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From the end of the last century, human beings’ living environment has been facing
serious challenges with the development of the industry. In particular, the chemical
industry, while bringing people great benefits, has also brought severe environmental
pollution problems. In this context, green chemistry had become an important issue to
achieve sustainable development. Nitrogen-containing chemicals are important
building blocks in pharmaceuticals, agrochemicals and valuable organic materials. The
green synthesis of nitrogen-containing chemicals from amines and alcohols has
attracted much attention on account of its clean output. On the other hand,
heterogeneous catalysis has advantages from both practical and environmental
viewpoints, such as easy recovery and reuse of the catalysts, prevention of
contamination of the products by heavy metallic species, and other factors.

The present dissertation focuses on the development of titania supported iridium
catalysts, which enable the catalytic synthesis of nitrogen-containing chemicals from
ammonia/amines with alcohols. The catalysts showed excellent activities and the
products are pollution-free. The main contents of this dissertation are summarized as
follows:

In chapter I, the general background and progress with respect to the present study
were reviewed. The conception and evolution of green chemistry and its practical are
elucidated. The features and application of transition metals iridium catalysts as well
as titania support in catalytic organic synthesis were introduced. The developments and

recent advances in the synthesis of our target product catalyzed by various catalyst



systems were described. On the basis of these study, we proposed our purposes of the
present study.

In chapter II, the synthesis of tertiary and secondary amines from aqueous ammonia
and benzylic alcohols by titania-supported iridium catalyst is reported. It is a successful
example of heterogeneous systems operated at moderate temperature without either
additional solvent or high pressure. The catalytic system showed good tolerance to the
atmospheric conditions. The reactions smoothly gave tribenzylamine in a yield of over
99% within 6 hours in argon, or 85% in air. Besides, this catalyst was well applicable
with various primary and secondary benzylic alcohols, and the catalysis smoothly
proceeded on larger scales. The crystal structure of titania supports for iridium
catalysts strongly affected their activity. The catalyst could be easily reused and run at
least for 5 cycles without significant loss of activity.

In chapter III, the modification of titania supports for iridium catalysts by phosphorus
species, which greatly enhanced the activity of the catalyst for the synthesis of
benzimidazoles via hydrogen transfer, is demonstrated. Two series of
phosphorus-modified titanias were used: The phosphorus-doped rutile-supported
iridium catalysts prepared by the hydrothermal method showed nearly 5 times higher
activity than the catalysts supported on unmodified rutile. XPS depth profile study
substantiated that the dopant was present mainly on the surface of the rutile support.
Therefore, a facile wet impregnation method was applied to modify the surface of
anatase titania with phosphoric acid. The use of thus-modified titania enhanced the
activity of the iridium catalysts by more than 2.7 times in comparison with anatase
support, JRC (Japan Reference Catalyst)-TIO-7.

In chapter IV, anatase-supported iridium catalysts of excellent activities for the
acceptor-less dehydrogenation synthesis of benzoxazoles from 2-aminophenol and
primary alcohols were developed. The catalytic activity greatly depended on the titania
supports, iridium precursors, and loading of iridium species. The catalysts supported on
anatase, JRC-TIO-10, showed the highest activity for the dehydrogenative reaction.
Various primary alcohols were reacted to give corresponding benzoxazoles in high to
moderate yields. The catalyst could be recycled without significant loss of activity, and
no leaching of iridium species occurred into the solution. Highly dispersed iridium
species of less than 2 nm in diameter, which could be reduced at low temperature, were
responsible for the excellent activity.

In chapter V, the conclusions of the present study are summarized. The catalyst can be
used in hydrogen transfer and dehydrogenation reactions. The particle size and

oxidation state of iridium nanoparticles on the surface of support can be controlled by



adjusting the iridium loading weight, developing and choosing suitable titania support,
and the surface modification of titania support appropriately, so as to improve their
activity to the corresponding reaction. These mechanisms would provide guidance for
expanding the application boundaries of titania-supported iridium as well as the

synthesis and performance control of other supported transition metal catalysts.
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