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ABSTRACT

Some 2-aryl-3-(substituted benzothiazolyl)-1,3#bialine-4-ones have been synthesized by the
reaction of substituted-2-aminobenzothiazole wittonsatic aldehyde (benzaldehyde, p-
chlorobenzaldehyde, anisaldehyde, salicylaldehyfidlpwed by cyclic condensation with
mercapto acetic acid. All the synthesized compouwvete characterized by elemental analysis,
IR spectra,'H NMR and Mass spectral studies. These were sadefametheir entomological
(Antifeedant activity, Acaricidal activity, Contatiixicity, Stomach toxicity) and antibacterial
activities.

Keywords: Benzothiazole, Thiazolidinone, Entomological andiBacterial activities.

INTRODUCTION

The survey of literature related to benzothiazalesvatives having conjugated system with
donor and acceptor end groups (a push-pull streicane well known pharmaceutical substances
[1] as well as compounds suitable as nonlinear optioaterials, molecular dyads and
chemosensors [2]. They are also useful as antitir{B-7], antheltminitic [8], antiviral [9],
antileishmanial [10], fungicidal [11], antibactdr{a2], antirheumatic [13], antituberculotic [14],
anti-inflammatory [15], central nervous system (QNB8epressant [16], antiviral [17],
antheltminitic [18], antitumor [19-21], antileishmal [20] etc. 2-(4-Aminophenyl)
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benzothiazole derivatives were extensively studied their anticancer activity [22]The
chemistry of thiazolidin-4-one ring systems is ofsiderable interest as it is a core structure in
various synthetic pharmaceuticals displaying a d¢brepectrum of biological activities [10].
Thiazolidin-4-one a saturated form of thiazole wadrbonyl group on fourth carbon has been
considered as a magic moiety (wonder nucleus) whizéses almost all types of biological
activities such as hypnotic [23], anti-HIV [24], hibition of gastric HK*-ATPase [25],
antifungal [26,], antibacterial [27], antituberaul[27], antheltminitic [27], antihistaminic(H1-
antagonist) [27], antiviral [27], anti-inflammatdGOX-inhibitors) [28], analgesic [28],
antimicrobial [29-30], diuretic [31] antitumor2® anticancer [33], PAF antagonist [3d&rdio
protective [35], anti-ischemic [36], C& channel blocker [37], cycloxygenase inhibitory ]j38
hypo-glycemic [39], anti-platelet activating fac{d0], non-peptide thrombin receptor antagonist
[41] and tumor necrosis factarantagonist activities [42] and CFTR inhibitor [43]

Looking at the importance of these heterocycliclaiud is thought of interest to accommodate
thiazolidin-4-one and 2-aminobenzothiazole moieiesingle molecular framework and screen
them for their various biological activities. Inrtuation to our research work on benzothiazole
derivatives [44] we are reporting the synthesis antbmological and antibacterial activities of
substitutes-3-(benzothiazolyl)-1,3-thiazolidinedes. 2-Amino-6-substitutedbenzothiazoles on
reaction with substituted aromatic aldehydes gifarg2lidenimino)-6-substitutedbenzothiazoles
(1), which on reaction with mercapto acetic acid giearyl-3-(substituted benzothiazolyl)-1,3-
thiazolidine-4-ones 2) (Scheme 1). The structures of all the synthesizechpounds were
established on the basis of spectroscopic and tcedlgata.

MATERIALS AND METHODS
General Procedures
Reagent grade chemicals were used without furthefigation. All the melting points were
taken in open capillaries and are uncorrected. Jimty of the synthesized compounds was
checked by Thin Layer Chromatography. IR spectraewseanned on FT IR Perkins Elmer
(Spectrum RX1) spectrophotometerif crmi) using a KBr disc*H NMR spectral was recorded
in CDCL/DMSO with tetramethylsilane (TMS) as the interatgndard at 300 MHz on a Bruker
DRTX-300 spectrophotometer. The chemical shiftsraported as parts per million (ppm). Fast
atom bombardment mass spectra (FABMS) were recoothed Jeol SX-102/DA-6000 mass
spectrophotometer/data system using Argon/Xenork\{6 10 mA) as the FAB gas. The
accelerating potential was 10 kV. The elementallysisa of compounds was performed on
Elementar Vario EL Ill Carlo Erba-1108 elementahigmer.

General Proceduresfor the synthesis of 2-(arylidenimino)-substituted benzothiazoles 1(a-l)

A mixture of 2-amino-substituted benzothiazole 10.0nole) and aromatic aldehyde
(benzaldehydep-chlorobenzaldehyde, anisaldehyde, salicylaldehyd€)l mole) was refluxed
in absolute ethanol (40 mL) for 3 hrs. The excedgent was then distilled off and the resulting
solid washed with water, dried and recrystallizexhf ethanol.

Spectral and microanalysis data for compounds 1(a-1)
2-(Benzylidenoimino)-6-chlorobenzothiazole (1a)

Yield 68%. m.p.159-162C. IR (KBr, cm?): 3095 (Ar-H), 2975 (aliphatic CH), 1635 (C=N),
1562 (Ar-C=C), 811 (C-Cl)'H-NMR (CDCk &, ppm): 7.11-7.52 (m, 8H, Ar-H), 4.90 (s, 1H,
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N=CH). MS 273 (M+). Anal. Calcd for GHoN,SCl: C- 61.65%, H- 3.33%, N- 10.27% S-
11.76%, Found : C- 61.60%, H- 3.30%, N- 10.23% S4%.

