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ABSTRACT

In this study, the synthesis of bisisoxaoline derivative of norbornadien from heterocyclic compounds was performed via 1,3-
dipolar cycloaddition reaction, the structural properties of derivative characterized by spectroscopic analysis such as FT-IR,
'H-NMR, BC-NMR, UV-Vis and the single-crystal X-ray diffraction technique. The 3,7-bis(4-(tert-butyl)phenyl)-
3a,4,4a,7a,8,8a-hexahydro-4,8-methanobenzo[1,2-d:4,5-d '] diisoxazole compound was optimized using Density Functional
Theory (DFT/B3LYP) method with 6-311G(d,p) basis set in the ground state and the geometric parameters compared with
single-crystal X-ray diffraction technique. The compound crystallizes in the monoclinic space group C2/c with a = 20.634(4)
A,b=11.179(2) A, ¢ =11.0690(17) A and Z = 4 unit cell parameters. Also, the spectral results were examined with calculated
vibrational frequencies, *H-NMR, 3C-NMR chemical shift values and absorption wavelengths, theoretically. The energetic
behaviour of the compound in different solvent media was examined with TD-DFT/B3LYP method and 6-311G(d,p) basis set
using the Conductor Polarizable Continuum Model (CPCM). The frontier molecular orbitals (FMOs), molecular electrostatic
potential (MEP) and electronic structure parameters (dipole moment, electronegativity, chemical hardness-softness, ionization
potential, electron affinity, etc.) were examined to get information about the chemical stability of the structure.
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1. INTRODUCTION

1,3-dipolar cycloaddition is not only powerful tool for the synthesis of five membered heterocyclic
compounds, but also generated new chiral centres [1]. In recent years, the isoxazoline compounds were
obtained from nitrile oxides via 1,3-dipolar cycloaddition reaction since they are significant role in
organic and pharmacologically active compounds. The moiety of isoxazoline has been found in various
biological activities. Bicyclic isoxazoline derivative which is GABA analogues (1), is known to exhibit
anticonvulsant activity [3]. The Lee 878 (2) compound is effective of antimicrobial against of
Mycobacterium tuberculosis [4]. The biologically active isoxazoline derivatives are shown in Figure 1.
Lee and co-workers have been found antituberculosis activity of organic compounds as a core unit of
isoxazoline groups [5].
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Figure 1. Biologically active Isoxazoline derivatives
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Nitrile oxide compounds were obtained from aldoxime via one-pot reaction. Aromatic aldehyde was
converted aldoxime compounds before were treated NaOCI to obtained hydroximoyl chloride followed
dehydrohalogenation [6].

In literature, some isoxazoline compounds of 2,5-norbornadiene derivatives are include as mono-dipolar
cycloaddition reaction [7]. We haven’t found any data about one-pout domino cycloaddition reaction of
2,5-norbornadiene with nitrile oxides.

So, we examined structural properties of the 3,7-bis(4-(tert-butyl)phenyl)-3a,4,4a,7a,8,8a-hexahydro-
4,8-methanobenzo[1,2-d:4,5-d ]/ diisoxazole compound with spectroscopic and theoretical methods. The
chemical structure of the synthesized compound was characterized with FT-IR, 'H-NMR, *C-NMR,
UV-Vis and the single-crystal X-ray diffraction technique.

The theoretical molecular geometry parameters, vibrational frequencies, chemical shift and absorbance
wavelength values were compared with the experimental results. The energetic behaviour of the
compound in different solvent media was examined. In addition, physical and chemical properties of
the compound were investigated by frontier molecular orbital energies and dipole moment,
electronegativity, chemical hardness-softness etc. electronic structure parameters.

2. MATERIAL AND METHODS
2.1. Synthesis Process

In this study, we synthesized an isoxazoline derivatives of according to the structure of 2,5-
norbornadiene, which is include symmetrically two double bond, for use domino cycloaddition reaction.
We have recently reported reaction condition of nitrile oxide addition via dipolar cycloaddition reaction
[8]. Under the reaction conditions, the nitrile oxides cycloaddition reaction was investigated for the
domino cycloaddition. The reaction condition is shown in Figure 2. Further shorten the reaction time to
3 hours; yield was observed increasing under ultrasound system as green chemical method. When the
reaction performed with a 4-tert-butylbenzaldoxime (3.3 mmol) and 2,5-norbornadiene (1 mmol), the
reaction provided the domino cycloaddition product (3) in 85% vyield. We determined that treatment of
the 4-tert-butylbenzaldehyde with hydroxylamine hydrochloride which gave aldoxime compounds. The
purification of aldoxime compounds via column chromatography and the crystallization with
chloroform.

