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Abstract

We report here the synthesis of a series of N-aryl-2,3-dihydrobenzo[1,4]dioxine-6-sulfonamide
and its N-substituted derivatives with benzyl chloride and ethyl iodide. Initidly, 2,3-
dihydrobenzo[ 1,4] dioxine-6-sulfonyl chloride (1) was subjected to react with various aryl amines
(2a-€) to afford parent compounds N-aryl-2,3-dihydrobenzo[ 1,4]dioxine-6-sulfonamide (3a-€). At
second step, these parent compounds were reacted with benzyl chloride (4) and ethyl iodide (5) as
to synthesize N-benzyl-N-aryl-2,3-dihydrobenzo[ 1,4] di oxine-6-sulfonamide (6a-€) and N-ethyl-N-
aryl-2,3-dihydrobenzo[ 1,4] dioxine-6-sulfonamide (7a-€) in the presence of lithium hydride and
N,N’-dimethylformamide respectively. FT-IR, Nuclear Magnetic Resonance (*H-NMR) and Mass
Spectrometry (MS) techniques were used to investigate the structures of these synthesized
compounds. A fingerprinted study was conducted against some enzymes like butyrylcholin-
esterase (BChE), acetylcholinesterase (AChE) and lipoxygenase (LOX). This study revealed that
most of them demonstrated a moderate activity against butyrylcholinesterase (BChE) and
acetylcholinesterase (AChE) however promisingly a good activity against lipoxygenase enzyme
was observed. Finaly, an antimicrobia and hemolytic activities of these sulfonamides were
probed which confirmed that the parent sulfonamides 3b have the proficient antimicrobial
activities, while the derivatives 6a, 7a, 7b and 7c explored a good activity against the selected
panel of bacteriad and fungal species. All the compounds were further computationaly docked
against (LOX), (BChE) and (AChE) enzymes and these interaction highlighted the importance of
sulfonamides in the inhibition of the target enzymes.

Keywords: 2,3-dihydrobenzo[1,4]dioxine-6-sulfonyl chloride, Lipoxygenase enzyme, *H-NMR,
EI-MS, Antimicrobia and hemolytic activities, Molecular docking.

I ntroduction

As the first effective antibacteriad agents purposes to fight against common bacteria

sulfonamides were intensively investigated. A
broad-spectrum  of  synthetic  bacteriostatic
antibiotics is included in this family, which are
used against most gram-positive and many gram-
negative microorganisms. These compounds are
commonly used for therapeutic and prophylactic

diseases. Human and veterinary medicine are
included in this family [1]. Furthermore, these
substances are also used as feed additivesin animal
husbandry [2]. After tetracyclines sulfonamides are
the second most widely used class of veterinary
antibiotics in the European countries [3].
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Sulfonamides inhibit dihydropteroate synthase just
like 4-aminobenzoic acid due to structurd
similarities. After the discovery of penicillin and
other antibiatics their utility was reduced, but later
they have started to attract attention for their
synergic activity, e.g. in the combination with
trimethoprim. The combination of sulfametho-
xazole (SMX) with trimethoprim exhibit more
efficient antibacterial activity due to the sequential
inhibition of the bacteria synthesis of tetrahydr-
ofolic acid and thereby disrupting nucleic bases
and acids synthesis [4-6]. Because of their ease of
administration and non-interaction with defense
mechanism of host some derivatives of
sulfonamides are extensively used for gastroint-
estinad and urinary tract infections [7]. In recent
times, sulfonamides have been found to be
powerful carbonic anhydrase [8], COX-2 [9,10]
and caspase inhibitors [11] and have applications
in veterinary practices [12].

The 1,4-benzodioxane framework has
often been found in biologicaly active lignans.
Silybin [13] and americanin A [14] are use as
antihepatotoxic agents; while haedoxan A [15]
exhibited insecticidal activity. Silybin, containing
large amount of benzodioxane, has been used as a
folk medicine in Jammu Kashmir and Europe [16].
This type of natural product, which has shown a
variety of bioactivities, is of synthetic interest from
many years. Receptor systems are usualy
composed of multiple subtypes such as o-
adrenoreceptors. The majority of a-adrenoreceptor
antagonists displays a competitive mechanism of
action and belongs to a variety of different
structural  classes such as yohimbanes, ergot
alkaloids, quinazolines, N-arylpiperazines,
imidazolines, phenylalkylamines, benzodioxanes,
indoles, 1,4-dihydropyridines, hetero-fused 3-
benzazepines and dibenzoquinolizines [17-19].
Different biological activities like antihepatotoxic
[20-22], a-adrenergic blocking agent [23], anti-
inflammatory [24] and D, antagonist/5-HT1A
partia agonist activity are exhibited by compounds
containing dioxane ring systems [25].

Additionally, molecular docking approach
was used to find out the interaction mode of the
synthesized compounds. The purpose of docking
methodol ogies was to forecast the ligand and target
complex and to aign the molecular database
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(designed inhibitors) on the basis of binding
affinity to that of target. The MOE-Dock was used
for docking of all the synthesized inhibitors with
the binding site of target enzymes. The eventual
objective of molecular docking was to get ligands
with better characteristics and have good inhibition
potential [26].

This research work is a productive effort to
bring in pharmacologically significant compounds.
In continuation of our previous work on
sulfonamide synthesis [27], the designing of
different N-substituted sulfonamides derived from
1,4-benzodioxine-6-sulfonyl chloride with an aim
to inaugurate new challenges of drug having
striking activity for the cure of legionnaires
diseases.

Experimental
General

Griffin  and George melting point
apparatus was used to record the melting points of
the synthesized compounds on an open capillary
tube and were not accurate. The progress of
reaction and purity was confirmed by TLC,;
performed on silica gel plates (G-25-UV ). The
ethyl acetate and n-hexane solvent systemin 30: 70
% was employed as mobile phase. Detection was
carried out at 254 nm and ceric sulphate was used
as developing reagent. The FT-IR spectra were
conducted on a Jasco-320-A spectrophotometer
and results were interpreted in cm™. On a Bruker
spectrometers '*H-NMR spectra were recorded with
deuterated chloroform and methanol; the resolution
frequency were 300 and 400 MHz. Mass spectra
stetistic were employed on a JMS-HX-110
spectrometer. 2,3-Dihydrobenzo[ 1,4]dioxine-6-
sulfonyl chloride, aryl amines and the other
electrophilic reagents were purchased from Merck
and Alfa Aesar through local suppliers and were
used without further purification. All the employed
solvents were of analytical grade.

