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Summary: In this research, the title compound was synthesized and characterized using spectroscopic
analyses like FTIR and XRD. The compound's structure was optimized using Density Functional
Theory (DFT) at B3LYP method with 6-311++G(d,p) basis set. The experimental parameters obtained
by XRD were found to agree well with the theoretically calculated parameters. The title compound
was studied using several methods, including FMOs, MEP, Hirshfeld surface analysis, 2D fingerprint
plots, net charges, Electrophilicity-based Charge Transfer (ECT), Natural Bond Orbital analysis and

global chemical reactivity descriptors.
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Introduction

Hugo Schiff, a German scientist and Nobel Prize
laureate, initially synthesized Schiff bases in 1864 as anew
class of organic compounds [1]. Schiff base ligands are
significant due to their many advantageous qualities, such
as their ability to change which gives high flexibility and
leads to offer various donor groups. Functional variety
leads to a wide range of coordination numbers, which are
given by these readily accessible ligands that coordinate
with various metals used in complex production [2]. The
compounds of Schiff bases, which include the -C=N-
double bond, are formed when an aldehyde or ketone
reacts with a primary amine (Fig 1). These compounds
known as Schiff base compounds can also be found as
azomethines, imines, and anilines in some sources.
Researchers are particularly interested in orthohydroxy
Schiff base compounds because of their thermochromic,
photochromic, and solvatochromic capabilities in several
environments such as solvent and crystalline [3, 4].

Schiff base has garnered significant attention
since its discovery depending on its important properties
such as: biological, antibacterial, antifungal, biocidal,
antiviral, antimalarial, and anticancer. So, it found
applications that used in medicine, modern technologies,
synthesis and chemical analysis [6-17]. Schiff base
compounds also possess optoelectronic and electrical
characteristics, thermal resistance, semiconductivity,
liquid crystal behaviour, fiber forming abilities, and
excellent photo- and electroluminescence characteristics
[18, 19].

Theoretical techniques are used along with
spectroscopic or experimental methods with the aim of
predicting the spectral and geometric features of the
compound. Between several theoretical methods, DFT is a
relatively inexpensive and widely used method for getting
information about the transition states, structure and
energy values of compounds [20]. Furthermore, the DFT
is very accurate method when used to predict the chemical
analyses of molecules using spectroscopic analysis
methods [11].

The synthesis, crystal structure, spectral
characterization, and computational analyses of the title
compound are presented in this paper. The title compound
is a new compound and has not been studied previously.
XRD was employed to identify the crystalline structure of
the compound. The vibrations of FT-IR spectra that
collected experimentally and calculated in other references
are discussed in this paper. The nature of intermolecular
interaction was investigated through Hirshfeld surface
analysis, while 2D fingerprint diagrams and molecular
surface lines offered a description of the percentage of
bond interactions in the compound. The analysis of ECT,
and the global and local chemical activity investigations
were calculated using DFT. Furthermore, DFT
computations were done with the aim of determining the
optimized molecular structural parameters and HOMO-
LUMO energies.
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Fig. 2
Experimental

The FTIR spectrum of the compound was
obtained by Shimadzu FTIR-8900 spectrophotometer
using KBr pellets in the region of 400-4000 cm™™.

Synthesis and characterization

The (E)-2-(((2-bromo-3-
methylphenyl)imino)methyl)-4-methoxyphenol  was
synthesized through refluxing mixed solutions of 2-
Hydroxy-5-methoxy benzaldehyde (0,15 mg, 1,0
mmol) in ethanol (15 ml) and 2-bromo-3-
methylaniline (0,19 mg, 1,0 mmol) in ethanol (15 ml).
The reaction mixture was agitated for 5 hours while
heating under reflux conditions, and Single crystals
were formed by stepwise evaporation of an ethanol
solution (70% yield, mp 359-361 K).

Crystal structure determination using XRD method

Bruker D8 Venture Photon 100 CMOS image
plate diffractometer was utilized to collect the X-ray
data at 100 K temperature. The w-scan technigue was
used, as well as graphite-monochromated Mo-K,
radiation (A=0.7107300A). As seen in Table 1, the
result of crystal structure determinations and the
refined parameters were displayed. The crystal
structure of the compound was solved using direct
techniques in SHELXS [21], refined using full-matrix
least-squares methods on F? in SHELXL-97 [22], and
performed with WinGX [23] program suite. ORTEP-
Il [24], Mercury [25], and Platon [26] software
programs were used to do molecular geometry

[EE—

Synthesis of a Schiff Base in a General conformation [5].

