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Abstract

This study presents a combined experimental and theoretical research on an N-[4-(3-methyl-3-phenyl-cyclobutyl)-thiazol-2-yl]-NV'-
thiophen-2ylmethylene-Chloro-acetic acid hydrazide compound. The optimized molecular structure, "H and *C chemical shift values
and vibrational assignments of the titled compound were examined by depending on the density functional method and by using

6-31G(d), 6-31G(d,p) and 6-311G(d,p) basis sets. Moreover, HOMO-LUMO analysis and molecular electrostatic potential were

carried out in order explore charge delocalization on this molecule.

Keywords: Frontier molecular orbitals, Molecular electrostatic potential, IR and NMR spectroscopy, X-ray structure determination

Oz

Bu caligma N-[4-(3-metil-3-fenil-siklobutil)-tiazol-2-yl]-V'-tiyofen-2ylmetilene-Khloro-asetik asit hidrazid bilesiginin deneysel ve
teorik ¢alismasini gosterir. Optimize edilmis molekiler yaps, 'H ve BC kimyasal kayma degerleri ve titresim frekanslart DF'T metodu
ile birlikte 6-31G(d), 6-31G(d,p) ve 6-311G(d,p) baz setleri kullanilarak incelenmistir. Tlaveten molekiildeki yiik delokalizasyonu
incelemek icin HOMO-LUMO analizi ve molekiiler elektrostatik potansiyeli aragtirilmigtir.

Anahtar Kelimeler: Sinir molekiler orbitaller, Molekiler elektrostatik potansiyel, IR ve NMR spektroskopisi, X-1sin1 yap: tanimi

1. Introduction

The chemistry of aminothiazoles and their derivatives has
attracted the attention of chemists, because they exhibit
an important biological activity in medicinal chemistry
Pozharskii et al. 1997, Wipf and Wang 2007 such as
antibiotic, anti-inflammatory, antihelmintic, or fungicidal
properties (Metzger 1979, Koike et al. 1999, Walczynski
et al. 1999). 2-Aminothiazoles are mainly known as
biologically active compounds with a broad range of
activities and as intermediates in the synthesis of antibiotics,
well-known sulfa drugs, and some dyes (Patt et al. 1992,
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Sharma et al. 1998). In addition, it has been proved that
3-substituted cyclobutane carboxylic acid derivatives exhibit
anti-inflammatory and antidepressant activities Jaen et al.
1990 and also liquid crystal properties (Tsuji et al. 1994).

In this study, we present the results of a detailed investigation
of the synthesis and structural characterization of a N-[4-(3-
methyl-3-phenyl-cyclobutyl)-thiazol-2-yl]-N"-thiophen-
2ylmethylene-Chloro-acetic acid hydrazide (NNT2CAH)
compound by using single crystal X-ray diffraction, IR
and NMR spectroscopy and quantum chemical methods.
The geometrical parameters, fundamental frequencies and
GIAO 'H and BC NMR chemical shift values of the title
compound in the ground state have been calculated by using
the B3LYP method. A comparison of the experimental and
theoretical spectra can be very useful in making correct
assignments and understanding the basic chemical shift-



Demir Kanmazalp, Dinger, Cukurovali, Yilmaz / Spectral and Theoretical Analysis of N-[4-(3-methyl-3-phenyl-cyclobutyl)-thiazol-2-yl]-N'-

thiophen-2ylmethylene-Chloro-Acetic Acid Hydrazide by DFT Method

molecular structure relationship. Furthermore, the molecular
electrostatic potential, and frontier molecular orbitals, were

studied at the B3LYP/6-311G(d, p) level.

