53.2, 53.0 ppm and
other carbons were determined in the 170.8-57.7 ppm
region. The results of measurement of 5 and 6
compounds were given in the experimental section.

Molecular structure

EHOMO, ELUMO, AE, |, n, G, % etc. values
were calculated for the  pyrimidin-1(2H)-
ylaminofumarate derivatives (after that, it will be
called as briefly pyrimidine derivatives or 4-6) with
the DFT/B3LYP/6-311++G(2d,2p) method for gas
and solvent (ethanol) phase of neutral molecules, as
shown in Figs. 4-7, and Tables 2-6.

On the authority of the frontier molecular
orbital (FMO) theory, the chemical reactivity of
molecule is a function of interaction between HOMO
and LUMO levels of the reacting species [49].
HOMO and LUMO are known as frontier orbitals,
and these a molecule play important role in the
determination of its molecular reactivity or stability.
Some researchers mention that FMO theory is useful
in anticipating the molecule's interaction center [50-
52]. The FMQOs (HOMOs, LUMOSs) of molecules are
given in Fig. 4. It could be easily found that the
HOMO distributions of 4 and 5 compounds for gas
phase are mainly located around of pyrimidine ring,
amine and carbonyl groups. Fig. 4 shows that the
HOMO distributions for in the solvent phase of
compound 4 are approximately the same, the
distribution in  compound 5 appears to be
predominantly on the 4-methyl-phenyl groups. In
compound 6 it can be seen that the HOMO
distributions for both phases are above the 4-methyl-
phenyl groups. The electron-rich regions of the
molecule can be said to be more active. The presence
of nitrogen and oxygen atoms on these molecules to
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be causes strong activity. Also, this figure shows that
there is much more electron density in nitrogen and
oxygen atoms of 4 and 5 compounds, and methoxy
groups of compound 6. The results show that
interaction of molecules with this groups bond in 4-6
is easier.

It is important to note that the most effective
corrosion inhibitors are m-systems and heterocyclic
organic compounds including heteroatoms such as O,
N, S [53]. This situation indicates that these
compounds can also be used as a corrosion inhibitor.
Corrosion inhibition process can be described as the
formation of donor-acceptor surface complexes
between vacant d-orbital of a metal with free or n-
electrons of organic inhibitor, generally including
aforementioned heteroatoms [54]. The LUMO
distributions of 4-6 molecules are mainly located
around of the pyrimidine and non-carbonyl phenyl
ring for both phases. The charge density distribution

6*-HOMO

J.Chem.Soc.Pak., Vol. 42, No. 05, 2020 752

of HOMO and LUMO level of compounds 4-6 for
gas and solvent phase are shown in Fig. 4.

On the authority of FMO, Enomo and ELumo
are associated with electron donating capability and
electron accepting capability of a molecule. High
Enomo is essential for reaction with nucleophiles of
molecule while low E_umo is essential for reaction
with electrophiles [55]. Eromo Values were found in
gas phase for 4-6 molecules -6.791, -6.680, -6.430 eV
for gas phase, and -7.079, -6.941, -6.508 eV for
solvent phase, respectively (Fig. 5).

According to these results, the sequence of
reactivity for gas phase of study molecules can be
written as: 6>5>4 for gas and solvent phase. Exomo
values in molecule 6 is lower than other molecules as
negative. This condition is due to the methoxy group
attached to the phenyl ring of 6 molecules. As is
known, the methoxy group is an electron attracting

group.

6-LUMO 6*-LUMO

Fig. 4: The frontier MOs (HOMOs, LUMOs) molecules by using DFT/B3LYP/6-311++G(2d,2p) basic set for

gas and ethanol (*) phase.



Murat Saracoglu et al.,

Energy, e
S
(=]
(=]

4,290 4.288

4467

J.Chem.Soc.Pak., Vol. 42, No. 05, 2020 753

HOMO, LUMO and AEfor Gas and Solvent Phase
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Fig. 5: The calculated HOMO, LUMO and energy gap (AE) parameters for gas and solvent (*: ethanol) phase
of neutral molecules using B3LYP/6-311++G(2d,2p) method.

HOMO-LUMO energy gap (AE, see eg. 3),
chemical hardness and softness are closely related to
chemical properties [56-60]. Chemical hardness
introduced in 1960s by Pearson [53] is defined as the
resistance to electron cloud polarization or chemical
species deformation. On the authority of the
Maximum Hardness Principle states; “a chemical
system tends to arrange itself so as to achieve
maximum hardness and chemical hardness can be
considered as a measurement of stability” [61].

