
 

  

 

 

 
 

 

 

Novel Gefitinib Analogues; Design, Synthesis and 

Anticancer Activity 

 

 
 

 

Thesis 

Presented by 
 

Mohamed Saad Abdullah Elsayed 

BSc. Pharmaceutical Sciences (May 2008) 

Faculty of pharmacy, Ain Shams University 
 

Submitted for the partial fulfilment of the 

Master Degree 

In Pharmaceutical Sciences 

(Pharmaceutical Chemistry) 
 

Under the supervision of 
 

Prof. Dr. / Khaled A. M. Abouzid 
Professor of Pharmaceutical Chemistry & 

Vice Dean for the Educational & Student Affairs  

Ain Shams University 

        

         
 

 
 

Dr. / Moustafa E. El-Araby  
Lecturer of Organic Chemistry 

Helwan University  
 

Dr. / Rabah A. Taha 
Lecturer of Pharmaceutical Chemistry 

Ain Shams University 

 

Faculty of Pharmacy 

Ain Shams University 

2012



 

i 
 

 



 

ii 
 

 

 

 

 

 

To 

My Parents



Acknowledgements 
 

iii 
 

Acknowledgements 
 

I owe my deepest appreciation and truthful gratitude to Professor Khaled 

Abouzid Mohamed Abouzid, Professor of Pharmaceutical Chemistry and Vice Dean for 

Educational and Student Affairs, for his scientific supervision, innovative ideas, fruitful 

opinion, invaluable advices, precious suggestions, continuous encouragement and untiring 

help. I am really sincerely and profoundly indebted to him for his priceless guidance and 

endless support throughout the whole work and during writing this thesis. I truly thank 

him for his great efforts which allowed this thesis to appear in its final form. 

I would like also to express my sincere thanks to Dr. Rabah Ahmed Taha Serya, 

Lecturer of Pharmaceutical Chemistry, for her kindness, continuous encouragement, 

indispensible assistance, valuable guidance and constant support throughout the whole 

work.  

My cordial gratitude extend to my supervisor Dr. Moustafa El-Sayed El-Araby, 

Lecturer of Organic Chemistry, Department of organic chemistry, Helwan university, 

Egypt  for his kind supervision, innovative ideas, invaluable guidance and assistance all 

throughout the time spent in this thesis work. 

I would like also to deeply and truly thank Amr Hamed Mahmoud, My colleague 

at the department of Pharmaceutical chemistry, faculty of Pharmacy Ainshams University 

for his continuous support and help, great assistance,  valuable resources and teaching me 

every word I know in molecular modelling. 

I acknowledge with thankfulness all my friends in Pharmaceutical Chemistry 

Department, for their friendly cooperation, support and their unconditional love and aid. 

Also I would like to express my gratitude to the National Cancer Institute, 

Maryland, U.S.A for performing the cytotoxicity assay of the synthesized compounds. In 

addition I would like to thank the companies provided the trial versions of the softwares 

used in this study, namely Cambridge Crystallographic Data Centre (CCDC) and 

BiosolveIT. 

Finally, I am profoundly indebted to my parents and my sisters and my friend 

Shady Mohamed for continuous support and assistance. 



Contents 
 

iii 
 

Contents: 
Acknowledgements ................................................................................................................................ iii 

Contents:................................................................................................................................................ iii 

List of figures: ......................................................................................................................................... vi 

List of Tables: ........................................................................................................................................viii 

List of Abbreviations: .............................................................................................................................. ix 

Abstract ................................................................................................................................................. xi 

1. Introduction: ....................................................................................................................................... 1 

1.1. Cancer: ......................................................................................................................................... 1 

1.1.1. Definition: .............................................................................................................................. 1 

1.1.3. Etiology and carcinogenic factors: .......................................................................................... 3 

1.1.4. Epidemiology: ........................................................................................................................ 4 

1.2. Cancer therapy: ............................................................................................................................ 5 

1.2.1. Surgery:11 ............................................................................................................................... 5 

1.2.1.1. Preventive (prophylactic) surgery: ................................................................................... 5 

1.2.1.2. Diagnostic surgery: .......................................................................................................... 5 

1.2.1.3. Staging surgery: ............................................................................................................... 6 

1.2.1.4. Curative surgery: ............................................................................................................. 6 

1.2.1.5. Debulking (cytoreductive) surgery: .................................................................................. 6 

