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Abstract

A new series of [N-(3-aminophenyl)-arylsulfonamides] hydrochloride (Aryl= 4-methoxybenzene, 4-tert-butylbenzene, 4-
nitrobenzene, 4-chlorobenzene) compounds (1-4) were synthesized successfully with a simple method. The compounds (1-4)
were elucidated on the basis of elemental and spectral analyses (NMR, FT-IR, EA) and their inhibitory effects on the activity
of purified peroxidase (POD) enzyme were evaluated by UV-vis spectrophotometers. The POD enzyme was purified from red
cabbage (Brassica oleracea var. capitata f. rubra) using affinity chromatography. The half maximal inhibitory concentration
(ICsp) values were found to be 0.144 mM, 0.2 mM, 0.117 mM and 0.185 mM for compounds 1, 2, 3 and 4 respectively. The
inhibition results show that all the compounds (1-4) inhibited POD enzyme activity. Particular, the N-(3-aminophenyl)-4-
nitrobenzenesulfonamide hydrochloride compound (3) was found as the most active compound for POD compared to the
others.
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1. Introduction

The structures containing sulfonamide fragment are generally ~ carbonic anhydrase, adenine nucleotide translocator etc.)
obtained from R-sulfonyl chloride with primary or secondary  activities [12-16].

amines in basic media [1]. Recently, there has been an Peroxidases (PODs, E.C 1.11.1.X) are a member of the

fnerease ) m §tud1es regarding ) Compo'unds .bea.rlng oxidoreductase family and they catalyse the hydrogen
sulfonamide moiety because of their potential applications . Sy . .
peroxide-dependent oxidation reaction of various substrates

such as in the metal complexes of sulfonamide [2], medicinal containing aromatic groups [17-19]. They are widely found
chemistry [3], as catalysts [4], in chemical luminescence [5] in different kinds of organisms and are associated with

and in material chemistry [6]. Additionally, sulfonamide . . . . . S,
- C ) numerous physiological and biochemical functions in living
derivatives are known to contain inherent pharmacological organisms such as in the protection of tissue from physical
damage, defence against pathogens, general stress response,
wound healing etc. [20-22]. Because of their wide substrate
specificity and high sensitivity, the PODs are useful tools for

properties such as antimicrobial [7], anti-inflammatory [8],
antiviral [9], antiproliferative [10], angiogenesis [11] and
enzyme inhibitory (o, P, d-carbonic anhydrase, human
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several biomedical, biotechnological, clinical and industrial
applications [23, 24]. PODs are also used in various reactions
such as the synthesis of polymers, the development of drugs
and organic molecules etc. Additionally, POD is one of the
most important enzymes used to remove H,O, enzymatically
[18, 19].

Organic compounds or metal complexes bearing sulfonamide
moiety are widely used as inhibitors for various enzymatic
reactions [25, 26]. Although sulfonamide analogues are often
used in the inhibition of carbonic anhydrase, these
compounds are rarely used in the inhibition of peroxidase
[27]. This case also raises a potential area of research. In this
study, a new series of water soluble [N-(3-aminophenyl)-
arylsulfonamides] hydrochloride (sulfonamide analogues (1-
4)) were fabricated using 1,3-diaminobenzene, arylsulfonyl
chloride and HCIl solution and their structures were
characterized by "H-NMR, *C-NMR, elemental analysis and
FT-IR. In addition, their inhibitory effects of these compound
on the activity of purified POD from red gabbage (Brassica
oleracea var. capitata f. rubra) were evaluated for the first
time. In the literature, there have been many studies have
focused on the purification [17, 22, 28-30] and investigation
of the POD inhibition by different compounds [27, 31-34].
However, our study is the first investigation of the inhibition
of purified the POD from red cabbage (Brassica oleracea var.
capitata f. rubra) using these compounds.