HsCO

Synthesis pathway of the title compound.

calculations and to draw the compound. All non-
hydrogen atoms of the complex were refined
anisotropically while H atoms in the geometrical sites
were included without refining. The crystallographic
information of the compound is presented in Table 1.
The Cambridge Crystallographic Data Centre can
provide crystallographic information and final
refinement parameters of the title compound with
reference number (CCDC: 2174889). In order to get
copies of the data free of cost, an application must be
submitted to CCDC 12 Union Road, Cambridge CB21
EZ, UK. (Fax: (b44) 1223 336-033; Email:
data_request@ccdc.cam.ac.uk).

Computational procedures

DFT method was employed to do all of the
guantum computations. The optimization process of
the compound was done to study the molecular
structure using DFT method at B3LYP/6-311++G(d,
p) basis set by Gaussian 09 software [27] and
GaussView 6 [28] molecular visualization software.
B3LYP is a hybrid functional in computational
chemistry that combines the benefits of the Becke
three-parameter hybrid functional (B3) for the
exchange part with the Lee-Yang-Parr (LYP)
correlation functional and widely used to calculate
molecular properties such as energies, structures, and
chemical reactivity [29, 30]. It is cost-effective
approach and considered to be very operative in giving
satisfactory calculated geometries, especially in
organic compounds. Crystal Explorer program 3.1 was
used to generate Hirshfeld surface and 2D fingerprint
plots to visualize the molecular interactions [31].
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Table-1. Refined crystal data for the studied molecule

CCDC deposition number

2174889

Chemical formula CisH14BrNO2

Formula weight 320.18

Wavelength Mok, 4=0.7107300 A

Temperature 100 K

Cryst. system Orthorhombic

Space group Pbca

Cryst. colour Yellow

a,b,c(R) 11.2243(6), 8.4147(5), 28.1626(15)

a, B,y (°) 90, 90, 90

Volume 2659.9(3) A3

z 8

Density 1.599 Mgm-

u 3.088 mm!

Absorpt. correction Multi-scan

Fooo 1296

Diffractometer/ meas. method ~ Bruker D8 Venture Photon 100
CMOS /f and w scans

0 range (°) 2.320< 0 <28.306

Index ranges -14<h<14, -11<k<8, -36<I<37

Tmin, Tmax 05938, 0.7457

Reflections collected 20075

Independent/observed 3298, 2660

reflections

Rint 0.043

Final R indices [1>26(1)]
R indices (all data)

R1=0.0292, wR2=0.0563
R1=0.0445, wR2=0.0602

Data/restraints/parameters 3298/0/172
Goodness of fit on F? 1.076
Apmax, Apmin (6/A%) 0.317,-0.371
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Fig.3: (a) Ortep-1ll  molecular drawing. (b)

Optimized structure obtained by DFT.

Results and discussion

Crystal structure and optimized geometry

The 3-dimensional structure view of the
chemical compound is given in Fig. 3 with labels of
heavy atoms and done by Ortep- Il program packet.
XRD analysis shows that the title compound has
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orthorhombic crystal system with Pbca space group.
The unit cell parameters are: a = 11.2243 (6)A; b =
8.4147 (5)A; ¢ = 28.1626 (15)A; 0= 90°; =90°; y =
90°; Z = 8; V = 2659.9(3)A%. The main differences
between the bond structure parameters that calculated
theoretically and experimentally were presented in
Table S2 (Supporting Information).

Fig 4 illustrates that the compound at N1
atom possesses tautomeric property. Tautomerism is
caused by proton transfer within a molecule in O-
hydroxy Schiff bases. This proton transfer results two
tautomeric structures formed by two different
hydrogen bonds which are N---H-O in the form of
enol-imine and O---H-N in the form of keto-amine
[32]. In the enol-imine form, the C10-O1 bond is
single while in C8-N1 is double. In the keto-amine, the
C10-01 bond is double while in C8-N1 is single (Fig.
4).

