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Abstract: - Sulfonamides are broad-spectrum antibacterial chemicals that work against gram-positive and gram-
negative bacteria. Sulfonamides were widely employed soon after their discovery, and this resulted in a large
reduction in bacterial illnesses. In this study, firstly we performed geometrical optimization. After this,
investigated spectroscopic (such as 'H-NMR, "C-NMR and FT-IR) and electronic properties of 2-
hydroxyacetophenone methanesulfonylhydrazone by theoretically. As a result of the vibrational frequencies, 'H-
NMR and *C-NMR calculations, it was seen that the theoretical values were compatible with the experimental
values. In addition, HOMO-LUMO molecular orbital energies, nonlinear optical (NLO) properties and molecular
electrostatic potential (MESP) of 2-hydroxyacetophenone methanesulfonylhydrazone compound were
investigated. As a result of calculations, the energy band gap between the HOMO and LUMO orbitals of the
studied compound was found 4.65 eV and first static hyperpolarizability was found as 4674.7x10% esu
(approximately 12.34 times larger than urea). All calculations were performed using DFT/B3LYP/6-311++G (d,
p) level of theory and Gaussian 09 and Gauss View 5.0 package programs.
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1 Introduction protease inhibitory activity. Examples of these are the
Sulfonamides are among the most used antibiotics cqrbonic anhydrase  inhibitor acetazolgmide (in
in the world. It has been used clinically since 1968. clinical use for more than 45 years), widely used
They have been applied in the treatment of infections, diuretic furosemide, hypoglycemic agent torasemide,
especially urinary tract and upper respiratory tract anticancer sulfonamide E7070 used in further clinical
infections. Their low prices, low toxic effects and studies, HIY protease inhibitor used in the treatment
superior efficacy against common bacterial diseases of HIV mfect‘ion' ‘and AIDS .amprenavir and
have made them stand out. Between 1935 and 1948, metallopr-otease inhibitors can be given [2].
4500 sulfonamide derivatives were synthesized and In this study, firstly, 2-hydroxyacetophenone
their antimicrobial activities were investigated. methanesulfonylhydrazone compound was
However, only 0.5 percent of these compounds were optimized and the minimum energy stable structure
used as drugs. Sulfonamides are in the structure of was obtained. After thainmg the .stable structure of
para amino benzene sulfonilamide and provide the the molecule, vibration frequencies, 'H-NMR and
bacteriostatic effect of the amino benzene ring, which “C-NMR CE}ICUIaUOHS were first p-erformed on this
is the active part [1]. structure. Finally, we have gtudled HOMO gnd
Sulfonamides are antibacterial compounds has a LUMO. molecular orbital energies, nonhngar optical
broad spectrum of antimicrobial activity against properties (NLO), electrostatic potential maps
Gram-positive and Gram-negative bacteria. The (MESP) in the DFT/B3LYP/6-311++ G (d, p)
majority of sulfonamide formulations are offered as theoretical plane.

a combination of a sulfonamide and one of the .
synthetic diaminopyrimidines, trimethoprim or 2 Materials and Methods

ormethoprim. Molecular modeling and spectroscopic methods are

In addition to antibacterial and antitumor among the scientific research methods that are widely
properties,  sulfonamides also have many used to examine the molecular behavior and
pharmacological properties such as anti-carbonic structural properties of chemical and biological
anhydrase, diuretic, hypoglycemic antithyroid and systems. In this study, spectroscopic and some
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electronic properties of the 2-hydroxyacetophenone
methanesulfonylhydrazone molecule were
investigated theoretically by using DFT method.
First, we will optimize the structure of 2-
hydroxyacetophenone = methanesulfonylhydrazone
compound synthesized by Saliha ALYAR [3]. The
lowest energy structure will be obtained by the
DFT/B3LYP/6-311++G (d, p) method. After
calculating the vibrational frequencies of this
compound, 'H and *C NMR calculations will be
made in the DMSO phase and compared with the
experimental results. Finally, HOMO and LUMO
molecular orbital energies, nonlinear optical
properties (NLO) and molecular potential energy
surface (MESP) maps will be examined using the
DFT/B3LYP/6-311++G (d, p) basis set. Theoretical
results will be understood by comparing them to
experimental values. All theoretical calculations are
performed using two software packages Gaussian 09
and Gauss View 5.0 [4,5].

