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Abstract 

Malaria is one of the major killer diseases in many countries of southern Asia, South 

America and Africa. Today over 40% of the world population is at risk from malaria 4. It 

is the cause of 300 - 500 million infections and the death of more than 2 million people 

each year, most of whom are African children.1' s-6 Chloroquine has been the mainstream 

of malaria chemotherapy for nearly 60 years but widespread resistance now limits its 

usefulness. A continuous effort to find alternative antimalarials to this drug has led to the 

discovery of other effective antimalarials of different types, such as aminoquinolines, 

artemisinins and nucleic acid inhibitors. However, the emergence of multi-drug resistant 

strains of the malaria parasite has caused a marked increase in malaria related deaths, and 

there is a continuous need to develop other new antimalarials.5 

Natural products play an imp011ant role in the antimalarial drug discovery process. 

Quinine and derivatives of artemisinin, the two most imp011ant drugs available to treat 

sever falciparwn malaria, owe their origin to plants.54 Fm1hermore, several effective 

antimalarials have been synthesized using quinine as a model compound ( e.g. 

aminoquinoline antimalarials) or are results of relatively simple chemical modifications 

on the parent natural products ( e.g. artemisinin). In this thesis, the natural product 

scaffold '·totarol", which possesses inherent antiplasmodial activity, was used to design 

and investigate the antiplasmodial activity of three different compound classes namely: 

Mannich bases, /J-aminoalcohols and semicarbason derivatives. The aim was to 

incorporate impo11ant drug fragments into a natural product scaffold with intrinsic 

antiplasmodial activity, possibly leading to the discovery of new totarol based 

antimalarials. 

In the first class of compounds, a series of novel Mannich base derivatives of totarol have 

been designed and synthesized to mimic the known Mannich base antimalarials, such as 

amodiaquine, amopyroquine and other functionally related antimalarials. These 

compounds differed from each other in the nature of their amino methyl side chain which 

was varied to include different structural requirements. It was found that the secondary 

amine Mannich bases possessed better antiplasmodial activity against chloroquine 
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sensitive strains of the parasite than the tertiary amine Manni ch bases. However, none of 

the synthesized compounds were found to be as active as the parent compound (totarol). 

Based on the preliminary biological evaluations of the synthesized Mannich base 

derivatives, only selected primary amine derived /f-amino alcohols were synthesized in 

the second class of antimalarials. However, none of the synthesized compounds were 

found to possess significant antiplasmodial activity. This was consistent with previous 

findings whereby the presence of protonatable nitrogen at the beta position could be a 

necessary structural feature for high antiplasmodial activity with totarol-dcrived amino 

alcohols.111 The semicarbazone derivative of totarol also did not show any antiplasmodial 

activity. Fmiherrnore, none of the 2-isopropylphenol derived Mannich bases showed 

significant antiplasmodial activity; suggesting the impo1iance of the diterpenoid 

backbone of to taro 1, in its inherent antiplasmodial activity. 
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1. INTRODUCTION

1.1. History of Malaria 

CHAPTER ONE 

Malaria is a tropical disease caused by minute parasitic protozoa of the genus Plasmodium 

and is transmitted by a female anopheles mosquito 1
. Malaria is a very old disease and is 

thought to have been· one of the major killer diseases of prehistoric man. According to the 

literature, malaria possibly originated from Africa and spread to other parts of the world by 

way of human migration2
• The earliest recorded description of what could have been malaria 

as a human disease was around 2700 BC. Hippocrates, the first malariologist, classified the 

fever now known to be malaria from fevers related to other infectious deseases in 460-370 

BC; but was left unacknowledged for 2000 years. In the 14th century, Greeks related the fever 

to an exposure to swamps. However, swamp fevers were considered as diseases caused by 

inhalation or ingestion of swamp water or gases (poisonous gases). By the mid-16th century, 

Italians were using the term "Mal-aria" (spoiled air) to specify the cause of such a disease. In 

1880s, Charles Louis Alphonse Laveran for the first time recognized the malaria parasite in 

human blood. Ronald Ross then established the life cycle of the malaria parasite in 1898, for 

which he received the Nobel Prize in 1902.3

:• Malaria Regions 

Figure 1.1 World malaria distributions
2 
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According to the literature, today over 40% of the worlds population is at risk from malaria4
• 

It is the cause of 300 - 500 million infections and the death of more that 2 million people each 

year, most of whom are African children1
• 

5
• 

6
. Although the extent of suffering caused by

malaria epidemics is not adequately recorded, it is estimated that close to 110 million Africans 

are at risk of the epidemic. 7

1.1.1. The Malaria parasite life cycle 

Human malaria is caused by four species of the genus Plasmodium, namely P. falciparum, P. 

vivax, P. ovale and P. malaria 5
• Out of these four species, Plasmodiumfalciparum and to a 

much smaller extent, Plasmodium vivax are responsible for the majority of the cases and death 

from malaria, with P. f alciparum accounting for 90% of cases in sub-Sahara Africa and 50% 

of the cases in Asia and Latin America. 
6• 8

Liife eye.I e of th.e Ma 

Figure 1.1.1. Malaria parasite life cycle3

The life cycle of the malaria parasite has two phases: a sexual reproductive stage which 

occurs in the midgut of the mosquito, and an asexual reproduction phase which takes place in 

the human host1. The human part of the cycle can be further subdivided into two important 

phases: the exoerythrocytic (hepatic) phase and the erythrocytic phase. Sexual reproduction of 
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gametocytes occurs in the gut of the mosquito and leads to the fonnation of zygotes that bury 

themselves in the gut lining of the mosquito. Within 18 to 24 hours, the zygote is transformed 

into a slowly motile ookinete which is eventually transfonned into oocyts beneath the 

basement membrane of the m1dgut epithelium. After 7-15 days, depending on the plasmodium 

species and the ambient temperature, a single oocyst forms more than 10,000 sporozoites 

which will then migrate into the salivary glands of the mosquito.1
' 

8

A bite by an infected female mosquito transmits the sporozoitcs to humans. The sporozoites 

enter the blood stream and rapidly travel to the liver cells. They will then develop into 

exoerythrocytic schizonts during the next 5 to 15 days. At this stage ( exoerythrocytic ), the 

parasite multiplies asexually and hepatic schizonts contain 10,000 to 30,000 mcrozoites, 

which simultaneously burst the host cell and enter the blood stream. These merozoites then 

invade the red blood cells within 30 seconds. A further asexual reproduction of the merozoites 

at this stage, leads to the fmmation of erythrocytic schizonts through a blood cycle consisting 

ring, trophozoite and blood (erythrocytic) schizonts. The erythrocytes containing the mature 

schizont will then burst and release the merozoites, which will invade other red blood cells. 

Upon invading the red blood cell, some of the asexual parasites are converted to gametocytes 

(micro gamctocytes and macro gametocytes), which may be taken up by an Anopheles 

mosquito to complete the cycle.1
' 

8

1.1.1.1. Hemoglobin Proteolysis 

The malaria parasite lacks the capacity to synthesize ammo acids, which it needs for 

replication 6. Its need for amino acids is mostly met by the hemoglobin catabolism of the host

cell.9 Hemoglobin comprises 95% of the cytoplasmic protein of the red blood cell, and the 

parasite degrades between 60-80 % of this hemoglobin during its intraerythrocytic stage of the 

life cycle. 6' 
10 

Hemoglobin catabolisrn occurs within a specialized acidic lysosomal organelle called the 

digestive food vacuole (pH 4.5-5.2) 
1
1.  This is catalysed by the combined action of cysteine

12 

and aspartic proteases
13 and results in the release of protein fragments. This occurs through 

specific interactions with the substrate. That is, prior to the hydrolysis proteases bind the 

peptide substrates in their active site pockets. The carboxylic terminal from the scissile bond 

of the peptide and its coresponding side chain of the enzyme substrate are indicated as prime 
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sides (Pl', P2', P3' P4'and S1 ', S2', S3', S4') and the amino terminal from the scissile bond 

and its corresponding side chain of the enzyme are tenned as non-prime side (Pl, P2, P3, P4 

and Sl, S2, S3, S4). This is illustrated in figures 1.1.1.lA and 1.1.1.1B. 

A PROTEASE 

COOH 

:"'EPT:iDE SUBSTR:ATE 

:Figure 1.1.1.lA Schematic presentation of the peptide substrate interaction with the active site 

pockets of the cysteine protease. Amino acids from the peptide are denoted by "P" and the subsites 

within the cysteine protease are denoted by "S".
14 

Hemoglobin degradation begins with the initial cleavage between the a33Phe and a34Leu 

residues of the erythrocytic proteins by the aspartic proteases plasmepsin I and II. This 

cleavage is from the site responsible for holding the hemoglobin tetramer together when 

oxygen is bound. This exposes the protein for subsequent proteolysis of the remaining residue 

by other enzymes. 
10' 15

S2 S1' S3'

,......,..____, ,_.___ 

:Figure 1.1.1.1B Standard nomenclature for protease substrate cleavage. Pn, P3, P2, Pl, Pl', P2', P3', 

Pn', designate the amino acid side chains of a peptide substrate. Cleavage occurs between the Pl and 

Pl' residues of the amino acid side chains. The corresponding binding sites in the protease active-site 

are designated as Sn, S3, S2, Sl, Sl ', S2', S3', Sn'.
16 
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These two enzymes have specificities for these cleavages. Plasmepsin I prefers phenylalanine 

in the P 1 position, while plasmepsin II prefers hydrophobic residues, leucine in the P 1' 

position. Moreover, the aspartic proteases also maintain the differences in their sensitivity to 

various peptidomimetic inhibitors 6' 10• The large fragments produced by the aspaiiic proteases

are subsequently proteolysed into smaller fragments, by the action of cysteine protease called 

falcipains 2 and 3 13. These enzymes have substrate specificity similar to that of cathepsin L.

The chemical nature of the protease S2 pocket, and in particular the amino acid residue 250 

(papain numbering), is thought to be critical for substrate prefercnces. 1
0

• 
14

The recent literature suggests that these smaller fragments are further degraded by a 

metalloprotease (falcilysin) found in the digestive vacuole and is proposed to be the last step 

of hemoglobin degradation before the small peptides are transported into the cytoplasm
17.

Finally, these fragments may further be degraded into individual amino acids in the 

cytoplasm. This mechanism was suppmied by the fact that no single amino acid was found in 

an extract of the digestive food vacuole, to suggest the vacuolar exopeptidase activity.9• 17 

1.1.1.2. Heme Detoxification 

Hemoglobin proteolysis yields the required ammo acids for the parasite. During the 

proteolysis a free heme (F3+
) is released into the vacuole. It 1s known that the heme 

concentration within the digestive vacuole could reach up to 400 mM 6
. At such

concentration; heme is toxic to the parasite and is known to disrupt the metabolic function of 

the parasite 1'ia enhanced peroxidation of lipid membranes 18
, inhibition of enzymes 19, and the

generation of oxidative free radicals. 20 

To counteract the effect of heme toxicity, the malaria parasite has developed a detoxification 

mechanism, by which the free heme is conve1ied into a crystalline heme aggregate called 

hemozoin. 10 Hemozoin is a dimeric heme unit linked by reciprocating iron-carboxylate bonds

to one of the propionic acid side chains of each porphyrin. Additionally, the Fe (III) PPIX 

dimers are hydrogen-bonded into chains, forming an extended crystalline network. Hemozoin 

formation is thought to be a lipid mediated process.6 
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1.1 .2. Malaria Chemotherapy 

Anti-malarial drugs in use today target different stages of the malaria parasite, of which most 

of them act on the intra-erythrocytic phase of development.3 According to their mode of 

action, the majcnity of antimalarial drugs fall into three classes: 

Drugs Acting on Heme Detoxification (Quinoline containing drugs) 

Malaria chemotherapy began in the 17th century after a patient took a remedy made from the 

bark of the cinchona tree. This led to the isolation of quinine from the Peruvian bark in 1820 

�. Quinine l has been used for more than three centuries, and until the 1930's it was the only 

effective agent for the treatment of malaria 2
. However, quinine has liabilities associated with 

toxicity (such as tinnitus) and requires long durations of administration and is now used only 

for treating severe falciparum malaria 22
. The strong demand for an effective quinine 

substitute led to the discovery cf the first 8-aminoquinoline, pamaquine 2 in 1925 and 

quinacrine 3 (the first effective drug against falciparum malaria) in 1932. However, this drug 

was shown to have shortfalls as well as side effects. This subsequently led to the discovery of 

a fully synthetic 4-aminoquinolinc, chloroquine (CQ) 4 in 1934.23
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Chloroquine has been a safe, cheap and effective antimalarial drug for several decades, and 

has been the agent of choice over the other drugs. However, parasite resistance to this drug 

was first observed in 1957 and spread to east Africa in the late 1970s and became a major 

problem in several areas of the continent by the mid-1980s 24
• Amodiaquine (AQ) 5 was

introduced in the late 1950s and has been shown to be more effective than chloroquine in 

areas of high CQ resistance. The use of AQ declined in the 1990s, following its first report of 

agranulocytosis by WHO, when used for prophylaxis25
' 

26
• However, an increase in its use is

being reported recently due to its high degree of efficacy against all CQ-resistant strains22
.

Mefloquine 6 is a quinoline methanol de1ivative and was introduced in 1971. It is structurally 

related to quinine, and has been used against multi-drug resistant strains of the malaria 

parasite. It has long half-life, and been a good prophylactic drug. However, a widespread 

resistance, and undesirable side effects ( occasional neuropsychiatric disturbances) led to a 

decline in its use.2' 
22 Halofantrine 7 is a very good antimalarial drug introduced in the 1980s.

Unfortunately resistance and side effects of this drug have been reported. 2 

Drugs that induce Oxidative Stress (Artemisinins) 

This class of compounds owes their origin from artemisinin, the active ingredient of a Chinese 

herbal remedy 'qinghao' (Artemisia annua) and was first isolated in the 1970s 
24

. Artemisinin

derivatives include artemether 9, arteether 10 and artesunate 11, which are all metabolized to 

dihydroartemisinin 8 (the main active agent in the body) 
22

• These drugs target the 

gametocytes (the sexual stage of the parasite), which infect the mosquitoes. Their mode of 

action is known to be the generation of oxidative stress. They are fast-acting drugs, and are 

normally administered in combination with other effective long acting antimalarials, for 

reduced treatment time and increased individual compliance 
1
. Mefloquine is a commonly

recommended drug, for combination therapy with artemisinin 1' 22
• In recent times, a 

combination of artemether with lumefantrine 12 is increasingly being used and is thought to 

have the same activity and lesser toxicity than the mefloquine - artesunate association 
22

, the

current standard treatment against multidrug--resistant malaria.
1 

Nucleic Acid Inhibitors 

The third class of antimalarials falls under Nucleic acid inhibitors. They are a result of 

knowledge of cell biology and synthetic medicinal chemistry 
22

• These drugs target the
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enzymes of the folate pathway and act at all growing stages of the asexual erythrocytic cycle 

and early gametocytes 
21

. Some of the common antifolate drugs include: (i) drugs which 

inhibit dihydrofolate reductase (DHFR) such as 2, 4-diaminopyrimidine (pyrimethamine) 13, 

biguanide and triazin metabolites, quinazolines; and (ii) drugs which interfere with the action 

of the dihydropteroate synthase (DHPS) such as sulfonamides and sulfones. Folate 

antagonists were among the most widely used anti--malarials. However, the appearance of 

widespread resistance to these drugs, has limited their individual effectiveness.21 At present 

they are being used in combination therapies and the most commonly used combination drug 

regimen is (pyrimethamine) /sulphadoxine known as Fansidar. Yet, there is still a growing 

concern ofresistance and associated toxicity when used as prophylactic drug. 
22• 24

Another very imp01iant antifolate drug is Malarone; a combination of proguanil 14 and 

atovaquone 15, used both for treatment and prophylaxis. It is a very effective antimalarial 

drug and has the advantage of being used during pregnancy 28
. This treatment has been 

reported to be 95% effective against chloroquine resistant Plasmodiumfalciparunl. However, 

it is a very expensive drug and is not easily accessible for use in developing countries 
22

. 

Atovaquone is generally known to interfere with mitochondrial electron transport 1. 21, 24 
but 

its synergic activity with proguanil is not clearly known, even though some literature reports 

relate to its interference with mitochondrial membrane potential. 21' 27

1.2. Approaches to antimalarial chemotherapy 

The emergence of multi-drug resistant strains of the malaria parasite has caused a huge 

increase in malaria related deaths. With the current available drugs falling short of combating 

the resistant strain of the parasite, there is a continuous need to develop new antimalarials 5
.

However, malaria remains to be a disease of poverty 8 and irrespective of the increase in 

scientific knowledge, there is no sufficient market driven investment toward antimalarial drug 

research and development needed for developing new and inexpensive antimalarials 22• 29
. 

According to Rosenthal, "any approach to antimalarial drug discovery should take into 

account the specific concerns of malaria drug development. That is the requirement for very 

inexpensive, simple to use antimalarials as well as the need to limit the cost of drug discovery 

as the malaria markets are primarily in poor countries" 29
• Among the most important 

approaches used today include: 

9 



1.2, 1. Optimization of therapy with existing drugs 

This involves optimization of the activities of current drugs using new dosing regiments or 

formulations and combination therapies. The combination therapy may involve new agents or 

new combination of older drugs 29
. Use of combination therapy has two advantages: 

I. It improves antimalarial efficiency through additive or synergistic antiparasitic

activity.

II. It slows the development of parasite resistance to the new agents. It is more

efficient if the combination involves new agents against which parasite resistance

has not yet developed.

1.2.2. Development of analogues of existing agents 

This approach does not need the knowledge of the mechanism of action or the biological 

target of the parent compound and simply involves improving the activity of existing 

antimalarials by chemical modifications
29

. This method has been extensively exploited and 

was responsible for the development of many effective antimalarials today. For example, 

chloroquine, primaquine and mefloquine were results of chemical modifications upon quinine 

30
. More recently, chloroquine related 4-aminoquinolines have been shown to offer the 

antimalarial potency of the parent drug, even against chloroquine resistant parasites. 26' 31-33 

1.2.3. Compounds active against other diseases 

The third approach involves identifying agents or drugs that are developed for treatments of 

other diseases and are also active against different targets in the malaria parasite. Conside1ing 

funding problems associated with antimalarial drug discovery, this has an advantage over the 

other methods. That is, as they are already developed for human diseases and will not be 

expensive to develop as antimalarials; especially after the patent expires. However, the cost of 

production for drugs varies greatly and drugs that are developed for diseases of rich nations 

such as cancer will be too expensive to produce as antimalarials
29

• Antagonists, tetracycline 

and other antibiotics were developed for their antibacterial property and were later found to be 

active against malaria parasites.
34
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1.2.4. Drug resistance reversers 

The continuous increase in malaiia associated mortality & morbidity is primarily associated 

with the spread of chloroquine resistant strains of P. falciparum and the emergence of multi­

drug resistant strains. Therefore, attacking the mechanism by which the resistance developed 

(resistance reversing) is an important approach toward antimalarial drug discovery and has 

attracted the attention of many researchers35
. According to Batra, "the key point in designing

any strategies toward developing resistance reversing agents is, the identification of the 

biochemical event, which may be correlated, with the development of the resistance".36 

It has been found that the concentration of chloroquine within the acidic vacuole of the 

resistant strain of the parasite is much lower than that of the sensitive strain. It is therefore, 

understood that the parasite is surviving by reducing the accumulation of the drug within the 

acidic vacuole. However, the mechanism by which this happens is not clearly known 23
. There

have been a variety of opinions regarding the mechanism of chloroquine resistance. One of 

the most controversial mechanisms being the P-glycoprotein-mediated efflux pump 

mechanism in P. falciparwn. That is, if cells are over exposed to drugs they overexpress the 

protein involved in drug efflux (modulated by P-glycoprotein), which then increase pumping 

of the drug out of the acidic vacuole 37
• This was compared to the multi-drug resistance 

(MDR) phenotype observed in mammalian cancer cells 38
. 

Another very imp01iant proposal is a mechanism involving the alteration of the pH of the 

digestive vacuole or change in the flux of chloroquine across the parasite's cytoplasmic or 

digestive vacuole membrane as a result of multiple mutations in the gene PfCR T (plasm odium 

falciparum chloroquine resistant transporter). The gene believed to be likely functioning as a 
. 

h 
. 

d. 
. 

1 21 
39 

40 Th. h . d "d transporter m t e parasites 1gesttve vacuo e - · - ' . 1s as receive w1 er acceptance over

the first mechanism 37
• Some literature rcp01is indicate the increase in IC50 of chloroquine in a 

chloroquine-resistant strain in vitro with Pgh-1 41
. However, this was related to fitness

adaptation of Pgh-1 as a result of the physiological changes from PfCRTmutations rather that 

from chloroquine resistance 23
• 

Therefore, smce it is mutation of this specific gene that has been associated with drug 

resistance in malaria, exploring this mechanism of resistance and targeting its components 

could lead to the development of chemosensitizers 37
• Chemosensitizers are drugs that could 
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be used in combination with other drugs for which resistance has already developed ( e.g. 

Chloroquine) and make the resistant plasmodia susceptible to the combination therapy.
35

�--N 

I \__\ CN ·p 

>=) \�� � j \( }--Meo
r \ . , J MeO MeO \ 

MeO 

Verapamil (16) 

Figure 1.2.4 Examples of known chemosensitizers 

Desipramine (17) 

A wide range of drugs have been shown to reverse the resistance of P. falciparum to 

chloroquine in vitro. Some of these drugs include: the antihype1iensive drug verapamil 16 
42

, 

the antidepressant desipramine 17 
43 

and the calmodulin antagonists (trifluopernzine and

phenothiazines) 
44

. However, some of the resistance reversers are associated with unwanted

side effects and others require unacceptable doses to be used clinically 29
' 

44
. Efforts to design

f hl 
· · 

d 
16 45 Th h 'd 'fi . fnew reversers o c oroqume resistance are un erway - · . us, t e 1 ent1 1cat10n o 

i,;Jrective resistance rcversers could lead toward re-introducing the once most effective 

antimalariais such as chloroquine as first-line therapy. 

