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Abstract 

Malaria still remains a life threatening disease in many parts of the world. According 

to the World Health Organisation (WHO) approximately 241 million cases of malaria 

were reported worldwide in 2020, with Africa being the most affected continent. 

Prevalence of the disease is attributed to the significant increase in resistance towards 

currently used chemotherapeutic agents. Therefore, the search for new antimalarial 

candidates is imperative. In this report, we give progress on the synthesis of novel 2,4-

diaminopyrimidine derivatives and their respective activity against Plasmodium 

falciparum.  

We have successfully developed a synthetic route towards flexible 2,4-

diaminopyrimidine derivatives, which entails the synthesis of these target compounds 

in five steps starting from commercially available esters. The Sonogashira reaction 

was the key step employed to functionalise the iodinated pyrimidine ring at the 5-

position with a suitable acetylene to form an alkyne intermediate. In this way, a four 

atom linker was introduced between the heterocyclic ring system and the terminal 

phenoxy ring. Reduction of the triple bond in the alkyne intermediate by a 

hydrogenation reaction afforded a library of the desired flexible 2,4-diaminopyrimidine 

analogues. Of the synthesised compounds, 15 were sent for activity assessment 

against both wild type and mutant PfDHFR enzymes. They inhibited both PfDHFR 

enzymes at low nanomolar concentrations. Additionally, these compounds were also 

tested against the human DHFR to evaluate their selectivity. All tested compounds 

were selective for PfDHFR over human DHFR.  

Further assessment on the antiplasmodial activity of these compounds were 

conducted in vitro in a whole cell P. falciparum assay against the drug sensitive 

TM4/8.2 strain and the multidrug resistant strain V1S. The tested compounds 

displayed moderate antiplasmodial activity in the micromolar range with IC50 values of 

0.28 – 23.4 µM and 17.`6 – 64.0 µM against the drug sensitive strain and multidrug 

resistant strain, respectively. Unfortunately, they were mild to highly cytotoxic towards 

VERO cells. Further interrogation of the selectivity index (SI) indicated that the tested 

compounds did not display any selectivity for the plasmodial parasite over VERO cells. 
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Therefore, inhibition of the Plasmodium strains is not only due to compounds 

interacting with the parasite but also cytotoxicity of the compounds on the viability of 

erythrocyte. 
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1 CHAPTER 1: Introduction 

Antifolates have sparked interest in medicinal chemistry due to their antiplasmodial 

activity. This class of chemotherapeutic agents act by inhibiting folate metabolism. 

Folate metabolism is a cascade of enzyme catalysed reactions that give rise to folate 

co-factors. These folate derivatives are essential for biosynthesis of amino acids and 

participate in one-carbon transfer reactions during DNA replication.1 Inhibition of key 

enzymes in the “folate cycle” could potentially halt DNA replication, thereby causing 

cell arrest. Understanding the role of folate derivatives in living systems allows organic 

chemists to take advantage of their functional properties to identify key enzyme targets 

in biological systems and subsequently develop pharmaceutical drug candidates.2  

1.1 Folate Metabolism 

Folate cofactors are essential for cell survival. They are required for the biosynthesis 

of amino acids such as methionine and glycine.1,3,4 They also play an essential role in 

the synthesis of nucleotides required for DNA replication. During DNA replication the 

folate cofactor tetrahydrofolate (THF) is involved in the transfer of a one-carbon methyl 

group that converts deoxyuridine monophosphate (dUMP) to deoxythymidine 

monophosphate (dTMP) by the enzyme thymidylate synthase.5 The triphosphate 

derivative is utilised by DNA polymerase to add thymine (‘T’) nucleotides to growing 

DNA chains.5 Furthermore, these folates play a fundamental role in the initiation of 

protein synthesis through formylation of methionine.4 Rapidly growing cells such as 

the malaria causing parasite, Plasmodium, rely on the availability of folate derivatives 

for cell replication.  

The purpose of the folate pathway is to provide folate cofactors for cellular metabolic 

processes mentioned above. Methods for obtaining these reduced folates differ 

between prokaryotes and eukaryotes. Plants and most microorganisms synthesise 

folates using the de novo pathway, whereas mammals cannot synthesise folates de 

novo.6 Mammals obtain folate derivatives from their diet; and are able to recycle them 

in vivo via the folate salvage pathway. By comparison, the protozoa causing malaria 

synthesises reduced folates de novo from the simple precursors guanosine 

triphosphate (GTP), p-aminobenzoic acid (pABA) and L-glutamate which are 
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assembled into a structural conformation characteristic of folates (Figure 1). Folate 

cofactors are refered to as “conjugated” pterins because of the pterin moiety linked to 

p-aminobenzoate and glutamate. In addition to the de novo pathway, the parasite can 

exploit the host folate pathway and salvage folic acid from the host in vivo.7,8  

 

Figure 1. Chemical structure of folate moiety 

The de novo synthesis of folates is initiated from GTP as depicted in Figure 2.9 

Conversion of GTP to dihydroneopterin triphosphate (DHNP) is facilitated by GTP 

cyclohydrolase I (GTPC), the first enzyme of the folate synthesis pathway,6 which is 

available in both mammalian and microbial cells. Because of the absence of the 

necessary subsequent enzymes in the pathway, DHNP is not particularly used for 

folate production in mammalian cells but it serves as a precursor for the synthesis of 

neopterin and biopterin derivatives.6,9 The triphosphate product of the GTPC reaction, 

DHNP, is then hydrolysed to the free hydroxyl form. This hydrolysis reaction has been 

postulated to involve a non-enzymatic loss of pyrophosphate followed by non-specific 

phosphatase activity that removes the third phosphate group.6 The resulting substrate 

is converted to 2-amino-4-hydroxy-6-hydroxymethyldihydropterin (HMDP) in the 

presence of dihydroneopterin aldolase (DHNA).6 Hydroxymethyldihydropterin 

pyrophosphokinase (HPPK) then catalyses the diphosphorylation of HMDP using 

adenosine triphosphate (ATP).6,9 The activated pterin ring product of HPPK undergoes 

a condensation reaction with pABA to give dihydropteroate (DHP), catalysed by 

dihydropteroate synthase (DHPS). In turn, DHP is converted to DHF by adding an L-

glutamate residue by dihydrofolate synthase (DHFS).7 The final step is the NADPH-

dependent reduction of DHF to THF, catalysed by dihydrofolate reductase (DHFR).7 

Production of each molecule of dTMP results in the oxidation of the THF molecule to 

DHF, which must be recycled by DHFR back to the THF form.5  
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Figure 2. Biosynthesis of THF from GTP via the de novo pathway 

Disruption of this pathway leads to critical deficiency of these key methyl activated 

folate cofactors, which subsequently impairs DNA replication and leads to cell death.10 

Several enzymes involved in folate metabolism have been explored as drug targets 

for chemotherapy purposes.11 However, DHFR and DHPS are the only two enzymes 

validated as chemotherapeutic drug targets for malaria.8,9 



Chapter 1: Introduction 

4 

 

1.1.1 Reasons why DHFR and DHPS are good drug targets for malaria 

1.1.1.1 Dihydrofolate reductase 

Fundamental metabolic roles played by DHFR, such as the synthesis of THF via the 

de novo pathway, have rendered the enzyme a desirable and successful drug target.9 

Inhibition of the enzyme leads to a deficiency in THF and therefore halts DNA 

synthesis, thereby arresting cell replication.8 Not only does the enzyme catalyse the 

reduction of DHF to THF, but it also participates in the recycling of DHF resulting from 

the synthesis of dTMP and oxidised forms of folates salvaged from the host. Therefore, 

the enzyme is central to both the de novo and folate salvage pathways. Protein 

crystallography has provided vast information on the structure of DHFRs from human 

and protozoa. In comparison to microbial DHFRs, mammalian DHFRs are highly 

conserved and they have relatively larger active sites.8,12,13 These structural 

differences in the microbial and host DHFR allows for the development of antifolates 

that  selectively target the plasmodial DHFR. For instance, in the host both DHFR and 

thymidylase synthase (TS) are coded by separate genes, whereas the malaria 

parasites express a bifunctional DHFR-TS enzyme coded by a single gene.5 The 

thymidylate cycle is the sole de novo pathway for the synthesis of dTMP. TS catalyses 

the reductive methylation of dUMP to dTMP, using N5,N10-methylene tetrahydrofolate 

as the one-carbon methyl donor.4 TS is the only enzyme that causes oxidation of THF 

to DHF as its one-carbon fragment is lost. The DHF generated is then recycled and 

reduced by DHFR. Complete inhibition of TS leads to thymineless death.5 Limited data 

is available on parasite TS as a potential drug target. However, plasmodial DHFR is a 

good target because it is limited in its mutational capacity, owing to loss in enzyme 

function. 

1.1.1.2 Dihydropteroate synthase 

DHPS is one of the key enzymes essential in the de novo pathway due to the role it 

plays in the production of reduced THF. It catalyses the condensation of pABA with 

dihydropterin pyrophosphate (DHPP) to afford DHP (Figure 2).6 DHP is produced from 

a nucleophilic substitution reaction resulting in the formation of a C-N bond between 

the amino nitrogen of pABA and the carbon atom of DHPP. This condensation reaction 

has been shown to abide by the SN1 reaction mechanism,14 where the leaving group 

dissociates first from a molecule followed by a nucleophilic attack on the remaining 
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carbocation intermediate. During the enzyme-catalysed reaction to produce DHP, 

DHPP loses its pyrophosphate group, leaving a dihydropterin core as a cationic 

intermediate in the pterin-binding pocket. The cation-intermediate is susceptible to 

nucleophilic attack by pABA to produce DHP. As described, the plasmodium parasite 

can synthesise DHPP and pABA de novo. DHPP is synthesised via the 

diphosphorylation reaction catalysed by HPPK as shown in Figure 2 and pABA is 

acquired from the shikimate pathway.15 Analogous to folates, the parasite can also 

salvage pABA from the host plasma in vivo.5 Understanding the mechanism of this 

metabolic reaction at a molecular level and how the substrates involved are obtained 

is essential for the development of chemotherapeutic drug targets. Currently used 

sulfa antifolates are structural analogues of pABA utilised to inhibit DHPS. Due to their 

structural similarities to pABA, the parasite utilises the salvage pathway to take up 

sulfa drugs from the host in vivo, which inhibits the SN1 reaction from taking place, 

ultimately hindering the function of DHPS. The human host does not produce folate 

cofactors de novo, therefore, it does not have the enzyme DHPS, DHPS is unique to 

the parasitic cells. This feature makes it desirable as a drug target because it allows 

development of chemotherapeutic agents that are selective to the parasite and not the 

human host. 

1.2 Malaria 

Development of chemotherapeutic agents against malaria is important because it still 

remains a life threatening disease in many parts of the world. According to the World 

Health Organisation (WHO) approximately 241 million cases of malaria were reported 

worldwide in 2020, with Africa being the most affected continent, contributing 95% of 

the reported cases.16 An estimated 627 000 deaths caused by the disease were 

reported globally, of which 602 000 (96%) deaths were accounted for in the WHO 

African regions. Since 2000 there has been a gradual decline in malaria deaths from 

an estimated 896 000 to 558 000 in 2019. The current malaria report indicates a 12% 

increment in the total number of estimated deaths observed from 2019 to 2020 in 85 

malaria endemic countries.16 The increase in mortality is partly due to the challenges 

imposed by the Covid-19 pandemic. Covid-19 is a disease caused by a novel 

coronavirus named severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2, 

2019-nCoV) as the virus primarily affects the respiratory system.17 Since its first 
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detection in China (2019), the virus has rapidly spread worldwide and the WHO 

declared the disease a pandemic. To curb the transmission of the virus, many 

countries imposed strict Covid-19 regulations, some of which included a lockdown 

restricting movement of the general population and some economic activities. For the 

past three years, the health care system has been under enormous pressure to 

manage and mitigate the threat imposed by Covid-19 to the general well-being being 

of humanity. In malaria endemic countries the demands needed to treat and detect 

Plasmodium infection add to the burden caused by the disease. The imposed 

regulations have made it challenging to import and supply medications from 

manufacturing companies into endemic countries. One can appreciate the difficulties 

people had to endure to access treatment for malaria in their local health care facilities 

during this period.  

The annual implementation of strategies employed to control the spread of the malaria 

parasite, such as insecticide-treated mosquito nets and indoor residual spraying, have 

also been significantly disturbed during the last two years.16 Delivery and distribution 

of these services to many African endemic countries was not as effective in 2020 and 

this can be seen by the sharp increase in reported mortality rate. The financial burden 

that the public health care system of endemic countries has to carry also contribute to 

limitations in distribution and supply of medical services to treat and detect malaria. 

Medications to treat malaria are expensive for these countries,18 particularly as the 

price of shipping and distribution has increased considerably due to increases in oil 

prices. It is clear that the pandemic disrupted strategies put in place to detect, control, 

treat and halt the spread of malaria, particularly in impoverished communities. 

Although efforts made to eradicate malaria might currently seem bleak, there is still 

hope that the fight against the disease can be won. Between the year 2000 and 2020, 

23 countries had achieved three consecutive years of zero indigenous malaria cases; 

12 of the countries were certified malaria free by WHO.16 China was certified malaria 

free in 2021 following 70 years of investment in the fight against malaria. From a 

country that reported 30 million cases annually in the 1940s; this is a great 

achievement.19 
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1.2.1 Life cycle of the malaria parasite 

1.2.1.1 Transmission to man and human liver stage 

Malaria is an infectious disease caused by parasitic protists of the genus Plasmodium. 

Currently the Plasmodium species known to cause malaria in humans include: 

Plasmodium falciparum, P. vivax, P. malariae, P. knowlesi and P. ovale. A female 

mosquito vector of the genus Anopheles facilitates transmission of human malaria. 

The complex lifecycle of the Plasmodium parasite involves two hosts, mosquito host 

(primary host), in which the parasite reproduce sexually, and the human host, in which 

the asexual stage takes place as shown in Figure 3.20 Though the female Anopheles 

mosquito is considered the primary host by definition, in the context of this report it will 

be referred to as the vector, while the human host will be referred to as the host. There 

are three key stages in the parasite’s life cycle: human liver stage, human blood stage 

and the mosquito stage. The human host acquires the parasite in the form of 

sporozoites from an infected mosquito while feeding.21 The sporozoites enter the skin 

through inoculation and circulate the host bloodstream for approximately an hour 

before migrating to the liver where they invade hepatocytes and multiply into 

merozoites enclosed in a schizont.22 The asexual multiplication of sporozoites in the 

liver stage is specifically known as exoerythrocytic schizogony.23 The mechanism in 

which sporozoites invade hepatocytes is not clear and is still under investigation. From 

the multiple studies conducted to investigate the invasion, it is apparent that depending 

on the species, different modes of invasion are possible.24 It has been suggested that 

a sporozoite glycoprotein, thrombospondin, binds to specific receptors on liver cells, 

i.e. the thrombospondin domain of the parasite binds to hepanan sulfate proteoglycans 

on hepatocytes.24 This protein-receptor interaction facilitates the ultimate invasion of 

hepatocytes. The mature schizonts rupture hepatocytes and merozoites are released 

into the bloodstream. On the other hand, some P. vivax and P.ovale schizonts turn 

into hypnozoites, a form that can remain dormant in the liver for months or years. 22 

The dormant hypnozoite liver stage can cause relapse in infected people. 

1.2.1.2 Human blood cell stage 

The merozoites released into the blood stream quickly invade erythrocytes. Masamichi 

Alkawa and colleagues investigated the mechanism of erythrocyte invasion by the 

Plasmodium parasite using electron microscopy.25 The merozoites make contact with 
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the erythrocyte cell membranes at their apical end, and then create a junction with the 

cell membrane. They invade the erythrocyte cell membrane by inward budding into 

the cell enveloped in a vacuole. The vacuole originates from the host plasma 

membrane and it is formed as the merozoite enters the cell.24 Once inside the 

erythrocytes, the merozoites undergo asexual multiplication to produce many 

individual merozoites. Asexual multiplication of merozoites in the blood stage is known 

as erythrocytic schizogony.26 Upon rupture of the erythrocytes, merozoites are 

released into the blood stream where they infect other erythrocytes and can repeat the 

cycle indefinitely. This stage is responsible for the manifestation of malaria and 

coincide with malaria symptoms in the host.27 During progression of the disease, other 

merozoites develop into female and male gametocytes taken up by the mosquito while 

feeding. 

 

Figure 3. Life cycle of Plasmodium falciparum and available antimalarial drugs 

currently used to target certain stages in the life cycle.28 
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1.2.1.3 Mosquito stage 

The gametocytes develop into mature gametes inside the midgut lumen of the insect. 

In fact, ingestion of gametocytes activates maturation of male and female 

gametogenesis. The male gametocytes undergo exflagellation, and fertilise mature 

female gametes, macrogametocytes, to produce a zygote.29 Ookinetes develop from 

the zygote and transform into oocyst. The oocysts is the only developmental stage of 

the parasite that occurs extracellularly and results in the formation of sporozoites.29 

Mature sporozoites are released from the midgut into the body cavity of the mosquito 

and invade the salivary glands of the insect vector, and are therefore transmitted back 

to the human host during the next mosquito blood feed to continue the cycle.  

1.3 Forms of human malaria 

1.3.1 Plasmodium malariae  

Malariae was the first Plasmodium species to be recognised as a cause of human 

malaria. A French army physician, Charles Louis Alphonse, described it in 1880 and 

it was named by Grassi and Feletti in 1890.30,31 P. malariae has a worldwide 

distribution, with clinical cases detected in malaria endemic regions such as sub-

Saharan Africa and Southwest Pacific.32 However, low-level infections seem to be 

common especially in areas such as Asia, South America and Central America with 

detected infections hardly ever exceeding 1-2%.32 Moreover, P. malariae prevalence 

in West Africa has been reported to peak in children under ten years of age. Although 

considered to cause mild infections, P. malariae causes quartan malaria in humans, a 

form of malaria where an onset of fever occurs at 3 day periods.33 It is unique in that 

it establishes blood stage parasitemia at concentrations below the level of detection 

by light microscopy.34 Without treatment, the parasite can go undetected in the host 

for extremely long periods before it manifests into malaria symptoms. Chronic P. 

malariae parasitemia can cause nephrotic syndrome, a kidney disorder that causes 

the body to excrete high protein content in urine.35 The syndrome often occurs 

because of damage to microvasculature in the kidney that filters waste and excess 

water from the blood. Nephropathy syndrome associated with prolonged P. malariae 

parasitemia may be difficult to diagnose because of the low parasitemia giving 

negative rapid diagnostic test results.34  
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1.3.2 Plasmodium vivax 

P. falciparum and P. vivax account for the majority of reported cases of malaria. P. 

falciparum is responsible for the high mortality rate, whereas P. vivax is the most wide 

spread of the malaria species and can cause severe and fatal infection.36 P. vivax is 

the dominant species with relatively high prevalence in South East Asia and the 

Western Pacific region. The wide geographic distribution of this species of protozoa is 

due to its dormant liver stage, called the hypnozoite,27 which allows P. vivax to survive 

for longer periods during cold climates where mosquito vectors are scarce for 

transmission and propagation of the parasite. Activation of the dormant liver stage 

weeks or months later following the initial infection can cause clinical relapse 

episodes.37 Activation of hypnozoite reservoirs release new blood-stage infections that 

cannot be distinguished clinically from the primary infections, simultaneously 

increasing the chances of parasite transmission and wide distribution. Significantly, 

the prevalence of P. vivax infections in the WHO African region is very low owing to 

the Duffy negative trait in African populations.36 The parasite requires the Duffy antigen 

on the surface of red blood cells to invade them. Populations without the antigen are 

immune from the parasite. 

1.3.3 Plasmodium knowlesi 

P. knowlesi is a malarian parasite first isolated in the early 1930s at the Kolkata School 

of Tropical medicine in India.38 Until recently, this Plasmodium species was known to 

cause malaria among its natural simian hosts, long-tailed and pig tailed macaques as 

well as the band leaf-monkey,39 and natural acquired human infections were thought 

to be rare. Even though it was known from experimental infections that the 

Plasmodium parasite could potentially infect human beings, naturally acquired 

infections were only reported in 2004 during a study conducted at Sarawak focusing 

on malaria human infections.40 Since the report, P. knowlesi has been recognised as 

the 5th human malaria causing parasite and cases of malaria caused by the parasite 

are reported throughout Southeast Asia.38 Human infections were probably 

undiagnosed due to morphological similarities between P. knowlesi and P. malariae. 

The golden standard laboratory diagnostic technique used to detect malaria parasites 

is a light microscope, which highly depends primarily on the morphological 

characteristics of the parasite. 41 Therefore similarities in morphology could have led 
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to the inability to distinguish between P. knowlesi and P. malariae, subsequently 

resulting in misdiagnosis.  

Transmission of P. knowlesi is zoonotic, mosquito vector infected with parasite from 

simian host passes on the malaria disease to the human host while feeding. Mosquito 

vectors of knowlesi malaria belong to the Anopheles leaucosphyrus group that are 

found only in South-western India, Southern China, Taiwan, South-east Asia, 

Indonesia and Philippines.42 The geographical distribution of the vector is limited to 

South-east Asia and corresponds to that of long-tailed and pig tailed macaques 

(Figure 4).38 Because of the vector, geographical distribution of P. knowlesi is 

restricted to South-east Asia. 

 

Figure 4. Geographical distribution of Anopheles leucosphyrus group, limits of 

natural distribution of long tailed macaques and area with P. Knowlesi infected 

humans.38 
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1.3.4 Plasmodium ovale 

P. ovale is one of the least virulent malaria causing species in humans. It rarely causes 

severe illness or death. P. ovale may comprise of two species because of dimorphism 

in defined genes.43 These two species are P. ovale curtisi and P. ovale wallikeri. The 

plasmodial parasite is endemic to tropic sites of the world such as tropical Western 

Africa.44 P. ovale causes similar clinical effects as P. vivax. It has a dormant human 

blood stage that can cause relapse of symptoms.27  

1.3.5 Plasmodium falciparum 

P. falciparum causes the most severe cases and the vast majority of deaths from 

malaria worldwide. It is the predominant malaria causing species in the WHO Africa 

regions causing ~ 99.7% of reported cases.45 Due to the prevalence of the species in 

Africa, this continent contains the highest levels of morbidity and mortality, 80% of the 

deaths are among children aged under 5 years.16 Complications of P. falciparum 

infections include cerebral malaria, severe anaemia, respiratory stress and multi-

organ failure to name a few.33 These clinical complications of severe malaria are 

thought to occur because of high parasite load resulting from the blood stage and 

sequestration of parasite-infected mature erythrocytes in microvasculature throughout 

the body.46 Sequestration occurs during the blood stage of P. falciparum life cycle, 

when adhesions expressed on the surface of mature infected erythrocytes bind to 

receptors on human cells.47 These adhesions are derived by the parasite. There are 

three adhesion processes that promote sequestration as illustrated in Figure 5:33,46  

 Adherence of infected erythrocytes to endothelial cells. 

 Rosetting, binding of infected erythrocytes to uninfected erythrocytes. 

 Platelet-mediated clumping of infected erythrocytes. 
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Figure 5. Adhesion of P. falciparum infected erythrocytes to human cells.46 

In addition, a special type of adhesion occurs during manifestation of malaria during 

pregnancy.46 Parasite-infected erythrocytes bind to syncytiotrophoblasts to bring 

about placental sequestration.46 Sequestration leads to microvascular obstruction, 

therefore, blocking the microvascular system results in a decrease in supply of oxygen 

and nutrients needed by the internal organs or tissues. Deficiency in oxygen leads to 

the conversion of glucose to lactate, and the build-up of lactate results in acidosis. 

Fatal P. falciparum infections are often associated with the failure of multiple organ 

systems. Sequestration primarily benefits the parasite. The host’s splenic clearance 

mechanism is meant for the removal of aged or damaged erythrocytes. Sequestration 

helps the parasite avoid removal of disease-damaged erythrocytes by the spleen.33 
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1.4 Strategies employed to eradicate malaria 

The gradual decrease in malaria infections reported in the period of 2000 to 2019 was 

the result of many strategies recommended by WHO to detect, treat, control and 

eradicate malaria.16 Major malaria intervention strategies include rapid diagnostic tests 

(RDT) to rapidly detect fever caused by plasmodial species, insecticide treated 

mosquito nets (ITNS), indoor residual spraying (IRS) of insecticide, artemisinin-based 

combination therapy (ACT) and the recently added intervention, seasonal malaria 

chemoprevention (SMC).  

1.4.1 Diagnostic methods 

Early diagnosis of malaria is important for early intervention of chemotherapy to 

increase the likelihood of patient survival and decrease mortality rates. Light 

microscopy is the golden standard technique used for detecting plasmodia species.22 

The technique is popular because it is cost-effective and only requires experience of 

a trained technician. It can therefore be utilised in local clinics. Giemsa-stained 

peripheral blood smears made from patient’s blood samples are used to diagnose 

malaria infections.22 The technique depends on the morphological differences of the 

species for confirmation of infection. For instance, the distinguishing feature between 

P. falciparum and P. malariae to other Plasmodium species is that they do not cause 

enlargement of erythrocytes. This could generally be because they invade mature 

erythrocytes instead of reticulocytes, like P. vivax and P. ovale.27 In the case of P. 

malariae, all developmental stages in the liver cycle can be observed from blood 

films.22 However, in P. falciparum only ring forms and crescent-shaped gametocytes 

are usually observed using microscopy.38 Certain developmental stages of P. 

falciparum go undetected due to sequestration of trophozoites and schizonts of P. 

falciparum infected erythrocytes.38 Although the technique is widely used to identify 

plasmodia species in infected patients, misidentifications do occur and this limits 

microscopy as a diagnostic tool. As mentioned before, it is impossible to distinguish 

between P. knowlesi and P. malariae by microscopy because the morphological 

features of the two species during the blood stage are closely similar. Additionally, P. 

malariae at low parasitemia can go undetected by microscopy. The accuracy of 

microscopy depends on variables that cannot be controlled such as the quality of the 
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blood smears and the experience of the technician conducting the test. This makes 

results obtained from the technique debatable.  

Ideally, blood tests should be done on patients presenting malaria signs and 

symptoms for more sensitive and accurate diagnosis. However, molecular detection 

methods such as polymerase chain reactions (PCR) are more available in research 

settings and are rarely available in rural areas.27 RDTs have been developed and 

employed to improve accuracy of malaria detection for clinical use. They are immune-

chromatographic devices that detect specific antigens from the parasite using 

antibodies.48 RDTs which contain antibodies targeting histidine-rich protein 2 (HRP2) 

and plasmodial lactate dehydrogenase (pLDH) are specific to P. falciparum; the latter 

can be specific for P. vivax. They have also developed RDTs that detect antigens 

common to all Plasmodium species; these make use of pan-pLDH and aldolase 

monoclonal antibodies. 

1.4.2 Vector control 

ITNS and IRS are preventative measures put in place to control the mosquito vector. 

They are used in combination to improve efficacy of insecticides employed to either 

kill or repel the mosquito vector. Pyrroles and pyrethroids are the two insecticides 

currently approved for use. Synthetic pyrethroids were introduced in the 1990s to 

minimise  the threat of a potential increase in malarial infections brought about by the 

development of resistance gained by some Anopheles mosquito species against 

insecticides used at the time.49 Pyrethroids are neurotoxins that act by interacting with 

voltage-gated sodium channels in neurons.50,51 This interaction triggers sodium 

channels located on the membrane of axons to open, allowing an influx of sodium 

cations inside the cells. The prolonged influx of sodium results in depolarisation, where 

the potential charge of the membrane changes from negative to positive inside the 

cell. Depolarisation leads to repetitive nerve activity that can result in hyperexcitation 

and death.50 

Pyrroles offer a different mode of action to pyrethroids. They affect the insect’s ability 

to produce energy in the form adenosine triphosphate (ATP) by targeting its’ 

mitochondrial oxidative pathways.52 Oxidative phosphorylation is an enzyme-
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catalysed metabolic pathway made of two important components: the electron 

transport chain and chemiosmosis. The electron transport chain forms a proton 

electrochemical gradient across the inner mitochondrial membrane, the energy-rich 

intermediate of oxidative phosphorylation.53 The chemical energy produced by the 

electron transport chain is utilised in chemiosmosis by ATP synthase. ATP synthase 

utilises the energy to make ATP from adenosine diphosphate (ADP) and phosphate. 

Pyrrole insecticides uncouple oxidative phosphorylation.54 They inhibit the coupling 

between the electron transport chain and chemiosmosis (i.e. phosphorylation 

reaction), therefore disrupting synthesis of ATP.55 Loss of energy production leads to 

cell dysfunction and subsequent death of the insect.54 

1.4.3 Vaccine 

RTS,S/AS01 is the first malaria vaccine to be approved for widespread use primarily 

in children as of October 2021.56 Its purpose is to inhibit the liver stage of P. falciparum. 

During the liver stage, P. falciparum expresses a protein called circumsporozoite that 

plays an important role in the invasion of hepatocytes by sporozoites.57 Parts of 

circumsporozoite sequences are co-expressed with fused and free hepatitis B surface 

antigen and formulated with the AS01 adjuvant.57 The vaccine’s mode of action is to 

trigger the hosts’ immune response to identify circumsporozoite antigens and inhibit 

infection of hepatocytes. Inhibition of the liver stage subsequently results in the 

disruption of the parasitic lifecycle.56 The vaccine offers immunity against P. falciparum 

especially to countries with high to moderate transmission. This is particularly 

important in endemic countries in the WHO African region where P. falciparum 

infections greatly affect children under the age of five.  

From March 2009 to January 2011, infants (6-12 weeks) and children under 5 from 

Burkina Faso, Gabon, Ghana, Kenya, Malawi, Mozambique and Tanzania were 

enrolled for phase 3 RTS,S/AS01 malaria vaccine trials.57 Results from the trials 

indicate that RTS,S/AS01 efficacy against clinical malaria was 28% in children and 

18% in young infants during the conclusion of the 3 year study.57 Furthermore, 

protection against the disease was prolonged with administration of a booster dose. 

However, efficacy of the vaccine remained lower even after the booster dose. Despite 

the decrease in vaccine efficacy against clinical and severe malaria overtime, overall 
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the vaccine can prevent a significant number of severe malaria cases for children 

under 5 years of age and infants administered with or without a booster dose. The 

vaccine can be utilised in combination with other implemented malaria strategies to 

control and prevent malaria infections. It was shown that a combination of the vaccine 

with chemoprevention, such as sulfadoxine-pyrimethamine and amodiaquine, greatly 

improved protection against uncomplicated clinical malaria.58 As observed, in 

combination with chemoprevention, the vaccine can decrease mortality rates from 

malaria by over 70% in children under 5 years of age. Discovery of a potential vaccine 

is a monumental milestone in the fight against malaria and adds to the tremendous 

efforts put towards eradication of the disease.       

1.4.4 Treatment 

Antimalarials are antagonists of the life cycle of Plasmodium species and form the 

basis of chemotherapeutic agents designed to treat malaria. They are an essential tool 

utilised either for treatment of clinical cases or inhibiting continuous transmission of 

the parasite. Most chemotherapeutic agents are designed to target the blood stages, 

which result in parasitemia. Their purpose is to clear parasitic particles and prevent 

disease progression to severe malaria and death. Chemotherapeutic agents with 

activity against the gametocytes have potential to reduce the onward transmission of 

the parasite to the mosquito. The liver stage is the least explored developmental stage 

of the parasite. Chemotherapeutic agents designed to target the liver stage could 

potentially disrupt the entire life cycle of the parasite. Figure 3 shows the lifecycle 

stages targeted by available antimalarial drugs. 

1.4.4.1 Quinolines 

Quinolines are essential drug agents in the treatment of malaria. There are a wide 

variety of quinolones that have been explored as antimalarials (Figure 6). They mostly 

target trophozoites in the blood stage of the parasite, with exception to primaquine, 

which can be used in all stages of the parasite’s lifecycle within the human host. 

1.4.4.1.1 Quinine 

During a visit to Peru, the Spanish Countess of Chinchon presented a fever. Natives 

of Peru gave her a bark of a tree to cure the fever. Now the tree is commonly known 

as Cinchona, named in her honour. She introduced the tree bark to Europeans upon 
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her return to Spain in 1638.59 Almost two centuries later, the active compound in the 

Cinchona tree was isolated and named quinine by Pierre Pelletier and Joseph 

Caventon.59 Quinine has since replaced the tree bark in the treatment of malaria. 

Although the mechanism of action of the alkaloid is not known, quinine has a rapid 

schizonticidal activity in the blood stage.28  

 

Figure 6. Chemical structures of antimalarial including quinolines. quinine, 

chloroquine, hydroxychloroquine, melfoquine, amodiaquine and primaquine. 

After all these years quinine is still used as a chemotherapeutic drug against malaria. 

Quinine is currently used in combination with doxycycline as a second line treatment 

to artesunate for uncomplicated malaria. The prominent activity of quinine against 

malaria has led to development of derivatives of this aryl amino alcohol drug such as 

chloroquine, melfoquine, amodiaquine and primaquine Figure 6. 

1.4.4.1.2 Chloroquine 

Chloroquine is a structural derivative of quinine and was first synthesised in Germany 

In 1934. It became the predominant quinoline used to treat malaria in the late 1940s. 

Chloroquine, like quinine, exerts its antimalarial effect during the blood stages of the 

parasite. During the blood stage, within the hosts’ erythrocytes, the Plasmodium 
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parasite degrades haemoglobin in an acidic food vacuole Figure 7.60 Haemoglobin 

degradation is an enzyme catalysed metabolic process that releases peptides and 

amino acids important for Plasmodium development in the host.61 Degradation of 

haemoglobin produces haem (Ferroprotoporphyrin IX) which is quickly oxidised to the 

toxic monomer haematin (Ferriprotoporphyrin IX).62The parasite protects itself from 

haematin by detoxifying the monomer and polymerising it into inert biocrystals of 

haemozoin.60 Chloroquine is a weak base; it concentrates in the acidic food vacuole 

of the parasite due to a pH gradient between the vacuole and the parasite cytoplasm. 

Once inside the acidic medium, it picks up a proton. The protonated chloroquine 

cannot permeate the parasite membrane so therefore it is locked inside the vacuole.28  

 

Figure 7. Mode of action of chloroquine inside the parasites acidic food vacuole.63 

Chloroquine acts by binding to the haem monomer released during degradation of 

haemoglobin, preventing its conversion to haemozoin. The accumulation of toxic haem 

monomers ultimately causes parasite death.  

Unfortunately, as evolution would have it, the parasite has gained resistance against 

chloroquine. A reduction in drug accumulation in the food vacuole is believed to be the 

main reason for resistance. Mutations in the genome expressing transmembrane 

proteins located on the parasite’s food vacuole membrane could be the reason why 

resistant strains of Plasmodium accumulate lower concentrations of the drug.60 P. 

falciparum chloroquine resistance transporter (PfCRT) is one of the transmembrane 
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genes that have been implicated in development of resistance by the parasite to 

chloroquine. Reports indicate that P. falciparum strains expressing mutant PfCRT 

accumulate less chloroquine in the food vacuole in comparison to Plasmodium strains 

expressing wild type PfCRT.60 

1.4.4.2 Artemisinin 

Artemisinin is an active compound extracted from Artemisia annua, a plant long used 

in China to treat fever-presenting illness. Artemisinin was introduced in the 1970s after 

a significant drug search in China for new antimalarials with novel mode of action 

against the malaria parasite prompted by the discovery of multi-drug resistant P. 

falciparum strains. Development of resistance by Plasmodium against currently used 

drugs poses a threat to the enormous efforts made to control malaria and reduce the 

burden it causes to endemic countries. 

Artemisinin and its derivatives are active against multi-drug resistant P. falciparum and 

they target both the gametocyte and asexual blood stage of the Plasmodium life 

cycle.64 Its ability to target gametocytes is vital for the inhibition of further transmission 

of the parasite to mosquito vectors. Clinical studies have indicated that artemisinins 

are potent compounds and act faster to clear fever in comparison to other 

antimalarials. They typically clear fever within 20 hours and parasitemia within 48 

hours.28 Because of their effectiveness, artemisinins are used as the frontline 

treatment of severe malarial infections for quick resolution of symptoms.64 Artemisinins 

are quickly eliminated, as a result, the WHO has recommended for the compounds to 

be used in combination with another blood-stage targeting drug as part of artemisinin-

based combination treatment (ACT).65 ACT’s are now the main line of malaria 

treatment. 

 

Figure 8. Chemical structure of artemisinin and its 1,2,4-trioxane core. 
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The unique sesquiterpene trioxane lactone configuration (Figure 8) is responsible for 

the novel activity of artemisinin.28,64 Mode of action begins with artemisinin activation, 

resulting from interaction of artemisinin with divalent iron (Fe II), which ultimately leads 

to cleavage of the endoperoxide bridge releasing free radicals.66 The source of Fe II 

was initially thought to be haem, as this monomer is released in abundance during 

degradation of haemoglobin within the parasite’s food vacuole. However, reports 

indicate that artemisinin and its derivatives are bioactivated by non-haem iron 

sources.67 Ferrous ions (Fe2+) reduces the endoperoxide bridge to form oxyradicals, 

which further rearrange to carbon centred radical intermediates. These carbon centred 

radicals are believed to kill the parasite by alkylating vital parasite macromolecules 

and haem.67 Furthermore, artemisinin helps clear parasitemia by increasing cellular 

oxidative stress. Within the parasite, artemisinin accumulates in the food vacuole 

forming reactive oxygen species that induce membrane damage and ultimately 

parasite death.68 

1.4.4.3 Antifolates 

Antifolates are extensively used in the treatment of malaria. Their ability to disrupt 

folate metabolism has gained them popularity as inhibitors of fast growing cells such 

as tumours and bacteria. Several antifolates are used in the treatment of cancer and 

bacterial infections. 

1.4.4.3.1 Antifolates in the treatment of cancer 

Antifolate drugs mimic one or more of the folate cofactors, and bind to the active site 

of the target enzymes to inhibit their function. Due to the importance of folates in fast 

growing cells, enzymes of the folate metabolic pathway were identified as anticancer 

drug targets in the 1940s.69 DHFR and TS are crucial for the synthesis of dTMP in 

dividing cells, and hence inhibition of either leads to thymineless death. Thus both of 

these enzymes are attractive targets for developing antitumour agents. Several TS 

and DHFR inhibitors, as separate entities, have found clinical utility as anitumour 

agents. Methotrexate (MTX, displayed in Figure 9) was first introduced into the clinic 

in the early 1950s and remains a long standing anticancer agent.69,70 It is commonly 

used to treat cancers such as acute lymphocytic leukemia, choriocarcinoma, 

osteosarcoma and breast cancer.71–73 It targets DHFR in folate metabolism of tumour 
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cells by binding to the active site of the enzyme. Its structural similarity with DHF allows 

it to compete for the active site. 

Despite its potency against DHFR, MTX has limitations in clinical use because of its 

cytotoxicity in cancer patients. Inhibition of DHFR suppresses molecular synthesis of 

dTMP and purine precursors required for DNA biosynthesis. Ultimately, DHFR 

inhibition leads to cell death. The mode of action, although excellent for halting 

replication of fast growing cells, does not exclusively select tumour cells over healthy 

cells. Additionally, MTX has a narrow solid tumour spectrum and it fails to penetrate 

the blood-brain barrier efficiently, therefore cannot be used systemically to treat brain 

tumours.73 MTX requires a cell membrane carrier protein for cellular uptake; mutations 

of this transport protein often results in resistance towards the drug.74 

 

Figure 9. Methotrexate and structural analogue trimetrexate, clinically used 

antifolates which target DHFR in cancer chemotherapy. 

To combat the disadvantages posed by the use of MTX, other antifolates have been 

developed and successfully introduced as anticancer agents. Trimetrexate (TMT) is a 

structural analogue of MTX (Figure 9). It contains a quinazoline ring and lacks the 

glutamic acid residue, making it lipophilic in comparison to MTX.74 TMT was first 

described in 1979, it formed part of a large screening of compounds originally 

developed as potential antimalarials. TMT is a potent inhibitor of DHFR. Studies show 

that TMT inhibits the growth of a range of murine tumour models both in vivo and in 

vitro.74 Further preclinical studies indicate that TMT could overcome some types of 

natural MTX resistance and therefore extend the tumour range of antifolates. 

Thymidylase synthase (TS) is slowly gaining prominence as a drug target in the folate 

metabolic pathway. The enzyme catalyses the reductive methylation of uridine to 

thymidine, methylene THF acting as a source of the one-carbon unit. Figure 10 

illustrates clinically used TS inhibitors licensed for cancer treatment, such as raltitrexed 
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and pemetrexed.69 Raltitrexed is a quinazoline analogue containing a 6-6 ring-fused 

system similar to natural nucleotides, whereas pemetrexed contains a 6-5 ring-fused 

pyrrolo[2,3-d]pyrimidine system.  

Pemetrexed is a multi-targeted antifolate.75 The antifolate and its polyglutamylated 

metabolites are inhibitors of several important enzymes in folate metabolism.  

Pemetrexed targets TS, DHFR, and glycinamideribo-nucleotide formyltransferase.70,75 

The antifolate enters the cells via a reduced folate carrier and is polyglutamated by 

folylpolyglutamate synthase (FPGS) to the pentaglutamate metabolite which is 60 

times more potent than the parent compound and has enhanced intracellular 

retention.70 It then inhibits at least three enzymes in the purine and pyrimidine 

synthesis pathway.  

 

Figure 10. Raltitrexed and pemetrexed, clinically accepted TS inhibitors. 

1.4.4.3.2 Antifolates in the treatment of bacterial infections 

We currently live in an era where resistance to currently used antibiotics has increased 

at an alarming rate. Multi-drug resistant organisms render therapy more costly and 

sometimes unsuccessful. Individuals may succumb to drug resistant infections 

because all available drugs are inactive. Global drug-resistant bacteria species include 

Mycobacterium tuberculosis, Enterococcus faecium, Enterobacter cloacae, Klebsiella 

pneumoniae, Staphylococcus aureus, Acinetobacter baumanii and Pseudomonas 

aeruginosa.76 Some of these bacterial species can manifest into severe clinical 

conditions such as tuberculosis, pneumonia and neonatal meningitis. Discovery and 

development of new chemotherapeutic agents is important to mitigate potential health 

threats in the event of infection outbreaks.  

Antifolates that target folate metabolism offer a different mode of action to commonly 

used antibiotics. Illustrated in Figure 11 are some of the widely used antifolates used 
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in the treatment of bacterial infections. Prontosil was introduced during the early 1930s 

as one of the azo dyes examined for possible antibacterial activity (Figure 11).77 Soon 

after, it was discovered that prontosil was a pro-drug converted to sulfanilamide in the 

body, which led to the development of sulfonamides as a drug class. Prontosil, like 

many related sulfonamides, is a structural analogue of pABA and has been found to 

competitively inhibit DHPS.78 Sulfonamides are still currently used as antimicrobial 

agents; sulfamethoxazole is used in combination with trimethoprim to treat multiple 

infections such as pneumonia and urinary tract infections.77  

 

Figure 11. Chemical structure of antifolates used in the treatment of bacterial 

infections: prontosil, sulfanilamide, sulfamethoxazole, trimethoprim and iclaprim. 

Trimethoprim (Figure 11) is a 2,4-diaminopyrimidine antibacterial agent that 

effectively inhibits DHFR in various bacterial species.78 The antibiotic is frequently 

used together with sulfonamides because of the synergistic impact on the disruption 

of folate metabolism. Unlike trimethoprim, iclaprim is an antibiotic utilised as a 

monotherapy for serious hospital infections. The novel diaminopyrimidine analogue is 

potent against DHFR. It exhibits excellent activity against staphylococci, including 

most of the trimethoprim-resistant strains,79 and respiratory track pathogens, such as 

pneumococci.8 In 2003, it successfully completed Phase II clinical trials for 

complicated skin and skin structure infections in hospitalised patients.79 



Chapter 1: Introduction 

25 

 

1.4.4.3.3 Antifolates in the treatment of malaria 

Antifolates targeting specific enzymes in the de novo folate pathway behave in a 

similar manner as the innate folate co-factor at the molecular level. Their sole mode 

of action is to mimic the natural folate co-factor and compete for the active site of the 

enzyme. Their affinity for the enzyme determines potency against the Plasmodium 

parasite. Antifolates used in the treatment of malaria infections are subdivided into two 

classes: inhibitors of DHPS, known as class I, and inhibitors of DHFR, the class II 

antifolates. DHPS and DHFR inhibitors work synergistically; hence they are often used 

in combination therapy to combat malaria. 

1.4.4.3.3.1 Class I Inhibitors 

Class I inhibitors are commonly referred to as sulfa-drugs, they are structural 

analogues of pABA. They mimic pABA and compete for the active site of DHPS. 

Inhibition of DHPS by sulfa-drugs interrupts catabolic activity further downstream of 

the de novo pathway,6,7 i.e., inhibition of the enzyme halts synthesis of DHF de novo. 

DHPS is one of the enzymes in the folate metabolic pathway exclusive to the parasite; 

the human host salvages its folates, it does not utilise DHPS to acquire folates. Sulfa-

drugs block the synthesis of folates de novo, which makes them attractive for selective 

inhibition of parasite growth.2 Previous, attempts were made to use these drugs as 

monotherapeutic agents for malarial. However, this approach was abandoned 

because of their low potency and toxic nature.80 This class of compounds belong to 

two families: sulfonamides and sulfones (Figure 12). Dapsone is a sulfone based 

agent that shows potency against DHPS of malaria.  

Dapsone was synthesised at the beginning of the 20th century as a result of a massive 

search for molecules to produce azo dyes.77 It was only tested for antimicrobial activity 

during the late 1930s, where it was assessed for its biological activity against bacterial 

cells.2 This antifolate agent was found to inhihit the growth of various pathogenic 

agents including the malaria causing parasite, Plasmodium.2 It was used for the 

treatment of clinical infections caused by both malaria parasites P. falciparum and P. 

vivax. Development of the drug for chemotherapeutic use was abandoned due to its 

limited efficacy and high toxicity.2 
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Figure 12. Chemical structures of class I inhibitors: Dapsone and Sulfadoxine. 

Sulfadoxine is a sulfonamide which has demonstrated remarkable promise as a 

prophylactic agent against P. falciparum, such drugs can be utilised for as 

chemopreventative measures against the parasite.81 Furthermore, the drug has shown 

efficacy against P. falciparum. Several early trials confirmed that a single 1.00 g dose 

of sulfadoxine was effective, although slow, schizontocide.82 

1.4.4.3.3.2 Class II Inhibitors 

In 1945, proguanil was first reported as an antimalarial agent. The drug was found to 

be more active than quinine, the first of the antimalarial agents to be used against 

avian malaria and to have a better therapeutic index in animal models, this encouraged 

its use in humans.2 After this discovery, studies demonstrated that in fact, proguanil is 

a prodrug and metabolises to its triazine form, cycloguanil (Figure 13), an inhibitor of 

the parasite DHFR.2 This pro-drug can be used alone as a chemoprevention agent 

against malaria or in combination with chloroquine. The effectiveness of proguanil 

prompted the search for its derivatives such as chlorproguanil, a DHFR inhibitor 

generated by the chlorination of proguanil on the phenyl ring. Similar to proguanil, 

chlorproguanil is metabolised to its active metabolite chlorcycloguanil (Figure 14). 

Currently chlorproguanil is utilised in combination with dapsone for prophylaxis.  

 

Figure 13. Conversion of proguanil to its respective metabolite cycloguanil. 
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Figure 14. Conversion of chlorproguani to its respective metabolite chlorcycloguanil. 