Synthetic Work

General procedure for the synthesis of N-aryi-
2,3-dihydrobenzo[ 1,4]dioxine-6-sulfonamides in
aqueous medium (3a-€)

1 mmol of various substituted aryl amines
(2a-e) were suspended in 50 mL water in 250 mL
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round bottom flask. The pH was maintained at 9.0-
10.0 by adding basic agueous solution of Na,COs
a 25 °C. Then 2,3-dihydrobenzo[1,4]dioxine-6-
sulfonyl chloride (1 mmol, 0.234 g; 1) was added
in the reaction mass slowly over 10-15 min. The
reaction was conducted by simple stirring at RT
and monitored by thin layer chromatography.
Conc. HCI (about 2 mL) was added slowly to
adjust the pH to 2.0. The solid product were
precipitate out, collected by filtration and flushed
with water to afford the precursors sulfonamides
(3a-€) on drying.

N-(3,5-Dimethyl phenyl)-2,3-dihydrobenzo[ 1,4]
dioxine-6-sulfonamide (3a)

IR (KBr, cm™): Vs 3421 (N-H,
stretching), 3031 (C-H, stretching of aromatic
ring), 2918 (-CH,-, dretching), 1621 (C=C,
stretching of aromatic ring), 1321 (-SO,-,
stretching), 1115 (C-O-C, stretching of ether); *H-
NMR: 6 (ppm) 7.30 (d, J = 2.0 Hz, 1H, H-5), 7.21
(dd, J =84, 2.4 Hz, 1H, H-7), 6.85 (d, J = 8.4 Hz,
1H, H-8), 6.71 (s, 2H, H-2' and H-6"), 6.66 (s, 1H,
H-4"), 4.23-4.25 (m, 4H, CH,-2 and CH>-3), 2.21
(s, 6H, CHz-1" and CH3-2"); EIMS: myz 319 [M]",
255 [M-SO,]*, 214 [CsH3C,H40,S0O,NH]*, 199
[CeHsCoH40,80,]", 135 [CeHiCH,0,)", 107
[CeH305]", 105 [CeH3(CHa3)2] ", 90 [CsHaCH4] ™, 75
[CeH3]", 65 [C4H,CH4]". (Calcd. for CisHi/NO,S;
319.3854)

N-(4-Methyl phenyl)-2,3-dihydrobenzo[1,4]
dioxine-6-sulfonamide (3b)

IR (KBr, cm™): Ve 3412 (N-H,
stretching), 3022 (C-H, sretching of aromatic
ring), 2914 (-CH,-, dtretching), 1617 (C=C,
stretching of aromatic ring), 1326 (-SO.-,
stretching),1145 (C-O-C, stretching of ether); *H-
NMR: ¢ (ppm) 7.27 (d, J = 2.0 Hz, 1H, H-5), 7.19
(dd, J=8.4,2.0Hz, 1H, H-7), 7.03 (d, J = 8.0 Hz,
1H, H-8), 6.93 (d, J = 8.0 Hz, 2H, H-2' and H-6),
6.84 (d, J = 8.4 Hz, 2H, H-3' and H-5'), 4.22-4.26
(m, 4H, CH,-2 and CH,-3), 2.26 (s, 3H, CH3-1");
EIMS. m/z 305 [M]%, 241 [M-SO,°, 214
[CeH3C,H40,SO:NH]*, 199 [CsH3CH40,S0,]",
135 [CeHsC:H40,]", 107 [CeHi0;]", 91
[CeH4CH3]", 76 [CeH4]™, 75 [CeH3]", 50 [C4H,]".
(Calcd. for CisH1sNO,S; 305.3654).
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N-(3-Hydroxyphenyl)-2,3-dihydrobenzo[ 1,4]
dioxine-6-sulfonamide (3c)
IR (KBr, cm™): Ve 3455 (N-H,

stretching), 3312 (O-H, stretching), 3018 (C-H,
stretching of aromatic ring), 2916 (-CHy-,
stretching), 1612 (C=C, dretching of aromatic
ring), 1324 (-SO,-, stretching), 1136 (C-O-C,
stretching of ether); *H-NMR: ¢ (ppm) 8.26 (s,
1H, O-H), 7.28 (dd, J = 8.4, 2.2 Hz, 1H, H-7),
7.16 (d, J= 2.4 Hz, 1H, H-5), 7.13 (d, J = 8.0 Hz,
1H, H-8), 6.97 (brt, J = 7.8 Hz, 1H, H-5"), 6.90
(dd, J=1.2, 1.2 Hz, 1H, H-2), 6.83 (dd, J = 8.4,
1.6 Hz, 1H, H-4%, 6.63 (dd, J = 8.0, 1.4 Hz, 1H,
H-6"), 4.24-432 (m, 4H, CH,-2 and CH>3);
EIMS: m/z 307 [M]%, 243 [M-SO,|*, 214
[C6H3C2H402802NH]+, 199 [CGH3C2H4OZSOZ]+,
135 [CeHsC:H4O,]", 107 [CeHi05", 93
[CeH4OH]", 76 [CeHal™ , 75 [CeH4]", 50 [C4H,]".
Calcd. for Cy4H13NOsS; 307.3442

N-Benzyl-2,3-dihydrobenzo[1,4]dioxine-6-
sulfonamide (3d)

IR (KBr, cm™): Ve 3455 (N-H,
stretching), 3022 (C-H, stretching of aromatic
ring), 2913 (-CH,, sretching), 1609 (C=C,
stretching of aromatic ring), 1323 (-SO,.
stretching), 1127 (C-O, stretching of ether); H-
NMR: ¢ (ppm) 7.29 (dd, J = 2.0, 8.4 Hz, 1H, H-7),
7.25(d, J = 2.0 Hz, 1H, H-5), 7.20-7.24 (m, 5H, H-
2'to H-6'), 6.92 (d, J= 8.4 Hz, 1H, H-8), 4.29-4.30
(m, 4H, CH»-2 and CH,-3), 4.01 (s, 2H, CH,-7";
EIMS. miz 305 [M]', 241 [M-SO,*, 228
[CeH3CoH40,S0,NHCH,]", 200 [CeH30,S0,
NHCH,]", 199 [CgHsC,H,0,S0,]", 136 [CeH30;
NHCH,]", 135 [CsH3C,H405]", 107 [CeH305]", 106
[CeHsCHNH]®, 77 [CeHs]”, 75 [CeHs)®, 51
[C4H3]". (Calcd. for CisH1sNO,S; 305.3254)

