ISSN 0030-400X, Optics and Spectroscopy, 2018, Vol. 125, No. 1, pp. 14—21. © Pleiades Publishing, Ltd., 2018.

SPECTROSCOPY AND PHYSICS

OF ATOMS AND MOLECULES

Structural, Spectroscopic, Antimicrobial Activity
and DFT Studies on 4-Methyl- NV-(4-methylphenylsulfonyl)- /V-
phenylbenzenesulfonamide!

Bilge Eren, Fadime Ozdemir Kocak?, and Namik Ozdemir< *
¢ Department of Chemistry, Faculty of Arts and Sciences, Bilecik Seyh Edebali University, Bilecik, 11210 Turkey
b Department of Nursing, School of Health, Bilecik Seyh Edebali University, Bilecik, 11210 Turkey

¢Department of Mathematics and Science Education, Faculty of Education,
Ondokuz May:s University, Samsun, 55139 Turkey

*e-mail: namiko @omu.edu.tr
Received October 1, 2017

Abstract—This study reports the structural characterization of a disulfonimide derivative, 4-methyl-N-(4-
methylphenylsulfonyl)- N-phenylbenzenesulfonamide (MPBSA), using spectroscopic and quantum chemi-
cal methods. The molecule was characterized with FT-IR, '"H 3C NMR and UV-Vis spectroscopies. Quan-
tum chemical calculations of molecular geometry, vibrational wavenumbers and gauge including atomic
orbital (GIAO) 'H and *C-NMR chemical shifts of the compound were carried out by using density func-
tional method (DFT) at B3LYP/6—311++G(d,p) level of theory. Electronic absorption spectra of the com-
pound have been computed using the time-dependent density functional theory (TD-DFT) method at the
same level. A satisfactory consistency between the experimental and theoretical findings was obtained. The
antimicrobial activity screening of the compound was performed on some bacteria and fungus species using
microdilution method. The results showed that the title molecule have noteworthy antibacterial and antifun-

gal activities.

DOI: 10.1134/50030400X 18070068

INTRODUCTION

Sulfonamides have called as sulfa drugs since the
invention of the first member prontosil, as the first
antimicrobial agent [1]. They are an important class of
compound in the field of chemistry and medicine
since many years. Several derivatives of them used as
chemotherapeutic agent for their antibacterial [2, 3],
antifungal [4], antitumor [5], hypoglycemic [6]
effects. The title compound structurally belongs to the
disulfonimide group. Disulfonimides have two sulfone
group connected to the nitrogen atom in their struc-
ture. They are also sulfonamide derivatives and com-
monly used in medicine for their antitumor effects and
CA inhibitory properties [7, 8].

The density functional theory (DFT) methods
have been recently used to analyze the structures,
dipole moments, vibrational frequencies, nuclear
magnetic resonance (NMR) chemical shifts, optical
properties, molecular electrostatic potentials of
organic compounds with high degree of accuracy in
comparison to those of experimental values [9—13]. In
our previous work, we have reported the synthesis and
single crystal X-ray diffraction characterization of

! The article is published in the original.
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4-methyl- N-(4-methylphenylsulfonyl)- N-phenylben-
zenesulfonamide (MPBSA) [14]. In the present work,
MPBSA was further investigated by FT-IR, 'H and *C
NMR and UV-Vis spectroscopies. The antibacterial
activity of the MPBSA were also studied against some
bacteria and fungus species. Additionally, detailed
theoretical analysis at the B3LYP/6—311++G(d,p)
level of theory was performed and compared with
experimental findings.

To the best of our knowledge, neither detailed
spectroscopic investigation nor the theoretical studies
on the title compound have been reported yet. The
knowledge of physicochemical properties, structural
parameters and spectroscopic features about this bio-
active molecule will provide a deeper comprehension
on its chemical and biological behavior.

MATERIALS AND METHODS
Instrumentation

The ATR-IR spectrum of MPBSA was recorded in
the range of 4000—650 cm~! with a Spectrum-100

Frontier spectrometer. The '"H and BC-NMR spectra
were recorded on a Varian Mercury 500 MHz NMR
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spectrometer using tetramethylsilane (TMS) as an
internal standard and DMSO-d as solvent. Chemical
shifts are given in parts per million with reference to
TMS. The UV-Vis spectra were measured on a Uni-
cam-2 UV-Vis spectrometer in DMSO.

