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Abstract. The chemical properties of recently synthesized 6-bromo-5-nitroquinoline-1-oxide under a mild
reaction condition by regioselective nitration of 6-bromoquinoline-1-oxide at C5 on going our research were
investigated as theoretical. The crystal structure of 6-bromo-5-nitroquinoline-1-oxide, CyHsBrN,Os, was
determined by X-ray analysis. Crystallized in Pmc2; in the orthorhombic space group with a = 13.6694 (13) A,
b =9.6036 (10) A, c =14.1177 (16) A, Z = 8, Dy = 1.929 mg/m?. In this study, theoretical calculations were
performed using the GaussView 4.1 molecular imaging program and the Gaussian03W packet program. In the
ground state, stable structures of the wholes molecule in the gaseous phase are investigated based on Density
Functional Theory (DFT). Molecularly optimized geometries, dipole moments, charge density, thermodynamic
properties (heat capacity, enthalpy, entropy), chemical shift values (*H NMR and *C NMR), energies,
molecular electrostatic potentials and frontier orbitals (HOMO and LUMO) B3LYP/6-311G(d,p) base set. Thus,
the results obtained by the X-ray diffraction method are supported by theoretical foundations. Finally, the
distribution of interactions between molecules in the crystal structure of 6-bromo-5-nitroquinoline-1-oxide (3)
was investigated by analysis using Hirshfeld surface production and two-dimensional fingerprinting.
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6-Bromo-5-nitrokinolin-1-oksit’in Yapisal Karekterizasyonu: Bir
Kuantum Kimyasal Calisma ve XRD Bulgulan

Ozet. Devam eden ¢alismalarimiz kapsaminda 6-bromokinolin-1-oksit’in 1liman reaksiyon sartlarinda C5
konumundan yersegici olarak nitrolanmasiyla yakin zamanda sentezlenen 6-bromo-5-nitrokinolin-1-oksit’in
kimyasal ozellikleri teorik olarak arastirildi. Bu calismaya ilaveten 6-bromo-5-nitrokinolin-1-oksit’in,
CoHsBrN,O3, yapist X-iginlart difraksiyon analizi ile belirlendi. Bu bilesik, elde edilen wveriler ile,
a=13.6694(13) A, b=9.6036(10) A, c=14.1177(16) A, Z=8, Dy=1.929 mg/m?, ortorombik kristal yapisinda
oldugu belirlendi. Bu ¢alismada, kuramsal hesaplar GaussView 4.1 molekiil goriintiileme programi ve
Gaussian03W paket programi kullanilarak yapilmistir. Temel halde, tiim molekiiliin gaz fazinda yalitilmig halde
bulunan kararli yapilari, Yogunluk Fonksiyonel Kurami (YFT) temel aliarak incelenmistir. S6z konusu
molekiiliin optimize edilmis geometrileri, dipol momentleri, yiik yogunlugu, termodinamik 6zellikler (1s1 s1gas,
entalpi, entropi), kimyasal kayma degerleri (*H NMR and ¥C NMR), enerjileri, molekiiler elektrostatik
potansiyelleri ve 6ncii orbitalleri (HOMO ve LUMO) B3LYP/6-311G(d,p) baz seti kullanilarak elde edilmistir.
Boylece X-15m1 kirinim yontemi ile elde edilen sonuclar kuramsal temeller aracilig: ile desteklenmistir. Son
olarak, Hirshfeld yiizey tiretimi ve iki boyutlu parmak izi grafikleri kullanilarak yapilan analiz ile bilesigin
kristal yapisindaki molekiillerarasi etkilesimleri arastirildi.

Anahtar Kelimeler: Nitrolama, N-oksitleme, Islevsellestirme, 6-Bromokinolin-1-oksit, X-1sinlar1 difraksiyon,
Yogunluk Fonksiyonel Teori.
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1. INTRODUCTION