3. Results and Discussion

The  conformation  analysis of the 2-
hydroxyacetophenone = methanesulfonylhydrazone
was performed by Alyar et al. and it was found to
have seven different conformations [6]. In the
conformation analysis study performed with the
B3LYP/ 6-31G** basis set, it was found that the most
stable conformer was found in the vacuo. In this
study, geometric optimization calculation was made
with the DFT B3LYP/6-311++G(d,p) basis set using
the lowest energy structure of these seven

conformations and its stable structure was found as

v, >
3

follows.

U

f ®°,

9
Figure 1. Optimize  structure  of  2-
Hydroxyacetophenone methanesulfonylhydrazone
3.1  Vibrational Assignment of 2-
Hydroxyacetophenone Methanesulfonylhydrazone
The marks of the fundamental vibration frequencies
determined for the stable structure of the 2-
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hydroxyacetophenone  methanesulfonylhydrazone
molecule at lowest energy were created and
interpreted in this portion of our study. 2-
hydroxyacetophenone methanesulfonylhydrazone is
a 27-atom compound having 75 fundamental
vibration frequencies. The experimental FT-IR
spectrum of  the 2-hydroxyacetophenone
methanesulfonylhydrazone molecule is given in Fig.
2. The experimental and theoretical vibration
frequencies are listed in the Table 1.

) T T

Figure 2 Experlmental FT-IR spectrum of 2-
hydroxyacetophenone  methanesulfonylhydrazone
molecule [3]

In aromatic molecules, C-H stretching vibrations are
generally observed in the range of 3000-3100 cm™,
in-plane and out-of-plane bending vibrations are
observed in the range of 1275-1000 cm™ and 900-690
cm’!, respectively [7]. S. Alyar symmetric and
asymmetric stretching C-H vibrations observed at
3016 and 2971 cm™ [3]. While the symmetric C-H
ring stretching vibrations were calculated at 3202, the
asymmetric C-H stretching vibrations calculated at
3186 and 3172 cm’! for the 2-hydroxyacetophenone
methanesulfonylhydrazone by using the B3LYP/6-
311++G(d,p) method.

C-H ring vibration frequencies are higher than
CH; and CH3 vibration frequencies. In aromatic ring
systems, the C-H stretching vibrations of the methyl
group, which can generally be called the electron

donating  group, are expected to occur
asymmetrically at 2980 cm™ and symmetrically at
2870 cm’'[8-10]. The CH; asymmetric and

symmetric stretching vibrations observed at 2908,
2850 and 2820 cm by S. Alyar [3]. In our study
symmetric and asymmetric CHj3 stretching vibrations
calculated at 3177, 3165, 3152 and 3084 cm™'. The
symmetric CHj stretching vibrations calculated at
3065 and 3024 cm™.
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Table 1. Vibrational assignments of 2-
Hydroxyacetophenone Methanesulonylhydrazone by
DFT B3LYP/6-311++ G (d,p) level of theory

Mode | Exp. | Calculation | intensity | Assignment
[3]
75 3203 | 3495 56.6033 v (NH)
74 3420 681.3920 | v(OH)
73 3016 | 3202 16.7665 Vs (CH)ring |
72 2971 | 3194 224374 | Vas (CH)ring |
71 3186 10.2276 | Vas (CH)ring
70 3177 0.2492 Vas (CH3)
69 3172 4.0027 Vas (CH)ring
68 2908 | 3165 0.2680 Vas (CH3)
67 2850 | 3152 9.0952 Vas (CH3)
66 3084 8.5982 Vas (CH3)
65 2820 | 3065 0.1450 vs (CH3)
64 3026 4.4765 vs (CH3)
63 1652 64.0405 V(CC)ring +
B (COH)
62 1622 | 1638 146.4921 | v(N=C) +
V(Cc)ring
61 1573 | 1602 46.9113 v (N=C) +
V(CC)ring +
B (COH)
60 1500 | 1526 74.8089 | V(CC)ring +
B (CCH)ying
+ B (COH)
59 1500 14.0140 B (CH;) +B
(CCH)ring
58 1451 | 1486 107.1856 | V(CCing + Vv
(Co)+ B
(CCI—I)ringJr
B (COH)
57 1483 16.6019 B (C14H;)
56 1425 | 1448 0.3717 B (C14H;)
55 1410 | 1443 10.3779 B (C14H;)
54 1427 71.1543 B (CCH)xing
+ B (COH)
+ B (N19H)
53 1409 80.4363 B (CCH)xing
+ B (COH)
+ B (N19H)
+ v (C14H3)
52 1389 | 1398 52.7811 B (COH) +
B (NI9H) +
¥ (C14H;)
51 1370 | 1354 11.6900 | vy (C24H,)
50 1339 | 1350 6.9798 V(CC)ring +
v(C4C13) +
v(CN) +vy
(C14H,)
49 1332 149.3994 | v(CC)ring +
v(C30) +
v(C4C13)+
B (CCH)ring
48 1322 | 1303 430.7531 | vas (SO2) +
B (N19H)
47 1299 | 1275 99.0513 V(CC)ring +
v(C30) + B
(CCH)ing
46 1250 | 1245 140.1580 | V(CC)ring +
B(C30H) +
B (CCH)ring
45 1241 | 1183 19.8577 B (CCH)ring |
44 1172 | 1152 9.8055 V(CC)ring +
v(NN) + B
(CCH)ring
43 1153 | 1122 211.8099 | s(SO,) +
V(CCring +
v(NN) + B
(CCH)sing
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42 1097 185.5429 | W(CC)ying +
Vv(NN) + B
(CCH)rmg +
B (CCCrin
V(Cc)rmg +
B (CCH)ring
+ v (C14H,)
V(CCring +v
(C14H,)

