THE UNIVERSITY OF NOTTINGHAM

SEMI-SYNTHESIS OF NOVEL
CARDAMONIN ANALOGUES AND
IDENTIFICATION OF A HIGHLY ACTIVE
Cu(ll) -CARDAMONIN COMPLEX THAT
INHIBITS MIGRATION AND INDUCES
APOPTOSISVIA INHIBITION OF MTOR
EXPRESSION

Mohammed Khaled Ali Bin BreaklMSc
(Chemistry)

Thesis submitted to The University of Nottingham for the degree of
Doctor of Philosophy

JULY 2018



Abstract

Lung canceris considered a major health concern and is responfiblenost
cancerrelated deathdNasopharyngeal carcinoma (NPi€)another type of cancer
that is predominantly in China and has a favival rate, which makes it a serious
health issueThere is currently no cure for lung cancer and N&Lit was decided

to investigataderivatives othe highly bioactive natural product, cardamonin, for a
potential drug candidatd9 aralogues of cammonin were synthesd and tested
against A549(lung) and HK1 (NPC) cell lines. The techniques employed in
synthesigsg the analoguesvere onestep reactionswhich included alkylation,
acylation, reduction, condensation, cydison andcomplexation ractions The
analogues were fully charactests MTS assay showed that several derivatives
such aghe allyl derivative of cardamonif2) andc ar damoni nés Cu (| |
(19), had more poterntytotoxic activitiesthan cardamonin. Furthermore, the active
analogues have generally demonstré@ger toxicity towards normaVRC5 cells.
Structureactivity relationship (8R) analysis showed the importance of the ketone
and alkene groups for bioactivity, while substitgtin c ar damoni nds phen
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 possiblsticcessfully obtain

the Cu(ll) complex of cardamoni(iL9), and the metal ioanhancedbioactivity. 19

was the most potent analogue possessipgvilues of 13.21M and 0.7 uM against
A549 and HK1 cells,corresponding to a-5and 32fold increase in activity,
respectivelylt was also abléo inhibit the migration of A549 and HK1 cellglode
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of actionstudiesrevealed that9induced DNA damagm both cell linegesulting
in G2/M-phasearrest, which further led to apoptosia the activation of caspase
andcaspas8/7. Moreover gPCRanalysis showed tha® inhibitedthe expression
of the mammalian target of rapamycin (mTQAR) >50%in A549 and HK1 cells
which indicated thait exerted its anticancer activity, at least in paid,inhibition

of the mTOR signalling pathwago molecular docking of cardamonin a8 to
MTOR was performed and tsaudy showed that the highactivity of 19 might be
due to formation of further hydrogen bond naietions with the receptor resulting
in a higrer binding free energy 0f9.8 kcal/mol Therefore, all these assays have
further proven the high bioactivity @®. However, furthein vivoand animal radel
studieswould have to be conducted in order to confirm the potentidBafs an

anticancer agent.
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1 Introduction

Cancer is considered to be a major health aoneed 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 neancercases would increase by 70%
over the next two decades. Lung cancer is responsible for most-calated deaths
globally with more thanl.3 million deathsyearly, while the number of deaths is
continuously rising in the Far East in countries such asaCHWinother 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 proUR&n.

iIs more specifically prevalent in Southern China and Southeasterwiisia peak
incidence rate of 56ases per 100,000 people per y#as also common amongst

the Inuits of Alaska and people in North Africéhere is currently no cure for any

of these two types of cancer and the drugs approved for treatment are usually
accompared with undesired side effects such as vomiting, hair loss, diarrhoea and
weakness in the body.h&refore there is a need for further research aimed at
developing more effective anticancer compoundei(and Sham 20032astorino

2010; Cancer Resech UK 2014;Cancer Research UK 201&Yorld Health

Organization 207, Wanget 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 theibiologically active and diverse chemotyptsat enable the

discovery of novel drugsn the field of cancer, natural products or their derivatives
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still make a large percentage of the approved dr@jslcones are naturally
occurrig compounds that are characterids by t he pr-msaeratede o f
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 antitumouantioxidant, antimitotic and anticancer activities

(Albuquerqueet al.2014 Newman and Cragg 20;lRodriguest al 2016.

Cardamonin is a chalcone that has been extracted from several plants including
Alpinia rafflesianaand was proven to possess cgkit properties against a wide
variety of cacer cells while its mode of action has been studied extensively
(GoncalvesValenteandRodrigue2014 Lu et al. 2018;Shiet al. 2018. However,

there have been no studies performed on -sgmtheic analogues of cardamonin

with anticancer properties nor were there any detailed investigations on the
structureactivity relationship of cardamonin specifically. Therefore, it has been
decided to investigate the anticancer potential of cardamonin andaitsgaes
against lungcancer cells (A549and NPC cells (HK1) with the aim of producing

novel and potent compounds.

In this chapter, the objectivamtionaleand 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 wilhtbeducedn this chapterThis
will include a brief introduction orung cancer, nasopharyngeal cancerand
chalcones Introducing thes basic concepts will ensure that essential information

have beencoveredbeforegoing into the main research study.
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1 Summary of ResearchProblem and Hypothesis:

- Research Problem:Lung cancer antiPCare responsible for the deaths of
many peoplevorldwideand there is currently no cure for any of these types
of cancerTherefore, it has been decided to investigaénatural product,
cradamonin, to search for a potential et for these types of cancer.

- Hypothesis:Cardamonin has been provrpossess high cytotoxic activity
across &ariety ofcancer cellines. Therefore, it has been hypothesised that
it would be an appropriate starting material for the production of compounds
or analoguesvith higher cytotoxic activityThe analogues wengroduced
via semisynthesisand testd for their anticancer potential againdb49
(lung) and HK1 (NPC) cancer cell lines.

1 Objectivesand Rationale of the Study:

1) Semtsynthesis 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 Thehgfore,
it was decided tanvestigate cardamonion these cancer typekie to its
high bioactivity as has been also mentioned earlier. However, in this study,
it was intended to opt i mvisssythesiasilgd a mo n i
a variety of analogues and testing them against A549 and HK1 cells.

A549 cells were useds a disease modelr 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 assmaall cell lung cancer
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(NSCLC), and this subtype is responsible for theamiyj of lung cancer
cases Therefore,another reason foA549 cellsbeing a suitabledisease
model for lung cancewasbecause this cell type reflects the majority of lung
cancer cases whi ch wi | | i ncrease the rele
(Koparal an Zeytinoglu 2003Shenet al 2009 Li et al. 2011)

HK1 cells were used as a disease model for NPQas been often
challenging to establish NPC cell lines due to the small size of the biopsy
and because it igfiltrated with lymphoid cells andonnective tissue
Therefore, this resulted in a very limited humbeawaéilablecell 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 lin€Bhis authentication issue resulted

in several cell lines being falsely identified as NPC cell lines, suCliNgs

1, CNE-2, AdAH, NPCGKT and HONE1 which were found to be
contaminated with HeLa cellslowever, HK1 has been authenticated and is
regarded as a valid disease model for N#P@ this is the main reason for
choosing it for studies concerning NFCheunget al. 1999 Chanet al

2008 Stronget al 2014 Wasilet al. 2015.

Testing the toxicity of the active analogues towards normallRC -5 cells

Most marketed anticancer drugs cause severeetidetsand this has been

a major issue when developitigesedrugs. Therefore, one of the main aims

of this studyis to ensure that the active cardamonin analogues would have

higher selectivity towards cancer celisd less effect omormal cells.
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4)

Human normal lung fibroblast cells (MR®&) were chosen to represent
healthy cells of the body and analogues would have to be tested against it.
MRC-5 has beemften used across the field of cancer research to assess
compoundsd toxicities, even when the
than tke lungs, such asvariancancer cells, MR& wasstill used to assess

t he ¢ o mp o u nrdfacts MRGSH gellsoveré ysed even outside the

field of cancer, such dm developing antiviralend antiprotozoals in order

to assess t he cOnemptioeumainireadondfa osinkMRC i e s
5 cells for toxicity studies is becautteey aresensitive to the toxicity of
exogenous chemical3herefore, for these reasgnswas decided to use
MRC5 cells to test for the mlgguest oXx i C |
towards normal cell$or this study(Shigetaet al 2002;Vik et al 2009
Damidoet al. 2014;Lu et al. 2015)

Conduct the first ever Sructure -Activity Relationship (SAR) study on
cardamonin and it analogues

There have been no SAR studiesaamdamonin 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.

