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ABSTRACT 

The preliminary screening showed that the bark of Endiandra kingiana Gamble 

exhibited potency as a modulating agent between Bcl-xL and Bak, which prompted its 

chemical investigation. Two groups of compounds were isolated and characterized; the 

endiandric acid series and the kingianin series. Eight new endiandric acid analogues 

(kingianic acids A-H [120-127]) and three new kingianin analogues (kingianin O-Q 

[128-130]) were isolated and structurally elucidated. The isolated compounds were 

evaluated for two bioassays; Bcl-xL/Bak and Mcl-1/Bid of binding affinities and 

cytotoxic effects against various human tumour cells. The second part describes the 

progression towards the total synthesis of kingianin analogues. The pentacyclic 

kingianin skeleton was formed by Diels-Alder reaction between two monomers having 

a bicyclo[4.2.0]octadiene backbone formed by a stereospecific electrocyclization of 

polyenes. The research was focusing on construction of bicyclo[4.2.0]octadiene 

monomer using [2+2] ketene cycloaddition approach at the early stage of the synthesis. 

One of the main advantages of such a strategy is the rapid assembly of the carbon 

skeleton of kingianins, thus maximizing the chances for good overall yields of the final 

products. So far, an efficient synthesis of the bicyclo[4.2.0]octene backbone was 

successfully achieved. Five approaches to synthesize this backbone starting from [2+2] 

cycloaddition of the cyclohexadienes to functionalized ketenes followed by 

functionalization of substituent at C-7 and C-8 positions with the correct relative 

configuration were described. From these approaches, compounds 280 and 311 were 

identified as the key intermediates. This key step of the synthesis provided an access to 

the kingianins skeleton.  
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ABSTRAK 

Pemeriksaan awal menunjukkan bahawa kulit pokok Endiandra kingiana Gamble 

mempunyai potensi sebagai ejen modulasi antara protein Bcl-xL dan Bak, yang 

mendorong kepada penyiasatan sebatian kimianya. Dua kumpulan sebatian telah 

diasingkan dan dikenalpasti iaitu; siri asid endiandrik dan siri kingianin. Lapan analog 

asid endiandrik baharu (asid kingianik A-H [120-127]) dan tiga analog kingianin baharu 

(kingianin O-Q [128-130]) telah diasingkan dan dikenalpasti. Sebatian tulen yang 

diasingkan telah dinilai terhadap dua bioassei; kebolehan untuk mengikat antara protein 

Bcl-xL/Bak dan Mcl-1/Bid dan kesan sitotoksik terhadap sel tumor manusia. Bahagian 

kedua menerangkan perkembangan sintesis analog kingianin. Rangka pentasiklik 

kingianin adalah terbentuk daripada tindak balas Diels-Alder antara dua monomer yang 

mempunyai struktur bisiklo[4.2.0]oktadiena yang dibentuk daripada elektrosiklik 

poliena. Kajian ini memberi tumpuan kepada pembinaan bisiklo[4.2.0]oktadiena 

monomer dengan menggunakan pendekatan sikloadisi [2+2] ketena pada peringkat awal 

sintesis. Salah satu kelebihan utama strategi ini adalah pembentukan pantas rangka 

karbon kingianin, sekaligus meningkatkan peluang pembentukan hasil yang maksimum. 

Setakat ini, sintesis bisiklo[4.2.0]oktana telah berjaya dicapai. Sebanyak lima 

pendekatan telah dilakukan bermula dari sikloadisi [2+2] antara sikloheksadiena dengan 

ketena diikuti dengan fungsionalisasi kumpulan berfungsi dikedudukan C-7 dan C-8 

dengan konfigurasi yang betul. Daripada pendekatan ini, sebatian 280 dan 311 telah 

dikenalpasti sebagai sebatian perantara yang terbaik bagi menghasilkan analog 

kingianin.  
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RÉSUMÉ 

Un criblage biologique préliminaire a montré que l'extrait des écorces 

d'Endiandrakingianapossédait une forte affinité pour la protéine anti-apoptotique Bcl-

xL, motivant ainsi la réalisationd’une étude chimique complète. Deux groupes de 

composés ont été isolés et caractérisés: d’une part, huit nouveaux dérivés de l'acide 

endiandrique (les acides kingianiques A à H [120−127]) et d’autre part, trois 

nouvelleskingianines (les kingianines O à Q [128−130]). Le potentiel inhibiteur des 

nouvelles molécules vis-à-vis des interactionsBcl-xL/Bak et Mcl-1/Bida ensuite été 

évalué, ainsi que leurs propriétés cytotoxiques sur diverses lignées cellulaires tumorales 

humaines. La seconde partie du manuscrit présente une approche vers la synthèse totale 

des kingianines et de composés analogues.Le squelette pentacyclique des produits 

naturels résulte formellement d’une réaction de Diels-Alder entre deux unités 

bicyclo[4.2.0]octadiène, elles-mêmes issues d’une cascade d’électrocyclisation de 

tétraènes entièrement conjugués. Une stratégie de construction directe de motifs 

bicyclo[4.2.0]octadiènespar une cycloaddition [2+2] entre des cycloalcènes et des 

cétènes convenablement choisisdoit assurer l’obtention des molécules cibles avec de 

bons rendements globaux. Au total, cinq approches ont été implémentées. Elles débutent 

par la cycloaddition [2+2] entre des cyclohexadiènes et des cétènes fonctionnalisés et se 

poursuivent par la fonctionnalisation des positions C7 et C8 en contrôlant la 

configuration relative de ces centres. Les résultats obtenus ont conduit à identifier les 

composés 280 et 311 comme des intermédiaires clefs à même d’être convertis en diènes 

ou en diénophiles, pouvant alors être engagés dans des cycloadditions de Diels-Alder 

pour accéder à la structure pentacyclique des kingianines. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 General 

Since the dawn of civilization, natural products (secondary metabolite) have been the 

source of medication to treat various medical ailments (Appendino et al., 2010; Dias, 

2012; Cragg & Newman, 2005; Newman et al., 2003; Harvey, 2008; Butler, 2004; 

Mishra & Tiwari, 2011). The earliest records of natural products application were 

depicted on clay tablets in cuneiform from Mesopotamia (2600 B.C.) which 

documented the usage of oils from Cupressus sempervirens and Commiphora species to 

treat coughs, colds and inflammation (Cragg & Newman, 2005). The Ebers Papyrus 

(2900 B.C.) is an Egyptian pharmaceutical record, which documents over 700 plant-

based drugs ranging from gargles, pills, infusions, to ointments. The Chinese Materia 

Medica (1100 B.C., contains 52 prescriptions), Shennong Herbal (~100 B.C., 365 

drugs) and the Tang Herbal (659 A.D., 850 drugs) are documented records of the uses 

of natural products (Cragg & Newman, 2005).  

The Greek physician, Dioscorides, (100 A.D.), recorded the collection, storage and 

the uses of medicinal herbs, whilst the Greek philosopher and natural scientist, 

Theophrastus (~300 B.C.) dealt with medicinal herbs. During the Dark and Middle 

Ages, the monasteries in England, Ireland, France and Germany preserved this Western 

knowledge whilst the Arabs preserved the Greco-Roman knowledge and expanded the 

uses of their own resources, together with Chinese and Indian herbs unfamiliar to the 

Greco-Roman world (Cragg & Newman, 2005). It was the Arabs who were the first to 

privately own pharmacies (8th century) with Avicenna, a Persian pharmacist, physician, 

philosopher and poet, contributing much to the sciences of pharmacy and medicine 

through works such as the Canon Medicinae (Cragg & Newman, 2005). 
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“When you have no idea where to begin in a drug discovery program, Nature is a good 

starting point.” 

L. H. Caporale (Rouhi, 2003).  

 

Today, scientists including phytochemists and pharmacologists continue to study the 

chemical components of plants hoping to find new compounds with biological activities 

which can be used as lead compounds and further develop them into therapeutic agents 

(Figure 1.1). Among the plant derived therapeutic agents are vinblastine (1) and 

vincristine (2), the natural alkaloids isolated from Catharantus roseus (L) G. Don 

(Apocynaceae) (Figure 1.1). These major drugs are used to treat Hodgkin’s lymphoma 

and acute childhood leukemia (Barnett et al., 1978). Paclitaxel (3) which is found 

naturally in the bark of Taxus brevifolia Nutt. (Taxaceae), has a unique mode of 

anticancer action (Wani et al., 1971). In vitro, paclitaxel (3) enhances the 

polymerization of the tubulin to stable microtubules and also interacts directly with 

microtubules, stabilizing them against depolymerization and is active against breast, 

brain, tongue, endometrial and ovarian cancers (Manfredi et al., 1984; Cragg & 

Suffness, 1988; Kingston, 1991). The alkaloid colchicine (4) was isolated from 

Colchicum autumnale L. (Liliaceae). It has long been and is still used medicinally, 

currently to treat gout and familial Mediterranean fever (Figure 1.1). This compound is 

a mitotic inhibitor, which inhibits the polymerization of tubulin (Brossi, 1984; Altmann 

& Gertsch, 2007).  
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 3

 

Figure 1.1: Lead compounds for therapeutic agents 

 

At present, attention to targeted therapy has dramatically increased especially in 

cancer treatments. The term "targeted cancer therapy" refers to a new generation of 

drugs designed to interfere with a specific molecular target that is believed to play a 

critical role in tumor growth or progression and is not expressed significantly in normal 

cells. There has been a rapid increase in the identification of targets that have potential 

therapeutic application (Chon & Hu, 2006). In this context, pro and antiapoptotic 

proteins play central roles in cell death regulation and are capable of regulating diverse 

cell death mechanisms that encompass apoptosis, necrosis and autophagy (Yip & Reed, 

2008; Lessene et al., 2008; Cotter, 2009; Elmore, 2007). 

The antiapoptotic protein Bcl-xL, has become an attractive molecular target in cancer 

treatment and this target was almost unknown before 1993 (Wang, 2008). However, the 

number of publications related to this protein has increased dramatically over the past 
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few years, indicating a promising new laboratory approach (Dharap et al., 2006). The 

substances that can down-regulate Bcl-2 and/or Bcl-xL expression or activity may be 

useful for cancer chemotherapy (Leo et al., 2008). The discovery of potent inhibitors of 

Bcl-xL has resulted from NMR studies and parallel synthesis (Petros et al., 2005), or 

has been based on computational structure based modelling (Enyedy et al., 2001) or 

multiple high-throughput screening platforms (Qian et al., 2004). 

Recent studies have shown that most cancers depend on more than one antiapoptotic 

Bcl-2 member for survival. Among these proteins, Mcl-1 is overexpressed in many 

cancers, contributes to tumor progression, and has emerged as one of the major 

resistance factors in cancer cells (Lessene et al., 2008; Jeng & Cheng, 2013). Thus, the 

effective treatment suggested by Placzek’s team, require inhibition of multiple 

antiapoptotic Bcl-2 proteins (Placzek et al., 2010). Placzek and co-workers investigated 

the mRNA expression levels of all six antiapoptotic Bcl-2 subfamily members in 68 

human cancer cell lines (Placzek et al., 2010). The study revealed that Mcl-1 represents 

the anti-apoptotic Bcl-2 subfamily member with the highest mRNA levels in the lung, 

prostate, breast, ovarian, renal, and glioma cell lines (Placzek et al., 2010). In this 

context, Mcl-1 and Bcl-xL are crucial regulators of apoptosis; therefore dual inhibitors 

of both proteins could serve as promising new anticancer drugs.  

In recent years, various screenings have been undertaken to find natural molecules 

that could be used either as tools to understand the roles of the Bcl-2 family proteins or 

to develop the next generation of anticancer drugs (Lessene et al., 2008) (Figure 1.2). 

The natural product (-)-gossypol (5), derived from cotton plant, showed the 

antiproliferative properties (Dodou et al., 2005; Li et al., 2008). Further studies have 

revealed that these enantiomers bind Bcl-3 (Ki = 320 nM), Bcl-xL (Ki = 480 nM) and 

Mcl-1 (Ki = 180 nM) (Tang et al., 2008). Others include natural products such as 

chelerythrine (6) (Wan et al., 2008), incednine (7) (Futamura et al., 2008) and 
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meiogynine A (8) (Litaudon at al., 2009; Fotsop et al., 2010; Dardenne et al., 2013; 

Desrat et al., 2014) (Figure 1.2). Chelerythrine (6) was identified as an inhibitor of the 

antiapoptotic protein Bcl-xL, after a systematic in vitro evaluation on 107,423 extracts 

derived from natural products (Chan et al., 2003). This compound was a 

benzophenanthridine alkaloid and showed the Bcl-xL-Bak BH3 peptide binding with 

IC50 of 1.5 µM (Chan et al., 2003). The ability of chelerythrine (6) to displace the Bak 

BH3 peptide in the FP assay suggests that it may be able to displace BH3-containing 

proteins from Bcl-xL (Chan et al., 2003) (Figure 1.2). Meanwhile, meiogynine A (8) 

was a dimeric sesquiterpenoid isolated from Meiogyne cylindrocarpa (Litaudon et al., 

2009). This compound possessed an unprecedented substituted cis-decalin carbon 

skeleton and showed the Bcl-xl/Bak binding affinity with a Ki of 10.3 ± 3.1 µM 

(Litaudon et al., 2009) (Figure 1.2). 
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Figure 1.2: Natural inhibitors of the anti-apoptotic protein 
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In the context of a Malaysian-French collaborative program, 1476 extracts (prepared 

from approximately 700 Malaysian plants) were screened for Bcl-xL binding affinity. 

This preliminary study showed that the bark of Endiandra kingiana Gamble 

(Lauraceae) exhibited potency as a modulating agent between Bcl-xL and Bak 

(Leverrier et al., 2010, 2011), which prompted its chemical investigation by the author.  

 

1.2 Lauraceae: general appearance and morphology 

In Malaysia, the Lauraceae family is known as Medang or Tejur. The Lauraceae or 

Laurel family comprises a group of flowering plants included on the order Laurales. The 

family contains about 68 genera and over 2980 species worldwide, mostly from tropical 

regions, especially Southeast Asia and tropical America (The Plant List, 2013). The tree 

of Lauraceae are usually evergreen, shrubs and without buttresses (Keng, 1978; 

Foxworthy, 1927; Desch, 1957; Corner, 1988; Rohwer, 1993).  

In the highlands, Lauraceae like fagaceae, become more abundant upon reaching the 

top layer of the forest, which lies at 1200 – 1600 m. For example, Oak-Laurel Forest is a 

feature of the mountains of tropical Asia from Himalayas to New Guinea. The bark is 

usually smooth, rarely fissured, scaly or dippled, often covered with large lenticels, 

grey-brown to reddish-brown. The inner bark is usually very thick, granular, mottled or 

laminated, often with strong aromatic smell, yellow, orange-brown, pinkish or reddish. 

Sapwood is pale yellow to pale brown with satiny luster when freshly cut. Terminal 

buds are naked or covered with bud scales which sometimes appear like small leaves.  

The leaves of species belonging to this family appear in a simple way. They are 

spiral, alternate, opposite, subopposite, or whorled (Actinodaphne), entire and leathery. 

The secondary veins pinnate have only one pair as in Cinnamomum. The colours of the 

new leaves vary from nearly white to pink, purple or brown (Keng, 1978; Foxworthy, 

1927; Desch, 1957; Corner, 1988; Rohwer, 1993; The Plant List, 2013). 
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The flowers of Lauraceae are usually small, regular, greenish, white or yellow, 

fragrant or with rancid smell, bisexual or unisexual, perianth free or united with six 

sepals in two rows. The flowers are pollinated chiefly by flies and beetles which are 

attracted by smell emitted from the flowers. The fruit of this family are small to large 

(one seed berry), sometimes enveloped by the accrescent perianth tube or persisting and 

clasping the base of fruit. In some genera perianth lobes are dropping, but the tubes 

develop into a shallow or deep cut at base of fruit. The fruits stalks enlarge and become 

highly coloured in some species of Dehaasia and Alseodaphne. The seeds of Lauraceae 

are without albumen, with thin testa. Cotyledons large, flat, convex, pressed against 

each other (Keng, 1978; Foxworthy, 1927; Desch, 1957; Corner, 1988; Rohwer, 1993; 

The Plant List, 2013). 

Wood of Lauraceae is soft to moderately hard, light to moderately heavy to varying 

from 350-880 kg/m3 dry air. Grain straight or slightly interlocked, texture moderately 

fine and even. Sapwood usually is a distinctly lighter shade than the heartwood. The 

heartwood is yellow-white (Beilschmiedia), yellow-brown or red-brown in most species 

Cinnamomum, Cryptocarya and Endiandra, olive green in species of Litsea, 

Actinodaphne, Alseodaphne, Nataphoebe, phoebe, and dark olive green-brown in 

Dehaasia (The Plant List, 2013). The family of Lauraceae provides many useful 

economic products. Most of the economically important species, other than sources of 

excellent wood function as spices or flavoring agent. For example avocado (Persea) is a 

well known important tropical fruit.   
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1.3 Lauraceae: classification of tribes 

Classification of Lauraceae can be illustrated in the list below. The classification 

included 68 genera, mainly found in Southeast Asia and Latin America (The Plant List, 

2013; Kerrigan el al., 2011). 

  Kingdom : Plantae. 

 Division : Magnoliophyta. 

 Class  : Magnoliopsida. 

 Order  : Laurales. 

 Family  : Lauraceae. 

 Genus  : 

Actinodaphne Aiouea Alseodaphne Aniba 

Apollonias Aspidostemon Beilschmiedia Camphora 

Caryodaphnopsis Cassytha Chlorocardium Cinnadenia 

Cinnamomum Cryptocarya Dehaasia Dicypellium 

Dodecadenia Endiandra Endlicheria Eusideroxylon 

Gamanthera Hufelandia Hypodaphnis Iteadaphne 

Kubitzkia Laurus Licaria Lindera 

Litsea Machilus Malapoenna Mespilodaphne 

Mezilaurus Misanteca Mocinnodaphne Mutisiopersea 

Nectandra Neocinnamomum Neolitsea Notaphoebe 

Nothaphoebe Ocotea Oreodaphne Paraia 

Parasassafras Parthenoxylon Persea Phoebe 

Phyllostemonodaphne Pleurothyrium Polyadenia Potameia 

Potoxylon Povedadaphne Ravensara Rhodostemonodaphne 

Sassafras Schauera Sextonia Sinopora 

Sinosassafras Syndiclis Systemonodaphne Tetranthera 

Umbellularia Urbanodendron Williamodendron Yasunia 
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1.4 The genus: Endiandra 

Endiandra is a genus of evergreen trees which belongs to the Laurel family, 

Lauraceae. The genus includes more than 125 species distributed in Southeast Asia, 

Pacific region and Australia (The Plant List, 2013). Meanwhile, ten species are found in 

Malaysia namely; E. holttumii, E. kingiana, E. macrophylla, E. maingayi, E. praeclara, 

E. rubescens, E. wrayi, E. sp.1 and E. sp. 2 (Ng, 1989; Burkill, 1966). The leaves are 

alternate, pinnatinerved, with areolate venation (except in E. introsa). Inflorescences in 

axillary and substerminal panicles. Flowers in axillary panicles are usually shorter than 

the leaves. Flowers are bisexual, mostly 3-merous (4-merous in E. globosa). Perianth 

segments 6 or 8, not persistent in fruit. Stamens usually 3 (4–6 in E. globosa), anthers 2-

locular, dehiscence usually extrorse (introrse in E. introrsa); associated glands present 

or occasionally absent, staminodes usually 3 (sometimes 2–0 in E. globosa). Ovaries are 

often superior, producing fruits in the form of drupe which are free on the receptacles. 

The seeds are dispersed by animals and birds (Ng, 1989; Burkill, 1966). 

 

1.5 Endiandra kingiana Gamble 

Endiandra kingiana (Figure 1.3) is a large sub-canopy tree growing up to 33 m tall, 

210 cm girth, and bole with buttresses. Bark is ochre grey and smooth. Inner bark is 

reddish and sapwood is pale yellow. Leaves stalk up to 2 cm long, stout, hairy to 

glabrous, blade thickly leathery and elliptic to oblong. Inflorescences in are 5 cm long 

pubescent panicles. The flowers are perianth waxy yellow, 3 mm diameter and placed in 

panicles. Fruits are oblong shape (3 x 1.5 cm), shiny green to drying brown. The species 

can be found in Dipterocarp forest up to 100 m altitude in Pahang, Perak, Kelantan, 

Negeri Sembilan, Johor and Borneo (Ng, 1989; Burkill, 1966; Maberley, 2008).  
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Figure 1.3: Endiandra kingiana Gamble 

 (Herbarium of the Department of Chemistry, University of Malaya, Kuala Lumpur) 
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1.6 Problem statement 

In Lauraceae species only two genus; Endiandra and Beilschmiedia were reported to 

contain polyketides in the form of endiandric acids and kingianins (Lenta et al., 2015). 

The chemical investigation of endemic Endiandra kingiana led to the isolation of the 

series of polyketides named kingianins A-N (45-58). Among them, kingianin G (51) 

was found to be the most potent inhibitor of Bcl-xL/Bak interaction with Ki ≈ 2.0 µM 

(Leverrier et al., 2011).  

Based on these finding, the methanol extract of Endiandra kingiana was subjected to 

affinity displacement assays and it also showed a moderate potency as a modulating 

agent with both antiapoptotic proteins, Bcl-xL/Bak (30% at 10 µg/ml) and Mcl-1/Bid 

(22% at 10 µg/ml). These preliminary results motivated its chemical investigation and 

its application as dual inhibitors of both anti-apoptotic proteins (Bcl-xL/Bak and            

Mcl-1/Bid). The cytotoxic activity of isolated compounds was performed to understand 

the correlation between targeted and cytotoxic therapies.  

The isolation and identification of natural products not only provides a foundation 

for new biological active compound and drug candidates, but also a feedstock of 

complex and unique molecular structures to inspire and challenge synthetic chemists. 

Therefore, an approach to the synthesis of kingianins which involved the construction of 

bicyclo[4.2.0]octadiene backbone was designed.    

   

1.7 The objectives of studies 

The objectives of the study are as follows: 

1. To isolate and identify the cyclic polyketides from Endiandra kingiana 

Gamble. using spectroscopic methods such as NMR, UV, IR and HRMS 
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2. To investigate the biological activities of the compounds isolated from 

Endiandra kingiana in particular their Bcl-xL/Bak and Mcl-1/Bid 

binding affinities, and their cytotoxic activity on various cancer cell lines.  

3. To synthesize the pentacyclic polyketide skeleton of kingianins via 

conventional organic synthetic methods (non-biomimetic synthesis). 

 

1.8  Scope of research 

In this study, the methanol extract from Endiandra kingiana will be subjected to 

chromatographic separation and spectroscopic analysis for isolation and identification 

of cyclic polyketides. The isolated compounds will be tested on binding affinities 

towards Bcl-xL/Bak and Mcl-1/Bid and cytotoxic effects against various human tumour 

cell lines. The SAR analysis will be performed to provide further insight and 

understanding on the structural features that could influence the activity of a compound 

belonging to a cyclic polyketide type.  

For the synthesis of kingianins, a new strategy with a more original and diversity-

oriented approach (non-biomimetic synthesis) was designed. The synthesis will begin 

with the construction of bicyclo[4.2.0]octadiene backbone.    

 

1.9 Significance of research 

This study highlights some of the major questions in polyketides natural product 

research, including the biogenesis of compounds, structural identifications and binding 

affinities towards Bcl-xL/Bak and Mcl-1/Bid (on antiapoptotic proteins). Two groups of 

compounds were isolated and characterized; the endiandric acid series and the kingianin 

series. Among them, the kingianin series has a promising approach in the development 

of anticancer agents.    
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 For the synthesis part, the finding emphasized a new and more direct synthetic 

approach to synthesize the bicyclo[4.2.0]octadiene sub-units of kingianins. It involved a 

[2+2] cycloaddition of cyclohexadiene substrates to functionalized ketenes which 

occurred by simultaneous C-C bond formation. These approaches will prove applicable 

to step-economical syntheses of kingianins, thus maximizing the chances for an overall 

good yield of the final products.  

 

1.10 Thesis content 

Results are presented in three chapters: i) Phytochemical studies of Endiandra 

kingiana Gamble (Chapter 3); ii) Bcl-xL/Bak and Mcl-1/Bid binding affinities and 

cytotoxic activity of cyclic polyketides (Chapter 4); and iii) Approaches to the synthesis 

of kingianins (Chapter 5). Each of these chapters contains a presentation of the results 

and their full discussion. Meanwhile, Chapter 2 consists of literature review on 

polyketides, biogenesis of cyclic polyketides and examples of cyclic polyketides 

isolated from Endiandra and Beilschmiedia species. Experimental procedures, general 

conclusion and corresponding list of references are covered in this manuscript.        
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CHAPTER 2 

GENERAL AND CHEMICAL ASPECTS 

 

2.1 Introduction 

The secondary metabolites are organic compounds that are not directly involved in 

the normal growth, development, or reproduction of an organism. The absence of 

secondary metabolites do not result in immediate death, but rather in long-term 

impairment of the organism’s survivability, fecundity, or aesthetics, or perhaps results 

in no significant change at all. Secondary metabolites are often restricted to a narrow set 

of species within a phylogenetic group. Secondary metabolites often play an important 

role in plant defense against herbivory and other interspecies defenses. Humans use 

secondary metabolites as medicine, flavorings, and recreational drugs (Dickschat, 2011; 

Crozier et al., 2006; Wink, 2010; Bourgaud et al., 2001; Sanchez et al., 2011; Zhong, 

2011; Hanson, 2003). The structures of secondary metabolites may seem to be 

bewilderingly diverse. However, the majority of these compounds belong to one of a 

number of families, each of which has particular structural characteristics arising from 

their biosynthesis (Hanson, 2003).
 
The secondary metabolites can be classified into six 

types;  

• Polyketides and fatty acids 

• Terpenoids and steroids 

•  Phenylpropanoids 

• Alkaloids 

• Specialized amino acids and peptides 

• Specialized carbohydrate 

Endiandra species are especially known to be a rich producer of polyketides. So, the 

following paragraph shall discuss briefly the polyketides and their chemical aspects.  
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2.2  Polyketides 

Polyketides are the compounds which possess a chain of alternating ketone and 

methylene groups (>CH2). Each methylene group in a polyketide is flanked by two 

carbonyl groups (>C=O). The biosynthesis of polyketides begins with the condensation 

of the starter unit i.e typically acetyl-CoA (9) / propionyl-CoA (10) and with an 

extender unit (commonly malonyl-CoA (11) or methylmalonyl-CoA (12)), followed by 

decarboxylative condensation unit (Claisen condensation) (Figure 2.1). The polyketide 

chains produced by minimal polyketide synthases (PKSs), are often derivatized and 

modified into bioactive natural products (refer Schemes 2.2 and 2.3) (Hanson, 2003; 

Stanforth, 2006; Staunton & Weissmn, 2001; Scott et al., 2007).   

 

 

 

Figure 2.1: Polyketides synthase extender unit 

 

The polyketides are a large family of natural products found in bacteria, fungi and 

plants. In addition to exhibiting a staggering range of functional and structural diversity, 

they boast a wealth of medicinally important activities, including antibiotic, anticancer, 

antifungal, antiparasitic and immunosuppressive properties. The polyketides are broadly 

divided into eight following major groups based on carbon skeleton characteristics 

(Scheme 2.1) (Hertweck, 2009):-  
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Classification 
of Polyketides 

Macrolides 

Polyenes 

Ansamycins 

Polyethers 

Enediynes 

Tetracyclines 

Acetogenins 

Others 

 

 

 

 
 

 

Scheme 2.1: Classification of polyketides 

 

2.2.1 Macrolides 

A group of naturally occurring chemical compounds that contain a large macrocyclic 

lactone ring with one or more deoxy sugars, usually cladinose and desosamine, may be 

attached (Figure 2.2). The lactone rings are usually 14-, 15-, or 16-membered. 

Erythromycin A (14) and avermectins (15) are examples of drugs that are structurally 

related to the macrolides and generally used as antibiotic and antihelminthic (Mcguire et 

al., 1952; Lund, 1953; Pitterna et al., 2009; Omura & Shiomi, 2007). 
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Figure 2.2: Example of macrolides 

 

2.2.2 Ansamycins 

These types of compounds comprise an aromatic moiety bridged by an aliphatic 

chain. The main structural differences within the ansamycins series concern aromatic 

moiety, which can be either a benzene, a naphthalene, a naphthoquinone or a 

benzoquinone ring system (Figure 2.3). For example, rifamycin S (16) is particularly 

effective against mycobacteria and is often used to treat tuberculosis, leprosy and 

Mycobacterium avium complex (MAC) infections (Wehrli & Staehelin, 1971; Aristoff 

et al., 2010; Selva & Lancini, 2010). Geldanamycin (17) and macbecin (18) are used in 

anticancer treatment, where these drugs inhibit the functions of Hsp90 (Heat Shock 

Protein 90) (Bedin et al., 2004; Miyata, 2005; Bohen, 1998). Hsp90 client proteins play 

important roles in the regulation of the cell cycle, cell growth, cell survival, apoptosis, 

angiogenesis and oncogenesis.    
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Figure 2.3: Example of ansamycins 

 

2.2.3 Polyenes 

Polyenes are poly-unsaturated organic compounds that contain one or more 

sequences of alternating double and single carbon-carbon bonds (Figure 2.4). In some 

cases, the late-stage pericyclic process may happen, which involves the cyclization of 

conjugated polyene (e.g. endiandric acids). Rapamycin (19) was originally developed as 

an antifungal agent (Vézina et al., 1975). However, it was discovered to have potent 

immunosuppressive, antiproliferative properties and useful in the treatment of certain 

cancer (Law, 2005; Bundscherer, 2008). Meanwhile, natamycin (20) was classified as a 

polyene antifungal and used to treat fungal keratitis, an infection of the eye (Thomas, 

2003; Pradhan et al., 2011). Endiandric acid H (21) was used to treat asthma and was 

patented by Eder et al. (2004, 2006).    
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Figure 2.4: Example of polyenes 

 

2.2.4 Polyethers 

Polyethers generally refer to compounds which contain ether functional groups in 

their main skeleton (Figure 2.5). For example, monensin A (22) was a broad-spectrum 

anticoccicidial antibiotic which exhibits antifungal and antiviral activity (Mollenhauer 

et al., 1990; Huczyński et al., 2008). On the other hand, brevetoxin-1 (23) was a 

neurotoxin that binds to voltage-gated sodium channels in nerve cells, leading to the 

disruption of normal neurological process and thus, causing the illness clinically 

described as neurotoxic shellfish poisoning (Watkins et al., 2008; Nicolaou et al., 1998).     
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Figure 2.5: Example of polyethers 
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2.2.5 Enediynes 

The enediyne family compounds are characterized by the enediyne core, a unit 

consisting of two acetylenic groups conjugated to a double bond or incipient double 

bond within a nine-membered ring or and ten-membered ring (Figure 2.6). The 

pharmacological properties of neocarzinostatin (24) and dynemicin A (25) have not 

been fully explored but current literatures has suggested that they may be potential 

anticancer agents (Hall et al., 1983; Kobayashi et al., 2006, Nicolaou et al., 1991, 

Konishi et al., 1990; Kamei et al., 1991, Myers et al., 1995). 

 

Figure 2.6: Example of enediynes 

 

2.2.6 Tetracyclines 

Tetracyclines are broad-spectrum polyketide antibiotic produced by the Streptomyces 

genus of Actinobacteria, famously used against many bacterial infections (Ian Chopra et 

al., 2001). The term ‘tetracycline’ is used to relate substances that contain the same 

four-ring system (Figure 2.7). They are defined as ‘a subclass of polyketide having an 

octahydrotetracene-2-carboxamide skeleton’. Tetracycline (26), minocycline (27) and 

oxytetracycline (28) are frequently used as antibiotic (Ian Chopra et al., 2001; Strauss et 

al., 2007; Olszewska, 2006). Minocycline (27) was synthesized semi-synthetically by 
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Lederle Laboratories, marketed by them under the brand name Minocin
®
 and frequently 

used for the treatment of acne vulgaris (Redin, 1966).  

 

 

Figure 2.7: Example of tetracyclines 

 

2.2.7 Acetogenins 

Acetogenins are characterized by linear 32- or 34-carbon chains containing 

oxygenated functional groups including hydroxyls, ketones, epoxides, tetrahydrofurans 

and tetrahydropyrans (Figure 2.8). They are often terminated with a lactone or a 

butenolide (Li et al., 2008; Rupprecht et al., 1990). Bullatacin (29) and uvaricin (30) 

were the examples of compounds with potent anticancer activity (Hui et al., 1989; Chih 

et al., 2001; Naito et al., 1995; Tempesta et al., 1982). Their toxicity probably arises 

from their strong inhibition of mitochondrial electron transport with a specific action at 

complex 1 (NADH ubiquinone oxidoreductase) (Degli et al., 1994; Zafra-Polo et al., 

1996). 
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Figure 2.8: Example of acetogenins 

 

2.2.8 Others 

Compounds that do not have the same skeleton as above are categorized in this group 

(Figure 2.9). For example, actinorhodin (31) is a polyketide antibiotic produced by 

Streptomyces coelicolor and aflatoxin B1 (32) is toxic and considered carcinogenic 

(Magnolo et al., 1991; Brian et al., 1996; Boonen et al., 2012). Meanwhile, lovastatin 

(33) and radicicol (34) are used as anticholesterol and anticancer, respectively (Alberts, 

1988; Wang et al., 2008; Winssinger & Barluenga, 2007). 
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Figure 2.9: Example of other polyketides 

 

2.3 Polyketide biosynthesis 

In 1950s, scientists realized that the polyketide biosynthetic pathway was similar to 

the biosynthesis of fatty acids (Scott et al., 2007). Polyketide biosynthesis takes place in 

the polyketide synthase (PKS), and for each turn of the cycle the fatty acid chain length 

is extended by two carbons (Ben et al., 2007; Weissman, 2009; Kwan & Schulz, 2011). 

The thionyl bonds are used to attach the growing fatty acid, incoming monomers and 

intermediates to the enzyme complexes. The fatty acid chain is attached initially to a 

ketosynthase (KS), and the process is initiated when an unbound KS enzyme attacks 

acetyl co-enzyme A (AcCoA). Once initiated, a free acyl carrier protein (ACP) acquires 

a malonyl group from malonyl-co-enzyme A (MCAT) obtained from the organism’s 

primary metabolism, a process mediated by acyl transferase (AT) (Ben et al., 2007; 

Weissman, 2009; Kwan & Schulz, 2011; Cummings et al., 2014). 

Claisen condensation takes place with the loss of CO2, and by exchanging the 

growing fatty acid onto the ACP. The β-ketothioester is then carried through a reductive 

pathway until the β-ketone is fully reduced to the saturated methylene. The cycle is 

continued until the fatty acid chain has reached a specific length, then the thionyl 

esterase (TE) ejects the molecule as a long-chain fatty acid (Scheme 2.2). After the 

condensation process, further reductive manipulations may take place as the ketide is 

passed around the enzyme complex or megasynthase via the ACP. First, the keto-
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reductase (KR) reduces the β-ketone to an alcohol, which then eliminates water as a 

result of the dehydratase (DH) to give an olefin, and the enoyl reductase (ER) then 

reduces it further to the saturated thioester (Ben et al., 2007; Weissman, 2009; Kwan & 

Schulz, 2011; Cummings et al., 2014). 
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Rather than following the full reductive pathway to give saturated products, 

polyketide synthesis can omit certain transformations to leave a more oxidized skeleton 

(Scheme 2.3). For example, the cycle can be terminated after the ketoreductase step 

giving a β-hydroxy ketone. The thionyl esterase (TE) has an important role to facilitate 

lactonization to give macrolides. Further to this, polyketide synthesis has access to a 

variety of starting materials and aromatizing enzymes that produce polyaromatic 

structures. Often the initial products are the basic compound skeleton; further 

functionalization can be achieved through oxidation and glycosylation. These can be 

explained on classes of polyketide synthases (PKSs) (Ben et al., 2007; Weissman, 2009; 

Kwan & Schulz, 2011; Cummings et al., 2014).       

Different families of PKSs generate very distinct classes of polyketides. There are three 

classes of PKSs (the collective term for the group of enzymes) according to their 

sequences, primary structures and catalytic mechanism, aptly named type I, II, and III 

(Shen, 2003; Ben et al., 2007; Weissman, 2009; Kwan & Schulz, 2011; Cummings et 

al., 2014). Type I PKS is similar to type I fatty acid synthase (FAS). It is a giant 

assembly of multifunctional enzymes that are organized into modules, each consisting 

of a series of catalytic domains. Ketosynthase (KS), acyl transferase and acyl carrier 

protein (ACP) are three essential domains for chain elongation. Other domains such as 

ketoreductase, dehydratase, enoyl reductase and methyltrasferase (MT) may be present 

to form different polyketide structure. Macrolides, polyethers, polyenes and eyediynes 

are synthesized through type 1 PKS. Type II PKS are a large multienzyme complex of 

small, discrete enzymes with particular functions. The pivotal component that is 

responsible for the condensing activity resembles β-ketoacyl synthase II of type II FAS 

found in bacteria and plants. This class of PKSs is responsible for biosynthesis of 

aromatic polyketides (i.e tetracyclines, polycyclic polyketide). Type III PKSs, also 

known as chalcone synthase-like PKSs are self-contained enzymes that form 
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homodimers. Their single active site in each monomer catalyzes the priming, extension, 

and cyclization reaction interactively to form a wide array of polyketide products (often 

monocylic or bicyclic) such as chalcones, pyrones, acridones, phloroglucinols, stilbenes 

and resorcinolic lipids (Ben et al., 2007; Weissman, 2009; Kwan & Schulz, 2011; 

Cummings et al., 2014).  

 

 

Scheme 2.3: Stepwise illustration of polyketide biosynthesis 
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Scheme 2.3 and Table 2.1 summarize the polyketide biosynthesis and its break 

downs into sub-stages. Stages 1 and 2 are classified as lower order, and common to all 

polyketides. They involve the formation of the carbon chain, which eventually lead to 

fragments ripe for conversion into more complex structures through complexity 

generation reactions. Stages 3 or 4 are later stages and often provide the complex 

polyketide natural products. The next subchapter will explain the electrocyclization 

process towards polyketide compounds. This process usually happens during stage 3 or 

4 in polyketide biosynthesis route (Burnley et al., 2011). 

 

Table 2.1 Polyketide biosynthesis broken down into sub-stages 

Stage Description 

Stage 1 Formation of the carbon chain / Claisen condensation of a monomer from the 

primary metabolism on to the growing fatty acid chain. 

Stage 2 Post-condensation transformation. i.e Reduction of the β-ketothioester by the 

ketoreductase to the corresponding β-hydroxythioester. 

Stage 3 Complexity generation (dehydration, aromatization, cyclization, 

electrocyclization, oxidation). Dehydration by the dehydratase yielding the 

unsaturated thioester. 

Stage 4 The reductase reduced the olefinic bond to give the fully saturated fatty acid 

backbone. 

   

2.4 Electrocyclization towards polyketide natural products 

Electrocyclization reactions are pericyclic process that involves the cyclization of 

conjugated polyenes (stage 3, Table 2.1). The formation of polyenes begins with the 

action of the dehydratase DH. The dehydratase DH catalyzes the transformation of the 

β-hydroxythioester into the (E)-α,β-unsaturated species which consists of histidine and 
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asparagine residues in the active site. The histidine acts as a base removing the enolic 

proton, and the asparagine provides a proton to release water and the unsaturated 

polyketide (i.e polyenes). In some cases, the electrocyclization process can be generated 

with surprising spontaneity, and it appears that molecular complexity might emerge 

with minimal (if any) enzymatic assistance through self-construction mechanism 

(Burnley et al., 2011). There are two types of electrocyclization reaction namely; 6π and 

8π-6π electrocyclizations. The 8π-6π electrocyclization of polyenes will form the basis 

of discussion for the rest of this chapter, focusing on the biogenetic hypothesis of 

endiandric acids and kingianins.  

 

2.4.1 8π – 6π electrocyclizations  

The 8π–6π electrocyclic cascade (Black’s cascade) is probably the most elegant and 

classical display of the power of electrocyclization reactions in nature (Burnley et al., 

2011; Gravel & Poupon, 2008). This tandem reaction sequence, which involves a 

cascade of thermally induced 8π, then 6π electrocyclizations, has proven its worth in 

biomimetic synthesis. The most well-known example of this excellent and amazing 

transformation was demonstrated by Prof. Black in isolation of endiandric acids A-C 

(35-37)
 
(Bandaranayake et al., 1980, 1981, 1982), followed by Nicolaou et al. (1982, 

1984) in their elegant syntheses of endiandric acids A-G (35-41). In this sub-chapter, we 

will discuss the 8π–6π electrocyclization process on endiandric acids and kingianins. 

These types of compounds were regularly found in Endiandra and Beilschmiedia 

species.  
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2.4.1.1 Endiandric acids 

Endiandric acids A-C (35-37) were isolated from the leaves of the Australian plant 

Endiandra introrsa (Lauraceae) and their structures were established by spectroscopic 

and X-ray analyses (Bandaranayake et al., 1980, 1981, 1982). This type of polycyclic 

compounds, which generally possess eight asymmetric centers, exists as racemic 

mixture rather than enantiomeric form, a rather unusual observation for naturally 

occurring compounds. This observation led Black and his collaborators to propose a 

brilliant and provocative hypothesis for the “biogenesis” of these compounds in nature 

from achiral precursors by a series of non-enzymatic electrocyclization (Bandaranayake 

et al., 1980; Banfield et al., 1982, 1983). The Black hypothesis suggests a cascade of 

reactions, shown in Scheme 2.4, by which endiandric acids A-G (35-37) are formed in 

nature. Thus, endiandric acid E (38), F (39) and D (40) were proposed as intermediate 

precursors to the tetracyclic acids A (35), B (36), and C (37), respectively; the 

conversation being facilitated by an intramolecular Diels-Alder reaction. 

It is specifically proposed that these polycyclics are formed from phenyl polyenes 42, 

which contain a central conjugated tetraene unit. All-cis-isomer 42a or the 

trans,cis,cis,trans-isomer 42b had undergone 8π-6π electrocyclizations to form 38 and 

39. It is followed by an intramolecular π4s + π2s cycloaddition (intramolecular Diels-

Alder) to lead to the α,β–unsaturated acids 35 and 36. Meanwhile, the polyenes 42a and 

42b could act as precursors of cyclo-octatriene (44), a ring-invertomer of 43. The 

conformer (44) should then undergo the same electrocyclization process to afford 

compounds 40 and 41, which on intramolecular Diels-Alder cyclization would yield the 

cage-like structure (37) with a free phenylbutadiene unit. Based on this biomimetic 

hypothesis, Nicolaou and his team reported a total synthesis of endiandric acid A and its 

analogues (Nicolaou et al., 1982; 1984).  
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Scheme 2.4: Biosynthesis of endiandric acids analogues 
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2.4.1.2 Kingianins 

The kingianins are unique natural products which have an unprecedented pentacyclic 

framework, isolated from the bark of Endiandra kingiana (Lauraceae) by Litaudon 

group. The first reported kingianin, kingianin A (45), formulates as dimer of 

bicyclo[4.2.0]octadiene and Litaudon group proposed a biosynthesis involving 

spontaneous Diels-Alder dimerization (Scheme 2.5) (Leverrier et al., 2010, 2011).  

 

 

Scheme 2.5: Diels-Alder biosynthetic pathway to (±)-kingianin A (45) 

 

The monomer of kingianin A (59) most likely formed via a tandem 8π-6π thermal 

electrocyclization sequence from the tetraene 60 (Scheme 2.6); a sequence closely 

resembling the endiandric acid electrocyclisation cascade. Sharma et al. (2011) reported 

the biomimetic synthesis of the monomer 59 based on the electrocyclization strategy 

described above. An elegant synthesis of monomer 59 was achieved, but all attempts to 

induce thermal dimerization failed (Sharma et al., 2011). Furthermore, an enzymatic 

construction of the pentacyclic ring system in the later stages of their biosynthesis is 

unlikely because the kingianin metabolites are all isolated as racemic mixture.  
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Scheme 2.6: Biogenetic hypothesis of kingianin A monomer (Sharma et. al., 2011)
 

 

Recent publications reported that a radical cation Diels-Alder (RCDA) dimerization 

could explain the formation of the kingianins in nature. The first total synthesis of 

kingianin A (45) was reported by Lim and Parker (2013). Their synthetic approach 

centered on a novel intramolecular radical cation activated Diels-Alder (RCDA) 

cycloaddition of a tethered bicyclo[4.2.0]octadienyl monomer (63) (Scheme 2.7). At the 

same time, Drew et al. (2013) reported total syntheses of the kingianin A (45), D (48) 

and F (50) employing the same approach (Scheme 2.8).
 
Both groups employed the 

Ledwith-Weits salt to initiate the electron transfer reaction (Drew et al., 2013; Lim & 

Parker; 2014). The details about this will be explained in Chapter 5.    

 

.  
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Scheme 2.7: Total synthesis of kingianin A (45) by Lim and Parker (2013) 

 
 

Scheme 2.8: Total synthesis of kingianin A (45) by Drew et al. (2013) 
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Based on these observation and hypothesis above, the biogenesis of kingianins 

involves a series of electrocyclization from an achiral precursor (Scheme 2.9). The 

polyketide 66 might lead to a phenyl propylene unit with a central conjugated tetraene. 

The 8π conrotatory electrocyclization of the all-cis tetraene 66a or the trans,cis,cis,trans 

isomer 66b, followed by a 6π disrotatory electrocyclization would lead to bicyclo 69 

and 70. Finally, an intermolecular Diels-Alder (4πs + 2πs) cycloaddition would provide 

kingianins.  

 

Scheme 2.9: Biogenetic hypothesis of monomers of kingianins 

 

The kingianin skeleton could arise from non-spontaneous Diels-Alder reaction 

between two bicyclo[4.2.0]octa-2,4-diene. The cyclization could explain the racemic 

mixtures of kingianin compounds (Figure 2.10). 
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Figure 2.10: Possible steric hindrance in the intermolecular cyclization 

 

The relative configuration of the pentacyclic carbon skeleton is identical for all 

kingianins, but the substituents located on the cyclobutane of each monomer are 

systematically in an anti configuration. The all cis configuration at the ring conjugations 

is due to a series of electrocyclisations involved in their biogenesis. The anti 

configuration of the cyclobutane rings may be explained by the last step of their 

biogenesis. The two monomers are indeed in parallel plane during the Diels-Alder 

reaction. An anti orientation of the two cyclobutanes with respect to the reaction plane 

could be more sterically favorable (Figure 2.10 and Scheme 2.10).  
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Scheme 2.10: Biogenesis hypothesis of kingianins: Diels-Alder reaction 

 

 

Univ
ers

iti 
Mala

ya



 37

 

 

Scheme 2.10: Biogenesis hypothesis of kingianins: Diels-Alder reaction (Cont.) 
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2.5 Polyketides from Endiandra and Beilschmiedia species 

In Lauraceae species only two genus; Endiandra and Beilschmiedia were reported to 

contain polyketides in the form of endiandric acids and kingianins. Endiandra species 

are medium-sized evergreen trees, distributed throughout the Peninsular Malaysia and 

Borneo (Ng, 1989; Burkill, 1966). This genus contains a specific type of polyketide 

namely endiandric acids (derived from late-stage electrocyclization of polyenes). There 

are about 125 Endiandra species found throughout the tropical regions, but to our 

knowledge only three species; E. introrsa (Bandaranayake et al., 1980, 1981, 1982), E. 

anthropophagorum (Rohan et al., 2007, 2009) and E. kingiana (Leverrier et al., 2010, 

2011), have been studied for their phytochemicals. Meanwhile, another plant from the 

genus Beilschmiedia also possesses this unique tetracyclic carbon skeleton. In the past 

three years, no extensive works on Endiandra and Beilschmiedia plants have been 

performed by scientists as these plants are rare.  

The first polyketides related to a Lauraceae species are endiandric acids A-C (35-37) 

isolated from E. Introrsa (Bandaranayake et al., 1980, 1981, 1982).
 
After 13 years, the 

same compounds were also isolated from B. oligandra by Banfield et al. (1994). In 

addition, the first biological activity on endiandric acid compound was reported by 

Eder’s group in 2004 (Eder et al., 2004).
 
They isolated endiandric acid H (21) from B. 

fulva and patented it for the treatment of allergic disorders, asthmatic disorder, 

inflammatory concomitant symptoms of asthma and diseases which can be treated by 

inhibiting c-maf and NFAT (Eder et al., 2004). Until now, reports have shown that the 

endiandric acids possess various biological activities, such as antibacterial (Chouna et 

al., 2009, 2010; Talontsi et al., 2013), antiplasmodial (Talontsi et al., 2013), 

antitubercular (Yang et al., 2009), iNOS inhibitory activity (Huang et al., 2011) and 

cytotoxic properties (Talontsi et al., 2013; Huang et al., 2011). 
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In 2009, eight endiandric acid derivatives, beilschmiedic acids A-G (71-77) and 

beilschmiedin (78) were isolated from the bark of B. anacardioides (Chouna et al., 

2009, 2010, 2011). Compounds 71-73 were tested in vitro for their antibacterial activity 

against five strains of microbes. Based on these results, compound 73 demonstrated the 

best potency against Bacillus subtilis, Micrococcus luteus and Streptococcus faecalis 

(MICs > 23µM) compared to reference antibiotic Ampicillin (Chouna et al., 2009). This 

cyclic polyketide indicated that it possessed antibacterial property with the gram 

positive bacteria and might be a possible candidate for antibacterial drugs.  

B. erythrophloia studied by Chen’s group have led to the isolation of nine endiandric 

acid analogues, beilcyclone A (79), endiandric acid I-J (80-81) erythrophloins A-F (82-

87) (Yang et al., 2008, 2009). Erythrophloin C (84) exhibited antitubercular activity 

against Mycobacterium tuberculosis H37Rv, showing MIC values 50 µg/mL. This 

compound was also reported to inhibit the growth of P-388 murine lymphocytic 

leukemia cells (Yang et al., 2009). Meanwhile, Huang et al. (2011) also screened for 

anti-inflammatory activity using an inducible nitric oxide synthase (iNOS) assays, a 

methanolic extract of root of B. tsangii. The latter showed potent inhibition of NO 

production, with no cytotoxicity against RAW 264.7 cells.
 

Bioassay-guided 

fractionation of the extract led to the isolation of nine new endiandric acid analogues 

(Huang et al., 2011, 2012) named tsangibeilin A-D (88-89 and 95-96), endiandramides 

A (90) and B (94), and endiandric acids K-M (91-93). Compounds 90 and 94 exhibited 

potent iNOS inhibitory activity, with IC50 values of 9.59 and 16.40 µM, respectively 

(Huang et al., 2011).  

Williams and co-worker published a series of endiandric acid analogues named 

beilschmiedic acids H-O (97-104), together with known compounds, beilschmiedic 

acids A and C (71 and 73), were isolated from a Gabonese B. species (Williams et al., 

2012). All compounds were screened for cytotoxic and antibacterial activities against 
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NCI-H460 human lung cancer cells and a clinical isolate of methicillin-resistant 

Staphylococcus aureus (MRSA 108). Based on this screening, only compound 71 

showed potent activity in the NCI-H460 human cancer cell line assay with an IC50 

values 6.1 µM, and was found to exhibit good antibacterial activity against S. Aureus 

(IC50 = 10.0 µM) (Williams et al., 2012). Talonsti et al. (2013) reported the isolation of 

four beilschmiedic acids; cryptobeilic acids A-D (105-108) and tsangibeilin B (89) from 

the bark of E. cryptocaryoides. These compounds showed moderate antiplasmodial 

activity against the chloroquino-resistant Plasmodium falciparum strain NF54, and 

antibacterial activities against Escherichia coli, Acinetobacter calcoaceticus and 

Pseudomonas stutzeri (Talonsti et al., 2013). 

