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Abstract

In this study, the crystal and molecular structucd the compound (4-(3-
thiophenylmethylene)-2-(4-tolyl)oxazol-5-one) wasednined by the single-crystal X-
ray diffraction method. In the crystal structureplecules are linked by pairs of
intermolecular C—H-O hydrogen bonds, forming centrosymmetric dimerth \he
R3(14) graph-set motif. Crystal structure is also statsil by the intramolecular weak
interactions and C—Ogs-stacking interactions. Theoretical studies suchradecular
geometry, frontier molecular orbitals and moleculatectrostatic potential were
performed using the Density Functional Theory (DFigthod B3LYP/6-311G(d,p)
basis set. Geometric parameters were compared thvthexperimental data and it was
observed that the theoretical results were in agreet with the experimental
parameters.

Keywords: Oxazole-5-one, crystal structure, DFTmolecular orbitals, weak
interactions.

Yeni bir oksazol-5-on tlrevinin yapisal karaktesiganu ve DFT
calismalari

Ozet

Bu calymada, (4-(3-tiyofenilmetilen)-2-(4-tolil)oksazole®y bilesiginin molekuler ve
kristal yapisi tek-kristal Xsini kirinimi yéntemiyle belirlendi. Kristal yapieigsinde
molekdller, molekller-arasi C—~HO hidrojen balari ile baglanarakR3(14) motifi ile
sentrosimetrik dimerler oururlar. Kristal yapi ayrica zayif molekdl ici éiéxsmeler
ve C-O-r istiflenme etkilgmeleri sayesinde kararlidir. Teorik cahalar (molekiler
geometri, frontier molekuler orbitaller ve molekikdektrostatik potansiyel) Yonluk
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Fonsiyonu Teorisi (YFT) metodu ile ve B3LYP/6-3HQ( baz seti kullanilarak
gercekletirildi. Geometrik parametreler deneysel verilerlarsilastirildi ve teorik
sonuclarin deneysel parametrelerle uyumlu gldgozlendi.

Anahtar kelimeler: Oksazol-5-on, kristal yapi, YFT, molekiler orbitaller, zayif
etkilesmeler.

1. Introduction

Oxazolone derivatives make a class of five-membbegdrocycles, having two oxygen
and one nitrogen atom. They have very importan¢ ol the medicinal chemistry,
biology and physics. They are used as intermedifiesthe synthesis of several
biologically active molecules. They exhibit a widpectrum of pharmacological
activities such as anticancer [1], antitumor [2}timicrobial [3], analgesic [4], anti-
inflammatory [5], antidepressant [6], anti-HIV [T,8sedative [9,10], cardiotonic
activity [11], antidiabetic and antiobesity [12,18)xazolones are also involved in the
synthesis of several organic molecules includingharmcids, amino alcohols, thiamine,
peptides and poly-functional compounds [14,15].eyhre also used in semiconductor
devices such as electro photographic photoreceatmtsn nonlinear optical materials.

Thiophene and its derivatives are important hetgiac compounds. They are used in

technologies as a charge transporting moleculé=imsistors, super capacitors, organic
solar cells, electrochromic materials, organic thighitting diodes and nonlinear optic

materials [16-21]. Thiophene based molecules adelwused in the syntheses of the
charge transporting molecules used in organic gd#fect transistors, organic solar cells
and organic light emitting diodes [22-24].

In this study, we characterized an oxazol-5-onévdgve containing thiophene. The
structural analysis of the compound was firstlyf@ened by single-crystal X-ray
diffraction method. Theoretical studies such aseswdar geometry, frontier molecular
orbitals and moleculaelectrostatic potential were carried out using thensity
Functional Theory (DFT) method B3LYP/6-311G(d,pkisaset. The theoretical and
experimental results were compared and discussed.

