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Abstract  

Lung cancer is considered a major health concern and is responsible for most 

cancer-related deaths. Nasopharyngeal carcinoma (NPC) is another type of cancer 

that is predominantly in China  and has a low survival rate, which makes it a serious 

health issue. There is currently no cure for lung cancer and NPC, so it was decided 

to investigate derivatives of the highly bioactive natural product, cardamonin, for a 

potential drug candidate. 19 analogues of cardamonin were synthesised and tested 

against A549 (lung) and HK1 (NPC) cell lines. The techniques employed in 

synthesising the analogues were one-step reactions which included alkylation, 

acylation, reduction, condensation, cyclisation and complexation reactions. The 

analogues were fully characterised. MTS assay showed that several derivatives, 

such as the allyl derivative of cardamonin (2) and cardamoninôs Cu (II) complex 

(19), had more potent cytotoxic activities than cardamonin. Furthermore, the active 

analogues have generally demonstrated lower toxicity towards normal MRC5 cells. 

Structure-activity relationship (SAR) analysis showed the importance of the ketone 

and alkene groups for bioactivity, while substituting cardamoninôs phenolic groups 

with more polar moieties resulted in activity enhancement. As part of the SAR study 

and further exploration of chemical space, the effect of metal coordination on 

cytotoxicity was also investigated, but it was only possible to successfully obtain 

the Cu (II) complex of cardamonin (19), and the metal ion enhanced bioactivity. 19 

was the most potent analogue possessing IC50 values of 13.2 µM and 0.7 µM against 

A549 and HK1 cells, corresponding to a 5- and 32-fold increase in activity, 

respectively. It was also able to inhibit the migration of A549 and HK1 cells. Mode 
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of action studies revealed that 19 induced DNA damage in both cell lines resulting 

in G2/M-phase arrest, which further led to apoptosis via the activation of caspase-9 

and caspase-3/7. Moreover, qPCR analysis showed that 19 inhibited the expression 

of the mammalian target of rapamycin (mTOR) by >50% in A549 and HK1 cells 

which indicated that it exerted its anticancer activity, at least in part, via inhibition 

of the mTOR signalling pathway. So molecular docking of cardamonin and 19 to 

mTOR was performed and the study showed that the higher activity of 19 might be 

due to formation of further hydrogen bond interactions with the receptor resulting 

in a higher binding free energy of -9.8 kcal/mol. Therefore, all these assays have 

further proven the high bioactivity of 19. However, further in vivo and animal model 

studies would have to be conducted in order to confirm the potential of 19 as an 

anticancer agent.  
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1 Introduction  

Cancer is considered to be a major health concern and a leading cause of death 

worldwide with about 14 million new cases and 8.2 million deaths due to cancer in 

2012. It is expected that the number of new cancer cases would increase by 70% 

over the next two decades. Lung cancer is responsible for most cancer-related deaths 

globally with more than 1.3 million deaths yearly, while the number of deaths is 

continuously rising in the Far East in countries such as China. Another type of 

cancer that is mostly prevalent in Asia is nasopharyngeal carcinoma (NPC) and this 

cancer is known to have a low survival rate making it a serious health problem. NPC 

is more specifically prevalent in Southern China and Southeastern Asia with a peak 

incidence rate of 50 cases per 100,000 people per year. It is also common amongst 

the Inuits of Alaska and people in North Africa. There is currently no cure for any 

of these two types of cancer and the drugs approved for treatment are usually 

accompanied with undesired side effects such as vomiting, hair loss, diarrhoea and 

weakness in the body. Therefore there is a need for further research aimed at 

developing more effective anticancer compounds (Wei and Sham 2005; Pastorino 

2010; Cancer Research UK 2014; Cancer Research UK 2016; World Health 

Organization 2017; Wang et al. 2018).  

Natural products are considered to be a rich source of bioactive molecules and have 

been studied extensively for the purpose of finding potent anticancer compounds. 

This is due to their biologically active and diverse chemotypes that enable the 

discovery of novel drugs. In the field of cancer, natural products or their derivatives 
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still make a large percentage of the approved drugs. Chalcones are naturally 

occurring compounds that are characterised by the presence of an Ŭ,ɓ-unsaturated 

ketone with two aromatic rings and belong to the flavonoid family of compounds. 

This group of compounds have been reported to possess a wide range of 

bioactivities including antitumour, antioxidant, antimitotic and anticancer activities 

(Albuquerque et al. 2014; Newman and Cragg 2016; Rodrigues et al. 2016).  

Cardamonin is a chalcone that has been extracted from several plants including 

Alpinia rafflesiana and was proven to possess cytotoxic properties against a wide 

variety of cancer cells while its mode of action has been studied extensively 

(Gonçalves, Valente and Rodrigues 2014; Lu et al. 2018; Shi et al. 2018). However, 

there have been no studies performed on semi-synthetic analogues of cardamonin 

with anticancer properties nor were there any detailed investigations on the 

structure-activity relationship of cardamonin specifically. Therefore, it has been 

decided to investigate the anticancer potential of cardamonin and its analogues 

against lung cancer cells (A549) and NPC cells (HK1) with the aim of producing 

novel and potent compounds. 

In this chapter, the objectives, rationale and hypothesis of the present research study 

will be covered. Furthermore, crucial basic concepts that should be known to fully 

understand and appreciate the current study will be introduced in this chapter. This 

will include a brief introduction on lung cancer, nasopharyngeal cancer and 

chalcones. Introducing these basic concepts will ensure that essential information 

have been covered before going into the main research study.   
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¶ Summary of Research Problem and Hypothesis: 

- Research Problem: Lung cancer and NPC are responsible for the deaths of 

many people worldwide and there is currently no cure for any of these types 

of cancer. Therefore, it has been decided to investigate the natural product, 

cradamonin, to search for a potential treatment for these types of cancer. 

- Hypothesis: Cardamonin has been proven to possess high cytotoxic activity 

across a variety of cancer cell-lines. Therefore, it has been hypothesised that 

it would be an appropriate starting material for the production of compounds 

or analogues with higher cytotoxic activity. The analogues were produced 

via semi-synthesis and tested for their anticancer potential against A549 

(lung) and HK1 (NPC) cancer cell lines. 

¶ Objectives and Rationale of the Study: 

1) Semi-synthesis of cardamonin analogues and testing them against A549 

and HK1 cell lines 

As it has been mentioned earlier, the need for a cure for NPC and lung cancer 

has made these two types of cancer the main focus of this study. Therefore, 

it was decided to investigate cardamonin on these cancer types due to its 

high bioactivity as has been also mentioned earlier. However, in this study, 

it was intended to optimise cardamoninôs cytotoxic activity via synthesising 

a variety of analogues and testing them against A549 and HK1 cells.  

A549 cells were used as a disease model for lung cancer cells because they 

are derived from a human source and are readily cultured. Moreover, A549 

cells belong to a subtype of lung cancer known as non-small cell lung cancer 
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(NSCLC), and this subtype is responsible for the majority of lung cancer 

cases. Therefore, another reason for A549 cells being a suitable disease 

model for lung cancer was because this cell type reflects the majority of lung 

cancer cases, which will increase the relevance of this studyôs results 

(Koparal and Zeytinoglu 2003; Shen et al. 2009; Li et al. 2011). 

HK1 cells were used as a disease model for NPC. It has been often 

challenging to establish NPC cell lines due to the small size of the biopsy 

and because it is infiltrated with lymphoid cells and connective tissue. 

Therefore, this resulted in a very limited number of available cell lines for 

NPC. Moreover, the available NPC cell lines suffer from authentication 

issues, as usually this disease is mainly in China so there are no global 

authentication efforts for NPC cell lines. This authentication issue resulted 

in several cell lines being falsely identified as NPC cell lines, such as CNE-

1, CNE-2, AdAH, NPC-KT and HONE1 which were found to be 

contaminated with HeLa cells. However, HK1 has been authenticated and is 

regarded as a valid disease model for NPC and this is the main reason for 

choosing it for studies concerning NPC (Cheung et al. 1999; Chan et al. 

2008; Strong et al. 2014; Wasil et al. 2015). 

2) Testing the toxicity of the active analogues towards normal MRC-5 cells 

Most marketed anticancer drugs cause severe side-effects and this has been 

a major issue when developing these drugs. Therefore, one of the main aims 

of this study is to ensure that the active cardamonin analogues would have 

higher selectivity towards cancer cells and less effect on normal cells. 
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Human normal lung fibroblast cells (MRC-5) were chosen to represent 

healthy cells of the body and analogues would have to be tested against it. 

MRC-5 has been often used across the field of cancer research to assess 

compoundsô toxicities, even when the cancer cells were from an organ other 

than the lungs, such as ovarian cancer cells, MRC-5 was still used to assess 

the compoundôs toxicity. In fact, MRC-5 cells were used even outside the 

field of cancer, such as in developing antivirals and antiprotozoals in order 

to assess the compoundsô toxicities. One of the main reasons for using MRC-

5 cells for toxicity studies is because they are sensitive to the toxicity of 

exogenous chemicals. Therefore, for these reasons, it was decided to use 

MRC-5 cells to test for the cytotoxicity of cardamoninôs active analogues 

towards normal cells for this study (Shigeta et al. 2002; Vik et al. 2009; 

Damião et al. 2014; Lu et al. 2015). 

3) Conduct the first ever Structure -Activity Relationship (SAR) study on 

cardamonin and it analogues 

There have been no SAR studies on cardamonin and its analogues before, 

this study is the first one to have considered doing so. This would help in 

identifying crucial chemical groups for bioactivity and aid in future 

optimisation efforts of cardamonin. 

4) Investigate the mode of action of the most active analogue, especially 

the analogueôs effect on Mammalian Target of Rapamycin (mTOR) 

One of the main aims of this study is to further study the cytotoxic mode of 

action of the most active analogue with more focus on its effect on the 
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mTOR. mTOR is a 289 kDa serine/threonine kinase and a major regulator 

of cell growth and proliferation. It functions in two complexes, mTORC1 

and mTORC2, and together these complexes play a major role in regulating 

several cellular processes such as protein synthesis, cell-cycle, autophagy 

and lipid synthesis. However, it has been found that mTOR is abnormally 

activated in several types of cancer and inhibiting its activity has been a 

known strategy in cancer treatment. One of the inhibitors of mTOR activity 

is cardamonin. Several studies have shown that cardamonin exerts its 

cytotoxic activity via inhibiting the mTOR pathway, so it was suggested that 

the most active analogue in this study would act via a similar mechanism. 

