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ABSTRACT

Palladium and ruthenium complexes of organochalcogen ligands and their
applications in catalysis are focus of the thesis. Multidentate organochalcogen ligands L1-

L 10 of the thesis are depicted below (Chart 1).

R E
L1:E=S R=H N
L2-E=Se R=H o\
L3: E = Te, R = OMe N X Q
L7:E=S
L8 E = Se Nia N
NPT s OH S

L6 L4 E=S L10

Chart 1

The (E, N, E) pincer ligands (ArECH2CH2).NH (L1/L2: Ar = Ph, E = S/Se; L3: Ar
= CH30-p-CeH4, E=Te) synthesized by reaction of PhS/PhSe/CH30-p-CeHaTe™ with
bis(2-chloroethyl)amine react with Na-PdCls in aqueous ethanol, resulting in nearly square
planar diamagnetic complexes [Pd(L)CI]CI (1-3), where L = L1-L3. The single crystal
structures (determined with X-ray diffraction) of 2 and 3 have been solved. The 1 and 2 at
2-3 mol% loading show better catalytic activity for Suzuki-Miyaura coupling (SMC) than
3, as higher vyields were observed with them in a relatively short time. The addition of
TBAB was essential in some cases to get good yield of cross-coupled product. The SMC
appears to be catalyzed with Pd(0) nanoparticles (NPs) generated in situ in the course of
reaction. The NPs have been isolated and HRTEM studies on them have revealed their
size as ~1—3 nm. The isolated NPs show catalytic activity for SMC independently. The
two-phase test suggests a relatively low contribution of homogeneous Pd species in the

catalysis.




The bidentate 1-(2,6-diisopropylphenyl)-4-(phenylthio/selenomethyl)-1H-1,2,3-
triazole (L4/L5) synthesized by ‘Click’ reaction, reacts with [Pd(CH3CN).Cl] and
[{(#%-benzene)RuCI(u-CD}2] (followed by reaction with NH4PFg), at room temperature
resulting in complexes [Pd(L)CI2] (4 and 5) and [(#%-CsHs)Ru(L)CI]PFs (6 and 7) (L = L4
or L5) respectively. Single crystal structures of 4—7 were solved. The geometry of Pd in 4
and 5 is distorted square planar while in case of 6 and 7 there is a pseudo-octahedral
“piano-stool” type disposition of donor atoms around Ru. The catalytic activity of
complexes 4 and 5 (optimum loading 0.001-2 mol% of Pd) was explored for SMC in
water and Sonogashira coupling reactions. For SMC no additive or phase transfer catalyst
was added. For catalysis of transfer hydrogenation (TH) of aldehydes and ketones both
half sandwich Ru(Il) complexes 6 and 7 were explored. Their optimum loading as catalyst
was found to be 0.1-0.4 mol % of Ru. In TH both water used as a solvent, and glycerol as
a hydrogen source are environmentally friendly. The 4 having sulfur ligand is more
efficient than 5 (Se analog) for both SMC and Sonogashira coupling. The activity of 6 and
7 for TH is in the order Se > S.

Monodentate n-didocosyl sulfide (L6), explored as a protector of palladium
nanoparticles (1-6) was synthesized by reaction of n-bromodocosane with Na.S, generated
in situ by reduction of elemental sulfur with NaBHa. Pd NPs (1-6) protected with L6 were
prepared using different palladium precursors in the presence of varying amount of L6
(Pd : L6 ratio 1:2 and 4:1). The resulting spherical NPs have been characterized by
powder X-ray diffraction, SEM, EDX, UV-Vis, and HRTEM. The maximum number of
NPs (1-6) has size (nm) in the ranges: ~18-19, 4-5, 5-7, 4-6, 7-9 and 4-6 respectively. The
precursor of palladium affects the size, shape and dispersion of the NPs. The reaction of
NazPdCls with L6 resulted in complex [Pd(L6).Cl.] (8). The NPs shows good catalytic

activity for SMC of various aryl chlorides/bromides with phenylboronic acid at low
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catalyst loading (0.1—0.5 mol % of Pd). The conversion is good for some aryl halides in a
short reaction time of the order 1-2 h. The distinct advantage of NPs 1-6 is that they can
be separated and reused at least up to five times. The complex 8 equivalent to 0.001 mol %
Pd is efficient for SMC of some aryl halides, as good conversion into coupled products has
been observed. Two phase test, conducted for complex 8 and NPs 2, suggests the
contribution of both homogeneous and heterogeneous catalytic pathway to overall
catalysis.

Quinoline-based unsymmetrical pincer ligands (L7-L10) having (O°, N, E) donor
sites (where E = S/Se), and their Pd(Il) complexes have been synthesized. The reaction of
Na2PdCls with L7-L10 results in complexes 9-12 easily. Thioamide based ligands L9 and
L10 have been synthesized by Willgerodt-Kindler reaction of aldehydes/ketones. Single
crystal structures of L7 and complexes 9 and 10 have been established. The geometry
around Pd in 9 and 10 is distorted square planar. Complexes 9 and 10 were explored for
SMC. The required catalyst loading 0.1-0.5 mol% appears promising for good
conversions of aryl bromides into coupled products. DFT calculations support that
experimental results of catalysis and structural features (bond lengths and bond angles) of
complexes of 9 and 10. One pot thermolysis of complex 9 in the presence of TOP/
OA+ODE (1:1 mixture) surfactant at moderate temperature results in cubic palladium
oxide (PdO) nanoparticles. HRTEM, SEM-EDX and powder XRD have authenticated
these NPs. The phase of PdO NPs was authenticated by matching their powder XRD

patterns with those reported in JCPDS (Card No. 65-5261).
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