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Two decades have passed since the pioneering work by Prof. Haruta presented nanogold as a novel
catalyst for CO oxidation reaction. Such groundbreaking, together with the subsequent employment
of gold catalysis in the oxidation reactions opens a new exciting scenario in organic transformations.
The novelty of nanoscale materials arises from their size effect so called “quantum size effect”. Gold . -
is one of the very useful alloying metal eléments due to its relatively low reactivity so that it has
been used in bi-metallization with many metals. They are particularly important in the field of
catalysis since they often exhibit excellent catalytic activities, which are superior to those of
corresponding monometallic counterparts. In this thesis, a new method for the formation of
carbon-carbon bond under ambient conditions by using gold or gold/palladium alloy bimetallic
catalysts have been described.

In Chapter 2, the dual functions of matrices (chitosan and starch) such as stabilization of the metal
nanoclusters as well as activation of the substrate in aerobic oxidative homocoupling‘ of
phenylboronic acids are described. To explore the dual function of “protective agents”, gold
nanoclusters stabilized by polyhydroxy matrices including biopolymer (chitosan and starch) (Au:chit,
2.3 + 0.2 nm, Au:starch 2.1 *+ 0.6 nm) were prepared. Thus, prepared Au nanoclusters catalyzed
oxidative homocoupling of arylboronic acids under acidic conditions of pH 4.57 (acetate buffer). As
a result, up to 96% selectivity of biphenyl was achieved with trace oxidation products including
phenol. The most remarkable finding regarding this reaction is that the homocoupling product was
formed even in the absence of base, which is commonly required to activate the substrate before
transmetalation. On the basis of the overall reaction trends, kinetics, and spectroscopic analysis, it
was concluded that the hydroxyl groups of polymer interacts with phenylboronic acid and activated
it before transmetalation on Au.

. The hydroxyl groups of polymer which are located at the interface between the hydrophobic part of -
the matrix and the water solvent play an important role in dragging the boronic acid into the interior
part of the catalyst near the gold surface by means of reversible binding. The competitive oxidation
reaction is suppressed because the acidic reaction conditions favor the formation of the biphenyl.
Caialyst Au:chit can easily be separated and. can be reused up to three cycles.

In Chapter 3, anomalous effect of bimetallic Au/Pd nanoclusters in the activation of C-Cl bond
toward Suzuki-Miyaura coupling reaction is described. The author describes a new mechanistic
concept of bimetallic catalyst, which can easily activate the strong C-Cl bond in Suzuki-Miyaura
coupling reaction under ambient conditions (room temperature, aqueous conditions). It is important
to point out that this reaction does not proceed in the presence of monometallic clusters, indicating
that synergetic effect of bimetallic system is crucial for coupling reaction to occur.  For an example,

equimolar amounts of chlorobenzoic acid and PhB(OH), were used as reactants for the reactions
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catalyzed by AugsPdos:PVP (1:1 ratio of Au and Pd) in the presence of 300 mol% K2CO3 at room
temperature under degassed conditions. The Suzuki-Miyaura-type cross-coupling product was
obtained along with homocoupling product of PhB(OH), in 1:2 molar ratios. The homocoupling of
PhB(OH), should only be formed in the presence of oxidant. However, biphenyl was observed
even in the absence of oxidant in fair competition with cross-coupling product. The constant ratios of
cross-coupling and homocoupling products formed in each time interval suggested that both of
products should be formed through single cycle. By careful monitoring of side product from boronic
acid during the reaction, diboron was detected by UB_NMR, which confirmed that the homocoupling
product was formed through formal metathesis-type réaction not by oxidative coupling mechanism.

Hence, the major finding of this research is Au/Pd alloy nanoclusters’ stabilized by poly
(N-vinylpyrrolidone) catalyze two different reactions of phenylboronic acid with 4-chlorobenzoic
acid at room temperature in a single reaction cycle.

In Chapter 4, a new method for activation of C-Cl bond at low temperature as a result of
bimetallic Au/Pd synergy is described. The first example of Ullmann coupling of chloroarenes at
room temperature was achieved. The Ullmann coupling of 4-chlorotoluene (0.1 mmol) in
N, N-dimethylformamide (DMF)/ H,O (1:2, 1 mL DMEF, 2 mL H,0) in the presence of 150 mol%
KOH at 27 °C under argon atmosphere using nanoclusters of bimetallic Au/Pd alloy gave the 98%
yield of coupling product. The kinetic isotope effect on the pseudo-first-order kinetics of decay of
4-chlorotoluene (ku/kp = 7.0) using DMF and DMF-d; showed that DMF participates in the
rate-limiting step, which probably involve a hydrogen-transfer process.

Hence, no external reductant such as Zn or formic acid was necessary under the reaction conditions.
However, the reaction of 4-bromotoluene was much slower than that of 4-chlorotoluene and reaction
was incomplete even after 24 hours, and gave coupling product in only 65%. A comparison of the
observed reaction rate for the decay of 4-chlorotoluene was nearly 3 times higher than that of
4-bromotoluene. The significant difference in the rates of decay of C-Cl and C-Br showed the
opposite trend in the catalytic activity of bimetallic Au/Pd catalyst to that of usual transition-metal
catalyst for transformation of haloarenes.

In Chapter 5, the strong inhibitory influence of organic iodide (C-I) in colloidal gold and gold-based
bimetallic catalyst was described. Since the discovery of the Ullmann coupling in 1901, and"the
following development of transition-metal catalyzed reactions, it was believed that the reactivity of
the aromatic halides involving their oxidative addition process is in order C-I>C-Br>C-Cl. However,
the finding of current result demonstrated that the Ullmann coupling of 4-chlorotoluene was
relatively 3 times faster than 4-bromotoluene and no reaction was observed with 4-iodotoluene. So
the reactivity of the Ullmann coupling of Ar-X catalyzed by AugsPdgs:PVP is C-CI>C-Br>>C-],
completely opposite from the conventional catalysis. Further effort to find out the reason of no

activity towards the 4-iodotoluene for Ullmann coupling reaction, it was found that the organic
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iodides are selectivity adsorbed on the surface of colloidal nanogold and complétely inhibit the
reaction rather than oxidative addition. UV—-vis, Fluorescence spectra, XRD and SEM/EDS result
showed that aryl iodides bind to the exposed surfaces of gold nanoclusters, thereby masking active
sites for catalysis and acting as strong inhibitors.

In Chapter 6, some of ongoing work of activation of C-Br bond by bimetallic Au/Pd alloy
nanoclusters was described. Suzuki-Miyaura coupling reaction of 4-bromobenzoic acid with-
phenylboronic acid by using Au rich bimetallic Au/Pd nanoclusters occurred on the surface of
nanoparticles while leaching of Pd occurred by using Pd rich bimetallic Au/Pd nanoclusters. The
homocoupling product of phenylboronic acid was observed for Au rich bimetallic catalyst even in
the absence of oxidant and it waé expected to occur by surface reaction. When the ratio of Pd was
increased in bimetallic catalyst, the homocoupling product was decreased and cross coupling product

was increased which is probably due to leaching of Pd species in solution.
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