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CHAPTER |

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«crug discovery and drug design. These
small molecules provide the seurce or incentivefor the majority of FDA approved
agents and continue to be-ene 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 thg most important things for human being.
However, the continuing threat disease sueh as cancer, AIDS, SARS, influenza, etc.,
and increasing drug resisiance provided imbefﬁs in the world to find alternatives, for
example, by modifying structure of existi_'ridq_rugs or search for novel compounds
from the natural sources. Natural products 'ha\_/é been the source of therapeutics since
the arrival of traditional medicine and healing,mand remain a dominant source to date
(Donnelly, 2009).

Thai medicinal gplants are one @f, 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. Furtharmore, the metabalites discovered in'mediciiial plants may avoid
the side eeffect 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.



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 (\WWu et al., 2006). The Xylocarpus genus is
a small genus comprising. only three  spec€igs; Xylocarpus granatum Koenig,
Xylocarpus moluccensis-(kam.) M. Reem. and-Xyleearpus runphii (Kostel.) Mabb.
All three species are found in-mangrove, swamp or coastal scrub of the old world, all
in Thailand (Ximu “andsPongumphai, 1994).  Particularly, X. granatum and
X. moluccensis are the mest popular plants in empirical study (Yin et al., 2009).
In addition, the plants.in the genus Xylocérpus are reported to contain a special class
of bitter substances termed as limonoids (Tai/-lor etal., 1984).

Limonoid examination of ‘the Mel'i':aqeae family (meliacins) is of growing
interest due to a range of biologicat activitiés, such as insect antifeedants and growth
regulators, and antibacterial, “antifungal, antimalarial, - anticancer, and antiviral
activities in humans {Keul-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; limonoidsiare: thesmainisecondary, 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).



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 irtits of X. moluccensis are also used as
a anaphrodisiac and a cure-in-elephantiasis (Chopra-etal., 1956). The kernels are used
in tonics and in relieving colie: The seeds or peels of the fruits are utilized to poultice
swellings and ash of the sgeds.is applied to itch. The bark pressings are used to treat
fevers including those'Caused by malaria(Bandarnayake, 1998).

Various biological agtivities havei'rerorted in the extracts and compounds of
the genus Xylocarpus. Antidiarrhoeal acti\}ity'of methanol extract of the barks of X.
moluccensis in castor oil and magnesium Su1phate induced diarrhea models in mice
have been studied in 2005 (Uddia et al., 2095) ‘Antibacterial activity of the extract of
X. granatum has also been reported in 2005‘(Choudhary et al., 2005). It showed
inhibition of the growih-of six-viruient strains of pacteria pathogenic to fish viz.
Edwardsiella tarda, Vibrio alginolyticus, Pseudomonas fluorescens, Pseudomonas
aeruginosa and Aeromonas hydrophila. The compound gedunin from X. granatum
showed significantin vitrorantimalarial activity but poor ifrvitro activity (Omar et al.,
2003). N-methylflindersine” from ~X. granatum has antifeedant, insect repellant,
antimicrohial, antiyeast and_.antifungal. (Chou et*al., 1977; Bandarnayake, 2002).
Xyloccensins Q-Vifrom X. granatumhave been réported.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



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'treg" up 0 4-12 ‘m with neither conspicuous buttresses nor
pneumatophores; bole ustially solitary; to: 50 cm diameters, frequently of poor form.
Bark lenticellate to finely fissured, grayish';v inner bark bright pink to red. Leaf rachis
and petiole to 22 cm with terminal“spike t'o'ri‘limm. |_eaflets in 2-4 pairs, 5-10 by 3-5
cm, ovate to cordate, sometimes-faicate, baée B’?oadly cuneate or rounded to truncate
or cordate, asymmetric, apex acute to acum'i'h'ate;' venation.prominent on both surfaces
in sicco, conspicuous-in-vive; petiofule 1=3-mm:. Fhyrses: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 mmalong.] Petals 35-6aby «2-2:5 imim, ~elliptic=oblong, creamy white.
Staminal tube 2-2.5"mm diameters, lobes apiculaté 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).



The pictures of X. rumphii are shown in Figure 1.2.
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Preliminary i@stig i C(ﬁstituents of this plant was
performed by using NMR spectroscopi%}echnique and its spectrum displayed

characteristic ﬁ"ufﬂ @Wﬂ NINBINT
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. 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 11
LITERATURE REVIEWS
2.1Limonoids
The investigation for limonoids started long back when scientists started
looking for the factor responsible for bitlerness in citrus. The term limonoids was

derived from limonin,.the first tetranoririterpenoid obtained from citrus bitter

principles (Roy and Saraf, 20086).

¥

Limonin

Figure2.1 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, sinsects .as ell as antibacterial,
antifungal, antimalarial, anticancer, antiviral and a number of ‘ether pharmacological
activities on humans (Koul et 21l2004; Nakagava et al2001).

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).



Table2.1. Prominent sources of limonoids

Family Plant species Plant part References
Meliaceae| Agalia andamanica Leaves Puripattanavonet al .,
2000

Astrotrichilia vomatata Stem bark Mulholland et al, 2000
Azadirachta indica Seeds Hallur et al., 2002
Azadirachta indica Kernels Malathi et al., 2002
Azadirachta indica Leaves Siddiqui et al,, 2000
Azadirachtaindica Seeds Koul et al., 2004
Carapa granatuim Fruits Saxena and Babu, 2001
Cedrela montana Fruits and Seeds | Castellanos et al 2002
Cedrelasalvadorens's Leaves Cespedes et gl 2001
Cedrela sinensis _Leaves Mitsui et al., 2004
Chukrasia tabularis i Root bark Nakatani et al, 2004
Cipadessa fruticosa 4 4 Fruits Leiteet al., 2004
Khaya anthotheca Stem bark Tchimene et al, 2005
Khaya grandifolia B“arkl":and Seeds | Bickii et al., 2000
Khaya ivorensis ““Stem bark Abdelgaleil et al, 2005
Khaya senegalensis Stem bark Nakatani et al, 2002
Khaya sefnegalensis Fruits Abdelgaleil et al, 2004
Melia azedarach Leaves Alche et al., 2003
Meliaazedarach Ripefruits Zhou et al,, 2004
Melia azedarach Kernels Wandscheeet al., 2004
Melia.azedarach Fruits Carpinella et al, 2003
Melia’‘azedarach Kerihels Carpinella et al, 2002
Melia dubia Barks Koul et al., 2002
Munronia henryi Whole plant Zhanget al., 2004
Neobeguea leandreana Stem bark Coombes et al 2003
Pterorhachis zenkeri Stem Vardamidest al., 2001
Quivisia papinae Seeds Coobes et al, 2004
Quivisia papinae Seeds Coobes et al, 2005




Table2.1. Prominent sources of limonoids (continued)

Family Plant species Plant part References

Meliaceae | Sandoricum koetjape Leaves Ismail et al., 2003
Sandoricum koetjape Leaves Ismail et al., 2004
Swietenia mahogany Stem bark Saad et al, 2003
Teucrium tomentosum Aerial parts Soundarya €t al

2003
Trichilia emetica Roots Germano et al, 2005
Trichiliaestipulaia Stem bark Cortez et al, 2000
Trichilia havanensis Seeds Maria et al., 2003
Trichilia pallida Roots Simmonds et al, 2001
Trichiliastbesgens Leaves Krief et al., 2004
Turraea floripunda Seeds McFarland et al,
2004

Turraea wakefieldii Root bark Ndung'u et al,, 2004
Turraea floribupda . Root bark Ndung'u et al,, 2004
Xylocarpus granatum Stem bark Wu et al., 2004

Rutaceae | Citrusreticulata Seeds Khalil et al., 2003
Citrussudachi Seeds Nakagawa et al 2001
Citrus unshiu Peeéls Sawabe et al 1999
Dictamnus dasycarpus Root bark Zhao et al, 1998
Hortia colombiana Wood Suarez et al, 2002

Raulinoa echinata

Stems and Leave

sBiavatti et al., 2001

Bouchardatia. neurococca Aerial parts Wattanapiromsakul
et-al., 2003
Clausena excavate Rhizomes and | Sunthitikawinsakul
Roots etal., 2003
SimaroubaceagHarrisonia abyssinica Root bark Rugutt et al, 2001
Harrisonia perforate Leaves 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 (Zhowet 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,&005).

These compounds.are moderately polar, insoluble in water, but soluble in
alcohols and ketones. (Aliero, 2003). - Limenoids are appearance in neutral
(noncarboxylated/aglycone)-as well as acidic (Carboxylated/glucoside) forms, the
formers are insoluble andbiiter while latter are soluble and tasteless. Chemically they
are highly oxygenated triterpengs in which the side chain has become a furan ring by
the loss of four carbons, thereforé alternatively called as tetranortriterpenoids
(Lakshmi and Gupta, 2008).

