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ABSTRACT 

The thesis entitled " New Synthetic and Catalytic methods for the Oxidation of Benzyl 

Amines, Benzyl Alcohols and Styrenes and Reduction of Levulinic Acid " presents the 

results obtained from the research work carried out on the development, characterization 

and application of organometallic, transition metal and main group based compounds as 

catalysts and reagents for oxidation of amines, alcohols, styrenes and reduction of 

levulinic acid to value-added chemicals. The accompanied research work has been 

divided into seven chapters. 

Chapter 1 of this thesis begins with a brief discussion on the chemistry and applications 

of ferrocene. This is followed by a brief discussion of the literature around C-H bond 

functionalization of ferrocene using directing group strategy and possible methods to 

remove the directing groups from the functionalized ferrocene compounds. This is 

followed by a section on ligand promoted palladium catalyzed oxidation of alcohols and 

styrenes. A brief literature background on water soluble palladium complexes and six 

membered trimeric palladium complexes has also been provided.  In the last section of 

this chapter, importance of levulinic acid, γ-valerolactone (GVL), pyrrolidones and why 

the use of biomass as a renewable energy source is significant for the development of 

future ‘Green-Sustainable Society & Economy’ has been discussed. The detailed 

literature background of recent developments on the synthesis of GVL and pyrrolidones 

has also been portrayed.  

The chapter ends with the objective of the present work carried out and reported in the 

thesis. 
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Chapter 2 describes the general experimental procedures adopted in the synthesis of new 

compounds and details of characterization techniques utilized. Specific synthetic details 

of the starting materials described in the thesis are also presented.  

Chapter 3 deals with picolinamide group assisted sp3 C-H bond oxidation of methylene 

groups bound to the phenyl ring, or the Cp ring of metal sandwich compounds to the 

corresponding carbonyl compounds by using simple ferrocene as a catalyst and 

Cu(OAc)2 or tert-butyl peroxybenzoate (TBPB) as oxidant under mild conditions. This 

study represents an unprecedented use of picolinamide directing group and the 

development of a novel methodology to remove the directing group via oxidation of a sp3 

C-H bond to the corresponding carboxylic acids starting from benzyl amines. The 

reaction mechanisms of these oxidative transformations both on phenyl ring as well as 

the Cp ring of metal sandwich compounds were proposed by taking into account the 

literature reports and control experiments. 

Chapter 4 describes the synthesis, characterization and catalytic evaluation of new 

trimeric, dimeric and monomeric palladium complexes with 8-aminoquinolines. A water 

soluble, neutral palladium trimer complex having a (Pd-N)3 core is synthesized by a 

single pot method using 8- aminoquinoline in reasonably good yields at room 

temperature. This chapter also represents the synthesis of cationic monomeric, dimeric 

and trimeric palladium complexes with 2-methyl 8-aminoquinoline ligands. The catalytic 

activity of the neutral trimeric palladium complex was explored for the oxidation of 

alcohols to aldehydes using water as the solvent and oxygen as the green oxidant. The 

cationic palladium complexes are used for the oxidation of styrenes to methyl ketones in 

the presence of the green oxidant hydrogen peroxide. Single crystal X- ray diffraction 
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studies on all the new palladium complexes synthesized in this study has also been 

presented. 

Chapter 5 presents an efficient, metal-free, catalyst-free and solvent-free methodology 

for the reductive amination of levulinic acid with different anilines using HBpin as the 

reducing reagent. This protocol offers an excellent method to avoid solvents and added 

catalysts for the synthesis of different kinds of N-substituted pyrrolidones under metal 

free conditions. For the first time a hydroboration methodology is applied on biomass 

derived levulinic acid, which contains a keto-acid bi-functional group. In addition to 

substrate scope, control experiment studies and DFT studies have also been carried out to 

find out the possible reaction pathway.  

Chapter 6 presents the synthesis of the industrially important compound γ-valerolactone 

(GVL) from biomass derived levulinic acid. An efficient catalytic metal-free 

methodology was developed for the synthesis of the green solvent γ-valerolactone 

directly from levulinic acid using I2/Et3SiH at room temperature with good yields. This 

methodology is also explored on different keto acids. A hydrosilylation methodology is 

applied in this study. The mechanism of the reaction is also proposed by taking into 

account the literature reports and control experiments. 