_OH
N
|| a)NaOCIDCM, N, atm
Ab . 0°C,24h
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b) NaOCI, DCM, N, atm
), 2-3 h

Figure 2. Domino cycloaddition reaction condition.
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A three-neck round bottomed flask was charged with the appropriate 2,5-norbornadiene (1 equiv),
aldoxime (3.3 equiv), and anhydrous DCM (5 mL was the mixture sonicated with started drop wise
NaOCI (2.5 equiv) added via syringe, under N> for 0.5 hours until TLC (1:2, EtOAc: hexanes) dedicated
completion of aldoxime. The reaction mixture was extracted three times with diethyl ether and brine.
The residue was purified directly by column chromatography to give the desired isoxazoline.

Compound (3):
3,7-bis(4-(tert-butyl)phenyl)-3a,4,4a,7a,8,8a-hexahydro-4,8-methanobenzo[1,2-d:4,5-d’]diisoxazole.
Colourless crystals, 85% yield, m.p. 128°C, Rf = 0.41 (1:2, ethyl acetate/n-hexane).

FT-IR [KBr/(cm™)]: 2956.20, 2927, 2865.3, 1609.11,1591.7,1514.5, 1409.57, 1394.9, 1361.12,
1248.2,1112.95, 904.72,888.11, 835.93.

'H-NMR (400 MHz, CDCls) 8: § 7.64 (m, 4H H7, H9, H7' ve H9'), 7.45 (d, J = 8.4 Hz, 4H, H6, H10,
H6' ve H10'), 4.84 (d, J = 8.2 Hz, 1H, H12), 4.75 (d, J = 8.3 Hz, 1H, H12'), 3.83 (d, J = 8.3 Hz, 1H,
H13), 3.65 (d, J = 8.2 Hz, 1H, H13"), 2.95 (brs, 2H, H14, H14"), 1.59 (d, J = 6.2 Hz, 2H, H15a,b), 1.34
(s, 18H, tert-butyl) ppm.

BC-NMR (100 MHz, CDCls) &: 155.62, 155.50, 153.72, 153.61, 126.64, 126.49, 125.87, 125.79,
125.54, 86.36, 83.27, 56.77, 52.85, 50.78, 46.06, 34.89, 31.16, 26.96 ppm.

LC-MS: Cz9H34N20- (m/z) 442.26.

2.2. Experimental Details and Spectroscopic Analysis Instruments

All the reaction materials used were commercially available and use drying DCM over CaH,. Ultrasound
assisted reactions were carried out using a Bandelin ultrasound with 35 kHz frequency. IR spectra was
obtained with a "Perkin Elmer, FT-IR" system and reported in terms of frequency of absorption (cm™).
Melting point was determined on a capillary point apparatus equipped with digital thermometer,
“Thermo”. NMR spectra were determined with a "Bruker Ac-400 MHz NMR". TMS (tetramethylsilane)
was used as an internal standard and CDClIs was used as the solvent. Signal multiplicities in the NMR
spectra were reported as follows: s-singlet, brs-broad singlet, d-doublet, dd-doublet of doublets, m-
multiplet. Elemental analysis was determined by Leco-Truspec CHNS Elemental analyzer. Mass
spectrometer was measured with AB-Sciex LC-MS/MS-QTrap. The compound has been identified in
the AUMAULAB Central Laboratory in Amasya University in Turkey.

2.3. X-ray Crystallography

The single-crystal X-ray data was collected on a Bruker D8 QUEST diffractometer. All diffraction
measurements were performed at room temperature (296 K) using graphite monochromated Mo-Ka
radiation (A = 0.71073 A). Reflection data was recorded in the rotation mode using the ® scan technique
by using X-AREA software [9]. Unit cell parameters were determined from least-squares refinement of
setting angels with @ in the range 3.5< 6 < 22.4. The structure was solved by direct methods using
SHELXS-97 [10] implemented in WinGX [11] program suit. The refinement was carried out by full-
matrix least-squares method on the positional and anisotropic temperature parameters of the non-
hydrogen atoms or equivalently corresponding to 191 crystallographic parameters, using SHELXL-97
[12]. Data collection: X-AREA, cell refinement: X-AREA, data reduction: X-RED32 [13]. The general
purpose crystallographic tool PLATON [14] was used for the structure analysis and presentation of the
results. The molecular graphic were done using ORTEP-3 for Windows [11]. Details of the data
collection conditions and the parameters of the refinement process are given in Table 1.
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Table 1. Crystal data and structure refinement parameters for the (3) compound

CCDC deposition no. 1444550
Colour Colourless
Chemical formula Ca2gH34N202
Formula weight 442.58
Temperature (K) 296

Wavelength (A) 0.71073 Mo-Ka
Crystal system Monoclinic
Space group C2/c

Unit cell parameters

a, b, c(A) 20.634 (4), 11.179 (2), 11.0690 (17)
B 101.012 (5)

