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In this thesis, the novel catalytic activities of gold nanocluster were investigated using gold nanocluster
stabilized by hydrophilic polymer, poly(N-vinyl-2-pyrrolidone) (Au:PVP). It was a common sense that
metallic gold does not possess any catalytic activity due to its unreactive character. Since the first report by
Haruta in 1987 that the nano-sized gold cluster supported on metal oxide did catalyze the CO oxidation, lots of
studies about the characteristic features of nanocluster as an aerobic oxidation catalyst. However, the gold
nanocluster should has comprehensive catalytic activities. Therefore, the investigation of catalytic activity of
gold nanocluster is important to understand the character of gold nanocluster.

This thesis consists of 6 Chapters. In Chapter 1, general introduction is described. Gold nanoclusters
(average size: 1.3 nm) stabilized by hydrophilic polymer, poly(N-vinyl-2-pyrrolidone) (Au:PVP) behave as
quasi-homogeneous catalyst. The small size of Au:PVP, which has narrow size distribution, was prepared by
reducing HAuCl, with NaBH, under a low-temperature aqueous solution of PVP. It has been reported that
Au:PVP act as not only oxidation catalyst but also formal Lewis acid which exhibits a high catalytic activity
toward oxidation of alcohols, homocoupling reaction/hydroxylation of organoboron compounds in aqueous
solvent and intramolecular hydroalkoxylation. In every case, it was proposed that superoxo-like species
generates on the cluster surface under quasi-homogeneous conditions would to play a key role as an active
species. _

In Chapter 2, intramolecular hydroamination of toluenesulfonamides to unactivated alkenes is described.
Intramolecular hydroamination of amides have been extensively studied promoted by transition metal complex,
alkali metal, and so on. However, the reactivity of the catalysts is highly dependent on the substituent on
nitrogen and electron density on alkene, no versatile catalyst for the various types of amine derivatives is
known. On the other hand, Au:PVP behaves as formal Lewis acid catalyst, which catalyze the intramolecular
hydroalkoxylation in protic solvent under basic and aerobic conditions. As a similar type of reaction with
intramolecular hydroalkoxylation, intramolecular hydroamination, intramolecular hydroamination of
toluenesulfonamides was investigated.  The intramolecular hydroamination of toluenesulfonamides
proceeded quantitatively in EtOH in presence of Cs,COj3 as a base under basic and aerobic conditions. The
labeled experiment revealed that EtOH is hydrogen source of products. Au:PVP has high catalytic activity
for intramolecular hydroamination of toluenesulfonamides in protic solvent under basic and aerobic
conditions.

In Chapter 3, intramolecular hydroamination of primary amines to unactivated alkenes is described.
Intramolecular hydroamination of primary amines have been studied extensively using lanthanide complex and
group IV complex. However it is usually sensitive for moisture and oxygen. On the other hand, Au:PVP is
stable'to moisture-/oxygen-stable catalyst, which has high-catalytic activity for intramolecular hydroamination
of toluenesulfonamides, Therefore, it is expected that Au:PVP can be versatile catalyst, which worked as a
moisture-/oxygen-stable catalyst for the hydroamination of primary amines. While the reaction of primary
amine did not proceed under basic conditions, the reaction underwent effectively in presence of formate as an
additive in protic solvent under neutral to slightly acidic conditions. From the result of labeling experiment,
it is found that the hydrogen at the methy! group of product is introduced from formyl group of formate, which
may indicate that EtOH cannot adsorb effectively onto gold surface due to the neutral to slightly acidic
condition. Au:PVP has high catalytic activity for not only toluenesulfonamide, but also intramolecular
hydroamination of primary amines in protic solvent under neutral to slightly acidic conditions.

In Chapter 4, the reaction of N-benzyl alkenylamines is described. The catalytic activity of Au:PVP for

intramolecular hydroamination of secondary alkylamines to unactivated alkenes was investigated. The



intramolecular hydroamination proceed in presence of Cs,CO; in EtOH, giving corresponding N-benzyl
pyrrolidines in moderate yield. In addition unexpectedly, N-benzyl pyrrolidinone was also obtained as a
minor product, suggesting that ozonolysis-type oxidative carbon-carbon bond cleavage would occur. There
was no report of ozonolysis-type oxidation under aerobic conditions. The yield of the pyrrolidinone was
increased by changing a base to CsOAc. When N-benzyl alkynylamine was used as a substrate, N-benzyl
pyrrolidinone was obtained predominantly. The result indicated that N-benzyl pyrrolidinone may be
corresponding N-benzyl-exo-methylene pyrrolidine or its derivatives might be an intermediate for the
formal-ozonolysis product.

In Chapter 5, aerobic oxygenation for benzyl ketone is described. It has been reported Au:PVP exhibits a
high catalytic activity toward aerobic oxidation reaction such as oxidation of alcohols, homocoupling
reaction/hydroxylation of organoboron compounds in aqueous solvent. However no oxygen atoms are
introduced into the products in the above reaction, except in the case of hydroxylation of orgarioboron
compounds. Oxygenation reaction was extensively studied using metal oxide-supported gold nanocluster,
which was used as heterogeneous catalyst, however homogeneous oxygenation reaction is hardly reported.
From the result of hydroxylation of organoboron compounds, it is expected that Au:PVP has high potential in
oxygenation reaction in guasi-homogeneous catalyst system. Auto-oxidation reaction of benzyl ketone with
cleavage the carbon-carbon bond, giving the corresponding ketone and carboxylic acid, is usually carried out
in polar aprotic solvents under strong basic conditions such as +~BuOK/DMSO, which does not proceed in
protic solvents, in protic solvents, particularly water, under weakly basic conditions. Au:PVP promote the
auto-oxidation-type reaction and « -hydroxylation reaction of benzylic ketones by changing the base and
solvent conditions. From the reaction monitoring by 'H-NMR reveals that Au:PVP accelerate the formation
of a-peroxide. Au:PVP promote the auto-oxidation-type reaction and o -hydroxylation reaction of
benzylic ketones, which selectivity is controlled by changing the solvent and base conditions.

In conclusion, Au:PVP catalyst can be versatile and easy-to-handle 7-Lewis acid catalyst as well as aerobic
oxidation catalyst. In addition, it is expected that unforeseen new type of reaction is developed such as
cleavage of carbon-carbon bond in the reaction of N-benzyl alkylamines using Au nanocluster catalyst.
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