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CHAPTER I 

 

INTRODUCTION 

 

Natural products are chemical compounds or substances produced by living 

organisms that can be found in nature. Generally, they possess a pharmacological or 

biological activity for use in pharmaceutical drug discovery and drug design. These 

small molecules provide the source or incentive for the majority of FDA approved 

agents and continue to be one of the major sources of inspiration for drug discovery. 

In particular, these compounds are important in the treatment of life threatening 

conditions (Newman and Cragg, 2007).  

At the present time, drugs are the most important things for human being. 

However, the continuing threat disease such as cancer, AIDS, SARS, influenza, etc., 

and increasing drug resistance provided impetus in the world to find alternatives, for 

example, by modifying structure of existing drugs or search for novel compounds 

from the natural sources. Natural products have been the source of therapeutics since 

the arrival of traditional medicine and healing, and remain a dominant source to date 

(Donnelly, 2009).  

 

Thai medicinal plants are one of the important sources for bioactive 

compounds that are applicable in various fields. Especially, using in pharmaceutical 

because Thailand is located in the tropical areas which have a great biodiversity of 

plant species. Furthermore, the metabolites discovered in medicinal plants may avoid 

the side effect of synthetic drugs, because they must accumulate within living cells 

(El-Shemy, 2007). In addition, the use of traditional medicine based on plants have 

received considerable interest (Han et al., 2002). 

 

For this reason, the finding of new drugs from medicinal plants might be one 

of the ways to obtain effective candidates for treating a variety of diseases in humans 

and animals. 



 
 

2

1.1 The plants in the genus Xylocarpus 

 

The genus Xylocarpus belongs to the order Geraniales of the family Meliaceae 

(Sastri, 1950). The family Meliaceae comprises of the 50 genera including Xylocarpus 

and 1400 other species distributed all over the world (Banerji and Nigam, 1984).  

In general, Xylocarpus species are widely spreaded along the seacoast of southeastern 

Asia, Australia, East Africa and Polynesia (Wu et al., 2006). The Xylocarpus genus is 

a small genus comprising only three species, Xylocarpus granatum Koenig, 

Xylocarpus moluccensis (Lam.) M. Roem. and Xylocarpus runphii (Kostel.) Mabb. 

All three species are found in mangrove, swamp or coastal scrub of the old world, all 

in Thailand (Ximu and Pongumphai, 1994). Particularly, X. granatum and  

X. moluccensis are the most popular plants in empirical study (Yin et al., 2009).  

In addition, the plants in the genus Xylocarpus are reported to contain a special class 

of bitter substances termed as limonoids (Taylor et al., 1984). 

 

Limonoid examination of the Meliaceae family (meliacins) is of growing 

interest due to a range of biological activities, such as insect antifeedants and growth 

regulators, and antibacterial, antifungal, antimalarial, anticancer, and antiviral 

activities in humans (Koul et al., 2004; Nakagawa et al., 2001). Moreover, several 

types of compounds have been isolated from Xylocarpus, and can be classified as 

monoterpene, triterpene, flavonone, sterol glycoside, phenolic acid and alkaloid 

compounds. Obviously, limonoids are the main secondary metabolites of this genus 

(Wu et al., 2008). 

 

 Morphologically, X. granatum is a large spreading mangrove, with rounded 

coriaceous leaves, smooth thin bark, and an abundant red heartwood, which furnishes 

a useful, if rather hard, timber of the characteristic mahogany type. The fruit is grape 

fruit sized, hard and heavy. X. moluccensis is a smaller, less branched mangrove, with 

pointed leaves, deeply serrated bark and an undistinguished timber. The fruit is the 

size of a mandarin orange. X. rumphii is a rare plant on the East African coast, similar 

to X. granatum, but having the small fruit typical of X. moluccensis, which has been 

considered as a possible hybrid of these two species (Mullholand and Taylor, 1992).  
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 All the species of Xylocarpus have similar medicinal uses. All parts are used 

as astringent (Sastri, 1950), but the bark and root are more widely used. The bark is 

also used in dysentery, diarrhea and other abdominal troubles and febrifuge (Sastri, 

1950; Chopra et al., 1956). Seed ash is mixed with sulphur and coconut oil and 

applied as ointment for itch (Chopra et al., 1956). The root is used to treat cholera 

from Burma to Phillipines. Traditionally, the bark pressings of X. granatum are used 

in the treatment of cholera, fever and malaria and that of X. moluccensis is used in 

cholera and fever (Bandarnayake, 1998). The fruits of X. moluccensis are also used as 

a anaphrodisiac and a cure in elephantiasis (Chopra et al., 1956). The kernels are used 

in tonics and in relieving colic. The seeds or peels of the fruits are utilized to poultice 

swellings and ash of the seeds is applied to itch. The bark pressings are used to treat 

fevers including those caused by malaria (Bandarnayake, 1998). 

 

Various biological activities have reported in the extracts and compounds of 

the genus Xylocarpus. Antidiarrhoeal activity of methanol extract of the barks of X. 

moluccensis in castor oil and magnesium sulphate induced diarrhea models in mice 

have been studied in 2005 (Uddin et al., 2005). Antibacterial activity of the extract of 

X. granatum has also been reported in 2005 (Choudhary et al., 2005). It showed 

inhibition of the growth of six virulent strains of bacteria pathogenic to fish viz. 

Edwardsiella tarda, Vibrio alginolyticus, Pseudomonas fluorescens, Pseudomonas 

aeruginosa and Aeromonas hydrophila. The compound gedunin from X. granatum 

showed significant in vitro antimalarial activity but poor in vitro activity (Omar et al., 

2003). N-methylflindersine from X. granatum has antifeedant, insect repellant, 

antimicrobial, antiyeast and antifungal (Chou et al., 1977; Bandarnayake, 2002). 

Xyloccensins Q-V from X. granatum have been reported to have antifeedant activity 

(Wu et al., 2005). The structures of these compounds are shown in Figure 1.1. 
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Figure 1.1  Bioactive compounds isolated from the genus Xylocarpus  
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1.2 Taxonomical and Botanical characteristics of Xylocarpus rumphii (Kostel.) 

Mabb. 

  

Taxonomy of Xylocarpus rumphii (Kostel.) Mabb. is categorized as 

 Kingdom : Plantae 

             Division : Tracheophyta 

                Class : Magnoliopsida 

                       Order : Rutales 

                          Family : Meliaceae 

                                      Genus : Xylocarpus 

                                         Species : Xylocarpus rumphii (Kostel.) Mabb. 

 

X. rumphii is a tree up to 4-12 m with neither conspicuous buttresses nor 

pneumatophores; bole usually solitary, to 50 cm diameters, frequently of poor form. 

Bark lenticellate to finely fissured, grayish; inner bark bright pink to red. Leaf rachis 

and petiole to 22 cm with terminal spike to 1 mm. Leaflets in 2-4 pairs, 5-10 by 3-5 

cm, ovate to cordate, sometimes falcate, base broadly cuneate or rounded to truncate 

or cordate, asymmetric, apex acute to acuminate; venation prominent on both surfaces 

in sicco, conspicuous in vivo; petiolule 1-3 mm. Thyrses 10-18 cm long, lax, pendent, 

main axis distinct; lateral branches to 8 cm; bracts and bracteoles 0.5 mm, narrowly 

triangular, persistent; pedicles 3-8 mm, not conspicuously swollen near calyx. Calyx 

lobes 1-1.1.5 mm long. Petals 3.5-6 by 2-2.5 mm, elliptic-oblong, creamy white. 

Staminal tube 2-2.5 mm diameters, lobes apiculate or bifid to retuse. Fruit 6-8 cm 

diameters, globose. Seeds 8-16, 3.6-7 cm long (Mabberley et al., 1995) 

 

In general, X. rumphii is found in South-Eastern part of Thailand as follow 

Chon Buri, Rayong, Ranong and Krabi province which scattered along rocky 

seashores and headlands. Furthermore, it also found in East Africa to Tonga; 

throughout Malaysia but so far unrecorded from the Bornean (or New Caledonian) 

mainland and rare in Sumatra. In addition, the vernacular names of this plant are 

“Niri” or “Nyireh” and local name in Thailand is “Ta Ban” (Mabberley et al., 1995). 

 



 
 

6

The pictures of X. rumphii are shown in Figure 1.2.  

 

  

  
 

Figure 1.2  Xylocarpus rumphii (Kostel.) Mabb. 

 

Preliminary investigation on the chemical constituents of this plant was 

performed by using NMR spectroscopic technique and its spectrum displayed 

characteristic signals for limonoids.  

 

Therefore, the objectives of this research are summarized as follow; 

 

1. To extract, isolate and purify chemical constituents from the seed kernels 

of Xylocarpus rumphii (Kostel.) Mabb. 

2. To elucidate structures of the isolated compounds by spectroscopic 

technique. 

3. To evaluate biological activity of pure compounds such as antibacterial 

activity and anticancer activity.  



CHAPTER II 

 

LITERATURE REVIEWS 

 

2.1 Limonoids 

 

 The investigation for limonoids started long back when scientists started 

looking for the factor responsible for bitterness in citrus. The term limonoids was 

derived from limonin, the first tetranortriterpenoid obtained from citrus bitter 

principles (Roy and Saraf, 2006). 

 

O

O

O

O

O
O
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A' B
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D

 

Limonin  

 

Figure 2.1  Citrus limonoid (limonin) 

 

 Continuing studies show that limonoids are highly oxygenated, modified 

terpenoids and have recently attracted attention because compounds belonging to this 

group have displayed a range of biological activities like insecticidal, insect 

antifeedant and growth regulating activity on insects as well as antibacterial, 

antifungal, antimalarial, anticancer, antiviral and a number of other pharmacological 

activities on humans (Koul et al., 2004; Nakagava et al., 2001).  

 

Although hundreds of limonoids have been isolated from various plants but, 

their incident in the plant kingdom is confined to only plant families of order Rutales 

and that too more plentifully in Meliaceae and Rutaceae, and less frequently in 

Cneoraceae and Harrisonia sp. of Simaroubaceae (Lakshmi and Gupta, 2008). 
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Table 2.1.  Prominent sources of limonoids 

Family Plant species Plant part References 

Meliaceae Agalia andamanica 

 

Astrotrichilia vomatata 

Azadirachta indica 

Azadirachta indica 

Azadirachta indica 

Azadirachta indica 

Carapa granatum 

Cedrela montana 

Cedrela salvadorensis 

Cedrela sinensis 

Chukrasia tabularis 

Cipadessa fruticosa 

Khaya anthotheca 

Khaya grandifolia 

Khaya ivorensis 

Khaya senegalensis 

Khaya senegalensis 

Melia azedarach 

Melia azedarach 

Melia azedarach 

Melia azedarach 

Melia azedarach 

Melia dubia 

Munronia henryi 

Neobeguea leandreana 

Pterorhachis zenkeri 

Quivisia papinae 

Quivisia papinae 

Leaves 

 

Stem bark 

Seeds 

Kernels 

Leaves 

Seeds 

Fruits 

Fruits and Seeds 

Leaves 

Leaves 

Root bark 

Fruits 

Stem bark 

Bark and Seeds 

Stem bark 

Stem bark 

Fruits 

Leaves 

Ripe fruits 

Kernels 

Fruits 

Kernels 

Barks 

Whole plant 

Stem bark 

Stem 

Seeds 

Seeds 

Puripattanavong et al., 

2000 

Mulholland et al., 2000 

Hallur et al., 2002 

Malathi et al., 2002 

Siddiqui et al., 2000 

Koul et al., 2004 

Saxena and Babu, 2001 

Castellanos et al., 2002 

Cespedes et al., 2001 

Mitsui et al., 2004 

Nakatani et al., 2004 

Leite et al., 2004 

Tchimene et al., 2005 

Bickii et al ., 2000 

Abdelgaleil et al., 2005 

Nakatani et al., 2002 

Abdelgaleil et al., 2004 

Alche et al., 2003 

Zhou et al., 2004 

Wandscheer et al., 2004 

Carpinella et al., 2003 

Carpinella et al., 2002 

Koul et al., 2002 

Zhang et al., 2004 

Coombes et al., 2003 

Vardamides et al., 2001 

Coobes et al., 2004 

Coobes et al., 2005 
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Table 2.1.  Prominent sources of limonoids (continued) 

Family Plant species Plant part References 

Meliaceae Sandoricum koetjape 

Sandoricum koetjape 

Swietenia mahogany 

Teucrium tomentosum 

 

Trichilia emetica 

Trichilia estipulata 

Trichilia havanensis 

Trichilia pallida 

Trichilia rubescens 

Turraea floribunda 

 

Turraea wakefieldii 

Turraea floribunda 

Xylocarpus granatum 

Leaves 

Leaves 

Stem bark 

Aerial parts 

 

Roots 

Stem bark 

Seeds 

Roots 

Leaves 

Seeds 

 

Root bark 

Root bark 

Stem bark 

Ismail et al., 2003 

Ismail et al., 2004 

Saad et al., 2003 

Soundarya et al., 

2003 

Germano et al., 2005 

Cortez et al., 2000 

Maria et al., 2003 

Simmonds et al., 2001 

Krief et al., 2004 

McFarland et al., 

2004 

Ndung’u et al., 2004 

Ndung’u et al., 2004 

Wu et al., 2004 

Rutaceae Citrus reticulata 

Citrus sudachi 

Citrus unshiu 

Dictamnus dasycarpus 

Hortia colombiana 

Raulinoa echinata 

Bouchardatia neurococca 

 

Clausena excavate 

 

Seeds 

Seeds 

Peels 

Root bark 

Wood 

Stems and Leaves 

Aerial parts 

 

Rhizomes and 

Roots 

Khalil et al., 2003 

Nakagawa et al., 2001 

Sawabe et al., 1999 

Zhao et al., 1998 

Suarez et al., 2002 

Biavatti et al., 2001 

Wattanapiromsakul  

et al., 2003 

Sunthitikawinsakul  

et al., 2003 

Simaroubaceae Harrisonia abyssinica 

Harrisonia perforate 

 

 

Root bark 

Leaves 

 

 

Rugutt et al., 2001 

Khuong-Huu et al. 

