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ABSTRACT

A series of new N-substituted sulfonamides, 9-{dutesi phenylsulfonyl)-4-(oxiran-2-ylmethoxy)-9HHeazole
6(a-d) and carbamates, substituted phenyl/aliphatic-4¢éox2-ylmethoxy)-9H-carbazole-9-carboxyl8a-f) were
synthesized in high yields through simple straifgintvard reaction of 4-(oxiran-2-ylmethoxy)-9H-canwole @)
with various substituted sulfonyl chlorides andacbformates in the presence of sodium hydride dmse. The
structures of the synthesized compounds were cosditby IR, NMR'd, **C), mass and elemental analysis data.
All the compounds were screenedin vitroantibactef&aphylococcus aureus, Bacillus subtilis and Hesichia
coli), antifungal (Fusariumoxysporum, Candida almie and Aspergillusniger) activities and antioxitdaetivities
using DPPH and NO methods. All the compounds edibnoderate to potent antimicrobial activities agabd
antioxidant activities.

Keywords:4-(Oxiran-2-ylmethoxy)-9H-carbazole, Sulfonamid€grbamates, Antimicrobial activity, Antioxidant
activity.

INTRODUCTION

Particularly, microbes that causing the diseases bacome resistance to drug therapy and is arasitrg public
health problem during the last decade. The hospéitqlired infections are resistant to the most pfuvantibiotics
are reserved to treat only the most intractableditidns [1].Hence, there is a pressing need toldpwaulti-drug
resistant microbial pathogens for the treatmenmtfeictious diseases.

Carbazole and its derivatives are importantaromhaéterocyclic compounds owing to possession ofraels
electronic and charge-transport properties, largenjugated system and the various functional gsaam be easily
introduced into the structurally rigid carbazolagi These outstanding properties of this partichleterocyclic
motif are embedded in large number of natural pctgland medicinally relevant compounds [2].As apantant
class of natural alkaloids, carbazole derivativagehbeen isolated from different sources such e sgenera of
higher plants, blue-green algae, actinomycetesfitamdentous fungi.In addition, number of naturadasynthetic
carbazole derivatives have been reported to extlidrse biological activities like antimicrobid-[7], antiviral [8],
anti-inflammatory [9], antimalarial [10], antitumojll-13],antidiarrhoeal [14],neuroprotection [15mmune
suppression [16] and pancreatic lipase inhibitibri] [The carbazole frame work containing cara@)ols used as
antihypertensive drug, carbazomycins A an{ke&B inhibit the growth of phytopathogenic fungi andvea
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antibacterial and anti-yeast activities and Murfaljime A(2b) exhibited strong fungicidal activity against
Cladosporiumcucumerinurat the dose of 12.pg [18] (Figure-1). The prevalent interests of chemists have been
attracted to these structures due to their bioldgactivities and potential applications as pharmtagical agents
[19] and focused on search for newer physiologicatitive compounds.
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Fig.-1 Some biologically active carbazole derivatas

Further, sulfonamides (-SEN-) are important synthetic, primarily bacterid&taagents, find use in both human
therapy and animal husbandry.Sulfonamide antimiatebare the unaltered parent compounds or an latedy
metabolite [20] which can be reactivated by baaterieavage of the acetyl moiety [21].It was docuoted that the
applications of sulfonamides has greatly extendedhftheir primary function as antitumor [22],hypgchemic
[23], anti-thyroid [24], anti-carbonic anhydrase5[anti-inflammatory [26], diuretic [27], COX-inhitors, the
enzyme dihydropteroatesynthetase (DHPS)-the keyne@znvolved in folate synthesis, anti-impotent girj28]
and also used as azo dyes for achieving improwgt Etability, water solubility and fixation to fib.Organic
carbamates are valuable synthetic intermediates wbiduitously found in a variety of biologically tae
compounds. Most of the functionalized carbamatévdgves are considered as interesting mediciratljve motifs
[29] and these scaffolds could serve as a crueraptate in the construction of carbamate derivativeich may be
useful in search of potential drug candidates RB&ently, Matat al.[31] synthesized the O-alkyl and O-aryl
carbamate derivatives of the antimalarial drug pgoine as potential prodrugs that prevent oxidalie@mination
to the inactive metabolite carboxyprimaquine.

Based on overview outcomesupported by literaturehaee directed our attention towards the synthesisl-
substituted sulfonamides, 9-(substituted phenydsyt-4-(oxiran-2-ylmethoxy)-Bl-carbazole 6(a-d) and
carbamates, substituted phenyl/aliphatic-4-(oxRayimethoxy)-H-carbazole-9-carboxylat8(a-f),with the hope
that these new molecules exhibit enhanced biolbgictvity, mainly due to the presence of pharmagaally
active heterocyclic compound such as 4-(oxiranr@eghoxy)-H-carbazoleg)(carazolol intermediate) and bio-
active substituted phenyl/aliphatic sulfonamided aarbamates. The antimicrobial and antioxidantisiets of the
newly synthesized compounds were evaluated.

