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ABSTRACT

Zirconium Oxide Catalyzed Conversion of Veratraldehyde to
1-(Dimethylamino) rnethyl-3,4-methoxybenzene

Sara Delfan, B.S. Prairie View A&M University (August 2020)
Advisory Committee Chair: Dr. Ananda A. Amarasekara
Amines have broadly applied in the pharmaceutical and fine chemical industries,
which cause intense research for developing efficient methods to produce primary,
secondary and tertiary amines in organic synthesis. N, N-dimethyl tertiary amines are
useful as catalysts which are buffers on the analysis of peptides and proteins. This
transformation proceeds via an active C-N bond, and the most attractive method to
produce amines is the reductive amination of carbonyl compounds. This method involves
two steps, the condensation of aldehyde and the subsequent imine hydrogenation in the
presence of a hydrogen donor. The synthesis of a catalytic, light-driven process for the
reductive amination of native Biomass in the presence of heat is considered.
Use of amide as the nitrogen donor and reductant require high temperature.
Materials containing zirconium are used as superionic conductors in oxygen sensors, fuel
links, and as catalysts of "secondary generation." The catalysts applied in environmental
protection, petrochemistry, electrocatalysis, polymerization, etc. Zirconium dioxide is an
essential component of the Lambda probe (oxygen sensor) and a significant component
of catalysts used in fume purification (three-way catalysts (TWC)) for catalytic fuel
combustion, etc. Zirconium dioxide can be applied in the catalysis as a single unit or as a
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component of compound catalysts. Zirconium dioxide characterized by high chemical
resistance is stable at a wide temperature range. It possesses both acidic and basic centers.
Its properties enable surface processes as a mechanism of bifunctional acid-base
catalysis. The number of acidic and basic centers can be changed using proper
preparations in Zr02 synthesis. All polymorph types of Zr02 are used in catalysis.
In this study, the researcher developed in the presence of a heterogeneous
zirconium-based catalyst in which N, N-dimethy lformamide at l 80°C was used as the
solvent, a low molecular weight amine source and a reductant. Aromatic tertiary amines,
3,4-dimethoxy, N, N-dimethyl benzylamine have been produced from starting materials
lignin-derived from grass aromatic aldehydes via the Leuckart reaction using Zr02 as a
catalyst. Approximately 94% yield of the tertiary amines were achieved over a
straightforward step for the preparation. The reusability of Zirconium dioxide as a
catalyst for the system was studied by using the same zirconium for the conversion of
Veratraldehyde to tertiary amine at 600°C for 4h by consecutive addition of
Veratraldehyde in six catalytic cycles. The catalyst remains active for the six periods with
an 86% yield. All results were fully characterized by IH and
resonance spectroscopy and Infrared (IR) spectroscopy.

iv

13C

nuclear magnetic

DEDICATION

Dedicated to:

My magnfjtcent Sister, My carine 6rotfier in law am£my adma6k
attk niece, my euaraians,
For being Supportive, Thoughtful, and Patient with me
during my education as well as in my life.

My Parents,
Whose taught me to be strong and encouraged me to believe in hard work and myself.

My L<YVe{y 'Brother,
For always listening and giving your unwavering support. I feel so secure about being
yow- sister.

V

ACKNOWLEDGMENTS

First of all, I express my gratitude to the Lord for enabling me to complete this
project successfully.
The completion of this project could not have been possible without the
supervision and guidance of my advisor, Dr. Ananda Amarasekara, Professor in the
Department of Chemistry, at Prairie View A&M University. His kind direction and the
proper guideline in every phase of the project helped me shape this report to get it
completed. He is the best professor I have ever had; He is a teacher with vast knowledge
who introduced me to the real organic chemistry to profession.
1 sincerely wish to thank Mrs. Walker and all the faculty and staff in the

Chemistry Department for providing all the necessary resources and facilities in the
school.
I also thank all of my friends and classmates for their encouragement and their
kindness in so many ways to keep me enthusiastic about learning.

vi

NOMENCLATURE
ZrOCh.8H20

Zirconyl (IV) chloride octahydrate

ZrO(OH)2

Zirconium (IV) dihydroxide-oxide

Zr02

Zirconium (IV) dioxide

CH2Ch

Dichloromethane

DMF

N, N-Dirnethylformamide

rpm

Revolutions per minute

h

hour

DMSO-d6

Dimethyl sulfoxide- d6

FTIR

Fourier-transform Infrared Spectroscopy

GC-MS

Gas Chromatography-Mass Spectrometry

1

HNMR

13

CNMR

oc

Proton Nuclear Magnetic Resonance
Carbon- 13 Nuclear Magnetic Resonance
Degree Centigrade

NaOH

Sodium Hydroxide

HCI

Hydrochloric acid

K.Br

Potassium Bromide

m/z

Mass to charge

Rt

Retention time

bp

Boiling Point

Pdt

Product

10

First-Generation

20

Second-Generation
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Lignin accounts for different percentages according to the type of the plant types,
24-33%. 19-28%, and 15-25% of the dry weights of softwood, hardwood. and grasses,
respectively. 13 Lignin is a by-product of this process and accumulates in the form of
black liquor. The material potential oflignin remains largely unused; 98 percent oflignin
is going to bum. The S-type lignin or Angiospenn hardwood lignin, for instance, poplar
is made of nearly 40% coniferyl alcohol and 60% sinapyl alcohol.
G-type lignin or Gymnosperms (softwoods such as pine and spruce) have the most
homogeneous lignin, with over 90% of them being made of coniferyl alcohol. Besides, Sand G-type lignins, the H-type lignin, has a ratio of bioenergy. For instance, wildtype
grasses can contain 20-50% lignin as p-coumaryl alcohol units. The p-Hydroxyphenyl
(H), guaiacyl (G), and syringyl (S) building blocks 14 or S/G/H lignin ratio of bioenergy
crops can now be genetically tuned and modified. 13 Lignocellulose (Latin lignum =
wood) gives plants shape and stability. The biopolymers version of that strengthens
plants' cell walls. It consists of three main components: cellulose, hemicellulose, and
lignin. Formation of a framework in which lignin is incorporated as a kind of connector,
like solidifying the cell wall. Lignification of cell wall makes plants to resist wind and
pests. In contrast to fossil petroleum, lignocelluloses derived from wood, straw, or
Miscanthus are renewable raw materials; they can be grown on fields and in forests and
are climate neutral. One of the main components in lignocellulosic Biomass (Lignin),
15- 30 wt. % is the most abundant renewable source of bio aromatics in nature. 14
The aromatic renewables are a relatively less explored subgroup in biomass-based
feedstock chemicals. Vanillin (4-hydroxy-3-methoxy benzaldehyde) is a crucial building
block for the chemical industry and a multifunctional monomer in the polymer

