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PHYTOCHEMICAL INVESTIGATIONS OF Goniothalamus tapis AND G.

tapisoides, AND KINETIC MECHANISM STUDIES OF GONIOTHALAMIN

ABSTRACT

Phytochemical studies on two species of Annonaceae; Goniothalamus tapis and
Goniothalamus tapisoides have been carried out. Isolation and purification of the crude
extract of stem bark of G. tapis and G. tapisoides yielded seventeen compounds. G. tapis
gave nine compounds; goniothalamin 1, isoaltholactone 41, 3-acetylisoaltholactone 151,
cheliensisin A 22, garvensintriol 4, goniopyyprone 26, 7-epi-goniofufurone 49,
stigmasterol 133 and [-sitosterol 134. Out of nine compounds, 3-acetyl-isoaltholactone
151 was identified as a new styryl-lactone. The skeleton is similar as the major compound,
isoaltholactone 41. But 3-acetylisoaltholactone 151 have different functional group
compared to hydroxyl group in isoaltholactone 41, which is acetyl group. As for G.
tapisoides, eight compounds were acquired; goniodiol 3, 7-epi-goniodiol 10, 8-epi-9-
deoxygoniopypyrone 24, goniomicin A 147, goniomicin E 152, goniomicin F 153,
goniomicin G 154 and goniomicin H 155. Compounds 152, 153, 154 and 155 were
identified as new styryl-lactones. The structure of all compound was elucidated using
various spectroscopic methods; ID-NMR (1H, 13C, DEPT), 2D-NMR (COSY, HSQC,
HMBC, NOESY), UV, IR and mass spectrometry. Goniothalamin 1 is a major compound
isolated from dichloromethane extract of G. tapisoides. A spectrophotometric kinetic
study of hydrolysis of 1 has been carried out in alkaline and acidic medium at various
temperature to determine the reaction mechanism of the hydroxide ion-catalyzed reaction.
Alkaline hydrolysis undergoes monotonic reaction and pseudo-first-order rate constant
(kobs). It showed linear relationship with the increase of concentration of NaOH, giving
goniomicin A 147 as a product. Hydrolysis of 1 in alkaline medium involved the ring

opening of the lactone moiety. As to acidic medium, hydroxonium ions will catalysed the
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cleavage of lactone ring and the intermediate product further undergoes dehydration to
form a product with three consecutive double bonds. The products of both alkaline and

acidic hydrolysis were characterized by 1D-NMR, 2D-NMR and mass spectrometry.

Keywords: Goniothalamus tapis, Goniothalamus tapisoides, styryl-lactones,

goniothalamin, kinetic study, hydrolysis
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KAJIAN FITOKIMIA KE ATAS Goniothalamus tapis DAN G. tapisoides, DAN

PENYELIDIKAN KINETIK MEKANISME BAGI GONIOTHALAMIN

ABSTRAK

Kajian fitokimia telah dijalankan ke atas dua spesis Annonaceae; Goniothalamus tapis
dan Goniothalamus tapisoides. Lima belas sebatian tulen telah dipisahkan dan dengan
menggunakan pelbagai kaedah kromatografi seperti kromatografi turus, kromatografi
lapisan nipis, kromatografi lapisan nipis persediaan dan kromatografi cecair prestasi
tinggi. Pemisahan dan penulenan ke atas ekstrak diklorometana dan methanol bagi kulit
batang G. tapis dan G. tapisoides membawa kepada pemencilan tujuh belas sebatian.
Sembilan sebatian diasingkan daripada ekstrak G. tapis bernama; goniothalamin 1,
isoaltholactone 41, 3-acetylisoaltholactone 151, cheliensisin A 22, garvensintriol 4,
goniopyyprone 26, 7-epi-goniofufurone 49, stigmasterol 133 dan [-sitosterol 134. 3-
acetylisoaltholactone 151 adalah salah satu stiril-lakton baru daripada kesemua sembilan
sebatian tersebut. Struktur rangka bagi sebatian 151 adalah mirip dengan sebatian utama,
1aitu isoaltholactone 41. Kedua-dua sebatian tersebut mempunyai kumpulan berfungsi
yang berlainan. 3-acetylisoaltholactone 151 mempunyai kumpulan asetil manakala
1soaltholactone 41 terdapat kumpulan hidrosil. Selain daripada itu, struktur rangka bagi
kedua-dua sebatian adalah serupa. Sementara itu, lapan sebatian diasingkan daripada
ekstrak G. tapisoides, 1aitu goniodiol 3, 7-epi-goniodiol 10, 8-epi-9-deoxygoniopypyrone
24, goniomicin A 147, goniomicin E 152, goniomicin F 153, goniomicin G 154 dan
goniomicin H 155. Lima sebatian; 152, 153, 154 dan 155 dikenal pasti sebagai stiril-
lakton baharu. Sturktur sebatian dikenalpastikan dengan menggunakan pelbagai teknik
spektroskopi; 1D-NMR (1H, 13C, DEPT), 2D-NMR (COSY, HSQC, HMBC, NOESY),
UV, IR, spektrometri jisim dan perbandingan dengan kajian-kajian lepas. Goniothalamin

1 merupakan sebatian utama yang diasingkan daripada ekstrak diklorometana G.



tapisoides. Penyelidikan kinetik spektrometrik telah dijalankan ke atas 1 untuk
mendedahkan proses hidrolisis 1 dalam media alkali dan asid pada suhu yang berlainan.
Penyelidikan ini adalah untuk mengaji mekanisme reaksi bagi tindak balas pemangkinan
ion hidroksida. Hidrolisis alkali melibatkan tindak balas monotonik dan pemalar kadar
tertib pertama (kobs). Didapati bahawa kadar tindak balas adalah berkadar terus dengan
peningkatan kepekatan natrium hidroksida, dengan penghasilan produk goniomicin A
147. Hidrolisis alkali melibatkan pembukaan cincin lakton. Manakala dalam media asid,
ion hidronium memangkinkan tindak balas pembukaan cincin lakton dan bahantara
terbentuk. Bahantara itu seterusnya menghasilkan produk yang mempunyai tiga ikatan
kembar secara berterusan dengan melalui dehidrasi. Produk hidrolisis alkali dan asid

dikenalpastikan dengan teknik ID-NMR, 2D-NMR dan spektrometri jisim.

Kata kunci: Goniothalamus tapis, Goniothalamus tapisoides, stiril-lakton, goniomicin,

goniothalamin, penyelidikan kinetik, hidrolisis
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CHAPTER 1 : INTRODUCTION

1.1 General

The term “natural products” is often referred to secondary metabolites of natural
origins produced by a living organism. Natural products have been used by human for the
treatment of many diseases and illnesses since thousands of years. In countries such as
China, Greece, Tibet and India (Gurib-Fakim, 2006) the usage of natural products are still
prevalent. In the early 1900s, before the ‘‘Synthetic Era’’, 80% of all medicines were
obtained from roots, barks and leaves. In 2013, approximately 25% of all drugs prescribed
originated from plants. (Schwartsmann, 2000; McChesney et al., 2007; Rout et al., 2009

July-Sep; Krause & Tobin, 2013)

As Rudyard Kipling wrote (1910), “Anything green that grew out of the mould was an
excellent herb to our fathers of old.” Throughout these years, natural products have been
recognized as an important source of drugs and leads. Approximately 60% of anticancer
compounds and 75% of drugs for infectious diseases that are either natural products or
natural product derivatives. (Newman et al., 2003; Cragg et al., 2005; McChesney et al.,

2007)

In the field of medicinal chemistry, natural products are known as secondary
metabolites with molecular weight less than 2000 amu produced by living organisms.
Secondary metabolites are not a necessity in primary metabolic processes, such as
metabolism, photosynthesis, and reproduction. But it plays a vital role in the adaptation
of plants to the environment. (Bourgaud et al., 2001) It exists for the purpose of
competitive weapons, defence system, metal transporting agents, agents of symbiosis,
sexual hormones, and differentiation effectors. (Arnold L Demain & Fang, 2000) For
example, plants will produce phytoalexins when attacked by bacteria and fungi. (Gurib-

Fakim, 2006, pp. 13-14)



Therefore, secondary metabolites are crucial for plant survival. Plants will produce
secondary metabolites that evolve naturally to overcome the needs and challenges of the
natural environment. Secondary metabolites keep evolving as nature are continually
carrying out its own version of combinational chemistry for over 3 billion years during
which bacteria have inhabited the earth (Verdine, 1996; Holland, 1997). For the useful
metabolites, the biosynthetic genes were retained, and genetic modifications further
improved the process. Combinatorial chemistry occurred by nature is much more
sophisticated than that in the laboratory (Verdine, 1996; Holland, 1997; L. Zhang &
Demain, 2005). As a consequences, a lot of new secondary metabolites are derived with
different stereochemistry and functional group (L. Zhang & Demain, 2005; Gurib-Fakim,

2006, pp. 13-14).

Phytochemical studies on medicinal plants is to discover the potential of secondary
metabolites as drugs or leads against diseases. Today, almost 80% of antimicrobial,
cardiovascular, immunosuppressive, and anticancer drugs are of plant origin (Gordaliza,
2009; Pan et al., 2013). A great amount and different variety of secondary metabolites
have been found naturally. In 1995, Mendelsohn & Balick has reported that the total
numbers of secondary metabolites have been estimated to be over 500,000 in the world
(Mendelsohn & Balick, 1995; L. Zhang & Demain, 2005). Up till the year of 2005, there

are about 200,000 secondary metabolites have been identified (Tulp & Bohlin, 2005).

Malaysia ranks 12 on the list of 17 mega-diverse countries in the world, it had been
recognized as one of the highly diversified flora and fauna country ("National Policy on
Biological Diversity," 1998). Malaysia is endowed with over 15,000 species of flowering
plants, 1,500 species of terrestrial vertebrates, and 150,000 of invertebrates (Sajise et al.,
2010). From about 10,000 species of higher plants and 2,000 species of lower plants

available in Peninsular Malaysia, approximately 16% are claimed to be used for medicinal



purposes (Lattif et al., 1984).

Natural product are widely used as medicine, almost half of the best-selling
pharmaceuticals are natural or natural products related (Arnold L. Demain & Vaishnav,
2011). For example Taxol (paclitaxel), a diterpene alkaloid used as anti-cancer drug.
Taxol were firstly discovered from the bark of the Pacific yew tree (Taxus brevifolia).
But the amount of Taxol in the tree is not much, therefore, it is now produced by plant

cell culture or semi synthesis.

An important aspect in the investigation of potential leads or medicines is the study of
the kinetic mechanism and stability of the drug in various system in terms of pH and
temperature. After a drug is consumed into our body, a series of reaction might occur due
to the pH changes. Amongst which, the most important one being hydrolysis. Hydrolysis

could be triggered in an alkaline or an acidic environment.

In view of the importance of discovering new bioactive compounds that have
therapeutical potential and also to understand their behaviour upon changes in the pH
(environment), this particular study will concentrate on isolation of chemical constituents
of G. tapis and G. tapisoides. In addition, the influences of pH and temperature on the
hydrolysis kinetics of the bioactive goniothalamin isolated from both plants mentioned

above.

1.2 The family Annonaceae

Annonaceae (custard-apple family) is the most species-rich family of Magnoliales,
comprising about 108 genera and 2400 species in predominantly tropical and subtropical
lowland forests (Chatrou et al., 2012). Annonaceae is a pantropical family that well

developed in tropical regions mainly at low elevations in moist forests. They are generally



distributed throughout the tropical areas of Africa America, and Asia. Except for two

related North American genera (4simina and Deeringothamnus).

The largest number of genera and species are found in Asia, with approximately 60

genera and 1000 species. Within Asia, Indo-Malaysia has the greatest concentration of

genera and species compared to other areas. Around 40 genera and 450 species are known

from Africa and Madagascar. In the American continent, existence of about 740 species

and 30 genera represent that the genus have better diversity in this region compared to

Africa and Madagascar (W. C. Chen, 1995).

1.3 Classification of Annonaceae

Kingdom: Plantae

Phylum: Tracheophyta

Class: Magnoliopsida

Order: Magnoliales

Family: Annonaceae (Custard-apple family)

Family
Annonaceae
I I I I I
Subfamily Subfamily Sub-Family Sub-Family
Annonoideae Anaxagoreoideae Ambavioideae Malmeoideae
Tribes No tribe Tribes
e Bocageeae e Piptostigmateae
e Xylopieae e Malmeeae
e Duguetieae e Maasieae
e Guatterieae o Fenerivieae
e Annoneae e Dendrokingstonieae
e Monodoreae e Monocarpieae
e Uvarieae e Miliuseae

Scheme 1.1: Classification of family Annonaceae.




The phylogeny-based classification of family Annonaceae comprises of four

subfamilies and 14 tribes as shown in Scheme 1.1 (Chatrou et al., 2012).

Two subfamilies (Anaxagoreoideaec & Ambavioideae) and fourteen tribes are further
categorized into 108 genera as stated in Table 1.1. Classification and determination of a
subfamily, tribe and genus is dependent on the combination of characters, for instance
that of the petal and the fruit. Genus Goniothalamus is fall in the tribe Annoneae,

subfamily Annonoideae.

Table 1.1: Genera of Annonaceae.

Tribes & Subfamily Genera
Bocageeae e Bocagea e Hornschuchia
e Cardiopetalum o Mkilua
o  Cymbopetalum e Porcelia
e Froesiodendron o Trigynaea
Xylopieae o Artabotrys o  Xylopia
Dugueticae e Duckeanthus e Letestudoxa
e Duguetia e Pseudartabotrys
e [Fusaea
Guatterieae o Guatteria
Annoneae e Annona e Diclinanona
e Anonidium e Disepalum
e Asimina e  Goniothalamus
e Boutiquea e Neostenanthera
Monodoreae e Asteranthe e  Monodora
e Hexalobus e  Ophrypetalum
e Isolona e Sanrafaelia
e  Mischogyne e Uvariastrum
e Monocyclanthus e Uvariopsis
Uvarieae o Afroguatteria e Gilbertiella
e Cleistochlamys o  Melodorum
e Dasymaschalon e Monanthotaxis
e Desmos e Pyramidanthe
e Dielsiothamnus e Schefferomitra
o FExellia e Sphaerocoryne
e [Fissistigma e Toussaintia
e [riesodielsia e Uvaria
Anaxagoreoideae e  Anaxagorea




Table 1.1, continued.

Ambavioideae e Ambavia o Lettowianthus
e Cananga e Meiocarpidium
o C(leistopholis o Mezzettia
o Cyathocalyx o Tetrameranthus
e Drepananthus
Piptostigmateae e Annickia e Piptostigma

o Greenwayodendron e Polyceratocarpus
o  Mwasumbia

Malmeeae e Bocageopsis e  Oxandra
e (Cremastosperma o Pseudephedranthus
o Ephedranthus e Pseudomalmea
e Klarobelia e Pseudoxandra
e  Malmea e Ruizodendron
e  Mosannona e Unonopsis
e Onychopetalum

Maasieae o Maasia

Fenerivieae o Fenerivia
Dendrokingstonieae e Dendrokingstonia
Monocarpieae o Monocarpia

Miliuseae e Alphonsea e Phoenicanthus
e Desmopsis e Platymitra
e Enicosanthum e Polyalthia
o Fitzalania e Popowia
e Haplostichanthus e Pseuduvaria
e Marsypopetalum e Sageraea
e Meiogyne e Sapranthus
o  Miliusa e Stelechocarpus
e Mitrephora e Stenanona
e Neo-uvaria o Tridimeris
e Oncodostigma e Trivalvaria
e  Orophea e JWoodiellantha
e Phaeanthus

14 The genus Goniothalamus (Blume) Hook. F. & Thomson

The genus Goniothalamus is one of the largest genera of palaeotropical Annonaceae
in the tribe Annoneae. About 160 species of shrubs and small to large trees have been
identified (Wiart, 2007). Over 120 species are distributed in lowland and sub montane
tropical south-east Asia; the centre of diversity lies in Sumatra, Peninsular Malaysia and

Borneo (Saunders, 2003), (Saunders, 2002). In most of the species of Goniothalamus, the



flowers or inflorescences are strictly axillary. It consist of one whorl of three sepals, and
two whorls of three petals each. The outer petals are always larger than inner whorl and

are typically cream, yellow or red at maturity (Saunders, 2002).

1.5 Goniothalamus tapis Migq.

Goniothalamus tapis is a tree of 8 m tall and 12 cm in diameter. The bark is grey in
color and scaly with yellowish pink inner bark. The leaves are thinly coriaceous, from
elliptic lanceolate to oblong with apex abruptly acuminate blunt and base shortly acute.
The area of leaves are 9.5-19.0 cm x 3.5-6.0 cm with bright green above and pale yellow
green below, sometimes glaucous beneath. This species is distributed throughout

Peninsular Malaysia, Sarawak and Sumatra (Ahmad et al., 2010).

Figure 1.1: Goniothalamus tapis with voucher specimen number KL5744.



Figure 1.2: Bark of Goniothalamus tapis.

1.6  Goniothalamus tapisoides Mat Salleh
G. tapisoides is a small tree about 5 m in height, it known as ‘selada’ by the Malays or
‘semukau’ by the Iban. It is a small tree around 5 m in height. It is endemic to Borneo,

especially the sourthern part of Sarawak.

1.7 Problem statement

These two species from Goniothalamus genus are used as traditional medicine in
Malaysia and Indonesia. The roots of G. tapis is used to treat typhoid fever in Java,
Indonesia (Efdi et al., 2010). G. tapisoides is used to relieve stomach-ache and to cure
poisonous animal bites in Sarawak, Malaysia (Ahmad et al., 2010). Thus, it is important

to discover the chemical constituents of these plants.

In addition, interesting to found that past studies on several Goniothalamus species
consists of numerous types of bioactive constituents. The first study on G. tapis was done
in year 1990, the roots was collected from Kelantan, and there is only one compound

reported (Colegate et al., 1990). Ten years later, the leaves of the species were



investigated, three compounds were reported (Ee et al., 2000). At year 2010, the stem
bark of the same species from West Sumatran rainforest were studied and various

compounds were reported as stated in Table 2.1 (Efdi et al., 2010).

On the other hand, research has been done on the dichloromethane crude of the stem
bark of G. tapisoides during the author’s master study (Kim et al., 2012). This is

continuous work to further investigate the bioactive constituents in the plant.

According to literature, goniothalamin is found in almost fifty percent of all
Goniothalamus genus that had been studied and reported. It is one of the most well
investigated compound, extensive studied have been conducted to study the cytotoxic
activity of 1, and it showed promising activity against wide range of cancer cell lines
(Wach et al., 2010; Chiu et al., 2011; Seyed et al., 2014). It also exhibited antibacterial
(Mosaddik & Haque, 2003), antifungal (Martins et al., 2009) and mosquito larvicidal

activities (Kabir et al., 2003).

Therefore it is important to investigate its stability at various pH and temperature as it
can be a candidate as lead compound. It is vital that biological and clinical studies are
conducted on the drug compound to assure that it is not degraded in those conditions.
This is because drugs usually undergo hydrolysis upon introduction into human body. In
this case, complete degradation of the drug in aqueous solution as a function of acidic and
alkali medium in various temperature should be determined before goniothalamin can be

evaluated further for its potential use as a therapeutic agent.

1.8 Objectives of the study
The objectives of the present PhD study were as follows:
1. to isolate chemical constituents from two Malaysian Goniothalamus species; G.

tapis and G. tapisoides,



ii.

iil.

to elucidate the structure of isolated compounds using spectroscopic methods such
as ID-NMR (1H, 13C and DEPT-135), 2D-NMR (COSY, HMBC, HSQC,
NOESY), ultraviolet (UV), infrared (FTIR) and LCMS-IT-TOF analysis,

to carry out kinetic mechanism study of degradation on goniothalamin 1 in

alkaline and acidic medium, and also at different temperature.
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CHAPTER 2 : GENERAL CHEMICAL ASPECTS

2.1 Introduction

Phytochemical studies on genus Goniothalamus is known to its yield of large number
of bioactive styryl-lactones and acetogenins. This genus also produces a wide range of
compounds, for example, terpenes, alkaloids and flavonoids are secondary metabolites
have been isolated from this genus. In this chapter, the general aspects of the styryl-

lactones in terms of their classification and biogenesis will be briefly discussed.

2.2 Traditional medicinal uses of Goniothalamus species

The genus Goniothalamus have been reported to be used for various medicinal
purposes. The root decoction of G. macrophyllus is taken orally by indigenous people in
Peninsular Malaysia for anti-aging purpose. The mixed decoction with Eurycoma
longifolia is taken orally as male tonic (Ong et al., 2012). Other than that, different part
of G. macrophyllus are used to treat numerous ailments such as body pains, rheumatism,

and skin diseases.

The root of G. tapis is used to cure stomach-ache and also as abortifacient. The roots
or stem bark of G. tapisoides can also be used for abortifacient and stomach-ache, by
adding it into warm water and taken orally. Besides that, the crushed roots or stem bark
of G. tapisoides are used to cure poisonous animal or insect bites by applied it on the

affected area (Ahmad et al., 2010).

The seeds of G. amuyon is known to have its traditional medicinal uses in different
country. In Taiwan, the seeds are used to treat scabies. In Philippines, the seeds are evoked

with oil make an effective liniment to treat rheumatism (Wiart, 2007).

11



2.3  Phytochemical studies from Goniothalamus species

Extensive work on the isolation and identification of chemical constituents from
Goniothalamus species, as well as their biological activities have been reported, as this
genus are known for their medicinal value. Out of 160 Goniothalamus species,
approximately 40 species (25%) were phytochemically investigated. Various types of
compounds including styryl-lactones, acetogenins, alkaloids, flavonoids and terpenes
have been isolated from the genus. Among all these compounds, styryl-lactones is one of

the major type of compounds commonly yielded from the genus Goniothalamus.

2.3.1 Styryl-lactones

Styryl-lactones is a group of secondary metabolite found primarily in the
Goniothalamus species (Annonaceae) that have demonstrated to possess interesting
biological properties. Styryl-lactones have been reported to possess cytotoxic (Tian et al.,
2006), antimicrobial (Siddig Ibrahim et al., 2009), pesticides (Senthil-Nathan et al.,

2008), teratogenic and embryotoxic activities (Sam et al., 1987).

Styryl-lactones are low molecular weight which characterized by a basic skeleton of
13 carbon atoms that consists of a styryl or pseudo-styryl fragment linked to a lactone
moiety. In furanone (five-membered) and pyranone (six-membered) have basic Ce—C3—
C4 skeleton, having y- or 6- lactone rings. In the heptolide group, the {-lactone is directly
attached to the aromatic ring. Currently, approximately seventy styryl-lactones are

discovered from natural products.

In general, styryl-lactones can be classified into six minor groups based on their
structural characteristics of the skeletons as shown in Figure 2.1. These groups are;
styryl-pyrones, furano-pyrones, furano-furones, pyrano-pyrones, butenolides, and
heptolides. The formation of variety class of styryl-lactone skeletons are shown in the

biosynthetic pathway in section 2.3.2, Figure 2.2.
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Pyrone Furano-pyrone Furano-furone
0
O — o]
19 (0)
Pyrano-pyrone Butenolide Heptolide

Figure 2.1: Styryl-lactone skeletons isolated from the genus Goniothalamus.

2.3.1.1 Styryl-pyrones
Styryl-pyrone skeleton is the most abundance class of styryl-lactone in the genus

Goniothalamus. Styryl-pyrone moiety can further classified into four types:

Type I is 7,8-olefinic styryl-pyrones. There is a double bond between carbon 7 and 8

(C7=Cs). Example for type I styryl-pyrone is goniothalamin 1.

