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ABSTRACT 

Chloroquine (CQ) was previously identified as a potential anti-HIV agent and 

reported to inhibit the production of infectious viral particles at concentrations which 

are non toxic to human cultured cells. It is speculated that this activity is associated 

with the decreased production of the heavily glycosylated epitope 2G 12 which is 

found on the gp120 glycoprotein surface. The hypothesized mechanism involves CQ 

acting on a range of cellular targets. This work identifies CQ as a lead compound for 

the discovery of potentially inexpensive drugs and its ability to target cellular 

enzymes as opposed to viral enzymes may endow the compound with the capacity to 

oppose resistance. This previous work was the basis of this project and prompted a 

further investigation into whether the quinoline scaffold is the principal cause ofCQ's 

activity and whether other rationally designed compounds which contain this scaffold 

would be able to maintain similar or even greater anti-HIV activity. In an attempt to 

achieve greater activity, the dual drug approach was utilized. In this approach, 

independently active scaffolds are combined into a single compound in which the two 

scaffolds may have the potential to work additively or synergistically together. The 

scaffolds selected were the p-amino alcohol moiety, which is the structural 

determinant of all the main HIV-Protease Inhibitors e.g. saquinavir, ritonavir, 

nelfinavir etc, the AZT scaffold, which targets the reverse transcriptase enzyme and 

the piperazine scaffold which is a recognized biologically active scaffold, active at a 

variety of receptors and found in thousands of drugs covering over 20 therapeutic 

fields. 

HIV has become a world epidemic, however it is predominantly prevalent in 

developing countries and poverty stricken areas. Malaria is endemic in many of these 

areas causing the deaths of millions of individuals annually. As both these diseases 

share the same geography and demographics, co-infection is common. Therefore an 

additional objective of this work was to develop compounds which are potentially 

active against both malaria and HIV. Therefore the various scaffolds that were 

selected were chosen on the basis of their known or potential activity towards rt'uilaria 

in addition to HIV. 

III 
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In the context of malaria, quinolines are the most important group of antimalarials. 

The quinoline scaffold is a critical component of many of the most successful malaria 

drugs, these include chloroquine, quinine, mefloquine and primaquine. As mentioned 

above piperazines are active at a variety of receptors and is a scaffold found in a 

number of lead compounds. Since, both malaria and HIV utilise protease enzymes, 

the ~-amino alcohol moiety is potentially useful against the causative agent of these 

diseases. AZT is a nucleotide and thus permeable to the plasma membrane, therefore 

this scaffold may increase the activity of an anti-malarial by increasing the 

concentration of the antimalarial compound at its site of action. The scaffolds were 

attached to each other via click chemistry reactions. These reactions are highly 

efficient and have the added advantage of incorporating the 1,2,3-triazole ring as a 

linker. In addition to the triazole ring serving as a linker it also has favourable 

physicochemical properties. 

All compounds synthesised, composed of the previously mentioned scaffolds, 

exhibited anti-HIV activity, with the majority of compounds observed to have slightly 

greater activity than AZT in vitro. The compounds containing the 7-chloroquinoline 

scaffold were generally more active than compounds containing the AZT scaffold. 

The anti-HIV potential of this quinoline scaffold was further demonstrated by the 

activity of the simple quinoline 4-Azido-7-chloro-quinoline (ZEV20) which was 

observed to be almost 1 Y:z times more active than AZT in vitro. In addition to this 

compound's excellent in vitro anti-HIV activity, this compound was also observed to 

be less toxic to human cultured cells than AZT. 

The majority of compounds tested, exhibited weak antiplasmodial activity relative to 

CQ. However, certain compounds particularly those encompassing the ~-amino 

alcohol moiety, were found to be up to four times more active in regard to the 

inhibition of ~-haematin formation. These studies warrant further investigation in to 

the anti-HIV activity of other simple quinolines and the inhibitory potential of ~

haematin formation by the ~-amino alcohol moiety. 

IV 
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ABBRE 
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I: Introduction 

INTRODUCTION 

Human beings are not able to evolve as quickly as other organisms, as we are a complex 

organism with a relatively long lifespan per generation, and a simple mutation in the 

human genetic code will not result in an immunity to a disease. Therefore we rely on our 

intelligence and ability to adapt our environment to us rather than to become victims of 

natural selection. Thus our main course of action to stem these lethal diseases has been via 

our knowledge of the biochemical world which these diseases utilize to sustain themselves 

and generate their next generation. Based on this knowledge scientists have used various 

compounds in order to alter this biochemical environment so that this environment 

becomes debilitating to the parasite yet still tolerable to us, the host organism. The 

utilization of chemotherapy against such diseases results in many challenges. It is 

therefore the aim of this project, to in some way, offer a step forward in overcoming some 

of the many challenges faced in trying to prevail over these diseases by means of our 

chemical arsenaL In order to understand the specific aims of this project we need to 

understand the background behind certain problems that are posed in trying to produce 

active compounds against these diseases. 

A major problem with various compounds made against HIV is that they are complex 

molecules requiring several synthetic steps, each synthetic step is a whole process of its 

own requiring more raw materials, solvents, purification, labour etc. Each synthetic step 

increases the ultimate price of the final compound. Certain compounds also require 

expensive starting materials which also raise the final price of the drug. [f we look at 

examples of HIV drug prices they are exorbitant, especially considering that the patient is 

required to take the drug everyday for the rest of his or her life. Presently in South Africa 

(S.A) the cost of first line HIV treatment to a private consumer is between R300 - R600 

per month. l The South African government is under considerable pressure to provide free 

anti-HIV drugs for South Africans that are unable to afford the high cost of these drugs. It 

has a program which supplies drugs free of charge to a large proportion of their HIV 

infected population. In order to accomplish this, the government receives anti-HIV drugs 

at a discounted price from companies such as Aspen. For a first line HIV treatment the 

cost to the government works out to be between R120 - R200 per patient per month. [f 

S.A. were to provide free anti-HIV drugs to all its 5.5 million infected citizens at even this 

discounted price, the cost to S.A. would literally cripple the country.2 
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Chapter 1: Introduction 

It seems as if little heed has been paid to all the pressure put on delivering inexpensive 

drugs, as drug prices of some of the novel drugs which have recently come on to the 

market are nothing less than phenomenal. One such drug is called T _203
• The T -20 

molecule bears little resemblance to those of current AIDS 

drugs and is the first member of a new class of anti-my drugs 

called "fusion inhibitors". T -20 is a peptide string of 36 amino 

acids. The manufacturing system depends on over 125 outside 

vendors to provide 45,000 kilograms of protected amino acids 

and other chemicals just to produce 1000 kilograms of T -20. 

There are over 100 separate steps to assembling a T -20 

molecule. All these factors made T -20 the most expensive 

AIDS drug ever at $25,000 per year. 

The highest rate of HI V infections is to be found in some of the world's poorest countries. 

Nearly 70% of the approximate 42 million people presently infected with HIV, are in Sub

Saharan Africa. The table belo~ lists a few of the many countries in Sub-Saharan Africa 

ravaged by HIV. 

Malawi 940 000 Zambia 1.1 million Kenya l.3million 

Zimbabwe 1.7 million Mozambique 1.8 million Nigeria 2.9 million 

Table 1.1: Number ofHIV Infections in Africa 

Even affluent individuals living in first world countries would find anti-HIV drug prices 

very expensive, so for poverty stricken individuals living in 3rd world countries, 

purchasing HIV drugs at current prices is an impossibility. The economy of these countries 

would also find it impossible to subsidize these drugs for such a considerable amount of 

the population. Consequently a large proportion of those infected are not receiving any 

anti-retroviral treatment. Thus the production of low-cost anti-HIV drugs is of paramount 

importance. 

As with HIV, Malaria has also targeted poorer countries, with poverty stricken regions 

being worst affected. In 1990, 80% of cases were in Africa, with the remainder clustered 

in nine other developing countries.2
,4 Thus the need for effective and affordable drugs is 

2 __________________________ __ 
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I: Introduction 

critical in the combat against Malaria. The main drug used against malaria, has historically 

been chloroquine. Chloroquine was almost an ideal drug against malaria. The drug was 

highly effective, safe (it could be used even during pregnancy), it was easy to use and very 

importantly it was an inexpensive drug. The low cost of the drug allowed it to be 

distributed amongst individuals in poverty stricken areas. Unfortunately, chloroquine 

resistant strains of the parasite have spread through almost all malaria endemic areas of the 

world thus making chloroquine essentially useless.5 

Therefore one ofthe aims of this project is to: 

~ Produce active compounds with minimal synthetic steps, in order to discover drugs 

that would be relatively inexpensive to produce. 

In HIV -1 the enzyme responsible for transcribing the viral RNA into DNA is known to 

make frequent errors in this transcription process. Such errors are also made by the 

transcription enzyme of other organisms, however the mammalian polymerase enzyme has 

a 3'-exonuclease proofreading activity and is able to proofread and correct any mistakes 

made during DNA synthesis. The HIV -1 reverse transcriptase enzyme (R T) does not 

contain this 3'-exonuclease proofreading and correction ability and the generation of the 

viral DNA contains multiple errors. The virus also produces its next generation in a 

negligible time relative to other organisms. The consequence of this are genetic mutations 

which lead to a rapid emergence of drug-resistant viral strains. The HIV virus is able to 

produce 10 billion new viruses every day.6,7,8 Certain classes of anti-HIV drugs are more 

susceptible than other classes. For example, HIV only needs one particular mutation to 

become resistant to all the NNRTIs e.g. Sustiva (efavirenz), Viramune (nevirapine). 

Resistance to other classes, like the protease inhibitors (PIs), are more difficult to develop. 

Two or more mutations are required before resistance to PIs occurs. Research has shown 

that 12 percent of people who are newly infected with HlV get a strain that is already 

resistant to one drug. Six percent of patients get a strain resistant to two or more drugs. As 

a result of these resistant strains, newly-infected individuals, are already limited to the 

selection of HI V treatments before they have even begun any type oftreatment.6, 9 

Even those individuals who were initially infected with a non-resistant virus strain will 

eventually develop a virus which has some type of resistance. One study showed that 78 

percent of patients who had been treated were resistant to at least one drug. 

3 __________________________ __ 
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Chapter I: Introduction 

Thus there is a critical need to develop new compounds which are active against HIV 

resistant strains. It is just as important for those compounds to maintain activity for the 

most extensive period of time possible. 

Therefore the next set of aims of this project is to: 

~ Discover novel compounds which by-pass present drug resistance. 

~ Potentially slow down development of drug resistance by identifying inhibitory 

molecules that affect at least two different targets within the same disease causing 

organism. 

As mentioned above the most severely affected continent in both HIV and malaria 

infections is Africa. There are approximately 24.5 million people living with HIV in Sub

Saharan Africa.2 In terms of malaria, a conservative figure estimates that at least 300 

million people are infected with malaria, with approximately 3 million deaths annually. In 

1990 research indicated that 80% of all infections were in Africa. 

Table 1.2 below compares the high numbers of malaria infections in six African countries 

with table 1.1 shown above listing the same six countries with high HIV infections. 

Malawi 3 million Zambia 2.0 million Kenya 124 197 

Zimbabwe 1.3 million Mozambique 5.1 million Nigeria 2.6 million 

Table 1.2: Number of Malaria Infections in Africa 

Both diseases not only affect the same areas in Africa but are scourges of developing 

nations all over the world, particularly India, Southeast Asia and South America. For 

example India which has 5.7 million HIV infections also has 1.8 million malaria 

infections. Malaria and HIV are found over the same geography; both diseases are most 

prevalent and are crippling poverty stricken areas. Both diseases are rapidly developing 

resistance to traditional treatments and both kill millions every year. As both these 

diseases share the same geography and demographics, co-infection is common. 

Therefore a third aim of this project is to: 

~ Develop common inhibitors which may be used against multiple disease causing 

organisms 

4 __________________________ ___ 
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Chapter I: Introduction 

The HIV lifecycle has a number of defining stages; Fusion, Transcription, Integration, 

Cleavage, Packaging and Budding (these will be explained further in relevant chapters). 

However, virtually all the anti-HIV drugs can be classed into 3 groups. 10 

Nucleotide/nucleoside reverse transcriptase inhibitors (NRTls) e.g. Zidovudine (AZT), 

non-nucleoside reverse transcriptase inhibitors (NNRTIs) e.g. nevirapine and protease 

inhibitors (PR I) e.g. saquinavir. AU the drugs currently used for treatment essentially 

target only 2 stages of the HIV lifecycle. Thus there is great scope for the development of 

drugs against novel biological targets. 

NRTI 
(ZIDOVUDINE) 

o 

NNRTI 
(NEVlRAPINE) 

PRJ 
(SAQUINA VIR) 

Figure 1.2: Examples of Current HIV Drugs 

One new focus in HIV treatment is the discovery that chloroquine (CQ) and its hydroxyl

analogue hydroxychIoroquine (HCQ) are active against HIV. It appears that these 

compounds are able to inhibit the production of infectious viral particles at doses which 

are non-toxic for human cultured cells. CQ is able to reduce the production of the heavily 

glycosylated epitope 2G 12 which is located on the GP120 envelope glycoprotein surface. 

This epitope is required in the fusion process between a viral particle and the host cell, 

thus its reduced production leads to inhibition of virus infectivity. Although there has been 

no conclusive evidence that this is the exact mechanism by which CQ functions it is clear 

however that CQ inhibits viral activity by a different mechanism to that of any other 

currently used antiretroviral treatment. I I CQ in vitro and in vivo efficacy is similar to AZT 

and it exerts an additive effect when administered in combination with didanosine or AZT. 

Therefore this project will utilize the quinoline scaffold of CQ in order to further 

investigate this novel activity. 

5 __________________________ __ 
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The "Dual Drug Approach" is where active molecules with independent modes of action 

are joined together via a covalent linker. There are various successful examples of 

compounds made via this approach.12
,J3 Bilello et al J2 have reported that the antiviral 

activity of HIV PR inhibitors are not only a result of the enzyme inhibitor activity but also 

on their intracellular concentrations which is significantly dependent on membrane 

permeability. Based on this Kimura and coworkers have suggested and used a double 

drug strategy, combining a HIV PR inhibitor and a NRTI such as AZT into a single 

compound.14 Certain molecules have the potential for high anti-HIV activity yet are unable 

to sufficiently cross the plasma membrane, therefore by linking this molecule or any other 

appropriate moiety to a NRTI, could drastically improve its membrane permeability and 

allow it to enter the cell where it is able to express its activity. 

Thus one of the aims of this project is to explore the effects of linking the quinoline 

scaffold or potential NNRI with the NRTI zidovudine (AZT) and investigate the effects. 

This project will also investigate the effects of linking various independently active 

moieties with each other into a single molecule in order to investigate the potential 

combined activity. For instance the ~-amino alcohol moiety found in PR inhibitors in both 

malaria and HIV will be linked with an aryl piperazine and quinoline, and the efficacy 

investigated. Therefore the 4th Aim is to: 

)i>- Explore novel biological targets and novel biological approaches. 

To summarize; the various objectives ofthis project are: 

Aim 1: 

)i>- Produce active compounds with minimal synthetic steps; In order to potentially 
discover drugs that would be relatively inexpensive to produce. 

Aim 2: 

)i>- Discover novel compounds which by-pass present drug resistance. Additionally; 
potentially slow down development of drug resistance by identifying inhibitory 
molecules that affect at least two different targets within the same disease causing 
organism. 

Aim 3: 

)i>- Develop common inhibitors which may be used against multiple disease causing 
organisms. 

Aim 4: 

)i>- Explore novel biological targets and novel biological approaches. 
6 __________________________ __ 
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CHAPTER 2 

HIV and Malaria 

2.1 Human Immunodeficiency Virus (HIV) 

HIV, the virus responsible for the AIDS syndrome, has become the greatest epidemic 

ever to affect the world. In just 20 years HIV has already taken the lives of over 20 

million people. As the number of HIV infections increase exponentially, the number 

of deaths that win occur in the next 20 years are potentially devastating. Sub-Saharan 

Africa has been particularly devastated by the AIDS epidemic. At the end of 2004 

there were 25.4 million people infected with the HIV virus from this region. But the 

effects of HIV extend far beyond the infected individual, at the end of 2003, in just 

Sub-Saharan Africa there were over 12 million children orphaned as a result of AIDS 

fatalities. As AIDS is transmitted mainly by sexual means, AIDS primarily targets the 

youth between the ages of 15-24 years. In 2003 half of all the HIV infections were 

contracted by people between the ages of 15_24?,15,16 Thus AIDS is targeting the next 

generation. No country is immune from the effects of AIDS and almost every country 

considers AIDS as an issue of primary national importance. 

The near future does not appear to hold promising prospects for the discovery of a 

cure for this disease. To further exacerbate this devastating problem, current HIV 

therapy is very expensive and the HIV virus is rapidly developing a resistance to all 

the commonly used anti-HIV compounds. It is therefore apparent that considerably 

more resources need to be poured into HIV research, to discover novel therapies and 

targets. As important as this research is, it is as necessary to educate the population in 

order to instil more honest, safer and moral sexual practices amongst the population. 

2.1.1 HIV: Biology and lifecyde 

Depending on their type of genetic material viruses can be classed in the following 

manner I 7: 

Viruses composed of Double Stranded DNA e.g. Papovavirus, Adenovirus, herpesvirus 

Viruses composed of Single Stranded DNA e.g. Roseola 

Viruses composed of Double Stranded RNA (reovirus) e.g. Diarrhea 

Viruses composed of Single Stranded RNA that can operate as mRNA e.g. Togavirus 

7 
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Viru~~s cornpo'>Cd orSinglc Strandcd RNA that is a t~mpla!e mRN A 

c.g. Rhabdovirus (Rabies). Orthomyxovirus (Inlluenza viruses) 

Viruses composed of Sinl!le Stranded RNA that is a templale for DNA s~nlhesis 

(rel,.,wiru.J e.g. RNA tumour viru>cs (e.g. leukemia "iruses) and III V (AIDS ,·irus) 

HN f"alls iulo the category of a retrovirus. Retroviru>cs reverse the typical direction of 

~enetic infomlalion flow and have the mos.! complicated reproductive cycles 0(" all the 

fu"\lA viruses. An examination of the structure or lhe lliV viru.;. will reveal how il is 

equipped 10 accomplish this rever~e Ilow. rigllTe 2.1 provide~ a diagram of the HIV 

,tructurcu The strand in the centre ofthc diagram is the vir~l R"\IA and contains the 

viral genome. The majority of viruses an: composed of" D;\IA hereditary m<l1erial a;. 

opposed lo RNA. thu~ in addition to it~ genetic matmal lhe IIlV virus contains the 

"",/.)·me reverse lranscriplllse (RT) which gcncrates synthesis of a complementary 

DNA mo1ccule (cDNA) u~ing virus RNA as a k1nplalc. The RNA genome and the RT 

enzymc are enclosed in a proteclive protein capsid. lhh capsid is contai~d within a 

lipid enyclope. This lipid cnvelope encompasses polypeptidc chains which includes 

receptor binding proteins which link 10 the membrane receptors of the host ~ell in 

order 10 initIate the proce!;~ of infection. 17 

o" .. ..,lope , . 

" ... 

Diagram of a Retrovirus 

Fil!U I"l' 2.1; Strucl ure of" the IIiV Partickl~ 

8 
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It is vital that we examine the virus lifecycle in order to understand and identify the 

biological targets. The lifecycle can be classed into the following main stages,,19: 

1. Fusion 4. Cleavage 

2. Transcription 5. Packaging 

3. Integration 6. Budding 

Fusion: When the HIV particle comes into contact with aT-cell, it must attach itself to 

the host cell in order to insert its instructions into the cell (Figure 2.2, label 2). This 

process has been termed fusion. On the surface of a T-cell (the plasma membrane) are a 

group of molecules caned receptors. Receptors serve as a communication tool, allowing 

the cell to interpret and respond to extracellular signals. Receptors have uniquely 

defined structures in order that they can be excited by specific chemical stimuli. In 

order to attach itself to a cell the HIV virus needs to bind to both a CD4 receptor as 

well as a chemokine co-receptor. The co-receptor can only be a CCRS or CXCR4 co

receptor. Only white blood cells contain both the CD4 and co-receptors which explains 

why HIV only targets such a limited range of cells. HIV attaches itself to these 

receptors using its gp120 and gp41 proteins. Once this occurs HIV's outer membrane 

or viral envelope then fuses with that of the human cell and the HIV capsid is thus able 

to enter the host celL As it enters it loses this bullet shaped Viral Core as the proteins of 

the capsid are enzymatically removed.20 

Transcription: After the HIV virus has successfully accomplished the initial fusion 

stage, its genetic information is now within the cell. However, this genetic information 

is in the single stranded RNA genetic form. The virus cannot integrate its genetic 

material into the human host's genes unless they are both in the same genetic format, 

thus the virus needs to convert its single stranded RNA into the double stranded spiral 

DNA akin to the hosts DNA. In order to accomplish this, the virus utilizes the reverse 

transcriptase enzyme. This enzyme is initially contained in the virus capsid and enters 

the host cell simultaneously with the viral RNA. 

Integration: Once the virus has converted its genetic blue print into DNA format, it 

must now incorporate this viral DNA into host cell DNA so that the host cell can 

execute the viral instructions. Each cell contains a cell nucleus and this cell nucleus 

contains all the cell's genetic material. In a normal cell this genetic material instructs 

the cell how to function properly, how to carry out all its specific cell tasks and how to 

9 
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n:plicate c0ITcctly. A virus contains no mctabolic systcm and thus rcquires its host to 

perform all its biological functions for it. induding relying on its host to rcpn.><lu<:e i\> 

next generation virus particles. In orUer to accomplish thi>, (he viru~ need~ to program 

thesc 5<'t 0(' l<lsh inlo (he ho~l~ Own ,el of genetic materiaL Therefore, the vinls must 

(ir,l tran,purt it> tran~criJ:,.,d DNA into the cell nuclem, and then integrate its DNA 

(proviral DNA) into the host's D~A. Both the transportation and imeb'Tation oj" the 

virus DKA is p<:r(urmed h) mean, 0(' the integra~e enzyme. Once the vims DNA is 

integrat~d into the host cdl, the host cell will oot be able to distinguish bctw~en its 

DNA material to that ofthc virus Ll~A and will carry out th~ virus's instructions as 

naturally is it would carry OUI its owo oormal inslru<:lions. 

3,,,,,",,,,",, ~."" 

4 
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Cleavage: The cell then becomes activated and begins to execute the virus's 

instructions and starts to produce a new generation of HIV particles. The cell's nucleus 

delivers a set of instructions to the rest of the cell to reproduce the virus and the cell 

begins to produce building blocks in the form of chains of subunits. Once the cell has 

produced these chains it needs to cut these chains into various components so that these 

subunits can reassemble in the appropriate arrangement to form the new HIV particles. 

The process of cutting these chains is known as cleavage and is carried out by protease 

enzymes. Drugs which target this stage of the lifecycle, target these protease enzymes. 

This class of drugs are known as protease inhibitors and prevent the enzyme from 

carrying out this cutting up process.20 

Packaging: Packaging is the next stage of the HIV lifecycle, and refers to the process 

by which the virus reassembles its subunits. This stage is not entirely understood. 

Although this stage requires much further investigation, there is sufficient knowledge 

to identify certain steps within this stage as possible targets for new drugs. In one of 

these steps, the my's RNA (previously manufactured by the host cell) is wound tightly 

to fit into its nucleocapsid (similar to the ceH's nucleus). In order to accomplish this, 

HIV uses a configuration of zinc atoms which resemble the shape of a finger to wrap its 

genetic material (RNA) compactly enough to fit into its capsid. Thus researchers target 

this step with a class of drugs known as zinc finger inhibitors. A number of possible 

zinc finger inhibitors, have been identified, which can interfere with this packaging 

stage. 

Budding: After the packaging stage is complete, HIV is ready to leave the host cell and 

moves to the outer part of the cell to escape. mv's exit through the host cell membrane 

is not only a means of escape from the cell. but the virus particle also uses part of the 

cell's membrane (outer wall) to complete its envelope structure. HIV particles then exit 

the cell and begin to search for new cells to infect in order to start the process over 

again. An infected cell is able to produce thousands of new HIV particles. As a result of 

HIV infection the host's T-cell is altered causing the death of the cell. It is not yet 

known what the exact cause of the cell's death is, but a number of scenarios have been 

proposed. The first scenario is that as the virus particles bud from the cell (which may 

number thousands of particles), they damage the cen wall. This wall, the plasma 

membrane, is the cens protective capsule. Thus sufficient damage to this wall results in 

the death of the celL The other two scenarios suggest the host destroys the infected cell 

11 
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as ~ ddi:nCl' ml'chani,m again,llhc virus. According lolhi, tht:ory, a cell ;nk<:led "ilh 

tlK' virus has imernai signals "",hieh instrUCI Ihe cell to commit suicide. '1 hIs process is 

known as apoplosis or programmcd cell death 21 "I his process is not uniqUl' 10 HIV "-, 

Ibe body uses this p"'eess fn.'qUl:lltly e.g. tm' peeling process of sun burnt skin. In the 

caw nl' H/V this process," ;JCtivated in order to destroy the virus by killing thc cclL 

rhc othcr possibility is thm 0lh~r immuoc system cells arc ahk 10 rcengni~.c lhc 

infeCt\:d cclls and inje<:1lhc cdls wilh ch"m;c<lls th<!t destroy it Eoch infccted cell can 

prodl.lCC thous~nd~ of H1V parlieles, ~ach one of Iht:st· particles is able to I nit"Ct another 

healthy ceiL Thus the propagation of cell dcath is extensivc, Whcn Ibe numhcr of T

cells ar" below a e"rUIi n lc\'cL the bodics ;mmWlc system is susccptible to opportunistic 

palhogens and the ,,'Cakesl pathogen becOTn,,~ a potentially fatal th.rern. At this stagc the 

person is said to have AIDS (Acquired ImmullOdclidcncy Syndromc). 

T1tc diagr<lnl below illuslrates lh" HTV l; fCcyck from thc perspective of drugs that can 

bc produccd in order to lw:g~1 Ihe ,atiou~ stage<; of lhe HIV li ICcydc . 
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2.1.2 The Rationale Behind the Selection of the Various Active Scaffolds 

2.1.2.1 The Selection of the Quinoline Scaffold Based on Chloroquine Results 

Malaria and HIV are both diseases which predominantly affect developing countries. 

HIV drugs are expensive and this prevents developing countries from providing HIV 

drugs freely to its HIV infected population. Chloroquine (CQ) however is a relatively 

inexpensive drug and its use is common in malaria inflicted areas. As a result of HIV 

and malaria prevalence in the same area, many individuals suffered from both malaria 

and HIV. They were therefore treated with CQ for malaria and thus it was inevitable 

that the anti-HIV effects of chloroquine would soon be discovered. In vitro studies 

including peripheral blood lymphocytes and monocytes (cell culture models where the 

cellular uptake of CQ is closer to the conditions occurring in vivo). have shown that it is 

possible to achieve levels of inhibition of viral replication greater than 90%.24,25 Two 

Phasell trials have already reported that hydroxychloroquine has anti-viral activity in 

vivo?6,27 

Biochemical and Cellular effects of chloroquine: 

Chloroquine (CQ) and hydroxychloroquine (HCQ) are weak bases which have been 

found to target acid vesicles leading to the dysfunction of several enzymes within these 

vesicles. Outside of the cell or vesicle, CQ and HCQ are usually in their protonated 

form. This positive charge prevents the molecule from crossing the plasma membrane. 

However, the non-protonated portion of molecules are able to cross this membrane and 

can enter the intracellular compartment. In this compartment it becomes protonated on 

a scale inversely proportional to the pH of the compartment. 24,30 

Thus CQ and HCQ are concentrated within acidic organelles such as the Golgi vesicles, 

endosome and lysosomes, where there is a low pH. By increasing the pH of the 

lysosomal and trans-Golgi network (TGN) vesicles. weak bases are able to disrupt 

several enzymes, for instance the acid hydrolases, and inhibit the post-translational 

modification of newly synthesized proteins. A rise in the endosomal pH due to CQ has 

the effect of reducing iron metabolism in human cens. It accomplishes this by 

impairing the endosomal release of iron from ferrated transferrin, thereby decreasing 

the intracellular concentration of iron. This decrease results in affecting the function of 

numerous cellular enzymes involved in pathways leading to the replication of cellular 

DNA and to the expression of different genes.28
,29,30 

13 
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Viral Inhibition by Chloroquine 

OH 

HN~C 
~ ~~) 

CI N 

Chloroquine Hydroxychloroquine 

Figure 2.4: Structure of Choloroquine and Hydroxychloroquine 

Endosome-mediated Viral Entry Interaction24
,3o 

Viruses which enter the cell by endocytosis require the lysosomal compartment. The 

low pH of this compartment along with the action of the enzymes in this compartment 

operate on the viral particle, thus liberating the infectious nucleic acid and enzymes 

required for viral replication. Chloroquine has demonstrated inhibition of various 

viruses requiring a pH dependant step for entry. An interesting example is that of 

hepatitis A, where chloroquine inhibits the uncoating of the virus thus preventing the 

entire replication cycle.24
,29 

Replication of Enveloped Virus Interaction 

For HIV and several other viruses, post-translational modification of the envelope 

glycoproteins takes place within the endoplasmic and TGN vesicles?4,30 This process 

involves proteases and glycosyl transferases and most of them require a low pH. As a 

result of this pH dependency, CQ is thus able to induce the production of non

infectious retrovirus particles as has been observed with HIV -1. CQ increases the pH in 

the TGN, impairing the function of the glycosyl-transferases which are involved in the 

post-translational processing of the HIV glycoproteins. The mechanism of inhibition 

appears to be as a result of the inhibition of glycosylation of the envelope 

glycoproteins. There is a reduced production of the heavily glycosylated epitope 2G12, 

which is situated on the gp 120 envelope glycoprotein surface and is crucial for virus 

infectivity. Therefore the virus particles which are being produced are deficient in fully 

forming the receptors which they require in order to attach to human CD4 and co

receptors for the initial fusion stage. This proposed CQ mechanism of action provides 

two very important aspects; Firstly, the HIV glycosylation mechanism represents a 

novel unexplored target for antiretroviral therapy. Secondly, as viral glycosylation is 

directed by cellular enzymes, targeting this process provides inhibition against a broad 
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spectrum of HIV -1 and HIV -2 subtypes which require this cellular enzyme aid. 

Additionally it is far more difficult for the virus to develop resistance to a drug which 

targets cellular enzymes (needed by the virus) as opposed to a drug which targets viral 

enzymes. Various experiments conducted so far have observed that the virus struggles 

to develop resistance to CQ and HQ treatment.2S
,27 

From the discussion above, one can appreciate the very promising anti-HIV effects of 

CQ. Using CQ as a lead compound, this project has utilized the quinoline structure of 

CQ to build up a series of compounds containing the quinoline scaffold. These 

compounds were tested against HIV in order to discover other anti-HIV active 

quinolines. As our knowledge of the anti-HIV effects of CQ are still in its infancy, 

quinoline compounds with anti-HIV efficacy might provide further elucidation as to 

how CQ targets the HIV virus. CQ and potentially other quinolines provide a novel 

chemical class, which is vital as more and more patients are becoming resistant to 

multi-drug treatments. The postulated mechanism of CQ's activity suggest that CQ 

affects a range of processes. Such a mechanism opposes the virus's ability to develop 

resistance to the compound. Indeed, it has so far been observed that CQ appears to be a 

compound which is difficult for the virus to form resistance against. 

2.1.2.2 The Selection of the Piperazine Scaffold 

Numerous types of compounds bearing the piperazine moiety have been shown to be 

active against HIV, but none are as prominent as the NNRTIs. The design of some of 

the target compounds of this project is based on the structures of certain bis(heteroaryl) 

piperazines (BHAPs - a group of NNRTIs). However, in order to investigate and 

explore various active scaffolds, the class of compounds which were made in this 

project deviated slightly from the typical BHAP design in order to incorporate these 

selected active scaffolds in the place of the heteroaryl moieties. The scaffolds that were 

selected have all demonstrated their own independent anti-HIV activity. 

Biological Background3l 

The reverse transcriptase utilized by the HIV virus is a multifunctional enzyme which 

is essential to the viral life cycle. It also has no homologue in eukaryotic systems, and 

thus is an attractive target for anti-HIV therapies. The majority of active compounds 

used as RT inhibitors are those that act as DNA chain terminating analogues of the 
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natural nucleosides such as AZT, ddI, ddC, d4T and 3TC. These compounds have been 

highly successful; however, the emergence of resistant virus populations and significant 

adverse reactions have required the need to identifY new RT inhibitors. 

NNRTIs were identified as a novel set of compounds against the RT enzyme. There are 

now a very large number of chemically diverse (but largely hydrophobic) NNRTI 

compounds. Based on their structure these compounds have been grouped; presently, 

there are more than 30 groups. The BHAPs are examples of one of the NNRTI groups. 

These compounds can be very potent inhibitors of RT, with the added advantage of 

having low toxicity and favourable pharmacokinetic properties.31 

Studies suggest that the NNRTls share a common mechanism of action, binding at a 

single site that is distinct from the polymerase catalytic site. Mutations that confer 

resistance to one NNRTI often confer cross-resistance to many other inhibitors. Thus 

interest has been focused on those compounds that retain pronounced activity against 

mutant RT or that have a unique resistance profile. Structural and kinetic data has lent 

further credence to the idea that NNRTIs inhibit RT by altering the polymerase active 

site. Evidence shows that generally all NNRTIs have the same mechanism of action 

and target the same sight on the RT. When binding the NNRTI creates and resides in a 

pocket which is in close proximity to the active sight. This NNRTI binding site is 

situated in the p66 domain at about loA distance from the substrate-binding site. 

NNRTls obstruct the HIV-l response through interaction with this allosterically 

located, non-substrate binding site. This binding site is in close proximity to the 

substrate binding site and its inhibition effect is due to the distortion of the polymerase 

active site.32 The ligands in this pocket are of mainly hydrophobic nature and are 

characterized by their considerable aromatic character. This distinct hydrophobic 

binding site or non-nucleotide inhibitor binding pocket/site (NNIBP/S) is not present in 

structures of HIV-l RT that do not have a bound NNRTI. Prior to binding with a 

NNRTI this hydrophobic core pocket is in a collapsed state, termed a "closed form". 

However, once a NNRTI accesses the binding site this hydrophobic core expands to 

accommodate binding to the NNR TI. This "open" pocket containing the bound NNR TI 

is termed the "open form". It is believed that this "open form" of the pocket might 

correspond to other states of RT required for viral replication. The close proximity of 

the NNIBS to the polymerase site allows this process to inhibit RT by locking the 

active catalytic site into an inactive conformation. 
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An imponant chara~teri stic "I' the NNJB P i, it~ llex ibilit). with it, hound eonfonnmion 

depel1ding: on the 'i/c. spceillc eh~mi(al structure. and binding modc of t~ ~-"RTI. 

Thi, i~ al~" a charxt~ristic of tho:: overall stt11cture of RT which lms segm~ntal 

flexibility that ,aries :lCwrding to thc nmur~ or \h~ bOllnd 'I'IRTI. Be~allsc of the 

flexibility of the NNIBP it may be expected that a wide variety "f dillerelll t)J)C 

~l"'C\UTe, rna) be pOkntially active at the NN!BS, "hich is precisely the situation. 

Presentlv lhere are more then 30 stmcturally diLTerent g:roup~ or NNRTh. Thi~ 

phel1om~l1on was already ob,cncd in first gcnemtion NNIrJIs e.g. tivimpine.lo'iride. 

and Il:I<virapine. Althoug:h these wmpounds had signil'icant chemical difference, they 

311 were found to bind to Rr at the s~me hydrophobic pockd with a comlllon bil1ding: 

mode.-l
] Tro" compounds all assumed a similar lype of "hlillertly-Jike" hinding mod~ 

roughly ov~rb:;ng: ea<:h other in the binding: pocket and ap)JC3r to runetion as n

ckctron donors to aromatic side-chain residues (Tyr\81. Tyr188 et~) lining the pocket. 

"" 

Fi~nrr 2.5: Molre"l..- .urf"". di"'ffJnl ,00" in~ 
"b"nr .. f1y lik."' contc.-rnmion of novirJpine'iO 

NHIII.UI"E 
I Rochd"~,,_l"gclhd,") 

Itm) 

Figu~ 2.6: Stn1cturO of Novimpinr 

As (he flexibil i(y of the NN lBS allows for such a wide variety of ,tru<;ture~, I~'TC i, no 

rigid criteria of what deftnes ~ ;.J)IRTI. However, in order for t~ NNRTI to make 

contact with the NNIBS it must bt: ~ble to pass lhrollgh chalmcls of interchel~ting 

aromatic she~\s. Once it has entered through thc~ ch"nnd~ the molecule mu,\ it",lf 

havc a cert~in flexibility capacity. in order for it to adopt ~ conformation "hich allows 

it~ functional group~ to come inlo the c1os~s\ COIl\act ",ilh the fWlctional groups of the 

appropriat~ residue~ ,uITounding: 1l. Abo due to the J1~xihilil} or both the ;.J)IRTI ,md 

~-" IBP the close contact allows for maximum van dcr ~,'aa1s' contact,. Th~refore mo,t 

l\ l\ RTls are composed of aromatic I h~teroaromatie rings attaeheli to various groups 

"hich "ill allow rotalion of these rUl£.s. Thus these molecules can assume an ~lmos\ 

plall<lT eonl,)nnation but abo have th~ potential \0 adopt other conlilrnmtion~ due to the 

molecule's point<; of rotation. 
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It is hoped that some of the various compounds made in the course of this project may 

have the potential to act as NNRTIs. Figure 2.7 below displays an example of one such 

compound (ZKS). The figure illustrates the planar conformation that these compounds 

can adopt, as well as the hydrophobic and aromatic character of the compound which 

will expectantly be able to pass through the interchelating channels in order to make 

contact with the NNIBS. 

Triazole Ring Piperazine Ring 

~ 
___ r---.-N--LC~ 
N~ t 

Quinoline Ring Compound: ZK 8 Aromatic Ring 

Figure 2.7: Planar Confonnation of Target Compound 

Figure 2.7 illustrates the planar conformation that ZKS and similar compounds can 

adopt whereas figure 2.8 depicts the numerous potential points of rotation on the 

compound. These points of rotation confer flexibility to the molecule, allowing the 

molecule to alter its conformation once in the binding pocket. 