N-(2-Phenylethyl)-2,3-dihydrobenzo[ 1,4] dioxine-
6-sulfonamide (3¢)

IR (KBr, cm™): Ve 3398 (N-H,
stretching), 3010 (C-H, stretching of aromatic
ring), 2910 (-CH,-, dretching), 1610 (C=C,
stretching of aromatic ring), 1321 (-SO,-,
stretching), 1134 (C-O-C, stretching of ether); *H-
NMR: 6 (ppm)7.31 (d, J = 2.0 Hz, 1H, H-5), 7.28
(dd, J=8.4, 20 Hz, 1H, H-7), 7.21 (d, J = 8.4 Hz,
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1H, H-8), 7.06-7.13 (m, 5H, H-2' to H-6), 4.27-
4.28 (m, 4H, CH,-2 and CH,-3), 3.21 (t, J = 6.8
Hz, 2H, CH,-8), 2.77 (t, J = 6.8 Hz, 2H, CH,-7);
EIMS. mz 319 [M]', 255 [M-SO,*, 228
[CeH3CoH0.S0,NHCH,]*, 200  [CeHy0,S0,
NHCH,]*, 199 [CeHaC,H40,S0.]*, 136 [CeH1O-
NHCH,]*, 135 [CeHsCoHa0,]*, 120 [CeHs(CH.,),
NH]*, 107 [CeHsO,]*, 91 [CiH4]", 75 [CeH4*, 65
[CsH:]*. (Calcd. for CigH1NO,S; 319.3854)

General procedure for
compounds 6a-e and 7a-€:

the synthesis of

Lithium hydride (0.01 g, 0.40 mmol) was
added to a solution of compound (0.1 g, 3a-€) in
N,N'-dimethylformamide (DMF, 5 mL) at 25 °C.
After that the reaction mixture was stirred for 30
min. The benzyl chloride (4) and ethyl iodide (5)
were poured sowly and stirring continued for 1-2
hr. The complete conversion of reactants into
derivatives was €lucidated from TLC, the
subsequent addition of cold didtilled water yielded
precipitates. The obtained solid was filtered,
washed with distilled water and dried to yield the
corresponding N-benzyl/ethyl derivatives of N-
aryl-2,3-dihydrobenzo[ 1,4]di oxine-6-sulfonamide
(6ae and 7a-€). In some cases, compound was
taken out through solvent extraction method by
chloroform.

N-Benzyl-N-(3,5-dimethyl phenyl)-2,3-
dihydrobenzo[ 1,4]dioxi sne-6-sulfonamide (6a)

IR (KBr, cm™): Ve 3419 (N-H,
stretching), 3031 (C-H, stretching of aromatic
ring), 2927 (-CH,-, dretching), 1613 (C=C,
stretching of aromatic ring), 1324 (-SO.-,
stretching), 1122 (C-O-C, stretching of ether); *H-
NMR : 6 (ppm) 7.19-7.24 (m, 5H, H-2" to H-6"),
7.17 (d, J=2.4Hz, 1H, H-5), 7.11 (dd, J= 8.0, 2.4
Hz, 1H, H-7), 7.08 (d, J = 8.0 Hz, 1H, H-8), 6.98
(s, 2H, H-2' and H-6"), 6.95 (s, 1H, H-4'), 4.68 (s,
2H, CH,-7"), 4.27-4.33 (m, 4H, CH,-2 and CH>-3),
2.14 (s, 6H, CH;-1" and CH3z-2"); EIMS: m/z 409
[M], 345 [M-SO,]", 304 [CsH3C,H0,SO,NCH,
CeHs]*, 199 [CeH3sCH40,S0,]", 135 [CeHiCoH4
0Oj]", 107 [CeHz0;]", 105 [CeH3z(CHa3),]*, 91
[CH7]", 90 [CeH3CH3]", 75 [CeH3]", 65 [CsHs]".
(Calcd. for C,3H23NO,S; 409.5187)
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N-Benzyl-N-(4-methylphenyl)-2,3-
dihydrobenzo[ 1,4]dioxine-6-sulfonamide (6b)

IR (KBr, cm™): Ve 3412 (N-H,
stretching), 3065 (C-H, stretching of aromatic
ring), 2927 (-CH,-, dretching), 1618 (C=C,
stretching of aromatic ring), 1327 (-SO.-,
stretching),1132 (C-O-C, stretching of ether); H-
NMR: 6 (ppm) 7.19 (d, J = 2.4 Hz, 1H, H-5), 7.10
(dd, J=8.4, 2.4 Hz, 1H, H-7), 6.98 (d, J = 8.0 Hz,
1H, H-8), 6.86-6.89 (m, 5H, H-2" to H-6"), 6.84 (d,
J=8.0Hz, 2H, H-2' and H-6"), 6.81 (d, J = 8.4 Hz,
2H, H-3'and H-5'), 4.66 (s, 2H, CH,-7"), 4.28-4.30
(m, 4H, CH,-2 and CH,-3), 2.23 (s, 3H, CH3-1");
EIMS m/z 395 [M]%, 331 [M-SO;", 304
[CeH3CoH40,S0,NCH,CeHs]*, 199 [CgH3CyH40,
S0,]%, 135 [CeHsCoH4O5]", 107 [CeH305", 91
[CH7]", 76 [CsH4]", 75 [CeHa]", 65 [CsHs]®, 50
[C4H,]". (Calcd. for CH,NO,S; 395.4925)

N-Benzyl-N-(3-hydroxyphenyl)-2,3-
dihydrobenzo[ 1,4]dioxine-6-sulfonamide (6c)

