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ABSTRACT

A combined experimental and theoretical investigation has been reported on N-(glycine)-para
styrene sulfonamide (abbreviated as GSS).The GSS and its complex were synthesized for first time
in two steps. The GSS was synthesized from the reaction of para styrene sulfonyl chloride and
glycine in the mild condition. The palladium complex was prepared from the reaction of PdCl,,
CH;CN and GSS as a ligand. The GSS and its complex was confirmed using FT-IR and "H-NMR
spectra. The data obtained from wave number calculations are used to assign vibrational bands
obtained in infrared and Raman spectra recorded. Potential energy distribution was done using
GAR2PED program. HOMO-LUMO analysis, and Molecular Electrostatic Potential studies of the
GSS and its complex have been investigated using DFT method. The GSS is investigated against
Staphylococcus aureus and Escherichia coli. Molecular Docking study of GSS is also reported.
Keywords: N-(glycine) -para styrene sulfonamide; DNA; BSA; HSA; Molecular docking; MEP;
PED.

Introduction

Sulfonamide compounds, as antibacterial agents, are extensively applied in the world due to their
low toxicity and excellent activity against bacterial diseases . These materials are widely used
to prevent the growth of bacteria in the body. Some sulfonamide derivatives in pharmaceutical as
antibacterial agents such amino acid, imidazole[3]. In the overall, antimicrobial properties of
Sulfonamide derivatives are well known. Therefore, the clinical and medicinal properties of
sulfonamide derivatives as antibacterial agent, in a group of commercial pharmaceutical
compound have been known. The number of sulfonamide derivatives as an inhibitor to prevent of

generation and progression of cancer cells was applied such as tetrahydroquinoline [4]and



chromone|5| containing sulfonamide moiety. During the past two decades, the synthesis of
sulfonamide derivatives have been developed as antibacterial and anticancer drugs In the
recently, by changing the structural parts of sulfonamides, new drugs have been designed. These
investigations promoted us to synthesize and evaluate a sulfonamide derivative for pharmaceutical
chemistry, we have selected glycine and styrene structural parts to synthesis a new sulfonamide
structure due to these group in coordination to metals and synthesis of novel complex-based
sulfonamide drugs. In other words, the title compound have medicinal property. In our previous
research, we reported the synthesis of sulfonamide and amino acid derivatives and
theoretical investigation about the new drug-based materials . In this work, the title
compound was obtained by the reaction of glycine with para styrene sulfonyl chloride. The
bioactivity of this compound for the first time was investigated in vitro against gram positive and
gram negative bacteria. Molecular docking calculations were performed to evaluate the medicinal
properties of the title compound.

2. Material and methods

Para- styrene sulfonic acid sodium salt, PCls;, sodium hydroxide, CH;CN, PdCl,, CHCI; and
glycine were purchased from Aldrich Company and were used without further purification. Fourier
transform infrared spectra of prepared compounds were recorded at 4004000 cm™! region using
KBr pellets on Shimadzu FT-IR 8400 spectrometer. 'H NMR spectrum was recorded on a Brucker

Ultrashield 300 MHz spectrometer using D,O as solvent and tetramethylsilane as internal standard.

2.1. Preparation of Para styrene Sulfonyl Chloride
To prepare the monomer first, Para- styrene sulfonyl chloride was synthesized as follows: 7.50 g
of PCl;5 (36mmol) was placed in a 500-mL round-bottomed flask, equipped with magnetic stirrer,

5.00 g (24mmol) of Para-styrene sulfonic acid sodium salt was added slowly with ice bath cooling.



After 30 min. it was heated under reflux at 50-60°C for 2 hr. The product was cooled and separated
from inorganic materials by chloroform and ice water. The chloroform was evaporated from the
Para- styrene sulfonyl chloride. The product was washed 3 times with water. The solvent was
evaporated and product used without further purification. Experimental details are described in
Ref [19]

