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Abstract

ABSTRACT

The present thesis is focused on metal complexes of bidentate and tridentate
organochalcogen ligands including hybrid ones and metal based NPs as catalysts. The
Pd(Il), Ru(ll) and Ir(ll) are the selected metal ions. Metal complexes of
organophosphine have been used as a single source precursor (SSP) for synthesis of
metal phosphide NPs. Magnetite NPs were layered with sulfated Schiff base (SB) and
Ru(OH)x or tetraethyl orthosilicate (TEOS), SePh and Pd(0) to generate
nanocomposite. The newly designed NPs and complexes have been investigated as
catalyst for Suzuki-Miyaura coupling (SMC), C-O coupling, synthesis of disubstituted
benzimidazole derivatives, aerobic oxidation of alcohols, Oppenauer-type oxidation
of alcohols, transfer hydrogenation (TH) reaction of carbonyl compounds, amide
synthesis and hydrogen evolution reaction.

Unsymmetrical bidentate benzimidazole based chalcogen ligands, 1-benzyl-3-
phenylchalcogenylmethyl-1,3-dihydrobenzoimidazole-2-chalcogenone (L1-L4) when
treated with [(#°-CsHs)RUCI(u-CI)]2 in methanol followed by NH4PFg resulted in [(°-
CeHs)Ru(L1-L4)CI][PFe] (1-4). Ru has pseudo-octahedral half sandwich “piano-
stool” geometry in all the four complexes. Pd(ll) complexes [(Pd(L)Cl2] (5-8)
synthesized by reacting L1-L4 with Pd(CH3CN).Cl> in acetonitrile have distorted
square planar geometry around Pd. The 1-4 have been explored for TH of carbonyl
compounds using various sources of hydrogen. Catalytic process is more efficient
with 3 followed by 1 = 4 and 2, (0.01-0.5 mol%) in 2-propanol and glycerol (found
most suitable solvent). DFT calculations support experimental results. The 5-8 have
been used to catalyze SMC with 0.01 mol% loading of the catalyst.

The ligands (L = L1-L4) when treated with [(°-Cp*)IrCI(u-Cl)]z2, followed by

NH4PFe, resulted in [(#°-Cp*)Ir(L)CI][PFs] (9-12). Single crystal X-ray diffraction

iv
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revealed “piano-stool” geometry around Ir. One pot synthesis of disubstituted
benzimidazole derivatives was carried out from o-phenylenediamnie and aromatic
alcohols with excellent to good yield using 0.1 mol% loading of 9-12 as catalyst. The
9-12 were also found promising for aerobic oxidation of aromatic alcohols and
Oppenauer-type oxidation of alcohols to aldehydes when their loading was 0.1 and
0.01 mol% respectively.

Schiff base ligands (L5: sulfated and L6: selenated) having ferrocene core on
treatment with NaxPdCls in the presence of NaOAc formed cyclopalladated
complexes [Pd(L5/L6-H)CI] (13/14). The 13 on reacting with one equivalent of PPhs
gave [Pd(L5-H)PPhsCl] (15), formed via cleavage of Pd-S bond. Single crystal X-ray
diffraction revealed nearly square planar geometry of Pd in all the complexes. The
catalytic activity of 13-15 for C-O coupling and SMC at 0.5 and 0.01 mol% catalyst
loading respectively was found promising. The catalytic process was somewhat more
efficient with 14 (Pd bonded with L6), than 15, followed by 13.

The silica magnetite NPs have been reacted with phenylselenylchloride under
N2 atmosphere and PdCl> successively in aqueous medium to prepare composite NPs
Fe30:@SiO.@SePh@Pd(0). The magnetite layered with sulfated Schiff base (SB)
reacted with RuCls.xH-O in water resulting Fes0O4s@SB@Ru(OH)x. The magnetically
retrievable Ru catalyst was explored for one pot synthesis of primary amides from
aldehydes and nitriles in water (yield upto 96%) and TH of carbonyl compounds with
glycerol in agueous medium (yield upto 96%) using 1 mol% of catalyst. Reusability
of catalyst was more than 7 reaction cycles for all catalytic reactions. Pd anchored
magnetic NPs were found efficient as catalyst for O-arylation of phenols (yield up to

93%) and SMC (yield up to 94%) in water with 0.1 mol% loading for ArBr and
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0.75% for ArCl. Heterogeneity of the catalytic process was authenticated from hot
filtration test and ICP-AES analysis.