CI 

CI 

Arrows Indicate prominent points of Rotation 

Figure 2.8: Potential Points of Rotation on Target Compounds 

An arrow indicates a point of rotation at the N of the triazole ring, which is attached to 

the quinoline scaffold. Although there is rotation at the N-Quinoline bond, the 

favoured conformation will be a planar conformation between the triazole and 

quinoline rings in order to maintain maximum intramolecular n-interactions between 

these two rings. This is advantageous as the molecule favours the planar conformation 

yet its barrier of rotation is not high enough to completely hinder rotation. 
18 
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As some of the compounds made for this project have structural potential to act as 

NNRTIs, it was decided to synthesize certain molecules which share structural 

similarities to more active NNRTIs. The compound U-90152 was chosen as a basis for 

the design of our compounds.31 U-90152 (delavirdine) has notable activity and has 

already undergone clinical trials. However, the main reason that it was chosen for 

comparison is because Esnouf et al.31 have managed to obtain a high resolution crystal 

structure of this compound complexed with RT. The crystal structure reveals a wealth 

of information about the pocket in which the NNRTI enters in RT, this information can 

be used to design more potentially active NNRTls. The compounds made in this project 

are relatively larger than most other NNRTIs, however, its crystal structure has shown 

that U-901S2. which is also a relatively large inhibitor was still able to enter and bind to 

RT in the NNI-binding pocket. The additional size coupled with its shape causes the 

molecule to extend beyond the pocket and into the surrounding solvent. 
met y-Me isopropyl-Z. amino group sulfonamide Me 

Me NH group O~ I 

~s~ 
AN~N 
~r 0 

pyridine piperazine indole 
ring ring ring 

Figure 2.9: Structure ofU-90152 

2.1.2.3 The Selection of the AZT Scaffold 

Figure 2.10: Structure of ZKll 

Subsequent to the fusion stage there is partial uncoating of the viral core allowing the 

viral genetic material to enter the host cell cytoplasm. This genetic material is in RNA 

format and in order for this genetic material to be integrated into the host gene, it is 

required to be in DNA format. The process of conversion from RNA into DNA is 

termed reverse transcription and is accomplished by the reverse transcriptase enzyme 

(RT). In the first stage of this process the viral enzyme RT converts the viral RNA 

genome into a single minus strand of DNA by means of polymerisation of 

deoxynucleoside triphosphates into a complementary DNA (cDNA) strand using an 

RNA template.34 Similar to other DNA polymerases, this enzyme can only add 

nucleotides to the 3' end (Fig 2.11) of a pre-existing primer. base-paired to the template. 

Following the production of the cDNA copy of mRNA, the mRNA is removed by 

ribonuclease (RNase H). The single-stranded DNA (ssDNA) is then converted by RT to 

double-stranded DNA (dsDNA). 

19 



Univ
ers

ity
 of

 C
ap

e T
ow

n

._-
.- pur;'" , .... 

,yt,,,, .. 

" " 
3·.!"·-phO~I)hodi .. ~r~1 bllllg'" lill]; l\lId~oh(l .. s 

tog~lh"l ((I fOllll1JOl'rll1l<il'ori(l~ [1~lil.l~ 

Hl!ure 2. 11 : Pojym~Tis~ti(lll of dcuxynuckosi d~ Iri pho'>phates lur ssD"I A pr<XIuction)~ 

"j he process or pol ~ mcri,al;on of <k'Oxynuclcosidc triphosphatcs iIlln eDNA <,trands has 

provided an cxcdlcnt biologicaltargoct. In this pTOC~SS nucleic acids arc lonn~.d which 

ar~ linear polymers ofnucl<:otiJes linked 3' 10 S" hy pho'ph()di~'>ter hridg<'s. Th~ DNA 

chain is form<.'u a, S'-nucko,ilk monophosphalcs arc ~qllcnlially add~d to Ihe J"-OH 

group of th~ preceding nucleotide. a I'TOC~SS which ~n<lows th .. polymeT with a 

dir~cti"nal >eIlSC.x; 2',3'-DiOCu>.ynuck'\)sidcs (once in 11....,;r phusphorylutcd Conn) 

inh;h;1 H1V rcplica1ion, as tl~l' haw a S- -01 [ group yet do !\O( cOlltain a 3 --OH group. 

As a result these n\K'l~otid,:s 1m' mistakenly taken up by IU and linked 10 th~ 

developing UNA chain, however, as tfley do not contain the J'-OH group the next 

nucleotide is unahk to connect and so the chain is tcrminated_ This method or viral 

inhibition has proved to be so effective that 2'.J'-Dideoxynuclcosi<les have become the 

lTI<J'>t imporlunt dw;~ vI' compounds active against HrV. Most of the cumpounds ut.i]ized 

in HIV treatment belong to thi~ group (NRTf) for in~t"ncc Zidovudinc (AZT. Rctrovir), 

Sta\'udin~ (d4"L Lerit), Lalcitabinc (ddC, Hivid), didaoosinc (ddl, Vi(kx). Abacavir 

(LiJgcn). Lamivudinc (31C. Epivir) ctc . 'o 
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lidovudine (3'·azido-3'-deoxythymidine, azidothymidine or commonly relerred to as 

AZl') is lhe mosl lamous of\hese comf'C'unds as i\ IS the oldest and mostly ",iudy u~d 

drug in Ihe lrealment ofHIY, A7T is an analog oflhymidine, a DNA nucleoside,)" 1l is 

miSiaken by RT for thymidine but instead of having a 3' -OH group it 11"" an :viuo 

group at this 3' position and thus acls as a chain terminalor, 

A/.T, similar to many of the olher ~R rls, cnler,; the body as a nudeosidc (i_c. in its 

non-phosphorylated IOrm). It is taken in this form as th" pho<,phorylated fonn is unahle 

10 penetrate the plasma membrane. Ho",,",ver. for AZT to be eff~'1ive against l-lIY, it 

must lir.;l be triphospho() laled (addition of 3 phosphate groups) into its 5'-triphosphate 

fonn. rhis process of triphosphorylation must take place intraceJlularly anu is 

accomplished by cellular kinases. 

NRTI 
(71[)()VUDINE) 

5' Position 
01 [ group used 10 link to 

growing pol:>nud~oli<k chain 

CIIAll\ TERM.L."<ATOR 
Azido group a1 3' P,,,ition 

instcad ofOH grour 

Fi~llre 2.12: Structure of i\Zl indiealing its 3' and 5' po>itions 

Ih" iV.'! pharmacophorc was <;elected to he include<.! in the compounds made in this 

project for a variet)' of reasons: 

AlI wa> the first dn'g utiliz"d in the treatment of HIV and is arguahly still one of the 

mOSI sllCcessful compmmds presently used in the treatment again>t thi> di>ease. Its 

success has made it a standard re]erence and lhe activity of other compounds are oftcn 

~ompared relative to AI. r. 

,WI' has displayed an additive cried in conjundion ""ith various other HIY drugs e.g. 

nevirapine. In fali the standard mode of HIY treatment in ueveloped wWltries is 

"highly active anti-retroviral thempy" (HMRT), in which t.hc t!'Calmenl combines the 

usc of two KRTh and one ~RTl or protease inhibitor. Comhinations of NRTls and 

~~RTls arc far more effective, decrease viral load, increa~ CD'"' count and delay 

di>ease progression to AIDS thus decreasing mortalitv. In audition Ihcse drugs display 

>ynergisDl in their anti-HlV action. 
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A~ the dual drug appmach is a principle ofthi~ projcct; thi~ proie~t set out to ~ombiTl<! 

various scaffold~ which tilrget different stages of thc IlIV lifcc}cle. into a singk 

compound and investigate its dl!;cts. A, co,,,!X'unds hav~ hcen d~sign~d bearing 

scaffold, that so far target the NNKrJ binding pocket or protease enzymes and other 

post integration ,tages. a , trucrnral unit was required to function a~ a t'IHI. AZT was 

found to be the appropriate sl<llloid du~ \0 lL~ prov~n activit). Another n:a,on was dUl' 

to th~ lindins" of A7."[", additiv~ dIcet with ('Q ilnd J-I('Q.'I A, tl"" 4uinnlinc scaffold 

was an important scaffold in this project. it was of great interest to investigate the 

effects of a compound encompassing both the , .. ZT and quinoline scaffolds. 

A7.T "as also "elected becausc of it, azide group. The a7jde gmup provided a simple 

yet effective means to connect the variolls structures together via dick chemistry. This 

aligned th~ s}nthesis of lllt'", compounds with another focus of this project which "a~ 

the utili,.ation of click chemistry reactions. 

2.1.2,4 The Selection of the p-Amino Alcohol Moiety 

The J-IIV pmtea-;e (PR) is classified as an a~paTlic pmlea\e and i, a r~markahle 

imitation of the mammalian a,partie pmteases. The HIV PR is a dimer compo,ed or 

identical subunits that mimic the mo-Iobcd monomeric structun." of p~:psin and other 

aspartic protea-;es.:I!i These identical suhl.mits confer 2-lold rolationill C2 symmetry to 

the PI{ structure. 

Pop ... , ,~IQ".'0." 
N ,"11flUl-,1 lnlt ., .... "." Il".d 
('-'<1",u,",l l .. ,lf ,le.,,,,., loluo 

Fi!:ure 2.13: The HLV protease in comparison to the mammalian pep,inJ6 
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Th~ PR subunits <lr~ <:ompo~td or99-rcsiduc polyp(l'tidc~ whi<:h me h(lmologous to the 

individl1<ll domains of the monomeric proteascs. Various structures were studied via x

fa)· di(li"action and it was discovered that the active site of HIV PR j, fashioned at the 

interface of the homodimer. Each of the two subunits contribute one Asp residu~ to the 

acti,~ sit~ which i()Uo",s the typi<:al a~partic protea.<;~ Asp-Thr-Gly acti\"c-sitc 

scq\1~ncc, thus the site consists of two aspartate r~'Sidues term~d Asp" and Asp" ·. The 

HIV PR m~"Chanism of aetion is extremely similar to its mmumalian homologue and its 

mam function is to clea\"e th~ polyprul~in products o("thc HIV g~nome. TIlis ckavag~ 

prucess pf()ducc~ ~ever"l prolein~ ii)r viml gr"',th and cellular infection. PI{ clcavc~ 

several ditTcrent pcrtide linkag~s in th~ ruV-1b'llg and gag-pol precursor rolyprotcins 

to ~1ructural prokins (pI7. p24, p7. p6. p2, pI) and to runclional prot~in~ (proteas~. 

reveT"" tran~cripta~e, intcgmsc). Schemc 2.1 oclow dcpict severnl of these cleavages. 

For example th~ PI{ cleaves hctweenthc lyr and Pro residues of the scqu~JlCe Ser-Gln

Asn-Tyr-Pro-lle-Val which <:OllllClis the pl7 and p24 HIV-l proteins. 

,":J::::::::"'C;d'~'-__ ;-__ -''''''''''''I'''''''III''"IIIIIIIIIIII''"1 "'~"\' I 

1 1 !:In,b,,,,,, 

I'l , '1<'"'' 

j 1""h',1" 

1,1111"""",,,·1 

I 
I" ph --

.:,'~ IH'II~,hl""l("in) 

Srh.,m~ 2.1: Cleavage of pol )'prut~in~ 10 stm<:tural and l'unliional prokins:lO 
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A key factor in producing protease inhibitors, is to ensure that the inhibitor is specific 

for the HIV protease, thus the ability of HIV protease to cleave phenylalanine 

(tyrosine)-proline peptide bonds makes PR unique in its substrate specificity as most 

proteolytic enzymes do not cleave on the N-terminal side of a prolyl residue.37 As a 

result of this substrate specificity PR inhibitors have been designed after these target 

peptidic linkages of the phenylalanine(tyrosine )-proline sequence at positions 167 and 

168 of the gag-pol polyprotein. 

Therefore based on this; HIV protease inhibitors (PIs) have been designed to mimic 

these peptidic linkages in order to bind with the protease. Studies on peptidomimetic 

protease inhibitors led to the discovery of saquinavir, the first HIV protease inhibitor to 

undergo clinical evaluation. The success of saquinavir, led to the discovery of a number 

of other very potent peptidomimetic derivatives, such as ritonavir, indinavir, 

amprenavir, nelfmavir, lopinavir. In 2001 the PIs mentioned were the only PIs licensed 

for treatment10 and are still the most important PIs currently. All these PIs share the 

same structural determinant which is the hydroxyethylene moiety. The 

hydroxyethylene or isopropanolamine (~-amino alcohol) moiety replaces the normal 

peptidic bond and is a binding determinant and also makes the PI a non-scissile 

substrate analogue for the HIV PR. 

(J..eu;. : (Pile) ~ne) (Ser) 
-Gin ~,.--+: ----'Ty'r--l----iPl"n.LG:r~-Val--Val-

Substrate-

~. 1 
pepridic bond 

Inhibitol' 

., . , 
o ; 

0; 

// + "'~ 
.-, S-aq-"IlJ.D<I:-· -v-'lrll RitOIl.1I1:iz I I Iud.inaVlr I INelflmnrl1 r AmpI-. -·m-,,,-u', 

Scheme 2.2: The ~-amino alcohol unit as a binding determinantlO 
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In the quest to identify simpler compounds as PIs, a number of non-peptidic PIs have 

been produced e.g. nelfinavir (which has reached clinical trials). 

'\:11 

Saquil1ln ir + 

/,),.10 _ 

lr-l 0 

(stlpropaooiamine unit 

Figure 2.14: Examples ofnon-peptidic PR Is which have reached clinical trials37 

Numerous papers have been published where research groups are designing non

peptidic PIs which have been shown to be active. A great majority of these compounds 

bear the ~-amino alcohol moiety (Figure 2.14 above), which lends further credence to 

the essential nature of this moiety. As this ~-arnino alcohol moiety has been shown to 

be so vital to aU PIs, this project set out to produce a class of compounds bearing this 

essential moiety. 

As previously mentioned, chloroquine (CQ) and hydroxychloroquine (HCQ) have been 

shown to produce an in vitro and in vivo effect similar to zidovudine (AZn. They also 

exhibit an additive effect when taken in combination with either didanosine or AZT. 

However, little is known on what the combined effects of CQ I HCQ and a PI would be 

on HIV replication, as both classes inhibit HIV replication at a postintegration stage, 

which results in the production of immature virions. Another factor is that both CQ and 

HCQ are substrates and to certain degrees inhibit important cell surface drug 

transporters i.e. P-glycoprotein (P-gp) and the multidrug resistance protein-l (MRPl) 

which belong to the adenosine triphosphate (ATP)-binding cassette family and 

transport the intracellular pools of antiretrovirals to the extracellular compartment. 

Therefore it would be of great research interest to investigate the combinations of these 

two pharmacophores, which would be in line with a principle of this project which is to 
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combine together independently active scaffolds or moieties with each other and to 

investigate the effects of these hybrid compounds (based on the dual drug approach). 

Therefore in this project a class of compounds, which combine the quinoline scaffold 

(based on the success of CQ I HCQ) and the p-amino alcohol moiety were designed and 

synthesized. Figure 2.15 depicts examples of compounds that were designed and 

synthesized for this project which bear the p-amino alcohol and quinoline scaffold. 

Compound: ZK26 

S-\ ~N=\ .. r------k( .. ~ 
~·VN~N~'. 1._-;;1 ______ -' .... 

II Isopropanolamine Moiety 

N; /': CN~N=N OH ~N'. 
~ \ ,'-~--------J, I \, 
~ N~N~ '. 

'..._-----------) .......... 

Compound: ZK27 

, , 

- CI 

Figure 2.15: Compounds synthesized bearing the ~-amino alcohol and quinoline scaffold 

On the basis of the inherent C2 rotational symmetry of the protease homodimer, C2-

symmetric and pseudo-C2-symmetric molecules have been designed, synthesized, and 

demonstrated to be potent inhibitors. In order to bestow this C2 rotational symmetry the 

molecule must be composed of two equal sides, thus the p-amino alcohol moiety must 

take the form of either a diarnino- alcohol (figure 2.16) or a diamino-dialcohol (figure 

2.17) moiety. The examples below in figure 2.16 and figure 2.17 below are just some of 

the numerous examples observed in the literature of this type of C2- symmetric design. 
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OH 

Ph~Ph 
/NH HN, 

OH 

Ph./"YY'Ptl 
NH HN_ 

CblVal'" ValCbz 

II 

Figure 2.16: A-74704 a Diamino-alcohoes 

OH 
...... FItI 

HI4 I I 
yY~ 

: OH 
Ph""" 

3 

Ph ....... 

~ 

Ph ....... 

OH 

4 

CH, , 
Nli-Val-CON 

I, ",.'T70C)3 

NH2 

Figure 2.17: HIV Protease Inhibitors bearing the Diamino-dialcohol Core39 

As a result of the success of this design, compound ZK25 was designed and 

synthesized. ZK25 is a bisquinoline bearing a diamino-alcohol moiety and its two 

equivalent sides endows it with a C2 rotational symmetry. 

, , · · I · , , , . 
CI 

Quinoline Scaffold / .... ------

N ~'\/ ~:/~ 
I / \ ( ~ 

.N~ OH ~N~ 

;V+;:;5::=:~hJ \. 
______ -- // : __ N ______ ::{ ___ ~ -___________ -

Point of Symmetry Diamino-Alcohol Moiety 

Compound: ZK25 

, , , , , , 

" 

I , , , , 

CI 

Figure 2.18: Illustration of C2 rotational symmetry found in compound ZK25 
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2.2 Mahlria 

A 1'l'l9 World lknll.h ()rl<ilni~alion rq}mllisteu micnious diswscs as the larjotesl cause 

of de~th in devcioping «>untries and among the young, \1alaria was ranked 5th 3m"ng 

these infectious diseases in r~gilnl to the number of dentlls rcSillting Irom m~lariil 

inli:<:lions."G These 'tatislics ha~c not irnpro.'ed sioce and rrc~entl} ~ conservative 

ligurc cSlimatcs U,at ~t least JOO million people are infeCied with malaria." 

\lalaria is one of the oldest discases knovm ilnd fossils of th~ mal.lria mosquito v~dor 

have b~en fOllnd dilling hack \() 130 million }cars ago' ] There are klllT species of 

protists of the genus pl~smodillm whi<:h me krll)"" \0 c~use malaria in humilns, these 

arc: f'lusmodium ji;l/ciparum,l', viv(lx, p, 0\'(1/" ~nd m(l/wille.12 

\bbri~ is endemic in the tropics hut extcnds into tfle suhtropics in many area~. Placing 

~pproximately two billion ))Copk a\ risk ofinfi:<:tion2 This numhcr ~ould rise due 10 the 

numbt-'T of ~ir lravcllers visiting infeded areas as wcll as dill' 10 changes in climate "s ~ 

result of factors slleh as global warming." Figure 2.19 indicates regi, ,ns significantly 

~rfe<.-1ed by malarh 

Jiigure 2.19: Regions significantly affeetcd by malari~H 

2" 

• 

• , 
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In 1990 research indicated that 80% of aU infections were in Africa, 41 with the other 

20% affecting developing Asian and South American countries. The Plasmodium 

Jalciparum species of malaria is the most predominant and the most fatal of the malaria 

species. This species is responsible for 120 million new infections and over a million 

deaths per year. It has also shown significant resistance to previously effective drugs. 

This is the species prevalent in Sub-Saharan Africa, which is a major factor accounting 

for the high mortality rate in this region. P. Vivax accounts for the second highest 

number of fatalities. It is the predominant species in Asia, North Africa, Central and 

South America. P. Vivax causes gradual health deterioration as it remains in the body 

for a considerable length of time resulting in high morbidity. As malaria mainly affects 

underdeveloped countries, the healthcare facilities are limited and malaria patients place 

these facilities under even further strain.45 Several strategies are used in order to bring 

malaria under control.43 These include reducing the vector mosquito numbers, 

minimizing contact between humans and vector mosquitoes and finally treatment of 

those infected in order to prevent further transmission. Therefore, some control 

measures used are spraying with DDT, coating marshes with paraffin (to block 

Anopheles mosquito larvae spiracles), draining stagnant water and the extensive use of 

insecticide impregnated nets. The treatment of the disease has mainly been restricted to 

a few classes of drugs. The most important so far have been the quinoline antimalarials 

which are used as treatment as wen as a prophylaxis for the disease. The most notable 

of the quinoline drugs are quinine, chloroquine and mefloquine. However, certain 

strains of the parasite have developed resistance to aU three of these drugs and 

resistance to chloroquine has become widespread.43 This drug resistance of the parasite 

combined with prevailing insecticide resistance of the mosquito vector, presents an 

urgent need for novel effective antimalarial drugs. 

2.2.1 Malaria: Biology and lifecycle 

The Plasmodium genus of protozoal parasites have a life cycle which is split between a 

vertebrate host and an insect vector.42 The Plasmodium species are exclusively parasites 

of man (except for P. malariae which may also affect higher primates). The Anopheline 

mosquito is always the vector, however out of the 380 species of Anopheline mosquito, 

only 60 can transmit malaria Only female mosquitos are involved as the males do not 

feed on blood. 
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Scheme 2.:1: Schema "fthe life 9'de "f malaria <Ii 
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The panlSite ~nlers lh~ human hosl as sporomik' ~ia mosquilo saliva which Ihe ,eelor 

injeels into the IHunan in order f.or il to aCI as an anlicoagulanl 10 pro, ide an even 

tlowing me<lIO. From Ihe human bioodslrelllll. Ule sporozoites invade Ihe liver and enter 

!h~ hepalocjt~s6. They remain !h~r~ Ii,.. 'I-Hi days, mlll!ipl;.ing <ls;.mpl.olicall} wilhin 

!he cell~.-Il-ll These maturc into schizonts€) which rupture and return t.o the hlood as 

merozoite-sO . Certwn species of muJaria (e.g, P. rimx. r . ova"') pnxluce parasites 

known as hypnozoile" Ihis ,I<lge In<ly h<lve <l deJ<lyeulrigger remaining dormant within 

tiw liver lOT sonw lime (P. Viva>: can rn"e an incuhatjon ~rirxl of up 10 10 months), 

Ik stages of the lifccyele in which the parasite devel.ops in the li~cr i, known a, exo· 

~rj thnlC) !ie sehi mgon;. [] <lnd is 1i.lIoweu by <lsex ll<ll mullipl iC<ltiOll in the el}1hroc" 1es 

(crylhroc;.tic schi/ogon) rn), This stage is commenceu when the merozoite, inv.me the 

reu bl(~1d cdls (eTjthnlCyle,) 0 . These merwoiles de~elor il1lo ring st<J.ge immature 

lrophOH.iles which mall1r~ inlo schiH.nh. These schimnls Ihen rllpilire releaoing 

merozoite sO . Not all of the trophozoites develop into merozoite-s, some oflhe immature 

lropholOile, uilTerenliale into se~ual erythnlCy!ic ~lages (gametucYlesO j:" \\'hen the 

cr}lhrocy!" mp\ure" thesc gamc\ocy!"s are released imo Ihe bloou ,Ire<lm <lnu C<ln be 

ingeste-d hy a feeding mosquito O. rhe game-tocytes are made up of male 
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The process of haemoglobin digestion is achieved by at least three classes of enzymes. 

These are: 5 

• The four aspartic proteases: plasmepsin I, II and IV and histo-aspartic 

proteases (HAP) 

• Two cysteine proteases falcipain- 2 and 3 

• A zinc metalloprotease (falcilysin) 

The waste product of the globin digestion is the haem. The haem is toxic to the parasite 

as it can cause the disruption of metabolic functions by means of peroxidation of 

membranes, inhibition of enzymes, and the generation of oxidative free radicals. Haem 

is also known to be toxic to vertebrates, however, vertebrates have specialized proteins 

called haemopexins which sequester the free haem. 

In order to remove the haem; the parasite autoxidises the haem to haematin. 

In this process the iron centre is oxidised from Fe(II) to Fe(III) most likely through 

spontaneous autoxidation by 02 to produce haematin (aquaferriprotoporphyrin IX, H20-

Fe(III)PPIX). The haematin poses a toxicity threat to the parasite and is therefore 

converted to a highly insoluble microcrystalline material called Haemozoin (malaria 

pigment), which has been found in the parasites food vacuole. The appreciably low 

solubility of haemozoin allows it to be significantly removed from the reactive 

biological environment of the parasite. Certain strains of bacteria have also shown to 

use this detoxification strategy to remove toxic metal ions by the formation of insoluble 

salts, thus allowing them to thrive in what would be lethal concentrations of the metal. 

A combination of X-ray diffraction, elemental analysis, infrared spectroscopy and 

EXAFS has definitively proven that the synthetic product ~-haematin is identical in 

structure to haemozoin.48 The structure shows that the substance is composed of dimers 

of ferriprotoporphyrin IX (Fe(III)PPIX) which are connected by co-ordination of one of 

the two propionates of each porphyrin to the iron centre of its partner 

ferriprotoporphyrin.43 The non co-ordinated propionic acid group is left to interact in the 

crystal by means of hydrogen bonding interactions. 
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Formation of Haemozoin: 

p-Haematin (synthetic form of haemozoin) can be formed from haematin in acidic 

aqueous solutions in the presence of a number of agents. At higher pH i.e. above pH 10 

haemozoin becomes almost completely soluble in solution. When it dissolves at this pH 

it reforms haematin. The various agents which promote the formation of p-Haematin in 

acidic aqueous solution include organic acids, lipids, preformed p-haematin, parasite 

extracts and histidine rich proteins 2 (HRP-2) at temperatures 37°C and higher.5
,43 

These various agents have been shown to promote p-Haematin formation in laboratory 

settings. However, there is still considerable doubt on how haemozoin is formed in the 

malaria parasite. All of these agents seem to be utilized by the parasite, yet, there is no 

conclusive evidence as to the exact role that each of these agents play in the formation 

of haemozoin. For instance HRP-2 is mainly concentrated in the red blood cell (RBC) 

cytosol and not in the food vacuole where the haemozoin is thought to be formed. 

HRP-2 is taken up into the food vacuole but if the protein's major function is to catalyze 

haemozoin formation in the food vacuole, then such a method is practically inefficient. 

The HRP-2-Fe(III)PPIX complex has also demonstrated considerable peroxidatic 

activity, which suggests that the primary role ofHRP-2 may be to act as a buffer for the 

parasite against the oxidative effects of haematin. Thus considerable investigation still 

needs to be undertaken before any satisfactory consensus is reached as to the exact 

process by which the parasite forms haemozoin. 

It has been suggested that another solid phase is formed during the transformation of 

haematin to p_haematin.49
-
51 This solid phase appears to form and then disappears. This 

solid phase is thought to resemble the p-haematin dimer except that it does not contain a 

centre of inversion and as a result of this lack of symmetry it is unable to be included 

into the crystaL Thus formation of the p-haematin crystal may require rearrangement of 

the non-centrosymmetric dimer into the centro symmetric form. This process may be 

responsible for limiting the growth of p-haematin crystals. 5 
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2.1.2 The Rationale Behind the Selection of the Various Active Scaffolds 

2.1.2.1 The Selection of the Quinoline Scaffold Based on the Effects of Chloroquine 

Inhibition of Haemozoin Formation by Quinolines 

The process by which chloroquine and related drugs inhibit haemozoin formation has 

not been conclusively established, however, the evidence acquired has led to the 

proposal of a number of hypotheses: 

One proposal is that these drugs form complexes with the free haematin and as a result 

the haematin is unable to be incorporated into ~-haematin. Evidence supporting this 

proposal is that all the compounds which have been shown to inhibit ~-haematin 

formation have also formed complexes with haematin in solution. However, it has been 

found that not all compounds which form complexes with haematin are able to inhibit 

~-haematin formation.5 

Another proposal is that the drugs prevent crystal growth by interacting directly with the 

surface of the haemazoin crystal. Computational evidence lends support to this proposal 

by showing that quinoline antimalarials are able to dock significantly well on the fastest 

growing face of the haemazoin crystal. Sullivan et. al. have supplied evidence that 

chloroquine interacts with haemazoin in the food vacuole of the parasite. They have 

proposed this activity is the result of the haematin-drug complex and not the free drug 

which interacts with and prevents ~-haematin formation. 52 

It has recently been demonstrated that chloroquine and various other compounds are 

able to displace haematin from HRP-2. HRP-2 is thought to be able to bind to up to 50 

haematin molecules. Therefore if this protein is responsible for haemazoin formation 

then the ability of a drug to displace haematin molecules from this protein might have a 

significant effect on haemozoin formation.5 A large number of investigations have 

provided spectroscopic evidence of the association of quinoline antimalarials with 

haematin. NMR studies by Moreau et al.53
,54 have revealed that these complexes form 

through the pi-stacking of the aromatic ring of the quinoline drug over the porphyrin 

ring.s 
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Structure Activity Relationships: 

When the amino group is attached at the 2 or 4 position on the quinoline ring, then the 

nitrogen on the amino group is able to make the maximum electron contribution of its 

electron pair into the ring. TIris is due to the fact that the nitrogen of the quinoline ring 

is best able to accept the increased electron contribution from a nitrogen attached at 

those positions. Figure 2.21 demonstrates why this situation occurs based on the 

electron flow through the ring. 

2 - AminoquinoUnc 

CI CI 

4 - AminoquinoUnc 

CI Cl 

Figure 2.21: Aminoquinoline Resonance 

~+/R 
N 

I 
R 

As a consequence of this, amines at the 2 or 4 position win be less basic than amines at 

other positions as the lone pair of the nitrogen atom, at these positions, is less free to 

react or accept protons. This maximum lone pair contribution of nitro gens at the 2 and 4 

position also causes a greater electron density in the quinoline ring than nitrogens 

attached at other positions. The position of the amino group on the quinoline ring is 

fundamental to the association of aminoquinolines with haematin, as only the 2 and 4 

aminoquinolines form strong complexes with haematin. This is probably due to 

electronic effects as the enhanced electron density of the pyridine ring favours aromatic 

stacking over the electron deprived area of the iron porphyrin. The superior association 

of haematin with the 2 and 4-aminoquinolines may also be a result of the lower pKa 

values of the 2 and 4-aminoquinolines relative to the other aminoquinolines. In their 

destined biological environment the compounds become protonated and are thus 

cationic. This allows for the possibility of cation-pi interactions between the quinoline 

and the porphyrin. This cation-pi interaction is now regarded to be of significant 

importance.5,55 
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ReqUired for Inhlbl/ion of haernozoln formatIOn 
(Influences pKa values, so should not be too electron withdrawing) 

~ 

H)~I N I/ 

""X'" 1 ~I II Basic Group 
CI .7""'Q-- "'N ~ ' u Required for pH trapping 
- f (In additIOn to qUinoline N) 

Haemalin Binding Template 

Figure 2.22: Chloroquine - Structure Activity Relation~hip' 

'lhe chlorine atom~6 or olher group" allhe 7-posi!ion5) on the quillolille ring or the 

attachmellt of various alkyl chains 011 the 4-amillo N atom have little alJect on the 

slr~nb"h or as'>OCialioll of 4-amiooquillolines with hacmatin relalive to lhe a%ocialion 

con~t~nt change:-. which OCCUr when the N atom on the quinoline is moved around the 

ring. Also all introduction of a Ci alom at the o-position (il1~tead of 7) on the quinoline 

ring c .. u"es the inter.!clion hetween the haematin and the quinoline 10 become 

completely de"labili~ed.J8 Thi" finding requires closer illve~tig;tti<Jn 't~ earlier studies 

ha\'c imlicateJ th'!! te.., 6-chloro analogue of chloroquille is nearly a, active in vivo a, 

chloroquinc, l 

An i!llere~ling phenomenon is th .. t although all inhibitor~ of B-hacmalin :irC able to 

associate with hacmatin in solution, there seem' 10 be no correlatioll l:>ctWCCIl the 

strenb>th 01" association with hacmatin and inhihilion of fl-haemalin formatioll or 

biologic .. l activity,5) Therefore association with haemalin mighl be necesSlI~' . but is 

ccrtailily not a suflicient characteristic in the prevention ofhacmamin l<lTmation. 

Although the group at the 7-positioll on lhe quinoline ring h~5 a relatively small etYcct 

On the '1ssociatioll constallt with hacmatin, it has a vital role in dClermiliing ~le ability of 

4-aminoquinolincs to inhibit B-haem'llill l<nmation, l Thm. there is some cvidcnce 

which suggcsts that inhibition of B"haematin Jormatioll is dependent on both lhe 

stl'ellb"h of association of the compound wilh haem .. tin as well as thc electron 

"ithdrnwing capacity of the group at the 7 _position,l' Stuuies have lIIdicated that there 

is no Jirect correlalion between a compound's biological activit, "nd its ability to 

illhibit p-haematin fOnTIation. This suggests th"l ll",re are other crucial requiremem, fol' 
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the cOIllf><.lllnd to he hiologic<llly <lctiw. This rcquirem~nl m<l)' iJ" found in studies 

"hidl have sho,,",n that tocre is a noteworthy eorrc1ati(m belween inhlbition "r I~

h~ematin fonnation and hiological adi"ity when normalized for ditf~lLnt k,ds of 

cdllliar accumuL.!tion,' Sludi~s hav~ thus d~Ill{)l1slrated·',-6(l thHt the biologic.1l acti"ity of 

the tested compounds seem to he a function of hoth th<:ir I~·hat:matin inhibilory 

acti"ities and their abil ity to enter and accllllll~ate at the location of activity (considered 

to be tl1~ food vacuok). The ability of Ihe compound to occumulate at the site of activity 

i~ heavily dependent on the pKa of the compound. Th~ group at Ihe 7-pusilion is 

t llCrefore vcry important in this respect a~ it \-vas lound to strongl} inlluencc lh" pKa 

valll"S of both the quinoline N and the tertiary amino group in the alkyl side chain. As 

lh" comf><.lUnds are 'W~ak hases th~y ar~ abl" to accumulate in the food vacuole via pH 

trapping. The degree of pH trapping can he predicted Irom the pKa valu"s using th" 

Henderson-Hasselbach equation. A study which performed such a correlation f(lllnd a 

dir~d prOf><.lltionality hctwe~n activity and Il-haematin inhibition.-" rhis study 

correlated well with another study 'Which demonstrated lhal a basic amino group in th" 

alkyl side chain of 4-aminoquinolines is crucial for antipiasmodial acti,,;ty.~' 

Thus in sUlllmary th~ aminoquinoline compounds contains two main function~:' 

B-haemalin inhibilion which is u"p<:nd~nt on: 

,. QuiTl(,lire [emplak 
),. Position of'Quinoline Nitrogen atom 
),. Group at 7 positiun of the quinoline ring 
" Absence of groups on positions of quinoline ring which might interli:J'~ with 

stabilit), of' compound - ha~matin compl~x 

pH Trapping for Cellular Accumulation: 

, Llcctron withdrawing group on 7-position of quino1in~ ring 
" l3a,ic groups on alkyl ~ide chain of 4-aminllquinolines 

2.2.2.2 The Select ion or the Pi pem:<ine Se'lffoid 

R~,""arch prompkd by Chibale d a101 tested a variety of aryl piperazincs. These 

included ooth plK'JJyl piperazine8 as w"n as quinoline pi rerazines. A number of phen, I 

pipcmzinc~ were teSled with ""veral t)-pes or groups (halogens. methoxy. cthoxyetcl 

substituted at various positioos around the phenyl ring. Two ciasil::s 0 f' pip<:razines ""l''' 
ttested. on<: class which was substituted at both piperazine nitro gens and a das~ dnch 

was onl} suhstilukd at one or Ihe plp<:ra/me nitJ'Ob"'ns thus leaving Ihe terminal 
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secondary amino group unsubstituted. All these compounds showed antiplasmodial 

activity. The fact that such simple molecules as phenyl piperazine bearing essentially 

only two functional groups have antiplasmodial activity indicates the efficacy of the 

piperazine moiety and that the piperazine moiety is a suitable substructure to insert into 

compounds being produced as antimalarials. A scan of the literature reveals that the 

piperazine moiety is ubiquitous and found in a wide range of drugs for a large variety of 

different diseases. In 2001 an MDL Drug Data listed 2271 drugs with phenylpiperazine 

structures, 65 of which were in Phase II clinical trials in 23 therapeutic fields.62 For 

instance they were used as antibacterials, antidepressants, antivirals, antifungals, 

antitussives, serotonin receptor (5HT) etc.63 The figure below displays just a few of the 

many biologically active compounds which bear the piperazine moiety.63 

I~~OH 
(}N~ & 
1..9 Levodropropizine 

(antitussive Agent) 

CI 

\~ ~~ o F"N~~~ 
~O~N\\ 

o N efozodone 
(antidepre s s ant) 

