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Abstract

ABSTRACT

Chapter 1 An overview of the various types of coupling reactions such as C-H
functionalization and cross dehydrogenative coupling reactions has been provided.
The importance of single source precursor route in the synthesis of copper chalcogen
nanoparticles, and role of pincer complexes in catalysis has been highlighted.
Heterogeneous catalysts stabilized by graphene oxide have been discussed.

Chapter 2 Copper chalcogenide nanoparticles (Cu2S) synthesized for the first time
from a single source precursor, CuSPh act as highly efficient and reusable
heterogeneous catalyst for regioselective amination of N,N-dimethylbenzylamines
with various azoles. The reaction involves N—H/C—H cross-dehydrogenative coupling
(CDC) and demonstrates wide functional group tolerance. It provides a highly
selective access to Nl-alkylated benzotriazoles, N2-alkylated 1,2,3-triazoles & 4-
phenyl-1,2,3-triazoles, and N-alkylated carbazoles in 70-89% yields under solvent
free conditions. The Cu2S nanocatalyst has been characterized by PXRD, XPS, SEM-
EDX and HR-TEM analysis. Mechanistic studies suggest the reaction to follow a
radical pathway and involve an iminium ion intermediate.

Chapter 3 Copper chalcogenide nanoparticles (Cu7Ss) supported on graphene oxide
(GO) have been synthesized for the first time from CuzS, and used as highly efficient
heterogeneous catalysts for oxidative ortho-selective C—-H aminomethylation of
phenols with N,N-dimethylbenzylamines. The NPs (30-80 nm) have been
characterized by HRTEM, SEM-EDX, PXRD, FTIR, Raman, ICP-AES and XPS
analyses. The NP catalyzed sp2—sp3 cross dehydrogenative coupling (CDC) features a
broad substrate scope, excellent functional group tolerance, high yields, use of an
inexpensive and reusable copper catalyst, mild conditions, and no need for pre-

functionalization of substrates.
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Abstract

Chapter 4 The use of copper selenide nanocatalyst for an efficient and regioselective
cross-dehydrogenative coupling (CDC) of tertiary amines with terminal alkynes in the
presence of tert-butyl hydroperoxide as the oxidant is demonstrated for the first time.
The catalyst comprising of unique CusSess nanoparticles synthesized from a single
source precursor CuSePh, is required in much lower amount (1 mol%), and is
recyclable up to four reaction cycles with slight loss in activity. The reaction can be
executed in the absence of solvent, is applicable to aromatic, benzylic, and aliphatic
tertiary amines, and furnishes propargylamines in moderate to good yields.

Chapter 5 Cross dehydrogenative coupling of unactivated tertiary amines and
unactivated terminal alkynes have been catalyzed efficiently with the help of
thermally stable, moisture and air insensitive Cu(l) complexes, [CuLBr] (C1 and C2),
L= (E N E) of pincer ligand, 4,5-bis((phenylthio/seleno)methyl)acridine (L1/L2) at a
low reaction temperature of 60 °C only. The C1 and C2 also affected catalytic
oxidative cleavage of benzylic (C-N) bond of N,N dimethylbenzylamines yielding
benzaldehyde under aerobic and solvent-free conditions. A low catalytic loading of
1.0 mol% was good enough to bring about these conversions. Reaction was highly
selective, and over-oxidation to acid did not take place. L was synthesized by treating
of in situ generated PhS/SeNa with 4,5-bis(boromomethyl)acridine under N2
atmosphere. The complexes (C1/C2) were prepared by reacting CuBr.SMe, with
L1/L2 in CH2CI> for 12 h at room temperature. The ligands and their complexes were
characterized by elemental analyses, *H, *C{*H} and ""Se{*H} NMR (L2 and C2
only), HR-MS and single-crystal X-ray diffraction. The bond distances (A) in C1/C2
were found to be consistent with the earlier reports. In both complexes C1 and C2,

ligands L1 and L2, coordinated with the metal in a pincer mode furnishing two six-




Abstract

membered chelate rings. The geometry of donor atoms around Cu in the complexes is

distorted tetrahedral.
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ARR | fdfdrool UPR P Jodtol Uleticpa1sil @I 3iacildel SIRY fb C-H pmofierar sz urR-
forstciiapur Yoot uferfcpane uctol bl oIS 81 Biu-drcdIstol SlolldbUll & JHecSUUI 3 Babel Hldd
313G 3] DI A, 312 IV 31 U1 U311 bl 91f3rcpT U2 UcpIor STetl oRI 31 Sblol sifaiss
oI 312 fopu s1e fauer 3cliee Uz aat &l o1s 3

SRR 2 DIUR-ACDISIONSS SlolldUll (Cu,S) DI B Bdbel Al 3131 CuSPh 3 Uscll 1R A3 Ve
fopen sre, fdféioor weilcar & arer N, N-sTsfrenscidsiisciudtior & sicafeias goret il Yol: Ueilse
AW 3D P U 3 PRI D1 3l Ufefep=a 3 N-H / C-H UR forsicilaur Jodtol (CDC) onfdret &