The physical properties of the compounds
are highly dependent on AE between the compounds.
The large AE indicates a high kinetic stability and
also low molecular activity of the compound.
Because, the higher AE of the molecules are difficult
to polarize. The compounds require more energy to
excite, but smaller energy gaps are relatively easy to
polarize and react more efficiently than higher energy
gaps. Pearson showed that hard molecules with a
high AE values are more stable compared to soft
molecules with a low AE values [62, 63]. The smaller
AE is often interpreted by a stronger activity and
perhaps greater inhibition efficiency [50]. So, AE
decreases, the reactivity of the molecule increases

leading to a better inhibition efficiency and activity
[60].

AE values for gas phase were found 4.290,
4,288, 4.152 eV of 4-6 molecules and 4.467, 4.389,
4.016 eV for solvent phase of 4-6 molecules,
respectively. AE values in the gas phase are lower
than the solvent phase for 4-6 molecules. Therefore,
the gas phase is expected to be more active than
solvent phase. It can be seen that the AE values of
molecules 4 and 5 are very close to each other for gas
phase. It is seen that the AE value of molecule 6 is
slightly lower for both phases. In this case, molecule
6 is found more active than other molecules for gas
and solvent phase due to the fact that a low AE value
is observed (Fig. 5). It appears that the most active
compound is 6 for gas and solvent phase.

lonization potential (1) is one of the basic
indicators of chemical reactivity. High values of the
ionization potential (Eq. 1) demonstrate the chemical
inertness and strong stability, while low ionization
energy indicates high activity of the atoms and
molecules [59]. According to ionization potential
values, order of activity can be written as: 6 (6.430
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eV)<5 (6.680 eV)<4 (6.791 eV) for gas phase and 6
(6.508 eV)<5 (6.941 eV)<4 (7.079 eV) for solvent
phase. As in AE values, in the gas phase | values are
lower than the solvent phase for 4-6 molecules.
Molecule 6 is found more active than other molecules
for gas and solvent phase. Because, molecule 6 has
the lowest ionization potential values. It can be seen
from results that the stable for gas and water phase
belongs to molecule 4.

The hardness (1) and softness (o) are widely
used in chemistry to explain the stability of
compounds. On the authority of the Maximum
Hardness Principle [53], chemical hardness is a rate
of the stability of chemical species. The hardness (see
eq. 5) is just half the energy gap between the Enomo
and E umo. If a molecule has a large energy gap, it is
called hard and other wise is called soft. The active
compounds have a greater softness value. Softness
(see eg. 6) is a quantity of the polarizability. Soft
molecules give more easily electrons to an electron
acceptor molecule or surface [19]. The calculated
chemical hardness and softness values are given in
Fig. 6.

According to softness values, electron
donating trend of studied chemical compounds may
be written as: 6>5=4 for gas phase, and 6>5>4 for
solvent phase. The softness values for gas phase were
found 0.466, 0.466, 0.482 eV of 4-6 molecules and
0.448, 0.456, 0.498 eV for solvent phase of 4-6
molecules, respectively. Molecule 6 was found the
most active molecule for gas and solvent phases.

Hardness

BG6-311++G(2d.2p)  mG-311+G(2d,2p) Solvent

1.50 1

1.00 4

Hardness, eV

0.50 +

0.00 -

4 3 0
Compounds
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The average values of the Exomo and ELumo
have been defined as the chemical potential (). The
negative value of the chemical potential was called
electronegativity (y) (see eq. 4). Chemical potential,
electronegativity and hardness are descriptors for the
predictions about chemical properties of molecules
[64]. Electronegativity also indicates the tendency of
an inhibitor molecule. Electronegativity is which
represents the attraction of the electrons [19]. In
general, a molecule with lower electronegativity is
associated with a higher electron donor bias and
therefore exhibited a higher activity compared to a
molecule with a higher electronegativity value [65].
The electronegativity (y) values were found 4.646,
4.536, 4.354 for gas phase and 4.846, 4.746, 4.500
eV for solvent phase of 4-6 molecules, respectively.
The electronegativity value of 6 is more active than
other molecules for both phases (see Fig. 6).

