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Abstract

The electronic and tautomeric structures of some novel pyrazolyl quinolinone derivatives are investigated using
DFT/B3LYP/6-311++G (d, p) level of theory. The results of MO calculations show that all the studied compounds 1- 6 are
planar, as indicated from the calculated dihedral angles. The calculated Epomo and E ymo energies of the studied
compounds can be used to describe the extent of charge transfer in the studied molecules and to calculate the global
properties; the chemical hardness (1), global softness (S), electrophilicity (), and electronegativity (x). The effect
of substituents of different strengths on the geometry, energetic and nonlinear optical properties are analyzed and discussed.
The choice of these substituent's in the studied compounds aims at creating a push-pull system on pyrazolyl quinolinone
structure which pave the way to understand their nonlinear optical properties. The calculated nonlinear optical
parameters (NLO); polarizibilty (o), anisotropy of the polarizibility (Aa) and first order hyperpolarizibility (p) of the
studied compounds have been calculated at the same level of theory and compared with the proto type Para-Nitro-
Aniline (PNA), show promising optical properties. 3D- plots of the molecular electrostatic potential (MEP) for some of
the studied compounds are investigated and analyzed showing the distribution of electronic charge density of orbitals .
describing the electrophilic and nucleophilic sites of the selected molecules.

Keywords: B3LYP/6-311++G(d,p); DFT; NLO analysis; pyrazolyl quinolinone; global reactivity.

developed and various diseases have been treated
with these drugs in clinical trials [7].

1.Introduction Studying the electronic structure of these
quinolinone is an important structural item in several molecules aims to understand the forces that govern
natural products and synthetic pharmaceuticals with the electronic structure of the proposed molecules. In
wide range  of biological activities including the literature there is no systematic study of the
antibiotic, anticancer [1]anticancer drug applicant electronic structure and substituent effect, such a
that ~ strongly =~ promotes  cellapoptosis[2], study is very important in understanding their
antidepressant ~,  anticonvulsant  activities electronic structure which may correlate with their
[3].,antipsychotic, antiallergic, antihistaminic or anti- activity.

inflammatory[4]-[6].  These broad biological The electronic structure of the novel compounds
activities have been a great concern in the field of pyrazolyl quinolinone derivatives 1-6 and NLO
pharmaceutical chemistry, thus numerous synthetic analysis which have been evaluated to understanding
quinolinone  anti-bacterial ~agents have  been of the electronic polarization underlying the

molecular NLO processes [8,9]. Reliable structure-
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property relationships, where property here refers to
linear polarizability (), and first-( ) are required for
the rational design of optimized materials for
photonic devices such as electrooptic modulators and
all-optical switches [10]. Our study in this work is to
shed more light on the geometrical parameters (bond
lengths, bond angles and dihedral angles), ground
state properties of pyrazolyl quinolinone derivatives,
energy gaps (highest occupied molecular orbital
(HOMO), lowest unoccupied molecular orbital
(LUMO), effect of substituent's of different electron
donating- withdrawing power in the aryl moiety, and
electrostatic potential are calculated using B3LYP/6-
311++G (d,p). The electronic dipole moment (L), and
first order hyperpolarizibility (B) values of the studied
compounds have been computed to study the NLO
properties to identify and characterize the forces that
govern the structure activity and the optical
properties of the studied compounds. Finally, global
reactivity descriptors including electronegativity (),
hardness (1), softness (S), and electrophilicity (@) of
the studied compounds were calculated and analysed,
while molecular electrostatic potential (MEP) of
molecules were explored as well.