2001; Chiaroni et al., 

2000 
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2.1.1 Chemistry and biosynthesis of limonoids 
  

Limonoids, which have been found only plants of the order Rutales, are 

triterpene derivatives from a precursor with a 4,4,8-trimethyl-17-furanylsteroid 

skeleton (Zhou et al., 2006). All naturally occurring limonoids contain a furan ring 

attached to the D-ring, at C-17, as well as oxygen containing functional groups at C-3, 

C-4, C-7, C-16 and C-17 (Somrutai et al., 2005). 
 

These compounds are moderately polar, insoluble in water, but soluble in 

alcohols and ketones (Aliero, 2003). Limonoids are appearance in neutral 

(noncarboxylated/aglycone) as well as acidic (carboxylated/glucoside) forms, the 

formers are insoluble and bitter while latter are soluble and tasteless. Chemically they 

are highly oxygenated triterpenes in which the side chain has become a furan ring by 

the loss of four carbons, therefore alternatively called as tetranortriterpenoids 

(Lakshmi and Gupta, 2008). 
 

The biosynthesis of limonoids shows that limonoids are synthesized via 

terpenoid biosynthetic pathway, starting with cyclization of squalene (as shown in 

Figure 2.2), which results into a tetracyclic ion, euphane and tirucallane (as shown in 

Figure 2.3), two chemically corresponding compounds may be the ultimate biogenetic 

precursors. Oxidative degradation at the C-17 side chain of either of these nucleus 

results in loss of four carbon atoms and formation of β-substituted furan, further 

oxidations and skeletal rearrangements in one or more of the four rings, which are 

designated as A, B, C and D (as shown in Figure 2.1), give rise to different groups of 

limonoids are shown in Figure 2.4 (Endo et al., 2002; Suarez et al., 2002). However, 

the oxidations are either epoxidations of double bonds or Baeyer Villiger attacks on 

ketones and are all of the types to be expected from a biological peracid equivalent, 

presumably a peroxidase (Lakshmi and Gupta, 2008).  

 
Figure 2.2  Squalene epoxide leading to different intermediate triterpene cations 
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HO

 
 

Euphane  Tirucallane  

 

Figure 2.3  Precursors of limonoids 

 

 
 

Intact limonoid Degraded limonoid 

  

Highly modified limonoid Highly cleaved limonoid 

 

O

O

OH

O

O

OH
O

O

OH

 

Ring A-seco limonoid Ring-A,C,D-intact-ring-B-seco limonoid 

 
Figure 2.4 Example of limonoids showing different degree of oxidation and skeleton 

arrangement  
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Ring-B,D-seco limonoid Ring-C cleaved limonoid 

O

OAc

OMe

O

O

O
O

 
 

Ring-D-lactone-limonoid Ring-C-seco limonoid 

 

O

O

O

H

MeO

O

O

O  

Gamma-lactone side chain limonoid Mexicanolide 

O
OO

OAc

O

H
CO2Me

AcO

OH
OAc

CO2Me
O

 
 

Phragmalin Trijugin-type-limonoid 

 

Figure 2.4 Example of limonoids showing different degree of oxidation and skeleton 

arrangement (continued) 
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HO

Euphane(20-R)
Tirucallane(20-S)

HO

14

20

Butylrospermol

R

HO

HO

R = C8 sidechain

Wagner-Meerwein shift

apo-euphol or
apo-tirucallol reerrangement

R

HO OH

R = C8 sidechain

Protolimonoid

OHO
OHO

O
O

O

OHHO

(Meliacin)

Limonoid

R =

 
 

Scheme 2.1 Biosynthetic pathway leading to the formation of a simple limonoid 

(Champagne et al., 1992)  
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Scheme 2.2  Major biosynthetic routes of limonoids (Champagne et al., 1992)  
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Scheme 2.3 Proposed biosynthetic pathway to 8,9,30-phragmalin ortho esters from a 

mexicanolide (Wu et al., 2004)  
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2.1.2 Biological activities of limonoids 

 

2.1.2.1 Anticancer activity 

 

Many probative evidences have exposed that limonoids present in citrus fruits 

and their juice have cancer chemopreventive property, they have been shown to 

inhibit the growth estrogen receptor-negative and -positive human breast cancer cells 

in culture, and also found to target and stop neuroblastoma cells (Jacob et al., 2000; 

Poulose et al., 2005; Miller et al., 2004; Tian et al., 2001). Moreover, significant 

cytotoxic activity has also been exhibited by limonoids isolated from Melia 

azedarach, Melia toosendan and azadirachtin A (Okamura et al., 1997; Tada et al., 

1999; Akudugu et al., 2002). In addition, the citrus limonoid, obacunone, was found 

to enhance the cytotoxicity of vincristine against L1210 cells by approximately 10 

folds. Furthermore, it was found that the cytotoxicity of other microtubule inhibitors 

such as vinblastine and taxol in drug sensitive KB-3-1 cells as well as in multidrug-

resistant KB-V1 cells was improved greatly in the presence of obacunone (Jung et al., 

2000). 

 

2.1.2.2 Antimalarial activity 

 

Gedunin, nimbin, nimbolide and many more limonoids isolated from 

Azadirachta indica, Cedrela odorata, Guarea mltiflora and Khaya grandifoliola have 

been identified for their in vitro antimalarial activity on Plasmodium falciparum 

(Kayser et al., 2003; Saxena et al., 2003 ). Gedunin was found to be most effective, 

against Plasmodium falciparum, out of several limonoids isolated from Khaya 

grandifoliola and it also exhibited additive effect in combination with chloroquine 

(Bickii et al., 2000). Novel antimalarial limonoids were isolated following a 

veterinary and self-medicative behavioral survey of wild chimpanzees in Uganda, 

from leaves of Trichilia rubescens (Krief et al., 2004). 
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2.1.2.3 Antimicrobial activity 

 

The presence of limonoids in Trichilia emetica can be considered to be 

responsible for activity against many clinically, isolated bacterial strains (Germano et 

al., 2005). In addition, limonoids obtained from some Khaya species, showed good 

antibacterial and antifungal activity (Abdelgaleil et al., 2005; Abdelgaleil et al., 

2004). In another study limonoids from several plants belonging to Meliaceae as well 

as Rutaceae family were reported to have significant antifungal activity (Abdelgaleil 

et al., 2005; Govindachari et al., 2000; Govindachari et al., 1999).   

  

 2.1.2.4 Anti HIV activity 

 

 Limonin and nomilin have shown to inhibit the replication of HIV-1 in a 

number of cellular systems (Battinelli et al., 2003). A novel limonoid isolated from 

Clausena excavate have also shown HIV-1 inhibitory activity (Sunthitikawinsakul et 

al., 2003). 

 

2.1.2.5 Other miscellaneous activities 

 

 Limonoid, 1-cinnamoyl-3,11-dihydroxymeliacarpin, isolated from Melia 

azedarach showed IC50 values of 6 µmL and 20 µmL for vesicular stomatitis and 

herpes simplex viruses (HSV-1), respectively (Alche et al., 2003). Furthermore, 

limonoids in Trichilia emetica were considered to be responsible for hepatoprotective 

activity on CCl4 induced damage in rat hepatocytes. In an in vitro study, limonoids 

isolated from Swietenia humilis have exhibited a concentration dependant and non-

reversible spasmogenic and uterotonic activity (Perusquia et al., 1997). In their 

review, it has also reported a number of other pharmacological activities of limonoids 

derived from neem tree, like anti-inflammatory, anti-arthritic, antipyretic, 

hypoglycemic, anti-gastric ulcer, spermicidal and diuretic.  
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2.1.3 Classes of limonoids 

 

The tetranortriterpenoids or limonoids are grouped according to the 

oxygenation of ring A to D and cyclization to modified skeleton (Taylor, 1984). The 

limonoids have been classified on the basis of which of the four rings in the triterpene 

nucleus has been oxidized. 

 

Generally, the limonoids from only Meliaceae can be classified into 12 groups 

as follows; 

1. Protolimonoids and related compounds triterpenoids 

2. Havanensin group (all rings intact) 

3. Gedunin group (Ring D opened) 

4. Limonoids with ring B and D opened 

5. Mexicanolide group (modified ring B opened and recyclised) 

6. Phragmalin group (modified, ring B opened and recyclised) 

7. Methyl ivorensate group (Rings A, B and D opened) 

8. Obacunol group (rings A and D opened) 

9. Nimbin group (ring C opened) 

          10. Toonafolin group (ring B opened) 

          11. Evodulone group (ring A opened) 

          12. Prieurianin group (ring A and B opened) 

  

In case of the genus Xylocarpus is reported to have compounds belonging to 

some of the above-mentioned groups of limonoids from its different species. The 

classes of limonoids which have been isolated from the genus Xylocarpus are as 

follows; 

1. Gedunin group  

2. Andirobin group  

3. Mexicanolide group  

4. Phragmalin group  

5. Obacunol group  

6. Protolimonoid group 
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2.2 Chemical constituents of the genus Xylocarpus 

  

 Xylocarpus species have been proved to be the important sources of limonoids 

(Table 2.2) and limonoid derivatives have been found in all Xylocarpus plants studied. 

 

Table 2.2.  Limonoids isolated from Xylocarpus species 

Compound Category Plant (part) References 

Methyl angolensate 

O

O

O

O

H

O

CO2Me  

Andirobin X. moluccensis 

(Timber) 

Connolly et al., 1976 

Moluccensin N 

O

O

O

HO

O

O

COOCH3

H

O

 

Andirobin X. moluccensis 

(Seed) 

Wu et al., 2010 

Moluccensin O 

O

O

OH

O

O

COOCH3

H

O

O

 

Andirobin X. moluccensis 

(Seed) 

Wu et al., 2010 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Gedunin 

O

O

H

H

O

O

O

OAc
 

Gedunin X. granatum 

(Timber) 

Taylor, 1965; 

Akisanya et al., 1961 

7-Oxogedunin 

 

Gedunin X. granatum and 

X. moluccensis 

(Timber and 

Seed) 

Taylor, 1983; 

Mulholland and 

Taylor, 1992  

1α-Hydroxy-1,2-

dihydrogedunin 

 

Gedunin X. granatum 

(bark) 

Uddin et al., 2007 

Xylocarpin 

O

OAc

OH

HCO2Me

O
O

O

H
 

Mexicanolide X. granatum and 

X. moluccensis 

(Timber and 

Seed)  

Okorie and Taylor, 

1970  
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

3β-Acetoxy-6-deoxy-

swietenine 

O

OAc

HCO2Me

O
O

O

H

H

 

Mexicanolide X. granatum and 

X. moluccensis 

(Timber and 

Seed) 

Okorie and Taylor, 

1970 

Xyloccensin A 

O
H

O

O

O

O

HO

O

CO2Me

O

O

H

 

Mexicanolide X. moluccensis 

(Timber) 

Connolly et al., 1976 

Xyloccensin B 

O
H

O

O

O

O

HO

O

CO2Me

OH

O

H

 

Mexicanolide X. moluccensis 

(Timber) 

Connolly et al., 1976 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Xyloccensin C 

O
H

O

O

O

HO

O

CO2Me

H

OH

O  

Mexicanolide X. moluccensis 

(Timber) 

Connolly et al., 1976 

Xyloccensin D 

O
H

O

O

O

O

HO

O

CO2Me

O

OH

O  

Mexicanolide X. moluccensis 

(Timber) 

Connolly et al., 1976 

Xyloccensin F 

O
H

O

O

O

O

HO

O

CO2Me

O

OH

H

O  

Mexicanolide X. moluccensis 

(Timber) 

Connolly et al., 1976 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Xyloccensin G 

O
H

O

O

O

O

CO2Me

OOO

O

H

 

Mexicanolide X. moluccensis 

(Timber) 

Taylor, 1983 

Xyloccensin H 

O
H

O

O

O

CO2Me

OO

O

H

 

Mexicanolide X. moluccensis 

(Timber) 

Taylor, 1983 

Xyloccensin I 

O
H

O

OAc

O

O

HO

O

CO2Me

O

OH

H

 

Mexicanolide X. moluccensis 

(Timber) 

Taylor, 1983 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Xyloccensin J 

O
H

O

OAc

O

O

HO

O

CO2Me

O

OH

H

 

Mexicanolide X. granatum 

and 

X. moluccensis 

(Fruit) 

Alvi et al ., 1991 

Xyloccensin K 

 

Mexicanolide X. granatum 

(Seed) 

Kokpol et al., 

1996 

6-Acetoxycedrodorin 

O
H

O

O

CO2Me

OHO
AcO

H O
H

 

Mexicanolide X. granatum 

(Fruit) 

Wu et al., 2006 

Xyloccensin W 

O
H

OAc

O

O

CO2Me

OHO

H O
H

 

Mexicanolide X. granatum 

(Fruit) 

Wu et al., 2006 

 



 
 

25 

Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Mexicanolide 

O
H

O

O

CO2Me

O

O
H

 

Mexicanolide X. granatum 

and 

X. moluccensis 

(Timber and 

Seed) 

Ng and Fallis, 

1979; Taylor, 1983 

Humilin B 

O
H

O

O

CO2Me

O

OH
OAc

O H

 

Mexicanolide X. moluccensis 

(Seed) 

Mulholland and 

Taylor, 1992 

Xyloccensin L 

O
H

O

O

O
OH

CO2Me

OH

O

O
O

H

 

Phragmalin X. granatum 

(Stem bark) 

Wu et al., 2004 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Xyloccensin M 

O

HO

OH

H

OAc

O

O

CO2Me

H

 

Mexicanolide X. granatum 

(Stem bark) 

Wu et al., 2003 

Xyloccensin N 

O

OAc

O

H OH
CO2Me

O
H

H

O

 

Mexicanolide X. granatum 

(Stem bark) 

Wu et al., 2003 

Xyloccensin X1 

 

Mexicanolide X. granatum 

(Fruit) 

Cheng et al., 2006 

Xyloccensin X2 

O

O

OH

O

H OHCO2Me

O

H
 

Mexicanolide X. granatum 

(Fruit) 

Cheng et al., 2006 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

3-Deacetyl-xyloccensin M 

O

HO

O

H

OH

O

O

CO2Me

H

H

 

Mexicanolide X. granatum 

(Fruit) 

Wu et al., 2005 

3-Deacetyl-xyloccensin N 

O

H

OH

O

O

H OH
CO2Me

O

H
 

Mexicanolide X. granatum 

(Fruit) 