1.2.5. Compounds active against new targets 

This is the most innovative approach to chemotherapy. It involves identification of new 

targets and subsequent discovery of compounds that act on these targets. Although this 

process is laborious and inefficient, there has been progress toward the characterisation of the 

biology of the malaria parasite. Thus, the availability of a parasite genome could lead to the 

discovery of a gene based therapy for malaria.
29
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1.2.6. Natural Products 

Plants have been the source of important medicines for many centuries and are still continuing 

to form the bases for many traditional medicinal systems 46• According to the WHO, the 

majority of the world inhabitants rely almost entirely on plant-derived medicines. It is 

estimated that about 200,000 species of higher plants are being used medicinally47 and close 

to 60 million adults use herbal medicines each year 48• Analysis on prescription drugs in the 

US and Canada shows.that 25% of the drugs were found to contain compounds either isolated 

or derived from plant sources 49• Therefore, screening plant products with specific clinical 

activity could result in better lead discovery as opposed to random screening. More 

importantly, they could be used as a model compounds for the development of fully synthetic 

or semi-synthetic drugs.29 

According to recent literature reports, screening of natural product derivatives is even more 

effective than screening natural products alone 50. Furthermore, the analysis of sources of new 

and approved drugs for the treatment of human diseases over the period 1981-2002 shows the 

significant role of natural products in the drug discovery and development process 51,52.

According to the reasearch, the utility of natural products as sources of novel structures, but 

not necessarily the final drug entity, is still alive and well. Based on the data presented, an 

average of 62% of the cancer drugs, 79% of the antibacterials owe their origin to a non­

synthetic chemical entities. 53 

S/NM 
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s 
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Figure l: All new chemical entities, 1981-2002, by source (N - 1031) 
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The Major Categories of Sources used are as follows: 

"B": Biological; usually a large (>45 residues) peptide or protein either isolated from an 

organism/cell line or produced by biotechnological means in a surrogate host. 

"N": Natural product. 

"ND": Derived from a natural product and is usually a semisynthetic modification. 

"S": Totally synthetic drug, often found by random screening/modification of an 

existing agent. 

"S*": Made by total synthesis, but the pham1acophore is/was from a natural product. 

"V": Vaccine. 

"NM": Natural Product Mimic (see rationale and examples in ref. 52). 

Except for "NM" the amplification as to the rationales used for categorizing using the above 

subdivisions, could be consulted from ref. 51. 

Overall, of the 1031 new chemical entities (NCEs ) covering all diseases/countries/ sources in 

the years 1981-2002, 43% were synthetic in origin, but if one removes the S/NM category 

from this total, then the S category falls to 33%. Thus depending upon the categories, the 

gross figures for categ01ies other than synthetic range from 57% to 67% over all diseases.
52 

1.3. Natural products as sources of new chemical scaffolds for antimalarial drug 

discovery 

Natural products play an important role in the antimalarial drug discovery process. Quinine 

and derivatives of artemisinin, the two most important drugs available to treat sever 

falciparum malaria; owe their origin to plants 
54

• A series of very effective 8-aminoquinolines

and 4-aminoquinolines derivatives (including chloroquine) have been synthesisized using 

quinoline as a model compound. Relatively simple chemical modifications to artemisinin 

(parent compound), has led to a series of highly potent antimalarials such as artemether 9, 

arteether 10 and artesunate 11 which are playing an important role in the treatment of malaria 

55
. However, the cost of these compounds may be limiting, and so efforts to design folly 

synthetic endoperoxides that are less expensive to produce are an important priority.56
-
57
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1.3.1. Strategies for generating libraries of natural products 

Natural products are biologically validated starting mate1ials for the design of combinatorial 

libraries and have received increasing attention during the last 5 years. The literature reveals 

that the hit rates in high throughput screens of natural product collections are often higher 

than the rate found for large classical libraries obtained from combinato1ial chemistry efforts 

50
. There are several strategies developed for generating libraries of natural product 

derivatives, which are briefly discussed in the following sections 1.3.1.1 - 1.3.1.3. 

1.3.1.1. Modification of Natural Product Core Structure on Solid Phase 

The use of a solid phase synthesis for the development of a combinatorial library is a 

powerful approach for rapid identification of new biologically relevant compounds. However, 

the efficiency of this library mainly depends on the choice of the original molecular scaffold. 

Therefore, the method requires a prior validation of the core structure against the biological 

target. so, ss

2) NaCNBH3. AcOH / DMF 

1) R2CHO, AcOH / DMF, NaCNBH3 
2) Piperidine / DMF 

3) R3CHO, AcOH / DMF 

4) NaCNBH3, AcOH / DMF 

TFA 

Scheme 1.3.1.1 Library of erythromycin analogues 59 
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This method has been employed in several reactions. Some of these include the preparation of 

libraries of sarcodictyin 53
, the synthesis of the protein kinase C (PKC) activator 58

, and more 

recently the combinatorial synthesis of macrolide analogues based on erythromycin A 

(Scheme 1.3.1.1) 
59

. Erythromycin A is an extremely important antibiotic ,vith high efficacy 

and low toxicity and is used for the treatment of gram positive-bacteria. 59

1.3.1.2. Total Synthesis of Molecular Skeleton on solid Phase 

This involves building up the entire core structure on solid support. It is very challenging and 

may require a multi-step synthesis. However, it allows maximum diversity in the core 

structure ( e.g. ring size, chain length), both by vaiiation of stereochemistry as well as the 

introduction and derivatization of functional groups 50
. The application of this method is best 

exemplified by the successful synthesis of epothilone A by the Nicolaou group (Scheme 

1.3.1.2) .It was the first example to demonstrate the principal feasibility of multi step natural 

product synthesis on solid supp01i. <,o 

HO 

�\ ,;,O 

TBS O /�---' �H ------·· --- · -- - -- --

� ------------

t LDA, THF, -78 0 °c

H 

THF, 0 °c, 3h 

H 

--- ---- - -- --

1) 20% THF/DCM 

O
><

Me 
6/ CF3 

Figure 1.3.1.2 Solid phase synthesis of epothilone A 60 
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1.3.1.3. Production of Combinatorial Libraries around Privileged Structures 

Identified from Natural Products 

The third approach for construction of librmies of natural product and natural product-like 

compounds, involves the development of combinatorial libraries around p1ivileged structures 

identified from Natural products.
50 

According to Evans, Privileged structures are compound 

classes; which can bind to various proteinous receptor surfaces 
61

. Nicolaou and his

coworkers, recently applied this approach to the construction of a 10,000-member natural 

product-like library, based on 2,2-dimethylbenzopyran moieties as shown in scheme 1.3 .1.3 

62-63
. According to the group, the success of this approach depends on the proper choice of the 

structural motif to be used as a template for library development. That is, the structure should: 

► Be present in a large number of natural products with diverse biological activities.

► Accommodate installation of a maximum degree of diversity.

► Have one or more rigid ring systems (for potential binding).

► Be sufficiently lipophilic (to ensure cell membrane penetration).

(/ 
R1,, ._/_/�

:--
-//OH 

0-SeBr 
-- - ---------

[6-indo-trig] 
-� -- ---�--------

Cycloading 

Me 

Me 

Benzopyran scaffold 

Benzopyran 

Elaboration 

oxidation 
� --

Scheme 1.3.1.3 Synthesis of benzopyran scaffold for the production of natural product-like 

combinatorial library 62 
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Some of the synthesized compounds include: libraries of chalcones, glycosides and 

pyranocoumarins. The group has summarized the strategy of developing a natural product­

like combinatorial library as shown in the figure 1.3.1.3. 

Solid Phase 

Synthesis of 

Natural Product 

Target-Based 

Assays 

Natural Product Derived 

Privilaged Structures 

Methodology Develepment for 

Solid Phase Srnthesis 

Encoded Split-and-Pool 

Synthesis of Large Natural 

Product-Like Library 

New Therapeutically 

Relevant Targets 

Lead Compounds 

Biological Tools 

Drug Candidates 

Combinatorial 

Synthesis of Focused 

Library 

Cell-Based 

Assays 

Figure 1.3.1.3 Overall strategy for the design, synthesis and application of natural product-like 

combinatorial library based on privileged structures 
62 
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CHAPTER TWO 

TOTAROL AS A PRIVILEGED NATURAL PRODUCT SCAFFOLD 

2.1. Introduction 

2.1.1. Totarol and its Chemistry 

(+)-Totarol 18, a naturally occurring phenolic diterpene with m.p. 132 °c and [cx] 0 + 410, was 

first isolated from the hexane extract of the heartwood of the New Zealand native tree 

"podocarpus totara" in 1910 64
-
65

. It was the first compound to be discovered with the 

chemical formula C20H300. Due to its very slow acetylation, totarol was believed to have a 

te1iiary alcohol and was named accordingly. In 1951, Short and Wang identified the structure 

of totarol (Figure 2.1.1) and realized that it does not obey the isoprcne rule as shown in 

scheme 2.1.2B 66
. It was the first known exception among the diterpenoids and confirmation 

of this unusual structure came with the total synthesis of(±) totarol by Baltrop and Rogers67
,

which showed a similar IR spectrum to that of the natural product. Chow and Erdtman 68 then 

established the absolute stereochemistry of totarol as a trans AIB ring junction of the 

conventional steroid type by optical rotary dispersion measurements and by direct correlation 

with dehydroabietic acid. The nomenclature of totarol as totara-8,11,13-trien-13-ol is based 

on the parent hydrocarbon totarane ( 19), which can be fonned from catalytic hydrogenation of 

totarol shown in scheme 2.1.lA.64 

2 
17 

3 

I 8 19 

18 

Figure 2.1.l Structure oftotarol

Totarol is found in a large number of plants, some of which are Podocarpus totara, 

Podocarpus acutifolias, Dacrydium, Cupressus, Juniperas etc 64
' 

65
• The most abundant source 

is the heartwood of podocarpus totara, in which totarol is the major constituent of the plant. 

A yield ofup to 8% by weight has been reported from the timber of this plant.65 
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Totarol 
( i) 

19 

Scheme 2.1.lA: (i) H2/Pd/C/HOAc/700/30 p.s.i.64 

Unlike with the nonnal isoprenes, the isopropyl group of totarol is at the Cl4 position. This 

isopropyl group exerts steric hindrance upon the phenolic group at C 13 and prevents the 

formation of intermolecular hydrogen bonding in liquid state. This is consistent with the sharp 

0-H absorption observed at 3630 cm-
1 
in the IR spectrum, in contrast to the ordinary phenol's

broad 0-H absorption at 3300 cm-
1 66

. This accounts for the slow rate of acetylation of totarol 

and a decrease in its apparent polarity 
64

. In line with the above facts, an attempt to alkylate 

12-hydroxytotarol (20) with benzyl bromide afforded alkylation at the less hindered hydroxy

group C 12 and elsewhere in the molecule, leaving the C 13 phenol ate unchanged to give the 

cross-conjugated dienone (21) as shown in scheme 2.1.1 B. Furthermore the downfield (1.33 

ppm) chemical shift of H 16 and H 17 in totarol (18) suggests that the methyl groups of the 

C 14 isopropyl moiety scissor the phenolic group as the result of non-bonding interaction with 

the methyl hydrogens at C7. This unusual position of the isopropyl group on carbon 14 

accounts for totarol's unique chemistry.
64 

OH 
OCHaPh OCHoPh 

► 

20 21 

Scheme 2.1.1B: (i) PhCH2Br.
64
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2.1.2. Biogenesis of Totarol 

Totaro} is not the result of diterpenoid biogenesis. A conventional diterpene biogenesis 

(scheme 2.1.2A) occurs via ring closure of geranyl geranyl pyrophosphate to give a labdane 

skeleton, which then undergoes methyl group migration followed by oxidation, with 

accompanying aromatisation to give a normal diterpene, fen-uginol, with the isopropyl group 

l C 1,-, 
· · 64 69at t 1e .J pos1t10n. ' 

Ferruginol 

Scheme 2.I.2A Conventional diterpene biogenesis
64 

OH 

OH 

Totarol 

Scheme 2.1.2B Non-Conventional biogenesis of totarol
64
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In case oftotarol, the isopropyl group is placed at the C14 position, hence does not fit with the 

isoprene rule. The relocation of this isopropyl group is believed to proceed via reanangement 

and the removal of the isopropyl group from C 13 and its relocation to the C 14 proceeds 

through a spiro intennediate 22. This accounts for the non-conventional biogenesis of totarol 

( h ') l 'JB) 64, 10 
sc eme� .. � 

2.1.3. Total Synthesis of(+) totarol 

Apart from the first synthesis of the racemate by Barltrop and Rogers 67
, there have been five

other different routes toward the synthesis of totarol, of which two are enantioselcctive 

syntheses. In 1979 Matsumoto and Suetsugus71 synthesized totarol employing a Wittig

reaction between (R)-a.-cyclocitral and (2-isopropyl-3-methoxybenzyl)tiiphenyl phosphonium 

chloride in the presence of n-butyllithium as the base to connect the A and C rings, followed 

by an intramolecular cyclization with aluminum chloride to give the B ring (scheme 2.1.3A). 

OH 

+ 

+9Y 

(i) (i) - (iV) 
Q:HC 

I 

Cl Ph3P 

Scheme 2.1.3A (i) BuLi; (ii) HiPd/C; (iii) AlCb; (iv) BBr3 

71 

Recently, a different approach to (+)-totarol from zamoranic acid (scheme 2.l.3B and scheme 

2.1.3C) was employed by Marcos 7
2, in which the methyl ester of zamoranic acid 23 was

transfonned into aldehyde 24, followed by the addition of the isopropylmagnesium chloride to 

afford exclusively the 14R-hydroxy derivative 25, in excellent yield. The transfonnation of 

25 into secototarane 27 through the methyl ketone 26 needed acetylation at 70 °c followed by 

deprotection. The authors found that the degradation of 26 by the haloform reaction was not 

possible. As an alternative, they employed a series of reactions. Thus, capture of the kinetic 

enolate of 26 as a trimethylsilyl enol ether and cis hydroxylation, followed by cleavage with 

HsI06, esterification of the resulting acid and reduction with LAH gave the diol 27 in 

excellent overall yield from 25. 
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26 

Scheme 2.1.3B: Reagents and conditions: (i) as in ref 72b; (ii) iPrMgCI, THF, 0°C, 1 h; (iii) (a) Ac2O,
py, 70°C, 2 h, (b) p-TsOH, Me2CO, rt, 40 min; (iv) (a) HMDSNa, TMSCL, -78°C, 2 h, (b) OsO4 , 

NMO, rt, 48 h, (c) H5lO6, THF, H20, rt, 1 h, (d) TMSCHN2, MeOH, C6H6, rt, 12 h, (e) LiAlH4, Et20,

rt, 1 h; (v) (a) Ac2O, py, rt, 30 min, (b) TPAP, NMO, 1i, 2 h, (c) K2CO3, MeOH, rt, 4 h, (d) CrO3, py,
Ii, 1 h. 72

ii 

61% 

30 
29 

iii 76% 

71% 

totarol 31 

Scheme 2.1.3C: Reagents and conditions: (i) SmI2, THF, 0.1 M, MeOH, rt, 2 h; (ii) p-TsOH, C6H6, 

60°C, 48 h; (iii) CuBr2, MeCN, 72 h; 50°C; (iv) Li2CO3, BrLi, DMF, 140°C, 16 h. 72 
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The oxidation of 27 to dicarbonyl system 28 was achieved by chemoselective acetylation of 

the p1imary hydroxyl group of 27 with Ac20; in pyridine over 30 min, oxidation of the 

secondary alcohol of the resulting monoacetate derivative, hydrolysis of the primary acetoxy 

group and subsequent oxidation gave compound 28. Treatment of 28 with Smb (0.1 M, 

prepared in situ) gave compound 29 in 80% yield as shown in scheme 2.1.3C. Transformation 

of compound 29 into totarol requires the dehydration of the tertiary hydroxyl group and ring C 

aromatisation. However, the authors reported that attempts to dehydrate the oxidized form of 

compound 29 were not successful. Finally the aromatisation of ring C was achieved from 

ketone 30 obtained by pinacol rean-angement from 29, using halogenation­

dehydrohalogenation sequence via intermediate 31, to give the target compound; totarol.
7
2 

2.1.4. Biological Activities of Totaro} 

The history of the antibacterial activity of totarol originated from the use of the timber of 

podocarpus totara as wharf piles, fence posts and foundation blocks on the early European 

settlers of New Zealand. This durability was linked to the potential antibacterial activity of 

totaro164
• The antimicrobial activity of totarol has been investigated along with 5 other 

diterpenoids isolated from Podocarpus nagi. Totaro!, the most abundant compound, was 

found to exhibit significant in vitro antibacterial activity against various Gram-positive 

bacteria but was not active against gram-negative bacteria or fungi.
73 

Table 2.1.4: In vitro antibacterial activity of totarol and penicillin79 

Bacterium 

Bacillus Subtilis 

Brevibacterium ammoniagenes 

Staphylococcus aureus ATCC 1259ft 

Staphylococcus aureus ATCC 29247R 

Streptococcus mutans 

Propionibacterium acnes 

' Penicillin-Sensitive strain, Penicillin-resistant strain 

Totarol 

1.56 

0.78 

1.56 

0.78 

0.78 

0.39 

MIC µgmr
1 

Penicillin G 

50 

0.39 

0.049 

>800

0.049 

0.012 

In a senes of studies aimed at enhancing the antimicrobial activity of totarol, vanous 

derivatives of totaro1 have been synthesized. However, none of the synthesized compounds 
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were found to be more potent than totarol itself. The results of this research were evaluated in 

terms of structure activity relationships (SAR) and revealed that; (i) a phenolic moiety was 

essential for antibacterial activity, (ii) derivatization at C-12 had an undesirable effect on the 

antibacterial activity, (iii) hpophilic substitution at C-12 diminished activity and (iv) all the 

most active compounds examined possessed primary or secondary alkyl substituents in the 

ortho-position to the hydroxyl group74-
76

. In addition to its antibacterial activity, totarol has

also been shown to exert hypercholesterolemic activity in rats mainly by way of inhibition of 

cholesterol catabolism or excretion. It has also been reported to have mild antitumor 

. .  64 F I act1V1ty . mi 1e11110re, 

. b 1 . . 77
ant1tu ercu ar act1V1ty. 

Constantine and his co-workers have recently rep01ied its

2.2. Totarol as a Natural Product Scaffold for New Antimalarial Agents 

In the course of research on the antiplasmodial and antituberculosis activity of selected South 

African medicinal plants, compounds 32 and 33 were isolated from Harpagophytum 

procumbens. However, the small quantities isolated did not pennit possible chemical 

modification of the core structure of these compounds. On the other hand, the use of a 

commercially available similar compound, totarol, as a scaffold for novel natural product 

based antiplasmodial and antituberculosis agents, revealed the potential of fl-amino alcohol 

derivatives 34, with enhanced activity against the intraerythrocytic stage of P. fcdciparum 

compared to the parent natural product totarol. 
78 

OH 

OH 

32 33 

In the study, a range of secondary amine derivatives of totarol were synthesised and evaluated 

for their in vitro antiplasmodial activities both against drug sensitive and resistant strains. In 

comparison to totarol, all new compounds showed improved antiplasmodial activity and no 

cross resistance with CQ was observed. Out of all the compounds evaluated, compounds 35 

and 36 were the most promising compounds, in terms of selectivity and antiplasmodial 
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activity. Both of these compounds exhibited significant antiplasmodial activity, high selective 

index and low resistance index as shown in table 2.2.
78 

OH 
? ;-·\ 

0 / N R 

s:;Y: �L� / 1 
___________ , 

/ 

34 

35 IfR = 

36 IfR= 

Table 2.2 In vitro antiplasmodial activity and cytotoxicity78

Compound 1C50 D10 lCso KI ICsoCHO 

Totarol 7.51 4.29 1170.46 

35 3.25 0.90 >186 

36 1.67 1.01 >182 

jJ Cl 

"-P 
EtO 

SI6

39.66 

>207

>180

IC50 (µM), SI= cytotoxicity IC50/antiplasmodial IC50, RI = KI IC50/D10 IC50 

D l O = Chloroquin sensitive strain of P. falsiparum,

KI = Chloroquin resistant strain of P. _fiilsiparum

CHO = Chinese Hamster Ovary(CHO) cells 

2.3. Project Objectives 

Rf 

0.57 

0.23 

0.62 

As part of a continuing program to enhance the antimalarial activity of this potent natural 

product totarol; this project is aimed at the design and synthesis of a new series of derivatives 

of totarol in order to explore its structure-activity relationship studies for in vitro antimalarial 

activity. More specifically: 

(i) to design, synthesize and characterize an exploratory new senes of �-amino

alcohol 37, Mannich base 38, and semicarbazone 39 derivatives of totarol,

(ii) to design, synthesize and characterize simplified analogs of the new senes of

totarol derivatives by replacing the hydrophobic diterpenoid-Jike fragment of

totarol with simplified aromatic moieties (2-isopropyl phenol 40);

26 



(iii) to evaluate the antimalarial prope1iies of the synthesized compounds in vitro, with

a view to delineating SAR trends.

37 38 .19 

Figure 2.3A General structures of the target compounds 

A literature search revealed that the above modifications of totarol had not been previously 

investigated. The design of the simplified analogue (figure 2.3B) was hypothesis-driven in 

that it was reasoned that the diterpenoid backbone of totarol was simply acting as a 

hydrophobic group in the antimalarial activity. 

40 

Figure 2.3B 2-isopropyl phenol derived Mannich base and �-amino alcohol analogue 
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2.4. Rationale for the target compounds 

2.4.1. Mannich bases 

amopyroquine (41)

H 
/Ny

:::_ HO 
I 

0✓ NH 

CIN� 
_,) 

Cl "N/ 

tebuquine (42)

/ N �

HO� 

UNH 

�; 
Cl)�N J 

amodiaquine 

tert-butylamodiaquine (43)

Figure 2.4.lA Chemical structures of some known Mannich base antimalarials
26 

The history of Mannich bases in the area of antimalarial chemotherapy dates back to 1950 

with the introduction of amodiaquine (AQ) for treatment of malaria in the areas of high 

chloroquine (CQ) resistance. However, the use of AQ declined immediately following its 

initial rcp01i on granulosytosis and hepatitis in 1980 when used in prophylaxis 25• 26
. Finally, 

the drug was banned for use in malaria control program by the World Health Organization 

(\VH O) in 1990. 26• 80 
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OH 

52 

45 R=CH2 
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-OH

y 

47 R= NCH3 

Figure 2.4.lB Chemical structures of the target Mannich bases 

49 

53 

Amopyroquine 41, a structural analogue of AQ, was introduced with the idea of reducing 

metabolism and increase bioavailability of the drug and was found to be more effective than 

both CQ and AQ against 11 CQ-resistant strains of the parasite26
• Subsequently the need for

Mannich bases containing side chains less susceptible to metabolism led to the synthesis of 

tebuquine 42 and tert-butyl amodiaquine 43 with increased antimalarial activity 26' 81 

However, tebuquine was shown to cause chronic toxicity in experimental animals 26
. 