2. Material and method

2.1. X-ray crystallography

Single-crystal X-ray diffraction data was collectatl 293(2) K on a Rigaku-Oxford
Xcalibur diffractometer with an EOS-CCD detectorings graphite-monochromated
MoK, radiation = 0.71073 A) with CrysAli§° software [25]. Data reduction and
analytical absorption correction was performed Iys@lis™™ program [26]. Utilizing
OLEX2 [27], the structure was solved hytrinsic Phasemethod with SHELXT [28]
and refined by full-matrix least squares Bhin SHELXL [29]. Anisotropic thermal
parameters were applied to all non-hydrogen atdrhglrogen atoms were placed using
standard geometric models and with their thermahmpaters riding on those of their
parent atoms (C-H = 0.93-0.96 A). The details lné trystal data and structure
refinement of the title compound are given in Tdhle
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2.2. Computational details
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In this study, the computational studies were edrrout on the basis dDensity
Functional Theory (DFT), with the Gaussian 09W and Gauss View madécu

visualization program [30, 31].

The molecular stame of the compound was

optimized at B3LYP/6-311G(d,p) level of the theary the ground state [32, 33].
Highest occupied molecular orbital (HOMO), lowestoacupied molecular orbital
(LUMO) and MEP have also been calculated from o geometry of the

molecules.

Table 1. Crystallographic data and structure refielet parameters for the title

compound.
Empirical formule C1:H11NO,S
Formula weight (g/mol 269.3:

Crystal system, space gr¢

Monoclinic, P 1 2 1/n

a, b, (A 15.791(2), 3.9311(5), 21.336
B8O 103.704(13

V (A% 1286.7(3

Y4 4

Density. (g/cmr) 1.39(

Absorption coefficient (mr?) 0.24:

F(000 56(

Crystal size (mn 0.266 x 0.126 x 0.0¢
Reflections collectedindepender 3794 /122
Paramete! 173

Goodnes-of-fit on F* 1.02(

FinalRindices | > 24(1)]

Ry = 0.063WF, = 0.11°

Rindices (all date

R, = 0.147,wk, = 0.15¢

3. Result and discussion

3.1. Crystal structure determination

The molecular structure and optimized geometry twvhias the most favourable
conformation of the title compound ghown in Fig.1 and selected bond parameters
together with corresponding values obtained by meah X-ray crystallographic
analysis and DFT calculations are compared anddlist Table 2. The molecule
consists of a thiophene moiety, which is connetbetthe oxazol-5-one ring bridged by
the methine C5 atom and a p-tolyl group linked lte bxazol-5-one fragment. The
whole molecule is almost coplanar with the dihednadjles between the oxazole and
thiophene rings of 4.6(2)°, oxazole and p-tolylgenof 1.7(2)°, and thiophene and p-
tolyl rings of 5.91(2)°. Torsion angles also prowes planarity [C4-C5-C6—-N1 =
1.1(7)°, C4-C5-C6-C7 = -177.5(4)°, N1-C8-C9-C14%6@)° and O1-C8-C9-C10 =
1.7(5)°]. Bond lengths, bond angles and torsioglemare within normal ranges, and
are close to those observed for a very sinsilarctures in the literature [34,35].

Crystal structure of the compounds is stabilizednamnly intermolecular C—H- - - O type
hydrogen bonds and intramolecular weak interactionsddition to C—O- & stacking
interactions. Molecules display a dimeric arrangeimaround an inversion centre
formedvia a C1-H1:-O2 intermolecular hydrogen bond, which is showrFigure 2.
This centrosymmetric hydrogen-bonded dimers arméor with anR2(14) ring motif
[36, 37]. Molecules are also linked to each ottieough C—O- % interactions, are
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present between the oxazole ring (Cg2) and O2 atiothe adjacent molecule (Fig. 3)
[Cg2: O1/C7/C6/N1/C8; O2Cg2: 3.562(3) A; symmetry code (ii): x, -1+y, z].

Figure 1. The molecular structure of the title cannpd, showing the atom labeling, and
its optimized structure for DFT/B3LYP/6-311G(d,[@isplacement ellipsoids are
drawn at the 30% probability level.