This was the main reason for deciding to investigate the effect of 

cardamoninôs most active analogue on mTOR (Ekman, Wynes and Hirsch 

2012; Tang et al. 2014; Nui et al. 2015; Xue et al. 2015). 

5) Perform in silico studies on cardamoninôs most active analogue 

This study also aims to perform computational studies on cardamoninôs 

most active analogue for a better understanding of the way the compound 

would interact with its potential receptor (mTOR). This could provide a 

possible explanation for the observed bioactivity of the analogue. 

Furthermore, the study aims to predict the active analoguesô 

pharmacokinetics, which is concerned with how a compound gets processed 

in the body. 
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1.1 Lung Cancer 

Lung cancer is a type of cancer that involves the uncontrolled growth of abnormal 

cells in one or both lungs and can start in the cells lining the bronchi in addition to 

the alveoli and bronchioles. It is thought that the cancer starts with initial changes 

in the lung cells prior to the disease, whereby DNA of the lung cells causes them to 

grow faster but no tumour is formed at this stage and symptoms are not clear. 

However, it is possible that certain genetic mutations might cause these cells to 

develop into cancer cells and these cells might later develop their own blood supply 

system to ensure their survival and growth until a tumour forms which can be easily 

observed on imaging tests.  

Moreover, lung cancer cells might spread (metastasise) from the original tumour to 

other parts of the body and this phenomenon is responsible for making lung-cancer 

a life-threatening disease as this process can occur at an early stage even before the 

cancer can be detected via any imaging tests such as chest X-ray. One of the main 

ways by which lung cancer cells spread is through the lymphatic system. In this 

case, cancer cells tend to enter the lymphatic vessels and grow in lymph nodes in 

addition to the mediastinum. Once these cells have reached the lymph nodes then it 

is highly probable that the cancer has spread to other parts of the body. It is also 

possible for the cancer to spread through the blood by entering the blood vessels 

and spreading to other parts of the body (American Cancer Society 2015).  
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1.1.2 Types of Lung Cancer 

There are two types of lung cancer, namely; Small-cell lung cancer (SCLC) and 

Non-small cell lung cancer (NSCLC). This classification is highly essential as 

both types are treated differently. 

SCLC constitutes approximately 10%-15% of lung cancers and has been called as 

such due to the size of cancer cells as observed through the microscope. It is very 

different from other lung cancer types. It usually starts around the chestôs centre in 

the bronchi but later tends to spread throughout the body. SCLC is the most 

aggressive of lung-cancer subtypes and is characterised by high response rates to 

chemotherapy in addition to having higher chances of metastasis.  It is responsible 

for the death of around 250,000 people yearly. Smoking has been the major cause 

for developing SCLC whereby almost all patients with SCLC are current or former 

heavy smokers. There have not been significant therapeutic advances with regards 

to SCLC in the past 30 years mainly due to pharmaceutical disinterest as it has 

proven to be a graveyard for drug development (American Cancer Society 2015; 

Gazdar, Bunn and Minna 2017; Oronsky et al. 2017).  

NSCLC makes up the majority of lung cancers with a proportion of 85%-90% and 

they consist of 3 types, but these types are not similar in size, chemical make-up or 

shape; they were placed under the same group due to their similarities when it comes 

to the approach to treatment and prognosis. The types are as follows (American 

Cancer Society 2015; Herbst, Morgensztern and Boshoff 2018): 

¶ Squamous cell carcinoma: This type usually affects early versions of a type 

of flat cells called squamous cells, and these cells tend to line the inside of 
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the airways in the lungs. This type of cancer accounts for 20%-30% of all 

lung cancers and has been often linked to smoking. 

¶ Adenocarcinoma: This type of cancer makes about 40% of lung cancers, 

and usually starts in cells that are known for secreting substances as mucus, 

and often affects smokers but is also considered the main type of lung 

cancer in non-smokers. Adenocarcinoma is mostly found in the outer part 

of lungs and its relatively slower growth progress enables its discovery 

before spreading outside the lungs. This is the most common type of cancer 

in non-smokers. 

¶ Large cell (undifferentiated) carcinoma: This type of cancer can occur in 

any part of the lung and usually accounts for 10%-15% of all lung cancers. 

It grows and spreads very quickly which makes it difficult to treat. 

1.1.3 Symptoms, Risk Factors, Diagnosis and Treatment 

Symptoms of lung cancer include continuous coughing, chest pain, wheezing, blood 

in sputum, weight loss, feeling tired and trouble in breathing.  

Smoking is the main factor which increases the risks of a person being diagnosed 

with lung cancer and this includes passive smoking, while air pollution can also 

contribute to the development of lung cancer. Moreover, the risks of developing 

lung cancer might increase if a person was infected with human immunodeficiency 

virus (HIV), undergone previous treatment with radiotherapy to the chest or neck 

or had a family history of lung cancer (National Cancer Institute 2014).       

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=44366&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=44366&version=Patient&language=English
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One of the main reasons for treatment failure in lung cancer is the late diagnosis of 

the disease. The disease would have usually reached the metastatic phase upon 

diagnosis which makes it extremely challenging to treat at that stage. There are 

several ways by which lung cancer can be diagnosed and one of the first detecting 

methods that are usually used are chest X-ray tests in order to ensure that nothing 

abnormal is present in the lungs. Further methods include computed tomography 

(CT) scan which involves taking several X-ray images to obtain more detailed 

information regarding the structure of the tumours. Moreover, another testing 

method known as Magnetic resonance imaging (MRI) detects tumours via 

radiowaves and strong magnets rather than X-rays. The doctors may also study 

samples of a personôs sputum or any fluid build-up in the chest in order to check for 

the presence of any cancer cells, and such method of diagnosis might also include 

obtaining samples of suspicious matter within the lungs for examination (Pastorino 

2010; National Cancer Institute 2014). 

Almost 40% of diagnosed lung cancer cases are stage IV and treatment is more 

concentrated on increasing survival time and reducing effects of the disease. 

Treatment of lung cancer depends on the type of cancer, however, both SCLC and 

NSCLC can be treated via surgery, radiation therapy and chemotherapy. 

Chemotherapy involves the administration of drugs into the body to treat cancer and 

some of the currently approved drugs for treatment of both types of cancers include 

etoposide and methotrexate, while paclitaxel, cisplatin, carboplatin and docetaxel 

are used to for treating specifically NSCLC. In the case of NSCLC, it may be treated 

using a combination of a platinum (cisplatin or carboplatin) and another drug such 
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as paclitaxel and docetaxel. However, these therapies are usually accompanied with 

some side-effects. Radiation therapy could damage the nearby healthy cells 

resulting in side-effects such as fatigue, cough and shortness of breath. Side-effects 

resulting from surgery are not expected to be life-threatening and these could 

include bleeding and pain. As for chemotherapy, side-effects could be severe and 

include vomiting, fatigue, hair loss, diarrhoea, kidney and bladder problems 

(National Cancer Institute 2014; Zappa and Mousa 2016; American Cancer Society 

2018).  

1.2 Nasopharyngeal Cancer 

Nasopharyngeal cancer is a type of cancer that usually starts in the squamous cells 

of the epithelial lining of the nasopharynx and is considered to be a type of head and 

neck cancer. The nasopharynx is the upper part of the throat behind the nose. 

Nasopharyngeal cancer starts initially as abnormal cells existing in the lining of the 

nasopharynx and these cells can later develop into cancer that is either located in 

the nasopharynx only or has started spreading to the oropharynx, nasal cavity and 

the lymph nodes. Later stages of the disease involve it spreading to other parts of 

the body beyond the nasopharynx such as the cranial nerves, hypopharynx, areas 

beside the skull or jawbone and to lymph nodes on the neck and behind the pharynx  

There are several types of tumours that can develop in the nasopharynx, but they 

can generally be divided into benign and malignant, with the former being rare, not 

life-threatening and do not usually spread to other parts of the body. On the other 

hand, malignant tumours can spread to other parts of the body and the most common 

type of malignant tumours of the nasopharynx is NPC. In fact, NPC has the highest 
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invasive and metastasis potential relative to the other types of head and neck cancers 

whereby 15%-30% of cases develop distant metastasis   (Wei and Sham 2005; 

National Cancer Institute 2014; American Cancer Society 2015; Wang et al. 2018). 

1.2.1 Symptoms, Risk Factors, Diagnosis and Treatment 

Symptoms of NPC include having difficulty in breathing or speaking, sore throat, 

nose bleeds, ringing in the ear and headaches. Factors that increase the risk of 

developing NPC include having Asian ancestry, previous exposure to the Epstein-

Barr virus and drinking large amounts of alcohol. 

There are several tests used to identify the presence of NPC in an individual, 

including biopsy and imaging tests such as MRI, positron emission tomography 

(PET) and CT scan. Moreover, a blood test can be performed in order to check for 

antibodies to the Epstein-Barr virus as well as DNA markers for the same virus 

while a hearing test can also be conducted to examine if each ear can hear different 

types of sounds.  

There is currently no cure for NPC and advancements in the treatment of NPC have 

not resulted in an improvement in the 5-year survival rate of 34%-52% over the 

decades. Treatment options for NPC include radiotherapy, surgery or 

chemotherapy. Radiotherapy involves directing a beam of high energy radiation 

towards cancer cells in order to stop their growth. It may be external, whereby 

radiation is applied to the cancer cells from outside the body or it could involve 

placing a radioactive substance inside the body near to the tumour. Surgery can also 

be used to treat NPC, especially if radiation therapy was not effective, whereby 

cancer tissues and lymph nodes might be removed in order to treat cancer. Finally, 
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chemotherapy can be considered for NPC treatment, and some of the currently-

approved drugs for NPC treatment include cisplatin, methotrexate, docetaxel and 

fluorouracil. However, it is important to note that high-dose radiotherapy is 

considered one of the most effective treatments. This is because NPC is highly 

sensitive to radiotherapy. Moreover, NPC usually occurs at an anatomical site that 

is not easily accessible to surgeons, making surgical treatment challenging, so 

radiotherapy becomes the most effective treatment. Side-effects related to treatment 

options for NPC are similar to the ones mentioned earlier for lung cancer in section 

1.1.3. However, radiotherapy in this case could result in further side-effects than the 

ones that were mentioned in the case of lung cancer. Radiotherapy against NPC 

could affect the mouth and cause taste changes in addition to resulting in a less 

active thyroid gland (Yang et al. 2013; National Cancer Institute 2014; Wang et al. 