v (C14H;)

y (C14H;)

T (CCCC)ring
+1
(CCCHing
y (C24H3)
v(C13C14)
+v (C14Hs)
+ v (C24H,)
7 (CCCCling
+1
(CCCH)ying
V(SN) +
V(C13C14)
+7 (C14H3)
T (CCCC)ring
+1
(CCCH)ying
v(CO) +
V(SN) + B
(CCOling

T (CCCC)ring
+1
(CCCH)ing
+1
(CCCOring |
V(SN) +
V(C13C14)
+p
(CCC)ring
193.8310 | 1
(CCOH)ying
+1
(CCCC)ring
+1
(CCCH)ring
v(CS) +
v(C13C14)
+1
(CCOH)ry, |

41 1092 152.5505

40 1045 | 1054 40.7272

39 1034 | 1047
38 999
37 993

22.8648
27.2566
0.6996

36 984
35 978

169.4419
43147

34 963 3.1680

33 840 882 151.7558

32 870

31 778 845 11.3304

30 766 79.2857

29 746 753 7.0328

28 732

27 727 708 86.9478

O — H stretching vibration generally gives a
strong band in the region of 3550 —3700 cm™.
However, when there is an interaction between other
existing groups, the O — H stretching vibration shifts
to around 3200 cm™. In this study, the O — H
stretching vibration were calculated at 3420 cm™.

C - N stretching vibrations are experimentally
observed in the range of 1357 ¢cm-1 —1313 ¢cm™ for
the 2CI-SNBAK molecule. Theoretically, this
vibration was calculated in the ranges of 1403 cm™ -
1378 cm™ and 1364 ¢cm™ - 1354 cm™ in HF and
B3LYP/6-311++G (d, p), respectively [11]. The C=N
stretching vibrations observed at 1622 and 1573 cm’!
by Alyar [3]. In this study, the C=N stretching
vibration was calculated at 1638 and 1602 cm™.

In the FT-IR spectrum, the peak at 1322 cm
indicates the asymmetric sulfoxide (—SO;) group
stretching, and the peak at 1153 ¢m™ indicates the
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symmetrical sulfoxide (-SO;) group stretching.
While asymmetric sulfoxide (—SO) group stretching
vibration calculated at 1303 c¢cm™, the symmetrical
sulfoxide (—SO,) group stretching was calculated at
1122 cm’.

3.2 NMR Results of 2-Hydroxyacetophenone
Methanesulfonylhydrazone

NMR analysis in molecular structures allows us to
have an idea about the number of carbon and
hydrogen atoms in the structure of the molecule.
NMR analysis of molecule 2-hydroxyacetophenone
methanesulfonylhydrazone was theoretically carried
out.

Experimental '"H-NMR and "*C-NMR values of 2-
hydroxyacetophenone  methanesulfonylhydrazone
molecule have not been found in the literature.
Theoretical NMR calculations of the 2-
hydroxyacetophenone  methanesulfonylhydrazone
molecule were made in the DFT/ B3LYP and GIAO
method on the base set 6-311++G(d,p). In Table 2,
the theoretically calculated 'H and *C NMR
chemical shift values of 2-hydroxyacetophenone
methanesulfonylhydrazone molecule using DMSO
solution are listed.

In the structure of the 2-hydroxyacetophenone
methanesulfonylhydrazone molecule, hydrogen
atoms are located in the aromatic ring and the methyl
group. The (‘H) NMR signals for the protons in the
aromatic ring were calculated at 7.34 (H7), 6.94(H8),
7.58(H9) and 6.93 (H10) ppm values.