IR (KBr, cm™): Ve 3413 (N-H,
stretching), 3316 (O-H, dretching), 3067 (C-H,
stretching of aromatic ring), 2931 (-CH,-,
stretching), 1643 (C=C, stretching of aromatic
ring), 1329 (-SO.-, stretching), 1127 (C-O-C,
stretching of ether); *H-NMR: ¢ (ppm) 8.25 (s, 1H,
OH), 7.34 (dd, J = 8.4, 2.0 Hz, 1H, H-7), 7.22 (d, J
=24 Hz, 1H, H-5), 7.12 (d, J = 8.0 Hz, 1H, H-8),
7.02 (brt, J = 7.2 Hz, 1H, H-5'), 6.92-7.01 (m, 5H,
H-2"to H-6"), 6.84 (dd, J = 1.2, 1.2 Hz, 1H, H-2),
6.68 (dd, J = 8.0, 1.2 Hz, 1H, H-4), 6.42 (dd, J =
8.0, 1.2 Hz, 1H, H-6'), 4.62 (s, 2H, CH>-7"), 4.25-
4.33 (m, 4H, CH»-2 and CH,-3); EIMS: m/z 397
[M], 333 [M-SO,]*, 304 [C¢H3C,H,0,SO,NCH,
CeHs]", 199 [CeH3CH,0,S0,]", 135 [CsHaCoH4
O,]", 107 [CeH30,]", 93 [CeH4OH], 91 [CH/]",
76 [CeH4]", 75 [CeH3]", 65 [CsHs]", 50 [C4H™
(Calcd. for C»HigNOsS; 395.4623)

N,N-Dibenzyl-2,3-dihydrobenzo[ 1,4] dioxine-6-
sulfonamide (6d)

IR (KBr, cm™): Vs 3412 (N-H, stretching),
3034 (C-H, stretching of aromatic ring), 2945 (-
CH,-, dretching), 1613 (C=C, stretching of
aromatic ring), 1327 (-SO,. stretching), 1135 (C-
O, stretching of ether); *H-NMR: ¢ (ppm) 7.33 (dd,
J=20,80Hz 1H, H-7), 7.28 (d, J = 24 Hz, 1H,
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H-5), 7.04-7.18 (m, 10H, H-2' to H-6' and H-2" to
H-6"), 6.98 (d, J = 8.4 Hz, 1H, H-8), 4.29-4.32 (m,
4H, CH,-2 and CH>-3), 4.28 (s, 4H, CH,-7' and
CH,-7"): EIMS: miz 395 [M]*, 331 [M-SO,]", 318
[CeH3C2H40,S0,NCsHs(CH,),] ", 290 [CeH30,SO,
NCeHs(CH,)2]*, 240 [CeH3CoH4O-NCH,CeHsg]",
212 [CoHsO,NCH,CeHe]*, 199 [CeHaCoH40,503]",
135 [CeHaCoHA05] ", 107 [CeH=Os]", 91 [CoHA]", 77
[CeHs]", 75 [CeHal", 65 [CsHs]", 51 [CaHgl™.
(Calcd. for CoH,NO,S: 395.4821)

N-Benzyl-N-(2-phenylethyl)-2,3-dihydrobenzo
[1,4]dioxine-6-sulfonamide (6€)

IR (KBr, cm’): Vma: 3423 (N-H,
stretching), 3043 (C-H, stretching of aromatic
ring), 2921 (-CH,-, stretching), 1618 (C=C,
stretching of aromatic ring), 1328 (-SO.-,
stretching), 1142 (C-O-C, stretching of ether); *H-
NMR: 6 (ppm) 7.32 (dd, J = 8.4, 2.0 Hz, 1H, H-7),
7.26 (d, J = 2.4 Hz, 1H, H-5), 7.17 (d, J = 8.0 Hz,
1H, H-8), 6.91-7.15 (m, 10H, H-2' to H-6' and H-
2" to H-6"), 4.31 (s, 4H, CH,-2 and CH,-3), 4.20
(s, 2H, CH,-7"), 2.72 (t, J = 7.6 Hz, 2H, CH>-8),
2.58 (t, J = 7.6 Hz, 2H, CH,-7"); EIMS: m/z 409
[M]*, 345 [M-SO;]", 318 [CgHiC,H40,SO:N
C6H5(CH2)2]+, 290 [C6H3OZSOZNC6H5(CH2)2]+,
254 [CeH3CoH4 O:NCeH5(CH,)5]", 226 [CeHs0,
NCeHs(CH,)2]", 199 [CeH3CH,0,S0,]", 135
[CeHsCoH40,)", 107 [CeH304", 91 [C/H]Y, 77
[CeHs]", 75 [CeHa]", 65 [CsHs]", 51 [CiHa".
(Calcd. for Co3H,3NO,S; 409.5187).

N-(3,5-Dimethyl phenyl)-N-ethyl-2,3-
dihydrobenzo[ 1,4] dioxine-6-sulfonamide (7a)

IR (KBr, cm™): Vs 3428 (N-H,
stretching), 3021 (C-H, stretching of aromatic
ring), 2927 (-CH,-, dretching), 1623 (C=C,
stretching of aromatic ring), 1328 (-SO,-,
stretching),1127 (C-O-C, stretching of ether); *H-
NMR: ¢ (ppm) 7.06 (dd, J= 8.4, 2.4 Hz, 1H, H-7),
7.01 (d, J = 2.4 Hz, 1H, H-5), 6.95 (d, J = 84 Hz,
1H, H-8), 6.62 (s, 2H, H-2' and H-6), 6.59 (s, 1H,
H-4"), 4.27-4.33 (m, 4H, CH,-2 and CH>-3), 3.54
(0, J = 7.2 Hz, 2H, CH,-1"), 2.23 (s, 6H, CHs-1"
and CH3-2"), 1.01 (t, J = 7.2 Hz, 3H, CHs-2");
EIMS. m/z 347 [M]’, 283 [M-SO,", 268
[CeH3CoH4ONCH,CeHa(CHa),] ", 242 [CgH3CoH.
0,S0O,NC;Hs]", 240 [CsH30,NCH,CgHs (CHa)o] ™,

185

227 [CeHsCHiO,SONCH,]*, 199 [CoHsCoHs
0,50,]", 135 [CeHaCoHAO,]", 107 [CeH:0,]", 105
[CoHs(CHs)al", 90 [CeHsCHg]", 65 [CaH,CH2]", 75
[C6H3]+. (Cal cd. for CisH21NO,S; 3474587)

N-Ethyl-N-(4-methylphenyl)-2,3-dihydrobenzo
[1,4]dioxine-6-sulfonamide (7b)