1\ 
N=NH N-

~~~o C) 
V P Trsztloone 

r ~ 

(antidepressant) -
CI 

y 
eN, 

) 
R-61837 

N (antiviral) 

~Jp Ny 
OMe 

Figure 2.23: Biologically active compounds bearing the phenyl piperazine moiety63 

The reason for the extensive activity displayed by aryl piperazines may be due to their 

ability to be recognized by a variety of receptors. This factor may playa role in the aryl 

piperazine's antiplasmodial activity as studies have shown that 8-hydroxy-2-(di-n

propyl amino) tetralin (8-0H-DPAT) is an excellent compound for the inhibition of the 

5-hydroxytryptamine type lA (5HTIA) receptor. This compound was also able to inhibit 

the growth of P. Jalciparum. Its mechanism of action is to block a membrane channel on 

parasitized erythrocytes.62 As aryl piperazines have been found to be active as serotonin 

receptor agonists, they potentially have the ability to influence the membrane transport 

properties of the malaria parasite. Thus the P. Jalciparum receptor could be a significant 

target for malaria chemotherapy. 
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A linker group was required for the compounds synthesized in this project. The 

piperazine moiety was found to be the appropriate unit for this linker due to its size and 

functionality. It was also selected based on the findings mentioned above as wen as 

others5
,64,65 in which the piperazine moiety was found to be essential for the compound's 

activity. For instance in a set of 7 compounds selected by Egan5 which are active 

against chloroquine resistant strains, two of them bear the piperazine moiety which 

functions as a linker. 

Figure 2.24: Compounds active against chloroquine resistant strainss 

Based on an these findings, the majority of compounds synthesized in the course of this 

project bear the piperazine moiety functioning as both a moiety with its own unique 

activity as well as providing the function as a linker. 

2.2.2.3 The Selection of the AZT Scaffold 

AZT is not known to possess antimalarial activity. However, it may confer another 

benefit when linked to a structure possessing antimalarial activity. For instance the 

protease inhibitor, KNI-727 demonstrated excellent PR enzyme inhibition yet proved to 

have low anti-HIV activity. This effect was a consequence of the compound not being 

able to penetrate the cell membrane, due to its poor water solubility and high lipophilic 

nature. This molecule was then linked to AZT via a cleavable linker, which resulted in a 

significant increase in its activity.66 A frequent problem with various compounds is that 

although they display high activity for their specific biological target they often display 

poor activity against the disease. The reason for this is often that the compound is 

unable to reach its biological target. Frequently the primary reason for this is that the 

compound cannot pass the plasma membrane and is thus prevented from entering the 

cell. As AZT is a nucleoside it is permeable to the plasma membrane and can thus enter 

the cell. Therefore the AZT scaffold might increase the activity of an antimalarial by 

increasing the concentration of that compound at its intended target site. 
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2.2.2.4 The Selection of the IS-Amino Alcohol Moiety 

The Plasmodium parasite invades human erythrocytes and can consume up to 75% of 

the haemoglobin present. 67 The parasite digests this hemoglobin in its acidic food 

vacuole by utilizing three enzymes; a cysteine protease, falcipain, and two aspartyl 

proteases, plasmepsins I and II (Plm I and II). The two plasmepsins have a high degree 

of sequence homology to one another (73% identical) and are closely related in 

structure to human cathepsin D (Cat D). Neither of the plasmepsins is targeted by any of 

the currently available antimalarial therapies. In an attempt to target the plasmepsin 

enzymes Haque and coworkers67 screened 1039 mechanism-based inhibitors 

incorporating the hydroxyethylamine (~-amino alcohol) isostere. They found that the 

hydroxyethylamine isostere is a particularly effective mechanism-based inhibitor of 

aspartyl proteases as the tetrahedral intermediate of the peptide bond cleavage is 

approximated by the stable hydroxyethylamine compound (Scheme 2.2). The isostere is 

also able to retain its activity with a wide variety of side chains on both sides of the sec

alcohol whose position corresponds to the scissile bond of the peptide substrate. 

Intermediate of peptide hydrolysis Hydro;tlyethylaminc-bascd ;nhibi:l.lf1> 

Figure 2.25: Tetrahedral intermediate of hydrolysis and hydroxyethylamine isostere67 

The hydroxyethylamine moiety is also found in a number of the most effective anti

malarials to date. Figure 2.26 below depicts 3 of the most important compounds utilized 

as antimalarials. An outstanding feature of these compounds is that they an contain a 

quinoline scaffold in addition to a hydroxyethylamine moiety. Based on this there is 

strong evidence to suggest that compounds which contain both the hydroxyethylamine 

and quinoline scaffold such as ZK25, ZK26 and ZK27 (Fig 2.15, Fig 2.18 below) and 

which are expected to be active against HIV, win also show activity against malaria. 

Mefloquine Quinine Quinidine 

Figure 2.26: Prominent antimalarials bearing the ~-amino alcohol moiety 
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CHAPTER 3 

Compounds Synthesized and Related Chemistry 

3.1 Click Chemistry 

An approach of this project is to link different scaffolds together. Each Scaffold bearing its 

own unique biological target and activity. In this way a single compound would be able to 

target multiple stages or states of the disease causing organism. A compound which is 

active at multiple targets has greater efficacy and is also more resilient against parasitic 

resistant mutations. Another important factor was not just to link them randomly together 

but in addition to assemble the scaffolds into a structure which itself has a functional 

geometry. In light of this principle the "click chemistry" approach, which is composed of a 

group of highly reliable reactions was identified. A further advantage of one of the 

reactions is the addition of a triazole ring into the compound. The triazole ring not only 

acts as a linker, but may also confer greater biological activity, due to its own activity. It 

also increases the solubility of the compound in aqueous solutions. 

The principle behind click chemistry is to make use of a few near-perfect chemical 

reactions for the synthesis and assembly of functional building blocks.68 These building 

blocks have a high built-in energy content which drives a spontaneous and irreversible 

linkage reaction with corresponding sites on the other blocks. As click chemistry is only 

composed of a limited number of reactions it may seem that this approach is significantly 

limited however a computational study by Bohacek et al. 69 suggests that the potential 

'drug-like' compounds made up of less than 30 non-hydrogen atoms, <500 Daltons; only 

composed ofH, C, N, 0, P, S, F, CI and Br; that are likely to be stable in the presence of 

water and oxygen is as large as 1063
• Only a few million such compounds are currently 

known. This leaves an enormous pool of compounds that have yet to be discovered. The 

implications of this is that the vast majority of active compounds are still as yet 

undiscovered and are most likely to be discovered in unconventional structure space. 
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Thus the power of click chemistry arises from the efficiency of its reactions. These 

reactions mean that click chemistry-based searches are far more rapid as they focus on the 

regions of the '1063 universe' that are simple to access. The reactions are strongly driven, 

highly selective reactions of wide scope, allowing an enormous diversity of block 

structures to be used. Click chemistry is therefore based on the notion that a greater 

diversity of compounds can be achieved with fewer reactions, as it is not the number of 

reactions which is most important, but the tolerance of those reactions to variations in the 

nature of the reactants. 68 

3.1.1 Defining a Click Chemistry Reaction 

Click Chemistry is essentially the use of a collection of highly efficient reactions. There 

are certain criteria which define these reactions. 

Criteria of a click reaction: 

~ Must be of broad scope 

~ Reactions must have consistently high yields with a variety of starting materials. 

~ Simple to perform and be insensitive to oxygen or water, and use only readily 

available reagents. 

~ Reaction work-up and product isolation must be simple, without requiring 

chromatographic purification 

The click chemistry reactions focus on highly energetic 'spring loaded' reactants. The 

outcome is always directed by kinetic control rather than thermodynamic factors. 

The olefins and acetylenes make excellent functional groups for these reactions as they are 

of high energy and are easily accessible and inexpensive. 

The reactions that have deemed fit to be considered as click reactions are:68 

.. Cycloaddition reactions, particularly of the 1,3-dipolar variety and including the 

hetero-Diels-Alder reactions. 
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• "ucieophi lie rin g-opening ",uet ions, p~rticul~rly 0 r strained hderocycl ic 

~ leclrophi I~s i.e. ~poxi d~s. ;v.iridines. cyclic ,ul rales, c, die sultum idates. 

;v.iridinium ions and episulfonium ions 

• Carhon} I ~hcmi ,Ir,' oflhc non-aldol I ypc (e.g. the umnalion of oxime elher>;, 

hydra/ones and aromalic helerllC,'cles). 

• Ad<)ilionlO ~arlxlll----<;mhon mulliple Ixlnds: particularl,' ",.irialion rea~tions, such a~ 

epoxidation. dih)drox)lation, aziridinUlion, and nitrosyl and sulfen}lllalide 

additions , and also various Michael addition reactions, 

.~ X · D. NR, 'SR '~'" 

( .... "" ," 
"'~.I.".,,,,,", ",,"""" 
of ",oonod ""'l> 

"",", ~ r , .. "",,'" 
01><,"",,,, 

In the cou"", of Ihis projeci Iwo of lhe several Iypes of elick reaclions were usc-d, rhe 

C~(l) coatJI,' /ed variam (1 r Ihc 1 ,J-dirobr c,'cioaddil ion was a major 1,>cus in Ihe synthes is 

of the var;ou, molecules prodULed in Ihis project and the ncocicophilic ring-opening 

r~a~lions were uli Ii/cd in order 10 S) nlhesize lile moleeu Ics contain ing the JJ ·arn ino alcohol 

moiety. The moclcopllilic ring-opening reactions will be discuss<'\l in the sections dcaling 

"ith Ihe compound synthesis howc'er as the 1,3-dipolar cycloaddition play' such an 

important role in this projecl and due 10 the exira wmplexit), of it, mechanism il "ill he 

discussed further in this Se<:tion. 

Th~ original reaclion used (hel()re Ihe discovery of the Cu(l) catalysis) was the Huisgen's 

IJ-dipolar eycioaddition, In this reaclion an alkyne and an a;,idc are r~acted logether 10 
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fonn a triazole ring. Due to its efficiency and simplicity this type of reaction exemplifies a 

click reaction.. There is an enonnous variety of azides and alkynes and both these 

functional groups can be relatively easily installed. Although these two functional groups 

are some of the most energetic species known, they are renowned for also being some the 

least reactive functional groups. This stability is based on kinetic factors. The major 

advantage of this is that these functional groups are inert in biological conditions and 

remain stable inside living systems and thus will only react under appropriate conditions. 

A Cu(I) catalyzed variant of the original Huisgen cycloaddition reaction has become the 

preferred reaction due to its superior efficiency and regioselectivity. It is this variant 

reaction that has been utilized in this project. However, to understand the differences and 

advantages of the catalyzed reaction a brief discussion of the original Huisgen 

cycloaddition is necessary. 

3.1.2 "1,3-Dipolar Huisgen Cycloaddition Reaction" 

The Huisgen Cycloaddition is the reaction of a dipolarophile with a 1,3-dipolar compound 

that leads to a 5-membered hetero-cycle. l,3-Dipoles contain one or more heteroatoms and 

can be described as having at least one mesomeric structure that represents a charged 

dipole.7o Azides make excellent 1,3-dipoles as they have a nucleophilic site at the tenninal 

nitrogen (labeled 1 in fig 3.1 below) and an electrophilic site at the substituted nitrogen 

(labeled 3). In figure 3.1 below the nitrogen positions are labeled 1, 2, 3 in order to 

illustrate the 1 I 3 dipole relationship. 

1.,3-Dipole 

Nucleophilic Site Electrophilic Site 

Figure 3.1: Mesomeric fonns of the azide 1,3 dipole 
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Examples of dipolarophiles are alkenes and alkynes and molecules that possess related 

heteroatom functional groups (such as carbonyls and nitriles). In terms of this reaction the 

dipolarophile could be considered the equivalent of what a dienophile is for the Diels 

Alder reaction. However, simple alkenes which are bad dienophiles are considered 

adequate dipolarophiles. The difference between the dienes (of a Diels Alders reaction) 

and 1,3 dipoles is that dienes are nucleophilic and prefer to use their HOMO (highest 

occupied molecular orbital) in cycloadditions with electron deficient dienophiles where as 

1 ,3-dipoles are both electrophilic and nucleophilic and can thus use either their HOMOs or 

LUMOs (lowest unoccupied molecular orbital) depending on whether the dipolarophile is 

electron rich or electron deficient.7o 

3.1.2.1 Mechanism of 1,3-Dipolar Huisgen Cycloaddition Reaction 

Figure 3.2: Mechanism of 1 ,3-Dipolar Huisgen Cycloaddition Reaction 71 

The 1,3-dipole possesses 4 electrons which participate in this reaction. Two of them 

belonging to its charged nitrogen atom and two x-electrons belonging to the bond between 

the central N atom and the substituted N atom (these electron pairs are indicated to by a 

plain line in fig 3.2 above). In the case of the dipolarophile, the alkene I alkyne contributes 

two x-electrons. These six electrons participate in a collaborative, peri cyclic shift.71 This 

pericyclic shift is stereoconservative (suprafacial), and the reaction can thus be referred to 

as a [2s+4s] cycloaddition, analogous to the Diels-Alders reaction (the 2 and 4 refer to the 

number of electrons and the subscript s refers to the stereochemistry i.e. s = suprafacial as 

opposed to a which symbolizes antarafacial). It is important to note at this point that 

frequently in the literature the notation "[2+3] cycloaddition" is used for this reaction. The 

authors here are referring to the number of atoms involved and not the number of 

electrons. This is a cause of much confusion as IUPAC reserves the square brackets to 
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relate to the number of electrons involved and recommends the use of "(2+3)" for the 

number of atoms involved. 

In order for this pericyclic reaction to occur there must be a certain similarity of the 

interacting HOMO and LUMO orbitals. The principle factor dictating this similarity is the 

relative orbital energies of both the dipolarophile and the dipole. Electron-withdrawing 

groups on the dipolarophile normally favour an interaction of the LUMO of the 

dipolarophile with the HOMO of the dipole that leads to the formation of the new bonds, 

whereas electron donating groups on the dipolarophile normally favour the inverse of this 

interaction. For instance diazomethane as an electron-rich dipolar compound rapidly reacts 

with electron-poor alkenes, such as acrylates.72 

The regioselectivity of the reaction depends on electronic and steric effects and is 

generally predictable. In the addition of alkynes to azides, the product generally consists of 

two regioisomers, as is depicted by the reaction in figure 3.3 below.7l 

Example of 1 ,3-dipolar Huisgen cycloaddition with an alkene: 

8ft.' 
II 

:;£) A' 
II 
A" 

R" 

+ 

Example of 1 ,3-dipolar Huisgen cycloaddition with an alkyne: 

9ft,' 
R' A' 

II II !l 
R--· A/ ::"A" 

(f) A' + lID \_-< 
II ~-

R/A 
.I 

R" R" R' 

3.1.3 Copper(l)-catalyzed Azide-Alkyne Cycloaddition (CuAAC) 

As efficient as the Huisgen 1,3-dipolar cycloaddition is, it has been replaced by a far 

superior copper(I) catalyzed variant. There are several reasons for this; the Huisgen 

cycloaddition process required a strong electron-withdrawing group substituent on either 

the azide or the alkyne.73 Although azides and alkynes are highly energetic species, there 

is a significant kinetic barrier that needs to be overcome for the reactions to proceed, 

consequently reactions often require high temperatures for prolonged periods of time. 

However, the most significant drawback of the Huisgen cycloaddition reaction is the lack 

of stereocontrol, and the reaction typically leads to the isolation of a mixture of both the 

46 --------------



Univ
ers

ity
 of

 C
ap

e T
ow

n

l,4-disubstituted and 1,5-disubstituted-l,2,3-triazoles. The general reaction above(Fig 3.2) 

is depicted in a specific reaction below in order to demonstrate the two regio-outcomes. 

2 2 
3 NIl N 3 

PhO neal N~ "'N --.., ..r---N./ -'N 
\ + N~Ph "" W Ph + Ph W 

g2
u

e, 18 h PhOJ4 5 1.6: 1 PhOJ5 4 

1,4- 1,5-
RegiDisomer Regieisomer 

Figure 3.3: Regioisomers produced from the 1,3-dipolar Huisgen cycloaddition71 ,74 

Therefore a superior variant of the Huisgen 1,3-dipolar cycloaddition is the copper(I) 

catalyzed variant, in which an organic azide and terminal alkyne are reacted together to 

yield the l,4-regioisomer of a 1,2,3-triazole as a sole product. This copper(I)-catalyzed 

variant was first reported by Morten Meldal and co-workers at the Carlsberg Laboratory in 

Denmark and although this copper(I) catalyzed variant reaction gives rise to a triazole 

from a terminal alkyne and an azide it is not a ] ,3-dipolar cycloaddition and thus should 

not be referred to as a Huisgen cycloaddition. This reaction proceeds via a different and 

unique mechanism and it is more appropriately termed the Copper(I)-catalyzed Azide

Alkyne Cycloaddition (CuAAC). 

While the reaction can be performed using commercial sources of copper(I) such as 

cuprous bromide or iodide, the reaction works much better using a mixture of copper(II) 

e.g. Cu(II) S04 and a reducing agent e.g. sodium ascorbate to produce Cu(I) in situ. CuI 

salts (e.g. CuI, CuOTf ·C6Ht, , and [Cu(NCCH3)4][PF6], can also be used directly in the 

absence of a reducing agent. These reactions usually require acetonitrile as a co-solvent 

and one equivalent of a nitrogen base (e.g. 2,6-lutidine, triethylamine, pyridine etc).75 

However, formation of undesired by-products, primarily diacetylenes, bis-triazoles, and 5-

hydroxytriazoles have frequently been observed. As Cu(I) is unstable in aqueous solvents, 

stabilizing ligands are effective for improving the reaction outcome, an example of such a 

ligand is Tim's Ligand; tris-(benzyltriazolylmethy)amine (TBTA). In order to avoid the 

drawbacks of using the CuI salts; the more reliable and even simpler CuII I ascorbate 

aqueous system is preferred. Cull salts are more stable, less costly and are often purer. The 

reaction proceeds to completion in 6 to 36 hours and can be run in a variety of solvents. 

Mixtures of water and a variety of partially miscible organic solvents including alcohols, 
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D\lS0. DMF. tBuOH and aCClOnc "or .. "ell. Although the reaction is gel1eHllly c(llTied 

OtH at neutral pH. the rcaelion is still able to proceed eJl(,rtk,,1 y at pH ranges from 4-1~. 

3.1.3.1 \lcchan ism "r Coppcr(I)-clIta Iyzed Azide_Alkyne l"yeloaddition Rrodion 

Although there is still debate as to the exact mechani,m ofthc Clo(J) catal}~.cd readionthoe 

~on5ideHlble research th:lt Iws been undertaken to investigate the meehani,m oj" this 

~atal)·tic r~aclionJ6 ha., resulted in the pro[>Oo;ed mechanism below. \\hieh has become the 

mo,t widely ac~epted mechanism Ii" th i s readion. 

I 

B·2 • 

-CuL., 
I ,. 

NSOr," 
• 

" 

8 ·3 ....-- --

.. ---::-::-

• 

• 
• • 

B·d""et 

• • • • • • ..... .. 
IJ... . r • 

r , . 
M 

t"L
, 

, 
" , . 

N C 

ILLur 

- CuL .. 

Scheme 3.2: Mech(ll1ism of Copper(J)-cawlyzed Azide-Alkyne C}cloaddition Readion" 

Thc initial step oj" this ~atalyti~ reaction is the coordilHltion of the alkyne to the ClI(I) 

catalyst. This results in the di<pl(lcement of one of tile \~ater or solvent ligand, and the 

formation oftoc CuO) acetyl ide spe~ies (marhd I on Schffile 3.2). rhe path\~ay H-direet 

on scheme abovc. represent, th~ con~~rt~d 12i3] cycio:J.ddition, howe~er kinetic 

investigations as well a, ntensive dcen'ity iimclional th~",y calculations h:lve resulted in 

compelling evKlenee which clearly disl;wor, thl.> pathway hy about 1~-15 Kcal. Studies 

suggest that the reaction proceeds j"rom this point as a stepwise. anne(liing seqLJence 

following the path H-l ~ B-2 --+ B-3 (giving rise to the tem, "ligation"' I<>r this process).7' 
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Therefore the next step in this reaction is the replacement of another ligand by the azide. 

The azide binds to the Cu via the nitrogen proximal to the carbon following path B I 

forming intermediate II. The geometry of intermediate II allows for the distal nitrogen of 

the azide to come into contact and react with the orbitals of the C-2 carbon of the 

acetylide; generating the intriguing six-membered Cu(IIJ) metallocycle (Intermediate III). 

The catalytic process is completed via the proteolysis of intermediate IV which releases 

the triazole product. 

Although there is still some doubt as to the exact mechanism of this catalyzed reaction, 

what is not in doubt is the potential of this reaction. The CuI-catalyzed transformation 

described above leads to a high-yielding and simple to perform "fusion" process and a 

thermally and hydrolytically stable triazole connection. This reaction is an ideal addition 

to the family of click reactions. The process exhibits broad scope and provides 1,4-

disubstituted 1,2,3-triazole products in excellent yields and in near perfect 

regioselectivity.75 The reaction has the added benefit of favoring water as a solvent. Water 

alleviates the need to handle flammable solvents and eliminates the environmental damage 

caused by organic solvents. It is also the cheapest and most available solvent. Due to the 

reaction's efficiency the need for chromatographic purification is often eliminated. Thus 

the reaction is a step forward in not only reaction efficiency but is also a step forward 

towards "greener" chemistry. 

3.1.4 1, 2, 3-Triazole ring 

Although the primary reason for using the CuAAC reaction, is to link two active units 

together; the reaction has an added benefit in that it incorporates the 1,2,3-triazole ring into 

the molecule. 1,2,3-Triazole derivatives have received much attention due to their 

extensive range of applications and biological activities. Triazole derivatives are found in 

anti-HIV agents, antimicrobial agents, ~3 - adrenergic receptor agonists and various other 

biologically active agents.73 Examples are the pyridyl and pyrimidyl substituted triazoles 

which exhibit submicromolar activity against LPS-induced tumor necrosis factor-a (TNF-
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a) and the N-substituted phenyl-l,2,3-triazole-4-acylhydrazone which shows significant 

antiplatelet activity on arachidonic acid- and collagen-induced platelet aggregation.77 

The triazole ring serves as a rigid linking unit and places the carbon atoms, attached at the 

1,4-positions of the 1,2,3-triazole ring, at a distance of 5.0 A (C-a distance in amides is 3.8 

A).68 A further advantage of this ring is that unlike amides triazoles cannot be cleaved 

hydrolytically or otherwise, and unlike benzenoids and related aromatic heterocycles, they 

are almost impossible to oxidize or reduce. They possess a large dipole moment of ~5 D 

(debye), and nitrogen atoms two and three function as weak hydrogen bond acceptors. 

1,2,3-Triazoles are not restricted to biological applications but have extensive industrial 

use as corrosion inhibitors, dyes, photostabilizers, photographic materials and 

agrochemicals. The future prospect of this unit is full of potential; triazoles could become 

important pharmacophores in future drug discovery as they are stable and nonharmful. 

They are also more likely to be water-soluble, unlike their aryl counterparts, due to their 

high dipole moments.77 

3.1.5 General protocol for the CnAAC Reaction 13,15 

The protocol for the CuAAC reaction used to produce compounds ZK7 - ZK20 was 

adapted from two other in situ click reactions found in the literature. One of the papers 

utilizes the Cu(II)S04eH20 I Sodium Ascorbate catalyst yet prepares the azide in situ,15 

whereas the other paper prepares the acetylene in situ yet utilizes CUI salts.73 In this project 

the Cu(II)S04 e H20 I Sodium ascorbate system was found to be the superior catalyst 

system and was therefore preferred. However, the reactions of this project needed to 

prepare the acetylene in situ and not the azide. Therefore this project's in situ click 

reactions are a fusion and adaptation of both types of protocols in relation to this project's 

synthesis requirements. 

The protocol of ZK7 is common to compounds ZK7 - ZK20 thus the general protocol to 

produce compounds ZK7 - ZK20 will be described using the protocol of ZK7. 

The protocol requires two steps. Each step corresponds to a reaction and both reactions 

take place in the same reaction vessel (i.e. in situ). 
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Alkylation Reaction 
~ Step 1: Secondary Amine (piperazine) + Propargyl Bromide - Acetylene 

CuAAC Reaction 
~ Step 2: Acetylene + Azide + Catalyst - Target Compound (triazole product) 

As the description below is a general protocol for compounds ZK7 - ZK20 only the type 

of compound will be mentioned and not the specific compound i.e. the term piperazine 

will be used and not ZM1. In the section which relates to each class of compounds the 

specific compound and solvent system (chromatography) will be given in a table in the 

same manner as represented below: 

S~nthesis of Tar~et Compounds ZK7 

Type of Compound Specific Compound 
Piperazine ZMI 

Azide AZT 

Chromatographic Purification 
Solvent System 10% MeOH I DCM 

Table 3.1: Specific compounds and solvent system used for the synthesis of ZK7 

General Protocol: 

In order to alkyl ate the piperazine (reaction step II) to prepare the acetylene intermediate; 

propargyl bromide (Immol eq) was added to a mixture of the piperazine (Immol eq) and 

triethylamine (Et3N) (1.5 mmol eq) in tert-butanol (tBuOH) at ambient temperature. This 

was left to stir under nitrogen (N2) for 12 hrs. At this point TLC indicated a new spot for 

the acetylene intermediate and an almost complete consumption of the piperazine. To this 

reaction mixture, 1.2 mmol eq. of the azide was then added (reaction step III), followed 

by the addition of the Cu(II)S04e H20 catalyst (0.05mmol eq.) and sodium ascorbate 

reducing agent (0.5mmol eq.) which were added simultaneously as freshly made up 

aqueous solutions. H20 was then added in a quantity equivalent to the amount of tBuOH 

solvent in the reaction vessel thus producing a 1: 1 tBuOH : H20 solvent ratio. The reaction 

was left to stir for 24hrs at ambient temperature (a N2 atmosphere is no longer necessary 

for this stage of the reaction). Unlike ZK2 and ZK3 the crude product required further 

purification. The crude material was thus purified by column chromatography using 100% 

EtOAc in order to elute any of the unreacted acetylene intermediate or azide. The solvent 
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addition of the catalyst makes aU the reagents more soluble, often resulting in a completely 

homogenous reaction mixture. 
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Chemistry Related to the Various Classes 

Class A: (AZT I Quinoline Class) 

3.2 Compounds Composed of AZT Structure and Quinoline Scaffold 

3.2.1 Structures of Target Compounds of Class A 

HO 
5' 

CI 

ZJ \N 
o 

ZKl 
C22H21ClN60S 

Exact Mass: 484.13 
Mol. Wt.: 484.89 

HO 

C, 54.49; H, 4.37; CI, 7.31; N, 17.33; 0, 

5' 

CI 

III-III 

~N ~ 
NH 

8" 

ZK3 
C22H22C1N704 

Exact Mass: 483.14 
Mol. Wt.: 483.91 

HO III-III 
5' 

~ ~N 

N 12" 

13()'" 
14" 10" 

III 9" 

5" 

CI 

ZK7 
C2~29CIN804 

16.50 C, 54.60; H, 4.58; CI, 7.33; N, 20.26; 0, 13.23 
Exact Mass: 552.20 

Mol. Wt.: 553.01 
C, 56.47; H, 5.29; CI, 6.41; N, 20.26; 0, 11.57 
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3.2.2 Rctrosynthctil- Analy.~is 

ZKl:Y K O 
ZKJ: Y = Nil 

2, C-N 

l,J-dipolor 
cycloaddition 

Coy 

Scheme 3.4: Retrus} nthetic An"lpis 

N~deoJlhilic 

Su b,titutiuD 

Retrosynthc1ic analysis reveals lhal at'''' slep synlhesis is required in order to prepare th~ 

targe1 molecuks ZKl at.d ;(K3. '11;e initial retrosynthetic s1ep is a 2 x CoN disconnection of 

the 1.2.3 tri1V(l1c ring. rllis dise<>flncdion can be accomplislled via a lJ-dipolar 

cycloaddition reaction which reqllires an ~ppropriate a:zide and alkyne as slarling materials. 

As the atidc AZT can be commercially obtained"' it re~uire, no rurtheranaly,i,. However, 

the alkyne Zlll Zl'l reqllires funh~r preparation. Retrosymhetic analy,is of the alkyne 

Zlll / Zl9 demonstrates that this molecule can he prepared via a nude()phili~ substitution 

reaction from the commercially available starting materials propargyl alcorn,l or prnpargyl 

amine and 4.7-dichloquinolinc . 

• t ~~ k"'<ilr donatcd hI" Cipla Ltd " -----
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3.2.3 Synthesis of ZK2 and ZIG 

¥=OH,NHz 

o~~ 
~}{_N 
ZKl'Y~X 
ZK3'Y~ 

CI~) 
Reagents and Conditions: 

(Ia,b) ....... 

H ° 
(II) O~N--(-

N.../--

HO~ AZT N3 

Il, Z18, Y~O 
Z19:¥=NH 

~ ~ 

CI 

(Ia) ¥ = OH: NaH, THF, 50°C, 2hrs, 67% (Ib) ¥ == NH2: Neat, 140°C, 24hrs, 30% 

(II) Na ascorbate / Cu(II) S04*5H20, tBuOH / H20, 25°C, 24hrs, 54-77% 

Scheme 3.5: Synthetic Route of Target Molecules 

Scheme 3.5 above depicts the synthetic pathway used to produce the target molecules 

(ZK2, ZIG). Both intermediates (Z18 & Z19) were prepared via a nucleophilic substitution 

reaction, although the reaction conditions were different for the two intermediates. 

3.2.3.1 Synthesis of Intermediates Z18 and Z19 

The reaction la used to prepare Z18 was adapted from a similar methodology by Kaval et 

al.77
,78 In the reaction NaH was added to a solution of propargyl alcohol in THF at O°C. 

After allowing the reaction mixture to stir for ten minutes 4,7-dichloroquinoline dissolved 

in THF was added dropwise. The reaction mixture was then gradually heated to 50°C. The 

reaction was left to stir for a further 2 hrs at this temperature. The crude product was 

purified by column chromatography using 30% EtOAc I Hexane as the eluent to deliver the 
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intermediate product 7-chloro-4-(prop-2-ynyloxy)quinoline Z18 as white needles in 67% 

yield. The reaction generally reached completion after::::: 2hrs. Appreciably exceeding this 

reaction time (> 5hrs) resulted in the formation of unwanted by-products. 

The protocol used to prepare Z19 is the method utilized by De et at1S
,79 This method was 

used after a previous method developed by Biot et also which utilized a base combination of 

Et3N and K2C03 in N-methylpyrrolidinone (NMP) as the solvent, proved unsuccessful. 

Based on the method by De et aI, Z19 was prepared in a neat mixture of 4,7-

dichloroquinoline and propargyl amine which was stirred under reflux at 140°C for 24 hrs. 

The crude product was purified by column chromatography using 5% MeOH / DCM as the 

eluent to deliver the intermediate product 7-chloro-4-(prop-2-ynlamino)quinoline Z19 in 

30% yield. However, this reaction had several drawbacks. In order to obtain an appreciable 

yield, the reaction required a high temperature over an extended period of time. This on 

occasion led to the reaction mixture "burning" leaving a gummy like material which was 

difficult to work with and purify. The development of a superior reaction to the one used is 

advisable as propargyl amine is a relatively expensive reagent and using it in the high 

quantities that this neat reaction requires is wasteful, especially as the reaction results in low 

yields (30% yield). Another interesting observation is that the amine product of both Z19 

and later ZK3 generated distorted NMR spectras (i.e. multiplicity was not clearly 

definable), whereas the alcohol products (Z18, ZK2) generated satisfactory spectra. 

3.2.3.2 Synthesis of Target Molecules ZK2 and ZK3:75 

Step (II) indicates a copper(I)-catalyzed Azide-Alkyne cycloaddition (CuAAC) reaction 

used to produce the target molecules ZK2 and ZK3. A mixture of AZT (lmmol eq) and the 

acetylene (1 mmol eq) was stirred in a 1: 1 ratio of H20: tert-butyl alcohol (t-BuOH). In 

order for the catalytic process to occur the Cu metal requires an oxidation number of (l). 

Thus the Cu(II)S04 catalyst (0.01 mmol eq) was then added simultaneously with a fresh 

aqueous solution of sodium ascorbate (0.1 mmol eq) in order to reduce the Cu(II) metal to 

Cu(I) in situ. The heterogeneous mixture which formed was left to stir for 24hrs at room 

temperature. The reaction proved worthy of the literature praises of simplicity, as on 

completion of the reaction, the mixture was diluted with cold water producing a precipitate 
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which was filtered off yielding the pure target molecules ZK2 and ZK3. Yields for ZK2 

and ZK3 were 54% and 77% respectively. Products ZK2 and ZK3 are fairly insoluble in 

most organic solvents used. The only solvent that these compounds were found to be 

sufficiently soluble in was DMSO. ZK3 (the amine product of the click reaction with Z19) 

follows the same pattern as Z19 in that it produces a distorted NMR spectra (i.e. the 

multiplicity is not easily definable). 

3.2.4 Synthesis of ZK7 

The last target molecule of this class of compounds is the compound ZK7. A compound 

composed of the AZT structure, the quinoline scaffold and a piperazine and triazole ring 

moiety. The synthetic scheme above (scheme 3.3. on pg 52) depicts the three steps required 

to produce the target molecule. The 1 st step of this synthesis is a nucleophilic substitution 

reaction involving a piperazine and 4,7-dichloroquinoline in order to prepare the 

intermediate ZMl. The 2nd step of the synthesis is an alkylation of ZMl in order to 

incorporate the acetylene moiety on ZMl. This alkylation reaction is also a nucleophilic 

substitution reaction. The 3rd step utilizes the Copper(I)-catalyzed azide-alkyne 

cycloaddition reaction i.e. the click reaction, in order to link the acetylene intermediate with 

AZT. Although the alkylation and cycloaddition reaction are depicted as two separate steps, 

both reactions were done in situ in a three component I-pot reaction. The blue arrows in 

scheme 3.3 above indicate that both reactions were performed in situ. 

3.2.4.1 Synthesis of ZM180 

A nucleophilic substitution reaction was utilized to prepare the intermediate compound 

ZMl. A mixture of excess piperazine, 4,7-dichloroquinoline, potassium carbonate and 

triethylamine (EhN) in N-methyl-2-pyrrolidinone (NMP) was refluxed at 135°C for 4 hrs 

under nitrogen. Column chromatography was used to purify the crude products. A 10 % 

methanol (MeOH) in dichloromethane (DCM) solution was used as the eluent to deliver the 

intermediate compound ZMl in 71 % yield. The two equally reactive amine sites on 

piperazine allows for 4,7-dichloroquinoline to react at both these sites thus producing a 

bisquinoline by-product (scheme 3.6). In order to prevent this undesired by-product a 

sufficient excess of piperazine (>5 mmol eq) was added. The high concentration of 
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piperazine reduces the potential for two quinoline molecules to react with one piperazine 

molecule. 

CI 

/\ H CI 
HN NH C) ~ en CI + N"'" #' CI 

... N .... 
~ ~ ~ 

C) 
N 

~ 
CI #' ~ 

N CI 

ZMl CI 

Desired Product Undesired by-product 

Scheme 3.6: Synthetic Route of Bisquinoline by-product 

3.2.4.2 Synthesis of ZK7: 73,75 

Alkylation and Copper(I)-catalyzed Azide-Alkyne Cycioaddition Reaction In Situ 

The method for the next two reactions used to prepare ZK7 is described in section 3.1.5 

under the topic "General protocol for the CuAAC Reaction". 

3.2.5 Mechanism of Various Reactions Used: 

A number of reactions were used in order to prepare the target molecules for this class of 

compounds. Three nucleophilic substitution reactions on 4,7-dichloroquinoline were used to 

prepare the intermediates Z18, Z19 and ZMl. The mechanism for an these reactions are 

identical and thus only the mechanism for the reaction to prepare ZMl will be discussed. 

The mechanism for the alkylation reaction to prepare the acetylene intermediate will be 

discussed in the section of the quinoline I piperazine class (Class B) of compounds. The 

general mechanism of the Copper(l)-catalyzed Azide-Alkyne Cycloaddition reaction 

(CuAAC) was discussed in section 3.1.3.1 above and will therefore not be discussed again 

in this section. 
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3.2.5.1 Mechanism of Nucleophilic Substitution 

The nitrogen atom of the quinoline moiety makes quinolines more reactive towards 

nucleophilic substitution at the 2- and 4- positions as it lowers the LUMO energy of the x 

system of the quinoline. It is this effect that allows the nucleophilic nitrogen of piperazine 

to react at the 4- position of the quinoline structure. The intermediate anion is stabilized by 

the electronegative nitrogen and by delocalization round the ring. As the reaction follows a 

second order rate law, the reaction has some formal resemblance to a SN2 reaction. 

However, it is better described by a SNAr mechanism. In scheme 3.7 below the carbon at 

the 4-position is attacked by the nucleophilic secondary amine. This carbon is sp2 

hybridised and interacts with the nitrogen atom's lone pair with its antibonding x-aromatic 

orbital which is orthogonal to the line of the plane ofthe C-Cl bond.7o 

The intermediate anion which is then formed is a tetrahedral intermediate which will then 

lose its best leaving group via an elimination type reaction, to regenerate the stable aromatic 

system. This reaction is analogous to that of a Michael ( 1 A-conjugate) addition reaction. 

The last step of the mechanism is a simple deprotonation of the newly formed intermediate. 

This is accomplished by either a base (i.e. Et3N in this case) or the CI anion leaving group. 

CI 

/\" HN N-H 

\--.I 
CI 

Scheme 3.7: Mechanism of Nucleophilic Substitution of 4,7-Dichloroquinoline 
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3.2.6 Spectral Analy~is of Target Compounds 

3.2.11.1 Spectral Anal}'~i~ of th" Quin"lin" Scaffold 

['fie NMR of 4.7-dichloroquinoline amI ZEV20 ",ill be al1aly.,~J in ord~r 10 becomc 

familiar wilh lh~ casily recognizable pC3ks of the quinolinc scallold. Similarly the NMR of 

A7T will al"o be al1aly/ed ti)r the same reaSOn. This is ncccssary as alilargel compounds in 

this proj~L1 il1corporale eilh~r the gu ino linc seallolct or lhe AZT Slmdurc. 

(·om pOll 011: 4.7-Dich lomq u inolinc 

,II 

'" 

,,~ 

I~U HS\r" /I~ " xi) I , 
, , 

" Mull "~ " o • " 
"' 8.7>1 0 '" '" 

, •• '_1)k0l ....... ; .. ,~. IJ(\ 
1116 , ~o ", " 

'" 0 " "" 
I, 

7.58 ~ 9.0.2.0 ", ,I '" 0 " '" 

,I !I! ; I !I 
I, ; " '-.: . 

" ,. " • 
n!!ur~ 3.4: 'U-NMR of 4.7-Dichloroquillolinc in CI)C1, as the dt'-utenled N\1R 

solwut 

, 
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ComllQuntl : Z I':V:!O 

I" ~, ",/ 
~' J 

'" ' ",!' 
I,. /' 

CI , "'NI 

1:1-:\'ZII 

II • "~ , 
, I " Multi liei JIHz " ',00 " '" "' 

f '"" " " "" 7.97 " "" ", C , 

7.46 ~ 9.0, 2.0 "0 . I.em 

'" 
, 

" "' I 
A 

" '" •• '" '" " " • '" 
Fil!u re 3.5: ' II -Nl\-'IR at ZEV10 In CllCh as the deuferate.-! NMR solw nt 

From the ~pectm ahove (4,7-dichlol'O<lltinoline and ZEV10) depicts the easily recogni/",bl ~ 

pattern orthc 4-{.,ubstitllCntj-7-<:hloro-qu ,n"line scalTold. Almost without exception H2 i, 

the most d,,"nlield proton. This proton is coupled t" 113 thc m"q uplkld of the proton 

\X'ab. Thes~ two peah arc i'ound as doublets around g,8ppm and 7, I rpm respectivei)' and 

have a coupling con>tant (CC) 01 aprroximatd~' SilL (H2 and 113 h~ve both becn marl..ed in 

red to ind icate that (bey couple to each other). 115 (green) is the p;:ak nll1't affected b) 

different sub,tituen(s on (he 4 position oftbe quinolitle ""affold. I be sp;:ctra abo~e (fig 3.4 

and fig 3.5) c learl y dcpicts th i, inl1uencc. as in the case 0 I' 4, 7 -dieh l"nX1Uino1ine "here the 

4_S\1 bslitlltcnt is a chloro gJ01lp 115 sh i Its fUt,hcr oo"'n field than 118. Ho"evcr, in the 'p~rtra 

ofZI':V:W where the 4-posilion is an azido group Hs i, lound lill1her upfieid relative to H8, 

H6 i~ ea.~il~' rewgniL.ahle du~ 10 it, io:kntiliahle doublet ordollblets Ilsun lly found in the 

vicinity of 7.5 ppm. H6 h~s a large JJH" ~alue duc to its vicinal coupling witn H5 and a 

much smaller 41"" value CC due to its mei(J cuupling wilh H8. H6 is marked in blue 10 

indicatc it is couplcJ to both 118 (violet) and H5 (green) (i,c. the colour blue i, bel"e~n 

green and violet a, in the spectrum or a rainhow). The g~ncral pattern "fthis scalli,ld is 10 

find peaks in the lolillwing order II2-d, H8-d. H5-d, H6-dd. H3--d (downfidd - up lidd). 

61 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3.2.6.2 Spectral Analysis of AZT 

NH 

7 7Ppm
) 

H6 
JJf 

7.5 7.0 

Hl' 

~ 

6.5 

HO 

OH~ 

60 5.5 

H3' 

\' 

50 4.5 

H5'aH5 b 

H4' 
~ 

40 3.5 

H2' 

30 2.5 2.0 

Figure 3.6: IH-NMR of AZT in DMSO as the deuterated NMR solvent 

C5/ppm Multiplicity J/Hz H 

11.27 bs NH 

7.65 d 1.3 H6 

6.08 6.5 Hi' 

5.16 bs OH 

4.38 dt 7.1,5.1 H3' 

3.82 q 4.02 H4' 

3.62 dd 12.05,4.02 HS'a 

3.59 dd 12.05,3.84 HS'b 

2.41-2.22 m H2' 

1.77 d 1.1 CH3 

The urea proton peak is found far down field 

at 11.27ppm, as a broad singlet (for simplicity 

the spectra above does not display above 

7.8ppm therefore the NH peak is not shown 

however in the full spectra the peak is 

observed at ] 1.27 ppm and is identical 

looking to the OH peak in the spectra above). 

The urea NH peak is observed if the NMR 

solvent is DMSO. Where the NMR solvent is 

MeOD as for the spectra ofthe compounds 

ZK15 - ZKlO this peak is not observed. 

62 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Thus for the NMR spectra of AZT (fig 3.6 above) ZK2, ZK3 and ZK7 the NH peak is 

observed as these spectra were carried out in deuterated DMSO (DMSO-~). 

/I!I H6 
'I ! \11 7.65ppm 

I ill d.lH I v 

I : 
, \ 

i I I I 

I \ 
,/
1 I 

---j \ 
- - I "'----------. . ~ ---

Ht' 
6.08ppm 
t,IH 

I 
II 

! 

At 7.65ppm H6 is observed. H6 has allylic coupling to the CH3 group 

and thus its 4JHH value of I.3Hz is exactly as expected. In its 

expanded fonn (figure on side) it is observed to appear as a doublet 

instead of an expected quartet. This observation is not unique as this 

proton peak is also frequently reported as a doublet in the literature.81 

In some of the compounds made, the CH3 group, H6 couples with 

appears as a singlet instead of an expected doublet. This may be due 

to the effects of long range coupling and possibly higher resolution 

NMR machines may observe the expected multiplicity. 

HI' is found far down field at 6.08ppm due to the electronegative 

effects of the nitrogen and oxygen atoms directly attached to the 

carbon bearing this proton. It is vicinal to the two protons of H2' 

which gives this signal its easily recognizable triplet. From the 

middle peak of the triplet to the left outer one the 3 JHH value is 6.4Hz. 

However, the 3hrn value of the middle peak to the outer right one is 

6.6Hz. This slight difference is due to the two H2' protons having a 

different geometry and thus different angles relative to HI'. Its 3hIH 
value reported above is the average of both values. 

At 5.16ppm the OH peak is observed as a broad singlet. This peak is 

not observed in spectra run in MeOD as the NMR solvent. 
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I (113') 
4 M,,,,,. 
d~ IH 

Al 4.38ppm H3'. the peak oj' the proton on the carbon 

auachcd (0 the azide group is oliscn'cd. It couples to (.-0 

equal vicinal protons (H2') and another single yicinal proton 

I, 
I', 

(H4'), Thus it's mulliplicily is expected as a double! oj' triplets 

(dt) I'Ihich is exactly "hal is observed. Aller the dick reaction 

(CuAAC) the az:idc group is translilrrllCd inlO a (riazolc ring 

I which causes this peak to shift funhcr do"ntlc!d to 

L ·_· ___ ·_·_'c'c\'~_·_' ___ ·~· approximmcly 5A ppm. 

Al l.82ppm the proton peak li}r H4' can j 
, . 

r-'l 
, ., , 

1- --1 -

I j . 
Ix: ooscn'cd. H4' is vicinal to a single 

I proton (H3') and vicinal to a Cfu group 

(115'). Thus a doublet at triplets '" I j '~l j~'~l 
c~[lC\:lcd. lIowever. UlC multiplicity IS L.~L.,j L.~L"~I 
obscf\'cd as a quane!. rllis occurrence is I I I r r 

j~·t· -1 
1- '1::';}'-1 

dllC to the two 'J illi v~lues being similar 

inSlead of one beil1g sigl1ificamly larger 

lhan the other_ When III is not lorge 

I 2 J 4 ~ 

I II I 
1 134~6 

, , 
oppeev'ed q 

n'.ppro,, - n' l 

, , 

I' -dl> 

I, 

enough Ihe triplel peaks arC nO! separated and some peaks rncrge together. In 114', peaJ.,. 4 

ha, merged" i th peak 2 (Iigure on right) and peak 5 has merged "itll peak 3. 
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Iii 

,,1. 

J-l91'~~"" 

I I, 

3.t::-

"" .llQppm 
m. III 

11 5'a 
3.62pp"' 
12_1. 4. IIlL 

dd. III 

-. I(w 1=1 0" 

Figure 3.7: F-'pandcd region of H4 ' aud H3' 

115'b 
3.59pp"' 
11.1._>.9IlL 
dd, III 

.>-_H17 

.. , 

'" 

The ' ..... 0 protons of the CH, group HS' exist in h.,.o slightly different chemical cn,ironmcn\s 

and have thus been termed H5'a and H5'1:> This causes three major effects. The tirst efTe~1 

is thai these lwo geminal protons, in addition to coupling with H4', also "oople with eal'h 

other and therel()re have a high' JHH value of 12.05Hz resulting in a double! of douhlets 

(dd). The !i.em"" erJect is that these t ..... o protons give sepamle signa l~ at slightly dilTerent 

chemical shifts resulting in a repeated panem of doublet of doublets. The other eOect is Ihat 

the} each couple 10 114' with slightly diftcrent 'Inn values (H5"a ·4. 12Hz. H5'b - 3_93HL)_ 

rhese three effeLis can be observed in fig 3.7 alxl\'e. 

I , 

H2' From 2.41 - 2.22 a series of peaks are obscryed which make up the 
2.-1t-2.12ppm 

m.2H 
multip let of 1-12'. rhese p~aks are not weil resolved and their 

multiplicity is not recognizable. The area integrates for two proton~. 

The two H2' proton, ure unah\e to rotate as they are fixed in position 

on the telrahydrolumn ring. As ~,e two protons ure diastereotopic. 

they are in slightly JirJerenl environments and there is gemina\ 

coupling between th~m_ Thus H2' couples to HI' and l!3' (vicinal 

coupling) in addilion to the geminal coupling of each H2' proton to 

the other H2' proton. The two protons have slightly 
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different chemical shifts thus a repeating multiplet pattern is observed, which accounts for 

the many peaks observed in the multiplet and also accounts for the large chemical shift 

region over which the multiplet is spread. 

At 1.77 ppm the peak for the methyl group of the thymine ring is observed. It has allylic 

coupling to H6 and appears as its expected doublet (in other similar compounds containing 

this unit the doublet is sometimes unresolved and the peak appears as a singlet). 

3.2.6.3 Spectral Analysis of Target compounds 

The structures of this class of compounds (ZK2, ZK3 and ZK7) were confirmed using IH 

and l3e NMR spectroscopy, infra-red spectroscopy, mass spectroscopy and micro-analysis. 

This class of compounds uses the click reaction to combine a quinoline scaffold with the 

AZT structure via a triazole linker. As these three units can only combine in one 

arrangement, due to the regioselectivity of the copper catalyzed reaction, identification of a 

few key peaks from each unit, indicates that all the units have been incorporated in the 

compound and the reaction successfully produced the desired product. 

Table 3.2 below tabulates all proton peaks which are common to all compounds in this 

class. The table contains the key spectroscopic indicators of this class and is useful in 

comparing any variation between the proton peaks of the various compounds. 

AU compounds of this class were analyzed in deuterated DMSO as the NMR solvent. 

Relevant intermediate compounds (e.g. AZT, ZEV20) are reported in the first column as a 

reference. Where the integration is identical for all compounds in that row, the proton count 

is only reported in the first column. 
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I AZT ZK2 ZK3 ZK7 
AZT Unit 5(ppm), mutiplicity. J (Hz). Integration 

N-H 11.27ppm, bs, 1 H 11.29ppm, s, 1 H 11.27ppm, s, 1 H 11.32ppm, s, 1H 

HS 7.65ppm, m, 1.28Hz, 1H 7.80ppm, m, 1.19Hz 7.76ppm, S 7.80ppm, S 

H1' 6.08ppm, t, 6.39Hz, 1 H 6.42ppm, t, 6.58Hz 6.67ppm, bs 6.40ppm, t, 6.4Hz 

H3' 4.38ppm, dt, 7.1, 5.1Hz, 1H 
5.40ppm, dt, 8.5, 

5.31ppm, m 5.33ppm, dt, 8.8, 
5.4Hz 5.1Hz 

O-H 5. 16ppm, bs, 1H 5.23ppm, t, 5.1 Hz 6.37ppm, 1, 6.6Hz 5.25ppm, t, 5.1 Hz 

H4' 3.B2ppm, m, 4.0Hz, 1 H 4.26ppm, dt, 5.1, 4.17ppm, m 4.22ppm, dt. 5.3, 
3.7Hz 3.4Hz 

HS'a 3.62ppm, dd, 12.1, 4.0Hz, 1H 3.74 -3.60ppm, m, 2H 3.70 -3.54ppm, m, 2H 3.68-3.60ppm, m, 2H 

HS'b 3.28ppm, dd, 12.1, 3.8Hz, 1H - - -

H2'a 2.36ppm, m, 1 H 
2.80-2.60ppm, m, 2.72-2.58ppm, m, 2.80-2.60ppm, m, 

2H 2H 2H 

H2'b 2.25ppm, m, 1 H - - -

CH3 1.77ppm, s, 3H 1.80ppm, s 1.78ppm, s 1.80ppm, d, 1.1Hz 
thymine 

Triazole Unit 

N~'N ___ Rl 

)=\ 8.54ppm, s, 1H 8.20ppm, bs, 1 H 8.21ppm, s, 1H 
R, !:! 

CH2 attached to triazole ring 5.48ppm, s, 2H 4.60ppm, m, 2H 3.70ppm, m, 2H 

Quinoline Unit 5(ppm), mutiplicity, J (Hz), Integration 

ZEV20 ZK2 ZK3 ZK7 
H2" 8.80ppm, d, 4.9Hz, 1H 8. 80ppm , bs 8.32ppm, bs 8.70ppm, bs 

HS" 8. 05ppm , d, 2.0Hz, 1H 7.99ppm, d, 1.7Hz 7.98ppm, bs 7.96ppm, bs 

HS" 7.97ppm, d, 8.8Hz, 1H 8.12ppm, d, 9.0Hz 7.46ppm, d, 8.8Hz 8. OOppm , d, 9.2Hz 

HS" 7.46ppm, dd, 9.0, 2.0Hz, 1H 7.60ppm, dd, 9.0, - 7.53ppm, dd, 9.0, 
2.0Hz 2.1Hz 

H3" 7.11ppm, d, 5.1Hz, 1H 7.28ppm, d, 5.12Hz - 6.98ppm, d, 4.9Hz 

Table 3.2: Common Proton Peaks for Compounds of Class A 

Comments: 

Compound ZK2: 

H2" was observed as a broad singlet instead of an expected doublet and the H8" peak was 

slightly distorted and its observed 3JHH value was slightly less than the H6" value (the 

proton it couples with) of 1.95 Hz. The AZT peaks H4' forms a distorted dt. This distortion 

may account for the slight difference in coupling constants between its 3JHH value (5.1Hz) 

and its neighbouring H3' 3JHH value (5.36 Hz). H2' and H5' are both observed as multiplets. 

However, their Naks are found in their expected region with their correct integration. 
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The CH2 group attached to the triazole ring appears significantly more downfield for ZK2 

than any other compounds of this project, the reason for this, is that in all other compounds 

(except for ZK21) this CH2 group is attached to a N atom but in ZK2 it is attached to an 

o atom. 

ZK3: DMSO was the only solvent ZK3 was sufficiently soluble in. However, even in 

DMSO it had poor solubility. In the NMR spectra two peaks are not observed (H6", H3") 

this may be due to the compound's poor solubility. 

ZK7: ZK7 differs slightly to ZK2 and ZK3 in that it has an additional piperazine moiety. 

The peaks of this moiety are not tabulated as they are not common to all compounds of this 

class. 

In ZK2 and ZK7 H5" appears more downfield than H8" this deviates slightly from the 

normal pattern observed H2", HS", H5", H6" and H3" (downfield to upfield). However, this 

particular deviation is relatively common. 

3.2.7 Table of Target Compounds and their Synthetic Yields 

Compound Y Group Yield (%) 

ZK2 \ 
~ 

54% 

ZK3 \ 
77% NH 

~ 

"'I 
ZK7 () 25% 

N 

-vL 
Table 3.3: Target Compounds and Synthetic Yields 
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Class B: (Quinoline I Piperazine Class) 

3.3 Compounds Composed of the Quinoline Scaffold & Piperazine Moiety 

3.3.1 Structures of Target Compounds of Class B 

3" 

4"G2" 
I" 3' 

\ 4'~2' N-:::::::",N, 

5"~ ~ 
6" N~ N 

N '=:::::--
5' I' 

4a 

(I 
4 

3 

0 

~o~O'~ 4 
5' N 

6' 
I> 

0 
5(1 

if' f 2" I" ~~2' N-:::::::",N" 

3" ~ ~~N 
,\ ~ 6" 5' 1'/ '=:::::--

4 

4 6' 
5" 

