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ABSTRACT  
 
In last few decades, though significant progress has been made in the treatment and control 
strategies of tubercular infections by introducing new diagnostic and monitoring tools and 
combination therapy, it still continues to be severe problem. Thus with the aim of developing 
novel molecule with improved potency for treating Mycobacterium tuberculosis H37Rv strain 
infections and with decreased probability of developing drug resistance, herein we report the 
synthesis of isatinyl thiazole derivatives, starting from ethyl acetoacetate , by microwave 
organic reaction enhancement method (MORE) and results of investigations of their 
antimycobacterial and antimicrobial activities. Many compounds have shown promising 
activity while others were inactive. 
 
Key words: Thiazolidinone derivatives, azetidinone derivative, well diffusion method, broth 
microdilution assay. 
___________________________________________________________________________ 
 

INTRODUCTION 
 
Microbial infections remain the major cause of death over the world. Emergence of multi-
drug resistant to different infectious organisms like M. tuberculosis made the condition most 
alarming [1-2]. Therefore, there is an urgent demand for a new class of antimicrobial agent 
with a different mode of action and it led medicinal chemists to explore a wide variety of 
chemical structures. A de novo structural design has demonstrated that the thiazole 
derivatives especially with carbonyl group scaffold inhibit an enzyme RmlC which is 
essential component for the biosynthesis of dTDP-rhamnose.  dTDP-rhamnose is found in a 
variety of different glycol-conjugates in the cell walls of pathogenic bacteria [3]. While 
reports [4-5] are available stating emergence of thiazole as potent antibacterial agent. β-
Lactams are the most successful antimicrobials [6-9] till recent days, unless microorganisms 
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producing β-lactamase. Isatin derivatives are reported to show biological activity like 
antibacterial activity [10]. After extensive literature search, it was observed that, till date 
enough efforts have not been made to combine the moieties as a single molecular scaffold 
and to study its biological activity [11-12]. This initiated us constructing compounds 
containing both the isatinylthiazole, azetidinone and thiazolidinone ring systems in the same 
matrix to serve as a new scaffold. 
 
Microwave assisted reactions [13] using dry media[14] have attracted much interest because 
of the simplicity in operation, greater selectivity and rapid synthesis of variety of heterocyclic 
compounds [15]. Thus it was thought worthwhile to synthesize titled compounds using Green 
Route that is MORE method. 
 

MATERIALS AND METHODS 
 

Experimental: 
Scheme (Figure 1) for synthesis of 2-amino-4-methylthiazole-5-carboxylic acid ethyl ester 
(1) and its derivatives (2-6) [3-15]. The nucleus and its derivatives were analyzed by different 
ways. The melting points were recorded on electrothermal apparatus and are uncorrected. 
(IR) spectra were determined on Bruker IFS-66 FTIR (Bruker Bioscience, USA) using KBr 
pallets and wave number (í) was reported in cm-1.  1H NMR spectra on a Bruker Avance 300 
MHz instrument using CDCl3 as solvent using TMS as internal standard; the chemical shifts 
(δ) were reported in ppm with coupling constants (J) are given in Hz. Mass spectra were 
recorded on a Finning LCQ mass spectrometer. Microwave irradiation was carried out in 
Raga Scientific Microwave Systems,Model RG31L at 2450 MHz. Elemental analysis was 
performed on a Hera- cus CHN-Rapid Analyser. Analysis indicated by the symbols of the 
elements of functions was within ±0.4% of the theoretical values. The purity of the 
compounds was checked on silica gel coated Al plates (Merck). 
 
Synthesis of ethyl-2-amino–4-methylthiazol–5-carboxylate (1): 
Thiourea (0.01 mol), ethylacetoacetate (0.01 mol), N-bromo succinamide (0.01 mol), alumina 
and 1.5 ml dry ethanol were mixed and place in a 10 ml pressure tube. The mixture was 
placed to alumina bath and irradiation for 3.5 min. The mixture was then cooled and mixed 
K2CO3 solution to yield white precipitate of ethyl-2-amino-4-methylthiazol-5-carboxylate 
(1). The solid thus washed thoroughly with water and recrystallized from aq. Ethanol. Yield 
82 %. M.p.: 162-165 ºC; IR (KBr) cm-1: 3423 (NH2), 1605 (C=N), 693 (C-S-C), 1655 (C=O 
ethyl carboxylate), 1096 (C-O-C); 1H NMR (300 MHz, CDCl3): δ 2.03 (s, 2H, NH2), 2.41 (s, 
3H, CH3), 4.2-4.7 (q, 2H, CH2 ethyl carboxylate, J = 4.2 Hz), 1.28-1.42 (t, 3H, CH3 of ethyl 
carboxylate, J = 4.6 Hz); MS (m/z): 186 (M+, 55), 141 (32.4), 113 (53.7), 98 (100), 85 (12.8), 
48 (7.2); Anal. Calcd. for C7H10N2O2S (186.23): C, 45.15; H, 5.41; N, 5.04 %. Found: C, 
45.24; H, 5.53; N, 15.11 %. 
 
Synthesis of 4 - Methyl – 2 - (2-oxo-1, 2-dihydro-indol-3-ylideneamino)-thiazole -5 -carboxylic 
acid ethyl ester (2): 
A solution of Ethyl-2-amino–4-methylthiazol–5-carboxylate (1) (0.02 mol) with isatin (0.02 
mol) was prepared in 10 ml ethanol containing 1 ml glacial acetic acid. To this acidic alumina 
(10 g) was added. Ethanol then was evaporated in vacuo, and mixture was kept inside the 
alumina bath and irradiated for 15 min at the power level of 300 W. The mixture was cooled 
and poured on ice.   
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Figure 1: Scheme for synthesis of isatinyl thiazole derivatives 
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 The solid thus separated was filtered and extracted with ether. Ether was distilled off and 
product  obtained  was crystallized from hot ethanol-chloroform mixture to furnish the 
product  (2). Yield 73 %. M.p.: 220-223 ºC; IR (KBr) cm-1: 3365 (NH), 1709 (C=O of isatin), 
1659 (C=O of ethyl carboxylate), 1596 (C=N), 1181 (C-N), 1056 (C-O-C), 685 (C-S-C); 1H 
NMR (300 MHz, CDCl3): δ 2.41 (S, 3H, CH3), 3.9-4.2 (q, 2H, CH2 ethyl carboxylate, J = 4.2 
Hz), 1.23-1.31 (t, 3H, CH3 of ethyl carboxylate, J = 4.7 Hz), 7.1-7.6  (m, 4H, ArH), 10.1 (bs, 
1H, NH of isatin); MS (m/z): 315 (M+, 93.1), 317(M+2, 67.8), 286 (15.4), 258 (54.2), 228 
(19.2), 213 (44.8), 186 (100), 141 (10.1), 113 (23.6), 99 (8.2), 87 (34.8), 73 (27.9). Anal. 
Calcd. for C15H13N3O3S (315.35): C, 57.13; H, 4.16; N, 13.33 % Found: C, 57.23; H, 4.22; N, 
13.42 %. 
 
