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Abstract

In this research, the four new pyrimidine derivatives have been studied by using density
functional theory (DFT/B3LYP/6-31G*) in solvent water for the first time. After quantum-
chemical calculations, the title compounds have been synthesized. The electronic spectra of the
new derivatives in a solvent water were performed by temporally dependent density functional
theory (TD-DFT) method. The equilibrium geometry, the HOMO and LUMO orbitals, MEP,
excitation energies, natural charges, oscillator strengths for the molecules have also been
calculated. NBO analysis has been calculated in order to elucidate the intramolecular,
rehybridization and delocalization of electron density. These molecules have high antioxidant
potential due to the planarity and formation of intramolecular hydrogen bonds. Antioxidant

properties of the title compound have been investigated and discussed.
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1. Introduction

Heterocycles are usually present in most drug molecules because they possess hydrogen bond
donors and acceptors and can interact with target enzymes and receptors via hydrogen bond
interactions. Heterocycles can modulate lipophilicity of the drugs or improve aqueous solubility
of the molecules, thus providing desired pharmacokinetic and pharmaceutical properties [1-3].
Heterocycles containing pyrimidine ring are interest compounds because they constitute an
important class of natural and nonnatural products [4,5]. Pyrimidine nuclei have been a source of
great interest to organic, medicinal, and material scientists over many years and there has been
considerable interest in the development of preparative methods for the production of
pyrimidines. The pyrimidine derivatives have been used as histamine and adenosine receptor
antagonists as well as among several other biological receptors and modulators [6]. These
products show a broad spectrum of biological activities including antioxidante [7] diuretic [8],
antitumor [9], anti-HIV [10], cardiovascular [11], analgesic [12], calcium antagonist [13], anti
inflammatory [14], CNS depressant activity [15], and antimalarial activity [16].

Experimental works are helpful in describing the antioxidant activity of molecular structure, but
they are usully costly and time consuming. With the development of chemistry softwar,
computational chemistry and quantum calculations have been a significant tool for chemist to
interpret various chemical properties and phenomena, chemical reactions [17], especially
catalysis [18], structural determination of organic compounds [19], prediction of spectroscopic
data such as *H NMR and *C NMR chemical shifts [20], IR, UV/Vis and calculation of
properties of the organic molecules [21]. Time-Dependent Density Functional Theory (TD-DFT)
is used for predicting the absorption spectrum of the molecules [22-24]. We have recently
synthesized a series of new azomethine and anthraquinone derivatives and have studied their
antioxidant activity and the charge distributions using quantum-chemical calculations and
interpreted the free radical scavenging capacity of the investigated structures and their radicals
[25,26].

In current study, we reported the synthesis, antioxidant property and equilibrium geometries of
the four new pyrimidine derivatives. The parameters like natural Charges, NBO analysis,
lonization Potential (I) and Electron Affinities (A), HOMO and LUMO energies, Hardness (7),
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Softness (S), Electronegativity (), Electrophilic Index (w), Electron Donating Power (@),
Electron Accepting Power (»") and Energy Gap (Eg) have been calculated for investigated
compounds by B3LYP method with 6-31G™* basis set. We also were reported the results of DFT
calculations to investigate absorption spectrum, UV/Vis, FMO and MEP of four new pyrimidine
derivatives.

2. Computational details

The quantum chemical calculations were carried out for the optimization of the new pyrimidine
derivatives (SYSA-1,2,3,4) using the Gaussian 09W software programs [27] on a Pentium
IV/4.28 GHz personal computer using functional B3LYP with 6-31G* basis set in the solvent
water. Without any constraint on the geometry, the energies of the title molecules were
minimized, completely intramolecular forces were brought to be zero. The IEFPCM (Integral
Equation Formalism Polarized Continuum Model) [28] was used for calculations of the solvent
effect. The electronic transitions of new derivatives were calculated using TD-DFT method. The
theoretical absorption spectrum of the compunds in the solvent water was calculated using
TDB3LYP/6-31G* method. The electronic properties such as dipole moment (up), point group,
Exomo, ELumo, HOMO-LUMO energy gap and natural charges [29] were computed. The
optimized molecular structures, MEP, HOMO and LUMO surfaces were visualized using
GaussView 05 program [30]. The electronic structure of the title compounds was studied by
using Natural Bond Orbital (NBO) analysis [31] at the B3LYP/6-31G* level of theory in order to
computed hyperconjugative interactions and charge delocalization.

3. Results and Discussion

3.1 Optimized Structure of the Compounds SYSA-1,2,3,4

The four structures (SYSA-1,2,3,4) have optimized using B3LYP/6-31G* level of theory. The
calculations were carried out in the solvent water using the IEFPCM (Integral Equation
Formalism PCM) method coupled to UAKS radii. The Integral Equation Formalism PCM, by
Cances, Mennucci and Tomasi is the most popular PCM version. The optimized structures and

parameters are shown in Fig. 1 and Tables 1,2,3,4.
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SYSA-3

SYSA-4
Fig. 1 Optimized molecular structures of the molecules SYSA-1,2,3,4 calculated by B3LYP/6-31G* level of theory

Table 1 Selected optimized geometrical parameters (Bond lengths (A) and Bond angles (°)) of the compound

SYSA-1 calculated by B3LYP/6-31G* level of theory.

Bond lengths (A)

Bond angles (°)

Parameter Experimental Calculated Parameter Experimental Calculated
N1-C2 1.286 1.281 N1-C2-N3 127.36 127.39
N1-C6 1.418 1.415 N1-C6-C5 117.60 117.59
C2-N3 1.377 1.370 N1-C6-N7 122.20 122.16
N3-C4 1.388 1.388 C2-N1-C6 117.21 117.18
C4-C5 1.350 1.346 C2-N3-C4 118.30 118.31
C5-Cé 1.468 1.468 N3-C4-C5 118.72 118.70
C6-N7 1.292 1.290 C4-C5-C6 120.75 120.79
C8-C9 1.543 1.541 C5-C6-N7 120.25 120.23

C2-013 1.354 1.354 C2-N3-C11 112.35 112.33
N3-C11 1.454 1.450 N3-C2-013 110.03 110.05
N7-H24 1.023 1.025 N3-C4-H22 116.31 116.32
C8-012 1.442 1.440 C8-C9-C10 101.95 101.99
C8-C16 1.517 1.516 C8-C9-015 115.82 115.81
C8-H25 1.101 1.100 C9-C8-C16 115.70 115.70
C9-C10 1.543 1.541 C6-N7-H24 108.28 108.27
C9-015 1.408 1.404 N3-C11-H27 111.53 111.49
C10-C11 1.545 1.548 C8-012-C11 109.71 109.73
C10-013 1.462 1.464 C2-013-C10 109.59 109.61
C10-014 1.377 1.374 N3-C11-C10 101.50 101.49
C11-012 1413 1.414 C9-C10-014 117.29 117.30
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C16-017
017-P18
P18-019
P18-020
P18-021
Cl1-H27
014-H28
015-H29
C16-H30
C16-H31
019-H32
020-H33

1.444
1.614
1.612
1.600
1.477
1.092
0.971
0.972
1.092
1.095
0.974
0.974

1.444
1.613
1.610
1.603
1.479
1.090
0.974
0.973
1.092
1.092
0.973
0.973

012-C8-C16
C8-C16-017
013-C10-014
C16-017-P18
017-P18-019
017-P18-020
017-P18-021
019-P18-020
C19-P18-021
020-P18-021
P18-019-H32
P18-020-H33

109.04
111.90
110.40
121.88
100.84
108.03
115.30
100.63
118.19
112.12
112.54
113.70

109.02
111.92
110.39
121.87
100.86
108.03
115.31
100.66
118.21
112.13
112.57
113.73

Table 2 Selected optimized geometrical parameters (Bond lengths (A) and Bond angles (°)) of the compound

SYSA-2 calculated by B3LYP/6-31G™* level of theory.