MATERIALS AND METHODS

General. All chemicals were purchased from Merck, Aldrictdeé®. d. Fine. Chem. (India) and used without furthe
purification. Solvents were distilled from the appriate drying agents and degassed before useiniglgibints
were determined in open capillaries on Gunamelpioigt apparatus and are uncorrected. IR spectra reeorded
on JASCO FT-IR 5300 using KBr disc84 NMR and *C NMR spectra were recorded on Bruker AV-500
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spectrometer operating at 400 MHz t6-NMR, 100.6 MHz for*C-NMR. Mass spectra (LC-MS) were recorded
on LCMS 201, SHIMADZU, JAPAN (Negative modeThe progress of the reactions was monitored bg Dh
Merck silica plates. Results are presented as, idaérshift 5 in ppm, J values in Hertz (Hz). Multiplicities are
shown as the abbreviations: s (singlet), brs (bedaglet), d (doublet), t (triplet), m (multiplet).

Scheme-1 Synthesis of novel substituted sulfonamides (6a-d) and carbamates (& of 4-(oxiran-2- ylmethoxy) H-carbazole.
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General procedure for the synthesis of title compauds:

4-(Oxiran-2-ylmethoxy)-Bl-carbazole %)(0.001 mol, 239 mg) was taken in 15 mL of THF aodism hydride

(0.0012 mol, 29 mg) was added. The reaction mixiues stirred for 20 min at 6 to get Néasalt of the

compound3.4-Chloro-3-nitrobenzenesulfonyl chlorided] (0.001 mol, 255 mg) was added and the reactiomumgx
was stirred at 30-40C for 2 h. The progress of the reaction was moeitdpy TLC. After completion of the
reaction, NaCl was removed by filtration and thiveet from the reaction mixture was concentratedennmeduced
pressure. The crude product was washed with cotdnt@ remove unreacted sulfonyl chloride)and salt form of

the compound3. The residue was recrystallized from ethanol to mate 9-(4-chloro-3-nitrophenylsulfonyl)-4-
(oxiran-2-ylmethoxy)-9H-carbazoléc(yield 90%). The rest of the compounds were syritleesusing the same
successful procedure and the physical charact=risid spectral data are presentedéhle-1 and experimental
part respectively.
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Table-1 Physical characteristics of the titled suinamides (6a-d) and carbamates (8a-f).

Compd Product Reaction time (h)  Yield (%) m.p fC)
6a _ N’g\cp3 2 91 101-102
‘\V\/
/ (H)
6b — N@\@\ 3 83 149-151
\\, Br
"/ 0
=\ _s
6c ~No 2 90 180-182
cl
NO,
~— 7 Q
=\ _§
6d <N§ 3 85 145-146
\\v\, F
cl
8a _ Nj\o/\ CCl3 3 86 148-150
/ 0
—
T~
8b N 0o 3 81 110-112
8c // N o/ﬁ/ 3 80 99-101
/
Cl
<8 7
—
8d W o 3 83 133-134
7 o /@/Noz
8e W o 2 88 135-137
/“/j\
8f ~ N OAQNO 3 83 117-119
2
\

4-(Oxiran-2-ylmethoxy)-9-(trifluoromethyl sulfonyl)-9H-carbazol e (6a):

Light brown solid,Yield 91%. Mol. Wt: 371.04, mp2112°C.IR (KBr): 3032 (=C-H, str), 2992 (-C-H, str), 4%
C=C, str), 1314 (-S§ asymstr), 1160 (-C-O str), 1140 (-S@ymstr),1094 (-C-N, str) chitH-NMR (DMSO-d,
400 MHz) 5 3.09 (d, 2H, J = 8.0 Hz, -CH-GHD-), 3.68 (m, 1H, -OCKHCH-CH,0-), 4.01 (d, 2H, J = 6.8 Hz, -O-
CH,-CH-), 7.37-7.54 (m, 3H, Ar-H), 7.63-8.24 ( m, 4Bi-H);"*C-NMR (DMSOds, 100.6 MHZz):5 42.5 (Gy),
56.4 (G-), 66.8 (Gs), 110.8 (G), 116.4 (G 12, 119.1 (Gy), 121.4 (-Ch), 124.3 (G), 124.9 (G), 125.8 (G 1y), 128.2
(Cg), 130.2 (G), 133.7 (Gy), 150.4 (Q); LC-MS (m/z, %): 370 (M-H, 100%). Anal. Calcd. for gH,,FsNO,S: C,

51.75; H, 3.26; N, 3.77. Found: C, 51.72; H, 3M93.75%.
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9-(4-Bromophenyl sulfonyl)-4-(oxiran-2-ylmethoxy)-9H-car bazol e (6b):

