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Introduction 

Transition metal-catalyzed cross-coupling reactions have been recognized as one of the most 

powerful tools for the synthesis of natural products, bioactive molecules, polymers, and 

functionalized materials. Several types of reactions with different organometallic reagents 

have been reported and widely used to prepare those compounds, such as Kumada, Negishi, 

Stille, Suzuki, Hiyama, Heck, Sonogashira, and Buchwald-Hartwig coupling reactions. The 

coupling partners of this type of reaction have to be prepared from their corresponding simple 

arenes via multiple steps prior to the coupling reaction. Most of the cases, these 

organometallic reagents are air and moisture sensitive, therefore special reaction skills and set 

up is required. To overcome these drawbacks, direct C-H bond activation for coupling 

reactions has received much attention recently. However, typical C-H bond activation 

methods require aryl halides or organometallic reagents as one of the coupling partners, 

which produces stoichiometric metal or acid waste. On the other hand, C-H bond activation 

methods require installation of the directing groups in the substrates to control site-selectivity 

and their subsequent removal precludes the synthetic fidelity. As an alternative to 

conventional cross-coupling or C-H functionalization, decarboxylative cross-couplings has 

emerged as a modern strategy using readily available and inexpensive; air and moisture stable 

carboxylic acids as coupling partner.
 
As compared to traditional cross-coupling methods, 

decarboxylative couplings has several potential advantages; (i) carboxylic acids are 

ubiquitous and inexpensive reactants; (ii) decarboxylation can provides the reactive 

intermediates under neutral conditions; and (iii) the only stoichiometric amount of byproduct 

is CO2, which is nontoxic, nonflammable, and easily removed from the reaction medium. In 
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this case, a mechanistically distinct decarboxylative metalation occurs in lieu of oxidative 

addition or transmetalation to form organometallic species which have been used as an 

alternative to aryl halides or organometallic reagents and subsequently coupled with 

electrophiles affording the coupled products via reductive elimination. 

Chapter I describes introduction to transition metal-catalyzed decarboxylative cross-

coupling reactions and its application to synthesis of variety of useful organic molecules and 

literature reports on different types of decarboxylative cross-couplings. 

Chapter II describes palladium(0)-catalyzed intramolecular decarboxylative allylation of 

ortho nitrobenzoic esters 

Statement of Problem 

Aromatic nitro compounds are useful intermediates for the synthesis of agrochemicals, 

pharmaceuticals, dyes, photo-reactive compounds, high energetic materials, 

radiopharmaceutical tracers, etc. A facile reduction of the aromatic nitro groups to their 

corresponding anilines provides common starting materials for the syntheses of a plethora of 

N-heterocycles and natural products. Despite their interesting properties, access to ortho 

substituted nitroarenes is limited due to inherent incompatibility with some preformed 

organometallic reagents which are air and moisture sensitive. Therefore, alternative routes to 

the particular synthesis of ortho-allylnitroarenes using inexpensive, air and moisture stable 

starting materials are in high demand. Therefore, synthesis of ortho-allylnitroarenes using 

ortho nitrobenzoic acids through novel decarboxylative allylation reaction will be attractive 

in view of practical applicability. 

Methodology  

In this chapter, we are reporting an attractive method for the synthesis of ortho-

allylnitroarenes via palladium(0)-catalyzed intramolecular decarboxylative allylation of ortho 

nitrobenzoic esters.
1
 We have adopted Pd/Ag bimetallic catalyst system and phosphine ligand 

for this transformation. It has been observed that silver salt is required for the 

decarboxylation step and generating aryl-silver species in the reaction. Interestingly, the nitro 

group at ortho position of the carboxylic acids has huge role to outcome the reaction. 

Mechanistic studies suggest that silver-assisted decarboxylation occurs in an anionic pathway 

at the present reaction conditions which lead to an allylation product via transmetalation and 

reductive elimination. 
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A wide variety of substituents at the para position, such as alkyl, phenyl, alkoxy, and even 

halogens such as chloro, bromo were compatible under the reaction conditions. Sterically 

hindered ortho nitrobenzoic esters such allyl 2-methyl-6-nitrobenzoate, allyl 3,4,5-

trimethoxy-2-nitrobenzoate also underwent decarboxylative allylation reaction with good 

yield and selectivity. In addition to the cross-couplings of unsubstituted allyl esters, a variety 

of substituted and functionalized allyl esters also underwent couplings to provide allylation 

products. 

Chapter III describes a substrate-dependent mechanistic divergence in decarboxylative Heck 

reaction at room temperature 

Statement of problem 

The Heck reaction is one of the most attractive tools for the construction of C-C bonds 

between olefins and arenes. It is widely used in small molecule synthesis, natural product 

synthesis, polymers, material science and also in bioorganic chemistry. Over the past 

decades, a variety of aryl electrophiles has been used in the Mizoroki-Heck reactions. But 

still several drawbacks are there in the clasical Mizoroki-Heck reactions. However, the 

reaction producces stoichiometric amount of halide waste from the corresponding aryl halides 

and availability of the halogenated arene is also limited and expensive. Alternatively, arenes 

carboxylates have been successfully accomplished in the Heck type reactions via a novel 

decarboxylative cross-coupling method. However, one of the major pitfalls in the 

decarboxylative cross-coupling is the requirement of high reaction temperature (120-190 
o
C) 

which restricts its application in the synthesis of complex molecular frameworks. Therefore, 

the decarboxylative cross-coupling reactions under mild conditions are in high demand. 

