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ABSTRACT

Garciniawas discovered to have excellent sourcdsiadctive compounds with therapeutic
potential and hence received significant attention due to its potential for medicinal
applicationsThis study investigateSarcinia species' secondary metabolites and their anti
bacterialactivity, specificallyGarcinia dryobalanoideDifferent chromatographic methods
were used to isolate and purify the pooenpound. Along with that, structural modification

of the major compound was successfidiyntheszed via Williamson etherification. The
structural elucidations of these isolated and synthesized compounds were achieved through
FT-IR, UV-Vis, LC-MS, 1D, and2D-NMR. Anti-bacterialtests were conducted against
various bacterial strains, including Grgoositive bacterial(actiplantibacillus plantarum

and Grarmegative bacterieepterdacter cloacae, Pseudomonas aeruginasalSerratia
marcescen)s Six compound$76, 2, 77, 78, 79 and59) were successfully isolated and five
rubraxanthonederivatives (80 i 84) were successfully synthesized. Astonishingly,
compound 76 was the first naturally occurring benzophenone isolated from
the Garcinia genusThe antibacterial evaluation on crude extract, isolataw synthesized
compoundsagainst tested bactexd@monstrated moderate to excellent activities outlining
antibacterial potential. Structureactivity relationships $AR) study demonstrated that
xanthones bearing prenyl and hydroxy groups exhibit excellent bacterial inhibition.
However, adding an alkyl chain toetlinydroxyl group reduced this effect, possibly due to
steric hindrance. This study highligh®arcinia species as a promising source of natural

antibacterialandfurther investigations needed.

Keywords: Garciniadryobalanoidessecondarynetabolitesextract, antbacterialactivity,

xanthone derivatives



Metabolit Sekunder daripada Garciniaryobalanoidesdan Aktiviti Anti-bakteria

ABSTRAK

Garcinia didapati mempunyai sumber sebatian bioaktif yang sangat baik demigan
terapeutikyang tinggi. Oleh itu, ia telah mendapat perhatian kerana potensinya dalam
bidang perubatan. Kajian ini dijalankan bagi menyiasat metabolit sekunder dan aktiviti

anti-bakteriadari spesies Garcinia, khususngarciniadryobalanoidesPelbagai kaedah

kromatografi telah digunakan dalam mengisolasi dan purifikasi seb&trara tulen dari
spesies ini. Selain itu, pengubahsuaian struktur sebaisaia utama berjaya disintesis
melalui Williamson etherifikasi. Pengenalan struktur bagi sebadiisana tulen telah dicapai
melalui FT-IR, U\W-Vis, LGMS, 1D, dan 2ENMR. Ujian antibakteriatelah dijalankan

terhadap pelbagai strain bakteria, termasuk bakteria Gaositif (Lactiplantibacillus

plantarum)yan bakteria Grammegatif(Enterobater cloacaePseudomonaseruginosadan

Serratiamarcescens Enam sebatiarkimia tulen (76, 2, 77, 78, 79 dan 59) berjaya

dipurifikasi dan lima derivatif rubraxanton@01 84) berjaya disintesisSebatian/6 ialah
benzofenoryang pertamaterhasil secara semula jadi yardjasingkan daripada genus

Garcinia. Penilaian antbakteria ke atas ekstra®. dryobalanoidessebatiantulen dan

sintesisterhadap bakteria yang diuji menunjukkaktiviti antibakteria yang sederhana dan
tinggi. Kajian SAR menunjukkan bahawa xanyang mengandungi kumpulan predan
hidroksi mempamerkan perencatan bakteria yang sangat baik. Wedgaimanapun,
penambaharrantai alkil kepada kumpulan hidroksil mengurangkan kesan ini, mungkin
disebabkan oleh halangan sterkkajian ini telah membuktikan spesies Garcinia sebagai
sumber anti-bakteria semulajadi yang bagus dan penyelidikan lebih mendalam amat

diperlukan



Kata kunci: Garciniadryobalanoidesmatabolit sekundeekstrak aktiviti anti-bakteria,

xanbn derivatif
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

The rise in infectious disease cases linked torardrobial resistance is a wakp
call for new antimicrobial agents to be discover@daves et al., 2019)he breakthrough
of antibiotics, led by penicillin, resulted in a monumental paradigm shift in treating bacterial
infections,substantially decreasing morbidéyd mortality rates associated with infectious
disease$Liu et al., 2022) The medical community once hailed ttiscovery of antibiotics
as a victory in the war against infectious disegReygaert, 2018 However,misuseof the

compoundhas increased bacterial resistafieana et al., 2019)

Notably, natural products (NPs) are a cornerstone of inspiration for innovative drug
design and developme(avison & Brimble, 2019)Plants with medicinal benefits have
recently piqued the interest of science and the pharmaceutical industry, of which natural
substances account for approximately 73% of the drugs produced by this industry
(Conceicéao et al., 2023Jhis is due to jants can produce secondary metabolites to resist
pathogens, making them a promising source of-raidrobial leads(Liu et al., 2022)
Moreover, investigating plants with medicinal properties yields valuable insights applicable
to developing novel pladtased drugs and other therapeutic agdi®anto et al.,
2020) Converselymodifying the structure of the natural resourcesls®@known to lead to
novel medicationgYao et al., 2017)Several studies, including those bge et al. (2018)

Zou et al. (2013)andKarunakaran et al. (201,&)ave investigatethe modified structure of
natural resources areValuaéd their resulting biological activitieshich have led to new

therapeutic agest



Santo et al. (20203tated thathe former Guttiferae andClusiaceadamilies stood
out among all medicinal plantClusiaceaés afamily of medicinal plants that includes
approximately 50 genera and 600 spedigs et al., 2021)It can befound in subtropical
and tropical areg€onceigao et al., 2023JheClusiaceadamily is a diverse group of plants
that includes lianas, woody perennials, shrubs, and (reédst Rour ov § . €his al
family has been widely used in ethnomedicine as a remedy for various disease conditions,
such as infection, inflammation, cancer, dysentery, ulcers, and wounds
(Lim et al., 2021) Garcinia, is a plant genus that belongs to tldusiaceaefamily
(Santo et al., 2020plsoreceived great attention due to its potential for a wide range of
medicinal propertief/Nong et al., 2017)The Garcinia'smedicinal properties are attributed
to its amplesecondary metabolit€g/ong et al., 2017which include triterpenes, xanthones,

flavonoids, coumarins, benzophenones, anthrones, and anthraqyiBoteest al., 2017)

1.2 GenusGarcinia

Garcinia (synonym =Rheedia (Gontijo et al., 2012)s amember of the&Clusiaceae
family, which was previously known &Suttiferae that can be fodnin Asia, Polynesia,
Africa, and AustraligAkongwi et al., 2023)The genus was given its name after Laurent
Garcin, a Swiss botanist who worked for the Dutch East India Company and released the
first report onGarcinia mangostan@mangosteen), the most w&thown fruit species in the
genus ofGarcinia ( Ma Rour ov § .eGarcinelis. a, dioeZifus @vergreen tree
(Paul & Zaman, 2022fhat contains over 600 speci@skongwi et al., 2023)consists of
leathery leaves, solitary flowers, and two to eight pulpy seeds with fleshy fruits
(Paul & Zaman, 2022)The colour of the inner bark @arcinia is occasionally white or

yellow. Meanwhile, stembark can be either grey or bro@arcinia branches and stem



exude fAgambogeo (a gummy resin exudate). TI

yellow) play a role in figuring out the differe@arcinia speciefPaul & Zaman, 2022)

G. dryobalanoidegFigure 1.1)s one oftheGarcinia species that grows in Malaysia.
It is known askandisby the localsThis botanical record, initially documented in the fifth
volume of Flore Forestiere de Cochinchine on page seven during the yeadd§f§8ates
the species' native plant as Borneo, Malaysia. This tree grows primarily withiwet

tropical biomgPOWO, 2024)

Figure 1.1 Herbarium specimen of leaves and twig€otiryobalanoides

Garcinia has been used in traditional medicine worldw{8&to et al., 2017)The
locals in regions wher&arcinia species grow have used these compounds to heal various
illnesseqConceicao et al., 2023)he leaves and stembark@ffagraeoideave been used
to treatmalaria and dermatitis in local traditional medic{fi@uy et al., 2022)Meanwhile,
the bark ofG. kola has been used to treat malaria and abdominal(pAa Rour ov § et
2019) Garcinia fruit infusions, on the other hand, were used to treat dysentery, ulcers and
wounds(Santo et al., 2020Aside from that, irAyurvedicmedicing the fruits ofGarcinia
were used to treat infections and urinary disorders as well as to improve digéaticinia

gummy exudateas wellare used as cathartics and emetics in folk medi€ioeinstance,



G. dulcisgummy exudateareused as an expectorant and laxative in Thai med{Biael &

Zaman, 2022)

Conversely the pharmaceutical industry has taken notice of the usgaaotinia
plantsto treat a variety of disorde(Brito et al., 2017) The Guttiferaefamily contains a
variety of biologically active metabolites that have been shown to have a variety of intriguing
biological properties such as antidant activity, antaflatoxigenic activity, antdepressant
activity, trypanocidal activity, antbacterial activity, cytotoxic activity, and anhalarial
activity (Gontijo et al., 2012Khamthong and HutadileKowatana (2017also reported that
several pharmacological and phytochemical studigsan€inia species have revealed that
the plant's various parts contain a diverse array of secondary metabolites, a great number of

which have medicinal benefits.

1.3 Problem Statement

Nowadays, ati-microbial resistance (AMR) has become one of the crucial public
health problemdue to the emergence and spread of aagistant pathogenshe advent of
b-lactam antibiotics, beginning with penicillin, has been instrumental in treating bacterial
infections (Breijyeh et al., 2020) -lalstams were the most used amicrobial agents
(Reygaert, 2018)However, overuse and misuse of anicrobial medications make
infections more difficult to treat and potentially faghiu et al., 2022) Thus, thereds
to discover new compounds for anticrobial research. Natural products have been an
important framework for developing antibiotics. The ge@ascinia, for instance, has
garnered significant attention due to its potential for diverse medicinal properties,
particularly its antimicrobial activity(Wong et al., 2017)Malaysia has a tropical rainforest

that consists of diverse tree species. However, many species, including Malzgsiana



plants, have not yet been fully discovered. Given the limited reseafghdmyobalanoides

its phytochemical properties and anticrobial activity were investigated as part of the
search for novel natural astiicrobial agents. Aside from that, the structural modification

was done on the major compound isolated fr@n dryobalanoides rubraxanthone.
Rubraxanthone has exhibited substantial-batterial efficacy in previous research by
Muhammad et al. (2019By altering itsstructure,it was envisagedo enhancets antt

bacterial potency as earlier studies on synthesized compounds derived from natural sources
have shown promising efficacy as potential alternatives to traditional antibiotics in

combating multidrugesistant infectiongElmaidomy et al., 2022)

1.4  Objectives of Study

In general,this study aimed to investigate the phytochemical and drcterial
activity of new @rcinia speciesGarciniaspecies is known for their astiicrobial activity.
G. dryobalanoidesollectedrom Sarawak was selected for phytochemicalartébacterial
studies. Besides isolation, structural modification of a major compound, rubraxafhone
was conducted to improve the anticrobial propertie®wing to the presence of an alkyl

chain for lipophilicity.

