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(3-ptp) and (p-TS) compounds are formed by decomposition of the tosylhydrazone ligand (LH). A
mechanism for the decomposition of tosylhydrazone is proposed. The compounds formed by the
decomposition coordinated to Cu(ll) and its octahedral complex is formed. The single-crystal X-ray
structure of the [Cu(3-ptp)2(p-TS),] complex is reported by X-ray diffraction method and it is charac-
terized by '"H NMR technique. The [Cu(3-ptp)2(p-TS)2] complex is monoclinic crystal system and P 2;
space group and contains two molecules in the unit cell (Z=2, a=8.09750(10) A, b=24.1689(4) A,
c=8.9547(2) A, 8=98.4070(10)°). In addition to the experimental X-ray analysis of the complex, the
molecular structure of the complex was studied theoretically by using DFT of the computational
chemistry methods. The complex is optimized with the B3LYP/6—31G method. In addition, molecular
electrostatic potential mapping and the global reactivity parameters were obtained and the interactions
between the molecule with DNA bases such as adenine, cytosine, guanine, and thymine was investigated
by using the ECT (electrophilicity-based charge transfer) method and AN (charge transfer). Hirshfeld
surface of Cu(ll) complex was investigated and the interaction energies between the molecules
participating in the C—H---O interactions in the complex structure were calculated by CE-HF energy
model, and the energy values were found to be —212.01 and —73.07 k] mol ..

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

[9] oral kynes [10]. This kind of transformation has been applied to
the synthesis of phenanthrenes [11], benzofurans, and indoles [12].

Since the report of Bamford and Stevens [ 1], a number of papers
have been published [2,3] on the decomposition of
tosylhydrazones.

Tosylhydrazones are important intermediates and have been
used in organic synthesis for more than 60 years. The initial works
in this include Bamford Stevens [1] and Shapiro [4] reactions both
of which afforded alkenes. About 10 years ago, Aggarwal et al.
utilized to sylhydrazone salts as diazo precursors in Wittigo lefi-
nation reactions [5], sulfurylide mediate depoxidation [6] and cyclo
addition chemistry [7] under mild reaction conditions. In the
presence of copper or palladium catalysts to sylhydrazones can
react with terminal alkynes to form allenes [8], conjugate denynes
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Triazolopyridine structures are an important class of com-
pounds form any pharmaceutical and functional materials. As an
important class of triazolopyridines [1,2,3], triazolo [[,5-a]] pyri-
dines have been studied by Jones et al. [13] and Abarca et al. [14]
since the early 1980s. Traditionally, [1,2,3] triazolo [1,5-a] pyridines
have been synthesized by the oxidative cyclization of 2-pyridyl
ketone hydrazones by using at least a stoichiometric, if not an
excess, amount of oxidants such as Pb(OAc), [15], copper salts
[16g,17], MnO, [3f,18], hyper valentiodine [19] Ag,O [20] and
Niperoxide [21].

In this work, we are investigated the single crystal structure of
the copper complex, by X-ray diffraction analysis and its the
theoretical calculations by Density Functional Theory (DFT) B3LYP/
6—31G from computational chemistry methods. The complex
structure is characterized by 'H NMR spectra. By using DFT, the
geometrical optimization of the complex was compared with X-ray
results to the bond parameters, and its the electrophilic and
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nucleophilic states were investigated by calculating the molecular
electrostatic potential. Addition to these, the anionic, cationic and
neutral states of the molecular structure and DNA bases are opti-
mized and its energies are calculated by using DFT to observed the
global reactivity parameters and also, the interactions between this
compound and DNA bases are determined by using the ECT (elec-
trophilicity-based charge transfer) method and the paratemeter AN
(charge transfer).