3R RMU® PRIcAD A ARTAI DI U DI I A8 N1-3CDISCICS dSllCRIGIER], N2-

ICDISAICS 1,2,3-CRIGICA 3I1 4-bolIScl-1,2,3-CRISIICR], 312 N-3[cPIScics dDIdIGIlcA 3 70-89%
[t 71 uRReferRIl 3 sicaféid TRIGlcAD Ugd Uclol Bl 3l Cu,S ololl3td Pl PXRD,
XPS, SEM-EDX 3fI? HR-TEM fdecasuul gRI RIBIA feb=II o= 31 5Idd 31¢RRIel B AHSdDelIsaiolel
HIG! DI ORIVT D0l 3112 B SHIfORIA 3iRIel ALRIad! P 9nfdiet 2ol I uferfepe a1 Isma Sa

3l

SIERIRT 3 3ol SARISS (GO) UR AUIES DIUR-AcDISIoNSS ololldbull (Cu,S,) D) Uacil a1 Cu,S
A A3 fdperr sRI 8, 3R N, N-sSisfirenscdsiscudtiol b el fiboilel b sifell-arIelcdd C-H
uilifdrerscioret & fo1e rIfeD Pore [N IR P U I JURIISI b1l 3RI 3 Glolldull (30-
80 nm) @I HR-TEM, SEM-EDX, PXRD, FTIR, Raman, ICP-AES 3iI? XPS fdecsuur g1 I3 fasen

SRII 81 olollPUl 3cULR¥ sp*-sp® UR [SISlciiapul od161 (CDC) BD AUD AACT ISIISIL, IrPte
PRIICAD AE ARBWAL Icd UGIAR, B Al 3R Yol: IRIGA DIUR IcUID Pl IUIIGL, ABCS

uf3f3erferl, 3R AsACT P Yd-DRICHADDUI Dl DIS JTAI-ADI ol8! 3

SIRIRI 4 U PoIcl 31 AUSBARICIded DU AciollsS ololl3clRd DI IuRel UR forsietlapaur

godtol (CDC) P fe1e eI warset &b rer efdfolet sicdIsol @I, del siiaiise & Fu 3 uscll ar

tert-butyl BISgIUsiiaAIss bt sufderfer i ucolol fdbar srr &1 vdel Ald 331G, CuSePh A
35 e 3MfGARI CuSe, ; ololDUI ICUID, B DA A (1 AICT%) 3 AARID 3, 3iI2 arferfafer i
aApIcll ofdArel & ATl AR uleicbar awl ad Yoleidiofiasur ufeifcbar Bidt 31 uferfcbar ot
fdeRIop 1 srequferfer 31 forvurfea fopen S A@ar 8, A8 WD, dfiferd, 3R ucllbied
AciRID 31eISel UR eTE] BT 3, 3112 eI A 3Iced Riegd 3 Ulursiierapiioa uzdd odr 3l




3R 5 UR forsictias2ur gostol (CDC) It foiftaper aidiias sietsot 3l forftaper efdforct srcaisot
I 3ictl e, ot 3liz ary sRidgerefier BIUR(1) U, [CuLBr] (C1 3R C2), R fépls DI L =
(E N E), 4,5-1&31((Tboscrerriliciol)drensen)ufcpfser (L1 / L2) ddel 60 °C I da ufeiicbn
AIUAIel U PICTAI A IcU¥e fepr srmm &1 C1 3l €2 of BRAfdD 3IIR [AeiRID #cp ufdferferil
dalf¢sarss @I fordiur 2ol dicl N, N-ssfienscdsiscudiol & JSilsdl (C-N) delel b IUID
sifaiistea dfcber i 8ft ustifde fep=m 81 D IUID cllfSar 1.0 HleT% Sol JUIARVIL DI cllol D
feto o1l sreat el ufeifepa it arIoca® off, 3iiz vl¥s & fere sifer-sifafiaur o8l g3
el insitu N, ARIIASCI 3 PhS/SeNa 3cUool GRI 4,5-[R(slialfdrernsen)efcpiSol & el Suaiyd wad
L I A5 fb=II SRIT 211l CuBr.SMe, & AT CH,CL, 3 L1 / L2 @312 & dludlel U2 12 &c & fe1e
uferfesenr @b uldaaz (C1 / €2) AR fdou s1u &) féels 3l Ioib ul¥R dlffdd faeawur, 'H,
BC{'H} 3fIT ”Se{'H} NMR (L2 3iiz C2) ddcl), HR-MS 3i? vdbcl-febTed vari-3 fdadel faecsaur
SR faBid fep srir 81 C1 / €2 3 |is & 3t usct b Rulet & siofu ue s1el C1 3l C2 gloil
ufmd 3, foPIvsA L1 3R L2, fiRR #ls 3 enq & Arer Jafoad ald 3 Sl o 86-AcARI dicie
13511 I U= w2 81 uf¥=RI 3 BiuR P AIRIURL SIAl UAaH b Senfdifer fapd ec1aget 8l
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% percent

d chemical shift

v frequency
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nm nanometer

Ar Aryl
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°C degree centigrade
br broad signal
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Cq quaternary carbon
cC carbon—carbon
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CH:Cl2 dichloromethane
CHCIs chloroform
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DMF dimethylformamide
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e.g. for example
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HR high resolution
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r.t. Room temperature
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