The specific objectives of thigudywere

i. To isolate identify and characterizethe secondary metabolitefom

G. dryobalanoidesising various spectroscogechniques

ii. To carry out the structural modification and characterization of

rubraxanthone isolated fro@. dryobalanoides



lii. To screenthe antibacterial activity of crude extrast isolated and

synthesizedompoundsgainstGram-positive andGram-negative strains



CHAPTER 2

LITERATURE REVIEW

2.1  Secondary Metabolite

Metabolites are small molecule intermediates in natural metabolic processes
(Cooper & Nicola, 2014) Metabolite componentssuch as primary metabolites and
secondary metabolitesan be classified based on thgiant metabolism activity. Primary
metabolites consist gdroteins chlorophyll, amino acids and sugdMeanwhile secondary
metabolites comprise phenolic compounds, tannins, saponins, flavonoids, alkaloids and

many morgAgidew, 2022)

According to Waksmundzkadajnos et al. (2008) all plants contain primary
metabolites regardless the plant family, speciesr genusas the metabolites are essential
for plant life. Cooper and Nicola (2014tated that primary metabolites are essential for
plantreproduction, developmerand growth Secondary metabolites, on the other hand, are
a wide range of compounds produced by plant cells, wdnielspecifically producedia
secondary metabolic pathway&orlenko et al., 2020)These pathways diverge from
primary metabolic pathways required for plant growth and development. Meanwhile,
secondary metabolites are significantdaferse and interspecies competition, such as

defending plants from microbes and herbivq@srlenko et al., 2020)

Over the past 50 years, there have been more research investigations on secondary
metabolites of plantg§Dey et al., 2017) Approximately 20®00 different secondary
metabolites have been identified and isolated based on their biosynthesis pathways and/or

chemical structuréGorlenko et al., 2020)This is not surprising as secondary metabolites



are extraordinarily diverse, with several major classes containing thousands of compounds
in each class. Secondary metabglitan be categared according to their composition,
chemical structure, biosynthetic pathway, or solubility in diffesehtentg\WWaksmundzka

Hajnos et al., 2008 he origin of the major categories of secondargtabolites in relation

to the basic metabolic pathwaiystheir report, depicteoh Figure 2.1
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Chromatographic techniques are commonly used to obtain these secondary
metabolites and/or biologically active compounds. Column chromatography is one of the
most common and weknown techniques for separating both inorganic and organic
compoundsThis implies that it could be useful in the chemical analysis of complex extract
materials(Bajpai et al., 2016)in addition to methods aboveseveral other techniques have
been used to identify secondary metabolites, including Nuclear Magnetic Resonance
(NMR), Mass Spectroscopy (MS), Ultraviolétsible Spectroscopy(UVi vis), Infrared
Spectroscopy (IR), HigiResolution Electron lonisation Mass Spectroscopy-ER1S),
Electronlonisation Mass Spectroscopy {KIS) and HighPerformance Liquid
Chromatography (HPLC). These techniques are applicabletoassesso ndar y met ab
purity and quantify their concentratio Likewise, itis useful to recogme secondary
metabolites based on their chemical structure, molecular weight, and functional(§teups

et al., 2018)

Research on plarsiecondary metabolitess a source of drug discovery is a rapidly
growing field. The most common secondary metabolites that have been studied for drug
discovery include benzophenones, biflavonoids, coumarins, xanthones, tannins, phenols,
steroids, andlavonoids (Dey et al., 2017)In the Clusiaceaefamily, benzophenones,
biflavonoids, xanthones and coumarins are primarily produced as a defence mechanism
(Brito et al., 2017) Mary other secondary metabolitagere also reportedh this family,

especially from the genuBEarcinia.

2.2  SecondaryMetabolite from Garcinia sp

Garcinia has been identified to contaan extensive arragf biologically active

metabolitesandits extracts are rich in these moleculgésn et al., 2021) The branches,



latex, flowes, roots, leaves, barks and fruits of this gectaudd potentially produce bioactive
metabolitegConceicéo et al., 2023fror instance, e bioactive metabolites wecondary
metabolites that exist i@arcinia are xanthong¢Sultan et al., 2022epsidong¢Lannang et
al., 2018) biflavonoid (Akongwi et al., 2023)flavonoids(Shahid et al., 2022prenylated
benzoyl phloroglucinoMahamodo et al., 2014phenolic glycosidegAkongwi et al.,
2023) benzoquinongShahid et al., 2022)socoumarinNurul et al., 2018)terpengJi et

al., 2017) andbenzoatdKhamthong & HutadilokTowatana, 2017)

According toNguyen et al. (2021 )phenoliccompoundsare secondary metabolites
with at least one unit of phenol in their structdreese phenolic compounds fall into various

categories as outlinad Table 2.1 bywaksmundzkadajnos et al. (2008)

Table 2.1 Plant kingdom phenolic class

Cn basic| Condensed | Class of compound

skeleton | structure

6 Ce Simple phenols, benzoquinongsiinones

7 Ce-C1 Phenolic acids

9 Ce-Cs Hydroxycinnamic acid, coumarins

13 C6-C1-Cs Xanthones

15 C6-C3-Cs Flavonoids, isoflavonoids, anthocyas chalcoms, aurones
30 (Ce-C3-Ce)2 | Biflavonoids
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2.2.1 Xanthones

Xanthones are ubiquitours Garciniaand have been established as chemotaxonomic
markers for this plant genus. Their distribution, however, is restricted feothgalaceae,
Moraceae,GentianaceaeClusiaceae, andGuttiferae families(Paul & Zaman, 2022)
Xanthones oranthene9H-ones(PedrazeChaverri et al., 2008 re oxygenated heterocyclic
compounds with a dibenzwpyrone skeletofPaul & Zaman, 2022hat can be discovered
within lichens, fungi and higher plant familigPedrazeChaverri et al., 2008)This
secondary metabolite can be divided into xantholignoids, miscellaneous xanthones, simple
oxygenated xanthone, bixanthone, xanthone glycoside and prenylated xahttvaeger,
the occurrence of prenylated xanthone can be fann@lusiaceadfamily membersonly,

according tdPaul and Zaman (2022)

A recent study byrhuy et al. (2022¢xtracted the stembadt Garcinia fagraeoides
with methanol and successfully isolated two tetraoxygenated xasthartei c h - ar e U
mangostin1) and rubraxanthon@). In 2021 Seeet al.reveakdthat the chloroform extract
of G. mangostana has contributed to the finding of three xanthones,
Umangostin(l), -mfangostin(3) and mangaxanthone @), while methanol extracts gave
one xanthone, mangoster{b). Several studies alseported that a few new xanthones were
successfully isolated frommnother extret of Garcinia. For instance, the ethanol extriraim
thebark of G. mangostangielded one novel xanthone dimer, garmoxanth@e¢wWang et
al., 2018) Ibrahim et al.(2019) conducteda chemical investigation o. mangostana
(acetone extract of pericarp) which also resuleshe new xanthone, mangostanaxanthone
VIl [1,3,5,6,7-pentahydroxy2-(3-methylbut2-enyl)-8-(3-hydroxy-3-methylbut1-
enyl)xanthone] (7). The xanthones isolated fror®. fagraeoidesand G. mangostanare

depicted in Figure 2.2.
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Figure 2.2: Xanthone isolated fromG. fagraeoidesandG. mangostana

Besides that, the investigation on the acetone extr&&tmfrolineataleaveded to

the discovery of three new oxygenated xanthone, nanmayolineaxanthone X(8),

nigrolineaxanthone Y9), andnigrolineaxanthone Z10) (Raksat et al., 2019Yhe work on

the bark of G. nervosa (from chloroform extract) affords one new pyranoxanthone

derivative, garner xanthorfg@1) (Wong et al., 2017)Another species darcinia, which is

G. cowa, had been explored bRaksat et al. (2020and revaled three newxanthones

obtainedrom the acetonic extract, namely, garciniacowah@g), garciniacowonesb! (13)
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and garciniacowonds(14). Figure 2.3 shows theaxithones isolated fro®8. nigrolineata

G. nervosandG. cowa

o on O OH OH
(%ﬁ Lk L
CL0 SN eso s

oy AL b CLC

CH OH 0 0

OH OH OH OH

nigrolineaxanthone X nigrolineaxanthone Y nigrolineaxanthone Z garner xanthone

(8) ®) (10) (1)

OH
O OH
Dees
OH HO O OH
garciniacowones J garciniacowones H
(12) (13) HO 0 OH
garciniacowones |
(14)

Figure 2.3: Xanthonaisolated fromG. nigrolineata G. nervosandG. cowa

On the other hancgukandar et al. (201@prried out a phytochemical investigation

of the stembark o&. tetrandra(Figure 2.4) Nine novel xanthone were successfully isolated,

viz. tetrandraxanthoneA (15), tetrandraxanthone K16), tetrandraxanthone 17),
tetrandraxanthone D(18), tetrandraxanthone E(19), tetrandraxanthone H20),
tetrandraxanthone 1), tetrandraxanthone [22), and tetrandraxanthong43) from the

methanol extraciSukandar et al., 2019)
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Figure 2.4: Xanthoneisolated fromG. tetrandra

2.2.2 Flavonoids

Flavonoids are produceth thephenylpropanoid pathway, attteycomprisealarge
group of polyphenol compounds with a benzoydyrone structure that abundant in plants
(Agidew, 2022) Flavonoidscan bedivided into several major classes, including flavonols,
isoflavones, anthocyanins, flavanones and flavones that have been proven to have a broad

array of therapeutic and biological effe¢Murthy et al., 202Q) Theseflavonoidswere
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divided according to the degree @fidation of the3-C bridge(Cs-Cs-Cs) (Alseekh et al.,

2020)shown in Figure 2.5

PO
q¢

Figure 2.5:3-C bridge (GCsCs3) of flavonoids

A chemical investigationfacetone extradtom leaves ofG. nigrolineatagivestwo
flavonoids 3 6 3 , -pedit&hydroxyflavone (24) a n d-deB8xgquercetir(25) (Raksat et al.,
2019) Another chemical study dhebark ofG. xanthochymugielded merelloflavoné26)
(Nurul et al., 2018) The flower of G. dulcis also produced afew flavonoids namely
rhamnazin(27) and quercetin -®-b-galactopyranosid€28) (Khamthong & Hutadilok

Towatana, 2017Figure 26 shows thdlavonoidsisolated fromseveralGarcinia species.

3'3,4',5,7-pentahydroxyflavone 3'-deoxyquercetin
(24) (25)

OH O
morelloflavone
(20)
rhamnazin R1= O-B-D-galactose
(27) Quercetin 3-O-B-galactopyranoside
(28)

Figure 2.6: Flavonoidssolated fromGarcinia species
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2.2.3 Biflavonoids

Biflavonoids, on the other hand, asedistinct subclass of flavonoid dimers
connected by €@©-C or GC bond and their presenibound toHypericumand Garcinia
species only. IrGarcinia, the biflavonoid usually consisté fitwo units of flavonon® or
flone unit of flavone and one unit of flavonar{@aul & Zaman, 2022)These are some of
the biflavonoids compounds that have been presen Garcinia (Figure 27):
brevipedicelone 429 found in the leaves db. brevipedicellata(Akongwi et al., 2023)
amentoflavong30) found in leaves ofs. morella (Murthy et al., 2020pnd G. latissima
Mig. (Ambarwati et al., 2022)GB-2a(31) found in the leaves d&. dulcis (Khamthong &
Hutadilok-Towatana, 2017) macrophylloflavone(32) from the methanol extract of
stembark ofG. macrophylla(Cane et al., 20208 6 6 , 4 6 , 4 Ghe@ahywiroX3306, 68, 6706, 7 6 6
biflavanong33) and kolaflavanoné€34) from ethanol extract from stemba8sk kola (Akoro

et al., 2020)

HO 0
e
bad T

I o OH
HO
O oH

brevipedicelone D

(29) (30)

R, |R,|Rs

3" 4'4" 55" 7,7 heptahydroxy-| OH | H | OH
3 8" biflavanone (33)

kolaflavanonc (34) OCH;/OH | OH

macrophylloflavone
(32)

Figure 2.7: Biflavonoidsisolated fromGarcinia species
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2.2.4 Other Secondary M etabolitesin Garcinia

As previouslypointed out, the genuSarcinia contains a large number of phenolic
compoundsThis include coumarins(Naves et al., 2019benzoquinongShahid et al.,
2022) phloroglucinols(Paul & Zaman, 2022)benzophenonefRaksat et al., 2019nd

terpenegDelita et al., 2020)

Coumarins consist of 21-benzopyrarR-one derivatives. It can be obtained by
cyclizing G2 oxygenated ciginnamic acid or through alternative pathways, such as the
mixed cinnamic/acetate pathway. Moreoveoumarins can also be obtained due to a
complete acetate pathw@wWaksmundzkadajnos et al., 2008)An example of coumarin
that had been reported @arcinia is angelicoin B(35) that was found irs. xanthochymus

shown in Figure 3 (Nurul et al., 2018)

OH O

jee?
H;CO CH

angelicoin B
(33)

3

Figure 2.8: Coumarinisolated fromGarcinia species
Converselybenzoquinones, a class of quinones, are renowned for their wide range
of biological effectsQuinones are abundant in nature and are commonly found in medicinal
plants (Silva et al., 2020) Atrovirinone (36) and 2,6-dimethoxyp-benzoquinone(37)

(Figure 29) have been reported to be preserBimtriviridis (Shahid et al., 2022)
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atrovirinone 2,6-dimethoxy-p-benzoquinone
(36) (37)

Figure 2.9: Benzoquinonessolated fromGarcinia species

As for phloroglucinols,Paul and Zaman (2022tated that it is a polygnolic
compound composed of three hydroxyl groups and an aromatic phenyl ring.
Mahamodo et al. (2014hanaged to isolate two phloroglucim@mpounddrom theleaves
of acetoneextract ofG. goudotiana namely, goudotianone(88) and goulotianone Z39).
Apart from thecompound mentioned abgview phloroglucinol compound also had been
reported to be present in the stembarkGofpicrorhiza which arepicrorhizone H(40),
picrorhizone G(41), picrorhizone F(42), picrorhizone E(43), picrorhizone D (44),
picrorhizone ((45), picrorhizone B(46) and picrorhizoneA (47) (Sukandar et al., 2020)

Figure 210 displayedthe phloroglucinol compoundolated fromGarcinia

18



HO OH HO OH
9o ve Q) e
= = = N
OH O OH O HO

goudotianone 1 goudotianone 2
(38) (39
COOH HO

picrorhizones H (40)
OH = OH =
HO O 0 ' HO . 0 .
O O ' 0O O '

picrorhizones G (41) picrorhizones F (42)