3

industry

16 28
•

as well as the related compound, ferulic acid that are key players in this

group. Fungi, bacteria, plant cells, and genetically engineered microorganisms are also
attractive for the large-scale production of this building block. 9
Lignin derived vanillin is becoming readily available 17 as one of the unique molecular
phenolic compounds in industrial scale from biomass. It has, thus, the potential to
become a key-intermediate for the synthesis of bio-based aromatic monomers m
polymers. These aromatic monomers are needed to reach proper thermo-mechanical
characteristics. Vanillin is a member of the cJass of benzaldehydes carrying methoxy and
hydroxy substituents at positions 3 and 4. It has a role as a plant metabolite, a flavoring
agent, an antioxidant, and an anticonvulsant. It is a member of phenols, monomethoxy
benzene, and a member ofbenzaldehydes.
A novel heterogeneous catalytic process for proficient reductive amination is
expanded in the presence of heterogeneous zirconium-based catalysts, in which
N, N-dimethylformamide is used as the low-molecular-weight amine source, solvent, and
reductant. Aromatic tertiary amine has been produced from lignin-derived aromatic
aldehyde, through the Leuckart reaction with Zr02 as the catalyst, with a 99% yield.
1-(Dimethylamino)methyl-3,4-methoxybenzene, as a tertiary amine obtained in a LOO%
selectivity from the reductive amination of 3,4- dimethoxybenzaldehyde under specific
conditions.
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CHAPTER II
LITERATURE REVIEW
2.1 Renewable Energy

When it comes to energy resources, there is always the question of sustainability.
It is essential that resources provide enough energy to meet needs and heat houses, power

cities, and run cars. However, it is also important to consider how these resources can be
used long term. Some resources will practically never run out. These are known as
renewable resources. Renewable resources also produce clean energy, meaning less
pollution and greenhouse gas emissions, which contribute to climate change. There are
some challenges associated with using renewable resources.
For instance, renewable energy can be less reliable than non-renewable energy,
with seasonal or even daily changes in the amount produced. However, scientists are
continually addressing these challenges, working to improve the feasibility and reliability
of renewable resources. The United States' energy sources have evolved over time, from
using wood before the 19th century to later adopting non-renewable resources, such as
fossil fuels, petroleum, and coal, which are still the dominant sources of energy today.
But the Earth has a limited supply of these resources. Recently, renewable resource use
has begun to increase. According to the U.S. Environmental Protection Agency, as of
2005, over 3% 11 and 11 percent of the U.S. energy consumption came from renewable
resources in 2017. In every division of the globe, in the 20th century, many researchers
are working in the field and in the development of petroleum, coal, and natural gas-based
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refinery to exploit the cheap and abundant available fossil feedstock. 1 Renewable
resources include biomass energy (such as ethanol), hydropower, geothermal power,
wind energy, and solar energy.
2.2 Biomass Energy
Biomass is the most widely used non-fossil and long-term fue1 9•30 given the
increasing proliferation of dedicated energy crops for biofuels in the world. Biomass
refers to organic material from plants or animals. This includes wood or trees-derived
material, agro-forest residues, grasses 1, aquatic plants', sewage, and ethanol (which
comes from corn or other plants). Biomass can be used as a source of energy because this
organic material has absorbed energy from the Sun. This energy is, in turn, released as
heat energy when burned. The total biomass production on Earth is approximately 100
billion tons of dry organic matter of land biomass per annum and 50 billion tons of
aquatic Biomass. The part of it that is used as food is only 1.25% of the entire land
biomass, and part of it is used as industrial raw materials, energy and feed. 1 The rest of
the Biomass can be recycled and used as raw material for chemical production; it means
that biomass can turn into the earth system or some part of it would be unused.
Currently, starches, sugar, oils and fats, cellulose, rubbers are stainable, versatile,
and important renewable feedstock for the chemical industry and energy products as
Biomass, as shown in Figure l . These feedstocks are used in industry to produce multiple
products such as fuel, fine chemicals, pharmaceuticals, detergents, synthetic fiber,
plastics, pesticides, fertilizers, lubricants, solvent, waxes, coke, asphalt, etc. to meet the
growing demand of the population. 1 Research and development (R & D) to transform
renewable carbon and waste resources into feedstocks to convert to biofuels, bioproducts,
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and biopower will sustainably expand biomass resource potential in the United States.
The chemica] industry entirely depends on carbon compounds for creating paints,
adhesives artificial fibers fertilizers, pesticides, and plastics in Germany, petroleum,
natural gas, and coal, accounting for roughly 87 percent of all carbon compounds used for
these purposes. However carbon also occurs in plants. During photosynthesis, plants
bind atmospheric carbon dioxide and use it to produce energy-rich molecules, primarily
sugar compounds. The chemical industry already uses renewable resources to a limited
extent (13 percent), mainly vegetable oil,2 starch, 2•14 natural rubber, and cellulose. 10

Figure 1. Biomass as a renewable feedstock for biorefmerie

1
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2.2.1

Biomass and the environment. Biomass is an integral part of the Earth's

carbon cycle. The carbon cycle is the process by which carbon is exchanged between all
layers of the Earth: atmosphere, hydrosphere, biosphere, and lithosphere. The carbon
cycle takes many forms. Carbon helps regulate the amount of sunlight that enters the
Earth's atmosphere. It is exchanged through photosynthesis, decomposition, respiration,
and human activity. Carbon that is absorbed by soil as an organism decomposes. For
example, it may be recycled as plants release carbon-based nutrients into the biosphere
through photosynthesis. Under the right conditions, the decomposing organism may
become peat, coal, or petroleum before being extracted through natural or human activity.
Between periods of exchange, carbon is sequestered or stored. The carbon in fossil fuels
has been sequestered for millions of years. When fossil fuels are extracted and burned for
energy, their sequestered carbon is released into the atmosphere. Fossil fuels do not reabsorb carbon. In contrast to fossil fuels, Biomass comes from recently living organisms.
The carbon in Biomass can continue to be exchanged in the carbon cycle. However, to
effectively allow Earth to continue the carbon cycle process, biomass materials such as
plants and forests have to be sustainably farmed. It takes decades for trees and plants such
as switchgrass to re-absorb and sequester carbon. Uprooting or disturbing the soil can be
extremely disruptive to the process. A steady and varied supply of trees, crops, and other
plants is vital for maintaining a healthy environment.
2.2.2