Nitrated quinolines are important class of key
molecules for synthesizing of amino derivatives for
pharmacological use. Moreover antileishmanial [1]
and potent mutagenic activities [2] of nitro
quinoline N-oxide have been reported. The
electron-acceptor property of N atom in
heteroaromatic causes the electron density of N-
function polycycle aromatics. Thus, possibility of
electropfilic  substitution in heterocycle of
quinoline is very low. Aromatic N-oxides contain
an oxygen atom bound to a nitrogen atom of the
heteroaromatic via a semipolar bond. The N-oxide
group is a good conductor for introducing a
functional group in the position of ortho or para
into the nitrogen atom [3,4]. Also, the N-oxide
group can demonstrate both electron-donor and
electron-acceptor properties depending on the
features of the electronic structure of
heteroaromatics due to mesomeric structures of N-
oxide in pyridine cycle [5]. On the other hand, N-
oxides, routinely used in some reactions, are
prototypical oxidants [6]. N-oxide form of
quinoline has been commonly activated for
bromination and nitration reactions at C-2 and C-4
positions. C-2-halogenation via the corresponding
N-oxides provides an important alternative route
because C-2-substituted arenes with N-function are
common motifs in pharmacological molecules [4].
We have recently explored new synthetic strategy
based on bromination of 6,8-disubstituted
tetrahydroquinolines (THQS) to give 3-bromo-6,8-
disubstituted quinolines [7-9]. Now we plan to
synthesize 2- and/or 4-bromo/nitro 6-substituted
and / or 6,8-disubstituted quinoline to obtain poly
functional quinoline derivatives. For this reason,
we are interested in N-oxidation and nitration of
quinoline. Recently, we have reported the synthesis
of bromo N-oxide quinoline derivatives were
subjected to nitration [10]. First, 6-bromoquinoline
(1) was treated with m-CPBA and converted easily
to N-oxide form. Then, nitration reaction of 6-
bromoquinoline-1-oxide (2) was investigated. N-
oxide form of 6-bromoquinoline (2) was
transformed to corresponding 4-NO; (4) and 5-NO;
(3) quinolines by direct nitration reactions, as NH;

precursor [10]. In this paper, the recently reported
quinoline  derivative  compound,  synthesis,
crystallographic ~ and guantum chemical
computation studies on 6-bromo-5-nitroquinoline-
1-oxide are presented here regarding the above
phenomenon.

2. MATERIALS AND METHODS
2.1. Synthesis of 6-Bromoquinoline-1-oxide (2)

The synthesis of 6-bromo-5-nitroquinoline-1-oxide
(3) via bromination reactions with Br, and then
oxidation reactions with m-CPBA were reported
recently by our previous publications [8, 10]. The
isolated compound (3) was fully characterized with
melting point, elemental analysis, infrared, *H, *C,
HMBC and HETCOR spectroscopy in this paper
[10]. This study was carried out with 6-bromo-5-
nitroquinoline-1-oxide (3) according to our
previous paper [10].

2.2. Crystal Structure Determination for 6-
bromo-5-nitroquinoline-1-oxide (3)

The crystal structure of 3 was evaluated by Bruker
diffractometer equiped with APEX-II CCD
detector using graphite monochromated MoK,
radiation and performed at 296 K. A total of 4795
reflections were collected [2.886° < § < 28.337°]
and cell parameters were determined using SAINT
[11]. The crystal structure was determined by
intrinsic method SHELXS-1997 [12] and refined
SHELXL-1997 [12]. All non-hydrogen atomic
parameters were anisotropically refined and all H
atomic parameters were fixed to 0.93 A for CH.
The Uiso values of the H atoms are also fixed to the
Ueq value of 1.2 times the base atom for CH.
Molecular drawings were generated using ORTEP-
I1l. CCDC 1525693 contains the supplementary
crystal data of 3 for this paper.