Volume (A% 2506.2 (8)

Z 4

Dearc (g/cm?®) 1.173

u (mmt) 0.07

F(000) 952

Crystal size (mm?®) 0.13 x 0.09 x 0.08
Diffractometer/measurement method Bruker D8 QUEST 2/wscan

Index ranges -25<h<25,-13<k<13,-9<1<13
6 range for data collection (°) 35<6<224

Reflections collected 14380

Independent/observed reflections 2468 /1104

Rint 0.123

Refinement method
Data/restraints/parameters
Goodness-of-fit on F2

Apmax, Apmin (G/AS)

Full-matrix least-squares on F2
14380/0/150

1.02

0.24,-0.24

2.4. Theoretical Calculations Process

All the theoretical analysis on the structure have been performed with Gaussian 09W [15] electronic
structure and GaussView 5.0 [16] graphical interface programmes. Primarily, the initial molecular
geometry of the compound (3) was taken on the coordinates obtained from the X-ray diffraction data
and the optimization process was carried out DFT / B3LYP (Becke’s Three Parameter Hybrid Functional
using the Lee, Yang and Parr Correlation Functional) [17-19] method with 6-311G(d,p) the basis set in
the ground state. And all theoretical calculations were made over the optimized structure and the same
method. To examine the IR spectral character of the compound (3), harmonic vibrational frequencies
were calculated and to eliminate systematic errors between the experimental values and theoretical
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values the frequencies multiplied by the scale 0.9682 [20]. *H and *C-NMR chemical shift values were
calculated according to GIAO (Gauge-Independent Atomic Orbital) method [21], and also TMS
(tetramethylsilane) which an internal standard chemical shifts, as solvent CDCls. To examine the impact
of the solvent effect on electronic transitions in the UV-VIS spectral analysis, theoretical transition
wavelengths are calculated at different solvent media such as dimethyl sulfoxide, tetrahydrofuran and
methanol with Time Dependent TD/DFT using Conductor Polarizable Continuum Model (CPCM) [22]
at the basis set 6-311G(d,p). The frontier molecular orbital energies-the highest energy occupied
molecular orbital (HOMO) and the lowest unoccupied molecular orbital energy (LUMO)-have been
calculated and provided very useful information in determining the energy and electronic transitions.
Furthermore, molecular electrostatic potential (MEP) map and some structure parameters (the dipole
moment, electronegativity, chemical hardness-softness, ionization potential, electron affinity, etc.) were
examined using the same theoretical method in order to gain information about chemical reactivity of
the compound (3).

3. RESULTS AND DISCUSSION
3.1. Description of the Single-Crystal Structure and Optimized Structure

The  molecular  structure  of  3,7-bis(4-(tert-butyl)phenyl)-3a,4,4a,7a,8,8a-hexahydro-4,8-
methanobenzo[1,2-d:4,5-d’]diisoxazole with the atom numbering scheme is shown in Figure 3.a. The
(3) molecule is monoclinic having space group C2/c, with four molecules in unit cell (Z = 4), with
following dimensions a = 20.634(4) A, b = 11.179(2) A, ¢ = 11,0690(17) A and B = 101.012(5)°. The
molecule resides on mirror symmetry located on the C15 atom.

The molecule is consists of four groups. One of them, which is important for our works, is isoxazole
ring. The other groups are, bicyclic ring, phenyl ring and tert-butyl group. The isoxazole ring is planar
with a maximum deviation of 0.0023 (11) A for atom C11. All bond lengths (C—C 1.496—-1.539 A, C=N
1.281 A, C-0 1.454 A, and O—N 1.414 A) on the isoxazole ring are in the acceptable range and similar
with literature value [8, 23]. The C=N bond length of 1.281 A confirms it’s a double bond. The tert-
butyl group C—C bond lengths C1-C4, C2—C4 and C3—C4 are 1.534(6), 1.509(6) and 1.527(6),
respectively. These lengths are similar with literature values [24]. The C—C bond lengths in the phenyl
rings are observed in the range of 1.368(4) —1.389(3) A. The bond lengths are consistent with previously
phenyl ring-containing studies [25].

In the investigated molecule, there are no remarkable intra-intermolecular hydrogen bond interactions.
The molecule stabilized by weak Van der Waals forces.

The optimized structure of the (3) compound, as shown in Figure 3.b. was obtained over the geometry

formed by crystallographic data, some selected geometric parameters (such as bond lengths and angles,
torsion angles) were compared with experimental values and the results were tabulated in Table 2.
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(b)
Figure 3. a) An ORTEP-3 view of the (3) compound showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 20% probability level and H atoms are shown as small
spheres of arbitrary radii. b) The optimized geometric structure of the (3) compound with
DFT/B3LYP method and 6-311G(d,p) basis set.

