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ABSTRACT 
Total Synthesis of Bisabolene Derivatives from the Marine Sponge 

Myrmekioderma sp. 

The isolation of new aromatic bisabolene derivatives with lipid-reducing activity from 

the marine sponge Myrmekioderma sp. has opened the possibility of synthesising new 

chemical compounds and then later perform a structure-activity relationship study for 

a possible drug candidate for obesity. This thesis primarily aims to perform a total 

synthesis of five natural products, 1-(2,5-dihydroxy-4-methylphenyl)ethan-1-one (1a), 

(Z)-2-methyl-5-(6-methylhepta-2,5-dien-2-yl)benzene-1,4-diol (2), 3,6-dimethyl-2-(3-

methylbut-2-en-1-yl)benzofuran-5-ol (3), 2-(2-methoxy-6-methylhept-5-en-2-yl)-5-

methylbenzene-1,4-diol (4) and 2-((S)-3,3-dimethyloxiran-2-yl)-4,7-dimethyl-2H-

chromen-6-ol (5), that were isolated from the marine sponge Myrmekioderma sp. with 

the exception of 1a. 

A secondary objective would be to synthesize analogues based on the original 

compounds herein marked as 1, 2a, 3a, 4a and 5a. 
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ÁGRIP 
Heildar efnasmíðar á bisabolene afleiðum úr sjávar svampinum 

Myrmekioderma sp. 

Einangrun á nýjum arómatísku bisabolene afleiðum úr sjávar svampinum 

Myrmekioderma sp. hefur opnað fyrir möguleikann á efnasmíðum á nýjum efnum og 

seinna meir að rannsaka byggingar-virkni samband til að rannsaka mögulegan lyfja 

kandídat við offitu. Megin markmið þessara ritgerðar er að framkvæma heildar 

efnasmíðar á fimm efnum, 1-(2,5-dihydroxy-4-methylphenyl)ethan-1-one (1a), (Z)-2-

methyl-5-(6-methylhepta-2,5-dien-2-yl)benzene-1,4-diol (2), 3,6-dimethyl-2-(3-

methylbut-2-en-1-yl)benzofuran-5-ol (3), 2-(2-methoxy-6-methylhept-5-en-2-yl)-5-

methylbenzene-1,4-diol (4) og 2-((S)-3,3-dimethyloxiran-2-yl)-4,7-dimethyl-2H-

chromen-6-ol (5), sem voru einangruð úr Myrmekioderma sp. að undanskildu efni 1a. 

Undirmarkmið þessarar ritgerðar er að smíða afleiður af upprunalegu efnunum sem 

verða kölluð 1, 2a, 3a, 4a og 5a í þessari ritgerð. 
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1. Introduction 

 

1.1 Obesity and its effects 

Obesity is a worldwide health risk. It occurs when the body amounts excessive body 

fat due to distortion in the balance between energy intake and expenditure and is often 

calculated using the Body Mass Indicator (BMI) which is calculated by dividing the 

weight in kilograms by height in meters squared. If an individual has a BMI of over 40, 

he is thought to be morbidly obese (Fu, Jiang, Guo, & Su, 2016).  

The most significant problem with obesity is the multitude of conditions that 

come with it, such as, type 2 diabetes, hypertension, hypertriglyceridemia, 

hypercholesterolemia and some forms of cancer, just to name a few (Fu et al., 2016; 

Hu, Tao, Wang, Xiao, & Wang, 2016; Hurt, Kulisek, Buchanan, & McClave, 2010).  

When compared to other habits that have a negative effect on people’s health, 

smoking and alcoholism, obesity proved to be a higher risk to their overall wellbeing 

(Sturm & Wells, 2001). This places obesity as an indirect cost to the healthcare system, 

and it is estimated that in the US alone it costs $ 150 billion per year and $ 2 trillion 

worldwide (Fu et al., 2016; Hu et al., 2016; Hurt et al., 2010). 

There are currently a few solutions to reverse these harmful effects on people’s 

health, the most prominent one being weight loss. This can be achieved through a 

handful of ways, such as dietary options, exercise, behavioural changes, 

pharmacological therapy and stomach surgery (Fu et al., 2016; Hu et al., 2016).  

However, the behavioural, dietary and exercise options can be unreliable, eventually 

resulting in regain of lost weight. Surgery is an invasive method with history of after-

surgery difficulties. Meanwhile, pharmacological options often come with serious side-

effects. (Fu et al., 2016; Hu et al., 2016) 

Orlistat, Lorcaserin, Phentermine-topiramate, naltrexone-bupropion, and 

liraglutide (see Figure 1) are all medicines that are meant to help people overcome 

obesity and maintain weight already lost. 

Orlistat does not affect appetite but rather hinders the body’s ability to digest 

some types of fats, leaving nearly a quarter of the ingested fats. However, this can lead 

to troubles in bowel movements and oily rectal material (Padwal & Majumdar, 2007).  
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Figure 1. Chemical structures of medicines prescribed against obesity. 

 

Lorcaserin affects people’s appetite by imitating the effects of serotonin on 5-

HT2C receptors which would leave the patient feeling fuller after a meal and reduce 

their hunger after a meal, leading to less food consumption. With it came many side 

effects, with headache, upper respiratory infection, dizziness and nasopharyngitis 

being among the most common (Smith et al., 2010).  

Phentermine-topiramate is a medicine made from the two active ingredients 

Phentermine and topiramate. Phentermine's mechanism of action is increasing the 

hypothalamic release of norepinephrine. Topiramate is primarily used to treat seizures 

or prevent migraine headaches but also has the added effect of lessening appetites 

and increase the feeling of fullness. However, some of the most common adverse 

effects were dry mouth, constipation, and insomnia (Allison et al., 2012).  

Naltrexone by itself is used to prevent relapse in people who have become 

reliant on opioid medication, and bupropion is an antidepressant drug mainly used to 

treat major or seasonal depression. This medication helps with weight loss, 

presumably by affecting peoples eating behaviour by decreasing the effects of the 
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body’s food reward system. Some of its more common adverse effects include, 

increased blood pressure and heart rate, nausea, constipation and vomiting (Patel & 

Stanford, 2018).  

Then we have Liraglutide which activates glucagon-like peptide-1 which 

affects appetites and ingestion of food though the exact mechanism is not known. As 

with the others, liraglutide has a multitude of side effects, such as nausea, diarrhoea 

and dizziness (European Medicines Agency, 2015). 

It is because of increasing fatality and health costs that we must keep digging 

for new ways to combat this increased risk to people's health as well as searching for 

safer drug candidates that are more comfortable in use, and there is a good chance 

we may find that in natural products. 

 

1.2 Natural products 

Natural products are chemical substances that are created by living organisms, found 

in nature, and are often used as pharmaceutically active chemical substances from 

nature (A Harvey, 2008; Koehn & Carter, 2005). 

 

1.2.1 The history and effect of natural products 

For centuries humankind has equipped themselves with active compounds from 

natural sources, be they marine or terrestrial in origin, to fight off deadly illnesses and 

diseases (Chin, Balunas, Chai, & Kinghorn, 2006; Dias, Urban, & Roessner, 2012; 

Drahl, Cravatt, & Sorensen, 2005; Koehn & Carter, 2005; Proksch, Edrada, & Ebel, 

2002). Medicine back then was usually in quite a crude form, such as tea, tinctures, 

powders, and other herbal forms, but we have come a long way since then (Balunas 

& Kinghorn, 2005). 

When it comes to effect on modern medicine, nothing comes close to the effect 

natural products have had on the field, ranging from anti-infectious to anti-cancerous 

compounds. Natural products have had an incredibly beneficial on modern medicine, 

as they have desirable attributes (Chin et al., 2006; Dias et al., 2012; A Harvey, 2008; 

Jones, Chin, & Kinghorn, 2006; Molinski, Dalisay, Lievens, & Saludes, 2009). They are 

not only biologically active but also extensively structurally distinct, lending themselves 
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perfectly as drugs or as inspirations for semi- or completely synthetic drugs (Balunas 

& Kinghorn, 2005; Chin et al., 2006). 

Terrestrial plants have the most extended history of any other natural product 

in treating human illnesses. Notable names are Glycyrrhiza glabra, Papaver 

somniferum and Commiphora species that were referenced in tablets from 

Mesopotamia roughly 4600 years ago and are still being used to this day which hints 

at the impact that this valuable resource can provide if used correctly (Chin et al., 

2006). 

 

1.2.2  Natural product presence on the market 

In the past few decades, natural products have been the source of a multitude of new 

chemical entities (NCEs). Between the years 1981 to 2002, roughly 28% of NCEs were 

natural products or derivatives of them. Another 20% during that period were 

considered natural products similar, stating that the human-made compounds were 

inspired by the study of natural products (Balunas & Kinghorn, 2005). 