Type Il is 7,8-epoxide styryl-pyrones. There is an epoxide exists between carbon 7 and

8. Example for type II styryl-pyrone is goniothalamin oxide 2.
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Type 11l is 7,8-dioxygenated styryl-pyrones. There are ~OH group attached to both carbon

7 and 8. Example for type III styryl-pyrone is goniodiol 3.

Type 1V is saturated styryl-pyrones. There is no double bond from carbon 3 to carbon 8.

Example for type IV styryl-pyrone is garvensintriol 4.

2.3.1.2 Furano-pyrones

The furano-pyrone skeleton represents the second most abundant class of styryl
lactones in Goniothalamus. Altholactone 40, is the first member in this group that was
first identified from Polyalthia (Loder & Nearn, 1977) and eight years later was isolated
from the bark of G. giganteus and reported with different trivial name, goniothelenol

(Table 2.1).

O O

2.3.1.3 Furano-furones

Only three styryl-lactones with this skeleton have been reported. Two stereoisomers,
goniofufurone 47 and 7-epi-goniofufurone 49 were isolated from the stem bark of G.
giganteus (X. P. Fang et al., 1991b). The third furano-furones type of styryl-lactone,
namely 8-acetoxy goniofufurone 48 was isolated from the leaves of G. wynaadensis

recently (Ajithabai et al., 2011).

14



2.3.1.4 Pyrano-pyrones
Styryl-lactones with this skeleton have to two six-membered ring. Both rings share

two carbons at position 1 and position 5.

2.3.1.5 Butenolides
The first two butenolide compounds were firstly isolated from G. giganteus (X. P.
Fang et al., 1991a). Then, they were isolated from the bark of G. horneensis (Cao et al.,

1998).

2.3.1.6 Heptolides
Styryl-lactone of this group contain an unusual, saturated eight-membered lactone
moiety (C-lactone). Gonioheptolides-A and gonioheptolides-B were the first two

compounds of this class to be isolated from the stem bark of G. giganteus (X. P. Fang et

al., 1993).
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2.3.2 Biosynthetic of styryl-lactones
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Figure 2.2: Plausible biosynthetic pathways of styryl-lactones.

16



According to the literature (Suchaichit et al., 2015), a plausible biosynthetic pathway
for styryl-lactones has been proposed in Figure 2.2. Starting from cinnamoyl-CoA and
two malonyl-CoA molecules to give a seven carbon molecule (a). A cyclisation and
dehydration then occur between C-1 with carboxylic acid and C-5 with hydroxyl group.
This forms the basic skeleton of styryl fragment linked to a lactone moiety and it can be

further transformed into five types of skeleton (b-f) through series of reaction.

Pyrano-pyrones skeleton is produced through Michael reaction. Meanwhile, furano-
pyrone skeleton is the result of cyclisation of styryl-pyrones. Butenolide skeleton, on the
other hand, is a cyclisation of styryl-pyrones. It could undergo Michael reaction to

produce furano-furones.

2.3.3  Chemical constituents isolated from Goniothalamus species

Collective data of previous studies on Goniothalamus species have desmonstrated
styryl lactone as one of the main group of secondary metabolites (Blazquez et al., 1999;
de Fatima et al., 2006). Table 2.1 summarises 145 chemical constituents that consists of
styryl-lactones, alkaloids, terpenes and other miscellaneous group of compounds. These
chemical constituents were isolated from thirty eight Goniothalamus species; G. amuyon,
G. andersonii, G. arvensis, G. australis, G. borneensis, G. cardiopetalus, G. cheliensis,
G. chenensis, G. dolichocarpus, G. elegants, G. giganteus, G. gitingensis, G.
grandifloras, G. griffithii, G. howii, G. kinabaluensis, G. lanceolatus, G. laoticus, G.
leiocarpus, G. macrocalyx, G. macrophyllus, G. malayanus, G. marcanii, G. montanus,
G. ridleyi, G. scortechinii, G. sesquipedalis, G. tamirensis, G. tapis, G. tapisoides, G.
tenuifolis, G. thwaitesii, G. umbrosus, G. undulates, G. uvaroides, G. velutinus, G. wightii

and G. wynaadensis.

Up to year 2019, approximately sixty seven styryl-lactones were obtained naturally

from Goniothalamus species. Among all styryl-lactones, goniothalamin 1 is one of the
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commonly exist in the genus. It have been isolated from twenty Goniothalamus species,
out of fourty Goniothalamus species been studied, either from barks/ roots/ leaves or
fruits (based on literature data in Table 2.1). Those species consist of 1 are G. amuyon,
G. andersonii, G. borneensis, G. cardiopetalus, G. dolichocarpus, G. elegants, G.
griffithii, G. howii, G. kinabaluensis, G. macrophyllus, G. ridleyi, G. scortechinii, G.
sesquipedalis, G. tamirensis, G. tapisoides, G. umbrosus, G. uvaroides, G. velutinus, G.

wightii and G. wynaadensis.

Goniothalamin 1 is first isolated in 1967 from the bark of Cryptocarya caloneura
(Hlubucek & Robertson, 1967). Later it was isolated from several species of
Goniothalamus in 1972 (Jewers et al.,, 1972). It is the first styryl-lactone found in
Annonaceae, it has displayed in vitro cytotoxic effect especially by inducing apoptosis on
different cancer cell lines; promyelocytic leukemia (HL-60); hepatocarcinoma (Bel7402);
human lung carcinoma (A-549); human stomach cancer (SGC-7901) (de Fatima et al.,

2006).
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Table 2.1: Chemical constituents isolated from Goniothalamus species.

Plants

Parts

Compounds

Reference(s)

G. amuyon Merr.
(Hengchun, Pingtung
Hsien, Taiwan)

Aerial

8-Chlorogoniodiol 5
8-Methoxygoniodiol 6
(+)-9-Deoxygoniopypyrone 23
Aristolactam FII 115
(6R,7R,8R)-Goniodiol 3
(5S,6R,7R,8R)-Goniotriol 7
Digoniodiol 63
Deoxygoniopypyrone A 29
Goniobutenolide A 50
Goniobutenolide B 51
Goniofupyrone A 35
Goniothalamin 1
Goniothalamin epoxide 2
p-Sitosterol 134
Stigmasterol 133

(Lan et al., 2003)

G. amuyon Merr.
(Hengchun, Pingtung
Hsien, Taiwan)

Leaves

Cinnamic acid 131
(6R,7R,8R)-Goniodiol-7-monoacetate 16
(6R,7R,8R)-Goniodiol-8-monoacetate 17
Goniotriol 7

Liriodenine 114

Lysicamine 117

(Lan et al., 2003)
(Wuetal., 1991)
(Wuetal., 1992)
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Table 2.1, continued.

Plants Parts Compounds Reference(s)
G. amuyon Merr. Stems 4-Methyl-2,9,10-(2H)-1-azaanthracencetrione 92 (Lan et al., 2006)
(Hengchun, Pingtung Aristolactam BII 107
Hsien, Taiwan) Goniodiol-7-monoacetate 16

Goniodiol-8-monoacetate 17

Goniothalesacetate 137

Goniothalesdiol A 139

Griffithazanone A 91

Leiocarpin C 19

Liriodenine 114

Velutinam 106
G. andersonii J. (+)-Goniodiol 3 (Tanaka et al., 2001)
Sinclair (+)-Goniothalamin 1
G. andersonii J. Stem bark | Goniothalamin 1 (Izaddin et al., 2008)
Sinclair Stigmasterol 133
G. arvensis Scheff. Stem bark | (+)-2-epi-Altholactone 39 (Bermejo et al., 1999)
(National Park of 3-Acetylaltholactone 37 (Peris et al., 2000)

Varirata, Papua New
Guinea)

5-Acetoxyisogoniothalamin oxide 15
Almuheptolide-A 57
Almuheptolide-B 58
Altholactone 40
Arvensin 42
(+)-Etharvendiol 8
Etharvensin 44
(+)-Garvensintriol 4
(+)-Goniofufurone 47
(+)-Goniotharvensin 43
(+)-Isoaltholactone 41

(Bermejo, 1997)
(Bermejo et al., 1997)
(Bermejo et al., 1998)
(Bermejo et al., 1995)
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Table 2.1, continued.

Plants

Parts

Compounds

Reference(s)

G. australis Jessup
(Queensland,
Australia)

Aerial

(-)-Anonaine 101
Altholactone 40
Aristolactam AII 102
Asimilobine 95
Caldensine 120
Enterocarpam I1 109
(+)-Goniofufurone 47
Goniothaline A 122
Goniothaline B 123
Sauristolactam 121

(Levrier et al., 2013)

G. borneensis Mat
Salleh
(Sabah, Malaysia)

Bark

Aristolactam AIIl 108
Cinnamyl cinnamate 6
Goniobutenolide A 50
Goniobutenolide B 51
Goniofufurone 47
Goniothalactam 105
Goniothalamin 1
(+)-Goniothalenol 40
Goniothalesdiol 141
Goniotriol 7
Pinocembrin 94
Stigmasterol 133

(Cao et al., 1998)

G. cardiopetalus
Hook. f. & Thoms.
(Kerala, India)

Stem bark

Altholactone 40
Cardiobutanolide 53
Cardiopetalolactone 140
Goniodiol 3

(Hisham et al., 2000)
(Hisham et al., 2003)
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Table 2.1, continued.

Plants

Parts

Compounds

Reference(s)

G. cardiopetalus

Hook. f. & Thoms.

(Kerala, India)

Stem bark

Goniofufurone 47
Goniofupyrone 46
Goniopypyrone 26
Goniothalamin 1

(Hisham et al., 2000)
(Hisham et al., 2003)

G. cheliensis Hu
(Yunnan Province,
China)

Leaves

Aristolactam AII 102
Aristolactam AIIl 108
Goniodilactone 62
Goniodiol 3
Goniodiol-7-monoacetate 16
Gonioheptenolactone 61
(+)-Isoaltholactone 41
Leiocarpin A 30
Liriodenine 114
Pinocembrin 94
Stigmasterol 133
Varilactam 104

(G.J. Zhu et al., 2000)
(J. X. Zhu et al., 2006)
(J. X. Zhu et al., 2012)

G. cheliensis Hu
(Yunnan Province,
China)

Roots

(3S)-2-Ox0-5,12-dimethoxy-3-hydroxy-
3-methylbenz[f]indoline 77
7-Acetyl-digoniodiol 63
8-epi-Goniofufurone 49
8-epi-Goniotriol 11
8-Acetyl-9-deoxygoniopypyrone 31
Acetylgoniofupyrone A 36
Cardiobutanolide 53

Cepharanone B 107

Cheliensisame A 104

Goniodiol 3

(Jiang et al., 2008)
(M.M. Jiang et al., 2011)
(Wang et al., 2003)
(M. M. Jiang,Y. F. Feng,X. Zhang, et al., 2011)
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Table 2.1, continued.

Plants Parts Compounds Reference(s)

G. cheliensis Hu Roots Iso-goniopypyrone 32 (Wang et al., 2003)

(Yunnan Province, Goniofufurone acetonide 45 (Wang et al., 2001)

China) Goniolactone A 64 (Wang et al., 2002)
Goniolactone B 65 (M. M. Jiang,Y. F. Feng,H. Gao, et al., 2011)
Goniolactone C 66 (M. M. Jiang,Y. F. Feng,X. Zhang, et al., 2011)
Goniolactone D 67
Goniolactone E 73
Goniolactone F 74
Goniolactone G 69
Goniolactone H 70
Goniolactone 1 72
Pinocembrin 94

G. cheliensis Hu Stem Cheliensisin A 22 (Zhong et al., 2005)

(Yunnan Province,

China)

G. cheliensis Hu Twigs & 8-Acetoxy goniofufurone 48 (Jaidee et al., 2019)

(Doi Tung, Chiang leaves (-)-(4S,5S,6R,78,8S)-7-

Rai Province,
Thailand)

acetylgoniochelienlactone 34
(+)-7-O-Acetylgoniodiol 16
3-methyl-1H-benz[f]indole-4,9-dione 81
Goniochelienic acid A 82

Goniochelienic acid B 83

Goniochelieninone 80
(+)-(7S,85)-Goniochelienbutenolide A 55
(-)-(7S,8R)-Goniochelienbutenolide B 52
(-)-(4S,5S,6R, 7S,8S5)-Goniochelienlactone 33
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Table 2.1, continued.

Plants Parts Compounds Reference(s)
G. cheliensis Hu Twigs & | (—)-Goniobutenolide B 51 (Jaidee et al., 2019)
(Doi Tung, Chiang Rai leaves 7-epi-(—)-Goniobutenolide B 56
Province, Thailand) (+)-Goniodiol 3
Goniodiol-8-monoacetate 17
Isoaltholactone 41
Methyl goniochelienate 84
G. chinensis Merr. & Chun | Bark Goniothalamin 1 (Duc et al., 2016)
Ha Giang province, Vietnam Aristolactam BII 107
3-methyl-1H-benz[f]indole-4,9-dione 81
G. dolichocarpus Merr. Stem (+)-5B-hydroxygoniothalamin 12 (Goh et al., 1995)
bark (+)-Goniothalamin 1
(+)-Goniothalamin epoxide 2
G. elegants Ast. Bark 6-epi-Goniothalesdiol A 142 (Suchaichit et al., 2015)

(Ubonratana district, Khon
Kaen, Thailand)

(—)-8-epi-9-deoxygoniopypyrone 24
(+)-Altholactone 40
Aristolactam BII 107
(+)-Cardiobutanolide 53
(+)-Goniodiol 3
(+)-Goniofufurone 47
Goniopedaline 115
(+)-Goniopypyrone 26
(+)-Goniothalamin 1
(+)-Goniothalamin oxide 2
(+)-Goniotriol 7
Velutinam 106
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Table 2.1, continued.

Plants

Parts

Compounds

Reference(s)

G. giganteus Hook. f. &
Thoms.
(Thailand)

Stem bark

7-epi-Goniofufurone 49
8-Acetylgoniotriol 9
9-Deoxygoniopypyrone 23
Goniobutenolide A 50
Goniobutenolide B 51
Goniodiol 3
Goniofufurone 47
Goniofupyrone 45
Gonioheptolide A 59
Gonioheptolide B 60
Goniopypyrone 26
Goniothalenol 40
Goniotriol 7

(X. P. Fang et al., 1991a)
(X. P. Fang et al., 1990)
(X. P. Fang et al., 1991b)
(X. P. Fang et al., 1993)
(El-Zayat et al., 1985)
(Alkofahi et al., 1989)

G. gitingensis Elmer
(Romblon, Philippines)

Leaves

Altholactone 40
Goniopypyrone 26
Isoaltholactone 41
Liriodenine 114

(Macabeo et al., 2014)

G. grandifloras Boerl.
(New Guinea)

Leaves

(+)-Isoaltholactone 41

(Khan et al., 1998)

G. griffithii Hook f. &
Thoms.

Bark

8-Acetylgoniofufurone 48
Goniothalamin 1
Pinocembrine 94
B-Sitosterol 134
Stigmasterol 133

(Hu et al., 2000)

G. griffithii Hook f. &
Thoms.

Leaves

Goniodiol monoacetate 16
Griffithine A
B-Sitosterol 134

(Lietal., 1997)
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Table 2.1, continued.

Plants Parts Compounds Reference(s)
G. griffithii Hook f. | Leaves & | (—)-7-O-Acetylgoniodiol 16 (Kampong et al., 2013)
& Thoms. twigs Goniothalamin 1

Pinocembrine 94
G. griffithii Hook f. | Rhizomes | 5-Acetylgoniopypyrone 27 (Y.J. Zhang et al., 1998)
& Thoms. 7-Acetylgoniodiol 18 (Y. J. Zhang,Zhou, et al., 1999)
(Yunnan Province, 7-Acetylgoniopypyrone 28
China) 8-Acetylgoniofufurone 48

8-Acetylgoniotriol 9

9-Deoxygoniopypyrone 23

Goniodiol 3

Goniofufurone 47

Goniopypyrone 26

Goniothalamin 1

Goniothalenol 40

Goniotriol 7

Griffithdione 98

(+)-Isoaltholactone 41
G. griffithii Hook f. Roots Aristolactam AIIl 102 (Y. J. Zhang,Kong, et al., 1999)
& Thoms. Aristolactam BII 107
(Yunnan Province, Griffithazanone A 91
China) Griffithdione 98

Griffithinam 104

Velutinam 106
G. griffithii Hook f. | Stems 8-0O-Acetylgoniotriol 9 (Q.Mu et al., 2003)

& Thoms.
(Yunnan Province,
China)

9-Deoxygoniopypyrone 23
Altholactone 40
Goniodiol 3

(S. B. Chen & Yu, 1999)
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Table 2.1, continued.

Plants Parts Compounds Reference(s)
G. griffithii Hook f. & Thoms. | Stems Goniofufurone 47 (S. B. Chen & Yu, 1999)
(Yunnan Province, China) Goniothalamin 1 (Q.Mu et al., 2003)
Goniotharvensin 43 (S. B. Chen & Yu, 1999)
Griffithinam 104
Pinocembrine 94
[-Sitosterol 134
Stigmasterol 133
G. howii Merr. & Chun Barks Howiinin A 143 (R. Chen et al., 1998)
Howiinol A 144
G. howii Merr. & Chun Fruits Goniothalamin 1 (L. L. Zhang et al., 1993)
G. kinabaluensis Ban ex Mat Roots 5p-Acetoxygoniothalamin 14 (Zakaria et al., 2002)
Salleh 5p-Hydroxygoniothalamin 12
Goniothalamin 1
G. lanceolatus Miq. Roots Goniolanceolactam 125 (Rasol et al., 2018)
(Sematan, Sarawak, Malaysia) 2-acetyl-3-amino-1,4-naphthoquinone 79
G. laoticus (Finet & Gagnep.) | Flowers | (+)-3-Acetylaltholactone 37 (Lekphrom et al., 2009)

Béan
(Nakhon Phanom Province,
Thailand)

9-Deoxygoniopypyrone 23
(+)-Altholactone 40
Cinnamic acid 131
(+)-Goniofufurone 47
Goniotriol 7
Howiinin A 143
(-)-Nordicentrine 100
[S-Sitosterol 134
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Table 2.1, continued.

Plants Parts Compounds Reference(s)
G. laoticus (Finet & | Stems 2-epi-Altholactone 39 (Tip-pyang et al., 2010)
Gagnep.) Ban Altholactone 40 (Limpipatwattana & Khumkratok, 2008)
(Sakon Nakhon Goniopypyrone 26
Province, Thailand) Griffithazanone A 91

Pinocembrin 94
G. leiocarpus Stem 7-epi-Goniodiol 10 (Qing Mu et al., 1999)
(W.T.Wang) P.T Li | barks Leiocarpin A 30 (Qing Mu et al., 2004)
(Yunnan Province, Leiocarpin B 71
China) Leiocarpin C 19

Leiocarpin E 68
G. macrocalyx Ban | Fruits 3-Deoxycardiobutanolide 54 (Trieu et al., 2014)
(Ha Giang, Vietnam) 7-Acetylaltholactone 37

Macrocalactone 38
G. macrophyllus Goniothalamin oxide 2 (Sam et al., 1987)
Hook f. & Thoms.
G. macrophyllus Stem (+)-Goniothalamin 1 (Ee et al., 2001)
Hook f. & Thoms. bark (+)-Goniothalamin epoxide 2

(-)-Pinocembrin 94
G. macrophyllus Roots & | 8-O-Acetyl-8-epi-9-deoxygoniopypyrone 25 (Fun et al., 2012)
Hook f. & Thoms. stems
G. macrophyllus Roots Goniolandrene A 149 (N. Abdullah et al., 2013)
Hook f. & Thoms. Goniolandrene B 150
(Perak, Malaysia) Goniothalamin 1
G. malayanus Hook | Stem (+)-Isoaltholactone 41 (Colegate et al., 1990)
f. & Thoms. bark
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Table 2.1, continued.

Plants Parts Compounds Reference(s)
G. marcanii Craib Stem bark 5-Hydroxy-3-amino-2-aceto-1,4-naphthoquinone 78 (Soonthornchareonnon et al., 1999)
(Loei Province, Dielsiquinone 85
Thailand) Marcanine A 86
Marcanine B 87
Marcanine C 88
Marcanine D 89
Marcanine E 90
G. marcanii Craib Leaves & 5-Acetylgoniothalamin 14 (Mahiwan et al., 2013)
(Nong Khai Province, | twigs 5-Hydroxygoniothalamin 12
Thailand) Goniopypyrone 26
G. montanus J. Leaves (+)-Isoaltholactone 41 (Colegate et al., 1990)
Sinclair
G. ridleyi King Fruit Goniothalamin 1 (Ahmad et al., 2015)
(Kelantan, Malaysia) | Roots 5-Hydroxygoniothalamin 12 (Ahmad et al., 2015)
Stem barks & | 5-Acetoxyisogoniothalamin oxide 15 (Ahmad et al., 2015)
fruits
Stem & root 5-Acetoxygoniothalamin 14 (Ahmad et al., 2015)
Dehydrogoniothalamin 21
G. ridleyi King Stem barks (+)-Goniothalamin 1 (Ee etal., 1999)
(Malaysia) (+)-Goniothalamin epoxide 2
Isoaltholactone 41
G. scortechinii King Fruit peel Altholactone 40 (A. Abdullah et al., 2009)
(Kelantan, Malaysia) Goniofufurone 47
Goniopypyrone 26

Goniotriol 7
Pinocembrine 94
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Table 2.1, continued.

Plants Parts Compounds Reference(s)
G. scortechinii King Roots Scorazanone 93 (Bin Din et al., 1990)
G. scortechinii King Roots 8-Chlorogoniodiol 5 (Prawat et al., 2012)
(Satun Province, Thailand) Dielsiquinone 85

Goniothalamin 1

Goniothalamin oxide 2

Goniothalaminone A 75

Goniothalaminone B 76
G. scortechinii King Leaves 8-Chlorogoniodiol 5 (Prawat et al., 2012)
(Satun Province, Thailand) (—)-8-epi-9-Deoxygoniopypyrone 24

(—)-8-epi-9-Deoxygoniopypyrone acetate 25

(+)-Altholactone 40

Cryptomeridiol 126

(+)-Goniodiol 3

Goniothalamin 1

Goniothalamin oxide 2
G. sesquipedalis (Wall.) Leaves & | p-Sitosterol 134 (Talapatra et al., 1988)
Hook f. & Thoms. twigs Goniodiol 3 (Talapatra et al., 1985)

Goniopedaline 115

Goniotriol 7
G. sesquipedalis (Wall.) Stem 5-Acetoxyisogoniothalamin oxide 15 (Hasan et al., 1994)
Hook f. & Thoms. bark Goniothalamin 1 (Hasan et al., 1995)
G. tamirensis Pierre ex Leaves (+)-8-epi-9-Deoxygoniopypyrone 24 (Tai et al., 2010)

Finet & Gagnep
(Ha Tinh Province,
Vietnam)

(+)-9-Deoxygoniopypyrone 23
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Table 2.1, continued.

