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Abstract—A combined experimental and theoretical investigation has been reported on N-(alanine)-p-sty-
rene sulfonamide (abbreviated as ASS). The new title compound have been synthesized for the first time from
the reaction of p-styrene sulfonyl chloride and (S)-alanine in the mild condition. The ASS was confirmed
using FT-IR and 1H-NMR spectra. IR and 1H NMR spectrum, MEP and HOMO–LUMO analysis of the
ASS have been investigated using DFT method. 1H-NMR chemical shift values have been compared with
experimental data. The potential energy distribution (PED) of the normal modes among the respective inter-
nal coordinates have been calculated for ASS using the BALGA program and compared with theoretical and
experimental values. The ASS is investigated against Staphylococcus aureus and Escherichia coli. Molecular
Docking study has also been reported.
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INTRODUCTION
Sulfonamide compounds, as antibacterial agents,

are extensively used in the world because of their low
toxicity and excellent activity against bacterial dis-
eases. These materials are widely used to treat many
types of infections caused by bacteria and prevent the
growth of bacteria in the body. Some sulfonamide
derivatives in pharmaceutical as antibacterial agents
such as imidazole and benzimidazole sulfonamides
[1–3] and as antiviral agents such as Trypanosoma
brucei N-Myristoyltransferase inhibitor have been
applied [4, 5]. In the final, antimicrobial properties of
Sulfonamide derivatives are well known. In the pio-
neering research, relationships between the degree of
ionization in the sulfonamides and bacterial activity
have been reported [6, 7]. The number of sulfonamide
derivatives as an inhibitor to prevent from generation
and progression of cancer cells were applied such as
tetrahydroquinoline and chromone containing sul-
fonamide moiety [8–11] and excellent cytotoxic
effects against breast cancer cells was also reported

[12]. Some people have diabetes mellitus. It is an
inveterate disease leading to the increase concentra-
tions of glucose in blood which is called hyperglycemia
[13]. Pyridine-based sulfonamide as organic molecule
for the potential treatment of type-II diabetes mellitus
was reported [14]. This type of compounds were
widely used to control blood glucose levels of patients
[15, 16]. During the past two decades, the synthesis of
sulfonamide derivatives have been developed as anti-
bacterial and anticancer drugs [17–19]. These results
promoted us to synthesize and evaluate a new series of
sulfonamide derivatives for pharmaceutical chemistry,
we have selected an amino acid and styrene structural
parts to prepare a new sulfonamide structure due to
the major importance of these group in coordination
to metals and synthesis of novel complex-based sul-
fonamide drugs. In our previous research, we reported
the synthesis of sulfonamide and amino acid deriva-
tives [20, 21] and theoretical investigation about the
new drug-based material. In this work, the title com-
pound was obtained by the reaction of amino acid with
para-styrene sulfonyl chloride. The bioactivity of this
compound for the first time was investigated in vitro1 The article is published in the original.
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against gram positive and gram negative bacteria.
Molecular docking calculations were performed to
evaluate the medicinal properties of the title com-
pound as anticancer.

EXPERIMENTAL
Material and Methods

p-Styrene sulfonic acid sodium salt, PCl5, sodium
hydroxide, and (S)-(+)-alanine were purchased from
Merck and Sigma–Aldrich companies and were used
without further purification. Fourier transform infra-
red (FT-IR) spectra of prepared compounds were
recorded at 400–4000 cm−1 region using KBr pellets
on Shimadzu FT-IR 8400 spectrometer. 1H NMR
spectrum was recorded on a Brucker Ultrashield
400 MHz spectrometer using D2O as solvent.

Preparation of p-Styrene Sulfonyl Chloride
To prepare the monomer first, p-styrene sulfonyl

chloride was synthesized as follows: p-styrene sulfonyl
chloride was synthesized by the reaction of 5.00 g of
p-styrene sulfonic acid sodium salt with 7.50 g of PCl5,
as chlorination agent. The product was separated from
inorganic materials by chloroform and ice water. The
chloroform was evaporated from the p-styrene sulfonyl
chloride. Experimental details are described in [22].

Preparation of N-(Alanine)–p-Styrene
Sulfonamide (ASS)

The synthetic method for the preparation of the
ASS with chemical formula (C11H13NO4S) is as fol-
lows: in a 100 mL round-bottomed flask, equipped
with magnetic stirrer, 4.86 g p-styrene sulfonyl chlo-
ride (24 mmol) in 50 mL CHCl3 as a solvent and 2.14 g
(S)-(+)-alanine (24 mmol) were placed. Then,
2.4 mL NaOH 1M was slowly added. The reaction
mixture was stirred for 4 h at room temperature. After
the reaction time, the solvent was evaporated and ASS
as the product was obtained. The obtained product
was washed 3 times with water and analyzed without
further purification (yield 5.20 g, 85.0%; m.p. 123°C).