Synthesis of 4 – Methyl - 2-(2-oxo-1, 2-dihydro-indol-3-ylideneamino)-thiazole - 5 -carboxylic 
acid hydrazide  (3): 
A solution of 4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic 
acid ethyl ester (2) (0.01 mol) with 5 ml (0.01 mol) hydrazine hydrate (98%) was prepared in 
10 ml ethanol. To this acidic alumina (10 g) was added. Ethanol then was evaporated 
invacuo, and mixture was kept inside the alumina bath and irradiated for 5-6 min at the power 
level of 300 W. The mixture was cooled and the product was extracted with ether. Ether was 
distilled off and product 4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-
carboxylic acid hydrazide  (3) was obtained. The product was recrystallized from n-hexane–
carbon tetrachloride mixture. Yield 96 %. M.p.: 168-171 ºC; IR (KBr) cm-1: 3425 (NH2), 
3338 (NH), 3329 (N-N), 1675 (C=O of amide), 1604 (C=N), 1156 (C-N), 690 (C-S-C); 1H 
NMR (300 MHz, CDCl3): δ 1.94 (d, 2H, NH2, J= 8.7 Hz), 2.39 (S, 3H, CH3), 7.2-7.8  (m, 4H, 
ArH), 8.91 (t, 1H, NH, J= 4.6 Hz), 10.3 (bs, 1H, NH of isatin); MS (m/z): 301(M+, 68), 285 
(18.9), 242 (24.5), 214 (35.2), 171 (100), 155 (57), 136 (43.6), 109 (14), 95 (10.1), 82 (9); 
Anal. Calcd. for C13H11N5O2S (301.32):  C, 51.82; H, 3.68; N, 23.24  %  Found: C, 51.79; H, 
3.55; N, 23.13.   
 
General procedure for the synthesis of 4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-
thiazole-5-carboxylic acid benzylidene substituted-hydrazide (4a-j):  
A solution of 4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic 
acid hydrazide  (3)  (0.01 mol) with aryl aldehyde (0.01 mol) was prepared in 10 ml ethanol. 
To this acidic alumina (10 g) was added. Ethanol then was evaporated in vacuo, and mixture 
was kept inside the alumina bath and irradiated for 1 min at the power level of 300 W. The 
mixture was cooled and poured on ice. The solid thus separated was filtered and extracted 
with ether. Ether was distilled off and product  obtained  was crystallized from hot ethanol to 
furnish the product 4a, 4b, 4c, 4d, 4e, 4f, 4g, 4h, 4i, 4j. 
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid benzylidene-
hydrazide (4a): 
Yield 87 %. M.p.: 254-258 ºC; IR (KBr) cm-1: 1688 (C=O of amide), 3318 (NH), 1622 
(C=N), 685 (C-S-C), 1178 (C-N), 3341 (N-N), 1706 (C=O of isatin); 1H NMR (300 MHz, 
CDCl3): δ 2.43 (S, 3H, CH3), 7.0-7.8 (m, 9H, ArH), 8.14 (s, 1H, N=CH), 9.84 (s, 1H, 
NH),10.4 (bs, 1H, NH of isatin); MS (m/z): 389 (M+, 100), 338 (8.9), 302 (67.8), 276 (21.9), 
225 (20.6), 197 (34.2), 154 (40.8), 124 (17.9), 97 (28.9), 65 (16.1); Anal. Calcd. for 
C20H15N5O2S (389.43): C, 61.68; H, 3.88; N, 17.98 %. Found: C, 62.75; H, 3.97; N, 18.10 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid (4-fluoro-
benzylidene)-hydrazide (4b): 
Yield 75 %. M.p.: 267-271 ºC; IR (KBr) cm-1: 1684 (C=O of amide), 3325 (NH), 1624 
(C=N), 686 (C-S-C), 1164 (C-N), 3340 (N-N), 1707 (broad C=O of isatin), 1237 (C-F); 1H 
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NMR (300 MHz, CDCl3): δ 2.40 (S, 3H, CH3), 7.1-7.7 (m, 8H, ArH), 8.22 (s, 1H, N=CH), 
9.88 (s, 1H, NH),10.1 (bs, 1H, NH of isatin); MS (m/z): 407 (M+

, 54), 389 (63.5), 338 (74.2), 
320 (4.9), 302 (36), 251 (100), 237 (9.3), 211 (12), 183 (28), 157 (32), 127 (40), 99 (7.9), 87 
(14.6), 55 (11.2); Anal. Calcd. for C20H14FN5O2S (407.42): C, 58.96; H, 3.46; N, 17.19 %. 
Found: C, 58.83; H, 3.35; N, 17.07 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid (3,4,5-
trimethoxy-benzylidene)-hydrazide (4c):  
Yield 69 %. M.p.: 235-239 ºC; IR (KBr) cm-1: 1677 (C=O of amide), 3318 (NH), 1623 
(C=N), 682 (C-S-C), 1169 (C-N), 3348 (N-N), 1702 (C=O of isatin), 1045 (C-O-C); 1H NMR 
(300 MHz, CDCl3): δ 2.36 (S, 3H, CH3), 7.3-7.8 (m, 6H, ArH), 8.09 (s, 1H, N=CH), 9.75 (s, 
1H, NH),10.4 (bs, 1H, NH of isatin); MS (m/z): 480 (M+