As can be seen from the Table 2, N1-C11, N1-O1, O1-C12 bond lengths are 1.281(4), 1.414(4), 1.454(4)
A experimentally, 1.284, 1.393, 1.451 A theoretically. These values were indicated as 1.290, 1.383,
1.478 A for 6-31G(d,p) basis set, 1.285, 1.380, 1.480 A for 6-311+G(d,p) basis set [26], 1.285, 1.388,
1.453 A for 6-311G(d,p) basis set [8], in other DFT studies on the isoxazole derivatives which performed
by our group. Also C12-C13 and C11-C13 bond lengths are stated as 1.553, 1.514 A, theoretically, and
we can say that C=N, N-O, C-O, C-C bond lengths within the isoxazole ring are in agreement with both
reported in similar paper and typical values (C=N 1.47 A, N-O 1.40 A C-O 1.43 A, C-C 1.54 A). C12-
C13 bond length which connecting between isoxazole and bicyclic groups is the longest length and
recorded as 1.539(4) A experimental, 1.553A theoretical.
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C12-C13'bond length is shown similar result C12-C13 as 1.553 A, and C12-C14' is related C12'-C14
as 1.538A. These results are referred a mirror symmetry of the (3) compound.

Table 2. Some selected experimental and theoretical geometrical parameters of the (3) compound

Experimental Values Theoretical Values
Parameters (X-Ray Analysis) DFT/6-311G(d,p)
Bond Lengths (A)
N1-C11 1.281(4) 1.284
N1-01 1.414(4) 1.393
01-C12 1.454(4) 1.451
Cl12-C13 1.539(4) 1.553
Cl11-C13 1.496(5) 1.514
C8-C11 1.463(5) 1.469
C4-C5 1.518(5) 1.538
C13-C14 1.538(5) 1.558
C14-C15 1.529(5) 1.541
C15-C14i 1.529(5) 1.541
C12-C14i 1.519(5) 1.538
C14-C12i 1.519 (5) 1.538
C1-H1A/H1B/H1C 1.093/1.092/1.094
C2-H2A/H2B/H2C 0.9600 1.092/1.094/1.093
C3-H3A/H3B/H3C 1.093
Bond Angles (9
C11-N1-01 110.3(2) 110.8
N1-01-C12 109.5(2) 110.1
N1-C11-C8 122.2(4) 121.2
N1-C11-C13 113.6(6) 113.4
01-C12-C13 104.7(3) 104.9
C15-C14-C13 102.3(2) 102.1
C9-C8-C11 120.3(4) 121.1
C15-C14-H14 115.0 117.0
H15A-C15-H15B 110.3 108.9
01-C12-C14i 111.0(3) 1115
C12-C14-C13 106.5(3) 105.6
C14-C15-C14i 94.5(4) 94.9
C14-C12-C13 103.9 103.9
Torsion Angles (9
C11-N1-01-C12 3.4(4) 2.7
0O1-N1-C11-C8 -177.3(3) -179.0
01-N1-C11-C13 0.6(4) 0.5
N1-01-C12-C13 -5.7(3) -4.6
N1-C11-C13-C14 106.1(3) 106.5
N1-C11-C13-C12 -4.0(4) -3.2
01-C12-C13-C11 5.6(3) 45
01-C12-C13-C14 -113.7(3) -115.0
N1-01-C12-C14i -177.2(3) -116.5
C14-C12-C13-C11 122.1(3) 121.7
C11-C13-C14-C12! 177.2(3) 178.4
C12'-C14-C15-C14i 55.78(19) 55.19

The C12'-C14-C13 and C14-C15-C14'bond angles of bicyclic ring, which has sp® hybridized one carbon
bridge, are observed as 106.5(3), 94.5(4)° experimental, while these angles are 105.6, 94.9° according
to DFT/B3LYP/6-311G(d,p) method. The bond angle between on bridge atoms is stated 93.8° in other
study [8]. In view that, mirror symmetry is not only bond length also bond angles, for example C12-
C14'-C13'and C12'-C14-C13 as 105.6°.

We should mention that are minor differences between the experimental and theoretical parameters,
because compound is accepted in the gas phase during theoretical calculation process, whereas it is solid
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phase in the experimental analysis, and molecules connected to each other with hydrogen bonds in this
phase. Figure 4 is shown a global comparison was performed the atom-by-atom superimposition
obtained from X-ray diffraction and the theoretical calculations and RMSE value is 0.903 A. Also, we
examined correlation coefficients to determine relationships or compliance between experimental and

theoretical values. R?value is 0.9679 for bond lengths, 0.9850 for bond angles, and correlation graphics
are shown in Figure 5.