P-450 [OJ

Cl 

Scheme 2.4.lA: Metabolic oxidation of amodiaquine to amodiaquine quinoneimine
83
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Despite the toxicity associated with many of the available Manni ch base antimalarials, recent 

work on amodiaquine analogues by O'Neill and his group has revealed the potential of this 

group of compounds as a target for new effective antimalarials. They have repmied several 

new amodiaquine derivatives with excellent in vitro antiplasmodial activity against both 

sensitive and resistant strains of the parasite 
82' 83

. Moreover, some of the compounds were

also shown to have improved in vivo bioactivation as compared to the parent drug 

amodiaquine. Metabolic oxidation of amodiaquine to amodiaquine quinoneimine (Scheme 

2.4.lA) is believed to be the cause for its toxicity.83 Furthermore, the group has identified 

some essential features required when designing amodiaquine analogue antimalarials: 

(i) The presence of a planar aminoquinoline ring system with a tertiary tenninal

nitrogen function that is charged at physiological pH, for haematin association and

drug accumulation respectively. Molecular modelling studies also show an inter­

nitrogen separation of approximately 8.3 A between the quinoline nitrogen and the

tenninal tertiary alkylamino nitrogen; in both chloroquine and amodiaquine. This

is dependent on the intra hydrogen bond between the oxygen of the hydroxyl

group and the hydrogen of the protonated nitrogen in case of amodiaquine. 
81• 82

An electron withdrawing functional group at the 7-position of the aminoquinoline 

ring to confer beta-haematin inhibition; chloroquine being the substitute for 

optimal activity 82 as shown with chloroquine related 4-aminoquinolines. 
84 

(iii) The presence of the Mannich base side chain is vital for the antimalarial activity.

Diethyl, t-butyl, or pyrollidyl being preferred amine subsituents. The latter being

the one with greater activity against resistant strains.82

(iv) The presence of 4' hydroxyl group within the aromatic nng, for inherent

antimalarial activity against chloroquine resistant strains of the parasite 8183 

Replacement of the hydroxyl group in tebuquine with fluorine results in reduction

of its antimalarial activity 
81

. Interchanging the position of the hydroxyl group and

the Mannich base side chain however, improved its in vivo bioactivation while

retaining the antimalarial activity. 83 
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Even though the mechanism of action of these antimalarials is not clearly known, significant 

literature reports support the idea that haematin-quinoline association and subsequent 

inhibition of haemozoin formation could lead to the death of the parasite by haematin 

poisoning. According to the literature, ferriprotophyrin IX has a planar flat region of 30-40 A 

to accommodate the flat quinoline ring, a central acceptor iron atom that can potentially bind 

to the quinoline nitrogen and two anionic carboxylates that can bind to the charged nitrogen of 

the aminoquinoline side chain as shown in figure 2.4.lC. 
81 

Hydmgcn 
Donor group for 
Bi11(ii11g to Qurnolim: 
Nitmgcn 

CO:r Ox:ygen 

t �. 
✓ 

-( 

V""!.,._._,...,_::c-. Fe(IH) 

)-

Possible accepwr sites in 
Fcrriprotoporphyrin IX. The central 
Fe (III) binds to the quinohnc N and the 
c.11rhoxylates bind lo the proton on the 
chargexl mnmonium mlmgcn atorn of the 
4"Amimx:iui1ml i ne side-chain 

Figure 2.4.lC. Pharmacophoric groups of amodiaquine and proposed acceptor sites within 

f erriprotophyrin IX structure 
85• 81 

The complex is believed to be predominantly ll-ll in nature 86' 87 which could enhance drug 

accumulation88
. Therefore, it could be possible to design other novel Mannich base 

antimalarials with the help of the pharmacophoric groups of amodiaquine developed and 

essential features observed from the structure-activity relationship studies of related 

antimalarials. 

Cross-resistance to 4-aminoquinoline antimalarials is not consistent within different strains of 

the parasite. A strain that is resistant to one drug could be sensitive to another drug. This has 

drawn the attention of researchers to look for other drugs containing Mannich base side 

chains82
. Pyronaridine, an acridine-type (benzonaphthyridine) is such a compound synthesized 

in 1970 in China and was shown to be well tolerated and highly effective in treating malaria-
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infected patients m reg1011s of chloroquine resistance89
. A fixed drug combination of 

p1rnnaridine and aiiesunate known as pyramax; is being assessed as an oral treatment in both 

adult and child patients suffering from acute uncomplicated P. falciparum and P. vivax 

malaria and is in phase II safety and efficacy trial in Asia and Africa.90

Cl 

OH 

0 

N OCH3 

� 

Pyronaridine 

The rational behind the design of totarol derived Mannich bases was based on the 

aforementioned history of the compounds in the area of malaria chemotherapy. The 

substitution of a Mannich base side chain at the C-12 position is aimed at mimicking the 

structure of the important drug amodiaquine. It is presumed that the aromatic moiety present 

in the totarol scaffold could compensate the requirement for aromatic ring system needed for 

binding with the planar fe1Tiprotophyrin IX. Aromatic moieties play a major role in molecular 

recognition and could interact with polar substituents, such as amides or hydroxyl groups and 

even with positively charged moieties. Besides, incorporation of an important fragment into a 

natural product scaffold with intrinsic antiplasmodial activity could lead to the discovery of 

new totarol based antimalarials. 

HO 

C) Cl N 

44 Amodiaquine 45 Amopyroquine 

Figure 2.4.lD Comparison of totarol Mannich bases with their antimalarial analogues 
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The rational behind introducing a terminal amino alkyl side chain in the compounds such as 

44 is related to the weak base property. This was presumed to be important for increased 

accumulation in the parasite's acidic food vacuole via pH trapping 5
' 

88
. 4-Aminoquinolines

such as chloroquine, amodiaquine and amopyroquine also contain terminal basic nitrogen, in 

addition to the quinoline nitrogen. Compound 45 was synthesized with the idea of potentially 

reducing the metabolic susceptibility of compound 44. It is known that non-cyclic tem1inal 

amino alkyl side chains are susceptible to cytochrome P450-mediated dealkylation resulting 

in lower bioavailability. In this regard amopyroquine 41 has been shown to be more potent 

than amodiaquine (an open chain analogue) in vitro. Moreover, the pyrolidino-type side chain 

was related to structural features that confer activity against a resistant strain of the parasite 82
.

Figure 2.4.lD shows a comparison of the compound 44 and 45 on one hand with amodiaquine 

and amopyroquine on the other hand. 

Compound 46 was introduced with the idea of exploring the steric tolerance of the tem1inal 

side chain amine. Compound 47 was synthesized with the idea of introducing a heteroatom 

into the amino alkyl side chain. This was envisaged to affect the antiplasmodial activity via a 

change in its electronic properties. Furthennore, the addition of the hydrogen bond acceptor 

( oxygen) could affect the nature of binding of the compound to its target. In case of 48, the 

addition of a second protonatable nitrogen was predicted to increase the compound's passage 

across the cell membrane and accumulation in the parasite acidic food vacuole via pH 

trapping. 5• 88
. The aim of introducing a 7-chloro-4-aminoquinoline group in compound 49 was

to explore the combined effect of the natural product totarol and the known antiplasmodial 

activity of 4-aminoquinolines. It is known that a 4-aminoquinoline moiety is required for the 

haematin association and antimalaiial activity s. 88• 91··92
_ Fmihennore, compounds 50 - 53 were 

synthesized in an effort to explore the effect of tht:: nature of the amino group (secondary 

versus tertiary) and to improve the solubility and clogP prope1iies of the compounds. 

2.4.2. P-Amino alcohols 

B-Blockers as antimalarials

One of the reasons for choosing amino alcohols was to mime the P-blocker drugs (Figure 

2.4.2B). "P-Blocker-drugs are drugs that act as competitive antagonists at the adrenergic P-
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receptor and are commonly used to treat hype1iension 93
. Recent studies by Hadar and co­

workers showed the potential of such a drug, propranolol 54, to inhibit intracelluar ring 

formation during erythrocytic infection by P. falciparum 
94

. This stage of infection is 

responsible for all of the symptoms and pathologies associated with the disease. According to 

the research, there is involvement of the host �-adrenergic receptor and the heterotrimeric 

guanine nucleotide binding protein Gas in the entry of the malaria parasite P. fczlciparum into 

erythrocytes 
94

. Gas is a cholestrol-rich protein associated with erythrocyte rafts that are

. 
d . h . 1 1 91 

mcorporate mto t e parac1top 1orous vacuo e. -

OH 

Hpl� Q-[�N
H

\ 

o I 

Propranolol (54) Atenolol 

Figure 2.4.2B Examples of known f:>-blocker-drugs 

Erythrocytic infection by P. falciparum is initiated when the extracellular merozoite stage 

enters the red blood cell to form an intracellular ring. The Gas peptide displayed a dose­

dependent inhibition of new ring formation 93
-
94

_ According to the literature, when infected

erythrocytes lyse, antigene release causes an increase in catecholamines and these act through 

the �-adrenergic receptor to make uninfected erythrocytes more suscesptible to attack by 

merozoites. Fmihennore, treatment with age.mists increased malaria infection while 

antagonists blocked the infection.Thus activation of Gas via its receptor may influence 

malarial infection. 
93

-
94
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55 56 

58 

flgure 2.4.2A Chemical structures of the target amino alcohols 

The rationale for the choice of the targeted f3-amino alcohols could also be explained based on 

molecular recognition principles. One of the first and fundamental requirements for a drug to 

bind to its target is its molecular recognition by proteins 95
. f3-Amino alcohols contain a

hydroxyethylene unit in their structure and this moiety is specifically recognized by aspartyl 

proteases 96• As explained in chapter one of this thesis, aspaiiic proteases namely plasmepsin I 

and Plasmepsin II are known to be involved in the initial stages of hemoglobin catabolism in 

which plasmepsin I prefers phenylalanine in the Pl position while plasmepsin II prefers 

hydrophobic residue, leucine in the Pl' position of the erythrocytic proteins 6• Hence these 

enzymes are important targets in the search for anti-malarials. 
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Ditekiren (renin, Phase 11, Pharmacia) 

Figure 2.4.2C Commercially available HIV proteases and renin inhibitor
96 

More importantly, the hydroxylethylene unit present in the amino alcohols is an important 

fraf,,.ment that can be used as a molecular anchor to build aspartic protease inhibitors. 

Fragments are small low molecular weight molecules that would typically comprise part of a 

drug compound. Once bound into the active site of a protein target, fragments can act as the 

starting point for medicinal chemistry, and can be developed into highly selective and potent 

drug candidates 95
• This hydroxylethylene unit is present in various HIV protease and renin 

inhibitors available on the market (Figure 2.4.2C) 96
. Therefore the combination of this 

important fragment with the privileged natural product totarol may have an additive effect 

toward developing antimalarial lead compounds. Moreover, the �--amino alcohol moiety is 

present in the well-known antimalarial agents such as quinine and mefloquine. Based on the 

results of the preliminary biological evaluation of the synthesized Mannich bases, only the 

amines related to the relatively active compounds (50-53) v,'ere chosen for opening of the 
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epoxide, in the synthesis of amino alcohols. Therefore, only amino alcohols related to primary 

amines were synthesized. 

Quinine 

2.4.3. Semicarbazone Derivative 

N, Jl 
1/ N NH, 

1-1 
-

1/" ,01-I 

I 
I 

59 

Meflequine 

Cysteine proteases play a vital role m many different infectious diseases such as 

T1ypanosomiasis and malaria, and are therefore promising targets for the development of anti­

parasitic drugs. Peptidyl semicarbazones are known to inhibit cysteine proteases. The 

inhibition is believed to be the result of a nucleophihc attack by the thiolate group on the 

protected carbonyl carbon to form a tetrahedral adduct as shown in scheme 2.4.397
. Due to the 

reversible nature of their inhibition, they are also important ligands for purification of serine 

and cysteine proteases by affinity chromatography
98

. Moreover, they are important 

intennediates for the synthesis of peptidyl aldehydes which are important cysteine protease 

inhibitors. 97

R
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H
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N 
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Scheme 2.4.3. Inhibition of cysteine proteases by peptidyl semicarbazones97 
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Table 2.4.3: Inhibitory activity of peptidylc semicarbazones 

Peptidyl semicarbasones Kl Value in (nM) 

Papain Cathepsin 

Z-Arg-Phe-Lle-Sc 23 500 

Z-Phe-Lle-Sc 2700 1200 

Z-Phe-Gly-Sc ND 20000 

Z-Gly-Phe-Gly-Sc 9.2 1000 

ND: not detem1ined 

Nifmiimox R (Nfx) is the main drug in use against T,ypanosomiasis. However, it is associated 

with undesirable side effects. The continuous search for other more selective and less toxic 

antitrypanosomal drugs revealed the potential of different semicarbazone de1ivatives such as 

5-nitro-2-furaldehyde semicarbazone99 and 1, 2, 5-oxadiazole N-oxide semicarbazone100 as

antitrypanosomal agents. Fmihermore, other semicarbazone derivatives have also been 

d .!" l . . 1 101 d "h . . . HP-101 reporte 1or t 1eir ant1convu sant an anti ypertens1ve act1v1ty. - -

)(1- ,N->-\o, 

0
2N 

0
/ I \ ___ / 

Nifurtimox R 5-nitro-2-furaldehyde semicarbazone

5-nitrothiophene-2-carboxaldehyde semicarbazone

The rationale behind the design of the semicarbazone derivative of totarol is therefore, to 

explore this imp01iant class of compounds for antiplasmodial activity. Besides, they arc 

cysteine protease inhibitors and cysteine proteases play an important role in malaiia drug 

d. 97 
lSCOVery. 
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CHAPTER THREE 

SYNTHESIS AND CHARACTERIZATION OF THE TARGET COMPOUNDS 

3.1 Chemical Modification on Totarol 

3.1.1 Synthesis of Mannich Bases 

The Mannich Reaction 

The Manni ch reaction is a prototype of C-C bond fom1ing reactions that involves the addition 

of resonance-stabilized carbon nucleophiles to iminium salts and imines. The reaction consists 

of three components: (i) ammonia or a primary or secondary amine; (ii) a non-enolizable 

aldehyde, usually fonnaldehyde; and (iii) an active methylene. These components condense 

with concomitant release of water to produce a new base, known as the 'Mannich base', in

which the active hydrogen is replaced by an amino methyl group as shown in equation 1.104

+ 

R2 

I 4 

1/ N
",/ R

--►► 
R 

I, 
R3 

+ (1)

A Mannich reaction is most commonly perfonned in protic solvents and acid catalysis 

(usually employing the amine components as its hydrochl01ide salt). The reaction mechanism 

is thought to involve a reactive iminium intermediate 62, which reacts with the active 

methylene component in its enol fonn 63 to produce the Mannich base 64 (See scheme

3.1. lA). 104

63 

Scheme 3.1.lA: General Mannich reaction
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Acid catalysis not only promotes the decomposition of 60 and 61 to the iminium salt 62, but 

also the enolization of the active methylene component. Protic solvents support the fonnation 

of the charged iminium ion by vi1iuc of their high dielectric constant. In addition, elevated 

temperatures are often necessary for generation of sufficient concentration of iminium ion 104
. 

With regard to the choice of the amine components that may be used, secondary amines react 

with most predictability and in relatively high yields. With primary amines the yield is usually 

unpredictable. This is because the initially fonned secondary Mannich base can further react 

with the paraformaldehyde to give a te1iiary amine (equation 2). Bulky primary amines and 

interestingly the use of amine oxalate salts instead of hydrochloride salts, are used to suppress 

these cross condensation reactions. 
104

(2) 

R� 

The use of ammonia for the synthesis of primary Mannich bases is generally complicated 

because of the greater likelihood of obtaining products derived from multiple substitutions. 

However, this can be achieved indirectly, by condensing a bulky primary amine containing a 

cleavable alkyl group as shown in scheme 3.1.1 B. 

+ 

Scheme 3.1.lB: 
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3.1. 1.1 The synthesis of Mannich bases of totarol 

The general synthesis of the Manni ch base derivatives of totarol was performed as shown in 

scheme 3.1.1.lA. In all reactions, commercially available totarol was reacted with 

parafonnaldehyde and a primary or secondary amine to a give Mannich base de1ivative, in 

which an amino-methyl group substitutes the acidic proton at C-12. 

011 

EtOH, Reflux 

Scheme 3.1.1.lA: The synthesis ofMannich bases oftotarol 

Reaction mechanism 

The mechanism involves the reaction of the resonance-stabilized carbon nucleophile of totarol 

with the prefom1ed imine (iminium salt) to give the resulting Mannich bases (Scheme 

3.1.1.1B). In all the reactions, ethanol was acidic enough to catalyse the dehydration of the 

addition product to give the intermediate iminium ion. Therefore no addition of an external 

acid was required. 

Totaro! 

R1 
r'<f)/ H (±) 

OH H C=N ,.K 2 
"" �

u

'---H 

\( 
'--+--' 

(±) 
-H

Scheme 3.1.1.1B: Reaction mechanism for totarol derived Mannich bases 

OH 

.__,_, 

Mannich base 

Two different classes of Mannich bases were synthesized. The first class was based on 

secondary amines and comprises compounds 44-49. The second class of Mannich bases were 

based on primary amine derivatives and comprise compounds 50-53. In both classes, parallel 

solution phase synthesis was employed. 
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3.1.1.2 Synthesis of Class-I Mannich bases (Compounds 44 -- 49) 

1n this class of compounds, totarol 18 was divided into six carousel tubes. Each tube was then 

treated with 2.0 equivalents of the selected secondary amines (see table 3.1. l .2A), and 2.0 

equivalents of paraformaldehyde in ethanol. The reaction mixture was then allowed to reflux 

for 48 h 
26 

to give the desired compounds 44 - 49 (as shown in scheme 3. l.1.2A). 

44-49 

Scheme 3,l.l.2A: Reagents and Conditions: (a) 2.0 eq. of (CH20)11 • and 2.0 eq. of HNR 'R in EtOH, reflux 

for 48 hr. R & R' "' H. 

Table 3J .1.2A: Synthesized class-I Mannich bases and their synthetic yields. 

Compound 

44 

45 

46 

47 

48 

49 

Amine used 

,r­
HN 

\__ __ 

;---'\ 
HN I\-

\_/ 

42 

% Yield 

80 

74 

71 

51 

68 

61 



Characterisation of Synthesized Compounds 

The 
1
H-NMR spectra of all the compounds closely resemble that of totarol. Noticeable 

similarities include the two singlets at 0.91 & 0.94 ppm due to the methyl (CH3) protons at C­

l S & 19 respectively, a singlet at 1.17 ppm due to the methyl (CH3) protons at the C-20, two 

doublets between 1.35 - 1.36 ppm that belong to the six methyl protons at C-16 and 17, the 

multiplet at 3.25 ppm, due to the CH proton at C-15 and the proton resonances of the fused 

cyclic ring. To avoid repetition, only the main differences in the spectrum will be discussed in 

the following compounds 44-49. 

44 

The molecular formula of compound 44 was determined by analysing its HRF ABMS 

molecular ion at m/z 371.3185208, which was consistent with the theoretical value. 1 H-NMR 

evidence for the structure of 44 was observed by the disappearance of one of the two aromatic 

protons, ,vhich with the other one nonnally appear as two doublets at 6.68 and 7.08 ppm, and 

appearance of a singlet at 6. 73 ppm for the only aromatic proton. The other noticeable 

observation in the 1H-NMR spectra is the appearance of two-diastereotopic protons of the 

aminomethyl group (C-21) as two doublets withJ=l3.72 &J=13.81 Hz, at 3.62 and 3.75 ppm 

respectively, a multiplet at 2.59 ppm due to the 4 methylene protons of the diethylamino 

group and a triplet at 1.08 ppm for the corresponding methyl (CH3) protons. Fmiher evidence 

in suppmi of the product was also observed from the 
13

C-NMR. The spectrum displayed 

distinctive signals at o 57.8, 46.3 and 11 .4 ppm due to C-21, C-22, C-23, and the two terminal 

methyl (CH3) carbons (C-24, C-25) respectively. Furthennore the downfield shift of the signal 

for C-12 from 110.2 ppm in the case of totarol to 120.l ppm confinned substitution at the C-

12 position of 44. Due to the structural similarity of the substituted amines, the general 

structure (Figure 3.1.1.2B), will be used to explain the key spectroscopic indicators as shown

in tables 3.1.1.2B and 3.1.l.2C. 
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Figure 3.1.1.2B: General structure of compound 45-49

Table 3.1.1.2B: Key 1H-NMR indicators of compounds 45-49

Compound 
R H-21 H-22 & 23

I 

4.15, 4.08 ppm, 2d, 
2.59 ppm, m 43 -

J=l 2.24 & 12.25 Hz 

�-

46 I -CH2- 3.53, 3.61 ppm, 2d, 2.46 ppm, m 
I 

J=l3.5 & 13.6 Hz 
�·---· 

3.60, 3.64 ppm, 2d, 
2.54 ppm, br m 47 

J=13.7 & 13.8 Hz 
�-�--

I H-24 &25
I 

2.18-2.05 ppm, m 

1.55-1. 73 ppm, m 

3.73 ppm, t, 

J=4.5 Hz 

48 N-CH3 3.66, 3.58 ppm, 2d, 2.52 ppm, br m 

1-----

49 

'----------

/�-q 
J-ll\ - t-,;- \'\ N 

\_ __ ! // 

\_ ) 
\ 

Cl 

I 

J=l3.4, 13.5 Hz 

3.72, 3.80 ppm, 2d, 

J=13.72 & 13.81 Hz 
2.85 ppm, br s, 

-� ------------

3 .29 ppm, br s, 

I 
i

---·------ I 

Compound 45 was synthesized with the idea of potentially reducing the metabolic 

susceptibility of compound 44. The HRF ABMS of compound 45 indicated an (M+H) ion 

peak at m/z 370.310739 that corresponds to the protonated form of the molecular formula of 



C25H39NO. Due to the core structure similarity with compound 44-53 only the noticeable 

differences in the NMR spectra will be discussed in detail. 

As can be seen from table 3.1.1.2B, the 1H-NMR of compound 45 revealed two doublets at 

4.15 and 4.08 ppm with a coupling constant 12.24 / 12.25 Hz, confinning the formation of the 

aminomethyl group. There was a distinct shift of the doublets due to the diastereotopic 

protons at C-21 from around 3.60 ppm in the other compounds to 4.01 ppm, with a lower J 

value (12.60 Hz) in compound 45. This could be due to the ring strain compared to the other 

compounds. Another characteristic peak is the appearance of the more deshielded multiplet 

around 2.05 - 2.18 ppm that is due to the methylene (CH2) protons at C-24 & 25 in the 

pyrolidine ring. Analysis of the 13C-NMR spectra also reveals the appearance of three distinct 

peaks. One at 55.7 ppm, and two other intense peaks at 53.1 and 23.2 ppm due to the C-21, C-

22/23 and C-24/ 25 respectively. Fmihem1ore the shift of C-12 from 110.0 ppm to a lmver 

field 125.5 ppm confinned substitution at the C-12 position. 