R, | R, R;

picrorhizones A (47)| OH | OH HO/\EM

picrorhizones B (46) | OH H

/\gﬁ
picrorhizones C (45) | H H H/\EFN
\gﬂ
L

picrorhizones D (44)| OH | OH

picrorhizones E (43) | OH | OH

laiEalbalbaitali

Figure 2.10: Phloroglucinokisolated fromGarcinia species
On the contraryGarcinia is a rich source ofbenzophenonefaksat et al. (2019)
mentioned that benzophenones are the most isolated compounds frGardimea genus
This secondary metabolite was reportedh@ave a diverse range of biological activities.
Benzophenones are producad acetatemalonate and shikimic acid pathways, comprising
a phenolcarbonytphenol skeletor{Paul & Zaman, 2022)Recently Trinh et al. (2023)

isolated two new polyisoprenylated benzophenones from ethyl acetate pericarp extract of
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G. planchonii namely, planchoniones @8) and planchoniones B19). In 2022 Thuy et
al. extracted the stembark &. fagraeoideswith methanol and successfully isolated
isogarcinol(50). In addition,Conceicao et al. (2023¢ported the presence of different type
of guttiferones in Garcinia sp.suchas guttiferone A51), guttiferoneB (52), guttiferoneG
(53), guttiferoneH (54), guttiferonel (55), guttiferoneQ (56), andguttiferonek (57). All

the benzophenones mentioreddepicted in Figure 211

AP
guttiferone A L i /\‘/ O OH (52)

guttiferone G
(53)

l (54) guttiferone I

(55) l

guttiferone Q
(56)

guttiferone E
(57)

Figure 2.11: Benzophenonesolated fromGarcinia species
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Concomitantly, terpenes were also foundarcinia speciesTerpenes are the most
diverse and most extensive natural product class identified primarily in Gobper &
Nicola, 2014) These are the terpenes that had been rep@figure 2.2): b-sitosterol(58),
stigmasterol(59), garcihombronane EK60), garcihombronane (61), o-sitosterol (62),

( 1-bycaryophyllene(63) and U-humulene(64) (See et al., 2016; Wong et al., 2017;

Muhammad et al., 2019; Delita et al., 2020; Shahid et al., 2022).

garcihombronane B
(60)

B-sitosterol stigmasterol
(58) (59)
%~ COOCH;

, garcihombronane C y-sitosterol
HOY (61) HO (62)
H,C
H,C G
(-)-p—caryophyllene N a-humulene
(63) (64)
CH; CH;

Figure 2.12: Terpenessolated fromGarcinia species
Terpenes consist of isopentane (isoprene) umitds five carbon subunits derived
from the isopreneule. The metabolitecan be formed through two pathwawydich arethe
mevalonate pathway (uses Acetyl CoA as a precursor) and thmemalonate pathway
(uses methylerythritol phosphate(MEP)) as specified byMahizan et al. (2019)The
phytochemical study o€arcinia withal yielded other secondary metabolites, including
organic acids (Shahid et al.,

2022) biphenyls (Shahid et al.,, 2022) benzoate
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(Khamthong & HutadiloKTowatana, 2017)and depsidonf_annanget al, 2018; Nurulet

al., 2018; Shahiet al, 2022)

2.3 Structural Modification of Xanthone

The vast biodiversity of plant species and their inherent potential for producing
bioactive compounds have garnered significant scientific interest. This bioactive compound
possesses intriguing biological properties, making it a prime candidate for #lepaent
of novel drugs(Huang et al., 2022)Aside from the bioactive compound itself, targeted
modifications to the structures of natural resources represent-asiablishe@pproach to
developing novel medication¥ao et al., 2017)By altering and refining the molecular
structure, a wide array of compound libraries can be created, leveraging the potential of
natural product reservoirs, and enhancing the possibilities for new drug development

(Ding & Xue, 2024)

Several modifieckanthones have been reported that can enhance biological activity.
For instance, structural changesough esterification on ananixanthdi®) (Scheme2.1)
increasd cytotoxic activity compared to the parent compo(lrek et al., 2018)Aside from
that,Koh et al. (2015andZou et al. (2013jeported increased adiacterial activity upon
modi f i c a4mangastin (b).f Corersely, Karunakaran et al. (2018pbserved
cytotoxicity and antrinflammatory properties from the structural modification of
b-mangostin(3). These studies reveal@itht modifications to natural compounds have the
potential to enhance their biological activitiesaalftodemonstrated the potential of modified

xanthones as a novel therapeutic agent.
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Scheme2.1: Structural modification of ananixanthone

2.4  Anti-microbial Activity of Garcinia Genus

Nowadays, the rise of antibiotresistant bacteria is a major source of concern.
Antibiotic misuse contributes to risifdgacterial resistancas indicated by th€entre for
Disease Control anBrevention(Joana et al., 2019A study byElmaidomy et al. (2022)
found that the most resistant bacteria to antibiotics Acenetobacter baumannii
Enterobacter sp.Escherichia coli Klebsiella pneumonigeand Pseudomonas aeruginosa
for Gramnegative bacteria andEnterococcus faecalis Enterococcus faecium
Staphylococcus aureuyand Streptococcus pneumoni&a Grampositive bacteria. These
bacteria are resistant to a wide range of antibiotics, making them difficult to treat. Another
study by Piechota et al. (2018)vealed that one of the most serious problems is the
Methicillin-ResistantStaphylococcuswureus strains(MRSA). MRSA is a pathogen that
rapidly evolving and has become one of the most common sources of infections that are
resistant to multiple drugs, particularly in developing countiesk et al., 2017)Despite
alternative drugs (vancomycin and quinolonésat have been identified as MRSA
treatments, their efficacy is still decreas{i@prlenko et al., 2020As a result, it is critical
to develop new antinicrobial agents using various strategies to minimize mutations or other

resistance mechanisr®ana et al., 2019)

A large number of secondary metabolites from plants have shown promising activity
against bacteria, making them a potential soofcewanti-bacterial Akongwi et al., 2023)

Gorlenko et al. (2020ktated thatnumerous research investigations have found that
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secondary metabolites from plants have potentraiiobial activity againsS aureus
strains including MRSA The properties and chemical structure of these metabolites
determine their mode of actioAn example can be seen by the presence of hydreQ¥)(

and methoxy OCHs) groups in the chemical structure of plalerived compounds
significantly affects their antimicrobial potential. These groups allow the compounds to
diffuse through bacterial membranes, resulting in cytoplasmic acidification léinthtaly,

cell death(Alibi et al., 2021) Besides, secondametabolitescan have a variety of effects

on the cells of microbed-or instance, interrupting the quorum sensing, induction of
coagulation of cytoplasmic constituentgreventing the synthesis of enzymes
destabilization of the proton motive force with ion leakageerfering with DNA/RNA
function and synthesis, interacting with membrane proteins (ATPases and others), as well as

disrupting the structure and function of the cytoplasmic memi§aodenko et al., 2020)

Nguyen et al. (2021peportedthat Garcinia is an importananti-microbial activity
source Prior research has revealed ttiet crude extract from th@arcinia speciedas anti
microbialpropertiedKhamthong & HutadiloKTowatana, 2017; Akongvet al.,2023).This
genusalso contains numerous secondary metabohtél a diverse set of biological and
pharmacological properties, including amticrobial propertiegJi et al., 2017)A similar
study has been reported I§orlenko et al. (2020)where the researcher revealed that
secondary metabolites of plants possessednaotobial activity, and the metabolites
extracted were found to have bacteriostatic or bactericidal activity against microorganisms.
Metabolites that are bacteriostatic carhibit bacterial cellular growth and activity.
Meanwhile, metabolites that are bactericidal can kill bacteria by inhibiting the function of
the cell membranes, the synthesis of the cell wall, or the synthesis of enzymes or proteins

(Ecevit et al., 2022)
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Various approaches have been used to asseskaatdrial activity, including the
diffusion and dilution methodDiffusion methods consist of disc diffusion, agar well
diffusion method, agar plug diffusion method or cross streak method usually used to test the
antimicrobial potency of pure substances, extracts, or frac(Basuiri et al., 2016)The
antimicrobial activity can be evaluated by measuring the diffusion method's diameter of the
inhibition zone (IZD)(Zamakshshari et al., 202Zonversely, the dilution assay is usually
used to determine the minimum inhibitory concentrations (MIC) and the minimum
bactericidal concentration (MBC)The relevance of antnicrobial properties can be
classified into two parts which are the extract and the secondary metabolites.
Porras et al. (2021¥ported that the secondary metabolites possgs#gicantanti-bacterial
activityat MI Cs O whé&éMICergngehll, t o 100 e€g/ mL indic
activityandMICO 10 eg/ mL i ndi.Caversdy i@exttactis eonsalerddi v i t vy
active wherMl Cs O 100megé mate (100 &g/ mL < MIC <

eg/ mL < MIC < 1000 eg/ mL), mh(Ndvesenah, 2Gl9)ve whe

2.4.1 Anti-microbial Activity of Garcinia Crude Extract

Crude extracts contain multipteecondary metabolgehatcanact at different sites
in microbial cells, resulting in an overalhti-microbial activity (Gorlenko et al., 2020)n
the 1990s, linuma and his colleagues discovered that extracts from the mangosteen fruit
(G. mangostanphave potential antbacterial properties against MR$3ultan et al., 2022)
Subsequently, numerogsudies have demonstrated the -anicrobial activity ofGarcinia
species, wherebgome researchers using different types of extracts (petroleum ether,
hexane, dichloromethane (DCM), chloroform (Ck)Clethyl acetate (EA), acetone,
methanol (MeOH), ethanol (EtOH), aqueous (Aq)) aifterent part of Garcinia plant

(seeds, fruits, fruit rinds, stembark, pericarp, leaves, roots, branch) in their study.
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Paul and Zaman (202&)viewed severdbarcinia species where some of the extract
had antrbacterial activity. For instance, the petroleum ether crude extract (from
G. x ant h o c begdpuckl@ddorm crude extract (fro@. d u | c seeddandG.
ma n g o s frua rMmd),@acetone extract (fro@.d u | cstermsbark, fruits o6. cowg latex
of G. morellg), ethanol extract (from fruit rinds @&. mangostanpand aqueous crude extract
(from fruit G. morellg). Aside from thatMurmu et al. (2016)eported that different solvent
extracts of the fruits ofs. xanthochymughexane, petroleum ether, acetone, and agueous
extract) showed anbacterial activityagainstS mutans S pyogens Shigella flexneri
Salmonella typhimurium and Vibrio cholerae. The control Gatifloxacin Gentamycin,
Kanamycinand Neomycin) had better inhibitory effects than the extracts, but the extracts
still showed asignificant zone of inhibitiofMurmu et al., 2016)In addition,Khamthong
and HutadilokTowatana (2017jevealthatthe hexane extract @¢. d u | cstemb@arg is

potent agains®. pneumoniaegMRSA, andS. aureus

In a previous studySee et al. (2016)onducted ain vitro antibacterial assay using
different solvent extracts of the stembarkGbenthamiangethyl acetatechloroformand
hexane). The researchers found that all extracts had minimal inhibitory activities against
S aureus(IZD: 7 mm)andBacillus subtilis (IZD: range 78 mm), when compared to the
positive control (Streptomycin: 1Z[26-29 mm).On the other hand, in 2017, Janardhanan
et al, also had conducted amvitro study on antmicrobial activity fromG. mangostana
The diffusion result reveal that the chloroform extract frl@hmangostangericarp has
activity towards all tested bacteria strains with low activityirsgjeS. salivarius (IZD: 3
mm), moderate activity againStmutang1ZD: 10.6 mm) and oralis (1ZD: 11.3 mm)and
highest activity agains$. sangunis (IZD: 13.6 mm) and.actobacillusacidophilus(I1ZD:

13.6). As for the dilution method,. acidophilus(MIC 25 mg/mL, MBC 50 mg/mL) was
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nearly equivalent to the positive control (MIC 20 mg/mL), whereas the MIC and MBC for
other bacterial strain& salivarius S mutantsS oralis, S. sangunis) are in the range MIC

50-100 mg/mL and MBC 10@00mg/mL, respectivelyJanardhanan et al., 2017)

Accordingto Perry et al. (2022)actericidal secondamyetabolites can potentially
promote the development of microbial drug resistafit¢es is due to harnessing plant
metabolites is a costffective strategy for developing novel antimicrobials or improving

existing antibiotics to combat resistar{eita et al., 2022)

In recent study byurthy et al. (2020)the researcher reviewed an amicrobial
study using methanol extract & morella Interestingly,G. morella methanolic extract
showed exceptional arbiacterial activity again$. aureusandB. cereus with MIC values
of 500 and 200 pg/mL, respectivelin 2021, Nguyen and colleagues reported that the
methanolic extract of. planchoniiarrested thegrowth of both Granpositive 8. subtilis
(1ZD: 16 £ 1.2 mm)andS aureus(IZD: 17 = 2.5 mm)) and Grammegative P. aeruginosa
(IZD: 15 £ 1.5 mm) andE. coli (IZD: 20 + 1.2 mm)) bacterial strainMeanwhile,

G. nigrolineataandG. tinctoria show inhibition zong¢owardsP. aeruginosalZD: 9+ 1.4

mm) andS. aureus(IZD: 10 £ 0.9 mm), respectivelyAkongwi et al. (2023)on the other
hand, had prepared ethyl acetate extracts.@punctataas well asthyl acetate, acetone,
and methanol extracts @. brevipedicellatato test their antbacterial activity against
Multidrug-Resistant SalmonellaThe results reveal that low minimunibactericidal
concentrations (O 2 mg/mL) were recorded

bactericidal activity.