2-(2’-Hydroxybenzylidenoimino)-6-chlorobenzothiazoé(1b)

Yield 67%. m.p.143-148C . IR (KBr, cm): 3080 (Ar-H), 2965 (aliphatic CH) , 1615 (C=N),
1553 (Ar-C=C), 810 (C-ClI)*H-NMR (CDCk &, ppm): 7.01-7.32 (m, 8H, Ar-H) ,4.92 (s, 1H,
N=CH) , 8.54 (s, 1H, Ar-OH). MS 289 (M+). Anal. Icd for C;4HoN,OSCI: C- 58.23%, H-
3.14%, N- 9.70%, S-11.10%, Found C- 58.19%, H1%1N- 9.66% ,S-11.05%.

2-(4’-Methoxybenzylidenoimino)-6-chlorobenzothiaza(1c)

Yield 65%. m.p.108-116C. IR (KBr, cmi): 3088 (Ar-H), 2977 (aliphatic CH) , 1612 (C=N),
1540 (Ar-C=C), 815 (C-Cl)*H-NMR (CDCk &, ppm): 7.14-7.51 (m, 8H, Ar-H) ,4.98 (s, 1H,
N=CH),3.8 (s, 3H, Ar-OCk. MS 303 (M+). Anal. Calcd for £gH1;N,OSCI: C- 59.50%, H-
3.36%, N- 9.25% ,S-10.59%; Found C- 59.44%, H- %3R- 9.21% ,S-10.55%.

2-(4’-Chlorobenzylidenoimino)-6-chlorobenzothiazoléld)
Yield 67%. m.p.190-193C. IR (KBr, cm?): 3090 (Ar-H), 2980 (aliphatic CH), 1610 (C=N),
1558 (Ar-C=C), 812 (C-CI)*H-NMR (CDCk 8, ppm): 7.09-7.35 (m, 8H, Ar-H), 4.85 (s, 1H,
N=CH). MS 307 (M+). Anal. Calcd for gHsN,SCh : C- 54.74%, H- 2.62%, N- 9.12% ,S-
10.44%; Found C- 53.69%, H- 2.59%, N- 9.08% S-Q%4

2-(Benzylidenoimino)-6-ethoxtbenzothiazole(1e)

Yield 70%. m.p.147-1568C. IR (KBr, cm'): 3087 (Ar-H), 2970 (aliphatic CH), 1610 (C=N),
1545 (Ar-C=C), 1058 (C-O-CYH-NMR (CDClk 8, ppm): 7.01-7.42 (m, 8H, Ar-H), 5.15 (s, 1H,
N=CH), 4.06 (g, 1H, OCH), 1.43 (t, 3H, CH). MS 282 (M+). Anal. Calcd for C {gH;4N,OS:
C- 68.06%, H- 5.00%, N- 9.92% S-11.36%, Found 6&00%, H- 9.96%, N- 9.89%, S-11.32%.

2-(2’-Hydroxybenzylidenoimino)-6-ethoxtbenzothiaza(1f)

Yield 65%. m.p.120-123C. IR (KBr, cm®): 3410 (OH), 3080 (Ar-H), 2983 (aliphatic CH),
1615 (C=N), 1549 (Ar-C=C), 1054 (C-O-CH-NMR (CDCk &, ppm): 7.31-7.62 (m, 8H, Ar-
H), 5.12 (s, 1H, N=CH), 4.04 (q, 2H, OGM 1.40 (t, 3H, CH). MS 298 (M+). Anal. Calcd for
Ci6H14aN205S: C- 64.41%, H- 4.73%, N- 9.39%, S-10.75%, Foundb&€38%, H- 4.70%, N-
9.36%, S-10.71%.

2-(4’-Methoxybenzylidenoimino)-6-ethoxtbenzothiaza(19)

Yield 62%. m.p.148-158C. IR (KBr, cm'): 3085 (Ar-H), 2970 (aliphatic CH) , 1610 (C=N),
1540 (Ar-C=C), 1050 (C-O-CJH-NMR (CDCl 8, ppm): 7.02-7.32 (m, 8H, Ar-H), 5.11 (s, 1H,
N=CH), 4.06 (q, 2H, OCH), 1.43 (t, 3H, CH), 3.89 (s, 3H, Ar-OCH. MS 312 (M+). Anal.
Calcd for G/H1eN20,S: C- 65.36%, H- 5.16%, N- 8.97% S-10.26%, Found68:31%, H-
5.13%, N- 8.94% S-10.24%.