, 49), 481 (M+1, 79), 387 (30.1), 339 
(19), 273 (62.3), 229 (53.4), 178 (100), 164 (19.5), 136 (12.4), 121 (6.8), 93 (29), 81 (9.7), 51 
(13); Anal. Calcd. for C23H21N5O5S (479.51): C, 57.61; H, 4.41; N, 14.61 %. Found: C, 
57.76; H, 4.49; N, 14.79 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid (4-dimethyl 
amino-benzylidene)-hydrazide (4d):  
Yield 78 %. M.p.: 244-248 ºC; IR (KBr) cm-1: 1666 (C=O of amide), 3325 (NH), 1619 
(C=N), 675 (C-S-C), 1164 (C-N), 3334 (N-N), 1704 (C=O of isatin); 1H NMR (300 MHz, 
CDCl3): δ 2.34 (s, 6H, CH3 of N(CH3)2), 2.42 (S, 3H, CH3), 7.3-7.7  (m, 8H, ArH), 8.29 (s, 
1H, N=CH), 9.70 (s, 1H, NH),10.1 (bs, 1H, NH of isatin); MS (m/z): 433 (M+, 100), 389 
(25.7), 345 (14), 317 (12.3), 274 (11.3), 258 (7.2), 244 (7.7), 218 (79), 167 (10), 139 (19.5), 
125 (31.6), 82 (10.5), 67 (5.7); Anal. Calcd. for C22H20N6O2S (432.50): C, 61.09; H, 4.66; N, 
19.43 %. Found: C, 61.14; H, 4.74; N, 19.52 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid (2-fluoro-
benzylidene)-hydrazide (4e): 
Yield 65 %. M.p.: 213-217 ºC; IR (KBr) cm-1: 1676 (C=O of amide), 3327 (NH), 1618 
(C=N), 682 (C-S-C), 1180 (C-N), 3341 (N-N), 1703 (broad C=O of isatin), 1242 (C-F); 1H 
NMR (300 MHz, CDCl3): δ 2.39 (S, 3H, CH3), 7.1-7.8  (m, 8H, ArH), 8.25 (s, 1H, N=CH), 
9.79 (s, 1H, NH),10.2 (bs, 1H, NH of isatin); MS (m/z): 407 (M+, 100), 389 (44.5), 320 
(51.4), 276 (21.9), 225 (24.6), 183 (34.2), 142 (39.8), 127 (17.9), 87 (11.3), 73 (5.8); Anal. 
Calcd. for C20H14FN5O2S (407.42): C, 58.96; H, 3.46; N, 17.19 %. Found: C, 58.88; H, 3.37; 
N, 17.15 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid (4-chloro-
benzylidene)-hydrazide (4f):  
Yield 82 %. M.p.: 282-286 ºC; IR (KBr) cm-1: 1677 (C=O of amide), 3339 (NH), 1608 
(C=N), 670 (C-S-C), 1165 (C-N), 3351 (N-N), 1702 (C=O of isatin), 762 (C-Cl); 1H NMR 
(300 MHz, CDCl3): δ 2.46 (S, 3H, CH3), 6.9-7.5 (m, 8H, ArH), 8.32 (s, 1H, N=CH), 9.73 (s, 
1H, NH),10.4 (bs, 1H, NH of isatin); MS (m/z): 424 (M+, 92), 389 (18.7), 349 (67), 314 
(37.6), 261 (12.8), 209 (6.3), 167 (27.1), 140 (100), 101 (33.2), 69 (4.9), 38 (16.7); Anal. 
Calcd. for C20H14ClN5O2S (423.88): C, 56.67; H, 3.33; N, 16.52 %. Found: C, 56.71; H, 3.48; 
N, 16.67 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid (3-nitro-
benzylidene)-hydrazide (4g): 
Yield 69 %. M.p.: 226-230 ºC; IR (KBr) cm-1: 1638 (C=O of amide), 3372 (NH), 1601 
(C=N), 673 (C-S-C), 1172 (C-N), 3349 (N-N), 1710 (C=O of isatin), 1517 (N=O); 1H NMR 
(300 MHz, CDCl3): δ 2.44 (S, 3H, CH3), 6.8-7.6  (m, 8H, ArH), 8.20 (s, 1H, N=CH), 9.95 (s, 
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1H, NH), 10.3 (bs, 1H, NH of isatin); MS (m/z): 434 (M+, 65), 388 (69), 337 (145), 283 (61), 
247 (78), 219 (8.4), 187 (100), 159 (33), 101 (25), 85 (49), 41(51); Anal. Calcd. for 
C20H14N6O4S (434.43): C, 55.29; H, 3.25; N, 19.35 %. Found: C, 55.32; H, 3.37; N, 19.43 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid (4-hydroxy-
benzylidene)-hydrazide (4h):  
Yield 74 %. M.p.: 234-238 ºC; IR (KBr) cm-1: 1669 (C=O of amide), 3328 (NH), 1618 
(C=N), 684 (C-S-C), 1176 (C-N), 3344 (N-N), 1707 (C=O of isatin), 1580 (O-H);  1H NMR 
(300 MHz, CDCl3): δ 2.37 (S, 3H, CH3), 5.04 (s, 1H, OH), 7.0-7.8  (m, 8H, ArH), 8.35 (s, 
1H, N=CH), 9.82 (s, 1H, NH), 10.5 (bs, 1H, NH of isatin); MS (m/z): 405 (M+, 38.2), 380 
(58.8), 327 (100), 273 (10.4), 256 (17.8), 207 (11.7), 181 (46.4), 154 (31.2), 111 (57), 71 
(20.8), 57 (7.7); Anal. Calcd. for C20H15N5O3S (405.43): C, 59.25; H, 3.73; N, 17.27 %. 
Found: C, 59.14; H, 3.60; N, 17.16 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid (2-chloro-
benzylidene)-hydrazide (4i): 
Yield 68 %. M.p.: 223-227 ºC; IR (KBr) cm-1: 1665 (C=O of amide), 3321 (NH), 1614 
(C=N), 678 (C-S-C), 1180 (C-N), 3347 (N-N), 1707 (C=O of isatin),  769 (C-Cl); 1H NMR 
(300 MHz, CDCl3): δ 2.43 (S, 3H, CH3), 6.8-7.7  (m, 8H, ArH), 8.21 (s, 1H, N=CH), 9.82 (s, 
1H, NH), 10.1 (bs, 1H, NH of isatin);  MS (m/z): 424 (M+, 93.3), 399 (65.8),  349 (24), 261 
(21), 225 (12.27), 174 (5.86), 131 (100), 116 (15.2), 73 (8.4), 49 (70); Anal. Calcd. for 
C20H14ClN5O2S (423.88): C, 56.67; H, 3.33; N, 16.52 %. Found: C, 56.76; H, 3.41; N, 16.66 
%.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid (2-nitro-
benzylidene)-hydrazide (4j): 
Yield 82 %. M.p.: 266-270 ºC; IR (KBr) cm-1: 1645 (C=O of amide), 3378 (NH), 1578 
(C=N), 683 (C-S-C), 1167 (C-N), 3340 (N-N), 1708 (C=O of isatin), 1503 (N=O); 1H NMR 
(300 MHz, CDCl3): δ 2.38 (S, 3H, CH3), 7.2-7.9  (m, 8H, ArH), 8.33 (s, 1H, N=CH), 9.82 (s, 
1H, NH), 10.3 (bs, 1H, NH of isatin); MS (m/z): 434  (M+, 79), 388 (14.7), 358 (26), 312 
(52), 261 (78), 209 (32), 165 (7.6), 139 (100), 95 (8.3), 82 (3.3); Anal. Calcd. for 
C20H14N6O4S  (434.43): C, 55.29; H, 3.25; N, 19.35 %. Found: C, 55.36; H, 3.32; N, 19.44 
%. 
 