2. Experimental
2.1. Physical measurements and theoretical methods

p-toluene sulfonyl hydrazide and di-2-pyridyl ketone were
purchased from Sigma/Aldrich and used as received. 'H NMR
spectra was recorded on a Agilent Premium Compact 600 Spec-
trometer, using dmso-d® as a solvent. Starting geometries of the
compound were taken from X-ray refinement data for computing
procedure. The molecular structure of the compound in the ground
state (in vacuo) was optimized by DFT methods to include corre-
lation corrections with the 6—31G basis set. DFT forms hybrid
functionals, including B3 [22], which defines the exchange func-
tional as the linear combination of Hartree—Fock, local, and
gradient-corrected exchange terms. The B3 hybrid functional was
used in combination with the correlation functionals [23]. The
molecular electrostatic potential of the molecular structure is
calculated in order to determine the electrophilic and nucleophilic
states of the molecule with B3LYP/6—31G. The Highest Occupied
Molecular Orbital (HOMO) and the Lowest Unoccupied Molecular
Orbital (LUMO) of the molecule were obtained by single point en-
ergy calculation in the Ground State (GS). The global reactivity
parameters were evaluated using equations given in the Theoretical
section. The anionic, cationic and neutral states of the molecular
structure and DNA bases are optimized and its energies are calcu-
lated using DFT.

All the calculations were performed using Gaussian 09 program
[24].

2.2. X-ray crystallography

X-ray diffraction data complex were obtained with a Bruker
APEXII CCD diffractometer equipped with graphite-
monochromated Mo-Ko. radiation (A =0.71073 A). The structure
was solved by direct methods using SHELXS [25] implemented in
the WinGX software system [26] and refined by the full-matrix
least-squares procedure on F* using SHELXL [27]. All non-
hydrogen atoms were easily found from the difference Fourier
map and refined anisotropically. All hydrogen atoms were included
using a riding model and refined isotropically with CH = 0.93 A,
CH3=0.96 A, Ujso(H)=1.5Ueq (1.2 for aromatic ring). Crystallo-
graphic data of the complex structure, details of the data collection
and structure refinements are listed in Table 1.

2.3. Synthesis of the title compound

The compound was synthesized as shown in Scheme 1 by the
following procedure. (N'-(dipyridin-2-ylmethylene)-4-methyl
benzene sulfono hydrazone (LH) (0.142 g, 0.4mmol) was dis-
solved in 20 mL MeOH-acetonitrile mixture. To this solution was
added KOH (0.02 g, 0.4 mmol). To this solution was added dropwise
Cu(CH3C00),;-Hz0 (0.049 g, 0.2 mmol) in 20 mL MeOH-acetonitrile
mixture. The mixture was refluxed for 2—3 h and after cooling. The
gren crystalline compound separated out and washed three times
with ether. Crystal suitable for X-ray diffraction was collected.

It is believed that their action takes place in three steps:

Table 1

The crystal data of [Cu(3-ptp)2(p-TS)2] complex.
Formula C3H30CuNg0gS,
Molecular weight 798.34
Temperature (K) 293
A (A) 0.71073, Mo-K,
Crystal system Monoclinic
Space group P2
a,b,c(A) 8.09750(10), 24.1689(4), 8.9547(2)
o B,y (°) 90.00, 98.4070(10), 90.00
V(A3) 1733.67(5)
z 2
deate. (Mg.m—3) 1.529
Crystal size (mm) 0.450, 0.200, 0.150
0 range (°) 1.685—29.506
h, k, 1 range h=-11-11,k=-33-33,I=-12 > 12
Reflections collected 19834
Independent reflections 9002
Observed reflections 7607
Goof (S) 1.036
Ry (I>20) 0.042
WR; (I>20) 0.101
CCDC number 1578411

- Decomposition of to sylhydrazone (p-TS) (Bamford-Stevens)

- 3-(pyridin-2-yl)- [1—3]triazolo [1,5-a]pyridine(3-ptp) formed by
the cyclization and oxidation of SO,to SOs.

- Octahedral complex occurred with Cu(Il) (see Scheme 2).