Bond lengths (A)

Bond angles (°)

Parameter Experimental Calculated Parameter Experimental Calculated
N1-C2 1.350 1.348 N1-C2-N3 118.95 118.96
N1-C6 1.336 1.335 N1-C2-08 122.45 122.41
C2-N3 1.427 1.424 N1-C6-C5 122.41 122.37
C2-08 1.245 1.248 N1-C6-N7 117.40 11751
N3-C4 1.370 1.372 C2-N1-C6 120.56 120.59
C4-C5 1.355 1.354 C2-N3-C4 119.75 119.71
C5-C6 1.433 1.433 N3-C4-C5 121.69 121.63
C6-N7 1.340 1.342 C4-C5-C6 116.63 116.65
N3-C9 1.470 1.469 C5-C6-N7 120.11 120.11
C5-H23 1.078 1.082 N3-C2-08 118.65 118.61
N7-H24 1.011 1.010 N3-C4-H22 116.20 116.17
N7-H25 1.008 1.009 N3-C9-C13 117.80 117.78
C9-010 1.433 1.433 N3-C9-010 110.55 110.54
C9-C13 1.550 1.552 C9-010-C11 110.89 110.89
C9-H26 1.093 1.091 C9-C13-014 116.75 116.76

C10-C11 1.448 1.448 C9-C13-C12 102.17 102.16
C11-C12 1.540 1.539 010-C9-C13 106.90 106.89
C12-C13 1.555 1.553 010-C11-C12 103.65 103.65
C12-015 1.401 1.405 C11-C12-C13 102.19 102.18
C13-014 1.413 1.412 C11-C12-015 114.29 114.23
C11-C16 1.519 1514 C12-C13-014 109.96 109.93
C16-017 1.449 1.447 010-C11-C16 109.21 109.27
017-P18 1.609 1.618 C11-C16-017 111.31 111.71
P18-019 1.603 1.605 C16-017-P18 120.61 120.65
P18-020 1.480 1.482 017-P18-019 105.55 105.59
P18-021 1.604 1.602 017-P18-020 114.81 114.81
Cl11-H27 1.099 1.095 017-P18-021 102.44 102.41
C12-H28 1.098 1.096 019-P18-020 117.15 117.13

014-H30 0.992 0.991 C19-P18-021 102.64 102.61

015-H31 0.980 0.979 020-P18-021 112.57 112.56

019-H34 0.985 0.989 P18-019-H34 109.89 109.87



021-H35 0.973 P18-021-H35 113.30 113.30

Table 3 Selected optimized geometrical parameters (Bond lengths (A) and Bond angles (°)) of the compound
SYSA-3 calculated by B3LYP/6-31G* level of theory.
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Bond lengths (A)

Parameter

Bond angles (°)

Parameter Experimental Calculated Experimental Calculated
N1-C2 1.346 1.343 N1-C2-N3 128.99 128.94
N1-C6 1.354 1.350 N1-C6-C5 118.30 118.23
C2-N3 1.334 1.335 C2-N1-C6 118.50 118.55
N3-C4 1.343 1.343 C2-N3-C4 111.29 111.25
C4-C5 1.396 1.395 N3-C4-C5 126.66 126.60
C4-N7 1.381 1.382 N3-C4-N7 128.20 128.15
C5-Cé 1.419 1.415 C4-C5-C6 116.43 116.39
C5-N9 1.380 1.385 C4-C5-N9 111.19 111.10
N7-C8 1.386 1.383 C4-N7-C8 105.93 105.91
C8-N9 1.316 1.314 C5-N9-C8 104.15 104.12
C2-H27 1.089 1.088 N7-C8-N9 113.60 113.61
C6-N10 1.353 1.353 C4-N7-C13 125.35 125.32
N7-C13 1.457 1.459 C5-C6-N10 121.28 121.28

N10-C18 1.455 1.456 C8-N7-C13 128.68 128.64
N10-H29 1.012 1.011 C6-N10-C18 125.47 125.46
C11-C12 1534 1.534 N7-C13-C12 114.83 114.80
C11-C15 1.539 1.536 N10-C18-C19 112.85 112.81
C11-016 1.422 1.426 C11-C12-C13 103.59 103.58
C12-C13 1.555 1.554 C11-C15-014 106.16 106.10
C12-026 1.424 1.420 C11-C15-C17 113.80 113.79
C13-014 1.421 1.419 C12-C13-014 107.10 107.04
014-C15 1.440 1.442 C13-C12-026 111.05 111.03
C15-C17 1.533 1.534 C13-014-C15 111.39 111.36
C17-025 1.425 1.423 014-C15-C17 109.43 109.41
C18-C19 1.518 1.518 C15-C17-025 111.71 111.69
C19-C20 1.400 1.399 C18-C19-C20 120.27 120.23
C19-C24 1.405 1.402 C18-C19-C24 120.90 120.92
C20-c21 1.399 1.397 C19-C20-C21 120.74 120.71
C21-C22 1.394 1.395 C19-C24-C23 120.62 120.59
C22-C23 1.399 1.398 C20-C21-C22 120.07 120.06
C23-C24 1.397 1.395 C21-C22-C23 119.61 119.61
025-H44 0.971 0.970 C22-C23-C24 120.19 120.18

Table 4 Selected optimized geometrical parameters (Bond lengths (A) and Bond angles (°)) of the compound

SYSA-4 calculated by B3LYP/6-31G* level of theory.

Bond lengths (A)

Bond angles (°)

Parameter Experimental Calculated Parameter Experimental Calculated
N1-C2 1.339 1.338 N1-C2-N3 128.55 128.50
N1-C6 1.351 1.351 N1-C6-C5 118.31 118.31
C2-N3 1.338 1.336 C2-N1-C6 118.69 118.68
N3-C4 1.343 1.348 C2-N3-C4 112.10 11211
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C4-C5 1.397 1.395 N3-C4-C5 125.70 125.68

C4-N7 1.386 1.380 N3-C4-N7 128.74 128.77

C5-C6 1.420 1.417 C4-C5-C6 116.69 116.68

C5-N9 1.385 1.381 C4-C5-N9 111.10 111.06

N7-C8 1.386 1.383 C4-N7-C8 105.55 105.52

C8-N9 1.317 1.314 C5-N9-C8 103.96 103.95
C2-H27 1.089 1.087 N7-C8-N9 113.95 113.91
C6-N10 1.350 1.349 C4-N7-C13 127.85 127.85
N7-C13 1.486 1.485 C5-C6-N10 121.20 121.21
N10-C18 1.461 1.461 C8-N7-C13 126.54 126.57
N10-H29 1.015 1.012 C6-N10-C18 125.60 125.60
C11-C15 1.543 1.540 N7-C13-C12 112.08 112.06
C11-016 1.419 1.419 N7-C13-014 106.55 106.51
C12-C13 1.546 1.545 N10-C18-C19 113.16 113.17
C12-026 1.411 1.410 C11-C15-014 112.56 112.56
C13-014 1.409 1.409 C11-C15-C17 113.53 113.49
014-C15 1.442 1.441 C12-C13-014 110.44 110.39
C15-C17 1.539 1.535 C13-C12-026 113.09 113.05
C17-025 1.436 1.432 C13-014-C15 118.82 118.79
C18-C19 1.518 1.518 014-C15-C11 112.51 112.56
C19-C20 1.401 1.399 014-C15-C17 111.10 111.13
C19-C24 1.400 1.403 C15-C11-016 111.55 111.57
C20-C21 1.399 1.398 C15-C17-025 107.50 107.51
C21-C22 1.394 1.395 C18-C19-C20 120.61 120.59
C22-C23 1.399 1.398 C19-C20-C21 120.66 120.69
C23-C24 1.395 1.394 C20-C21-C22 120.05 120.02
025-H46 0.970 0.969 C21-C22-C23 119.64 119.68
026-H47 0.985 0.987 C22-C23-C24 120.18 120.14

3.2. FMO Analysis and Electronic Properties of the Compounds SYSA-1,2,3,4

The frontier molecule orbitals (FMOs) are including HOMO and the LUMO orbitals that
participate in electronic properties, optical properties, UV/Vis spectrum and chemical reactions
[28]. We calculated the energies of HOMO and the LUMO orbitals and the electronic properties
of compounds SYSA-1,2,3,4 using B3LYP/6-31G* level of theory. The calculated results are

summarized in Table 5.
Table 5 The calculated electronic properties of the compounds SYSA-1,2,3,4 using B3LYP/6-31G* level of theory.