Enol-imine Keto-amine

Fig. 4: Tautomeric forms of the title compound.

01-C10 (1.353(2)) and N1-C8 (1.286(2))
bonds display single-bond and double-bond
characteristics, respectively, indicating that the form
of enol-imine is preferred over the form of keto-amine
in the studied molecule. In addition, because the H1
atom is found near the O1 atom, the title compound is
included in the solid state as an enol-imine form.
Similar results have been reported showing acceptable
agreement with the calculated results of the studied
compound: (O3 C5 = 1.328(3)A, N2 C7 = 1.270(3)A
[33]) and (O1 C6 = 1.348(2)A, N1 C6 = 1.283(3)A
[34]). Also the bond distances of Br1-C7, C6-N1 and
02-C13 are calculated at 1.9025(18)A, 1.414(2)A and
1.374(2)A respectively, which have good agreement
with another studies: Br1-C11= 1.899(3)A [35], Br01-
C7=1.902 (3)A [36], Br2-C12= 1.904 (6)A [37], C8-
N2=1.4203 (19)A [32], C9-N1=1.3956(16)A [39],
C9-N1=1.423(5)A [39], 010-C6=1.3677 (18)A [40],
04-C9= 1.3640 (18)A [41], 04-C9= 1.372 (2)A [42].

The two phenyl rings (Ph1: C2/C7) and (Ph2:
C9/C14) have the planar conformation in the crystal
structure. The experimental results measured by XRD
displayed dihedral angle between Phl and Ph2 rings at
42.28(0.06)c The crystal structure of the studied
molecule exhibits strong intramolecular hydrogen
bonding which keeps the crystal structure stable
(Table 2). Fig 5 and Table-2 illustrate that crystal
packing of the studied molecule is mainly stabilized by
the intermolecular C15-H15B---O1" and C15-
H15C---02 hydrogen bonds.
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Fig. 5: Crystal packing of the studied compound.

Fig. 6: Overlap between the structure obtained by

XRD (red colour) and optimized structure

(black  colour) of (E)-2-(((2-bromo-3-
methylphenyl)imino)methyl)-4-
methoxyphenol.

Table-2:H-bond lengths (A) and angles (°).

D—H—-A D—H_ H-A DA D—H-—A
O1—H1---N1 0.84 187  2.606 (2) 146
C15—H15B---O1¥ 0.98 260  3532(3) 158
C15—H15C:-- 02 0.98 261 3.347(3) 132

Symmetry codes,
—x+3/2, y+1/2, z.

it —x+2, y—1/2, —z+1/2; ii: x—1/2, y, —z+1/2; iii:

The consistency among empirical and theoretical
parameters were matched quantitively by the root mean
square deviation analysis (RMSD) for the studied
complex and displayed in Fig 6. As a result of RMSD,
the superimposition of atomic positions between the
molecular geometries observed crystallographically and
the optimized molecule was calculated at 0.109A. As
seen from the previous analysis, the observed and
calculated geometric parameters are compatible together.
Theoretical parameters differ from empirical parameters
for several reasons: due to the effects of neglect in the gas
phase and due to molecular interactions that are not taken
into account in theoretical techniques.

Hirshfeld surface analysis

Hirshfeld surface analysis (HSA) is based on
determining the space occupied of the molecule inside
the crystal where the electron density of this molecule
equals the others and contributes to giving information
about the interactions between the molecules inside
crystals. HS is defined by two factors which are d.and d;.
dnorm refers to the normalized contact distance and
identifies important regions for intermolecular
interactions and its value reflects whether vdW
separations are shorter or longer than intermolecular
interactions. The dnom indicated in Eq. 1 can be calculated
by defining Van Der Waals radius (r*®), d; and de. HS
and 2D fingerprint plots were created with
CrystalExplorer21 software [43-45].