The World Health Organization Model List of Essential Medicines notes that 

almost 300 distinct drugs, which are essential to the implementation of medicine, are 

of natural product origins (World Health Organization, 2019). Studies from 2005-2006 

state that nearly 87% of all classified human illnesses are being treated with natural 

products and associated drugs, serving as anti-bacterial, anti-cancer, anti-coagulant, 

anti-parasitic and immunosuppressant agents to name a few (Balunas & Kinghorn, 

2005; Chin et al., 2006). 

Even though a small number of the actual natural compounds reach the status 

of clinically useful drugs, these distinct molecules may become an inspiration for the 

arrangements of more effective analogues using chemical methodology such as 

complete or partial synthesis or handling biosynthetic pathways (Cragg & Newman, 

2009). 

 

1.2.3  Diversity and potential of natural products as active ingredients 

Natural products show a broad diversity in chemical activity and structure; this is 

because they have been refined within living organisms and are often used as 

protectants and aggressive chemicals in aid for the survival of these organisms (M. 
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Costa, Coello, Urbatzka, Pérez, & Thorsteinsdottir, 2019). This biodiversity has proven 

incredibly useful when tackling different ailments and diseases and more importantly, 

as insight for future drug development (Dias et al., 2012). The fact that these 

compounds have often been recognized as presenting more “drug-likeness and 

biological affinity” than artificial molecules has proven to be quite crucial for advanced 

drug development (Chin et al., 2006). 

These products have also shown that nearly half of them follow closely Lipkin’s 

Rule of Five for orally accessible compounds, and even though the rest had higher 

molecular weight, further routable bonds, and additional stereogenic centres they still 

had relatively low log P values proving that natural products are, more often than not, 

more easily absorbed than synthetic drugs (A Harvey, 2008). 

Seeing as only 10% of the world’s biodiversity has been studied, one can only 

imagine the possibilities that are still hidden within these natural products (Dias et al., 

2012). 

 

1.3 The natural products of the sea 

The ocean covers 70% of the world's surface and is the origin of life on earth. It has 

been estimated that in individual marine ecosystems, for example, coral reefs or deep-

sea floors, the biological diversity is more significant than in tropical rain forests 

(Haefner, 2003; Montaser & Luesch, 2011).  

Despite that, when it comes to natural products, they have primarily been 

terrestrial; this is because technology had yet to enable humankind to delve into the 

sea’s abundant wealth of chemical possibilities, but with the advances made we can 

now dive deeper in and explore this rich world (Molinski et al., 2009). 

It has been stated that marine organisms, especially those less sophisticated 

in their anatomy, such as sponges, are abundant in bioactive natural products with 

diverse structural attributes. These organisms have also shown quite a range of 

biological activities, such as antifungal, antibacterial, antiviral and even some anti-

cancerous effects (Mayer & Lehmann, 2000; Newman & Cragg, 2004; Xue et al., 

2017). 
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1.3.1 Soft bodies and challenging environment 

An abundant wealth of distinct structures can be found in the oceans that mostly can 

be gathered in invertebrates, such as sponges, tunicates, bryozoans and molluscs 

(Proksch et al., 2002). Many of the organisms are soft-bodied and have an inactive 

lifestyle requiring chemical defences, which are used to ward off predators, neutralize 

prey, or scare away competitors (Haefner, 2003). Some of the compounds used as 

chemical defences show noticeable pharmacological actions and are fascinating 

prospects for new drugs (Proksch et al., 2002). 

Despite that, we have dug very little into the ocean’s abundant resources of 

possible drug leads. Like mentioned, this is primarily the difficulties with technology at 

hand, but also because of the scarcity and difficulty of obtaining these resources 

(Paterson & Anderson, 2005).  

What makes the ocean such an attractive source is the environment. Products 

are required to have high potency to have any effect (Haefner, 2003). For this reason, 

along with the incredible biological variety in the sea, the ocean may offer natural 

products with biological activities that could prove useful for drug development. Drugs 

developed from marine natural products might have increased efficacy and specificity 

for the treatment of many human illnesses that we cannot ignore. We should, therefore, 

actively pursue these possibilities. However, there is a multitude of complications that 

follow these precious resources. 

 

1.4 The difficulties of acquiring natural products 

Despite natural products, rich sources, and potential, acquiring them for 

pharmacological purposes is easier said than done. There is a multitude of problems 

that can arise. One of those problems is the difficulty of reaching these compounds, 

especially regarding marine organism, requiring scuba diving or even the use of 

robotics to acquire them. Also, the amount that can be gathered is often small, 

particularly for natural products of marine origins (Molinski et al., 2009).  

It is this problem of acquiring those natural products that are the leading cause 

of the unwillingness to pursue these bioactive compounds as potential drugs. However, 

this problem can be solved with the organic synthesis of said compounds. 

Nonetheless, the length of such process, lengthy development times, minuscule yields 
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and unserviceable scale-ups have hindered that process from getting picked up by 

many pharmaceutical companies (Paterson & Anderson, 2005).  

 

1.4.1 The decline and renewal of companies’ interest in natural products 

Despite natural products being the most dependable and useful source of drug leads 

along with its incredible endeavour and essential role in modern medicine, it has seen 

some decline in recent years. This may seem obvious to those working in the field 

(Alan Harvey, 2000; Koehn & Carter, 2005). 

One of the causes for this downfall is partly due to the advancement of new 

technologies such as combinatorial chemistry, metagenomics, and high-throughput 

screening. Nevertheless, these methods proved not to be as fruitful as hoped, which 

has led to a revived fascination in natural products (Molinari, 2009). 

An additional problem that might have led to the decline is natural products 

redundancy where many of the products have the same or very similar activities as 

other natural products. Therefore, being able to minimize taxonomic redundancy in a 

natural product is pivotal in order to increase interest in natural products. Some work 

has already been done via a library which would help companies and researchers to 

eliminate redundant chemicals and save money and time on research (M. S. Costa, 

Clark, Ómarsdóttir, Sanchez, & Murphy, 2019). 

 

1.5 Chemical synthesis of natural products 

Chemical synthesis is valuable for structure proof and for supplying sufficient amounts 

of compounds that are not accessible in significant quantities from natural sources or 

via fermentation techniques (Humphrey & Chamberlin, 1997). An example of natural 

product derivative in order to increase the effectiveness of a natural product is 

hydromorphone, which is roughly six times more effective than its natural product 

counterpart morphine (Lemke, Williams, Roche, & Zito, 2013, pp. 675–677). 

Organic synthesis has made remarkable innovations in the past sixty years; 

however, chemists still battle to create synthetic routes that will allow them to acquire 

adequate amounts of complex molecules for biological and medical studies. Total 

synthesis is thus progressively concentrated on making natural products in the most 

effective method feasible (Baran, Maimone, & Richter, 2007). 
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Natural products have inspired many developments in organic chemistry, 

leading to advances in synthetic methodologies and to the possibility of making 

analogues of the original lead compound with improved pharmacological or 

pharmaceutical properties. 

Natural product derivatives have shown quite promising results and even 

sometimes proven more potent than the natural products themselves. Chemical 

synthesis allows for the production of new analogues of natural product lead 

compounds in the most adaptable way, that would be harder to accomplish with 

biological approaches (Kirschning & Hahn, 2012). However, that is rare, primarily 

because the intricacy of many natural products are tricky when applying total synthesis 

to either generate compound libraries for structure-activity relationship studies or 

produce adequate amounts for clinical applications (Kirschning & Hahn, 2012). 

Despite those difficulties, it is crucial to investigate and realize how such 

chemicals might have come to fruition in order to understand further them and their 

possibilities for medicine and chemical endeavours. 

 

1.6 Structural-activity relationship 

Structure-activity relationship (SAR) is a model created on the idea that a chemical’s 

structure can foresee the physical and chemical assets and reactivities of chemicals, 

which in turn can aid researchers to comprehend its possible biological assets when 

the chemical interrelates with a biological system (Grant, Combs, & Acosta, 2010). 

Among the first to research and study the connection between chemical 

structures and biological activity were Crum-Brown and Fraser. An example they came 

with was when they showed that many compounds that contained tertiary amine 

groups could result in muscle relaxants if they were changed into quaternary 

ammonium compounds (Lemke et al., 2013, pp. 29–31). To prove this point, they 

gathered compounds with differing pharmacological properties and converted them in 

a manner to have muscle-relaxing properties when methylated as can be seen in 

Figure 2. 
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Figure 2. Effects of methylation on biological activity (Lemke et al., 2013, p. 30). 

 

They hypothesized that a quaternary ammonium group within the structure 

was necessary for muscle relaxant activity. This was later disproven, but their work 

showed the influence molecular structure had on compounds biological activity and 

that altering their structures would lead to changes in their biological action (Lemke et 

al., 2013, pp. 29–60). 