Table 3.1.l.2C: Key 13C-NMR indicators of the class-1 Mannich bases 

Compound# C - 21 C - 22 C - 23 C - 24 C - 25 

44 57.8 46.3 46.3 11.4 11.4 

45 55.7 53.1 53.1 23.2 23.2 

46 62.7 53.7 53.7 25.8 25.8 

47 62.5 52.8 52.8 66.8 66.8 

48 61.9 54.9 54.9 52.4 52.4 

49 62.09 52.0 52.0 52.3 52.3 

Compound 46 was synthesized using the same procedure described for compound 44 and was 

isolated from the workup as white needle shape crystals. The compound was sufficiently pure 

by 1H-NMR. The HRFABMS of compound 46 showed a molecular ion peak of m/z 

383.3178958 and was found to be consistent with the molecular formula C26H41NO. In 

addition, the elemental analysis results were also within ± 0.4 of the theoretical value: Found 

C, 81.5, H, 10.2, N, 3.6 (Cale. C, 81.4, H, 10.7, N, 3.6). 

The structure of compound 46 was also further confirmed from the 1H-NMR and 13C-NMR

spectra, as shown in tables 3.1.l.2B and 3.1.1.2C. The integration for the multiplet observed 

at d 1.55--1. 73 ppm revealed an additional two protons due to the two methylene (CH2) 
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protons (H-26). Fmihermore, the 1
3C-NMR spectra also displayed an additional distinctive

peak at 24.1 ppm due to C - 26. As with compounds 44 and 45 a downfield shift of the C-12 

resonance from 110.2 to 119.6 ppm was also observed due to the substitution of the amino 

methyl group at the C-12 position. 

1 B 

47 

2.'-

22 

ro 
21 N�24 

H 

l 7 

48 49 

The structure of compound 47 was confinned by different spectroscopic techniques such as 

NMR ( 1H, 
1
3C, COSY, HSQC, HMBC and DEPT), IR, MS and Microanalysis techniques.

The HREIMS of compound 47 showed a molecular ion peak (M
+
) at m/z 385.29876, which 

cmresponds to the molecular fomrnla C25H39NO2. 
1
H-NMR analysis of compound 47 (table

3.1.1.2B), shows a relatively deshielded triplet at d 3.73 (J = 4.5 Hz) for H-24 & 25. This is 

due to the presence of the m01vholine oxygen. The 
1
3C NMR also displayed distinct peaks at

66.8, 62.5, and 52.8, due to (C-24, 25), C-21, (C-22, 23) respectively. In a similar trend with 

compounds 44-46, the C-12 peak was observed at a lower field (118.6 ppm), confirming the 

:c-ubstitution at this position. 

Compound 48 was synthesized using similar procedures described for compounds 44-47. Its 

structure was confim1ed using different spectroscopic techniques. The HREIMS of 48 showed 

a peak at m/z 398.32995, which con-esponds to the protonated molecular ion peak for the 

fornrnla C26H42N2O. Elemental analysis of the compound reflected the correct molecular 

fornrnla, C, 78.2, H, 10.63, N, 7.06 (Cale. C, 78.3, H, 10.6, N, 7.0). 
1
H-NMR spectrum 

displayed a broad singlet at d 2.52 due to the piperazine protons, and a singlet peak at 2.30 

ppm due to the N- substituted methyl (CH3) protons in addition to those outlined in the table 

3.1.1.2B. Fmiher more, the 
13

C NMR spectrum also displayed a distinctive peak at 45.9 ppm 

due to the N-substituted methyl carbon (C-26), in addition to the characte1istic 13C peaks 

outlined in table 3.1.1.2C. 
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Compound 49 was synthesized with the aim of introducing a 7-chloro-4 arninoquinoline 

structure as a tenninal amine in the torarol-derived Mannich base. This was to explore the 

combined effect of the natural product totarol and the known antiplasmodial activity of 4-

aminoquinolines. 

12 

H-1� & 19 

II- I I 

H-12 
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✓ 
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---H-11 

9 B 7 6 5 4 3 2 1 -0 I" 

Figure 3.1.1.2C: lH-NMR comparison of compound 49 with the starting material to taro I 
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The HREIMS of compound 49 showed peaks at m/z 546.32538 corresponding to [M(35Cl) + 

Ht and at m/z 5483 COlTesponding to [M(37Cl) + Hr (relative ratio3:l respectively), which 

were consistent wi1h the molecular formula C34H44CIN30. The 1 H-NMR spectrum of 

compound 49 shmvs a split of the piperazinyl protons into two different resonances at 2.85 & 

3.29 ppm, unlike in the case of c0mpound 48 which were observed as one broad singlet at 

2.52 ppm. This could be due to the conjugation of the lone pair electrons of the N atom with 

the aromatic aminoquinoline in 49, thus affecting the two-methylene protons directly attached 

to that N atom of the piperazine. Other most striking signals were the five additional aromatic 

resonances due to the aromatic quinoline. The 13C-NMR evidence in support of the structure 

of 49 includes the appearance of the 9 carbon signals in the aromatic region of the spectra. 

To improve the solubility of compounds 46, 47 and 48, hydrochloride salts of these 

compounds (46b, 47b, and 48b) were synthesized by dissolving 30 mmol of the Mannich 

bases in 2 - 3 ml of diethyl ether, cooled to O 0
c and treated drop wise with stoichiometric 

amount of cold methanolic hydrochloric acid (2 M). The resulting precipitate was then filtered 

and dried 105. The structure of the compound 46b was confim1ed by the apparent downfield 

shift to 3.15 ppm in the resonance of protons 22 and 23. The analogous resonances in parent 

compound 46 appeared at 2.46 ppm. Similar to compound 46b, the 1H-NMR of compound 

47b also showed a downfiel<l shift to 3.90 ppm in the resonance of protons 22 and 23 (2.54 

ppm for the parent compound 47). Comparing the 1 H-NMR of compound 48b with 48, similar 

dL'wnfield shifts were seen for protons 24 and 25, and additionally for protons 22 and 23. This 

is due to the additional basic nitrogen present in 48. The 13C-NMR of the compounds (46b-

48b) did not show any significant difference from their coresponding parent compound. 

46.b 4'7h, 
i ._, 

48b 

48 



3.1.1.3 Synthesis of Class-II Mannich bases (Compounds 50 - 53) 

In an effort to explore the effect of the nature of the amino group (secondary verses tertiary) 

and to improve the solubility and dogP properties of the compounds, a series of primary 

amine-derived Mannich bases (50-53) were synthesized as shown in scheme 3.1.1.3. To avoid 

the cross condensation reaction of the secondary Mannich base products, explained in section 

3.1.1, the number of equivalents of the primary amine and paraformaldehyde were increased 

by 2 fold. Increasing the amounts of primary amine and paraformaldehyde led moderate to 

good yields of secondary Mannich bases. Moreover, no side reactions were observed from the 

TLC. 

OH 

a 

H 
N, 

R 

OH 

50-53

Scheme 3.1.1.3: Reagents and Conditions: (a) 4.0 eq. of (CH2O)n, and 4.0 eq. ofNH2R in EtOH, reflux for 

48 hr. 

Table 3.1.1.3: Synthesized primary amine derived Mannich bases and their synthetic yields 

Compound# 

50 

51 

I 
52 

53 

Amine used 

I 
H2 N� N-....__ 

( 
H2 N �N

'-..../ 

HN i3 2
�N N 

H � /, 

� Ii 

Cl 

H2 N � 
OH

49 

Percentage yield 

72 

80 

86 

65 

I 



The LREIMS of 50 indicated a molecular ion at m/z 401.4 ( calc11lated M+ 400.34536) that 

corresponded to the (M+Ht peak of a molecular formul& of C26H44N2O. Results from the 

elemental analysis of 50 were also within the ± 0.4% limit from the calculated values. The 

NMR data of the compound closely resembled that of totarol and only the main differences 

will be highlighted. 
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50 

The key 1 H-NMR evidence in support of the structure 50 was the appearance of a singlet for 

the aromatic proton resonating at 6.76 ppm, two doublets due to the amino methyl protons 

resonating at 3.82 ppm (J=l3.5 Hz) and 3.88 ppm (J=l3.4 Hz) two singlets at 2.'.W and 2.16

ppm due to the two tenninal methyl protons of the side chain amine. Further evidence for the 

structure of 50 was provided by the presence of two distinct signals in the 13C-NMR at 8 53.6 

and 45.7 ppm due to the C-21 and (C-25/26) respectively. Another characteristic indicator is 

the shift of the C-12 signal from 109.9 in case oftotarol to 120.9 ppm, due to the substitution. 

51 

Consistent with the molecular fonnula of compound 51, the LRFABMS analysis gave a peak 

at m/z 429.6 (calculated M
+ 

428.37666), which corresponds to the (M+Ht peak of the
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compound. Elemental analysis results of the compound were also found to be within the ± 

0.4% limit from the calculated values. As can be seen from table 3.1.1.3, the structure of 51

closely resembled that of 50. Therefore to avoid repetitions, only the main differences in the 

spectrum will be discussed. 

The most striking signals include the presence of a multiplet at 8 2. 74 ppm which was 

assigned to H-7a & H-22, a multiplet at 8 2.49 ppm due to the resonance overlap of H-24, H-

25 and H-26, another multiplet at 1.67 due to H-23, which overlapped with the multiplets of 

the fused ring protons corresponding to H-2 and H-6�. The most noticeable difference in the 
1 H- NMR was the appearance of a triplet at 1.02 (J=7.2 Hz) due to the tenninal methyl (CH3)

protons of the side chain amine. Furthem1ore, the 1 3C-NMR spectrum also displayed 6 distinct

peaks at 53.4, 51.3, 47.8, 46.9, 27.5 and 11.7 ppm, due to C-21, C-22, C-24, (C-25/ 26), C-23, 

and (C-27 / 28) respectively. 

H 
N�NH

OH 

52 

Cl 

The LREIMS of compound 52 indicated peaks at m/z 520.4 (calculated 519.30164) and 522.4 

(relative ratio of 3:1 respectively), conesponding to [M(35Cl) + Ht and [M(37Cl) + Hr ions 

respectively and were consistent with the fonnula C26H44N20. Results from the elemental 

analysis of the compound were also consistent with the structure 52 and were within ± 0.4% 

of the calculated value. To avoid the repetition of the totarol signals, only the main differences 

in the spectrum will be highlighted. 

The key 1H-NMR evidences in support of the structure 52 were, the appearance of the 

additional five noticeable proton resonances in the aromatic region due to the protons from 

the quinoline ring; the two doublets resonating at 4.03 (1=16.8 Hz) and 3.97 (J=16.8 Hz) ppm, 

corresponding to the two diasterotopic protons of the amino methyl group and the two triplets 
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resonating at 3.42 and 3.17 ppm due to the two methylene protons of the side chain amine. 

Other characteristic indicators include disappearance of the two doublets corresponding to the 

aromatic proton of totarol due to substitution at the C-12 position and the appearance of a 

singlet at 6. 77 ppm due to the unsubstituted aromatic proton of the totarol backbone. Further 

evidence from 
13C-NMR indicate the presence 9 additional carbon resonances in the aromatic

region corresponding to the quinoline carbons and other three distinct signals at 50.2, 49.5 & 

40.1 ppm due to C-21, C-22 & 23 respectively. 

53 

The same method used to synthesise other compounds was employed to synthesize compound 

53. However, the reaction was relatively slow and didn't go to completion over 52 hrs.

Evidence in supp01i of the structure of 53 came from the 1H-NMR. In addition to the singlet, 

which appeared in all the Mannich bases at around 6.77 ppm due to the aromatic proton, the 

two doublets at 3.93 ppm (J=l3.70 Hz) and 3.90 ppm (J=l 3.81 Hz) due to the two­

diastereotopic protons of the aminomethyl group (H-21 ). Other noticeable signals include the 

appearance of a triplet signal (.!=5.1 Hz) at 83.77 due to the methylene protons at the carbon 

directly attached to the terminal hydroxyl group (H-23) and a triplet signal at 2.84 (J=5.1 Hz) 

due to the methylene protons at C-22. Other supp01iing evidence for the structure of 53 is the 

appearance of the three distinct signals in the 13C-NMR spectra at 8 61.4, 53.0 and 50.3 ppm 

due to C-23, C-21 and C-22 respectively. Furthennore a shift to a lower field (120.4) in the 

resonance of C-12 was also observed, signalling the substitution at the C-12 position. 
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3.1.2 The synthesis of �-Amino alcohol analogues of Totarol 

Totaro! 
65 

OH 

O�NHR 

67 66 

Scheme 3.1.2: Synthesis of totarol derived f>-amino alcohols (55-58) 

The method used for the synthesis of the target �-amino alcohols involved opening of an 

epoxide with primary amines (Scheme 3.12). As already mentioned, based upon the results of 

preliminary biological evaluation of synthesized Mannich base derivatives, only selected 

primary amines (See table 3.12A) were used in the epoxide ring opening reaction. 

Tabl� 3.1.2A: Synthesized primary amine derived Mannich bases and their synthetic yield. 

Compound No. 

55 

56 

57 

58 

Amine used 

I 
H 2 N � N '-----

( 
H 2 N � N '-..../

N
N

�

B 

'\- ' l\ 
H � I, 

� I 

Cl 

H2N �OH

53 

% Yield 

68 

75 

65 

I 

54 



Characteri�!_l.tion of totarol derived J3-amino a1cohoJ.� 

55 56 

OH H 
O�N�OH

58 

Compound 55 was s111thesized in a relatively good yield. The HREIMS of the compound 

shows (M+H) ion peak at m/z 445.38028. which was consistent with the structure 55.

Characteristic peaks in 1 H NMR spectrum are outlined in table 3.12B, in addition to the 

totarol core structure protons. 

Table 3.1.2B: Key lH-NMR indicators of compounds 55-58

I fype of-1-------- Compounds 

Proton 55 

L
56 57 

Ii�2J·a 4.01� dd .. J� 5.23� i 4.01� ddd-�--�r:2�4,
-----·------·-

58 

- -- - - - -

4.0L dd. J=S.68. 
I 

9
_J_

4 
____ 

-
---- _

1

1 : s.2,, 9 24

r H-21b-- 3.04. dd . .!�5.42. .90. do-,_
-J--c:,--_-30-.

---1 3-97- 111 2·3 

9.34 .25 

I , I
I 

, 
--+ I H-22 I 4.10. m ! 4.08. rn 4.16. 111 4.21. rn 

! --------�_J__ __________________ .J _____ �--------- -�-------- ----- -------------, 
IL1,3 1,y··- di'-<·,,-
1 ,,·"-- a i �- 1, , ., J--J.IYJ, 

! I 

; : 1231 
I I 
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The n:olccular fornmla C30Hs::1'h01 of Compound 56 was confirmed by its HREIMS, which 

displayed a mo1ecu1ar (M') ion peak at rn/z 472.39678. The 1 H-NMR spectra revealed the 



appearance of a multiplet at 4.08 ppm due to H-22, a multiplet at 2.92 ppm due to H-23a, and 

a triplet ( J=7.15 Hz) due to the methyl (CH3) protons of the tenninal amine. Fmihermore, the 
13C-NMR also displayed the characteristic peaks outlined in table 3.1.2C.

Table 3.1.2C: Key 13C-NMR indicators of compounds 55-58

Type of carbon 

C-21

C-22

C-23

55 

70.5 

68.1 

52.9 

56 

70.3 

68.5 

52.3 

57 

70.1 

68.7 

51.9 

58 

70.4 

69.5 

51.9 

The HREIMS of compound 57 gave peaks at m/z 564.96513 and 566.9, for both [M(35Cl)t

and [M(37Cl)t which reflects the molecular ion peaks for the fonnula C34H46ClN3O2. In

addition to the key indicators in the 1H-NMR spectral data outlined above, other noticeable

proton resonances include the five additional peaks in the aromatic region due to the protons 

of the quinoline ring. Furthermore, the 13C-NMR also reflects the aromatic carbons, in

addition to the key 1
3C signals outlined in table 3.12C. The HREIMS of compound 58 showed

a molecular ion peak at m/z 403.30164 and was consistent with the calculated values. As with 

the other compounds, 1H and 13C-NMR also reflected the characteristic peaks outlined in table

3.12B and 3.12C.
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3.1.3 Synthesis of the semicarbazone derivative of totarol 

The semicarbazone derivative of totarol was one of the targeted compounds synthesized. As 

explained in chapter II, section 2.4.3, this class of compounds has a rich history in the area of 

chemotherapy of different infectious diseases. 

a b 

68 

d 

59 70 

Scheme 3.1.3A: Reagents and conditions: (a) 1.5 equiv. ofNaH, DMF, stiffed at O 0c, 1.0 equiv. Mel, r.t., 

N2 , 14 hr (b) 2.0 equiv. ofCH 3COCl, 4.0 equiv. ofTiC14 , CH2Cb, 0 °c, 30 min. (c) 5.0 equiv. ofBBr3 , DCM, 30

min, r.t. (d) 2.0 equiv. ofNH2CONHNH2 , 2.0 equiv. ofNaOOCCH3 , EtOH, reflux, 50 hr. 

The synthesis of the semicarbazone derivative 59 was achieved via an intermediate ketone 70 

obtained through an acid catalyzed acylation of the 13-methoxy totarol 68 (scheme 3.1.3A), 

followed by demethylation of 69 with BBr3 and subsequent treatment of the resulting ketone 

(12-Acetyltotara-8,11,13-trien-l 3-ol) with semicarbazide hydrochlmide in the presence of 

d. . h 1 1sso mm acetate, m et ano . · 

The mechanism for the acid c:i.talysed acylation of 68 could be explained as follows (Scheme 

3.1.3B). The Lewis acid (TiCl4) ch elates with lone pair of electrons of the oxygen atom in the 

methoxy group and that of the carbonyl oxygen tci form a tetrahedral complex 71 containing 

the methoxy totarol and the acetyl chloride as part of its ligands. This creates a more positive 

centre at the carbonyl carbon and initiatei; a nucleophilic attack by the aromatic electrons in to 
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the carbonyl carbon to give a six membered intennediate 72, which upon hydrolysis with 

aqueous ammonium chloride gives rise to the methylated ketone 69. 

13-Methoxy totarnl
71 72 

69 

Scheme 3.1.3B: Mechanism for the formation of the intermediate ketone

()'----­Me

The HREIMS analysis of compound 59 showed a molecular ion peak at m/z 385.27294 and 

was consistent with the molecular fonnula C23H35N3O2. The 1 H-NMR spectrum of the 

compound closely resembled that of the totarol, where noticeable similarities include the 

isopropyl group signals, the five methyl signals and the proton resonances of the fused cyclic 

rings. To avoid repetitions, only the main differences in the spectrum will be discussed. 

The most noticeable differences in the 
1
H-NMR spectrum include the singlet peak resonating 

at o 11. 10 ppm due to the I-I-bonded proton of the hydroxyl group, a singlet at 8.53 ppm due 

to the' proton of the NH at position 23, a singlet at 7.22 ppm due to the aromatic proton, a 

broad singlet at 5.35 due to the two terminal NH protons and a singlet at 2.31 ppm due to the 

substituted methyl protons at C-21. 
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Figure 3.1.3: Comparison of 
1
H-NMR spectrum of the intermediate compounds 69 and 70 
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3.2.1 Synthesis and characterization of 2-isopropyl phenol derivatives 

In order to explore preliminary structural-activity relationship (SAR) studies of totarol with 

respect to the role of the diterpenoid backbone and the isopropyl group, a series of simplified 

Mannich base and P-amino alcohol analogues of 2-isopropyl phenol 40 were synthesized. In 

this group of compounds only primary amine derivatives were synthesized. 

3.2.1.1. Mannich base derivatives 

Oy 
40 

H 

H I 
N�N

........._ 

73 

R 

Scheme 3.2.1.1: General procedure for the synthesis of the Mannich base derivatives of 2-isopropyl phenol. 

Reagents and conditions (a) 4.0 equiv. of(CH2O)n, 4.0 equiv. ofNH2R, EtOH, reflux,65 °c, 13 hrs, R i- H.

These simplified Mannich bases were synthesized usmg the standard Mannich reaction 

employed for synthesizing their totarol counterparts; as shown in scheme 3.2.1.1. The rate of 

the reaction was temperature dependent and reactions conducted in methanol (refluxed at 65 
0c) were relatively slower than reactions done in ethanol (85 °c). This is could be due to the

increased concentration of the intermediate species (iminium ion 62) with the increase in 

temperature. 

The structure of compound 74 was confirmed by using various spectroscopic methods such as 

MS, NMR, IR and elemental analysis. The HREIMS analysis of compound 74 showed a 

molecular ion peak at m/z 250.20122 and was consistent with the molecular formula 

C1sH26N2O. The 1 H-NMR evidence in support of the structure of 74 include the appearance of 

a broad singlet at 8 3.97 ppm due to the methylene protons (H-10) and a multiplet signal at 

3.33 ppm due to H-7, and a singlet resonating at 2.22 ppm due to H-14/15. Results from the 
13C-NMR also revealed two distinct signals at 8 57.9 and 27.l ppm, due to C-10 and (C-

15/14) respectively. Furthennore, the C-6 signal was relatively deshieldcd due to the 

substitution of the amino methyl grnup at the C-6 position. 
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The HREIMS analysis of compound 75 showed a molecular ion peak (M
+
) at m/z 278.23897

and was consistent with the molecular formula of the molecule Cl7H30N20. Since the proton 

NMR of compound 75 closely resembled that of compound 74, only the main differences in 

the spectrum wil 1 be discussed. 

H 12 

(,16 

10 
N�N

--._,/
17

C 

11 13 14 

H--10 

Figure 3.2.1.1: lH-NMR spectrum of compound 75 

H-13,14,15 H-16/17

1/ 
I 

Tn addition to the characteristic peaks indicated above for compound 74, other important 

proton resonances (Figure 3 .2.1.1) of compound 75 include a triplet (1=6.57 Hz) at 2. 73 ppm 

due to H-1 La quartet (J=7.20 Hz) at 2.59 ppm due to the four protons at H-14 and 15 and a 

triplet tJ=7.25 Hz) at 1.05 ppm due to the tem1inal methyl protons (H-16 and 17) of the 

nm;ne. This was also suppmied by the appearance of two additional peaks at 11.0 ppm due to 

C- 16 and 17, in the 13C-N7vfR spectrum.
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76 

The formation of compound 76 was confirmed by the analysis of HREIMS results, which 

showed a peak at 383.15363 and at 385.1 at a relative ratio 3:1, coresponding to the two 

molecular ion peaks belonging to [M(35Cl)t and [M(37Cl)t of the compound C21H24ClN3O. 