2018). 

1.3 Chalcones 

1.3.1 Structure and Chemistry 

Chalcones, also known as 1,3-diaryl-2-propen-1-ones, are a group of naturally 

occurring compounds that are usually responsible for the yellow pigmentation in 

plants and belong to the flavonoid family, while they are also considered as 

precursors of flavones. Chalcones are characterised by the presence of an Ŭ,ɓ-

unsaturated ketone with two aromatic rings. The aromatic rings are usually called 

A and B while the numbering system for such compounds involves the A-ring being 

numbered from 1ô to 6ô while the B-ring is numbered from 1 to 6 (Figure 1.1) 

(Yadav et al. 2011; Albuquerque et al. 2014).  
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Figure 1.1 General structure of chalcones with their numbering scheme 

The molecular structure of these compounds is very flexible enabling it to adopt 

several structural conformations. The CŬ=Cɓ of the structure can exist in either the 

(E)- or (Z)- configuration with the former being more thermodynamically stable 

which explains the reason behind most of the isolated chalcones existing as (E)-

isomers. Moreover the O=C-CŬ=Cɓ can adopt the s-cis or s-trans conformation 

with the former being the more stable conformer, and there were also structures of 

chalcones possessing different degrees of planarity reported (Figure 1.2) 

(Albuquerque et al. 2014). 

 

Figure 1.2 Structural conformations of chalcones  
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The Ŭ,ɓ-unsaturated moiety of chalcones enables them to act as electrophilic 

reactive centres due to the delocalisation of electrons across the O=C-C=C system 

and this manages to allow addition reactions via attacking the carbonyl group or the 

ɓ-carbon. Therefore, chalcones can be used as synthons for the synthesis of several 

molecules such as pyrazolines, isoxazolines, pyrimidines, indoles and imidazoles 

(Albuquerque et al. 2014). 

1.3.2 Formation of Chalcones 

Chalcones can be either produced naturally or synthetically via several methods. 

The biosynthetic pathway for the formation of chalcones in plants involves initially 

the stepwise addition of L-phenylalanine with the simultaneous removal of one 

molecule of ammonia to produce trans-cinnamate which is later converted to p-

coumarate. Ligation of p-coumarate with CoA-SH leads to the formation of 4-

coumaroyl-CoA which later results in the formation of the flavonoid skeleton 

(Yadav et al. 2011). Figure 1.3 Summarises the biosynthetic pathway for the 

formation of chalcones. 
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Figure 1.3 Biosynthesis of chalcones naturally (adapted from: Yadav et al. 2011) 
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It is also possible to produce chalcones synthetically and this can be done through 

various ways. One of the most widely used methods is the production of chalcones 

via the Claisen-Schmidt condensation reaction. This reaction involves the 

condensation of acetophenones and benzaldehydes to produce the desired chalcones 

(Figure 1.4) and that is usually performed under a base such as KOH or NaEtO- at 

room temperature. It is also possible to conduct the reaction under acidic conditions 

by using HCl or p-toluenesulfonic acid for instance. Moreover, the reaction can be 

performed using solid-phase catalysts, heterogeneous catalysis or acidic ionic 

liquids, and recently better strategies have been implemented whereby it is possible 

to conduct the reaction under solvent-free conditions or by using microwave and 

ultrasound radiation (Albuquerque et al. 2014).  

The base-catalysed Claisen-Schmidt condensation reaction is considered to be the 

primary method of choice for the synthesis of chalcones due to the feasibility of 

obtaining the reactants (acetophenones and benzaldehydes); while in acidic 

conditions, the most preferred method is the one involving BF3ÅOEt2. This is 

because the method involving BF3ÅOEt2 results in better yields, shorter reaction time 

and a simple work-up with no side reactions. Moreover, it can be used in solvent-

free conditions and have been found to be suitable for compounds possessing 

functional groups that are sensitive to basic conditions (Albuquerque et al. 2014). 
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Figure 1.4 General reaction scheme for the synthesis of chalcones by the Claisen-Schmidt 

condensation reaction 

There are further reactions that can be used to produce chalcones such as the 

palladium catalysed coupling reaction of benzoyl chlorides and potassium 

styryltrifluoroborates under microwave heating. Furthermore, chalcones can also be 

synthesised via a Suzuki cross-coupling reaction involving benzoyl chlorides with 

arylvinylboronic acids under the presence of Pd(PPh3)4 and cesium carbonate. It has 

also been reported that the Friedel-Crafts reaction of phenols with cinammoyl 

chloride can be regarded as a method for synthesis of chalcones (Albuquerque et al. 

2014).     

1.3.3 Bioactivity of Chalcones 

Chalcones have been found to possess a wide range of biological activities that 

made them seem attractive to medicinal chemists and such activities included 

antibacterial, anti-inflammatory, antifungal, antimalarial, antitumour, 

antimicrobial, antiviral, antitubercular, antioxidant, antimitotic, antileishmanial, 
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antiplatelet and anticancer activities (Albuquerque et al. 2014). The information on 

the bioactivity of chalcones in literature is vast, however, since this study focuses 

on the anticancer potential of cardamonin, it seemed appropriate to summarise the 

anticancer effects of some naturally-occurring chalcones (other than cardamonin) 

in Table 1.1. This should provide a glimpse on the potential of naturally-occurring 

chalcones as anticancer agents. Synthetic chalcones have also been shown to 

possess interesting bioactivities, but they are numerous and do not exactly lie within 

the scope of this study. 
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Table 1.1 Summary of the anticancer effects of some naturally-ocuuring 

chalcones  

 Anticancer 

Activity  

Reference 

 
 

Licochalcone A 

A chalcone that 

was found in 

the roots of 

Glycyrrhiza 

uralensis.. It 

exhibited 

anticancer 

activities and 

induced 

apoptosis in 

PC-3 cancer 

cells.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

(Fu et al. 

2004) 

 
 

Xanthoangelol 

 

This is a 

chalcone that 

has been 

isolated from 

Angelica 

keiskei. It 

showed 

cytotoxic 

activity against 

neuroblastoma 

and leukemia 

cells via the 

activation of 

caspase-3. 

(Tabata et 

al. 2005) 

 
 

4-hydroxyderricin  

This compound 

has been also 

isolated from 

Angelica 

keiskei, and it 

induced 

apoptosis in 

HL60 cells via 

intrinsic and 

extrinsic 

pathways. 

(Akihisa 

et al. 

2011) 
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Butein 

This is a 

polyphenol that 

was extracted 

from Rhus 

verniciflua and 

exhibited an 

antiproliferative 

effect on 

adenocarcinoma 

cells. Moreover, 

it caused 

apoptosis in 

HL-60 cells via 

the activation of 

caspase-3. 

(Yit and 

Das 1994; 

Kim et al. 

2001) 

 

  

 

Pinostrobin chalcone 

A chalcone 

which was 

extracted from 

Alpinia mutica. 

It demonstrated 

pronounced 

anticancer 

activity against 

KB, MCF7 and 

Caski cell lines. 

(Zhang et 

al. 2013) 

 
 

Isobavachromene 

The compound 

has been 

isolated from  

Millettia 

pachycarpa and 

showed 

selective 

inhibition 

against 7860, 

A549, A2780, 

Hela, K562.  

(Su et al. 

2012) 

 
Pyranochalcone 

It has been 

isolated from 

Millettia 

pachycarpa and 

exhibited 

cytotoxic 

effects against 

HepG2, C26, 

LL2 and B16 

cells.  

(Ye et al. 

2012) 
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HTMC  

This is a natural 

chalcone 

extracted from 

Caesalpinia 

pulcherrima, 

and it 

demonstrated 

potent and 

selective 

activity against 

A549 cells. It 

showed G1-

phase cell cycle 

arrest.  

(Rao et al. 

2010) 

 
 

Flavokawain C 

The compound 

has been 

isolated from 

Boesenbergia 

pandurate and 

kava. It showed 

anticancer 

effects against 

bladder cancer 

cells and 

pancreatic 

cancer (PANC-

1) cell line. 

(Zi and 

Simoneau 

2005; 

Nwet et 

al. 2007)  
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It is important to note that despite the fact that there are several studies reporting the 

medicinal effects of chalcones, there have been few structure-activity relationship 

(SAR) studies conducted (Albuquerque et al. 2014). If there happened to be some 

SAR studies, then they often involved the synthesis of a set of chalcones to 

investigate the effect of certain substituents on biological activity but these studies 

usually do not refer to a specific chalcone and study it, rather they involve random 

derivatives which are different in their overall structure. For instance, they would 

not consider a specific chalcone like cardamonin and perform their study by 

modifying cardamoninôs chemical groups specifically. Instead, these studies just 

focus on making chalcones that do not have a common starting material, such as 

cardamonin in this study, rather each chalcone is independently made from different 

starting materials.  Therefore, this results in obtaining a more generalised SAR 

rather than an SAR specific to a certain chalcone.  

The SAR of chalcones depends on the disease being targeted, and since this study 

focuses on the anticancer potential of chalcone (cardamonin) derivatives, it would 

seem appropriate to briefly discuss the anticancer SAR of chalcones. However, it is 

crucial to note that discussing SAR of chalcones with regards to their anti-cancer 

activity is also dependent on the type of cancer investigated and the molecular target 

being studied, which makes it difficult to define a general SAR for chalcones. 