Pyrimethamine (Figure 15) was developed shortly after proguanil; it belongs to the 

2,4-diaminopyrimidine family. Pyrimethamine is a structural analogue of cycloguanil 

with a fully aromatic pyrimidine ring. Pyrimethamine and cycloguanil have a high 

affinity for DHFR and therefore can facilitate inhibition of the enzyme.83 They inhibit 

the reduction of DHF to THF; essentially, they inhibit one of the most important 

metabolic reactions in DNA synthesis. The structures of these antifolates is a key 

factor in their mode of action. Pyrimethamine contains a 2,4-diaminopyrimidine ring 

and cycloguanil is made of a triazine-ring system. The ring systems allows these 

antifolates to mimic the pterin-ring of DHF and compete with it for the active site of 

DHFR. The bi-aryl bond present in the structure of pyrimethamine and cycloguanil fits 

the hydrophobic pocket of the active site.83 Pyrimethamine has been the most widely 

used antimalarial agent in both prophylaxis and the treatment of malaria to date. 

However, concerns about the rapid development of parasite resistance to 

pyrimethamine and its slow schizontocidal activity were raised shortly after its 

introduction.84  

 

Figure 15. Chemical structure of pyrimethamine, structural analogue of cycloguanil. 

Point mutations occurring in the genome encoding for parasitic DHFR are culpable for 

the increased emergence of resistance against cycloguanil and pyrimethamine. DHFR 

mutations occur in a progressive, stepwise fashion. Mutations build up in response to 

pressure brought about by the drug; hence, there is broad correlation between 

increased frequency of mutations and resistance to anti-DHFR agents across the 

world. Resistance resulting from point mutation highlights the challenge of developing 
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new antifolates with prolonged useful therapeutic life, since new mutations could 

possibly arise to compromise the new antifolates. Since the parasites needs to 

maintain the biological function of the enzyme, the parasite has limited mutational 

possibilities.85 Therefore DHFR remains a viable enzyme target for the development 

of new drug candidates. 

Point mutations probably occur because of deletion, addition or substitution of genes 

encoding for specific amino acids in the active site, changing the configuration of the 

active site. If a drug cannot conform to the new configuration of the active site it loses 

its potency against the enzyme. Studies involving crystal structures and homology 

models of DHFR-TS have highlighted a number of features concerning the basis of 

drug resistance.85 Pyrimethamine and cycloguanil experience steric effects between 

para-substituted chlorine atoms on the phenyl ring with the side chain of 

Asparagine108 in mutant enzymes. In the case of cycloguanil, steric clashes occuring 

between one of the 2,2-dimethyl groups and the side chain of Valine16 have been 

implicated in drug resistance.84,85 Pyrimethamine and cycloguanil are rigid, they 

contain a bi-aryl ring system covalently bonded by a rigid single bond that does not 

allow for torsional freedom. The rigid geometric conformation of these two antifolates 

does not allow the flexibility to overcome point mutations imposed by the parasite. In 

light of these observations, a number of investigations were carried out to develop new 

antifolates with structural similarities to pyrimethamine and cycloguanil, with the 

intention to overcome resistance.85 The results from these studies suggest that the 

resistance can be reversed by:  

1. Modifying the aromatic ring, by changing substituents on the aryl-ring. 

2. Use of a flexible side chain, instead of the rigid bi-aryl bond, which will provide 

conformational freedom to fit in the active site. 

3. Elimination of one of the bulky alkyl groups in cycloguanil,  to avoid steric 

clashes with amino acids in the active site. 

To combat development of resistance towards pyrimethamine, a study demonstrated 

that sulfadoxine potentiates pyrimethamine in human falciparum infections.86 The 

combination of pyrimethamine and sulfadoxine was more effective than either drug 

alone; additionally, faster schizontocidal activity and improved clinical response were 

observed.87 When multidrug-resistant infections were increasing in Southeast Asia in 
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the mid to late 1960s, sulfadoxine-pyrimethamine was a logical first-line drug 

replacement for chloroquine in Thailand.88 Despite the largely successful field trials, 

reports of clinical failure from Southeast Asia, South America, Africa and USA 

indicated that the sulfadoxine-pyrimethamine combination might prove to be an 

ineffective long-term solution.89,90  

In a quest to develop new antifolates by modification of existing drugs, compounds 

such as WR99210 and its metabolic precursor PS-15 (Figure 16) were identified as 

promising DHFR inhibitors. WR99210 is a triazine structural analogue of the 

antimalarial drug cycloguanil with a flexible aliphatic linker.91 It was advanced as an 

antifolate-based antimalarial with high activity against both wild-type and drug-

resistant DHFR.92 In cell proliferation assays, WR99210 inhibits P. falciparum with an 

IC50 value of 0.1 nM.93 However, WR99210 could not be developed as an antimalarial 

agent because of its poor bioavailability and gastrointestinal intolerance.2 Similar to 

the conversion of proguanil to cycloguanil, a biguanide prodrug of WR99210, PS-15, 

was developed (Figure 16); this compound has better bioavailability properties and 

showed more potency than WR99210 in an in vivo model.2 One of the key aspects of 

the prodrug that makes it even more interesting is the potency it displays in a variety 

of different pathogens. The pro-drug has displayed activity against other opportunistic 

pathogens, such as Pneumocystis carinii, Toxoplasma gondii and mycobacterium 

avium.94  

 

Figure 16. WR99210 and its precursor PS-15. 

The precursor was not further explored due to cross resistance with cycloguanil and 

pyrimethamine.95 However, this is evidence that antifolates with structural flexibility 

such as WR22910 and PS-15 are potent against drug resistant strains of P. 

falciparum. WR992210 contains a 5-atom flexible linker between the triazine ring 

system and the substituted phenoxy, and it is proposed that the flexible linker allows 

WR992210 torsional freedom, which in turn is responsible for the antifolate to 

overcome point mutations imposed by the drug resistant P. falciparum strain. 
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1.5 Dihydrotriazines 

In a previous study, Prof. Rousseau and co-workers at the CSIR were responsible for 

a project entailing the design and synthesis of flexible dihydrotriazines.96 The novel 6-

aryl-1,6-dihydro-1,3,5-triazine-2,4-diamines 1 are structural derivatives of cycloguanil. 

They contain a dihydro-1,3,5-triazine heterocycle with an aryl ring at position 6 and a 

flexible linker attached to the endocyclic N-5 (Figure 17), as opposed to the dimethyl 

groups at C-6 and the rigid single bond connecting the triazine and the phenyl rings of 

cycloguanil. The length of the flexible linker was varied from 1 to 6 atoms between the 

triazine and substituted aromatic ring.  

 

Figure 17. Cycloguanil and experimental proposed 6-aryl-1,6-dihydro-1,3,5-triazine-

2,4-diamines 1 from CSIR research group. 

These dihydrotriazines were synthesised in a two-step reaction sequence from amines 

2 with dicyandiamide 3 under acidic conditions to produce arylbiguanides 4 

(Scheme  1).97 The amines 2 were either synthesised from phenols or obtained from 

commercial sources.  The arylbiguanides 4 were further reacted with benzaldehyde 5 

to form a Schiff-base intermediate 6 in the presence of an acid catalyst, which further 

cyclizes in situ to give the 1,2-dihydro-triazine-4,6-diamine 1. 
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Scheme 1. Synthetic procedure towards 1,2-dihydro-triazine-4,6-diamines 1. 

These compounds exhibited in vitro antiplasmodial activity in the low nanomolar range 

against both drug sensitive and resistant strains of P. falciparum.96 The most potent 

compound from this series displayed activity with an IC50 value of 2.66 nM against the 

cycloguanil resistant Gambian FCR-3 strain (Figure 18).96 These compounds were 

found to be non-toxic to mammalian cells at therapeutic concentrations and inhibited 

parasitic DHFR. From the study, a key structure-activity relationship was evident, see 

Figure 18.96 The most potent compounds contained a flexible linker of 4-atoms 

between the triazine ring system and the phenoxy ring, which could accommodate a 

variety of substituents. Additionally, compounds with unsubstituted phenyl rings 

attached to C-6 of the triazine displayed high activity in comparison to those bearing 

substituents on the phenyl ring. The loss in activity from substrates with substituted 

phenyls is most likely due to steric clashes in the active site of the enzyme. 
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Figure 18. Chemical structure of the hit compound 7 and key structure-activity 

relationships identified for the potent compounds. 

Despite the promising results in vitro, the synthesis of these flexible dihydrotriazines 

was not trivial and target compounds were isolated as a racemic mixture. Enantiomers 

are not favourable as chemotherapeutic agents because each enantiomer may 

behave differently in biological systems. One enantiomer may have the desired 

beneficial activity against Plasmodium species, while the other may cause negative 

side effects. An enantioselective approach could be developed for these types of 

compounds; however, it would most likely be too expensive to carry out for commercial 

application. This led to the development of the first generation of pyrimidines 

synthesised in our laboratory. 

1.6 Pyrimidines 

Prof Rousseau continued the work initiated at the CSIR at the University of the 

Wiwatersrand, and the first generation of pyrimidines 8 were synthesised in the School 

of Chemistry.98 The pyrimidines are structural analogues of the dihydrotriazines 

previously synthesised at CSIR. They contain a heterocyclic ring bonded to a phenyl 

ring at position 6 and a flexible chain connected at C-5 (Figure 19). Unlike the triazine, 

they do not harbour a chiral carbon within the heterocyclic ring but contain a fully 

aromatised pyrimidine heterocycle. The purpose of designing analogues with an 

aromatic pyrimidine ring was to evade complications associated with isolating a 

racemate for use as a chemotherapeutic agent. 
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Figure 19. Chemical structure of the 1st generation pyrimidines 8. 

The first generation of 2,4-diaminopyrimidines were successfully synthesised in a 

5- step synthetic route (Scheme 2) initiated by alkylating substituted phenols 9 using 

1,4-dibromobutane. This reagent introduced the 4-atom linker to the molecule. After a 

functional group interconversion from the alkylbromide 10 to a suitable nitrile 11 using 

potassium cyanide as the nucleophile, the nitrile reacted with ethyl benzoate under 

basic conditions to give the β-ketonitrile product 12. Alkylation of compound 12 using 

diazomethane afforded the enol ether 13. Despite its effectiveness to alkylate ketones 

at the carbonyl-oxygen, diazomethane is a toxic, carcinogenic and explosive gas.99 

The use of the reagent even at laboratory scale is problematic owing to the safety 

concerns associated with its preparation. The last step in the synthesis was the ring 

closure using guanidine hydrochloride to form the desired 2,4-diaminopyrimidine 8. 

 

Scheme 2. Schematic representation of the synthetic route towards first generation 

of 2,4-diaminopyrimidines.98
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The novel synthesised compounds were tested for antimalarial activity in vitro against 

the drug resistant Gambian FCR-3 strain in a P. falciparum assay. Of the tested 

compounds, the hit compound 14 displayed activity against the drug resistant P. 

falciparum with an IC50 of 90 nM (Figure 20). The rest of the compounds in this series 

displayed activity in the micromolar range. In comparison to the dihydrotriazines 

synthesised previously, which displayed antimalarial activity in the low nanomolar 

range, the pyrimidines seemed to have lost activity against P. falciparum in vitro. The 

loss in activity was thought to be due to the introduction of a rigid bi-aryl bond between 

the 2,4-diaminopyrimidine ring and the phenyl ring at position 6, as highlighted in 

Figure  20.  

 

Figure 20. Most active compound from the 1st generation of pyrimidines 14. 

Illustration of the rigid single bond between the 2,4-diaminopyrimidine ring system 

and the phenyl ring at position 6. 

Many challenges were encountered during the synthesis of the 1st generation of 

pyrimidine analogues. Their antimalarial activity was significantly lower in comparison 

to the dihydrotriazines synthesised previously. Additionally, formation of the pyrimidine 

ring from enol ether intermediates was low yielding, with the highest reported yield of 

11%. Although execution of the synthetic route towards novel 2,4-diaminopyrimidine 

analogues was successful, the yields for the last step were disappointingly low for a 

medicinal chemistry project. The organic compounds are synthesised with intent to be 

commercialised as pharmaceutical agents, therefore, the synthetic route should take 

into consideration development of drug-candidates at industrial scale. Low yields 

make production of synthetic drug actives costly and not financially viable for 

pharmaceutical companies. 
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The use of toxic reagents such as potassium cyanide and diazomethane during the 

synthetic procedure is a huge health and environmental concern. Ideally, 

pharmaceutical actives should be synthesised from environmentally friendly and non-

toxic chemical reagents or solvents to minimize health risks associated with utilising 

such lethal chemicals and the negative impact toxic waste could have on global 

ecosystems. Potassium cyanide is a potent inhibitor of the respiratory system and can 

be fatal if ingested or inhaled, whereas, diazomethane gas is toxic and carcinogenic, 

and the formation of the reagent could potentially be explosive when exposed to 

moisture. Working with such chemicals could cause tragic incidences that are fatal. 

For future purposes, risks profiles of the reagents will be evaluated in order to find 

alternatives that are not explosive or as toxic as the ones used previously.  

To improve biological activity of the pyrimidines, a molecular modelling campaign was 

conducted in the search for structural derivatives of the 1st generation analogues with 

optimal affinity to PfDHFR. This study did not form part of this PhD, but was done by 

a colleague in our laboratories. The data generated from the molecular modelling was 

used to inform the design of compounds that are the focus of this PhD. We selected 

four wild type92,100–102 and four quadruple mutant 100–103 enzyme crystal structures of 

PfDHFR as biological drug targets for the virtual screening. Numerous flexible 

pyrimidine analogues were designed for molecular docking against the selected 

enzymes, varying the aliphatic groups attached to C-atom at position 6 and 

substituents on the aryl ring (Figure 21). From the simulated interaction between 

designed pyrimidine ligands with the crystal structures of the enzymes, pyrimidine 

analogues containing an isopropyl group or a cyclopropyl ring at C-6 on the 2,4-

diaminopyrimidine ring scored the highest during molecular docking. Although 

molecular modelling results may not translate in actual biological systems, the results 

are a good indicator as to which structural analogues can be further developed as 

potential drug targets against PfDHFR.  
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Figure 21. Illustration of pyrimidine analogues designed for molecular docking 

against the selected enzymes with aliphatic alkyl groups or cycloalkyl rings. 

Previously in our laboratories, an attempt was made to use the experimental 

procedure employed to synthesise 1st generation pyrimidines to make analogues 15 

with aliphatic substituent at C-6.98 Unfortunately, the synthetic procedure was not 

robust enough to accommodate the use of aliphatic esters. From the schematic 

representation below (Scheme 3), it is illustrated that the β-ketonitriles utilised were 

formed by acylating nitriles with benzoate in the presence of a base. Efforts made to 

produce β-ketonitrile derivatives using aliphatic cyclohexyl and cyclopropylesters were 

unsuccessful. To synthesise second-generation pyrimidines with aliphatic groups 

bonded at C-6, development of a different synthetic procedure was required.  

 

Scheme 3. Acylation of nitriles by benzoate vs. aliphatic cyclic esters in the 

presence of t-BuOK. 
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In a different research project aimed at synthesising flexible 2,4,6-triaminopyrimidine 

derivatives, Tebogo Molatsane (MSc student, Wits University) attempted the 

Sonogashira cross-coupling reaction as a key step to couple the 2,4,6-

triaminopyrimidine ring with the flexible alkyl chain (Scheme 4).104 The pyrimidine ring 

system 16 was successfully synthesised in two reaction steps starting from 

commercially available 4,6-dichloropyrimidin-2-amine 17, which was further iodinated 

in the presence of K2CO3 to give compound 18. The iodinated pyrimidine substrate 

was subjected to Sonogashira cross-coupling reaction conditions with an acetylene 

prepared from a commercially available 4-fluorophenol. Unfortunately, formation of the 

desired product 19 was unsuccessful and the iodinated starting material was isolated. 

It was postulated that the two amino groups were coordinating to Pd in the reaction, 

hence, the reaction did not take place.  

 

Scheme 4. Schematic representation of the Sonogashira reaction towards synthesis 

of compound 19.104 

Failure of the Sonogashira reaction, prompted an attempt of the Sonogashira reaction 

on a simple acetylene as illustrated in Scheme 5. The iodinated 4,6-diaminopyrimidine 

18 was coupled with trimethylsilyl acetate (TMS acetylene) in the presence of a Pd-

catalyst resulting in formation of compound 20 in 45% yield. Having successfully 

coupled acetylene TMS with the pyrimidine ring, the protecting group was deprotected 

with TBAF to afford compound 21, which was further subjected to a copper mediated 

coupling reaction with ethynylbenzene to give the 1,3-diyne 22 in 14% yield. The 1,3-
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diyne intermediate was further reduced to the desired 2,4,6-triaminopyrimidine 

derivative 23. Although, the method suffers from setbacks including low yields and 

difficulty purifying certain key intermediates,104 at this point this methodology has been 

proven to be a viable alternative to the methodology outlined for the 1st generation of 

2,4-diaminopyrimidines.   

 

Scheme 5. Transition metal-mediated coupling reactions for the synthesis of the 

desired 4,6-diaminopyrimidine 23.104 

1.7 Aims 

In this project, we intend to synthesise novel second generation 2,4-diamino-

pyrimidines 24 as potential antimalarial agents (Figure 22). Ideally, we would prefer 

to synthesise analogues were Y = O mainly due to the high molecular modelling scores 

observed for these analogues. However, due to the structural similarities between the 

two derivatives, we are optimistic about the potential biological activity of both the Y = 

O and Y = C analogues against PfDHRF. Considering that the Sonogashira reaction 

was unsuccessful when the pre-functionalised acetylene substrate was utilised to 

couple with compound 18 (Scheme 4), we plan to utilise the transition metal-mediated 

coupling reaction methodology outlined for the synthesis of 2,4,6-triaminopyrimidine 

23, to synthesise  2,4-diamino-pyrimidines 24, where Y = C. We plan to design and 

develop a synthetic route towards oxygen-containing analogues during the course of 

the research project. Similar to the synthetic approach illustrated in Scheme 5, 

perhaps this series of analogues could potentially be synthesised from a simple 

oxygen containing acetylene such as propargyl alcohol. 
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Figure 22. Illustration of the proposed pyrimidine analogues with aliphatic alkyl 

groups or cycloalkyl rings. 

The proposed pyrimidine analogues are intended to target P. falciparum DHFR. Based 

on the knowledge attained from the 1st generation of pyrimidines, we plan to 

synthesise pyrimidines with an aliphatic group at position 6 instead of the phenyl ring 

to improve activity against drug resistant P. falciparum strains. The target compounds 

will maintain the structural features of the active dihydrotriazine, i.e, a heteroatomic 

ring system bonded to a 4-atom linker at C-5, which separates the heteroatomic ring 

system from a substituted phenyl ring (Figure 22). However, the heteroatomic ring will 

be a fully aromatic pyrimidine ring. In light of the failure to produce β-ketonitrile 

substituted with the 4-atom linker chain, from derivatives using aliphatic cyclohexyl 

and cyclopropyl esters, the second-generation pyrimidines will be synthesised by a 

different synthetic. We aim to design a synthetic procedure that applies basic concepts 

of green chemistry where possible, such as the use of environmentally friendly 

reagents and solvents. The synthesised analogues will be tested for activity against 

wild type and mutant PfDHFR enzymes. Moreover, their antiplasmodial activity will be 

tested in a whole cell assay against drug sensitive and resistant P. falciparum strains. 

1.7.1 Proposed Methodology 

Our proposed synthetic route as outlined in Scheme 6 will be initiated by formation of 

the 2,4-diaminopyrimidine ring system 25 in two steps from commercially available 

aliphatic esters 26. These esters will be utilised to acylate acetonitrile in  the presence 

of a base to afford the β-ketonitrile products 27. The variety in the esters will provide 

a library of different analogues that can be synthesised from the proposed synthetic 

route. The nitrile products will undergo a further chemical reaction with guanidine 
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hydrochloride to give the aromatic pyrimidine ring 25, followed by an iodination 

reaction of the pyrimidine ring. Coupling of compound 28 with ethynyltrimethylsilane 

using palladium catalysis will give compound 29. This type of reaction is commonly 

known as a Sonogashira cross-coupling reaction, utilised in preparation of 

arylalkynes.105 Usually, the Sonogashira coupling is carried out in the presence of 

catalytic amounts of a palladium (II) complex as well as copper (I) iodide in an amine 

solvent.105 Deprotection of TMS will be carried out in the presence of TBAF to give 

compound 30, a precursor which undergo a second transition metal-coupling reaction 

with 31 to give 1,3-diyne 32, which further undergoes reduction to give the 2,4-

diaminopyrimidine derivative 24. 

 

Scheme 6. Proposed synthesis towards synthesis of second generation pyrimidines. 
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2 CHAPTER 2: Results & Discussion 

2.1 Development of synthetic procedure  

The aim of this project is to develop a synthetic procedure for the formation of novel 

2,4-diaminopyrimidine derivatives 24 bearing aliphatic groups at the C-6 position (R= 

cyclopropyl, tert-butyl, isopropyl, cyclopentyl and cyclohexyl) (Scheme 6). In this 

chapter we discuss the development of the synthetic procedure starting with the 

synthesis of β-ketonitriles 27 from commercially available aliphatic esters 26.  

 

Scheme 6. Proposed synthesis towards synthesis of second generation pyrimidines. 

In summary, the β-ketonitrile synthons 27 we hoped would undergo a condensation 

reaction with the nucleophilic guanine to form a heteroatomic aromatic ring system 25. 

Successful formation of this 2,4-diaminopyrimidine ring scaffold we believed would 

give rise to the halogenated-aryl ring essential for coupling with trimethylsilylacetylene 

(TMS-acetylene) via the Sonogashira reaction, a Pd-catalysed cross coupling 

reaction. The transition-metal catalysed reactions serve as key steps in the synthetic 
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route. They introduce C≡C bonds which can further be reduced to the desired novel 

2,4-diaminopyrimidine derivatives 24 via a Pd/C catalysed hydrogenation reaction. 

2.1.1 Introduction to β-Ketonitriles 

β-Ketonitriles are versatile building blocks that are highly exploited in the synthesis of 

various complex heterocycles such as pyrimidines,106 pyrazoles,107 pyrans108 and 

thiazolidines.109 These heterocycles are important structural components of 

biologically active compounds utilised as pharmaceuticals. Development of efficient 

synthetic procedures for the formation of β-ketonitriles remains an ongoing area of 

interest due to their applications in organic synthesis. There are several strategies 

employed for the synthesis of these intermediates such as (i) the ring opening of 

isoxazole, (ii) electrophilic cyanation, (iii) nucleophilic cyanation, (iv) metal-catalysed 

carbonylative coupling, and (v) acylation of nitriles by esters under basic conditions, a 

strategy we are particularly interested in applying (Figure 23).110 Ring opening of 

isoxazoles is an indirect approach to making β-ketonitriles. The method requires 

breaking of the O-N bond in the isoxazole ring, which can be facilitated by electron 

attachment.111 Electron attachment is a chemical process where an electron attaches 

to a neutral molecule, in this case isoxazole.  Cleavage of the bond results in formation 

of an anion with a conjugated π-system, which undergoes a base-promoted elimination 

reaction to form the nitrile functional group.112 The resulting hydroxyl-alkene-nitrile can 

tautomerise from the enol to the keto form affording the desired β-ketonitrile 

intermediates. 
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Figure 23. Protocols applied to synthesise β-ketonitriles such as (i) the ring opening 

of isoxazole, (ii) electrophilic cyanation, (iii) nucleophilic cyanation, (iv) metal-

catalysed carbonylative coupling, and (v) acylation of nitriles. 

Electrophilic cyanation is a more direct β-ketonitrile forming strategy in comparison to 

the ring-opening of isoxazole, where ketone derived enolates or enolate equivalents 

are cyanated by reagents such as p-toluenesulfonyl cyanide, cyanogen chloride and 

1-cyano-3,3-dimethyl-1,2-benziodoxole.110 Although the cyanating reagents are good 

sources of electrophilic cyanates, some are also highly toxic and hazardous. For 

instance, cyanogen chloride is a volatile and toxic chemical that reduces the 

concentration of oxygen. When inhaled, it hinders the body’s ability to use oxygen. 

During oxidative phosphorylation in the mitochondria, the cyanide disrupts the electron 

transport chain by binding to cytochrome C oxidase, a terminal enzyme in the 

mitochondrial oxidative pathway that catalyses the transfer of electrons from reduced 

cytochrome C to oxygen.113 Inhibition of the enzyme prevents electron transfer to 

oxygen and hinders ATP production.114 This results in cellular hypoxia and metabolic 

acidosis leading to death.114 The use of toxic cyanating reagents has limited the use 

of the method in organic synthesis.  

Nucleophilic cyanation relies on the acylation of metalated nitriles by α-haloketones.110 

In this strategy, α-haloketones are electrophiles containing a halogen-atom that serves 
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as a leaving group upon nucleophilic attack by nitrile anions. The method offers the 

most effective approach in synthesis of β-ketonitriles, however, it suffers from setbacks 

concerning the use of hazardous and toxic reagents as well as harsh reaction 

conditions.10 The harsh anionic conditions are incompatible with electrophilic 

functional groups, and therefore limits the substrate scope of the procedure. Transition 

metal-catalysed carbonylative coupling reactions were developed as an alternative 

approach to increase electrophilic substrate scope when synthesising β-ketonitriles.115 

Schoenberg and Heck were the first to report a palladium-catalysed carbonylation 

coupling of aryl halides with carbon monoxide (CO) and amine nucleophiles in 1974.116 

Since then, the procedure has been utilised to synthesise carboxylic acids, aryl 

ketones and aryl aldehydes.117 The direct synthesis of β-ketonitriles using the 

procedure was only reported in 2012.117 Benzoylacetonitriles were successfully 

synthesised from a palladium-catalysed carbonylation coupling reaction of substituted 

aryl iodides and trimethylsilylacetonitrile under CO atmosphere. The reaction 

procedure has a broad substrate scope as it can accommodate various substituents 

on the iodinated aryl starting material. 

In a quest to find an alternative approach to synthesise benzoyl acetic esters other 

than the use of the Claisen condensation reaction, Dorsch and McElvain reported the 

synthesis of β-ketonitriles using acylation protocols in their experimental 

methodology.118 The α-benzoyl alkyl cyanide derivatives were synthesised by 

condensation of ethyl benzoate with alkyl-nitriles by means of an ethoxide anion and 

the yields varied from 53 to 60%. Even though the yields were not exceptionally high, 

they were acceptable bearing in mind the mild reaction conditions. The reaction 

proceeded more efficiently when using a stronger base, sodium amide, with yields 

ranging between 54 and 94% (Scheme 7).119 Under these strongly basic conditions, 

aliphatic nitriles bearing an α-hydrogen atom such as acetonitrile can undergo two 

different types of reactions: (i) the desired acylation of the nitrile by the ester or (ii) 

addition of the amide anion to the nitrile C-atom to yield an amidine side product.120 

Although amidine formation was possible, the reaction conditions are believed to 

favour the former type of reaction because of the high yields obtained from 

acylations.119 The harsh basic conditions did not negatively affect acylation reactions 

but promoted efficient production of the desired β-ketonitriles. This is a positive 
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outcome for future development of acylating procedures using strong bases in the 

presence of acetonitrile as a reagent. 

 

Scheme 7. (i) Acylation of aliphatic nitriles with esters and (ii) amidine formation in 

the presence of sodium amide. 

When the 1st generation of 2,4-diaminopyrimidines 8 were synthesised in our 

laboratory, acylations of alkyl-nitriles were successfully achieved by reaction with ethyl 

benzoate (Scheme 2, Chapter 1).98 The reaction was conducted in the presence of 

potassium tert. butoxide (t-BuOK) as a base and tetrahydrofuran (THF) at room 

temperature for 18 hours. The products were isolated in exceptionally high yields 

ranging from 63% to 94%. Regrettably, these reaction conditions were not feasible 

when applied to aliphatic esters as illustrated in Scheme 3 of the previous chapter. 

Therefore, development of a new synthetic approach using aliphatic esters was 

required. t-BuOK is a relatively mild base, and it was speculated that replacing it  with 

a stronger base could improve the feasibility of the acylation reaction by aliphatic 

esters. Various research groups have reported acylation of acetonitrile by both cyclic 

and linear aliphatic esters in the presence of sodium hydride (NaH) as a base.121–124 

NaH is a strong base and a good source of hydride (H-) nucleophile. However, the 

harsh nucleophilic conditions are of concern in relation to the use electrophilic esters. 

Under such conditions, the esters can undergo hydride reduction and form alcohols. 

This side reaction could negatively affect yields for the acylation reaction. Similarly, 

harsh basic conditions are favourable for acetonitrile to undergo deprotonation of the 

α-hydrogen giving the desired nitrile anion, which is the reactive species in acylation 

or self-condensation.120 Due to the competitive nature of the side reactions, the order 

in which the reagents were added to the reaction pot was important. From the reports, 

NaH was heated to 70 °C in tetrahydrofuran THF followed by the dropwise addition of 
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the appropriate ester and acetonitrile mixture. Reported yields were high, ranging from 

70% to quantitative.121–124 One can deduce that the simultaneous slow addition of 

acetonitrile and the ester minimises formation of the competing side products. It is 

worth noting that the β-ketonitriles were isolated without any further purification. We 

plan to adopt this approach to synthesise the desired aliphatic β-ketonitriles required 

for the preparation of the proposed 2nd generation pyrimidines 24.  

2.1.1.1 Formation of β-ketonitriles using NaH 

 

Scheme 8. Reagents and conditions; CH3CN, NaH, THF, 70 °C, 16 h. 

We began the synthesis of β-ketonitriles starting from commercially available ethyl 

cyclopropane carboxylate 33a. The choice of the ester was informed by the molecular 

modelling results, which showed that 2,4-diaminopyrimidines bearing a cyclopropyl 

ring at C-6 displayed the highest activity against both the wild type and quadruple 

mutant PfDHFR model. As expected, we sought to develop a synthetic procedure for 

this class of analogues. To prepare 3-cyclopropyl-3-oxopropanenitrile 34a, we 

followed the synthetic procedure reported by Getlik in 2012.122 They synthesised 

compound 34a by means of a condensation reaction between acetonitrile and methyl 

cyclopropane carboxylate in the presence of NaH at 70 °C, to afford 96% of the desired 

β-ketonitrile product as an orange solid. Unfortunately, attempts to reproduce their 

results were unsuccessful. Under the described reaction conditions, we recovered 24 

% of the product as a yellow oil. Although the significant difference in the physical 

description of the product was questionable, high yields reported by other research 

groups for the condensation reactions of acetonitrile with aliphatic esters affirmed the 

feasibility and effectiveness of the reaction. 121,123,124 Additionally, the low yields came 

as no surprise considering the side reactions that can compete with formation of the 

β-ketonitrile product. For instance, NaH does promote reduction of the electrophilic 

ester to form its’ alcohol equivalent by-product. Therefore, complications associated 

with side reactions could not be overlooked. It is worth noting that the product was not 

isolated crude, it contained impurities that were removed after purification by silica gel 
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column chromatography. The characterisation NMR spectra of the isolated by-

products were inadequate to make a conclusive identification; however, some of the 

by-products contain the distinct cyclopropyl moiety.  

To optimise the yields and minimize formation of the by-products, the reaction was set 

at reduced concentration, i.e. double the amount of solvent was utilised in an attempt 

to minimise formation of the by-products. This was in accordance with the collision 

model, which illustrates that in order for a reaction to occur, molecular components 

such as atoms and ions have to collide.125 When these components are in close 

proximity to each other, they are more likely to come into contact and undergo a 

chemical reaction.  The more dilute a reaction mixture, the more disperse the 

substances are from each other, consequently reducing the likelihood to collide. 

Unfortunately, the diluted concentration also affected the desired condensation 

reaction between the ester and acetonitrile. The product was isolated in 10% yield.  

2.1.1.2 Formation of β-ketonitriles using t-BuOK in 2-Me THF 

Failure to optimise yields for the condensation reaction led to the development of a 

green approach towards the synthesis of β-ketonitriles from esters.126 The approach 

entails preparation of β-ketonitriles from acylation of acetonitrile by means of 2 mole 

equivalents of t-BuOK and 1 mole equivalent of the esters. The reaction was 

conducted at room temperature in the presence of a catalytic amount of isopropanol 

and 2-Me THF as a solvent. This approach follows a typical Claisen condensation 

reaction mechanism, initiated by deprotonation of acetonitrile facilitated by a base. The 

resulting anion undergoes a nucleophilic addition to the ester, followed by elimination 

of the alkyl-oxide group to give the desired products.  

 

Scheme 9. Mechanism of the condensation reaction. 

Although the role IPA plays to facilitate formation of the β-ketonitriles is not 

conclusively determined, the presence of the alcohol does seem to promote feasibility 

of the reaction. Previous unsuccessful acylation reactions of alkyl-nitriles with aliphatic 

esters were conducted in the absence of IPA. We propose that catalytic amounts of 
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IPA increase the dielectric constant of the solvent, thereby increasing solubility of t-

BuOk in the solvent system. Accessibility of t-BuOk promotes deprotonation of 

acetonitrile giving the nucleophilic ͞CH2CN anion that attacks the ester. Furthermore, 

IPA might be protonating the anion of the product to minimize side products.   

There are several environmental benefits to the present methodology such as the use 

of a green solvent. 2-Methyl THF is a green solvent produced from direct reduction of 

furfural,127 a furan aldehyde derived from lignocellulose biomass of corncobs. The use 

of biomass is an important principle in green chemistry. Currently, the majority of raw 

materials used in organic chemistry are derived from petroleum feedstock.128 High 

demand in petroleum energy sources pose serious threats to the depletion of natural 

fossil fuel reservoirs. Exhaustion of these resources will have a negative impact on 

accessibility of many raw materials and the economy. The need for sustainable 

resources for both raw materials and energy has never been more crucial. Biomass is 

carbon rich and the major source of sustainable feedstock available.129 The residues 

of corncobs are good sources of bio-based chemicals and their exploitation do not add 

to the concerns of utilising limited resources as opposed to the use of fossil-fuel based 

chemicals.130 Additionally, since furfural is derived from non-edible waste residues, 

production of 2-Me THF does not compete with present food sources. For these 

reasons, 2-Me THF has the potential to replace THF in organic synthesis.131  

THF is one of the most commonly used solvents in organic synthesis and its 

application as a solvent is broad, ranging from reactions such as the Sonogashira or 

Suzuki-cross- coupling reaction, to organometallic reactions such as the Grignard 

reaction. 2-Me THF has a boiling point of 80 °C which is higher than that of THF, and 

a freezing point of -136 °C, which is than THF. By virtue, it can be utilised in reactions 

that require higher or lower temperatures than THF.131 Moreover, THF is partially 

miscible in water, a characteristic that makes 2-Me THF favourable over THF in water 

sensitive reactions. 

The present synthetic method to from β-ketonitriles takes presidence over the 

preceding approach. In addition to the use of a green solvent, t-BuOK serves as a 

strong enough base to abstract an α-hydrogen atom from acetonitrile while providing 

mild conditions compatible with the electrophilic ester. Fortunately, for reactions with 

electrophilic functional groups susceptible to nucleophilic attack, t-BuOK does not 
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display the dual nature observed in NaH, thereby limiting formation of competing by-

products. The relatively weak nucleophilic nature of t-BuOK is predominantly due to 

its bulky geometry. The bulky structural configuration does not favour nucleophilic 

substitution reactions because of the high possibility of steric hindrance. Therefore, t-

BuOK is a better base than NaH in relation to the acylation reaction under these 

conditions. Unlike the previous method set at 70 °C, the current method is conducted 

at room temperature. This is particularly beneficial because the reaction consumes 

very little electrical energy to achieve and the set reaction temperature is compatible 

with a wide spectrum of reagents, especially those that are temperature sensitive. To 

top it all, the significant reduction in the reaction time from 16 hours to 2 hours, makes 

the new approach even more attractive because it is less time consuming. 

In hindsight, the newly developed procedure is similar to the method used for the 1st 

generation pyrimidines 8. Similar to our methodology, they synthesised β-ketonitriles 

using ethyl benzoate and t-BuOK as a base in the presence of THF at room 

temperature. Although they did not use IPA, reasons to why the acylation reaction did 

not work when ethyl cyclohexanecarboxylate and ethyl cyclopentanecarboxylate 

where used as esters are not clear. There are several reasons that could possibly 

account to failure of the acylation reaction; Geometric configuration of cyclic aliphatic 

esters, electrophilicity of the carbonyl-carbon or the methoxide leaving group. Although 

methoxides are good leaving group, replacing it with a better leaving group such as 

halogens could potentially improve feasibility of the reaction Taking into account that 

the esters were subjected to an acylation reaction with a secondary nitrile, whereas in 

our case, we utilised acetonitrile which is a primary nitrile. Possibly, steric hindrance 

could be contributing to the failure of the acylation reaction. Considering that the 

employed aliphatic esters have a “chair” 3D-geometric configurations. Perhaps their 

3-D structures are too bulky thereby exerting steric effects when in contact with their 

respective coupling nitriles.  

Subjecting acetonitrile to an acylation reaction with ethyl cyclopropane carboxylate 

33a facilitated by t-BuOk in the presence 20 mol % isopropanol and 2-Me THF as a 

solvent resulted in formation of the desired β-ketonitrile 34a in 48% 

yield. Since both the starting material and the product are aliphatic, a 

potassium permanganate stain was utilised to assist when monitoring 
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the reaction progress by thin layer chromatography (TLC). The TLC did confirm the 

presence of starting material and the product after completion of the set time. The β-

ketonitrile product was isolated from the starting material by silica gel column 

chromatography. Successful acylation of acetonitrile was confirmed by the presence 

of the distinct CH2 peak at δ 3.65 ppm in the 1H NMR spectrum. The peak is an 

important indicator that deprotonation of an α-hydrogen atom of acetonitrile took effect, 

giving the anion that attacks the electrophilic ester to form the β-ketonitrile. The 

methylene carbon corresponds to a peak appearing at δ 33.0 ppm on the 13C NMR 

spectrum. Presence of the nitrile carbon was confirmed by a signal appearing at δ 

114.5 ppm on the 13C NMR spectrum, giving further evidence to the successful 

acylation of acetonitrile by the ester 33a.  

 

Scheme 10. Reagents and conditions; CH3CN, t-BuOK, THF/ 2-Me THF, rt. 

In an attempt to optimise the yield of the reaction, we utilised an aromatic ester 33b to 

probe the reaction conditions. The ester was selected because it does not contain an 

enolisable hydrogen atom α to the carbonyl carbon, which are prone to deprotonate 

under basic conditions, consequently promoting self-condensation of the ester. Using 

an ester without the α-hydrogen atom could potentially limit formation of by-products 

and favour the desired acylation reaction. Additionally, working with aromatic 

substrates makes it easier to monitor the progress of the reaction via TLC since they 

are UV-active, in comparison with monitoring the condensation reaction of an aliphatic 

ester as a starting material, which required the use of a permanganate stain. Methyl 

benzoate 33b was subjected to similar reaction conditions as compound 33a. We 

initially treated the ester with 1 eq. of t-BuOK and 1 eq. of acetonitrile in the presence 

of 20 % isopropanol and THF as a solvent for 2 hours (Table 1, entry 1). This afforded 

a low yield of 11 % of the product. Increasing molecular equivalents of the base and 

acetonitrile from 1 mol equivalent to 2 mol equivalents, increased the yield of the 

reaction from 11% to 23 % (entry 2). Changing the solvent from THF to 2-Me THF 

increased the reaction yield significantly to 49 % (entry 4). The remarkable increased 

yields due to change in solvent could be due to low water miscibility of 2-Me THF, in 
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comparison to THF, resulting in more product extraction during the work up stage. It 

is worth noting that upon monitoring the reaction by TLC, both the ester and the 

desired β-ketonitrile were observed and almost all the unreacted starting material was 

recovered. If we base the yield of the condensation reaction solely on the reacted 

starting material, then the yield of the reaction is calculated to 99%. Since only half of 

the starting material was consumed in the set 2 hours, we decided to carry out the 

reaction for an extended 16 hour duration. After this time, no significant difference was 

observed between the amounts of reacted and unreacted starting material, as 

compared to the 2 hour duration (entry 5). 

Table 1. Summary of reaction conditions applied to optimise the green, t-BuOK 

approach for the formation of 34b from 33b. 

Entry MeCN t-BuOK Solvent Dosing Duration (h) Yield (%) 34b 

1 1.0 eq. 1.0 eq. THF no 2 11 

2 2.0 eq. 2.0 eq. THF no 2 23 

3 1.0 eq. 1.0 eq. 2-Me THF no 2 46 

4 2.0 eq. 2.0 eq. 2-Me THF no 2 49 

5 2.0 eq. 2.0 eq. 2-Me THF no 16 50 

6 2.0 eq. 2.0 eq. 2-Me THF yes 2 47 - 59 

7 3.0 eq. 1.0 eq. 2-Me THF yes 2 48 

Isolation of the starting material indicated that the reaction did not fully go to 

completion; at some point, the reaction reaches equilibrium. Using the Le Châtelier's 

principle to drive the equilibrium towards formation of the β ketonitrile product 34b, 132 

an equivalent of t-BuOK and of acetonitrile was added at the beginning of the reaction, 

and an additional equivalent was added an hour after the reaction had commenced 

(entry 6). Subjecting the reaction to an additional mole equivalent of the reagents was 

intended to disturb the equilibrium, which in response will utilise the added reagents 

to re-establish equilibrium by formation of the desire β ketonitrile. In this attempt; a 

yield of 47 % product was isolated from the reaction. Upon repeating the methodology 

to build enough material for subsequent synthetic steps, the yields were improved to 

59% as a result of continuous extraction of the product during the workup stage. With 
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frequent repeats of the reaction we noticed that the β-ketonitrile products are polar 

and therefore were likely to remain in the aqeous layer. We therefore did multiple 

extraction of the organic layer to ensure optimum isolation of the product. Utilisation 

of higher equivalents of acetonitrile did not have significant effect on the yield (entry  7).  

The method was applied to several other aliphatic and aromatic esters to test the 

spectrum of substrates that can be converted to β-ketonitriles using the approach. A 

summary of all the ester substrates tested was reported in 2019.126 Scheme 11 below 

summarises the aliphatic esters that we particularly were interested in exploring. In 

addition, Tables 2 and 3 below provide evidence of the formation of the β-ketonitriles 

from their respective esters. 

 

Scheme 11. Reagents and conditions; CH3CN, t-BuOK, IPA, 2-MeTHF, rt, 2 h. 

Table 2. Key signals in the 1H NMR spectra of the β-ketonitriles 34b-f. 

Entry Prod. # -CH2-CN (ppm) 

1 34b 4.10 

2 
34c 3.63 

3 
34d 3.56 

4 
34e 3.53 

5 
34f 3.53 

Table 3. Key signals in the 13C NMR spectra of the β-ketonitriles 34b-f. 

Entry Prod. # C=O (ppm) CN (ppm) CH2-CN (ppm) 

1 34b 187.3 113.9 29.5 

2 34c 202.8 114.2 27.5 

3 34d 201.7 114.2 30.1 

4 34e 200.2 114.2 31.2 

5 34f 200.7 114.2 30.4 
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With the β-ketonitriles in hand; we now set about utilising these key intermediates in 

the formation of the suitably substituted pyrimidine rings. 

2.1.2 Introduction to pyrimidine ring systems 

Pyrimidines are six-membered aromatic systems containing two nitrogen-atoms. They 

are characterised by the 1,3-position the N-atoms hold in the aromatic ring 

(Figure  24). The pyrimidine core is an important structural feature found abundantly 

in nature. Many natural molecules such as DNA nucleoside bases, vitamins and 

alkaloids harbour the pyrimidine ring, as illustrated in Figure 24.133  

 

Figure 24. Illustration of 1,3-diazine ring and structural pyrimidine derivatives found 

in nature. 

Additionally, the pyrimidine ring is a pharmacophore found in many biologically active 

compounds used in the treatment of malaria,7,83 cancer,134 bacterial infections,78,79,135 

and AIDS caused by the human immunodeficiency virus (HIV).136 Pyrimethamine and 
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sulfadoxine (Figure 25) are antimalarial chemotherapeutic agents that target folate 

metabolism. These chemotherapeutic compounds have a common mode of action; 

they target key enzymes in folate metabolism and inhibit their metabolic catalytic 

function. Inhibition of folate metabolism halts DNA replication, and ultimately leads to 

cell death.  Pyrimethamine is an antifolate that targets DHFR in the folate metabolic 

pathway, an enzyme that catalyses the reduction of DHF to THF, an important co-

factor in DNA synthesis. Pyrimethamine is used in combination with cycloguanil as the 

first line treatment for uncomplicated malaria cases. Sulfadoxine is an antifolate that 

targets the de novo enzyme, DHPS, an enzyme exclusive to the parasite. Therefore, 

antifolates that target DHPS selectively function against the Plasmodium parasite. 

Trimethoprim and iclaprim are antifolates used to treat bacterial infections. They act 

by inhibiting the catabolic reaction facilitated by DHFR. 

 

Figure 25. Chemical structures of biological actives bearing the pyrimidine core such 

as pyrimethamine, sulfadoxine, ceritinib, trimethoprim, Iclaprim and etravirine. 

Ceritinib is an anaplastic lymphoma kinase (ALK) inhibitor approved to treat non-small 

cell lung cancer (NSCLC).137 ALK is an enzyme-linked receptor encoded by the human 

genome, commonly activated when a ligand binds to its extracellular ligand-binding 

domain. Ligand-receptor interactions result in homo-dimerization leading to 

conformational changes required for the expression of enzymatic activity.138 In the 

absence of the ligand, ALK is inactivated by means of de-phosphorylation. 138 ALK 

activates multiple pathways that are important for cell growth, transformation and anti-

apoptotic signalling. 138 Many forms of human cancers seem to involve genetically 
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altered ALK variants in their pathogenesis.139 These genetic alterations can occur as 

a result of mutations in the gene encoding ALK, gene amplification or chromosome 

rearrangement. Genetic alteration of ALK leads to continuous activation of the 

receptor. The aberrant continuous activation of ALK is thought to drive carcinogenesis. 

Ceritinib displayed high potency against NSCLC harbouring the ALK gene 

rearrangements.139 It acts by inhibiting ALK autophosphorylation. 

Etravirine is a diarylpyrimidine analogue used in the treatment of HIV-infected patients. 

It falls under the umbrella of chemotherapeutic agents commonly known as non-

nucleoside reverse transcriptase inhibitors (NNRTIs). They inhibit HIV by binding to 

the enzyme reverse transcriptase.140 The diarylpyrimidine-enzyme interaction is non-

competitive because the NNRTI binds to the hydrophobic allosteric binding site instead 

of the catalytic active site.136 Binding of the ligand induces a change in enzyme 

configuration, preventing the viral single-stranded RNA genome from binding to the 

enzyme, thereby preventing viral RNA transcription to DNA.140  

2.1.2.1 Formation of pyrimidine-ring systems 

Synthesis of pyrimidine ring scaffolds dates back to 1818, when the Italian chemist 

Luigi Brugnatell prepared alloxan by oxidation of uric acid using nitric acid 

(Scheme  12 (a)).133 Alloxan is synthesised by the degradation of another 

heteroatomic ring. The protocol is different to the principal synthetic method that 

involves a condensation reaction between C-C-C fragments with N-C-N fragments.141 

Formation of pyrimidine scaffolds using the principal synthetic method generally 

entails building the heterocyclic ring with most of its substituents already in place, 

where the heteroatom fragment is ordinarily the nucleophile while the carbon atoms 

serve as electrophiles. Following the synthesis of alloxan, one of the early pyrimidines, 

Edouard Grimaux pioneered a synthetic procedure to afford a pyrimidine scaffold 

using a condensation reaction. This synthetic procedure is currently utilised as the 

principal synthetic method for making pyrimidine ring systems. In 1879, he reported 

synthesising barbituric acid from a condensation reaction between malonic acid and 

urea in the presence of phosphoryl chloride (Scheme 12 (b)).142 The reaction 

mechanism is similar to that of the Claisen-condensation, where the nucleophile 

attacks the electrophilic carbonyl-carbon. The methodology was extensively explored  

using 1,3-dicarbonyl compounds as C-C-C synthons.141 Linking unsymmetrical C-C-C 
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with unsymmetrical N-C-N fragments brings about variation in the development of 

pyrimidine derivatives. 