Recently, a rapid NMR-based screening on EtOAc extracts of Endiandra and 

Beilschmiedia species had led to the isolation of eleven tetracyclic endiandric acids 

named ferrugineic acid A-K (109-119). These polyketides were isolated from B. 

ferruginea by Apel et al. (2014) and assayed for Bcl-xL and Mcl-1 binding affinities. In 

2011, a novel polyketide series possessing a [4.2.0] bicyclic main skeleton named 

kingianins A-N (45-58) were reported by Leverrier et al. (2010, 2011). These 

compounds were isolated from E. kingiana and extensively studied for Bcl-xL binding 

affinity. The other polyketides found in Endiandra and Beilschmiedia species, and their 

references are listed in Table 2.2 and Figure 2.11 (from 1981 – 2015). 

 

 

 

 

 

 

 

Univ
ers

iti 
Mala

ya



 41

Table 2.2: List of polyketides isolated from Endiandra and Beilschmiedia species 

Name of Polyketides Name of Plants Biological activity References 

Endiandric acid A (35) E. Introrsa,  

B. oligandra 

- 

 

Bandaranayake 

et al., 1980; 

Banfield et al., 

1994. 

Endiandric acid B (36) E. Introrsa,  

B. erythrophloia 

- Bandaranayake 

et al., 1982; 

Yang et al., 

2009. 

Endiandric acid C (37) E. Introrsa - Banfield et al., 

1983. 

Endiandric acid H (21) B. fulva Antiallergic 

Antiasthmatic 

Antiinflammatory 

Eder et al., 

2004, 2006. 

Beilschmiedic acid A (71) B. anacardioides,  

B. sp (Gabonese species) 

Antibacterial 

Cytotoxicity 

Chouna et al., 

2009, 2011; 

Williams et al., 

2012. 

Beilschmiedic acid B (72) B. anacardioides Antibacterial Chouna et al., 

2009. 

Beilschmiedic acid C (73) B. anacardioides,  

B. sp (Gabonese species) 

Antibacterial 

Cytotoxicity 

Chouna et al., 

2009, 2011; 

Williams et al., 

2012. 
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Table 2.2, continued 

Name of polyketides Name of Plants Biological activity References 

Beilschmiedic acid D (74)  

 

B. anacardioides 

- Chouna et al., 

2009. Beilschmiedic acid E (75) - 

Beilschmiedic acid F (76) - Chouna et al., 

2011. Beilschmiedic acid G (77) - 

Beilschmiedin (78) - Chouna et al., 

2009. 

Beilcyclone A (79)  

 

 

 

 

 

 

B. erythrophloia 

Antitubercular Yang et al., 

2009. 

Endiandric acid I (80) - Yang et al., 

2008. Endiandric acid J (81) - 

Erythrophloin A (82)  

 

 

Antitubercular 

 

 

Yang et al., 

2009. 

Erythrophloin B (83) 

Erythrophloin C (84) 

Erythrophloin D (85) 

Erythrophloin E (86) 

Erythrophloin F (87) 

Tsangibeilin A (88) B. tsangii Antiinflammatory Huang et al., 

2011. 

Tsangibeilin B (89) B. cryptocaryoides,  

B. tsangii 

Antiinflammatory 

Antibacterial 

Antiplasmodial 

Cytotoxicity 

Talontsi et al., 

2012; Huang 

et al., 2011. 
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Table 2.2, continued 

Name of polyketides Name of Plants Biological activity References 

Endiandramide A (90)  

 

 

 

B. tsangii 

 

 

 

 

Antiinflammatory 

Huang et 

al., 2011. Endiandric acid K (91) 

Endiandric acid L (92) 

Endiandric acid M (93) Huang et 

al., 2012. 

Endiandramide B (94) Huang et 

al., 2011. 

Tsangibeilin C (95) Huang et 

al., 2012. 

 

Tsangibeilin D (96) 

Beilschmiedic acid H (97)  

 

 

B. sp  

(Gabonese species) 

Cytotoxicity  

 

 

Williams et 

al., 2012. 

Beilschmiedic acid I (98) - 

Beilschmiedic acid J (99) - 

Beilschmiedic acid K (100)  

 

Cytotoxicity 

Antibacterial 

Beilschmiedic acid L (101) 

Beilschmiedic acid M (102) 

Beilschmiedic acid N (103) 

Beilschmiedic acid O (104) 

Cryptobeilic acid A (105)  

B. cryptocaryoides 

Cytotoxicity 

Antibacterial 

Antiplasmodial 

 

Talontsi et 

al., 2013. 

Cryptobeilic acid B (106) 

Cryptobeilic acid C (107) 

Cryptobeilic acid D (108) 
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Table 2.2, continued 

Name of polyketides Name of Plants Biological activity References 

Ferrugineic acid A (109)  

 

 

 

B. ferruginea 

 

 

 

Bcl-xL/Bak and    

Mcl-1/Bid binding 

Affinities 

 

 

 

 

Apel et al., 

2014. 

 

Ferrugineic acid B (110) 

Ferrugineic acid C (111) 

Ferrugineic acid D (112) 

Ferrugineic acid E (113) 

Ferrugineic acid F (114) 

Ferrugineic acid G (115) 

Ferrugineic acid H (116) 

Ferrugineic acid I (117) 

Ferrugineic acid J (118) 

Ferrugineic acid K (119) 

Kingianin A (45)  

 

 

 

 

E. kingiana 

 

 

 

 

 

Bcl-xL/Bak binding 

affinity 

Leverrier et 

al., 2010, 

2011. 

Kingianin B (46)  

 

 

 
 

 
Leverrier et 

al., 2011. 

Kingianin C (47) 

Kingianin D (48) 

Kingianin E (49) 

Kingianin F (50) 

Kingianin G (51) 

Kingianin H (52) 

Kingianin I (53) 
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Table 2.2, continued 

Name of polyketides Name of Plants Biological activity References 

Kingianin J (54)  

 

E. kingiana 

 

 

Bcl-xL/Bak binding 

affinity 

 

 

Leverrier et 

al., 2011 

Kingianin K (55) 

Kingianin L (56) 

Kingianin M (57) 

Kingianin N (58) 

 

 

 

Figure 2.11: Polyketides isolated from Endiandra and Beilschmiedia species 
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Figure 2.11: continued 

Univ
ers

iti 
Mala

ya



 47

 
 

 

 

Figure 2.11: continued 
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Figure 2.11: continued 
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Figure 2.11: continued 
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Figure 2.11: continued 
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Figure 2.11: continued 
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CHAPTER 3 

PHYTOCHEMICAL STUDIES OF ENDIANDRA KINGIANA GAMBLE 

   

3.1 Phytochemistry of Endiandra kingiana Gamble 

The bark of Endiandra kingiana (KL5243) collected from Kuala Lipis Reserved 

Forest, Pahang, East-coast of Peninsular Malaysia was investigated for its chemical 

constituents using the conventional and modern methods such as column 

chromatography (CC), high-performance liquid chromatography (HPLC) for their 

isolation and purification. Spectroscopic techniques such as 1D and 2D NMR, IR, UV 

and HRESIMS were utilized for structure elucidation. The following sub-chapters 

discuss briefly the structural elucidation of all the isolated compounds. Two groups of 

compounds were isolated and characterized from this extract; the endiandric acid series 

and the kingianin series. In the endiandric acid series, eight new tetracyclic endiandric 

acid analogues were isolated; kingianic acids A-H (120-127), together with the known 

endiandric acid M (93) and tsangibeilin B (89). Nine compounds were isolated from the 

kingianin series whereby, three of the compounds are new; kingianin O-Q (128-130) 

while the remaining kingianin A (45), kingianin F (50), kingianin K (55), kingianin L 

(56), kingianin M (57) and kingianin N (58) were known. 

.    

3.1.1 Endiandric acid series 

Endiandric acids have a unique tetracyclic carbon skeleton and are exclusively 

produced by the Endiandra and Beilschmiedia species. These cyclic polyketides, 

possessing 8 chiral centers and usually isolated as racemic mixtures [αD] = 0°, can be 

divided into three main skeletal types; type A, type B and type B′ (Figure 3.1).  
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Figure 3.1: Endiandric acids main skeleton 

 

The framework of the endiandric acids (types A, B and type B′), comprising two 

cyclohexanes, one cyclopentane and one cyclobutane rings, are generally substituted 

with a phenyl ring and a carboxylic acid chain. The presence of the phenyl group is 

suggested by absorption bands at λmax 233 and 286 nm in UV spectrum and is confirmed 

by analysis of the spectroscopic data (Silvertein et al., 1991; Pavia et al., 2009). The 

carboxylic acid moiety presence is proven by the absorption band at Ѵmax 1700 cm-1 in 

the IR spectrum and further corroborated by the signal at around δC 178 in the 
13

C NMR 

spectrum (Pretsch et al., 2009; Silverstein et al., 1997; Pavia et al., 2009; Crews et al., 

1998). Types A and B are characterized by a common endiandric acid carbon skeleton 

which differ from each other by the substituents at the western (R1) and eastern (R2) 

parts located at C-4 and C-8 for type A, and C-6 and C-11 for types B and B′. 

The main structural feature for the endiandric acids type A is a ‘cage-like’ tetracyclic 

frame connected by an alkene-bridge (C-10 and C-11). In general, the 1H NMR spectra 

will display a triplet with a coupling constant of 4.0 Hz at about δH 6.20 corresponding 

to the two olefinic protons of the bridge; H-10 and H-11 (Huang et al., 2011; Pavia et 

al., 2009). The 13C NMR spectra will exhibit signals at δC 131.0 and 132 corresponding 

to the olefinic carbons C-10 and C-11, respectively. The main structural feature for 

endiandric acids type B, is also a tetracyclic system, however not ‘cage-like’. The type 

B endiandric acids have four cis olefinic protons giving rise to signals between δH 5.40 

– 5.45 for H-8, H-9 and H-5, and at δH 6.20 ppm for H-4 (Huang et al., 2011; Pavia et 
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al., 2009). In some cases, the displacement of the double bond from H-C(4)-H-C(5) to 

H-C(5)-H-C(6) may happen (type B′) (Apel et al., 2014). The 2D NMR correlations are 

important in elucidating the structure of the endiandric acids. The COSY experiment 

was used to establish the connectivity of the main tetracyclic skeleton, while the HMBC 

experiment aided in confirming the position of the phenyl and carboxylic acid moieties 

at the western (R1) and eastern (R2) parts.       

The following paragraphs discuss briefly the structural elucidation of endiandric 

acids. All compounds were optically inactive, thus suggesting that they were racemic 

mixtures and their spectroscopic data were very similar. In this research, five new 

endiandric acids type A namely; kingianic acids A-E (120-124) and three new 

endiandric acids types B and B′ (i.e kingianic acids F-H (125-127), together with the 

known endiandric acid M (93) and tsangibeilin B (89) were successfully isolated. 
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Compound A: Kingianic acid A (120) 

 

 

Kingianic acid A (120) was classified as an endiandric acid type A (‘cage-like’ 

structure). It was isolated as an optically inactive colourless oil [αD] = 0°. The 

HRESIMS spectrum of 120 showed a pseudomolecular ion peak [M-H]- at m/z 

323.1279 (calcd. for C20H19O4; 323.1284), consistent with a molecular formula of 

C20H20O4, with 11 degrees of unsaturation. Its UV spectrum showed absorption bands at 

λmax 233 and 286 nm, suggesting the presence of a benzenoid moiety, while its IR 

spectrum indicated the presence of OH (3431 cm
-1

), carbonyl (1701 cm
-1

) and 

methylenedioxy (1040 and 936 cm
-1

) groups (Silverstein et al., 1991; 1997; Pavia et al., 

2009; Pretsch et al., 2009).  

The 
1
H NMR spectrum of 120 revealed two cis-form mutually coupled vinyl            

H-atoms at δH 6.22 (br t, J = 5.2 Hz, H-10 and H-11). These signals were the 

characteristic features for an endiandric acid type A. Meanwhile, the aromatic proton    

H-3′ which resonated as a meta-coupled doublet at δH 6.66 (d, J = 1.2 Hz) along with an 

ortho-meta-coupled doublets at δH 6.72 (d, J = 8.0 Hz, H-6′) and 6.60 (dd, J = 8.0, 1.2 

Hz, H-7′) suggested the presence of a 1,3,4-trisubstututed aromatic ring. In addition, a 

downfield singlet at δH 5.92 corresponding to H2-8′ methylene protons confirmed the 

presence of the methylenedioxy group. The 
13

C NMR and DEPT spectra exhibited 20 

signals; 13 methines, 3 methylenes, and 4 quaternary carbons. Resonances of the 

methines at C-1 (δC 41.8), C-2 (δC 39.7), C-3 (δC 38.8), C-4 (δC 40.6), C-5 (δC 39.8),    

C-7 (δC 38.3), C-8 (δC 48.8) and C-9 (δC 34.8), including the two olefinic carbons at     
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C-10 (δC 131.3), C-11 (δC 132.0), and a methylene at C-6 (δC 38.5) were characteristic 

of the ‘cage-like’ endiandric acid structure (Table 3.1).  

 

Table 3.1: 1H (600 MHz) and 13C (150 MHz) NMR data of compound 120 in CDCl3 

Position 120 
δH (J in Hz) δC 

*1 2.71 ddd (7.2, 5.2, 2.0) 41.8 

2 2.42 dt (8.5, 5.2) 39.7 

3 1.73 m 38.8 

4 2.00 dd (7.8, 7.8) 40.6 

5 2.34 dd (7.8, 7.8) 39.8 

6α 1.55 d (13.0) 38.5 

6β 1.90 ddd (13.0, 7.8, 5.3) 

7 2.57 dd (5.3, 5.3) 38.3 

8 2.86 d (3.8) 48.8 

9 2.98 ddd (7.5, 5.2, 2.2) 34.8 

10 6.22 br, t (5.2) 131.3 

11 6.22 br, t (5.2) 132.0 

*1′ 2.72 m 41.7 

2.78 m 

2′ - 134.7 

3′ 6.66 d (1.2) 109.1 

4′ - 147.5 

5′ - 145.7 

6′ 6.72 d (8.0) 108.1 

7′ 6.60 dd (8.0, 1.2) 121.5 

8′ 5.92 s  100.8 

C=O - 179.3 
   *Overlapping signals 

 

Through the 1H-1H COSY and 1H-13C HSQC data, the connectivities within the 

tetracyclic core were determined. Correlations of the H-atom signals between                   

H-1/H-2, H-2/H-5, H-5/H-6, H-6/H-7, H-7/H-1 and H-8/H-9, H-9/H-3, H-3/H-2,          

H-2/H1, H-1/H-7, H7/H8 established the presence of the cyclopentane ring and a 

cyclohexane ring; C-1-C-2-C-5-C-6-C-7 and C-8-C-9-C-3-C-2-C-1-C-7, respectively. 

The presence of the other six-membered ring (C-10-C-11-C-1-C-2-C-3-C-9) was 

deduced from correlations between H-10/H-11, H-11/H-1, H-1/H-2, H-2/H-3, H-3/H-9 

and H-9/H-10 as observed in the COSY spectrum. Finally, the COSY correlations 
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between H-2/H-3, H-3/H-4, H-4/H-5 and H-5/H-2 confirmed the existence of the 

cyclobutane ring C-2-C-3-C-4-C-5. The HMBC experiment enabled the establishment 

of the connectivities of the substituents of the western and the eastern parts. The long-

range correlations between H-7 and H-8 to the carboxylic acid carbon; COOH (δC 

179.3) indicated the presence of a carboxylic acid moiety attached to C-8 of the 

tetracyclic skeleton. The following heteronuclear correlations, H-3′, H-7′/C-1′,             

H-1′/C-2′ and H-1′/C-4 confirmed the linkage of the methylenedioxyphenyl moiety to 

the tetracyclic core through C-1′ (Figure 3.2).  

 

 

Figure 3.2: Key 
1
H-

1
H COSY (bold) and HMBC (

1
H→

13
C) correlations of 120 

 

The relative configuration of 120 was deduced from the NOESY analysis (Figure 

3.3) in combination with biogenetic consideration (Bandaranayake et al., 1980) and 

comparison with literature (Huang et al., 2011). Based on the NOESY spectrum, 

assuming that H-8 is α-oriented, the stereochemistry of H-9 and H-4 were deduced as α 

from the correlations of H-9/H-8 and H-8/H-4. In return, H-4 correlated with H-6α. 

Then H-6β showed correlation with H-5 and H-7, while the latter also showed 

correlation with H-1, therefore suggesting that H-1, H-5 and H-7 were all β-oriented. 

Finally, correlations of H-1/H-2 and H-2/H-3 implied that both H-2 and H-3 were 

placed in β-position. Thus, the relative configuration was assigned as rel-(1RS, 2RS, 

3RS, 4SR, 5SR, 7SR, 8RS, 9SR). 
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Figure 3.3: Key NOESY (1H↔1H) correlations of compound 120 

 

Thorough analysis of compound 120 led to the conclusion that compound A is a new 

endiandric acid type A named; kingianic acid A. This compound was the major 

compound (0.0053% yield) for the endiandric acid type A skeleton. 

 

 

Figure 3.4: 
1
H NMR spectrum for compound 120 
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Figure 3.5: 
13

C NMR and DEPT-135 spectrum for compound 120 

 

 

Figure 3.6: COSY-2D NMR spectrum for compound 120 
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Figure 3.7: COSY-2D NMR (expanded) spectrum for compound 120 

 

 

Figure 3.8: HMBC-2D NMR spectrum for compound 120 
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Compound B: Kingianic acid B (121) 

 

 

Kingianic acid B (121) was isolated as optically inactive yellowish oil. The 

HRESIMS of 121 showed a pseudomolecular ion peak [M-H]
-
 at m/z 279.1398 (calcd 

for C19H19O2; 279.1385) which indicated the molecular formula of C19H20O2, and was 

consistent with 10 degrees of unsaturation. The UV, IR, 1H and 13C NMR data        

(Table 3.2) were similar to those of compound 120.  

The NMR data of compound 121 closely resembled those of 120 with the exception 

of the methylenedioxyphenyl substituent at C-4 in 120 being replaced by a 

monosubstituted phenyl moiety in 121 [δH 7.15 (d, J = 7.1 Hz, H-3′ and H-7′);          

7.28 (t, J = 7.6 Hz, H-4′ and H-6′) and 7.19 (t, J = 7.3 Hz, H-5′)]. Two cis-form vinyl 

protons resonated at δH 6.22 (ddd, J = 5.3, 3.6, 2.0 Hz, H-10 and H-11) indicating a type 

A skeleton and two methylene protons; H-1′α and H-1′β, gave rise to multiplet between 

δH 2.83-2.86. The 13
C NMR and DEPT spectra exhibited 11 signals; a methylene at δC 

38.4 (C-6) and 10 methines inclusive of signals of two olefinic carbons at δC 131.3      

(C-10) and δC 132.0 (C-11), which confirmed the ‘cage-like’ tetracyclic structure 

corresponding to the type A endiandric acid moiety. The 13C NMR spectrum (Table 3.2) 

of 121 showed the characteristic signals of a monosubstituted phenyl moiety between δC 

125 – 129. Furthermore, the peak at δC 140.9 might be attributed to the quaternary 

carbon at C-2′. The absorption band at νmax 1721 cm
-1

 in the IR spectrum and the 

resonance at δC 179.4 in the 
13

C NMR spectrum revealed the presence of carboxylic 

acid moiety (Pretsch et al., 2009; Silverstein et al., 1997; Crews et al., 1998). The 

correlations between H-7 and H-8 to carboxylic acid carbon; COOH (δC 179.4) 
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observed from the HMBC spectrum, indicated the presence of a carboxylic acid moiety 

attached to C-8 of the tetracyclic skeleton. Meanwhile, the heteronuclear correlations 

between H-3′ and H-7′ with C-1′, and that of H-1′ with C-2′ confirmed the connectivity 

of the phenyl moiety to the tetracyclic core through C-1′ (Table 3.2). 

The NOESY spectrum showed similar profile to that of 120; the H-9 was α-oriented, 

which was confirmed from the H-10/H-9 NOE correlation. NOEs for H-9/H-4 and H-8 

indicated that H-4 and H-8 were on the same side of the molecular plane as H-9, 

therefore assuming an α-orientation. On the other hand, the following NOE cross peaks, 

H-3/H-2, H-2/H-1 and H-5, H-5/H-6β, and H-6β/H-7 implied that H-1, H-2, H-3, H-5, 

and H-7 were β-oriented. Thus, the relative configurations of H-1, H-2, H-3, H-4, H-5, 

H-7, H-8, and H-9 were assigned as rel-(1RS, 2RS, 3RS, 4SR, 5SR, 7SR, 8RS, 9SR) 

identical to the relative configuration of 120 (Figure 3.9).        
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Figure 3.9: Key NOESY (1H↔1H) correlations of compound 121 

 

The complete 1H and 13C assignments were achieved through a combination of the 

COSY, HSQC, HMBC, and NOESY experiments. Analysis of compound 121 led to the 

conclusion that compound B was a new endiandric acid type A named; kingianic acid 

B.  
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Table 3.2. 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound 121 in CDCl3 

Position 121 
δH (J in Hz) δc 

*1 2.72 ddd (10.4, 5.2, 2.0) 41.8 

2 2.44 dt (10.4, 4.9) 39.7 

3 1.76 m 38.9 

4 2.07 dd (7.8, 7.8) 40.2 

5 2.37 dd (7.8, 7.8) 39.9 

6α 1.54 d (12.8) 38.4 

6β 1.90 ddd (12.8, 7.8, 5.6) 

7 2.56 dd (5.6, 5.6) 38.3 

8 2.87 d (5.2) 48.8 

9 2.98 ddd (7.5, 5.2, 2.0) 34.8 

10 6.22 ddd (5.3, 3.6, 2.0) 131.3 

11 6.22 ddd (5.3, 3.6, 2.0) 132.0 

*1′ 2.83 m  41.9 

2.86 m  

2′ - 140.9 

3′ 7.15 d (7.1) 128.7 

4′ 7.28 t (7.6) 128.3 

5′ 7.19 t (7.3) 125.8 

6′ 7.28 t (7.6) 128.4 

7′ 7.15 d (7.1) 128.6 

C=O - 179.4 

           *Overlapping signals 
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Figure 3.10: 
1
H NMR spectrum for compound 121 

 

 

Figure 3.11: 
13

C NMR and DEPT-135 spectrum for compound 121 
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Compound C: Kingianic acid C (122) 
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Kingianic acid C (122) was isolated as a yellowish oil with [αD] = 0°. The molecular 

formula of 122 (C22H22O4) was established by the [M-H]
- 

ion peak at m/z 349.1439 

(calcd. for C22H21O4; 349.1440) in the HRESIMS, corresponding to 12 degrees of 

unsaturation. UV absorptions showed the presence of a benzenoid moiety at λmax 212 

and 290 nm, while the IR spectrum indicated the presence of OH (3437 cm-1), carbonyl 

(1697 cm
-1

), and methylenedioxy (1037 and 923 cm
-1

) groups (Silverstein et al., 1991, 

1997; Pavia et al., 2009; Pretsch et al., 2009).    

The 
1
H NMR spectrum of 122 exhibited two cis-form olefinic protons appearing as a 

triplet at δH 6.24 (J = 3.7, H-10, H-11). These signals were the characteristic feature for 

an endiandric acid type A. For the eastern side chain moiety of 122, the remaining 

signals were a methylene (δH 2.35 m, H-1′) and two olefinic protons which resonated as 

a doublet of triplet for H-2′ (δH 6.02 dt, J = 15.7, 6.9 Hz) and a doublet for H-3′          

(δH 6.29, d, J = 15.7 Hz). The geometry of the C-2′, C-3′ double bond was assigned as 

trans on the basis of their coupling constant value of 15.7 Hz (Pavia et al., 2009). The 

aromatic proton H-5′, which resonated as a doublet at δH 6.90 (d, J = 1.4 Hz, H-5’) and 

the two ortho-meta-coupled doublets at δH 6.73 (d, J = 8.0 Hz, H-8′) and δH 6.76 (dd,     

J = 8.0, 1.4 Hz, H-9′), suggested the presence of a 1,3,4-tribustituted aromatic ring.  In 

addition, a downfield singlet corresponding to two methylene protons at δH 5.94 (H-10′) 

confirmed the presence of the methylenedioxy group. The 
13

C NMR and DEPT spectra 

exhibited 22 signals; three methylenes, 15 methines, and four quaternary carbons 

inclusive of a carboxylic acid group at δC 178.3. The two cis-olefinic carbons at δC 
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131.9 (C-10) and 132.3 (C-11) along with the methylene carbon at δC 38.4 (C-6) were 

characteristic of the tetracyclic endiandric acid skeleton. The resonances of the six 

aromatic carbons at δC 131.4 (C-4′), 108.4 (C-5′), 148.0 (C-6′), 146.7 (C-7′), 108.2      

(C-8′) and 120.3 (C-9′), and of a methylenedioxy group at δC 101.0 (C-10′) in 13C NMR 

spectra were indicative of the presence of the methylenedioxyphenyl group (Table 3.3). 

In the HMBC spectra of 122, the correlations of H-8 and H-7 with COOH confirmed 

the connectivity of the carboxylic acid functionality to C-8 (δC 48.6). Besides the 

characteristic tetracyclic moiety, analysis of the COSY and HMBC correlations 

indicated that the methylenedioxyphenyl moiety was attached to C-3′ in compound 122 

(Figure 3.12).  

 

Figure 3.12: Key 
1
H-

1
H COSY (bold) and HMBC (

1
H→

13
C) correlations of 122 

 

The NOESY correlation between H-8/H-4 and H9/H8 indicated that these protons 

were α-orientation, and the substituents at C-4 were assumed to be β-position on the 

tetracyclic framework. In contrast, the correlations between H-3/H-2, H-2/H-1,             

H-5/H-6β, and H-6β/H-7 suggested the protons H-1, H-2, H-3, H-5, and H-7 are            

β-oriented (Figure 3.13). Thus, the relative configuration of 122 was determined to be 

rel-(1RS, 2RS, 3RS, 4SR, 5SR, 7SR, 8RS, 9SR), which was the same as for compound 

120.  
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Figure 3.13: Key NOESY (
1
H↔

1
H) correlations of compound 122 

 

The complete assignments of the 
1
H and 

13
C NMR spectra were achieved with the 

aid of the 2D-NMR experiment and with this; compound 122 was named as kingianic 

acid C, a new type A tetracyclic polyketide.   

 

 
Table 3.3: 1H (600 MHz) and 13C (150 MHz) NMR data of compound 122 in CDCl3 

Position 122 
δH (J in Hz) δC 

1 2.72 ddd (9.9, 6.3, 3.7) 41.8 

*2 2.41 m 39.9 

3 1.74 m 38.9 

4 1.85 br, t (7.5) 39.0 

5 2.38 m  39.8 

6α 1.58 d (12.8) 38.4 
6β 1.93 ddd (12.8, 7.5, 5.0) 

7 2.57 dd (5.0, 5.0) 38.3 

8 2.89 d (3.7) 48.6 

9 3.05 ddd (8.8, 5.3, 3.7) 34.8 

10 6.24 t (3.7) 131.9 

11 6.24 t (3.7) 132.3 

*1′ 2.35 m 39.3 

2′ 6.02 dt (15.7, 6.9) 126.9 

3′ 6.29 d (15.7) 130.5 

4′ - 131.4 

5′ 6.90 d (1.4) 108.4 

6′ - 148.0 

7′ - 146.7 

8′ 6.73 d (8.0) 108.2 

9′ 6.76 dd (8.0, 1.4) 120.3 

10′ 5.94 s 101.0 

C=O - 178.3 

          *Overlapping signals 
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Figure 3.14: 
1
H NMR spectrum for compound 122 

 

 

Figure 3.15: 
13

C NMR and DEPT-135 spectrum for compound 122 
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Compound D: Kingianic acid D (123) 

 

 

Kingianic acid D (123) was isolated as optically inactive yellowish oil [αD] = 0°. The 

molecular formula of 123 (C21H22O2) was established by the pseudomolecular ion peak 

[M-H]
- 

at m/z 305.1539 (calcd. for C21H21O2; 305.1542) in the HRESIMS suggesting 

eleven double bond equivalents. Its IR spectrum revealed absorption bands for hydroxyl 

and carbonyl groups at 3340 and 1693 cm-1, respectively (Pretsch et al., 2009; 

Silverstein et al., 1997).  

The 1H NMR spectrum of 123 exhibited two cis-form olefinic protons, each 

appearing as a doublet of doublets at δH 6.23 (J = 4.8, 2.9 Hz, H-10) and δH 6.24             

(J = 4.8, 2.9 Hz, H-11) which are characteristic features of an endiandric acid type A. 

The methylene protons at δH 2.43 (m, H-1′), the olefinic protons which resonated as a 

doublet of triplet at δH 6.19 (J = 15.8, 6.9 Hz H-2′) and a doublet at δH 6.19 (J = 15.8 

Hz, H-3′) and the five aromatic protons resonating between δH 7.20 – 7.35 ppm (H-5′ – 

H-9′) corresponded to side chain moiety of 123. The olefinic carbons C2′ and C3′ 

resonated at δH 6.19 and 6.38 was assigned as trans on the basis of their coupling 

constant, J = 15.8 (Pavia et al., 2009). The 1H and 13C NMR data (Table 3.4) of 

compound 123 displayed two methylenes, 13 methines and four olefinic carbons. The 

hall marks of the ‘cage-like’ endiandric acid type A; two cis-olefinic carbons and the 

methylene carbon gave signals at δC 131.4 (C-10), 131.9 (C-11) and 38.4 (C-6), 

respectively. The resonances of the six aromatic carbons were apparent at δC 126.0    

(C-5′, C-9′), 128.5 (C-6′, C-8′) and 127.0 (C-7′), and one quaternary carbon at δC 137.7 

(C-4′) in 
13

C NMR spectra suggested the presence of the monosubstituted aromatic ring. 
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In fact, a monosubstituted phenyl group in 123 replaced the methylenedioxyphenyl 

group in 122. The presence of a carboxylic acid group was inferred by the strong 

absorption band at νmax 3440 and 1693 cm-1 in the IR spectrum of 123, and confirmed 

by the signal at δC 177.5 in its 13C NMR spectra (Pretsch et al., 2009; Crews et al., 

1998). The carboxylic acid group is connected to C-8 as in 120 as evidenced by the 

HMBC correlations between H-8 and H-7 to the carbonyl group of the COOH moiety 

(δC 177.5). HMBC correlations; H-3′/C-5′ and H-9′/C-3′ proved that the position of the 

monosubstituted phenyl moiety is at C-3′ (Figure 3.16). 

 

 

Figure 3.16: Key 
1
H-

1
H COSY (bold) and HMBC (

1
H→

13
C) correlations of 123 

 

The NOESY spectrum showed similar profile as in the previous compounds 120-

122. H-9 was arbitrarily assigned as α-oriented. The correlations of H-9/H-8, H-8/H-4 

and H-4/H-6α indicated that H-8, H-6α and H-4 were α-oriented and thus suggesting 

that the substituent at C-4 implied β-oriented on the tetracyclic framework. The 

correlations between H-6β/H-7, H-6β/H-5, H-5/H-2 and H-2/H-3 suggested that    H-2, 

H-3, H-5 and H-7 assume a β-orientation (Figure 3.17). Thus, the relative configuration 

of 123 was determined as rel-(1RS, 2RS, 3RS, 4SR, 5SR, 7SR, 8RS, 9SR), which was the 

same as compound 122. 
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Figure 3.17: Key NOESY (
1
H↔

1
H) correlations of compound 123 

 

Thorough analysis of compound 123 led to the conclusion that it is a new endiandric 

acid type A named kingianic acid D. 

 

Table 3.4: 1H (600 MHz) and 13C (150 MHz) NMR data of compound 123 in CDCl3 

Position 123 
δH (J in Hz) δC 

1 2.73 ddd (9.4, 6.3, 4.8) 41.9 

*2 2.40 m 39.8 

3 1.76 m 39.0 

4 1.88 dd (7.4, 7.4) 38.9 
5 2.36 dd (7.4, 7.4) 39.9 

6α 

 

1.61 d (12.7) 38.4 

6β 1.93 ddd (12.7, 7.4, 4.8) 

7 2.58 m 38.3 

8 2.90 m 48.6 

9 3.06 ddd (7.7, 4.8, 3.1) 34.8 

10 6.23 dd (4.8, 2.9) 131.4 

11 6.24 dd (4.8, 2.9) 131.9 

*1′ 2.43 m 39.4 

2′ 6.19 dt (15.8, 6.9) 128.7 

3′ 6.38 d (15.8) 131.0 

4′ - 137.7 

5′ 7.35 d (7.2) 126.0 

6′ 7.30 t (7.6) 128.5 
7′ 7.20 t (7.3) 127.0 

8′ 7.30 t (7.6) 128.5 

9′ 7.35 d (7.2) 126.0 

C=O - 177.5 

   *Overlapping signals 
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Figure 3.18: 
1
H NMR spectrum for compound 123 

 

 

Figure 3.19: 
13

C NMR and DEPT-135 spectrum for compound 123 

 

Univ
ers

iti 
Mala

ya



 73

Compound E: Kingianic acid E (124) 

 

 

Kingianic acid E (124) was isolated as a yellowish oil with [αD] = 0°. HRESIMS of 

124 gave an [M-H]- ion at m/z 323.1298 (calcd. for C20H19O4 323.1284), consistent with 

a molecular formula of C20H20O4 with 11 degrees of unsaturation. Its UV spectrum 

showed absorption bands at λmax 234 and 286 nm, suggesting the presence of a 

benzenoid moiety, while its IR spectrum indicated the presence of OH (3444 cm-1), 

carbonyl (1665 cm
-1

) and methylenedioxy (1039 and 938 cm
-1

) groups (Silverstein et 

al., 1991, 1997; Pavia et al., 2009; Pretsch et al., 2009). 

The tetracyclic endiandric acid type A nature of 124 was deduced from the presence 

of two cis-form olefinic protons appearing at δH 5.93 (br t, J = 7.1 Hz, H-10) and          

δH 6.29 (br t, J = 7.1 Hz, H-10) (Pavia et al., 2009). The H-13 aromatic proton which 

resonated as a singlet at δH 6.61 (s, H-13) and the two ortho-meta-coupled doublets at 

δH 6.67 (d, J = 8.0 Hz, H-16) and 6.54 (dd, J = 8.0, 1.3 Hz, H-17) suggested the 

presence of a 1,3,4-trisubstituted aromatic ring. In addition, a downfield singlet 

corresponding to two protons at δH 5.89 (H-18) confirmed the presence of the 

methylenedioxy group. The structure of 124 was found to consist of 13 methines 

carbons, inclusive of two olefinic carbons [C-10 (δC 132.3) and C-11 (δC 130.5)], three 

methylenes, and four quaternary carbons inclusive of the carboxylic acid carbon at δC 

176.9. The resonances of the six aromatic carbons at δC 140.2 (C-12), 109.5 (C-13), 

146.9 (C-14), 145.2 (C-15), 107.4 (C-16) and 121.6 (C-17), and of a methylenedioxy 

group at δC 100.7 (C-18) in 
13

C NMR spectra suggested the presence of the 
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methylenedioxyphenyl group (Table 3.5). The position of this moiety was determined 

via HMBC correlations. 

A close examination of the NMR spectra of compound 124 indicated that 124 

possessed the same tetracyclic moiety (endiandric acid type A) as 120, but with 

different substituents at the C-4 and C-8 parts. The two substituents consisted of an 

acetic acid group [δH 2.64 (m, H2-1′); δC 176.9 (COOH)] and a methylenedioxyphenyl 

moiety. The COSY correlation between H-4 and H2-1′ and the HMBC correlations of 

H-4 (δH 2.44) with C-1′ (δC 40.4) confirmed the connectivity of the acetic acid moiety to 

the tetracyclic core through C-1′. Meanwhile, the position of the methylenedioxyphenyl 

moiety at C-8 was determined from HMBC correlations of H-8/C-12, C-9 and of H-13, 

H-17/C-8.  

 

Figure 3.20: Key 1H-1H COSY (bold) and HMBC (1H→13C) correlations of 124 

 

Based on the NOESY spectrum, the β-orientation of acetic acid and                        

3,4-methylenedioxyphenyl moieties were deduced from the correlations between 

H6α/H-8, H6α/H-4, H-8/H-9 and H-8/H-4. The correlations between H-3/H-2,             

H-2/H-1, H-5/H-6β, and H6β/H-7 suggested that these protons were β-oriented. Thus, 

the relative configuration was assigned as rel-(1RS, 2RS, 3RS, 4SR, 5SR, 7SR, 8RS, 

9SR), the same as 120. Thorough analysis of the 1D and 2D NMR spectroscopic data, 

led to the deduction that compound 124 is kingianic acid E, a new endiandric acid type 

A.  
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Table 3.5: 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound 124 in CDCl3 

Position 124 
δH (J in Hz) δC 

1 2.76 ddd (7.1, 5.0, 5.0) 42.4 

*2 2.46 m 39.9 
#
3 2.64 m 40.3 

*4 2.44 m 35.3 

5 2.37 dd (7.2, 7.2) 40.2 

6α 1.74 d (12.6) 39.3 

6β 1.94 ddd (12.6, 7.2, 5.0) 

7 2.31 dd (5.0, 5.0) 43.1 

8 3.25 d (3.5) 47.9 

9 2.72 m 39.6 

10 5.93 br t (7.1) 132.3 

11 6.29 br t (7.1) 130.5 

12 - 140.2 

13 6.61 d (1.3) 109.5 

14 - 146.9 

15 - 145.2 

16 6.67 d (8.0) 107.4 

17 6.54 dd (8.0, 1.3) 121.6 

18 5.89 s 100.7 
#1′ 2.64 m 40.4 

C=O - 176.9 

          *,#
Overlapping signals  
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Figure 3.21: 
1
H NMR spectrum for compound 124 

 

 

Figure 3.22: 
13

C NMR and DEPT-135 spectrum for compound 124 
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Compound F: Endiandric acid M (93) 

 

 

Compound F was isolated as a yellowish oil with a molecular formula of C22H22O4 

corresponding to 12 degrees of unsaturation as deduced from its HRESIMS similar to 

122. Its UV spectrum revealed a typical benzenoid absorption band at 232 and 288 nm 

(Silverstein et al., 1991; Pavia et al., 2009). The IR spectrum of compound F showed 

absorption bands indicative of a carboxylic acid functionality at 3462 (OH acid) and 

1692 (C=O acid) and 1040, 937 cm-1 (methylenedioxyl, O-CH2-O) (Pretsch et al., 2009; 

Silverstein et al., 1997). 

Analysis of the NMR data of compound F revealed the characteristics of an 

endiandric acid type A. The 
13

C NMR and DEPT data of compound F displayed three 

methylenes, fifteen methines; including four olefinic carbons at δC 132.5 (C-10), 130.7 

(C-11), 156.7 (C-12) and 118.8 (C-13) and four quaternary carbons. The spectroscopic 

data of compound F was similar to those of 120, but the HMBC correlations showed the 

presence of an α,β-unsaturated carboxylic acid [δH 6.85 (dd, J = 15.7, 8.3 Hz, H-12); 

5.68 (d, J = 15.7 Hz, H-13); δC 171.2 (COOH)] at C-8 (Table 3.6). The geometry of the 

∆12,13 double bond was assigned as trans on the basis of the coupling constant J = 15.7 

Hz (Huang et al., 2011; Silverstein et al., 1991). The HMBC correlations between H-12 

with C-7, C-9 and the carboxylic acid; COOH along with the COSY correlation 

between H-12 and H-8 proved that the α,β-unsaturated carboxylic acid chain was 

located at C-8. The aromatic protons at δH 6.66 (d, J = 1.3 Hz, H-3′) and δH 6.72 (d, J = 

7.9 Hz, H-6′) and 6.61 (d, J = 7.9, 1.3 Hz, H-7′) suggested the presence of a             

1,3,4-trisubstituted aromatic ring. In addition, the proton signal at δH 5.93 (s, H-8′) 
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confirmed the presence of the methylenedioxy group which was connected to the 

tetracyclic core through C-1′ which was verified from the H-1′/C-3′, C-7′ HMBC 

correlations (Figure 3.23).  

O

OH

H

H

H
H

HO

O
9

10

1112

1

3

1'6 5

7' 5'

3'

 

Figure 3.23: Key COSY (bold) and HMBC (1H→13C) correlations of compound F (93) 

 

The NOESY spectrum showed the same profile as previous compounds. The 

correlations between H-6α/H-4, H-6α/H-8, H-9/H-8 indicated a β-orientation for the 

phenyl group at C-4 and the α,β-unsaturated carboxylic acid at C-8. Thus, the relative 

configuration was assigned as rel-(1RS, 2RS, 3RS, 4SR, 5SR, 7SR, 8RS, 9SR), the same 

as that of kingianic acids A-E (120-124). In summary, compound F was established as 

endiandric acid M (93), a known endiandric acid after comparing the spectroscopic data 

with literature values (Huang et al., 2012), which was previously isolated from 

Beilschmiedia tsangii by Huang et al. (2012).   
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Table 3.6: 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound F in CDCl3 

Position Compound F (CDCl3) 
δH (J in Hz) δC 

*1 2.69 m 42.2 

2 2.44 dt (8.9, 5.1) 39.9 

3 1.73 m 39.7 

4 1.92 t (5.1) 41.7 
5 2.35 t (7.0) 39.5 

6α 1.57 d (12.7) 38.8 

6β 1.86 ddd (12.7, 7.0, 5.8) 

7 2.10 t (8.3) 40.0 

8 2.78 d (8.3) 47.3 

9 2.53 m 37.2 

10 6.16 t (7.1) 132.5 

11 6.24 t (7.1) 130.7 

12 6.85 dd (15.7, 8.3) 156.7 

13 5.68 d (15.7) 118.8 

*1′ 2.71 m 41.8 

2.76 m 

2′ - 134.9 
3′ 6.66 d (1.3) 109.1 

4′ - 147.5 
5′ - 145.6 

6′ 6.72 d (7.9) 108.1 
7′ 6.61 dd (7.9, 1.3) 121.5 

8′ 5.93 s 100.6 
C=O - 171.2 

   *Overlapping signals 
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Figure 3.24: 
1
H NMR spectrum for compound 93 

 

 

Figure 3.25: 
13

C NMR and DEPT-135 spectrum for compound 93 

 

Univ
ers

iti 
Mala

ya



 81

Compound G: Kingianic acid F (125) 

 

 

Compound G has the molecular formula C21H22O2 as determined by HRESIMS 

analysis; 305.1557 [M–H]
-
 (calcd for C21H21O2; 305.1542), of which 10 degrees of 

unsaturation could be deduced. This compound was isolated as optically inactive 

yellowish oil. The UV spectrum of 125 showed characteristic absorption bands at νmax 

232 and 288 nm suggesting the presence of a benzenoid moiety (Silverstein et al., 1991; 

Pavia et al., 2009). Its IR spectrum showed absorption bands at 3432 cm-1 for an OH 

group and 1696 cm
-1

 for carboxylic acid carbonyl functionality (Pretsch et al., 2009; 

Silverstein et al., 1997).  

The 
1
H NMR data showed signals at δH 7.15 (d, J = 6.8 Hz, H-3′ and H-7′), 7.20 (t,    

J = 7.0 Hz, H-5′) and 7.24 (t, J = 6.8 Hz, H-4′ and H-6′), suggesting the presence of a 

mono-substituted benzene ring. The two sets of olefinic proton signals at δH 5.40 (br s, 

H-8), 5.42 (br s, H-9), 5.72 (dt, J = 9.6, 2.5 Hz, H-5) and 6.19 (dt, J = 9.6, 2.5 Hz, H-4) 

were characteristic features of an endiandric acid type B. The 13C NMR and DEPT 

spectra exhibited 21 signals among which two were methylenes, 16 methines, and three 

quaternary carbons inclusive of a carboxylic acid carbon resonating at δC 179.4. The 

methylene at δC 34.7 (C-2) and the four olefinic carbons at δC 134.4 (C-4), 123.9 (C-5), 

129.8 (C-8) and 129.1 (C-9) were characteristics of the tetracyclic skeleton of 

endiandric acid type B which has different skeletal features with compounds 120-124. 

The resonances of the six aromatic carbons appeared at δC 128.6 (C-3′, C-7′), 128.4    
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(C-4′, C-6′), 125.8 (C-5′), and 140.7 (C-2′) in 
13

C NMR spectrum were indicative of the 

presence of monosubstituted aromatic ring (Table 3.7).    

The tetracyclic skeleton which consists of 13 carbons and 14 protons may be divided 

into three fragments; A, B and C. Signals for contiguous protons and carbons were 

evident from the COSY and HSQC spectra; fragment A; (H-9, H-8, H-7 [δH 2.84 (m)], 

H-13 [δH 1.73 (ddd, J = 10.7, 7.5, 3.6 Hz)], H-12 [δH 2.84 (dd, J = 13.2, 7.5 Hz)], H-1 

[δH 2.39 (td, J = 6.3, 1.6 Hz)], H-11 [δH 1.82 (ddd, J = 13.2, 8.1, 5.5 Hz)], H-10 [δH 2.45 

(m)]), fragment B; (H-6 [δH 3.00 (m)], H-5, H-4) and fragment C; (H-13, H-3 [δH 2.55 

(m)], H-2 [δH 1.30 (dt, J = 12.0, 5.5 Hz), 1.53 (dd, J = 12.0, 6.3 Hz)]) (Table 3.7). They 

were further connected through the 
2
J and 

3
J correlations based on the HMBC spectrum. 

Cross peaks between H-2 with C-1, C-3, C-4 and C-11, H-8 with C-6, C-7, C-13 and  

C-10, and H-6 with C-5 were used to connect the three fragments, A to C, thus aiding in 

establishing the tetracyclic structural unit, which composed of one cyclobutane, one 

cyclopentane, and two cyclohexane rings for 125 (Figure 3.26).  
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Figure 3.26: Key 
1
H-

1
H COSY (bold) and HMBC (

1
H→

13
C) correlations of 125 

 

The position of a carboxylic acid; COOH group was established from the HMBC 

correlation between H-6 with the carbonyl carbon at δC 179.4, thus confirming the 

connectivity of the carboxyl group to C-6. Finally, the COSY correlation between H-11 
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and H2-1′ and the HMBC correlation of H-1′/C-2′, C-3′, and of H-7′/C-1′ indicated that 

the core structure and the benzyl moiety were connected at C-11 (Figure 3.26). 

 

Table 3.7: 1H (600 MHz) and 13C (150 MHz) NMR data of compound 125 in CDCl3 

Position 125 
δH (J in Hz) δC 

1 2.39 td (6.3, 1.6) 34.5 

2α 1.30 dt (12.0, 5.5) 34.7 

2β 1.53 dd (12.0, 6.3) 

3 2.55 m 36.9 

4 6.19 dt (9.6, 2.5) 134.4 
5 5.72 dt (9.6, 2.5) 123.9 

6 3.00 m 49.0 
*7 2.84 m 32.8 

8 5.40 br s 129.8 
9 5.42 br s 129.1 

10 2.45 m 41.0 
11 1.82 ddd (13.2, 8.1, 5.5) 46.9 

12 2.70 dd (13.2, 7.5) 32.9 

13 1.73 ddd (10.7, 7.5, 3.6) 42.0 

*1′ 2.81 m 42.9 

2′ - 140.7 

3′ 7.15 d (6.8) 128.6 

4′ 7.24 t (6.8) 128.4 

5′ 7.20 t (7.0) 125.8 

6′ 7.24 t (6.8) 128.4 

7′ 7.15 d (6.8) 128.6 

C=O - 179.4 

            *Overlapping signals 

 

The relative configuration of 125 was ascertained by the careful inspection of the 

NOESY spectrum. H-7 was arbitrarily assigned as β-oriented. NOESY correlations 

between H-7/H-13, H-13/H-12, H-12/H-1, H-1/H-10, H-1/H-2β indicated that H-13,     

H-12, H-10, H-1, H-2β are β-oriented spatially. The other proton H-3 correlated with   

H-2α, and H-3 also sees H-11, therefore both H-3 and H-11 are α–oriented spatially 

(Figure 3.27). These spatial assignments are the same as the ones in ferrugenic acid A 

(109) due to biogenetic reasoning (Apel et al., 2014). Thus, the relative configuration of 
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125, named kingianic acid F or 11{1’-[phenyl]}tetracyclo[5.4.2.0
3,13

.0
10,12

]trideca-4,8-

dien-6-carboxylic acid, was assigned as rel-(1RS, 2RS, 3RS, 4SR, 5SR, 7SR, 8RS, 9SR).  

 

 

Figure 3.27: Key NOESY (1H↔1H) correlations of compound 125 
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Figure 3.28: 
1
H NMR spectrum for compound 125 

 

 

Figure 3.29: 
13

C NMR and DEPT-135 spectrum for compound 125 
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Figure 3.30: COSY-2D NMR spectrum for compound 125 

 

 

Figure 3.31: HMBC-2D NMR spectrum for compound 125 
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Compound H: Tsangibeilin B (89) 

 

 

Compound H was isolated as an optically inactive white solid. The HRESIMS gave a 

pseudomolecular ion peak [M–H]
-
 at m/z 349.1433 (calcd. for C22H21O4; 349.1440), 

consistent with molecular formula C22H22O4 which indicated 12 degrees of unsaturation. 

The 13C NMR and DEPT-135 spectra exhibited 22 carbons thus supporting the 

proposed molecular formula. The UV spectrum of compound 89 showed characteristic 

absorption bands at νmax 234 and 286 nm suggesting the presence of a benzenoid moiety 

(Silverstein et al., 1991; Pavia et al., 2009). Its IR spectrum showed absorption bands at 

3430 cm
-1

 for an OH group, 1685 cm
-1 

for a carboxylic acid carbonyl, and 1039, 935 

cm
-1

 for methylenedioxyl functionalities (Silverstein et al., 1997; Pretsch et al., 2009). 

Similar to 125, the characteristic features of endiandric acid type B with cis double 

bonds at position C-4, C-5, C-8 and C-9 were evident from the 
1
H and 

13
C NMR data; 

δH 6.19 (br d, J = 9.5 Hz, H-4; δC 134.4, C-4), δH 5.72 (dt, J = 9.5, 2.4 Hz, H-5; δC 

123.9, C-5), δH 5.43 (m, H-8; δC 129.1, C-8) and δH 5.45 (m, H-9; δC 129.8, C-9). In 

general, compound H was almost the same as in kingianic acid F (125) except for the 

substitution at the C-11. The monosubstituted benzene ring in 125 was replaced with a 

methylenedioxyphenyl group at δH 6.65 (d, J = 1.5 Hz, H-3′); 6.71 (d, J = 8.0 Hz, H-6′), 

and 6.61 (dd, J = 8.0, 1.5 Hz, H-7′) ppm. The 13C NMR spectrum of compound H 

showed the signal of an unconjugated carboxylic acid group, COOH at δC 179.0 

(COOH). It also contained 13 skeletal signals of the endiandric acid type B moiety, 

including the presence of 12 methine and one methylene carbons (Table 3.8). The 
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position of the carboxylic acid; COOH group was revealed from the HMBC correlation 

between H-6 to the carbonyl carbon at δC 179.0 which established the connectivity of 

carboxyl group at C-6. Finally, the COSY correlation between H-11 and H2-1′ and 

HMBC correlation of H-1′/C-2′, C-3′, and H-7′/C-1′ indicated that the core structure and 

the methylenedioxyphenyl moiety were connected by the remaining one methylene 

group; C-1′ (δC 42.6) (Figure 3.32). 

