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Abstract

In this study, 4,4'-Bis(3-phenyl-3-methylcyclobutyl)-2,2'-bithiazole (C28H28N2S2) the single crystal structure consisting of some
compound groups such as thiazole and phenyl was synthesized and characterized by IR, 1H NMR, and 13C NMR techniques. The molecular
structure of the single crystal structure consisting of compounds that have a common usage area was analyzed by X-ray diffraction technique.
The compound C28H28N2S2 was found to be in the monoclinic crystal system and the P21/c space group. The unit cell parameters of the
molecular structure were obtained at a= 5.8461(6)A, b= 35.806(4) A, c= 11.6538(11) A, a=y= 90° and p= 93.774(8)°, z =4, and (volume)
V= 2434.2(4) A3 from the X-ray diffraction results. It is seen that the molecular structure C28H28N2S2 in the asymmetric unit is in a
symmetrical structure. When the bond parameters of the molecular structure were compared with similar studies, the bond parameters were
found to be quite compatible. The molecular structure C28H28N2S2 classically does not contain an intermolecular or intra molecular
hydrogen bond. However, the C-H...x interactions have been observed between the phenyl carbon atoms and the phenyl ring centers, which

allow the molecular structure to be stacked in space.
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1.INTRODUCTION

Crystal structures are investigated by studying the
diffraction pattern of the X-ray beam by the crystal.
Diffraction occurs only in directions defined just as it does
for light by diffraction gratings. Measurement of the
diffraction directions and intensities of scattered rays may
give the composition analysis more information. The crystal
is responsible for this diffraction (Blake et al. 2008).

From the previous studies about crystal networks, it was
found that the most prominent characteristic of the crystal is
its enjoyment of transitional symmetry, and this requires that
all crystalline properties be periodic, repeating themselves
according to the different crystal directions defined by a
vector in the crystal lattice. This study investigates the
packing of the crystal structure and how to determine the
crystal structure (Ladd and Palmer 1985).
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Three types of beams are used in diffraction experiments: X-
rays, neutron beams, and electron beams. The mathematical
treatment of the three types is almost the same so that the
examination in detail will be about only X-ray diffraction
(Stout and Jensen 1989).

After a brief discussion about X-rays’generatation and
properties, we will be given to a brief conclusion of Bragg's
law of ray scattering by crystalline levels. This study will
discuss the scattering of rays by the atom and by the crystal.
Also, It will discuss the symmetrical crystal structure and
various practical methods for studying crystal structure.
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In this study, it is investigated to the structure of the
compound containing functional groups such as bithiazole
and cyclobutane.

Bithiazole derivatives are of interest in the field of organic
metals and as nonlinear optics materials. Solid bithiazoles
have a planar or nearly planar structure. Due to the
equilibrium between conjugative and steric intra molecular
interactions, large deviations from planarity are possible in
both solution and the free state. Thermochromic and
solvatochromic research provides evidence of chain
flexibility in solutions (Su et al. 2017).

The analysis of the single crystal structure will be carried out
by using the X-ray diffraction method. The single crystal
bond parameters are compared with the literature values.
The crystal packing of the molecular structure in three-
dimensional space was investigated, and hydrogen bonds
contributing to the flocculation were determined.

2.MATERIALS AND METHODS

In this study, a single crystal structure with a closed formula
of C28H28N2S2 was synthesized, characterized and its
molecular structure was elucidated.

2.1Material

In Figure 2.1, the crystal image of a single crystal with the
closed formula C28H28N2S2 is given. The single crystal
structure seen in Figure 2.1 has been studied in the thesis,
and its structure has been investigated.

Figure 2.1 The crystal image of the single crystal
C28H28N2S2

2.2 Synthesis of the single crystal (C28H28N2S2)

The mixture of dithiooxamide (0.601 g, 5 mmoL) and 2-

chloro-1-(3-methyl-3-phenylcyclobutyl) ethanone (2.2271
g, 10 mmoL) in 20 mL of absolute ethanol was stirred at
room temperature for 2h (IR). The solution was cooled to
room temperature and then made alkaline with an aqueous
solution of NH3 (5%), and brilliant brown precipitate
separated by suction, washed with aqueous NH3 solution
several times and dried in air, and crystallized from ethanol.