Biomass Feedstocks as a Renewable Carbon Source. Tenestrial

lignocellulosic (Lignin) Biomass (such as plants and plant-based materials not used for
food or feed) is an abundant, renewable, and sustainable resource for producing biofuels,
bioproducts, and biopower. Biomass and other renewable or re-usable carbon sources
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commonly used for bioenergy applications include: Agricultural residues (such as corn),
Algae, dedicated energy crops 1 (for instance switcbgrass, Miscanthus, energy cane, sweet
sorghum, high biomass sorghum, hybrid poplars, and shrub willows), Forestry residues
(e.g., logging residues and forest thinning), Waste streams and re-useable carbon
sources 15 (e.g., the non-recyclable organic portion of municipal solid waste, biosolids,
sludges, waste food, plastics, CO2, industrial waste gases, and manure slurries) are other
resources.
On Earth, human activities are changing the natural greenhouse. Over the last
century, the burning of fossil fuels like coal and oil has increased the concentration of
atmospheric carbon dioxide (CO2). This happens because the coal or oil burning process
combines carbon with oxygen in the air to make CO2. Among the various long-lived
greenhouse gases (GHGs) emitted by human activities, CO2 is so far the most significant
contributor to climate change and directly associated with global warming observed in
recent decades. 1 This sparked much the interest in Biomass-based energy production and
laid out the future of bioenergy with the introduction of first-generation biofuel
comprised of liquid fuel production from plants or organic waste such as using com.
sugar, beet, sugarcane juice, and vegetable oils. 18 Searching for the right method of using
renewable biomass resources such as plants or organic waste 1 is a task that is growing
ever more important as the Earth's supply of non-renewable resources continues to
dwindle. Converting to renewable energy will better sustain the world's rapidly growing
population, but it will also provide a cleaner, healthier environment for generations to
come and help reduce both the world's dependence on oil and CO2 production.'
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Biofuels and bioproducts produced from plants would diminish the temperature of
the Eai1h's climate system. Additionally, the benefits of the bioeconomy have been well
documented. Biobased products support the growth of plants, trees, and vegetation,
which recycle carbon (CO2) from the atmosphere, resulting in air quality improvements
when compared to fossil fuel-based products. In addition, producing and utilizing
biobased fuels reduces U.S. reliance on foreign oil (energy security) and creates jobs,
particularly in rural areas. 19
2.2.3 Advantages and disadvantages of Biomass. Some advantages are that

biomass is a clean, renewable energy source. Its initial energy comes from the Sun, and
plants or algae biomass can regrow in a relatively short amount of time. Trees, crops, and
municipal solid waste are consistently available and can be managed sustainably. ff trees
and crops are sustainably fanned, they can offset carbon emissions when they absorb
carbon dioxide through respiration. In some bioenergy processes, the amount of carbon
that is re-absorbed even exceeds the carbon emissions that are released during fuel
processing or usage. Many biomass feedstocks, such as switchgrass, can be harvested on
marginal lands or pastures, where they do not compete with food crops. Unlike other
renewable energy sources, such as wind or solar, biomass energy is stored within the
organism and can be harvested when it is needed.
Some disadvantages are that if biomass feedstocks are not replenished as quickly
as they are used, they can become non-renewable. A forest, for instance, can take
hundreds of years to re-establish itself. This is still a much, much shorter time period than
a fossil fuel such as peat. It can take 900 years for just a meter (3 feet) of peat to replenish
itself. Most Biomass requires arable land to develop. This means that land used for
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biofuel crops such as com and soybeans are unavailable to grow food or provide natural
habitats. Forested areas that have matured for decades (so-called "old-growth forests")
are able to sequester more carbon than newly planted areas. Therefore, if forested areas
are not sustainably cut, re-planted, and given time to grow and sequester, the trees'
regrowth does not offset carbon, which is the advantage for using the wood for fuel. Most
biomass plants require fossil fuels to be economically efficient. An enormous plant under
construction near Port Talbot, Wales, for instance, will require fossil fuels imported from
North America, offsetting some of the sustainability of the enterprise. Biomass has a
lower "energy density" than fossil fuels. As much as 50% of Biomass is water, which is
lost in the energy conversion process. Scientists and engineers estimate that it is not
economically efficient to transport Biomass more than 160 kilometers (100 miles) from
where it is processed. However, converting Biomass into pellets (as opposed to wood
chips or larger briquettes) can increase the fuel's energy density and make it more
advantageous to ship. Burning biomass releases carbon monoxide, carbon dioxide,
nitrogen oxides, and other pollutants and particulates. If these pollutants are not captured
and recycled, burning Biomass can create smog and even exceed the number of po11utants
released by fossil fuels. The World's Top Biofuel Crops are: Switchgrass, Wheat,
Sunflower, Cottonseed oil, Soy, Jatropha, Palm oil, Sugar cane, Canola, and Corn.
2.2.4 Biomass classification. Biomass is also classified based on its source, as

primary, secondary, or tertiary generation. Primary biomass is produced directly by
photosynthesis and includes all terrestrial plants now used for food, feed, fiber, and wood
fuel. All plants in natural and conservation areas (as well as algae and other aquatic plants
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Eventually, researchers have decided to develop and work on microalgae as a thirdgeneration (3G) biomass; and now, it is thought that sustainable energy source for biofuel
production is an acceptable option to the predominant weaknesses of both first and
second-generation biofuel sources in Figure 3. 21
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- Figure 3. Cultivation ofbiofuel production from microalgae
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2.3 LigoocelluJosic Biomass

Global society today will urgently introduce renewable energies and essential
chemical resources. Given that lignocellulosic biomass is the most abundant and biorenewable biomass on earth, this important analysis offers insight into the potential of
lignocellulosic biomass as an alternative outlet for fossil resource
obtained from