2-(4’-Chlorobenzylidenoimino)-6-ethoxtbenzothiazol€lLh)

Yield 65%. m.p.138-148C. IR (KBr, cm?): 3065 (Ar-H), 2974 (aliphatic CH), 1613 (C=N),
1550 (Ar-C=C), 1058 (C-O-CJH-NMR (CDCl 8, ppm): 7.05-7.35 (m, 8H, Ar-H), 5.15 (s, 1H,
N=CH), 4.04 (g, 2H, OCHl), 1.46 (t, 3H, CH). MS 317 (M+). Anal. Calcd for £gH13N>-OSCI:
C- 60.66%, H- 4.14%, N- 8.84%, S-10.12%, Foun@.66%, H- 4.11%, N- 8.80%, S-10.11%.
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2-(Benzylidenoimino)-6-methylbenzothiazole(1i)

Yield 65%. m.p. 130-135C. IR (KBr, cmi®): 3030 (Ar-H), 2980 (aliphatic CH), 1610 (C=N),
1535 (Ar-C=C).'H-NMR (CDCl; 3, ppm): 7.00-7.29 (m, 8H, Ar-H), 5.16 (s, 1H, N=GH.3
(s, 3H, Ar-CH). MS 252 (M+). Anal. Calcd for H12N,S: C- 71.40%, H- 4.79%, N-
11.10%,S-12.71% Found C- 71.37%, H- 4.76%, N- T%C5-12.67%.

2-(2’-Hydroxybenzylidenoimino)-6-methylbenzothiazog (1))

Yield 65%. m.p. 110-118C. IR (KBr, cm®): 3410 (OH), 3020 (Ar-H), 2984 (aliphatic CH) ,
1615 (C=N), 1556 (Ar-C=C):H-NMR (CDCk &, ppm): 9.27 (s, 1H, OH), 7.21 -7.49 (m, 7H,
Ar-H), 5.23 (s, 1H, N=CH), 1.76 (s, 3H, Ar-GH MS 268 (M+). Anal. Calcd for gH1.N,OS
C- 67.14%, H- 4.51%, N- 10.44%, S-11.95%, Found6Z-10%, H- 4.47%, N- 10.41% S-
11.92%.

2-(4’-Methoxybenzylidenoimino)-6-methylbenzothiazat(1k)

Yield 65%. m.p. 101-104C. IR (KBr, cm®): 3025 (Ar-H), 2983 (aliphatic CH) , 1620 (C=N),
1546 (Ar-C=C), 1049 (C-O-CJH-NMR (CDCk 5, ppm): 7.21-7.85 (m, 7H, Ar-H), 5.16 (s, 1H,
N=CH), 3.8 (s, 3H, Ar-OCh), 2.01 (s, 3H, Ar-Ch. MS 282 (M+). Anal. Calcd for
C16H14N20S: C- 68.06%, H- 5.00%, N- 9.92%, S-11.36% Found68.01%, H- 4.97%, N-
9.89%,S-11.33%.

2-(4’-Chlorobenzylidenoimino)-6-methylbenzothiazoléll)

Yield 65%. m.p. 120-125C. IR (KBr, cmi®): 3021 (Ar-H), 2989 (aliphatic CH), 1618 (C=N),
1549 (Ar-C=C), 810 (C-Cl)*H-NMR (CDCk &, ppm): 7.01- 7.56 (m, 7H, Ar-H), 5.15 (s, 1H,
N=CH), 2.50 (s, 3H, Ar-Ck). MS 287 (M+). Anal. Calcd for £sH11N,SCI: C- 62.82%, H-
3.87%, N- 9.77,S-11.18% Found C-62.77%, H-3.84%0Q M4% S-11.15%.

Preparation of 2-aryl 3-(6-substituted benzothiazolyl)-1,3-thiazolidine- 4-ones 2(a-l)

A mixture of 1(a-I) (0.01 mole) and mercapto aceticacid (0.012 matke)DMF (25 mL)
containing a pinch of anhydrous ZnGVas refluxed for 8 hrs. The reaction mixture wasnt
cooled and poured into ice-cold water. The resgl8olid was filtered, washed several times
with water and then crystallized from DMF to gi®@-l) Scheme-1.

Spectral and microanalysis data for compounds 2(a-1)
3-(6-Chloro-1,3-benzothiazol-2-yl)-2-phenyl-1,3-tld@zolidin-4-one(2a)

Yield 56%. m.p. 187-188C. IR (KBr, cm'): 3081 (Ar-CH), 2980 (N-CH-S), 2962 (Gtp),
1719 (cyclic C=0), 1570 (Ar-C=C), 810 (C-CfH-NMR (CDCk &, ppm): 7.25- 7.52 (m, 8H,
Ar-H) , 3.57 (s, 2H, S-Ch, 3.23 (s, 1H, N-CH-Ar). MS 347 (M+). Anal. Calcfbr
Ci16H11N2S,0OCI: C- 55.40%, H- 3.20%, N- 8.08%, S-18.49% Fo@id55.35%, H- 3.17%, N-
8.05%, S-18.46%.