1.2.2. Radiotherapy: ........................................................................................................................ 6 

1.2.2.1. Brachytherapy: ................................................................................................................ 6 

1.2.2.2. Radioisotope therapy; ..................................................................................................... 7 

1.2.3. Cancer Chemotherapy: ........................................................................................................... 7 

1.2.3.1. Antimetabolites: .............................................................................................................. 8 

1.2.3.2. Alkylating agents: ............................................................................................................ 9 

1.2.3.3. DNA intercalators and topoisomerase inhibitors: ........................................................... 10 

1.2.3.4. Anticancer drugs that targets hormonal action: ............................................................. 11 

1.2.3.5. Cell skeleton inhibitors: ................................................................................................. 12 

1.2.3.6. Inhibitors of cell signaling pathways: ............................................................................. 12 

1.2.3.6.1.1. General Structure of protein kinases: ............................................................. 15 

1.2.3.6.1.2. Protein kinase inhibitors: ................................................................................ 16 

1.2.3.6.1.2.1. Introduction: ............................................................................................ 16 



Contents 
 

iv 
 

1.2.3.6.1.2.2. Classification: ........................................................................................... 20 

1.2.3.6.1.2.3. Tyrosine kinases and their inhibitors:....................................................... 23 

1.2.3.6.1.2.3.1. EGFR tyrosine kinase inhibitors: ........................................................ 24 

1.2.3.6.1.2.3.2. VEGFR-2 tyrosine kinase inhibitors: ................................................... 33 

1.2.3.6.1.2.3.3. Src tyrosine kinase inhibitors:............................................................ 41 

1.3.1. Computational approaches to scaffold hopping: ...................................................................... 46 

2. Rational and design: .......................................................................................................................... 52 

2.1. Design process: ........................................................................................................................... 54 

2.2. Preliminary evaluation of the designed compound using Molecular docking: .............................. 57 

2.3. Schemes for synthesis of the designed compounds: .................................................................... 61 

3. Results and discussion: ...................................................................................................................... 66 

3.1. Chemistry: .................................................................................................................................. 66 

Due to the expensive nature of 5-nitromethylantharnilate this method wasn’t adopted for the 

synthesis of 5-nitrosaccharine. ....................................................................................................... 68 

3.1.1. Literature review on saccharine synthesis: ........................................................................... 68 

3.2-Biological evaluation: ................................................................................................................... 85 

3.2.1. In-vitro anticancer activity: ................................................................................................... 85 

3.2.1.1. Principle of the assay: .................................................................................................... 85 

3.2.1.2. Data obtained and their indications: .............................................................................. 86 

3.2.2. Enzyme inhibition assay: ...................................................................................................... 96 

3.2.3. Cell cycle analysis: .............................................................................................................. 100 

3.3. Molecular Modeling: ................................................................................................................. 102 

3.3.1. Design process: .................................................................................................................. 102 

3.3.2. Docking study:.................................................................................................................... 106 

3.3.2.1. Overview on the docking algorithm and scoring function: ................................................ 106 

3.3.2.2. Validation of the docking algorithm: ............................................................................ 109 

3.3.2.3. Docking inside the active site of epidermal growth factor receptor kinase (EGFR) active 

site: ......................................................................................................................................... 109 

3.3.2.4. Docking inside the active site of vascular endothelial growth factor receptor kinase-2 

(VEGFR-2) active site: ............................................................................................................... 113 

3.3.2.4 Docking in the ATP binding site of c-Src tyrosine kinase: ............................................... 116 

3.3.3. Field analysis and comparison between our designed compounds and quinazoline based 

EGFR inhibitor gefitinib. ............................................................................................................... 117 



Contents 
 

v 
 

4. Experimental: .................................................................................................................................. 120 

4.1. Chemistry: ................................................................................................................................ 120 

4.1.1. Materials and methods: ..................................................................................................... 120 

4.1.2. Synthesis: ........................................................................................................................... 121 

4.2. Biological evaluation of compounds: ......................................................................................... 149 

4.2.1. In-Vitro anticancer evaluation: ........................................................................................... 149 

4.2.2. Enzyme inhibition assay: .................................................................................................... 150 

4.2.3. Cell cycle analysis: .............................................................................................................. 151 

4.3. Molecular modeling: ................................................................................................................. 151 

4.3.1. Design process: .................................................................................................................. 151 