2. Experimental details

2.1. Synthesis

The titled compound and It's derivatives have been
prepared as mentioned[11] were, compound 1 (E)-
1-ethyl-4-hydroxy-3-(3-hydroxy-4-(phenyldiazenyl)-
1H-pyrazol-5-yl)quinolin-2(1H)-one, compound 2
(E)-1-ethyl-4-hydroxy-3-(3-hydroxy-4-(p-
tolyldiazenyl)-1H-pyrazol-5-yl)quinolin-2(1H)-one
compound 3 (E)-1-ethyl-4-hydroxy-3-(3-hydroxy-4-
((4-methoxyphenyl)diazenyl)-1H-pyrazol-5-
yhquinolin-2(1H)-one, compound 4 (E)-3-(4-((4-
chlorophenyl)diazenyl)-3-hydroxy-1H-pyrazol-5-yl)-
1-ethyl-4-hydroxyquinolin-2(1H)-one ,compound 5
(E)-1-ethyl-4-hydroxy-3-(3-hydroxy-4-((4-
nitrophenyl)diazenyl)-1H-pyrazol-5-yl)quinolin-
2(1H)-one and compound 6 (E)-3-(4-((4-
bromophenyl)diazenyl)-3-hydroxy-1H-pyrazol-5-yl)-
1-ethyl-4-hydroxyquinolin-2(1H)-one as shown .
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2.2. Computational details
All computations were carried out using Khon-
Sham’s DFT method subjected to the gradient-
corrected hybrid density functional B3LYP method
[11, 12]This function is a combination of the Becke’s
three parameters non-local exchange potential with
the non-local correlation functional of Lee et al[13,
14].For each structure, a full geometry optimization
was performed using this function[11,12]and the 6-
311++G (d, p) basis set[16] as implemented by
Gaussian 09 package[17]. All geometries were
[YA]visualized either using GaussView 5.0.9 or
chemcraft 1.6[19] software packages. No symmetry
constrains were applied during the geometry
optimization. Also, the total static dipole moment (u),
(Aa), and (B), values were calculated by using the
following equations [19, 20].

U= (u2x + u2y + u2z) 1/2,
{a) =1/3 (axx + ayy + azz)
Aa = ((axx —ayy) 2+ (ayy — azz) 2 + (azz —
axx) 212)1/2
(B)=(B2 + B2y +p2z) 112 1)
Where

Bx = Bxxx + fxyy + Bxzz,

By =Byyy + Bxxy+t Byzz,

Bz =Bzzz + fx z+ Byyz. 2)
HOMO and LUMO energy values, electronegativity,
and chemical hardness can be calaulated as follows

x= (I+A)/2  (electronegativity), n= (I-A)/2
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(chemical hardness), S= 1/2n (globalsoftness), =p2/
2n (electrophilicity) where I and A are ionization
potential and electron affinity, and /= ~EHOMO and
A=ELUMO,  respectively  [22][10].For  the
conversion factors of a, g, and HOMO and LUMO
energies in atomic and CGS units: 1 atomic unit (a.u.)
= 0.1482 x10%* electrostatic unit (esu) for
polarizability (a); 1 a.u. = 8.6393x10°> esu for first
hyperpolarizability (8); 1 au. = 27.2116 eV for
HOMO and LUMO energies.

3.Results and Discussion
3.1. Electronic structure
3.1.1. tautomeric structure

The novel prepared pyrazolyl quinolinone exists in
two m-isoelectronic structures 1 and IlI. DFT
calculations at B3LYP/6-311++G** level of theory
were used to investigate which form is more stable
at the ground state. The optimized geometry of the
studied tautomeric structure was checked as minima
on the potential energy surface by frequency
calculations using the same level of calculation.
Structure optimization for the studied tautomeric
structure is presented in Fig. 1. The optimization of
the tautomeric structure show that the molecules
belong to C1 symmetry point group. Total energy,
energy of HOMO and LUMO, energy gap and dipole
moment of the two tautomeric structures computed
at the B3LYP/6-311++G(d,P) are presented in Table
1. The results of MO- computation predicted that the
total energy of | is -1272.13547 au and that for 11 is -
1272.13578 au. On the energy scale, the tautomeric
structures exist in a static mixture in the ground state
with structure Il (OH) is more stable than structure |
(C=0) by 0.813 kJ (c.f. Tablel). The energy gap of
Il is less than I by 0.05 kJmol™, indicating that
tautomer 11 is chemically active than tautomer I.
Also, the dipole moment which measures the
polarization of the molecule, indicating that tautomer
Il is more polarized than tautomer | by 4.1D.
Therefore, structure 11 in the statically mixtures in the
ground state is considered the major product and all
calculations in this paper considered the enol-
structure is the stable form in the ground state.
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Fig. 1. The optimized geometry of the two tautomeric
structures
Table 1

Total energy, energy of HOMO and LUMO, energy gap and
dipole moment of the two tautomer structures computed at the
B3LYP/6-311++G(d,P) .