vdw vdw
d — di - + de — I

norm vdw vdw
ri re

@

The dnorm, de, di, shape index and curvedness are
-0.0853 to 1.0635, 1.0443 to 2.4825, 1.0448 to 2.4916, -
1to1and-4to4 A respectively. Fig 7 shows the maps
generated by HSA. The HS plot mapped with tnom Was
presented with various colors, where red and blue
indicate to shorter contacts and longer contacts, and white
indicates to contacts around the vdW separation. The
dark red dots indicate stronger hydrogen bonds than light
red dots. The dominant forces between all 2D fingerprint
plots are related to H...H and H...C/C...H contacts with
38% and 29%, respectively. The other important contacts
presented in Fig. 9 are O...H/H...O (13.7%), Br...H/H...Br
(12.3%), C..C/IC..C (2%), N..C/IC..N (1.7%),
N...H/H...N (1.3%), Br...C/C...Br (0.8%) and O...C/C...O
(0.3%). These interaction forces make the structure of
molecules stable.
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a) dnom b) d. C) di

d) shape index e) curvedness

Fig. 7. HS mapped with dnorm, de, di, shape index and curvedness of studied molecule.

Fig. 8: HS mapped with dnom to visualize the interactions between molecules.
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Fig. 9: Fingerprint plots showing interactions of the title molecule.

The natural bond orbital analysis

The analysis of natural bond orbitals is a
rapid technique to identify electronic structural
features. It's also used for analysing conjugative
interactions and charge transfer in molecules, as well
as a handy tool for measuring intramolecular and
intermolecular bonding interactions [46].

The NBO analysis was implemented with the
method of DFT at the same basis sets to analyze the
donor (i)-acceptor (j) bond interactions of the studied
compound. The stabilization energy (E (%) was
calculated using Equation (2). The interaction of
donor-acceptor within molecules, the energy of
hyperconjucative interactions (E (%), the energy
difference between donor and acceptor i and j,
percentage electron density, and the Fock matrix
element between i and j NBO orbitals are calculated
and presented in Table 3.

. .\2
E®@ :AEi' =q, M
! E. -E

j i

@)

where @i and F(i,j) represent the donor orbital
occupancy and off-diagonal NBO Fock matrix
element. E; , E; represent diagonal elements orbital
energies [47].

According to NBO study, the structure is a
form of total Lewis structure for crystal with 97.982%
(core, 99.974%; valance Lewis 96.681%) and total
non-Lewis with 2.018% (Rydberg non-Lewis,
0.148%; Valence non-Lewis, 1.870%).

By increasing the E(?) value, the intensity of
interaction between donors and acceptors becomes
bigger which means that the greater direction of
donating electrons from donors to acceptors, the
higher range of conjugation of the entire system. The
delocalization of 7w electrons w(C12-C11)—n*( C10-
C9), n(C5-C4)—r*( C6-C7) and n(C6-C7)—n*( C5-
C4) possess stabilization energies at 20.48, 23.38 and
16.22 Kcal/mol, respectively. The overlap between
o(Br-C), (N-C), 6(0-C), 6(C-C) and 6*(C-C), o*(N-
C), o*(Br-C) bond orbitals form the molecular
interaction that make the system stable. According to
Table 3, the overlap between the lone pair LP 02
orbital and n*(C13-C14) has the highest energy at
27.66 Kcal/mol. It is clear that the stability of the
studied compound can be attributed to extended
conjugation and charge transfer within the molecule.
Moreover, the existence of the compound in the solid
state is mostly related to hyperconjugative interactions
and hydrogen bonds [48].
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Table 3: Stabilization energies E(?) calculated using DFT between the selected orbitals.