2. Materials and Method
2.1 Crystallographic Analysis

Single crystal X-ray data were collected on an STOE
diffractometer with an IPDS(II) image plate detector (Mo
K radiation) at 296 K. The crystal was solved by direct
methods by using SHELXS-97 and refinement was carried
out with full-matrix least-squares methods based on F? with
the SHELXL-97 software package (Sheldrick 1997). All
hydrogen atoms were refined in isotropic approximation in a
riding model with the U, (H) parameters which equal to 1.2
Ueq(Ci), for methyl groups which equal to 1.5 Ueq(Cﬁ), where
U(C) and U(C,) are, respectively the equivalent thermal

Table 1. Crystallographic data for NNT2CAH

Formula C, H, CIN,OS,
CCDC 775739
Formula Weight 430
Temperature[K] 296
Wavelength [A] 0.71073
Crystal system Orthorhombic
Space group P222
a[A] 5.9330 (3)
b [A] 17.2192(12)
c[A] 20.2868(12)
a [°] 90
B[] 90
v[] 90
V[A3] 2072.53(2)
Z 4
D_, [g/cm’] 1.38
F(000) 895.9
h, k,1 Range -7<h<7
-21<k<21
-17<1<25
Reflections collected 11938
Independent reflections 4357
- 0.053
Reflections observed [1220(1)] 2649
R [1>20(I)] 0.046
Rw [I>20(1)] 0.0691
Goodness-of-fit on Indicator 0.891
Structure determination Shelxs-97
Refinement Full matrix
(A0)_, (Ao ) [e/ A] 0.16,-0.16
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parameters of the carbon atoms to which corresponding
H atoms are bonded. The crystal data and experimental

y p
parameters are given in Table 1.

2.2. Instrumentation

FT-IR spectra were measured by ATI Unicam-Mattson
1000 FT-IR spectrometer in the frequency range of
4000-400 cm™ by using KBr disc. The FT-IR spectra were
recorded at room temperature at the spectral resolution of 1
cm™. 'H and ®C NMR spectra were recorded with Bruker
Avance III 400 MHz spectrometer. Chemical shifts were
reported on a scale which correlate with TMS.

2.3. Synthesis

'The synthesis of the title compound was carried out in the
following reaction Scheme. A solution of 0.3535 gram (1
mmol) of N-thiophen-2-ylmethylene-N"-[4-(3-methyl-3-
phenyl-cyclobutyl)-thiazol-2-yl]-hydrazine was dissolved
in 20 mL of dioxane containing 1 mmol triethylamine.
To this solution, 90 pL (1 mmol) of chloroacetyl chloride
solution in 20 mL 1,4-dioxane was added dropwise in a two
hour period at room temperature by stirring. The mixture
was stirred for another two hours, then was neutralized
with 5% aqueous ammonia (if necessary, but generally it is
necessary). Thus, the precipitated compound was filtered,
washed with copious water and crystallized from ethanol.
'The reaction sequence of synthesis of the title compound is
shown in Scheme.
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Scheme. Reaction sequence of synthesis of NNT2CAH.

2.4. Computational details

Initial geometry generated from standard geometrical
parameters was minimized. The optimized structural
parameters were used in the vibrational frequency calculations
at the DFT level to characterize all the stationary points
as minima. The calculated NMR, molecular electrostatic
potential and frontier orbitals were calculated using the
same method and then vibrational frequencies of normal
modes scaled 0.9613 for 6-31G(d) (Foresman et al. 1996,
Merrick et al. 2007) 0.9611 for 6-31G(d,p) (Schlegel 1982,
Hehre et al. 1972) and 0.9670 6-311G(d, p) (Andersson
et al. 2005) with B3LYP. Additionally, we calculated the
'H and BC NMR chemical shifts for this structure using
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GIAO model at the same level. These calculations were
performed at DFT (B3LYP) method using the Gaussian
03W program package (Frisch et al. 2003).

3. Results
3.1 Description of The Crystal Structure

'The molecular structure of the title compound is shown in
Figure 1(A). Thermal ellipsoids are drawn at 40% probability
level. The crystal data and experimental parameters are given

in Table 1. Besides, hydrogen bonding geometry is given in
Table 2.

In the asymmetry unit, the thiazole ring and acetic acid
hydrazide group are coplanar. The thiazole ring makes
the dihedral angle with the acetic acid hydrazide group
of 11.96(0.22). There is a significant intramolecular C15-
H15...N1 hydrogen bonds forming the corresponding
pseudo five-membered ring. The crystal packing diagram
of NNT2CAH is shown in Figure 1(B). The molecular
conformation was stabilized by intra and inter molecular

C—H...N/O/Cl and C—H...n (C4...B ring 3.772(3)

Table 2. Hydrogen bonding geometry [A, ] for the NNT2CAH.