Investigate the mode of action of thenost active analoguge especially

t he an affeotgnMamnsalian Target of Rapamycin (mTOR)

One of the main aims of this stuthto further study the cytotoxic mode of

action of the most active analogue with more focus on its effetheon
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MTOR MmTOR is a 289 kDaserine/threonine kinassnd a major regulator

of cell growth and proliferationit functions in two complexesnTORC1
andmTORQ, andtogetherthese complexes play a major role in regulating

several cellular processes such as protein systhesiicycle, autophagy

and lipid synthesis. However, it has been found that midbnormally

activated in several types of cancer and inhibiting its activity has been a
known strategy in cancer treatme@ne of tte inhibitors of mTORactivity

is cardamonin. Several studies have shown that cardamonin exerts its
cytotoxic activityvia inhibiting the mTOR pathwayso it was suggested that

the most active analogue in this study wouldaata similar mechanism.

This was the main reason rfaeciding to investigate the effect of
cardamoninds most a(Ekmawv WynesramsdlHosghu e o n
2012; Tanget al.2014; Nuiet al.2015; Xueet al.2015)

Performinsiicost udi es on cardamoni nds most
This study also aimstper f orm computati onal stud
most active analogue for a better understanding of the way the compound
would interact with its potential receptor (mTOR)is could provide a

possible explanation for the observed bioactivity of the analogue.
Furthermore, t h e study ai ms t o predict
pharmacokinetigavhich is concerned with how a compound gets processed

in the body.
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1.1Lung Cancer

Lung cancer is a type of cancer that involves the uncontrolled growth of abnormal
cells in oneor 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 cellgprior to the disease, wherePWA of the lung cells causes them to
grow faser 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 thesurvival and growth until a tumour forms which can be easily

observed on imaging tests.

Moreover, lung cancer cells might spreate{astasie) from the original tumour to

other parts of the body and this phenomenon is responsible for makinganoer

a life-threatening disease as this process can occur at an early stage even before the
cancer can be detecteth any imaging tests such as chi¥sray. One of the main

ways by which lung cancer cells spread is through the lymphatic sylstehs
case,cancer cells tend to enter the lymphatic vessels and grow in lymph nodes in
addition to themediastinumOnce these cells have reached the lympties 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, nam8&yall-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 16%% of lung cancerand has been catleas

such due to the size o&incer cells as observed through the microsdojpevery
different from other lung cancertypdst usual ly starts arounc
the bronchi but later tends to spread throughout the b8@y.C is the most
aggressive of lungancer subtypes and is characterised by high response rates to
chemotherapy in addition to having higher charafesetastasis|t is responsible

for the death of around 250,000 people yediynoking has been the major cause
for developing SCLGvhereby almost all patients with SCLC are current or former
heavy smokersThere have not been significant therapeuticaades with regards

to SCLC in the past 30 years mainly due to pharmaceutical disintereshas
proven to be a graveyard for drug developm@mherican Cancer Society 2015

Gazdar, Bunn and Minna 201@ronskyet al. 2017.

NSCLC makes up the majorityf lung cancers with a proportion of 8596% and

they consist of 3 types, but these types are not similar in size, chemicaumake
shape; they were placed under the same group due to their similarities when it comes
to the approach to treatment and girosis. The types are as folloysmerican

Cancer Society 201%jerbst,Morgenszterrand Boshoff 2018

1 Squamous cell carcinomahis 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 for20% of all

lung cancers and has been often linked to smoking

AdenocarcinomaThis 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 norsmokers. Adenocarcinams mostly found in the outer part

of lungs and its relatively slower growth progress enables its discovery
before spreading outside the lunghis is the most common type of cancer

in nonsmokers.

Large cell (undifferentiated) carcinomahis type of cacer can occur in

any part of the lung and usually accounts for 1IB% 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 ihdes passive smoking, while air pollution can also

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

lung cancer might increase if a person wéscted withhuman immunodeficiency

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

or had a family history of lung cancéNational Cancer Institute 2014
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One of the main reasons fibeatment 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 sfhgee are

several ways by which lung cancer can be diagnosed and one of the first detecting
methods that are usually used are cheshytests in order to ensure that nothing
abnormal is present in the lungs. Further methods inaodguted tomography

(CT) scan which involves taking severalr®y images to obtain more detailed
information regardig the structure of the tumours.okkover, anothetesting

method known asMagnetic resonance imagingMRI) detects tumours via
radiowaves and strong magnets eatthan Xrays. The doctors may also study
sampl es of a per sonapinteexhestinordeoto checkfgr f | u i
the presence of any cancer cells, and such method of diagnosis might also include
obtaining samples of suspicious matter witthia lungs for examinatiorP@storino

2010;National Cancer Institute 2014

Almost 40% of diagnosed lung cancer cases are stagad\treatment is more
concentrated on increasing survival time and reducing effects of the disease
Treatment of lung cancelepends on the type of cancer, however, both SCLC and
NSCLC can be treatediia surgery, radiation therapynd chemotherapy.
Chemotherapy involves the administration of drugs into the body to treat cancer and
some of the currently approved drugstf@atment of both types of cancers ud#
etoposide and methotrexatehile paclitaxel, cisplatin, carboplatin and docetaxel
are used to for treating specifically NSCLE the case of NSCLC, it may be treated

using a combination of a platinum (cisplatincarboplatin) andnother drug such
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as paclitaxel and docetaxelowever, these therapies are usually accompanied with
some sideeffects. Radiation therapy couldamage thenearby healthy cells
resulting in sideeffects such as fatigue, cough and shadred breathSideeffects
resulting from surgery are not expected to be-thif@atening and these could
include bleeding and pais for chemotherapy, sideffects could be severe and
include vomiting, fatigue, hair loss, diarrhoea, kidney and bladd@blpms
(National Cancer Institute 201Zappa and Mousa 2018merican Cancer Society

2018.

1.2Nasopharyngeal Cancer

Nasopharyngeal cancer is a type of cancer that usually starts in the squamous cells
of theepithelial lining of thenasopharynx and is considered to be a type of head and
neck cancer. The nasopharynx is the upper plathe throat behind the nose.
Nasopharyngeal cancer starts initially as abnormal cells existing in the lining of the
nasopharynx and these cells caefdatevelop 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 suchhascranial 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 malignartt) tine 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 nasopharynXi&C. In fact NPChas the highest
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invasiveandmetastais potentialrelative to the other types of head and neck cancers
whereby 15%30% of casesdevelop distant metastasis(Wei and Sham 2005;

National Cancer Institute 2014; American Cancer Society ; A¥Hnget 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, mging in the ear and headach&sactors that increase the risk of
developing NPC include having Asiamcestry, 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 Mbtsitron emission tomography
(PET) and CT scan. Moreover, a blood test can be performed in order to check for
antibodies to thdEpsteinBarr virusas 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 currentlyo cure for NPC anddvancements in the treatment of NPC have

not resulted in an improvement in they&ar survival rate of 349%2% over the
decades. Treatment options for NPC diude radiotherapy, surgery or
chemotherapy. Radiotherapy involves directing a beam of high energy radiation
towards cancer cells in ordéy stop their growth. It may be external, whereby
radiation is applied to the cancer cells from outside the body or ld covolve

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 cancsy, Final
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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 higbse radiotherapy is
considered one ahe most effective treatments. This is becaN&&C is highly
sensitive to radiotherapy. Moreov&PC usually occurs at anatomical site that

is not easily accegse to surgeonsmaking surgicaltreatmentchallenging so
radiotherapy becomes the modgtefive treatmentSideeffects related to treatment
options for NPGare similar to the ones mentioned earlier for lung cancer in section
1.1.3. Howevernadiotherapy in this case could result in further-stfects than the

ones that were mentioned ireticase of lung cancer. Radiotherapy against NPC
could affect the mouth and cause taste changes in addition to resulting in a less
active thyroid glandYanget al 2013;National Cancer Institute 201%anget al

2018.