Light yellow solid, Yield 83%. Mol. Wt: 457, mp 14861 °C. IR (KBr):3017 (=C-H, str), 2986 (-C-H, str), 13%-
C=C, str), 1348 (-S§ asym str), 1183 (-C-O str), 1157 (-S@ymstr), 1089 (-C-N, str), 748 (-C-Br str) ¢niH-
NMR (DMSO-dg, 400 MHZz)8 2.93 (d, 2H, J = 8.4 Hz, -CH-GHD-), 3.52 (m, 1H, -OCHCH-CH,0-), 3.89 (d, 2H,

J = 6.8 Hz, -O-CKCH-), 6.82 (d, 2H, J = 7.2 Hz, Ar-H), 7.16 (d, 1H= 6.8 Hz, Ar-H), 7.29 (d, 2H, J = 7.8 Hz),
7.31-7.48 (m, 3H, Ar-H), 7.91-8.03 ( m, 3H, Ar-HJC-NMR (DMSO+;, 100.6 MHz)s 43.12 (Gg), 50.8 (G-),
68.7 (Gs), 112.6 (@), 113.4 (G), 115.1 (Gy), 117.8 (Gy), 122.8 (G), 124.4 (G), 125.1 (G11), 127.9 (G), 128.2
(Cyzs), 128.9 (G), 130.51 (Gz29), 131. 4 (Gs29, 134.5 (Gs), 137.7 (@), 152.3 (G); LC-MS (m/z, %): 458 (M-
H*+2, 96.4%), 456 (M-H 100%).

9-(4-Chloro-3-nitrophenylsulfonyl)-4-(oxiran-2-ylmethoxy)-9H-car bazol e (6¢):

Light yellow solid, Yield 90%. Mol. Wt: 458.03, n80-182°C. IR (KBr):3039 (=C-H, str), 2965 (-C-H, str), 154
(-NO, (aromatic), asym str), 1435 (-C=C, str), 1320 (:S88ym str), 1184 (-C-O str), 1124 (-5Gymstr), 1108 (-
C-N, str), 846 (-C-Clstr) cih *H-NMR (DMSO-ds, 400 MHz)$ 3.01 (d, 2H, J = 8.0 Hz, -CH-GHD-), 3.76 (m,
1H, -OCH-CH-CH,0-), 4.20 (d, 2H, J = 6.8 Hz, -O-GKCH-), 7.24-7.38 (m, 3H, Ar-H), 7.65-7.78 (m, 2Hr-A ),
7.83 (d, 1H, J = 7.2 Hz, Ar-H), 8.12-8.24 (m, 2H;H#), 8.35 (d, 1H, J = 7.6 Hz, Ar-H), 8.88 (s, 1A-H); *C-
NMR (DMSO-dg, 100.6 MHz)8 44.7 (Gg), 55.6 (G7), 68.2 (Gs), 115.1 (G), 118.1 (G1p), 121.7 (Gy), 124.5 (G),
125.8 (G), 126.9 (G1y), 127.3 (G), 130.6 (G), 131.0 (G;), 132.8 (G4), 134.3 (G3), 135.1 (Gs), 138.2 (G,), 138.8
(Coe), 148.7 (G), 156.3 (Gg); LC-MS (m/z, %): 459 (M-FH2, 33%), 457 (M-H, 100%). Anal. Calcd. for
C,1H1sCINLOgS: C, 54.97; H, 3.29; N, 6.10; Found: C, 54.853121; N, 6.19%.

9-(4-Chloro-3-fluorophenyl sulfonyl)-4-(oxiran-2-ylmethoxy)-9H-carbazol e (6d):

Brown solid, Yield 85%. Mol. Wt: 431.04, mp 145-196. IR (KBr):3012 (=C-H, str), 2976 (-C-H, str), 13-
C=C, str), 1335 (-S§ asym str), 1169 (-C-O str), 1130 (-S@ymstr), 1110 (-C-F, str), 810 (-C-Clstr) ¢niH-
NMR (DMSO-ds, 400 MHz)$ 2.97 (d, 2H, J = 7.6 Hz, -CH-GHD-), 3.53 (m, 1H, -OCHCH-CH,0-), 3.98 (d, 2H,
J = 6.4 Hz, -O-CHCH-), 7.04-7.12 (m, 4H, Ar-H), 7.34 (d, 1H, J 2 Hz, Ar-H), 7.40-7.49 (m, 3H, Ar-H ), 7.74
(d, 1H, J = 7.2 Hz, Ar-H), 8.04 (s, 1H, Ar-HYC-NMR (DMSO-ds, 100.6 MHz)8 42.2 (Gg), 51.9 (G-), 65.1 (Gs),
111.8 (G), 115.7 (G12, 121.2 (Go), 123.8 (G), 124.2 (G), 126.4 (G11), 126.9 (G), 131.4 (G), 132.1 (G;), 133.2
(Css), 134.4 (Gy), 134.8 (Gy), 135.6 (G,), 137.1 (Gs), 146.2 (G), 160.5 (Ge); LC-MS (m/z, %): 432 (M-FH2)
(32%), 430 (M-H, 100%).