Plants

Parts

Compounds

Reference(s)

G. tamirensis Pierre ex
Finet & Gagnep
(Nghe-An Province,
Vietnam)

Leaves

3,5-Demethoxypiperolide 146
8-epi-9-Deoxygoniopypyrone 24
8-epi-9-Deoxygoniopypyrone acetate 25
9-Deoxygoniopypyrone 23
(-)-Anonaine 101

Goniodiol 3

Goniotamiric acid 145

Goniothalamin 1

Liriodenine 114

(Tran et al., 2013)

G. tapis Miq.

Leaves

Arvensin 42
(+)-Isoaltholactone 41
Stigmasterol 133

(Ee et al., 2000)

G. tapis Miq.
(West Sumatran,
Indonesia)

Stem bark

3-methyl-1H-benz[f]indole-4,9-dione 6
Aristolactam AIl 102

Aristolactam Allla 112

Aristolactam FII 115

Cryptomeridiol 126

Merioesinol 7

Methylpiperolactone 110

Piperolactam B 111

Piperolactam A 113

Scorazone 93

(Efdi et al., 2010)

G. tapis Miq.
(Kelantan, Malaysia)

Roots

(+)-Isoaltholactone 41

(Colegate et al., 1990)
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Table 2.1, continued.

Plants Parts Compounds Reference(s)
G. tapisoides Mat Salleh Stem 9-Deoxygoniopypyrone 23 (Kim et al., 2012)
(Sarawak, Malaysia) bark Benzamide 127
Cinnamic acid 131
Cryptomeridiol 126
Goniomicin A 147
Goniomicin B 148
Goniomicin C 20
Goniomicin D 8
Goniothalamin 1
Liriodenine 114
Tapisoidin 124
G. tenuifolius King Bark Aristolactam AII 102 (Likhitwitayawuid et al., 1997)
Cepharanone B 107
Norcepharadione B 99
Taliscanine 103
Velutinam 106
G. tenuifolius King Leaves trans-cinnamic acid 131 (Likhitwitayawuid et al., 2006)
(Phetchaburi Province,
Thailand)
G. thwaitesii Hook. f. & Aerial Annulatin 96 (Seidel et al., 2000)
Thoms. Betulinic acid 128
(Lalani Botanicals, Sri Friedelin 129
Lanka) Friedelinol 130
Mearnsitrin 97
G. umbrosus J. Sinclair Roots 5-Acetoxygoniothalamin 14 (Ahmad & Din, 2002)

(Sabah, Malaysia)

Dehydrogoniothalamin 21
Goniothalamin 1
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Table 2.1, continued.

Plants Parts Compounds Reference(s)

G. undulatus Ridl. Roots 5-Acetoxyisogoniothalamin oxide 15 (Tantithanaporn et al., 2011)

(Phatthalung Povince, O-Acetylaltholactone 37

Thailand) Altholactone 40

G. uvaroides King Roots 5-Acetylgoniothalamin 13 (Ahmad et al., 1991)
Goniothalamin 1

G. velutinus Airy Shaw Bark Aristolactam BII 107 (Omar et al., 1992)
Goniothalamin 1 (Ee, 1998)
Goniothalenol 40
Ouregidione 116
Velutinam 106

G. wightii Hook. f. & Leaves Goniothalamin 1 (Harikumar et al., 2008)

Thoms.

G. wynaadensis Bedd. Leaves 8-Acetoxy goniofufurone 48 (Ajithabai et al., 2011)

(Kerala, India)

Altholactone 40
Aristolactam BII 107
Goniopypyrone 26
Goniothalamin 1
-Sitosterol 134
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Figure 2.3: Chemical constituents isolated from Goniothalamus species.
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CHAPTER 3 : EXPERIMENTAL

3.1 Plant Materials

Goniothalamus tapis

The stem bark of Goniothalamus tapis was collected from Kampung Bukit Jering, Jeli,
Kelantan, Malaysia on 6™ August 2010 by Mr. Din bin Muhammad Nor. The sample
(Figure 1.1) with voucher specimen number KL5744, was identified by Mr. Teo Leong
Eng and deposited in herbarium of the Department of Chemistry, Faculty of Science,

University of Malaya.

Goniothalamus tapisoides

The stem bark of Goniothalamus tapisoides was collected from Sarawak. The voucher
specimen is HUMS 000108. The plant was identified by Prof. Dr. Kamruddin Mat Salleh

from National Univeristy of Malaysia (UKM).

3.2 Instrumentation

e NMR spectra were obtained using JEOL LA400 FT NMR, JEOL ECA400 FT NMR
Spectrometer System and Bruker AVN400 FT NMR.

e Reverse phase Recycling HPLC using a JAIGEL-ODS-AP-30, SP-120-15 column.
HPLC grade methanol, acetonitrile and deionized water were used as mobile phase
solvents.

e Mass spectra were obtained from Agilent Technologies 6530 Accurate-Mass Q-TOF
LC/MS, with ZORBAX Eclipse XDB-C18 Rapid Resolution HT 4.6 mm i.d. x 50
mm % 1.8 pm column. HPLC grade methanol, acetonitrile and deionized water were
used as mobile phase solvents. All solvents and samples were filtered with 0.2 pm

nylon membrane filter (WHATMAN) prior to LCMS analysis.
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e UV spectra were recorded on a Shimadzu UV-Visible Recording Spectrophoto-meter
using AR grade ethanol as solvent with mirror UV cell.
e The infrared (IR) spectra were obtained through Perkin Elmer FT-IR Spectrometer

Spectrum RX1.

33 Chemical and reagents

All solvents used in extraction and isolation with column chromatography are of AR
grade. Those used for bulk extraction were distilled prior to use. The solvents used were
hexane, dichloromethane, methanol, ethyl acetate and ammonia solution. Deuterated
solvents (eg. CDClz, CD30D, CsDsN) were used to dissolve sample for the purpose to

acquire 1D- and 2D- NMR spectra.

3.3.1 Preparation of detecting reagent
The identification for the isolated compounds with different type of skeleton were
detected by various reagent. The reagents were vanillin and anisaldehyde-sulphuric acid.

the procedure for the preparation of the used reagent were described below:

3.3.1.1 Vanillin-Sulphuric Acid

Vanillin (1.0 g) in concentrated H2SO4 (10 ml) was added upon cooling to 90 ml of
ethanol before spraying onto the colours had occurred. The TLC plate was then heated at
~50°C until full development of the colours had occurred. The occurrence of blue, purple,

grey or brown spots indicated the presence of styryl-lactones.

3.3.1.2 Anisaldehyde-Sulphuric Acid
Anisaldehyde (0.5 ml) was added in glacial acetic acid (50 ml) and 1 ml concentrated
H>SOg4. After the reagent was sprayed onto the TLC plate, the TLC plate was then heated

to ~105°C until maximum visualization of spots had occurred. The occurrence of purple,
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blue, red, grey or green spots indicated the presence of phenols, sugars, steroids, and

terpenes.

3.4 Isolation techniques

The crude extracts of dichloromethane and methanol of the barks of G. tapis and G.
tapisoides was further investigate using various separation techniques such as Thin Layer
Chromatography (TLC), Column Chromatography (CC), and Recycling High-

Performance Liquid Chromatography (Recycling HPLC) to obtain pure compounds.

34.1 Thin Layer Chromatography (TLC)
Aluminium supported silica gel 60 F254 plates were used to visualize the spots of the
isolated compounds. UV Light Model UVGL-58 Mineralight Lamp 230 V~50/60 Hz was

used to examine spots or bands on the TLC after spraying with the specified reagents.

34.2 Column Chromatography (CC)

Silica gel 60, 230-400 mesh ASTM (Merck 9385) was used for column
chromatography on hexane and dichloromethane crude extracts. A slurry of silica gel 60
(approximately 30:1 silica gel to sample ratio) in hexane solvent system was poured into

a glass column of appropriate size with gentle tapping to remove trapped air bubbles.

The other two mediums used for column chromatography were C-18 reversed phase
silica gel and Sephadex LH-20. These two mediums were used for methanol crude extract
which have more polar compounds. C-18 reversed phase silica gel (approximately 30:1
silica gel to sample ratio) was dissolved in methanol and water solvent mixtures and
loaded into the column. While Sephadex LH-20 was soaked in methanol:water (10:90)
solvent to allow it to swell. A long glass column with narrow width is preferable, because

Sephadex LH-20 is designed to separate mixtures of molecules based on the size and
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molecular structure. When these mediums were used, the silica gel or Sephadex LH-20

was slowly loaded into the column to avoid formation of air bubbles.

The crude extract was initially dissolved in a minimum amount of solvent and loaded
on top of the packed column. The extract was eluted with an appropriate solvent system
at a certain flow rate. Fractions were collected in either conical flasks or test tubes and
evaporated for the next step. Fractions with similar compounds were then combined after

TLC monitoring.

3.43  Recycling HPLC

Recycling HPLC model used is JAIGEL-ODS-AP-30 series, the column is a large
scale preparative column (30.0 mm % 250 mm), packed with highly pure silica gel bonded
octadecylsilyl (ODS or C-18) groups. All samples are dissolved in the minimum amount
of solvent and injected into the isocratic column. The solvent used to dissolve the sample
is the solvent system of the mobile phase. This is to avoid any polarity differences, as
small changes of solvent polarity might greatly affect the speed of compound being eluted

and peaks might shift and overlap with the neighbouring peaks.

The flow rate and solvent system of the mobile phase is fixed throughout the
experiment. The samples was eluted or recycled with an appropriate solvent system at a
certain flow rate to acquire the ideal separation. The intensity of peaks is based on UV
absorbance of the samples. Separated peaks were collected and sent for proton NMR

spectroscopy.

3.5 Extraction, isolation and purification of the secondary metabolites
The experimental details of extraction, isolation and purification of secondary
metabolites from the stem barks of G. tapis and G. tapisoides were described in section

3.5.1 and 3.5.2 respectively.
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3.5.1 Extraction, isolation and purification of G. tapis
The experimental details of extraction, isolation and purification of secondary

metabolites from the stem barks of G. tapis will be described in this section 3.5.1.

3.5.1.1 Extraction of G. tapis

The extraction of dried and milled stem bark was carried out by the cold percolation
method. Dried ground bark (1.5 kg) was macerated with hexane (3 x 4 L, each 48 hours)
at room temperature. The hexane extract was then evaporated using rotary-evaporator and
a yellow gummy extract (20.6 g) was obtained. The plant material was then subjected to
dichloromethane and methanol extraction successively (3 x 4 L, each 48 hours) at room
temperature. The extracts were then evaporated using a rotary-evaporator. The
dichloromethane crude (87.2 g) was obtained as brown gummy residue while the

methanol extract (220.5 g) was obtained as a brown amorphous powder.

3.5.1.2 Purification of compounds from dichloromethane extract of G. tapis

20 g of dichloromethane (CH2Cl>) crude extract of G. fapis was subjected to column
chromatography fractionation over silica gel (230-400 mesh) to give 9 fractions (F1-F9).
The fractionation was based on the gradient elution method. The amount of silica gel used
was based on the ratio 1 g of crude extract to 30 g of silica gel. Each fraction was tested
on thin layer chromatography (TLC) and subjected to repeated column chromatography
(CC) until a single spot on the TLC was obtained. Compounds were isolated from some
fractions as shown in Scheme 3.1.

Fraction 2 (Hex/CH2Cly, 10:90, 0.586 g) was further fractionated by CC over silica gel,
eluting gradient with gradient solvent system 90:10 to 80:20 of hexane: ethyl acetate (EA)
to furnish a mixture of 133 and 134 (20.4 mg), and a compound 1 (3.5 mg). Fraction 4
(CH2Cl2/MeOH, 99.5:0.5, 1.322 g) was also purified by CC eluted with gradient solvent

system 70:30 to 20:80 of hexane: EA to yield 41 (62.9 mg), 22 (3.9 mg) and 151 (2.1 mg).
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Fraction 8 (CH2Cl2/MeOH, 97.5:2.5, 0.527 g) was subjected to silica gel CC, using

gradient solvent system 99.5:0.5 to 98.5:1.5 of CH2Cl2:MeOH to yield 49 (3.7 mg) and

26 (3.3 mg).

DCM crude of G. tapis (20 g)

v

\4

F1
Hex : DCM
(5:5)

F3
100% DCM

F5
DCM : MeOH
(99 : 1)

F7
DCM : MeOH
(98 :2)

F9
DCM : MeOH
(97 : 3)

A \ 4 \ 4 \ 4
F2 F4 F6 F8
Hex : DCM DCM : MeOH DCM : MeOH DCM : MeOH
(1:9) (99.5:0.5) (98.5:1.5) (97.5:2.5)

l l

Goniothalamin 1 (3.5 mg) Goniopypyrone 26 (3.3 mg)

Stigmasterol 133 & 7-epi-Goniofufurone 49 (3.7 mg)
B-sitosterol 134 (20.4 mg)

v
Cheliensisin A 22 (3.9 mg)
Isoaltholactone 41 (62.9 mg)

3-acetylisoaltholactone 151 (2.1 mg)

Scheme 3.1: Isolation and purification of compounds from the CH>Cl» crude extract of the
bark of G. tapis.

3.5.1.3 Purification of compounds from methanol extract of G. tapis
3 g of methanol crude extract was subjected to column chromatography (CC)

fractionation over C-18 reversed phase silica gel. The fractionation was based on the

gradient elution method. Nine fractions were acquired.
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Fraction 3 (0.164 g) was then subjected to column chromatography over Sephadex
LH-20. Isocratic elution method was used in this medium, because the isolation is based
on molecular structure. The same solvent system as in the first CC fractionation was used,
which is 60 H,O: 40 MeOH. A styryl-lactone was isolated, which is 4 (3.1 mg) as shown

in Scheme 3.2.

Methanol crude of G. tapis (3 g)

A\ 4 v \4 \4 v
Fl1 F3 F5 F7 F9
H>0O: MeOH H>O: MeOH H,0: MeOH H>,0: MeOH 100% MeOH
(8:2) (6:4) (4:0) (2:8)
A\ 4 v v \ 4
F2 F4 Fé6 F8
H>0O: MeOH H>O: MeOH H>O: MeOH H>O: MeOH
(7:3) (5:5) 3:7 (1:9)
v

Garvensintriol 4 (3.1 mg)

Scheme 3.2: Isolation and purification of compounds from the MeOH crude extract of the
bark of G. tapis.

3.5.2 Extraction, isolation and purification of G. tapisoides
The experimental details of extraction, isolation and purification of secondary

metabolites from the stem barks of G. tapisoides will be described in this section.

3.5.2.1 Extraction of G. tapisoides
The extraction of dried and milled stem bark was carried out by the cold percolation
method. Dried ground bark (1.0 kg) was macerated with hexane (3 x 4 L, each 48 hours)

at room temperature. The hexane extract was then evaporated using rotary-evaporator and
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a yellow amorphous powder extract (25.2 g) was obtained. The plant material was then
subjected to dichloromethane and methanol extraction successively (3 x 4 L, each 48
hours) at room temperature. The extracts were then evaporated using a rotary-evaporator.
The dichloromethane (43.3 g) and methanol (24.5 g) crudes were obtained as brown

gummy residue.

3.5.2.2 Purification of compounds from dichloromethane fraction of G. tapisoides

After few CC fractionations of Fraction 7 (CH2Clo/MeOH, 98:2, 0.627 g) eluted from
dichloromethane crude of G. tapisoides. A sample (120 mg) with three compounds
mixture was acquired. It doesn’t separated by the method CC fractionation, therefore, it
was subjected into recycling HPLC. The recycling HPLC isolation was based on the

isocratic elution method, with 60 MeOH : 40 H,O and flow rate is 5 ml/min.

As shown in Figure 3.1, during the first cycle, three narrow peaks appeared closely
and overlapping with one another. In order to separate them into three individual peaks,
the sample is allowed to pass through the column for two more round. The compounds
were collected when the peaks appeared to be single and isolated. This is to ensure

collected compound from every single fraction is pure and clean.

Figure 3.1: Recycling HPLC chromatogram for fraction eluted from F7.
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The first compound collected was goniodiol 3, it was eluted starting from 136.74
minutes to 144.98 minutes. Second collection occurred at 148.68 — 159.57 minutes,
compound acquired was 8-epi-9-deoxygoniopypyrone 24. The third compound, 7-epi-

goniodiol 10, was earned from the last collection at 161.68 — 171.08 minutes.

3.5.2.3 Purification of compounds from methanol extract of G. tapisoides

3 g of methanol crude extract was subjected to column chromatography fractionation
over C-18 reversed phase silica gel. The isolation was based on the gradient elution
method. Nine fractions were acquired. Each fraction was tested on reversed phase thin
layer chromatography (TLC) and subjected into repeated column chromatography (CC)
over Sephadex LH-20 until a single spot on the TLC was obtained. Compounds were

isolated from some fractions as shown in Scheme 3.3.

All fractions were then subjected to CC over Sephadex LH-20. Isocratic elution
method was used in this medium, because the isolation is based on molecular structure.
The solvent system of further CC is based on the solvent system of the fractions being

eluted.

Fraction 1 (0.108 g) was subjected to CC with solvent system 80:20 of H2O:MeOH
was used to yield 152 (3.7 mg). Fraction 2 (0.126 g) was also purified by CC elution with
solvent system 70:30 of HoO:MeOH to yield 154 (2.9 mg) and 155 (3.4 mg). Fraction 4
(0.187 g) was further fractionated through CC with solvent system 50:50 of HO:MeOH
to yield 153 (13.8 mg). Compound 147 was acquired from purification of fraction 6 (0.094

g), with CC elution of solvent system of 30 H>O:70 MeOH.

57



Methanol crude of G. tapisoides (3 g)

\4 A\ 4 \4 \4 \4
Fl F3 F5 F7 F9

H,0: MeOH | | | H,0: MeOH | | | H,0: MeOH H,0: MeOH ||| 100% MeOH

(8:2) (6: 4) (4:6) 2:38)

A 4 \ 4 v A 4
F2 F4 F6 F8
H>O: MeOH H>O: MeOH H>O: MeOH H>O: MeOH

(7:3) (5:5) 3:7 (1:9)

v

Goniomicin F 153 (13.8 mg)

Goniomicin G 154 (4.2 mg) Goniomicin A 147 (3.3 mg)
Goniomicin H 155 (3.1 mg)

v

Goniomicin E 152 (3.7 mg)

Scheme 3.3: Isolation and purification of compounds from the MeOH crude extract of the
bark of G. tapisoides.

3.6 Physical data of the isolated compounds

Isoaltholactone 41

Molecular formula : C13H 1204

uv 2215 nm
IR Vinax : 3372, 3028, 1732, 1638 cm’!
[a]3 1 +63.51° (¢ 0.012 M; MeOH)

Mass spectrum m/z ~ : 232.2574 [M+H]" (calcd. for C13H1304, 233.2578)
"H-NMR § ppm : see Figure 4.1

BC-NMR & ppm : see Figure 4.2
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3-acetylisoaltholactone 151

Molecular formula
uv

IR Viax

[a]??

Mass spectrum m/z
"H-NMR § ppm

B3C-NMR & ppm

: CisH140s

:216 nm

1677, 1369 cm™

: +8.04° (¢ 0.007 M; MeOH)

: 275.1596 [M+H]" (calcd. for C15Hi50s, 275.1593)
: see Figure 4.3

: see Figure 4.4

7-epi-Goniofufurone 49

Molecular formula
uv

IR Vimax

[a]?

Mass spectrum m/z
"H-NMR § ppm

BC-NMR § ppm

Goniothalamin 1
Molecular formula
uv

IR Viax

[a]?

Mass spectrum m/z
"H-NMR § ppm

BC-NMR § ppm

: C13H140s5

: 205 nm

: 3404, 1755, 1634, 1185 cm’!

: +6.85° (¢ 0.006 M; MeOH)

:251.0697 [M+H]" (caled. for C13H;50s, 251.0693)
: see Figure 4.9

: see Figure 4.10

: Ci3H1202
1207, 255 and 284 nm
: 1725, 1249, 751 cm™!

: +81.66° (¢ 0.018 M; MeOH)

:201.0144 [M+H]" (calcd. for C13H130, 201.0143)

: see Figure 4.11

: see Figure 4.12
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Cheliensisin A 22
Molecular formula
uv

IR Viax

[a]??

Mass spectrum m/z
"H-NMR § ppm

B3C-NMR & ppm

Goniodiol 3
Molecular formula
uv

IR Vmax

[a]

Mass spectrum m/z
"H-NMR § ppm

BC-NMR § ppm

7-epi-goniodiol 10
Molecular formula
uv

IR Viax

[a]?

Mass spectrum m/z
"H-NMR § ppm

BC-NMR § ppm

: CisH140s

:215 nm

: 1735, 1720, 1620, 1020, 820 cm™

:+23.51° (¢ 0.007 M; MeOH)

: 275.2136 [M+H]" (calcd. for C15Hi50s, 275.2161)
: see Figure 4.13

: see Figure 4.14

: C13H1404

:215 nm

: 3403, 1702, 1389 cm’!

: +28.71° (¢ 0.012 M; MeOH)

:216.2096 [M — H>0O]" (calcd. for C13H1203, 216.2101)
: see Figure 4.15

: see Figure 4.16

: C13H1404

:215 nm

: 3410, 1714, 1402 cm’!

: +36.42° (¢ 0.015 M; MeOH)

:216.2054 [M — H2O]" (calcd. for C13H 1203, 216.2052)
: see Figure 4.17

: see Figure 4.18
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Garvensintriol 4
Molecular formula
uv

IR Vinax

[a]?®

Mass spectrum m/z
"H-NMR § ppm

B3C-NMR & ppm

Goniopypyrone 26
Molecular formula
uv

IR Vmax

[a]

Mass spectrum m/z
"H-NMR § ppm

BC-NMR § ppm

: C13H160s

: 220, 250 nm

: 3393, 2905, 1755 cm’!

: +8.62° (¢ 0.005 M; MeOH)

: 234.2374 [M — H20]" (caled. for C13H1404, 234.2372)
: see Figure 4.19

: see Figure 4.20

: C13H140s5

: 208 nm

: 3398, 2978, 1745 cm’!

: +10.34° (¢ 0.007 M; MeOH)

:249.0717 [M — H] (calcd. for C13H130s, 249.0718)
: see Figure 4.21

: see Figure 4.22

8-epi-9-deoxygoniopypyrone 24

Molecular formula
uv

IR Viax

[a]?

Mass spectrum m/z
"H-NMR § ppm

BC-NMR § ppm

: C13H1404

:210 nm

: 3395, 3283, 1734 cm’!

: +13.11° (¢ 0.000 M; MeOH)

:233.0174 [M — HJ (caled. for C13H1404, 233.0171)
: see Figure 4.23

: see Figure 4.24
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Goniomicin A 147
Molecular formula
uv

IR Vinax

[a]

Mass spectrum m/z
"H-NMR § ppm

B3C-NMR & ppm

Goniomicin E 152
Molecular formula
uv

IR Vinax cm’!

[a]

Mass spectrum m/z
"H-NMR § ppm

BC-NMR § ppm

Goniomicin F 153
Molecular formula
uv

IR Vimax cm’!

[a]?

Mass spectrum m/z
"H-NMR § ppm

BC-NMR § ppm

: C13H1403

: 206, 252 nm

: 3350, 1665, 1327 cm’!

1 +15.34° (¢ 0.020 M; MeOH)

:200.0078 [M — H20]" (caled. for C13H1202, 200.0073)
: see Figure 4.25

: see Figure 4.26

: C13H19NOs

: 205 nm

21717, 1609 cm’!

: +5.38° (¢ 0.012 M; MeOH)

:270.1355 [M+H]" (caled. for Ci13H20NOs, 270.1359)
: see Figure 4.27

: see Figure 4.28

: CisHi7NO;3

:207 and 255 nm

: 3568, 1702 cm™!