Yield: 65%, melting point: 446 K. The chemical diagram and
the synthesis form of the molecular structure are given in
Figures 2.2 and 2.3.
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Figure 2.2 Chemical diagram of the C28H28N2S2
compound
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Figure 2.3 Synthetic route for the synthesis of the target
compound”

2.3 Method

The single crystal structure in the thesis was characterized by
IR (Infrared), 1H NMR (Nuclear Magnetic Resonance) and
13C NMR methods. Its structure was elucidated by the X-ray
diffraction analysis. The experimental data belonging to the
single crystal were collected with the aid of a STOE IPDS I
single crystal diffractometer at 296 K utilizing a MoKa (A =
0.71073A) characteristic X-ray. With the help of these data,
the space group of the crystal, unit cell parameters and the
number of molecules in the component cell were found. All
structures were solved with the help of direct methods
(Sheldrick 2015). The intensity peaks of the heavy atoms in
the Fourier map were named and the positions of all atoms
except hydrogen were found. All non-hydrogen atoms were
easily found from the difference Fourier map and refined
anisotropically. All hydrogen atoms except formamide
hydrogen atom were included using a riding model and
refined isotropically with CH = 0.93 A (CH = 0.98 A for
cyclobutene ring), CH3=0.96 A, and CH2 =0.97 A, Uiso(H)
= 1.2Ueq (1.5 for methyl group). After the initial phase was
created and the structure solution process was completed, the
refinement process was performed using the least squares
method (Sheldrick 2015). Molecular figures were created
with ORTEP-3 (Farrugia 2012) and PLATON (Spek 2009)
programs. Experimental IR spectra were acquired from ATI
Unicam-Mattson 1000 FTIR  spectrometer  (KBr).
Experimental NMR spectra were obtained with the
BerRUKER device.
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3.RESULTS AND DISCUSSION

3.1 Characterization of 4,4'-Bis
(3-Phenyl-3-Methylcyclobutyl)-2,2'-Bithiazole

The single crystal structure was characterized by IR, 1H
NMR, and 13C NMR methods.

3.2 IR spectra of the C28H28N2S2 compound

Some vibration parameters of the molecular structure are
observed at 3020 cm-1 J(aromatics), 2961-2856 cm-1
(aliphatics), 1500 cm-1 [1(C=N azomethine), 1442 cm-1
[1(C=C), 702 cm-1 [1(C-S-C) by IR spectra. The IR spectra
of the C28H28N2S2 compound is given in Figure 3.1.

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers

Figure 3.1 IR spectra of the C28H28N2S2 compound

3.3 1H NMR spectra of the C28H28N2S2 compound

Some characteristic |H NMR shifts (CDCI3, §, ppm) are
observed at 1.65 (s, 6H, -CH3), 2.61-2.64 (m, 8H, -CH2- in
cyclobutane ring), 3.91 (quint, j = 9.2 Hz, 2H, >CH- in
cyclobutane ring), 6.99 (s, 2H, on thiazole ring), 7.24-7.26
(m, 6H aromatics), 7.34-7.36 (m, 4H aromatics). The 1H
NMR spectra of the C28H28N2S2 compound is given in
Figure 3.2.
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Figure 3.2 1H NMR spectra of the C28H28N2S2

compound
3.4 13C NMR spectra of C28H28N2S2 compound

Some characteristic 13C NMR shifts (CDCI3, 5, ppm) are
observed at 162.48, 161.15, 152.17, 128.33, 125.68, 124.65,
114.20, 41.06, 39.00, 30.76, 30.17. The 13C NMR spectra of
the C28H28N2S2 is in Figure 3.3.
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Figure 3.3 13C NMR spectra of the C28H28N2S2
compound

3.5 X-ray Structure Analysis of the C28H28N2S2 Single

Crystal

It contains groups such as thiazole, phenyl, and cyclobutene
rings in its structure and as we mentioned in the previous
sections, it has many uses. The crystal structure of the
compound with the formula C28H28N2S2 was elucidated
using the XRD technique.

