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                                                            CHAPTER  IV 

   Scope and objectives 

______________________________________________________________________________ 

1,3-dipolar cycloaddition reactions are an integral and important part of organic chemistry in 

pedagogy and research as well. The well described literature on cycloaddition reactions of nitrone 

and for the synthesis of new isoxazolidine, isoxazoline derivatives and their further 

functionalizations has been widely illustrated1,2. Both the isoxazolidines and isoxazolines may 

also serve as interesting intermediates for their tranmsformation into β-amino alcohols and 

alkaloids2,3. Excellent medicinal activities like antibacterial, antifungal, anticonvulsant, antibiotic 

and antituberculer activities4,5 are usually found in both isoxazolidine and isoxazoline derivatives. 

These wealthy informations were made possible due to the brilliant efforts of some of the eminent 

scientists in this field viz A Padwa1, S Kobayashi2, R. Huisgen3, W.Oppolzer6, J J Tufariello7, R 

Grigg8, P Deshong9, S Ali10, L Fisera11, V Aggarwal12 and many more. This chemistry has been 

also enriched by the contributions of some eminent scientists from our country as well13,14,15,16 

K.N Houk and his co-workers17 are responsible for the pioneering investigations of regio and 

stereoselectivity associated with the 1,3-dipolar cycloaddition reactions of nitrone. The discovery 

of fluoro18 and chloro nitrone19 and their cycloaddition reactions paved a new avenue in the 

nitrone chemistry. The chemistry of α-chloro nitrone was originated and developed by Prof. A. 

Eschenmoser and his school19 in the early 70’s and developed further by other eminent scientists. 

Another new vista of the nitrone chemistry is the intramolecular cycloaddition reactions. Such 

types of reactions have been reviewed by A. Padwa1 and W. Oppolzer6. Due to the vast synthetic 

potentiality of fluoro and chloro nitrones, a large number of natural products and biologically 

active products (fluoro isoxazolidine and isoxazoline derivatives) have been synthesized via 

nitrone routes. A new dimension in nitrone chemistry was invented in early 2000 when Frances 

Heaney et al reported simaltenous double cycloaddition reactions using novel bisnitrones20. The 

synthesis of bisisoxazolidine and bisisoxazoline derivatives are challenging and needs to 

explore21-23 especially because conversions of these derivatives to aziridines via Baldwin 

rearrangement are found to have vast synthetic potential in this chemistry24-26. Therefore the 

scope of the nitrone chemistry is abundant.  

In this dissertation, we have tried to contribute some new features to the synthetic organic 

chemistry fraternity. This includes synthesis and cycloaddition reactions of new N-benzyl-fluoro 

nitrone and its application in atom efficient synthesis of aldehydes and ketones. Therefore, this 

reaction may be generalized and nitrones may be employed as potential oxidizing reagents in the 

synthesis of a variety of aldehydes and ketones. 
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In addition, we have added some new flavours in the synthesis of nitrone cycloaddition 

reactions. These include simultenous double cycloaddition reactions of bisnitrones (glyoxal 

derived bisnitrone & terepthalaldehyde bisnitrone respectively) in aqueous phase and under the 

application of microwave irradiation (MWI). These reactions found to have vast synthetic 

potential as the bisisoxazoline derivatives could be converted into synthetically more important 

bisaziridine derivatives and thereby showing a new pathway for the future chemists interested 

in this chemistry.  

Future Scopes 

In addition to the reported works presented in this dissertation, we have also started synthesis of 

bisisoxazolidine derivatives using terepthalaldehyde derived bisnitrone (1b). The scheme of 

this synthesis is represented as under: 
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We have also started the study of synthetic potentiality of glyoxal derived bisisoxazolidine 

derivatives. Initial study reports suggests that these bisisoxazolidine derivatives (9-13) could be 

converted into 1,3- difunctional amino alcohols by the reductive cleavage of N-O bond of the 

isoxazolidine ring (Scheme 29). At present studies in this chemistry are in progress.  

 

 

Synthesis of Peptides from isoxazoline derivatives 

We have also studied synthesis of peptides using various isoxazoline derivatives synthesized 

from the nitrones reported already from our laboratory27. We have a plan to synthesize many 

more new peptides using N-benzyl-fluoro nitrone and bisnitrones as well (Scheme 30). 