Despite the difficulty in defining a general SAR for chalcones due to the factors 

mentioned; it is still possible to identify certain chemical groups that have been 

shown to enhance cytotoxic activity in several studies. It has been shown that 

addition of methoxy groups, especially at the 3, 4 and 5 positions of the B-ring of 
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the chalcone, has managed to enhance cytotoxic activity and this has been attributed 

to the ability of this moiety to bind efficiently to the colchicine binding site of 

tubulin. Moreover, the presence of hydroxyl groups and electron-withdrawing 

groups such as halogens have also been found to increase cytotoxic activity while 

the Ŭ, ɓ-unsaturated bond has been proven to be essential for bioactivity (Orlikova 

et al. 2011; Mahaptra, Bharti and Asati 2015).    
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2 Literature Review 

In the previous chapter, crucial background concepts with regards to cancer and 

chalcones have been introduced, in addition to the objectives and rationale behind 

the present study. This was done in order to facilitate the understanding and 

appreciation of the main subject of the present study, which is the cytotoxic 

bioactivity of cardamonin and its analogues. In this chapter, cardamonin will 

specifically be further discussed and studies related to its chemistry and bioactivity 

will be reviewed in order to provide the latest research updates in the field.  This 

literature review is crucial as the present study needs to build upon the previous 

studies that were done and avoid unnecessary repetition. 

Cardamonin is a natural product belonging to the chalcone class of compounds 

under a larger family known as flavonoids (Gonçalves, Valente and Rodrigues 

2014). Studies on cardamonin have recently increased, and the following review 

aims to initially cover the chemistry of cardamonin followed by a detailed literature 

review of cardamoninôs bioactivity .  

2.1 Structure and Analysis of Cardamonin 

The structure of cardamonin (2ǋ,4ǋ-dihydroxy-6ǋ-methoxychalcone) involves an Ŭ,ɓ-

unsaturated ketone between two aromatic rings with ñring Aò  bearing two phenolic 

groups in addition to a methyl ether group. Figure 2.1 shows the structure of 

cardamonin.  
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Figure 2.1 Structure of cardamonin 

As for analysis, cardamonin has been detected and quantified via several techniques. 

A flow injection chemiluminescence method was employed for the determination 

or quantification of cardamonin based on the chemiluminescent reaction between 

cerium (IV) and rhodamine 6G in sulphuric acid. The chemiluminescence of this 

reaction is supposed to be enhanced by cardamonin (Zhang et al. 2005). Another 

analytical technique for cardamonin determination used an electokinetic capillary 

chromatography method with reverse sodium dodecyl sulfate micelles as a pseudo-

stationary phase (Wang et al. 2007). Other researchers used a combination of flow 

injection and micellar electrokinetic chromatography coupled with direct UV 

detection at 214 nm for the first time for the determination of cardamonin in Alpinia 

katsumadai Hayata (Liu et al. 2007). Finally, a very recent study discussed a method 

for routine analysis of cardamonin in Alpinia katsumadai Hayata by using short-end 

injection microemulsion electrokinetic chromatography in combination with 

microwave-assisted extraction (Zhao, Lu and Xu 2017).  

As for cardamoninôs structure, there were several techniques used for characterising 

it. Table 2.1 summarises the techniques employed by previous authors to elucidate 

cardamoninôs structure as well as the data obtained from the techniques used. 
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Table 2.1 Summary of the analytical methods used for cardamonin 

characterisation 

Analytical 

method 

Data 

FTIR (KBr, cm-1) - 3140, 1630, 1495, 1340, 1220, 1180, 1120, 

980, 795, and 750 (Itokawa, Morita and 

Mihashi 1981) 

 

- 3154, 1628,1542, 1486, 1286, 1320, 1224, 

1188, 1114, and 926 (Sukari et al. 2007) 

 

- 3400 (OH), 2924 (C-H), and 1638 (C=O) 

(Derita and Zacchino 2011) 

ESI-MS - Negative mode: 269 (M-H)+, 177, 165, 139, 

124 (He et al. 2009) 

 

- Positive mode: 271 (M+H)+, 167, 139 

(Carvalho et al. 2012) 
1H-NMR (ŭ ppm)  - (CD3)2CO: 3.87 (3H,s, MeO), 5.91 (1H, d), 

6.00 (1H, d), 7.40-7.80 (5H, m), 7.63 (1H, d, 

Ŭ-position), 7.80 (1H, d, ɓ-position), 13.65 

(1H,s, broad) (Xiao et al. 2011) 

 

- DMSO-d6: 3.87 (3H,s, MeO), 5.93 (1H, d), 

6.02 (1H, d), 7.43-7.72 (5H, m), 7.67 (1H, d, 

Ŭ-position), 7.85 (1H, d, ɓ-position), 13.71 

(1H,s, broad) (Aderogba et al. 2012) 
13C-NMR (ŭ ppm) - CDCl3:136.5 (C-1), 129 (C-2), 129.7 (C-3), 

130.7 (C-4), 129.7 (C-5), 129 (C-6), 128.6 (C-

7), 142.4 (C-8), 193 (C-9), 106.4 (C-1ô), 168.3 

(C-2ô), 92.3 (C-3ô), 165.8 (C-4ô), 97 (C-5ô), 

164.3 (C-6ô), 56.3 (OCH3) (Itokawa, Morita 

and Mihashi 1981) 

 

- DMSO-d6: 135.4 (C-1), 128.8 (C-2), 128 (C-

3), 130.8 (C-4), 129.5 (C-5), 128.8 (C-6), 

142.3 (C-7), 128 (C-8), 192.2 (C-9), 105.5 (C-

1ô), 166.7 (C-2ô), 92.2 (C-3ô), 165.6 (C-4ô), 

96.3 (C-5ô), 163.1 (C-6ô), 55.5 (OCH3) 

(Derita and Zacchino 2011) 

Melting point 

(oC) 

- 195-196 (Itokawa, Morita and Mihashi 1981) 

 

- 199-200 (Jaipetch et al. 1982) 
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2.2 Sources of Cardamonin 

Cardamoninôs name is derived from one of it sources which is the cardamom spice 

(Figure 2.2), but it has been also extracted from other plant species. The following 

is a list of plant species from which cardamonin was successfully extracted 

(Gonçalves, Valente and Rodrigues 2014): 

- Alpinia blepharocalyx      

-  Alpinia conchigera  

- Alpinia hainanensis  

- Alpinia malaccensis 

- Alpinia mutica  

- Alpinia pricei  

- Alpinia rafflesiana  

- Alpinia speciose  

- Amomum subulatum 

- Artemisia absinthium 

- Boesenbergia pandurate 

- Boesenbergia rotunda 

- Carya cathayensis 

- Cedrelopsis grevei 

- Combretum apiculatum 

- Comptonia peregrine 

- Desmos cochinchinensis 

- Elettaria cardamomum 

- Helichrysum forskahlii 

- Kaempferia parviflora 

- Morella pensylvanica 

- Piper dilatatum 

- Piper hispidum 

- Polygonum ferrugineum 

- Polygonum lapathifolium 

- Polygonum persicaria 

- Populus fremontii 

- Syzygium samarangense 

- Vitex leptobotrys 

- Woodsia scopulina 
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Figure 2.2 Cardamom seeds (adapted from: Gonçalves, Valente and Rodrigues 

2014) 

2.3 Medicinal Applications of Cardamonin 

2.3.1 Anti-inflammatory Activity 

Inflammation is a physiological immune response to an injury or infection of a 

tissue. The process involves the activation of macrophages and monocytes by 

components of the invading bacteria which also initiate several intracellular 

cascades of cytokines and chemokines. There are several inflammatory mediators 

secreted by the activated macrophages which include interleukin (IL)-6, tumor 

necrosis factor (TNF)-Ŭ, prostaglandin (PG)E2, and nitric oxide (NO) (Lee et al. 

2006). 

Several studies have shown the anti-inflammatory effect of cardamonin (Lee et al. 

2006; Lee et al. 2012; Chow et al. 2012; Kim et al. 2016) and further attempted to 

explain cardamoninôs anti-inflammatory mode of action. Some studies attempted to 

link the anti-inflammatory effect of cardamonin to its effect over the signalling 

pathway of a protein complex that controls DNA transcription and regulates 

immune responses to infections called nuclear factor-əB (NF-əB) (Lee et al. 2006; 

Lee et al. 2012). Moreover, other studies have shown that cardamonin seemed to 
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inhibit prostaglandin E2, tumour necrosis factor Ŭ (TNF-Ŭ) release, thromboxane 

B2 production in addition to intracellular reactive oxygen species generation 

(Tewtrakul et al. 2009). 

Sepsis is a type of inflammatory response that can result in organ failure, and lungs 

are usually the organs affected by this response which might lead to hypoxemia and 

pulmonary oedema (Gonçalves, Valente and Rodrigues 2014). It has been found 

that cardamonin can decrease systemic inflammatory responses during sepsis via 

the down-regulation of interleukins and TNF-Ŭ (Wei et al. 2012). 

Carrageenan-induced (Carr-induced) paw oedema is a model used to measure the 

contribution of mediators that are involved in the production of acute inflammatory 

response in a rat hindpaw after the administration of carrageenan. A study has 

shown that cardamonin demonstrated anti-inflammatory activity by decreasing 

Carr-induced paw oedema (Li et al. 2015). This was accomplished by the inhibition 

of NF-əB and MAPK signalling pathways, in addition to the induction of heme-

oxygenase-1. Cardamonin was also found to have an effect on inflammatory bowel 

disease via a mechanism involving the suppression of toll-like receptor 4 expression 

and blockage of NF-əB and MAPK pathways (Ren et al. 2015).  

2.3.2 Antioxidant Activity 

The antioxidant activity of cardamonin seemed to be dependent on the assay 

employed to study the activity as it showed potent activity in an oxygen radical 

absorbance capacity assay (Bajgai et al. 2011), however, no significant activity was 

observed in a DPPH and superoxide anion assay (Li et al. 2008). Moreover, it has 

been shown in another study that cardamonin had a fifth of the IC50 of gallic acidôs 
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antioxidant activity in a DPPH assay (Simirgiotis et al. 2008), while another study 

(Zhu et al. 2007) showed that cardamonin at a concentration of 50 µM resulted in a 

10%-20% antioxidant activity using Vitamin C as a positive control. 