: +10.87° (¢ 0.023 M; MeOH)

: 235.1447 [M] (calcd. for C13H17NOs3, 235.1451)
: see Figure 4.34

: see Figure 4.35
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Goniomicin G 154
Molecular formula
uv

IR Vinax cm’!

[a]®

Mass spectrum m/z
"H-NMR § ppm
BC-NMR & ppm
Goniomicin H 155
Molecular formula
uv

IR Vimax cm’!

[a]

Mass spectrum m/z
"H-NMR § ppm

BC-NMR § ppm

Stigmasterol 133
Molecular formula
uv

IR Viax

Mass spectrum m/z
"H-NMR § ppm

BC-NMR § ppm

: Ci3His06

:204 nm

:3606, 1710 cm™

:—4.09° (¢ 0.010 M; MeOH)
:252.1249 [M — H20]" (caled. for C13H160s, 252.1246)
: see Figure 4.40

: see Figure 4.41

: Ci3H160s

:206 nm

: 3556, 1720 cm’!

:+3.70° (¢ 0.009 M; MeOH)

: 252.1233 [M] (calcd. for C13H160s, 252.1235)
: see Figure 4.47

: see Figure 4.48

: C29H4s0

:257 nm

: 3374,2941, 1642 cm’!
:413.3

: see Figure 4.54

: see Figure 4.55

63



[-sitosterol 134
Molecular formula
uv

IR Viax

Mass spectrum m/z
"H-NMR § ppm

BC-NMR § ppm

: C29H500

1257 nm

:3374,2941, 1642 cm’!
:415.2

: see Figure 4.54

: see Figure 4.55
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CHAPTER 4 : RESULTS AND DISCUSSION

4.1 Secondary metabolites isolated from stem barks of G. tapis and G. tapisoides

Chemical screening of the stem bark of G. tapisoides and G. tapis, belonging to the
Annonaceae family were studied in detail for their chemical constituents. The
dicholoromethane and methanol extracts of stem bark from these two species were
subjected to various sepration techniques discussed in Chapter 3, successfully yielded

seventeen compounds.

Nine compounds consists of styryl-lactones and steroids were isolated from the
dichloromethane and methanol extract of the bark of G. fapis. Seven styryl-lactones;
isoaltholactone 41, 3-acetyl-isoaltholactone 151, 7-epi-goniofufurone 49, goniothalamin
1, cheliensisin A 22, garvensintriol 4, and goniopyyprone 26. Two steroids were

stigmasterol 133 and B-sitosterol 134.

As for G. tapisoides, eight compounds were isolated from the bark excract. Three
styryl-lactones were isolated from dichloromethane crude, namely goniodiol 3, 7-epi-
goniodiol 10 and 8-epi-9-deoxygoniopypyrone 24. Another five styryl-lactones were
isolated from methanol crude; goniomicin A 147, goniomicin E 152, goniomicin F 153,

goniomicin G 154 and goniomicin H 155.

The structural elucidations of these seventeen compounds shall be discussed in details
through spectroscopic methods, principally NMR experiments. The elucidated
compounds have been arranged according to their skeletal types and presented in Table
4.1. Complete 'H, 3C, DEPT-135, HSQC and HMBC spectral data were given for new

compounds and also by comparison with literature data for the known compounds.
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Table 4.1: Chemical constituents of the bark extracts of G. tapis and G. tapisoides.

Compounds Plants Types Pages
Isoalthoalctone 41 G. tapis Furano-pyrone 67
3-acetylisoaltolactone 148 G. tapis Furano-pyrone 70
7-epi-goniofufurone 49 G. tapis Furano-furone 75
Goniothalamin 1 G. tapis Styryl-pyrone 78
Cheliensisin A 22 G. tapis Styryl-pyrone 81
Goniodiol 3 G. tapisoides Styryl-pyrone 84
7-epi-Goniodiol 10 G. tapisoides Styryl-pyrone 87
Garvensintriol 4 G. tapis Styryl-pyrone 90
Goniopypyrone 26 G. tapis Pyrano-pyrone 93
8-epi-9-deoxygoniopypyrone 24 | G. tapisoides Pyrano-pyrone 96
Goniomicin A 147 G. tapisoides Styryl-lactone 99
Goniomicin E 152 G. tapisoides Styryl-lactone 102
Goniomicin F 153 G. tapisoides Styryl-lactone 108
Goniomicin G 154 G. tapisoides Styryl-lactone 113
Goniomicin H 155 G. tapisoides Styryl-lactone 119
Stigmasterol 133 G. tapis Steroid 126
[-sitosterol 134 G. tapis Steroid 126
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4.1.1 Isoaltholactone 41

Compound 41 was isolated as yellow amorphous with [a]3°=+63.51. The LCMS-IT-
TOF spectrum showed a positive molecular ion peak [M+H]" at m/z 232.2574 (calcd. for
Ci13H1304, 233.2578) spectrum, corresponding to a molecular formula of Ci3Hi1204. It
showed broad and strong bands in IR spectrum at 3372 cm! due to the presence of

hydroxyl group.

In the '"H NMR spectrum, a multiplet signal at § 7.31-7.36 characteristics for five
aromatic protons (H-2’ to H-6") of mono-substituted phenyl ring. The two olefinic proton
with cis configuration split into doublet of triplet at 6 6.15 (/= 10.2, 1.2 Hz) and doublet
of doublet of doublet at 6 6.82 (J = 10.2, 4.4, 1.2 Hz) are belonged to H-6 and H-7,
respectively. Four deshielded oxymethine proton signals at 6 5.01 (br ¢, J = 6.0, 5.8 Hz),
04.85(brt,J=5.8,44Hz),54.76 (d,J=7.6 Hz), and 6 4.23 (J= 6.0 Hz) were assignable
to H-3a, H-7a, H-2 and H-3 of the furan ring which correlated with the methine carbon at

078.7,867.9, 6 83.4, and 6 78.2 in the HSQC spectrum.

In the *C NMR spectrum, a most downfield signal is observed at & 161.8 which
correspond to a highly deshielded carbonyl carbon of lactone. Among all the carbons in

furan ring, C-2 is the most deshielded carbon, because it bonded to aromatic ring.

The assignments of all the proton and carbon signals of compound 41 were confirmed
by comparison with the literature values (Colegate et al., 1990). Thus, compound 41 was

identified as isoaltholactone, which was first isolated from Goniothalamus malayanus.

67



Table 4.2: 'H (400 MHz), >C (100 MHz) NMR spectroscopic data (in CDCls) of

isoaltholactone 41.

Position "H-NMR BC-NMR
on (ppm), J (Hz) dc (ppm)
Experimental Literature Experimental  Literature
1 - - - -
2 4.76 (1H, d) J=7.6 4.76 (1H, d) J=7.5 83.4 83.3
3 4.23 (1H, br t) J=6.0 4.28 (1H, m) 78.2 78.4
3-OH 3.73 (brs) 2.86 (d, J=8.86) - -
3a 5.01 (1H, br 1) 5.07 (1H, br 1) 787 8.5
J=6.0, 5.8 J=5.5,5.5
4 - - - -
- - 161.8 161.8
o T2tz rioces 120 120
R BT
Ta 4.85 (1H, brf) 4.89 (1H, br f) 7.9 677
J=5.8,4.4 J=5.5,4.5
I - - 138.7 138.4
2,6 125.9 125.7
3,5 7.31-7.36 (5SH, m) 7.48 (5H, m) 128.7 128.7
4 128.4 128.3
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4.1.2 3-Acetylisoaltholactone 151

151

Compound 151 was isolated as yellow amorphous with [a]3°=+8.04. The LCMS-IT-
TOF spectrum showed a positive molecular ion peak [M+H]" at m/z 275.1596 (calcd. for
Ci5H1505 275.1593), which corresponded to a molecular formula of C15sH140s. It showed
IR absorptions bands at 1677 and 1369 cm™ due to the stretching of C=0 and C-O,

respectively.

In the 'H NMR spectrum showed the presence two olefinic proton with cis
configuration split into doublet at 8 6.20 (/= 10.0 Hz) and doublet of doublet at 5 6.83 (J
=10.0, 4.0 Hz) which corresponding to H-6 and H-7, respectively. A multiplet signal at
0 7.22-7.58 characteristics for five aromatic protons (H-2’ to H-6) of mono-substituted
phenyl ring. Four deshielded oxymethine proton signals at 6 5.01 (d, J= 6.3 Hz), 6 5.16
(t, /J=6.3 Hz), 6 5.28 (t,J=15.9 Hz), and 6 4.99 (br d, J = 4.0 Hz) were assignable to H-
2, H-3, H-3a and H-7a. Assignments of these four protons were established by the 'H-'H

COSY spectrum. These oxymethine carbons resonated in the range of 6 68.3-81.2.

A singlet signal at § 2.11 was observed in 'H NMR spectrum, revealed the presence of
a methyl group. The methyl protons showed correlations with most deshielded carbonyl

carbon, 6 169.9 in HMBC spectrum, indicated this compound has an acetyl group.

The assignments of all the proton and carbon signals of compound 151 were confirmed

by HSQC, COSY and HMBC experimetns. This compound was compared with the
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literature values (Colegate et al., 1990) of the major compound, isoaltholactone 41. Thus,
compound 151 was identified as 3-acetylisoaltholactone, which a new ne compound
isolated from G. tapis.

Table 4.3: 'H (400 MHz), '*C (100 MHz) NMR spectroscopic data (in CDCls) of 3-
acetylisoaltholactone 151 and isoaltholactone 41.

3-acetylisoaltholactone Isoaltholactone
Position 'H-NMR BC-NMR '"H-NMR BC-NMR
on (ppm), J (Hz) dc (ppm) on (ppm), J(Hz) 3¢ (ppm)
1 - 8 - -
2 5.01 (1H, d) J=6.3 81.2 4.76 (1H, d) J=1.5 83.3
3 5.16 (1H, ¢) J=6.3 77.8 4.28 (1H, m) 78.4
3-OH - - 2.86 (d, J=8.86) -
- 169.
3-OAc o - -
2.11 (3H, s) 20.7
- 5.07 (1H, brt)
3a 5.28 (1H, ¢) J=5.9 76.0 J=5.5.5.5 78.5
4 - - - -
5 - 160.9 - 161.8
. 6.22 (1H, dd)
6 6.20 (1H, d) J~=10.0 122.9 J=10.0, 0.8 123.0
7 6.83 (1H, dd) 141.8 6.89 (1H, dd) 141.7
J=10.0, 4.0 J=10.0, 4.5 ’
4.99 (1H, b 4.89 (1H, br ¢
7a (1, brd) 68.3 (1, br 1) 67.7
J=4.0 J=5.5,4.5
I 137.6 - 138.4
2°,6 125.8 125.7
3,5 7.22-7.58 (5H, m) 128.9 7.48 (SH, m) 128.7
4 128.7 128.3
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Figure 4.3: 'H (400 MHz) NMR spectrum of 3-acetylisoaltholactone 151.

Figure 4.4: 3C (100 MHz) and DEPT-135 NMR spectra of 3-acetylisoaltholactone 151.
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Figure 4.5: HSQC spectrum of 3-acetylisoaltholactone 151.
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4.1.3  7-epi-Goniofufurone 49

OH H

10

12 HO\ H

Compound 49 was isolated as yellow amorphous with [a]%°= +6.85. The LCMS-IT-
TOF spectrum showed a positive ion peak [M+H]" at m/z 251.0697 (calcd. for Ci3His0Os,
251.0693), which corresponded to a molecular formula of Ci3H140s5. The IR spectrum
showed strong absorptions bands of O-H stretching at 3404 cm™ and C=O stretching at

1755 cm™. The UV spectrum with absorptions bands at 205 nm.

The 'H NMR spectrum showed a multiplet & 7.25-7.42 referring to five aromatic
protons (H-9 to H-13) from a mono-substituted phenyl ring. Five deshielded one-proton
signal at & 4.84 (df), 6 3.98 (dd), & 4.25 (d), & 4.80 (dd) and & 4.70 (d) were indicative of
oxygen bearing methine protons belonged to H-3a, H-5, H-6, H-6a and H-7, respectively.

A methylene group at position 3 resonated at 6 2.75 (m, 2H).

The '*C NMR spectrum showed thirteen carbons; one methylene, ten methine and two
quaternary carbon. Two quaternary carbon peaks at 6 174.9 and & 139.1 were assigned to
C-2 and C-8 respectively. Two methine carbons, C-5, C-6a resonated more downfield at
0 90.2 and 6 90.0 respectively. This may due to the deshielding effect by the neighbouring
oxygen atom and hydroxyl group. The other three methine carbons resonated at the range
of 6 75.0 — & 77.6. Finally the aromatic carbon peaks showed signal at & 127.4 attributed
to the two aromatic carbons of C-11 and C-15, meanwhile the peak at 6 128.7

corresponding to the two aromatic carbons of C-12 and C-14 and para aromatic carbon
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peak appeared at 6 127.4 which was assigned for C-13. The carbonyl carbon of the lactone

appeared at 0 174.9.

Comparison of the obtained spectral data with the literature values (X. P. Fang et al.,

1991b) confirmed that 49 was 7-epi-goniofufurone, which is furano-furone skeleton.

Table 4.4: 'H (400 MHz), 1*C (100 MHz) NMR spectroscopic data (in CD30D) of 7-epi-
goniofufurone 49.

Position 'H-NMR BC-NMR
Su (ppm), J (Hz) dc (ppm)
Experimental Literature * Experimental  Literature®
1 - - A -
2 - - 174.9 176.10
2.77 (1H, dd)
J=18.6, 6.9
3 2.75 (2H, m) 36.0 36.68
2.71 (1H, d)
J=18.6
4.84 (1H, dt 5.12 (1H, d
3a (1H, df) (1H, dd) 77.6 78.09
J=4.2,2.0 J=6.0, 4.0
4 - - - -
3.98 (1H, dd) 4.24 (1H, dd)
> J=7.0,5.6 J=4.0,3.5 902 85.81
- 4.43 (1H, br?)
6 4.25 (1H, d) J=5.6 J=4.5.35 75.0 75.35
4.80 (1H, dd) .
6a J=42.0.8 4.90 (1H, dd) J=4.0 90.0 89.14
- 5.09 (1H, br t)
7 4.70 (1H, d) J=7.0 J=5.0, 4.0 76.8 72.23
8 - - 139.1 142.82
9,13 127.4 127.8
10, 12 7.25-7.42 (5H, m) 7.24-7.45 (5H, m) 128.7 128.8
11 127.4 128.2

? In CDCls.
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4.1.4 Goniothalamin 1

Compound 1 was isolated as colourless crystal with [a]3°= +81.66. The molecular
formula of Ci;3H1202 was deduced from its positive LCMS-IT-TOF spectrum (m/z
201.0144 [M+H]"; calcd. for C13H1302, 201.0143). It showed strong bands in IR spectrum
at 1725, 1249, 751 ecm’! corresponding to the resonance of a, B-unsaturated §-lactone

moiety.

The 'H NMR spectrum showed a multiplet § 7.25-7.40 referring to five aromatic
protons (H-10 to H-14) of a mono-substituted phenyl ring. The two olefinic proton peaks
at 0 6.72 (d, J=16.0 Hz) and & 6.27 (dd, J/=16.0 and 6.4 Hz) with a trans configuration
belonged to H-8 and H-7, respectively. An allylic methylene signal observed as a
multiplet at 6 2.51-2.55 (m) could be assigned to H-5 and a proton on a carbon bearing
the oxygen of the lactone group appeared as a multiplet at 6 5.06-5.12 (m) belonged to H-
6. The two proton of the allyl group resonating at 6 6.08 (dd, J/=12.0, 4.0 Hz) and & 6.92

(ddd, J=12.0, 4.0 Hz) belonged to H-3 and H-4 respectively.

The '*C NMR spectrum showed thirteen carbons; one methylene, ten methine and two
quaternary carbon. The olefinic carbons C-7 and C-8 resonated at 6 125.7 and 6 133.2
respectively. A methylene carbon C-5 gave a peak at 6 30.0 meanwhile a methine carbon
C-6 showed the peak at & 78.1 due to the deshielding effect by the neighbouring oxygen
atom. The signals for C-3 and C-4 resonated at 6 121.8 and 6 144.8 respectively. Finally

for aromatic carbon peak occured at 6 126.8 which attributed to the two aromatic carbons
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of C-10 and C-14, meanwhile the peak at & 128.8 corresponding to the two aromatic
carbons of C-11 and C-13. Another aromatic carbon peak appeared at 6 128.5 which could

be assigned for C-12. The carbonyl carbon of the lactone appeared at 6 164.0.

Comparison of the spectral data with the literature values confirmed that 1 was indeed

the styryl-lactone, goniothalamin (de Fatima et al., 2005).

Table 4.5: 'H (400 MHz), '*C (100 MHz) NMR spectroscopic data (in CDCl3) of
goniothalamin 1.

Position '"H-NMR BC-NMR
du (ppm), J (Hz) dc (ppm)
Experimental Literature Experimental Literature
1 - - - -

2 - - 164.0 163.6

3 6J281§1§,I,4dg) 6.08 (1H, d) J=9.5 121.8 121.4

4 o 21’2(_51&%” 6.92 (1H, dr) J=4.0 144.8 144.5

5 2.51-2.55 (2H, m) 2.52-2.56 (2H, m) 30.0 29.8

6 5.06-5.12 (1H, m) 5.10 (1H, gq) 78.1 77.8

T Sheeas s 18T 1S

8 6.72 (1H, d) J=16.0  6.72 (1H, d) J=15.9 133.2 132.8

9 - - 135.8 135.5

10, 14 126.8 126.5

11,13 7.25-7.40 (5H, m) 7.25-7.41 (SH, m) 128.8 128.5

12 128.5 128.1
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Figure 4.11: 'H (400 MHz) NMR spectrum of goniothalamin 1.

164.0
144.8
35,
33
28,
28,
26,
25,
21
78.1
77.4
77.1
76.8
30.0

VAN S

11,13

F0.45
F0.40
F0.35
10,14
F0.30
F0.25
F0.20
3 ro0.15

r0.10

r0.05

W WMMMWMMWM Fo.00

T T T T T T T T
180 170 160 150 140 130 120 110 100

90
f1 (ppm)

Figure 4.12: '3C (100 MHz) NMR spectrum of goniothalamin 1.



4,1.5 Cheliensisin A 22

Compound 22 was isolated as yellow amorphous with [a]3°= +23.51. The positive
LCMS-IT-TOF analysis exhibited an ion peak [M+H]" at m/z 275.2136 (calcd. for
Ci5Hi50s, 275.2161), corresponded to a molecular formula of C15H140s. It showed strong

bands in IR spectrum at 1020, 820 cm™! corresponding to the epoxide group.

In the 'H NMR spectrum, a multiplet signal at & 7.27-7.36 characteristics for five
aromatic protons (H-10 to H-14) of mono-substituted phenyl ring. The two olefinic proton
split into doublet at 6 6.24 (J = 10.1 Hz) and doublet of doublet at 6 7.08 (J = 10.1, 5.7
Hz) with cis configuration belonged to H-3 and H-4 respectively. Four deshielded one
proton signal at 6 5.40 (dd, J=5.7,2.8 Hz, H-5), 6 4.41 (dd, J=5.9, 2.8 Hz, H-6), 6 3.33
(dd,J=15.9,1.8 Hz, H-7), and 6 4.00 (J = 1.8 Hz, H-8) were indicative of oxygen bearing
methine protons. Two less deshielded methine protons is in conjunction with the epoxide
group. The position of four oxymethine were assigned based on 'H-'H COSY and HMBC

experiments.

The presence of a carbonyl carbon with chemical shift 6 169.9 and a methyl group with
chemical shift 6 20.6 indicate the presence of acetoxy (-OAc) group. Two carbons; C-7
and C-8 with chemical shift 6 58.2 and & 57.6 respectively due to the deshielding effect

of epoxide oxygen.

Comparison of the spectral data with the literature values confirmed that compound

22 was indeed the styryl-lactone, cheliensisin A (Li et al., 1998).
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Table 4.6: 'H (400 MHz), '*C (100 MHz) NMR spectroscopic data (in CDCls) of
cheliensisin A 22.

Position "H-NMR BC-NMR
on (ppm), J (Hz) oc (ppm)
Experimental Literature Experimental  Literature
2 - - 161.4 161.1
3 6.24 (1H, d) J=10.1 6.21 (1H, d) J=9.7 125.1 125.0
. 1H .05 (1H
4 7.08, (1H, dd) 7.05 (1H, dd) 140.4 140.2
J=10.1,5.7 J=9.7,5.7
5.40 (1H, d 5.37 (1H, d
5 (1H, dd) (1H, dd) 62.6 62.1
J=5.7,2.8 J=5.7,2.9
4.41 (1H, dd) 4.40 (1H, dd)
6 78.1 77.9
J=5.9,2.8 J=59,1.9
3.33 (1H, d 3.31 (1H, d
7 (1H, dd) (1H, dd) 58.2 58.1
J=5.9, 1.8 J=59,1.9
8 4.00 (1H, d) J~=1.8 4.00 (1H, d) J=1.8 57.6 57.4
C=0
(OAC) - - 169.9 169.6
-CH; 2.07 (3H, s) 2.04 (3H, s) 20.6 20.4
9 - - 135.6 135.6
10, 14 125.8 125.7
11,13 7.27-7.36 (5H, m) 7.25-7.35 (5H, m) 128.7 128.6
12 128.8 128.7
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4,1.6 Goniodiol 3

Compound 3 was isolated as yellow amorphous with []3°= +28.71. The LCMS-IT-
TOF spectrum showed a negative molecular ion peak [M — H>O] at m/z 216.2096 (calcd.
for C13H1203, 216.2101), which corresponded to a molecular formula of Ci3Hi14O4. It
showed absorption bands in IR spectrum at 3403, 1702, 1389 cm™ corresponding to the

hydroxyl, carbonyl and aromatic group.

In the '"H NMR spectrum, a multiplet signal at § 7.30-7.35 characteristics for five
aromatic protons (H-10 to H-14) of mono-substituted phenyl ring. The two olefinic proton
split into doublet of doublet at 6 5.99 (J=10.1, 0.9 Hz) and doublet of doublet of doublet
at 0 6.92 (J = 10.1, 6.4, 2.3 Hz) with cis configuration belonged to H-3 and H-4,
respectively. The spectrum exhibited two one-proton signals at & 2.80 and 6 2.16 which

assignable for the methylene proton adjacent to the double bond.

Three deshielded one proton signal at 6 4.79 (ddd, J=12.8, 3.9, 2.3 Hz, H-6), 6 3.71
(dd, J =113, 2.3 Hz, H-7), and 6 4.94 (d, J = 7.3 Hz, H-8), were indicative of oxygen
bearing methine protons. The coupling constant of H-6/H-7 and H-7/H-8 were 2.3 Hz and

7.3 Hz. These protons were assigned based on 'H-'H COSY and HMBC experiments.

The '*C NMR spectrum showed thirteen carbons; one methylene, ten methine and two
quaternary carbon. The olefinic carbons C-3 and C-4 resonated at 6 120.7 and o 146.3
respectively. A methylene carbon C-5 gave a peak at & 26.2 meanwhile three methine

carbon C-6, C-7 and C-8 showed the peak at & 76.9, 6 75.1 and d 73.8, respectively, due
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to the deshielding effect by the neighbouring oxygen atom. Finally for aromatic carbon

peak occurred at 6 126.8 which attributed to the two aromatic carbons of C-10 and C-14,

meanwhile the peak at 6 128.8 corresponding to the two aromatic carbons of C-11 and C-

13. Another aromatic carbon peak appeared at 6 128.8 which could be assigned for C-12.

The carbonyl carbon of the lactone appeared at 6 163.8.