The molecular structure of C28H28N2S2 using XRD data, it
was found to be in the monoclinic crystal system and the
P21/c space group. The unit cell parameters of the molecular
structure a= 5.8461(6)A, b= 35.806(4) A, c= 11.6538(11) A,
o=y= 90° and B= 93.774(8)°, z =4, and (volume) V=
2434.2(4) A3 from the XRD analysis results. The
crystallographic data of the molecular structure is given in
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Table 3.1. Ortep view of the molecular structure is shown in
Figure 3.4. As seen in Figure 3.4, the molecular structure has
a symmetrical structure. The selected geometric parameters
and the hydrogen bond interactions of the compound
C28H28N2S2 are given in Table 3.2 and Table 3.3.
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Figure 3.4 Ortep view of the C28H28N2S2 single crystal

As can be seen in Figure 3.4, the definitions such as the
cyclobutene rings Cg(1)(C(7)-C(8)-C(9)-C(10)), Cg(2)(C
(18)-C(19)-C(20)-C(21)), thiazole rings Cg(3)(N
(1)-C(13)-C(12)-S(1)-C(14)), Cg(4)(N(2)-C(16)-C(17)-S
(2)-C(15)), phenyl rings Cg(5)(C(1)-C(2)-C(3)-C(4)-C
(5)-C(6)), and Cg(6)(C(23)-C(24)-C(25)-C(26)-C
(27)-C(28)) have been made. The rings Cg(3), Cg(4),
Cg(5), and Cg(6) are planar with maximum deviations of
0.0023(19), -0.0056(21), 0.0057(23), and 0.0030(26) A,
respectively. The dihedral angles between the rings Cg(1),
Cg(2), Cg(3), Cg(4), Cg(5), and Cg(6) are 5.92(24)°

Cg(1)/Cg(2), 56.41(16)° Cg(1)/Cg(3), 59.17(15)°
Cg(1)/Cg(4), 38.44(15)° Cg(1)/Cg(5), 45.32(15)°
Cg(1)/Cg(6), 61.70(15)° Cg(2)/Cg(3), 64.40(15)°
Cg(2)/Cg(4), 32.99(16)° Cg(2)/Cg(5), 39.84(16)°
Cg(2)/Cg(6),  2.90(21)°  Cg(3)/Cg(4),  84.62(09)°
Cg(3)/Cg(5), 89.82(09)° Cg(3)/Cg(6), 86.61(09)°

Cg(4)/Cg(5), 87.98(09)° Cg(4)/Cg(6). The cyclobutane
rings Cg(1) and Cg(2), are non-planar, the dihedral angle
between C(8)-C(9)-C(10) plane and C(8)-C(7)-C(10) plane
with C(19)-C(20)-C(21) plane and C(19)-C(18)-C(21) plane
are 27.49 (23)° and 21.08(24)°, respectively. The value

found in this study is in agreement with literature values

such as 24.02(22)° (Saragoglu and Cukurovali 2012),
25.74(15)° (Yuksektepe et al. 2010) and 24.3° (Allen
1984).

Table 3.1 The crystallographic data of the C28H28N2S2
compound

Chemical formula CasH2sN2S;

Molecular weight 456.64

Temperature, T (K) 296
Wavelength (A) 0.71073
Crystal system Monaoclinic
Crystal size (mm3) 0.02x 0.32x0.65
Space group P 2i/c
a(A) 5.8461(6)
b (R) 35.806(4)
c(A) 11.6538(11)
a(®) 90
B() 93.774(8)
v (%) 90
Volume, V (A3 2434.2(4)
Z 4
Calculated density 1.246
(Mg m?)
0 range (°) 1.14-26.27
Index range h=-7-7,k=-43—43,1=-
14—14
Measured 17441
reflections
Independent 4610
reflections
Observed 2252
reflections ( [>20 )
GOOF, S 0.949
R1 index (I>26) 0.0583
WR; index ( 1>2¢) 0.0734
Apmin, Apmax (eA%) -0.170, 0.163
CCDC number 1584783
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Table 3.2 The calculated and the experimental bond parameters of the C28H28N2S2 compound

EXPERIMENTAL
VALUES (A, °)

EXPERIMENTAL
VALUES (A, °)

BOND LENGTHS (&) BOND ANGLES (°)