1.3 Chalcones

1.3.1 Structure andChemistry

Chalcones, also known ds3-diaryl-2-propenl-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
precursorsof flavones. Chalcones are characserd by t he presence
unsaturated ketone with two aromatic rings. The aromatic rings are usually called

A and B while the numbering system for such compounds involves-thmgAeing
number ed f r oethelBiingtismumbeied fromillto @igure 1.1)

(Yadavet al.2011;Albuquerquest 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. ThEHCD of the structure can exist in either the
(E)- or (2)- configurationwith the former being more thermodynamically stable
which explains the reason behind most of the isolated chalcones existiBg as (
isomers. Moeover the O=@CU=Cb can adopt thes-cis or strans conformation

with the former being the mor¢able conformerandthere were also structures of
chalcones possessing different degrees of planarity repofepiré 1.2

(Albugquerqueet al.2014).
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Figure 1.2 Structural conformations of chalcones
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T h e -ubkatlrated moiety of chalcones enables them to act as electrophilic
reactve centres due to the delocali®n of electrons across the O€=C system

and this manages to allow addition reactieiasattacking the carbonyl group thre
b-carbon. Therefore, chalcones can be used as synthons for the synthesis of several
molecules such as pyrazolines, isoxams, pyrimidines, indoles and imidazoles

(Albugquerqueet al.2014).

1.3.2 Formation of Chalcoes

Chalcones can be either produced naturally or syntheticalgeveral methods.
The biosynthetic pathway for the formation of chalcones in plants involves initially
the stepwise addition of-phenylalanine with the simultaneous removal of one
molecule of ammonia to produce tracisnamate which is later converted o
coumarate. Ligation op-coumarate with Co/SH leads to the formation of 4
coumaroyCoA which laterresults in theformation of the flavonoid skeleton
(Yadav et al. 2011). Figure 1.3 Summarses the biosynthetic pathway for the

formation of chalcones.
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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 ClaiserSchmidt condensationreaction. This reaction involves the
condensation of@etophenones and benzaldehydes to produce the desired chalcones
(Figure 1.4 and that is usually performed under a base such as KOH or N&aEtO
room temperature. It is also possible to conduct the reaction under acidic conditions
by using HCI omp-toluenesulfonic acidor instance. Moreover, the reaction can be
performedusing solidphase catalysts, heterogeneous catalgsigcidic ionic

liquids, and recently better strategies have been implemented whereby it is possible
to conduct the reaction dar solventfree conditions or by using microwave and

ultrasound radiatiorAlbuquerqueet al.2014).

The basecatalysedClaiserSchmidt condensatioreaction is considered to be the
primary method of choice for the synthesis of chalcones due to thbilieasif
obtaining the reactantsadetophenones and benzaldehydeshile in acidic
conditions, the most preferred method is the one involBRgA O £ This is
because the method involviBgsA O Feasults in better yields, shorter reaction time
and asimple workup with no side reactions. Moreover, it can be used in selvent
free conditions and have been found to be suitable for compounds possessing

functional groups that are sensitive to basic conditiditsuquerqueet al.2014).
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KOH/EtOH

Figure 1.4General reaction scheme for the synthesis of chalcones by the Satsaidt
condensation reaction

There are further reactions that can be used to produce cbslsoch as the
palladium catalysd coupling reaction of benzoyl chlorides and potassium
styryltrifluoroboratesinder microwave heating. Furthermarkalcones can also be
synthesisdvia a Suzuki crossoupling reaction involvindgpenzoyl chlorides with
arylvinylboronic acidsinder the presence Bti(PPB)s andcesium carbonate. It has
also been reported that the Frie@ehfts reaction of phenols with cinammoyl
chloridecan be regarded as a method for synthesis of chalcaliesj(lerqueest al.

2014).

1.3.3 Bioactivity of Chalcones

Chalcones ha been found to possess a wide range of biological activities that
made them seem attractive to medicinal chemists and such activities included
antibacterial, = antinflammatory, antifungal, antimalarial,  antitumour,

antimicrobial antiviral, antitubercularantioxidant, antimitotic antileisimanial,
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antiplatelet and anticancer activitigdlfuquerqueet al.2014). The information on

the bioactivity of chalcones in literature is vast, however, since this study focuses
on the anticancer potential of cardammrii seemed appropriate to summarike
anticancer effects of some naturatigcurring chalcones (other than cardamonin)

in Table 1.1. This should provide a glimpse on the potential of natwadtyurring
chalcones as anticancer agents. Syithehalcores have also been shown to
possess interesting bioactivities, but taesnumerousnd do not exactly lie within

the scope of this study
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Table 11 Summary of the anticancer effects of some natu@lyuring

chalcones
Anticancer Reference
Activity
o X A chalcone that (Fuet al

was found in 2004)

= the roots of
O O Glycyrrhiza
uralensis. It

Ho o on exhibited

anfcancer

Licochalcone A activities and
induced
apoptosis in
PC3 cancer
cells.

o Thisis a (Tabataet
chalcone that al. 20(b)
7 has been

isolated from
Angelica
keiskei It
showed
cytotoxic
activity against

~ neuroblastoma
and leukemia

Xanthoangelol cellsviathe

activation of
caspases.

This compound (Akihisa
has been also etal
isolated from  2011)
Angelica

keiskej and it

induced
4-hydroxyderricin apoptosis in

HL60 cellsvia

intrinsic and

extrinsic

pathways.

20| Page



Butein

Thisis a (Yit and
polyphenol that Das 1994;
was extracted Kim et al
from Rhus 2001)
vernicifluaand

exhibited an
antiproliferative

effect on

adenocarcinom:

cells. Moreover,

it caused

apoptosis in

HL-60 cellsvia

the activation of
caspases.

A chalcone
which was
extracted from
Alpinia mutica
It demonstrated
pronounced
anticancer
activity against
KB, MCF7 and
Caski cell lines.

(Zhanget
al. 2013)

Isobavachromene

The compound (Suet al
has been 2012)
isolated from

Millettia
pachycarpaand
showed

selective

inhibition

againstr860,

A549, A2780,

Hela, K562.

Pyranochalcone

It has been (Yeetal
isolated from  2012)
Millettia

pachycarpaand

exhibited

cytotoxic

effects against

HepG2, C26,

LL2 and B16

cells.
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OH o O

9OACH
A o

HTMC

This is a natural (Raoet al
chalcone 2010)
extracted from
Caesalpinia
pulcherrimag

and it

demonstrated

potent and

selective

adivity against

A549 cells. It

showed G1

phase cell cycle
arrest.

~

@) o}

¢
\O OH OH

Flavokawain C

The compound (Zi and
has been Simoneau
isolated from 2005
Boesenbergia Nwetet
pandurateand al. 2007
kava. It showed
anticancer

effects against

bladder cancer

cells and

pancreatic

cancer (PANC

1) cell line.
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It is important to note that despite the fact that there are several studies reporting the
medicinaleffects of chalcones, there have been few structatigity relationship

(SAR) studies conducted\puquerqueet al. 2014). If there happened to be some
SAR studies, then they often involved the synthesis of a set of chalcones to
investigate the effectf@ertain 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 structlfer instance, they would

not consider a speaifi chalcone like cardamonin and perform their study by
modi fying cardamoninds chemical groups
focus on making chalcones that do not have a common starting matectalas
cardamonin in this studyather each chabneis independently made from different
starting materials. Therefore, this restd in obtaining a more generas 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 theraautker

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; itis 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-timg) Bf
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the chalcone, has manag® 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 elegtittrdrawing
groups such as halogens have alserbfound to increase cytotoxic activity while

t h e -ukbaturdted bond has been proven to be essential for bioactivity (Orlikova

et al.2011; Mahaptra, BhartindAsati 2015).
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2 Literature Review

In the previouschapter crucial backgroundconcepts with regards tamcer and
chalcones have been introducedaddition to theobjectivesandrationale behind
the present studyThis was done in order to facilitate the understanding and
appreciation of the main subject of the presstidy, which is the cytotoxic
bioactivity of cardamoninand its analoguedn this chapter, cardamoniwill
specificallybe further discussed and studies related tchigsnistry andbioactivity

will be reviewed in ordeto provide the latest researapdatesn the field. This
literature review icrucial as thepresent study needs to buildampthe previous

studies that were done and avoid unnecessary repetition.