Wu et al., 2005 

Xyloccensin X 

O
H

O

O

O

O

HO

O

CO2Me

O

OH
O

 

Mexicanolide X. moluccensis 

(Fruit) 

Roy et al., 2006 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Xyloccensin Y 

O
H

O

O

O

O

HO

O

CO2Me

O

OH
O

 

Mexicanolide X. moluccensis 

(Fruit) 

Roy et al., 2006 

Xylogranatin A 

O

O

O

O

H OH
CO2Me

O

O

H

 

Mexicanolide X. granatum 

(Fruit) 

Wu et al., 2006  

Xylogranatin B 

O
H

OAc

O

O

O

HO

O

CO2Me

O

H

 

Mexicanolide X. granatum 

(Fruit) 

Wu et al., 2006  
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Xylogranatin C 

O
H

OAc

O

O

O

HO

O

CO2Me

O

H

 

Mexicanolide X. granatum 

(Fruit) 

Wu et al., 2006   

 

Xylogranatin D 

O
H

OAc

O

O

O

HO

O

CO2Me

O

H

 

Mexicanolide X. granatum 

(Fruit) 

Wu et al., 2006   

 

Xylogranatin E 

O
H

O

O

O

O

OH

CO2Me

O

OH

H

 

Phragmalin X. granatum 

(Fruit) 

Wu et al., 2007 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Xylocarpin F 

O
H

OAc

OAc

O

O

HO

O

CO2Me

 

Mexicanolide X. granatum 

(Fruit and 

Seed) 

Cui et al., 2007 

Xylocarpin G 

O
H

O

OAc

O

O

HO

O

CO2Me

O

 

Mexicanolide X. granatum 

(Fruit and 

Seed) 

Cui et al., 2007 

Granaxylocarpin C 

O
H

O

O

O

O

OH

CO2Me

O

H

O

OH

 

Phragmalin X. granatum 

(Fruit and 

Seed) 

Yin et al., 2007 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

30α-Hydroxyl-xylogranatin A 

 

Mexicanolide X. granatum 

(Fruit and 

Seed) 

Wu et al., 2007 

Xylocarpin A 

O
H

O

O

O

HO

O

CO2Me

H

O

H

 

Mexicanolide X. granatum 

(Fruit and 

Seed) 

Li et al ., 2007 

Xylocarpin B 

O
H

O

O

O

CO2Me

H

O

OH

O

H

 

Mexicanolide X. granatum 

(Fruit and 

Seed) 

Li et al ., 2007 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Granaxylocarpin A 

O

O
O

OH

OAc
H

O O

O

CO2Me

O

 

Mexicanolide X. granatum 

(Seed) 

Yin et al., 2007 

Granaxylocarpin B 

O

O
O

OH

O

O

CO2Me

O

O

 

Mexicanolide X. granatum 

(Seed) 

Yin et al., 2007 

7α-Acetoxydihydronomilin 

O

O

O

H

OAc

O

O

O

H

OAc

 

Obacunol X. granatum 

(Seed) 

Ng and Fallis, 

1979; Ahmed et 

al., 1978 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Xyloccensin E 

O

O

O

OAc

H

OAc

OAc

CO2Me

O
OO

 

Phragmalin X. moluccensis 

(Timber) 

Connolly et al., 

1976 

3β, 30α-Diacetyl-Phragmalin 

O

O

O

OH

H

OAc

OAc

CO2Me

O
OO

 

Phragmalin X. moluccensis 

(Timber) 

Mulholland and 

Taylor, 1992 

Xylocarpin I 

 

Phragmalin X. granatum 

(Fruit) 

Cui et al., 2007 

Xyloccensin O 

 

Phragmalin X. granatum 

(Stem bark) 

Wu et al., 2004; 

Wu et al., 2005; 

Cui et al., 2005; 

Wu et al., 2006 

 



 
 

34 

Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Xyloccensin P 

 

Phragmalin X. granatum 

(Stem bark) 

Wu et al., 2004; 

Wu et al., 2005; 

Cui et al., 2005; 

Wu et al., 2006 

 

Xyloccensin Q 

 

Phragmalin X. granatum 

(Stem bark) 

Wu et al., 2004; 

Wu et al., 2005; 

Cui et al., 2005; 

Wu et al., 2006 

 

Xyloccensin R 

 

Phragmalin X. granatum 

(Stem bark) 

Wu et al., 2004; 

Wu et al., 2005; 

Cui et al., 2005; 

Wu et al., 2006 

 

Xyloccensin S 

 

Phragmalin X. granatum 

(Stem bark) 

Wu et al., 2004; 

Wu et al., 2005; 

Cui et al., 2005; 

Wu et al., 2006 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Xyloccensin T 

 

Phragmalin X. granatum 

(Stem bark) 

Wu et al., 2004; 

Wu et al., 2005; 

Cui et al., 2005; 

Wu et al., 2006 

 

Xyloccensin U 

 

Phragmalin X. granatum 

(Stem bark) 

Wu et al., 2004; 

Wu et al., 2005; 

Cui et al., 2005; 

Wu et al., 2006 

 

Xyloccensin V 

 

Phragmalin X. granatum 

(Stem bark) 

Wu et al., 2004; 

Wu et al., 2005; 

Cui et al., 2005; 

Wu et al., 2006 

 

Xyloccensin Y 

 

Phragmalin X. granatum 

(Stem bark, 

Fruit and Seed) 

Zhou et al., 2006 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Xyloccensin Z1 

 

Phragmalin X. granatum 

(Stem bark, 

Fruit and Seed) 

Zhou et al., 2006 

Xyloccensin Z2 

O

O

H

OAc

H

OAc

OHHO

CO2Me

O

OH

 

Phragmalin X. granatum 

(Stem bark, 

Fruit and Seed) 

Zhou et al., 2006 

Granaxylocarpin D 

 

Phragmalin X. granatum 

(Stem bark, 

Fruit and Seed) 

Yin et al., 2007 

Granaxylocarpin E 

 

Phragmalin X. granatum 

(Stem bark, 

Fruit and Seed) 

Yin et al., 2007 

 

 



 
 

37 

Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Xylogranatin E2 

OH

OH

CO2Me

O

O

OH

O

O

 

Phragmalin X. granatum 

(Stem bark, 

Fruit and Seed) 

Wu et al., 2007 

Moluccensin H 

O

O

O

O

OH

OH
OAc

MeO

O

 

Phragmalin X. moluccensis 

(Seed) 

Pudhom et al., 

2010 

Moluccensin I 

 

Phragmalin X. moluccensis 

(Seed) 

Pudhom et al., 

2010 

Moluccensin J 

 

Phragmalin X. moluccensis 

(Seed) 

Pudhom et al., 

2010 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Moluccensin H 

O

O

O

O

OH
O

CO2Me

O
O

O

 

Phragmalin X. moluccensis 

(Seed) 

Wu et al., 2010 

Moluccensin I 

O

O

O

O

OH
O

CO2Me

O
O

O

 

Phragmalin X. moluccensis 

(Seed) 

Wu et al., 2010 

Moluccensin J 

O

O

O

O

O
O

CO2Me

OH

O

O

 

Phragmalin X. moluccensis 

(Seed) 

Wu et al., 2010 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Moluccensin K 

O

O

O

O

O
O

CO2Me

OH

O

O

H

 

Phragmalin X. moluccensis 

(Seed) 

Wu et al., 2010 

Moluccensin L 

O

O

O

O

OH
O

CO2Me

O
O

O

H

 

Phragmalin X. moluccensis 

(Seed) 

Wu et al., 2010 

Moluccensin M 

OH

O

O
O

CO2Me

OH

O

O

O

O

H

 

Phragmalin X. moluccensis 

(Seed) 

Wu et al., 2010 
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Table 2.2.  Limonoids isolated from Xylocarpus species (continued) 

Compound Category Plant (part) References 

Protoxylogranatin A 

 

Protolimonoid X. granatum 

(Fruit and 

seed) 

Li et al ., 2008 

Protoxylocarpin F 

 

Protolimonoid X. granatum 

(Seed) 

Pudhom et al., 

2009 

Protoxylocarpin G 

 

Protolimonoid X. granatum 

(Seed) 

Pudhom et al., 

2009 

Protoxylocarpin H 

 

Protolimonoid X. granatum 

(Seed) 

Pudhom et al., 

2009 
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2.3 Biolgical activities of chemical costituents from Xylocarpus species 

 

 In 2005, Wu and coworkers found six new 8,9,30-phragmalin ortho esters, 

named xyloccensins Q-V, which were isolated from the stem bark of a Chinese 

mangrove Xylocarpus granatum. Xyloccensin Q was exhibited potent antifeedant 

activity against the third instar larvae of Mythimna separata (Walker) at a 

concentration of 500 ppm (Wu et al., 2005).  

 

 In 2007, Yin and coworkers reported five new limonoids, granaxylocarpins A-

E, were isolated from the seeds of the Chinese marine mangrove Xylocarpus 

granatum. Granaxylocarpins A and B showed weak cytotoxic activities against the  

P-388 cell line with IC50 values of 9.3 and 4.9 µM, respectively (Yin et al., 2007). 

 

 In 2009, Cui and coworkers isolated five new protolimonoids, 

protoxylocarpins A-E, and two new limonoids, xylocarpins J and K, together with 

xyloccensins M and Y from the fruits of a Chinese mangrove plant Xylocarpus 

granatum. These compounds exhibited moderate to weak activity against HCT-8, Bel-

7402, BGC-823 and A2780 cell lines (Cui et al., 2009). 

 

 In 2009, Du and coworkers found a new lactone, named 3-(1-hydroxyethyl)- 

4,4-dimethyl-4-butyrolactone, isolated from the leaves of Xylocarpus granatum.  

At a concentration of 20 µg/mL, this lactone gave a 67.4% inhibition rate against 

wheat powdery mildew (Du et al., 2009). 

 

In 2009, Li and coworkers reported khayasin T, a limonoid from the seeds of 

an Indian mangrove Xylocarpus granatum. This compound exhibited moderate 

insecticidal activity against fifth instar larvae of Brontispa longissima (Gestro) at a 

concentration of 20 mg/L. Its lethal rates against the fifth instar larvae of  

B. longissima at exposure times of 48, 72 and 96 h were 17.4%, 27.8% and 41.5%, 

respectively (Li et al., 2009). 
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 In 2009, Pudhom and coworkers found xylogranatin C and 7-oxo-7-

deaxetoxygedunin isolated from seed kernels of Xylocarpus granatum. Xylogranatin 

C was active against CHAGO cells with an IC50 value of 9.16 µM, while 7-oxo-7-

deacetoxygedunin was cytotoxic toward Hep-G2 cells with an IC50 value of 16.17 µM 

(Pudhom et al., 2009). 

 

In 2010, Pudhom and coworkers found three new phragmalin limonoids, 

moluccensins H-J, which were isolated from seed kernels of the cedar mangrove, 

Xylocarpus moluccensis. Only moluccensin I displayed weak antibacterial activity 

against Staphylococcus hominis ATCC 27844 and Enterococcus faecalis ATCC 

29212, with a MIC at 256 µg/mL (Pudhom et al., 2010)  

 

 In 2010, Wu and coworkers reported moluccensins H and I from the seeds of 

an Indian mangrove, Xylocarpus moluccensis. These compounds showed moderate 

insecticidal activity against the fifth instar larvae of  Brontispa longissima (Gestro) at 

a concentration of 100 mg/L. The lethal rates of moluccensin H at exposure times of 

72 and 96 h were 20.7% and 27.6%, respectively, while those of moluccensin I were 

10.7% and 28.7%, respectively (Wu et al., 2010). 

 

Limonoid derivatives have been found in all Xylocarpus plants studied, but 

their distribution and content varies between different species and between parts, or 

geocultivars, of the same species. These unique characteristics prompted us to 

investigate another plant in this genus, Xylocarpus rumphii (Kostel.) Mabb. due to a 

few reports on its chemical constituents. 

 

  

 

 
 
 



CHAPTER III 

 

EXPERIMENTS 

 

3.1 Plant material 

 

 The seed kernels of Xylocarpus rumphii (Kostel.) Mabb. were collected from 

Rayong Province, Thailand, in April 2009. Plant materials were identified by Royal 

Forest Department, Bangkok, Thailand. A voucher specimen (BKF No. 163884) was 

deposited at the Forest Herbarium, Royal Forest Department, Bangkok, Thailand. 

 

3.2 General Experimental Procedures  

 

 3.2.1 Nuclear magnetic resonance spectrometer (NMR) 

 

 The NMR spectra were recorded in CDCl3 using a Bruker AV400 

spectrometer at 400 MHz for 1H NMR and at 100 MHz for 13C NMR using TMS 

(Tetramethylsilane) as internal standard. 

  

 3.2.2 Mass spectrometer (MS) 

 

 HRESIMS spectra were obtained with a Bruker micrOTOF. 

 

3.2.3 Ultraviolet-visible spectrophotometer (UV-vis) 

 

UV data were recorded on a CARY 50 Probe UV-visible 

spectrophotometer. 
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3.2.4 Fourier transform infrared spectrophotometer (FT-IR) 

 

The FT-IR spectra were recorded on a Perkin-Elmer Model 1760X 

Fourier Transform Infrared Spectrophotometer. Solid samples were formally 

examined by incorporating the sample with potassium bromide (KBr) to form a pellet. 

 

3.2.5 Optical rotation 

 

Optical rotations were measured on a Perkin-Elmer 341 polarimeter at 

589 nm.  

 

3.2.6 Melting point 

 

Melting points were recorded on a Fisher-Johns melting point apparatus. 

 

3.2.7 High performance liquid chromatography (HPLC) 

 

Preparative HPLC was performed on a Water system (Waters 600 HPLC 

pump and Waters 2996 Photodiode array detector).  GL Science column C18 (20 × 

250 mm, 3 µm) was used for separation. 

 

3.2.8 X-ray crystallography 

  

The crystal structure was solved by direct methods and using the 

SHELXS97 program. Crystallographic data, excluding structure factors, have been 

deposited at the Cambridge Crystallographic Data Centre. 
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3.3 Chemicals used  

 

3.3.1 Solvent 

 

 All commercial grade solvents, used in this research such as hexane, 

chloroform (CHCl3), dichloromethane (CH2Cl2), ethyl acetate (EtOAc), acetone and 

methanol (MeOH), were purified by distillation prior to use. 

