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Introduction benzoxazolone-2 and their testing against various
Benzoxazolin-2-one and some of its derivatives types of diseases of cultural plants. Additionally, the
are important chemicals as fungicides against crop structure were studied by XRD methods and
diseases [1-3]. Therefore, a large amount of literature theoretical methods [6-10] in a number of works. The
[4, 5] is devoted to the synthesis of new derivatives of presence of labile proton on the carboxyl group of a-
[ ]
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(N-Benzoxazolin-2-one)  acetic  acid.  a-(N- The synthesis of the SBAA was described early

Benzoxazolin-2-one) acetic acid can participate in
intermolecular interactions through the labile proton
of the carboxyl group and it can be easily
deprotonated. Due to this proton, a solvate of a-(N-
Benzoxazolin-2-one)acetic acid with formic acid was
obtained [7].

Theoretical analysis of the solvate using
quantum chemical parameters in comparison with its
constituents makes it possible to reveal changes in the
electronic structure of the solvate and o-(N-
benzoxazolin-2-one) acetic acid. In this regard, we
studied the electronic structure of a-(N-benzoxazolin-
2-one) acetic acid and its solvate with formic acid in
comparison with N-benzoxazolin-2-one and 2-
aminoacetic acid by DFT method.

Materials and methods

The objects of our study are a-(N-Benzoxazolin-
2-one)acetic acid (BAA) and its solvate with formic
acid — solvate of a-(N-Benzoxazolin-2-one)acetic
acid — SBAA. Besides, 2-Benzoxazolinone (BO) and
2-aminoacetic acid (AA) also were considered as
composition part of a-(N-Benzoxazolin-2-one) acetic
acid.

and identified by single crystal XRD method [7]. The
initial geometry of BAA and SBAA were taken from
XRD data (.cif files).

The calculations have been carried out by large
basis set 6-311++G(d,p) including polarization and
diffusion functions for H atom and heavy atoms,
which successfully used in early work [8].

All calculations have been performed using
ORCA 5.0 [11] program package. The results of
calculations are visualized by Avogadro [12]
software. The electrostatic potential surface were
calculated by MultiwFN [13] program and it is
analyzed by VMD [14] program.

Results and discussion

The geometries of studied compounds have been
fully optimized by B3LYP/6-311++G(d,p).

Then optimized structured were correlated with
XRD geometries of BAA and SBAA (Table 1). The
obtained satisfactory correlations show the possibility
of using this method to calculate other characteristics
of the studied compounds.

Table 1. The comparison of XRD and theoretical bond lengths (angles)

Compound MAE, A () LE, A (9 R?
BAA 0.01 (0.84) 0.034 (2.6) 0.95 (0.97)
SBAA 0.92 (0.94) 1.88 (3.9) 0.95 (0.97)

The Mulliken analysis of the charge distribution
on the atoms of compounds BAA and SBAA shows a
significant change in the charge on the C4 and N3
atoms comparing to its composition parts (AA, BA).

0.2

BO

These changes can be explained by the inductive (-1)
effect of acetic acid in the case of BAA and SBAA

(Fig.1).

@\'fg_ 3.&

-0"
0.16 l\ﬂfa\.._f,/ﬁf" o34
52 o1
BAA 0.2 SBAA

Fig.1. Charge distribution on the atoms of the 2-AA, BO, BAA and SBAA.

It is known that HOMO and LUMO play a huge
role in chemistry and pharmaceuticals, since many
reactions and biological processes (binding of a ligand
to a receptor) can be proceed with the participation of
these orbitals [15-16]. The electron densities on

HOMO and LUMO of BA, BAA and SBAA are
illustrated in figure 2. Similar pictures of HOMO and
LUMO for BA and BAA have been found, which is
localized in the 2-benzoxazolinone ring. However, in
the case of solvate (SBAA) the LUMO is localized in
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formic acid part of the cocrystal. In a number of BA,
BAA and SBAA, the level of HOMO increases and
the energy gap decreases. In the solvate, the system is
stabilized by intermolecular hydrogen bonding with
the participation of the BAA carboxyl group and

carbonyl oxygen and the hydrogen atom of formic
acid. This is reflected in the energy gap of the solvate
(Table 2). In table 2, the global quantum-chemical
parameters [17-18] are determined based on HOMO
and LUMO energies of BA, BAA and SBAA.