2.3. Quantum Chemical Calculation for

Compound 3

The GaussianO3W [13] software package was used
for all quantum chemical -calculations. The
compound 3 was optimized at DFT(B3LYP)
method with the 6-311G(d,p) basis set using the
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GaussView 4.1 interface program [14] in the
gaseous phase. For modeling, formation of 3 was
first obtained from X-ray coordinates. Optimized
geometrical structures and the net charges of
Mulliken were investigated using DFT (B3LYP)
method with 6-311G(d,p) basic set. The solvent
phase calculations have been employed with IPCM
(Polarized Continuum Model (PCM) with
Isodensity version) [15] in the three solvent
enviroments with ¢ = 4.711, ¢ = 24.852, ¢ = 78.355
to simulate chloroform, ethanol, water,
respectively. The highest occupied molecular
orbital (Enomo) and lowest molecular orbital
(ELumo) analysis was performed to account for the
transfer of charge within the molecule. The
chemical hardness (#), chemical softness (o),
electronegativity (x), electronic chemical potential
(w), electron affinity (A), ionization potential (1),
energy gap (4E) were calculated using HOMO and
LUMO. Dipole moment (u), linear polarization (a)
and initial hyperpolarisability (5) were also
calculated. *H and *C NMR isotropic protection
values were calculated by Gauge Including Atomic
Orbital method [16], using optimized geometry
using the B3LYP level. Molecular electrostatic
potential (MEP) was assessed using the B3LYP/6-
311G(d,p) method to investigate the reactive sites
of compound 3. The thermodynamic parameters of
compound 3 were determined to study entropy,
heat capacity and enthalpy change, their
dependence on temperature at temperatures
ranging from 100K to 800K. Finally, the
distribution of interactions between molecules in
the compound 3 was investigated by analysis using
Hirshfeld surface production and two-dimensional
fingerprinting.

3. RESULTS AND DISCUSSION

3.1. Synthesis

In order to facilitate the nitration at the pyridine
ring of quinoline moiety, we have recently reported
that N-oxidation of 6-bromoquinoline was tried
with an oxidizing agents. The N-oxidation was
carried out with m-CPBA (Fig. 1). The N-oxidation
of 6-bromoquinoline (1) occurs smoothly to give

compound (2) with m-CPBA in yield of 87% (Fig.

1).
87% N7
|
&
Figure 1. N-oxidation of 6-bromoquinoline (1).

Then, quinoline N-oxide (2) was subjected to
nitrate. For this purpose, into the crushred ice 6-
bromoquinoline-1-oxide (2) was added slowly
nitration reactant (HNO3/H,SO.) [10]. After
completing the reaction (by stirring 4h) classical
working up procedure gave a product mixture. The
mixture of products, 6-bromo-5-nitroguinoline-1-
oxide (3) and 4-nitro-6-bromoquinoline-1-oxide
(2), were isolated by column chromatography in
yields of 57% and 29%, respectively (Fig. 2) [10].

NO,
N HNO3/HQSO4 Br N
o°c 4h ,?,/

(0] 0]
3 57% 4 29%

Figure 2. Nitration of 6-bromoquinoline-1-oxide (2).

3.2. X-ray Crystal Structure

6-Bromo-5-nitroquinoline-1-oxide (3) contains
three molecules (I-111) in the asymmetric unit (Fig.

3, Table 1).

Table 1. The selected crystal data and structure refinement

parameters for 3.

Empirical formula CoHsBrN2O3
Formula weight 269.06
Crystal system orthorhombic
Space group Pmc2;

a(A) 13.6694(13)
b (A) 9.6036(10)
c(A) 14.1177(16)
V (A%) 1853.3(3)

z 8

D¢ (g cm®) 1.929

« (mm?) 4.422

6 range (°) 2.886-28.337
Measured refls. 78841
Independent refls. 4108

Rint 0.0464

S 1.221
R1/wR2 0.0448/0.0751
Apmax Aprin (eA3) 0.624/-0.737
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The selected bond lengths, and angles of 3 are
given in Table 2. The dihedral angle between
pyridine rings (C1-C4/C9/N1 and C19-

C22/C27/N5) and phenyl rings (C4-C9 and C22-
C27) for (I) and (III) are 0°. The dihedral angle
between pyridine ring [(C10-C13/C18/N3) with a
maximum deviation of 0.0062(1) A for C18] and
phenyl ring [(C13-C18) with a maximum deviation
of 0.0068(1) A for C16] is 0.80° for (II). The C-N,
[1.315(13),

C-Br and N-O bond distances

()

1.488(11), 1.861(9), 1.277(10) and 1.197(6) A for
(1), 1.330(10), 1.480(8), 1.889(7), 1.310(8) and
1.213(8) A for (ll), and 1.325(12), 1.482(11),
1.898(8), 1.299(10) and 1.167(7) A for (1IN,
respectively] are the most sensitive indicators of
the compound 3. In crystal 3, interactions of C-
H...Brand C-H...O are observed (Table 3).

(b)

Figure 3. (a) ORTEP-III diagram, (b) Optimized geometry of compound 3.