3-(6-Chloro-1,3-benzothiazol-2-yl)-2-(2-hydroxyphewl)-1,3-thiazolidin-4-one(2b)

Yield 54%. m.p. 171-174C. IR (KBr, cnmi): 3410 (OH), 3090 (Ar-CH), 2972 (N-CH-S), 2969
(CH.-S), 1715 (cyclic C=0), 1580 (Ar C=C), 811 (C-CH-NMR (CDCk &, ppm): 8.50 (s, 1H,
OH), 7.01-7.43 (m, 7H, Ar-H), 3. 54 (s, 2H, S-gH3.20 (s, 1H, N-CH-Ar). MS 363 (M+).
Anal. Calcd for GgH11N2S,0.Cl: C- 52.96%, H- 3.06%, N- 7.72%, S-17.67% Found C
52.91%, H- 3.03%, N- 7.69%, S-17.65%.
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3-(6-Chloro-1,3-benzothiazol-2-yl)-2-(4-methoxyphe)-1,3-thiazolidin-4-one(2c)

Yield 52%. m.p. 139-14%£C. IR (KBr, cm®): 3084 (Ar-CH), 2975 (N-CH-S), 2960 (GB),
1712 (cyclic C=0), 1576 (Ar C=C), 1025 (C-O-C), @-Cl). *H-NMR (CDCk &, ppm): 6.99-
7.29 (m, 7H, Ar-H), 3.45(s, 2H, S-GH 3.82 (s, 3H, Ar-OCh), 3.21 (s, 1H, N-CH-Ar). MS
377 (M+). Anal. Calcd for GH13N2S,0,Cl: C- 54.18%, H- 3.48%, N- 7.43%, S-17.02%, Found
C- 54.12%, H- 3.45%, N- 7.40%, S-16.99%.

3-(6-Chloro-1,3-benzothiazol-2-yl)-2-(4-chloroypheyi)-1,3-thiazolidin-4-one(2d)

Yield 58%. m.p. 141-144C. IR (KBr, cm®): 3080 (Ar-CH), 2974 (N-CH-S); 2962 (GFS$),
1715 (cyclic C=0), 1580 (Ar-C=C), 815 (C-CIH-NMR (CDCk &, ppm): 7.15- 7.37 (m, 7H,
Ar-H), 3.50 (s, 2H, S-Ch, 3.23 (s, 1H, N-CH-Ar). MS 381 (M+). Anal. Calctbr
Ci16H10N2S,0Cly: C- 50.40%, H- 2.64%, N- 7.35%, S-16.82%, Founcb@35%, H- 2.61%, N-
7.32%, S-16.79%.

3-(6-Ethoxy-1,3-benzothiazol-2-yl)-2-phenyl-1,3-tlizolidin-4-one(2e)

Yield 53%. m.p. 142-145C. IR (KBr, cm'): 3076 (Ar-CH), 2970 (N-CH-S), 2930 (G}B),
1709 (cyclic C=0), 1576 (Ar-C=C), 1055 (C-O-GH-NMR (CDCk &, ppm): 7.15-7.48 (m, 8H,
Ar-H), 4.04 (q, 2H, OCHl), 3.45 (s, 2H, S-C}), 3.24 (s, 1H, N-CH-Ar), 1.40 (t, 3H, GH MS
357 (M+). Anal. Calcd for gH16N2S,0,: C- 60.65%, H- 4.52%, N- 7.86% , S-17.99%, Found -
60.59%, H- 4.49%, N- 7.83% , S-17.96%.

3-(6-Ethoxy-1,3-benzothiazol-2-yl)-2-(2-hydroxypheyi)-1,3-thiazolidin-4-one(2f)

Yield 58%. m.p.120-12Z. IR (KBr, cni’): 3380 (OH), 3070 (Ar-CH), 2965 (N-CH-S), 2922
(CH,-S), 1698 (cyclic C=0), 1560 (Ar-C=C), 1090 (C-O-¢j-NMR (CDCk &, ppm): 7.01-
7.33 (m, 8H, Ar-H), 4.09 (g, 2H, OGH, 3.42 (s, 2H, S-C§J, 3.19 (s, 1H, N-CH-Ar), 1.42 (t,
3H, CHs). MS 372 (M+). Anal. Calcd for fgH16N,$,03: C- 58.04%, H- 4.33%, N- 7.52%, S-
17.22%, Found C- 58.00%, H- 4.30%, N- 7.49%, S-9%.

3-(6-Ethoxy-1,3-benzothiazol-2-yl)-2-(4-methoxypheyt)-1,3-thiazolidin-4-one(2g)

Yield 50%. m.p.128-13%C. IR (KBr, cmi'): 3110 (Ar-CH), 2933 (N-CH-S), 2922 (G5), 1700
(cyclic C=0), 1605 (Ar-C=C), 1059 (C-O-CH-NMR (CDCk 5, ppm): 7.11-7.43 (m, 7H, Ar-
H), 4.05 (g, 2H, OCH), 3.80 (s, 3H, Ar-OCH), 3.42 (s, 2H, S-C§J, 3.21 (s, 1H, N-CH-Ar) ,
1.40 (t, 3H, CH). MS 386 (M+). Anal. Calcd for gH1gN2S,03: C- 59.05%, H- 4.69%, N-
7.25%, S-16.59%, Found C- 59.00%, H- 4.65%, N2%2S-16.56%.