2.2. Preparation of N-(glycine) - Para- styrene sulfonamide (GSS)

The synthetic method for the preparation of the GSS with chemical formula (C;oH;{NO,S) is as
follows: In a 100 mL round-bottomed flask, equipped with magnetic stirrer, 4.86 g para vinyl
styrene sulfonyl chloride (24 mmol) in 50 mL CHCIl; as a solvent and 1.8 g glycine (24 mmol)
were placed. Then, 24 mL NaOH 1M was slowly added. The reaction mixture was stirred for 4 h
at room temperature. After the reaction time, the organic layer was separated and GSS as the
product was obtained. The obtained product was washed 3 times with CHCl; and analyzed without
further purification (Yield 4.79 g, 83.0%, m.p. 141°C). IR (KBr, Cm"): 3616(vOH), 3394(uvNH),
3050(vCHPh), 3009(vCH, vCH,), 2975(vCH,), 2880(vCH,), 1743(vC=0), 1570(vPh, CHPh),
1462(5NH, vPh), 1433(6CH,), 1320(vSO,, 6CH,), 1245(vCO, 3CH,, 6NH), 1136(6CH,, dOH,
vCN), 1082(vCN, vS0,), 1041(6CH,, vPh, 1008(6CH,, 6CH, vPh), 910(yCC), 813(yCHPh),
727(tPh, yCC,yCS, yCHPh) 640(tOH, 3SO,, yC=0), 559(yNH, dNH). 'H-NMR ((D,0, ppm):
2.04(s, CH,), 3.77(NH) 5.42(CH in vinyl), 5.97(CH in vinyl), 6.81(CH in vinyl), 7.66 (CH
Benzene), 7.76 (CH Benzene), 9.95(COOH).

2.3. Preparation of complex (PdCI,L)

The synthetic method for preparation of palladium complex is as follows: 0.09 g PdCl, (0.5 mmol)
and CH3CN (50 mL) were placed in a 100-mL round-bottomed flask equipped with a reflux

condenser and a magnetic stirrer. The mixture was stirred and warmed to 70 °C to give a light



orange solution. Then, 0.127 g ligand (0.5 mmol) and sodium hydroxide 0.5 M (2 mL) were added.
The reaction mixture refluxed for 12 h and the green solid appeared. The green solution filtered
and washed with CH3CN (3 x 10 mL). The product was used without further purification.

IR (KBr, Cm): 3050(vCHPh), 3009(vCH), 2987(vCH,), 2880(vCH,), 1743(vC=0), 1510(vPh),
1462(5NH, vPh),, 1433(5CH,), 1315(vS0O,, dCH,), 1245(vCO, 8CH,, SNH), 1136(6CH,, dOH,
vCN, 1082(vCN, vS0,), 1041(8CH,, vPh, 1008(8CH,, d6CH, vPh), 910(yCC), 813(yCHPh),
727(tPh, yCC, yCS, yCHPh) 640(tOH, 8SO,, yC=0), 559(yNH, 6NH). 'H-NMR (D0, ppm):
2.04(s, CH2), 5.42(CH in vinyl), 5.97(CH in vinyl), 6.81(CH in vinyl), 7.66 (CH Benzene), 7.76
(CH Benzene),

2.4. Computational details

Calculations of the GSS were performed using Gaussian 09 software[20]|.These calculations
include geometry optimization(opt-freq), MEP, HOMO — LUMO analysis were performed using
density functional theory (DFT) .The optimization (opt-freq) of compounds was carried
out using CAM-B3LYP/Aug.-cc-pVDZ level of theory. The Potential Energy Distribution (PED)
of the normal modes among the respective internal coordinates was calculated for GSS using
the GAR2PED program [27] and compared with theoretical and experimental values. PASS
(Prediction of Activity Spectra) was used as an online server to predict the activity of the
ligand. Molecular docking has recently been used as a tool to get an insight into ligand — receptor
interaction and screen molecules for the binding affinities against a special receptor. Molecular
docking calculations were performed on AutoDock-Vina software[24|. The output of geometry
optimization (using CAM-B3LYP/Aug-cc-pVDZ level of theory) for title compound was used as
the input of ligand for docking processes. Lamarckian Genetic Algorithm (LGA) available in

Autodock was employed for docking, as the most popular algorithm . The 3D crystal



structure of employed DNA, BSA and HSA as receptors were obtained from Protein Data Bank
(PDB ID: 423D, 4F5S, 1AO6). The graphical representation of ligand-receptor interaction was
obtained using ligplot software