Property SYSA-1 SYSA-2 SYSA-3 SYSA-4
HF (Hartree) -1457.645 -1458.896 -1233.897 -1235.097
Dipole moment (Debye) 9.288 12.018 3.699 6.250
Point Group C1 C1 C1 C1
Eromo (EV) -6.06 -6.72 -5.87 -5.99
ELumo (eV) -0.69 -1.18 -0.64 -0.82
Eg (eV) 5.37 5.54 5.23 5.17
I (eV) 6.06 6.72 5.87 5.99
A (eV) 0.69 1.18 0.64 0.82
8
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¥ (V) 3.37 3.95 3.25 3.40
7 (eV) 2.68 2.77 2.61 2.58
1 (eV) -3.37 -3.95 -3.25 -3.40
o (eV) 2.11 2.81 2.02 2.24
w* (eV) 0.189 0.231 0.186 0.204
o (eV) 0.439 0.481 0.436 0.454
S (eV) 0.186 0.180 0.191 0.193

The image of calculated HOMO and LUMO orbitals of the title compounds is shown in Fig. 2.
The positive and negative phases are in red and green colors, respectively. As shown in Fig. 2,
the HOMO and LUMO orbitals of compound SYSA-1 are mainly focused on double bond (-
C=C- and -C=N-) of the pyrimidine ring and nitrogen atom of imine group. The electron density
of HOMO orbital of molecule SYSA-2 is mainly focused on double bonds (-C=C- and -C=N-) of
the pyrimidine ring, nitrogen atom of amine group, oxygen atoms of carbonyl group,
tetrahydrofuran and hydroxyl groups of on tetrahydrofuran ring, whereas the LUMO orbital is
localized on pyrimidine ring and nitrogen atom of amine group. The HOMO orbital of
compound SYSA-3 are mainly focused on double bond (-C=C-) of the phenyl ring, while the
LUMO orbital is localized on double bonds (-C=C- and -C=N-) of the purine ring and nitrogen
atom of the amine group. The HOMO orbital of compound SYSA-4 are mainly focused on
double bond (-C=C-) of the phenyl ring and partially on the pyrimidine ring and nitrogen atom of
the amine group, whereas the LUMO orbital is localized on double bonds (-C=C- and -C=N-) of
the purine ring and nitrogen atom of the amine group (Fig. 2). Thus, the most of the charge
transfer from the HOMO to LUMO in compounds SYSA-1,2,3,4 takes place due to the

contribution of pi () bonds and lone pairs.
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HOMO (SYSA-1) LUMO (SYSA-1)

)

)
I ‘ d
HOMO (SYSA-2) LUMO (SYSA-2)

HOMO (SYSA-3)

£

HOMO (SYSA-4) LUMO (SYSA-4)
Fig. 2 Calculated HOMO and LUMO orbitals of compounds SYSA-1,2,3,4 by B3LYP/6-31G* level of theory.

The energy of HOMO orbital (Enomo) and the energy of LUMO orbital (E umo) are related to
the ionization potential (I=-Exomo) and the electron affinity (A=-E_umo), respectively [25]. The
global hardness (7), electronegativity (y), electronic chemical potential (i) and electrophilicity
(w), electron donating power (w'= (31+A)2/16(1-A)), electron accepting power (w'=
(1+3A)2/16(1-A)) and chemical softness (S) parameters [26] are calculated with the following
equations:

(n=I-A12) (1)

10
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(=1+Al2) (2)
(H=-(1+A)/2) 3)
(0=p°/2n) 4)
o= (1+3A)2/16(1-A) (5)
o= (31+A)2/16(1-A)  (6)
(S=1/27) (7)

in which values of these parameters are reported in Table 5. The global hardness () parameter is

related to the energy gap (Eg = ELumo — Enomo) and defined as measurement from the resistance

of an atom or a group of atoms to charge transfer [].
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— DOS spectrum — DOS spectrum
| SYSA-L |~ gmpew| | SYSA2 | gomeewie]
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Fig. 3 DOS plots of compounds SYSA-1,2,3,4 by B3LYP/6-31G* level of theory.

The Eg is an important parametre determining molecular electrical transport properties and

reactivity of the molecules [23]. The electronic transport at the molecule with a low gap is
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simpler. A molecule with a low Eg has a high chemical reactivity, low kinetic stability and is a
soft molecule; whereas a hard molecule has a large Eg [26]. The calculated energy gap of the
compounds SYSA-1, SYSA-2, SYSA-3, SYSA-4 was estimated about 5.37 eV, 5.54 eV, 5.23
eV and 5.17 eV, respectively. Total electronic densities of states (DOSs) plots [32] in Fig. 3 also
show the energy gaps of the title compounds. The global hardness of compounds SYSA-1,
SYSA-2, SYSA-3, SYSA-4 is 2.68 eV, 2.77 eV, 2.61 eV and 2.58 eV, respectively. The energy
gap (Eg) and global hardness (7) of title compounds can be ranged in the following sequence:
SYSA-2>SYSA-1>SYSA-3>SYSA-4. The chemical softness (S) index describes the capacity of
an atom or a group of atoms to receive electrons [26]. The chemical softness (S) of title
compounds can be ranged in the following sequence: SYSA-4>SYSA-3>SYSA-1>SYSA-2.
Therefore, the molecule SYSA-4 is the softer compound compared with other compounds.
Electronegativity (y) parameter is a measure of the power of an atom or a group of atoms to
attract electrons [25]. The ionization potential shows the facility of the electron donating of the
investigated compounds due to electron abstraction is the first antioxidant mechanism.
Therefore, compounds with low ionization potential values can easily undergo oxidation.
Antioxidant activity of title compounds can be ranged in the following sequence: SYSA-
2>SYSA-1>SYSA-4>SYSA-3. The compound SYSA-3 has the lowest electron affinity (A)
value (0.64 eV) comparing with other neutral azomethines. The Electrophilic Index (w)
represents the stabilization energy of the molecular systems when electrons saturate it [26]. The
results show that SYSA-3 has the lowest value ® (2.02 eV) and is nucleophilic, whereas SYSA-2
has the highest value ® (2.81 eV) and is strongly electrophilic. In addition, the radical SYSA-2
has the highest electron accepting power (o* = 0.231 eV) and electron donating power (" =
0.481 eV) values.

3.3. MEP Analysis of the Compounds A and B

MEP maps show the electronic density and are used in determination of the negative and positive
electrostatic potentials regions of the molecular structure for electrophilic attacks and
nucleophilic reactions [33]. The difference of the electrostatic potential at the surface is shown
by different colors. The regions of electron rich, partially negative charge, slightly electron rich
sites, positive charge or electron poor and neutral sites in the MEP maps are red, orange, yellow,
blue, and green colors, respectively [34]. The MEP surfaces of molecules SYSA-1,2,3,4 were

calculated by theoretical calculations using the B3LYP/6-31G* level of theory (Fig. 4). As we
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can see from the Fig. 4, the negative site (red color) of molecule SYSA-1 is mostly focused on
nitrogen atom of imine group (N7). In addition, the O21 atom with yellow color is slightly
electron rich site and the H28, H29, H32, H33 atoms in the hydroxyl groups of SYSA-1 show
regions with positive charges. The oxygen atoms of carbonyl groups (O8 and O20) of SYSA-2
have red color that is shown electron rich sites, whereas the H24, H25 atoms in the amine group
and H35 atom in the hydroxyl group with blue color are shown electron poor sites. In the
molecule SYSA-3, the N1, N3, N9 atoms of purine ring and phenyl ring with yellow color are
shown slightly electron rich sites and the H34, H44, H45 atoms with blue color are electron poor
sites. The partially negative charge (orange color) of molecule SYSA-4 is focused on oxygen
atoms of hydroxyl groups (016 and 026 atoms) and the H46 atom in the hydroxyl group show
region with positive charges. The regions with green color in the molecules SYSA-1,2,3,4 show

sites with zero potential and neutral regions.