Other supporting evidence for the structure 76, comes from the 1H-NMR, in addition to the 

characteristic broad singlet at 4.07 ppm due to the amino methyl protons (H-10), it also 

showed five other distinct aromatic proton resonances: d (J=5.7 Hz) at o 8.35 ppm due to the 

H-2', d (J=8.96 Hz) at 8.05 ppm due to H-5', d (J=2.2 Hz) at 7.78 ppm due to H-8', a dd

(J=9.0l, 2.20 Hz) at 7.40 ppm due to the H-6' and a d  (J=5.7 Hz) at 6.5 ppm due to H-5'. 

Furthermore, the 13C-NMR also reflected additional 9 distinct peaks at the aromatic region. 

� 0 H 

77 

Unlike compounds 74-76, the rate of the reaction was relatively slow, as observed with the 

synthesis of the totarol derived Mannich base analogue (53). However, compound 77 was 

obtained in a moderate yield of 60 %. 

The HREIMS results for compound 77 show a molecular ion peak at m/z 209.13771, in 

support of the molecular formula C12H1 9NO2. The key proton NMR evidence include a singlet 

peak at 4.92 ppm due to the two hydroxyl protons, a singlet at 4.34 ppm due to NH proton, a 

characte1istic broad singlet at 4.10 ppm due to H-10, and two triplets at 3.73 and 2.87 ppm 

due to the methylene protons at H-12 and 11 respective] y. 
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78 

To explore the effect of the isopropyl group of totarol, a 2-ethyl-phenol derived Mannich base 

78 was synthesized. Compound 78 was obtained in a moderate yield (65 %). The HREIMS 

indicated a molecular ion peak at 264.22045 ppm, which is in agreement with the molecular 

fomrnla C 16H28N20. Due to the similarity with compound 75, only the key differences in the 

1 H-NMR spectrum will be discussed in detail. Key proton signals for the formation of

compound 78, were the appearance of a broad singlet at 3.96 ppm due to the amino methyl 

protons (H-9), and the absence of the multiplet signal of the isopropyl proton that is generally 

present in all the other compounds around 3.33 ppm. Furthem1ore the 13C-NMR spectrum also

displayed a decrease in the intensity of the peak at 22.87 relative to that of compound 75 due 

to the removal of one carbon from the overlapped resonance in case of the other compounds. 

3.2,1.2 �-Amino alcohol analogue 

► 

79 80-83

Scheme 3.2.l.2A: Rcz,gents and conditions: (a) 3.0 (equiv. ofNaH, DlvIF, 0 °c and 5 equiv. ofl-Cl-2,3-epoxy 

propane, r.t., 3hr. (b) 4.0 eqL1iv. ofl','H2R, EtOH, reflux, 3hr. 
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The �-amino alcohol derivatives were synthesized via an intermediate epoxide 79 obtained by 

treatment of the 2-isopropyl phenol with NaH in DMF at O 0
c and subsequent reaction of the 

resulting salt with epichlorohydrin at room temperature (Scheme 3.2.1.2A) 
78

. The reactions

were relatively faster than those of totarol, as they were completed within 3 hrs. 

Epichlorohydrin has three electrophilic centres (indicated as 1, 2 & 3 in scheme 3.2.1.2B). 

Therefore a nucleophilic substitution could potentially occur at different sites depending on 

the reaction conditions. 

I. An attack of the phenoxide anion at C-1 to generate epoxides (i) and or (ii) m a

substitution nucleophilic bimolecular (SN2) fashion.

II. An attack of the phenoxide anion at C-3 to produce an alkoxide intermediate followed

by intra molecular SN2 displacement of Cl to effect cyclization to the same epoxide

[(i) or (ii)].

III. An attack of the phenoxide anion at C-2, to produce another alkoxide intermediate

followed by an intramolecular displacement of Cl to give oxetane (iii) derivatives.

Cl� RO �O 

and/or 
RO �O 

I.

l + epoxide (i) epoxide (ii) R-ONa
+ NaCl

II. 

Cl� 
��OR epoxide (i) and/or (ii) 

- + + NaCl R-ONa

�o

e,�oN: 
R0---00 + NoCI 

III.
Cl

C 
+ 

O R R-ONa 

Scheme 3.2.1.2B: General structure of the epoxides (i) and (ii) and the oxetane (iii) 79 

63 



The regiochemistry of epoxy alkyl halide reactions depend upon solvents used. Aprotic 

solvents lead to type I nucleophilic attack. Alcoholic solvents lead to a type II attack due to 

the weakening of the C-O bond as a result of H-bonding. In the presence of an acid the 

oxygen of the epoxide is protonated ( or complexed to Lewis acids), resulting in preferential 

attack at the secondary C-2, where the developing positive charge is better stabilized. 106-107

The structure of the intermediate epoxide 79 was confirmed using 
1
H-NMR, 13C NMR as

shown in figure 3.2.1.2A and 3.2.1.2B respectively. 
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Figure 3.2.1.2A lH-NMR spectrum of the intermediate epoxide 79
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I

C-5/3
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C-4

C-6

C-10

C-11

Figure 3.2. l.2B: 13C-NMR spectrum of the intermediate epoxide (79)
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The procedure for the synthesis of compounds 80 - 83 from the epoxide intermediate was 

similar to that described for the synthesis of the �-amino alcohol derivatives of totarol. 

However, the rate of the reactions was faster relative to that observed for totarol derivatives. 

This could be due to the steric hindrance of the hydroxy group by the neighbouring isopropyl 

group in the case of totarol. It is well known that the hydroxy group of totarol is structurally 

hindered by the isopropyl group as a result of a non-bonding interaction between the methyl 

protons of the isopropyl group and the methylene protons at position C-7 in totarol 64
. All the 

compounds synthesized were extremely polar and were purified using the solvent system 

DCM:MeOH:Et3N in a ratio of 80:20: 1 respectively. 

Table 3.2.1.2A: Synthesized primary amine derived amino alcohols and their synthetic yield 

Compound# 

80 

81 

82 

83 

Amine used 

I 
H2N�N

......___ 

( 
H2N �N

-....../ 

H,N�i3 
N � N 
H I, 

� ;j 

Cl 

H 2N �
OH 

% Yield 

63 

70 

62 

60 

Compound 80 was synthesized in a moderate yield ( 63 % ), and its structure was confirmed by 

spectroscopic means. The HRFABMS result showed (M+Ht peak at m/z 295.21323 which is 

consistent with the molecular formula C17H30N202. The 1H-NMR evidence for structure 80

include the appearance of a multiplet at o 4.10 ppm due to the proton at the chiral centre (C-

11 ), a double doublet (J=5.23 and 9.34) at 4.01 ppm due to H-l0a, a double doublet (J=5.42, 

9.34) at 3.94 ppm due to H-l0b, a double doublet (J=l2.31, 3.80 Hz) at 2.91 due to H-12a, 

and a multiplet at 2.75 ppm due to overlapped resonances of H-12a and H-13 protons. 

Furthermore 13C-NMR also shows three distinct peaks at 70.5, 68.1, 52.9 ppm due to C-10, C-

11 and C-12 respectively. 
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Figure 3.2.1.2C: Comparison of 1H-NMR spectrum of compound 81 and the epoxide intermediate 

The HREIMS analysis of compound 81 revealed a peak at m/z 323.27541 which was 

consistent with the (M+Ht ion of the molecular formula C 19H34N2O2. The 1H-NMR spectrum

of the compound resembles that of compound 80 and its structure was confirmed by the 

characteristic 1H NMR resonances given in table 3.2.1.2B. Furthermore the 13C-NMR also

displays the key 13C resonances outlined in table 3.2.1.2C.
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Table 3.2.1.2B: Key 1 H-NMR indicators of compounds 80-83

Type of 
80 

Proton 

H-l0a 4.01, dd, 1=5.23, 

9.34 

H-l0b 3.94, dd, 1=5.42, 

9.34 

H-11 4.10, m 

H-12a 2.91, dd, J=3.80, 

12.31 

H-12b 2.75,m, 

81 

4.01, dd, 1=5.22, 

9.26 

3.95, dd, 1=5.22, 

9.24 

4.09, m 

2.90, dd, J=3.78, 

12.19, 

2.79, dd, 1=7.53, 

9.24 

82 

4.01, m 

4.24,m 

3.00, dd, .T=3.76, 

12.29, 

2.93, dd, .T=7.51, 

12.17 

83 

4.00, dd, J= 5.30, 

9.44 

3.94, m, 1=5.30, 

9.44 

4.01, m 

2.93-2.75, m 

The HREIMS of compound 82 showed a molecular ion peak (M
+
) at m/z 413.18776 which is 

consistent with the molecular formula C23H28ClN3O2. In addition to the 1H-NMR indicators

outlined in table 3.21B2, other important features include the five additional peaks in the 

aromatic region due to the protons of the aromatic quinoline in the amine side chain. 

Furthermore, the 13C-NMR also displayed eight additional peaks in the aromatic region

besides the three characteristic peaks given in table 3.2.1.2C.

Table 3.2.1.2C: Key 13C-NMR indicators of compounds 80-83

Type of carbon 80 81 82 83 

C-10 70.5 70.5 70.3 70.5 

C-11 68.1 68.3 68.9 68.6 

C-12 52.9 52.0 51.8 52.0 

As with the first three compounds, compound 83 was obtained in a moderate yield (62 %). 

The HREIMS of this compound showed a molecular ion peak M
+ 

at m/z 253.15273, which 

\Vas consistent with the molecular formula C 14H�3NO3. The structure of the compound was 

further confirmed using the 
1
H and 

13
C-NMR spectra, as outlined in table 3.2.1.2B and table 

3.2.1.2C. Unlike all the other P-amino alcohols synthesized, each signal in the 1H NMR
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integrated for two protons, which could be due to the existence of an intramolecular H-bonded 

confomiation. 

Figure 3.2.1.2D 1
H-NMR spectrum of compound 83
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CHAPTER FOUR 

BIOLOGICAL RESULTS AND DISCUSSION 

4.1 In vitro antiplasmodial activity and cytotoxicity of totarol 

Totarol has been reported to possess a marked antiplasmodial activity against both CQ­

sensitive (D 10) and CQ-resistant (Kl) strain of P. falciparum. It has also been shown that the 

Kl strain is almost twice more sensitive to totarol than Dl0 (table 4.1). Moreover, its 

cytotoxic assays revealed its significant selectivity towards parasite cells 78
. The in vitro 

cytotoxicity of totarol has also been previously reported 
74

. 

Table 4.1: In vitro antiplasmodial activity and cytotoxicity of totarol 78 

I Cso µgmr I (µM)

Compound 
DlO Kl 

OH 

2.15±0.18 1.23 ± 0.15 

(7.50 ±0.20) ( 4.29 ± 0.25) 

Selectivity Index (SI)= IC50 (CHO)/ IC5o (Kl) 

Resistance index (RI)= ICso (Kl)/ ICso (D10) 

CHO 

48.79±0.96 

(170.46±25.78) 

(CHO) a mammalian Chinese hamster ovarian cell used for the cytotoxic assay. 

SI 

39.66 

4.2 In vitro antiplasmodial activity of Mannich base derivatives of totarol 

Methodology 

RI 

0.57 

All in vitro biological tests of the synthesized compounds were performed by the 

pharmacology department, University of Cape Town and the preparation of the parasite 

cultures (Dl0 and Kl) were conducted using a modified method of Trager and Jensen 108
. All 

samples were tested in duplicate on a single occasion against a CQ-sensitive strain (D 10) of 

the parasite. Compounds more active against the D 10 strain were also tested against the Kl 

strain of the parasite. The parasites were continuously cultured, and parasite Lactate 

Dehydrogenase (pLDH) assay was then used to determining their in vitro antiplasmodial 

activity as described by Makler 109
. The pLDH assay is one of the commonly used assays for 

in vitro determination of antiplasmodial activity 
110

. The average percentage parasite viability 

was then dete1mined as three different concentrations. 
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All compounds were dissolved in 10% methanol (MeOH). The initial stocks were then diluted 

with water to reach a concentration of 20µ1/ml. The samples were kept at -20°C until use. All

samples were diluted to 2000ng/ml in complete medium on the day of the experiment which 

was further diluted to give 1 O concentrations; with the lowest concentration (highest 

concentration of solvents) being l.953ng/ml in which the parasites were exposed to had no 

measurable effect on the parasite viability. In all the experiments Chloroquine was used as a 

positive control and a full dose-response was done on the most active compounds. The 50% 

inhibitory concentration (IC50) values were obtained from the dose-response curves, using a 

non-linear dose-response curve fitting analyses via Graph Pad Prism v.2.01 software. 

Table 4.2A: In vitro antiplasmodial activity of the Mannich base compounds against D10 

% Parasite Survival 

Compound ICsong/ml 

2000 ng/ml 1000 ng/ml 500 ng/ml 

50 9.53 10.64 18.69 191.43 

51 5.00 11.69 13.34 136.14 

52 9.27 16.44 31.06 33.57 

53 9.92 14.05 21.08 131.83 

45 2.92 12.21 16.24 138.04 

46 88.00 99.74 99.36 -

47 104.53 113.23 109.27 -

48 41.33 118.18 119.42 -

Out of the 14 compounds (Mannich bases) tested against P. falciparum D10 (CQs), five

compounds showed promising antiplasmodial activity and were tested against P falciparum 

Kl (CQR). However, all of the compounds appear to be slightly less active against Kl than

against D10. The same initial stock were used both for the D10 and Kl experiment, and the 

Kl experiment were performed 2 weeks after the initial stock was made up. Hence, the 

reduced activity could be due to the compounds being unstable in solution. The difference in 

activity against Kl and D10 is only about two fold for most of the compounds. This could be 

due to experimental error, as the percentage parasite viability would differ slightly from day 

to day. The difference between Kl and D 10 CQ sensitivity is about tenfold, so the compounds 

do not appear to follow a CQ-resistant pattern. Alternatively, the compounds may just be less 

active against a CQ-resistant strain. Nevertheless, a trend in activity can still be observed 
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within the different groups of compounds. Out of the compounds tested, the most active were 

50, 51, 52, 53 and 45. 

Table 4. 2C: In vitro antiplasmodial activity ofDlO active compounds against Kl 

Compound 
% Parasite Survival 

2000 ng/ml 1000 ng/ml 500 ng/ml 250 ng/ml 

50 16.10 21.70 41.47 -

51 23.87 32.75 59.59 -

52 24.97 62.64 59.63 -

53 27.68 39.62 56.45 -

45 23.48 45.55 61.64 -

Table 4.2B: In vitro antiplasmodial activity of chloroquine (positive control) against D 10 

Compound % Parasite Survival 

30 ng/ml 15 ng/ml 7.5 ng/ml 

Chloroquine 34.96 86.69 90.41 

Table 4. 2D In vitro antiplasmodial activity of chloroquine (positive control) against Kl 

Compound % Parasite Survival 

200 ng/ml 100 ng/ml 50 ng/ml 

Chloroquine 39.75 74.14 79.46 

4.2.1 Structure Activity Relationship 

Replacement of the diethyl amine side chain in compound 44 with pyrolidine in compound 45 

resulted in a drastic change in its antiplasmodial activity. This could be due to the side chain 

pyrrolidine being less susceptible to metabolism than the diethyl side chain as shown in the 

case between amopyroquine and amodiaquine 
25

• The replacement of the terminal diethyl 

amine in compound 44 by both 3-diethyl-propylamine and 3-dimethyl-propylamine in 

compounds 51 and 50 respectively, enhanced its antiplasmodial activity against the 

chloroquine sensitive strain of the parasite. 
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With respect to the study of the role of the diterpenoid backbone of totarol in its intrinsic 

antiplasmodial activity, with the exception of compound 76, an aminoquinoline containing 

compound, none of the 2-isopropyl-phenol derived Mannich bases were shown to possess any 

significant antiplasmodial activity. This demonstrates that, the diterpenoid backbone of totarol 

is not merely acting as a hydrophobic group in its intrinsic antimalarial activity. Moreover, the 

compounds have shown a similar trend in their relative activity as observed for their totarol 

analogues. The compound 76 has shown a significant antiplasmodial activity against the D 10 

strain of the parasite. This could be associated with the activity of the aminoquinoline moiety 

in the structure. However, the absence of this observed activity in its totarol analogues 

suggests that it could also be the resultof a combined effect of the 2-isopropyl phenol and the 

aminoquinoline moiety. Further evaluation is required to give any generalization on this 

specific compound. 

4.3 In vitro antiplasmodial activity of fl-amino alcohol derivatives of totarol 

Previous work by Clarkson 78 and Taconm on fl-amino alcohols has revealed a range of 

potent antiplasmodial compounds. To expand the library of the potent amino alcohols, we 

have synthesized various fl-amino alcohol derivatives of totarol. Based on the result of 

preliminary biological evaluations of the synthesized Mannich base derivatives, only selected 

primary amines derived amino alcohols were synthesized. 

A similar methodology was employed for testing the compounds against a chloroquine 

sensitive strain of plasmodium falciparum (D 10), but Compound 56 and 57 were first 

dissolved in 100µ1 of 100% dimethyl sulfoxide (DMSO)/MeOH. As can be seen from the 

percentage parasite viability (table: 4.3), none of the synthesiszed amino alcohols except 

compound 82 (aminoquinoline containing derivative) from the structural activity relatioship, 

were found to be active against the D 10 strain of the parasite. 
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Table 4.3: In vitro antiplasmodial activity ofthejJ-amino alcohol compounds against Dl0 

Compound % Parasite Survival 

1000 ng/ml 500 ng/ml 250 ng/ml 

55 91.69 115.58 101.82 

56 105.83 107.07 105.85 

57 18.38 24.48 95.41 

58 42.98 91.89 82.79 

80 57.84 63.74 83.98 

81 49.38 76.24 81.39 

82 2.51 0.00 0.69 

83 67.00 77.47 84.37 

4.4 Compliance to Lipinski's Rule 

The factors that have been considered as a primary guide to correlating physical properties 

with successful drug development by previous researchers are; lipophilicity, molecular 

weight, and the number of hydrogen bond donors and acceptors 
112-114

. Lipinski's "Rule of 5"

for oral drugs states that poor adsorption and permeation through membranes and cellular 

structures is more likely when: 

1. There are more than SH-bond donors.

11. More than 10 H-bond acceptors,

111. The molecular weight is over 500 and

1v. The clogP is greater than 5.

According to the Lipinski rule, any drug-like compound which meets any three of the four 

criteria is likely to have good absorption and permeation. Most of the synthesised compounds 

(Mannich bases, Aminoalcohols and Semicarbazon) meet the minimum criteria (Table 4.1.4) 

and have potential to be developed as oral drugs. However, none of them were found to be 

potent against the resistant strain of the parasite. 
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Table 4.4: Compounds 44-59 and their compliance to Lipinski's mle of 5 

i 
Compound 

# 

I 44 

45 

47 
L-------·· 

46 

48 
-· 

L=49 
52 

. 53 
r---

50 
-·---· 

51 

55 
·----------

56 
---·----

57 

58 

�---

[ ___ 59 

Molecular 

fommla 

C2sH41ON 

C25H39ON 

C2sH39O2N 

C26I-l41ON 

C26H42N2O 

C34H44ClN3O 

C32H42ClN3O 

C23H37NO2 

C26H44N2O 

C2sH4sN2O 

C28H4sN2O2 
--· 

C30Hs2N2O2 

C2sH41NO3 

C34I-l46ClN3O2 

C23l135N3O2 

4.5 Conclusion 

Molecular H-bond H-bond

weight 
c LogP 

donors acceptors 

<500 <5 <5 <10 

371.31852 6.688 1 1 

371.31097 6.339 1 1 

383.29806 5.782 1 2 

383.31879 6.844 1 1 

398.32929 5.827 1 2 

546.32538 8.415 1 3 

520.15110 8.051 3 1 

359.5541 5.059 3 0 

400.6511 5.99 2 1 

428.7051 6.744 2 1 

444.37158 5.57 2 2 

472.40288 6.322 2 2 

403.59798 4.638 3 1 

563.32786 7.642 3 2 

385.5521 5.45 3 2 

No. of 

Criteria 

met 
--

At least 

3 

3 

3 

3 

3 

3 

2 

2 

3 

3 

3 

3 

3 

4 

2 

4 

Generally, the secondary amine Mannich bases were shown to possess better antiplasmodial 

activity than the tertiary amine Mannich bases. This could be associated with the improved 

solubility and clogP values of the compounds. Even though, none of the synthesized Manni ch 

bases seems to be as active as the starting material totarol, an important conclusion could be 

drawn from their structural activity relationship. 

With regard w the amino alcohol derivatives of totarol, none of the compounds synthesiszed 

possesses significant antiplasmodial activity. As can be seen from the structure of the 

compounds (56-58), none of the synthesized amino alcohols possess protonatable nitrogen 
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(tertiary amine) at the beta position of the hydroxyl group. This was consistent with previous 

findings in our group 111 
that the presence of protonatable nitrogen at the beta position could 

be a necessary structural feature for high antiplasmodial activity with totarol-derived amino 

alcohols. Besides, weakly basic compounds are likely to become traped in acidic 

compartments due to the existing transmembrane proton gradiant. The semicarbazone 

derivative of totarol also did not show any antiplasmodial activity. 

The difference in the preference of the ammes with respect to the Mannich bases and 

aminoalcohols could suggest differences in the mechanism of action of the respective 

compounds. 
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5.1 General 

CHAPTERS 

EXPERIMENTAL RE SUL TS 

Reactions were monitored by thin layer chromatography on aluminium backed silica gel 60 

F254 plates (Merck) and visualized with a combination of ultraviolet light (254 nm) and either 

anisaldehyde spray [freshly prepared from a 2.5 % solution of p-methoxybenzaldhyde (20 

cm
3
) and 18 M sulphuric acid (1 cm

3
)] or eerie ammonium sulphate in 8 M sulphuric acid,

followed by heating at 200 °c. Column chromatography and preparative layer 

chromatography (p.1.c) was carried out using Merck Kieselgel 60: 70-230 mesh. 

1 H NMR spectra where recorded on either a Varian Mercury 300 MHz or a Varian Unity

Spectrometer at 400 MHz and are recorded as parts per million (ppm) relative to 

tetramethylsilane (TMS). 1
3C NMR was recorded on the same instrument operating at 75

MHz or 100 MHz with the same internal standard. The following abbreviations were used in 

the 
1
H NMR spectra: s, singlet; d, doublet; dd, doublet of doublet; ddd, doublet doublet

doublet, t, triplet; q, quartet; m, multiplet; J coupling constant and is measured in Hz. 

Infrared spectra were measured in solution form using chloroform or as solids (KBr 

Pellets) or N ujol mulls on a satellite FT-IR spectrophotometer. Melting points were 

determined on a Reichert-Jung Thennovar (temperature range 0-350 °q on cover slips and 

are uncorrected. 

