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Abstract

ABSTRACT

The thesis is focused on designing and catalytic applications of chalcogen
stabilized nanoparticles (NPs) and metal complexes of hybrid organochalcogen ligands.
The ligands shown in Chart 1 were designed and their coordination chemistry with Pd(I1)
and Ru(Il) was explored. Pd NPs were stabilized on functionalized graphene oxide (GO)
with the help of selenated amine. The newly designed NPs and complexes were
investigated as catalyst for Suzuki-Miyaura coupling (SMC), Sonogashira coupling,
regioselective C-H activation of imidazoles, transfer hydrogenation (TH) reaction of

carbonyl compounds and or amide synthesis.
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L8 :R=CH,Ph, X=Br, E=Se
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L9: E=S L11: E=S L13: E=S
L10: E=Se L12: E=Se L14: E=Se
Chart 1

The treatment of graphene oxide with CICH,COOH, thionyl chloride and 2-
(phenylselenyl)ethylamine successively resulted in functionalization of its surface with
chelating (Se, N) donor sites. The graphene oxide grafted with selenated ethylamine (GO-
Se) on treatment with Na,PdCl, and NaOH gave GO-Se anchored with Pd(0) nano-
particles (NPs) (GO-Se-Pd)) of size ~1-3 nm decorated uniformly. The X-ray diffraction
(powder), FT-IR, XPS, Raman spectroscopy, thermogravimetric analysis (TGA), electron
microscopic techniques (SEM and HR-TEM) authenticated the GO-Se-Pd. The catalyst

GO-Se-Pd was efficient in TH of carbonyl compounds with catalyst loading equivalent to

iv
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0.25 mol% of Pd resulting alcohols in good to nearly quantitative yield. Further the
catalyst is recyclable upto six reaction cycles. Even in the sixth run the conversion was
~96% with negligible leaching as revealed by flame AAS analysis of GO-Se-Pd after
sixth reaction cycle. Hot filtration experiment suggested heterogeneous nature of
catalysis.

Schiff base ligands (L1: sulfated and L2: selenated) having naphthalene core on
treatment with Li,PdCl, in the presence of NaOAc gave cyclopalladated complexes
[PA(L1/L2-H)CI] (1/2). The reduction of L1 and L2 with sodium borohydride gives
ligands L3/L4. The reaction of L3/L4 at room temperature similar to those of L1/L2
resulted in complex [Pd(L3/L4)Cl;] (3/4) in which the ligand coordinates in a bidentate
(N, E) mode. The reduced Schiff bases failed to show pincer mode of coordination.
Ligands (L1-L4) and their complexes (1-4) were authenticated with HR-MS, 'H, *C{*H}
and ""Se{*H} NMR spectra. The crystal structures of L1 and 1-4 established by X-Ray
crystallography reveal nearly square planar geometry around Pd in each complex. The
catalytic activity of 1-4 for SMC and Cu and amine free Sonogashira coupling at 0.01 and
0.05 mol% catalyst loading respectively under aerobic conditions was found promising.
The 1/2 was found more efficient catalyst than 3/4. Palladium containing NPs were
isolated during both coupling reactions and HR-TEM revealed their size as ~2-7 nm. The
SEM-EDX indicated the presence of organochalcogen ligands or their fragments in them.
They independently catalyze both reactions and therefore catalytic role of these NPs
formed in situ during the use of molecular complexes 1-4 as a catalyst, can be envisaged
undoubtedly.

The synthesis of chalcogenated acetamide-functionalized 1H- benzimidazolium
salts (L5—L8), precursor to (C, N, S/Se) ligands and their N-heterocyclic carbene (NHC)
complexes [Pd(L—H2X)CI] (5-8; L= L5-L8) was carried out by silver carbene transfer

reaction. The L5-L8 and 5-8 were characterized by elemental analyses, HR-MS, 'H,
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BC{H} and ""Se{*H} NMR spectroscopy. The crystal structures of L6 and 5-7
established by X-Ray crystallography, reveal geometry of palladium as nearly square
planar and alignment of NHC rings as nearly perpendicular to the coordination
plane of Pd. Complexes 5—8 were found efficient for regioselective C-5 arylation of
imidazoles under aerobic conditions with loading of 0.5 to 1 mol%. The complexes of
selenium containing ligands were found more efficient as catalysts than their sulfur
counterparts. The 5-8 are recyclable for six times for regioselective arylation of
imidazole with very little decrease in efficiency. Few arylated products of imidazole were
identified with X-ray diffraction on their single crystals.