Cardamonin isa natural product belonging tthe chalconeclass of compounds
under a leger family known as flavonoidsGpncalves Valenteand Rodrigues
2014. Studies on cardamonin have recently increased, and the following review
aims toinitially cover thechemistry of cardamonin followed by a detailed literature

review of lboaativitya moni nds

2.1 Structure and Analysisof Cardamonin

The structure ofardamonin( 2 Nijihytirbixy-6 -Njethoxychalconehvolvesa n,b- U
unsaturated ketorteetweert wo ar omati ¢ rings with #fArin
groups in addition to a methyl ether grodjgure 2.1 shows the structure of

cardamonin.
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Figure 2.1 Structure of cardamonin

As for analysis, ardamonin has lemdetectecnd quantifiedvia several techniques.
A flow injection chemiluminescenamethod was employed for the determination
or quantificationof cardamonin based dhe chemiluminescent reaction between
cerium (IV) and rhodamine 6G in sulphuric acithe chemiluminescencef this
reaction is supposed to be enhanbgdardamoninZhanget al. 2005). Another
analytical technique for cardamonin determination useélectokinetic capillary
chromatography methaalith reverse sodium dodecyl sulfatecellesas a pseudo
stationary phaséaNangetal. 2007). Qher researchers used a combination of flow
injection and micellar electrokinetic chromatograptgoupled with direct UV
detection at 24 nmfor the first time for the determination céirdamonin irAlpinia
katsumadaHayata(Liu etal. 2007). Finally, a very recent study discussed a method
for routine analysis of cardamorimAlpinia katsumadaHayataby usingshortend
injection microemulsion electrokinetic chromatograjphycombination with

microwaveassisted extractiofzhao, Lu and Xu 2017).

As for cardamoninds structure, tdngre wer
it. Table 2.1summarses the techniques employed by previous authors to elucidate

cardamoni nds stherdatecobtaimecfrora the tecleniques used.
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Table 2.1Summary of the analytical methods used for cardamonin

charactesation

Analytical Data
method
FTIR (KBr, cni?) - 3140, 16301495, 1340, 1220, 1180, 1120,
980, 795, and 75(Qtokawa, Morita and
Mihashi 198)

- 3154, 1628,1542, 1486, 1286, 1320, 1224,
1188, 1114, and 92&ukariet al.2007)

- 3400(0OH), 2924(C-H), and 1638C=0)
(DeritaandZacchino 2011)
ESFMS - Negative mode: 269 (NH)", 177, 165, 139,
124 (Heet al.2009)

- Positive mode: 27(M+H)*, 167, 139
(Carvalhoet al.2012
H-NMR (U ppm) - (CDs3)2CO: 3.87 (3Hs, Me0), 5.91 (1Hd),
6.00 (1H,d), 7.407.80 (5H,m), 7.63 (1Hd,
Uposition), 7.80 (1Hd, -pésition), 13.65
(1H,s, broad) (Xia@t al 2011)

- DMSO-des: 3.87 (3Hs, MeO), 5.93 (1Hd),

6.02 (1H,d), 7.437.72 (5H,m), 7.67 (1H 4,
U-position), 7.85 (1Hg, -pésition), 13.71
(1H,s, broad) (Aderogbet al. 2012)

13C-NMR (Ui ppm) - CDCI3:136.5 (G1), 129 (G2), 129.7 (C3),
130.7 (G4), 129.7 (G5), 129 (C6), 128.6(C-
7), 142.4 (C8), 193 (G9), 106.4 (CL 6 ) ,
(C26), -92) 3 (46085).,85%7)C
164.3(C6 6 ) , 5 @) (ItBkawa,d/oria
andMihashi 198)

- DMSO-ds: 135.4 (C1), 128.8 (G2), 128 (C
3),130.8(C-4),129.5(C-5), 128.8 (C6),
142.3 (G7),128 (G8), 192.2 (€9), 105.5 (C
16), 12606).,7 -9(aQ 2 (4605).,
96.3(G56) , 16603).,1 55C 5 (
(DeritaandZacchino 2011)
Melting point - 195196 (tokawa, MoritaandMihashi 198}
(°C)

- 199200 Jaipetchet al. 1982
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2.2 Sourcesof Cardamonin

Cadamoni nés name is derived from one of
(Figure 2.2), but it has been also extracted from other plant spe€he following
is a list of plant species from which cardamonin was successfully extracted

(GoncalvesValente andRodrigue2014)

- Alpinia blepharocalyx

- Alpinia conchigera

- Alpinia hainanensis

- Alpinia malaccensis

- Alpinia mutica

- Alpinia pricei

- Alpinia rafflesiana

- Alpinia speciose

- Amomum subulatum

- Artemisia absinthium

- Boesenbergipandurate

- Boesenbergia rotunda

- Carya cathayensis

- Cedrelopsis grevei

- Combretum apiculatum
- Comptonia peregrine

- Desmos cochinchinensis
- Elettaria cardamomum

- Helichrysum forskahlii

- Kaempferigparviflora

- 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 2.2Cardamom seedadapted fromGoncalves, ValentandRodrigues

2014)

2.3 Medicinal Applications of Cardamonin

2.3.1 Anttinflammatory 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 initisggeral intracellular
cascades of cytokines and chemokines. There are several inflammatory mediators
secreted by the activated macrophages which indioigdeleukin (IL}6, tumor
necrosis factor (TNFY , pr ost a glaadmnidric oxidg (RA@X)e&et al.

2008.

Several studies have shown the anflammatory effect of cardamonin (Le al.
2006;Leeet al.2012 Chowet al 2012;Kim et al 2019 and further attempted to
expl ai n c a r-idflanmmatory modesof aatiort. $ome studies attempted to
link the antiinflammatory effect of cardamonin to its effect over the signalling
pathway of a protein complex that controls DNA transcription and regulates
immune responses to infections callettlear factore B (eNBF €t &l.2096;

Leeet al. 2012) Moreover, other studies have shown that cardamonin seemed to
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inhibit prostaglandin E2, tum necrosis factot) (TNF-U) release, thromboxane
B2 production in addition to intracellular aetive oxygen species generation

(Tewtrakulet al.2009).

Sepsis i| 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 oedema3oncalves Valenteand Rodrigues2014). It has been found

that cardamonin canedrease systemic inflammatory responses during seipsis

the downregulation of interleukins antiNF-U  ( @ ali2012).

Carrageenamduced(Carrinduced)paw oedemas 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 -arftammatory activityby decreasing
Carrinduced pavwoedemgLi et al 2015. This was accomplished by the inhibition
ofNFeB and MAPK signalling pathway-s, i n
oxygenasel. Cardamonin was also found to have an effect on inflammatory bowel
disease&via a mechanism involving the suppression ofliék receptor 4 expression

and blockage of N B and MAP KRepeaal 200§a y s (

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 imamen radical
absorbance capacity asgBajgaiet al.2011), however, no significant activity was
observed in a DPPH and superoxide anion assagt @l. 2008). Moreover, it has

been shown in another study that cardamonin had a fifth of tgeflGallic aci d 6 s
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antioxidant activity in a DPPH assay (Simirgiagisal. 2008), while another study
(Zhuet al 2007 showed that cardamonin at a concentration qiMQesulted in a

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

Selenoenzymes anauclear factor erythroid-Belated factor 2 (Nrf2yegulated
phase Il enzymeare considered to be important components of the cellular
antioxidant systems. It was found that cardamonin was involved in the biosynthesis
of important Nrf2regulated antioxidant enzymes but the authors suggest further
studies to be pasfmed in order to determinether factors responsible for the
observed effects of cardamonin on antioxidant enzymesSpirtet al 201§. A
similar result was achieved by ahet study which found that cardamonin was an
activator of Nrf2 in PC2 cells and that resulted upregulation in the expression

of phase Il antioxidant molecules (Peztcal 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 celia the voltagedependen€a2.1 channelwhile at the same

time encouraging the exit of potassium by the caleamivatedKCal.1 channel
(Fusiet al 2010) Such findings were further strengthened by other studies that
showed the vasorelaxant activity of cardamonin (Weaingl. 2001). Cardamonin

was also able to have a relaxing effect on agon@iced vascular contractiome

the inhibition of Rhekinase and MEK activityJe 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
transported (GLUT4), whereby it was shown that a @0 cardamonin solution
could cause GLUT4 to be stitaied for 14 h, in levels comparable to that caused

by a 0.1uM insulin solution (Yamamatet al.2011).