Computational Procedure

The DFT calculations with the three-parameter
hybrid density functional (B3LYP) [15, 16] and
B3LYP/6—311++G(d,p) basis set [ 17] were performed
using the Gaussian 03 software package [18] and
GaussView visualization program [19]. The calculated
vibrational frequencies ascertained that the structure
was stable (no imaginary frequencies). A scale factor of
0.9679 [20] has been used to correct the calculated
harmonic vibrational frequencies. The 'H and C
NMR chemical shifts were obtained via the gauge-
independent atomic orbital (GIAO) approach [21, 22]
at the same level, in which solvent effects were
included using the default method [23], while the
electronic absorption spectra were obtained using the
time dependent density functional theory (TD-DFT)
[24, 25].

Microbial Strains and Assays for in Vitro
Antimicrobial Activity

Antimicrobial activities were determined by using
culture of Bacillus cereus ATCC 7064, Staphylococcus
aureus ATCC 25923 as Gram positive bacteria and
Escherichia coli ATCC 25922, Pseudomonas aerugi-
nosa ATCC 27853 as Gram negative bacteria and
Aspergillus parasiticus NRRL 1957, Candida albicans
ATCC 10231 as fungus.

The minimal inhibitory concentrations (MICs) of
MPBSA were tested against bacteria and fungus were
determined by using a broth microdilution method in
96 multi-well microtitre plates [26, 27]. After 24 or
48 h cultivation, microbial suspensions were made in
Mueller Hinton broth and their turbidity was stan-
dardized to 0.5 McFarland. Dimethyl sulphoxide was
used to dissolve and to dilute sample. A serial double
dilution of the sample was prepared in 96 well microti-
tre plates, using method of Sarker et al. [28]. The stock
concentration was 10 mg/mL. The lowest concentra-
tion of the sample that inhibited visible growth was
taken as the MIC value. To determine minimal bacte-
ricidal concentration (MBC), broth was taken from
each well without visible growth and inoculated in
Mueller Hinton agar for 24—48 h at 37°C. The lowest
concentration of the tested sample that killed 99.9% of
bacterial cells was evaluated as the MBC value. Tests
were carried out in triplicate.
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Table 1. Selected experimental and optimized geometric
parameters for MPBSA

Parameters X-ray DFT
Bond lengths, A
S1-01 1.4224(12) 1.457
S1-02 1.4203(13) 1.456
S1—-NI1 1.6822(9) 1.739
S1-C1 1.7547(17) 1.792
N1-C7 1.447(3) 1.439
Bond angles, deg
02-S1-01 119.75(8) 121.26
02-S1-N1 107.78(8) 106.94
O1-S1-Nl1 105.59(7) 104.79
02-S1-C1 109.53(8) 109.28
0O1-S1-C1 108.00(8) 107.87
N1-S1-Cl1 105.22(5) 105.60
SI-N1-S1! 124.84(11) 122.05
C7-N1-S1 117.58(5) 118.98

Symmetry code: L x+ 1,y,—z+3/2.

RESULTS AND DISCUSSION
Theoretical Structure

The X-ray structure of the compound, which has
been reported previously (Fig. 1a) [14], was optimized
by DFT method with the 6—311++G(d,p) basis set in
the gas phase. Some of the optimized parameters
(bond lengths, bond angles, and dihedral angles) of
the compound are listed in Table 1 along with the cor-
responding experimental parameters.

It is seen from Table 1 that the theoretical geomet-
ric parameters are in good agreement with the experi-
mental ones. The maximum deviation of the bond
lengths is 0.057 A at SI—N1 and the greatest deviation
of the bond angles is 2.79° at SI-N1—S1'. In the X-ray
structure, the two methylphenyl rings are inclined at
an angle of 87.79(9)°, while the benzene ring makes a
dihedral angle of 51.48(15)° with the planes of the two
methylphenyl rings. In the optimized structure these
dihedral angles are found to be 64.79° and 42.26°,
respectively. When the experimental and computed
structures are globally compared by overlaying them
using PLATON [29], the determined bond and angle
fit values are 0.026 A and 0.763° (Fig. 1b). Conse-
quently, the theoretical structure sufficiently resem-
bles to the X-ray ones, and the level of theory can be
used to examine the other properties.