Table 2. In the case of ground, optimized (DFT/B3LYP-gaseous phase) with the level of 6-311G(d,p) and experimental

geometries of compound 3.

X-ray DFT/B3LYP X-ray
Bond lengths (&) Bond lengths (A)
C1-N1 1.315(13) 1.352 C18-N3 1.404(8)
C5-N2 1.488(11) 1.489 N3-03 1.310(8)
C6-Brl 1.861(9) 1.903 N4-04 1.213(8)
C9-N1 1.425(13) 1.426 N4-05 1.206(8)
N1-01 1.277(10) 1.278 C19-N35 1.325(12)
N2-02 1.197(6) 1.219 C27-N5 1.404(11)
N2-02 1.197(6) 1219 C24-Br3 1.898(8)
C10-N3 1.330(10) C23-N6 1.482(11)
C14-N4 1.480(8) N5-06 1.299(10)
C15-Br2 1.889(7) N6-07 1.167(7)
Bond angle () Bond angle (*)
N1-C1-C2 122.9(10) 1237 04-N4-04 117.6(7)
01-N1-C1 122.7(8) 121.5 C15-C14-N4 119.3(7)
0O1-N1-C9 119.5(8) 119.7 C13-C14-N4 117.6(7)
Cl1-N1-C9 117.8(8) 118.7 C14-C15-Br2 121.7(5)
C6-C5-N2 118.8(9) 1208 Cl16-C15-Br2 118.3(5)
C4-C5-N2 115.8(9) 116.8 C17-C18-N3 119.5(6)
C5-C6-Brl 123.5(7) 1242 N5-C19-C20 121.4(8)
C7-C6-Brl 119.5(7) 1198 06-N5-C19 121.3(7)
C8-C9-N1 117.9(9) 1183 06-N5-C27 118.8(8)
C4-C9-N1 120.1(8) 120.5 C24-C23-N6 119.6(8)
N3-C10-C11 121.9(7) C23-C24-Ne 118.4(8)
02-N2-C5 118.2(4) 116.7 C23-C24-Br3 120.1(8)
03-N3-C10 121.7(6) C25-C24-Br3 119.3(7)
03-N3-C18 118.0(6) C22-C27-N5 119.3(8)
05-N4-04 124.7(7) C26-C27-N5 118.5(8)
Torsion angles (°) Torsion angles (°)
C2-C1-N1-01 180.0(2) 180.0 C14-C13-C18-N3 -179.8(6)
N2-02-C5-Cé -90.2(8)° -90.6
N4-C14-C15-Cle -178.4(7) C17-C18-N3-03 -0.3(10)
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Table 3. The parameters of C-H...Br and C-H...O interactions (A, °) for 3.

D_H...A D_H H...A D.A D_HA
C8-HS...Brl' 093  2.74 3.665(9) 171.2
C17-H17...Br2i 093  2.80 3.708(7) 166.3
C25-H25...07 093 252 3.376(11) 153.9
C25-H25...07' 093 252 3.376(11) 153.9

Symmetry codes: (i) -x+1, -y+2, z+1/2, (ii) x, -y+2, z-1/2, (iii) x+2, -y+1, z+1/2

3.3. Optimized Molecular Structure

The optimized molecular structure (Fig. 3) of the
selected theoretical inters atomic bond lengths, and
angles are compared with the experimental
parameters obtained by X-ray analysis and the
results are shown in Table 2. The values were
estimated considering some bond lengths in Table
2 are slightly longer than the experimental ones.
These differences are caused by a solid phase
belonging to the experimental results; theoretical
calculation belongs to the gaseous phase. The result
of the different parameters of binding between the
calculated and experimental values, together with
the intermolecular interactions of the molecules
due to the presence of the crystalline solid state area
is due to the interaction with each other [17]. In the
structure, the orientation of the nitro phenyl ring of
compound 3 is defined by the torsion angle N2-02-
C5-C6 = -90.2(8)° for B3LYP/6-311G(d,p) level
(calculated at -90.6°). As can be seen from Table 2,
the difference between X-ray and calculated values
for C1-N1, C5-N2 and C6-Brl bond lengths is
0.037 A, 0.001 A and 0.042 A, respectively.
Similarly, the difference for the N1-C1-C2, C5-C6-
Brl and C8-C9-N1 bond angles is 0.8°, 0.7° and
0.4°, respectively. This small difference is due to
the interactions of hydrogen bonds between
molecules. A logical method for global comparison
of the theoretical calculations is to overlay the
molecular skeleton obtained from X-ray diffraction
with an RMSE of 0.024 A for the calculation of
DFT/6-311G(d,p) (Fig. 4). The size of the RMSE
can be explained by the absence of coulombic
interaction between neighboring molecules in the
gaseous phase and the results of the experiment
correspond to the interactive molecule in the
crystal lattice.