Chapter 7 gives the overall conclusions of the entire work carried out in the present 

study. 
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Lkkjka”k 

“kks/k izca/k ftldk “kh’kZd gS * csatkby ,Ydksgyks] csatkbyekbUl vkSj LVkbjhu dk vkWDlhdj.k] ysoqfyfud dk 

vip;u ds fy, u, d`f=e rFkk mRizsjdks dk v/;;u^ ftles csatkby ,Ydksgyks] csatkbyekbUl vkSj LVkbjhu 

dk vkWDlhdj.k] ysoqfyfud dk vip;u ewY; of/kZr jlk;uks es djus ds fy, mi;ksx gq, dkcZ&/kkfRod mRizsjd] 

laØe.k /kkrq vkSj u, eq[; lewg ds fodkl~~] y{k.k o.Zku vkSj vuqiz;ksx ij fd, x, “kks/k dk;ksZa ls izkIr 

ifj.kkeksa dks izLrqr fd;k x;k gSA lg vuqla/kku dk;Z lkr v/;k;ks esa foHkkftr gSA 

bl “kks/k izca/k dk v/;k; 1 Qsjksflu ds jlk;u vkSj vuqiz;ksx ij ,d laf{kIr ppkZ ds lkFk “kq# gksrk gSA “kks/k 

izca/k dk igyk v/;k; funsZ”ku leqgksa j.kfufr;ks dk mi;ksx djds /kkrq lSaMfop ;kSfxdks es Qsjksflu ds lh&,p 

dk;kZReddj.k rFkk vU; laHkkfor rjhdks ls leqg funsZ”ku dks gVkus ds lkfgR; ij ,d lf{kaIr ppkZ dh x;h 

gSA blds ckn fyxSaM lgk;d iSysfM;e mRizsfjr ,Ydksgyks vkSj LVkbjhu ds vkWDlhdj.k ij ,d [kaM gSA ty 

eas ?kqyu”khy iSysfM;e ;kSfxd vkSj f=esfjd iSysfM;e ;kSfxd ij ,d lf{kaIr ppkZ dh x;h gSA bl v?;k; dsa 

vfrae Hkkx esa] ysoqfyfud ,flM] osysjksySDVksu] ikbjksfyMksu dk egRo vkSj Hkfo’; ds *xzhu lLVsuscy lkslkbVh 

,aM bdksukWeh^ ds fodkl ds fy, v{k; mtkZ lzksr ds #i eas ck;ksekl dk mi;ksx D;ks egRoiw.kZ gS] ij ppkZ dh 

xbZ gSA thoh,y vkSj ikbjksfyM ds la”ys’k.k ij gkr ds ?kVukdzeksa dh foLr`r lkfgR; ì’BHkwfe dks Hkh fpf=r 

fd;k x;k gSA 

v/;k; 2 u, ;kSfxdks ds laÜys’k.k esa viukbZ xbZ lkekU; i zk;ksfxd vfHkfØ;k;ks dk o.kZu djrk gS vkSj mi;ksx 

fd, x, y{k.k o.kZu rduhdksa dk fooj.k Hkh djrk gSA “kks/k izca/k eas of.kZr “kq:vkrh lkefxz;ks dk fof”k’V 

laÜys’k.k fooj.k Hkh izLrqr fd;k x;kA 

v/;k; 3 ihdksyhuSekbM lgk;d fQukby jhaaax ;k /kkrq lSaMfop ;kSfxdks ds lhih& fjxa ls tqMs -CH2 bdkbZ 

dk sp3 lh&,p vkca/k vkWDlhdj.k muds vuq#i dkcksZfuy mRikn esa izkIr djus ds fy, Qsjksflu dks mRizsjd 

rFkk Cu(OAc)2 ;k TBPB vkWDlhMszV dk mi;ksx fd;k x;kA ;g v/;u ihdksyhuSekbM funsZ”ku leqgksa ds 

vHkwuiqoZ mi;ksx vkSj csatkbyekbUl ls “kq# gksus okys lacaf/kr dkcksZfDtfyd ,flM ds fy, ,d sp3 lh&,p 

vkca/k ds vkWDlhdj.k ds ek/;e ls leqg funsZ”ku dks gVkus ds fy, iz;ksx gq, u;s fdz;kfof/k ds fodkl ij ppkZ 
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djrk gSA bu vkWDlhMsfVo ifjorZu dh izfrfdz;k r=a nksuks fQukby jhaaax ds lkFk lkFk /kkrq lSaMfop ;kSfxdks ds 

lhih& fjxa ij lkfgR; fjiksZV vkSj fu;=a.k iz;ksxks dks /;ku esa j[krs gq, izLrkfor fd, x, gSA 

v/;k; 4 8&,feuksfduksfyu ds lkFk u, fVªesfjd] fMesfjd vkSj eksuksesfjd iSysfM;e ;kSfxdks ds la”ys’k.k] y{k.k 

o.kZu vkSj mRizsjd ewY;akdu dk o.kuZ djrk gSA ,d ty eas ?kqyu”khy] mnklhu iSysfM;e fVªej ;kSfxdks ftles 