Figure 4. Atom-by-atom superimposition of the calculated structure (DFT/B3LYP76-311G(d,p) (red)
on the X-ray structure (black) of the (3) compound
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Figure 5. The correlation graphics for geometric parameters of the (3) compound

3.2. Vibrational Spectral Analysis

The scaled harmonic vibrational frequencies were calculated with DFT/B3LYP/6-311G(d,p) basis set
to determine characteristic functional groups of the (3) compound. The experimental FT-IR spectrum
which plotted on the transmittance (%) against the wavenumber (cm™) is shown in Figure 6.

The (3) compound, which has 67 atoms and 195 fundamental vibrational frequencies, consists isoxazole
moiety, bicyclic ring, phenyl and tert-butyl groups. The stretching and bending vibrational assignments

in these groups were designated with Gauss View interface program [16], compared with spectral values
and results tabulated in Table 3.
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Figure 6. FT-IR spectrum of the (3) compound.

Table 3. Comparison of the experimental and theoretical vibrational spectra analysis of
the (3) compound

Assignment Experimental FT-IR Calculated (scaled) (cm™)
(cm™) with KBr B3LYP/6-311G(d,p)

vs(C-H)phenyi 2956.2 3104.6
Vas(C'H)phenyl - 3089.6
Vs(C'HZ)bicyclic 2927 2983.7
Vas(C-H)bicyclic - 2965.8
VS(C'H)ten-butyl 2865.3 2933.9
V(C=N)isoxazole 1609.1 1587.1
V(C-C)pheny! 1591.7 1538.9
Y(C-H)phenyl 15145 14986
a(C-Ha)tert-butyt 1409.5 1437.1
a(C-H) phenyi 1394.9 1394.1
Y(C'H) phenyl+ isoxazole 1361.1 1330.2
(O(C'H)tert-butyH bicyclic 1248.2 12354
S(C-H)bicyctic 1112.9 1100.8
B(CCC)pheny! 1015.7 998.9
V(N-Oisoxazole 958.7 921.4
®bicyclic+ isoxazole 904.7 906.2

Bbicyclic 835.9 826.2

@phenyl 704.8 654.3

Vibrational modes: v; stretching (s; symmetric, as, asymmetric), y; rocking, a,; Scissoring, w,
wagging, 0, twisting, B; deformation, 6, ring breathing.

The C-H stretching vibrations are observed at 2956.2-2865.3 cm™ in the FT-IR spectrum, 3104.6-2933.9
cmtin the theoretical IR spectrum of the (3) compound. C-H stretching vibrations in phenyl ring-a
typical C-H stretching in aromatic group-are recorded at 2956.2, 3104.6-3089.6 cm™ at 2927, 2983.7-
2965.8 cm™ in bicyclic ring, as spectral and theoretical values. These values are noticeable specific
bands in this region and consistent with 3100-3000 cm™* bandwidth which defined C-H stretching
vibrational for cyclic ring and aromatic group [27]. The strong C-H stretching vibrational mode is
recorded at 2865.3 cm™ experimentally, 2933.9 cmtheoretically in tert-butyl, and the assignments are
compatible with the knowledge as strong and weak C-H stretching vibrations belong to methyl group
are recorded about 2960-2850 cm™* wavenumber [28, 29]. In the other isoxazole studies, C=N stretching
band which is characteristic of the isoxazole ring vibrations are observed 1589.6,1588.3 cm™ for 6-
311G(d,p) [8], 1586, 1584 cm™ for 6-31G(d,p) and 1579 cm™ for 6-311+G(d,p) basis set [26], while
this band are recorded at 1609.1 and 1587.1 cm™ in this study, experimental and computed values,
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respectively. C-H in-plane and out-of plane bending vibrations bands belong to functional groups of the
(3) compound are recorded at 1514.5-1112.9 cm for spectral and from 1498.6 to 1100.8 cm™ for
theoretical values. And, N-O stretching vibration mode is predicted at 921.4 cm™, while this mode is
stated at 878 and 879 cm™ in a isoxazolone [30], 977 cm™ [31] and 923.2-912-6 cm™ [8] in isoxazole
studies. The deformation modes on the functional groups and whole structure are observed in the values
below at 906.2 cm™. We think that predicted vibrational modes and computed frequencies are in
compliance with experimental values and similar papers in literature. To make comparison theoretical
with experimental results, we have examined correlation graphic and correlation coefficient (R? value
is 0.9984), correlation graphic shown in Figure 7.

4000
3600 4

3200+

Thearetical Values (om )

2800 —
2400 -
2000 —
1600 -
1200 —

800 <

404+ 7+
400 800 1200 1800 2000 2400 2800 3200 3600 4000

Experimental Values ( cm I}
Figure 7. The correlation graphic for experimental and theoretical wavenumbers of the (3) compound
3.3. NMR Spectral Analysis

Spectral and theoretical *C-NMR and *H-NMR chemical shifts values of the (3) compound were
recorded within the range of 155.62-26.96 ppm, 163.34-30.18 ppm and 7.64-1.34 ppm, 8.37-1.09 ppm
respectively, and these values belong to atoms are shown in Table 4.