A) hydrogen bonds (Figure 1(B) and Table 2). The short
C20-C21 distance [1.508(4) A] may be due to a collective
interaction of C21 with the nearby hydrazide group and
O1 atom, an intramolecular close contact interaction with
the nearby nitrogen atom in thiazole (C15-H15...N1; see
Table 2), and an C2-H2...01 intermolecular interaction
(H2...01=2.86 A; symmetry code: -1/2+x, 1/2-y, 1-z; that
may influence the bond strength of the C20-C21. Other
hydrogen bonds are listed in Table 2. The hydrazide group
lies in a trans configuration along the N(3)-C(15) bond
(torsion angles C15-N3-N2-C21= 169.3(3)° and C15-
N3-N2-C1= -14.4(4)’, respectively).

3.2 Optimized Molecular Geometry

Listed in Table 3 are, the optimized geometrical parameters
of NNT2CAH, calculated at B3LYP/6-31G(d)/6-
31G(d,p)/6-311G(d,p) basis sets in the gas phase which are
in accordance with the atom numbering scheme are given
in Figure 1(A). These indicate a slight underestimate or
overestimate of some bond lengths, as a result, 6-31G(d,p)
basis set predicts bond lengths in an excellent agreement

D—H-A[A] H-A[A] D-A [A] D—H-A["]
C15—H15...N1 0.93 2.11 2.776(4) 126
C18—H18...91i 0.93 2.92 3.813 162
C13—H13...Cl1# 0.93 3.04 3.741 134
C2—H2...01 0.93 2.86 3.53 130
C4—H4...n 0.98 2.79 3.772 179

1:5/2-%,-y,-1/2+z, 1i: 3/2-x, -y, -1/2+z iii: -1/2+x,1/2-y,1-z

Figure 1. (A) Molecular structure with atomic numbering for NNT2CAH (B) Packing diagram of NNT2CAH.
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with X-ray data. However, for the bond angles of 6-31G(d)
basis set are better when compared with experimental results.
We present correlation graphics in Figure 2 based on these
calculations. Considering the comparison above, although
the theoretical and experimental values slightly differentiate
from each other the optimized structural parameters can
reproduce the experimental one well and they are the basis
for following discussion.

A logical method for globally comparing of the structures
obtained with the theoretical calculations is to superimpose
the molecular skeleton with that obtained from X-ray
diffraction, giving an RMSE 0f 0.366 A for 6-31G(d),0.362
A for 6-31G(d,p) and 0.383 A for 6-311G(d,p) calculated
by using B3LYP method (Figure 3). Consequently, the
6-31G(d,p) basis set correlates well with the geometrical
parameters when compared with other basis sets. Figure 3
represents atom-by-atom superimposition of the structures
were calculated (black) in the X-ray structure (red) of the
title compound.

3.3. Vibrational Analysis

Assignment of organic systems can be proposed on the basis
of frequency agreement between the computed harmonics

=
=

[=
=

and the observed fundamental modes. The resulting
vibrational wave numbers for the optimized geometry and
the proposed assignments are given in Table 4. Based on the
results of the normal coordinate calculations the vibrational
spectral data obtained from the solid phase FT-IR spectra
are assigned. All vibrational calculations were performed in
the harmonic approximation.

In the heteroaromatic compounds, the C-H stretching
vibrations normally occur at 3100-3000 cm™ (Stuart 2008).
These vibrations were not found to be the influence to the
nature and the position of the substituent and they typically
exhibit weak bands when compared with the aliphatic
stretching vibrations. In infrared spectra, most of the
aromatic compounds have nearly four peaks in the region
3080-3010 cm™ due to the ring C-H stretching bands. IR
frequencies of C—H band are a function of sp hybridization
(Pavia et al. 2001). Four IR bands were observed at 3115,
3104, 3080 and 2925 cm™ were assigned to the C-H
stretching vibration for NNT2CAH. The second band
belongs to the symmetric and the third to the asymmetric
stretching band. In the higher frequency region, almost all of
the vibrations belong to CH, and CH, stretching vibrations.