2,2,2-Trichloroethyl 4-(oxiran-2-ylmethoxy)-9H-car bazol e-9-carboxylate (8a):

White solid, Yield 86%. Mol. Wt: 413, mp 147-18G. IR (KBr):3078 (=C-H, str), 2934 (-C-H, str), 48-C=0,

str), 1447 (-C=C, str), 1390 (-C(O)-O-, str), 1132-O str) cnt; 'H-NMR (DMSO-ds, 400 MHz)$ 2.86 (d, 2H, J =
6.8 Hz, -CH-CH-O-), 3.78 (m, 1H, -OCHCH-CH,0-), 3.91 (d, 2H, J = 7.2 Hz, -O-GH, 4.45 (s, 2H, -O-CH

CCly), 7.19-7.28 (m, 3H, Ar-H), 7.64-7.71 (m, 2H, Ar;H.21 (s, 1H, Ar-H), 8.63 (s, 1H, Ar-HJC-NMR (DMSO-

ds, 100.6 MHz)5 43.5 (Gg), 46.6 (G7), 68.5 (Gs), 72.3 (-G1,-COO0), 98.2 (-CG), 108.5 (G), 109.8 (@), 113.4
(Cro), 117.8 (Gg), 121.7 (@), 122.4 (G4), 123.1 (Gy, 124.3 (@), 128.5 (G), 143.8 (G3), 149.1 (@), 154.3
(Ci;LC-MS (m/z, %): 416 (M-F+4, 28%), 414 (M-F+2, 86%), 412 (M-H, 100%); Anal. Calcd.
forCigH14CIsNQ,: C, 52.14; H, 3.40; N, 3.38; Found: C, 51.67; 2B N, 3.31%.

Ethyl 4-(oxiran-2-ylmethoxy)-9H-car bazol e-9-carboxyl ate (8b):

Light brown solid, Yield 81%. Mol. Wt: 311.12, m®9-112°C. IR (KBr):3031 (=C-H, str), 2918 (-C-H, str), 287
(-C-H, str), 1726 (-C=0, str), 1434 (-C=C, str),63(-C(0)-O-, str), 1136 (-C-O str) cm*H-NMR (DMSO-d,
400 MHz)$ 1.16 (t, 3H, J = 6.8 Hz, GHCH,-0), 2.85 (d, 2H, J = 6.4 Hz, -CH-G#D-), 3.76 (m, 1H, -OCKHCH-
CH,0-), 3.89 (d, 2H, J = 7.2 Hz, -O-GH, 4.17 (q, 2H, J = 6.8 Hz, GHCH,-O-CO-), 7.13-7.32 (m, 5H, Ar-H),
8.11-8.18 (m, 2H, Ar-H)**C-NMR (DMSO-s, 100.6 MHz)3 16.4 (-CHzaephard, 40.9 (Gg), 42.3 (Gy), 61.7 (-O-
CH,), 68.1 (Gs), 106.3 (G), 107.1 (G), 115.7 (G,), 118.2 (Gy), 120.1 (G), 123.8 (G), 124.2 (G), 124.7 (Gy),
125.8 (G), 132.4 (G), 141.3 (G3), 149.7 (G), 152.5 (Go);LC-MS (m/z, %): 310 (M-H, 100%).

I sobutyl 4-(oxiran-2-ylmethoxy)-9H-carbazol e-9-carboxylate (8c):

Brown solid, Yield 80%. Mol. Wt: 339.15, mp 99-18. IR (KBr):3041 (=C-H, str), 2954 (-C-H, str), 2B6-C-H,
str), 1723 (-C=0, str), 1451 (-C=C, str), 1359 @FQO-, str), 1134 (-C-O str) ch *H-NMR (DMSO-ds, 400 MHZz)
50.94 (d, 6H, J = 7.8 Hz, (GH-CH-), 1.37-1.41 (m, 1H, (CHp-CH-CH,-), 2.91 (d, 2H, J = 6.4 Hz, -CH-G}D-),
3.54 (m, 1H, -OCHCH-CH,0-), 3.64 (d, 2H, J = 6.4 Hz, -O-Gi€H-), 3.92 (d, 2H, J = 6.8 Hz, -O-G¥}, 7.19-
7.25 (m, 4H, Ar-H), 8.09-8.18 (m, 2H, Ar-H), 8.3@, @H, J = 6.4 Hz, Ar-H)**C-NMR (DMSO-ds, 100.6 MHz)s
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19.3 (-GHaaephaids 24.9 (-CHiephaid 42.1 (Gg), 46.1 (G-), 66.6 (Gs), 69.2 (-O-G,), 105.6 (G), 106.8 (G), 112.8
(Cro), 117.7 (Go), 119.8 (G), 124.2 (G), 124.8 (G), 125.4 (Gy), 125.9 (G), 134.9 (G), 140.6 (G5, 148.8 (Q),
150.7 (Gg);LC-MS (m/z, %): 338 (M-H, 100%).