As can be seen in the Table 4, C11 atom, which is the bridge atom among the isoxazole and phenyl
groups, with the highest chemical shift value in the downfield was observed at 155.62 ppm, 163.34 ppm
for as experimental, theoretical, respectively. So, C11' chemical shift value is 155.50 ppm another
highest value. Because the (3) compound has a mirror symmetry and some chemical shift values are
very close together for symmetric atoms.

sp? hybridized C11 atom having double bond with nitrogen, has shifted in downfield because of decrease
of the electron density and weak shielding effect. The phenyl ring atoms, C6, C7, C8, C9 and C10, have
chemical shift values special to aromatic ring carbon atoms (100-150 ppm) [32, 33]. They were recorded
126.64-125.54 ppm as experimental, 133.66-130.97 ppm as theoretical. Although C5 atom is a phenyl
ring atom, it has slightly higher chemical shift value (153.72 ppm) than the other ring carbon atoms
since has substituent of the tert-butyl.

The chemical shift values are belong to aromatic hydrogen H6, H7, H9 and H10 atoms are 7.64-7.45
ppm as spectral values, 8.37 and 7.56 ppm as computed values with GIAO method. These resonance
values are in accord with the literature [34] that indicates as 6.0-8.5 ppm for aromatic protons. The H12
atom has higher chemical shift value (4.88 ppm experimentally, 4.92 ppm theoretically) than H13 atom
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due to attached electronegative oxygen atom. The tert-butyl protons have given low chemical shift
values in the up field, these values are confirm that information sp® hybridized methyl group protons are
assigned at 0-2 ppm [28].

BC-NMR and 'H-NMR spectrums of the (3) compound are shown in Figure 8. To compare the
experimental and theoretical values, the correlation graphics were examined, R? value is 0.9985 for *C-
NMR, 0.9936 for *C-NMR shown in Figure 9.

Table 4. Experimental and theoretical *C-NMR and *H-NMR isotropic chemical shift values for the

(3) compound

Experimental Theoretical Experimental Theoretical
A chemical shift chemical shift chemical shift chemical
tom Atom .
values values values shift values
(ppm)/CDCl3 (ppm)/B3LYP (ppm)/CDCls (ppm)/B3LYP
Cc1/cl 31.16 34.70 C14/C14i 50.78/46.06 53.06
Cc2/Cc2i 31.16 30.18 Ci15 26.96 30.18
C3/ C3i 31.16 34.72 H1/H1! 1.34 1.15-1.20-1.63
C4/ c4i 34.89 42.20 H2/H2! 1.34 1.09-1.54-1.56
C5/C5! 153.72/153.61 162.47 H3/H3! 1.34 1.13-1.18-1.64
C6/C6! 125.54 130.97 H6/H6! 7.45 7.57
cr/cT 125.79 132.41 H7/H7! 7.64 8.37
C8/C8 126.49 133.48 HO/HY 7.64 7.56
co/co! 125.87 132.74 H10/H10' 7.45 7.80
C10/C10! 126.64 133.66 H12/H12i 4.84/4.75 4,92
ci1i/c11i 155.62/155.50 163.34 H13/H13! 3.83/3.65 3.56
C12/C12! 86.36/83.27 94.44 H14/H14i 2.95 2.89
C13/C13 56.77/52.85 58.95 H15a/H15b 1.59 1.51
180 170 160 150 140 130 110 }??ppm) 90 80 70 60 50 40 30 20
a)

651



Mesci, Eryilmaz, Giil and Inkaya/Anadolu Univ. J. of Sci. and Technology —~A-Appl. Sci. and Eng. 17 (4) - 2016

2.89.
1.36
1.36

12000

=—4.89'
—479

Na76

2
s
<
491

11000
10000
9000
8000
7000
6000
5000
4000
| 3000

2000

FRRIL:

T L I AR TR
8 8 I3 % 183 328
P =] =] Ssso SS« F-1000
T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0
1 (ppm)

Figure 8. a) ®*C-NMR, b) *H-NMR spectrum of the (3) compound
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Figure 9. The correlation graphics for experimental and theoretical chemical shift values of the (3)
compound

3.4. UV-Vis Spectral and FMOs Analysis

UV-Vis spectral analysis of the (3) compound was realized with TD-DFT/B3LYP/6-311G(d,p) in gas
phase and different solvent media such as DMSO, THF and methanol. The absorption wavelengths
which recorded as spectral result and theoretical prediction, excitation energies (eV) and oscillator
strengths (f) are listed in Table 5. The electronic absorption spectrum which obtained in three different
solvent is given Figure 10. The effect solvent which has different polarity are showed the effect
maximum absorption wavelengths values, for instance; methanol is a polar and protic solvent and
transitions are observed at lower wavelengths.
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Table 5. The experimental and calculated UV-Visible parameters of the (3) compound