  

 The deuterated solvent for NMR experiments is CDCl3. 

 

3.3.2 Other chemicals 

 

- Merck’s silica gel 60 No. 7734 and No. 9385 were used as adsorbents for 

open column chromatography. 

 

- Merck’s Thin layer chromatography (TLC) aluminum and glass sheets, silica 

gel 60 F254 precoated 25 sheets, 20x20 cm, layer thickness 0.2 mm were used for TLC 

analysis. Detection was visualized under ultraviolet light at wavelengths of 254 and 

356 nm and dipped with (NH4)6Mo7O24 solution in 5% H2SO4 /EtOH.  
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3.4 Extraction and Isolation  

 

 Air-dried and powder seed kernels of X. rumphii (0.5 kg) were extracted with 

MeOH (2 L x 3, each 2 days) at room temperature. After removing the solvent in 

vaccuo, the combined MeOH crude extract was suspened in H2O (250 mL), then 

partitioned with EtOAc (200 mL x 3) to afford the crude EtOAc extract (4.10 g). The 

EtOAc extract was chromatographed on a silica gel column eluted with a gradient of 

acetone-hexane (10%-50%) to yield fifteen major fractions. Each fraction was 

analyzed by TLC and 1H NMR spectrum. Fraction eighth was subjected to column 

chromatography over silica gel eluting with acetone-CH2Cl2 (5%-15%) to give 

compound 1 (11 mg). Fraction ninth was chromatographed on a silica gel column 

chromatography using acetone-CH2Cl2 (5%-100%) to obtain compound 2 (34.6 mg). 

Fraction eleventh was subjected to silica gel column chromatography eluting with 

acetone-benzene (10%-15%), and further purified by preparative HPLC (C18) silica 

gel using a mixture of MeOH-H2O (80%) to afford compound 3 (19.1 mg) and 

compound 4 (30.5 mg), respectively. Fraction twelfth was separated on a silica gel 

column eluting with MeOH-CH2Cl2 (2%-5%) and then crystallized from MeOH to 

obtain compound 5 (79 mg). Fraction thirteenth was chromatographed on a silica gel 

column using acetone-CH2Cl2 (15%) to furnish compound 6 (44.9 mg) and compound 

7 (26.1 mg), respectively. 

 

The extraction and isolation of the ethyl acetate crude extract of X. rumphii is 

summarized in Scheme 3.1.   
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Crude EtOAc extract  
(4.10 g) 

Quick column chromatography 
Acetone : Hexane (10% - 50%) 

Fraction 8  
(276.1 mg) 

CC, SiO2 
Acetone : CH2Cl2  
(5% - 15%) 

Compound 1  
(11 mg) 

Fraction 9  
(346.6 mg) 

CC, SiO2 
Acetone : CH2Cl2  
(5% - 100%) 

Compound 2  
(34.6 mg) 

Fraction 11  
(300 mg) 

CC, SiO2 
Acetone : Benzene  
(10% - 15%) 

Preparative HPLC 
MeOH : H2O (20%) 

Compound 3  
(19.1 mg) 

Compound 4  
(30.5 mg) 

Extracted with MeOH 
(2 L, 2 days) 

Air-dried seed kernels of X. rumphii (0.5 kg) 

Crude MeOH extract  Residue  

Extracted with EtOAc 
(200 mL, 3 times) 

Residue 

Fraction 12  
(1.67 g) 

CC, SiO2 
MeOH : CH2Cl2  
(2% - 5%) 

Crystalization from 
Methanol 

Compound 5  
(79 mg) 

Compound 6  
(44.8 mg) 

Compound 7 
(26.1 mg) 

Fraction 13  
(437.7 mg) 

CC, SiO2 
Acetone : CH2Cl2 (15%) 
 

 

 

Scheme 3.1  The extraction and isolation procedure of X. rumphii seed kernels  
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3.5 Evaluation of biological activities 

 

The pure compounds were evaluated for their antibacterial and anticancer 

activity.  

 

3.5.1 Antibacterial activity 

 

A total of 12 strains of gram-positive and gram-negative bacteria (Table 3.1) 

were selected for in vitro antimicrobial assay.  The test was performed by using 

microdilution assays as follows: 

 

Table 3.1  Gram-positive and gram-negative bacteria tested 

 

Gram-positive bacteria Gram-negative bacteria 

1. Enterococcus faecalis ATCC 

29212 

2. Enterococcus faecalis ATCC 

51299 (vancomycin resistant) 

3. Enterococcus faecium UCLA 192 

4. Salmonella typhimurium ATCC 

13311 

5. Staphylococcus aureus ATCC 

25923 

6. Staphylococcus epidermidis 

ATCC 12228 

7. Staphylococcus hominis ATCC 

27844 

1. Escherichia coli ATCC 35218 

2. Klebsiella pneumoniae ATCC 

27736 

3. Klebsiella pneumoniae (ESBL 

producing) ATCC 700603 

4. Pseudomonas aeruginosa ATCC 

27853  

5. Proteus vulgaris ATCC 13315 
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3.5.1.1 Preparation of bacterial inocula 

 

Bacteria were grown on Mueller Hinton agar (MHA) for 24 h at 37 °C. 

Selected fresh single colonies were inoculated into 10 mL of Mueller Hinton broth 

(MHB) and incubated in shaking incubator for 2-3 h at 37 °C. The turbidity of the 

bacterial suspension was adjusted with sterile normal saline solution to match the 

turbidity of 0.5 McFarland standard (OD 0.1 at 625 nm). Then, the suspension was 

diluted 1:100 with Mueller Hinton broth (MHB) to contain 1x106 CFU/mL. 

 

3.5.1.2 Determination of minimum inhibitory concentration (MIC) 

 

Solution of a test compound in DMSO (25.6 mg/mL) was diluted with MHB. 

The test compound was prepared at the concentration ranges of 0.5 to 256 µg/mL. 

MIC is defined as the lowest concentration that inhibits growth of test 

microorganisms. 

 

A 50 µL of MHB containing the test compound was dispensed into each well 

of microtiter plates (96-flat-bottom wells) for the evaluation of antibacterial activities. 

Sterile compound-free medium containing the corresponding amount of DMSO was 

dispensed in the growth control wells. The final adjusted bacterial suspensions were 

inoculated into each well with volumes of 50 µL. Compound-free MHB in volumes of 

100 µL were used as the sterility control. The experiments were done in duplicate. 

After incubation at 37 °C for 24 h, a 20 µL of  p-iodonitrotetrazolium (INT) solution 

(1 mg/mL) was added into each well. The antibacterial assay plates were further 

incubated for 1 h. Growth in each well was indicated by a color change from colorless 

to violet. Compounds that inhibit microbial growth would prevent the development of 

a violet color. The well that shows no change in color indicates antimicrobial activity 

of the test compound. 
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3.5.2 Anticancer activity 

 

Cytotoxicity assay was carried out at the institute of Biotechnology and 

Genetic Engineering, Chulalongkorn University. All isolated compounds were tested 

for their cytotoxic activity towards five human cancer cell lines including HEP-G2 

(hepatocarcinoma), SW-620 (colon adenocarcinoma), CHAGO (undifferentiated lung 

carcinoma), KATO-3 (gastric carcinoma), BT-474 (breast ductal carcinoma) cancer 

cell lines and CH-Liver (liver cell line) used as control cell. Herein, the in vitro 

cytotoxicity was determined by using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphynyltrazolium bromide) calorimetric method (Carmichael et al., 1987).  

In principle, the viable cell number/well was directly proportional to the production of 

formazan, followed by solubilization, and could be measured spectrophotometrically.  

 

The human cancer cell line was harvested from exponential-phase 

maintenance cultures (T-25 cm2 flask), counted by trypan blue exclusion, seed cells in 

a 96-well culture plates at a density of 1x105 cells/well in 200 µL of culture medium 

without compounds to be tested. Cells were cultured in a 5% CO2 incubator at 37 oC, 

100% relative humidity for 24 h. Culture medium containing the sample was 

dispensed into the appropriate wells (control cells group, N = 3; each sample 

treatment group, N = 3). Peripheral wells of each plate (lacking cells) were utilized for 

sample blank (N = 3) and medium/DMSO blank (N = 3) “background” determination. 

Culture plates were then incubated for 3 days prior to the addition of tetrazolium 

reagent. MTT stock solution in a concentration of 5 mg/ml in PBS was sterilized by 

filtering through 0.45 µL filter units. MTT working solution was prepared just prior to 

culture application by dilution of MTT stock 1:5 (v/v) in prewarmed standard culture 

medium. The freshly prepared MTT reagent in a volume of 10 µL was added into 

each well and mixed gently for 1 minute on an orbital shaker. The cells were further 

incubated for 4 h at 37 oC in a 5% CO2 incubator. After incubation, the formazan 

produced in the cells will capture as dark crystals in the bottom of the wells. All of the 

culture medium supernatant were removed from wells and 150 µL of DMSO was 

added to dissolve the resulting formazan. Samples in the culture plate were mixed for 

5 minutes on an orbital shaker. Subsequently, 25 µL of 0.1 M Glycine pH 10.5 was 
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added and the culture plate was shaken for 5 minutes. Following formazan 

solubilization, the absorbance was measured using a microculture plate reader at  

540 nm (single wavelength, calibration factor = 1.00). 



CHAPTER IV 

 

RESULTS AND DISCUSSION 

 

4.1 The isolated compounds from Xylocarpus rumphii (Kostel.) Mabb. 

  

 The ethyl acetate crude extract of the seed kernels of Xylocarpus rumphii 

(Kostel.) Mabb. was separated by chromatographic techniques to obtain seven 

limonoids including four new limonoids, xylorumphiins A-D (compounds 3, 4, 1 and 

7) and three known limonoids namely methyl angolensate (compound 2), 

xyloccensins E (compound 5) and K (compound 6). Their structures are shown in 

Figure 4.1. 
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Figure 4.1  The chemical structures of isolated compounds from X. rumphii 
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Figure 4.1  The chemical structures of isolated compounds from X. rumphii 

(continued) 
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4.1.1 Structure elucidation of compound 1 
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Figure 4.2  Compound 1 

 

Molecular formula C36H48O11 

Appearance White amorphous solid 

m.p. 180.5-182.5 oC 

][ 20
Dα                                  -13 (c 0.1 CHCl3) 

UV (CHCl3) λmax (log ε)        245 nm (3.48) 

IR (KBr)                       
3393, 2973, 2945, 2372, 1723, 1461, 
1380, 1294, 1256, 1189 and 1151 cm-1 

1H and 13C NMR (CDCl3)               See Table 4.1 

HRESIMS m/z                       679.3095 [M+Na]+, calcd. 679.3094 
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Compound 1 had the molecular formula C36H48O11 as established by 

HRESIMS (m/z 679.3095 [M+Na]+, calcd. 679.3094). The 1H, 13C (Table 4.1) and 2D 

NMR (HSQC, COSY, HMBC) data revealed the presence of four methyl groups [δH 

1.20 s, 1.07 s, 1.25 s, 0.78 s; δC 19.7, 20.5, 21.9, 26.4], a 2-methylbutyryl group [δH 

2.28 (m, 1H), 1.13 (m, 3H), 1.64 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H); δC 41.4 CH, 16.1 

CH3, 26.2 CH2, 11.5 CH3, 175.8 qC], an isobutyryl group [δH  2.47 (m, 1H), 1.10 (m, 

6H); δC 34.1 CH, 18.8 CH3, 18.9 CH3, 176.4 qC], a methoxy carbonyl [δH 3.68 s; δC 

51.9 CH3, 173.8 qC], a sp2 methine group [δH 6.00 s; δC 117.6], as well as three 

oxygenated methine [δH 5.11 (d, J = 9.1 Hz), 5.02 s, 5.54 (d, J = 4.2 Hz); δC 73.8, 

81.3, 76.2]. The downfield shifted proton resonances at δH 7.41 (s, 1H), 6.42 (s, 1H) 

and 7.49 (s, 1H) were characteristic of a β-substituted furan ring found in all known 

limonoids. These NMR data strongly suggested that 1 was a maxicanolide type 

limonoid. The sp2 methine proton at δH 6.00 showed HMBC correlation (Figure 4.3) 

between C-8, C-13, C-14, C-16 and C-18, thus this proton was assigned to H-15. The 

doublet oxymethine proton at δH 5.11 (d, J = 9.1 Hz) was assigned to H-3 through 

HMBC correlations from this proton to the carbon at C-4, C-5, C-28, C-30 and C-1'. 