Comparison of the spectral data with the literature values confirmed that compound 3

was indeed a styryl-pyrones type of styryl-lactone, goniodiol (X.-P. Fang et al., 1991).

Table 4.7: 'H (400 MHz), *C (100 MHz) NMR spectroscopic data (in CDCls) of

goniodiol 3.
Position "H-NMR BC-.NMR
ou (ppm), J (Hz) dc (ppm)
Experimental Literature Experimental Literature
2 - - 163.8 163.9
5.99 (1H, dd) 5.98 (1H, dd)
. J=10.1, 0.9 J=9.8,2.9 20 L2t
6.92. (1H, dd .
4 92, (IH, ddd) 6.91 (1H, dd) 146.3 146.3
J=10.1,6.4,2.3 J=9.8,6.4,2.3
2.78 (H-a, ddd.
2.80 (H-a,m) 5 10 5(122 2 9d)2 3
5 2.16 (H-b, dddd) T e 26.2 26.0
J=18.5,6.4,3.9,0.9 2.16 (H-b, ddd)
R J=18.5,6.4,3.7
4.79 (1H, dd .
. 79 (1H, ddd) 4.77 (1H, ddd) 6.9 768
J=12.8,3.9,2.3 J=12.8,3.7,2.2
3.71 (1H, d 3.71 (1H, ¢
7 (1H, dd) (IH, 7 75.1 73.56
J=73,23 J=8.0,7.0,2.2
- 4.93 (1H, dd) 73.8 75.0

8 4.94 (1H, d) J=1.3 7270, 5.0
7-OH - 2.34 (1H, d) J=8.0 - -
8-OH - 2.67 (1H, d) J=5.0 - -

9 - - 140.8 140.8
10, 14 126.6 126.5
11,13 7.32-7.40 (5H, m) 7.29-7.41 (5H, m) 128.9 128.6

12 128.4 128.1
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4.1.7  7-epi-Goniodiol 10

Compound 10 was obtained as yellow amorphous with [a]4>= +36.42. The LCMS-
IT-TOF spectrum showed a negative molecular ion peak [M — HO] at m/z 216.2054
(caled. for C13H1203, 216.2052), which corresponded to a molecular formula of C13H1404.
It showed absorption bands in IR spectrum at 3410, 1714, 1402 cm™' corresponding to the

hydroxyl, carbonyl and aromatic group.

The 'H NMR of 10 is very similar to that of goniodiol 3. However, a difference was
detected at the chemical shift of H-7 which is more deshielded. H-7 appeared as doublet
of doublet at 3.93 ppm with the coupling constant of 5.8 Hz and 4.6 Hz. This suggest that
10 differs from 3 in the configuration at C-7. Meanwhile, H-6 is less deshielded in 10, it
resonated at 4.37-4.42 ppm as doublet of doublet of doublet, with the coupling constant

of 12.0 Hz, 5.8 Hz and 4.6 Hz.

Other than that, 3C NMR spectra data also suggested that 10 possessed the same
styryl-pyrones type of skeleton as 3. The 'H NMR spectrum showed that J7s was 4.6 Hz,
and compared with corresponding coupling constant in goniodiol 3, indicated compound

10 is C-7 epimers.

Comparison of the spectral data with the literature values confirmed that compound

10 was indeed 7-epi-goniodiol (Kumaraswamy & Satish Kumar, 2013).
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Table 4.8: 'H (400 MHz), *C (100 MHz) NMR spectroscopic data (in CDCls) of 7-epi-
goniodiol 10.

Position "H-NMR BC-NMR
ou (ppm), J (Hz) dc (ppm)
Experimental Literature Experimental  Literature

2 - - 163.8 163.8

) SO s

4 6.88-6.93, (1H, ddd) 6.91-6.93 (1H, m) 145.6 145.6

J=9.8,6.0,2.4
23 SJ =21?96(le4 M 59261 (1H, m)
> 2.59-2.64 (1H, df) szz(;}s[’zdid; ; 249
J=12.0,2.8 T
6 437442 (10, ddd) ¢ 4 45 (1H, m) 773 77.3
J=12.0,5.8,4.6

7 33j5(glréd) 3.93-3.95 (1H, m) 76.3 76.1

8 488 (1H,d)J=4.6 490 (1H,d) J=4.1 72.0 71.9
7-OH - 2.34 (1H, d) J=8.0 - -
8-OH - 2.67 (1H, d) J=5.0 - -

9 - - 140.1 140.1
10, 14 126.5 126.4
11,13 7.37-7.42 (SH, m) 7.31-7.38 (5H, m) 128.9 128.7

12 128.5 128.7
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4,1.8 Garvensintriol 4

Compound 4 was isolated as yellow amorphous with [a]3°= +8.62. The LCMS-IT-
TOF spectrum showed a negative molecular ion peak [M — H>O] at m/z 234.2374 (calcd.
for C13H1404, 234.2372), which corresponded to a molecular formula of Ci3Hi6Os. It
showed absorption bands in IR spectrum at 3393 and 1755 cm™ corresponding to the

hydroxyl and carbonyl group.

In the '"H NMR spectrum, a multiplet signal at § 7.23-7.40 characteristics for five
aromatic protons (H-10 to H-14) of mono-substituted phenyl ring. Two methylene protons
resonated at § 2.42-2.47 (m) and 6 1.97-2.03 (m) belonged to H-3 and H-4, respectively.
Four deshielded one proton signal at 6 4.22 (td, J= 7.4, 3.6 Hz, H-5), 6 4.05 (dd, J =7 .4,
4.6 Hz, H-6), 6 4.00 (dd, J = 8.4, 4.6 Hz, H-7) and § 4.70 (d, J = 8.4 Hz, H-8), were
indicative of oxygen bearing methine protons. These protons were assigned based on 'H-

"H COSY and HMBC experiments.

The '3C NMR spectrum showed thirteen carbons; two methylene, nine methine and
two quaternary carbon. Two methylene carbon C-3 and C-4 showed the peak at 6 30.0
and 9 25.0, respectively. The other four methine carbon resonated in the range & 72 — 82
is due to the deshielding effect by the neighbouring oxygen atom. Finally for aromatic
carbon peak occurred at 6 128.0 which attributed to the two aromatic carbons of C-10 and
C-14, meanwhile the peak at 6 125.7 corresponding to the two aromatic carbons of C-11

and C-13. Another aromatic carbon peak appeared at & 127.2 which could be assigned for
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C-12. The carbonyl carbon of the lactone appeared at 6 176.1, it is slightly more

deshielded due to the absent of double bond at adjacent carbon.

Comparison of the spectral data with the literature values confirmed that compound 4

was garvensintriol, with styryl-pyrones skeleton, that been isolated from Goniothalamus

arvensis previously (Bermejo et al., 1998).

Table 4.9: 'H (400 MHz), *C (100 MHz) NMR spectroscopic data (in CD;OD) of
garvensintriol 4.

Position '"H-NMR BC-NMR
on (ppm), J (Hz) dc (ppm)
Experimental Literature * Experimental Literature *
1 - - - -
2 - - 176.1 177.0
2.49 (H-a, dtd)
J=17.9,18, 1.4
3 2.42-2.47 (2H, m) 259 (H-b, ddd) 30.0 28.2
J=17.9,53,5.1
2.05 (H-a, m)
J=17.8,79,53,14
4 1.97-2.03 (2H, m) 225 (Hob, m) 25.0 24.0
J=17.8,74,5.1,1.8
4.22 (1H, ¢ 4.62 (1H, ¢
> J=7F4, 3.6d) J=7.9,(7.4, 4?6 80.5 758
4.05 (1H, d 3.77 (1H, d
4 J=7(.4, 4’1.66[) 514(.6, i.Sd) 726 81.8
4.00 (1H, d 3.84 (1H, d

! J=8(.4, 4.6d) J=5(.8, 1.8d) 799 721

8 470 (1H, d)J=8.4 4.96 (1H,d) J=5.8 82.2 73.8
7-OH - - - -
8-OH - - - -

9 - - 141.8 140.2
10, 14 128.0 128.8
11,13 7.23-7.40 (SH, m) 7.30-7.39 (5H, m) 125.7 126.1

12 127.2 128.2

4In CDCls.
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4.1.9  Goniopypyrone 26

Compound 26 was obtained as yellow amorphous with [a]4°= +10.34. The LCMS-
IT-TOF spectrum showed a negative ion peak [M — H] = at m/z 249.0717 (calcd. for
Ci13H130s5, 249.0718), which corresponded to a molecular formula of C13H140s. It showed
absorption bands in IR spectrum at 3398 and 1745 cm™ corresponding to the hydroxyl

and carbonyl group.

In the '"H NMR spectrum, a multiplet signal at § 7.32-7.52 characteristics for five
aromatic protons (H-10 to H-14) of mono-substituted phenyl ring. Two protons at position
4 are non-equivalent methylene protons at 6 2.99 (d, J/=19.6 Hz) and 6 3.09 (dd, J=19.6,

4.8 Hz).

Five deshielded oxymethine proton signals at 6 4.67 (m, H-1), 6 4.24 (d, J = 3.6 Hz,
H-5),064.45 (d,J=9.8 Hz, H-7), 6 4.11 (dd, J= 9.8, 2.0 Hz, H-8) and 6 4.33 (d, J=4.4
Hz, H-9), were belonged to H-1, H-5, H-7 and H-8, respectively. These protons were

assigned based on 'H-'"H COSY and HMBC experiments.

The '3C NMR spectrum showed thirteen carbons; one methylene, ten methine and two
quaternary carbon. A methylene carbon C-4 showed the peak at & 35.3. The other four
methine carbon resonated in the range 6 65 — 78 is due to the deshielding effect by the
neighbouring oxygen atom. Finally for aromatic carbon peak occurred at 6 127.8 which

attributed to the two aromatic carbons of C-11 and C-15, meanwhile the peak at 6 127.9
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corresponding to the two aromatic carbons of C-12 and C-14. Another aromatic carbon
peak appeared at & 127.7 which could be assigned for C-13. The carbonyl carbon of the

lactone appeared at 6 167.9.

Comparison of the obtained spectral data with the literature values confirmed that 26

was goniopypyrone with pyrano-pyrones skeleton (Mahiwan et al., 2013).

Table 4.10: 'H (400 MHz), *C (100 MHz) NMR spectroscopic data (in CD3OD and
(CD3)2C0O) of goniopypyrone 26.

Position '"H-NMR BC-NMR
du (ppm), J (Hz) dc (ppm)
Experimental ? Literature ° Experimental ¢ Literature®
1 4.67 (1H, m) 4.65 (1H, m) 78.6 78.7
2 - - - -
- - 167.9 169.7
3.09 (1H, dd) 3.10 (1H, dd)
J=19.6, 4.8 J=194,5.1
4 2.99 (1H, d) 2.97 (1H, dd) 353 35:0
J=19.6 J=194,1.5

5 4.24 (1H, d) J=4.0 4.22 (1H, m) 70.1 69.9

6 - - - -

7 4.45 (1H, d) J=9.8 4.43_(1H, d) 737 738

J=9.9

e At S VR

3 4.33 (1H, d) J=4.0 4324(16?1 gd) 65.7 65.2
5-OH - 4.58 (br s) - -
7-OH - 5.48 (brs)

10 - - 140.1 139.0
11,15 127.8 127.7
12, 14 7.32-7.52 (SH, m) 7.33-7.49 (5H, m) 127.9 127.9

13 127.7 127.8

4 In CD30D.
®In CDCls.
¢In (CD3)2CO.
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4,1.10  8-epi-9-deoxygoniopypyrone 24

H,
Z
<

$
$
O

H

Compound 24 was isolated as yellow amorphous with [a]3°=+13.11. The molecular
formula of Ci3Hi404 was deduced from its negative LCMS-IT-TOF spectrum (m/z
233.0174 [M — H] ; caled. for Ci13H1304, 233.0171). The IR spectrum showed strong
absorptions bands of O-H stretching at 3395 cm™! and C=O stretching at 1734 cm™'. The

UV spectrum with absorptions bands at 210 nm.

The 'H NMR spectrum showed a multiplet & 7.33-7.43 referring to five aromatic
protons (H-11 to H-15) from a mono-substituted phenyl ring. Four deshielded one-proton
signal at 8 4.95 (m), & 4.48 (dq), 6 4.43 (d) and 6 3.62 (ddd) were indicative of oxygen
bearing methine protons belonged to H-1, H-5, H-7 and H-8, respectively. Two protons
at position 4 are non-equivalent methylene protons at d 2.88 (dd, J=19.7, 5.0 Hz) and &

2.99 (dg, J=19.7, 1.8 Hz).

The '3C NMR spectrum showed thirteen carbons; two methylene, nine methine and
two quaternary carbon. Two quaternary carbon peaks at & 169.1 and 6 137.9 were
assigned to C-3 and C-10 respectively. Four carbons, C-1, C-5, C-7 and C-8, resonated
in between 6 65.9 — & 76.8 is due to the deshielding effect by the neighbouring oxygen
atom. Finally the aromatic carbon peaks showed signal at 6 127.4 attributed to the two
aromatic carbons of C-11 and C-15, meanwhile the peak at 6 128.7 corresponding to the

two aromatic carbons of C-12 and C-14 and para aromatic carbon peak appeared at &

96



127.4 which was assigned for C-13. The carbonyl carbon of the lactone appeared at o

169.1.

Comparison of the obtained spectral data with the literature values confirmed that 24
was 8-epi-9-deoxygoniopypyrone, which is also with pyrano-pyrone skeleton (Tai et al.,
2010).

Table 4.11: 'H (400 MHz), 1*C (100 MHz) NMR spectroscopic data (in CDCl3) of 8-epi-
9-deoxy-goniopypyrone 24.

Position '"H-NMR BC-NMR
on (ppm), J (Hz) dc (ppm)
Experimental Literature Experimental Literature
1 4.95 (1H, m) 4.93 (1H, br s) 76.8 76.8
2 - - - -
- - 169.1 169.1
2.99 (1H, dq) 2.99 (1H, d)
J=19.7, 1.5 J=19.5
4 2.88 (1H, dd) 2.88 (1H, dd) 36.7 36.6
J=19.7,5.0 J=19.5,5.5
5 4.48 (1H, dq) 4.47 (1H, br s) 65.9 65.8
J=2.8,1.5
6 - - - -
7 443 (1H, d) J=9.9 4.46 (1H, d) J=10.0 74.5 74.3
S foosaaa  roossso T 7
9 2.24 (2H, m) 2.23 (2H, m) 30.0 29.9
8-OH 2.28 (1H, d) J=8.2 2.43 (1H, d) J=8.5 - -
10 - - 137.9 137.9
11,15 127.4 127.4
12, 14 7.33-7.43 (5H, m) 7.35-7.42 (5H, m) 128.7 128.6
13 127.4 128.7
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4.1.11 Goniomicin A 147

Compound 147 was isolated as yellowish amorphous solid with [a]3°= +15.34. The
LCMS-IT-TOF spectrum showed a negative molecular ion peak [M — H>O] at m/z
200.0078 (calcd. for C13H1202, 200.0073), which corresponded to a molecular formula of
Ci13H1403. The IR spectrum showed strong absorptions bands of O-H stretching at 3350
cm’!, C=0 stretching at 1665 cm™ and C-O stretching at 1327 cm™! (Smith & Dent, 2005).

The UV spectrum revealed maximum at 206 and 252 nm.

The 'H NMR spectrum showed the aromatic protons at § 7.18-7.38 referring to five
aromatic protons (H-9 to H-13) of a mono-substituted phenyl ring. Four olefinic protons
peaks at 8 6.58, 0 6.27, 6 6.17 and 6 5.95 which belonged to H-7, H-6, H-3 and H-2 were
observed. H-7 and H-6 were in trans configuration, while H-3 and H-2 were in cis
configuration. The others configurations were determined by a proton signal at 6 4.33 (g,
J=6.2 Hz) was indicative of oxygen bearing methine proton H-5. Two allylic protons

resonated at 6 2.92 (m) belonged to H-4.

The *C and DEPT-135 spectra further confirmed the presence of thirteen carbons; one
methylene, ten methines and two quaternary carbon peaks appeared at 6 170.2 and 8 137.0
which were most probably belonged to C-1 and C-8 respectively. Four olefinic carbons;
C-2, C-3, C-6 and C-7, resonated at 5123.6, 6 140.9, 6 131.8 and 6 129.8 respectively. C-
3 resonated most downfield compared to the other olefinic carbons due to the o-f
unsaturated resonance effect of carbonyl group at position C-1. The methylene carbon C-

4 gave a peak at & 36.2 meanwhile C-5 showed a peak at 6 71.5 which were due to the
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deshielding effect by the neighbouring oxygen atom. Finally the five aromatic protons

gave signals centred at 6 126.1-128.2 (C-9 to C-13).

The HMBC correlations of H-2, H-3 to C-1 suggested that the double bond was linked

to C-1. The correlations of the two olefinic protons H-6, H-7 to C-5 and C-8 indicated the

aromatic ring was connected to C-7.

Compound 147 was identified as goniomicin A, this compound has been isolated from

dichloromethane crude of the stem of G. tapisoides.

Table 4.12: 'H (400 MHz), *C (100 MHz) NMR spectroscopic data (in CD;0D) of

goniomicin A 147.

Position "H-NMR BC-NMR
ou (ppm), J (Hz)
Experimental Literature * Experimental  Literature ?
1 - - 170.2 169.6
5.95 (1H, td) _
2 J-11.8. 1.6 5.96 (1H, d) J=11.9 123.6 125.3
6.17 (1H, td) 6.12 (1H, ddd)
3 J=11.8,7.6 J=11.9,8.5,3.5 140.9 140.6
2.76 (1H, m)
4 2.92 (2H, m) 581 (1H. m) 36.2 36.6
5 433 (2H, q) J=6.2  4.41 (1H, q) J=6.6 71.5 71.5
6.27 (1H, dd) 6.20 (1H, dd)
E J=16.2, 6.2 J=16.0. 6.6 15l 151
7 6.58 (1H, d) J=16.2  6.59 (1H, d) J=16.0 129.8 129.9
- - 137.0 136.7
9,13 126.1 126.5
10, 12 7.18-7.38 (5H, m)  7.19-7.34 (5H, m) 128.2 128.6
11 127.2 127.6
2 Tn CDCls.
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4.1.12 Goniomicin E 152

OH OH NH, 0

152
Compound 152 was isolated as amorphous solid with [a]%°= +5.38. The LCMS-IT-
TOF mass spectrum showed a positive ion peak [M+H]" at m/z 270.1355 (calcd. for
Ci13H20NOs 270.1359), corresponding to a molecular formula of Ci3Hi9NOs. The IR
spectrum showed strong absorptions bands of N-H bending at 1609 ¢m and C=0

stretching at 1717 cm™.

The 'H NMR spectrum showed a multiplet & 7.21-7.40 referring to five aromatic
protons (H-9 to H-13) from a mono-substituted phenyl ring. Four deshielded one-proton
signal at 6 3.56 (m), & 4.12 (ddd), o 3.41 (dd) and & 4.65 (d) were belonged to H-3, H-5,
H-6 and H-7, respectively. H-3 was nitrogen bearing methine proton meanwhile H-5, H-
6 and H-7 were oxygen bearing methine protons. Four non-equivalent methylene protons
of position 2 and 4 resonated at & 2.33 (dd), 6 2.50 (dd), o 1.64 (ddd) and 6 2.00 (ddd)

respectively.

The 3C NMR spectrum showed thirteen carbons; two methylenes, nine methines and
two quaternary carbons. Two quaternary carbons resonated at 6 175.1 and 6 142.8 were
assigned to C-1 and C-8 respectively. Two methylene carbons, C-2 and C-4 gave peaks
at 0 38.3 and & 35.9 respectively. A methine carbon slightly deshielded and resonated at
0 48.6 is due to the deshielding effect by the neighbouring nitrogen atom. The other three
methine carbons, C-5, C-6 and C-7 resonated at 6 68.6, 6 76.3 and 6 74.2 respectively,

which is due to the deshielding effect by the neighbouring oxygen atom.
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Finally the aromatic carbon peaks showed signal at & 126.9 attributed to the two
aromatic carbons of C-9 and C-13, meanwhile the peak at 6 127.8 corresponding to the
two aromatic carbons of C-10 and C-12 and para aromatic carbon peak appeared at o
127.2 which was assigned for C-11. The carbonyl carbon of the lactone appeared at o

175.1.

Therefore, 152 was identified as 3-amino-5,6,7-trihydroxy-7-phenylheptanoic acid,

named as goniomicin E.

Table 4.13: 'H (400 MHz), '3C (100 MHz) NMR and HMBC spectral data (in CD;0D)
of goniomicin E 152.

Position '"H-NMR BC-NMR HMBC (H-C)
ou (ppm), J (Hz) dc (ppm)
1 - 175.1 -
2.33 (1H, dd) J=16.8, 8.4
2 2.50 EIH, dj)) J=16.8, 4.4 383 1,63, 64
3 3.56 (1H, m) 48.6 -
1.64 (1H =14.8,5.2,3.2

4 2.060 ((IH,,ZZ;;) élS.S%’ISO.é,38.4 359 €365
5 4.12 (1H, ddd) J=10.6, 2.8, 1.8 68.6 -
6 3.41 (1H, dd) J=7.6, 1.8 76.3 C-4, C-7
7 4.65 (1H, d) J=7.6 74.2 C-5, C-6, C-9, C-13
8 - 142.8 -

9,13 126.9 C-7

10, 12 7.21-7.40 (5H, m) 127.8 C-8
11 127.2 C-9, C-13
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4.1.13 Goniomicin F 153

OH NH, o)

153
Compound 153 was isolated as colourless crystal with [a]3°=+10.87. The LCMS-IT-
TOF mass spectrum showed a peak at m/z 235.1447 [M] (calcd. for Ci3H17NO3
235.1451), corresponding to a molecular formula of C;3H17NOs3. The IR spectrum showed

strong absorptions band of O-H stretching at 3568 cm™ and C=0 stretching at 1702 cm™.

The 'H NMR spectrum showed a multiplet & 7.18-7.39 referring to five aromatic
protons (H-9 to H-13) from a mono-substituted phenyl ring. Two olefinic protons peaks
at 6 6.61 and & 6.23 in trans configuration which belonged to H-7 and H-6 were observed.
An allylic proton resonated at 6 4.43 (m) is an oxygen bearing methine proton belonged
to H-5. There are two methylene signals at 6 2.35-2.58 and o 1.82 that assignable to H-2
and H-4 respectively. A downfield shift of H-3 with chemical shift 6 3.60 (m) were due

to the neighbouring nitrogen.

The '*C NMR spectrum showed thirteen carbons; two methylene, nine methine and
two quaternary carbon. The olefinic carbons C-6 and C-7 resonated at 6 131.5 and 6 130.1
respectively. Two methylene carbons, C-2 and C-4 gave a peak at 6 38.3 and & 39.0
respectively. Meanwhile two methine carbon C-3 and C-5 showed the peak at d 48.8 and
0 70.6 due to the deshielding effect by the neighbouring nitrogen and oxygen atom

respectively.