Severalotherstudiesby Tanha (2017).arsuprom et al. (2019Musa et al. (2020)

andDevi et al. (2019have demonstrated the amticrobial properties of extracts towards
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Gram-positive andsram-negative bacteria using the dilution methdke extracts primarily
target Gram-positive rather thaiisram-negative strainsGrampositive bacteria are more
susceptible to plant extracts from tl#usiaceaefamily due toa few factors including
differences in peptidoglycan structure, the presence of an outer mer{aaret al., 2021)
receptors or lipids, crodmking (Breijyeh et al., 2020Q)and the activity of the autolytic
enzymes that control the compounds' penetration, binding, and @dgayen et al., 2021)
However, some of the extracts were foundhavelow activity. This might bedue to
interference with thenetabolite®f other extract componenfdguyen et al., 2021Pverall,

most ofthe Garcinia crude extract does show promising drdcterial activity

2.4.2 Anti-microbial Activity of Garcinia Secondary Metabolites

Naturatbased compoundsare a toginterest candidate in combating microbial
infections and preventing the emergence of drsgjstant strains because they can interact
with the microbial cell through multiple antiicrobial mechanismgEcevit et al., 2022)
Natural secondary met ab ol500tgkensl mayibe abletaachas | e c u
antiFmicrobial adjuvants and exhibit synergistic effe@hizan et al., 2019)Apart from
that,Gorlenko et al. (20209tated that secondary metabolites with high bactericidal activity
can stimulate the development of microbial drug resistance. It has been claimed that
Garcinia contains a wide range of biologically active secondary metabatithsling the

antirmicrobial secondary metabolites

Natural phenolic compounds are a diverse group of compounds with a wide range of
biological activities, including anthacterial(Ecevit et al., 2022} ew studies have reported
the presence of the phenolic compound in the genusGafinia (Figure 2.B).

Phloroglucinol, for instance, a simple phenol, is rarely found alone in flacesit et al.,
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2022) It is usually found in combination with either benzoic aoidcinnamic acids.
Goudotianone 1(38) and goudotianone Z439), prenylated benzoyl phloroglucinol
derivatives, were isolateby Mahamodo et al. (2014yom the acetone crudextract of
G. goudotianathrough bioassaguidedfractionation.These compounds were very active
againstGram-positive bacteria 38 active againstE. faecalis and 39 active againsiS
lugdunensis Another examplérom phenolic compourgjwhich are phenolic glycosides,
namedepunctosides A66) and epunctosides @7) from G. epunctatahave low activity
against MDRS clinical isolates (Akongwi et al., 2023) Benzyl 2,4dihydroxy-6-
propylbenzoatg68) (Khamthong & HutadiloKTowatana, 2017)a benzoate, as well as
benzophenone, namelyepiclusianon€69), garcinol(70), xanthochymo(71) (Santo et al.,
2020) camboginol(72), isogarcinol (50) (Paul & Zaman, 2022)guttiferone [ (55),
isoxanthochymo(73) andguttiferone A(51) (Conceicéo et al., 2023)unded inGarcinia
speciesvererevealedo have antmicrobial activity toward$sram-positive and/oGram:

negative bacteria strain.
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Figure 2.13: Phenolic compoundsossessed arbiacterial activity

Conversely, bnzoquinones, @lass of quinones, are particularly noteworthy for their
biological effects(Silva et al., 2020)Quinones are welknown moleculs derived from
medicinal plants that are abundant in nature. Intriguirlylgijor et al. (20223tated that the
antibacterial properties of quinone derivatives haveadddrther investigation for potential
use in a varietyf clinical and pharmaceutical applicatiofi$ie hydrogen's presence in the
guinone structure renders it more reactive in combating microorganignssis due to
hydrogen atoms in the quinone structure allows for hydrogen bonding with various
biological molecules, enhancing their binding affinity to microbial tar¢@&slave et al.,

2020) In addition, quinones ability to develop new drugs is enhanced by the presence of an
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electronrich aromatic ring that can act in electrophilic substitufi@umior et al., 2022)An
example of antmicrobial activity has been reported for benzoquinoneGarcinia,
2,6-dimethoxyp-benzoquinong37), and atrovirinong36) from G. atroviridis (Shahid et

al., 2022)

On the other handlavonoids are rich and engage in various r@@sper & Nicola,
2014) including possessing anticrobial activity According toGorlenko et al. (2020)
flavonoids' antimicrobial acivity is due to their interaction with membrane proteins on
bacterial cell walls. This interactioncreases the membrane's permeabitityrupting it and
eventually killing the bacterigAside from thatCane et al. (202Qeported thatlavonoids'
antibacterial propertiesan be assessed based on their capacity to obstruct nucleic acid
synthesis cytoplasmic membrane function, energy metabolism, and porins in cell
membranesBesides flavonoidsmany biflavonoids, particularly those derived from the
Garciniagenus, also have asliacterial propertieg~otso et al., 2014riorresearch teams
had certified flavonoid as well as biflavonoid composisiach as compous@4, 25, 27, 29,
30, 31 and 32 have exhibited antibacterialactivity (Khamthong & HutadiloKTowatana,

2017; Raksaet al.,2019; Canet al.,2020; Ambarwatet al.,2022; Akongwiet al.,2023).

A series of experiments also revealed numerous xanthones fbaatgrial activity
The derivative of xanthonean have a variety of activities, including amticrobial activity
as reported byJoana et al. (2019)J-mangostin(1), one of nature's most researched
xanthonegJoana et al., 2019%as been shown to have amiicrobial activity against a wide
range of microbes, including bacteria, fungi, and mycobac{&utan et al., 2022)
Compoundl antimicrobial action is due to its ability to depolarize the bacterial membrane,

causing the leakage of approximately 37% of its contents within a very short period
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(Sultan et al., 2022Aside from thatcowanin(74), also had been discovered to be the most
potent inhibitor due tthe presence of double bonds in the geranyl substituer8atvB@ich
proved to be an important factor in the dodicterial activity of xanthone with a 1,3,7

trihnydroxy-7-methoxy oxidation patterfMuhammad et al., 2019)

Muhammad et al. (201%tated that the anhacterial activity of xanthones varies
depending on thimclusion angosition of geranybr prenylsubstituentas well asydroxyl
groups. The hydroxyl groups, especially at@and G3, are particularly important in
inhibiting bacterial activity. Meanwhile, the prenyl side chain & &lso enhances anti

bacterial activity.

Besides prenylated benzoyl phloroglucinolphenolic  glycosides, benzoate,
benzophenone, benzoquinone, flavonoid, biflavonoid and xanthone, depsidone
(atrovirisidong(75)) that were found iGarcinia species also possess dudicterial activity
(Shahid et al., 2022)Concomitantly,terpenes were also present @Garcinia species
Terpenes and terpenoids have -amicrobial properties due to their ability to interact with
and damage the membranesnatrobes(Gorlenko et al., 2020)Terpenoids are derived
from terpenes and are formed when terpenes are modified, such as by adding or removing
functional groups(Mahizan et al., 2019)Their functional group determines the anti
microbial activity of terpenoidsAside from that,the phenolic terpenoids' delocalized
electron and hydroxyl group are among the -amtrobial determining factors
(Mahizan et al., 201950me examples of terpenes that had claimed to hawbacttrial
properties against the tested bacterial straiese ( 1-byCaryophylleng(63), -hlinulene

(64), b-sitosterol(58) and stigmasterdb9).
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Extensiveresearch on plant phytochemicals for drug discovery have been conducted
This includesliscoveringheGarciniaspeciesvhichintensively reported due to its potential
for diverse medicinal properties, including amticrobial. The genus &cinia has been
linked to an abundance of secondary metabo{lésng et al., 2017)The antimicrobial
activity of Garcinia secondary metabolites has been the subject of much experimental and

theoretical research.
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CHAPTER 3

MATERIALS AND METHODOLOGY

3.1 Plant Materials

The stembark ofarcinia dryobalanoidegVoucher Specimen no.UiTM3032) was
collected fromSemenggoh, Sarawak, awds deposited @heUiTM herbarium. The sample

was identified bya botanist

3.2 Chemicalsand Reagens
3.2.1 Extraction

Threedifferent solvents were used for the plant extraction: hexasig14C ethyl
acetate (GHgO2), and methanolGHsOH). All the chemicat and reagentawereof American
Chemical Society (ACS)r Analytical Reagent (ARyradepurchased from local supplier
such & Serba Teknik Saintifik Sdn. Bhd., Robert Scientific Company Sdn. Bhd., and

Modern Scientific Sdn. Bhd.

3.2.2 Isolation and Purification

Five types of different solventwere used for the isolatiorand purification of
secondary metabolitehexane (€H14), chloroform (CHC), ethyl acetate (§Hs0x),
acetone (gHsO) and methanol (MeOHAside from that, he silica gel in different sizes
such as Silica gel Merck Kieselgel 60 Art. No. 7734.100 of particle size 0.063 to 0.200 mm,
Silica gel Merck Kieselgel 60 Art. No. 9385.100 of particle size 0.040 to 0.063 mm and
Sephadex LF2Owereused in column chromatography. All the chenseald reagentaere

of American Chemical Society (ACS) grade.
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3.2.3 Instrumental Analysis

Deuterated solvents (chloroform, acetone, methanol) uszd for NMR, whereas

HPLC/ LC-MS grade solvent was used for instrumental analysis

3.2.4 Anti-bacterial Assay

Four bacterial strains comprising d@em-positive Lactiplantibacillus plantarum
and threeGram-negative Enterobacter cloacgePseudomonas aeruginosand Serratia
marcescenswere used for this work. Ampicillizvasused aghe positive contral while

dimethyl sulfoxide PMSO) wasused as the negative control.

3.3  Extraction, Isolation and Purification of Secondary Metabolites
3.3.1 Extraction, Isolation and Purification

The stembark of. dryobalanoidesvasdried andground into a fine powddryefore
being maceratethree timessequentiallyin three differentsolvents of different polarities,
beginning withhexane (€H14), followed by ethyl acetate (€HsO2), andlastly, methanol
(CHsOH) for 72 hoursat room temperaturd he sample were filtered and evaporated using
a rotary evaporator to obtain the extradise sample extract was further purified using the
chromatographic methoéach extract was fractionated using Silica gel Merck Kiesel gel
60 Art. No. 7734.100 column chromatography. Then, each fracti@erwentextensive
purification using column chromatography usir§jlica gel Merck Kiesel g 60 Art. No.
9385100 and using Sephadex L& O . The samplebs extraction,

were prepared followinthe literaturgorocedurdby See et al. (2021)
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3.3.2 Chromatographic Method

Chromatographic techniques have been effectively used to fractionate and purify
biological secondary metabolites frararioussamplegBajpai et al., 2016)Thus, this study
used two chromatographic methods: column chromatography @ @) thin layer

chromatographyTLC).

3.3.2.1Column Chromatography (CC)

Column chromatography (glass column packed with silicawa$used to separate
the compound mixture. Two types of silica getre used for column chromatography
Merck Kiesel gel 60 Art. No. 9385.100 of particle size 0:04163 mm, where the
compound mixturevas separate based on the polarities and SephadexdadHiwherethe

compound mixture was separatesedon the moleculasize

3.3.2.2Thin Layer Chromatography (TLC)

The compound purity was determined by using analytical thin layer chromatography
(TLC) before proceeding to other anagsuch as NMR, LeMS, FT-IR, UV-vis and
melting point In this study,TLC Silica gel 60 Essauminium sheets & 5 cm and different
solvent systenfior its mobile phas€CeH14: CHCL ; CsH14 EA ; CsHi14 C3HsO ; CHCL:

CsHeO ; CHCk; MeOH)wasused.