~~~" "~"\ 
3" ~ ~~N 
) ~ 6" 5' 6' I'll' '=:::::-- 3 

5" 
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CI 

2 
CI 

2 CI 

7 

's ,sa 
I'll 

CI 

2 

ZK8 
C 22H z1ClN6 

Exact Mass: 404.15 
Mol. WI.: 404.90 

C, 65.26; H, 5.23; CI, 8.76; N, 20.76 

ZK9 
CnHzoCl2N6 

Exact Mass: 438.11 
Mol. Wt.: 439.34 

C, 60.14; H, 4.59; CI, 16.14; N, 19.13 

ZKIO 
CZIH2SClN60Z 

Exact Mass: 428.17 
Mol. WI.: 428.92 

C, 58.81; H, 5.87; CI, 8.27; N, 19.59; 0, 7.46 

ZKll 
CZ3H23CIN60 

Exact Mass: 434.16 
Mol. WI.: 434.92 

C, 63.52; H, 5.33; CI, 8.15; N, 19.32; 0, 3.68 

ZK12 
CI9H21ClN60Z 

Exact Mass: 400.14 
Mol. WI.: 400.86 

C, 56.93; H, 5.28; Cl, 8.84; N, 20.96; 0, 7.98 

ZK13 
C23HzICIN60 

Exact Mass: 432.15 
Mol. WI.: 432.91 

C, 63.81; H, 4.89; Cl, 8.19; N, 19.41; 0, 3.70 

ZK14 
C23H 23 C1N 6 

Exact Mass: 418.17 
Mol. WI.: 418.92 

C, 65.94; H, 5.53; CI, S.46; N, 20.06 
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3.3.2 nclrosynlbdic Anal~sis 
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Retrosynthetic analysis reveals the various steps required in order to prepare the target 

molecules ZKS - ZK14. The initial retrosynthetic step is a 2 x C-N disconnection of the 

1,2,3-triazole ring. This disconnection can be accomplished via a 1,3-dipolar cycloaddition 

reaction which requires an azide and alkyne as reactants. Although the Huisgen 1,3-dipolar 

cycloaddition reaction could be used for this step, the Copper(l)-catalyzed Azide-Alkyne 

Cycloaddition (CuAAC) reaction will achieve the same disconnection and is a far superior 

reaction. This initial disconnection results in an azide and acetylene reactant. The azide 

(ZEV20) can be prepared via a one step nucleophilic substitution from the commercially 

available starting materials sodium azide and 4,7-dichloroquinoline. The piperazine 

acetylene can also be easily prepared via a one step nucleophilic substitution reaction from 

the commercially available starting material propargyl bromide and the corresponding 

commercially available piperazines. 

3.3.3 Synthesis of ZKS-ZKI4 

3.3.3.1 Synthesis of ZEV20: Reaction Step (I) 

ZEV20 is both a target compound and an important intermediate for other target 

compounds. The synthesis is straightforward requiring only the addition of sodium azide 

(2mmol eq) to a mixture of 4, 7-dichloroquino line (Immol eq) in DMSO (solvent) for 48 hrs 

at 55°C. After consumption of all the 4,7-dichloroquinoline the reaction mixture was 

diluted with water and the product ZEV20 was extracted with DCM. The DCM organic 

layer was washed several times with water to ensure the removal of any remaining DMSO 

or sodium azide. Removal of the DCM under reduced pressure delivers the pure yellow 

needle like solid ZEV20 in yields of above 95%. 

TLC indicates completion of the reaction before 48 hrs. However, because of the large 

quantities that were made in each reaction, and in order to avoid further purification (as a 

result of un reacted 4,7-dichloroquinoline), the reaction was left for an extra 12 hrs to ensure 

total consumption of the 4,7-dichloroquinoline. 
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3.3.3.2 Synthesis of acetylene piperazines (ZMl, Z21-Z26): Reaction Step (lla) & (Ub) 

The acetylene piperazine intermediates that were used in the synthesis of the target 

molecules (ZKS-ZK14) and again for the next class of compounds (ZK15-ZKlO) were 

actually synthesized in situ in the same reaction vessel that would be used in the CuAAC 

reaction to produce the target molecules. Therefore the synthesis did not require the 

isolation of these acetylene intermediates. However, in order to characterize these 

intermediates a separate reaction was used to produce them. Reaction lla refers to the 

reaction used to produce the acetylene intermediates for characterization and reaction lIb 

refers to the reaction which produces the same acetylene intermediates in situ and used to 

produce the target molecules (ZKS-ZK14). 

Reaction Step (lIa): To a mixture of piperazine (Immol eq) and triethylamine (1.5 mmol 

eq) in DCM under N2, propargyl bromide (1.2 mmol eq) was added. The reaction 

temperature was raised over the first 2 hrs from 0° to 40°C and was left at 40°C for a 

remaining 10 hrs. Column chromatography using 100% EtOAc as the eluent delivered the 

N-propargylpiperazines (ZMl, Z21-Z26) in yields between 12% -74%. 

3.3.3.3 Synthesis of Target Molecules ZKS-ZK14: Alkylation(lIb) and Copper(I)

catalyzed Azide-Alkyne Cycloaddition Reaction(HI) In Situ 

Synthesis of Target Compounds ZK8 - ZK14 
Type of Compound Specific Compound 

Piperazine See subst. R1 on Scheme 3.9 

Azide ZEV20 
Chromatographic Purification 

Solvent System 10% MeOH I EtOAc 
Table 3.4 Specific compounds and solvent system used for the synthesis of ZKS - ZK14 

The method for the next two reactions used (reaction lIb and reaction III) to prepare 

compounds ZKS - ZK14 is described in section 3.1.5 under the topic "General protocol for 

the CuAAC Reaction". The specific piperazine, azide and solvent system for 

chromatographic purification is specified in Table 3.4 above. Scheme 3.9 below depicts the 

synthetic scheme specific for this class of compounds. 

72 --------------------------



Univ
ers

ity
 of

 C
ap

e T
ow

n

I: , N, N 
, II I ~ 
! II , ~ 

, (I) ,. 

(11 .. ,11) • 

+ 
CI 

~ "') 

all.L!I·a." 

7.K8_7."14 

1I.<o~<n'-' ond C .. nd;,; •• " (I) DMS(). SS"C_ 4~ hr<. 98% (II.) u ,N, DCM. 4<.l'c, 10 h",- 12_74',. 

III b) EIJ!'. lBuOlI, 25"C, 20 Ilr>, t\(J\ ;",1,:100 

(III) C '~I I )S() "5 1 1 ,0, ' a ,\ <'corbaio, tilu0l l ... H20 . 2S"C. 24 hr<. 4()..S I % 

Sdlt'me 3.9: Syntne\ tc ROllte of 'J'argct Molecules ZKS· ZK14 

11 



Univ
ers

ity
 of

 C
ap

e T
ow

n

ZKS was synthesized via a two step reaction (i.e. IIa followed by the same reaction used to 

synthesize ZK2, ZIG) before attempting to synthesize the target molecules ZK9 - ZK14 

using the one-pot reaction. By performing the one-pot (in situ) reaction, more than double 

the yield was obtained relative to performing the alkylation and CuAAC as two separate 

reactions. ZK13 (the benzoyl piperazine) was left in a solution of DCM for 60 hrs where it 

crystallized out as the pure product, therefore column chromatography was not necessary 

for this target molecule. However, the crystallization and filtration process was not repeated 

a second time, resulting in a relatively low yield for this product. 

3.3.4 Mechanism of Various Reactions Used 

Three types of reactions were used to prepare the target molecules in this class of 

compounds. In order to prepare the important intermediate ZEV20, a nucleophilic 

substitution reaction was used. The mechanism of this reaction is analogous to the 

mechanism described above (scheme 3.7 pg 59) for the reaction of piperazine with 4,7-

dichloroquinoline and will therefore not be described here again. The next reaction is the 

alkylation reaction used to prepare the acetylene piperazine intermediates (ZM2, Z21-Z26). 

This reaction is a standard SN2 (nucleophilic substitution) reaction and is described below. 

The final reaction used to prepare the target molecules (ZKS-ZK14) is the click chemistry 

CuAAC reaction, the general mechanism of this reaction was discussed in section 3.1.3.1 

and will therefore not be discussed again in this section. 
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3.3.4.1 Mechanism of Nucleophilic Substitution Reaction 

R~OZ"J" 
H 

nucleophile attacks 1800 

behind leaving group 

H H 

R_()-\ 

R~DO fo &, ~ 60 
ZM2 Z21 Z22 Z23 Z24 Z25 Z26 

SN2 Reaction (Alkylation ofPiperazines to form acetylene product) 

Scheme 3.10: Mechanism of SN2 Reaction 

In this reaction an aliphatic carbon is attacked by the nucleophilic amine group which 

replaces the halide leaving group (bromine). Thus the reaction is a nucleophilic substitution 

reaction. As the carbon being attacked is a primary carbon the mechanism for this reaction 

is the standard SN2 reaction mechanism. In the first stage of the mechanism the lone pair on 

the nitrogen of the nucleophilic amine attacks the electrophilic carbon 1800 behind the C-Br 

bond.7o In order for this to happen the nitrogen lone pair electrons interacts with the a* 

orbital (* = antibonding) of the C-Br bond. This results in a transition state where the bond 

of the nucleophile is partially formed and the bond of the leaving group is partially broken 

(dashed bonds indicate partial bond). In the next step the C-Br bond is completely broken 

and bromine leaves as Br-. The N-C bond has now completely formed but as the 

nucleophile attacked from 1800 behind the C-Br bond, the N is now positioned on the side 

opposite to where the Br would have been positioned thus causing an inversion of the 

stereochemistry (although stereochemistry is not applicable here as this carbon is not a 

chiral centre) . The last stage is a deprotonation of the quartenized nitrogen by either a base 

(in this case Et3N) or Bf (8 represents either Br- or a base), to produce the alkylated 

product. 
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3.3.5 Spectral Analysis of Target compounds 

The structures of these compounds were confirmed using IH and BC NMR spectroscopy, 

infra-red spectroscopy, mass spectroscopy and micro-analysis. The only difference between 

the compounds in this class is the moiety substituted on the piperazine ring (i.e. phenyl, 

benzyl, benzoyl or carboxylate group). Table 3.5 below tabulates proton peaks which are 

common to all compounds in this class. The table contains the key spectroscopic indicators 

of this class and is useful in comparing any variation between the proton peaks of the 

various compounds. An compounds of this class were analyzed in deuterated chloroform 

except for ZK13 which was only soluble in DMSO. Relevant intermediate compounds (e.g. 

ZEV20) are reported in the first column as a reference. Where the integration is identical 

for all compounds in that row, the proton count is only reported in the first column. 

ZEV20 ZK8 ZK9 ZK10 ZK11 ZK12 ZK13 ZK14 

Quinoline Unit I i5(ppm), mutiplicity. J (Hz), Integration I 
H2 

8.80ppm, d, 9.0Sppm, d, 9.06ppm, d, 9.06ppm, 9.06ppm, d, 9.06ppm, 9.12ppm, d, 9.04ppm, d, 

4.9Hz,1H 4.6Hz 4.6Hz bs 4.7Hz bs 4.7Hz 4.SHz 

H8 
8.0Sppm, d, 8.24ppm, d, 8.2Sppm, d, 8.2Sppm, 8.2Sppm, d, 8.25ppm, 8.26ppm, d, 8. 37ppm , d, 

2.0Hz,1H 2.0Hz 2.0Hz bs 2.1Hz bs 2.1Hz 2.1Hz 

HS 
7.97ppm, d, 8.02ppm, d, 8.01ppm, d, 8.00ppm, d, 8.0Sppm, d, 8.01 ppm, d, 8.04ppm, d, 8.00ppm, d, 

8.8Hz,1H 9.2Hz 9.0Hz 9.0Hz 9.2Hz 9.0Hz 9.2Hz 9.0Hz 

7.46ppm, dd, 
7.60ppm, dd, 7.61ppm, dd, 7.60ppm, dd, 7.60ppm, dd, 7.60ppm, dd, 7.76ppm, dd, 7.59ppm, dd, 

HS 9.0,2.0Hz, 
9.2,2.2Hz 9.0,2.0Hz 9.0,1.5Hz 9.2,2.1Hz 9.0,1.5Hz 9.2,2.2Hz 9.0,2.1Hz 

1H 

H3 
7.11ppm, d, 7.49ppm, d, 7.S0ppm, d, 7.49ppm, d, 7.S1ppm, d, 7.S0ppm, d, 7.84ppm, d, 7.49ppm, d, 

5.1Hz,1H 4.6Hz 4.8Hz 4.4Hz 4.7Hz 4.4Hz 4.7Hz 4.8Hz 

Triazole Unit I 
N~N"'N~R\ 8.02ppm, s, 8.01ppm, s, 7.98ppm, s, 8.03ppm, s, 8.71ppm, s, 8.71ppm, s, 8.00ppm, s, 

)=-{ 1H 1H 1H 1H 1H 1H 1H 
"' !::! 

CH2 attached to triazole 3.92ppm, s, 3.91 ppm, s, 3.87ppm, 3.9Sppm, s, 3.78ppm, s, 3.78ppm, s, 3. 86ppm , 

ring 2H 2H bs, 2H 2H 2H 2H bs, 2H 

Piperazine Unit I 
H3', HS' 

3.25ppm, t, 3.2Sppm, t, 3.48ppm, 3.16ppm, 3.SSppm, 3.30ppm, 2.54ppm, 

4.9Hz 4H 4.9Hz 4H bS,4H m, 4H bS,4H bs bs, 4H 

H2', HS' 
2.79ppm, t, 2.78ppm, t, 2.53ppm, 2.8Sppm, 2.62ppm, 2.S3ppm, 2.67ppm, 

4.9Hz 4H 4.9Hz 4H bS,4H m,4H bS,4H bs bs, 4H 

Table 3.5: Common Proton Peaks for Compounds of Class B 
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Fig 3.8 above shows the completely assigned IH_NMR spectra of ZKS. This spectra is 

typical for compounds of this class. The various units making up this compound have been 

colour coded for greater clarity. In many of the lH-NMR spectra for compounds of this 

class the singlet peak of the triazole proton (CHrC=CH-N) is often hidden in the middle of 

the quinoline H5 doublet. Therefore an expanded view of this region is shown above in 

order to illustrate this phenomenon. The piperazine proton peaks for ZK13 could not be 

properly integrated as they overlap with the DMSO (NMR solvent) peaks. ZK13 is the only 

compound where H6 is the furthest upfield proton peak of the quinoline protons. The 

general case is that H3 is the furthest up field peak. 

3.3.6 Table of Target Compounds and their Synthetic Yields 

CI 

f " R, ~ Nr\ f 'N GN~N -

Compound R Group Yield (%) Compound R Group Yield (%) 

ZK8 ( ) 1 51% ZK12 ~~ 43% 

~ ) 1 
0 

ZK9 53% ZK13 ~ 36% 

CI 

ZK10 ;(~ 40% ZK14 ()l 73% 

0-

ZK11 

( ) l 
81% 

Table 3.6: Synthetic Yields of Target Compounds of Class B 
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Class C: (AZT I Piperazine Class) 

3.4 Compounds Composed of AZT Structure and piperazine moiety 

3.4.1 Structures of Target Compounds of Class C 

:JY: ~Jy iJy O;(NI 6 O;(N): 0 NI 6 
O~2' O~2' O~2' 
~ ~ ~ HO 5' yN \\ HO 5' yN ~ HO 5' yN \\ 

~ N ~ N ~ N 

1'12" 1'1
2
" II' 2" /' 3" N 3" 0/ 

~4" 8" ~3:, 8" ~x)' 8' 
6" 5" N~9" 6' 5" N~CI 6" 5" N ~ 19" 

12'V 10" 12V 10" 12' ~ 10" 

ZK15 II" ZK16 Il' ZK17 Il" 

C23H2.,N~4 
Exact Mass: 467.23 

Mol. WI.: 467.52 

C23H2gC1N~4 
Exact Mass: 501.19 

Mol. WI.: 501.97 

C24H31N~5 
Exact Mass: 497.24 
Mol. WI.: 497.55 

C, 59.09; H, 6.25; N, 20.97; 0, 13.69 C, 55.03; H, 5.62; Cl, 7.06; N, 19.53; 0,12.75 C, 57.94; H, 6.28; N, 19.71; 0,16.08 

:'y ~Y: :;y: O;(NI 6 O;(NI 6 O;(NI 6 

~ ~' ~' o 2' 0 2' 0 2' 

~ Y • Y ~ Y 

HO 5' U H0 5, U HO S' yN\\ 
\' \' , ' 

~~3~:, J~3" 9,;°' \1' J~3" 
'~'Yl '"~"" '" .~," I "" '"~'o4" 7" 

o ° 
ZK18 ZK19 ZKlO 12":;:P' 1 8" 

C2oH2.,N~6 C24H29N~5 C24H31N~4 
Exact Mass: 463.22 Exact Mass: 495.22 Exact Mass: 481.24 II" ~ 9" 

MoL WI.: 463.49 MoL WI.: 495.53 Mol. WI.: 481.55 
C, 51.83; H, 6.31; N, 2U5; 0, 20.71 C, 58.17; H, 590; N, 19.79; 0,16.14 C, 5986; H, 649; N, 2036; 0,13.29 10" 

This class of compounds all share the same basic structure and are all composed ofthe AZT 

structure linked via the triazole ring to an assortment of aryl or carboxylate piperazines. 
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3.4.2 f{e(r"s)nthctic Analysis 

.ly J ,A) ;\ . 1' 
cA, "-'\_cr ' 
~\ Hn. 1.11 _ n.. 

HO_ AZT H, U' No<~Z.n ;, 
I , .... ,;, ..... 

- -_ .. 

·t • 

'I'd""" d " "" 

! \ ,-" ~ 

\.....J 

The retrosynthdi.: arml)'si' for Ihe target I")Il1[11lund, of Ihi, d",-" is depiclcd in ScllCll1e 

3.11 above and is idenli~al 10 that "I" the cOll1[11ounds or Cla" B and therefore will not be 

discu,"ed rurther here_ The only difference is that the azide for this class is ALT. ALT is 

CI~l1 merciall)' avai lahle and 11"_luire, n" further relrosynlhclic anal Co sis, 

3..1.3 Srnlhe;.i~ oFTllrgel Molecules ZK IS-ZKlO: Alkylation(l) and Copper(I)-catal)'7ed 

A,ide-Alkyne ,ycioaddition Reaction(lI) 10 Situ 

Synthesis of Target Compounds ZK15 ZK20 

Type of Compound Specific Compound 
Piperazine See subst Rt 00 Scheme 3_ t2 

Azide AZT 
Chromatographic Purification 

Solvent System 10% MeOH I EtOAc 
Table 3.7: Specific mmp"uncis ,mil sol~enl sysl~l1l used lor lile syntheSIS 01 ZKIS - ZK20 
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The lJl~th"d I,)r th~ ""xt rom reaction, u,cd (react~HI I and reaction II) Ul prepare 

compound, ZK15 ZKlO is described in section 3.1 .5 under til(.' topic "Uener~1 protocol 

I,,, th~ CuAAC Reaction". 11IC ,pecific ripel":llin~. azide and 'olvcm system for 

chromatographic purification is sp<Xitied in rahk 3.7 aoove. 

M,., '" " .. """,lot, 
"r<=";"" 

'-"l.D'·'JO 

",o~<n" ono (·un";'iu.,, 1(, FL,". tlloOH. Ln:. 10 ......... , ... ""'-1 

\111 Cu(1l)W, ·51I,O. ~ • . "',oro.te. tlJuOl! ! H20. 2)°'-. 24 1:<" J i.>-5Wo 

Scheme 3.12: SynlholK: R()ule ()fT ar~d M"le~lilo, ZK 15-ZK20 

rhc general protocol jilr Cu(lI) S04oSH10 / Sodium ASCorPal~ CuAAC <1.,,, nol ",0 ~ ha",. 

iIowe,cr, these reactions were done in a basic solution dllc 10 tll(.' rem.1ining El,1\ Ii-()m lhe 

preVi{l<lS alk~btiOll reaction. 'Ihe higher plJ had))() effccl on the reaction tocreby funher 

demonstrating the resilience of this reaction. The' re3<,ti{)!l mixture is usually an opaqlle 

milky solution but {)!lce the catalyst is addc<J (he soitniDn occomcs .1 completely 

homog:ent'Ous tra"'parent <;olwtiOll. The 1-{3-chiorophcnyl)-piperazine used COmes as a 

h} uroch Imide .,all and ~n ~xlr~ eq wiva1cnt ofh~~e is therefore used for this reaction. 

3.-1.-1 MHhauisms of Various R ... actions L's ... d 

The mechanisms Df all the reactions used in the synthesis 01 thc eompourl<h of this cia" 

hav~ kcn disc\ls.",d in previous section~. 
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3.4.5 Spectral Analysis of Target compounds 

The structures ofthese compounds were confirmed using IH and I3C NMR spectroscopy in 

addition to infra-red spectroscopy, mass spectroscopy and micro-analysis. 

This class of compounds uses the click reaction to attach a substituted piperazine moiety to 

the AZT structure via a triazole ring linker. As these three units can only combine in one 

arrangement (due to the regioselectivity of the Cu catalyst), identification of a few key 

peaks from each unit, indicates that all units have been incorporated in the compound and 

the reaction successfully produced the desired product. 

The only difference between the compounds in this class is the moiety substituted on the 

piperazine ring (Le. phenyl, benzyl or carboxylate group). Table 3.8 below tabulates all 

proton peaks which are common to all compounds in this class. The table contains the key 

spectroscopic indicators of this class and is useful in comparing any variation between the 

proton peaks of the various compounds. 

All compounds of this class were analyzed in deuterated methanol. Relevant intermediate 

compounds (e.g. AZT) are reported in the first column as a reference. Where the integration 

is identical for all compounds in that row, the proton count is only reported in the first 

column. 

The expected multiplicity of the proton peak H6 is a quartet. It is, however, often seen as a 

doublet and due to this deviation its multiplicity has been reported as a multiplet. However, 

because of its frequent occurrence as a doublet the 4JHH value of this doublet has also been 

reported. Literature papers report the H6 proton peak as a doublet.81 

In the spectra of the AZT H4' is observed as a quartet instead of a doublet of triplets, this 

anomaly was the result of its two coupling constants being of similar value. In several 

compounds in this class H4' is observed as its expected doublet oftriplets. 
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I AZT ZK15 ZK16 ZK11 ZK18 ZK19 ZK20 

AZTUnit I lS(ppm), mutiplicity, J (Hz), Integration I 
HS 

7.65ppm, m, 7.89ppm, 7.16ppm, 7. 90ppm , 7.90ppm, 7.B9ppm, 7.90ppm, 

1.28Hz,1H m,1.19Hz m, - m,1.10Hz m,1.22Hz m,1.2BHz m,1.22Hz 

Hi' 
6.08ppm, t, 6.4Bppm, t, 6.47ppm, t, 6.4Bppm, t, 6.4Bppm, t, 6.47ppm, t, 6.49ppm, t, 

6.39Hz,1H 6.4BHz 6.41 Hz 6.41 Hz 6.58Hz 6.41 Hz 6.58Hz 

H3' 
4.38ppm, dt, 7.1, 5.45ppm, dt, 5.44ppm, 5.45ppm, dt, 5.43ppm, dt, 5.42ppm, dt, 5.46ppm, dt, 

5.1Hz,1H 8.6,5.4Hz m 8.4,5.5Hz 8.5,5.6Hz 8.6,5.3Hz 8.5,5.1Hz 

H4' 
3.82ppm, m, 4.37ppm, dt, 4.37ppm, 4.38ppm, 4.37ppm, dt, 4.36ppm, dt, 4.38ppm, dt, 

4.0Hz,1H 5.4,3.2Hz m m 5.6,3.2Hz 5.5,3.1Hz 5.1,3.4Hz 

HS'a 
3.62ppm, dd, 3.91 ppm, dd, 3.90ppm, dd, 3.90ppm, dd, 3.90ppm, dd, 3.90ppm, dd, 3.90ppm, dd, 

12.1,4.0Hz,1H 9.1,3.0Hz 12.3,2.9Hz 12.3,3.1Hz 12.2,2.9Hz 12.3,3.1Hz 12.2,3.2Hz 

HS'b 
3.28ppm, dd, 3.78ppm, dd, 3.78ppm, dd, 3.78ppm, dd, 3.78ppm, dd, 3.77ppm, dd, 3.79ppm, dd, 

12.1, 3.8Hz, 1H 9.1,3.2Hz 12.3,3.1 12.3,3.3 12.2,3.2Hz 12.3,3.3Hz 12.2,3.2Hz 

H2' 
2.36ppm, m, 2.90ppm, 2.90ppm, 2.92ppm, 2.91ppm, 2.90ppm, 2.90ppm, 

1H m,1H m,1H m,1H m,1H m,1H m,1H 

H2' 
2.25ppm, m, 2.72ppm, 2.72ppm, 2.74ppm, 2.74ppm, 2.73ppm, 2.74ppm, 

1H m,1H m,1H m,1H m,1H m,1H m,1H 

CH3 
1.77ppm, 5, 3H 

1.91ppm, 
1.90ppm,5 

1.91ppm, 1.91ppm, 1.91ppm, 1.92ppm, 

thymine d, 1.1Hz d, 1. 1Hz d, 1.2Hz d, 1.1Hz d, 1.2Hz 

Triazole Unit I 
NyN"W-..-R, B.06ppm,5, B.OBppm, s, 8.07ppm, s, 8.07ppm, s, 8.05ppm, s, 8.25ppm, s, 

K 1H 1H 1H 1H 1H 1H 
R, .!:::!. 

CH2 attached to 3.72ppm, s, 3.76ppm, s, 3.77ppm, s, 3.73ppm, 4.24ppm, 
-

triazole ring 2H 2H 2H bs, 2H bs, 2H 

Piperazine Unit I 
H3", HS" 

3.17ppm, t, 3.20ppm, 3.06ppm, 3.50ppm, t, 3.42ppm, 3.17ppm, t, 

5.1Hz 4H bS,4H bs, 4H 4.9Hz 4H bs 5.1Hz 4H 

H2", HS" 
2.68ppm, t, 2.69ppm, 2.70ppm, 2.55ppm, t, 2.54ppm, 3.29ppm, 

5.1Hz 4H bs,4H bS,4H 4.9Hz 4H bS,4H bs,4H 

Table 3.8: Common Proton Peaks for Compounds of Class C 

For all compounds; allylic coupling between the methylene group attached to the triazole 

ring (CH2) and the triazole proton is never observed. For compound ZK16 the N-CHr 

C=CH-N proton peak is not observed. The peak may possibly be hidden by the methanol 

solvent peak at 3.3ppm. The spectrum was also water suppressed thus peaks may have been 

lost through this process. In compounds ZK19 and ZKlO the piperazine CH2 peaks cannot 

be accurately integrated as they are too close to the MeOD solvent peak. 

83 



Univ
ers

ity
 of

 C
ap

e T
ow

n

!:!C=C-CH,-N 
I 

Mc'IJD I 

O~C-C-CH, 

\leOD 
-->CoI,'enl peal \ 

SOiwrll pc,~ ./ Ro~ 

H6 

./ 
H,)",IIIO" Viii" 1112" 

I /" n' 

115' 

He=;-

AcD\ i / 
H4' H5'\ I 

& 
J:h.-N 

FlO,," --, 

___ ~I,JI_ 
.. " .. _'_' _. _""'c __ '"' __ -"'-_ _ ""'c~ 

Fig3.9: LH_I\MR ofZK17 ill 1\1,,01) as th e deuterated N\lR sohcnt 
" .. " .. 