FT-IR (KBr, cm–1): 3620, 3460, 3267, 3096, 2941,
2837, 1712, 1651, 1595, 1425, 1344, 1228, 1157, 1091,
1053.

1H-NMR (D2O, ppm): 1.42 (CH3), 3.97 (CH),
4.70 (NH) 5.42 (CH in vinyl), 5.92 (CH in vinyl), 6.77
(CH in vinyl), 7.59 (CH benzene), 7.75 (CH benzene),
9.96 (COOH).

Computational Details
Calculations of the ASS were performed using

Gaussian 09 software [23]. The calculations including
geometry optimization(opt-freq), MEP, HOMO–
RUSSIAN JOURNAL O
LUMO analysis, and IR and 1H NMR spectrum were
performed by using density functional theory (DFT)
[24]. The optimization of the title compound was car-
ried out using CAM-B3LYP method Aug.-cc-pVDZ
[25] basis set, and 1H NMR spectra using B3LYP/6-
311+g(d,p). The RMS error value was calculated for
1H NMR spectrum using the following expression
[26]:

For calculating the simulated vibrational spectra
B3LYP/6-311g(2d,2p) was used. The potential energy
distribution (PED) of the normal modes among the
respective internal coordinates was calculated for ASS
using the BALGA program [27] and compared with
theoretical and experimental values. PASS (Prediction
of Activity Spectra) technique was applied as an online
tool to predict the activity of compound [28]. The ASS
(N-alanine p-styrene sulfonamide) as a ligand, was
optimized by using CAM-B3LYP method Aug –cc–
pVDZ basis set and prepared for docking. The 3D
crystal structure of employed DNA and BSA were
obtained from Protein Data Bank (PDB ID: 423D,
4F5S). Molecular docking is an important tool to get
an insight into ligand–receptor interaction and to
screen molecule for the binding affinities against a
selected receptor. All molecular docking calculations
were performed on AutoDock-Vina software [29]. As
the most popular algorithm, Lamarckian Genetic
Algorithm (LGA), available in Autodock was
employed for docking [30, 31]. The graphical repre-
sentation of ligand-DNA and ligand-BSA interaction
was obtained using ligplot software [32].

Antibacterial Assays
The minimal inhibitory concentration (MIC) of

the ASS as antibacterial agent against Escherichia coli
and Staphylococcus aureus will be reported in the next
section. The ASS was tested for its antimicrobial activ-
ity against Staphylococcus aureus, as the model from
Gram-positive and Escherichia coli as Gram-negative
bacteria by the disk diffusion method [33].

Preparation of Nutrient-Agar Medium
For this work, 3.80 g of Nutrient-Agar (NA)

medium was dissolved in 100 mL of distilled water.
This solution was sterilized at 120°C for 20 min in an
autoclave. Then, 20 mL of this solution was solidified
in Petri plate.

RESULT AND DISCUSSION
Synthesis and Characterization

ASS was prepared by reactions of p-styrene sulfonyl
chloride with (S)-alanine in the presence of CHCl3 as
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Scheme 1. The reaction involving synthesis of ASS.
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a solvent and NaOH (Scheme 1). The new ligand was
characterized by FT-IR and 1H NMR spectroscopy
(data in the experimental section).

Tautomeric and Dynamic Processes

ASS can be presented in two different tautomers
(named as T1, T2). It is important to be conscious of
the relative stabilities of these tautomers (Fig. 1).

In fact, structures of these tautomers were calcu-
lated using CAM-B3LYP/Aug–cc–pVDZ level of
theory. Thermodynamic properties such as HF ener-
gies, relative enthalpies, relative total energies and rel-
ative Gibbs free energies for three Tautomers (T1 and
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vo
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T2) are shown in the Table 1. As a result, T1 tautomer
is more stable due to the symmetrical elements in SO2.

Solvent Effects (ASS Model)

The effect of solvent is approximated by using the
self-consistent reaction field method based on the
ASS model. In this case, only the effect of the polarity
of solvent on the energy and dipole moment kinetics of
the T1 is studied. Four solvents with different polarities
(water, heptane, nujol and acetonitrile) have been
considered to investigate their effect on the T1. The
results of these effects on kinetic and thermodynamic
parameters for T1 are listed in Table 2. Since T1 has the
minimum dipole moment in nujol and maximum in
water as a solvent, the results sustain, it is undergo its
stability.