3. Results and discussions
3.1. Determination of the crystal structure of the complex

The compounds (p-TS and 3-ptp) formed by the decomposition
of the L'H ligand are coordinated to the Cu®* ion through pyridine-
N, triazole N atoms and the O atom of the p-toluene sulfonic acid
(see Fig. 1a). Each copper(Il) ion shows a coordination number of
six, binding with two oxygen atoms and four nitrogen atoms. In p-
toluene sulfonate anion, S—O bond distance of anion shows char-
acteristic values with S(1)—0(2) (1.441(4)A), S(1)—0(3) (1.437(4) A)
and S(1)—0(1) (1.462(3)A). S(1)—0(1) shows intermediate between
single and double characters [28]. The O(1), O(4) atoms are from the
sulfonate, and coordination bonds Cu—O(1) and Cu—O(4) are
shorter than the normal Cu—O bond distances in the other complex
[29]. The bond distances of N(6)—C(17) (1.337(5)A) and N(2)—C(6)
(1.340(5)A) correspond more with a C—N single bond (1.48 A) than
a C=N double bond (1.30 A) [30]. The local coordination of copper
(IT) is an almost perfect octahedral environment, the sum of angles
being 360.00°.

In Fig. 1a, the crystal structure has been shown. The crystal data
can be seen from Table 1. It can be seen that the bond parameters of
the single crystal structure are given in Table 2. The bond param-
eters of this study were found to be quite consistent when
compared to similar studies.

In the molecular structure, C—H---N and C—H---O intramolecular
with C—H---0 intermolecular hydrogen bonds are observed. Figs. 2
and 3 are shown the crystal packing of the single crystal structure
with different intermolecular hydrogen bonds. Also, the hydrogen
bond parameters are shown in Table 3. It can be seen from Figs. 2
and 3 that C4-H4--01, C8-H8--01, C15-H15--04! and
C19—H19---04" with C21—H21---03", C10—H10---06" intermolec-
ular hydrogen bonds create a chain along the [100] direction of the
unit cell. The layer formed by these chains continues along the
direction b of the unit cell to stabilize the crystal structure (see
Figs. 2 and 3).
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Scheme 1. Synthesis of title compound ([Cu(3-ptp)2(p-TS)2]).

3.2. 'H NMR spectra of the [Cu(3-ptp)2(p-TS)»] complex

The NMR technique is used to detect the presence of particular
nuclei in a compound for a given nuclear species. It is also an
important tool for the identification of molecules and for the ex-
amination of their electronic structure [31]. The '"H NMR spectrum
of [Cu(3-ptp)2(p-TS)2] is not very well resolved. This may be due to
partial oxidation of the metal centre in the solution to give a
paramagnetic d°copper(1l) ion [32]. However, the sharp singlet at
3 2.26 is due to —CH3 protons of p-toluene sulfonate moiety. In the
aromatic regions, peaksat 7—7.3 ppm corresponds to p-toluene
rings. The peaksat 7.4—7.8 ppm and at 8.6 ppm area ssigned to
pyridine and [1,2,3] triazolo [1,5-a] pyridine rings, respectively. In
the structure, it was observed C—H proton peaks in the p-toluene
and [1,2,3] triazolo [1,5-a] pyridine rings shift to 5.8 ppm and
8.98 ppm respectively, because of the formation of intramolecular
C—H---0 and C—H---N hydrogen bonds [33] (see Fig. 4).