Figure 4. Atom-atom superposition of (red) structure
calculated on X-ray structure (blue) for compound 3.

3.4. Non linear Optical (NLO) Properties and
Dipole Moment

Some of the nitro substitute pyridine materials
show efficient NLO properties that can be used in
various NLO devices. High values of dipole
moment, polarization and hyperpolarization are
known to be important for more active NLO
properties. In this work, the calculation of the total
molecular  dipole  moment  (uww), linear
polarization (ortotat) and first degree
hyperpolarization (Swt) from the Gaussian output
is explained in detail and DFT is widely used as an
effective method for investigating organic NLO
materials [18]. The dipole reflects the molecular
charge distribution in three directions that can be
used to describe the charge motion in the
momentum of the molecule. Using the g, the aotal,
f, and the x, y, and z components, Sy is defined as:
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B

— Oy Oy + 01y

(1)

)

B= B + By + B )’ + By + By + B + (B + B +B,,)°

vec:§|:(ﬂx2 +ﬁy2 +ﬁzz )%:'

From Table 4, the calculated total dipole moment,
Lotal, 1S €qual to 1.3017 D, the highest value among
the components is equal to -1.0703 D and uy in the
x direction. The calculated polarizability of 3 is
calculated as 18.024156x102* esu. Theoretically,
the urea, calculated guotal, ototar aNd Protar Values are
3.6209 D, 4.1495x10% esu, 0.6059x 107 esu using
DFT/B3LYP/6-311G(d,p) method. The uuota Value

(3)

(4)

is smaller; a total value of 3 is higher than the urea
molecule. The aww value of 3 is 4.3437 times
higher than the urea value. It can be observed that
the calculated 3 values are 3.5612x10*esu and
about 5.8776 times more than the urea value. The
high £ value is responsible for the second order
NLO properties. For this reason, value suggests the
possibility of technological applications.

Table 4. The dipole moment (D), linear polarizability (esu), first hyperpolarizability components and Sotal Value (esu) for gaseous

phase in 3.
B3LYP/6-311G(d,p) B3LYP/6-311G(d,p)
Lx -1.0703 Proxx -3.1949x10-%
Ly -0.7404 Py -1.3479x10%
1z 0 Bry  0.0646x1030
tow 13017 By -0.1636x10%0
Bra  -0.0093x10730
Oixx 29.849032x10% Pryz -0.0079x10°%°
Olxy 2.9654057x1024 Py -0.0037x10°%
Oyy 24.223344x107 Pz -0.0859x10%
Oxz -0.000035x10% Py -0.0190x10%
Oy -0.000005x10%* Sz 0
Oz 10.017557x10% Pt 3.5612x10°%°
Oltotal 18.024156x10% Peec  2.1367x10°%°
3.5. HOMO-LUMO Analysis between HOMO LUMO defines molecular

Properties such as molecular orbitals and energy
are very useful for quantum chemistry for chemists
and physicists. Frontier molecular orbitals are
important in determining molecular reactivity and
the ability of the molecule to absorb light. It is also
important for optical and electrical properties. The
HOMO and LUMO are the basic orbitals involved
in the chemical reaction. The HOMO energy
defines electron donation, the LUMO energy
defines electron acceptance, and the difference

chemical stability [19]. The energy difference
between HOMO and LUMO was calculated as
2.924 eV. As can be from Fig. 5, the LUMO is
placed on the NO group attached to the phenyl
ring, while the HOMO localized on the groups
exluding NO2 group, Brl, C3, C4-C9 and hydrogen
atoms.
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FIRST EXCITED STATE
F 3

Ero = 4167 eV

Energy gap (AE) =2924 eV

Enono =-7.091 eV

GROUND STATE

Figure 5. The representation of HOMO and LUMO of 3.