C(1)-C(6) 1.382(4) C(1)-C(7)-C(11) 109.9(2)
C(1)- C(2) 1.384(4) C(1)-C(7)-C(10) 116.6(2)
C(1)-C(7) 1.500(4) C(11)-C(7)-C(10) 112.5(2)
C(2)-C(3) 1.387(4) C(1)-C(7)-C(8) 116.5(2)
C(3)-C(4) 1.373(5) C(11)-C(7)-C(8) 113.0(3)
C(4)-C(5) 1.367(4) C(10)-C(7)-C(8) 86.7(2)
C(5)-C(6) 1.375(4) C(9)-C(8)-C(7) 89.2(2)
C(7)-C(11) 1.531(4) C(12)-C(9)-C(8) 120.9(3)
C(7)-C(10) 1.550(4) C(12)-C(9)-C(10) 116.9(3)
C(7)-C(8) 1.554(4) C(8)-C(9)-C(10) 87.9(2)
C(8)-C(9) 1.534(4) C(9)-C(10)-C(7) 89.4(2)
C(9)-C(12) 1.494(4) C(13)-C(12)-N(1) 113.4(3)
C(9)-C(10) 1.536(4) C(13)-C(12)-C(9) 128.2(3)
C(12)-C(13) 1.350(4) N(1)-C(12)-C(9) 118.2(3)
C(12)-N(1) 1.377(3) C(12)-C(13)-S(1) 111.9(2)
C(13)-S(1) 1.709(3) N(1)-C(14)-C(15) 122.8(3)
C(14)-N(1) 1.312(4) N(1)-C(14)-S(1) 115.0(2)
C(14)-C(15) 1.444(4) C(15)-C(14)-S(1) 122.2(2)
C(14)-S(1) 1.708(3) N(2)-C(15)-C(14) 123.6(3)
C(15)-N(2) 1.310(3) N(2)-C(15)-S(2) 115.3(2)
C(15)-S(2) 1.717(3) C(14)-C(15)-S(2) 121.1(2)
C(16)-C(17) 1.371(3) C(17)-C(16)-N(2) 113.8(3)
C(16)-N(2) 1.355(4) C(17)-C(16)-C(18) 127.2(3)
C(16) C(18) 1.489(4) N(2)-C(16)-C(18) 118.9(3)
C(17)-5(2) 1.713(3) C(16)-C(17)-S(2) 111.8(2)
C(18)-C(21) 1.536(4) C(16)-C(18)-C(21) 120.3(3)
C(18)-C(19) 1.542(4) C(16)-C(18)-C(19) 115.7(3)

