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Abstract

This work involves the isolation, structural elucidation and the biological screening of compounds

from the Madagascan Samadera madagascariensis and Toddaliopsis bremekampii from South

Africa.

Samadera madagascariensis Jussieu (locally known as "fatriana") belongs to the Simaroubaceae

family and is endemic to Madagascar. The leaves of Samadera madagascariensis are used in

Madagascar for the treatment of stomach aches and dysentry, and the juice of the fresh leaves is

used to treat wounds and burns. Samadera madagascariensis leaves were investigated in this

work for the presence of quassinoids and triterpenoids. Eighteen compounds, including seven

quassinoids: samaderine A (i), the novel 5~,6-dihydrosamaderine A (ii), the novel 2­

chlorosamaderine A (iii), the novel samaderine DN (iv), samaderine B (v), cedronin (vi) and the

novel 3,4~-dihydrosamaderine C (vii), and eleven triterpenoids: the novel protosamaderine A (viii),

1,2-dihydrobruceajavanin A (ix), chisocheton compound A (x), the novel protosamaderine B (xi),

the novel protosamaderine C (xii), the novel protosamaderine D (xiii), the novel protosamaderine

E (xiv), the novel protosamaderine F (xv), the novel protosamaderine G (xvi), the novel

protosamaderine H (xvii) and the novel protosamaderine I (xviii) were isolated from the Samadera

madagascariensis leaves. The quassinoids isolated in this work are of the C18 and C19 classes, and

only five of the C18 type have been published previously. Quassinoids exhibit a range of biological

activities such as antileukemic, antiviral, antimalarial, anti-inflammatory, antifeedant and

amoebicidal. 2-Chlorosamaderine A (iii), cedronin (vi) and 3,4~-dihydrosamaderine C (vii) were

found to have anticarcinogenic properties. The triterpenoids isolated in this work are of the

protolimonoid type and protolimonoids are known to exhibit anticarcinogenic and antifungal

properties.

Toddaliopsis bremekampii I. Verd. belongs to the Rutaceae family. Members of the Toddaliopsis

genus are found in the warmer regions of southern Africa. The phytochemistry of this species and

genus has not been investigated previously, however, other members of the Rutaceae have

yielded a wide range of alkaloids and other compounds. The leaves and branches of Toddaliopsis

bremekampii were investigated in this work and yielded four novel acridone alkaloids: 1,2,3­

trimethoxyacridone (i), 1,2,3-trimethoxy-1 O-acetoxymethylacridone (ii), 1-hydroxy-2,3-dimethoxy­

10-acetoxymethylacridone (iii) and 1,2,3-trimethoxy-1 O-methoxy methylacridone (iv). Acridone

alkaloids are known to have antineoplastic and antitumour properties. These alkaloids were active

in the chemiluminescence assay, which showed the suppression of the reactive oxygen species

generated by polymorphonuclear leukocytes (PMNs) in humans. The PMNs play a key role in the

host's defence. However, the reactive oxygen species generated as a result of this defence

mechanism cause tissue damage.
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Foreword

Part I of this thesis contains the written text and part 11 the spectra. Where a spectrum is referred to

in the text, a spectrum reference page number for part 11 will be provided in bold print within square

brackets. Example, .. the 1H NMR spectrum of samaderine A (i) [5]." The 1H NMR spectrum for

samaderine A (i) is therefore available on page 5 of part 11.

Part I consists of eight chapters. Chapter one is a general introduction into medicinal plants and

their natural products. Chapters two, three and four are introductions to the types of compounds

isolated in this work. Chapter two is an introduction to alkaloids, chapter three is an introduction to

triterpenoids and chapter four is an introduction to quassinoids. These chapters include the

classification, biosynthesis and biological activities of these classes of compounds.

Chapters five and six discusses the two plant species investigated in this work. These chapters

include the structural elucidation and biological activities of the compounds isolated. Chapter seven

is an account of the experimental procedures carried out in this work and also includes the physical

data of the compounds isolated. Chapter eight is the conclusion.
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CHAPTER 1
General Introduction

Introduction

Medicinal plants throughout the world have been used since ancient times for healing purposes.

Various types of plants i.e. trees, shrubs, herbs and grasses etc. have been used extensively to cure

illnesses and diseases,1 for therapeutic purposes, and for relieving stress,2 fevers, pains and

infections.3 Natural product chemistry involves the isolation and identification of the biologically active

compounds naturally occurring in the plant organisms widely spread across the diverse climatic

regions of the world. The pharmaceutical industry uses these biologically active molecules as lead

compounds in the development of new drugs. The research in this wor1< was undertaken in the hope of

finding novel biologically active compounds. South African and Madagascan plant species have been

investigated in this work.

Papaver somniferum (the opium poppy) known from antiquity for its narcotic syrup, contains alkaloids

such as the analgesics morphine (1), codeine (2). These natural products were later used as model

compounds for synthesizing further analgesic drugs such as meperidine (3), pentazocine (4) and

propoxyphene (5).4 Heroin (6), the poisonous drug to man was also produced from morphine (1).

__....NMe

R1=R2=H
R1=H,R2=Me

R1=R2=COMe

Morphine (1)
Codeine (2)

Heroin (6)

Papaver somniferom
(http://www-ang.kfunigraz.ac.atJ-katzer/engllgeneric_frame.html?Papa_som.html)

PMOOE'
N
I

Me

Meperidine (3)

N~

~-
HO

Pentazocine (4)

2

Me

&
~'Me

Ph

~tCOO Ph

Propoxyphene (5)
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Catharanthus roseus (the Madagascan periwinkle) contains vincristine (7) and vinblastine (8) which are

anticancer agents. Vinblastine (8) is used to treat Hodgkin's disease, breast and testicular cancer.

Vincristine (7) is used in combination with other drugs in cancer chemotherapy.5

MeO

Vinblastine (8) R= CH3 HO
Vincristine (7) R= CHO

Catharanthus roseus
(Photograph by Victory Cranberry)

Podophyllum peltatum (the Mayapple) yields the podophyllum resin which is modified to give etoposide

(9), a drug useful in the treatment of testicular carcinomas, non-lymphocytic leukemias and non­

Hodgkin's lymphomas.6

o

Etoposide (9)

o~
o

Podophyllum peltatum
(www.nichegdn.coml...limagesJfullsize/podophyllum.jpg)

The natural product paclitaxel, which is sold as taxel (10) by Bristol-Myers Squibb,7 from Taxus

brevifolia (PacifIC yew), is active against human breast, ovarian and lung cancers.8

3



o

)loXtQ?ON'" ,00'

H OH
HO _-- .

o 0

~IO=(
~~' Me

Taxol (10)
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Taxus brevifolia
(http://www.nearctlca.comltrees/conlferltaxusITbrevl.hbn)

Natural products are not only sources for drugs, but also for insecticides
6

and spices.
9

Pyrethrin I (11)

and 11 (12) from Chrysanthemum cinerariaefolium (Pyrethrum) are natural pesticides.
6

Rz
CH=CHz
CH=CH2

Pyrethrin I (11)
Pyrethrin 11 (U)

Chrysanthemum cinerariaefolium
(www.agri.pref.hokkaido.jp/ ..Jhata2/imagelpyre2.jpg)

Research in Natural Products is therefore important for the development of new and better drugs. In

this work, a South African and a Madagascan plant species have yielded novel compounds such as

quassinoids, triterpenoids and alkaloids. Some of these compounds are active in the

chemiluminescence assay in that they suppress the reactive oxygen species (ROS) that are generated

by the polymorphonuclear leukocytes (PMNs) in humans. The PMNs play a key role in the host's

defence and the ROS, which are generated as a result of this defence mechanism, cause tissue

damage. Some of the quassinoids have been screened at the National Cancer Institute in the USA,

and were found to be active. The compounds isolated in this work will be further tested by members of

the newly established South African Drug Discovery Platform for antimalarial and other activities.

4



Chapter 1: General Introduction

References

1. Lambert, J., Srivastava, J. and Vietmeyer, N., Medicinal plants. Rescuing a global heritage,

The World Bank, Washington D.C., 1997, 29-46.

2. http://quickchange.com/ginsengstore/ (23/11/2004)

3. National Research Council., Neem: A tree for solving global problems, National Academy

Press: Washington D.C., 1992, ix.

