


UMI Number: U585352

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Dissertation Publishing

UMI U585352
Published by ProQuest LLC 2013. Copyright in the Dissertation held by the Author.
Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



%$ )

6 #

%

%

&

$

#

u%*

" %$

& &

2

"0
$ ') 4
v - + +
#o("#( #*
-+
] ' O
# & ( &
- + +
( && "1
# "k %

++ B+ ++

(

45 ++++++

% I # %#

2&

(

#

% #



This thesis is sincerely dedicated To
My loving Parents
(Dr. Dahish Ajarim and Mrs. Khadejah Alomari)

And To My wife
(Fatemah Alzahrani)



ACKNOWLEDGEMENT

First of all, | thank Allah for giving me the strength and the

ability to complete this study-

| would like to expresse my thanks and gratitude to my advisor,
Professor Keith Smith, for accepting me as PhD student in his

research group-Professor Smith alwayes helpful and suportive-

Special thanks also go out to professor Gamal El-Hiti, for

teaching me and the support he gave me in the laboratory-

Indeed, | have many people to thank, and | apologize in advance
if | have forgotten anyone- First, and foremost, | must thank my best
friends; Dr Mohammad Alotaibi, Dr Amany Hegazy, Mohammad Baashen
and Ali Masmaly for thier encouragment, support and help- Also, |
would like to thank all of my friends and colleagues within the group
(Ahmad, Alaa, Ali, Asim and Mohammad) for their collaboration and

support-

Special thanks go to all my dearest brothers, sisters and family,
for their support and encouragement and for putting colours in my

life, may Allah bless them all-

The great and deep gratitude to my loving parents for endowing
me with the right tips to the successful life in this world and the
hereafter- Also, my wife for her constant love, kind help, moral
supports and encouragement throughout my graduate career, which has
imbued everything in my life with value: Lastly and not least, thanks
go to my children, Khalid, Reem, Mohammad and Ryan for their

inspiring me in their own ways to complete my thesis-

111



SUMMARY

The aim of this study was to develop new nitration systems using zeolite
catalysts for the nitration of a highly activated compound, phenol, and for highly
deactivated aromatics. It was hoped that such systems would produce high yields of the
nitro products and in high para-selectivity.

Chapter One

Chapter one describes the important role of Green Chemistry in the chemical
industry. For example, modern synthetic methods should ideally be safe, be atom
efficient, generate minimal waste, not involve solvent, have minimal energy
requirement, be based on renewable resources, and be environmentally benign.
Advances have been made by the use of solid catalysts such as zeolites and
employing green solvents such as water, supercritical carbon dioxide and ionic
liquids.

Chapter Two

Chapter Two describes a literature survey for the use of zeolite catalysts in
nitration reactions of various aromatic compounds. Zeolite catalysts offer approaches
to para-nitro aromatics, with the advantage of easy separation of the catalyst from
the reaction mixture by filtration. Zeolites can be recovered and reused several times
to give almost the same yields and selectivities as those obtained when fresh zeolite
is used, with the avoidance of toxic waste generated by traditional Lewis acids.

Chapter Three

Chapter Three describes the nitration of phenol over several types of zeolites
using iso-propyl nitrate as the nitrating reagent. Zeolite HP with a Si/Al ratio of 12.5
was the most active of the catalysts tried and also gave the highest proportion of
para-nitrophenol, but the para/ortho ratio was still only around 1:1. Mono
nitrophenols are formed in high yields when reactions are carried out over two days
in refluxing dichloroethane as a solvent. A somewhat higher yield of mononitration
products and a slightly better para/ortho ratio could be achieved with a larger
quantity of HZSM-5 under otherwise similar conditions. The reactions also produced
small quantities of iso-propoxybenzene as the main by-product.

Chapter Four

Chapter Four describes the nitration of deactivated aromatics using a nitric
acid/acid anhydride/zeolite system. Various types of zeolites were used including
proton-exchanged and passivated HP. For example, nitration of benzonitrile over H3
produces a quantitative yield of nitrobenzonitriles comprising only 3- and
4-nitrobenzonitriles, with no 2-nitrobenzonitrile produced in most cases under the
conditions tried. Trifluoroacetic and chloroacetic anhydrides were found to be the
most active of the anhydrides tried. Also, zeolite HB with a Si/Al ratio of 12.5 was
the most active of the catalysts tried and also gave high para-selectivity. The highest
yield of 4-nitrobenzonitrile (33%), with a para/meta ratio of ca. 0.50, was obtained
using passivated HB. Furthermore, heating easily regenerates the zeolite, which can
be reused up to six times to give results similar to those obtained with a fresh sample
of the catalyst.