General procedure for the synthesis of 4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-
thiazole-5-carboxylic acid (3-chloro-4-oxo-2-substitutedphenyl-azetidin-1-yl)-amide (5a-j):  
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylicacid benzylidene 
substituted-hydrazide Schiff base (4) (0.01 mol) was mixed with triethylamine (0.02 mol) and 
chloroacetyl chloride (0.02 mol) was added drop wise over a period of 30 min. Acidic 
alumina was added to the above solution at room temperature. The reaction mixture was 
absorbed, dried and kept inside the alumina bath and irradiated for 40-80 seconds. The 
mixture was cooled and then product was extracted with absolute ethanol and poured onto 
crushed ice. The solid thus separated was filtered, washed thoroughly with water and 
recrystallised from aqueous ethanol. The product obtained was filtered washed with water 
and recrystallized. Other azetidine-2-one were obtained in similar manner and number as 5a, 
5b, 5c, 5d, 5e, 5f, 5g, 5h, 5i, 5j.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid (3-chloro-2-
oxo-4-phenyl-azetidin-1-yl)-amide (5a): 
Yield 79 %. M.p.: 251-255 ºC; IR (KBr) cm-1: 1685 (C=O of amide), 3319 (NH), 1616 
(C=N), 689 (C-S-C), 1181 (C-N), 3345 (N-N), 1709 (C=O of isatin),  1733 (C=O of β-lactam 
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ring), 757 (C-Cl); 1H NMR (300 MHz, CDCl3): δ 2.32 (S, 3H, CH3), 4.37 (d, 1H, CH of 
lactam, J = 4.2 Hz), 5.07 (d, N of lactam, J= 4.5 Hz),  5.41 (d, 1H, CH of lactam, J = 3.3 Hz), 
7.3-7.9 (m, 9H, ArH), 9.59 (s, 1H, NH), 10.2 (bs, 1H, NH of isatin); MS (m/z): 466 (M+, 
100), 431 (78), 380 (46.8),  344 (56.2), 293 (30.8), 251 (29.5), 226 (10), 209 (15.7), 169 
(13.3), 154 (37), 111 (23.5), 97 (76), 82 (22), 68 (5.5); Anal. Calcd. for C22H16ClN5O3S 
(465.91): C, 56.71; H, 3.46; N, 15.03 %. Found: C, 56.92; H, 3.53; N, 15.23 %. 
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [3-chloro-2-(4-
fluoro-phenyl)-4-oxo-azetidin-1-yl]-amide (5b):  
Yield 46 %. M.p.: Decomposes at 276-280 ºC; IR (KBr) cm-1: 1681 (C=O of amide), 3332 
(NH), 1618 (C=N), 689 (C-S-C), 1171 (C-N), 3345 (N-N), 1708 (broad C=O of isatin),  1729 
(C=O of β-lactam ring), 756 (C-Cl), 1240 (C-F); 1H NMR (300 MHz, CDCl3): δ 2.39 (S, 3H, 
CH3), 4.41 (d, 1H, CH of lactam, J = 4.5 Hz), 5.08 (d, N of lactam, J= 4.2 Hz),  5.42 (d, 1H, 
CH of lactam, J = 3.4 Hz), 6.9-7.6  (m, 8H, ArH), 9.63 (s, 1H, NH), 10.4 (bs, 1H, NH of 
isatin); MS (m/z): 484 (M+, 14.1), 466 (53.1), 431(40.9),  380 (38), 344 (15.7), 293 (17.3),  
267 (100), 251 (23.5), 208 (3.9), 193 (13.2), 155 (5.8), 139 (11), 97 (29.6), 81 (5.3); Anal. 
Calcd. for C22H15ClFN5O3S (483.90): C, 54.60; H, 3.12; N, 14.47 %. Found: C, 54.54; H, 
3.01; N, 14.35 %.   
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [3-chloro-2-
oxo-4-(3,4,5-trimethoxy-phenyl)-azetidin-1-yl]-amide (5c): 
Yield 68 %. M.p.: 247-251 ºC; IR (KBr) cm-1: 1675 (C=O of amide), 3327 (NH), 1614 
(C=N), 678 (C-S-C), 1176 (C-N), 3340 (N-N), 1705 (C=O of isatin),  1734 (C=O of β-lactam 
ring), 762 (C-Cl), 1040 (C-O-C); 1H NMR (300 MHz, CDCl3): δ 2.37 (S, 3H, CH3), 4.39 (d, 
1H, CH of lactam, J = 4.3 Hz), 5.11 (d, N of lactam, J= 4.6 Hz),  5.49 (d, 1H, CH of lactam, J 
= 3.4 Hz), 6.7-7.4 (m, 6H, ArH), 9.47 (s, 1H, NH), 10.1 (bs, 1H, NH of isatin);  MS (m/z): 
556 (M+, 100), 557 (M+1, 41.1), 465 (27), 429 (13.2), 403 (32), 372 (3.6), 341 (3.4), 290 
(8.2), 254 (8.1), 239 (11.9), 197 (15.4), 182 (23.8), 129 (25.7), 113 (22), 67 (51.4); Anal. 
Calcd. for C25H22ClN5O6S (555.99): C, 54.01; H, 3.99; N, 12.60 %. Found: C, 54.11; H, 4.09; 
N, 12.69 %. 
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [3-chloro-2-(4-
dimethylamino-phenyl)-4-oxo-azetidin-1-yl]-amide (5d): 
Yield 59 %. M.p.: 263-267 ºC; IR (KBr) cm-1: 1673 (C=O of amide), 3327 (NH), 1617 
(C=N), 686 (C-S-C), 1173 (C-N), 3341 (N-N), 1705 (C=O of isatin),  1729 (C=O of β-lactam 
ring), 755 (C-Cl); 1H NMR (300 MHz, CDCl3): δ 2.41 (s, 6H of N-(CH3)2), 2.37 (S, 3H, 
CH3), 4.29 (d, 1H, CH of lactam, J = 4.0 Hz), 5.14 (d, N of lactam, J= 4.3 Hz),  5.47 (d, 1H, 
CH of lactam, J = 3.7Hz), 6.7-7.4  (m, 8H, ArH), 9.69 (s, 1H, NH), 10.2 (bs, 1H, NH of 
isatin);  MS (m/z): 509 (M+, 35.5),  474 (54.3), 422 (71),  381 (43), 366 (27.7), 351 (5.5), 317 
(40), 273 (26.8), 247 (13.2), 181 (100), 147 (9.1), 105 (20.2), 67 (33.3), 39 (8.8); Anal. 
Calcd. for C24H21ClN6O3S (508.98 ): C, 56.63; H, 4.16; N, 16.51 %. Found: C, 56.71; H, 
4.20; N, 16.66 %. 
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [3-chloro-2-(2-
fluoro-phenyl)-4-oxo-azetidin-1-yl]-amide (5e):  
Yield 86 %. M.p.: 243-247 ºC; IR (KBr) cm-1: 1679 (C=O of amide), 3322 (NH), 1612 
(C=N), 688 (C-S-C), 1179 (C-N), 3347 (N-N), 1703 (broad C=O of isatin),  1731 (C=O of β-
lactam ring), 758 (C-Cl), 1245 (C-F); 1H NMR (300 MHz, CDCl3): δ 2.41 (S, 3H, CH3), 4.33 
(d, 1H, CH of lactam, J = 4.4 Hz), 5.05 (d, N of lactam, J= 4.7 Hz),  5.46 (d, 1H, CH of 
lactam, J = 3.6  Hz), 7.0-7.7 (m, 8H, ArH), 9.49 (s, 1H, NH), 10.1 (bs, 1H, NH of isatin); MS 
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(m/z): 484 (M+, 64.6), 485 (M+1, 27.8), 466 (35.1), 431 (49.1),  380 (38), 344 (15.7), 293 
(17.3),  267 (100), 208 (3.9), 193 (13.2), 155 (5.8), 139 (18), 97 (25.6); Anal. Calcd. for 
C22H15ClFN5O3S (483.90): C, 54.60; H, 3.12; N, 14.47 %. Found: C, 54.48; H, 3.01; N, 14.37 
%. 
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [3-chloro-2-(4-
chloro-phenyl)-4-oxo-azetidin-1-yl]-amide (5f): 
Yield 87 %. M.p.: 235-239 ºC; IR (KBr) cm-1: 1679 (C=O of amide), 3322 (NH), 1612 
(C=N), 688 (C-S-C), 1179 (C-N), 3347 (N-N), 1703 (C=O of isatin),  1731 (C=O of β-lactam 
ring), 758 (C-Cl); 1H NMR (300 MHz, CDCl3): δ 2.35 (S, 3H, CH3), 4.31 (d, 1H, CH of 
lactam, J = 4.1 Hz), 5.09 (d, N of lactam, J= 4.8 Hz),  5.38 (d, 1H, CH of lactam, J = 3.3 Hz), 
6.8-7.6 (m, 8H, ArH), 9.66 (s, 1H, NH), 10.3 (bs, 1H, NH of isatin);  MS (m/z): 500 (M+, 
100), 430 (49.5), 404 (43), 303 (36), 251 (84), 192 (54.6), 125 (9.9), 59 (6.3), 27 (14); Anal. 
Calcd. for C22H15Cl2N5O3S (500.36): C, 52.81; H, 3.02; N, 14.00 %. Found: C, 52.77; H, 
2.94; N, 13.89 %. 
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [3-chloro-2-(3-
nitro-phenyl)-4-oxo-azetidin-1-yl]-amide (5g): 
Yield 67 %. M.p.: 227-231 ºC; IR (KBr) cm-1:1635 (C=O of amide), 3385 (NH), 1599 
(C=N), 671 (C-S-C), 1167 (C-N), 3343 (N-N), 1701 (C=O of isatin),  1738 (C=O of β-lactam 
ring), 743 (C-Cl), 1514 (N=O); 1H NMR (300 MHz, CDCl3): δ 2.44 (S, 3H, CH3), 4.32 (d, 
1H, CH of lactam, J= 4.7 Hz), 5.04 (d, N of lactam, J= 4.5 Hz), 5.46 (d, 1H, CH of lactam, 
J= 3.8 Hz), 7.2-7.9  (m, 8H, ArH), 9.53 (s, 1H, NH), 10.5 (bs, 1H, NH of isatin); MS (m/z): 
511 (M+,100), 451(13), 439 (3), 249 (16.1), 227 (17.7), 187 (10), 137 (67.6), 31 (29); Anal. 
Calcd. for C22H15ClN6O5S (510.91): C, 51.72; H, 2.96; N, 16.45 %. Found: C, 51.88; H, 3.07; 
N, 16.55 %. 
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [3-chloro-2-(4-
hydroxy-phenyl)-4-oxo-azetidin-1-yl]-amide (5h): 
Yield 79 %. M.p.: 238-242 ºC; IR (KBr) cm-1: 1677 (C=O of amide), 3325 (NH), 1620 
(C=N), 690 (C-S-C), 1184 (C-N), 3339 (N-N), 1708 (C=O of isatin),  1737 (C=O of β-lactam 
ring), 762 (C-Cl), 1576 (O-H); 1H NMR (300 MHz, CDCl3): δ 2.36 (S, 3H, CH3), 4.46 (d, 
1H, CH of lactam, J = 4.2 Hz), 5.01 (d, N of lactam, J= 4.3 Hz),  5.0 (s, 1H, OH), 5.47 (d, 
1H, CH of lactam, J = 3.8 Hz), 7.1-7.7  (m, 8H, ArH), 9.57 (s, 1H, NH), 10.5 (bs, 1H, NH of 
isatin); MS (m/z): 482 (M+, 100),  465 (25.1), 429 (62), 389 (15.8), 354 (52), 301 (71), 275 
(8.7), 221 (24), 179 (27), 151 (11.3), 121 (21.1), 93 (4.6), 48 (45.2); Anal. Calcd. for 
C22H16ClN5O4S (481.91): C, 54.83; H, 3.35; N, 14.53 %. Found: C, 54.79; H, 3.23; N, 14.39 
%  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [3-chloro-2-(2-
chloro-phenyl)-4-oxo-azetidin-1-yl]-amide (5i): 
Yield 73 %. M.p.: 232-236 ºC; IR (KBr) cm-1: 1679 (C=O of amide), 3334 (NH), 1618 
(C=N), 685 (C-S-C), 1191 (C-N), 3351 (N-N), 1707 (C=O of isatin),  1732 (C=O of β-lactam 
ring), 761 (C-Cl); 1H NMR (300 MHz, CDCl3): δ 2.34 (S, 3H, CH3), 4.30 (d, 1H, CH of 
lactam, J = 4.1 Hz), 5.15 (d, N of lactam, J= 4.4 Hz),  5.48 (d, 1H, CH of lactam, J = 3.7 Hz), 
7.0-7.6 (m, 8H, ArH), 9.44 (s, 1H, NH), 10.4 (bs, 1H, NH of isatin); MS (m/z): 500 (M+, 69), 
465 (31.2), 441 (19), 405 (37), 354 (21), 303 (58), 277 (100), 234 (35), 218 (18.4), 125 
(11.4), 39 (12.3); Anal. Calcd. for C22H15Cl2N5O3S (500.36): C, 52.81; H, 3.02; N, 14.00 %. 
Found: C, 52.90; H, 3.19; N, 14.12 %.  
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4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [3-chloro-2-(2-
nitro-phenyl)-4-oxo-azetidin-1-yl]-amide (5j): 
Yield 84 %. M.p.: 236-240 ºC; IR (KBr) cm-1: 1638 (C=O of amide), 3389 (NH), 1589 
(C=N), 676 (C-S-C), 1172 (C-N), 3345 (N-N), 1705 (C=O of isatin),  1745 (C=O of β-lactam 
ring), 759 (C-Cl), 1509 (N=O);  1H NMR (300 MHz, CDCl3): δ 2.43 (S, 3H, CH3), 4.41 (d, 
1H, CH of lactam, J = 4.3 Hz), 5.10 (d, N of lactam, J= 4.7 Hz),  5.49 (d, 1H, CH of lactam, J 
= 3.4 Hz), 6.9-7.6  (m, 8H, ArH), 9.60 (s, 1H, NH), 10.4 (bs, 1H, NH of isatin); MS (m/z): 
511 (M+, 6.9), 486 (28), 451 (31), 439 (3), 249 (6.1), 227 (13.7), 195 (3.4), 187 (100), 137 
(67.6), 31 (29); Anal. Calcd. for C22H15ClN6O5S (510.91): C, 51.72; H, 2.96; N, 16.45 %. 
Found: C, 51.88; H, 3.08; N, 16.57 %.  
 