3.4  Structural Elucidation and Characterization

The isolated compounds' structungere elucidated using spectroscopic analysis,
which include Nuclear Magnetic Resonan¢ED and 2DNMR), Liquid Chromatography
Mass Spectrometry (LEMS), UV-Visible Spectrophotomete{UV-vis) and Fourier

Transform Infrared SpectroscoffyT-IR). The 1D and 2D NMR eregeneratedising JOEL
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JNM-ECZ 500R $00 MHz) andBRUKER 500 spectrometed@0 MHz). The deuterated
solventssuch ahloroform, acetonegndmethanolwereused for NMRanalysis ATR on
THERMO scientific NICOLET iS10 FAIR spectrometewas used to obtain the infrared
spectra for this study. LL&IS spectrawere obtained using é&himadzu LCM&020
spectometer. For UWis, the spectra werdeterminedusingan Agilent Cary 60 U\VVis
spectrometerwhere the spearwere recorded ina specified rangeThe sample was

measured using SttaSMP3 Melting Point Apparatus for melting points

3.5 Physical and Spectral Data of Secondary Metabolites from Garcinia
dryobalanoides

3.5.1 2-Hydroxy-(4-octyloxy)benzophenone (@)

Light yellow gum; LGMS (m/z): 326.45; @H2603; UV-vis (_ may): 285; IR
VmaxCMTL: 2923.72, 1618.09, 1255.524 NMR (CD;OD, 400 MHz)| 1: 7.48 fn, 1H, H6),
762 2H, H2 6 ;6 68 , m2H, 53 6 (5 68 1(M7AH,6+4 6 ) , d,aH,5 0.4, (
H-3), 6.45 @d, 1H,J=2.4, 9.0, H5), 4.04 {, 2H,J = 6.4, 6.5, H8), 1.0 (m, 2H, H9), 1.8
(m, 2H, H10), 1.311.36 fn, 8H, H113 H-14), 0.8 (t, 3H, J= 6.9, 7.0, H15); 13C NMR
(CDsOD, 100 MHz)] ¢: 112.8 (G1), 165.8 (C2), 101.3 (G3), 166.0 (G4), 107.2 (C5),
135.1 (G6), 200.1 (C7), 68.2 (C8), 28.7 (G9), 25.7 (G10), 28.9 (C11), 29.0 (C12), 31.6
(C-13), 22.3 (C14), 13.1 (C15), 1383 (€16 ) , 128)5 @X®B).,0 H30L).,3
128.0 (G56) , 1-8 8 }H6 and( C NMR spectral data are consistent with

Khamidullina et al. (2005)
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3.5.2 Rubraxanthone (2)

Orange crystal; m.p. 20% (Lit 207-208 3 ) (Thuy et al., 2022)LC-MS (m/z):
410.45; G4H2406;, UV-Vis (_ may): 240, 310; IR Wax cml: 3421.31, 2911.68, 1642.94,
1463.36, 1074.44H NMR (acetoneds, 400 MHz)] n: 13.47 6 1H, :0H), 6.15 ¢, 1H,
J=2.2, H2), 6.23 (I, 1H,J=2.2, H4), 6.73 §, 1H, H5), 3.79 6, 3H, 7-0-CHs), 4.07 ¢, 2H,
J=6.4,H106) , t BH,J25/6,6(4, H2 6 ) , mP2H,H2 6§ , (m2H,+39, 5.00 ¢,
1H,J=6.6,6.8,H6 6 ) , s 3H,13806 )(, s 3H, BHDO6 )(, s 2H, IBD0 &F NMR
(acetoneds, 100 MHz)] ¢: 163.9 (G1), 97.8 (G2), 164.3 (C3), 92.9 (G4), 156.9 (C4a),
101.9 (G5), 155.3 (G5a), 156.4 (&6), 143.6 (C7), 60.5 (FO-CHs), 137.2 (G8), 111.1
(C-8a), 181.7 (€9), 102.9 (X9a), 25.9 (C1 6 ) , 12284).,0 18364).,1 -3(6Q 6 R 6. 4
(C56), 16264).,3 H7300).,6 -B04T. ,9 HOGO0.)9, (1B H § H a@di’e

NMR spectradataare comparablwith Thuy et al. (2022)
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3.5.3 8-Deoxygartanin (77)

Yellow amorphous powder; m.p. 168 (Lit 1651673 ) (Karunakaran et al., 2022)
LC-MS (m/z): 380.45; @H240s; UV-vis (_ may): 265, 315, 385; IR wax cmi: 3269.39,
2916.54, 1638.22, 1476.36, 1093.%33;NMR (acetoneds, 400 MHz)| w: 13.29 6, 1H, &
OH), 737(dd, 1H,J=3.0,9.0, H6), 748(d, 1H,J= 9.0, H7), 7.59 ¢, 1H,J=3.0, H8), 3.45
(d, 2H,J=6.9, H1 6 ) , t 8H,BARO, {1, H26/ 20)s,3H,H480 , 6 6H, B7 (
56/ 50)d,2H,3=7.5 &1 ¢ )89(s, BH, H4 0 %C NMR (acetonals, 100 MHz)] c:
159.7 (G1), 111.3 (G2), 161.8 (G3), 107.2 (G4), 154.4 (G4a), 151.2 (C5), 155.1
(C-5a), 15.4(C-6), 1D.2(C-7), 109.7 (C8), 122.0(C-8a), 182.0 (€9), 104.0 (C9a), 22.6
(C16), 12263.25 )(,34d)3,2.-D8)(4L -BE&€/ Bo)[XL022. FBP)X,7 (C

18.5 (G4 0 ) . H and™¥C NMR spectratlata are in consistent withguyen et al. (2003)
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3.5.4 Isocowanol (B)

Orange gum; LEMS (m/z): 494.60; eH3407; UV-Vis (_ may): 225, 260, 315; IR ¥ax
cmt: 3410.91, 2927.96, 1644.50, 1463.27, 1072tBNMR (CDCk, 400 MHz)] w: 13.40
(s, 1H, XOH), 6.26 & 1H, H2), 6.87 6 1H, H5), 3.80 § 3H, 7O-CHs), 4.08
(d, 2H,J=5.9, H1 )95.26 (, 1H,J=5.8,6.0,H2 8 ) , M2H,B+2 6 | , M2H,+8 6 | ,
5.02 ¢, 1H,J=6.3, 6.4, H6 6 ) , s BH, 5t8 0 Y59(s,BH,H9 &) , s BH, 820 ¢ ) ,
3.57 @, 2H, J=7.8, H1 0 ) , t51HA4J27.8,(7.9, H20) , sA2H3W®40(), 1. 78
(s, 3H, H5 0 C NMR (CDCE, 100 MHz)] c: 161.6 (G1), 98.8 (G2), 161.5 (G3), 103.4
(C-4), 153.9 (G4a), 101.6 (€5), 154.7 (C5a), 155.7 (&6), 142.8 (C7), 62.0 (FO-CHa),
137.2 (G8), 111.9 (G8a), 182.1 (), 103.7 (C9a), 26,5 (CL 6) , 12®).,2 LX5. 6
(C3d6), 38)7 £6)6 (6264).,3 HA301).,3 )7 L6)6 (6.5
(C106) , -1201).,7 H2®).,7 X328).,5 &) 7 H&@) 7H@EM@EC

NMR spectradata agree witffaher et al. (2007)
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3.5.5 9-Hydroxycalabaxanthone (B)

Orange oil; LGMS (m/z): 408.45; @H2406; UV-ViS (_ may): 285; IR \max cmt:
3426.71, 2922.92, 1643.85, 1459.48:NMR (CDCk, 400 MH2)| n: 13.72 6 1H, ZOH),
6.24 6, 1H, H4), 6.83 § 1H, H5), 3.82 & 3H,7-O-CHs), 6.75 (I, 1H,J=10.0, H10), 5.59
(d, 1H,J=10.0, H11), 1.48 § 6H, H13/14), 4.09¢, 2H,J=6.2, H1 6 ) , t, BH,J2500, (
H26) , s 3H, 1846 )(, s 3H, A5L6%C;NMR (CDCE, 100 MHz)] ¢: 157.9 (G1),
104.5 (G2), 159.8 (C3), 94.2 (G4), 156.2 (G4a), 1018 (C-5), 155.7 (C5a), 154.7 (CB),
142.7 (G7), 6L.9 (7-O-CHs), 137.0 (G8), 112.1 (G8a), 18.9 (C-9), 103.7 (C9a), 115.7
(C-10), 127.2 (€11), 77.9 (C12), 28.3 (C13/14), 26.5 (€L 6 ) ,2 (Ct2283).,  13302).,2
18.2 (G4 625.8 (G5 6 ) .'H and*¥C NMR spectratlata ardédenticalwith Wang et al.

(2018)
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3.5.6 Stigmasterol (59)

White needle crystal; m.p. 185 (Lit 174-1763 ) (Chaturvedula & Prakash, 2012)
LC-MS (m/z): 412.70; @Hs0; UV-vis (_ may: 203; IR Vmax cml: 3415.41, 2930.93,
1456.09,1049.79;'"H NMR (CDCk, 500 MHz) w: 5.33 ¢ 1H, J=2.6, H6), 5.13
(m, 1H, H23), 4.99 (n, 1H, H22), 3.50 fn, 1H, OH3), 1.00 ¢ 3H, H18), 0.790.83
(m, 12H, H26, H27, H21, H19), 0.69 § 3H, H29); 23C NMR (CDCk, 125 MHZ)| ¢
37.3 (G1), 31.7 (G2), 71.9 (G3), 42.3 (G4), 140.8 (G5), 121.8 (G6), 31.9 (C-7),
31.9(C-8), 50.2 (G9), 36.6 (C10), 21.2 (C11), 39.8 (C12), 42.4 (C13), 56.9 (C14), 24.4
(C-15), 28.9 (G16), 560 (C-17), 12.3 (G18), 19.1 (G19), 40.6 (G20), 21.3 (C21), 138.4
(C-22), 129.4 (€23), 51.3 (G24), 45.9 (G25), 19.5 (C26), 21.3 (C27), 25.5 (G28), 12.1

(C-29). The'H and®*C NMR spectratiata agree witiKamal et al. (2016)

42



3.6  Structural Modification of Rubraxanthone (2)

The structural modification was followe@bd Halim et al., 2023)with some
modifications. The rubraxanthone derivati(86-84) were synthesized by implementing
Williamson ether synthesis witlifferent chain length of primary alkyl halidges shown in
Scheme 3.1Generally, ina1:3 ratio, ubraxanthone?) was dissolvedh 20 mL ofacetone
followed by primary alkyl halide. Then, potassium carbonate was added as catalyst. The
solution mixture was heated (85 at reflux for 48 hours while stirring.he mixture was
allowed to cool to room temperature and then filtefidek filtrate was subsequently cooled
until a yellow solid formed. This solid was further purified using column chromatography
or preparative thitayer chromatographyrhe general procedure for the preparatioB®f
84 utilized a different type of alkyl halides (g, mmol) and yigldshown in subsection 3.6.1

to 3.6.5

X

K,CO;4, acetone
reflux 48 hr

80-84
R = C3Hy, C4Hy, CsHyy, CeHys
Where R,

80=R,: C3H,, Ry H
81=R;:H, Ry CiH;
82 =R,: CsH, |, Ry: C5H
83 =R,: C¢Hy5, Ry CyHys
84 = R.]: H, Rji C4H9

Scheme 3.3Structural modification of rubraxantho()
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3.6.1 3-O-propyl-rubraxanthone (80)

1-Bromopropane (0.092 g, 0.75 mmoYellow powder; Yield: 1.1 mg (0.97 %);
m.p. 2143 ; LC-MS (m/z): 452.20; &H3:06; UV-vis (_ may): 255, 310; IR Max cmi:
3993.132925.16, 1646.22, 1463.71, 1084.54;NMR (acetoneds, 400 MHz)| w: 13.47
(s, 1H, :OH), 6.28 @, 1H,J=2.2, H2), 6.42 (1, 1H, J=2.3, H4), 6.87 §, 1H, H5), 3.82
(s, 3H, 2O-CHs), 4.13 (1, 2H,J=6.5, H1 0 ) , t, B1,J26%,6(6,H2 6 ) , t, 2H,J97D, (
73,H406) , m2H,6:3 6 ) , t, BH,J86D, 700, H6 6 ) , s 3H, 13870 )(, 5 3H, 54 (
H96), mBH, 85006 ) ,t,24,J=6HHY0) , mI2H, 83 0§ 6(t 3H,JI87.4,
H-3 0 3¢ NMR (acetonads, 100 MHz)7 ¢: 163.7 (G1), 97.1 (G2), 165.6 (C3), 91.9
(C-4), 156.9 (G4a), 101.9 (65), 155.5 (C5a), 156.9 (66), 143.8 (C7), 60.5 (O-CHa),
137.4 (G8), 111.1 (G8a), 181.9 (), 103.4 (C9a), 259 (C1L 6 ) , 1-28).,8 X4. 3
(C36), 28)6 £6)4 2M4).,3 H3D).,7 A4)8 €6)3 (6.7
(C106), -1609).,9 -A2C) 1 -P&L)7 ( C
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3.6.2 6-O-propyl-rubraxanthone (81)