IR Spectroscopy

FT-IR spectrum of the MPBSA along with the cal-
culated one is given in Fig. 2. The vibrational bands
assignments have been done by using Gauss View
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Fig. 1. (a) Experimental structure of MPBSA with the atom-numbering scheme [14]. (b) A molecular fit of the experimental and

calculated structures shown in black and white, respectively.

molecular visualization program. The aromatic struc-
ture shows a couple of C—H stretching modes (3057,
3070, 3094 cm™!) in the region 3100—3000 cm ™! which
is the characteristic region for the ready identification
of C—H stretching vibrations [30, 31]. These bands
have been calculated at 3066, 3086 and 3118 cm™',
respectively. The aromatic C—H in-plane bending
modes of benzene and its derivatives are observed as

OPTICS AND SPECTROSCOPY  Vol. 125

weak intensity peaks in the region 1300—1000 cm ™! in
the vibrational spectra, while the C—H out-of-plane
bending vibrations occur in the range 1000—750 cm™!
in the aromatic compounds [13, 32, 33]. The weak
bands observed at 753 and 839 cm™! are assigned to
C—H out-of-plane bending modes that have been cal-
culated at 786 and 823 cm !, respectively. Also, the

No. 1 2018
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Fig. 2. The experimentally recorded and theoretically sim-
ulated FT-1IR spectra of MPBSA.

bands observed at 1018 and 1043 cm™! are assigned to
aryl C—H in-plane bending vibrations, which are in
coincidence with theoretical values of 1014 and
1065 cm™". In general, the calculated aromatic C—H
vibrations (stretching, in-plane and out-of-plane
bending) are in good agreement with experimentally
expected values given in literature [30—35]. The C—H
asymmetric and symmetric stretching vibrations of the
CH, group are seen at 2959 and 2926 cm™! as
expected. These bands appeared at 2982 and
2928 cm™! in the theoretical spectra, respectively.
When evaluated in terms of S=O, vibrations, the
asymmetric and symmetric S=0, stretching vibrations
appear in the range 1330+ 30 cm ' and 1160 £ 30 cm™!,
respectively, both with strong intensity [36, 37]. For
MPBSA molecule, the asymmetric stretching mode
was recorded at 1370 cm™!, while the symmetric mode

17

was obtained at 1160 cm™!. We calculated the asym-
metric and symmetric S=0, stretching vibrations at

1279 and 1092 cm™!, respectively.

The aromatic C=C stretching vibrations generally
occur in the region of 1625—1430 cm ™. The bands are
variable in intensity and observed at 1625—1590,
1590—1575, 1540—1470, 1460—1430 and 1380—
1280 cm™! wavenumber ranges for the five bands in the
region [13, 33]. The medium bands observed at 1595
and 1294 cm™! were assigned to aromatic C=C
stretching vibrations that have been calculated at
1582 and 1289 cm™ !, respectively.

The assignments of the C—N stretching wavenum-
bers were made from analogy with the similar mole-
cules in the literature [13, 33, 38]. The strong peak at
1085 cm™! is attributed to the fundamental C—N
stretching vibration, which was observed at 1181 cm™!
in the theoretical spectrum. The S—N stretching
vibration exhibits a medium band in the range 905 +
70 cm ™! [36]. The infrared studies of some arylsulfon-
amide [39] and N-aryl-methanesulfonamide deriva-
tives [40] are also assigned in the region 924—906 and
926—833 cm™!. The bands at 919 and 892 cm™! are
assigned to S—N stretching vibration that have been
calculated at 891 and 820 cm™!, respectively.

NMR Spectroscopy

The 'H and *C NMR spectra of the compound are
shown in Fig. 3. The experimental 'H and BC NMR
chemical shifts (ppm) together with the calculated
data are listed in Table 2. Since experimental 'H
chemical shift values were not available for individual
hydrogen atoms of CH, group, the average of the cal-
culated values has been given.