General procedure for the synthesis of 4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-
thiazole-5-carboxylic acid (4-oxo-2-substitutedphenyl-thiazolidin-3-yl)-amide (6a-j): 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylicacid benzylidene 
substituted-hydrazide (4) Schiff base (0.01 mol) was added to mercaptoacetic acid (0.02 
mole) anhydrous alumina chloride (0.05 g) acidic alumina was added to the above solution at 
room temperature. The reaction mixture was mixed adsorbed, dried and kept inside the 
alumina bath and irradiated for 40-80 sec. The reaction mixture was then cooled and 
triturated with an excess of 10% sodium bicarbonate solution. The product obtained was 
filtered, wash several times with water and crystallized with isopropanol. Other thiazolidin-4-
one were obtained in similar manner and number as 6a, 6b, 6c, 6d, 6e, 6f, 6g, 6h, 6i, 6j.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid (4-oxo-2-
phenyl-thiazolidin-3-yl)-amide (6a): 
Yield 56 %. M.p. 265-269 ºC; IR (KBr) cm-1: 1647 (C=O of amide), 3342 (NH), 1607 (C=N), 
651 (C-S-C), 1158 (C-N), 3354 (N-N), 1706 (C=O of isatin),  1751 (C=O of thiazolidinone 
ring); 1H NMR (300 MHz, CDCl3): δ 2.57 (s, 3H, CH3), 3.34 (s, 1H, CH of thiazolidinone), 
4.35 (s, 2H, CH2 of thiazolidinone), 5.89 (d, N of thiazolidinone, J= 4.7 Hz),  7.3-7.8 (m, 9H, 
ArH), 9.72 (s, 1H, NH), 10.2 (bs, 1H, NH of isatin);  MS (m/z): 464 (M+, 100),  413 (29.5), 
377 (47.8), 326 (3.7), 299 (13.5), 258 (9), 198 (12), 155 (60.4), 112 (32), 69 (76), 37 (38.6); 
Anal. Calcd. for C22H17N5O3S2 (463.53): C, 57.00; H, 3.70; N, 15.11 %. Found: C, 56.94; H, 
3.61; N, 15.01 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [2-(4-fluoro-
phenyl)-4-oxo-thiazolidin-3-yl]-amide (6b):  
Yield 78 %. M.p.: 261-265 ºC; IR (KBr) cm-1: 1640 (C=O of amide), 3345 (NH), 1611 
(C=N), 646 (C-S-C), 1155 (C-N), 3349 (N-N), 1703 (broad C=O of isatin),  1759 (C=O of 
thiazolidinone ring), 1235 (C-F); 1H NMR (300 MHz, CDCl3): δ 2.48 (s, 3H, CH3), 3.35 (s, 
1H, CH of thiazolidinone), 4.48 (s, 2H, CH2 of thiazolidinone), 5.94 (d, N of thiazolidinone, 
J= 4.9 Hz),  7.1-7.7 (m, 8H, ArH), 9.70 (s, 1H, NH), 10.3 (bs, 1H, NH of isatin); MS (m/z): 
482 (M+, 82), 451 (100), 425 (4.5), 395 (53.8), 377 (43), 326 (37.5), 302 (3.9), 259 (12.7), 
241 (26), 201 (31), 143 (13.2), 115 (15), 68 (17); Anal. Calcd. for C22H16FN5O3S2 (481.52): 
C, 54.87; H, 3.35; N, 14.54 %. Found: C, 54.91; H, 3.44; N, 14.68 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [4-oxo-2-(3,4,5-
trimethoxy-phenyl)-thiazolidin-3-yl]-amide (6c):  
Yield 67 %. M.p.: 256-260 ºC; IR (KBr) cm-1: 1647 (C=O of amide), 3342 (NH), 1607 
(C=N), 648 (C-S-C), 1156 (C-N), 3354 (N-N), 1701 (C=O of isatin),  1761 (C=O of 
thiazolidinone ring), 1036 (C-O-C); 1H NMR (300 MHz, CDCl3): δ 2.51 (s, 3H, CH3), 3.29 
(s, 1H, CH of thiazolidinone), 4.40 (s, 2H, CH2 of thiazolidinone), 5.88 (d, N of 
thiazolidinone, J= 4.7 Hz),  6.9-7.4 (m, 6H, ArH), 9.76 (s, 1H, NH), 10.5 (bs, 1H, NH of 
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isatin);  MS (m/z): 554 (M+, 100), 555 (M+1, 76.2), 464 (56.8), 432 (17), 385 (22), 341 (61), 
289 (14.3), 234 (45.7), 157 (39), 129 (6.6), 87 (22.3), 34 (19.7); Anal. Calcd. for 
C25H23N5O6S2 (553.61): C, 54.24; H, 4.19; N, 12.65 %. Found: C, 54.33; H, 4.27; N, 12.74 
%.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [2-(4-
dimethylamino-phenyl)-4-oxo-thiazolidin-3-yl]-amide (6d): 
Yield 82 %. M.p.: 258-262 ºC; IR (KBr) cm-1: 1644 (C=O of amide), 3341 (NH), 1604 
(C=N), 651 (C-S-C), 1162 (C-N), 3348 (N-N), 1704 (C=O of isatin),  1760 (C=O of 
thiazolidinone ring); 1H NMR (300 MHz, CDCl3): δ 2.21 (s, 6H, N(CH3)2), 2.55 (s, 3H, CH3), 
3.37 (s, 1H, CH of thiazolidinone), 4.46 (s, 2H, CH2 of thiazolidinone), 5.97 (d, N of 
thiazolidinone, J= 5.1 Hz),  6.8-7.4 (m, 8H, ArH), 9.79 (s, 1H, NH), 10.6 (bs, 1H, NH of 
isatin); MS (m/z): 507 (M+, 56.3), 443 (9.7), 392 (52), 325 (100), 299 (10), 256 (48), 241 
(93), 227 (8.1), 187 (72.3), 114 (14.4), 76 (6.4), 43 (13.7), 27 (3.4); Anal. Calcd. for 
C24H22N6O3S2 (506.60): C, 56.90; H, 4.38; N, 16.59 %. Found: C, 56.84; H, 4.21; N, 16.43 
%.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [2-(2-fluoro-
phenyl)-4-oxo-thiazolidin-3-yl]-amide (6e): 
Yield 67 %. M.p.: 261-266 ºC; IR (KBr) cm-1:1644 (C=O of amide), 3344 (NH), 1609 
(C=N), 649 (C-S-C), 1155 (C-N), 3351 (N-N), 1702 (broad C=O of isatin),  1755 (C=O of 
thiazolidinone ring), 1238 (C-F);  1H NMR (300 MHz, CDCl3): δ 2.58 (s, 3H, CH3), 3.36 (s, 
1H, CH of thiazolidinone), 4.31 (s, 2H, CH2 of thiazolidinone), 5.89 (d, N of thiazolidinone, 
J= 4.8 Hz),  7.1-7.8 (m, 8H, ArH), 9.67 (s, 1H, NH), 10.4 (bs, 1H, NH of isatin); MS (m/z): 
482 (M+, 53.6),  451 (100), 395 (47.8), 377 (43), 326 (35.7), 302 (3.9), 259 (17.7), 201 (31), 
143 (13.2), 115 (15), 68 (17); Anal. Calcd. for C22H16FN5O3S2 (481.52): C, 54.87; H, 3.35; N, 
14.54 %. Found: C, 54.99; H, 3.46; N, 14.67 %.   
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [2-(4-chloro-
phenyl)-4-oxo-thiazolidin-3-yl]-amide (6f):  
Yield 71 %. M.p.: 232-236 ºC; IR (KBr) cm-1: 1642 (C=O of amide), 3346 (NH), 1609 
(C=N), 646 (C-S-C), 1150 (C-N), 3358 (N-N), 1705 (C=O of isatin),  1756 (C=O of 
thiazolidinone ring), 726 (C-Cl);  1H NMR (300 MHz, CDCl3): δ 2.47 (s, 3H, CH3), 3.33 (s, 
1H, CH of thiazolidinone), 4.43 (s, 2H, CH2 of thiazolidinone), 5.93 (d, N of thiazolidinone, 
J= 4.6 Hz),  6.9-7.6 (m, 8H, ArH), 9.65 (s, 1H, NH), 10.3 (bs, 1H, NH of isatin); MS (m/z): 
498 (M+, 7.1), 464 (21), 438 (26.5), 337 (5.5), 308 (100), 265 (3.4), 187 (34.7), 137 (13.4), 97 
(8.9), 39 (24.7); Anal. Calcd. for C22H16ClN5O3S2 (497.98): C, 53.06; H, 3.24; N, 14.06 %. 
Found: C, 53.24; H, 3.36; N, 14.15 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [2-(3-nitro-
phenyl)-4-oxo-thiazolidin-3-yl]-amide (6g):  
Yield 69 %. M.p.: 227-231 ºC; IR (KBr) cm-1:1626 (C=O of amide), 3386 (NH), 1613 
(C=N), 688 (C-S-C), 1138 (C-N), 3341 (N-N), 1703 (C=O of isatin), 1756 (C=O of 
thiazolidinone ring), 1510 (N=O); 1H NMR (300 MHz, CDCl3): δ 2.50 (s, 3H, CH3), 3.53 (s, 
1H, CH of thiazolidinone), 4.32 (s, 2H, CH2 of thiazolidinone), 5.95 (d, N of thiazolidinone, 
J= 5.1 Hz), 7.1-7.8 (m, 8H, ArH), 9.72 (s, 1H, NH), 10.1 (bs, 1H, NH of isatin); MS (m/z): 
509 (M+, 13.2), 511 (M+2, 44.2),  482 (82), 453 (100), 425 (4.5), 395 (53.8), 377 (43), 326 
(37.5), 302 (3.9), 259 (12.7), 241 (26), 201 (31), 143 (13.2), 97 (8.9), 39 (24.7); Anal. Calcd. 
for C22H16N6O5S2 (508.53): C, 51.96; H, 3.17; N, 16.53 %. Found: C, 51.87; H, 3.10; N, 
16.39 %. 
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4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [2-(4-hydroxy-
phenyl)-4-oxo-thiazolidin-3-yl]-amide (6h):  
Yield 82 %. M.p.: 224-228 ºC; IR (KBr) cm-1: 1645 (C=O of amide), 3341 (NH), 1610 
(C=N), 647 (C-S-C), 1152 (C-N), 3349 (N-N), 1706 (C=O of isatin),  1753 (C=O of 
thiazolidinone ring), 1567 (O-H); 1H NMR (300 MHz, CDCl3): δ 2.54 (s, 3H, CH3), 3.48 (s, 
1H, CH of thiazolidinone), 4.45 (s, 2H, CH2 of thiazolidinone), 5.1 (s, 1H, O-H), 5.86 (d, N 
of thiazolidinone, J= 4.5 Hz),  7.0-7.6 (m, 8H, ArH), 9.79 (s, 1H, NH), 10.2 (bs, 1H, NH of 
isatin);  MS (m/z): 480 (M+, 56.8), 463 (64.2), 425 (100), 387 (6.9), 305 (16), 255 (12.8), 199 
(26.9), 159 (5.5), 101 (3.2), 82 (17.8); Anal. Calcd. for C22H17N5O4S2 (479.53): C, 55.10; H, 
3.57; N, 14.60 %. Found: C, 55.38; H, 3.71; N, 14.78 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [2-(2-chloro-
phenyl)-4-oxo-thiazolidin-3-yl]-amide (6i):  
Yield 77 %. M.p.: 225-229 ºC; IR (KBr) cm-1: 1646 (C=O of amide), 3348 (NH), 1605 
(C=N), 651 (C-S-C), 1153 (C-N), 3354 (N-N), 1705 (C=O of isatin),  1755 (C=O of 
thiazolidinone ring), 728 (C-Cl); 1H NMR (300 MHz, CDCl3): δ 2.48 (s, 3H, CH3), 3.46 (s, 
1H, CH of thiazolidinone), 4.41 (s, 2H, CH2 of thiazolidinone), 5.94 (d, N of thiazolidinone, 
J= 5.2 Hz),  7.2-7.8 (m, 8H, ArH), 9.66 (s, 1H, NH), 10.3 (bs, 1H, NH of isatin); MS (m/z): 
498 (M+, 37.1), 464 (21), 438 (24.5), 308 (100), 267 (8.4), 227 (24), 137 (53.4), 97 (25), 67 
(9.5), 27 (4.7); Anal. Calcd. for C22H16ClN5O3S2 (497.98): C, 53.06; H, 3.24; N, 14.06 %. 
Found: C, 53.24; H, 3.36; N, 14.12 %.  
 