2. Experimental
2.1. Materials and Methods

All chemicals used in the synthesis process (reagents and
solvents) were purchased from chemical companies (Sigma-
Aldrich, Merck and Alfa Aesar) and used as received unless
otherwise stated. The 400 MHz '"H-NMR and 100.56 MHz
C-NMR spectra were recorded at ambient temperature on a
Bruker 400 NMR spectrometer in CDCl; as solvent. NMR
signals are given in parts per million (ppm) as J downfield
from tetramethylsilane (TMS) (6 0.00) as an internal standard.
Coupling constants are given in Hertz. The multiplicity of
NMR peaks is abbreviated as follows: br = broad, d =
doublet, m =multiplet, s = singlet, t = triplet. The elemental
analyses were carried out using a Truspec MICRO (LECO)
instrument. A Perkin-Elmer Spectrum 400 FTIR system with
universal ATR sampling accessory was used to obtain the FT-
IR  spectra. For melting point determination, an
Electrothermal 9100 instrument was used with open capillary
tubes. A pH meter (SCHOTT CG840) was used for adjusting
the pH. UV-Vis absorption measurements for the inhibition
experiments were performed with Perkin-Elmer Lambda 25
UV/Vis spectrophotometers.

2.2. Plant Materials

The POD enzyme was purified from red cabbage (Brassica
oleracea  var.  capitata f. rubra) using affinity
chromatography in experiments. Fresh the red cabbage
samples were purchased from a local market. Before
homogenization, the red cabbage leaves were separated from
the root, and the root was washed, dried, and crumbled with a
blender.

2.3. Preparation of the Crude Extract

The homogenate preparation procedure for the POD was
applied in accordance with the method described by the
literature [18]. All the homogenization, centrifugation,
dialysis, and chromatography processes were performed at
+4 °C. For the preparation of crude extract, the red cabbage
root sample (approximately 20 g) was shred, mixed with
liquid nitrogen, and crushed in a mortar. Addition, the
KH,PO,4 (50 mL, 0.3 M, pH 7.0) solution was added. After
this period, the mixture was centrifuged at 9.000 rpm for 60
min. Finally, the pellet was separated and discarded, and the
raw extract was stored at —20 °C in small aliquots until use.

2.4. Standard Peroxidase Activity Assay

The POD activity was determined by the colorimetric
method using guaiacol substrate and the increase in
absorption due to the formation of 3,3'-dimethoxy-4,4'-
biphenoquinone was measured at 470 nm by using a double
beam UV-Vis spectrophotometer. In the all experiments were
performed under optimum conditions (pH 6.0, 0.2 M
KH,PO,, 25 °C). The activity assay mixture was prepared in
accordance with the method described by the literature [18].
The activity assay mixture was prepared as follows: 1 mL of
45 mM guaiacol and 1 mL of 22.5 mM H,0, were mixed in a
test tube. Then, the POD enzyme (0.1 mL) was added to the
activity assay mixture. The final volume of this mixture was
adjusted to 3 mL by the addition of 0.2 M phosphate buffer.
The changes of absorbance were monitored for 3 min at
25 °C. In the experiments, one unit of enzyme activity was
defined as the amount of enzyme that changes the
absorbency 0.01 per minute.

2.5. In Vitro Inhibition Studies

For the inhibition studies of the synthesized compounds, the
POD activity was measured in the presence of different
concentrations of inhibitors (N-(3-aminophenyl)-
arylsulfonamide hydrochloride). As stated before, the activity
assay mixture was prepared in accordance with the method
described by the literature [18]. After the preparation of the
activity assay mixture, the inhibition reaction was started by
addition of certain amounts (25 pL, 50 pL and 75 pL) of
inhibitors. The concentrations of activity assay compounds,
i.e. HO, and guaiacol were kept constant (15 and 7.5 mM,
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respectively) while the concentration of inhibitor varied from
0.1375-0.4125 mM. The activity of POD was measured
decrease at 470 nm wusing a double beam UV-Vis
spectrophotometer. The decrease of activity (%) was plotted
against inhibitor concentration in mM. A control sample
without  inhibitor  (N-(3-aminophenyl)-arylsulfonamide
hydrochloride) was used to determine 100% activity. The
experiments were repeated three times and the results were
given as mean + SD.