3.2.DFT optimized geometry

The optimized structure of the title compound shawnFigure 1 was obtained by
DFT/B3LYP/6-311G(d,p) method. The optimized partar® namely bond lengths,
bond angles and torsion angles are given in Tabl€@mparing the theoretical values
with the experimental ones shows that most of thnozed parameters are slightly
different than the experimental values. This isduse the theoretical calculations are
performed for isolated a molecule in gaseous phakereas the experimental results
are for a molecule in a solid state. The biggesiddength and bond angle differences
are 0.037 A at S1-C2 and 1.464° at 01-C7-02.

Figure 2. Pictorial view of the arrangement oftcesymmetric hydrogen-bonded
dimer around an inversion centre. Dashed lines/sdantermolecular hydrogen bonds
C1-H1-02 [H1---02.47A, C1-02.339(5) A, C1-H1---02 156°, symmetry code: (i)

1-x, -y, -z].
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Table 2. Interatomic distances (A), bond anglestarglon angles (°) for the title
compound as observed experimentally and as caéculegting DFT/B3LYP/6-

311G(d,p) method.

Atoms Compound
Bond Lengths Experimental Calculated
S1-C1 1.686(5 1.719(
S1-C2 1.704(4 1.741:
N1-CE€ 1.402(5 1.394¢
N1-C8 1.288(6 1.2922
0o1-C7 1.402(5 1.408:
01-Cs8 1.384(5 1.375¢
02-C7 1.202(5 1.194:;
Bond Angles

Cl-S1-C2 92.7(2 91.320¢
C6-N1-C8 105.4(3 105.784
C7-01-Cs8 105.5(3 105.9829
01-C7-02 121.0(4 122.4642
01-C8-C8 116.7(4 116.949!
02-C7-C6 134.4(4 133.718!
C4-C5-Ce6 128.5(4 128.468!
N1-C6-C5 128.3(4 129.0813
N1-C8-CS9 127.5(4 127.209!
Torsion Angles

Cl1-C4-C5-CE6 178.6(4 -179.940!
C3-C4-C5-CE6 2.2(7 0.026¢
C4-C5-C6-N1 1.1(7 -0.015¢
C4-C5-C6-C7 -177.5(4 179.975!
C5-C6-C7-02 0.4(8 0.009¢
N1-C8-C9-CIicC -177.2(4 -179.836!
N1-C8-C9-C14 1.7(6 -0.000¢
01-C8-C9-CicC 1.7(5 0.203¢
01-C8-C9-C14 -179.4(3 -179.960:

Figure 3. Part of packing view of the title compdushowing the C—Ox stacking

interaction.
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3.3. Frontier molecular orbitals

The highest occupied molecular orbital (HOMO) awevdst unoccupied molecular
orbital (LUMO) are the basic orbitals and importanthemical stability. The HOMO

shows the ability to donate an electron, whereaslWdMO as an electron acceptor
shows the ability to obtain an electron. This ajs®dicted that the nature of
electrophiles and nucleophiles to the atom wheeeH®DMO and LUMO are stronger

[38, 39].
0’00
o

LUMO (-2.566 V)

Egap =3471eV

> HOMO (-6.037eV)
v 4] .

4

Figure 4. Molecular orbital surfaces and energglevor the HOMO and LUMO of the
studied molecule at B3LYP/6-311G(d,p).

The energy gap of the title compound was calculatgadg B3LYP/6-311G(d,p) level
(Figure 4). In the HOMO, electrons are distributaetr the whole molecule, and the
HOMO energy level is calculated at -6.037 eV. Oa dther hand, the electrons are
more distributed over the oxazol-5-one for the LUM@h the energy of -2.566 eV.
The energy gaps of HOMO and LUMO could be deterohiabout 3.471 eV which
indicates the molecule becomes less stability aodmeactivity.
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Supplementary

CCDC 1826448 contains the supplementary crystajggc data for the compound.
Copies of the data can be obtained free of charge a
http://www.ccdc.cam.ac.uk/conts/retrieving.html or from the Cambridge
Crystallographic Data Center, 12, Union Road, Caagler CB2 1EZ, UK. Fax: (+44)
1223-336-033, email: deposit@ccdc.cam.ac.uk.
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