Selenoenzymes and nuclear factor erythroid 2-related factor 2 (Nrf2)-regulated 

phase II enzymes are considered to be important components of the cellular 

antioxidant systems. It was found that cardamonin was involved in the biosynthesis 

of important Nrf2-regulated antioxidant enzymes but the authors suggest further 

studies to be performed in order to determine other factors responsible for the 

observed effects of cardamonin on antioxidant enzymes (De Spirt et al. 2016). A 

similar result was achieved by another study which found that cardamonin was an 

activator of Nrf2 in PC12 cells and that resulted in upregulation in the expression 

of phase II antioxidant molecules (Peng et al. 2017)  

2.3.3 Vasorelaxant Activity 

It has been shown that cardamonin can act as a vasodilator by preventing the entry 

of calcium to the cell via the voltage-dependent Cav2.1 channel, while at the same 

time encouraging the exit of potassium by the calcium-activated KCa1.1 channel 

(Fusi et al. 2010). Such findings were further strengthened by other studies that 

showed the vasorelaxant activity of cardamonin (Wang et al. 2001). Cardamonin 

was also able to have a relaxing effect on agonist-induced vascular contraction via 

the inhibition of Rho-kinase and MEK activity (Je and Jeong 2016).   
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2.3.4 Hypoglycaemic Activity  

It was found that cardamonin can enhance the uptake of glucose by glucose 

transporter-4 (GLUT4), whereby it was shown that a 30 µM cardamonin solution 

could cause GLUT4 to be stimulated for 1-4 h, in levels comparable to that caused 

by a 0.1 µM insulin solution (Yamamato et al. 2011). 

2.3.5 Anti-infectious Activity 

Leishmaniasis is a disease caused by protozoan parasites from the genus Leishmania 

and is usually spread via bites of infected female sand-flies. Cardamonin showed 

strong activity against Leishmania amazonensis with an IC50 of 8 µM (Ruiz et al. 

2011). Moreover, it has been found that cardamonin possessed anti-fungal activity 

against Epidermophyton floccosum and it was thought that the mode of action was 

that of a wall inhibitor type, but it did not exhibit any significant activity against 

other fungi such as Candida albicans (Lopez et al. 2011). 

Cardamonin has been also found to possess activity against bacterial and viral 

infections. It has been found that cardamonin had antibacterial activity against 

Staphylococcus aureus, Escherichia coli and Bacillus subtillis with minimum 

inhibitory concentration (MIC) of 25 µg/ml, 25 µg/ml and 50 µg/ml, respectively. 

Furthermore, cardamonin was shown to exhibit antiviral activity against HIV-1 by 

targeting its protease which is considered highly essential for the virusôs lifecycle, 

and it showed an IC50 of 115 µM. Dengue was another virus that cardamonin was 

able to exert an effect on, as it was shown that cardamonin had some inhibitory 

action over the dengue virus type 2 (DV2) NS3 protease (Gonçalves, Valente and 

Rodrigues 2014). 
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2.3.6 Pain Management 

It has been shown that cardamonin has the ability to manage pain. Cardamonin was 

able to demonstrate anti-nociceptive effects by blocking the expression of 

cyclooxygenase-2 and transglutaminase-2. This suggested that cardamonin can aid 

in controlling pain that arises from inflammatory diseases (Park et al. 2014).   

Transient receptor potential ankyrin 1 (TRPA1) is a receptor that is involved in 

abnormal high sensitivity to pain (hyperalgesia), and it was found that cardamonin 

was a selective inhibitor of this receptor (Wang et al. 2016). 

Neuropathic pain is a type of pain that arises from injury of the nervous system and 

has proven challenging to treat. A very recent study used chronic constriction injury 

(CCI)-induced neuropathic pain mice in order to study the effect of cardamonin on 

hyperalgesia and allodynia (experience of pain from a usually non-painful 

stimulation of the skin) (Sambasevam et al. 2017). The results showed that 

cardamonin exhibited antihyperalgesic and antiallodynic effects via the activation 

of the opioid system.  

2.3.7 Anticancer Activity 

Studies performed on cardamoninôs bioactivity have, to a large extent, heavily 

investigated cardamoninôs potential as an anticancer agent. Table 2.2 summarises 

the cell-viability assays performed on cardamonin against some cancer cell lines 

and the results obtained for its cytotoxicity which was assessed based on its IC50 

values. 
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 Table 2.2 Cytotoxicity of cardamonin towards different cancer cell-lines  

Cancer cell-line IC50 (Concentration at which 50% 

inhibition of cancer cells occurs) 

Reference 

MCF-7 (breast)              ~50 µM (48 h MTT assay) (Shrivastava et al. 2017) 

BT-549 (breast)                ~8 µM (48 h MTT assay) 

MDA-MB-231 (breast)   >100  µM (48 h Resazurin reduction 

assay) 

 

~10 ɛM (48 h MTT assay) 

(Kuete at al. 2014) 

 

 

(Shrivastava et al. 2017) 

SW-480 (colon) 35 µM (72 h MTT assay) 

 

~6.5 µM (48 h CellTiter-Glo assay) 

(Simirgiotis et al. 2008) 

 

(Park et al.2013) 

HCT116 (colon) ~9 µM (48 h CellTiter-Glo assay)                       

 

~13 µM (48 h CCK8 assay) 

(Park et al.2013) 

 

 (Kim et al. 2015) 

LS174T (colon) ~13 µM (48 h CellTiter-Glo assay) (Park et al.2013) 

DLD-1 (colon) ~24 µM (48 h CellTiter-Glo assay) 

HCT116 (p53+/+) (colon) 62.74 µM (48 h Resazurin reduction 

assay) 

(Kuete at al. 2014) 

 

SGC7901 (gastric)                61 µM (48 h MTT assay)  (Mi et al. 2016) 

U87MG (glioblastoma) >100 µM (48 h Resazurin reduction 

assay) 

(Kuete at al. 2014) 

 

CD133+ GSCs (glioblastoma) ~30 µM (72 h MTT assay) (Wu et al. 2015) 

CCRF-CEM (leukaemia)    8.59 µM (48 h Resazurin reduction 

assay) 

(Kuete at al. 2014) 

 

KB (mouth epidermal) ~20 µg/ml (48 h trypan blue 

exclusion assay) 

(Lin et al. 2012) 

HepG2 (liver) 22.63 µM (48 h MTT assay) 

 

53 µM (48 h MTT assay) 

(Li et al. 2008) 

 

(Mi et al. 2016) 

AML12 (liver)  >100 µM (48 h Resazurin reduction 

assay) 

(Kuete at al. 2014) 

 

SMMC7721 (liver)   62 µM (48 h MTT assay) (Mi et al. 2016) 

A549 (lung) ~18 µM (48 h MTT assay) 

  

>100 µM (48 h MTT assay) 

(Tang et al. 2014) 

 

(Mi et al. 2016) 

LLC (lung) >10 µM (48 h MTT assay) (Niu et al. 2015) 

RPMI8226 (myeloma) ~10 µM (48 h CCK8 assay)  

(Qin et al. 2012) U266 (myeloma) ~14 µM (48 h CCK8 assay) 

ARH-77 (myeloma)             ~10 µM (48 h CCK8 assay) 

PC-3 (prostate) 11.35 µg/ml (48 h sulforhodamine B 

assay) 

(Pascoal et al. 2014) 

DU145 (prostate)              ~10 µM (72 h MTT assay) (Zhang et al. 2017) 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.sigmaaldrich.com%2Fcatalog%2Fproduct%2Fsigma%2F87060401&ei=vx-YVYbkH82puQSp44DgAw&usg=AFQjCNEDm9_dfyouo9HjN3MmB9mSR-PmMQ&sig2=nToI9DInNsfwhxX3Y9hcpA&bvm=bv.96952980,d.c2E
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There were several studies performed on the mechanism of action of cardamonin, 

for instance, it has been found that cardamonin suppresses the proliferation of 

SW480 colon cancer cells via enhancing the degradation of ɓ-Catenin and inhibiting 

the Wnt/ɓ-catenin pathway (Park et al. 2013). The down-regulation of Wnt/ɓ-

catenin signalling cascade was also found to be the pathway responsible for 

cardamoninôs inhibitory effect on the invasiveness of BT-549 human triple breast 

cancer cells (Shrivastava et al. 2017). However, another study (Kim et al. 2015) 

claimed that cardamonin exerted its antitumour activity on HCT116 cells colon 

cancer cells via the induction of autophagy which is executed by the activation of 

c-Jun N-terminal kinase (JNK) by tumour protein p53. JNK is a kinase responsible 

for the regulation of cell differentiation, proliferation, and death, while it is also 

considered a major mediator of autophagy that leads to cell death in some types of 

cancer cells (Kim et al. 2015).    

Moreover, it has been shown that cardamonin exerted potent activity against 

multiple myeloma cells (RPMI 8226, U266 and ARH-77 cells) via the activation of 

caspase-3, which belongs to a larger group of caspases and possesses the ability to 

cause apoptosis; while it also managed to block the pathway of NF-əB which is a 

transcription factor whose signalling pathway regulates cell survival and 

proliferation (Qin et al. 2012). The fact that NF-əB pathway has been found to be 

inhibited by cardamonin was further supplemented by another study  (Pascoal et al. 

2014) which showed that cardamonin caused apoptosis and down-regulated the NF-

əB1 (a member of the NF-əB family) gene in PC-3 prostate cancer cells. STAT3 is 

also a transcriptional factor belonging to a larger group of STAT proteins and was 
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found to be activated in a variety of cancers where it plays a major role in tumour 

initiation, promotion and progression. A study (Wu et al. 2015) found that 

cardamonin induced apoptosis in CD133+ glioblastoma stem cells (GSCs) via 

inhibiting STAT3 signalling pathway and was thus suggested as a potential 

anticancer agent for the treatment of the adult brain tumour disease known as 

glioblastoma multiforme (GBM). A similar result was reported by a more recent 

study in DU145 prostate cancer cells (Zhang et al. 2017) which showed that STAT3 

was found to be negatively regulated by cardamonin, causing a repression in 

proliferation and invasion, and resulting in apoptosis.  