which may be

pecific treabnent methods on them. The abundance of carbohydrates

neutral renewable energy sources that can decrease CO2 and air pollution has been
projected as the lignocellulosic biomass. It is, therefore, a promising alternative to
reducing the use of crude oil in biofuels, biomolecules and biomaterials. 30
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2.3.1 LignoceUuJosic biomass as a biofuel source. Biomass is a biological
material derived from living organisms, most often the plant-derived materials that are called
lignocellulosic Biomass, as those materials that mostly contain cellulose 35-50%,
hemiceJlulose 20-35%, and lignin 15-30%.27 Many types of research have focused on the
conversion of lignocellulosic Biomass into various valuable-added chemicals. 11 As an energy
source, lignocellulosic Biomass can either be used as fuel or converted to various forms of
biofuel. Biomass-derived fuels are an important contributor in modem renewable sources,
and some of its applications incJude the use of biogas in heating houses, biogas-derived
syngas in electricity generation, and transport biofuels. Biofuels are produced from bio-based
materials through various paths, such as biochemical and thermochemical methods.
2.4 Vanillin and its Renewable Polymers
In the past few decades, the synthesis of novel polymeric materials from
renewable resource-based feedstock chemicals is becoming considerably attractive.
V anillin is being utilized as sustainable alternatives on a few petroleum-derived biomass
compounds such as triglycerides, lactic acid, levulinic acid, succinic acid, l ,3propanediol, 5-hydroxymethylfurfural (HMF) or its derivatives, 2,5-furandicarboxylic
acid or its derivatives, and Vanillin,4•7 and furan aldehydes. 8
Lignin is the renewable source of aromatics in nature, and the conversion oflignin
into Vanillin is very attractive. However, the vanillin yield is closely related to the
resource of lignin and its isolation process. A relatively low yield of Yanillin is always
obtained from lignin. For lignin reductions, 12 in order to form simpler monomeric
compounds, lignin model compounds (LMCs), or simpler molecules that exhibit some of
the functional groups or linkages oflignin 16 such as phenols, benzene, toluene, or xylene,
the usual reactions like removal of the substantial functionality of the lignin subunits are
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used. These simple aromatic compounds are going to be hydrogenated to form alkanes or
other polymer derived chemical substances. For lignin oxidations are complicated as
lignin is converted to more different platform chemicals or converted directly to fine
chemicals Figure 4. 12
Blorefine,v
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Figure 4. Lignocellulo ic biorefi n ry cheme with particular empha is on th
lignin tream. Component from th cell ulose and hemicellulose

tream are

int grated within the lignin framework, but the proce s arrows are not fu ll y
depicted for clarity 12

2.4.1 Vanillin. Vanillin 4-hydroxy-3-methoxybenzaldehyde, Figure 5

a

phenolic aldehyde that has been known for flavoring and fragrance in the food or
cosmetic indu tries for many centurie . Thus the large producer of ice cream (such a
Unilever) and chocolate ( estle, Cadbury Suchard) are important players on the vanillin
market. 16 The three oxygen atom in this small aromatic compound are in different
functional groups: alcohol, aldehyde, and ether. In 1875, less than 20 years from it initial
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isolation, synthetic Vanillin from eugenol by its isomerization17 followed by oxidation
aroma became popular. Thus, the vanilla aroma became available in France and the
United States. Recently, with the high desire to increase global economy and
ameliorating the desire for having a more healthy planet as well, Vanillin is being
explored as an adaptable platform for materials science and organic synthesis, 14 chemical
and monomer in the synthesis of a vast range of polymers as vanillin-based
thermoplastics and thermosets, including epoxies, vinyl esters, polyesters, and
polycarbonates.
The Vanillin produced from lignin is 1.2 times higher than Petro-based Vanillin in
aromatic intensity, and it is more expensive than Petro-based Vanillin. Veratraldehyde
can be prepared by methylation of phenol OH of Vanillin. Using dimethyl sulfate to
reduce the acidity of the reaction and dimethyl sulfate caustic, Veratraldehyde has been
developed in the past, but the yields of the product was 80 percent and of relatively poor
quality at a pH from about 8.5 to 9.5. The production of Veratraldehyde from Vanillin in
good yield and to obtain products of high quality in the presence of Sulfuric acid or
maybe some other acid by means of a pH of between 4 and 5 can be used.

H
HO

Figure 5. Vanillin

2.4.2. Synthesis of Vanillin and its purification. In accordance with the present
development and improvement, Vanillin is produced by reacting guaiacol and glyoxalic
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acid to form a product mixture containing mandelic acid derivatives. Vanillin is isolated
from the oxidized mixture; then its mixture containing formyl and ortho vanillin 1s
chemically processed with palladium to form guaiacol and Vanillin. 28 Vanillin is
retrieved, and guaiacol is recycled. On the other hand, Vanillin in the green bean is found
as vanillin glucoside. It does have another synthesi that is enzymatically hydrolyzed to
glucose and vanillin during the curing process. Vanillin glucoside, is shown in Figure 6. 17
The following ways are used to prepare Vanillin from guaiacol (Lignin). First
produce Vanillin from Wood. The process starts with the sulfite pulping of wood, which
gives the lignosulfonate-rich sulfite liquor as a by-product in Figure 7. The second way is
vanillin Glucoside Hydroly is to vanillin and glucose, which is an industrial route of
vanillin production from Phenol. Solvay's Route of Vanillin Production from Phenol is
the depolymerization of lignin that leads to vanillin. 14"26•28 The third way is the Lignin-toYanillin process that is involved with acidification and an extraction step by Organic
solvents; the next step involves bisulfitation and an extraction step by organic solvent.
Thi process involves an extraction step by supercritical CO2 that would be extracted by
step of adsorption. 17
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Figure 6. Vanillin Glucoside Hydrolysis to Vanillin and Glucose 17
Sulphite a,
bisulfite §01.
Ultrafiltration

Wood

Pulping, Waslng

Pulp

Oesugaied
liquor
Cance ted
lignosul onates

Sulphite
liquor
Precipitation

Vanilli

production

17

Figure 7. Toe process to produce Vanillin from Wood 17
According to some research studies , some biocatalytic ways can be expanded to lignin
breakdown. Metabolite analysis of R. jostii RHAl 22 shows that

tructuraUy,

lignocellulose is known as a few metabolites suitable for hypothetical catabolic paths. As
an exhibit in Figure 8 for the breakdown of ~-aryl ether and biphenyl components of
lignin to convert to other aromatic compounds.
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2.4.3 Invention objects. The main object of recent development and
improvement of purification of vanillin is to determine efficient techniques and to make it
an attractive and economically beneficial process for the synthesis of vanillin. Another
object of current interest of synthesis of vaniUin from lignin is providing a process to
obtain a high purity of vanillin.29

2.5 Amine
Amines are very useful and one of the most important keys in the industry for
organic compounds that have found extensive and worldwide applications as solvents,
raw materials for resins, intermediates for pharmaceuticals, disinfectants, textile
additives, rubber stabilizers, corrosion inhibitors, and in the manufacture of detergents
and plastics.23