 

The most important feature of this dissertation is the application of greener techniques and 

methodologies for the synthesis of new fluoro isoxazolidine, isoxazoline derivatives and 

bisisoxazolidine, bisisoxazoline derivatives via 1,3-dipolar cycloaddition reactions. These 

include ionic liquid mediated cycloaddition reactions, aqueous phase synthesis and microwave 

irradiated synthesis. These techniques not only helped us to avoid hazardous solvents 

(benzene) but also provided us good to excellent yield of the products in a short reaction time.  

____________________________________________________________________________ 
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These methodologies were found completely environment friendly for us and for our society as 

well. The side product (generally treated as waste) during aldehyde and ketone synthesis (imine 

derivatives) has been also successfully reused for the synthesis of primary amines and thereby 

showing another important feature of green chemistry techniques (atom efficient reactions). 
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   In a nutshell, the salient features of this dissertation may be summarized as follows: 

 

➢ Green synthesis of some new class of fluoro isoxazolidine and isoxazoline 

derivatives via 1,3-dipolar cycloaddition reactions of N-benzyl-fluoro nitrone 

➢ Green synthesis of some new class of bisisoxazolidine and isoxazoline 

derivatives synthesized from glyoxal and terepthalaldehyde derived 

bisnitrones via 1,3-dipolar cycloaddition reactions  

➢ Synthesis of aldehydes and ketones using N-benzyl-fluoro nitrone as 

potential oxidizing reagent  

➢ Successful employment of the side products (obtained during aldehyde and 

ketone synthesis-imines) in the synthesis of primary amines.  

➢ Future scopes for the synthesis of 1,3 amino alcohols from bisisoxazolidine 

derivatives by the reductive cleavage of N-O bond of isoxazolidines. 

➢ Majority of the newly synthesized cycloadducts (mainly fluoroisoxazolidine 

and isoxazoline derivatives) are found to be biologically active (antibacterial 

and antimicrobial activities)  

_____________________________________________________________________ 
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Future perspectives of biological activity of new fluoro isoxazolidine and isoxazoline 

derivatives 

It has been observed that the majority of the new fluoro isoxazolidine and isoxazoline 

derivatives have antibacterial activity against both gram positive (S. Aureus, B. Subtilis) and 

gram negative (E. Coli, S. Flexneri) bacteria, hence it can be concluded that the derivatives 

used (2-6) may be treated as Broad Spectrum Antibiotics28. The MIC value obtained for fluoro 

isoxazolidine derivatives (2-4) ranges from 10 µg/ml - 50 µg/ml are very close to the MIC 

values of most commonly used antibiotics like Penicillin (10 units), Sulphonamide (300 

g/mL), Nalidixic Acid etc and hence they are equally effective and can be prescribed after 

testing of LD50
29. Moreover, these fluoro isoxazolidine derivatives may be recommended 

along with other antibiotics in a very low concentration to get more effective result due to the 

synergism and this may avoid drug resistance. Since all the fluoro isoxazolidine derivatives 

were soluble in DMSO (percentage varying from 1-4%) we can predict that the derivatives 

were hydrophobic in nature and it may cross the cell wall and cell membrane lipid bilayer. 

Morphological studies using scanning electron microscope (SEM) and transmission electron 

microscope (TEM) of few fluoro isoxazolidine and isoxazoline derivatives are now going on. 

Initial results are very encouraging. 

Initial study report on the mode of action of synthetic drug (2a) by Scanning Electron 

microscopy (SEM) 

  

 Before treatment with fluo isoxazolidine 2a              After treatment with fluoro isoxazolidine 2a  

___________________________________________________________________________ 
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All the nitrone cycloaddition reactions reported in this dissertation indicate that the synthesis 

is asymmetric in nature (C-3, C-4, C-5 asymmetric centres in case of isoxazolidines and C-3 

in of case isoxazoline derivatives). Finally, these nitrone cycloaddition reactions are not only 

synthetically highly important but also opens a new path for the microbiologists as far as their 

biological activities are concerned to act as antifungal, antibacterial and as a whole a broad 

spectrum antibiotics. Works are in progress to study in the synthesis of functionalized 

isoxazolidine and isoxazoline derivatives and also the gastrointestinal tract infection studies 

using N-benzyl-fluoro nitrone. Synthesis of new peptides, 1,3-amino alcohols, aziridines 

would be of much interest for the future researchers in this field of study in the coming days. 
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