 

Scheme 12.  (a) Nitric acid oxidative degradation of uric acid to form alloxan. (b) 

Condensation reaction of malonic acid and urea in the presence of POCl3 to form 

barbituric acid. 

In the quest to synthesise 2,4-diaminopyrimidine derivatives as antimalarials, George 

Hitchings  and colleagues (1951) followed a 3-step synthetic procedure towards the 

formation of 2,4-diaminopyrimidines initiated by condensation of dicarbonyl synthons 

such as β-ketoesters with guanidine.143 Condensation of α-benzyl-β-ketoesters 35 

with guanidine in basic conditions resulted in the formation of 

aminohydroxypyrimidines 36, which further underwent chlorination by treatment with 

POCl3, then amination (Scheme 13). Formation of the pyrimidine scaffold was not 

feasible through condensation of β-ketoester analogues with ortho-substituents (R’) 

on the benzyl-ring.144 Ineffectiveness of the condensation step was also observed in 

the use of β-ketoester analogues with electron donating groups such as methoxy-

group.144 Limitations in the substrate scope of the condensation of dicarbonyl synthons 

with guanidine prompted the search for alternative methods to make the pyrimidine 

scaffold. 
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Scheme 13. Three-step synthetic procedure towards formation of 2,4-diamino- 

pyrimidines. 

After consideration of several alternative methods, condensation of guanidine with 

enol ethers in a similar fashion to the principal methodology of synthesising pyrimidine 

scaffolds seemed promising. Rupe developed the method in 1927,144 where guanidine 

was condensed with hydroxymethylenephenacetaldehyde 37, an enol ether, to form 

2-amino-5-phenylpyrimidine 38 (Scheme 14 (a)). Grewe also confirmed the 

effectiveness of using an enol-ether as the C-C-C substrate in 1936, by the 

condensation reaction between ethoxymethylenemalononitrile 39 with acetamidine to 

give 4-amino-5-cyano-2-methylpyrimidine 40 (Scheme 14 (b)).144  

 

Scheme 14. Use of enol ethers to synthesise pyrimidines 

With this information in hand, Hitchings et al. subjected guanidine to a condensation 

reaction with β-alkoxy-α-arylcrylonitriles 41 to give 5-aryl-2,4-diaminopyrimidines 42 

isolated in high yields (Scheme 15). Replication of 2,4-diaminopyrimidine derivatives 

prepared by functionalisation of the pyrimidine ring (Scheme 15) were carried out 

using the enol ether condensation reaction, it was reported that  the yields were greatly 
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improved. The synthetic procedure is robust enough to allow for various substituents 

on the phenyl ring, this allows for a wider substrate scope. These enol ethers were 

prepared from α-acylphenylacetonitrile 43 by reaction with diazomethane. Hitchings 

and co-workers were the first group to report the synthesis of 2,4-diaminopyrimidines 

using these types of enol ethers 41.144 Since then, many reported synthetic procedures 

utilised the enol ether intermediate to synthesise the pyrimidine ring scaffold.145–147  

 

Scheme 15. Development of the enol ether synthetic method towards synthesis of 

2,4-diaminopyrimidine derivatives. 

The first generation pyrimidine derivatives 8 (Figure 19, Chapter 1) synthesised in 

our laboratories were prepared using the enol ether condensation approach, where 

formation of the enol ethers was achieved via the diazomethane reaction. Due to the 

risks associated with diazomethane, a safer alternative method to synthesise these 

heterocyclic ring systems is desirable. In 1975, Ito et al. reported the synthesis of 2,4-

diamino-6-methylpyrimidine 44 from a condensation reaction between 

acetoacetonitrile 45 and guanidine in the presence of sodium methoxide (NaOMe) 

(Scheme 16 (a)).148 The reaction mixture set in methanol was heated at reflux for 1.5 

hours and afforded the product in 75 % yield. Usually formation of pyrimidines require 

harsh reaction conditions, set at very high temperatures over extended periods. 

Therefore, this approach offers synthesis of pyrimidine ring systems with mild reaction 

conditions over a short period of time. A variety of C-C-C synthons have been utilised 

in this classic condensation reaction to form pyrimidine ring systems, however, very 

little has been reported about the synthesis of such scaffolds using β-ketonitriles. We 

plan to utilise the synthetic method to synthesise our desired 2,4-diaminopyrimidines 

from the previously synthesised β-ketonitriles (Scheme 16 (b)).  
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Scheme 16. Reagents and conditions; guanidine.HCl, NaOMe, MeOH, reflux, 1.5 h. 

With a synthetic approach in hand, we were ready to test the synthesis of 2,4-diamino-

6-cyclopropylpyrimidine 46a from the previously prepared β-ketonitrile 34a 

(Scheme  16  (b)). Compound 34a was subjected to reaction conditions described by 

Ito et al. and the desired pyrimidine ring system was regrettably not isolated.148 

Increasing the reaction time did not improve the feasibility of the reaction. After various 

failed attempts to synthesise the desired pyrimidine scaffold using conventional 

heating, we developed an alternative microwave facilitated synthetic procedure 

inspired by Goswami et al.149 They synthesised a series of functionalised pyrimidines 

under microwave irradiation from various nucleophilic N-C-N synthons and C-C-C 

electrophilic sources  such as β-dicarbonyl compounds, ethyl cyanoacetate and 

malonitrile. The reagents, in the presence of potassium carbonate (K2CO3) as a base, 

were subjected to irradiation at 450 W in a domestic microwave oven for 10 minutes 

and the products were isolated in good yields.  

 

Scheme 17. Reagents and conditions; K2CO3, MW 80 °C, 300 W, 10 min, 42%. 
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In a similar fashion, we attempted to reproduce these results using the described 

microwave conditions to facilitate formation of the pyrimidine ring system using the 

microwave reactor in our laboratory.149 We utilised acetylacetone 47 as the 

electrophilic C-C-C synthon to prepare compound 48 which were isolated as a light 

brown solid in 42% yield (Scheme 17). The obtained yield was significantly lower 

compared to the one reported by Goswami et al, of 96%, for this particular product 48. 

Since this was a trial for the feasibility of the cyclisation reaction using our microwave 

reactor, the reaction was not optimised to further improve the yield. The three signals 

appearing in the 1H NMR spectrum confirms formation of the pyrimidine 

ring. The H-atom at position 5 of the pyrimidine ring is responsible for 

the singlet observed δ 6.29 ppm, whereas the amine group and the two 

methyl groups are observed at δ 5.70 and 2.22 ppm respectively. The 

peak appearing at δ 110.3 ppm in the 13C NMR spectrum is for C-5, which is one the 

key characteristic peaks indicative of the formation of the pyrimidine ring. Since the 

ring system is symmetrical, the peak for C-4 and C-6 appears at δ 167.7 ppm on the 

13C NMR spectrum, and that of C-2 appears at δ 163.2. This was an indication of the 

successful formation of the pyrimidine ring using the microwave reactor. 

 

Scheme 18. Development of the microwave irradiation approach to synthesise 

pyrimidine ring systems. 

Having successfully tested the microwave reaction conditions, we were optimistic 

about formation of pyrimidines from β-ketonitriles via the microwave irradiation 

technique. We began to explore development of a synthetic approach towards 

pyrimidine ring systems using the β-ketonitrile we had in abundance, 34b to afford 

substituted 2,4-diaminopyrimidine 46b (Scheme 18). One of the many advantages 

associated with using microwave irradiation in organic synthesis is reduced reaction 

time.150 Traditionally, such complex heterocyclic ring systems are formed through 

conventional heating at high temperatures over extended periods of time. The 

requirement for high temperatures over extended periods is an ineffective method for 
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transferring adequate heat energy for the synthesis of heteroaromatic systems. In 

contrast, microwave irradiation provides efficient internal heat energy by direct 

coupling of microwave energy with the polar molecules that are present in the reaction 

mixture. The microwave-assisted synthetic approach offers reduction of the reaction 

time from 24 hours to less than 30 minutes in some instances.  

Table 4. Summary of reaction conditions applied to achieve and optimise the 

microwave approach. 

Entry Base Solvent MW conditions Time (min) Yield % 

1 K2CO3 - ov, 300 W, 80° C 30 No reaction 

2 K2CO3 Dioxane ov, 300 W, 80° C 30 No reaction 

3 K2CO3 Dioxane cv, 150 W, 150° C 60 No reaction 

4 t-BuOK Dioxane cv, 150 W, 150° C 60 52 

5 t-BuOK 2-Me THF cv, 150 W, 150° C 60 41 - 57 

MW= microwave, ov= open vessel, cv= closed vessel. 

3-Oxo-3-phenylpropanenitrile 34b was therefore subjected to the solvent-free 

microwave conditions described by Goswami et al.149 in an attempt to produce 6-

phenylpyrimidine-2,4-diamine 46b, in the presence of guanidine hydrochloride and 

K2CO3. The reaction mixture was irradiated in an open vessel microwave reactor at 

300W, at 80 °C for 10 minutes. Unfortunately, no reaction was detected (Table 4, entry 

1). After several failed attempts to get the reaction to work varying the temperature, 

power and time, we discovered that a change of base facilitated formation of 6-phenyl-

2,4-diaminopyrimidine 46b (entry 4). The starting material, 34b, dissolved in dioxane 

was irradiated with t-BuOK as a base in a closed vessel microwave reactor at 150 W, 

150 °C for 30 minutes. After this time, a new product spot was evident by TLC, but a 

significant amount of the starting material was still present. The reaction mixture was 

subjected to microwave irradiation for an additional 30 minutes. To our delight, the 

product was isolated as a cream white solid in 52% yield. Dioxane is an ethereal 

solvent, however the use of dioxane is not recommended owing to the environmental 

risks associated with it.151 As an alternative, we tested the feasibility using 2-Me THF 

in the reaction and 41 % of the product was initially isolated (entry 5). Optimisation of 

the work up and purification procedure slightly improved the yields to 57%.  
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Formation of the 2,4-diaminopyrimidine ring system 46b was confirmed by the 

presence of the two singlets appearing at δ  6.37 and 6.00 ppm in the 1H NMR 

spectrum accounting for the newly formed primary amine (NH2) 

groups bonded to C2 and C4 on the pyrimidine ring. The distinct 

appearance of an aromatic proton signal at δ 6.22 ppm was 

assigned to H5, which further confirmed formation of the aromatic 

heterocycle. The 13C NMR spectrum provided additional evidence 

to prove the success of the cyclisation reaction. Key signals owing to C2, C4, C5 and 

C6, which are characteristic carbon-atoms of the pyrimidine ring, were observed at δ 

163.7, 165.2, 90.6 and 162.3 ppm respectively on the analysed 13C NMR spectrum. 

The presence of the NH2 groups was further verified by FTIR spectroscopy with two 

visible peaks at approximately 3293 and 3169 cm-1 signalling for an N-H stretch. A 

molecular ion peak observed at 187.0967 amu upon examination of the HRMS was in 

agreement with the expected mass of 187.0978 for C10H10N4 [M + H]+.  

Successful formation of compound 46b led to the application of the microwave 

conditions to the previously synthesised aliphatic β-ketonitriles (Scheme 19). The 

yields from this reaction ranged from 29% to 97% depending on the β-ketonitrile used 

(Table 5). Compound 46a, the lowest yielding product, was synthesised during the 

early developmental stages of the synthetic procedure. It was therefore synthesised 

without optimisation strategies employed during the work-up stage and purification of 

the pyrimidines. HRMS of the scaffolds, as seen in Table 5, was in agreement with 

what was expected in each case. Furthermore, characteristic signals in both 1H NMR 

and 13C NMR spectra were present (Tabled 6,7) Formation of these heteroaromatic 

scaffolds. In each case, signals for the distinct R groups were also evident. 

 

Scheme 19. Reagents and conditions; t-BuOK, 2-Me THF, MW 150 °C, 150 W, 1 hr. 
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Table 5. Results for Microwave-assisted pyrimidine rings 46a-d. 

Entry  Prod. # R= Yield (%) Mp. (°C) HRMS cal. HRMS (found) 

1 46a cyclopropyl 29 148 151.0978 151.0996 

2 
46b Ph 57 153 187.0978 187.0967 

3 
46c 

tert-butyl 61 130 167.1291 167.1290 

4 
46d isopropyl 97 130 153.1135 153.1132 

Table 6. Key signals in the 1H NMR spectra of the pyrimidine ring scaffolds 46a-d. 

Entry Prod. # NH2 (ppm) NH2 (ppm) H5 (ppm) 

1 46a 6.04 5.66 5.61 

2 46b 6.37 6.00 6.22 

3 46c 6.17 5.80 5.71 

4 46d 5.20 5.00 5.69 

Table 7. Key signals in the 13C NMR spectra of the pyrimidine ring scaffolds 46a-d. 

Entry Prod. # C2 (ppm) C4 (ppm) C5 (ppm) C6 (ppm) 

1 46a 163.4 164.1 91.8 169.0 

2 46b 163.7 165.2 90.6 162.3 

3 46c 163.0 164.9 89.5 175.6 

4 46d 163.0 164.6 92.0 176.0 

 

Scheme 20. Reagents and conditions;(i) CH3CN, t-BuOK, 2-Me THF, isopropanol, 

2hr, rt. (ii) guanidine HCl. MW 150 °C, 150 W, 1 hr. 

The optimised reaction conditions for, both the acylation reaction and the cyclisation 

reaction were carried out in the presence of t-BuOK as a base and 2-Me THF as a 

solvent. With this in mind, we decided to attempt formation of the pyrimidine ring from 

commercially available esters in a one-pot-two-step reaction, where the β-ketonitrile 

intermediate is not isolated. Following the general synthetic procedure described for 

the condensation reaction of esters to form β-ketonitriles, commercially available ethyl 
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cyclopropane carboxylate 33a was subjected to nucleophilic attack by the anion 

derived from deprotonation of acetonitrile by means of 2 mole equivalents of t-BuOK 

(Scheme 20). The reaction was conducted at room temperature in the presence of a 

catalytic amount of isopropanol and 2-Me THF as a solvent in a round bottom flask. 

After 2 hours, the reaction mixture was transferred into a microwave tube, followed by 

the addition of 2 mol equivalence of guanidine hydrochloride. The reaction mixture 

was then irradiated at 150 W and150 °C for an hour in a microwave reactor. Upon 

purification by silica gel column chromatography, the product was isolated in 20% 

yield. The overall yield for compound 46a prepared by the condensation and the 

cyclisation steps separately is 39%. Though the overall yield is significantly low, it is 

still better in comparison to the 20% obtained from the one pot-two step reaction. In a 

similar fashion, methyl pivalate 43c was tested under the reaction conditions described 

for the one pot-two step approach, and the product 46c was isolated in 43% yield. 

Similarly to 46a, the two steps taken to synthesise 46c gave a better overall yield of 

54% in comparison to the one-pot-two-step approach.  Although in our case the 

approach was not favourable, the idea of a one-pot-two steps is beneficial under 

industrial setting. It minimises the number of steps for the total synthesis of a product. 

Additionally, it cut costs and time taken to purify both individual products. As the one-

pot approach did not offer any improvement in yield at this scale, preparation of the 

desired pyrimidines were carried out over two steps. 

2.1.3 C-5 Functionalisation of the pyrimidine ring systems 

Pyrimidine derivatives bearing a C-5 substituent, such as compound 38 (Scheme 14 

(a)), were synthesised from functionalised C-C-C fragments with the desired 

substituent already present. In contrast, we opted to functionalise the pyrimidine ring 

system at C-5 after the cyclisation reaction. We intended to utilise the Sonogashira-

cross coupling reaction as the key step to introduce the alkyl chain at the 5-position of 

the pyrimidine ring. The reaction is well known for coupling halogenated phenyl rings 

with alkynes, forming new C-C bonds.152 Similarly, halogenated pyrimidine rings can 

be coupled to alkynes using palladium-catalysis. Here we report halogenation of our 

pyrimidines using available conventional methods. 
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2.1.3.1 Iodination of pyrimidine-ring systems 

 

Scheme 21. Reagents and conditions;HIO3, AcOH, H2O, H2SO4, 80 °C, 8 hr. 

With the successful preparation of the pyrimidine rings, we were now ready to 

introduce an iodo-substituent at C5. Under harsh acidic conditions, previously 

prepared 2,4-diaminopyrimidine 46a was iodinated with iodine in the presence of iodic 

acid (Scheme 21). The reaction was conducted in a mixture of acetic acid, water and 

sulfuric acid. After heating at 80 °C for 8 hrs, TLC confirmed complete consumption of 

the pyrimidine starting material. The crude product 49a was isolated pure in moderate 

yields of 57% without requirement for further purification. 

 Upon examination of the 1H NMR spectrum, the signal due to the 

aromatic proton previously observed at δ 5.61 ppm and assigned 

to H5 of the starting material 46a, was absent. This indicated 

successful substitution of iodine at C5. Although the reaction was 

carried out under harsh acidic conditions, the presence of the two 

primary amine groups confirmed the preservation of the heteroatomic aromatic ring’s 

integrity. The amino groups were observed as singlets in the 1H NMR spectrum of the 

iodinated pyrimidine, appearing at δ 6.34 and 5.91 ppm respectively. Preservation of 

the integrity of the pyrimidine ring system was further confirmed by observation of the 

four key characteristic carbon-peaks of the 2,4-diaminopyrimidine ring system on the 

13C NMR spectrum. Peaks for C2, C4, C5 and C6 were observed at δ 162.5, 162.5, 

64.3 and 169.2 respectively. It is worth noting that substitution of the 2,4-

diaminopyrimidine ring 46a with an iodine atom at position 5 significantly changed the 

chemical shift of the C5 peak from 91.8 ppm to 64.3 ppm in the 13C NMR spectrum. 

Substitution of H5 on the pyrimidine ring with iodine, which has an atomic weight of 

126.9045 g/mol, explains the significant difference in the mass unit of the starting 

material 46a (151.0996 amu) and that of the iodinated pyrimidine 49a (276.9930 amu) 
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observed on the HRMS. The difference in molecular weight provides irrefutable 

evidence to the success of the iodination reaction 

The reaction was repeated using 46b,c and d, to afford iodinated pyrimidines 49b-d 

in good yields (60-77%; Table 8). In each case, the expected mass of the desired 

product was observed using HRMS. Key signals in the 1H and 13C NMR spectra were 

also evident for each product (Tables 9 and 10). In particular, the observed shift in the 

chemical shift of C5 observed for 49a was common with the other iodinated pyrimidine 

analogues with these signals appearing at 62.5 - 66.1 ppm (Table 10). 

 

Scheme 22. Reagents and conditions;HIO3, AcOH, H2O, H2SO4, 80 °C, 8 hr. 

Table 8. Results of the Iodinated of 2,4-diaminopyrimidines 49b-d. 

Entry  Prod. # R = Yield (%) Mp. (°C) HRMS cal. HRMS (found) 

1 
49b Ph 69 190 312.9945 312.9931 

2 
49c 

tert-butyl 77 117 293.0258 293.0250 

3 
49d isopropyl 60 115 279.0101 297.0079 

Table 9. Key signals in the 1H NMR spectra for the formation of iodinated pyrimidine 

49b-d. 

Entry Prod. # NH2 (ppm) NH2 (ppm) 

1 49b 6.51 6.17 

2 49c 5.77 5.15 

3 49d 5.33 4.95 

Table 10. Key signals in the 13C NMR spectra for the formation of iodinated pyrimidine 
49b-d. 

Entry Prod. # C2 (ppm) C4 (ppm) C5 (ppm) C6 (ppm) 

1 49b 162.5 163.7 62.5 168.4 

2 49c 161.4 163.7 62.2 175.6 

3 49d 162.7 162.9 66.1 175.6 
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2.1.3.2 Synthesis of 5-substituted 2,4-diaminopyrimidines using Sonogashira 

reaction 

Having successfully synthesised the iodinated pyrimidines, we were now ready to 

focus on the palladium-catalysed cross-coupling reaction, which entails coupling of the 

pyrimidine ring with a suitable alkyne to form a new carbon-carbon bond. This type of 

a coupling reaction can be achieved by palladium catalysis. Synthetic chemists have 

extensively studied such transition metal-mediated cross coupling reactions due to 

their ability to allow for the formation of carbon-carbon bonds. Formation of carbon 

bonds is an important feature in organic chemistry because it allows access to highly 

complex and functionalised synthetic compounds. The use of transition metals to 

mediate coupling reactions dates back to 1869 when Gaser reported the oxidative 

dimerization of metallic acetylides,153 a homocoupling reaction where oxidation of a 

metallic acetylide such as copper phenylacetylide gives the diphenyldiacetylene dimer 

(Scheme 23(a)).  

 

Scheme 23. (a) The Gaser homocoupling of copper phenylacetylide and (b) The first 

cross-coupling reaction. 153 

However, it was not until 1955 when the first selective cross-coupling reaction was 

reported by Cadiot-Codkiewicz. They successfully coupled alkynes with bromoalkynes 

using copper catalysis (Scheme 23 (b)).154 At this point in the history of coupling 

reactions, it was apparent that in order for a selective coupling reaction to take effect, 

three important components were a requirement; the two coupling partners i.e., an 

organohalide and an organometallic reagent, and a transition metal catalyst. The 

organometallic agent can either be prepared prior or in situ to prevent the 
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homocoupling reaction. 153 The work done by Cadiot-Chodkiewicz and other chemists 

involved in early cross-coupling reactions and metal-catalysed reactions laid the 

foundation of what would become Pd-catalysed cross-coupling reactions.  

Since its discovery by Wollaston in 1802, the use of palladium was very limited. The 

first industrial use of palladium was the Wacker process in 1956, a Pd-catalysed 

process that involves oxidation of ethylene to acetaldehyde.154 In a quest to study the 

reaction mechanism of this particular process, Richard Heck successfully achieved an 

arylation of alkenes with an organomercury arylating reagent and a catalytic amount 

of palladium catalyst (Scheme 24 (a)).153  

 

Scheme 24. The first palladium catalysed cross-coupling reactions.155 

Subsequent to Heck’s coupling reaction, Fujiwara and Moritani published an improved 

approach to the Pd-catalysed reaction. They directly coupled arenes to alkenes in a 

fashion that did not require the use of a toxic organomercury reagent as a nucleophilic 

coupling partner (Scheme 24 (b)).156 This observation can be considered one of the 
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early direct C-C bond formations via C-H activation,155 a transition metal-mediated 

transition state in which C-H bonds from an arene are broken and new C-C bonds are 

formed. In the early 1970s, Mizoroki and Heck independently reported coupling of aryl-

halides to alkenes employing Pd-catalysis almost concurrently (Scheme 24 (c 

&d).153,155 Heck’s contribution towards aryl and vinyl halide substrates led to the cross-

coupling reaction currently appreciated by many organic chemists as the Mizoroki-

Heck reaction.156 

Shortly after the establishment of palladium as an alkenophile, three independent 

groups discovered palladium cross-coupling reactions of alkynes with halogenated 

aryls or vinyls: Sonogashira,152 Heck157 and Cassar (Scheme 25).158 In comparison, 

the reaction conditions proposed by Sonogashira were superior over the high 

temperature conditions required by Cassar and Heck. Application of a copper co-

catalyst enabled the Sonogashira reaction to proceed efficiently at room temperature. 

The reaction conditions are therefore suitable for temperature sensitive reagents.  

 

Scheme 25. Sonogashira reaction discovery in 1975.153 

The Sonogashira cross-coupling reaction offers a different mechanism for the 

synthesis of 2,4-diaminopyrimidine derivatives functionalised at C-5. As stated 

previously, the method is well known to couple halogenated aryl rings with alkynes, 

forming new C-C bonds. Similarly, iodinated pyrimidines can be coupled to alkynes 

using palladium catalysis. Recent reports have proven the feasibility of functionalising 
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iodinated 2,4-diaminopyrimidines using the Sonogashira reaction.159,160 Iodinated 

pyrimidines were subjected to Sonogashira reaction conditions using Pd(PPh3)2Cl2 as 

a catalyst and the co-catalyst CuI in the presence of basic trimethylamine to give highly 

functionalised pyrimidine derivatives (Scheme 26), and the products were isolated in 

exceptionally high yields.159 The success of the palladium catalysed cross-coupling 

reactions to generate functionalised 2,4-diaminopyrimidine derivatives from iodinated 

pyrimidine scaffolds speaks to the robust nature of the methodology to accommodate 

diverse reagents and functionalities. We intend to employ this key reaction in the 

synthesis of our 2nd generation analogues (Scheme 6, ch. 1)  

 

Scheme 26. Synthesis of 5-substituted 2,4-diaminopyrimidines using the 

Sonogashira reaction. 

The Sonogashira-copper co-catalysed reaction follows the general mechanism for 

palladium catalysed cross-coupling reactions (Pd-catalytic cycle) connected to an 

independent copper cycle (Cu cycle) (Figure 26). Pd-catalytic cycle is initiated by an 

oxidative addition of the organic halide, iodinated pyrimidine (pyr-I), to the catalytic 

active Pd(0) complex [Pd(0)L2] giving a Pd(II) intermediate.155,161 Notably, the [Pd(0)L2] 

is formed by reduction of the employed Pd(II)-complex such as Pd(PPh3)2Cl2 under 

the set reaction conditions.161 The next step marries the Pd-catalytic cycle with the Cu 

cycle. Pd(II) intermediate undergoes a transmetallation with a copper alkynyl, formed 

in the Cu cycle, to generate a pyr-Pd(-C≡ C-Ph)L2 species, which gives the coupled 

pyr-alkyne product in a reductive elimination reaction resulting in the regeneration of 

the active catalyst Pd(0).155 
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Figure 26. Schematic representation of the Sonogashira cross-coupling mechanism. 

 

Scheme 27. Reagents and conditions; (a )Pd(PPh3)2Cl2, CuI, TEA, DMF, rt, 18 hr, 

0%. (b) Pd(PPh3)2Cl2, CuI, DIIPA, THF, Δ, 18 hr, 38%. 

In 1999 Jones et. al. reported the Sonogashira cross-coupling reaction conditions they 

used to couple an iodinated 2,4-diaminopyrimidine ring to various terminal acetylenes 

in the presence of triethylamine and DMF at room temperature.162 The reported yields 

range from 27% to 78%. Although not exceptionally high, the yields gave realistic 

results on the effectiveness of coupling 2,4-diaminopyrimidine ring systems to terminal 

acetylenes via the Sonogashira cross-coupling reaction. Following the described 

reaction conditions, an attempt to couple the starting material 49a with TMS acetylene 

was performed (Scheme 27). Unfortunately, the coupling reaction did not take effect 

in the presence of triethylamine and DMF as a solvent. We therefore utilised THF and 

DIIPA as alternatives at reflux. These changes to the reaction conditions improved the 

results of the reaction, giving the product 50 in 38% yield.  
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Formation of the product was confirmed by NMR spectroscopy. Upon analysis of the 

13C NMR spectrum, a notable shift of the peak assigned to C5 was observed. On the 

iodinated starting material 49a, the peak for C-5 appears at δ 64.3 ppm in the13C NMR 

spectrum, whereas the peak appears at 88.0 ppm for the product 50. The significant 

shift of the C-5 peak from δ 64.3 ppm to 88.0 ppm indicates that a chemical conversion 

took place at this position, and this comes as a result of the newly formed C-C bond 

at position 5 of the 2,4-diaminopyrimidine ring. The nine signals present on the 13C 

NMR spectrum of the product explicitly support success of the carbon-carbon coupling 

reaction. Furthermore, the new alkyne carbon peaks observed at δ 101.9 and 100.4 

ppm confirmed the presence of structural features from the acetylene reagent. The 

presence of the new peak at δ 0.3 ppm in the 13C NMR spectrum is due to the three 

methyl groups from the trimethylsilyl group, which corresponds to a singlet at δ 0.21 

ppm integrating for 9 protons on the 1H NMR spectrum.  

Although the success of the Sonogashira reaction was a positive result, the low yield 

was rather discouraging as there are three more reaction steps towards our desired 

final product, one of which includes a copper catalyzed coupling reaction between the 

resulting deprotected acetylene and commercially available substituted 

ethynylbenzenes to produce diyne intermediates 31 (refer to Scheme 6). From the 

previous study conducted in our laboratories, production of these diynes using copper 

catalysis was rather low yielding, with the highest yield reported as 26%.104 The 

disappointing low yields are not favourable for a medicinal chemistry project because 

production of a library of adequate analogues is a requirement in order to identify a hit 

compound. It was at this point that we decided to explore an alternative synthetic route 

towards the desired 2,4-diaminopyrimidine derivatives. Preserving the idea of 

introducing the flexible alkyl chain to the pyrimidine ring via the Sonogashira cross-

coupling reaction, we revisited the idea of coupling halogenated pyrimidine ring 

systems to pre-functionalised acetylene nucleophiles. Although in previous work, the 

Pd-catalysed coupling reaction between 4,6-diamino-pyrimidine 18 and the alkyne 

substrate to produce compound 19 was unsuccessful (Scheme 28), the feasibility of 

the Sonogashira reaction to couple pyrimidine systems (including our pyrimidines) with 

acetylene has been proven. 104,159,160 It is worth noting that the iodinated 4,6-

diaminopyrimine starting material was recovered from the failed reaction. 
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Scheme 28. Reagents and conditions; Pd(PPh3)4, CuI, TEA, DMF, rt. 

Failure of the Sonogashira reaction using a complex acetylene led to the success of 

the reaction using a simple TMS acetylene (Scheme 28). In hindsight, this result 

supported the idea that the pre-functionalised terminal alkyne substrate was 

responsible for the failed reaction. However, it is worth noting that our halogenated 

pyrimidines 49 are 2,4-diaminosubstituted pyrimidines, while those considered 

previously has an additional 6-amino substituent, which could also have negatively 

impacted the success of the Sonogashira reaction. Looking at the copper cycle in 

Figure 25, the amine base is responsible for deprotonating the acidic proton of the 

terminal alkyne.161 Terminal alkynes are considered weakly acidic because the σ 

electron pair of C-H bond are positioned closer to the C-atom, which render the alkyne 

H-atom more positive and therefore more easily removed by strong bases.163 

Generally, amines employed as bases in Sonogashira cross-coupling reactions to 

form the anionic nucleophile resulting from abstraction of the acetylenic protons are 

not strong enough. In order to make copper acetylide resulting from deprotonation of 

the terminal alkyne, a π alkyne-Cu complex as shown in Figure 26 could be involved 

in the cycle, consequently making the alkyne H-atom more acidic for easier 

deprotonation.161 Since deprotonation of acetylenic H-atoms is dependent on the 

copper cycle, we can deduce that the nature and electronics associated with the 

alkyne substrate should have little effect on the success of the Sonogashira reaction. 

Furthermore, the Sonogashira reaction should be able to accommodate a vast variety 

of acetylene substrates, and these claims are supported by a review reported by 

Chinchilla and Nájera in 2007.161 They highlighted various examples of the 

Sonogashira reaction using different acetylene substrates such as the complex 

ethynylestradiol, or propargyl alcohol containing an electron-withdrawing atom. In 

2017, Beesu et al. reported the coupling of various terminal alkynes using the 

Sonogashira reaction to 2,4-diaminopyrimidine 51 (Scheme 29).160 The report was of 
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particular interest because the alkyne substrates utilised were similar in structure to 

the pre-functionalised acetylene substrate used in Scheme 28. Moreover, the resulting 

Sonogashira alkyne intermediates 52 were isolated in high yields ranging from 55 – 

80%. Considering these positive results, we were interested to try the Sonogashira 

reaction using a pre-functionalised acetylene substrate on our iodinated pyrimidines. 

 

Scheme 29. Reagents and conditions; alkyne, Pd(PPh3)4, CuI, DIPEA/DMF (1;2), 

12  h, rt.160 

Test reaction using conditions described by Beesu et al. (Scheme 28).160 

 

Scheme 30. Reagents and conditions; alkyne, Pd(PPh3)2Cl2, CuI, DIIPA/DMF (1;2), 
12 h, rt. 

To our delight, iodinated 6-phenyl-2,4-diaminopyrimidine 49b was successfully 

coupled to an acetylene substrate in a reaction medium catalysed by Pd(PPh3)2Cl2 in 

the presence of CuI and DIIPA to yield compound 53 in 54% yield. Formation of the 

product was confirmed by NMR spectroscopy. The two additional signals in the 1H 

NMR spectrum observed at the aromatic region confirmed the success of the coupling 

reaction. These signals integrated for two protons 

respectively and were assigned to protons found on 

the 4-chlorophenoxy ring. Additionally, the singlet 

appearing at δ 4.85 ppm integrating for two protons 

was due to the CH2 denoted 3’. It is evident that due 
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to the electronegative oxygen covalently bonded to the CH2 group; the signal has 

significantly shifted from a shielded aliphatic region to a more deshielded region. The 

13C NMR spectrum showed 15 non-equivalent carbon peaks, which further confirmed 

the success of coupling the pyrimidine ring to the pre-functionalised acetylene 

substrate. In the aromatic region 12 signals were observed belonging to the 

heterocyclic ring system, the phenyl ring and the 4-chlorophenoxy ring. The four newly 

added signals of the 4-chlorophenoxy ring were observed at δ 156.2, 116.5, 129.5 and 

126.5 ppm for C1’’, C2’’, C3’’ and C4’’ respectively. Peaks associated with the 

acetylenic carbon atoms were observed at δ 92.3 and 82.3 ppm, and the CH2 group 

was distinctively identified using DEPT at 57.1 ppm. HRMS data showed a molecular 

ion peak of 351.0961 amu which is in agreement with the mass calculated for 

C19H15ClN4O [M + H]+ of 351.1007 amu. 

Successful formation of compound 53 led to the interrogation of why the reaction in 

Scheme 28 failed. In accordance with the Pd catalytic cycle, active Pd-catalyst 

species have to insert in between the iodine-atom and the 4,6-diaminopyrimidine ring 

forming a pyr-Pd(II)L2-I complex. Possibly, the utilised Pd-catalyst coordinates to the 

two amino groups bonded at C-4 and C-6 of the pyrimidine as illustrated in Figure 27, 

instead of inserting between the carbon and iodine bond. This is supported by the 

recovery of the starting material, which indicate that the important oxidative addition 

step in the Pd-cycle did not take place. In our case, the amino groups are bonded to 

C-2 and C-4, i.e., the iodine-atom is not situated in between the two amino groups. 

Configuration of the 2,4-diaminopyrimidine ring system 49 eliminates the possibility of 

coordination of the Pd-metal to groups attached at positions 4 and 6, consequently 

promoting the likelihood of an oxidative addition at position 5. In accordance, these 

could be the reason for the successful result. 

 

Figure 27. Illustration of Pd interaction with amino groups of 4,6-diaminopyrimidine 

ring system. 
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Even though the yield for the reaction was not exceptionally high, we have successfully 

coupled a pre-functionalised acetylene substrate to a 2,4-diaminopyrimidine ring 

system. Reduction of the Sonogashira alkyne intermediate 53 will yield one of the 1st 

generation 2,4-diaminopyrimine analogues 8 (Scheme 2, Chapter 1). This result 

indicates the successful development of a new alternative and relatively safe 

procedure towards previously synthesised pyrimidines, eliminating the need for 

hazardous reagents such as diazomethane. Application of the pre-functionalised 

acetylenes as nucleophiles coupling to our 2,4-diaminopyrimidine ring system 

containing aliphatic groups bonded at position 6, can potentially lead to production of 

the desired 2nd generation 2,4-diaminopyrimine derivatives 15 (Scheme 31). 

Additionally, introduction of the pre-functionalised acetylene substrate in the 

Sonogashira reaction has significantly reduced the number of reaction steps. The 

initial proposed synthetic route consisted of seven steps towards the desired products, 

whereas the newly improved synthetic route contains five steps. 

 

Scheme 31. Newly developed synthetic procedure towards synthesis of second 

generation pyrimidines. 

In Chapter 1, we made mention of a molecular modelling campaign conducted in 

search of structural derivatives of the 1st generation 2,4-diaminopyrimidines with 

optimal affinity for the PfDHFR active site. From the modelling studies, 2,4-
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diaminopyrimidine derivatives 15 containing a phenoxy ring attached to the alkyl chain 

were more active than those bearing on all-C flexible linker between the phenyl and 

pyrimidine rings. Ideally, we would have prefered to synthesise these analogues. 

However, as the Sonogashira reaction was proven fruitless when the pre-

functionalised acetylene formed from commercially available 4-fluorophenol was used, 

we opted to employ the proposed synthetic route outlined in Scheme 6, Chapter 1. 

However, the newly developed synthetic route offers an opportunity to make the 

desired 2,4-diaminopyrimidine derivatives with an O-atom in the flexible linker starting 

from commercially available esters (Scheme 31). The Sonogashira reaction is the key 

step that marries the iodinated pyrimidine ring 49 with a suitable acetylene to form the 

alkyne intermediate 54. The acetylene functions as the key reagent that introduces the 

flexible linker between the heterocyclic ring system and the terminal phenoxy ring. 

Reduction of the triple bond in 53, by a hydrogenation reaction will lead to a library of 

the desired 2nd generation 2,4-diaminopyrimidine analogues 15. Should this prove 

successful, we will develop an improved synthetic route towards oxygen-containing 

analogues, 15. 

 

Scheme 32. Reagents and conditions; H2, Pd/C, EtOH, 16 h. 

To complete the synthetic route, we tested the Pd-catalysed hydrogenation reaction 

on compound 53. The starting material 53 was dissolved in ethanol followed by 

addition of Pd/C in the presence of H2 gas under atmospheric pressure for 16 hours. 

The product was isolated in 68% yield. After this time, the Pd-catalyst was removed 

by filtration through celite and the product was purified using silica gel column 

chromatography. Success of the reduction reaction 

was confirmed by NMR spectroscopy. The three 

aliphatic CH2 signals resulting from reduction of the 

alkyne triple bond to a fully saturated hydrocarbon 

chain were observed at δ 3.81 (q, H3’), 2.53 (t, H1’) 
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and 1.86 ppm (p, H2’) in the 1H NMR spectrum. These proton signals corresponded 

to C-peaks appearing in the 13C NMR spectrum at 68.2, 23.0 and 29.1 ppm 

respectively. The distinctive disappearance of the acetylene C-peaks observed at δ 

92.3 and 82.3 ppm affirmed that reduction of the alkyne functional group had taken 

place. Additionally, the HRMS indicated an ion peak of 355.1331 amu, which was in 

agreement with the calculated mass of 355.1320 amu for (M+H)+ C19H19ClN4O.  

Success of the hydrogenation reaction marks the successful development of the 

synthetic route towards flexible 2,4-diaminopyrimidine derivatives. We were now ready 

to apply this synthetic route to pyrimidines substituted with an aliphatic group at 

position 6 of the pyrimidine ring.
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3 CHAPTER 3: Results and discussion 

3.1 Synthesis of 2,4-diaminopyrimidine analogues 

As described in the previous chapter, we have successfully developed a synthetic 

route towards flexible 2,4-diaminopyrimidine derivatives, which entails the synthesis 

of these target compounds in five steps starting from commercially available esters. 

The key step is the Sonogashira reaction, which facilitates coupling of 2,4-

diaminopyrimidine ring systems to pre-functionalised acetylenes forming new C-C 

bonds. The acetylenes are important because they introduce components of the 

flexible four-linker chain. Since the acetylenes are made from commercially available 

phenols, utilisation of substituted phenols will bring variation to the synthesised 

acetylenes, consequently building up a library of variable analogues. To synthesise 

2,4-diaminopyrimidine analogues we started off by preparing acetylenes from 

commercially available analogues.    

3.1.1 Preparation of the acetylenes  

 

Scheme 33. Reagents and conditions; K2CO3, acetone, 56 °C reflux, 8 hr. 

Commercially available 4-chlorophenol 56a was treated with 4.0 mol eq. of K2CO3 and 

propargyl bromide in acetone. The reaction mixture was stirred overnight at 56 °C. 

Under the described reaction conditions, the base deprotonates 

the phenol giving rise to the nucleophilic phenolate ion, which 

partakes in a nucleophilic substitution reaction with the 

alkylating agent, propargyl bromide. After this time, TLC confirmed complete 

consumption of the starting material and the product was isolated as a yellow oil in 

quantitative yields. Alkylation of the phenol was confirmed using NMR spectroscopy. 

Analysis of the 1H NMR spectrum showed the presence of four signals that can attest 

to the successful alkylation of the commercially available phenol. In the aromatic 
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region there are two signals appearing at δ 7.31 – 7.15 and 6.98 – 6.77 ppm assigned 

to H2 and H3 of the phenolic ring respectively. The other two signals present appear 

in the aliphatic region, where the CH2 signal is observed as a doublet integrating for 

two protons at δ 4.63 ppm. Notably, this signal appears in a rather deshielded region 

of the spectrum owing to the covalent bond between the CH2 and the electronegative 

oxygen atom. In addition, the CH2 group couples to the acetylene CH and splits the 

signal into a triplet found at δ 2.51 ppm with J = 2.4 Hz. The appearance of seven 

signals in the 13C NMR spectrum further supports the success of the alkylation 

reaction. The alkyne carbons are distinctively observed at δ 78.3 and 76.0 ppm, which 

are assigned to C2’ and C3’ respectively, while the CH2 signal corresponds to a peak 

at δ 56.1 ppm on the 13C NMR spectrum, as determined by analysis of the HMBC 

spectrum. Several other acetylene analogues were synthesised using the described 

synthetic approach and products 57b-i were isolated in exceptionally high yields 

ranging from 83% to quantitative (Table 11).  

 

Scheme 34. Reagents and conditions; K2CO3, acetone, 56 °C reflux, 8 hr. 

Key signals in the 1H NMR spectra are listed in Table 11. The choice of substituents 

R’ was driven by modelling , and included both electron donating (OMe) and electron 

withdrawing (F, Cl) groups at positions ortho, meta and para to the phenolic oxygen. 

In the 13C NMR characteristic C-F coupling was observed for 57b, 57e and 57h (Table 

12). All other signals were as expected for the products formed. 
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Table 11. Key signals in the 1H NMR spectra that prove alkylation of phenols to afford 

57b-i. 

Prod # R’ = Yield 
(%) 

Phenolic protons (ppm) CH2 (ppm) CH (ppm) 

57b 4-F 83 7.11 – 6.85 (m, H2 & H3) 4.66 (d, J = 2.5 Hz) 2.53 (t, J = 2.4 Hz) 

57c 4-OMe 
95 

6.98 – 6.81 (m, H2 & H3) 
3.77 (s, OMe) 

4.70 – 4.55 (m) 2.58 – 2.47 (m) 

57d 3-Cl 98 7.22 – 7.14 (m, H5), 
6.99 – 6.96 (m, H2), 
6.96 – 6.93 (m, H6),  
6.84 (ddd, H4) 

4.64 (d, J = 2.5 Hz) 2.53 (t, J = 2.4 Hz) 

57e 3-F 88 7.36 – 7.13 (m, H5), 
6.86 – 6.62 (m, H2, H4 & 6) 

4.68 (d, J = 2.4 Hz) 2.55 (t, J = 4.1, 2.0 
Hz) 

57f 3-OMe 100 7.26 – 7.06 (m, H5), 
6.64 – 6.43 (m, H2, H4 & 6),  
3.74 (s, 3H, OMe) 

4.63 (t, J = 2.4 Hz) 2.50 (t, J = 2.4 Hz) 

57g 2-Cl 100 7.36 (dd, J = 7.9, 1.7 Hz,H6),  
7.21 (ddd, J = 8.2, 7.4, 1.7 z, H4),  
7.06 (dd, J = 8.3, 1.5 Hz, H3), 
6.93 (td, J = 7.7, 1.5 Hz, H5) 

4.75 (d, J = 2.5 Hz) 2.55 (t, J = 2.4 Hz) 

57h 2-F 92 7.19 – 7.04 (m, H3, H4 & H6), 
7.02 – 6.84 (m, H5) 

4.76 (d, J = 2.5 Hz) 2.55 (t, J = 2.4 Hz) 

57i 2-OMe 100 7.03 (dt, J = 7.8, 1.7 Hz, H6), 
6.97 (dt, J = 7.8, 1.5 Hz, H5), 
6.95 – 6.85 (m, H3 & H4), 
3.85 (s, OMe) 

4.74 (t, J = 2.2 Hz) 2.50 (t, J = 2.4 Hz) 
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Table 12. Key signals in the 13C NMR spectra that prove alkylation of commercially 

available phenols to afford 57b-i. 

Prod. # R’= Phenolic C-peaks (ppm) OMe 
(ppm) 

C1’ 
(ppm) 

C2’ (ppm) C3’ (ppm) 

57b 4-F 157.8 (d, JC-F = 239.0 Hz, C1), 
153.7 (d, JC-F = 2.2 Hz, C4), 
116.3 (d, JC-F = 8.0 Hz, C3), 
116.0 (d, JC-F = 23.1 Hz, C2), 

 56.5 78.6 75.7 

57c 4-OMe 154.5 (C1), 151.7 (C4), 
116.1 (C3), 114.6 (C2) 

55.6 56.6 79.0 75.4 

57d 3-Cl 158.3 (C3), 134.9 (C1), 130.3 
(C5), 121.8 (C6), 115.5 (C2), 
113.4 (C4) 

 56.0 78.1 76.1 

57e 3-F 163.7 (d, JC-F = 245.4 Hz, C1), 
159.0 (d, JC-F = 10.9 Hz, C3), 
130.4 (d, JC-F = 10.0 Hz, C5), 
110.8 (d, JC-F = 2.5 Hz, C4),  
108.6 (d, JC-F = 21.3 Hz, C6), 
103.0 (d, JC-F = 25.1 Hz, C2) 

 56.2 78.3 76.1 

57f 3-OMe 160. 158.8 (C3), 129.9 (C5), 
107.2 (C4), 106.9 (C6), 101.5 
(C2) 

55.3 55.8 78.6 75.6 

57g 2-Cl 153.1 (C2), 130.4 (C6), 127.6 
(C4), 123.2 (C1), 122.4 (C5), 
114.3 (C3) 

 56.7 78.0 76.2 

57h 2-F 153.0 (d, JC-F = 246.0 Hz, C1), 
145.5 (d, JC-F = 10.5 Hz, C2), 
124.3 (d, JC-F = 3.9 Hz, C4), 
122.4 (d, JC-F = 6.9 Hz, C5), 
116.4 (d, JC-F = 18.3 Hz, C6), 
116.2 (d, JC-F = 1.6 Hz, C3), 

 57.2 78.2 76.2 

57i 2-OMe 149.7 (C1), 146.7 (C2), 122.2 
(C5), 120.6 (C4), 114.5 (C6), 
111.8 (C3) 

55.7 56.7 78.6 75.7 
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3.1.2 Coupling of the tert-butyl-pyrimidine ring with commercially 

available phenols 

As described in chapter 2, we have successfully synthesised compound 53, a 2,4-

diaminopyrimidine containing a phenyl group at position 6 of the pyrimidine ring 

(Scheme 30). However, we are yet to test the synthetic route on 2,4-

diaminopyrimidine scaffolds with an aliphatic group at C-6, which is the focus of this 

research project. With the success of the Sonogashira reaction, we were now ready 

to explore the reaction conditions on a pyrimidine ring with an aliphatic group at 

position 6. 

 

Scheme 35. Reagents and conditions; alkyne, Pd(PPh3)2Cl2, CuI, DIIPA/DMF (1;2), 

12h, rt. 