2.6. General Procedure for the Synthesis of
Ligands 1-5

Stage-1: A solution of N(CH,CH;); (13 mmol) in THF
(tetrahydrofuran) (10 ml) was slowly added to a solution of
R-sulfonyl chlorides (10 mmol) in THF (10 ml), immediately
followed by 1,3-diaminobenzene, (10 mmol) in THF (10 ml).
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After the reaction time, the mixture was filtered and the
volatiles were removed in vacuo. The residue was dissolved
in DCM (dichloromethane) (15 ml) and washed with H,O (3
x 10 ml), dried over anhydrous MgSO,, filtered and
concentrated to half of its volume in vacuo. The solution was
purified by precipitation with diethyl ether from a CH,Cl,
solution to give a microcrystalline product. All the desired
products were checked by FT-IR and NMR.

Stage-2: The HCI solution (5 mmol) was slowly added to
DCM solutions of the each of prepared compounds (Smmol)
with a dropping funnel and stirred at ambient temperature in
a Schlenk tube for 2 h. After the times, the corresponding
mixture was filtered. The crude products can be used without
further purification. Analytically pure samples
characterized with NMR, FT-IR and EA (Figure-1).
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Figure 1. Synthesis of the compounds 1-4 together with NMR numbering scheme.

(1)
hydrochloride

Color: White, Yield: 84 %, Mp: 268 °C, '"H-NMR (CDCls, 6
ppm):3.82 (s, 3H, -OCH3), 6.43 (d, 1H, J=8 Hz, -H.,), 6.70
(br, -NH-, HCI), 6.52 (s, 1H, -H,), 6.77 (d, 1H, J=8 Hz, -H,),
6.89 (d, 2H, J=8 Hz, H,), 6.95 (t, 1H, J=8 Hz, -H;), 7.72 (d,
2H, J=8 Hz, -H,). "C-NMR (CDCl;, ppm): 55.7(-OCH;),
107.5(-C)), 111.1(-C), 111.8(-Cy), 114.1(-Cy), 129.0(-C,),
130.0 (-C3), 130.7(-Cp), 137.9(-Cyy), 147.3 (-Ci3), 163.2(-Cyy).
IR (cm™): 3408 (NH>), 3318 (NH,), 3212 (N-H), 3092, 2944,
2851, 2801, 2770, 2657, 1608, 1576, 1481, 1450, 1421, 1403,

N-(3-aminophenyl)-4-methoxybenzenesulfonamide

1331 (S0O,), 1276, 1260, 1167, 1146 (SO,), 1078, 1006, 998,
897, 861, 837, 811, 797, 721, 690, 660, 629, 550. Anal. Calcd.
For: [C13H;5CIN,0O5S], C: 49.60, H: 4.80, N: 8.90, S: 10.19
Found: C: 49.38, H: 4.91, N: 8.77, S: 10.25.

(2) N-(3-aminophenyl)-4-tert-butylbenzenesulfonamide
hydrochloride

Color: White, Yield: 90 %, Mp: 215 °C, 'H-NMR (CDCl, ¢
ppm): 1.32 (s, 9H, -C(CHj);), 6.40 (d,/=8 Hz1H, -H,),6.44 (d,
J=8 Hz 1H, -H,), 6.55 (s, 1H, -H,), 6.98 (t, 1H, J=16, 8 Hz, -
H;),7.42 (d, 2H, J=8 Hz, -H,), 7.77 (d, 2H, J=8 Hz, -H,). °C-
NMR (CDCls, ppm): 31.6(-C(CHj)3), 35.1 (-C(CHs);), 107.3
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(-C1), 110.8 (-Cy), 111.8 (-Cy), 126.1 (-Cy), 127.1 (-C,), 130.1
(-C3), 136.3 (-Cp), 137.7 (-Cyy), 147.4 (-Cy3), 156.7 (-Ca). IR
(em™): 3474 (NH,), 3391 (NH,), 3286 (N-H), 3063, 2920,
2909, 2831, 2770, 2701 1612, 1594, 1509, 1485, 1430, 1402,
1363, 1338, 1321, 1312 (SO,), 1296, 1284, 1197, 1167 (SO»),
1103, 1091, 960, 921, 846, 840, 770, 747, 691, 603, 555, 545,
529, 508, 497, 491, 478, 460, 452. Anal. Calcd. For:
[C16H, CIN,0,8], C: 56.38, H: 6.21, N: 8.22, S: 9.41, Found:
C: 56.51, H: 6.10, N: 8.34, S: 9.27.