The Etotal, EHOMO, ELUMO, AE, A, |, n [(|-A)/2], X
[(1+A)/2], i [- x], and S [1/27] were calculated by
PCM using B3LYP/6-311G(d,p) level in gaseous
and three solvent phase [20]. The results are listed
in Table 5. However, we can conclude that the 7
and the 4E decrease with the increasing polarity of
the solvent, while the S and the y increase with
increasing polarity of the solvent for the compound
3. The higher the polarization of the solution, the
less the chemical stability of the molecule.

Table 5. The energies calculated for three different solvents, frontier orbital energies, chemical hardness and dipole moments.

DFT/B3LYP with 6-311G(d,p)

Gaseous phase Chloroform Ethanol Water
Etotar (Hartree) -3255.2887898 -3255.2967137 -3255.2994243 -3255.2999127
Erowmo (eV) -7.091 -7.157 -7.198 -7.206
ELumo (V) -4.167 -4.290 -4.332 -4.341
AE (eV) 2.924 2.867 2.866 2.865
A=- ELumo (eV) 4.167 4.290 4.332 4.341
I=- Enowmo (eV) 7.091 7.157 7.198 7.206
n=(1-A)/2 (eV) 1.462 1.434 1.433 1.432
x = (1+A)/2 (eV) 5.629 5.724 5.765 5.774
S=1/27 (eV)* 0.342 0.349 0.349 0.349
uw=-x(€eVv) -5.629 -5.724 -5.765 -5.774
u (D) 1.301 1.457 1.511 1.522

3.6. Atomic Charges

Atomic charges in the molecule are essential for
chemistry. Mulliken atomic charges were
calculated using the B3LYP/6-311G(d,p) method
and summarized in Table 6. It is important to note
that compound 3 has positive charges of atoms Br1,
N2, C1, C3, C5, C8 and C9. The other C and O
atoms and N1 exhibit negative charges. All H

atoms exhibit a net positive charge. The most
positively charged atoms were found to be C5 and
N2. For this reason, it may be attributed to a larger
ionic character (N2-02).



Okten et al./ Cumhuriyet Sci. J., Vol.39-4 (2018) 940-953

Table 6. Calculated net charges by Mulliken population
method for the compound 3.

Atoms Atomic charges Atoms Atomic charges
Brl 0.070045 C5 0.140548
N1 -0.134746 C6 -0.120889
N2 0.124498 Cc7 -0.013432
01 -0.389788 C8 0.049993
02 -0.237795 C9 0.183235
02 -0.237795 H1 0.112636
Cl 0.188064 H2 0.101796
C2 -0.198222 H3 0.082592
C3 0.159248 H7 0.109002
C4 -0.107294 H8 0.118306

3.7. 'H and *C NMR Spectra

The combination use of nuclear magnetic
resonance (NMR) technology and computational
methods provides a strong approach to achieving
more accurate results. The NMR values were
obtained using the B3LYP method for the

optimized CgHsBrN.Os; molecule. The atomic
orbital method was used to calculate the NMR
value of the molecule. Calculations of NMR
spectra were performed for the chloroform solvent.
The isotropic protection values were used to
calculate isotropic chemical changes according to
tetramethylsilana. The experimental results [10]
and theoretical results obtained in *H and *C NMR
spectra are presented in Table 7. Given that the
chemical exchange range of *C NMR for a typical
organic molecule is > 100 ppm [21] in general,
accuracy provides reliable interpretation of
spectroscopic parameters. In this study, it is
expected that 3C NMR chemical shifts in the ring
will be > 100 ppm. Experimental and theoretical
chemical shifts of compound 3 range between
115.2-147.9 and 115.09-149.13 ppm, respectively.
The calculated **C NMR chemical shift value of the
C5 bound to the Nitro group is slightly higher than
the ring carbon atoms that peak at 147.9 when
calculated at 149.13 ppm.

Table 7. Experimental and theoretical *H and *3C NMR isotropic chemical shift values of the molecule.