Using the same reaction conditions described for compound 53, we coupled 6-(tert-

butyl)-5-iodopyrimidine-2,4-diamine 49c together with a pre-functionalised acetylene 

57a in the presence of 10 mol% Pd(PPh3)2Cl2, 20 mol% CuI and a 2:1 mixture of DMF 

and DIIPA as an amine base overnight (Scheme 5). The product 58a’ was isolated as 

a dark brown solid in 23% yield, which was disappointingly very low. This inspired the 

drive to optimize the reaction conditions. When the temperature of the reaction 

medium was raised to 80 °C, the yield increased slightly to 26% (Table 13, entry 4). 

Since no significant difference was observed when heat was applied to the system, 

we sought to focus on a systematic change of reagents starting with the Pd-catalyst. 

The Sonogashira reaction is usually conducted under homogeneous conditions using 

a palladium-phosphate ligand complex as a catalyst. Commonly used complexes 

include Pd(PPh3)4, and Pd(PPh3)2Cl2. The latter is commonly used because it is more 

stable.161 Catalytic activities of three Pd catalysts were tested to couple the pyrimidine 
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ring with suitable acetylenes under Sonogashira reaction conditions. When varying the 

Pd-catalysts, Pd(PPh3)2Cl2 displayed better catalytic properties than Pd(PPh3)4 and 

Pd2(dba)3, which gave no results for the Sonogashira reaction (Table 13, entry 1-6). 

Interestingly, when Pd2(dba)3 was employed, the iodinated starting material 49c was 

isolated along with a decomposed residue of the acetylene. It seems as though the 

acetylene fragmented back to its phenol equivalent. Weakly ligated Pd sources such 

as Pd2(dba)3 have been employed with bulky phosphines to generate the catalyst in 

situ.161,164 In our case, we employed Pd2(dba)3 with 30 mol% tri-o-tolyl phosphate to 

couple the iodinated pyrimidine 49c with acetylene 57a to produce compound 58a 

(Table 13, entry 7). Although traces of the product were observed using NMR 

spectroscopy, the starting material 49c was the major substance isolated from the 

reaction. Unfortunately, we could not separate the starting material from the product 

owing to the similarities in Rf values of the two compounds. Similarly to Pd2(dba)3, 

Pd(PPh3)2Cl2 was used in combination with 5.0 eq PPh3 and only 21% of the product 

was isolated. Addition of the ligand did not seem to have a significant impact on 

improving the yield for the coupling reaction.  

Table 13. Summary of reaction conditions applied to optimise the Sonogashira 

reaction of 49 with 57a. Variation in catalyst. 

Entry R R’ Cat. Temp. (°C) solvent ligand Yield % 

1. Ph Cl Pd(PPh3)2Cl2 rt DMF - 54 

2. Ph Cl Pd(PPh3)4 rt DMF - - 

3. tert-butyl Cl Pd(PPh3)2Cl2 rt DMF - 24 

4. tert-butyl Cl Pd(PPh3)2Cl2 80 DMF - 26 

5. tert-butyl Cl Pd2(dba)3 80 DMF - - 

6. tert-butyl Cl Pd(PPh3)2Cl2 80 DMF 5.0 eq PPh3 21 

7 tert-butyl Cl Pd2(dba)3 80 DMF 30 mol% 
P(O-tol)3  

- 

As Pd(PPh3)2Cl2 proved to be a superior catalyst when coupling halogenated 2,4-

diaminopyrimidine ring systems with acetylenes via the Sonogashira cross-coupling 
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reaction, it was therefore utilised as a catalyst of choice. Despite the positive results 

obtained when using Pd(PPh3)2Cl2 as a catalyst, the yields for the Sonogashira alkyne 

product 58a were low. To optimise the coupling reaction further, we investigated the 

use of different amines in the reaction.  

Amines are not only employed to deprotonate acetylenic protons of terminal alkynes, 

but also to prevent homocoupling,165 a transition-metal catalysed heterogeneous 

reaction where terminal alkynes couple to themselves in the presence of air forming 

diynes. The presence of copper provides suitable reaction conditions for 

homocoupling to take effect, which is a competing reaction to the Pd-catalyzed 

Sonogashira reaction. To prevent homocoupling of the terminal alkynes, the amine 

base coordinates to copper species in the reaction mixture. Formation of stable 

copper-amine complexes reduces the concentration of free copper species in the 

reaction mixture, thereby limiting progression of the homocoupling reaction.165 Due to 

the excess concentration of the amine base, the equilibrium favours formation of stable 

copper-amine complexes. As a result, it is not surprising that the Sonogashira 

reactions require excess amine. Initially, 4 times the amount of base by volume was 

utilised in relation to the solvent, DMF, and 26% of the product was isolated (Table  14, 

entry 1). In a quest to find suitable reaction conditions for the optimum productivity of 

the Sonogashira coupling reaction, we began to change the v/v ratio of the base in 

relation to the solvent. Addition of 2:1 mixture of DIIPA to DMF increased the reaction 

yield from 26% to 33% (entry 2). Interestingly, a reaction conducted in equal parts of 

the base and solvent had the opposite effect to prior applied reaction conditions (entry 

3). Changing from DIIPA to a more bulky base DIPEA resulted in increased reaction 

yields (38% and 59% for entry 4 and 5 respectively). No reaction was observed when 

the less bulky amine, trimethylamine, was in use; in fact, the iodinated starting material 

was isolated from the reaction mixture. (entry 6). 
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Table 14. Summary of reaction conditions applied to optimise the Sonogashira 

reaction: variation in base. 

Entry R R’ Base solvent Ratio B:S Yield % 

1. tert-butyl Cl DIIPA DMF (4:1) 26 

2. tert-butyl Cl DIIPA DMF (2:1) 33 

3. tert-butyl Cl DIIPA DMF (1:1) 21 

4. tert-butyl Cl DIPEA DMF (4:1) 38 

5. tert-butyl Cl DIPEA DMF (2:1) 59 

6. tert-butyl Cl TEA DMF (2:1) - 

7. tert-butyl F DIPEA DMF (2:1) 30 

8. tert-butyl F DIIPA DMF (2:1) 63 

Having successfully devised reaction conditions that resulted in moderate yields for 

the Sonogashira alkyne 58a, we choose to test the applied reaction conditions using 

a different acetylene. The starting material 49c was treated with 57b, previously 

synthesised from 4-fluorophenol. The coupling reaction was conducted in the 

presence of a 2:1 mixture of DIPEA: DMF. The Pd-catalysed coupling reaction 

afforded the product 58b in 30% yield (Table 14, entry 7). When DIPEA was employed 

as the base, the purification process by silica gel column chromatography was rather 

challenging and the product was isolated in combination with triphenylphosphine 

oxide. We therefore assessed the reaction using DIIPA as a base instead. Although 

traces of the phosphine impurity were observed in some fractions of the product, the 

yield significantly improved to 63% (entry 8).  

Purification of these intermediates was achieved by conventional silica gel column 

chromatography. This was a tedious and time consuming, exercise, mostly met with 

disappointing results as the product isolated was contaminated with phosphine 

impurities. As a measure to avert the use of long columns for purification, we resorted 

to separate the Sonogashira products 58 from phosphine impurities via an acid-base 

extraction. Pyrimidine ring systems have basic properties, and therefore accept 
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protons in acidic media. Taking advantage of their basic nature, the reaction mixture 

was dissolved in a 12 M aqueous HCl solution. At low pHs the alkynes 58 were readily 

soluble in aqueous medium, which allowed the separation of the products from the 

phosphine impurity. The isolated aqueous layer was then basified to pHs above 9, 

where the alkyne products formed a separate layer above the aqueous medium. The 

product was then extracted using an organic solvent, such as ethyl acetate. The 

extraction method was less time consuming, however the majority of the product was 

lost during the process and low yields were generally reported when the method was 

used. Therefore, the residue of the reaction is first run through a short silica gel plug 

column to ensure the removal of inorganic species and the amine base. A second plug 

column, loaded with basic aluminium oxide, then allows for the removal of the 

phosphine impurity with a suitable mobile phase, consequently affording pure coupled 

product. 

The Sonogashira reaction relies heavily on the use of aprotic solvents such as DMF. 

However, due to health concerns related to the use of DMF, efforts have been made 

to find alternative sustainable solvents where possible. Inspired by the progress we 

had made from previous steps by formulating mild and environmentally friendly 

reaction conditions, we explored the possibility of replacing DMF with 2-Me THF. As 

mentioned above, 2-Me THF is a recommended green solvent beneficial to the 

environment because it is derived from biofuel. 2-Me THF has been explored as a 

solvent replacement for THF, which is one of the solvents widely utilised in the 

Sonogashira reaction. With the success of the Sonogashira reaction using iodinated 

pyrimidines and pre-functionalized acetylenes, we were confident to test the feasibility 

of the coupling reaction using THF. Coupling of the iodinated pyrimidine with acetylene 

57a was attempted in the presence of THF (Table 15). Unfortunately the reaction did 

not work. Several efforts made towards making the reaction work were sadly fruitless. 

Despite the failure of the Sonogashira reaction using THF, we were determined to test 

the reaction conditions using 2-Me THF as a solvent. Unfortunately, the reaction was 

also unsuccessful.  
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Table 15. Summary of reaction conditions applied to optimise the Sonogashira 

reaction of 49c with 57a. Variation in Solvent. 

Entry R R’ Cat. solvent Base Yield % 

1. tert-butyl Cl Pd(PPh3)2Cl2 DMF DIPEA 59 

2. tert-butyl Cl Pd(PPh3)2Cl2 THF DIPEA - 

3. tert-butyl Cl Pd(PPh3)2Cl2 2-Me THF DIPEA - 

The Pd-catalysed cross-coupling of the iodinated 2,4-diaminopyrimidine 49c to a pre-

functionalised acetylene 57a to yield compound 58a carried out in DMF was confirmed 

by NMR spectroscopy. The three new signals in the 1H NMR spectrum unambiguously 

confirmed the presence of the substituted acetylene functionality coupled to the 

pyridimidine ring forming a new C-C bond, two of which appear in the aromatic region 

at δ 7.33 and 7.08 ppm and the other is observed in the aliphatic region at 5.10 ppm. 

The three signals are characteristic of the acetylene 

coupling partner and are assigned to H3’’, H2’’ and 

H3’ respectively. In the 13C NMR spectrum, the 

methylene carbon appears as a signal at 57.0 ppm, 

whereas the four phenoxy-ring peaks are distinctly 

observed in the aromatic region between 156.3 – 

116.9 ppm. Two peaks due to the acetylene C≡C appear at δ 95.5 and 83.0 ppm. In 

addition to the 13C NMR spectrum, the presence of the alkyne functionality was 

confirmed by the appearance of the C≡C stretch at 2214 cm-1 in the FTIR spectrum. 

Furthermore, the HRMS displayed a molecular ion peak at 331.1269 amu that 

correlates with the calculated mass for C17H19ClN4O of 331.1320 amu. 

In light of all the information we had gained about the coupling of 2,4-

diaminopyrimidine ring systems with pre-functionalized acetylenes via Pd catalysis, 

other analogues were synthesised using this methodology (Scheme 36). Pyrimidine 

49c was coupled with acetylenes 58b-i (Table 16). Yields were not optimised in each 

case, and in particular the 2-Cl (57g) and 2-OMe (57i) substituted phenoxy acetylenes 

gave low yields of the products 58g and 58i respectively. 
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Scheme 36. Reagents and conditions; alkyne, Pd(PPh3)2Cl2, CuI, DIIPA, DMF (2:1), 

80 °C, 12 h. 

Table 16. Results of the Sonogashira coupling of 49c with 57b-i. 

Entry Prod. # R’ Yield (%) m.p °C HRMS calc. HRMS found 

1 58b 4-F 63 137 315.1616 315.1641 

2 58c 4-OMe 27 107 327.1816 327.1781 

3 58d 3-Cl 79 n/a 331.1320 331.1282 

4 58e 3-F 73 n/a 315.1616 315.1576 

5 58f 3-OMe 68 158 327.1816 327.1776 

6 58g 2-Cl 10 97 331.1320 331.1266 

7 58h 2-F 57 n/a 315.1616 315.1583 

8 58i 2-OMe 14 n/a 327.1816 327.1768 

In each case, the product was characterised by 1H and 13C NMR spectroscopy and 

HRMS. HRMS was in agreement with what was expected in each case (Table 16). 

Key signals in the 1H NMR spectra can be found in Tables 17, where distinct peaks 

characteristic of the pyrimidines are observed. Signals for the two amino groups 

bonded to C-2 and C-4 of the pyrimidine ring were observed as singlets appearing at 

~ 5.48 - 5.18 ppm and 5.29 - 4.90 ppm respectively. The signal for the tert-butyl group 

bonded to position 6 of the pyrimidine ring is distinctively observed at ~ 1.33 ppm as 

a singlet integrating for 9 protons in the 1H NMR. In each case, four protons were 

observed in the aromatic region characteristic of the acetylene coupling precursor, and 
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H3’ was observed at ~ 5.00 ppm as a singlets. Success of the coupling reaction was 

further confirmed by 13C NMR spectra by observation 

of additional signals characteristic of the acetylene 

precursor (Table 18). Key signals characteristic of the 

phenoxy ring of the acetylene coupling precursor 

appear in the aromatic region, and the methylene 

carbon appears as a signal at ~ 57 ppm. Furthermore, 

two peaks due to the acetylene C≡C appear at ~ 95 and 83 ppm. In the 13C NMR 

spectra, characteristic C-F coupling was observed for 58b, 58e, and 58h, thus 

analogues with fluorine substituents on the phenoxy ring. 13C NMR spectra for 

analogues 58c, 58f and 58i have a signal observed at ~ 55 ppm due to the methoxy 

substituent on the phenoxy ring. These are all characteristic of the acetylene coupling 

precursor. The four signals due to the pyrimidine ring scaffolds were observed at 179, 

165, 160 and 87 ppm for C6, C4, C2 and C5 respectively..  
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Table 17. Key signals in the 1H NMR spectra that proves success of the Sonogashira 

coupling of 49c with 57b-i. 

Prod. # R’ Phenolic protons (ppm) NH2 H3’ Tert-Butyl 
(H8) 

58b 4-F 7.04 – 6.88  
(m, H2’’ & H3’’) 

5.30 (s) 
5.08 (s) 

4.96 (s) 1.33 (s) 

58c 4-OMe 6.94 (d, J = 7.3 Hz, H2’’/H3’’),  
6.83 (d, J = 9.1 Hz, H2’’/H3’’) 
3.73 (s, OMe) 

5.48 (s) 
5.29 (s) 

4.93 (s) 1.33 (s) 

58d 3-Cl 7.19 (t, J = 8.2 Hz, H5’’),  
7.01 (s, H2’’),  
6.95 (d, J = 8.1 Hz, H4’’),  
6.88 (d, J = 8.4 Hz, H6’’), 

5.42 (s) 
5.21 (s) 

4.97 (s) 1.34 (s) 

58e 3-F 7.21 (dd, J = 7.8, 7.1 Hz, H5’’), 
6.82 – 6.59 (m, H2’’, H4’’ & H6’’) 

5.46 (s) 
5.24 (s) 

4.97 (s) 1.34 (s) 

58f 3-OMe 7.20 (dd, J = 8.4, 8.0 Hz, H5’’),  
6.67 – 6.47 (m, H2’’, H4’’ & H6’’) 

5.18 (s) 
4.90 (s) 

4.99 (s) 1.35 (s) 

58g 2-Cl 7.37 (dd, J = 7.9, 1.6 Hz, H3’’), 
7.21 (ddd, J = 8.8, 7.4, 1.6 Hz, H5’’),  
7.10 (dd, J = 8.2, 1.5 Hz, H6’’),  
6.92 (ddd, J = 7.6, 7.6, 1.5 Hz, H4’’) 

5.38 (s) 
5.13 (s) 

5.09 (s) 1.32 (s) 

58h 2-F 7.19 – 6.99 (m, H3’’, H5’’ & H6’’), 
6.96 – 6.86 (m, H4’’)  

5.45 (s) 
5.27 (s) 

5.09 (s) 1.31 (s) 

58i 2-OMe 7.13 – 7.03 (m, H6’’),  
7.01 – 6.93 (m, H4’’),  
6.94 – 6.84 (m, H3’’ & H5’’),  
3.87 (s, OMe) 

5.22 (s) 
4.99 (s) 

5.09 (s) 1.33 (s) 
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Table 18. Key signals in the 13C NMR spectra that proves success of the Sonogashira 

coupling of 49c with 57b-i. 

Prod. 
# 

R’ Pyrimidine 
C-peaks 
(ppm) 

Phenolic C-peaks (ppm) Alkyne 
C-peaks 
(ppm) 

C3’ 
(ppm) 

Tert-Butyl 
C-peaks 
(ppm) 

58b 4-F 179.0 (C6), 
165.9 (C4), 
160.5 (C2), 
87.5 (C5), 

157.8 (d, JC-F = 239.4 Hz, C4’’),  
153.7 (d, JC-F = 2.3 Hz, C1’’), 
116.5 (d, JC-F = 8.0 Hz, C2’’), 
116.0 (d, JC-F = 23.1 Hz, C3’’), 

95.6 
83.0 

57.6 38.8 (C7) 
28.6 (C8) 

58c 4-OMe 178.7 (C6), 
165.8 (C4), 
160.4 (C2), 
87.4 (C5) 

154.4 (C4’’), 151.6 (C1’’), 
116.4 (C2’’), 114.7 (C3’’), 
55.7 (OMe) 

96.0 
82.6 

57.6 38.7 (C7) 
28.6 (C8) 

58d 3-Cl 179.1 (C6), 
165.8 (C4), 
160.4 (C2), 
87.5 (C5) 

158.3 (C1’’), 135.0 (C3’’),  
130.4 (C5’’), 121.8 (C4’’), 
115.5 (C2’’), 113.8 (C6’’), 

95.2 
83.3 

57.0 38.8 (C7) 
28.6 (C8) 

58e 3-F 179.1 (C6), 
165.9 (C4), 
160.5 (C2), 
87.3 (C5) 

163.6 (d, JC-F = 245.7 Hz, C3’’), 
158.9 (d, JC-F = 10.6 Hz, C1’’), 
130.4 (d, JC-F = 10.3 Hz, C5’’), 
110.9 (d, JC-F = 2.9 Hz, C6’’),  
108.4 (d, JC-F = 21.4 Hz, C2’’), 
103.1 (d, JC-F = 25.1 Hz, C4’’), 

95.2 
83.3 

57.1 38.8 (C7) 
28.6 (C8) 

58f 3-OMe 178.9 (C6), 
165.9 (C4), 
160.4 (C2), 
87.7 (C5) 

161.0 (C3’’), 158.9 (C1’’), 130.1 
(C5’’), 107.3 (C6’’), 107.2 
(C4’’), 101.9 (C2’’), 

95.8 
82.9 

55.4 38.8 (C7) 
28.7 (C8) 

58g 2-Cl 179.0 (C6), 
165.9 (C4), 
160.4 (C2), 
87.4 (C5) 

153.2 (C1’’), 130.7 (C3’’),  
127.7 (C5’’), 123.5 (C2’’),  
122.5 (C4’’), 114.6 (C6’’), 

95.2 
83.4 

57.9 38.8 (C7) 
28.6 (C8) 

58h 2-F 178.9 (C6), 
165.9 (C4), 
160.5 (C2), 
87.2 (C5) 

153.2 (d, JC-F = 245.8 Hz, C2’’), 
145.4 (d, JC-F = 10.6 Hz, C1’’), 
124.3 (d, JC-F = 3.9 Hz, C5’’), 
122.3 (d, JC-F = 6.8 Hz, C4’’), 
116.6 (d, JC-F = 18.4 Hz, C3’’), 
116.6 (d, JC-F = 1.6 Hz, C6’’), 

 

95.3 
83.4 

58.3 38.7 (C7) 
28.6 (C8) 
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Prod. 
# 

R’ Pyrimidine 
C-peaks 
(ppm) 

Phenolic C-peaks (ppm) Alkyne 
C-peaks 
(ppm) 

C3’ 
(ppm) 

Tert-Butyl 
C-peaks 
(ppm) 

58i 2-OMe 178.8 (C6), 
165.9 (C4), 
160.4 (C2), 
87.7 (C5) 

150.0 (C2’’), 146.8 (C1’’), 
122.4 (C4’’), 120.8 (C5’’), 
114.8 (C6’’), 112.1 (C3’’), 
55.9 (OMe) 

95.9 
83.0 

57.9 38.8 (C7) 
28.6 (C8) 

FTIR analysis of products 58b-i further confirmed the formation of the desired 

products. 58b-i, with the characteristic C≡C stretch visible at ~2200 cm-1 (Table 19). 

Table 19. Key signal of the C≡C stretch in the FTIR spectrum for 58b-i. 

Prod. # R’ C≡C (cm-1) Prod. # R’ C≡C (cm-1) 

58b 4-F 2217 58f 3-OMe 2223 

58c 4-OMe 2215 58g 2-Cl 2203 

58d 3-Cl 2202 58h 2-F 2203 

58e 3-F 2204 58i 2-OMe 2203 

3.1.3 Coupling of 5-iodo-6-isopropylpyrimidine-2,4-diamine (49d) with 

substituted acetylenes (57a-i). 

To expand the library of 2,4-diaminopyrimidines, we synthesised the second series of 

analogues with an isopropyl group at position 6 of the pyrimidine ring. This was 

achieved by coupling the iodinated pyrimidine 49d to acetylenes 57a’-i’ under the 

described Sonogashira reaction conditions (Scheme 37). Results of these reactions 

are summarised in Table 20 below.    

 

Scheme 37. Reagents and conditions; alkyne, Pd(PPh3)2Cl2, CuI, DIIPA, DMF (2:1), 

80 °C, 12 h. 
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Table 20. Results of the Sonogashira coupling of 49d with 57b-i. 

Entry Prod. # R’ Yield (%) m.p °C HRMS calc. HRMS found 

1 59a 4-Cl 46 78 317.1164 317.1186 

2 59b 4-F 59 158 301.1459 301.1484 

3 59c 4-OMe 63 n/a 313.1659 313.1681 

4 59d 3-Cl 14 117 317.1164 317.1183 

5 59e 3-F 41 n/a 301.1459 301.1482 

6 59f 3-OMe 56 128 313.1659 313.1682 

7 59g 2-Cl 10 78 317.1164 317.1184 

8 59h 2-F 32 88 301.1459 301.1481 

9 59i 2-OMe 23 205 313.1659 313.1683 

We have successfully synthesised the second series of alkyne intermediates of the 

desired 2,4-diaminopyrimidines using the Sonogashira coupling reaction. It is worth 

highlighting that the yields for this reaction vary depending on the substituent and the 

position of the substituent on the phenoxy ring of the acetylene precursor. The yields 

for the tert-butyl alkyne analogues 58a-i range from 10 – 79%, whereas those for the 

isopropyl alkyne analogues 59a-i range from 10 – 63%. In general, the tert-butyl 

alkyne analogues were isolated in higher yields than the isopropyl analogues. This is 

true particularly looking at the statistical mean of the percentage yields, where the 

percentage yield mean for tert-butyl and isopropyl analogues is 47% and 38% 

respectively. By comparison of percentage yields in accordance to the type and 

position of individual substituent on the phenoxy ring of the acetylene precursor 

(Figure 28, tert-butyl analogues were generally higher yielding than the isopropyl 

analogues; with the exception of analogues containing 4-Cl, 4-OMe and 2-OMe groups 

on the phenoxy ring. In the case of compound 58a (4-Cl), we utilised the percentage 

yield of 33% instead of the highest yield of 59% reported for the product obtained using 

DIPEA as a base. A yield of 33% was obtained when the Sonogashira reaction was 

carried out in the presence of DIIPA as a base (Table 14, entry 2). The reason we 

used this result is because all of the other analogues were synthesised in the presence 
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of DIIPA as a base. Each individual reaction was not optimised, and so it is not known 

whether this holds true for the reactions under optimised conditions.  

 

Figure 28. Percentage yields of the Sonogashira alkyne products for both analogues 

with the tert-butyl group and the isopropyl group at C-6. 

Notably, compounds containing the 2-Cl substituent are the lowest yielding, with a 

reported yield of 10% for both tert-butyl and isopropyl analogues. Generally, the low 

yields could be attributed to the multiple columns performed to purify and isolate the 

products from the phosphine oxide impurity, or the competing side reactions such as 

homocoupling of the acetylenes could be responsible. In the presence of copper salt 

and amine base, the Sonogashira reaction conditions provide a suitable environment 

for homocoupling to take place.166,167 However, no diynes were isolated from the 

Sonogashira cross-coupling reactions to provide evidence for homocoupling. We are 

more inclined to consider that the poor reactivity at C-5 is liable for the low yields. 

Pyrimidines are π deficient heteroaromatic compounds, and therefore facile to 

nucleophilic substitution. The electronegative N-atom makes pyrimidines more 

reactive at C-2 and C4 because the intermediate anion is stabilised by the N-atom and 

delocalization of π-electrons about the ring (Figure 29, a). However, the resulting 
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anion from nucleophilic substitution at C-5 is not stabilised by the N-atom, as illustrated 

in Figure 29 (b), although it can be delocalised around the ring.168  

 

Figure 29. Stabilisation of the anion intermediate resulting from nucleophilic 

substitution of pyrimidine ring systems. 

Successful coupling of the pyrimidine 49d to acetylenes 57a-i was unquestionably 

confirmed by NMR spectroscopy (Tables 21 and 22). The two amino-groups 

characteristic of the pyrimidine ring of the Sonogashira products 59 appear between 

δ 5.57 – 5.08 ppm as two singlets adjacent to each other in the 1H NMR spectra, and 

both integrating for two protons, with the exception of compounds 59e and 59g, where 

the NH2 signals are overlapping and therefore observed as one singlet integrating for 

four protons. Furthermore, signals of the isopropyl-group attached to C-6 of the 

pyrimidine were distinctively observed in the aliphatic 

region. The signals appearing at approximately δ 3.22 

ppm integrating for one proton was assigned to H7 of 

the isopropyl-groups, whereas the doublets at 

approximately δ1.13 ppm were assigned to H8. The 

newly added signals from the acetylenes 57a-i, further 

confirmed the success of the Pd-catalysed reaction. New signals integrating for a total 

of four protons were observed in the aromatic region across the entire series 59a-i on 

the analysed 1H NMR spectra, indicative of the phenoxy-protons. The CH2 denoted as 

H3’ was observed at ~ 5.00 ppm, corresponding to the peak appearing at 

approximately 57 ppm in the 13C NMR spectra. This peak was undeniably confirmed 

by DEPT as a CH2 peak in each case.  
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The four peaks in the 13C NMR spectra observed at approximately 177, 164, 161 and 

88 ppm belong to C-atoms on the pyrimidine ring assigned as C6, C4, C2 and C5 

respectively. Upon comparison of the 13C NMR spectrum of the starting material and 

those of the products, a significant shift of the C-5 peak was noted. The C-5 peak 

observed at δ 66.1 ppm of the starting material 49d, shifted significantly to 88 ppm for 

the products 59. The shift indicates the chemical transformation that occurred when 

the acetylenes 57a-i were coupled to the pyrimidine ring forming new C-C bonds. 

Additionally, the acetylene C≡C peaks were distinctively observed at approximately δ 

93.0 and 81.0 ppm in the 13C NMR spectra, which further supports the identity of the 

product. The presence of the alkyne functional group in the products was further 

confirmed by FTIR. A sharp peak due to the C≡C stretch was observed at ~2200 cm-

1 in each case (Table  23). 
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Table 21. Key signals in the 1H NMR spectra that prove success of the Sonogashira 

coupling of 49d with 57b-i. 

Prod. # R’ Phenolic protons including p-
substituents (ppm) 

NH2 H3’ H7 & H8 

59a 4-Cl 7.25 (d, J = 9.0 Hz, H3’’),  
6.93 (d, J = 9.0 Hz, H2’’), 

5.54 (s) 
5.49 (s) 

4.94 (s) 3.19 (h, H7), 
1.13 (d, H8) 

59b 4-F 7.12 – 6.87 (m, H2’’ & H3’’) 5.17 (s) 
5.08 (s) 

4.94 (s) 3.20 (h, H7), 
1.13 (d, H8) 

59c 4-OMe 6.96 (d, J = 9.1 Hz, H2’’/H3’’),  
6.84 (d, J = 9.1 Hz, H2’’/H3’’), 
3.73 (s, OMe) 

5.20 (s) 
5.13 (s) 

4.92 (s) 3.21 (h, H7), 
1.14 (d, H8) 

59d 3-Cl 7.22 (t, J = 8.1 Hz, H5’’), 
7.03 (t, J = 2.2 Hz, H2’’), 
6.98 (ddd, J = 7.9, 1.9, 0.9 Hz,H4’’),  
6.90 (ddd, J = 8.3, 2.5, 0.9 Hz, H6’’) 

5.19 (s) 
5.08 (s) 

4.97 (s) 3.22 (h, H7), 
1.14 (d, H8) 

59e 3-F 7.24 (q, J = 8.1 Hz, H5’’),  
6.86 – 6.60 (m, H2’’, H4’’ & H6’’) 

5.45 (s) 4.96 (s) 3.22 (h, H7), 
1.14 (d, H8) 

59f 3-OMe 7.17 (t, J = 8.2 Hz, H5’’), 
6.63 – 6.45 (m, H2’’, H4’’ & H6’’) 

5.57 (s) 
5.55 (s) 

4.93 (s) 3.23 (h,H7), 
1.13 (d, H8) 

59g 2-Cl 7.38 (dd, J = 7.9, 1.6 Hz, H3’’), 
7.21 (ddd, J = 8.3, 7.4, 1.7 Hz, H5’’) 
7.11 (dd, J = 8.2, 1.5 Hz, H6’’),  
6.93 (td, J = 7.7, 1.4 Hz, H4’’) 

5.44 (s) 

 

5.06 (s) 3.19 (h,H7), 
1.12 (d, H8) 

59h 2-F 7.18 – 7.04 (m, H3’’, H5’’ & H6’’), 
7.03 – 6.89 (m, H4’’) 

5.20 (s) 
5.15 (s) 

5.06 (s) 3.19 (h,H7) 
1.14 (d, H8) 

59i 2-OMe 7.09 (dd, J = 8.1, 1.7 Hz, 1H, H6’’), 
7.01 – 6.95 (m, 1H, H4’’), 
6.94 – 6.88 (m, 2H, H3’’ & H5’’) 
3.88 (s, OMe) 

5.16 (s) 
5.09 (s) 

5.06 (s) 3.20 (h, H7) 
1.13 (d, H8) 
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Table 22. Key signals in the 13C NMR spectra that prove success of the Sonogashira 

coupling of 49d with 57b-i. 

Prod. 
# 

R’ Pyrimidine 
C-peaks 
(ppm) 

Phenolic C-peaks (ppm) Alkyne 
C-peaks 
(ppm) 

C3’ 
(ppm
) 

isopropyl 
C-peaks 
(ppm) 

59a 4-Cl 177.8 (C6), 
164.5 (C4), 
161.4 (C2), 
88.3 (C5) 

156.1 (C1’’), 129.4 (C3’’),  
126.5 (C4’’), 116.5 (C2’’), 

93.0 
81.3 

57.1 33.5 (C7) 
20.7 (C8) 

59b 4-F 178.0 (C6), 
164.6 (C4), 
161.5 (C2), 
88.6 (C5) 

157.9 (d, JC-F = 239.5 Hz, C4’’), 
153.7 (d, JC-F = 2.2 Hz, C1’’),  
116.5 (d, JC-F = 8.1 Hz, C2’’), 
 116.0 (d, JC-F = 23.1 Hz, C3’’), 

93.3 
81.3 

57.6 33.6 (C7) 
20.8 (C8) 

59c 4-OMe 177.7 (C6), 
164.6 (C4), 
161.4 (C2), 
88.7 (C5) 

154.6 (C4’’), 151.6 (C1’’),  
116.6 (C2’’), 114.7 (C3’’), 
55.8 (OMe) 

93.8 
80.9 

57.7 33.5 (C7) 
20.9 (C8) 

59d 3-Cl 178.1 (C6), 
164.6 (C4), 
161.5 (C2), 
88.5 (C5) 

158.3 (C1’’), 135.0 (C3’’),  
130.4 (C5’’), 121.8 (C4’’),  
115.5 (C2’’), 114.0 (C6’’) 

92.9 
81.7 

57.1 33.6 (C7) 
20.8 (C8) 

59e 3-F 178.0 (C6), 
164.7 (C4), 
161.5 (C2) 
88.4 (C5) 

163.6 (d, JC-F = 245.4 Hz, C3’’), 
158.9 (d, JC-F = 11.0 Hz, C1’’), 
130.4 (d, JC-F = 9.9 Hz, C5’’),  
111.0 (d, JC-F = 2.9 Hz, C6’’),  
108.4 (d, JC-F = 21.3 Hz, C2’’), 
103.1 (d, JC-F = 24.9 Hz, C4’’) 

93.0 
81.5 

57.1 33.6 (C7) 
20.8 (C8) 

59f 3-OMe 177.7 (C6), 
164.5 (C4), 
161.2 (C2), 
88.5 (C5) 

160.9 (C3’’), 158.7 (C1’’),  
130.0 (C5’’), 107.2 (C6’’),  
107.1 (C4’’), 101.8 (C2’’), 
55.3 (OMe) 

93.5 
80.9 

56.8 33.5 (C7) 
20.7 (C8) 

59g 2-Cl 177.8 (C6), 
164.4 (C4), 
161.2 (C2), 
88.3 (C5) 
 
 
 

153.0 (C1’’), 130.6 (C3’’),  
127.5 (C5’’), 123.6 (C2’’),  
122.4 (C4’’), 114.7 (C6’’), 

 

92.9 
81.5 

57.9 33.5 
20.7 
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Prod. 
# 

R’ Pyrimidine 
C-peaks 
(ppm) 

Phenolic C-peaks (ppm) Alkyne 
C-peaks 
(ppm) 

C3’ 
(ppm
) 

isopropyl 
C-peaks 
(ppm) 

59h 2-F 177.3 (C6), 
164.6 (C4), 
161.1 (C2), 
88.7 (C5) 

153.4 (d, JC-F = 245.8 Hz, C2’’), 
145.4 (d, JC-F = 10.6 Hz, C1’’), 
124.3 (d, JC-F = 3.7 Hz, C5’’),  
122.6 (d, JC-F = 7.0 Hz, C4’’),  
116.8 (d, JC-F = 1.8 Hz, C6’’),  
116.7 (d, JC-F = 18.7 Hz, C3’’), 

93.2 
81.4 

58.5 33.5 
20.8 

59i 2-OMe 177.5 (C6), 
164.6 (C4), 
161.2 (C2), 
88.9 (C5) 

150.1 (C2’’), 146.7 (C1’’),  
122.4 (C4’’), 120.7 (C5’’),  
114.9 (C6’’), 112.0 (C3’’), 
56.0 (OMe) 

93.7 
81.1 

57.9 33.5 
20.8 

Table 23. Key signal of the C≡C stretch in the FTIR spectrum for 59a-i. 

Prod. # R’ C≡C (cm-1) Prod. # R’ C≡C (cm-1) 

59a 4-Cl 2217 59f 3-OMe 2198 

59b 4-F 2220 59g 2-Cl 2217 

59c 4-OMe 2215 59h 2-F 2215 

59d 3-Cl 2214 59i 2-OMe 2208 

59e 3-F 2216    

 

3.1.4 Reduction of the Sonogashira Intermediates 

Having successfully synthesised the alkyne intermediates, we were now ready to test 

the final step of the synthesis: the reduction of the C≡C to give a saturated C-C bond. 

Reduction of the alkyne functional group is the direct addition of H-atoms to the C≡C 

bond catalysed by a transition metal. This reaction can also be referred to as catalytic 

hydrogenation of alkynes. The reaction cannot take place without the catalyst due to 

the high activation energy. The catalysts lowers the activation energy of the reaction 

by breaking H-H σ bonds. Palladium and platinum catalysts are transition-metal 

catalysts commonly used to facilitate this heterogeneous reaction.  
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The reduction of alkynes is a stereoselective syn-addition reaction. If the reaction was 

to be interrupted by poisoning the catalyst, then hydrogenation of the alkyne will 

selectively generate an equivalent cis alkene. The stereoselective nature of the 

reaction can be explained from the reaction mechanism. In the first step, (Figure 30), 

H2 gas molecules chemically adsorb onto the surface of the metal catalyst, as a result 

H-H σ bonds are broken.168 Then the alkyne complexes to the metal by overlapping 

its π orbitals with vacant orbitals of the metal.169 The catalytic hydrogenation occurs 

on the surface of the metal, with both H-atoms transferred from the metal to the alkyne 

on the same side of the C≡C giving rise to the cis alkene intermediate. In the absence 

of catalyst poisoning, the cis alkene is further reduced to the alkane. 

 

Figure 30. Schematic diagram of the mechanism of a hydrogenation reaction.169 

3.1.4.1 Preparation of 6-tert-butyl-2,4-diaminopyrimidine analogues by catalytic 

hydrogenation  

 

Scheme 38. Reagents and conditions; H2, Pd/C, EtOH, 16 h, 2 bars. 

Utilising the reaction conditions described in Chapter 2, where compound 53 was 

reduced to 54, we now set about reducing alkynes 58 from the same conditions (see 
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Chapter 2, Scheme 32). We attempted a hydrogenation reaction on the alkyne 

substrate 58a in ethanol using catalytic amounts of Pd/C in the presence of an 

atmosphere of H2 (gas) (Scheme 38). Unfortunately, no reaction occurred and the 

alkyne starting material 58a was recovered. As the reaction did not work under these 

conditions, we repeated the reaction at a higher pressure in a reactor (2 bar H2). To 

our delight, the very first 2nd generation 2,4-diaminopyrimidine product 60a was 

isolated in 21% yield. Surprisingly though, the (Z)-alkene equivalent 61a was isolated 

as the major product, in a yield of 56% (Scheme 38). 

Key signals in the NMR spectra of the product confirm the success for hydrogenation 

of the C≡C bond to the fully saturated 2,4-diaminopyrimidine analogue 60a. In the 1H 

NMR spectrum, two new signals are found in the aliphatic region due to the 2 newly 

formed CH2 groups denoted as H1’ and H2’, resulting 

from the reduction of the C≡C bond. H1’ is responsible 

for the multiplet observed at δ 2.85 – 2.67, whereas 

H2’ is observed at 1.99 (dq, J = 11.1, 5.6 Hz). The third 

CH2 group observed in the 1H NMR spectrum appears 

at 4.02 ppm and it is assigned to H3’. Previously, the 

signal for H3’ was a singlet. The change in multiplicity of H3’ from a singlet in substrate 

58a to a triplet observed in the product 60a affirms success of the hydrogenation 

reaction. The triplet arises as a result of the H3’ protons coupling to H2’ protons 

splitting them into a triplet (J = 5.5 Hz). 2D NMR spectroscopic analysis indicate 

correlation of the observed CH2 groups (H3’, H2’ and H1’) to three peaks appearing at 

δ 68.1, 28.4 and 23.5 ppm in the 13C NMR spectrum respectively. The 13C NMR 

spectrum also confirmed the disappearance of the distinct acetylene peaks between 

93 – 81 ppm from the starting material 58a. Furthermore, a molecular ion of 335.1573 

amu was reported in the HRMS, which is in agreement with the calculated mass for 

C17H23ClN4O of 335.1633 amu.  
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The NMR spectra of the alkene intermediate 61a differs slightly from the alkyne 

starting material 58a in that distinct alkene peaks are observed. Signals for alkene 

protons appear at 6.62 δ (dt, J = 10.9, 1.4 Hz) and 6.08 ppm (dt, J 

= 11.0, 6.3 Hz) assigned to H1’ and H2’’ respectively. The reported 

J-coupling constant of ~11 Hz for the alkene protons confirms that 

the geometric isomer isolated from the hydrogenation reaction is 

the “Z” isomer. This confirms that the alkyne substrate undergoes 

a syn-addition of H-atoms facilitated by the Pd-catalyst giving a 

stereoselective cis product.170 The 13C NMR spectrum further 

confirms formation of the alkene, with C=C peaks observed at δ 130.2 and 128.6 ppm. 

Analysis of HRMS showed a molecular ion of 333.1437 amu, which is in good 

agreement with the calculated of mass 333.1477 amu for C17H21ClN4O. 

 

Scheme 39. Reagents and conditions; H2, Pd/C, EtOH, 16 h, 2 bars. 

Formation of the alkene “by product” was an unexpected surprise, since the set 

reaction conditions were suitable to hydrogenate the alkene intermediate further to the 

alkane product. The reaction was ran under pressure and no catalyst poison was 

added to interrupt the reaction, therefore it was not clear why the reaction stopped at 

the alkene intermediate. In an attempt to further reduce the alkene to the desired 2,4-

diaminopyrimine 60a, we subjected compound 61a to a Pd-catalysed hydrogenation 

reaction in a hydrogen reactor set at 2 bar overnight (Scheme 39). After this time the 

reaction mixture was filtered through celite to remove Pd/C and the residue was 

purified using silica gel column chromatography, unfortunately, the alkene starting 

material 61a was isolated. 
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Scheme 40. Reagents and conditions; H2, Pd/C, EtOH, 16 h, 2 bars. 

Failing to understand why the hydrogenation did not work, we attempted the reaction 

on a different substrate. The Sonogashira product 58b, was subjected to the same 

reaction conditions (Scheme 40). Unfortunately, this time around, the alkene 

intermediate 61b was the only product isolated from the reaction. Changing the 

catalyst to Pt (IV) oxide did not yield different results. From this, we can conclude that 

catalyst poisoning is not responsible for the formation of the cis-alkene product 

To get a better understanding of why the hydrogenation reaction does not go to 

completion, we explored the 3D structure of the alkene product. To determine what 

could be obstructing the hydrogenation reaction from taking place. Ideally, a crystal 

structure of the substrate would have been helpful, but unfortunately, we could not 

grow crystals from the alkene products isolated. We therefore utilised a simulated 3D 

model structure of the alkene substrate generated from CHEM Bio-ultra application. 

Although it is not the actual 3D geometric structure of the alkene, the model does give 

a somewhat realistic visualisation of the 3D structure.  

From literature, we understand that the cis isomer is thermodynamically unstable 

because the bulky-substituents about the C=C bond are in close proximity The tert-

butyl group bonded to C-6 of the pyrimidine ring is bulky and therefore exerts steric 

hindrance to groups close to it. The 3D model shows that the tert-butyl group is 

relatively close to the alkene double bond and could therefore interfere with reactions 

occurring at this position.  
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Figure 31. Simulated model of the 3-D geometric structure of compound 60a. 

Considering the reaction mechanism, in order for a hydrogenation reaction to take 

effect the alkene has to interact with the Pd-catalyst by overlapping its π orbitals with 

vacant orbitals of the Pd metal. Looking at the 3D model, the methyl groups of the tert-

butyl substituent are on either side of the alkene C=C bond. We hypothesise that the 

bulky methyl groups of the tert-butyl obstruct the alkene C=C bond from coordinating 

to the metal catalyst. To test this theory, the hydrogenation was attempted on an 

alkyne with an isopropyl group at position 6 of the 2,4-diaminopyrimidine system. 

Compound 59a was therefore subjected to the hydrogenation reaction conditions and 

only the product 62a was isolated in 48 % yield (Scheme 41). No evidence for the 

formation of the cis-alkene was observed. The exclusive isolation of compound 62a 

supports our hypothesis that the tert-butyl group is preventing hydrogenation of the 

alkene. 

 

Scheme 41. Reagents and conditions; H2, Pd/C, EtOH, 16 h, 2 bars. 

The remaining tert-butyl alkynes were reduced to their equivalent alkenes and/or 

alkanes using the described reaction conditions (Scheme 42). Hydrogenation 

Phenoxy 

ring 

Pyr. ring 

C=C 
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reactions were conducted in a reactor set at 2 bars over 16 hours as described above. 

It was apparent that for some reactions traces of the fully reduced products 60 were 

detected using TLC. Notably, the desired products were detected as a faint spot by 

TLCand the alkene intermediate showed more prominence. Hydrogenation of the 

alkynes in the reactor set at higher pressure (3-6 bars) and shorter periods resulted in 

the exclusive isolation of the alkene intermediates. This indicates that the desired fully 

reduced 6-tert-butyl-2,4-diaminopyrimidine products required extended periods in 

order to form. From the tert-butyl series, we only managed to isolate three fully reduced 

products; Compounds 60a, 60c and 60d where R’ = 4-Cl, 4-OMe and 3-Cl 

respectively. Hydrogenation of the other analogues yielded the alkene intermediates 

exclusively. As observed in Table 24, the fully reduced analogues were isolated in low 

yields, and similar to the 4-Cl analogue 60a, their alkene equivalents were the major 

products. 

 

Scheme 42. Reagents and conditions; H2, Pd/C, EtOH, 16 h, 2 bars. 

NMR spectroscopy certainly proved formation of the reduced products 60c and 60d 

(Tables 25 and 26). From the studied 1H NMR spectra, conservation of the pyrimidine 

ring was observed by the 2 singlets signalling for the amino groups observed at δ 5.00 

and 4.50 ppm respectively. In addition, the distinct singlet in the aliphatic region (δ 

1.35 ppm) due to the tert-buty group further confirmed the integrity of the pyrimidine 

ring during the chemical conversion. The newly observed CH2 signals confirmed 

reduction of the C≡C bond. H1’ is observed as a signal 

at δ 2.85 – 2.67 ppm, H2’ gives rise to a signal at 2.00 

ppm as a dq (J = 10.8, 5.7 Hz) and because of the 

electronegative O-atom attached to H3’, it gives rise to 

a signal observed at 4.00 ppm as a triplet (J = 5.5 Hz). 
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The similarities in the J values between H2’ and H3’ indicates that they do in fact 

couple to each other. The CH2 signals, confirmed by HSQC, correlate with carbon 

peaks observed at approximately δ 68.0, 28.0, and 23.4 on the 13C NMR spectra 

respectively. Furthermore, the presence of the CH2 groups was distinctively confirmed 

by DEPT. Notably, there is a significant difference in the chemical shift observed for 

C-5 of the pyrimidine ring. The carbon-13 signal was observed at approximately δ 88.0 

ppm in the 13C NMR spectra of the alkyne starting materials 58c and 58d, and currently 

the C-5 signal is observed further up field at 105.0 ppm in the 13C NMR spectra of the 

products 60c and 60d. The significant shift in carbon signals observed indicates that 

C-5 of the products is in a different chemical environment in comparison to that of the 

alkyne starting materials. Previously, it was covalently bonded to an sp hybridised C-

atom, whereas currently it is bonded to an sp3 hybridised C-atom. Therefore, although 

C-5 was previously bonded to a C-atom, hybridisation of the C-atom it is covalently 

attached to has a significant effect on the chemical shift of C-5. HRMS data also 

confirmed formation of the products 60c and 60d as ionic molecular mass obtained 

for products agreed with the expected mass (see Table 24). 

Table 24. Summary of yields and HRMS data for the fully saturated 6-tert-butyl-2,4-

diaminopyrimidines 60c and 60d. 

Entry Prod. # R’ Yield (%) m.p °C HRMS calc. HRMS found 

1 60c 4-OMe 14 106 331.2129 331.2083 

2 60d 3-Cl 13 n/a 335.1633 335.1579 

Table 25. Key 1H NMR signals indicating formation of the desired 6-tert-butyl-2,4-

diaminopyrimidines 60c and 60d. 