2.3.5 Anttinfectious Activity

Leishmaniasis is a disease caused by protozoan parasites from thieegeimusnia
and is usually spreada bites of infected femalsandflies. Cardamonin showed
strong activity againdteishmania amazonensigth an 1G of 8 UM (Ruiz et al.
2011). Moreover, it has been found that cardamonin possessddrayai activity
againstEpidermophyton floccosuand t was thought that the mode of action was
that of a wall inhibitor typebut it did not exhibit any significant activity against

other fungi such aSandida allicans(Lopezet al.2011).

Cardamonin has been also found to possess activity against baatetiairal

infections. It has been found that cardamonin had antibacterial activity against
Staphylococcus aureus, Escherichia calid Bacillus subtillis with minimum

inhibitory concentration (MIC) of 2hig/ml, 25ug/ml and 50ug/ml, respectively.
Furthermore, cardamonin was shown to exhibit antiviral activity againstiHily
targeting its protease which iIis consi de
and it showed an Kg of 115uM. Dengue was another virus that cardamonin was

able to eert an effect on, as it was shown that cardamonin had some inhibitory
action over thalenguevirus type 2 (DV2) NS3 proteag&oncalves, Valentand

Rodrigues 2014
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2.36 Pain Management

It has been shown that cardamonin has the ability to manage pedantmin was
able to demonstrate amiociceptive effects by blocking the expression of
cyclooxygenas® and transglutaminasz This suggested that cardamonin can aid

in controlling pain that arises from inflammatory diseases (Baak 2014).

Transient receptor potential ankyrin 1 (TRPAd4)a receptor that is involved in
abnormal high sensitivity to pain (hyperalgesia), and it was found that cardamonin

was a selective inhibitor of this receptiévgnget al 2019.

Neuropathic pain is a type phin that arises from injury of the nervous system and
has proven challenging to treat. A very recent study cisexhic constriction injury
(CCl)-induced neuropathigainmice in order to study the effect of cardamonin on
hyperalgesia and allodynia (exmerce of pain from a usually nguainful
stimulation of the skin) Jambasevanet al 2017. The results showed that
cardamonin exhibited antihyperalgesic and antiallodynic efigatthe activation

of the opioid system.

2.3.7 Anticancer Activity

Studies performed on cardamoninds bioac
i nvestigated cardamoni n 6 Jablp 2.2semmaries | as
the e@ll-viability assays performed on cardamonin against some cancer cell lines

and the resultsbtained for its cytotoxicity which was assessed based onsdgs IC

values.
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Table 2.2Cytotoxicity of cardamonin towards different cancer-tieks

Cancer celtline

ICs0 (Concentration at which 50% Reference
inhibition of cancer cells occurs

MCF-7 (breast)

~50 uM (48 h MTT assay) (Shrivastavat al 2017)

BT-549 (breast)

~8 UM (48 h MTT assay)

MDA-MB-231 (breast)

>100 uM (48 hResazurin reductior  (Kueteat al. 2014
assay

~10 €M (48 h N (Shrivastavatal. 2017)

SW-480 (colon)

35 UM (72 h MTT assay) (Simirgiotis et al.2008)

~6.5 uM (48 hCellTiter-Glo assay) (Parket al2013)

HCT116 (colon) ~9 UM (48 hCellTiter-Glo assay) (Parket al2013)
~13uM (48 h CCK8 assay) (Kim et al.2015)
LS174T(colon) ~13 uM (48 hCellTiter-Glo assay) (Parket al2013)

DLD-1 (colon)

~24uM (48 hCellTiter-Glo assay)

HCT116 0537 (colon)

62.74 UM @8 h Resazurin reduction  (Kueteat al. 2014

assay)
SGC7901 (gastric) 61 uM (48 h MTT assay) (Mi et al. 2016)
U87MG (glioblastoma) >100 UM @8 h Resazurin reduction  (Kueteat al. 2014
assay)
CD133 GSCs (lioblastoma ~30 uM (72 h MTT assay) (Wu et al 2015)
CCRFCEM (leukaemia) 8.59 UM (48 hResazurin reduction  (Kueteat al. 2014
assay
KB (mouth epidermal) ~20 pg/ml (48 Hrypan blue (Lin et al.2012)
exclusionassay)
HepG2 (liver) 22.63 UM (48 h MTT assay) (Li et al.2008)
53 UM (48 h MTT assay) (Mi et al. 2016)
AML12 (liver) >100 uM @8h Resazurin reduction  (Kueteat al. 2014
assay)
SMMC7721 (liver) 62 UM (48 h MTT assay) (Mi et al 2016)
A549 (lung) ~18 UM (48h MTT assay) (Tanget al 2014)
>100 uM (48nh MTT assay) (Mi et al. 2016)
LLC (lung) >10uM (48 h MTT assay) (Niu et al 2015)
RPMI8226 (myeloma) ~10 uM (48 h CCK8 assay)
U266 (myeloma) ~14 uM (48 h CCK8 assay) (Qinetal.2012)

ARH-77 (myeloma)

~10 uM (48 h CCK8 assay)

PGC-3 (prostate)

11.35 pg/ml (48 tsulfornodamine B (Pascoakt al.2014)
assay)

DU145 (_prostate)

~10 uM (72 h MTT assay) (Zhanget al. 2017)
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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
SW480colon cancer cellgiaenhancing the degradationCateninand inhibiting

the Wnt/b-catenin pathwayPark et al. 2013) The downregulation ofWnt/b-
catenin signalling cascade was also found to be the pathway responsible for
cardamoninds 1inhibit or BT-54%hdmarcttiple breastt h e
cancer cellsShrivastaveet al 2017). However, another studiim et al. 2015)
claimed that cardamonin exerted its antitumour activityH@T116 cellscolon
cancer cellvia the induction of autophagy which is executed by the activation of
c-Jun Nterminal kinase (JNKby tumour protein p53. JNK is a kinase responsible
for the regulation otell differentiation, proliferation, and deatWwhile it is also
considered a major mediator of autophagy that leads to cell death in some types of

cancer cellgKim et al.2015)

Moreover, it has been shown that cardamonin exerted potent activity against
multiple myeloma cell$RPMI 8226, U266 and ARH7 cellg via the activation of
caspase3, which belongs to a larger group of caspases and possesses the ability to
cause apoptosisvhile it also managed to block the pathwayNé+aB which is a
transcription factor whose signalling pathway regulates cell survival and
proliferation (Qinet al. 2012). The fact thatlF-eB pathway has been found to be
inhibited by cardamonin was further supplemented by another $Rabgoakt al

2014) which showed that cardamonaused apoptosis addwnregulated the NF

9 B (a member of thBlF-aB family) genein PG-3 prostate canceretls. 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 (VW al 2015) found that
cardamonin induced apoptosis €@D133+ glioblastoma stem cells (GSCsja
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 inDU145prostate cancer cells (Zhaagal 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 viabiltilocking the
testesspecific protease 5QTSP50)mediated nuclear factd@ppaB signking
pathway activatiom MDA-MB-231breast cancer cellSTSP50 is a gene that was
thought tobe specifically expressed in the testes, but it was also found to be
overexpressed in severgipes of tumours and could promatell proliferation,

invasion, tumorigenesis, and tuomanetastasigMi et al 2016).

The mammalian target of rapamycin (MTOR) is a serine/threonine kinase that is the
responsible for the regulation of cetietabolism,proliferation and apoptosis
Dysregulation of its activity has been linked to cancer. Rapamycin is an mTOR
inhibitor which leads to apoptosis and gooliferative effects on cancer cells, so
cardamonin was studied to investigate if it can also act asT&@R inhibitor and
results have shown that it actuadlgl inhibit mTOR signallingvhen tested against
A549 lung cancer cells (Targg al. 2014). This inhibition of mMTOR 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 @R was further supplemented by another
study which showed that cardamonin exhibited anraetastatic effect when tested
against thénighly metastatic Lewis lung carcinoma (LLC) cell$is study showed
thatproliferation, invasion and migration bEC cdls was inhibited upon treatment
with cardamonin and this occurred partialig inhibition of the mTOR signalling
pathway (Niu et al 2015) There were other studies conducted that further
demonstrated the effect ohirdamonin on mTOR and emphasisits therapeutic

potential as an mTOR inhibitor (Liatal. 2010;Zhenget al. 2010; Niuet al.2013).