Atoms Experimental Theoretical Atoms Experimental Theoretical
Cc2 136.6 138.54 H2 8.58 8.54
C3 123.5 124.98 H3 7.46 7.49
C4 115.2 115.09 H4 7.54 7.52
C5 147.9 149.13 H7 7.96 7.82
C6 124.3 123.82 H8 8.79 8.81
c7 133.7 133.31
C8 118.6 119.71
C9 140.6 141.01
C10 124.2 126.86

The 'H NMR chemical shifts of the hydrogen
atoms bonded to the pyridine ring were observed
between 8.58 and 7.46 ppm. These signals were
also calculated at 8.54 and 7.49 ppm using the
B3LYP level. The *H NMR peaks for the H7 and
H8 atoms observed at 7.96 and 8.79 ppm were 7.82
and 8.80 ppm, respectively. The relationships
between experimental and calculated chemical
shifts (0) are explained by the following equation:

Scal, (ppm) = 1.00748 - 0.09366 (R2=0.9999)  (5)

The correlation between the calculated and
experimental chemical shifts was obtained and Fig.
6 shows the change in this correlation.
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Figure 6. Correlation graph of the theoretical and
experimental NMR spectrum of compound 3.

3.8. Molecular Electrostatic Potential

MEP, which is a graph of electron density and
electrostatic potential is mapped onto a hard
surface. MEP was used primarily to predict
hydrogen bond interactions and biological
reactivity and reactivity to electrophilic attack.
While red and yellow regions on the MEP map are
associated with higher electron density, light blue
and blue regions on the MEP map are associated
with lower electron density. Figure 5 shows the
MEP map representing a potential distribution in
the range -0.04504 a.u. and 0.03785 a.u.. Negative
electrostatic potential values are mainly on the NO>
group, which is mainly bound to oxygen, while
there is a positive electrostatic potential, especially
around the oxygen atoms (H1, H2, H7 and H8
atoms). At the same time, these regions indicate the
nucleophilic and electrophilic attack of 3. We can
also use MEP analysis knowledge to predict
whether hydrogen bonds between molecules and
between molecules are present between atoms. In
addition, the results of the the crystal structure 3
analyzes provide supportive information on the
MEP map. So, as mentioned above, the compound
is C25-H25... O7' between two molecules, namely
C-H... O type, between the oxygen atom and

CPpm=0.48083 + 0.16736 T - 8.00859 x 10°T? (R*=0.99958)

s9 =56.80129 + 0.18041 T - 4.73622 x 10° T? (R*= 0.99998)

HO =-1.08469 + 0.01577 T + 4.81226 x 10° T? (R*= 0.99966)

phenyl of the nitro part. It can be said that the
interaction between C-H...O type molecules of Fig.
7 and also this region in the studied structure
reflects character electron donor.

Figure 7. MEP map of mentioned compound 3 at B3LYP
method in gaseous phase.

3.9. Thermodynamic Properties

Some thermodynamic parameters are presented in
Table 8 using the B3LYP/6-311G(d,p) method in
the ground state. As shown in Table 8, enthalpy,
standard heat capacity and entropy increase from
100 to 800 K, because molecular vibrations
increase with increasing temperature. The
correlation equations between heat capacity (Cfp

), entropy (s9 ), enthalpy (HQ) and temperatures

are equipped with quadratic formulas, and the
corresponding fiting regression coefficients for
these thermodynamic properties (R?) are 0.99958,
0.99998, and 0.99966 respectively (Egs. 6-8), the
following and Correlation graphs are shown in Fig.
8.

(6)
()
®)
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All  thermodynamic data provides useful
information about quinoline for further study. They
can be used to calculate other thermodynamic
energies according to the relationships of

Table 8. Thermodynamic parameters for compound 3.

thermodynamic functions and predict the aspects of
chemical reactions according to the second law of
thermodynamics.

Temperature (K)  c9, (Cal mol* K™)

s9 (Cal mol* K?)  HY (k Cal mol?)

100 17.071 74.178 1.268
200 29.901 91.264 3.806
298.15 42.842 106.427 7.576
400 54.889 121.333 12.772
500 64.575 135.106 18.962
600 72.220 147.946 26.016
700 78.229 159.854 33.749
800 83.003 170.889 42.018
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Figure 8. Correlation graphics of 3.
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3.10. Hirshfeld Surface Analysis

