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ABSTRACT

A series of {4-[4-(6-substituted-benzothiazol-2agtino)-3-nitro-benzyl]-2-nitro-phenyl}-6-substitate
benzothiazol-2-yl-amines have been synthesizedibgtive cyclization of 1-{4-[4-(3-aryl thiocarbad)-3-nitro-
benzyl]-2-nitro-phenyl}-3-aryl thiocarbamides usirthe solution of bromine in chloroform followed Iblye
basification with dilute ammonium hydroxide solatidnitially 1-{4-[4-(3-aryl thiocarbamido)-3-nitrebenzyl]-2-
nitro-phenyl}-3-aryl thiocarbamides were preparey the interaction of different aryl isothiocyanategth 4,4'-
methylene-bis-(2-nitro aniline). The latter wasaihed by treating the mixture of 2-nitro anilinecanoncentrated
hydrochloric acid with 3% aqueous formaldehyde dektd by neutralization with sodium hydroxide. The
acetylation of bis-benzothiazoles afforded di-alcééyivatives. The structures of synthesized comgsinave been
established on the basis of chemical transformatedemental analysis, equivalent weight determoratnd IR,
'H-NMR spectral studieghe title compounds have been assayed for theiogiizal activity against gram-positive
as well as gram-negative microorganisms.

Keywords: Synthesis, structural study, biological evaluatibis-benzothiazoles.

INTRODUCTION

There has been considerable interest during thisd#e in the synthesis of substituted or fused hHbrezwles,
because benzothiazole motif is an important skel@ionaturally occurring biologically active compuis. Added
to this, benzothiazole is having potent biologipedperties such as antitumor [1,2], antimicrob&4] and LTD

receptor antagonist like orexin [5Benzothiazole derivatives exhibit antifungal [6,@pti-inflammatory [8,9]
antitubercular [10] and muscle relaxant [11] atiég. Various benzothiazole are known for their ifwdch

medicinal activity particularly as antibacterial emgs [12,13]. Besides benzothiazole derivatives @sed as
vasodilator [14] and schistosomicidal agents [15].

Benzothiazoles represent the most active class aiérdicyclic compounds possessing wide spectrum of
pharmacological activities. The literature surveyeaals the various substituted benzothiazoles psisge wide
range of therapeutic activities [16,17]. Aryl betfiazoles bearing a substituent atate of great interest as these
structural frame works have proved to be importdaxss of bicylic privileged sub-structures owingheir utility as
imaging agents forp-amyloid, chemiluminescent agents, anti-tumour &gemalcium channel antagonists,
antituberculosis, antiparasitics and also as pleotitizers [5,18]. In view of these findings abthe utility of fused
heterocyclic compounds in various fields and asad pf wider programme to provide alternative rguter the
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synthesis of heterocyclic compounds, we reportihglee synthesis of pharmacologically importantsitbted bis-
benzothiazole systems using reagents N-aryl isoyiioates followed by the oxidative cyclization gsbromine in
chloroform.

MATERIALS AND METHODS

The melting points of all synthesized compoundsewercorded using hot paraffin-bath and are unctadec
Chemicals used were of AR grade. NMR spectra were recorded with TMS as internahdard using CDGland
DMSO-s as solvents. IR spectra were recorded on PerkireEspectrophotometer in the range 4000-400 im
nujol mull and as KBr pellete. Purity of the compds was checked on silica gel-G plates by TLC.

Synthesis of 4,4’-methylene-bis-(2-nitro aniline)J).

The parent compound 4,4’-methylene-bis-(2-nitrdia@) (3) was prepared by dissolving 2-nitro aniliri§ (0.01
mole) in distilled water (15 mL) and 36.5% hydramfit acid (2.5 mL) at 5. The mixture was then treated with
3% aqueous formaldehyd®)((3.5 mL) at 28C with stirring for 1 hr. and neutralized with 1086dium hydroxide
solution, yellow precipitate was obtained. It wasstved with hot water and crystallized from acedid a3) (80%),
m.p. 208C. (Found: C, 53.67; H, 4.02; N, 19.11. Calcd. fagHG.N,O4: C, 54.16; H, 4.16; N, 19.44%).

Synthesis of 1-{2-nitro-4-[3-nitro-4-(3-phenyl thicarbamido)-benzyl]-phenyl}-3-phenyl thiocarbamide 4a).