3) N-(3-aminophenyl)-4-nitrobenzenesulfonamide
hydrochloride

Color: White, Yield: 87 %, Mp: 209 °C, 'H-NMR (DMSO-dg,
0 ppm):6.20 (d, 1H, J=8 Hz, -H,), 6.23 (d, 1H, J=8 Hz, -
H,),6.33 (s, 1H, -H;), 6.83 (t, 1H, J=8 Hz, -H;),7.98 (d, 2H,
J=8 Hz, H,), 8.37 (d, 2H, J=8 Hz, -H,). "C-NMR (DMSO-dj,
0 ppm): 106.3 (-C)), 108.4 (-C,), 111.0 (-Cy), 125.0 (-GCy),
128.7 (-C,), 129.9 (-C3), 137.9 (-Cy)), 145.7 (-Cy), 149.9 (-
Ci), 150.2 (-Cy). IR (cm™): 3436 (NH>), 3396 (NH,), 3228
(N-H), 3099, 3065, 2977, 2892, 2752, 2695, 1605, 1594,
1526, 1493, 1477, 1435, 1401, 1367, 1349, 1302 (S0,), 1273,
1180, 1152 (SO,), 1108, 1088, 1010, 969, 939, 875, 854, 835,
803, 782, 742, 680, 633, 602, 575, 548 (SO,), 528, 490, 465.
Anal. Calcd. For: [C,H,CIN;O,S], C: 43.71, H: 3.67, N:
12.74, S:9.72, Found: C: 43.71, H: 3.67, N: 12.74, S: 9.72.

(4) N-(3-aminophenyl)-4-chlorobenzenesulfonamide
hydrochloride

Color: White, Yield: 89 %, Mp: 239 °C, 'H-NMR (DMSO-dg,
0 ppm):6.38 (d, 1H, J/=8 Hz, -H,), 6.44 (d, 1H, J=8 Hz, -H,),
6.51 (s, 1H, -H;), 6.99 (t, 1H, J=8 Hz, -H;), 7.38 (d, 2H, J=8
Hz, H,), 7.72 (d, 2H, J=8 Hz, -H,). *C-NMR (DMSO-dj, ¢
ppm): 107.9 (-Cy), 111.3 (-Cy), 112.4 (-Cy), 128.7 (-Gy),
129.4 (-C,), 130.2 (-C3), 137.1 (-Cy)), 137.5 (-Cy), 139.5 (-
Cp), 147.5 (-Cp). IR (ecm™): 3390 (NH>), 3325 (NH,), 3214
(N-H), 3068, 2978, 2894, 2830, 2767, 2698, 1595, 1585,
1505, 1490, 1475, 1432, 1395, 1339, 1326, 1303 (SO,), 1279,
1184, 1172, 1149 (SO,), 1087, 1014, 997, 982, 962, 875, 837,
821, 787, 767, 749, 702, 681, 610, 551 (SO,), 518, 496, 478,
462. Anal. Calcd. For: [C,H,C,N,0,S], C: 45.15, H: 3.79,
N: 8.78, S: 10.05, Found: C: 45.27, H: 3.65, N: 890, S:
10.17.