Finally the aromatic carbon peaks showed signal at & 126.2 attributed to the two

aromatic carbons of C-9 and C-13, meanwhile the peak at  128.3 corresponding to the

108



two aromatic carbons of C-10 and C-12 and para aromatic carbon peak appeared at o

127.4 which was assigned for C-11. The carbonyl carbon of the lactone appeared at o

176.2.

Therefore, 153 was identified as (£)-3-amino-5-hydroxy-7-phenylheptane-6-enoic

acid, named as goniomicin F.

Table 4.14: 'H (400 MHz), '3C (100 MHz) NMR and HMBC spectral data (in CD;0D)

of 153.
Position '"H-NMR BC-NMR HMBC (H-C)
ou (ppm), J (Hz) dc (ppm)
1 - 176.2 -
2.35-2.42 (1H, dd) J=16.0, 8.0
2 2.52-2.58 EIH, dj)) J=20.0, 4.0 & 1,63, 64
3 3.60 (1H, m) 48.8 C-1
4 1.82 (2H, m) 39.0 C-2, C-3,C-5, C-6
5 4.43 (1H, m) 70.6 C-3, C-4,C-7
6 6.23 (1H, dd) J=16.0, 4.0 131.5 C-4, C-5,C-8
7 6.61 (1H, d) J=16.0 130.1 C-5, C-8, C-9, C-13
8 - 136.8 -
9,13 126.2 C-7
10, 12 7.18-7.39 (5H, m) 128.3 C-8
11 127.4 C-9, C-13
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Figure 4.36: HSQC spectrum of goniomicin F 153.

Figure 4.37: HMBC spectrum of goniomicin F 153.
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Figure 4.38: COSY spectrum of goniomicin F 153.
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4.1.14 Goniomicin G 154

154

Compound 154 was isolated as colorless amorphous solid with [a]3°= —4.09. The
LCMS-IT-TOF spectrum showed a negative ion peak [M — H2O]" at m/z 252.1249 (calcd.
for Ci13H1605 252.1246), corresponding to a molecular formula of Ci3HisOs. The IR
spectrum showed strong absorptions bands of O-H stretching at 3606 cm™ and C=0

stretching at 1710 cm™.

The 'H NMR spectrum showed a multiplet & 7.23-7.38 referring to five aromatic
protons (H-9 to H-13) from a mono-substituted phenyl ring. Four deshielded one-proton
signal at & 3.98 (m), & 3.68 (ddd), 6 3.25 (dd) and 6 4.07 (d) were indicative of oxygen
bearing methine protons; H-3, H-5, H-6 and H-7, respectively. Four non-equivalent
methylene protons at positions 2 and 4 resonated at 8 2.36 (dd), & 2.50 (dd), 6 1.51 (dd)

and 6 2.10 (ddd), respectively.

The '*C NMR spectrum showed thirteen carbons; two methylene, nine methine and
two quaternary carbon. Two quaternary carbon peaks at & 174.7 and & 139.7 were
assigned to C-1 and C-8 respectively. Two methylene carbons, C-2 and C-4 gave a peak
at 8 41.6 and 6 39.1 respectively. Four methine carbons, C-3, C-5, C-6 and C-7 resonated
atd 72.7,872.3,06 76.5 and 6 82.4, respectively, which is due to the deshielding effect by

the neighbouring oxygen atom.
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Finally the aromatic carbons showed a signal at & 127.6 attributed to the two aromatic
carbons of C-9 and C-13, meanwhile the peak at 8 127.7 corresponded to the two aromatic
carbons of C-10 and C-12 and the para aromatic carbon (C-11) gave a peak at 6 127.5.

The carbon of the lactone appeared at & 174.7.

The relative configuration of 154 was established by the NOESY spectrum. H-6
correlated with H-7, while H-4a correlated with H-6. This implied that H-6 and H-7 is
assignable as a. Interestingly, H-5 did not show any correlation with H-6, but it showed
correlation with H-4b. H-3 also gave correlation signal with H-4f. Thus, this indicated

that H-3 also assumed a [ spatial orientation.

Therefore, 154 was identified as 3,5,6,7-tetrahydroxy-7-phenylheptanoic acid, named

as goniomicin G.

Table 4.15: 'H (400 MHz), '*C (100 MHz) NMR and HMBC spectral data (in CD;0D)
of 154.

Position '"H-NMR BC-NMR HMBC (H->C)
du (ppm), J (Hz) dc (ppm)

1 - 174.7 -
2a 2.36 (1H, dd) J=14.4,5.2
2B 2.50 EIH, dj)) J=14.4, 8.0 416 1,63, 04
3 3.98 (1H, m) 72.7 C-1
4a 1.51 (1H, q) J=12.2
4B 2.10 (1H, a(rdd) 212.2, 5.2,2.0 391 €-2,63,65,C6
5 3.68 (1H, ddd) J=13.6, 8.8, 4.8 723 C-3, C-4, C-7
6 3.25 (1H, dd) J=9.2,9.2 76.5 C-4, C-5,C-8
7 4.07 (1H, d) J=5.6 82.4 C-5,C-8, C-9, C-13
8 - 139.7 -

9,13 127.6 C-7

10, 12 7.23-7.38 (5H, m) 127.7 C-8

11 127.5 C-9,C-13
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4,1.15 Goniomicin H 155

155

Compound 155 was isolated as colorless amorphous solid with [a]3°= +3.70. The
LCMS-IT-TOF mass spectrum showed a peak at m/z 252.1233 [M] (calcd. for C13H1605
252.1235), corresponding to a molecular formula of C13H160s. The IR spectrum showed

strong absorptions bands of O-H stretching at 3556 cm™ and C=O stretching at 1720 cm’

1

The '"H NMR spectrum showed a multiplet & 7.22-7.58 referring to five aromatic
protons (H-9 to H-3) from a mono-substituted phenyl ring. Four deshielded one-proton
signal at & 5.15 (d; 3.2 Hz), 8 3.76 (dd; 6.0, 3.2 Hz), 6 4.06 (m) and 6 4.30 (dd; 9.4,5.2
Hz) were indicative of oxygen bearing methine protons belonged to H-7, H-6, H-5 and
H-3, respectively. Four non-equivalent methylene protons of position 4 and 2 resonated

at & 1.56 (df),  2.46 (ddd), 5 2.49 (dd) and 5 2.95 (dd), respectively.

The 3C NMR spectrum showed thirteen carbons; two methylenes, nine methines and
two quaternary carbons. Two quaternary carbon peaks at 6 175.5 and 6 139.5 were
assigned to C-8 and C-9 respectively. Four carbons; C-3, C-5, C-6 and C-7, resonated in
between 8 67.8 — 6 72.6 is due to the deshielding effect by the neighbouring oxygen atom.
Finally the aromatic carbon peaks showed signal at § 127.2 attributed to the two aromatic

carbons of C-9 and C-13, meanwhile the peak at 6 127.6 corresponding to the two
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aromatic carbons of C-10 and C-12 and para aromatic carbon peak appeared at 6 126.6

which was assigned for C-11. The carbonyl carbon of the lactone appeared at 6 175.5.

The HMBC cross peaks of H-6/C-2 suggested the presence of a tetrahydropyranal
central skeleton of 155, which is similar to goniothalesdiol A 139 (Lan et al., 2006).
Besides that, the correlations between H-2 and C-10 indicated the aromatic ring was
connected to C-7. In addition, COSY spectrum also showed the coupling correlations

through H-2 to H-7.

The relative configuration of 155 was established by the NOESY spectrum. Two
protons, H-6 and H-2a shown correlation with H-7. Therefore, H-7 is arbitrarily assigned
as a together with H-2a. Since that H-7 showed correlations with H-6, the latter can be
also assigned as a. H-5 in return, did not shown any correlation with H-6. But it correlated
with H-4p, therefore this indicated a B configuration of H-5. H-3 observed both H-2f3 and

H-4p. Therefore, this supported that H-3 and H-5 are f.

Compound 155 possess as carboxylic acid functionality as compared to

methoxycarbonyl group in goniothalesdiol A. Compound 155 is named goniomicin H.

m— COSY

/~ "\ HMBC
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Table 4.16: 'H (400 MHz), '3C (100 MHz) NMR spectroscopic data (in CD;0D) of
goniomicin H 155 and goniothalesdiol A 139.

Goniomicin H 155

OH

Goniothalesdiol A 139

- O\\\\\\\-

OH

OMe

Position '"H-NMR ? BC-NMR # '"H-NMR ° BC-NMR ©
6u (ppm), J (Hz) dc (ppm) du (ppm), J (Hz) dc (ppm)
1 - 175.5 - 172.3
1-OCH; - - - 51.8
” 2.95 (1H, dd) 2.61 (1H, dd)

J=14.4,9.4 401 J=15.2,6.4 403
2 2.49 (1H, dd) 2.75 (1H, dd)

J=14.4,52 J=15.2,72
s | andn
4q 1.56 (1H, dr) 1.77 (1H, ddd)

J=14.0,5.6 2 < J=13.6,4.8,2.4 308
® 7140,55 40 F136,84, 58
5 4.06 (1H, m) 67.8 jf; 6(1?6‘1‘21? 72.8
o leosa 6| Tisass 87
7 5.15 (1H, d) J=3.2 71.4 4.87 (1H, d) J=8.0 73.4

8 - 139.5 - 147.7
9,13 127.2 7.40 126.2
10,12 +7.22-7.58 (5H, m) 127.6 7.31 128.4

11 126.6 7.28 127.8

% In CD;OD.
b In (CD;)>CO.

“In CDCls.
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4.1.16 Stigmasterol 133 & p-sitosterol 134

133

134

These two pure compound were acquired as mixture in the form of colourless oil. The
molecular formula for stigmasterol 133 is C29Hag0, while B-sitosterol 134 is C29Hs00.
These two compounds were deduced from the LCMS spectrum, two peaks at 413.3 and

415.2 assignable for 133 and 134 respectively.

According to literature, stigmasterol 133 and [-sitosterol 134 are always exists in a
mixture form. The only difference for these two compounds is the presence double bond
in between C-20 and C-21 in 133, while there is a single bond in 134. Compound 133
have three olefinic protons resonated at & 5.00 (dd), 6 5.14 (dd) and & 5.34 (d) were
assigned to H-20, H-21 and H-6 respectively. While compound 134 have a olefinic proton

at position 6 that also resonated at d 5.34 (d).
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The *C NMR spectrum showed four olefinic carbons; C-5, C-6, C-20 and C-21,
resonated most downfield at 6 140.8, 6 121.8, & 138.4 and & 129.3 respectively. All
methylene carbon peaks showed signal in the range 12 — 56 ppm, except for C-3,

resonated at 6 71.9 due to the deshielding effect by the neighbouring oxygen atom.

Comparison of the obtained NMR spectral data with the literature values confirmed
that 133 and 134 were stigmasterol and B-sitosterol respectively (Chaturvedula &
Prakash, 2012).

Table 4.17: 'H (400 MHz), *C (100 MHz) NMR spectroscopic data (in CDCl3) of
stigmasterol 133.

Position '"H-NMR BC-NMR
on (ppm), J (Hz) dc (ppm)
Experimental Literature Experimental Literature
1 - - 37.3 37.6
2 - - 32.0 32.1
3 3.52 (1H, m) 3.51 (1H, 1dd) 71.9 72.1
J=4.5,42,3.8Hz
4 - - 42.4 42.4
5 - - 140.8 141.1
6 5.34 (1H, d) 531 (1H, ¢ 121.8 121.8
J=52Hz J=6.1 Hz
7 - - 32.0 31.8
- - 32.0 31.8
9 - - 50.2 50.2
10 - - 36.6 36.6
11 - - 21.3 21.5
12 - - 39.9 39.9
13 - - 42.4 42.4
14 - - 56.8 56.8
15 - - 24.4 24.4
16 - - 29.0 293
17 - - 56.1 56.2
18 - - 40.6 40.6
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Table 4.17, continued.

Position 'H-NMR BC-NMR
on (ppm), J (Hz) dc (ppm)
Experimental Literature Experimental Literature
19 0.91(3H, d) 0.91 (3H, d) 21.3 21.7
J=6.4 Hz J=6.2 Hz
20 5.00 (1H, dd) 4.98 (1H, m) 138.4 138.7
J=8.6, 15.2 Hz
21 5.14 (1H, dd) 5.14 (1H, m) 129.3 129.6
J=8.6,15.2 Hz
22 - - 45.9 46.1
23 - - 25.5 25.4
24 0.77-0.84 (3H, m) 0.83 (3H, ?) 11.9 12.1
J=7.1 Hz
25 - - 29.2 29.6
26 0.77-0.84 (3H, m) 0.82 (3H, d) 19.9 20.2
J=6.6 Hz
27 0.77-0.84 (3H, m) 0.80 (3H, d) 19.5 19.8
J=6.6 Hz
28 0.68 (3H, s) 0.71 (3H, s) 19.1 18.9
29 0.99 (3H, s) 1.03 (3H, s) 12.1 12.2

Table 4.18: 'H, *C NMR spectroscopic data (in CDCl3, 400 MHz) of B-sitosterol 134.

Position "H-NMR BC-NMR
on (ppm), J (Hz) oc (ppm)
Experimental Literature Experimental  Literature
1 - - 37.3 37.5
2 - - 32.0 31.9
3 3.52 (1H, m) 3.53 (1H, tdd) 71.9 72.0
J=4.5,42,3.8Hz
4 - - 42.4 42.5
5 - - 140.8 140.9
6 5.34 (1H, d) 5.36 (1H, ¢) 121.8 121.9
J=5.2 Hz J=6.4 Hz
7 - - 31.7 32.1
8 - - 31.7 32.1

128



Table 4.18, continued.

Position 'H-NMR BC-NMR
du (ppm), J (Hz) dc (ppm)
Experimental Literature Experimental Literature

9 - - 50.2 50.3

10 - - 36.3 36.7

11 - - 21.2 21.3

12 - - 39.8 39.9

13 - - 42.3 42.6

14 - - 56.9 56.9

15 - - 26.1 26.3

16 - - 28.3 28.5

17 - - 56.0 56.3

18 - - 36.2 36.3

19 0.91 3H, d) 0.93 (3H, d) 19.1 19.2
J=6.4 Hz J=6.5 Hz

20 - - 34.0 34.2

21 - - 26.1 26.3

22 - 459 46.1

23 - - 23.1 233

24 0.77-0.84 (3H, m) 0.84 (3H, 1) 12.4 12.2
J=7.2 Hz

25 - - 29.2 29.4

26 0.77-0.84 (3H, m) 0.83 (3H, d) 19.9 20.1
J=6.4 Hz

27 0.77-0.84 (3H, m) 0.81 (3H, d) 19.5 19.6
J=6.4 Hz

28 0.65 (3H, s) 0.68 (3H, s) 18.9 19.0

29 0.99 (3H, s) 1.01 (3H, s) 12.1 12.0
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CHAPTER S : KINETIC STUDY

5.1 Introduction

Goniothalamin, 1, the reported bioactive compound, has been isolated from
dichloromethane crude of the stem of Goniothalamus tapisoides. Based on literature
review, a lot of studies have been conducted to study the cytotoxic activity of 1. It has
been recognised as a highly potent compound that provides promising activity against

wide range of cancer cell lines (Seyed et al., 2014).

Since goniothalamin is always the major and active compound in many
Goniothalamus plants, and in tradition medicine practice, oral consumption of G.
tapisoides is used to relieve stomachache and as abortifacient (Ahmad et al., 2010).
Therefore, it is necessary that the behaviour of goniothalamin upon hydrolysis in alkaline
and acidic condition be studied. Hydrolysis is a chemical reaction that always occur upon

consumption of a change in human body.

Complete degradation of the drug in solution as a function of temperature and buffer
concentration should be determined before a specific drug can be evaluated for its
potential use. Chemical kinetic studies constitute the study of chemical transformation
occurs in time to a certain mechanism with regularities characteristics (Denisov et al.,
2003). It has valuable potential to break down complex mechanisms of chemical reactions
into sequences of simple reactions. The study of reaction mechanism is major application
of chemical kinetics. It includes four components: (a) experimental kinetics, (b)
determination of the rate laws, (c) writing the kinetic scheme / reaction mechanism, and

(d) proposal of product structures.

The parameters of interest in kinetics are the effect of pH, temperature and buffer on

the rate of reactions. In kinetics, reactants which disappear and the amount of products
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which increase in reactions are always being measured with respect to the reaction time.
The method used to monitor kinetics depends on the species involved and the rapidity of
which their concentrations change during the course of reactions. Spectrophotometry, the
measurement of intensity of absorption in a particular spectral region, is widely
applicable. It is especially useful when one substance in the reaction mixture has a strong
characteristic absorption in a conveniently accessible region of the electromagnet
spectrum. The generally employed experimental techniques are the quenching method,
the flow method and the stopped — flow technique. Other methods in determining
composition include mass spectrometry, gas chromatography, nuclear magnetic

resonance, and electron spin resonance (for reaction involving radicals).

An experimentally determined reaction equation is called the rate law of the reaction.
A rate law is an equation that expresses the rate of reaction as a function of the
concentrations of all the species present in the overall chemical equation for the reaction
at some time. Kinetic order is defined as the sum of the exponents of the concentrations
of reactants in the rate law. Each individual exponent is called the order with respect to

that component.

Several methods can be used in the determination of order of reactions (zero-order,
first-order, second-order, third-order and n-order). (a) The half-life method; the time
required for one — half of the initial concentration of a given reactant to be consumed is
called the half-life, t.. (b) Substitution method; applicable to reactions that are not
complex and the rate constant, k, should stay constant throughout the course of the
reaction. (¢) The reaction rate method; this rate is measured at the beginning of the
reaction for several different initial concentrations of reactants which is particularly useful
for obtaining the rate constants of slow reaction. (d) The isolation method, also called

pseudo-order reactions method. The concentration of species not of interest presents in
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large excess will remain virtually constant during the course of the chemical reaction, and
the overall order of the reaction will be apparently reduced. The reaction following
pseudo-first-order reaction kinetics will have a half-life which is independent of the initial

concentration of reactant.

The rates of most chemical reactions are sensitive to the temperature, so in
conventional experiments the temperature of the reaction mixture must be held constant
throughout the course of the reaction. Our interest is in solution kinetics, so we will
concern only with homogeneous solution phase reactions. Pseudo-first-order rate law is
applied throughout the studies, for it often permits the simplification of the reaction
kinetics. It may even allow a complicated rate law equation to be transformed into a
simple rate law equation. Secondly, it is not necessary to know the exact concentration of
the reactant or product which disappears or appears in a first-order reaction. In terms of
products characterization of a particular kinetic run, one can compare the observed
extinction coefficients with that of the authentic expected products, or with authentic

products using other techniques such as LCMS and NMR spectroscopy.

In general, if one wishes to demonstrate the existence of a particular kinetic term in a
reaction, it is desirable to choose experimental conditions such that at least a 50% change
in observed rate is brought about by the variable which is being examined. It is important
to be certain that changes in absorbance caused by factors other than the reaction under
consideration are not taking place during the experiment. The most convincing way to
plot and present kinetic data is often in the form of uncorrected experimental rate

constants, with theoretical lines showing the calculated rate constants.

To the knowledge of the author, according to literature, the first natural product
underwent kinetic and mechanism study was an alkaloid named securinine. The

compound was isolated from the genus Securinega, and it was reported to be effective in
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the treatment of paralysis and physical disorders. The study has shown plausible

mechanisms for alkaline hydrolysis and acid cyclization reactions. (Lajis et al., 1995)

Another study was done on lithospermic acid B (LAB) degradation in aqueous
solution. This is the most abundant and common compound found in one of the Chinese
traditional medicine, “Danshen”. Different buffer concentration, pH and temperature
were tested to identify the stability of the compound. The degradation products were
separated and detected by HPLC, followed by characterization using LC-MS. (Guo et

al., 2007)

Zahari et al. reported on the acid-base equilibria of several aporphine alkaloids isolated
from genus Alseodaphne and Dehaasia. From this study, the pK. value of those alkaloids
were determined. And it has been shown that those alkaloids are also stable at

physiological pH which is about pH 7 — 9. (Zahari et al., 2016)
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5.2 Simple First-Order Kinetics

Kinetic studies were performed under pseudo-first-order reaction conditions. For
example, alkaline hydrolysis of goniothalamin 1 (A) is found to follow a simple first-
order rate law for the formation of goniomicin A 147 (P) which can be represented by the

equation below (with A = reactant and P = product):

N kou[HO']

(5.1)
The rate law of the reaction in Eq. (5.1) can be written as:
d[A] d[HO™] d[P] B (5.2)
Rate = —7— — dt = + dt - kOH [A][HO ]

Where [A] and [OH ] are the concentrations of A and hydroxide ion at reaction time, t,
respectively, and k is the second order rate constant for the alkaline hydrolysis of A. In
order to maintain pseudo-first-order condition, [HO™] /[A] > 25 and the pseudo-first order
rate law for the cleavage of A follows Eq. (5.3).

Rate = kgps [A] (5.3)

Where kobs 1s the observed pseudo-first-order rate constant and kobs = ko [HO'.

From Egs. (5.2) and (5.3),

d[A 5.4
Rate = —% = Kops [A] 4)

Integration of Eq. (5.4) gives
[A] = [Ao]exp(—kopst) (5.5)
Where [Ao] is the initial concentration of A and [A] is the concentration of A at any

reaction time 7. if Aops i the observed absorbance of the reaction following Eq. (5.1), then

Agps = 04 [A] + Op [P] (5.6)
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Where 6 represents molar extinction coefficient of a particular species.
From Eq. (5.1), it can be shown that

[Ao] = [A] + [P] (5.7)
and

[P] = [Ao] — [A] (5.8)
Combining Egs. (5.7) and (5.8), give

Aobs = SalA] + 8p([Ao] — [AD (5.9)

= (84 — 8p)[A] + 8p[Ao]

If 8p[Ag] = As and 84 — 8p = 8,pp, Eq. (5.9) can be simplified to

Aobs = SapplA] + A (5.10)
Substitution of Eq. (5.5) into (5.10), one gets

Aobs = 8appl[Xolexp(—Kkopst) + Ao (5.11)
Eq. (5.11) is applied to reaction conditions where the disappearance of reactant is
monitored as a function of reaction time, t. When the appearance of product is monitored
as a function of t, then Eq. (5.11) will be converted to Eq. (5.12) as follow:

Aobs = 8appl[Aol[1 — exp(—kopst)] + Ao (5.12)
where Ao = Oapp [Ao] + Aw. In both Egs. (5.11) and (5.12), kobs, Oapp, Aw, and Ao are the

unknown parameters.

The observed data (Aobs versus t), obtained for alkaline hydrolysis kinetic runs obeying

pseudo-first-order rate law, were found to fit to Eq. (5.12).
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53 Experimental Details on Kinetic measurements

Kinetic measurements were carried out using Shimadzu UV-1650 PC and Shimadzu
UV-1800. The kinetic study was carried out under pseudo-first-order reaction conditions
and the temperature used are 50°C, 60°C, 70°C and 80°C, respectively. The temperature
of the cell compartment was maintained at 50°C to reduce the temperature differences as
small as possible. The total volume of the reaction mixture was kept constant at 5.0 ml to
40.0 ml (for slow reactions which involve sampling technique). After adding all the
reaction components except substrate into a conical flask, the reaction mixture was
subsequently put into a thermostatic oil bath at specific experimental temperature (50-
80°C) for about 15 minutes. The spectrophotometer was standardized with distilled water
both as reference and blank samples. The reaction was initiated by adding an appropriate
amount of substrate with a microsyringe to the temperature equilibrated reaction mixture.
The reaction mixture was then mixed well and quickly transferred to a quartz cuvette
which was subsequently placed into the cell compartment of the spectrophotometer. Once
after the reaction is initiated, the process of transfer the sample into the cuvette and placed

into the cell compartment need to be done within 30 seconds.