T heoretical

Experimental

Figure 3. Atom-by-
atom superimposition
of the structures
calculated (black) as
(B3LYP/6-31G(d),
6-31G(d,p) and as
6-311G(d,p)) on the
X-ray structure (red) of
NNT2CAH hydrogen

BALYF6-31G(d) BILYP/6-31G{d, p)

atoms have been

BALYP/6-311C(d, p)
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omitted for clarity.
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If a CH, group presents in a compound, it can give rise to
one asymmetric and one symmetric stretching vibration. In
this molecule, these vibrations were observed at 2959 and
2563 cm’, respectively. The range of frequencies obtained
by B3LYP method in this region are 2987/2921 cm™ for
6-31G(d) and 2986/2916 cm™ for 6-31G(d,p) 2982/2919
ecm™ for 6-311G(d,p) basis sets, respectively. CH, stretching
vibration modes are observed at 3036,3021, 2975 and 2862
cm™. The first of these modes is the asymmetric vibration
of the cyclobutane ring and chloro-asetic acid group and

the others are a symmetric vibrations of same groups,
respectively. Belonging to CH, other calculated vibrations
can also be seen in Table 4. Generally, the C=C stretching
vibrations in aromatic compounds compose six bands in the
region of 1650-1430 cm. These bands show the intention
to shift to the lower wavenumber with heavy substituents
and an increase in a number of substituents on the
compound gives rise to these vibrations, and were observed
in the wide region of FT-IR spectrum (Roeges 1994).
The characteristic band of C=C stretching vibration of the

Table 3. Selected optimized and experimental geometries parameters of NNT2CAH.

Parameters Experimental DFT/B3LYP

6-31G(d) 6-31G(d,p) 6-311G(d,p)
Bond lengths[jo\]
C21-01 1.202 (4) 1.214 1.214 1.207
C21-N2 1.391 (4) 1.405 1.405 1.407
C21-C20 1.508 (4) 1.530 1.529 1.528
C20-C11 1.766 (3) 1.795 1.794 1.797
S1-C2 1.705 (3) 1.739 1.739 1.737
S1-C1 1.735 (3) 1.768 1.768 1.767
N1-C1 1.284 (3) 1.303 1.303 1.300
N1-C3 1.382 (3) 1.382 1.382 1.381
C2-C3 1.347 (4) 1.363 1.363 1.361
S2-C19 1.706 (3) 1.733 1.733 1.731
S2-C16 1.706 (3) 1.752 1.751 1.750
N3-C15 1.271 (4) 1.290 1.290 1.286
N3-N2 1.403 (3) 1.384 1.384 1.382
N2-C1 1.415 (3) 1.410 1.410 1.411
C3-C4 1.483 (4) 1.496 1.496 1.495
Bond Angles[°]
N3-C15-C16 120.3 (3) 119.594 119.553 119.656
C17-C16-S2 110.7 (2) 110.919 110.919 110.926
C15-C16-S2 124.0 (2) 123.261 123.282 123.224
N1-C1-N2 122.1 (3) 122.895 122.877 122.966
N1-C1-S1 115.3 (2) 114.510 114.496 114.400
N2-C1-S1 122.6 (2) 122.595 122.627 122.634
C21-C20-C11 110.4 (2) 111.120 111.177 111.161
Torsion angles|°]
01-C21-N2-N3 -174.8 (3) 179.997 179.995 179.985
C20-C21-N2-N3 5.4 (3) -0.003 -0.006 -0.014
01-C21-N2-C1 8.8 (4) -0.001 -0.003 -0.008
C20-C21-N2-C1 -171.0 (2) 179.999 179.996 179.994
C15-N3-N2-C21 169.3 (3) 179.997 179.998 -179.993
N2-C21-C20-Cl1 175.1 (2) -179.999 0.002 -179.994
N1-C3-C2-S1 1.2 (3) -0.001 -179.998 -0.003
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Table 4. Comparison of the observed and calculated vibrational spectra of NNT2CAH.