4. http://library.thinkquest.org/C007974/1_1pop.htm (23/11/2004)

5. Dewick, P.M., Medicinal natural products: a biosynthetic approach, John Wiley & Sons:

Chichester, second edition, 2002, 291-403.

6. Hussar, D.A., American Pharmacy, 1984, NS24 (3), 31.

7. http://www.taxol.com/(23/11/2004)

8. Dewick, P.M., Medicinal natural products: a biosynthetic approach, John Wiley & Sons:

Chichester, second edition, 2002,167-289.

9. Balandrin, M.K., Klocke, J.A., Wurtele, E.S. and Bollinger, W.H., Natural plant chemicals:

sources of industrial and medicinal materials, 1985, Science, 228,1154-1160.

5



Chapter 2

Introduction
to

Alkaloids



CHAPTER 2
Introduction to Alkaloids

2.1. Introduction

Alkaloids are nitrogenous secondary metabolites isolated mainly from plants. They are also found in

frogs, ants, butterflies, marine bacteria, sponges, fungi, spiders and beetles. Species of the Rutaceae

produce alkaloids, coumarins, volatile oils, flavonoids and limonoids.

Alkaloids follow the amino acid biosynthetic pathway and have been used in solving taxonomic

questions within the Rutaceae family. Alkaloids exhibit a range of biological activities such as

antimicrobial,l,2 uterotonic,3 antifungal1 and cytotoxic activities. 1 Acridone alkaloids are the type of

alkaloids isolated in this work.

2.2. Classification

Alkaloids are classified according to the origin of the nitrogen in the structure. True alkaloids are

formed from amino acid precursors and the nitrogen forms part of a heterocyclic ring. Pseudoalkaloids

are formed from precursors other than amino acids and the nitrogen also forms part of a heterocyclic

ring. The types of alkaloids isolated from species of the Rutaceae are classified into the 1­

benzyltetrahydroisoquinolines, aporphines, berberines, protopines, benzophenanthrines, 2-quinolones,

3-dimethylallyl-2-quinolones, 2-isopropyl-2,3-dihydrofuroquinolines, furoquinolines, furoquinolones,

pyranoquinolones, acridones, 4-quinolones, quinolines, quinazolines, canthin-6-ones, carbazoles,

imidazoles, oxazoles, amines and amides.

2.2.1. Alkaloids derived from anthranilic acid

Alkaloids derived from anthranilic acid (1) include quinolines, acridones, pyranoquinolines,

dihydrofuroquinolines, furoquinolines, quinolones and carbazoles.

Bucharaine (2) (Haplophyllum sp.) is an example of a 2-quinolone type alkaloid, as are ravenoline (3)

(Ravenia spectabilis) and dubinine (4) (Haplophyllum sp.). Dictamnine (5) (Zanthoxylum tsihanimposa)

is a furoquinoline. The rutalinium ion (6) (Ruta sp.) is a linear pyranoquinoline3,4.5 and haplamine (7)

(Haplophyllum) is an angular pyranoquinolone.3

O(ChH
NH2

Anthranilic acid (1)

~OH
~x. ' OH

U~T~
~ 0
H

Bucharaine (2)

7

~
Me

Ravenoline (3)
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OMe

Dubinine (4)

oCQ
Dictamnine (5)

HO

OMe

Rutalinium ion (6)

N
I
H

Haplamine (7)

Acridone alkaloids, e.g. rutacridone (8), have been found in the genus Ruta. Acridone alkaloids are

confined to the Rutaceae. The species Euodia a/ata, Euodia xanthoxy/oides, Melieope fareana and

Aeronyehia baueri were the original sources of the acridan-9-one alkaloids. The genera Diphasia,

Tee/ea and Vepris contain simple acridone alkaloids. Acridones have also been found in the genera

G/yeosmis, Ata/antia and Thamnosma. The structures of acridone alkaloids range from simple to

complex as seen below for compounds (8) to (50).6

1,3-Dihydroxy-1O-methylacridone (8)
Citrus tamurana, Citrus natsudaidai

cxXJ° p-

I I
~ N ~

I
H

Acridone (9)
Thamnosma montana

o OH

~OMe

UN~OMe
I
H

Xanthoxoline (10)
Evodia xanthoxyloides

o OH

~OMe

UN~OMe
I

Arborinine (11)
Glycosmis arborea, Fagara leprieurii.
Evodia xanthoxyloides. Ruta graveolens

o OMe

~OMe

UN~OMe
I

1,2,3-Trimethoxy-lO-methylacridone (12)
Evodia alata. Vepris bilocularis, Melicope leratii

Evoprenine (13)
Evodia alata

OH

Glycocitrine ill (16)
Glycosmis pentaphylla

o

Acronycine (15)
Acronychia baueri. Melicope leptococca,
Sarcomelicope argyrophylla

OMeo

Rutacridone (14)
Ruta graveolens. Ruta chalepensis

o
Chaloridone (20)
Ruta chalepensis

Xanthevodine (19)
Evodia xanthoxyloides,
Acronychia baueri, Melicope leratii

o

Buxifoliadine D (18)
Severinia buxifolia

OHo

Furofoline (17)
Ruta graveolens,
Glycosmis citri/olia

8



Chapter 2: Introduction to Alkaloids

HO

Citracridone ill (21)
Citrus yuko

H

OH

Atalaphyllidine (22)
Atalantia monophylla

OH

l,2-Dihydro-l.2-dihydroxy-N-demethylacronycine (23)
Sarcomelicope dogniensis

Junosidine (26)
Citrus junos

Gravacridonediol glucoside (32)
Ruta graveolens

N-Demethyl-l.2-dihydro-N-hydroxy-l-oxoacronycine (29)
Sarcomelicope dogniensis

Melicopine (25)
Melicope fareana.
Evodia alata. Acronychia baueri,
Teclea natalensis. Bauerella simplicifolia

C

~

Alkaloid A6 (31)
several Ruta spp.

HO

HO

Rutacridone epoxide (28)
Ruta graveolens

OH

Severifoline (30)
Severinia buxifolia

HO
Grandisinine (27)
Citrus grandis f. hakunikuyu

4-(2-Hydroxy-3-methyl-3-butenyl)yukocitrine (24)
Bosistoa transversa

9
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I-Hydroxy -3-geranyloxy-4-methoxy-1O-methylacridone (33)
Sarcomelicope leiocarpa

Atalaphylline (34)
Atalantia monophylla

Marshmine (35)
Citrus paradisi

HO

1,3,5-Trihydroxy-9-methyl-2,8-diprenylacridone (36)
Swinglea glutinosa

N-Methylbicycloatalaphylline (37)
Atalantia monophylla

Margrapine A (38)
Citrus paradisi

Acrimarine A (41)
Citrus funadoko

Citbismine 0 (39)
Citrus paradisi

10
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Citbismine B (40)
Citrus paradis~ Citrus grandis

OH

Acrignine A (42)
Citrus grandis f. Hirado, Citrus yuko



Chapter 2: Introduction to Alkaloids

HO

o OH

Dioxinoacrimarine A (43)
Citrus paradisi, Citrus tangerina

Bis(5-hydroxynoracronycine) (44)
Citrus paradisi

Buntanbismine (45)
Citrus grandis f. buntan

Ataline (47)
Atalantia ceylanica

Neoacriroarine A (46)
Citrus paradisii

OH

Atalanine (48)
Atalantia ceylanica

o

Me

OMe

OMe

1,3,4-Trimethoxy-lO-methylacridone (50)
Teclea boiviniana, Acronychia baueri

OH

Acrimarine J (49)
Citrus paradisii. Citrus tangerina

In all of the acridone alkaloids isolated previously, there was only one type of N-substituent Le. N-Me.

11
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Rhetsinine (51) (Evodia rutaecarpa) is an alkaloid with a simple 13-indoloquinazoline skeleton and a

unique tetracyclic amine structure.M The alkaloid 5-methoxycanthin-6-one (52) has been found in

Zanthoxylum elephantiasis and Zanthoxylum caribeum.3 Murrayanine (53) (Clausena heptaphylla) is

the simplest alkaloid of the C13 class. Koenine (54) is a C1B class alkaloid and murrayacinine (55) is a

C23 class alkaloid, both being isolated from Murraya koenigii.