Mass spectra were recorded on a VG (micromass) 70-SE magnetic sector mass spectrometer 

(at Kent, UK). Other mass spectra were recorded in a VG 70SEQ using field regulation 

Electron impact ionisation (EI) mass spectrometry (at Wits University, South Africa). Micro 

( elemental) analysis for C, H, N were performed using a Fison' s Instruments Elemental 

Analyser EA 1108. 

Commonly used solvents were purified and dried accordingly as described in the literature. 

Removal of solvents from the products was achieved by using a Buchi Rotary Evaporator 

under reduced pressure and anhydrous sodium sulphate and anhydrous magnesium sulphate 

were used in the drying of organic solvents after extraction. 
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The following numbering system was used to assign aromatic protons in the quinoline ring 

system. 
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5.2 General procedure for the preparation of 44-49 

R 
I 

N 
'R 

A 0.35 mmol of totarol was added in to a stirred solution of aqueous 

parafonnaldehyde (0.70 mmol) and a primary amine (1 .4 mmol) or 

secondary amine (0.70 mmol) in 2 ml ethanol. The reaction mixture 

was then allowed to reflux for 48 hours at 80 °c. After refluxing for 

48 hr the solvent was removed under reduced pressure and the 

residue was dissolved in dichloromethane (5 ml). The organic solution was extracted with 

dilute hydrochloric acid (0.1 M, 2 x 10 ml). The acidic aqueous phase was basified to 9-10 pH 

and extracted with dichloromethane (3 x 10 ml). The combined organic fractions were washed 

with water (1 x 10 ml), dried over MgS04, filtered and evaporated under reduced pressure.8

Compounds 12-14 were isolated as crystals by filtration and was not required to do the 

workup. 

3-Diethyla minomethyl-1-isopropyl-4 b,8,8-trimethyl-4b,5,6, 7,8,Sa,9 ,1 O-octahydro­

phenanthren-2-ol (44). 

N 21 �4 

12 

17 

Yield (0.10 g, 80%), Rr 0. 78 (Hexane), mp 92-95 °C; Vmax

(Chloroform)/cm- 1 3619 (free OH), 3029 (C-H), 1516, 1427 Ar (C 

= C), 1220 (C-0 or C-N), 1042 (C-0 or C-N), OH (400 MHz. 

CDCh) 6.73 (lH, s, H-11), 3.74 (lH, d, J=l3.72 Hz, H-2la), 3.62 

(lH, d, J=13.81 Hz, H-2lb), 3.24 (lH, m, H-15), 2.94 (lH, dd, 

J�ccI8.0, 5.80 Hz, H-70), 2.74 (lH, ddd, .!=18.0, 10.8 & 7.2, H-7cx), 

1� 1'l 2.59 (4H, m, H-22 & 23), 2.23 (lH, d, .!=12.79, H-10), 1.92 (1H, 

dd, J=13.20, 7.78, H-6a), 1.55 - 1.78 (3H, m, H- 2, 60), 1.47 (lH, d, J= 13.17, H-30), 1.36 

(3H, d, J=7.06, H-17), 1.35 (3H, d, J=7.06, H--16), 1.31-1.20 (3H, m, H-la, 3a and H-5), 1.17 

(3H, s, H-20), 1.08 (6H, t, J=7.2, H - 24 & 25), 0.94 (3H, s, H-18), 0.91 (3H, s, H-19); 8c 

(100 MHz, CDCh) 155.0 (C-OH), 14J.O (C-9), 131.1 (C-8), 130.0 (C-14), 122.5 (C-11), 
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120.1 (C--12), 57.8 (C-21), 49.9 (C-5), 46.3 (C-22&23), 41.8 (C-3), 39.9 (C-1), 37.8 (C-10), 

33.5 (C-4), 33.4 (C-18), 28.9 (C-7), 26.3 (C-15), 25.5 (C-20), 21.8 (C-19), 20.4 (C-16), 20.3 

(C-17), 19.8 (C-6), 19.7 (C-2), 11.4 (C-24&25); [HRMS (FAB) Found: M
+ 

371.31852. 

C15H410N requires 371.31852, Anal. (Cale. C, 80.8, H, 11.1, N, 3.7 Found: C, 80.5, H, 10.4, 

N, 3.7]. 

1-1 sopropyl-4b,8,8-trimethyl-3-pyrrolidin-1-ylmethyl-4 b,5,6, 7 ,8,8a, 9 ,1 O-octahydro­

phcnanthren-2-ol ( 45). 

OH 

Yield (0.09 g, 74 %) as white powder., Rf 0.63 (Hexane), mp 

decompose on heating at 188-190 °C, Vmax (Chlorofonn)/cm-1 3619

(free OH), 3029 (C-H), 1516, 1427 Ar(C = C), 1220 (C-0 or C-N), 

1042(C-O or C-N), 81-1 (300 MHz, CDCh) 6.73 (lH, s, H-11), 4.15 

(lH, d, J=l2.24 Hz, H-21a), 4.08 (lH, d, J=l2.25 Hz, H-210), 

3.24 (1H, m, H-15), 2.94 (lH, dd, J=17.9, 5.80 Hz, H-70), 2.74 

(1H, ddd, J=18.0, 10.8 & 7,2, H-7a), 2.59 (4H, m, H-22 & 23), 2.18-2.05 (4H, m, H-24 / 25), 

2.23 (LH, d, 1=12.79, H-1), 1.92 (lH, dd, ./=13.20,7.78, H-6a), 1.55 - 1.78 (3H, m, H-2 & H-

60), 1.47 (1H, d, J= 13.17, H-30), 1.38 (3H, d, J=7.06, H-16), 1.36 (3H, d, J=7.06, H-17), 

1.31-1.18 (3H, m, H-la, H-3a & H-5), 1.15 (3H, s, H-20), 0.94 (3H, s, H-18), 0.90 (3H, s, H-

19); cSc (75 MHz, CDCh) 155.0 (C-OH), 144.7 (C-9), 131.1 (C-8), 130.0 (C-14), 122.5 (C-

11), 120.1 (C-12), 55.6 (C-21), 53.1 (2C,22 & 23), 49.4 (C-5), 41.4 (C-3), 39.7 (C-1), 37.6 

(C-10), 33.2 (C-4), 33.l (C-18), 28.7 (C-7), 27.8 (C-15), 25.2 (C-20), 23.1 (C - 24 & 25), 21.5 

(C-19), 20.7 (2C-16 & 17), 19.4 (C-6), 19.1 (C-2); [HRMS (FAB) Found: 370.31073. 

C1sH390N requires (M+H): 370.31097, Anal. (Cale. C, 81.2, H, 10.6, N, 3.7 Found: C, 81.4, 

H, 10.9, N, 3.7]. 
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l-lsopropyl-4b,8,8-trimethyl-3-piperidin-l-ylmethyl-4b,5,6, 7,8,Sa,9,l O-octahydro­

phenanthren-2-ol ( 46). 

0
Yield (0.096 g, 71 %) as white crystals, mp 118-121 °C; Rr 0.73 

(Hexane); Vrnax (Chloroform)/cm-1 3619 (free OH), 3029 (C-1-I),

1516, 1427 Ar(C = C), 1220 (C-O or C-N), 1042 (C-O or C-N); 

8H (JOO MHz, CDCh) 6.72 (HI, s, H-11), 3.61 (lH, d, .!=13.72 

Hz, H-21a), 3.52 (1H, d, 1=13.81 Hz, H-21b) 3.24 (IH, m, H-15), 

2.92 (1H, dd, 1=17.9, 5.80 Hz, H-7p), 2.74 (IH, ddd, J=18, 10.8 

& 7.2, H-7a), 2.46 (4H, br m, H-22&23), 2.21 (lH, d, 1=12.07, 

H-1), 1.92 (IH, dd, 1=13.20,7.78, H-6a), 1.73-1.55 (9H, m, H-2, 24, 25, 26 & H-6P), 1.47

(lH, d, J= 13.17, H-3�), 1.35 (3H, d, J=7.06, H-16), 1.3 7 (3H, d, J=7.06, H-17), L31-1.20 

(3H, m, H-la, H-3a & H-5), 1.16 (3H, s, H-20), 0.94 (3H, s, H-18), 0.91 (3H, s, H-19); be 

(75 MHz, CDCh) 155.0 (C-OH), 140.8 (C-9), 133.0 (C-8), 131.1 (C-14), 122.3 (C-11), 119.6 

(C-12), 62.7 (C-21), 53.7 (C - 22& 23), 49.7 (C-5), 41.6 (C-3), 39.7 (C-1), 37.5 (C-10), 33.27 

(C-4), 33.23 (C-18), 28.7 (C-7), 26.7 (C-15), 25.8 (C-24&25), 25.2 (C-20), 24.1 (C-26), 21.6 

(C-19), 20.2 (C-16), 20.1 (C-17), 19.5 (C-6), 19.4 (C-2); [HRMS (FAB) Found: 383.31789. 

C26H410N requires (M
+
) 383.31879, Anal. (Cale. C, 81.4, H, 10.7, N, 3.6 Found: C, 81.5, H,

10.4, N, 3.6]. 

1-Isopropyl-4b,8,8-trimethyl-3-morpholin-4-ylmethyl-4b,5,6, 7 ,8,Sa, 9, l O-octahydro­

phenanthren-2-ol (47) 

OH 

Yield (0.07g, 51%) as white crystals, mp 116-120 °C, Rr0.76 (1:23 

EtOAc: Hexane); Vmax (Chloroform)/cm-1 3619 (free OH), 3029 (C­

H), 1516, 1427 Ar(C = C), 1220 (C-O or C-N), 1042(C-O or C-N),

8H (400 MHz, CDCh) 10.29 (1H, broad s, OH), 6.74 (lH, s, H-11), 

3.73 (4H, t, J= 4.5, H-24 & 25), 3.64 (lH, d, J=l 3.72 Hz, H-21a), 

3.60 (IH, d, J=13.81 Hz, H-21b), 3.25 (lH, m, H-15), 2.92 (1H, 

dd, J:= 17.9, 5.80 Hz, H-7P), 2.73 (IH, ddd, J=l8, 10.8 & 7.2. H-

7a), 2.54 (4H, br m, H-22 & 23), 2.20 (lH, d, J=12.79, H-1), 1.90 (lH, dd, J=13.20,7.78 Hz, 

H-6a), 1.79-1.53 (3H, m, H-6p & H-2), 1.46 (lH, d, J= 13.17, H-3p), 1.36 (3H, d, J=7.06, H-

16), 1.35 (3H, d, J= 7.06, H-17), 1.19 - 1.29 (3H, m, H-la, H-3a and H-5), 1.16 (3H, s, H-
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20), 0.94 (3H, s, H-18), 0.91 (3H, s, H-19); oc (100 MHz, CDCh) 153.3 (C-OH), 141.3 (C-9), 

133.1 (C-8), 131.4 (C-14), 122.7 (C-11), 118.6 (C-12), 66.8 (C-24 & 25), 62.5 (C-21), 52.8 

(C-22 & 23), 49.6 (C-5), 41.6 (C-3), 39.7 (C-1), 37.5 (C-10), 33.2 (C-4 & C-18), 28.7 (C-7), 

27.4 (C-15), 25.2 (C-20), 21.5 (C-19), 20.2 (C-16), 20.1 (C-17), 19.5 (C-6), 19.4 (C-2). 

[HRMS (F AB) Found: 385.29876, C2:;H3902N requires (M+) 385.29806; Anal. (Cale. C, 77.8, 

H, 10.1, N, 3.6 Found: C, 78.2, H, 9.8, N, 3.6]. 

1-Isopropyl-4b,8,8-trimethyl-3-( 4-methyl-piperazin-1-ylmethyl)-4b,5,6, 7,8,8a,9, 1 O­

octahydro-phenanthren-2-ol (48) 

Yield (0.095 g, 68%), mp 159-162 °C, Rf 0.52 (Hexane); Vmax 

/'N/
I I (Chloroform)/cm- 1 3619 (free OH), 3029 (C-H), 1516, 1427 Ar (C 

N� 

OH 
= C), 1220 (C-0 or C-N), 1042 (C-0 or C-N), 08 (300 MHz, 

CDCh) 10.42 (lH, br s, OH), 6.74 (lH, s, H-11), 3.64 (lH, d, 

J=13.72 Hz, H-21a), 3.60 (lH, d, J=13.81 Hz, H-2lb), 3.25 (lH, m, 

H-15), 2.94 (lH, dd, J=l7.9, 5.80 Hz, H-70), 2.72 (lH, ddd,

J=18.0, 10.8 & 7.2, H-7a), 2.52 (8H, br m, H-22 -25), 2.30 (3H, s,

H-26), 2.21 (lH, d, J=12.79, H-1), 1.92 (lH, dd, ./=13.20,7.78, H-6a), 1.80-1.52 (3H, m, H-

60 & H-2), 1.47 (lH, d, J= 13.17, H-30), 1.36 (3H, d, ./=7.06, H-16), 1.34 (3H, 2d, J=7.06, H-

17), 1.20-1.31 (3H, m, H-la, H-3a and H-5), 1.16 (3H, s, H-20), 0.94 (3H, s, H-18), 0.91

(3H, s, H-19); oc (75 MHz, CDCh) 156.0 (C-OH), 141.1 (C-9), 133.0 (C-8), 131.3 (C-14),

122.5 (C-11), 119.1 (C-12), 61.9 (C-21),54.9 (C-22 & 23), 52.4 (C-24 & 25), 49.7 (C-5), 45.9

(C-26), 41.6 (C-3), 39.7 (C-1), 37.5 (C-10), 33.4 (C-4), 33.2 (C-18), 28.7 (C-7), 26.5 (C-15),

25.2 (C-20), 21.6 (C-19), 20.2 (C-16), 20.1 (C-17), 19.5 (C-6), 19.4 (C-2). [HRMS (FAB)

Found: 398.32995, C26H42N20 requires (M+H) 398.32969; Anal. (Cale. C, 78.3, H, 10.6, N,

7.0 Found: C, 78.2, H, 10.6, N, 7.0].
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3-[ 4-(7-Chloro-quinolin-4-yl)-piperazin-1-ylmethyl ]-1-isopropyl-4b,8,8-Trimethyl-

4b,5,6, 7,8,Sa, 9,1 0-octahydro-phenanthren-2-ol ( 49). 

Yield (0.12 g, 61 %) as white powder, mp 92-95 °C, Rf 

0.40 (1 :4 EtOAc: Hexane), Vmax (Chloroform)/cm- 1 3619 

(free OH), 3029 (C-H), 1516, 1427 Ar (C = C), 1220 (C-0 

or C-N), 1042 (C-0 or C-N), 81-1 (300 MHz, CDCh) 8.72 

(lH, d, J=5.12, H-2'), 8.05 (JH, d, 1=2.01, H-8'), 7.93 

(lH, d, J = 9.15 Hz, H-5'), 7.42 (lH, dd, J = 9.3, 2.19 Hz, 

H-6'), 6.85 (lH, d, J = 5.l Hz, H-3'), 6.80 (lH, s, H-11),

3.80 (lH, d, J=l3.72 Hz, H-21a), 3.73 (lH, d, J=13.81 Hz, H-2lb), 3.28 (5H, br m, H-15, 22 

& 23), 2.68 - 2.97 (6H, m, H-70, H-7a, H-22 & 23), 2.23 (lH, d, J=12.82, H-1), 1.91 (lH, dd, 

J=13.20,7.78, H-6a), 1.80-1.56 (3H, m, H-60 & H-2), 1.47 (IH, d, J= 13.17, H-30), 1.36 (3H, 

d, 1=7.06, H-16), 1.34 (3H, d, J=7.06, H-17), 1.20-1.31 (3H, m, H-la, H-3a and H-5), 1.18 

(3H, s, H-20), 0.94 (3H, s, H-18), 0.91 (3H, s, H-19); De (75 MHz, CDCh) 156.6 (C-OH), 

153.7 (C-2'), 151.8 (C-4'), 150.0 (C-8a), 141.1 (C-9), 135.0 (C-7'), 134.9 (C-8), 131.5 (C-

14), 128.9 (C-8'), 126.0 (C-6'), 124.8 (C-5'), 122.6 (C-11), 121.8 (C�4a), 118.6 (C-12), 109.2 

(C-3'), 62.09 (C-21), 52.3 (C-24, 25), 52.0 (C-22 & 23), 49.6 (C-5), 41.6 (C-3), 39.7 (C-1), 

37.5 (C-10), 33.27 (C-4), 33.22 (C-18), 28.6 (C-7), 27.4 (C-15), 25.2 (C-20), 21.6 (C-19), 

20.2 (C-16), 20.1 (C-17), 19.5 (C-6), 19.4 (C-2); [HRMS (FAB) Found: 546.32538, 

C34H44ClN30 requires (M+H) 546.32509]; Anal. (Cale. C, 74.7, H, 8.1, N, 7.7 Found: C, 

74.3, H, 7.9, N, 7.6]. 

3-[ (3-Dimethylamino-propylamino )-methyl]-1-isopropyl-4b,8,8-trimethyl-

4b,5,6, 7 �8,Sa,9,1 0-octahydro-phenanthren-2-ol (50) 

H
/N� N 

Yield (0.98 g, 72%) as yellow oil, R1 0.24 (3:7 EtOAc: 

Hexane), Vmax (Chloroform)/cm- 1 3619 (free OH), 3029 (C-H), 

1516, 1427 Ar (C 0-= C), 1220 (C-0 or C-N), 1042 (C-0 or C-N), 

01-1 (400 MHz, CDCh) 6.76 (lH, s, H-11), 3.88 (IH, d, J=13.5, 

H-21a), 3.82 (lH, d, 1= 13.4, H-2113), 3.25 (lH, m, H-15), 2.92

(lH, dd, J=l 7.9, 5.80 Hz, H-70), 2.72 (3H, m, H-7a & 22), 2.32 

(2H, t, J=7.0 Hz, H-24), 2.20 (3H, s, H-25), 2.16 (4H, m, H-10, H-26), 1.89 (IH, dd, J=l3.20,
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7.78, H-6a), 1.77-1.55 (5H, m, H-2, H-60 & H-23), 1.45 (lH, d, J= 13.17, H-30), 1.36 (3H, 

d, J=7.06, H-16), 1.35 (3H, d, J=7.06, H-17), 1.33-1.19 (3H, m, H-la, H-3a & H-5), 1.17 

(3H, s, H-20), 0.94 (3H, s, H-18), 0.91 (3H, s, H-19); oc (100 MHz, CDCh) 156.5 (C-OH), 

141.0 (C-9), 133.5 (C-8), 131.7 (C-14), 122.3 (C-11), 120.9 (C-12), 58.1 (C-22), 53.6 (C-21), 

49.9 (C-5), 47.6 (C-24), 45.7 (C-25&26), 41.8 (C-3), 39.8 (C-1), 37.7 (C-10), 33.4 (C-4), 33.4 

(C-18), 31.0 (C-23), 28.8 (C-7), 27.5 (C-15), 25.4 (C-20), 21.7 (C-19), 20.4 (C-16), 20.4 (C-

17), 19.7 (C-6), 19.6 (C-2); [LRMS Found: (M+H) 401.4, C26H44N20, requires (M
+
)

400.34536; Anal. (Cale. C, 77.9, H, 11.1, N, 7.0 Found: C, 77.7, H, 10.7, N, 6.56)]. 

3-[ (3-Diethylamino-propylamino )-methyl]-l-isopropyl-4b,8,8-trimethyl-

4b,5,6, 7,8,8a,9,10-octahydro-phenanthren-2-ol ( 51) 

Et 
H 

I 

N � N '--- Et 

OH 

Yield (0.12 g, 80%) as yellow oil, Rf 2.35 (2:3 EtOAc: 

Hexane), Vmax (Chloroform)/cm- 1 3619 (free OH), 3029 (C­

H), 1516, 1427 Ar (C = C), 1220 (C-0 or C-N), 1042 (C-0 

or C-N), oH (300 MHz, CDCh) 6.76 (lH, s, H-11), 3.88 (2H, 

br s, H-21a & 21b), 3.23 (lH, m, H-15), 2.93 (lH, dd, 

J=l 7.9, 5.80 Hz, H-70), 2.69-2.79 (3H, m, H-7a & H-22), 

2.45-2.53 (6H, m, H-24, H-25 & H-26), 2.21 (lH, d, J=12.79, H-10), 1.90 (lH, dd, J=l3.20, 

7.78, H-6a), 1.53-1.78 (5H, m, H-2, 60 & 23), 1.47 (1H, d, J= 13.17, H-30), 1.37 (3H, d, 

J=7.06, H-16), 1.35 (3H, d, 1=7.06, H-17), 1.24-1.34 (3H, m, H-la, H-3a & H-5), 1.17 (3H, 

s, H-20) 1.02 (6H, t, 1=7.2, H-27&28), 0.94 (3H, s, H-18), 0.91 (3H, s, H-19); oc (75 MHz, 

CDCh) 154.7 (C-OH), 140.7 (C-9), 132.7 (C-8), 131.5 (C-14), 122.1 (C-11), 120.7 (C-12), 

53.4 (C-21), 51.3 (C-22), 49.7 (C-5), 47.8 (C-24), 46.9 (C-25&26), 41.6 (C-3), 39.7 (C-1), 

37.5 (C-10), 33.24 (C-4), 33.22 (C-18), 28.6 (C-7), 27.5 (C-23), 26.8 (C-15), 25.2 (C-20), 

21.5 (C-19), 20.2 (C-16), 20.1 (C-17), 19.5 (C-6), 19.4 (C-2), 11.7 (C-27 & 28); [LRMS 

Found: (M+H) 429.6, C28H4sN20, requires (M
+
) 428.37666, Anal. (Cale. C, 78.45, H, 11.29, 

N, 6.5 Found: C, 78.9, H, 10.9, N, 6.39)]. 
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3-{ [ 2-(7-Chloro-quinolin-4-ylamino )-ethylamino ]-methyl }-1-isopropyl-4b,8,8-trimethyl-

4 b,5,6, 7,8,Sa,9, 10-octahydro-phenanthren-2-ol ( 52 ) 

H 
N,�N

H
OH 

Yield (0.13 g, 86%) as white powder, Rf 0.32 (3:7

-� 
� ;;N EtOAc: Hexane), Ymax (Chloroform)/cm- 1 3619 (free

Cl 

OH), 3029 (C-H), 1516 & 1427 Ar (C = C), 1220 (O-H), 

1042 (C-O & C-N); ◊H (300 MHz, CDCh) 8.54 (1H, d,

J=5.3 Hz, H-2') 7.97 (UI, d, J=2.1 Hz, H-8'), 7.68 (lH,

d, J=8.9 Hz, H-5'), 7.37 (lH, dd, J= 8.9 & 2.1 Hz, H-

6'), 6.73 (lH, s, H-11), 6.42 (lH, d, J=5.3 Hz, H-3'), 5.73 (lH, broad, NH), 4.03 (lH, d,

J= l6.8 Hz, H-21a), 3.97 (lH, d, J=16.8 Hz, H-21b), 3.42 (2H, t, J=6.4 Hz, H-23), 3.25 (lH,

m, H-15), 3.17 (2H, t, J= 6.2 Hz, H-22), 2.93 (lH, dd, J=l 7.9, 6.40 Hz, H-7�), 2.72 (lH, ddd, 

J=18.0, 10.8 & 7.2 Hz, H-7a), 2.60 (lH, d, J=12.7, H-1�), 1.92 (2H, m, H-6a & N-H or OH),

1.80-1.52 (3H, m, H-6� & H-2), 1.47 (lH, d, J= 13.17, H-3�), 1.32 (3H, d, J=7.06, H-16), &

1.30 (3H, d, J=7.06, H-17), 1.20-1.31 (3H, m, H-1 a, H-3a and H-5), 1. 17 (3H, s, H-20), 0.94 

(3H, s, H-18), 0.91 (3H, s, H-19); oc (75 MHz, CDCh) 151.7 (C-2'), 150.4 (C-OH), 149.8 (C-

4'), 148.7 (C-8a), 143.2 (C-9), 135.1 (C -7'), 132.5 (C-14), 132.2 (C-8), 128.5 (C-8'), 125.4 

(C-6'), 121.2 (C-5'), 121.0 (C-11), 117.2 (C-4a), 116.7 (C-12), 99.3 (C-3 '), 50.2 (C-21), 49.5 

(C-22), 49.3 (C-5), 41.5 (C-3), 40.1 (C-23), 39.6 (C-1), 37.6 (C-10), 33.3 (C-4), 33.2 (C-18), 

28.5 (C-7), 27.3 (C-15), 25.2 (C-20), 21.5 (C-19), 20.3 (C-16), 20.2 (C-17), 19.4 (C-6), 19.3 

(C-2), [LRMS Found: (M+H) 520.4, C28H4sN2O, requires (M
+
) 519.30164, Anal. (Cale. C,

73.8, H, 8.14, N, 8.08 Found: C, 73.8, H, 8.0, N, 7.96). 