3.3. Hirshfeld surface of the crystal structure

The Hirshfeld surface [34,35] of a molecule in a crystal is con-
structed by partitioning space in the crystal into regions where the
electron distribution of a sum of spherical atoms for the molecule
(the promolecule) dominates the corresponding sum over the
crystal (the procrystal). Following Hirshfeld [36], we define a mo-
lecular weight function w(r):

_ ppromolecule(r)

wir) Pprpcrystal(r) (1)
\ ZI l pa(r)

S SR @)
Aecrystal

pa(r), is a spherically-averaged atomic electron density centered on
nucleus A, and the promolecule and procrystal are summed over
the atoms belonging to the molecule and to the crystal, respec-
tively. The Hirshfeld surface is then defined in a crystal as that re-
gion around a molecule where w(r) > 0.5. That is the region where
the promolecule contribution to the procrystal electron density
exceeds that from all other molecules in the crystal. The simplest
and most immediately useful property to map onto the surface is
the distance from the surface to the nearest nucleus external to the
surface, which we call de. This property provides an immediate

picture of the nature of intermolecular contacts in the crystal.

In a similar fashion, we can define d;, the distance from the
surface to the nearest nucleus internal to the surface, which is
valuable when used in conjunction with de. dporm is @ normalized
contact distance. d; is normalized by the van der Waals radius of the
atom involved; d. is similarly normalized, and the sum of these two
quantities is the dporm property [37]:

d,‘ — T}}dw de — ngw

dw dW
r;.’ T

dnurm =

(3)

where atoms make intermolecular contacts closer than the sum of
their van der Waals radii, these contacts will be highlighted in red
on the dnorm surface. The energy of interaction between molecules
is commonly expressed in terms of four key components: electro-
static, polarization, dispersion, and exchange-repulsion:

Etor = kejeEele + kpolEpol + kisEdis + krepErep (4)
where k is the scale factor and Ey is the total energy.

The intermolecular interactions of the title compound are
quantified using Hirshfeld surface analysis. CrystalExplorer Soft-
ware is used in the calculations [38]. The mapping of d;, de, dnorm,
shape index and curvedness of [Cu(3-ptp)(p-TS)2] complex is
shown in Fig. 5. These inter-contacts (C—H---0) are highlighted by
conventional mapping of d,,m on molecular Hirshfeld surfaces as
shown in Fig. 6 for [Cu(3-ptp)a(p-TS)2] complex and the energies of
the interaction (E¢t) between the molecules are calculated by CE-
HF energy model (see Table 4). The interaction energies between
the molecules participating in the C—H---O interactions in the
[Cu(3-ptp)a(p-TS)2] complex were calculated by CE-HF energy
model, and the energy values for (x, y, z) and (—-1+X, y, z), (X, V, z)
and (1 +x,¥,2),(x,y,z)and (x,y, —1+z) with (x,y, z) and (x,y,1 + z)
the symmetry coded molecules were found to
be —212.01, —212.01, —73.07, and —73.07 k] mol~!, respectively. The
calculation results show that although the molecules have different
symmetries, the energy values for the two molecular structures are
the same because the R distance between the molecular centers is
the same.

The red spots on the surface indicate the intercontacts involved
in the hydrogen bonds. Further, intercontacts are plotted with
fingerprint plots Fig. 7: Figures show large surfaces for all inter-
contacts, H---H intercontacts, C---H, O---H, and N---H contacts plot
reveals the information of intermolecular hydrogen bonds.
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Fig. 1a. The crystal structure of [Cu(3-ptp),(p-TS),].

J

Fig. 1b. The molecular structure of [Cu(3-ptp)a(p-TS)2] calculated by B3LYP/6-31G.

3.4. Theoretical studies using DFT method

3.4.1. Optimized structure

Fig. 1b shows the optimized structure of the single crystal. The
optimized molecular geometry is calculated by using B3LYP/6—31G
method. The bond parameters obtained from X-rays and the opti-
mized molecular parameter by B3LYP/6—31G method are
comparatively given in Table 2. Experimental results are the solid
phase and theoretical calculations are the gaseous phase. In the
solid state, intermolecular interactions connect molecules, result-
ing in differences of bond parameters between calculated and
experimental values. It is well known that DFT optimized geometric
parameters are usually good agreement with experimental values
and more accurate than Hartree-Fock and semi-empirical methods,
due to the inclusion of electron correlation. The root-mean-square
error (RMSE) is used the measure of the differences between the
calculated and observed values. This study, RMSE values are
0.1962A for bond lengths and 2.2353° for bond angles by using
B3LYP/6—31G method, respectively.