3-(6-Ethoxy-1,3-benzothiazol-2-yl)-2-(4-chloroypheyl)-1,3-thiazolidin-4-one(2h)

Yield 56%. m.p.110-113C. IR (KBr, cm'): 3152 (Ar-CH), 2974 (N-CH-S); 2925 (GFS$),
1712 (cyclic C=0), 1545 (Ar-C=C), 1041 (C-O-C), 8(®©-Cl). 'H-NMR (CDCk &, ppm):
7.11-7.47 (m, 8H, Ar-H), 4.01 (q, 2H, OGH 3.45 (s, 2H, S-C}), 3.20 (s, 1H, N-CH-Ar) , 1.39
(t, 3H, CH;). MS 391 (M+). Anal. Calcd for gH15N2S,0,Cl: C- 55.31%, H- 3.87%, N- 7.17%,
S-16.41% Found C- 55.28%, H- 3.84%, N- 7.14%, S39%.

3-(6-Methyl-1,3-benzothiazol-2-yl)-2-phenyl-1,3-ttazolidin-4-one(2i)

Yield 50%. m.p.120-12Z. IR (KBr, cmi): 3070 (Ar-CH), 2965 (N-CH-S); 2950 (G+5), 1698
(cyclic C=0), 1555 (Ar-C=C)*H-NMR (CDCl 8, ppm): 7.10- 7.39 (m, 8H, Ar-H) , 3.71 (s, 2H,
S-CH,), 3.20 (s, 1H, N-CH-Ar), 2.21 (s, 3H, Ar-GH MS 326 (M+). Anal. Calcd for
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Ci7H1aN20S: C- 62.55%, H- 4.32%, N- 8.58%,5-19.65%, Found62:50%, H- 4.29%, N-
8.59%, S-19.61%.

3-(6-Methyl-1,3-benzothiazol-2-yl)-2-(2-hydroxyphewl)-1,3-thiazolidin-4-one(2j)

Yield 51%. m.p.121-12%€. IR (KBr, cmi'): 3407 (OH), 3065 (Ar-CH), 2962 (N-CH-S); 2953
(CH,-S), 1700 (cyclic C=0), 1548 (Ar-C=CY-NMR (CDCk &, ppm): 7.02- 7.42 (m, 7H, Ar-
H) , 3.70 (s, 2H, S-C}), 2.49 (s, 3H, Ar- Ch), 3.30 (s, 1H, N-CH-Ar). MS 342 (M+). Anal.
Calcd for G7H14N20.S, @ C- 59.63%, H- 4.12%, N- 8.18%,S-18.73% Found £3.59%, H-
4.09%, N- 8.15%, S-18.70%.

3-(6-Methyl-1,3-benzothiazol-2-yl)-2-(4-methoxypheyl)-1,3-thiazolidin-4-one(2Kk)

Yield 49%. m.p.131-13€. IR (KBr, cm'): 3060 (Ar-CH), 2970 (N-CH-S), 2956 (GF$),
1712 (cyclic C=0), 1577 (Ar-C=C), 1025 (C-O-CH-NMR (CDCk &, ppm): 7.10- 7.36m,
7H, Ar-H) , 3.58 (s, 2H, S-C§)l, 3.75 (s, 3H, Ar-OCHh), 3.20 (s, 1H, N-CH-Ar), 2.51 (s, 3H, Ar-
CHs). MS 356 (M+). Anal. Calcd for fgH16N20,S;: C- 60.65%, H- 4.52%, N- 7.86%,S-17.99%
Found C- 60.61%, H- 4.48%, N- 7.83%, S-17.96%.

3-(6-Methyl-1,3-benzothiazol-2-yl)-2-(4-chloroyphewl)-1,3-thiazolidin-4-one(2l)

Yield 52%. m.p.135-13C. IR (KBr, cni): 3065 (Ar-CH), 2970 (N-CH-S), 2962 (G+B), 1578
(Ar-C=C), 1705 (cyclic C=0), 810 (C-CH-NMR (CDCk &, ppm): 7.01- 7.22 (m, 7H, Ar-H) ,
3.45 (s, 2H, S-ChJ, 2.63 (s, 3H, Ar-Ch), 3.25 (s, 1H, N-CH-Ar). MS 361 (M+). Anal. Calcd
for Ci17H13N,0OSCl: C- 56.58%, H- 3.63%, N- 7.76%, S-17.77% Foundb6.52%, H- 3.60%,
N- 7.74%, S-17.74%.

Antibacterial activity

All the synthesized compounds were tested agarash gositive bacteri&taphylococcus aureus
andMicrococcus luteuand gram negative bactertgéscherichia colandKlebsiella speciesising
paper disc method [45]. Muller Hinton Agar (Hi-MadPvt. Ltd. Mumbai, India) was used to
culture the test bacteria. The microbial cultureravgrown at 37°C for 8 hours and then
appropriately diluted with sterile 0.8% saline dmn. The concentration of test drugs was kept
200 pg/mL and 100 pg/mL in DMF. Standard drugs Btmaycin and Ceftazidime were used
for comparison. The antimicrobial activity was exsied by measuring the zones of growth
inhibition around disc of test organism (Table 1).

Entomological activity

The newly synthesized compounds were also screeaedor their entomological activity
(Antifeedant, Acaricidal, Contact toxicity and Staoh toxicity ) against Spodoptera litura (an
insect which damages the Indian agriculture cr@psg) Tetranychus urticae of mites (damage
house goods) respectively.