IR (KBr, cm?™): Ve 3443 (N-H,
stretching), 3028 (C-H, stretching of aromatic
ring), 2929 (-CH,, sretching), 1636 (C=C,
stretching of aromatic ring), 1324 (-SO,-,
stretching), 1145 (C-O-C, stretching of ether); *H-
NMR : ¢ (ppm) 7.16 (d, J = 2.0 Hz, 1H, H-5), 7.06
(dd, J=8.4, 2.0 Hz, 1H, H-7), 6.99 (d, J = 8.0 Hz,
1H, H-8), 6.92 (d, J = 8.0 Hz, 2H, H-2' and H-6"),
6.86 (d, J = 8.8 Hz, 2H, H-3 and H-5"), 4.25-4.28
(m, 4H, CH>-2 and CH,-3), 3.56 (q, J = 7.2 Hz,
2H, CH>-1"), 2.31 (s, 3H, CHz-1"), 1.03 (t, J=7.2
Hz, 3H, CH3-2"); EIMS: m/z 333 [M]", 269 [M-
SO,]*, 254 [CeHiCoH4ONCH,CeHLCH3)Y, 242
[CeH3CoH40NSO,CoHs]*, 227 [CsH3CoH40,S0,
NCH,]", 226 [CgH3zO,NCH,CeH,CH4l", 199
[CeH3CoH40,80,]", 135  [CeHsCH.O,]", 107
[CeH3O2]", 91 [CeH4CH3]", 76 [CsHa] ", 75 [CeHa] ",
50 [C4H,]". (Calcd. for Ci;H1gNO,S; 333.4542).

N-Ethyl-N-(3-hydroxyphenyl)-2,3-dihydrobenzo
[1,4]dioxine-6-sulfonamide (7c)

IR (KBr, cm™): Vi 3454 (N-H,
stretching), 3067 (C-H, stretching of aromatic
ring), 3312 (O-H, dretching), 2912 (-CH.-,
stretching), 1645 (C=C, stretching of aromatic
ring), 1327 (-SO.-, stretching), 1156 (C-O-C,
stretching of ether); *H-NMR: ¢ (ppm) 8.20 (s, 1H,
O-H), 7.30 (dd, J = 8.4, 1.6Hz, 1H, H-7), 7.25(d, J
=24 Hz, 1H, H-5), 7.19 (d, J = 8.0 Hz, 1H, H-8),
7.00 (brt,J = 7.6 Hz,1H, H-5), 6.87 (dd, J = 1.2,
2.0Hz, 1H, H-2), 6.64 (dd, J= 1.2, 8.0 Hz, 1H, H-
4", 6.45 (dd, J = 8.0, 1.2 Hz, 1H, H-6'), 4.28-4.31
(m, 4H, CH»-2 and CH,-3), 3.51 (g, J = 7.0 Hz,
2H, CHx-1"), 0.95 (t, J = 7.2 Hz, 3H, CH32");
EIMS. miz 335 [M]', 271 [M-SO,*, 256
[CeH3CoH4O,NCH,CgHLOH]*, 242 [CeH3CyH40,
NSO,C,Hs]*, 228 [CgH3z0,NCH,CeH,OH]*, 227
[CeH3C,H40,S0,NCH,]*, 199 [CgH3C,H40,S0,]",
135 [CeHsC:H4O,", 107 [CeHi0;", 93
[CeH4OH]", 76 [CsH4]", 75 [CeHs]®, 50 [CsH,] .
(Calcd. for C16H1sNOsS; 335.3931).
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N-Benzyl-N-ethyl-2,3-dihydrobenzo[ 1,4]dioxine-
6-sulfonamide (7d)

IR (KBr, cm™): Vma: 3417 (N-H,
stretching), 3034 (C-H, stretching of aromatic
ring), 2924 (-CH,-, dretching), 1615 (C=C,
stretching of aromatic ring), 1326 (-SO,.
stretching), 1128 (C-O, stretching of ether); 'H-
NMR: ¢ (ppm) 7.42 (dd, J= 2.1, 8.4 Hz, 1H, H-7),
7.34(d, J=24Hz, 1H, H-5), 7.28-7.32 (m, 5H, H-
2'to H-6"), 7.01 (d, J=8.4 Hz, 1H, H-8), 4.23-4.30
(m, 4H, CH,-2 and CH,- 3), 4.19 (s, 2H, CH,-7"),
3.15(q, J= 7.2 Hz, 2H, CH,-1"), 0.88 (t, J = 7.2
Hz, 3H, CHs-2"); EIMS: m/z 333 [M]", 269 [M-
SO,]%, 256 [CeHsCoH40,SONCH,CoHs]", 241
[CeH3CoHAO,S0N(CH,),]", 199  [CeH3CoH40;
SO,]%, 135 [CeHsCH405]", 107 [CeH30,", 77
[C6H5]+, 75 [CGH3]+, 51 [C4H3]+. (CalCd for
C17/H1sNO,S; 333.4234)

N-Ethyl-N-(2-phenylethyl)-2,3-dihydrobenzo
[1,4]dioxine-6-sulfonamide (7€)

IR (KBr, cm™): Vi 3429 (N-H, stretching),
3027 (C-H, stretching of aromatic ring), 2921 (-
CH,-, stretching), 1619 (C=C, dtretching of
aromatic ring), 1328 (-SO,-,stretching),1145 (C-O-
C,stretching of ether); "H-NMR: 6 (ppm) 7.27 (dd,
J=8.2,24Hz, 1H, H-7), 7.19 (d, J = 2.4 Hz, 1H,
H-5), 6.99-7.25 (m, 5H, H-2' to H-6"), 6.97 (d, J =
8.0 Hz, 1H, H-8), 4.27-4.30 (m, 4H, CH,-2 and
CH> 3),3.30 (t, J= 7.2 Hz, 2H, CH»-8"), 3.20 (q,
J=7.2Hz 2H, CH»1"), 281 (t, J=7.2 Hz, 2H,
CH,-7), 1.07 (t, J = 7.2 Hz, 3H, CH3-2"); EIMS:
m/'z 347 [M]+, 283 [M'SOz]+, 256 [CGH3C2H4OZ

SO,NCH,C,Hs]*, 255 [CgH30,N(CH,),C,HsCs
He*, 241 [CeHisCHi0.SO, N(CH.),)", 199
[CGH 3C2H 402802] +, 135 [CGH 3C2H 402] +, 107

[CeH30,]", 91 [C7H7]", 75 [CeH4]", 65 [CsHs]™.
(Calcd. for CigHxNO,S; 347.4587).