2.5. t Synthesis of Amines. Two of the most common methods to prepare amines
are the reductive amination of carbonyl (Aldehyde or Ketone) in Figure 9 compounds,
and Figure 10 which is hydrogenation of nitriles. 23 One of the most useful methods for
the preparation of secondary or tertiary amines in biological and chemical systems is
reductive amination of aldehydes and ketones.24
One of the most considerable similarities between these two synthesizes is that
both produce the im ine form as intermediate. However, sometimes, simultaneously,
primary, secondary, or tertiary amines are acquired due to the high reactivity of the imine
intermediate.
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2.5.2 Reductive Amination of AJdehydes and Ketones Mechanism. In 1998, a
kinetic reductive amination of aldehydes was suggested through aromatic amine. This
way of synthesis includes a combination of homogeneous condensation reactions and
heterogeneous hydrogenation steps.23
The reductive amination of aldehydes or ketones takes place in several continuous
steps. The carbonyl compound and the amine form a carbinolamine, which removes H20
to give an animin or Schiff base. Afterward, the imine is reduced to the amine. Reducing
a carbonyl compound with an amine which is mixed together often using fonnic acid
(Leuckart-Wallach reaction) as a reductive, or a certain metal hydride can be used as a
reductive as well. Seemingly, in the latest reduction, sodium cyanoborohydridc is the
most convenient reagent. Although these ways are not economically sufficient, they
cause environmental problems. The hydrogen molecule is the best choice as a catalyst as
the reducing agent in this process.
Due to the high reactivity of imine intermediates, reductive amination of
aldehydes, ketones, and hydrogenation of nitrites happens as a series of parallel and
continuous reactions which then form primary, secondary, and tertiary amines. The
control of the selecti vity is one of the most challenging problems in the Leuckart reaction
and the hydrogenation of nitriles. Therefore, the nature of the catalyst is the most
important parameter to control the selectivity. The structure of the substrate and the
reaction also can impact the selectivity.23
The Leuckart reaction is functional to the synthesis of tertiary am ines. One of the
initial examples of the reaction is where an aldehyde or ketone has been treated with a
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dialkylfonnamide include the reaction of benzaldehyde with formylpiperidine to give N
benzylpiperidine, and the conversion of furfural into

, N- dimethylfurfurylamine. 23

Also one of the examples for the preparation of amines, first utilized by Mignonac, wh,

submitted solutions of aldehydes or ketones in the presence of H3 to the action of H
over Ni 23 is shown in Figure J1.

RCN

RCHO +

NH3

Figure 9. A mechanism for the reductive amination of aldehydes with

HJ via nitriles23

.....

Figure 10. Formation of tertiary amines by hydrogenation of the

itrile23

2:
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..,

H2

RCH=NH

RCH2NH2

~

RCH{OH)NHCH2R
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-H20

H2

(RCH2)iNH

~

Figure 11. The mechanism proposed by Mignonac23

2.5.3 Hydrogenation of Nitriles Mechanism. There are two theories that

ari

proposed for the formation of secondary and tertiary amine through the Hydrogenation o
Nitriles. The first one suggested a scheme for the mechanism in the hydrogenation

o,

nitriles by Von Braun et al. It explained that the formation of secondary amines tool
place when the nitrite hydrogenated to the imine and then to the primary amine. Th
primary amine is able to react with the intermediate imine. It produce the secondar:
amine via a gem-diamine that could happen either for direct hydrogenolysis or rernova
of

H3, followed by hydrogenation. The second theory was proposed by Kindler an,

Hes e that tertiary amine are formed by the addition of the secondary amine to th
imine and afterward, the hydrogenolysis of the gem-diamine intermediate occur .23
Figure J2 show the general mechanism of the hydrogenation of nitrile and the reductiv
amination of aldehydes with

H3.

URCHO

tl

RCH: NH

RCH(NH:z)N(CH2Rb

Figure 12. Mechanism of the hydrogenation of nitriles and the reductive amination of
aldehydes with

Hl 3

2.6 N, N-dimetbylformamide (DMF)

One of

the

astonishing compound

dimethylformamide (DMF) as

shown

m organic

in Figure

13

chemistry

ts

with the close formul

(CH3)2NC(O)H. Dimethylfuran and dimethyl fumarate have the same common initia
letter that stands for them as well , so it should be used carefully to not make a mistah
This uncolored liquid has a high bp (152 to l 54°C; 305 to 309°F). A wide range o
organic olvent and water are miscible with dimethylfonnarnide. If DMF includes som
contaminations such as dimethylarnine while technically grading, it could have a fish
odor, but naturally, it should be odorles . It is one of the formamide derivate as shown i
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Figure 14. DMF is well known as a cheap, easily available solvent of high value used in
synthetic organic chemistry.29

Figure 13. Dimethylformamide (DMF)

Figure 14. Formamide

2.6.1 Some roles of DMF in organic chemistry. DMF possesses multipurpose

applications that are more than it just being a solvent For the organic reactions such as
SN2 that involve the mechanism of a polar compound, DMF is hydrophilic but acts as a

polar aprotic; therefore, it could help to dissolve so many organic species that contain a
reasonable low evaporation rate that is helpful for a wide variety of organic
transformations.
Researchers in the pharmaceutical industry have discovered that DMF could be a
good solvent in the manufacture of adhesives, films, synthetic leathers, production of
pesticides and fibers for peptide, coupling in development and surface coatings. Due to
the DMF's structure, the most significant role that DMF plays is in a wide range of
organic reactions as a multipurpose building block for various units such as CHO, HC02,
CO, Me, 0 , H0 , NHMei, H-, CONMei, etc. Also, DMF as a reagent can put the synthesis
of a peptide at risk by breakdown into (HNMe2) dimethylamine and (HCHO)
formaldehyde29 as shown in Figure 15.
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Jeon and Yang expanded a greatly suitable and systematic method for the
synthesis of several primary and secondary amines through N-formylation reaction by
using a formylating agent such as dimethylformamide with the amount of methyl
benzoate as a catalytic29 as shown in Figure 16.