Molecular Structural

The optimized geometry (opt-freq) using (CAM-
B3LYP method Aug–cc–pVDZ) of ASS was calcu-
lated. The numbers of atoms was defined in Fig. 2.

Spectroscopic Characterization of ASS

In the DFT calculations the molecular energies
were calculated for all possible conformations of the
studied compound (Fig. 3).
l. 93  No. 7  2019
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Table 1. Kinetic and thermodynamic data of two tautomers

All energetic data have been reported in Hartree.

Tautomer Ee ZPE Rel. E Rel. Rel. 

T1 –1180.5157 0.2335 –1180.2912 –1180.2735 –1180.3386
T2 –1180.4285 0.2305 –1180.2068 –1180.1886 –1180.2534

°298H °298G

Table 2. Effect of solvent data of T1

Value Isolated Acetonitrile Heptane Nujol Water

E(RB+HF–LYP) –1181.06482596 –1181.09216133 –1181.03365219 –1181.09346740 –1180.53215999
Dipole moment 6.5689 6.5689 6.5689 6.5600 7.3644T1
The potential energy curves as a function of the tor-
sion angles around the S–N bond was shown. In addi-
tion, for a rotamer with the lowest energy, it is possible
to have a hydrogen bond with two donors, which
would further stabilize the system (C21–H26···O13
and C2–H8···O13). The intermolecular hydrogen
bonds play a greater role, as can be see on the experi-
mental spectrum. The experimental FT-IR of ASS are
reported above (Fig. 4), while the computed values for
the two most stable rotamers along with the potential
energy distribution are shown in Table 3. The bolded
RUSSIAN JOURNAL O

Fig. 3. (Color online) The potential energy curve of the S–N-
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fragments refer to the differences in the band position,
intensity, as well as the differences in the PED. The
calculated intensity of the 55 band for a rotamer with a
rational CSNC angle of –64° is very strong, as in the
experimental spectrum. This may prove more favored
for this conformation. The theoretical spectrum has
been rescaled.

A scaling factor of 0.954 was used for the all spec-
tral range (Table 3). The C–H stretching frequencies
of aromatic can be observed in the range of 3100–
3000 cm–1, is showed at 3096 cm–1 (calculated values
F PHYSICAL CHEMISTRY A  Vol. 93  No. 7  2019

bond in ASS as a function of the torsion C21–N–S–C2 angle. 

0 100 200

      ASS
Energy scan

Dihedral CSNC, deg



SYNTHESIS, CHARACTERIZATION, AND BIOLOGICAL INVESTIGATION 1289

Fig. 4. (Color online) The experimental (top) and calculated (bottom) FT-IR spectra of ASS. 
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are present in the range of 3066–3029 cm–1). The ali-
phatic C–H stretching frequencies are also appeared
below 3000 cm–1 (calc. 3082–2900 cm–1). The C=C
and aromatic stretching vibration in the range of
1650–1400 cm–1 (calc. 1614–1368 cm–1) and the
C‒H bending bands are appeared in the regions
1450–1000 cm–1 (in-plane C–H bend) (calc. 1462–
1005 cm–1). In addition, the stretching mode of NH
group is appeared at 3460 cm–1 (calc. 3364 cm–1). In
the following discussion, sulfonamides absorb
strongly at 1370–1335 and 1170–1155 cm–1. The
stretching mode symmetrical and asymmetrical
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vo
O=S=O is observed at 1157cm–1 (calc. 1103 cm–1) and
1344–1284 cm–1 (calc. 1313–1279 cm–1), respectively.
The C=O stretching frequency is shown at 1712 cm–1

(calc. 1727 cm–1).

Observed and Calculated 1H NMR Chemical Shifts

The experimental 1H-NMR spectrum of the com-
pound are reported above (Fig. 5). The 1H-NMR
spectrum of the ASS was recorded in D2O as solvent
with TMS as internal standard at 400 MHz.
l. 93  No. 7  2019
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Table 3. Theoretical (B3LYP/6-311G(2d,2p)) and experimental IR wavenumbers with PEDs of the ASS vibrations for the
two most stable rotamers