As can be seen in Table 2, the optimized bond lengths and bond
angles are the good agreement to the experimental values.

3.4.2. Molecular electrostatic potential

Fig. 8 shows the electrostatic potential map of the molecule
structure by using B3LYP/6—31G method. The molecular electro-
static potential surface MESP which is a 3D plot of electrostatic
potential mapped onto the iso-electron density surface simulta-
neously displays molecular shape, size and electrostatic potential
values. The molecular electrostatic potential map (MEP) shows that
the red color (low potential region) is the electronically rich region
(nucleophilic) and the blue color (high potential region) is the poor
region of electrons (electrophilic). The oxygen atoms of the sulfa-
nate have a higher electronegativity value (nucleophilic) would
consequently have a higher electron density around them. Thus the
spherical region that corresponds to oxygen atom would have a red
portion of it. MESP surface shows that between molecules having
different symmetries will be an intermolecular interaction. The
molecular electrostatic potential map is shown in Fig. 8.

3.4.3. Global reactivity descriptors

The complex structure of Cu(Il) with adenine, cytosine, guanine,
and thymine of the DNA bases are optimized by using B3LYP/6—31G
method in GS. And then, using the optimized structures, its the
single point energies are calculated for its anion, cation and neutral
states by B3LYP/6—31G method.

Chemical potential (1) and molecular hardness (n) for the N-
electron system with the total energy of E and external potential of
V(r) are defined respectivelyas the first and second derivatives of
energy with respect to N [39,40]:

o
“7{6N] - X (M
and:

1 |9%E 1 [ou
"_2{61\/2 T2 Lw} 2)

where y(eV) in Eq. (1) is electronegativity. In numerical applica-
tions, 1 and m are calculated through the use of difference
approximation:
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Table 2
Bond lengths and bond angles of [Cu(3-ptp),(p-TS)2] complex.

Bond lengths and bonds (A, °) Experimental Theoretical Experimental Theoretical
Cu—N(6) 2.022(4) 2.348 S(2)-0(6) 1.440(4) 1.646
Cu—N(2) 2.024(4) 2.346 S(2)—0(4) 1.457(3) 1.699
Cu—N(5) 2.036(3) 2.029 N(4)-N(3) 1.350(5) 1.388
Cu—N(1) 2.040(3) 2.029 N(4)—C(5) 1.365(5) 1.395
Cu—0(4) 2.374(4) 2.013 N(8)-N(7) 1.357(5) 1.388
Cu—0(1) 2.376(4) 2.013 N(2)-N(3) 1.319(5) 1.327
S(1)-0(3) 1.439(4) 1.646 N(2)—C(6) 1.340(5) 1.366
S(1)-0(2) 1.441(4) 1.645 N(6)—N(7) 1.320(5) 1.327
S(1)-0(1) 1.462(3) 1.699 N(6)—C(17) 1.337(5) 1.366
S(2)—0(5) 1.437(4) 1.645 S(1)—C(23) 1.772(4) 1.865
RMSE 0.1962

N(6)—Cu—N(2) 179.9(2) 179.9 N(2)—Cu—N(1) 80.4(13) 773

N(6)—Cu—N(5) 80.5(13) 773 N(5)—Cu—N(1) 179.8(17) 180.0
N(2)—Cu—N(5) 99.4(13) 102.7 N(6)—Cu—0(4) 90.6(14) 88.6
N(6)—Cu—N(1) 99.5(13) 102.7 N(6)—Cu—N(5) 80.5(13) 773
N(2)—Cu—N(1) 80.4(13) 773 0(6)—S(2)—0(4) 113.2(3) 113.8
N(5)—Cu—N(1) 179.8(17) 180.0 N(7)-N(8)—C(12) 123.8(4) 124.5
N(6)—Cu—0(4) 90.6(14) 88.6 S(1)—0(1)—Cu 133.3(2) 129.4
N(6)—Cu—0(1) 89.4(15) 91.4 S(2)—0(4)—Cu 133.2(2) 129.5
N(2)—Cu—0(1) 90.5(14) 88.7 N(3)—N(2)—C(6) 111.7(3) 111.9
N(2)—Cu—N(5) 99.4(13) 102.7 N(3)=N(2)—Cu 134.8(3) 137.5