Table 2. Experimental and theoretical *C and '"H NMR chemical shifts 8 (ppm) for MPBSA

Atom Experimental Calculated Atom Experimental Calculated
cl/clt 134.07 149.52 cl1/Clti 21.61 24.07
C2/C2 128.46 133.74 H2/H2! 7.65 (dd) 7.47
C3/C3t 130.39 136.12 H3/H3! 7.47 (dd) 7.65
C4/C4i 136.13 156.05 H5/H5! 7.47 (dd) 7.89
C5/C5! 130.39 137.28 H6/H6! 7.65 (dd) 8.78
C6/C6' 128.46 135.11 H8/HS! 6.95—6.98 (m) 7.25
Cc7 145.92 140.71 H9/HY' 7.45—7.41 (m) 7.70
C8/C8t 129.94 142.36 H10 6.95—6.98 (m) 7.84
C9/C9! 131.67 135.89 H1l/HI11! 2.49 (s)/2.42 (s) 2.552
C10 130.88 138.70

Symmetry code: I+ L,y,—z+3/2.

aAverage. The atom numbering according to Fig. 1a used in the assignment of chemical shifts.

OPTICS AND SPECTROSCOPY  Vol. 125 No.1 2018
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Fig. 3. (a) 'H NMR spectrum of MPBSA. (b) >C NMR spectrum of MPBSA.

As shown in the "H NMR spectrum, the title mol-
ecule has five different signal groups. The singlet sig-
nals at the highest field (2.49 and 2.42 ppm) were eas-
ily assigned to methyl protons on the para positions of
the phenyl rings, which has been calculated at
2.55 ppm. Aromatic protons of the benzene rings were
appeared as four different signal groups in the region

OPTICS AND SPECTROSCOPY  Vol. 125

of 6.9—7.6 ppm. The peaks at 7.65 and 7.47 ppm are
assigned to the aromatic hydrogens of the methylphe-
nyl rings, considering the resonance and inductive
effects that determines the orientation of the methyl
and the sulfonyl groups. These signals were theoreti-
cally observed in the range of 7.47—8.78 ppm. The
assignment of the benzene ring protons was performed

No. 1 2018
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parallel to similar molecules like benzenesulfonanilide
[41] or aniline [42—44] derivatives etc. The protons at
the meta positions must be resonated at the down field
7.45—7.41 ppm as a result of being deshielded more
than the other positions while the other protons at
ortho and para positions were resonated at 6.95—
6.98 ppm as expected. These signals were theoretically
found at 7.70 and 7.84 ppm, respectively.

The assignments of the *C NMR signals of the
benzene ring were done from analogy with similar
molecules from the literature [42—44]. The carbon
peak at 21.61 ppm absolutely belongs to methyl group
as the only aliphatic carbon atom in the structure that
has been calculated at 24.07 ppm. The medium signal
at the least down field 145.92 ppm was assigned to
quaternary C7 carbon which was directly connected to
the electronegative nitrogen atom. This signal was
monitored at 140.71 ppm in the theoretical spectrum.
The other quaternary carbon in the molecule could be
easily picked out from the others and assigned to the
weak peak at 134.07 ppm, which was calculated at
149.52 ppm. The strong peaks at 130.39 and
128.46 ppm were normally assigned to the carbons at
the 4-methylphenylsulfonyl moieties. These signals
were observed computationally at 136.12 and
133.74 ppm, respectively. As shown in Table 2, all the
other carbons of the title molecule appear at the
expected regions and in accordance with the calcu-
lated data. As a result, the experimental 'H and 3C
spectra data are compatible with the structure and the
previously reported values [42—44].

Electronic Absorption Spectroscopy

The electronic absorption spectrum of the mole-
cule is shown in Fig. 4. The molecule has aryl rings as
fundamental chromophore in the UV-Vis region.
When we consider the simplest aromatic compound
benzene, it shows a primary band at 204 nm (& = 8000)
and a secondary fine structure band at 256 nm (¢ =
200). Both of them are based on ® — 1* transitions
[45, 46]. Substituents on the benzene ring also cause
bathochromic and hypsochromic shifts of these peaks.
Increase in the conjugation of the benzene ring also
shifts these bands to longer wavelengths and cause
bathochromic shift. The molecule also has a sulfone
SO, chromophore conjugated to the benzene ring.
Isolated sulfone has absorption band at <180 nm. As
expected, three aryl rings and conjugation of them by
the —SO,N— bridges in MPBSA molecule extend the