¼ ihMh ,u½3 dksj gksrk gS] dks dejsa ds rkieku ij vPNh iSnkokj esa 8&,feuksfduksfyu dk mi;ksx djdsa ,dy 

ikWV fof/k }okjk la”ysf’kr fd;k tkrk gSA ;g v/;k; 2- feFkkby 8&,feuksfduksfyu fyxSaM ds lkFk /kuk;uh 

eksuksesfjd] fMesfjd vkSj fVªesfjd iSysfM;e ;kSfxdks ds la”ys’k.k dk Hkh izfrfuf/kRo djrk gSA ,Ydksgyks dk 

vkWDlhdj.k ,YMhgkbMks esa djus fy, mnklhu fVªesfjd iSysfM;e ;kSfxdks dks mRizsjd ds #i esa] ty dks 

foyk;d ds #i rFkk vkWDlhtu dks vkWDlhMsaV dh rjg mi;ksx fd;k x;kA /kuk;uh iSysfM;e ;kSfxdks dk 

mi;ksx gkbMªkstu ijkWDlkbM dh mifLFkfr esa LVkbjhu dk fdVksu esa vkWDlhdj.k dsa fy, djrsa gSA bl v/;k; 

esa la”ysf’kr lHkh u, iSysfM;e ;kSfxdks ij ,dy fØLVy XRD v/;;u Hkh izLrqr fd;k x;k gSA 

v/;k; 5 vipk;d vfHkdeZd ds #i esa ,pchfiu dk mi;ksx djrsa gq, fofHkUu ,fufyu ds lkFk ysoqfyfud 

,flM ds fjfMfDVo ,feus”ku ds fy, ,d dq”ky] /kkrq eqDr] mRizsjd eqDr vkSj foyk;d eqDr dk;Ziz.kkyh izLrqr 

djrk gSA ;g izksVksdkWy /kkrq eqDr ifjfLFkfr;ks esa fofHkUu izdkj dsa ,u izfrLFkkfir ikbjksfyMksu ds la”ys’k.k ds 

fy, foyk;d eqDr vkSj vfrfjDr mRizsjd ls cpus ds fy, ,d mR—”V fof/k gSA igyh ckj gkbMªkscksjs”ku 

in~/kfr ck;ksekl O;qRiUu ysoqfyfud ,flM ij ykxw gksrh gS ] ftles dhVks ,flM n~fodk;kZRed lewg gksrk gSA 

lClVªsV Ldksi ds vykok] laHkkfor vfHkfØ;k ekxZ dk irk yxkus ds fy, fu;a=.k iz;ksx dk Hkh v/;;u fd;k 

x;k gSA 

v/;k; 6 ck;ksekl O;qRiUu ysoqfyfud ,flM ls vkS?kks;ksfxd #i ls egRoiw.kZ ;kSfxd osysjksySDVksu ds la”ys’k.k 

dks izLrqr djrk gSA ;g izksVksdkWy /kkrq eqDr ifjfLFkfr;ks esa lkekU; rkieku ij I2/Et3SiH  dk mi;ksx djds 

ysoqfyfud ,flM ls osysjksySDVksu dk la”ys’k.k izLrqr djrk gSA fofHkUu dhVks ,flM ij Hkh bl izksVksdkWy dk 

irk yxk;k tkrk gSA bl v/;;u esa ,d gkbMªksflfyys”ku in~/kfr ykxw dh xbZ gSA lkfgR; fjiksZVksZa rFkk 

fu;a=.k iz;ksxks dks /;ku eaaas j[krs gq, vfHkfØ;k dh fØ;k&fof/k Hkh izLrkfor dh xbZA  

v/;k; 7 iw.kZ orZeku v/;;u esa fd, x, dk;ksZa dk laiw.kZ fu’d’kZ nsrk gSA  
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