Entry Prod. # 2(NH2) 
ppm 

H3’ (ppm) H2’ (ppm) H1’ (ppm) 

1 60c 5.01 (s), 
4.54 (s), 

4.00 
(t, J = 5.4 Hz) 

1.97  
(tt, J = 11.1, 5.5 Hz) 

2.85 – 2.67 (m) 

2 60d 4.95 (s),  
4.59 (s) 

4.04 
(t, J = 5.5 Hz) 

2.02 
(dt, J = 10.8, 5.7 Hz) 

2.86 – 2.67 (m) 
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Table 26. Key 13C NMR signals indicating formation of the desired 6-tert-butyl-2,4-

diaminopyrimidines 60c and 60d. 

Entry Prod. # Pyr. C peaks (ppm) C3’ (ppm) C2’ (ppm) C1’ (ppm) 

1 60c 173.0 (C6), 164.0 (C4), 
160.0 (C2), 105.0 (C5), 

68.4 28.7 23.4 

2 60d 173.3 (C6), 163.8 (C4), 
159.8 (C2), 104.7 (C5) 

68.0 28.3 23.5 

For the remaining substrates 58b-i, alkene products are products 61b-i were 

recovered from the hydrogenation reaction (Table 27). 

Table 27. Summary of yields and HRMS data for the alkene intermediates of the 6- 

tert-butyl-2,4-diaminopyrimidine series 61b-i. 

Entry Prod. # R’ Yield 
(%) 

m.p 
°C 

HRMS 
calc. 

HRMS 
found 

1 61b 4-F 13 84 317.1772 317.1734 

2 61c 4-OMe 24 n/a 329.1972 329.1924 

3 61d 3-Cl 22 86 333.1477 333.1404 

4 61e 3-F 18 101 317.1772 317.1731 

5 61f 3-OMe 76 77 329.1972 329.1932 

6 61g 2-Cl 69 74 333.1477 333.1424 

7 61h 2-F 58 87 317.1772 317.1732 

8 61i 2-OMe 71 n/a 329.1972 329.1928 

Hydrogenation of the alkyne substrates 58b-i to their alkene 

equivalents 61b-i resulted in the addition of two H-atoms on each 

C-atom of the C≡C bond. Therefore, success of the hydrogenation 

reaction was confirmed by two alkene CH signals observed at δ 

6.68  –  6.58 and 6.17 – 6.07 ppm in the 1H NMR spectra of the 

products, each integrating for one proton (Table 28). The 

observed J values resulting from coupling of the alkene protons is 
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~ 11 Hz, correlating with J values observed for vicinal cis isomers. This indicates that 

we have successfully synthesised the cis alkenes 61b-i . Furthermore, the presence 

of the alkene C=C bond is confirmed by the two alkene C-peaks observed in the 13C 

NMR spectra at δ 131.0 -130.0 ppm for C2’ and 129.1 – 128.1 ppm for C1’ respectively 

(Table 29). Despite the undisputed evidence provided by NMR spectroscopy, HRMS 

data further supports successful formation of the alkene intermediates 61b-i. The 

reported ionic molecular mass are in good agreement with the calculated masses for 

products 61b-i (Table 27). 

Table 28. Key 1H NMR signals indicating formation of the alkene intermediates of the 

6-tert-butyl-2,4-diaminopyrimidine series 61b-i. 

Entry Prod. # 
 

2(NH2) 
ppm 

H1’ (ppm) H2’ (ppm) H3’ (ppm) 

1 61b 4.80 (s), 
4.69 (s) 

6.61  
(d, J = 11.0 Hz) 

6.09  
(dt, J = 11.5, 6.3 Hz) 

4.36  
(d, J = 5.6 Hz) 

2 61c 4.80 (d), 
4.67 (d) 

6.59  
(d, J = 10.9 Hz) 

6.09  
(dt, J = 11.3, 6.3 Hz) 

4.36  
(d, J = 6.0 Hz,), 

3 61d 4.95 (s), 
4.86 (s) 

6.62  
(d, J = 10.9 Hz) 

6.07  
(dt, J = 12.3, 6.3 Hz) 

4.46 – 4.28 (m) 

4 61e 4.80 (s), 
4.70 (s) 

6.55 (dt, J = 10.9, 2.3 
Hz, H1’’) 

6.08  
(dt, J = 11.0, 6.3 Hz) 

4.38  
(d, J = 5.2 Hz) 

5 61f 4.88 (s), 
4.76 (s) 

6.60  
(dt, J = 10.9, 1.4 Hz) 

6.09  
(dt, J = 11.0, 6.3 Hz) 

4.39  
(d, J = 5.9 Hz) 

6 61g 4.99 (s), 
4.86 (s) 

6.64  
(d, J = 11.0 Hz) 

6.15  
(dt, J = 11.0, 6.5 Hz) 

4.45  
(d, J = 6.4 Hz) 

7 61h 4.92 (s), 
4.80 (s) 

6.63  
(d, J = 11.0 Hz) 

6.14  
(dt, J = 11.0, 6.4 Hz) 

4.46  
(d, J = 5.9 Hz) 

8 61i 4.97 (s) 
4.85 (s) 

6.58  
(d, J = 11.0 Hz) 

6.17  
(dt, J = 11.1, 6.3 Hz), 

4.45  
(d, J = 6.0 Hz) 
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Table 29. Key 13C NMR signals indicating formation of the alkene intermediates of the 

6-tert-butyl-2,4-diaminopyrimidine series 61b-i. 

Entry Prod. #  Pyr. C peaks (ppm) C1’ (ppm) C2’ (ppm) C3’ (ppm) 

1 61b 173.8 (C6), 162.0 (C4), 
160.9 (C2), 101.1 (C5) 

128.4 130.5 66.1 

2 61c 173.9 (C6), 162.0 (C4), 
161.1 (C2), 101.2 (C5) 

128.3 130.8 66.3 

3 61d 173.9 (C6), 161.8 (C4), 
160.9 (C2), 100.9 (C5) 

128.7 130.0 65.5 

4 61e 173.9 (C6), 161.9 (C4), 
161.1 (C2), 101.0 (C5) 

128.8 130.0 65.6 

5 61f 173.8 (C6), 161.9 (C4), 
161.0 (C2), 101.1 (C5) 

128.4 130.5 65.4 

6 61g 173.9 (C6), 161.9 (C4), 
161.0 (C2), 100.8 (C5) 

129.1 130.4 66.3 

7 61h 173.9 (C6), 161.9 (C4), 
161.1 (C2), 100.9 (C5) 

128.9 130.1 66.8 

8 61i 173.5 (C6), 161.9 (C4), 
160.8 (C2), 101.1 (C5) 

128.1 131.0 66.6 

 

3.1.4.2 Preparation of 5-(3-(4-chlorophenoxy)propyl)-6-isopropylpyrimidine-2,4-

diamine 62a by catalytic hydrogenation  

 

Scheme 43. Reagents and conditions; H2, Pd/C, EtOH, 16 h, 2 bars. 
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The hydrogenation reaction conditions described for the tert-butyl series were applied 

to the isopropyl series. Alkyne substrates 59a-i’ resulting from the Sonogashira 

reaction were subjected to Pd-catalysed hydrogenation reaction in a reactor set at 2 

bar pressure (Scheme 43). The desired target products were successfully synthesised 

and isolated in moderate to exceptional yields, ranging between 23 and 96% (Table 

30). Due to the presence of a less bulky group at position 6 of the pyrimidine ring, the 

isopropyl substituent, fully reduced products were exclusively isolated, with the 

exception of the 3-OMe analogue, where compound 62f was isolated with the alkene 

intermediate 63f (Scheme 43). In this case the product 62f was isolated as the minor 

product in 23% yield, whilst the alkene intermediate 63f was isolated in 55% yield. 

However, in contrast to the tert-butyl analogues further hydrogenation of the alkene 

intermediate resulted in the production of the desired reduced product compound 62f. 

Upon observation of the melting points, it was apparent the products are low melting 

solids, with the lowest reported melting point of 61 °C. In contrast, the ortho-substituted 

analogues had higher melting points, with reported m.p of 148 °C determined for the 

2-Cl analogue and 220 °C observed for the 2- OMe analogue. Compound 62h was 

not isolated in pure enough form and will be repeated (Table 30, entry 7).  

Table 30. Summary of yields and HRMS data for the desired of the 6-isopropyl-2,4-

diaminopyrimidine series 62a-i. 

Entry Prod. # R’ Yield (%) m.p °C HRMS calc. HRMS found 

1 62a 4-Cl 48 114 321.1477 321.1499 

2 62b 4-F 96 72 305.1772 305.1789 

3 62c 4-OMe 81 61 317.1972 317.1988 

4 62d 3-Cl 90 119 321.1477 321.1494 

5 62e 3-F 75 68 305.1772 305.1789 

6 62f 3-OMe 23 100 317.1972 317.1988 

7 62g 2-Cl 54 148 321.1477 321.1498 

8 62h 2-F - - - - 

9 62i 2-OMe 65 220 317.1972 317.1990 
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Successful synthesis of the target isopropyl analogues 

62 was undoubtedly confirmed by NMR spectroscopy 

(Tables 31 and 32). The newly observed CH2 groups 

in the aliphatic region of the 1H NMR spectra confirms 

success of the hydrogenation reaction. H3’ and H1’ 

give rise to the triplets observed at 4.09 – 3.88 ppm 

and 2.70 -2.51 ppm respectively, while H2’ is responsible for the pentet observed at 

1.98 – 1.91 ppm in each case (Table  31). Similar to the alkyne starting materials 59a-

i, two amino groups bonded to C2 and C4 of the pyrimidine ring were distinctively 

observed as singlets between δ 6.08 – 4.63 ppm each integrating for 2 protons, which 

indicate the presence of the heteroaromatic ring. Signals for the branched aliphatic 

isopropyl group bonded to C6 of the pyrimidine ring were assigned as H7 and H8. H7 

appeared as a signal at ~ 3.00 ppm in the aliphatic region as a heptet or pentet 

integrating for one proton, whilst H8 gives rise to a doublet observed at ~ 1.15 ppm 

integrating for six protons. This confirms successful hydrogenation of the alkyne triple 

bond, while keeping the flexible linker chain covalently bonded to the pyrimidine.  

Conservation of the marriage between the pyrimidine rings and the acetylenes is 

further confirmed by the four pyrimidine type signals at approximately 172 (C6), 163 

(C4), 161 (C2), and 103 ppm (C5) as observed in the 13C NMR spectrum of each 

product (Table 32). These peaks are characteristic of the pyrimidine ring. Similar to 

the tert-butyl analogues, the signal for C5 shifts significantly from 88 ppm for the 

starting material to 103 ppm for the product in each case, indicating the change in the 

hybridisation of the C-atom bonded to C5. Furthermore, the newly formed CH2 groups, 

confirmed by DEPT, were observed at approximately 29 and 21 ppm. The CH2 (C3’) 

bonded to an O-atom is observed further up field at δ ~ 66 ppm. The distinct 

disappearance of the alkyne signals is a clear indication of the successful 

hydrogenation of the Sonogashira products giving rise to the desired flexible 6-

isopropyl-2,4-diaminopyrimidines 62.  
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Table 31. Key 1H NMR signals indicating formation of the desired 6-isopropyl-2,4-

diaminopyrimidine series 62a-i. 

Entry Prod. # 
(p) 

2(NH2) ppm H3’ (ppm) H2’ (ppm) H1’ (ppm) 

1 62a 4.91 (s)  
4.78 (s) 

3.93 (t, J = 5.6 Hz) 1.93 (p, J = 6.5 Hz) 2.58  
(t, J = 7.3 Hz) 

2 62b 5.07 (d),  
4.99 (d) 

3.92 (t, J = 5.5 Hz) 1.92 (p, J = 7.1 Hz) 2.58  
(t, J = 7.3 Hz) 

3 62c 4.94 (s),  
4.69 (s) 

3.91 (t, J = 5.5 Hz) 1.91 (p, J = 7.1 Hz), 2.59  
(t, J = 7.3 Hz) 

4 62d 6.08 – 5.58 
(m), 5.43 (s) 

3.97 (t, J = 5.5 Hz) 1.93  
(p, J = 6.5 Hz) 

2.58 
(t, J = 7.4 Hz) 

5 62e 4.88 (s),  
4.74 (s) 

3.88 (t, J = 5.6 Hz) 1.87 (p, J = 6.4 Hz) 2.51  
(t, J = 7.4 Hz)  

6 62f 5.91 (s),  
5.63 (s) 

3.96 (t, J = 5.3 Hz) 1.98 – 1.83 (m) 2.59  
(t, J = 7.2 Hz)  

7 62g Signal under 
H2O peak 

4.09 (t, J = 5.5 Hz) 1.98 (p, J = 6.2 Hz), 2.70  
(t, J = 7.6 Hz)  

8 62i 5.29 (s), 
4.63 (s) 

4.02 (t, J = 5.4 Hz) 1.96 (p, J = 6.5 Hz) 2.63 
(t, J = 7.2 Hz)  
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Table 32. Key 13C NMR signals indicating formation of the desired 6-isopropyl-2,4-

diaminopyrimidine series. 

Entry Prod. # 
(p) 

Pyr. C peaks (ppm) C3’ (ppm) C2’ (ppm) C1’ (ppm) 

1 62a 172.4 (C6), 163.1 
(C4), 161.1 (C2), 
103.0 (C5) 

66.8 29.0 21.2 

2 62b 172.0 (C6), 163.1 
(C4), 160.9 (C2), 
103.1 (C5) 

67.1 29.0 21.2 

3 62c 172.4 (C6), 163.2 
(C4), 161.3 (C2), 
103.2 (C5) 

67.0 29.2 21.2 

4 62d 171.0 (C6), 162.8 
(C4), 159.7 (C2), 
103.0 (C5) 

66.7 28.8 21.1 

5 62e 172.4 (C6), 163.1 
(C4), 161.3 (C2), 
103.0 (C5) 

66.8 28.9 21.2 

6 62f 169.8 (C6), 163.2 
(C4), 

159.4 (C2), 103.2 (C5 

66.3 28.9 21.1 

7 62g 172.2 (C6), 165.7 
(C4), 159.9 (C2), 
104.9 (C5) 

68.4 29.4 21.8 

8 62i’ 171.3 (C6), 163.5 
(C4), 160.9 (C2), 
103.5 (C5) 

67.1 29.1 20.9 

 

3.1.4.3 Preparation of 6-cyclopropyl-5-(3-(4-fluorophenoxy)propyl)pyrimidine-

2,4-diamine  

We have successfully synthesised 2,4-diaminopyrimidine analogues 60 and 62 with 

branched aliphatic groups at C-6 of the pyrimidine ring. However, as mentioned in 

Chapter 1, analogues containing an isopropyl or cyclopropyl group at position 6 scored 
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higher in the molecular docking studies, which can translate to high potency against 

both the wild-type and quadruple malaria mutant enzyme models. In the final aspects 

of this work, we hoped to apply the developed total synthesis to a pyrimidine ring 

system substituted with an aliphatic ring at C-6.  

To this end, the synthesis of a 2,4-diaminopyrimidine analogue with an aliphatic ring 

at position 6 was initiated by subjecting the iodinated pyrimidine 49a to a Sonogashira 

cross-coupling reaction. This particular pyrimidine system was selectively chosen 

because it bares the cyclopropyl ring at C-6. The molecular modelling studies did 

inform the potential potency of 2,4-diaminopyrimidine derivaties bearing this aliphatic 

ring on both the wild and mutant enzymes. Therefore, successful synthesis of these 

derivatives will allow for an actual evaluation of the compounds against both wild type 

and mutant PfDHFR in vitro. Ideally we would like to obtain a comparative study on 

the potency of isopropyl analogues vs cyclopropyl analogues in the biochemistry 

enzyme essay. However, due to time constrains we were limited to only demonstrating 

the feasibility of this synthetic approach  by preparing one analogue from the 

cyclopropyl series.  

The iodinated pyrimidine 49a was utilised as the electrophile meant in a Pd-catalysed 

cross-coupling reaction with acetylene 57a. The reaction was conducted in the 

presence of Pd(PPh3)2Cl2, CuI and DIIPA as a base, under N2 atmosphere at 100 °C 

over 12 hours. The reaction mixture generated the product 64 in 42% yield (Scheme 

44). 

 

Scheme 44. Reagents and conditions; alkyne, Pd(PPh3)2Cl2, CuI, DIIPA/DMF (2:1), 

12 h, rt. 
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The duccess of the coupling reaction was confirmed by signals characteristic of both 

the pyrimidine ring and the acetylene substrate 

observed on the 1H NMR spectrum. The pyrimidine 

was distinctively characterised by two singlets 

appearing at δ 5.20 and 4.97 ppm due to the amino 

groups, and signals appearing in the aliphatic region 

due to the cyclopropyl ring bonded to C6. H7 was 

observed at 2.22 ppm as a triplet of triplets, whilst the two CH2 groups denoted as H8 

were observed at 1.03 (dt, J = 6.2, 3.3 Hz) and 0.88 (dq, J = 7.2, 3.6 Hz). The two 

signals observed for H8 and the similarity in the coupling constant (J = 3.3Hz) shows 

that the axial protons of the CH2 groups in the cyclopropyl ring couple to the equatorial 

protons. This in fact comes as no surprise because the cyclopropyl ring is very rigid, 

thus free rotation about the single bonds is expected to be restricted. Features of the 

coupling partner, the acetylene, were characterised by the multiplet observed in the 

aromatic region integrating for 4 protons. Lastly, H3’ was responsible for the singlet 

observed at δ 4.95 ppm integrating for 2 protons. Notably, the acetylenic proton that 

appeared at 2.53 ppm in the 1H NMR spectrum of the acetylene substrate, has 

disappeared, supporting the success of the coupling reaction. 

The 13 peaks observed in the 13C NMR spectrum further confirmed formation of the 

product. Since the acetylene substrate has a fluoro-substituent at the para position, 

the four newly added peaks in the aromatic region due to the phenolic carbons were 

easily identified and characterized as a result of carbon-fluorine coupling. 

Furthermore, distinct C≡C peaks were observed at δ 92.8 and 81.6 ppm respectively. 

The significant difference in the chemical shift of C-5 from 64.3 ppm for the iodinated 

starting material to 89.5 ppm for the product shows the success of the coupling 

reaction at C-5, giving rise to formation of a new C-C bond. HRMS data further 

supports formation of the product, with the observed ionic molecular mass of 299.1319 

amu matching the one calculated for C16H15FN4O of 299.1303 amu. 
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Scheme 45. Reagents and conditions; H2, Pd/C, EtOH, 16 h, 2 bars. 

Satisfied with the alkyne product 64, we were now ready to hydrogenate the multiple 

bond to yield the desired 6-cyclopropyl-2,4-diaminopyrimidine derivative 65. In a 

reactor at 2 bar pressure, a solution of the alkyne 

starting material 64 in ethanol was treated with Pd/C 

in the presence of H2 gas to produce compound 65 as 

a brown solid in 77% yield. The 1H NMR spectra 

undoubtedly proved that the hydrogenation reaction 

was a success. The two newly formed CH2-groups were observed at δ 2.72 (t, J = 7.0 

Hz) and 2.00 ppm (dt, J = 12.6, 6.0 Hz). The latter, H2’, couples to H3’ found at 3.92 

ppm as a triplet integrating for two protons. The three CH2 groups correlate to the three 

carbon peaks in the 13C NMR spectrum observed at 21.1, 28.6 and 66.9 ppm 

respectively. Another notable feature that confirms the success of the hydrogenation 

reaction is the unmistakable disappearance of the C≡C peaks in the 13C NMR 

spectrum.  

In conclusion, we have successfully synthesised two series of 2,4-diaminopyrimidine 

analogues, i.e. the tert-butyl analogues 60a-c and the isopropyl analogues 62a-i. 

Unfortunately we could not fully reduce all the tert-butyl alkynes to the desired 2,4-

diaminopyrimidines with a saturated flexible 4-linker chain, due to the bulky tert-butyl 

group, however, alkenes 61a-i were isolated and characterised, and will be tested for 

activity against both wild type and mutant PfDHFR. We have also successfully applied 

the developed synthetic plan towards the synthesis of an aliphatic analogue with a 

cyclopropyl at position 6 of the pyrimidine ring. Success of the Sonogashira reaction 

on this particular compound suggests that the methodology can be used to further 

expand the library of analogues. 
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3.2 Synthesis of analogues containing other heteroatoms 

Thus far, the Sonogashira reaction has proven to be reproducible when applied to 

halogenated heteroaromatic pyrimidine rings in the presence of nucleophilic alkynes 

derived from phenols. To investigate the robustness of this reaction on other systems, 

Sonogashira reaction conditions were employed using alkynes derived from aniline as 

nucleophiles. This interest led us to attempt the synthesis of 2,4- diaminopyrimidines 

with a different hetero-atom other than oxygen in the flexible linker, such as compound 

68, using the developed synthetic route (Scheme 46). 

 

Scheme 46. Reagents and conditions; (i) propargyl bromide, K2CO3, DMF, r.t, 8 h; 

(ii) Pd(PPh3)2Cl2, CuI, DIIPA, DMF (2:1), 80 °C, 12 h. 

We attempted the Sonogashira reaction on an alkyne substrate prepared from aniline. 

To our delight, the alkyne was coupled with compound 49d via a Pd-catalysed 

Sonogashira cross-coupling reaction to give the product 67 in 60% yield (Scheme 46). 

Formation of the product was confirmed by key signals characteristic of the pyrimidine 

ring system and the alkyne observed on the 1H NMR spectrum. The two amino groups 

were observed as singlets appearing at δ 5.04 and 4.98 

ppm, while signals for the isopropyl group were 

observed in the aliphatic region. H7 appeared at 3.19 

ppm and H8 at 1.12 ppm as a doublet integrating for 6 

protons. All this addresses the integrity of the 2,4-

diaminopyrimidine ring system. Signals observed in the aromatic region integrated for 

a total of five protons, due to the phenyl ring originating from aniline. With the help of 

a CH correlation experiment, we were able to correlate the phenyl protons to the 

phenyl carbon peaks appearing between δ 129.4– 114.2 ppm in the 13C NMR 
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spectrum. The quaternary carbon (C1’’) of the phenyl ring was observed at δ 147.1 

ppm. The alkyne peaks distinctively appeared at 96.1 ppm and 77.4 ppm, further point 

to the success of the coupling reaction. Furthermore, upon analysis of the HMBC 2D 

NMR spectrum, it was evident that the isopropyl peaks couple with C5 and C6 of the 

pyrimidine appearing at 89.3 and 177.1 ppm respectively. In addition, a molecular ion 

peak observed on the HRMS with a mass of 282.1731 amu confirmed formation of 

compound 67. 

 

Scheme 47. Reagents and conditions; H2, Pd/C, EtOH, 16 h, 2 bars. 

The success of the Sonogashira reaction, a key reaction for the synthesis of these 

2,4- diaminolpyrimidines, afforded us the opportunity to test the hydrogenation 

reaction. Using reaction conditions previously described, we subjected compound 67 

to a reduction reaction catalysed by Pd/C in the presence of H2 gas under pressure 

(Scheme 47). This reaction was conducted in a hydrogen reactor utilised as a reaction 

vessel set at a pressure of 2 bar. Progress of the reaction was monitored by TLC, of 

which indicated complete conversion of the starting material to the product after 16 

hours. The catalyst was filtered off, and the remaining filtrate was concentrated on the 

rotary evaporator. The product was purified further using basic aluminium oxide 

column chromatography and isolated as a white solid in 58%. 

Formation of the product was indisputably confirmed by NMR spectroscopy. The two 

observed signals at 2.54 (t, J = 7.8 Hz) and 1.76 (p, J = 6.8 Hz) in the 1H NMR spectrum 

were due to the newly formed CH2 groups resulting from reduction of the C≡C bond. 

H2’ coupled to H3’ and split it into a triplet observed at 3.15 (t, J = 6.5 Hz) ppm. This 

further confirmed success of the hydrogenation reaction, as H3’ was observed as a 

singlet in the 1H NMR spectrum of the starting material. Proton signals of the CH2 

groups corresponded to the three distinct carbons appearing in the aliphatic region on 
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the 13C NMR spectrum. Furthermore, the unmistakable disappearance of the alkyne 

C-peaks supports formation of the product 68. 

We have successfully applied the Sonogashira reaction using an alkyne containing a 

heteroatom other than oxygen. This proves the robustness of the Sonogashira 

reaction to accommodate a vast spectrum of alkyne reagents that can be utilised as 

nucleophiles. Having successfully utilised the newly developed synthetic route on this 

derivative of 2,4-diaminopyrimidine 68, we can further expand the library of 

compounds by introducing substituents on the phenyl ring. 
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4 CHAPTER 4: Results and discussion 

4.1 Biological data 

It is more urgent than ever to discover novel antimalarial agents as the pressure to 

combat resistance against currently used antifolates keeps mounting. Malaria causing 

parasites are constantly gaining resistance against current drugs such as 

pyrimethamine (Figure  32), an antifolate that inhibits PfDHFR. Therefore, the 

development of new antifolates is imperative to effectively target the folate pathway in 

this pathogenic species. Resistance towards pyrimethamine is attributed towards the 

rigid bi-aryl structure of pyrimethamine. The antifolate has a heteroaromatic ring 

covalently connected to an aryl ring by a rigid σ-bond as illustrated in Figure 32. It has 

been shown that resistance to pyrimethamine is due to the rigidity of the structure 

which clashes with mutant amino acids in the PfDHFR active site. To bypass 

resistance brought about these point mutations in the active site of the enzyme, drug 

candidates with flexible structures have been developed.  

 

 

 

Figure 32. Chemical structure of pyrimethamine. 

A molecular modelling campaign conducted by a colleague in our laboratory, Matthew 

Maree, led to the design of 2nd generation 2,4-diaminopyrimidine derivatives 15 with 

aliphatic groups at position 6 of the pyrimidine core (Figure 33). These compounds 

contain an aromatic heterocyclic ring connected to a terminal aryl ring by a flexible 4-

atom linker. Their structure was inspired by the folate co-factor DHF, which is made 

up of a pterin ring moiety connected to p-aminobenzoate and glutamate (Figure 33). 

These derivatives mimic the structure of DHF and could potentially inhibit the catalytic 

function of PfDHFR, thereby inhiting parasitic replication. 
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Figure 33. Chemical structure of the designed analogues 15 and DHF. 

4.1.1 Enzymatic assays 

The modelling studies interrogated virtual interactions between the designed 

pyrimidine structures 15 with different forms of the PfDHFR enzyme, i.e. both the wild 

type and the quadruple mutant. From the studies, we learnt that compounds with an 

aliphatic group at position 6 of the pyrimidine ring displayed a high binding affinity to 

the active site of PfDHFR. Thus, the designed pyrimidine structures 15 showed the 

potential to inhibit PfDHFR. We therefore developed a synthetic route towards these 

compounds. In a five step synthetic procedure, a series of both the tert-butyl 

analogues and the isopropyl analogues were successfully synthesised, using the 

Sonogashira reaction as the key step towards formation of these systems. Of the 

synthesised analogues, 15 compounds were sent for preliminary tests to assess their 

inhibitory activity against both wild type and mutant PfDHFR enzymes in a series of in 

vitro biochemical enzyme assays. These compounds were also tested for inhibitory 

activity against human DHFR to evaluate selectivity and toxicity. Compounds from the 

tert-butyl series that were sent for biological testing included the reduced products 60, 

and the alkenes 61. Furthermore, we saw it necessary to include the Sonogashira 

alkyne scaffolds 58, after a report by Beierlein et al. in 2008.159 They described a novel 

series of Bacillus anthracis DHFR inhibitors. These antifolates 66 are structural 

derivatives of trimethoprim with a propargyl linker between the aromatic heteroatom 

ring and the substituted aryl ring (Figure 34). They displayed inhibitory activity against 
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BaDHFR and the lead compound was found to be 82-fold more potent than 

trimethoprim against B. anthracis, a virulent Gram-positive bacteria that causes 

anthrax.159 Similar to the Sonogashira alkyne products 58, the reported BaDHFR 

inhibitors contain a C≡C in the linker (Figure 34). As a result, we were interested to 

find out whether our alkyne intermediates 58 would display any inhibitory activity 

against PfDHFR. 

 

Figure 34. Chemical structures of compounds 58, 60 and 61, and that of BaDHFR 

inhibitors.159 

Prof Yongyuth Yuthavong and colleagues at BIOTEC, Thailand, conducted the 

assays, which showed very promising results. From the Ki values reported (Table 33) 

we can deduce that all tested compounds had a lower binding affinity for human 

DHFR, when compared with PfDHFR. This suggest that compounds show selectivity 

for PfDHFR over human DHFR.  
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Table 33.  Evaluation of inhibition of human DHFR and PfDHFR wild type and mutant 

type. 

Entry R’ PfDHFR-WT (nM)[a] PfDHFR-QM (nM)[b] HsDHFR (nM)[c] 

Ki SD Ki SD Ki SD 

58a 4-Cl 0.49 0.06 1.95 0.04 54.58 3.6 

58b 4-F 0.29 0.02 1.28 0.06 27.26 0.41 

58c 4-OMe 0.26 0.02 0.85 0.04 30.49 1.63 

58d 3-Cl 0.34 0.04 0.88 0.03 45.06 3.47 

58e 3-F 0.38 0.01 1.21 0.05 36.67 1.61 

58f 3-OMe 0.30 0.01 0.78 0.02 25.02 1.02 

58g 2-Cl 0.71 0.05 1.65 0.07 45.35 1.46 

58h 2-F 0.34 0.02 1.32 0.05 28.49 0.98 

60a 4-Cl 0.99 0.06 4.81 0.18 289.93 5.64 

60c 4-OMe 0.36 0.05 1.3 0.06 57.84 0.9 

61b 4-F 1.90 0.13 3.46 0.12 >250000 

61c 4-OMe 1.56 0.1 2.11 0.07 222.68 10.12 

61d 3-Cl 1.88 0.07 2.37 0.1 396.48 11 

61f 3-OMe 0.80 0.05 0.8 0.04 >500000 

61h 2-F 1.57 0.02 4.64 0.2 690.2 33.8 

PYR  0.34 0.02 29.34 1.47 40.96 1.33 

TMP  0.59 0.02 49.07 0.68 >1000000 

[a] WT= wild type; [b] QM= quadruple mutant; [c] HS= Homosapies; PYR= 

pyrimethamine; TMP= trimethoprim 

Most importantly, all the tested compounds inhibited both the wild type and quadruple 

mutant PfDHFR in the low nanomolar range, with high inhibitory activity observed for 

the wild type enzyme with Ki values ranging between 0.26 – 1.9 nM (Table 33). To our 



Chapter 4: Results and Discussion 

125 

 

surprise, the alkyne products 58 were the most potent against both forms of the 

parasitic enzyme. This is illustrated on the graph below (Figure 35), where the x-axis 

is plotted from the most active inhibitor on the left hand side to the least potent inhibitor 

on the right. The most active inhibitor, compound 58’ with a 3-OMe substituent on the 

phenoxy ring, exhibits a Ki value of 0.78 nM against the PfDHFR quadruple mutant 

type. Whereas, compound 60a, which contains a 4-Cl substituent on the phenoxy ring, 

showed the least inhibitory activity with a Ki value of 4.81 nM against the quadruple 

mutant. Although compound 60a displayed a lower binding affinity relative to the other 

tested compounds, it still inhibited  the mutant type enzyme in the low nanomolar range 

and to a far greater extent than pyrimethamine (PYR) (utilised as a known standard) 

with Ki = 29.34 nM, or trimethoprim (TMP) (Ki = 49.07 nM) which is significantly the 

weakest inhibitory activity against the PfDHFR quadruple mutant observed in this 

series. 

 

Figure 35. Inhibitory activity of both the PfDHFR wild type and quadruple mutant 

type ranging from the most active to the least active. 

In general, we noticed that the methoxy containing analogues were better inhibitors 

compared to those containing chloro- and fluoro-substituents bonded at the same 

position on the phenoxy ring. Compound 58c with a 4-OMe substituent was the most 
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active alkyne containing a substituent at the para-position, with a Ki value of 0.85 nM 

against the quadruple mutant. By comparison, the 4-Cl containing compound 58a and 

the 4-F compound 58b exhibited Ki values of 1.95 and 1.28 nM respectively. Similarly, 

compound 61f with a 3-OMe substituent was the most active “alkene” inhibitor with a 

Ki value of 0.80 nM against the quadruple mutant, while compound 61d, with a 3-Cl 

substituent exhibited enzymatic inhibition against mutant PfDHFR at 2.37 nM. From 

this appears that the methoxy containing analogues seem to be better inhibitors of  

quadruple mutant PfDHFR. 

4.1.2 Whole cell P. falciparum assays 

The tert-butyl compounds 58, 60 and 61 were exceptionally potent inhibitors in the 

enzymatic assays as all the tested compounds inhibited both the wild type and mutant 

PfDHFR in the low nanomolar range. With such optimistic results, we then set out to 

further assess antiplasmodial activity of these compounds in vitro in a whole cell 

P.  falciparum assay against the drug sensitive TM4/8.2 strain carrying WT PfDHFR 

and the multidrug resistant strain V1S carrying the QM PfDHFR enzyme of the 

parasite. Antiplasmodial activity was measured using 3H hypoxanthine incorporation 

assay.171 All the experiments were carried out in triplicates and their results are 

summarised in Table  34.  
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Table 34. Evaluation of antiplasmodial activity against drug sensitive and multi-drug 

resistant P. falciparum strains, and cytotoxicity against normal. 

entry R’ IC50 (µM) 
PfTM4/8.2 

IC50 (µM) 
PfV1S 

aRI IC50 (µM) 
VERO 

bSI1 cSI2 

58a 4-Cl 5.06 ± 0.64 64.0± 13.8 12.65 26.6 ± 17.4 5.26 0.42 

58b 4-F 2.94 ± 0.16 37.7± 7.02 12.82 11.8 ± 4.00 4.01 0.31 

58c 4-OMe 0.77 ± 0.06 50.6 ± 7.74 65.71 8.63 ±3.80 11.21 0.17 

58d 3-Cl 4.12 ± 0.28 50.4±9.33 12.23 12.2 ± 6.01 2.96 0.24 

58e 3-F 1.11 ± 0.30 41.4± 7.56 37.30 11.8 ± 3.68 10.63 0.29 

58f 3-OMe 0.28 ± 0.02 21.9± 2.82 78.21 0.72 ± 0.17 2.57 0.03 

58g 2-Cl 7.06 ± 0.73 23.0 ± 1.01 3.26 31.5 ± 3.93 4.46 1.37 

58h 2-F 4.42 ± 0.34 44.0 ± 9.11 9.95 16.1 ± 1.01 3.64 0.37 

60a 4-Cl 11.8 ± 1.60 22.8 ± 1.51 1.93 >50 3.64 0.37 

60c 4-OMe 3.79± 0.28 18.5 ± 1.17 4.88 28.7 ± 3.45 7.57 1.55 

61b 4-F 17.4± 1.09 17.6 ± 1.88 1.01 63.2 ± 4.32 3.63 3.59 

61c 4-OMe 9.41± 0.23 18.6 ± 1.11 1.98 63.4 ±9.08 6.74 3.41 

61d 3-Cl 11.7± 1.58 23.6 ± 098 2.02 >50 4.27 2.12 

61f 3-OMe 19.9 ± 0.65 21.0 ± 0.57 1.06 76.1 ± 4.08 3.82 3.62 

61h 2-F 23.4 ± 1.06 22.4 ± 0.86 0.96 82.6 ± 7.84 3.53 3.69 

TRP  6.37± 0.63 >100 15.70 >100 15.70 1.00 

ELPTC-
OLD 

 ND ND  3.51 ± 0.95   

Cyc  0.034 ± 0.005 92.4 ± 6.11 2717.65 >100 2941.18 1.08 

Pyr  0.053 ± 0.007 >100 1886.79 26.9 ± 2.07 507.55 0.27 

ELPTC-OLD = ellipticine, TRP = trimethoprim, Cyc = cycloguanil, Pyr = 

pyrimethamine, ND  = Never determined 

aRI, resistance index: the ratio of the IC50 (PfV1S)/ IC50 (PfTM4/8.2). Selectivity index, 

bSI1 = IC50 VERO/ IC50 (PfTM4/8.2), cSI2 = IC50 VERO/ IC50 (PfV1S). 
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The tested compounds displayed moderate antiplasmodial activity in the low 

micromolar range with IC50 values of 0.28 -23.4 µM against the drug sensitive strain 

and 17.6 – 64.0 µM against the multidrug resistant strain (Table 34). Compounds 

harbouring the alkyne bond were the most active against the drug sensitive strain (IC50 

= 0.28 – 7.06 µM) as seen in Figure 36(a). Similar to the PfDHFR inhibition studies, 

compound 58f containing a methoxy substituent at the meta position was the most 

active against the drug sensitive strain. Eight of the tested alkyne products (58a-58f & 

58h) are comparable with trimethoprim with an IC50 value of 6.37 µM against the drug 

sensitive strain. However, their antiplasmodial activity is significantly lower in 

comparison to cycloguanil and pyrimethamine with IC50 values of 0.034 and 0.083 µM 

respectively. The least active compound against the drug sensitive strain is the alkene 

product 61h, which contains a 2-F substituent (IC50 = 23.4 µM). As observed for the 

biochemical enzyme assays, methoxy containing compounds displayed the highest 

inhibitory activity against the drug sensitive strain. For instance, the alkyne product 58f 

is the most active compound as mentioned above, whilst the most potent alkene is 

compound 61c bearing a 4-OMe substituent on the phenoxy ring. Additionally, 

compound 60c displayed better antiplasmodial activity than 60a against the drug 

sensitive strain. 

 

 

 

 

 

Figure 36: Antimalarial activity of the tert-butyl compounds against (a) the drug  

 

The tested compounds displayed varying antiplasmodial activity ranging between 17.6 

– 64 µM against the multi-drug resistant strain. By virtue of malaria drug discovery, the 

acceptable IC50 value for compounds considered as hits should be less than 1 µM.172 

(a) (b) 

Figure 36. Antimalarial activity of the tert-butyl compounds against (a) the drug sensitive 

TM4/8 strain and (b) the multi-drug resistant V1S strain ranging from the most active to 

the least active compound. 
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Since the tested compounds displayed extremely low antiplasmodial activity with IC50 

values > 17 µM against the multi-drug resistant strain, none of the compounds qualify 

for further development as antimalarial agents. The highest antiplasmodial activity 

against the multi-drug resistant strain is observed for the alkenes 61 with IC50 values 

ranging from 17.6 – 23.6 µM (Figure 36 (b)). The most potent compound, 61b with an 

IC50 value of 17.6 µM, contained a 4-F substituent. However, compounds bearing a 

methoxy substituent (such as 58f, 60c, 61c and 61f) were amongst the most active 

compounds. Similar to the enzymatic assay, potency of compounds containing the 

methoxy substituent was evident.  

The novel triazines synthesised at CSIR on which these compounds were based 

displayed antiplasmodial activity in the low nM range against the drug resistant strain 

in a whole cell assay,96 whilst our compounds display moderate antiplasmodial activity 

in the low µM range. The apparent loss in activity between the enzymatic and whole 

cell assays could be attributed to the pharmacokinetic properties of these compounds. 

Considering that the compounds can effectively inhibit both wild type and quadruple 

mutant PfDHFR in the low nM range in the biochemical enzyme assay but not to the 

same extend in the whole cell assay, suggests that pharmacokinetic properties such 

as liphophilicity of the compounds or solubility at physiological conditions could be 

affecting their antiplasmodial activity in vitro. To better understand these results, 

further assessments will be considered for future work. Most significantly, we await the 

results of the remaining compounds prepared in this project in both the enzymatic and 

whole cell assays. 

4.1.3 Cytotoxicity assay and selectivity index 

Safety and efficacy are essential attributes that a drug must possess in drug discovery 

of new antimalarials. As such, cytotoxicity studies assess effects on the viability of 

normal mammalian cells in the presence of new compounds and this identifies whether 

compounds are toxic or non-toxic to normal mammalian cell lines. Additionally, data 

from such assays allows compounds to be classified in accordance to their respective 

toxicity ranging between IC50 values > 100 µM for compounds considered non-toxic to 

< 10 µM for compounds considered highly toxic. The toxicity ranges are reported as 

follows in literature: 
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 Non-lowly toxic with IC50 values > 100 µM,173  

 Weakly toxic with IC50 values > 50 and < 100 µM,174  

 Mild-moderately toxic with IC50 values > 10 and < 50 µM175  

 and significant- highly toxic with IC50 values < 10 µM.174  

Furthermore, if compounds are found active and non-toxic, we can rule out basal 

toxicity as a contributor to observed antiplasmodial activity. Compounds that posses 

low toxicity or considered non-toxic to healthy mammalian cells are deemed 

favourable for further exploration as antimalarial agents, their activity indicates 

interaction between the compound and plasmodial parasite. 

Mammalian (VERO) cells were treated with synthesised compounds to test for 

cytotoxicity using the sulforhodamine B. (SRB) assay. Cytotoxicity IC50 values 

determined for the tested compounds 58, 60 and 61 against the VERO cells range 

between 0.71 – 82.6  µM. According to the literature cytotoxicity ranges, these 

compounds are considered toxic to mammalian cells. Compounds 61b-d, 61f and 

61h were the least toxic in the series. These alkene products are mild to moderately 

toxic to VERO cells with IC50 values > 50 to 82.6 µM (Table 34). The highest toxicity 

observed is for 58c and 58f, alkyne compounds harbouring a tert-butyl group and a 

methoxy group on the phenol ring, with IC50 values of 8.63 and 0.72 µM against VERO 

cells respectively.  Unfortunately, the tested compounds display mild to high toxicity 

towards VERO cells. Therefore, the observed antiplasmodial activity with IC50 values 

of 0.28 – 23.4  µM against the drug sensitive strain and 17.6 – 64.0 µM against the 

multidrug resistant strain could potentially be due to basal toxicity as a major 

contributor (Table  34).  

Compounds may be cytotoxic to normal mammalian cells, and yet be selective of 

pathogenic cells when exposed to them in the presence of healthy mammalian ones. 

Therefore, the selectivity index (SI) of the compound is an important parameter to 

measure selectivity of the compounds for parasitized cells. SI was obtained through 

the relationship between cytotoxicity and antiplasmodial activity of each compound. In 

our case, SI is calculated with respect to the drug sensitive strain (SI1) and the drug 

resistant strain (SI2). The higher the SI, the more non-cytotoxic or safer the compound 

is. Ideally, compounds should possess IC50 values of < 1 µM and a minimum SI value 

of 10 to be considered as a hit in the development of antimalarial drugs.176,177 
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Compounds 58c and 58f are the only two compounds out of 15 with SI1 values above 

10 (Table 34). Although both compounds may seem selective for parasitic cells in 

relation to the drug sensitive strain, they are non-selective for the parasitic cells of the 

drug resistant strain. By observation, the SI2 values of all tested compounds are less 

than 10, ranging between 3 and 0 (Table 34). The compounds will have the same 

effect on normal mammalian cell as plasmodial cells. 

4.1.4 Resistance index 

Another important parameter to consider during drug discovery of antimalarial agents 

is resistance index (RI). We define RI as the ratio of the biological activity (IC50 value) 

of the compounds against the drug resistant strain to the IC50 values observed against 

the drug sensitive strain.172 It indicates the potency of a drug candidate as a result of 

resistance. This is of particular importance as we set out to synthesise 2,4-

diaminopyrimidines with a flexible linker to overcome resistance imposed by P. 

falciparum against pyrimethamine. As mentioned in Chapter 1, pyrimethamine is a 

2,4-diaminopyrimidine derivative with a rigid single bond in between the bi-aryl rings. 

It is believed that due to torsional constraints, the antifolate fails to overcome 

resistance imposed by the Plasmodium parasite as a result of point mutations 

occurring in the active site of the drug target enzyme, DHFR. Therefore, the lower the 

RI the least activity lost through resistance and hence the better the compound. The 

RI values for the tested compounds (58a-h, 60a, 60c, 61a-d, 61f & 61h) vary between 

1 – 78 (Table  34). The calculated RI values are by far better than the RI value 

observed for the controls, pyrimethamine and cycloguanil, with RI values of 2717 and 

1886 respectively, indicating high-levels of resistance. 172 RI value of < 10 may indicate 

an intermediate resistance level.172 Most of the tested alkynes 58a-f, with a tert-butyl 

group at position 6 of the diamino heteroaromatic ring, indicated a significant loss in 

activity against the PfV1S strain with RI values > 10. Of the tested alkynes, 58g and 

58h are the only two with suggestive intermediate resistance, with 3- and 10-fold loss 

in activity against the PfV1S respectively. RI values calculated for Compound 60a and 

60c are among the low calculated RI values, 2 and 5 respectively. It is worth noting 

that compound 60a and 60c contain just σ bonds connecting the flexible 4-atom linker. 

Therefore, the low RI values suggest that torsional freedom is essential for the 

compound to retain activity against drug resistant strains. Compound 61b, 61f and 
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61h display equipotency against both the drug sensitive (PfTM4/8.2) and drug 

resistant (PfV1S) strain with RI values = 1. They display equal efficacy against both 

strains.
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5 CHAPTER 5: Conclusions and Future work  

In this project, we set out to synthesise novel second generation 2,4-

diaminopyrimidines as potential antimalarial agents. The target compounds were 

meant to maintain many of the structural features of the active dihydrotriazine 7, but 

eliminate the stereogenic centre. The synthetic dihyrotriazines contained a heteroatom 

ring system bonded to a 4-atom linker at, which separated the heteroatomic ring 

system from a substituted phenyl ring. 96 In contrast, the 2,4-diaminopyrimidines 

proposed in this work eliminate the challenges associated with isolation of 

enantiomers as potential pharmaceuticals. We also intended to synthesise these 

pyrimidines with an aliphatic group at position 6 of the pyrimidine ring, as a loss in 

activity was observed for the 1st generation 2,4-diaminopyrimidines that contained a 

phenyl ring at C-6 of the pyrimidine scaffold. 

 

Figure 37. Chemical structure of the dihydrotriazine 7 synthesised previously. 

We have successfully developed a 5-step synthetic route towards the desired 2nd 

generation 2,4-diaminopyrimidines 15 and have synthesised a series of 

2,4- diaminopyrimidines with aliphatic groups at position 6 of the pyrimidine scaffold 

(Scheme 31). Synthesised compounds were substituted with tert-butyl, isopropyl or 

cyclopropyl at C-6, since designed compounds containing these groups were amongst 

the highest scoring during molecular modelling, indicating their potential to inhibit 

PfDHFR. 
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Scheme 48. Newly developed synthetic procedure towards synthesis of second 

generation pyrimidines. 

The newly developed synthetic route was initiated by synthesis of β-ketonitriles. The 

β- ketonitriles were successfully synthesised using an environmentally friendly and 

green synthetic procedure developed in our laboratory (Scheme 31, step 1). This 

entailed preparation of β- ketonitriles by acylation of acetonitrile using 2 mole 

equivalents of t-BuOK and 1 mole equivalent of the appropriate substituted ester. The 

reaction was conducted under mild conditions in the presence 2-Me THF as a solvent, 

a green solvent produced by direct reduction of furfural, a furan aldehyde derived from 

lignocellulose biomass of corncobs. The method was applied to several aliphatic and 

aromatic esters, which are susceptible to nucleophilic attack. We can therefore 

conclude that the reaction conditions can accommodate a vast spectrum of substrate 

esters that can be converted to β-ketonitriles using the approach, as reported in 

2019.126 

The next step was the synthesis of 2,4-diaminopyrimidine ring scaffolds from the 

prepared β-ketonitriles (Scheme 31, step 2). Formation of the heteroaromatic ring was 

successfully mediated by microwave irradiation. The reaction was conducted in the 

presence of an inexpensive and environmentally friendly base t-BuOK, and 2-Me THF 
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as the solvent. Development of the synthetic procedure using microwave irradiation 

was inspired by Goswami et al.149 They synthesised a series of functionalised 

pyrimidines under microwave irradiation from various nucleophilic N-C-N synthons 

and C-C-C electrophilic sources  such as β-dicarbonyl compounds, ethyl cyanoacetate 

and malonitrile. Following the same green chemistry theme, we developed a synthetic 

procedure where 2,4-diaminopyrimidine ring systems were synthesised from β-

ketonitriles as the C-C-C electrophiles. A variety of C-C-C synthons have been utilised 

in this classic condensation reaction to form pyrimidine ring systems, however, very 

little has been reported about the synthesis of such scaffolds using β-ketonitriles. In 

contrast, many reports are available on the synthesis of pyrimidines by condensation 

of guanidine with enol ethers. These enol ethers are prepared from β-ketonitriles by 

reaction with diazomethane, a reagent with well-known risks. Preparation of pyrimidine 

ring sytems from β-ketonitriles offers a new and much safer synthetic procedure over 

the diazomethane procedure. Furthermore, this procedure is robust enough to 

accommodate β-ketonitriles derived from both aliphatic and aromatic esters. 