2.5. Antibacterial assays

The minimal inhibitory concentration (MIC) is determined by preparing solutions of the chemical
in vitro at increasing concentrations, incubating the solutions with the separate batches of cultured
bacteria, and measuring the results using agar solution. It is used to measure the Minimum
Inhibitory Concentration [MIC] of an antimicrobial agent, which is the lowest concentration of
antibacterial agent which will prevent the growth of bacteria . The MIC of the GSS as antibacterial
agent against Escherichia coli and Staphylococcus aureus will be reported in the next section. The
GSS was tested for its antibacterial activity against Staphylococcus aureus, as the model from
Gram-positive and Escherichia coli as Gram-negative bacteria by the disk diffusion method

2.6. 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.

3. Result and discussion

3.1. Synthesis and characterization

The synthetic routes for preparation of GSS and its complex, as explained in experimental

section, are schematically represented in Schemesl1 and 2.
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Scheme 2. Synthesis of complex

3.2. Tautomeric and dynamic processes
GSS could be presented in two different tautomers (named as Ty, T,). This is important to know

about the relative stabilities of these tautomers (Fig.1).
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Fig. 1. The general structures of GSS tautomers
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In fact, structures of these tautomers were calculated using CAM-B3LYP/Aug.-cc-pVDZ level

of theory. Thermodynamic properties such as electronic energies, relative total energies, relative

enthalpies, and relative Gibbs free energies for two Tautomers (T; and T,) shown in the Tablel,

As aresult, T tautomer is the more stable due to the symmetrical elements in SO,.

Table 1. Kinetic and thermodynamic data of two tautomers

Tautomer Ee ZPE Rel.E Rel. H®,oq Rel. G®g
T -1141.6938 0.202907 -1141.475378 -1141.474433 -1141.536567
1
-1141.1358 0.202631 -1140.917449 -1140.916504 -1140.978557
T,

All energetic data have been reported in Hartrees.

3.3 Molecular structural

The optimized geometry (opt-freq) using (CAM-B3LYP method Aug —cc—pVDZ) of GSS was

calculated. The numbers of atoms was defined in Fig. 2.




Fig.2.0ptimized geometry T, (top) and T, (bottom) of GSS

3.4. Spectroscopic characterization of GSS

The experimental FT- IR of GSS is reported in experimental section (Fig.3) The C—H stretching
frequencies of aromatic can be observed in the range of 3100-3000 cm! is showed at 3106 cm!.
The aliphatic C—H stretching frequencies are also appeared below 3000 cm™!' . The C= C stretching
vibration in the range of 1650-1430 cm-! and the C—H bending bands are appeared in the regions
1275-1000 cm! (in-plane C-H bend) and 900—690 cm! (out-of plane C-H bend). In addition, the
stretching mode of NH group is appeared at 3234cm-!. The out- of —plane NH wag is assigned at
556cm! in the IR spectrum. In the following discussion, Sulfonamides absorb strongly at 1370-
1335 and 1170-1155 cm! . The stretching mode symmetrical and asymmetrical O=S=0 is observed
at 1174cm'and 1384 cm! respectively.

NH modes



According to literature the NH vibrations are expected in the following regions: stretching
mode: 3500-3300 cm!; deformation modes: around 1500, 1250 and 750-600 cm™!. For the title
compound, the NH stretching modes are assigned at 3396 cm! theoretically (Table 2) and the NH
deformations are assigned at 1464, 1279, 561 cm’! theoretically. The reported values of NH modes
are at 3462 cm! in the IR spectrum, 3450 cm! in the Raman spectrum, 3400 cm™! theoretically
(stretching modes), 1508, 1219, 655 cm’! (DFT) (deformation modes and 1587, 1250, 650
cm! (IR), 1580, 1227, 652 cm’! (DFT) (deformation modes

Phenyl ring vibrations

The phenyl CH stretching modes are assigned at 3079, 3076, 3061, 3049 cm™! theoretically. The
phenyl ring stretching modes are assigned at 1569, 1539, 1464, 1372, 1301 cm-1 theoretically

The ring breathing mode of para-substituted phenyl rings with entirely different substituent are
expected in the range 780-880 cm! according to literature and in the present case, this is
confirmed by the band at 772 cm-1 theoretically. The phenyl ring breathing mode of para
substituted phenyl rings was reported at 795 cm’! at 873 cm! in the IR spectrum and at 861
cm! theoretically [36]and at 753 cm! in IR spectrum, 793, 759 cm™! theoretically[ 1 8] The in-plane
CH bending modes of the phenyl rings are assigned as 1270, 1161, 1096, 989 cm™ (DFT) as
expected|33]. The out-of-plane CH bending modes of the phenyl rings are assigned at 956, 942,
833, 814 cm™! (DFT) for PhIV.