N(6)—Cu—N(1) 99.5(13) 102.7 0(3)-S(1)-0(1) 112.5(3) 113.8
0(4)—Cu—0(1) 179.8(13) 180.0 0(2)-S(1)-0(1) 111.8(2) 111.0
0(3)-S(1)-0(2) 113.9(3) 115.2 0(5)-S(2)—0(6) 114.0(3) 115.2
0(5)-S(2)—0(4) 111.2(2) 111.0 N(6)—Cu—N(2) 179.9(2) 180.0
RMSE 2.2353

Fig. 2. Hydrogen bond interactions of the [Cu(3-ptp),(p-TS),] complex. Symmetry
codes: (i): —14+x,y, z (ii): 1 + x, y, z.

Fig. 3. Unit cell stacking of the [Cu(3-ptp),(p-TS)2] complex. Symmetry codes: (iii); X,
y, —1+z (iv) x,y,1 + z.

1
b= —5 P +E4) 3) follows:
1 = [E(N—1) — E(N)] (5)
n =5 (P~ Ea) (4)
Vertical lonization Potential (IP) and Electron Affinity (E4) can be Ea = [E(N) —E(N+1)] (6)
obtained from the energy of neutral, anionic, and cationic species at Electrophilicity index (w) and global softness (S) are defined as

the geometry of corresponding N electron neutral species, as follows:
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Table 3

Hydrogen bond parameters of the molecular structure.
D-H---A D—H(A) H--A(A) DA (A) D—H--A(°)
C(22)—H(22)---N(3) 0.93 235 3.139(1) 143
C(11)—H(11)--- N(7) 0.93 2.34 3.134(1) 143
C(28)—H(28)--- O(3) 0.93 2.50 2.890(1) 106
C(35)—H(35)--- 0(6) 0.93 2.50 2.888(1) 105
C(4)—H(4)--- O(1)! 0.93 2.50 3.377(1) 158
C(8)—H(8)--- O(1)! 0.93 2.51 3.373(1) 155
C(15)—H(15)--- O(4)' 0.93 2.49 3.368(1) 157
C(19)—H(19)--- O(4)! 0.93 2.52 3.378(1) 153
C(21)—H(21)--- O(3)i 0.93 2.446(4) 3.262(4) 146.37
C(10)—H(10)--- O(6)" 0.93 2.458(4) 3.687(4) 140.22

D = Donor, H= Hydrogen, A = Acceptor, Symmetry codes: (i): —1+X,y, z(ii): 1 + X, y,
z (iii); x, y, =14z (iv) X, ¥, 1 + z.

N

U
J\J\_}‘&JQL//\\ i

14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 -1 2
ppm

dnorm

Shape index

Fig. 5. Curvedness, dj, dporm, de, and shape index for [Cu(3-ptp)o(p-TS).].