Figure 15. Various functional groups can be derived from DMF29

0

0
R-NH2

+

II

OMF
PhAOMe MW, 5 min

+

A

Ph

+ HNMe2

OMe

Figure 16. N-Formylation of amines29

2.7 Zirconium Oxide Catalyst and Its Applications

The application of catalysts includes but is not limited to petrochemistry,
polymerization, environmental protection and electrocatalysis. Oxygen sensors with a
solid electrolyte, based on zirconium dioxide, are used in car and air transport to control
the ratio of fuel to air suction and to achieve the most favorable combustion conditions at
the lowest emission of pollutants. Some examples of zirconium dioxide-based oxygen
sensors utilization are in cars and in the control of fuel to air suction ratio in order to
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achieve the optimum combustion conditions while attaining the 1mmmum pollutant
emission. The most significant element of the Lambda probe (oxygen sensor)

is

Zirconium dioxide, which plays a remarkable role in catalysts for fume purification
(three-way catalysts (TWC)) and catalytic fuel combustion as well.25 Zirconium dioxidebased high-temperature oxygen sensors can be used directly on heating plants and
chimneys of power, enabling the improvement of the fuel combustion process and
decreasing the harmful substance's emission. Single unit or a component of compound
catalysts are the forms that Zr02 could be applied in the catalysis. It is notable that the
pure form of Zirconium dioxide is not used in the sensors even though it is the primer
element of sensors. Pure Zr02 contains several strong Lewis centers at its surfaces
between Zr-O,25 so that it is a stable oxide that could not be reduced over the conditions
relevant for catalysis.28
The stability of ZrO2 at a notably wide range of temperature as well as its high
chemical resistance properties are the two main characteristics of this catalysis. Its
interesting chrematistics provides a useful platform for bifunctional acid-base catalysis.
The specific preparation of ZrO2 synthesis can be used to attain acidic and basic centers
with a desired number of centers. This catalysis can possess three crystallographic
forms. 25 The variation of the temperature can indeed lead to different forms of this
catalysis, such that a monoclinic form could be observed up to the temperature of l 200°C
while from 1200 to l 900°C it degenerates into a tetragonal form. Also, from l 900°C to
the melting point given by 2670°C, the stable form is its regular structure.25

26

2.7.1 Reductive amination mechanism using Zirconium Dioxide. Toe catalytic
reaction mechanism is proposed based on the experimental study and the catalytic
principle. The initial step proceeds by the assistance of Zr02 + H20 or ZrO(OH)i, then
DMF decomposes to form the dimethylamine and formic acid in low concentration.26 The
condensation of aromatic aldehyde and dimethylarnjne would be the second step to
produce the inte1mediate which is called iminium cation. Then, the intermediate as a
cation is reduced by formic acid to form the tertiary amines. 26 A proposed mechanism for
catalytic cyanation using DMF and Cu(I) is an exhibit shown in Figure 17.
R
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Figure 17. Proposed mechanism for catalytic cyanation29
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CHAPTERIII
EXPERIMENTAL PROCEDURE

3.1 Materials

All chemicals for this study were purchased from Aldrich (98% pure or higher)
and used without purification.
3.2 Instrumentation
1

H NMR Spectra was recorded in CDCL3 on a Varian Mercury plus spectrometer

at 400 MHz, and chemical shifts are given in ppm downfield TMS (6= 0.00). FTIR
spectra were recorded on a Thern10 Nicolet IR 200 spectrometer using (Potassium
Bromide), KBr, pellets, and attenuated total reflection infrared (ATR-IR) spectra of
polymers were recorded in the 650-4000 cm-1 range on a Smiths Identify IR
spectrometer with diamond ATR (Danbury, CT, USA). The GC-MS chromatography
identification and quantification were carried out on a gas chromatography instrument
Varian Saturn 2100T coupled at Varian 3900. The capillary column used was a VF-5ms
(30 m X 0.25 mm ID coated with 0.25 mm film, NP:CP8944 Varian). The GC conditions
were as follows: the column temperature was programmed from I00 °C to 150 °C with
an increase of IO °C/minute; the injection port and the transfer line temperature were 200
°C. Helium was used as carrier gas at a flow rate of 1.5 mL/minute; the split ratio was
100. The mass analyzer operated by electron in1pact (70 eV) in scan ion monitoring from
40 to 600 rn/z. The acquisition of the mass spectra of all the ion (m/z) signals presence in
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the samples, and the quantification of the peak area as a signal was made in the software
Varian MS Workstation version 6.9.2.
3.3 Preparation of Zr02 catalyst
Zirconyl (IV) chloride octahydrate ( 1.00 g, 3. I0mmol), was dissolved in 100 mL
of distilled water, the solution was stirred at room temperature. Then the ammonia
solution was added until the PH was equal to I 0. The mixture was kept for 72 h, then
filtered and washed with distilled water until PH was 7. The obtained solid was dried at
80°C for 12 hours, according to Eq 1. After grinding, the ZrO(OH)2 was obtained. which
was a white crystalline dihydroxide-oxide of zirconium. Then ZrO(OH)2 was heated at
600°C for 4 hours, and 0.3302 g of Zr02 catalyst was obtained with a yield percentage
equal to 86.34%. Zr02 with a fine white powder, Eq 2.

ZrOCh.8H2O + 2NH4OH - ZrO(OH)2
ZrO(OH)2

-+

! + 2N H4Cl + 7H2O

Zr02 + H2O

Eq I.
Eq 2.

3.4 General Procedure for the Synthesis of the Tertiary Amine,
1-(Dimethylamino)methyl-3,4-methoxybenzene ( or 3,4-dimetboxy-N, N-dimethyl
bcnzylamine), Catalyzed of Veratraldehyde in DMF
A mixture of 3,4-Dimethoxy benzaldehyde ( 1.0 g, 6.0 I mmol) catalyst, zirconium
(IV) oxide. (1.2 g, 9.74 mmol), and 2.00 - 6.00 mL of DMF was prepared in a 25 mL
high pressure stainless steel reaction kettJe with Teflon inner sleeve. The reaction kettle
was firmly closed and heated in a thennostatic oven maintained at 180 ± l °C for 73-86
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hours. Then the reaction kettle was removed from the oven and cooled at room
temperature.
The liquefied product was diluted with 25 mL of deionized, and the combined
solid and liquid product was separated from the solid residue (catalyst) at 2500 rpm for

I 5 minutes as shown in Figure 18. After extraction, the liquid was transferred to a
separation funnel and then acidified to an approximate pH of l u ing concentrate HCl and
diluted with 20 mL of CH2Ch; the solvent are then shaken vigorously for 20 - 30
seconds. The shaking proce s significantly increased the surface area in contact between
the two liquids and allowed for equilibrium to be established for 1-2 days in the ambient
temperature. Then the aqueous layer was extracted from the organic layer. Since the
aqueous layer had to be basified (PH= 13) sodium hydroxide, 2 M , was applied. At that
point, the solution was repeatedly extracted with methylene chloride (2 x 20 mL). After
extraction, the organic fraction was transferred into a round bottom flask.