EXPERIMENTAL EXPERIMENTAL
VALUES VALUES

C(20)-C(23) 1.552(4) C(21)-C(18)-C(19) 88.4(2)
C(19)-C(20) 1.506(4) C(18)-C(19)-C(20) 89.9(2)
C(20)-C(22) 1.525(4) C(23)-C(20)-C(22) 109.6(2)
C(20)-C(21) 1.551(4) C(23)-C(20)-C(21) 116.4(2)
C(23)-C(28) 1.379(4) C(22)-C(20)-C(21) 112.5(3)
C(23)-C(24) 1.386(4) C(23)-C(20)-C(19) 117.1(2)
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C(24)-C(25) 1.383(4) C(22)-C(20)-C(19) 112.3(2)
C(25)-C(26) 1.361(5) C(21)-C(20)-C(19) 87.5(2)
C(26)-C(27) 1.369(5) C(18)-C(21)-C(20) 90.2(2)
C(27)-C(28) 1.384(4) C(28)-C(23)-C(24) 117.6(3)
BOND ANGLES (°) C(28)-C(23)-C(20) 120.4(3)
C(6)-C(1)-C(2) 117.2(3) C(24)-C(23)-C(20) 121.9(3)
C(6)-C(1)-C(7) 121.9(3) C(25)-C(24)-C(23) 121.03)
C(2)-C(1)-C(7) 120.9(3) C(26)-C(25)-C(24) 120.6(4)
C(1)-C(2)-C(3) 121.3(3) C(25)-C(26)-C(27) 119.2(3)
C(4)-C(3)-C(2) 120.0(3) C(26)-C(27)-C(28) 120.6(3)
C(5)-C(4)-C(3) 119.5(3) C(23)-C(28)-C(27) 121.03)
C(4)-C(5)-C(6) 120.3(3) C(14)-N(1)-C(12) 111.1(3)
C(5)-C(6)-C(1) 121.8(3) C(15)-N(2)-C(16) 110.9(2)
TORSION ANGLES (°) C(14)-S(1)-C(13) 88.59(17)
C(6)-C(1)-C(2)-C(3) 0.8(4) C(17)-S(2)-C(15) 88.19(16)
C(7)-C(1)-C(2)-C(3) 179.9(3) TORSION ANGLES (°)
C(1)-C(2)-C(3)-C(4) -0.3(5) C(7)-C(8)-C(9)-C(10) -19.6(2)
C(2)-C(3)-C(4)-C(5) -0.6(5) C(12)-C(9)-C(10)-C(7) 143.5(3)
C(3)-C(4)-C(5)-C(6) 1.2(5) C(8)-C(9)-C(10)-C(7) 19.6(2)
C(4)-C(5)-C(6)-C(1) -0.7(5) C(1)-C(7) —C(10)-C(9) -137.5(3)
C(2)-C(1)-C(6)-C(5) -0.2(4) C(11)-C(7)-C(10)-C(9) 94.1(3)
C(7)-C(1)-C(6)-C(5) -179.4(3) C(8)-C(7)-C(10)-C(9) -19.4(2)
EXPERIMENTAL EXPERIMENTAL
VALUES VALUES
C(6)-C(1)-C(7)-C(11) 93.1(3) C(8)-C(9)-C(12)-C(13) 7.9(5)
C(2)-C(1)-C(7)-C(11) -86.0(3) C(10)-C(9)-C(12)-C(13) -97.0(4)
C(6)-C(1)-C(7)-C(10) -36.4(4) C(8)-C(9)-C(12)-N(1) -176.8(3)
C(2)-C(1)-C(7)-C(10) 144.4(3) C(10)-C(9)-C(12)-N(1) 78.4(4)
C(6)-C(1)-C(7)-C(8) -136.7(3) N(1)-C(12)-C(13)-S(1) 0.4(4)
C(2)-C(1)-C(7)-C(8) 44.1(4) C(9)-C(12)-C(13)-S(1) 175.9(3)
C(1)-C(7)-C(8)-C(9) 137.6(3) N(1)-C(14)-C(15)-N(2) -177.93)
TORSION ANGLES (°) S(1)-C(14)-C(15)-N(2) 3.0(4)
C(11)-C(7)-C(8)-C(9) -93.7(3) N(1)-C(14)-C(15)-S(2) 2.6(4)
C(10)-C(7)-C(8)-C(9) 19.4(2) S(1)-C(14)-C(15)-S(2) -176.49(18)
C(7)-C(8)-C(9)-C12 -140.0(3) N(2)-C(16)-C(17)-S(2) 1.0(4)
C(18)-C(16)-C(17)-S(2) -175.3(3) C(20)-C(23)-C(24)-C(25) 178.5(3)
C(17)-C(16)-C(18)-C(21) -14.1(5) C(23)-C(24)-C(25)-C(26) -0.6(5)
N(2)-C(16)-C(18)-C(21) 169.8(3) C(24)-C(25)-C(26)-C(27) 0.6(6)
C(17)-C(16)-C(18)-C(19) 90.2(4) C(25)-C(26)-C(27)-C(28) -0.3(6)
N(2)-C(16)-C(18)-C(19) -86.0(3) C(24)-C(23)-C(28)-C(27) 0.1(5)
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C(16)-C(18)-C(19)-C(20) -138.2(3) C(20)-C(23)-C(28) —C(27) -178.2(3)
C(21)-C(18)-C(19)-C(20) -15.0(2) C(26)-C(27)-C(28)-C(23) -0.1(5)
C(18)-C(19)-C(20)-C(23) 133.5(3) C(15)-C(14)-N(1)-C(12) -179.2(3)
C(18)-C(19)-C(20)-C(22) -98.5(3) S(1)-C(14)-N(1)-C(12) -0.1(3)
C(18)-C(19)-C(20)-C(21) 14.9(2) C(13)-C(12)-N(1)-C(14) -0.2(4)
C(16)-C(18)-C(21)-C(20) 134.2(3) C(9)-C(12)-N(1)-C(14) -176.2(3)
C(19)-C(18)-C(21)-C(20) 15.1(2) C(14)-C(15)-N(2)-C(16) -178.9(3)
C(23)-C(20)-C(21)-C(18) -134.1(3) S(2)-C(15)-N(2)-C(16) 0.6(3)
C(22)-C(20)-C(21)-C(18) 98.2(3) C(17)-C(16)-N(2)-C(15) -1.0(4)
C(19)-C(20)-C(21)-C(18) -15.0(2) C(18)-C(16)-N(2)-C(15) 175.6(3)
C(22)-C(20)-C(23)-C(28) 84.1(3) N(1)-C(14)-S(1)-C(13) 0.2(3)
C(21)-C(20)-C(23)-C(28) -45.0(4) C(15)-C(14)-S(1)-C(13) 179.4(3)
EXPERIMENTAL EXPERIMENTAL