COOH modes
For the title compound, the C=OOH modes are assigned at 3612 cm™! (DFT) (OH stretching mode),

1746 cm™! (DFT) (C=0 stretching mode), 603, 502 cm™! (DFT) (C=0 deformation modes), 1301,
637 cm’! (DFT) (OH in-plane and out-of-plane deformation), 1248 cm™! (DFT) (C-O stretching)

as expected in literature . The reported values are 1680, 561(IR), 1675, 735, 555 (DFT) for



C=0 group, 1321 (IR), 1318, 920 (DFT) for OH group and 1235 (IR), 1238 cm"! (DFT) for C-O,
for a similar derivative

C=C, and CH;, modes

For the title compound, C=C stretching mode is assigned at 1617 cm™! (DFT[38]. In the present
case, the CH, modes are assigned at 3102, 3025, 2974, 2879 cm™! (DFT) (stretching modes), 1435,
1405, 1318, 1201, 1134, 1040, 1007, 974 cm™! (DFT) (deformation modes)

SO, modes

The asymmetric and symmetric stretching vibrations of SO, are reported in the range 1330 + 60
and 1180 + 45 cm™! respectively. For the title compound, the DFT calculations give these modes
at 1318 and 1179 cm'. The SO, deformation bands are expected in the regions 535 + 40, 485 +
50, 405 + 65, 320 + 40 cm'. DFT calculations give SO, modes at 541, 472, 383, 329 cm™! and
most of the bands are not pure but contains significant contributions from other modes also.
Rodriguez et al reported the SO, bands in the range 1242-1394, 590-632 and 460-470 cm’'.

The C-S stretching modes are assigned at 630 cm! theoretically as expected

Table 2. Theoretical (B3LYP/6-311G (d, p)) and experimental IR wavenumbers with PEDs (Vibrational
assignments) of the GSS

Observed IR bands Assignments

Scaled IR
frequency intensity
75 3612 95.44 3616 vOH(100)
74 3396 81.41 3394 vNH(100)
73 3102 8.96 - VCH,(98)
72 3079 1.62 - vCHPh(92)
71 3076 2.19 - vCHPh(96)
70 3061 3.25 - vCHPh(99)
69 3049 9.31 3050 vCHPh(94)
68 3025 2.48 - VCH,(83),0CH (15)
67 3016 11.80 3009 VCH(83),uCH,(16)
66 2974 6.40 2975 vCH,(97)
65 2879 17.96 2880 vCH,(97)

64 1746 278.00 1743 vC=0 (80)
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1620

1569
1539
1464
1435
1405
1397
1372
1318
1301
1279
1270
1261
1248
1201
1179
1161
1134
1096
1085
1081
1040
1007
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987

974
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911
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833
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637
630
625
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561
541
516

6.56

15.89
4.46
6.73
16.84
2.09
9.50
20.34
224.25
3.25
2.25
14.86
57.09
63.13
15.45
1.21
0.76
143.33
30.84
168.08
259.37
77.82
77.82
7.41
13.97
0.66
0.23
0.03
43.07
5.40

25.96
21.01
91.32
5.82
0.07

280.98
10.66
4.26
2.42
37.89
109.15
30.31
59.56

559

vC=C(60), 5CH,(15),
SCH(11)

VPh(56), SCHPh(13)

vPh(69)

SNH(59), vPh(35)

5CH,(90)

SCH,(62), SCH (17)

SNH(22), SCH1(36), vCC(13)
v Ph(42), 5SCHPh(22)
vS0,(43), 5CH, (41)

SOH (40), vPh(42)

vPh(32), SNH(35)
SCHPh(53), vPh(19), vSO4(10)
SCH,(20), SOH (17), vSO5(19)
vCO41),5CH,(21), SNH (14)
5CH,(87)

vS0,(39),0Ph(21)

