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ABSTRACT

Malaria is a global epidemic, resulting in the deaths of nearly one million people
every year. Part 1 of this dissertation will focus on the history of Malaria and ways to
combat this devastating disease. Artemisinin has emerged as the drug of choice for
treatment of malaria due to its effectiveness against all strains of the malaria parasite.
Access to artemisinin through isolation, bio-engineering, and chemical synthesis will be
described. Our attempts to access the artemisinin family of anti-malarials through the
total synthesis of dihydro-epi-deoxyarteannuin B and dihydroartemisinic acid will be
discussed fully. Key features of the syntheses will include alkylation of menthone
derivatives usi ng N o yethod @nd nudeophiicaadditionem al at e
hindered ketone using either organocerium or acetylide nucleophiles. In addition, two
alternative olefin metathesis approaches are described for the final cyclization.

Problems associated with the olefination of a key intermediate in our efforts
toward dihydroartemisinic acid led us to develop a two-step olefination of ketones and
aldehydes. Part Il will discuss this olefination strategy which consists of acetylide
addition to generate a propargyl alcohol followed by a Meyer- Schuster rearrangement
t o t he c or r e-snpne.n Al icomplete Uhistory of the Meyer- Schuster
rearrangement will be presented, highlighting the short comings of the method prior to
our work. A complete overview of our research pertaining to the Meyer- Schuster
reaction will be given. Key topics will include development of a Au(lll)-catalyzed
rearrangement of pr op ar-unpsaturatedtedieysrandlits usetimtleer s i n't
olefination of hindered ketones, efforts to control the (E/Z)-selectivity of the

Meyer- Schuster rearrangement, and the search for more affordable catalysts.
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PART 1. TOTAL SYNTHESIS OF (+)-DIHYDRO-EPI-DEOXYARTEANNUIN B AND
RELATED STUDIES
CHAPTER 1

HISTORY OF MALARIA

Malaria is the most devastating tropical parasitic disease in the world and is ranked in
the top three of communicable diseases it terms of deaths.! The size and the scope of the
malaria pandemic are astounding with the World Health Organization (WHO) reporting an
estimated 247 million cases in 2006. Of those cases, nearly 1 million resulted in death, mostly
in children under the age of 5.2 It is estimated that a child dies from malaria every 40 seconds,
resulting in the loss of thousands of adolescents every day.' Malaria is so deadly that many
experts contend it has contributed significantly to the proliferation of the sickle-cell trait. When
inherited from both parents the sickle-cell mutation is fatal, yet when inherited from only one
parent the trait is protective against malaria. Natural selection would tend to remove the sickle
cell trait from the gene pool, but the risk of death from malaria is so severe that the sickle cell
trait remains a prominent and needed mutation.®*

With the staggering number of malaria cases every year, malaria may be perceived as a
global problem. In reality, malaria is centered in tropical regions and extends into subtropical
regions across five continents putting 3.3 billion people at risk. Currently, 109 countries are
considered to have malaria epidemics with nearly half of those countries being located in
Africa® (Figure 1).

Unlike tropical areas, temperate regions possess distinct seasons, and their cold
winters are a key element in the fight against malaria. The life cycle of the malaria parasite is
highly temperature dependant. In order to become infectious to other individuals, the parasite
inside the mosquito must undergo a highly specific life cycle change. The amount of time

necessary for this transformation is inversely proportional to the ambient temperature. As



average temperatures decline, the time necessary for the life cycle change approaches the life
span of the mosquito, leaving a much smaller window for transmission. At temperatures of 16
°C and below malaria parasite development ceases completely.>°® Seasonal temperatures
have the most pronounced affect on malaria, but other climate factors such as humidity and

rainfall must also be considered when assessing transmission rates.*

Figure 1% Estimated Incidence of Malaria per 1000 Population, 2006

The correlation between malaria and poverty may also be responsible for the malaria
epidemic in the tropical regions. Areas of the world where malaria is prevalent have lower per-
capita gross domestic products (GDP) than areas that are unaffected (Figure 2). From 1965 to
1990, countries with major segments of their populations living in regions at high risk for
malarial transmittance had an average growth of per-capita GDP of 1.9 % less than that of

countries with little malaria risk.’
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Figure 2*: Global Distribution of Per Capita GDP.

The correlation between poverty and malaria is undisputable; however, there is debate
as to whether malaria causes poverty or poverty results in the proliferation of malaria. Most
likely it is a combination of both.'? Wealthier nations possess the resources to initiate
government control programs such as the draining of swamplands and other breeding
grounds, along with large scale spraying of pesticides. General urban development including
improved housing significantly reduces i n d i v iexpbasaré ® @nosquitoes and the malaria
parasite. These factors combined with personal expenditures on bednets and household
insecticides led to the elimination of malaria in wealthier nations with temperate climates by the
19506 s . Al t hough economic devel opment and
malaria, they are not enough by themselves. Wealthy countries with high year-round
temperatures still suffer from malaria and are unable to eliminate the disease.’