The reactions were generally carried out for up to 6 — 10 half-lives. Sampling technique
was utilized if the reaction was too slow and needed to be kept overnight to obtain more
data of Aobs versus t. This technique is applied to all the kinetic runs with observed rate

constant, k

e <10 Xx 10 s,

The values of pH for all kinetic runs at pH > 3 were measured using WITEG digital
pH meter, Model: W — 500, at 50-80°C. The pH meter was calibrated just before the pH
measurements with standard pH buffers. The standard pH buffer solutions with pH
accuracy of £ 0.02 were supplied by Mettler Toledo. The pH readings for reaction

mixtures were taken before and after each kinetic run when buffer solution is used.
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In order to determine the wavelength and optimal concentration of 1 for the
spectrophotometric kinetic measurement on the alkaline and acidic hydrolysis of 1, a few
trial run of spectral study for typical kinetic runs was carried out. The observed data was

inserted into BASICA software in order to acquire the calculated data.
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5.4 Hydrolysis of Goniothalamin 1
5.4.1 Effects of NaOH on Alkaline Hydrolysis of 1

To study alkaline hydrolysis for 0.1 M NaOH as a first trial, a reaction mixture with a
total volume of 10.0 ml which contained 1.0 ml of 1.0 M NaOH at 1.0 M ionic strength
was prepared by adding 1.8 ml of 5.0 M NaCl and 6.95 ml H,O. The reaction mixture
was allowed to temperature — equilibrate for ~15 minutes at 50°C. The reaction was then
initiated by adding 0.25 ml of 4.0 x 10> M of 1 (prepared in CH3;CN) to the temperature
— equilibrated reaction mixture. The progress of alkaline hydrolysis of 1 was quickly
scanned at different time intervals until the completion of the reaction. The UV spectra at
different reaction time for alkaline hydrolysis of 1 are shown in Figure 5.1. It is evident

from Figure 5.1 that the absorbance at wavelength 230 nm increases as the reaction

going-on.
3.000
2.000}
2
<
t=19s t=168600s
1.000F
t=3660s
t=79560s
t=15960s t=31200s
0.000 s . .
210.00 220.00 240.00nm 260.00 280.00

Figure 5.1: UV spectra of alkaline reaction mixture of 1 at 80°C in aqueous solvent
containing 1.0 x 10* M of 1 and 0.1 M of NaOH.

After the first trial, it shown that the wavelength 250 nm has very close absorbance
at 2.000. Therefore, the concentration of 1 at 1.0 x 10 M is not suitable for this study

and reduced to 6 x10” M in the following alkaline hydrolysis reaction.
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5.4.1.1 Effect of Concentration of NaOH

Concentration within the range 0.1 to 1.0 M of NaOH were used to run alkaline
hydrolysis for goniothalamin 1. The data (time and absorbance at 230 nm) recorded for
0.1 M alkaline hydrolysis, together with the calculated absorbance and percentage of
relative error acquired from BASICA software was tabulated in Table 5.1. The data in
Table 5.1 was then plotted into graph as shown in Figure 5.2.

Table 5.1: Observed data, time and absorbance at 230 nm, for alkaline hydrolysis of 1
at 0.1 M NaOH” .

Time (s) Aobs Acaled” %RE"
35 0.777 0.779 -0.23
348 0.811 0.804 0.87
744 0.836 0.834 0.26
1218 0.868 0.867 0.12
1821 0.904 0.905 -0.13
2822 0.951 0.960 -0.97
4320 1.016 1.026 -1.02
6660 1.104 1.100 0.36
9660 1.169 1.159 0.86
14100 1.215 1.205 0.86
18180 1.224 1.224 -0.01
21660 1.229 1.233 -0.29
25500 1.229 1.237 -0.69

“[1] =6 x10° M, [NaOH] = 0.1 M, 1.0 M ionic strength, A = 230 nm, 80°C.
b Calculated from Eq. (5.12) with keps = 1.78 X 10 57!, 8,pp = 7750 M! cm! and A = 0.908
¢ Percent relative error, RE=100(Aobs — Acalcd)/Acbs.

1.30 1
1.20 A
1.10 A

<'§ 1.00 A1

0.90 1

0.80

0.70 + r r r r v .
0 5000 10000 15000 20000 25000 30000
Time (s)

Figure 5.2: Plots showing the absorbance versus time dependence for alkaline hydrolysis
of 1 at 0.1 M NaOH, experimental data points (e®). The solid lines are drawn through the
calculated data points.
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The observed data (Aops versus time, £) summarised in Table 5.1 or Figure 5.2 were
found to fit to Eq. (5.12) where 8app, kobs and Ao represent apparent molar extinction
coefficient of the reaction mixture, pseudo first-order rate constant and initial absorbance,
respectively. The nonlinear least square technique has been used to calculate the values
of kobs, Sapp and Ao, and such calculated values are (1.78 + 0.07) x 10 s, (7.75 £ 0.07)
x 10° Mlem™ and 0.908 + 0.003, respectively. Table 5.2 contains the values of kobs, Sapp

and Ay at different values of [NaOH] within its range 0.1 — 1.0 M.

Table 5.2: Values of kobs, Ao and dapp for alkaline hydrolysis of 1 at different [NaOH]“.

[NaOH] (M) 10%obs (s™) Ao 1073 8app M em™)
0.1 1.78 £0.07” 0.776 + 0.005" 7.77 £0.10°
0.3 4.86+0.20 0.955 + 0.008 8.40+0.16
0.4 6.74 + 0.40 0.95+0.01 7.20+0.17
0.5 7.30 + 0.40 0.95+0.01 8.94 + 0.20
0.6 8.99 £ 0.50 1.02 +0.01 7.98 +£0.19
0.7 11.00 + 0.07 1.04 +0.01 7.59+£0.19
0.8 13.10 + 1.00 1.11 £0.01 8.67+0.27
0.9 12.50 + 1.00 1.20 +0.02 9.48 £ 0.37
1.0 14.10 + 1.00 1.18 £0.02 8.95+0.26

“[1]= 6 x10-> M, 1.0 M ionic strength, A =230 nm, 80°C, the aqueous solvent for each kinetic run contained
2% v/v CH3CN and 98% v/v H;O.

b Error limits are standard deviations.

Figure 5.1 shows that the reaction is a monotonic reaction (one-step reaction) as there
is only one changes were observed from the figure, which is the absorbance at wavelength
230 nm was increasing. The experiment was then repeated with concentration 0.3 to 1.0
M NaOH. The time and absorbance were recorded, and the curves of absorbance against
time were plotted for each reaction. Figure 5.3 and Figure 5.4 contain the combined
plots of 0.1 —0.5 M and 0.6 — 1.0 M NaOH, respectively. It shows that the rate of reaction

increases as the concentration of NaOH increases.
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Figure 5.3: Plots showing the absorbance at 230 nm versus time of 0.1 M (), 0.3 M (L),
0.4 M (A) and 0.5 M (X) NaOH for alkaline hydrolysis of 1. The solid lines are drawn
through the calculated data points.
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Figure 5.4: Plots showing the absorbance at 230 nm versus time of 0.6 M (e), 0.7 M (A),
0.8 M (m), 0.9 M (X) and 1.0 M () NaOH for alkaline hydrolysis of 1. The solid lines
are drawn through the calculated data points.

Pseudo-first-order rate constants (kobs) for rates of alkaline hydrolysis of 1 at different
[NaOH] are shown in Table 5.3. These data are also shown graphically in Figure 5.5.

The linear plot of Figure 5.5 shows that kos versus [NaOH] data fit to an equation of

straight line in the form: y = mx + c.
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Table 5.3: Pseudo-first-order rate constants (kobs) for alkaline hydrolysis of 1 at 0.1-1.0

M NaOH“.

[NaOH] (M)  10*Kobs (s 104 Keate (s) %RE
0.1 1.78 £0.07 2.133¢ -19.86
0.3 4.86 +0.20 4913 -1.11
0.4 6.74 + 0.40 6.304 6.47
0.5 7.30+0.40 7.694 -5.40
0.6 8.99 +0.50 9.084 -1.05
0.7 11.00 £ 0.07 10.475 4.78
0.8 13.10 £ 1.00 11.865 9.43
0.9 12.50 £ 1.00 13.255 -6.04
1.0 14.10 £ 1.00 14.645 -3.87

1]=6 x103 M, [NaOH] = 0.1-1.0 M, 1.0 M ionic strength, A = 230 nm, 80°C.

b Error limits are standard deviations.
¢ Calculated from equation: y = mx + ¢ with m = 1.39x10> M''s! and c=7.43x107 s™!
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Figure 5.5: Plots showing the dependence of kobs and kcalc versus [NaOH] for the reaction
of 1 with HO™ at of 0.1-1.0 M NaOH. The solid line is drawn through the calculated data

points.

The gradient (m) and y-intercept (c) acquired from plots in Figure 5.5 are (1.39 = 0.08)

x 1073 M!s! and (7.43 £ 5.26) x 107 57!, respectively.
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5.4.1.2 Effects of Temperature on Kobs for Alkaline Hydrolysis of 1

The kinetic study of 1 was performed as a function of temperature where the previous
procedure was applied at 1.0 M NaOH by using five different thermostatically controlled
oil baths set at 40, 50, 60, 70 and 80°C. The influence of temperature on the reaction rate
constant was given by Arrhenius equation as follows:

In kobs =In A — Ea/ RT (5.13)
where kobs is the reaction rate constant, A is the frequency factor, E, is the activation
energy, R is the universal gas constant and T is the absolute temperature. Table 5.4 shows
that increasing the temperature leading to increasing of the reaction rate constant. The
activation energy of alkaline hydrolysis of 1 is 102 kJ mol™'. This amount is acquired by
inserting data from plotted graph (Figure 5.6) into Arrhenius equation (5.13) that
equivalent to y = mx + c.

y=1nk;m=——'x=%;c=lnA

From the plots in Figure 5.6, gradient (m) acquired is (—12.2 + 1.5) x 10° K and y-
intercept (c) is 28.4 + 4.5. The gas constant, R is 8.314 J K'! mol™!. Activation energy of
the reaction can be calculated by substitute the values into the equation. The calculation
is shown below:

Ea=—mR =—(~12241 x 8.314) = 101781 J mol™! = 102 kJ mol!

Table 5.4: Effect of temperature on the observed pseudo-first-order rate constants for
alkaline hydrolysis of 1 in 1.0 M NaOH.

T (°C) 10°1/T (K-l) 10* Kobs (S-l) In Kobs In Keale®  %REP

40 3.183 0.19 £0.03¢ -10.87  -10.547 297
50 3.085 1.04 £0.10 -9.17 -9.32 -1.66
60 2.993 3.44+0.30 -7.97 -8.22 -3.15
70 2.906 10.50 £ 1.00 -6.86 -7.24 -5.56
80 2.824 14.10 £ 1.00 -6.56 -6.14 6.97

“Calculated from Eq. (5.13).
b Percentage relative error, difference between In kobs and In kcalc.

¢Error limits are standard deviations.
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Figure 5.6: Arrhenius plots of alkaline hydrolysis of 1 where solid line is drawn through
the calculated rate constants In Acalc.

5.4.2 Effects of HCI on Acid Hydrolysis of 1

To study acidic hydrolysis for 0.1 M HCI, a reaction mixture with a total volume of
10.0 ml which contained 0.21 ml of 4.775 M HCIl at 1.0 M ionic strength was prepared
by adding 1.8 ml of 5.0 M NaCl and 7.89 ml H>O. The reaction mixture was allowed to
temperature — equilibrate for ~15 minutes at 80°C. The reaction was then initiated by
adding 0.10 ml 0of 4.0 x 10 M of 1 (prepared in CH3CN) to the temperature — equilibrated

reaction mixture.
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Figure 5.7: UV spectra of acidic reaction mixture of containing 4.0 x 10> M of 1 at
80°C in aqueous solvent for 0.1 M HCI.
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The progress of acidic hydrolysis of 1 was quickly scanned at different time intervals
until the completion of the reaction. The UV spectra at different reaction time for acidic
hydrolysis of 1 are shown in Figure 5.7. From this figure, it appears that the absorbance
at wavelength 340 nm increases until it reaches a highest value, and then decreases until

it reach as a lowest constant value.

5.4.2.1 Effect of Concentration of HCI

Kinetic runs were carried out for acidic hydrolysis of 1 at 1.0 M ionic strength and
within [HCI] range of 0.1 to 1.0 M. The observed data (Acbs versus reaction time, ¢)
recorded for 0.1 M acidic hydrolysis, together with the calculated absorbance and
percentage of relative error acquired from BASICA software was tabulated in Table 5.5.
The data in Table 5.5 was then plotted into graph as shown in Figure 5.8, together with
other three curves of absorbance against time at concentration 0.3 — 0.5 M HCI. Another

five plots with concentration of HCI in between 0.6 to 1.0 M was shown in Figure 5.9.

Table 5.5: Observed data, time versus absorbance at 340 nm, for acidic hydrolysis of 1
at 0.1 M HCI“.

Time (s) Aobs Acated” %RE°
33 0.009 0.009 4.87
3571 0.186 0.213 -14.64
6960 0.356 0.371 -4.30
9840 0.467 0.481 -2.89
13560 0.593 0.592 0.10
18840 0.726 0.704 2.98
27900 0.815 0.801 1.73
35820 0.837 0.818 2.27
48060 0.824 0.773 -6.75
64860 0.679 0.648 4.54
79200 0.521 0.530 -1.71
90780 0.436 0.441 -1.09
105900 0.344 0.340 1.21
128100 0.218 0.226 -3.73
165660 0.102 0.110 -7.74
200400 0.072 0.056 21.54
259200 0.049 0.021 57.88

“[1] =4 x10° M, [HCI] = 0.1 M, 1.0 M ionic strength, A = 340 nm, 80°C.
b Calculated from Eq. (5.12) with ki obs = 3.70 % 10 57!, §,pp = 43500 M! cm! and A = 0.0064
¢ Percentage of relative error, difference between observed and calculated absorbance.
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The plots in Figure 5.8 and Figure 5.9 shows that acidic hydrolysis reaction is
consecutive reaction (multi-step reaction), there is an intermediate stage before it become
the final product. It shows that the rate of reaction increases as the concentration of HCI

increases.
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Figure 5.8: Plots showing the absorbance at 340 nm versus time of 0.1 M (A), 0.3 M
(—), 0.4 M (O) and 0.5 M (m) HCI for acidic hydrolysis of 1. The solid lines are drawn
through the calculated data points.
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Figure 5.9: Plots showing the absorbance at 340 nm versus time of 0.6 M (X), 0.7 M

(A),0.8M (O), 0.9M (J) and 1.0 M (—) HCI for acidic hydrolysis of 1. The solid lines
are drawn through the calculated data points.
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The observed data (observed absorbance, Aops versus time, £) summarised in Table 5.5

or Figure 5.8, Figure 5.9 were found to fit to Eq. (5.14) as shown below.

Aops =

AzAq
Ay — Ay

(e—Alt

—e 2t + 4,

(5.14)

Where A1 = ki (rate of reaction when absorbance increases), Ax = k» (rate of reaction

when absorbance decreases), Az = dap [Ao] and A4 = Ao (initial absorbance at ¢ = 0), all of

these are empirical constant. [Ag] represents initial concentration 1.

Eq. (5.14) can be derived from a simple reaction scheme shown by Scheme 5.1.

1 ki » Int ko, p

Scheme 5.1: Hydronium ion-catalysed hydrolysis of 1 where Int and P represent
intermediate product and final product, respectively. Symbols k1 and & represent pseudo-
first-order rate constants for first and second reaction steps.

Table 5.6 contains all A, A2, A3 and A4 data obtained within [HCI] range 0.1 M to
1.0 M HCI. The nonlinear least square technique has been used to calculate the values of

A1, Az, Az, and A4. And such calculated values of A1, Az, Az, and A4 at 0.1 M HCI are

0.37+£0.09s",2.19+0.51 s, 1.738 £ 0.895 and 0.0064 + 0.0167, respectively.

Table 5.6: Values of kobs, Ao and dap [Ao] for acidic hydrolysis of 1 at different [HCI]“.

[HCI) 10%K10bs 103K20bs dap [Ao] A 10 dap
(M) (s) () (em™) ’ (Mem™)
0.1 037+0.09° 2.19+0.51> 1.738 +0.895” 0.0064 + 0.0167° 4.35
03 071+0.10 5.18+0.73 2.111+1.076 0.0117 + 0.0069 5.28
04 125+047 3.52+0.14 1.618+£0.055 -0.0074+0.0074  4.05
0.5 1.48+0.09 333+020 1.584+0.067 0.0053+0.0129 3.96
0.6 131+0.08 6.01+038 2.043+0.194 0.0152+0.0087 5.11
0.7 1.74+0.10 6.07+034 1.920+0.119 0.0391+0.0107 4.80
0.8 1.81+0.08 6.40+029 1.994+0.102 0.0192+0.0090 4.99
09 200+0.11 6.18+033 1.957+0.102 0.0455+0.0119 4.89
1.0 251+0.11 434+021 1.773+£0.047 0.0161+0.0145 4.43

9[Ao] =4 x10 M, 1.0 M ionic strength, A = 340 nm, 80°C, the aqueous solvent for each kinetic run contained
2% v/v CH3CN and 98% v/v H>O.
b Error limits are standard deviations.
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Rate constants (kiobs and k2obs) for acidic hydrolysis of 1 within [HCI] range 0.1 — 1.0
M were calculated and listed in Table 5.7. The plots of Figure 5.10 were plotted based
on the data kiobs and kaobs versus [HCI]. The plot of kiobs versus [HCI] reveals a linear
straight line. But kxobs values fluctuated between 2.19 x10° s to 6.40x10” s7!. Therefore,
it is concluded that kiqbs is pseudo-first-order reaction, while k20bs values are independent
of [HCI]. Linear least-squares technique gave slope and intercept of linear plot of kiobs

versus [HCI] of 1 as (2.2 +0.2) x 10* M's"! and (1.93 £ 1.27) x 107 57!, respectively.

Table 5.7: Rate of acidic hydrolysis of 1 at 0.1-1.0 M HCI“.

[HCI] (M) 104 Kiobs (S'l) 104 Keate (S'l) 105 K2obs (S'l) %RE

0.1 0.37 +£0.09° 0.409 2.19+0.51° -10.41
0.3 0.71 £0.10 0.840 5.18+0.73 -18.31
0.4 1.25 +0.47 1.056 3.52+0.14 15.54
0.5 1.48 £ 0.09 1.272 3.33+0.20 14.08
0.6 1.31£0.08 1.487 6.01 +0.38 -13.53
0.7 1.74 +0.10 1.703 6.07 £ 0.34 2.12
0.8 1.81 +£0.08 1.919 6.40 = 0.29 -6.01
0.9 2.00+0.11 2.135 6.18 £ 0.33 -6.73
1.0 2.51+0.11 2.350 4.34+0.21 5.99

1] =4 x10° M, [HCI] = 0.1-1.0 M, 1.0 M ionic strength, . = 340 nm, 80°C.

b Error limits are standard deviations.
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Figure 5.10: Plots showing the dependence of k10bs (®) and independence kaobs (X ) versus
[HCI] for the reaction of 1 at 0.1-1.0 M HCI. The solid line is drawn through the calculated

data points.
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5.4.2.2 Effects of Temperature

Kinetic runs were carried out for acidic hydrolysis of 1 in the temperature range of 40-
80 € at 1.0 M HCI. The hydrolysis kinetics and its observed rate constant (kobs) were
determined at 40, 50, 60, 70 and 80°C. Arrhenius plots is used to determine the activation

energy (Ea) of acidic degradation of 1.

The influence of temperature on the reaction rate constant was given by Eq. (5.13)
(Arrhenius equation: In kobs = In A — Ea / RT). Where kobs is the reaction rate constant, A
is the frequency factor, E, is the activation energy, R is the universal gas constant and T
is the absolute temperature.

Table 5.8 shows that the increase of the temperature increased the values of reaction
rate constant. The activation energy is calculated by inserting data from Table 5.8 into
Arrhenius equation (5.13) that equivalent to y = mx + c.

Yy =IkKiopssm=—125x=

From the plot of Figure 5.11, gradient (m) turned out to be (—11.01 + 0.48) x 10°K
and intercept (c) is 22.7 + 1.4. The gas constant, R is 8.314 J K-! mol™!. Activation energy
of the reaction can be calculated by substitute the values into the equation:

Ea=-mR=—(-11014 x 8.314) = 91570 J mol"! = 91.6 kJ mol!

Therefore, the activation energy of acidic hydrolysis of 1 to the first intermediate
product is 91.6 kJ mol!. But the activation energy of the sequential process is unable to

identified from the collected data as the rate constant (k2) are fluctuated.
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Table 5.8: Effect of temperature on the observed pseudo-first-order rate constants (k1)
for acidic hydrolysis of 1 in 1.0 M HCI.

TCC) 10 UTK") 105Kibs(s?)  Inkiobs  InKicar® %REP
40 3.183 048 +0.04°  -1224  -1232  -0.68
50 3.085 1.13+0.02 -11.39 -11.24 1.28
60 2.993 3.99+0.16 -10.13 -10.23 -1.00
70 2.906 8.43 + 0.30 -9.38 927  -1.14
80 2.824 25.10+1.10 -8.29 -8.37 -0.84
“Calculated from Eq. (5.13).
®Percentage relative error, difference between In kiobs and In kicalc.
¢Error limits are standard deviations.
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Figure 5.11: Arrhenius plots of acidic hydrolysis of 1 where solid line is drawn through

the calculated rate constants In

klcalc-

5.4.3 Effects of Sodium Acetate Buffer on Kobs for the Hydrolysis of 1

In order to discover the buffer effect on the hydrolysis reaction of 1, kinetic runs were

carried out in buffer solutions of sodium acetate (pH 3.97-5.12). The UV spectra at

different reaction time for buffer hydrolysis of 1 is similar to the acidic hydrolysis. From

Figure 5.12, it shows that the absorbance at wavelength 328 nm increases until a

maximum is reached, then decreases. The pH values of the reaction mixture is measured
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and recorded before the reaction started and after the reaction ended. This is to ensure

sodium acetate buffer do not decompose during the reaction.

Concentration within the range 0.1 to 0.9 M of sodium acetate buffer solution were
used to run hydrolysis for goniothalamin 1. The plots in Figure 5.13, Figure 5.14 and
Figure 5.15 shows that sodium acetate buffer hydrolysis reaction is consecutive reaction,

which is similar to acidic hydrolysis.

Figure 5.12: UV spectra of sodium acetate buffer reaction mixture of 1 at 80°C in
aqueous solvent containing 6.0 x 10 M 1 and 0.1 M 25% f, CH3COONa. The red and
blue colour lines indicate the increase and decrease of absorbance at 340 nm, respectively.

The observed data (Figure 5.13-Figure 5.15) were found to fit to Eq. (5.14). The values

of kiobs, k2obs, Oap [Xo] and Ao are summarized in Table 5.9 for sodium acetate buffer.