%1 I N 0

~ NoHI I
H 0 I : N-Me

Rhetsinine (51)

HO

Murrayacinine (55)

OMe
5-Methoxycanthin-6-one (52)

Koenine (54)

Oyy
~ CHO

I I
~ N ~

I
HOMe

Murrayanine (53)

2.2.2. Alkaloids derived from tyrosine and phenylalanine

These alkaloids include the aporphines, protoberberines and protopines.

The 1-benzyltetrahyd:"oisoquinoline (56) alkaloids such as tembetarine (57) (Zanthoxylum) have

unmodified benzylisoquinoline skeletons.s The aporphine (58) alkaloids such as magnoflorine (59),

occur in several Zanthoxylum species. Tetrahydroprotoberberine (60) and protoberberine (61) type

alkaloids are tetracyclic alkaloids derived from benzylisoquinolines by condensation with a one-carbon

unit (the berberine bridge). The alkaloid berberine (62) (Zanthoxylum, Phellodendron) is a derivative of

tetrahydroprotoberberine (60). Protopine (63) is the simplest alkaloid of this group. Alkaloids

possessing a benzophenanthridine ring, such as decarine (64) have been found in the genus

Zanthoxylum.

12
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Rs
Aporphines (58)

HO

HO

MeO
Tembetarine (57)

MeO

Rt
1- Benzy1telrahydroisoquinoline (56)

~
I C02H

~ NH2
HO

L- Tyrosine

R5
Tetrahydroprotoberbeines (60)

MeO

HO

HO

MeO

Magnoflorine (59)

R3

R4

R5

Protoberberines (61)

R3

R4

Berberine (62)

OMe

OMe
Protopine (63)

Rt.R2,R3,Rt and Rs are substituents
H, OH, OMe, O-Me-O etc.

Decarine (64)

OMe

OH

2.2.3. Alkaloids derived from histidine

These alkaloids have the imidazole (65) structure as the basic skeleton. The precursor of alkaloids in

this group is likely to be L-histidine (66). The imidazole alkaloid, pilocarpine (67) (Pilocarpus

microphyllus) , used for the treatment of glaucoma, and pilosine (68) (Pilocarpus microphyllus)

incorporate a phenylpropane CS.C3 unit.M

I I
N~N""H

Imidazole (65)

~C02H

N~N, NH2
H

·L-Histidine (66)

N~N""Me 0

Pilocarpine (67)

N~N....
Me 0

Pilosine (68)

13
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2.2.4. Oxazoles and miscellaneous alkaloids

The oxazoles (69) are a small group probably derived from nicotinic acid, tyramine and mevalonic acid.

Halfordinol (70) (Halfordia scleroxyla, Aegle marmelos) is the simplest alkaloid of this group.

Simple amines derived from tyramine have been isolated from the leaf and fruit of Citrus reticulata and

C. sinensis. Coryneine (71) and candicine (72) are N,N,N-trimethyl derivatives that have been isolated

from the genus Zanthoxylum. There are two groups of Rutaceae amides. The one group of Rutaceae

amides is formed by the condensation of tyramine with either benzoic or cinnamic acid and occurs in

three sub-families of the Rutaceae. The other group has an isobutylamine group incorporated, and is

found in Zanthoxylum and Euodia. In feruloylputrescine (73) (Citrus paradisit), the isobutylamine unit is

replaced by 1,4-diamino-n-butane.3

Ui
".O~R

I 1-lJ \d
~ N

N Oxazoles (69)
Halfordinol (70) R = H

HO~

N +i~-Me
HO M/'Me

Coryneine (71)

~-Me
HOA/ M;~\

Me
Candicine (72)

MeOm~
I/'.../'... ,NH2C-N r

..............................

HO ~ 11 I
o H

Feruloylputrescine (73)
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Table 2.1. Distribution of classes of alkaloids in the genera of the Rutaceae 3,7

classes of alkaloids found
","g '"~ Cl-lil~

G> ~1;j :: .~ :2·E .c
gj

_Cl
~jg~ XI XII XIII XIV xv XVI XVII~ .'" et; I II ill IV V VI VII VIII IX XG> 2; 15 .G>
Z '".c .c 0>::l .'" ::l (.:J Z.'"en f- en

Zanthoxv/um 64 56 50 2 4 22 2 4 B to 9

GeNera 3 2 1 1 1
Ql

2 1 1 2<'Cl Euodia 19 11 3 5.s
1 1 1 1 1 1'i5 Orixa

1Ql :;]
Melicone 10 3 1 3<'Cl 0 ,Ql W Pentaceras 1 1>.x Pe/ea 6 1 1 1 10

1£i Lu Lunasia 1 1 1 1 1 1
c
<'Cl De DecatroDis 1 1 1
N

Medicosma 1 1 1

Ch Choisva 3 3 1 3

p/awdesma 2 2 1 2 1

Pv Pitaria 1 1 1
Ql
<'Cl Boenninnhausenia 1 1 1Ql

1 2 1"0 Ql Ruta 10 3 1 2 1·0 <'Cl Ru
Hantonhv!/um 17 15 6 4 14 1 3 2 1 3'5 .!

a: :;]

Thamnosma 1 1 1 1a:
Di Dictamnus B 3 2 3 2 1

Bo Boronia 12 1 1 1
<'Cl

Eriostemon 14 6 1 5Ql
·2

Ql Er Phebalium 10 1 1e
0 Ge/eznowia 1 1 1

CD
Ne Chori/aena 1 1 1

Pilocamus 6 6 6
Ql Pi

Esenbeckia 2 2 2<'Cl
Ql

Euxv/onhora 1 1 1·C
<'Cl

Annostura 1 1 1 1 1C-en Cu:;] Ravenia 1 1 1 1 1 1 1
0

Monnieria 1 1 1 1

Dt Dc Di DiCtV%ma 1 1 1

St Sa Sn S"athelia 2 1 1 1

Ph Phellodendron 5 5 5 2

Helietta 2 2 2 1

Pt Ba/fourodendron 1 1 1 1 1 1 1 1

Pte/ea 9 4 2 3 2

Oricia 1 1 1
Ql Or

DTrlhasia 1 1 1 1<'Cl Q)
Ql <'Cl

Aralionsis 1 1 1 1"0 .!!!:2 a; Casimiroa 2 1 1 1 1 1 1 1a; "0 Ql

"0 "0 <'Cl Venris 3 2 2 2 1 1"0 0
:~(:. ..... Toddalia 1 1 1 1a;

Acronvchia 7 3 1 1 3 1"0
"0

Ha/fordia 3 3 2 2 30.....
Hortia 2 2 1 2

Skimmia 6 5 2 5

Am Tee/ea 7 7 4 4 1
G/vcosmis 4 3 2 1 1 1 1

Cl Ci Murrava 3 2 1 1

C/ausena 7 3 2 1
HesDerethusa 1 1 1

Ql

Ata/antia 3 2 2<'Cl QlQl
<'Cl 1 1 1"0 C Pamburus·0 ·C

Severinia 1 1 1.. Ql (5C <'Cl Poncirus 1 1 1~ ~:;]

(5 Citrus 44 7 1 1 3 1 2 1cl:
Aen/e 1 1 1 1 1
Swino/ea 1 1

1Ba
Afraea/e 1 1 1

Aen/onsis 1 1 1

The numbers in the table refer to the classes of alkaloids listed below. I Isoquinollnes (l-Senzyltetrahydrolsoquinolines. Aporphlnes. Berberines. Protopines.
Benzophenanthrines). 11 2-Quinolones. III 3-Dimethylallyl-2-qulnolones and 2-lsopropyl-2.3-dihydrofuroqulnolines, IV Furoqulnolines. V Furoquinolones. VI Linear
pyranoqulnolones. VII Angular pyranoquinolones. VIII Acridones. IX 4-oulnolones. X Qulnolines and 4-quinolones. XI Quinazolines. XII Canthln-6-<lnes. XIII Carbazoles.
XIV Imidazoles. XV Oxazoles. XVI Amines nnd XVII Amides.