4.3.2. Docking study:.................................................................................................................... 152 

4.3.2.1. Protein and ligands preparation for docking: ............................................................... 152 

4.3.2.2. Docking process: ......................................................................................................... 153 

5. Final conclusion: .............................................................................................................................. 154 

6. References:.................................................................................................................................. 155 

 
 

 

 

 

 

 

 

 



List of Figures 
 

vi 
 

List of figures: 
Figure 1a and b: Parallel Pathways of Tumourigenesis. ....................................................................... 2 

Figure 2: An overview of primary examples of events that have generated important insights into 

carcinogenesis. ....................................................................................................................................... 3 

Figure 3: Antimetabolites act by interfering either with some essential enzymes necessary for the 

synthesis of some essential metabolites or by the synthesis of large molecules such as DNA............. 8 

Figure 4: Signal transduction pathways and control of cell cycle. ...................................................... 13 

Figure 5: Phosphorylation of tyrosine residue by tyrosine kinases.................................................... 14 

Figure 6: Figure illustrates the binding site of ATP molecule ............................................................. 15 

Figure 7: X-ray crystallographic structure of EGFR tyrosine kinase (PDB ID: 1M17). ....................... 16 

Figure 8: Kinase inhibitor binding modes. .......................................................................................... 22 

Figure 9:Type 1 and type 2 kinase inhibitors ...................................................................................... 23 

Figure 10: Signal Transduction Pathways Controlled by the Activation of EGFR. .............................. 25 

Figure 11: Mechanisms of Action of Anti-EGFR Drugs in Cancer Cells. .............................................. 26 

Figure 12: Structure-activity relationships in 4-anilinoquinazolines as EGFR inhibitors. ................. 27 

Figure 13: Isosteric replacement of phenyl ring via intramolecular hydrogen bonding of substituted 

pyrimidine derivatives. ........................................................................................................................ 30 

Figure 14: Isosteric replacement of quinazoline ring (colored gray) aligned with alkynyl substituted 

pyrimidines(colored green). ................................................................................................................ 31 

Figure 15: Simplification of the quinazoline structure by using bioisosteric replacement of the 

pyrimidine ring with the anthranilamid groups. ................................................................................ 32 

Figure 16: Replacement of the quinazoline ring with salicylanilides. ................................................ 32 

Figure 17: Role of EGFR and VEGFR-2 in neoangiogenesis. ................................................................ 34 

Figure 18: Up; type I VEGFR tyrosine kinase inhibitors and their binding modes. Down; type II 

VEGFR tyrosine kinase inhibitors and their binding modes. .............................................................. 36 

Figure 19: Activation of Src kinase and its role in cell signaling ......................................................... 42 

Figure 20: Schematic representation of four principal computational approaches to scaffold 

hopping. ............................................................................................................................................... 48 

Figure 21: Common scaffolds and Binding modes of kinase inhibitors .............................................. 53 

Figure 22: Scaffold hopping approach was adopted for the discovery of new scaffold to act as a 

substitution for the commonly used quinoline and quinazoline scaffold. .......................................... 55 

Figure 23: Tautomeric structures of compounds V a-d. ...................................................................... 74 

Figure 24: Dose response curve produced from NCI 60 cell line screening program illustrate the 

information that could be obtained including GI50, TGI50 and LC50.200 ................................................ 87 

Figure 25: Example of mean graph produced from NCI 60 cell line screening program.................... 88 

Figure 26: Dose response curves of  IXb against leukemia, non-small cell lung cancer and colon 

cancer cell lines. ................................................................................................................................... 95 

Figure 27: Dose response curves for compound IXb against CNS cancer, Melanoma and Ovarian 

cancer cell lines. ................................................................................................................................... 95 

Figure 28: Dose response curves of compound IXb against renal cancer, Prostate cancer and breast 

cancer cell lines. ................................................................................................................................... 96 



List of Figures 
 

vii 
 

Figure 29: Dose response curve of compound IXb against the NCI 60 cancer cell line (colour code of 

the cell lines appeared in figure 25). ................................................................................................... 96 

Figure 30: Cell cycle analysis for compound IXb; (a) Negative control; (b) 24 h treatment with 

compound IXb. G1 phase is shown in red color and S phase is shown as shaded area. Reduction is S 

phase is obvious after treatment by IXb. ........................................................................................... 101 