Since the reaction conditions were closely similar to the reaction conditions applied 

previously during formation of the β-ketonitriles, we attempted a “one-pot-two-step” 

reaction. Formation of the pyrimidine scaffold from commercially available esters was 

successful. However, the yields were disappointingly low at this scale, more so than 

the overall yield taken from the two individual steps to get the desired products.  

With the successful formation of the pyrimidine scaffold, we were now ready to 

functionalise the pyrimidine ring system at C-5 via the Sonogashira cross-coupling 

reaction.This Pd-catalysed homogeneous reaction was utilised to introduce the pre-

functionalised alkyne groups, prepared from commercially available phenols, at C-5. 

It was in fact the success of the Sonogashira cross-coupling reaction using pre-

functionalised acetylenes, that led to the reduction in synthetic steps in the planned 

approach towards the desired 2,4-diaminopyrimidines. The initial proposed synthetic 

plan was 7-steps in length and required the use of the Sonogashira reaction to 

introduce acetylene TMS to the iodinated pyrimidine, followed by deprotection and a 

copper catalysed alkyne-alkyne coupling reaction to form diynes. Introduction of the 

pre-functionalised acetylenes via the Sonogashira reaction skips the two latter steps, 
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thus giving rise to a synthetic route with only 5-steps towards our desired pyrimidines 

with a flexible linker.  

The final step was the hydrogenation reaction (Scheme 31, step 5), which entailed 

reduction of the C≡C bond by H2 (gas) in the presence of a Pd catalyst. As expected, 

hydrogenation of the isopropyl and cyclopropyl analogues gave their equivalent fully 

reduced products. These results were supported by the mechanism of the 

hydrogenation reaction, which occurs on the surface of the metal and gives rise to a 

cis alkene intermediate. In the absence of catalyst poisoning, the cis alkene is further 

reduced to the “alkane” equivalent. Unfortunately, the stereoselective cis-alkene 

equivalents were isolated for the tert-butyl analogues. This was unexpected since we 

did not apply catalyst poison. We have since concluded that the presence of the bulky 

tert-butyl group, hinders reduction of the “alkene products” to their fully reduced 

equivalents. 

In summary, we have successfully developed a synthetic procedure that applies basic 

concepts of green chemistry where possible, such as the use of environmentally 

friendly reagents and green solvents. We have also utilised catalysis and microwave 

irradiation to promote feasibility of reactions that were otherwise rather unsuccessful 

under normal conventional settings.  

The synthesised pyrimidine analogues were intended to target P. falciparum DHFR. 

Of the synthesised analogues, 15 compounds were sent for preliminary tests to assess 

their inhibitory activity against both wild type and mutant type PfDHFR enzymes. They 

inhibited both the PfDHFR wild type and quadruple mutant at low nanomolar 

concentrations, with high inhibitory activity observed for the wild type enzyme with Ki 

values ranging between 0.26 – 1.9 nM. Additionally, these compounds were also 

tested against the human DHFR to evaluate their selectivity. All tested compounds 

were selective for PfDHFR over human DHFR.  

With such optimistic inhibitory results, we then set out to further assess the 

antiplasmodial activity of these compounds in vitro in a whole cell P. falciparum assay 

against the drug sensitive TM4/8.2 strain carrying WT PfDHFR and the multidrug 

resistant strain V1S carrying the QM PfDHFR enzyme of the parasite. The tested 

compounds displayed moderate antiplasmodial activity in the micromolar range with 
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IC50 values of 0.28 - 23.4  µM against the drug sensitive strain and 17.`6 – 64.0 µM 

against the multidrug resistant strain. Unfortunately, the newly prepared antimalarials 

were found to be significantly less potent than the dihydrotriazines synthesised 

previously, which displayed antiplasmodial activity in the nanomolar range. The loss 

in antimalarial activity could be attributed to pharmacokinetic properties of these 

compounds, considering that the prepared compounds can effectively inhibit wild type 

and mutant PfDHFR enzymes at nM concentrations. 

The tested compounds dissappointingly displayed mild to high cytotoxicity towards 

VERO cells. Therefore, basal toxicity may contribute toward the antiplasmodial activity 

observed. Further interrogation of the selectivity index indicated that the tested 

compounds did not display any selectivity for the plasmodial parasite over VERO cells. 

This implies that inhibition of the Plasmodium strains in the whole cell in vitro assay is 

not only due to compounds interacting with the parasite but also the effects of the 

compounds on the viability of erythrocytes. 

5.1 Future Work 

We set out to synthesise 2,4-diaminopyrimidines with a flexible 4-atom linker bonded 

by σ-bonds between the bi-aryl rings. To complete the tert-butyl series, it would be 

beneficial to explore other alternative reducing strategies such as the use of reducing 

agents. 

We plan to utilise the developed synthetic route to introduce variation to the 

synthesised 2,4-diaminopyrimidine derivatives in order to further understand the 

pharmacokinetic properties that led to the loss in antimalarial activity. This will include 

addressing aspects of solubility and membrane permeability and will include 

incorporation of polar functional groups and variation of the heteroatom in the flexible 

linker. 

The synthesised analogues contained small substituents (F, Cl & OMe) on the 

phenoxy ring, which predominantly explored electronic affects. To further expand on 

the structure activity relationships (SAR) of these compounds, we could incorporate 

bulkier groups as substituents. This will allow us to explore steric effects around the 

phenoxy ring.  
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The research project could be extended further by design of derivatives for compound 

68. Thus the 2,4-diaminopyrimidine prepared from aniline instead of phenol. 

Analogues from this series could be essential in the assessment of SAR for non-

phenoxy aryl substituents.  

All the remaining compounds prepared have been sent for assessment in both wild 

type and mutant PfDHFR enzymatic assays and for antiplasmodial activity in vitro in a 

whole cell P. falciparum assay. The data from these studies will inform the design of 

future analogues. 

.
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6 CHAPTER 6: Experimental procedure 

6.1 General Procedure 

6.1.1 Reagents and solvents  

Solvents used for chromatographic techniques (methanol, dichloromethane, ethyl 

acetate and hexane) were purified by conventional distillation to remove none 

volatiles. All solvents employed for chemical reactions were of analytical grade. 2-

Methyl tetrahydrofuran purchased from Sigma-Aldrich was utilised as is, whereas, 

dimethylformamide was it was dried over barium oxide overnight, then distilled and 

stored under N2 atmosphere. Absolute ethanol and acetone were obtained from 

commercial sources without further purification. Reagents utilised for reactions were 

purchased from Sigma-Aldrich and used as received. 

6.1.2 Chromatographic techniques 

Column chromatography was conducted with silica gel 60 (Machery-Nagel, particle 

size 0.063 – 0.200 mm) and aluminium oxide, activated basic (Brockmann I, 58 Å pore 

size). Thin layer chromatography was carried out on Merck aluminium foil F254 plates 

coated with silica gel 60, and visualised under UV-light (254 nm). 

6.1.3 Spectroscopic data 

1H and 13C nuclear magnetic resonance spectra were recorded either on the Bruker 

Avance 300 MHz, Avance III 400 MHz or the Avance III 500 MHz spectrometer. For 

spectra recorded in deuterated chloroform (CDCl3), chemical shifts were referenced 

against the internal standard trimethylsilane (TMS) given an assignment at chemical 

shift (δ) zero parts per million for 1H NMR, and δ 77.0 ppm for 13C NMR, while spetra 

recorded in deuterated DMSO were referenced to the central peak of the solvent. 

Chemical shifts are recorded in ppm, and coupling constant (J-values) are in Hertz. 

The infra-red spectra were acquired from a Bruker Tensor-27 Fourier Transform 

spectrometer. IR measurements were made by direct loading of the sample on a 

diamond cell. The measurements are reported on the wavenumber scale (v, cm-1). 
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High resolution mass spec data were obtained from a Bruker Compact Q-TOF mass 

spectrometer. Samples were diluted to a concentration of approxiamately 10 ppm in 

HPLC grade methanol and introduced by injection into a dionex Ultimate 3000 UHPC 

system. The ionization mode was electrospray positive with a capillary voltage of 4500 

V and a desolvation temperature of 220 oC using N2 gas at 9 L min-1.   

6.1.4 Physical data 

All melting points were uncorrected and they were determined using a Stuart SMP10 

melting point apparatus. 

Microwave reactions were carried out in a CEM Discover microwave. 
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6.2 Synthesis of aliphatic β-ketonitriles using NaH 122 

6.2.1 Synthesis of 3-cyclopropyl-3-oxopropanenitrile 34a 

A solution of ethyl cyclopropane carboxylate (5.00 ml, 42.1 mmol) and anhydrous 

acetonitrile (2.60 ml ml, 50.5 mmol) dissolved in 5 ml THF was added dropwise to a 

suspension of NaH (1.16 g, 48.4 mmol) in 15 ml THF at 70 °C. The resulting 

heterogeneous mixture was stirred for 16 hours at 70 °C under reflux. Within 2 hours 

of the reaction a gelatinous white precipitate was observed. After the 16-hour period, 

the reaction was cooled to room temperature (rt.) and diluted with 100 ml of ethyl 

acetate and 100 ml of 1 M aq. HCl solution. The organic layer was extracted and 

washed with 100 ml of brine and dried over MgSO4. The solvent was removed under 

reduced pressure. Unfortunately, the product was not isolated pure, therefore, it was 

further purified using silica gel column chromatography (20 % EtOAc/Hex) to afford 3-

cyclopropyl-3-oxopropanenitrile 34a as a light yellow oil (1.11 g, 24 %).  

6.3 General procedure for the synthesis of aliphatic β-ketonitriles 

using the green approach126 

6.3.1 Synthesis of 3-cyclopropyl-3-oxopropanenitrile 34a 

To a solution of ethyl cyclopropane carboxylate (2.00 ml, 16.8 mmol) in 10 ml 2-Me 

THF was added isopropanol (0.26 ml, 3.40 mmol), acetonitrile (1.75 ml, 33.6 mmol) 

and t-BuOK (3.77 g, 33.6 mmol). The reaction mixture was stirred at room temperature 

for an hour under N2 atmosphere, then dosed-up with an additional 1.0 mol eq. of 

acetonitrile and t-BuOK respectively. The reaction was further stirred for an hour, 

quenched with 200 ml of saturated aq. NH4Cl solution and the organic layer was 

extracted with 200 ml DCM. DCM was dried over Na2SO4 and solvent removed by 

rotary evaporation. The resulting residue was purified by silica gel column 

chromatography (20% EtOAc/Hex) to afford 3-cyclopropyl-3-oxopropanenitrile 34a as 

a light yellow oil (0.90 g, 48%). 

Rf = 0.56 (1:1 EtOAc/Hex); 1H NMR (300 MHz, CDCl3) δ 3.65 (s, 2H, H2), 2.14 – 1.90 

(m, 1H, H1’), 1.22 – 0.85 (m, 4H, H2’); 13C NMR (75 MHz, CDCl3) δ 

198.4 (C3), 114.5 (C1), 33.0 (C2), 20.6 (C1’), 13.0 (C2’); HRMS (ES+) 

calculated for C6H7NO [M + Na]+ : 132.0420, found: 132.0420. 
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6.3.2 Synthesis of 3-oxo-3-phenylpropanenitrile 34b   

A solution of methyl benzoate (4.00 ml, 31.7 mmol), acetonitrile (3.40 ml, 63.4 mmol), 

t-BuOK (7.11 g, 63.4 mmol) and isopropanol (0.48 ml, 6.30 mmol) in 2-Me THF 

resulted in 3-oxo-3-phenylpropanenitrile 34b as a light yellow solid (2.18 g, 47%). 

Rf = 0.68 (1:1 EtOAc/Hex); mp: 75 °C (lit. mp. 70-72 °C);178 1H NMR 

(300 MHz, CDCl3) δ 7.98 – 7.87 (m, 2H, H2’), 7.73 – 7.62 (m, 1H, 

H4’), 7.59 – 7.47 (m, 2H, H3’), 4.10 (s, 2H, H2); 13C NMR (75 MHz, 

CDCl3) δ 187.3 (C3), 134.9 (C4’), 134.4 (C1’), 129.3, 128.6, 113.9 (C1), 29.5 (C2); 

HRMS (ES+) calculated for C9H7NO [M + Na]+ : 168.0420, found: 168.0403. 

6.3.3 Synthesis of 4,4-dimethyl-3-oxopentanenitrile 34c 

Methyl pivalate (2.00 ml, 15.0 mmol), acetonitrile (1.57 ml, 30.0 mmol), t-BuOK 

(3.37 g, 30.0 mmol)  and isopropanol (0.23 ml, 3.00 mmol) were combined as 

described in the general procedure to afford 4,4-dimethyl-3-oxopentanenitrile 34c 

(0.89 g, 47%) as a light yellow solid.  

Rf = 0.78 (1:1 EtOAc/Hex); mp: 68 °C (lit mp: 67-68 °C);179 1H NMR 

(300 MHz, CDCl3) δ 3.63 (s, 2H, H2), 1.19 (s, 9H, H2’); 13C NMR (75 

MHz, CDCl3) δ 202.8 (C3), 114.2 (C1), 44.7 (C1’), 27.5 (C2), 26.2 

(C2’); HRMS (ES+) calculated for C7H11NO [M + Na]+ : 148.0733, found: 148.0724. 

6.3.4 Synthesis of 4-methyl-3-oxopentanenitrile 34d  

The general procedure was followed using commercially available methyl isobutyrate 

(2.00 ml, 17.4 mmol), 20 ml of 2-Me THF, isopropanol (0.27 ml, 3.48 mmol), 

acetonitrile (1.80 ml, 34.8 mmol) and t-BuOK (3.92 g, 34.8 mmol) to afford a yellow oil 

34d (1.46 g, 76%). 

Rf = 0.68 (1:1 EtOAc/Hex); 1H NMR (300 MHz, CDCl3) δ 3.56 (s, 2H, 

H2), 2.71 (hept, J = 6.9 Hz, 1H, H1’), 1.09 (d, J = 7.0 Hz, 6H, H2’); 13C 

NMR (75 MHz, CDCl3) δ 201.7 (C3), 114.2 (C1), 40.5 (C1’), 30.1 (C2), 

17.7 (C2’); HRMS (ES+) calculated for C6H9NO [M + Na]+ : 134.0577, found: 134.0568. 
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6.3.5 Synthesis of 3-cyclopentyl-3-oxopropanenitrile 34e  

3-Cyclopentyl-3-oxopropanenitrile 34e was synthesized from methyl 

cyclopentanecarboxylate (2.42 g, 15.6 mmol), acetonitrile (1.63 ml, 31.2 mmol), 

t- BuOK (3.80 g, 31.2 mmol) and isopropanol (0.24 ml, 3.10 mmol) as described in the 

general procedure. The product was isolated as a yellow oil 34e (0.92 g, 43%). 

Rf = 0.94 (1:1 EtOAc/Hex); 1H NMR (300 MHz, CDCl3) δ 3.53 (s, 2H, 

H2), 3.05 – 2.95 (m, 1H, H1’), 1.98 – 1.47 (m, 8H, H2’ & 3’); 13C NMR 

(75 MHz, CDCl3) δ 200.2 (C3), 114.2 (C1), 50.8 (C1’), 31.2 (C2), 

28.8 (C2’), 25.9 (C3’); HRMS (ES+) calculated for C8H11NO [M + Na]+ : 160.0733, 

found: 160.0710.  

6.3.6 Synthesis of 3-(cyclopent-3-en-1-yl)-3-oxopropanenitrile 34f  

The general procedure was followed to synthesize 3-(cyclopent-3-en-1-yl)-3-

oxopropane nitrile. A mixture of commercially available methyl 3-

cyclopentenecarboxylate (0.80 ml, 6.50 mmol), acetonitrile (0.68 ml, 13.0 mmol), t-

BuOK (1.46 g, 13.0 mmol) and isopropanol (0.10 ml, 1.30 mmol) afforded desired 

compound  34f as a brown oil (0.39 g, 29%). 

Rf = 0.61 (1:1 EtOAc/Hex); 1H NMR (300 MHz, CDCl3) δ 5.59 (s, 2H, 

H3’), 3.57 (s, 2H, H2), 3.35 (ddd, J = 15.9, 8.9, 7.0 Hz, 1H, H1’), 2.70 

– 2.47 (m, 4H, H2’); 13C NMR (75 MHz, CDCl3) δ 199.1 (C3), 128.5 

(C3’), 114.1 (C1), 48.4 (C1’), 34.9 (C2’), 30.7 (C2); HRMS (ES+) calculated for C8H9NO 

[M + H]+ : 136.0757, found: 136.0746. 

6.3.7 Synthesis of 3-cyclohexyl-3-oxopropanenitrile 34g  

Commercially available methyl cyclohexanecarboxylate (2.00 ml, 14.0 mmol), 

acetonitrile (1.46 ml, 28.0 mmol), t-BuOK (3.14 g, 28.0 mmol) and isopropanol (0.21 

ml, 2.80 mmol) were reacted as described in the general procedure above to afford 3-

cyclohexyl-3-oxopropanenitrile 34g as a yellow oil (1.43 g, 68%). 

Rf = 0.93 (1:1 EtOAc/Hex);1H NMR (300 MHz, CDCl3) δ 3.53 (s, 2H, 

H2), 2.52 – 2.43 (m, 1H, H1’), 2.04 – 1.00 (m, 10H, H2’, H3’ & H4’); 

13C NMR (75 MHz, CDCl3) δ 200.7 (C3), 114.2 (C1), 50.0 (C1’), 30.4 
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(C2), 28.1 (C2’), 25.5 (C4’), 25.2 (C3’); HRMS (ES+) calculated for C9H13NO [M + Na]+ 

: 174.0890, found 174.0866. 

6.4 Test Reaction for the microwave approach  

6.4.1 Synthesis of 4,6-dimethylpyrimidin-2-amine 48149 

A mixture of acetylacetone (1.00 ml, 9.80 mmol), guanidine hydrochloride (0.93 g, 9.80 

mmol) and K2CO3 (1.35 g, 9.80 mmol) in a conical flask was subjected to irradiation at 

300 W, 80 °C for 10 min. After this time, saturated aq. NH4Cl was added to the conical 

flask and the organic layer was extracted with EtOAc. The organic solvent was dried 

over MgSO4, after filtration it was evaporated on the rotary evaporator. The resulting 

residue was purified by recrystallization and 0.50 g of a light brown solid was isolated 

in 42% yield. 

Rf = 0.41 (1:9 MeOH/DCM); mp: 153 °C (lit mp: 153 °C);180 1H NMR 

(300 MHz, CDCl3) δ 6.29 (s, 1H, H5), 5.70 (s, 2H, NH2), 2.22 (s, 6H, 

2(CH3)); 13C NMR (75 MHz, CDCl3) δ 167.7 (C4 & C6), 163.2 (C2), 

110.3 (C5), 23.7 (2(CH3)). 

 

6.5 General Procedure for the synthesis of the 2,4-diamiopyrimidine 

ring 

6.5.1 Synthesis of 6-cyclopropylpyrimidine-2,4-diamine 46a 

Guanidine HCl (0.88 g, 9.20 mmol), 3-cyclopropyl-3-oxopropanenitrile (0.50 g, 

4.60  mmol), and t-BuOK (1.03 g, 9.20 mmol) were combined in a microwave tube. 

The dry reagents were mixed together before addition of ~2 ml 2-MeTHF to make a 

paste like heterogeneous mixture. The mixture was subjected to microwave radiation 

set at 100 W, 150 °C for an hour. The residue was dissolved in EtOAc and quenched 

with saturated aq. NH4Cl to pH 7,5. The organic layer was extracted with EtOAc and 

dried over MgSO4. After filtering the MgSO4 off, the solvent was evaporated using a 

rotary evaporator and the residue was further purified by silica gel column 

chromatography (60% EtOAc/Hex) to afford a cream white solidof 46a (0.20 g, 29%) 
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Rf = 0.18 (1:9 MeOH/DCM) ; mp: 148 °C; IR (v/cm-1): 3352 (NH str), 3172 (NH str), 

2923 (CH), 1627 (NH bend) ; 1H NMR (300 MHz, DMSO) δ 6.04 (s, 

2H, NH2), 5.66 (s, 2H, NH2), 5.61 (s, 1H, H5), 1.61 (tt, J = 8.0, 4.8 

Hz, 1H, H1’), 0.93 – 0.64 (m, 4H, H2’); 13C NMR (75 MHz, DMSO) 

δ 169.0 (C6), 164.1 (C4), 163.4 (C2), 91.8 (C5), 16.2 (C1’), 7.9 

(C2’); HRMS (ES+) calculated for C7H10N4 [M + H]+ : 151.0978, found: 151.0996. 

6.5.2 Synthesis of 6-phenylpyrimidine-2,4-diamine 46b 

3-Oxo-3-phenylpropanenitrile (0.50 g, 3.40 mmol), guanidine HCl (0.66 g, 6.90 mmol) 

and t-BuOK (0.77 g, 6.90 mmol) were dissolved in 2 ml 2-Me THF to afford a cream 

white solid of 46b (0.37 g, 57%). 

Rf = 0.39 (1:9 MeOH/DCM); mp:153 °C ; IR (v/cm-1): 3308 (NH 

str), (3181 NH str), 3054 (=C-H), 1608 (NH bend); 1H NMR (300 

MHz, DMSO) δ 7.89 (dd, J = 7.5, 2.1 Hz, 2H, H2’), 7.53 – 7.35 

(m, 3H, H3’ and H4’), 6.37 (s, 2H, NH2), 6.22 (s, 1H, H5), 6.00 (s, 

2H, NH2); 13C NMR (75 MHz, DMSO) δ 165.2 (C4), 163.7 (C2), 

162.3 (C6), 138.3 (C1’), 129.4 (C4’), 128.4 (C3’), 126.2 (C2’), 90.6 (C5); HRMS (ES+) 

calculated for C10H10N4 [M +H]+ : 187.0978, found: 187.0967. 

6.5.3 Synthesis of 6-(tert-butyl)pyrimidine-2,4-diamine 46c 

A mixture of 4,4-dimethyl-3-oxopentanenitrile (1.00  g, 8.00 mmol), guanidine HCl 

(1.53  g, 16.0 mmol) and tBuOk (1.79 g, 16.0 mmol) in 2-Me THF afforded 6-(tert-

butyl)pyrimidine-2,4-diamine 46c as a cream white solid (0.81 g, 61%) 

Rf = 0.32 (1:9 MeOH/DCM); mp: 130 °C; IR (v/cm-1): 3353 (NH str), 

3205 (NH str), 2955 (CH), 1609 (NH bend);1H NMR (300 MHz, 

DMSO) δ 6.17 (s, 2H, NH2), 5.80 (s, 2H, NH2), 5.71 (s, 1H, H5), 

1.14 (s, 9H, H2’); 13C NMR (75 MHz, DMSO)) δ 175.6 (C6), 164.9 

(C4), 163.0 (C2), 89.5 (C5), 36.2 (C1’), 29.2 (C2’); HRMS (ES+) calculated for C8H14N4 

[M +H]+ : 167.1291, found: 167.1290. 

6.5.4 Synthesis of 6-isopropylpyrimidine-2,4-diamine 46d 

A heterogeneous mixture of 4-methyl-3-oxopentanenitrile (1.00 g, 9.00 mmol), 

guanidine HCl (1.27 g, 18.0 mmol), and t-BuOK (2.02 g, 18.0 mmol), dissolved in 2 ml 
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2-Me THF were subjected to microwave irradiation to afford the product as a yellow 

solid 46d (1.32 g) in 97% yield.  

Rf = 0.10 (1:9 MeOH/DCM); mp: 130 °C; IR (v/cm-1): 3314 (NH str), 

3189 (NH str), 2964 (CH), 1617 (NH bend); 1H NMR (400 MHz, 

CDCl3) δ 5.69 (s, 1H, H5), 5.20 (s, 2H, NH2), 5.00 (s, 2H, NH2), 2.61 

(hept, J = 7.0 Hz, 1H, H1’), 1.15 (d, J = 7.0 Hz, 6H, H2’); 13C NMR 

(101 MHz, CDCl3) δ 176.0 (C6), 164.6 (C4), 163.0 (C2), 92.0 (C5), 35.6 (C1’), 21.7 

(C2’); HRMS (ES+) calculated for C7H12N4 [M +H]+: 153.1135, found: 153.1132. 

6.6 General procedure for Iodination of the 2,4-diaminopyrimidine 

ring systems 

6.6.1 Synthesis of 6-cyclopropyl-5-iodopyrimidine-2,4-diamine 49a6 

In a solution of 4.00 ml gl. acetic acid, 0.12 ml sulfuric acid and 0.80 ml of water, 

6- cyclopropylpyrimidine-2,4-diamine (0.20 g, 1.20 mmol), followed by addition of iodic 

acid (55.0 mg, 0.31 mmol) and iodine (92.3 mg, 0.60 mmol). The reaction mixture was 

heated to 80 °C overnight. The indigo coloured heterogeneous mixture was 

neutralized by addition of 12M aq. NaOH. The organic layer was extracted with DCM, 

washed with a saturated solution of sodium thiosulfate and brine. The organic layer 

was dried over Na2SO4 and solvent removed on the rotary evaporator to afford the 

product as a yellow solid 49a (0.21 g, 57%) without any further purification.  

Rf = 0.67 (1:9 MeOH/DCM); mp: 133 °C; IR (v/cm-1): 33030 (NH 

str), 3174 (NH str), 1621 (NH bend), 523 (C-I); 1H NMR (300 MHz, 

DMSO) δ 6.34 (s, 2H, NH2), 5.91 (s, 2H, NH2), 2.19 (tt, J = 7.6, 4.9 

Hz, 1H, H1’), 1.01 – 0.64 (m, 4H, 2’).; 13C NMR (75 MHz, DMSO) 

δ 169.2 (C6), 162.5 (C4 ), 162.5 (C2), 64.3 (C5), 19.5 (C1’), 9.3 (C2’); HRMS (ES+) 

calculated for C7H9IN4 [M + H]+ : 276.9945, found: 276.9930. 

6.6.2 Synthesis of 6-cyclopropyl-5-iodopyrimidine-2,4-diamine 49b 

A mixture of H2SO4 (0.12 ml), AcOH (4.00 ml), H2O (0.80 ml), HIO3 (0.10 g, 0.60 mmol 

mmol), I2 (0.22 g, 0.86 mmol) and starting material 36b (0.41 g, 2.20 mmol) gave the 

product 49b as a yellow soild (0.47 g, 69%). 



Chapter 6: Experimental Procedure 

147 

 

 

Rf = 0.67 (1:9 MeOH/DCM); mp: 190 °C; IR (v/cm-1); 3293 (NH 

str), 3169 (NH str), 3053 (=C-H), 1626 (NH bend), 578 (C-I); 1H 

NMR (300 MHz, DMSO) δ 7.39 (s, 5H, Ph), 6.51 (s, 2H, NH2), 

6.17 (s, 2H, NH2).; 13C NMR (75 MHz, DMSO) δ 168.4 (C6), 

163.7 (C4), 162.5 (C2), 142.1 (C1’), 128.5 (C3’), 128.3 (C4’), 

127.6 (C2’), 62.6 (C5); HRMS (ES+) calculated for C10H9IN4 [M + H]+ : 312.9945, found: 

312.9931.  

6.6.3 Synthesis of 6-(tert-butyl)-5-iodopyrimidine-2,4-diamine 49c 

A mixture of 6-(tert-butyl)pyrimidine-2,4-diamine (2.00 g, 12.0 mmol), HIO3 (0.55 g, 

3.10 mmol), I2 (1.53 g, 6.00 mmol), in a solution of 16.0 ml AcOH, 3.20 ml H2O and 

0.48 ml H2SO4 afforded 6-(tert-butyl)-5-iodopyrimidine-2,4-diamine 49c as a bright 

yellow solid in 77% yield (2.71 g).  

 Rf = 0.56 (1:9 MeOH/DCM); mp: 117 °C; IR (v/cm-1): 3367 (NH 

str), 3139 (NH str), 2992 (CH), 1618 (NH bend), 552 (C-I); 1H NMR 

(400 MHz, CDCl3) δ 5.77 (s, 2H, NH2), 5.15 (s, 2H, NH2), 1.68 (s, 

9H, 2’).; 13C NMR (101 MHz, CDCl3) δ 175.6 (C6), 163.7 (C4), 161.4 

(C2), 62.2 (C5), 39.8 (C1’), 28.9 (C2’); HRMS (ES+) calculated for C8H13IN4 [M + H]+ : 

293.0258, found: 293.0250. 

6.6.4 Synthesis of 5-iodo-6-isopropylpyrimidine-2,4-diamine 49d 

6-Isopropylpyrimidine-2,4-diamine (8.00 g, 52.6 mmol) was dissolved into a solution 

of AcOH (32.0 ml), H2O (6.40 ml) and H2SO4 (0.96 ml), followed by addition of HIO3 

(2.40 g, 13.7 mmol), I2 (6.67 g, 26.3 mmol) to afford the product 49d as a yellow solid 

(8.80  g, 60%). 

Rf = 0.48 (1:9 MeOH/DCM); mp: 115 °C; IR (v/cm-1): 3306 (NH str), 

3146 (NH str), 2964 (C-H), 1620 (NH bend), 582 (C-I); 1H NMR (400 

MHz, CDCl3) δ 5.33 (s, 2H, NH2), 4.95 (s, 2H, NH2), 3.24 (p, J = 6.7 

Hz, 1H, H1’), 1.15 (d, J = 6.8 Hz, 6H, H2’); 13C NMR (101 MHz, 

CDCl3) δ 175.6 (C6), 162.9 (C4), 162.7 (C2), 66.1 (C5), 37.7 (C1’), 20.9 (C2’); HRMS 

(ES+) calculated for C7H11IN4 [M + H]+ : 279.0101, found: 279.0079. 
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6.7 Sonogashira cross-coupling reactions 

6.7.1 Synthesis of 6-cyclopropyl-5-[(trimethylsilyl)ethynyl]pyrimidine-2,4-

diamine 50.162 

A two-necked round bottom flask equipped with a stirrer bar was dried under vacuo 

and purged with N2 gas for 15 minutes. After this time the Pd-catalyst, Pd(PPh3)2Cl2 

(35.6 mg, 50.7 µmol), was added to the flask along with the CuI (9.66 mg, 50.7 µmol) 

co-catalyst. The reaction vessel was further purged with N2 gas before addition of the 

starting material 49a (0.20 g, 0.70 mmol),10 ml diisopropylamine and dry THF (10 ml). 

The acetylene TMS (0.40 ml, 2.90 mmol) was added slowly via a syringe, and the 

reaction mixture was stirred for 18 hours under N2 atmosphere at reflux. The solvent 

was concentrated on the rotary evaporator and the resulting residue was partitioned 

between 100 ml of saturated aq. NH4Cl solution and 100 ml DCM. The organic layer 

was isolated, dried over MgSO4 and the solvent was removed. The product was further 

purified using silica gel column chromatography resulting in a brownish viscous oil 

(68.00 mg, 38%). 

Rf = 0.67 (1:9 MeOH/DCM); 1H NMR (300 MHz, DMSO) δ 6.17 

(s, 4H, 2(NH2), 2.23 (tt, J = 7.8, 3.9 Hz, 1H, H7), 0.99 – 0.78 

(m, 4H, H8), 0.21 (s, 9H, 3(CH3)); 13C NMR (75 MHz, DMSO) δ 

171.7 (C6), 164.0 (C4), 161.4 (C2), 101.9 (C2’), 100.4 (C1’), 

88.0 (C5), 14.4 (C7), 9.1 (C8), 0.3 (3(CH3)). 

6.7.2 Synthesis of 5-[3-(4-chlorophenoxy)prop-1-yn-1-yl]-6-

phenylpyrimidine-2,4-diamine 53 

DMF (12 ml) was added to a dry 2 neck flask, flushed with N2. The solvent was 

subjected to reduced pressure under high vacuum and purged with N2 gas to remove 

oxygen. 6- Cyclopropyl-5-iodopyrimidine-2,4-diamine 49b (0.40 g, 1.30 mmol), 

Pd(PPh3)2Cl2 (90.0  mg, 0.10 mmol) and the co-catalyst Cu(I)I (48.8 mg, 0.30 mmol) 

were added to the reaction flask, followed by addition of 6 ml DIIPA. The acetylene, 1-

chloro-4-(prop-2-yn-1-yloxy)benzene (0.43 g, 2.60 mmol), was added to the reaction 

mixture which was left stirring overnight at r.t under N2 atmosphere. The dark black 

heterogeneous mixture was diluted with H2O and the organic layer was extracted with 
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EtOAc. The organic layer was further washed 4 times with brine, then dried over 

MgSO4. The drying agent was filtered through celite and the filtrate was concentrated 

on the rotary evaporator. The residue was purified using silica gel column 

chromatography. Due to the presence of triphenyl phosphine oxide impurities, the 

product was further purified by recrystallization to afford the product 53 as a dark 

brown solid (0.24 g, 54%).  

Rf = 0.56 (1:9 MeOH/DCM); mp: 193°C; 1H NMR 

(400 MHz, CDCl3) δ 7.80 (d, J = 7.2 Hz, 2H, H8), 7.50 

– 7.41 (m, 1H, H10), 7.38 (t, J = 7.3 Hz, 2H, H9), 7.20 

(d, J = 8.8 Hz, 2H, H3’’), 6.84 (d, J = 8.8 Hz, 2H, H2’’), 

5.28 (s, 2H, NH2), 5.06 (s, 2H, NH2), 4.85 (s, 2H, H3’); 

13C NMR (101 MHz, CDCl3) δ 168.0 (C6), 165.4 (C4), 

161.2 (C2), 156.2 (C1’’), 138.1 (C7), 129.8 (C10), 129.5 (C3’’), 128.8 (C8), 128.1 (C9), 

126.6 (C4’’), 116.5 (C2’’), 92.3 (C2’), 88.7 (C5), 82.3 (C1’), 57.1 (C3’); HRMS (ES+) 

calculated for C19H15ClN4O [M + H]+ : 351.1007, found: 351.0961. 

6.8 Hydrogenation reaction 

6.8.1 Synthesis of 5-[3-(4-chlorophenoxy)propyl]-6-phenylpyrimidine-2,4-

diamine 54 

The starting material (16.0 mg, 45.6 µmol), 5-[3-(4-chlorophenoxy)prop-1-yn-1-yl]-6-

phenylpyrimidine-2,4-diamine, was dissolved in 2 ml EtOH, followed by addition of 

Pd/C (1.46 mg, 13.7 µmol). The reaction was carried under H2 atmosphere for 16 

hours. The black heterogeneous mixture was filtered through celite and solvent was 

removed on the rotary evaporator. The residue was purified by silica gel column 

chromatography and the product 54 was isolated as a cream white solid (11.0 mg, 

68% yield). 
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 Rf = 0.31 (1:9 MeOH/DCM); 1H NMR (500 MHz, 

MeOD) δ 7.44 – 7.37 (m, 3H, Ph), 7.37 – 7.30 (m, 2H, 

Ph), 7.19 (d, J = 8.9 Hz, 2H, H3’’), 6.71 (d, J = 8.9 Hz, 

2H, H2’’), 5.49 (s, 2H, NH2), 3.81 (t, J = 5.8 Hz, 2H, 

H3’), 2.53 (t, J = 7.6 Hz, 2H, H1’), 1.86 (p, J = 6.2 Hz, 

3H, H2’); 13C NMR (126 MHz, MeOD) δ 165.5 (C6), 163.6 (C4), 161.0 (C2), 158.9 

(C4’’), 139.4 (C7), 130.2 (C3’’), 129.8 (C10), 129.4 (C8), 129.3 (C9), 126.4 (C4’’), 

116.9 (C2’’), 106.1(C5), 68.2 (C3’), 29.1 (C2’), 23.0 (C1’); HRMS (ES+) calculated for 

C19H19ClN4O [M + H]+ : 355.1320, found: 355.1331. 

6.9 General Procedure for the synthesis of the alkynes181 

6.9.1 Synthesis of 1-chloro-4-(prop-2-yn-1-yloxy)benzene 57a.182 

4-Chlorophenol (5.00 g, 38.9 mmol) was treated with K2CO3 (21.5 g, 0.16 mol) in 100 

ml of acetone. Then propargyl bromide (4.77 ml, 42.8 mmol.) was added in the 

heterogeneous mixture. The temperature was raised to 54 °C and the reaction was left 

stirring overnight under reflux. The reaction was cooled to r.t. and the residue was 

concentrated on a rotary evaporator. The residue was transferred to a separating 

funnel where 125 ml of saturated aq. NH4Cl solution was added to neutralize the base, 

followed by 125 ml of DCM to extract the organic layer. The organic layer was 

collected, dried over MgSO4 and the drying agent was filtered off. The extract was 

concentrated on the rotary evaporator. The product 57a was isolated after purification 

via silica gel column chromatography (20% EtOAc/Hex) as light yellow  oil (6.47 g, 

100%) 

 Rf = 0.74 (3:7 EtOAc/Hex);  1H NMR (300 MHz, CDCl3) δ 7.31 

– 7.15 (m, 2H, H2), 6.98 – 6.77 (m, 2H, H3), 4.63 (d, J = 2.5 

Hz, 2H, H1’), 2.51 (t, J = 2.4 Hz, 1H, H3’); 13C NMR (75 MHz, 

CDCl3) δ 156.2 (C4), 129.4 (C2), 126.6 (C3), 116.3 (C1), 78.3 (C2’), 76.0 (C3’), 56.1 

(C1’).  

6.9.2 Synthesis of 1-fluoro-4-(prop-2-yn-1-yloxy)benzene 57b182 

1-Fluoro-4-(prop-2-yn-1-yloxy)benzene was synthesized by means of an alkylation 

reaction between commercially available 4-fluorophenol (5.00 g, 44.6 mmol) and 
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propargyl bromide (5.46 ml, 4.90 mmol) in the presence of K2CO3 (24.6 g, 0.20 mol) 

as a base and acetone (100 ml) as the solvent. The product 57b was isolated as a 

yellow oil (5.53 g, 83%). 

 Rf = 0.81 (3:7 EtOAc/Hex); 1H NMR (300 MHz, CDCl3) δ 7.11 

– 6.85 (m, 4H, H2 & H3), 4.66 (d, J = 2.5 Hz, 2H, H1’), 2.53 (t, J 

= 2.4 Hz, 1H, H3’); 13C NMR (75 MHz, CDCl3) δ 157.8 (d, JC-F = 

239.0 Hz, C1), 153.7 (d, JC-F = 2.2 Hz, C4), 116.3 (d, JC-F = 8.0 Hz, C3), 116.0 (d, JC-F 

= 23.1 Hz, C2), 78.6 (C2’), 75.7 (C3’), 56.5 (C1’). 

6.9.3 Synthesis of 1-methoxy-4-(prop-2-yn-1-yloxy)benzene 57c183 

Commercially available 4-methoxyphenol (5.00 g, 40.3 mmol) was subjected to an 

alkylation reaction with propargyl bromide (4.93 ml, 44.3 mmol) in the presence of 

K2CO3 (22.2 g, 0.20 mol) and 100 ml of acetone as a solvent. A yellow oil of the product 

57c (6.21 g, 95%) was recovered. 

 

 Rf = 0.79 (3:7 EtOAc/Hex); 1H NMR (300 MHz, CDCl3) δ 6.98 

– 6.90 (m, 2H, H3), 6.89 – 6.81 (m, 1H, H2), 4.70 – 4.55 (m, 

2H, H1’), 3.77 (s, 3H, OMe), 2.58 – 2.47 (m, 1H, H3’); 13C NMR 

(75 MHz, CDCl3) δ 154.5 (C1), 151.7 (C4), 116.1 (C3), 114.6 (C2), 79.0 (C2’), 75.4 

(C3’), 56.6 (C1’), 55.6 (OMe). 

6.9.4 Synthesis of 1-chloro-3-(prop-2-yn-1-yloxy)benzene 57d184 

A mixture of commercially available 3-chlorophenol (5.00 g, 38.9 mmol) and propargyl 

bromide (4.76 ml, 42.8 mmol) in the presence of K2CO3 (21.5 g, 0.20 mol) and 100 ml 

acetone produced 1-chloro-3-(prop-2-yn-1-yloxy)benzene 57d, as an amber brown oil 

in 98% yield (6.35 g). 

 

 Rf = 0.79 (3:7 EtOAc/Hex); 1H NMR (300 MHz, CDCl3) δ 7.22 – 

7.14 (m, 1H, H5), 6.99 – 6.96 (m, 1H, H2), 6.96 – 6.93 (m, 1H, H6), 

6.84 (ddd, J = 8.3, 2.3, 1.1 Hz, 1H, H4), 4.64 (d, J = 2.5 Hz, 2H, 

H1’), 2.53 (t, J = 2.4 Hz, 1H, H3’); 13C NMR (75 MHz, CDCl3) δ 158.3 (C3), 134.9 (C1), 

130.3 (C5), 121.8 (C6), 115.5 (C2), 113.4 (C4), 78.1 (C2’), 76.1 (C3’), 56.0 (C1’). 
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6.9.5 Synthesis of 1-fluoro-3-(prop-2-yn-1-yloxy)benzene 57e183 

1-Fluoro-3-(prop-2-yn-1-yloxy)benzene was synthesized as described in the general 

procedure. 3-Fluorophenol (5.00 ml, 55.2 mmol) was reacted with propargyl bromide 

(6.76 ml, 60.7 mmol) and K2CO3 (30.5 g, 0.20 mol) in 100 ml acetone to produce the 

product 57e, a yellow oil (7.30 g, 88%). 

 Rf = 0.81 (3:7 EtOAc/Hex); 1H NMR (300 MHz, CDCl3) δ 7.36 – 

7.13 (m, 1H, H5), 6.86 – 6.62 (m, 3H, H2, H4 & H6), 4.68 (d, J = 

2.4 Hz, 2H, H1’), 2.55 (t, J =3.7 Hz, 1H, H3’); 13C NMR (75 MHz, 

CDCl3) δ 163.7 (d, JC-F = 245.4 Hz, C1), 159.0 (d, JC-F = 10.9 Hz, 

C3), 130.4 (d, JC-F = 10.0 Hz, C5), 110.8 (d, JC-F = 2.5 Hz, C4), 108.6 (d, JC-F = 21.3 

Hz, C6), 103.0 (d, JC-F = 25.1 Hz, C2), 78.3 (C2’), 76.1 (C3’), 56.2 (C1’). 

6.9.6 Synthesis of 1-methoxy-3-(prop-2-yn-1-yloxy)benzene 57f183 

A heterogeneous mixture of 3-methoxyphenol (5.00 ml, 45.6 mmol), propargyl bromide 

(5.58 ml, 50.1 mmol) and K2CO3 (25.2 g, 0.18 mmol) in acetone (100 ml) afforded 1-

methoxy-3-(prop-2-yn-1-yloxy)benzene 57f as a yellow oil (7.39 g, 100%). 

 Rf = 0.81 (3:7 EtOAc/Hex); 1H NMR (300 MHz, CDCl3) δ 7.26 – 

7.06 (m, 1H, H5), 6.64 – 6.43 (m, 3H, H2, H4 & H6), 4.63 (t, J = 

2.4 Hz, 2H, H1’), 3.74 (s, 3H, OMe), 2.50 (t, J = 2.4 Hz, 1H, H3’); 

13C NMR (75 MHz, CDCl3) δ 160.8 (C1), 158.8 (C3), 129.9 (C5), 

107.2 (C4), 106.9 (C6), 101.5 (C2), 78.6 (C2’), 75.6 (C3’), 55.8 (C1’), 55.3 (OMe). 

6.9.7 Synthesis of 1-chloro-2-(prop-2-yn-1-yloxy)benzene 57g185 

A solution of 2-chlorophenol (5.00 ml, 48.3 mmol), in 100 ml acetone was treated with 

propargyl bromide (5.91 ml, 53.1 mmol) and K2CO3 (26.7 g, 0.20 mol) to afford 

1- chloro-2-(prop-2-yn-1-yloxy)benzene as described in the general procedure. 8.04 g 

of the product 57g was afforded as a yellow oil in 100% yield. 

 Rf = 0.75 (3:7 EtOAc/Hex); 1H NMR (300 MHz, CDCl3) δ 7.36 (dd, 

J = 7.9, 1.7 Hz, 1H, H6), 7.21 (ddd, J = 8.2, 7.4, 1.7 Hz, 1H, H4), 

7.06 (dd, J = 8.3, 1.5 Hz, 1H, H3), 6.93 (td, J = 7.7, 1.5 Hz, 1H, 

H5), 4.75 (d, J = 2.5 Hz, 2H, H1’), 2.55 (t, J = 2.4 Hz, 1H, H3’);13C NMR (75 MHz, 
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CDCl3) δ 153.1 (C2), 130.4 (C6), 127.6 (C4), 123.2 (C1), 122.4 (C5), 114.3 (C3), 78.0 

(C2’), 76.2 (C3’), 56.7 (C1’). 

6.9.8 Synthesis of 1-fluoro-2-(prop-2-yn-1-yloxy)benzene 57h186 

As described in the general procedure, 1-fluoro-2-(prop-2-yn-1-yloxy)benzene was 

synthesized by alkylation of 2-fluorophenol (5.00 ml, 56.0 mmol) in the presence of 

propargyl bromide (6.86 ml, 61.6 mmol), K2CO3 (31.0 g, 0.20 mol) as a base and 100 

ml acetone. The product 57h was isolated as a yellow oil in 92% yield (7.77 g).  

 Rf = 0.78 (3:7 EtOAc/Hex); 1H NMR (300 MHz, CDCl3) δ 7.19 – 

7.04 (m, 3H, H3, H4 & H6), 7.02 – 6.84 (m, 1H, H5), 4.76 (d, J = 

2.5 Hz, 2H, H1’), 2.55 (t, J = 2.4 Hz, 1H, H3’); 13C NMR (75 MHz, 

CDCl3) δ 153.0 (d, JC-F = 246.0 Hz, C1), 145.5 (d, JC-F = 10.5 Hz, C2), 124.3 (d, JC-F = 

3.9 Hz, C4), 122.4 (d, JC-F = 6.9 Hz, C5), 116.4 (d, JC-F = 18.3 Hz, C6), 116.2 (d, JC-F 

= 1.6 Hz, C3), 78.2 (C2’), 76.2 (C3’), 57.2 (C1’). 

6.9.9 Synthesis of 1-methoxy-2-(prop-2-yn-1-yloxy)benzene 57i183 

The general procedure was followed to synthesize 1-methoxy-2-(prop-2-yn-1-

yloxy)benzene from commercially available guaiacol (5.00 ml, 45.5 mmol), propargyl 

bromide (5.57 ml, 50.0 mmol) and K2CO3 (25.1 g, 0.20 mol) in 100 ml acetone. The 

product 57i was isolated as a light yellow oil (7.38 g) in 100% yield. 