Absorption
1.208

0.884

0.560

0.236

—0.087
199.3421

300.00
Wavelength, nm

Fig. 4. UV-Vis spectrum of MPBSA in DMSO (0.26 X
1073 M).

conjugation and cause bathochromic shift on the ben-
zene bands. As a result, MPBSA molecule shows pri-
mary band at 264 and secondary band at 276 nm based
on T — 7* transitions. These values are compatible
with the literature studies for some aryldisulfonamides

[3].

Electronic absorption spectrum of MPBSA was
computed by the TD-DFT method at the same level.
The calculated results are tabulated in Table 3. To des-
ignate the major contributions of the transitions,
GaussSum program [47] was used. According to the
TD-DFT calculation, two absorptions were predicted
at 257 nm with a major transition contribution from
HOMO to LUMO (95%) and at 250 nm with a major
transition contribution from HOMO to LUMO+1
(72%). The selected frontier molecular orbitals of
MPBSA are given in Fig. 5. The HOMO—-LUMO gap
(AFE) is an indicator of the chemical reactivity and
chemical hardness—softness of a molecule, being
small for soft molecules and being large for hard mol-
ecules. According to the computed gap value of
5.45 eV, the title molecule can be accepted as a hard
molecule.

Table 3. Experimental and theoretical electronic absorption spectra values of MPBSA

Experimental Theoretical
Amax> NM Abs. € Amax> NM Oscillator strengths Transitions
276 0.476 1725 257 0.379 HOMO — LUMO (95%)
264 0.948 3550 250 0.112 HOMO — LUMO++1 (72%)
OPTICS AND SPECTROSCOPY Vol. 125 No.1 2018
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P
H

Fig. 5. Selected molecular orbital surfaces of MPBSA
(H: HOMO, L: LUMO).

Antimicrobial Activity

Antimicrobial activity of MPBSA was carried out
using culture of B. cereus, S. aureus as gram-positive
bacteria and E. coli, P. aeruginosa as gram-negative
bacteria and A. parasiticus, C. albicans as fungus. The
MIC determinations were obtained by broth microdi-

OPTICS AND SPECTROSCOPY  Vol. 125

Table 4. Antimicrobial activity of MPBSA in terms of min-
imal inhibitory concentrations (MICs)

Microorganism MIC (ug/mL)
C. albicans 62.5
A. parasiticus 1000
E. coli 500
P. aeroginosa 250
B. cereus 125
S. aureus 500

lution assay. The minimal bactericidal concentration
(MBC) values of MPBSA on aforementioned species
was determined between the dose of 500—2000 ug/mL.
Antimicrobial activity results of MPBSA in terms of
MIC values are listed in Table 4. The MIC values of
MPBSA was determined between the dose of 62.5—
1000 ug/mL against aforementioned Gram-positive,
Gram-negative bacteria and fungus species. The
results clearly indicated that the compound has the
capacity of inhibiting the metabolic growth of some
microorganisms investigated. The compound showed
remarkable antimicrobial activity against B. cereus
(MIC = 125 ug/mL) and antifungal activity against
C. albicans (MIC = 62.5 ug/mL). This value is also at
a level that can be considered well. It can be thought
that the remarkable activity of this compound may be
arising from the sulfonamide group (—SO,N—), which
may play an important role in the antibacterial activity
[1-4].

CONCLUSIONS

In this work, a disulfonimide derivative was charac-
terized by FT-IR, 'H and '*C NMR and UV-Vis spec-
troscopies. The structural and spectral properties
obtained experimentally were also studied by some
quantum mechanics calculations at the B3LYP/6—
311++G(d,p) level. TD-DFT calculations were also
performed to determine possible electronic transi-
tions. The FT-IR and NMR spectra clearly confirm
the molecular structure. Inspite of the little differ-
ences, an acceptable correlation between the compu-
tational and experimental results was found. The anti-
microbial activity screening of the molecule was car-
ried out on some bacteria and fungus species via
microdilution method. The findings showed that the
molecule have remarkable antibacterial and antifungal
activities.
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