4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-thiazole-5-carboxylic acid [2-(2-nitro-
phenyl)-4-oxo-thiazolidin-3-yl]-amide (6j): 
Yield 82 %. M.p.: 202-206 ºC; IR (KBr) cm-1: 1636 (C=O of amide), 3376 (NH), 1619 
(C=N), 678 (C-S-C), 1139 (C-N), 3347 (N-N), 1703 (C=O of isatin),  1763 (C=O of 
thiazolidinone ring), 1512 (N=O); 1H NMR (300 MHz, CDCl3): δ 2.59 (s, 3H, CH3), 3.49 (s, 
1H, CH of thiazolidinone), 4.37 (s, 2H, CH2 of thiazolidinone), 5.87 (d, N of thiazolidinone, 
J= 5.0 Hz),  6.8-7.4 (m, 8H, ArH), 9.78 (s, 1H, NH), 10.4 (bs, 1H, NH of isatin); MS (m/z): 
509 (M+, 78), 511 (M+2, 87.2),  482 (100), 425 (5.5), 395 (35.8), 326 (37.5), 302 (3.9), 259 
(12.7), 201 (33.1), 143 (13.2), 97 (8.9), 39 (22.7); Anal. Calcd. for C22H16N6O5S2 (508.53): 
C, 51.96; H, 3.17; N, 16.53 %. Found: C, 51.84; H, 3.05; N, 16.41 %.  
 