Enzyme inhibition studies
Butyrylcholinesterase and Acetylcholinesterase
assay

The BChE and AChE inhibition activity
were carried out by taking 100 pL of the reaction
mixture containing 60 pL of 50 MM NaHPO,
buffer bearing pH 7.7, 10 uL of both the test
compound and AChE/BChE having strength of 0.5
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mM were added in each cell. After mixing the
contents were pre-read at 405 nm and incubated at
37 °C for few mins. After incubation the 10 pL of
substrate was planted; butyrylthiocholine chloride
for BChE and acetylthiocholine iodide for AChE
along with 10 L DTNB (0.5 mM well™). After 15
min of incubation a 37 °C. Using Eserine as
control the absorbance was computed at 405 nm
[28]. The % inhibition was found by

Control — Test N

Inhibition (%) =
Control

Where Control = Total enzyme activity without

inhibitor

= Activity in the presence of

test compound

Test

Lipoxygenase assay

Lipoxygenase (LOX) activity was assayed
according to the method [29-31] with smal
modifications. Baicaein (0.5 mM well™) was used
as a positive control. 1Cs, values were calculated
using the same procedure as mentioned for
butyrylcholinesterase and  acetylcholinesterase
enzyme.

Statistical analysis

All the measurements were completed in
triplicate and statistical analysis was performed by
Microsoft Excel 2010. Results are offered as mean
+ sem.

Antimicrobial activity
Microbial strains

All  the synthesized samples were
individually tested against a set of microorganisms,
including two gram-positive bacteria:
Staphylococcus aureus (S aureus), and Bacillus
subtilis (B. subtilis); two gram-negative bacteria
Escherichia coli (E. coli) and Pasteurella
multocida (P. multocida) (loca isolate) and four
pathogenic fungi, Candida albicans (C. albican),
Microsporumcanis (M. canis), Aspergillus flavus
(A. flavus) and Fusarium solani (F.solani). The
pure bacterial and fungal strains were obtained
from Department of Clinical Medicine and
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Surgery, University of Agriculture, Faisalabad,
Pakistan. Purity and identity were verified by the
Department of Microbiology, University of
Agriculture, Faisalabad, Pakistan. In agar nutrient
the bacterial and fungal strains were cultured at
37 °C and 28 °C, respectively. The incubation lasts
for aday [32].

Disc diffusion method

The antimicrobia activity of the
synthesized compounds was determined by disc
diffusion method [32]. Amoxycillin (30 pg/dish)
(Oxoid, UK) and Flumeguine (30 pg/disk) (Oxoid,
UK) were used as positive reference for bacteria
and fungi, respectively to compare sensitivity of
strain/isolate in analyzed microbial species. Plates,
after 2 hr at 4 °C, were incubated at 37 °C for 18 hr
for bacteria and at 28 °C for 24 hr for fungal
strains. Antimicrobia activity was evauated by
measuring the diameter of the growth inhibition
zones (zone reader) in millimeters for the
organisms and comparing to the controls.

Hemolytic activity

Hemolytic activity of the compound was
studied by taking 3 mL of freshly obtained
heparinized human blood was collected from
volunteers after consent, counseling and bovine
from the Department of Clinical Medicine and
Surgery, University of Agriculture, Faisalabad,
Pakistan. Blood was centrifuged for 5 min and
cells were washed three times with 5 mL of chilled
(4 °C) «erile isotonic phosphate-buffered
saline (PBS) with pH 7.4. Erythrocytes were
maintained 10° cells per mL for each assay. 100 pL
of each compound was mixed with human (10°
cellsmL) separately. Samples were incubated for
35 min at 37 °C and agitated after 10 min.
Immediately after incubation the samples were
placed on ice for 5 min then centrifuged for 5 min.
Supernatant 100 uL were taken from each tube and
diluted 10 times with chilled (4 °C) PBS. Triton X-
100 (0.1% v/v) was taken as positive control and
PBS was taken as negative control and pass
through the same process. The absorbance was
noted a 576 nm using pQuant (Bioteck, USA).
The % RBCs lysis for each sample was cal cul ated
[33].
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Molecular docking

The dtructures of al the synthesized
inhibitors were constructed using MOE-Builder
tool. The default parameters of MOE-Dock
program were used for the molecular docking of
the ligands. Ligands were allowed to be flexiblein
order to find the accurate conformations of the
ligands and to obtain minimum energy structures.
At the end of docking, the best conformations of
the ligands were analyzed for their binding
interactions.

Results and Discussion
Chemistry

In the undertaken research, a series of
heterocyclic compounds containing benzodioxane
nucleus were synthesized as scheme 1. The parent
compounds N-aryl-2,3-dihydrobenzo [1,4]dioxine-
6-sulfonamide (3a-€), were prepared by a process
similar to the known literature procedure [34]
using 1,4-benzodioxane-6-sulfonyl chloride (1)
and aryl amines (2a-€). Reactions of 3a-e with
different electrophiles yielded a series of N-
benzyl/ethyl-N-aryl-2,3-dihydrobenzo[ 1,4] dioxine-
6-sulfonamide (6a-e and 7a-€) as represented in
Scheme 1. Synthesis of al derivatives 6a-e and 7a-
e was performed in DMF (N,N-dimethylfo-
rmamide) using lithium hydride (LiH) as the base.
Complete conversion was achieved within 30 to 70
min by stirring. The products were isolated by
adding cold distilled water in the reaction mixture
and filtering off the precipitated solid. In some
cases, compound was taken out through solvent
extraction method by chloroform. Parent
compound 3a was synthesized as light grey powder
with yield of 92 % and melting point of
152-154 °C. HR-MS showing molecular ion peak
a miz 319.3772 confirming the formula
C16H17NO,4S of a compound and total proton count
was corroborated from 'H-NMR spectrum. The
FT-IR spectrum showed stretching frequencies at
3421, 3031, 1621, 1321 and 1115 cm™ provided
the clues for the presence of N-H of sulfonamide,
C-H and C=C of aromatic ring, -SO, of sulfonyl
group and C-O-C of ether functionadities
respectively. The EI-MS gave characteristic peaks
at m/z 199 and 90 which were attributed to the
formation of CgH;C,H,0,S0," and CgH;CH5"
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cations respectively. In the aromatic region of the
'H-NMR spectrum signals appeared at 6 7.30 (d, J
= 2.0 Hz, 1H, H-5), 7.21 (dd, J = 8.4, 2.4 Hz, 1H,
H-7) and 6.85 (d, J = 84 Hz, 1H, H-8) were
assigned to the phenyl ring attached to sulfonyl
group; whereas three aromatic signals at ¢ 6.71 (s,
2H, H-2' and H-6), 6.66 (s, 1H, H-4) were
assigned to the benzene ring of 3,5-dimethylphenyl
group. The signals appeared at 4.23-4.25 (m, 4H,
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and fifth position of aniline in the molecule
contributed to the aiphatic region of the spectrum.
On these backgrounds, the structure was assigned
to the parent compound N-(3,5-Dimethylphenyl)-
2,3-dihydrobenzo[ 1,4]dioxine-6-sulfonamide  3a.
Similarly, the structure of other compounds was
characterized on above said spectral techniques.
The physical datais provided in Table 1. The mass
fragmentation pattern of N-(2-Phenylethyl)-2,3-