1-Bromopropane (0.092 g, 0.75 mmoRale yellow powder; Yield: 16 mg
(13.26 %); m.p. 218 ; LC-MS (m/z): 452.20; eH320s; UV-vis (_ may: 250, 310;
IR Vmaxcnt: 3327.40, 2922.17, 1651.48, 1463.0681.02'H NMR (acetoneds, 400 MHz)
1w 13.48 6 1H, :0H), 6.22 (I, 1H, J=2.1, H2), 6.33 @, 1H, J=2.0, H4), 6.98 §, 1H,
H-5), 3.83 , 3H, ZO-CHz), 4.16 ¢, 2H,J=6.6, H1 6 ) , t, BH,J2676, 6(7, H2 6 ) , 1. 98
(M2H, H40) , m2H,6+3 6 | , t BH,J0660, H6 6 ) , s 3H, 5806 )(, s 3H, 54 (
H-96) , s 3H, 18150 ) ,t,24,J=B.HHL0) , mRHH2 0§ , t 3H,IE734, (
H-3 0 3¢ NMR (acetonads, 100 MHz)7 ¢: 163.9 (G1), 97.9 (G2), 164.7 (C3), 92.9
(C-4), 157.1 (G4a), 99.2 (C5), 155.4 (C5a), 1581 (C-6), 144.4 (C7), 60.1 (FO-CHa),
136.5 (G8), 111.2 (G8a), 181.9 (), 102.9 (Qa), 25.7 (L 6 ) , 128). .8 X4 . 2
(C36), 28)6 86)4 62M4).,3 H3M).,7 A4) 9 €6)8 (6.7

(C1006) , -1700).,4 ZA2C) 2 -PL)9 ( C
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3.6.3 3,6:O-pentyl-rubraxanthone (82)

1-Bromopentang0.116g, 0.75 mmol)Orange wax; Yield: 19.0 mg (13.81 %); m.p.
1993 ; LC-MS (m/z): 550.35; @H4606; UV-ViS (_ may): 245, 310; IR Waxcml: 2927.57,
1646.03, 1459.04, 1040.8% NMR (acetoneds, 400 MHz)| +: 13.39 6, 1H, :OH), 6.19
(d, 1H,J=2.1, H2), 6.27 ¢, 1H,J=2.0, H4), 6.80 §, 1H, H5), 3.81 § 3H, 2O-CHs), 4.10
(M 2H, H16) , t 5H, 262, 6, H26) , mRHHE 6§ , m2HMHBO6) 5 5. 0
(t, 1H, J=6.9,7.0,H6 0 ) , MBH,H8 0] , MmBHH9 6] , mBH,#HE006), 4. 07
(M2H, H10) , MMUH,52 6 ( 7 0 )m 2HIH3®DD , (MP2H, 48 60) , m®BH,9 7 (
H-50/ 100}, 2H, #6.41156 o() , mM12HOHIB 0() , mML2HAHO 6(33C NMR
(acetoneds, 100 MHz)| ¢: 1636 (C-1), 96.9 (G2), 165.4 (G3), 918 (C-4), 156.7 (C4a),
99.0 (G5), 155.2 (G5a), 157.9 (), 144.3 (C7), 601 (7-O-CHs), 136.4 (G8), 1111
(C-8a), 1818 (C-9), 1034 (C-9a), 257 (C-1 6 ) ,9(Ct2263).,1(C13364).7(C886) , 26. 5
(C56), 16204).,3(C{3@0)., -84)9 -@6)8 -LB8OY, (1608).,4 2(8C 1

(C20/70):3028. @9)® HB/400E60p8.88)6 P@)2 (C

46



3.6.4 3,6-0-hexyl-rubraxanthone (83)

1-Bromadhexang0.249g, 1.50mmol); Yellow wax; Yield: 115.1 mg (39.8 %); m.p.
2143 ; LC-MS (m/z): 578.35C36H5006; UV-Vis (_ may): 240, 310; IR Wax cn’: 2923.01,
1651.99, 1460.11, 1040.1%H NMR (acetoneds, 400 MHz)| u: 13.43 6, 1H, 1-0OH), 6.26
(d, 1H,J=2.3, H2), 6.37 @I, 1H,J=2.2, H4), 6.93 §, 1H, H5), 3.83 § 3H, 7-O-CHs), 4.14
(m2H,H16) , t BH,J2683,6.68,FH 6) 9(MPH,#46) , m2H,6t36), 5. 06
(t, 1H,J=6.9,H6 6 ) , s 3H,BBO )(, s IH, BFANO6 ), s 3H, BBOF) ,t,24,. 22 (
J=6.4,H10) , mMRHHR 6() , MMUHHB 6( 9 0 )m 2HIH460) , (m16H,4 0 (
H50/ 110 M,6H G604 120 M2H H7 b2, MI2HBHB 6() , MI2H5 1 (
H-1 0 6"3C ;NMR (acetonals, 100 MHz)1 ¢: 163.7 (G1), 97.0 (G2), 1656 (C-3), 919
(C-4), 1569 (C-4a), 992 (C-5), 1554 (C-5a), 158.1 (GB), 144.4 (C7), 60.1 (FO-CHs),
136.5 (G8), 1112 (C-8a), 181.9 (@), 103.4 (C9a), 257 (C-186) , 12®).,2 Y I4.
(C36), -388)6 H$6)53(@62H4).,7(Ck7360).9(CB84), -96)8 (6.
(C106), -B®B) 9 R&B.)84 (CBH./ 90) ,-410)54 €H1H.C110) , 13,

(C60/120)70BBCBOY BCLHH)
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3.6.5 6-O-butyl-rubraxanthone (84)

1-Chlorobutang0.070g, 0.75 mmol)Yellow powder; Yield: 0.6 mg (0.51 %); m.p.
2143 ; LC-MS (m/z): 466.25C28H3406; UV-Vis (_ may): 237, 310; IR Wax cml: 3382.95,
2928.54, 1641.85, 1458.69084.41 'H NMR (acetoneds, 500 MHz) | w: 6.18 €, 1H,
J=2.3, H2), 6.29 (, 1H,J=2.3, H4), 6.96 §, 1H, H5), 3.78 &, 3H, 7-O-CHs), 4.11 (, 2H,
J=6.3, H19, 5.23 (t, 1H,J=6.2, H2 01.81-:1.96 M, 8H, H4 6 ;5 6H2 0H3 OoH , t,5. 01 (
1H,J=6.9,H6 6 ) , s BH, B80 ), s BH, B® 6185 (M, 3H, H1 0 &.p1, ¢ 2H,

J=6.3,H1 0) , t 8H,J8702 H4 0 )

3.7  Anti-bacterial Assay
3.7.1 Agar Well Diffusion Method

Mueller-Hinton agar was used to culture the bacteria in agar well diffusion method
The bacteriatock turbidity was compared with the cloudiness of the 0.5McFarland standard
solution. Bacteria stockK50 puL) was pipettedonto the agar plate and was spread evenly.
Then,100 pL ofthe samplewaspipetted into the well and incubated at37 f or 24 hour
Ampicillin was used as the positive control while dimethyl sulfoxide (DMSO) was used as
the negative controllThe crude extract used was at a concentration of 1000 pg/mL, while
the isolatedand synthesized compound was 100 pg/mL. The-amtrobial activity was

evaluated by measuring the diameter zone of inhibition (&Y incubating the plate for
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24 hours and comparing the anticrobial activity with the positive controllheagar well

diffusion methodvaspreparedollowing Zamakshshari et al. (2022)

3.7.2 Minimum Inhibition Concentration (MIC)

The minimum inhibitory concentration (MIC) valuegre determined using broth
microdilution technique in 9@vell microplatesn accordance witiNurakmal et al. (2022)
with modification Generally, a twdold serial dilution method ranging from 1000 pg/mL
to 1.95 pg/mL was used to test the sample extract. Meanwhile, the isolated compound was

evaluated from 100 pg/mL to 0.195 pg/mL.

Bacteria strains were obtained from-f2dur broth cultures, and suspensions were
adjusted according to the turbidity of 0.5McFarland standard. A thousand microlitre
(1000 mg/mL) stock solution was prepared by diluting 10 mg of the extracts or 1 mg isolated
compound in 1 mL odDMSO. Using a multpipettor, a 10QuL of medium (broth) was added
into all sterile 96well microplates. Then, 10QL of appropriate extract or compound
solution was pipetted into the columfirbw and dispended until homogeneous. Following
that, 100uL of the homogeneous solution was transferred from fretimn row into the
2" row and dispensed until homogeneous again. The procedure was only repeated to the
10th column, where the remaining two columns were left for co(Wbendix F) Five
microliter (5pL) bacteria solution was added to each well except for the control. Finally, the
plate was incubated at 37 °C for 24 hours. Turbidity and the presence of a pellet at the well's
bottom indcated microbial development. The MIC value was recorded by the lowest reading
of the inhibition of bacteria. The MIC samples that showed no signs of bacterial growth were

continued for MBC testing

49



3.7.3 Minimum Bactericidal Concentration (MBC)

Samplesrom the MIC investigation that did not show any bacterial growth were
withdrawn from each well and transferred onto the surface of the newly produced nutrient
agar in disposable petri plates. The petri plates were then inverted and incubated for 24 hours
at 37 °C The MBC was measured by examiniig tcolony growth on each plate after the

incubationhours(Nurakmal et al., 2022)

3.8  Statistical Analysis

The antimicrobial testingwas donen triplicate It was represented as theean
standardleviation performed by using Microsoft Excel (Version 20E3el is a reliable
and convenient tool for calculating mean and standard deviation, especially for basic

statistical analysis due to its accuracy and versatllapoya & Otuaro, 2019)
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Extraction and Isolation of Secondary Metabolites from Garcinia
dryobalanoides

Malaysia has a tropical rainforest that consists of diverse tree species. However,
many species, including Malaysian Garcinia plants, have not yet been fully discoVehed.
a continuing interest in MalaysiaGarcinia plants, herein,Garcinia dryobalanoides
collected from Semenggoh, Sarawak, was chosen to carry out the detailed @tuties

secondary metaboli&s well as its antimicrobial activities against several bacteria strains

Thestembark of>. dryobalanoideg3.40 kg)hadafforded41.40 g of hexane extract,
161.05 g of ethyl acetate extract and 69.87 g of methanol extract. The isolation and
purification of the extracts gave one benzophenone, four xanthones and one &iterpen
(Figure 4.1). The detatiwork on the purification of hexane extract had afforddgy@oxy-
(4-octyloxy)benzophenongr6) (29.4 mg), ShydroxycalabaxanthonéZ9) (32.0 mg) and
stigmastero(59) (11.9 mg) Meanwhile, fothe ethyl acetatextract yielded rubraxanthone
(2) (4202.0 mg), &eoxygartanin(77) (12.2 mg) and isocowanol(78) (5.6 mg).
Rubraxanthong?2), the predominant compound in the plant, was also isolated from the
methanol extractAstonishingly, compoun@6was isolated for the first time in ti&&arcinia
genus Previously,Khamidullina et al. (2005)vere the first to isolate compoui® from

Pinus sibiricashell
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G. dryobalanoides

| |

Hexane Extract Ethyl Acetate Extract Methanol Extract
| |
1 2-Hydroxy-(4-octyloxy) 1 Rubraxanthoné?) Rubraxanthoné?)
benzophenongr6) 1 8-Deoxygartin
1 9-Hydroxycalabaxanthone (77)
(79) T Isocowol(78)
1 Stigmastero(59)

Figure 4.1 Secondary metabolites isolated fr@ndryobalanoides

4.2  Characterization of Secondary M etabolites from Garcinia dryobalanoides
4.2.1 Characterization of 2-Hydroxy-(4-octyloxy)benzophenong76)

2-Hydroxy-(4-octyloxy)benzophenon€/6) was obtainedrom hexane extrads a
light yellowish gum The molecular formula was determined to beHzs03, as supported

by the LC-MS spectrum (Figurd.2) whichshowed a molecular peak at n326.45

(x1,000)

5.214
5.004

326.45

4.00-

1
1

e
—-TIC(-)@2

min

Figure 4.2: LC-MS of compound6
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Aside from that,lte functional group of6 wasdetermined from the FIR spectrum
(Figure 4.3). They are2923.72 crit, 1618.09 cri, 1255.52 cm, which indicate the
presence of & stretch, C=0 stretch and@ stretch, respectivelyhile an OH group was
expected to be evident in the spectrum, however, no corresponding peak was obkesved.
might be due toherapid proton exchange of hydroxyl prot@wiovakovic et al., 2021)he
UV spectrumon the other handevealed maxima atmax285nm consistent with thigpical
chromophore molecules with conjugated double bamdsromatic rings due the presence

o f-"zelectron excitatiorfAcuna et al., 2009)

2
-
>

g 3
w072
2854.64"
1502.82 -
1464.78
1022.42 7
91350
804917

| Bl |
SR
£ CH) € L
£ I
P t C=0) g
% 2
" t C0)
0 (o}

T om0 3000 ’ " 2500 ’ 000 1500 ’ 100
Wavenumbers (cm-1)

Figure 4.3: FT-IR of compound’6
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The'H NMR spectum (Figure 45) signabatli 7 m418l, HE ) , am, 2H, 6 2 (

H-26;6 6, mM2HH3H®B;56H ,1(mM 1HH4H606 ) , dil1HA=25 MH3)@nd

U 6 dd} B, J€2.4, 9.0, H5) represents the aromatic prosoifthe HSQC (Figure %)
showed that the overl app2ahd @?@¢inhthd phenyl graaup b ons
were connected to the -2andlide).Mpapwehde, tiemethinens a't
car bons a-8 and C5)RoBelatkdv( € h t he pr oB8Bamsb)an O 7.
the HMBC spectrum (Figure ¥0) , U B)48ndH & aFd HB'R hayeH
correl ati on s7) deduted thai both pherstthchrie@ivas conneetd to G7.