4-Chlorophenyl 4-(oxiran-2-ylmethoxy)-9H-carbazol e-9-carboxylate (8d):

White solid, Yield 83%. Mol. Wt: 393.08, mp 133-13@. IR (KBr):3033 (=C-H, str), 2969 (-C-H, str), 172-
C=0, str), 1450 (-C=C, str), 1375 (-C(0)-O-, sir}48 (-C-O str), 794 (-C-Cl, str) ¢m*H-NMR (DMSO-ds, 400
MHz) 6 2.86 (d, 2H, J = 7.2 Hz, -CH-G}D-), 3.65 (m, 1H, -OCHCH-CH,0O-), 4.12 (d, 2H, J = 6.4 Hz, -O-GH
CH-), 7.23 (d, 1H, J = 6.8 Hz, Ar-H), 7.43 (d, 2HF 6.8 Hz), 7.52-7.67 (m, 5H, Ar-H), 7.89-8.01 (3, Ar-H);
3C-NMR (DMSO4,, 100.6 MHz)8 42.5 (Gg), 50.2 (G7), 69.3 (Gs), 109.2 (G), 109.8 (G), 118.0 (Gy), 119.6
(Ci0), 123.5 (G2), 124.1 (Gg), 124.9 (G), 125.6 (G1), 126.4 (G), 131.2 (G), 131.9 (G,3), 134. 6 (G-CI), 138.7
(C19), 139.5 (-O-C=0), 150.8 (f; 152.2 (G); LC-MS (m/z, %): 394 (M-FH+2, 33%), 392 (M-H, 100%);Anal.
Calcd. for G,H1sCINO,: C, 67.10; H, 4.10; N, 3.56; O, 16.25. Found: €96; H, 3.91; N, 3.52%

4-Nitrophenyl 4-(oxiran-2-ylmethoxy)-9H-carbazol e-9-carboxyl ate (8e):

Yellow solid, Yield 88%. Mol. Wt: 404.10, mp 135-18C. IR (KBr):3046 (=C-H, str), 2954 (-C-H, str), 173~
C=0, str), 1524 (-N@(aromatic), asymstr), 1463 (-C=C, str), 1379 (-5@D, str), 1145 (-C-O str) cth *H-NMR
(DMSO-dg, 400 MHz)3 2.94 (d, 2H, J = 7.6 Hz, -CH-GHD-), 3.82 (m, 1H, -OCHCH-CH,0-), 4.02 (d, 2H, J =
6.4 Hz, -O-CH-CH-), 7.21-7.30 (m, 3H, Ar-H), 7.61 (d, 2H, J 2Hz), 7.68-7.71 (m, 2H, Ar-H), 8.01 (d, 2H, J =
7.2 Hz, Ar-H), 8.13-8.19 (m, 2H, Ar-H}*C-NMR (DMSO4s, 100.6 MHz)3 44.1 (Gg), 50.8 (G;), 69.8 (Gs),
108.5 (G), 109.1 (G), 116.3 (Gy), 118.4 (Gy), 123.1 (G ), 123.9 (@), 125.1 (Q), 125.7 (G), 126.3 (Gy), 126.9
(Co), 128.2 (G,5), 133.6 (G), 136.7 (Gg), 139.5 (G3), 148.4 (G-NO,), 151.1 (@), 155.7 (@); LC-MS (m/z, %):
403 (M-H", 100%).

4-Nitrobenzyl 4-(oxiran-2-ylmethoxy)-9H-carbazole-9-carboxylate (8f):

Light brown solid, Yield 83%. Mol. Wt: 418.12, m{18-119°C.IR (KBr):3048 (=C-H, str), 2949 (-C-H, str), 1737
(-C=0, str), 1536 (-N@(aromatic), asymstr), 1462 (-C=C, str), 1376 (5@, str), 1143 (-C-O str) ¢ *H-NMR
(DMSO-ds, 400 MHz)5 2.90 (d, 2H, J = 7.6 Hz, -CH-GHD-), 3.88 (m, 1H, -OCKHCH-CH,0-), 4.21 (d, 2H, J =
6.4 Hz, -O-CH-CH-), 5.23 (s, 2H, -CHO-Ar), 7.11-7.21 (m, 5H, Ar-H), 7.54 (d, 2H, J 22MHz), 8.04-8.11 (m,
2H, Ar-H), 8.19 ( d, 2H, J = 7.2 Hz, Ar-HY*C-NMR (DMSO«ds, 100.6 MHz)5 43.4 (Gg), 49.5 (G-), 64.8 (-C-0),
69.1 (Gs), 108.4 (G), 108.7 (G), 115.1 (G,), 118.6 (Go), 123.6 (Gg), 124.4 (G), 124.9 (Gy), 125.2 (G), 126.2
(Csis), 130.1 (Gg), 132.3 (G), 141.2 (G), 141.7 (Gy), 145.4 (G-NO,), 150.7 (@), 152.3 (Go); LC-MS (m/z, %):
417 (M-H', 100%).