Discovering the connection between a chemicals structure and its activity is 

the primary goal of utilizing SAR. By utilizing this system, researchers can simplify 

across and outward from individual cases what exactly defines relative activity and 

what makes them different from inactive compounds. By utilizing SAR, one is 

illuminating and unveiling what part of the compound is essential for activity and how 

best to improve upon it (McKinney, 2000). An example of what SAR research can 

unveil about compounds and their biological activity is shown in Figure 3, which  shows 
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how slight changes to a morphine structure can have a huge impact on its biological 

activity. 

 

Figure 3. Structure numbering and selected SAR for (-)-Morphine, based on Foye’s Principles of 
Medicinal Chemistry. 

 

Therefore, it is important that we identify more chemicals SAR properties in 

order to better use and improve upon them in order to further our advancements in the 

field of chemistry and pharmacology. 

 

1.6.1 Quantitative structure-activity relationship 

Quantitative structure-activity relationship (QSAR) is a mathematical method in which 

one can define biological activity as a linear free-energy relationship between 

physicochemical and structural properties. Elements of compounds that can be 

researched using QSAR include hydrogen bonds, lipophilic, electrochemical 

properties, sterics and geometric position of groups (Lemke et al., 2013, pp. 29–60). 

Unlike SAR, QSAR is purely a mathematical relationship between the biological activity 

of a molecular system and its geometric and chemical characteristics, while SAR is the 

act of analysing a chemicals molecular structure and its relationship with its biological 

activity. 

QSAR is, therefore, a valuable tool for chemistry and pharmaceutical sciences. 

The idea is, that when a change is made to a structure of a compound, its properties 

and activity will change with it. This can be accomplished with in-silico operations, 

intentional in vitro projects or simply by investigating available substances. What is 

done is that in QSAR, the chemical space and property space is mapped together to 
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relate function to chemical structures. This would give insight to changes made 

between two spaces and eventually prediction of the activity of novel compounds 

towards its desired properties. In theory, this would open the possibility for said 

compounds to be synthesized and tested as possible drug candidates able 

improvements through further alterations of the compound or itself (Polanski, 2019). 

 

1.7 Bisabolenes  

Bisabolene compounds are a group of sesquiterpene bioactive metabolites which have 

been identified in aquatic invertebrates as well as terrestrial plants (Miller, Tinto, 

McLean, Reynolds, & Yu, 1995). They are a diverse group, consisting of a 15-carbon 

skeletal structured compound (Figure 4) with diverse structures and pharmacological 

properties, making them ideal candidates for research (Cordell, 1976). These 

compounds have been identified with plethora bioactivities, such as antifungal, 

cytotoxicity assets, and possible biodiesel use (Peralta-Yahya, 2011; Wright, Pomponi, 

McConnell, Kohmoto, & McCarthy, 1987; Yegdaneh, Putchakarn, Yuenyongsawad, 

Ghannadi, & Plubrukarn, 2013). 

 

Figure 4. A standard carbon skeleton for many bisabolene. 

 

In a recent study, four new aromatic bisabolene derivatives were identified, 

and three previously identified, from the sponge Myrmekioderma sp. These 

compounds were tested for cytotoxic activity against cancer cells but proved inactive 

against them. However, a few of them did show lipid-reducing activity which could be 

a potential pharmacological treatment for obesity or treatment of lipid metabolic 

disorders. Of the compounds indicated in Figure 5, three of them had been previously 

reported, compounds 1, 2 and 3 (M. Costa et al., 2019). Compound 1 was also 

previously known to show antifungal properties (Shi et al., 2016). 

As can be seen in Figure 5, compound 1 seems like it could have been the 

precursor for the rest of the chemicals if it had a 1,4-relationship between the hydroxyl 

groups rather than the 1,3-relationship shown. All the other isolated compounds have 
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a 1,4-relationship between the two hydroxyl groups/oxygens attached to the aromatic 

ring. This thesis will try and find suitable ways to synthesise these compounds and in 

the following chapters will go over the previous synthesis from the literature as well as 

key reactions that could prove useful for the synthesis of these compounds which will 

open up the possibility for SAR research on these compounds, unveiling what part of 

the structures gives them their biological activity. 

 

 

Figure 5. Five of the bisabolene derivatives isolated and identified from the sponge 
Myrmekioderma sp. (M. Costa et al., 2019). Compounds 1 and 3 have been previously 
synthesized, but compounds 2, 4, and 5 are yet to be synthesized. 

 

1.7.1 Reported synthesis of compounds 1 and 3  

Of the compounds that had been isolated from the sponge, Myrmekioderma sp 

compounds 1 and 3 had already been synthesised before, which provides a reference 

for future syntheses of said compounds. Two different ways have primarily been used 

to synthesise compound 1, as seen in Figure 6. Method A used esterification followed 

by a Fries-type rearrangement of appropriate phenol to produce the hydroxyaryl ketone 

using a Lewis acid catalyst. In method B, a Friedel-Crafts Acylation was used to create 

this compound (Shi et al., 2016). 
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Figure 6. Previously reported synthetic pathways for compound 1 (Shi et al., 2016). 

 

As for compound 3, it was synthesised using an acid catalysed dehydration as 

the final step. In this synthesis, the starting material was the product shown in Figure 

6 (Makarov et al., 2019), as Figure 7 shows. 

 

Figure 7. Previously reported synthetic pathway for compound 3 (Makarov et al., 2019). 

 

1.7.2 Reported synthesis of other bisabolene derivatives. 

It is important to look at other syntheses of bisabolene derivatives in order to get a 

better understanding of how to approach them. The synthesis was performed of a 

bisabolene derivative that had juvenile hormone activity. The synthesis was performed 

using four different starting materials, each fulfilling different criteria for the desired 

compounds. In one of these syntheses, trans-4-hydroxycyclohexane-1-carboxyl acid 

was used as the starting material. Where its hydroxyl group was protected via 

acetylation. The result of which was acetoxy acid which was converted into acyl 

chloride, which was then treated with Grignard reagent resulting in a ketone as can be 

seen in Figure 8 (Mori & Matsui, 1970). 



 

14 
 

 

Figure 8. Reported synthesis of a bisabolene derivative using Grignard as the final step. 

 

Another example would be a synthesis of a bisabolene derivative with marine 

origins. The starting material was 4-Methyl-3-cyclohexen-1-one. Here a Wittig reaction 

was the final step in synthesising the final product indicated in Figure 9 (Faulkner & 

Wolinsky, 1974). 

 

Figure 9. Reported synthesis of a bisabolene derivative using Wittig as the final step. 

 

1.8 Retrosynthetic analysis and key reactions 

Retrosynthetic analysis, formalized by E.J. Corey, is the act of solving a transformation 

problem of a targeted structure via breaking them up into simpler structures, following 

a pathway to a smaller and/or commercially available starting materials for chemical 

synthesis. This is done via reverse synthesis of the targeted structure, and every 

structure derived from the targeted compound, then itself becomes a subject for 

reverse synthesis and so on. However, for this to work, the required structural subunit 

for that compound must be present. An example of such a retrosynthetic pathway can 

be seen in Figure 10, which demonstrates the retrosynthesis of ginkgolide-B (Corey, 

1988). 
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Figure 10. Retrosynthesis of ginkgolide-B as published by E.J. Corey (Corey, 1988). 

 

1.8.1 Key reactions – Wittig reaction 

The Wittig reaction is when an aldehyde or a ketone reacts with a phosphorus ylide to 

yield an alkene via nucleophilic addition. There is no straight biological complement for 

this reaction, but it has great importance for its extensive use in laboratories, drug 

manufacture and for its mechanistic similarities to reactions of the coenzyme thiamine 

diphosphate (McMurry, 2016, p. 630). 

When preparing phosphorus ylides for Wittig reactions, it is best to prepare 

them by an SN2 reaction of a haloalkane with Ph3P after which the product is treated 

with a strong base. When in SN2 reactions, triphenylphosphine is an excellent 

nucleophile, and the yields of the resultant alkyl triphenylphosphonium salts tend to be 

high. The phosphorus then has a positive charge which leads to the removal of the 

hydrogen on the neighbouring carbon, with the help of a strong base, to generate the 

overall neutral ylide, as can be seen in Figure 11 (McMurry, 2016, pp. 630–631). 
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Figure 11. An example of a Wittig preparation of a ylide (McMurry, 2016, p. 631). 

 

There are, however, some challenges that might occur when synthesizing a 

compound with a Wittig reaction. For example, a Wittig reaction usually results in a Z-

stereoisomer where possible; however, there is always a possibility of getting some of 

the E-stereoisomer as well, and therefore a combination of the two. An example of this 

can be seen in Figure 12.  