CH,-2 and CH,-3), and 2.21 (s, 6H, CHs-1" and dihydrobenzo[1,4]dioxine-6-sulfonamide (3e) is
CHz-2") indicated the presence of 1,4-dioxane giveninFig. 1.
nucleus and two methyl groups attached to third
0 0
. Lo, ron NCOsG0. pH=0:10_ o @ L =R
< 0 3-4 h stirring, RT { \ 0
0] 1 2a-e 0 3a-e
CsHsCH,Cl C,H;sl
©) (6))
DMF, LiH DMF, LiH
Stirr at RT Stirr at RT
ﬁ o)
O Ral e re
1 .,
40 OHC7 4 0 1CH2
O 2ll|
CH,3
6a-e Ta-e
Compound R Compound R
"
HsC »
2a3a6a7a @ 2d,30,6d,7d
CHg
.
.
2b,30,6b,7b 1.., 2e,3e,6e,7e .
2c,3c,6¢,7c
OH

Scheme 1: Synthetic scheme of various sulfonamides bearing benzodioxane nucleus
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Table 1. Physical data of the synthesized compounds.
Compound Physical state Color Mol. formula Mol. Wt. M.P.°C % yield
3a Solid Light grey CisH7/NO,S 319 152-154 92
3b Solid White CisH1sNO,S 305 119-121 87
3c Solid Light grey C14H13NOsS 307 112-114 75
3d Solid White CisH1sNO,S 305 78-80 86
3e Solid White Ci6H17NOsS 319 91-93 94
6a Solid White CaH2sNO,S 409 241-243 89
6b Sticky solid Dark brown C»H1NO,S 395 - 79
6c Gummy solid Y ellowish brown CyH19NOsS 397 - 71
6d Solid Yellow CH2NO,S 395 - 70
6e Solid White CaH2sNOsS 409 152-154 92
Ta Solid Off white CigH21NO,S 347 260-262 93
7b Sticky solid Brown Ci7H10NO,sS 333 - 74
7c Sticky solid Dark brown Ci6H17NOsS 335 - 71
7d Sticky solid Y ellowish brown Ci7H10NO,S 333 - 73
7e Solid White CigH21NOsS 347 80-82 89

f
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Figure 1. Mass fragmentation pattern of N-(2-phenylethyl)-2,3-dihydrobenzo[1,4]dioxine-6-sulfonamide (3€)
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Enzyme inhibition

The screening of al the synthesized
compounds against butyrylcholinesterase enzyme
revedled that only three compounds showed
good activity, N-benzyl-N-(3-hydroxyphenyl)-2,3-
dihydrobenzo[ 1,4] dioxine-6-sulfonamide (6c), N-
benzyl-2,3-dihydrobenzo[ 1,4]dioxine-6-sulfona-
mide (3d), N-benzyl-N-(3,5-dimethylphenyl)-2,3-
dihydrobenzo [1,4] dioxine-6-sulfonamide (6a)
having 1Cs values of 71.27+0.01, 198.21+0.11 and
259.61+0.01 pmoles/L respectively, comparative
to eserine (Table 2). The activity of the these
compound was the most probably due to presence
of hydroxyl group at third position of aniline ring
in 6¢, benzyl group in 3d and two alkyl groups at
third and fifth position of aniline ring in 6a along
with benzyl group attached to nitrogen of
sulfonamide. For screening, againgt acetylcholine-
esterase enzyme, among al the synthesized
compounds only three demonstrated better activity
i.e. N-benzyl-N-(3-hydroxyphenyl)-2,3-dihydrobe
nzo[ 1,4]dioxine-6-sulfonamide (6¢), N-(3-hydrox
yphenyl)-2,3-dihydrobenzo[1, 4]dioxine-6-sulfona
mide (3c) and N-ethyl-N-(3,5-dimethyl phenyl)-2,3-
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ative to standard. The proficient activity of first
and second compound was the most likely due to
occurrence of hydroxyl group at meta position of
aniline ring and that of third compound was likely
due to the presence of two akyl groups on aniline
ring along with ethyl group attached to nitrogen of
sulfonamide. Againgt lipoxygenase enzyme, al the
synthesized compounds showed beneficially good
activity but the most active were N-(3,5-
dimethyl phenyl)-2,3-dihydrobenzo[1,4] dioxine-6-
sulfonamide (3a), N-(3,5-dimethylphenyl)-N-ethyl-
2,3-dihydrobenzo[ 1,4] dioxine-6-sulfonamide (7a)
and N,N-dibenzyl-2,3-dihydrobenzo[ 1,4]dioxine-6-
sulfonamide (6d) having ICs, vaues of
91.25+0.16, 65.25+0.16 and 81.91+0.21, pmoles/L
respectively, comparative to bacaein. The
presented activity of first compound was the most
probably due to occurrence of two alkyl groups, at
third and fifth positions of aniline ring, that of
second and third compounds was credibly due to
the presence of two alkyl groups at 35" of
position of aniline ring and benzyl group, along
with benzyl and ethyl group respectively attached
to nitrogen of sulfonamide. All the parent
compounds (3a-€) can be further utilized for the