Dipole moment (DM) is another indicator of
activity of chemical compounds. Although some
authors reported that there is no notable relationship
between dipole moment and inhibition efficiency [57,
66] and some authors showed that activity increases
with the increasing dipole moment [67-69]. In some
studies, authors supported that increasing value of
dipole moment facilitates the electron-transport
process [68, 69]. For instance, in Table 2, calculated
dipole moment values for 4-6 molecules are 4.625,
5.714, 6.918 for gas phase and 8.278, 9.525, 10.868
Debye for solvent phase, respectively (Table 2).
According to dipole moment results, molecule 6 was
found to be the best active for gas and solvent phase.

Softness
W6-311++G(2d,2p)  W6-311++G(2d,2p) Solvent
0.50 1

0.40 H

0.30

Softness. ev-!

0.20 A

0.10

0.00 -

4 Comﬁotmds 6
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Flectronegativity

B6-311++G(2d,2p)  W6-311++G(2d,2p) Solvent
5.00 4
4.50
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3.50 4
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0.50 1
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Compounds
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The Electronic Chemical Potentiel

Compounds
4 5 6

Chemical Potential, eV

W6-311++G(2d.2p) W6-311++G(2d.2p) Solvent

Fig. 6: The calculated some quantum chemical parameters for gas and solvent phase compounds using
B3LYP/6-311++G(2d,2p) method (solvent: ethanol).

The total of negative Mulliken atomic
charges (TMAC) can be seen from Table 2. The
TMAC values have been found as: 4 (-3.626 eV), 5 (-
4.141 eV), 6 (-3.481 eV) for gas phase and 4 (-3.932
eV), 5 (-4.402 eV), 6 (-3.652 eV) for solvent phase.
According to dipole moment results, 5 were found as
the best active molecule for both phases. The
negative charge densities have been shown to
increase on active molecules. This result is the
different as of the order of activity of molecules
found by other calculation methods for gas and
solvent phase. In other methods, molecule 6 has been
found as the most active compound for both phases.
The results of other calculations: global
electrophilicity index (w) and MV can be seen in
Table 2.

Table-2: The calculated some quantum chemical
parameters for gas and solvent phase of the neutral
compounds using B3LYP/6-311++G(2d,2p) method.

DM, MV, TMAC, ,
Molecule 1, eV Debye cm3/mol e eV
4 6.791 4.625 298.294 -3.626 5.031
5 6.680 5.714 342.787 -4.141 4,798
6 6.430 6.918 334.346 -3.481 4565
4* 7.079 8.278 286.620 -3.932 5.257
5* 6.941 9.525 315.922 -4.402 5.132
6* 6.508 10.868 318.322 -3.652 5.043

*Solvent phase: Ethanol

DFT study can be used to better understand
the molecular behaviour and structural conformation
of the compounds. DFT approach helps to study the
electrostatic potential (ESP) distribution of the

compound more precisely. Molecular Electrostatic
Potential (MEP) is used to describe the electrostatic
interaction between a molecule and an atom. ESP is
indicating the electrophilic and nucleophilic nature of
the molecules, and its essential tools to study the
reactivity nature of the compounds. ESP surfaces of
the compounds are shown from Fig. 7.

MEP maps at the surface are represented by
different colours. The blue colour in the ESP graphs
represents the maximum amount of the positive
region in which the nucleophilic reaction takes place,
and the reddish region represents the negative region
in which the electrophilic reaction occurs [62], and
green colour represents zero potential [70].

Fig. 7 shows that the electron density
increases around the oxygen atoms with the negative
electrostatic potential values of the molecules.
Especially, most of the electrophilic reactions takes
place of carbonyl oxygen of the pyrimidine ring (70),
045 and 046 oxygen atoms (the numbers of oxygen
atoms can be seen from the figure in Table-3) for gas
and solvent phase of all compounds, and the red
coloured region in Fig. 7 shows the maximum
electronegativity. This result indicates that these
atoms will enter the electrophilic reactions more
easily. On the other hand, it can be seen that the
electron density decreases around 5N and 8N atoms
with the positive electrostatic potential values of the
compounds.
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Fig. 7: Molecular electrostatic potential (MEP) surface of molecules by using DFT/B3LYP/6-311++G(2d,2p)

basic set for gas and ethanol (*) phase.