Donor(i) Bond A-B EDa,%; Acceptor(j) Bond A-B EDa,% E()® Ej-Ei° (Fij)¢
(Occupancy) EDg,%? (Occupancy) EDs,% (Kcal/mol) (a.u) (a.u)
BD Br1-C7 c 51.34; 48.66 BD* C5-C6 ¢ 51.30; 48.70 3.34 121 0.057
(1.98498) (0.02979)
BD Br1-C7 c 51.34; 48.66 BD* C2-C3 ¢ 48.79; 51.21 3.29 1.22 0.057
(1.98498) (0.02281)
BD N1-C6 c 58.76; 41.24 BD* N1-C8 ¢ 40.57; 59.43 111 1.38 0.035
(1.98218) (0.01173)
BD N1-C6 c 58.76; 41.24 BD* C5-C6 ¢ 51.30; 48.70 1.38 1.34 0.039
(1.98218) (0.02979)
BD N1-C8 c 59.43; 40.57 BD* N1-C6 ¢ 41.24; 58.76 1.24 131 0.036
(1.98678) (0.02678)
BD N21-C8 c 40.57; 40.57 BD* C6-C7 ¢ 50.16; 49.84 2.07 1.43 0.049
(1.98678) (0.03450)
BD 0O1-C10 c 66.26; 33.74 BD* C12-C11 ¢ 50.13; 49.87 1.47 151 0.042
(1.99422) (0.01309)
BD O1-C10 c 66.26; 33.74 BD* C10-C11 ¢ 49.48; 50.52 0.52 1.48 0.025
(1.99422) (0.02201)
BD 02-C13 c 67.10; BD* C5-C19 ¢ 50.13; 49.87 1.40 1.48 0.041
(1.99262) 32.90 (0.01309)
BD 02-C13 c 67.10; BD* C9-C14 ¢ 48.95; 51.05 1.22 1.44 0.037
(1.99262) 32.90 (0.01847)
BD C5-C6 c 48.70; 51.30 BD* Br1-C7 ¢ 48.66; 51.34 5.00 0.79 0.056
(1.96723) (0.03821)
BD C5-C6 c 48.70; 51.30 BD* N1-C6 L 41.24; 58.76 1.02 1.13 0.030
(1.96723) (0.02678)
BDC12-C11 n 48.62; 51.38 BD* C10-C9 " 55.00; 45.00 20.48 0.28 0.071
(1.71701) (0.43375)
BD C5-C4 n 51.62; 48.38 BD* C6-C7 " 54.27; 45.73 23.38 0.26 0.072
(1.67784) (0.44447)
BD C6-C7 n 45.73; 54.27 BD* C5-C4 " 48.38; 51.62 16.22 0.30 0.063
(1.66502) (0.33597)
LPBr1 n - BD* C6-C7 " 54.27; 45.7 9.35 0.31 0.053
(1.93791) (1.93791)
LP O2 n - BD* C13-C14 " 51.35; 48.65 27.66 0.34 0.092
(1.86448) (0.35828)
CRN1 c - BD* C5-C6 L 51.30; 48.70 0.65 14.72 0.088
(1.99937) (0.02979)

a Percentage electron density of atom A and atom B.

b E (%) Energy of hyperconjucative interactions.

¢ Energy difference between donor and acceptor i and j NBO orbitals.

9 F(i, j) is the Fock matrix element between i and j NBO orbitals.

Frontier molecular orbitals I = -Enomo ?3)

A =-ELumo 4

Frontier molecular orbitals (FMOs) are
important in the chemical, electrical, and optical
characteristics of molecular orbitals. The energy gap (EQ)
can impact the biological activity of a molecule. A high
energy gap (Eg) leads to low reactivity and chemical
stability, while a small gap improves biological activity
through charge transfer [49]. Enomo reflects the
molecule's ability to donate electrons, while Eiumo
indicates the molecule's ability to accept electrons. [50].

The plots of frontier orbitals that show HOMO
and LUMO are given in Fig. 10 to understand the
bonding characteristic of the studied molecule. The
Energy gap (Eg=Erumo-Enomo) is measured to be
3.72905 eV. This value is comparatively high, which
suggests that the studied compound is chemically stable
and has low reactivity [51].

Depending on Koopmans® theorem [52],
ionization potential () and electron affinity (A) are
calculated as below,

The global chemical reactivity parameters such
as: the calculation of electronegativity (), the chemical
potential (p) which represents the force of an electron
attached to the atom, chemical hardness (1) which allows
determining the resistance of redistribution of electrons
in the molecule, the softness (s) and the electrophilicity
index (w) which determines the ability to accept chemical
species for electrons are presented in Table 4 and can be
determined as following equations [53],

:(I +A)