The process was found to be general for the nitration of monosubstituted
deactivated aromatic compounds and gave significantly increased proportions of
para-substituted isomers compared with the results obtained from the traditional
mixed acid method.
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Chapter One: Green Chemistry and Heterogeneous Catalysis

CHAPTER ONE

GREEN CHEMISTRY AND HETEROGENEOUS CATALYSIS
1.1. Introduction in green chemistry

It is widely recognised that there is a growing need for more environmentally
friendly processes in the chemical industry. It is also important to produce fine
chemicals cleanly and efficiently with the minimum damage to the environment.
Obviously, the production of chemicals should be profitable, but recently there are
increasing costs associated with the treatment of chemical waste. Therefore, it is very
important that the chemical processes are designed to minimize the waste produced.
In the case of pharmaceuticals this is especially important as early registration of
synthetic routes militates against later adoption of superior ‘green’ synthetic

approaches.

This trend towards what has become known as ‘green chemistry’ or
‘sustainable technology’ is really important. Green chemistry is a shift from
traditional concepts of process efficiency that generally concentrate on the yields of
chemicals to be produced to processes having economic values that support
elimination of waste at source and avoidance of use of toxic materials.""" Green
chemistry could be defined as the chemistry that utilizes renewable raw materials,
eliminates waste and avoids the use of toxic and/or hazardous reagents and solvents

in the production of chemicals.'?

1.2. Principles of green chemistry

Anastas and Warner have pointed out the guiding principles for the design of

environmentally benign chemicals and the processes that can produce such
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chemicals. The concept they introduced comprises 12 principles of green chemistry,

as follows. '

1. Waste prevention instead of remediation; it is better to prevent waste rather
than to treat or clean up waste after it has been generated.

2. Atom efficiency; synthetic methods should be designed to maximize the
incorporation of all materials (reactants and reagents) used in the process into
the final product.

3. Less hazardous and less toxic chemical syntheses, wherever possible and
practicable, synthetic methods should be designed to use and generate
substances that possess little or no toxicity to living organisms and the
environment.

4. Safer products by design; chemical products should be designed to maximise
their desired function while minimizing their toxicity.

5. Safer solvents and auxiliaries; the use of auxiliary substances, such as
solvents and separation agents, should be avoided wherever possible.

6. Energy efficiency by design; energy requirements of chemical processes
should be recognized for their environmental and economic impacts and
should be minimized. If possible, synthetic methods should be conducted at
room temperature and atmospheric pressure.

7. Preferable use of renewable feedstocks; a raw matenial or feedstock should
be renewable rather than depleting whenever technically and economically
practicable.

8. Shorter syntheses and reduce derivatization; unnecessary derivatization,
such as use of blocking groups, protection/deprotection, temporary

modification of physical and chemical processes, should be minimized or
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avoided if possible, because such steps require additional reagents and can
generate waste.

9. Catalysis; selective catalytic reagents should be wused rather than
stoichiometric reagents.

10.  Design products for degradation; chemical products should be designed so
that at the end of their function they break down into non-toxic degradation
products and do not persist in the environment.

11.  Analytical methodologies for pollution prevention; analytical methodologies
need to be further developed to allow for real-time, in-process monitoring and
control prior to the formation of hazardous substances.

12.  Inherently safer processes; materials used in a chemical process should be
chosen to minimize the potential for chemical accidents such as releases,

explosions and fires.

Green chemistry addresses the environmental impact of both chemicals and
the processes by which they are produced. Green chemistry eliminates waste at
source, i.e. it is primary pollution prevention rather than waste curing. It is fair to say
that sustainability of a chemical process is an important goal to achieve and green

chemistry is the way forward to achieve it.

1.3. E-Factor

E-Factor is a very useful measure of the potential environmental acceptability

13-20 B_Factor is defined

of chemical processes and has been put forward by Sheldon.
as the mass ratio of waste to desirable product resulting from a particular

manufacturing process. E-Factor for a particular product can be easily calculated
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from the number of tons of raw materials purchased and the number of tons of
product sold. Water is generally not included in the E factor. For example, when

considering an aqueous waste stream only the inorganic salts and organic compounds

contained in the water are counted.

The magnitude of the waste production in chemicals manufacture is readily
apparent from a consideration of typical E-factors in various chemical industry
segments. A higher E-factor means more waste and as a result greater negative
environmental impact. The ideal E-factor is zero. In the oil industry, E-factors are
very low. However, the E-factor increases dramatically on going from bulk
chemicals to pharmaceuticals. This might be due to multi-step syntheses being
involved in the production of pharmaceuticals, use of excess reagents and use of
large quantities of solvents. Table 1.1 represents the typical annual production

volumes of various chemicals and their E-factors.

Table 1.1: The E-factors for various chemical industries

Chemical Industry Product tonnage E-Factor
Oil refining 10°-10° 0.1

Bulk chemicals 10%-10° 1—S5
Fine chemicals 10%-10* 5—50
Pharmaceuticals 10-10° 25—100

1.4. Atom efficiency or atom economy

The concept of atom efficiency or atom economy was introduced by

21,22
Trost.”

It is another useful tool for the rapid evaluation of the amount of waste that
would be created by alternative synthetic routes to a specific product. It is calculated

by dividing the molecular weight of the desired product by the sum total of the
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