The two letters In the table represent the following in the respective columns: LU =Lunaslinae, De =Decatropldlnae. Ch =Cholsyinae. PI =Pltavinae. Ru =Rutinae. 01 =
Dictamnlnae. Bo =Boroniinae. Er =Eriostemoninae. Ne =Nematolepidinae. Pi =Pilocarpinae. Cu =Cuspariinae. Dt =Dlctyolomatoideae. Dc =Dictyolomateae. Di =
Diclyolominae. St =Spathelioideae. Sa =Spathelieae. Sp =Spatheliinae. Ph =Phellodendrinae. Pt =Ptelelnae. Or =Oriciinae. Am =Amyridinae. Cl =Clauseneae. Cl =
Clauseninae and Ba = Balsamocltrinae
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Table 2.1 shows the overall distribution of alkaloids in the Rutaceae family. Zanthoxylum has been

investigated the most, and 56 of the 64 taxa have been found to contain alkaloids, most of which were

the isoquinolines. The Toddaliinae sub-tribe has yielded furoquinolines, acridones,

benzophenanthridines, ~-indolo-quinazolines, imidazoles and oxazoles.3 The furoquinolines have been

found consistently throughout the Rutaceae and in every genera of the Toddaliinae sub-tribe.

Acridones have been previously found in fourteen genera namely, Zanthoxylum, Euodia, Melieope,

Ruta, Thamnosma, Ravenia, Monnieria, Balfourodendron, Diphasia, Vepris, Aeronyehia, Tee/ea,

Glyeosmis and Atalantia.

From the 44 taxa of the Citrus genus investigated, only 7 taxa were found to have alkaloids present.

No alkaloids have previously been reported from the following genera; Cneoridium, Aeradenia,

Philotheea, Barosma, Coleonema, Empleurum, Empleuridium, Merrillia, Mieroeitrus, Eremoeitrus,

Fortunella Feronia and Toddaliopsis.

2.3. Biosynthesis

The nitrogen group originates from an amino acid and the carbon skeleton of the amino acid precursor

is retained in the alkaloid structure, although the carboxylic acid carbon of the amino acid is often lost

through decarboxylation. The amino acid precursors involved in alkaloid biosynthesis are ornithine,

lysine, nicotinic acid, tyrosine, tryptophan, anthranilic acid, histidine and phenylalanine.

2.3.1. Alkaloids derived from anthranilic acid

Alkaloids with the quinoline ring system are formed by condensation of anthranilic acid (1) with a 2­

carbon (acetate) unit (scheme 2.1). Usually the 2-quinolone (74) type alkaloids are formed. Alkylation

via dimethylallyl diphosphate yields the 3-(3',3'-dimethylallyl)-4-D-alkyl-2-quinolone-type skeleton (75),

which undergoes oxidative cyclisation between C-2 and C-2', followed by the formation of an allylic

carbocation to give rise to 2-isopropyl-2,3-dihydrofuroquinolines (76).

2-lsopropyl-2,3-dihydrofuroquinolines (76) lose the isopropyl group to give furoquinolines (77), by a

mechanism involving either oxidation at C-3' followed by decarboxylation or direct hydride ion

intervention.
3

,4 Further modification of the furoquinoline (77) pathway allows for the formation of N­

methylfuroquinol-4-ones (78). A number of N-methylfuroquinol-4-one (78) alkaloids based on the furan

ring system of (76) and (77) have been isolated. However, oxidative cyclisation between C-2 and C-3'

of (75) gives rise to the linear pyranoquinolines (79), while the angular pyranoquinolines (80) form by

cyclisation only when an unsubstituted C-4 is present.
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Acridones (81) are condensation products of anthranilic acid (1) with three acetate units. A polyketide

chain attached to the carboxylic acid group of the amino acid is an intermediate product. Subsequent

cyclisation of the polyketide chain leads to the 1,3-oxygenation pattern found in almost all acridones

(81).

The small group of 2-alkyl-4-quinolones (82) and quinolines (83) may be formed by the condensation

of anthranilic acid (1) and acetate.3
,4 In the 4-quinolone series, 2-alkyl and 2-aryl substituents are

common but the 3- and 5- oxygenated substitution patterns are very rare.? The proposed biosynthetic

pathway of the Rutaceae alkaloids (types 74 to 83) is given in scheme 2.1.

R2
Furoquinolines (77)

o N
I

R2 R
3-(3'.3'-DimethylaUyl)-4-0-alkyl-2-quinolone (75)

;::
~ 3

C-Alkylation..

R=HorMe
RI,R2,R3.~.R5= H, oxygenated substituent

N
I

RI R

N-Methylfuroquinol-4-ones (78)

o

o
j

\ ~OOYl~OA
~ R

2

~,bA "
Angular

\y=oq:OOl;O~ (80)

oCt.
I 1

R

2-Alkyl-4-quinolones(82)

lrHl

~UM~N RI
Quinolines (83)

3 X Malonyl-CoA

((

C02H

~ I Malonyl-CoA
~ ..

NH2

Anthranilic acid (1)

Scheme 2.1. Proposed biosynthesis of Rutaceae alkaloids derived from anthranilic acld3,4

Other alkaloids of this group are formed by condensation of anthranilic acid (1) with aromatic amino

acids or their derivatives (scheme 2.2).
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o

()c():
C02H

I I NH ... _
~ N 2

I
H

Tryptophan (90)

CC
""'=:: C02H

h- NH2

Anthranilic acid (1)
Graveoline (84)

condensation with
phenylalanine

condensation with
aspartic acid OyQII NO

~ N =0I IHN: I

Rutaecarpine (88)

condensation with
phenylethylamine

o

OCtDN_ HI
H

Amino-N-(2-phenylethyl)benzamide (86)

Galipine (85)

OMe

OMe

o
Canthin-6-one (89)

o !oxidation

C(U)
N 0

H'''' \
H
Intermediate

cyclisation
• etl °m-HI""'=::

~ ...-; h-
N

2-Arylquinazolines (87)

Scheme 2.2. Alkaloids of the Rutaceae Incorporating anthranilic acid3
,4

In graveoline (84) (Ruta graveo/ens), the non-anthranilate portion of the 2-aryl-4-quinolone is derived

from the decarboxylation and deamination of phenylalanine. Galipine (85), an alkaloid with the

quinoline and phenyl ring systems separated by a carbon chain, is thought to be formed by

condensation of anthranilic acid (1) with phenylalanine. The 2-arylquinazolines (87) are formed via

phenylethylamine from a similar pathway as observed for graveoline (84). The ~-indolo-quinazoline

type e.g. rutaecarpine (88) are formed from the direct condensation of anthranilic acid and tryptophan.

Canthin-6-one (89) is derived from tryptophan (90) and an aldehyde of a non-aromatic amino acid such

as aspartic acid.
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The carbazole (91) series is another group thought to originate from anthranilic acid (1). The

biogenesis either involves 3-prenylquinoline (92) or diphenylamine (93) (scheme 2.3). Carbazoles are

subdivided into three classes C13, C18 and C23•

CC":: C02H +

.0 NH2

Anthranilic acid (1)

OH

AOH
HO

Mevalonic acid

- N
I
H

3-Prenylquinoline (92)

- fjr--pY
~N)V

I
H

I
HOOXH2COCOOH

Y
OH

Prephenic acid

5 4

6~
7~NV2

8 Ng I
I
H

3-Methylcarbazole (91)

Methylation

O(C0J)H"::
---..... I I

::::,.... N .0

I
H

Diphenylamine (93)

Scheme 2.3. Proposed biosynthesis of carbazoles3
,4

2.3.2. Alkaloids derived from tyrosine and phenylalanine

The aporphine (94) type alkaloids contain the tetracyclic ring system formed by phenolic oxidative

coupling of a benzylisoquinoline skeleton.8 Protopines (95) are tricyclic bases formed by oxidative ring

fission of protoberberine N-methyl salts. The benzophenanthridine (96) group is derived from

tetrahydroprotoberberine (60) precursors by oxidation of the C-6 to nitrogen bond followed by

cyclisation of C-6 on to position C-13 (scheme 2.4).

19



Chapter 2: Introduction to Alkaloids

~

1- Benzyltetrahydro-isoquinoline

I

-
1- Benzyltetrahydro-isoquinoline

I

Rs
Aporphines (94)

Rs
Tetrahydroprotoberberines (60)

I

Protopines (95)

-
Rs

Protoberberines (61)

Rs
Benzophenanthridines (96)

R.,R2,R3,Rt and Rs are substituents e.g. H, OH, OMe and O-CH2-O

Scheme 2.4. Alkaloids derived from tyrosine and phenylalanine

2.3.3. Alkaloids derived from histidine

There are two possible pathways for the biosynthesis of pilocarpine (67) as shown in scheme 2.5.