Rf = 0.69 (3:7 EtOAc/Hex); 1H NMR (400 MHz, CDCl) δ 7.03 (dt, 

J = 7.8, 1.7 Hz, 1H, H6), 6.97 (dt, J = 7.8, 1.5 Hz, 1H, H5), 6.95 – 

6.85 (m, 2H, H3 & H4), 4.74 (t, J = 2.2 Hz, 2H, H1’), 3.85 (s, 3H, 

OMe), 2.50 (t, J = 2.4 Hz, 1H, H3’); 13C NMR (101 MHz, CDCl3) δ 149.7 (C1), 146.7 

(C2), 122.2 (C5), 120.6 (C4), 114.5 (C6), 111.8 (C3), 78.6 (C2’), 75.7 (C3’), 56.7 (C1’), 

55.7 (OMe). 
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6.10 General Procedure for the Sonogashira reaction 

6.10.1 Synthesis of the 6-(tert-butyl)-2,4-diaminopyrimidine 

analogues 

6.10.1.1 Synthesis of 6-(tert-butyl)-5-[3-(4-chlorophenoxy)prop-1-yn-1-

yl]pyrimidine-2,4-diamine 58a. 

In a dry 2 neck flask, flushed with N2, was added 6-(tert-butyl)-5-iodopyrimidine-2,4-

diamine (0.20 g, 0.70 mmol), Pd(PPh3)2Cl2 (48.0 mg, 6.80 µmol) and the co-catalyst 

Cu(I)I (26.0 mg, 0.14 mmol). DMF (6 ml), was  subjected to high vac. and purged with 

N2 before addition to the dry reagents. Followed by addition of the base (12.0 ml, 85.6 

mmol) DIIPA and the reaction was stirred for a further 10 min. before 1-chloro-4-(prop-

2-yn-1-yloxy)benzene (0.23 g, 1.40 mmol) was introduced dropwise to the mixture. 

The reaction temperature was raised to 100 oC and refluxed for 16 hours under N2 

atmosphere. The dark black heterogeneous mixture was transferred to a separating 

funnel and the organic layer was partitioned between saturated aq. NH4Cl and EtOAc 

to remove copper. The organic layer was washed 5 times with brine, then dried over 

MgSO4. The drying agent was filtered through celite and the filtrate concentrated on a 

rotary evaporator. The residue was first purified by silica gel column chromatography 

(60 % EtOAC/Hex). Then the residue was adsorbed onto aluminium oxide and further 

purified by means of aluminium oxide column chromatography (30%- 60% 

EtOAc/Hex), followed by (5% - 10% MeOH/DCM). The product 58a was recovered as 

a dark brown solid (0.13 g, 59%). 

Rf = 0.61 (1:9 MeOH/DCM); mp: 139 °C; IR (v/cm-1): 

3360 (NH str), 3215 (NH str), 2960 (CH), 2214 (C≡C), 

1624 (NH bend), 1260 (C-O); 1H NMR (300 MHz, 

DMSO) δ 7.33 (d, J = 9.0 Hz, 2H, H3’’), 7.08 (d, J = 9.0 

Hz, 2H, H2’’), 6.43 (s, 2H, NH2), 6.22 (s, 2H, NH2), 5.10 

(s, 2H, H3’), 1.24 (s, 9H, H8); 13C NMR (75 MHz, 

DMSO) δ 177.0 (C6), 166.0 (C4), 160.7 (C2), 156.3 (C1’’), 129.1 (C3’’), 124.7 (C4’’), 

116.9 (C2’’), 95.5 (C2’), 84.8 (C5), 83.0 (C1’), 57.0 (C3’), 38.2 (C7), 28.5 (C8); HRMS 

(ES+) calculated for C17H19ClN4O [M + H]+ : 331.1320, found: 331.1269.  
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6.10.1.2 Synthesis of 6-(tert-butyl)-5-[3-(4-fluorophenoxy)prop-1-yn-1-

yl]pyrimidine-2,4-diamine 58b. 

6-(tert-Butyl)-5-iodopyrimidine-2,4-diamine (1.00 g, 3.40 mmol) in the presence of the 

catalyst Pd(PPh3)2Cl2 (0.24 g, 0.30 mmol), Cu(I)I (0.13 g, 0.70 mmol), 1-fluoro-4-(prop-

2-yn-1-yloxy)benzene (1.01 g, 6.90 mmol) and DIIPA (24.0 ml, 0.20 mol) was 

dissolved in 12 ml dry DMF to afford the product 58b (0.68 g, 63%) as a cream white 

solid. 

Rf = 0.54 (1:9 MeOH/DCM); mp: 137 °C; IR (v/cm-1):, 

3307 (NH str), 3146 (NH str), 2960 (CH), 2217 (C≡C), 

1642 (NH bend), 1231 (C-O); 1H NMR (400 MHz, 

CDCl3) δ 7.04 – 6.88 (m, 4H, H2’’ & H3’’), 5.30 (s, 2H, 

NH2), 5.08 (s, 2H, NH2), 4.96 (s, 2H, H3’), 1.33 (s, 9H, 

H8); 13C NMR (101 MHz, CDCl3) δ 179.0 (C6), 165.9 (C4), 160.5 (C2), 157.8 (d, JC-F 

= 239.4 Hz, C4’’), 153.7 (d, JC-F = 2.3 Hz, C1’’), 116.5 (d, JC-F = 8.0 Hz, C2’’), 116.0 (d, 

JC-F = 23.1 Hz, C3’’), 95.6 (C2’), 87.5 (C5), 83.0 (C1’), 57.6 (C3’), 38.8 (C7), 28.6 (C8); 

HRMS (ES+) calculated for C17H19FN4O [M + H]+: 315.1616, found: 315.1641. 

6.10.1.3 Synthesis of 6-(tert-butyl)-5-[3-(4-methoxyphenoxy)prop-1-yn-1-

yl]pyrimidine-2,4-diamine 58c. 

6-(tert-Butyl)-5-iodopyrimidine-2,4-diamine (1.00 g, 3.40 mmol) was subjected to 

Sonogashira reaction conditions in the presence of Pd(PPh3)2Cl2 (0.24 g, 0.30 mmol), 

Cu(I)I (0.13 g, 0.70 mmol), 1-methoxy-4-(prop-2-yn-1-yloxy)benzene (1.11 g, 

6.90  mmol), DIIPA (24.0 ml, 0.20 mol) and 12 ml DMF to afford the product 58c (0.30 

g, 27%) as a light brown solid. 

Rf = 0.50 (1:9 MeOH/DCM); mp: 107 °C; IR 

(v/cm- 1): 3314 (NH str), (3157 NH str), 2215 (C≡C), 

1645 (NH bend), 1263 (C-O); 1H NMR (400 MHz, 

CDCl3) δ 6.94 (d, J = 7.3 Hz, 2H, H2’’/H3’’), 6.83 (d, 

J = 9.1 Hz, 2H, H2’’/H3’’), 5.48 (s, 2H, NH2), 5.29 

(s, 2H, NH2), 4.93 (s, 2H, H3’), 3.73 (s, 3H, OMe), 1.33 (s, 9H, H8); 13C NMR (101 

MHz, CDCl3) δ 178.7 (C6), 165.8 (C4), 160.4 (C2), 154.4 (C4’’), 151.6 (C1’’), 116.4 

(C2’’/3’’), 114.7 (C2’’/3’’), 96.0 (C2’), 87.4 (C5), 82.6 (C1’), 57.6 (C3’), 55.7 (OMe), 38.7 



Chapter 6: Experimental Procedure 

156 

 

(C7), 28.6 (C8); HRMS (ES+) calculated for C18H22N4O2 [M + H]+ : 327.1816 , found: 

327.1781. 

6.10.1.4 Synthesis of 6-(tert-butyl)-5-[3-(3-chlorophenoxy)prop-1-yn-1-

yl]pyrimidine-2,4-diamine 58d 

The general procedure was followed to synthesise 6-(tert-butyl)-5-[3-(3-chloro-

phenoxy)prop-1-yn-1-yl]pyrimidine-2,4-diamine. 6-(tert-Butyl)-5-iodopyrimidine -2,4-

diamine (1.00 g, 3.40 mmol) was dissolved in 12 ml dry DMF in the presence of the 

acetylene substrate (1.14 g, 6.90 mmol), 1-chloro-3-(prop-2-yn-1-yloxy)benzene, 

Pd(PPh3)2Cl2 (0.24 g, 0.30 mmol), Cu(I)I (0.13 g, 0.70 mmol) and DIIPA (24.0 ml, 

0.20  mol) to afford the product 58d as a golden brown viscous oil (0.89 g, 79%). 

Rf = 0.46 (1:9 MeOH/DCM); IR (v/cm-1): 3325 (NH str), 

3197 (NH str), 2958 (CH), 2202 (C≡C), 1277 (C-O); 1H 

NMR (400 MHz, CDCl3) δ 7.19 (t, J = 8.2 Hz, 1H, H5’’), 

7.01 (s, 1H, H2’’), 6.95 (d, J = 8.1 Hz, 1H, H4’’), 6.88 

(d, J = 8.4 Hz, 1H, H6’’), 5.42 (s, 2H, NH2), 5.21 (s, 

2H, NH2), 4.97 (s, 2H, H3’), 1.34 (s, 9H, H8); 13C NMR (101 MHz, CDCl3) δ 179.1 (C6), 

165.8 (C4), 160.4 (C2), 158.3 (C1’’), 135.0 (C3’’), 130.4 (C5’’), 121.8 (C4’’), 115.5 

(C2’’), 113.8 (C6’’), 95.2 (C2’), 87.3 (C5), 83.3 (C1’), 57.0 (C3’), 38.8 (C7), 28.6 (C8); 

HRMS (ES+) calculated for C17H19ClN4O [M + H]+: 331.1320, found: 331.1282. 

6.10.1.5 Synthesis of 6-(tert-butyl)-5-[3-(3-fluorophenoxy)prop-1-yn-1-

yl]pyrimidine-2,4-diamine 58e 

A mixture of 6-(tert-butyl)-5-iodopyrimidine-2,4-diamine (1.00 g, 3.40 mmol), 

Pd(PPh3)2Cl2 (0.24 g, 0.30 mmol) and Cu(I)I (0.13 g, 0.70 mmol) was dissolved in 12 

ml of dry DMF, followed by addition of DIIPA (24.0 ml, 0.20 mol) and 1-fluoro-3-(prop-

2-yn-1-yloxy)benzene (1.01 g, 6.90 mmol) to afford the product 58e (0.78 g, 73%) as 

a dark brown viscous oil. 

Rf = 0.50 (1:9 MeOH/DCM); IR (v/cm-1): 3316 (NH 

str), 3193 (NH str), 2957 (CH), 2204 (C≡C), 1261 (C-

O);  1H NMR (400 MHz, CDCl3) δ 7.21 (dd, J = 7.8, 

7.1 Hz, Hz, 1H, H5’’), 6.82 – 6.59 (m, 3H, H2’’, H4’’ & 

H6’’), 5.46 (s, 2H, NH2), 5.24 (s, 2H, NH2), 4.97 (s, 
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2H, H3’ ), 1.34 (s, 9H, H8); 13C NMR (101 MHz, CDCl3) δ 179.1 (C6), 165.9 (C4), 163.6 

(d, JC-F = 245.7 Hz, C3’’), 160.5 (C2), 158.9 (d, JC-F = 10.6 Hz, C1’’), 130.4 (d, JC-F = 

10.3 Hz, C5’’), 110.9 (d, JC-F = 2.9 Hz, C6’’), 108.4 (d, JC-F = 21.4 Hz, C2’’), 103.1 (d, 

JC-F = 25.1 Hz, C4’’), 95.2(C2’), 87.3 (C5), 83.3 (C1’), 57.1 (C3’), 38.8 (C7), 28.6 (C8); 

HRMS (ES+) calculated for C17H19FN4O [M + H]+ : 315.1616, found: 315.1576. 

6.10.1.6 Synthesis of 6-(tert-butyl)-5-[3-(3-methoxyphenoxy)prop-1-yn-1-

yl]pyrimidine-2,4-diamine 58f 

The general procedure was followed to synthesise 6-(tert-butyl)-5-[3-(3-

methoxyphenoxy)prop-1-yn-1-yl]pyrimidine-2,4-diamine. The starting material, 6-(tert-

butyl)-5-iodopyrimidine-2,4-diamine (1.00 g, 3.40 mmol), was dissolved in 12 ml DMF 

in the presence of Pd(PPh3)2Cl2 (0.24 g, 0.30 mmol) and Cu(I)I (0.13 g, 0.70 mmol), 

followed by addition of DIIPA (24.0 ml, 0.20 mol) and 1-methoxy-3-(prop-2-yn-1-

yloxy)benzene 1.11 g, 6.90 mmol) to afford the product 58f (0.76 g, 68%) as a cream 

white solid. 

Rf = 0.53 (1:9 MeOH/DCM); mp: 158 °C; I.R 

(v/cm-1): 3314 (NH str), 3160 (NH str), 2971 (CH), 

2223 (C≡C), 1257 (C-O); 1H NMR (300 MHz, 

CDCl3) δ 7.20 (dd, J = 8.4, 8.0 Hz, 1H, H5’’), 6.67 

– 6.47 (m, 3H, H2’’, H4’’ & H6’’), 5.18 (s, 2H, NH2), 

4.99 (s, 2H, H3’), 4.90 (s, 2H, NH2), 3.78 (s, 2H, OMe), 1.35 (s, 9H, H8); 13C NMR (75 

MHz, CDCl3) δ 178.9 (C6), 165.9 (C4), 161.0 (C3’’), 160.4 (C2), 158.9 (C1’’), 130.1 

(C5’’), 107.3 (C6’’), 107.2 (C4’’), 101.9 (C2’’), 95.8 (C2’), 87.7 (C5), 82.9 (C1’), 57.0 

(C3’), 55.4 (OMe), 38.8 (C7), 28.7 (C8); HRMS (ES+) calculated for C18H22N4O2 [M + 

H]+: 327.1816, found: 327.1776. 

6.10.1.7 Synthesis of 6-(tert-butyl)-5-[3-(2-chlorophenoxy)prop-1-yn-1-

yl]pyrimidine-2,4-diamine 58g 

A mixture of 12 ml DMF and  6-(tert-butyl)-5-iodopyrimidine-2,4-diamine (1.00 g, 

3.40  mmol), was subjected to Sonogashira reaction conditions in the presence of 

Pd(PPh3)2Cl2 (0.24 g, 0.30 mmol), Cu(I)I (0.13 g, 0.70 mmol), DIIPA (24.0 ml, 0.20 

mol) and 1-chloro-2-(prop-2-yn-1-yloxy)benzene 58g (1.14 g, 6.90 mmol) to afford the 

product (0.12 g, 10%) as a dark brown solid.  
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 Rf =0.53 (1:9 MeOH/DCM); mp: 97 °C; IR (v/cm-1): 

3321(NH str), 3187 (NH str), 2957 (CH), 2203 (C≡C), 

1225 (C-O); 1H NMR (300 MHz, CDCl3) δ 7.37 (dd, J = 

7.9, 1.6 Hz, 1H, H3’’), 7.21 (ddd, J = 8.8, 7.4, 1.6 Hz, 

1H, H5’’), 7.10 (dd, J = 8.2, 1.5 Hz, 1H, H6’’), 6.92 (ddd, 

J = 7.6, 7.6, 1.5 Hz, 1H, H4’’), 5.38 (s, 2H, NH2), 5.13 

(s, 2H, NH2), 5.09 (s, 2H, H3’), 1.32 (s, 9H, H8); 13C NMR (75 MHz, CDCl3) δ 179.0 

(C6), 165.9 (C4), 160.4 (C2), 153.2 (C1’’), 130.7 (C3’’), 127.7 (C5’’), 123.5 (C2’’), 122.5 

(C4’’), 114.6 (C6’’), 95.2 (C2’), 87.4 (C5), 83.4 (C1’), 57.9 (C3’), 38.8 (C7), 28.6 (C8); 

HRMS (ES+) calculated for C17H19ClN4O [M + H]+ : 331.1320, found: 331.1266. 

6.10.1.8 Synthesis of 6-(tert-butyl)-5-[3-(2-fluorophenoxy)prop-1-yn-1-yl] 

pyrimidine-2,4-diamine 58h 

6-(tert-Butyl)-5-iodopyrimidine-2,4-diamine (1.00 g, 3.40 mmol), Pd(PPh3)2Cl2 (0.24 g, 

0.30 mmol), Cu(I)I (0.13 g, 0.70 mmol), DIIPA (24.0 ml, 0.20 mol) and 1-chloro-2-

(prop-2-yn-1-yloxy)benzene (1.14 g, 6.90 mmol) were dissolved in 12 ml DMF to 

produce the product 58h, a dark brown viscous oil (0.61 g, 57%). 

Rf = 0.56 (1:9 MeOH/DCM); IR (v/cm-1): 3323 (NH str), 

3195 (NH str), 2958 (CH), 2203 (C≡C), 1255 (C-O); 1H 

NMR (300 MHz, CDCl3) δ 7.19 – 6.99 (m, 3H, H3’’, H5’’ 

& H6’’), 6.96 – 6.86 (m, H4’’), 5.45 (s, 2H, NH2), 5.27 

(s, 2H, NH2), 5.07 (s, 2H, H3’), 1.31 (s, 9H, H8); 13C 

NMR (75 MHz, CDCl3) δ 178.9 (C6), 165.9 (C4), 160.5 (C2), 153.2 (d, JC-F = 245.8 Hz, 

C2’’), 145.4 (d, JC-F = 10.6 Hz, C1’’), 124.3 (d, JC-F = 3.9 Hz, C5’’), 122.3 (d, JC-F = 

6.8  Hz, C4’’), 116.6 (d, JC-F = 18.4 Hz, C3’’), 116.6 (d, JC-F = 1.6 Hz, C6’’), 95.3 (C2’), 

87.2 (C5), 83.4 (C1’), 58.3 (C3’), 38.7 (C7), 28.6 (C8); HRMS (ES+) calculated for 

C17H19FN4O [M + H]+ : 315.1616, found: 315.1583. 

6.10.1.9 Synthesis of 6-(tert-butyl)-5-[3-(2-methoxyphenoxy)prop-1-yn-1-

yl]pyrimidine-2,4-diamine 58i 

The general procedure was followed to synthesise 6-(tert-butyl)-5-[3-(2-

methoxyphenoxy)prop-1-yn-1-yl]pyrimidine-2,4-diamine by means of subjecting 

6- (tert-butyl)-5-iodopyrimidine-2,4-diamine (1.00 g, 3.40 mmol) to Sonogashira 
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reaction conditions in the presence of  1-methoxy-2-(prop-2-yn-1-yloxy)benzene 

(1.11g, 6.90 mmol), Pd(PPh3)2Cl2 (0.24 g, 0.30 mmol), Cu(I)I (0.13 g, 0.70 mmol) and 

DIIPA (24.0 ml, 0.20 mol) as a base. The reagents were dissolved in 12 ml DMF. 

0.16  g of the product 58i was isolated as a dark brown viscous oil (14%). 

 Rf = 0.47 (1:9 MeOH/DCM); IR (v/cm-1): 3329 (NH str), 

3197 (NH str), 3068 (=C-H), 2956 (CH), 2203 (C≡C), 

1247 (C-O); 1H NMR (400 MHz, CDCl3) δ 7.13 – 7.03 

(m, 1H, H6’’), 7.01 – 6.93 (m, 1H, H4’’), 6.94 – 6.84 (m, 

2H, H3’’ & H5’’), 5.22 (s, 2H, NH2), 5.09 (s, 2H, CH2), 

4.99 (s, 2H, NH2), 3.87 (s, 3H, OMe), 1.33 (s, 9H, H8), 

13C NMR (101 MHz, CDCl3) δ 178.8 (C6), 165.9 (C4), 160.4 (C2), 150.0 (C2’’), 146.8 

(C1’’), 122.4 (C4’’), 120.8 (C5’’), 114.8 (C6’’), 112.1 (C3’’), 95.9 (C2’), 87.7 (C5), 83.0 

(C1’), 57.9 (C3’), 55.9 (OMe), 38.8 (C7), 28.6 (C8), HRMS (ES+) calculated for 

C18H22N4O2 [M + H]+ : 327.1816, found: 327.1768. 

6.10.2 Synthesis of the 6-isopropylpyrimidine-2,4-diamine 

analogues. 

6.10.2.1 Synthesis of 5-[3-(4-chlorophenoxy)prop-1-yn-1-yl]-6-isopropyl 

pyrimidine-2,4-diamine 59a 

A heterogeneous mixture of 5-iodo-6-isopropylpyrimidine-2,4-diamine (0.50 g, 1.80 

mmol), Pd(PPh3)2Cl2 (0.13 g, 0.20 mmol) and Cu(I)I (68.5 mg, 0.40 mmol) was 

dissolved in 6 ml DMF, followed by addition of the base, DIIPA (12.0 ml, 89.9 mmol), 

and 1-chloro-4-(prop-2-yn-1-yloxy)benzene (0.60 g, 3.60 mmol) to produce 0.26 g 

(46%) of 5-[3-(4-chlorophenoxy)prop-1-yn-1-yl]-6-isopropylpyrimidine-2,4-diamine 

59a as a cream white solid. 

Rf = 0.47 (1:9 MeOH/DCM); mp: 78 °C; IR (v/cm-1): 

3360 (NH str), 3123 (NH str), 2976 (CH), 2217 

(C≡C), 1246 (C-O); 1H NMR (300 MHz, CDCl3) δ 

7.25 (d, J = 9.0 Hz, 2H, H3’’), 6.93 (d, J = 9.0 Hz, 2H, 

H2’’), 5.54 (s, 2H, NH2), 5.49 (s, 2H, NH2), 4.94 (s, 

2H, H3’), 3.19 (h, J = 6.8 Hz, 1H, H7), 1.13 (d, J = 6.9 Hz, 6H, H8); 13C NMR (75 MHz, 

CDCl3) δ 177.8 (C6), 164.5 (C4), 161.4 (C2), 156.1 (C1’’), 129.4 (C3’’), 126.5 (C4’’), 
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116.5 (C2’’), 93.0 (C2’), 88.3 (C5), 81.3 (C1’), 57.1 (C3’), 33.5 (C7), 20.7 (C8); HRMS 

(ES+) calculated for C16H17ClN4O [M + H]+ : 317.1164, found: 317.1186. 

6.10.2.2 Synthesis of 5-[3-(4-fluorophenoxy)prop-1-yn-1-yl]-6-isopropyl 

pyrimidine-2,4-diamine 59b 

5-Iodo-6-isopropylpyrimidine-2,4-diamine (0.50 g, 1.80 mmol) in the presence of the 

catalyst Pd(PPh3)2Cl2 (0.13 g, 0.20 mmol), Cu(I)I (68.5 mg, 0.40 mmol), 1-fluoro-4-

(prop-2-yn-1-yloxy)benzene (0.53 g, 3.60 mmol) and DIIPA (12.0 ml, 89.9 mmol) was 

dissolved in 6 ml dry DMF to afford the product 59b (0.32 g, 59%) as a light yellow 

solid. 

Rf = 0.34 (1:9 MeOH/DCM); mp: 158 °C; IR (v/cm-1): 

3319 (NH str), 3173 (NH str), 2962 (CH), 2220 (C≡C), 

1240 (C-O); 1H NMR (400 MHz, CDCl3) δ 7.12 – 6.87 

(m, 4H, H2’’ & H3’’), 5.17 (s, 2H, NH2), 5.08 (s, 2H, 

NH2), 4.94 (s, 2H, H3’), 3.20 (h, J = 6.8 Hz, 1H, H7), 

1.13 (d, J = 6.8 Hz, 6H, H8); 13C NMR (101 MHz, CDCl3) δ 178.0 (C6), 164.6 (C4), 

161.5 (C2), 157.9 (d, JC-F = 239.5 Hz, C4’’), 153.7 (d, JC-F = 2.2 Hz, C1’’), 116.5 (d, 

JC- F = 8.1 Hz, C2’’), 116.0 (d, JC-F = 23.1 Hz, C3’’), 93.3 (C2’), 88.6 (C5), 81.3 (C1’), 

57.6 (C3’), 33.6 (C7), 20.8 (C8); HRMS (ES+) calculated for C16H17FN4O [M + H]+ : 

301.1459, found: 301.1484. 

6.10.2.3 Synthesis of 6-isopropyl-5-[3-(4-methoxyphenoxy)prop-1-yn-1-yl] 

pyrimidine-2,4-diamine 59c 

5-Iodo-6-isopropylpyrimidine-2,4-diamine (0.50 g, 1.80 mmol)  was subjected to 

Sonogashira reaction conditions in the presence of Pd(PPh3)2Cl2 (0.13 g, 0.20 mmol), 

Cu(I)I (68.5 mg, 0.40 mmol), 1-methoxy-4-(prop-2-yn-1-yloxy)benzene (0.58 g, 3.60 

mmol), DIIPA (12.0 ml, 89.9 mmol) and 6 ml DMF to afford the product 59c (0.36 g, 

63%) as an amber brown viscous oil. 
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 Rf = 0.28 (1:9 MeOH/DCM); IR (v/cm-1): 3320 (NH 

str), 3180 (NH str), 2965 (CH), 2215 (C≡C), 1240 

(C-O); 1H NMR (300 MHz, CDCl3) δ 6.96 (d, J = 9.1 

Hz, 2H, H2’’/H3’’), 6.84 (d, J = 9.1 Hz, 2H, 

H2’’/H3’’), 5.20 (s, 2H, NH2), 5.13 (s, 2H, NH2), 4.92 

(s, 2H, H3’), 3.76 (s, 3H, OMe), 3.21 (h, J = 6.8 Hz, 

1H, H7), 1.14 (d, J = 6.8 Hz, 6H, H8); 13C NMR (75 MHz, CDCl3) δ 177.7 (C6), 164.6 

(C4), 161.4 (C2), 154.6 (C4’’), 151.6 (C1’’), 116.6 (C2’’), 114.7 (C3’’), 93.8 (C2’), 88.7 

(C5), 80.9 (C1’), 57.7 (C3’), 55.8 (OMe), 33.5 (C7), 20.9 (C8); HRMS (ES+) calculated 

for C17H20N4O2 [M + H]+ : 313.1659, found: 313.1681. 

6.10.2.4 Synthesis of 5-[3-(3-chlorophenoxy)prop-1-yn-1-yl]-6-isopropyl 

pyrimidine-2,4-diamine 59d 

The general procedure was followed to synthesise 5-[3-(3-chlorophenoxy)prop-1-yn-

1-yl]-6-isopropylpyrimidine-2,4-diamine. 5-Iodo-6-isopropylpyrimidine-2,4-diamine 

(0.50 g, 1.80 mmol) was dissolved in 6 ml dry DMF in the presence of the acetylene 

substrate (0.60 g, 3.60 mmol), 1-chloro-3-(prop-2-yn-1-yloxy)benzene, Pd(PPh3)2Cl2 

(0.13 g, 0.20 mmol), Cu(I)I (68.5 mg, 0.40 mmol) and DIIPA (12 ml, 89.9 mmol) to 

afford the pyrimidine 59d as a cream white solid (78.0 mg, 14%). 

Rf = 0.51 (1:9 MeOH/DCM); mp: 117 °C; IR (v/cm-1): 

3311 (NH str), 3147 (NH str), 2958 (CH); 2214 (C≡C), 

1275 (C-O); 1H NMR (400 MHz, CDCl3) δ 7.22 (t, J = 

8.1 Hz, 1H, H5’’), 7.03 (t, J = 2.2 Hz, 1H, H2’’), 6.98 

(ddd, J = 7.9, 1.9, 0.9 Hz, 1H, H4’’), 6.90 (ddd, J = 

8.3, 2.5, 0.9 Hz, 1H, H6’’), 5.19 (s, 2H, NH2), 5.08 (s, 2H, NH2), 4.97 (s, 2H, H3’), 3.22 

(h, J = 6.8 Hz, 1H, H7), 1.14 (d, J = 6.9 Hz, 6H, H8); 13C NMR (101 MHz, CDCl3) δ 

178.1 (C6), 164.6 (C4), 161.5 (C2), 158.3 (C1’’), 135.0 (C3’’), 130.4 (C5’’), 121.8 (C4’’), 

115.5 (C2’’), 114.0 (C6’’), 92.9 (C2’), 88.5 (C5), 81.7 (C1’), 57.1 (C3’), 33.6 (C7), 20.8 

(C8); HRMS (ES+) calculated for C16H17ClN4O [M + H]+: 317.1164, found: 317.1183. 
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6.10.2.5 Synthesis of 5-[3-(3-fluorophenoxy)prop-1-yn-1-yl]-6-isopropyl 

pyrimidine-2,4-diamine 59e 

A mixture of 5-iodo-6-isopropylpyrimidine-2,4-diamine (0.50 g, 1.80 mmol), 

Pd(PPh3)2Cl2 (0.13 g, 0.20 mmol) and Cu(I)I (68.5 mg, 0.40 mmol) was dissolved in 6 

ml of dry DMF, followed by addition of DIIPA (12.0 ml, 89.9 mmol) and 1-fluoro-3-

(prop-2-yn-1-yloxy)benzene (0.53 g, 3.6 mmol) to afford the product 59e (0.22 g, 41%) 

as a brown viscous oil. 

Rf = 0.43 (1:9 MeOH/DCM); IR(v/cm-1): 3319 (NH str), 

3183 (NH str), 2966 (CH); 2216 (C≡C), 1260 (C-O); 1H 

NMR (400 MHz, CDCl3) δ 7.24 (q, J = 8.1 Hz, 1H, 

H5’’), 6.86 – 6.60 (m, 3H, H2’’, H4’’ & H6’’), 5.45 (s, 

4H, 2(NH2)), 4.96 (s, 2H, H3’), 3.22 (h, J = 6.8 Hz, 1H, 

H7), 1.14 (d, J = 6.8 Hz, 6H, H8); 13C NMR (101 MHz, 

CDCl3) δ 178.0 (C6), 164.7 (C4), 163.6 (d, JC-F = 245.4 Hz, C3’’), 161.5 (C2), 158.9 

(d, JC-F = 11.0 Hz, C1’’), 130.4 (d, JC-F = 9.9 Hz, C5’’), 111.0 (d, JC-F = 2.9 Hz, C6’’), 

108.4 (d, JC-F = 21.3 Hz, C2’’), 103.1 (d, JC-F = 24.9 Hz, C4’’), 93.0 (C2’), 88.4 (C5), 

81.5 (C1’), 57.1 (C3’), 33.6 (C7), 20.8 (C8); HRMS (ES+) calculated for  C16H17FN4O 

[M + H]+ : 301.1459, found: 301.1482. 

6.10.2.6 Synthesis of 6-isopropyl-5-[3-(3-methoxyphenoxy)prop-1-yn-1-yl] 

pyrimidine-2,4-diamine 59f 

The general procedure was followed to synthesise 6-isopropyl-5-[3-(3-

methoxyphenoxy)prop-1-yn-1-yl]pyrimidine-2,4-diamine. The starting material, 5-iodo-

6-isopropylpyrimidine-2,4-diamine (1.00 g, 3.60 mmol), was dissolved in 12 ml DMF 

in the presence of Pd(PPh3)2Cl2 (0.25 g, 0.40 mmol) and Cu(I)I (0.14 g, 0.70 mmol), 

followed by addition of DIIPA (24.0 ml, 0.20 mol) and 1-methoxy-3-(prop-2-yn-1-

yloxy)benzene 1.17 g, 7.20 mmol) to afford the product 59f (0.63 g, 56%) as a light 

brown solid. 
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Rf = 0.42 (1:9 MeOH/DCM); mp: 128 °C; I.R (v/cm-1): 3315 (NH str), 3162 (NH str), 

2960 (CH); 2198 (C≡C), 1644 (NH bend),1286 (C-

O); 1H NMR (400 MHz, CDCl3) δ 7.17 (t, J = 8.2 Hz, 

1H, H5’’), 6.63 – 6.45 (m, 3H, H2’’, H4’’ & H6’’), 5.57 

(s, 2H, NH2), 5.55 (s, 2H, NH2), 4.93 (s, 2H, H3’), 

3.76 (s, 3H, OMe), 3.23 (h, J = 6.9 Hz, 1H, H7), 

1.13 (d, J = 6.9 Hz, 6H, H8); 13C NMR (101 MHz, CDCl3) δ 177.7 (C6), 164.5 (C4), 

161.2 (C2), 160.9 (C3’’), 158.7 (C1’’), 130.0 (C5’’), 107.2 (C6’’), 107.1 (C4’’), 101.8 

(C2’’), 93.5 (C2’), 88.5 (C5), 80.9 (C1’), 56.8 (C3’), 55.3 (OMe), 33.5 (C7), 20.7 (C8); 

HRMS (ES+) calculated for C17H20N4O2 [M + H]+: 313.1659, found: 313.1682. 

6.10.2.7 Synthesis of 5-(3-[2-chlorophenoxy)prop-1-yn-1-yl]-6-isopropyl 

pyrimidine-2,4-diamine 59g 

A mixture of 12 ml DMF and 5-iodo-6-isopropylpyrimidine-2,4-diamine (1.00 g, 

3.60  mmol), was subjected to Sonogashira reaction conditions in the presence of 

Pd(PPh3)2Cl2 (0.25 g, 0.40 mmol), Cu(I)I (0.14 g, 0.70 mmol), DIIPA (24.0 ml, 

0.20  mol) and 1-chloro-2-(prop-2-yn-1-yloxy)benzene (1.20 g, 7.20 mmol) to afford 

the product 59g (0.11 g, 10%) as a dark brown solid.  

 Rf = 0.39 (1:9 MeOH/DCM); mp: 78 °C; IR (v/cm-1): 

3340 (NH str), 3108 (NH str), 2976 (CH); 2217 (C≡C), 

1619 (NH bend), 1246 (C-O); 1H NMR (400 MHz, 

CDCl3) δ 7.38 (dd, J = 7.9, 1.6 Hz, 1H, H3’’), 7.21 (ddd, 

J = 8.3, 7.4, 1.7 Hz, 1H, H5’’), 7.11 (dd, J = 8.2, 1.5 Hz, 

1H, H6’’), 6.93 (td, J = 7.7, 1.4 Hz, 1H, H4’’), 5.44 (s, 

4H, 2(NH2)), 5.06 (s, 2H, H3’), 3.19 (h, J = 6.8 Hz, 1H, H7), 1.12 (d, J = 6.9 Hz, 6H, 

H8). 13C NMR (101 MHz, CDCl3) δ 177.8 (C6), 164.4 (C4), 161.2 (C2), 153.0 (C1’’), 

130.6 (C3’’), 127.5 (C5’’), 123.6 (C2’’), 122.4 (C4’’), 114.7 (C6’’), 92.9 (C2’), 88.3 (C5), 

81.5 (C1’), 57.9 (C2’), 33.5 (C7), 20.7 (C8); HRMS (ES+) calculated for C16H17ClN4O 

[M + H]+ : 317.1164, found: 317.1184. 

6.10.2.8 Synthesis of 5-[3-(2-fluorophenoxy)prop-1-yn-1-yl]-6-isopropyl 

pyrimidine-2,4-diamine 59h 

5-Iodo-6-isopropylpyrimidine-2,4-diamine (1.00 g, 3.60 mmol), Pd(PPh3)2Cl2 (0.25 g, 

0.40 mmol), Cu(I)I (0.14 g, 0.70 mmol), DIIPA (24.0 ml, 0.20 mol) and 1-chloro-2-
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(prop-2-yn-1-yloxy)benzene (1.08 g, 7.20 mmol) were dissolved in 12 ml DMF to 

produce the product 59h as a dark brown solid (0.34 g, 32%). 

Rf = 0.42 (1:9 MeOH/DCM); mp: 88 °C; IR (v/cm-1): 

3321 (NH str), 3180 (NH str), 2964 (CH); 2215 (C≡C), 

1254 (C-O); 1H NMR (400 MHz, CDCl3) δ 7.18 – 7.04 

(m, 3H, H3’’, H5’’ & H6’’), 7.03 – 6.89 (m, H4’’), 5.20 (s, 

2H, NH2), 5.15 (s, 2H, NH2), 5.06 (s, 2H, H3’), 3.19 (h, 

J = 6.8 Hz, 1H, H7), 1.14 (d, J = 6.8 Hz, 6H, H8); 13C NMR (101 MHz, CDCl3) δ 177.3 

(C6), 164.6 (C4), 161.1 (C2), 153.4 (d, JC-F = 245.8 Hz, C2’’), 145.4 (d, JC-F = 10.6 Hz, 

C1’’), 124.3 (d, JC-F = 3.7 Hz, C5’’), 122.6 (d, JC-F = 7.0 Hz, C4’’), 116.8 (d, JC-F = 1.8 

Hz, C6’’), 116.7 (d, JC-F = 18.7 Hz, C3’’), 93.2 (C2’), 88.7 (C5), 81.4 (C1’), 58.5 (C3’), 

33.5 (C7), 20.8 (C8); HRMS (ES+) calculated for C16H17FN4O [M + H]+ : 301.1459, 

found: 301.1481. 

6.10.2.9 Synthesis of 6-isopropyl-5-[3-(2-methoxyphenoxy)prop-1-yn-1-yl] 

pyrimidine-2,4-diamine 59i 

The general procedure was followed to synthesise 6-isopropyl-5-[3-(2-

methoxyphenoxy]prop-1-yn-1-yl)pyrimidine-2,4-diamine by subjecting 5-iodo-6-iso-

propylpyrimidine-2,4-diamine (1.00 g, 3.60 mmol) to Sonogashira reaction conditions 

in the presence of 1-methoxy-2-(prop-2-yn-1-yloxy)benzene (1.17g, 7.20 mmol), 

Pd(PPh3)2Cl2 (0.25 g, 0.40 mmol), Cu(I)I (0.14 g, 0.70 mmol) and DIIPA (24.0 ml, 0.17 

mol) as a base. The reagents were dissolved in 12 ml DMF. 0.26 g of the product 59i 

was isolated as a light brown solid (23%). 

 Rf = 0.53 (1:9 MeOH/DCM); mp: 205 °C; IR (v/cm-1): 

3327 (NH str), 3145 (NH str), 2960 (CH); 2208 (C≡C), 

1627 (NH bend), 1244 (C-O); 1H NMR (400 MHz, 

CDCl3) δ 7.09 (dd, J = 8.1, 1.7 Hz, 1H, H6’’), 7.01 – 

6.95 (m, 1H, H4’’), 6.94 – 6.88 (m, 2H, H3’’ & H5’’), 5.16 

(s, 2H, NH2), 5.09 (s, 2H, NH2), 5.06 (s, 2H, H3’), 3.88 

(s, 3H, OMe), 3.20 (h, J = 6.8 Hz, 1H, H7), 1.13 (d, J = 6.8 Hz, 6H, H8); 13C NMR (101 

MHz, CDCl3) δ 177.5 (C6), 164.6 (C4), 161.2 (C2), 150.1 (C2’’), 146.7 (C1’’), 122.4 

(C4’’), 120.7 (C5’’), 114.9 (C6’’), 112.0 (C3’’), 93.7 (C2’), 88.9 (C5), 81.1(C1’), 57.9 
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(C3’), 56.0 (OMe), 33.5 (C7), 20.8 (C8); HRMS (ES+) calculated for C17H20N4O2 [M + 

H]+ : 313.1659, found: 313.1683. 

6.11 General Procedure for the hydrogenation reaction 

6.11.1 Reduction of the 6-(tert-butyl)pyrimidine-2,4-diamine 

analogues 

6.11.1.1 Synthesis of 6-(tert-butyl)-5-[3-(4-chlorophenoxy)propyl] 

pyrimidine-2,4-diamine 60a and (Z)-6-(tert-butyl)-5-[3-(4-

chlorophenoxy)prop-1-en-1-yl]pyrimidine-2,4-diamine 61a 

Hydrogenation reaction of 6-(tert-butyl)-5-[3-(4-chlorophenoxy)prop-1-yn-1-

yl]pyrimidine-2,4-diamine 58a (0.24 g, 0.70 mmol) was carried out at under set 

pressure in a hydrogenator apparatus. The starting material was dissolved in 4 ml Abs. 

EtOH followed by addition of Pd/C (23.6 mg, 0.20 mmol). The heterogeneous mixture 

was stirred under H2 gas at 2 Bars degassed overnight. The reaction mixture was 

filtered through celite to remove the catalyst and the solvent was evaporated on the 

rotary evaporator. The resulting residue was further purified by silica gel column 

chromatography (5% MeOH/DCM) to produce (Z)-6-(tert-butyl)-5-[3-(4-

chlorophenoxy)prop-1-en-1-yl]pyrimidine-2,4-diamine 61a (0.13 g, 56 %) as a light 

brown viscous oil and 6-(tert-butyl)-5-[3-(4-chlorophenoxy)propyl]pyrimidine-2,4-

diamine 60a (50.0 mg, 21%) as a brown solid, respectively. 

Rf = 0.40 (1:9 MeOH/DCM); mp: 118 °C IR (v/cm-1): 

3323 (NH str), 3185 (NH str), 2954 (CH), 1601 (NH 

bend), 1240 (C-O); 1H NMR (400 MHz, CDCl3) δ 

7.26 – 7.21 (m, 2H, H3’’), 6.85 – 6.80 (m, 2H, H2’’), 

4.98 (s, 2H, NH2), 4.61 (s, 2H, NH2), 4.02 (t, J = 5.5 

Hz, 2H, H3’), 2.85 – 2.67 (m, 2H, H1’), 1.99 (tt, J = 11.1, 5.6 Hz, 2H, H2’), 1.34 (s, 9H, 

H8); 13C NMR (101 MHz, CDCl3) δ 173.2 (C6), 163.9 (C4), 160.0 (C2), 157.4 (C1’’), 

129.6 (C3’’), 126.1 (C4’’), 115.8 (C2’’), 104.7 (C5), 68.1 (C3’), 38.6 (C7), 30.5 (C8), 

28.4 (C2’), 23.5 (C1’); HRMS (ES+) calculated for C17H23ClN4O [M + H]+ : 335.1633, 

found: 335.1573. 
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Rf = 0.54 (1:9 MeOH/DCM); IR (v/cm-1): 3356 (NH str), 3199 (NH 

str), 3023 (=CH), 2958 (CH), 1541 (C=C); 1H NMR (300 MHz, 

CDCl3) δ 7.23 – 7.16 (m, 2H, H3’’), 6.80 – 6.71 (m, 2H, H2’’), 6.62 

(dt, J = 10.9, 1.4 Hz, 1H, H1’), 6.08 (dt, J = 11.0, 6.3 Hz, 1H, H2’), 

4.81 (s, 2H, NH2), 4.73 (s, 2H,  NH2), 4.37 (d, J = 6.1 Hz, 2H, H3’), 

1.27 (s, 9H, H8); 13C NMR (75 MHz, CDCl3) δ 174.0 (C6), 161.8 

(C4), 161.0 (C2), 157.2 (C1’’), 130.2 (C2’), 129.5 (C3’’), 128.6 

(C1’), 126.0 (C4’’), 116.0 (C2’’), 101.0 (C5), 65.7 (C3’), 38.9 (C7), 29.3 (C8); HRMS 

(ES+) calculated for C17H21ClN4O [M + H]+ : 333.1477, found: 333.1437. 

6.11.1.2 Synthesis of (Z)-6-(tert-butyl)-5-[3-(4-fluorophenoxy)prop-1-en-1-

yl]pyrimidine-2,4-diamine 61b 

The starting material, 5-[3-(4-fluorophenoxy)prop-1-yn-1-yl]-6-isopropylpyrimidine-

2,4-diamine (0.19 g, 0.60 mmol), was dissolved in 4 ml Abs. EtOH in the presence of 

Pd/C (19.0 mg, 0.20 mmol). The reaction was conducted under pressure in H2 

atmosphere to produce (Z)-6-(tert-butyl)-5-[3-(4-fluorophenoxy)prop-1-en-1-

yl]pyrimidine-2,4-diamine 61b (25.0 mg, 13%) as a cream white solid. 

Rf = 0.47 (1:9 MeOH/DCM); mp: 84 °C; IR (v/cm-1): 3302 (NH str), 

3190 (NH str), 2958 (CH), 1611 (NH bend), 1541 (C=C); 1H NMR 

(500 MHz, CDCl3) δ 6.93 (t, J = 8.6 Hz, 2H, H3’’), 6.78 (dd, J = 8.9, 

4.2 Hz, 2H, H2’’), 6.61 (d, J = 11.0 Hz, 1H, H1’), 6.09 (dt, J = 11.5, 

6.3 Hz, 1H, H2’), 4.80 (s, 2H, NH2), 4.69 (s, 2H, NH2), 4.36 (d, J = 

5.6 Hz, 2H, H3’), 1.28 (s, 9H, H8); 13C NMR (126 MHz, CDCl3) δ 

173.8 (C6), 162.0 (C4), 160.9 (C2), 157.6 (d, JC-F = 238.4 Hz, C4’’), 154.8 (d, JC-F = 

2.3 Hz, C1’’), 130.5 (C2’), 128.4 (C1’), 116.0 (d, JC-F = 23.1 Hz, C3’’), 115.9 (d, JC-F = 

8.1 Hz, C2’’), 101.1 (C5), 66.1 (C3’), 38.9 (C7), 29.4 (C8); HRMS (ES+) calculated for 

C17H21FN4O [M + H]+ : 317.1772, found: 317.1734. 

6.11.1.3 Synthesis of 6-(tert-butyl)-5-[3-(4-methoxyphenoxy)propyl] 

pyrimidine-2,4-diamine 60c and (Z)-6-(tert-butyl)-5-[3-(4-

methoxyphenoxy)prop-1-en-1-yl] pyrimidine-2,4-diamine 61c  

The general procedure described above was followed by subjecting 6-(tert-butyl)-5-[3-

(4-methoxyphenoxy)prop-1-yn-1-yl] pyrimidine-2,4-diamine (0.17 g, 0.50 mmol) to a 
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reduction reaction in the presence of Pt(IV)O2 (16.9 mg, 74.4 µmol)  as a catalyst in 8 

ml Abs. EtOH. (Z)-6-(Tert-butyl)-5-[3-(4-methoxyphenoxy)prop-1-en-1-yl]pyrimidine-

2,4-diamine 61c (41.0 mg, 24%) and 6-(tert-butyl)-5-[3-(4-methoxyphenoxy) propyl] 

pyrimidine-2,4-diamine 60c (24.0 mg, 14%) were isolated as a light brown viscous oil 

and a cream white solid respectively.   

Rf = 0.23 (1:9 MeOH/DCM); mp: 106 °C; IR 

(v/cm- 1): 3330 (NH str), 3165 (NH str), 2956 (CH), 

1655 (NH bend);1H NMR (300 MHz, CDCl3) δ 6.85 

(s, 4H, H2’’ & H3’’), 5.01 (s, 2H, NH2), 4.54 (s, 2H, 

NH2), 4.00 (t, J = 5.4 Hz, 2H, H3’), 3.77 (s, 3H, 

OMe), 2.85 – 2.67 (m, 2H, H1’), 1.97 (tt, J = 11.1, 5.5 Hz, 2H, H2’), 1.35 (s, 9H, H8); 

13C NMR (75 MHz, CDCl3) δ 173.0 (C6), 164.0 (C4), 160.0 (C2), 154.2 (C4’’), 152.9 

(C1’’), 115.6 (C2’’/C3’’), 114.9 (C2’’/C3’’), 105.0 (C5), 68.4 (C3’), 55.9 (OMe), 38.6 

(C7), 30.5 (C8), 28.7 (C2’), 23.4 (C1’); HRMS (ES+) calculated for C18H26N4O2 [M + 

H]+ : 331.2129, found: 331.2083. 