Assignments Experimental DFT/B3LYP

[em™] 6-31G(d) 6-31G(d,p) 6-311G(d,p)
vC-H (A) 3115 3139 3136 3135
v C-H(C) 3104 3082 3079 3083
v C-H(C) 3080 3065/3053 3062/3049 3072/3065
v. X-H,(A) 3036 3011/3007 3010 3052/3011
v C-H (E) 3021 3062 3056 3063
v C- H (E) 2975 3009 3002 3011/2951
v C-H, 2959 2987 2986 2982
vC-H (D) 2925 2965 2964 2969
v.C-H,(D) 2862 2952-2949 2947 2951
v C-H, 2563 2921 2916 2919
vC=0 1709 1728 1728 1726
vC,-N, 1637 1598 1596 1593
vC=C (C) 1594 1597/1573 1594-1570 1590
vC-C (A+B) 1578 1526-1525 1525-1523 1521
yC-H (C) 1476 1485 1478 1427
vC=N (A) 1600 1474/1299/1313 1473/1294/1309 1466
vC-C (B) 1429 1431 1429 1423
o C-H, (E) 1399 1412 1395 1453/1446
w C-H, 1374 1381 1367 1364
v C-H (B+F) 1348 1366/1322 1361/1315 1363
o C-H, (E) 1326 1290 1282 1282
vC,-C, 1302 1281 1276 1276
vC,-C,+vC, NN, 1240 1227 1225 1222
v C-H(B)+oC-H,(E) + 1215 1222/1201 1216 1217
vC,—N,
vC,-N,-C,+ o C-H(C) 1199 1171 1167 1196/1166
0 C-H (E) 1150 1153 1074 1149
0 (A) 894 875 873 1007
0 (C) - 978 975 984
6 C-H (C) 950 954/930/890 957-936/890 950
8 C-H (B) 919 883 886 892
B (B) 856 835/740 834 838
vC-S (A) 843 819 817 819
vC-Cl 796 771 769 771
w (C) 755 750/691 751/750 756
vC-S (B) 736 740 739 744
o C-H (B) 699 692 691 691
B deformation (C) - 609 608 694
0 (B) 617 659 658 569

Vibrational modes: v, stretching; s, symmetric; as, asymmetric; ., scissoring; v, rocking; w, wagging; 9, twisting; 6, ring breathing; f, in-plane bending.
Abbreviations: A, thiazole ring; B, furan ring; C, phenyl ring; D, cyclobutane ring; E, chloro acetic acid group; F, hydrazide group.
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phenyl ring of NNT2CAH appears at 1594 cm™. Stretching
vibration of C=O group is expected to appear at 1715-1680
cm™ (Roeges 1994). The very strong C=O experimental
bands which were observed at 1709 cm™ for NNT2CAH
correspond to the stretching vibration of C=O group of
chloro-acetic acid, which lie in a higher frequency region in
the present case indicating the weak delocalization of a lone
pair of electrons. The increase in conjugation, generally, leads
to the intensification of infrared bands. The conjugation and
the influence of intermolecular hydrogen bonding result
in the lowering of the stretching wavenumbers of C=0O
vibration (Sidir et al., 2010). Frequencies of C=0 stretching
for a DFT method vibrations are in good agreement with
the experimental results.

Any deviation of the calculated wavenumber for this mode
can be attributed to m-electron delocalization due to the
conjugation or formation of hydrogen bonds (Panicker
et al.2007). The identification of C-N vibrations is a very
challenging task since the mixing of several bands could be
possible in this region. However, with the help of theoretical
calculations and percentage relative weight of vibrations the
C-N stretching vibrations are identified and assigned in
this study. The C-N stretching vibrations are assigned in
the region 1382-1266 cm™ for aromatic amines (Silverstein
2003).The C-N stretching modes appear at 1637,1600, 1240
and 1199 cm™ for NNT2CAH in the solid-state FT-IR
spectra. The FT-IR band observed at 1637 cm™ is the most
intensive band in this region. For B3LYP level, calculated
wavenumbers of these bands show excellent agreement
with corresponding experimental ones for NNT2CAH.
These results are detailed in Table 4. Here, it is important to
conclude the vibrations of C-halogen bonds in the aromatic
ring, because, the mixture of vibrational modes are possible
due to a lack of symmetry and the presence of heavy atoms
such as F, Cl, Br, I and S in the molecule (Yadav and Sing
1985). The C-S and S—H bonds are highly polarizable and
hence produce stronger spectral activity. The C-S stretching
vibration is expected in the region 710-685cm™ (Coates
2000). The C-S stretching vibrations were observed at 843
and 736 cm™ for NNT2CAH. The infrared band appearing
at 796 cm™ was designated to C-Cl stretching mode in
this molecule. This C—Cl vibrational mode was reported at
795 cm™ for N’-benzylidene-N-[4-(3-methyl-3-phenyl-
cyclobutyl)-thiazol-2-yl]-Chloro-acetic  acid  hydrazide
(Demir et al. 2012). On the other hand, C-S stretching in
thiazole (ring A) and C—Cl stretching bands were calculated
819 and 771 cm™ with B3LYP/6-31G(d) and B3LYP/6-