The Dbidentate  1-benzhydryl-4-((phenylthio/seleno)methyl)-1H-1,2,3-
triazole  (L9/L10), 1-(anthracen-9ylmethyl)-4-((phenylthio/seleno)methyl)-1H-1,2,3-
triazole (L11/L12) and 4-((phenylthio/seleno)methyl)-1-(pyren-1-ylmethyl)-1H-1,2,3-
triazole (L13/L14) ligands synthesized by ‘Click’ reaction, react with [{(5°-
benzene)RuCI(u-CI)},] (followed by reaction with NH4PFg), at room temperature resulted
in complexes [(#%-CeHs)RU(L)CI]PFs (9-14) (L = L9-L14) respectively. The crystal
structures of 9-13 established by X-Ray crystallography, reveal a pseudo-octahedral
“piano-stool” disposition of donor atoms around Ru. The catalytic activity of 9-14
(optimum loading 0.1-0.5 mol% of Ru) was explored for TH of aldehydes/ketones and
one pot synthesis of primary amides from aldehydes (yield up to 98%). The 10/12/14
having selenium ligands were found more efficient than their S analog (9/11/13) for both
TH and amide synthesis. Reusability of these catalysts was more than 6 reaction cycles

for both the catalytic reactions.

vi
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TIHATST AT T Aorehlotel eI el iR gTias Jelfsromlsre fordisd & &g aRert &
f3Stget 3R 3R Irgurien oY i g1 =ne | # fewre arw fordfsw &t f3stmget fema arar ar 3k

Fafsga (1) 3R ARIA (1) & Y 3% GHGT AT AET A IdT ST I=AT AT
FATETH AT &l Heleles FHA HT Ace & HATcAS Ithel AFarss W R frar am=r
o AT RoMg fRU T AR R FEcrTE 1 weeT Gorp-ERiRT Fufe, dweRRr
Fufelsr, sfAsEla & WNdeca @-tag kg, FEflAa dffeT & gaw
gTSaIeteliauT gfafshar & gEdidRd el IT FLANT el & [T 3R & §T H HT T3
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e 1
CICH,COOH, faafae FeRrss 3R 2-(Sfacdafae) tiemssa & ary v ifFass
HfAfRAT 8% e & e (Se, N) &aT AZEl & FAeadd & IRUTATIET g3l

Na,PdCl, 3k NaOH & T@TI 39aR TR Helddes TIIATHBS (GO-Se) & TTY IR fhw Irw
I%sT 3iferarss T Pd (0) SAa-H0T (PR ~ 1-3 nm) F TT GO-Se- AT fhar amm
(GO-Se-Pd)| TaH-Y fiaded (WEsN), URC-HSHN, UFHANTH, ITHT TISFCIEHIT,
yAffAARE faeeor (E1S0T), gl ASHIEHITUS daedle (THSTA 3R TI3R-ESTHA)
F GO-Se-Pd wHIOIT fham| Ti@we gEsieexor & fou Safsad 0.25 Ad% & Ty
YgFT AT | FHE HAGT 3SREH O 3oRUT AAGRAT T TH T AT & | TS
HiAfRAT TIF A o FAART GO-Se-Pd & TUTH fARAINUT GaRT Yehe F0g NI & AT

~ 96% Tl IR TFEUC FANT o 3cOROT H1 fave g @1 gewa |
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AFYTelT R & RAI% 57 fokizd (L1: Tehes 3R L2: deleics) & NaOAc & 3ufeafa &

Li,PdCl, & @rer 3fAfRar W ABFICaTies HiFcordd@ [Pd(L1/L2-H)CI] (1/2) ured g3 |

AIfsge IREEgEs & @y L1 3R L2 &1 3vggs fodlsa L34 Sar &1 L1 3R L2 &

AT L3/L4 T JfAfHIT ek & AT R FlFcod [Pd(L3/L4)Cly]  (3/4) T oifed g
S fodls o gfaerg (N, E) &z & ¥3f9d &1 3qaRa Re su O A feas &
e W L1/L2 3R 3% Fecadad (1-4) HR-MS, 'H, C{'H} 3Rk 7’Se{'H} NMR
gl & @Yy gAOIg fhu arw & gy fhecdlandr garr wuifdd L1 3R 1-4 &

fShece BT UA® Flecoldd H Pd & AU oRIHET FTFARX Colelk SATATT T
I 81 SMC 3R Cu 3R 31T HaFd TATRRT & faw 1-4 H 3R fohar swaer: 0.01
3R 0.05 fACMITH% IR NS R Wi Fufadt # aher W | 1/2, 3/4 & Jolel &
3t Fere 3cRE 9T I ATl NPs Jod Saifsas et georer afafswanst & diuer gue