In such studies, electronic charge analysis
for atoms in the molecules is important because
binding ability of a molecule also depends on the
electronic charge on heteroatoms of the molecule.
The binding facilitates as the negative charge on
hetero atom increases [71]. In this study, we used
Mulliken population analysis to calculate the atomic
charges [72]. Mulliken atomic charges on nitrogen,
oxygen and carbon atoms of phenyl rings of
molecules 4-6 for non-protonated gas and solvent
phase are given in Table 3. As can be seen from
Table 3, the negative charge densities are more on 7,
45, 46, 49 and 50 number oxygen atoms from other
oxygen, nitrogen and carbon atoms. It is seen that
oxygen atoms with high Mulliken charges are
electron rich in ESP graphs. It is seen that the charge
of carbon atoms in the phenyl rings according to the
atoms and groups bound in the molecules 4-6 is
changing. It is seen from Table 3 that, while the
charge of 14, 15, 26 and 27 number carbon atoms are
increased in molecule 5 to which the electron donor
methyl group is attached, Mulliken charges of the
carbon atom in molecule 6 to which the electron-
attracting methoxy group is bound generally
decreases. The Mulliken negative charges values are
generally lower in gas phase than in solvent phase for
all compounds. It is easier to bind a molecule from
these negative charge atoms where the negative value
is higher. As a result, these atoms in molecules to be
causes strong interaction.

Table-3: Calculated Mulliken atomic charges (e) on
nitrogen, oxygen and carbon atoms of phenyl rings of 4-
6 compounds by using B3LYP/6-311++G(2d,2p) basic
set.

39 o
46
0
Oy5

Atom__4 5 B G 5 &

3N 0360 0365 0385 0420 -0417 -043L
5N 0078 0094 0100 0059 0080 0.101
70 0461 -0466 -0469 0523 -0529 -0.536
8N 0204 -0202 -0.204 -0195 -0.236 -0.243
10C 0217 0311 0211 0332 0361 0277
11C 0034 0073 -0.08 0083 -0.059 -0.094
12C 0345 0135 -0.158 -0390 -0.177 -0.144
13C 0178 0299 0030 -0212 0272  -0.019
14C 0146 -0466 -0.09 0191 -0.497 -0.155
15C 0384 -0469 -0.185 -0447 -0.482 -0.265
25C 0491 0584 0523 0453 0495 0478
26C 0221 0419 -0215 -0.260 -0.408 -0.322
27C 0229 0471 -0.107 -0279 -0428 -0.171
28C 0230 0188 -0.084 -0.263 0272  -0.061
20C 0297 -0156 -0.171 -0319 -0291 -0.165
30C 0132 -0070 -0.04 -0151 -0.150 -0.197
160 0411 -0419 -0433 -0466 -0475 -0494
380 0292 -0290 -0.291 -0.363 -0.364 -0.365
390 0202 -0198 -0.98 -0190 -0.190 -0.191
450 0461 -0462 0462 -0532 -0532 -0.533
460 0423 -0423 0424 0439 -0439 -0.439
490 - ; 0426 - ; -0452
500 - 0.426 -0.451

*Ethanol phase
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We calculated the *H and !3C-NMR
chemical shifts by using Gaussian 09, Revision A.02
program [18]. The 'H and *C-NMR results
calculated by using B3LYP/6-311++G(2d,2p) basic
set are shown in Tables 4-6 for the pyrimidin-1(2H)-
ylamino)fumarate derivatives. The experimental and
calculated *H and **C-NMR chemical shifts results
are given comparatively in these tables. Since the
signals of the carbon and hydrogen atoms in the
pyrimidine and the phenyl ring overlap too much,
they are given as the range in results of these tables.
In addition, the hydrogen atoms of methyl, methoxy
and naphthyl groups are also given as the range
because of overlap.

Table-4: Experimental and calculated with B3LYP/6-
311++G(2d,2p) basic set results of *C and *H-NMR
as ppm for molecule 4.