Compounds Structure | Structure 11
Er (au) -1272.13547 -1272.13578
Enomo (EV) -6.0501 -6.1654
ELumo (EV) -2.7521 -2.8680
Egp (€V) 3.298 3.2974
K (Debye) 2.8087 6.8841
3.1.2. Geometry structure

The optimized structures and the vector of the dipole
moment of the studied compounds 1-6 using the
B3LYP/6- 311++G (d, p) are presented in Fig 2. The
energies of HOMO, LUMO, energy gap and dipole
moment of all compounds are presented in Fig. 3and
Table 2. The optimized geometrical parameters (bond
lengths, bond angles and dihedral angles) of the
studied compounds 1-6, are listed in Table3 with the
available experimental data. The analysis of Table 3
and Fig. 2 shows that the most stable geometry of the
studied compounds, 1-6, is the planar structures as
indicating from the dihedral angles c.f. Table 3. The
calculated bond lengths and bond angles for the
studied compounds, 1-6 using B3LYP/6-311++ G
(d,p) are in good agreement with the reported x-ray
data [23].
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Table 2

Total energy, energy of HOMO and LUMO, energy gap, dipole moment, the ionization potential (1 ,eV), electron affinity (A
,eV), chemical hardness (1), eV), global softness (S,eV™), chemical potential (V,eV™?), electronegativity (x,eV), and global
electrophilicity index, (w,eV), of the studied compounds 1-6 computed at the B3LYP/6-311++G (d,P) level of theory.

Parameters Compound 1 | Compound 2 | Compound 3 | Compound4 | Compound5 | Compound 6
E+(a.) 127213578 | -1311.4640 | -1386.6919 | -1731.7581 | -1476.6972 | -3845.6777
Eromo (a.U) -6.1654 -6.0689 -6.0991 -6.2416 -6.4159 -6.2429
ELuwo (a.U) -2.8680 2.7930 2.8157 -3.0157 32371 -3.026
Energy gap :e|\E/H°M° - Eruwol 3.2974 3.2760 3.2833 3.2259 3.1789 3.2169
u(debye) 6.8841 7.1934 7.6322 6.4284 3.0738 6.4416
lonization patential (1=- 6.1654 6.0689 6.0991 6.2416 6.4159 6.2429
EH_or\_/lo)eV
Electron affi ”e'{)’ (A=-ELumo) 2.8680 2.7930 2.8157 3.0157 3.2371 3.026
Elec”"negatxty =(FA)2 45167 4.4309 4.4574 47338 4.8265 4.6345
chemical potential p= - y eV 45167 -4.4309 -4.4574 -4.7338 -4.8265 -4.6345
Chemical Hardness (n=(I- 1.6487 1.6380 1.6417 1.6130 1.5804 1.6085
A)2) eV
Chemical Sog\l}e“ (S=1/2m) 0.3033 0.3053 0.3046 0.3099 0.3146 0.3109
Electrophilicity index &= 6.1868 5.9931 6.0513 6.9464 7.3281 34.1608
u/2n eV
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Fig. 2. The optimized structure, perspective view of dipole
moment of the studied compounds 1-6 at B3LYP/6-311++ G

(d, p).
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Table 3

Optimized geometrical parameters bond lengths (A), bond
Bcalculated at B3LYP/6-311++ G(d,p) level.