 Rf = 0.42 (1:9 MeOH/DCM); IR (v/cm-1): 3310 (NH str), 3189 

(NH str), 2999 (=CH), 2955 (CH), 1609 (NH bend), 1539 (C=C); 

1H NMR (400 MHz, CDCl3) δ 6.79 (s, 4H, H2’’ & H3’’), 6.59 (d, 

J = 10.9 Hz, 1H, H1’), 6.09 (dt, J = 11.3, 6.3 Hz, 1H, H2’), 4.80 

(d, J = 10.7 Hz, 2H, NH2), 4.67 (d, J = 13.5 Hz, 2H, NH2), 4.36 

(d, J = 6.0 Hz, 2H, H3’), 3.75 (s, 3H, OMe), 1.27 (s, 9H, H8); 13C 

NMR (101 MHz, CDCl3) δ 173.9 (C6), 162.0 (C4), 161.1 (C2), 

154.3 (C4’’), 152.8 (C1’’), 130.8 (C2’), 128.3 (C1’), 116.0 (C2’’), 114.8 (C3’’), 101.2 

(C5), 66.3 (C3’), 55.9 (OMe), 38.9 (C7), 29.4 (C8); HRMS (ES+) calculated for 

C18H24N4O2 [M + H]+ : 329.1972, found: 329.1924. 

6.11.1.4 Synthesis of 6-(tert-butyl)-5-[3-(3-chlorophenoxy)propyl] 

pyrimidine-2,4-diamine 60d and (Z)-6-(tert-butyl)-5-[3-(3-chlorophenoxy) 

prop-1-en-1-yl] pyrimidine-2,4-diamine 61d 

A heterogeneous mixture of 6-(tert-butyl)-5-[3-(3-chlorophenoxy)prop-1-yn-1-yl] 

pyrimidine-2,4-diamine (0.23 g, 0.70 mmol) and Pd/C (23.1 mg, 0.20 mmol) in 4 ml 

Abs. EtOH produced  (Z)-6-(tert-butyl)-5-[3-(3-chlorophenoxy)prop-1-en-1-
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yl]pyrimidine-2,4-diamine 61d (50.0 mg, 22%) and 6-(tert-butyl)-5-[3-(3-

chlorophenoxy)propyl]pyrimidine-2,4-diamine 60d (31.0 mg, 13%) as a brown solid 

and yellow viscous oil respectively. 

Rf = 0.25 (1:9 MeOH/DCM); IR (v/cm-1): 3342 (NH 

str), 2942 (CH), 1609 (NH bend), 1247 (C-O); 1H 

NMR (300 MHz, CDCl3) δ 7.22 (t, J = 8.1 Hz, 1H, 

H5’’), 6.96 (ddd, J = 8.1, 2.0, 0.9 Hz, 1H, H4’’), 6.92 

(t, J = 2.1 Hz, 1H, H2’’), 6.80 (ddd, J = 8.4, 2.6, 1.7 

Hz, 1H, H6’’), 4.95 (s, 2H, NH2), 4.59 (s, 2H, NH2), 4.04 (t, J = 5.5 Hz, 2H, H3’), 2.86 

– 2.67 (m, 2H, H1’), 2.02 (dt, J = 10.8, 5.7 Hz, 2H, H2’), 1.35 (s, 9H. H8); 13C NMR (75 

MHz, CDCl3) δ 173.3 (C6), 163.8 (C4), 159.8 (C2), 159.5 (C1’’), 135.1 (C3’’), 130.5 

(C5’’), 121.4 (C4’’), 115.0 (C2’’), 113.1 (C6’’), 104.7 (C5), 68.0 (C3’), 38.7 (C7), 30.5 

(C8), 28.3 (C2’), 23.5 (C1’); HRMS (ES+) calculated for C17H23ClN4O [M + H]+ : 

335.1633, found: 335.1579. 

 

Rf = 0.54 (1:9 MeOH/DCM); mp: 86 °C; IR (v/cm-1): 3304 (NH str), 

3190 (NH str), 3030 (=CH), 2957 (CH), 1611 (NH bend), 1538 

(C=C); 1H NMR (400 MHz, CDCl3) δ 7.15 (t, J = 8.1 Hz, 1H, H5’’), 

6.91 (d, J = 7.5 Hz, 1H, H4’’), 6.83 (s, 1H, H2’’), 6.72 (dd, J = 8.3, 

2.0 Hz, 1H, H6’’), 6.62 (d, J = 10.9 Hz, 1H, H1’), 6.07 (dt, J = 12.3, 

6.3 Hz, 1H, H2’), 4.95 (s, 2H, NH2), 4.86 (s, 2H, NH2), 4.46 – 4.28 

(m, 2H, H3’), 1.27 (s, 9H, H8); 13C NMR (101 MHz, CDCl3) δ 173.9 

(C6), 161.8 (C4), 160.9 (C2), 159.3 (C1’’), 135.0 (C3’’), 130.3 (C5’’), 130.0 (C2’), 128.7 

(C1’), 121.3 (C4’’), 115.1 (C2’’), 113.2 (C6’’), 100.9 (C5), 65.5 (C3’), 38.9 (C7), 29.3 

(C8); HRMS (ES+) calculated for C17H21ClN4O [M + H]+ : 333.1477, found: 333.1404. 

6.11.1.5 Synthesis of (Z)-6-(tert-butyl)-5-[3-(3-fluorophenoxy)prop-1-en-1-yl] 

pyrimidine-2,4-diamine 61e 

To a solution of 6-(tert-butyl)-5-[3-(3-fluorophenoxy)prop-1-yn-1-yl]pyrimidine-2,4-

diamine (0.10  g, 0.30 mmol) in 4 ml Abs. EtOH, Pd/C (10.0 mg, 94.0 µmol) was added. 

The reaction mixture was stirred under H2 gas to afford (Z)-6-(tert-butyl)-5-[3-(3-
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fluorophenoxy)prop-1-en-1-yl]pyrimidine-2,4-diamine 61e as a white solid (19.0 mg, 

18%). 

Rf =0.48 (1:9 MeOH/DCM); mp: 101 °C; IR (v/cm-1): 3301 (NH str), 

3189 (NH str), 3046 (=CH), 2956 (CH), 1610 (NH bend), 1536 

(C=C); 1H NMR (400 MHz, CDCl3) δ 7.18 (dd, J = 8.2, 8.2 Hz, 1H, 

H5’’), 6.68 – 6.59 (m, 3H, H2’’, H4’’ & 6’’), 6.55 (dt, J = 10.9, 2.3 Hz, 

1H, H1’’), 6.08 (dt, J = 11.0, 6.3 Hz, 1H, H2’ ), 4.80 (s, 2H, NH2), 

4.70 (s, 2H, NH2), 4.38 (d, J = 5.2 Hz, 2H, H3’), 1.27 (s, 9H, H8); 

13C NMR (101 MHz, CDCl3) δ 173.9 (C6), 163.7 (d, JC-F = 245.4 Hz, 

C3’’), 161.9 (C4), 161.1 (C2), 160.0 (d, JC-F = 10.8 Hz, C1’’), 130.4 

(d, JC-F = 10.0 Hz, C5’’), 130.0 (C2’), 128.8 (C1’), 110.4 (d, JC-F = 2.9 Hz, C6’’), 108.0 

(d, JC-F = 21.3 Hz, C2’’), 102.6 (d, JC-F = 24.8 Hz, C4’’), 101.0 (C5), 65.6 (C3’), 38.9 

(C7), 29.3 (C8); HRMS (ES+) calculated for C17H21FN4O [M + H]+ : 317.1772, found: 

317.1731. 

6.11.1.6 Synthesis of (Z)-6-(tert-butyl)-5-[3-(3-methoxyphenoxy)prop-1-en-

1-yl]pyrimidine-2,4-diamine 61f 

A solution of 6-(tert-butyl)-5-[3-(3-methoxyphenoxy)prop-1-yn-1-yl]pyrimidine-2,4-

diamine (0.12 g, 0.40 mmol) in 4 ml Abs. EtOH, was subjected to a hydrogenation 

reaction in the presence of Pd/C (6.50 mg, 61.1 µmol ) as a catalyst. The product, (Z)-

6-(tert-butyl)-5-[3-(3-methoxyphenoxy)prop-1-en-1-yl]pyrimidine-2,4-diamine 61f, was 

isolated as a light brown solid (94.0 mg) in 76% yield. 

Rf = 0.53 (1:9 MeOH/DCM); mp: 77 °C; IR (v/cm-1): 3300 (NH str), 

3193 (NH str), 2958 (CH), 1608 (NH bend), 1537 (C=C); 1H NMR 

(400 MHz, CDCl3) δ 7.14 (t, J = 8.2 Hz, 1H, H5’’), 6.60 (dt, J = 10.9, 

1.4 Hz, 1H, H1’), 6.50 (dd, J = 8.2, 1.8 Hz, 1H, H6’’), 6.44 (dd, J = 

8.1, 1.9 Hz, 1H, H4’’), 6.41 (t, J = 2.3 Hz, 1H, H2’’), 6.09 (dt, J = 

11.0, 6.3 Hz, 1H, H2’), 4.88 (s, 2H, NH2), 4.76 (s, 2H, NH2), 4.39 (d, 

J = 5.9 Hz, 2H, H3’), 3.76 (s, 3H, OMe), 1.28 (s, 9H, H8); 13C NMR 

(101 MHz, CDCl3) δ 173.8 (C6), 161.9 (C4), 161.0 (C2), 160.9 (C3’’), 159.9 (C1’’), 

130.5 (C2’), 130.0 (C5’’), 128.4 (C1’), 106.9 (C4’’), 106.6 (C6’’), 101.3 (C2’’), 101.1 
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(C5), 65.4 (C3’), 55.4 (OMe), 38.9 (C7), 29.3 (C8); HRMS (ES+) calculated for 

C18H24N4O2 [M + H]+ : 329.1972, found: 329.1932. 

6.11.1.7 Synthesis of (Z)-6-(tert-butyl)-5-[3-(2-chlorophenoxy)prop-1-en-1-

yl]pyrimidine-2,4-diamine 61g 

(Z)-6-(tert-Butyl)-5-[3-(2-chlorophenoxy)prop-1-en-1-yl]pyrimidine-2,4-diamine was 

produced by means of reducing 6-(tert-butyl)-5-[3-(2-chlorophenoxy)prop-1-yn-1-yl] 

pyrimidine-2,4-diamine. The starting material (0.10 g, 0.30 mmol) was subjected to a 

reduction reaction in the presence of Pd/C (10.0 mg, 94.0 µmol). The reaction mixture 

was dissolved in 4 ml Abs. EtOH to afford the product 61g as an amber brown solid 

(70.0 mg, 69%) 

Rf =0.65 (1:9 MeOH/DCM); mp: 74 °C; IR (v/cm-1): 3307 (NH str), 

3188 (NH str),3015 (=CH), 2958 (CH), 1610 (NH bend), 1536 

(C=C); 1H NMR (300 MHz, CDCl3) δ 7.32 (dd, J = 7.8, 1.4 Hz, 1H, 

H3’’), 7.21 – 7.08 (m, 1H, H5’’), 6.92 – 6.79 (m, 2H, H4’’ & H6’’), 

6.64 (d, J = 11.0 Hz, 1H, H1’), 6.15 (dt, J = 11.0, 6.5 Hz, 1H, H2’), 

4.99 (s, 2H, NH2), 4.86 (s, 2H, NH2), 4.45 (d, J = 6.4 Hz, 2H, H3’), 

1.27 (s, 9H, H8); 13C NMR (75 MHz, CDCl3) δ 173.9 (C6), 161.9 

(C4), 161.0 (C2), 154.1 (C1’’), 130.4 (C3’’), 129.8 (C2’), 129.1 (C1’), 127.8 (C5’’), 123.0 

(C2’’), 121.9 (C4’’), 114.0 (C6’’), 100.8 (C5), 66.3 (C3’), 38.9 (C7), 29.3 (C8); HRMS 

(ES+) calculated for C17H21ClN4O [M + H]+ : 333.1477, found: 333.1424. 

6.11.1.8 Synthesis of (Z)-6-(tert-butyl)-5-[3-(2-fluorophenoxy)prop-1-en-1-

yl]pyrimidine-2,4-diamine 61h 

6-(tert-Butyl)-5-[3-(2-fluorophenoxy)prop-1-yn-1-yl]pyrimidine-2,4-diamine (0.10 g, 

0.30 mmol) was subjected to a reduction reaction in the presence of Pd/C (10.0 mg, 

94.0 µmol) and 4 ml Abs. EtOH as a solvent to afford (Z)-6-(tert-butyl)-5-[3-(2-

fluorophenoxy)prop-1-en-1-yl]pyrimidine-2,4-diamine 61h (58.0 mg) as a light brown 

solid in 58% yield.  
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Rf =0.50 (1:9 MeOH/DCM); mp: 87 °C; IR (v/cm-1): 3301 (NH str), 

3191 (NH str), 3031 (=CH), 2957 (CH), 1611 (NH bend), 1536 

(C=C); 1H NMR (400 MHz, CDCl3) δ 7.09 – 6.95 (m, 2H, H3’’ & H5’’), 

6.92 – 6.83 (m, 2H, H4’’ & H6’’), 6.63 (d, J = 11.0 Hz, 1H, H1’), 6.14 

(dt, J = 11.0, 6.4 Hz, 1H, H2’), 4.92 (s, 2H, NH2), 4.80 (s, 2H, NH2), 

4.46 (d, J = 5.9 Hz, 2H, H3’), 1.26 (s, 9H, H8); 13C NMR (101 MHz, 

CDCl3) δ 173.9 (C6), 161.9 (C4), 161.1 (C2), 152.9 (d, JC-F = 245.4 

Hz, C2’’), 146.7 (d, JC-F = 10.6 Hz, C1’’), 130.1 (C2’), 128.9 (C1’), 124.4 (d, JC-F = 4.0 

Hz, C5’’), 121.7 (d, JC-F = 7.0 Hz, C4’’), 116.3 (d, JC-F = 18.0 Hz, C3’’), 115.6 (d, JC-F = 

1.8 Hz, C6’’), 100.9 (C5), 66.8 (C3’), 38.9 (C7), 29.3 (C8); HRMS (ES+) calculated for 

C17H21FN4O [M + H]+ : 317.1772, found: 317.1732. 

6.11.1.9 Synthesis of (Z)-6-(tert-butyl)-5-[3-(2-methoxyphenoxy)prop-1-en-

1-yl]pyrimidine-2,4-diamine 61i 

Pd/C (10.0 mg, 94.0 µmol) was added to a solution of 6-(tert-butyl)-5-[3-(2-

methoxyphenoxy)prop-1-yn-1-yl]pyrimidine-2,4-diamine (0.10 g, 0.30 mmol) in 4 ml 

Abs. EtOH to produce (Z)-6-(tert-butyl)-5-[3-(2-methoxyphenoxy)prop-1-en-1-yl] 

pyrimidine-2,4-diamine 61i (72.0 mg) as a light brown viscous oil in 71% yield. 

 Rf =0.16 (1:9 MeOH/DCM); IR (v/cm-1): 3371 (NH str), 3188 (NH 

str), 3077 (=CH), 2956(CH), 1540 (C=C); 1H NMR (300 MHz, 

CDCl3) δ 6.97 – 6.77 (m, 4H, H3’’, H4’’, H5’’ & H6’’), 6.58 (d, J = 

11.0 Hz, 1H, H1’), 6.17 (dt, J = 11.1, 6.3 Hz, 1H, H2’), 4.97 (s, 2H, 

NH2), 4.85 (s, 2H, NH2), 4.45 (d, J = 6.0 Hz, 2H. H3’), 3.83 (s, 3H, 

OMe), 1.27 (s, 9H, H8); 13C NMR (75 MHz, CDCl3) δ 173.5 (C6), 

161.9 (C4), 160.8 (C2), 149.7 (C2’’), 148.0 (C1’’), 131.0 (C2’), 128.1 

(C1’), 121.8 (C4’’), 120.9 (C5’’), 114.3 (C6’’), 111.9 (C3’’), 101.1 (C5), 66.6 (C3’), 55.9 

(OMe), 38.8 (C7), 29.3 (C8); HRMS (ES+) calculated for C18H24N4O2 [M + H]+ : 

329.1972, found: 329.1928.  



Chapter 6: Experimental Procedure 

172 

 

6.11.2 Reduction of the 6-(isopropyl)pyrimidine-2,4-diamine 

analogues 

6.11.2.1 Synthesis of 5-[3-(4-chlorophenoxy)propyl]-6-isopropylpyrimidine-

2,4-diamine 62a 

The starting material, 5-[3-(4-chlorophenoxy)prop-1-yn-1-yl]-6-isopropylpyrimidine-

2,4-diamine (62.0 mg, 0.20 mmol), was dissolved in 4 ml Abs. EtOH in the presence 

of Pd/C (6.20 mg, 58.3 µmol). The reaction was conducted under pressure in H2 

atmosphere to produce 5-[3-(4-chlorophenoxy)propyl]-6-isopropylpyrimidine-2,4-

diamine 62a (30.0 mg, 48%) as a cream white solid. 

 Rf = 0.31 (1:9 MeOH/DCM); mp: 114 °C; IR (v/cm-1): 

3368 (NH str), 3179 (NH str) 2955 (CH), 1616 (NH 

bend), 1255 (C-O);1H NMR (300 MHz, CDCl3) δ 7.25 

– 7.19 (m, 2H, H3’’), 6.88 – 6.70 (m, 2H, H2’’), 4.91 

(s, 2H, NH2), 4.78 (s, 2H, NH2), 3.93 (t, J = 5.6 Hz, 

2H, H3’), 3.06 (h, J = 6.7 Hz, 1H, H7), 2.58 (t, J = 7.3 Hz, 2H, H1’), 1.93 (p, J = 6.5 Hz, 

2H, H2’), 1.15 (d, J = 6.7 Hz, 6H, H8); 13C NMR (75 MHz, CDCl3) δ 172.4 (C6), 163.1 

(C4), 161.1 (C2), 157.2 (C1’’), 129.6 (C3’’), 126.1 (C4’’), 115.9 (C2’’), 103.0 (C5), 66.8 

(C3’), 30.3 (C7), 29.0 (C2’), 21.7 (C8), 21.2 (C1’); HRMS (ES+) calculated for 

C16H21ClN4O [M + H]+ : 321.1477, found: 321.1499.  

6.11.2.2 Synthesis of 5-[3-(4-fluorophenoxy)propyl]-6-isopropylpyrimidine-

2,4-diamine 62b 

The general procedure described above was followed by subjecting 5-[3-(4-

fluorophenoxy)prop-1-yn-1-yl]-6-isopropylpyrimidine-2,4-diamine (55.7 mg, 0.20 

mmol) to a reduction reaction in the presence of Pd/C (5.60 mg, 52,6 µmol) as a 

catalyst in 4 ml Abs. EtOH. 5-[3-(4-Fluorophenoxy)propyl]-6-isopropylpyrimidine-2,4-

diamine 62b (54.0 mg, 96%) was isolated as a yellow solid.  

 Rf =0.39 (1:9 MeOH/DCM); mp: 72 °C; IR (v/cm-1): 

3333 (NH str), 3192 (NH str) 2966 (CH), 1617 (NH 

bend), 1248 (C-O);1H NMR (400 MHz, CDCl3) δ 7.04 

– 6.92 (m, 2H, C3’’), 6.88 – 6.79 (m, 2H, C2’’), 5.07 (s, 
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2H, NH2), 4.99 (s, 2H, NH2), 3.92 (t, J = 5.5 Hz, 2H, H3’), 3.06 (h, J = 6.7 Hz, 1H, H7), 

2.58 (t, J = 7.3 Hz, 2H, H1’), 1.92 (p, J = 7.1 Hz, 2H, H2’), 1.15 (d, J = 6.8 Hz, 6H, H8); 

13C NMR (101 MHz, CDCl3) δ 172.0 (C6), 163.1 (C4), 160.9 (C2), 157.5 (d, JC-F = 

238.4 Hz, C4’’), 154.7 (d, JC-F = 2.2 Hz,C1’’), 116.1 (d, JC-F = 23.1 Hz, C3’’), 115.6 (d, 

JC-F = 8.1 Hz, C2’’), 103.1 (C5), 67.1 (C3’), 30.3 (C7), 29.0 (C2’), 21.6 (C9), 21.2 (C1’); 

HRMS (ES+) calculated for C16H21FN4O [M + H]+ : 305.1772, found: 305.1789. 

6.11.2.3 Synthesis of 6-isopropyl-5-[3-(4-methoxyphenoxy)propyl] 

pyrimidine-2,4-diamine 62c 

A heterogeneous mixture of 6-isopropyl-5-[3-(4-methoxyphenoxy)prop-1-yn-1-yl] 

pyrimidine-2,4-diamine (50.0 mg, 0.20 mmol) and Pd/C (5.00 mg, 47.0 µmol) in 4 ml 

Abs. EtOH produced 6-isopropyl-5-[3-(4-methoxyphenoxy)propyl]pyrimidine-2,4-

diamine 62c (41.0 mg, 81%) as an off-white solid. 

Rf = 0.22 (1:9 MeOH/DCM); mp: 61 °C; IR (v/cm- 1): 

3335 (NH str), 3234 (NH str) 2959 (CH), 1615 (NH 

bend), 1264 (C-O);1H NMR (400 MHz, CDCl3) δ 

6.83 (s, 4H, H2’’ & H3’’), 4.94 (s, 2H, NH2), 4.69 (s, 

2H, NH2), 3.91 (t, J = 5.5 Hz, 2H, H3’), 3.76 (s, 3H, 

OMe), 3.06 (p, J = 6.7 Hz, 1H, H7), 2.59 (t, J = 7.3 Hz, 2H, H1’), 1.91 (h, J = 7.1 Hz, 

2H, H2’), 1.15 (d, J = 6.7 Hz, 6H, H8); 13C NMR (101 MHz, CDCl3) δ 172.4 (C6), 163.2 

(C4), 161.3 (C2), 154.2 (C4’’), 152.7 (C1’’), 115.6 (C2’’), 114.9 (C3’’), 103.2 (C5), 67.0 

(C3’), 55.8 (OMe), 30.3 (C7), 29.2 (C2’), 21.7 (C8), 21.2 (C1’); HRMS (ES+) calculated 

for C17H24N4O2 [M + H]+ : 317.1972, found: 317.1988. 

6.11.2.4 Synthesis of 5-[3-(3-chlorophenoxy)propyl]-6-isopropylpyrimidine-

2,4-diamine 62d 

To a solution of 5-[3-(3-chlorophenoxy)prop-1-yn-1-yl]-6-isopropylpyrimidine-2,4-

diamine (11.0 mg g, 34.7 µmol) in 4 ml Abs. EtOH, Pd/C (1.10 mg, 10.3 µmol) was 

added. The reaction mixture was stirred under H2 gas to afford 5-[3-(3-

chlorophenoxy)propyl]-6-isopropylpyrimidine-2,4-diamine 62d as a cream white solid 

(10.0  mg, 90%). 
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 Rf = 0.30 (1:9 MeOH/DCM); mp: 119 °C; IR (v/cm-1): 

3329 (NH str), 3157 (NH str) 2962 (CH), 1624 (NH 

bend), 1229(C-O);1H NMR (400 MHz, CDCl3) δ 7.21 

(t, J = 8.1 Hz, 1H, H5’’), 6.96 (ddd, J = 8.0, 1.9, 0.9 

Hz, 1H, H4’’), 6.90 (t, J = 2.2 Hz, 1H, H2’’), 6.79 (ddd, 

J = 8.3, 2.5, 0.8 Hz, 1H, H6’’), 6.08 – 5.58 (m, 2H, NH2), 5.43 (s, 2H, NH2), 3.97 (t, J = 

5.5 Hz, 2H, H3’), 3.08 (h, J = 6.8 Hz, 1H, H7), 2.58 (t, J = 7.4 Hz, 2H, H1’), 1.93 (p, J 

= 6.5 Hz, 2H, H2’), 1.19 (d, J = 6.8 Hz, 6H, H8); 13C NMR (101 MHz, CDCl3) δ 171.0 

(C6), 162.8 (C4), 159.7 (C2), 159.3 (C1’’), 135.2 (C3’’), 130.5 (C5’’), 121.6 (C4’’), 115.1 

(C2’’), 113.1 (C6’’), 103.0 (C5), 66.7 (C3’), 30.3 (C7), 28.8 (C2’), 21.3 (C8), 21.1 (C1’); 

HRMS (ES+) calculated for C16H21ClN4O [M + H]+ : 321.1477, found: 321.1494.  

6.11.2.5 Synthesis of 5-[3-(3-fluorophenoxy)propyl]-6-isopropylpyrimidine-

2,4-diamine 62e 

A solution of 5-[3-(3-fluorophenoxy)prop-1-yn-1-yl]-6-isopropylpyrimidine-2,4-diamine 

(67.0 mg, 0.20 mmol) in 4 ml Abs. EtOH, was subjected to a hydrogenation reaction 

in the presence of Pd/C (6.70 mg, 63.0 µmol ) as a catalyst. The product, 5-[3-(3-

fluorophenoxy)propyl]-6-isopropylpyrimidine-2,4-diamine 62e, was isolated as a light 

yellow solid (51.0 mg) in 75% yield. 

 Rf = 0.50 (1:9 MeOH/DCM); m.p: 68°C; IR (v/cm-1): 

3336 (NH str), 3238 (NH str) 2966 (CH), 1610 (NH 

bend), 1262 (C-O);1H NMR (300 MHz, CDCl3) δ 7.23 

– 7.07 (m, 1H, H5’’), 6.67 – 6.45 (m, 3H, H2’’, H4’’ & 

H6’’), 4.88 (s, 2H, NH2), 4.74 (s, 2H, NH2), 3.88 (t, J 

= 5.6 Hz, 2H, H3’), 3.00 (h, J = 6.8 Hz, 1H, H7), 2.51 (t, J = 7.4 Hz, 2H, H1’), 1.87 (p, 

J = 6.4 Hz, 2H, H2’), 1.08 (d, J = 6.8 Hz, 6H, H8); 13C NMR (75 MHz, CDCl3) δ 172.4 

(C6), 163.7 (d, JC-F = 245.4 Hz, C3’’), 163.1 (C4), 161.3 (C2), 160.0 (d, JC-F = 10.8 Hz. 

C1’’), 130.5 (d, JC-F = 10.1 Hz, C5’’), 110.4 (d, JC-F = 2.9 Hz, C6’’), 108.0 (d, JC-F = 21.3 

Hz, C4’’), 103.0 (C5), 102.3 (d, JC-F = 24.8 Hz, C2’’) , 66.8 (C3’), 30.3 (C7), 28.9 (C2’), 

21.7 (C8), 21.2 (C1’); HRMS (ES+) calculated for C16H21FN4O [M + H]+ : 305.1772, 

found: 305.1789. 
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6.11.2.6 Synthesis of 6-isopropyl-5-[3-(3-methoxyphenoxy)propyl] 

pyrimidine-2,4-diamine 62f and (Z)-6-isopropyl-5-[3-(3-methoxyphenoxy) 

prop-1-en-1-yl]pyrimidine -2,4-diamine 63f  

The starting material, 6-isopropyl-5-[3-(3-methoxyphenoxy)prop-1-yn-1-yl]pyrimidine-

2,4-diamine 59f (70.0 mg, 0.20 mmol), was subjected to a reduction reaction in the 

presence of Pd/C (7.00 mg, 65.8 µmol). The reaction mixture was dissolved in ~10 ml 

Abs. EtOH to afford (Z)-6-isopropyl-5-[3-(3-methoxyphenoxy)prop-1-en-1-yl] 

pyrimidine-2,4-diamine 63f and 6-isopropyl-5-[3-(3-methoxyphenoxy)propyl] 

pyrimidine-2,4-diamine 62f as a brown solid (39.0 mg, 55%) and a light brown solid 

(16.0 mg, 23%) respectively. 

Rf = 0.33 (1:9 MeOH/DCM); mp: 100 °C; IR 

(v/cm- 1): 3366 (NH str), 3171 (NH str) 2961 (CH), 

1651 (NH bend), 1269 (C-O); 1H NMR (400 MHz, 

CDCl3) δ 7.18 (t, J = 8.2 Hz, 1H, H5’’), 6.57 – 6.40 

(m, 3H, H2’’, H4’’ & H6’’), 5.91 (s, 2H, NH2), 5.63 (s, 

2H, NH2), 3.96 (t, J = 5.3 Hz, 2H, H3’), 3.79 (s, 3H, OMe), 3.10 (h, J = 6.7 Hz, 1H, H7), 

2.59 (t, J = 7.2 Hz, 2H, H1’), 1.98 – 1.83 (m, 2H, H2’), 1.21 (d, J = 6.7 Hz, 6H, H8); 13C 

NMR (101 MHz, CDCl3) δ 169.8 (C6), 163.2 (C4), 161.0 (C3’’), 159.7 (C1’’), 159.4 

(C2), 130.2 (C5’’), 106.9 (C6’’), 106.7 (C4’’), 103.2 (C5), 101.2 (C2’’), 66.3 (C3’), 55.5 

(OMe), 30.2 (C7), 28.9 (C2’), 21.3 (C8), 21.1 (C1’); HRMS (ES+) calculated for 

C17H24N4O2 [M + H]+ : 317.1972, found: 317.1988. 

 

Rf = 0.43 (1:9 MeOH/DCM); mp: 120 °C; IR (v/cm-1): 3325 (NH str), 

3177 (NH str), 3031 (=CH), 2966 (CH), 1610 (NH bend), 1569 

(C=C) 1263 (C-O);1H NMR (400 MHz, CDCl3) δ 7.14 (t, J = 8.1 Hz, 

1H, H5’’), 6.49 (dd, J = 7.9, 2.2 Hz, 1H, H4’’), 6.44 – 6.34 (m, 3H, 

H1’, H2’’ & H6’’), 6.11 (dt, J = 11.1, 6.5 Hz, 1H, H2’), 5.01 (s, 2H, 

NH2), 4.94 (s, 2H, NH2), 4.41 (d, J = 6.4 Hz, 2H, H2’), 3.76 (s, 3H, 

OMe), 2.92 (h, J = 6.8 Hz, 1H, H7), 1.13 (d, J = 6.8 Hz, 6H, H8); 13C 

NMR (101 MHz, CDCl3) δ 172.4 (C6), 162.1 (C4), 161.2 (C2), 160.9 (C3’’), 159.7 

(C1’’), 131.4 (C2’), 130.0 (C5’’), 125.9 (C1’), 106.8 (C6’’), 106.7 (C4’’), 101.3 (C2’’), 
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100.7 (C5), 65.1 (C2’), 55.4 (0Me), 32.0 (C7), 21.0 (C8); HRMS (ES+) calculated for 

C17H22N4O2 [M + H]+ : 315.1816, found: 315.1839. 

6.11.2.7 Synthesis of 5-[3-(2-chlorophenoxy)propyl]-6-isopropylpyrimidine-

2,4-diamine 62g 

5-[3-(2-Chlorophenoxy)prop-1-yn-1-yl]-6-isopropylpyrimidine-2,4-diamine (27.8 mg, 

87.8 µmol) was subjected to a reduction reaction in the presence of Pd/C (2.78 mg, 

26.1 µmol) and 4 ml Abs. EtOH as a solvent to afford 5-[3-(2-chlorophenoxy)propyl]-

6-isopropylpyrimidine-2,4-diamine 62g as a cream white solid (15.0 mg, 54%).  

Rf =0.34 (1:9 MeOH/DCM); mp: 148 °C; I.R (v/cm-1): 

3327 (NH str), 3203 (NH str), 2956 (CH), 1560 (C=C); 

1H NMR (500 MHz, MeOD) δ 7.37 (dd, J = 7.9, 1.7 Hz, 

1H, H3’’), 7.25 (t, J = 7.3 Hz, 1H, H5’’), 7.05 (d, J = 8.1 

Hz, 1H, H6’’), 6.92 (t, J = 7.3 Hz, 1H, H4’’), 4.09 (t, J = 5.5 Hz, 2H, H3’), 3.24 – 3.16 

(m, 1H, H7), 2.70 (t, J = 7.6 Hz, 2H, H1’), 1.98 (p, J = 6.2 Hz, 2H, H2’), 1.14 (d, J = 6.9 

Hz, 6H, H8); 13C NMR (126 MHz, MeOD) δ 172.2 (C6), 165.7 (C4), 159.9 (C2), 155.5 

(C1’’), 131.2 (3’’), 129.2 (C5’’), 123.6 (C2’’), 122.5 (C4’’), 114.5 (C6’’), 104.9 (C5), 68.4 

(C3’), 30.3 (C7), 29.4 (C2’), 21.8 (C1’), 21.2 (C8); HRMS (ES+) calculated for 

C16H21ClN4O [M + H]+ : 321.1477, found: 321.1495. 

6.11.2.8 Synthesis of 6-isopropyl-5-[3-(2-methoxyphenoxy)propyl] 

pyrimidine-2,4-diamine 62h 

Reduction of 6-isopropyl-5-[3-(2-methoxyphenoxy)prop-1-yn-1-yl]pyrimidine-2,4-

diamine 59h to 6-isopropyl-5-[3-(2-methoxyphenoxy)propyl]pyrimidine-2,4-diamine 

62h was achieved by subjecting the starting material (43.0 mg, 0.10 mmol) to a 

hydrogenation reaction in the presence of Pd/C (4.30 mg, 40.4 µmol) and H2(g) 

atmosphere, dissolved in 4 ml Abs. EtOH. 28.0 mg of the product 62h was isolated as 

an off-white solid (65% yield). 

Rf = 0.23 (1:9 MeOH/DCM); mp: 220 °C; IR (v/cm-1): 

3346 (NH str), 3195 (NH str) 2986 (CH), 1620 (NH 

bend), 1247 (C-O); 1H NMR (500 MHz, CDCl3) δ 7.04 

– 6.74 (m, 4H, H3’’, H4’’, H5’’ & H6’’), 5.29 (s, 2H, NH2), 

4.63 (s, 2H, NH2), 4.02 (t, J = 5.4 Hz, 2H, H3’), 3.85 (s, 
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3H, OMe), 3.08 (h, J = 5.9 Hz, 1H, H7), 2.63 (t, J = 7.2 Hz, 2H, H1’), 1.96 (p, J = 6.5 

Hz, 2H, H2’), 1.19 (d, J = 6.7 Hz, 6H, H8); 13C NMR (126 MHz, CDCl3) δ 171.3 (C6), 

163.5 (C4), 160.9 (C2), 149.4 (C2’’), 148.0 (C1’), 121.5 (C4’’), 121.1 (C5’’), 113.1 

(C6’’), 111.7 (C3’’), 103.5 (C5), 67.1 (C3’), 55.8 (OMe), 30.3 (C7), 29.1 (C2’), 21.7 

(C8), 20.9 (C1’); HRMS (ES+) calculated for C17H24N4O2 [M + H]+ : 317.1972, found: 

317.1990. 

6.11.3 Synthesis of the 6-cyclopropyl-2,4-diaminopyrimidine 

analogue. 

6.11.3.1 Synthesis of 6-cyclopropyl-5-[3-(4-fluorophenoxy)prop-1-yn-1-yl] 

pyrimidine-2,4-diamine 64 

Using the general procedure descried for a Sonogashira reaction, compound 62 was 

synthesised. To a heterogeneous mixture of 6-cyclopropyl-5-iodopyrimidine-2,4-

diamine (0.30 g, 1.10 mmol), ), Pd(PPh3)2Cl2 (76.3 mg, 0.10 mmol) and Cu(I)I (41.4 

mg, 0.20 mmol) in 6 ml DMF, (12.0 ml, 89.9 mmol) DIIPA was added, followed by 

addition of 1-fluoro-4-(prop-2-yn-1-yloxy)benzene (0.33 g, 2.20 mmol) to give 0.14 g 

product 64 in 42% yield as a cream white solid. 

 Rf = 0.46 (1:9 MeOH/DCM); mp: 137 °C; IR (v/cm-1): 

3314 (NH str), 3176 (NH str), 3007 (=C-H), 2210 (C≡C), 

1243 (C-O);  1H NMR (400 MHz, CDCl3) δ 7.09 – 6.90 

(m, 4H, H2’’ & H3’’), 5.20 (s, 2H, NH2), 4.97 (s, 2H, 

NH2), 4.95 (s, 2H, H3’), 2.22 (tt, J = 8.4, 4.7 Hz, 1H. 

H7), 1.03 (dt, J = 6.2, 3.3 Hz, 2H, H8), 0.88 (dq, J = 7.2, 3.6 Hz, 2H, H8); 13C NMR 

(101 MHz, CDCl3) δ 173.8 (C6), 164.0 (C4), 161.3 (C2), 157.9 (d, JC-F = 239.2 Hz, 

C4’’), 153.7 (C1’’), 116.6 (d, JC-F = 8.1 Hz, C2’’), 116.0 (d, JC-F = 23.1 Hz, C3’’), 92.8 

(C2’), 89.5 (C5), 81.6 (C1’), 57.7 (C3’), 15.0 (C7), 10.0 (C8); HRMS (ES+) calculated 

for C16H15FN4O [M + H]+ : 299.1303, found: 299.1319. 
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6.11.3.2 Synthesis of 6-cyclopropyl-5-[3-(4-fluorophenoxy)propyl] 

pyrimidine-2,4-diamine 65 

Compound 65 was synthesized using the general methodology described for 

hydrogenation. The starting material, 6-cyclopropyl-5-[3-(4-fluorophenoxy)prop-1-yn-

1-yl]pyrimidine-2,4-diamine (50.0 mg, 0.20 mmol), was dissolved in 4 ml Abs. EtOH in 

the presence of Pd/C (5.00 mg, 47.0 µmol). The reaction was conducted under 

pressure in H2 atmosphere to produce 6-cyclopropyl-5-[3-(4-fluorophenoxy)propyl] 

pyrimidine-2,4-diamine 65 (39.0 mg, 77%) as a light brown solid. 

 Rf = 0.42 (1:9 MeOH/DCM); mp: 107 °C; IR (v/cm-1): 

3320 (NH str), 3181 (NH str), 2922 (CH), 1608 (NH 

bend), 1249 (C-O);1H NMR (400 MHz, CDCl3) δ 7.04 

– 6.90 (m, 2H, H3’’), 6.89 – 6.74 (m, 2H, H2’’), 4.99 (s, 

2H, NH2), 4.72 (s, 2H, NH2), 3.92 (t, J = 5.5 Hz, 2H, 

H3’), 2.72 (t, J = 7.0 Hz, 2H, H1’), 2.00 (dt, J = 12.6, 6.0 Hz, 2H, H2’), 1.93 (tt, J = 8.2, 

4.8 Hz, 1H, H7), 1.01 (dt, J = 6.2, 3.1 Hz, 2H, H8), 0.79 (dt, J = 8.0, 3.1 Hz, 2H, H8); 

13C NMR (101 MHz, CDCl3) δ 167.9 (C6), 162.4 (C4), 160.8 (C2), 157.5 (d, JC-F = 

238.5 Hz, C4’’), 154.8 (d, JC-F = 2.1 Hz, C1’’), 116.0 (d, JC-F = 23.1 Hz, C3’’), 115.6 (d, 

JC-F = 7.9 Hz, C2’’), 104.1(C5), 66.9 (C3’), 28.6 (C2,), 21.1 (C1’), 12.7 (C7), 9.0 (C8); 

HRMS (ES+) calculated for C16H19FN4O [M + H]+ : 303.1616, found: 303.1635. 

6.11.4 Synthesis of the phenyl-amino derivative from aniline. 

6.11.4.1 Synthesis of N-(prop-2-yn-1-yl)aniline 66187 

The heterogeneous mixture of aniline (6.14 ml, 67.3 mmol) and K2CO3 (4.65 g, 33.6 

mmol) in 20 ml DMF was stirred for 5 minutes before propargyl bromide (1.87 ml, 16.8 

mmol) was added dropwise. The reaction mixture was stirred overnight at r.t. under 

N2 atmosphere. The organic layer was extracted with 200 ml EtOAc and washed with 

200 ml of brine. The wash was repeated 4 times with the same volume of brine. After 

collection of the organic layer, it was dried over MgSO4, and the drying agent was 

filtered off. After removal of the solvent on the rotary evaporator, the residue was 

purified by silica gel column chromatography (20 % EtOAc/Hex) to give N-(prop-2-yn-

1-yl)aniline 66 (1.95 g, 89%) as a yellow oil. 



Chapter 6: Experimental Procedure 

179 

 

Rf = 0.73 (3:7 EtOAc/Hex); 1H NMR (400 MHz, CDCl3) δ 7.17 (dd, 

J = 8.6, 8.0 Hz, 2H, H3), 6.81 – 6.70 (m, 1H, H4), 6.68 – 6.53 (m, 

2H, H2), 3.84 (s, 2H, H1’), 2.16 (br s, 1H, H3’); 13C NMR (101 MHz, 

CDCl3) δ 146.8 (C1), 129.2 (C3), 118.6 (C4), 113.5 (C2), 81.2 (C2’), 71.3 (C3’), 33.6 

(C1’). 

6.11.4.2 Synthesis of 6-isopropyl-5-[3-(phenylamino)prop-1-yn-1-

yl]pyrimidine-2,4-diamine 67 

Compound 67 was synthesised following the general procedure outlined for 

Sonogashira reaction. The heterogeneous mixture of 5-iodo-6-iso-propylpyrimidine-

2,4-diamine (0.50 g, 1.80 mmol), Pd(PPh3)2Cl2 (0.13 g, 0.20 mmol) and Cu(I)I (68.5 

mg, 0.40 mmol) was dissolved in 6 ml of dry DMF, followed by addition of DIIPA 

(12.0  ml, 89.9 mmol) as a base and the acetylene, N-(prop-2-yn-1-yl)aniline (0.47 g, 

3.6 mmol) to afford 6-isopropyl-5-[3-(phenylamino)prop-1-yn-1-yl]pyrimidine-2,4-

diamine 67 as a light brown solid (0.30 g, 60% ). 

Rf = 0.47 (1:9 MeOH/DCM); mp: 84 °C; IR (v/cm-1): 

3298 (NH str), 3173 (NH str), 2964 (CH), 2178 (C≡C); 

1H NMR (400 MHz, CDCl3) δ 7.23 (t, J = 7.8 Hz, 2H, 

H3’’), 6.81 (t, J = 7.3 Hz, 1H, H4’’), 6.76 (d, J = 7.9 Hz, 

2H, H2’’), 5.04 (s, 2H, NH2), 4.98 (s, 2H, NH2), 4.22 (s, 

2H, H3’), 3.19 (h, J = 6.8 Hz, 1H, H7), 1.12 (d, J = 6.8 Hz, 6H, H8); 13C NMR (101 

MHz, CDCl3) δ 177.1 (C6), 164.5 (C4), 161.0 (C2), 147.1 (C1’’), 129.4 (C3’’), 119.0 

(C4’’), 114.2 (C2’’), 96.1 (C2’), 89.3 (C5), 77.4 (C1’), 35.1 (C3’), 33.5 (C7), 20.8 (C8); 

HRMS (ES+) calculated for C16H19N5 [M + H]+ : 282.1713, found: 282.1731. 

6.11.4.3 Synthesis of 6-isopropyl-5-[3-(phenylamino)propyl]pyrimidine-2,4-

diamine 68 

Compound 68 was synthesised following the general procedure for the hydrogenation 

reaction. The general procedure described above was followed by subjecting 6-

isopropyl-5-[3-(phenylamino)prop-1-yn-1-yl]pyrimidine-2,4-diamine (56.0 mg, 

0.20  mmol) to a reduction reaction in the presence of Pd/C (5.00 mg, 47.0 µmol) as a 

catalyst in 4 ml Abs. EtOH. 6-isopropyl-5-[3-(phenylamino)propyl]pyrimidine-2,4-

diamine 68 (33.0 mg, 58%) was isolated as a white solid.  
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 Rf =0.15  (1:9 MeOH/DCM); mp: 242 °C; I.R: (v/cm-1): 

3326 (NH str), 3187 (NH str), 2958 (CH); 1H NMR (500 

MHz, MeOD) δ 7.11 (t, J = 7.9 Hz, 2H, H3’’), 6.67 (d, J 

= 7.8 Hz, 2H, H2’’), 6.63 (t, J = 7.3 Hz, 1H, H4’’), 3.34 

– 3.26 (m, J = 3.2, 1.7 Hz, 1H, H7), 3.15 (t, J = 6.5 Hz, 

2H,H3’), 2.54 (t, J = 7.8 Hz, 2H, H1’), 1.76 (p, J = 6.8 Hz, 2H, H2’), 1.14 (d, J = 6.8 Hz, 

6H, H8); 13C NMR (126 MHz, MeOD) δ 178.0 (C6), 165.8 (C4), 159.8 (C2), 150.1 

(C1’’), 130.1 (3’’), 118.3 (C4’’), 114.4 (C2’’), 105.5 (C5), 44.0 (C3’), 30.3 (C7), 29.6 

(C2’), 22.9 (C1’), 21.2 (C8); HRMS (ES+) calculated for C16H23N5 [M + H]+ : 286.2026, 

found: 286.2044. 

6.12 Biology 

6.12.1 Enzyme preparation and inhibition assays 

 PfDHFRs and HsDHFR enzymes were expressed under T7 promotor of pET17b 

plasmids in E. Coli BL21(DE3) by cultivation in Lysogeny broth (LB) agar.188 Enzyme 

inhibition assays were determined spectrophotometrically and Kinetic parameters 

were calculated as described by a nonlinear least-square fit of data to the Michaelis-

Menten equation.189,190 

6.12.2 Parasite culture, antimalarial and cytotoxicity testing in vitro.  

Each compound was tested for antiplasmodial activity against two P. falciparum 

strains, TM4/8.2 (wild type PfDHFR) and V1/S (QM PfDHFR). Parasitic strains were 

cultured in human erythrocytes at 37°C under 3% CO2 in RPMI 1640 culture media 

containing 25mM HEPES, 0.2% NaHCO3, 40 μg/mL gentamicin and 8% human 

serum. In vitro antimalarial activity was determined by 3H-hypoxanthine incorporation 

method.191  

Cytotoxicity properties of the compounds were determined against Vero African green 

monkey kidney epithelial cells. by quantitative staining of cellular proteins using 

sulforhodamine B stain. 191,192 Cultures for the assays were carried out as described 

by Vichai and Kirtikara (2006) in triplicates.192 Ellipticine in 10% (vol/vol) DMSO was 

used as a positive control, while wells containing cells in 10 µl of the solvent were used 
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as negative controls. For the purpose of calculating selectivity index (SI), IC50 values 

greater than 50 or 100 were taken as being 50 or 100, respectively. 
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8  Appendices 

1H and 13C NMR spectra for compound 34a in CDCl3 
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1H and 13C NMR spectra for compound 34c in CDCl3 

 

 

 



Appendices 

207 

 

1H and 13C NMR spectra for compound 34d in CDCl3 
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1H and 13C NMR spectra for compound 46a in DMSO 
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1H and 13C NMR spectra for compound 46c IN DMSO 
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1H and 13C NMR spectra for compound 46d in CDCl3 
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1H and 13C NMR spectra for compound 49a in DMSO 
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1H and 13C NMR spectra for compound 49c in CDCl3 
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1H and 13C NMR spectra for compound 49d in CDCl3 
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1H and 13C NMR spectra for compound 57b in CDCl3 
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1H and 13C NMR spectra for compound 58a in CDCl3 
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1H and 13C NMR spectra for compound 58b in CDCl3 
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1H and 13C NMR spectra for compound 59b in CDCl3 
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1H and 13C NMR spectra for compound  in CDCl3 
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1H and 13C NMR spectra for compound 60b in CDCl3 
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1H and 13C NMR spectra for compound 61b in CDCl3 

 

 

 