No.
νexp, 
cm–1

Torsion angle C21–N–S–C2 = –64° Torsion angle C21–N–S–C2 = 96°

νcalc, cm–1

(IR abs., %)
PED, % νcalc, cm–1

(IR abs., %)
PED, %

1 3620w 3583(30) νOH – 100 3583(35) νOH – 100
2 3460w 3363(34) νNH – 100 3346(60) νNH – 99
3 3267s 3082(4) νCHVi – 99 3081(4) νCHVi – 99
4 3066(1) νCHφ – 90 3067(1) νCHφ – 99
5 3095m 3057(1) νCHφ – 99 3061(1) νCHφ – 99
6 3044(2) νCHφ – 98 3043(2) νCHφ – 99
7 3029(4) νCHφ – 99 3029(5) νCHφ – 99
8 3007(2) νCHVi – 94 3006(2) νCHVi – 98
9 2996(5) νCHVi – 100 2996(5) νCHVi – 100

10 2995(3) νCHMe – 100 2988(7) νCHMe – 100
11 2941m 2981(5) νCHMe – 100 2977(5) νCHMe – 100
12 2855sh 2915(6) νCHMe – 97 2918(5) νCHCα – 80 + νCHMe – 20
13 2834w 2900(2) νCH – 96 2912(6) νCHMe – 81 + νCHCα – 18
14 1712vs 1727(91) νCO – 86 + δCO – 5 1730(100) νCO – 86
15 1654m 1614(2) νC=CVi – 64 + δCHVi – 28 + νCCH3 – 5 1613(2) νC=CVi – 62 + δCHVi – 26
16 1595v 1561(6) νφ – 63 + δCHφ – 23 + δφ – 10 1563(6) νφ – 66 + δCHφ – 23 + δφ – 10
17 1566vw 1527(1) νφ – 69 + δCHφ – 12 + δφ – 8 1529(2) νφ – 78 + δCHφ – 13
18 1465sh 1462(2) δCHφ – 61 + νφ – 32 1463(2) δCHφ – 52 + νφ – 31
19 1439(2) δCH3 – 94 1440(2) δCH3 – 92
20 1425m 1434(4) δCH3 – 91 1434(3) δCH3 – 100
21 1399sh 1402(1) δCHVi – 82 + νφ – 5 1401(1) δCHVi – 84
22 1383(17) δNH – 42 + δCHCα – 20 + δCH3–19 

+ νCCCOOH – 5
1378(10) δNH – 40 + δCHCα – 20 + δCH3 – 15

23 1368(8) νφ – 42 + δCHφ – 39 + δCHVi – 9 1368(8) νφ – 43 + δCHφ – 38
24 1353(9) δCH3 – 83 + δNH – 5 1355(5) δCH3 – 89
25 1344vs 1313(50) δCO – 29 + νSO – 19 + δCH3 – 14 

+ δNH – 13 + νCHMe – 11 + νCCCOOH 
– 5 + δCHCα – 5

1311(55) δCO – 34 + δNH – 14 + νCHMe 
– 12 + δCH3 – 12 + νSO – 12

26 1296(4) δCHVi – 42 + δCHφ – 23 + νC=CVi 
– 13 + νφ – 8

1295(1) δCHVi – 49 + δCHφ – 24 + νC=CVi 
– 15 + νφ – 10

27 1294(6) δCHCα – 61 + δCO – 9 + νSO – 7 1288(1) δCHCα – 79
28 1284vw 1279(26) νSO – 53 + δNH – 14 + δCHCα – 14 1273(0) δCHφ – 57 + νφ – 22 + δCHVi – 16
29 1272(2) δCHφ – 59 + νφ – 20 + δCHVi – 11 1269(31) νSO – 56 + δCHCα – 14
30 1257(7) νφ – 64 + δCCVi – 12 + δCHVi – 7 

+ νSO – 5
1256(14) νφ – 55 + νSO – 13 + δCHVi – 18

31 1228s 1227(7) δCHCα – 56 + δNH – 14 + δCO – 14 
+ δCH3 – 8

1239(7) δCHCα – 49 + δNH – 20 + δCO – 13 
+ νSO – 11

32 1190w 1170(1) νφ – 30 + νCCH3 – 29 + δCHφ – 18 
+ δφ – 10 + δCHVi – 9

1173(1) νφ – 38 + νCCH3 – 28 + δCHφ – 20 
+ δCHVi – 10

33 1155(0) δCHφ – 70 + νφ – 22 1154(0) δCHφ – 69 + νφ – 25
34 1136(52) δCO – 25 + νCHMe – 24 + δCHCα – 16 

+ νNC – 12 + δCH3 – 7
1136(42) δCO – 36 + νCHMe – 32 + δCHCα 

– 16 + νNC – 12
35 1157vs 1103(58) νSO – 64 + νφ – S – 7 + νφ – 8 1097(80) νSO – 46 + νφ – S – 22 + δCHφ – 14
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vol. 93  No. 7  2019
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36 1090(1) δCHφ – 52 + νφ – 37 1085(46) δCHφ – 33 + νφ – 26 + δCH3 – 15
37 1091m 1083(100) νNC – 27 + νCHMe – 21 + δCH3 – 23 