In addition, the proton at δH 5.54 (d, J = 4.2 Hz) showed HMBC correlations to C-1, 

C-2, C-3, C-8 and C-1'', were indicated as H-30. A quaternary carbon at δC 107.2 was 

assignable to C-1, a hemiketal group related to that of xylogranatin A (Wu et al., 

2006), xylocarpin F and G (Cui et al., 2007). The HMBC correlation between H-3 and 

an acetyl carbonyl at δC 177.8 clarified the acetyl substitution. Moreover, 2-

methylbutyryl and isobutyryl groups were located at C-3 and C-30 through HMBC 

correlations from H-3 to carbonyl at δC 175.8 and from H-30 to another carbonyl at δC 

176.4, respectively. The relative configuration of 1 was elucidated by the NOE 

correlations of H-9/H3-18, H3-18/H3-19, H-17/H-30, H-2/H3-29 (Figure 4.4). Thus, 

compound 1 was assigned to be xylorumphiin C as shown in Figure 4.2. 
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Figure 4.3  Key HMBC and COSY correlations of compound 1 

 

 

 

Figure 4.4  Key NOE correlations of compound 1 
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Table 4.1.  The NMR data of compound 1 

Position 1H 13C COSY HMBC 
1  107.5   
2 2.91 (dd, J = 9.1, 4.3 Hz, 1H) 53.2  C- 1, C-3, C-4, C-10 
3 5.11 (d, J = 9.1 Hz, 1H), 73.8  C-4, C-5, C-28, C-30,  

C-1' 
4  37.8  - 
5 2.62 (d, J = 10.2 Hz, 1H) 40.6 H-6a, H-6b C-4, C-7, C-9, C-10, 

C-28 
6 2.16 (m, 1H) 

2.35 (m, 1H) 
32.1 H-5 C-4, C-7 

7  173.8   
8  81.5   
9 2.14 (m, 1H) 51.5 H-11a, H-11b C-8, C-11 
10  42.9   
11 1.81 (m, 1H) 

2.36 (m, 1H) 
15.0 H-9, H-12a, 

H-12b 
C-9 

12 2.19 (m, 2H) 24.9 H-11a, H-11b C-11, C-14 
13  38.9   
14  159.7   
15 6.00 (s, 1H), 117.6  C-8, C-13, C-14, C-16, 

C-18 
16  163.7   
17 5.02 (s, 1H), 81.3  C-13, C-18, C-20, C-22, 

C-23 
18 1.20 (s, 3H) 19.7  C-1, C-9, C-10, C-12,  

C-13, C-14, C-17  
19 1.07 (s, 3H) 20.5   
20  120.0   
21 7.41 (s, 1H), 142.9  C-20 
22 6.42 (s, 1H), 109.9 H-23 C-20, C-23 
23 7.49 (s, 1H), 141.2 H-22 C-20, C-22 
28 1.25 (s, 3H) 21.9  C-3, C-4, C-5, C-29 
29 0.78 (s, 3H) 24.6  C-3, C-4, C-5, C-28 
30 5.54 (d, J = 4.2 Hz, 1H) 76.2  C-1, C-2, C-3, C-8,  C-1'' 

3-Acyl     
1'  175.8   
2' 2.28 (m, 1H) 41.1 H-3', H-4a', 

H-4b' 
C-1', C-3', C-4', C 5'  

3' 1.13 (m, 3H) 16.1 H-2' C-1', C-2', C-4' 
4' 1.64 (m, 2H) 26.2 H-2', H-5'  
5' 0.88 (t, J = 7.4 Hz, 3H) 11.5 H-4a', H-4b' C-2', C-4' 

30-Acyl     
1''  176.4   
2'' 2.47 (m, 1H) 34.1 H-3', H-4' C-1'', C-3'' 
3'' 1.10 (m, 3H) 18.8 H-2' C-1'' 
4'' 1.10 (m, 3H) 18.9 H-2' C-1'' 

7-OMe 3.68 (s, 3H) 51.9  C-7 
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4.1.2 Structure elucidation of compound 2 
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Figure 4.5  Compound 2 

 

Molecular formula C27H34O7 

Appearance White amorphous solid 

m.p. 184.5-186.5 oC 

][ 20
Dα       -37 (c 0.1 CHCl3) 

UV (CHCl3) λmax (log ε)        270 nm (2.14) 

IR (KBr)                     
3426, 3116, 2964, 2358, 2339, 1719, 
1456, 1390, 1242, 1170, 1127 and  
1022 cm-1 

1H and 13C NMR (CDCl3)               See Table 4.2 

ESIMS m/z                       471.54 [M+H]+, calcd. 471.56 
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Compound 2 had the molecular formula C27H34O7, as established by ESIMS 

(m/z 471.54 [M+H]+, calcd. 471.56). The NMR data of 2 (Table 4.2) and its 2D NMR 

showed signals for a methoxy ester [δH 3.70 s; δC 52.1 CH3, 173.8 qC], a ketone 

carbonyl [δC 212.8 qC], an ester carbonyl [δC 170.1 qC], four methyls [δH 0.85 s, 0.93 

s, 1.03 s, 1.18 s; δC 13.7, 21.6, 25.8, 21.6], two sp2 methylenes [δH 4.88 s, 5.14 s; δC 

111.5 CH2, 145.6 qC], two oxygenated methines [δH 3.51 (dd, J = 6.1, 4.0 Hz), 5.65 s; 

δC 77.2, 79.5], together with a β-furyl ring [δH 7.42 s, 6.37 (d, J = 1.0 Hz), 7.36 (t, J = 

1.6 Hz); δC 120.8 qC, 140.7 CH, 109.9 CH, 142.7 CH]. The aforementioned data 

indicated that 2 is andirobin type limonoid. The location of ∆
8,30 double bond was 

confirmed by HMBC correlations (Figure 4.6) from methylene protons at δH 4.88 and 

5.14 to C-8 and C-14. An observed HMBC correlation from H-1 to C-14 allowed the 

assignment of the oxygen bridge between C-1 and C-14. The relative configuration of 

2 was elucidated by the NOE correlations (Figure 4.7) at H-9/H3-18, H-5/H3-28, H-

1/H3-19, H3-19/H3-29, H-17/H3-29. Based on these findings and comparison of its 

NMR data with those reported in the literatures (Table 4.2), it has proved that 

compound 2 was assigned to be methyl angolensate as shown in Figure 4.5 (Kadota et 

al., 1990). 
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Figure 4.6  Key HMBC and COSY correlations of compound 2 

 

 

 

Figure 4.7  Key NOE correlations of compound 2 
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Table 4.2.  The 1H and 13C NMR data of methyl angolensate and compound 2 

Methyl angolensate Compound 2 Position 
1H 13C 1H 13C 

1 3.52 (dd, J = 6.5,4.0 Hz, 1H ) 77.2 3.51 (dd, J = 6.1, 4.0 Hz, 1H) 77.2 
2 2.51 (dd, J = 14.5,4.0 Hz, 

1H ) 
2.90 (dd, J = 14.5,6.0 Hz, 

1H ) 

39.5 2.48 (dd, J = 14.3, 4.0 Hz, 
1H) 

2.91 (m, 1H) 

39.3 

3  212.6  212.8 
4  48.0  48.0 
5 2.88 (d, J = 10.5 Hz, 1H) 43.0 2.87 (m, 1H) 42.8 
6 2.25 (d, J = 16.5 Hz, 1H ) 

2.61 (dd, J = 16.5,10.5 Hz, 
1H ) 

33.6 2.26 (m, 1H) 
2.60 (m, 1H) 

33.7 

7  173.8  173.8 
8  145.9  145.6 
9 2.17 (dd, J = 5.0,1.5 Hz, 1H ) 50.0 2.15 (m, 1H) 49.8 
10  44.1  43.9 
11 1.57 (t, J = 14.5 Hz, 1H ) 

2.20 (m, 1H ) 
23.8 1.56 (m, 1H) 

2.22 (m, 1H) 
23.7 

12 1.14 (ddd, J = 16.5 Hz, 1H ) 
2.61 (dd, J = 16.5,10.5 Hz, 

1H ) 

29.3 1.12 (m, 1H) 
2.61 (m, 1H) 

29.3 

13  41.5  41.4 
14  80.2  80.2 
15 2.91(d, J = 18.0 Hz, 1H ) 

2.58 (d, J = 18.0 Hz, 1H ) 
33.8 2.91 (m, 1H) 

2.59 (m, 1H) 
33.7 

16  169.9.  170.1 
17 5.67 (s, 1H ) 

 
79.6 5.65 (s, 1H) 79.5 

18 0.84 (s, 3H) 13.8 0.85 (s, 3H) 13.7 
19 0.95 (s, 3H) 21.7 0.93 (s, 3H) 21.6 
20  120.9  120.8 
21 7.44 (dd, J = 1.5, 0.8, 1H) 140.8 7.42 (s, 1H) 140.7 
22 6.39 (dd, J = 1.5, 0.8 Hz, 1H) 109.9 6.37 (d, J = 1.0 Hz, 1H) 109.9 
23 7.38 (t, J = 1.5 Hz, 1H) 142.7 7.36 (t, J = 1.6 Hz, 1H) 142.7 
28 1.05 (s, 3H) 26.0 1.03 (s, 3H) 25.8 
29 1.19 (s, 3H) 21.5 1.18 (s, 3H) 21.6 
30 4.90 (s, 1H) 

5.15 (s, 1H) 
111.5 4.88 (s, 1H) 

5.14 (s, 1H) 
111.5 

7-OMe 3.72 (s, 3H) 52.1 3.70 (s, 3H) 52.1 
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4.1.3 Structure elucidation of compound 3 
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Figure 4.8  Compound 3 

 

Molecular formula C35H48O12 

Appearance White amorphous solid 

m.p. 124.5-126.5 oC 

][ 20
Dα       -115 (c 0.1 CHCl3) 

UV (CHCl3) λmax (log ε)        243 nm (3.10) 

IR (KBr)                        
3460, 2978, 2940, 2363, 1733, 1456, 
1385, 1294, 1189, 1151, 1060 and 1017 
cm-1 

1H and 13C NMR (CDCl3)               See Table 4.3 

HRESIMS m/z                       683.3038 [M+Na]+, calcd. 683.3043 
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Compound 3, a white, amorphous solid, possessed a molecular formula of 

C35H48O12 as established by the HRESIMS (m/z 683.3038 [M+Na]+, calcd. 683.3043). 

The NMR data (Table 4.3) of 3 and the information from its 2D NMR studies (1H-1H 

COSY, HSQC, HMBC) indicated the presence of the following functional groups; a 

methoxycarbonyl [(δH 3.69 s; δC 51.9 CH3, 173.9 qC)], two isobutyryl groups [δH 2.64 

m, 1.08 (d, J = 6.7 Hz), 1.10 m; δC 17.8 CH3, 19.6 CH3, 33.8 CH, 174.4 qC; δH 2.64 m, 

1.10m, 1.21 (d, J = 7.1 Hz); δC 18.3 CH3, 20.1 CH3, 33.9 CH, 177.8 qC], and a β-

furanyl ring [δH 6.38 (d, J = 0.9 Hz), 7.39 (t, J = 1.6 Hz), 7.53 br s; δC 109.9 CH, 

120.8 qC, 141.6 CH, 143.0 CH]. A δ-lactone ring D characterized by NMR data [δH 

5.19 s, 2.73 m, 3.14 (d, J = 19.7 Hz), 2.22 m; δC 77.1 CH, 29.0 CH2, 46.4 CH, 36.2 qC, 

169.7 qC], was corroborated by HMBC correlations between H-17/C13, H-17/C14, 

H-14/C13, H-14/C15, H-14/C16, H-15/C13, H-15/C14, H-15/C16. The 1D and 2D 

NMR data strongly suggested that 3 was a mexicanolide type limonoid. Protons of a 

tertiary methyl group [δH 104 s; δC 22.2 CH3] showing HMBC correlations to C-13, 

C-14 and C-17, were assigned to H3-18. Protons of the second tertiary methyl group 

[δH 1.12 m; δC 21.0 CH3], exhibiting HMBC correlation to C-1 and C-9, were 

identified as H3-19. Protons of the third tertiary methyl group [δH 0.73 s; δC 24.2 CH3], 

displaying HMBC correlations to C-3, C-4, C-5 and C-29, were indicated as H3-28, 

and those of the fourth tertiary methyl group [δH 1.24 s; δC 22.1 CH3], showing 

HMBC correlations to C-3, C-4, C-5 and C-8, were assigned to H3-29. The singlet 

oxymethine proton at δH 4.85 was assigned to H-3 through HMBC correlations from 

this proton to the carbons at C-2, C-4, C-5 and C-1′′. In addition, the proton at δH 6.18 

(δC 75.6 CH) showing HMBC correlations to C-1, C-3, C-9 and C-1′, were indicated 

as H-30. The remaining quaternary carbon at δC 107.2 was attributed to C-1, a 

hemiketal group related to that of 1. Two isobutyryl groups were located at C-3 and 

C-30 through HMBC correlatins of H-3 to a carbonyl at δC 177.8 and of H-30 to 

another carbonyl at δC 177.8. The relative stereochemistry of 3 was established by 

analysis of 1D NOE data. The significant NOE interactions (Figure 4.10) observed 

from H-30 to H-5 and H-17 helped to establish this 30β-H and the corresponding 

30α-isobutyl group. Moreover, the lack of NOE interaction from H-30 to H-3 
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indicated α-orientation of H-3. Therefore, the structure of 3, named xylorumphiin A, 

was established as shown in Figure 4.8.       

 

 

 

Figure 4.9  Key HMBC and COSY correlations of compound 3 

 

 

 

Figure 4.10  Key NOE correlations of compound 3 
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Table 4.3.  The NMR data of compound 3 

Position 1H 13C COSY HMBC 
1  107.2   
2  82.2   
3 4.85 (s, 1H) 80.6  C-2, C-4, C-5, C-30,   

C-29, C-1' 
4  38.9   
5 2.63 (m, 1H) 40.3 H-6a, H-6b C-4, C-6, C-10 
6 2.33 (m, 1H) 

2.27 (m, 1H) 
32.3 H-5 C-4, C-7 

7  173.9   
8  81.0   
9 1.48 (m, 1H) 63.2 H-11a, H-

11b 
C-5, C-8, C-10, C-14,  

C-30 
10  42.6   
11 1.88 (m, 1H) 

1.68 (m, 1H) 
19.7 H-9, H-

12a, H-12b 
C-12, C-13 

12 1.83 (m, 1H) 
1.32 (m, 1H) 

35.8 H-11a, H-
11b 

C-11, C-13, C-14, C-18 

13  36.2   
14 2.22 (m, 1H) 46.4 H-15a, H-

15b 
C-8, C-9, C-13, C-15,  

C-16, C-17, C-18, C-30  
15 3.14 (d, J = 19.7 Hz, 1H) 

2.73 (m, 1H) 
29.0 H-14 C-13, C-14, C-8, C-16 

16  169.7   
17 5.19 (s, 1H), 77.1  C-18, C-13, C-14, C-20, 

C-21, C-23 
18 1.04 (s, 3H) 22.2  C-13, C-14, C-17 
19 1.12 (m, 3H) 21.0  C-9, C-1 
20  120.8   
21 7.53 (s, 1H), 141.6  C-22, C-20, C-23 
22 6.38 (d, J = 0.9 Hz, 1H), 109.9 H-23 C-20, C-21 
23 7.39 (t, J = 1.6 Hz, 1H), 143.0 H-22 C-20, C-21 
28 0.73 (s, 3H) 24.2  C-29, C-4, C-5, C-3 
29 1.24 (s, 3H) 22.1  C-28, C-4, C-5, C-3 
30 6.18 (s, 1H), 75.6  C-9, C-3, C-1, C-1'' 