angles (degrees)and dihedral angles(degrees) of compounds1-

Compound 1 Compound 2 Compound 3 Compound 4 Compound 5 Compound 6 Experimental®
Bond lengths(A)
C26-H41 1.084 1.085 1.084 1.082 1.083 1.082 1,000
C24-C26 1.390 1.389 1.386 1.389 1.390 1.389 139
C24-C23 1.403 1.402 1.405 1.403 1.404 1.402 1.40
C23-C25 1.405 1.406 1.398 1.406 1.403 1.406 1.40
C23-N22 1.408 1.406 1.408 1.405 1.407 1.405 141
N22-N18 1.275 1.275 1.275 1.276 1.278 1.276 133
N18-C16 1.358 1.360 1.358 1.357 1.351 1.357 1.35
C16-C20 1.437 1.436 1.437 1.438 1441 1.438 1.40
C20-021 1334 1334 1334 1334 1.333 1.333 1359
021-H44 0.982 0.982 0.982 0.981 0.981 0.981 0.92
C20-N19 1311 1.312 1311 1311 1.309 1311
N19-N17 1.364 1.364 1.365 1.365 1.367 1.365 1.394
N17-H45 1.016 1.016 1.016 1.016 1.017 1.016
N17-C15 1.347 1.348 1.347 1.347 1.345 1.347 1.34
C15-C7 1.464 1.465 1.464 1.464 1.462 1.464 1.520
C7-C10 1.392 1391 1.392 1.392 1.393 1.392 1386
Bond angles(®)
C24-C26-C28 120.0 1211 121 119 1204 119.1 121.0
C26-C28-C27 119.7 117.9 119.2 121 118 121 119.8
C28-C27-C25 120.7 121.8 1204 119.7 123 119.7 1203
C27-C25-C23 119.7 119.9 119.8 120.2 1184 120.2 119.40
C25-C23-C24 119.4 118.7 119.9 119 119.2 119.0 119.40
C25-C23-N22 125.2 125.7 125 125.6 125.3 1255 1253
C23-N22-N18 117.3 117.6 117.6 117.4 117 117.3
N22-N18-C16 116.8 116.8 116.7 116.8 117 116.8
N18-C16-C20 127.4 127.4 127.3 127.4 127.4 127.4
C16-C20-021 1255 1255 1255 1255 1255 1255 122.10
C16-C20-N19 111.6 117 111.6 111.6 111.6 111.6
N19-C20-021 28.9 28.8 28.8 28.9 28.8 122.8
C20-N19-N17 104.3 104.3 104.3 104.3 104.3 104.3
N19-N17-C15 115.8 115.7 115.8 115.8 115.9 115.8
N19-N17-H45 122 122 122 122 122 122
014-C8-N9 118.3 118.3 118.3 118.3 1185 118.3
C8-N9-C11 116.1 116.2 116.1 116.1 116.1 116.1 116.2
C8-N9-C5 122.9 122.9 122.9 122.9 122.9 122.8 122.49
Dihedral angles(°)
C23-C25-C27-C28 0 0.1 0.1 -0 0 0
H39-C25-C23-C24 178.4 -179.6 -179.2 -180 179.4 179
N22-N18-C16-C15 179.2 179.9 -179.3 -180 179.7 179.5
021-C20-C16-C15 180 -180 -180 -180 -180 -180 179.20
C24-C23-N22-N18 170.4 -180 -174.8 -179.7 176.1 174.1
H45-N17-N19-C20 179.4 -179.7 180 -179.9 -179.9 179.6
C 16-C15-C7-C8 178.3 -180 179.5 179.6 179.5 178.7
014-C8-N9-C5 176.3 177 176.9 177 177.1 176.5
H33-013-C10-C4 -179.3 179.5 -179.7 180 -180 -179.4
C8-N9-C5-C6 -176.2 -176.8 -176.8 -177 -177.1 -176.5
C5-N9-C11-C12 -86.5 -86.1 -86.2 -86.1 -85.9 -86.1
C10-C4-C1-C2 -179.5 -179.4 -179.5 -179.5 -179.5 -179.6 175.3
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#X-ray data of compounds1-6 from Ref.[24]