Experimental ~ Theoretical o Oscillator .
Wavelength Wavelength EXCltatEg\r})Energy Strength Pro_ll?f;)rizigggltal
Jmax (nm) ZAmax (nm) (f)

295.77 4.19 0.001 HOMO—LUMO(97%)
HOMO-1—-LUMO(55%)
Gas Phase 284.90 4.35 0021  HOMO—LUMO+1(43%)
HOMO-1—LUMO(42%)
280.75 441 1.172 HOMO—LUMO+1(54%)

392.9 296.48 4.18 0.001 HOMO—LUMO(98%)
HOMO-1—LUMO(56%)
THE 295.7 284.97 4.35 0.024 HOMO—LUMO-1(42%)
HOMO-1—-LUMO(42%)
274.4 282.04 4.39 1.205 HOMO—LUMO-1(55%)

265.25 296.05 4.18 0.013 HOMO—LUMO(97%)
HOMO-1—-LUMO(55%)
MeOH 221.99 284.91 4.35 0.022 HOMO—LUMO-1(43%)
HOMO-1—-LUMO(42%)
217.02 281.39 4.40 1.183 HOMO—LUMO-1(55%)

379.80 296.38 4.18 0.001 HOMO—LUMO(98%)
HOMO-1—LUMO(57%)
DMSO 300.29 284.92 4.35 0.029 HOMO—LUMO-1(41%)
HOMO-1—LUMO(40%)
270.20 282.13 4.39 1.204 HOMO—LUMO1(57%)

The maximum absorption wavelengths values are related to n—x” transition of around isoxazole moiety
probably due to the presence of carbon-nitrogen double bond, other wavelengths can be concerned with
n—7 transitions of aromatic groups.

2.4

2.2

—  MeOH
DMEO
— THF

nm

Figure 10. UV-Vis spectrum of the (3) compound

Frontier molecular orbitals’ energies of the (3) compound were obtained using B3LYP method with 6-
311G(d,p) basis set. The highest occupied molecular orbital-HOMO and the lowest unoccupied
molecular orbital-LUMO and HOMO-1, LUMO+1 distributions for the structure and energy values are
shown in Figure 11.
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ELumo+1=-1.43 eV

Eromo-1=-6.35 eV ELumo=-1.57 eV

Figure 11. The frontier molecular orbitals and energy levels of the (3) compound in gas phase

The positive and negative phases seen in this Figure 11, which are red and green colour distributions
and represent these phases in molecular orbital wave function, are distributed symmetrically over the
whole structure except tert-butyl group. HOMO has located at the isoxazole moiety and phenyl groups,
perhaps a little around bicyclic atoms but asymmetrically and except methylene group on the bridge.
LUMO has settled over the isoxazole moiety and phenyl groups is quite satisfactory symmetrical for all
positive and negative phases but excluding bicyclic ring. So, energy value of the band gap is calculated
as AE=Enomo-ELumo=4.61 eV and it means that the compound has quite stable feature [35, 36].

HOMO has a nucleophilic characteristic which can donate electron, while LUMO can be acceptor
electron as it has an electrophilic characteristic. HOMO-LUMO analysis helps to determinate electrical
and optical properties for the chemical reactions, electrical transport properties and the state electronic
transition at the UV-Vis spectra [8, 37, 38]. We benefited from these orbitals’ energy values when
examining the chemical reactivity features of the (3) compound in different solvent media. In addition,
HOMO-LUMO energy values are used in calculation of the global reactivity descriptors which act as a
bridge between stability of the structures and global chemical reactivity [8, 39]. Also this information
about fundamental properties of the chemical reactivity such as ionization potential, electron affinity,
electronegativity, chemical potential, global hardness and global softness etc. [40]. Energy values
belong to frontier molecular orbitals can be considered as the important starting point to determine these
parameters.

The ionization potential is the minimum energy required to remove an electron from an atom or molecule
and can be expressed as, 1=-Enomo (I; vertical ionization potential for DFT method). According to
Koopman’s Theory [41], electron affinity (A) is described as the change in energy when is an electron
added to a neutral atom in the gas phase and is given as, A=-E umo. Electronegativity (y) and chemical
hardness (7) [42, 43] help to predict about the formation of chemical bonds and the physical, chemical
properties of the compound [44], can be calculated as y=(I+4)/2 and n=(I-A)/2. Similarly, other global
reactivity descriptors are chemical softness (s) [44], electronic chemical potential (x) as characteristic
of electronegativity of compounds [41b, 45] and electrophilicity index (w) [46] which defined as s=1/2#,
u=-(1+A)12, o= 1i%/2 5, respectively. All of these concepts, total energies, dipole moments were
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computed at gas phase (¢=1) and at tetrahydrofuran (¢=7.42), methanol (¢=32.63), dimethyl sulfoxide
(e=46.82) phase for UV-Vis region, the results are given in Table 6.