Fig. 3.<) above SflllWS lh~ completely assign~d IH_NMR 'p"clm oJ" ZK17. ThIS spectra is 

typical I;n wmpounlb of Ihis cb~s. The various units 

making up lhis compollnd have been colour cooed for 

grealer clarity. In many 01 (he 'H_N~R spectra for 

compounds of this class the methylene group (ell,) 

tlllach~d to the tri<uoic ring is oltcn tound to overlap \\ ilb 

the AZT HS' doublet of doublets. Another occurrence 

ottell encountered in (his class is (hat the piperazine peaks 

often overbp "jlh (he AI. r 112' pellks. As the two sets of 

pip"m;il1~ Cll2 protons c<>lLpl~ with ~ach other a lripld i, 

e~p"cted . Ho,,~ver. for many pip~r.l/ine compounds lhi, 

is not the ca>.e, Fr~'lu~ntly the pip"r.l/in~ p~tlh are 

observed as broad sing let>_ An expanded view of this region is shown bd"" in order lo 

illustrate these various phenom~na_ 
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< 
___ Ar.O.C!:h, 

• 3,83ppm, S 

I 
HC=C-C!::b.-N, 

l':,,~,", ~~", 
of H5'b doltJlet of 
dolJble ts 378ppm 

_-,M"eO~ D so lve nt peak, 
3.30 ppm 

Piper3Zme peaks 
observed as broad s1l1glets 

instead of e~1 

H5'a 
39()ppm , / . 

Port.,n of H5'b 
blet of doublets 

hid de n by CH, 
sirlglet peak 

PlperaZ'iI1B peak 
overlapPl rlg wit h 

H2'b~ 

,.iI'll '(0 
• 

Fig 3. to: Expanded view ofregion contain ing overlapping peaks (7:1< 17 Ll l_NMR ) 

3.4.6 Table of Target Compounds and their Synthetic Yields 

Code R Group Yield 0 'OO, R Group Yie ld 

""=Y 0 

ZK15 0 1 48% ZK18 ''"~ 30% ) ., " 

m_tz"_" 
, 

ZK16 9-' 46 % ZK19 ~ 36% 

" 

~ ,,-" 
~ 

ZK17 ~ w " "I ZK20~ 55% 

~N"R 
Tallie J.9: SJnthetie Yields of T argct Corn rou ntis of Class C 

. 5 ----------



Univ
ers

ity
 of

 C
ap

e T
ow

n

Class D: ffiisguinoUne Class) 

3.5 Compounds Composed of Two Quinoline Scaffolds 

3.5.1 Structures of Target Compounds of Class D 

2 3 

CI 

CI 

2 IN ~3 
8a I 

/4 
8, 4a 

/5 
CI 7 

6 

3 2 

CI 

2 

3~ 

10 10 4~ 

~Ill OH III~ 4a 

14~N~N~14 5~ 
13 13 6 

ZK21 
C24HI6CI2NgO 

Exact Mass: 502.08 
Mol. Wt.: 503.34 

C, 57.27; H, 3.20; Cl, 14.09; 
N, 22.26; 0, 3.18 

CI 

ZK23 
C2sH21Ci2N7 

Exact Mass: 489.12 
Mol. Wt.: 490.39 

C, 61.23; H, 4.32; 
Cl, 14.46; N, 19.99 

ZK24 
C2sH24CI2NlO 

Exact Mass: 570.16 
CI Mol. Wt.: 571.46 

C, 58.85; H, 4.23; 
CI, 12.41; N, 24.51 

ZK25 
C2~32CI2N60 

Exact Mass: 550.20 
Mol. Wt.: 55l.51 

C, 63.16; H, 5.85; CI, 12.86; 
N, 15.24; 0, 2.90 

Compounds composed of two quinoline scaffolds connected via a linker unit: 

The common denominator between the compounds in this class is that they are composed 

of two quinoline scaffolds connected to each other via a linker unit. However, the linker 

units are different for the various compounds. 
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3.5.2 Retrosyntbetic Analysis 

"~~J I _~ :'''. 
'--if '"' 

[ ,,-. 
' ... -- ....... 

, 

""""'".'"~ ~ .. ,) ..... f I."" ('_ ....... , Z"" I< £",. 
Scheme 3.13: Retf()synth~tic Analysis 

+ 

~ 
1\('1'"",1'"""",, '~ 
~ . . ~,' - -\~ 

1';".-",,; ... 

Retro'}nlhelic analpis reveals lhat both ZK21 and ZKH require th~ _,ume t\\O .,ynthctic 

'teps_ rile initialrctrosyntoclic ,tep i, a 4 x C-N dic;eonneclion of tIle 12.3 lriaLOk ring. 

I his di<;eonnectiOI1 can be accomplislwd via a 1.3-dipolar c~doaddition reaclion which 

require.< an ~zide ~nd alkyne as rcaclnnt,. I h~ a-lide "'hich is used to prepare both target 

mokcuies is Z~:V20. Analy,is rcveals thai only n ,ingle reaction i, r~quired to p ... :pare this 

compound from toc commercially ~vailable ,Iitning materials .<.Odium azide and ·-\.7-

dichloroqu inol in~. Tile k~y to tile COilSllllction of these bisq\1 inollne, ;, the u>c of a rea<:tiHlt 

ocaring lWO a<:elylene Illnielb. allowing th~ azide (7,J;:V20) to rea<:t at hoth sile,_ I'he 

bi>a<:etylcoc intermediate lorthe target molecule ZKll can be enn,tru~t~d via u lypi~al SN2 

reaction lium lOC <:ommercially available slarling mal~rials propurgyl alwhnl and propurgyl 

bromide. The bisacetylcl1e intermediate !,)[ the target mol~cule 7.K2-1 Can be consllU<:led 

via a SN2 reaclion from the commercially avitilablc starting m~l~rial, prnpargyl bromide 

and piperazine. 
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3.5.3 Sy nlhesis orTargct Mulccules 

pmorr>ln~ .... L',.", __ _ 

"./ , /\ .. 
-0;\--./,," 

<" < 

\ 
" 

• I 

~ .... ~ " ... < ..... ~." 1' ) I '''''J. \I' e "'" ("., 1'.(,' " .. " <. '.1'( "." , ,, 

I"" C«Il"'J,' " <,0, M '~"""""'. ",,..,,' '1,0, ,n::. " "'" 
s) ",hn., Mho", fur 7:"21 & 7:IG" 

Scheme J . 1 4: S ynlhelic Route of Target Molecule, Z K2 1 and Z K24 

3.5.3. 1 Synth-sis ofTargcf Molecules ZK21 , ZK24 

Synlb t'lo;s of In le rmediale Z EV20: Reac!ion Step (I) 

Bolh largd molecule, (ZK2L ZK24) "'quire 1M aLide Z EV20 for th~jr synthesjs, The 

delHil s oflhe reaction used to prepare 7,f:V21l have already been discu=d in the Class 13 

section and willthercfore not be repeated here. 

"" 
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Synthesis of Target Molecules ZK21, ZK24: Alkylation(lIb) and Copper(I)-catalyzed 

Azide-Alkyne Cycloaddition Reaction(III) In Situ 

Reaction Step (II): 

Although the acetylene intermediates are different for the two target molecules the reaction 

conditions used to prepare these intermediates are identical. 

Preparation of acetylene intermediate for ZK21: 

The acetylene intermediate was synthesised in situ by stirring propargyl alcohol (lmmol eq) 

and triethylamine (1.5mmol eq) in tert-butanol (solvent) for 20min under N2• At this point 

prop argyl bromide (l mmol eq) was added and the reaction was left to stir for a further 

20hrs at room temperature. 

Preparation of acetylene intermediate for ZK24: 

The acetylene intermediate was synthesised in situ by stirring piperazine (lmmol eq) and 

triethylamine (3 mmol eq) in tert-butanol (solvent) for 20min under N2• At this point 

propargyl bromide (2 mmol eq) was added and the reaction was left to stir for a further 

20hrs at room temperature. 

Reaction Step (III) (click reaction) for ZK21 & ZK24: 

To the same reaction vessel ZEV20 (2.2mmol eq) and catalyst - Sodium Ascorbate (0.5 

mmol eq) and Cu(n) S04-5H20 (0.05 mmol eq) were added. An equivalent amount of H20 

as amount of tert-butanol (tBuOH) in order to have a 1: 1 ratio of H20: tBuOH solvent, was 

added. The reaction was then left to stir for 36 hrs at room temperature. 

The crude material of ZK21 was purified by column chromatography using 100% EtOAc 

as the eluent to deliver the target molecule in 21 % yield. 

ZK24 was left in the DCM used to extract it during work up. After 3 days a solid 

precipitate began to form which was filtered off yielding the pure product in a 22% yield. 

(Thus no column chromatography was required for this compound) 
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The yields for these two molecules 21% & 22% are fairly poor. This is not an accurate 

reflection of the potential yields for these reactions. The main focus of this project was 

merely to synthesize the target molecules and then test their biological activity. Thus none 

of the reactions used to synthesize the target molecules were ever repeated more than once 

with a view of optimising the yields. For instance for ZK24 once enough product had 

precipitated out that was necessary for biological testing no attempt was made to retrieve 

any unprecipitated product which still remained in solution. Thus the actual percentage 

yield for the product is an inaccurate reflection of its true percentage yield which is 

potentially significantly higher. 

3.5.3.2 Syntbesis of Target Molecule ZK23 

ZK23 was prepared from the starting materials ZMl, ZEV20 and propargyl bromide. The 

protocol of the synthesis for this target molecule is identical to the other one-pot in situ 

click reactions mentioned previously. The crude product was purified by column 

chromatography using 100% EtOAc in order to elute any unreacted acetylene intermediate 

or unreacted azide, then increased polarity of eluent to 10% MeOH in EtOAc to deliver the 

target molecule ZK23 in 38% yield. 

3.5.3.3 Syntbesis of Target Molecule ZK25 

Target molecule ZK25 is a bisquinoline which additionally contains the ~-amino alcohol 

moiety. ZK25 was initially synthesized as a by-product of an alkylation reaction used to 

synthesize the important intermediate Z27. The piperazine (ZMl) starting material reacted 

with the product of the alkylation reaction (Z27) opening the strained epoxide ring to form 

the product ZK25. As more details about this reaction will be discussed in the next section 

only a brief description of the synthesis will be discussed here. 
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CI 

H 

C) 
N 
H 

Piperazine 

N ~ 

I 

H 

C) 
+ ~ __ (l)_---l"""'" cXi~ z: lN~a 

4,7-Dichloroquinoline ,.9 # 
N CI 

Synthetic Scheme for ZK25: Reagents and Conditions: 

(I) K2C03, Et3N, NMP, 13SoC, 4hrs, 71% 

(II) KF on alumina, Acetonitrile, 30°C, 36 hrs, 12% 

Scheme 3.15: Synthetic Route of Target Molecule ZK25 

A mixture of ZMl and KF on alumina in acetonitHe was allowed to stir under N2 at 30°C. 

After 25 min epichlorohydrin was added and the reaction mixture was left to stir for a 

further 36 hrs at 30°C. Two new spots were observed on TLC at this point. The reaction 

required no work up other than filtering off the base (KF on alumina). The two products 

were separated using column chromatography and a 10% MeOH in EtOAc eluent delivered 

ZK25 in 12% yield. 

Unexpectedly the target molecule ZK25 has a higher RF value than Z27 and is therefore 

the higher spot of the two observed on the TLC plate. The low yield for ZK25 is due to Z27 

being the more favoured product for this reaction, under the conditions used. 
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3.5.4 Mechanisms of Various Reactions Used 

The reactions required to synthesize this class of compounds consisted of click chemistry 

CuAAC and substitution reactions. The mechanisms of these types of reactions have been 

discussed in previous sections. The reactions utilized in the synthesis of ZK25 such as the 

alkylation reaction and the epoxide ring opening reaction will be discussed further in the 

section ofthe class of compounds incorporating the p-amino alcohol moiety (Class E). 

3.5.5 Spectral Analysis of Target compounds 

The structures of these compounds were confirmed using IH and BC NMR spectroscopy, 

infra-red spectroscopy, mass spectroscopy and micro-analysis. 

The defining characteristic of this class of compounds is that all the compounds of this class 

incorporate two quinoline scaffolds. ZK21, ZK24 and ZK25 are aU symmetrical 

compounds therefore the proton peaks of the two quinoline scaffolds, in a given structure, 

are identical. ZK23 is not symmetrical and the proton peaks for its quinoline scaffolds are 

slightly different thus ZK23 has an extra column in the table below to report the signals of 

both quinoline scaffolds (HX' = H2', HS' etc). ZK25 is the only compound in this class that 

does not contain the triazole ring unit. Instead it incorporates an isopropanol unit as its 

linker. 

The NMR solvent used for ZK21 was MeOD with a drop of CDCh in it. The CDCh peak is 

not observed and the two MeOD solvent peaks have shifted from 4.8ppm and 3.3ppm to 

3.8ppm and 2.5ppm respectively. The NMR solvent used for ZK23 was CDCh with a drop 

of MeOD in it. Only one of the MeOD peaks are observed at 2.59ppm. 

Table 3.10 below tabulates all proton peaks which are common to all compounds in this 

class. The table contains the key spectroscopic indicators of this class and is useful in 

comparing any variation between the proton peaks of the various compounds. 
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I ZEV20 ZK21 I ZK2J HX' I ZK24 ZK25 

Q,,;noli"<, Unit 5(ppm), mutiplicity, J (Hz), II1tegratiOl1 

"' 
8 &Jppm d, e 25pp:n d, 9 01ppm, d, S 62ppm d, o OOpp;n d, 6 73pp:n. d, 

4.SIHz, IH 4 eH", 211 4 711z, HI ~ ~Hz, 111 ~ 6/lz, 211 4 911z, 211 

"' 
80~m d, 73~d, S.21ppm, d HlIJppm. d 8.24ppm d SOSppm d 

2.0ft>,111 2.UH',2H 2.1 HL,1H 2.1Hz,111 2.[)Hz, 2H 2D11z. :'H 

"' 
7.97ppm. d, 7 2~ppm_ d 799ppm, d, 791ppm_d 8 OOPl'l1 . d 7 91ppm d 

8 (!.Hz, 1M 9 2H" 2H 9 1Hz, 111 91H"111 92Hz, 211 9 [)Hz 2H 

7 45ppm, dd, 5 ~7ppm, dd, 7 . 5ltp~. <Jj 7.4Oppm, dd, 75Op~d<l, 
H10p<ndd, 

HO 90, n •• , 9.~, ~ ~H" "' 2.1>1<. 9.1, ~.1 HL 9.2,2.DH., 
g.a,' 'H<.'H 

'" ~ '" '" ~ 

"' 
711ppm , 600wn d, 752ppm " 681ppm , 74~m , , 682.ppm. d 

S.1H', I H 48H" ~ 47Hz '" 51H' , 2H 4 .5Hz, 211 49Hz 211 

Triazole Ring Unit I 
""'. , 7.64ppm, , 79Bppm • 8.08ppm . • '" , " '" '" 

CH, attochod 10 'rioro", 4 .05ppm, , ,- • 3.9!ippm s '" ,,~ '" '" - ~ -

Pipera~;no Unit I 
1110, H14 328pp<n 148Hz4H 

326ppm t, 

49HZ SH 

m 
H11. H13 2.~,pm t. 4.~;H, 4H 263ppm ~ 

"" 
H2', H3', H5', HO' 

".nppm, 
to, BI-I 

~ , T,lule J, 1 (I , Common Proton P"aks for Compounds 01 llass 0 

As ZK2J contains ."'0 qu illOl inc sc~ffo ld s in IlOfl -idcmicJI ellvironments, the column 

hcad~d HX' rd"r, to l\k, proton ,ignals from ZK2J'~ '~coml yuim)line ...:affoIJ. 

F(w 7,K21 If-k, yuin olin~ proton p~aks ar~ sl ightly mor~ npllcld than 8"n~rall y li,und I'm 

l\k,sC p"aks. Another sl ight d1ikren~c is that H6 is found mOl1: uplicld than l B. 
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O/ppm 

'00 
e" 
"'" 7.98 

,00 
7.49 

3.88 

2.72 

H5. & 

H2 HC=r
CHI 

.. 

1 
HO 

\ ' 

I ' 
I 
Co-' t-m ,-, , , 

.. 

HC=C-Cfu--i 

-, .. -

H2',H3' 
HS' H6' 

\ 

.. 

" 
" 

FIg 3.11: 'H_NMR of ZK24 Jtl CDC!, as tile deliJerateil NMR soJWtlt 

, 

Multiplicity JIHz Integration " I 
I" I !::!C=C-CH, , 

'" " "' singlet , " '" " , 
"' '" "' 

_ -- H8 

, 
'" !::!C=C-CH, H5 . 800ppm~ 

"" 9 2. 2 0 '" "" ,I J 9.2Hz 

, 
" '" "' , - '" HC=C·C);:!;rN 

" - "" H2·.H3·.H5',H6" 

.. ,. .. --rig 3.12: E, pand~'tJ view of 11\ "dap regIOn 
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Fig. 3.11 above shows the completely assigned IH-NMR spectra of ZK24. This spectra is 

typical for compounds of this class. The various units making up this compound have been 

colour coded for greater clarity. As with many other quinoline compounds, the singlet peak 

of the triazole ring proton is found in the middle of the quinoline H5 doublet. An expanded 

view of this region is shown above. A similar expanded view of the same phenomenon is 

shown for ZK14 from Class B (the quinoline I piperazine class). The quinoline and triazole 

ring protons all integrate for twice their individual values thus confirming that the 

compound incorporates two of these scaffolds. Due to the symmetry of the molecule all the 

piperazine peaks occur at the same chemical shift and a broad singlet is observed at 

2.72ppm which integrates for the expected 8 protons. 

3.5.6 Table of Target Compounds and their Synthetic Yields 

Compound Structure Yield (%) 

ZK21 /=N N=\ 21% R-N~~N-R ~ 0 ~ 

N R-N/ ~N 
ZK23 ~NI\-R 38% R Group = 

en "--I 

ZK24 R-/~OL> 22% ~N ~ CI 

\ R 

ZK25 R'NI OH IN/R 
~N~N~ 

12% 

Table 3.11: Synthetic Yields of Target Compounds of Class D 
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Class E: CD-Amino Alcohol Unit Containing Class) 

3.6 Compounds Containing the p-Amino Alcohol Unit: 

3.6.1 Structures of Target Compounds of Class 

9" 

8" 
\1 3" 

17" ~~2" 

12" 5"y';J~ 

(I, 
ZK26 N-N 

C2<Ji35ClNgO 3' 
Exact Mass: 546.26 

Mol. Wt.: 547.09 
C, 63.67; H, 6.45; Cl, 6.48; I' 

N, 20.48; 0, 2.92 ::(N):: 
9 N 

CI 

OH 

CI 

10'" 8" 
\1 3" 

ll"~ N 
\7" 4'~2" 

12" 5"~NI?t" 
6" 

~ N 
1/ 

ZK27 N-N 

C291I34C12NgO 
Exact Mass: 580.22 

Mol. Wt.: 581.54 

3' 

C, 59.89; H, 5.89; Cl, 12.19; l' 

N, 19.27; 0, 2.75 

CI 
8 

OH 
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3.6.1 Retrosynthetic Analysis 

Zli Zl7 , 
j 

" 
, 

. / 
J + 

':' 

S"hl'ml' 3.1(0: Retro'~'nthetic Anal }'sis r,,, Target Comf1<'lImh 01' Class E 

Rctros)nthetic analysis reveals several synthetic steps for the preparation of the largct 

molccules ZK26 and ZK27. fhc initial rwo,)nthctic step is a 2 x c-~ diswnnection of the 

1.2,3·trillzole ring:. rhis d is"oonectiofl can be lIccompl ished via a I J-d ipolur c)doaddition 

reaction ",·hich requires an azide and llcctylene as reactants. The llcetylene can be prepllred 

Vill a substitution rea~tiOil from the commercilllly aVllilable propargyl bromiJe and 

respective piperazine. A 1.2-diX discOlUlcctioll (d iX = two groups) of the azide rellctant 

(Z-IO) revellis that this imp<lI'tant react""t can he prepared from an epoxide (Z27) and the 

commercially aVililable "Klium ;v.ide. The epoxide (Z27) can he prepared via an alkylation 

1"eaL1iOll from the -.econdary amine (ZM I) ilnJ the commen:iillly aVllilable epichlorohyJrin. 

The Illst retrosynthetic .'lep is the preparation of the secOlldllry amine (ZI\-11), which can be 

prepilreJ via II on<: slep nllcleophilic sllh,tiluli(Ml rMclion l;-om lhe wmmerciilily a\-aililble 

starting materillis ';,7 -Ji"h lor<"luin<~i"e ilild pipenu,ine as pre\'iOllsl~' JescribeJ 
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,U.,3 S~'nthesis of Target Moleeult's ZK26.1\,; ZK27 

'" 

" " 

" 

~ ~7~',-,~""" r. 

.. ~"' 
" 
" 

(": . .,. 
, "' .. 

" "I c) 
r 

s) '",,0< '«h .... ,.,. ~."". ~."'" H ..... " ••• , ".diti ... , (II K,cO" m,N, NMP, w'e. 41u>. 71% 
(ttl ~L ' '" ,I " ", ... T ~A I , "".'niui\<, J<JT. J6 bt •. ';1 ~ " (Itt) ('<OJ '7H,0_ ~"'''''' ,", ''''. ",-,'C, " ' ''. H',', 

(" I ',L) '-J. "".-)H , 2'°'-', 1() h", ... ;,oI .. ,J (\') e oiJI ,sO, ' 51I,o, l> , ."""",,,",,_ ,Iloo()! ] ! 1I,O. Ij°e. 24 kl>, !.J-2,.... 

Schem~ 3.17: Synthetic Routc ofTargct Molecules ZI(26 & Zl(27 

3.6.3.1 S,'nth""is of Zl\t t: Reaction St~p (I) 

Rcfcr to sectioll 3.2.4.1 tor details of synthesi<; ofZM1. 

3.6.3.2 Sy nth""i~ of Z27: Reaction Step (II) 

Th~ int~rmcJiatc cpoxide Z27 was sy~th esized by initially slirring a mi~ture ofth" catalyst 

retra-[3ltt~I -lImn]()nium Ic>dick (I BAI) in epi~hl(lrohydrin for .10 min under N ), at this 

point the pipcrazillc-qllinolinc (ZMl) wa, added and all,,,,,,d to stir at 3We 1<)r.16 hrs. Thc 

reaction tni~ture was then diluted "ith DeYl and the catalyst "as J1ltcrcd olT. No othcr 

'Work up was ne~e,sary , Two new spots are ohserved on TLC. The higher spot is the op~~ed 

epoxiJe hi '''luinoline hy-prooucI (ZK25). the lowcr spot i, the dcsired epoxide product. 

I'he two products ",,,r,, scpamted by column chromatography using I()()% EtOAc as the 

eluenl and then increasing polarity of the eluent to 10% McOlI in EtOAc 10 yield Z27 in 

61% yield_ 
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In this alkylation reaction the starting material (ZM1) reacts with the epoxide product to 

open the strained epoxide ring and form the bis-quinoline by-product (ZK25). This bi

quinoline by-product is itself a desired target molecule. However, sufficient quantities of 

this product had already been synthesized and the production of ZK25 now served only to 

lower the yield of the desired product (Z27). Fortunately Z27 is the favoured product of this 

reaction. Attempts were made to further favour the formation of the epoxide product by 

performing the reaction in a large excess of epichlorohydrin. The reaction was also 

performed at lower temperatures in the prospect that at lower temperatures the amine would 

not be reactive enough to open the epoxide ring. The catalyst TBAI was also utilized in 

order that the iodide of the catalyst would replace the chlorine atom on epichlorohydrin. As 

iodide is a better leaving group than chloride, this was expected to increase the reactivity of 

the carbon atom that the chlorine atom was attached to. These various attempts had little 

effect and with every reaction a quantity of the by-product (ZK25) was produced. 

The epoxide product had a lower Rf value than the bisquinoline by-product. This was an 

unexpected observation as the bisquinoline by-product contains an alcohol group and is 

therefore more polar than the epoxide product. The by-product is also a much larger 

molecule than the epoxide product. In view of both its larger size and greater polarity ZK25 

should have the lower RF value. 

3.6.3.3 Synthesis of lAO: Reaction Step (11)82 

A mixture of Z27, sodium azide and catalyst CeCh-7H20 in acetonitirile I H20 (8:1) was 

stirred at 40°C for 30 min. Subsequent to this duration the temperature was raised to 82°C 

and the mixture was refluxed for a further 24 hrs. The crude product was purified by 

column chromotography using 5% MeOH in EtOAc as the eluent to deliver the azide 

intermediate Z40 in 67% yield. 

Other attempts to open the epoxide with NaN3 without the cerium catalyst were 

unsuccessfuL The catalyst CeCh-7H20 has an additional function in that it not only 

successfully facilitates the ring opening but does so with regioselectivity. The scheme 3.18 

below illustrates the two possible regiochemical outcomes (For simplicity, the protonation 

step was left out of the scheme below). If the azide attacks at the less substituted carbon 
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(i_~_ tf><, hlu~ UlTows) then tIK: alcohol I<>ml~ on tIK: sl-condar) carlxHl 'Which i, lh" dcsired 

r~gio-isom~r (Product A in scIK:me). However. the azioc can also allack at the more 

substituted carbon (i.c. purple arro\\s). which is predominantly the case in acidic 

conditions. to !orm tlle alcohol at the primary carbon (ProdULt II in scheme), 'lh~ c~rium 

catalyst rcgioselect.ivcly opens the ero"id~ to form on Iy product A_ 

As with ZK2S: an un~xpcded ob,~rvation was that the alwhol product (Z-IO) hml a higher 

Rr than the epox ide starting material Z27 (Eluent: 1 0";', M~OIl in EtOAc)_ 

, 
• 
~" 

" Schcme J_It!: Potential regia-outcomes of epoxide ring opening reaction 

3.6.3.01 Synth~sis ofTargt-t Molecules ZK26, ZK27: Alkylation("') alKl Copper(l)

catal}Led ALide AlkyllC Cycioadditioo Reaction(\-') III Situ 

Synthesis of Target Compounds ZK26 ZK27 
Type of Compound, Specific Compound 

---------- - ---------- ---- ------------------
Piperazine 

Azide 
See subst R on Scheme 3_ 17 

Z40 
Chromatographic Purification 

Solvent System 5% MeOH I OeM 
Table 3.12: Specllk compouoos and sol'em system used for the s)'l1thesls ofZK26-ZK27 

Th~ n~lhod 1<1r th~ next two reactions used (reaction IV aml reaction V) to prepare 

compounds ZK21i - ZK27 j, dcscrilx:d in sccti(Hl 3.1.5 und~r the lopic -'General protocol 

t"r tIK: CuMC Reaction"', 'I lie specific piperazine, azide and solvent system lor 

chnHllatographic puri I,cation is speci I,ed in Table 3.12 above. 
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3.6.4 Mechanisms ofVarions Reactions Used 

The reactions required to synthesize this class of compounds consisted of click chemistry 

CuAAC and substitution reactions. The mechanisms of these types of reactions have been 

discussed in previous sections. The only reaction hitherto not discussed is the epoxide ring 

opening reaction. 

3.6.4.1 Mechanism of the epoxide ring opening reaction 

Although the epoxide group is composed of a strained three-membered ring, it requires 

either acid catalysis or a good nucleophile to react welL An reactions that were attempted to 

open the epoxide (to produce Z40) without the use of a catalyst were met with failure. It 

was only the discovery ofthe cerium(III) chloride82 catalyst that finally led to the successful 

ring opening of Z27 to produce Z40 in respectable yields. The catalyst cerium(III) chloride 

provided a further blessing in that it facilitates the opening of the epoxide regioselectively 

thus producing only the desired isomer. 

As mentioned in scheme 3.18 above there are two outcomes for the ring opening reaction, 

depending on whether the nucleophile attacks the epoxide at the less substituted carbon or 

the more substituted carbon. Attack at the less or more substituted carbon is directed by the 

reaction conditions. In acidic conditions, opening occurs at the more substituted carbon, 

whereas in basic conditions opening occurs at the least substituted carbon. 

In Bronsted or strongly Lewis acidic conditions the epoxide oxygen is protonated.70 The 

positively charged oxygen atom draws electrons to it from the carbons it is attached to. The 

more substituted carbon is better able to accommodate the positive charge than the less 

substituted carbon and thus a build up of positive charge occurs at the more substituted 

carbon of the protonated epoxide. The nucleophile, sodium azide, therefore attacks at this 

carbon and the bond is broken between the more substituted carbon and the protonated 

epoxide oxygen. The final product therefore has the alcohol group attached to the terminal 

carbon (i.e. less substituted carbon). The scheme 3.19 below illustrates this process. The Rl 

group represents the 7-chloro-quinoline scaffold. 

--------------------------- lOl--------------~-----------
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HO ___ alcohol on 
loose SN2 transition state ~' tenninal carbon 

- N3--~O---H - + r \\~ ~ 

eN) Po:~tive charge 1--100-)100 eN) 
-

stabilised by two 
alkyl groups 

N N 

1 I 
~ ~ 

-

Acidic Conditions: Nucleophile Attacks at more Substituted Carbon 

Scheme 3.19: Mechanism of Ring Opening Reaction in Acidic Conditions 

In basic or neutral conditions there can be no protonation of the epoxide and therefore no 

build-up of charge. The reaction therefore becomes a pure SN2 reaction. Steric hinderance 

becomes the controlling factor and the nucleophile will therefore favour the primary end of 

the epoxide. This results in the alcohol group being attached to the secondary carbon 

(middle carbon ofisopropanol unit) of the final product. 

nucleophile attacks 
at prim~ carbon 

~
N3 alcohol attached at 

secondary carbon 
"'* --' -' --- ,- ,-

HO 

~ C) 
N 

I 
Rl 

Basic Conditions: Nucleophile Attacks at less Substituted Carbon 
Scheme 3.20: Mechanism of Ring Opening Reaction in Basic Conditions 
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3.6,5 Spectral Analysis of Target eOlllllounds ZK16 and ZK17 

rhe stnlc1urcs of the", compounds "cre <,onfimlcd using 'II and IJC N\1R in uddi1ion 10 

infra-red 'p<'Clroscopy, mass ~rcctro<;cop} and micro-analysis. 

The compounds from t.his class consis1s of [<'U[ unil,: the ZMl scafT(,ld, an isupropall<'1 

unit, ~ triuole ring unit and a phenyl pipcr<l7ine unit. [Jue to the order and nature or lh,' 

reactions making up the syntix'tic proce's, thes~ lilur unils can only combine in O/l~ 

arrangement. "Ihercforc, us "jth previous compounds, identification of a lim ke} peaks 

li'om each unil, indicates thut all units have heen inCOlJ'orat~d in the compound and the 

reactions have successfully produced the de,ired tinal pmdllCL The NMR solvent used for 

both ZK26 and ZK27 "a, deutef"al~d CDCI,. 

~[Iectmsco[lie Indie"tor.. for the n"ll Unit (conl]lri<ing " quinoline "nd [Iipcrazinc 

unIt) Follow, tyical ch~mical shill pallcm filr '1uloolim' scal10ld H2, HS. H5, 1J6, H3 

(dimnficld lO upliehl). 

Quinoline scaffold Piperazine moiety 

" "' "' "' "' H10, H14 "" "" 
BI0Pl"" B04ppm, 7.91ppm, 

7.41ppm, 
6.51ppm , 3.77ppm, , ,% 213_ 

ZK26 " B.D7, 
d,4.9Hz d.2C*1z, d,9.6H, 40l1z 5.1H' 7.!JOppm, m 268ppm 

2.2Hz 

B 66ppm 8 05ppm, f 93ppm, 
7.4Zppm, 

6.90-6.71'1"11 in m 32Oppm, 2.96- 713-
ZK27 ~, ~9, 

"' d, 16Hz, d,91H2 
1.711z 

of p/l00'l)1 ~C4l ~ 2.B7ppm, m 761)ppm 

~pect""''' .. pic Indi""lo", for 1h., T~opr"l",nol Foil: 

Isopropanol Unit 

H1'a H1'!> '" H3'o 1-13'~ o-!::! 

ZK26 
2.OCWm, <ld 2AOppm, dd, 4 17ppm 458ppm dd, 4.37ppm, cfd ,- "' 12.5, 3.9Hz ,11-1 12.5,9.911< ,11-1 m.1H 141,3.311' '" 14.1 "" '" '" 

m, 2 OCJwm, cfd ~ 16P1"". 4 58ppm, dd 4.36ppm, cfd 
740ppm m,IH . 

125,3.81-1z,111 "" '" 3.1Hz '" 141.6.1I1z 11-1 
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SI'''ctroM~'I,i''lndi''''1''r' for 1hl' TriaLOlc RIO!! Uni1 : 

Triazole Unit I ZK26 ZK27 

77&ppm, 77:lppm, "\ r 
~;;;cr;;;;;i\',,",c-
' CH,.tI.1chodto 3.79ppm, 376ppm, 

" lH s. lH 

!ri>zoJ.,itl\l ',2H!);S, 2H 

SIJoeClr~'copic ludicators r",· 1he l'hcn~1 l'ip,·raLiue Cuit: PmlOl1s "ilh same cololl['~d 

box either have idenli~al sigl1al al1d chemical ,hill (c.g. ZK26: H8"' and H12") or ~1rc tOll1Ki 

within the same muhipleL 

Phenyl moiety Piperazine moiety 

HS'" H9"' H10" H11" H12" H3",H5" H2"".H6"" 

ZK26 
69'ppm, " 7.26· 6.8&- 72fj· 691ppm d, 3.22ppm, 2.73-

8.8Hz 7.21P1'<1' " 682ppm " 7 . 211'J)111 " e8Hz t 51Hz 268wn " 
"M 

,~- 6.88 7. '9- G.8!l- ""'''" m 
ZK27 .ttc.. 

6.12ppm, " ",";100 
672ppm " 7 lDppm " 572ppm " " '""~ " 

Addi1ional Comn,,·uts: 

I hc multiplet found 'It 3.2ppm for 112' ofth~ epoxide ("-27) move5 further d",,,l1ftdd when 

thc cpoxidc is orcncd 10 form Ihc alcohol (4.02ppm for ZlOS. 4.17ppm for 711:21, de.) 
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" 
I 

::C):: , 
I 
" 

Due \0 l~ symm~1ry of the pipenvillC moiety, the lwo ('1-1, group' 

rcpresenlcd by AI alld A2 a'" in lh~ saln~ ~hcmi~al ellvironm~nt and 

lhus arc al'HI}S of>scrvcd a' on~ signal allhe sam~ "h~mical ,hilL This 

si~l1al "illlhcrcfore inlegrale lor 4 prolons, The same applie> lor the 

CHI gn'up' BI am] B2. The CH, groups AI and A2 will have a 

dilTcrem signal and ~hemical shift to 131 and 13~ if the .ubstitucnlS I{, 

and R, are different. Ilov.ever. in Z27 the piperazine is attachcd to an 

c[l(lxi"" wilh a ehiml ~enlre. as a result of this asymmetry, the set of CI II groups on the 

piperyine dos~sllo the epoxide (leIs refer to these groups as Al a~d 1\2 lor silnplicitjl no 

IOllger ha~e lhe saIne sig~al and chcmical shift but are instead split into two multiplets_ 

Thu, a muiliplel for A I is observed which int~grates for 2 protons and another multiplel for 

A1, integrating for 2 prolons is obseTv~d. inslead of Ol1e 'ignal ,~hi~h inl~grale.s for 4 

protons, Whcn this cp<:l;',idc is opened 10 fonn lh~ isopropanol unil a, ill compound Z-IO lh~ 

sam~ pallem is oh,erv~d, Th~ chiral c~l1tr~ on the isopropanol ullit i, ahle to splilthe closest 

pipcnvine CIl, groups (AI and A2) inlo l\\'() multipld' as th~ prolons arC now 

diastereotopic. I'igurc 3.13 below shows an e~pandcd view ofthesc pipenvinc .igllals for 

thc compound Z-IO. 

Th~ ,ame pallNII is {>h'~r~ed lilr Ihe larget tompmmd> ZK26 alld ZK27. Their sel of 

piperaLin~ CH2 group, closest to the isopropanol ullil (AI alld A2 assigned as IIII and 

H 13) are splil ill10 two mulliplds, A loclor whi~h further compl icale> the spedra of lhese 

two larget wmp(lunds i, that both these compounds are composed of two pipcrazine 

moidie" The other pipe.nlL.in~ i, [('lind hetween a phenyl group and Ihe lriaz{~e ring and 

Ihe u,ual Iwo ,igllal> of 4 prolons each are observed for Ihis piperazine. The piperazine 

attached 10 the isopropanol unit gelICrates 3 signals, one signal for 131 and 132 (integrating 

i"or 4 prolon,) and a mUltiplet lor AI (integrating for 2 pn~ons) a~d a multiplet lor A2 

(integrating for 2 prolOllS). The signal for III (HlO) and 112 (1-114) occurs allhc idenliml 

chemical shift value of onc of the set of CH, peaks (H3" ,H5") ror the pilcn) I piper:vine 

moiety, Onc ofthc Inultiplcts (A2 - 1113) rrom lhe isopropanol pipe"'''''ine is hidden by the 

other piperaLine peak from the phc~yl piperazine moiety_ rhus i~ the spectra ror Z"26 and 

ZK27 lhe piperazine peaks consist of a major pipcrazine peak cOlnposcd of 
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H10,H14 ,H3",H5" "hich integrates for ~ protons. a mliltipl~t eomro,eJ 01 1111 which 

integrates for 2 protons ~nd a maior piperazine peak composed of H13. H2".H6" ",hich 

intcgrat~s j(,r 6 pmton,. An ~"pand~d Y1CW or this region in ZK26 is ,ho\\n in ~ ig 3.14 

bclo\\. 

, 

, I) 
., 

~ 
"( )" BI Rl 

" 

(( 
"("I" 
III ,....-lBI 

" "0 
Y' 

BI&Fl2. 
4 rr"ton, 

~I ," A2. , . 
!i 2 rrc>lon< 2 prot"n~ 

, \ 
I \,) , 

t 
, , , , 

II~ h II j I , 
" 

" , , " 
Fig 3.13: F:xp"nd~-d ,jew of l'j(M'r!lzine Reg;on for 7AO (1\1\-1 R SOlveD ( CJ)CiJ) 
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C!::!=C·CH, 

I II('j j 
r 10 

"' I 

CDC]' 
--,C'o'lvell! p~ak 

H9" H11" 
, H8" H12" 

j/ 
H10" 

C!:!.rC=CH I 

\ 1 II 

H2' 

H10,H14, 
H3" HS" 

!!II 

H13. 
H2",H6" 

Hl'a 

H1 ')3 

L~"'L_2"' --;c:c';-c;. " """CCCC;." " ::':"-;;o;;",=::;:c::'"' __ ""L __ '"'~ 
FiJ: 3.1~: 'lI-~l\IR of ZK26 iJ) C n('IJ liS the dCUiCr:lIcd N MR so" {'Ol 

i5/ppm MultipNcily JIHz Integration " 
8.70 , 

'" '" "' 
"" 

, " '" "' '0- 7.91 , n '" "' " ',' 
" . Ii~' 776 , 0 '" N-Ctl=C-CH, 

" ~, 7.4 1 " 90. 2.2 '" "' .. f" 7.26-7.21 m '" 119" , tn1' 

c"' , 
" '" H8", H12 ' 

,-" 6.00-6.82 '" HID" e, m 0 

6 .81 , " '" eo 

( , " '" 14 1, " '" H3'0 

43, '" 14 1, 00 '" H3'~ 

() 4.17 m 0 '" "' " IC no , 2H CHj-C=CH 
" 

0 

;d) 322 , , , 
"" Hl0,H14,H3",H5" 

, -"y.' 
295-290 '" H 1 < ," 

. ~. 

c: . """ .. N • 2.73-2.68 m 0 '" H13, H2", I-I5' , , 

'" 00 125, " '" f', '0 

" 00 11.5, " '" Hl'l> 

200 "' '" O-t! 