3.1.3.  Ground state properties

Total energy, energy of HOMO and LUMO, energy
gap, dipole moment, the ionization potential (I ,eV),
electron affinity (A ,eV), chemical hardness (11, eV),
global softness (S,eV™), chemical potential (V,eV™?),
electronegativity (y,eV), and global electrophilicity
index, (®,eV), of the studied compounds 1-6
computed at the B3LYP/6-311++G (d,P) level of
theory are listed in Table 2. The ionization energy,
I.E, of compound 1 which measures the donating
property (oxidation power) is 6.17eV c.f. Table 2.
The effect of substituents of different strengths and
hence in the donating properties follows the order: 2
>3>1>4>6>5asshown in Table 2. However,
the electron affinity, E.A., of 1 which measures the
accepting property (reducing power) is 2.87 eV. The
order of accepting properties of pyrazolyl
quinolinone derivatives compounds follows 2 <3 <1
<4 <6 <5as shown in Table2. The band gap, Egap,
is the energy difference between EHOMO and
ELUMO, it signifies the facile electron transition
from HOMO to LUMO and characterizes the
molecular chemical stability which is an urgent
parameter for studying the molecular electrical
transition. From the results in Table 2 and Fig. 3
shows that the computed reactivity in the gas phase
of the studied compounds increases in the order: 5 >
6 >4 >2>3> 1 This indicates that the smaller the
Egap, the high er the reactivity of these compounds.
Finally, the theoretically computed dipole moment, y,
for compound 1 which measures the charge
separation over the molecule is 6.88D. The general
trend of the dipole moment changes for the studied
pyrazolyl quinolinone derivatives follow the order 3
>2>1>6>4>5c.f Table2 and the vector of the
dipole moment is presented in Fig. 2.

3.1.4. Global reactivity descriptors

They include chemical hardness(n), electronegativity
(), chemical potential (V), electrophilicity (o),
electron  affinity (A), ionization potential(l) and
global softness (S) which are calculated at
B3LYP/6- 311++G (d,p) c.f. Table 2. The frontier
molecular orbital (FMO) energies were calculated
for the studied compounds at the same level of
theory. Using HOMO and LUMO energies,
ionization potential and electron affinity can be
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expressed as I~ -EHOMO, A~ -ELUMO at the
B3LYP/6-311++G (d,p) as shown in Table 2. The
variation of electronegativity (y) values is supported
by electrostatic potential, for any two molecules,
where electron will be partially transferred  from
one of low y to that of high x. The results show that
the order of decreasing yis: 5>4>6>1>3> 2,
The results of small n values for the studied
compounds reflect the ability of charge transfer
inside the molecule. Therefore, the order of charge
transfer inside the molecule is: 1>3>2>4> 6 > 5.
There is a linear relationship between 1 and Eg as
shown in Table 2. Considering n values, the
higher the n values, the harder is the molecule and
vice versa.

3.1.5. Natural Charge

The natural population analysis [25] done on the
electronic structures of compounds 1-6 clearly
describes the distribution of electrons in various sub-
shells of their atomic orbits. The accumulation of
charges on the individual atom presented in Table 4.
In case of our studied compounds 1-6, the most
negative centres are 013, 014, 021, N9, N17, N18,
N19, N22 atoms. According to an electrostatic point
of view of the molecule, these negative atoms have
tendency to donate an electron. Whereas, the most
electropositive atoms such as; C8, C10 have tendency
to accept an electron.

3.2.Nonlinear optical (NLO) Analysis
In the literature no experimental or theoretical
investigations were found titled NLO for these
classes of molecules. NLO is at the forefront of
current research due to its importance in
providing key functions of frequency shifting,
optical modulation, switching, laser, fibre,
optical materials logic and optical memory for
the emerging technologies in areas such
telecommunications, signal processing and
optical inter connections [26]-[28]. In order to
investigate the relationship between molecular
structure and NLO, the polarizabilities and
hyperpolarizabilities of the studied compounds
1-6 are calculated using DFT/B3LYP/6-
311++G(d,p). Total static dipole moment (), the
mean polarizability a, the anisotropy of the
polarizability =~ Ao, the mean first-order
hyperpolarizability (B) of the studied compounds
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1-6 are listed in Table 5. P-nitro aniline (PNA) is
a standard prototype molecule used in NLO
studies. In this study, PNA is chosen as a
reference as there were no experimental values
of NLO properties of the studied compounds.
The values of B in Table 5 show that the order of
increasing with respect to PNA is : compound
lis ~79 times higher than (PNA),whereas
compound 2 is ~ 85 times higher than (PNA),

Table 4

compound 3 is ~ 130.5 times higher than the
standard (PNA) , compound 4 is ~ 188.5 times
higher than the standard (PNA) ,compound 5 is
~ 80 times higher than the standard (PNA) and
compound 6 is ~ 126 times higher than the
standard (PNA). The calculated first order
hyperpolarizability of p- nitroaniline (PNA) is
15.5 x 10 esu [29]-[31]. The analysis of the B
parameter show that the studied compounds
show promising optical properties.