Antitubercular Activity: 
The compounds 5a-5j and 6a-6j were screened for antitubercular and antimicrobial activities 
against different strains. Primary screening was conducted at 6.25 µg mL-1 against M. 
tuberculosis H37Rv (ATCC 27294) in BACTEC 12B medium using a broth microdilution 
assay, the Microplate Alamar Blue Assay (MABA) [16]. Compounds exhibiting fluorescence 
were tested in the BACTEC 460 radiometric system [17]. Compounds showing more 
than/95% inhibition in the primary screening were considered active and then re-tested at a 
lower concentrations against M. tuberculosis H37Rv in order to determine the actual 
Minimum Inhibitory Concentration (MIC), using MABA. The MIC is defined as the lowest 
concentration effecting a reduction in fluorescence of 95% with respect to the controls. 
Rifampin (RMP) was used as the reference compound (RMP MIC =/0.015-0.125 mg mL-1). 
We also have done cytotoxicity analysis of the above-synthesized compounds, using neutral 
red uptake by using Vero-C-1008 cell line at various concentrations (6.25 µg/mL to 50 
µg/mL), none of them were found toxic. Hence the activities of the above-synthesized 
compounds were not due to cytotoxicity. 
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Antimicrobial Activity: 
Microbial strains- Staphylococcus aureus ATCC 23564, Escherichia coli ATCC35218, 
Pseudomonas aeruginosa ATCC 25619, Salmonella typhi ATCC 10749 
 
The compounds listed in the Table 3 were screened for the antimicrobial activity against 
different microorganisms using well diffusion method,[18-19] where 50µM and 100 µM 
concentrations were taken for activity in nutrient agar medium. Chloroform was used as 
solvents and antibiotic Gentamycin was used as standard. The culture was kept for 24 h. The 
nutrient agar medium, 20 mL was poured into the sterile petri dishes. To the solidified plates, 
wells were made using a sterile cork borer 10 mm in diameter. The 24 h (at 24-28 °C) 
subcultured bacteria was inoculated in the petri-plates, with a sterile cotton swab dipped in 
the nutrient broth medium. After inoculating, the compounds were dissolved separately with 
the chloroform solvent and poured into the wells with varying concentrations ranging from 
50 & 100 µM using a micropipette. The plates were left over for 24 h at 24-28 °C. The 
antibiotic Gentamycin was used as a standard for comparative study. The percentage of 
inhibition was calculated by the formula; percent Inhibition = Diameter of the inhibition zone 
x 100 
 

RESULTS 
 

Antitubercular Activity: 
Table 1: First level antituberculosis screening: MIC and % Growth Inhibition of synthesized compounds 

tested against M. tuberculosis H37Rv strain. 
 