[07 
0 
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CHrC=CH: 
3,79Ppm.~ 

H3'~: 

H13, H2" ,HS": 
H1Q,H14. H3" HS'" j 2 26 • . 73-. ppm, 

3.22 ppm, t, 8H m, 6H (iwprop~nol 
(s<g"~ls from ooth 1 PIJeraZOHl H13 

phe!1yl piperazine and 
Isoprop~nol P<P ~'''LI"e I, ""rl!lpl~t h.Jden iJy 

phenyl PlJlerazone 
ml,ehes) H2" 1-16" \,,~let) 

\ .. \ 
, i' 
I ' )' H11- I., 

H3'a ;j7Ppm. dd 
,'758 pm. d~ H2'-
; ,,4.17fpm, m 

III I ~( 
295-2 90ppm, m, I 'I' 

2H (Isopropanol ~ 
II pip ~f3zile lno; ~ty I R~ 

multiplet) I k 

I , (' 

" " .. " .. 

H1'~, 

4.37pl"", 
dd 

I 
H1'o: 

.. .. 
I'ie J. 15; ~: ~palldcd ,-jev.' of l'ipcTll7.ine l{e!!i<Jn for ZK26 (N M R solvcllt CIl('IJ) 

3.6.6 Tllblc of Target Compounds and lhcir S) nlhctic Yidd~ 

Compound R Group Yield (0/. ) 

ZK26 u, 

() I 

ZK27 23% 

) ) I 
" 

Tabl . 3. 13: S~nthro< , iftd, .f Tug .. Coml"'uftds of CI ... r. 
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ClIAPTER 4: Biological Results and Discussion 

4.1 General 

Compounds were grouped together according to structural similarities and follows the 

same grouping as in the previous chapter (Le. Class A, Class B etc.) Analysis of the 

biological results indicates that this classification is not only effective in describing the 

compounds' chemical properties but also their biological properties, as compounds 

within the same class are generally observed to have similar biological results relative to 

compounds of other classes. 

4.2.1 DIV Results and Structure Activity Relationship 

The target compounds were tested in vitro on human cells. The type of cells used were 

peripheral blood mononuclear cells (PBMCs). These tests were carried out by Dr 

Raymond Hewer (Investigator) under the auspices of Mintek. The target compounds 

were tested for their capacity to inhibit viral activity (IC50) against their cytotoxic 

activity (CC50). Each compound's cytotoxicity result was divided by its viral inhibition 

result to give a selectivity index. The higher the selectivity index, the greater the gap 

between viral inhibition and cytotoxicity (Le. its toxicity on human cells) and therefore 

the more useful the compound can potentially be. AU compounds were compared to 

AZT as the control reference drug. 

Experimental Details 

CCso IC50 

Cell line: PBMCs Cell line: PBMCs 

Method: MTT Method: p24 antigen assay 

Control: AZT Virus: CM9 (subtype C)* 

Control: AZT 

., CCso = 50% cytotoxicity concentration (half maximal cytotoxicity dose) 

., ICso = 50% inhibitory concentration (half maximal inhibitory dose) 

., S1 = selectivity index; calculated by CC501IC50. 

* This viral isolate was kindly donated by Professor Lynn Morris of the National 
Institute of Communicable Diseases (NICD), Sandringham, South Africa. 
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Cia" II: Quillolinc I rip~ralin. Cia .. 

f 
ZK~ · Z"I~ 

~ 
~ '""" ~ ",u '-"Q(::l r r I, c 

X , 
/ ./ 

::c 
LJ<W 7,)(11 f.KI1 f .KIl Z.". 

7K2;Y - O.7K):Y ~ NH 

------------" --~C;::'"~>:>;,;';';.;Amino Alrohol COiliaining Cia" 
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CHAPTER Biological Results and Discussion 

Biological Results in Relation to the Human Immuno Deficiency Virus (HIV) 
Cytotoxicity Viral Inhibition Selectivity Index 

Compound Class CC50 (p)M Compound Class IC50 (p)M Compound Class SI 
ZK8 B 19.76 ZK12 B 0.90 ZK14 B 26.52 
ZK15 C 21.27 ZK14 B 0.91 ZK12 B 26.13 
ZK20 C 21.94 ZK15 C 0.91 ZEV20 unique 25.51 
ZK16 C 22.65 ZK10 B 1.00 ZK10 B 24.53 
ZK11 C 22.90 ZK11 B 1.00 ZK15 C 23.37 
ZK18 C 23.03 ZEV20 unique 1.01 ZK11 B 23.26 
ZK25 D 23.09 ZK13 B 1.03 ZK13 B 22.58 
ZK13 B 23.15 ZK9 B 1.06 ZK9 B 22.53 
ZK11 B 23.19 ZK8 B 1.09 ZK3 A 21.61 
ZK21 E 23.19 ZK11 C 1.10 ZK11 C 20.82 
ZK26 E 23.30 ZK3 A 1.15 ZK1 A 20.40 
ZK12 B 23.45 ZK1 A 1.19 ZK18 C 19.03 
ZK23 D 23.77 ZK18 C 1.21 ZK19 C 18.60 
ZK2 A 23.86 ZK19 C 1.30 AZT control 18.44 
ZK9 B 23.99 AZT control 1.34 ZK8 B 18.12 

ZK14 B 24.10 ZK16 C 1.47 ZK16 C 15.41 
ZK19 C 24.18 ZK25 D 1.50 ZK25 D 15.39 
ZK1 A 24.26 ZK2 A 1.65 ZK2 A 14.45 
ZK10 B 24.44 ZK24 D 1.87 ZK24 D 13.21 
ZK24 D 24.70 ZK23 D 1.99 ZK23 D 11.94 
AZT control 24.71 ZK21 E 2.03 ZK21 E 11.42 
ZK3 A 24.76 ZK26 E 2.13 ZK26 E 10.94 

ZK21 D 24.82 ZK21 D 2.50 ZK21 D 9.93 
ZEV20 unique 25.77 ZK20 C 2.96 ZK20 C 7.41 . 

Table 4.1: Results ofblOloglcal tests of target compounds 

Compounds within the same class would generally have similar activity relative to 

compounds of other classes. Thus certain classes can be considered to be more active 

than other classes. This observation is important as it provides insight into structural 

motifs that may be important against HIV. Table 4.1 above reports the viral inhibition 

activity of the target compounds in ascending order of activity. The table reveals that 

the majority of target compounds are more active than AZT (in this set of results). It 

also reveals that although certain compounds are more active than others, the difference 

in activity between most compounds is relatively small. 

The most active class was Class B (Quinoline / Piperazine Class) followed by Class A 

(AZT / Quinoline Class), Class C (AZT / Piperazine Class), Class D (Bisquinoline 

Class), Class E (p-Amino Alcohol Unit Containing Class). A favourable and interesting 

observed phenomenon is that many compounds with high viral inhibition activity 

(relative to other target compounds) had low cytotoxic values. 

----------------------------- 111-----------------------------



Univ
ers

ity
 of

 C
ap

e T
ow

n

CHAPTER ~: Biological Results and Discussion 

The observation that Class B had greater viral inhibition than Class C indicates that the 

quinoline scaffold imparts greater activity against the virus than the AZT scaffold 

(according to this set of results). The activity of ZEV20 further conflrms this. ZEV20 

was structurally and functionally the simplest molecule tested and composed of little 

more than the quinoline scaffold. This compound was slightly more active than AZT in 

addition to also having the lowest toxicity of all the compounds tested. This set of 

results lends support to other research performed which has reported other quinolines 

(chloroquine and hydroxychlroquine) as having anti-HIV activity equal to and even 

greater than AZT. ll ,24,30 

When comparing ICsos of compounds within Class B it is observed that piperazines 

with the carboxylate substituent are more active than phenyl piperazines, with ZK12 

(the ethyl carboxylate) being the most active. ZK14 contains the benzyl substituent and 

has almost identical activity and selectivity to ZK12, this may indicate that it is not the 

aryl moiety which reduces activity but rather the position at which this moiety is, and 

thus having some sort of linker between the phenyl group and piperazine moiety may 

retain activity. However, more analogs need to be synthesized to conflrm this 

hypothesis. The most active phenyl piperazine was ZKll which contains a methoxy 

group in the ortho position. The least active of this class was ZK8 the compound 

containing an unsubstituted phenyl moiety. Almost the reverse is observed for Class C. 

In this class the compound containing the unsubstituted phenyl substituent (ZKlS) is 

the most active. The next most active is ZK17 in which the phenyl group contains the 0-

methoxy substituent and the least active is the compound containing the benzyl 

substituent (ZK20) in contrast to ZK14 of Class B where this substituent resulted in one 

of the most active compounds. Class C was also observed to be the most cytotoxic class. 

This may be due to the nucleotide property of the AZT structure which allows the 

compounds to pass through plasma membranes allowing the compound to enter human 

cells with greater ease. Class A was also a highly active class, with ZK3 and ZK7 being 

the most active compounds in the class. ZK3 is particularly signiflcant in this class as it 

has high activity and was one of the least cytotoxic of the compounds tested. Although 

the only difference between ZK2 and ZK3 is that ZK2 has an oxygen linker where 

ZK3 has its NH linker, the biological difference is somewhat signiflcant. ZK2 has less 

anti-HIV activity and is more cytotoxic than ZK3. The noticeable effect of substituting 

the oxygen linker in place of the NH linker is further emphasised by the observation that 
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ZK7 which has a piperazine linker in place of the NH linker still retains similar 

biological values to ZK3. The majority of the compounds of Class A, Class B and Class 

C had greater activity and SI values than AZT. However, Class D and Class E had 

lower activity and SI values than AZT. ZK21 was the least active of Class D, this 

compound also contains an 0 atom as a linker. ZK21 was also one of the least cytotoxic 

compounds indicating that it is the most biologically inert of the compounds tested. 

Although the compounds of Class E contained the same structural determinant of most 

HIV protease inhibitors the ~-amino alcohol moiety, this class was observed to have the 

least activity of all the classes. It is noteworthy though, that all the p-amino alcohols 

were synthesised in racemic form. It win be necessary to obtain and test the pure 

enantiomers before definitive conclusions can be made. 

4.2.2 Discussion based on the anti-HIV biological results 

The exact biological mechanism responsible for the anti-HIV activity of the quinolines, 

has not yet been conclusively determined. However, studies performed with 

chloroquine (CQ) suggest that its antiviral activity stems from its inhibition of pH 

dependent steps. The compound targets acid vesicles leading to the dysfunction of 

several enzymes within those vesicles?4 The compound thus targets acid organelles 

such as the golgi-vesicles, endosome and lysosomes. As mentioned in chapter 2, 

subsequent to endocytosis, HIV requires the lysosomal compartment to liberate the 

infectious nucleic acid and enzymes required for viral replication from its capsid 

covering.29
,30 At later stages in the lifecycle, the virus requires the endoplasmic and 

trans-Golgi network (TGN) vesicles for post-translational modification of the envelope 

glycoproteins. By disturbing these pH dependent organelles and vesicles, quinolines are 

potentially able to target both the early stages of the lifecycle (i.e. preventing uncoating 

of the capsid) and later stages of the lifecycle (resulting in the production of non

infectious immature virus particles). ZEV20's seemingly slightly superior activity over 

AZT may be due to the quinolines potential of inhibiting multiple biological targets as 

opposed to only inhibiting a single biological target (reverse transcriptase) as is the case 

with AZT. An added advantage of targeting cellular enzymes (as quinolines appear to 

accomplish) is that it is far more difficult for the virus to develop resistance to a drug 

which targets cellular enzymes (needed by the virus) as opposed to a drug which targets 

viral enzymes. Various experiments conducted so far have observed that the virus 

struggles to develop resistance to chloroquine and hydroxychloroquine treatment. 25,27 
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4.3.1 Malaria Results and Structure Activity Relationship 

Compounds were tested against the chloroquine sensitive D 1 0 and chloroquine resistant 

W2 strains. The testing of compounds on the chloroquine sensitive D 1 0 strain was 

performed by Dr Susan Yeh in the laboratories of Prof Peter J. Smith, at the Division of 

Pharmacology (UCT) while the testing of compounds on the chloroquine resistant W2 

strain was performed by Dr Jiri Gut in the laboratories of Prof Philip J. Rosenthal, at the 

University of California San Francisco (UCSF). The inhibition of fj-Haematin formation 

by the target compounds was determined by Dr Kanyile Ncokazi at the Department of 

Chemistry (UCT) in the laboratories of Prof Timothy J. Egan. 

010 W2 p-Haematin Inhibition 
Compound Class ICoo (pM) Compound Class ICoo pM Compound Class ICoo (eq) 

£Q control 0.02 CQ control 0.10 ZK27 E 0.49 
ZK25 D 0.73 ZK25 D 4.54 ZK26 E 0.69 
ZK3 A 2.94 ZK7 A 9.50 ZK25 D 1.37 
ZK2 A 4.08 ZEV20 unique 12.74 ZK3 A 1.42 

ZEV20 unique 4.97 ZK3 A 14.09 £Q control 1.91 
ZK7 A 6.77 ZK2 A 18.33 ZK7 A 2.00 

ZK23 D 10.78 An control >100 ZK9 B 2.52 
ZK11 B 18.49 ZK8 B >20 ZK2 A 4.62 
ZK24 D 18.88 ZK9 B >20 
ZK9 B 23.92 ZK10 B >20 Due to insolubility, the following 
ZK13 B 26.52 ZK11 B >20 compounds could not be tested 
ZK8 B 30.57 ZK12 B >20 for I3-Haematin Inhibition: 
ZK14 B 36.28 ZK13 B >20 ZK14 (Class A), ZK23 (Class D), 
ZK16 C 37.49 ZK14 B >20 ZK24 (Class D) 

ZK21 D 52.93 ZK15 C >20 
ZK12 A 59.13 ZK16 C >20 
ZK10 A 94.05 ZK17 C >20 
ZK15 C 100.25 ZK18 C >20 
ZK17 C >100 !-I9/ml ZK19 C >20 
ZK18 C >100 !-Ig/ml ZK20 C >20 
ZK19 C >100 !-191m I ZK21 D >20 
ZK20 C >100 !-I9/ml ZK23 D >20 

ZK24 D >20 

Table 4.2: Target compounds activity against D1O, W2 and p-Haematin Inhibition 

Generally compounds showed weak to poor antiplasmodial activity in both strains with 

only one compound (ZK2S) showing an ICso (DI0) less than 1.0 IlM. The results for the 

inhibition of p-haematin formation were significantly more promising. A number of the 

target compounds displayed significant activity in the inhibition of p-haematin 

formation. This was particularly noticeable in Class E, where ZK27 was found to be 

four times more active than CQ. 
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When analysing the biological results of the target compounds a distinguishable pattern 

can be observed. Certain classes of compounds are noticeably more active than others. 

The most active class is Class A followed by Class D, Class B and Class C. 

Unfortunately class E was only synthesised after the other compounds had been tested 

and are therefore not able to be compared to the other classes. The majority of 

compounds of Class C were completely inactive against both the chloroquine sensitive 

D 1 0 strain and chloroquine resistant W2 strain at the maximum concentrations tested. 

From the results of Class C it is apparent that the AZT structure imparts little or no 

activity against the malaria parasite. Compound ZK16 of Class C was found to have 

some anti-Malarial activity (DlO strain). However, research which tested the activity of 

various phenyl piperazines with either an ethoxy, methoxy, chloro, fluoro, or CF3, group 

substituted at various positions around the benzene ring found that the phenyl 

piperazine with the chloro group attached at the meta position of the phenyl ring to be 

the most active of the phenyl piperazines.61 Thus the anti-plasmodial activity exhibited 

by ZK16 is most likely due only to the contribution of the (m)-chloro-phenyl piperazine 

component of the compound and not due to any anti-malarial contribution from the 

AZT structure. ZK15 was the only other compound from Class C to show any activity. 

Although ZK15 demonstrated some antiplasmodial activity, this activity was extremely 

low. However, this is consistent with other research which has found the methoxy 

substituent to be less active than the chloro substitutent.61 The same research found that 

the ortho position was the most active position in relation to the methoxy substituent. 

Concerning the two classes which incorporate the AZT structure (Class A and Class C) 

one class had the lowest antiplasmodial activity (Class C) whereas the other class had 

the highest antiplasmodial activity (Class A). Class A which is composed of the AZT 

structure and quinoline scaffold was the most active class. Based on the results of Class 

C it seems improbable that the higher activity of Class A is due to anti-plasmodial 

activity of the AZT structure but is the result of the quinoline scaffold. ZEV20 which is 

composed of little more than the quinoline scaffold was observed to have anti

plasmodial activity in the same region as compounds in Class A thus demonstrating that 

merely the 7-chloro-quinoline scaffold is able to provide activity in this region. As 

mentioned in the section discussing AZT in relation to malaria, there is no published 

material suggesting that AZT has anti-plasmodial activity. However, although AZT has 

no anti-plasmodial activity it has the advantage of being a nucleoside and thus being 
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penneable to the plasma membrane. Therefore the AZT scaffold might increase the 

activity of an antimalarial by increasing the concentration of that compound at its 

intended target site. Based on this, one may speculate that although AZT is not 

providing the compounds of Class A with any anti-plasmodial activity, it is allowing the 

compounds to reach their target site in greater concentration and thus increasing the 

concentration of the active quinoline scaffold at the target site. Thus these results are 

consistent with the original hypothesis. This is further confinned by the results of Class 

B. Although Class B is composed of both the piperazine and quinoline scaffolds, its 

anti-plasmodial activity is less than Class A. However, the compounds of Class B 

should be more active than Class A as both the quinoline and piperazine scaffolds have 

been shown to have anti-plasmodial activity as opposed to Class A where only the 

quinoline scaffold is active. Therefore, a speculative reason for this is that although 

Class B may potentially have greater activity, Class A is able to access the target site 

with greater ease due to the increased membrane penneability conferred by the AZT 

structure. Of Class A, ZK3 was the most active. This may be due to the secondary

amino group making the compound more basic and thus allowing for even greater 

accumulation of the compound at the active site (acidic food vacuole) via pH trapping. 

Except for ZK25 the bisquinolines demonstrated only a relatively average activity 

against the chloroquine sensitive (D 1 0) strain and no significant activity against the 

chloroquine resistant (W2) strain. This was unexpected as compounds with similar 

structures have demonstrated noticeable anti-plasmodial activity even against the 

chloroquine resistant strains. 5 

The exception to this was ZK25. This compound was the most active of all the 

compounds tested and even showed a noticeable activity against the chloroquine 

resistant (W2) strain. The discernible activity of ZK25 appears as an anomaly relative to 

the activity of the other compounds in its bisquinoline class. However, in addition to 

being a bisquinoline, ZK25 also contains the l3-amino alcohol moiety. It appears that the 

superior activity of this compound is in fact due to this moiety. The l3-amino. alcohol 

moiety is a unit synonymous with the protease target. Therefore it might be thought that 

the activity of this compound may be due to a possible interaction with a protease 

enzyme. However, analysis of the l3-haematin inhibition results, reveals an almost 

identical pattern in tenns of the sequence of the compounds activity for inhibition of 13-
haematin fonnation and the compounds anti-plasmodial activity. This suggests that the 
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source of anti-plasmodial activity is associated with the compound's ability to inhibit ~

haematin fonnation. Therefore the ~-amino alcohol moiety of ZK25 is more likely 

increasing the activity of the compound by preventing the fonnation of haemozoin, 

rather than acting against a protease enzyme, presumably via coordination of the 

hydroxyl group to the Fe(III) of haematin. No literature to date has associated this 

moiety with the ability to inhibit ~-haematin fonnation or its biological equivalent 

haemozoin. This suggestion is further confinned by the high activity of ZK26 and 

ZK27, as the defining feature of these two compounds is its ~-amino alcohol moiety. 

These two compounds had the greatest ~-haematin inhibition activity of all the 

compounds and are even significantly more active than chloroquine. Unfortunately 

these compounds were not tested for antimalarial activity, which would have allowed 

delineating any correlation between the ability of the compounds to inhibit ~-haematin 

fonnation to that of antimalarial activity in vitro, especially against the CQ sensitive 

strain. 

4.3.2 Discussion based on the Malaria biological results 

The activity of chloroquine results from its ability to inhibit haemozoin fonnation. 

Although several strong theories are purported, the exact mechanism of this inhibition is 

not yet conclusively established. However, there are two main factors which are 

important for inhibition to occur. The first is the compound's mechanism to inhibit 

haemozoin fonnation i.e. if for instance the mechanism is found to be the result of the 

compound fonning a complex with haematin thereby preventing haematin from being 

incorporated into ~- haematin then this factor would be the compound's ability to bind 

with haematin. The other major factor is the compound's ability to enter and accumulate 

at the location of activity (considered to be the food vacuole). This factor is dependent 

on the pKa of the compound. This factor requires the compound to have a basic site 

which can be protonated. The compound moves through the plasma membrane into the 

acidic food vacuole where it is protonated. Once protonated, the compound becomes 

ionic and is no longer penneable to the plasma membrane and is therefore unable to exit 

the site of activity. All the target compounds containing the quinoline scaffold exhibited 

anti-plasmodial activity for the CQ sensitive D10 strain, demonstrating the recognised 

capacity of this scaffold as an anti-malarial unit. However, these target compounds were 

observed to be significantly less active than CQ. The diminished activity, of these target 

compounds, may be due to the absence of the amino alkyl chain which is found in CQ 
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and is considered to be necessary for pH trapping.5 However, at this stage it is difficult 

to account for the inferior activity of the target compounds relative to CQ. 

A larger set of compounds need to synthesized in order to investigate whether the 

relatively higher activity of Class A (compared to the other target compounds) is in fact 

due to the AZT scaffold allowing the compound to accumulate in higher concentrations 

at the active site. 

4.4 Conclusion 

Although ZK14 and ZK12 had a slightly greater SI than ZEV20. ZEV20 appears (at 

this early stage at least) to be the ideal compound. It has low cytotoxicity and is highly 

active against HIV. However, the most significant advantage is the simplicity of this 

compound. It is composed of only two inexpensive commercially available reactants. It 

requires only one synthetic step and that step utilises a highly efficient reaction which is 

performed under mild conditions, requires no further chromatographic purification steps 

and is high yielding. The combination of these factors potentially reveal a highly active 

compound that can be mass produced inexpensively. Such a compound is ideal for 

developing countries which desperately requires large quantities of anti-HN drugs at 

very low prices. 

Most of the poverty stricken regions particularly in Africa have a high incidence of both 

HIV and malaria, consequently many individuals in these areas have contracted both 

HIV and malaria. Therefore an ideal situation would be to find a compound active 

against both diseases. A number of compounds synthesised in this project were active 

against both diseases to varying degrees. However. the most significant due to its other 

advantages was ZEV20. This compound not only demonstrated significant activity 

against HIV but also showed activity against the CQ sensitive strain and the CQ 

resistant strain at concentrations below its cytotoxic levels. The promising results of 

ZEV20 indicate that future work should involve making other simple quinolines and 

testing their activity in order to establish a structure activity relationship (SAR). The 

toxicity and therefore the SI could be improved by introducing substituents at various 

positions of the quinoline ring including the replacement ofllie 7-chIoro group. 

Figure 4.1 below depicts just a few examples of other quinolines that can be synthesized 

(or commercially obtained) and tested for this purpose. 
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OH x 

CI CI 

x = F, ct, Br, I 

R = H, Cl, F, Br, OMe, CF3 etc y 

CI CI 

Y = alkyl chain of variable length 

Figure 4.1: Examples of simple quinolines that can be tested in order to determine 8AR 

The various postulates regarding the quinolines mechanism of anti-HIV activity suggest 

that quinolines are able to target multiple stages of the lifecycle as well as targeting 

cellular enzymes, both these factors prevent the disease's ability to generate resistance. 

Quinolines are also novel compounds in the treatment of HIV. Thus ZEV20 is a 

compound which has fulfilled all the aims of this project. It is active against, both HIV 

and Plasmodium Jalciparum, it is simple and inexpensive to produce, it has low 

cytotoxicity, it is expected to defY the onset of resistance, and in relation to HIV it is a 

novel area of exploration. 

A number of compounds in this project have significant anti-HIV activity with 81 values 

almost 1 Yz times greater than that of AZT. These results warrant further biological 

studies in vivo. If the results remain as superior in vivo as they have with in vitro tests, 

this would be a significant indication that these compounds show promise as potential 

anti-HIVagents. 

The most active antiplasmodial compounds also showed significant ~-haematin 

inhibition. A noteworthy result was the ~-haematin inhibition ability of compounds 

containing the ~-amino alcohol moiety. This finding merits further investigation as to 

whether this moiety does indeed confer ~-haematin inhibition properties to a compound. 
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CHAPTERS 

Experimental 

5.1 General 

Reactions were monitored by thin-layer chromatography (tic) using aluminum-backed 

silica gel plates (Merck-60F254). Ultraviolet (UV) light was used to detect UV visible 

compound spots. Compound spots unable to be detected by UV light were stained with 

anisaldehyde. Samples were purified using column chromatography carried out on silica 

gel (Merck Kieselgel 60). 

Proton nuclear magnetic resonance eH NMR) spectra were recorded at ambient 

temperature using the following instruments: Varian Mercury (300MHz) or Varian Unity 

Spectrophotometer (400MHz) with chemical shifts (5) recorded in parts per million (ppm) 

relative to the internal standard tetramethylsilane (lMS: 5 = 0.00). 

Carbon-13 nuclear magnetic resonance (BC NMR) spectra were recorded with the same 

internal standard (TMS) and on the same machines but at frequencies of 75MHz or 

lOOMHz. Depending on the compound, three types of deuterated NMR solvents were used 

for determination of spectra: chloroform (CDCh), methanol (CD30D) and 

dimethylsulphoxide [(CD3hSO]. The following relevant abbreviations were used in the IH 

NMR spectra: s - singlet, d - doublet, dd - doublet of doublets, t - triplet, q - quartet, m -

multiplet, dt - doublet of triplets; td - triplet of doublets, br - broad and J - coupling 

constant. The format used for recording l3C NMR data is that accepted by most 

distinguished international journals. In this format chemical shift values are simply listed 

without specific assignment to carbon atoms. 

Infrared spectra were recorded on NaCI disks in a Perkin Elmer FT-IR ONE Spectrometer. 

Low Resolution Masses (LRMS) were determined by the Department of Pharmacology 

(UCT) on an API 2000 from Applied Biosystems. High Resolution Masses (HRMS - F AB) 

were determined at the University of the Witwaterstrand on a VG70-SEQ micromass 

spectrometer. 
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Elemental analysis was determined at the University of Cape Town using a Fisons EA 

110CHN elemental analyzer. Melting points were determined on a Reichert-lung 

Thermovar or a Fischer-lohns hot stage microscope, on cover slips and are uncorrected. 

Commonly used solvents were purified and dried accordingly as described in the literature. 

Methanol and N-methyl-2-pyrroIidinone (NMP) were purchased as anhydrous solvents 

from Sigma Aldrich. Anhydrous sodium sulphate or anhydrous magnesium sulphate were 

used in the drying of organic solvents following extraction. 

Concentration of organic phase (evaporation of solvents) under reduced pressure was 

achieved by using a Buchi Rotary Evaporator. 

Virtually all IH-NMR protons are assigned via a number allocated to that group of protons. 

However, a few protons were assigned via a description. The most frequent protons that 

were not assigned via a number assignment were those protons related to the triazole ring 

unit. These protons were assigned via a description. An example is given below where the 

proton on the triazole ring is assigned as N-CHrC=CH-N and the Cfu unit attached to the 

triazole ring is assigned as N-Cfu-C=CH-N. 

CI 

3" 

6" 

\ 1" 3' 
4'~2' N~I\ N 1,yL(N 5~~' ~ 

6' H 
______ HH \ 

N-CH~-C=CH-N 

3 2 

N-CHz-C=CH-N 
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5.2 Synthesis of Target Compounds 

5.2.1 Synthesis of compounds related to Class A 

7-Chloro-4-(piperazin-l-yl)quinoline (ZMl )80 

A mixture of 4,7-dichloroquinoline (2.018 g, 10.19 mmol), piperazine (4.384 g, 51.01 

mmol), potassium carbonate (0.434 g, 3.13 mmol) and triethylamine (0.42 mL, 3.01 

mmol) was refluxed at 135°C in NMP (10 mL) under nitrogen for 4 hours. After cooling 

to room temperature the mixture was diluted with dichloromethane (50 mL). The mixture 

was washed with water (8 x 50 mL) followed by brine (2 x 50 mL). The combined organic 

layers were then dried (Na2S04), filtered and concentrated under reduced pressure to 

deliver the piperazine ZMl (1.776 g, 71%) as a cream solid; mp 112-114°C (from MeOH) 

(lit 113-115°cl3; Rf O.21 (MeOH: DCM, 1:9); IR (CHCh): v max/em-I 3345 (N-H), 3046 

(C-H Ar), 1568 (C=C Ar and C=N), 1257 (C-N); 

CI 

H 

13(N)12 II 
14 10 

N9 

ZMl 

H-NMR 6u (400 MHz, CDCh) 8.70 OH, d, J 4.94 Hz, Ar-H, H2}, 

8.03 OH, d, J 2.20 Hz, Ar-H, H8}, 7.94 OH, d, J 8.97 Hz Ar-H, 

H5), 7.42 (lH, dd, J 8.97,2.20 Hz, Ar-H, H6), 6.81 OH, d, J 4.94 

Hz, Ar-H, H3}, 3.20-3.13 (8H, m, N-Cfu, HlO, Hl1, H13, HI4), 

l.79 (IH, s, N-H, H12) 

13C NMR ac (100 MHz, CDCh) 157.7, 152.1, 150.4, 134.8, 129.2, 

126.1, 125.3, 121.9, 109.0,53.7,46.2 

LRMS Found: M+, 248.3; C13H14CIN3 requires M, 247.7; Found: C 62.6, H 5.6, N 16.60; 

C13H14ClN3 Requires C 63.0, H 5.7, N 17.0 

1-«2R,4R,5S)-4-(4-«7-chloroquinolin-4-yloxy)methyl)-IH-1,2,3-triazol-I-yl)-5-

(hydroxymethyl)tetrabydrofuran-2-yl)-5-methylpyrimidine-l,4(lH,3H)-dione;(ZKl)75 

Zidovudine (0.460mmol, 0.123g) was added to a mixture of acetylene (ZI8) (0.46mmol, 

O.lg) in tert-butanol (6ml). The solution was left to stir for 5 min at which point the 

catalyst was added - Sodium ascorbate (0.05mmol, 9.1 mg) and Cu(II} S04-5H20 (0.005 

mmol,1.5mg) and H20 to form a 6ml: 6ml tert-butanol : H20 solvent solution. The 

heterogeneous mixture was left to stir for 24hrs at room temperature. 
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The product precipitated out when the reaction mixture was diluted with cold H20 (30m!). 

The precipitate was filtered off and dried under vacuum, to yield ZK2 (0.12g, 54%) as an 

off white solid; mp 249-250°C; Rf 0.08 (MeOH:EtOAc 1: 19); IR 

(CHCh): v max/em-} 3405 (O-H), 3155 (N-H), 3155, 2990 (C-H Ar), 

1710,1690 (C=O), 1576 (C=C Ar and C=N Ar), 1097 (C-O); 

IH-NMR OR [400 MHz, (CD3)2S0] 11.29 (lH, s, OC-NH, H3), 

8.80 (lH, bs, Ar-H, H2") #1, 8.54 (lH, s, O-CH2-C=CH-N), 8.l2 

(lH, d, J9.02 Hz, Ar-H, H5"), 7.99 (lH, d, J 1.71 Hz, Ar-H, H8"), 

7.80 (1H, d, J 1.22Hz, HC=C-CH3, H6) #2, 7.55 (lH, dd, J 9.02, 

1.95 Hz, Ar-H, H6"), 7.28 (IH, d,J5.12 Hz, Ar-H, H3"), 6.42 (JH, 

5" 4a" 4" t, J 6.58 Hz, O-CH-N, HI '), 5.48 (2H, s, O-Cfu-C=CH-N), 5.40 
6" -::?" ~ 3" 

I (lH, dt, J8.53, 5.36 Hz, O-CH-CH-N, H3'), 5.23 (lH, t, J5.12 Hz, 
7"~ ~ 2" 

CI 8" 8a" N 1" CHrOH) 4.26 (lH, dt, J 5.12, 3.66 Hz, O-CH-CH2-OH, H4'), 

3.74 - 3.60 (2H, m, O-CH-Cfu-OH, H5'), 2.80 - 2.60 (2H, m, O-CH-Cfu-CH, H2'), 

1.91 (3H, d, J 1.06Hz, HC=C-ClliJ 13C NMR Oc [100 MHz, (CD3hSO] 163.66, 160.21, 

152.92, 150.36, 149.82, 149.21, 141.98, 136.l1, 134.43, 127.21, 126.26, 124.51, 123.76, 

109.59, 102.57,84.46,83.86,62.12,60.72,59.41,37.07, 12.19 

LRMS(FAB) Found: M+, 485.2; C22H21CIN60S requires M, 484.9; 

Found: C 53.9, H 4.4, N 17.2; C22H2!ClN60S Requires C 54.5, H 4.4, N 17.3 

1-( (2R,4R,5S)-4-( 4-( (7 -cbloroquinolin-4-ylamino )metbyl)-lH-1,2,3-triazol-l-yl)-5-

(bydroxymetbyl)tetrabydrofuran-2-yl)-5-metbylpyrimidine-2,4(lH,3H)-dione; (ZK3) 

Zidovudine (0.448mmol, 0.120g) was added to a mixture of acetylene (Z19) (0.448mmol, 

0.97g) in tert-butanol (4ml). The solution was left to stir for 5 min at which point the 

catalyst was added - Sodium ascorbate (0.098mmol, 19m9) and Cu(ll) S04-5H20 (0.0098 

mmol, 4mg) and H20 to form a 4ml:4ml tert-butanol : H20 solvent solution. The 

heterogeneous mixture was left to stir for 24hrs at room temperature. The product 

precipitated out when reaction mixture was diluted with cold H20 (30ml). 
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The precipitate was filtered offand dried under vacuum, to yield ZK3 (0.167g, 77%) as an 

off white solid; mp 179-182°C; Rr 0.1 (MeOH:EtOAc 1 :9); IR (CHCh): v max/em-' 3442 

(O-H), 3289 (N-H), 3067 (C-H Ar), 1707,1689 (C=O), 1584 (C=C Ar and C=N Ar), 1281 

3~ 
:N, .. ): O~Nl 6 

o 2' 

4' 3' ~ """ 0 
\' 

NH 

CI 

(C-N), 1103 (C-O); IH-NMR ()H [400 MHz, (CD3hSO] 11.27 

(lH, s, OC-NH, H3), 8.32 (IH, bs, Ar-H, H2") #3, 8.20 (lH, bs, 

N-CH2-C=CH-N), 7.98 (lH, bs, Ar-H, H8") #3, 7.76 (tH, S, 

HC=C-CH3, H6)#3, 7.46 (lH, d, J8.78 Hz, Ar-H, H5"), 6.67 

(IH, bs, O-CH-N, HI'), 6.37 (lH, t, J 6.58 Hz, CH2 -OH) 5.31 

(lH, m, O-CH-CH-N, H3') 4.60 (2H, m, N-Cfu-C=CH-N), 4.17 

(lH, m, O-CH-CHrOH, H4'), 3.70 - 3.54 (2H, m, O-CH-Cfu

OH, H5'), 2.72 - 2.58 (2H, m, O-CH-Cfu-CH, H2'), 1.78 (3H, 

s, HC=C-Cfu) 13C NMR ()c [100 MHz, (CD3hSO] 163.74, 

161.11, 15l.12, 150.39, 149.94, 144.49, 136.14, 124.52, 124.25, 

122.79, 114.82, 109.45,91.30,84.38,83.92,60.68,59.14,37.89, 

37.08, 12.10 LRMS(FAB) Found: W, 484.1 ; C22H22CIN704 

requires M, 483.9; Found: C 52.1, H 4.6, N 19.0; 

C22H22ClN704-1H20 Requires C 52.6, H 4.8, N 19.5; 

1-( (2R,4R,5S)-4-( 4-( (4-(7 -chloroquinolin-4-yl)piperazin-l-yl)methyl}-IH-l,2,3-

triazol-l-yl)-5-(hydroxymethyl)tetrahydrofuran-2-yl)-5-methylpyrimidine-

2,4(lH,3H)-dione; (ZK7)73,75 

Step 1 (formation of acetylene piperazine): A mixture of piperazine ZMl (0.969mmol, 

0.24g) and triethylamine (1.51mmol, 0.21ml) in tert-butanol (6ml) was stirred for 20m in 

under Nz. At this point propargyl bromide (1.01 mmol) was added and the reaction 

mixture was left to stir for 20hrs at room temperature. TLC indicated formation of the 

acetylene piperazine. 

Step 2 (click reaction): In situ AZT (1.16mmol, 0.311g) and catalyst - sodium ascorbate 

(0.484 mmol, 96mg) and Cu(n) S04"SHzO (0.068 mmol, 17mg) was added. An equivalent 

amount of H20 as amount of tert-butanol was added, in order to have 6ml:6ml ratio of 

H20 : tert-butanol solvent. The reaction mixture was then left to stir for a further 24hrs at 

room temp. The crude material was extracted with DCM (2 x 7Oml) and washed with H20 
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(50mI) and brine (20ml). The organic layer was dried over anhydrous sodium sulphate, 

filtered and concentrated under reduced pressure. The crude material was purified by 

column chromatography (Si02; EtOAc 100%) in order to elute any unreacted acetylene 

intermediate or unreacted azide, then the polarity was increased to (Si02; MeOH: DCM, 

10:90) to yield ZK7 (0.130g, 25%) as a yellow solid; mp 248-251°C; Rr 0.45 (MeOH: 

DCM, 1:5.7); IR (CHCh): v maxicm- I 3620 (O-H), 3019 (C-H Ar) 1576 (C=C Ar and C=N 

Ar), 1046 (C-O); IH-NMR OH [400 MHz, (CD3)2S0] 11.32 (lH, s, OC-NH, H3), 8.70 

3~ 
~N" .. ): O~NI 6 

o 2' 

4' 3' ~ HO 5' yN \\ 
~N 

13"(N)12" Il" 
14" 10" 

N 9" 

CI 

7" 
~ 

8" 

(lH, bs, Ar-H, H2") #1, 8.21 (lH, s, N-CH2-C=CH-N), 8.00 (lH, 

d, J9.19 Hz, Ar-H, H5"), 7.96 (lH, bs, Ar-H, H8"), 7.80 (lH, S, 

HC=C-CH3, H6), 7.53 (1 H, dd, J 8.97, 2.14 Hz, Ar-H, H6"), 6.98 

(lH, d, J 4.91 Hz, Ar-H, H3"), 6.40 (lH, t, J 6.41 Hz,O-CH-N, 

HI '), 5.33 (lH, dt, J8.76, 5.13 Hz, O-CH-CH-N, H3'), 5.25 (lH, 

t, J 5.13 Hz, CH2 -OH) 4.22 (lH, dt, J 5.34, 3.42 Hz, O-CH

CH2-OH, H4'), 3.70(2H, m, N-Cfu-C=CH-N) 3.68 - 3.60 (2H, 

m, O-CH-Cfu-OH, H5'), 3.17 (4H, m, N-CH2, HIO", HI4"), 

2.80 - 2.60 (2H, m, O-CH-Cfu-CH, H2'), 2.70 ( 4H, m, N-CH2, 

HIl", H13") #4, 1.80 (3H, s, HC=C-Cfu); 

13C NMR Oc (l00 MHz, (CD3hSO) ]63.63, 156.21, 152.13, 

150.34, 149.57, 143.44, 141.33, 136.16, 133.48, 127.98, 126.00, 

125.68, 123.45, 109.52, 109.34,84.46,83.09,60.73,59.14,52.38, 

52.06, 51.61, 37.07, 12.19 LRMS(FAB) Found: M+, 553.2 ; C2l#29CINg04 requires M, 

553.0; Found: C 55.5, H 5.3, N 19.8; C26H29CINg04 "1/2H20 Requires C 55.6, H 5.4, N 

19.9 
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5.2.2 Synthesis of compounds related to Class B 

5.2.2.1 General Procedure for the preparation of acetylenic piperazines 

To a mixture of piperazine (lmmol eq) and triethylamine (1.5 mmol eq) in DCM under N2, 

propargyl bromide (l.2 mmol eq) was added. Reaction temperature was raised over the 

first 2hrs from 0° - 40°C and was left at 40°C for a remaining 10 MS. The reaction mixture 

was then extracted with 45ml DCM and washed with 40 ml H20 and a further 20ml Brine 

and dried over anhydrous sodium sulfate, filtered and concentrated. Column 

chromatography (Si02; EtOAc) yielded the acetylated piperazine. 