This shows that the compound has a benzophenone skeletal st(Beilee et al., 2018)

Aside from that, therés apair oftripletsa t U (H-®).afd4 0.93 (H-15) along
with multiplet in H®e HLLshgve in the'HINMR bpedtra, 0 1 .
suggesting the aliphatic chain in the struci@enpson, 2017)The methine moiety dhe
aliphatic chain was deduced to be adjacent to each other basedigtth€0OSY spectrum
(Figure 49). The HMBC crosgeaks of HS with G4 (U il 36 d®rreldtjonconfirmed
unambiguously the positions of the aliphatic chaind Conver sel B hastl 6. 50
correlations-2wi ahdiu®)h&%48r (&8I ati ons-2)wi th 0

suggesting the attachment of OH a2C

Thecombined application of 33C NMR and DEPT spectra of comp@érial Figure
4.6 and Figure 48 elucidates the presence of 19 carbons that consist of one Ifieii3yl),
seven methylené @2.3 31.6 29.Q 28.9 25.7, 28.7, 68.2 si x megrwWrxe (U
135.1,128.5128.Q 131.3 and five quaternary carbo(sli12.8 165.8 166.Q 200.1,138.3.
A prominent downf i-7¢gwadattributeg to a darbanyl catbon2ir@ifativé ( C

of a benzophenone scaffoldhe carbonyl carbon was located at the downfield region
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because the carbon atom was deshielded due to the strong elgttisnawing nature of

the oxygen atom in the carbonyl gro{§ahariah & Sarma, 2020)

A comprehensive analysis of 1D and 2D NM&a(Table 4.1) along with FFIR,
LC-MS, andUV-vis data established the 2D structur&g6{Figure 44) was identified ag-

hydroxy-(4-octyloxy)benzophenon@6) (Khamidullina et al., 2005)

\J HMBC correlation
m— COSY correlation 0

14 12

1 13 11

Figure 4.4: HMBC and COSY correlation in compouiif

Table 4.1 1D and 2DNMR aSS|gnments cﬁ-hydroxy (4-octyloxy)benzophenon@6)

Posi |™H NMR 1€ 1€ DEP|{HMBC
NMR | NMR
1 112, 113 ,C
2 165 166 ,|C
3 6. 02. 4,1Hz 101 101 ,CH C5,-1C2C
4 166 165 ,|C
5 6. 451 2. 4, 107 107 CH C3,-1C4C
Hz1H
6 7. M3, 1H 135 135 |CH C2,-7C
7 200, 200 ,C
8 4. Q04 ,6=. 4, 6 8. 68. |CH C10,9,&4C
Hz2 H
9 1.9Mm, 2 H 2 8. 29. |CH C10,11G8 C
10 1 .84, 2 H 25. 26. |CH C9,-1C-12C
11 1. 36, 4H 2 8. 29. |CH C9,-1¢8
12 29. 29. | CH C11 -13C
13 1.3nl, 2H 31. 31. |CH C11 -12C
14 1. 32, 2H 2 2. 22.|CH C-11 -12C13C
15 039J6.9, ,1 13. 14. |CH C14 -13C
3 H
106 138 131,C
20/ 7. 6n2, 2 H 128 128 ,|CH C46;7 C
306/ 7. 53, 2H 128 128 ,CH C-106
406 7 .1,6n, 1H 131 138 ,CH C-206
13C NMR* references adapted froidhamidullina et al. (2005)
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4.2.2 Characterization of Rubraxanthone (2)

Rubraxanthong2) was isolated aa yellow crystal with a melting point c2053
(Lit 207-208 3 ) (Thuy et al., 2022from ethyl acetate extracthe molecular formula

C24H240s was deduced frohC-MS (moleculapeak at m/z110.45 (Figure4.11).

(x10,000)
2.60-336 255

41045

mo_u\—»wwj
0.803 NTICH)@1

min

Figure 4.11: LC-MS of compoun@®
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The FT-IR spectrum exhibited bands for Qdtretch(3421.31cm?), C-H stretch
(2911.68&m?), C=0 stretch{1642.94cm™), andC=C stretch1463.36 crit) and GO stretch
(1074.44 crt) (Figure 4.12). The UV spectrum showed absorption bands at 2460
310 nm, which indicate the conjugation of aromatic riagd conjugated carbonyl in the

structure(Zhang et al., 2024)

g
342131
{
326526,

+H

2970.555
Q 291168 ()
\:_E 283957

$ C=0)

Wavenumbers (em-1)

Figure 4.12: FT-IR of compound®
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TheH NMR of compound?2 revealed the presence dtielated hydroxyl groupt
U 1 3. %&)7Thd chethated hydroxyl proton signal (€hi exhibited a downfield shift in
the NMR spectrum, attributable to the electmithdrawing inductive effect of the adjacent
carbonyl grougYuanita et al., 2023Aside fromthatth r ee ar omati ¢ pr ot ons
s); 6.23 (1Hd, J= 2.2 Hz) and 6.15 (1Hi, J= 2.2 Hz) were attributed to-B, H-4, and H
2, respectively, based on the HMBC spectrum (Table 4.2). The coupling constant between
H-2 and H4 was determined at 2.2 Hz, which indicates thestaposition(Sukandar et al.,
2019) Aside from that, as meCH)alsoywergshavaipthat 0
H NMR spectrumFollowing that, compoungexhibited characteristic signals for a geranyl
moiety. The presence of geranyl side chain was identified from the resonance of two olefinic
methine groupd 5.27 (1H,t, H-2 6J5,00¢( H6 6 ) | , t halehd B H-qd/)l , [
d1.49 (3H,s, H-9 64 1.80 (3H,s, H-1 06 ) ] and t ldd.e7e2HdeH1hdy)l, e ne

d1.972.02 (4H,m, H-4 6 ;5 0KTHuy et al., 2022)

I n the HMBC spectrum, the chel ated hydr
correlations with aromatic carbonstat 1 6 31.)9, (UC-297 . 81 A&iR2Jt®3) ( C
correlationconfirming their location at @ of the xanthone nucleus. TR& correlation
bet ween the methoxy group at G7)Bthg®MB&nd t he
spectrum suggests that the methoxy group's positiattashed at &. Meanwhile, the
position of geranyl substituent at&is suggested by a correlationc#.07 (H-1 6vija 2J

and®J correlationwithC-8 (0 1-B7(2) 148 a6 )(,0.alnldl . 1)

The*C NMR and DEPT spectra of compountkevealed the presence of 24 carbons

that consist of foumethyl three methylene, five methine, and 11 quaternary carbons.
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After combining the spectral datthis compound was identified as rubraxanthone
(2) previouslyisolated byThuy et al. (2022)TheH and**C NMR spectra were shown in
Figure4.14 and Figure4.15, meanwhile, the HMBC correlatiomasshown in Figuret.13.

The 2DNMR spectraof the compoundavas shown in Appendix A.

Figure 4.13: HMBC correlation in compoun®
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Table 4.2 1D and 2DNMR assignments aubraxanthong2)

Posi |TH NMR 1e 1€ DEPIHMBC
NMR | NMR
1OH |13.471H 163 162 )C C2,9€;1 C
2 6. W52 H2 1] 97. 98. |CH C4,9€;1,a3C
3 164 163 ,C
4 6. AIs2H2 1| 92. 93.|CH C-2,-9€ ;4 aG3
4 a 156, 157 ,C
5 6. 53,1H 101 103 ,CH C8a;7,6€;6,
C-9
5a 155] 155 ,C
6 156, 154 ,C
7 143 142 ,C
7-O-CH|3. 89,3 H 6 0. 62. |CH C-7
8 137 137 ,C
8 a 111 112 ,C
9 181, 181 .,C
9 a 102 101 ,C
16 |4. @Wds6 H42 H 25 26 CH C-8 a ;2 6G3 6G8
C-7
26 |5.2,3=5.6KHz¢( 124, 123 ,|CH C10646Q6C
1H C-8
36 134] 135 ,C
46 1. 9/, 2H 39. 39. |CH C10656 & 6C
C-6 60 ;306C
56 2. 0n2, 2H 26 . 26. |CH C-4 6 ;6 6G7 6G3 §
66 |5.Q056. 6Hz(¢( 124, 124 ,|CH C96;806C
1H
70 130 131,C
8 6 1. 53,3H 2 4. 25. |CH C-96:;6 6G7 6C
96 |1. 49,3H 16 17.|CH C-80 ;6 6G7 6C
106(1. 0,3 H 15. 16. |CH C-46;206G306C
13C NMR *references adapted frofitnuy et al. (2022)
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4.2.3 Characterization of 8-Deoxygartanin (77)

8-Deoxygartanin(77) was obtainedrom the ethyl acetate extradt.is a yellow
amorphous powder with a melting poaritl67 3 (Lit 1651673 , Karunakaran et al., 2022

A molecular formula of &H240s was deducetly the combination ofH and**C NMR and
LC-MS data fn/z 380.45calculated380.44] (Figure4.16).

(%1,000)
5.00-5,081 Q_
8
(v ]
4.00+
%W
3.00+
4 I||
“~.
TIC(+)@1
| A —TIC(-)@2
T ™ L LA L LN L L R L BB B LN LN B B L BN L L
0 1 2 3 4 ] 6 7 8 9
min
Figure 4.16: LC-MS of compound’7

65



The FTIR spectrumin Figure4.17 displayedstretching bandsf the OH group
(3269.39 crit), C-H stretch (2916.54m?), C=0 group (1638.22cm), aromaticC=C
(1476.36cmt) and GO stretch (1093.38mY). The UV_ maxabsorptiondandsat 265, 315

and385nmrepresentypical ofa xanthoneskeletal structuréNgoupayo et al., 2009)
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Figure 417: FT-IR of compound’7
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The!H NMR spectrumof7e x hi bi t ed a downf ithedhelatedi ngl e
hydroxyl group attached to the xanthone ring. The positioning of the chelated hydroxyl
gr oup at -1)dueltdd9o. 3JFcorrelation of 20H with three quaternary aromatic
carbon #1)1,590 72 (1C. B8 -QaiBAowlin tie BIMBC spectrunfWang

et al., 2018)Figure 4.B).

A group of signals comp=7.0,%8H260/f20a) ,t rtivypd e
of doubl et g=68tH10)3 a4 HF2HHIS®M) (a2lH,ng wi th t hi
at 80H2406) , 754/ BO) 9€HMdO )U slh.oBvs t he presence
in the structure. The attachmentloéprenyl group in the structure was supported by a-long
range coupling between the protons and carkiaidMBC analysisThe2Jto 3J correlation
bet ween -116)3. wibt {f Hca4# b on U@@-2 )13 A.8(C-3)P©ves the
attachment of one prenyl group a2CMeanwhile, théJto®Jc or r el at i o-h) of U
with cHBTDG@4) ,0 U 480, 4a i &3)proviéstd ath@r atfachment of

prenylgroup at G4.

A doubl et of doubl et &p02j910H1, opwapfaund er n a
to be othec oupl ed wi t RB=9.01 Hz7H7% &d etaHoupl ed Wit h U
(1H, J=3.01 Hz, H8). The coupling between olefinic proton was also deduced from the
COSY spectrum. In the COSY spectrum7tdnd H8 are found to correlate with each other.
The attachment of the hydroxy groupabC due t o quat er Rbaappeasc ar b on

at the downfield carbon spectryRaksat et al., 2019)

Examination of 1D(Figure 4.19 and Figure4.20) and 2D NMR(Table 4.3and
Appendix B with other spectral analgsof 77 associated with reported datguyen et al.

(2003)confirmed that compound/ was8-deoxygartanin
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\_/ HMBC correlation
~~ COSY correlation

Figure 4.18: HMBC and COSY correlation in compouiid

Table 43: 1D and 2BDNMR assignmentef 8-deoxygartanir{77)

Posi |'™H NMR 1€ 1€ DEP|{HMBC
NMR | NMR
1-OH |139 1H 159 159 /C C9a;2,dC
2 111) 111 /C
3 161) 162 ,|C
4 107 107 ,|C
4 a 154 153 ,|C
5 151] 147 ,C
5a 155] 146 ,|C
6 7.73d)>= 3.0, 125] 124,CH C8,5¢C5HeE
Hz1 H
7 7. 48590Hz1H| 120 121 ,CH C8a;5,56€;9
8 79%,J=3. 01H| 109 116 ,CH C7,5C5&;9 (
8 a 122 122 )C
9 182) 182 ,C
9 a 104 104 ,C
10 3. 45956.9Hz2 H 22 22 CH C2,-2€6;36G1,
C-3
2060 &|5. 2,9=.0,71Hz, | 123, 123. CH C46650;800
2 H 123.
30 132 133 ,C
406 18 0Os, 3 H 18. 26. |CH C56;26G306C
56 &|1.76 6 H 26 . 18- {CH C406;460@26,C
18. C26636836 C
1606|3. 9,957.1Hz2 H 2 2. 22.|CH C4,-2€863 06 6C,
C4a;3 C
366 132 132,C
406198 3H 18.| 26. ICH |C50606200630606
13C NMR* references adapted froNguyen et al. (2003)
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Figure 4.20: 3C NMR of compound7
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4.2.4 Characterization of Isocowanol (B)

Isocowanol78), an orange gummy compoutigs a molecular formula ob6H3z407.
The molecular weight at m/z 494.60 (calculated 494.58) of compod8mehs determined

by LCMS (Figure 4.2).