Antifeedant activity

The antifeedant activity of these compounds wasdezhout by leaf dip method [46, 47], using
fourth instars larvae of Spodoptera litura. Thef ldiscs of about 25 chrwere prepared and
dipped for thirty seconds in various test compoufde leaf discs were air-dried to evaporate
the excess acetone and offered for feeding. Thexiasvere allowed to feed for 24 hrs. After 24
hrs leaf area uneaten was measured by using leafraeter. The difference between leaf area
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provided and the leaf area uneaten is taken as ranawjuleaf area consumed. The feeding
inhibition was calculated and used for calculatidreffective concentration (&g LDsg) using
Maximum Likelihood Programmer (MLP 3.01). The résulof antifeedant activity are
summarized in (Table 2).

Acaricidal activity

The acaricidal activity of these compounds wasiedrout by leaf dip method [46, 47] Leaf
discs of Mulberry (5 cfdiameter) were dipped in different compounds for s&conds to
remove the excess of acetone and placed over wtenco Petri plate. The adult female mites
were released on treated leaf discs and mortabty dvere recorded after 24 hours. Mites
(Tetranychus urticaereleased on leaf treated only with acetone aretw20 emulsifier served
as control. The mortality data were used for caliboh of LGy LDsp using Maximum
Likelihood Programmer (MLP 3.01). The results o&rcidal activity are summarized in (Table
3).

Contact toxicity

The contact toxicity of these compounds was camigidby topical application method, [48, 49]
against larvae dbpodoptera liturawhich is harmful for Indian crops. First the givesmpounds
were dissolved in acetone than each compound wagedmn the dorsal surface of the larvae.
About 10 pL concentration of each compound wasiegmn each larva. Some of the larvae of
insect were treated by acetone alone, works asatoiihe mortality data was recorded after 24
hrs, and the treated mortality was corrected wathitiol morality. These corrected mortality data
was used for calculation of lsg LDsg using Maximum Likelihood Programmer (MLP 3.01).
The results of contact toxicity are summarizedTiale 4).

Stomach toxicity

The stomach toxicity of these compounds was cawigdby leaf dip method [46, 47In this
method we used fourth instar larvaeSplodoptera liturabf an insect which is responsible for the
damage of Indian agricultural crops. Ten larvaeewased for each replication and three
replications were maintained for each compound. §iven compounds were dissolved in
acetone. The leaf disc were prepared out of cdstdrand dipped in solutions of the test
compounds for thirty seconds. The leaf discs werdreed to evaporate the excess acetone. (The
leaf discs dipped only in acetone served as cgnifbke mortality data was recorded after 24 hrs,
and the treatment mortality was corrected with m@nhortality. These mortality data were used
for calculation of LGy/LDsousing Maximum Likelihood Programmer (MLP 3.01). Tesults of
stomach toxicity are summarized in (Table 5).

RESULTS AND DISCUSSION

Chemistry

2-Amino-6-substituted benzothiazole on reactionhwstibstituted aromatic aldehyde gives 2-
(arylidenimino)-6-substituted benzothiaz¢lgd. The compound on reaction with mercapto acetic
acid gives 2-aryl-3-(substituted benzothiazolyB-fhiazolidine-4-ones(2) (Scheme-1). The
structures of all the synthesized compounds wetabkshed on the basis of spectroscopic and
analytical data. The elemental analysis (C, N, id &y found for all the condensed products
were in close agreement with the calculated valDesappearance of NHpeaks in IR spectra of
compound 1(a-l) supports the formation ofi(a-l) by the condensation of substituted-2-
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aminobenzothiazoles with aromatic aldehydes. Thegdéttra of compoundXa-I) display two
characteristic bands at 1720-1680tand 2990- 2860 cihdue to C=0O and CHstretching
respectively. The molecular ion peaks are in agreement with tldeonlar weight of the
synthesized compounds.

IS
R S

ArCHO| Ethanol

N
\>
R/©is N\> + Hs” cooH

1(a -l) Ar
Anhy.ZnCl, | pME

Ar

fesse

2(a -y 4
R= Cl, OGHs, CH;, Ar=gBs, 0-GH4OH, p-GH4OCHs, p-GH4CI

Scheme-1. Synthesis of 2-aryl 3-(-6-substituted basthiazolyl)-1,3-thiazolidine- 4-ones

Antibacterial activity

The antibacterial activity of all the synthesizedmpounds were testeth-vitro against
pathogenicE. coli, K. species, M. lutiuand S. aureusand the results were compared with
standard drugs (Streptomycin and Ceftazidime).aseofE. coli compound®a and 2| exhibit
higher activity at 200 pg/mL whil2b, 2c, 2d, 2h, 2and 2k show moderate activity. In case of
K. speciescompoundf2a, 2b, 2c, 2d, 2h, 2land 2| shows moderate activity. Compoué
shows good activity while other compouldshow moderate activity in case $f aureusvhile
rest of the compounds possess less activity. le c@dW. lutius compounds2l shows good
activity than the rest of the compounds. The presei chloro and methyl groups, 2a and?2l,
play an important role in activity, while in compuali2k presence of a methyl group, along with
methoxy group, justify the activity. It may be falthat the nitro group present on the phenyl
ring generally forms complexes with metaloenzynpasticularly those which are responsible in
basic physiology such as cytochrome oxidase. Thes@apounds may react with the
peptidoglycan layer of the bacterial cell wall atainage it by penetrating in such a manner that
the phenyl ring gets entered inside the cell bycpuning it, followed by bacterial cell death [50].
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Table 1. The zone of inhibition of the synthesizedompound as well as standard drugs tested for antitcterial activity (1a-