Comp Ar MIC (µg/mL -1)a GI (%) b 

5a -C6H5 <6.25 ---- 
5b -4-F -C6H4 <6.25 100 
5c -3,4,5-CH3O -C6H2 <6.25 ---- 
5d -4-(CH3)2N-C6H4 <6.25 ---- 
5e -2-F -C6H4 <6.25 100 
5f -4-Cl -C6H4 <6.25 96 
5g -3-NO2 -C6H4 <6.25 ---- 
5h -4-OH -C6H4 <6.25 ---- 
5i -2-Cl -C6H4 <6.25 98 
5j -2-NO2 -C6H4 <6.25 ---- 
6a -C6H5 <6.25 ---- 
6b -4-F -C6H4 <6.25 98 
6c -3,4,5-CH3O -C6H2 <6.25 ---- 
6d -4-(CH3)2N-C6H4 <6.25 ---- 
6e -2-F -C6H4 <6.25 100 
6f -4-Cl -C6H4 <6.25 97 

6g -3-NO2 -C6H4 <6.25 ---- 
6h -4-OH -C6H4 <6.25 ---- 
6i -2-Cl -C6H4 <6.25 97 
6j -2-NO2 -C6H4 <6.25 ---- 

a MIC of rifampin: 0.015-0.125 mg mL-1 versus M. tuberculosis H37Rv (97% inhibition). 
b Growth inhibition of virulent H37Rv strain of M. tuberculosis.  

 
During the preliminary screening 20 compounds 5a-j and 6a-j were tested (Table 1) at 6.25 
µg/mL concentration for their antimycobacterial activity, eight compounds 5b, 5e, 5i, 6b, 6e, 
6f and 6i have exhibited more than 96% inhibition at this concentration while other 
compounds exhibited less than 90% inhibition at the same concentration. SAR of the 
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synthesized compounds suggests that most of these compounds are very much similar to each 
other, differing in the substitutions on the aryl ring. And it can be seen that compounds 
having halogen are more potent than other. On the other hand, in secondary screening (Table-
2), only 5e, 5i and 6i were found to have promising antimycobacterial activity. Other 
compounds are not as active as the earlier ones. Although we have not been able to 
substantially enhance the activity of these compounds in the present study, the data presented 
here are encouraging and deserve further investigation. 

 
Table 2:  Second level antituberculosis assays: MIC of synthesized compound which showed higher % 

growth inhibition in primary screening. 
 

Sr. No. MIC (µM) a 
5b 6.25 
5e 1.56 
5f 3.13 
5i 0.39 
6b 3.13 
6e 6.25 
6f 6.25 
6i 0.78 

a Actual minimum inhibitory concentration (MABA assay). 
 
Antimicrobial Activity: 
 

Table 3:  Inhibitory Zone Diameter (mm) of synthesized compounds against tested bacterial strains. 
 

Comp. 
Organisms  

Comp. 
Organisms 

Sa Pa Ec St Sa Pa Ec St 
5a 18 17 14 12  6a 18 16 10 12 
5b 18 16 15 14  6b 20 16 10 10 
5c 22 20 18 14  6c 22 22 20 16 
5d 25 22 20 16  6d 26 24 22 18 
5e 20 20 18 14  6e 36 34 30 30 
5f 16 16 20 16  6f 24 22 20 18 
5g 16 10 10 18  6g 22 11 24 24 
5h 11 17 15 22  6h 22 22 20 20 
5i 32 32 30 36  6i 36 38 32 32 
5j 16 16 12 12  6j 16 16 12 14 

Gent 34 35 31 30 
 

Gent 34 35 31 30 

Sa: Staphylococcus aureus, Ec: Escherichia coli, Pa: Pseudomonas aeruginosa, St: Salmonella typhosa, Gent: 
Gentamycin 

 
It has been found that all the compounds tested showed broad spectrum of inhibitory 
properties. From the antibacterial screening it was observed that all the compounds exhibited 
activity against all the organisms employed. Looking at the structure activity relationship, 
marked inhibition in bacteria was observed in the compounds 5i, 6i and 6e whereas 5c, 5d, 
6d, 6f, 6g and 6h have shown moderate activity and others showed least activity (Table 3).  

 
DISCUSSION 

 
2-Amino-4-methyl-thiazole-5-carboxylic acid ethyl ester (1) was synthesized by cyclization 
of 2-bromo-ethylacetoacetate with thiourea. The internal bromination of ethylacetoacetate 
was achieved by treatment with N-bromosuccinamide. The reactive amino group was then 
protected, by Schiff reaction process to yield 4-Methyl-2-(2-oxo-1,2-dihydro-indol-3-
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ylideneamino)-thiazole-5-carboxylic acid ethyl ester (2). This was confirmed on the basis of 
1H NMR wherein, the δ value for free amino group 2.03 was loss due to conversion into C=N 
group. Chemical transformation of compound (2) to hydrazide derivative (3) was achieved. 
The free amino group of hydrazide was condensed to schiff’s base (4a-j), by reacting with 
arylaldehydes in ethanol, which on treatment with mercaptoacetic acid and chloroacetyl 
chloride gave thiazolidinone (6a-j) and azetidinone (5a-j) derivatives respectively. 
 
Recent studies have pointed to the essential nature of rhamnose in some cell walls and 
capsules. L-Rhamnose is a 6-deoxyhexose that is found in a variety of different glycol-
conjugates in the cell walls of pathogenic bacteria. The precursor of L-rhamnose is dTDP-L-
rhamnose, which is synthesised from glucose-1-phosphate and deoxythymidine triphosphate 
(dTTP) via a pathway requiring enzymes. Significantly this pathway does not exist in humans 
so the enzyme therefore represent potential therapeutic targets. The thiazole as potent 
antibacterial agent and its structure has been refined to a crystallographic R-factor of 20.4% 
and an R-free value of 24.9% with good stereochemistry. Production of β-lactamase in 
microorganism takes place.  Appreciation of these finding towards the development of novel 
antimicrobial agents. A novel analogs form by clubbing together two or three nuclei having 
different sites or mechanism of action. 
 
Hence the synthesized and identified compounds possess antimycobacterium potential as well 
as are dTDP-rhamnose inhibitors. Finally, systematic evaluation of metabolic pathways of 
host and pathogen can be extended to other pathogens of clinical interest. 
 

CONCLUSION 
 

Isatinthiazole derivatives especially with carbonyl group scaffold inhibit an enzyme RmlC, 
which is an essential component for the biosynthesis of dTDP-rhamnose and produce good 
antimycobacterium and antimicrobial activity. 
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