 

 

Figure 3.32: Key COSY (bold) and HMBC (1H→13C) correlations of compound H (89) 

 

The relative configuration of the stereogenic centers was established from the 

biogenetic consideration in combination with the NOESY analysis (Figure. 3.33). 

According to the NOESY spectrum, H-7 was arbitrarily assigned as β-oriented. NOE 

correlations between H-7/H-13 and H-13/H-10 indicated that H-10 and H-13 were on 

the same side of the molecular plane, thus assuming β–orientation. On the other hand, 

the NOE cross peaks of H-12/H-10, H-1/H-12 and H-1/H-2β indicated a β-orientation 

for H-1, H-2β and H-12. The α–orientation of H-11 was deduced from the correlation of 

H-2α/H-11. Thus, the relative configuration of compound H was assigned as rel-(1SR, 

3RS, 6RS, 7RS, 10RS, 11SR, 12SR, 13SR) the same as that of kingianic acid F (125). In 

summary, compound H was established as tsangibeilin B (89) upon comparison of its 

spectroscopic data with the literature data (Huang et al., 2011). 
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Figure 3.33: Key NOESY (1H↔1H) correlations of compound H (89) 

 

The structure and relative configuration of tsangibeilin B (89) were confirmed by 

single-crystal X-ray analysis (Figure 3.34). 

 

 

Figure 3.34: ORTEP Diagram of compound 89. Arbitrary atom numbering 
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Table 3.8: 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound H in CDCl3 

Position Compound H Tsangibeilin B 
(Huang et al., 2011) 

δH (J in Hz) δC δH (J in Hz) δC 

1 2.38 m 34.4 2.39 m 34.4 

2α 1.31 td (12.6, 5.5) 34.8 1.31 td (12.1, 6.0) 34.7 

2β 1.55 dd (12.6, 4.8) 1.54 dd (12.1, 5.4) 
3 2.56 m 36.9 2.56 m 36.8 

4 6.19 br d (9.5) 134.4 6.20 dt (9.6, 2.2) 134.3 
5 5.72 dt (9.5, 2.4) 123.9 5.72 dt (9.6, 2.8) 123.9 

6 3.01 m 49.0 3.01 m 49.2 
7 2.99 m 32.7 2.99 m 32.8 

8 5.43 m 129.1 5.42 br d (10.6) 129.8 
9 5.45 m 129.8 5.46 br dd (10.6, 2.8) 129.0 

10 2.41 m 41.0 2.41 m 40.9 

11 1.78 m 47.1 1.78 m 47.1 

12 2.70 m 32.9 2.70 br d (7.6) 32.9 

13 1.74 m 42.0 1.72 m 41.9 

1’ 2.72 m 42.6 2.71 br d (8.2) 42.5 

2.73 br d (17.0, 8.2) 

2′ - 134.5 - 134.5 

3′ 6.65 d (1.5) 109.0 6.65 d (1.6) 108.9 

4′ - 147.5 - 147.4 

5′ - 145.6 - 145.6 

6′ 6.71 d (8.0) 108.0 6.71 d (8.0) 108.0 

7′ 6.61 dd (8.0, 1.5) 121.4 6.61 dd (8.0, 1.6) 121.3 

8′ 5.91 s 100.7 5.91 s 100.7 
C=O - 179.0 - 180.5 
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Figure 3.35: 
1
H NMR spectrum for compound 89 

 

 

Figure 3.36: 
13

C NMR and DEPT-135 spectrum for compound 89 
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Compound I: Kingianic acid G (126) 

 

 

Kingianic acid G (126) was obtained as yellowish oil. The negative-mode HRESIMS 

exhibited a quasimolecular ion peak at m/z 365.1401 [M-H]
-
 (calcd. for C22H21O5; 

365.1389), which suggested the molecular formula of C22H22O5, thus implying 12 

degrees of unsaturation. The UV absorption bands at λmax 234 and 286 nm confirmed 

the presence of a benzenoid nucleus (Silverstein et al., 1991; Pavia et al., 2009). The 

absorption bands at νmax 3300, 1687, 1632, 1040 and 937 cm-1 in the IR spectrum 

revealed the presence of OH, C=O, C=C and O-CH2-O groups (Silverstein et al., 1997; 

Pretsch et al., 2009), respectively. 

The 
1
H and 

13
C NMR data of 126 were similar to those of 125 and 89 suggesting that 

both share a common tetracyclic endiandric acid type B skeleton, however one olefinic 

proton in the 
1
H NMR spectrum is missing. In the 

13
C NMR spectrum, instead of having 

four sp
2
 olefinic methine carbons as in 125 and 89, only three sp

2
 olefinic methines were 

apparent and a quaternary sp
2
 carbon was present in place of the missing sp

2
 methine 

carbon. These observations suggest that kingianic acid G (126) has its double bond 

position altered from C-4-C-5 in 125 and 89 to C-5-C-6. In addition, an OH group 

indicated by the signal at 4.23 (dt, J = 9.8, 1.8 Hz, H-4) and three cis-form protons 

resonating at δH 7.03 (br s, H-5), 5.43 (dt, J = 10.5, 3.6 Hz, H-8) and 5.53 (dt, J = 10.5, 

3.6 Hz, H-9). Other feature of the main skeleton is the same as 125 and 89. The 

aromatic proton H-3′, which resonated as a doublet at δH 6.64 (d, J = 2.0 Hz, H-3′) and 

the two ortho-meta-coupled doublets at δH 6.71 (d, J = 7.9 Hz, H-6′) and 6.59 (dd, J = 
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7.9, 2.0 Hz, H-7′) suggested the presence of a 1,3,4-trisubstituted aromatic ring. In 

addition, a downfield singlet corresponding to two methylene protons at δH 5.91 (s,     

H-8′) confirmed the presence of the methylenedioxy group (Table 3.9).      

 

 

Figure 3.37: Key 
1
H-

1
H COSY (bold) and HMBC (

1
H→

13
C) correlations of 126 

 

The COSY and HMBC data made it possible to establish the connectivities at the    

C-6 and C-11 parts. The correlation between H-5 (δH 7.03) and H-7 (δH 3.23) to the 

carboxylic acid; COOH (δC 170.3) indicated the presence of a carboxylic acid moiety 

which was attached to C-6 of the tetracyclic skeleton. The correlations between H-1′ 

with C-2′ (δC 134.6) and C-3′ (δC 108.9), and that of H-7′ to C1′ (δC 40.9) prove the 

position of the methylenedioxyphenyl moiety was at C-1′. Meanwhile, the position of 

the hydroxyl group at C-4 was deduced from the COSY correlations between H-3/H-4 

and H-4/H-5, and HMBC correlations between H-2 (δH 1.29), H-3 and H-13 to C-4 

(Figure 3.37). 

The relative configuration of the stereogenic centers was established by biogenetic 

consideration (Bandaranayake et al., 1980), analysis of the NOESY spectrum and 

comparison with NMR data reported in the literature (Williams et al., 2012). The 

NOESY correlations between H-12/H-10, H-12/H-1, H-10/H-13, H-13/H-7 and            

H-13/H-4 confirmed that protons H-1, H-4, H-7, H-10, H-12 and H-13 were all cofacial, 

arbitrarily assigned as ß-oriented. Since the cross peaks between H-4 at δH 4.23 and         
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H-2α and H-2β, at δH 1.29 and 1.79 respectively, were equally intense, the relative 

configuration at C-4 could not be deduced from the NOESY spectrum.  

 

 

Figure 3.38: Key NOESY (1H↔1H) correlations of compound 126 

 

However, comparison of the NMR data of kingianic acid G (126) with the data 

reported in the literature for beilschmiedic acids H (97) and I (98) allowed the 

assignment of the configuration of the 4-OH group (Williams et al., 2012). Indeed, since 

compound 126 possessed similar 
13

C chemical shifts to beilschmiedic acid H (97) for 

carbons C-3, C-4 and C-5 [δC 44.1, 73.6 and 145.6, respectively for 126; δC 45.1, 74.5 

and 145.8, respectively for beilschmiedic acid H (97)], it can be deduced that the 

hydroxyl group was α-oriented, as was in the case for beilschmiedic acid H (97) 

(Williams et al., 2012). In the case of beilschmiedic acid I (98), having a ß-oriented 

hydroxyl group at C-4, the chemical shifts of C-3, C-4 and C-5 are more shielded; δC 

43.1, 65.9 and 141.5, respectively. Thus, kingianic acid G (126) was proposed to have 

the same relative configuration as beilschmiedic acid H (97) (Williams et al., 2012). 
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Table 3.9: 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound 126 in CDCl3 

Position 126 
δH (J in Hz) δC 

*1 2.48 dd (12.7, 5.5) 40.9 
2α 1.29 td (12.7, 6.3) 35.0 

2β 1.79 m 

3 2.08 m 44.1 
4 4.23 dt (9.8, 1.8) 73.6 

5 7.03 br s 145.6 
6 - 134.3 

7 3.23 br s 33.2 

8 5.43 dt (10.5, 3.6) 127.7 

9 5.53 dt (10.5, 3.6) 126.2 

*10 2.42 m 33.7 

11 1.76 m 46.8 

12 2.80 dd (12.7, 8.2) 33.6 

13 1.86 ddd (13.6, 8.2, 4.2) 40.8 

1′ 2.71 d (8.0) 42.5 

2′ - 134.6 

3′ 6.64 d (2.0) 108.9 

4′ - 147.5 

5′ - 145.6 

6′ 6.71 d (7.9) 108.1 
7′ 6.59 dd (7.9, 2.0) 121.3 

8′ 5.91 s 100.7 
C=O - 170.3 

  *Overlapping signals 

 

 

 

 

 

 

 

 

 

 

 

Univ
ers

iti 
Mala

ya



 96

 

 

Figure 3.39: 
1
H NMR spectrum for compound 126 

 

 

Figure 3.40: 
13

C NMR and DEPT-135 spectrum for compound 126. 
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Compound J: Kingianic acid H (127) 

 

 

Compound 127 was obtained as an amorphous solid. The HRESIMS spectrum of 127 

showed a pseudomolecular ion peak [M-H]- at m/z 349.1431 (calcd. for C22H21O4; 

349.1440), consistent with a molecular formula of C22H22O4, with 12 degrees of 

unsaturation. The UV absorption typical of a benzenoid nucleus was observed at λmax 

234 and 286 (Silverstein et al., 1991; Pavia et al., 2009). The IR spectrum showed 

strong absorption bands at νmax 1685 cm
-1 

for C=O, 1630 cm
-1 

for C=C, and the 

methylenedioxy bands at 1039 and 935 cm
-1 

(Silverstein et al., 1997; Pretsch et al., 

2009).
 
The 

1
H NMR data showed the downfield singlet at δH 5.91 along with the ABX 

spin system at δH 6.60 (dd, J = 7.9, 1.7 Hz, H-7′), 6.65 (d, J = 1.7 Hz, H-3′) and 6.71 (d, 

J = 7.9 Hz, H-6′) in the 1H NMR spectrum, suggested the presence of a 

methylenedioxyphenyl moiety. Three cis-form protons resonating at δH 7.23 (br s, H-5), 

5.39 (d, J = 10.0 Hz, H-8) and 5.54 (d, J = 10.0 Hz, H-9) were characteristic features of 

an endiandric acid type B′, similar to 126.  

The 
13

C NMR spectrum of 127 contained 22 carbons signals, which were sorted by 

the DEPT-135 and HSQC experiments into 5 quaternary, 13 methines and 4 methylene 

carbons. Resonances of the methine carbons at δC 40.9 (C-1), 35.6 (C-3), 144.6 (C-5), 

33.3 (C-7), 127.1 (C-8), 127.0 (C-9), 33.2 (C-10), 46.9 (C-11), 34.0 (C-12) and 42.2  

(C-13), and the methylene groups at δC 37.0 (C-2) and 32.2 (C-4) were indicative of a 

tetracyclic endiandric acid type B skeleton as seen in cryptobeilic acids A-D (105-108) 

(Talontsi et al., 2013). The spectroscopic data of 127 was closely related to those of 89, 
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suggesting that they were positional isomers. The 
13

C NMR spectrum also showed 

signals of a conjugated carbonyl group at δC 178.0 (COOH) and olefinic carbons at δC 

144.6 (C-5), 127.1 (C-8), 127.0 (C-9) and an olefinic quaternary carbon at δC 134.6     

(C-6), suggesting the displacement of the double bond from C-4-C-5 in 89 to C-5-C-6 in 

127 (Endiandric acid type B′). The presence of the olefinic methines in 127 was 

confirmed in the 
1
H NMR spectrum (Table 3.10), by the presence of a broad singlet at 

δH 7.23 (H-5) and a pair of doublets at δH 5.39 (d, J = 10.0 Hz, H-8) and 5.54 (d, J = 

10.0 Hz, H-9).  

The HMBC correlations (Figure 3.40) of H-5 with C-6 (δC 134.6) and COOH         

(δC 178.0), and between H-8 and C-6 established the position of the carboxylic group at 

C-6. The attachment of the methylenedioxybenzyl moiety at H-11 was confirmed by the 

correlations between H-11 and C-2′, and that of H-1′ with C-10 and C-1 (Figure 3.41).  
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Figure 3.41: Key 
1
H-

1
H COSY (bold) and HMBC (

1
H→

13
C) correlations of 127 
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Table 3.10: 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound 127 in CDCl3 

Position 127 
δH (J in Hz) δC 

*1 2.42 m 40.9 
2 1.20 m 37.0 

1.53 dd (12.3, 3.9) 
3 2.04 m 35.6 

*4 2.08 m  32.2 
2.47 m 

5 7.23 br s 144.6 

6 - 134.6 

7 3.26 br s 33.3 

8 5.39 d (10.0) 127.1 

9 5.54 d (10.0) 127.0 

*10 2.40 m 33.2 

11 1.74 dd (7.5, 7.5) 46.9 

12 2.77 dd (12.5, 8.2) 34.0 

13 1.68 m 42.2 

1′ 2.70 d (7.0) 42.6 

2′ - 134.6 

3′ 6.65 d (1.7) 109.0 

4′ - 147.4 

5′ - 145.6 

6′ 6.71 d (7.9) 108.0 

7′ 6.60 dd (7.9, 1.7) 121.3 

8′ 5.91 s 100.7 

C=O - 178.0 

     *Overlapping signals 

 

The relative configuration of the asymmetric carbons was established by the NOESY 

analysis (Figure 3.42) and further confirmed by the X-ray crystallographic analysis 

(Figure 3.43). The NOESY spectrum showed similar profile to that of 126. Assuming 

the H-7 is β–oriented, thus the correlations between H-7/H-13, H-13/H-10, H-10/H-12, 

H-12/H-1 and H-1/H2β suggested that H-1, H-2β, H-10, H-12, and H-13 are also         

β-oriented. In contrast, the α-orientation of H-3 and H-11 were deduced from the 

correlations of H-4α/H-3 and H-2α/H-11. Therefore, the relative configuration of H-1, 

H-3, H-6, H-7, H-10, H-11, H-12, and H-13 was assigned as rel-(1SR, 3RS, 7RS, 10RS, 

11SR, 12SR, 13SR), same as that of beilschmiedic acid H (97) (Williams et al., 2012).  
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Figure 3.42: Key NOESY (
1
H↔

1
H) correlations of compound 127 

 

A colourless crystal was obtained from MeOH, crystallized in the monoclinic crystal 

system with P21/c space group. X-ray analysis confirmed the relative configuration of 

127. 

 

Figure 3.43: ORTEP Diagram of compound 127. Arbitrary atom numbering 
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Figure 3.44: 
1
H NMR spectrum for compound 127 

 

 

Figure 3.45: 
13

C NMR and DEPT-135 spectrum for compound 127 
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3.1.2 Kingianin Series 

Kingianins were isolated as optically inactive white powder or amorphous solid and 

their spectroscopic data were similar to one another. Their common characteristic 

feature is a pentacyclic carbon skeleton (bicyclo[4.2.0] backbone). However, they differ 

from each other by the position of the four substituents attached at C-1, C-8, C-1′ and  

C-8′. Two of the substituents were methylenedioxyphenyl groups, which were inferred 

from the absorption bands at λmax 289 and 240 nm in UV spectrum and were confirmed 

by analysis of their NMR spectroscopic data (Silverstein et al., 1991; Pavia et al., 2009).  

In general, the main skeleton of kingianins comprised 16 carbons of a pentacyclic 

moiety, including four cis-form olefinic carbons. The characteristic four cis-form 

olefinic protons were evident between δH 5.55 - 5.65 and 6.10 - 6.25 in the 
1
H NMR 

spectrum (Leverrier et al., 2010, 2011; Pavia et al., 2009). The structure can be divided 

onto two fragments of contiguous protons at the western part (H-1, H-2, H-3, H-4, H-

5, H-6, H-7 and H-8), and at the eastern part (H-1′, H-2′, H-3′, H-4′, H-5′, H-6′, H-7′ 

and H-8′). Their connectivities were further confirmed by 1H-1H COSY, HSQC and 

HMBC. 

 

Figure 3.46: Kingianin pentacyclic skeleton 
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Two substituents are methylenedioxyphenyl groups and the remaining substituents 

are N-ethylacetamide, butyric acid and acetic acid chains. The 1H NMR spectra showed 

signals of two sets of three ortho-meta-coupled phenyl protons between δH 6.55 – 6.70, 

associated with two singlet around δH 5.89 ppm for two methylenedioxy, suggesting the 

presence of two 1,3,4-trisubstituted aromatic ring (methylenedioxyphenyl groups). The 

connectivities between the four substituents and the pentacyclic skeleton were verified 

via the HMBC and COSY correlations.        

In this study, three new kingianins named; kingianin O-Q (128-130), together with 

the known kingianins A (45), F (50), K (55), L (56), M (57) and N (58) were isolated 

and characterized. The total assignment of the 1D NMR data and 2D NMR correlations 

of the kingianins series are presented in the following paragraphs. The structure of the 

pentacyclic framework will only be described for compound O (128), as it is identical 

with the rest of the kingianin series, but the planar and spatial positions of the four 

substituents will be discussed for every compound.  
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Compound K: Kingianin O (128) 

 

 

Compound 128 was obtained as a white powder. Its HRESIMS indicated a 

pseudomolecular ion peak [M+H]+ at m/z 624.2954; suggesting a molecular formula of 

C38H41NO7 (calcd. for C38H42NO7; 624.2961); from which 19 degrees of unsaturation 

was deduced. The IR spectrum of 128 showed the absorption bands at νmax 3295, 1718, 

1624, and 1542 cm
-1

 corresponding to the N-H amide elongation, C=O stretching of an 

acid, C=O stretching of an amide and N-H amide deformation, respectively thus 

indicating the presence of a carboxylic acid group and an amide group.  

The 
1
H NMR spectrum of 128 showed In addition, a set of multiplets was found 

between δH 1.25 and 2.60 corresponding to twelve protons of the pentacyclic skeleton 

which is the characteristic feature of the kingianin series. Correlations observed from 

the 1H-1H COSY and HSQC spectra revealed two sets of eight contiguous structural 

sequence involving (H-1 [δH 2.18 (m)], H-2 [δH 2.46 (m)], H-3, H-4, H-5 [δH 2.06 (m)], 

H-6 [δH 1.26 (d, J = 9.5 Hz), H-7 [δH 1.86 (m)], H-8 [δH 1.70 (m)]), and (H-1′ [δH 1.84 

(m)], H-2′ [δH 2.09 (m)], H-3′ [δH 2.08 (m)], H-4′, H-5′, H-6′ [δH 2.50 (m)], H-7′ [δH 

2.49 (m)] and H-8′ [δH 2.46 (m)]). The HMBC correlations from H-6/C-2, C-8, C-4′ and 

C-6′, H6′/C-2′, H-4/C-2, H-7/C-3 and C-3′, H-5/C-3′, H6′/C-2′ and H-1′/C-7′ established 

the pentacyclic main skeletal structure of 128 consisting of two four-membered rings 

and three six-membered rings. In addition, four cis-form vinyl proton signals at δH 5.48 
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(dd, J = 9.5, 9.7 Hz, H-3), 5.60 (dd, J = 9.5, 9.7 Hz, H-4), 6.00 (dd, J = 7.6, 7.1 Hz,      

H-4′), and 6.10 (t, J = 7.1 Hz, H-5′). These signals were characteristic features of the 

pentacyclic skeleton of the kingianin series.  

Meanwhile, the presence of two 1,3,4-trisubstituented benzene moieties was 

suggested by a doublet at δH 6.60 (d, J = 1.1 Hz, H-11, H-11′) and the two ortho-meta-

coupled doublets at δH 6.69 (d, J = 8.1 Hz, H-14, H-14′) and 6.53 (dd, J = 8.1, 1.1 Hz, 

H-15, H-15′). In addition, the two singlets corresponding to two protons each at δH 5.93 

and 5.94 (H2-16 and H2-16′, respectively) confirmed the presence of the 

methylenedioxy group. An N-ethylacetamide group presence was implied from the 

observation of a doublet of quartets representing two protons at δH 3.22 (J = 5.7, 7.1 Hz, 

H-20′), a triplet corresponding to a methyl group at δH 1.10 (J = 7.1 Hz, H-21′) and 

another triplet at δH 5.36 belonging to NH-19′ (J = 5.7 Hz). The COSY spectrum 

showed correlations corresponding to the NH-19′-H2-20′-H3-21′ spin system; H-19′/   

H2-20′, H2-20′/ H2-21′ (Table 3.11).  

The 
13

C NMR and DEPT spectra displayed 38 carbon resonances; one methyl, 7 

methylenes, of which two were methylenedioxyls, 22 methines, and 8 quaternary 

carbons including two carbonyl groups which resonated at δC 178.0 (C-18, acetic acid 

moiety) and δC 172.6 (C-18′, N-ethylacetamide moiety). Resonances of the sixteen 

carbons of the pentacyclic of kingianins appeared as twelve sp
3
 methine carbons at       

δC 38.5 (C-1), 32.7 (C-2), 37.9 (C-5), 37.9 (C-6), 41.8 (C-7), 47.2 (C-8), 43.7 (C-1′), 

44.3 (C-2′), 42.8 (C-3′), 38.4 (C-6′), 39.1 (C-7′) and 38.8 (C-8′) and the four sp
2
 methine 

carbons at δC 124.9 (C-3), 132.2 (C-4), 132.7 (C-4′) and 134.3 (C-5′) as observed in 

DEPT spectrum (Table 3.11). The pentacyclic rings were fused at the C-2-C-7, C-5-C-6, 

C-6′-C-3′ and C-2′-C-7′ junctions. These were evidenced by the 1H-1H COSY 

correlations between the protons of the respective carbons. Finally, the connectivities 

between the four substituents and the pentacyclic skeleton were established by the 

Univ
ers

iti 
Mala

ya



 106

HMBC and COSY correlations (Figure 3.47). The connectivity of the N-ethylacetamide 

group to the core skeleton was confirmed by the correlations between H-8′ and H2-17′ in 

the COSY spectrum, and between H-8′ and C-17′ in the HMBC spectrum indicating that 

this group is attached to C-8′. In addition, the COSY spectrum showed cross peaks 

between the methylene protons (H2-17) with H-1, therefore indicating that the acetic 

acid is linked to the pentacyclic core at C-1. Finally, the location of the two 

methylenedioxybenzyl groups at C-8 and C-1′ respectively were deduced from the 

correlation between H-8/H2-9 and H-1′/H2-9′, and the HMBC cross peaks observed 

between C-9/C-9′ with H-11/H-11′ and H-15/H-15′ (Figure 3.47).  

 

 

Figure 3.47: Key 
1
H-

1
H COSY (bold) and HMBC (

1
H→

13
C) correlations of 128 

 

Based on biogenetic reasoning, the relative configuration of the pentacyclic 

framework of kingianin is assumed to be the same as kingianin F (50) isolated from the 

same plant. The relative configuration of all of the stereocenters in 128 could be 

deduced from the NOESY experiment (Figure 3.48). The cross peaks between H-6, H-5, 

H-3′, and H-7′, which in turn correlated with H-2′, indicated that the junctions 5-6 and 

2′-7′ were cis and that H-5, H-6, H-2′, and H-7′ were arbitrarily assigned as α–oriented. 

This necessarily implied the β–position for the bridge formed by the C-4′-C-5′, and for 

the cyclobutane formed by C-1′-C-2′-C-7′-C-8′. Other NOESY correlations between      
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H-4′, H-2, and H-7 indicated that H-2 and H-7 were cis and β–oriented. Thus, the 

second cyclobutane ring C-1-C-2-C-7-C-8 is spatially oriented in an α position. The 

configuration at C-1, C-8, C-1′ and C-8′ where the four substituents are attached could 

be deduced from the NOESY experiment (Figure 3.48). The cross peaks between         

H-6/H-8 and H-2′/H-8′ indicated that the benzyl group at C-8 and the amide group at    

C-8′ were in the β–position. Meanwhile, the NOESY correlations between H-7/H-1 and      

H-4′/H-1′ suggested that the acetic acid group at C-1 and benzyl group at C-1′ were in 

the α–position. Consequently, the phenyl substituent at C-1′ was anti to the butyric acid 

chain on the cyclobutane ring C-1′-C-2′-C-7′-C-8′. This was supported by the 

correlation between H2-9′ and H-2′, which was α-oriented. Finally, the NOESY 

correlations between H2-9 and H-7 implied the two substituents at C-1 and C-8 were in 

an anti position on the second cyclobutane C-1-C-2-C-7-C-8 (Figure 3.48).  

 

 

Figure 3.48: Key NOESY (
1
H↔

1
H) correlations of compound 128 

 

Therefore, the relative configuration of 128 was determined as rel-(1SR, 2SR, 5SR, 

6RS, 7RS, 8SR, 1′SR, 2′RS, 3′RS, 6′SR, 7′SR, 8′SR), the same as in kingianin F (50) 

(Leverrier et al., 2011). All physicochemical data were in full agreement with the 

proposed structure of 128 as shown, which was named kingianin O. 
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Table 3.11: 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound 128 in CDCl3 

128 
 Part A1   Part A2  

Position δH (J in Hz) δC Position δH (J in Hz) δC 

1 2.18 m 38.5 1′ 1.84 m 43.7 

2 2.46 m 32.7 2′ 2.09 m 44.3 

3 5.48 dd (9.7, 9.5) 124.9 3′ 2.08 m 42.8 
4 5.60 dd (9.7, 9.5) 132.2 4′ 6.00 dd (7.6, 7.1) 132.7 

5 2.06 m 37.9 5′ 6.10 t (7.1) 134.3 
6 1.26 d (9.5) 37.9 6′ 2.50 m 38.4 

7 1.86 m 41.8 7′ 2.49 m 39.1 
8 1.70 m 47.2 8′ 2.46 m 38.8 

9 2.55 m 40.4 9′ 2.57 m 41.9 
10 - 134.5 10′ - 134.9 

11 6.60 d (1.1) 109.0 11′ 6.61 d (1.1) 109.3 

12 - 147.4 12′ - 147.5 

13 - 145.5 13′ - 145.7 

14 6.69 d (8.1) 108.1 14′ 6.72 d (8.1) 108.1 

15 6.53 dd (8.1, 1.1) 121.3 15′ 6.56 dd (8.1, 1.1) 121.6 

16 5.93 s 100.7 16′ 5.94 s 100.7 

17 1.82 m 37.5 17′ 1.90 m 36.9 

 2.05 m   2.12 m  

18 - 178.0 18′ - 172.6 

   19′ 5.36 t (5.7) - 

   20′ 3.22 dq (7.1, 5.7) 34.3 

   21′ 1.10 t (7.1) 14.9 
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Figure 3.49: 1H NMR spectrum for compound 128 

 

 

Figure 3.50: 
13

C NMR and DEPT-135 spectrum for compound 128 
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Compound L: Kingianin P (129) 

 

 

Compound 129 was obtained as a white powder. Its HRESIMS showed a 

pseudomolecular ion peak [M+H]+ at m/z 624.2928, corresponding to the molecular 

formula of C38H42NO7 (calcd. for C38H42NO7; 624.2961). The IR spectrum of 129 

exhibited absorption bands at νmax 3297, 1725, 1630, and 1541 cm
-1

 corresponding to 

the N-H amide elongation, C=O stretching of an acid, C=O stretching of an amide and 

N-H amide deformation, indicating the presence of a carboxylic acid group and an 

amide group, respectively.  

The 
1
H and 

13
C NMR data for 129 was reminiscent to those of 128 (Table 3.12), with 

the same pentacyclic skeleton but differing in the position of the acetic acid, the             

N-ethylacetamide and the two methylenedioxybenzyl moieties (Table 3.12). The 
1
H 

NMR spectrum of 129 showed signals for cis olefinic protons at δH 5.58 (dd, J = 9.3, 

9.5 Hz, H-3), 5.68 (dd, J = 9.3, 9.5 Hz, H-4), 6.12 (dd, J = 7.5, 7.0 Hz, H-4′) and 6.24 (t, 

J = 7.0 Hz, H-5′). These signals were the characteristic features for kingianin. The 

aromatic protons H-11 and H-11′ which resonated as doublets at δH 6.69 (d, J = 1.2 Hz) 

and the four ortho-meta-coupled doublets at δH 6.79 (dd, J = 8.1 Hz, H-14 and H-14′), 

6.56 (dd, J = 8.1, 1.2 Hz, H-15) and 6.58 (dd, J = 8.1, 1.2 Hz, H-15′) suggested the 

presence of a 1,3,4-trisubstituted aromatic ring. In addition, the two singlets 

corresponding to the four protons at δH 5.90 (s, H-16) and 5.91 (s, H-16′) confirmed the 

presence of the methylenedioxy group. The multiplets were found between δH 1.70 – 
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2.55 integrating to fourteen protons corresponded to the fourteen methine groups (H-1 

to H-8, and H-1′ to H-8′) of the pentacyclic skeleton of 129. The signal corresponding to 

the acetyl group appeared at δH 2.15 - 2.26 (H2-17). Finally, the N-ethylacetamide group 

was suggested by the presence of one triplet at δH 5.20, a doublet of quartets at δH 3.21 

and a triplet of a methyl group at δH 1.10 ppm corresponding to NH-19′, H2-20′ and    

H3-21′, respectively (Table 3.12). 

The 
13

C NMR and DEPT-135 spectra displayed 38 carbon signals, which were sorted 

into 7 methylenes, one methyl, 8 quaternary including the carbonyl groups at δC 178.2 

(C-18) and 171.6 (C-18’) ppm respectively, and 22 methine carbons. Among the 

methine carbons, sixteen methine of them resonated between δC 35.0 - 44.2 ppm while 

those of the four cis olefinic carbons resonated at δC 125.0 (C-3), 132.2 (C-4), 132.5   

(C-4′) and 134.8 (C-5′) all of which corresponded to the pentacyclic skeleton of 129. 

The presence of two methylenedioxyphenyl groups were inferred from the resonances 

of the twelve aromatic carbons at δC 135.2 (C-10 and C10′), 108.3 (C-11 and C-11′), 

147.6 (C-12 and C-12′), 145.5 (C-13 and C-13′), 108.9 (C-14 and C-14′), 121.0 (C-15 

and C-15′), and the methylenedioxy groups at δC 100.7 (C-16 and C-16′) in 
13

C NMR 

spectra (Table 3.12).      

 

 

Figure 3.51: Key 
1
H-

1
H COSY (bold) and HMBC (

1
H→

13
C) correlations of 129 
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The 
1
H-

1
H COSY spectrum of 129 revealed the following cross peaks; H-1/H2-9 and 

H-8′/H2-9′, allowing the placement of the two methylenedioxybenzyl groups at C-1 and 

C-8′. In addition, the HMBC correlations between H2-9 with C-11 (δC 108.3) and C-15 

(δC 121.0), and that of H2-9′ with C-11′ (δC 108.3) and C-15′ (δC 121.0), further verified 

the connectivities of the methylenedioxyphenyl groups at C-1 and C-8′, respectively. 

Meanwhile, the presence of the H-8-H2-17 spin system as evidenced from the COSY 

correlations, and the HMBC correlations between H2-17 with C-8 and C-18 carbonyl 

carbon (δC 178.2), confirmed that the acetic acid chain is attached to C-8. The                  

N-ethylacetamide group is located at C-1′, as suggested from the COSY correlations 

between H-1′ and H2-17′, and the HMBC correlations between H2-17′ with C-1′, C-2′, 

C-8′ and the C-18′ carbonyl carbon (δC 171.6) (Figure 3.51).  

 

 

Figure 3.52: Key NOESY (
1
H↔

1
H) correlations of compound 129 

 

The configuration at C-1, C-8, C-1′ and C-8′ were determined from the NOESY 

experiment. The correlations between H-2′/H-8′ and H-4′/H-1′ in NOESY spectra 

indicated that the benzyl moiety at C-8′ was in the β–position and the amide chain at     

C-1′ in the α–position on the cyclobutane. Meanwhile, the correlations between           

H-2/H-1 and H-6/H-8, indicated the α–orientation of the benzyl group at C-1, and the   

β-orientation of the acid chain at C-8 (Figure 3.52). Therefore, the relative configuration 

of 129 was thus assigned as rel-(1SR, 2SR, 5SR, 6RS, 7RS, 8SR, 1′RS, 2′RS, 3′RS, 6′SR, 
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7′SR, 8′RS), similar to that of kingianin A (45) (Leverrier et al., 2010, 2011). Hence, the 

structure of 129 was elucidated as shown, and was named kingianin P. 

 

Table 3.12: 1H (600 MHz) and 13C (150 MHz) NMR data of compound 129 in CDCl3 

129 
 Part A1   Part A2  

Position δH (J in Hz) δC Position δH (J in Hz) δC 

1 2.04 m  43.7 1′ 2.13 m 38.1 
2 2.49 m  33.3 2′ 2.26 m 44.2 

3 5.58 dd (9.5, 9.3) 125.0 3′ 2.44 m 42.7 
4 5.68 dd (9.5, 9.3) 132.3 4′ 6.12 dd (7.5, 7.0) 132.5 

5 2.24 m  37.9 5′ 6.24 t (7.0) 134.8 

6 1.70 d (10.2) 37.9 6′ 2.52 m 38.4 

7 1.95 m 42.6 7′ 2.52 m 39.7 

8 2.02 m 42.3 8′ 2.31 m 43.6 

9 2.47 m 36.0 9′ 2.54 m 35.1 

 2.60 m   2.64 m  

10 - 135.2 10′ - 135.2 

11 6.69 d (1.2) 108.3 11′ 6.69 d (1.2) 108.3 

12 - 147.6 12′ - 147.6 

13 - 145.5 13′ - 145.5 

14 6.79 d (8.1)  108.9 14′ 6.79 d (8.1) 108.9 

15 6.56 dd (8.1, 1.2) 121.0 15′ 6.58 dd (8.1, 1.2) 121.0 

16 5.90 s 100.7 16′ 5.91 s 100.7 
17 2.15 m 39.7 17′ 2.01 m 41.8 

2.26 m    
18 - 178.2 18′ - 171.6 

   19′ 5.20 t (5.6) - 
   20′ 3.21 dq (7.2, 5.6) 34.3 

   21′ 1.10 t (7.2) 14.8 
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Figure 3.53: 1H NMR spectrum for compound 129 

 

 

Figure 3.54: 
13

C NMR and DEPT-135 spectrum for compound 129 
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Compound M: Kingianin Q (130) 

 

 

Compound 130 was obtained as a white powder. Its HRESIMS indicated a 

pseudomolecular ion peak [M–H]- at m/z 650.3047; suggesting a molecular formula of 

C40H44NO7 (calcd. for C40H44NO7; 650.3118); from which 19 degrees of unsaturation 

was deduced. The IR spectrum of 3 showed the absorption bands at νmax 3296, 1718, 

1625, and 1540 cm
-1

 corresponding to the N-H amide elongation, C=O stretching of an 

acid, C=O stretching of an amide and N-H amide deformation, indicating the presence 

of a carboxylic acid group and an amide group, respectively.  

Based on the 
1
H and 

13
C NMR data, compound 130 possessed the same pentacyclic 

carbon skeleton as 128, but differing in the position and type of substituents attached at 

C-1 and C-8’ (Table 3.13). The 1H NMR spectrum of 130 revealed four cis-form vinyl 

protons resonating at δH 5.49 (dd, J = 9.8, 10.0 Hz, H-3), 5.58 (dd, J = 9.8, 10.0 Hz,      

H-4), 5.99 (dd, J = 7.7, 7.3 Hz, H-4′), and 6.10 (t, J = 7.3 Hz, H-5′). These signals were 

the characteristic feature for kingianin. Meanwhile, the presence of two 1,3,4-

trisubstituted benzene moieties were suggested by a doublets at δH 6.59 (d, J = 1.2 Hz, 

H-11) and the two ortho-meta-coupled doublets at δH 6.69 (d, J = 7.8 Hz, H-14) and 

6.53 (dd, J = 7.8, 1.1 Hz, H-15) observed in the 
1
H NMR spectrum with the chemical 

shifts for H-11′, H-14′, and H-15′ being almost identical with the former three. In 

addition, the two singlets corresponding to two protons each at δH 5.93 and 5.94 (H2-16 
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and H2-16′, respectively) confirmed the presence of the methylenedioxy group. An       

N-ethylacetamide group was suggested from the presence of a doublet of quartets 

corresponding to two protons resonating at δH 3.23 (J = 5.6, 7.1 Hz, H-20), a triplet 

corresponding to a methyl group at δH 1.11 (J = 7.1 Hz, H-21) and another triplet at δH 

5.29 (J = 5.6 Hz, NH-19). Meanwhile, the presence of the butanoic acid group was 

inferred from the presence of the methylene protons at δH 2.22, 1.42-1.48 and 1.03-1.25 

(H2-19′, H2-18′ and H2-17′, respectively). The 
13

C (Table 3.13) and DEPT 135 NMR 

spectra exhibited 40 signals comprising one methyl, 9 methylene, 22 methine, and 8 

quaternary carbons including two carbonyl groups, which resonated at δC 172.6 (C-18) 

and 178.1 (C-20′). Resonances of the methine carbons at δC 38.4 (C-1), 32.3 (C-2), 38.0 

(C-5), 38.1 (C-6), 41.7 (C-7), 47.3 (C-8), 43.8 (C-1′), 44.3 (C-2′), 42.9 (C-3′), 38.6      

(C-6′), 39.1 (C-7′) and 42.2 (C-8′) as observed in DEPT spectrum, were characteristic 

for the pentacyclic kingianin skeleton. The 13C NMR spectrum also showed signals of 

the olefinic carbons at δC 125.3 (C-3), 131.9 (C-4), 132.8 (C-4′) and 134.5 (C-5′).  
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Figure 3.55: Key 
1
H-

1
H COSY (bold) and HMBC (

1
H→

13
C) correlations of 130. 

 

The HMBC and COSY data made the establishment of the connectivity of the four 

substituents; N-ethylacetamide, butanoic acid and two methylenedioxybenzyl moieties 

possible (Figure 3.55). The correlations of H2-17/C-1, H2-17/C-18 and H2-20/C-18 
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confirmed the presence of the N-ethylacetamide substituent, which is attached to the 

skeleton at C-1. Meanwhile, the H-8′-H2-17′-H2-18′-H2-19′ spin systems inferred from 

the COSY spectrum, and the HMBC correlations between H2-17′ with C-8′, and H2-19′ 

with C-18′ and the C-20′ carbonyl carbon (δC 178.1), confirmed the connectivity of the 

butanoic acid chain to C-8′. In the HMBC spectrum, the cross peaks observed between 

C-9 (C-9′) with H-11 and H-15 (H-11′ and H-15′) and COSY correlations between      

H2-9 and H-8, and H2-9′ and H-1′, confirmed that the two methylenedioxybenzyl 

moieties were located at positions C-8 and C-1′, respectively (Figure 3.55).  

 

 

Figure 3.56: Key NOESY (1H↔1H) correlations of compound 130. 

 

Finally, the relative configuration of all of the stereocenters in 130, deduced from the 

NOESY experiment (Figure 3.56), and is similar to compound 128. The cross peaks 

between H-4′/H-1′, and H-2′/H-8′ indicated that H-1′ is β–oriented while H-8′ is           

α–oriented. The NOESY correlations between H-7/H-1 and H-6/H-8, indicated an        

α–orientation of the amide chain at C-1, and β-orientation of the benzyl moiety at C-8. 

Therefore, the relative configuration of 130 is determined as rel-(1SR, 2SR, 5SR, 6RS, 

7RS, 8SR, 1′SR, 2′RS, 3′RS, 6′SR, 7′SR, 8′SR), same as that of kingianin F (50) 

(Leverrier et al., 2011). Thus, the structure of 130 was elucidated as shown, and was 

named kingianin Q. 
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Table 3.13: 1H (600 MHz) and 13C (150 MHz) NMR data of compound 130 in CDCl3 

130 
 Part A1   Part A2  

Position δH (J in Hz) δC Position δH (J in Hz) δC 

1 2.10 m 38.4 1′ 1.84 m 43.8 
2 2.38 m 32.3 2′ 2.07 m 44.3 

3 5.49 dd (10.0, 9.8) 125.3 3′ 2.08 m 42.9 
4 5.58 dd (10.0, 9.8) 131.9 4′ 5.99 dd (7.7, 7.3) 132.8 

5 2.09 m 38.0 5′ 6.10 t (7.3) 134.5 
6 1.23 m 38.1 6′ 2.49 m 38.6 

7 1.78 m 41.7 7′ 2.45 m 39.1 
8 1.65 m 47.3 8′ 2.00 m 42.2 

9 2.56 m 41.0 9′ 2.58 m 41.9 

10 - 134.7 10′ - 134.9 

11 6.59 d (1.1) 109.0 11′ 6.61 d (1.1)  109.3 

12 - 147.4 12′ - 147.4 

13 - 145.5 13′ - 145.5 

14 6.69 d (7.8) 108.0 14′ 6.73 d (7.8) 108.0 

15 6.53 dd (7.8, 1.1) 121.0 15′ 6.56 dd (7.8, 1.1) 121.3 

16 5.93 s 100.7 16′ 5.94 s 100.7 

17 1.90 m 37.0 17′ 1.03 m 29.7 

2.19 m 1.25 m 

18 - 172.6 18′ 1.42 m 23.3 

 1.48 m 

19 5.29 t (5.6) - 19′ 2.22 m 34.3 
20 3.23 dq (7.1, 5.6) 34.3 20′ - 178.1 

21 1.11 t (7.1) 14.9    
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Figure 3.57: 1H NMR spectrum for compound 130  

 

 

Figure 3.58: 
13

C NMR and DEPT-135 spectrum for compound 130 

Univ
ers

iti 
Mala

ya



 120

Compound N: Kingianin A (45) 
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Compound N was obtained as a white powder. Its HRESIMS indicated a 

pseudomolecular ion peak [M+H]+ at m/z 651.3431 suggesting a molecular formula of 

C40H47N2O6 (calcd. for C40H47N2O6; 651.3434), for which 19 degrees of unsaturation 

was deduced. The IR spectrum of compound N showed absorption bands at νmax 3295, 

1628 and 1540 cm
-1

 for N-H, C=O elongations and N-H amide deformation, 

respectively (Pretsch et al., 2009; Silverstein et al., 1997), indicating the presence of an 

amide group. 

The characteristic four cis-form olefinic protons resonated at δH 5.58 (d, J = 9.5 Hz, 

H-3), 5.68 (d, J = 9.5 Hz, H-4), 6.12 (dd, J = 7.1, 7.4 Hz, H-4′) and 6.24 (dd, J = 7.1, 7.4 

Hz, H-5′) (Pavia et al., 2009). In addition, the multiplet was found between δH 1.70 – 

2.55 integrating to twelve protons corresponded to the twelve methine groups; H-1 to   

H-8 and H-1′ to H-8′, which were the characteristic features for the pentacyclic 

kingianin (Table 3.14). The three aromatic protons which resonated as a doublet at δH 

6.61 (J = 1.2 Hz, H-11), a doublet at δH 6.68 (J = 8.2 Hz, H-14) and a doublet of 

doublets at δH 6.56 (J = 8.2, 1.2 Hz, H-15) suggested the presence of a 1,3,4-

trisubstituted aromatic ring, with the chemical shifts for H-11′, H-14′ and H-15′ being 

almost identical to the former three. In addition, the proton signals at δH 5.89 and 5.91 

(H-16 and H-16′) confirmed the presence of two methylenedioxyphenyl substituents.  
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The two N-ethylacetamide groups were suggested by the presence of a doublet of 

quartets corresponding to four protons at δH 3.22 (J = 5.6, 7.2 Hz, H2-20 and H2-20′), a 

triplet representing six protons at δH 1.10 (J = 5.6 Hz, H3-21 and H3-21′), together with 

two triplets at δH 5.16 (J = 7.2 Hz) and 5.20 (J = 7.2 Hz), corresponding to NH-19′ and    

NH-19 respectively. The 
13

C and DEPT-135 NMR spectra exhibited 40 signals 

comprising 2 methyls, 8 methylenes, 22 methines and 8 quaternary carbons (Table 

3.14). There were 16 skeletal signals of a pentacyclic kingianin moiety between δC 33.2 

- 43.7, including the presence of the four cis olefinic carbons at δC 124.9, 132.3, 132.4 

and 134.8 corresponding to C-3, C-4, C-4′ and C-5′, respectively. The spectroscopic 

data of 45 was closely resembled to those of 129, indicating that this compound 

possessed the same carbon skeleton except for the substituent at C-8, indicating that the 

acid moiety in 129 was replaced by an N-ethylacetamide moiety in compound N. The 

connectivity of the two methylenedioxyphenyl and the two N-ethylacetamide groups 

were determined based on 1H-1H COSY and 1H-13C HMBC correlations (Figure 3.59).  

The HMBC cross peaks of H-8/H2-17, H2-17/C-18, H-1′/H2-17′, H2-17′/C-18′, and 

H2-20/C-18 (H2-20′/C-18′) confirmed the connectivity of the two N-ethylacetamide 

substituents at C-8 and C-1′. Meanwhile, the 
1
H-

1
H COSY spectrum of compound N 

revealed the H-1/H2-9 and H-8′/H2-9′ cross peaks, allowing the placement of the two 

methylenedioxyphenyl groups at C-1 and C-8′. In addition, the HMBC correlations 

between H2-9 and C-11 (δC 108.8) and C-15 (δC 121.0) and between H2-9′ to C-11′ (δC 

108.7) and C-15′ (δC 121.0), further confirmed the connectivities of the 

methylenedioxybenzyl groups at C-1 and C-8′, respectively. 

Their spatial arrangements were determined from the NOESY experiment and those 

of the pentacyclic main skeleton showed similar profile to compound 129. The 

correlations between H-4′/H-1′, H-2′/H-8′, H-2′/H-17′ and H-5′/H2-9′ indicated that the 

N-ethylacetamide group was β–oriented at C-1′ while the phenyl group was α–oriented 
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at C-8′. Meanwhile, the correlations between H-1/H-2 and H-6/H-8, suggested that the 

spatial arrangement of carbon C-1 and C-8 of compound N were identical to those of 

129, namely the α–orientation for the phenyl group at C-1, and the β–orientation for the 

N-ethylacetamide group at C-8. Thus, the relative configuration of compound N was 

determined as rel-(1SR, 2SR, 5RS, 6RS, 7RS, 8SR, 1′SR, 2′RS, 3′RS, 6′SR, 7′SR, 8′RS). 

 

 

Figure 3.59: Key COSY (bold) and HMBC (
1
H→

13
C) correlations of compound N 

 

.  

Figure 3.60: Key NOESY (1H↔1H) correlations of compound N 

 

From the above observation and upon comparison of the spectral data obtained with 

those in the literature, compound N was found to be kingianin A (45) (Leverrier et al., 

2010). This compound was the first major compound (0.00075% yield) for the 

kingianin series. 
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Table 3.14: 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound N in CDCl3 

 
Position 

Compound N  
Kingianin A 

(Leverrier et al., 2010) 
δH (J in Hz) δC δH (J in Hz) δC 

1 2.05 m 43.7 2.03 m 43.9 

2 2.48 m 33.2 2.46 m 33.4 

3 5.56 d (10.5) 124.9 5.54 br d (10.4) 125.1 
4 5.56 d (10.5) 132.3 5.64 br d (10.4) 132.4 

5 2.26 m 38.1 2.22 m 38.3 
6 1.70 d (9.0) 38.1 1.68 br d (9.0) 38.1 

7 1.92 m 42.4 1.89 m 42.6 
8 2.00 m 42.4 2.00 m 42.6 

9 2.50 m, 2.64 m 35.2 2.44 m, 2.55 m 36.0 
10 - 135.3 - 135.5 

11 6.61 d (1.2) 108.8 6.61 d (1.2) 109.0 

12 - 147.5 - 147.7 

13 - 145.4 - 145.6 

14 6.68 d (8.2) 108.1 6.67 d (7.9) 108.3 

15 6.56 dd (8.2, 1.2) 121.0 6.54 dd (7.9, 1.2) 121.2 

16 5.89 s 100.7 5.88 s 100.9 

17 2.04 m 41.8 2.00 m 42.0 

18 - 171.9 - 172.1 

19 5.20 t (5.6) - 5.28 t (5.7)  

20 3.22 dq (7.2, 5.6) 34.3 3.19 dq (7.2, 5.7) 34.5 

21 1.10 t (7.2) 14.9 1.07 t (7.2) 15.1 

1′ 2.09 m 38.9 2.07 m 39.0 

2′ 2.26 m 42.2 2.24 m 44.5 
3′ 2.42 m 42.8 2.39 m 43.0 

4′ 6.12 dd (7.4, 7.1) 132.4 6.09 dd (7.6, 7.1) 132.6 
5′ 6.23 dd (7.4, 7.1) 134.8 6.20 t (7.1) 135.0 

6′ 2.53 m 38.4 2.50 m 38.6 
7′ 2.49 m 39.7 2.47 m 39.9 

8′ 2.28 m 43.7 2.26 m 43.9 
9′ 2.45 m, 2.58 m 35.8 2.47 m, 2.61 m 35.4 

10′ - 135.5 - 135.7 

11′ 6.63 d (1.2) 108.7 6.58 br s 109.0 

12′ - 147.5 - 147.7 

13′ - 145.4 - 145.6 

14′ 6.68 d (8.2) 108.1 6.66 d (7.9) 108.3 

15′ 6.61 dd (8.2, 1.2) 121.0 6.55 br d (7.9) 121.2 

16′ 5.91 s 100.7 5.86 s 100.9 

17′ 2.03 m 43.0 1.93 m, 2.05 m 43.2 

18′ - 171.9 - 172.1 

19′ 5.16 t (5.6) - 5.23 t (5.7)  

20′ 3.22 dq (7.2, 5.6) 34.2 3.19 dq (7.2, 5.7) 34.4 

21′ 1.10 t (7.2) 14.9 1.07 t (7.2) 15.1 
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Figure 3.61: 1H NMR spectrum for compound 45 

 

 

Figure 3.62: 
13

C NMR spectrum for compound 45 
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Figure 3.63: COSY-2D NMR spectrum for compound 45 

 

 

Figure 3.64: COSY-2D NMR (expended) spectrum for compound 45 
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Figure 3.65: HMBC-2D NMR spectrum for compound 45 
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Compound O: Kingianin F (50) 

 

 

Compound O was isolated as an optically in active white powder. A molecular 

formula of C40H46N2O6 was assigned on the basis of 
13

C NMR and HRESIMS data 

indicated a pseudomolecular ion peak [M+H]+ at m/z 651.3423 suggesting a molecular 

formula C40H47N2O6 (calcd. for C40H47N2O6; 651.3434), for which 19 degrees of 

unsaturation was deduced. The UV and IR data were similar to those of kingianin A 

(45) (Leverrier et al., 2010; 2011).  