The biosynthesis of Iimonoidsfffows that limonoids are synthesized via
terpenoid biosynthetic pathway, starting with cyclization of squalene (as shown in
Figure 2.2), which results inio a tetracyclicmion, 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 formationgaubstituted 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 (Enduoal., 2002; Suareet 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).

seres cf * 2-methy
end * 2-hydr de shfis

FO Q—

cha r-bcai-cha r-bcal-squa ene Prcicstery cal cn

Figure2.2 Squalene epoxide leading to different intermediate triterpene cations
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Tirucallane

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

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

arrangement
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MeO,C S

AcO" O

OFC OAc

Ring-C cleaved limonoid

CO,CH; OCCH;
o}

Phragmalin Trijugin-type-limonoid

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

arrangement (continued)
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Euphane(20-R) Butylrospermol

Tirucallane(20-S)

R = Cg sidechain

R = Cg sidechain
Protolimonoid

AusIneninens okt
ARIAN TN INY N

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 gt$92)
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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, liaee been shown to
inhibit the growth estrogen receptor-negative and -positive human breast cancer cells
in culture, and also found.to target and- Siop.meuroblastoma cells gaaqh2000;
Pouloseet al., 2005; Millerei-al., 2004; Tianet-al.,, 2001). Moreover, significant
cytotoxic activity has alse” been exhibited Dy limonoids isolated fridedia
azedarach, Melia toosendan and azadirachtin A" (Okamuet al., 1997; Tadaet al.,

1999; Akuduguet al;72002).41n additién.,. the citrus limonoid, obacunone, was found

to enhance the cytgioxicity oOf vmcrlsﬂne against L1210 cells by approximately 10
folds. Furthermore, it was found that fhe cytotoxicity of other microtubule inhibitors
such as vinblastine and taxolin drug serrSItlve KB-3-1 cells as well as in multidrug-
resistant KB-V1 cells was |mproved greétiy in the presence of obacunone{&ling
2000). ‘ L

J

2.1.2.2 Antinsalaral-activity

Gedunin, nimbin,. nimbolide and many more limonoid®lated from
Azadirachta inelica, Cedrela odarata, Guarea mitiflora andKhaya grandifoliola have
been identified for theiin vitro antimalarial activity onPlasmodium falciparum
(Kayseretial.;2003; Saxenat4al.,| 2003 iGedunin/was! fount, to be most effective,
againstgPlasmodium falciparum, out of several limonoids isolated froikdhaya
grandifoliola and it also exhibited additive effect in combination wéthloroquine
(Bickii et al., 2000). Novel antimalarial limonoids were isolated follogvia
veterinary and self-medicative behavioral survey of wild chimpanzees in Uganda,

from leaves of Trichilia rubescengKrief et al., 2004).



17

2.1.2.3 Antimicrobial activity

The presence of limonoids imrichilia emetica can be considered to be
responsible for activity against many clinically, isolated bacterial strains (Gemhano
al., 2005). In addition, limonoids obtained from soKieaya species, showed good
antibacterial and antifungal activity (Abdelgalet al., 2005; Abdelgaleilet 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-al2000;Govindachari et gl1999).

2.1.2.4 Anti HIV agtiviiy

Limonin and _momilin:have shdwn to inhibit the replication of HIV-1 in a
number of cellular systems (Battined al 2003). A novel limonoid isolated from
Clausena excavate have also shown Hl\/-l"inhibitory activity (Sunthitikawinsaletl
al., 2003). 4.

¥

2.1.2.5 Other miscellaneous activities

Limonoid, 1-cinnamoyl-3,11-dihydroxymeliacarpin, isolated fromelia
azedarach showed I values of 6umL and 20umL for vesicular stomatitis and
herpes simpléx wiruses (HSV<1), irespectively! (Alatteal., 2003). Furthermore,
limonoids inTrichilia emetica were considered to be responsible for hepatoprotective
activity-on, CClJ, induced-damage, in rat hepatocytes., Intanitro.study, limonoids
isolated fromSwietenia humifis-have exhibited‘a coneentration dependant and non-
reversible spasmogenic and uterotonic activity (Perusquial., 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 andrelated compounds triterpenoids
. Havanensin group (all rings intact)
. Gedunin group(Ring'D opened)
. Limonoids with ring B ane Dbpened
. Mexicanolide/group (modified_rihg B opened and recyclised)
. Phragmalin group (modified, ri'ng'fB opened and recyclised)
. Methyl ivorensate group (Ringé A B and D opened)
. Obacunol group (rings-A and Iioé‘éned)

© 00 N O o B~ WN

. Nimbin group (ring € opened)

10. Toonafdlif-group-(ring-B-opened)

11. Evodulone group (ring A opened)

12. Prieurianin group (ring A and B opened)

In case,of the genusylocarpus is reported to have compounds belonging to
some of the abave-mentioned groups .of.limonoids from its different species. The
classes' of limonoids:which have tbeen' isolated from the' gEglosarpus 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 Xylocapfausts studied.

Table2.2. Limonoids isolated from Xylocarpus species

Compound Category Plant (part) References
Methyl angolensate Andirobin Xemoluccensis | Connollyet al., 1976
(Fimber)
CO,Me
Moluccensin N Andirobin | X. moluccensis | Wu et al., 2010
HO o =3 (Seed)
COOCH;
Moluccensin O Andirobin X.moluccenss | Wu et al., 2010
(Seed)




20

Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References
Gedunin Gedunin X. granatum | Taylor, 1965;
(Timber) Akisanya et al, 1961
Gedunin X-granatumand | Taylor, 1983;
X. moluccensis | Mulholland and
(Timber and | Taylor, 1992
Seed)
lo-Hydroxy-1,2- Gedunin ~ . Xigranatum | Uddin et al., 2007
dihydrogedunin ' (bark)

Mexicanolide

X. granatum and
X. moluceensis
(Timber and
Seed)

Qkorie and Taylor,
1970
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound

Category

Plant (part)

References

3/-Acetoxy-6-deoxy-

swietenine

OAc

Mexicanolide

X. granatum and
X. moluccensis
(Timber and
Seed)

Okorie and Taylor,
1970

Mexicanolide

X. moluccensis
(Timber)

Connollyet al., 1976

3
CO,Me H,,,' o
5750

Mexicanolide

X. moluccensis
(Timber)

Connollyet al., 1976
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References

Xyloccensin C Mexicanolide | X. moluccensis | Connollyetal., 1976
(Timber)

Connollyet al., 1976

oluecensis | Connollyet al., 1976
(Ti

SNENT
INYNRY

er)
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References

Xyloccensin G Mexicanolide | X.moluccensis | Taylor, 1983
(Timber)

Taylor, 1983

oluecensis | Taylor, 1983
(Timber)

ANYNINYINS
NFUNANINGA Y

OAc
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References
Xyloccensin J Mexicanolide X.granatum | Alvietal ., 1991
and
X. moluccensis
(Fruit)
2
Xyloccensin K Mexicanolide X.granatum | Kokpol et al.,
@) | (Seed) | 1996
f'e,
vdda
ik
6-Acetoxycedrodorin _,_Mexicano![i_deg_ . X.granatum | Wu et al., 2006
@) (Fruit)
COzMe H//'
o
AcO”
H Y0
Xyloccensin W Mexicanolide X. granatum,’ |\Wu et al., 2006

(Fruit)
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References
Mexicanolide Mexicanolide X. granatum | Ng and Fallis,
and 1979; Taylor, 1983

W']ﬁ\‘lﬂ‘ifﬂll%’] NYA

X. moluccensis
(Timber and
Seed)

Mulholland and

ww%’ NYINT

Taylor, 1992
.granatum | Wu et al., 2004
fen | ark
@
S




26

Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References

Xyloccensin M Mexicanolide X. granatum | Wu et al., 2003
(Stem bark)

Xyloccensin N Mexicanolide X.granatum | Wu et al., 2003

(Stem bark)

Mexicanolide+

Xyloccensin % X. granatum | Cheng et al, 2006
@ (Eruit)
Xyloccensin % Mexicanolide X. granatum* *| Cheng et al, 2006

(Fruit)
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References

3-Deacetyl-xyloccensin M Mexicanolide X. granatum | Wu et al., 2005
(Fruit)

Wu et al., 2005

Roy et al., 2006
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References

Xyloccensin Y Mexicanolide | X. moluccensis | Roy et al., 2006
(Fruit)

Wu et al., 2006

HANENINTES |
NI NRINGAY

.
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References

Xylogranatin C Mexicanolide X.granatum | Wu et al., 2006
(Fruit)

Wou et al., 2006

Xylogranatin E X.granatum | Wu et al., 2007

Phragmalin
ﬂﬂﬂi

BT
N84

\
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References
Xylocarpin F Mexicanolide X.granatum | Cui et al., 2007
(Fruit and
Seed)

Xylocarpin G sxicanolide | X.g Cui et al., 2007

T

Yin etal., 2007

Granaxylocarpin C .

ARANYNINYING
TRINFUNRANY A
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References
30a-Hydroxyl-xylogranatin A| Mexicanolide X.granatum | Wu et al., 2007
(Fruit and
Seed)
Lietal., 2007
Xylocarpin B J Lietal., 2007

i Wﬁ?