+ δCO – 7
1082(61) νNC – 20 + δCH3 – 17 + νCHMe 

– 15 + νφ – 14
38 1063(13) δCH3 – 37 + νCCMe – 32 + δCHCα 

– 15 + νNC – 7 + γCO – 6
1061(14) δCH3 – 41 + νCCMe – 30 + δCHCα 

– 14
39 1053w 1046(18) νφ – 47 + νSO – 19 + δCHφ – 11 

+ νφ – S – 9
1045(26) νSO – 41 + νφ – 38

40 1036(8) δCH3 – 39 + δCHCα – 22 + νNC – 11 
+ νCCMe – 5 + γCO – 5

1039(8) δCH3 – 49 + δCHCα – 21 + νNC – 12

41 1005(5) δCHVi – 77 + νφ – 19 1004(5) δCHVi – 76 + νφ – 17
42 991vw 989(1) δφ – 57 + νφ – 30 + δCHφ – 11 989(1) δφ – 54 + νφ – 31 + δCHφ – 10
43 966vw 986(5) γCCVi – 50 + γCHVi – 46 985(5) γCHVi – 75 + γCCVi – 21
44 960(0) γCCVi – 50 + γCHφ – 25 + γφ – 17 

+ γCS – 5
955(0) γCHφ – 82 + γφ – 16

45 945(0) γCHφ–36 + γCS – 33 + γφ – 27 + γCCVi 
– 5

945(0) γCHφ – 68 + γφ – 30

46 921vw 920(8) νCCMe – 22 + νSN – 20 + νNC – 19 
+ δCH3 – 16 + νCCCOOH – 7

920(19) νSN – 21 + νNC – 19 + νCCMe – 18 
+ δCH3 – 18

47 875vw 904(14) γCCVi – 98 902(14) γCCVi – 98
48 842s 837(11) νSN – 21 + δCH3 – 18 + νCCMe – 15 

+ δNH – 13 + γNH – 8 + δCHCα – 10
842(39) δCH3 – 20 + νCCMe – 17 + νSN – 18 

+ δNH – 16
49 831(9) γCHφ – 46 + γφ – 25 + γCCVi – 20 

+ γCS – 5
834(11) γCHφ – 64 + γφ – 21 + γCCVi – 12

50 815(0) γCHφ – 54 + γCS – 28 + γCCVi – 17 809(1) γCHφ – 94
51 798sh 789(33) νCCCOOH – 33 + δCH3 – 14 + νSN – 13 

+ νCHMe – 11 + γCO – 6
790(47) νCCCOOH – 31 + δCH3 – 16 + γCO 

– 14 + νSN – 10 + νCHMe – 10
52 771(4) νφ–30 + δφ – 27 + νCCH3 – 17

+ νφ – S – 5 + δCHVi – 5
768(3) νφ – 28 + δφ – 27 + νCCH3 – 19

53 741vw 734(0) γφ – 46 + γCHφ – 18 + γCS – 16 
+ γCHVi – 10 + γCCVi – 7

736(0) γφ – 45 + γCHφ – 32 + γCCVi – 17

54 710(20) γCO – 51 + γCOOH – 20 + νCCMe – 14 
+ δCHCα – 9

712(11) γCO – 55 + γCOOH – 15

55 676vs 639(99) δSO2 – 32 + γNH – 13 + νφ – S – 12 
+ δφ – 8 + νCCH3 – 7

632(16) γCCVi – 25 + δSO2 – 18 + γφ – 14 
+ γCHφ – 10

56 629(6) γCCVi – 30 + γCHVi – 25 + γφ – 20 
+ γCHφ – 13

626(21) γCCVi – 26 + δφ – 14 + δSO2 – 11

57 622(1) δφ – 79 + νφ – 11 621(3) δφ – 71 + νφ – 11
58 609sh 603(18) δCO–37 + γCOOH – 23 + νCHMe – 5 602(10) δCO – 40 + νSN – 12 + δSO2 – 10
59 587(32) γNH – 21 + δφ – 11 + γCOOH – 9 