Figure 31: ReCore process including the processing phase and query execution. ........................... 103 

Figure 32: The result of ReCoring process novel benzo[d]isothiazole 1.1-dioxide scaffold was 

identified as a new scaffold for kinase drug design. In the figure the essential interactions with the 

kinase were marked with red arrows to be conserved during the ReCoring process. The dissection 

points appear as green discs in the dissection points. ...................................................................... 105 

Figure 33: Some novel scaffolds produced from the ReCoring process using LEAD IT software. ... 105 

Figure 34: Binding mode of Gefetinib. ............................................................................................... 111 

Figure 35: Binding modes of compounds VIIa (left) and VIIb (right)  in the ATP binding site of EGFR 

tyrosine kinase. .................................................................................................................................. 111 

Figure 36: Binding modes of compounds VIIIa (left) and VIIIb(right) in the ATP binding site of EGFR 

tyrosine kinase ................................................................................................................................... 112 

Figure 37: Binding modes of compounds IXa (left) and IXb (right) in the ATP binding site of EGFR 

tyrosine kinase. .................................................................................................................................. 112 

Figure 38: Binding mode of the co-crystallized ligand with VEGFR-2 tyrosine kinase (PDB ID: 

2YWN). ............................................................................................................................................... 113 

Figure 39: Binding modes of compounds XIIIa-b (up) and XVIIIa-b (down) in the ATP binding site of 

VEGFR-2 tyrosine kinase oxygen and amine linker haven't affected the binding modes. ................ 114 

Figure 40: Binding mode of compound XXIb in the ATP binding site of VEGFR-2 tyrosine kinase the 

bifurcated hydrogen bonding was replaced by single hydrogen bond acceptor with Glu-883. ....... 115 

Figure 41: Binding modes of compound XXII (right) and XXIII (left) in the ATP binding site of 

VEGFR-2 tyrosine kinase. .................................................................................................................. 115 

Figure 42: Binding modes of compounds IXb and IXa in the ATP binding site of Src tyrosine kinase. 

Hydrogen bonding is shown in red colour extra hydrogen bonding between the urea group of IXb 

and leu-273 can be observed in both of the compounds................................................................... 117 

Figure 43: Comparison between the binding modes of a quinazoline based inhibitor of Src kinase in 

White colour and our compound IXb in red colour. .......................................................................... 117 

Figure 44: Field points comparison between compounds VIIb, VIIIa and IXb in gray colorsand 

Gefitinib in green color (Hydrogen bond acceptor fields appear as blue balls). .............................. 118 

Figure 45: Positive field points around Gefitinib left and IXb right represented as blue shapes 

around the structures. The field around IXb is much larger then Gefitinib. ..................................... 119 

 
 

 



List of Tables 
 

viii 
 

List of Tables: 
 

Table 1: approved kinase inhibitors and their indications.41.............................................................. 19 

Table 2: Molecular structures and docking scores of the designed compounds. ............................... 58 

Table 3: Percent inhibition of the growth of NCI 60 cancer cell lines exerted by final compounds 

VIIa, IXb, XIIIa, XIIIb, XVIIIa, XVIIIb, XVIIIc, XXIb, XXIc and XXIII .......................................................... 89 

Table 4: Some calculated physicochemical properties of compounds VIIa, IXb, XIIIa, XIIIb, XVIIIa, 

XVIIIb, XVIIIc ........................................................................................................................................ 91 

Table 5: five dose assay results obtained for compound IXb upon testing against the 60 cancer cell 

lines of NCI screening program (the values are given by µM). ........................................................... 92 

Table 6: % inhibition of enzymatic activity for the target compounds of EGFR, VEGFR-2 and c-MET 

kinases.................................................................................................................................................. 97 

Table 7: % Inhibition of enzymatic activity of some kinases exerted by compound IXb.................... 99 

Table 8: Cell cycle analysis results for compound IXb showing the % cellular community in different 

phases of cell cycle. ............................................................................................................................ 101 

 

 



List of Abbreviations 
 

ix 
 

List of Abbreviations: 
 

3D QSAR: 3-Dimentional Quantitative Structure Activity Relationship  

Å: Angstroms 

Ac: Acetyl 

ADP: Adenosine Di Phosphate. 

ATP: Adenosine Tri Phosphate. 

ATCC: American Type Culture Collection. 