The 
1
H NMR spectrum of compound O, revealed four cis olefinic protons at δH 5.62 

(d, J = 10.5 Hz, H-4), 5.78 (d, J = 10.5 Hz, H-3), 5.87 (t, J = 7.2 Hz, H-4′) and 6.11 (t, J 

= 7.2 Hz, H-5′). In addition, the multiplet signals between δH 1.35 – 2.80 integrating to 

twelve protons corresponded to twelve methine groups, which represented the 16 

skeletal signals of a pentacyclic kingianin moiety. This compound also contained four 

substituents; two methylenedioxyphenyl and two N-ethylacetamide groups, similar to 

those of compounds 45 and 47 (Table 3.15). The positions of these substituents were 

determined based on the 2D NMR correlations. The 13C and DEPT NMR spectra 

exhibited 40 signals consistent with two methyls, 8 methylenes, 22 methines and 8 

quaternary carbons, including two carbonyl groups resonated at δC 173.0 and 173.2     

(C-18 and C-18′). The four cis olefinic methines which resonated at δC 126.9, 133.1, 

133.7 and 136.0, corresponded to C-3, C-4, C-4′ and C-5′, respectively. In general, the 
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structure of compound O was similar to that of 47, except for the position of the 

methylenedioxyphenyl and N-ethylacetamide groups at the C-1 and C-8.   

 

 

Figure 3.66: Key COSY (bold) and HMBC (
1
H→

13
C) correlations of compound O. 

 

In the COSY spectrum, the following correlations, H-1/H2-17, H-8/H2-9, H-1′/H2-9′ 

and H-8′/H2-17′ suggested that the two phenyl groups were located at C-8 and C-1′, 

while the two amide groups at C-1 and C-8′. The connectivities of the two 

methylenedioxyphenyl groups were inferred from the HMBC correlations between       

H-8/C-9, H2-9/C-11 and C-15, H-1′/C-9′ and H2-9′/C-2′, C-11′ and C-15′.  Meanwhile, 

the HMBC correlations between H2-17/C-1, C-2 and C-18, and that of H2-17′/C-8′,     

C-1′ and C-18′ confirmed the connectivity of the two N-ethylacetamide groups to C-1 

and C-8′, respectively (Figure 3.66). The spatial arrangement was established by the 

NOESY experiment and the arrangement of the pentacyclic skeleton showed similar 

profile to that of compounds 45 and 47. The cross peaks between H-2/H-1 and H-6/H-8, 

suggested that the N-ethylacetamide group was in the α–position at C-1, and the phenyl 

group in the β–position at C-8. The cross peaks between H-4′/H-1′ and H-2′/H-8′, 

indicated an α–position for the phenyl group at C-1′ and a β–position for the                 

N-ethylacetamide group at C-8′ (Figure 3.67). The relative configuration of compound 
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O could therefore be determined as rel-(1SR, 2SR, 5SR, 6RS, 7RS, 8SR, 1′SR, 2′RS, 

3′RS, 6′SR, 7′SR, 8′SR).   

 

Figure 3.67: Key NOESY (
1
H↔

1
H) correlations of compound O. 

 

Extensive analysis of the observed data and comparison with the literature, led to the 

deduction that compound O was kingianin F (50) (Leverrier et al., 2011). 
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Table 3.15: 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound O in Pyrdine-D5 

 
Position 

Compound O  
Kingianin F  

(Leverrier et al., 2011) 
δH (J in Hz) δC δH (J in Hz) δC 

1 2.51 m 40.2 2.54 m 39.8 

2 2.57 m 34.3 2.61 m 33.9 

3 5.78 d (10.5) 126.9 5.82 d (10.5)  126.4 
4 5.62 d (10.5) 133.1 5.66 d (10.5) 132.7 

5 2.08 m 39.4 2.12 m 38.9 
6 1.35 d (8.8) 39.3 1.39 d d (8.8)  38.9 

7 1.77 t (8.8) 42.8 1.81 t (8.8) 42.3 
8 1.87 m 48.4 1.91 m  48.0 

9 2.67 m, 2.57 m 41.4 2.72 m, 2.62 m 41.0 
10 - 135.9 - 135.6 

11 6.81 d (1.1) 110.8 6.85 d (1.3) 110.4 

12 - 149.0 - 148.5 

13 - 147.0 - 146.6 

14 6.88 d (7.7) 109.3 6.91 d (7.9) 108.9 

15 6.66 dd (7.7, 1.1) 122.9 6.70 dd (7.9, 1.3) 122.7 

16 5.92 s  102.1 5.98 s 101.7 

17 2.36 m, 2.23 m 38.7 2.40 m, 2.27 m 38.3 

18 - 173.0 - 172.5 

19 8.21 t (5.2) - 8.21 t (5.3)  

20 3.41 dq (7.2, 5.2) 35.3 3.45 dq (7.2, 5.3)  34.8 

21 1.10 t (7.2) 16.1 1.14 t (7.2) 15.7 

1′ 2.06 m 45.1 2.11 m 44.7 

2′ 2.16 m 45.4 2.22 m 45.0 
3′ 2.11 m 44.2 2.16 m 43.7 

4′ 5.87 t (7.2) 133.7 5.91 t (7.2)  133.3 
5′ 6.11 t (7.2) 136.0 6.15 t (7.2) 135.4 

6′ 2.59 m 39.8 2.62 m 39.4 
7′ 2.42 m 40.6 2.47 m 40.2 

8′ 2.79 m 40.2 2.83 m 39.7 
9′ 2.81 m, 2.61 m 43.1 2.86 m, 2.66 m 42.6 

10′ - 136.1 - 136.2 

11′ 6.87 d (1.1) 110.5 6.91 d (1.3) 110.0 

12′ - 149.0 - 148.5 

13′ - 147.1 - 146.6 

14′ 6.93 d (7.7) 109.4 6.96 d (7.9) 109.0 

15′ 6.75 dd (7.7, 1.1) 123.2 6.79 dd (7.9 1.3) 122.7 

16′ 5.94 s 102.1 5.95 s 101.7 

17′ 2.46 m, 2.30 m 38.0 2.50 m, 2.34 m 37.5 

18′ - 173.2 - 172.8 

19′ 8.21 t (5.2) - 8.21 t (5.3)  

20′ 3.41 dq (7.2, 5.2) 35.3 3.45 dq (7.2, 5.3) 34.7 

21′ 1.10 t (7.2) 16.2 1.14 t (7.2) 15.7 

 

 

 

Univ
ers

iti 
Mala

ya



 131

 

 

Figure 3.68: 1H NMR spectrum for compound 50 

 

 

Figure 3.69: 
13

C NMR spectrum for compound 50 
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Compound P: Kingianin K (55) 

 

 

Compound P was isolated as an optically inactive white powder. Its HRESIMS 

showed a pseudomolecular ion peak, [M+H]
+
 at m/z 652.3284, corresponding to 

C40H46NO7 (calcd. for C40H46NO7; 652.3274) containing 19 degrees of unsaturation. 

Comparison of the molecular formula proposed for 129, and that of compound P, 

revealed that compound P possessed two additional CH2 groups. Its IR spectra revealed 

an absorption band at νmax 1736 cm
-1

 for carboxyl of carboxylic acid functionality and at 

νmax 3336 and 1645 cm
-1

 for an amide group (Pretsch et al., 2009; Silverstein et al., 

1997).  

The 1H NMR spectrum of 55 revealed four cis-form vinyl protons resonating at δH 

5.56 (d, J = 10.2 Hz, H-3), 5.66 (d, J = 10.2 Hz, H-4), 6.06 (dd, J = 7.1, 7.3 Hz, H-4′), 

and 6.22 (dd, J = 7.1, 7.3 Hz, H-5′). These signals were the characteristic features for 

kingianin. Meanwhile, the aromatic protons at δH 6.60 (d, J = 1.1 Hz, H-11′), 6.64 (d, J 

= 1.1 Hz, H-11), 6.68 (d, J = 7.8 Hz, H-14′), 6.70 (d, J = 7.8 Hz, H-14), 6.55 (dd, J = 

7.8, 1.1 Hz, H-15′) and 6.58 (dd, J = 7.8, 1.1 Hz, H-15) suggested the presence of two 

1,3,4-trisubstituted aromatic rings. In addition, the two downfield singlets 

corresponding to four protons at δH 5.90 (H-16′) and 5.91 (H-16) confirmed the 

presence of the two methylenedioxy group. The N-ethylacetamide group was suggested 

from the presence of a doublet of quartets corresponding to two protons resonating at δH 
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3.23 (J = 5.5, 7.0 Hz, H-20), a triplet corresponding to the methyl group at δH 1.11 (J = 

7.0 Hz, H-21) and a triplet at δH 5.21 (J = 5.5 Hz, NH-19). Meanwhile, the presence of 

butanoic acid group was suggested from the presence of the methylenes at δH, 1.18-1.41 

and 2.20, corresponding to H2-17′, H2-18′ and H2-19′, respectively (Table 3.16). 

The 
13

C and DEPT-135 NMR spectra exhibited 40 signals comprising one methyl, 9 

methylenes, 22 methines, and 8 quaternary carbons (Table 3.16). Resonances of the 

methine carbons between δC 33.3 – 44.3 as observed in the DEPT spectrum were 

characteristics of the pentacyclic kingianin skeleton. This pentacyclic skeleton 

comprised two cyclobutanes and three cyclohexanes, and was connected to each other 

to form the kingianin framework. The 
13

C NMR spectrum also showed signals of four 

cis olefinic methine carbons at δC 125.3 (C-3), 131.9 (C-4), 132.8 (C-4′) and 134.5      

(C-5′). The presence of the two methylenedioxyphenyl groups were suggested by the 

resonances of the twelve aromatic carbons at δC 135.2 (C-10), 135.8 (C10′), 108.9      

(C-11 and C-11′), 147.4 (C-12), 147.5 (C-12′), 145.4 (C-13), 145.5 (C-13′), 108.1      

(C-14′), 108.2 (C-14′), 121.1 (C-15 and C-15′), and of the two methylenedioxy groups 

at δC 100.7 (C-16 and C-16′) in 
13

C NMR spectra. In addition, the presence of the acid 

and the N-ethylacetamide groups were supported by their 
13

C NMR spectra showing 

two signals at δC 176.7 and 172.0 ppm, respectively (Table 3.16) (Crews et al., 1998; 

Pavia et al., 2009). 

The COSY spectrum of compound P reveled a H-1′-H2-17′-H2-18′-H2-19′ spin 

system, with the carbon of the latter being correlated to the C-20′ carbonyl carbon (δC 

176.7) in the HMBC spectrum. This suggested the presence of a butanoic acid group 

attach to C-1′ (δC 41.7). An N-ethylacetamide group was observed from a triplet at δH 

5.21 ppm (NH-19) in the 1H NMR spectrum and from the cross peaks in the COSY 

spectrum between H2-20 at δH 3.23 ppm and H3-21 at δH 1.11 ppm and NH-19. The 

cross peaks between H-8 and H2-17, which in turn is correlated to the C-18 carbonyl 
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carbon at δC 172.0, confirmed the position of the N-ethylacetamide group at the C-8. In 

addition, the correlations between H-1 and H2-9, and between H-8′ to H2-9′ in COSY 

spectrum, allowed the assignment of the two methylenedioxybenzyl groups at position 

C-1 and C-8′ (Figure 3.70).    

 

 

Figure 3.70: Key COSY (bold) and HMBC (
1
H→

13
C) correlations of compound P. 

 

The configuration of compound P was identical to 45. H-5 and H-6 were arbitrarily 

assigned as α-oriented. The NOESY correlations between H-2′/H-8′ and H-1′/H-4′ 

indicated a β–orientation for the phenyl group at C-8′ and an α–orientation for the 

butanoic acid chain at C-1′. The correlation between H-2/H-1 and H-6/H-8 suggested 

that the phenyl group was α–oriented at C-1 and the N-ethylacetamide group was        

β–oriented at C-8. The configuration of phenyl and N-ethylacetamide at the western part 

was identical to that of 45 (Figure 3.71). Thus, the relative configuration of compound P 

was determined as rel-(1SR, 2SR, 5SR, 6RS, 7RS, 8SR, 1′SR, 2′RS, 3′RS, 6′SR, 7′SR, 

8′SR). Univ
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Figure 3.71: Key NOESY (
1
H↔

1
H) correlations of compound P. 

 

Comparison of the observed data with those in the literature confirmed that 

compound P was kingianin K (55) (Leverrier et al., 2011). 
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Table 3.16 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound P in CDCl3 

  
Position 

Compound P  
Kingianin K 

(Leverrier et al., 2011) 
δH (J in Hz) δC δH (J in Hz) δC 

1 2.00 m 43.7 2.03 m 43.9 

2 2.44 m 33.3 2.47 m 33.5 

3 5.56 d (10.2) 124.8 5.55 br d (10.4) 125.0 
4 5.66 d (10.2) 132.2 5.65 br d (10.4) 132.6 

5 2.23 m 38.1 2.22 m 38.3 
6 1.70 m 38.2 1.68 br d (9.0) 38.4 

7 1.93 m 42.3 1.92 m 42.5 
8 2.02 m 42.6 1.98 m 42.8 

9 2.46 m, 2.59 m 35.9 2.44 m, 2.57 m 36.1 
10 - 135.3 - 135.5 

11 6.64 d (1.1) 108.9 6.62 d (1.2) 109.1 

12 - 147.4 - 147.7 

13 - 145.4 - 145.6 

14 6.70 d (7.8) 108.2 6.67 d (7.9) 108.3 

15 6.58 dd (7.8, 1.1) 121.1 6.57 dd (7.9, 1.2) 121.3 

16 5.91 s 100.7 5.88 s 100.9 

17 2.01 m 41.6 2.01 m 41.8 

18 - 172.0 - 172.3 

19 5.21 t (5.5) - 5.22 t (5.7)  

20 3.23 dq (7.0, 5.5) 33.7 3.20 dq (7.2, 5.7) 34.6 

21 1.11 t (7.0) 14.9 1.08 t (7.2) 15.1 

1′ 1.67 m 41.7 1.65 m 41.9 

2′ 2.06 m 44.3 2.08 m 44.5 
3′ 2.34 m 43.3 2.31 m 43.5 

4′ 6.06 dd (7.3, 7.1) 132.4 6.04 dd (7.6, 7.1) 132.4 
5′ 6.22 dd (7.3, 7.1) 135.0 6.20 t (7.1)  135.2 

6′ 2.52 m 38.6 2.49 m 38.8 
7′ 2.46 m 39.4 2.45 m 39.6 

8′ 2.11 m 43.9 2.18 m 44.1 
9′ 2.48 m, 2.64 m 35.5 2.46 m, 2.61 m 35.7 

10′ - 135.8 - 136.0 

11′ 6.60 d (1.1) 108.9 6.58 br s 109.1 

12′ - 147.5 - 147.7 

13′ - 145.5 - 145.7 

14′ 6.68 d (7.8) 108.1 6.67 d (7.9) 108.3 

15′ 6.55 dd (7.8, 1.1) 121.1 6.53 br d (7.9) 121.3 

16′ 5.90 s 100.7 5.88 s 100.9 

17′ 1.18 m, 1.23 m 36.0 1.16 m, 1.23 m 36.2 

18′ 1.31 m, 1.41 m 22.6 1.33 m, 1.42 m 22.8 

19′ 2.20 m 34.4 2.19 m 34.1 

20′ - 176.7 - 178.2 

 

 

 

Univ
ers

iti 
Mala

ya



 137

 

 

Figure 3.72: 1H NMR spectrum for compound 55 

 

 

Figure 3.73: 
13

C NMR spectrum for compound 55 
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Compound Q: Kingianin L (56) 

 

 

Compound Q was obtained as a white amorphous powder. Its HRESIMS showed a 

pseudomolecular ion peak, [M+H]+ at m/z 652.3278, corresponding to a molecular 

formula of C40H46NO7 (Calcd. for C40H46NO7; 652.3274) containing 19 degrees of 

unsaturation. The UV, IR and NMR spectrum of compound Q were similar to those of 

55, but differed in the location of the N-ethylacetamide and butyric acid groups. 

In 
1
H NMR spectrum, the characteristic four cis olefinic protons which appeared at 

δH 5.56 (dd, J = 10.1, 10.3 Hz, H-3), 5.56 (dd, J = 10.1, 10.3 Hz, H-4), 6.12 (dd, J = 7.2, 

7.5 Hz, H-4′) and 6.23 (dd, J = 7.2, 7.5 Hz, H-5′) in compound Q were almost the same 

as in 55. The signals for the two methylenedioxyphenyl moieties resonated between δH 

5.89 – 5.91 and 6.55 – 6.70. In addition, the N-ethylacetamide group was suggested 

from the presence of a doublet of quartets corresponding to two protons resonating at δH 

3.23 (J = 5.6, 7.1 Hz, H-20′), a triplet of a methyl group at δH 1.10 (J = 7.1 Hz, H-21′) 

and a triplet at δH 5.20 (J = 5.6 Hz, NH-19′). Meanwhile, the presence of the butanoic 

acid group was inferred from the presence of the methylene protons at δH 1.28-1.31, 

1.51-1.54 and 2.25, corresponding to H2-17, H2-18 and H2-19, respectively (Table 3.17).        

The 
13

C and DEPT-135 spectrum of compound R displayed 40 carbon signals, which 

were sorted into 22 methines which were inclusive of the four cis olefinic carbons at δC 

125.6 (C-3), 131.9 (C-4), 132.4 (C-4′) and 134.8 (C-5′), 9 methylenes, one methyl and 8 

quaternary carbons which included those of the carbonyl carbons at δC 172.0 (C-20) and 
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176.4 (C-18′), consistent with an amide and a carboxylic acid functionality (Table 3.17) 

(Crews et al., 1998; Pavia et al., 2009). In addition, the presence of the two 

methylenedioxyphenyl groups were suggested by the resonances of twelve aromatic 

carbons between δC 108.0 – 148.0 corresponding to C-10 – C-15 and C-10′ – C-15′, and 

of the two methylenedioxy group at δC 100.7 (C-16 and C-16′) in 
13

C NMR spectra. In 

the 
13

C NMR spectrum of compound Q, carbons C-8 and C-1′ resonate at δC 45.1 and 

39.0, respectively, instead of δC 42.6 and 41.7 as for 55.  

Moreover, the COSY spectrum of compound Q revealed a spin system of H-8-H2-17-

H2-18-H2-19, which in turn was correlated to C-20 at δC 176.4 ppm in the HMBC 

spectrum. This indicated that the butanoic acid chain was attached to the central core at 

C-8. The amide group was therefore located at C-1′. This was further supported by the 

H-1′/H2-17′ COSY correlations, and by the HMBC correlations between the H2-17′ and 

H2-20′ to C-18′ (δC 172.0). The butanoic acid and N-ethylacetamide groups were 

attached to the pentacyclic frame at C-8 (δC 45.1) and C-1′ (δC 39.0), respectively. In 

addition, the correlations between H-1 and H2-9, and between H-8′ to H2-9′ in COSY 

spectrum and HMBC correlations between H-1/C-9 and H-8′/C-9′, allowed the 

assignment of the two methylenedioxybenzyl groups at position C-1 and C-8′ (Figure 

3.74).  

 

Figure 3.74: Key COSY (bold) and HMBC (1H→13C) correlations of compound Q. 
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The NOESY spectrum showed similar profile especially for those of the pentacyclic 

main skeleton to that of 55. H-6 was arbitrarily assigned as α-oriented. The cross peak 

between H-2/H-1, H-6/H-8, and H-1/H2-17 suggested that the phenyl group was           

α–oriented at C-1 and the butanoic acid chain was β–oriented at C-8. Meanwhile, the 

correlation between H-2′/H-8′ and H-4′/H-1′ indicated a β–orientation for the phenyl 

group at C-8′ and an α–orientation for the N-ethylacetamide group at C-1′. The 

configurations of four substituents are in an anti position on the cyclobutane frames 

(Figure 3.75). Thus, the relative configuration of compound Q was determined as rel-

(1SR, 2SR, 5RS, 6RS, 7RS, 8SR, 1′SR, 2′RS, 3′RS, 6′SR, 7′SR, 8′SR). 

 

 

Figure 3.75: Key NOESY (
1
H↔

1
H) correlations of compound Q 

 

Based on the spectroscopic data, compound Q was established as kingianin L (56), a 

known compound upon comparison of its spectroscopic data with those of the literature 

values of compound previously isolated from Endiandra kingiana by Leverrier et al. 

(2011).   
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Table 3.17: 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound Q in CDCl3 

  
Position 

Compound Q 
Kingianin L 

(Leverrier et al., 2011) 
δH (J in Hz) δC δH (J in Hz) δC 

1 2.01 m 43.4 1.99 m 43.6 

2 2.43 m 32.6 2.43 m 32.9 

3 5.56 dd (10.1, 10.3) 125.6 5.55 br d (10.4)  125.8 
4 5.64 dd (10.1, 10.3) 131.9 5.63 br d (10.4) 132.1 

5 2.23 m 38.2 2.21 m 38.5 
6 1.67 d (8.8) 39.0 1.65 br d (9.0) 39.2 

7 1.82 t (7.9) 42.4 1.80 m 42.7 
8 1.59 m 45.1 1.57 m 45.3 

9 2.46 m, 2.58 m 36.3 2.44 m, 2.56 m 36.5 
10 - 135.4 - 135.6 

11 6.63 d (1.2) 108.8 6.61 d (1.2) 109.0 

12 - 147.5 - 147.7 

13 - 145.4 - 145.6 

14 6.67 d (7.8) 108.0 6.68 d (7.9) 108.3 

15 6.57 dd (1.2, 7.8) 121.1 6.55 dd (7.9, 1.2) 121.3 

16 5.89 s 100.7 5.89 s 100.9 

17 1.28 m, 1.31 m 34.5 1.25 m, 1.30 m 34.7 

18 1.51 m, 1.54 m 22.9 1.49 m 23.1 

19 2.25 m 34.0 2.24 m 34.4 

20 - 176.4 - 177.8 

1’ 2.08 m 39.0 2.07 m 39.2 

2’ 2.31 m 44.2 2.29 m 44.4 

3’ 2.43 m 42.9 2.41 m 43.1 
4’ 6.12 dd (7.2, 7.5) 132.4 6.10 dd (7.1, 7.6) 132.6 

5’ 6.23 dd (7.2, 7.5) 134.8 6.20 t (7.1) 135.0 
6’ 2.50 m 38.5 2.51 m  38.7 

7’ 2.50 m 39.7 2.49 m  39.9 
8’ 2.29 m 43.8 2.27 m 44.0 

9’ 2.50 m, 2.64 m 35.2 2.50 m, 2.62 m 35.4 
10’ - 135.5 - 135.6 

11’ 6.61 d (1.0) 108.8 6.59 br s 109.0 

12’ - 147.5 - 147.7 

13’ - 145.4 - 145.6 

14’ 6.69 d (7.8) 108.1 6.66 d (7.9) 108.2 

15’ 6.56 dd (7.8, 1.0) 121.0 6.55 br d (7.9) 121.2 

16’ 5.91 s 100.7 5.87 s  100.9 

17’ 1.95 m, 2.08 m 43.0 1.93 m, 2.05 m 43.2 

18’ - 172.0 - 172.4 

19’ 5.20 t (5.6) - 5.20 t (5.7) - 

20’ 3.23 dq (5.6, 7.1) 34.5 3.20 dq (7.2, 5.7)  34.5 

21’ 1.10 t (7.1) 15.1 1.08 t (7.2) 15.1 
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Figure 3.76: 1H NMR spectrum for compound 56 

 

 

Figure 3.77: 
13

C NMR spectrum for compound 56 
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Compound R: Kingianin M (57) 

 

 

Compound R was isolated as an optically inactive white powder. The HRESIMS 

gave a pseudomolecular ion peak [M+H]
+
 at m/z 652.3229 (calcd. for C40H46NO7; 

652.3274), consistent with a molecular formula of C40H46NO7, the same as for 55 and 

56. The UV absorption of the benzenoid nucleus at 287 and 235 nm and the absorption 

bands around νmax 3296, 1724, 1628 and 1500 cm
-1

 for N-H amide stretching, C=O acid 

and amide elongations, and N-H amide deformation in the IR spectrum (Silverstein et 

al., 1991, 1997; Pavia et al., 2009; Pretsch et al., 2009).   

The 1H NMR spectrum of compound R revealed four cis-form vinyl protons 

resonating at δH 5.55 (dd, J = 10.1, 10.4 Hz, H-3), 5.67 (dd, J = 10.1, 10.4 Hz, H-4), 

6.04 (dd, J = 7.1, 7.3 Hz, H-4′), and 6.14 (dd, J = 7.1, 7.3 Hz, H-5′). These signals were 

the characteristic features for kingianin. In addition, the signals for the two 

methylenedioxy groups, which resonated at δH 5.92 (s, H-16 and H-16′) and the      

1,3,4-trisubstituted benzene ring systems at δH 6.65 (d, J = 1.3 Hz, H-11), 6.66 (d, J = 

1.3 Hz, H-11′), 6.69 (d, J = 7.8 Hz, H-14 and H-14′), 6.58 (dd, J = 7.8, 1.3 Hz, H-15) 

and 6.59 (dd, J = 7.8, 1.3 Hz, H-15′) suggested the presence of the two 

methylenedioxyphenyl moieties (Leverrier et al., 2011). This compound was also 

characterized by the presence of the N-ethylacetamide and butyric acid chains (Table 

3.18).    
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The 
13

C NMR and DEPT-135 spectra exhibited 40 signals for one methyl, 9 

methylenes, 22 methines, including the four cis olefin carbons which resonated at δC 

125.6 (C-3), 131.9 (C-4), 132.8 (C-4′) and 134.6 (C-5′), and 8 quaternary carbons 

(Table 3.18). Compound R was an isomer of compounds 55 and 56. The 13C NMR 

spectra exhibited signals for two quaternary carbons around δC 172.5 and 177.0, 

consistent with an amide and a carboxylic acid functionality (Pretsch et al., 2009; Crews 

et al., 1998). The presence of the two methylenedioxyphenyl groups were suggested by 

the resonances of the twelve aromatic carbons at δC 134.9 (C-10), 135.3 (C10′), 108.8 

(C-11), 109.0 (C-11′), 147.3 (C-12), 147.4 (C-12′), 145.3 (C-13), 145.6 (C-13′), 108.0 

(C-14 and C-14′) and 121.0 (C-15) 121.3 (C-15′), and those of the two methylenedioxy 

groups at δC 100.7 (C-16 and C-16′) in 
13

C NMR spectra (Table 3.18). As a conclusion, 

this compound consists of four substituents; two methylenedioxybenzyl groups, one 

butyric acid chain and one N-ethylacetamide group. The positions of these substituents 

were determined based on the 2D NMR correlations.       

The COSY spectrum of compound R revealed correlations between H-1/H2-9 and   

H-1′/H2-9′ indicating that the two methylenedioxybenzyl groups were located at C-1 

and C-1′. In addition, the HMBC correlations between H2-9 and C-1, C-15 and C-2, and 

that of H2-9′ with C-1′, C-15′ and C-11′ confirmed the connectivities of two 

methylenedioxybenzyl groups at C-1 and C-1′, respectively. Meanwhile, the COSY 

correlations of H-8-H2-17-H2-18-H2-19, and the HMBC correlations between H2-18 and 

H2-19 with the C-20 carbonyl carbon (δC 177.0) confirmed that the butanoic acid chain 

was attached to C-8. Therefore, the N-ethylacetamide group was located at C-8′. This 

was inferred from the COSY correlations between H-8′ and H2-17′ and the HMBC 

correlations between the H2-17′ and H2-20′ with the C-18′ carbonyl carbon at δC 172.5 

(Figure 3.78).  
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Figure 3.78: COSY (bold) and HMBC (1H→13C) correlations of compound R. 

 

The relative configuration of compound R was assigned as rel-(1SR, 2SR, 5RS, 6RS, 

7RS, 8SR, 1′SR, 2′RS, 3′RS, 6′SR, 7′SR, 8′SR) via its NOESY experiment (Figure 3.79). 

The spatial arrangements of the pentacyclic main skeleton are similar to 55 and 56. The 

correlations between H-2′/H-8′ and H-4′/H-1′ indicated the β–orientation of the             

N-ethylacetamide group at C-8′ and the α–orientation of the phenyl group at C-1′. 

Meanwhile, the correlations between, H-6/H-8, H-8/H2-9, H-7/H-1 and H-1/H2-17 

indicated the β–orientation of the acid chain at C-8, and the α–orientation of the 

methylenedioxyphenyl group at C-1. 
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Figure 3.79: Key NOESY (1H↔1H) correlations of compound R. 

 

Based on these data and upon comparison with the literature values, compound R 

was identified as kingianin M (57), a known pentacyclic polyketide. 
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Table 3.18: 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound R in CDCl3 

  
Position 

Compound R  
Kingianin M  

(Leverrier et al., 2011) 
δH (J in Hz) δC δH (J in Hz) δC 

1 2.01 m 43.5 1.96 m 43.7 

2 2.43 m 32.6 2.39 m 32.9 

3 5.55 dd (10.1, 10.4) 125.5 5.53 br d (10.4) 125.7 
4 5.67 dd (10.1, 10.4) 131.9 5.56 br d (10.4) 132.3 

5 2.25 m 38.1 2.23 m 38.7 
6 1.63 m 38.8 1.61 br d (9.0) 39.1 

7 1.75 m 42.4 1.73 m 42.6 
8 1.58 m 45.1 1.56 m 45.5 

9 2.45 m, 2.59 m 36.3 2.42 m, 2.55 m 36.6 
10 - 134.9 - 135.6 

11 6.65 d (1.3) 108.8 6.61 d (1.2) 109.0 

12 - 147.3 - 147.7 

13 - 145.3 - 145.7 

14 6.69 d (7.8) 108.0 6.65 d (7.9) 108.3 

15 6.58 dd (7.8, 1.3) 121.0 6.54 dd (7.9, 1.2) 121.2 

16 5.92 s 100.7 5.87 s 100.9 

17 1.27 m, 1.37 m 34.7 1.24 m, 1.36 m 34.9 

18 1.50 m 23.0 1.47 m 23.3 

19 2.27 m 34.0 2.23 m 34.6 

20 - 177.0 - 177.8 

1′ 1.92 m 43.6 1.87 m 43.8 

2′ 2.29 m 44.5 2.24 m 44.7 

3′ 2.21 m 43.0 2.16 m 43.3 
4′ 6.04 dd (7.3, 7.1) 132.8 5.99 dd (7.6, 7.1) 133.0 

5′ 6.14 dd (7.3, 7.1) 134.6 6.10 t (7.1) 134.8 
6′ 2.57 m 38.4 2.54 m 38.3 

7′ 2.55 m 39.0 2.53 m 39.3 
8′ 2.48 m 38.7 2.46 m 38.9 

9′ 2.60 m 41.9 2.56 m 42.1 
10′ - 135.3 - 135.1 

11′ 6.66 d (1.3) 109.0 6.58 br s 109.2 

12′ - 147.4 - 147.6 

13′ - 145.6 - 145.6 

14′ 6.69 d (7.8) 108.0 6.68 d (7.9) 108.3 

15′ 6.59 dd (7.8, 1.3) 121.3 6.54 br d (7.9) 121.5 

16′ 5.92 s 100.7 5.87 s 100.9 

17′ 1.87 m 37.0 1.86 m, 2.21 m 37.2 

18′ - 172.5 - 172.7 

19′ 5.25 t (5.9) - 5.20 t (5.7) - 

20′ 3.25 dq (5.9, 7.3) 34.3 3.21 dq (7.2, 5.7) 34.5 

21′ 1.11 t (7.3) 14.7 1.09 t (7.2) 15.2 
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Figure 3.80: 1H NMR spectrum for compound 57 

 

 

Figure 3.81: 
13

C NMR spectrum for compound 57 
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Compound S: Kingianin N (58) 

 

 

Compound S was obtained as white amorphous powder. The molecular formula was 

established by the [M+H]
+
 ion peak at m/z 652.3286, corresponding to C40H46NO7 

(Calcd. for C40H46NO7; 652.3282)  in its HRESI mass spectra. The IR spectra revealed 

absorption bands at νmax 3298, 1720, 1625 and 1541 cm-1 for the carboxylic acid and   

N-ethylacetamide functionalities, similar to compounds 55-57 (Pretsch et al., 2009; 

Silverstein et al., 1997). 

The characteristic four cis olefinic protons appeared at δH 5.48 (dd, J = 9.8, 10.2 Hz, 

H-3), 5.60 (dd, J = 9.8, 10.2 Hz, H-4), 6.06 (dd, J = 7.2, 7.5 Hz, H-4′) and 6.20 (dd, J = 

7.2, 7.5 Hz, H-5′) in 
1
H NMR spectrum. The signals for the two methylenedioxyphenyl 

moieties resonated as doublets at δH 6.63 (J = 1.3 Hz, H-11) and 6.60 (J = 1.3 Hz,       

H-11′), four ortho-meta-coupled doublets at δH 6.68 (d, J = 8.0 Hz, H-14), 6.56 (dd, J = 

8.0, 1.3 Hz, H-15), 6.71 (d, J = 8.0 Hz, H-14′) and 6.54 (dd, J = 8.0, 1.3 Hz, H-15′), and 

two singlets corresponding to two protons at δH 5.91 (H2-16 and H2-16′, respectively). 

An N-ethylacetamide group was suggested from the presence of a doublet of quartets 

corresponding to two protons resonating at δH 3.23 (J = 5.7, 7.3 Hz, H-20), a triplet of a 

methyl group at δH 1.10 (J = 7.3 Hz, H-21) and a triplet at δH 5.27 (J = 5.7 Hz, NH-19). 

Meanwhile, the presence of the butanoic acid group was suggested from the methylene 
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protons at δH 1.20-1.28, 1.38-1.47 and 2.26 ppm, corresponding to H2-17′, H2-18′ and 

H2-19′, respectively (Table 3.19). 

The 13C NMR spectrum of compound S was similar to that of 57 and also contained 

the 16 skeletal signals of a pentacyclic carbon skeleton. The resonances of the methine 

carbons at C-1 (δC 38.5), C-2 (δC 32.8), C-5 (δC 38.0), C-6 (δC 38.3), C-7 (δC 42.0), C-8 

(δC 47.3), C-1′ (δC 41.7), C-2′ (δC 44.3), C-3′ (δC 43.2), C-6′ (δC 38.6), C-7′ (δC 39.4) 

and C-8′ (δC 43.8), including the four olefinic carbons at C-3 (δC 124.8), C-4 (δC 132.2), 

C-4′ (δC 132.4) and C-5′ (δC 135.0) observed in the DEPT spectrum, confirmed the 

characteristic pentacyclic structure of kingianin. The presence of the two 

methylenedioxyphenyl fragments were confirmed by the 
13

C NMR spectrum which 

showed characteristic signals of two 1,3,4-trisubstituted benzene rings between δC 108.0 

– 148.0 and the two methylenedioxy groups at δC 100.7 (C-16 and C-16′). The 

presences of a butyric acid chain and an N-ethylacetamide group were supported by 

their 13C NMR spectra exhibiting two signals for the quaternary carbons at δC 178.0    

(C-20′) and 172.2 (C-18), respectively (Table 3.19) (Crews et al., 1998; Pavia et al., 

2009).   

The COSY spectrum of compound S revealed cross peaks between H-8 and H2-9, 

and between H-8′ and H2-9′, allowing the placement of the two methylenedioxybenzyl 

groups at C-8 and C-8′. Meanwhile, the position of the N-ethylacetamide group at C-1 

was suggested by the HMBC correlations between H2-17 with C-1, C-2 and C-18. 

Based on that evidence, the butanoic acid chain was therefore located at C-1′. This was 

supported by the correlations between H-1′/H2-17′/H2-18′/H2-19′ observed in the COSY 

spectrum (Figure 3.82).  
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Figure 3.82: Key COSY (bold) and HMBC (
1
H→

13
C) correlations of compound S. 

 

The NOESY spectrum showed similar profile as in the previous compounds. The 

correlations between H-2′/H-8′, H-3′/H-8, H-2/H-1 and H-4′/H-1′ indicated the            

β–orientation of the two methylenedioxybenzyl groups at C-8 and C-8′, and the            

α–orientation of the N-ethylacetamide and butanoic acid chains at C-1 and C-1′, 

respectively. These four substituents are in the anti position on the cyclobutane rings. 

Thus, the relative configuration of compound S was determined as rel-(1SR, 2SR, 5SR, 

6RS, 7RS, 8SR, 1′SR, 2′RS, 3′RS, 6′SR, 7′SR, 8′RS). Thus upon comparison of the 

obtained data with those of the literature values, compound S was identical to kingianin 

N (58) (Leverrier et al., 2011). 

 

 

Figure 3.83: Key NOESY (
1
H↔

1
H) correlations of compound S. 
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Table 3.19: 
1
H (600 MHz) and 

13
C (150 MHz) NMR data of compound S in CDCl3 

  
Position 

Compound S 
Kingianin N 

(Leverrier et al., 2011) 
δH (J in Hz) δC δH (J in Hz) δC 

1 2.21 m 38.5 2.20 m 38.9 

2 2.52 m 32.8 2.49 m 33.0 

3 5.48 dd (9.8, 10.2) 124.8 5.47 br d (10.4) 125.1 
4 5.60 dd (9.8, 10.2) 132.2 5.59 br d (10.4) 132.6 

5 2.09 m 38.0 2.07 m 38.3 
6 1.30 d (8.7) 38.3 1.29 br d (9.0) 38.5 

7 1.90 m 42.0 1.89 m 42.2 
8 1.71 m 47.3 1.69 m 47.5 

9 2.58 m 40.5 2.56 m 40.7 
10 - 137.4 - 137.7 

11 6.63 d (1.3) 109.3 6.60 d (1.2) 109.6 

12 - 147.4 - 147.7 

13 - 145.3 - 145.8 

14 6.68 d (8.0) 108.0 6.69 d (7.9) 108.3 

15 6.56 dd (8.0, 1.3) 121.6 6.56 dd (7.9, 1.2) 121.9 

16 5.91 s 100.7 5.88 s 100.9 

17 1.84 m, 2.06 m 37.6 1.83 m, 2.05 m 37.9 

18 - 172.2 - 172.4 

19 5.27 t (5.7) - 5.25 t (5.7) - 

20 3.23 dq (7.3, 5.7) 34.3 3.21 dq (7.2, 5.7) 34.5 

21 1.10 t (7.3) 14.9 1.08 t (5.7) 15.1 

1′ 1.66 m 41.7 1.64 m 41.9 

2′ 1.93 m 44.3 1.91 m 44.5 
3′ 2.25 m 43.2 2.24 m 43.4 

4′ 6.06 dd (7.2, 7.5) 132.4 6.03 dd (7.6, 7.1) 132.4 
5′ 6.20 dd (7.2, 7.5) 135.0 6.17 t (7.1) 135.5 

6′ 2.44 m 38.6 2.44 m 38.7 
7′ 2.39 br t (7.3) 39.4 2.37 m 39.6 

8′ 2.17 m 43.8 2.15 m 44.1 
9′ 2.45 m, 2.62 m 35.5 2.43 m, 2.59 m 35.7 

10′ - 135.8 - 136.0 

11′ 6.60 d (1.3) 108.8 6.57 br s 109.0 

12′ - 147.4 - 147.7 

13′ - 145.6 - 145.6 

14′ 6.71 d (8.0) 108.1 6.66 d (7.9) 108.3 

15′ 6.54 dd (8.0, 1.3) 121.0 6.52 br d (7.9) 121.2 

16′ 5.91 s 100.7 5.88 s 100.9 

17′ 1.20 m, 1.28 m 36.0 1.16 m, 1.25 m 36.2 

18′ 1.38 m, 1.47 m 22.6 1.34 m, 1.45 m 22.7 

19′ 2.26 m 34.2 2.22 m 34.1 

20′ - 178.0 - 178.2 
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Figure 3.84: 1H NMR spectrum for compound 58 

 

 

Figure 3.85: 
13

C NMR spectrum for compound 58 
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3.2 Conclusion 

The phytochemical study of methanol extract of Endiandria kingiana, led to the 

isolation and characterization of 19 cyclic polyketides. These compounds were divided 

into two major classes; endiandric acids and kingianins. Ten tetracyclic endiandric acids 

were isolated named; kingianic acids A-H (120-127), together with known endiandric 

acid M (93) and tsangibeilin B (89). Among them, three were new (kingianin O-Q [128-

130]) while the remaining have already been reported by Leverrier et al. (2011).  

In Lauraceae family, endiandric acids and kingianins are frequently isolated as 

racemic mixture from genus Endiandra and Beilschmiedia. Beside these two 

polyketides, five flavonoids were reported from B. zenkeri (Lenta et al., 2009) and B. 

miersii (Harborne & Méndez, 1969), while lignans and triterpenoids were isolated from 

B. tsangii (Chen et al., 2006, 2007). In addition, several alkaloids were also isolated 

from B. madang, B. elliptica, B. obscura, B. alloiophylla, B. kunstleri and B. brevipes 

(Kitagawa et al., 1993; Clezy et al., 1966; Lenta et al., 2011, Mollataghi et al., 2011, 

2012; Pudjiastuti et al., 2010). The abundance of these endiandric acids and kingianins 

in different Endiandra and Beilschmiedia species is highly variable. It has been 

hypothesized that these cyclic polyketides are the primary metabolites from these two 

plant species and may be useful as chemotaxonomic markers within the Lauraceae 

family. Their structures can be differentiated by the modification status of the phenyl or 

alkyl side chain on tetracyclic core at C-11 (endiandric acid type A) or C-13 (endiandric 

acid type B/B’). In the endiandric acids, the substituents at western and eastern parts are 

carboxylic acid and aromatic moieties, respectively, similar to the species collected in 

Asia and Africa but not in Australia. Meanwhile, the kingianins with pentacyclic carbon 

skeleton (bicyclo [4.2.0] backbone) skeleton and fourteen stereocenters are reported 

herein for the first time form the Endiandra species. Some of these compounds were 
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subjected to Bcl-xL and Mcl-1 binding affinities, cytotoxic activity on various cancer 

cell lines, anti-inflammatory, anti-bacterial, anti-plasmodial and neuroprotective assays. 

The biogenetic hypothesis of kingianin series are based on electrocyclization reaction 

from conjugated polyenes. It justified the racemic character and the relative 

configuration of kingianins in particular the anti position (2 substituents positioned on 

the same side of the cyclobutane). This probable biogenesis led to consideration of a 

reversed biomimetic synthetic scheme in order to achieve their total synthesis. 

Preliminary work was undertaken to develop a strategy synthesis of the monomer and 

this work was carried out under the supervision of Dr. Yvan Six (Ecole Polytechnique). 
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CHAPTER 4 

BCL-XL/BAK AND MCL-1/BID BINDING AFFINITIES AND CYTOTOXIC 

ACTIVITY OF CYCLIC POLYKETIDES  

  

4.1 Introduction 

Natural products have always been used as sources of lead molecules for the 

development of the most effective drugs currently available for the treatment of variety 

of human diseases (Cragg & Newman, 2005; Newman et al., 2003; Harvey, 2008). 

Today, over 100 natural product derivatives are currently undergoing clinical trials and 

at least 100 similar projects are in preclinical development (Butler, 2004). The projects 

based on natural products are predominantly being studied for use in the therapeutic 

areas of infectious diseases and cancer. They are also able to interact with many specific 

targets within the cell, and indeed for many years have been central in the drug 

discovery programs (Mishra & Tiwari et al., 2011). In this study, the isolated 

compounds were evaluated for two bioassays: Bcl-xL and Mcl-1 of binding affinities 

and cytotoxic effects against various human tumour cells. 

 

4.2 Evaluation of Bcl-xL/Bak and Mcl-1/Bid binding affinities 

Bcl-xL (B-cell lymphoma – extra large), Mcl-1 (myeloid cell leukemia 1) and Bcl-2 

(B-cell lymphoma 2) are antiapoptotic proteins, which play a major role in cell death in 

many eukaryotic systems (Yip & Reed, 2008; Lessene et al., 2008; Cotter, 2009; 

Elmore, 2007; Wang, 2008; Dharap et al., 2006). These proteins are members of the 

“Bcl-2” family. The over expression of these proteins and the damage of Bcl-2 gene 

have given rise to a number of cancers including melanoma, breast, prostate, chronic 

lymphocytic leukemia and lung cancer, as well as a possible cause of schizophrenia and 

autoimmunity. It has also lead to the resistance of tumor cells toward the apoptosis 
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process (Jeng & Cheng, 2013; Youle & Strasser et al., 2008; Lessene at al., 2013; 

Strasser et al., 2011). Consequently, antiapoptotic Bcl-2 proteins, such as Bcl-xL and 

Mcl-1 have become attractive molecular targets for cancer treatment or prevention drug 

discovery (Fesik, 2005; Glaser et al., 2012; Wells & McClendon, 2007; Mullard, 2012; 

Beroukhim et al., 2010; Czabotar et al., 2013). 

Many apoptotic signals culminate in permeabilizing the mitochondrial outer 

membrane (MOM), resulting in the release of apoptogenic factors such as cytochrome c 

and SMAC to activate caspases. Bax and Bak are essential effectors responsible for 

mitochondrial outer membrane permeabilization (MOMP), while Bcl-2, Bcl-xL and 

Mcl-1 preserve mitochondrial integrity (Figure 4.1). The third Bcl-2 subfamily, “BH3-

only” proteins (BH3s), promote apoptosis by either activating Bax and Bak (activator 

BH3s) or inactivating Bcl-2, Bcl-xL and Mcl-1 (in activator BH3s) (Youle & Strasser, 

2008; Kim et al., 2009).  

 

Figure 4.1: Apoptosis in mitochondria membrane (Rautureau et al., 2010) 

 

In normal cells, Bax and Bak are generally monomeric and inactive either through 

auto inhibition or because they are held in check by anti-apoptotic Bcl-2 proteins. In 

Univ
ers

iti 
Mala

ya



 157

response to apoptotic signals, activator BH3s, including truncated Bid (a BH3-

interacting domain death agonist), Bim and PUMA, bind Bax and Bak to induce 

structural reorganization and oligomerization of Bax and Bak at the MOM for MOMP 

(Czabotar et al., 2013; Kim et al., 2009; Davids & Letai, 2012).  

Antiapoptotic “Bcl-2” proteins prevent apoptosis by sequestering either activator 

BH3s or monomeric Bax and Bak, thus preventing the oligomerization and activation of 

Bax and Bak (Davids & Letai, 2012). In both scenarios, the protein-protein interactions 

are mediated by the hydrophobic groove of anti-apoptotic Bcl-2 members and by the 

BH3 domain of proapoptotic Bcl-2 members. The ability of anti-apoptotic Bcl-2 

proteins to sequester proapoptotic Bcl-2 members can be further modulated by 

‘inactivator’ BH3s through high-affinity competitive binding (Davids & Letai, 2012). 

Cancer cells often over-express the antiapoptotic “Bcl-2” proteins through mutations 

such as chromosomal translocation involving Bcl-2 or amplification of Bcl-xL and    

Mcl-1 (Davids & Letai, 2012; Walensky, 2012). The hydrophobic binding groove of 

anti-apoptotic “Bcl-2” proteins is critical for their prosurvival function; targeted 

inhibition of this groove can induce apoptosis in cancer cells by liberating the trapped 

activator BH3s or multi domain Bax and Bak (Davids & Letai, 2012; Walensky, 2012). 

To date, only a few compounds targeting these proteins have progressed to clinical 

studies owing to the challenges associated with targeting protein-protein interactions 

(Davids & Letai, 2012).
 
The first inhibitor of antiapoptotic “Bcl-2” proteins is ABT-737 

(131), developed by Abbott Laboratories in mid-2000s (Davids & Letai, 2012; 

Walensky, 2012). This compound is part of BH3 mimetic small molecule inhibitors 

(SMI), which target these “Bcl-2” proteins except proteins A1 and Mcl-1 (Lessene et al, 

2008; Ren et al., 2010; Azmi & Mohammad, 2009; Vogler et al., 2008; Rooswinkel et 

al., 2012). This compound showed efficacy for treating lymphoma and blood cancer 

(Tahir et al., 2007; Hann et al., 2008; Anderson et al., 2014). Meanwhile, its analogues 
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ABT-263 (Navitoclax
®
) 132 showed function like Bad mimetics that bind Bcl-2,       

Bcl-xL, and Bcl-w (Walensky, 2012; Park et al., 2008; Tse et al., 2008). This compound 

was evaluated in clinic for lymphoid malignancies, especially in Bcl2-addicted chronic 

lymphocytic leukemia (Anderson et al., 2014; Roberts et al., 2012; Ackler et al., 2008; 

Wilson et al., 2010). ABT-199 (133) was designed as BH3-mimetic drug to block the 

function of the Bcl-2 proteins, on patients with chronic lymphocytic leukemia (Davids 

& Letai, 2013; Touzeau et al., 2014; Souers et al., 2013). This analogue was developed 

because inhibition of Bcl-xL by ABT-263 (132) caused dose-dependent 

thrombocytopenia due to the dependence of platelets on Bcl-xL for survival (Souers et 

al., 2013). 

The major gateway to apoptosis is guarded by Bcl-2 and its prosurvival relatives, 

such as Bcl-xL and Mcl-1, which are strongly implicated in tumor development and the 

resistance to diverse cytotoxic therapies. In this study, the goal is to investigate the      

Bcl-xL and Mcl-1 binding affinities of selected compounds isolated from Endiandra 

kingiana. This is based on the preliminary study on this extract that showed the potent 

inhibition and high potency as a modulating agent between Bcl-xL and Bak (Leverrier 

et al., 2011). The idea of targeting Bcl-2 family proteins for cancer therapy is explained 

in Figure 4.3. 

Cancers commonly express elevated levels of antiapoptotic “Bcl-2” proteins to 

prevent the activation of Bax and Bak by activator BH3-only molecules (BH3s, for 

example Bim or PUMA, orange circles, Figure 4.3). Natural compounds can displace 

bound activator BH3s or monomeric Bax and Bak from Bcl-xL to induce the homo-

oligomerization of Bax and Bak, leading to MOMP and apoptosis (Figure 4.3). (a) In 

cancer cells that overexpress multiple antiapoptotic Bcl-2 members (Bcl-xL, Bcl2 and 

Mcl-1), these “Bcl-2” proteins are not fully engaged by proapoptotic Bcl-2 members 

(activator BH3s, Bax and Bak). Consequently, Bax and Bak will remain monomeric, 
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and cells will survive. (b) Targeting cancer-specific survival or death pathways to 

induce activator BH3s will saturate the binding pockets of antiapoptotic Bcl-2 members, 

allowing the natural compound to function as a single-agent inducer of apoptosis while 

sparing normal cells. 

 

 

Figure 4.2: Example of antiapoptotic inhibitors 
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Figure 4.3: Targeting Bcl-2 family proteins for cancer therapy (Jeng & Cheng, 2013) 

 

 

The aim of this study was to investigate the Bcl-xL and Mcl-1 binding affinities of 

endiandric acids analogues and new kingianins, and to fulfill a SAR analysis on these 

types of compounds. The knowledge acquired from this investigation hopes to provide 

further insights and understanding on the structural features that could influence the 

activity of a compound belonging to a cyclic polyketide type.  