3-[ (2-Hydroxy-ethylamino )-methyl]-1-isopropyl-4b,8,8-trimethyl-4b,5,6, 7,8,Sa,9 ,1 O­

octahydro-phenanthren-2-ol (53) 

&�
:;

oH ;:::���:)��'.1 ::�i,
(
:� :��, �::9 ����\s::

x

:;�2;:

ri (C=C), 1220 (0-H), 1042 (C-O or C-N), ◊H (300 MHz, CDCh).,...,,...,--....,,,,..,,,,,,.,. 
I I t 1 

6.77 (lH, s, H-11), 3.93 (HI, d, .!= 13. 70 Hz, H--21a), 3.90 (IH, d,
� J---.. _) 

.,,>
(
,, "-,,, .!=13.81 Hz, H-21f3), 3.77 (2H, t, J = 5.12, H-23), 3.25 (lH, m, H-

15), 2.94 (lH, dd, .!=17.90, 5.80 Hz. H-7p), 2.'.-:4 (2H, t, .J 0= 5.10, H-22), 2.71 (lH, ddd,

J= 18.0, 10.8 & 7.2, H-7a,i, 2.21 (ll-L d, J--0 12.79, H-lf3), 1.95 (IH, dd, .!=13.20, 7.78, H-60:),
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1.55-1.80 (3H, m, H-2 & 6�), 1.47 (1H, d, J= 13.17, H-3�), 1.37 (3H, 2d, J=7.06, H-17), 1.35 

(3H, 2d, J=7.06, H-16), 1.24 -1.29 (3H, m, H-la, H-3a and H-5), 1.17 (3H, s, H-20), 0.94 

(3H, s, H-18), 0.91(3H, s, H-19); 8c (75 MHz, CDCh) 154.30 (C-OH), 141.1 (C-9), 133.0 (C-

8), 131.7 (C-14), 122.2 (C-11), 120.4 (C-12), 61.4 (C - 23), 53.0 (C-21), 50.3 (C-22), 49.7 (C-

5), 41.6 (C-3), 39.6 (C-1), 37.5 (C-10), 33.3 (C-4), 33.2 (C-18), 28.6 (C-7), 27.4 (C-15), 25.2 

(C-20), 21.5 (C-19), 20.24 (C-16), 20.20 (C-17), 19.5 (C-6), 19.4 (C-2). [LRMS Found: (M
+
)

359.3, C28H48N20, requires (M
+
) 359.28243, Anal. (Cale. C, 76.8, H, 10.37, N, 3.9 Found: C,

76.3, H, 10.2, N, 4.0]. 

5.3 General procedure for the preparation of salts of Mannich bases 

A 30 mmol of sample compound (Mannich base) was dissolved in 2 - 3 ml of diethyl ether, 

cooled to O 0
c and treated drop wise with stoichiometric amount of cold methanolic 

hydrochloric acid (2 M). The resulting precipitate was then filtered and dried . 

Hydrochloride salt of compound number 3 (46b) 

0
Yield (84%) as white powder, 8H (300 MHz, CDCh) 7.13 (lH, s, 

HCl,
N H-11), 4.22 (lH, d, J=13.72 Hz, H-2la), 4.18 (lH, d, J=13.81 Hz,

H-21b), 3.31-3.01 (5H, m, C-15, 22 & 23), 2.97 (IH, dd, J=17.9,

5.80 Hz, H-7�), 2.74 (lH, ddd, J=l8, 10.8 & 7.2, H-7a), 2.46 (4H, 

br, H-22&23), 2.34 (lH, d, J=l2.07, H-1), 1.96 (lH, dd, 

···,,,,,
J==l3.20,8.10, H-6cx), 1.9-1.55 (9H, m, H-2, 6�, 24, 25 & 26), 1.50 

(IH, d, J= 13.17, H-3�), 1.35 (3H, d, J=7.06, H-16), 1.37 (3H, d, J=7.06, H-17), 1.31-1.21 

(3H, m, H-la, H-3a & H-5), 1.20 (3H, s, H-20), 0.97 (3H, s, H-18), 0.94 (3H, s, H-19); 8c 

(75 MHz, CDCh) 153.2 (C-OH), 145.8 (C-9), 137.5 (C-8), 136.3 (C-14), 127.6 (C-11), 118.2 

(C-12), 58.1 (C-21), 53.9 (C-22 & 23), 51.4 (C-5), 42.7 (C-3), 40.8 (C-1), 38.9 (C-10), 34.22 

(C-4), 33.7 (C-18), 29.9 (C-7), 28.5 (C-15), 25.5 (C-24&25), 24.1 (C-20), 22.9 (C-26), 21.9 

(C-19), 20.8 (C-16), 20.7 (C-17), 20.4 (C-6), 20.3 (C-2). [HRMS (FAB) Found: 384.32615, 

C26H4 1NO-HCl, requires (M+H) 384.32662; Anal. (Cale. C, 74.3, H, 10.0, N, 3.33 Found: C, 

74.6, H, 9.7, N, 3.3)]. 
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Hydrochloride salt of compound number 4 (47b) 

Yield (76 %) as white powder, ◊H (400 MHz, CDCh) 10.29 (lH, br s, 

HCI.o OH), 7.19 (lH, s, H-11), 4.33 (lH, d, J=13.72 Hz, H-21a), 4.29 (lH, d, 

J=l3.20 Hz, H-21b), 4.00 (2H, t, J= 4.5 Hz, H-22), 3.79 (2H, t, J= 4.5

Hz, H-23), 3.34-3.42 (3H, m, H-15 & H-24), 3.18 (2H, br, H-25), 2.97 

(lH, dd, J=l 7.9, 5.80 Hz, H-70), 2.75 (lH, ddd, J = 18.4, 10.4 & 7.6, H-

7a), 2.34 (lH, d, J=13.2 Hz, H-1), 1.96 (lH, dd, J=13.20,7.78 Hz, H-6a), 

1.85 -1.60 (3H, m, H-60 & H-2), 1.49 (lH, d, J= 13.17, H-30), 1.35 (3H, d, J=7.06, H-16), 

1.34 (3H, d, J= 7.06, H-17), 1.19 - 1.29 (3H, m, H-la, H-3a and H-5), 1.20(3H, s, H-20), 

0.96 (3H, s, H-18), 0.94 (3H, s, H-19); ◊c (100 MHz, CDCh) 151.9 (C-OH), 144.5 (C-9), 

136.9 (C-8), 135.5 (C-14), 126.8 (C-11), 116.2 (C-12), 63.6 (C-24 & 25), 57.0 (C-21), 51.6 

(C-22 & 23), 49.9 (C-5), 41.5 (C-3), 39.6 (C-1), 37.7 (C-10), 33.0 (C-4), 32.4 (C-18), 28.7 (C-

7), 27.3 (C-15), 24.2 (C-20), 20.8 (C-19), 19.6 ( C-16 & C-17), 19.2 (C-6), 19.1 (C-2). 

[HRMS (FAB) Found: 386.30553, C25H39N02.HC1, requires (M+H) 386.30588; Anal. (Cale. 

C, 71.1, H, 9.5, N, 3.3 Found: C, 70.7, H, 9.3, N, 3.3)]. 

Hydrochloride salt of compound number 5 ( 48b) 

�N',,.- Yield (87%), ◊H (400 MHz, CD30D) 7.25 (lH, s, H-11), 4.41 
HCl. I). HCI

N'---- (1H, d, J=13.71 Hz, H-21a), 4.39 (lH, d, J=l3.81 Hz, H-21b), 

OH 3.45-3.90 (SH, br m, H-22, 23, 24&25), 3.34 (lH, m, H-15), 2.94 

- 3.01 (4H, m, H - 70 & 26), 2.74 (lH, ddd, J = 18.4, 10.4 & 7.6, 

H-7a), 2.36 (lH, d, J=12.79, H-10), 1.95 (lH, dd, J=13.20,7.78,

H-6a), 1.52 - 1.85 (3H, m, H-60 & H-2), 1.49(1H, d, J= 13.17, 

H-30), 1.36 (3H, d, J=7.06, H-16), 1.34 (3H, 2d, J=7.06, H-17), 1.23-1.30 (3H, m, H-la, H-

3a and H-5), 1.20 (3H, s, H-20), 0.96 (3H, s, H-18), 0.94 (3H, s, H-19); ◊c (100 MHz, 

CDCh) 156.0 (C-OH), 141.1 (C-9), 133.0 (C-8), 131.3 (C-14), 122.5 (C-11), 117.1 (C-12), 

61.9 (C-21),54.9 (C-22 & 23), 52.4 (C-24 & 25), 49.9 (C-5), 45.9 (C-26), 41.5 (C-3), 39.7 (C­

l), 37.8 (C-10), 33.0 (C-4), 32.4 (C-18), 28.7 (C-7), 27.3 (C-15), 24.2 (C-20), 20.7 (C-19), 

19.63 (C-16), 19.61 (C-17), 19.2 (C-6), 19.l (C-2). [HRMS (FAB) Found: 399.33765,

C2(,H42N20.HCl, requires (M+H) 399.33752; Anal. (Cale. C, 66.2, H, 9.4, N, 5.9 Found: C, 

66.13, R 9.6, N, 5.6)]. 
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5.4 General procedure for the preparation of the Aminoalcohols {55-58) 

A mixture of 0.2 mmol of preformed epoxy totarol (66) and 4 
OH 

O�/NHR equivalents of the primary amine was dissolved in methanol. 

The reaction mixture was then allowed to reflux for ca. 20 

hours at 65 °c. After refluxing for 20 hours the solvent was 

removed under reduced pressure and the crud product was chromatographed on a silica gel to 

give NMR pure compounds. 

1-{3-Dimethylamino-propylamino )-3-{1-isopropyl-4b,8,8-trimethyl-4b,5,6, 7 ,8,8a,9 ,1 O­

octahydro-phenanthren-2-yloxy)-propan-2-ol {55) 

OH H 1" 12 11_,,,0�N�N"'" 
I

21 

14 

17 

15 

16 

23 24 26 

Yield (60.4mg, 60%), Rr 0.24 (1 :4 

EtOAc:Hex); Ymax (Chloroform)/cm- 1 3597

(OH), 3394 (N-H), 3021 Ar (C-H), 2965-

2810 (C-H), 1665 (N-H), 1601 -1591(C =

C), 1468 (C = C), 1262 & 1222 (C-O or C-

N), 1051 (C--O or C-N), ◊H (300 MHz; CDCh) 7.69 (lH, d, J=8.87 Hz, H-11), 6.71 (1H, d, 

J=8.82 Hz, H-12), 4.09 (lH, m, H-22), 3.97 (lH, ddd, J=9.74, 5.4 & 2.4, Hz, H-21a), 3.89 

(lH, dd, J=9.24, 5.3 Hz, H-21B), 3.29 (lH, m, H-15), 2.92 (2H, m, H-23a, H-7a), 2.72 (4H, 

m, H-7B, H-23B & H-24), 2.49 (8H, m, H-26, 27,28, NH & OH), 2.24 (lH, d, J=12.89, H-lB), 

1.90 (lH, dd, J=13.32, 8.09 Hz, H-6a), 1.56 - 1.78 (5H, m, H-2, H-6B & H-25), 1.45 (lH, d, 

J= 13.58, H-3B), 1.31 (3H, d, J=7.06, H-16), 1.29 (3H, d, J=7.04, H-17), 1.27-1.20 (3H, m, 

H-la, H-3a & H-5), 1.17 (3H, s, H-20), 0.94 (3H, s, H-18), 0.91 (3H, s, H-19); 8c (100 MHz,

CDC13) 155.2 (C-13), 143.4 (C-9), 133.7 (C-8), 133.1 (C-14), 122.7 (C-11), 109.9 (C-12),

70.3 (C-21), 68.5 (C-22), 52.3 (C-23), 51.1 (C-24), 49.5 (C-5), 47.5 (C-26), 45.7 & 45.8 (C-

27&28), 41.6 (C-3), 39.6 (C-1), 37.6 (C-10), 33.24 (C-4 & C-18), 30.8 (C-25), 28.7 (C-7),

27.4 (C-15), 25.1 (C-20), 21.5 (C-19), 20.6 (C-2), 20.6 (C-17), 19.4 (C-6), 19.3 (C-16);

[HRMS (EI) Found: (M+H)\ 445.37940. C2sH48N2O2 requires (M+), 444.37158].
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1-(3-Diethylamino-propylamino )-3-(1-isopropyl-4b,8,8-trimethyl-4b,5,6, 7,8,Sa,9,l O­
octahydro-phenanthren-2-yloxy)-propan-2-ol ( 56) 

Yield (70.9mg, 75%); Rr 0.88 (1 :4 EtOAc:Hex); 

Ymax (Chloroform)/cm- 1 3597 (OH), 3394 (N-H), 

3022 Ar (C-H), 2967-2810 (C-H), 1664 (N-H), 

1601 -1591(C = C), 1468 (C = C), 1262 & 1222 

(C-0 or C-N), 1051 (C-0 or C-N), 88 (300 MHz; 

CDCh) 7.69 (lH, d, J=8.87 Hz, H-11), 6.71 (lH, d, J=8.82 Hz, H-12), 4.09 (lH, m, H-22), 

3.97 (1H, ddd, J=9.74, 5.4 & 2.4, Hz, H-21a), 3.89 (lH, dd, J=9.24, 5.3 Hz, H-2lp), 3.29 

(lH, m, H-15), 2.92 (2H, m, H-23a, H-7a), 2.72 (4H, m, H-7p, H-23p & H-24), 2.49 (8H, m, 

H-26, 27,28, NH & OH), 2.24 (lH, d, J=l2.89, H-lP), 1.90 (lH, dd, J=13.32, 8.09 Hz, H-6a),

1.56 - 1.78 (5H, m, H-2, H-6p & H-25), 1.45 (lH, d, J= 13.58, H-3P), 1.31 (3H, d, J=7.06, H-

16), 1.29 (3H, d, J=7.04, H-17), 1.27-1.20 (3H, m, H-la, H-3a & H-5), 1.17 (3H, s, H-20),

0.94 (3H, s, H-18), 0.91 (3H, s, H-19); 8c {100 MHz, CDCh) 155.2 (C-13), 143.4 (C-9),

133.7 (C-8), 133.1 (C-14), 122.7 (C-11), 109.9 (C-12), 70.3 (C-21), 68.5 (C-22), 52.3 (C-23),

51.1 (C-24), 49.5 (C-5), 48.5 (C-26), 46.86 & 46.83 (C-27&28), 41.6 (C-3), 39.6 (C-1), 37.6

(C-10), 33.24 (C-4 & C-18), 30.8 (C-25), 28.7 (C-7), 27.4 (C-15), 25.1 (C-20), 21.5 (C-19),

20.6 (C-2), 20.6 (C-17), 19.4 (C-6), 19.3 (C-16), 11.7 (C-29 & 30); (Found: (M)\ 472.39678.

C30Hs2N202 requires (M+), 472.40288].

1-[2-(7-Chloro-quinolin-4-ylamino )-ethylamino ]-3-(1-isopropyl-4b,8,8-trimethyl-

4 b,5,6, 7 ,8,8a,9 ,1 O-octahydro-phenanthren-2-yloxy )-propan-2-ol (57) 

0
�� � Yield (73mg, 65%), Rr 0.54 (1 :4 

�� \ ;, N MeOH:DCM); Ymax (Chloroform)/cm- 1 3529

\ 11/
(OH), 3395 (N-H), 3063 Ar (C-H), 3008-2973 

Cl (C-H), 1612 -159l(N-H & C = C), 1232 &

1216 (C-0 or C-N), 1052 (C-0 or C-N), ◊H (300 MHz; CDCh) 8.48 (lH, d, J=5.41 Hz , H-

2"), 7.93 (lH, d, 1=2.11 Hz, H-8'), 7.69 (1 H, dd, J0cc8.92, 2.07 Hz, H-6'), 7.26 (lH, m, H-5'), 

7.07 (1H, d, .1=8.79 Hz, H-11), 6.69 (lH, d, J=8.76 Hz, H-12), 6.36 (lH, d, J=5.48 Hz, H-3'), 

4.21 (lH, m, H-22), 4.01 (2H, m, H-21), 3.39 (2H, t, 1=5.47 Hz, H-25), 3.29 (lH, m, H-15), 

3.12 (2H, m, H-24), 3.02-2.89 (3H, rn, H-23, H-70), 2.74 (lH, ddd, J=l 8.0, 10.8 & 7.2 Hz, H-
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7a), 2.25 (lH, d, J=l2.40 Hz, H-10), 2.19 (3H, br, NH & OH), 1.92 (HI, dd, J=13.32, 8.09 

Hz, H-6a), 1.79-1.55 (3H, m, H-2 & H- 60), 1.47 (lH, d, J= 12.33 Hz, H-30), 1.30 (3H, d, 

J=7.50 Hz, H-16), 1.29 (3H, d, J=7.50 Hz, H-17), 1.27-1.24 (3H, m, H-la, H-3a & H-5), 

1.18 (3H, s, H-20), 0.94 (3H, s, H-18), 0.91 (3H, s, H-19); 8c (75 MHz, CDCh) 151.6 (C-2'), 

150.3 (C-13), 149.5 (C-4'), 148.7 (C-8a), 144.0 (C-9), 134.3 (C-7'), 133.4 (C-8 &14), 128.4 

(C-8'), 125.7 (C-6'), 123.1 (C-11), 121.6 (C-5'), 117.2 (C-4a), 110.2 (C-12), 99.3 (C-3'), 

70.36 (C-21), 69.5 (C-22), 51.9 (C-23), 49.7 (C-5), 47.5 (C-25), 42.3 (C-24), 41.7 (C-3), 39.8 

(C-1), 37.9 (C-10), 33.5 (C-4), 33.4 (C-18), 28.9 (C-7), 27.5 (C-15), 25.4 (C-20), 21.8 (C-19), 

21.1 (C-16), 21.0 (C-17), 19.4 (C-6), 19.3 (C-2); [HRMS (EI) Found: (M
+
), 563.32733.

C34H46ClN302 requires (M
+
), 563.32786).