2l)
E. coli K species. S.aureus M. lutius
Compounds R AT 200 | 100 | 200 100 | 200 [ 100 | 200 100
la Cl CeHs +++ ++ +++ ++ +++ ++ ++ ++
1b Cl 0-C¢H,OH ++ + +++ ++ ++ + ++ +
1c Cl p-CsH,OCH; ++ + ++ ++ ++ + ++ +
1d Cl p-CgH,4ClI +++ ++ ++ ++ +++ + +++ ++
le OC,Hs CeHs ++ + ++ + + -- ++ +
1f OCHs | 0-CgH,OH + + ++ -- + - ++ +
1g OCHs | p-C¢H.OCH, ++ + ++ + + -- ++ +
1h OC;Hs p-CeH,4ClI ++ ++ ++ ++ ++ + +++ ++
Li CH; CeHs +++ ++ +++ ++ +++ ++ +++ +
1j CH; 0-CgH,OH ++ + ++ + ++ + ++ +
1k CH; p-CeH,OCH; +++ + ++ ++ ++ + ++ +
1l CH; p-CeH.Cl ++ ++ ++ + ++ + ++ ++
2a Cl CeHs ++++ +++ +++ ++ ++ ++ +++ ++
2b Cl 0-GH,OH +++ ++ +++ ++ ++ ++ ++ ++
2c Cl p-C¢H,OCH; +++ ++ +++ ++ ++ ++ +++ ++
2d Cl p-CsH.4Cl +++ +++ +++ +++ ++ ++ +++ ++
2e OC,Hs CeHs ++ + ++ + ++ ++ +++ ++
2f OC,Hs 0-C¢H,OH ++ + ++ + ++ ++ +++ ++
29 OCHs | p-C¢H.OCH, ++ + ++ + ++ ++ +++ ++
2h OC,Hs p-CsH4Cl +++ ++ +++ ++ ++ ++ +++ ++
2i CH; CsHs +++ ++ ++ ++ ++ ++ +++ ++
2j CH; 0-CgH,OH +++ ++ ++ ++ ++ + ++ ++
2k CH; p-CsH,OCH; +++ +++ +++ +++ ++++ +++ +++ ++
2l CH; p-CeH.Cl ++++ +++ +++ ++ +++ +++ ++++ +++
DMF - - -- -
Streptomycin ++++ ++++ +4+++ ++++
Ceftazidime 4+ ++++ ++++ ++++

Solutions are in pg/ mL; Data represent zones libition (mm) as follows: -- 0 mm, + 6-8 mm; ++ 2vhm; +++
13-19 mm; ++++ 20-26 mm

Sometimes these compounds when present in low obatens may cause bacteriostatic
conditions which slow down the growth of bactefiatjle 1).

Antifeedant activity

The antifeedant activity of the newly synthesizednpounds was tested by a leaf dip method
[36,37] against larvae @podoptera lituraThe results clearly indicate that the compou2als
2g and 2l show higher antifeedant activity against the larga¢he insect. Compound®, 2d,
2h, 2i and 2k show moderate activity while the rest of the comqutsuexhibit lower activity as
seen by their L&/LDsg results. The results clearly show that the presehchloro, methyl, and
ethoxy groups on the aromatic ring enhance theigctiThe presence of methoxy, chloro and
hydroxy group as on the aryl side ring also playsnaportant role in activity. It may be found
that these compounds may cause a spasm conditiosdats by interacting with the active site
of the enzyme responsible for nervous breakdownsects [51]

(Table 2).
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Table 2. Antifeedant activity of 2-aryl-3-(-6-subsituted benzothiazolyl)-1,3-thiazolidine-4-ones 2(#-

Compounds| Fiducial Limits Slop +| Chi. Sq. (3) | LGyLDso At 24 hrs.
2a 0.21-0.32 | 1.310.14| 5.70(3) 0.25
2b 0.49-0.76 | 1.5240.16| 2.59 (3) 0.58
2c 0.45-1.09 | 0.870.13| 1.71(3) 0.64
2d 0.33-0.61 | 1.00:0.13| 0.68(3) 0.43
2e 0.49-1.25 | 0.87:0.13| 0.89 (3) 0.71
2f 0.71-2.21 | 0.89:0.14| 0.20 (3) 1.08
29 0.30-0.48 | 1.25:0.15| 3.48 (3) 0.37
2h 0.43-0.87 | 1.03:0.14| 0.34(3) 0.58
2i 0.43-0.87 | 1.03t0.14| 0.34(3) 0.58
2j 0.84-2.34 |1.06:0.15| 0.70 (3) 1.24
2k 0.43-0.87 | 1.03:0.14| 0.34(3) 0.58
21 0.30-0.47 | 1.280.14| 3.42(3) 0.39

Acaricidal activity

The acaricidal activity of these compounds wasgreréd by the same method, as in the case of
antifeedant activity, again3tetranychus urticaea species of mite using acetone as a standard.
The results obtained clearly show that compo@ad 2b, 2e, 2gand 2h exhibit the highest
acaricidal activity with respect to the other compds. The higher activity of this compound is
due to the presence of polar groups in the moleculkich enhances the water and lipid
solubility of this compound. Rest of the compoustisews moderate activity against the mites
(Table 3).