Natural Charge for the studied compounds 1-6 computed at the B3LYP/6-311++G(d,P) level of theory.

Compounds 1 2 3 4 5 6
Natural charge
C5 0.2209 0.2072 0.2047 0.2052 0.2250 0.2234
N9 -0.4541 -0.4613 -0.4586 -0.4592 -0.4483 -0.4512
C8 0.6761 0.6348 0.6407 0.6298 0.6761 0.6757
014 -0.6875 -0.7010 -0.6969 -0.7014 -0.6876 -0.6869
C10 0.4419 1.2303 1.2484 1.2392 0.5799 0.5742
013 -0.6929 -0.7866 -0.7628 -0.7712 -0.7083 -0.7165
C15 0.1907 0.0889 0.1140 0.0446 0.2028 0.1941
N17 -0.3079 -0.3149 -0.3272 -0.4694 -0.3292 -0.3301
N19 -0.3238 -0.3255 -0.3215 -1.1238 -0.2866 -0.2883
C20 0.4917 0.4890 0.4924 0.1545 0.4841 0.4816
021 -0.6584 -0.6601 -0.6590 -0.6957 -0.6557 -0.6583
N18 -0.2371 -0.2491 -0.2511 -0.2604 -0.2310 -0.2382
N22 -0.2874 -0.2838 -0.2720 -0.2958 -0.3070 -0.2930
Cc23 0.1091 0.1013 0.1196 0.1044 0.1204 .01049
C45 -0.5914
045 -0.5393
C46 -0.2051
Cl45 0.0134
N45 0.4864
046 -0.3749
047 -0.3742
Bra5 0.0779
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Table 5

Total static dipol moment (p), the mean polarizability (<o), the anisotropy of the polarizability (Aa), and the mean first-
order (<p>), of the studied compounds 1-6 computed at B3LYP/6-311++ G (d,P).

Property PNA 1 2 3 4 5 6
1, D -2.3494 0.0570 03732 46134 2.1690 24436
1y, D 6.0590 -6.4489 7.5473 44141 -2.7869 -5.9601
Bz, D 0.6925 0.1430 0.0405 0.6287 1.7008 -0.0016

. 6.54 3.92

i, Debye 2.44 6.45 7.56 6.42 6.44

axx, .U, -126.5956 -141.0215 -126.6804 -166.3305 -143.0077 -157.0337

axy, a.u. 3.8613 5.2511 1.4709 -26.3572 -27.3843 22.7624

ayy, al. -174.6451 -181.4819 -187.0076 -193.2902 -207.5318 1955132

022, 2.0, -167.2590 -174.1348 -15.2258 -179.5923 -183.0430 -185.4813

avz, au. -3.3301 45380 -1.6823 1.6936 21794 13738

axz, a.U. 45058 7.6767 0.0243 52104 -8.8924 -1.0583

- -23.1439
<0>x10 Xesu 22 -24.5339 243728 -26.6372 -26.3590 265786
—24
Aax10 "esu 6.86746 6.13744 8.4696 7.7286 11.1733 7.784
Bxxx,a.U. -13.6876 -3.9527 84.9972 295.1138 29.8012 04216
Bxxy,a.u. 55.0362 109.8700 109.8700 72.5099 46.4051 46,5447
-23.3218