Karaelmas Fen Miih. Derg., 2019; 9(1):77-87

311G(d,p), 817 and 769 cm™ with B3LYP/6-31G(d,p),

respectively.

3.4. Nuclear Magnetic Resonance

Since  NMR shifts

electron density which is close to nuclei, the use of core

chemical bear witness to the

pseudopotentials is in principle precluded. For this reason,
these chemical shifts have been calculated with the GIAO
(Gauge Invariant Atomic Orbitals) method (Wolinski et al.
1990) and these results relative to the TMS value are given
in Table 5. The NNT2CAH compound has 21 different
carbon atoms, which is consistent with the structure based
on molecular symmetry. Calculated 'H and "C isotropic
chemical shielding values for TMS at the B3LYP level were
obtained 32.10 ppm and 189.40 ppm for 6-31G(d) and
32.37 ppm and 193.97 ppm for 6-31G(d, p), and 31.99 ppm
and 185.06 ppm for 6-311G(d, p) basis sets, respectively.
The experimental values for 'H and *C isotropic chemical
shifts for TMS were 30.84 ppm and 188.1 ppm, respectively.
Since experimental "H chemical shift values were not
available for an individual hydrogen, we have presented the
average values for aromatic CH, and CH, hydrogen atoms.
In our present study the methyl protons at C8 appears
as a singlet with three protons integral at 1.60 ppm. The
singlet observed at 6.85 ppm was assigned to H2(C2) atoms
that were calculated at 2.92 ppm (6-31G(d)) and 4 ppm
(6-31G(d,p)) and 6.93 ppm (6- 311G(d,p)) for the B3LYP
level. The CH,, signals of the cyclobutane were observed
at 2.52-2.68 ppm. Another CH, signal, C20(H20) in
the chloro-acetic acid was observed at 4.82 ppm. Due to
deshielding by the electronegative property of N1, N2, and
S1 atoms, the chemical shift value of C1 which has a larger
value than the others, was observed at 167.29 ppm. Besides,
due to the shielding effect of the non-electronegative
property of the hydrogen atom, the chemical shift value of
C8 atom is lower than the others carbon peak (Karakurt
et al. 2011). As shown in Table 5, theoretical 'H and “C
chemical shift results of the title compound were generally
closer to the experimental 'H and C shift data.

3.5. Molecular Electrostatic Potential

The molecular electrostatic potential (MEP) is widely used
as a reactivity map displaying most probable regions for the
electrophilic attack of charged point-like reagents on organic
molecules (Politzer 1981). The MEP of NNT2CAH is
obtained based on the B3LYP/6-11G(d,p) optimized result
and shown in Figure 4. The calculated 3D MEP contour

map (red is negative, blue is positive) shows that the negative
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Table 5. Theoretical and experimental *C and 'H isotropic chemical shifts (with respect to TMS all values in ppm) for NNT2CAH.