Figure l 8. The complete reaction before and after extraction of catalyst (left to
right)
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3.4.1 Extraction of Tertiary Amine by Filtration. Two different methods for
the extraction of amine were tried. One of the processes was shown in the latter section,
3 .1.3. In this part, the second method is explained. After cooking the starting material, the
resulting mixture was transferred into centrifuge tubes and 5.0 rnL of CH2Ch was added.
The liquid fractions were separated from the solid residue (catalyst) at 2500 rpm for 15
minutes. After extraction, the liquid was transferred to the evaporating dish for two days.
A mixture of CH2Ch 50.0 mL, CH3OH 2.0 mL, and 1.0 g charcoal was added to the
residue and kept overnight at room temperature. At the end of this period, the precipitate
was filtered under the vacuumed filtration and washed with CH2Ch 5mL. The residue
was dried after gravity filtration for the second time to give a pure 3,4-dimethoxy- N, Ndimethyl benzylamine, MW: 195.262 g/mol. The percent yield of the experiment was
99.85%, mp 163-180 °C, and subjected to the qualitative and quantitative analysis using
GC-MS, 1HNMR, and 13CNMR.

3.4.2 The separation of the solvent. After the reductive amination of
Veratraldehyde, a purification method was followed by drying of DMF on a rotatory
evaporator under reduced pressure to attain the pure tertiary amine. Then, the purified
product was shown by GC-MS spectra that DMF was completely removed from the
solution. The percent yield of the experiment was 99.99% and subjected to the qualitative
and quantitative analysis using GC-MS.

3.5 Reusability and Regeneration of Zirconium (IV) Oxide in the Reduction of
Veratraldehyde to 1-(Dimethylamino)methyl-3,4-methoxybenzene
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After separation of solid ( catalyst) fraction, as mentioned in 3 .1.4. l section, the
catalyst was heated in the pyrolizer at 600 °C for 5 hours. After cooling down, the white
powder was weighed and analyzed by FTIR. The second portion of Veratraldehyde (1.0
g, 6.0 l mmol) was used with the same method as described in the earlier procedure at
180 °C for 73 hours and analyzed with GC-MS to show the measurement of the ration of
product concentration to DMF.
The Veratraldehyde reactions were done repeatedly for three more portions (2 x
3). The experiments were carried out in duplicate, and the changes in the amount of Zr02

are shown in Table I.

TABLE 1
TWOPORTIO S WITH THE AMO
TOP CATALYST A D
THE PEAK AREA RA TIO IN THE BASE OF CO CENTRATION
OF PRODUCT AND CONVERSIO OF DMF TO PRODUCT

#

Ratio Pdt/DMF

Used Zr02 g

1-1

0.35

1.20

1-2

0.33

1.16

1-3

0.42

1.13

2-1

0.49

1.20

2-2

0.31

1.14

2-3

0.44

1.14
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CHAPTER IV
RESULTS AND DISCUSSION

4.1 The Proposed Mechanism of the Reaction
The Zirconium(IV) Oxide, ZrOz, has proven that it is an excellent catalyst for the
synthesis of a tertiary amine 3,4-dimethoxy- , N-dimethyl benzylamine. The reaction is
known as a reductive amination that its mechanism can consider as Leuckart reaction,
that aldehydes or ketones proceed in several consecutive steps. These steps are included

in condensation of the carbonyl compound, then carbinolamine forms

then the

elimination of water molecules, HzO, occurs to give an imine -C= . The imine is an
intermediate that reduces to the amine. Additionally, Zr02 was used as a catalyst in this
one-pot multistep process and has shown that catalysts can be reused at least six times
without significant loss in its activity.
,

-Dimethylformamide, DMF was used as the solvent medium, a polar solvent and a

building block reagent by the breakdown (HNMez) dimethylamine and (HCOOH) formic
acid. Formic acid was decomposed to H2 and COz throughout Zr02 Figure 19.

,l e

I\•

,/""

)lo---Figure J9. The role of ZrO2
The proposed mechanism for catalytic reductive amination using DMF and Zr02

i illustrated in Figure 20.

atalyst Zr02 was helpful in two steps:
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First, catalyst or zirconium (IV) oxide, helps to decompose DMF to
dimethylamine (MeiNH) and Fonnic acid (HCOOH), then through Me2NH, imine -C=N
forms. Second, Zr02 acts as a catalyst to help imine to reduce to amine, by decomposition
of HCOOH to H2 and CO2 in Figure 20. Notice Figure 21.

DMF

Zr0 2

~

:
N•Me2
:
•
II
•
• As_,,,....._
HCOO· ,

' - - - - - _t:f_ - - - - - - •
Ar- CHO

HCOOH
+

Me2NH
+

Zr02
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Figure 20. Proposed mechanism for catalytic amination
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4.2 Synthesis and NMR of l-(Dimethylamino)methyl-3,4-methoxybenzene

The Leuckart reaction is a particular one-step reductive amination procedure. Jt is
a reasonably basic process that requires just two elements. One of them is the carbonyl
group (-C=O), and the other one is the formamide (HCONH2), in which formamide
decomposes to a simple amine and acid. Then, at last, it reduces to CO2 and H2 after the
whole process.26 This reaction involves a high degree of temperature above 240 ° C26 and
a time consumption reaction to reach a product with a lower to moderate yield
percentage.

In the synthesis

of

L-(Dimethylamino)methyl-3,4-methoxybenzene

(or

3,4-

dimethoxy-N, N-dimethyl benzylamine), DMF and Zirconium Oxide was used as a
catalyst and reductive reagent to run the Leuckart reaction to obtain pure tertiary amine
Figure 22, with a Molecular weight of 195.262 g/mol with a 99% yield.

MeO
OMe

Figure 22. 1-(Dimethylamino)methyl-3,4-methoxybenzene (or 3,4-dimethoxyN, N-dimethy1 benzylamine)

This assignment was in excellent agreement with the 1HNMR data of the
compound 3,4-dimethoxy-N, N-dimethyl benzylamine, as shown in Figure 23, to confirm
the structure of tertiary amine. The singlet peak in the region around 2.25 ppm was
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assigned to the six hydrogens of two methyl groups next to the Nitrogen. The singlet peak
in 3.39 ppm was assigned to the two hydrogens of methylene group between the ring and
Nitrogen. The peaks in the region 6.0-7.3 ppm were assigned to aromatic hydrogens
(phenyl group). And the two peaks in 3.87 and 3.88 were assigned to the hydrogens for
two methoxy groups connecting to the ring.
Moreover, the