Bxyy,a.. -24.2034 32.9574 39.7769 67.7682 77.2802

Byyy.a. 140.6252 -152.9144 218.2885 -165.6272 -140.5019 -225.3207

Bxxz,a.u. 19.9018 10.4943 -3.0764 25.3768 45.2000 1.9594

-12.0081

Bxyz,a.u. -35.3579 -1.7416 -4.1035 14.4701 -2.6540

Byyz,a.u. 6.0570 3.8315 3.2894 7.3343 27.7752 3.1033

pxzz,a.u. 7.0274 4.2605 -3.7875 25330 2.7043 -61.9004

-24.4419
Byzz,a.u. 16.6667 -12.7549 17.2442 13.9051 2.1778
pzzz,a.u. -0.8224 0.5405 -2.5923 -5.7365 -10.7187 0.8682
o 1220.67
<p>x10 Pesu 155 132152 2023.90 2924.09 1244.29 1946.63

3.3. Molecular electrostatic potential

The electronic density is correlated by Molecular
electrostatic potential (MEP) and is a very good
descriptor in understanding sites for electrophilic and
nucleophilic attack as well as hydrogen bonding
interactions [32]. This is correlated with dipole
moments, electro-negativity, partial charges, and
chemical reactivity of the molecules. These maps
allow us to visualize variably charged regions of a
molecule by the knowledge of the charge
distributions can be used to determine how molecules
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interact with one another. The calculated 3D MEP
and ESP of some of the studied molecules 1,3,4 and 5
are calculated from optimized molecular structure
using DFT/B3LYP/6- 311++G (d,p) as shown in Fig.
4 . The results show that , in case of 1 (X=H) the
negative region (red) is mainly over the O atomic
sites, which is caused by the contribution of lone-pair
electron of oxygen atom while the positive (blue)
potential sites are around the hydrogen, and carbon
atoms. A portion of the molecule that has negative
electrostatic  potential will be susceptible to
electrophilic attack—the more negative the higher the
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tendency for electrophilic attack. The colour scheme
for the MEP surface is as follows: red for electron
rich, (partially negative charge); blue for electron
deficient, (partially positive charge); light blue for
(slightly electron deficient region); yellow for
(slightly electron rich region); green for neutral (zero
potential) respectively. Potential increases in the
following order: red < orange < yellow < green <
blue [33] [34].
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Fig.4. Molecular surfaces of some studied compounds 1,3,4
and 5 at B3LYP/6-311++G (d, p).

4, Conclusion
The electronic and tautomeric structures of some
novel pyrazolyl quinolinone derivatives are
investigated using DFT/B3LYP/6-311++G (d, p)
level of theory. Structure 11 (OH) in the statically
mixtures in the ground state is considered the major
product and all calculations in this paper considered
the enol-structure is the stable form in the ground
state. The order of the donating property (oxidation
power) of the studied compoundsis2>3>1>4>6
> 5, whereas that of the accepting property (reducing
power) is 2 <3 <1<4<6<b5. Also, the results of
the MO calculation shows that the computed
reactivity in the gas phase of the studied compounds
increases in the order: 5>6>4>2 >3 > 1. The
results of the calculated global properties show that

Egypt. J. Chem. 66, No. 1 (2023)

the order of decreasing y(electronegativity) is: 5> 4
>6>1> 3> 2. The small n values for the studied
compounds reflect the ability of charge transfer
inside the molecule. Therefore, the order of charge
transfer inside the molecule is: 1>3>2>4> 6 > 5.
There is a linear relationship between n and Eg for
the studied compounds. In case of our studied
compounds 1-6, the most negative centres are 013,
014, 021, N9, N17, N18, N19, N22 atoms, these
negative atoms have tendency to donate an electron.
Whereas, the most electropositive atoms such as; C8,
C10 have tendency to accept an electron. The mean
first-order hyperpolarizability (B) of the studied
compounds 1-6 calculated at the same level of
calculation and compared with P-nitro aniline (PNA)
as a reference molecule show that compound 1is ~79
times higher than (PNA),whereas compound 2 is ~
85 times higher than (PNA), compound 3is ~ 130.5
times higher than the standard (PNA) , compound 4 is
~ 188.5 times higher than the standard (PNA)
,compound 5 is ~ 80 times higher than the standard
(PNA) and compound 6 is ~ 126 times higher than
the standard (PNA). The analysis of the B parameter
show that the studied compounds show promising
optical properties.
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