3-Acyl     
1'  177.8   
2' 2.64 (m, 1H) 33.9 H-3', H-4' C-1', C-3' 
3' 1.10 (m, 3H) 18.3 H-2' C-2', C-4' 
4' 1.22 (d, J = 7.1 Hz, 3H) 20.1 H-2' C-1', C-2', C-3' 

30-Acyl     
1''  174.4   
2'' 2.64 (m, 1H) 33.8 H-3'', H-4'' C-1'', C-4'' 
3'' 1.10 (m, 3H) 19.6 H-2'' C-1'', C-2'', C-4'' 
4'' 1.08 (d, J= 6.7 Hz, 3H) 17.8 H-2'' C-2'' C-3'' 

7-OMe 3.69 (s, 3H), 51.9  C-7 
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4.1.4 Structure elucidation of compound 4 
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Figure 4.11  Compound 4 

 

Molecular formula C36H50O12 

Appearance White amorphous solid 

m.p. 115.5-117.5 oC 

][ 20
Dα       -38 (c 0.1 CHCl3) 

UV (CHCl3) λmax (log ε)        240.9 nm (2.66) 

IR (KBr)                    3445, 2965, 2934, 2878, 2356, 2330, 
1730, 1630, 1460, 1386, 1291, 1195 and 
1147 cm-1 

1H and 13C NMR (CDCl3)               See Table 4.4 

HRESIMS m/z                       697.3194 [M+Na]+, calcd. 697.3200 
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Compound 4 had a molecular formula of C36H50O12 as established by the 

HRESIMS (m/z 697.3194 [M+Na]+, calcd. 697.3200). The NMR data (Table 4.4) of 4 

and its 2D NMR studies (1H-1H COSY, HSQC, HMBC) indicated the presence of a 

methoxy carbonyl group [(δH 3.68 s, δC 51.9 CH3, 173.8 qC)], a 2-methyl butyryl 

group [δH 0.89 (t, J = 7.5 Hz), 1.41 m, 1.67 m, 1.20 (d, J = 7.1 Hz ), 2.37 m; δC 11.2 

CH3, 25.3 CH2, 16.8 CH2, 40.5 CH, 177.3 qC], an isobutyryl group [(δH 1.08 (d, J = 

6.7 Hz), 1.11 (d, J = 7.1 Hz), 2.67 m; δC 17.8 CH3, 19.7 CH3, 33.7 CH, 174.3 qc)], 

and a β-furanyl ring [δH 7.53 s, 6.38 (d, J = 1.0 Hz), 7.39 (t, J = 1.7 Hz); δC 141.6, 

109.9, 143.0, 120.8]. The NMR data of compound 4 were virtually identical to those 

of 1 with the only difference being the appearance of an additional methine and 

methylene instead of ∆14,15 double bond in 1. Both compound 1 and 4 shared the same 

configuration as confirmed by similarities between the NOE correlations (Figure 

4.13). Thus, the structure of 4 named xylorumphiin B, was established as shown in 

Figure 4.11. 
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Figure 4.12  Key HMBC and COSY correlations of compound 4 

 

 

 

Figure 4.13  Key NOE correlations of compound 4 
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Table 4.4.  The NMR data of compound 4 

Position 1H 13C COSY HMBC 
1  107.2   
2  82.1   
3 4.86 (s, 1H) 80.5  C-2, C-5, C-30, C-1' 
4  38.9   
5 2.60 (m, 1H) 40.4 H-6a, H-6b C-4, C-9, C-7, C-10,  
6 2.27 (m, 1H) 

2.31 (m, 1H) 
32.3 H-5 C-5, C-7 

7  173.8   
8  81.0   
9 1.48 (m, 1H) 63.2 H-11a, H-11b C-30 
10  42.6   
11 1.67 (m, 1H) 

1.87 (m, 1H) 
19.5 H-9, H-12a, 

H-12b 
C-9, C-14  

12 1.32 (m, 1H) 
1.83 (m, 1H) 

35.8 H-11a, H-11b C-13, C-17 

13  36.2   
14 2.20 (m, 1H) 46.4 H-15a, H-15b C-8, C-9, C-13, C-15, 

C-18 C-16, C-20  
15 3.14 (d, J = 19.7 Hz, 1H) 

2.75 (m, 1H) 
29.0 H-14 C-8, C-13, C-14, C-16 

16  169.8   
17 5.19 (s, 1H) 77.1  C-13, C-14, C-18, C-

20, C-21, C-22  
18 1.03 (s, 3H) 22.1  C-12, C-14, C-17 
19 1.10 (s, 3H) 20.9  C-1, C-9 
20  120.8   
21 7.53 (s, 1H), 141.6  C-20, C-22, C-23 
22 6.38 (d, J = 1.0 Hz, 1H) 109.9 H-23 C-20, C-23 
23 7.39 (t, J = 1.7 Hz, 1H) 143.0 H-22 C-20, C-21 
28 0.72 (s, 3H) 24.2  C-3, C-4, C-18  
29 1.23 (s, 3H) 22.0  C-3, C-4, C-28  
30 6.20 (s, 1H) 75.5  C-1, C-8, C-9, C-1'' 

3-Acyl     
1'  177.3   
2' 2.37 (m, 1H) 40.5 H-3', H-4a', 

H-4b' 
C-1', C-4' 

3' 1.20 (d, J = 7.1 Hz, 3H) 16.8 H-2' C-1', C-2', C -4',  
4' 1.41 (m, 1H) 

1.67 (m, 1H) 
25.3 H-2', H-5' C-1',C-2', C 5', C-3',  

5' 0.89 (t, J = 7.5 Hz, 3H) 11.2 H-4a', H-4b' C-2',,C-4'  
30-Acyl     

1''  174.3   
2'' 2.67 (m, 1H) 33.7 H-3', H-4' C-1'', C-3''  
3'' 1.11 (d, J = 7.1 Hz, 3H) 19.7 H-2' C-1'', C-2'', C -4'' 
4'' 1.08 (d, J = 6.7 Hz, 3H) 17.8 H-2' C-1'', C-2'' 

7-OMe 3.68 (s, 3H) 51.9  C-7 
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4.1.5 Structure elucidation of compound 5  
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Figure 4.14  Compound 5  

 

Molecular formula C35H42O14 

Appearance Colorless crystals 

m.p. 141.5-143.5 oC 

][ 20
Dα       -50 (c 0.1 CHCl3) 

UV (CHCl3) λmax (log ε)        239.1 nm (2.70) 

IR (KBr)                    3531, 3469, 2959, 1747, 1366, 1237, 
1094, 1056 and 1022  cm-1 

1H and 13C NMR (CDCl3)               See Table 4.6 

ESIMS m/z                       687.27 [M+H]+, calcd. 687.26 
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Compound 5, colorless crystals, had a molecular formula C35H42O14  

determined by ESIMS (m/z 687.27 [M+H]+, calcd. 687.26). The 1H, 13C data and 2D 

NMR data (Table 4.6) of 5 indicated the presence of the following functional groups; 

a carbomethoxy [δH 3.69 s, δC 52.1 CH3, 172.7 qC], three oxygenated methines [δH 

5.10 s, 6.30 s, 5.54 s; δC 81.1 CH, 69.3 CH, 78.6 CH], an orthoacetate [δH 1.66 s; δC 

21.0 CH3, 119.0 qC], two sp3 methines [δH 2.96 (d, J = 8.5 Hz), 2.06 m; δC 35.5, 43.1], 

ten sp3 methylenes [δH 2.47 m, 2.24 m, 2.07 m, 1.65 m, 1.54 m, 1.30 m, 3.28 (d, J = 

20.3 Hz), 2.70 m, 1.98 m, 1.67 m; δC 33.3, 25.4, 29.1, 26.5, 40.2], three methyls [δH 

1.06 s, 1.14 s, 0.89 s; δC 19.9, 16.5, 14.6], three acetyls [δH 1.94 s, 2.25 s, 2.15 s; δC 

21.6 CH3, 168.6 qC; 21.1 CH3, 170.2 qC; 21.1 CH3, 170.2 qC]. The 1H and 13C NMR 

data of 5 were characteristic of a phragmalin type limonoid. The quaternary carbon at 

δC 119.0 (C-31) showing a HMBC correlation (Figure 4.15) to H-32 suggested the 

presence of an orthoacetate group. In addition, the nature of oxygenated carbons 

assigned for C-1 (δC 86.9), C-8 (δC 86.0) and C-9 (δC 85.3) was comparable to 

xyloccensin E. This suggested the position of the orthoacetate at C-1, C-8 and C-9. 

Three acetoxy groups were assigned to C-2, C-3 and C-30 according to HMBC 

correlations of H-3 and H-30 to both acetyl carbonyls and its molecular formula. The 

structure and relative stereochemistry of 5 were confirmed by the single-crystal X-ray 

diffraction analysis as shown in Figure 4.16. In addition, the crystal data and structure 

refinement for compound 5 are shown in Table 4.5.  

 

From these results, the structure of 5 was identified as xyloccensin E 

(Connolly et al., 1978). Furhtermore, this is the first report for the complete 

assignment of NMR data for xyloccensin E. 
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Figure 4.15  Key HMBC and COSY correlations of compound 5 

 

 

 

Figure 4.16   ORTEP diagram of compound 5  
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Table 4.5.  Crystal data and structure refinement for compound 5  

Identification code Xyloccensin E 

Empirical formula C35 H42 O14 

Formula weight 686.69 

Temperature 293(2) K 

Wavelength 0.71073 Å 

Crystal system, space group hexagonal, P6 

Unit cell dimensions a = 17.8937(4) Å alpha = 90 deg. 

 b = 17.8937(4) Å beta = 90 deg. 

 c = 19.7758(4) Å gamma = 120 deg. 

Volume 5483.6(2) Å3 

Z, Calculated density 6, 1.248 Mg/m3 

Absorption coefficient 0.097 mm-1 

F(000) 2184 

Crystal size ? x ? x ? mm 

Theta range for data collection 2.44 to 23.83 deg. 

Limiting indices -16<=h<=20, -20<=k<=20,-20<=l<=22 

Reflections collected / unique 26863 / 2879 [Rint = 00295] 

Completeness to theta = 23.83 98.70 % 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2879 / 1 / 456 

Goodness-of-fit on F^2 1.029 

Final R indices [I>2sigma(I)] R1 = 0.0420, wR2 = 0.1115 

R indices (all data) R1 = 0.0506, wR2 = 0.1191 

Absolute structure parameter -10(10) 

Largest diff. peak and hole 0.412 and -0.172 e.Å3 
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Table 4.6.  The 1H and 13C NMR data of xyloccensin E and compound 5 

Xyloccensin E Compound 5 
Position 1H 13C 1H 13C 

1  86.9  86.8 
2  85.3  85.2 
3 5.09 81.1 5.10 (s, 1H) 81.1 
4  46.2  46.2 
5  35.5 2.96 (d, J = 8.5 Hz, 1H) 35.5 
6  33.3 2.47 (m, 1H) 

2.24 (m, 1H) 
33.3 

7  172.9  172.7 
8  86.0  85.9 
9  85.3  85.3 
10  45.8  45.7 
11  25.4 2.07 (m, 1H) 

1.66 (m, 1H) 
25.4 

12  29.2 1.54 (m, 1H) 
1.30 (m, 1H) 

29.1 

13  34.4  34.3 
14  43.2 2.06 (m, 1H) 43.1 
15  26.2 3.28 (d, J = 20.3 Hz, 1H) 

2.70 (m, 1H) 
26.5 

16  170.3  170.4 
17 5.53 78.6 5.54 (s, 1H) 78.6 
18  19.6 1.06 (s, 3H) 19.9 
19  16.6 1.14 (s, 3H) 16.5 
20  121.2  121.1 
21 7.50 140.8 7.51 (s, 1H) 140.8 
22 6.42 109.8 6.44 (s, 3H) 109.7 
23 7.38 143.0 7.40 (s, 1H) 143.0 
28  14.6 0.89 (s, 3H) 14.6 
29  40.2 1.98 (m, 1H) 

1.67 (m, 1H) 
40.2 

30 6.29 69.3 6.30 (s, 1H) 69.3 
31  119.1  119.0 
32  21.1 1.66 (s, 3H) 21.0 

2-OAc  21.1 2.25 (s, 3H) 21.1 
  170.3  170.2 

3-OAc  21.7 2.15 (s, 3H) 21.7 
  170.3  170.2 

30-OAc  21.7 1.94 (s, 3H) 21.6 
  168.6  168.6 

7-OMe  52.1 3.69 (s, 3H) 52.1 
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4.1.6 Structure elucidation of compound 6 

 

 

 

Figure 4.17  Compound 6 

 

Molecular formula C27H34O8 

Appearance White amorphous solid 

m.p. 236.5-238.5 oC 

][ 20
Dα       -12 (c 0.1 CHCl3) 

UV (CHCl3) λmax (log ε)        242 nm (2.76) 

IR (KBr)  3531, 3445, 3469, 2968, 2959, 2358, 
2329, 1747, 1733, 1466, 1375, 1366, 
1237, 1170, 1094, 1056, 1027, and 1022 
cm-1   

1H and 13C NMR (CDCl3)               See Table 4.7 

ESIMS m/z                       487.23  [M+H]+, calcd. 487.22 
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Compound 6 was isolated as a white, amorphous solid and its molecular 

formula was determined as C27H34O8 on the basis of ESIMS (m/z 487.23 [M+H]+, 

calcd. 487.22) and NMR data (Table 4.7). The 1H NMR data of 6 exhibited typical 

signals for four methyls [δH 0.66s, 0.94 s, 1.09 s, 0.99 s], two oxymethines [δH 6.28 s, 

4.22 (d, J = 5.6 Hz)], a methoxy [δH 3.69 s], together with a β-furyl ring [δH 7.45 br s, 

6.49 s, 7.57 (d, J = 0.5 Hz)]. The 13C NMR and HSQC experiment revealed the 

presence of a ketone carbonyl [δC 215.1], two ester carbonyls [δC 175.0, 170.3], a β-

furyl ring [δC 121.0 qC, 141.3 CH, 110.3 CH, 143.3 CH], two oxymethine carbons [δC 

76.8, 91.7] and two oxygenated quaternary carbons [δC 85.8, 74.8]. The above NMR 

studies suggested that 6 was a mexicanolide type limonoid. On the basis of HMBC 

correlations (Figure 4.18), oxymethine proton at δH 4.22 (d, J = 5.6 Hz) showing 

correlations with C-8, C-5 and C-29, was attributed to H-3. The oxygen bridge 

between C-3 and C-8 was corroborated by the HMBC cross-peak from H-3 to H-8. 