SYSA-2

SYSA-3 SYSA-4
Fig. 4 MEP maps of the molecules SYSA-1,2,3,4 calculated using the B3LYP/6-31G* level of theory.

3.4. Natural Charge Analysis of the Compounds SYSA-1,2,3,4
The atomic charges play a significant role in molecules because the atomic charges affect
electronic structure, dipole moment, polarizability, vibrational spectra and other properties of

molecular structures []. The atomic charges of molecules SYSA-1,2,3,4 by NBO analysis using
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the B3LYP/6-31G* level of theory in a solvent water were calculated and the results are
presented in Table 6 (atoms numbering are according to Fig. 1). The total charge of compounds
SYSA-1,2,3,4 is equal to zero. The NBO analysis of the title compounds shows that carbon
atoms have both positive and negative charges. As shown in Table 6, the positive carbons are
observed for the carbon atoms attachment to the electron-withdrawing oxygen and nitrogen
atoms including C2 (0.783e), C4 (0.017¢), C6 (0.380e), C8 (0.025¢e), C9 (0.034¢), C10 (0.544e),
C11 (0.248e) atoms in compounds SYSA-1, C2 (0.818e), C4 (0.080¢e), C6 (0.459¢), C9 (0.24%e),
C11 (0.028e), C12 (0.053e), C13 (0.041e) atoms in compound SYSA-2, C2 (0.253e), C4
(0.370e), C5 (0.002¢), C6 (0.438e), C8 (0.230e), C11 (0.052¢), C12 (0.055¢), C13 (0.242¢), C15
(0.031e) atoms in compound SYSA-3, C2 (0.272¢), C4 (0.338e), C5 (0.010e), C6 (0.442¢), C8
(0.231e), C13 (0.257e), C15 (0.041e) atoms in compound SYSA-4. The C2 atom of pyrimidine
ring at the compounds SYSA-1 and SYSA-2 ((0.783e) and (0.818e), respectively) and the C6
atom of purine ring at the compounds SYSA-3 and SYSA-4 ((0.438e) and (0.442e),
respectively) have the more positive charge comparing with other carbon atoms due to the
attachment to two electron-withdrawing nitrogens. According to the calculations, all hydrogen
atoms of the title compounds (SYSA-1,2,3,4) have the positive charge and the hydrogen atoms
attached to oxygen and nitrogen atoms has the highest positive charge comparing with other
atoms. The P18 atom in molecules SYSA-1 and SYSA-2 has the highest positive charge rather

than other atoms.
Table 6 NBO charges (e) of the compounds SYSA-1,2,3,4 calculated using the B3LYP/6-31G* level of theory.

SYSA-1 SYSA-2 SYSA-3 SYSA-4
Atoms Charge Atoms Charge Atoms  Charge Atoms Charge
N1 -0.586 N1 -0.613 N1 -0.588 N1 -0.583
C2 0.783 C2 0.818 C2 0.253 C2 0.272
N3 -0.476 N3 -0.467 N3 -0.564 N3 -0.598
C4 0.017 C4 0.080 C4 0.370 C4 0.368
C5 -0.317 C5 -0.369 C5 0.002 C5 0.010
C6 0.380 C6 0.459 C6 0.438 C6 0.442
N7 -0.743 N7 -0.776 N7 -0.430 N7 -0.429
Cs8 0.025 08 -0.721 Cs8 0.230 C8 0.231
C9 0.034 C9 0.249 N9 -0.518 N9 -0.517
C10 0.544 010 -0.623 N10 -0.598 N10 -0.588
Cl1 0.248 Cl1 0.028 C11 0.052 C11 -0.133
012 -0.587 C12 0.053 C12 0.055 C12 -0.126
013 -0.556 C13 0.041 C13 0.242 C13 0.257
014 -0.734 014 -0.792 014 -0.593 014 -0.595
015 -0.749 015 -0.765 C15 0.031 C15 0.041
C16 -0.119 C16 -0.126 016 -0.776 016 -0.782
017 -0.866 017 -0.861 C17 -0.122 C17 -0.127
P18 2.571 P18 2.566 C18 -0.271 C18 -0.273
019 -1.021 019 -1.042 C19 -0.060 C19 -0.062
14
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020 -0.019 020 -1.106 C20 -0.234 C20 -0.233
021 -1.101 021 -1.021 C21 -0.235 C21 -0.235
H22 0.265 H22 0.262 C22 -0.243 C22 -0.241
H23 0.265 H23 0.271 C23 -0.235 C23 -0.235
H24 0.356 H24 0.438 C24 -0.231 C24 -0.228
H25 0.246 H25 0.439 025 -0.770 025 -0.781
H26 0.264 H26 0.261 026 -0.766 026 -0.795
H27 0.277 H27 0.248 H27 0.219 H27 0.225
H28 0.512 H28 0.242 H28 0.250 H28 0.247
H29 0.498 H29 0.257 H29 0.436 H29 0.438
H30 0.255 H30 0.505 H30 0.247 H30 0.197
H31 0.251 H31 0.493 H31 0.246 H31 0.226
H32 0.540 H32 0.237 H32 0.257 H32 0.209
H33 0.540 H33 0.256 H33 0.239 H33 0.232
H34 0.535 H34 0.501 H34 0.234

H35 0.540 H35 0.228 H35 0.252

H36 0.214 H36 0.498

H37 0.241 H37 0.218

H38 0.270 H38 0.212

H39 0.242 H39 0.268

H40 0.244 H40 0.248

H41 0.244 H41 0.242

H42 0.244 H42 0.245

H43 0.244 H43 0.244

H44 0.488 H44 0.245

H45 0.501 H45 0.244

H46 0.511

H47 0.500

3.5. NBO Analysisof the Compound SYSA-2

NBO analysis is a good method of studying intra- and inter-molecular bonding and interaction
between bonds and charge transfer in molecular structure [26]. The filled NBOs and empty filled
NBOs and the stabilization energy (E®) calculated from the second-order micro disturbance

theory of the compound SYSA-2 are summarized in Table 7.

Table 7 Significant donor—acceptor interactions and second order perturbation energies of the compound SYSA-2
calculated using the B3LYP/6-31G* level of theory.