In vivoand animal model studies with regards to cardamonin anticancer effects are
much more limited thain vitro studies. It was found that cardamonin bited

tumour growth and lung metastasis in C57BL/6 mice (Bfiual. 2015) while
angiogenesis induced by SKOV3 cells was reduced by cardamonin in a chicken
embryo allantois membrane model (Xeteal 2015). Toltllike receptors (TLR) are

a family of microbih sensors that make part of a
involved in tissue repair and inflammatory signalling. However, they have been
found to be highly expressed in cancer cells, and a studgt(dla2015) showed

that cardamonin could control TLR3 stimulatimluced tumour growth in human
breast cancer xenografts. Cardamonin was also found to possess an inhibitory effect
on TSP50 higkexpressing tumour growih vivoin 4T1 tumourbearing mice (Mi

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

in Balb/c mice waslesignedo assess the biological activity of cardamonin, and it
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was found that cardamonin reduced tumour growth volumes at a dosegdkd

treated mie.

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 2E1vere the P450 isozyredghat were involved in the metabolism

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

of cardamonin in Sprague Dawley (Jaiswélal. 2015). The study showed that
cardamonin reached peak serum concentration after alioat &n oral dose, but

the bioavailability was low for both male (0.6%) and female (4.8%) rats. Moreover,
the same study showed that cardamoni no:
were affected by gender. A more detailed study was recently performdeeon t
pharmacokinetics of cardamonin (Jaiswalal 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 cardamoninspedséow
solubility (<10 pM), high permeability (>0.2x16 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 distribution and short mean residence time. As for

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

negligibly in urine(Jaiswalet al. 2016)
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2.5Cardamonin Analogues

To the best oy knowledge there have been no poasd attempts involving the
production of cardamonin analoguga synthetic meandHowever, therare very

few studieghat reported the isolation of naturatlgcurring cardamonin analogues
(Figure 2.3) and assessed their bioactiviti€dinirgiotis et al. 2008 Kim et al

2010; Koet al 2011; Heet al.2014;Memonet al. 2014;Yu et al 2015 Neselloet

al. 2016 de OliveiraCabralet al 2017) The studies on these analogues are very
limited and this makes themferior to cardamonin as a walstablishedbioactive
compound.In this section, only compounds that were regarded as cardamonin
analogues by the authors would becdssed, as chalcones in general are analogues
of each other, but over here, structures that highly resemble cardamonin except for

minor changes would be considered.

OH (o} 0}
HO O/ HO ‘ I OH
Dimethyl cardamonin (DMC) 4,4'-dihydroxylchalcone (DHC)
\O 0}

HO OH

4,4'-dihydroxy-2'-methoxychalcone (DHMC)

Figure 2.3Examples of cardamonin analogues
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Dimethyl cardamonin (DMC) is a naturally occurring cardamonin analogue that has
been isolated fronsyzygium samarangeng8imirgiotis et al. 2008 Kim et al
2010; Koet al. 2011) SyzygiuntampanulatuniKorth (Memonet al 2014) andC.
operculatugYu etal. 2019, and has been shown to possess a variety of biological
activities. It has been shown that DMC possesses cytotoxic activity agaird8&W
colon cancer cells with an ¢gof 10 uM in a72 h MTT assay $imirgiotis et al.
2008, moreover, it also slwed potent antinflammatory activityin vitro andin
vivowhich was exertedlia the blockage oNF-aB activity (Kim et al 2010) This
antrinflammatory effect of DMC was further confirmed by another stiftlydt al
2015) whereby DMC exerted its artiflammatory effects by reducing early and
late cytokines expressionsa interfering with the PI3BKPDK1-P K CU $ingg n a |
pathway.In another studyKo et al. 2011) DMC was tested againstiCT116 and
LOVO human colorectatarcinoma cellsand the results showed that it was able to
inhibit the proliferation of cancer cellsa a G2/M phase celcycle delaywith an

ICs0 Of approximately 18M and 28uM for HCT116 and LOVQells, respectively;
these results were obtained framv2h CCKS8 cell viability assay. The cytotoxic
activity of DMC was further confirmed by a study (Meneiral. 2014) that showed

its potent antproliferative effect on HI29 colon cancer cells with andéof 12.6
pug/ml obtainedvia a 48h MTT assay, and it also managed to inhibit the migration
of HT-29 cells. It was also shown that DMC possesaatinociceptive effects
when tested against two mice moddiegelloet al 2016. Finally, it has been
recently reported for the first time that DMfossessed gastroprotective potential

(de Oliveira Cabragt al 2017).
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4 , -dihMgroxylchalcone (DHC) and , -dihMgroxy-2 -Mjethoxychalcone (DHMC)
have been identified as cardamonin analogues isolateddicimorium intybusand
Dracaena cochinchinensigespectively (Heet al. 2014). The analogues were
investigated using a 48 MTT assay and were found to eixeotent cytotoxic
activity againstAb49, NCI-H1299, NCI-H460, NCI-H1688 andNCI-H446 lung
cancercellswith ICsovalues in the range of 0.128.883¢ Mfor DHC and 0.202
0.911e Mfor DHMC. The mechanism of action involved the inhibitionN#-a B

signalling pathway.
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3 Results and Discussion

3.1 Chemistry

3.1.1Synthesis

The analogues of cardamonin were synseesaccording t&cheme 3L. It can be
clearly seen that orgtep reactions were employed for synthesisingatisdogues

which proved to be economical as less reagents were used, @sd resulted in

more product yieldslnitially, the phenolic groups of cardamonin were targeted for
modification by alkylation and acylation reactions. Alkylation proceeded by
refluxing cardamonin with an alkyl halide and®QOs 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 allgtion/acylation reactions resulted in a mixture of moawad di
substituted products, but only the products that showed adequate yields were
considered. It is crucial to note that in cases where mabstitution primarily
occurred such as hand6, -@Hdwas always the one substituted, and it seems that
the intramolecul ar h yQHraodgtleencardoro/inodygemg b e t

made it more difficul-OHto substitute as

Importance of the alkene group for bioactivity was investigatedduycreg it, and

this was performed by the synthesis of dihydrochalcbaad flavanonel7. The

reduction of cardamoninia NaBHs in order to produc resulted in a mixture of
products that proved difficul t'HNMR separ

spectrum, it seemed that the product mixture consisted of a dihydrochalcone,
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tetrahydrochalcone and allylic alcohol. Therefore, selective reduction of
car damoni n 0 siatkeINICENaBH: system at ®C was considered and
that produced but in low yield. As forl7, it was produced by refluxing cardamonin

with concentrated HCI in methanol for A2

Cardamoninds ketone group was msatbn f i ed
reactions. Schiff bases were formed by reacting cardamatinpiimary amine
hydrochlorides, therefore pyridine was initially added to the reactants to scavenge
HCI and produce free primary amines. However, some amisash as
methylamine and ethylaminedid not react with cardamoninS-benzyl
dithiocarbazateBDTC) wasalso reacted with cardamonin. SBDTRlgure 3.1)

is a biactive amine that is often used to form highly active Schiff bases (Bteak

al. 2013).1t was synthesised as previously reported (Break al. 2013) and was
considered due to its wekhown bioactivity, so it was thought that it would enhance
cardamoninds activity. Cyclic rings wer
NH2NH2-H-0 and NHOH to yield pyrazoline 1 and isoxazolind 2, respectively.
Furthermore, pyrimidine rings were also produced by reacting cardamonin with

urea and thiourea imé presence of NaOH to synthesi8 and14, respectively.