Phenyl-4-prop-2-ynyl-piperazine (Z21) 

Phenyl piperazine (3.0Smmol, 0.5g), triethylamine (4.62mmol, 0.65ml), propargyl 

bromide (3.70mmol) in lOml DCM, to yield Z21 (0.48g, 74%) as a yellow/orange solid; 

mp 46-48°C; Rr 0.75 (EtOAc 100%); IR (CHCh): v maJem·1 3306 (C~, 3017 (C-H 

J
$8 Ar), 1300 (C-N); IH_NMR ()H (400 MHz, CDCh) 7.27 (2H, 

5' 6' 2 3 11/ 

~
~ 1\ 4 m, Ar-H, H3', H5') 6.94 (2H, d, J7.87 Hz, Ar-H, H2', H6') 

~r 'N N 
I' 1\ / 7 , 

- "--/ 6.87 (1H, t, J 7.32 Hz, Ar-H. H4 ) 3.38 (2H, d, J 2.38 Hz, 
3' 2' 6 5 

C=C-CH2, H7) 3.25 (4H, t,J5.13 Hz, N-CH2, H2, H6) 2.75 (4H, t,J5.13 Hz, N-CH2, H3, 

H5) 2.285 (lH, t, J2.38 Hz, C=C-H, H-8); llC NMR ()c (100 MHz, CDCh) 151.3, 129.1, 

120.0, 115.2, 78.8, 73.2, 52,1,49.1,47.0; LRMS Found: M+, 200.6; C13HI6N2 requires M, 

200.3; Found: C 78.0, H 7.9, N 13.6; C13H16N2 Requires C, 78.0; H, 8.0; N, 14.0 

4-Prop-2-ynyl-piperazine-l-carboxylic acid ethyl ester (Z22) 

Ethyl I-piperazine carboxylate (3.79mmol, 0.6g), triethylamine (5.69mmol, 0.80ml), 

propargyl bromide (5.69mmol) in lOml DCM, to yield Z22 (OAg, 54%) as a transparent 

o 2 3 Jf 8 oil; Rr 0.57 (EtOAc 100%); IR (CHCI]): v max/em'l 3307 

L /\ 4 (C=~, 1683 (O=CNR2) 1299 (C-N), 1247 (C-O); IH_ 
\ 0\ l 
"-d I}--{ 7 NMR ()H (400 MHz. CDCh) 4.14 (2H, q, J5.13 Hz, N-Cfu-

CH3) 3.51 (4H, t, J5.13 Hz, N-CH2, H2, H6) 3.32 (2H, d, J2.56 Hz, C=C-CH2, H7), 2.52 

(4H, t, J 5.13 Hz, N-CH2, H3, H5) 2.28 (JH, t, J 2.56 Hz, C=C-H, H-8) 1.26 (3H, t, J 

7.14Hz, O-CHrClli) BC NMR ()c (100 MHz, CDCh) 78.5, 73.3,61.4,51.7,46.2,43.7, 
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14.5; LRMS Found: M+, 196.6; CIOHI6N202 requires M, 196.3; Found: C 60.4, H 8.22, 

N 14.2; ClOH16N202 Requires C, 61.2; H, 8.22; N, 14.3; 

1-(3-Cbloro-pbenyl)-4-prop-2-ynyl-piperazine (Z23) 

1-(3-chlorophenyl) piperazine-HC} (3.30mmol, 0.65g), triethylamine (S.26mmol, 1.16ml) 

#5, propargyl bromide (3.97mmol) in 10ml DCM, to yield Z23 (0.27g, 35%) as a yellow 

oil; Rf 0.6S (EtOAc 100%); IR (CHCh): v max/cm-1 3306 (C=C-H), 3018 (C-H Ar), 1302 

5'6' 23 11/ J I//8 (C-N); IH-NMR l)H (400 MHz, CDCh) 7.16 (1H, t, J 8.06 

4'~' /'-'\4 Ar-H, H5') 6.88 (1H, t, J 2.97 Hz, Ar-H, H2') 6.76 (2H., m, 
l' 1 \ I 7 

3' -- '---/ Ar-H, H4', H6') 3.38 (2H, d, J 2.56 Hz, C=C-CH2, H7) 
2' 6 5 

CI 3.25 (4H, t, J 5.13 Hz, N-CH2, H2, H6) 2.73 (4H, t, J 5.13, 

N-CH2, H3, H5) 2.29 (tH, t, J 2.56 Hz, C=C-H, H-8); llC NMR l)c (100 MHz, CDCh) 

152.4, 135.1, 130.1, 119.41, 115.90, 113.99, 78.43, 73.3, 51.67, 48.61, 46.89; 

LRMS Found: M+, 235.0; C13H15CIN2 requires M, 234.7; Found: C 66.7, H 6.4, N 11.7; 

C13HlsCINz Requires C 66.5, H 6.4, N 11.9; 

4-Prop-2-ynyl-piperazine-l-carboxylic acid tert-butyl ester (Z24) 

Tert-butyl-l-piperazine carboxylate (5.38mmol, 1.Og), triethylamine (S.05mmol, I.13ml), 

propargyl bromide (6.9Smmol) in lOml DCM, to yield Z24 (0.52g, 43%) as a transparent 

d 8 oil; Rf 0.58 (EtOAc 100%); IR (CHCh): v max/cm-
I 

3306 

o K4J (C=C-H), 1680 (O=CNR2) 1301 (C-N); 

+ hLJN 7 NMR IH-NMR l)H (400 MHz, CDCh) 3.48 (4H, t, J 5.13 
o 6 5 

Hz, N-CH2' H2, H6) 3.32 (2H, d, J 2.56 Hz, C=C-CH2, 

H7), 2.51 (4H, t, J 5.13 Hz, N-CH2, H3, H5) 2.26 (1 H, t, J 2.56 Hz, C=C-H, H-8) 1.46 

(9H, s, O-C-(ClliJ3) llC NMR l)c (100 MHz, CDCh) 79.63, 78.18, 73.31, 51.62,46.99, 

28.42*; LRMS Found: M+, 224.7; C12H20N202 requires M, 224.3; Found: C 63.8, H 9.0, 

N 12.4; C12H20N20z Requires C 64.2, H 9.0, N 12.5; 
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Phenyl-( 4-prop-2-ynyl-piperazin-l-yl)-methanone (Z25) 

I-benzoyl piperazine (7.88mmol, 1.5g), triethylamine (l5.77mmol, 2.21ml), propargyl 

bromide (11.83mmol) in lOml DCM, to yield Z25 (0.2lg, 12%) as a white solid; 

mp 100-103°C; Rr 0.54 (EtOAc 100%); 

o 2 1 8 IR (CHCh): v max/em-I 3306 (C=~, 1622 (O=CNR2) 

6
NJ---\-.!' 1300 (C-N); NMR IH-NMR OIl (400 MHz, CDCh) 7.39-

l' 1 "------I 4 7 
6'_ 6 5 7.44 (SH, m, Ar-H, H2', H3', H4', HS', H6'), 3.81 (4H, bs, 

5' 2' #(j _ #(j \ j N-CH2, H2, H6) , 3.51 (2H, S, C=C-CH2, H7) ,2.76 
4' 3' #6 #(j (4H, bs, N-CH2, H3, HS) ,2.40 (tH, s, C=C-H, H-8) ; 

BC NMR oe (100 MHz, CDCh) 188.7, 130.01, 128.60, 127.13, 76.8, 52.7,47.1; 

LRMS Found: M\ 229.0; C1JI16N20 requires M, 228.3; Found: C 71.1, H 7.0, N 11.3; 

C14H16N20 Requires C 73.7, H 7.1, N 12.2 

I-Benzyl-4-prop-2-ynyl-piperazine (Z26) 

Benzyl-piperazine (8.51 mmol, 1.5g), triethylamine (17 .02mmol, 2.39ml), propargyl 

bromide (l7.02mmol, 2mmol eq) in lOml DCM, to yield Z26 (1.2g, 66%) as an orange oil; 

6 5 

Rf 0.5 (EtOAc 100%); IR (CHCh): v max/cm-1 3307 

(C=C-H), 3024 (C-H Ar), 1288 (C-N); 

NMR IH-NMR OIl (400 MHz, CDC h) 7.34- 7.20 (5H, 

m, Ar-H, H2', H3', H4', H5', H6'), 3.53 (2H, s, Ar

CH2-N), 3.29 (2H, d, J 2.44 Hz, C=C-CH2, H7) , 2.61 

(4H, t, J 3.9Hz, N-CH2, H2, H6), 2.53(4H, bs, N-CH2, H3, H5) #7, 2.23 (lH, t, J 2.44Hz, 

C=C-H, H-8) 13C NMR oe (100 MHz, CDCh) 129.18, 128.19, 127.06, 78.93, 73.08, 

62.92 52.88, 51.89, 46.81 LRMS Found: M+, 214.9; CI4HISN2 requires M, 214.3; 

Found: C 77.4, H 8.3, N 12.8; ClJIlSN2 Requires C 78.4, H 8.5, N 13.1; 
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1-(2-Methoxy-phenyl)-4-prop-2-ynyl-piperazine (ZMl) 

1,2-methoxy-phenyl-piperazine (1.89mmol, 0.36g), 

triethylamine (2.69mmol, 0.38ml), propargyl bromide 

(1.79mmol) in 3ml DCM, to yield ZMl (0.32g, 73%) as 

an orange crystal; mp 79-81 °C; Rf 0.63 (EtOAc); 

IR (CHCI3): v max/em-I 3307 (C=QlI), 3018 (C-H Ar), 

1298 (C-N), 1241 (C-O); 

IH-NMR OD (400 MHz, CDCh) 7.00 - 6.84 (4H, m, Ar-H, H3', H4', H5', H6') 3.86 (3H, 

S, O-CH3), 3.36 (2H, d, J 2.56 Hz, C=C-CH2, H7), 3.14 (4H, bs, N-CH2, H2, H6) 2.78 

(4H, t, J 4.94 Hz, N-CH2, H3, H5) 2.27 (lH, t, J 2.56 Hz, C=C-H, H-8); Be NMR Oc 

(100 MHz, CDCh) 152.30, 141.34, 123.31, 121.11, 118.19, 111.36, 79.20, 73.59, 55.07, 

52.29,50.58,47.03 LRMS Found: ~,231.4; C14HtsNzO requires M, 230.31; Found: C 

72.9, H 7.9, N 12.0; Cl~18N20 Requires C 73.0, H 7.9, N 12.2; 

4-Azido-7 -chloro-quinoUne (ZEV20) 

CI 

A mixture of 4,7-dichloroquinoline (3.1mmol, 0.609g) and sodium 

azide (6.15rnrnol, 0.4g) in DMSO was left to stir at 55°C for 48 hrs. 

The reaction mixture was diluted with water and extracted with 

dichloromethane. The DCM extract was washed with water and 

ZEV20 sodium bicarbonate solution to ensure the removal of any remaining 

DMSO or sodium azide. The DCM was evaporated under reduced pressure to deliver the 

pure azide product ZEV20 (0.620g, 98%) as yellow needles; m.p. 109-111°C, Rf 0.63 

(EtOAc); IR (CHCh): v max/cm- l 3l00(C-H Ar), 2116(N=N=N), 1563(C=C Ar, C=N Ar); 

tH-NMR OD (400 MHz, CDCh) 8.80 (lH, d, J 4.88Hz, Ar-H, H2), 8.05 (lH, d, J 1.95Hz, 

Ar-H, H8), 7.97 (lH, d, J 8.78 Hz, Ar-H, H5) 7.46 (lH, dd, J 9.02, 1.95Hz, Ar-H, H6), 

7.11 (tH, d, J 5.1 2Hz, Ar-H, H3) BC NMR Oc (100 MHz, CDCh) 151.2, 149.6, 146.4, 

136.6, 128.2 (2C), 127.6, 123.8, 108.6 

LRMS(FAB) Found: M+, 205.1 ; C22H21C1N6 requires M, 204.62; 

Found: C 52.9, H 2.46, N 27.8; CzzHztCIN6 Requires C 52.8, H 2.46, N 27.4 
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5.2.2.2 Synthesis of target compounds of Class B 

7 -Chloro-4-[ 4-( 4-phenyl-piperazin-l-ylmethyl)-[1,2,3]triazol-l-yl]-quinoline (ZKS) 

The azide ZEV20 (l.Ommol, 0.2g) was added to a solution of the acetylene phenyl 

piperazine (Z21) (l.Ommol, 0.2g) dissolved in tert-butanol. This solution was stirred for 5 

min and was followed by the addition of the catalyst - sodium ascorbate (O.5mmol, 99mg) 

and Cu(lI) S04-5H20 (0.05 mmol,12mg) and H20 to fonn a 3.5 ml : 3.5 ml tert-butanol: 

H20 solvent solution. The solution was left to stir for 24hrs at room temp. TLC indicated 

consumption of the acetylene. The crude material was extracted with DCM pOml) and 

washed with H20 (50mI) and brine (20ml). The organic layer was dried over anhydrous 

sodium sulphate, filtered and concentrated under reduced pressure. 

The crude material was purified by column chromatography (Si02; EtOAc 100%) in 

order to elute any unreacted acetylene or azide reactant, then increased polarity to (Si02; 

3" 

G
2" 

4"7 
I" 3' N 

\ 4'~2' N-::::;::::-\ 
5"~ ~ 

6" N~ N 
N ::::::::-

5' I' 
6' 

3 2 

CI MeOH: EtOAc, 1 :9) to yield the quinoline 

ZKS (0.22g, 51%) as a yellow solid; 

mp 1 10-1 13°C; Rf 0.38 (MeOH:EtOAc 1:9); 

IR (CHCI3): v max/em-I 3019 (C-H Ar), 1599, 

1563 (C=C Ar and C=N Ar), 1211 (C-N); 

IH-NMR OM (400 MHz, CDCh) 9.05 (lH, d, J 4.58Hz, Ar-H, H2), 8.24 (tH, d, J 2.01Hz, 

Ar-H, H8), 8.02 (lH, d, J 9. 16Hz, Ar-H, H5)#8, 8.02 (lH, s, N-CH2-C=CH-N) #8, 7.60 (lH, 

dd, J 9.16, 2.20Hz, Ar-H, H6), 7.49 (lH, d, J 4.58Hz, Ar-H, H3), 7.25 (2H, m, Ar-H, H3", 

H5"), 6.92 (2H, dd, J 8.79, 0.92 Hz, Ar-H, H2", H6"), 6.88 - 6.84 (lH, m, Ar-H, H4"), 

3.92(2H, s, N-Cfu-C=CH-N), 3.25 (4H, t, J 4.94 Hz, N-CH2, H3' ,H5'), 2.79 (4H, t, J 4.94 

Hz, N-CH2, H2',H6') 13C NMR oe (100 MHz, CDCh) 151.4, 151.2, 150.3, 145.3, 141.0, 

137.1, 129.31, 129.15, 129.05, 124.8, 124.7, 120.4, 119.9, 116.17, 116.02,92.1,53.1,49.1 

LRMS (FAB) Found: M+, 405.1; C22H21CIN6 requires M, 404.90; 

Found: C 65.3, H 5.1, N 20.5; C22H21CIN6 Requires C 65.3, H 5.2, N 20.8; 
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General Procedure for preparation of quinoline triazole piperazines (ZK9_ZK14)73,75 

Stepl (fonnation of acetylene piperazine): 

A mixture of the piperazine (Immol eq) and triethylamine (l.Smmol eq) in tert-butanol 

(solvent) was stirred for 20min under N2 at which point, propargyl bromide (1.2 mmol eq) 

was added and the reaction mixture reaction was stirred for 20hrs at room temperature. 

TLC indicated fonnation ofthe acetylene piperazine. 

Step 2 (click reaction): 

ZEV20 (Immol eq) and catalyst - Sodium Ascorbate(O.S mmol eq) and Cu(ID S04-SH20 

(0.05 mmol eq) was added in situ. In order to have 1: 1 ratio of H20: tert- butanol solvent 

an equivalent amount of H20 as amount of tert-butanol was added. The reaction mixture 

was left to stir for 24hrs at room temp. TLC indicated consumption of the intennediate 

spot (acetylene piperazine). The crude material was extracted with DCM (70ml) and 

washed with H20 (SOml) and brine (20ml). The organic layer was dried over anhydrous 

sodium sulphate, filtered and concentrated under reduced pressure. 

The crude material was purified by column chromatography (Si02; EtOAc 100%), in 

order to elute any unreacted acetylene intennediate or unreacted azide, subsequently the 

polarity was increased to (Si02; MeOH: EtOAc, 10:90) to yield the products ZK9, ZKIO, 

ZKll, ZK12. ZK13 (Did not require chromatographic purification step), ZK14 

7 -Cbloro-4-{4-[4-(3-cbloro-pbenyl)-piperazin-l-ylmetbyl]-[l,2,3]triazol-l-yl}

quinoline (ZK9) 

Step 1: 1-(3-chlorophenyl) piperazine-HCI (4.07mmol, 0.8g), triethylamine (I0.17mmol, 

1.43ml) *5, propargyl bromide (4.47mmol) in 4.Sml tert-butanol 

Step 2: Azide quinoline (ZEV20) (4.07mmol, 0.83g), catalyst - Sodium ascorbate 

(2.03mmol, 402mg) and Cu(II) S04-SH20 (0.203 mmol,Slmg) and H20 to form a 4.5ml: 

4.5ml tert-butanol : H20 solvent solution, to yield the quinoline ZK9 (0.94g, 53%) as 

shiny orange solid; mp 62-65°C; Rf 0.5 (MeOH:EtOAc 1 :9); IR (CHCh): v rnax/cm-1 3140, 

3069 (C-H Ar), 1595, 1562 (C==C Ar and C=N Ar), 1239 (C-N); 
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IH-NMR OH (400 MHz, CDCh) 9.06 (lH, d, J 4.58Hz, Ar-H, H2), 8.25 (IH, d, J 2.01Hz, 

Ar-H, H8), 8.01 (lH, d, J 8.97Hz, Ar-H, H5)#8, 8.01 (lH, s, N-CH2-C=CH-N) #8, 7.61 (lH, 

CI add, J 8.97, 2.01Hz, Ar-H, H6), 7.50 (IH, d, J 

/73" 4.76Hz, Ar-H, H3), 7.15 (lH, 1, J 8.24Hz Ar-
4"7 (" 

5" ~6" 1" ~~'AN2~' N~N\ H, H5"), 6.87 (lH, t, J 2.20 Hz, Ar-H, H2"), 
\ ___ ....... 6.82 - 6.76 (2H, m, Ar-H, H4", H6"), 

5 l' 2 
6' 3.91(2H, s, N-Cfu-C=CH-N), 3.25 (4H, t, J 

4.94 Hz, N-CH2, H3',H5'), 2.78 (4H, t, J 4.94 Hz, N-CHz, H2', H6') 

BC NMR Oc (100 MHz, CDCh) 152.13, 151.46, 151.32, 150.23, 137.03, 136.89, 135.13, 

130.05, 129.48, 129.07, 124.63, 124.50, 120.57, 119.49, 115.86, 113.98, 94.99, 52.91, 

48.65 LRMS (FAD) Found: M+, 439.1; CzzH2oChN6requires M, 439.3 

Found: C 59.6, H 4.6, N 18.3; CzzH2oChN6-1/4H20 Requires C 59.5, H 4.6, N 18.9; 

4-[1-(7 -Cbloro-quinolin-4-yl)-1 H-[1,2,3]triazol-4-ylmetbyl]-piperazine-l-carboxylic 

acid ten-butyl ester (ZKI0) 

Step 1: Tert-butyl-l-piperazine carboxylate (4.3mmol, 0.8g), triethylamine (6.44mmol, 

0.9ml), propargyl bromide (4.72mmol) in 5ml tert-butanol Step 2: Azide quinoline(ZEV20) 

(4.07mmol, 0.83g), catalyst - Sodium ascorbate (2. 1 Smmol, 426mg) and Cu(II) S04-5H20 

(0.215 mmol, S4mg) and H20 to form a 5m}: Sm} tert-butanol : H20 solvent solution; to 

yield the quinoline ZKIO (0.73g, 40%) as shiny beige solid; mp 144-147°C; Rf 0.33 

(MeOH:EtOAc ] :9); IR (CHCll ): v max/cm-l 3080 (C-H Ar), 1693 (C=O), 1594, 1560 

(C=C Ar and C=N Ar), 1247 (C-N), 1170, 1120 (C-O); IH-NMR OH (400 MHz, CDCh) 

9.06 (lH, bs, Ar-H, H2) #9,8.25 (lH, bs, Ar-H, H8) #9,8.00 (IH, d, J 8.97Hz, Ar-H, H5)#8, 

a 

2 

7.98 (lH, s, N-CH2-C=CH-N) #8, 7.60 (lH, 

dd, J 8.97, 1.47Hz, Ar-H, H6), 7.49 (IH, d, J 

4.39Hz, Ar-H, H3), 3.87(2H, bs, N-Cfu

C=CH-N), 3.48 (4H, bs, N-CH2, H3',H5') #7, 

2.6 (4H, bs, N-CH2, H2',H6') #7, 

1.45 (9H, s, C(CH3)3) 

BC NMR Oc (100 MHz, CDCh) 154.89, 151.65, 151.71, 137.00, 129.60, 129.44, 129.14, 

129.00, 124.79, 124.64, 121.01, 115.91, 79.88, 52.83,43.58,28.42 #10 
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LRMS (FAD) Found: M\ 428; C21H25CIN602 requires M, 428.17; 

Found: C 58.0, H 5.95, N 19.0; C21H25CIN602-1/3H20 Requires C, 58.0, H 5.95, N 19.3; 

7 -Chloro-4-{4-[4-(2-methoxy-phenyl)-piperazin-l-ylmethyl]-[l,2,3]triazol-l-yl}

quinoline (ZKll) 

Step 1: 1,2-methoxy-phenyl-piperazine (3.9mmol, 0.75g), triethylamine (5.85mmol, 

0.82ml), propargyl bromide (4.29mmol) in 4ml tert-butanol Step 2:Azide quinoline ZEV20 

(3.9mmol, 0.8g), catalyst - Sodium ascorbate (1.95mmol, 386mg) and Cu(U) S04-5H20 

(0.195 mmoi, 49mg) and H20 to form a 4ml : 4ml tert-butanol : H20 solvent solution; to 

0=
3" 2" 0, 

4"~ 

\ 1" 4,~3' 2' NrN\ 

5"~ N ~ 
6" ~ N ::::::,..... 

5' \' 
6' 

3 2 

CI yield the quinoline ZKll (1.363g, 81%) as 

honey coloured solid flakes; mp 64-67°C; 

Rf 0.26 (MeOH:EtOAc 1 :9); IR (CHCh): 

v max/em'] 3059 (C-H Ar), 1594, 1562 (C=C 

Ar and C=N Ar), 1237 (C-N), 1118 (C-O); 

IH-NMR OH (400 MHz, CDCh) 9.06 (lH, d, 

J 4.66Hz, Ar-H, H2), 8.25 (lH, d, J 2.lOHz, Ar-H, H8), 8.05 (lH, d, J 9.16Hz, Ar-H, 

H5)#8, 8.03 (lH, S, N-CH2-C=CH-N) #8, 7.60 (lH, dd, J 9.16, 2.l0Hz, Ar-H, H6), 7.51 (IH, 

d, J 4.66Hz, Ar-H, H3), 7.03 - 6.84 (4H, m, Ar-H, H3", H4", H5", H6") 3.95(2H, s, N

Clli-C=CH-N), 3.86 (3H, s, O-C!:!J) 3.16 (4H, m, N-CH2, H3',H5') #11, 2.85 (4H, m, N

CH2, H2',H6') #11; BC NMR Oc (100 MHz, CDCh) 152.27, 151.37, 150.27, 141.09, 

136.91, 129.42, 129.01, 129.00, 124.72, 124.56, 123.07, 121.01, 120.61, 118.23, 115.90, 

111.27,55.35,53.23,53.14,50,48 

LRMS (FAD) Found: M+, 435.1; C23H23CIN60 requires M, 434.16; 

Found: C 61.6, H 5,4, N 18.40; C23H23CIN60-1H20 Requires C 61.0, H 5.5, N 18.5; 
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4-[1-(7 -Chloro-q uinolin-4-yl)-1 H-(1,2,3]triazol-4-ylmethyl]-piperazine-1-carboxylic 

acid ethyl ester (ZK12) 

Step 1: Ethyl I-piperazine carboxylate (4.74mmol, 0.75g), triethylamine (7.l1mmol, 

l.Om!), propargyl bromide (5.21mmol) in 5ml tert-butanol Step 2: Azide quinoline 

(ZEV20) (4.74mmol, 0.97g), catalyst - Sodium ascorbate (2.37mmol, 469mg) and Cu(II) 

S04e5H20 (0.237 mmol, 59mg) and H20 to form a 5ml : 5ml tert-butanol : H20 solvent 

3 2 

CI solution; to yield the quinoline ZK12 

(0.82g, 43%) as a light brown solid; mp 

97-99°C; Rf 0.26 (MeOH:EtOAc 1 :9); 

IR (CHCh): v maxlcm-t 3065 (C-H Ar), 

1692 (C=O), 1591, 1562 (C=C Ar and 

C=N Ar), 1244 (C-N), 1123, 1039 (C-O); 

IH-NMR aM (400 MHz, CDCh) 9.06 (lH, bs, Ar-H, H2) #9, 8.25 (tH, bs, Ar-H, H8) #9, 

8.01 (lH, d, J 8.97Hz, Ar-H, H5)#8, 8.00 (lH, s, N-CH2-C=CH-N) #8, 7.60 (lH, dd, J 8.97, 

l.47Hz, Ar-H, H6), 7.50 (lH, d, J 439Hz, Ar-H, H3), 4.14 (2H, 'I, J 7.14Hz, O-Cfu-CH3) 

3.87(2H, bs, N-CJ:h-C=CH-N), 3.55 (4H, bs, N-CHz, H3',H5') #7, 2.62 (4H, bs, N-CHz, 

H2', H6') #7 llC NMR ac (100 MHz, CDC h) 155.58,154.47,151.48, 151.31, 150.30, 

137.17,137.02,129.45,129.13,124.68,120.58,116.14, 61.56,52.69,52.52,43.64,14.71 

HRMS (FAB) Found: M+, 401.1; CI9HzICIN6<h requires M, 400.14; 

Found: C 56.9, H 5.3, N 20.8; Cl9H2lCIN602 Requires C 56.9, H 5.3, N 21.0; 

{4-[1-(7-Chloro-quinolin-4-yl)-1H-[1,2,3]triazol-4-ylmethyl]-piperazin-1-yl}-phenyl

methanone (ZK13) 

Step]: I-benzoyl piperazine (3.9mmol, 0.75g), triethylamine (5.91mmol, 0.83ml), 

propargyl bromide (4.3mmol) in 4ml tert-butanol Step 2: Azide quinoline (ZEV20) 

(3.94mmol, 0.81g), catalyst - Sodium ascorbate (1.97mmol, 390mg) and Cu(II) S04-5H20 

(0.197 mmol, 49mg) and H20 to form a 4ml: 4ml tert-butanol : H20 solvent solution; to 

yield the quinoline ZK13 (0.6g, 36%) as a Hght orange solid; mp 178-183°C; 

Rf 0.17 (MeOH:EtOAc 1:9); IR (CHeI3): v maxlcm·J 3019 (C-H Ar), 1622 (C=O), 1595, 

1564 (C=C Ar and C=N Ar), 1215 (C-N); 
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IH-NMR OR (400 MHz, D6-DMSO) 9.12 (lH, d, J 4.70Hz, Ar-H, H2), 8.71 (IH, s, N

CHz-C=CH-N), 8.26 (lH, d, J 2.14Hz, Ar-H, H8), 8.04 (tH, d, J 9.19Hz, Ar-H, H5), 

o 

3 2 

CI 7.84 (tH, d, J 4.70Hz, Ar-H, H3), 

7.76 (lH, dd, J 9.19, 2.35Hz, Ar-H, H6), 

7.4-7.34 (5H, m, Ar-H, H2", H3", H4", 

H5", H6") 3.78(2H, s, N-Cfu-C=CH

N), 3.16 (4H, bs, N-CH2' H3',H5') #12, 

2.53 (4H, bs, N-CH2, H2',H6') #12 

tlC NMR Oe (100 MHz, D6-DMSO) 169.70, 153.12, 150.12, 144.69, 141.12, 136.55, 

135.98, 130.12, 129.55, 129.12, 128.83, 127.68, 126.97, 126.26, 120.97, 117.40,52.82 #13 

LRMS (FAD) Found: M+, 433.1; C23H2lCIN60 requires M, 432.91 

Found: C 63.7, H 4.9, N 19.3; C23H21CIN60 Requires C 63.8, H 4.9, N 19.4; 

4-[ 4-( 4-Bcnzyl-pipcrazin-l-ylmcthyl)-[1,2,3)triazol-l-yl]-7 -chloro-quinolinc (ZK14) 

Step 1: Benzyl-piperazine (4.25mmol, 0.75g), triethylamine (6.38mmol, 0.90ml), 

propargyl bromide (4.68mmol) in 4ml tert-butanol Step 2: Azide quinoline (ZEV20) 

(4.25mmol, 0.87g), catalyst - Sodium ascorbate (2.13mmol, 421mg) and Cu(II) S04-5H20 

(0.213 mmol, 53mg) and H20 to form a 4ml : 4ml ten-butanol : H20 solvent solution; to 

3 2 

CI yield the quinoline ZK14 (1.3g, 73%) as a 

beige solid; mp 130-133°C; 

Rf 0.23 (MeOH:EtOAc 1:9); IR (CHCI3): 

v max/cm-1 3075,3025 (C-H Ar), 1591, 1562 

(C=C Ar and C=N Ar), 1238 (C-N); 

IH-NMR On (400 MHz, CDCh) 

9.04 (IH, d, J 4.50Hz, Ar-H, H2), 8.37 (tH, d, J 2.14Hz, Ar-H, HS), 8.00 (tH, d, J 9.21 

Hz, Ar-H, H5) #8, 8.00 (IH, s, N-CHz-C=CH-N) #8 7.59 (lH, dd, J 9.21, 2.14Hz, Ar-H, 

H6), 7.49 (1H, d, J 4.80Hz, Ar-H, H3), 7.31 -7.26 (5H, m, Ar-H, H2", H3", H4", H5", 

H6"), 3.86 (2H, s, N-Cfu-C=CH-N), 3.53 (2H, s, Ar-Cfu-N), 2.67 (4H, bs, N-CH2, 

H2' ,H6') #7 2.54 (4H, bs, N-CH2, H3' ,H5') #7 
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13C NMR 8c (I 00 MHz, CDCh) 151.35, 150.26, 145.45, 141.05, 137.83, 136.88, 129.39, 

129.19, 129.00, 128.21, 127.10, 124.69, 124.27, 120.60, 115.85,62.94,53.11,53.05,52.85 

LRMS (FAB) Fouud: M+, 419.1; C23H23CIN6 requires M, 418.17; 

Fouud: C 66.1, H 5.5, N 20.1; C23H23CIN6 Requires C 66.0, H 5.5, N 20.1; 

5.2.3 Synthesis of target compounds of Class C 

General Procedure for preparation of AZT-triazole-piperaziues (ZK15 - ZK20)73,75 

Stepl (formation of acetylene piperazine): A mixture of the piperazine (Immol eq) and 

triethylamine (I.5mmol eq) in tert-butanol (solvent) was stirred for 20 min under N2, 

propargyl bromide (1.2 mmol eq) was then added. The reaction mixture was left to stir for 

20 hrs at room temperature. TLC indicated the formation of the acetylene piperazine. 

Step 2 (click reaction): In situ Zidovudine (AZT) (Immol eq) and catalyst - Sodium 

Ascorbate (0.5 mmol eq) and Cu(II)S0485H20 (0.05 mmol eq) was added. In order to 

have a 1: 1 ratio of H20 : tert-butanol solvent an equivalent amount of H20 as amount of 

tert-butanol was added. The reaction mixture was stirred for 24 hrs at room temperature. 

TLC indicated the consumption of the intermediate spot (acetylene piperazine). The crude 

material was extracted with DCM (70ml) and washed with H20 (50ml) and brine (20ml). 

The organic layer was dried over anhydrous sodium sulphate, filtered and concentrated 

under reduced pressure. The crude material was purified by column chromatography (Si02; 

EtOAc 100%) in order to elute any unreacted acetylene intermediate or unreacted azide, 

the polarity was then increased to (Si02; MeOH: EtOAc, 10:90) to yield products ZK15 -

ZK20. 