Malaria has much broader social and economic impacts than simply causing a lower
average growth in GDP in affected countries. Malaria infected regions not only have slower
growing economies, but they are also forced to spend a significant amount of their GDP on
combating the disease. These costs include personal and private medical costs as well as loss
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of income due to illness and death. This financial burden is most severe for people in the
lowest income brackets. With most of their disposable income going towards prevention and
treatment of malaria there is little money for schooling, migration, or savings resulting in
serious social costs. The lack of proper education is a major obstacle in combating not only
malaria but also sexually transmitted diseases like HIV. Limited female education and low
availability of birth control, combined with high infant mortality rates, have led to high fertility
rates. In order to assure a certain number of surviving heirs, couples are forced to have large
numbers of children. The net result is large population growth in poor malaria stricken
countries, causing a magnification of the problem.®**

Despite the obstacles facing those areas impacted by malaria, modern medicine has
afforded ways to combat this disease. Currently, there are three major classes of anti-malarial
drugsd the quinoline family, the artemisinin family, and all other antimalarials' (Figure 3). The
need for so many classes of antimalarial drugs originates from the ability of the malaria
parasite to develop drug resistance. The two most widely used antimalarial drugs are
chloroquine and the antifolate sulphadoxine/pyrimethamine.

Chloroquine is a member of the quinoline family of antimalaria drugs. The quinoline
family of compounds draws their origin from quinine, a centuries old malaria treatment isolated
from the bark of Cinchona.’* While quinine has excellent antimalarial activity, it requires
multiple doses per day over 7 days. This long treatment schedule has led to problems
associated with toxicity. Structural elucidation of quinine and medicinal chemistry studies led
to derivatives including chloroquine and amodiaquine, which only have to be administered over
3 days, reducing the chances of a toxic build-up in the body.*® This short treatment period,

combi ned with the malaria parasitedbds |hawe mpdeopen:

chloroquine the drug of choice for many years.*



Quinoline and related antimalarials

Drug Main limitations
/.“I
Chloroquine Resistance _,fi\ r A OH
Quinine Compliance/safety/resistance HD.‘/,-/'N\/ L . || N
Amodiaguine Safety/resistance - T
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Halofantrine Safety/resistance/cost o~ (e R '
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Drugs that are currently in use as antimalarials have many attributes, but also possess certain liabilities that might be improved by further drug
discovery and development. Liabilities placed in brackets refer to issues that are less serious for the drugs in question than those liabilities not
placed in brackets. The structures of the main antimalarial drugs are provided for reference.

Figure 3'% Overview of Antimalarials Drugs

While there are four different species of the malaria parasite, (Plasmodium vivax,
Plasmodium ovale, Plasmodium malariae, and Plasomodium falciparum) Plasmodium
falciparum is the strain that is responsible for severe malaria that results in death.'®
Plasmodium f a | c i pléercyclmm@ithin the human body consists of several distinct phases.
Initially, the parasite takes up residence in hepatocytes, where it quickly develops and causes
the release of merozoites. The newly released merozoites then invade erythrocytes. Once
inside the erythrocytes the malaria parasite goes through a series of evolutions resulting in the
eventual release of more merozoites, which then infect more cells (Figure 4)."

Malaria symptoms manifest during the phase of the P | a s mo dlife wycié ia which it
inhabits the erythrocyte. The parasitesosurvival at this stage is dependent on modifications to
the cells metabolic processes. These modifications, while ensuring the parasitesoésurvival, also
allow for drugs to differentiate between infected cells and healthy cells. This makes them



susceptible to chemotherapeutic attack. While Plasmodium is present in the host erythrocyte,
it degrades up to 80% of the hemoglobin present.'® As a result, large amounts of Fe(ll) heme
are released and are subsequently oxidized to Fe(lll) hematin. The hematin then aggregates to
form a pigment called hemozoin.®® Chl or oqui neds
prevent hemozoin formation by binding with heme through p - pstacking of their planar
aromatic structures.!’ These chloroquine-heme complexes are toxic to the parasite, though the

exact source of their toxicity is under debate (Figure 5).
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Figure 4'°: Plasmodium falciparum Cycle Within Humans
Heptaocytes: a cell of the main tissue of the liver
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activity

development
in mosquito

bel



chloroquine
amodiaquine
quinine
mefloquine
halofantrine

rHaemoglobin k

Haem &
|_polymerization

2
%‘ Springer

Figure 5: Model For Formation of the Non-Covalent Heme-Chloroquine Complex

While the ability of the malaria parasite to develop resistance to chloroquine is quite low,
widespread usage over a long time period has resulted in increased resistance in many areas
of the world. The recent globalization of chloroquine resistant malaria parasites has brought to
the forefront the need for alternative treatments (Figure 6). Other drugs from the quinoline
family can be substituted for chloroquine in many cases, but due to their similar structure and
biological activity, resistance to these drugs tends to develop rapidly.™

Since their isolation in the early 19706s,
unprecedented growth in their frequency of use.?>?%?! This rapid switch from the commonly
used quinolines to the artemisnins is due to
guinoline resistant strains of the malaria parasite. To date, there have been no examples of

any strain of the malaria parasite showing resistance to the artemisinin family of drugs.???
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Figure 6. Global Status of Resistance to Chloroquine and Sulphadoxine/pyrimethamine,
the Two Most Widely Used Antimalarials Drugs. Data are From the World Heatlh Organization

Their high level of activity against all strains of the malaria parasite is attributed to their
mode of action. Like the quinoline family of drugs, the artemisinin family of drugs are believed
to derive their activity through interaction with Fe(ll) heme, but by a drastically different

pathway,*® related to the unique endoperoxide bridge of the artemisinins (Figure 7).

9a R = H, Dihydroartemisinin
9b R = Me, Artemether

9c R = Et, Arteether

10 R = CO(CH,),COONa,
artemisinin A Artesunate

Figure 7: The Structure of Artemisinin and its Derivatives