SCHPh(71)

SCH,(52), SOH(16), vCN(17)
SCHPh (48), vPh(24)
VCN(33), vS0,(23)

VCN(28), vSO,(21)

SCH,(47), vPh(22)

SCH,(62), 5CH (11), vPh(11)
vPh(61), SCHPh (47)
SCH,(49),yCH(43)

SCH,(72), yC=0(19)
yCHPh(91)
yCHPh(78),Ph(18)

yCC(95)

vCC(31),6CH,(18), SNH (16),
VSN(14)

yCHPh(65), yCC(12)
yCHPh(85)

VSN(36), VCC(25)

5Ph (28), vCC(18), vPh(39)
tPh(56), yCC(12),yCS(9),
yCHPh(11)

TOH(43), §S0,(16), yC=0(15)
tPh(32), yCH(12), vCS(38)
tOH(22), tPh(42), 5Ph(16)
5Ph(62)

5C=0(44)

yNH(43), SNH(12)

8S0,(36), 5CC(21), 8Ph (17)
5S0,(22), tPh(18)




20 502 53.65 - yC=0(38), tOH(22), 5CH,(11)

19 472 36.94 - 8S0,(37), yYNH(15), 5C=0(10)

18 462 44.10 - 5CC(37), YNH(18), 5C=0(15)

17 443 0.84 - tPh(36),yCC(17), 5S05(16)

16 399 0.31 - tPh(81)

15 383 242 - 8S0,(41), 5C=0(17), 5CS(15)

14 329 2.82 - 8S0,(51), yCC(17), TPh(12)

13 308 2.93 - 8S0,(42), 5C=0(18)

12 258 2.33 - SPh(18), 8CC(12), 5SOx(15)

11 234 1.03 - 5S0,(14), CC(24)

10 224 1.51 - SCH,(12), 5CC(18), 5S04(15)

9 205 0.56 - SCH,(18), YCS(12), SO4(11)

8 136 1.80 - 5CS(49), 3CC(17)

7 123 3.45 - 1C=0(22), YNH(14), tPh(11)

6 107 2.67 - SNH(28), tNH(18), SCHa(13),
1C=0(12), $S04(12)

5 77 2.63 - 1C=0(24), yCS(18),
tCH,(18),tCC(11), 3SO4(10)

4 46 1.64 - 1C=0(41), TNH(35)

3 40 0.52 - 1CC(45), 1S05(13), TPh(12)

2 36 0.26 - 1S05(50), TCC(14)

1 20 0.21 - tCH,(48)

Ph-phenyl ring; v-stretching; 8-in-plane deformation; y-out-of-plane deformation; t-torsion
Potential energy distribution is given in brackets in the assignment column.

In order to investigate the performance of vibrational wave numbers of the title compound, the
root mean square (RMS) value between the calculated and observed wave numbers were

calculated. The RMS values of wave numbers were calculated using the following expression

RMS = L 1, calcu exp 2
- n— 121 (Ui ¢ Ui )
The RMS errors of the observed IR bands are found to 1.55. The small differences between

experimental and calculated vibrational modes are observed. This is due to the fact that

experimental results belong to solid phase and theoretical calculations belong to gaseous phase.
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Fig. 3. The experimental FT-IR spectra of GSS (bottom) and complex (top)

3.5. Observed and calculated 'H NMR chemical shifts

The experimental 'H-NMR spectrum of the compound are reported in section 2.2 (Fig.4) The 'H-

NMR spectrum of the GSS was recorded in D,0 as solvent with TMS as internal standard at 400

MHz
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Fig.4.The experimental "H-NMR spectra of GSS (top) and complex (bottom)

Table 3. Experimental and calculational results related to 'H NMR of ASS

Hydrogen number exp. cal. ~ Hydrogen number exp. cal

8,9 7.66 7.42 24 542 532
7,10 7.76  7.72 22 3.77 4.18
23 6.81 6.69 21 995 5.46
25 597 6.00 26,27 2.04 3.01

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

The theoretical chemical shift values was calculated by B3LYP method using 6-311+g. The
theoretical chemical shift values was calculated by B3LYP method using 6-311+g (2d, 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 GSS which represented in Table 3.