H,N S

\

HN

Figure 3.1 Structure of SBDTC
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Synthesis of flavanon&7 encouraged us to synthesithe flavone analogue of
cardamonin by reacting the chalcone witfbMSO, in order to compare and further
investigate the importance of the alkene group. Surprisingly, no flavone was
obtained, rather nuclear halogenation ocalaering A resulting irl5. 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, resulting1®. Flavone synthesisag attempted again using FeCl
(HemanthandPerumal 2007put was still unsuccessful. It has been deduced from
these incidents that a method excluding the use of halogens might femlly in
successfully synthesigy the flavone, as alkene halogenatgeems to fail with
cardamonin and this step is vital in flavone synthesis. Therefore, a previously
reported method that used oxadicid for flavone synthesis (Zambaatal 2009)

was considered but the attempt failed, and interestingly another study alsodreporte
the failure of this method (Ndoiland Heerden 2013Wwhich might raise some
concerns about the methodds efficiency.
the sidechain 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 repoeQCith@d-ddmpl i
OH (Dineshaet al. 2015;Songet al 1999) However, the unexpected bromination
and iodination of ring A encouraged us to perform chlorination and that was
attempted usingdN-chlorosuccininimide but the reaction resulted in a mixture of
products that proved challenging to separasededuced from the NMR spectrum.

Moreover, further attempts at purification would have resulted in very low yields of
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thepurecompounds, and such amounts would not allow further chasatien and
bioassays to be performed. Synthesis of flavat®lproceeded smoothly and

involved reacting caradmonin with 30%® and NaOH.

Cu (I) complex of cardamonirlg) required the addition of a base as no reaction
occurred without it t hi sOHswagycgueiad fore d t h &
complexation in lis case. Imidazole was initially used as a mild base and this
producedl9 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 sonwd the copper acetate to Cu@hich would
contaminate the desired metal compl&®)(It is crucial to note that coordinating
cardamonin to other metal ions, such & Fec** and NF* via reacting cardamonin

with FeCh, CoCb and NiCb in ethanol, was rfesuccessful.
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Scheme 3l Semisynthesis of cardamonin analogues. Reagents and conditions: (a)
K2CQs, alkyl halide, acetone, reflux; (b) pyridine, DMAP, acyl halide/acetic
anhydride, DCM, reflux; (c) NiG] NaBHs, methanol, icéath; (d) HCl,primary
amine, methanol, fleix; (e) NHNH2-H>O/ NH.OH, methanol, reflux; (f)
urea/thiourea, NaOH, 80% ethanol, reflux; (g) DMSO, reflux for (15)Bro,

CHCls, reflux for (16); (h) HCI, methanol, reflux; (i) 30% 4D., NaOH, methanol,
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3.1.2Structure and Characterigtion

1 IR Spectral Analysis

The IR spectra of the compounds have provided valuable structural information
which aided in confirming the identity of the syniibecompoundsThe IR spectra
have been placed in tihgpendix sectionand the most crucial peaks were labelled

for each compound

Firstly, it is crucial to note thagenerallythe peak at around@400cm® can be
attributed to4 -®H of the structure or it could bdue to residual water from
surrounding moisture, bWIMR studies further confirmed whethdr-®H was

present or not.

The IR spectrum for cardamor(iRigure 8.19 is the most crucial one as the sjpa

for the analogues are similar to it with slight f f er enc e s. Car damon
showed two broad peaks at 3448%amd 3170 cm, andthese have been attributed

to 4 -®©H and2 -®H groups of the structure, respectively. The lower absorption
frequency observefr 2 -®©H was suggested to be duddagthening of the (€H)

bond as a result of the intramolecular hydregending interaction between tBed

OH andadjacent carbonyl groufrigure 3.2.

Figure 3.2 Intramolecular hydrogen bonding in cardamonin
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The peak at 1630 crh was assigned t¢C=0) group of the structure and this
relatively low absorption frequency value for a carbonyl group is due to the presence
of a-onsatlirated carbonyl system possessing conjugated double bonds. The
conjugated system @sent in the structure results in lengthening of the (C=0) due
to resonance causing it to possess a more shayld character which results in
lower absorption frequencies. The peaks at 1609amd 1475 cm were attributed

to (C=C) of the aromatic rirgy while the peak at 2926 drwas assigned to the {C

H) groups of the molecule. The peaks at 1114 amd 1225 cm' indicated the
presence ofC-O) groupswith the former being assigned to the methoxy group and

the latter attributed to thehenolic (CO) of the stucture

IR analysiso f c a r @& acylated/alkylated analogues-€) (Figure 8.20 -

Figure 8.25 aided in confirming their formation. The disappearance of the peak at
around 3170cmhassi gn-OHli ndi @&t ed that sub-stitut
OH, howeverconfirming substitition at4 ®H using IR spectra was not possible

due to interference from the residual moispgak However, further NMR analysis
showedthas ubst i t ut i on -OHfdr gompoondfiand6,dut thealR 4 6
spectrum of (Figure 8.21) and6 (Figure 825 st i | | show@Hl no pe
This might have been due to the wide residual moisture peak at é8400dm*

whi ch obs cQHpeak. ThalR sp2ara of theacylated compounds

(Figure 8.23- Figure 8.25 showed durther characteristipeak at around690

1776cm corresponding toraeste(C=0)which proves that thdesired compound

hasbeen sccessfully obtainedt is crucial to mention that the IR spectrum3of

(Figure 8.22 showed a set of overlapping peaks between 2Abi 3200 cmt
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that were not found in the spectra of the other compounds. €k&zaeverlapping
peaks have been attributed to the arometid alkyl (GH) stretches of thbenzyl

groups, and this actually further proves the succe€shdnzylation of cardamonin.

The IR spectra o$chiff base 8, 9 and10 (Figure 8.27- Figure 8.29 showed a

peakat around 182 cmi! and ths hasbeen asigned to the imine (C=N) grougf

the structures. Moreover, it was st | possi bl eOHpeak athreuad v e t |
3200 cnt! as a result of thatramoleculathydrogen bonding betweéh®H and

the nitrogen of the imine grodpading to(OH) bond lenthening It is interesting

to note tha -®H 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 tottbieger (G--H)

hydrogen bond of cardamonin. This weaker hydrogen bond in Schiff bases is
suggested to be due tioe lower electronegativity ofitnogencompared to that of

oxygen, resulting ifesser 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 obtddoakver, it is crucial to

note that i n-OB peakewasckealewsiblé dua as?irbthe spectrum

of 8 (Figure 8.27), while in the spectrum @ (Figure 8.28 the peak wa barely

visible. This happens due to the peak at 3d®3 which is affected by residual

moisture from the atmosphere, so if moisture content was high in the compound,
then that would result in an intOHnse wi
peak.Moreover, the slight differences in the absorption frequems o0 fOHt he 26

peak for compound8 and9, mightme an t hat i n -Okbhpeakisc ases
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nearer tahepeak aB8400cm? resulting in higher chances of overldje spectrum

of 10(Figure 8.29 was very different from the spectra of the other Sdidffes due

to the SBDTC moiety present in the structufbe spectrum showed the typical
imine peak at 1627 ctin addition to a peak at 1487 drthat has been assigned to
aromatic (C=C) of the structuréhe spectrum also showpdaks that were specific

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

the (N-N) peak at 1042 crhand the (NH) peak at 31%3n. There was also the
peakfo2 ®Hf rom t he structur edsmilowedeathi® ni n

peak ovempped with the adjace(iH) peak and was challenging to detect.

The IR spectra for pyrazolinkl (Figure 8.30 and isoxazolind 2 (Figure 8.3J)
showed characteristic peaks for (C=N) at 1618'@nd 1610 cm, 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 ofl1and oxygen ol 2 (loffe 1968) This causes lengtheningtbie (C=N)

bond through resonance, thus giving it a more sibgled characteMoreover, the
spectra forl3 (Figure 8.32 and14 (Figure 8.33 show peaks at 1661 chwhich

was attributed to (C=N) of the pyrimidine ring, while the peaks at around 3222 cm
1and 1601 cm have been assigned to-@ stretch and bend, respectively.
Compoundd.3andl4exist 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, butthat would be discussed later after discussing their NMR spectral data.