 

4.2.1 Evaluation of endiandric acid analogues on Bcl-xL/Bak and Mcl-1/Bid 

binding affinities 

In this assay, compounds 89, 93, 120, 122, 124-126 were screened against the 

antiapoptotic proteins Bcl-xL and Mcl-1 using fluorescence polarization methods 

according to Qian et al. (2004). These assays are based on the interaction of fluorescein-

labeled peptides [the BH3 domain of BAK protein (F-Bak) or BID protein (F-Bid) to 

Bcl-xL and Mcl-1, respectively]. The results are given as the percentage (%) of binding 

at 20 and 100 µM, and biological data were compared with the result obtained for 

ferrugineic acids (Apel et al., 2014) to perform the SAR analysis. The results are 

summarized in Table 4.1. Based on these results, all tested compounds showed no 

binding activity on Bcl-xL, and only moderate binding affinity for Mcl-1 (25-30% 
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inhibition at 20 µM and ≥ 75% at 100 µM) were obtained with compounds 89, 122 and 

125. Compounds 121, 123 and 127 were not evaluated due to the lack of amount. 

 

Table 4.1: Bcl-xL and Mcl-1 binding affinities of endiandric acid analogues 

  
Compounds 

Bcl-xL/Bak binding 
affinity (%) 

Mcl-1/Bid binding 
affinity (%) 

20 µM 100 µM 20 µM 100 µM 

 
 

GROUP 1 

Kingianic acid A (120) 3 ± 2 21 ± 2 3 ± 2 36 ± 2 

Kingianic acid C (122) 9 ± 2 25 ± 2 30 ± 2 75 ± 1 

Kingianic acid E (124) 2 ± 1 1 ± 1 3 ± 1 8 ± 6 

Endiandric acid M (93) 0 10 ± 1 4 ± 1 39 ± 1 

Ferrugineic acid K (119) a NT 22 ± 3 NT 81 ± 3 

 

 

 

GROUP 2 

Kingianic acid F (125) 4 ± 2 22 ± 3 28 ± 4 80 ± 1 

Tsangibeilin B (89) 6 ± 2 26 ± 3 25 ± 2 81 ± 3 

Ferrugineic acid A (109) a NT 22 ± 2 NT 0 

Ferrugineic acid B (110)
 a 

NT 60 ± 6 NT 85 ±2 

Ferrugineic acid C (111)
 a 

NT 93 ± 3 NT 82 ± 2 

Ferrugineic acid D (112) a NT 39 ± 3 NT 82 ± 2 

Ferrugineic acid E (113)
 a 

NT 20 ± 1 NT 82 ± 2 

 

 

GROUP 3 

Kingianic acid G (126) 5 ± 1 19 ± 2 8 ± 1 47 ± 3 

Ferrugineic acid F (114) a NT 7 ± 1 NT 14 ± 3 

Ferrugineic acid G (115)
 a NT 17 ± 1 NT 0 

Ferrugineic acid I (117)
 a NT 35 ± 1 NT 3 ± 1 

Ferrugineic acid J (118) a NT 58 ± 7 NT 7 ± 2 

 ABT-737 (Ki) NT 57 ± 10 nM NT 47 ± 22 nM 

NT: not tested 
a 
Data for comparison and SAR study (Apel et al., 2014)  

 

The structure-activity relationships (SAR) analyses were performed to understand the 

relationship between the chemical structure and potency of binding affinities. The 

observations were compared with the results obtained for ferrugineic acids, isolated 

from Beilschmiedia ferruginea by Apel et al. (2014). From these results, the endiandric 

acids can be separated into three groups according to their tetracyclic carbon skeletons.  
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Group 1 Group 2 Group 3 

Figure 4.4: Endiandric acid tetracyclic carbon skeletons 

 

 

In the first group characterized by a tetracyclic ring system formed with 11 carbon 

atoms (compounds 120, 122, 124, 93 and 119), only compounds 122 showed a weak 

binding affinity for Mcl-1, and no compound showed binding affinity for Bcl-xL. In 

contrast, in the second group ∆
4,5 

and ∆
8,9

 double bonds (compounds 125, 89 and 109-

113), compounds 110 and 111 exhibited important binding affinities for both anti-

apoptotic proteins, and compound 112 showed only a strong binding affinity for Mcl-1. 

Considering the weak binding affinity for Bcl-xL of compounds 125, 89, 109 and 113, it 

could be postulated that the length of the saturated carbon side chain at eastern part of 

skeleton (preferentially five or seven methylene groups) associated with a terminal        

4-hydroxyphenyl ring, play a crucial role for Bcl-xL and Mcl-1 binding affinities. 

In the third group characterized by the same tetracyclic ring system as the previous 

one but with ∆
5,6

 and ∆
8,9

 double bonds (compound 126, 114, 115, 117 and 118), only 

compound 118 showed a important binding affinity for Bcl-xL protein, indicating that 

the β-oriented C-4 hydroxy group (cf. 118 versus 117) and the length of the saturated 

carbon side chain (preferentially five methylene groups, cf. 118 versus 115) are 

essential for the activity.  
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The structural requirement of endiandric acid analogues as dual inhibitors of         

Bcl-xL/Bak and Mcl-1/Bid interactions are clarified as follows (Figure 4.5): 

i. The main tetracyclic skeleton formed with 13 carbon atoms with four cis-form 

olefinic proton at ∆4,5 and ∆8,9, or at ∆5,6 and ∆8,9) are essential to exhibit good 

binding affinities for both antiapoptotic proteins (groups 2 and 3).  

ii. The length of the saturated carbon side chain at C-11 for compounds in groups 2 

and 3 (preferentially five methylene groups) are essential for a strong activity. 

iii. The β-orientation of hydroxyl group (-OH) at C-4 for compounds in group 3 is 

essential for increasing the activity in Bcl-xL/Bak binding affinity.  

iv. The presence of the 4-hydroxy phenyl substitution in saturated carbon side chain 

at C-11 is tolerated (group 2).  

 

 

Figure 4.5: The important structural features of endiandric acid analogues for Bcl-xL 

and Mcl-1 binding affinities 
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4.2.2 Evaluation of kingianin analogues on Bcl-xL/Bak and Mcl-1/Bid binding 

affinities 

In kingianin series, the binding affinities of the racemic mixtures of compounds 128-

130 together with known kingianins A-N were evaluated on Bcl-xL/Bak and Mcl-1/Bid. 

Results are given by the Ki value i.e the concentration corresponding to 50% of 

inhibition of the binding of the labelled reference compound, and corrected for 

experimental conditions according to Cheng and Prusoff
 
(1973) (Table 4.2). The Ki 

value is the inhibitory constant and specifically reflective of the binding affinity. The 

smaller the Ki, the greater the binding affinity and the smaller amount of medication 

needed in order to inhibit the activity of that enzyme. The results will be compared with 

reported values by Litaudon group for structural activity relationship (SAR) (Leverrier 

et al., 2011). 

. Considering the racemic mixtures, it was shown in previous study (Leverrier et al., 

2011) that the presence of one, or preferably two acidic chains was essential for a 

significant binding affinity for the protein Bcl-xL, (±)-kingianin G, and to a lesser 

extent (±)-kingianins H-J, being the most active compounds (Figure 4.6). Taking into 

account the stereochemistry of the compounds, the binding affinity was significantly 

increased for the (-)-enantiomers compared to the (+)-enantiomers, as illustrated by 

comparing the Ki for (-)- and (+)-kingianins G-L. In contrast with these, the 

stereochemistry of the molecules does not play such a vital role for a significant binding 

affinity for Mcl-1. Indeed, it can be noted that (-)-kingianins G, H, J, K and L exhibited 

similar binding affinities than their respective (+)-counterparts. It should be noted that   

(-)- and (+)-kingianins G, H, and J exhibited the most potent binding affinities for the 

protein Mcl-1 with Ki comprised between 2 and 4 µM, while (-)- and (+)-kingianins K 

and L were less active (13 < Ki < 17 µM) , suggesting that two acidic chains located at 

either positions 1 and 8' or 1' and 8 on the pentacyclic core are essential for a significant 
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binding affinity. Based on these results, it could be deduced that (-)-kingianins G, H, 

and J proved to be the most potent dual inhibitors of Bcl-xL/Bak and Mcl-1/Bid 

interactions. For new kingianins, only kingianin P (129) showed potent binding for    

Bcl-xL (13 ± 2 µM) and moderate binding affinity for Mcl-1 (30 ± 1 µM) (Table 4.2). 

 

 Table 4.2: Bcl-xL and Mcl-1 binding affinities of kingianin analogues 

n.d: not determined 
a
 Data for comparison and SAR study. Data from Leverrier et al., 2011.

 

b
 The Ki values are the means +/- standard deviation from three replicates 

 

 

 

 

Compounds Bcl-xL/Bak binding affinity (Ki, µM)b Mcl-1/Bid binding affinity (Ki, µM)b
 

Racemic 
mixture 

Enantiomer 
(-) 

Enantiomer 
(+) 

Racemic 
mixture 

Enantiomer 
(-) 

Enantiomer 
(+) 

Kingianin O (1) > 23 n.d n.d > 33 n.d n.d 

Kingianin P (2) 13 ± 2 n.d n.d 30 ± 1 n.d n.d 

Kingianin Q (3) > 23 n.d n.d > 33 n.d n.d 

Kingianin A (4) 
a 

213 ± 53 60 ± 2 > 300 n.d > 33 > 33 

Kingianin B 
a 

> 300 n.d n.d > 33 n.d n.d 

Kingianin C 
a
 > 300 n.d n.d > 33 n.d n.d 

Kingianin D 
a 

> 300 n.d n.d > 33 n.d n.d 

Kingianin E a > 300 n.d n.d > 33 n.d n.d 

Kingianin F (5) a 231 ± 47 n.d n.d > 33 n.d n.d 

Kingianin G 
a 

2 ± 0 1 ± 1 5 ± 1 n.d 2 ± 2 3 ± 1 

Kingianin H 
a 

18 ± 7 4 ± 1 27 ± 1 n.d 4 ± 2 4 ± 3 

Kingianin I a 18 ± 3 12 ± 1 16 ± 2 n.d n.d n.d 

Kingianin J 
a 

29 ± 6 9 ± 1 25 ± 3 n.d 2 ± 1 2 ± 1 

Kingianin K (6)
 a 

80 ± 36 6 ± 1 112 ± 15 n.d 17 ± 7 13 ± 4 

Kingianin L (7)
 a 

36 ± 11 4 ± 1 71 ± 10 n.d 15 ± 4 16 ± 2 

Kingianin M (8)
 a 

236 ± 34 n.d n.d > 33 n.d n.d 

Kingianin N (9) a 177 ± 9 n.d n.d 19 ± 7 n.d n.d 

Meiogynin A 

(control) 

4 ± 1 5 ± 1 Univ
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Figure 4.6: Binding affinity increase with the number of acid substituents 
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From these results, it could be postulated that the kingianins bind to the proteins 

through probable H-bonding. So, the presence of two acidic, or one acidic and one       

N-ethylacetamide side chains, and their spatial position are essential for a significant 

binding affinities for Bcl-xL and Mcl-1. This is explained in Figure 4.7. 

 

 

Figure 4.7: The important structural features of kingianins for binding affinities 

 

4.3 Evaluation of Cytotoxic Activities of Endiandric Acid Derivatives  

Cytotoxic therapy is a cancer treatment that uses chemical substance, especially one 

or more anti-cancer drugs that are given as part of the standardized chemotherapy 

regimen. Chemotherapy may be given a curative intent, or it may be aimed to prolong 

life or to reduce symptoms. This treatment is often used in conjunction with other 

cancer treatments, such as radiation therapy, surgery and/or hyperthermia therapy. 

Treatments such as radiation and surgery are considered as local treatments (Masui et 

al., 2013). They act only in one area of the body such as the breast, lung, or prostate, 

and usually target the cancer directly. Chemotherapy differs from surgery or radiation in 

that it is used as a systemic treatment, in which the drugs travel throughout the body to 

target the cancer cells. Traditional chemotherapeutic agents are cytotoxic; they act by 

killing cells that divide rapidly, one of the main properties of most cancer cells. This 
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means chemotherapy also harm cells that divide rapidly under normal circumstances 

(Masui et al., 2013). 

Most chemotherapeutic drugs work by impairing mitosis, effectively targeting fast-

dividing cells. These drugs cause damage to cells and prevent mitosis by various 

mechanisms including damaging DNA and inhibition of the cellular machinery involved 

in cell division (Chabner & Roberts, 2005). One theory as to why these drugs kill cancer 

is that they induce a programmed form of cell death known as apoptosis (Nuňeza et al., 

1998). 

Nowadays, targeted therapies have significantly changed the treatment of cancer over 

the past 15 years (Masui et al., 2013). These drugs are now a component of therapy for 

many common malignancies including breast, colorectal, lung, pancreatic cancers, 

lymphoma, leukemia and multiple myeloma. The mechanisms of action and toxicities of 

targeted therapies differ from those of traditional cytotoxic chemotherapy. Targeted 

therapies are generally better tolerated than traditional chemotherapy, and would rather 

target proteins that are abnormally expressed in cancer cells and that are essential for 

their growth (Masui et al., 2013; Kang & Reynolds, 2009). These treatments are often 

used alongside traditional chemotherapeutic agents in antineoplastic treatment regimens 

(Masui et al., 2013). 

Keating et al., (2012) published the finding on combination therapy as a novel 

treatment strategy for patients with medullosblastoma. The studies on targeting 

inhibitors of apoptosis proteins (IAPs), in combination with cisplatin (134) (cytotoxic 

therapy) resulted in significantly increased antitumor activity with similar effects 

observed in combination with radiotherapy. Meanwhile, Desrat et al., (2014) 

synthesized the meiogynin A analogues (135-139) that target Bcl-xL and Mcl-1. Among 

them, analogue 6 (139) was found to be active on these proteins, cytotoxic at the 
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micromolar range on three lymphoid cell lines and was shown to induce apoptotic cell 

death through a classical pathway involving caspase protease (Nuňeza et al., 1998).  

 

 

Figure 4.8: Cisplatin and meiogynine A analogues 

 

In this study, the goal was to investigate the cytotoxic activity of endiandric acid 

analogues in various tumor cells. From this study, we hope that these types of 

compounds can be further developed as drug candidates in targeted and cytotoxic 

therapies. The cytotoxic activities on compounds 120, 122, 124, 93 and 89 were 

evaluated against A549 (lung adenocarcinoma epithelial), HT-29 (colorectal 

adenocarcinoma) and PC3 (prostate adenocarcinoma) cell lines using MTS-based assay 

(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-

tetrazolium, inner salt).  

As shown in Table 4.3, the results indicated that cells treated with kingianic acid E 

(124) induced cytotoxicity. Highest levels of cytotoxicity were observed in lung 

Univ
ers

iti 
Mala

ya



 170

adenocarcinoma epithelial (A549) and colorectal adenocarcinoma cell lines (HT-29) 

with IC50s of 15 ± 1 µM and 17 ± 1 µM, respectively at 72 hrs post-treatment times. 

Meanwhile, kingianic acid A (120) was successful in inhibiting the HT-29 cell lines 

with IC50 35 ± 1 µM, two times better than treatment with control (cisplatin). 

Cytotoxicity induced by tsangibeilin B (89) was observed in human lung cancer cells 

(A549) with IC50 value of 38 ± 1 µM, similar to cisplatin.  The other compounds 

showed very weak cytotoxic activity against the cancer cell lines tested. 

Solvent controls showed that the viability of cells were insignificantly affected (< 1.0 

%; data not shown), indicating that cytotoxicity was not induced by the presence of 

DMSO, which has been shown to be cytotoxic at high concentration (Volante et al., 

2002). The results are in agreement with a previous study by Williams et al. (2012) in 

which some synthetic tetracyclic endiandric acids were not active on prostate 

adenocarcinoma cancer cells (PC3) but significantly active on lung carcinoma cells. 

Table 4.3: Cytotoxic Activity of Selected Endiandric Acids 

 

Compound 

Cytotoxicity (IC50, in µM, mean ± s.d., n = 3) 

HT-29 A549 PC3 

Kingianic acid A (120) 35 ± 1 85 ± 1 >100 

Tsangibeilin B (89) >100 38 ± 1 >100 

Kingianic acid C (122) >100 85 ± 1 >100 

Endiandric acid M (93) >100 >100 >100 

Kingianic acid E (124) 17 ± 1 15 ± 1 77 ± 1 

Cisplatin 70 ± 1 36 ± 1 45 ± 8 
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4.4 Conclusion  

The interests in this research are based on cancer treatments and prevention. So, 

some of these compounds were subjected to Bcl-xL and Mcl-1 binding affinities, and 

cytotoxic activity on various cancer cell lines. In the Bcl-xL and Mcl-1 binding affinity 

study, the assays on endiandric acid and kingianin series were performed. For 

endiandric acid series, no binding was detected for Bcl-xL, however moderate binding 

affinity for Mcl-1 (25-30% inhibition at 20 µM and ≥ 75% at 100 µM) were obtained 

with compounds 89, 122 and 125. For new kingianins, only kingianin P (129) showed 

potent binding for Bcl-xL (13 ± 2 µM) and moderate binding affinity for Mcl-1 (30 ± 1 

µM). The other compounds showed very weak (>23 µM and >33 µM for Bcl-xL and 

Mcl-1 binding affinities, respectively). In cytotoxic assays, only kingianic acid E (124) 

showed moderate cytotoxic activity against lung adenocarcinoma epithelial (A549) and 

colorectal adenocarcinoma cell lines (HT-29) at the micromolar range between 15 – 18 

µM, respectively.  

Chemotherapy and molecularly targeted approaches represent two different modes of 

cancer treatment and each is associated with unique benefits and limitation. Both type of 

therapy share the overarching limitation of the emergence of drug resistance, which 

prevents these drugs from eliciting lasting clinical benefits. The rational combinations 

of cytotoxic and targeted therapies are based on understanding the mechanisms 

underlying sensitivity and resistance to each. It also represents an improved approach 

for cancer treatment by simultaneous inhibition of complementing general proliferation 

mechanism together with blockade of driver mutations or pathways conferring survival.  

From these results, the compounds, which possess a good binding affinity for 

antiapoptotic proteins are not cytotoxic. These compounds can be used as adjuvant in 

chemotherapy and they are less toxic than the traditional chemotherapy drugs because 

cancer cells are more dependent on the targets than are normal cells. These types of 
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compounds are often cytostatic and they block tumor cell proliferation. Further studies 

such as flow cytometry and western blots are needed in order to confirm that cell death 

occurred via apoptosis, and not necrosis. Meanwhile, in order to identify the nature of 

the interactions between compounds and Bcl-xL at the molecular levels, docking 

calculation can be done using a conformer of Bcl-xL generated previously using ligand-

driven conformer selection from molecular dynamics simulation.   
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CHAPTER 5 

APPROACHES TO THE SYNTHESIS OF KINGIANINS 

 

5.1 Introduction 

In 2010, the new pentacyclic compound named kingianin A (45), isolated from 

Endiandra kingiana was published (Leverrier et al., 2010) (Figure 5.1). The pentacyclic 

skeleton was formed by Diels-Alder reaction between two monomers having a 

bicyclo[4.2.0]octadiene backbone formed by a stereospecific electrocyclization of 

compound of polyketide origin.  

 

Figure 5.1: Kingianin A (45) 

 

In addition, thirteen kingianin analogues; kingianins B-N (46-58) were published in 

the following year (Leverrier et al., 2011). These compounds were isolated as optically 

inactive white powders and their respective spectroscopic data were very similar with 

differences in the nature and the position of substitutions. An in vitro biological 

screening of these compounds showed good binding affinity for the protein Bcl-xL. 

Among them, kingianin G (51) has the most potent binding affinity for the protein    

Bcl-xL with Ki ≈ 2.0 µM (Leverrier et al., 2011) (Figure 5.2). This compound has a 

promising approach in the development of anticancer agents.    
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Figure 5.2: Kingianin G (51) 

 

As mentioned in Chapters 3 and 4, several kingianins have successfully been isolated 

in milligram scale. However, a study on their biological properties including the 

mechanism could not be performed. Therefore, an approach to the synthesis of 

kingianins which involved the construction of bicyclo[4.2.0]octadiene backbone will be 

described.   

 

5.2 Previous work: biomimetic syntheses of kingianin A 

Generally, the idea for total synthesis of kingianin A was based on Black’s 

hypothesis (Bandaranayake et al., 1980) and Nicolaou’s work (Nicolaou et al., 1982, 

1984) in construction of endiandric acids. Central to this hypothesis was the formation 

of a bicyclo[4.2.0]octadiene core through a non-enzyme mediated domino 8π-6π 

electrocyclization sequence of either an E,Z,Z,E-tetraene or Z,Z,Z,Z-tetraene. Finally, an 

intermolecular Diels-Alder (4πs + 2πs) cycloaddition would provide kingianin A (45) as 

shown in Scheme 5.1.  
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Scheme 5.1: Biosynthesis of kingianin A 
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5.2.1 The first attempt in synthesis of kingianin A 

The first attempt by Sharma et al., (2011) was reported in 2011. The strategy 

involved a cascade of complexity generating reactions. The retrosynthetic disconnection 

of kingianin A revealed the vinyl bromide 140 and the stannane 141 as key precursors 

(Scheme 5.2) (Sharma et al., 2011). 

 

Scheme 5.2: Retrosynthesis of kingianin A by Sharma et al., (2011) 

 

The synthesis of vinyl bromide 140 began from conjugated ester 142 (Capuano et al., 

2003; Jubert & Knochel, 1992). DIBAL-H reduction of 142 gave the allylic alcohol 

143, which underwent oxidation with Dess-Martin periodinane to the corresponding 

aldehyde 144. Finally, elaboration of 144 to the corresponding 1,1-dibromo diene 

(Desai et al., 1962), followed by selective reduction using tributyltin hydride and 

palladium (0) catalyst gave the vinyl bromide 140 (Scheme 5.3) (Uenishi et al., 1998). 

The bromide 140 was stable at room temperature with no sign of isomerisation. 

Meanwhile, the synthesis of stannane 141 began from the known diene ester 145 (Webb 

et al., 2008; Corey & Eckrich, 1984; Jung & Light, 1982). The reduction of 145 with 

DIBAL-H afforded alcohol 146 in 65% yields. Finally, the conversion of alcohol 146 to 

nitrile stannane 141 was done using acetone cyanohydrin (Scheme 5.3) (Wilk, 1993; 

Lerner et al., 2003). 
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Scheme 5.3: Synthesis of fragment 140 and 141 (i) DIBAL-H, DCM, -78°C to rt, 40 

min, 71%; (ii) DMP, DCM, 0°C, 30 min, 96%; (iii) (a) CBr4, PPh3, Et3N, DCM, rt, 15 

min (b) HSnBu3, Pd(PPh3)4, toluene, rt, 1 h, 67% (2 steps); (iv) DIBAL-H, DCM, -78°C 

to rt, 16 h, 65%; (v) Acetone cyanohydrin, THF, 0°C, 15 min, 55%. 

 

The tetraene 147 was achieved using a Stille cross-coupling reaction between alkenyl 

140 and stannane 141 at 100°C (Andersen & Keay, 2001). Under these conditions, 

tetraene 147 could not be isolated and a mixture of bicyclo[4.2.0]octa-2,4-diene 

diastereomers 149 and 150 was obtained in 60% yield. The formation of compounds 

149 and 150 can be explained by rapid 8π-6π electrocyclizations of 147. The hydrolysis 

of nitrile functionality gave the corresponding amide which underwent reductive          

N-alkylation to give isomer bicyclooctadienes 151 and 152 in 62% yield (Scheme 5.4) 

(Katagiri et al., 2000; Dubé & Scholte, 1999). The precursor 151 was found to be stable 

at ambient temperature over several weeks with no sign of dimerization to kingianin A 

(45). Heating the solution of bicyclooctadiene 151 to 195°C provided no evidence for 
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the formation of 45, only interconversion to 152 was observed. It is clear that the 

process of dimerization is not spontaneous and consistent with the known chemistry of 

cyclohexadienes, which do not undergo Diels-Alder cyclization readily (Scheme 5.5).  

 

 

 

Scheme 5.4: Tandem coupling electrocyclization reaction sequence to kingianin 

monomers 151 and 152 (i) Pd2(dba)3, TFP, toluene, 100°C, 10 h, 60%; (ii) KOH, EtOH, 

5 h; (ii) CH3CHO, toluene, EtSiH, TFA, 120°C, 1 h, 62% (2 steps). 
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Scheme 5.5: Unsuccessful Diels-Alder cyclization of monomer kingianin A 

 

5.2.2 Kingianin monomer cyclization: radical cation Diels-Alder (RCDA) 

The second attempt was found in 2013, where Lim et al., (2013) reported the success 

of total synthesis of kingianin A (45) using intermolecular radical cation (RCDA) 

reaction of bicyclooctadienes. This reaction has been known for 30 years, but it had not 

been previously applied in the synthesis of complex natural product structures 

(Harirchian & Bauld, 1989; Lin et al., 2011). The application of radical cation catalysis 

overcomes the resistance of cyclohexadiene to undergo the Diels-Alder dimerization 

reaction (Lin et al., 2011, 2012; Ischay & Yoon, 2012; Gieseler et al., 1991). Ledwith-

Weitz salt in catalytic amount is used to perform the intermolecular radical cation 

(RCDA) reaction of bicyclooctadienes.   

The synthesis began with cross-metathesis of safrole 153 with acrolein to give 

known aldehyde 154. Stork-Zhao olefination with 155 provided the (E,Z)-iododiene 

156. Meanwhile, vinyl boronic ester 157 was prepared in two steps and coupled with 

iododoene 156 under Suzuki condition (Robles & McDonald, 2009). The mixture of 

bicyclooctadiene 159 and 160 was isolated from this reaction. Deprotection of TBDPS 

ethers gave a mixture of alcohol 161 and 162.  
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Scheme 5.6: Tandem Suzuki coupling and 8π-6π electrocyclization cascade 

 

The dimeric diester were prepared from alcohol 161 and subjected to RCDA 

condition (5 mol% of the Ledwith-Weitz salt catalyst for 1 h). The use of a tether in the 
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key RCDA steps was intended to control the regiochemistry of the cycloaddition, 

leading to the desired core structure.  

 

 

Scheme 5.7: Formation of kingianin A using radical cation Diels-Alder reaction 

 

The reaction of dimeric diester with Ledwith-Weitz salt 163 gave two products i.e 

164 and 165. Separation and characterization of these compounds confirmed that 164 

was an endo product suitable for the synthesis of kingianin A (45) while compound 165 

was an exo Diels-Alder product. Compound 164 was engaged in the next step, where 

the tether was released using LiAlH4. Then, mesylation and displacement by cyanide 

were followed by peroxide-promoted hydrolysis (Brinchi et al., 2009) and reductive     

N-alkylation (Dubé & Scholte, 1999) to give kingianin A (45) in 26% yield.  
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In summary, the total synthesis of kingianin A (45) required 12 steps (from 164). The 

intramolecular experiment established the radical cation Diels-Alder (RCDA) strategy 

as an entry to the kingianins and provided an element of regiocontrol to this key 

reaction. However, the yield of isolated kingianin A from this reaction is low (26% 

yield from endo-product 164). 

 

5.2.3 Other total synthesis of kingianin A and its analogues 

In 2013, Sherburn and co-workers published the total synthesis of kingianins A, D 

and F (Drew et al., 2013). Inspired by Bauld’s work, the radical cation Diels-Alder 

dimerization could explain the formation of kingianins in nature (Lim & Parker, 2013; 

Harirchian & Bauld, 1989; Lin et al., 2011). This publication demonstrated the 

feasibility of preparing monomer kingianins by using reduction of (Z,Z,Z,Z)-tetraene 

precursors and subsequent 8π-6π electrocyclization (Drew et al., 2013). 

The synthesis began with preparation of unsymmetrical tetrayne 166 by using Mori-

Hiyama protocol (Nishihara et al., 2000; Fiandanese et al., 2008). Two requisite diynes 

167 and 168 were successfully prepared in three and two steps, respectively (Scheme 

5.8). To synthesize diyne 168, the Cadiot–Chodkiewicz (Alami & Ferri, 1996) coupling 

of bromobutynol 169 (Montierth et al., 1998) with ethynyltrimethylsilane 170 afforded 

TMS-diyne 171, which was converted into TBS-ether 168 under standard conditions 

(Corey & Venkateswarlu, 1972). Meanwhile, known benzyl bromide 172 was employed 

in a Negishi reaction (Qian & Negishi, 2005) with organozinc reagent 173 (Hoheisel & 

Frauenrath, 2008), which was derived from 1,4-bis(trimethylsilyl)-buta-1,3-diyne 

(Holmes & Jones, 1980). Finally, these two diynes (167 and 168) were subjected to 

cross Mori–Hiyama coupling reaction (Nishihara et al., 2000; Fiandanese et al., 2008) to 

form unsymmetrical tetrayne 166 (Gung & Kumi, 2003; Vail et al., 2005; Sabitha et al., 

2006). 
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Scheme 5.8: Synthesis of unsymmetrical tetrayne 166 

 

The key bicyclo[4.2.0]octadiene precursors were prepared by a stereoselective 

semireduction of unsymmetrical conjugated tetra alkyne to give (Z,Z,Z,Z)-tetraene 174 

(Marvell & Toshiro, 1965; Paquette et al., 2004; Wang et al., 2011; Matovic et al., 

2011).  
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Scheme 5.9: Completion of the total synthesis of kingianin A, D and F 

 

It was found that Rieke zinc in ethanol afforded (Z,Z,Z,Z)-tetraene 174 in a 

completely chemoselective and highly diastereoselective manner (Matovic et al., 2011; 

Chou et al., 1991). A solution of tetraene in toluene was immediately heated to 100°C, 

which triggered the domino 8π–6π electrocyclization sequence (Huisgen et al., 1967) to 

give bicyclo[4.2.0]octadiene precursors 175 and 176. Following deprotection, the two 

diastereomeric alcohols 177 and 178 were isolated in a combined yield of 21% from 

tetrayne 166. Both alcohols 177 and 178 underwent fast radical cation Diels–Alder 

dimerizations using catalytic quantities of the Ledwith–Weitz amminium salt 163,       

(p-BrC6H4)3N·SbCl6 (Scheme 5.9) (Bell et al., 1969). 
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Even though the cyclization process succeeded, the yield of final product was low 

(17% yield, mixture of three dimeric diamide; kingianins A, D and F) after column 

chromatography. Meanwhile, TBS-diyne 168 was used in excess to increase the yield of 

the cross-coupled product (<40% yield). A 1:1 ratio of diynes 167 and 168 typically 

afforded unsymmetrical tetrayne 166 in 25-30% yield. The electrocyclization of the all-

(Z) isomer 174 required high temperature (≈ 100°C) to go to completion.   

In August 2014, Moses team reported the formal synthesis of the complex and 

dimeric kingianin A, which employed an electrochemically-mediated radical cation 

Diels-Alder cycloaddition as the key step (Moore et al., 2014; Rosen et al., 2014; Park 

& Little, 2008; Gregory et al., 1990; Frontana-Uribe et al., 2010; Nigenda et al., 1987).
 

The electrolysis was performed on a mixture of bicyclo[4.2.0]octadienyl monomers 179 

and 180 in 0.4 M nBu4NBF4 in CH2Cl2 and it was electrolysed at 1.5 V using a 

reticulated vitreous carbon electrode (Nigenda et al., 1987; Bard & Faulkner, 2001). 

During this process the polycyclic 181 and 182 were isolated as the major compounds in 

13% and 16% yields respectively (Scheme 5.10). In summary, this reaction offers an 

alternative to reagent-controlled Diels-Alder dimerization, but unsurprisingly, the yield 

of intermediate 181 is still low (<13% yield). 
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Scheme 5.10: Electrochemical endo-RCDA of monomer 179 and 180 

 

5.3 Previous work in the ICSN, CNRS laboratory 

The first research on the total synthesis of kingianin A by ICSN, CNRS group was 

undertaken in 2011 (Leverrier, 2011). Fourteen kingianins have been isolated including 

kingianin A and a plausible biosynthesis was proposed, which involved a key endo-

Diels-Alder dimerization reaction of the homochiral bicyclo[4.2.0]octadiene (Leverrier, 

2011). This proposal had been developed on the basis of Black’s hypothesis 

(Bandaranayake et al., 1980) and biomimetic syntheses of endiandric acids by Nicolaou 

et al. (1982). 

The retrosynthetic analysis is illustrated in Scheme 5.11 (Leverrier, 2011). The retro-

intermolecular Diels-Alder, as indicated lead, to bicyclo[4.2.0]octadiene 183. The 

bicyclooctadiene 183 could be prepared from cis-selective semi-hydrogenation of      

octa-1,7-diene-3,5-diyne 186. Thermal conrotatory 8π electrocyclisation in the tetraene 

185 is predicted to lead to the corresponding cyclooctatriene 184 which would then 

undergo a diastereoselective disrotatory 6π electrocyclisation reaction. This step is 

suitable in the final stage of synthetic strategy. It was thought that the diyne 186 could 
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be obtained by double dehydration of hexa-2,4-diyne-1.6-diol 187. The diol 187 can be 

prepared by nucleophilic addition between bis(trimethylsilyl)butadiyne 189 and 

aldehyde 190. Presumably, this strategy would efficiently generate a tetraene substrate 

with unsymmetrical substitution, unlike Nicolaou’s sequence using Glaser coupling. 

 

 

Scheme 5.11: Retrosynthesis of monomer kingianins by Leverrier (2011) 

 

As described in the literature, Kuwajima et al. (1983) have showed that TBAF 

(tetrabutylammonium fluoride) can be used to catalyze the reaction between 

bis(trimethylsilyl)butadiyne 189 and carbonyl compound 191, leading to propargylic 

silyl ethers 192 and 193. These were then deprotected with acetic acid to afford 
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compounds 194 and 195 were obtained in 61% and 29% yield, respectively (Scheme 

5.12).  

 

 

Scheme 5.12: Synthesis of 195 using nucleophilic addition 

 

Saksena’s work indicated that P2O5 (2.5 eqv.) is capable of dehydrating propargyl 

alcohols in dichloromethane at 0-5°C, leading to the formation of enynes (Saksena et 

al., 1985). The diyne 193 was therefore dissolved in CH2Cl2 in the presence of P2O5      

(6 eqv.) at 0°C. The desired dehydration product could not be obtained. But, under these 

conditions double cyclization took place, leading to compound 197 (21% yield) 

(Scheme 5.13).  
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Scheme 5.13: Double dehydration of enyne 195 using P2O5 

 

A second attempt of dehydration of the compound 195 was carried out in the 

presence of a strong acid, i.e. p-toluenesulfonic acid in toluene at reflux. Under these 

conditions, compound 195 decomposed. Meanwhile, Shibuya et al. (1995) had reported 

the synthesis of enediynes from propargylic alcohols via mesylates in the presence of 

triethylamine (3 eqv.). The propargyl diol was engaged under the same conditions (with 

6 eqv. of triethylamine and 2.3 eqv. of mesyl chloride). The bismesylate is immediately 

formed. However, no dehydration product could be observed. A stronger base, DBU 

was then used, leading to compound 198, and not the desired product 199 (Scheme 

5.14). 

  

 

Scheme 5.14: Double dehydration of enyne 195 using mesylate 

 

After these preliminary results, a new strategy with a more original and diversity-

oriented approach was designed. 
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5.4 Approaches to the total synthesis of kingianins 

5.4.1 Retrosynthesis of kingianins 

A new and more direct synthetic approach to the bicyclo[4.2.0]octadiene sub-units of 

kingianins are designed and explored. This strategy is displayed in Scheme 5.15. It 

involves a [2+2] cycloaddition of cyclohexadiene substrates to functionalized ketenes 

which, by simultaneous C-C bond formation, could lead to bicyclo[4.2.0]octadienes as 

potential precursors for the synthesis of kingianins. One of the main advantages of such 

a strategy is the rapid assembly of the carbon skeleton of kingianins, thus maximizing 

the chances for good overall yields of the final products.  

 

Scheme 5.15: Strategy for the synthesis of kingianins 

 

Also, in this part the functionalization of this skeleton to build dienes and dienophiles 

are studied. This approach allows the selective preparation of both homodimers and 

heterodimers, in contrast to what is permitted by application of the strategies already 

described. In addition, simplified analogues should be accessible, whose biological 

activity can be evaluated (Scheme 5.16). 

Univ
ers

iti 
Mala

ya



 191

 

Scheme 5.16: Strategy for synthesis of simplified kingianin analogues 

  

5.4.2 [2+2] Ketene-alkene cycloaddition: overview 

As shown in Scheme 5.15, the strategy for the synthesis of the 

bicyclo[4.2.0]octadiene framework rests on a [2+2] ketene-alkene cycloaddition 

reaction. Ketenes have been extensively exploited in mechanistic studies and in the 

synthesis of complex molecules, as versatile organic reactive intermediates (Tidwell, 

2005, 2006). The first ketene, diphenylketene (200), was discovered by Hermann 

Staudinger in 1905, by the reaction of α-chlorodiphenylacetyl chloride (201) with zinc 

(Staudinger, 1905). The simplest ketene (202) was prepared from the pyrolysis of acetic 

anhydride using a hot platinum wire (Wilsmore, 1907).  

 

 

Scheme 5.17: Ketenes 200 and 202 
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Early in the study of ketene chemistry, Smith and Hoehn (1939) had obtained 

cyclobutenone 203 from [2+2] cycloaddition of diphenylketene (200) with phenyl 

acetylene (204). This cyclobutene undergoes thermal ring opening to the alkenylketene 

205, which undergoes electrocyclisation to form 206 (Smith-Hoehn reaction) (Scheme 

5.18). 

 

Scheme 5.18: Smith-Hoehn reaction of diphenylketene 200 

 

One of the first examples of the [2+2] cycloaddition of a ketene with a carbon–

carbon double bond was the reaction of diphenylketene (200) with cyclopentadiene 

(207) (Staudinger, 1907). Surprisingly, it was found by Machiguchi et al. (1999) that the 

net [2+2] cycloaddition observed in this canonical process was not the initial reaction in 

the sequence, but that instead (as observed at low temperature) a [4+2] cycloaddition 

with the carbonyl group formed 208, which upon warming underwent a formal Claisen 

rearrangement to 209 (Scheme 5.19). 

 

 

 

Scheme 5.19: Cycloaddition of ketene 200 and cyclopentadiene 207  
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Ketenes are powerful electrophiles, where the π* C=O orbital is quite low in energy 

and very susceptible to nucleophilic attack (Woodward & Hoffmann, 1969). Because of 

these reasons, the ketenes have the tendency to undergo concerted [2+2] cycloadditions. 

In ketene-alkene [2+2] cycloaddition, Woodward and Hoffmann proposed the 

mechanism which occurred with an orthogonal approach of the ketene 210 to alkene 

double bond 211 from the least hindered direction to form 212 (Wagner & Gompper, 

1970; Gompper, 1969). In the transition state for cyclization, the 212 was proposed 

from initial bond formation from more nucleophilic carbon of the alkene 211, to the 

carbonyl carbon 210 with an interaction between the cationic carbon and the enolate 

system of the dipolar intermediate (antarafacial-suprafacial) (Zimmerman, 1971; 

Baldwin & Kapeckki, 1970). The smaller substituent on the ketene 210 moved away 

from the nearest alkene 211 substituent. The bond rotation happen at C2 and the second 

bond formed (Scheme 5.20).      

 

Scheme 5.20: [2+2] cycloaddition mechanism 

 

Ketene-alkene [2+2] cycloadditions are an important class of transformations for 

chemical synthesis. This is largely due to the synthetic utility of the resultant 

cyclobutanone products as evidenced by the numerous reports regarding their use in 

total synthesis. For example, dichloroketene (213) was prepared by the 
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dehydrochlorination of dichloroacetyl chloride (214), and trapped with cyclopentadiene 

(207) by [2+2] cycloaddition to form bicyclo[3.2.0]pent-2-ene-6-one (215). Hydrolysis 

of 215 is a simple and efficient method for the preparation of tropolone (216) (Stevens 

et al., 1965; Minns, 1977, 1988). 

 

 

Scheme 5.21: Preparation of tropolone (216) 

   

This reaction was utilized as a key reaction in the synthesis of bakkane natural 

products. Dichloroketene (213) was generated in situ from trichloroacetyl chloride (217) 

by zinc-copper couple in the presence of phosphorus oxychloride (Brocksom et al., 

2002). The [2+2] cycloaddition between dichloroketene (213) and                              

1,6-dimethylcyclohexene (218) gave the product in high yield and excellent regio- and 

diastereoselectivity. The cycloadduct 219 was successfully converted to                       

(±) – bakkenolide A (Brocksom et al., 2002). 

 

Scheme 5.22: Synthesis of (±) – bakkenolide A 

 

Faria and co-workers devised an efficient synthesis of indolizidine systems and the 

total synthesis of the necine base (±) – platynecine (De Faria et al., 2002). This 

approach, utilized a [2+2] ketene cycloaddition between five-membered endocyclic 

enecarbamate (220) and alkylketene, generated in situ from 5-chlorovaleryl chloride 
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(221) by treatment with triethylamine in cyclohexane was used (De Faria et al., 2002). 

The cycloaddition reaction occurred in good and high yield with high stereoselectivity 

(90% yield, ratio 222:223; 7:1). Baeyer-Villiger ring expansion of the cycloadduct 222 

provided the corresponding ɣ-lactone 224 in high yield with remarkable 

regioselectivity. 

 

Scheme 5.23: Synthesis of (±) – platynecine 

 

(±) – Welwitindolinone A isonitrile is a natural product isolated from blue-green 

algae and exhibits potent antifungal activity. Wood team developed a synthesis for this 

compound that incorporates [2+2] ketene cycloaddition as the key step (Reisman et al., 

2006; Ready et al., 2004). The reaction between the cyclohexadiene acetonide (225) and 

dimethylketene that was generated in situ from 226, was carried out in the presence of 

triethylamine in refluxing THF. This transformation led to the formation of tricycle 

ketone 227 in 85% yield as a single regio- and diastereo isomer. 
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Scheme 5.24: Synthesis of (±) – welwitindolinone A isonitrile 

 

5.4.3 Approach A: [2+2] intermolecular ketene cycloaddition 

5.4.3.1  1,3-Cyclohexadiene1
 

To validate this strategy, Lonca G. started this project to prepare the bicyclo [4.2.0] 

octadiene 228 as monomer of kingianins. As shown in Scheme 5.25, the bicyclo 

precursor could be obtained by using the same ketene-alkene [2+2] cycloaddition. The 

major questions are the formation of cyclohexadiene at carbon C-2 and C-4, and 

functionalization of substituent at C-7 and C-8 position with the correct relative 

configuration.   

 

 

Scheme 5.25: Strategy for synthesis of diene 228 

 

The sequence began with the synthesis of bicyclo[4.2.0]octadiene 229 and 230. The 

diene 231 was reacted with chloropropionyl chloride 232 and Et3N in ether to give a 

separable mixture of 7-methylchloro ketones 229 and 230 in a ratio of 4:1 (Scheme 

5.26) (Wu et al., 1994). From the 1H NMR analysis, cyclobutanones 229 and 230 shows 

characteristic signals corresponding to the olefinic protons at δH 5.76 (H-5) and 5.96   

                                                
1 Disclaimer: this subsection describes unpublished experimental work carried out by Geoffroy Lonca 
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(H-4). Comparison of 
1
H NMR spectra between compounds 229 and 230, indicated the 

proton signals for the ring junction H-1 (δH 4.07) and  H-6 (δH 3.08) of compound 229 is 

more deshielded than compound 230 [H-1 (δH 3.67) and H-6 (δH 2.89)]. In addition, 

formation of 229 and 230 was confirmed by analysis of the high resolution mass 

spectrum, showing m/z = 170.0489 (M+•). 

 

 

Scheme 5.26: Synthesis of cyclobutanones 229 and 230 

 

Reduction with zinc/copper couple of 229 gave the product 233 (Wu et al., 1994). 

Carbonyl homologation of 233 to obtain the aldehyde 234 was achieved by reaction at 

low temperature of the bicyclic ketone 233 with ylide 235 to form enol ether 236 (E/Z 

mixture) (Kozikowski et al., 1995; Rosini et al., 1998). The enol ether 236 was directly 

converted into a diastereoisomeric mixture of bicyclic aldehyde 234 by hydrolysis with 

formic acid (Scheme 5.27) (Rosini et al., 1998).  

   

 

Scheme 5.27: Carbonyl homologation of 234 
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The diastereoisomeric mixture of bicyclic aldehyde 234 was observed on the 
1
H 

NMR spectrum, where a doublet signal appeared at 9.75 and 9.76 ppm for 234a and 

234b, respectively. Epimerization of 234 was done in small scale by using DBU in 

CDCl3 for 24 h to afford a single isomer aldehyde 256a (Scheme 5.28).  

 

 

Scheme 5.28: Epimerization of bicyclic aldehyde 234 

 

Based on this observation, combination olefination reaction with epimerization was 

envisaged. A Horner-Wadsworth-Emmons reaction (HWE) was chosen to perform the 

olefination of the aldehyde 234 (Rosini et al., 1998; Blanchette et al., 1984). The 

mixture of the aldehydes 234 was treated with ylide 237 in tetrahydrofuran in the 

presence of LiCl and DBU to obtain 238 (50% yield, dr; 7:3) (Scheme 5.29). 

Unfortunately, no epimerization occurred, indicating that the HWE reaction was a faster 

process.   

 

 
 

Scheme 5.29: Synthesis of compound 239 
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Treatment of ester 238 with NaBH4 catalyzed by CuCl gave ester 239 in 80% yield 

(Shi & Aldrich, 2012). The use of cyclohexene in large excess is essential to minimise 

reduction of the alkene function. Finally, Wohl-Ziegler radical bromination of ester 239 

gave allylic bromide 240 among a complex mixture of products (Koltun & Kass, 2000). 

After column chromatography, two products were isolated, namely 

bicyclo[4.2.0]octadiene 241 and 3,6-dibromo-bicyclo[4.2.0]octene 242 (Scheme 5.30). 

Compound 241, which had not been observed in the crude product, is similar to the 

target model compound but it was isolated in small quantity (9% yield). Bicyclo 

[4.2.0]octane 242 was found to be an over bromination product, showing the reaction 

was difficult to control in this case. Therefore, another model study was planned using a 

different substrate (starting material).  

 

 

Scheme 5.30: Synthesis of cyclohexadiene 261 

 

5.4.3.2  4-Methoxy-1,4-cyclohexadiene 

Based on preliminary work above, the research of constructing the 

bicyclo[4.2.0]octane was continued by using similar approach with different substrates; 

4-methoxy-1,4-cyclohexadiene. The aim of this synthesis is to prepare the dienophile 

243, as monomer of kingianins. It involves a ketene-alkene [2+2] cycloaddition between 

cyclohexadiene 245 and ketene 246 (Scheme 5.31).  
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Scheme 5.31: Strategy for synthesis of dienophiles 243 

 

The synthesis was initiated with the preparation of cyclobutanone in gram quantities, 

as an adaptation of the sequence reported by Wu et al. (1994). The reaction of                    

4-methoxy-1,4-cyclohexadiene (247) with 2-cholopropionyl chloride (232) and Et3N in 

ether gave a separable mixture of 7-methylchloroketones 248 and 249 in a ratio of 3:1 

(Scheme 5.32). The displacement of the double bond from C-3-C-4 to C-4-C-5 was 

observed during the reaction to give chloroketones 248 and 249. From the 
1
H NMR 

analysis, cyclobutanones 248 and 249 showed characteristic signals corresponding to 

the olefinic protons between δH 4.69-4.73 (H-5). Comparison of 
1
H NMR spectra, 

indicated the proton signals for the ring junction H-6 (δH 3.05) and H-1 (δH 3.67) of 

compound 249 is more shielded than those of compound 248 [H-6 (δH 3.26) and H-1 

(δH 4.12)]. In addition, formation of 248 and 249 was confirmed by analysis of the high 

resolution mass spectrum, showing m/z = 170.0606 (M+•). Furthermore, the position of 

methyl group for compound 249 was in endo position, this was confirmed by NOE 

experiments. The cross peak between H-1/H-6 indicated that the junctions C1-C6 was 

cis and H-1 and H-6 were arbitrarily assigned as β–oriented. Other NOE correlation 

between H-6/H-9 and   H-5/H-10 indicated that H-5, H-10, H6 and H-9 were a             

β-oriented and no correlation was observed between H-5/H9. This implied the exo 

position of methyl group for compound 248.  
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Scheme 5.32: Synthesis of cyclobutanones 248 and 249 

 

Hydrolysis of 248 in acidic media afforded cyclohexanone 250 in 91% yield 

(Scheme 5.33) (Blair et al., 1981). 

 

 

 Scheme 5.33: Hydrolysis of methoxyl group at C-4 

 

5.4.3.2.1 Formation of α,β-unsaturated ketone 

Having obtained cyclohexanone 250, next is to synthesize the α,β-unsaturated ketone 

251 (Scheme 5.34). The dehydrogenation of cyclohexanone 250 was attempted using 

IBX with 4-methoxypyridine-N-oxide (MPO) as decribed in Baran’s works (Nicolaou et 

al., 2002). IBX dissolved in DMSO acts as a single electron transfer (SET) agent and as 

such can affect oxidation adjacent to a carbonyl functionality to produce α,β-unsaturated 

counterpart (Scheme 5.34). By using this protocol, the compound 250 decomposed.   

 

 

Scheme 5.34: Dehydrogenation of cyclohexanone 250 
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Inspired by Chen’s work, Saegusa-Ito oxidation [Me3SiOTf.NEt3; then Pd(OAc)2/O2] 

was attempted to make enone 251 (Richard & Chen, 2012). The reaction started by silyl 

enol ether formation of the bicyclic ketone 250 to afford chloroketone 252 as a mixture 

with its regioisomer 253 (252 is more stable than 253). Evidence for the formation of 

silyl enol ethers 252 and 253 were confirmed by the 
1
H NMR spectrum with the signals 

and coupling patent at δH 3.0-5.0 corresponding to H-1, H-3, H-5 and H-6. The silyl 

enol ethers 252 and 253 are inseparable mixture in a 2:1 ratio as determined by 
1
H 

NMR. 

Oxidation of bicyclic silyl enol ethers 252 and 253 was done by using Pd(OAc)2 as 

oxidant together with oxygen (co-oxidant) in DMSO at 80°C (Scheme 5.35). However, 

under these conditions, both compounds 252 and 253 decomposed.  
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Scheme 5.35: Saegusa-Ito oxidation of 250 
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5.4.3.2.2 Allylic bromination at C-3 position 

Disappointed with the decomposition of compounds 252 and 253 in the oxidation, 

allylic bromination of 248 was attempted to afford the α,β-unsaturated ketone 251 

(Scheme 5.36). Wohl-Ziegler radical bromination (Koltun & Kass, 2000) of 248 by 

means of N-bromosuccinimide in CCl4 gave an allylic bromide 254 in 20% yield. The 

formation of allylic bromine 254 was observed in 
1
H NMR spectra, where the signal at 

δH 4.49 (H-3) appeared as a triplet (J = 7.2 Hz). After 3 weeks of storage in the freezer, 

the enol ether 254 had suffered hydrolysis into ketone 255. Dehydrobromination (Ando 

et al., 1987) of the allylic bromination product 255 with lithium carbonate (Li2CO3) and 

lithium bromide (LiBr) in DMF at 120°C gave a complex mixture of products, 

containing the desired cyclohexenone 251 (Scheme 5.36).  
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Scheme 5.36: Radical bromination of 248 

  

The formation of α,β-unsaturated ketone was evidenced by 
1
H NMR (CDCl3) 

spectroscopy, with signals appearing in the 
1
H NMR spectra at 7.0 and 6.5 ppm, 

corresponding to H-3 and H-2 of the double bond 251, respectively.   
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5.4.3.2.3 Substitution at C-8 position 

Introduction of benzyl groups at C-8 position of 248 was attempted by using Wittig, 

Barbier and Grignard protocols, without success due to the chlorine substituent at C-7 

position which causes steric hindrance (Scheme 5.37) (Li et al., 2011; Fournier & 

Poirier, 2011). The problem is expected to be solved, in principle, by dechlorination of 

the ketone 248.   

