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SUMMARY 

The thesis entitled "ORGANIC REACTIONS METHODOLOGY: STUDIES ON 

CARBON - NITROGEN HETERO BOND FORMING REACTIONS" is 

principally concerned with investigations relating to developments of new organic 

reactions methodology, reagents and conditions with major interest to carbon

nitrogen bond forming re-actions and its applications. The total work of this thesis 

has been divided into two parts: Part-1 and Part-11. Each part comprises two 

sections: Section-A, and Section-B. 

Part-1, Section-A describes _studies on palladium-catalyzed amination reaction of 

halopyridines mediated on a surface of KF-alumina. As a prelude to this study, a 

brief introduction on the importance and various classical methods available for the 

syntheses arylamines and hetero-aryl amines has been depicted. The copper

catalyzed Ullmann reaction and relatively new palladium-catalyzed amination 

reaction, developed independently by Buchwald and Hartwig, have been reviewed. 

Recent advancements on the role of palladium sources, nature of ligands (i.e. the 

catalytic system), bases and solvents have been discussed. 

In the present work, some of the lacunae of this useful palladium-catalyzed hetero 

cross-coupling amination have been addressed, with special emphasis on: (i) the use 

of strong base such as sodium tert-butoxide and (ii) the specific uses of his

phosphine ligands. The literature revealed that the potassium fluoride impregnated 

on alumina (KF.,alumina) has been successfully employed as the basic surface in 

many organic reactions to exploit its basicity on the surface. This section (Part-1, 

Section-A) has described our studies on palladium-catalyzed amination of 

halopyridines with primary and secondary amines on a surface of KF-alumina 

(Schemel). 
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Scheme 1 

Pd~Phosphine catalyst/ 
R2NH or RNH2 

Alumina~KF (4:1) 

Phosphine: P(o-tolylh, DPPF, BINAP; Pd sources: PdCI2, 

Pd2(dbah, Pd(OAc)z, Pd(acac)z, Pd[PPh3]4 
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The reaction conditions have been optimized with reference to use of palladium 

sources, the ligands, solvent and the surface. The present study shows that Pd (0) 

catalyzed amination of bromopyridines can be performed smoothly on the surface of 

basic alumina admixed with potassium fluoride. The simplicity of the experimental 

conditions, good to exc.ellent yields and favourable safety aspects represent 

significant improvement and useful extension relative to Buchwald's procedure 

using the strong base, sodium tert-butoxide. Although the his-phosphine ligand [(±)

BINAP] was found to work as a better'ligand, the monodentate tri-a-tolyl phosphine 

[(o-tolyl)3P] als<;> worked effectively in some cases. Further work may be undertaken 

with more base-sensitive functionalities on the coupling partners as well as with aryl 

halides. 

[A preliminary account of this work has been published in Tetrahedrou Letter 2002, 43, 7967-

7969]. 

Section-B deals with application of this KF~alumina surface in palladium-catalyzed 

C-C bond forming reaction. Kabalka et al. and Villemin et al. recently reported 

palladium-catalyzed C-C bond forming reactions such as Heck, Stille, Suzuki 

reactions using KF~alumina as the basic surface. However, although the Suzuki 

coupling reaction is one of the most useful methods yet developed for preparing both 

symmetrical and unsymmetrical biaryls, there are still improvements and further 

applications that could be made to render it more effective. This section (Part-1 

Section-B) describes our studies on palladium-catalyzed multi-Suzuki coupling of 

di-, tri- or tetra-haloaromatics with arylboronic acids mediated on KF-alumina 

surface leading to synthesis of terphenyls and higher homologues in one-pot reaction 
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(Scheme 2). The present study has thus established a fast, operationally simple 

procedure for rapid access to a variety of polyaromatic hydrocarbons. 

Scheme 2 

Ro- o-1 .o (X)n + ~ /; B(OH)2 

KF-Alp3 I Pd(OAc)2 

MW 
n = 2, 3, 4 X= Br, I R = H, OMe, OH, NH2 

[An account of this work ha.s been published in Tetrahedron Letter 2003, 44, 3817-3820]. 

Part-II of this dissertation comprises studies on the reduction of functionalized C

N and C-C double bonds using potassium formate as reductant and catalytic 

palladium acetate. Section-A (Part-H) delineates development of a simple protocol 

for direct reductive amination of aldehydes and ketones, including a,p-unsaturated 

carbonyl compounds, with the aid of HCOOK/Pd(OAc)2 (Scheme 3). The term 

'direct reductive amination' is used to describe a reaction in which a mixture of 

carbonyl compound and amine is treated with suitable reducing agent in a one-pot 

operation. In this connection, a brief review on direct reductive amination processes 

yet developed has been presented. The method described here can be useful for 

preparing all classes of amines from suitable carbonyl compounds via ~heir imines. 

MS or 
s"ilica gel 

R I = Alkyl or Aryl 
R2 = H, Alkyl 

Scheme 3 

R3 = H, Alkyl 
R4 =Alkyl 

HCOOK I Pd(OAc)2 

DMF 

Since Pd-catalyzed "hydride addition" is probably the cause of the reduction of C-N 

double bond of the imines derived in situ, the possibility for asymmetric reductive 

amination using chiralligands might be explored. 

[The procedure has been published in Synlett 2003, (4), 555-557]. 
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Part-11, Section-B represents an application of this reductant system 

[HCOOK/Pd(OAc)2] in reducing highly functionalized conjugated alkenes (Scheme 

4). The alkenes bearing other potentially reducible groups have been studied thus 

showing the efficiency of this reductant system. The present study constitutes a 

useful condition for chemoselective reduction of C-C double bonds of 
-

a.,~-unsaturated cyanoesters. 

R3 = Et, Sn(n-Bu)3 

Scheme 4 

HCOOKI Pd(OAc)2 

DMF I 45 - 50 °C I 
3.,4h 

[A preliminary account of this work has been published in Syntlt. Commun. 2003,33, 291-296]. 

The ability of this reductant to perform conjugate reduction of functionalized 

alkylidenecyanoacetate under homogeneous catalytic conditions offer further use of 

chiral ligands to· promote asymmetric induction. 