+ δCHCα – 8 + γSN – 6 + νφ – S – 5 
+ νSN – 5 + δNH – 5

590(31) γNH – 27 + γCOOH – 14 + δCOOH 
– 12 + δCHCα – 11

60 562(10) γCOOH – 51 + δCO – 13 + γCO – 9 
+ δCHCα – 6 + νCCMe – 5 + γNH – 5

562(20) γCOOH – 79

61 539(12) δSO2 – 38 + δCCVi – 21 + δφ – 18 
+ δCOOH – 6

540(43) δSO2 – 40 + δφ – 14 + δCCVi – 14

No.
νexp, 
cm–1

Torsion angle C21–N–S–C2 = –64° Torsion angle C21–N–S–C2 = 96°

νcalc, cm–1

(IR abs., %)
PED, % νcalc, cm–1

(IR abs., %)
PED, %

Table 3.   (Contd.)
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vol. 93  No. 7  2019
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Ph–phenyl ring; ν–stretching; δ–in-plane deformation; γ–out-of-plane deformation; τ–torsion. Potential energy distribution is given
in the assignment column.

62 567s 519(37) δSO2 – 48 + γφ – 11 + γCHφ – 9 + δCO 
– 7

515(23) δSO2 – 50 + δCOOH – 13

63 482vw 501(9) δSO2 – 34 + δCOOH – 13 + γNH – 14 
+ γSN – 10

487(4) δSO2 – 23 + γNH – 17 + δCCVi – 16 
+ γφ – 10

64 474vw 464(2) δCCVi – 44 + δSO2 – 15 + δφ – 13 
+ νCCH3–9 + νφ – S – 5

461(6) δCCVi – 33 + γφ – 19 + δSO2 – 14

65 423vw 448(3) δSO2 – 34 + γφ–31 + γCCVi – 7 + γCS – 5 440(6) δSO2 – 38 + γNH – 20 + γφ – 14
66 408(4) δCHCα–38 + γφ – 13 + δSO2 – 8 + 

δCOOH – 7 + δNH – 7
399(5) δCHCα – 36 + γφ – 20 + γCCVi – 11 

+ δSO2 – 10
67 396(0) γφ – 79 + γCHφ – 15 395(1) γφ – 72 + γCHφ – 12
68 385(1) δSO2 – 39 + δCS – 16 + δCOOH – 11 + 

δCCVi – 8 + γφ – 6
384(0) δSO2 – 39 + δCOOH – 17 + δCS – 15

69 313(1) γCHφ – 31 + δSO2 – 19 + δCHCα – 16 
+ νSN – 6

321(0) δSO2 – 25 + δCHCα – 21 + νSN – 15

70 310(1) δSO2 – 38 + δCOOH – 18 + γCHφ – 10 
+ νNC – 7 + νSN – 6 + νCCCOOH – 5

308(1) δSO2 – 48 + δCOOH – 19

71 280(1) δCHCα – 33 + δSO2 – 20 + γCH3 – 7 
+ νφ – S – 6

296(3) δSO2 – 35 + γCCVi – 15 + δCHCα – 11

72 266(1) νφ – S – 23 + δSO2 – 22 + δCCVi – 14 
+ δφ – 6 + δCHCα – 6

252(1) νφ – S – 21 + δφ – 18 + δSO2 – 17 
+ δCHCα – 14

73 232(0) γCH3 – 56 + δCHCα – 20 + δCOOH
– 10

237(2) γCH3 – 27 + δCHCα – 17 + γCCVi 
– 13 + δCCVi – 12

74 222(0) δCCVi – 34 + νφ – S – 10 + δSO2 – 19 
+ δφ – 10 + γCHφ – 10 + δCS – 6

232(0) δCCVi – 39 + δCS – 10 + δφ – 10

75 213(0) δCHCα – 38 + γCH3 – 29 + δCOOH 
– 16 + νSN – 6

220(0) γCH3 – 53 + δCHCα – 25

76 192(0) γCHφ–22 + δSO2 – 23 + δCHCα – 15 
+ δNH – 14 + γφ – 7

163(2) δCHCα – 18 + γCCVi – 26 + δSO2 
– 15 + δCS – 12 + δNH – 11

77 135(0) δCS – 51 + δCCVi – 22 + δSO2 – 16 146(0) δNH – 25 + γNH – 23 + δSO2 – 20 
+ δCHCα – 16

78 122(1) δNH – 45 + γCHφ – 12 + δSO2 – 17 
+ γφ – 6 + δCHCα – 11

127(0) δCS – 37 + δSO2 – 19 + δCCVi – 23

79 87(1) γCHφ – 46 + γCN – 12 + γNH – 10 
+ γSN – 7 + γCOOH – 6 + γCCVi – 6 
+ γCS – 6

88(0) γCS – 37 + γCN – 15 + γCCVi – 15 
+ γCOOH – 10

80 59(0) γCOOH – 89 + γCHφ – 8 + δSO2 – 6 59(0) γCOOH – 84 + γCS – 11
81 44(0) γCCVi – 37 + γCS – 31 + γSN – 10 