 

 

 

Scheme 5.37: Nucleophilic substitution at C-8 position of compound 248 

  

 Thus, bicyclic[4.2.0]octanene 248 was subjected to dechlorination at C-7 using 

activated Zn, TMEDA and acetic acid to afford cyclobutanone 256 in 45% yield 

(Koltun & Kass, 2000). The formation of cyclobutanone 256 was confirmed by 1H 

NMR spectrum with the signal at δH 0.91 (d, J = 8.4, H3-9) corresponding to methyl 

group attached to C-7. This compound was found to be relatively unstable and had to be 

used rapidly. Wittig reaction of 7-methyl ketone 256 with ylide 257 gave the expected 

7-methyl products 258 and its geometrical isomer (Z/E:1:1) in 51% yield (Scheme 5.38) 

(Wu et al., 1994).  
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Scheme 5.38: Homolongation of cyclobutanone 248 

 

 The sequence was continued by palladium-catalyzed hydrogenation of 258 in 

methanol to afford compound 259a and 259b (80% yield)
2
 (Scheme 5.39) (Ranu & 

Sarkar, 1994; Avlonitis et al., 2003). On the basis of Robinson’s work, selective 

bromination of both 259a and 259b using phenyl trimethyl ammonium perbromide 

(THF, -78 to 0°C) would give the bromoketone 260 as the major product (Robinson et 

al., 2009; Pettit et al., 2012). But 1H NMR (CDCl3) examination of the crude product 

showed the typical signals for bromoketone 261 and not bromoketone 260. The doublet 

signal at 4.86 ppm showed the correlation between protons at C-5 and C-6. The 

synthesis was stopped at this stage and another approach using 1,4-cyclohexadiene. 

                                                
2 Isolated two diastereoisomers, the major compound is 259a 
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Scheme 5.39: Synthesis of compound 261 

 

5.4.3.3 1,4-Cyclohexadiene 

Encouraged by subchapters 5.4.3.1 and 5.4.3.2 results, a model to synthesize the 

allylic alcohol 262 from bicyclo 263 was designed (Scheme 5.40). The allylic alcohol 

262 could provide a diversity-oriented access to make dienophile 263 and/or diene 264. 

The synthesis started with the preparation of the bicyclo[4.2.0]octane system followed 

by epoxidation. To generate an allylic alcohol moiety, an elimination reaction was 

envisaged from epoxide 263.  

 

 

Scheme 5.40: Strategy for synthesis of allylic alcohol 262 
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Summarized in Scheme 5.40, 1,4-cyclohexadiene (265) was used to synthesize 

bicyclo[4.2.0]oct-3-ene 266. The building block, 7,7-dichlorobicyclo[4.2.0]oct-3-en-7-

one (266) was prepared by the addition of dichloroketene, generated in situ from 217, to                       

1,4-cyclohexadiene (265) in 69% yield (Mori et al., 1997; Horasan et al., 2011; Davis & 

Carpenter, 1996).
 
The reaction was done under ultrasonic irradiation (Scheme 5.41). 

 

 

Scheme 5.41: Synthesis of dichlorocyclobutanone 266 

 

5.4.3.3.1 Oxidation of alkene 

 The epoxidation of alkene group of 266 at C-3 was done using m-CPBA in 

dichloromethane (Wu et al., 1994). During this transformation, Baeyer-Villiger 

oxidation (Davis & Carpenter, 1996) also took place to give the unwanted lactone 267 

in 30% yield together with the desired epoxide 268 (10% yield) (Scheme 5.42).  

 

 

Scheme 5.42: Oxidation of dichlorocyclobutanone 266 

 

To circumvent this difficulty, singlet oxygen (1O2) ene-reaction was used to 

synthesize cyclohexenol 269. Singlet oxygen can be produced chemically by reacting 

hydrogen peroxide (H2O2) with sodium hypochlorite (Foote et al., 1968). 

 

H2O2 + NaOCl → 1O2 + NaCl + H2O 
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(20% yield)

Only product
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Scheme 5.43: Singlet oxygen (
1
O2) ene-reaction of 266 

 

The methanolic solution containing excess hydrogen peroxide was oxidized by 

adding dilute aqueous sodium hypochlorite (Scheme 5.43). However, no sign of 

formation of hydroperoxide 270 was observed and only the unwanted lactone 271 was 

obtained as a result of Baeyer-Villiger oxidation reaction (Horasan et al., 2011; Davis & 

Carpenter, 1996). To avoid this problem, a photochemical method would have to be 

used for the generation of 
1
O2 involving the irradiation of normal oxygen gas in the 

presence of an organic dye as a sensitizer, such as tetraphenylporphyrin (Horasan et al., 

2011; Davis & Carpenter, 1996). 

   

5.4.3.3.2 “Protection” of the carbonyl group 

In order to prevent the formation of the unwanted lactones 267 and 271, next step 

was to modify the substrate 266 by reducing the carbonyl group. Reduction of 

compound 266 with NaBH4 offered alcohol 272 in 68% yield (Powers et al., 2007). 

Epoxidation of double bond in 272 using m-CPBA produced the epoxide 273 in 79% 
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yield (Wu et al., 1994). To remove excess acid from m-CPBA, treatment work-up with 

1 M NaOH was performed. Unexpectedly, a new compound was produced, with very 

simple 1H and 13C NMR spectra corresponding to the symmetrical dialdehyde structure 

274 (Scheme 5.44). The mechanism of formation of dialdehyde 274 is explained in 

Scheme 5.44. The experiment to synthesize the epoxide 273 was repeated without basic 

washing.  

 
 

 

Scheme 5.44: Formation of dialdehyde 274 
 
 

To generate the allylic alcohol moiety (276a and 276b), E1 elimination was 

attempted from epoxide 273. Reactions of epoxide 273 with PTSA and/or concentrated 

H2SO4 were carried out to give the tricyclic compound 275, instead, with no formation 

of the allylic alcohols 276a and 276b (Scheme 5.45). 

 

 

Scheme 5.45: Attempted E1 elimination of 273 under acidic condition 

  

Univ
ers

iti 
Mala

ya



 210

Another possibility to generate an allylic alcohol moiety was to open the epoxide by 

a selenide ion, oxidise the selenium atom and then perform an elimination reaction. For 

this study, the model substrate 277 was used (Scheme 5.46). It was synthesized by 

reducing the dichloro compound 266 with activated zinc and acetic acid to give 278 

(Koltun & Kass, 2000). The carbonyl group was protected using                                          

1,2-bis[(trimethylsilyl)oxy]ethane to give the ketal 279 in order to prevent the formation 

of lactone analogues of 271 and increase the yield of epoxide 277 (Wu et al., 1994). 

Oxidation of ketal 279 with m-CPBA yielded the epoxide 277 in 65% yield. 

  

 

Scheme 5.46: Synthesis of cyclohexenol 280 

 
The epoxide 277 was transformed into allylic alcohol 280 using mild conditions 

developed by Sharpless and Lauer (1973). The selenium anion is an excellent 

nucleophile and easily opens the epoxide ring of 277 via SN2 reaction to give the 

hydroxy selenide 282. Treatment of 282 with excess hydrogen peroxide gave the 

unstable selenoxide 283 as the intermediate then, which decomposed to the allylic 

alcohol 280 in 20% yield (Scheme 5.47).  
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Scheme 5.47: Mechanism reaction of allylic alcohol 280 

 

5.4.4 Approach B: [2+2] intramolecular ketene cycloaddition 

In the previous approaches, [2+2] intermolecular ketene cycloaddition were 

attempted.  In this model study, intramolecular [2+2] ketene cycloaddition, instead of 

intermolecular reaction (the previous attempts), was explored. Retrosynthetic analysis 

of cyclobutanone 284 is shown in Scheme 5.48. Compound 285 can be accessed from 

acetylation of allylic alcohol 286 with acyl chloride 287 followed by ketene-alkene 

[2+2] cycloaddition. Allylic alcohol 286 could be obtained by a series of conversions of 

functional groups from 4-methoxy-1,4-cyclohexadiene (247).     

 

 

Scheme 5.48: Retrosynthesis of cyclobutanone 284 

 

5.4.4.1  Intramolecular [2+2] ketene cycloaddition 

The synthesis of allylic hydroxyl 286 commenced from the readily available             

4-methoxy-1,4-cyclohexadiene (247), whose acid catalyzed ketalization led to vinyl 

ketal 288 (Scheme 5.49) (Zhang & Koreeda, 2002; Allen et al., 1986). Without 

purification, treatment of 288 with m-CPBA provided epoxide 289 in 55% yield (Cheng 
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et al., 1992). On the basis of the previous study with organoselenium reagents, the 

treatment of epoxide 289 with diphenyl diselenide provided the allylic alcohol 286 in 

30% yield (Scheme 5.49) (Sharpless & Lauer, 1973; Zhang & Koreeda, 2002; Krief et 

al., 1992). 

 

HO
OH

p-TSA

m-CPBA

DCM

289

(55% overall yield)

288247

O

O

O

O

O

H3CO

(i) PhSe-SePh, NaH

THF

(ii) H2O2, THF

286

(30% yield)

OH

O

O

 

Scheme 5.49: Synthesis of compound 286 

 

The sequence was continued by doing an acylation reaction and [2+2] ketene-alkene 

cycloaddition in one-pot between 286 with 287 (Scheme 5.50). Unfortunately, this 

reaction did not produce the desired product 285 and the synthesis was stopped at this 

stage.   

 

 

Scheme 5.50: Acylation and intermolecular cycloaddition of 286 and 287 

 

5.4.5  Approach C: synthesis of bicyclo[4.2.0]octane containing methylenedioxy 

phenyl moiety at C-7 

 

After several approaches using inter- and intramolecular [2+2] ketene cycloadditions, 

the intermolecular have shown promising result. Therefore, this approach was taken 

using the ketene 293, which is mimics the structure of kingianins. The objective is to 
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synthesize the compound 290, which could lead to the formation of dienophile 291 and 

diene 292. The key intermediate 290 could be obtained from [2+2] cycloaddition 

between cyclohexadiene 265 and ketene 293 (Scheme 5.51).  

 

 

Scheme 5.51: Strategy for synthesis of dienophile 291 and diene 292 

 

First, the synthesis of the ketene precursor 294 was prepared using Qin’s protocol 

(Qin et al., 2011; Hu et al., 2013). The synthesis of 294 began with the known piperonyl 

bromide (295), which can be prepared from 296 in one step (Qin et al., 2011). Double 

alkylation of sodium trichloroacetate (297) with 295 gave ester 298 and the mechanism 

of formation of 298 is explained in Scheme 5.52 (Hu et al., 2013; Raths & Dehmlow, 

1987). Sodium trichloroacetate (297) reacts with phenyl bromide (295) to give an ester 

299 and concurrently this compound will generate trichloromethyl anion (300) 

(Taschner, 2001; Charette et al., 2001). This anion will extract the chlorine from 299 to 

provide the active anion 301 (Raths & Dehmlow, 1987). The anion 301 will undergo 

nucleophilic substitution with phenyl bromide 295 to give the ester 298 (Raths & 

Dehmlow, 1987), which underwent hydrolysis with NaOH to provide acid 294 in 80% 

yield.  
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Scheme 5.52: Synthesis of 2,2-dichloro carboxylic acid 294 

 

The synthesis of dichloroketene from acid 294 was done after acylation with thionyl 

chloride under reflux conditions (Buurma et al., 2001). Excess thionyl chloride was then 

removed and without purification, acyl chloride 302 was reacted with                          

1,4-cyclohexadiene (265) in the presence of activated zinc (Zn-Cu couple) under 

ultrasonic irradiation. After several attempts, the reaction did not give the desired 

product 303 (Scheme 5.53).  
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Scheme 5.53: Synthesis of compound 303 

 

Due to the unsuccessful synthesis of compound 303, another precursor;                      

2-chlorocarboxyl chloride 304, from 2-chlorocarboxylic acid 305 was prepared. The 

preparation of the corresponding acid 305 was described in the literature (Sohda et al., 

1983). The synthesis began with two fragments i.e piperonyl chloride (306) and ethyl-2-

chloro-3-oxobutanoate (307) (Scheme 5.54). The chloride 306 was prepared from 

piperonyl alcohol (308) (Cheon et al., 2005). Meanwhile, compound 307 can be 

synthesized in one step using sulfuryl chloride from commercially available ethyl-3-

oxobutanoate (309) (Smith et al., 2008). The nucleophilic substitution of 307 with 

piperonyl chloride (306) gave ethyl-2-acetyl-2-chloro-3-(3,4-methylenedioxyphenyl) 

propionate (310) followed by hydrolysis with NaOH in ethanol to form 305 in 90% 

yield (Scheme 5.54).  
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Scheme 5.54: Synthesis of 2-chlorocarboxylic acid 305 

  

With this 2-chlorocarboxylic acid 305 in hand, the attention was focused on the 

ketene [2+2] cycloaddition with 1,4-cyclohexadiene (265). Acid 305 was transformed 

into acyl chloride 304 using thionyl chloride to generate benzylketene in the presence of 

Et3N. Unfortunately, as shown in Scheme 5.55, the desired product 303 was not 

obtained.  

 
 

Scheme 5.55: Ketene [2+2] cycloaddition of acyl chloride 304 with diene 265 
 
 

The following attempt was carried out by using 1,3-cyclohexadiene (231) instead of 

non-conjugated 1,4-cyclohexadiene (265). The [2+2] cycloaddition of                        

1,3-cyclohexadiene (231) to benzylketene (generated in situ from acyl chloride 304 in 

the presence of Et3N) in diethyl ether, at room temperature, provided the corresponding 

Univ
ers

iti 
Mala

ya



 217

bicyclic cyclobutanone 311 in small quantity (7% yield). Repeating the same 

experiment under reflux conditions using several solvents increased the yield to 14% 

(Table 5.1). Changing the solvent to cyclohexane (bp 81°C) improved the yield of [2+2] 

cycloaddition provided only cycloadduct 311 in 25% yield. The assignment of 

compound 311 was based on a NMR experiment.  

Table 5.1: Optimization of ketene [2+2] cycloaddition 

O

O

OH

O

(i) SOCl2,

Cl (ii) TEA, Solvent,

O

Cl

O
O

311

305

231

 

Entry1 Condition Yield (%) 2,3 

1 Et2O, room temp 7 

2 Et2O, 35°C 14 

3 Cyclohexane, 83°C 25 

4 CH2Cl2, 40°C 6 

5 THF, 70°C 7 

6 Pet. Ether, 50°C 5 

7 Toluene, 100 °C (oil bath)  5 

1
 The reaction done in 2.0 mM scale 

2
 Only product 311 was isolated 

3
 Yield after column chromatography 

 

5.4.5.1 Substitution at C-8 position 

The cycloadduct 311 was easily purified by column chromatography and subjected to 

reduction with activated zinc and acetic acid to give the cycloadduct 312 in 88% yield 

(Koltun & Kass, 2000). The homologation of bicycle 312 was done with Wittig 

reactions (Schemes 5.56 and 5.57). The first Wittig reaction was performed using ylide 

313 to give enol ether 314 (Kozikowski et al., 1995; Rosini et al., 1998). Without 
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purification, the enol ether 314 was subjected to hydrolysis with formic acid to provide 

aldehyde 315 (Rosini et al., 1998). 

 

 

Scheme 5.56: Synthesis of aldehyde 315 

 

The second attempt at Wittig reaction was carried out with ylide 316 to furnish the 

desired benzyl 317 with E/Z isomer in a ratio 1:2 (Wu et al., 1994). The hydrogenation 

using palladium catalyst and hydrogen gas afforded ester 318 in 80% yield (Ranu & 

Sarkar, 1994; Avlonitis et al., 2003). 

 

Scheme 5.57: Synthesis of bicyclo 318 
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5.5 Conclusion  

In summary, the goals of this project were only partially met. The partial structure of 

kingianins has been successfully achieved, through the completion of several reactions 

using model compounds. These findings will be the benchmark for the future synthetic 

work on kingianin series of compounds. The preparation of bicyclo[4.2.0]octane core 

(for example compound 311)  can lead to a greater range of analogues, which could be 

further developed (Scheme 5.58). Ideally, this approach was a rapid assembly of the 

kingianins carbon skeleton, thus maximizing the chance for good overall yields of the 

final products. The proposed total synthesis of kingianins is currently in progress.    

 

O

Cl

O
O

311
293

231

O

Cl

O

O

+

[2+2] ketene-alkene

cycloaddition

 

Scheme 5.58: Synthesis of bicyclo[4.2.0]octane 311 

  

In the future, with this molecule in hand, functionalization at the C-8 position can be 

prepared (i.e compounds 319 and 320). Next, compounds 319 and 320 can be converted 

to diene 321 and/or dienophile 322. The final step in the total synthesis of kingianins is 

envisioned to be a [4+2] Diels-Alder cyclization forming the pentacyclic structure of 

kingianins. The plan for this work is outlined in Scheme 5.59.   
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Scheme 5.59: Proposed synthesis of diene 321 and dienophiles 322  

 

The second approach was inspired from the result in Chapter 5.4.3.3, which involved 

the synthesis of allylic alcohol 323. The allylic alcohol 323 is a suitable precursor to 

make dienophile 324 and/or diene 325. The next strategy involves the synthesis of the 

pentacyclic skeleton 326, followed by derivatization of the substituents. This constitutes 

an alternative way to the synthesis of kingianins and a flexible route to analogues. The 

plan for this work is outlined below (Scheme 5.60).  
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Scheme 5.60: Synthesis of pentacyclic 326 

 

Further investigation for this total synthesis is still in progress and there are plenty of 

platforms available for further investigation. In the future, the intermediates will be 

evaluated for Bcl-xL and Mcl-1 binding affinities.  
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CHAPTER 6 

CONCLUSION 

 

The chemistry of the genus Endiandra and Beilschmiedia has attracted great interest 

since the isolation of the first endiandric acid series, endiandric acid A (35) from 

Endiandra Introrsa (Bandaranayake et al., 1980), and the first kingianin series, 

kingianin A (45) from Endiandra kingiana (Leverrier et al., 2010). These types of 

compounds are frequently isolated as racemic mixtures from genus Endiandra and 

Beilschmiedia. The abundance of these compounds in different Endiandra and 

Beilschmiedia species is highly variable. It has been hypothesized that these cyclic 

polyketides are the primary metabolites from these two plant species and may be useful 

as chemotaxonomic markers within the Lauraceae family. Only three Endiandra species 

have been chemically investigated to date. The phytochemical investigation undertaken 

in this research project has proven that that genus Endiandra was equally important in 

producing interesting compounds, both structurally and biologically.     

The phytochemical study of methanol extract of Endiandria kingiana has led to the 

isolation and characterization of 19 cyclic polyketides. These compounds were divided 

into two major classes; endiandric acids and kingianins. Ten tetracyclic endiandric acids 

were isolated; kingianic acids A-H (120-127), together with known endiandric acid M 

(93) and tsangibeilin B (89). Among them, three were new (kingianin O-Q [128-130]) 

while the remaining have been reported by Leverrier et al. (2011). The detailed 

spectroscopic discussions on these compounds were presented in Chapter 3.  
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Figure 6.1: Endiandric acid Series (Type A) 

 

 

 

 

Figure 6.2: Endiandric acid Series (Types B and B’) 

 

 

 

Figure 6.3: Kingianin Series 
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Figure 6.3: Continue 
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The interest of this research were based on cancer treatments and prevention, 

therefore these isolates were evaluated for two bioassays; binding affinities towards 

Bcl-xL/Bak and Mcl-1/Bid (on antiapoptotic proteins) and cytotoxic effects against 

various human tumour cells (Chapter 4). For endiandric acid series, no binding was 

detected for Bcl-xL, however moderate binding affinity for Mcl-1 (25-30% inhibition at 

20 µM and ≥ 75% at 100 µM) were obtained with compounds 89, 122 and 125. 

Meanwhile, for new kingianins, only kingianin P (129) showed potent binding for     

Bcl-xL (13 ± 2 µM) and moderate binding affinity for Mcl-1 (30 ± 1 µM). The other 

compounds showed very weak (>23 µM and >33 µM for Bcl-xL and Mcl-1 binding 

affinities, respectively). Meanwhile, in cytotoxic assays, only kingianic acid E (124) 

showed moderate cytotoxic activity against lung adenocarcinoma epithelial (A549) and 

colorectal adenocarcinoma cell lines (HT-29) at the micromolar range between 15 – 18 

µM, respectively. 

The progression towards the total synthesis of kingianin analogues are currently in 

progress (Chapter 5). The research began with the synthetic efforts toward kingianins 

with the aim of showcasing the construction of bicyclo[4.2.0]octane by [2+2] ketene-

alkene cycloaddition followed by functionalization of substituent at C-7 and C-8 

position with the correct relative configuration, with compounds 

spiro[bicyclo[4.2.0]octane-8,2’-[1,3]dioxolan]-2-en-4-ol (280) and 7-chloro-7-(3,4-

methylenedioxyphenyl)bicyclo [4.2.0]oct-4-en-8-one (311) were identified as the key 

intermediates. This key step of the synthesis provided an access to the kingianin 

skeleton. The preparation of bicyclo[4.2.0]octane core can lead to a greater range of 

analogues, which could be further developed. The advantage of this strategy is the rapid 

assembly of the kingianin carbon skeleton, thus maximizing the chance for good overall 

yields of the final products.    
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Scheme 6.1: Approaches to synthesis of kingianins 

 

Further studies such as design and synthesis of analogues can be done in order to 

better understand the relationship between chemical structures and potency of activity. 

Meanwhile, the quantitative structure-activity relationship (QSAR), in vivo 

pharmacological and pharmacokinetic studies need to be carried out in order to clarify 

the mode of action mechanism. 
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CHAPTER 7 

METHODOLOGY AND EXPERIMENTAL 

 

7.1 Plant material 

The bark of Endiandra kingiana Gamble was collected in 2006 at Kuala Lipis 

Reserved Forest, East-coast of Peninsular Malaysia and the series number was given 

KL5243. These species was identified by T. Leong Eng and voucher specimens were 

identified and deposited in the herbarium of the Department of Chemistry, University of 

Malaya, Kuala Lumpur.  

Endiandra kingiana is an evergreen tree belonging to the Laurel family, Lauraceae 

and also known locally as ‘Medang’. It is a large sub-canopy tree up to 33 m tall, 210 

cm girth, and bole with buttresses. Bark is ochre grey and smooth. Inner bark is reddish 

and sapwood is pale yellow. Leaves stalk up to 2 cm long, stout, hairy to glabrous, blade 

thickly leathery and elliptic to oblong. Inflorescences in 5 cm long pubescent panicles. 

The flowers are perianth waxy yellow, 3 mm diameter and placed in panicles. Fruits are 

oblong shape (3 x 1.5 cm), shiny green to drying brown. The species distributed in Asia, 

from India and Indochina, China, Malaysia, Australia, and Pacific islands, with 10 

species endemic to Malaysia (Ng, 1989; Burkill, 1966; Maberley, 2008).  

 

7.2 Spectroscopic and physical analysis (instrumentation) 

7.2.1 NMR spectra were obtained using Bruker Avance 600 (600 MHz for 
1
H NMR, 

150 MHz for 13C NMR) spectrometer and Bruker Avance 400 (400 MHz for 1H 

NMR, 100 MHz for 13C NMR) spectrometer systems. Data were analysed via 

TopSpin software package. Chemical shifts were internally referenced to the 

solvent signals in CDCl3 (
1
H δ 7.26 ; 

13
C δ 77.0) and pyridine-D5 (

1
H δ 7.22, 

7.58, 8.74 ; 
13

C δ 123.9, 135.9, 150.4).    
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7.2.2 High-resolution ESIMS and LCMS-IT-TOF spectra were obtained from Agilent 

Technologies 6530 Accurate-Mass Q-TOF LC/MS, or a Thermoquest TLM 

LCQ Deca ion-trap mass spectrometer.  

7.2.3 The infrared (IR) spectra were obtained through Perkin Elmer FT-IR 

spectrometer RX1. 

7.2.4 UV spectra were recorded on Shimadzu UV-160A UV-Visible Recording 

Spectrophotometer.  

7.2.5 Optical rotations were measured on a JASCO P-1020 polarimeter.     

7.2.6 A PL-ELS 1000 ELSD Polymer Laboratory detector. X-ray data collection was 

obtained from a Bruker APEX2; cell refinement: SMART; data reduction: 

SAINT; program(s) used to solve the structure: SHELXTL; program(s) used to 

refine structure: SHELXTL. 

 

7.3 Separation and Purification (Chromatography) 

7.3.1 Thin layer chromatography (TLC) 

Aluminium supported silica gel 60 F254 plates (Merck) was used to see the spots of 

the isolated compounds. UV light model Spectroline model ENF-260C/PE (230 Volt / 

50Hz / 0.17 Amp) was used to examine spots on the TLC after spraying with the 

required reagent. 

 

7.3.2 Column chromatography (CC) 

All solvents used in this experiment were analytical grade (AR grade). Silica gel 60 

(63-200 µm – 70-230 mesh ASTM) and silica gel 60 (40-63 µm – 70-230 mesh ASTM) 

were used for column chromatography. A slurry of silica gel 60 (approximately 30:1, 

silica gel to sample ratio) in n-hexane solvent system was poured into a glass column of 

appropriate size with gentle tapping to remove trapped air bubbles. The crude extract 
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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. 

The fractions of each test tube were collected and evaporated for the next step. The 

fractions with similar profile in TLC were pooled together to obtain the sub-fractions 

which were then subjected to further chromatographic analysis. 

 

 7.3.3 High performance Liquid chromatography (HPLC) 

High-performance Liquid Chromatography (HPLC) was used during purification of 

fractions and sub-fractions. In this stage, reverse phase analytical and semi-preparative 

were performed on four devices:- 

a) Semi-preparative HPLC separations using a Waters auto purification system 

equipped with a sample manager (Waters 2767). 

b) A column fluidics organizer (Waters SFO) 

c) A binary pump (Waters 2525) 

d) A UV–Vis diode array detector (190–600 nm, Waters 2996) 

 

The products were eluted with a mixture of solvents between ACN/H2O or 

MeOH/H2O in the presence of 0.1% formic acid as a buffer. The separations were done 

using several types of columns:  

a) Agilent® Eclipse Zorbax C18 column (250 × 9.4 mm, 3.5 µm)  

b) Waters® X-Bridge C18 column (250 × 10.0 mm, 5.0 µm) 

c) Thermo® Hypersil-Keystone KR100-5 C18 (250 x 10.0 mm, 5.0 µm) 
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7.3.4 Detector reagents 

7.3.4.1 Vanillin 

Vanillin (0.5 g) in 2.0 mL concentrated H2SO4 was added with cooling to 8.0 mL 

ethanol (8.0 mL) before sprayed to the TLC plate. Dried chromatography TLC plates 

were sprayed with vanillin reagent. The plate was heated at 100˚C–110˚C until full 

development of colour had occurred.  

 

7.3.4.2 Anisaldehyde  

p-Anisaldehyde (26 mL) is mixed with acetic acid glacial (10.5 mL), followed by 

ethanol (950 mL) and concentrated H2SO4 (35 mL), in that order before sprayed to the 

TLC plate. Dried chromatography TLC plates were sprayed with vanillin reagent. The 

plate was heated at 100˚C–110˚C until full development of colour had occurred.  

 

7.4 Extraction and purification of plant materials 

The air-dried bark of E. kingiana (1.5 kg) were sliced, ground and extracted with 

EtOAc (3 × 1.5 L) followed by MeOH (3 × 1.5 L) at 40°C and 100 bar using a static 

high-pressure, high-temperature extractor, Zippertex, developed at the ICSN pilot unit. 

The methanol (MeOH) extract was investigated for its chemical constituents. The 

extract was partitioned with EtOAc/H2O (1:1, v/v) to afford an EtOAc-soluble fraction 

and H2O-soluble fraction. The EtOAc-soluble fraction was subjected to CC (SiO2, 230 – 

400 mesh; hexane/dichloromethne/methanol step gradient) to give several fractions. The 

fraction and sub-fraction were subjected to semi-preparative C18 HPLC, isocratically 

with MeCN-H2O + 0.1% formic acid to give the desired product. The isolated 

compounds were analyzed and elucidated by using spectroscopic methods such as 

NMR, IR and HRMS. This extract was prepared two times to find these types of 
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compounds. The pure compounds were carried out for biological assays (Bcl-xL and 

Mcl-1 binding affinities and cytotoxic activity on various cancer cell lines).     

 

7.4.1 First extraction (AM1) 

The first extraction process was done in small scale to investigate the major 

component in methanol extract (Scheme 7.1). The methanol (40.5 g) extract was 

partitioned with EtOAc/H2O (1:1, v/v) to afford an EtOAc-soluble fraction (10.5 g) and 

H2O-soluble fraction (28.7 g). The EtOAc-soluble fraction (10.0 g) was subjected to 

flash column chromatography Companion
®

 (SiO2, hexane/dichloromethne/methanol 

step gradient) to give 9 fractions: AM1.Fr.1 – AM1.Fr.9. Fraction AM1.Fr.6 was 

subjected to CC (SiO2, 230 – 400 mesh; hexane/AcOEt step gradient) to obtain 8 

subfractions base on TLC profile: AM1.Fr.6.1 – AM1.Fr.6.8. Fraction AM1.Fr.6.3 was 

separated using Preparative C18 HPLC to afford kingianic acid A (120) and tsangibeilin 

B (89). Fractions AM1.Fr.6.6 and AM1.Fr6.7 were subjected to a Preparative C18 HPLC 

to give kingianin A (45) and kingianin F (50), respectively (Table 7.1). The detail of the 

first extraction process is summarized in Table 7.1 and Scheme 7.1. 
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Scheme 7.1: Separation and fractionation scheme of first extraction (AM1) process 

 

Table 7.1: Compounds isolated from first extraction process 

Name of Compound Weight 
(mg) 

Yield 
(%) 

Tsangibeilin B (89) 6.3 4.2 x 10-4 

Kingianic acid A (120) 7.3 4.9 x 10-4 

Kingianin A (45) 4.9 3.3 x 10
-4

 

Kingianin F (50) 4.1 2.7 x 10
-4

 

 

 

Fractionation: Column flash 

chromatography companion 

Hex/DCM/MeOH step gradient 

Tsangibeilin B 
(89) 

6.3 mg 

13.2% 

Kingianic acid A 
(120) 

7.3 mg 

15.2% 

HPLC separation:  

ACN:H2O + 0.1% FA 

HPLC separation:  

ACN:H2O + 0.1% FA 

Kingianin F 
(50) 

4.1 mg 

6.5% HPLC separation:  

ACN:H2O + 0.1% FA 

Kingianin A 
(45) 

4.9 mg 

10.0% 

MeOH Extract 
40.5 g  

 

EtOAc-soluble Extract (AM1) 
10.4 g / 25.7% 

 

H2O-soluble Extract 
28.7 g / 70.9% 

 

AM1_Fr9 
1.39 g 

13.4% 

 

AM1_Fr1 
0.04 g 

0.4% 

 

AM1_Fr2 
0.05 g 

0.5% 

 

AM1_Fr3 
0.04 g 

0.5% 

 

AM1_Fr4 
0.02 g 

0.2% 

 

AM1_Fr5 
0.10 g 

1.0% 

 

AM1_Fr6 
0.57 g 

5.5% 

 

AM1_Fr7 
0.19 g 

1.8% 

 

AM1_Fr8 
0.30 g 

2.9% 

 

Fractionation: Column 

chromatography 

Hex/DCM/MeOH step gradient 

AM1_ 

Fr6.1 
42.0 mg 

7.4% 

 

AM1 

Fr6.2 
23.5 mg 

4.1% 

 

AM1 
Fr6.3 

47.9 mg 

8.4% 

 

AM1 

Fr6.4 
73.9 mg 

13.0% 

 

AM1 

Fr6.5 
81.0 mg 

14.2% 

 

AM1 
Fr6.6 

63.4 mg 

11.1% 

 

AM1 
Fr6.7 

49.2 mg 

8.6% 

 

AM1 

Fr6.8 
106.4 mg 

18.8% 
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7.4.2 Second extraction (AM2) 

The second extraction process was carried out in large scale to isolate more 

endiandric acid and kingianin analogues (Schemes 7.2-7.4). In this stage, the methanol 

extract (118.0 g - same extract as subchapter 7.4.1) was partitioned with EtOAc/H2O 

(1:1, v/v) to afford an EtOAc-soluble fraction (22.5 g) and H2O-soluble fraction (91.7 

g). The EtOAc-soluble fraction (22.0 g) was subjected to CC (SiO2, 230 – 400 mesh; 

hexane/dichloromethne/methanol step gradient) to give 8 fractions: AM2.Fr.1 – 

AM2.Fr.8.  

Fraction AM2.Fr.4 was subjected to CC (SiO2, 230 – 400 mesh; hexane/EtOAc step 

gradient) to obtain 20 sub-fractions base on TLC profile: AM2.Fr.4.1 – AM2.Fr.4.20. 

Fractions AM2.Fr.4.3 to AM2.Fr.4.17 were separated using semi-preparative C18 HPLC 

to afford endiandric acid series named; kingianic acids A-H (120-127), together with 

endiandric acid M (93) and tsangibeilin B (89). While separation of fraction 

AM2.Fr.4.20 afforded kingianin A (45) and kingianin F (50). Further compounds were 

isolated from fractions AM2.Fr.5 – AM2.Fr.7 where the fraction was subjected to CC 

(SiO2, 230 – 400 mesh; hexane/ EtOAc step gradient) followed by purification using a 

semi-preparative C18 HPLC to give kingianic acid G (126), kingianin A (45), F (50), K 

(55), L (56), M (57), N (58), O (128), P (129) and Q (130). The detail of the second 

extraction process is summarized in Table 7.2 and Schemes 7.2-7.4.     
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Scheme 7.2: Separation and fractionation scheme of AM2.Fr.4 (2nd Extraction) 

 

 

 

AM2.Fr4.20 
1.47 g 

35.6% 

 

HPLC  

ACN:H2O + 0.1% FA 

HPLC  

ACN:H2O + 0.1% FA 
HPLC  

ACN:H2O + 0.1% FA 

HPLC  

ACN:H2O + 0.1% FA 

Kingianic acid E 
(124) 

5.7 mg 

3.1% 

Tsangibeilin B  
(89) 

5.0 mg 

2.7% 

Endiandric acid M 
(93) 

6.3 mg 

3.5% 

Kingianin F 
(50) 

44.8 mg 

3.0% 

Kingianin A 
 (45) 

33.8 mg 

2.3% 

Kingianic acid A 
(120) 

16.3 mg 

3.4% 

Tsangibeilin B  
(89) 

8.7 mg 

1.8% 

Kingianic acid C 
(122) 

5.1 mg 

1.1% 

Kingianic acid D 
(123) 

1.0 mg 

0.9% 

Kingianic acid F 
(125) 

3.4 mg 

3.1% 

Kingianic acid H 
(127) 

1.5 mg 

1.4% 

Kingianic acid A 
(120) 

12.1 mg 

11.1% 

Kingianic acid B 
(121) 

1.2 mg 

1.1% 

AM2.Fr1 
0.10 g 

0.5% 

AM2.Fr2 
0.17 g 

0.9% 

AM2Fr3 
0.15 g 

0.7% 

AM2Fr4 
4.30 g 

19.1% 

AM2Fr5 
0.90 g 

4.1% 

AM2Fr6 
1.4 g 

6.4% 

AM2Fr7 
2.9 g 

13.0% 

AM2Fr8 
6.8 g 

30.4% 

Fractionation:  

Column chromatography 

Hex/DCM/MeOH step gradient 

MeOH Extract 

118.3 g 

 

EtOAc-soluble Extract (AM2) 

22.5 g / 19.0% 

 

H2O-soluble Extract 

91.7 g / 77.4% 

 

AM2.Fr4.1 

2.9 mg 

0.1% 
 

AM2.Fr4.3 
37.8 mg 

0.9% 

 

AM2.Fr4.4 
71.0 mg 

1.7% 

 

AM2.Fr4.7 
0.16 g 

3.9% 

 

AM2.Fr4.8 
0.32 g 

7.7% 

 

AM2.Fr4.14 
72.4 mg 

1.8% 

 

AM2.Fr4.15 
0.11 g 

2.7% 
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Scheme 7.3: Separation and fractionation scheme of AM2.Fr.5 (2nd Extraction) 

 

 

HPLC  

ACN:H2O + 0.1% FA 

HPLC  

ACN:H2O + 0.1% FA 

HPLC  

ACN:H2O + 0.1% FA 

Column chromatography 

Hex/DCM/MeOH step gradient 

HPLC  

ACN:H2O + 0.1% FA 

AM2.Fr5.1 
30.5 mg 

4.6% 
 

Kingianic acid G 
(126) 

0.8 mg 

1.9% 

Tsangibeilin B  
(89) 

4.2 mg 

9.8% 

Endiandric acid M 
(93) 

2.1 mg 

4.9% 

Kingianic acid A 
(120) 

1.0 mg 

2.3% 

Kingianic acid E 
(124) 

0.8 mg 

1.9% 

Kingianic acid G 
(126) 

2.8 mg 

3.4% Kingianin O 
(128) 

3.7 mg 

3.9% 

Kingianic acid G 
(126) 

2.7 mg 

2.8% 

Kingianin F  
(50) 

4.0 mg 

4.2% 

Kingianin Q  
(130) 

3.2 mg 

3.3% 

Kingianin L 
(56) 

2.2 mg 

0.6% 

Kingianin A 
 (45) 

1.9 mg 

0.5% 

Kingianin Q 
 (129) 
0.9 mg 

0.2% 

Kingianin K 
 (55) 

2.3 mg 

0.6% 

AM2.Fr5.9 
73.7 mg 

11.2% 

 

AM2.Fr5.10 
22.4 mg 

3.4% 

 

AM2.Fr5.12 
10.1 mg 

1.5% 

 

Fractionation:  

Column chromatography 

Hex/DCM/MeOH step gradient 

MeOH Extract 

118.3 g 

 

EtOAc-soluble Extract (AM2) 

22.5 g / 19.0% 

 

H2O-soluble Extract 

91.7 g / 77.4% 

 

AM2.Fr1 
0.10 g 

0.5% 

AM2.Fr2 
0.17 g 

0.9% 

AM2.Fr3 
0.15 g 

0.7% 

AM2.Fr4 
4.30 g 

19.1% 

AM2.Fr5 
0.90 g 

4.1% 

AM2.Fr6 
1.4 g 

6.4% 

AM2.Fr7 
2.9 g 

13.0% 

AM2.Fr8 
6.8 g 

30.4% 

AM2.Fr5.2 
12.4 mg 

1.9% 

 

AM2.Fr5.7 
82.0 mg 

12.4% 

 

AM2.Fr5.11 
0.37 g 

55.6% 
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Scheme 7.4: Separation and fractionation scheme of AM2.Fr.6 and AM2.Fr.7  

(2nd Extraction) 

 

 

 

 

 

HPLC  

ACN:H2O + 0.1% FA 

HPLC  

ACN:H2O + 0.1% FA 

Kingianin A 
 (45) 

2.6 mg 

1.5% 

Kingianin F 
 (50) 

7.3 mg 

4.3% 

Kingianin N 
 (58) 

2.6 mg 

1.5% 

Kingianin A 
 (45) 

20.0 mg 

4.7% 
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 (50) 

13.2 mg 

3.1% 

Kingianin M 
 (57) 

2.9 mg 

0.7% 

AM2.Fr6.1 

48.5 mg 

3.7% 
 

Fractionation:  

Column chromatography 

Hex/DCM/MeOH step gradient 

MeOH Extract 

118.3 g 

 

EtOAc-soluble Extract (AM2) 

22.5 g / 19.0% 

 

H2O-soluble Extract 

91.7 g / 77.4% 

 

AM2.Fr1 
0.10 g 

0.5% 

AM2.Fr2 
0.17 g 

0.9% 

AM2.Fr3 
0.15 g 

0.7% 

AM2.Fr4 
4.30 g 

19.1% 

AM2.Fr5 
0.90 g 

4.1% 

AM2.Fr6 
1.4 g 

6.4% 
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2.9 g 

13.0% 

AM2.Fr8 
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30.4% 
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0.43 g 

32.6% 
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0.49 g 
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Table 7.2: Compounds isolated from second extraction process 

Name of Compound Weight 
(mg) 

Yield 
(%) 

Kingianic acid A (120) 71.4 4.8 x 10-3 

Kingianic acid B (121) 1.2 8.0 x 10
-5

 

Kingianic acid C (122) 7.0 4.7 x 10
-4

 

Kingianic acid D (123) 1.0 6.7 x 10-5 

Kingianic acid E (124) 6.5 4.3 x 10
-4

 

Kingianic acid F (125) 3.4 2.3 x 10
-4

 

Kingianic acid G (126) 6.3 4.2 x 10-4 

Kingianic acid H (127) 1.5 1.0 x 10
-4

 

Endiandric acid M (93) 8.4 5.6 x 10
-4

 

Tsangibeilin B (89) 67.0 4.5 x 10-3 

Kingianin A (45) 63.2 4.2 x 10-3 

Kingianin F (50) 73.4 4.9 x 10
-3

 

Kingianin K (55) 2.3 1.5 x 10
-4

 

Kingianin L (56) 2.2 1.5 x 10-4 

Kingianin M (57) 2.9 1.9 x 10
-4

 

Kingianin N (58) 2.6 1.7 x 10
-4

 

Kingianin O (128) 3.7 2.5 x 10-4 

Kingianin P (129) 0.9 6.0 x 10
-5

 

Kingianin Q (130) 3.2 2.1 x 10
-4

 

 

 

 

 

 

 

 

 

 

Univ
ers

iti 
Mala

ya



 238

7.5 Selected HPLC chromatograms 

HPLC was used during purification of fractions and sub-fractions. In this stage, 

reverse phase analytical and semi-preparative were performed and the products were 

eluted with a mixture of solvents between ACN/H2O or MeOH/H2O in the presence of 

0.1% formic acid as a buffer. The chromatograms of selected fractions during 

purification are showed in Figures 7.1-7.9. 

 

 

 

HPLC Unit  : Waters® Semi-Preparative HPLC; AM2.Fr.4.3 

Column  : Agilent® Eclipse Zorbax C18 column (250 × 9.4 mm, 3.5 µm) 

Solvent system : 3.5 mL/min isocratically (MeCN-H2O 65:35 + 0.1% FA) 

Serial collections : Kingianic acid B (121) (tR 16.0 min, 1.2 mg) 

  Kingianic acid D (124) (tR 24.8 min, 1.0 mg).   

 

Figure 7.1: Chromatogram of fraction AM2.Fr.4.3  
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HPLC Unit  : Waters® Semi-Preparative HPLC; AM2.Fr.4.4 

Column  : Agilent® Eclipse Zorbax C18 column (250 × 9.4 mm, 3.5 µm) 

Solvent system : 3.5 mL/min isocratically (MeCN-H2O 65:35 + 0.1% FA) 

Serial collections : Kingianic acid A (120) (tR 13.1 min, 12.1 mg) 

  Kingianic acid F (125) (tR 19.9 min, 1.2 mg).   

  Kingianic acid H (127) (tR 24.8 min, 3.4 mg)  

 

Figure 7.2: Chromatogram of fraction AM2.Fr.4.4  
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HPLC Unit  : Waters® Semi-Preparative HPLC;  

  AM2.Fr.4.7 and AM2.Fr.4.8 

Column  : Agilent® Eclipse Zorbax C18 column (250 × 9.4 mm, 3.5 µm) 

Solvent system : 3.5 mL/min isocratically (MeCN-H2O 65:35 + 0.1% FA) 

Serial collections : Kingianic acid A (120) (tR 11.0 min, 16.3 mg) 

  Tsangibeilin B (89) (tR 14.7 min, 8.7 mg).   

  Kingianic acid C (122) (tR 16.4 min, 5.1 mg)  

 

Figure 7.3: Chromatogram of fractions AM2.Fr.4.7 and AM2.Fr.4.8 
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HPLC Unit  : Waters® Semi-Preparative HPLC;  

  AM2.Fr.4.14 and AM2.Fr.4.15 

Column  : Agilent® Eclipse Zorbax C18 column (250 × 9.4 mm, 3.5 µm) 

Solvent system : 3.5 mL/min isocratically (MeCN-H2O 65:35 + 0.1% FA) 

Serial collections : Kingianic acid E (124) (tR 14.6 min, 5.7 mg) 

  Tsangibeilin B (89) (tR 23.9 min, 5.0 mg).   

  Endiandric acid M (93) (tR 25.1 min, 6.3 mg)  

 

Figure 7.4: Chromatogram of fractions AM2.Fr.4.14 and AM2.Fr.4.15 
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HPLC Unit  : Waters® Semi-Preparative HPLC; AM2.Fr.5.7 

Column  : Waters® X-Bridge C18 column (250 × 10.0 mm, 5.0 µm) 

Solvent system : 3.0 mL/min isocratically (MeCN-H2O 50:50 + 0.1% FA) 

Serial collections : Kingianic acid G (126) (tR 13.4 min, 1.5 mg) 

   

Figure 7.5: Chromatogram of fraction AM2.Fr.5.7 
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HPLC Unit  : Waters® Semi-Preparative HPLC; AM2.Fr.5.9 

Column  : Waters® X-Bridge C18 column (250 × 10.0 mm, 5.0 µm) 

Solvent system : 3.0 mL/min isocratically (MeCN-H2O 60:40 + 0.1% FA) 

Serial collections : Kingianic acid G (126) (tR 26.1 min, 2.7 mg) 

     Kingianin O (128) (tR 33.1 min, 3.7 mg) 

     Kingianin Q (130) (tR 42.1 min, 3.2 mg) 

   

Figure 7.6: Chromatogram of fraction AM2.Fr.5.9 
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HPLC Unit  : Waters® Preparative HPLC; AM2.Fr.5.11.4 

Column  : Thermo® Hypersil-Keystone KR100-5 C18 (250 x 10.0 mm,  

   5.0 µm)  

Solvent system : 4.7 mL/min isocratically (MeCN-H2O 60:40 + 0.1% FA) 

Serial collections : Kingianin A (45) (tR 22.3 min, 1.9 mg) 

     Kingianin P (129) (tR 29.1 min, 0.9 mg) 

     Kingianin K (55) (tR 49.5 min, 2.3 mg) 

  Kingianin L (56) (tR 52.9 min, 2.2 mg) 

 

Figure 7.7: Chromatogram of fraction AM2.Fr.5.11.4 

 

 

 

 

Kingianin A (45) 

Kingianin P (129) 

Kingianin K (55) 

Kingianin L (56) 
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HPLC Unit  : Waters® Semi-Preparative HPLC; AM2.Fr.6.2 

Column  : Waters® X-Bridge C18 column, (250 × 10.0 mm, 5.0 µm) 

Solvent system : 3.5 mL/min isocratically (MeCN-H2O 55:45 + 0.1% FA) 

Serial collections : Kingianin F (50) (tR 16.5 min, 10.6 mg) 

     Kingianin A (45) (tR 30.1 min, 17.5 mg) 

     Kingianin M (57) (tR 36.7 min, 2.9 mg) 

   

Figure 7.8: Chromatogram of fraction AM2.Fr.6.2 
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HPLC Unit  : Waters® Semi-Preparative HPLC; AM2.Fr.7.3 

Column  : Waters® X-Bridge C18 column, (250 × 10.0 mm, 5.0 µm) 

Solvent system : 3.5 mL/min isocratically (MeCN-H2O 50:50 + 0.1% FA) 

Serial collections : Kingianin F (50) (tR 26.2 min, 5.1 mg) 

     Kingianin A (45) (tR 153.9 min, 2.6 mg) 

     Kingianin N (58) (tR 66.1 min, 2.6 mg) 

   

Figure 7.9: Chromatogram of fraction AM2.Fr.7.3 
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7.6 Biological Activity Studies 

The main focus here is to investigate the biological activities of the pure compounds 

isolated from Endiandra kingiana. In this investigation, the isolated compounds were 

tested for Bcl-xL and Mcl-1 binding affinities and cytotoxic activity on various cancer 

cell lines. 

 

7.6.1 Bcl-xL and Mcl-1 binding affinities 

The binding affinities of compounds for Bcl-xL and Mcl-1 were evaluated by 

competition against fluorescently labelled reference compounds, Bak and Bid, 

respectively, as described by Qian et al. (2004). Human 45-84/C37 Bcl-xL and mouse 

DN150/DC25 Mcl-1 proteins were recombinantly produced by N. Birlirakis at ICSN. 

Bak, 5-Carboxyfluorescein-Bak, Bid and 5-carboxyfluorescein-Bid peptides were 

synthetized by PolyPeptide Laboratories (Strasbourg, France). Unlabelled peptides were 

dissolved in DMSO (Carlo Erba, Val de Reuil, France) and labelled peptides were 

diluted in assay buffer, which contained 20 mM Na2HPO4 (pH 7.4), 50 mM NaCl, 2 µM 

EDTA, 0.05% Pluronic F-68, without pluronic acid for storage at −20°C. Liquid 

handling instrument, Biomek®NX and Biomeck®3000 (Beckman Coulter, Villepinte, 

France), were used to add protein and fluorescein-labelled peptides. Labelled BH3 

peptide (15 nM), 100 nM protein, and 100 µM of unlabelled BH3 peptide or compound 

(first diluted in 10 mM DMSO and then buffer for final concentration from 10
−9

 to 10
−4

 

M) into a final volume of 40 µL were distributed in a 96 well black polystyrene flat-

bottomed microplate (VWR 734-1622).  

The microplate was then incubated at room temperature for 1 h and shaken before 

measuring the fluorescent polarization. Fluorescence polarization was measured in 

millipolarization units with a Beckman Coulter Paradigm® using FP cartridge (λex 485 

nm, λem 535 nm). The exposure time was 300 ms per channel. All experimental data 
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were collected using the Biomek Software® (Beckman Coulter, Inc, Brea, CA, USA) 

and analysed using Microsoft Excel 2010 (Microsoft, Redmond, WA, USA). Results are 

expressed as binding affinity, i.e., percentage of inhibition (%) of the binding of labelled 

reference compound, or as Ki, [the concentration corresponding to 50% of such 

inhibition, and corrected for experimental conditions according to Kenakin rearranged 

equation (Nikolovska-Coleska et al., 2004), which is adapted from Cheng and Prusoff 

equation (1973)]. In general, The Ki value is the inhibitory constant and specifically 

reflective of the binding affinity. The smaller the Ki, the greater the binding affinity and 

the smaller amount of medication needed in order to inhibit the activity of that enzyme. 

ABT-737, which was kindly provided by O. Nosjean (Institut de Recherche Servier, 

Croissy, France), and unlabeled peptides Bak and Bid were used as positives control. 