Hirshfeld surfaces and fingerprint charts were

created for
crystalographic
CrystalExplorer

the compound based on

the
information file (CIF) using
[22]. The Hirshfeld surfaces

mapped with their composition, dnorm, Shape index
and curvedness functions are shown in Fig. 9. In
Fig. 9, (-0.2019) and (+1.1929) A show the
surfaces mapped on dnerm With constant color scale.
The dnorm Surface is used to define close inter-
intermolecular interactions, and the surface is
mapped in the red-blue-white color scheme. The
Red zones represent contacts closer to the Van der
Waals radius, the blue zones are longer than the van

der Waals radius, and the white zones represent
equal distance of contact to the Van der Waals
separation. Shape index and curvedness surfaces
are mostly used for packaging modes, planar
stacking arrangements and the contact of
neighboring molecules with each other [22]. Fig.
10 show the Hirshfeld surfaces mapped over d;
(0.9695 to 2.6378 A), de (0.9707 to 2.6785 A),
shape index (-1.0 to 1.0 a.u.), fragment patch (-0.0
to 13.0 a.u.), and curvedness (-4.0 to 0.4 a.u.).



950 Okten et al. | Cumhuriyet Sci. J., Vol.39-4 (2018) 940-953

dlor.

Shapeindex Fragment patch Curv edness

Figure 9. Hirshfeld surfaces mapped with di, de, dnorm, fragment patch, curvedness and shape index functions of 3.

Table 9. Summary of short interatomic contacts (A) in

compound 3.

Contact Distance  Symmetry operation
Br2.....H17 2.80 X, -y+2, x-1/2
Br2....H11 2.99 X, +y-1, +z
04... .H10 2.69 X, -y+1, +z-1/2
298.15

Figure 10. View of 3D Hirshfeld surface of 3 mapped over dnorm.
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Fig. 11 shows a 2D fingerprint graph and
disaggregated fingerprint plots containing all
intermolecular interactions of the Hirschfeld
surface. 2D fingerprint graphics particularly
demonstrate the presence of the interaction O...H
and Br...H in the compound 3. In the compound 3;

the presence of O...H/H...O, H...Br/Br...H,
H..H, H...C/C..H, C...C, C...0/0...C,
de d,
All conracts (100%) d 0..HH...0 d
“t <o il -
H..C/C..H d c.i.C d
s _.'dc
£ 4
0...Br/Br...0 4 0.0 ]
d( di
r 4
b
' H.NN..H | Br..Br
. 8 i 4l

C...Br/Br...C, O...Br/Br...0, 0...0,
O...N/N...O, C...N/N...C, H...N/N...H, Br...Br
and N...N interactions was observed and the
contributions to total Hirshfeld surfaces were
35.3%, 13.9%, 10.3%, 8.9%, 6.4%, 6.1%, 5.6%,
5.3%, 3.5%, 1.9%, 1.6%, 0.5%, 0.4% and 0.3%,
respectively.

H...Br/Br..H d

d; .

C...0/0...C 3 C...Br/Br...C d
[ d.
0..NN...0 d C..NAN...C d
de
b

i
e

Figure 11. 2D fingerprint graph and disaggregated fingerprint graphs containing all intermolecular interactions of the compound

3.

4. CONCLUSION

6-Bromo-5-nitroquinoline-1-oxide was
characterized by X-ray crystallographic technique.
Theoretical calculations were performed based on
the DFT/6-311G(d,p) set. The geometric

parameters of the compound, NMR chemical shifts
and Mulliken  population analyzes were
theoretically determined. The obtained data were
compared with experimental values. In the study,
the experimental data are obtained in the solid
phase, whereas the theoretical data are obtained in
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the gaseous phase. However, the results obtained
for the structure in general have been determined
by us to be compatible with each other. The most
positively charged atoms were found to be C5 and
N2. For this reason, it may be attributed to a larger
ionic character (N2-02). HOMO, LUMO, MEP
and thermodynamic analyzes were performed to
obtain  information on electrophilic  and
nucleophilic characteristic properties.
Furthermore, the NLO analysis was obtained using
a theory at the same level and the oo and Siotal
values of 3 are 4.3437 and 5.8776 times higher than
the urea value. Thus, compound 3 may be a good
candidate for NLO material and applications. As a
result of the Hirshfeld surface analysis, O...H and
Br...H contacts played an important role in the
crystal packaging stability of 6-bromo-5-
nitrochinolin-1 oxide. We hope that all of these
results will create an infrastructure for research that
performs other quinoline derivatives or that similar
studies can be used for further analysis.
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