Palladium phosphides nanophases (PdsPo.9s) and CozP nanorods prepared by
thermolysis of [M(PPhs).Cl,] complexes (M = Pd, Co). [Pd(PPhs).Cl:] in
trioctylphosphine (TOP) and oleylamine (OA):octadecane (ODE) (1:1) resulted in
PdsPo.gs QD and PdsPo.os NPs respectively at 280 °C. 3'P{*H} NMR experiments
revealed phosphorus present in PdsPo.gs QDs comes from TOP whereas in PdzPo.os
NPs from triphenylphosphine. PdsPo.os QDs have been found efficient catalyst for the
interconversion of amides and nitriles (yield up to 92% in 4 h) and hydration of
nitriles at 90 °C (yield up to 94% in 4 h). The reusability of PdsPo.os QDs for both the
reactions was up to 4 times. Co2P nanorods were grafted on graphene oxide, resulting
GO-CozP composite which showed good catalytic efficiency for hydrogen evolution
reaction (HER) in 0.5 M aqueous H2SO4 as overpotentials required to drive cathodic
current densities of 20 and 100 mA/cm? were 80 and 154 mV respectively and
durability of the catalyst was supported by chronopotentiometric stability test at an

applied current density of 100 mA/cm? for 70 h.
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MY YdY-IAR

AU WY Y&y D SHIad SRS Ssecs 3R TlRece Hed
FIQ 3R Aed A1 Uidpd R Hfed g1 Fafsaa ), safma gy R
AfeTd (1) T U1g 3 § | Hed BRWBIES -1 Uich @l & U=avul & fog
AR & Hed IR &I UHhd dId 3Ugd & &J H YA fhar T |
e 11 HHIfve 91 & AU Tege -1 Uidhd & Jabes R 99
@) 3R AT gESIRTSS AT CorRURa HRiftrbe, s Jafe iR
Yafeaw (0) & Ty walkd forar | Jee!-HigRT wufelt @auash), c-0 HuferT,
SRufecges Sfemid SRafed & TN, 3fehigd & WITaD SHiaIHuT,
Ahed & SNMFERIBR & ARfiaxu, @EiAa AfH & TwR
BISGISIBRU, THISS JLAIWUT 3R BI3GIor Saiqqe ififchar e o forg a-
fgogT A Ui epey 3R BIiag o g B TS 2|
3-fPTsd A SHAHUTSd-1,3-S3eTs S aulg HSld-2-aTad o (L1-L4)
BT HTUTHAT [(48-CeHe) RUCI(1-Cl)]2 T BRI & THTd NH4PFs B 1Y BRI TR [(76-
CsHs)Ru(L1-L4)CI][PFe] (1-4) Wl gl ¥y Wit R SiciRs # gl
JfdcRsd gip dafag "fam-wa Sfifa wadr g1 dafsad (1) siceay
[(PA(L)Cl2] (5-8) ST b L1-L4 &1 SNHAT Pd(CH3CN) Cl, & 1Y TRICHIZCIS
T HA R U g3, Yafsaw & IRY SR Rl TR R Sfifd [adr g |
DR 1-4, PEMT HUGS & AT Al BT TN B gY TRAHR
gIESIoMRH & o Wgad gU | 2-UUATa SR femRia |, (0.01-0.5 HId%)
Tl Iugad WRidterd o) SOR® Ufhar 3 > 1~ 4 > 2 HH BT UIa- Hd]
€ | DFT 70T WrifiTes aRomdl &7 999 &xd &1 SRS & 0.01 W% & MY
THUHR IART B & o 5-8 1 IuANT T 7|

fomie (L1-L4) B HTHAT [(45-Cp*)IrCI(u-Cl) ] B & UYTd NH4PFs b
1Y DR W [(75-Cp*)Ir(L)CI][PFe] (9-12) UTW §3HTI SAfeqH & aRI 3R "Uam-
Ta Jifa RiTa frea Toa-X fEhar gRT U9 g8 | Siidiftrsasrs
T R WA 3ichied U SRufeeces dfNHsHIa siafea &1 ey,
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9-12 (0.1 HIcTo) GRT fham 7T 1 9-12, (0.1 3R 0.01 AIdA%) WARH Tehigd &
WITF 3R Tehled & NUAR YR & HaiIBR0r & YR WSy Iaifed
UfTSETES o oy Sugad WRiafed gaf |