The RMS error between observed and calculated !H-NMR are 1.74.The small differences between



experimental and calculated vibrational modes are observed. This is due to the fact that

experimental results belong to solid phase and theoretical calculations belong to gaseous phase.

3.6. Spectroscopic characterization of palladium complex

The FT- IR spectrum of complex are listed in experimental section. The vibrational band present
at 3396 cm™! is assigned to v(N-H) for free ligand. This band disappears for the complex because
the ligand has been deprotonated. The SO, group did not participate in the coordination, then
Vas(S=0) shifted from 1320 cm—1 in the free ligand to 1315 cm™ in the complex due to the different
spatial orientation of this group in the complex, but the v((S=0) remained almost unchanged. The
FT-IR spectrum of ligand showed absorption bands at 1570 cm—1 which was assigned to the
v(C=C) vibrations, in the complex showed 1510 cm™! is correlated with the coordination of the

ligands (Fig 3).

3.7. Observed 'H NMR chemical shifts of palladium complex

The experimental 'H-NMR spectrum of the complex is reported in section 2.3. The 'H-NMR
spectrum of the compound was recorded in D,O as solvent with TMS as internal standard at 400
MHz. The '"H-NMR spectrum of the ligand showed a broad singlet at 3.77 ppm for -NH group and
9.95 ppm for —-COOH group. The absence of these signals in the spectrum of the complex, due to

deprotonation and coordination of anions to palladium and the formation of Pd—N and Pd-O bonds

(Fig.4)



3.8. Molecular electrostatic potential

MEP (Molecular electrostatic potential) is as a significant tool to predict the electrophilic and
nucleophilic attacks for the biological interactions. The MEP of the title compound was optimized
geometry using b3lyp method 6-311+g (d, p) was calculated. As can be observed in Fig.5. The
different colors in this plot are indicated different values of the electrostatic potential.
Red<orange< yellow<green<blue. The blue illustrate the strongest attraction. The positive area is
located around vinyl and phenyl groups. These areas are having positive potential. The negative
area is related to C=0 group. In these areas having negative potential are over the electronegative
atoms such as oxygen. The red indicates the strongest repulsion. These regions of negative
potential are associated with the lone pair of electronegative atoms. The residuals species are
surrounded by zero potential. The nitrogen of NH and oxygen of OH are as anions coordination to

palladium and the formation of complex.

Fig.5. MEP plot of N-(glycine) para styrene sulfonamide in the left and its complex in the right
3.9. Frontier molecular orbital analysis
Investigation of the HOMO and the LUMO is important in a molecule as a ligand. 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 LUMO orbital energy are
important parameters to predict the chemical properties of the title compound. The HOMO and
LUMO orbital energy of GSS and its complex are calculated at the B3LYP method 6-311+g (p,d)
basis set. The energy values of the ligand and its complex are, Eyomo = - 6.601,-8.940 and E; ymo
=-5.059,-5.821eV, respectively. The energy difference between the HOMO and LUMO of the
ligand and its complex are 1.542 and 3.119 eV, respectively. The energy of HOMO and LUMO
orbitals of the GSS and its complex are negative that these compounds are stable and does not
decompose spontaneously into theirs elements. According to Parr et al[40]. The molecule with
small energy gap is more polarization property, low kinetic stability and is in general called as soft
molecule. These molecules can be explained as the resistance towards the deformation of electron
cloud and polarization of chemical systems during the chemical process. The chemical softness is
a useful concept for predicting the behavior of chemical systems and is related to the stability and
low reactivity of a chemical system. The chemical hardness is a useful concept for predicting the
behavior of chemical systems and is related to the stability of a chemical system By using HOMO
and LUMO orbital energies, the ionization energy and electron affinity of the ligand and its
complex can be calculated as: I = - Egomo = 6.601,8.940 and A = - Erymo = 5.059, 5.821eV,
respectively. The global hardness n and chemical potential p of the ligand and its complex are
given by using the relationn = (- A)/2=0.771, 1.559 eV, p =- (I + A)/2=-5.831,-7.381 eV and
Electrophilicity index (o) = p?2n = 22.043, 17.467 eV, respectively. The calculated value
describes the catalytically and biologically activity of the title compound (GSS). The atomic orbital

components of the frontier molecular orbital are shown in Fig. 6.
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Fig.6. HOMO and LUMO plots of N-(glycine) - para -styrene sulfonamide in the up and its complex in
the down