Donor (i) Occupancy Acceptor (j) Occupancy E®? E()-E(i)° FGi,j)°

kcal/mol a.u. a.u.
(N1-C6) 1.75172 n*(N1-C6) 0.44516 3.39 0.30 0.030
n*(C2-08) 0.45062 42.93 0.30 0.106
n*(C4-C5) 0.20216 5.92 0.33 0.040
(C4-C5) 1.81528 7*(N1-C6) 0.44516 25.49 0.28 0.081
n*(C4-C5) 0.20216 2.85 0.30 0.026
*(N1-C6) 0.11516 7%(C4-C5) 0.20216 108.77 0.02 0.079
o(C4-H22) 1.98033 o*(C2-N3) 0.10809 4.54 0.93 0.059
o(C5-H23) 1.97610 o*(N1-C6) 0.02199 4.28 1.07 0.060
o*(N3-C4) 0.02397 5.61 0.99 0.066
o(N7-H24) 1.98988 o*(C5-C6) 0.03625 4.57 1.16 0.066
o(N7-H25) 1.99003 o*(N1-C6) 0.02199 4.69 1.20 0.067
0(010-C11) 1.98595 6*(C12-015) 0.01653 1.72 1.13 0.039
6*(C16-H33) 0.01519 1.04 1.27 0.032
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5(017-P18)

o(P18-019)

n1(N1)

n1(N3)

n1(N7)
n1(08)

n2(08)

n1(010)
n2(010)

n1(014)

n2(014)

n1(015)
n2(015)
n1(017)
n2(017)
n1(019)
n2(019)
n1(020)
n2(020)
n1(021)

n2(021)

1.97198

1.97727

1.89413

1.59591

1.69090
1.95896

1.85897

1.94294

1.91492

1.97526

1.92119

1.97878

1.94521

1.95175

1.90712

1.96061

1.91864

1.97849

1.81463

1.96872

1.92175

6*(C16-H33)
o*(P18-019)
o*(P18-020)
o*(P18-021)
5*(017-P18)
o*(P18-019)
o*(P18-020)
o*(P18-021)
6*(C2-N3)
o*(C2-08)
5*(C5-C6)
6*(C6-N7)
o*(N7-H24)
7*(C2-08)
w*(C4-C5)
5*(C9-010)
5*(C9-C13)
7*(N1-C6)
6*(C2-N3)
6*(014-H30)
o*(N1-C2)
o*(C2-N3)
6*(014-H30)
5*(C9-C13)
6*(C19-H34)
o*(N3-C9)
6*(019-H34)
5*(C9-C13)
6*(C12-C13)
6*(C13-H29)
5*(C9-C13)
6*(C12-C13)
6*(015-H31)
6*(C12-C13)
o*(C12-H28)
6*(C11-C12)
6*(C12-C13)
o*(P18-020)
o*(P18-021)
6*(C11-C16)
o*(P18-019)
o*(017-P18)
o*(P18-021)
o*(017-P18)
o*(P18-020)
o*(P18-019)
o*(P18-021)
o*(017-P18)
o*(P18-019)
o*(P18-019)
o*(P18-020)
o*(017-P18)
5*(P18-019)

0.01519
0.18888
0.10054
0.15855
0.20042
0.18888
0.10054
0.15855
0.10809
0.02474
0.03625
0.02937
0.00914
0.45062
0.20216
0.05017
0.05086
0.44516
0.10809
0.06684
0.04687
0.10809
0.06684
0.05086
0.04483
0.05320
0.04483
0.05086
0.05478
0.02036
0.05086
0.05478
0.03037
0.05478
0.02531
0.04834
0.05478
0.10054
0.15855
0.02920
0.18888
0.20042
0.15855
0.20042
0.10054
0.18888
0.15855
0.20042
0.18888
0.18888
0.10054
0.20042
0.18888

1.06
3.74
2.25
3.87
3.66
0.52
2.07
4.54
15.34
3.76
11.47
3.90
0.53
53.10
41.97
9.27
4.96
67.40
4.34
8.19
19.97
20.53
12.23
2.53
9.70
7.69
8.89
2.65
1.40
1.89
5.74
7.30
6.27
2.99
1.13
9.53
2.94
4.37
3.43
6.05
10.74
3.38
2.77
531
11.00
1.08
1.05
16.37
20.04
2.38
1.58
9.89
5.59

1.26
1.04
1.17
1.04
1.05
1.06
1.18
1.05
0.71
0.88
0.83
0.84
0.81
0.26
0.29
0.53
0.60
0.26
1.04
1.10
0.78
0.65
0.71
0.87
0.96
0.69
0.79
0.89
0.90
1.03
0.64
0.65
0.74
0.92
1.04
0.65
0.64
0.94
0.81
0.72
0.57
0.83
0.83
0.57
0.70
0.96
0.95
0.50
0.50
0.85
0.97
0.58
0.58

0.033
0.058
0.047
0.059
0.058
0.022
0.045
0.064
0.093
0.053
0.089
0.052
0.019
0.107
0.104
0.069
0.054
0.122
0.061
0.085
0.114
0.104
0.085
0.042
0.086
0.066
0.076
0.044
0.032
0.039
0.054
0.062
0.062
0.047
0.031
0.070
0.039
0.058
0.048
0.060
0.072
0.049
0.044
0.050
0.079
0.030
0.029
0.081
0.090
0.042
0.035
0.070
0.052

2 E@ Energy of hyperconjucative interactions,
® Energy difference between donor and acceptor i and j NBO orbitals,
°F(i, j) is the Fock matrix element between i and j NBO orbitals.
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The electron delocalization from the electron donor orbitals to the electron acceptor orbitals
describes a conjugative electron transfer process between orbitals [35]. For each donor orbital (i)
and acceptor orbital (j), the interacting stabilization energy E® associated with the delocalization
iI—] Is computed [35]:

E® = AE,; = q,—= (8)

in which q; is the electron donor orbital occupancy, €; and &; are diagonal elements and F(i,j) is
the off-diagonal NBO Fock matrix element [35]. The stabilization energy (E(z)) show the value
of participation of electrons in the resonance between atoms. The greater E® value, the most
intensive is the interaction between donor and acceptor orbitals, i.e. the more donation tendency
from electron donors to electron acceptors and the mostly extent of conjugation of the whole
molecular system [23]. Delocalization of electron density between occupied Lewis-type (bond or
lone pair) NBO orbitals and formally unoccupied (antibonding or Rydberg) non-Lewis NBO
orbitals correspond to a stabilization donor—acceptor interaction [24]. NBO analysis has been
carried out for the molecule SYSA-2 using B3LYP/6-31G* level of theory in order to elucidate
the intramolecular, rehybridization and delocalization of electron density within molecule
SYSA-2. The intramolecular hyperconjugative interactions of the compound SYSA-2 with weak,
moderate and strong intensity such as n—n*, n*—n*, c—0c*, n—n* and n—oc™ transitions are
summarized in Table 7. According to results of NBO analysis, the o(P18-019) orbital acts as
electron donor and the anti-bonding ¢*(017-P18), c*(P18-019), ¢*(P18-020), ¢*(P18-021)
orbitals participate as electron acceptor with stabilization energies (E®) about 3.66 kcal/mol,
0.52 kcal/mol, 2.07 kcal/mol, 4.54 kcal/mol, respectively, in which these values show that
o(P18-019)—0c*(P18-021) interaction has the highest stabilization energy (4.54 kcal/mol)
comparing with ¢(P18-019)—o6*(017-P18), 6(P18-019)—c*(P18-019), 6(P18-019)—c*(P18-
020) interactions in the phosphate group. The o(C5-H23) orbital in pyrimidine ring also acts as
electron donor and the anti-bonding o*(N1-C6), o*(N3-C4) orbitals participate as electron
acceptor with stabilization energies (E®) about 4.28 kcal/mol, 5.61 kcal/mol, respectively, in
which these values show o(C5-H23)—c*(N3-C4) interaction has the high resonance energy
(5.61 kcal/mol) comparing with o(C5-H23)—c*(N1-C6) interaction. The intramolecular
hyperconjugative interactions of the =—m* have the higher resonance energies (E®) rather than

o—c* transitions. Aa shown in Table 7, the n—x* transitions in Purine ring that lead to
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moderate delocalization that are including m(N1-C6)—n*(N1-C6), n(N1-C6)—n*(C2-08),
n(N1-C6)—n*(C4-C5), mn(C4-C5)—n*(N1-C6), m(C4-C5)—n*(C4-C5) with the resonance
energies (E®) 3.39 kcal/mol, 42.93 kcal/mol, 5.92 kcal/mol, 25.49 kcal/mol, 2.85 kcal/mol,
respectively. The important n—zn* transition is including n(N1-C6)—n*(C2-O8) with
stabilization energy (E®) about 42.93 kcal/mol. The highest resonance energy in compound
SYSA-2 is observed for n*(N1-C6)—n*(C4-C5) transition with stabilization energy about
108.77 kcal/mol. The n—x* transitions have the most resonance energy (E) rather than n—c*
transitions that are included in n1(N3)—n*(C2-08), n1(N3)—n*(C4-C5), n1(N7)—n*(N1-C6)
interactions with stabilization energies of 53.10 kcal/mol, 41.97 kcal/mol, 67.40 kcal/mol,
respectively. The highest resonance energies for n—oc* transitionsis observed for
n1(N1)—oc*(C2-N3), n2(08)—c*(N1-C2), n2(08)—c*(C2-N3), n2(020)—c*(017-P18),
n2(020)—c*(P18-019) interactions with the resonance energies (E®) 15.34 kcal/mol, 19.97
kcal/mol, 20.53 kcal/mol, 16.37 kcal/mol, 20.04 kcal/mol, respectively.