Theoretical mean values of ('H) NMR chemical shift
was calculated as 2.24 and 3.96 ppm for C14H; and
C24Hs, respectively.

Chemical shifts of carbon atoms in molecules with
aromatic rings in their structure are usually obtained
at a value of 100-150 ppm [12,13]. Six of the carbon
atoms in the 2-hydroxyacetophenone
methanesulfonylhydrazone molecule are located in
the phenyl ring. Two other carbon atoms are located
in the CH; functional groups. The *C NMR chemical
shift values for (C1-C6) were found to be between
131.77-118.36 ppm theoretically.
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Table 2. The experimental 'H and "“C- NMR
chemical shifts (ppm) together within the calculated

data for 2-hydroxyacetophenone

methanesulfonylhydrazone
Assignment [(calc)
Cs 159.90
Ci3 157.44
Ci 131.77
Cs 129.09
Cq 119.53
Cs 118.36
C 116.88
Cu 43.30
Cia 12.086
Hiz 10.68
Hy 7.58
H7 7.34
Hs 6.94
Hio 6.93
Hao 6.55
Ha7 6.35
Hos 2.98
Has 2.56
Hie 2.55
His 2.10
Hi7 2.06

3.3 HOMO-LUMO Analyze

By looking at the electron density distribution of a
structure, information about the ionization potential,
electron affinity, chemical hardness and softness
parameters, electrostatic potential and molecular
orbital shapes can be obtained. Molecular orbitals are
called HOMO-LUMO. Here HOMO is the tendency
of the molecule to donate electrons, and the occupied
orbital is the highest energy. LUMO, on the other
hand, is the tendency of the molecule to gain
electrons and is the lowest vacant orbital [14]. When
the energy difference (AE) of the molecule is large,
the electron distribution undergoes less change and
the polarization is low. The distribution of frontier
orbitals can reveal information about a molecule's
reactivity and the active site. Figure 3 depicts the
HOMO-LUMO frontier orbital compositions for 2-
hydroxyacetophenone  methanesulfonylhydrazone
computed using the DFT/6-311++G(d,p) levelof
theory. The energy difference between HOMO and
LUMO given in Figure 3 is 4.65 eV. Its large size
indicates that the molecule is stable and durable in
terms of thermodynamics. In addition, the molecule
does not react with itself, dimerization,
polymerization does not take place.
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Figure 3. The frontier molecular orbitals of the 2-
hydroxyacetophenone methanesulfonylhydrazone

3.4 Nonlinear Optical (NLO) Properties

Nonlinear optical materials have been of great
interest in recent years due to their potential
applications in the field of optoelectronics, namely
telecommunications, optical computing, optical data
storage, optical switching, and various photonic
technologies [15,16]. In organic materials, optical
properties are determined by polarizability. The
polarizability of an atom or molecule is a measure of
how easily the nucleus and electrons can be displaced
from their stable states. The easily displaced
electrons in an atom or molecule are the valence
electrons that are furthest from the nucleus.
Therefore, it has a great contribution to the
polarizability of valence electrons [17].

Although the method for estimating initial static
hyperpolarizability from Gaussian 09 data was
previously reported, it’s everything summed up here.
The output of Gaussian 09 yields ten components of
the equation 3 x 3 x 3 matrix as Pxxx; Bxxy; Pxyy;
Byyy; Bxxz; Bxyz; Byyz; Pxzz; Byzz; Bzzz; from
which the x, y, and z components of are computed.
One popular technique for presenting the value of 8
in a single form is to consider use the Equation (1) to
solve for the average of the three independent values
for as a quasi-pythagorean problem.

Bot = (P + B>+ B2 i (1)

The following Equation (2) is the entire equation for
obtaining total first static hyperpolarizability from
Gaussian09 output:
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Brot = [( Brx + Bryy + Bxzz )> + ( Byyy + Byzz + By
)2 + ( BZZZ + Bzxx + Bzyy )2 ]1/2 ............ (2)

Because Gaussian 09°s B values are expressed in
atomic units (a.u.), the estimated Pt values were
translated to electrostatic units (esu) (1 a.u. = 8.6393x
10* esu). In addition, the total dipole moment and
average polarizability of the compound were
calculated using the Equation (3) and Equation (4).

e (T T ) B ©)

<0>= 1/3 (Cxxt Oyt Oz ) “4)
Because of its characteristics in the research of
nonlinear optical properties, urea is regarded a
generic reference. The NLO characteristics of the
molecules under consideration are assessed by
comparing them to urea. Urea values acquired from
DFT/B3LYP/6-31G calculations (d), p = 1.3732
Debye, o = 3.8312 A® and B = 0.37289*107° cm’/
esu. [18].