It has been recently shown that cardamonin inhibited cell viability via blocking the 

testes-specific protease 50 (TSP50)-mediated nuclear factor-kappaB signalling 

pathway activation in MDA-MB-231 breast cancer cells . TSP50 is a gene that was 

thought to be specifically expressed in the testes, but it was also found to be 

overexpressed in several types of tumours and could promote cell proliferation, 

invasion, tumorigenesis, and tumour metastasis (Mi et al. 2016).    

The mammalian target of rapamycin (mTOR) is a serine/threonine kinase that is the 

responsible for the regulation of cell metabolism, proliferation and apoptosis. 

Dysregulation of its activity has been linked to cancer. Rapamycin is an mTOR 

inhibitor which leads to apoptosis and anti-proliferative effects on cancer cells, so 

cardamonin was studied to investigate if it can also act as an mTOR inhibitor and 

results have shown that it actually did inhibit mTOR signalling when tested against 

A549 lung cancer cells (Tang et al. 2014). This inhibition of mTOR resulted in the 

inhibition of proliferation and induction of apoptosis in lung cancer cells, moreover, 
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the study further revealed the possibility of direct interaction of cardamonin with 

mTOR. The action of cardamonin on mTOR was further supplemented by another 

study which showed that cardamonin exhibited an anti-metastatic effect when tested 

against the highly metastatic Lewis lung carcinoma (LLC) cells. This study showed 

that proliferation, invasion and migration of LLC cells was inhibited upon treatment 

with cardamonin and this occurred partially via inhibition of the mTOR signalling 

pathway (Niu et al. 2015). There were other studies conducted that further 

demonstrated the effect of cardamonin on mTOR and emphasising its therapeutic 

potential as an mTOR inhibitor (Liao et al. 2010; Zheng et al. 2010; Niu et al. 2013). 

In vivo and animal model studies with regards to cardamonin anticancer effects are 

much more limited than in vitro studies. It was found that cardamonin inhibited 

tumour growth and lung metastasis in C57BL/6 mice (Niu et al. 2015) while 

angiogenesis induced by SKOV3 cells was reduced by cardamonin in a chicken 

embryo allantois membrane model (Xue et al. 2015). Toll-like receptors (TLR) are 

a family of microbial sensors that make part of a hostôs immunity, and it is also 

involved in tissue repair and inflammatory signalling. However, they have been 

found to be highly expressed in cancer cells, and a study (Jia et al. 2015) showed 

that cardamonin could control TLR3 stimulation-induced tumour growth in human 

breast cancer xenografts. Cardamonin was also found to possess an inhibitory effect 

on TSP50 high-expressing tumour growth in vivo in 4T1 tumour-bearing mice (Mi 

et al. 2016). In another study (Shrivastava et al. 2017), murine breast cancer model 

in Balb/c mice was designed to assess the biological activity of cardamonin, and it 
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was found that cardamonin reduced tumour growth volumes at a dose of 5 mg/kg-

treated mice.  

2.4 Pharmacokinetic and ADME Studies on Cardamonin 

The interesting bioactivity demonstrated by cardamonin caused some researchers to 

investigate its pharmacokinetics. A study using human liver microsomes found that 

CYP 1A2 and 2E1 were the P450 isozymes that were involved in the metabolism 

of cardamonin. (He et al. 2009). Another study investigated the pharmacokinetics 

of cardamonin in Sprague Dawley (Jaiswal et al. 2015). The study showed that 

cardamonin reached peak serum concentration after about 2 h of an oral dose, but 

the bioavailability was low for both male (0.6%) and female (4.8%) rats. Moreover, 

the same study showed that cardamoninôs bioavailability and pharmacokinetics 

were affected by gender. A more detailed study was recently performed on the 

pharmacokinetics of cardamonin (Jaiswal et al. 2016), and this study was able to 

provide much further information with regards to the pharamokinetic and ADME 

properties of cardamonin. The study revealed that cardamonin possessed low 

solubility (<10 µM), high permeability (>0.2x10-4 cm/sec) and was found to 

moderately bind to plasma proteins (<50%). When tested in mice, the study showed 

that cardamonin possessed a low oral bioavailability of 18% and it also exhibited 

high clearance, high volume of distribution and short mean residence time. As for 

its excretion, the study found that cardamonin was mostly excreted in faeces and 

negligibly in urine (Jaiswal et al. 2016).    
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2.5 Cardamonin Analogues 

To the best of my knowledge there have been no previous attempts involving the 

production of cardamonin analogues via synthetic means. However, there are very 

few studies that reported the isolation of naturally-occurring cardamonin analogues 

(Figure 2.3) and assessed their bioactivities (Simirgiotis et al. 2008; Kim et al. 

2010; Ko et al. 2011; He et al. 2014; Memon et al. 2014; Yu et al. 2015; Nesello et 

al. 2016; de Oliveira Cabral et al. 2017). The studies on these analogues are very 

limited and this makes them inferior to cardamonin as a well-established bioactive 

compound. In this section, only compounds that were regarded as cardamonin 

analogues by the authors would be discussed, as chalcones in general are analogues 

of each other, but over here, structures that highly resemble cardamonin except for 

minor changes would be considered. 

 

Figure 2.3 Examples of cardamonin analogues 

 

https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57193766449&zone=
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Dimethyl cardamonin (DMC) is a naturally occurring cardamonin analogue that has 

been isolated from Syzygium samarangense (Simirgiotis et al. 2008; Kim et al. 

2010; Ko et al. 2011), Syzygium campanulatum Korth (Memon et al. 2014) and C. 

operculatus (Yu et al. 2015), and has been shown to possess a variety of biological 

activities. It has been shown that DMC possesses cytotoxic activity against SW-480 

colon cancer cells with an IC50 of 10 µM in a 72 h MTT assay (Simirgiotis et al. 

2008), moreover, it also showed potent anti-inflammatory activity in vitro and in 

vivo which was exerted via the blockage of NF-əB activity (Kim et al. 2010). This 

anti-inflammatory effect of DMC was further confirmed by another study (Yu et al. 

2015), whereby DMC exerted its anti-inflammatory effects by reducing early and 

late cytokines expressions via interfering with the PI3K-PDK1-PKCŬ signalling 

pathway. In another study (Ko et al. 2011), DMC was tested against HCT116 and 

LOVO human colorectal carcinoma cells, and the results showed that it was able to 

inhibit the proliferation of cancer cells via a G2/M phase cell-cycle delay with an 

IC50 of approximately 18 µM and 28 µM for HCT116 and LOVO cells, respectively; 

these results were obtained from a 72 h CCK8 cell viability assay. The cytotoxic 

activity of DMC was further confirmed by a study (Memon et al. 2014) that showed 

its potent anti-proliferative effect on HT-29 colon cancer cells with an IC50 of 12.6 

µg/ml obtained via a 48 h MTT assay, and it also managed to inhibit the migration 

of HT-29 cells. It was also shown that DMC possessed anti-nociceptive effects 

when tested against two mice models (Nesello et al. 2016). Finally, it has been 

recently reported for the first time that DMC possessed gastroprotective potential 

(de Oliveira Cabral et al. 2017).    

https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57193766449&zone=
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4,4ǋ-dihydroxylchalcone (DHC) and 4,4ǋ-dihydroxy-2ǋ-methoxychalcone (DHMC) 

have been identified as cardamonin analogues isolated from Cichorium intybus and 

Dracaena cochinchinensis, respectively (He et al. 2014). The analogues were 

investigated using a 48 h MTT assay and were found to exert potent cytotoxic 

activity against A549, NCI-H1299, NCI-H460, NCI-H1688 and NCI-H446 lung 

cancer cells with IC50 values in the range of 0.126ï0.883 ɛM for DHC and 0.202ï

0.911 ɛM for DHMC. The mechanism of action involved the inhibition of NF-əB 

signalling pathway.    
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3 Results and Discussion 

3.1 Chemistry 

3.1.1 Synthesis 

The analogues of cardamonin were synthesised according to Scheme 3.1. It can be 

clearly seen that one-step reactions were employed for synthesising the analogues, 

which proved to be economical as less reagents were used, and it also resulted in 

more product yields. Initially, the phenolic groups of cardamonin were targeted for 

modification by alkylation and acylation reactions. Alkylation proceeded by 

refluxing cardamonin with an alkyl halide and K2CO3 in acetone, while acylation 

generally involved refluxing cardamonin with an acyl halide/acetic anhydride in 

DCM. DMAP was added as a catalyst in some of the acylation reactions.  In some 

cases, these alkylation/acylation reactions resulted in a mixture of mono- and di-

substituted products, but only the products that showed adequate yields were 

considered. It is crucial to note that in cases where mono-substitution primarily 

occurred such as in 2 and 6, 4ô-OH was always the one substituted, and it seems that 

the intramolecular hydrogen bonding between 2ô-OH and the carbonyl oxygen 

made it more difficult to substitute as opposed to 4ô-OH.   

Importance of the alkene group for bioactivity was investigated by reducing it, and 

this was performed by the synthesis of dihydrochalcone 7 and flavanone 17. The 

reduction of cardamonin via NaBH4 in order to produce 7 resulted in a mixture of 

products that proved difficult to separate, and according to the productôs 1H-NMR 

spectrum, it seemed that the product mixture consisted of a dihydrochalcone, 
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tetrahydrochalcone and allylic alcohol. Therefore, selective reduction of 

cardamoninôs alkene group via the NiCl2/NaBH4 system at 0 oC was considered and 

that produced 7 but in low yield. As for 17, it was produced by refluxing cardamonin 

with concentrated HCl in methanol for 72 h.    

Cardamoninôs ketone group was modified by Schiff base formation and cyclisation 

reactions. Schiff bases were formed by reacting cardamonin with primary amine 

hydrochlorides, therefore pyridine was initially added to the reactants to scavenge 

HCl and produce free primary amines. However, some amines, such as 

methylamine and ethylamine, did not react with cardamonin. S-benzyl 

dithiocarbazate (SBDTC) was also reacted with cardamonin. SBDTC (Figure 3.1) 

is a bioactive amine that is often used to form highly active Schiff bases (Break et 

al. 2013). It was synthesised as previously reported (Break et al. 2013) and was 

considered due to its well-known bioactivity, so it was thought that it would enhance 

cardamoninôs activity. Cyclic rings were produced by reacting cardamonin with 

NH2NH2·H2O and NH2OH to yield pyrazoline 11 and isoxazoline 12, respectively. 