Pathway A assumes the combination of 4-imidazolylacetolphosphate (97) and either two molecules of

acetate or one molecule of acetoacetic acid. In pathway S, a histidyl analogue of cinnamic acid and (X­

ketobutyric acid, a metabolite of threonine, are the precursors.9
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r==fY0
N~NH CH20P

4-Imidazolylacetolphosphate (97)

+

o

~
COOH

Acetoacetic acid

r=TI
N~NH COOH

Urocanic acid

+
~O

COOH
a-Ketobutyric acid

o

o:JCCOOHHOH2C

c:r=cCOOHHOH2C

CYcliS~
redu~ti~:~

cyclisation
reduction

Pilocarpine (67)

Scheme 2.5. Proposed biosynthesis of pilocarpine (25)8

2.4. Biological activity

Alkaloids have been used traditionally as a result of their physiological activities in animals and

humans. The benzylisoquinoline alkaloids have a variety of physiological properties. Berberine (62)

displays antimicrobial activity against eye and intestinal infections. Codeine (98) is used as a narcotic

analgesic and antitussive, and morphine is used as a narcotic analgesic. Rutaecarpine hydrochloride

(99) (Evodia rutaecarpa) and dehydroevodiamine chloride (100) (Evodia rutaecarpa) show uterotonic

activity.3 Canthin-6-one (89), chelerythrine chloride (101) and berberine chloride (102) from Fagara

xanthoxyloides have showed antimicrobial activity against oral flora.2 Sanguinarine (103) is used as an

antimicrobial agent in oral hygiene.' Emetine (104) is an anti-amoebic and colchicine is used as a

microtubule disrupter and gout suppressant.
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OyQII NO

~ N =0I I
H RN -:?

Cl'+ ~ I

Rutaecarpine hydrochloride (R = H) (99)
Dehyroevodiamine cWoride (R = Me) (100)

MeO

o

)

OMe

Chelerythrine chloride (101)

MeO

o

)

Sanguinarine (103)

OMe

OMe

Berberine chloride (102)

""/

OMe

OMe
Emetine (104)

Melicobisquinolinone B (105) (Melicope ptelefolia) and N-methylflindersine (106) (Melicope ptelefolia)

inhibit the mycelial growth of the fungus Cladosporium cucumerinum at nanomolar concentrations.'

(Z)-Bogorin (107) (Glycosmis cf. chlorosperma) exhibits antifungal properties against Cladosporum

herbarium and cytotoxic activity against Artemia salina.1
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cif a
(Z)-Bogorin (107)

W
o

:

e

~ I N 0
o I
L o Me
Casimiroine (108)

o

HO~R
U~J:o R=~

H
Severibuxine (109)

Casimiroine (108) (Casimiroa edulis seeds) shows antimutagenic and chemopreventative activity

against cancer cells in mouse mammary gland cultures by inhibiting DMBA-induced lesions.1

Severibuxine (109) (Atalantia buxifolia) shows cytotoxic activity against P-388 murine leukaemia cell

Iines.1 Acronycine (110) is the acridone alkaloid best known to exhibit antitumor activity.

Me

Me

Acronycine (110)

Research into alkaloid chemistry provides the pharmaceutical industry with sources for new and better

drugs.
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CHAPTER 3
Introduction to Triterpenoids

3.1. Introduction and Classification

Triterpenoids are terpenoid type compounds with a C30 skeleton. Terpenoids are compounds built up

from Cs isoprene units and are derived from mevalonate as the initial presursor.1 Terpenoids are

classified into hemiterpenoids (Cs skeleton), monoterpenoids (C lO skeleton), sesquiterpenoids (C1S

skeleton), diterpenoids (C20 skeleton), sesterterpenoids (C2S skeleton), triterpenoids (C30 skeleton) and

tetraterpenoids (C40 skeleton).

Only the triterpenoids will be discussed since only this class of terpenoids was isolated in this work.

Triterpenoids are naturally occurring compounds with a C30 skeleton and are present as secondary

metabolites in plants. Triterpenoids range from structures where the eight carbon side chain remains

intact e.g. euphol (1) to those structures where the side chain has cyclised to form a ring e.g.

melianone (2).

Euphol (1)
C-20 R, 20~-H o

HO~

Melianone (2)

Protolimonoids, the class of triterpenoids isolated in this work, are triterpenoids in which the side chain

is oxidised and loss of the four terminal carbon atoms often results in the formation of cyclic structures.

These compounds are thought to be precursors of limonoids, hence the name protolimonoids.

Protolimonoids are divided into two groups (la and rb). The group la protolimonoids have a /3-methyl

group at C-14 and a d
7
-double bond and group Ib protolimonoids have undergone the apo-euphol

rearrangement to form a d14-double bond with the /3-methyl group at C-8, and an oxygenated

substituent at C-7a. The group la protolimonoids include melianone (2) (Turrea obtusifolia,

Entandrophragma caudatum) , sapelin A (3) (Entandrophragma cylindricum, Entandrophragma utile)

and sapelin B (4) (Entandrophragma cylindricum).

HO'"

~
OH "OH

o "
tI

Sapelin A (3)
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The group Ib protolimonoids include sapelin C (5) (Entandrophragma cylindricum) , sapelin E (6)

(Entandrophragma cylindricum) and turranolide (7) (Turraea robusta).

o

~."'OH
H

o

t5
: H

f ."OH
"

V
f H

'" H
"""

Sapelin E (6)

o

Turranolide (7)

3.2. Biosynthesis

Mevalonate undergoes a series of enzyme-catalysed phosphorylation reactions to form isopentenyl

pyrophosphate (IPP) and dimethylallyl pyrophosphate (DMAPP) (Scheme 3.1 ).2

'" OH

HO~C02­
Mevalonate

vATP

~ADP
"'- OH

PO~C02-
5-Phosphomevalonate

ATP ADP

"L

Ad = Adenosine
ADP =Adenosine diphosphate
ATP = Adenosine triphosphate

~POPO.Ad

\ OH &;
POPO~ 2

5-Pyrophosphomevalonate

ATP ~

ADP A

POPO~ ~
Dimethylallyl pyrophosphate (DMAPP)

po~w
H

Isopentenyl pyrophosphate (IPP)

Scheme 3.1. Formation of IPP and DMAPP from mevalonate2

IPP and DMAPP undergo condensation to form geranyl pyrophosphate (GPP), farnesyl pyrophosphate

(FPP) and geranylgeranyl pyrophosphate (GGPP). These compounds are precursors for

monotriterpenoids, sesquiterpenoids and diterpenoids (scheme 3.2).2
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DMAPP

- diterpenoids (Czo)

- sesquiterpenoids (C IS)
h

Farnesyl pyrophosphate (fPP)
POPO

H

IPP !IPP

~~
POPO

Geranyl pyrophosphate (GPP)

POPO

POPO

monoterpenoids (C 10)
Geranylgeranyl pyrophosphate (GGPP)

Scheme 3.2. Formation of GPP (monoterpenold), FPP (sesquiterpenold) and GGPP (dlterpenoid)2

Dimerisation of two FPP molecules forms farnesylfarnesyl pyrophosphate (FFPP) which undergoes a

1,2-hydride shift to form presqualene pyrophosphate. This then reacts with nicotinamide adenine

dinucleotide (NADH) to form squalene, which undergoes enzymatic oxidation to form (S)-squalene-2,3­

epoxide (scheme 3.3).2 Cyclisation of (S)-squalene-2,3-epoxide leads to the formation of triterpenoids

(C30 skeleton).

OPOP

R=~/
FPP

1
R

FPP

OPOP 1.2-hydride shift
~

R

Farnesylfarnesyl pyrophosphate (FFPP) Presqualene pyrophosphate

Squalene

1squalene mono-oxygenase

-
~

~¥t
NADHJ R

(S)-Squalene-2,3-epoxide

Scheme 3.3. Formation of (S)-squalene-2,3-epoxide2
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The different triterpenoid structures arise as a result of (S)-squalene-2,3-epoxide having a number of

conformations on the enzymatic surface.3
,4 Wagner-Meerwein 1,2-hydride shifts and the different

cationic intermediates result in the different types of triterpenoids.5

Cyclisation of (S)-squalene-2,3-epoxide in the chair-boat-chair-boat conformation affords the

protosteryl carbocation. The protosteryl carbocation can either form lanosterol (8) by the loss of H-9, or

H-9 can migrate to C-8, thereby initiating the 9,1 O-cyclopropane ring formation of cycloartenol (9)

(scheme 3.4).6

(S)-Squalene-2,3-epoxide
chair-boat-chair-boat

Protosteryl carbocation

!