3. Results and Discussion
3.1. Synthesis

For the preparation of N-(3-aminophenyl)-arylsulfonamides
hydrochloride compounds (1-4), the direct reaction was
occurred between an equivalent amount of the corresponding
N-(3-aminophenyl)-arylsulfonamides and one of the HCI
solutions. All the compounds are air and moisture-stable in
the solid state as well as in solutions. They were isolated as

solids in very good yields and fully characterized by 'H-
NMR, "C-NMR, IR spectroscopy and elemental analyses
and their melting points were determined. In the "H-NMR
spectra for the compound bearing sulfonamide moiety (1-4),
for 1, the -H,, -H,, -H;, -H, protons were assigned at 6.52
ppm as singlet, at 6.43 ppm as a doublet, at 6.95 ppm as a
triplet and at 6.77 ppm as a doublet, respectively. The —H,
and —H,, protons were located at 7.72 ppm and 6.89 ppm as
doublets, respectively. Also, over the sulfonamide ring
substituent the -OCHj; protons were found at 3.82 ppm as a
singlet peak. For the compound 2, the -H,, -H,, -H;, -H,
protons were observed at 6.55 ppm as a singlet, at 6.40 ppm
as a doublet, at 6.98 ppm as a triplet and at 6.44 ppm as a
doublet, respectively. The -C(CHj); protons were assigned at
1.32 ppm as a singlet peak. For 3, the chemical shifts of -H;_,
protons were located at 6.33 ppm as a singlet, at 6.20 ppm as
a doublet, at 6.83 ppm as a triplet and at 6.23 ppm as a
doublet, respectively. Similarly, for the compound 4,
similarly, the chemical shifts of the -H;_, protons were found
at 6.51 ppm as a singlet, at 6.38 ppm as a doublet, at 6.99
ppm as a triplet and at 6.44 ppm as a doublet, respectively.

In the IR spectra for 1-4, the N-H stretching frequency peaks
belonging to the sulfonamide fragment appeared at 3212,
3286, 3228 and 3214 cm’ and NH, stretching frequency
peaks were observed at 3408-3318 for 1, 3474-3391 for 2,
3436-3396 for 3, and 3390-3325 for 4. Additionally, the SO,
stretching peaks were appeared at 1331 — 1146 for 1, 1312 —
1167 for 2, 1302 — 1152 for 3 and1303 — 1149 for 4. All the
measurements and interpretations are compatible with the
proposed structure of compounds 1-4.

3.2. Inhibition Effect of Peroxidase in
Presence of 1-4

As known, the half maximal inhibitory concentration (ICsg)
value is a suitable parameter to show the inhibitor effect of a
compound on a biological or biochemical function. To obtain
the ICso values, the POD activity was measured in the
presence of different concentrations of N-(3-aminophenyl)-
arylsulfonamide hydrochloride (0.1375-0.4125 mM) and an
activity [N-(3-aminophenyl)-arylsulfonamide hydrochloride]
plot was drawn (Figure 2). By plotting the activity (%)
against inhibitor concentration, the amount of inhibitor that
caused 50% rate reduction (ICs)) was obtained. The half
maximal inhibitory concentration (ICsy) values were found to
be 0.144 mM, 0.2 mM, 0.117 mM and 0.185 mM for 1, 2, 3
and 4 respectively, from the graph. When the investigated of
results, the N-(3-aminophenyl)-4-nitrobenzenesulfonamide
hydrochloride compound (3) was the most active compound
for the POD compared to the others.

Horseradish peroxidase (HRP) is a well-known, highly
investigated and characterized member of the peroxidase
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family. Also, several investigations on the purification and
the inhibition of HRP by different compounds were carried
out [30-33]. However, it is well known that the HRP has low
stability with respect to hydrogen peroxide and acid
concentration. This feature of HRP is the main disadvantage
of its applications. The higher stability and wide substrate
specificity of the POD purified from different sources allow
the development of new analytical procedures or the
improvement of its utilization in different applications.

Table 1. Inhibition of peroxidase by 1-4 compounds.