Furthermore, pyrimidine rings were also produced by reacting cardamonin with 

urea and thiourea in the presence of NaOH to synthesise 13 and 14, respectively.  

 

Figure 3.1 Structure of SBDTC 
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Synthesis of flavanone 17 encouraged us to synthesise the flavone analogue of 

cardamonin by reacting the chalcone with I2-DMSO, in order to compare and further 

investigate the importance of the alkene group. Surprisingly, no flavone was 

obtained, rather nuclear halogenation occurred at ring A resulting in 15. The case 

was similar when bromine was initially reacted with cardamonin in chloroform with 

the intention of halogenating the alkene group, but nuclear bromination at ring A 

occurred instead, resulting in 16. Flavone synthesis was attempted again using FeCl3 

(Hemanth and Perumal 2007) but was still unsuccessful. It has been deduced from 

these incidents that a method excluding the use of halogens might finally result in 

successfully synthesising the flavone, as alkene halogenation seems to fail with 

cardamonin and this step is vital in flavone synthesis. Therefore, a previously 

reported method that used oxalic acid for flavone synthesis (Zambare et al. 2009) 

was considered but the attempt failed, and interestingly another study also reported 

the failure of this method (Ndoile and Heerden 2013) which might raise some 

concerns about the methodôs efficiency. It seems that substituents at ring A affected 

the side-chain halogenation of cardamonin. This assumption is strengthened by the 

fact that the intended dibromo and flavone derivatives have been obtained in 

previous studies with no reported complications when there were no 6ô-OCH3 or 4ô-

OH (Dinesha et al. 2015; Song et al. 1999). However, the unexpected bromination 

and iodination of ring A encouraged us to perform chlorination and that was 

attempted using N-chlorosuccininimide but the reaction resulted in a mixture of 

products that proved challenging to separate, as deduced from the NMR spectrum. 

Moreover, further attempts at purification would have resulted in very low yields of 
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the pure compounds, and such amounts would not allow further characterisation and 

bioassays to be performed. Synthesis of flavonol 18 proceeded smoothly and 

involved reacting caradmonin with 30% H2O2 and NaOH.  

Cu (II) complex of cardamonin (19) required the addition of a base as no reaction 

occurred without it, this suggested that deprotonation of 2ô-OH was crucial for 

complexation in this case. Imidazole was initially used as a mild base and this 

produced 19 in low yields, so NaOH was used instead resulting in a much higher 

yield. Imidazole was initially used as a base instead of NaOH in order to prevent 

the potential conversion of some of the copper acetate to CuO which would 

contaminate the desired metal complex (19). It is crucial to note that coordinating 

cardamonin to other metal ions, such as Fe2+, Co2+ and Ni2+ via reacting cardamonin 

with FeCl2, CoCl2 and NiCl2 in ethanol, was not successful.   
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Scheme 3.1 Semi-synthesis of cardamonin analogues. Reagents and conditions: (a) 

K2CO3, alkyl halide, acetone, reflux; (b) pyridine, DMAP, acyl halide/acetic 

anhydride, DCM, reflux; (c) NiCl2, NaBH4, methanol, ice-bath; (d) HCl, primary 

amine, methanol, reflux; (e) NH2NH2·H2O/ NH2OH, methanol, reflux; (f) 

urea/thiourea, NaOH, 80% ethanol, reflux; (g) I2, DMSO, reflux for (15)/Br2, 

CHCl3, reflux for (16); (h) HCl, methanol, reflux; (i) 30% H2O2, NaOH, methanol, 

rt; (j) Cu(OAc)2, 0.18% NaOH, methanol, reflux 
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3.1.2 Structure and Characterisation 

¶ IR Spectral Analysis 

The IR spectra of the compounds have provided valuable structural information 

which aided in confirming the identity of the synthetic compounds. The IR spectra 

have been placed in the Appendix section and the most crucial peaks were labelled 

for each compound. 

Firstly, it is crucial to note that generally the peak at around 3400 cm-1 can be 

attributed to 4ô-OH of the structure or it could be due to residual water from 

surrounding moisture, but NMR studies further confirmed whether 4ô-OH was 

present or not. 

The IR spectrum for cardamonin (Figure 8.19) is the most crucial one as the spectra 

for the analogues are similar to it with slight differences. Cardamoninôs spectrum 

showed two broad peaks at 3448 cm-1 and 3170 cm-1, and these have been attributed 

to 4ô-OH and 2ô-OH groups of the structure, respectively. The lower absorption 

frequency observed for 2ô-OH was suggested to be due to lengthening of the (O-H) 

bond as a result of the intramolecular hydrogen-bonding interaction between the 2ô-

OH and adjacent carbonyl group (Figure 3.2). 

 

Figure 3.2 Intramolecular hydrogen bonding in cardamonin    
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The peak at 1630 cm-1 was assigned to (C=O) group of the structure and this 

relatively low absorption frequency value for a carbonyl group is due to the presence 

of an Ŭ,ɓ-unsaturated carbonyl system possessing conjugated double bonds. The 

conjugated system present in the structure results in lengthening of the (C=O) due 

to resonance causing it to possess a more single-bond character which results in 

lower absorption frequencies. The peaks at 1609 cm-1 and 1475 cm-1 were attributed 

to (C=C) of the aromatic rings, while the peak at 2926 cm-1 was assigned to the (C-

H) groups of the molecule. The peaks at 1114 cm-1 and 1225 cm-1 indicated the 

presence of (C-O) groups with the former being assigned to the methoxy group and 

the latter attributed to the phenolic (C-O) of the structure. 

IR analysis of cardamoninôs acylated/alkylated analogues (1-6) (Figure 8.20 - 

Figure 8.25) aided in confirming their formation. The disappearance of the peak at 

around 3170 cm-1, assigned to 2ô-OH, indicated that substitution has occurred at 2ô-

OH, however, confirming substitution at 4ô-OH using IR spectra was not possible 

due to interference from the residual moisture peak. However, further NMR analysis 

showed that substitution only occurred at 4ô-OH for compounds 2 and 6, but the IR 

spectrum of 2 (Figure 8.21) and 6 (Figure 8.25) still showed no peak for 2ô-OH. 

This might have been due to the wide residual moisture peak at around 3400 cm-1 

which obscured the 2ô-OH peak.   The IR spectra of the acylated compounds 

(Figure 8.23 - Figure 8.25)  showed a further characteristic peak at around 1690-

1776 cm-1 corresponding to an ester (C=O) which proves that the desired compound 

has been successfully obtained. It is crucial to mention that the IR spectrum of 3 

(Figure 8.22) showed a set of overlapping peaks between 2700 cm-1 ï 3200 cm-1 
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that were not found in the spectra of the other compounds. These extra overlapping 

peaks have been attributed to the aromatic and alkyl (C-H) stretches of the benzyl 

groups, and this actually further proves the successful O-benzylation of cardamonin.  

The IR spectra of Schiff bases 8, 9 and 10 (Figure 8.27 - Figure 8.29) showed a 

peak at around 1632 cm-1 and this has been assigned to the imine (C=N) group of 

the structures. Moreover, it was still possible to observe the 2ô-OH peak at around 

3200 cm-1 as a result of the intramolecular hydrogen bonding between 2ô-OH and 

the nitrogen of the imine group leading to (OH) bond lengthening. It is interesting 

to note that 2ô-OH peaks of the Schiff bases were found to be at higher absorption 

frequencies than that of cardamonin, and that might have been due to the weaker 

(N---H) hydrogen bond present in the Schiff bases relative to the stronger (O---H) 

hydrogen bond of cardamonin. This weaker hydrogen bond in Schiff bases is 

suggested to be due to the lower electronegativity of nitrogen compared to that of 

oxygen, resulting in lesser bond lengthening. This observation further proves the 

successful replacement of the carbonyl group with an imine group indicating that 

the desired Schiff bases have been successfully obtained. However, it is crucial to 

note that in some cases the 2ô-OH peak was clearly visible such as in the spectrum 

of 8 (Figure 8.27), while in the spectrum of 9 (Figure 8.28) the peak was barely 

visible. This happens due to the peak at 3400 cm-1 which is affected by residual 

moisture from the atmosphere, so if moisture content was high in the compound, 

then that would result in an intense wide peak that would overlap with the 2ô-OH 

peak. Moreover, the slight differences in the absorption frequencies of the 2ô-OH 

peak for compounds 8 and 9, might mean that in some cases the 2ô-OH peak is 
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nearer to the peak at 3400 cm-1 resulting in higher chances of overlap. The spectrum 

of 10 (Figure 8.29) was very different from the spectra of the other Schiff bases due 

to the SBDTC moiety present in the structure. The spectrum showed the typical 

imine peak at 1627 cm-1 in addition to a peak at 1487 cm-1 that has been assigned to 

aromatic (C=C)  of the structure. The spectrum also showed peaks that were specific 

to the SBDTC moiety of the structure, such as the thione (C=S) peak at 950 cm-1 , 

the (N-N) peak at 1042 cm-1 and the (NH) peak at 3173 cm-1. There was also the 

peak for 2ô-OH from the structureôs cardamonin moiety at 3213 cm-1, however this 

peak overlapped with the adjacent (NH) peak and was challenging to detect.    

The IR spectra for pyrazoline 11 (Figure 8.30) and isoxazoline 12 (Figure 8.31) 

showed characteristic peaks for (C=N) at 1618 cm-1 and 1610 cm-1, respectively. 

This drop in the absorption frequency of (C=N), relative to that of imines in general, 

has been attributed to the lone pair of electrons present on the secondary amine 

nitrogen of 11 and oxygen of 12 (Ioffe 1968). This causes lengthening of the (C=N) 

bond through resonance, thus giving it a more single-bond character. Moreover, the 

spectra for 13 (Figure 8.32) and 14 (Figure 8.33) show peaks at 1661 cm-1 which 

was attributed to (C=N) of the pyrimidine ring, while the peaks at around 3222 cm-

1 and 1601 cm-1 have been assigned to (N-H) stretch and bend, respectively. 