Bioassay

Antibacterial activity

The antibacterial activity of the synthesized soéfimide$(a-d)and carbamat&¢a-f)were screened against two
gram positive bacteria such Ssaphylococcus aurewndBacillus subtiliend one gram negative bacteria such as
Escherichia coliby the agar well diffusion method [32].Two diffateconcentrations (100, 200 pg) of the titled
compounds were dissolved in 1 mL of DMF. Centrifdigeellets of bacteria from a 24 h old culture conitey
approximately 104-106 colony forming unit (CFU) mek was spread on the surface of Muller Hinton AGaHA)
plates. Nutrient agar medium was prepared by subpgmutrient agar 20 g in one liter of distillecter (' 7.0),
autoclaved and cooled to 46. Then it was seeded with 10 mL of prepared irateuto have 106 CFU/mL. Petri
dishes were prepared by pouring 75 mL of seedetients agar. Wells were created in medium withihp of a
sterile metallic borer and test solution was addedgerimental plates were incubated for 24 h artibacterial
activity was assayed by measuring zones of inbibitn diameter around the well. Ciprofloxacin wased as a
standard drug for antibacterial assay. The zoriehibition of the tested solution was compared vgithndard. The
bacterial assays were performed in triplicate asdlts are given ifiable-2.
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Table-2 Antibacterial zone of inhibition (mm) of the synthesized sulfonamides (6a-d) and carbamates(.

Bacterial culture and zone of inhibition in mm
Compd S.aureus B.subtilis E. coli
100 200 100 200 100 200
6a 15.6 21.4 14.8 221 16.3 215
6b 106 17.C 12¢<¢ 193 10: 18.2
6C 8.4 13.8 8.1 154 102 14.9
6d 14.7 20.1 154 216 13.8 20.5
8a 16.8 21 14 206 151 20.¢
8b 108 143 115 174 111 15.9
8c 8.8 132 138 235 124 18.7
8d 11.4 15.5 115 18.7 10.3 16.8
8e 13.7 19.9 14.6 22.3 14.1 21.3
8f 9.7 148 107 166 113 16.2
Stand® 23.0 25.0 24.0
Standard - . Ciprofloxacin — tested at 200 pg/mL

Antifungal activity

The antifungal activity of the newly synthesizedfemamide$(a-d)and carbamat8g¢a-flhave been evaluated
against three fungal pathogens sucAsaergillusniger, Candicaalbicaned Fusariumoxysporiunby the poison
plate technique [33]. Test compounds were dissolmedimethylformamide (DMF) (10 mL) before mixingitiv
Potato Dextrose Agar (PDA, 90 mL). The final cortcation of the compounds in the medium was fixedG g/
mL. Three kinds of fungi were incubated in PDA &t21 °C for 5 days to get new mycelium for antahassay.
Then a mycelia disk of approximately 0.45 cm dianeut from the culture medium was picked up wittezilized
inoculation needle and inoculated in the centd?@A plate. The inoculated plates were incubatezbat 1°C for 5
days. Acetone in sterilized distilled water serasdcontrol, while Fluconazole was used as a stdndére radial
growth of the fungal colonies was measured on itktl slay. Thein vitro inhibiting effects of the test compounds
on the fungi were calculated by the formula CV =AABwhere A represents the diameter of fungi growth on
untreated PDAB represents the diameter of fungi on treated PDdAGV represents the rate of inhibition. All the
experiments were carried out in triplicates andrdwilts were expressed as zone of inhibition in amch presented
in Table-3.

Table-3Antifungal zone of inhibition (mm) of the syithesized sulfonamides(6a-d) and carbamates(8a-f).

Fungal culture and zone of inhibition in mm
Compd A. niger F. oxysporum C. albicans
100 200 100 200 100 200
6a 142 20.1 153 21.6 13.7 19.9
6b 117 181 111 172 9.8 16.5
6C 108 156 102 161 142 191
6d 151 20.0 152 213 126 187
8a 152 21z 167 214 15& 18
8b 114 165 112 170 107 182
8c 103 17.1 125 17.3 10.3 16.4
8d 9.6 14¢ 101 162 128 17.¢
8e 142 202 136 216 134 206
8f 11.8 16.3 10.7 17.4 10.2 16.4
Stand® 22.C 23.C 22.(
Standard - Fluconazole — tested at 200 pg/mL

Minimum Inhibitory Concentrations:

Micro-broth-dilution methotf was used for the determination of minimum inhibiteoncentration (MIC) of the
tested samples.The minimum concentration, at wtiele was no visually detectable bacterial growtds taken as
MIC.Test compounds concentrations of 0.1-2 pg /misteps of 8@g/mL were evaluated. Specifically 0.1 mL of
standardized inoculum (1-2 x 1GFU/mL) was added to each test tube. The tubes imeubated aerobically at 37
°C for 24 hfor bacterial test samples and 48-72 mftingal test samples. Control was maintained fachetest
sample. The lowest concentration (the highestidit)itof test compound that produced no visible sighbacterial
growth (no turbidity) when compared with the cohtudbes was regarded as M&faph-1).
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Graph-1 Antibacterial and antifungal minimum inhibi tory concentrations (MICs) of sulfonamides (6a-d) ad carbamates (8a-f).
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Anti oxidant activity:

DPPH radical scavenging activity

The radical in the 1,1-diphenyl-1-picrylhydrazyl RBH) gives a strong absorption maximum at 517 nohisn
purple in color. The absorbance of DPPH reducesnwhe radical of the DPPH becomes paired withlectren or
acceptance of the hydrogen radical from the ardemt. 1 mL of various concentrations of the teshpounds (25,
50, 75 and 10Qug/mL) in methanol were prepared and magnetic stings used to make homogeneous solution.
After making the desired concentrations, 4 mL @0d% (w/v) methanol solution of DPPH was appliedeach
test tube by using pipette. The room temperatueneeorded and the test tube was incubated €7 30 min to
complete the reaction. The absorbance was readsaddank at 517 nm. The percent of inhibition &ef radical
production from DPPH was calculated by the follogveguation and presentedTiable-4.

% of scavinging = [(A control — A sample)/A control] x 100

Where A control is the absorbance of the contrattien (containing all reagents except the testpmmd) and A
sample is the absorbance of the test compoundeXjeriment was carried out in triplicate.

Table-4Thein vitro antioxidant activity of the synthesized sulfonamids (6a-d) and carbamates(8a-f) in DPPH method.

Concentration (ug/mL)

Comp 25 50 75 100
6a  5357+106 6378087 67.14+132 71.01+1.05
6b  5274+173 5825+102 61.37+092 67.81%1.60
6c 6470+144 6841+121 73.84+1.56 77.52+0.95
6d 52.34+0.65 59.23+0.89 65.32+1.10 69.42+0.86
8a  6859+0.26 7421+043 77.85+065 81.92+0.70
8b 59.73+1.17 64.48+124 6894+0.88 72.16+0.95
8c 51.42+0.63 58.68+0.85 66.54+043 76.41+0.64
8d 54.56+0.81 5893+0.32 66.74+124 70.53+1.30
8¢ 6128+144 6882+105 72.18+042 77.32+0.81
8f  68.19+0.1 7234+09 79.63+04 8434+11

BHT 71.42+0.12 77.54+0.38 89.27+0.44 97.1253

Blank — - - -

(-) Showed no scavenging activity. Values werernteans of three replicates + SD
Butylated hydroxyl toluene (BHT)- Standard
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Graph 2.In vitro antioxidant 1C sy values for the synthesized sulfonamide (-d) and carbamate (8af) derivatives in DPPH methoc
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Nitric oxide (NO) scavenging activity

Nitric oxide scavenging activity was measured hghtly modified methods of Greeet al. and Marcocat al
Nitric oxide radicals (NO) were generated from sodinitroprussideSodiumnitroprusside 1 mL, 10 mM) and 1.5
mL of phosphate buffer saline (0.2 M, pH 7.4) wereeatith different concentrations (25, 50, 75 and pg/mL) of
the test compounds and incubated for 150 min °C and 1 mLof the reaction mixture was tred with 1 mL of
Griess reagent (1% sulfdainide, 2% PO, and 0.1% naphthylethylenediaminedihydrochloridd)e Bbsorbanc
of the chromatophore was measured at 546 nm. Batylhydroxyl toluene was used as standard. Nitxide
scavenging activity was calculated by the followegyatiol and presented ihable-5.

% of scavinging = [(A control — A sample)/A control] x 100

Where A control is the absorbance of the contrattien (containing all reagents except the testpmmd) and #
sample is the absorbance of the test compoundeXjeriment was carried in triplical

Table-5Thein vitro antioxidant activity of the synthesized sulfonamids (6¢-d) and carbamates(8af in nitric oxide (NO) method.

Concentration (ug/mL)
25 50 75 100
6a 4726 £0.88 59.84+1.07 6514+1.41 69.93+1.27
6b 50.54+0.7 5558+0.3 6127+0.8 66.56+1.1
6c 68.39+0.90 70.61+1.39 7418+095 79.42+121
6d 49.23+0.76 55.24+0.45 59.78+1.01 64.87+0.79
8a 7184+01 76.29+0.3 79.65+05 86.23+1.3
8b 5546 +0.41 61.13+0.56 66.32+1.78 70.89+0.10
8c 56.68+0.54 60.34+0.39 65.67+1.02 69.54+0.21
8d 5223+10 57.87+08 6143+x0.6 66.53+05
8e 61.64+139 6449+124 69.03+0.71 72.28+1.08
8f 65.15+0.58 69.39+0.65 72.26+0.10 79.76+0.72
BHT 73.72+0.18 81.96+0.36 89.32+0.52 96.41+0.69
Blank - - - -
(-) Showed no scavenging activity. Values were themef three replicates + <
Butylated hydroxyl toluene (BHT)- Standard