ﬁﬁ%

Seed) g

N8R

.
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

ATNRINNYAY

Compound Category Plant (part) References
Granaxylocarpin A Mexicanolide X.granatum | Yin etal., 2007
(Seed)
Granaxylocarpin B anatum Yin et al., 2007
' 2ed)
CO,Me , .
7a-Acetoxydihydronomilin Obacunol | X ﬂnatum Ng and Fallis,
A . /ms dﬁ 1979;Ahmed &
NUNTWETNT o157
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References
Xyloccensin E Phragmalin | X. moluccensis | Connollyet al.,
(Timber) 1976
34, 30a-Diacetyl-Phragmalin Phragmalin | Xt moluccensis | Mulholland and
(Timber) Taylor, 1992
Xylocarpin | Phragmalin = | X granatum | Cui et al., 2007
@ (Fruit)
OAc ?/
OA¢
Phragmalin X. granatum” | Wu et al., 2004,
(Stem bark) | Wu et al., 2005;
Cui et al., 2005;

Wu et al., 2006
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References
Xyloccensin P Phragmalin X. granatum | Wu et al., 2004;
(Stem bark) | Wu et al., 2005;
Cui et al., 2005;

Wu et al., 2006
Xyloccensin Q Phragmalin X.granatum | Wu et al., 2004;
(Stem bark) | Wu et al., 2005;
Cui et al., 2005;

Wou et al., 2006
Xyloccensin R Phragmaln | X granatum | Wu et al., 2004,
@ (Stem bark) | Wu et al., 2005;
OAc =1 Cui et al., 2005;

- Wu et al., 2006
Xyloccensin'S Phragmalin X.'granatum * |"Wu et al., 2004;
@ (Stem bark) | Wu et al., 2005;
OAc ¥~ Cui et al., 2005;

Wu et al., 2006
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References
Xyloccensin T Phragmalin X. granatum | Wu et al., 2004;
(Stem bark) | Wu et al., 2005;
Cui et al., 2005;
Wou et al., 2006
OAc
Phragmalin X.granatum | Wu et al., 2004;
(Stem bark) | Wu et al., 2005;
Cui et al., 2005;
Wu et al., 2006
Phragmaln® | X granatum | Wu et al., 2004,
(Stem'bark) | Wu et al., 2005;
Cui et al., 2005;
Wu et al., 2006
Phragmalin X.granatum * |"Zhou et al, 2006
(Stem bark,

Fruit and Seed
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound

Category

Plant (part)

References

Xyloccensin 4

OAc

Phragmalin

X. granatum
(Stem bark,
Fruit and Seed

Zhou et al, 2006

Phragmalin

X. granatum
(Stem bark,
Fruit and Seed

Zhou et al, 2006

Granaxylocarpin D

Qi
OAc ¥

Phragmaﬁn -

X. granatum
(Stem-bark,
Fruitand Seed

Yin et al., 2007

Phragmalin

X granatum
(Stem'bark;
Fruit and Seed

Yin et al., 2007
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References
Xylogranatin & Phragmalin X.granatum | Wu et al., 2007
(Stem bark,
Fruit and Seed
Moluccensin H Phragmalin | X. moluccensis | Pudhom et al,
' (Seed) 2010
Moluccensin | Phragmali'nw | X. mol@ccensis | Pudhom et al,
C(/) (Seed) 2010
Moluccensin J Phragmalin | X. moluccensis | Pudhom et al,
(Seed) 2010

OAc
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References
Moluccensin H Phragmalin | X. moluccensis | Wu et al., 2010
(Seed)
—
lin | X. moluccensis | Wu et al., 2010
Y]
Phragmalin n‘yuccenss Wu et al., 2010

waw%ﬂ
0 U9

BT
NY1a
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References

Moluccensin K Phragmalin | X. moluccensis | Wu et al., 2010
(Seed)

Moluccensin L / Aragmalin_ | X. mol is | Wu etal., 2010
/ O I' - .y \ L

o

e
BT

ANEaE

Phragmalin Wu et al., 2010

AYEINYNT

e
-
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Table2.2. Limonoids isolated from Xylocarpus species (continued)

Compound Category Plant (part) References
Protoxylogranatin A Protolimonoid | X. granatum | Lietal., 2008
- OF (Fruit and
q ONG
k<CO j seed)
O

Protoxylocarpin F Protolimonoid | X granatum | Pudhom et al,

(Seed) 2009
Protoxylocarpin G Protolimfd_nt-_)id X. granatum | Pudhom et al,

i (Seed) | 2009

F

Protoxylocarpin Protélimonoidy| 4 X. granatum ¢ Pudhom et al,

(Seed) 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-phragnliho 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 dflythimna separata (Walker) at a
concentration of 500 ppm (Wu et.a2005).

In 2007, Yin and.coworkers reporied-five-new limonoids, granaxylocarpins A-
E, were isolated from the  seeds of the Chinese marine mangtyleearpus
granatum. GranaxyloCarpins /Asand B showed weak cytotoxic activities against the
P-388 cell line with 1§, values 019.3 and 4. 0M, respectively (Yin et al, 2007).

In 2009, Cui and coworke}s isolated five new protolimonoids,
protoxylocarpins A-E, and two hew Iirhon'oids xylocarpins J and K, together with
xyloccensins M and Y from the fruiites of a Chinese mangrove pfgidcarpus
granatum. These compounds exhibited moderate to weak activity against HCT-8, Bel-
7402, BGC-823 and A2780 cell lines (Cui et 2009).

In 2009, Du and coworkers found a new lactone, named 3-(1-hydroxyethyl)-
4,4-dimethyl-4-butyrolactone, isolated from the leaves Xgfocarpus granatum.
At a concentration; of 2Qg/mL, this/ lactone gave a 67:4% inhibition rate against
wheat powderymildew (Du et 312009).

In 2009,'Lt and coworkers reported khayasin-T, a' limoneid from the seeds of
an Indian mangroveXylocarpus granatum. This compound exhibited moderate
insecticidal activity against fifth instar larvae Bfontispa longissma (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 (Liet al., 2009).
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In 2009, Pudhom and coworkers found xylogranatin C and 7-oxo0-7-
deaxetoxygedunin isolated from seed kernelXybbcarpus granatum. Xylogranatin
C was active against CHAGO cells with ansd@alue of 9.164:M, while 7-oxo-7-

deacetoxygedunin was cytotoxic toward Hep-G2 cells with gavi&@ue of 16.17:M
(Pudhom et al, 2009).

In 2010, Pudhom and coworkers found three new phragmalin limonoids,
moluccensins H-Jwhich were isolated fiem.seed kernels of the cedangrove,
Xylocarpus moluccensis.~Only moluccensin | displayed weak antibacterial activity
against Saphylococcus hominis” ATCC 27844 andEnterococcus faecalis ATCC
29212, with a MIC at 25@g/mL(Pudhom et al 2010)

In 2010, Wu and coworkers reported moluceensins H and | from the seeds of
an Indian mangrovexylocarpus moluccénsis. These compounds showed moderate
insecticidal activity against the fifth instaf larvae Bfontispa longissima (Gestro) at
a concentration of 100 m@/L. The letha]',:f‘r"atles of moluccensin H at exposure times of
72 and 96 h were 20.7% and 27.6%, resﬂp’enétively, while those of moluccensin | were
10.7% and 28.7%, respectively (Wu et,élOlO)

Limonoid derivatives have been found in Allocarpus plants studied, but
their distribution and content varies between different species and between parts, or
geocultivars, L.of “the  same" species. These ‘unique" characteristics prompted us to
investigate an@ther plant in this genglocarpus rumphii (Kostel.) Mabb. due to a

few reports:on-its-chemical-constituents:



CHAPTER |11
EXPERIMENTS
3.1 Plant material

The seed kernels ofylocarpus rumphi(Kostel.) Mabb. were collected from
Rayong ProvinceThailand, in April 2009Plant.materials were identified by Royal
Forest Department, Bangkok; Thailand. A-voueher specimen (BKF No. 163884) was
deposited at the Forest Heranum, Royal Forest Department, Bangkok, Thailand.

“u‘
3.2 General ExperimentalProcedures. .

3.2.1 Nuclear magnetic r@onancé spectrometer (NMR)

The NMR spéctra were -rét_;or"ded in CRQIsing a Bruker AV400
spectrometer at 400 MHz fdf NMR aéd‘é{t 100 MHz for*C NMR using TMS
(Tetramethylsilane) as intefnal standard.

322 Massspéctrometer (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.



44

3.2.4 Fourier transform infrared spectrophotometer (FT-IR)
The FT-IR spectra were recorded on a Perkin-ElImer 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 Mdtingpoini
Melting paintswere recorded on a Fisher-Johns melting point apparatus.
3.2.7 High performance liguid chrbmatography (HPLC)

Preparative HPLC was perfdr'me'd on.a Water system (Waters 600 HPLC
pump and Waters 2996-Photodiode array detector): GL Science column C48 (20

250 mm, 3 pn) was usSed for separation.
3.2.8 X-ray crystallography
The crystal- structure .was . selved .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 (CHC}), dlchloromethane (C¥Ely), ethyl acetate (EtOAc), acetone and

w//mn prior to use.

|ments is GDCI

- Merck’s sili l0=77 d N 5 were used as adsorbents for

analysis. Detect|0|§was m?uﬁrf;é? der ultravi ight at wavelengths of 254 and
356 nm and dipped-witir (i Npbivio7052-solution : SOy /EtOH.

ﬂumwamwmm
QWWMT’I‘?EM URIINYIAY
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3.4 Extraction and | solation

Air-dried and powder seed kernelsXaf 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 suspened0n(260 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 vyield fifieen major fractions. Each fraction was
analyzed by TLC andH-NMR specifum.-Fraction eighth was subjected to column
chromatography over silica” gel eluting with acetoneClk (5%-15%) to give
compoundl (11 mg). Fractien ninth'was chromatographed on a silica gel column
chromatography using acetone £CH; (5%-100%) to obtain compourii(34.6 mg).
Fraction eleventh was subjected-to éilica gel column chromatography eluting with
acetone-benzer(@0%-15%), and furthé_r Jburified by preparative HPLC (C18) silica
gel using a mixture of  MeOH4D (80%‘)"'to afford compoun@ (19.1 mg) and
compound4 (30.5 mg), respectively. Fractlon twelfth was separated on a silica gel
column eluting with MeOH-Ckl> (2%- 5%) ‘and then crystallized from MeOH to
obtain compound (79 mg). Fraction thirteenth was chromatographed on a silica gel
column using acetone=GEis(15%) to-furnish-compouin@ (44.9 mg) and compound

7 (26.1 mg), respectively.