Compounds 13 and 14 exist as tautomers, and their IR spectral data along with their 

NMR data enable the identification of the tautomeric state each of these molecules 

exist in, but that would be discussed later after discussing their NMR spectral data. 

The IR spectrum of flavanone 17 (Figure 8.36) shows a peak at 1657 cm-1, and this 

has been attributed to the carbonyl group of the structure, while this higher 
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absorption value relative to that of cardamonin shows that the carbonyl group is no 

longer conjugated which indicates the disappearance of the adjacent double bond. 

Moreover, there is an absence of a peak for 2ô-OH which is thought to be a result of 

its conversion into an ether. These characteristic peaks found in the IR spectrum of 

the flavanone prove the formation of the intended compound. The case was similar 

for 18 whereby the IR spectrum (Figure 8.37) is very similar to that of cardamonin 

except that there is no peak for 2ô-OH which indicates that cyclisation might have 

occurred. 

The IR spectrum of 19 (Figure 3.3 and Figure 8.38) showed a peak at around 1598 

cm-1 assigned to (C=O) and this negative shift in the absorption frequency relative 

to that of cardamonin suggested coordination of the carbonyl oxygen with the metal 

ion. This negative shift is thought to be due to enhancement of the mesomeric effect 

upon complexation which results in lengthening of (C=O). Moreover, the peak 

assigned for 2ô-OH at 3173 cm-1 has disappeared from the spectrum of 19 which 

indicates that the phenolic group has coordinated with the metal ion in its 

deprotonated form. This was further confirmed by the appearance of a peak at 1230 

cm-1 which was assigned to the phenolic (C-O) of 19, and this positive shift in the 

absorption frequency relative to that of cardamonin further indicated the 

coordination of the phenolic oxygen of deprotonated 2ô-OH to the metal ion.  
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Figure 3.3 Overlaid IR spectra of cardamonin and 19  
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Finally, it is crucial to mention that it was not possible to fully deduce the structures 

of 7, 15 and 16 via IR spectroscopy. This was due to the fact that these analogues 

possessed IR spectra that were too similar to that of cardamonin and characteristic 

peaks proved difficult to identify. Therefore, it was decided that further analysis via 

NMR spectroscopy would be needed to confirm the analoguesô structures. 

However, it was possible to observe the appearance of an extra peak in the IR 

spectrum of 15 (Figure 8.34) and 16 (Figure 8.35) at the fingerprint region. The 

peak at 847 cm-1 in the spectrum of 15 was attributed to the newly formed (C-I), 

while the peak at 498 cm-1 in the spectrum of 16 was attributed to the newly formed 

(C-Br). This could indicate the successful halogenation of the compounds, but 

further analysis via NMR spectroscopy is required to confirm these structural 

findings.  
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¶ NMR Spectral Analysis 

Cardamonin 

Discussion of cardamoninôs NMR spectrum is highly crucial as the spectra of the 

other derivatives are very similar to it with the exception of some extra peaks 

corresponding to the groups that were added. Therefore, a thorough discussion 

would be provided for cardamoninôs NMR spectrum while only new peaks 

corresponding to newly added groups would be discussed for the analogues. 

 

Figure 3.4 NMR spectrum of cardamonin 

The singlet peak at 3.96 ppm corresponded to the methyl protons of the methoxy 

group (7ô) and this relatively high absorption is a result of deshielding effect on the 

methyl protons by the adjacent electronegative oxygen atom. H-3ô and H-5ô of ring 
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7ô 

H-7, H-8 

2ô-OH 4ô-OH 

H-3ô, H-5ô 
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A showed a doublet for each due to long range coupling interactions with each other 

and they showed lower absorption values than those of aromatic protons in general 

at 6.03 ppm and 5.98 ppm, respectively; this upfield absorbance might be due to the 

shielding effect provided by the adjacent methoxy and hydroxyl groups which 

directed electrons to the ortho and para positons of the ring. Methine protons H-7 

and H-8 have been assigned the peaks 7.89 ppm and 7.82 ppm, respectively, and 

the higher absorption peak of the former is due to deshielding by resonance effect 

which also results in further shielding of H-8. Figure 3.5 illustrates the resonance 

effect phenomenon. 

 

Figure 3.5 Resonance effect of cardamonin     

It is important to note that the coupling constant (J) for the doublets of H-7 and H-

8 is almost 16 Hz which is large and has been suggested to indicate the existence of 

the chalcone as a trans isomer (Tran et al. 2012). This is usually characteristic to 

chalcones and can be used as a proof for their formation. 

Finally, the singlet peak at 14.16 ppm has been attributed to 2ô-OH as this relatively 

high absorption for a hydroxyl proton is a result of further deshielding of the proton 

due to intramolecular hydrogen bonding between it and the adjacent carbonyl 

oxygen. This hydrogen bond meant that the electronegative carbonyl oxygen would 

further deshield the hydroxyl proton resulting in a further downfield shift. 
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Compound  1 

 

Figure 3.6 NMR spectrum of 1 

The characteristic singlet at 6.31 ppm in the spectrum of 1 belonging to aromatic 

protons H-3ô and H-5ô prove that the substitution reaction was successful and the 

intended di-alkylated compound has been obtained. This is due to the fact that these 

protons can only be equivalent if the hydroxyl groups of the parent compound 

cardamonin were successfully methylated as that would result in a 2ô,4ô,6ô-

7ô 
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9ô 

8ô 

RING B 

8ô 
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H-3ô/5ô 

H-7 H-8 
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trimethoxy ring and that makes H-3ô and H-5ô chemically equivalent. Furthermore, 

it is crucial to note that these protons are shielded by the resonance effect of the 

electron-donating methoxy groups causing them to absorb further upfield. Finally 

the 3 singlet peaks at around 3.85 ppm were assigned to methyl protons 7ô, 8ô and 

9ô which further proves the formation of the analogue. 

Compound 2 

 

Figure 3.7 NMR spectrum of 2 

The spectrum of 2 showed the formation of the desired product via the multiplet at 

around 5.98 ppm which was attributed to the methine proton of the allyl group (9ô), 

as this proton experiences couplings with all the surrounding protons resulting in a 
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9ô 

10ô 

11ô 

10ô, 11ô 
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OH 
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complex multiplet which is characteristic to the allyl group. There was also a pair 

of doublet of doublets, belonging to protons of the methylene group (10ô, 11ô) in 

the allyl fragment at around 5.26 ppm and 5.35 ppm due to geminal and vicinal 

couplings with the neighbouring protons. Finally, the presence of a doublet for 

protons of the methylene bridge of the allyl group (8ô) at 4.50 ppm indicated the 

successful allylation of cardamonin. However, the presence of a peak at 14.19 ppm 

assigned to 2ô-OH indicated that allylation occurred only at 4ô-OH. 
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Compound 3 

 

Figure 3.8 NMR spectrum of 3 

The spectrum for compound 3 showed a relatively large number of overlapping 

peaks in the range between 7 and 8 ppm, and this indicates the presence of a large 

number of aromatic protons which proves that cardamonin has been successfully 

benzylated. Moreover, the peaks around 5 ppm attributed to the methylene protons 
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of the benzyl group (8ô and 9ô) further confirm the formation of the intended 

product, and this relatively higher chemical shift is due to the high electronegativity 

of the adjacent oxygen which enhanced the deshielding effect. It was difficult to 

assign each peak to its corresponding aromatic proton due to the extensive 

overlapping of peaks resulting from the 4 benzene rings present in the structure. 

Compound 4 

 

Figure 3.9 NMR spectrum of 4 

The spectrum for 4 has characteristic singlet peaks corresponding to methyl protons 

of the acetyl groups (9ô and 8ô) at 2.11 ppm and 2.28 ppm which confirms the 

successful di-acetylation of cardamonin.  
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Compound 5 

 

Figure 3.10 NMR spectrum of 5 

The spectrum has proven the formation of the 4-fluorobenzoylated analogue of 

cardamonin by peaks characteristic to the 4-fluorobenzoyl moiety along with peaks 

belonging to the cardamonin moiety. The triplet and doublet of doublet peaks at 

around 7.10 ppm and 8.10 ppm have been assigned to meta (9ô, 11ô) and ortho (8ô, 

10ô) protons of the 4-fluorobenzene ring, respectively, and these splitting patterns 

have been a result of coupling of the protons with each other in addition to the 

neighbouring fluorine atom, as fluorine has a nuclear spin similar to hydrogen, thus 

it can couple with the adjacent protons. Moreover, the presence of these splitting 
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patterns as duplicates in addition to the disappearance of a peak at 14 ppm for 2ô-

OH, indicate that disubstitution of cardamonin has taken place resulting in two 4-

fluorobenzoyl moieties that are magnetically non-equivalent.    

Compound 6 

 

Figure 3.11 NMR spectrum of 6 

The spectrum of the benzoylated compound shows a higher number of peaks around 

7-8 ppm relative to that of cardamonin due to contribution from the benzoyl group 

protons. Furthermore, the peak at 13.56 ppm corresponding to 2ô-OH shows that 

benzoylation occurred at the para position of ring A only.  
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Compound 7 

 

Figure 3.12 NMR spectrum of 7 

The NMR spectrum of compound 7 shows that reduction of cardamonin via the 

NaBH4/ Ni2+ system resulted in a dihydrochalcone whereby the alkene group of the 

chalcone was selectively reduced. This is evident from the appearance of a pair of 

triplets at 2.99 ppm and 3.32 ppm corresponding to the methylene protons 7 and 8 

respectively, which shows that the alkene group has been converted. Moreover, the 

disappearance of a pair of doublets with large coupling constants at around 7.70 

ppm corresponding to methine protons H-7 and H-8 further confirms the reduction 

of the alkene group. This structure assignment was further strengthened and 

complemented by data obtained from the IR spectrum which showed a peak 

corresponding to the ketone group, thus confirming that the ketone group was 

unaffected by the reduction reaction and the product is a dihydrochalcone.   
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Compound 8 

 

Figure 3.13 NMR spectrum of 8 
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Compound 9 

 

Figure 3.14 NMR spectrum of 9 
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