Experimental DFT/B3LYP
6-31G(d) 6-31G(d, p) 6-311G(d, p)
C1 167.29 148.91 153.56 166.81
C2 111.31 98.59 102 119.73
C3 155.30 145.29 150.04 159.9
C4 30.71 16.4 19.66 36.01
C5 41.04 25.15 27.75 46.19
Cé 38.75 29.82 34.06 45.58
C7 41.04 22.7 25.27 46.2
Cs8 30.06 7.32 9.44 34.51
C9 152.26 142.95 147.98 164.4
C10 124.70 108.88 112.22 131.86
C11 127.69 111.78 115.36 134.93
C12 125.34 106.89 110.43 131.51
C13 127.69 110.8 114.38 134.94
C14 124.70 109.06 112.49 131.86
C15 146.02 134.19 137.44 150.22
Ci16 138.49 129.54 134.61 151.11
C17 128.27 121.74 125.27 140.66
C18 132.17 113.72 117.39 133.25
C19 129.47 118.8 122.32 141.64
C20 43.66 37.08 40.22 56.75
C21 156.27 156.8 161.3 174.25
H2 6.85 2.92 4 6.93
H4 3.79 0.26 0.94 3.7
H5* 2.68 0.82 0.16 2.71
H7* 2.52 0.85 0.255 2.71
Hs8* 1.60 3.21 2.61 1.54
H10 6.87 4.47 5.41 7.54
Hi11 6.98 4.64 5.57 7.74
Hi12 6.96 4.65 5.58 7.68
Hi13 7.05 4.87 5.81 7.74
Hi4 7.03 4.58 5.53 7.55
H15 9.40 6.96 8.14 10.95
H17 7.17 2.52 3.51 5.89
H18 7.20 3.86 4.84 7
H19 7.24 4.21 5.24 7.64
H20* 4.82 1.34 2.09 4.98
*: Average.
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Figure 4.
Molecular
electrostatic
potential map
calculated at
B3LYP/6-
311G(d,p)

level.

regions are mainly over the Cl and O atoms. The negative
V(r) values are -0.0530 a.u. for O atom, which is the most
negative region: About -0.0272 a.u. for Cl atom and -0.0217
a.u. for S atom, which is the least negative region. As we
have mentioned earlier, the electrostatic potential has been
used primarily for predicting sites and relative reactivities
towards electrophilic attack, and in studies of biological
recognition and hydrogen bonding interactions (Munoz-

Caro et al. 2000).
3.6. HOMO-LUMO Analysis
The highest occupied molecular orbital (HOMO) and

lowest unoccupied molecular orbital (LUMO) are the main

3 @
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Figure 5. The atomic orbital composition
of the frontier molecular orbital for

NNT2CAH.
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orbital and take part in chemical stability (Gunasekaran et
al. 2008). The HOMO represents the ability to donate an
electron, while LUMO as an electron acceptor represents
the ability to obtain an electron. This electronic transition
absorption corresponds to the transition from the ground to
the first excited state and is mainly described by an electron
excitation from the highest occupied molecular orbital
(HOMO) to the lowest unoccupied molecular orbital
(LUMO). Owing to the interaction between HOMO and
LUMO orbital of a structure, the transition state of n—m*
type is observed with regard to the molecular orbital theory
(Fukui 1975, Fukui 1982). Therefore, while the energy of
the HOMO is directly related to the ionization potential,
LUMO energy is directly related to the electron affinity.
The energy difference between HOMO and LUMO
orbital is called as energy gap that is an important stability
for structures (Lewis et al. 1994). The value of the energy
separation between the HOMO and LUMO is 4.095 eV
for B3LYP/6-311G(d,p) level and this gap demonstrates
that the title compound is stable (Demir et al. 2012). In
addition, 3D plots of frontier molecular orbitals and energy
values are shown in Figure 5.

4. Conclusion

In this work, we calculated the geometrical parameters
and vibrational frequencies and some molecular properties
of the monomer form of the N-[4-(3-methyl-3-phenyl-
cyclobutyl)-thiazol-2-yl]-V-thiophen-2ylmethylene-
Chloro-acetic acid hydrazide molecule by using B3LYP
method for 6-31G(d), 6-31G(d,p) and 6-311G(d,p) basis
sets. To support the solid state structure, the geometric
parameters, vibrational frequencies and 'H and *C NMR
chemical shifts were theoretically determined through
comparision with experimental data. A good correlation
between the experimental and computed values was
observed. The conformational stability was determined to
find the most stable form of the title compound.
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