IC50

Type of inhibitor values (mM)

(1)- N-(3-aminophenyl)-4-methoxybenzenesulfonamide

hydrochloride. HC1 0.144+0.003
ﬁzy)cirfiﬁ(-;gglﬁpchlenyl)—4—tert—buty1benzenesulfonamlde 0.2 40,002

Sy);\(/) -éﬁisxrelﬁginyl)—4—nltrobenzenesulfonamlde 0.117£0.002
g;);\(f) '(fsl'giiri;lelf)}rl)(léﬁlrnyl)-4-chlorobenzenesulfonamlde 0.18520.003

In one study, Onsa et al. [30] purified two membrane-bound
the PODs from sago palm (Merroxylon sagu) and the
inhibitory effect of ascorbic acid, metabisulfite, /-cysteine
and p-coumaric acid. In another study, Ruprapa et al. [29]
purified an intracellular POD from the genetically
transformed root cultures of red beet and investigated the
inhibitory effect of potassium periodate and sodium azide.
The POD from cassava leaves (Manihot esculenta Crantz of
cv. KU50) was isolated and the inhibitory effect of some
thiols and pesticides containing thiol groups was investigated
by Wischada Jongmevasna et al. [34]. In all the studies,
different inhibitory effects of the tried compounds were
reported by the researchers. In one study, Kalin et al. [18]
purified PODs from- Turkish blackradish (Raphanus sativus
L) and turnip (Brassica rapa L.) using 4-amino
benzohydrazide affinity chromatography. They investigated
the inhibitory effects of 4-aminobenzohydrazide on purified
POD. The ICsy value was reported to be 0.726 mM for
Turkish blackradish-POD and 1.167 mM for turnip-POD by
reseachers [18]. In another study, a POD enzyme was
isolated and purified from red cabbage (Brassica oleracea
var.  capitata  f. using the same affinity
chromatography and the inhibitory effect of the same
inhibitor was investigated by Somtiirk ez al. [19]. The ICs,
value was reported as 1.047 mM by the reseachers [19].
Similarly, in our study, the POD enzyme was purified from
red cabbage (Brassica oleracea var. capitata f. rubra) using
4-aminobenzohydrazide affinity chromatography. The
inhibitory effect of newly synthesized water soluble [N-(3-
aminophenyl)-arylsulfonamides] hydrochloride compounds
was investigated. The ICsy, values were found to be
0.144+0.003 mM, 0.200+0.002 mM, 0.117+0.002 mM,
0.185+£0.003 mM for 1, 2, 3 and 4 respectively, ([N-(3-

rubra)

aminophenyl)-arylsulfonamides] hydrochloride (Aryl= 4-
methoxybenzene, 4-tert-butylbenzene, 4-nitrobenzene, 4-
chlorobenzene) (1-4)). The inhibition results indicated that
all the compounds (1-4) effectively inhibited the purified
POD enzyme activity. In particular, the N-(3-aminophenyl)-
4-nitrobenzenesulfonamide hydrochloride compound (3) was
found as the most active compound.

——1 =2 3 =4

0 0.1 0.2 0.3 0.4 0.5
Concentration (mM)

Figure 2. Activity (%) plot for compounds 1-4 for peroxidase in three
different inhibitor concentrations.

4. Conclusion

Herein, we were synthesized N-(3-aminophenyl)-
arylsulfonamide hydrochloride compounds (1-4) and the
peroxidase inhibitory effect of the sulfonamide analogues (1-
4) was tested. The most suitable parameters to show the
effect of inhibition are the ICsyvalues because these values
determine the inhibitory effect of a compound on a biological
or biochemical function. To determine the ICsyvalue, the
purified peroxidase activity was measured in the presence of
three different concentrations of 1-4. A control sample
without ligand was used to determine 100 % activity. Based
on the graph, the ICsy values were determined to be
0.144+0.003 mM, 0.200+0.002 mM, 0.117+0.002 mM and
0.185+0.003 mM for 1-4 compounds for the red cabbage
(Brassica oleracea var. capitata f. rubra) peroxidase,
respectively. It was found that compound 3 was a more
potent inhibitor on peroxidase activity than the other
inhibitors. We believe that our inhibition results will shed
light on further studies.
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