 

Figure 12. Example of structural differences of a bisabolene derivative between a Z-stereoisomer 
and E-stereoisomer geometric isomer. 

 

1.8.2 Key reaction – Epoxidation 

An epoxide is a cyclic ether with a three-membered ring. During laboratory work, the 

oxidation of alkenes is often performed by treating it with a peroxyacid such as 

chloroperoxybenzoic acid. Epoxidation using a peroxy acid occurs when an oxygen 

atom transfers to an alkene with syn stereochemistry. Both carbon atoms bond to the 

oxygen through one step which can be seen in Figure 13 (McMurry, 2016, p. 239) 

 

Figure 13. Mechanism of a general epoxidation formation using peroxy acid (McMurry, 2016, p. 
240). 



 

17 
 

 

A different route of achieving epoxidations requires the use of halohydrins 

prepared by electrophilic addition of HO-X to alkenes. Treated with base, HX is 

eliminated, and an epoxide is produced (Figure 14) (McMurry, 2016, p. 240). 

 

Figure 14. Mechanism of general epoxidation formation using halohydrins (McMurry, 2016, p. 
240). 

 

However, the synthesis of these compounds might result in different 

enantiomers or diastereomers than is desired and the possibility of a mixture of both. 

In order to increase the probability of one of the chiral structures over the other, it is 

possible to us a Sharpless asymmetric epoxidation or Jacobsen epoxidation. A chiral 

column could also be used afterwards to isolate the desired stereoisomers but there is 

no guaranteeing that the above-mentioned processes will work. 

Sharpless asymmetric epoxidation is the act of using chiral diethyl tartrate, 

titanium tetraisopropoxide and tert-butyl hydroperoxide as oxidants to form an epoxide 

group from an alkene (Figure 15) (Katsuki & Martin, 1996; Pfenninger, 1986). 

 

Figure 15. Mechanism of a Sharpless epoxidation (Katsuki & Martin, 1996). 

 

Jacobsen epoxidation is another way to push for certain stereoisomers. This 

takes place in two steps. The oxygen from an oxidant is transferred to the manganese 

catalyst and then delivered to the alkene (Figure 16) (Strassner & Houk, 1999). This 



 

18 
 

reaction has shown to have surprising enantioselectivity, making it more than suitable 

candidate for synthesizing chiral products. 

 

Figure 16. Example of a Jacobsen epoxidation (Strassner & Houk, 1999). 

 

Figure 17. Example of chiral centres in a bisabolene derivative. 

 

This is important when constructing medicine since most of the molecules that 

are important to a living system are chiral, and only one of the two possible 

enantiomeric forms are present in nature (example of this in Figure 17). However, 

when synthesizing chiral molecules in an achiral environment, the outcome is a 

balanced mixture of the two possibilities. When producing a medicine, it is often more 

desirable to only get one of the two structures since having both is both wasteful and 

could result in extraneous material that could lead to undesired side effects or adverse 

reactions (Mohan, Mohan, & Yamsani, 2009). There are methods of separating 

enantiomers in order to get the desired structure. One such method involves using a 

chiral stationary phase, where high-performance liquid chromatography, with a specific 

chiral stationary phase, is used to isolate the desired enantiomeric forms (Yáñez, 

Andrews, & Davies, 2007). It is therefore essential to minimize the production of 

undesired enantiomeric forms when synthesizing products that might be used for 

medicine. 
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1.8.3 General challenges with regio- and stereoselectivity 

There are, of course, some challenges that might arise with regio- and 

stereoselectivity. This can e.g. occur when a compound, which contains two double 

bonds or more, reacts in an electrophilic environment. This could lead to the undesired 

double bond to become targeted, producing an undesired compound. Figure 18 shows 

an example of a structure with such double bonds. 

 

Figure 18. An example of two possible double bonds on a singular structure. 

 

1.8.4 Other reactions: Brominations, radical substitution (NBS) 

Interest in N-Bromo succinimide (NBS) has been growing steadily since the 1950s as 

an electrophilic aromatic brominating reagent. A huge benefit while using NBS, which 

is inexpensive, would be that the succinimide by-product can be effortlessly salvaged 

and rebrominated. There is currently a multitude of NBS-based aromatic brominating 

methods documented, each having their own range and circumstances. It is also 

possible for aromatic heterocycles to be brominated by NBS in polar solvents. Example 

of bromination via NBS in water can be seen in Figure 19 (Zysman-Colman, Arias, & 

Siegel, 2009). 

 

Figure 19. Example of a plausible reaction mechanism involving NBS (Bhagat & Telvekar, 2017). 
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1.8.5 Other reactions: Electrophilic additions of alcohols under acidic 

conditions. 

While in polar reactions, alkenes behave as nucleophiles, donating a pair of electrons 

from the electron-rich C=C bond to a Lewis acid. An example of this is when 2-

methylpropene reacts with HBr and yields 2-bromo-2-methylpropane, as can be seen 

in Figure 20. This can be done with HCl, HI and H2O as well as HBr (McMurry, 2016, 

pp. 201–203). 

 

Figure 20. An example of the electrophilic addition reaction. 

 

1.8.6 Other reactions: Elimination reactions  

When it comes to elimination reactions, there are two primary reactions to choose from, 

dehydrohalogenation and dehydration. In dehydrohalogenation, an alkyl halide is 

reacted with a strong base, for example, potassium hydroxide. An example of this 

would be when reacting bromo cyclohexane with KOH in an ethanol solution as can 

be seen in Figure 21 (McMurry, 2016, p. 221). 

 

Figure 21. An example of dehydrohalogenation. 

 

While dehydration, which is when a loss of water from alcohol occurs, takes 

place when alcohol is treated with a strong acid. An example of this is when 1-methyl 

cyclohexanol is heated with sulfuric acid in tetrahydrofuran solvent as can be seen in 

Figure 22 (McMurry, 2016, p. 221). 
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Figure 22. An example of dehydration.  
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2. AIM 
The importance of synthesising these compounds comes from their possibility of 

serving as medication for obesity. Though these compounds themselves might not be 

the final product of said medication, further studies can be conducted to improve upon 

and focus their biological activity on manufacturing a suitable drug candidate for 

obesity. 

The primary objective of this thesis is to chemically synthesize the compounds 

shown in Figure 23, and confirm their structure using nuclear magnetic resonance 

(NMR). 

 

Figure 23. The compounds aimed to synthesize in this thesis. 

 

A secondary objective would be to synthesize alternative structures of the main 

structures, seen in Figure 24, based on the structure of Compound 1 in Figure 5. 

 

Figure 24. Alternative structures aimed to synthesize. 

 

A third objective would be to give collaborator samples of the products to 

conduct lipid-reducing tests in zebrafish.  
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3. MATERIALS AND METHODS 

3.1 Chemicals 

5-bromo-2-methylpent-2-ene (Aldrich, Lot # SHBL3314) 

Acetic Anhydride (Sigma-Aldrich, Lot # STBF7197V) 

Acetyl Chloride (Sigma-Aldrich, Lot # STBH4647) 

Aluminium chloride (Aldrich, Lot # MKCD5429) 

Benzene (Merck, Darmstadt, Germany) 

Boron trifluoride Dihydrate (Aldrich, Lot # STBJ1677) 

Chloroform-d (Cambridge Isotope Laboratories, Lot #: PR-29715/032618CL1) 

Copper Sulphate (Merck, Darmstadt, Germany) 

Cyclopropyl Methyl Ketone (Aldrich, Lot # STBJ3933) 

Deionized water 

Dichloromethane (Honeywell, Israel) 

Diethyl ether (Honeywell, Germany) 

Ethyl Acetate (Honeywell, Germany) 

Hydrogen chloride (Honeywell, Lot No. I0340) 

Iodomethane (Sigma-Aldrich, Lot # STBG8907) 

Methanol (Honeywell, Germany) 

Methyl hydroquinone (Aldrich, Lot # WXBD0306V) 

Methyl magnesium bromide 1,4M solution in THF (Aldrich, Lot # SHBH0980V) 

Molecular sieves, 4Å (Sigma-Aldrich, Lot # MKCJ1461) 

n-Butyllithium (Sigma-Aldrich, Lot # SHBK6675) 

n-Hexane (Honeywell, Germany) 

Petroleum ether 

Pyridine (Aldrich, Lot # STBJ4613) 
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Resorcinol (Sigma-Aldrich, Lot # MKCD7024) 

Sodium chloride (Fisher Scientific, UK) 

Sodium hydroxide (Honeywell, Lot No. I2080) 

Sodium Sulphate (Merck, Germany) 

Sulphuric Acid (Sigma-Aldrich, Lot # STBH0189) 

Toluene (Honeywell, Lot # J011S) 

Triphenyl phosphate (Sigma-Aldrich, Lot # WXBC8874V) 

 

3.2 Instruments 

1H nuclear magnetic resonance spectra were recorded on a Bruker Avance 400 

spectrometer in deuterated chloroform as a solvent. Results were analysed using 

MestReNova. All NMR graphs were adjusted for Chloroform-D at 7.26 ppm, and the 

total peaks were scaled in order to get the correct number of protons. 