The performance of the assays was monitored by use of Z' factors as described by 

Zhang et al. (1999). The Z' factors for these assays are 0.8 (Bcl-xL/Bak) and 0.7       

(Mcl-1/Bid) indicating that they should be robust assays. Both protein targets include an 

N-terminal His-tag followed by the thrombin cleavage site, to facilitate purification. Our 

Bcl-xL construct includes the four homology domains of the human protein, whereas 

our Mcl-1 construct includes the three homology domains of the mouse protein. Trans-

membrane domains have been deleted in both sequences. 
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Bak (PolyP) ���� 

Bcl-xL(ICSN)���� 

Bak (PolyP) ���� 

Bcl-xL(ICSN)���� 

Bak (PolyP) ���� 

Bcl-xL(ICSN)���� 

---------GQ------------------------------------------------- 2 

MHHHHHHSSGLVPRGSEFMSQSNRELVVDFLSYKLSQKGYSWSQFSDVEENRTEAPEGTE 60 

---VGRQLAIIGDDINR------------------------------------------- 16 

SEAVKQALREAGDEFELRYRRAFSDLTSQLHITPGTAYQSFEQVVNELFRDGVNWGRIVA 120 

------------------------------------------------------ 

FFSFGGALCVESVYKEMQVLVSRIAAWMATYLNDHLEPWIQENGGWDTFVELYG 174 

 

Kjhkj � BH4 domain 

Dfbgx � BH3 domain 

Gfhhg � BH1 domain 

Dfgbd � BH2 domain 

 

Bid (PolyP) ���� 

Mcl-1 (ICSN)���� 

Bid (PolyP) ���� 

Mcl-1 (ICSN)���� 

Bid (PolyP) ���� 

Mcl-1 (ICSN)���� 

----------------------EDII-------------------------------RNI 7 

MGSSHHHHHHSSGLVPRGSHMEDDLYRQSLEIISRYLREQATGSKDSKPLGEAGAAGRRA 60 

ARHLAQVGDSMDR----------------------------------------------- 20 

LETLRRVGDGVQRNHETAFQGMLRKLDIKNEGDVKSFSRVMVHVFKDGVTNWGRIVTLIS 120 

-------------------------------------------------------- 

FGAFVAKHLKSVNQESFIEPLAETITDVLVRTKRDWLVKQRGWDGFVEFFHVQDLE 176 

 

Dfbgx � BH3 domain 

Gfhhg � BH1 domain 

Dfgbd � BH2 domain 

 

Scheme 7.5: Sequence alignment of Bcl-xL and Mcl-1 with Bak-BH3 and Bid-BH3 

peptides, respectively 
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7.6.2 Cytotoxic activity 

The selected endiandric acid analogues isolated from Endiandra kingiana were 

individually tested for anticancer activity. A total of three tumour cell lines were used in 

this study. Human cancer cell lines A549 (Lung adenocarcinoma epithelial), HT-29 

(Colorectal adenocarcinoma) and PC3 (Prostate adenocarcinoma) cells were obtained 

from the ATCC (Manassas, VA, USA). Cells were grown in RPMI-1640 or DMEM 

medium with 10% FBS supplemented with 4 mM L-glutamine and 1% penicillin-

streptomycin. For experimental purposes, the cells were grown exponentially and 

maintained at 70% – 80% confluency were used. Cells were seeded into 96-well plates 

at 104 cells/well and allowed to adhere overnight; the medium was then removed. A 

stock solution of test compound in DMSO was diluted in medium to generate a series of 

working solutions. Aliquots (100 µL) of the working solutions were added to the 

appropriate test wells to expose cells to the final concentrations of compound in a total 

volume of 100 µL. Nine different concentrations (100 µL–0.4 µL) were tested, in 

triplicates. Cisplatin was used as a positive control and wells containing vehicle without 

compound were used as negative controls. Plates were kept for 48 h in a 37°C, 5% CO2 

incubator. After incubation, viable cells were detected with the CellTiter 96 AQueous 

cell proliferation assay (Promega Corp., Madison, WI, USA). Plates were read in a 

microplate reader (Tecan Infinite® 200 PRO series, Mannedorf, Switzerland) at 490nm. 

Then, dose-response curves were generated and the IC50 values were determined using 

GraphPad Prism 5.04 software (La Jolla, CA, USA) (Riss & Moravec, 1992). 

Results were expressed as mean values with ± standard error of the mean (SEM). All 

data were performed in triplicates and analyzed using one-way ANOVA, where 

differences were considered significant at p ≤ 0.05. 
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7.7 Synthesis protocol and spectroscopic data analysis 

7.7.1 Generals  

All reactions were carried out in heat-dried glassware under an atmosphere of 

nitrogen unless otherwise stated. All liquid transfers were conducted using standard 

syringe or cannula techniques. THF, Et2O, DCM, toluene and MeOH were purified by 

MBraun® Solvent Purification system. DMF and cyclohexane were dried under 

molecular sieves 4Å. All other reagents were obtained from Merck, Across, Alfa-Aesar 

or Aldrich and used as received. Column chromatography was performed on silica gel 

(Merck, 60 Å C. C. 40-63 mm) as the stationary phase. Thin Layer Chromatography (TLC) 

was performed on alumina plates pre-coated with silica gel (Merck silica gel, 60 F254), 

which were visualized by the quenching of UV fluorescence when applicable (λmax = 254 

nm and/or 366 nm) and/or by spraying with vanillin or anisaldehyde in acidic ethanol 

followed by heating with a heat gun. HRMS was run on a JEOL JMS-GCmate II mass 

spectrometer. NMR spectra were recorded on a Bruker Avance (400 MHz for 
1
H NMR, 

100 MHz for 
13

C NMR) spectrometer system. Data were analysed via TopSpin software 

package. Spectra were referenced to TMS or residual solvent (CDCl3 = 7.26 ppm in 
1
H 

spectroscopy and 77.0 ppm in 
13

C spectroscopy).  

 

7.7.2 Approach A: [2+2] intermolecular ketene cycloaddition 

7.7.2.1  1,3-Cyclohexadiene  
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7-Chloro-7-methyl-bicyclo[4.2.0]oct-4-en-8-ones (229 and 230) (Wu et al., 1994). A 

refluxing mixture of 1,3-cyclohexadiene (231) (2.52 g, 31.5 mmol) and                           

2-chloropropanoyl chloride (232) (5.12 g, 40.9 mmol) in diethyl ether (100 mL) under 

nitrogen was treated with triethylamine (5.76 mL, 40.9 mmol) within 10 min. The 

reaction mixture was stirred at room temperature for 3 h and then filtered and the solid 

was washed with diethyl ether. The filtrate was washed with 1 M HCl (12 mL) and 1 M 

NaOH (12 mL). The organic layer was washed further with brine (20 mL). After drying 

(Na2SO4), the organic layer was concentrated and the crude product was purified using 

normal column chromatography. Chromatography on silica gel, eluting with petroleum 

ether/ethyl acetate (98:2) gave 229 (2.26 g, 42%) and 230 (0.65 g, 12%). 

 

(1R*,6S*,7R*)-7-Chloro-7-methyl-bicyclo[4.2.0]oct-4-en-8-one 

 

 

Yellowish oil. Rf ≈ 0.45 [UV-active, EtOAc/Pet. ether 5%, anisaldehyde (violet spot)]. 

IR (neat): νmax 3049 (m), 2984 (s), 2685 (w), 2306 (m), 1791 (s, C=O), 1444 (m), 1423 

(m), 1263 (s), 895 (m) cm
–1

. 
1H NMR (CDCl3) 1.43 (3H, s, H9), 1.50 (1H, m, H2a), 

1.83–2.00 (3H, m, H2b, H3), 3.08 (1H, dd, J = 9.0, 3.0 Hz, H6), 4.07 (1H, ddd, J = 9.0, 

6.9, 3.0, 4.4 Hz, H1), 5.79 (1H, ddd, J = 10.3, 3.0, 3.0 Hz, H5), 5.96 (1H, ddd, J = 10.3, 

3.0, 3.0 Hz, H4).
 13C NMR (CDCl3) 18.7 (C2), 19.4 (C9), 21.3 (C3), 40.3 (C6), 54.7 

(C1), 77.2 (C7), 120.0 (C5), 131.8 (C4), 205.8 (C8). MS m/z (positive CI, NH3) 107, 

135, 146, 171 (MH
+
 with 

35
Cl), 173 (MH

+
 with 

37
Cl), 188 (MH

+
..NH3 with 

35
Cl), 190 

(MH+..NH3 with 37Cl), 192, 225, 227, 242, 244, 255, 278, 325, 418. MS m/z (EI) 107, 

115, 117, 121, 126, 135, 142, 151, 162, 170 (M+• with 35Cl), 172. HRMS m/z (EI): 

170.0436 (M+• C9H11
35ClO+• requires 170.0498). 
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All spectral characteristics are identical to those previously reported (Wu et al., 1994). 

 

(1R*,6S*,7S*)-7-Chloro-7-methyl-bicyclo[4.2.0]oct-4-en-8-one 

 

 

Yellowish oil. Rf ≈ 0.25 [UV-active, EtOAc/Pet. ether 5%, anisaldehyde (violet spot)]. 

IR (neat): νmax 3155 (m), 2984 (m), 2930 (m), 2854 (w), 2254 (s), 1793 (s, C=O), 1468 

(w), 1384 (m), 1166 (w) 1137 (w), 1097 (m), 991 (w) cm–1. 1H NMR (CDCl3) 1.53 

(1H, m, H2a), 1.75 (3H, s, H9), 1.97 (2H, m, H3), 2.04 (1H, m, H2b), 2.89 (1H, m, H6), 

3.67 (1H, ddd, J = 9.3, 6.7, 3.1 Hz, H1), 5.76 (1H, m, H5), 5.94 (1H, m, H5). 13C NMR 

(CDCl3) 18.9 (C2), 20.9 (C3), 26.4 (C9), 37.9 (C6), 52.3 (C1), 76.0 (C7), 124.6 (C5), 

130.3 (C4), 206.8 (C8). MS m/z (positive CI, NH3) 107, 135, 146, 152, 170, 171 (MH
+
 

with 
35

Cl), 173 (MH
+
 with 

37
Cl), 188 (MH

+
..NH3 with 

35
Cl), 190 (MH

+
..NH3 with 

37
Cl), 

192, 225, 271, 306, 308, 310. MS m/z (EI) 107, 115, 117. 121, 134, 135, 170 (M
+•

 with 

35
Cl). HRMS m/z (EI): 170.0489 (M

+•
 C9H11

35
ClO

+•
 requires 170.0498). 

All spectral characteristics are identical to those previously reported (Wu et al., 1994). 

 

 

 

 
7-Methyl-bicyclo[4.2.0]oct-4-en-8-one (233). To mixture of cyclobutanone 229 (815 

mg, 4.06 mmol) and NH4Cl (1.04 g, 19.5 mmol) in ethanol 20 mL at room temperature 

was added zinc/copper couple (800 mg) in portions. The mixture was stirred at room 

temperature for 3 h, diluted with ether, and filtered. The filtrate was washed with brine 
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and dried (Na2SO4), and the solvent was removed under reduced pressure. The residue 

was purified by chromatography on silica gel, eluting with petroleum ether/ethyl acetate 

(98:2) to give a desired product 233 (265 mg, 48%). 

 

(1R*,6S*,7R*)-7-Methyl-bicyclo[4.2.0]oct-4-en-8-one 

 

 

Yellowish oil. Rf ≈ 0.45 [non-UV-active, EtOAc/Pet. ether 10%, anisaldehyde (violet 

spot)]. 
1H NMR (CDCl3) 0.93 (3H, d, J = 7.3, H9), 1.43 (1H, m, H2a), 1.88–1.99 (3H, 

m, H2b, H3), 2.93 (1H, td, J = 9.5, H6), 3.34 (1H, ddq, J = 2.1, 7.4, 9.5, H7), 3,52 (1H, 

m, H1), 5,67 (1H, br d, J = 9.5, H5), 5.87 (1H, m, H4). 
13C NMR (CDCl3) 8.9 (C9), 

18.6 (C2), 21.4 (C3), 27.7 (C6), 55.3 (C7), 55.5 (C1), 125.6 (C5), 130.2 (C4), 214.3 

(C8). MS m/z (EI) 97, 101, 105, 109, 111, 117, 121, 123, 126, 133, 136 (M+•). HRMS 

m/z (EI): 136. 0890 (M+• C9H12O
+• requires 136.0888). 

 

All spectral characteristics are identical to those previously reported (Wu et al., 1994). 

 

7.7.2.2  4-Methoxy-1,4-cyclohexadiene 

 

Cl

O

Cl

MeO

+
Et2O,

O

Cl
MeO

248

35% yield

O

ClMeO

249

11% yield

+Et3N

247 232

1
6

1
6

 

 

7-Chloro-4-methoxy-7-methyl-bicyclo[4.2.0]oct-4-en-8-ones (248 and 249). A 

refluxing mixture of 4-methoxy-1,4-cyclohexadiene (247) (5.59 g, 50.8 mmol) and       

2-chloropropanoyl chloride (232) (3.81 g, 30.0 mmol) in diethyl ether (25 mL) under 
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nitrogen was treated with triethylamine (1.18 mL, 30.0 mmol). The reaction mixture 

was stirred at room temperature for 1.5 h and then filtered and the solid was washed 

with diethyl ether. The filtrate was washed with 1 M HCl and 1 M NaOH. The organic 

layer was washed further with brine. After drying (Na2SO4), the organic layer was 

concentrated and the crude product was distilled with a Kugelrohr apparatus at 150°C 

(0.62 mBar) for 1 h to give a mixture of 248 and 249 isomers. Chromatography on silica 

gel, eluting with petroleum ether/ethyl acetate (98:2) gave 248 (2.11 g, 35%) and 249 

(0.66 g, 11%). 

 

(1R*,6S*,7R*)-7-Chloro-4-methoxy-7-methyl-bicyclo[4.2.0]oct-4- 

en-8-one 
 

 

Pale yellow oil. Rf ≈ 0.30 [UV-active, EtOAc/Pet. ether 5%, anisaldehyde (yellow 

spot)]. IR (neat): νmax 2939 (m), 2855 (w), 2836 (w), 1786 (s, C=O), 1656 (m), 1443 

(m), 1380 (m), 1285 (w), 1219 (m), 1197 (m), 1174 (m), 1139 (m), 1066 (m), 1031 (m), 

952 (m), 826 (m) cm
–1

. 
1H NMR (CDCl3) 1.48 (3H, s, H9), 1.67 (1H, m, H2a), 1.95–

2.15 (3H, m, H2b, H3), 3.26 (1H, ddt, J = 10.0, 5.0, 1.0 Hz, H6), 3.55 (3H, s, H10), 4.12 

(1H, dddd, J = 10.0, 6.0, 3.5, 1.5 Hz, H1), 4.73 (1H, dd, J = 5.0, 1.5 Hz, H5). 13C NMR 

(CDCl3) 19.2 (C9), 19.4 (C3), 24.7 (C2), 40.7 (C6), 53.9 (C1), 54.1 (C10), 77.3 (C7), 

90.3 (C5), 158.7 (C4), 206.1 (C8). MS m/z (positive CI, NH3) 110, 129, 137, 165, 167, 

183, 201 (MH
+
 with 

35
Cl), 202, 203 (MH

+
 with 

37
Cl), 204, 222, 257. MS m/z (EI) 105, 

109, 110, 111, 112, 113, 125, 132, 135, 137, 147, 150, 151, 162, 170, 182, 200 (M
+•

 

with 
35

Cl). HRMS m/z (EI): 200.0599 (M
+• 

C10H13
35

ClO2
+•

 requires 200.0604). 

 

NOESY (CDCl3) observed correlations: H5 – H9, H5 – H10. Correlations not 

observed: H1 – H9, H6 – H9. 
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(1R*,6S*,7S*)-7-Chloro-4-methoxy-7-methyl-bicyclo[4.2.0]oct-4- 

en-8-one 
 

 

Pale yellow oil. Rf ≈ 0.20 [UV-active, EtOAc/Pet. ether 5%, anisaldehyde (dark orange 

spot)]. IR (neat): νmax 3049 (m), 2984 (m), 2306 (m), 2685 (w), 1796 (m, C=O), 1723 

(m) 1688 (w), 1443 (m), 1422 (m), 1263 (s), 1155 (w) 1070 (w) 1024 (w), 895 (m)    

cm–1. 1H NMR (CDCl3) 1.68 (1H, m, H2a), 1.77 (3H, s, H9), 1.94 (1H, m, H3a), 2.05–

2.17 (2H, m, H2b, H3b), 3.05 (1H, ddt, J = 10.0, 5.0, 1.0 Hz, H6), 3.54 (3H, s, H10), 

3.67 (1H, distorted dddd, J = 10.0, 6.0, 3.0, 1.0 Hz, H1), 4.69 (1H, dd, J = 5.0, 1.5 Hz, 

H5). 13C NMR (CDCl3) 19.8 (C3), 24.3 (C2), 26.2 (C9), 38.5 (C6), 51.6 (C1), 54.2 

(C10), 77.4 (C7), 91.4 (C5), 157.6 (C4), 206.7 (C8). MS m/z (positive CI, NH3) 110, 

137, 158, 165, 167, 183, 201 (MH
+
 with 

35
Cl), 202, 203 (MH

+
 with 

37
Cl), 204, 206, 218 

(MH
+
..NH3 with 

35
Cl). MS m/z (EI) 109, 110, 111, 112, 113, 125, 132, 135, 137, 150, 

151, 158, 162, 182, 200 (M
+•

 with 
35

Cl). HRMS m/z (EI): 200.0606 (M
+•

 

C10H13
35

ClO2
+•

 requires 200.0604). 

 

NOESY (CDCl3) observed correlations: H5 – H10 (very intense), H6 – H9 (moderate). 

Correlation not observed: H5 – H9. 

 

 

 

 

7-Chloro-7-methyl-bicyclo[4.2.0]octane-4,8-dione (250). A solution of enol ether 248 

(0.48 g, 2.4 mmol) in ethanol (12 mL) was treated with 2 M HCl (0.3 mL) under an 
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atmosphere of nitrogen. After stirring for 40 min, the excess ethanol was removed and 

the residue was poured into water (20 mL). The mixture was extracted with diethyl 

ether (3 x 20 mL), dried and evaporate under vacuum to give the cyclohexanone 250 as 

a yellowish oil (0.41 g, 91%) which was of sufficient purity for subsequent 

transformation. 

 

(1R*,6S*,7R*)-7-Chloro-7-methyl-bicyclo[4.2.0]octane-4,8-dione 

 

 

Pale yellow oil. Rf ≈ 0.20 [UV-active, EtOAc/Pet. ether 15%, anisaldehyde (dark brown 

spot)]. IR ννννmax 2948 (m), 1789 (s, cyclobutanone C=O), 1716 (s, cyclohexanone C=O), 

1447 (w), 1411 (w), 1376 (w), 1342 (w), 1321 (w), 1294 (w), 1235 (w), 1218 (w), 1193 

(w), 1167 (w), 1092 (w), 1071 (w), 984 (w), 923 (w), 795 (w) cm
–1

. 
1H NMR (CDCl3) 

1.80 (3H, s, H9), 2.07 (1H, dddd, J = 14.5, 9.0, 7.0, 5.5 Hz, H2a), 2.19 (1H, dddd, J = 

14.5, 7.5, 5.5, 5.0 Hz, H2b), 2.34 (2H, AB part of an ABXY system, δA 2.32, δB 2.37, 

JAB = 18.5, JAX = 7.0, JAY = 5.0, JBX = 9.0, JBY = 5.5, H3), 2.67 (2H, AB part of an ABX 

system, δA 2.62, δB 2.72, JAB = 17.0, JAX = 7.0, JBX = 6.5, H5), 2.94 (1H, ddd, J = 10.5, 

7.0, 6.5 Hz, H6), 3.80 (1H, ddd, J = 10.5, 7.5, 5.0 Hz, H1).
 13C NMR (CDCl3) 19.8 

(C2), 25.7 (C9), 36.9 (C3), 37.4 (C6), 38.6 (C5), 52.5 (C1), 77.4 (C7), 206.3 (C8), 208.9 

(C4). MS m/z (positive CI, NH3) 158, 201, 202, 203, 204, 205 (MH
+
..NH3 with 

35
Cl), 

206, 205, 207 (MH
+
..NH3 with 

37
Cl). MS m/z (EI) 116, 118, 123, 135, 150, 151, 158, 

159, 160, 162, 186 (M
+•

 with 
35

Cl). HRMS m/z (EI): 186.0451 (M
+•

 C9H11
35

ClO2
+•

 

requires 186.0448). 
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Bicyclo[4.2.0]oct-4-en-8-ones (252 and 253). To a stirred solution of ketone 250 

(110.9 mg, 0.594 mmol) in CH2Cl2 (10 mL) at 0°C were added Et3N (241 mg, 2.38 

mmol) and Me3SiOTf (198 mg, 0.891 mmol). The resulting mixture was stirred for 45 

min before it was quenched with NaHCO3 (sat. aq. 10 mL). The layers were separated 

and the aqueous layer was extracted with CH2Cl2 (2 × 10 mL). The combined organic 

layers were dried (Na2SO4) and concentrated in vacuo afforded the corresponding silyl 

enol ethers 252 and 253 as a light yellow oil, which was directly used in the next step 

without further purification. 

 

To a stirred solution of the above silyl enol ethers 252 and 253 (111 mg, 0.429 mmol) in 

DMSO (40 mL) at room temperature was added Pd(OAc)2 (9.63 mg, 0.043 mmol). The 

resulting solution was heated at 80°C for 16 h under an oxygen atmosphere before Et2O 

(30 mL) and H2O (10 mL) were added. The layers were separated and the aqueous layer 

was extracted with Et2O (2 × 20 mL). The combined organic layers were dried 

(Na2SO4) and concentrated in vacuo. Based on 
1
H NMR observation the desired product 

251 was not produced and decomposition happened. 

 

(1R*,6S*,7R*)-7-Chloro-7-methyl-4-((trimethylsilyl)oxy)bicyclo 

[4.2.0]oct-4- en-8-one 
 

Univ
ers

iti 
Mala

ya



 259

Pale yellow oil. 
1H NMR (CDCl3) 1.84 (3H, s, H9), 1.92 - 2.56* (4H, m, H2, H3), 3.09 

(1H, dd, J = 9.7, 5.2 Hz, H6), 3.70 (1H, ddd, J = 9.7, 5.2, 2.2 Hz, H1), 5.04 (1H, dd, J = 

5.2, 2.1 Hz, H5) (*obscured by other resonances). 

 

(1R*,6S*,7R*)-7-Chloro-7-methyl-4-((trimethylsilyl)oxy)bicyclo 

[4.2.0]oct-4- en-8-one 

O

Cl
TMSO

1
6

2
3

4
5

7 9

8

 

 

Pale yellow oil. 
1H NMR (CDCl3) 1.78 (3H, s, H9), 1.92 - 2.56* (4H, m, H2, H5), 2.96 

(1H, dt, J = 9.7, 5.4 Hz, H6), 3.62 (1H, ddd, J = 9.7, 5.4, 2.2 Hz, H1), 4.88 (1H, dt, J = 

5.4, 2.5 Hz, H3) (*obscured by other resonances). 

 

 

1
6

O

Cl
MeO

O

Cl

BrNBS, AIBN

CCl4

MeO

248 254

20% yield

6
13

 

 
3-Bromo-7-chloro-4-methoxy-7-methyl-bicyclo[4.2.0]oct-4-en-8-one (254). A 

solution of of NBS (204 mg, 1.14 mmol) of enol ether 248 (300 mg, 1.14 mmol) and a 

catalytic amount of AIBN (9 mg, 0.006 mmol) in 15 ml of CCl4 was refluxed for 1 h. 

The reaction mixture was left in refrigerator overnight so that all of the succinimide 

would crystallize out of the solution. The cold CCl4 solution was filtered, and the 

precipitate was washed with additional cold CCl4. The filtrate was concentrated under 

reduced pressure to give a crude product. Chromatography on silica gel, eluting with 

petroleum ether/ethyl acetate (95:5) to gave a desired product 254 as yellowish oil (64 

mg, 20%).  
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(1R*,6S*,7R*)-3-Bromo-7-chloro-4-methoxy-7-methyl-

bicyclo[4.2.0]oct-4- en-8-one 

O

Cl

Br

MeO

6
13

2

4
5

7 9

8

 

 

Pale yellow oil. Rf ≈ 0.40 [UV-active, EtOAc/Pet. ether 10%, anisaldehyde (yellow 

spot)]. IR ννννmax 2253 (m), 1811 (s, cyclobutanone C=O), 1692 (w), 1659 (w), 1467 (w), 

1384 (m), 1175 (m), 1143 (m), 1098 (m), 1014 (w), 910 (s) cm
–1

. 
1H NMR (CDCl3) 

1.60 (3H, s, H9), 2.30 (1H, m, H2a), 2.44 (1H, m, H2b), 3.45 (1H, m, H6), 3.65 (3H, s, 

H10), 4.00 (1H, td, J = 11.0, 7.2 Hz, H1), 4.49 (1H, t, J = 7.2 Hz, H3),  4.88 (1H, d, J = 

7.2 Hz, H5). 13C NMR (CDCl3) 21.6 (C9), 30.7 (C2), 40.3 (C6), 42.1 (C3), 49.8 (C1), 

55.1 (C10), 76.6 (C7), 91.7 (C5), 157.9 (C4), 205.3 (C8). MS m/z (EI) 105, 123, 125, 

132, 158, 160, 188, 204, 240, 266, 268, 278 (M
+•

 with 
35

Cl). HRMS m/z (EI): 277.9704 

(M
+•

 C10H13
35

Cl
79

BrO2
+•

 requires 277.9709). 

 

 

 

 

4-Methoxy-7-methyl-bicyclo[4.2.0]oct-4-en-8-one (256). To mixture of 2 g of Zn dust 

and 4.5 mL of TMEDA (29.0 mmol) in 10 mL of absolute EtOH at 0°C was added 2.0 

mL (33.0 mmol) of AcOH. The reaction mixture was maintained at 0°C while a solution 

of enol ether 248 (1.10 g, 5.0 mmol) in 2 mL of EtOH was added over 10 min period. 

After an additional 15 min at 0°C the reaction mixture was allowed to warm to room 

temperature and stirred for 15 min. The resulting grey mixture was filtered, and the 

solid was washed with diethyl ether. The filtrated was extracted with ice cold 1 M HCl 

(10 mL), H2O (10 mL), sat. NaHCO3 (10 mL) and sat NaCl (10 mL). The resulting 
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material was dried over MgSO4 and concentrated under reduced pressure to afford      

374 mg (45%) of desired enol ether 256 which was of sufficient purity for subsequent 

transformation.  

 

(1R*,6S*,7R*)-4-Methoxy-7-methyl-bicyclo[4.2.0]oct-4- en-8-one 

 

 

Colourless oil. Rf ≈ 0.30 [UV-active, EtOAc/Pet. ether 5%, anisaldehyde (yellow spot)]. 

IR (neat): νmax 3020 (s), 2985 (m), 2410 (w), 1771 (s, C=O), 1713 (s), 1553 (m), 1422 

(m), 1264 (s), 1216 (s), 1017 (m), 890 (s) cm–1. 1H NMR (CDCl3) 0.91 (3H, d, J = 8.4 

Hz, H9), 1.65 (1H, m, H2a), 1.87 (1H, m, H3a), 1.98–2.12 (2H, m, H2b, H3b), 3.07 

(1H, qd, J = 8.4, 4.6 Hz, H7), 3.31 (1H, td, J = 9.1, 4.6 Hz, H6), 3.47 (3H, s, H10), 3.52 

(1H, m, H1), 4.55 (1H, dd, J = 4.6, 2.0 Hz, H5).
 13C NMR (CDCl3) 8.77 (C9), 19.2 

(C2), 24.6 (C3), 27.6 (C7), 53.9 (C10), 54.5 (C1), 56.0 (C6), 91.0 (C5), 157.4 (C4), 

213.9 (C8). MS m/z (positive CI, NH3) 165, 167 (MH
+
), 171, 172, 183, 200. MS m/z 

(EI) 109, 114, 121, 124, 135, 137, 151, 152, 161, 166 (M
+•

). HRMS m/z (EI): 166. 

0993 (M
+•

 C10H14O2
+•

 requires 166.0994). 

 

 

 

 
7-Methyl-4-oxobicyclo[4.2.0]octan-8-ylidene)butanoic acid (258). To a stirred slurry 

of (3-carboxypropyl)-triphenylphosphonium bromide (257) (2.11 g, 4.91 mmol) in dry 

Univ
ers

iti 
Mala

ya



 262

THF (10 mL) under nitrogen at -75°C was added potassium tert-butoxide (1.38 g, 12.3 

mmol). After 15 min at -75°C, a solution of enol ether 256 (680 mg, 4.09 mmol) in 5 

mL dry THF was added to a mixture and stirred at -75°C for 10 min. The mixture was 

continued stirred at room temperature for overnight. The mixture was pouring into 5% 

Na2CO3 solution (30 mL), washed with ethyl acetate (30 mL), and then acidified with 

conc. HCl. The aqueous layer was extracted with ether (3 x 50 mL) and the combined 

extracts were concentrated to 20 mL and kept at -20°C for 2 h. The resulting precipitate 

was filtered off and discarded. Evaporation of the filtrate gave a yellowish oil (788 mg) 

which was purified by column chromatography on silica gel, eluted with petroleum 

ether/ethyl acetate (7:3) to give the desired product 258 in racemic mixture (1:1) as a 

yellowish oil (464 mg, 51%).  

 

 

(1R*,6S*,7R*)-7-Methyl-4-oxobicyclo[4.2.0]octan-8-

ylidene)butanoic acid 
 

 

Yellowish oil. Rf ≈ 0.20 [UV-active, EtOAc/Pet. ether 50%, anisaldehyde (violet spot)]. 

IR (neat): νmax 2950 (m), 2362 (w), 1736 (s, C=O), 1708 (m, C=O), 1438 (w), 1170 

(m), 923 (w), 634 (w) cm
–1

. 
1HZ-isomer NMR (CDCl3) 1.13 (3H, d, J = 7.7 Hz, H-9), 

1.90* (1H, m, H2a), 2.02* (1H, m, H2b), 2.24* (1H, m, H3b), 2.31 – 2.47* (5H, m, H5, 

H11, H12a), 2.51* (1H, m, H3b), 2.55* (1H, m, H12b), 2.61* (1H, m, H6), 3.22* (1H, 

m, H-1), 3.34* (1H, m, H-7), 5.22 (1H, t, J = 7.7 Hz, H10) (*obscured by other 

resonances). 
13CZ-isomer NMR (CDCl3) 13.5 (C9), 23.2 (C2), 23.5 (C11), 31.7 (C6), 34.5 

(C12), 36.8 (C3), 37.8 (C1), 38.2 (C5), 38.5 (C7), 121.5 (C10), 148.4 (C8), 178.5 (C13), 

214.5 (C4). 
1HE-isomer NMR (CDCl3) 0.98 (3H, d, J = 7.7 Hz, H-9), 1.90* (1H, m, H2a), 

2.02* (1H, m, H2b), 2.24* (1H, m, H3b), 2.31 – 2.47* (5H, m, H5, H11, H12a), 2.51* 
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(1H, m, H3b), 2.55* (1H, m, H12b), 2.61* (1H, m, H6), 3.22* (1H, m, H-1), 3.34* (1H, 

m, H-7), 5.24 (1H, t, J = 7.7 Hz, H10) (*obscured by other resonances). 13C E-isomer 

NMR (CDCl3) 13.5 (C9), 23.2 (C2), 23.5 (C11), 31.7 (C6), 34.5 (C12), 36.8 (C3), 37.8 

(C1), 38.2 (C5), 38.5 (C7), 121.5 (C10), 148.4 (C8), 178.5 (C13), 214.5 (C4). MS m/z 

(positive CI, NH3) 167, 205, 207, 223 (MH
+
), 225, 240 (MH

+
..NH3), 241. MS m/z (EI) 

105, 107, 120, 123, 135, 149, 162, 163, 176, 182, 204, 222 (M
+•

). HRMS m/z (EI): 

222.1252 (M
+•

 C13H18O3
+•

 requires 222.1256). 

 

 

 

 
Methyl-({7-methyl-4-oxobicyclo[4.2.0]octan-8-yl})butanoate (259). To a solution of 

the bicycloalkene 258 (244 mg, 1.10 mmol) in MeOH (5 mL) was added 10% Pd/C 

(10% w/w, 24.4 mg), and the resulting mixture was hydrogenated at 1 atm for 12 h. 

Filtration through Celite and evaporation of the filtrate in vacuo afforded the pure 259 

as yellowish oil (210 mg, 80.0%).  

 

Methyl-({(1R*,6S*,7R*)-7-methyl-4-oxobicyclo[4.2.0] 

octan-8-yl})butanoate 

 

 

Yellowish oil. Rf ≈ 0.40 [non UV-active, EtOAc/Pet. ether 50%, anisaldehyde (red-

violet spot)]. IR (neat): νmax 2933 (m), 1738 (s, C=O), 1714 (s, C=O), 1455 (w), 1436 

(w), 1377 (w), 1197 (m), 1170 (m), 1112 (w), 1015 (w), 883 (w) cm
–1

. 
1H8α NMR 
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(CDCl3) 1.05 (3H, d, J = 7.4 Hz, H9), 1.46* (2H, m, H10), 1.56* (2H, m, H11), 1.87* 

(1H, m, H2a), 1.97 – 2.06* (2H, m, H2b, H3a), 2.19* (1H, m, H5a), 2.34 (2H, t, J = 7.2 

Hz, H12), 2.40 – 2.62* (4H, m, H1, H3b, H5b, H8), 2.72* (1H, qd, J = 8.1, 2.0 Hz, H7), 

2.79* (1H, q, J = 8.1 Hz, H6), 3.69 (3H, s, H14) (*obscured by other resonances). 13C 

NMR (CDCl3) 12.3 (C9), 22.1 (C2), 23.9 (C11), 26.0 (C10), 31.3 (C6), 34.2 (C12), 

32.7 (C7), 34.4 (C1), 37.2 (C8), 37.4 (C5), 38.4 (C3), 51.5 (C14), 173.8 (C13), 214.4 

(C4). 
1H8β NMR (CDCl3) 0.97 (3H, d, J = 7.4 Hz, H9), 1.46* (2H, m, H10), 1.56* (2H, 

m, H11), 1.87* (1H, m, H2a), 1.97 – 2.06* (2H, m, H2b, H3a), 2.19* (1H, m, H5a), 

2.33 (2H, t, J = 7.2 Hz, H12), 2.40 – 2.62* (4H, m, H1, H3b, H5b, H8), 2.72* (1H, qd, J 

= 8.1, 2.0 Hz, H7), 2.79* (1H, q, J = 8.1 Hz, H6), 3.69 (3H, s, H14) (*obscured by other 

resonances). 
13C NMR (CDCl3) 12.2 (C9), 22.2 (C2), 23.7 (C11), 25.5 (C10), 31.5 

(C6), 34.0 (C12), 32.7 (C7), 34.4 (C1), 37.2 (C8), 37.3 (C5), 38.4 (C3), 51.5 (C14), 

174.2 (C13), 215.2 (C4). MS m/z (EI) 110, 123, 135, 151, 162, 182, 195, 206, 224, 236, 

238 (M+•). HRMS m/z (EI): 238.1562 (M+• C14H22O3
+• requires 238.1569). 

 

 

 

 
Methyl-{5-bromo-7-methyl-4-oxobicyclo[4.2.0]octan-8-yl})butanoate (261). To a 

stirred solution of the bicycloalkene 259 (189 mg, 0.794 mmol) in dry THF (10 mL) at   

-75°C under argon was added phenyltrimethylammonium tribromide (298 mg, 0.794 

mmol). The mixture was allowed to stirred at -75°C for 20 min and then allowed to 

slowly warm to room temperature over 30 min. Brine (10 mL) was added, and then the 

resulting mixture was extracted with ether (2 x 20 mL). The combined extracts were 
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dried (MgSO4) and concentrated to give an orange oil 261 (227 mg, 90.0%) which was 

of sufficient purity for subsequent transformation.    

 

Methyl-{(1R*,6S*,7R*)-5-bromo-7-methyl-4-oxobicyclo 

[4.2.0]octan-8-yl})butanoate 

 

 

Orange oil. Rf ≈ 0.15 [non UV-active, EtOAc/Pet. ether 30%, anisaldehyde (red-violet 

spot)]. IR (neat): νmax 2937 (m), 1738 (s, C=O), 1731 (s, C=O), 1455 (w), 1436 (w), 

1379 (w), 1246 (w), 1170 (w), 1066 (w), 1030 (w), 884 (w), 755 (w) cm–1. 1H NMR 

(CDCl3) 1.24 (3H, d, J = 8.2 Hz, H9), 1.49 (2H, m, H10), 1.58 (2H, m, H11), 1.97 (1H, 

m, H2a), 2.15 (1H, dd, J = 8.2, 5.4 Hz, H2b), 2.37 (2H, m, H12), 2.49 (1H, dd, J = 8.2, 

5.4 Hz, H3a), 2.62 – 2.68 (4H, m, H1, H3b, H8), 2.89 (1H, qd, J = 8.2, 2.9 Hz, H7), 

3.04 (1H, q, J = 8.2 Hz, H6), 3.71 (3H, s, H14), 4.86 (1H, d, J = 8.2 Hz, H5).
 13C NMR 

(CDCl3) 11.5 (C9), 22.4 (C2), 23.7 (C11), 25.3 (C10), 33.1 (C7), 34.1 (C12), 36.2 (C8), 

37.0 (C1), 37.6 (C3), 41.9 (C6), 51.6 (C-14), 53.5 (C5), 174.0 (C13), 203.6 (C4). MS 

m/z (positive CI, NH3) 223, 237, 239, 255, 271, 287, 317 (MH
+
), 333, 334 (MH

+
..NH3), 

335, 336. MS m/z (EI) 110, 123, 142, 151, 177, 187, 205, 237, 259, 287, 299, 316 

(M
+•

), 317. HRMS m/z (EI): 316.0670 (M
+•

 C14H21
79

BrO3
+•

 requires 316.0674). 

 

7.7.2.3  1,4-Cyclohexadiene 
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7-Dichloro-bicyclo[4.2.0]oct-3-en-8-one (266) (Mori et al., 1997; Horasan et al., 

2011; Davis & Carpenter, 1996). A 250 mL two-neck round bottom flask was 

equipped with a nitrogen inlet and pressure-regulated dropping funnel. A solution of 

1,4-cylohexadiene (265) (1.69 g, 21.1 mmol) and Zn-Cu couple powder (5.45 g, 42.3 

mmol) in dry ether (120 mL) of was immersed in an ultrasound bath where sonication 

was greatest to acquire maximum agitation. The water bath was cooled to 15°C by 

adding pieces of ice periodically. A solution of trichloroacetyl chloride (217) (7.67 g, 

42.3 mmol) in dry ether (50 mL) was added dropwise within 2 h under sonication. 

Stirring of the reaction continued for an additional hour while the water bath 

temperature was maintained at 15°C. When the reaction was complete, the solids were 

removed by simple filtration. The filtrate was extracted first with H2O (2 x 70 mL) and 

then with saturated NaHCO3 (2 x 70 mL). The organic solution over Na2SO4 and the 

solvent was evaporated. The resulting mixture was purified with a Kugelrohr apparatus 

at 150°C (17.0 mBar). The fraction was identified as the desired addition product 266 

(2.78 g, 69%). 

 

(1R*,6S*)-7,7-Dichloro-bicyclo[4.2.0]oct-3-en-8-one 

 

 

Pale yellow oil. Rf ≈ 0.40 [UV-active, EtOAc/Pet. ether 10%, anisaldehyde (violet 

spot)]. IR (neat): νmax 3039 (w), 2925 (w), 2841 (w), 1783 (s, C=O), 1436 (w), 1388 

(w), 1183 (w), 1106 (w), 1010 (w) cm
–1

. 
1H NMR (CDCl3) 2.11 (1H, m, H5a), 2.33 

(1H, m, H2a), 2.47 (1H, dd, J = 16.7, 3.5 Hz, H5b), 2.55 (1H, dd, J = 16.7, 3.5 Hz, 

H2b), 3.31 (1H, td, J = 9.1, 3.5 Hz, H6), 4.02 (1H, td, J = 9.1, 3.5 Hz, H1), 5.81 (2H, br 

t, J = 3.5 Hz, H3, H4). 
13C NMR (CDCl3) 21.4 (C5), 23.1 (C2), 44.9 (C6), 53.6 (C1), 

88.1 (C7), 126.1 (C4), 127.1 (C3), 198.4 (C8). MS m/z (EI) 109, 113, 120, 132, 136, 

Univ
ers

iti 
Mala

ya



 267

150, 155, 162, 169, 175, 186, 190 (M
+•

). HRMS m/z (EI): 189.9944 (M
+•

 C8H8
35

Cl2O
+•

 

requires 189.9952). 

 

All spectral characteristics are identical to those previously reported (Mori et al., 1997; 

Horasan et al., 2011; Davis & Carpenter, 1996). 

 

 

 

 

Oxidation of 7-dichloro-bicyclo[4.2.0]oct-3-en-8-one (266). m-CPBA (763 mg, 4.42 

mmol) was added to a solution of dichloroketene 266 (360 mg, 2.95 mmol) in 10 mL 

CH2Cl2 at room temperature and the mixture was stirred overnight. The organic phase 

was washed with saturated NaHCO3 (2 x 50 mL) and H2O (2 x 50 mL). After drying 

(MgSO4), the organic layer was concentrated and the crude product was purified using 

column chromatography on silica gel, eluting with petroleum ether/ethyl acetate (8:2) 

gave two products 267 (193 mg, 30%) and 268 (61 mg, 10%).  

 

(1aS*,2aS*,5aR*,6aR*)-5,5-Dichlorohexahydrooxireno[2,3-f] 

benzofuran-4(1aH)-one 
 

 

Yellowish oil. Rf ≈ 0.45 [non UV-active, EtOAc/Pet. ether 30%, anisaldehyde (green-

blue spot)]. IR (neat): νmax 2896 (w), 1813 (s), 1775 (w), 1742 (s, C=O), 1702 (w), 

1372 (w), 1239 (s), 1166 (m), 1047 (m), 985 (w), 958 (w) cm
–1

. 
1H NMR (CDCl3)  

1.90 (1H, dd, J = 15.4, 2.7 Hz, H5a), 2.34 (1H, dt, J = 16.4, 2.7 Hz, H2a), 2.52 (1H, ddt, 
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J = 15.4, 5.6, 2.7 Hz, H5b), 2.65 (1H, dd, J = 16.4, 7.6 Hz, H2b), 3.05 (1H, m, H6), 3.22 

(1H, q, J = 2.7 Hz, H3), 3.32 (1H, q, J = 2.7 Hz, H4), 4.85 (1H, dt, J = 7.6, 2.7 Hz, H1). 

13C NMR (CDCl3) 22.9 (C5), 26.0 (C2), 46.4 (C6), 49.6 (C3), 50.8 (C4), 73.8 (C1), 

82.6 (C7), 166.9 (C8). MS m/z (EI) 50, 63, 77, 95, 107, 125, 127, 142, 160, 169, 187, 

205, 222 (M
+•

).  

 

(1R*,3R*, 5S*,6S*)-8,8-Dichloro-4-oxatricyclo[5.2.0.0
3,5

]nonan-9-

one  
 

 

Yellowish oil. Rf ≈ 0.30 [non UV-active, EtOAc/Pet. ether 30%, anisaldehyde (blue-

violet spot)]. IR (neat): νmax 2985 (w), 1813 (s), 1775 (w), 1742 (s, C=O), 1702 (w), 

1438 (w), 1372 (w), 1240 (s), 1166 (m), 1047 (m), 1023 (w), 985 (w), 958 (w) cm
–1

.    

1H NMR (CDCl3) 2.20 (1H, dd, J = 16.6, 8.0 Hz, H5a), 2.32 (1H, dd, J = 17.5, 8.0 Hz, 

H2a), 2.63 (1H, d, J = 16.6 Hz, H5b), 2.71 (1H, d, J = 17.5 Hz, H2b), 2.97 (1H, t, J = 

8.0 Hz, H6), 3.15 (2H, br s, H3, H4), 3.60 (1H, dd, J = 10.7, 8.0 Hz, H1). 13C NMR 

(CDCl3) 23.1 (C2), 23.8 (C5), 42.4 (C6), 48.0 (C1), 49.6 (C3), 50.3 (C4), 90.4 (C7), 

198.4 (C8). MS m/z (EI) 50, 68, 79, 88, 107, 115, 135, 143, 162, 178, 191, 206 (M
+•

). 

 

 

 

 
Singlet oxygen (1O2) ene-reaction of 7-dichloro-bicyclo[4.2.0]oct-3-en-8-one (266). 

A solution of bicyclo[4.2.0]oct-3-en-8-one 266 (0.57 g, 3.0 mmol) in MeOH (10 mL) 

was chilled to -5°C and treated with 1.8 mL (16 mmol) of 30% H2O2.  To this solution 
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10.1 mL (9 mmol) of 0.89M NaOCl solution was added dropwise with stirring. The 

reaction mixture was diluted with water and extracted with ether. The organic phase was 

dried over MgSO4 and evaporated under reduced pressure to give the yellowish oil. 

Based on 1H NMR of crude product, compound 266 was transformed to lactone 271 

together with complex mixture. 

 

(3aR*,7aS*)-3,3-Dichloro-3a,4,7,7a-tetrahydrobenzofuran-2(3H)-one 

 

 

Yellowish oil. 
1H NMR (CDCl3) 2.20 – 3.10 (4H, m, H2, H5), 3.05 (1H, q, J = 7.5 Hz, 

H6), 5.06 (1H, q, J = 7.5 Hz, H1), 5.72 (1H, d, J = 7.5 Hz, H3), 5.82 (1H, d, J = 7.5 Hz, 

H4). 
13C NMR (CDCl3) 23.0 (C5), 26.6 (C2), 47.9 (C6), 50.8 (C4), 75.5 (C1), 83.0 

(C7), 122.7 (C3), 123.8 (C4), 165.7 (C8).  

 

 

OH

Cl
Cl

O

Cl
Cl

NaBH4
MeOH

266 272

68% yield  

 

7,7-Dichloro-bicyclo[4.2.0]oct-3-en-8-ol (272). To a solution of 191 mg of 

dichlorobutanone 266 (1.00 mmol) and 4 mL of MeOH at 0°C was added 40.5 mg of 

NaBH4 (1.10 mmol) over 1 h. The solvent was concentrated and the crude product was 

extracted with dichloromethane (3 x 25 mL), washed sequentially with H2O and then 

dried with MgSO4. The organic layer was concentrated and the crude product was 

purified using column chromatography on silica gel, eluting with petroleum ether/ethyl 

acetate (95:5) gave a desired product 272 (132 mg, 68%). 
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(1R*,6S*,8S*)-7,7-Dichloro-bicyclo[4.2.0]oct-3-en-8-ol 

 

 

Colourless oil. Rf ≈ 0.20 [nonUV-active, EtOAc/Pet. ether 10%, anisaldehyde (dark blue 

spot)]. IR (neat): ν 3569 (m, -OH), 3034 (m), 2957 (m), 2838 (w), 2253 (w), 1792 (w), 

1431 (w), 1406 (m), 1254 (w), 1163 (s), 1113 (m), 999 (w), 883 (w) cm–1. 1H NMR 

(CDCl3) 2.05 (1H, m, H2a), 2.21–2.40 (3H, m, H2b, H5), 2.89 (1H, m, H1), 3.07 (1H, 

m, H6), 4.67 (1H, d, J = 8.2 Hz, H8), 5.81 (2H, s, H3, H4). 13C NMR (CDCl3) 17.8 

(C2), 20.9 (C5), 32.4 (C1), 43.8 (C6), 78.0 (C8), 94.4 (C7), 124.9 (C3), 125.4 (C4). MS 

m/z (positive CI, NH3) 92, 97, 113, 120, 139, 148, 149, 156, 169, 174, 176, 185, 190, 

193 (MH
+
 with 

35
Cl), 204, 205, 210 (MH

+
..NH3 with 

35
Cl), 215, 222. MS m/z (EI) 113, 

115, 121, 127, 139, 148, 150, 157, 162, 170, 182, 191, 192 (M
+•

 with 
35

Cl). HRMS m/z 

(EI): 192.0107 (M+•
 C8H10

35
Cl2O

+•
 requires 192.0109). 

 

 

 

 
7-Oxabicyclo[4.1.0]heptanes-3,4-dicarbaldehyde (274). m-CPBA (763mg, 4.42 

mmol) was added to a solution of dichlorocyclobutanol 272 (70.0 mg, 0.363 mmol) in 4 

mL CH2Cl2 at 0°C mixture was stirred for 2 h. The organic phase was diluted with 

dichloromethane (20 mL), washed with NaOH aq. (1.0 M, 10 mL) and H2O (10 mL) 

and then dried with MgSO4. The organic layer was concentrated and gives the 

dialdehyde 274 product (53.4 mg, 90%) as a yellowish oil which was sufficient purity. 
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(1R*,3R*,4S*,6S*)-7-Oxabicyclo[4.1.0]heptanes-3,4-dicarbaldehyde 

 

 

Yellowish oil. Rf ≈ 0.40 [nonUV-active, EtOAc/Pet. ether 30%, anisaldehyde (brown 

spot)]. 
1H NMR (CDCl3) 1.87 (2H, d, J = 6.5, H1, H6), 1.95 (2H, d, J = 16.5, H2a, 

H5a), 2.48 (2H, dd, J = 16.5, 6.5, H2b, H5b), 3.13 (2H, s, H3, H4), 9.42 (2H, s, H7, 

H8). 
13C NMR (CDCl3) 18.2 (C2, C5), 21.7 (C1, C6), 50.0 (C3. C4),197.5 (C7, C8). 

MS m/z (positive CI, NH3) 128, 137, 139, 155 (MH
+
), 157, 172 (MH

+.
..NH3), 173, 175, 

190, 192, 201, 209, 211, 220. MS m/z (EI) 109, 111, 113, 115, 117, 120, 125, 128, 139, 

141, 143, 149, 151, 154 (M
+•

). HRMS m/z (EI): 154. 0631 (M
+•

 C8H10O3
+•

 requires 

154.0630). 

 

 

 

 

8,8-Dichloro-4-oxatricyclo[5.2.0.03,5]nonan-9-ol (273). m-CPBA (700 mg, 3.62 mmol) 

was added to a solution of dichlorocyclobutanol 272 (894 mg, 3.62 mmol) in 5 mL 

CH2Cl2 at 0°C mixture was stirred for 2 h. The organic phase was diluted with 

dichloromethane (20 mL), washed with NaHCO3 sat. (3 x 10 mL) and H2O (10 mL) and 

then dried with MgSO4. The organic layer was concentrated and give the epoxy-

dichlorocyclobutanol product 273 (597 mg, 79%) as a yellowish oil which was 

sufficient purity. 
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(1R*,3R*,5S*,7S*,8S*)-8,8-Dichloro-4-oxatricyclo[5.2.0.0
3,5

]nonan-

9-ol  
 

 

Yellowish oil. Rf ≈ 0.25 [nonUV-active, EtOAc/Pet. ether 30%, anisaldehyde (brown 

spot)]. IR (neat): ν 3622 (w), 2953 (m), 1804 (m), 1702 (s, C=O), 1436 (m), 1287 (m), 

1259 (m), 1189 (w), 1091 (m), 1055 (m), 1026 (w) cm
–1

. 
1H NMR (CDCl3) 1.95 – 2.23 

(4H, m, H2, H5), 2.70 (2H, m, H1, H6), 3.17 (2H, m, H3, H4), 4.54 (1H, d, J = 8.6, 

H8). 
13C NMR (CDCl3) 17.6 (C2), 19.5 (C5), 31.5 (C1), 40.1 (C6), 50.2 (C4), 51.2 

(C3), 77.4 (C8), 93.4 (C7). MS m/z (positive CI, NH3) 139, 183, 184, 203, 219, 222, 

226 (MH+...NH3), 236, 238, 241. MS m/z (EI) 111, 113, 121, 123, 127, 139, 141, 156, 

158, 162, 170, 182, 191, 201, 207, 208 (M+•). HRMS m/z (EI): 208.0047 (M+• 

C8H10
35ClO2

+• requires 208.0058). 

 

 

 

 

2,2-Dichloro-9-oxatricyclo[4.2.1.03,8]nonan-5-ol (275). To dichloroalcohol 273 (327 

mg, 1.56 mmol) in 5 mL of dry DMF at room temperature was added 298 mg (1.56 

mmol) of p-toluenesulfonic acid (p-TSA). The reaction was stirred at room temperature. 

After 4 hr, the resulting mixture was diluted with ethyl acetate (15 mL), washed with 

saturated CuSO4 solution (2 x 5 mL) and H2O (2 x 5 mL) and then dried over MgSO4. 