. (5)
=28 ®)
,7:(';2/*) )
s:% ®

w =/ 2n )
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Net charges

Atomic charges calculation is significant in
determining the properties and behavior of a molecular
structure. The charges distribution on the atoms can be
used to define the composition of donor and acceptor
pairs in the compound [54, 55]. In this study, MPA
(Mulliken population analysis) and NPA (natural
population analysis) were done by DFT in gas phase.
The MPA and NPA were used to calculate the atomic
charge values by determining the electron population
of each atom [56]. The difference between MPA and
NPA is that in MPA, the charges are divided among
the atoms equally whereas NPA considers the density
of electron and polarization effect [57].
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The results of MPA showed that atoms with
negative charges such as C1, C3, C5, C14, C15, 01,
02 and N1 are reactive sites for the electrophilic
attack, while atoms with positive charges such as C2,
C4, C6, C7, C8, C9, C10, C11, C12, C13 and Brl are
reactive sites for nucleophilic attack (Table 5).
Hydrogen atoms have a positive charge, making them
acceptors. The results of atomic charges help interpret
and predict the hydrogen bond region and the
reactivity of chemical systems. The studied compound
reveals more electrophilic nature than nucleophilic
nature.

Table-4. Energy values of the studied molecule calculated by DFT.

Calculated energies

Eromo (eV)
ELumo (eV)
1 (eV)
A(eV)
Eq (eV)

1 (eV)
p(eV)
n(ev)

s (eV)?

w

-5.90052
-2.17147
5.90052
2.17147
3.72905
4.035995
-4.035995
1.864525
0.268165
4.368205

3 2
J.:}JJ

/

9

(Ground state)
HOMO=-5,90052 ¢V

J 9
HOMO(-2)= -6.93129 ¢V

o
LUMO(+2)=-0.48164 ¢V

)

% 3.

LUMO(+1)=-0.75049 eV

4’3 ‘

LUMO=-2.17147 eV
(First exited state)

Band Gap= 3.72905 eV

Fig. 10: Frontier molecular orbitals of the studied molecule.
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Table-5: Calculated net charges of the studied molecule.
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Atom MPA NPA Atom MPA NPA
C1 -0.371493 -0.62817 Cl1 0.153798 -0.23948
c2 0.424157 -0.02149 C12 0.013655 -0.19639
C3 -0.870178 -0.20239 C13 -0.437455 0.29160
C4 0.079564 -0.18099 C14 -0.291457 -0.24711
C5 -0.149353 -0.22519 C15 -0.175061 -0.24255
Cé6 -0.052441 0.12009 o1 -0.541444 -0.67936
c7 0.251784 -0.13289 02 -0.424328 -0.55512
C8 0.065968 0.15777 Brl 0.039575 0.05201
C9 0.186835 -0.16609 N1 -0.088549 -0.51208
C10 -0.451427 0.33175

Fig. 11: (a) MEP surface. (b) Contour map for negative and positive potentials.

Molecular electrostatic potential

MEP analysis contributes in determining the
electrophilic and nucleophilic sites in a reaction and
identifying hydrogen bonding interactions. [58]. MEP
surface map was generated using DFT at the same
basis set to find the positive, negative, and neutral
electrostatic potential regions of the studied molecule.
The electrostatic potential contour map and surface
map of the total electron density are shown in Fig. 11.
The surface map uses colors, ranging from red to blue,
to indicate different regions of the molecular
electrostatic potential. Red, orange, or yellow regions
represent high electron density and electronegative
electrostatic potential (electrophilic attack), blue
regions represent low electron density and positive
electrostatic potential (nucleophilic attack), and green
regions represent neutral potential [59, 60].

MEP surface of the title compound shows
more nucleophilic attack than electrophilic attack (Fig.
11.a), while the MEP contour plot (Fig. 11.b)
represents a 2D view of the relative electron density
values at (0010).

Electrophilicity-based Charge Transfer method with
DNA bases

The ECT calculation is used to know the
direction of charge transfer. The ECT method helps
study compounds and DNA bases that exhibit electron

accepting or donating properties (electrophilic or
nucleophilic behavior). If ECT value is positive, it
indicates that the charges will be transferred from the
base to the functional group, while if ECT value is
negative, the charges will tend to transfer from the
functional group to the base compound. [61].