VALUES VALUES
C(19)-C(20)-C(23)-C(28) -146.5(3) C(12)-C(13)-S(1)-C(14) -0.3(3)
C(22)-C(20)-C(23)-C(24) -94.1(3) C(16)-C(17)-S(2)-C(15) -0.5(3)
C(21)-C(20)-C(23)-C(24) 136.8(3) N(2)-C(15)-S(2)-C(17) 0.0(3)
C(19)-C(20)-C(23)-C(24) 35.3(4) C(14)-C(15)-S(2)-C(17) 179.5(3)
C(28)-C(23)-C(24)-C(25) 0.2(5)
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double bond character. We can say from Table 3.2 that the
C(14)—C(15) bond distance connecting the two symmetrical
molecular structures was found to be 1.444(4)A. These bond
distances in the thiazole ring were found to be compatible
with the literature (Yuksektepe et al. 2010).

Table 3.3 The hydrogen bonding geometry of the compound C28H28N2S2 (A, °)

As shown in Table 3.2, N(1)-C(14) and N(2)-C(15)
(1.312(4)A and 1.310(3)A) bond lengths are shorter than
N(1)-C(12) and N(2)-C(16) (1.377(3)A and 1.355(4)A)
bond lengths in the thiazole rings. These bonds have a

HYDROGEN BONDS (A, °) D-H H...Cg D...Cg D-H...Cg
C(4)-H(4)...Cg(6) 0.93 2.81 3.613(4) 145
C(26)-H(26)...Cg(5)’ 0.93 2.95 3.691(4) 138

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

There are no classical intramolecular or intermolecular
hydrogen bonds in the molecular structure. However,
w...ring interactions have been observed between the phenyl
carbon atoms and the phenyl ring centers, which allow the
molecular structure to be stacked in space. The C-H...Cg/n
intermolecular hydrogen bonds are also effective in crystal
packing, as shown in Figure 3.5 and Table 3.3. These
hydrogen bonds are between the C(4)/C(26) donor carbon
atoms in the phenyl rings of the molecular structure with the
(%, y, z) symmetry code and the acceptor of another phenyl
ring centers (1) of the molecular structure with (1-X, 1/2+y,
1/2-z) and (-1+x, 1/2-y,1/2+z ) symmetry codes. The
C(4)—H(4)...Cg(6) hydrogen bond repeats itself along the b
direction of the unit cell, forming the chain structure.

! ¢ "‘ ! A ¢ ‘4‘ ” ‘”l ~ ” T e
Cg(6)

Figure 3.5 The crystal packing of the C28H28N2S2
compound
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CONCLUSIONS AND RECOMMENDATION
Conclusions

4,4'-Bis(3-phenyl-3-methylcyclobutyl)-2,2'-bithiazole
(C28H28N2S2) compound was synthesized and its
molecular structure was characterized. The molecular
structure was characterized by IR, lH NMR, and 13C NMR
techniques. In addition, the single crystal structure of the
C28H28N2S2 molecular structure was analyzed by XRD.
According to XRD results, the molecular structure
crystallized in the monoclinic crystal system and the P21/c
space group. The unit cell parameters of the molecular
structure a= 5.8461(6)A, b= 35.806(4) A, c=11.6538(11) A,
a=y= 90° and P= 93.774(8)°, z =4, and (volume) V=
2434.2(4) A3 from the XRD analysis results. The molecular
structure creates a symmetrical molecular structure in an
asymmetric unit with the (C(14)-C(15)) bond between the
carbon atoms in the thiazole rings. Considering the dihedral
angles between the thiazole, cyclobutane, and phenyl rings
in the molecular structure, we can say that the molecular
structure is not planar. The bending of 27.49(23)° and
21.08(24)° in the cyclobutane rings is similar when
compared to the literature. In addition, the bond “parameters
in the molecular structure were compared with similar
studies in the literature and were found to be compatible.
According to the hydrogen bond analysis of the molecular
structure, we can say about the existence of =...ring
interaction between the carbon atoms and the phenyl ring
centers. This hydrogen bond type interaction repeats itself in
three-dimensional space and forms the crystal structure.

Recommendation

If the crystal structure data of the molecular structure in this
thesis study is appropriate, it can be re-examined with
possible different space groups. In addition, many physical
and chemical properties of the molecular structure can be
investigated with the help of theoretical calculations.
Structure-enzyme studies can be investigated and explained
by different methods. In addition, the biological activity of
the molecular structure can be examined.
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