A mixture of 4,4’-methylene-bis-(2-nitro anilineB)( (0.01 mole) and phenyl isothiocyanate (0.02 mate)
chloroform (15 mL) was refluxed for 1.5 hr. Therlabform was distilled off, a solid mass was obéainlt was
washed with petroleum ether (60%8) and crystallized from ethanol to yield 1-{2-wit#-[3-nitro-4-(3-phenyl
thiocarbamido)-benzyl]-phenyl}-3-phenyl thiocarbaimiéa), (75%), m.p. 58C. (Found: N, 14.63; S, 11.23. Calcd.
for CoH2Ns04S: N, 15.05; S, 11.46%)max 3448, 3378 (NH), 1618 (C=N), 1521 (N=0),1310 (C-0234 cnit
(C=S);5 (CDCL+DMSO-ds) 6.58-7.24 (16H, m, Ar-H), 4.52 (4H, s, NH), 2.68H, s, CH) [19,20]. This reaction
was extended to synthesize other compoudbsg): (4b) (75%), m.p. 68C (Found: N, 14.12; S, 10.83. Calcd. for
CaoH26N6OsS: N, 14.33; S, 10.92)4€) (70%), m.p. 84C (Found: N, 14.29; S, 10.88. Calcd. forgldsNsOsS: N,
14.33; S, 10.92):4d) (78%), m.p. 68C (Found: N, 14.37; S, 10.96. Calcd. forleNeOsSy: N, 14.33; S, 10.92);
(4€) (72%), m.p. 93C (Found: N, 13.32; S, 10.09. Calcd. for,0Ns0,S,Cl,: N, 13.39; S, 10.20%)#4{) (68%),
m.p. 64C (Found: N, 13.24; S, 10.17. Calcd. fost@,NsO4S,Clo: N, 13.39; S, 10.20%)4€) (70%), m.p. 78&C
(Found: N, 13.40; S, 10.13. Calcd. fof,0Ns04S,Cl,: N, 13.39; S, 10.20%).

Synthesis of {4-[4-(benzothiazol-2-yl-amino)-3-nitw-benzyl]-2-nitro-phenyl}-benzothiazol-2-yl-amine §a).

A paste of 1-{2-nitro-4-[3-nitro-4-(3-phenyl thiodaamido)-benzyl]-phenyl}-3-phenyl thiocarbamidés) (1.5 gm)
was prepared in chloroform. To this a solution afrbine in chloroform was added drop by drop witmstant
stirring. The colour of bromine was initially digagared. The addition was continued till brown colofibromine
persisted. The reaction mixtute was left overnightoom temperature. The separated solid was tigsth by
ethanol. It was acidic to litmus and on determoratof equivalent weight found to be {4-[4-(benzaitvl-2-yl-
amino)-3-nitro-benzyl]-2-nitro-phenyl}-benzothiazptyl-amine hydro-bromide, m.p. 86. It on basification with
dilute ammonium hydroxide solution afforded a fleese. It was crystallized from ethanol and idesdifas {4-[4-
(benzothiazol-2-yl-amino)-3-nitro-benzyl]-2-nitrdyenyl}-benzothiazol-2-yl-amine5@) (78%), m.p. 98C. (Found:
C,57.80; H, 3.23; N, 15.05; S, 11.49. Calcd. feHzsNsO,S;: C, 58.48; H, 3.24; N, 15.16; S, 11.55%).« 3468,
3354 (NH), 1622 (C=N), 1500 (N=0), 1339 (C-N), 691" (C-S);5 (CDChL+DMSO-ds) 7.00-8.82 (14H, m, Ar-H),
3.38 (2H, s, NH), 2.55 (2H, s, GH This reaction was extended to synthesize otbempounds §b-g): (5b) (78%),
m.p.118C (Found: C, 59.49; H, 3.75; N, 14.47; S, 10.91. Gafor GgH».N:O,S,: C, 59.79; H, 3.78; N, 14.43; S,
10.99%);vimax 3428, 3332 (NH), 1642 (C=N), 1525 (N=0), 1312 (§-RD8 cn (C-S); 8 (CDCk+DMSO-dg) 7.10-
7.98 (12H, m, Ar-H), 3.43 (2H, s, NH), 2.58 (2HGH,), 2.34 (6H, s, Ar-Ch); (50) (75%), m.p. 138 (Found: C,
59.61; H, 3.63; N, 14.31; S, 10.92. Calcd. fgsHz.NsO,S;: C, 59.79; H, 3.78; N, 14.43; S, 10.99%&d) (82%),
m.p. 104C (Found: C, 59.33; H, 3.65; N, 14.34; S, 10.8dc@.aor GgH,NeO,S,: C, 59.79; H, 3.78; N, 14.43; S,
10.99%); 66) (70%), m.p. 10X (Found: C, 51.66; H, 2.47; N, 13.52; S, 10.23lc@afor G7H1NgOsS,Cly: C,
52.00; H, 2.56; N, 13.48; S, 10.27%5f)((75%), m.p. 13% (Found: C, 51.86; H, 2.39; N, 13.26; S, 10.29c@a
for C,7H1Ns0sS,Clo: C, 52.00; H, 2.56; N, 13.48; S, 10.2798g)(76%), m.p. 9&C (Found: C, 51.53; H, 2.53; N,
13.40; S, 10.14. Calcd. fornE16Ns0,S,Cly: C, 52.00; H, 2.56; N, 13.48; S, 10.27%).
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Synthesis of {4-[4-(benzothiazol-2-yl-acetamido)-Bitro-benzyl]-2-nitro-phenyl}-benzothiazol-2-yl-aceamide
(6a).