Atom Experimental Calculated Atom Experimental Calculated

1Cc 124.4 19H 10.24 8.61
2C 178.9 20H 5.61-5.58 8.29
4C 147.6 157.9 21H 7.41-7.04 8.63
6C 155.9 22H 791
9C 1945 200.7 23H 7.80
10C 170.8-57.7 1437 24H 7.44
11C 137.0 25H 7.64
12C 134.2 30H 7.66
13C 139.2 32H 8.71
14C 1328 34H 7.52
15C 138.0 35H 7.78
26C 1457 36H 7.74
27C 137.0 41H 3.78-3.71 4.08
28C 1375 42H 4.41
29C 1335 43H 4.46
31C 134.7 48H 3.99
33C 137.7 49H 3.65
17C 163.3 50H 3.99
18C 102.2 51H 4.25-4.21 5.79
44C 1738

40C 53.0 54.7

37C 1711

47C 53.2 57.1
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and the methyl groups of 5 compound were observed
as 21.4-21.2 ppm and calculated as 23.8 ppm. H-
NMR chemical shifts for the NH of 4-6 compounds
have been recorded in the range 5.61-5.58, 5.57-5.33
and 5.54-550 ppm, respectively, whereas the
corresponding shifts have been simulated at 8.29-
8.25 ppm at B3LYP level for the NH. It is seen the
other results from Tables 4-6 that the experimental
and calculated results are generally compatible.

Table-5: Experimental and calculated by B3LYP
results of **C and *H-NMR as ppm for molecule 5.

3%@ ®
99

Atom Experimental Calculated Atom Experimental Calculated
1C 125.1 19H 10.24 8.62
2C 178.1 20H 5.57-5.33 8.28
4C 157.7 21H 7.34-6.90 8.71
6C 156.5 22H 7.49
9C 194.5 200.4 23H 7.31
10C 142.7 24H 7.39
11C 137.6 29H 7.66
12C 137.0 31H 8.63
13C 152.5 33H 7.20
14C 133.6 34H 7.69
15C 1375 39H 3.77-3.66 4.08
25C 143.1 40H 4.46
26C 1375 41H 457
27C 137.4 46H 3.97
28C 134.0 47TH 3.69
30C 135.6 48H 3.97
32C 150.9 57H 4.17-4.13 5.76
17C 163.2 50H 2.16-2.12 2.81
18C 101.6 51H 2.64
42C 173.9 52H 2.22
35C 171.0 54H 2.77
38C 53.1-53.0 57.0 55H 2.56
45C 54.7 56H 2.09
49C 214 238

53C 21.2 238

According to the data given in Tables 4-6,
the *C chemical shifts for the carbon atoms of the
carbonyl group (9C) of 4-6 molecules have been
recorded in the range 194.5 ppm, and they are
calculated as 200.7-199.2 ppm. Similarly, the
methoxy groups of 4-6 compounds were observed as
53.0-53.7, 53.1-53.0, 53.1-53.0 ppm and calculated
as 54.7-57.1, 57.0-54, 57.0-54.6 ppm, respectively

Table-6: Experimental and calculated by B3LYP
results of 3C and *H-NMR as ppm for molecule 6.
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Atom Experimental Calculated Atom Experimental Calculated

1C 124.8 19H 10.40 8.57
2C 176.9 20H 5.54-5.50 8.25
4C 157.6 21H 7.44-6.60 8.83
6C 156.4 22H 6.95
9C 1945 199.2 23H 7.46
10C 137.0 54H 7.10
11C 139.6 28H 7.62
12C 114.3 30H 8.76
13C 172.0 32H 6.94
14C 1215 33H 7.15
15C 140.0 53H 4.20-4.17 5.74
24C 1374 38H 3.70-3.62 4.06
25C 139.2 39H 4.48
26C 140.4 40H 455
27C 122.3 45H 3.96
29C 114.0 46H 3.67
31C 1714 47H 3.96
17C 163.4 50H 3.78
18C 101.2 51H 4.23
34C 171.0 52H 3.81
41C 173.9 57H 3.78
37C 55.60-53.0 57.0 58H 4.18
44C 54.6 59H 3.83
49C 55.9

56C 56.6
Conclusions

A series of the pyrimidin-1(2H)-

ylaminofumarate derivatives (4-6) were synthesized,
and their 'H-NMR, *C-NMR and elemental analysis
were performed. The quantum chemical parameters
of the synthesized pyrimidin-1(2H)-ylaminofumarate
derivatives have been found and discussed.
According to found results, 6 is found the most active
molecule than 4 and 5 for gas and solvent phase of
neutral compounds. Mulliken charge high oxygen
atoms were found to be electron rich in ESP graphs
for notr and solvent phase. Most of the electrophilic
reactions were found to be the carbonyl oxygen of the
pyrimidine ring (70), O45 and 046 oxygen atoms for
the gas and solvent phases of all compounds. The
experimental and calculated NMR results of
compounds were found generally compatible.
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