The extraction andyisolation:of the ethyl acetate crude extract mimphiiis

summarized in. Scheme 3:1.



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

Extracted with MeOH

a7

(2 L, 2 days)
\4
v \ 4
Crude MeOH extract Residue
Extracted with EtOAc
(200 mL, 3 times)
\4
A4 v
Crude EtOAc extract Residue
(4.109) v
|
Quick columa’chr@matography .
Acetone yHexane (10% - 50%)..
v L W
v v o S v v
N
Fraction 8 Fraction 9 Fraction.11 Fraction 12 Fraction 13
(276.1 mg) (346.6 mg) . (300 mg)., (1.67 g) (437.7 mg)
cc, sio ceiSig /ceisio cc, sio
Acetone : CHCly Acetone : CHCl, Acetone : Benzéne [ MeOH : CHCI,
(5% - 15%) = =} (506--100%: (10%=i5%)—= " | (2%-5%)
A\ 4 ) V} V} Y
Compoundl Compound2 Preparative HPLC [ Crystalization from
(11 mg) (34.6 mg) MeOH : HO (20%) Methanol
A\ 4 A 4
Compouncb
(79 mo)
A\ 4 A 4
Compound3 Compound4
(1941 mg) (80:5-m@)
CC, SiQ
Acetone : CHCI, (15%)
A\ 4
v A 4

Compounds Compound?
(44.8 mg) (26.1 mg)

Scheme 3.1 The extraction and isolation procedure of X. rumpbéd 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 fom vitre-antimicrobial assay..~The test was performed by using

microdilution assays as follews:

Table 3.1 Gram-positive and gram-negative bacteria tested

Gram-positive bacter ia :'_ J Gram-negative bacteria
1. Enterococcus fagcal&TCC 7 1. Escherichia coliATCC 35218
29212 . 2. Klebsiella pneumoniadTCC
2. Enterococcus faecal&TEEC = 27736
51299 (vancomyein resistant) 3 Kiebsiella pneumoniaéESBL
3. Enterococcus faeciutaCLEA 192 producing) ATCC 700603
4. Salmonella typhimuriumPATCC 4. Pseudomonas aeruginosa ATCC
13311 27853
5. Staphylococcus|atureUsTCC 5. OProteus vulgarisATCC 13315
25923
6. .Staphylococcus epidermidis
ATCC 12228

7. Staphylococcus homin&sTCC
27844
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3.5.1.1 Preparation of bacterial inocula

Bacteria were grown on Mueller Hinton agar (MHA) for 24 h at @7
Selected fresh single colonies were inoculated into 10 mL of Mueller Hinton broth
(MHB) and incubated in shaking incubator for 2-3 h at @7 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 (MFB)to contain 1R1OFU/mL.

3.5.1.2 Deter minatign Ci*minimum inhibitory concentration (M1C)

Solution of a'test«Compound in DPMSO (25.6 mg/mL) was diluted with MHB.
The test compoundWwasprepared at the concentration ranges of 0.5 jig/286
MIC is defined as/the lowest concentration that inhibits growth of test
microorganisms. 4

A 50 pL of MHB containing the tésttompound was dispensed into each well
of microtiter plates+(96-flat-bottom WeIIS) for the evaluation of antibacterial activities.
Sterile compound-freé meditim 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. Compound-free MHB in volumes of
100 pL were(used as the sierility control:. The experiments were done in duplicate.
After incubation at 37C for 24 h, a 2QuL of p-iodonitrotetrazolium (INT) solution
(1 mg/ml)ewas added-into- each (well.o The~antibacterial .assay plates were further
incubated for 1'h. Growth in"each well was indicated by a colorchange 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_carcinome), BT-474 (breast ductal carcinoma) cancer
cell lines and CH-Liver (liver cell line) used.as control cell. Herein, itheitro
cytotoxicity was determined by ~usingM¥T (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphynyltrazolium bromide)” ealorimetric method (Carmichael 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 gancer: cell line was harvested from exponential-phase
maintenance cultures (T+25 Eiftesk), counted by trypan blue exclusion, seed cells in
a 96-well culture plates at a density of*i?dﬁlls/well in 200uL of culture medium
without compounds to be tested. Cells Wekﬂ‘é cultured in &6%ncubator at 37C,
100% relative humidity for 24 h. Culture medium. containing the sample was
dispensed into the--appropriate-welis (controi 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 wereithen, incubated for 3 days priaryte;the addition of tetrazolium
reagent. MTT ,stock Solution in'a concentration of 5'mg/ml in PBS was sterilized by
filtering.through 0.45.L filter.units. MTT working solution.was preparedsfprior to
culture application'by: dilution‘ofMTT stock 1:5 (v/v).in prewarmed standard culture
medium. The freshly prepared MTT reagent in a volume ofill@vas added into
each well and mixed gently for 1 minute on an orbital shaker. The cells were further
incubated for 4 h at 37C in a 5%CQ; 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 andull56f DMSO was
added to dissolve the resulting formazan. Samples in the culture plate were mixed for
5 minutes on an orbital shaker. Subsequentlyyl2%f 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).

AULINENINYINT
PAIATUAMINYAE



CHAPTER IV
RESUL TS AND DISCUSSION
4.1 Theisolated compounds from Xylocarpus rumphii (Kostel.) Mabb.
The ethyl acetate crude -t of the seed kernelsytfcarpus rumphii
(Kostel.) Mabb. was s ‘ graphic techniques to obtain seven
iins A-D (compouBdd, 1 and

| angolensate (compad)nd

limonoids including fo
7) and three kno

xyloccensins E (co eir structures are shown in

Figure 4.1.
23/ O
1 5 — : 2 S
o H,' 13 3 ,,.»'J_._F- 7] Y 18 20
T Oﬁ'(w 11 - A
Meoja//,,ﬁ . 9 i 13 (@]
WL 9 1416
0o .4 HOLZF "N NG Y e
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»8 O o o~ 30
ﬂ L - ge) OMe
Com ound 1 Compaund 2

ARIRINIUNRINGTA 8

Figurezﬂl The chemical structures of isolated compounds from X. rumphii
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Compound 7

Figure 41 The chemical structures of isolated compounds flémrumphii

(continued)
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4.1.1 Structure eucidation of compound 1

Molecular formula

Appearance orphous solid
m.p. £ 32 5C
(o]t Y CHCY)
]

UV (CHCly) zmaxaogg 45 nm (3.48)

2372, 1723, 1461,
w183 Y Pt Ribie it
'H and™*C NMR (CDCEB) See-Table 4.1

eSS AIN TN AN Q8] o706
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Compound 1 had the molecular formula 36H480:1 as established by
HRESIMS (n/z679.3095 [M+Nal], calcd. 679.3094). Thed, °C (Table 4.1) and 2D
NMR (HSQC, COSY, HMBC) data revealed the presence of four methyl gréups |
1.20 s, 1.07 s, 1.25 s, 0.7808;19.7, 20.5, 21.9, 26.4], a 2-methylbutyryl grodp [
2.28 (m, 1H), 1.13 (m, 3H), 1.64 (m, 2H), 0.88)t 7.4 Hz, 3H)oc 41.4 CH, 16.1
CHgs, 26.2 CH, 11.5 CH, 175.8 gC], an isobutyryl group{ 2.47 (m, 1H), 1.10 (m,
6H); c 34.1 CH, 18.8 Ch 18.9 CH, 176.4 gC], a methoxy carbonyl[ 3.68 s;ic
51.9 CH, 173.8 qC], asp’. methine groupd, 6:00 s;6c 117.6], as well as three
oxygenated methinej 5:41 (d,J = 9.1 Hz), 5.02 s, 5.54 (d,= 4.2 Hz);6c 73.8,
81.3, 76.2]. The downfield.shiited proton resonances at41 (s, 1H), 6.42 (s, 1H)
and 7.49 (s, 1H) were characteristic gf-aubstituted furan ring found in all known
limonoids. These NMR /data strongly. suggested thatas a maxicanolide type
limonoid. Thesp” methine/proton ady 6.00 showed HMBC correlation (Figure 4.3)
between C-8, C-13, C:14,C-16 and C”—lJS, thus this proton was assigned to H-15. The
doublet oxymethine proton at; 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 aty 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 guaternary carbodcalt07.2 was
assignable to C-1, -a-hemiketal-group related to that of xylogranatin AefVéil,
2006), xylocarpin F and G (Cui et 22007). The HMBC correlation between H-3 and
an acetyl carbonyl abvc 177.8 clarified the acetyl substitution. Moreover, 2-
methylbutyryl-and isobutyryl groups-were:locatedyat C<3 and C-30 through HMBC
correlations fram 'H-3to carbonyl'é¢ 175.8 and from H-30to another carbonybat
176.4, respectively. . The relative .configuration bfwas .elucidated by the NOE
correlations” of 'H=9/3k18,! H-18/k:<19, 'H-17/H-30, 'H-2/H#29 (Figure 4.4). Thus,

compound 1 was assigned to be xylorumphiin C as shown in Figure 4.2.