The plot of kiobs and kaops versus [CH3COONa] in Figure 5.16 and Figure 5.17,
respectively, reveals a non-linear shape. Both kiobs and k2obs values fluctuated between
1.80x10% s t0 3.51x10° s! and 3.06x107 s to 5.01x1077 s}, respectively. Therefore, it

is concluded that there is no buffer catalysis of sodium acetate with 1.
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Figure 5.13: Plots showing the absorbance at 328 nm versus time of 0.1 M (e), 0.3 M
(A),0.5M (O),0.7M (m) and 0.9 M (X) 25% fi, CH3COONa for hydrolysis of 1. The
solid lines are drawn through the calculated data points.
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Figure 5.14: Plots showing the absorbance at 328 nm versus time of 0.1 M (e), 0.3 M
(A),0.5M (O), 0.7 M (m) and 0.9 M (X) 50% f, CH3COONa for hydrolysis of 1. The
solid lines are drawn through the calculated data points.

153



2.50 +

2.00 1

1.50 1

1.00 1

0.50

0.00

0 1000000 2000000 3000000 4000000 5000000 6000000 7000000 8000000
Times (s)
Figure 5.15: Plots showing the absorbance at 328 nm versus time of 0.1 M (e), 0.3 M

(A),0.5M (O),0.7M (m) and 0.9 M (X) 75% fi, CH3COONa for hydrolysis of 1. The
solid lines are drawn through the calculated data points.
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Table 5.9: Observed data (kiobs and kzobs versus [Buf]r) .

25% f, CH3COONa
[Buf]r’® 106 Kians 107 Kaons Bap [Xo] Ao 107 8ap pH (before pH (after
M) R) ) (cm™) (M-lem?) reaction) reaction)
0.1 2.04+£0.29°  3.69+£046° 2.703+0.233°  0.1290 4.51 5.158 5.196
0.3 3.00+0.18 3.06+0.17  2.555+0.063 0.0629 4.26 5.184 5.215
0.5 3.37+0.22 501+029  2.006+0.070  0.0402 3.34 5217 5.176
0.7 3.38 +0.37 4774047  1.994+0.114  0.1096 3.32 5.226 5.248
0.9 3.27+0.31 337+027 1.726+0.0693  0.0395 2.88 5.284 5.209
“[Buf]r represents total buffer concentration.
b Error limits are standard deviations.
50% fi, CH3COONa
[Buf]r® 10° K1obs 107 Kaobs dap [X0] Ao 10 3ap pH (b(.efore pH (a.fter
(M) ) ) (cm™) (M-em™) reaction) reaction)
0.1 220+0.12°  332+40.16° 3.073+0.091° 0.0697 5.12 5.380 5.411
0.3 3.27+0.31 3.40+028  2.311+0.093 0.0927 3.85 5.411 5.429
0.5 2.41+0.23 494+042  2.383+0.155 0.0640 3.97 5.449 5.486
0.7 3.51+0.35 484+044  2225+0.113 0.0589 3.71 5.475 5.515
0.9 2.33+0.28 4224045  2241+0.164 0.1068 3.74 5.512 5.573

“? [Buf]t represents total buffer concentration.

b Error limits are standard deviations.
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Table 5.9, continued.

75% f, CH3COONa

[Buf]r® 108 Kios 107 Kaobs 0ap [Xo] Ao 1074 dap pH (before PH (after
(M) (s ) (cm™) (M-lem™) reaction) reaction)
0.1 1.80+045”  1.61+040° 2337+0.270"°  0.1178 3.90 5.763 5.814
0.3 2.50+£0.21 3.92+0.31 2482 +0.112 0.1033 4.14 5.782 5.829
0.5 2.49+0.22 3.23+0.25 2.061 £0.087 0.0813 3.44 5.814 5.896
0.7 2.06 £0.44 4.56 +0.88 2.333 £0.356 0.1704 3.89 5.848 5.913
0.9 2.50+0.21 3.92+0.31 2.482+0.112 0.1033 4.14 5.855 5.922

“ [Buf]t represents total buffer concentration.
b Error limits are standard deviations.
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Figure 5.16: Plots showing the independence of kiobs versus [CH;COONa] for reaction
25% f, CH3COONa (e), 50% f, CH3COONa (L) and 75% f, CH3COONa (X).
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Figure 5.17: Plots showing the independence of kaobs versus [CH3COONa] for reaction
25% f, CH;COONa (@), 50% f, CH;COONa (CI) and 75% fi, CH3COONa (X).
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5.5 Product Characterization and Proposed Reaction Mechanism

In order to identify the structure of the products of acidic and alkaline hydrolysis of 1,
a minimum amount of 2 mg of products were required in order to run NMR experiments.
In this case, a larger scale of hydrolysis experiment was prepared in order to yield

sufficient amount of products.

5.5.1 Product from Alkaline Hydrolysis
5.5.1.1 Experimental Details

A reaction is initiated by adding 0.05 M of 1 into 2.0 M NaOH at 50°C. The total
volume of reaction was kept constant at 20 ml. After allowing the reaction to carry out
for reaction period of more than 10 half-lives, the product was extracted by using liquid-
liquid (water — ethyl acetate) extraction. The product acquired was then elucidated
through NMR spectra analysis. The NMR spectra ('H, 1°C, COSY and HMBC) data were

summarized in Table 5.10.

5.5.1.2 Structural Elucidation of Product from Alkaline Hydrolysis

The product was acquired as light yellow amorphous. The molecular formula was
established as C13H1403 by LCMS-IT-TOF analysis (Figure 5.23), with [M+H]" ion peak

at m/z 219.1736 (calcd. for C13Hi503, 219.1734).

The complete assignments of 'H NMR and *C NMR spectroscopic data of the product
were achieved from the results of 2D correlation measurement, including HSQC, COSY

and HMBC experiments.
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The "H NMR spectrum showed the aromatic protons at § 7.19-7.35 referring to five
aromatic protons (H-9 to H-13) of a mono-substituted phenyl ring. Four olefinic protons
peaks at 8 6.59, 6 6.33, 6 6.22 and & 5.93 were assigned to H-7, H-3, H-6 and H-,
respectively. H-7 and H-6 were in trans configuration, while H-3 and H-2 were in cis
configuration. The others configurations were determined by a proton signal at 3 4.33 (g,
J=6.2 Hz) was indicative of oxygen bearing methine proton H-5. Two allylic protons

resonated at 6 2.92 (m) belonged to H-4.

The 3C and DEPT-135 spectra confirmed the presence of thirteen carbons; one
methylene, ten methines and two quaternary carbon peaks appeared at 6 170.2 and 6 137.0
which were most probably belonged to C-1 and C-8 respectively. Four olefinic carbons;
C-2, C-3, C-6 and C-7, resonated at 5123.6, 6 140.9, & 131.8 and 6 129.8 respectively. C-
3 resonated most downfield compared to the other olefinic carbons due to the o-f
unsaturated resonance effect of carbonyl group at position C-1. The methylene carbon C-
4 gave a peak at & 36.2 meanwhile C-5 showed a peak at 6 71.5 which were due to the
deshielding effect by the neighbouring oxygen atom. Finally the five aromatic protons

gave signals centred at 6 126.1-128.2 (C-9 to C-13).

The HMBC correlations of H-2, H-3 to C-1 suggested that the double bond was linked
to C-1. The correlations of the two olefinic protons H-6, H-7 to C-5 and C-8 indicated the

aromatic ring was connected to C-7.

The assignments of the 'H NMR and '3C NMR spectroscopic data were achieved from
the results of the 2D correlation measurements, including the COSY, HSQC and HMBC
experiments. The COSY and HMBC correlations were summarised in Table 5.10. It was
observed that the spectroscopic data of product were in accordance with those reported
for goniomicin A 147 (Table 5.11). Therefore, the product was characterized as 147, an

ring-opening styryl-lactones of goniothalamin 1.
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Table 5.10: 'H, '*C, COSY and HMBC spectral data of product from alkaline hydrolysis

in CDCL.
Position on, J (Hz) dc COSY HMBC (H-> C)

1 - 170.3 - -
2 5.93 (1H, d) J=11.4 123.1 3 C1, C4
3 6.34 (1H, m) 145.0 2,4 C1, C4,C5
4 2.92 (2H, m) 36.8 3,5 C2,C3, C5, C6
5 4.42 (1H, dd) J=11.6, 5.8 71.8 4,6 C3, C4, C7
6 6.22 (1H, dd) J=16.5, 5.8 131.8 5,7 C4,C5,C8
7 6.58 (1H, d) J=16.5 130.3 6 C5,C9, C13

1-OH 6.13 (OH, br s) - - -

5-OH 5.85 (OH, br s) - - -
8 - 136.7 4 -
9 ] 126.6 10 C7
10 128.6 9,11 C8
11 7.19-7.35 (5H, m) 127.6 10, 12 C9, C13
12 128.6 11,13 C8
13 126.6 12 C7

Table 5.11: 'H, '3C NMR spectroscopic data (in CDCls;, 400 MHz) of product from
alkaline hydrolysis and goniomicin A 147.

Position 'H-NMR BC-NMR
ou (ppm), J (Hz) dc (ppm)
Experimental Literature Experimental  Literature
1 - - 170.3 169.6
2 593 (1H,d)J=11.4 596 (1H, d)J=11.9 123.1 125.3
6.12 (1H, ddd)
3 6.34 (1H, m) J=11.9,8.5.3.5 145.0 140.6
2.76 (1H, m)
4 2.92 (2H, m) 2.81 (1H. m) 36.8 36.6
4.42 (1H, dd) .
5 J=11.6,5.8 4.41 (1H, q) J=6.6 71.8 71.5
6.22 (1H, dd) 6.20 (1H, dd)
6 J-16.5,5.8 J-16.0, 6.6 131.8 1319
7 6.58 (1H, d) J=16.5 6.59 (1H, d) J=16.0 130.3 129.9
8 - - 136.7 136.7
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Table 5.11, continued.

9,13 126.6 126.5
10, 12 7.19-7.35 (5H, m) 7.19-7.34 (5H, m) 128.6 128.6
11 127.6 127.6

P PR MO NN M INTITITNNTONARNON © anan cown oo 0
PR AR N S IR IIINAIINSREE R, EREPY 288 SR B
ARNRANNNINBARNRNORRAINRATSS 353 55 SRS N
NRRRRRNRNN RN G606 8 063686366668 annn SYTT R SE2 3
@
&
[
=
o
N
9-13
? —
-3 a
| o < v
S 3 3
1, =) s e

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

Figure 5.18: '"H NMR spectrum of product from alkaline hydrolysis.
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Figure 5.19: 13C and DEPT-135 NMR spectra of product from alkaline hydrolysis.
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Figure 5.20: COSY spectrum of product from alkaline hydrolysis.
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Figure 5.21: HSQC spectrum of product from alkaline hydrolysis.
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Figure 5.22: HMBC spectrum of product from alkaline hydrolysis.
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Figure 5.23: LCMS spectrum of product from alkaline hydrolysis.

5.5.1.3 Proposed Reaction Mechanism of Alkaline Hydrolysis

After the identification of the product of alkaline hydrolysis, a tentative pathway was
proposed in Figure 5.24. In this mechanism, the cleavage of lactone ring occur due to
catalysation of hydroxide ions. An intermediate complex is formed, and almost
immediately, it react with water, forming the product and hydroxide ions. The
necleophilic addition — elimination mechanism at the carbonyl carbon of esters and other

related compounds is well-establishes (Jencks, 1969).

Ph o o _ OHO OH
7 oH P\~ O Mo Ph A\ HO O
—_— —_— -
+ OH
F F F
1 Product

Figure 5.24: Hydroxide ion-catalysed opening of the lactone ring.

Rate determining step is the slowest step of a chemical reaction that determines the
rate of overall reactions (Hahn, 1968). The reaction was initiated by binding of hydroxide

ions (OH ™) on the carbon of carbonyl group. Subsequently, the electrons pair will move
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to the oxygen binded to the next carbon, and the bond of C— O is broken (Lajis et al.,

1995). The intermediate product will then react with water to form the product 147.

The reactant 1 is more stable compared to the intermediate complex. Under such
condition, hydroxide ion binding on the carbon will be slower step. Therefore, it is
proposed that the rate determining step for the alkaline hydrolysis reaction is the step

from 1 to convert to the intermediate complex.

The results from UV study is compatible to the proposed product in alkaline study. As
the reaction going-on, increasing of UV absorbance at wavelength 230 nm is probably

due to the opening of lactone ring.

5.5.2 Product from Acidic Hydrolysis
5.5.2.1 Experimental Details

A reaction is initiated by adding 0.05 M 1 to 2.0 M HCI at 50°C. The total volume of
reaction was kept constant at 40 ml. After allowing the reaction to carry out for reaction
period of more than 10 half-lives, the product was extracted by using liquid-liquid
(water — ethyl acetate) extraction. The product acquired was then elucidated through
NMR spectra analysis. The NMR spectra ('H, *C, COSY and HMBC) data were

summarized in Table 5.12 and Table 5.13.

5.5.2.2 Structural Elucidation of Product Acidic Hydrolysis

Through NMR spectra data analysis, mixture of two products were found in the extract
of acidic hydrolysis of 1. Although these two products appeared as mixture in NMR
spectra, but the integration value in 1H NMR spectrum could be used to differentiate the
minor and major products. Product 1 was assigned as a minor product, because it have

smaller integration value compared to product 2.
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Minor Product (1) Major Product (2)
156 157

The product was acquired as yellow amorphous. The molecular formula was
established as C13H1202 by LCMS-IT-TOF analysis (Figure 5.31), with [M] peak at m/z

200.1229 (calcd. for C13H1202, 200.1224).

The complete assignments of 'H NMR and '*C NMR spectroscopic data of both
products were achieved with the aid of the HSQC, COSY and HMBC experiments. The
peaks of minor product were circled in Figure 5.25 and those details were summarised in
Table 5.12. Meanwhile, the peaks of minor product were circled in Figure 5.26 and the

details were summarised in Table 5.13.

These two products are diastereomers with different cis-trans configuration at double
bond C2 and C3. The olefinic protons split into doublet at  5.68 have coupling constant
of 11.0 Hz. This indicated cis configuration of C2 and C3 in minor product 156. The

major product 157 shows trans configuration with coupling constant of 15.6 Hz.
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Table 5.12: 'H, 1*C, COSY and HMBC spectral data of minor product (1) 156 from acidic

hydrolysis in CDCls.

Position ou, J (Hz) oc COSY HMBC
(H->0)

1 - 172.3 - -

2 5.68 (1H, d) J=11.0 116.1 3 C-4

3 6.75 (1H, m) 146.9 2,4 C-1

4 6.87 (1H, dd) J=15.6, 11.0 127.9 3,5 -

5 6.73 (1H, m) 137.4 4,6 -

6 6.68 (1H, dd) J=15.4,11.0 142.8 5,7 -

7 6.94 (1H, dd) J=15.4,11.0 128.6 6 C-8

8 - 136.7 - -

9 ] 127.0 10 -

10 128.9 9,11 -

11 — 7.16-7.35 (SH, m) 128.6 10, 12 -

12 128.9 11,13 -

13 127.0 12 -

Table 5.13: 'H, 3C, COSY and HMBC spectral data of major product (2) 157 from acidic

hydrolysis in CDCls.
Position on, J (Hz) oc COSY HMBC
1 - 171.8 - -
2 5.91 (1H, d) J=15.6 119.8 3 C-1,C-4
3 7.45 (1H, m) 146.9 2,4 C-1
4 6.46 (1H, dd) J=15.1,11.2 130.0 3,5 C-2
5 6.77 (1H, dd) J=11.2, 6.9 137.6 4,6 -
6 6.75 (1H, m) 142.1 - -
7 7.62 (1H, dd) J=14.6, 11.9 129.1 6 C-9,C-13
8 - 136.6 - -
9 ] 127.0 - -
10 128.9 9,11 -
11 — 7.16-7.35 (5H, m) 128.7 10, 12 -
12 128.9 11,13 -
13 127.0 12 -
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Figure 5.27: 3C and DEPT-135 NMR spectrum of mixture of products from acidic
hydrolysis.

Figure 5.28: HSQC spectrum of products from acidic hydrolysis.
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Figure 5.29: COSY spectrum of mixture of products from acidic hydrolysis.

Figure 5.30: HMBC spectrum of mixture of products from acidic hydrolysis.
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Figure 5.31: LCMS of products from acidic hydrolysis.

5.5.2.3 Proposed Reaction Mechanism of Acidic Hydrolysis

Based on the spectra analysis of the product of acidic hydrolysis of 1, the mechanism
of reaction was proposed as illustrated in Figure 5.32. It is suggested that the cleavage of
lactone ring occur due to the catalysation of hydroxonium ions. An intermediate product
is formed and it react with hydrogen ions and followed by the formation of two
diastereomers product.

Minor Product (P1)
156

OH
Ph (0] (0]
k, Ph HO O
\/\[;/r - = N /k( + H30+
H;0 2
F = \ o
7 N\
1
Int o o
Major Product (P2)
157

Figure 5.32: Hydronium ion-catalysed opening of the lactone ring and dehydration
reaction.
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The UV spectra of acidic hydrolysis in Figure 5.7 shows that UV absorbance
appearing at wavelength 350 nm, and keep increasing as reaction going-on. The UV
spectrum is compatible with the structure of products formed in acidic hydrolysis.
Because the products with three conjugated double bond contribute to UV absorbance at

higher wavelength.
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5.6 Results and Discussion

The hydrolysis reaction of goniothalamin 1 in alkaline and acidic medium were
analysed by spectrophotometric techniques. During alkaline hydrolysis, the UV spectra
shows gradual increase at 230 nm, with rate constant of 1.78 x 10 s at 0.1 M NaOH
(80°C). The rate constant of the reaction obeyed pseudo-first-order kinetics which fitted
equation (5.12). Figure 5.3, Figure 5.4 and Table 5.3 showed that as concentration of
NaOH increases, the rate of product formation increases which can be deduced that the
rate of cleavage of lactone ring ia also increasing. From the NMR experiments, the
structure of product were identified as goniomicin A 147. Therefore, it is concluded that

alkaline hydrolysis exhibits monotonic reaction that involve ring-opening of lactone ring.

However, acidic hydrolysis of 1 is a multi-step reaction (consecutive reaction), as there
is an intermediate stage before final product was formed. The UV spectra demonstrated
increases of wavelength absorption at 340 nm, followed by decreases in wavelength
absorption. Two varied rate constants were obtained from the absorbance data. The first
rate constant, kiobs, 1S the rate of acidic hydrolysis forming intermediate product. This kiobs
is was calculated from the increase of absorbance value, and it obeyed pseudo-first-order
reaction with rate constant of 0.37 x 10* s at 0.1 M of HCI (80°C). While the second
rate constant, kyobs, 1S evaluated from the decrease of absorbance value, when the
intermediate product is converting to final product. The kx.bs values do not increase or
decrease constantly as concentration of HCI increases. Therefore, it is concluded that k2qbs

(second rate constant) are independent on the concentration of hydrochloric acid.

From the Figure 5.8, Figure 5.9 and Table 5.6 showed that as concentration of HCI
increases, the rate of intermediate complex formation increased which can be deduced
that the rate of cleavage of lactone ring also increased. But the rate of dehydration will

not be affected by the increase of concentration in HCI.
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NMR spectra data analysis showed that final product acquired from acidic hydrolysis
of 1 appeared to be diastereomers with cis-trans configuration. From the integration data
in 'H NMR, it was suggested that minor product 156 have cis configuration, while major
product 157 have frans configuration. Based on the structure of the final product, the
probable mechanism of acidic hydrolysis may be shown in Figure 5.32. Firstly, the
hydronium ion catalyses the opening of lactone ring, and led to formation of intermediate
product, goniomicin A 147. Followed by dehydration and formation of double bond at C-
4 and C-5. The results of kinetic study in both alkaline and acidic medium were

compatible with the proposed mechanism.
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CHAPTER 6 CONCLUSION

Phytochemical analysis on the bark of two species of Goniothalamus; G. tapis and G.
tapisoides were carried out. G. tapis was collected from Kelantan while G. tapisoides was

collected from Sarawak.

Chemical investigation of these two plants yielded seventeen compounds including
five new styryl-lactones; 3-acetylisoaltholactone 151, goniomicin E 152, goniomicin F
153, goniomicin G 154 and goniomicin H 155, along with ten known styryl-lactones;
goniothalamin 1, isoaltholactone 41, cheliensisin A 22, goniodiol 3, 7-epi-goniodiol 10,
garvensintriol 4, goniopyyprone 26, 8-epi-9-deoxygoniopypyrone 24, 7-epi-
goniofufurone 49 and goniomicin A 147, as well as two steroids; stigmasterol 133 and -
sitosterol 134. Previous phytochemical investigation on G. tapis collected from Indonesia
and Malaysia demonstrated the presence of difference secondary metabolites. Diverse
types of compounds such as alkaloids, sesquiterpenes and lignin were reported for G.
tapis from West Sumatran, Indonesia, however, none were styryl-lactones. Meanwhile, a
styryl-lactone was isolated from the leaves and roots of same species collected from
Kelantan, Malaysia. Collaterally, the same styryl-lactone appeared to be major compound

in the present study, namely isoaltholactone 41.

Goniothalamin, the major compound isolated from G. tapisoides, is recognised as a
highly potent compound that provides promising activity against wide range of cancer
cell lines. Kinetic spectrophotometric methods is widely used in pharmaceutical analysis.
Therefore, this studies were attempted in the move to better understand the mechanism

of goniothalamin 1 undergoes hydrolysis in alkaline and acidic medium.

These are the first kinetic spectrophotometric studies examine on the the rate of

alkaline and acidic hydrolysis reaction of 1. Alkaline hydrolysis established a monotonic
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reaction with pseudo-first-order rate constant of 1.78 x 10 s™!, obtained for kinetic runs
carried out at 0.1 M of NaOH and 80°C. As for acidic hydrolysis, it is a consecutive
reaction with existence of intermediate product before forming final product. The first
rate constant, kiobs, 1S the rate of acidic hydrolysis forming intermediate product. It obeyed
pseudo-first-order reaction with rate constant of 0.37 x 10 s at 0.1 M of HCI and 80°C.
While the second rate constant, kxobs, 1S evaluated when intermediate was converted to
final product. These kxops values are independent on the concentration of hydrochloric

acid. The rate constant of 0.1 M of HCI and 80°C is 2.19 x 107 s’!.

Comparing all the rate constants of acidic and alkaline hydrolysis, it reveals the
progress of hydroxide ion-catalysed is more rapid than hydronium ion-catalysed. During
acidic hydrolysis, the latter part of reaction forming the final product is ten times slower

than the initial step.

From the NMR experiments, the products of alkaline hydrolysis was identified as
goniomicin A 147. A mechanism is proposed, suggesting there is a cleavage of lactone
ring occur in 1, forming the product 147. As for acidic hydrolysis, a mixture of two
products appeared in the NMR spectra. From the coupling constant of carbon 2, these two
products were identified as diastereomers. The minor product 156 having trans
configuration while the major product 157 having cis configuration. It was proposed that
hydronium ion catalyses the opening of lactone ring, led to formation of intermediate
product 147. Dehydration was then occurred, removal of hydroxyl group turns 147 into

final products; 156 and 157 with three consecutive double bond.

The current findings reveals the plausible mechanism and the rate of alkali and acidic
hydrolysis for 1. Therefore, one may suggest to run the kinetic spectrophotometric
analysis on others styryl-lactones with cytotoxic activity. In order to uncover the rate and

mechanism of chemical reactions on potent drugs.
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