 

3.3 Methods 

3.3.1 Attempted synthesis of compound 1a 

First attempt at a triple-acylation of methyl hydroquinone (compound 1a) 

 

2.5 g (32 mmol, 4 equivalence) of acetyl chloride was dissolved in 25 mL of 

dichloromethane (DCM). Then 0.215 g (1.61 mmol, 0.2 equivalence) of aluminium 

chloride was added and then 1 g (8 mmol, 1 equivalence) of methyl hydroquinone. This 

solution was stirred for 3-4 hours. The solution was then extracted with 20 mL of water 

two times and then 20 mL of saturated NaCl solution. It was then dried using Na2SO4 

and filtered. The solution was evaporated under pressure. The product was run 

through a silica gel column with DCM/Methanol mixture (95%/5%) as the mobile phase. 
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The solution was then evaporated under reduced pressure resulting in a black tar-like 

substance, NMR analysis showed this reaction was unsuccessful. 

 

Second attempt at synthesizing compound 1a directly 

 

3.1992 g (23.99 mmol, 1.5 equivalence) of aluminium chloride was put in 8mL 

of DCM in a round bottle at 0°C while under nitrogen, then 10.8 mL (19.2 mmol, 1.2 

equivalence) of acetyl chloride, in 8 mL of DCM, was slowly added until the aluminium 

chloride was fully dissolved. After that 2.0192 g (16,27 mmol, 1 equivalence) of methyl 

hydroquinone was dissolved in 8 mL of DCM and added dropwise into the solution. 

Then the mixture was heated to 50°C for 2 hours. The solution was then poured onto 

8 mL of HCl and ice and stirred for 30 minutes. The solution was then extracted using 

ethyl acetate (3x20 mL) and then 5 mL of 0.1M NaOH and then 10 mL of NaHCO3, 

which turned the solution orange in colour. After which, 20 mL of NaCl saturated 

solution was used. Then the solution was evaporated under reduced pressure. After 

which the compound was put through a silica gel column using ethyl acetate and n-

hexane (3/7) as the mobile phase after which a black tar-like substance was isolated 

after reducing it under pressure. 

 

Synthesis of compound 6, an intermediate to compound 1a 

 

15.0044 g (120 mmol, 1.0 equivalence) of methyl hydroquinone was dissolved 

in 75 mL (900 mmol, 7.7 equivalence) of pyridine. Then 57 mL (600 mmol, 5 

equivalence) of acetyl chloride was added and the solution left to stir for 12 hours. 

Then 90 mL of ethyl acetate was added, after which the solution was washed with an 
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aqueous saturated CuSO4 solution which led to the solution turning blue. The solution 

was then washed with water until the solution had turned clear again. The solvent was 

then evaporated under reduced pressure and finally placed under a vacuum until white 

crystals formed. Yields 9.2g (44 mmol, 33% yield).  

1H NMR (400 MHz, CDCl3) δ 6.98 (d, J = 8.6 Hz, 1H), 6.94 (d, J = 2.3 Hz, 1H), 6.89 

(dd, J = 8.6, 2.8 Hz, 1H), 2.27 (s, 3H), 2.24 (s, 3H), 2.14 (s, 3H). 

 

An attempt at synthesizing compound 1a from compound 6 

 

1.0155 g of compound 6 (4.859 mmol, 1 equivalence) was placed into a round 

bottle along with 2.2018 g of AlCl3 (16,51 mmol, 3.3 equivalence) and heated to 110-

120°C for 30 minutes then increased to 160-165°C for 3 hours. The mixture was then 

cooled using ice and HCl. The solution was then extracted using water (3x2 mL) and 

then left to crystalize in ethanol. However, crystals did not form  

 

Synthesis of compound 1a from compound 6 

 

 

8.4956 g (40.65 mmol, 1.0 equivalence) of compound 6 was dissolved in 35.7 

mL of boron trifluoride etherate (210 mmol, 5.3 equivalence) and stirred for 4 hours at 

130°C. The solution was then placed in an ice bath to cool down to 0°C. Ice was then 

added to the solution changing its colour to a dark brown. The compound was then 
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extracted with ethyl acetate (4x10 mL) which gave a mixture that looked black. This 

was then dried with Na2SO4, filtered, and the solvent removed using a rotavapor. The 

compound was purified via silica gel chromatography using a 2,5% methanol in 

dichloromethane solution for the mobile phase. The combined fractions with the 

desired compound in it were then evaporated under reduced pressure. This reaction 

yielded 3.2 g (20 mmol, 49% yield) of compound 1a as a light green powder.  

1H NMR (400 MHz, CDCl3) δ 11.86 (s, 1H), 7.10 (s, 1H), 6.77 (d, J = 0.9 Hz, 1H), 2.56 

(s, 3H), 2.27 (d, J = 1.0 Hz, 3H). 

 

3.3.2 Attempted synthesis towards compound 2 

Synthesis of 5-bromo-2-methylpent-2-ene 

 

11.04 g of cyclopropyl methyl ketone (131 mmol, 1 equivalence), 100 mL of 

1.4 M of methyl magnesium bromide solution (156 mmol, 1.2 equivalence) in a 1:3 

tetrahydrofuran (THF):toluene mixture were placed in a round bottom flask and heated 

at 80°C for 1 hour. After which a mixture of water (60 mL) and sulphuric acid (30 mL) 

were placed into the mixture dropwise and stirred for 40 minutes. The mixture was then 

extracted using diethyl ether (3x100 mL) and then a saturated solution of sodium 

bicarbonate (2x100 mL) and brine (50 mL). Dried using NaSO4 and then evaporated 

under reduced pressure, resulting in a pale brown oil-like liquid. The reaction seemed 

to have been less successful than hoped for; therefore, no further analysis was done. 

 

Attempted synthesis towards compound 7 

 

4.6686 g of 5-bromo-2-methylpent-2-ene (28.6 mmol, 1 equivalence) was 

added to a round bottom flask along with 60 mL of toluene and 7.5432 g of 

triphenylphosphine (28.6 mmol, 1 equivalence). The solution was then left to stir for 48 
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hours while heated at 115-120°C. At the time product had precipitated. The solution 

was cooled and reduced under pressure. Diethyl ether was then added three times to 

the precipitated compound, stirred and stored under pressure. This yielded 4.20 g as 

a white crystal-like substance. NMR analysis was performed. 

1H NMR (400 MHz, CDCl3) δ 7.98 – 7.60 (m, 37H), 5.18 (t, J = 7.0 Hz, 1H), 3.85 – 3.76 

(m, 2H), 2.40 (td, J = 12.8, 11.5, 6.7 Hz, 2H), 1.55 (s, 3H), 1.50 (s, 3H). 

A successful synthesis of compound 7 

 

  

2.9980 g of 5-bromo-2-methylpent-2-ene (18.39 mmol, 1 equivalence) was 

added to a round bottom flask along with 35 mL of benzene, 4.830g of 

triphenylphosphine (18.41 mmol, 1 equivalence), and molecular sieves. The solution 

was then heated to 90°C and refluxed overnight. At that time, the product had 

precipitated. The precipitated compound was isolated and dissolved in 

dichloromethane and then concentrated under reduced pressure. The compound was 

then triturated with diethyl ether and then dried under reduced pressure. This resulted 

in a 1.31 g (3.79 mmol, 20.5% yield) of white gum-like substance. 

1H NMR (400 MHz, CDCl3) δ 7.82 – 7.62 (m, 15H), 5.20 (t, J = 6.8 Hz, 1H), 3.88 (dt, 

J = 12.3, 7.7 Hz, 2H), 2.44 (dt, J = 13.6, 6.6 Hz, 2H), 1.57 (s, 3H), 1.40 (s, 3H). 

 

Attempted synthesis towards compound 2 
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5.14 g (12 mmol, 2 equivalence) of (4-methylpent-3-en-1-y) 

triphenylphosphine was placed in a dry round bottle flask and placed under nitrogen. 