Bn: Benzyl 

Bz: Benzoyl 

CC50: 50% Cytotoxicity concentration 

CDK: Cycline Dependant Kinase 

CMC: Critical Micelle Concentration 

DFG: term used to describe three amino acid residues (Aspartate, Phenylalanine and Glycine)  

DMAP: Di-Methyl Amino Pyridine 

DMF: Dimethylformamide 

DMSO: Dimethylsulfoxide 

DMPK: Distribution metabolism pharmacokinetic properties. 

DNA: Deoxyribo Neucleic Acid 

EC50: 50% Maximal effective concentration. 

EGFR: Epidermal Growth Factor Receptor 

ErbB-2: Human Epidermal Growth Factor Receptor 2 

ESI-TOF: Electrospray ionization-Time of flight 

EtOAc: Ethyl acetate 

FBGF: Fibroblast Growth Factor 

FDA: Food and Drug Administration 

FT-IR: Fourier transform-Infrared 

GI50: Growth Inhibition 

GOLD: Genetic optimization of ligand docking  

Glide: Grid-based ligand docking with energetic 

HIF: Hipoxia Inducible Factor 

HIV: Human immunodeficiency virus 

HMPA: Hexamethylphosphoramide 

HRMS: High resolution mass spectroscopy 

Hr: Hour 

Hz: Hertz  

IC50: 50% Inhibitory concentration 

Kcal: Kilocalories 



List of Abbreviations 
 

x 
 

LC50: Lethal Dose 

LDL: Low Density Lipoprotein 

MAPk: Mitogen-activated protein kinase 

MAP2K2: Mitogen-activated protein kinase kinase 

MHz: Mega hertz 

MS: Mass spectroscopy 

MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a yellow tetrazole 

NCI: National Cancer Institute. 

NMR: Nuclear magnetic resonance 

NS: Non-structural 

NTP: Nucleoside triphosphate 

NSCLc: Non-small-cell lung carcinoma 

PDB: Protein data bank 

PDC: Pyridinium dichromate 

PDGFR: Platelet-derived growth factor receptor 

Pet ether: Petroleum ether 

PK: Protein Kinase 

RAF: Rapidly Accelerated Fibrosarcoma 

Redox: Reduction-oxidation 

RMSD: Root mean square deviation 

rt: room temperature 

siRNA: small interfering RNA 

SRC: Sarcoma 

TCA: Trichloro acetic acid 

TEA: Triethyl amine 

TFE: Trifluoro ethanol 

THF: Tetrahydrofuran 

TLC: Thin layer Chromatography 

TGI: Total growth inhibition 

TMS: Tetramethylsilane 

TMEDA: Tetramethylethylenediamine 

USA: United States of America 

VEGFR: Vascular Endothelial Growth Factor Receptor 

WHO: World Health Organization



Abstract 
 

xi 
 

Abstract 

Title of thesis:  

 

“Novel Gefitinib Analogues; Design, Synthesis and 

Anticancer Activity” 

 

Name of candidate: 

Mohamed Saad Abdullah Elsayed 

Teaching assistant of Pharmaceutical Chemistry  

Ain Shams University 

 

Thesis supervised by: 

Prof. / Khaled A. M. Abouzid 

Professor of pharmaceutical chemistry  

and 

 Vice dean for student and educational affairs 

Dr. /Rabah A. T. Serya 

Lecturer of Pharmaceutical chemistry 

 Ain shams University 

Dr/ Mostafa E. El-Araby 

Lecturer of organic chemistry 

Helwan University 

 

 



Abstract 
 

xii 
 

Abstract 

     Cancer is considered a major health problem that requires urgent development of 

effective and safe medications. Cancer is the second major cause of death in the United 

States and worldwide exceeded only with cardiovascular disorders. Most of the current 

anticancer agents depend on the high rate of division and massive metabolism of cancerous 

cells.  On the other hand, targeting anticancer therapy is directed towards some over- 

expressed molecular targets (enzymes and receptors) in cancer cells that are responsible 

for their mutations and cancerous nature.  Epidermal growth factor receptor (EGFR) 

tyrosine kinase is one of these targets that is highly expressed in many kinds of cancers and 

responsible for poor prognosis of cancer patients.  