2

w = ﬂ (7)
1

s=, (8)

According to Parr et al. [40], electrophilicity index (w) is a global
reactivity index similar to chemical hardness and chemical poten-
tial. This new reactivity index measures the stabilization in energy
when the system reserves additional the electronic charge (AN).
The direction of charge transfer is determined by the electronic
chemical potential of the molecule because an electrophile is a
chemical species capable of accepting electrons from the environ-
ment; its energy must decrease upon accepting the electronic

(x,y, 1+2)

Fig. 6. d;orm mapped on Hirshfeld surface for visualizing the intercontacts of
[Cu(3-ptp),(p-TS),]. Dotted red lines represent hydrogen bonds (C(4)—H(4)--- 0O(1)',
C(8)—H(8)--- O(1)}, C(15)—H(15)--- O(4)", C(19)—H(19)--- O(4), C(21)—H(21)--- O(3)
and C(10)—H(10)--- O(6)" symmetry codes: (i) —1+X, y, z, (ii) 1 + X, y, z, (iii) X, y, —1+z,
and (iv) x,y,1 + z.

charge. So its electronic chemical potential must be negative. 1y, i, 1,
S, and v for the complex structure are listed in Table 5. In a reaction
between two molecules, species can act as a nucleophile which has
a lower value of electrophilicity index. The values of electrophilicity
index listed in Table 5 show that the adenine, guanine, cytosine,
and thymine from DNA basis are good nucleophiles so that they can
attack the [Cu(3-ptp)2(p-TS),]. Electrophilic Charge Transfer (ECT)
[41] is explained as the difference between ANp,.x values of inter-
acting molecules. We consider two molecules A (the [Cu(3-ptp)a(p-
TS),]) and B (adenine, cytosine, guanine, and thymine) approach
each other, where two cases exit: (i) ECT > 0, charge ow from Bto A;
and (ii) ECT <0, charge ow from A to B. ECT is calculated by the
following equation:

ECT = (ANmax)A - (ANmax)B (9)

where (ANmax)a = fia/Ma and (ANmax)p = Kp/7p-

ECT is calculated as —0.2802, —0.3738, —0.029, and —0.8856 for
the adenine, cytosine, guanine, and thymine, respectively. These
results show that electrons are transferred from the [Cu(3-ptp)2(p-
TS);] to the DNA bases. Therefore, the DNA bases treat as the
electron acceptor and so the [Cu(3-ptp)a(p-TS)2] as the electron
donor. So the DNA bases have electrophilic behavior while the
[Cu(3-ptp)2(p-TS)2] has nucleophilic behavior.

3.4.4. HOMO and LUMO energies of the molecular structure

A large part of the theoretical chemistry related to reactivity is
based on the concept of the Frontier Molecular Orbitals (FMO),
especially the Lowest Unoccupied Molecular Orbital (LUMO) and
the Highest Occupied Molecular Orbital (HOMO). The interaction
between these orbitals often allows for a good description of the
reactivity of reactions. The FMO theory says that attack of an
electrophilic species will take place where there is more density of
the HOMO, whereas attack of a nucleophilic species will take place
in a region with the higher density of the LUMO. The frontier orbital
energy gap helps characterize the chemical reactivity and kinetic
stability of the molecule. A molecule with a small frontier orbital
gap is more polarizable and is generally associated with a high
chemical reactivity, low kinetic stability and is also termed as the



66

Table 4
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The scaled total energies of the interactions between the molecules. R is the distance between molecular centroids (mean atomic position in A. The scaled total energies are
sum of the scaled four energy compenents in kJ mol .