The IR spectrum dfavanonel7 (Figure 8.36 shows a peak at 1657 ¢iand this

has been attributed to the carbonyl group of the structure, while this higher
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absorption value relate to that of cardamonin shows that the carbonyl group is no
longer conjugated which indicates the disappearance of the adjacent double bond.
Moreover, there i s -GHwhiehlissheughtte beafesoi p e a k
its conversion into an ethérhese characteristic peaks found in the IR spectrum of

the flavanone prove the formation of the intendedmmumnd. The case was similar

for 18 wherebythe IR spectrum(Figure 8.37) is very similar to that of cardamonin
except that t h-©H which irdicates thap ayahtionnfightrhave 6

occurred

The IR spectrum af9 (Figure 3.3andFigure 8.38 showeda peak at around 1598

cm! assigned to (C=0) 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 conplexation wheh results in lengthening ¢fC=0). Moreover, the peak
assi gnedH atf3078 crhas disappeared from the spectruni®fvhich
indicates that the phenolic group has coordinated with the metal ion in its
deprotonated form. This was furtr@nfirmed by the appearance of a peak at 1230
cm! which wasassigned to the phenolic{Q) of 19, andthis positive shift in the
absorption frequency relative to that of cardamomimther indicated the

coordinationof the phenolic oxygeof deprotonaté -@Hto the metal ion
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The IR spectrum of (19) provided valuable structural data. The ]‘ /" 1212
% 34487 negative shift in the absorption frequency of (C=0) relative to that of 1225
"._ cardamonin, appearance of a peak at 1230 cm™! for phenolic (C-O) and | 1630 - - 40
.y disappearance of the peak at 3173 cm! for 2'-OH, indicate that
(4'-OH) complexation occured via the carbonyl oxygen and deprotonated 2'-OH.
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Figure 3.30verlaid IR spectra of cardamonin at@l
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Finally, it is crucial to mention that it was not possibléuity deduce the structures

of 7, 15and16 via IR spectroscopy. This was due to the fact that these analogues
possessed IR spectra that were too similar to that of cardamoshicharacteristic
peaks proved difficult to identify. Therefore, it was decided that further analgsis
NMR spectroscopy wodl b e needed t o confirm the
However it was possible to observe the appearance ofxdra peakin the IR
spectrum ofl5 (Figure 8.34 and16 (Figure 8.35 at the fingerprint region. The
peak at 84&m! in the spectrum of5 was attributed to the newly formed-(

while thepeak at 498t in the spectrum af6 was attributed to the newly formed
(C-Br). This could indicate the successful halogenation of the compounds, but
further analysisvia NMR spectroscopyis requiredto confirm these structural

findings.
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T NMR Spectral Analysis

Cardamonin

Di scussion of cardamoninés NMR spectrum
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
woul d be provided for cardamoni nods N MR

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

2 OH 4 ©H RING B
)
' LH-7. #8155 5]om

Figure 3.4NMR spectrum of cardamonin
The singlet peak at 3.98m corresponded to the methyl protons of the methoxy
group(7 Yand this relatively high absorption is a result of deshielding effect on the

methyl protons by the adjacent electronegative oxygen ateBn6H a-ma &if r i ng
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A showed a doublet for each due to long range coupling interactions with each other
and they shwed lower absorption values than those of aromatic protons in general
at 6.03ppm and 5.99pm, respectively; this upfield absorbance might be due to the
shielding effect provided by the adjacent methoxy and hydroxyl groups which
directed electrons to th@tho andpara positons of the ring. Methine protons™

and H8 have been assigned the peaks p@® and 7.8pm, respectively, and

the higher absorption peak of the former is due to deshielding by resonance effect
which also results in further shieldjrof H-8. Figure 3.5illustrates the resonance

effect phenomenon.

OH OH

(5
7T
|

Figure 3.5Resonance effect of cardamonin

(o]

HO HO

It is important to note that the coupling constaftf¢r the doublets of ¥ and H
8 is almost 164z which is large and has besiggestetb indicate the existence of
the chalcone astaansisomer (Traret al 2012). This is usually characteristic to

chalcones and can be used as a proof for their formation.

Finally, the singlet peak at 14.ppmha e e n at t rOHlsuHliseethtivelyo 2 0
high absorption foa hydroxyl proton is a result of further deskling of the proton

due tointramolecular hydrogen bonding betwegnand the adjacent carbonyl
oxygen. This hydrogen bond meant thatelextronegative carbonyl oxygen would

further deshield the hydroxyl proton resulting in a further downfield shift.
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Figure 3.6 NMR spectrum ofl

The characteristic singlet at 6.8pm in the spectrum df belonging to aromatic
protons H3 6 a-Bd Pplr o v substititiantreadtion evas successful and the
intended dialkylated compound has been obtained. This is due to the fact that these
protonscan only be equivalent if the hydroxyl groups of the parent compound

cardamonin were successfully met hyl at ec
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trimethoxy ring and that makes3H6 a®m@ dhemi cally equi vale
it is crucial to not that these protons are shielded by the resonance effect of the
electrondonating methoxy groups causing them to absorb further upFelelly

the 3 singlet peaks at around 3.85 ppm were assigned to methyl pibi@hand

9 @vhich further proves the formatiai the analogue.

Compound
T
11 86 l H ]
96
.
[RING B]
[H-7.H8] M@ H516 .o
]

T : ' ' ' '

N R (ppm]

Figure 3.7NMR spectrum of
The spectrum o2 showed the formation of the desired produatthe multiplet at
around 5.9%pm which was attributed to the methine proton of the allyl g(éuyp

as this proton experiences couplings with all the surrounding protons resulting in a
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complex multiplet which is characteristic to the allybgp. There was sb a pair

of doublet of doubletsbelonging toprotons of the methylene gro@p0g 1 1) im

the allyl fragment at around 5.2%m and 5.8 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 grdq8pbat 4.50ppm indicated the
successfudllylation of cardamonin. However, the presence péak at 14.1ppm

assi gn-@©Hindicawedt2nhébat al | yl ati o®@H. occurr ed
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e —

9 8 T & 5 4 3 2 1 ppm

Figure 3.8NMR spectrum o8

The spectrum for compourlshowed a relatively large number of overlapping
pe&s in the range between 7 aBgpm, and this indicates the presence of a large
number of aromatic protons which proves that cardamonin has been successfully

benzylated. Moreover, the peaks arourgpf attributed to the methylene protons
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of the benzyl groug8 d@nd 9 Yfurther confim the formation of the intended
product, and this relatively higher chemical shift is due to the higtretegativity

of the adjacentxygen which enhanced the deshielding effect. It was difficult to
assign each peak to its corresponding aromatic prdion to the extensive

overlapping of peaks resulting from the 4 benzene rings present in the structure.

Compound!

0 8o [9)o

\. =

H-3 6 ;5 [0l
|
9 8 7 6 5 4 3 2 1 0 ppm

Figure 3.9NMR spectrum of}
The spectrum fo# hascharacteristic singlet peaks corresponding to methyl protons
of the acetyl group$9 @nd8 Yat 2.11ppm and 2.2&pm which confirms the

successful dacetylation of cardamonin.
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Figure 3.10NMR spectrum ob

The spectrum has proven the formation of th#udrobenzoylated analogue of
cardamonin by peaks characteristic to4kiorobenzoyl moiety along with peaks
belonging to the cardamonin moiety. The triplet and doublet of doublet peaks at
around 7.1@pm and 8.1@pm have been assignednteta(9 4l 1) éndortho (8 ,6

1 0 protons of the 4luorobenzene 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 caiple with the adjacent protons. Moreover, the presence of these splitting

61| Page



patterns as duplicates in addition to the disappearance of apeap gt it f-or 2 0
OH, indicate that disubstitution of cardamonin has taken place resulting in-two 4

fluorobenzoyl magties that are magnetically nequivalent.

Compound

AROMATIC
PROTONS I

..........

Figure 311 NMR spectrum ob

The spectrum of the benzoylated compound shows a highaver of peaks around

7-8 ppm relative to that of cardamonin due to contribufrom the benzoyl group

protons. Furthermore, the peak at 136 m c or r e s pObirshbwsntigat t 0 2 ¢

benzoylation occurred at tipara position of ring A only.
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Compound’

7p

OH

Figure 3.12NMR spectrum of7

The NMR spectrum of compouriishows that reduction of cardamoniia the
NaBH./ Ni?* 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 2.99pm and 3.3ppm corresponding to the methylene prot@rsd8
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 lnd H8 further confirms the reduction

of the alkee 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 andpghaduct is a dihydrochalcone.
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Figure 3.13 NMR spectrum o8
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Compound®

Figure 3.14 NMR spectrum oB
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