BRI ®R Jad % 99 oS (L5: Tehe s 3R L6: ¥acs) 7 NaOAc
P! IURUMA H Tsadiucse SR [Pd(L5/L6-H)CI] (13/14) I@TG ST
DI 13 7 Uh A PPhy & 1Y b1 A WR Pd-S &Y faUTSH gRI
[Pd(L5-H)PPhsCI] (15) Sarfed farar Riva foreed Tag-¥ fetharM A Uafsoyq &
IRI 3R FERE @R WFR SAf gfaifad &1 c-0 HufeiT 3R Tauadt &
fT IIR® &HaT HH: 0.5 3R 0.01 A% R WA 851 BIQST 14 B
IRV A 15 3R 13 HI AT H (L6 P A1y ST Pd) 3HfIH TIaferd ga |

Rfoer  Mege A Uide@ @ ARgeA ®f IuRfd
F R aaIRZS 3R STad H1eH H Hild 0 I PdCl, F Sfifehar &
W Fe30:@Si0;@ SePh@ Pd(0) U 31T | Iethes R &% (SB) & W1y Wlkd
TJeEe @ RuChxH:0 & I UMl H offifeen & uRumRG®Ew
Fe;0,@SB@Ru(OH)x IdTfed 31Tl b1 TAoHIT ST IoR®, TSTRS
3R ATZSTZT (96% IATEHdN) & STeig H1egH H U U UTyfies THISS W=y
¥ fou iR foRRia & WY @Eifa Afel & odg ared # gw
IS SIoMIDRUT (SATGH AT 96%) & foTT 1 HIciw b T1 Ygad g1l Jut SRS &
forg vrtTra 7 ISR Siffohar ¥ sifties wiafed g3 | UafSaH gad ga@ i =41
UIfiéhed B SHTUT-THAR (93% IdTGehdn) 3R THUHRT (94% IdTedhdN) & fog
3R & w0 H gued urar T4, R vged W ArBr & AT 0.1 Td% 3R Arcl
& 1T 0.750% B 1 SORS U1 BT SRS gle hee wdarr oiR srsfidh-
TEUY [aRayur 9§ v &t TS|

YAfeTH BRIBIZS Ao (PdsPdoss) 3R CooP 4 ASH [M(PPhs).Cl3]
(M = Pd, Co) & dTU-3{08e §RT dOR f&HT T §1 [Pd(PPhs):Cl2] 280 °C TR T8
fFcaprp 3R aEafid: sieerssd (1 1) Aas § H9 W HA:
PdsPdoss BIcH Slc 3R PdsPdogs <1 UIfched U BId &1 SP{!H} NMR I
TATUT 31T fh PdsPdoos TicH Sic H UMY BIEhRY ¢85 3ffacdmmA 3,
SE PdsPdo.gs A1 Ui e H IUfRYT BIahRY fefiehimwma & RIFaRd g
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PdsPdo o5 HICH SIc THISS 3R TSR & 3R TUIARUT (4 B H 929) 3R 90 °C
(4 4 H 94%) TR 33T b BEST & 7Y IUGS U 7T 81 I IIRb
fopanafi & fIU PdsPdo.gs BTCH S Bt T TSI 4 ISR HTNhAT I I UTs
T | CooP TARIGY &1 IB A Hags W RIfd fosar ma, o aRumRasy
fAfHd Go-Co,p HUIIE 7 BTESIo SaIqRM INfhaT & T 0.5 M STeid HoS04
o 3radt IAR® gerdl fowrdt, ifds 20 3R 100 mA/cm? & FAfE® faggd urT
T & oY SMaad SHfAfAYT HHRE: 80 3R 154 mV UTT T 3R SRS Bl
RR@ piHae-eiHifcs fRRdr gfigon gr1 s fosar 71 S 100 mA/em?
faggq URT g R 70 ©c o forg Fearfad g |
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GLOSSARY OF SYMBOLS AND ABBREVIATIONS

% percent

o chemical shift

v frequency

A angstrom

Ar Aryl

uL microlitre

°C degree centigrade
br broad signal

n-Bu n-butyl

Cq quaternary carbon
c-—-C carbon—carbon

cm centimeter

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

i.e. that is

kv kilovolt

m multiplet

m/z mass/charge

MHz megahertz

M* molecular ion

M molar
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nuclear magnetic resonance
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n-propyl
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triplet
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x-ray diffraction
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