Lanosterol (8)

Protosteryl carbocation

!

Cycloartenol (9)

Scheme 3.4. Formation of lanosterol (8) and cycloartenol (9)8

Cyclisation of (S)-squalene-2,3-epoxide in the chair-chair-chair-boat conformation affords the C-20

epimeric dammarenediols, and the dammarenyl carbocation, which undergoes methyl migration and

1,2-hydride shifts to form the C-20 epimers euphol (1) and tirucallol (10) (scheme 3.5).6 These

compounds, (1) and (10), are important precursors to limonoids.
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Dammarenediols
C-20R,S

HO

/
I
H

Dammarenyl carbocation

\

Euphol (1)
C-20 R, 2013-H

Tirucallol (10)
C-20 S, 20a-H

Scheme 3.5. Formation of euphol (1) and tlrucallol (10)8

The chair-chair-chair-boat cyclisation of (S)-squalene-2,3-epoxide also affords pentacyclic triterpenoids

such as ~-amyrin (11) and lupeol (12). The chair-chair-chair-chair conformation of (S)-squalene-2,3­

epoxide affords diplotene (13) and tetrahymenol (14).7 The chair-chair-chair-chair-boat conformation of

(S)-squalene-2,3-epoxide affords moretenol (15)8 and the chair-boat-chair-chair-boat conformation

affords arborinol (16).9
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13-Amyrin (11)
(olean-12-en-313-ol)

Tetrahymenol (14)

)1...""

Lupeol (12)

Moretenol (15)

Diplotene (13)

Arborinol (16)

Functionalisation and/or cyclisation of the side chain of euphol/tirucallol precursors gives rise to a class

of triterpenoids which have become known as the protolimonoids. Oxidation of the side chain results in

the formation of an aldehyde group at C-21, a hydroxy group at C-23 and a 24,25-epoxide ring. This side

chain is then cyclised to form the turraeanthin side chain, which is present in some of the protolimonoids

isolated in this work (Scheme 3.6).10

Tirucallol side chain

[0]- -
o

HO-.,./O~

H"..U '"
R"'--

Turraeanthin side chain

Scheme 3.6. Formation of the turraeanthln side chain10

Opening of the 24,25-epoxide ring results in the formation of the side chain found in other protolimonoids

isolated in this work. The stereochemistry of the 24,25-epoxide ring that characterises compounds such

as melianol is securely established. 11 A number of workers have reported that acid catalysed ring

opening of the epoxide precursor leads exclusively to the 245,25-dioI. 12 This is explained by the

assumption that this ring opening involves formation of a carbocation at C-25, as the C-25 tertiary

carbocation would be more stable than its C-24 secondary counterpart. Ring cleavage thus occurs at the

C-25-oxygen bond, with retention of the 245 configuration at C-24 (Scheme 3.7).

R~ w- C-25 oxygen
ring cleavag: R-Y

OH

H20. R~
/"OH

Protolimonoid with the 24S,25-diol

Scheme 3.7. Formation of the 24S,25-dlol of the protolimonolds
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Only a few protolimonoids with the 24,25-diol have previously been reported with established C-24

stereochemistry.13.14,15,16,17,18 All of these protolimonoids have been reported to have the 245

configuration. Merrien and Polonski5 reported melianodiol which has the 245 configuration. This is

expected since melianodiol was obtained previously by acid catalysed opening of the melianone

epoxide by Lavie et al..19 Omobuwajo et al.16 reported gentinone C with the 245 configuration, the

structure of which was confirmed by acid catalysed opening of the epoxide of gentinone A. Zeng et

al.14 reported meliavolkenin with the 245 configuration. The stereochemistry was determined by

reducing meliavolkenin and forming an acetonide derivative (scheme 3.8), which was analysed using

the results of NOESY experiments.

OH

p-Tsowacetoni

"",.. /
HO] o('p

'~"""~H

~)H

H0)YT<HO;
OH

,<A
NaBHJMeOH..

····"OAc

Meliavolkenin

"·xACO~""0 AczO/pyridine
4

~ A ~"""~H

Acetonide derivative

Scheme 3.8. Formation of the acetonide derivatives from meliavolkenln14

The acetonyl methyl proton resonances of the acetonide derivative occurred as a singlet at OH 1.42,

which correlated to the oxymethine resonances at OH 4.03 (t, J =8 Hz) and OH 3.54 (t, J =8 Hz) in the

NOESY NMR spectrum. This indicated that the diol at C-23 and C-24 was threo (the common

substituents on the two stereogenic carbons are on opposite sides of the molecule), since two

separated singlets are observed for erythro diols. Mulholland et al. 17 reported holstinones A-C, all of

which were reported to have the 245 configuration, and Hisham et al.18 also reported a protolimonoid

with the 245 configuration. All these reports showed the H-24 proton resonance to occur at _ OH 3.2 for

H-24 for the 245 configuration. Puripattanavong et al. 13 reported the isolation of both C-24 epimeric

diols, melianodiol and epi-melianodiol from Aglaia andamanica. The presence of the C-24 epimer was

deduced only by the observed difference in the chemical shifts of the H-24 proton (OH 3.15 vs 3.64) and

the C-24 carbon resonances (oc 75.24 vs 77.68) in the NMR spectra.
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3.3. Biological Activity

The biological activities of triterpenoids include cytotoxic and antifungal activities. Some pentacyclic

and tetracyclic triterpenoids exhibit anticarcinogenic properties. The pentacyclic triterpenoid

epimaniladiol (17) showed activity against the HEC-1-A, CAMA-1, ME-180, u-87MG, CALAU-1 and

SK-OV-3 human cancer cell Iines.20 The 1613-epimer, maniladiol (18), showed cytotoxicity against the

ME-180 and CAMA-1 cell lines, whereas sophoradiol (19) (no C-16 hydroxy group) only showed

cytotoxicity against ME-180 celllines.2o Glycyrrhetinic acid (20) showed activity against SK-OV-3 and

11-oxo-13-amyrin was active against CAMA-1 celllines.20 These results showed the importance of the

hydroxy group's position and orientation in 12-0Ieanenes. Compounds with hydroxy groups at both C-3

and C-16 are more active than compounds which only have the C-3 hydroxy group, and compounds

containing a hydroxy group at C-16a. exhibit the highest activity against the human cancer celllines.2o

Maniladiol (18)
Epimaniladiol (17) Sophoradiol (19)

OH

HO

"\.... COOH

Glycyrrhetinic acid (20)

The hexacyclic nortriterpene pfaffic acid (21) (Pfaffia paniculata) exhibits growth inhibitory properties

against cultured tumor cells such as melanoma (8-16), Hela (S-3) and Lewis Lung carcinoma cells.21

Pfaffic acid (21)

In vitro antitumor studies on lanosterol oligosaccharides (Eucomis bicolor, Scilla peruviana,

Chionodoxa gigantean, Chionodoxa luciliae) showed their inhibitory action on the tumour promoter 12­

D-tetradecanoylphorbol-13-acetate (TPA) - stimulated 32P, preventing it from being incorporated into

the HeLa cell phospholipids. The antitumor properties of these compounds are enhanced by a C-16~

hydroxy sUbstituent.22

33



Chapter 3: Introduction to Trllerpenolds

2213-Hydroxy-15-deoxoeucosterol (22) (Ledebouria zebrina) exhibited antifungal properties against the

fungus Fusarium moliniforme.23 Ursolic acid (23) (Prunella vulgaris, Psychotria serpens and Hyptis

capitata) showed cytotoxicity against the lymphocytic leukemia cells P-388 and L-1210 and the human

lung carcinoma A-549 cellline.24

.: CH20H

22B-Hydroxy-15-deoxoeucosterol (22) Ursolic acid (23)

Triterpenoids are important anticarcinogenic agents and work in this field will continue in the hope of

finding new drugs to combat these diseases.
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CHAPTER 4
Introduction to Quassinoids

4.1. Introduction

Quassinoids are bitter-tasting terpenoid compounds, which are characteristic of the Simaroubaceae

family. Species of the Simaroubaceae also produce tryptophan alkaloids such as p-carbolines,

together with canthinones, anthraquinones, f1avonoids and limonoids. Quassinoids are classified

according to their basic C20, C25, C18 and C19 skeleta,1 this classification is discussed in section 4.2.