dihydrobenzo[ 1,4]dioxine-6-sulfonamide (7a) synthesis of new derivatives with other different
having 1Csy values of 99.93+0.19, 174.51+0.15, e€lectrophiles to enhance their biologica,
and 189.81+0.08 umoleg/L, respectively compare-  antimicrobial and other activities.
Table 2. Bioactivity study of synthesized molecules.
BChE AChE LOX
C.No. Conc/well Inhibition 1Cso Conc. Inhibition 1Cso Conc./well  Inhibition 1Csp
(mM) (%) (umoles’L)  (mM) (%) (umoles/L) (mM) (%) (umoles/L)
3a 05 5.65£0.35 - 05 55.98+0.15 <400 05 79.17+063 91.25:0.16
3b 05 56.79+0.48 <400 05 18.52+0.77 - 05 53.51+0.11 <400
3c 05 11.89+0.14 - 0.5 72.31+0.11 174.51+0.15 05 65.53+0.28 209.81+0.13
3d 05 67.58:0.14 19821011 05 15.33:0.57 Nil 05 51.99+051 <400
3e 0.25 57.91+0.87 <400 05 18.47+0.87 - 05 7029+091 104.11+0.17
6a 05 6356:0.36  259.61+0.01 05 52.66:£0.69 <400 05 39.87+0.16
6b 05 50.24+0.46 <500 05 13.33:0.22 >500 05 34.64+0.51
6c 05 79124013  71.27+0.01 05 87.79+0.11  99.93+0.19 05 12.64+0.11 -
6d 05 44.05+0.11 - 05 37.930.87 - 05 85.61+0.19  81.910.21
6e 05 30.81+0.11 - 05 10.26+0.92 - 05 30.39+0.24 -
7a 05 53.72+0.15 <400 05 7014018  189.81x0.08 05 88.64+0.14  65.25:0.16
7b 05 50.99+0.63 <500 05 11.67+0.87 >500 05 20.01+0.17 -
7c 05 28.28+0.62 - 05 16.91:0.85 - 05 45.74+0.61 -
7d 05 43.29+0.19 - 05 36.61+0.69 - 05 7244018 101.51+0.31
7e 05 36.39+0.13 >500 05 75194018  301.2+0.05 05 27.38+0.34
Control ~ Eserine  82.82t109 0.85+00001 Eserine 91.29+117  004:t00001 Baicalein 93.79+127 22413

Note: ICso values (concentration at which there is 50 % enzyme inhibition) of compounds were calculated using EZ-Fit Enzyme kinetics

software (Perella Scientific Inc. Amherst, USA).
LOX = Lipoxygenase. AChE = Acetyl cholinesterase.

BChE = Butyryl cholinesterase.
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Antimicrobial activity

Thein vitro antimicrobial properties of the
parent compounds and their derivatives were tested
(Table 3). Among the parent compounds 3a
showed the antimicrobia activity against the
selected panel of both bacterial and fungal species.
Regarding the derivatives (6a-€) series, 6a showed
higher activities in comparison to the rest of the
members of its series. 7aand 7b were the members
of 7a-e series which were the moderate to good
active againgt both bacterial and fungal strains and
7c was relatively efficient antifungal candidate
against selected strains. The remaining compounds
possess very low or no activity against the assessed
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microorganisms. The highest hemolytic activity
was shown by 6a (92 %) but lower than the
positive control (Triton-X-100). The lowest
activity was shown by 6b and 7c¢ (1.2 % and 1.6 %
respectively) but higher than the negative controls
PBS. These synthesized molecules inhibit the
synthesis of cell wall protein of bacterig;
interfering their growth and also break down red
blood cells of host. Those antibacterial candidates
would be selected; that have low hemolytic activity
and high antibacterial or antifungal potential. On
the basis of the previous results we may assume
that the synthesized sulfonamides may be suitable
leads for further improvement to address different
targets.

Table 3. Antibacterial and antifungal studies on synthesized compounds.

Compound Antibacterial activity Antifungal activity
Staphylococcs Bacillus Pasturella  Escherichia Hemolytic activity Candida  Microspor  Aspergillus  Fusarium
aureus subtilis  multocida coli (Mean) %+SD  albicans  umcanis flavus solani
Zoneof inhibition Zone of inhibition (mm)
(mm)

3a 86.844+0.417
3b 14 12 14 14 86.765+0.212 17 12 14 18
3c 90.164+0.278
3d 74.426+0.031
3e 88.901+0.025
6a 18 14 16 16 92.973+7.063 19 14 15 14
6b 1.202+0.155
6c 87.720+0.284
6d 87.345+0.246
6e 91.956+1.425
Ta 16 18 16 16 92.723+8.405 16 18 16 16
7b 19 22 20 18 58.557+2.983 11 13 10 14
7c 1.639+0.093 12 10 15 12
7d 86.678+0.250
7e 87.565+1.425

Streptomycin 30 28 28 30 Flumequine 29 27 26 31
PBS 0.00+0.0

Triton 100+0.0

(toxicity)
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Molecular docking

The results obtained from in silico
approach were dso favoring the fact that
synthesized sulfonamides have shown good
interaction with the target site. The interaction
anadysis shown that in every compound, the
sulfonamide group is contributing in the
interactions. The interaction of compound 3b with
the active site of LOX and AChE is shown in
Fig. 2 and Fig. 3. As depicted from stature;
compound 3b showed good interaction with the
amino acids residues of binding cavity. Against
LOX, the both oxygen of sulfonyl group showed
interactions with the Histidine 528 residue;
whereas one oxygen of dioxane ring displayed
attachment with Histidine 523 of LOX. In an
AChE display; one doubly bonded oxygen of
sulfonyl group exhibited hydrogen bonding with
the serine 122 residue; while second one
demonstrated attachment with Tyrosine 121 and
phenylene group of benzodi-oxane displayed
bonding to phenylaanine 130 amino acid. Thus
molecular docking results were well in correlation
with the experimentally determined data of enzyme

inhibition against AChE and LOX.
A ®
¢

Figure 2. Theinteraction between compound 3b and lipoxygenase.
2D and 3D pose of the complex is shown in figure A and B
respectively

Figure 3. The interaction between compound 3b and
acetylcholinesterase. 2D and 3D pose of the complex is shown in
figure A and B respectively

Pak. J. Anal. Environ. Chem. Vol. 19, No. 2 (2018)

Conclusion

The new series of sulfonamide bearing
1,4-benzodioxane ring were reported. The targets
were characterized by FT-IR, 'H-NMR and EIMS.
All the compounds were screened for their
antibacterial and antifungal activity by disc
diffusion method. Compounds 3a, 6a and 7b
exhibited good antimicrobia activity amongst all
in comparison to standard (streptomycin).
Compound 6¢ was more active against both B¢chE
and AchE, while 7a exhibited good inhibition
potential against LOX.
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