On the basis of the above results, compound 6 was identified as xyloccensin K. The 

structure of this compound was finally confirmed by comparing its NMR data with 

those previously reported as shown in Table 4.7 (Kokpol et al. 1996). Additionally, its 

relative stereochemistry was confirmed by NOE analysis (Figure 4.19) and found to 

be identical to that of xyloccensin K as reported. 
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Figure 4.18  Key HMBC and COSY correlations of compound 6 

 

 

 

Figure 4.19  Key NOE correlations of compound 6 
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Table 4.7.  The 1H and 13C NMR data of xyloccensin K and compound 6 

Xyloccensin K Compound 6  Position 
1H 13C 1H 13C 

1  215.2  215.1 
2 2.96 (dd, J = 6.0 Hz, 1H) 48.9 2.97 (t, J = 6.0 Hz, 1H) 49.3 
3 4.22 (d, J = 6.0 Hz, 1H) 91.3 4.22 (d, J = 5.6 Hz, 1H) 91.7 
4  37.5  37.3 
5 3.08 (dd, J = 2.0, 11.0, 1H) 42.9 3.07 (m, 1H) 43.3 
6 2.14 (dd, J = 2.0, 17.0 Hz, 

1H) 
2.24 (dd, J = 11.0, 17.0 Hz, 

1H) 

32.6 2.11 (m, 1H) 
2.23 (m, 1H) 

32.9 

7  174.2  175.0 
8  85.4  85.8 
9 1.97 (dd, J = 5.0, 12.5 Hz, 

1H) 
52.0 1.95 (dd, J = 12.6, 4.0 Hz, 

1H) 
 

52.4 

10  51.0  51.5 
11 1.46 (m, 1H) 

2.10 (m, 1H) 
17.8 1.47 (m, 1H) 

2.11 (m, 1H) 
18.0 

12 1.50 (ddd, J = 1.5, 14.0 Hz, 
1H) 

1.70 (ddd, J = 1.5, 14.0 Hz, 
1H) 

28.6 1.53 (m, 1H) 
1.69 (m, 1H) 

29.1 

13  40.0  40.4 
14  74.1  74.8 
15 2.54 (d, J = 17.0 Hz. 1H) 

3.13 (d, J = 17.0 Hz, 1H) 
36.8 2.52 (m, 1H) 

3.15 (d, J = 17.7 Hz, 1H) 
37.4 

16  170.7  170.3 
17 6.28 (br s, 1H) 76.7 6.28 (s, 1H) 76.8 
18 0.67 (s, 3H) 16.0 0.66 (s, 3H) 16.4 
19 0.94 (s, 3H) 16.8 0.94 (s, 3H) 17.2 
20  120.6  121.0 
21 7.45 (dd, J = 2.0 Hz, 1H) 142.9 7.45 (br s, 1H) 141.3 
22 6.49 (br d, J =2.0 Hz, 1H) 109.9 6.49 (s, 1H) 110.3 
23 7.56 (br s, 1H) 140.7 7.55 (d, J = 0.5 Hz, 1H) 143.3 
28 1.03 (s, 3H) 20.0 1.09 (s, 3H) 20.4 
29 0.98 (s, 3H) 27.9 0.99 (s, 3H) 28.4 
30 2.04 (d, J = 12 Hz, 1H) 

2.52 (dd, J = 7.0,12.0 Hz, 1H) 
42.4 2.05 (m, 1H) 42.8 

7-OMe 3.70 (s, 3H) 51.8 3.69 (s, 3H) 52.2 
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4.1.7 Structure elucidation of compound 7 

 

 

 

Figure 4.20  Compound 7 

 

Molecular formula C27H34O9 

Appearance White amorphous solid 

m.p. 208.0-210.0 oC 

][ 20
Dα       +4 (c 0.1 CHCl3) 

UV (CHCl3) λmax (log ε)        242 nm (2.32) 

IR (KBr)                      3531, 3469, 3455, 3445, 2968, 2959, 
2949, 2372, 2358, 2329, 1747, 1733, 
1723, 1466, 1452, 1423, 1375, 1366, 
1270, 1237, 1165, 1170, 1099, 1094, 
1056, 1041, 1022 and 1027 cm-1 

1H and 13C NMR (CDCl3)               See Table 4.8 

HRESIMS m/z                       525.2101 [M+Na]+, calcd.  525.2101 
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Compound 7 had a molecular formula of C27H34O9 established by HRESIMS 

(m/z 525.2101 [M+Na]+, calcd. 525.2101). It was larger than that of xyloccensin K (6) 

by 16 mass units. Its NMR studies also revealed the characteristics for mexicanolide 

type limonoid including four methyls [δH 1.00 s, 1.06 s, 0.61 s, 1.06 s; δC 16.2, 28.2, 

19.1, 16.8], a β-furyl ring [δH 7.52 s, 6.45 s, 7.43 s; δC 140.9 CH, 110.0 CH, 143.1 CH, 

120.6 qC], a carbomethoxy [δH 3.69 s; δC 52.0 CH3, 174.2 qC], a ketone carbonyl (δC 

214.8) and a lactone carbonyl (δC 169.7). In addition, the NMR data of 7 (Table 4.8) 

were very similar to those of xyloccensin K (6), except for the presence of an 

oxygenated quaternary carbon (δC 85.5) and the absence of a methine group in 6. This 

quaternary carbon with a hydroxyl group was assigned as C-2 by HMBC correlations 

of this carbon with H-3 and H-30 (Figure 4.21). The relative configuration of 7 was 

established as the same as that of 6 on the basis of the NOE correlations (Figure 4.22). 

Therefore, the structure of 7, named xylorumphiin D, was identified as 2-hydroxy-

xyloccensin E as shown in Figure 4.20. 
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Figure 4.21  Key HMBC and COSY correlations of compound 7 

 

 

 

Figure 4.22  Key NOE correlations of compound 7 
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Table 4.8.  The NMR data of compound 7 

Position 1H 13C COSY HMBC 
1  214.8   
2  85.5   
3 3.95 (s, 1H) 93.1  C-2, C-8 
4  37.2   
5 2.19 (m, 1H) 32.6 H-6a, H-6b C-7 
6 3.11 (dd, J = 10.6, 2.2 

Hz, 2H) 
43.7 H-5 C-2, C-7 

7  174.2   
8  80.7   
9 2.00 (m, 1H) 52.3 H-11a, H-11b C-10, C-11 
10  50.2   
11 1.51 (m, 1H) 

2.16 (m, 1H) 
18.0 H-9, H-12a, 

H-12b 
C-8, C-12 

12 1.53 (m, 1H) 
1.68 (m, 1H) 

28.8 H-11a, H-11b C-11, C-13 

13  40.1   
14  74.4   
15 2.53 (d, J = 17.9 Hz, 1H) 

3.25 (d, J = 17.9 Hz, 1H) 
37.5  C-14, C-16 

16  169.7   
17 6.16 (s, 1H) 76.4  C-13, C-14, C-18, C-20, 

C-21, C-22 
18 1.00 (s, 3H) 16.2  C-12, C-13, C-14, C-17 
19 1.07 (s, 3H) 28.2   
20  120.6   
21 7.52 (s, 1H), 140.9  C-20, C-22, C-23 
22 6.45 (s, 1H), 110.0 H-23 C-20, C-21 
23 7.42 (m, 1H) 143.1 H-22 C-20 
28 0.61 (s, 3H) 19.1  C-3, C-4, C-6, C-19 
29 1.06 (s, 3H) 16.8  C-3, C-4, C-6 , C-28, C-30 
30 1.96 (d, J = 11.9 Hz, 1H) 

2.70 (d, J = 11.9 Hz, 1H) 
48.7  C-2, C-8, C-14 

7-OMe 3.69 (s, 3H) 52.0  C-7 
 

 

 

 

 

 

 

 



 

 

83 

4.2 Biological activities of isolated compounds 

 

 4.2.1 Antibacterial activities 

 

 All isolated compounds were evaluated for their antibacterial effects using 

microdilution assay against seven Gram-positive bacteria; Enterococcus faecalis 

ATCC 29212, Enterococcus faecalis ATCC 51299 (vancomycin resistant), 

Enterococcus faecium UCLA 192, Salmonella typhimurium ATCC 13311, 

Staphylococcus aureus ATCC 25923, Staphylococcus epidermidis ATCC 12228, 

Staphylococcus hominis ATCC 27844 and five Gram-negative bacteria; Escherichia 

coli ATCC 35218, Klebsiella pneumoniae ATCC 27736, Klebsiella pneumoniae 

(ESBL producing) ATCC 700603, Pseudomonas aeruginosa ATCC 27853, Proteus 

vulgaris ATCC 13315, at a single concentration of 256 µg/mL for screening. 

Unfortunately, all compounds showed to be inactive to all tested bacteria. 

 

 4.2.1 Anticancer activities 

 

 All compounds isolated were also assessed for their cytotoxicity toward five 

human cancer cell lines including Hep-G2 (hepatocarcinoma), SW-620 (colon 

adenocarcinoma), CHAGO (undifferentiated lung carcinoma), KATO-3 (gastric 

carcinoma), BT-474 (breast ductal carcinoma) and CH-Liver (liver cell line), at a 

concentration of 1 mg/mL by MTT colorimetric method. All compounds were not 

cytotoxic to any of the cell lines tested. 

 

 

    

  



CHAPTER V 

 

CONCLUSION 

 

 Chemical examination of the seed kernels of Xylocarpus rumphii (Kostel.) 

Mabb. led to the isolation of seven limonoids. These isolated compounds included 

four new limonoids, xylorumphiins A-D (Compound 3, 4, 1 and 7), and three known 

limonoids namely methyl angolensate (compound 2), xyloccensins E (compound 5) 

and K (compound 6). 

 

O

O

HO

MeO

O

O O
H

O

O
O

O

H

20

2122

23

17

16

13

15
14

18

12

11

9
8

30
1

2

1''

2''

4''

3''

1'

4'

3'
2'

28

29

5

19

106

7

3
4

5'  

O
O

O

OMeO

O

O

1
2

3
4

28 29

5

10

19

9

11

12

13

14

30

8 15
16

17

20

2122

23

6

7

18

H

 

Compound 1 Compound 2 

 

O

O

HO

MeO

O

O O
OH

O

O
O

H

O

H

20

2122

23

17

16

13

15
14

18

12

11

9
8

30
1

2

1''

2''

4''

3''

1'

4'

3'
2'

28

29

5

19

106

7

3
4

5'  

Compound 3 Compound 4 

 

  



 

 

85 

O

O
O

O
O

O

MeO

O
O

O O

O

O

O

H

1

2

3
4

5

6
7

8

9

10

19

28

29

31

32

11

12

13

14

18

17

16

15

21

20

22

23

30

 
 

Compound 5 Compound 6 

 

Compound 7 

 

The isolated compounds were subjected to antibacterial and anticancer activity 

assays. Unfortunately, all of them showed to be inactive in both assays.  

 

 As can be seen in the activity results, all isolated compounds did not exhibit 

both antibacterial and anticancer activity, this might be because these activity are not 

appropriate for this type compound. However, the compounds should be further 

subjected to the insecticidal and anti-inflammatory according to the literature reviews. 
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Figure S-1  1H NMR (400 MHz) spectrum of compound 1 (CDCl3) 
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Figure S-2  13C NMR (100 MHz) spectrum of compound 1 (CDCl3) 
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Figure S-3  1H-1H COSY spectrum of compound 1 (CDCl3) 
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Figure S-4  HSQC spectrum of compound 1 
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Figure S-5  HMBC spectrum of compound 1 
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Figure S-6  IR spectrum of compound 1 (KBr) 
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Figure S-7  HRESIMS Mass spectrum of compound 1 
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Figure S-8  1H NMR (400 MHz) spectrum of compound 2 (CDCl3) 
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Figure S-9  13C NMR (100 MHz) spectrum of compound 2 (CDCl3) 
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Figure S-10  1H-1H COSY spectrum of compound 2 (CDCl3) 
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Figure S-11  HSQC spectrum of compound 2 
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Figure S-12  HMBC spectrum of compound 2 
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Figure S-13  IR spectrum of compound 2 (KBr) 
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Figure S-14  1H NMR (400 MHz) spectrum of compound 3 (CDCl3) 
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Figure S-15  13C NMR (100 MHz) spectrum of compound 3 (CDCl3) 
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Figure S-16  1H-1H COSY spectrum of compound 3 (CDCl3) 
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Figure S-17  HSQC spectrum of compound 3 
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Figure S-18  HMBC spectrum of compound 3 
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Figure S-19  IR spectrum of compound 3 (KBr) 
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Figure S-20  HRESIMS Mass spectrum of compound 3 
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Figure S-21  1H NMR (400 MHz) spectrum of compound 4 (CDCl3) 
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Figure S-22  13C NMR (100 MHz) spectrum of compound 4 (CDCl3) 
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Figure S-23  1H-1H COSY spectrum of compound 4 (CDCl3) 
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Figure S-24  HSQC spectrum of compound 4 
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Figure S-25  HMBC spectrum of compound 4 
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Figure S-26  IR spectrum of compound 4 (KBr) 
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Figure S-27  HRESIMS Mass spectrum of compound 4 
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Figure S-28  1H (400 MHz) NMR spectrum of compound 5 (CDCl3) 
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Figure S-29  13C NMR (100 MHz) spectrum of compound 5 (CDCl3) 
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Figure S-30  1H-1H COSY spectrum of compound 5 (CDCl3) 
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Figure S-31  HSQC spectrum of compound 5 
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Figure S-32  HMBC spectrum of compound 5 
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Figure S-33  IR spectrum of compound 5 (KBr) 
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Table E-1.  Crystal data and structure refinement for compound 5  

Identification code Xyloccensin E 

Empirical formula C35 H42 O14 

Formula weight 686.69 

Temperature 293(2) K 

Wavelength 0.71073 Å 

Crystal system, space group hexagonal, P6 

Unit cell dimensions a = 17.8937(4) Å alpha = 90 deg. 

 b = 17.8937(4) Å beta = 90 deg. 

 c = 19.7758(4) Å gamma = 120 deg. 