Methodology 

In this chapter, we are discussing palladium-catalyzed decarboxylative Heck reaction using 

o,o-dialkoxy carboxylic acids and pentafluorobenzoic acids at room temperature.
2
 In the 

reaction inexpensive benzoquinone (BQ) was used as an oxidant on palladium for electron 
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rich substrates which is alternative to stoichiometric metal salt. A substrates depended 

mechanistic divergence was observed in this reaction where electron rich carboxylic acids 

undergo palladium-mediated decarboxylation and electron deficient carboxylic acid 

undergoes silver mediated decarboxylation followed by transmetalation providing the desired 

product. A dramatic influence of DMSO was observed to the reaction outcome. Also we have 

used the coupled products for further functionalizations via activated aromatic nucleophilic 

substitution (SNAr) reaction. 

 

A wide range of styrenes having electron-withdrawing and electron-donating substituents 

underwent decarboxylative coupling providing high to excellent yield and selectivity. Besides 

alkyl and alkoxyl groups, fluoro, chloro, bromo, trifluoromethyl, acetoxy, nitro, groups 

remained intact under the reaction conditions. Besides styrenes, activated alkenes such as 

acrylonitrile, acrylates also provided the corresponding cross-coupling products. 

Interestingly, unactivated allylbenzenes, allyl acetate, allyl malonate, and unactivated 

terminal alkene also afforded the corresponding coupling products in good to moderate yields 

and good styrenyl selective products. 

Chapter IV describes palladium-catalyzed decarboxylative, decarbonylative and 

dehydrogenative C(sp
2
)-H acylation at room temperature 

Statement of Problem 

Owing to the prevalence of benzophenones in natural products, pharmaceuticals and 

functionalized materials, the synthesis of functionalized carbonyl compounds is a sustained 

exertion in organic synthesis. Several cross-coupling reactions such as Friedel-Crafts 

acylation, Liebeskind-Srogl acylation etc. have been used to prepare the carbonyl compounds 

but these methods offers limited functional group tolerability and requirement of air and 

moisture sensitive organometallics reagent. Beyond typical cross-coupling approaches, 
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several group has been used the C-H activation strategy to access the carbonyl compounds 

without prefunctionalization steps. But still significant challenges remain unsolved. The harsh 

reaction conditions, use of stoichiometric toxic silver(I) salts, high reaction temperature etc. 

limits their application in the synthesis of complex molecular architecture and industrial 

scale. Therefore, a development of mild acylation reaction via C-H activation processes is in 

high demand. 

Methodology  

In this chapter, we have reported a practical method for C(sp
2
)-H acylation reaction via 

decarboxylative, decarbonylative and dehydrogenative pathway at room temperature.
3  

Here 

α-ketocarboxylic acids serves as a acyl radical equivalent formed via extrusion of carbon 

dioxide under the oxidative conditions and has been utilized for C(sp
2
)-H acylation of 

electron deficient substrates 2-phenylpyridines to provide diaryl ketones. Also we have used 

phenylglyoxals and readily available inexpensive aldehydes for this transformation as an 

acylating radical intermediate which is formed via decarbonylative and dehydrogenative 

pathway respectively. Interestingly, the present protocol does not require stoichiometric 

silver(I) salt and a dramatic influence of solvent was observed to the reaction outcome. 

 

A wide variety of phenylglyoxylic acids, phenylglyoxals and also aldehydes as well as 2-

phenylpyridines having electron-withdrawing and electron-donating substituents underwent 

C(sp
2
)-H acylation providing high to excellent yield and selectivity. Besides alkyl and 

alkoxyl groups, fluoro, chloro, bromo, trifluoromethyl, ester, acyl, cyano, nitro, groups are 

well tolerated under the reaction conditions. Interestingly, alkyl keto-carboxyl acid and also 

alkyl aldehydes underwent in the reactions. 

Chapter V describes decarboxylative alkynylation of ortho-nitro benzoic acids 

Statement of Problem 
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Owing to their unique reactivity as nucleophile as well as electrophile, alkynes are used as 

one of the most versatile functional groups in organic synthesis and represent an impressive 

array of utilities in the fuel industry, advanced materials, chemical biology and drug 

development. However, installation of the alkyne moiety into the organic backbone is heavily 

dependent on the Sonogashira cross-coupling between vinyl/aryl halides and terminal 

acetylenes in the presence of palladium/copper(I) bimetallic catalyst. Therefore, development 

of novel methodology for the synthesis of structurally diverse alkynes is highly desirable. 

Methodology  

In this chapter, we have developed a novel copper-silver-promoted alkynylation of ortho-

nitrobenzoic acids with arylacetylenic acids through a double decarboxylation process. 

Mechanistically, this sp
2
-sp cross-coupling may proceed through a silver-assisted 

decarboxylation of 2-nitrobenzoic acids generating aryl-silver species followed by 

transmetalation with copper-acetylide formed either via decarboxylative metalation of 

arylpropiolic acids or deprotonation of the phenylacetylene and finally reductive elimination 

provided the desired product.  

 

A wide variety of substituents such as alkyl, alkoxyl, chloro on 2-nitrobenzoic acid 

underwent decarboxylative coupling providing the desired alkyne products with moderate to 

good yield under the reaction conditions. Various substituents on phenylacetylene and/or 

phenylacetylynic acid such as alkyl, aryl, methoxy, chloro, bromo, fluoro, trifluoromethoxy 

are intact under the reaction conditions. The ortho substituted phenylpropiolic acids also took 

part in the reaction providing high to good yield. However, nitro group at the ortho position 

of benzoic acids are essential for this transformation. The ortho-nitroacetylenic product has 

also been used for the synthesis of functionalized indoles. 
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