+ γNH – 7 + γCOOH – 5
31(0) γCCVi–56 + γSN – 19

82 31(0) γSN – 47 + γCS – 23 + γNH – 9 + γCN 
– 6 + γCHφ – 6

30(0) γCS – 63 + γSN – 19

83 27(0) γCCVi – 44 + γCS – 38 + γCHφ – 14 
+ γCN – 6

20(0) γCN – 85 + γSN – 15

84 17(0) γCN – 81 + γCHφ – 8 16(0) γCS – 39 + γCCVi – 26 + γSN – 25

No.
νexp, 
cm–1

Torsion angle C21–N–S–C2 = –64° Torsion angle C21–N–S–C2 = 96°

νcalc, cm–1

(IR abs., %)
PED, % νcalc, cm–1

(IR abs., %)
PED, %

Table 3.   (Contd.)
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Table 4. Experimental and calculational results related to
1H NMR of ASS (N is hydrogen number)

Observed and computed 1H NMR chemical shifts with their
assignments.

N Exp. Cal. N Exp. Cal.

8, 9 7.75 7.60 17 5.42 5.22
10, 11 7.59 7.16 20 4.7 4.81

19 6.77 6.53 26 3.97 4.20
18 5.92 5.94 28, 29. 30 1.42 0.86
The theoretical chemical shift values were calcu-
lated by B3LYP method using 6-311+g(d,p) basis set
GIAO model (scale number = 0.9614). Then, the
results showed that the predicted proton chemical shifts
were in good agreement with the experimental data for
ASS which was represented in. The RMS error between
observed and calculated 1H-NMR is 0.31. The small
differences between experimental and calculated vibra-
tional modes are observed. This is due to the fact that
experimental results belong to the solid phase and theo-
retical calculations belong to the gaseous phase.

Molecular Electrostatic Potential
Molecular electrostatic potential (MEP) is as a sig-

nificant tool to predict the electrophilic and nucleop-
hile attacks for the biological interactions. The MEP
of the title compound optimized geometry was calcu-
lated by CAM-B3LYP method Aug –cc–pVDZ basis
set. As it can be observed from the Fig. 6. As can be
seen from the MEP map of the N-(alanine) p-styrene
sulfonamide the negative region is mainly over the
electro negative oxygen atoms. The maximum positive
region is localized on the phenyl rings.

Frontier Molecular Orbital Analysis
Investigation of the HOMO and the LUMO is

important in a molecule as a ligand. Soft systems are
large and highly polarizable, while hard systems are
relatively small and much less polarizable. For under-
standing various aspects of the drugs design and theirs
characteristic, several new chemical reactivity descrip-
tors have been proposed. The LUMO energy explains
the ability to accept an electron and the HOMO
energy is related to the ability to donate an electron.
Both the HOMO and the LUMO, play a significant
role in the electrical properties and chemical activities
in the compound. The HOMO and the LUMO orbital
energy are important parameters to predict the chem-
ical properties of a compound. The HOMO and the
LUMO orbital energy of ASS are calculated at the
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vo
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CAM-B3LYP method Aug –cc–pVDZ basis set. The
energy values are, EHOMO–1 = –9.18, EHOMO = –8.32,
ELUMO = –0.88, ELUMO+1 = 0.07 eV. The energy differ-
ence between the HOMO and the LUMO is 7.44 eV.
The energy of HOMO and the LUMO orbitals of the
ASS is negative showing that this compound is stable
and does not decompose spontaneously into its ele-
ments. The energy gap = HOMO – LUMO = 7.44 eV.
According to Parr et al. [34], the larger the HOMO–
LUMO energy gap, the harder the molecule. A mole-
cule with a high energy gap is less polarizable, it has
high kinetic stability and it is termed as a hard mole-
cule. The hardness (weakly polarizable) can be
explained as the resistance towards the deformation of
electron cloud and polarization of chemical systems
during the chemical process. The chemical hardness is
a useful concept for predicting the behavior of chemi-
cal systems and is related to the stability of a chemical
system. By using the HOMO and the LUMO orbital
energies, the ionization energy and electron affinity
can be calculated as: I = –EHOMO = 8.32 and A =
‒ELUMO = 0.88 eV. The global hardness η and chemi-
cal potential μ are given by using the relation η = (I –
A)/2 = 3.72 eV and μ = – (I + A)/2 = – 4.60 eV global
electrophilicity = μ2/2η = 2.84 eV. The atomic orbital
components of the frontier molecular orbital are
shown in Fig. 7.
l. 93  No. 7  2019
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Fig. 6. (Color online) MEP plot of N-(alanine) p-styrene
sulfonamide.
Molecular Docking Studies on DNA and BSA