Volume 5483.6(2) Å3 

Z, Calculated density 6, 1.248 Mg/m3 

Absorption coefficient 0.097 mm-1 

F(000) 2184 

Crystal size ? x ? x ? mm 

Theta range for data collection 2.44 to 23.83 deg. 

Limiting indices -16<=h<=20, -20<=k<=20,-20<=l<=22 

Reflections collected / unique 26863 / 2879 [Rint = 00295] 

Completeness to theta = 23.83 98.70 % 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2879 / 1 / 456 

Goodness-of-fit on F^2 1.029 

Final R indices [I>2sigma(I)] R1 = 0.0420, wR2 = 0.1115 

R indices (all data) R1 = 0.0506, wR2 = 0.1191 

Absolute structure parameter -10(10) 

Largest diff. peak and hole 0.412 and -0.172 e.Å3 
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Table E-2. Atomic coordinates ( x 104 ) and equivalent isotropic displacement 

parameters (Å2 x 103) for compound 5 is defined as one third of the trace of the 

orthogonalized Uij tensor 

 x y z U(eq) 
C(1) -673(5) 7446(5) 10972(3) 95(2) 
C(2) -467(3) 6839(3) 10702(2) 55(1) 
C(3) -270(4) 6529(4) 11253(3) 80(2) 
C(4) -561(5) 7470(7) 11635(4) 110(3) 
C(5) -477(3) 6586(3) 9985(2) 44(1) 
C(6) -337(3) 7389(3) 8943(3) 58(1) 
C(7) -991(3) 6583(3) 8584(2) 46(1) 
C(8) -1322(2) 5735(2) 8962(2) 37(1) 
C(9) -1348(2) 5845(3) 9729(2) 39(1) 
C(10) -1517(2) 5001(2) 10085(2) 28(1) 
C(11) -2057(2) 4211(3) 9648(2) 39(1) 
C(12) -1572(2) 4224(2) 9012(2) 34(1) 
C(13) -958(2) 5157(2) 8730(2) 32(1) 
C(14) -1630(2) 4187(2) 7873(2) 38(1) 
C(17) -623(2) 3860(2) 8380(2) 32(1) 
C(18) -1181(2) 3617(2) 9027(2) 32(1) 
C(19) -516(2) 3689(2) 9569(2) 35(1) 
C(20) 184(2) 3629(2) 9117(2) 35(1) 
C(21) -237(2) 3280(2) 8429(2) 39(1) 
C(22) 200(2) 4789(2) 8476(2) 31(1) 
C(23) 799(2) 4567(2) 8895(2) 32(1) 
C(24) 1992(2) 5385(2) 9635(2) 39(1) 
C(25) 2207(3) 5871(3) 10277(2) 54(1) 
C(26) -3(2) 5447(2) 8831(2) 30(1) 
C(27) 1191(2) 6917(2) 8875(3) 50(1) 
C(28) 1682(3) 7687(3) 8441(3) 75(2) 
C(29) -883(2) 3051(3) 10154(2) 46(1) 
C(30) -332(3) 3344(4) 10773(2) 62(1) 

C(31A) -111(19) 2990(40) 11842(11) 128(13) 
C(31B) -90(30) 2720(50) 11840(30) 180(30) 
C(32) 654(3) 3206(3) 9436(3) 51(1) 
C(33) -1935(2) 2672(2) 8983(2) 44(1) 
C(34) -2138(3) 4045(3) 7240(2) 56(1) 
C(35) -2090(3) 6018(3) 9897(2) 51(1) 
C(36) 1321(2) 5661(2) 7655(2) 40(1) 
C(37) 1437(3) 5794(3) 6924(2) 65(1) 
O(1) -327(3) 6898(4) 11824(2) 109(2) 
O(2) -180(2) 7377(2) 9600(2) 57(1) 
O(3) 32(3) 8069(2) 8653(2) 97(1) 
O(4) -1091(2) 5064(2) 8008(1) 37(1) 
O(5) -2170(1) 3878(2) 8443(1) 39(1) 
O(6) -1129(2) 3775(2) 7798(1) 38(1) 
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Table E-2. Atomic coordinates ( x 104 ) and equivalent isotropic displacement 

parameters (Å2 x 103) for compound 5 is defined as one third of the trace of the 

orthogonalized Uij tensor (continued) 

 x y z U(eq) 
O(7) 1173(1) 5128(2) 9457(1) 33(1) 
O(8) 2457(2) 5217(2) 9309(2) 68(1) 
O(9) 494(2) 6288(2) 8528(2) 40(1) 
O(10) 1353(2) 6849(2) 9449(2) 59(1) 
O(11) 221(3) 4046(3) 10908(2) 105(2) 
O(12) -560(3) 2686(3) 11197(2) 97(2) 
O(13) 499(2) 5050(2) 7795(1) 37(1) 
O(14) 1868(2) 6032(2) 8076(2) 51(1) 
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Table E-3.  Bond lengths [Å] and angles [deg.] for compound 5 

C(1)-C(4) 1.325(11) C(24)-C(25) 1.477(6) 
C(1)-C(2) 1.414(8) C(26)-O(9) 1.441(4) 
C(2)-C(3) 1.347(8) C(27)-O(10) 1.193(6) 
C(2)-C(5) 1.487(6) C(27)-O(9) 1.374(5) 
C(3)-O(1) 1.338(8) C(27)-C(28) 1.482(7) 
C(4)-O(1) 1.337(11) C(29)-C(30) 1.492(7) 
C(5)-O(2) 1.453(5) C(30)-O(11) 1.177(6) 
C(5)-C(9) 1.541(6) C(30)-O(12) 1.333(6) 
C(6)-O(3) 1.201(6) C(31A)-O(12) 1.46(3) 
C(6)-O(2) 1.333(6) C(31B)-O(12) 1.50(5) 
C(6)-C(7) 1.505(7) C(36)-O(14) 1.201(5) 
C(7)-C(8) 1.521(6) C(36)-O(13) 1.353(5) 
C(8)-C(9) 1.533(6) C(36)-C(37) 1.463(6) 
C(8)-C(13) 1.543(5) C(4)-C(1)-C(2) 107.7(8) 
C(9)-C(35) 1.542(6) C(3)-C(2)-C(1) 103.5(5) 
C(9)-C(10) 1.554(6) C(3)-C(2)-C(5) 127.7(5) 
C(10)-C(11) 1.520(6) C(1)-C(2)-C(5) 128.7(5) 
C(11)-C(12) 1.520(5) O(1)-C(3)-C(2) 112.3(6) 
C(12)-O(5) 1.461(4) C(1)-C(4)-O(1) 110.7(7) 
C(12)-C(18) 1.558(5) O(2)-C(5)-C(2) 105.0(3) 
C(12)-C(13) 1.572(5) O(2)-C(5)-C(9) 112.7(3) 
C(13)-O(4) 1.444(4) C(2)-C(5)-C(9) 115.4(4) 
C(13)-C(26) 1.531(5) O(3)-C(6)-O(2) 117.9(5) 
C(14)-O(4) 1.397(4) O(3)-C(6)-C(7) 121.1(5) 
C(14)-O(5) 1.404(5) O(2)-C(6)-C(7) 120.9(4) 
C(14)-O(6) 1.426(5) C(6)-C(7)-C(8) 116.9(4) 
C(14)-C(34) 1.493(6) C(7)-C(8)-C(9) 112.3(3) 
C(17)-O(6) 1.424(4) C(7)-C(8)-C(13) 116.0(3) 
C(17)-C(21) 1.509(5) C(9)-C(8)-C(13) 115.5(3) 
C(17)-C(18) 1.545(5) C(8)-C(9)-C(5) 110.6(3) 
C(17)-C(22) 1.589(5) C(8)-C(9)-C(35) 108.9(3) 
C(18)-C(33) 1.551(5) C(5)-C(9)-C(35) 111.0(3) 
C(18)-C(19) 1.558(5) C(8)-C(9)-C(10) 109.1(3) 
C(19)-C(29) 1.525(5) C(5)-C(9)-C(10) 108.0(3) 
C(19)-C(20) 1.585(5) C(35)-C(9)-C(10) 109.2(3) 
C(20)-C(32) 1.522(6) C(11)-C(10)-C(9) 111.8(3) 
C(20)-C(21) 1.529(6) C(12)-C(11)-C(10) 111.3(3) 
C(20)-C(23) 1.541(5) O(5)-C(12)-C(11) 109.8(3) 
C(22)-O(13) 1.438(4) O(5)-C(12)-C(18) 102.0(3) 
C(22)-C(23) 1.554(5) C(11)-C(12)-C(18) 115.2(3) 
C(22)-C(26) 1.560(5) O(5)-C(12)-C(13) 98.7(3) 
C(23)-O(7) 1.422(4) C(11)-C(12)-C(13) 113.6(3) 
C(24)-O(8) 1.203(5) C(18)-C(12)-C(13) 115.3(3) 
C(24)-O(7) 1.346(4) O(4)-C(13)-C(26) 105.0(3) 
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Table E-3.  Bond lengths [Å] and angles [deg.] for compound 5 (continued) 

O(4)-C(13)-C(8) 105.7(3) O(8)-C(24)-C(25) 126.9(4) 
C(26)-C(13)-C(8) 120.6(3) O(7)-C(24)-C(25) 110.1(3) 
O(4)-C(13)-C(12) 104.0(3) O(9)-C(26)-C(13) 107.5(3) 
C(26)-C(13)-C(12) 112.5(3) O(9)-C(26)-C(22) 110.2(3) 
C(8)-C(13)-C(12) 107.6(3) C(13)-C(26)-C(22) 109.1(3) 
O(4)-C(14)-O(5) 104.0(3) O(10)-C(27)-O(9) 123.9(4) 
O(4)-C(14)-O(6) 110.0(3) O(10)-C(27)-C(28) 125.7(4) 
O(5)-C(14)-O(6) 111.6(3) O(9)-C(27)-C(28) 110.3(5) 
O(4)-C(14)-C(34) 111.8(3) C(30)-C(29)-C(19) 113.5(4) 
O(5)-C(14)-C(34) 111.4(3) O(11)-C(30)-O(12) 121.4(5) 
O(6)-C(14)-C(34) 108.1(3) O(11)-C(30)-C(29) 128.0(5) 
O(6)-C(17)-C(21) 117.6(3) O(12)-C(30)-C(29) 110.5(4) 
O(6)-C(17)-C(18) 110.6(3) O(14)-C(36)-O(13) 124.1(4) 
C(21)-C(17)-C(18) 101.9(3) O(14)-C(36)-C(37) 125.8(4) 
O(6)-C(17)-C(22) 114.6(3) O(13)-C(36)-C(37) 110.1(4) 
C(21)-C(17)-C(22) 102.0(3) C(3)-O(1)-C(4) 105.8(5) 
C(18)-C(17)-C(22) 109.0(3) C(6)-O(2)-C(5) 123.2(3) 
C(17)-C(18)-C(33) 110.4(3) C(14)-O(4)-C(13) 107.4(3) 
C(17)-C(18)-C(12) 104.0(3) C(14)-O(5)-C(12) 103.7(2) 
C(33)-C(18)-C(12) 108.0(3) C(14)-O(6)-C(17) 113.0(3) 
C(17)-C(18)-C(19) 100.8(3) C(24)-O(7)-C(23) 119.6(3) 
C(33)-C(18)-C(19) 109.9(3) C(27)-O(9)-C(26) 118.8(3) 
C(12)-C(18)-C(19) 123.0(3) C(30)-O(12)-C(31B) 125(3) 
C(29)-C(19)-C(18) 115.8(3) C(30)-O(12)-C(31A) 111(2) 
C(29)-C(19)-C(20) 115.8(3) C(31B)-O(12)-C(31A) 20(4) 
C(18)-C(19)-C(20) 101.7(3) C(36)-O(13)-C(22) 122.1(3) 
C(32)-C(20)-C(21) 116.5(3)   
C(32)-C(20)-C(23) 112.9(3)   
C(21)-C(20)-C(23) 97.4(3)   
C(32)-C(20)-C(19) 117.0(3)   
C(21)-C(20)-C(19) 106.5(3)   
C(23)-C(20)-C(19) 104.2(3)   
C(17)-C(21)-C(20) 94.5(3)   
O(13)-C(22)-C(23) 113.0(3)   
O(13)-C(22)-C(26) 111.4(3)   
C(23)-C(22)-C(26) 113.8(3)   
O(13)-C(22)-C(17) 103.1(3)   
C(23)-C(22)-C(17) 101.1(3)   
C(26)-C(22)-C(17) 113.6(3)   
O(7)-C(23)-C(20) 111.9(3)   
O(7)-C(23)-C(22) 112.2(3)   
C(20)-C(23)-C(22) 102.9(3)   
O(8)-C(24)-O(7) 123.0(3)   

Symmetry transformations used to generate equivalent atoms: 
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Figure S-34  1H NMR (400 MHz) spectrum of compound 6 (CDCl3) 
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Figure S-35  13C NMR (100 MHz) spectrum of compound 6 (CDCl3) 
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Figure S-36  1H-1H COSY spectrum of compound 6 (CDCl3) 
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Figure S-37  HSQC spectrum of compound 6 
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Figure S-38  HMBC spectrum of compound 6 
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Figure S-39  IR spectrum of compound 6 (KBr) 
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Figure S-40  1H NMR (400 MHz) spectrum of compound 7 (CDCl3) 
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Figure S-41  13C NMR (100 MHz) spectrum of compound 7 (CDCl3) 
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Figure S-42  1H-1H COSY spectrum of compound 7 (CDCl3) 
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Figure S-43  HSQC spectrum of compound 7 
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Figure S-44  HMBC spectrum of compound 7 
 
 
 

10
41

.8
2

11
65

.8
4

12
70

.7
8

13
75

.7
1

14
52

.0
3

17
23

.9
2

23
72

.6
3

29
49

.7
9

34
55

.4
0

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

 20

 22

 24

 26

%
T

 1000   1500   2000   2500   3000   3500   4000  
Wavenumbers (cm-1)  

 
Figure S-45  IR spectrum of compound 7 (KBr) 
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Figure S-46  HRESIMS Mass spectrum of compound 7 
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