(1-(2-Hydroxy-ethylamino )-3-(1-isopropyl-4b,8,8-trimethyl-4b,5,6, 7,8,8a,9 ,1 O­

octahydro-phenanthren-2-yloxy)-propan-2-ol (58) 

Yield (44.0mg, 54%), Rr 0.92 (EtOAc); Vrnax

(Chloroform)/cm- 1 
3509 (OH), 3398 (N-H), 3008 Ar 

(C-H), 2929, 2782 (C-H), 1644 (N-H), 159l(C = C), 

1468 (C = C), 1261 & 1239 (C-0 or C-N), 1050 (C-0 

or C-N),88 (300 MHz; CDCh) 7.08 (lH, d, J=8.83 Hz, 

H-11), 6.70 (lH, d, J=8.77 Hz, H-12), 4.16 (lH, m, H-22), 3.97 (2H, m, H-21), 3.71 (2H, m,

H-25), 3.29 (lH, m, H-15), 2.94 (2H, m, H-23a, H-70), 2.87(3H, m, H-230 & H-24), 2.75

(lH, m, H-70), 2.52 (2H, br, NH & OH), 2.24 (lH, d, J=l3.73 Hz, H-10), 1.91 (lH, dd, 

J=l3.36, 8.05 Hz, H-6a), 1.56 - 1.78 (5H, m, H-2, H-60 & H-25), 1.46 (lH, d, J= 13.18, H-

30), 1.31 (3H, d, J=7.07, H-16), 1.29 (3H, d, J=7.05, H-17), 1.27-1.20 (3H, m, H-la, H-3a & 

H-5), 1.17 (3H, s, H-20), 0.94 (3H, s, H-18), 0.91 (3H, s, H-19); 8c (100 MHz, CDCh) 151.8

(C-13), 143.6 (C-9), 133.9 (C-8), 133.2 (C-14), 122.8 (C-11 ), 110.0 (C-12), 70.2 (C-21), 68.7 

(C-22), 60.7 (C - 25), 51.9 (C-23), 51.2 (C-24), 49.5 (C-5), 41.6 (C-3), 39.6 (C-1), 37.7 (C-

10), 33.2 (C-4), 33.2 (C-18), 28.7 (C-7), 27.4 (C-15), 25.1 (C-20), 21.5 (C-19), 20.8 (C-16), 

20.7 (C-17), 19.5 (C-6), 19.4 (C-2). [HRMS (El), Found: (M
+
) 403.30864. C23H35N302

requires 403.30668. Anal. (Cale. C, 74.50; H, 10.24; N, 3.67; Found: C, 74.76, H, 10.19, N, 

3.60). 
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[l-(2-Hydroxy-1-isopropyl-4b,8,8-trimethyl-4b,5,6, 7,8,Sa,9,l 0-octahydro-phenanthren-

3•-yl), 1-Methyl ]-Semicarbazone (59) 

15 

16 

A 32mg (0.286 mmol) of semicarbazide hydrochloride and 

24mg (0.286 mmol) of Sodium acetate were added in to a 

solution containing 40gm (0.143 mmol) of compound 3b in 

ethanol (4.0 ml). The reaction mixture was then allowed to 

reflux for 50 hr. After refluxing for 50 hours the solvent 

was removed under reduced pressure and the crude product 

was chromatographed on a silica gel with 100% ethyl 

acetate to give 12.5 mg of NMR pure Semicarbazone 

derivative (59). Yield (12.5mg, 38%), Rf 0.69 (EtOAc); Vmax (Chloroform)/cm·1; 3619 (OH),

3473 (N-H, NH2), 3161(N-H), 1720 (C=O), 1583 (C=N), 1516, 1427 Ar (C = C), 1220 (C-N),

1042 (C-N), ◊H (400 MHz, CDCb) 11.10 (OH), 8.53 (lH, s, NNH), 7.22 (lH, s, H-11), 5.35 

(2H, br s, NH2), 3.24 (lH, m, H-15), 2.94 (lH, dd, J=18.0, 5.80 Hz, H-7J3), 2.74 (lH, ddd,

J-==18.0, 10.8 & 7.2, H-7a), 2.32 (3H, s, H-26), 2.23 (lH, d, J=12.79, H-1J3), 1.92 (lH, dd,

J=l3.20, 7.78, H-6a), 1.57 - 1.78 (3H, m, H- 2, 6J3), 1.47 (lH, d, J= 13.17, H-3J3), 1.36 (3H, 

d, J=7.06, H-17), 1.35 (3H, d, J=7.06, H-16), 1.31-1.20 (3H, m, H-la, 3a and H-5), 1.18 (3H, 

s, H-20), 0.95 (3H, s, H-18), 0.92 (3H, s, H-19); oc (100 MHz, CDCb) 156.9 (C=O), 154.6

(C-OH), 153.5 (C=N), 141.7 (C-9), 132.1 (C-8&14), 121.9 (C-11), 117.5 (C-12), 49.9 (C-5), 

41.5 (C-3), 39.7 (C-1), 37.8 (C-10), 33.4 (C-4), 33.2 (C-18), 28.9 (C-7), 27.3 (C-15), 25.5 (C-

20), 21.6 (C-19), 19.9 (C-16), 19.8 (C-17), 19.4 (C-6), 19.2 (C-2), 13.4 (C-22); [HRMS (EI) 

Found: M
+ 385.27293. C23H35

N3O2 requires 385.27294.

2-[(3-Dim ethylamino-propy !amino )-methyl]-6-isopropyl-phenol (7 4) 

H 12 1
15 

iO N�N
'-._ 

13 14 

Yield (92mg, 50%); Rf 0.17 (1 :4 EtOAc:Hex); Vmax 

(Chloroform)/cm·1 3605 (free OH), 3303 (N-H), 3049 Ar (C-H), 

2959-1769 (C-H), 1644 & 1594 (N-H or C = C), 1227 (C-O or

C-N), <-)H (300 MHz; CDCh) 7.11 (lH, dd, J=7.50, 1.68 Hz, H­

S), 6.83 (1H, dd, J=7.36, l.76 Hz, H-3), 6.74 (lH, t, J=7.48 Hz, 

H-4), 5.28 (1H, s, OH), 3.97 (2H, br s, H-10), 3.33 (1H, sept,

.1��6.92 I-Li, H-7), 2.73 (2H, t, J=6.66 Hz, H-11), 2.36 (2H, t, J=6.97 Hz, H-13), 2.22 (6H, s, H-
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14 & 15), 1.71 (2H, pent, J=6.94 Hz, H-12), 1.23 (6H, d, J=6.94 Hz, H-9 & 8); 8c (CDC13; 75 

MHz), 155.5 (C-1), 135.6 (C-2), 125.7 (C-5), 125.1 (C-3), 122.1 (C-4), 118.6 (C-6), 57.9 (C-

10), 52.9 (C-13), 47.5 (C-11), 45.4 (C-14 & 15), 27.1 (C-12), 26.5 (C-7), 22.6 (C-8 & 9), 

[HRMS (EI) Found: 250.20122. C1sH26ON2 requires M
+ 

250.20451.]

2-[(3-Diethylamino-propylamino)-methyl]-6-isopropyl-phenol (75) 

H (16 

N � N � 
7 

Yield (174.9mg, 95.8%); Rr 0.11 (1 :4 EtOAc:Hex); Vmax

(Chloroform)/cm-1 3605 (free OH), 3303 (N-H), 3049 Ar 

(C-H), 2959-1769 (C-H), 1644 &1594 (N-H or C = C ), 

1227 (C-O or C-N), 8H (300 MHz; CDCh) 7.10 (lH, dd, 

J=7.55, 1.71 Hz, H-5), 6.83 (lH, dd, J=7.40, 1.76 Hz, H-3), 

6.74 (lH, t, J=7.45 Hz, H-4), 5.28 (lH, s, OH), 3.96 (2H, br 

s, H-10), 3.33 (lH, sept, J=6.92 Hz, H-7), 2.73 (2H, t, 

J=6.57 Hz, H-11), 2.59 (4H, q, J=7.20 Hz, H-14 &15) 2.57 (2H, t, J=7.15 Hz, H-13), 1.75 

(2H, quint, J=6.60 Hz, H-12), 1.23 (6H, d, J=6.93 Hz, H-9 & 8), 1.05 (6H, t, J=7.15 Hz, H-

16&17); 8c (CDC13; 75 MHz), 155.5 (C-1), 135.6 (C-2), 125.7 (C-5), 125.2 (C-3), 122.0 (C-

4), 118.6 (C-6), 52.7 (C-10), 51.2 (C-13), 47.6 (C-11), 46.6 (C-14 & 15), 26.5 (C-12), 26.0 

(C-7), 22.6 (C-'8 & 9), 11.0 (C-16 & 17); [HRMS (EI) Found: 278.23897. C17H30N2O requires 

M
+ 

278.23581].

2-{[2-(7-Chloro-quinolin-4-ylamino)-ethylamino]-methyl}-6-isopropyl-phenol (76) 

N

�N 4' 
11 H 

OH 

3' 

6' 7' 

2' 

Cl 

Yield (108mg, 80%); Rr 0.24 (30% EtOAc:Hex); Vmax

(Chloroform)/cm-1 3535 (OH), 3396-3419 (N-H), 3064 

Ar (C-H), 2961-2872 (C-H), 1611 & 1582 (N-H or C=C) , 

1208-1235 (C-O or C-N), 8H (400 MHz; CDCh), 8.53 

(lH, d, J=5.39 Hz, H-2'), 7.98 (lH, d, J=2.20, H-8'), 7.72 

(lH, d, J= 8.94 Hz, H-5'), 7.37 (lH, dd, J=8.93, 2.14 Hz, 

H-6'), 7.10 (lH, dd, J=7.40, 1.45, H-3), 6.87 (lH, t, J=7.51 Hz, H-4), 6.80 (1H, dd, H-5), 6.41 

(lH, d, J=5.43 Hz, H-3'), 6.82 (1H, br s, OH), 4.95 (2H, br s, 2xNH), 4.06 (2H, br s, H-10), 

3.43 (2H, t, J=5.79 Hz, H-12), 3.27 (21-I, quintet, J=6.9 Hz, H-7), 3.19 (2H, t, J=5.81 Hz, H-

11), 1.22 (6H, d, J=6.94 Hz, H-8 & 9); 8c (CDC13; 100 MHz), 151.6 (C--1), 150.9 (C-2'), 
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149.8 (C-4'), 148.6 (C-8a), 136.3 (C-2), 135.2 (C-7'), 128.4 (C-8'), 125.5 (C-6'), 124.9 (C-5), 

124.5 (C-3), 121.2 (C-5'), 120.6 (C-4), 118.8 (C-4a), 117.2 (C-6), 99.3 (C-3'), 50.1 (C-10), 

49.3 (C-11), 40.1 (C-12), 26.3 (C-7), 22.6 (C-8 & 9), [HRMS (El) Found: 369.15503. 

C21 H24ClN3O requires M+ 
369.16079]. 

2-[ (2-Hydroxy-ethylamino )-methyl]-6-isopropyl-phenol (77) 

�� 
1 I OH 

Yield (91.6mg, 60 %); Rr 0.24 (30% EtOAc:Hex); Ymax 

(Chloroforrn)/cm- 1 3605 (free OH), 3394 (N-H), 3049 Ar (C-H), 2966 

& 2874 (C-H), 1644 &1594 (N-H or C = C ), 1200 & 1223 (C-O or 

C-N), 1053 (C-O), bH (300 MHz; CDCh) 7.15 (lH, dd, 1=7.55, 1.51

Hz, H-5), 7.03 (lH, dd, 1=7.50, 1.52 Hz, H-3), 6.85 (lH, t, 1=7.22 Hz, 

H-4), 4.91 (2H, br s, 2xOH), 4.35 (lH, s, NH), 4.10 (2H, s, H-10),

3.74 (2H, t, 1=5.12 Hz, H-12), 3.33 (lH, sept, 1=6.91 Hz, H-7), 2.87 (2H, t, 1=5.10 Hz, H-

11), 1.24 (3H, d, 1=6.93 Hz, H-9), 1.20 (3H, d, 1=6.93 Hz, H-8); be (CDC13; 75 MHz), 155.1 

(C-1), 135.9 (C-2), 124.8 (C-5), 124.4 (C-3), 120.3 (C-4), 118.6 (C-6), 59.2 (C-12), 53.4 (C-

11), 50.2 (C-10), 26.3 (C-7), 22.6 (C-8 & 9); [HRMS (El) Found: 209.13771. C 12H 19NO2

requires M"", 209.14158]. 

2-[(3-Diethylamino-propylamino)-methyl]-6-ethyl-phenol (78) 

H 11 
13(

15 

N � N 
� 6 9 10 12 14 

3 

OH 

7 

8 

Yield (105.4mg, 65%); Rr 0.13 (1:4 EtOAc:Hex); Ymax 

(Chloroform)/cm· 1 3605 (free OH), 3303 (N-H), 3049 Ar 

(C-H), 2959-1769 (C-H), 1644 & 1594 (N-H or C=C), 

1227 (C-O or C-N), bH (300 MHz; CDCh) 7.05 (lH, dd, 

1=7.44, 1.71 Hz, H-5), 6.83 (lH, dd, 1=7.44, 1.62 Hz, H-

3), 6.71 (lH, t, 1=7.45 Hz, H-4), 5.53 (2H, br s, OH & 

NH), 3.96 (2H, br s, H-9), 2.74 (2H, t, 1=6.55 Hz, H-10), 

2.64 (2H, q, J=7.53 Hz, H-7) 2.61 (4H, q, J=7.19 Hz, I-I-13 & 14), 2.59 (2H, t, J=6.85 Hz, H-

12), 1.76 (2H, quintet, ]=6.56 Hz, H-11), �.21(31-I, t, ]=7.52 Hz, H--8), 1.06 (6H, t, ]=7.20 Hz, 

H-15&16); be (CDC13; 75 MHz), 156.0 (C-1), 131.3 (C-2), 128.2 (C-3), 126.0 (C-5), 121.9 

(C-4), 118.6 (C-6), 52.7 (C-9), 51.1 (C-10), 47.6 (C-12), 46.5 (C-13 & 14), 25.9 (C-11), 22.9 
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(C-7), 14.1 (C-8), 10.9 (C-15 & 16); [HRMS (EI) Found: 264.22045. C16H28N2O requires M+

264.22016]. 

2-(2-Isopropyl-phenoxymethyl)-oxirane (79) 

6 
0, �? �1/ � '0

511 "L 10 12 

4�(9 
3 7 

Yield (570.6 mg, 80.4%); Rr 0.57 (1 :20 EtOAc:Hex); Vmax 

(Chlorofom1)/cm-1) 3064 Ar (C-H), 2956-2872 (C-H), 1600, 1585 

& 1492 (C=C), 1245 & 1044 (C-O), ◊H (300 MHz; CDCh) 7.23 

(1H, dd, J=7.53, 1.67 Hz, H-3), 7.15 (1H, td, J=7.63, 1.74 Hz, H-5), 
8 6.96 (1H, td, J=7.47, 1.09 Hz, H-4), 6.83 (1H, dd, J=8.14, 1.00 Hz, 

H-6), 4.24 (lH, dd, J=ll.05, 3.11 Hz, H-l0a), 4.00 (lH, dd, J=ll.05, 5.35 Hz, H-1013), 3.37

(2H, m, H-7 & H-11), 2.91 (lH, dd, J=5.00, 4.16 Hz, H-12a), 2.79 (1H, dd, J=5.00, 2.64 Hz,

H-1213), 1.24 (6H, d, J=6.92 Hz, H-9 & 8); 8c (CDC13; 75 MHz), 155.7 (C-1), 137.4 (C-2),

126.5 (C-5), 126.2 (C-3), 121.2 (C-4), 111.6 (C-6), 68.8 (C-10), 50.3 (C-11), 44.6 (C-12),

26.9 (C-7), 22.65 (C-8), 22.61(C-9); [HRMS (EI) Found: M\ 192.115237. C12H19NO2

requires 192.1503].

1-(3-Dimethylamino-propylamino )-3-(2-isopropyl-phenoxy )-propan-2-ol (80) 

C 

OH 

171 
O���N

� 
10 12 13 15 16 

Yield (96mg, 63%); Rr 0.37 (80:20:1 

DCM:MeOH:NEt3); Vmax (Chloroform)/cm-
1) 3604 (OH), 3395 (N-H), 3064 Ar (C-H),

2961-2873 (C-H), 1664 (N-H), 1591, 1600

& 1462 (C=C), 1236 & 1221(C-O or C-N),

1046 & 1033 (C-O or C-N), 8H (300 MHz; CDCh) 7.19 (lH, dd, J=7.52, 1.62 Hz, H-3), 7.12 

(lH, td, J=7.67, 1.73 Hz, H-5), 6.92 (lH, td, J=7.48, 0.98 Hz, H-4), 6.83 (lH, dd, J=8.15, 0.93 

Hz, H-6), 4.10 (lH, m, H-11), 4.01 (lH, dd, J=9.34, 5.23, H-l0a), 3.94 (lH, dd, J=9.34, 5.42, 

H-10f)), 3.30 (lH, sept, J=6.91 Hz, H-7), 2.97 (2H, br s, NH & OH), 2.91 (lH, dd, J=12.31,

3.80 Hz, H-12a), 2.75 (3H, m, H-12� & H-13), 2.35 (2H, t, J=7.04 Hz, H-15), 2.21 (6H, s, H-

16 & 17), 1.68 (2H, quint, J=6.98 Hz, H-14), 1.20 (6H, d, J=6.92 Hz, H-8 & 9); 8c (CDC13;

75 MHz), 155.7 (C-1), 136.9 (C-2), 126.6 (C-5), 126.0 (C-3), 120.9 (C-4), 118.4 (C-6), 70.5
(C-10), 68.2 (C-11), 52.9 (C-12), :52.0 (C-13 ), 48.l (C-15), 45.3 (C-16 & 17), 27.4 (C-14),

26.8 (C-7), 22.6 (C-8 & 9); [HRMS (FAB) Found: 295.14298. C 17H30N2O2 requires (M+Ht

295.23855].
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1-(3-Diethylamino-propylamino )-3-(2-isopropyl-phenoxy)-propan-2-ol (81) 

OH 171
8 

0 � � --- A / N , /.. 
� .........__,,,, .........__,,,, ........__,,,,,19 

10 12 13 15 16

Yield (120.5mg, 72.0%); Rf 0.44 

(80:20: 1 DCM:MeOH:NEt3); Vmax 

(Chloroform)/cm-1) 3604 (OH), 3395

(N-H), 3064 Ar(C-H), 2961-2873 (C­

H), 1664 (N-H), 1591, 1600 & 1462 

(C=C), 1236 & 1221(C-O or C-N), 

1046 & 1033 (C-O or C-N), Ott (300 MHz; CDCh) 7.21 (lH, dd, J=7.52, 1.65 Hz, H-3), 7.14 

(lH, td, J=7.64, 1.74 Hz, H-5), 6.93 (lH, td, J=7.45, 1.00 Hz, H-4), 6.84 (lH, dd, J=8.15, 0.94 

Hz, H-6), 4.09 (lH, m, H-11), 4.01 (lH, dd, J=9.26, 5.22 Hz, H-l0a), 3.95 (lH, dd, J=9.24, 

5.22 Hz, H-10(3), 3.31 (lH, sept, J=6.91 Hz, H-7), 2.90 (lH, dd, J=l2.19, 3.78 Hz, H-12a), 

2.79 (lH, dd, J=l2.15, 7.53 Hz, H-12(3), 2.71 (2H, m, H-13), 2.51 (4H, q, J=7.15 Hz, H-16 & 

17), 2.49 (2H, t, J=7.00 Hz, H-15), 1.60 (2H, quint, J=6.91 Hz, H-14), 1.22 (6H, d, J=6.92 Hz, 

H-9 & 8), 1.02 (6H, J=7.13 Hz, H-18 & 19); 8c (CDC13; 75 MHz), 155.7 (C-1), 136.9 (C-2),

126.6 (C-5), 126.0 (C-3), 120.9 (C-4), 111.4 (C-6), 70.5 (C-10), 68.3 (C-11), 52.0 (C-12), 

51.18 (C-13), 48.6 (C-15), 46.9 (C-16), 46.8 (C-17), 27.1 (C-14), 26.8 (C-7), 22.6 (C-8 & 9), 

11.5 (C-18 & 19); [HRMS (FAB) Found: (M+Ht 323.27541. C 19H34N2O2 requires M+ 

322.26985, Anal. (Cale. C, 70.76, H, 10.63, N, 8.69 Found: C, 69.52, H, 10.43, N, 8.47]. 

l-[2-{7-Chloro-quinolin-4-ylamino )-ethylamino ]-3-(2-isopropyl-phenoxy )-propan-2-ol 

(82) 

OH 

0 � � 14 
��N 10 12 13 H

3' 

6' 7'

2' 

Cl 

Yield (100mg, 62%); Rf 0.16 (80:20:1 

DCM:MeOH:NEt3); Vmax

(Chloroform)/cm-1); 3529 (OH), 3395,

3421 (N-H), 3064 Ar(C-H), 2997-2973 

(C-H), 1612 & 1585 (N-H and C=C), 

1236 & 1221(C-O or C-N), 1046 & 

1033 (C-O or C-N), 81-l (300 MHz; CDCb), 8.40 (1 H, d, J=5.51 Hz, H-2'), 7.88 (lH, d, J=2.11 

Hz, H-8'), 7.74 (IH, d, 1= 8.95 Hz, H-5'), 7.22 (lH, dd, J=S.93, 2.10 Hz, H-6'), 7.19 (1 H, dd, 

1=7.57, 1.67 Hz, H-3), 7.12 (lH, td, 1=7.96, 1.71 Hz, H-5), 6.94 (lH, td, 1=7.50, 1.10 Hz, H-

4), 6.84 (1 H, dd, 1=8.15, 0.94 Hz, H-6), 6.30 (lH, 1=5.56 Hz, H-3 '), 4.24 (ll-1, m, H-11), 4.03 
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(2H, rn, H-10), 3.39 (2H, t, J=5.62 Hz, H-14), 3.27 (lH, sept, J=6.92 Hz, H-7), 3.12 (2H, td, 

1=5.31, 2.28 Hz, H-13), 3.00 (lH, dd, 1= 12.29, 3.76 Hz, H-12a), 2.93 (II-I, dd, 1=12.15, 7.51 

Hz, H-12P), 2.65 (3H, br s, 2NH & OH), 1.18 (3H, d, 1=6.92 Hz, H-8), 1.17 (3H, d, 1=6.92

Hz, H-8); 8c (CDC13; 100 MHz), 155.5 (C-1), 150.7 (C-2'), 150.4 (C-4'), 147.6 (C-8a), 136.9 

(C-2), 135.3 (C-7'), 127.24(C-8'), 126.7 (C-5), 126.2 (C-3), 125.45 (C-6'), 121.8 (C-5'), 

121.2 (C-4), 117.0 (C-4a), 111.3 (C-6), 98.8 (C-3'), 70.3 (C-10), 68.9 (C-11), 51.8 (C-12), 

47.4 (C-13), 42.1 (C-14), 26.8 (C-7), 22.6 (C-8 & 9); [HRMS (EI) Found: 413.18776, 

C 12H 19N02 requires M+, 413.18701, Anal. (Cale. C, 66.74, H, 6.82, N, 10.15 Found: C, 66.35, 

H, 6.92, N, 9.93]. 

1-(2-Hydroxy-ethylamino )-3-(2-isopropyl-phenoxy)-propan-2-ol (83) 

OH Yield (80 mg, 60.8%); Rf 0.18 (80:20: 1 

0 � � 14 DCM:MeOH:NEt3); Ymax (Chlorofonn)/cm- 1)

��OH 
10 12 13 3604 (OH), 3395 (N-H), 3064 Ar (C-H), 2961-

2873 (C-H), 1666 (N-H), 1585, 1600 & 1492 

(C=C), 1236 & 122l(C-O or C-N), 1046 &1033 

(C-0 or C-N), 8H (300 MHz; CDCh) 7.19 (IH, dd, J=7.52, 1.70 Hz, H-3), 7.12 (IH, td, 

1=7.53, 1.75 Hz, H-5), 6.92 (lH, td, 1=7.47, 1.09 Hz, H-4), 6.82 (IH, dd, J=S.17, 1.05 Hz, H-

6), 4.62 (lH, br s, OH), 4.09 (lH, m, H-11), 4.00 (IH, dd, 1=9.44, 5.30 Hz, H-lOa), 3.94 (lH, 

dd, J=9.44, 5.30 Hz, H-100), 3.29 (IH, sept, 1=6.92 Hz, H-7), 2.73-2.93 (SH, m, H-12, 13, 14, 

NH & OH), 1.20 (6H, d, 1=6.92 Hz, H-9 & 8); 8c (CDC13; 75 MHz), 155.7 (C-1), 136.9 (C-

2), 126.6 (C-5), 126.1 (C-3), 121.0 (C-4), 111.5 (C-6), 70.5 (C-10), 68.6 (C-11), 52.0 (C-12), 

51.4 (C-14), 41.3 (C-13), 26.8 (C-7), 22.7 (C-8 & 9). [HRMS (EI) Found: M\ 253.15273, 

C12H19N02 requires M+ 253.16779. 
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