A mixture of {4-[4-(benzothiazol-2-yl-amino)-3-ndrbenzyl]-2-nitro-phenyl}-benzothiazol-2-yl-aminéd) (0.01
mole) and acetic anhydride (0.02 mole) in glac@dte acid (15 mL) was refluxed for 2.5 hr. Theatgan mixture
was cooled and poured in a little crushed ice wither, a cream coloured solid precipitated wastalysed from
aqueous ethanol to givesd) (70%), m.p.158C (Found: C, 58.02; H, 3.30; N, 13.05; S, 9.91. Calfat
C31H22NgO6S;: C, 58.30; H, 3.44; N, 13.16; S, 10.03%)ux 1701 (C=0), 1628 (C=N), 1545 (N=0), 1313 (C-N),
697 cm' (C-S); 8 (CDCL+DMSO-ds) 6.78-7.66 (14H, m, Ar-H), 2.83 (2H, s, @H2.16 (6H, s, CO-CH). This
reaction was extended to synthesize other acetyWaliwes @b-g) from (5b-g) respectively: §b) (65%), m.p.
166°C; (60) (72%), m.p. 10%C; (6d) (72%), m.p. 11%C; (6€) (68%), m.p. 14%C; (6f) (75%), m.p. 13&; (769
(68%), m.p. 17%C.

RESULTS AND DISCUSSION

The parent compound 4,4’-methylene-bis-(2-nitrolia@) (3) was prepared by dissolving 2-nitro aniling) (
(0.01mole) in distilled water (15 mL) and 36.5% hychloric acid (2.5 mL) at €. The mixture was then treated
with 3% aqueous formaldehyde) ((3.5 mL) at 26C with stirring for 1 hr. and neutralized with 1086dium
hydroxide. It was transformed into 1-{4-[4-(3-arythiocarbamido)-3-nitro-benzyl]-2-nitro- phenyl}-3yd
thiocarbamides4@a-g by condensing it with different aryl isothiocyaes (0.02 mole) in refluxing chloroform
medium for 1.5 hr. The compoundda¢g were then transformed into {4-[4-(6-substitutezhbothiazol-2-yl-
amino)-3-nitro-benzyl]-2-nitro-phenyl}-6-substit@tdenzothiazol-2-yl-amine$4-g) by their oxidative cyclization
using the solution of bromine in chloroform. ThecBon mixtures were left over night at room tenapere and
separated solids were crystallized by ethanol. & kesse acidic to litmus and on determination ofiegjent weight
found to be the {4-[4-(6-substituted-benzothiazefzamino)-3-nitro-benzyl]-2-nitro-phenyl}-6-substited-
benzothiazol-2-yl-amine hydrobromides. These orifibason with dilute ammonium hydroxide solutiofff@ded
free bases5a-g. CompoundsHa-g) on acylation with mixture acetic anhydride andaihl acetic acid afforded di-
acetyl derivativesga-g) (Scheme L

Biological evaluation

The synthesized compoundsatg were screened for their antibacterial activitingscup plate diffusion method
[21,22]. The bacterial organisms used included lgpgm-positive as well as gram-negative strains tik coli, S.
aureus, S. typhi, B. subtilendA. aerogenesSensitivity plates were seeded with a bacterinbculum of 1x16
CIU mI™ and each well (diameter 10 mm) was loaded withfl.&f test compound solution (1000 pg’inin DMF,
so that concentration of each test compound wagih0@I*. The zones of inhibition were recorded after iratidn
for 24 hr. at 37C, using Vernier caliper. Inhibition zone recordtoé compounds clearly indicated thab), (5d)
and 6€) were highly active again&. coli, S. aureusS. typhiand moderately active agaimst aerogenesMajority
of the compounds were found inactive agaBissubtilis(Table 1).

To determine minimum inhibitory concentration (MJGhe serial dilution technique [23}as followed using
nutrient broth medium. The MIC values of compou(s (5d) and 6€), were determined agairist coli, S. aureus
andS. typhj which were found to be 79, 88 and 76 ud nelspectively.

Screening of these compoundsm{g) having the concentration 1%, for antifungal atyiwsing paper disc method
[24] showed thatgd), (5€) and(5f) were highly active againgt. niger, whereas other compounds showed low to
moderate activity. The zones of inhibition wereareted after incubation for 48 hr. at’87
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Where, 4a-g : H, 2-CH3-CH,, 4-CH,, 2-Cl, 3-Cl, 4-Cl
5,6a-g : H, 4-CH5-CH,, 6-CH,, 4-Cl, 5-Cl, 6-Cl
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CONCLUSION

In present work, synthesis of {4-[4-(6-substitutaelhzothiazol-2-yl-amino)-3-nitro-benzyl]-2-nitro-gmyl}-6-
substituted-benzothiazol-2-yl-amineSafg and its acetyl derivatives54-g) have been reported. The method
applied for the synthesis is quite efficient. Bigittal evaluation of these compounds revealed thast of the
compounds have better antibacterial and antifuagiities.
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