Table 6. The total energies, dipole moments and some global reactivity features of the (3)

compound
Gas THF MeOH (¢=32.61) DMSO (6=46.82)
(e=1) (e=7.42)
EtoraL -1385.62839088 -1385.62661374 -1385.62834116 -1385.62868789
UDipole 2.9151 2.7256 2.9025 2.9193
Eromo -6.1814 -6.1618 -6.1795 -6.1812
ELumo -1.5789 -1.5618 -1.5776 -1.5789
I 6.1814 6.1618 6.1795 6.1812
A 1.5789 1.5618 1.5776 1.5789
X 3.8801 3.8618 3.8785 3.8800
n 2.3012 2.3000 2.3009 2.3011
S 0.2172 0.2173 0.2173 0.2172
U -3.8801 -3.8618 -3.8785 -3.8800
w 3.2711 3.2420 3.2688 3.2711

Total Energy (a.u), Dipole Moment (debye), lonization potential (eV), Electron affinity (eV),
Electronegativity (eV), Chemical hardness (eV), Chemical softness (eV1), Electronic chemical potential
(eV), Electrophilicity index (eV)

It can be seen from Table 6 that the total energy of the (3) compound decreases with increasing polarity
of the solvent, as dipole moment, other structure parameters and stability of the compound increases
accordingly applied CPCM method.

3.5. Molecular Electrostatic Potential Analysis

The molecular electrostatic potential map of the (3) compound was generated at the B3LYP/6-311G(d,p)
level. In that map, the region of the most negative electrostatic potential represents in red, blue the most
positive electrostatic potential and green zero potential [47]. MEP helps with electrophilic and
nucleophilic attack character of the molecules; namely, negative regions-red coloured are associated
with electrophilic, and positive regions-blue coloured with nucleophilic attack.

Figure 12. The molecular electrostatic potential map of the (3) compound

The MEP of the title compound is given in Figure 12, which has colour codes from red to blue, represents
a potential distribution in the range of -0.047 a.u. to 0.013 a.u. The values of negative electrostatic
potential are located on around isoxazole moiety, particularly nitrogen (with -0.0313 a.u.) and oxygen
atoms (with -0.0326 a.u.), which are preferred site for electrophilic attack, while positive electrostatic
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potential around bicyclic group, especially hydrogen atoms (with 0.0034 a.u.), which is preferred site
for nucleophilic attack.

4. CONCLUSION

3,7-bis(4-(tert-butyl)phenyl)-3a,4,4a,7a,8,8a-hexahydro-4,8-methanobenzo[ 1,2-d:4,5-d ] diisoxazole
compound which is one of the bisisoxaoline derivative of norbornadien, synthesized and characterized
with spectral analysis by FT-IR, *H-NMR, BC-NMR, UV-Vis and X-ray crystallographic technique.
The theoretical investigation were performed with DFT/B3LYP/6-311G(d,p) basis set over the ground
state. And, the results of spectral analysis were compared with computed molecular geometric
parameters, vibrational frequencies, *H-NMR and *C-NMR chemical shifts. The theoretical geometric
structure parameters such as bond lengths and angles, computed frequencies and chemical shifts values
are in compliance with experimental values and similar papers or other isoxazole studies [8, 23, 26, 30,
31]. And also, electronic absorption spectrum analysis of the (3) compound was examined both
experimental and with TD-DFT/B3LYP/6-311G(d,p)/CPCM methods in gas phase and different solvent
media such as DMSO, THF and MeOH. The total energy, dipol moment and chemical stability
parameters get changed with the different solvent polarity.

Also, we evaluated molecular geometry of isoxazoline ring position; exo-endo. The experimental NMR
results have showed symmetrical same cyclo-addition such as both ring exo-exo or endo-endo, so we
have described exo molecular geometry depend on spin-spin interaction on *H-NMR values. X-ray
analysis results showed exo molecular geometry position and the comparisons with optimized geometry
are reported in this work.

FMOs, MEP and thermodynamic analysis were realized to obtained information about nucleophilic or
electrophilic characteristic, chemical activity properties such as ionization potential, electron affinity,
electronegativity, chemical potential, global hardness and global softness, electronic transition at the
UV-Vis spectra, electrostatic potential distribution on the molecule surface of the title compound. We
hope that these consequences will create an infrastructure for researchers carrying out other isoxazole
derivatives or similar studies and can be used for further analyses.
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