69.5 mL of diethyl ether, dried with molecular sieves, was placed into the bottle and 

stirred. Then it was cooled to -78°C. Then 3.65 mL (7.3 mmol, 1.2 equivalence) of 

butyllithium was added dropwise into the solution which turned its colour from clear, to 

yellow and then to orange. The solution was left to stir for 1 hour at room temperature, 

which slowly changed its colour to light brown. The solution was cooled to -78°C, then 

1 g (6 mmol, 1 equivalence) of compound 1a was dissolved in diethyl ether and then 

added to the solution, this changed the solution from brown to yellow. The solution was 

stirred for 1 hour at 0°C. The solution was then quenched with 70 mL of brine and then 

extracted with ethyl acetate (3x100 mL, 1x150 mL). The organic layer was dried using 

Na2SO4 and evaporated under pressure. The remaining solution was put through silica 

gel using ethyl acetate/petroleum ether (1/3) as the mobile phase. Then the isolated 

compound was dissolved in 30 mL of DCM and extracted using 0.1M NaOH, after 

which the aqua layer was acidified with 0.5M HCl solution and then extracted using 

ethyl acetate. Both the ethyl acetate layer and the DCM layer were evaporated under 

reduced pressure, and NMR analysis was done confirming this not to be the desired 

product. 

 

3.3.3 Attempted synthesis towards compound 1 

First attempted synthesis towards compound 1 

 

5.0177 g (45.57 mmol, 1 equivalence) of resorcinol was dissolved in 30 mL of 

DCM, after which 11.6 g (114 mmol, 2.5 equivalence) of acetic anhydride was added. 

The solution was then stirred for 1-2 hours at room temperature. No reaction seemed 

to have taken place, so 10 mL of acetyl chloride were added, and it changed the 

solution's colour from clear to rose wine and then later light yellow. The solution sat 

overnight after which it had turned black in colour. The solution was then extracted 

using 0.1M NaOH solution and then NaCl. The result was a black tar-like substance, 

and a decision was made to not perform an NMR analysis. 
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Synthesis of compound 6a, an intermediate to compound 1 

 

5.0080 g of resorcinol (45.48 mmol, 1 equivalence) was dissolved in 28 mL of 

pyridine. After which 23.2 g of acetylic anhydride was added. The mixture was left to 

stir overnight. The solution was extracted, using 30 mL of ethyl acetate, then a 

saturated CuSO4 solution and then water until the solution was clear in colour. The 

solution was dried using Na2SO4 and evaporated under reduced pressure which 

yielded 1.104 g (6.49 mmol, 14.4% yield) of clear liquid. 

1H NMR (400 MHz, CDCl3) δ 7.33 (t, J = 8.1 Hz, 1H), 6.96 (dd, J = 8.2, 2.2 Hz, 2H), 

6.91 (t, J = 2.2 Hz, 1H), 2.24 (s, 4H). 

 

Second attempted synthesis towards compound 1 

 

1.0085 g of 1,3-phenylene diacetate (5 mmol, 1 equivalence) and 0.44 g of 

acetyl chloride (5.6 mmol, 1.1 equivalence) were dissolved in hexane and stirred. 

0.0133 g of AlCl3 (0.1 mmol, 0.2 equivalence) was added to the solution. Then 0.85 g 

of iodomethane (6 mmol, 1.2 equivalence) was added, and the solution stirred 

overnight at 50°C. The mixture was next washed using water (3x10 mL) and then brine. 

Dried using NaSO4 and evaporated under reduced pressure. NMR analysis was 

performed, showing this to not be the desired product. 

 

Third attempted synthesis towards compound 1 



 

31 
 

 

5.0459 g of resorcinol (45.49 mmol, 1 equivalence) was dissolved in methanol. 

0.9 mL of sulphuric acid (16.7 mmol, 0.37 equivalence) was added dropwise. The 

mixture was then heated to 60°C and left to stir for 17 hours. The solution was then 

placed in an ice-bath. 30 mL of water was added to the solution dropwise and left to 

stir for 2 hours. The solution was to crystallize afterwards, which it did not, and 

therefore no more work was done.  
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4. RESULTS 

 

Figure 25. The original plan for the synthesis of compounds 1a, 2, 3, 4 and 5. 

 

A plan was made for the construction of the targeted compounds based on previously 

referenced sources as well as general knowledge of chemical reactions (Figure 25). 
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But as it grew more complicated to synthesize compound 1a and 1, changes had to be 

made. 

4.1 Synthesis of compound 1a via different synthetic strategies 

 

Figure 26. Attempted synthesis of compound 1a via acylation using an excess of acetyl 
chloride.  

 

An attempt was made towards the construction of compound 1a by using a 

Friedel-Crafts acylation, as Figure 26 shows, in conjunction with acylation of the 

alcohol groups. When analysing the NMR spectrum, after running the product through 

a silica gel column, it showed that the reaction did not lead to the desired compound. 

(NMR spectrum can be seen in Appendix 1). 

 

 

Figure 27. Attempted synthesis of compound 1a via acylation using 1.2 equivalence of acetyl 
chloride 

 

Another attempt was made to synthesize compound 1a under similar reaction 

conditions but with only 1.2 equivalence of the acetyl chloride and run under nitrogen 

atmosphere in order to minimize side reactions (Figure 27). The reaction here gave a 

black tar-like product as in the previous unsuccessful reaction. Therefore, no NMR 

testing was done. 
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Figure 28. Synthesis of compound 6 via acylation using excess acetyl chloride 

 

Another approach was attempted where first compound 6 would be 

synthesized followed by synthesis of compound 1a. Compound 6 was synthesized via 

an acylation reaction where methyl hydroquinone was converted into the desired 

product, 2-methyl-1,4-phenylene diacetate, also known as compound 6 (Figure 28). 

Figure 29 shows the NMR spectrum with corresponding peaks marked to the 

designated protons (NMR spectrum can also be seen in Appendix 2-4). This was 

confirmed by comparison with an NMR spectrum from the literature for the same 

structure (Macías et al., 2002). 
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Figure 29. NMR spectrum of compound 6 with peak assignments labelled (top) and closer looks 
at peaks A, B, C, (Bottom right) E, D and F (Bottom right). 
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Figure 30. Attempted synthesis of compound 1a via aluminium chloride catalysed Fries 
rearrangement. 

 

With compound 6 ready, an attempt was made to construct compound 1a 

using an aluminium chloride catalysed Fries rearrangement followed by an acidic 

aqueous workup (Figure 30). The NMR spectrum reveals that this method might have 

resulted in the desired compound when compared to references (Macías et al., 2002), 

as can be seen by the peaks at 7.1, 6.8 and 11.85 ppm. However, the yields were of 

such small scale and even after running the product through a silica gel column, there 

was still a significant amount of impurities, as can be seen in the NMR spectrum, so 

another method was attempted. (NMR spectrum can be seen in Appendix 5). 

 

 

Figure 31. Synthesis of compound 1a via Fries rearrangement. 

Compound 1a was successfully synthesized via a Fries rearrangement 

catalysed by the Lewis acid, BF3 in Et2O (Figure 31). Figure 32 shows the NMR 

spectrum of compound 1a, with corresponding peaks marked to the designated 

protons. Comparison to another NMR spectrum of the same structure (Macías et al., 

2002) confirms this to be compound 1a (NMR spectrums can also be seen in 

Appendix 6-9). 
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Figure 32. NMR spectrum of compound 1a with peak assignments labelled and diethyl ether 
residue and n-Hexane residue 
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4.2 Towards the synthesis of compound 2 
 

Once compound 1a had been successfully synthesized the work to synthesize 

compound 2 could begin. Compound 2s synthesis would be in two steps, where 

compound 1a is a required starting material along with (4-methylpent-3-en-1-

ylidene)triphenyl-l5-phosphane (compound 8). 

 

 

Figure 33. Attempted synthesis of 5-bromo-2-methylpent-2-ene via Grignard and substitution 
reaction 

The synthesis of 5-bromo-2-methylpent-2-ene was attempted first via Grignard 

and then substitution reaction with bromine (Figure 33). When the solution was placed 

under pressure, it resulted in negligible yields. Therefore, it was decided to purchase 

5-bromo-2-methylpent-2-ene, despite it being relatively expensive. 

 

 

Figure 34. Attempted synthesis of compound 7 via SN2 reaction with 5-bromo-2-methylpent-2-
ene, triphenylphosphine and toluene as solvent. 

  

Compound 7 was synthesized via SN2 reaction, using 5-bromo-2-methylpent-

2-ene and triphenylphosphine (TPP) in order to get the desired product which could be 

used as a precursor for one of the reagents for the Wittig reaction (Figure 34). Figure 

35 shows the NMR spectrum for compound 7 and with corresponding peaks marked 

to the designated protons. When compared to another NMR spectrum of the same 

structures (Mikusek et al., 2018), this confirms the results of method 3, resulting in 

compound 7. The NMR spectrum suggests that the product is not pure and that there 

is a significant amount of unreacted TPP there (NMR spectrum can also be seen in 

Appendix 10-13). 
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Figure 35. NMR spectrum of compound 7 with peak assignments labelled, remnants of unreacted 
TPP, toluene and diethyl ether residue. 