The results of NBO analysis including the occupation numbers with their energies for the
interacting NBOs [interaction between natural bond orbital A and natural bond orbital B (A-B)]
and the polarization coefficient values of atoms in the molecule SYSA-2 are calculated using the

B3LYP/6-31G™* level of theory is reported in Table 8 (atoms numbering is according to Fig. 1).

Table 8 Calculated natural bond orbitals (NBO) and the polarization coefficient for each hybrid in selected bonds of
the molecule SYSA-2 using the B3LYP/6-31G* level of theory.

Occupancy Bond (A-B)* Energy EDa (%) EDg (%) NBO S(%) S(%) P(%) P(%)
(au.) (a.u.) (A (B) (A) (B)
1.98325 o(N1-C2) -0.83453 59.40 40.60 0.7707 (sp™™) + 0.6372 (sp™"") 3441 3612 6541 63.82
1.98228 o(N1-C6) -0.84922 58.27 4173 0.7633 (sp**) + 0.6460 (sp>%) 3638 3213 6343 67.81
1.75172 n(N1-C6) -0.31174 69.33 30.67 0.8326 (sp™*") + 0.5538 (sp™*) 000 000 9975 99.87
1.98688 o(C2-N3) -0.80722 35.25 64.75 0.5937 (sp**) + 0.8047 (sp*"") 30.85 3255 69.01 67.42
1.99387 o(C2-08) -1.02965 34.89 65.11 0.5907 (sp*™®) + 0.8069 (sp™**) 3269 3941 6721 60.28
1.97259 n(C2-08) -0.36948 24.87 75.13 0.4987 (sp™*) + 0.8668 (sp*™) 013 001 9963 99.75
1.98337 o(N3-C4) -0.84097 62.96 37.04 0.7935 (sp™%) + 0.6086 (sp**3) 3495 2832 6502 7156
1.97927 o(C4-C5) -0.75434 50.33 49.67 0.7094 (sp™*?) + 0.7648 (sp*®) 39.67 3537 6029 6459
1.81528 n(C4-C5) -0.29041 43.28 56.72 0.6579 (sp*®) + 0.7531 (sp**) 001 000 9991 99.94
1.97764 o(C5-C6) -0.70736 4952 50.48 0.7037 (sp*™) + 0.7105 (sp™®) 3216 3723 67.79 6273
1.99201 o(C6-N7) -0.86573 40.10 59.90 0.6332 (sp*®) + 0.7740 (sp>*?) 3045 39.62 6945 60.35
1.98796 6(C9-010) -0.83588 31.78 68.22 0.5637 (sp>*°) + 0.8260 (sp**%) 2023 2861 7952 7132
1.98595 o(010-C11) -0.81410 69.26 30.74 0.8322 (sp>*) + 0.5544 (sp**) 29.07 1798 7087 8176
1.97620 o(C11-C12) -0.61912 51.39 48.61 0.7168 (sp*®) + 0.6972 (sp*'") 2754 2653 7241 7341
1.99350 o(C13-014) -0.83396 33.85 66.15 0.5818 (sp*"°) + 0.8133 (sp**) 2101 2976 7879 70.16
1.97198 6(017-P18) -0.80995 79.49 20.51 0.8916 (sp*®) + 0.4529 (sp***) 2613 2267 7383 7428
1.97727 o(P18-019) -0.82212 21.47 78,53 0.4634 (sp**°) + 0.8862 (sp*™) 2336 2695 7366 72.99
1.97905 o(P18-020) -0.91196 2452 75.48 0.4951 (sp*™®) + 0.8688 (sp*"") 31.00 3241 6750 67.04
1.98033 o(C4-H22) -0.56476 63.21 36.79 0.7951 (sp**?) + 0.6065 (s) 3206 100  67.89
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1.98988 o(N7-H24) -0.67055 72.23 27.77 0.8499 (sp**°) +0.5270 (s) 29.88 100  70.08
1.99003 o(N7-H25) -0.67762 72.07 27.93 0.8489 (sp>#) + 0.5285 (s) 3039 100 6957
1.97715 o(C11-H27) -0.52207 63.14 36.86 0.7946 (sp>®") + 0.6071 (s) 2579 100 7414
1.98912 6(014-H30) -0.73606 78.00 22.00 0.8832 (sp>"®) + 0.4690 (s) 2639 100 7351
1.98560 6(021-H35) 0.77174 77.12 22.88 0.8782 (sp>%) +0.4783 (s) 2462 100  75.29
1.89413 n1(N1) -0.34268 - - sp*® 29.12 - 70.72
1.59591 n1(N3) -0.27907 - - sp%9° 0.03 - 99.97
1.69090 n1(N7) -0.26626 - - sp%9° 0.02 - 99.96
1.95896 n1(08) -0.67423 - - sp®’ 58.08 - 41.88
1.85897 n2(08) -0.28069 - - sp¥# 2.48 - 97.34
1.94294 n1(010) -0.54812 - - spt 33.99 - 65.97
1.91492 n2(010) -0.38453 - - spttts 8.31 - 91.65
1.97526 n1(014) -0.56443 - - spt¥ 41.85 - 58.09
1.92119 n2(014) -0.31746 - - sp*st 1.98 - 97.94
1.97878 n1(015) -0.58865 - - spttt 46.38 - 53.57
1.94521 n2(015) -0.30188 - - sp%9° 0.60 - 99.31
1.95175 n1(017) -0.58432 - - spt® 40.86 - 59.07
1.90712 n2(017) -0.34089 - - sp%9° 0.42 - 99.50
1.96061 n1(019) -0.60590 - - spt® 44.48 - 55.43
1.91864 n2(019) -0.34056 - - sp*% 0.26 - 99.64
1.97849 n1(020) -0.72764 - - sp 67.54 - 32.42
1.81463 n2(020) -0.26945 - - spt® 0.00 - 99.74
1.96872 n1(021) -0.61243 - - spt*t 45.16 - 54.76
1.92175 n2(021) -0.35010 - - sp*% 0.08 - 99.82

 A-B is the bond between atom A and atom B. (A: natural bond orbital and the polarization coefficient of atom; A-B: natural bond orbital and
the polarization coefficient of atom B).