Compd

RESULTS AND DISCUSSION

Chemistry.The starting material, -(oxiran-2-ylmethoxy)-#8i-carbazole§)was used in the direct substituti
reaction with various substituted phe/aliphaticsulfonylchlorides(a-d)and substituted phenyl/alipha
chloroformateg(a-f) in THF using NaH aa strong base at % to 40°C to afford 9¢substituted phen/aliphatic
sulfonyl)-4-(oxiran-2-ylmethoxy)-49-carbazole§(a-d) and substituted phenyl/aliphadefoxiran-2-ylmethoxy)-#i-
carbazole-9-carboxylat8&-f) respectively. Progress of the reaction was mordtbse TLC usitg ethyl acetate and
hexane (1:2)After completion ofthe reaction, the NaCl was filtered ofihd the solvent was removed ir
rotaevaporator. The crude products obtained weriéiguiby recrystallization from ethan The yields of the titled
compounds are in the range of 80%.
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Structures of the titled sulfonamidia-d) and carbamag¢a-f)derivatives were confirmed by IRH, **C NMR,
mass and elemental analysis data and presentbd experimental part. In IR spectra of the titledhpounds, the
disappearance of intensive band at 3340 for —Nrlihghe starting materidd andappearance of the intensive bands
in the region of 1310-1375 c¢hfor the -SQ asymmetric stretching, 1085-1135 trfor the —S@ symmetric
stretching were observed in the compouB¢-d). The compound8(a-flshowed strong bands in the ranges of
1690-1760 and 1120-1185 &ntorresponding to -C=0 and —C-O str respectivelppdarance of these bands
confirmed the formation of sulfonamide and carbantrivatives. ItH NMR spectra of the title compounds, the
disappearance of the chemical shift value at 1@m for carbazole—NH proton of the starting mateaat the
chemical shift values observed in the region of&e ppm for the aromatic protons confirmed therfation of
synthesized compounds. Further, the observed chémsift values of the corresponding carbons of titied
compounds if*C NMR spectra and molecular and fragmented ion péakhe mass spectra have given further
evidence for the structural elucidation of the coonuds.

Pharmacology. All the newly synthesized compounds were evaludtadtheir antibacterial activity against
Staphylococcus aureus, Bacillus subtiisd Escherichia coliusing agar well diffusion method [32], antifungal
activity againstAspergillusniger Fusarium oxysporum and Candida albicasmg the poison plate technique
method [33]. Minimum inhibitory concentrations wexkso determined using micro-broth dilution mettiad] and
antioxidant activity using DPPH [35] and —NO mettj88@]. Ciprofloxacin, Fluconazole and BHT drugs wersed
as standards for antibacterial, antifungal andoaittant activities respectively. The results of theibacterial and
antifungal activities are tabulated iFable-2 and Table-3 respectively and MICs arerepresentedd@raph-1.
Antioxidant data are presentedTiable-4 for DPPH method and@lable-5 for NO method and I§ values are shown
in Graph-2.

The antimicrobial data revealed that majority of titled compounds exhibited good antibacterial antifungal
activities, where as compounés, 6d, 8a and 8e showed excellent antibacterial and antifungalvégtiagainst
tested strains at lower minimum inhibitory concatiims. Likewise, compoun@b exhibited good activity against
E. coli, compoundBc showed potent activity againBt subtilisand the compounéic showed high activity against
C. albicans The data indicated that a change in the subatitoéght be affected the antimicrobial activity thie
synthesized compoundéga-d) and8(a-f). Among the synthesized compounds, the functiomaligs such ap-NO,
in 6a and8e, p-CI-m-NO, in 6cagainstC. albicans p-Br in 6bagainstE. coli, p-F-m-Cl in 6d, CCk in 8a and
isobutyl in 8c againstB. subtilis might be responsible for good activity. Furthdre tantioxidant activity data
disclosed that all the compounds showed moderatgotal activity. Compound6c, 8a and 8f showed potent
antioxidant activity in two methods. The presen€estoong electron withdrawing groups such as -N@I in 6¢
and —CC{ in 8a, —NG; in 8f might be the cause to exhibit enhanced antioxidativity.

CONCLUSION

In summary, a series of carbazole-based (carazaleimediate) sulfonamide and carbamate derivativese
designed and synthesized in high yields. Antimi@abland antioxidant activities of the titled compols were
evaluated. The biological data showed that compsual 6d, 8a and 8e showed excellent antibacterial and
antifungal activitiesagainst tested strains at loménimum inhibitory concentrations and compousid exhibited
good activity againsE. coli, compound3c showed potent activity againBt subtilisand the compoun€@ic showed
high activity againsC. albicans The compound§c, 8a and8f showed potent antioxidant activity. In overalle th
titted compounds efficiently worked as antimicrdbégents. The results paved the way for investigatf new
potential lead compounds in the study of antimi@abagents.
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