The proposed quassinoid biogenesis from triterpenoid precursors is discussed in section 4.3.

The bark of Quassia amara L. and Picraena excelsa Lindl are used by the Braz~ians for the treatment

of diarrhoea, dysentery, dyspepsia, blennorhagia, stomach aches, anaemia, liver disorders and

gastrointestinal disorders.2 In Europe and the U.S. the bark is used as a herbal medicine for stomach

and digestive problems, as a laxative, amebicide and anthelminthic.2 Various quassinoids isolated from

the Quassia amara bark by the Japanese were found to have anti-ulcer activity. The water extract of

the bark showed in vitro antiviral properties against MT-2-lymphoblastoid cells infected with HIV.2 The

bark was found to be an active larvicide.2 The in vivo antifertility properties of the bark tested in rats

were also demonstrated.2 Tea made from Quassia amara is said to destroy the appetite for alcohol.3

The West Indian natives leave water standing overnight in cups made from Quassia amara wood to

take as a bitter tonic for soothing the stomach.3 Quassia amara has also been reported to have

antiparasitic, antibacterial, antiviral, antiplasmodial, anti-inflammatory and anticancer activities.4

Quassia amara Picraena excelsa Eurycoma longifolia
(Photograph by Gerald D. Carr) (http:J'-.xs4all.nl/-margjos/nlkassi.hbn) (Photograph by Kazuo Yamasaki)

Eurycoma longifolia Jack, also known as "Tongkat ali", has been used by the Malaysian villagers to

improve blood circulation and cure skin diseases. Recently the plant has been reported as an

aphrodisiac to boost the male sex drive.5

Quassinoids have been reported to display a wide variety of biological activities, which include herbal

and homeopathic remedies for soothing the stomach, treatment of thrush and mouth fungal disorders,
. 6.

sinus, eczema, anoreXia nervosa, fever, blennorrhagia, malaria and liver disorders,7 f1avourants in

foods, liquors and tonic wines.
8

They are also reported as effective pesticides.8 ,9 These biological

activities are further discussed in section 4.4.
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4.2. Classification

The five basic skeleta (1-5) of the quassinoids
1

are shown below.

R 8 0 IS
B 7 16

-"'11

(1) (C20)

4 ~

R
ill

18

18

(4) (C2S)

......""~

,dip:"
~ H

(3) (CI8)

(5) (C2S)

Skeletal types (1), (2), (3), (4) and (5) of quassinoids
1

4.2.1. C20 quassinoids

The first quassinoids were isolated in 1950 from the wood of Quassia amara.
10

These were the C20

quassinoids quassin (6) and neoquassin (7) whose structures were characterised only in 1962 by

Valenta and co_workers. 11
.
12

Quassia amara
(Photograph by Gerald D. Carr)

H
28

Quassin (6)

o

28
Neoquassin (7)

OH

Quassin (6) has a D-Iactone, and neoquassin (7) has the corresponding hemiacetal.
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In 1964 the structures of glaucarubin (8) and glaucarubol (9),13,14 from the seeds of Simarouba glauea

C.DC., were established.

Simarouba glauca
(Photograph by Dr. Edward F. Gilman)

HO"",

G1aucarubin (8)

o

HO"",

Glaucarubol (9)

OH

o

These quassinoids, (8) and (9), are different from quassinoids (6) and (7) in that the methyl group at C­

B has been oxidised to a hydroxymethyl group, which has then formed a hemiketal linkage to a

carbonyl group at C-11 .

Polonsky1 subclassified the C20 quassinoids on the basis of variations in the structure of ring A as

shown below. Polonsky1 also noted that ring C may possess a methyl or hydroxymethyl group at

position 30, and ring D may have a hydroxy group at C-15 which is generally esterified with small fatty

acids.

o

Ho""CtI
! H

(a) (b) (e)

(d) (e) (t)

Variations in ring A of the C20 quassinoid structureI

Bruceanic acid A (10), isolated in 1975 from the Ethiopian Brueea antidysenteriea MiII,15 was the first

ring A-seeo C20 quassinoid found.
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Bruceanic acid A (10)

Brocea antidysenterica
(http://mailbox.univle.ac.at/Christian.Puff/Simen2001_Report_Plates.htm)

Bruceanic acids B (11), C (12) and 0 (13) and the methyl ester of bruceanic acid A (14) were also

isolated from Brucea antidysenterica.16

R = H Bruceanic acid C (12)
R = Ac Bruceanic acid 0 (13)

H0:zC

o

Bruceanic acid B (11)

OH
;

,CO:!Me

.,,' H 02
C

..... ~ ./

'0./ TOR
o

RO:!C

o

R = Me Bruceanic acid A methyl ester (14)

In 1975 dehydrobruceantin (15) was reported from Brucea antidysenterica.15 In 1979 the bruceosin

(16) type compounds were isolated.17•18,19,20,21,22,23

HO

o

Dehydrobruceantin (15)
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Shinjudilactone (17) isolated from Ailanthus altissima Swingle24
,25 is a C20 quassinoid with

rearrangement of ring C and a 12,30-lactone linkage.

Shinjudilactone (17)

o

Ailanthus a/tissima
(Photograph by Gerald D. Carr)

Ailantinol 0 (18) (Ailanthus altissima) is similar to shinjudilactone (17), the difference being the C-6

hydroxy group in ailantinol 0 (18). Ailantinol A (19) (Ailanthus altissima) undergoes further C-11, C-12

bond cleavage to form the seco-ring 0.26

OH
Ailantinol 0 (18) Ailantinol A (19)

Simarinolide (20), its deacetyl analogue (21),1 and guanepolide (22) were reported from the fruits of

Simaba muffiflora A.Juss.'Z7

Guanepolide (22)

R = Ac Simarinolide (20)

R = H (21)
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Karinolide (23), from Simaba multiffora A.Juss,28 and shinjulactone F (24), from Ailanthus aftissima

SWingle,29 possess a hydroxymethyl group at C-30 and a 1,11-hemiketal.

Ailanthus altissima
(Photographs by Gerald D. Carr)

Karinolide (23)

o

Shinjulactone F (24)

Shinjulactone C (25), from Ailanthus aftissima,24 does not possess the 1,11-hemiketal since the steric

constraints caused by the presence of the C-1, C-12 and C-5, C-13 bonds prevents the hemiketal from

forming. Shinjulactone G (26) was also isolated from Ailanthus aftissima.30

Ailanthus altissima
(Photographs by Gerald D. Carr)

OH

Shinjulactone C (25) Shinjulactone G (26)

o

Vilmorinine B (27), vilmorinine C (28), the 1-epimer vilmorinine D (29), the 5-epimer vilmorinine E (30),

and 5,15-diepimeric vilmorinine F (31) from Ailanthus vilmoriana Dode have the unusual H-14u and

have lost C_20.
31

Vilmorinine A (32), however, has the H-14J3 and C-20 present but has the unusual

1,7-ether bridge.
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Vilmorinine B (27)

Vilmorinine E (30)

Vilmorinine C (28)

Vilmorinine F (31)

o

"""0 0

Vilmorinine D (29)

Vilmorinine A (32)

Quassia indica Gaertn. yielded samaderines X (33), Y (34), Z (35) and indaquassin X (36), which have

the 13,30-ether bridge.32 Indaquassin B (37) from Quassia indica Gaertn.33 and cedronolactone 0 (38)

from Simaba cedron Planch34 are C20 quassinoids in which a lactone ring has formed including C-14

and C-12 rather than C-14 and C-7.