The value of polarization coefficients show the importance of the two hybrids in the formation of
bonds in the molecules [24]. The differences in electronegativity of the atoms involved in the
bond formation are reflected in the larger differences in the polarization coefficients of the atoms
(C-O, C-N, O-P, O-H, C-H bonds). The calculated bonding orbital for the ¢(C2-N3) bond is the
6=0.5937(sp>**)+0.8047(sp>"") with occupancy 1.98688 a.u. and low energy -0.80722 a.u. The
polarization coefficients of the C2=0.5937 and the N3=0.8047 show the importance of N3 atom
in forming o(C2-N3) bond rather than C2 atom. The calculated bonding orbital for the c(C9-
010) bond is 6=0.5637(sp>**)+0.8260(sp>*°) with low energy -0.83588 a.u. and high occupancy
1.98796 a.u. The polarization coefficients of C9=0.5637 and 010=0.8260 show large difference
in polarization coefficients C9 and O10 atoms in o(C9-010); therefore the O10 atom has the
most important in forming 6(C9-010) bond rather than C9 atom. The calculated bonding orbital
for the 6(C5-C6) bond is 6=0.7037(sp***)+0.7105(sp"*®) with low energy -0.70736 a.u. and high
occupancy 1.97764 a.u. The polarization coefficients of C5=0.7037 and C6=0.7105 show low
difference in polarization coefficients C5 and C6 atoms in o(C5-C6) bond and importance of two
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atoms in forming the bond. The =(N1-C6) orbital with the calculated bonding
1=0.8326(sp-°)+0.5538(sp>*) orbital has 69.33% N1 character with sp*® hybrid and has
30.67% C6 character with sp™% hybrid. The sp hybrids of N1 and C6 have 99.75% and 99.87%
p-character, respectively. Therefore, m(N1-C6) bond participates as the electron donation to
n*(C2-08) orbital in n(N1-C6)—n*(C2-08) interaction with stabilization energy (E®) 42.93
kcal/mol (Table 7). Also, the n(C4-C5) orbital with the bonding 7=0.6579(sp**)+0.7531(sp")
orbital has 43.28% C4 character with sp™® hybrid and has 53.72% C5 character with sp*®
hybrid. The sp hybrids of C4 and C5 have 99.91% and 99.94% p-character, respectively.
Therefore, n(C4-C5) bond participates as the electron donation to n*(N1-C6) orbital in n(C4-
C5)—n*(N1-C6) transition with resonance energy (E®) 25.49 kcal/mol (Table 7). According to
the results reported in Table 8, the natural hybrid orbital n1(N3) with sp**®° hybrid, high
occupancy 1.59591 a.u. and high energy -0.27907 a.u. has p-character (99.97%). The p-type lone
pair orbital n1(N3) participates as the electron donation to n*(C2-0O8) and n*(C9-N10) at
n1(N3)—a*(C2-08) and n1(N3)—n*(C4-C5) transitions with high stabilization energies (E®)
53.10 kcal/mol and 41.97 kcal/mol, respectively (Table 7). The natural hybrid orbital n1(N7)
with sp® hybrid has 99.96% p-character and it acts a electron donation to 7*(N1-C6) in
n1(N7)—r*(C22-N23) transition with high resonance energies (E®) 67.40 kcal/mol (Table 7).
3.6. Electronic Structure and Excited States of the Compounds SYSA-1,2,3,4

We used TD-DFT method for predicting the absorption spectra of the compounds SYSA-1,2,3,4.
The theoretical absorption spectra of the optimized structures were calculated in solvent water
using the TDB3LYP/6-31G* method. Excited states (A = 100-400 nm) considered for the
calculation equations that were carried out using the IEFPCM (Integral Equation Formalism
PCM) method coupled to UAKS radii and were obtained the exact amount of the maximum
absorption wavelength (Amax) to the title molecules.

Compound SYSA-1: According to theoretical electronic absorption spectrum of the compound
SYSA-1 (Table 9), the strong peak apeare at Amax = 173.82 nm and the oscillator strength f =
0.63 that is due to charge transfer of one electron into the excited state Sp—Si3, which it
describes by a wave function corresponding to a superposition of four configurations for one-
electron excitation H-3—L+1 (73%), H-4—L+1 (8%), H-3—L (5%), H—L (3%). The main
transition is observed from HOMO-3 to LUMO+1 [H-3—L+1 (73%)]. The other important
excited state of the compound SYSA-1 is such as Sp—Sz with f = 0.46, which is appear at 223.68
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from H—L+1 (62%) gives the main contribution to the formation of the absorption band at
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223.68 nm. (Table 9). The other excited states of the title compound have very small intensity.

The calculated UV spectrum of the compound SYSA-1 is shown in Fig. 5.

Table 9 Electronic absorption spectrum of the compound SYSA-1 calculated by TDB3LYP/6-31G*

Excited | Wavelength | Excitation Configurations Composition Oscillator
State (nm) Energy (eV) (corresponding transition orbitals) Strength ()
So—S3 223.68 5.54 H—L (31%), H-L+1 (62%), H-3—>L+1 (3%) 0.46

H-3—>L+1 (73%) H-4—L+1 (8%), H-3—L (5%)

Sp—S 173.82 0.63 ’ ’ 0.63
07913 HoL (3%)

*H-HOMO, L-LUMO

**In these tables the transitions with > 0.10 are presented.
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Fig. 5 UV/Vis spectra of the compound SYSA-1,2,3,4 in the solvent water calculated by TDB3LYP/6-31G*
method.
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Compound SYSA-2: As can be seen from Table 10, the strong peak at Amax = 186.58 nm and the
oscillator strength f = 0.50 in electronic absorption spectrum of the compound SYSA-2 is due to
charge transfer of one electron into the excited state So—Si3, which it describes by a wave
function corresponding to a superposition of six configurations for one-electron excitation H-
2—L+1 (26%), H-1-L+1 (48%), H—L+1 (10%), H-7—L (4%), H-1-L (2%), H—L (2%).
Excitation of an electron from HOMO-1 to LUMO+1 [H-1—L+1 (48%)] gives the main
contribution to the formation of the absorption band at 186.58 nm. The other excited states of the
title compound have small intensity. The calculated UV spectrum of the compound SYSA-2 is

shown in Fig. 5.

Table 10 Electronic absorption spectrum of the compound SYSA-2 calculated by TDB3LYP/6-31G*

Excited | Wavelength | Excitation Configurations Composition Oscillator
State (nm) Energy (eV) (corresponding transition orbitals) Strength ()
So—S1 253.47 4.89 H—L (89%), H-1—L (6%), H-1—L+1 (2%) 0.10

- 0, - Y - 0,
_ 295 04 548 H-4—L (16%), H 1—>L((3602)A)), H-3—L (6%), H—L 0.14

H-8—L (20%), H-7—L (44%), H-2—L+1 (11%), H-

15L+1 (13%), HoL+1 (4%) 0.12

So—S1u 188.27 6.58

H-2—L+1 (26%), H-1—L+1 (48%), H—>L+1 (10%),

H-7—L (4%), H-1—L (2%), H—L (2%) 0.50

Sp—S13 186.58 6.64

*H-HOMO, L-LUMO
**In these tables the transitions with > 0.10 are presented.

Compound SYSA-3: According to theoretical calculations, the strong peak in electronic
absorption spectrum of the compound SYSA-3 is observed at Amax = 258.76 nm and the oscillator
strength f = 0.42 that is due to charge transfer of one electron into the excited singlet state
So—S1, which it describes by a wave function corresponding to a superposition of two
configurations for one-electron excitation H—L (88%), H—L+3 (7%) (Table 11). The main
transition is observed from HOMO to LUMO [H—L (88%)]. The other important excited state is
excitation of one electron at 193.74 nm (f = 0.27) that belonged to the transition into the state
Sp—S17 and describes by a wave function corresponding to a superposition of twelve
configurations for one-electron excitations H-6—L (10%), H-4—L+1 (10%), H-4—L+3 (16%),
H-2—-L+2 (12%), H-1-L+3 (11%), H-5—L (8%), H-3—L+1 (3%), H-3—L+2 (4%), H-
3—>L+3 (5%), H-2—L+3 (3%), H-1-L+2 (4%), H—>L+4 (4%). Excitation of an electron from
H-4—L+3 (16%) gives the main contribution to the formation of the absorption band at 193.74

22




O©CO~NOOOTA~AWNPE

nm. The other excited states of the title compound have very small intensity. The calculated UV

spectrum of the compound SYSA-3 is shown in Fig. 5.