Figure4.4 Key NOE correlations of compound 1
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Table4.1. The NMR data of compound 1
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Position H 3c COSsY HMBC
1 107.5
2 2.91(dd,J=9.1,4.3Hz, 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.¢ -
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) 320 H-5 C-4, C-7
2.35 (m, 1H)
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, 4H) 15.0  H-9, H-12a, C-9
2.36 (M, 1H) . H-12b
12 2.19 (m, 2H 24.¢ . H-1la,+-11t C-11, C-14
13 38.¢
14 159.7
15 6.00 (s/'1H), 117.6 C-8, C-13, C-14, C-16,
' C-18
16 16307
17 5.02 (s, 1H), 837, C-13, C-18, C-20, C-22,
Cc-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.F
20 120.(
21 7.41 (s, 1H 142.¢ C-20
22 6.42 (s, 1H' 109.¢ H-23 C-20, C-23
23 7.49 (s, 1K 141% H-22 C-20, C-22
28 1.25 (s, 3H 21°¢ C-3, C-4, C-5, C-29
29 0.78(s+3H 24% 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.¢
2' 2.28 (m, 1H) 41.1 = 'H-3H-44, Cc-1,c-3.C-4,C5
H-4b'
3 1.13 (m, 3H) 16.1 H-2' C-1' C-2', C-4'
4 1.64 (m, 2H) 26.2 H-2H-5'
5 0.88 (t, J = 7.4 Hz, 3H) 11.5  H-4-4b' C-2', C-4'
30-Acyl
1" 176.4
2" 2.47 (m, 1H) 34.1 H-3H-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 eucidation of compound 2

Molecular formula = \\\Q N

Appearance | oy \\\ phous solid

m.p. 9 w\‘ 36.5C
[a]?® FHaidis 4 c 0.1 CHC})

T3 7
UV (CHCI3) imax(l OQ 8) ‘ngg L e .1

TsE—
-

), 64, 2358, 2339, 1719,

IR (KBr) v. 90, 1242, 1170, 1127 and
J 1022 cntt -

'H and®™®C N ﬁ‘ﬂ' .ﬁ " Lo

ESIMS m/z ﬁﬂ) ,J Vl EJ‘ V] 54 1. ﬂmﬁ,;cd. 471.56

PAIATUAMINYAE



59

Compound2 had the molecular formula,@&3407, as established by ESIMS
(M/z471.54 [M+H], calcd. 471.56). The NMR data ®{Table 4.2) and its 2D NMR
showed signals for a methoxy estép B.70 s;oc 52.1 CH, 173.8 gC], a ketone
carbonyl pc 212.8 qC], an ester carbonyk[170.1 qC], four methylsif; 0.85 s, 0.93
s, 1.03 s, 1.18 sic 13.7, 21.6, 25.8, 21.6], twa® methylenesdy 4.88 s, 5.14 sic
111.5 CH, 145.6 qC], two oxygenated methinég B.51 (ddJ = 6.1, 4.0 Hz), 5.65 s;
oc 77.2, 79.5], together withAfuryl ring [0y 7.42 s, 6.37 (d]) = 1.0 Hz), 7.36 (1) =
1.6 Hz);oc 120.8 qC, 140.7 CH, 1099 CH, 1442.7 CH]. The aforementioned data
indicated that2 is andirebin-type limonoid. The-location af* double bond was
confirmed by HMBC correlations (Figure 4.6) from methylene protords 4t88 and
5.14 to C-8 and C-14. Amobserved HMBC correlation from H-1 to C-14 allowed the
assignment of the oxygen bridge bet\/\_/een C-1 and C-14. The relative configuration of
2 was elucidated bysthe NOE correlations (Figure 4.7) at H-281 H-5/H-28, H-
1/Hz-19, Hs-19/H5-29, H-17/H-29. Baséd on these findings and comparison of its
NMR data with those reporied in the' literatures (Table 4.2), it has proved that
compound? was assigned to be methyl'éi:‘ngolensate as shown in Figure 4.5 (Kadota
al., 1990). =
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Table4.2. The'H and**C NMR data of methyl angolensate and compound 2

Position Methyl angolensate Compound 2
1H 13C 1H 13C
1 3.52 (dd, ¥ 6.5,4.0Hz,1H) 77.2 3.51(dd,J=6.1,4.0Hz, 1H) 77.2
2.51 (dd, ¥ 14.5,4.0 Hz, 39.5 2.48 (dd, J =14.3,4.0 Hz, 39.3
1H) 1H)
2.90 (dd, ¥ 14.5,6.0 Hz, 2.91 (m, 1H)
1H)
3 212.6 212.8
4 4800 48.0
5 2.88 (d, J = 10.5 Hz, 1H) 4310 2.87 (m, 1H) 42.8
6 2.25(d, F16.5Hz, 1H) ,3356 2.26 (m, 1H) 33.7
2.61 (dd, = 16.5,10.5 Hz, 2.60 (m, 1H)
1H)
7 173.8 173.8
8 145.9 145.6
9 2.17 (dd, ¥%5.0,45 Hz, 4H) 50.0 2.15 (m, 1H) 49.8
10 441 43.9
11 1.57 (t, F145Hz AH)( 238 1.56 (m, 1H) 23.7
2.20 (m, 1H) “ 2.22 (m, 1H)
12 1.14 (ddd, J'= 16.5Hz, 1) 293 1.12 (m, 1H) 29.3
2.61 (dd, F 16.5,10.5 Hz, 2.61 (m, 1H)
1H) —
13 415" 41.4
14 80.2 80.2
15 2.91(d, % 18.0 Hz; 1H) « 33.8 2.91 (m, 1H) 33.7
2.58 (d,=18.0 Hz, 1H) 2,59 (m, 1H)
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, BH) 217 0:93 (s, 3H) 21.6
20 120.9 120.8
21 7.44Ydd, ¥ 1.5,0.8, 1H)  140.8 7.42 (s, 1H) 140.7
22 ..6.39 (dd,¥ 1.5,0.8.Hz, 1H),109.9 6.37 (d,J 1.0 Hz, 1H) 109.9
23 7.38 (©\J's 1.5 Hz,.1H) 142.7 7.36 (t, 3= 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) 111.5 4.88 (s, 1H) 111.5
5.15 (s, 1H) 5.14 (s, 1H)
7-OMe 3.72 (s, 3H) 52.1 3.70 (s, 3H) 52.1
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4.1.3 Structure eucidation of compound 3

Molecular formula

20 W\ .
Appearance A/ -4 e amorphous solid
d tf"".: .-:_J"
m.p.
[a]}

3460, 2978, 2940, 2363, 1733, 1456,

IR (KBr) ﬂ u El E] V] {ﬂ Erﬁi ﬁﬁ 1151, 1060 and 1017

'H and*®c NMR (CD Seecfable 4.3 o

HRES’ﬂﬁ/’] ﬂ flJ u ﬁsq gBﬂl\Eblla] @ (EJ 683.3043
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Compound3, a white, amorphous solid, possessed a molecular formula of
CssH4g012 as established by the HRESIM®&/¢683.3038 [M-Na]', calcd. 683.3043).
The NMR data (Table 4.3) &and the information from its 2D NMR studié$i{*H
COSY, HSQC, HMBC) indicated the presence of the following functional groups; a
methoxycarbonyl [§4 3.69 s;0c 51.9 CH, 173.9 qC)], two isobutyryl groups 2.64
m, 1.08 (d, = 6.7 Hz), 1.10 my: 17.8 CH, 19.6 CH, 33.8 CH, 174.4 qCj;2.64 m,
1.10m, 1.21 (dJ = 7.1 Hz); & 18.3 CH;, 20.1 CH, 33.9 CH, 177.8 qC], and &
furanyl ring [0y 6.38 (d,J = 0.9 Hz), 7.39(J= 1.6 Hz), 7.53 br si: 109.9 CH,
120.8 qC, 141.6 CH, 143.0 CH]. &lactone ring D characterized by NMR dati [
5.19s, 2.73 m, 3.14 (4,19.7 Hz), 2.22 moc /7.1 CH, 29.0 Ch| 46.4 CH, 36.2 qC,
169.7 qC], was corroberated 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 suggesied tifatvas a mexicanolide type limonoid. Protons of a
tertiary methyl groupdy 104 §; & 22.2°CH] showing HMBC correlations to C-13,
C-14 and C-17, were assigned ig-18. Pvr.o:[ons of the second tertiary methyl group
[on 1.12 m; &c 21.0 CHY, exhibiting HMBC correlation to C-1 and C-9, were
identified as H-19. Protons of the third tertiary methyl group 0.73 s;éc 24.2 CH],
displaying HMBC carrelations to C-3, C-4, C-5 and €-29, were indicated;-@8,H
and those of the “fourth tertiary methyl grougy [L.24°s; &c 22.1 CH], showing
HMBC correlations 40 C-3, C-4, C-5 and C-8, wetre assignedsta9HThe singlet
oxymethine proton aby 4.85_ was assigned. to H-3 through HMBC correlations from
this proton to'thelcarbons’at C-2,/C-4, €-5 and-Cii'addition, the proton af;6.18
(0c 75.6 CH) showing HMBC cofrelations to«€-1, C-3, C-9 and ,Gwétre indicated
as H-30. The remaining quaterhary carbondatl07.2 was attributed to C-1, a
hemiketal group related to that df Two isobutyryl groups were located at C-3 and
C-30 through HMBC correlatins of H-3 to a carbonyldt177.8 and of H-30 to
another carbonyl abc 177.8. The relative stereochemistry fvas 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 thig-BDand the corresponding
30a-isobutyl group. Moreover, the lack of NOE interaction from H-30 to H-3
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indicateda-orientation of H-3. Therefore, the structure3pinamed xylorumphiin A,

was established as shown in Figure 4.8.