    In this study, scaffold hopping approach was utilized for the discovery of new ring system 

with new biological activity as an alternative for the quinazoline. Based on the crystal 

structure of Gefitininb and Erlotininb bounded to EGFR tyrosine kinase, compounds with 

benzo[d]isothiazole 1,1-dioxide core were designed as surrogates of quinazoline core of 

these drugs. In addition isoindolinone scaffold as bioisostere of benzo[d]isothiazole 1,1-

dioxide was adopted to test the effect of this bioisosteric replacement. This new scaffold 

was adopted for the development of novel tyrosine kinase inhibitors of both type 1 and 

type 2 targeting EGFR and VEGFR-2 tyrosine kinases.  

   Synthesis of the designed benzo[d]isothiazole 1,1-dioxide compounds was accomplished 

and  their structures were confirmed by various spectral and micro analytical data. 

This study involves the synthesis of the following unavailable reported intermediates:  

1. 2-Methyl-4-nitrobenzenesulfonamide (II) 

2. 5-Nitrosaccharine (5-nitrobenzo[d]isothiazole 1,1-dioxide)(III) 

3. 3-Chloro-5-nitrobenzo[d]isothiazole 1,1-dioxide (IV) 

4. 3-Chlorobenzo[d]isothiazole 1,1-dioxide (3-chloropseudosaccharine)(X)  

5. 3-(4-Nitrophenoxy)benzo[d]isothiazole 1,1-dioxide(XI) 

6. 4-Nitrobenzoyl chloride (XIV) 

7. 4-Nitrobenzoyl azide (XV) 
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8. 1-(4-Nitrophenyl)-3-phenylurea (XVIa) 

9. 1-(4-Methoxyphenyl)-3-(4-nitrophenyl)urea (XVIb) 

10. 1-(3-Bromophenyl)-3-(4-nitrophenyl)urea (XVIc) 

11. 1-(2,4-Dichlorophenyl)-3-(4-nitrophenyl) urea (XVId) 

12. 1-(4-Aminophenyl)-3-phenylurea (XVIIa) 

13. 1-(4-Aminophenyl)-3-(4-methoxyphenyl)urea (XVIIb) 

14. 4-Nitro-N-(m-tolyl)benzamide (XIXa) 

15. N-(2-Chlorophenyl)-4-nitrobenzamide (XIXb) 

16. N-(4-Methoxyphenyl)-4-nitrobenzamide (XIXc) 

17. 4-Amino-N-(m-tolyl)benzamide (XXa) 

18. 4-Amino-N-(2-chlorophenyl)benzamide (XXb) 

19. 4-Amino-N-(4-methoxyphenyl)benzamide (XXc) 

Also, it comprises the following new intermediates: 

1. 5-Nitro-3-(p-tolylamino)benzo[d]isothiazole 1,1-dioxide(Va) 

2. 3-[(3-Bromophenyl) amino]-5-nitrobenzo[d]isothiazole 1,1-dioxide (Vb) 

3. 3-[(4-Chlorophenyl)amino]-5-nitrobenzo[d]isothiazole 1,1-dioxide (Vc) 

4. 3-[(2,4-Dichlorophenyl)amino]-5-nitrobenzo[d]isothiazole 1,1-dioxide (Vd) 

5. 3-(4-Aminophenoxy)benzo[d]isothiazole 1,1-dioxide(XII) 

6. 1-(4-Aminophenyl)-3-(3-bromophenyl)urea (XVIIc) 

7. 1-(4-Aminophenyl)-3-(2,4-dichlorophenyl)urea (XVIIe) 

Moreover, these new target compounds were synthesized: 

1. 4-{[1,1-Dioxido-3-(p-tolylamino)benzo[d]isothiazol-5-yl]amino}-4-oxobutanoic acid 

(VIIa) 

2. 4-{[3-((3-Bromophenyl)amino)-1,1-dioxidobenzo[d]isothiazol-5-yl]amino}-4-

oxobutanoic acid (VIIb) 

3. Diethyl 2-{[(3-[(4-chlorophenyl)amino]-1,1-dioxidobenzo[d]isothiazol-5-yl)amino] 

methylene}malonate (VIIIa) 

4. Diethyl 2-{[(3-[(3-bromophenyl)amino]-1,1-dioxidobenzo[d]isothiazol-5-yl)amino] 

methylene}malonate (VIIIb) 

5. 1-{3-[(2,4-Dichlorophenyl)amino]-1,1-dioxidobenzo[d]isothiazol-5-yl}-3-

phenylurea (IXa) 