The computed electric dipole moment, polarizability,
and first-order hyperpolarizability properties of the
investigated substance are provided in Table 3.

Table 3. The electric dipole moment p (D), the mean
polarizability <o> and the first hyperpolarizability

(Brot) of 2-hydroxyacetophenone
methanesulfonylhydrazone

Parameter Parameter

x 1.1594 Brxx 320.8

1y 1.2844 Brxy 164.1

U 1.5800 Bryy 2.1

Lot 2.3431 Byyy 86.6

Olxx 232.66 Bxxz 71.2

Uy 3.09 Bryr 375

Oy 154.32 Byye 459

ez -4.30 Braz -80.8

ay, 311 Bz 28.0

Olzz 102.56 Brzz 118.6
<o>(a.u) | 163.18 a.u Brot (a.u) 541.1
<o>(esu) | 24.18*102*(esu) | Prot(esu) 4674.7*10

Besu

Table 3 shows the components of B as well as the
final Biowl values determined by Gaussian 09 for the
2-hydroxyacetophenone methanesulfonylhydrazone.
The studied compound has the greatest
hyperpolarizability value of 4674.7 x10-* esu, which
is nearly 12.34 times larger than that of urea. We can
say that the studied compound present large
nonlinear optical activity and it can be used for
nonlinear optical applications.
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3.5 Molecular Electrostatic Potential (MESP)

The interactions of molecules and atoms in the
molecule with each other are possible by determining
the electron density distribution (i.e. very dense and
less dense regions) in the molecule. MESP, or
“Molecular Electrostatic Potential” maps, give the
three-dimensional electrostatic potential shape of the
molecule surface. Electrostatic potential maps are
very useful for visualizing varying charge
distributions. The molecular electrostatic potential
(MESP) describes the interaction energy between the
unit positive charge and the molecular charge
distribution of the system. Negative regions of the
molecular potential energy surface are associated
with electrophilic reactivity (relative abundance of
electrons), positive ones with nucleophilic reactivity
[19].

The surface seen on the MESP map gives molecular
size and shape values as well as electrostatic
potential. In MESP maps, the regions indicated in red
represent the region with negative electron density,
while the regions indicated in blue and white are
represented by color codes to show regions with
positive charges in terms of electron density. The
interpretation of these maps is very important in
determining the location of the active regions of the
reactions that will take place in the molecule. The
color indicator chart shows a transition from blue to
red, and this color transition can be correlated with
electron density on the map [20]. Regions with low
electron density have high potential, while regions
with dense electrons have low potential. With the
calculation made in the gas environment, it is seen in
Figure 4 that the electron-rich regions are located on
the 022, 023 and O11 oxygen atoms attached to the
benzene ring at the SO end. The electron-poor
regions are on the hydrogen atoms attached to the
benzene ring and on the hydrogen atoms in the
methyl components.

9
"2a4 5%
J
Figure 4. MESP map of 2-hydroxyacetophenone

methanesulfonylhydrazone molecule
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Considering the MESP map results support the N-
H...O bond for all methods. Thus, nucleophilic and
electrophilic regions were determined for the
molecule. In this case, it will allow us to foresee
where the reaction should be carried out in the new
molecules to be synthesized.

The DFT/B3LYP/6-311++G (d, p) level of theory
was used to construct molecular -electrostatic
potential energy surfaces of 2-hydroxyacetophenone
methanesulfonylhydrazone compounds.

4 Conclusion

In this study, quantum chemical calculations of the
sulfonamide compound 2-hydroxyacetophenone
methanesulfonylhydrazone which was synthesized
by S. Alyar before, were made.

First, the minimum energy structure of this
compound, which has seven different conformations,
was selected and the structure was optimized using
the DFT B3LP/6-311++G (d, p) method. Then, using
the stable structure of the studied molecule, FT-IR,
"H-NMR and *C-NMR calculations were performed,
vibration frequencies and chemical shift values were
analyzed. In the FT-IR study, it was seen that the
experimental and theoretical results were compatible
with each other.

Finally, the HOMO-LUMO molecular orbital
energies, nonlinear optical properties and molecular
potential energy surfaces of the studied compound
were investigated. As a result of the calculations, the
energy band gap of the studied compound was 4.65
eV and its hyperpolarizability was calculated as
4674.7x103 esu (approximately 12.34 times larger
than urea).

As a result of the calculations, it was determined that
the studied compound showed moderate nonlinear
optical properties.
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