Table 11 Electronic absorption spectrum of the compound SYSA-3 calculated by TDB3LYP/6-31G*

Excited | Wavelength | Excitation Configurations Composition Oscillator
State (nm) Energy (eV) (corresponding transition orbitals) Strength ()
So—S1 258.76 4.79 H—L (88%), H—>L+3 (7%) 0.42

H-2—L+2 (14%), H-1-L+1 (61%), H-2—L+1 (6%),
S-S5, | 20365 6.08 H-1—-L+2 (8%), H-1-L+3 (4%) 0.10
H-6—L (10%), H-4—L+1 (10%), H-4—L+3 (16%),
H-2—L+2 (12%), H-1-L+3 (11%), H-5—L (8%), H-
So=Su 193.74 6.39 3—L+1 (3%), H-3—L+2 (4%), H-3—-L+3 (5%), H- 027
2-L+3 (3%), H-15L+2 (4%), H—>L+4 (4%)

*H-HOMO, L-LUMO
**In these tables the transitions with f> 0.10 are presented.

Compound SYSA-4: As can be seen from Table 12, the strong peak at Amax = 260.99 nm and the
oscillator strength f = 0.46 in electronic absorption spectrum of the compound SYSA-4 is due to
charge transfer of one electron into the excited singlet state So—S;, which it describes by a wave
function corresponding to a superposition of three configurations for one-electron excitation
H—L (90%), H—L+2 (3%), H—L+3 (3%). Excitation of an electron from H—L (90%) gives
the main contribution to the formation of the absorption band at 260.99 nm. The other excited
states of the title compound have small intensity. The calculated UV spectrum of the compound
SYSA-4 is shown in Fig. 5.

Table 12 Electronic absorption spectrum of the compound SYSA-4 calculated by TDB3LYP/6-31G*

Excited | Wavelength | Excitation Configurations Composition Oscillator
State (nm) Energy (eV) (corresponding transition orbitals) Strength (f)
So—S1 260.99 4.75 H—L (90%), H—L+2 (3%), H—L+3 (3%) 0.46

H-7—L (22%), H-4—L+2 (12%), H-3—L+1 (12%),
So—S19 194.18 6.38 H—L+4 (16%), H-9—L (3%), H-8—L (6%), H-6—L 0.12
(7%), H-5—L+1 (2%), H-4—L+3 (4%)
H-4—L+1 (25%), H-3—L+1 (12%), H-3—L+2 (25%),
H-7—L (4%), H-6—L (3%), H-5—L+2 (3%), H-
So=520 191.97 6.45 4—L+2 (5%), H-2—L+2 (3%), H-2—L+3 (6%), 0.13
H—L+4 (3%)

*H-HOMO, L-LUMO
**1n these tables the transitions with f> 0.10 are presented.

4. Experimental

4.1. DPPH (2,2 diphenyl 1-picryl hydrazyl) or Free radical scavenging method

In this method DPPH (2,2-diphenyl-1-picryl hydrazyl) is the reagent used to analyze the

antioxidant activity of the title compounds. DPPH* is a free radical with an unpaired valence
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electron, and molecules do not dimerize in either its solid state or in solution. In the solution of
DPPH in methanol, the odd electron in the DPPH* free radical results in the formation of purple
color, with an absorption band with a maximum at 519 nm. The color turns from purple to
yellow as the molar absorptivity of the DPPH* radical at 519 nm reduces from 9660 to 1640
when the odd electron presents in DPPH* radical becomes paired with hydrogen from the
antioxidant being studied to form the reduced DPPH-H. The resulting decolorization is
stoichiometric with respect to number of electrons captured. Butylated hydroxyl anisole or
ascorbic acid can be used as a standard one [36-38].

4.2. ABTS cation radical scavenging activity

The scavenging activity against 2,2 azino-bis (3-ethylbenzothiazloine6-sulfonic acid) (ABTS)
cation radical was measured according to the method described [39-41]. ABTS-positive cation
radical was produced directly by reacting of 5 mM ABTS solution with 2 mM potassium
persulfate and keeping the mixture for 10-12 h. in a dark place at 20 °C. Prior to the beginning of
the assay, ABTS solution was diluted with ethanol to an absorbance of 0.70 + 0.02 at 734 nm.
Sample solution (1 mL) was added to ABTS solution (2 mL) and mixed. The sample absorbance
was read at 734 nm after 25 min incubation at the room temperature. The ABTS cation radical
scavenging activity was expressed as equivalents of Trolox according to the equation obtained

from the standard Trolox graph [25].

5. Antioxidative Chemical Assays

5.1. DPPH Radical Scavenging Activity

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity of the title compounds
was determined at four concentrations ranging from 1 uM to 250 uM (Table 13). The given data
show decrease in the concentration of DPPH radical due to the scavenging by the best
anthraquinone derivatives. All the studied structures were active in assay, SYSA-2 showed the
highest value for DPPH radical scavenging. This is confirmed by their ICsy values that show

antioxidant potential decreased in the order of SYSA-2>SYSA-1>SYSA-4>SYSA-3.
Table 13. DPPH Radical Scavenging Capacities of BHA and of the Title Compounds

Structures DPPH Scavenging Activity (%)
1 uM 50uM 100uM 250uM I1Cso uM
BHA 1.2+1.9 59.9+0.5 65.4+0.40 62.1+3.2 36.5+1.7
SYSA-2 5.3+1.3 10.3+3.0 30.0£1.3 60.1+£2.0 10.5+2.3
SYSA-3 3.2¢15 16.3£1.6 28.7+0.3 47.1+1.6 33.8+1.2
SYSA-1 3.61£2.0 11.745.3 44.6+1.3 37.9+1.6 11.2415
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SYSA-4 8.3£1.8 18.9+1.2 55.3+0.7 66.0£1.9 19.7+0.8

5.2. ABTS Radical Cation Scavenging Activity

Total antioxidant activity of the compounds was measured using the ABTS radical cation
decolorization assay. It is an excellent means for determining the antioxidant activity of
hydrogen-donating and of chain-breaking antioxidants [42,43]. The calculated ICsy show that

SYSA-2 has high potency in ABTS radical cation scavenging observed with BHA (Table 14).
Table 14. ABTS Radical Cation Scavenging Capacities of BHA and Anthraquinone Derivatives

Structures DPPH Scavenging Activity (%)
1 uM 50uM 100uM 250uM 1Cso UM
BHA 1.2+1.9 59.9+0.5 65.4+0.40 62.1+3.2 36.5+1.7
SYSA-2 3.7£1.0 11.4+0.2 33.5+1.1 44.0+1.6 4.4+0.5
SYSA-3 6.2+0.1 15.5+4.7 47.5+2.1 64.3+3.9 16.6+0.3
SYSA-1 3.7£3.0 13.9+1.3 41.940.3 39.2+1.7 18.6x1.4
SYSA-4 9.3x1.1 18.3+1.2 51.2+0.7 63.0+1.1 22.7+2.7

6. Conclusions

The four new pyrimidine derivatives (SYSA-1,2,3,4) were optimized using Density Functional
Theory (DFT/B3LYP/6-31G*). The Eg, global hardness, antioxidant activity of title compounds
can be ranged in the following sequence: SYSA-2>SYSA-1>SYSA-4>SYSA-3. According to
NBO analysis of compound SYSA-2, the n-bonds and lone pairs with p-character participates as
the electron donation to m*-bonds that lead to high stabilization energy (E®) and the highest
resonance energies in title compound is observed for *—z* transition. The strongest signals in
calculated electronic absorption spectra of the compounds SYSA-1, SYSA-2, SYSA-3, SYSA-4
are observed at Amax = 173.62, 186.58, 258.76, 260.99 nm. All the studied structures were active
in assay, SYSA-2 showed the highest value for DPPH radical scavenging (10.5+2.3 uM). The
calculated ICs show that SYSA-2 has high potency in ABTS radical cation scavenging observed
with BHA (4.4+0.5 uM).
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