The organic layer was concentrated under reduced pressure. The residue was purified by 

chromatography on silica gel, eluting with petroleum ether/ethyl acetate (7:3) to give a 

desired product 275 as yellowish oil (130 mg, 40.0 %).   
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(3R*,5R*,8S*)-2,2-Dichloro-9-oxatricyclo[4.2.1.03,8]nonan-5-ol 

HO

O

Cl
Cl

1

7

3
5

9

2

4

6 8

 

 

Pale yellow oil. Rf ≈ 0.35 [UV-active, EtOAc/Pet. ether 50%, anisaldehyde (brown 

spot)]. IR (neat): νmax 2951 (m), 1804 (w), 1736 (m), 1435 (w), 1374 (w), 1264 (m), 

1241 (w), 1190 (m), 1178 (m), 1091 (s), 1055 (s) cm–1. 1H NMR (CDCl3) 1.48 (1H, dt, 

J = 14.3, 5.7 Hz, H7a), 1.70 (1H, dt, J = 12.6, 5.7 Hz, H4a), 2.14 (1H, d, J = 12.6 Hz, 

H4b), 2.35 (1H, ddd, J = 14.3, 5.7, 2.4 Hz, H7b), 3.09 (1H, m, H8), 3.43 (1H, m, H3), 

4.26 (1H, td, J = 5.7, 1.2 Hz, H6), 4.38 (1H, d, J = 5.7 Hz, H5), 4.60 (1H, t, J = 5.7 Hz, 

H1). 
13C NMR (CDCl3) 25.7 (C4), 28.4 (C7), 37.7 (C8), 50.1 (C3), 68.6 (C5), 83.4 

(C6), 86.7 (C2), 88.6 (C1). MS m/z (EI) 111, 123, 129, 138, 155, 173, 179, 191, 206, 

208 (M
+•

). HRMS m/z (EI): 208.0059 (M
+•

 C8H10
35

Cl2O2
+•

 requires 208.0058).  

 

 

 

 

Bicyclo[4.2.0]oct-3-en-8-one (278) (Mori et al., 1997; Horasan et al., 2011; Davis & 

Carpenter, 1996). To mixture of 3.2 g of Zn dust and 7.0 mL of TMEDA (46.6 mmol) 

in 10mL of absolute EtOH at 0°C was added 3.0 mL (52.3 mmol) of AcOH. The 

reaction mixture was maintained at 0°C while a solution of ketone 266 (1.62 g, 8.48 

mmol) in 5 mL of EtOH was added over 10 min period. After an additional 15 min at 

0°C the reaction mixture was allowed to warm to room temperature and stirred for 1 hr.  
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The resulting grey mixture was filtered, and the solid was washed with diethyl ether. 

The filtrate was extracted with ice cold 1 M HCl (5 mL), H2O (5 mL), sat. NaHCO3 (5 

mL), sat NaCl (5 mL) and H2O (10 mL). The resulting material was dried over MgSO4 

and concentrated under reduced pressure to afford 642 mg (62%) of desired ketone 278 

which was of sufficient purity for subsequent transformation.  

 

(1R*,6S*)-Bicyclo[4.2.0]oct-3-en-8-one 

 

 

Yellowish oil. Rf ≈ 0.40 [nonUV-active, EtOAc/Pet. ether 10%, anisaldehyde (brown 

spot)]. IR (neat): ν 3038 (m), 2925 (m), 2890 (m), 2841 (m), 1781 (s, C=O), 1550 (m), 

1436 (w), 1388 (w), 1371 (w), 1245 (m), 1140 (w), 1106 (m), 1086 (w), 1053 (w), 1008 

(m), 981 (w) cm
–1

. 
1H NMR (CDCl3) 2.08 – 2.24 (2H, m, H2a, H5a), 2.33 -2.45 (2H, 

m, H2b, H5b), 2.58 (1H, ddd, J = 17.2, 4.8, 2.6, H7a), 2.84 (1H, m, H6), 3.26 (1H, ddd, 

J = 17.2, 8.4, 3.2, H1), 3.49 (1H, m, H7b), 5.91 (2H, m, H3, H4). 
13C NMR (CDCl3) 

21.8 (C6), 22.1 (C2), 26.5 (C5), 52.1 (C7), 56.6 (C1), 126.5 (C3), 127.5 (C4), 213.6 

(C8). MS m/z (positive CI, NH3) 121, 139, 140 (MH+...NH3), 141, 156, 181, 198, 199, 

216. MS m/z (EI) 102, 103, 104, 105, 107, 109, 112, 114, 117, 118, 121, 122 (M+•). 

HRMS m/z (EI): 122.0730 (M
+•

 C8H10O
+•

 requires 122.0732). 

 

All spectral characteristics are identical to those previously reported (Mori et al., 1997; 

Horasan et al., 2011; Davis & Carpenter, 1996). 
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O

278

O

O

1,2-bis

[(trimethylsilyl)oxy]

ethane, Me3SiOTf

279

60% yield  

 

Spiro[bicyclo[4.2.0]oct-3-ene-6,2’-(1’,3’-dioxolane)] (279). A mixture of 

bicycloketone 278 (530 mg, 4.34 mmol) and 1,2-bis[(trimethylsilyl)oxy]ethane (2.46 

mg, 9.11 mmol) was cooled to -78°C under N2, and Me3SiOTf (34.0 µL, 0.18 mmol) 

was added in portion (3 x 12.0 µL). The reaction mixture was stirred for a total 16 h at 

room temperature and the quenched by addition of excess pyridine (5.0 mL). The 

mixture was then poured into saturated NaHCO3 (5 mL) and extracted with ether (2 x 10 

mL). Evaporation of the solvent under reduced pressure and chromatography of the 

residue on silica gel, eluting with petroleum ether/ethyl acetate (9.5:5) to give 

bicyclo[4.2.0]oct-3-ene 279 (433 mg, 60%).  

 

(1R*,6S*)-Spiro[bicyclo[4.2.0]oct-3-ene-6,2’-(1’,3’-dioxolane)] 

 

 

Yellowish oil. Rf ≈ 0.35 [nonUV-active, EtOAc/Pet. ether 10%, anisaldehyde (brown 

spot)]. 1H NMR (CDCl3) 1.79 – 2.09 (5H, m, H2, H5, H6), 2.27 (2H, m, H7), 2.62 (1H, 

m, H1), 3.68 – 3.78 (4H, m, H8, H9), 5.71 (1H, m, H3), 5.80 (1H, m, H4). 13C NMR 

(CDCl3) 20.7 (C2), 22.0 (C6), 26.2 (C5), 39.7 (C7), 43.3 (C1), 63.1 (C9), 64.3 (C10), 

107.5 (C8), 125.6 (C3), 127.3 (C4). MS m/z (positive CI, NH3) 87, 105, 123, 139, 156, 

167 (MH
+
 with 

35
Cl), 169 (MH

+
 with 

37
Cl), 181, 191, 198. MS m/z (EI) 105, 112, 116, 

121, 125, 133, 138, 147, 151, 155, 162, 166 (M
+•

 with 
35

Cl). HRMS m/z (EI): 166.1003 

(M
+•

 C10H14O2
+•

 requires 166.0994). 
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4'-Oxaspiro[(1,3)dioxolane-2,8'-tricyclo[5.2.0.03,5]nonane] (277). m-CPBA (621 mg, 

2.52 mmol) was added to a solution of bicycloalkene 279 (419 mg, 2.52 mmol) in 4 mL 

CH2Cl2 at 0°C mixture was stirred for 2 h. The organic phase was extracted with 

dichloromethane (15 mL), washed with NaHCO3 sat. (3 x 10 mL) and H2O (10 mL) and 

then dried with MgSO4. The organic layers were concentrated and give the epoxy-

bicyclo product 277 (298 mg, 65%) as a yellowish oil. 

 

(1'S*,3'R*,5'S*,7'S*)-4'-Oxaspiro[(1,3)dioxolane-2,8'-

tricyclo[5.2.0.0
3,5

]nonane] 

 

 

Yellowish oil. Rf ≈ 0.30 [nonUV-active, EtOAc/Pet. ether 30%, anisaldehyde (dark 

spot)]. IR (neat): ν 2984 (s), 2939 (s), 2884 (s), 1783 (w), 1725 (s), 1702 (s), 1474 (w), 

1438 (m), 1332 (w), 1271 (s), 1254 (s), 1172 (m), 1141 (m), 1070 (s) cm–1. 1H NMR 

(CDCl3) 1.82 (1H, dd, J = 15.3, 9.0 Hz, H5a), 1.91 (1H, dd, J = 12.4, 4.0 Hz, H7a), 2.02 

(2H, m, H2), 2.13 (1H, m, H7b), 2.29 (1H, m, H5b), 2.41 (1H, ddd, J = 12.4, 9.0, 1.6 

Hz, H6), 2.67 (1H, q, J = 9.0 Hz, H1), 3.13 – 3.18 (2H, m, H3, H4), 3.79-3.88 (4H, m, 

H9, H10). 
13C NMR (CDCl3) 18.5 (C2, C5), 19.3 (C6), 26.1 (C5), 39.7 (C1), 41.0 (C7), 

50.6 (C4), 51.2 (C3), 63.8 (C9), 64.6 (C10), 109.8 (C8). MS m/z (positive CI, NH3) 88, 

100, 125, 139, 155, 165, 183 (MH
+
), 185, 200 (MH

+
...NH3), 207, 217. MS m/z (EI) 

109, 112, 118, 129, 139, 141, 148, 156, 158, 160, 167, 177, 182 (M
+•

). HRMS m/z (EI): 

182.1016 (M
+• 

C10H14O3
+•

 requires 182.0943). 
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Spiro[bicyclo[4.2.0]octane-8,2’-[1,3]dioxolan]-2-en-4-ol (280). To a round-bottom 

flask containing THF (5 mL) were added diphenyl diselenide (202 mg, 0.648 mmol) 

and NaH (108 mg, 2.70 mmol). The reaction mixture was then heated at reflux (80°C) 

for 90 min during which time a white suspension was generated. Upon cooling to room 

temperature, epoxide 277 (197 mg, 1.08 mmol) in THF (2 mL) was added. The reaction 

was stirred at reflux at 80°C for 14 h. The reaction mixture was quenched carefully with 

saturated aqueous NH4Cl (5 mL) and then diluted with H2O (20 mL). The resulting 

mixture was extracted with diethyl ether (3 x 10 mL) and the combined organic layers 

were washed with brine (10 mL) and dried (MgSO4). The residue obtained upon 

removal of the solvent by rotary evaporation was continued for next transformation. 

 

To a solution of crude in ethanol (5 mL) was added dropwise 30% H2O2 (612 mg, 5.40 

mmol). After stirring for 30 min at room temperature, the reaction mixture was diluted 

with a large amount of ethanol (50 mL), to which NaHCO3 (594 mg, 10.8 mmol) was 

added. The resulting mixture was then heated at reflux for 12 h. The solid was removed 

by filtration and the ethanol solution was concentrated by rotary evaporation. The oily 

residue thus obtained was purified by column chromatography eluting with petroleum 

ether/ethyl acetate (7:3) to give allylic alcohol 280 as yellowish oil (40 mg, 20%). 

 

(1R*,6S*)-Spiro[bicyclo[4.2.0]octane-8,2’-[1,3]dioxolan]-2-en-4-ol 

 

Univ
ers

iti 
Mala

ya



 278

Yellowish oil. Rf ≈ 0.10 [nonUV-active, EtOAc/Pet. ether 30%, anisaldehyde (green-

blue spot)]. IR (neat): νmax 3622 (m), 3504 (m, -OH) 3024 (m), 2984 (s), 2940 (s), 2886 

(s), 1741 (S, C=O), 1474 (w), 1423 (w), 1397 (w), 1372 (w), 1287 (s), 1264 (m), 1240 

(s), 1047 (s), 1020 (s) cm–1. 1H NMR (CDCl3) 1.53 (1H, dt, J = 13.8, 6.7 Hz, H5a), 

2.01 (1H, m, H7a), 2.13 (1H, dt, J = 13.8, 5.2 Hz, H5b), 2.58 (1H, m, H1, H7b), 2.97 

(1H, m, H6), 3.90 (4H, m, H9, H10), 4.53 (1H, t, J = 6.7 Hz, H4), 5.91 (2H, br s, H2, 

H3). 
13C NMR (CDCl3) 22.8 (C6), 29.7 (C5), 40.8 (C7), 41.8 (C1), 63.3 (C4), 63.6 

(C9), 64.7 (C10), 108.4 (C8), 131.1 (C3), 131.2 (C2). MS m/z (positive CI, NH3) 88, 

104, 122, 165, 166, 183 (MH
+
), 184, 199, 200 (MH

+
...NH3), 211, 216. MS m/z (EI) 

112, 120, 122, 141, 150, 164, 182 (M
+•

). HRMS m/z (EI): 182.0567 (M
+•

 C10H14O3
+•

 

requires 182.0943) 

 

 

7.7.3 Approach B: [2+2] intramolecular ketene cycloaddition 

 

 

 

7-Oxaspiro[bicyclo[4.1.0]heptane-3,2'-[1,3]dioxolane] (289) (Cheng et al., 1992).       

4-Methoxy-1,4-cyclohexadiene (247) (3.00 g, 27.2 mmol) was dissolved in 50 mL of 

anhydrous toluene and placed in a 100 mL round-bottomed flask fitted with a Dean-

Stark trap. Ethylene glycol (1.68 g, 27.2 mmol) was then added along with                    

p-toluenesulfonic acid (62.1 mg, 0.325 mmol). The solution was heated to 110°C, and 

H2O was taken off via the trap for 2 h. The organic solution was washed with saturated 
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NaHCO3 (2 x 20 mL), H2O (20 mL), dried (MgSO4) and concentrated to give the ketal 

288 as a colourless liquid. This material was subsequently used in the following step. 

 

To a stirred solution of ketal 288 in CH2Cl2 (30 mL) at 0°C was added                         

m-chloroperbenzoic acid (7.04 g, 40.8 mmol). The mixture was stirred for overnight and 

washed with saturated NaHCO3 (20 mL) and H2O (20 mL). After drying (MgSO4), the 

organic layer was concentrated to give the epoxy ketal 289 as colourless oil (4.24 g, 

55%) which was sufficient purity for subsequent transformation. 

 

(1S*,6R*)-7-Oxaspiro[bicyclo[4.1.0]heptane-3,2'-[1,3]dioxolane] 

 

 

Light yellow oil. Rf ≈ 0.15 [nonUV-active, EtOAc/Pet. ether 20%, anisaldehyde (red-

violet spot)]. IR (neat): νmax 2986 (m), 2947 (m), 2927 (m), 2881 (m), 1702 (w), 1430 

(w), 1417 (w), 1372 (m), 1356 (m), 1260 (m), 1163 (m), 1149 (m), 1110 (s), 1054 (m), 

1024 (m), 996 (m), 945 (m), 931 (m) cm
–1

. 
1H NMR (CDCl3) 1.45 – 2.25 (6H, m, H2, 

H4, H5), 3.17 (2H, m, H1, H6), 3.85 – 3.96 (4H, m, H7, H8). 13C NMR (CDCl3) 22.6 

(C5), 27.3 (C4), 34.7 (C2), 51.4 (C1), 52.1 (C6), 64.1 (C7), 64.5 (C8). MS m/z (positive 

CI, NH3) 100, 102, 113, 114, 127, 139, 157 (MH+), 158, 174 (MH+...NH3).  

 

All spectral characteristics are identical to those previously reported (Cheng et al., 

1992). 
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1,4-Dioxaspiro[4.5]dec-8-en-7-ol (286) (Zhang & Koreeda, 2002). To a round-bottom 

flask containing THF (6 mL) were added diphenyl diselenide (468 mg, 1.5 mmol) and 

NaH (263 mg, 6.2 mmol). The reaction mixture was then heated at reflux (80°C) for 90 

min during which time a white suspension was generated. Upon cooling to room 

temperature, epoxide 289 (393 mg, 2.5 mmol) in THF (2 mL) was added. After stirring 

at room temperature for 5 h, the reaction mixture was quenched carefully with saturated 

aqueous NH4Cl (10 mL) and then diluted with H2O (10 mL). The resulting mixture was 

extracted with diethyl ether (3 x 10 mL) and the combined organic layers were washed 

with brine (10 mL) and dried (MgSO4). The residue obtained upon removal of the 

solvent by rotary evaporation was gave desired product as yellowish oil, which was 

sufficient purity for subsequent transformation. 

 

To a solution of alcohol in ethanol (5 mL) was added dropwise 30% H2O2 (765 µL, 7.5 

mmol). After stirring for 30 min at room temperature, the reaction mixture was diluted 

with a large amount of ethanol (50 mL), to which NaHCO3 (869 mg, 15.8 mmol) was 

added. The resulting mixture was then heated at reflux for 12 h. The solid was removed 

by filtration and the ethanol solution was concentrated by rotary evaporation. The oily 

residue thus obtained was purified by column chromatography eluting with petroleum 

ether/ethyl acetate (75:25) to give allylic alcohol as light orange oil 286 (71 mg, 30%) 
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1,4-Dioxaspiro[4.5]dec-8-en-7-ol 

 

 

Light orange oil. Rf ≈ 0.20 [nonUV-active, EtOAc/Pet. ether 30%, anisaldehyde (violet 

spot)]. IR (neat): νmax 3036 (w), 2960 (m), 2932 (m), 2885 (m), 1437 (w), 1407 (m), 

1363 (m), 1339 (w), 1140 (s), 1051 (s), 1022 (s), 947 (w) cm
–1

. 
1H NMR (CDCl3) 1.86 

– 2.02 (2H, m, H6), 2.23 (2H, br s, H10), 3.10 (-OH, br s), 3.93 (4H, m, H2, H3), 4.27 

(1H, br s, H7), 5.68 (1H, dt, J = 9.9, 3.6 Hz, H9), 5.80 (1H, dt, J = 9.9, 1.7 Hz, H8). 13C 

NMR (CDCl3) 35.3 (C10), 39.3 (C6), 64.1 (C2, C3), 66.5 (C7), 108.3 (C5), 126.0 (C9), 

129.5 (C8). MS m/z (positive CI, NH3) 87, 100, 114, 126, 140, 157 (MH+), 158, 175, 

204. HRMS m/z (EI): 156.0786 (M
+•

 C8H12O3
+• 

requires 156.0786). 

  

All spectral spectral characteristics are identical to those previously reported (Zhang & 

Koreeda, 2002). 

 

7.7.4 Approach C: synthesis of bicyclo[4.2.0]octane containing 

methylenedioxyphenyl moiety at C-7 

 

 

 
Piperonyl bromide (295). To a solution of piperonyl alcohol 296 (1.61 g, 10.6 mmol) 

in CH2Cl2 (100 mL) was added PBr3 (13.5 g, 50.0 mmol) slowly at 0°C. The reaction 

mixture was stirred for 3 h at room temperature and then poured into ice water. The 

aqueous layer was extracted with CH2Cl2 (2 x 25 mL) and the combined organic layers 
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were washed with a saturated NaHCO3 solution (20 mL), dried (MgSO4) and 

concentrated to afford a desired product 295 (2.57 g, 95%). 

 

Piperonyl bromide  
 

 

Yellowish oil. Rf ≈ 0.30 [UV-active, EtOAc/Pet. ether 5%, anisaldehyde (dark blue 

spot)]. IR (neat): νmax 3013 (w) 2971 (w), 2887 (m, C-H aromatic), 2776 (w), 1504 (s), 

1448 (s), 1446 (s), 1361 (m), 1276 (s), 1252 (s), 1213 (m), 1192 (m), 1096 (m), 1043 (s, 

O-CH2-O) cm
–1

. 
1H NMR (CDCl3) 4.46 (2H, s, H1), 5.97 (2H, s, H8), 6.75 (1H, d, J = 

7.8 Hz, H7), 6.86 (1H, d, J = 7.8 Hz, H6), 6.88 (1H, br s, H3).
 13C NMR (CDCl3) 34.2 

(C1), 101.3 (C8), 108.2 (C6), 109.4 (C3), 122.7 (C7), 131.4 (C2), 147.7 (C4), 147.8 

(C5). MS m/z (EI) 105, 119, 135, 137, 146, 156, 158, 165, 192, 207, 213 (M+•), 215, 

222. HRMS m/z (EI): 213.9628 (M+• C8H7
79BrO2

+• requires 213.9629). 

 

 

 

 

2,2-Dichloro-3-(3,4-methylenedioxyphenyl)propanoic acid (294) (Qin et al., 2011; 

Hu et al., 2013). To a solution of piperonyl bromide 295 (9.24 g, 43.0 mmol) in CHCl3 
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(9 mL) was added trichloroacetic acid, sodium salt 297 (11.9 g, 64.5 mmol) and 

tetrabutyl ammonium bromide (1.39 g, 4.3 mmol). The resultant reaction mixture was 

stirred at 80°C for 40 h. The reaction mixture was poured in to H2O and extracted with 

ether. The combined organic layers were washed with brine, dried (MgSO4) and 

concentrated at reduced pressure to give brown oil, which was of sufficient purity for 

subsequent transformation. 

 

The crude was dissolved in THF/H2O (3/1, 60 mL); NaOH was added (4.08 g, 98.6 

mmol) and the mixture was stirred for 3 h. The solvent was removed under reduced 

pressure, and the residue was taken up with CH2Cl2 (20 mL) and H2O (50 mL). The 

aqueous phase was washed with CH2Cl2 (10 mL) and the aqueous phase was acidified 

with 150 mL HCl solution (1 M) and extracted with ether (3 x 30 mL). The combine 

organic layers were washed with brine (20 mL), dried (MgSO4) and concentrated at 

reduced pressure to give a desired product 294 (9.05 g, 80%).  

 

 

3,4-Methylenedioxyphenyl-[2,2-dichloro-2-(3,4-

methylenedioxyphenyl)]propanoate  

 
 

 

Brown oil. IR (neat): νmax 3013 (w) 2963 (w), 2887 (m, C-H aromatic), 2776 (w), 1763 

(m), 1744 (m, C=O), 1505 (s), 1490 (s), 1446 (s), 1364 (w), 1250 (s), 1200 (m), 1225 

(w), 1101 (w), 1044 (s, O-CH2-O) cm
–1

. 
1H NMR (CDCl3) 3.88 (2H, s, H3), 4.58 (2H, 

s, H1’), 6.02 (2H, s, H10), 6.04 (2H, s, H8’), 6.81 – 6.94 (6H, m, H6, H7, H9, H3’, H4’, 

H7’). 
13C NMR (CDCl3) 46.7 (C3), 59.2 (C1’), 84.2 (C2), 101.3 (C10), 101.4 (C8’), 
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108.1 (C6), 108.3 (C4’), 109.2 (C9), 111.8 (C7’), 122.4 (C3’), 125.5 (C5), 126.9 (C2’), 

131.3 (C4), 147.4 (C7), 147.8 (C8), 147.9 (C5’), 148.0 (C6’), 165.5 (C1).  

 

All spectral spectral characteristics are identical to those previously reported ((Qin et al., 

2011; Hu et al., 2013). 

 

 

2,2-Dichloro-3-(3,4-methylenedioxyphenyl)propanoic acid  

  

 

Brown oil. Rf ≈ 0.30 [UV-active, EtOAc/Pet. ether 5%, anisaldehyde (white spot)].      

1H NMR (CDCl3) 3.65 (2H, s, H3), 5.96 (2H, s, H10), 6.75 – 6.88 (3H, m, H5, H8, 

H9). 
13C NMR (CDCl3) 49.9 (C3), 83.8 (C2), 101.2 (C10), 108.1 (C8), 111.5 (C5), 

124.9 (C9), 126.6 (C4), 147.5 (C6, C7), 169.7 (C1). MS m/z (EI) 105, 122, 135, 137, 

147, 152, 182, 217, 226, 262 (M+•), 264, 266. HRMS m/z (EI): 261.9803 (M+• 

C10H8
35Cl2O4

+• requires 261.9800). 

 

All spectral spectral characteristics are identical to those previously reported (Qin et al., 

2011; Hu et al., 2013).
 

 

 

 

Univ
ers

iti 
Mala

ya



 285

2,2-Dichloro-3-(3,4-methylenedioxyphenyl)propanoyl chloride (302). The               

2,2-dichlorocarboxylic acid 294 (1.23 g, 4.68 mmol) was dissolved in thionyl chloride 

(1.67 g, 14.0 mmol). The mixture was stirred at 80°C. After 3 h, excess thionyl chloride 

was removed under reduced pressure to give brown oil 302 (1.29 g, 98.0%), which was 

of sufficient purity for subsequent transformation. 

 

2,2-Dichloro-3-(3,4-methylenedioxyphenyl)propanoyl 

chloride 
 

 

Brown oil. 1H NMR (CDCl3) 3.68 (2H, s, H3), 5.98 (2H, H10), 6.76 – 6.88 (3H, H5, 

H8, H9). 13C NMR (CDCl3) 49.6, (C3), 89.2 (C2), 101.3 (C10), 108.2 (C8), 111.5 (C5), 

125.0 (C9), 125.5 (C4), 147.6 (C6), 147.8 (C7), 168.2 (C1). 

 

 

 

 

Piperonyl chloride (306). Piperonyl alcohol (308) (10.0 g, 65.7 mmol) was dissolved 

in dry toluene (100 mL). Triethylamine (7.98 g, 78.9 mmol) and thionyl chloride (15.6 

g, 131.4 mmol) were added dropwise thereto and was stirred for 24 h at 0°C. The 

reaction mixture was extracted with saturated NaHCO3 (2 x 100 mL) and ethyl acetate. 

The organic layer was separated, and dried (MgSO4) and concentrated under vacuum to 

give the desired product as a brown oil 306 (10.9 g, 98%) which was of sufficient purity 

for subsequent transformation. 
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Piperonyl chloride 

 

 

Pale yellow oil. Rf ≈ 0.30 [UV-active, EtOAc/Pet. ether 5%, anisaldehyde (dark blue 

spot)]. IR (neat): νmax 2962 (w), 2886 (m, C-H aromatic), 2777 (w), 1504 (s), 1491 (s), 

1447 (s), 1363 (s), 1251 (s), 1194 (m), 1100 (m), 1043 (s, O-CH2-O), 947 (m), 932 (s, 

O-CH2-O) cm
–1

. 
1H NMR (CDCl3) 4.41 (2H, s, H1), 5.84 (2H, s, H8), 6.64-6.77 (3H, 

m, H3, H6, H7).
 13C NMR (CDCl3) 46.5 (C1), 101.2 (C8), 108.1 (C6), 109.0 (C3), 

122.2 (C7), 131.2 (C2), 147.7 (C4), 147.8 (C5). MS m/z (positive CI, NH3) 118, 136, 

148, 152, 161, 171 (MH
+
), 172, 180, 208, 225. MS m/z (EI) 105, 117, 121, 135, 136, 

170 (M+• with 35Cl), 171, 172. HRMS m/z (EI): 170.0137 (M+• C8H7
35ClO2

+• requires 

170.0135). 

 

 

 

 

Ethyl-2-chloro-3-oxobutanoate (307). Sulfuryl chloride (11.4 g, 84.5 mmol) was 

added dropwise by dropping funnel to ethyl acetoacetate 309 (10.0 g, 76.8 mmol) 

maintained at 0°C. The mixture was stirred overnight at room temperature. The mixture 

was washed with H2O (2 x 100 mL), dried (MgSO4) and evaporate under vacuum to 

give the desired product as a yellowish oil 307 (12.3 g, 98%) which was of sufficient 

purity for subsequent transformation. 
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Ethyl-2-chloro-3-oxobutanoate 

 

 

Pale yellow oil. IR (neat): νmax 2985 (m), 2941 (w), 1735 (s, C=O), 1645 (w), 1616 

(w), 1445 (w), 1369 (m), 1255 (s), 1163 (s), 1096 (w), 1070 (w), 1034 (m) cm–1. 1H 

NMR (CDCl3) 1.23-1.31 (3H, m, H6), 2.32 (3H, s, H1), 4.20-4.34 (2H, m, H5), 4.71 

(1H, s, H3). 
13C NMR (CDCl3) 13.5 (C6), 25.9 (C1), 61.0 (C3), 62.7 (C5), 164.6 (C4), 

196.1 (C2). MS m/z (positive CI, NH3) 103, 135, 137, 148, 152, 162, 165 (MH
+
), 170, 

182, 184. MS m/z (EI) 118, 120, 121, 122, 124, 136, 164 (M
+•

 with 
35

Cl), 166. HRMS 

m/z (EI): 164.0245 (M
+•

 C6H9
35

ClO3
+•

 requires 164.0240). 

 

 

 

 

2-Chloro-3-(3,4-methylenedioxyphenyl)propanoic acid (305) (Sohda et al., 1983).      

A solution of ethyl 2-chloroacetoacetate (307) (2.47 g, 15.0 mmol) in DMF (25 mL) 

was treated with 60% NaH in oil (600 mg) at room temperature for 20 min. A solution 

of 3,4-methylenedioxybenzyl chloride (306)  (2.56 g, 15.0 mmol) in DMF (5 mL) was 

added thereto, and the mixture was stirred at 80°C for 2 h, poured into ice-H2O and 
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extracted with EtOAc (100 mL). The extract was washed with H2O (2 x 50 mL), dried 

(MgSO4) and evaporate under vacuum to give the desired product as a brown oil 310, 

which was of sufficient purity for subsequent transformation. 

 

A stirred solution of crude 310 in EtOH (50 mL) was treated with 2 N NaOH (20 mL) at 

room temperature for 1 h. The solvent was removed at reduced pressure, and the residue 

was taken up with EtOAc (25 mL) and H2O (50 mL). The aqueous phase was acidified 

with 5 mL conc. HCl and extracted with EtOAc (3 x 50 mL). The combine organic 

layers were dried (MgSO4) and concentrated at reduced pressure to give solids 305 

(3.08 g, 90%).  

 

Ethyl 2-acetyl-2-chloro-3-(3,4-methylenedioxyphenyl) 

propionate 

 

 

Brown liquid. 
1H NMR (CDCl3) 1.20 (3H, t, J = 7.0 Hz, H12), 2.22 (3H, s, H14), 3.33 

(2H, an AB system, δA 3.38, δB 3.26, JAB = 16.1 Hz, H3), 4.17 (2H, q, J = 7.0 Hz, H11), 

5.89 (2H, s, H10), 6.57 – 6.66 (3H, m, H5, H6, H9). 
13C NMR (CDCl3) 13.8 (C12), 

26.3 (C14), 41.8 (C3), 63.0 (C11), 75.4 (C2), 101.0 (C10), 107.9 (C6), 110.1 (C9), 

123.8 (C5), 127.4 (C4), 147.0 (C7), 147.4 (C8), 166.8 (C1), 198.4 (C13).   

 

All spectral spectral characteristics are identical to those previously reported (Sohda et 

al., 1983). 
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2-chloro-3-(3,4-methylenedioxyphenyl)propanoic acid 

 

 

Amorphous white solid. Rf ≈ 0.15 [non UV-active, EtOAc/Pet. ether 50%, anisaldehyde 

(red-violet spot)]. IR (neat): νmax 3155 (w), 2895 (w), 2902 (w), 2253 (s, C=O), 1795 

(w), 1728 (w), 1490 (w), 1469 (m), 1447 (w), 1384 (m), 1166 (w), 1097 (m), 1044 (w, 

O-CH2-O) cm–1. 1H NMR (CDCl3) 3.21 (2H, AB part of an ABX system, δA 3.31, δB 

3.12, JAB = 14.1, JAX = 7.7, JBX = 7.7 Hz, H3), 4.44 (1H, t, J = 7.5 Hz, H2), 5.95 (2H, s, 

H10), 6.70 (1H, dd, J = 7.3, 1.6 Hz, H9), 6.73 (1H. d, J = 1.6 Hz, H-5), 6.76 (1H, d, J = 

7.3 Hz, H-8).
 13C NMR (CDCl3) 40.6 (C3), 57.2 (C2), 101.1 (C10), 108.5 (C8), 109.7 

(C5), 122.7 (C9), 129.1 (C4), 147.0 (C7), 147.9 (C6), 173.3 (C1). MS m/z (positive CI, 

NH3) 135, 137, 152, 175, 192, 195, 210, 229 (MH
+•

), 230, 246, 248. MS m/z (EI) 117, 

120, 122, 135, 136, 152, 170, 175, 192, 220, 118, 228 (M
+•

 with 
35

Cl), 230. HRMS m/z 

(EI): 228.0186 (M+• C10H9
35ClO4

+• requires 228.0189). 

 

All spectral spectral characteristics are identical to those previously reported (Sohda et 

al., 1983). 
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7-Chloro-7-(3,4-methylenedioxyphenyl)bicyclo[4.2.0]oct-4-en-8-one (311). The      

2-chlorocarboxylic acid 305 (456 mg, 2.00 mmol) was added to 2 mL of SOCl2, and the 

reaction solution was heated at 90°C for 3 h. The reaction solution was cooled, and the 

solvent was removed in vacuo. Then, the residue was dissolve in 5 mL of cyclohexane. 

 

The residue and cyclohexadiene 231 (504 mg, 6.30 mmol) was dissolve in cyclohexane 

(5 mL) and the mixture was treated with triethylamine (436 mg, 4.31 mmol) within 10 

min under nitrogen. The reaction mixture was reflux for 3 h and then filtered and the 

solid was washed with cyclohexane (5 mL). The filtrate was washed with 1 M HCl (10 

mL) and 1 M NaHCO3 (10 mL). The organic layer was washed further with brine (20 

mL). After drying (MgSO4), the organic layer was concentrated and the crude product 

was purified using column chromatography on silica gel, eluting with petroleum 

ether/ethyl acetate (95:5) gave 311 (145 mg, 25%). 

 

(1R*,6S*,7S*)-7-Chloro-7-(3,4-methylenedioxyphenyl)bicyclo 

[4.2.0]oct-4-en-8-one 

 

 

Yellowish oil. Rf ≈ 0.40 [UV-active, EtOAc/Pet. ether 15%, anisaldehyde (violet spot)]. 

IR (neat): νmax 3031 (w), 2931 (m), 2775 (w), 1788 (s, C=O), 1746 (m), 1687 (w), 1542 

(m), 1505 (s), 1490 (s), 1481 (s), 1445 (s), 1365 (w), 1293 (w), 1250 (s), 1191 (w), 1121 

(w), 1043 (s) cm
–1

. 
1H NMR (CDCl3) 1.47 (1H, m, H2a), 1.91–2.01 (3H, m, H2b, H3), 

2.96 (2H, q, J = 15.7, H9), 3.11 (1H, m, H6), 4.01 (1H, m, H1), 5.81 (2H, s, H16), 5.84 

(1H, m, H5), 5.96 (1H, m, H4), 6.64 (2H, d, J = 0.9, H11, H12), 6.74 (1H, s, H15).      

13C NMR (CDCl3) 18.5 (C2), 21.1(C3), 37.0 (C9), 40.6 (C6), 54.4 (C1), 80.2 (C7), 
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100.7 (C16), 107.7 (C12), 110.4 (C15), 123.1 (C5), 124.1 (C4), 128.7 (C10), 132.1 

(C11), 146.2 (C13), 147.2 (C14), 204.6 (C8). MS m/z (positive CI, NH3) 108, 136, 170, 

255, 274, 291 (MH+ with 35Cl), 293 (MH+ with 37Cl), 308 (MH+..NH3 with 35Cl), 310 

(MH+..NH3 with 37Cl), 342. MS m/z (EI) 105, 135, 136, 149, 170, 179, 210, 235, 255. 

267, 290 (M
+•

 with 
35

Cl). HRMS m/z (EI): 290.0696 (M
+•

 C16H15
35

ClO3
+•

 requires 

290.0710). 

 

 

 

 

7-(3,4-Methylenedioxyphenyl)bicyclo[4.2.0]oct-4-en-8-one (312). To a mixture of 

1.30 g of Zn dust and 3 mL of TMEDA (20.1 mmol) in 7 mL of absolute EtOH at 0°C 

was added 1.5 mL (30.9 mmol) of AcOH. The reaction mixture was maintained at 0°C 

while a solution of cyclobutanone 311 (1.00 mg, 3.45 mmol) in 3 mL of EtOH was 

added over 10 min period. After an additional 15 min at 0°C the reaction mixture was 

allowed to warm to room temperature and stirred for 2 h. The resulting grey mixture 

was filtered, and the solid was washed with diethyl ether. The filtrated was extracted 

with 1 M HCl (10 mL), H2O (10 mL), sat. NaHCO3 (10 mL) and sat NaCl (10 mL). The 

resulting material was dried over MgSO4 and concentrated under reduced pressure to 

afford 778 mg (88%) of desired cyclobutanone 312 which was of sufficient purity for 

subsequent transformation.  
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(1R*,6S*,7S*)-7-(3,4-Methylenedioxyphenyl)bicyclo[4.2.0]oct-4-en-

8-one 

 

 

Yellowish oil. Rf ≈ 0.35 [UV-active, EtOAc/Pet. ether 15%, anisaldehyde (violet spot)]. 

IR (neat): νmax 3025 (m), 2931 (s), 2653 (m), 2774 (m), 1773 (s, C=O), 1645 (w), 1610 

(w), 1505 (s), 1489 (s), 1445 (s), 1413 (w), 1366 (w), 1293 (w), 1247 (s), 1189 (m), 

1099 (m), 1043 (s), 942 (m) cm–1. 1H NMR (CDCl3) 1.43 (1H, m, H2a), 1.87-2.02 (3H, 

m, H2b, H3), 2.60 (2H, AB part of an ABX system, δA 2.73, δB 2.49, JAB = 15.0, JAX = 

5.7, JBX = 9.7 Hz, H9), 3.00 (1H, m, H6), 3.50-3.55 (2H, m, H1, H7), 5.70 (1H, m, H5), 

5.84 (2H, s, H16), 5.91 (1H, m, H4), 6.55-6.66 (3H, m, H11, H12, H15). 13C NMR 

(CDCl3) 18.5 (C2), 21.3 (C3), 27.7 (C6), 30.3 (C9), 55.0 (C7), 61.9 (C1), 100.8 (C16), 

108.1 (C12), 108.7 (C15), 121.0 (C11), 125.8 (C4), 130.4 (C5), 133.5 (C10), 145.7 

(C13), 147.5 (C14), 212.3 (C8). MS m/z (positive CI, NH3) 136, 149, 157, 177, 183, 

202, 211, 228, 240, 257 (MH
+
), 274 (MH

+
..NH3), 275. MS m/z (EI) 105, 122, 135, 148, 

175, 176, 186, 210, 220, 236, 256 (M
+•

), 258. HRMS m/z (EI): 256.1097 (M
+•

 

C16H16O3
+•

 requires 256.1099). 
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7-(3,4-Methylenedioxyphenyl)bicyclo[4.2.0]oct-4-ene-8-carbaldehyde (315). To a 

stirred slurry of (methoxymethyl)-triphenylphosphonium chloride (313) (583 mg, 1.70 

mmol) in dry THF (7 mL) under nitrogen at -75°C was added potassium tert-butoxide 

(143 mg, 1.27 mmol). After 15 min at -75°C, a solution of bicyclo[4.2.0] oct-4-en-8-one 

312 (217 mg, 0.850 mmol) in 3 mL of dry THF was added to the mixture and stirred at  

-75°C for 10 min. The mixture was stirred at room temperature overnight. The mixture 

was diluted with water (20 mL) and extracted with ether (30 mL). The organic extracts 

were washed with brine (2 x 20 mL), dried (MgSO4) and evaporated under reduced 

pressure to give a yellowish oil 314, which was used for the next transformation.  

 

The mixture of bicyclo[4.2.0]oct-4-ene 314 was stirred with 90% formic acid (10 mL) 

at room temperature for 1 h. The mixture was poured into a saturated aqueous sodium 

bicarbonate solution and extracted with ethyl acetate (3 x 10 mL), dried (Na2SO4), and 

filtered. Evaporation of the filtrate gave a yellowish oil which was purified by column 

chromatography on silica gel, eluting with petroleum ether/ethyl acetate (95:5) to give 

the desired product 315 as a yellowish oil (94.1 mg, 41%, dr ratio; 1:2). 
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(1R*,6S*,7S*)-8-(Methoxymethylene)-7-(3,4-methylenedioxy 

phenyl)bicyclo[4.2.0]oct-4-ene 

 

 

Yellowish oil. Rf ≈ 0.50 [UV-active, EtOAc/Pet. ether 10%, anisaldehyde (violet spot)].  

1H NMR (CDCl3) 1.90 – 1.45 (3H, m, H2, H3), 2.39 – 2.78 (3H, m, H6, H9), 3.32 – 

3.60 (2H, m, H1, H7), 4.07 (3H, s, H18), 5.10 (1H, s, H17), 5.52 – 5.85 (4H, m, H4, H5, 

H16), 6.49 – 6.68 (3H, m, H11, H12, H15). 13C NMR (CDCl3) 20.7 (C3), 21.9 (C2), 

34.2 (C6), 35.2 (C9), 37.4 (C7), 44.8 (C1), 59.7 (C18), 100.6 (C16), 108.0 (C12), 108.9 

(C15), 121.2 (C11), 126.8 (C4), 128.8 (C8), 131.4 (C5), 133.7 (C10), 139.6 (C17), 

145.4 (C13), 147.6 (C14). MS m/z (EI) 108, 121, 135, 149, 170, 183, 201, 216, 252, 

262, 277, 284 (M
+•

). HRMS m/z (EI): 284.1412 (M+•
 C18H20O3

+•
 requires 284.1412). 

 

(1R*,6S*,7S*)-7-(3,4-Methylenedioxyphenyl)bicyclo[4.2.0]oct-4-

ene-8-carbaldehyde 

 

 

Yellowish oil. IR (neat): νmax 2928 (m), 1717 (s, C=O), 1504 (m), 1484 (s), 1444 (w), 

1372 (w), 1226 (m), 1179 (m), 1039 (m, O-CH2-O), 1096 (w), 939 (m, m, O-CH2-O), 

8669 (w) cm–1. 1HExo NMR (CDCl3) 0.75 – 2.45* (10H, m, H1, H2, H3, H6, H7, H8, 

H9), 5.68* (1H, m, H5), 5.82 (2H, s, H16), 5.95* (1H, m, H5), 6.47 – 6.74* (3H, m, 

H11, H12, H15), 9.33 (1H, s, H17) (*obscured by other resonances). 13CExo NMR 
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(CDCl3) 21.2 (C3), 29.8 (C2), 31.2 (C9), 34.4 (C6), 36.7 (C1), 41.1 (C7), 51.8 (C8), 

100.7 (C16), 108.3 (C12), 109.7 (C15), 121.2 (C11), 126.4 (C5), 129.5 (C4), 130.6 

(C10), 145.8 (C13), 146.7 (C14), 202.6 (C17). 1HEndo NMR (CDCl3) 0.75 – 2.45* 

(10H, m, H1, H2, H3, H6, H7, H8, H9), 5.68* (1H, m, H5), 5.85 (2H, s, H16), 5.95* 

(1H, m, H5), 6.47 – 6.74* (3H, m, H11, H12, H15), 9.94 (1H, s, H17) (*obscured by 

other resonances). 
13CEndo NMR (CDCl3) 21.5 (C3), 31.0 (C2), 33.1 (C9), 34.7 (C6), 

38.7 (C1), 42.6 (C7), 52.0 (C8), 101.6 (C16), 108.9 (C12), 110.0 (C15), 121.2 (C11), 

126.6 (C5), 129.7 (C4), 130.8 (C10), 145.8 (C13), 146.7 (C14), 205.6 (C17). MS m/z 

(EI) 115, 135, 173, 190, 224, 252, 270 (M
+•

), 298, 304. HRMS m/z (EI): 270.1262 (M+•
 

C17H18O3
+•

 requires 270.1250). 

 

 

 

 

4-[7-(3,4-Methylenedioxyphenyl)bicyclo[4.2.0]oct-4-en-8-ylidene]butanoic acid 

(317). To a stirred slurry of (3-carboxypropyl)-triphenylphosphonium bromide (316) 

(770 mg, 1.79 mmol) in dry THF (7 mL) under nitrogen at -75°C was added potassium 

tert-butoxide (350 mg, 3.13 mmol). After 15 min at -75°C, a solution of cyclobutanone 

312 (210 mg, 0.820 mmol) in 3 mL dry THF was added to a mixture and stirred at          

-75°C for 10 min. The mixture was stirred at room temperature for overnight. The 

mixture was poured into 5% Na2CO3 solution (20 mL), washed with ethyl acetate (20 

mL), and then acidified with conc. HCl. The aqueous layer was extracted with ether (3 x 

20 mL) and the combined extract was concentrated to 20 mL and keep at -20°C for 2 h. 
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The resulting precipitate was filtered off and discarded. Evaporation the filtrate gave a 

yellowish oil (660 mg) which was purified by column chromatography on silica gel, 

eluting with petroleum ether/ethyl acetate (7:3) to give a desired product in Z/E isomer 

(2:1) as a yellowish oil 317 (261 mg, 32%).  

 

4-[(1R*,6S*,7S*)-7-(3,4-Methylenedioxyphenyl)bicyclo[4.2.0]oct-4-

en-8-ylidene]butanoic acid 

 

 

 

Yellowish oil. Rf ≈ 0.30 [UV-active, EtOAc/Pet. ether 60%, anisaldehyde (blue spot)]. 

IR (neat): νmax 2928 (s), 2863 (m), 1738 (s, C=O), 1504 (m), 1490 (m), 1441 (m), 1246 

(s), 1188 (m), 1040 (m, O-CH2-O), 927 (m, O-CH2-O), 859 (w), 810 (w) cm
–1

.            

1HZ-isomer NMR (CDCl3) 1.44* (1H, m, H2a), 1.86 – 1.97* (3H, m, H2b, H3), 2.20 – 

2.36* (4H, m, H18, H19), 2.53 (2H, dd, J = 6.0, 4.4 Hz, H9), 2.79 (1H, m, H6), 3.22* 

(2H, m, H1, H7), 4.97 (1H, t, J = 7.2 Hz, H17), 5.57 (1H, m, H5), 5.84 (2H, s, H16), 

5.92* (1H, m, H4), 6.54* (1H, dd, J = 8.1, 2.0 Hz, H11), 6.60 (1H, d, J  = 2.0 Hz, H15), 

6.63* (1H, d, J = 8.1 Hz, H12) (*obscured by other resonances). 
13CZ-isomer NMR 

(CDCl3) 21.9 (C3), 23.1 (C2), 23.7 (C18), 33.6 (C6), 34.2 (C19), 34.9 (C9), 39.2 (C7), 

46.6 (C1), 100.7 (16), 108.0 (C12), 109 (C15), 118.0 (C17), 121.2 (C11), 126.8 (C5), 

129.9 (C4), 135.0 (C10), 145.4 (C13), 146.6 (C8), 147.4 (C14), 179.0 (C20). 1HE-isomer 

NMR (CDCl3) 1.44* (1H, m, H2a), 1.86 – 1.97* (3H, m, H2b, H3), 2.20 – 2.36* (4H, 

m, H18, H19), 2.56 (2H, m, H9), 2.80 (1H, m, H6), 3.22* (2H, m, H1, H7), 5.07 (1H, t, 

J = 7.2 Hz, H17), 5.51 (1H, m, H5), 5.89 (2H, s, H16), 5.92* (1H, m, H4), 6.54* (1H, 
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dd, J = 8.1, 2.0 Hz, H11), 6.59 (1H, d, J  = 2.0 Hz, H15), 6.63* (1H, d, J = 8.1 Hz, H12) 

(*obscured by other resonances). 13CE-isomer NMR (CDCl3) 22.0 (C3), 23.1 (C2), 23.7 

(C18), 33.7 (C6), 34.4 (C19), 34.9 (C9), 38.7 (C7), 46.6 (C1), 100.7 (16), 108.0 (C12), 

109 (C15), 118.0 (C17), 121.2 (C11), 127.0 (C5), 129.9 (C4), 135.0 (C10), 145.4 (C13), 

146.7 (C8), 147.5 (C14), 179.6 (C20).  MS m/z (EI) 106, 132, 135, 136, 137, 148, 149, 

174, 185, 239, 272, 274, 298, 326 (M
+•

). HRMS m/z (EI): 326.1515 (M
+•

 C20H22O4
+•

 

requires 326.1518). 

 

 

 

 
Methyl 4-[7-(3,4-methylenedioxyphenyl)bicyclo[4.2.0]octan-8-yl]butanoate (318). 

To a solution of the bicycloalkene 317 (55 mg, 0.169 mmol) in MeOH (2 mL) was 

added 10% Pd/C (10% w/w, 5.5 mg), and the resulting mixture was hydrogenated at 1 

atm for 12 h. Filtration through Celite and evaporation of the filtrate in vacuo afforded 

the pure 318 (3:1) as yellowish oil (46.5 mg, 80.0%).  
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Methyl 4-[(1R*,6S*,7S*)-7-(3,4-methylenedioxyphenyl)bicyclo 

[4.2.0]octan-8-yl]butanoate 

 

 

 

Yellowish oil. Rf ≈ 0.35 [UV-active, EtOAc/Pet. ether 60%, anisaldehyde (blue spot)]. 

IR (neat): νmax 2929 (s), 2863 (m), 1739 (s, C=O), 1504 (s), 1490 (s), 1442 (m), 1246 

(s), 1188 (m), 1122 9w), 1096 (w), 1040 (m, O-CH2-O), 927 (m, O-CH2-O), 861 (w), 

811 (w) cm
–1

. 
1H8α NMR (CDCl3) 1.14 – 1.23* (4H, m, H3, H4), 1.39 – 1.59* (H8, m, 

H2, H5, H17, H18), 2.15 – 2.24* (3H, m, H8, H19), 2.30 – 2.40* (2H, H1, H6), 2.62 – 

2.74* (3H, m, H7, H9), 3.58 (3H, s, H21), 5.82* (2H, s, H16), 6.55* (1H, dd, J = 8.1, 

1.7 Hz, H11), 6.60* (1H, d, J = 1.7 Hz, H15), 6.62* (1H, d, J = 8.1 Hz, H12) 

(*obscured by other resonances) 13C NMR (CDCl3) 22.6 (C3), 22.7 (C4), 23.1 (C2), 

23.2 (C5), 24.8 (C18), 27.6 (C17), 32.9 (C9), 33.8 (C6), 34.1 (C8), 34.4 (C19), 40.2 

(C1), 40.3 (C7), 51.6 (C21), 100.6 (C16), 108.1 (C12), 108.9 (C15), 121.2 (C11), 136.2 

(C10), 145.2 (C13), 147.4 (C14), 174.3 (C20). 
1H8β NMR (CDCl3) 1.14 – 1.23* (4H, 

m, H3, H4), 1.39 – 1.59* (H8, m, H2, H5, H17, H18), 2.15 – 2.24* (3H, m, H8, H19), 

2.30 – 2.40* (2H, H1, H6), 2.62 – 2.74* (3H, m, H7, H9), 3.40 (3H, s, H21), 5.82* (2H, 

s, H16), 6.55* (1H, dd, J = 8.1, 1.7 Hz, H11), 6.60* (1H, d, J = 1.7 Hz, H15), 6.62* 

(1H, d, J = 8.1 Hz, H12) (*obscured by other resonances). 13C NMR (CDCl3) 22.6 

(C3), 22.7 (C4), 23.1 (C2), 23.2 (C5), 24.8 (C18), 27.6 (C17), 32.9 (C9), 33.8 (C6), 34.1 

(C8), 34.4 (C19), 40.2 (C1), 40.3 (C7), 50.3 (C21), 100.8 (C16), 108.2 (C12), 109.1 

(C15), 121.4 (C11), 136.42 (C10), 145.2 (C13), 147.4 (C14), 174.3 (C20). MS m/z (EI) 
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102, 145, 158, 167, 194, 214, 239, 279, 295, 313, 325, 331, 344 (M
+•

), 362, 380. HRMS 

m/z (EI): 344.1992 (M+• C21H28O4
+• requires 344.1988). 
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