Figure4.9

Figure4.10 Key NOE correlations of compourdd



Table4.3. The NMR data of compound 3
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Position H °C 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) 3213 H-5 C-4,C-7
2.27 (m, 1H)
7 1739
8 81.0
9 1.48 (m, 1H) 63.2 - H-11a, H- C-5,C-8, C-10, C-14,
11b C-30
10 42.6
11 1.88 (mydH) 19.7 H-9, H- C-12, C-13
1.68 (m, 1H) 4 12a,H-12b
12 1.83 (my'1H) 358  H-1la,H- C-11, C-13,C-14, C-18
1.32 (M, 1H) .. 11b
13 3612
14 2.22 (m, 1H) 46.4 ; H-15a,H- C-8,C-9, C-13, C-15,
15b C-16, C-17, C-18, C-30
15 3.14 (d, J=19.7Hz, 1) 290 ~ H-14 C-13, C-14, C-8, C-16
2.73 (m, 1H) $A
16 169:7;
17 5.19.(s, 1H), T C-18, C-13, C-14, C-20,
C-21, C-23
18 1.04.(s, 3H) 222 C-13, C-14, C-17
19 1.12 (m, 3H) 21.0 C-9,C-1
20 120.8
21 7.53 (s,41H), 1416 C-22, C-20, C-23
22 6.38(00=019'Hz) AH),| 1/109.9 H<23 C-20, C-21
23 7.39 (t, =116 Kz, 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 C9,C-3,C-1,C-1"
3-Acyl
1 177.8
2' 2.64 (m, 1H) 339 H-3H-4' C-1,C-3'
3 1.10 (m, 3H) 18.3 H-2' c-2', Cc-4
4' 1.22 (d, = 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

Molecular formula

Appearance orphous solid
m.p. == < 7. QC

[l \7 5 (¢ 0:4 CHCY)

UV (CHCL) /Imax(logm 240.9 nm 366)

s ﬂumﬂwmgﬁﬁ% e
w5050 1T 6

HRESIMS m/z 697.3194 [M-Na]’, calcd. 697.3200
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Compound4 had a molecular formula of 36Hs500:, as established by the
HRESIMS (/z697.3194 [M-Na]", calcd. 697.3200). The NMR data (Table 4.4% of
and its 2D NMR studies'l-'H COSY, HSQC, HMBC) indicated the presence of a
methoxy carbonyl group § 3.68 s,&c 51.9 CH, 173.8 qC)], a 2-methyl butyryl
group [5;0.89 (t,J = 7.5 Hz), 1.41 m, 1.67 m, 1.20 @= 7.1 Hz ), 2.37 mp 11.2
CHgs, 25.3 CH, 16.8 CH, 40.5 CH, 177.3 qC], an isobutyryl group(1.08 (d,J =
6.7 Hz), 1.11 (dJ = 7.1 Hz), 2.67 mix/17.8 CH, 19.7 CH, 33.7 CH, 174.3 qc)],
and ag-furanyl ring [0y 7.58 s, 6.38 (dJ =1.0'Hz), 7.39 (t) = 1.7 Hz);oc 141.6,
109.9, 143.0, 120.8]. The NMR data of compodndere virtually identical to those
of 1 with the only difference being the appearance of an additional methine and
methylene instead af****dotible bond irl. Both compound. and4 shared the same
configuration as confitmed by similarities between the NOE correlations (Figure
4.13). Thus, the structure dfnamed xylorumphiin B, was established as shown in
Figure 4.11.
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Table4.4. The NMR data of compound 4
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Position H 3¢ COSY HMBC
1 107.:
2 82.1
3 4.86 (s, 1H 80.t C-2, C-5, C-30, C-1'
4 38.¢
5 2.60 (m, 1H 40.4 H-6a, -6k  C-4, C-9, C-7, C-10,
6 2.27 (m, 1H) 32.3 H-5 C-5, C-7
2.31 (m, 1H)
7 1738
8 81/
9 1.48 (m, 1H 63.2 H-1la, +-11k C-3C
10 42.¢
11 1.67 (m,.dH) 19.5 H-9,H-12a, C-9, C-14
1.87 (m, 1H) H-12b
12 1.32«(M, 1) 85,8 H-1la, H-11b C-13, C-17
1.83 () 1H)
13 36.2
14 2.20 (m, 1H) 46.4  H-15a, H-15bC-8, C-9, C-13, C-15,
v C-18 C-16, C-20
15 3.14 (d, J=49.7Hz, 1H) 29.0 H-14 C-8, C-13, C-14, C-16
2.75 (m, 4H)
16 169.£
17 5.19 (s, 1H) = C-13, C-14, C-18, C-
L 20, C-21, C-22
18 1.03 (s, 3H 220 C-12, C-14, C-17
19 1.2€.(s, 3H Pl P C-1, C-9
20 120.¢
21 7.534s, 1H 141.¢€ C-20, C-22, C-23
22 6.38 (d,J=1.0Hz, 1H  109.¢ H-22 C-20, C-23
23 7.39 (tJ=1.7Hz, 1H 143« 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.C C-3, C-4, C-28
30 6,20 (s, 1H 75.E C-1, C-8, C-9, C-1"
3-Acyl
1 177.°
2' 237 (mglH) 4055 H3H=44, C-1', C-4'
H-4b'
3 1.20 (d, = 7.1 Hz,3H)  16.8 H-2' C-1' C-2' C -4,
4 1.41 (m, 1H) 25.3 H-2! H-5° C-1'C-2', C 5, C-3,
1.67 (m, 1H)
5 0.89 (t, J = 7.5 Hz, 3H) 11.2  H-4&d-4b' c-2',,C-4'
30-Acyl
1" 174.3
2" 2.67 (m, 1H) 33.7 H-3H-4' c-1", C-3"
3" 1.11 (d, J = 7.1 Hz, 3H) 19.7 H-2' Cc-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 eucidation of compound 5

Molecular formula

Appearance T olorless crystals
m.p. ,. 5-143.5C
[a]? 4 -50(@0.1CHC}
° ..y:.————’ 2 J
IR (KBr) (3531, 3469, 2959, 1747, 1366, 1237,
ﬂuEI’JVIEJVIi‘WEP”Tf'I““J"” o
'H and**C NMR (CDC}) See Table 4.6

=MW IANT T 9 8
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Compound 5, colorless crystals, had a molecular formulasHz,O14
determined by ESIMSn{/z687.27 [M+HT], calcd. 687.26). ThtH, °C data and 2D
NMR data (Table 4.6) d indicated the presence of the following functional groups;
a carbomethoxydy 3.69 s,oc 52.1 CH, 172.7 qC], three oxygenated methings [
5.10 s, 6.30 s, 5.54 &: 81.1 CH, 69.3 CH, 78.6 CH], an orthoacetalg 1.66 s;oc
21.0 CH;, 119.0 qC], two spmethines §; 2.96 (d, J= 8.5 Hz), 2.06 mgc 35.5, 43.1],
tensp’ methylenes & 2.47 m, 2.24 m, 2.07.m, 1.65 m, 1.54 m, 1.30 m, 3.28 &,
20.3 Hz), 2.70 m, 1.98 m, 1.67 @ 33.3,254, 29.1, 26.5, 40.2], three methyls [
1.06s,1.14 s, 0.89 & 19.9,16.5, 14.6], three acetyl§[1.94 s, 2.25 s, 2.15 &;
21.6 CH, 168.6 qC; 21.4*C5170.2 qC; 21.1 CH170.2 qC]. ThéH and**C NMR
data of5 were characteristie of a phragmalin type limonoid. The quaternary carbon at
oc 119.0 (C-31) showing a HMBC cerrelation (Figure 4.15) to H-32 suggested the
presence of an orthoagetate group.x‘!vlnwaddition, the nature of oxygenated carbons
assigned for C-1& 86.9), C-8 6c 860) _.and C-9 & 85.3) was comparable to
xyloccensin E. This sugoested the pos_;i_:_ti_dn 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 io both acéf_yl;carbonyls and its molecular formula. The
structure and relative stereochemistribafere 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 ®fwas identified as xyloccensin E
(Connolly et al, 1978). Furhtermore, this is the first report for the complete
assignment of NMR+data fon xyloccensin E.
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Table4.5. Crystal data and structure refinement for compound 5
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Identification code

Xyloccensin E

Empirical formula C35Hyp O14
Formula weight 686.69
Temperature 293(2) K
Wavelength 0.71073 A

Crystal system, space group

hexagonal, P6

Unit cell dimensions

a = 17:8937(4) Alpha = 90 deg.

b = 17.8937(4) A beta = 90 deg.

¢ = 19.7758(4) A gamma = 120 deg.

Volume 5483.6(2) A
Z, Calculated density 6, 1.248 Mg/m
Absor ption coefficient 0.097 mnt
F(000) 2184

Crystal size ? x’) X:? mm

Thetarangefor data collegtion, ',

24410 23.83 deg.

Limiting indices

-16<=h<=20, -20<=k<=20,-20<=|<=22

Reflections collected / unigue.