3.10. Molecular docking studies

We decided to perform molecular docking simulation of the title compound against the 3D crystal
structure of DNA, BSA, and HSA were obtained from Protein Data Bank (PDB ID: 423D, 4F5S,
1A06) respectively. Molecular docking is a significant investigation to understand the ligand-
receptor interactions. The ligand was prepared for docking by B3LYP method 6-311+g (p,d)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 36A°x28A°x20A° for DNA, 82A°x54A°x64A° for BSA and
70A°x54A°x72A° for HSA with a grid-point spacing of 1.00 A were applied. Among the docked
conformations, the best scored conformation predicted by AutoDock scoring function were
visualized for ligand-DNA, ligand-BSA, and ligand-HSA interactions in Ligplot and Ligplus

software. The resulting docking in which the ligand binds into the DNA creates two hydrogen



bonds (Fig. 7), viz. These hydrogen bonds are between the Ogp; of ligand and Dg4 and Dg22
(5.32A, 6.02A) respectively. There are hydrophobic contacts between the carbon atom of phenyl
ring and Dc6 and Dc21. The BSA creates two hydrogen bonds (Fig.9), viz. These hydrogen bonds
are between Oso, of ligand with Gly327 and Asp323 (2.96 A, 3.03 A) respectively. There are
hydrophobic contacts between the carbon atoms and sulfur atom of ligand with Ala212, Leu326,
Leu330, Leu346, Ala349, Lys350, and Val481. The HSA creates hydrophobic contacts between
the carbon atoms and sulfur atom of ligand with Leu 238, Leu 260, Ile 264, Ile 296, Ala 261 and
Ala 291. The binding free energy (AG® in kcal mol!) -6.5 for DNA, -6.8 for BSA and =6.7 for
HAS are predicted for the best conformation of the ligand. The values of AG® indicate a high

binding affinity between DNA, BSA and HSA separately with the ligand (title compound).

Leu260

11e290
Tle264

Fig.7. The non-covalent interactions and hydrophobic forces across the binding interface of Ligand—-DNA
in the left, ligand-BSA in the middle and ligand- HAS in the right (H bonds are shown by green dotted

lines).
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3.11. The disk diffusion method

A microbial suspension (1 mL) Staphylococcus aureus and Escherichia coli were 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 growth inhibition ring

for GSS was reported in Table 4 and Figure 8.

Table 4. Inhibitory zone values (diameter of inhibition) from disk diffusion tests.

Compound bacteria Inhibition zone diameter (mm)
N-(glycine)-para-styrene sulfonamide E.coli 19
N-(glycine)-para-styrene sulfonamide  S.aureus 21

The results of this assay can be showed that both of Staphylococcus aureus and Escherichia coli
are sensitive to N-(glycine)-para-styrene sulfonamide but Staphylococcus aureus more

sensitiveness to the compounds.

Fig.8 The growth inhibition ring observed for ligand in S.aureus in the right and E.coli in the left.



4. Conclusion

We report the new compounds of based- glycine sulfonamide and its complex. Tautomers of
based- glycine sulfonamide were calculated using B3LYP method 6-311+g (p,d) basis set. These
calculations were shown the structure of based- glycine sulfonamide is stable. HOMO-LUMO
analysis, and Molecular Electrostatic Potential studies of the GSS and its complex have been
investigated using DFT method. Molecular electrostatic potential and Frontier molecular orbital
analysis were indicated the GSS can be designed for the new catalyst due to its properties. The
GSS and palladium complex were characterized using FT-IR and '"H NMR spectra. The Potential
Energy Distribution (PED) of the normal modes among the respective internal coordinates was
calculated for GSS using the GAR2PED program and compared with theoretical and experimental
values. These biological investigations against the Staphylococcus aureus and Escherichia coli
and docking simulation of the GSS against the 3D crystal structure of DNA, BSA, and HAS
suggest that GSS can be used for the design and synthesis of new based-drug materials
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