Table-2. Quantum-chemical parameters for BA, 2-AA, BAA and SBAA

Quantum-chemical parameters BA BAA SBAA
Enomo (EV) -6.50 -6.44 -6.32
ELUMO (eV) -0.91 -0.87 -1.19
Energy gap, |AE|= Exvomo — ELumo (EV) 5.59 5.57 5.13
lonization Potential, | = - Exomo (€V) 6.50 6.44 6.32
Electron Affinity, A = - ELumo (V) 0.91 0.87 1.19
Electronegativity, y = (I + A)/2 (eV) 3.70 3.65 3.75
Chemical hardness, n = (I - A)/2 (eV) 2.79 2.78 2.56
Chemical potential, pp = - (I + A)/2 (eV) -3.70 -3.65 -3.75
Chemical softness, 6 = 1/(2n) (eVY) 0.18 0.18 0.19
Electrophilicity index, o = /21 (eV) 2.46 2.4 2.75

E(LUMO) = - 0.91 eV
E(GAP) = 5.59 eV

E(HOMO) = - 6.50 eV

E(LUMO) = - 0.87 eV
E(GAP) = 5.57 eV
E(HOMO) = - 6.44 eV

E(LUMO) = - 1.19 eV
E(GAP) = 5.13 eV

E(HOMO) = - 6.32 eV

S

Fig.2. Electron densities on HOMO (left) and LUMO (right)

The electrostatic potential (ESP) surface analysis
is powerful parameter that describes electron-rich and
electron-deficit centers of molecule [19]. The ESP
surfaces of BAA and SBAA are demonstrated in Fig.
3. In the ESP surface, red parts (positive numbers) are
maxima and they indicate electron-deficit centers,
which prone to attack by nucleophiles. Blue parts
(negative numbers) are minima and these centers are
rich in electrons. The maximum (57.10 kcal/mole) is
located on vicinity of the H atom of the COOH group
in the case of BAA. However, in the case of SBAA,

the maximum is localized near to the H atom (61.52
kcal/mole) of the COOH group of formic acid. The
minima are situated in near to oxygen atoms of the
benzoxazolin-2-one ring and C=0 group. It should be
pointed that the smallest minimum is found near the
oxygen atom of >C=0 (-39.11 kcal/mole) group. The
next smallest minimum falls on the oxygen atom of
the COOH group (-29.16 kcal/mole). The last smallest
minimum is located on vicinity of the oxygen atom of
the oxazole ring (-25.81 kcal/mole).
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ESP (keal/mol
ESP (keal/mol) e
57.10 6132
- 10.34
-39.11 -40.84

Fig.3. ESP surface maxima and minima for BAA and SBAA

In Fig.4, non-covalent interactions (NCI) and
RDG plot [20-23] are given for visualization of
specific interactions in solvate (SBAA). The RDG
isosurface map is illustrated as reduced density
gradients (RDG, Y axes) versus electron density
multiplied by the sign of the second Hessian
eigenvalue (X axes). The (A2)p sign values indicate
the strength of the interaction, attractive interactions
have large negative (A2)p sign values, while steric

RDG (a.v)

effects have large positive (A2)p sign values. The
regions of weak Van der Waals interaction have sign
values (12)p close to zero [23].

The presence of strong H-bond (attractive force)
is highlighted in blue color. The strong repulsive force
(steric effect) is indicated in red color. Weak
interactions (Van der Waals interactions) are
highlighted with a green color [20-23].

0.020
0.015
0.010
0.005
0.000
4 -0.005
4 -0.010
-0.015
-0.020
-0.025
-0.030

Steric effect

~0.035

Fig.4. NCI and color-filled RDG map for SBAA

Conclusion

Thus, the electronic structure of compound 1 and
its constituents was studied. The Mulliken analysis of
the charge distribution on the atoms of compounds
BAA and SBAA shows a significant change due to
the inductive (-1) effect of acetic acid in the charge on
the C4 and N3 atoms comparing to its composition
parts (AA, BA). In the case of solvate, a significant
change is occurred in O and H atoms of COOH group
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