26863 /2879 = 00295]

Completenessto theta = 23.83

98.70 %

Refinement method

Full-matrix least=squares orf F

Data/ restraints/ parameters

2879/1/456

Goodness-of-fit on F*2

1.029

Final R indices[[>2sigma(l)]

R; =0.0420, wR2 = 0.1115

R indices (all data)

R; = 0.0506, wR2 = 0.1191

Absolute structurs parameter

-10(20)

L argest, diff. peak and hole

0.412 and -0.172°e3A




Table4.6. The'H and**C NMR data of xyloccensin E and compound 5
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Position Xyloccensin E Compound 5
lH 13C lH 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 =8.5Hz, 1H) 35.5
6 3323 2.47 (m, 1H) 33.3
2.24 (m, 1H)
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) 25.4
1.66 (m, 1H)
12 29.2: & 1.54 (m, 1H) 29.1
: 1.30 (m, 1H)
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) 26.5
{, 2.70 (m, 1H)
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 16.6 114 (s, 3H) 16.5
20 121.2 121.1
21 7.50 140.8 .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 15985m, 1H) 40.2
1.67 (m, 1H)
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




4.1.6 Structure eucidation of compound 6

Molecular formula

Appearance orphous solid
m.p.
(o] . t‘-—‘-’f 412/ 0.1 CHCY)

e _' AL

i

UV (CHCI3) imax(l .&d« 2 7
IR (KBr) o

0, 4@
1237 117

'H and®c Nl\ﬂ ZHDEJ)IJ ﬂ E] V] 3&“ Ht:] ﬂi

ES'MW'mmm TSN TRE
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95,3469, 2968, 2959, 2358,
1733, 1466, 1375, 1366,
1094, 1056, 1027, and 1022
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Compound6 was isolated as a white, amorphous solid and its molecular
formula was determined as;#l3,0s on the basis of ESIMS1(z 487.23 [M+HT,
calcd. 487.22) and NMR data (Table 4.7). ThReNMR data of6 exhibited typical
signals for four methylsi[; 0.66s, 0.94 s, 1.09 s, 0.99 s], two oxymethings[28 s,
4.22 (d,J = 5.6 Hz)], a methoxyd; 3.69 s], together with gfuryl ring [6y 7.45 br s,
6.49 s, 7.57 (dJ = 0.5 Hz)]. The®™®*C NMR and HSQC experiment revealed the
presence of a ketone carbonyt [215.1],/two_ester carbonylsd 175.0, 170.3], #-
furyl ring [6c 121.0 qC, 141.3 CH, 110.3.CH, 143.3 CH], two oxymethine carlagns [
76.8, 91.7] and two oxygenaied quaternary caibéns$.8, 74.8]. The above NMR
studies suggested th@twas-a mexicanolide type limonoid. On the basis of HMBC
correlations (Figure 4.18), oxymethine protonéat4.22 (d,J = 5.6 Hz) showing
correlations with C<8, C=5and C-29, was aftributed to H-3. The oxygen bridge
between C-3 and C-8 was corroboraﬁed by the HMBC cross-peak from H-3 to H-8.
On the basis of the above resulis; cofnboﬁmtas identified as xyloccensin K. The
structure of this compound was finally"-cohfirmed by comparing its NMR data with
those previously reported as shown in T%ple 4.7 (Kokpol é198l6). Additionally, its
relative stereochemistry was cenfirmed JeyNOE analysis (Figure 4.19) and found to

be identical to that of xylocgensin K as reporteds:
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Table4.7. The'H and**C NMR data of xyloccensin K and compound 6

Position Xyloccensin K Compound 6
lH 13C lH 13C
1 215.2 215.1
2 2.96 (dd, ¥ 6.0 Hz, 1H) 48.9 2.97 (t, J = 6.0 Hz, 1H) 49.3
3 4.22 (d, = 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, 17.0Hz, : 32.6 2.11 (m, 1H) 32.9
1H) 2.23 (m, 1H)
2.24 (dd, > 11.0, 17.0 Hz,
1H)
7 174.2 175.0
8 85.4 85.8
9 1.97 (dde# 5,07 12,5 Hz, = 52.0 1.95 (dd, J=12.6,4.0Hz, 52.4
iH) 1H)
10 . 51.0 51.5
11 146 (m, 1H) 17.8 1.47 (m, 1H) 18.0
2.10(my 1H) : 2.11 (m, 1H)
12 1.50 (ddd, J £ 1/5,,14.0 Hz, 4,28.6 1.53 (m, 1H) 29.1
1H) ‘ 1.69 (m, 1H)
1.70 (ddd, J =1.5,144.0 Hz,
1H) bl
13 - 40.0 40.4
14 741 74.8
15 254(d; ¥ 17.0Hz. 1H) 36.8 2.52 (m, 1H) 37.4
3.13 (dy/J=17.0 Hz, 1H) 3.15(d, J=17.7 Hz, 1H)
16 16007 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) 168 0.94 (s, 3H) 17.2
20 120.6 121.0
21 745 (dd, ¥ 2.0 Hz, 1H) 142.9 7.45 (br s, 1H) 141.3
22 6.49.(br d, £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=12Hz,1H) 424 2.05 (m, 1H) 42.8
2.52 (dd, ¥ 7.0,12.0 Hz, 1H)
7-OMe 3.70 (s, 3H) 51.8 3.69 (s, 3H) 52.2
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4.1.7 Structure eucidation of compound 7

Molecular formula

orphous solid

Appearance o

m.p. & 208.0:210.0C

[a]? : CHC})

UV (CHCI3) Zmax(109)2) i aad 2,32)

IR (KBr) Yoo 169, 34 55, 3445, 2968, 2950,

2358, 2329, 1747, 1733,
1452, 1423, 1375, 1366,

1723 146@
1270, 1237, 1165, 1170, 1099, 1094,

ﬂ uﬂﬂ] ﬂﬂﬂ‘?wmﬂ)ﬁam 1027 ¢m

'H and®*C NMR (CDCB) See Table 4.8

ReRRE ANT £1) 145 e 4R, ) s
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Compound/ had a molecular formula of,@13409 established by HRESIMS
(m/z525.2101 [MNa]’, calcd. 525.2101). It was larger than that of xyloccensiB)K (
by 16 mass units. Its NMR studies also revealed the characteristics for mexicanolide
type limonoid including four methylss; 1.00 s, 1.06 s, 0.61 s, 1.065;16.2, 28.2,
19.1, 16.8], gB-furyl ring [647.52 s, 6.45 s, 7.43 & 140.9 CH, 110.0 CH, 143.1 CH,
120.6 qC], a carbomethoxy{3.69 s;6c 52.0 CH, 174.2 qC], a ketone carbonyi(
214.8) and a lactone carbonyk(169.7)./1a addition, the NMR data @f(Table 4.8)
were very similar to those of xyloccensin=#),( except for the presence of an
oxygenated quaternary carbaie 85.5) and the absence of a methine group irhis
guaternary carbon with_a*hyaroxyl group was assigned as C-2 by HMBC correlations
of this carbon with H-3sand H-30 (Figure 4.21). The relative configuratiohveds
established as the same as that ehGhe basis of the NOE correlations (Figure 4.22).
Therefore, the strueture/af,/named xy]orumphiin D, was identified as 2-hydroxy-

xyloccensin E as shown in Figure 4.20.
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Table4.8. The NMR data of compound 7
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Position H B¢ 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, ¥ 10.6, 2.2  43.7 H-5 C-2, C-7
Hz, 2H)

7 174 2
8 80.7
9 2.00 (m, 1TH) ,52.3H-11a, H-11b C-10, C-11
10 50.2
11 1.51 (m, 1H) 18.0 ~H-9, H-12a, C-8, C-12

2.16 (m] 1H) H-12b
12 1.53 (my'1H) 288 H-11a, H-11b C-11, C-13

1.684(m, 4H) Y
13 40.1
14 74.4.
15 2.53 (d, ¥ 17.9 Hz, 1H)* 387.5 C-14, C-16

3.25(d,J="179 Hz, 1H) ~ 44
16 169.7
17 6.16 (s, 1H) 764 C-13, C-14, C-18, C-20,
222 C-21, C-22
18 1.00 (s, 3H) o2 C-12, C-13, C-14, C-17
19 1.07 (sy8H) - pda fp
20 120.6
21 7.52/(s, 1H), 140.9 C-20, C-22, C-23
22 6.457(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, 8H) 168 C-3, C-4, C-6, C-28, C-30
30 1.96 (d,&11.9tHz, 1H) 148.7 C-2, C-8, C-14
2.70(d, = 11.9 Hz, 1H)
7-OMe 3.69 (s,.3H) 52.0 C-7
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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 bacté&ragrococcus faecalis
ATCC 29212, Enterococcus faecalisATCC 51299 (vancomycin resistant),
Enterococcus faeciumUCLA 192, Salmonpella typhimuriumATCC 13311,
Staphylococcus aureudtCC. 25923, Staphylocoecus epidermidi8TCC 12228,
Staphylococcus homin&TCE 27844 and five Gram-negative bacteEacherichia
coli ATCC 35218, Klebsiella pneumoniaeATCC 27736, Klebsiella pneumoniae
(ESBL producing) ATCC70060Fseudomonas aeruginosa ATCC 278B8oteus
vulgaris ATCC 13315, at a single foncentration of 2RG/mL for screening.
Unfortunately, all compounds showed jt:_o{-be inactive to all tested bacteria.