IP and EA indicate to the ionization potential
and electron affinity. These values are calculated
based on neutral, anionic, and cationic species energy
and referred in the equations below,

IP=[E(N - 1) - E(N)] (10)

EA = [E(N) - E(N + 1)] (11)

Electrophilicity refers to the ability of a
chemical type to accept electrons from its
environment.  This is indicated by its negative
electronic chemical potential, which must decrease
upon accepting electrons. Nucleophilicity refers to a
chemical substance's ability to donate electrons, which
is revealed by a low electrophilicity nature. In a
reaction between two molecules, the one with a lower
electrophilicity index acts as a nucleophile [62]. The
following formulae are used to determine ECT:

ECT =(AN ), —(AN ). (12)
(AN max )A ::uA /UA and (AN max)B :/uB /773 (13)
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Table-6. The calculated ECT values using DFT
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IP (eV) EA (eV) M (eV) H (eV) ANmax
Title compound -0.38748 -7.38489 3.88619 3.49871 1.11075
Adenine 2.14445 -10.4568 4.156185 6.30063 0.65965
ECT=0.45110
Guanine 3.386293 -11.304 3.95887 7.34517 0.53898
ECT=0,57177
Cytosine 0.880098 -9.27639 4.19814 5.07824 0.82669
ECT= 0.28406
Thymine 2.0968 -11.6662 4.78469 6.88149 0.69529
ECT=0.41545

In the case of DNA bases and the studied Usually, the aromatic compounds' C-H

molecule, the electrons flow from the DNA bases to
the molecule, making the DNA bases nucleophiles and
the molecule an electrophile. The ECT value, which
measures the difference in ANmax of the interacting
molecules, was calculated as 0.45110, 0.57177,
0.28406, and 0.41545 eV for adenine, guanine,
cytosine, and thymine, respectively (Table 6). As can
be seen from previous results ECT > 0, therefore the
electrons are transferred from DNA bases to the
molecule. This indicates that the DNA bases act as
donor while the compound acts as an acceptor.

FTIR spectroscopy

FTIR spectroscopy is a useful method for
identifying the molecular composition of the
compound. Fig. 12 displays the experimental IR
spectrum of the studied compound. Table 7 lists some
frequencies (in the range between 4000 - 450 cm™?) of
typical experimental values for the title compound and
other reference values, as well as their probable
assignments. Table 7 showing that the empirical
values are in good agreement with the reference values
[63].

%T

stretching modes value in absorption bands are
between 3000-3100 cm* range [64]. In this study, the
experimental C-H aromatic stretching mode was to be
3073 cm. The alkyl CH3 vibration mode appeared at
2998 cm. In the aromatic rings, the frequency values
for the C=C and C-C bonds were observed at 1577 and
1272 cm?, respectively. The C=N stretching vibration
was at 1612 cm™. The other vibration modes were
displayed in Table 7.

Table-7: A comparison of experimental frequency
values of the studied compound and reference values.

Assignment Experimental (cm- Reference value
! (cm™)
v(O-H) 2500-3500 3414 [65]
v(C-H) aromatic 3073 3072 [66]
v(CH3) stretching 2998 2998 [67]
alkyl
v(CH3s)as methoxy 2968 2970 [68]
v(CH3s)s methoxy 2918 2924 [68]
v(C=N) 1612 1611 [69]
v(C=C) aromatic 1577 1573 [70]
v(C-C) aromatic 1272 1274 [70]
v(C-C) 1157 1155 [70]
v(Br-C) 979 977 [70]

3500 3000 200

om-1

200 1500 500 450

Fig. 12: Experimental FTIR spectrum of the compound.
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Conclusion

The studied compound was synthesized and
analyzed using IR spectroscopy, X-ray single crystal
diffraction and DFT. Results from X-ray data agreed
well with DFT calculations using the B3LYP/6-
311G++ basis set. According to the study of ECT, the
electrons transferred from DNA bases to the
considered compound indicating that DNA bases act
as donor and the title molecule as acceptor, with DNA
displaying nucleophilic behavior and the molecule
showing electrophilic behavior. The HS and 2D
fingerprint  plots  provided information on
intermolecular interactions in the crystal, with the
dominant forces being H...H (38%) and H...C/C...H
(29%). MEP study revealed nucleophilic attack more
than electrophilic attack. The chemical activity
parameters indicated low intramolecular charge
transfer, low chemical reactivity and high kinetic
stability of the molecule.
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