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ABSTRACT 

 

 

    The thesis entitled “Asymmetric vinylogous Michael reaction, stereoablative O-arylation, 

alkylation and vinylogous nucleophilic substitution: Towards functionalized organic 

frameworks” deals with development of stereoselective reactions for the synthesis of spatially 

defined functionalized scaffolds.  Different stereoisomers can show varied response towards 

human senses such as smell and taste, behaviour of insects and most importantly in their 

pharmacological activity in human body. Thus, it is very important to selectively synthesize the 

desired enantiomers and diastereomers through meticulous choice of catalysts and reaction 

conditions. We have developed organocatalytic enantioselective and Lewis acid catalyzed 

diastereoselective methods for C-C and C-O bond forming reactions leading to functionally rich 

moieties. 

    This thesis has been divided into five chapters. In the first chapter, importance of 

stereochemistry with various interesting examples has been explained. An introduction to 

asymmetric catalysis with emphasis on organocatalysis has been described. A brief history of 

organocatalysis is followed by activation modes such as covalent and non-covalent 

organocatalysis. Then, a brief introduction to the principle of vinylogy and stereoablative 

strategy has been described. 

    Chapter 2 describes organocatalytic diastereo- and enantioselective Michael addition of 2-

silyloxyfurans with various cyclic enones. Chiral γ-butenolide and their derivatives are present in 

numerous natural products and are important building blocks for the synthesis of biologically 

active compounds. Particularly, cycloalkane connected γ-butenolides with chiral quaternary 

center at cycloalkane-connecting point are of great interest. However, due to the built-in steric 

repulsion, the asymmetric installation of quaternary all-carbon stereogenic centres remains a 

difficult and imperative problem in chiral catalysis and has been a domain of large research 

interest in synthetic organic chemistry. We have disclosed the development of a simple, 

commercially available chiral organic catalyst system that effectively promotes the asymmetric 

vinylogous Michael reactions of various 2-silyloxyfurans with cyclic enones and 3-substituted 

cyclic enones. Furthermore, the synthetic potential of these syn-Michael adducts was 

demonstrated by 1,4-addition of nucleophiles on the butenolide substructure. 
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   Chapter 3, deals with the synthesis of α-Alkylidene-δ-diaryl-2-oxindoles through the 

vinylogous nucleophilic substitution of the hydroxy Group in diarylmethanols with 3-propenyl-

2-silyloxyindoles. Various nucleophiles which have been used for direct nucleophilic 

substitution of alcohols include carbonyl compounds, alkynes, alkenes, active silanes, active 

methylene compounds, aromatic compounds and hetero atom donors. However, very few 

methodologies of alcohol substitution with vinylogous nucleophiles have manner. However, very 

few methodologies of alcohol substitution with vinylogous nucleophiles have been reported. 

Among the vinylogous nucleophiles particularly 3-alkylidene-2-oxindoles have shown great 

potential as nucleophiles for providing a functionalized indole or oxindole containing backbones. 

It could install highly functionalized vinylic scaffolds in regio- and diastereoselective  manner. 

We have disclosed the first example of a Lewis acid catalyzed highly diastereoselective direct 

vinylogous nucleophilic susbtitution reaction of tert-butyldimethylsilyloxydienes  derived from 

γ-enolizable 3-alkylidene-2-oxindoles with in-situ generated diarylmethyl carbocations obtained 

from o-methoxybenzylic alcohols. This remote functionalization of protocol resulted in Z-

selective α-alkylidene-δ-diaryl-2-oxindoles. 

    In chapter 4, enantioselective organocatalytic stereoablative aryloxylation of 3 

bromooxindoles with bifunctional catalyst have been described. Numerous bioactive alkaloid 

natural products and pharmaceutically important compounds contains 3,3'-disubstituted oxindole 

core with a heteroquaternary stereo center at the C3 position. In particular 3,3'-disubstituted 

oxindoles exhibiting spatially defined aryloxy group at C3 position have become desirable 

synthetic targets. We have disclosed a novel route for the construction of these scaffolds in high 

yields and excellent enantioselectivities through stereoablative aryloxylation of 3-halooxindoles 

with cinchona alkaloid derived organocatalysts. We have demonstrated synthetic utility of our 

developed methodology by synthesizing 3-phenoxy analogue  of core of alkaloid CPC-1. We 

also did mechanistic investigation of this developed protocol by HRMS studies, supporting the 

simultaneous activation of both the o-azaxylylene intermediate and aryl alcohol by 

organocatalyst via bifunctional mode of activation. 

    In chapter 5, we have developed a strategy for diastereoselective stereoablative alkylation of 

3-halooxindoles for the synthesis of vicinal all-carbon quaternary stereocenters. Molecules 

possessing two adjacent all-carbon quaternary stereocenter are present not only in the natural 

products but also in the compounds of pharmaceutical and medicinal importance. Among these 
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molecules, those bearing oxindole and indole or bisindole moieties linked through adjacent all 

carbon quaternary centers are present in many complex indole alkaloids of therapeutic 

importance. We have developed direct alkylation strategy using inherently nucleophilc 3-

substituted indoles with electrophilic oxindole counterpart in diastereoselective fashion, to get 

indole/oxindole scaffolds bearing adjacent quaternary stereocenters. 
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