(x10,000)
2.1:}~;

121,862

L
494 60

US(}-M_J
0.304" . . . — ————-TIC(+)@1

min

Figure 4.21: LC-MS of compound8
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The functional group of compound 78 was determined from the
FT-IR spectrum(Figure 4.22). The FFIR shows absorption basdat 3410.91 crt,
2927.96 crit, 1644.50 cm, 1463.27 crit, and1072.25 crit which indicate the presence of
OH group, C-H stretch, carbonyl group, aromatic C=@nd GO stretch, respectively.
Besides that, th&V spectrum gave the max at 225, 260and 315 nm, suggestg the

characteristics of xanthone.
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Figure 4.2: FT-IR of compound’8

71



Structure78 was established by comparing its NMR spectral data (Figure 4.24,
Figure 4.25, Table 4.4, and Appendix CTheH NMR data of78 revealed that there are
t wo singlet ar &ndtsiHe ; p o 6o B-5),a(cllbtéd hgdroxylH
prot od01Hs, 0OB), and one met hoxQCHg]rlroadditionf t 3. 8
one 2methylpent2-en-1-ol moiety and one geranyl unit were also present in the xanthone

skeleton based on 1D and 2D NMR spectral data.

The sharp singlet at 40t(1h0) aktawheckto Q,fwiae | d r e
confirmed by the crosgeaks of théJto 3J correlation of 10H wi t h # )16 1i. @ 8( &
(C-2), 0 -9apiBthetHMBspectra (Figure 8)2 Meanwhile, the methoxy moiety
in compound’8 was detected from the resonance signalofCld 3. 80, U 62. 0)

t he si gnal-7)imthe HMBQC gplctrudn syg@esting its position at.C

A group of signals cod%88B2¢) ofaadaublpetet
(2H,)=78,H10), along with Hw) , sithdg) 8098 ¢ws Uha. g
of 2-methylperi2-en-1-ol moiety in the structure.4 0 s hows a,indicaingitd s i ng
is a hydroxymethyl groufraher et al., 2007H-1 6 a-8d Wer e deduced to
to each other based on thé-'H COSY spectrum with coupling constant value of 7.8 Hz.

This unit was located on-Z€of the xanthonoid skeleton duettee protorH-1 pwere found
to have?J correlation withthe quaternarg ar b o n  4) ahdi3 . 142 6@ G&s wellC

as®Jcorrelation-3with o 133.5 (C

The presence aferanyl substituent was confirmed with NMR the signabf two
olefinic methine groupd 5.26 (1H, t, H2 6 § 5.02 (t, H6 6 ) ] , t hdé&® met hy
(3H,s,H8 6d159(3H,s,H9 691,82 (3H,s,HLO6) ] and t H408E&H met hyl

d, H1 69 2,022.04 (4H, m, H4 6 ;5 6HHe crosgpeak of the geranylunit@ 6 ) wi t h
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C8 (U 1B7(@2)14ma8)(10iakdmhd3orrelation allowed it to locate

at G8 of the xanthone skeleton

13C NMR and DEPT spectra revealed the presencetatil of 29 carbons signals,
i ncluding one downf i 21addl4qgaatemaryncarbonsf ahicth o
sevenare oxygenated carboph (L61.6 161.5 153.9 154.7 155.7 142.8 and 182.1).
Meanwhile, he nonoxygenated quaternary carbcarer e s o n a 108.411342 11119,
103.7, 135.6and 131.3 Besides, thé*C NMR and DEPT spectra showed five methine
carbon signals, five methylene signals and fmathyl carbon signal3he HSQC spectrum

affirmedthe correlation of protonated carbons throligjborrelations.

Based on all otthe above spectral datahis compoundchas beendentified as

isocowanol78) which has been alqureviously isolated byaher et al. (2007)

Figure 4.23: HMBC correlation in compound3
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Table 44: 1D and 2DNMR assignmentsf isocowanol78)

Position | 1H NMR IH NMR * 13C DEPT | HMBC
NMR
1-OH 1340, s, 1H 1341, 1H 161.6 |C C-2,C9a, G1
2 6.26, s, 1H 6.25,s, 1H 98.8 |CH C-4,G9a, CG1,G3
3 1615 |C
4 1034 | C
4a 1539 |C
5 6.87,s, 1H 6.95,s, 1H 101.6 | CH C-8a, G7, Gba,
C-6
S5a 1547 |C
6 155.7 | C
7 1428 |C
7-O-CHs | 3.80,s, 3H 3.80,s, 3H 62.0 | CHs C-7
8 137.2 | C
8a 1119 |C
9 182.1 | C
9a 103.7 |C
16 (4.08,dJ=59 |4.12,d, 2H 26.5 |CH: C-8a,G2 6 ;3 6C
Hz, 2H C-8,G7
26 |5.26,J=58, [531t 2H 123.2 | CH C10646 C
6.0 Hz,1H
36 1356 |C
406 2.02,m, 2H 1.92.2,m, 4H 39.7 | CH
56 2.04,m, 2H 26.6 | CHp
6 6 |5.02¢tJ=6.3, |5.02,m 1H 124.3 | CH
6.4 Hz,1H
76 131.3 | C
8 6 1.54,s, 3H 1.57, 3H 17.7 | CHs C-9 6 ;6,657 06
96 159 s, 3H 1.57, 3H 25.6 | CHs C-8 6 ;6 6G7 6C
106 [1.82,s 3H 1.83, 3H 16.5 |CHs C-46;206G36C
166 |357dJ=7.8 |3.55,d, 2H 21.7 | CH> C-4,G206 63066
Hz, 2H
2 606|542t J=7.8, |531,d,2H 126.7 | CH C5066406 0
7.9 Hz,1H
360 1335 | C
4606 ]4.39s 2H 4.40,s, 2H 62.7 | CH2 C-26630 ¢
5606 ]1.78,s 3H 1.76, 3H 22.7 | CHs C-460620030 0
'H NMR* references adapted frohaher et al. (2007)
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4.2.5 Characterization of 3-Hydroxycalabaxanthone (B)

9-Hydroxycalabaxanthon@9) was obtained agrange oil A molecular formula of

C24H2406 was determined from tHeC-MS spectra, corresponding the structure with m/z

of 408.45
(x10,000)
449,264 Q
l 3
T
4.00+
3.00-
2.00+
100 ] | RRLETLIN ST I PRIV I B M B O P T |"'..-T|'::[‘}@1
0 1 2 3 Kl b 6 74 8 )
min

Figure 4.26: LC-MS of compound9
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The FFIR spectrum exhibited bands for OH stretch (342&#t!), C-H stretch
(2922.92cmt), C=0 stretch (1643.88m?), and C=C stretch (1459.26n%). Meanwhile,

the UV spectrum gave themaxat 25 nm.
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Figure 427: FT-IR of compound’9
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ThelH NMR spectrum di s pl7afgredéshietded phenoticl e t a
hydroxyl grouplt appeared at the deshielded region due to the presence of etlretnwong
groups, such as carbonyls, next to the hydroxyl group can further reduce electron density
around the hydroxyl hydrogefMitschke et al., 2023)The positioningof the chelated
hydroxyl group at € was confirmed by the HMBC cropgaks of IOH wi t5h9 U 1
(C-1) 104.6(C-2) , 3.4(C-9aPin3Jto 3] correlation.The presence of pyrano moiety
was observedOpt UG-18) 39 U (3HanddH4).Thd COS¥NMR
spectrum and a similar coupling constant of 10.0 Hz confirmed a pair of adjacent vinylic
protons(Daud et al., 2021)The pyrananoiety was found to be fused to positior2@Gnd
C-3 by referring to the HMBC correlation contours. The HMBC spectrum showdd a
correlation bet weleOn) tahned ptrhoet oanr olma6t.i7c5 o(xHy g e
(C3) and ). Wearivhig, &Jc®d rr el ati on was f-®uandd bet w
carbon at-2)i. 1DMe 5p r d@i)showed 8Jx.05F e( dt i on with

(C-2).

The *H NMR spectrum also revealed a presence of methoxy group at3 . 8 2
(3H, s, #O-CH3). In the HMBC spectrum, the resonance signal of CHi 3 . B9 , a 6

crossed with t h®,indidatingnaethylatidn ofthe QHR C-7 podjtian.

Theprotons i gnal s ad=7.07.15H2d 7 U1 H¥J=699H1§ ashiell
as U 1.8y é&B8d, 0HIBY indcatq tiBehpreserde of prenyl groups in the
structure. The attachmenttbie prenyl group in the structure was supported by a-tange
coupling between the protons and carbeiasHMBC analysis(Wang et al., 2018)The 2]
to3Jcorrel atio-hopfwiitdh. 688K ¢in GU-TBR7HE0-8aLC. 1 (

prove the attachment of prenyl group a8C
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After analysingall the spectratlata (Figuret.26, Figure4.27, Figure4.29, Figure
4.30, Table 4.5and Appendix [ compounl 79was identified as-&ydroxycalabaxanthone
(79). The HMBC correlation of the compouns shownin Figure4.28. All the data is

consistent withVang et al. (2018)

Figure 4.28: HMBC correlation in compound9
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Table 45: 1D and 2DNMR assignmentsf 9-hydroxycalabaxanthon@9)

Posi |{H NMR 1€ DEPIHMBC
NMR
1 13.¢21H 157 | | C C9a;2,dC
2 104 | | C
3 159, |C
4 6. 34,1H 94. CH C9a;2,4€;3
4 a 156 | | C
5 6. 3,1H 108 | {CH C8a;7,&C58€
C9
5a 155] 155]C
6 154 154 ]C
I 142 142 ]|C
7-O-CH |3. &2 ,3H 61. 9 61. |CH |C7
8 137, 137]C
8 a 112 112 |C
9 18.4¢181]C
9 a 103, 103]C
10 |6. H595100Hz,1H 115] 115)JCH Cl12G2,-1¢C3C
11 |5. 99510Hza H 127 126 /CH C13/ 142 -2C(C
12 77 77 C
13 &|1. 48,6H 28 28. |CRH |C13/ 112 -1@(Q
Cl1,3 C
16 |4. @Is6.2Hz,2 H| 26. 26.|CH |C8a;206G306G8 |
C-7
206 |5. 2,35H0Hz1H | 128 123 |CH C4 6 ;5 6C
30 132 131]C
46 |1.84,3H 18. 18. |CH |C50;206G36C
56 |1. %1,3H 25. 25.|CH |C406;206G36C
13C NMR*references adapted frowlang et al. (201
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4.2.6 Characterization of Stigmasterol (59)

Stigmastero(59) was isolated as a white needle crystal with a melting point of
1753 (Lit 174-1763 ) (Chaturvedula & Prakash, 2012). The compound has a molecular
formula of GeH4O, as evidenced by an EKS spectrum that revealed a molecular peak at

m/z 412.70, as shown Figure4.31.

(x1,000)

4,832

412.70

r———re III»—---TIC(-)@1

min

Figure 4.31: LC-MS of compound9
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The functional group dd9was determined from the HR spectrum(Figure4.32).
The values are 3415.41 &nGOH group), 2930.93 crh(C-H stretch), 1456.09 cth(C=C
stretch), and 1049.79 ch{(C-O stretch). Conversely, the UV spectrum revealadx 203
nm, indicating the presence of conjugated double bonds on aromatic rings in the structure

(Zhang et al., 2024)

t OH)

t C=C) t CO)

$ CH)

Figure 4.2: FT-IR of compoundb9

H NMR (CDCk, 500 MHz) spectim displayed the presence of two methyl singlets
(U 0.69 and wnetiyli @0 )t ,h ea mA.83fgn@huthe int@grafich of 12
protons. It also showed protor3Hd as a mul t i p lcommonly foundirstdrol 5 0 ,
moiety (Chaturvedula & Prakash, 2012)he olefinic protons of compourk® appeared at
u 4.99, 5. 13,1C aNMRE, thé .ci®emical sRifo of alkene carbon in
compoundbO9wa s o b s er v e ), E8.4 (622)112904.(@3), @@ 121.8 (®).
Based on a comparison witd and**C NMR, it was following the isolated stigmasterol by
Kamal et al. (2016)Figures4.33, Figure 4.3, and Tablet.6 below display théH and'*C

NMR spectra, as wells the summarised data.
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