13

C-NMR spectrum of 3,4-dimethoxy-N, N-dimethyl benzylamine,

was confinned in Figure 24. Nine peaks with the set low field peaks at 119-149 ppm due
to aromatic carbon, including 110-122 ppm due to three -CH2-CH2-. The low field peaks
at 148.2 ppm and 148.9 ppm were due to -C-C-O- derived from oxygen in the methoxy
group connected to the phenyl group. The signal at 64 ppm can be assigned to -C-Oderived from H3C-O next to the phenyl group. The high field peak at 55.9 ppm was
assigned to carbon in two methyl groups connected to the Nitrogen, -N-C-.
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4.3 Zirconium (IV) Oxide Pretreatment and FI'IR
Quite lately, homogeneous Zn(OAc)2-catalyzed reductive amination of the
carbonyl group with N, N-dimethylformarnide (DMF) was achieved in terms of selfgenerated MeiN and HCOOH. They can be used to produce N, N-dimethyl tertiary amine
in a simple process.26 Even so, the removal of catalysts and the purifying of the product
had unavoidable complications. Therefore, the heterogeneous catalysis for the reduction
amination of DMF between aldehydes and ketones remains a significant challenge. After
pretreatment at 600 °C for 4 hours followed by hydrolyzation25 of Zirconyl(IV) chloride
octahydrate (98%) at Low temperature in the environment of ammonia hydroxide, then
precipitated zirconyl hydroxy oxide was washed with distilled water. The sediment was
filtered off and dried at 80 °C to obtain anhydrous ZrO2, more than 86%. Molecular
Weight was: 123.218 g/mol.
During this analysis, the N, N-dimethyl tertiary amine was formed by a
heterogeneous catalytic platform that provided the reduction of lignin-based aromatic
aldehyde. The goal output yielded more than 99 percent profit.
Originally, the reaction of 3,4-dimethoxybenzaldehyde with DMF was used as a
framework to analyze the activities of zirconium {IV) oxide as a catalyst. The response
equation is shown in Figure 25, where N, N-dimethyl-1-(3,4-trimethoxyphenyl)
methanamine was the key component.
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Figure 25. The reductive amination of3,4-dimethoxybenzaldehyde

To investigate the zirconyl hydroxy oxide and Zirconium oxide, they were
analyzed using FTIR spectrometer. The FTIR spectra of ZrO(OH)2 and ZrO2 are shown
in Figure 26 and Figure 27, respectively.
As can be seen, in the ZrO(OH)2 pectra, broadband was observed. The broad
absorption band at around 3 650--3, 100 cm- 1 (which shifted to 3288 cm- 1) was attributed
to the O-H stretching vibration of the hydroxide group in zirconyl hydroxide. A peak at
1560 cm·1 was obtained for OH-bending. The absorption band at 1384 cm- 1 was due to
the Zr-OH bending of the compound. Some bands were observed at 490-600 crn-1 which
indicates the Zr-0 bonds.
Also, in the ZrO2 spectra, the OH- and Zr-OH bands were removed and several
bands at 400-700 cm-1 were observed that show the ab orption for Zr-O-Zr of the
substrate.
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Figure 26. FTIR Spectrum of Zirconyl hydroxy oxide
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4.3.1 Reusability of catalyst analysis. Additionally, the reusability of Zirconium
dioxide as a catalytic system was studied for the reductive amination of Veratraldehyde
by using DMF as a solvent and the reagent for the conversion of aldehyde to tertiary
amine (3,4-dimethoxy-N, N-dimethyl benzylamine) in consecutive steps by addition of
DMF to Veratraldehyde; the experiment was repeated in three catalytic cycles and each
cycle run for two times (3X2). The procedure findings are shown in Table 1. The
zirconium dioxide, Zr02, remained active for the reduction of aldehyde to tertiary amine
for six catalytic cycles and the concentration of tertiary amine to DMF, showed that the
reaction was happening without losing the activity of the catalyst. Analyzing the activity
of catalysts by using the GC-MS indicated that aldehyde was converted to the reduced
product, tertiary amine, and the concentrations were stable in the zirconium oxide after
219 hours (3x73), and each portion was run at 180 °C. The area ratio of peaks in GC-MS
used at almost 2.3 minutes indicated DMF and 7.7 minutes that specified tertiary amine
as a product; the formula calculation for the concentration of Pdt/DMF is shown next:

Pdt Cone.

peak area at 7.7 min

----=--------DMF Cone.
peak area at 2.3 min

The GC-MS spectra are shown in Figure 28 for the first portion and Figure 29
displays the second portion. The first peak in aJl spectra, before two minutes, was
demonstrated for the CH2CL2 that was used as a solvent during the procedure.
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Also, due to the investigation of comparing the fresh catalyst with the proven
regeneration of the catalyst after heating at 600°C for 5 hours, it showed as good an
activity as the fresh catalyst by using FTIR as shown in Figure 30.
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Figure 30. Comparing FTIR spectra for Zr02 in different situations
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CHAPTERV
CONCLUSION AND FUTURE WORK

5.1 Conclusion

It was found that Zirconiurn(IV) oxide (zirconium dioxide) can be used as an
effective

catalyst

for

the

reductive

amination

(Leuckart

reaction)

of 3,4-

dimethoxybenzaldehyde (Veratraldehyde) to 1-(Dimethylamino)methyl-3,4-methoxybenzene
(or 3,4-dimethoxy-N, N-dimethyl benzylamine) (tertiary amine) at 180°C for 73 hours and
N, N-Dirnethylformamide as a solvent. 1HNMR and

13

CNMR were used to identify the

product. Moreover, the Zr02 was produced from Zirconyl chloride octahydrate
(Dichloro(oxo)zirconium) at room temperature in the presence of ammonia solution for
72 hours. The obtained solid was dried at 80°C for 12 hours to fonn Zirconium
(IV)hydroxide, ZrO(OH)2; then, the sediment was heated at 600°C for 4 hours to produce
the target catalyst.
In addition, it has been demonstrated that Zr02 can be used for six times as a
catalyst without a significant loss in its activity for the reductive amination of renewable
biomass-derived

3,4-dimethoxybenzaldehyde

to

3,4-dimethoxy-N,

N-dirnethyl

benzylamine at 180°C for 73 hours with more than a 99% yield. The activity of the
catalyst has been proven by the Gas Chromatography-Mass Spectroscopy (GC-MS).

5.2 Future Work
The goal of this research was conversion of the tertiary ami.ne to ionic liquid (IL)
or quaternary amine for polymer purposes from biomass based te1tiary amine, Figure 3 1.
Ionic liquids are organic salts with low melting points, and these compounds are well
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known for their physical properties such as high polarities, high thermal stabilities, and
negligible vapor pressure. In general, ionic Liquids are considered to be environmentally
friendly, with potential application in lignocellulose biomass fractionation and
dissolution.

Me

+
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Me~- f
H

~Me

Zr02
MeO
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Figure 31. Conversion of tertiary amine to ionic liquid
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