 

Figure 36. Attempted synthesis of compound 2 via Wittig reaction using compound 7. 

 

Although there still seemed to be a significant amount of unreacted TPP 

present in the previous product, a Wittig reaction was attempted to construct 

compound 2 (Figure 36). NMR spectrum shows that the result of this method was not 

compound 2. An attempt was made to purify the product via silica gel purification, then 

extracted again. This resulted in four different solutions, first being ethyl acetate 

extraction from the silica column, second from DCM solution after purification attempts, 

third from the acidic aqueous solution after purification attempts and finally the organic 

layer of ethyl acetate after purification attempt. Each of the products was analysed via 

NMR, as seen in Figure 37. Figure 37A shows the NMR spectrum before the 

purification attempts, and there seems to be a lot of unreacted TPP product remaining 
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in the aromatic area when comparing it to Figure 35. After a purification attempt, a 

clearer NMR spectrum can be seen. In Figure 37B, there are quite a few peaks in the 

aromatic area. However, this could possibly be due to unreacted TPP rather than the 

aromatic rings from compound 2. In Figure 37C there is an aromatic ring present, but 

there are no double bond peaks which should have appeared had this been compound 

2 hinting at a possible unreacted compound 1a, further hinting at a failed attempt. 

Figure 37D shows similar results as Figure 37A, but this time we get a stronger peak 

near 7 ppm, which could suggest this to be compound 1a, but with no TPP residue 

remaining. There are also no double bond peaks and could therefore not be compound 

2 (NMR spectrum can also be seen in Appendix 14-17). 

 

Figure 37. NMR spectrum for attempted construction of compound 2.    
 A: Before purification.        
 B: From the DCM solution after purification.      
 C: From the NaOH/HCl solution after purification.     
 D: From the ethyl acetate solution after purification. 
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Figure 38. Synthesis of compound 7 via SN2 reaction using 5-bromo-2-methylpent-2-ene, 
triphenylphosphine and benzene as a solvent. 

 

Compound 7 was synthesized again as a preparation for a Wittig reaction, 

where 5-bromo-2-methylpent-2-ene reacted with TPP, but this time in benzene rather 

than toluene, in case that would yield a purer form of the desired product (Figure 38). 

Figure 39 shows the NMR spectrum for compound 7, with corresponding peaks 

marked to the designated protons. When compared to another NMR spectrum of the 

same structures (Mikusek et al., 2018) confirms this to be compound 7. This reaction 

resulted in a purer product as can be seen by the integration of the unreacted TPP 

being closer to the expected 15 protons than it was when the reaction was run in 

toluene. This supports the possibility that when using toluene, the result was a much 

greater amount of unreacted TPP remaining (NMR spectrum can also be seen in 

Appendix 18-21). 
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Figure 39. NMR spectrum of compound 7 with peak assignments labelled and remnants of 
unreacted TPP, benzene and ethyl acetate residue (top).      
Close up of peak A and unreacted TPP (bottom).       
Close up of peaks D, E, F and unreacted ethyl acetate (mid-left).    
Close up of peaks B and C (mid-right). 
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4.3 Attempts at synthesizing compound 1 
 

 

Figure 40. Attempted synthesis of compound 6a via acylation with acetic anhydride. 

 

An attempt was made towards acylating resorcinol with acetic anhydride, and 

when no reaction seemed to be taking place, acetyl chloride was also added (Figure 

34). No NMR testing was done since the method resulted in a black tar-like substance. 

 

 

Figure 41. Synthesis of compound 6a via acylation. 

Compound 6a was synthesized via acylation, acetyl anhydride for the 

acylation, to get the desired structure (Figure 41). Figure 42 shows the NMR spectrum 

for this method. When examined, there is a peak at 2.222 pm, which fits perfectly for 

an ester peak like in compound 6a. When looking at the aromatic area. Peak D is a 

triplet which fits the structure since it has two neighbouring hydrogens. Lastly, when 

examining the integrals, they fit in accordance with the number of hydrogens in the 

structure for compound 6a (NMR spectrum can also be seen in Appendix 22-24). 
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Figure 42 NMR spectrum of compound 7 with peak assignments labelled and ethyl acetate and 
pyridine residue (top) and close up on peaks A, C and D (bottom),  
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Figure 43. Attempted synthesis of an acetylated derivative of compound 1 via alkylation, using 
acetyl chloride for acylation and methyl iodide for alkylation. 

 

A one-pot Friedel-Crafts acylation and alkylation were attempted using acetyl 

chloride for the acylation part and methyl iodide for the alkylation part (Figure 43). After 

running the product through a silica gel column, the NMR spectrum shows that this 

method did not result in the desired compound. When compared to the NMR spectrum 

of compound 6a, it seems that no changes to the compound took place, resulting in 

the same starting material. (NMR spectrum can be seen in Appendix 25). 

 

Figure 44. Attempted synthesis 2,4-dihydroxytoluene via the previously reported method 
(Alexander & Diego, 2019). 

 

An attempt was made towards synthesizing 2,4-dihydroxytoluene via a 

previously reported method as indicated by Figure 44(Alexander & Diego, 2019). The 

reaction was supposed to form a precipitate, but that did not happen, and therefore it 

was concluded that no reaction had taken place, and no NMR measurement was done. 
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4.4 Overview of successful, attempted, and planned synthesis.  

Figure 45 shows the successful syntheses of this project, that were confirmed with 

NMR spectroscopy. 

 

 

Figure 45. Synthesis which were a success in this thesis. 

 

As can be seen in Figure 46, a plethora of other reactions was tried in order 

to create various target compounds, but these attempts proved unsuccessful. Either 

the compounds were too obviously distorted and contaminated that no NMR 

measurement was performed, or the NMR spectra indicated that the desired products 

had not been formed. 
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Figure 46. Unsuccessful attempts at a chemical synthesis of compounds. 

 

Figure 47 lists the chemical reactions that were planned to be completed 

before the release of this thesis but were not possible due to the COVID-19 outbreak 
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forcing a halt in this research project. Also, the chemical reactions leading to this had 

been more challenging than anticipated which slowed down the progress. Had that not 

occurred there could have been the possibility that more of the desired compounds 

would have been constructed and identified via NMR spectroscopy. 

 

Figure 47. Synthesis which were to be done had COVID-19, not hindered the research. 
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5. DISCUSSION 

5.1  Retrosynthetic analysis 

 

 

Figure 48. Retrosynthetic pathway for compound 1a from a commercially available product. 

 

Figure 48 shows the retrosynthetic pathway for compound 1. A 1,4-analog of 1 could 

be synthesized from methyl hydroquinone via an acylation reaction. 

 

 

Figure 49. Retrosynthetic pathway for compound 2 from compounds 1a and 8. 

 

Compound 2 could be synthesized using a Wittig reaction between compound 

1 and 8 (Figure 49). These types of Wittig reactions tend to show Z-stereoselectivity 

and should, therefore, yield the anticipated Z-product, probably with some minor E-

side product, allowing us to confirm the stereochemistry of the isolated compound 2 

(Maryanoff & Reitz, 1989; Schlosser & Schaub, 1982). 

 

Figure 50. Retrosynthetic pathway for compound 8. 
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Compound 8 can be constructed from the expensive 5-bromo-2-methylpent-2-

ene, which could, in turn, be made from the more affordable cyclopropyl methyl ketone 

via a previously known method (Figure 45) (Callebaut, Hullaert, Van Hecke, & Winne, 

2019). 

 

Figure 51. Retrosynthetic pathways for compounds 3-5 from compound 2. 

 

It is possible that compound 2 could be the precursor in the biosynthetic 

pathway for compounds 3, 4, and 5 making it an excellent candidate for synthesizing 

them as indicated in Figure 51. 

For compound 3, we would need to form a 5-membered ring and form a double 

bond. The double bond closer to the ring is hypothesized to be more nucleophilic due 

to resonance possibilities from one of the hydroxyl groups through the ring. This should 

allow us to brominate that double bond selectively. The brominated product could then 

be treated with base to deprotonate the hydroxyl groups and allow for an intramolecular 

SN2 reaction to form the 5-membered ring. 

Treatment with base could then lead to an E2 elimination reaction to give the 

desired double bond. Since the remaining alkyl bromine is both 3° and in the benzyl 
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position, this should also be able to undergo an E1 elimination reaction to yield the 

desired product. This compound does not have any specific stereochemistry that 

needs to be considered, but the primary concern is which of the double bonds will be 

more reactive. 

The synthesis of compound 4 should be straight-forward. Assuming that the 

alkene closer to the aromatic ring is more nucleophilic, then a selective electrophilic 

addition of methanol in the presence of an acid to that double bond could yield 

compound 4. Controlling the stereochemistry of the product here would be challenging, 

and this approach is expected to yield a racemic mixture of compounds. The 

enantiomers could then be separated, e.g. using a chiral column to allow for further 

identification of this compound. If the separation proves successful, that will allow for 

the exploration of potential differences in the lipid reducing activities of the 

enantiomers. 