M Symop R Electron Density Epol Edis Erep Etot

1 —14x,y, 2 8.10 HF/3-21G -108.83 -53.90 -111.81 62.53 —-212.01

2 1+xY,2 8.10 HF/3-21G -108.83 —53.90 -111.81 62.53 -212.01

3 X,y, —1+z 8.95 HF/3-21G -16.81 -25.13 —55.14 24.01 —73.07

4 Xy, 1+z 8.95 HF/3-21G -16.81 -25.13 -55.14 24.01 —73.07

L lde soft molecule. The HOMO is the orbital that primarily acts as an
B electron donor and the LUMO is the orbital that largely acts as the
. electron acceptor. The highest occupied molecular (HOMO), the
o lowest unoccupied molecular orbital (LUMO) energies and HOMO
2 and LUMO energy gap (Egomo - Ewmo) are found
” kst " RN " ool at —8.1444, —1.6360 and —6.5084 eV ~by DH/G—B]G basis set in the
os | oo a 7 gas phase. The 3D plots of the frontier orbitals HOMO and LUMO
40608 TO IR TA IO IS 2022 26 () 06 08 10 12 L4 L6 182022 20 ) 08 08 10 12 1418 18 20 22 24 levels for [Cu(3-ptp)2(p-TS)2] are shown in Fig. 9. Parr and co-
24| e de workers have demonstrated that nearly the whole frontier molec-
- ular theory can be rationalized from the Density Functional Theory
¥ (DFT) [42].

- 4. Conclusion

o= (@) C..H14.1% (@) N..H43%

° d, d, This work includes the synthesis and characterization of the

A 06 08 10 12 14 16 18 20 22 24

A 06 08 10 12 1.4 16 18 20 22 24

Fig. 7. The 2D-fingerprint plot of the Hirshfeld surface of [Cu(3-ptp).(p-TS)2].

Fig. 8. The molecular electrostatic potantial map of the molecular structure.

mononuclear [Cu(3-ptp)a(p-TS)2] complex. The complex structure
is investigated with X-ray diffraction analysis and DFT from
computational chemistry methods. X-ray results are shown that
the mononuclear complex structure crystallizes monoclinic crystal
system and P2; space group. We can say that intermolecular
C—H---0 hydrogen bonds stabilize the crystal packing structure.
Some of the peaks were observed to be shifted due to intra-
molecular hydrogen bonds from the 'H NMR results. Hirsfeld sur-
face analysis and intermolecular interaction energy calculation
results show that molecules with symmetries (—1+%, y, z) and
(1 + X, y, z) have the stronger interaction with the symmetric
molecule (x, y, z) than other symmetric structures are showing. We
can say that this could be because the distance R between the
molecular centers is short. Besides of these, we can say that the
optimized bond lengths and bond angles are the good agreement to
the experimental values. The molecular electrostatic potential map
is shown that the oxygen atoms in the molecule are nucleophilic
and the regions where the carbon atoms are dense have a high
potential region (electrophilic). The global reactivity parameters of
the molecular structure and DNA bases such as adenine, cytosine,
guanine, and thymine are calculated by DFT. The results show that
electrons are transferred from the [Cu(3-ptp),(p-TS)2] to the DNA
bases. Therefore, the DNA bases treat as the electron acceptor and
so the [Cu(3-ptp),(p-TS);] as the electron donor. So the DNA bases
have electrophilic behavior while the [Cu(3-ptp)a(p-TS)2] has
nucleophilic behavior. Given the ECT values, it can be said that the
molecule can interact more with thymine. It can be said from the

Table 5

The calculated 7, p, m, S, w, AN in eV at DFT/6-31G level in gas phase.
Compounds IP (eV) EA (eV) % (eV) p(eVv) N (eV) S(ev w (eV) AN
[Cu(3-ptp)a(p-TS)2] 0.1932 —6.8138 -3.3103 3.3103 3.5035 0.2854 1.5639 0.4449
Adenine 1.3007 —8.1608 —3.4300 3.4300 4.7307 0.2114 1.2435 0.7251
Cytosine 0.8381 —8.4084 -3.7851 3.7851 4.6232 0.2163 1.3406 0.8187
Guanine 1.8830 —7.7390 -2.928 2.928 4.811 0.2079 0.8910 0.4739
Thymine -1.3905 —9.8043 —5.5974 5.5974 4.2069 0.2377 3.7237 1.3305
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)
E Lumo =-1.6360 eV Eromo - ELumo =-6.5084 eV

E Homo = -8.1444 eV

Fig. 9. The Homo and Lumo energy levels of the molecular structure by DFT/6—31G.

molecular orbital energy calculations that the molecule has a wide
HOMO-LUMO range and consequently the structure exhibits stable
and low chemical reactivity.
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