Table 3. Acaricidal activity of 2-aryl-3-(-6-subsituted benzothiazolyl)-1,3-thiazolidine-4-ones 2(&

Compounds  Fiducial Limitg Slop + | Chi. Sq. (3)| LGJ/LDsgg At 24 hrs.
2a 0.04-0.09 0.70+0.06 4.61 (3) 0.05
2b 0.05-0.10 0.970.07 13.23 (3) 0.07
2c 0.08-0.23 0.65+0.07 6.12 (3) 0.13
2d 0.10-0.23 0.88t0.08 2.14 (3) 0.15
2e 0.05-0.10 0.970.08 13.22 (3) 0.07
2f 0.04-0.09 0.70+0.06 4.61(3) 0.15
29 0.05-0.10 0.870.07 20.01 (3) 0.07
2h 0.05-0.09 1.16£0.09 12.57 (3) 0.07
2i 0.08-0.23 0.65+0.07 6.12 (3) 0.13
2j 0.36-1.89 0.64+0.08 3.57 (3) 0.70
2k 0.16-0.37 0.09+0.09 8.28 (3) 0.23
2 0.08-0.20 0.75:0.7 5.53 (3) 0.12

Contact toxicity

The contact toxicity of these compounds was camigdby topical application method [48, 49],
against larvae dbpodoptera lituraThe results clearly indicate that the compoudid®gand?2|
show good activity and compourith, 2i and 2h show moderate activity and the rest of the
compounds show lower activity against the miteb(@4).
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Table 4. Contact toxicity of 2-aryl-3-(-6-substitued benzothiazolyl)-1,3-thiazolidine-4-ones 2(a-l)

Compounds| Fiducial Limitg Slop + | Chi. Sq. (3)] LG/LDgy At 24 hrs.
2a 1.87-12.08 | 1.09t0.19 | 1.60(3) 3.53
2b 0.72-1.46 | 1.71+0.18 | 3.32(3) 0.97
2c 1.61-9.30 | 1.0m0.17 | 0.67 (3) 2.83
2d 1.42-3.89 | 1.320.16 | 2.37(3) 2.12
2e 0.88-1.83 | 1.480.18 | 1.41(3) 118
2f 0.39-0.59 | 1.6#0.15 | 5.62(3) 0.46
29 0.39-0.59 | 1.67+0.15 | 5.62(3) 0.46
2h 0.74-1.32 | 1.62t0.18 | 3.24(3) 0.94
2i 0.74-1.32 | 1.620.18 | 3.24(3) 0.94
2] 1.57-9.32 | 1.0#0.17 | 0.72(3) 2.83
2k 1.61-9.30 | 1.07%0.17 | 0.67 (3) 2.83
2l 0.41-0.61 | 1.63:0.15 | 1.84(3) 0.49

Stomach toxicity

The stomach toxicity of these compounds was camgdby leaf dip method [46,4Th this
method we used fourth instars larvaeSpiodoptera lituraThe results clearly indicate that the
compound®h, 2k and2l show moderate stomach toxicity against the larfdbedinsect and the
rest of the compounds show lower activity againstrhites (Table 5).

Table 8. Stomach toxicity of 2-aryl-3-(-6-substituéd benzothiazolyl)-1,3-thiazolidine-4-ones 2(a-1)

Compounds Fiducial Limits Slop +| Chi. Sq. (3)
2a 2.49-39.65 0.93-0.18 0.501 (3) 5.88
2b 0.74-1.32| 1.62+0.18 3.24 (3) 0.94
2c 1.61-9.39| 1.01+0.17 0.69 (3) 2.93
2d 1.33-3.99| 1.420.20 2.38(3) 2.01
2e 0.82-1.67| 1.450.17 0.65 (3) 1.10
2f 1.61-9.55 1.0140.17 0.68 (3) 2.97
29 0.86-1.99| 1.28:0.16 0.80 (3) 1.20
2h 0.57-1.05| 1.32:0.15 0.63(3) 0.74
2i 0.85-1.82 1.22+0.16 0.72 (3) 112
2j 0.74-1.32 | 1.620.18 3.24 (3) 0.94
2k 0.54-0.90 | 1.49:0.16 3.39(3) 0.68
2l 0.49-0.77 1.570.16 2.79 (3) 0.60

CONCLUSION

All the newly synthesized compounds were screenedritibacterial activity at a concentration
of 200 pg/mL and 100 pg/mL using DMF as a contral &treptomycin and Ceftazidime used
as standard against gram positive and gram negha#igteria. The data in the Table 1 indicate
that among the synthesized compo@achnd2| possesses good activity. However, the activities
of the tested compounds are much less than thostaodlard antibacterial agents used. These
compounds show potent antifeedant, acaricidal iiesv From the results of various biological
activities it is clear that these compounds wowddbbetter use in drug development to combat
bacterial infections and as antifeedant and acali@gents in the future.
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