We decided to perform molecular docking simula-
tion of the title compound against the 3D crystal
structure of DNA and BSA were obtained from Pro-
tein Data Bank (PDB ID: 423D, 4F5S) respectively.
Molecular docking is a significant investigation
method to understand the ligand- receptor interac-
tions. The ligand was prepared for docking by using
CAM-B3LYP method Aug –cc–pVDZ basis set. The
active sites of the DNA and BSA were defined to
include residues of the active site within the grid box
size of 38 × 30 × 24 Å for DNA and 82 × 58 × 62 Å for
BSA with a grid-point spacing of 1.00 Å were applied.
Amongst the docked conformations, the best scored
conformation predicted by AutoDock scoring func-
tion were visualized for ligand–DNA and ligand–
RUSSIAN JOURNAL O

Fig. 7. (Color online) HOMO and LUMO p
BSA interactions in Ligplot and Ligplus software. The
docking study on the PSS–DNA system showed that
the ASS places in the major groove of DNA (A). Also,
the molecular docking study of BSA showed that the
ASS places in the binding pocket of BSA(B).

The resulting docking in which the ligand binds
into the DNA creates two hydrogen bonds (Fig. 8).
The first hydrogen bond is between the NNH of ASS
and Dg22 (3.22 Å). The second hydrogen bond is
between  of ASS with Dg22 (2.83 Å). There are
hydrophobic contacts between the carbon atoms of
phenyl ring and Da5. The ligand binds into the BSA
and creates four hydrogen bonds (Fig. 8), viz. Three
hydrogen bond are between the  and Arg 409,
Phe 487, Tyr 410 (3.29, 3.18, and 3.09 Å, respectively).
The fourth hydrogen bond is between  of ASS
with Tyr 410 (3.09 Å). In addition, there are hydro-
phobic contacts between the carbon atoms of the ASS
with Leu 452, Leu 429, Phe 402, Val 432, Leu 386,
Ser 488, Lys 413, and Asn 390. The binding free
energy (∆G°, kcal mol–1) –6.5 for DNA and –7.4 for
BSA are predicted for the best conformation of the
ligand. The values of ∆G° indicate a high binding affin-
ity between DNA and BSA separately with the ASS.

The Disk Diffusion Method

A microbial suspension (1 mL) Staphylococcus
aureus and Escherichia coli was spread separately over
the surface of agar plate, which were then incubated
for 24 h at 37°C in an autoclave. Inhibitory zone values
(diameter of inhibition) from disk diffusion tests and

2SOO

2COO

2SOO
F PHYSICAL CHEMISTRY A  Vol. 93  No. 7  2019
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Fig. 8. (Color online) (a) Perspective of molecular docking of ligand with the major groove side of DNA. (b) The ASS docked in
the binding pocket of BSA.The non-covalent interactions and hydrophobic forces across the binding interface of Ligand–DNA
in the left and ligand-BSA in the right (H bonds are shown by dotted lines). 

(a) DNA−Ligand (b) BSA−Ligand

Fig. 9. (Color online) The growth inhibition ring observed for ligand in S. aureus in the right and E. coli in the left.
growth inhibition ring for ASS are reported in Table 5
and Fig. 9.

The results of this assay can be showed that both of
Staphylococcus aureus and Escherichia coli are sensitive
to N-(alanine)–p-styrene sulfonamide but Staphylo-
coccus aureus more sensitiveness to the compounds.
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vo

Table 5. Inhibitory zone values (d is diameter of zone inhi-
bition) from disk diffusion tests

Compound Bacteria d, mm

N-(Alanine) sulfonamide E. coli 18
N-(Alanine) sulfonamide S. aureus 19
CONCLUSIONS

We report the new compound of based-alanine sul-
fonamide. The molecular geometry and structural
parameters of the title compound were calculated
using CAM-B3LYP method Aug–cc–pVDZ basis set.
1H NMR spectrum obtained using B3LYP/6-311+g(d,p),
was compared with experimental results. An analo-
gous comparison was made for infrared spectra. This
research leads us to find that the theoretical results are
in good agreement with the experimental data. The
molecular electrostatic potential and frontier molecu-
lar orbital analysis indicate that the ASS can be
designed for the new catalyst due to its properties. The
l. 93  No. 7  2019
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biological investigation results suggest that ASS can be
used for the design and synthesis of new based-drug
materials.
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