For the synthesis of compound 5, in order to form a 6 membered ring, a good leaving 

group in the allylic position between the two double bonds would be needed. NBS 

could be used to perform a radical bromination of this position, allowing for treatment 

of the product with base in order to lead to an intramolecular SN2 reaction to form the 

6-membered ring. The next step would provide a significant challenge, however. Both 

the regioselectivity and stereoselectivity of the necessary epoxidation would be a 

challenge. Possibly we would have to trust that some of the desired product would be 

formed along with the other epoxidation product. Potential epoxidation reactions to be 

explored are the simple use of mCPBA or stereoselective options, such as using 

Sharpless’ asymmetric epoxidation or the Jacobsen epoxidation catalyst (Gao et al., 

1987; Katsuki & Sharpless, 1980; Tour, Wu, & Schumm, 1991). The catalysts used in 

these stereoselective options tend to work best on allylic alcohols, whereas compound 

5 includes an allylic ether, so it will be interesting to see how successful this synthesis 

will be. 

  



 

52 
 

5.2 Discussion of attempted synthesis of compound 1a 

 

 

 

When attempting the construction of 1a, DCM was used as a solvent in the first 

attempt. DCM is an alkyl halide which could have reacted in a Friedel-Crafts alkylation 

as a side reaction, leading to more reactions taking place than desired. If this were the 

main problem, it could have been avoided using another solvent which would not 

behave as a competitive reactant. This goes for the second attempt as well. Still, similar 

reactions have been reported to work in DCM despite our failed attempts (Sarkar & 

Ghosh, 2017). 

 

 

After trying to construct compound 1a in a one-step manner, a longer route 

had to be taken where construction of compound 6 was successful, and the next step 

was to convert it to compound 1a. This was done using an aluminium chloride 

catalysed Fries rearrangement. The solution was heated, and this could have been its 

downfall, the heating could have led to a multitude of side reactions, especially 

oxidation as it was not run under an inert atmosphere, causing a distortion in our 

predicted synthesis. It is also possible that during the workup the product could have 

been lost. However, using BF3 as the catalyst instead proved more successful yielding 

compound 1. 
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5.3 Discussion of attempted synthesis of compound 2 

 

 

Once compound 1 had been successfully synthesized preparations for 

compound 2 begun. In order to synthesize compound 2, we would need to perform a 

Wittig reaction. Instead of buying 5-bromo-2-methylpent-2-ene, an attempt was made 

to synthesize it. The result was significantly smaller yields than anticipated making the 

product unworkable. It is possible that while using toluene, the reaction needed more 

time to complete. Also, there could have been some side reactions where some alcohol 

formed, which could have sabotaged the reaction. 

 

 

After the unsuccessful attempt at synthesizing 5-bromo-2-methylpent-2-ene, 

the compound was purchased, and preparations for compound 2 could continue. The 

first go at preparing our TPP product was not as successful as hoped. The possibility 

for this could have been the same as when constructing 5-bromo-2-methylpent-2-ene, 

in that while using toluene as a solvent the reaction could have needed more time in 

order to be complete leading to some unreacted TPP to remaining in the product. A 

more extensive purification method might also have been needed. 

 

 

The possibility of unreacted TPP could have been what made the construction 

of compound 2 unsuccessful in that it could have become a competitor for nucleophilic 

reactions. Since TPP does not have acidic hydrogen, BuLi, being a strong base, would 

firstly want to target acidic hydrogens if they are present. TPP, however, can behave 
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as a nucleophile, the question is just if/when that would happen. It seems unlikely to 

happen during the BuLi step, but this could have led to possible side reactions after 

addition of compound 1a. As there was work done with n-butyllithium, there is also 

always the possibility that if any of the solvents were not dry enough that it could have 

led to less BuLi being present and therefore less quantity of it in the solution. 

 

5.4 Discussion of attempted synthesis of compound 1 

 

The first attempt in constructing compound 1 that led to failure could possibly 

be due to the acetic anhydride being unreactive. However, the acetyl chloride should 

have pushed for the reaction to occur. The discolouration may also be indicative of 

possible oxidation. The fact that this reaction did not seem to work was a surprise, 

indeed.  

 

After successfully constructing compound 6a, an attempt was made to 

construct compound 1 completely. The attempt was not successful. Possible 

explanations could be that hexane was not a suitable solvent for this solution; the 

acylation could have failed because of that. Methyl iodide is also possibly unfit for a 

Friedel-Crafts reaction because of the iodine, as alkyl chloride are preferable for that 

reaction. However, chloromethane is a gas at room temperature and not as accessibly 

used in reactions like this. 

 

 

After the failed attempt of constructing compound 1 from compound 6a, a new 

attempt was made to start over. That reaction is fascinating in the fact that it is trying 

to protonate methanol with a strong acid and therefore making the methanol suitable 
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for something like a Friedel-Crafts reaction. However, there are not many examples of 

methylations when searching via scifinder.cas.org/scifinder, and it is possible that the 

product was still undissolved, or the references were not as reliable as hoped.  
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6. CONCLUSIONS 

In conclusion, this research did not accomplish its goal of synthesising the compounds 

found in the sponge Myrmekioderma sp. Of the compounds that were aimed to be 

synthesized, only one primary compound was synthesized, compound 1a. The 

difficulty of synthesising compounds 1a and 1 proved harder than anticipated. Many of 

the referenced reactions did not work as intended, and this led to delays in the planned 

synthesis of compounds 2, 3, 4 and 5, and then later, the COVID-19 outbreak putting 

this research to a halt prohibited the completion of this thesis primary goal. As reported 

in the retrosynthetic analysis for these compounds, once compound 2 had been 

synthesized, work on compounds 3, 4 and 5 could have been performed 

simultaneously and required fewer steps to be taken in synthesizing them, than of 

compounds 1a and 1.  

Despite these setbacks, the successful construction of the compounds will 

bring a foundation for further references when the synthesis continues. Whoever might 

want to pick up where this thesis left off will have it as a starting point in constructing 

compounds 2,3,4 and 5. Once the rest of the compounds have been synthesized a 

future study might want to look into its potential pharmaceutical uses as a drug for 

obesity and identify their SAR components in order to further increase their 

pharmaceutical properties and minimise their potential side effects.  
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APPENDIX 

 

Appendix 1. NMR spectrum for attempted construction of compound 1a via acylation. 

 

Appendix 2. NMR spectrum for the successful synthesis of compound 6. 
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Appendix 3. A closer look at peaks A, B and C for compound 6. 

 

 

Appendix 4. A closer look at peaks D, E and F for compound 6. 
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Appendix 5. NMR spectrum for the attempted synthesis of compound 1a. 

 

Appendix 6. NMR spectrum for the successful synthesis of compound 1a. 
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Appendix 7. A closer look at peaks D and E for compound 1a. 

 

Appendix 8. A closer look at peaks B and C for compound 1a. 
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Appendix 9. A closer look at peak A for compound 1a. 

 

Appendix 10. Attempted synthesis of compound 7. 
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Appendix 11. Close up of peak A for the attempted synthesis of compound 7. 

 

Appendix 12. Close up of peaks B and C for the attempted synthesis of compound 7. 
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Appendix 13. Close up of peaks D, E and F for the attempted synthesis of compound 7. 

 

Appendix 14. NMR spectrum for the attempted synthesis of compound 2, before purification. 
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Appendix 15. NMR spectrum of attempted synthesis of compound 2 from the DCM solution 
after purification. 

 

Appendix 16. NMR spectrum of attempted synthesis of compound 2 from the NaOH/HCl 
solution after purification. 
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Appendix 17. NMR spectrum of attempted synthesis of compound 2 from the ethyl acetate 
solution after purification. 

 

Appendix 18. NMR spectrum of the successful synthesis of compound 7. 
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Appendix 19. NMR spectrum of the successful synthesis of compound 7, closer look at peak A. 

 

Appendix 20. NMR spectrum of the successful synthesis of compound 7, closer look at peaks 
B and C. 
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Appendix 21. NMR spectrum of the successful synthesis of compound 7, a closer look at peaks 
D, E and F. 

 

Appendix 22. NMR spectrum for the successful synthesis of compound 6a. 
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Appendix 23. NMR spectrum of the successful synthesis of compound 6a, a closer look at 
peaks A, C and D. 

 

Appendix 24. NMR spectrum of the successful synthesis of compound 6a, a closer look at 
peaks A, C and D. 
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Appendix 25. NMR spectrum for attempted compound 1 synthesis via acylation using an 
excess of acyl chloride. 