1-( (2R,4R,5S)-5-(hydroxymethyl)-4-( 4-( (4-pheuylpiperazin-l-yl)methyl)-lH-l,2,3-

triazol-l-yl)tetrahydrofuran-2-yl)-5-methylpyrimidine-2,4(lH,3H)-dione; (ZK15) 

Step 1: Phenyl piperazine (4.93mmol, 0.8g), triethylamine (7.4mmol, 1.03ml), propargyl 

bromide (5.4mmol) in 4.5ml tert-butanol; Step 2: Zidovudine (4.93mmol, 1.32g), catalyst 

- Sodium ascorbate (2.47mmol, 488mg), Cu(II)S048SH20 (0.247 mmol, 62 mg) and H20 

to form a 4.5ml: 4.Sml tert-butanol : H20 solvent solution; to yield ZK15 (l.1g, 48%) as a 
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gold solid; mp 114-117°C; Rr 0.19 (MeOH:EtOAc 1:9); IR (CHCh): v II11lx/cm·
1 

3376 

(O-H), 3195 (N-H), 3059 (C-H Ar), 1689, 1661 (C=O), 1273, 1230 (C-N), 1103 (C-O); 

3~ 
:N",): O~NI 6 

o 2' 

4' 3' ~ 
HO

S
' ~N~ 

~N 

T' 

I~ 

l,-/)3~" 8" 

6 :o;::r 19" 5" 

12 ~ 10" 

II" 

IH-NMR ~ (400 MHz, CD30D) 8.06 (lH, s, N-CH2-

C=CH-N), 7.89 (tH, q, J l.t9Hz, HC=C-CH3, H6), 

7.20 (2H, m, Ar-H, H9", Hll"), 6.94 (2H, m, Ar-H, H8", 

HI2"), 6.82 (lH, m, Ar-H, HlO"), 6.48 (lH, t, J 6.48 Hz, 

O-CH-N, HI '), 5.45 (IH, dt, J 8.60, 5.42 Hz, O-CH-CH

N, H3'), 4.37 (tH, dt, J 5.42, 3.17 Hz, O-CH-CH2-0H, 

H4'), 3.91 (IH, dd, J 9.12,3.17 Hz, O-CH-Cfu-OH, H5'), 

3.78 (lH, dd, J 9.12, 3.17 Hz, O-CH-Cfu-OH, H5'), 

3.72 (2H, s, N-Cfu-C=CH-N), 3.17 (4H, t, J 5.1Hz, N

CH2, H3",H5"), 2.90 (lH, m, O-CH-Cfu-CH, H2'), 

2.72 (lH, m, O-CH-Cfu-CH, H2'), 2.68 (4H, t, J 5.1Hz, N-CH2, H2",H6"), 1.91 (3H, d, 

J 1.06Hz, HC=C-Clli) 13C NMR ~c (100 MHz, CD30D) 166.38, 152.65, 152.30, 144.73, 

138.24, 130.04, 125.15, 121.18, 117.53, 111.69,86.75,86.40,62.19,61.08,53.82,50.31, 

49.85,39.04, 12.45 HRMS (FAD) Found: M+, 468.1; C23H29N704requires M, 467.5 

Found: C 58.9, H 6.2, N 20.8; C23H29N704 Requires C 59.1, H 6.3, N 21.0 

1-( (2R,4R,5S)-4-( 4-( (4-(3-chlorophenyl)piperazin-l-yl)methyl)-1 H-l,2,3-triazol-l-yl)-5-

(hydroxymethyl)tetrahydrofunm-2-yl)-5-methylpyrimidine-2,4(lH,3H)-dione (ZK16) 

Step 1: 1-(3-chlorophenyl) piperazine-HCI (4.07mmol, 0.8g), triethylamine (l0.17mmol, 

1.43ml) *' \ propargyl bromide (4.47mmol) in 4.5ml tert-butanol; Step 2: Zidovudine 

(4.07mmol, 1.09g), catalyst - Sodium ascorbate (2.03mmol, 402mg) and Cu{H)S04-5H20 

(0.203 mmol, 51mg) and H20 to form a 4.5ml: 4.5ml tert-butanol : H20 solvent solution; 

to yield ZK16 (0.94g, 46%) as a beige solid; mp 139-142°C; Rr 0.19 (MeOH:EtOAc 1 :9); 

IR (CHCh): v lI11lX/cm·1 3123 (N-H), 3036 (C-H Ar), 1689, 1656 (C=O), 1270, 1234 (C-N), 

1100 (C-O); IH-NMR ~ (400 MHz, CD30D) 8.08 (lH, s, N-CH2-C=CH-N), 7.88 (lH, s, 

HC=C-CH3, H6), 7.16 (lH, t, J 8.06 HzAr-H, HIl"), 6.90 (tH, t, J 2.20 Hz, Ar-H, HS"), 
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~Y: O~N! 6 

~ HO 5' yN\\ 
~N 

2" 

l~ 
N ( 

6.86 - 6.74 (2H, m, Ar-H, HIO", HI2"), 6.47 (lH, t, 

J 6.41 Hz, O-CH-N, HI'), 5.44 (tH, m, O-CH-CH

N, ill'), 4.37 (IH, m, O-CH-CH2-0H, H4'), 3.90 

(lH, dd, J 12.27,2.93 Hz, O-CH-Cfu-OH, H5') #14, 

3.78 (lH, dd, J 12.27,3.11 Hz, O-CH-Cfu-OH, H5') 

#14, #16, 3.20 (4H, bs, H3",H5"), 2.90 (lH, m, O-CH-

Cfu-CH, H2') #15, 2.72 (lH, m, O-CH-Cfu-CH, 

H2') #15, 2.69 (4H, bs, H2", H6"), 1.90 (3H, d, J 

1.06Hz, HG=C-Clli) #16; BC NMR Oc (l00 MHz, 

CD30D) 166.21, 153.95, 152.35, 141.01, 138.31, ~~Nn:4" ?;r8' ~ CI 
5" I 

12' ~ 10" 135.99, 13l.37, 120.18, 116.62, 115.20, 111.82, 
II" 

86.58, 86.22, 62.25, 61.24, 53.70, #7, 38.97, 12.47; HRMS (FAD) Found: ~, 502; 

C23H2sCIN704 requires M, 502.0; Found: C 54.7, H 5.6, N 18.9; C23H2sCIN704 Requires 

C 55.0, H 5.6, N 19.5; 

1-«2R,4R,5S)-5-(bydroxymetbyl)-4-( 4-« 4-(2-metboxypbenyl)piperazin-l-yl)metbyl)-lH-

1,2,3-triazol-l-yl)tetrabydrofuran-2-yl)-5-metbylpyrimidine-2,4(lH,3H)-dione (ZK17) 

Step 1: 1,2-methoxy-phenyl-piperazine (4.3mmol, 0.85g), triethylamine (6.5mmol, 

0.91ml), prop argyl bromide (4.30 mmol) in 4ml tert-butanol Step 2: Zidovudine (4.3mmol, 

1.16g), catalyst - Sodium ascorbate (2.1 mmol, 429mg) and 

Cu(Il)S04-5H20 (0.21 mmol, 54mg) and H20 to form a 

4ml : 4ml tert-butanol : H20 solvent solution to yield ZK17 

(1.07g, 50%) as a white powder; mp 135-138°C; Rf 0.11 

(MeOH:EtOAc 1:9); IR (CHCh): v maxicm-13637 (O-H), 

3132 (N-H), 3030 (C-H Ar), 1694, 1663 (C=O), 1274,1239 

(C-N), 1107 (C-O); IH-NMR OH (400 MHz, CD30D) 8.07 

(lH, s, N-CH2-C=CH-N), 7.90 (lH, d, J 1.1OHz, HC=C

CH3, H6) #2, 7.20 - 6.85 (4H, m, Ar-H, H9 ", HIO", HIt", 

HI2"), 6.48 (IH, t, J 6.41 Hz, O-CH-N, HI '), 5.45 (tH, dt, 

J 8.42, 5.49 Hz, O-CH-CH-N, H3'), 4.37 (IH, dt, J 5.49, 
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3.11 Hz, O-CH-CHz-OH, H4'), 3.90 (lH, dd, J 12.27, 3.11 Hz, O-CH-Cfu-OH, H5') #2, 

3.83 (3H, s, Ar-O-Cfu), 3.78 (1H, dd, J 12.27, 3.30 Hz, O-CH-Cfu-OH, H5') #14, 3.76 

(2H, s, N-Cfu-C=CH-N), 3.06 (4H, bs, N-CHz, H3",H5"), 2.92 (lH, m, O-CH-Cfu-CH, 

H2') #15,2.74 (lH, m, O-CH-Cfu-CH, H2') #z, 2.70(4H, bs, N-CHz, H2",H6"), 1.91 (3H, 

d, J 1.1OHz, HC=C-Cfu) 13C NMR ac (100 MHz, CD30D) 166.34, 153.96, 152.30, 

144.69, 142.24, 138.15, 125.30, 124.61, 122.14, 119.53, 112.94, 111.70, 86.77, 86.41, 

62.17,61.08, 55.95,53.86,53.59,51.59,39.06, 12.45 HRMS (FAB) Found: M+, 498.1; 

CZ4H31N70S requires M, 497.5; Found: C 57.8, H 6.3, N 19.0; C2~31N70S Requires C 

57.9, H 6.3, N 19.7; 

EthyI4-«1-«2S,3R,5R)-2-(hydroxymethyl)-5-(5-methyl-2,4-diox0-3,4-

dihydropyrimidin-l(2H)-yl)tetrahydrofuran-3-yl)-lH-l,2,3-triazol-4-

yl)methyl)piperazine-l-carooxylate (ZK18) 

Step 1: Ethyl I-piperazine carboxylate (S.4mmol, 0.8Sg), triethylamine (8.1mmol, l.Iml), 

propargyl bromide (S.4mmol) in 4.5ml tert-butanol Step 2: Zidovudine (5.4mmol, 1.44g), 

catalyst - Sodium ascorbate (2.7mmol, 532mg) and Cu(II) S048 5H20 (0.27 mmol, 67mg) 

and H20 to form a 4.5ml : 4.Sml tert-butanol : H20 solvent solution; to yield ZK18 (0.76g, 

30%) as a white powder; mp 118-121°C; Rf 0.13 (MeOH:EtOAc 1:9); IR (CHCh): 

v max/cm-1 3385 (O-H), 3126 (N-H), 1692 (C=O), 1273, 1247(C-N), 1097 (C-O); 

IH_NMR Ou (400 MHz, CD30D) 8.07 (IH, s, N-CH2-

C=CH-N), 7.90 (lH, q, J 1.22Hz, HC=C-CH3, H6), 

6.48 (lH, 1, J 6.58 Hz, O-CH-N, HI '), 5.43 (lH, dt, J 

8.S3, 5.61 Hz, O-CH-CH-N, H3'), 4.37 (tH, dt, J 5.61, 

3.17 Hz, O-CH-CHz-OH, H4'), 4.11 (2H, q, J 7.07Hz, 

COz-Cfu-CH3, 3.90 (tH, dd, J 12.19,2.93 Hz, O-CH

Cfu-OH, H5') #14, 3.78 (1H, dd, J 12.19, 3.17 Hz, 0-

CH-Cfu-OH, HS') #14, 3.77 (2H, s, N-Cfu-C=CH-N), 

3.50 (4H, t, J 4.88Hz, N-CHz, H3", HS"), 2.91 (lH, m, 

O-CH-Cfu-CH, H2,)#lS, 2.74 (lH, m, O-CH-Cfu-CH, 

H2,)*lS, 2.5S(4H, t, J 4.88Hz, N-CHz, H2",H6"), 
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1.91 (3H, d, J 1.22Hz, HC=C-Cllij, 1.24 (3H, J 7.07 Hz, CO2-CH2-Cllij 

13C NMR ~c (100 MHz, CD30D) 166.36, 157.08, 152.31, 144.30, 138.23, 125.29, 

111.71,86.75,86.38,62.81,62.22,61.15,53.46,53.36, 44.34,39.03, 14.89, 12.44 

LRMS (FAB) Found: M+, 464.1; C2oH29N706requires M, 463.5 

Found: C 50.4, H 6.1, N 20.1; C2oH29N706-1I2H20 Requires C 50.8, H 6.4, N 20.7; 

1-( (2R,4R,5S)-4-( 4-« 4-benzoylpiperazin-l-yl)metbyl)-lH-l,2,3-triazol-l-yl)-5-

(bydroxymetbyl)tetrahydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione (ZK19) 

Step 1: I-benzoyl piperazine (4.5mrnol, 0.85g), triethylamine (6.7mrnol, 0.94ml), 

propargyl bromide (4.5mrnol) in 4ml tert-butanol Step 2: Zidovudine (4.5mmol, 1.194g), 

catalyst - Sodium ascorbate (2.23mmol, 443mg) , Cu(Il)S04-5H20 (0.223 mmol, 56mg) 

and H20 to fonn a 4ml : 4ml tert-butanol : H20 solvent solution; to yield ZK19 (0.81g, 

36%) as a yellow solid; mp 129-132°C; Rr 0.17 (MeOH:EtOAc 1:9); IR (CHCI): 

vrnax1cm- I 3376 (O-H), 3133 (N-H), 3055 (C-H Ar), 

1691, 1668, 1632 (C=O), 1275 (C-N), 1106 (C-O); 

IH-NMR ~ (400 MHz, CD30D) 8.05 (lH, s, N-CHz-

C=CH-N), 7.89 (lH, q, J 1.28Hz, HC=C-CH3, H6) #18, 

7.50 - 7.36 (5H, m, Ar-H, H9 ", HlO", HIl", H12", 

H13"), 6.47 (lH, 1, J 6.41 Hz, O-CH-N, HI '), 

5.42 (lH, dt, J 8.61, 5.31 Hz, O-CH-CH-N, H3'), 

4.36 (lH, dt, J 5.49, 3.11 Hz, O-CH-CH2-0H, H4'), 

3.90 (lH, dd, J 12.27, 3.11 Hz, O-CH-Cfu-OH, H5'), 

3.77 (IH, dd, J 12.27, 3.30 Hz, O-CH-Cfu-OH, H5')# 

o 
14 3.73 (2H, bs, N-Cfu-C=CH-N), 3.42 ~19, bs, N-CH2, 

H3",H5"), 2.90 (lH, m, O-CH-Cfu-CH, H2') #15, 2.73 (IH, m, O-CH-Cfu-CH, H2') # 15, 

2.54 (4H, bs, N-CH2, H2",H6"), 1.91 (3H, d, J 1. 10Hz, HC=C-Cllij 

Be NMR ()c (l00 MHz, CD30D) 172.27, 166.32, 152.37, 138.42, 136.72, 131.62, 131.11, 

129.62, 128.04, 125.15, 111.72,86.78,86.41,62.20,61.20,53.46,44.90,38.99,31.98, 

12.45 LRMS (FAB) Found: M\ 4%; C2~29N705requires M, 495.5 

. Found: C 56.4, H 5.7, N 19.5; C2~29N705·1/2H20 Requires C 57.1, H 5.9, N 19.4; 
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1-( (2R,4R,5S)-4-( 4-« 4-benzylpiperazin-1-yl)metbyl)-1H-1,2,3-triazol-1-yl)-5-

(bydroxymetbyl)tetrabydrofuran-2-yl)-5-metbylpyrimidine-2,4(1H,3H)-dione (ZKlO) 

Step 1: Benzyl-piperazine (4.8mmol, 0.85g), triethylamine (7.2mmol, 1.02ml), propargyl 

bromide (4.8mmol) in 4ml tert-butanol Step 2: Zidovudine (4.8mmol, 1.289g), catalyst -

Sodium ascorbate (2.4mmol, 477mg) and Cu(Il) S04-5H20 (0.24 mmol, 60mg) and H20 

to form a 4ml: 4ml tert-butanol : H20 solvent solution; to yield ZK20 (1.297g, 55%) as a 

white needle like powder; mp 145-148°C; Rf 0.12 (MeOH:EtOAc 1:9); IR (CHCh): 

v max1cm-1 3349 (O-H), 3126 (N-H), 3055 (C-H Ar), 1685 (C=O), 1272 (C-N), 1099 (C-O); 

IH-NMR OH (400 MHz, CDC h) 8.25 (tH, s, N-CH2-C=CH-N), 7.90 (IH, q, J 1.22Hz, 

HC==C-CH3, H6) #18, 7.56 -7.44 (5H, m, Ar-H, H9 ", HIO", HI1", HI2", H13"), 6.49 (IH, 

1, J 6.58 Hz, O-CH-N, HI '), 5.46 (tH, dt, J 8.53, 5.12 Hz, 0-

CH-CH-N, H3'), 4.38 (lH, dt, J 5.12, 3.41 HZ,0-CH-CH2-OH, 

H4'), 4.32 (2H, bs, N-Cfu-Ar, H7"), 4.24 (2H, bs, N-Cfu

C=CH-N) 3.90 (IH, dd, J 12.19, 3.17 Hz, O-CH-Cfu-OH, H5') 

*1\ 3.79 (tH, dd, J 12.19,3.17 Hz, O-CH-Cfu-OH, H5') #14, 

3.38 (4H, bs, N-CH2, H3", H5"), 3.29 (#19, bs, N-CH2, 

H2",H6"), 2.90 (IH, m, O-CH-Cfu-CH, H2') #15, 2.74 (tH, m, 

O-CH-Cfu-CH, H2') #15, 1.91 (3H, d, J 1.22Hz, HC=C-CfuJ 

13C NMR oe (100 MHz, CD30D) 166.34, 152.32, 142.86, 

138.18, 132.23, 131.13, 130.34, 126.86, 11 1.79,86.77,86.39, 

62.32,61.53,52.00,51.12,50.15,39.01, 12.45 

HRMS (FAD) Found: ~, 482; C24H31N704 requires M, 
481.55 Found: C 58.2, H 6.4, N 19.4; C24H31N704-1/2H20 Requires C 58.7, H 6.6, N 
19.9 
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5.2.4 Synthesis of target compounds of Class n73
,75,gO 

4,4'-(4,4'-oxybis(methylene)bis(lH-l,2,3-triazole-4,1-diyl»bis(7-chloroquinoline) (ZK21) 

Step 1 (formation of di-acetylene): A mixture of propargyl alcohol (1.96mmol) and 

triethylamine (1.96mmol, 0.41ml) in tert-butanol (3ml) was stirred for 20 min under N2, 

propargyl bromide (1.96 mmol) was then added and the reaction was left to stir for 20 hrs 

at room temperature. Step 2 (click reaction): ZEV20 (3.9Immol) and catalyst - Sodium 

Ascorbate (1.956 mmoI, 354mg) and Cu(II) S04-5H20 (0.196 mmol, 49mg) were added 

in situ. In order to have 3ml : 3ml ratio of H20 : tert-butanol solvent, the equivalent 

amount of H20 as amount of tert-butanol was added. The reaction mixture was then left to 

stir for a further 24 hrs at room temp. The crude material was extracted with DCM (7Oml) 

and washed with H20 (5OmI) and brine (20ml). The organic layer was dried over 

anhydrous sodium sulphate, filtered and concentrated under reduced pressure. The crude 

material was purified by column chromatography (Si02; Hexane: EtOAc 130:70) in 

order to elute any unreacted acetylene intermediate or unreacted azide, the polarity was 

then increased to (Si02; EtOAc, 100%) to yield ZKll (0.2g, 21%) as a soft needle like 

cream solid; mp 166-168°C; Rr 0.29 (EtOAc 10(010); 

CI 

2 3 3 2 

IR (CHCll ): v ma:Jcm,1 3020 (C-H Ar), 1562, 1520 (C=C Ar and C=N Ar), 1044 (C-O); 

tH-NMR ~ (400 MHz, CD30D:CDCh, 5:1) 8.25 (2H, d, J 4.76 Hz, Ar-H, H2), 7.64 (2H, 

s, 0-CH2-C=CH-N), 7.39 (2H, d, J 2.01 Hz, Ar-H, H8), 7.26 (2H, d, J 9.16 Hz, Ar-H, H5), 

6.90 (2H, d, J 4.76Hz, Ar-H, H3), 6.87 (2H, dd, J 9.16, 2.20Hz, Ar-H, H6), 4.05 (4H, s, 0-

Cfu-C=CH-N) 13C NMR Oc (100 MHz, CDCh) 153.2, 151.1, 150.4, 142.7, 138.1, 130.9, 

129.2, 126.3, 126.1, 122.2, 118.0,56.7 

LRMS (FAB) Found: ~,503.3; C24Hl6ChNgOrequires M, 503.34 

Found: C 56.7, H 3.2, N 20.9; C24Hl6ChNgO Requires C 57.2, H 3.2, N 22.2; 
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7 -chloro-4-( 4-( (1-(7 -chloroquinolin-4-yl)-IH-l,2,3-triazol-4-yl)methyl)piperazin-l

yl)quinoline (ZK23) 

Stepl (acetylene formation): A mixture of ZMl (1.62mmol, O.4g) and Et3N (2.42 mmoI, 

0.34ml) in tert-butanol (4ml) was stirred for 20 min under N2, propargyl bromide (1.62 

mmol) was then added and the reaction was left to stir for 20 hrs at room temperature. 

Step 2 (click reaction): The azide ZEV20 (1.62 mmol, 0.33g) and catalyst - Sodium 

Ascorbate (0.81 mmoI, 202mg) and Cu(II)S0485H20 (0.08 mmoI, 16mg) were added in 

situ. In order to have 4ml : 4ml ratio of H20 : tert-butanol solvent, the equivalent amount 

of H20 as amount of tert-butanol was added. The reaction mixture was then left to stir for 

a further 24 hrs at room temp. The crude material was extracted with DCM (70ml) and 

washed with H20 (50mI) and brine (20ml). The organic layer was dried over anhydrous 

sodium sulphate, filtered and concentrated under reduced pressure. The crude material was 

purified by column chromatography (Si02; EtOAc 100%) in order to elute any unreacted 

acetylene intermediate or unreacted azide, the polarity was then increased to (Si02; MeOH: 

EtOAc, 10:90) to yield ZK23 (O.3g, 38%) as an orange solid; mp 213-216°C; Rf 0.5 

(MeOH:EtOAc 1 :9); 

CI 

IR (CHCh): v maxicm-1 3017 (C-H Ar), 1596, 1577 (C=C Ar and C=N Ar), 1222 (C-N); 

IH-NMR OM (400 MHz, CDC h) 9.01 (IH, d, J 4.65 Hz, Ar-H, H2), 8.62 (lH, d, J 4.41 Hz, 

Ar-H, H2'), 8.21 (lH, d, J 2.08Hz, Ar-H, H8), 8.08 (lH, s, N-CH2-C=CH-N), 7.99 (lH, d, 

J 9.06 Hz, Ar-H, H5), 7.98 (lH, d, J 2.08Hz, Ar-H, H8'), 7.91 (lH, d, J 9.06 Hz, Ar-H, 

H5'), 7.59 (lH, dd, J 9.06, 2.08Hz, Ar-H, H6), 7.52 (IH, d, J 4.65Hz, Ar-H, H3), 7.40 (lH, 

dd, J 9.06, 2.08Hz, Ar-H, H6'), 6.81(lH, d, J 5.14Hz, Ar-H, H3'), 3.95 (2H, s, N-Cfu

C=CH-N), 3.28 (4H, t, J 4.77Hz, N-CH2, HlO, H14) 2.90 (4H, t, J 4053Hz, N-CH2' Hl1, 
13 ... 

H13); C NMR Oc (l00 MHz, CDCh) 157.1, 151.5, 151.2, 150.0, 149.5, 144.8, 141.0, 
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137.1, 135.3, 129.5, 128.7, 128.2, 126.3, 125.1, 124.8, 124.5, 121.5, 120.5, 115.9, 108.9, 

52.8,51.8,49.5 LRMS (FAD) Found: M\ 490.2; C25H21ChN7requires M, 490.39 

Found: C 58.7, H 4.0, N 18.7; C25H21ChN7elH20 Requires C 59.0, H 4.5, N 19.2; 

1,4-bis«1-(7-chloroquinolin-4-yl)-lH-l,2,3-triazol-4-yl)methyl)piperazine; (ZK24) 

Stept (formation of di-acetylene): A mixture of piperazine (5.22mmol, 0.45g) and 

triethylamine (7.83 mmol, 0.34ml) in tert-butanol (3ml) was stirred for 20 min under N2, 

propargyl bromide (lOA mmol) was then added and the reaction was left to stir for 20 hrs 

at room temperature Step 2 (click reaction): The azide ZEV20 (lOA mmol, 2.14g) and 

catalyst - Sodium Ascorbate (5.22 mmol, 1.3g) and Cu(II)S048 5H20 (0.522 mmol, 103mg) 

CI 

were added in situ. In order to have 3ml:3ml ratio of H20 : 

tert-butanol solvent, the equivalent amount of H20 as 

amount of tert-butanol was added. The reaction mixture was 

then left to stir for a further 24 hrs at room temp. The crude 

material was extracted with DCM (70ml) and washed with 

H20 (50ml) and brine (20ml). The organic layer was dried 

over anhydrous sodium sulphate, filtered and concentrated 

under reduced pressure. The crude material was left in a 

solution of DCM, after several days the solid which formed 

was filtered off as a pure product to yield ZK24 (0.65g, 22%) 

as a yeUow solid; mp 245-248°C (with decomposition), Rr 0.27 (MeOH:EtOAc 1 :9); IR 

(CHCh): v may/cm·1 3019 (C-H Ar), 1598, 1563 (C=C Ar and C=N Ar), 1220 (C-N); 

IH-NMR Ou (400 MHz, CDCh) 9.06 (2H, d, J 4.56 Hz, Ar-H, H2), 8.24 (2H, d, J 2.01Hz, 

Ar-H, H8), 8.00 (2H, d, J 9.16 Hz, Ar-H, H5), 7.98 (2H, s, N-CH2-C=CH-N), 7.60 (2H, dd, 

J 9.16, 2.01Hz, Ar-H, H6), 7.49 (2H, d, J 4.58Hz, Ar-H, H3), 3.88 (4H, s, N-Cfu-C=CH

N), 2.72 (8H, bs, N-CH2, H2', H3', H5' H6') 13C NMR Oc (100 MHz, CDCh) 151.5, 

150.9, 145.3, 141.0, 137.0, 129.5, 128.8, 125.0, 124.3, 120.9, 116.0, 92.1, 53.0, 52.9 

HRMS (FAD) Found: M+, 571.4; C2sH24ChN IO requires M, 571.46 Found: C 57.9 , H 

3.9, N 22.9; C2SH24ChNIOel/2H20 Requires C 57.9; H 4.3, N 24.0; 
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1,3-Bis-[4-(7 -chloro-quinolin-4-yl)-piperazin-1-yl]-propan-2-o1 (ZK25) 

A mixture of ZM1 (2.42mmol, 0.6g) and KF on Al Oxide (4.84mmol) in acetonitile (4ml) 

was stirred at 30°C for 25 min, epichlorohydrin(2ml) was then added and the reaction 

mixture was stirred for a further 36 hrs at 30°C. The KF on alumina was filtered off and 

the acetonitrile and excess epichlorohydrin were evaporated under reduced pressure. The 

residue was chromatographed (Si02; MeOH: EtOAc, 1 :9) to yield the bisquinoline ZK25 

(0.159g, 12%) racemate as an orange solid, mp 196-199°C; Rf 0.36 (MeOH:EtOAc, 1:9); 

IR (CHCIJ): v maxicm- l 3358 (O-H), 3015 (C-H Ar), 1606, 1578 (C=C Ar and C=N Ar), 

1215 (C-N), 1046 (C-O); 

CI 

2 

~3 
2 

3~ 

6 CI 

IH-NMR aH (300 MHz, CDCh) 8.73 (2H, d, J 4.88 Hz, Ar-H, H2), 8.05 (2H, d, J 1.95 

Hz, Ar-H, H8), 7.91 (2H, d, J 9.02 Hz Ar-H, H5), 7.41 (2H, dd, J 9.02, 2.19 Hz, Ar-H, 

H6), 6.83 (2H, d, J 4.88 Hz, Ar-H, H3), 4.02 ( IH, m, CH-OH, H2'), 3.62 (4H, dd, J 5.36, 

2.19 Hz, HI', H3'), 3.26 (8H, t, J 4.88 Hz, HlO, H14) 2.98 -2.63 (8H, m, HIl, H13), 

13C NMR ac (100 MHz, CDCh) 156.7, 152.1, 150.2, 135.0, 129.2, 128.7, 128.2, 126.4, 

125.1, 122.0, 109.8,66.6,61.3,53.7#2°,52.5#2°,47.0 

LRMS Found: M+, 449.3; C29H32Cl2N60 requires M, 550.20; 

Found: C 63.0, H 5.8, N 15.0; C29H32ChN60 Requires C 63.16, H 5.9, N 15.2; 
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5.2.5 Synthesis of compounds related to Class E 

7-Chloro-4-( 4-oxirany/methyl-piperazin-l-yl)-quinoline (Z27) 

A mixture of the catalyst tetra-butyl-ammonium-Iodide (TBAI) (5mg), and 

epichlorohydrin (6ml) was stirred for 30 min under N2, this was followed by the addition 

of the piperazine ZMl (2.42mmol, 0.6g) and KF on AI Oxide (4.84mmol). The mixture 

was stirred for a further 36 hrs at 30°C. Subsequent to this duration the reaction mixture 

o~ 
'r 

Il(NI)2 13 
10 14 

N9 

was diluted with DCM (4OmI) and the catalyst was filtered off. The 

solvent and excess epichlorohydrin was evaporated under reduced 

pressure. The residue was chromatographed (Si02; EtOAc 100%) 

in order to elute any remaining epichlorohydrin, the polarity was 

then increased to (Si02; MeOH: EtOAc, 10:90) to yield the epoxide 

(0.443g, 61 %) as a yellow oil, Rf 0.17 (MeOH:EtOAc, 1 :9); 

IR (CHCh): v max/cm-1 3017 (C-H Ar), 1601, 1577 (C=C Ar and 

C=N Ar), 1212 (C-N), 1140 (C-O-C); 

IH-NMR OH (300 MHz, CDCh) 8.72 (lH, d, J 5.12 Hz, Ar-H, H2), 8.04 (lH, d, J 2.19 Hz, 

Ar-H, H8), 7.93 (lH, d, J 9.02 Hz Ar-H, H5), 7.42 (lH, dd, J 9.02, 2.19 Hz, Ar-H, H6), 

6.83 (lH, d, J 5.12 Hz, Ar-H, H3), 3.28 (4H, t, J 4.88Hz, HIO, HI4), 3.16 ( IH, m, CH-

OH, H2'), 2.95 - 2.77 (6H, m, HI', HIl, H13), 2.55 (lH, dd, J 5.12, 2.68 Hz, H3'a), 2.40 

(lH, dd, J 13.41,6.83 Hz, H3'P)#2113C NMR Oc (100 MHz, CDCh) 157.0, 150.1, 149.8, 

134.8, 128.7, 126.2, 125.3, 121.9, 108.5, 61.2, 53.7, 52.2, 50.1, 44.3 HRMS (FAB) 

Found: M+, 304.3; C16HISCIN30 requires M, 303.79; Found: C 62.6, H 5.6, N 12.7; 

CI6HlSCIN30 Requires C 63.2, H 6.0, N 13.8; 

l-Azido-3-[ 4-(7 -chloro-quinolin-4-yl)-piperazin-l-ylJ-propan-2-o1 (Z40)82 

A mixture of Z27 (1.46 mmol, 0.443g), sodium azide (3.64 mmol, 0.237g) and catalyst 

CeChe 7H20(0.73, 0.271g) in Acetonitirile I H20 (8:1) was stirred at 40°C for 30 min. 

Subsequent to this duration the temperature was raised to 82°C and refluxed for a further 

24 hrs. On completion of the reaction the acetonitrile was evaporated under reduced 

pressure. The residue was then diluted with water (4Oml) and extracted with DCM (65ml). 

The extract was dried (Na2S04) and evaporated under reduced pressure. The crude was 
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CI 

3'r

N3 

2' OH 

I' 

13(12N)1l 
14 10 

9 N 

chromotographed (Si02; MeOH: EtOAc, 5:95) to deliver the azide 

(0.335g, 67%) as a yellow oil; Rr 0.34 (MeOH:DCM, 5:95); IR 

(CHCh): v maJcm-1 3360 (O-H), 3014 (C-H Ar), 2105 (N=N=N), 

1609, 1577 (C=C Ar and C=N Ar), 1225 (C-N), 1074 (C-O); 

IH-NMR ON (300 MHz, CDCh) 8.71 (1H, d, J 5.12 Hz, Ar-H, H2), 

8.05 (lH, d, J 2.19 Hz, Ar-H, H8), 7.92 (lH, d, J 9.02 Hz Ar-H, 

H5), 7.43 (lH, dd, J 9.02, 2.19 Hz, Ar-H, H6), 6.83 (1H, d, J 5.12 

Hz, Ar-H, H3), 3.99 ( IH, m, CH-OH, H2'), 3.47 (lH, dd, J 12.68, 

3.90Hz, H3'a), 3.26 (5H, m, H3'P, HIO, HI4), 2.99-2.92 (2H, m, N-Cfu, HII), 2.78-2.71 

(2H, m, N-Cfu, H13), 2.66 - 2.59 (lH, m, HI 'a), 2.54 (1H, dd, J 12.43, 3.90 Hz, HI '~), 

2.00 (IH, bs, C-OH) BC NMR Oc (l00 MHz, CDCh) 156.7, 151.8, 150.0, 135.1, 128.9, 

126.3, 125.0, 121.9, 109.0, 66.2, 60.8, 54.3, 53.2, 52.1 LRMS Found: M+, 347.3; 

Cl6H19CIN60 requires M, 346.81; Found: C 55.2, H 5.4, N 24.0; C16H19ClN60 Requires 

C 55.4, H 5.5, N 24.2 

General Procedure for Preparation of Compounds Containing fJ-Amino Alcohol 

Moiety (ZK26, ZK27)73,75 

Stepl (formation of acetylene piperazine): A mixture of the piperazine (1.5 mmol eq) and 

triethylamine (EhN) (1.5mmol eq) in tert-butanol (solvent) was stirred for 20 min under 

N2, propargyl bromide (1.2 mmol eq) was then added and the reaction mixture was stirred 

for 20 hrs at room temperature. TLC indicated formation ofthe acetylene piperazine. 

Step 2 (click reaction): Z40 (lmmol eq) and catalyst - Sodium Ascorbate (0.5 mmol eq) 

and Cu(n) S04-5H20 (0.05 mmol eq) were added in situ. In order to have 1:1 ratio of H20: 

tert-butanol solvent an equivalent amount of H20 as amount of tert-butanol was added. 

The reaction mixture was left to stir for 24 hrs at room temp. TLC indicated consumption 

of the intermediate spot (acetylene piperazine). The crude material was extracted with 

DCM (70ml) and washed with H20 (5Oml) and brine (2Oml). The organic layer was dried 

over anhydrous sodium sulphate, filtered and concentrated under reduced pressure. The 

crude material was purified by column chromatography (Si02; MeOH:EtOAc, 5:95), in 

order to elute any unreacted acetylene intermediate or unreacted azide, subsequently the 

polarity was increased to (Si02; MeOH:DCM, 5:95) to yield products ZK26 and ZK27. 
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CHAPTER 5: Experimental 

1-[4-(7 -Chloro-quinolin-4-yl)-piperazin-l-yl]-3-[ 4-( 4-phenyl-piperazin-l-ylmethyl)-

lO"~." [1,2,3]triazol-l-yl]-propan-2-ol (ZK26) 

ll"V~"~2" Step 1: phenyl piperazine (1.93mmol, 0.313g), triethylamine 

12' s.~~\ (1.49mmol, 0.21 ml), propargyl bromide (1.49mmol) in 3ml tert-

6" (/1 butanoL Step 2: Z40 (azide) (0.966mmol, 0.335g), catalyst -

l N Sodium ascorbate (0.482mmol, 121mg) and Cu(U) S04-5H20 

:( "" (0.048 mmol, IOmg) and H20 to fonn a 3ml:3ml lerl-butanol: H20 

12 solvent solution; to yield the fJ-amino alcohol ZK26 (0.141g, 27%) 

::C
N

):: as a yellow solid; mp 92-95°C; Rf 0.34 (MeOH: DCM, 5:95); mp 
9 N 

92-95°C; IR (CHCh): v maxicm-1 3454 (O-H), 3010 (C-H Ar), 1601, 

1578 (C=C Ar and C=N Ar), 1230 (C-N), 1046 (C-O); IH-NMR 

OM (300 MHz, CDCh) 8.70 (lH, d, J 4.94 Ar-H, H2), 8.04 (lH, d, 

J2.0I Hz, Ar-H, H8), 7.91 (lH, d, J9.l6 Ar-H, H5), 7.76 (lH, s, N-CH2-C=CH-N) 7.41 

(lH, dd, J 8.97,2.20 Hz, Ar-H, H6), 7.26 - 7.21 (;:::2H, m, H9", HI I") #22, 6.91 (2H, m, 

H8", HI2"), 6.68-6.82 (IH, m, HIO") 6.81 (lH, d, J 4.94 Hz, Ar-H, H3), 4.58 (lH, dd, J 

14.10, 3.30Hz, H3'a), 4.37 (lH, dd, J 14.10, 6.04 Hz, H3'P), 4.17 (lH, m, CH-OH, H2'), 

3.79 (2H, s N-Cfu-C=CH-N), 3.22 (8H, t, J 5. 13Hz, N-Cfu, H1O, H14, H3", H5") 2.95-

2.90(2H, m, N-Cfu, HIl), 2.73-2.68(6H, m, N-Cfu, H13, H2", H6"), 2.60(lH, dd, J 12.63, 

4.03Hz, HI 'a), 2.40(lH, dd, J 12.63, 10.07 Hz, HI 'P), 2.00 (IH, bs, C-OH) 13C NMR Oc 

(100 MHz, CDC h) 156.7, 152.0, 151.3, 150.2, 143.8, 135.1, 129.3, 128.9, 126.3, 125.04, 

125.00, 121.9, 119.9, 116.1, 109.1, 65.8, 60.5, 53.6, 53.2, 53.2, 52.9, 52.2 49.0 HRMS 

(FAD) Found: Mr, 547.5; C29H3SClNgO requires M, 547.09; Found: C 62.6, H 6.2, N 

19.0; C29H3sCINgO Requires-1/2H20 C 62.6, H 6.5, N 20.1; 

1-{ 4-[4-(3-Chloro-phenyl)-piperazin-l-ylmethylj-[1,2,3]triazol-1-yl}-3-[4-(7 -chloro

quinolin-4-yl)-p iperazin-l-yl]-propan-2-o1 (ZK27) 

Step 1: 1-(3-chlorophenyI) piperazine (3.29mmoI, 0.6531g), Et3N (4.93mmol, 0.8ml), 

propargyl bromide (2.4mmol) in 3ml tert-butanol Step 2: Z40 (azide) (1.6mmol, 0.570g), 

catalyst - Sodium ascorbate (0.82mmoI, 205g) and Cu(II) S04-5H20 (0.082 mmol, 16mg) 

and H20 to form a 3ml:3ml tert-butanol : H20 solvent solution; to yield the fJ-amino 

alcohol ZK27 (0.211g, 23%) as an off white solid; mp 79-81 oC; Rf O.14 (MeOH: DCM; 
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(,lIAPTER 5: Experimental 

aCI
.,. 

10" -?" \ 8" 
7" 3" 

II"::::"" i\i~2" 

12" 5"~~~" 
6" 

~ N 
1/ 

3C:H 
l'(~ 

CI 

13(12N)ll 
14 10 

oN 

1:9); IR (CHCh): v max/cm-1 3459 (O-H), 3015 (C-H Ar), 1594, 

1577 (C=C Ar and C=N Ar), 1214 (C-N), 1048 (C-O); IH-NMR ~ 

(300 MHz, CDCh) 8.66 (lH, bs, Ar-H, H2), 8.05 (lH, d, J 1.57 Hz, 

Ar-H, H8), 7.93 (lH, d, J9.08 Hz, Ar-H, H5), 7.73 (lH, s, N-CH2-

C=CH-N), 7.42 (lH, dd, J 8.93, 1.72 Hz, Ar-H, H6), 7.19 - 7.10 

(lH, m, Ar-H, HI 1"), 6.88-6.72 (4H, m, Ar-H, H3, H8", HI 0", 

H12"), 4.S8 (1H, dd, J 14.09, 3. 13Hz, H3'a), 4.36 (1H, dd, J 14.09, 

6.11 Hz, H3'~), 4.16 (lH, m, CH-OH, H2'), 3.76 (2H, bs N-Cfu

C=CH-N), 3.20(8H, m, N-Cfu, H1O, H14, H3", HS"), 2.96-2.87(2H, 

m, N-Cfu, Hll), 2.73-2.60 (6H, m, N-Cfu, H13, H2", H6"), 

2.60(lH, dd, J 12.68, 3.92Hz, HI 'a), 2.40 (lH, m, HI '~) 13C NMR 

oc(lOOMHz,CDCh) 156.6, 151.8, 135.0, 134.9, 130.1,130.0,128.9,126.3, 12S.0, 119.9, 

119.3, 119.1, 116.3, 115.7, 114.3, 113.9, 109.0, 65.7, 60.5, 53.6, 53.1, 52.1, S1.3, 48.7 

HRMS (FAD) Found: M+, 581.6; C29H34ChNsO requires M, 581.54; Found: C 59.0, H 

5.6, N 18.7 C29H34ChNsO-112H20 Requires C 58.98, H 5.9, N 18.9; 

#1- Certain peaks are observed as broad singlets instead of expected multiplicity. 

#2 - This particular proton peak is often not observed as its expected quartet but rather as 

a doublet or in some compounds it takes the shape of a quartet with its outer peaks not 

properly defined. This peak is frequently assigned as a doublet in the literature.sl 

#3 - Certain peaks are observed as broad singlets instead of expected multiplicity. 

In the case of this particular compound the non-observed multiplicity may be due to the 

extremely poor solubility of this compound, thus only a dilute solution was used to obtain 

the NMR spectra. Two peaks are also not observed in the spectra this is probably due to 

the extremely poor solubility ofthe compound. 

#4 - Found in middle of multiplet of H2' . 

#5 - Added additional 1 mmol eq of triethylamine in order to neutralize HCI of the 

piperazine hydrochloride reagent 

#6 - IH NMR spectra did not depict expected multiplicity i.e. broad singlets were 

observed for piperazine protons (triplets expected), singlets were observed for H7 and H8 

where a doublet and triplet were expected respectively. 
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CIIAPTLR 5: Experimental 

#7 - Piperazine triplet is observed as a broad singlet, this phenomenon is common to 

piperazine peaks. 

#8 - The singlet peak of the proton on the triazole ring is found in the middle ofthe 

doublet peak of the H5 proton on the quinoline ring. 

#9 - A broad singlet is observed instead of a doublet. This phenomena is not uncommon 

and is observed with the other carboxylate piperazine products. 

#10 - Quaternary carbon is not observed. 

#11- Broad piperazine peaks which have the shape of expected triplet, yet peaks are too 

broad thus coupling constants are not able to be measured. 

#12 - A broad peak is observed for the piperazine peak instead of expected triplet, this is 

due to both piperazine peaks falling in same regions as DMSO solvent peaks. Integration 

is therefore also not able to be discerned. 

#13 - Piperazine peaks not observed in Cn spectra, this may be due to them potentially 

being hidden by the DMSO peak. 

#14 - H5' is composed of two protons which are diastereotopic and each proton is 

observed at a slightly different chemical shift. 

#15 - H2' is composed of two protons which are diastereotopic and each proton is 

observed at a slightly different chemical shift. 

#16 - N-Cfu-C=CH-N proton peak not observed. The peak may possibly be hidden by 

methanol solvent peak at 3.3ppm. The spectrum was also water suppressed thus peaks 

may have been lost through this process. 

#17 - Piperazine carbons not observed, they may be hidden by MeOD solvent peak, as 

their peaks are generally observed very close to MeOD solvent peak region. 

#18 - Outer peaks of quartet are slightly distorted. 

#19 - Piperazine CH2 peak can not be accurately integrated as it is adjacent the MeOD 

solvent peak. 

#20 - An extra peak was observed in the BC NMR. These peaks may be the result of HI I 

and H13 being split as separate carbon peaks as occurs with the piperazine protons peaks 

in the H NMR spectra. 

#21- No matching coupling constant between H3'a, H3'~. 

#21. - Integration affected by solvent peak. 
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