R 3R 3R HTEM & ~ 2-7 nm 91 | SEM-EDX & 3ifeifsreslol fordisa a1 3
gHst @1 Ul & Hha el @ wadT w9 & e gfafrast & sofa wva § 3k
SHMIT 3RS & & A HiFcoldd 1-4 & 30T & R 4 NPs &I 3R e
faeace . AR & 3 Fadr Bl

Alhlolelcs THICIASS- haelkfeles 1 H-dolifAseifod @ree (L5-L8) FT HAWUT it &r

(C, N, S/Se) fordiza 3R 3% N-geiaa@ssd dEid (NHC) siFcedd [Pd(L-H.X)CI] (5-
8; L= L5-L8) &I 31Ied & oy @did TUETRoT Gidfshar earT fhar arar ar| L5-L8
3R 5-8 @ HR-MS, 'H, "C{'H} 3k ""Se{'H} NMR ¥Tagr=Idr garT favafda forar |
gy fohecalamhr garT ¥Ufiid el L6 3R 5-7 &1 fohtce waad, Yaifsan $r safafa
H T TFIRX Telel 3 NHC & Teod & WU & §T H Yhe Il & oif Pd &

JHGT Toldd & 9THAT oiddd gl Fietoldd 5-8 H 0.5 ¥ 1 HAld% s F & 1A
Wigew Fufaat & ded sfAsmie & Eh3dcedd C-5 WS & v e grr arr
7| fordls Joa AANIH & FlFcaFd HI 3ol Tohl HHAGBEN HT Jolell H 3P & & A
37Ok PRIl ITAT AT AT| 5-8 G&TAT H SEA HA el & WY FASA & L3RI
WA & U o8 IR G YAIsT g1 SfAsHld & $o WS 3cdel Hl 3a9sh Tehol

fohtcer WX toa-X f[qade & @Y qgarr I A
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gfauaia 1-somsfger -4 - (BT / dc) fAuEe) -1 wa-1,2,3-¢rare (L9/L10), 1-
(TATA-9ylmethyl) -4 - (BT / Ter) HUEe) -1 Ta-1,2,3-¢eirer (L11/L12) 3R 4
- (P / dee) BUEd) -1- (IR -1-FeAfdd) -1 tg -12,3-grere (L13/L14)

et gfaferar eart G2afd fodls, [{(n6-benzene)RuCl(p-Cly, & T HAT & dATIHT
W gfafhar & W (NH,PFg & @y gfafshar & a1e), ®#Aer [(1°-CeHg)Ru(L)CIIPFs (9-
14) (L = L9-L14) SFIFcorrd 9Ied §U | ToFE-Y foheeallamty garm Tamid 9-13 &1 foheeer
ECEAY, Ru & ORI 3R gl WAV & oer-3ifacege "Uae-Eger" Fasiid & Jehe
AT g1 9-14 Fr 33 aifafafr (Ru & &AfSr 0.1-0.5 #Aa%) &t vlesgrss/HeT & TH
AR TeeEEsE (98% wiftd) ¥ wiuffe 3rAEs & FeAWor & forw @har a=r arl 10/12/14

Toifags fordisg & 39% Tewt TaTaar (9/11/13) & TH 3R THEs AT giar & faw
3T SHerel UTT IRAT AT| 3R FiAThansit & AT g7 ST & G TSI 6 SR
T W AHUE ol
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GLOSSARY OF SYMBOLS AND ABBREVIATIONS

% percent

d chemical shift

v frequency

A angstrom

Ar Aryl
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°C degree centigrade
br broad signal

n-Bu n-butyl

c—-C carbon—carbon
cm centimeter
CH:Cl2 dichloromethane
CHCIs chloroform
CH3CN acetonitrile

d doublet

DCM dichloromethane
DMA dimethylacetamide
DMF dimethylformamide
DMSO dimethyl sulfoxide
e.g. for example

g gram

h hour

HR high resolution
Hz hertz

HC Heck coupling
i.e. that is

kv kilovolt

m multiplet

m/z mass/charge
MHz megahertz

M* molecular ion
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mol
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m.p.
NMP
NMR
Ph
n-Pr
SMC

THF
TLC
TMS
XRD

molar

millimole

mole
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melting point
N-methyl-2-pyrrolidone
nuclear magnetic resonance
phenyl

n-propyl
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triplet

tetrahydrofuron

thin layer chromatography
tetrametylsilane

x-ray diffraction
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