4.2.1 Anticancer activities

Fhd

All compounds isolated were al'sb"'élés’essed for their cytotoxicity toward five
human cancer cell-lines—inciuding 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-ofodl ymg/mk by, MTT reolorimetric method: All compounds were not

cytotoxic to any, of the cell lines tested.



CHAPTER YV

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
l[imonoids namely methyl angolensate (competing 2), xyloccensins E (compound 5)
and K (compound 6).

Compound 3 Compound 4
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Table E-1. Crystal data and structure refinement for compound 5
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Identification code

Xyloccensin E

Empirical formula Cas Hyp Oy
Formula weight 686.69
Temperature 293(2) K
Wavelength 0.71073 A

Crystal system, space group

hexagonal, P6

Unit cell dimensions

a ="17.893%(4) A alpha = 90 deg.

b = 17.8937(4) A beta = 90 deg.

¢ = 19.7758(4) A gamma = 120 deg.

Volume 5483.6(2) A®

Z, Calculated density 6?. 1,248 Mg/m’

Absorption coefficient 0.097 mm’*

F(000) 2184"

Crystal size ? x’>x’> mm
2.4440 23.88 deg.

Theta range for data collection. .

Limiting indices

-16<=h<=20, -20<=k<=20,-20<=I<=22

Reflections collected / unique

Completeness to theta = 23.83

268683 /2879 [Rin = 00295]
98.70 % "

Refinement method

Full-matrix least-sqtiares on F?

Data / restraints / parameters

28797117456

Goodness-of-fit on F2

1.029

Final R indices [I>2sigma(l)]

R1 =.0.0420; wR2 = 0.1115

R indices (all data)

R: =0.0506, wR2 = 0.1191

Absolute'structuia parameter

-10(40)

Largest diff. peak and hole

0.412 and -0.172 e A®
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Table E-2. Atomic coordinates ( x 10* ) and equivalent isotropic displacement
parameters (A? x 10°) 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) 6536(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(2)
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) A572(©2) 4224(2) 9012(2) 34(1)
C(13) -958(2) 5157(2) 8730(2) 32(1)
C(14) 41630(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(2)
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) 4383(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)
0(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)
0(1) -327(3) 6898(4) 11824(2) 109(2)
0(2) -180(2) 7377(2) 9600(2) 57(1)
0(3) 32(3) 8069(2) 8653(2) 97(1)
0(4) -1091(2) 5064(2) 8008(1) 37(2)
0(5) -2170(1) 3878(2) 8443(1) 39(1)

0(6) -1129(2) 3775(2) 7798(1) 38(1)
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Table E-2. Atomic coordinates ( x 10* ) and equivalent isotropic displacement
parameters (A? x 10°) 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)
0(8) 2457(2) 5217(2) 9309(2) 68(1)
0(9) 494(2) 6288(2) 8528(2) 40()
0(10) 1353(2) 168492 9449(2) 59(1)
0(11) 221(3) ;fh. 2 10908(2) 105(2)
0(12) 26860 11197(2) 97(2)
0(13) 7795(1) 37(1)
0(14) 8076(2) 51(1)
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Table E-3. Bond lengths [A] and angles [deg.] for compound 5
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C(1)-C(4) 1.325(11) C(24)-C(25) 1.477(6)
C(1)-C(2) 1.414(8) C(26)-0(9) 1.441(4)
C(2)-C(3) 1.347(8) C(27)-0(10) 1.193(6)
C(2)-C(5) 1.487(6) C(27)-0(9) 1.374(5)
C(3)-0(1) 1.338(8) C(27)-C(28) 1.482(7)
C(4)-0(1) 1.337(11) C(29)-C(30) 1.492(7)
C(5)-0(2) 1.453(5) C(30)-0(11) 1.177(6)
C(5)-C(9) 1.541(6) C(30)-0(12) 1.333(6)
C(6)-0(3) 1.201(6) C(81A)-0(12) 1.46(3)
C(6)-0(2) 1.333(6) C(31B)-0(12) 1.50(5)
C(6)-C(7) 1.505(7) C(36)-0(14) 1.201(5)
C(7)-C(8) 1521(6) C(36)-0(13) 1.353(5)
C(8)-C(9) 17533(6) C(36)-C(37) 1.463(6)
C(8)-C(13) 17543(5) C(4)-C(1)-C(2) 107.7(8)
C(9)-C(35) 1542(6) C(3)-C(2)-c(1) 103.5(5)
C(9)-C(10) 1554 (6) I C(3)-C(2)-C(5) 127.7(5)
C(10)-C(11) 1.520(6)~ ¢ . C(1)-C(2)-€(5) 128.7(5)
C(11)-C(12) 14520(5) 3 O(1)-C(3)-C(2) 112.3(6)
C(12)-0(5) 1.461(4) 4. C(1)-C(4)-0(1) 110.7(7)
C(12)-C(18) 1.558(5) 1 0(2)-C(5)-C(2) 105.0(3)
C(12)-C(13) 1.572(5) 17.0(2)-C(5)-C(9) 112.7(3)
C(13)-0(4) 1.444(4) - C(2)-C(5)-C(9) 115.4(4)
C(13)-C(26) 1.531(5) ~ 0(3)-C(6)-0(2) 117.9(5)
C(14)-0(4) 1:397(4) ~0(3)-C(6)-C(7) 121.1(5)
C(14)-0(5) 1.404(5) 0(2)-C(6)-C(7) 120.9(4)
C(14)-0(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)-0(6) 1.424(4) C(7)-C(8)-€(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) ©(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):G(19) 1.558(5) G(8)-C(9)-G(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) 0(5)-C(12)-C(11) 109.8(3)
C(22)-0(13) 1.438(4) 0(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) 0(5)-C(12)-C(13) 98.7(3)
C(23)-0(7) 1.422(4) C(11)-C(12)-C(13) 113.6(3)
C(24)-0(8) 1.203(5) C(18)-C(12)-C(13) 115.3(3)
C(24)-0(7) 1.346(4) 0(4)-C(13)-C(26) 105.0(3)




Table E-3. Bond lengths [A] and angles [deg.] for compound 5 (continued)
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0(4)-C(13)-C(8) 105.7(3) 0(8)-C(24)-C(25) 126.9(4)
C(26)-C(13)-C(8) 120.6(3) 0(7)-C(24)-C(25) 110.1(3)
0(4)-C(13)-C(12) 104.0(3) 0(9)-C(26)-C(13) 107.5(3)
C(26)-C(13)-C(12) 112.5(3) 0(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)
0(4)-C(14)-0(5) 104.0(3) 0(10)-C(27)-0(9) 123.9(4)
0(4)-C(14)-0O(6) 110.0(3) 0(10)-C(27)-C(28) 125.7(4)
0(5)-C(14)-0(6) 111.6(3) 0(9)-C(27)-C(28) 110.3(5)
O(4)-C(14)-C(34) 111.8(3) €(30)-C(29)-C(19) 113.5(4)
0(5)-C(14)-C(34) 111.4(3) 0(11)-C(30)-0(12) 121.4(5)
0(6)-C(14)-C(34) 108.1(3) 0(11)-C(30)-C(29) 128.0(5)
0(6)-C(17)-C(21) #17.6(3) 0(12)-C(30)-C(29) 110.5(4)
0(6)-C(17)-C(18) 110:6(2) 0(14)-C(36)-0(13) 124.1(4)
C(21)-C(17)-C(18) 1019(3), | | O(1%)-c(36)-C(37) 125.8(4)
0(6)-C(17)-C(22) M460B) | 0(13)-C(36)-C(37) 110.1(4)
C(21)-C(17)-C(22) 102.0(8) "~ C(83)-0(1)-C(4) 105.8(5)
C(18)-C(17)-C(22) 109.0(3)~ ' . C(6)-0(2)-C(5) 123.2(3)
C(17)-C(18)-C(33) 14043) /. 4" C(14)-0(4)-Cc(13) 107.4(3)
C(17)-C(18)-C(12) 104.0(3)" 1. C(14)-0(5)-C(12) 103.7(2)
C(33)-C(18)-C(12) 108.0(3) 1 C(14)-0(6)-C(17) 113.0(3)
C(17)-C(18)-C(19) 100.8(3) 1. C(24)-0(7)-C(23) 119.6(3)
C(33)-C(18)-C(19) 109.9(3) - C(27)-0(9)-C(26) 118.8(3)
C(12)-C(18)-C(19) 123.0(3) —~C(30) 0(12)-C(31B) 125(3)
C(29)-C(19)-C(18) 115:8(3) ' C(80)-0(12)-C(31A) 111(2)
C(29)-C(19)-C(20) 115.8(3) C(31B)-0(12)-C(31A) 20(4)
C(18)-C(19)-C(20).[7  101.7(3) C(36)-0(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(8)
C(21)-C(20)-C(19) 106.5(3)
C(23)-C(20)-C(19) 104.2(3)
C(17)-C(2D-C(20) 94.5(3)
0(13)-€(22)-C(28) 113.0(3)
0(13)-C(22)-C(26) 111.4(3)
C(23)-C(22)-C(26) 113.8(3)
0(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)
0(7)-C(23)-C(20) 111.9(3)
0(7)-C(23)-C(22) 112.2(3)
C(20)-C(23)-C(22) 102.9(3)
0(8)-C(24)-0(7) 123.0(3)

Symmetry transformations used to generate equivalent atoms:
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