OH OH OH

o OAc

o

o

Samaderine X (33)

OH

OH
Indaquassin X (36)

o

Samaderine Y (34)

28

Indaquassin B (37)

Samaderine Z (35)

Cedronolactone D (38)

H

Quassia indica
(Photograph by G. E. Schatz)

44

Simaba cedlOn
(http://www.nybg.orglbscUres/bahialSim-cedr.html)
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Soulameolide (39) was isolated from the trunk bark of the New Caledonian species Sou/amea

tomentosa Brogn. et Gris.35 Bruceaketolic acid (40) was isolated from Brucea javanica (L.) Merr.
36

Bruceaketolic acid (40)

o

Soulameolide (39)

HOHO"""

Brocea javanica
(http://www.phannanet.co.kr/dlr/lndex5l555m29.htm)

In 1982 isobrucein B (41) was isolated from the French Guianan species Picrolemma pseudocoffea

Ducke.15 P. pseudocoffea also yielded the 15-deacetyl analogue of sergeolide (42)37 and

neosergeolide (43), in which the butenolide ring is attached to the A ring at C-1, C_2.38

lsobrucein B (41)

R = Ac Sergeolide (44)

R = H 15-Deacetyl sergeolide (42) Neosergeolide (43)

Chaparrolide (45) and castelanolide (46) were isolated from Caste/a nicho/soni Torr et A.Gray39 and

bruceine G (47) was isolated from Brucea sumatrana Roxb.40

OH

Chaparrolide (45)

o

OH

Castelanolide (46)

HO

OH
Bruceine G (47)

OH

o
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Picrasma javanica Blume yielded the javanicins A (48), B (49), C (50) and 0 (51) and the glycoside

javanicinoside A (52).41,42

OH

"""OGlu

OMe

OMe

lavaniein B (49)

MeO

MeO

OMe

lavanicin D (51)

AeO" .. ,.

O~ OAe

~O~."" ..

oH ····"0

lavaniein A (48)

MeO

MeO

lavanicin C (50) lavanicinoside A (52)

Nigakihemiacetal A (53)43 and nigakilactones E (54), F (55) and H (56) (Picrasma ailanthoides

Planchon)44 and picrasin F (57) (Picrasma quassioides Bennet) all have the C-13 hydroxy group.

R =Ae RI =Me Nigakilaetone E (54)

R =H RI =Me Nigakilaetone F (55)

MeO

OH

Nigakihemiaeetal A (53)

MeO

MeO

MeO

Nigakilaetone H (56) Picrasin F (57)

4.2.2. C25 quassinoids

Simarolide (58), isolated from the bark of Simarouba amara AUbl.,45 is a C25 quassinoid similar to

quassin (6), but has an additional five carbon atom sidechain containing a ketone at C-17 and a y_

lactone ring.
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H

Simarolide (58)

o

Simarouba amara
(Photograph by Harri Lorenzi www.plantarum.com.br)

C25 quassinoids type (5) (page 39) differ from C25 quassinoids type (4) by the mode of formation of the

y-lactone. 1 In type (4) the y-Iactone is formed between C-21 and C-23 and C-17 is not involved. In type

(5) C25 quassinoids, C-17 is involved in the y-Iactone and C-21 is external to the ring. In 1970 the

second C25 quassinoid, picrasin A (59), was isolated from the wood of Picrasma quassioides Bennet.46

The same compound was isolated from Picrasma ailanthoides Planchon47 and was then named

nigakilactone G.

Picrasin A (59)

o

Picrasma quassiodes
(Photograph by Fa C. Esveld)

Picrasma ailanthoides
(NC State University Images by Erv Evans)

Bruceoside A (60) was the first quassinoid glycoside to be fully described.17
•
46 The Indonesian species

Picrasma javanica Blume
49

yielded the C25 quassinoid glucoside, javanicinoside E (61).

"""0 """OGlu

GluO
2

o
H

28

Bruceoside A (60)

o

47

4
co2 ",o ".

lavanicinoside E (61)

o
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Odyendane (62) and odyendene (63), isolated in 1985 from the stem bark of Odyendea gabonensis

Engler,50 were the first type (5) C25 quassinoids with the S configuration at C-17 to be reported.

MeO
2

4

28

~ 8

H 7., 16

""0
H

o

o

MeO

4
16

"""0
H

o

o

Odyendane (62) Odyendene (63)

Klaineanolide A (64), from the root bark of the Central African species Hannoa klaineana Pierre et

Engler,51 has the unique characteristic of an equatorially oriented hydroxy substituent at C-4. A novel

C25 quassinoid, cedphiline (65), was isolated from Cedrelopsis grevei (Ptaeroxylaceae).52 This is the

first report of a quassinoid outside the Simaroubaceae family, which indicates a possible link between

the two families.

"""0 0\.H
OH
KlaineanolideA (64)

4.2.3. C19 quassinoids

MeO

AeO,
~H19"'" 0

16
"""0 0

H
28

Cedphiline (65)

The first quassinoids with a C19 skeleton to be isolated were samaderine C (66) and samaderine B (67)

from Samadera indica Gaert.53

Samadera indica
(Photograph by Lani Stemmennann)

Samaderine C (66)

48

o

Samaderine B (67)
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The C19 quassinoids such as (66) and (67) have an ether linkage between the C-8 hydroxymethyl

group and C-13 rather than C-11, and the 7,14-o-lactone has been replaced by a y-Iactone between C­

14 and C-12.

Shinjulactone B (68) isolated from Ailanthus altissima Swingle54 represents a further type of C19

quassinoid.

o

o

Ailanthus altissima
(Photograph by Wllliam S. Justice)

Also in this group are ailanquassin A (69) from Ailanthus malabarica DC.55 and cedronolactones B (70)

and C (71) from Simaba cedron Planchon.

Ailanthus altissima
(Photographs by Gerald D. Carr)

OH

HO~""""""'"
o H 0 H

o~_ A ..,o 0

Ailanquassin A (69)

OH

H~O"',.,..."""
o Ij H

o~ A,o 0

Cedronolactone B (70)

OH

HO~"'.. , ..."""
H H

o 0 ~ .0 OH

\:("", A '0

0
0

Cedronolactone C (71)

o

:::::.... "'''''0
H

OH
Longilactone (72)

o

Longlilactone (72)56 and two related compounds57
,58 containing the 7,14-y-lactone ring were isolated

from Eurycoma longifolia Jack. Recently, Eurycoma longifolia roots yielded eurycolactone C (73).59
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Quassia indica yielded indaquassin A (74),33 the only C19 quassinoid to be reported with an axial 4~­

hydroxy substituent, and 2-0-glucosylsamaderine C (75), the C19 quassinoid glycoside.
32

o

.........,.,O~
•••1

1

..."" 0......

Eurycolactone C (73)

HO"" ..

Indaquassin A (74)

GluO"" ..

2-0-Glucosylsamaderine C (75)

4.2.4. Ci8 quassinoids

The C18 quassinoids (3) differ from C19 quassinoids (2) by the loss of one carbon atom from ring A.60

Only five C18 quassinoids have been isolated. Samaderine A (76) was isolated first from Samadera

indica Gaertn in 1962,61 and its structure was established in 1978.62 Laurycolactone A (77), and B (78)

were isolated from Eurycoma longifolia Jack63 (Vietnamese Simaroubaceae). Recently, Eurycoma

longifolia roots yielded eurycolactone A (79) and B (80),59 which are closely related to the quassinoids

isolated in this work.

...""",O~
,.,11

1..... 0
0.········

Samaderine A (76)

28

..""""O~
.,,11

o .' "",,' 0
........

Laurycolactone A (77)

,1,0
....,.,~

•• ,1 1

.' 1,,1' 0

.........

o
Laurycolactone B (78)

,,10
....."~

>,1 11

.' ,.", 0

.........

o
Eurycolactone A (79)

Cl

,liD
......,~

,.111

.' ..." 0

. .

o
Eurycolactone B (80)

Eurycoma Jongifolia
(http://www.pasakbumi.comltrees.htm)
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4.3. Biosynthesis

By 1964 it became apparent that quassinoids originated from triterpenoid precursors. 14.64.65

Quassinoids follow the same biosynthetic pathway as the protolimonoids discussed in chapter 3. The

C25 quassinoids such as simarolide (58) and picrasin A (59) are proposed to arise from apo­

euphol/tirucallol precursors (81). Since these quassinoids are Sat C-20, it would appear to favour the

tirucallol rather than the euphol origin.

The proposed biosynthesis of simarolide (58) and picrasin A (59) is shown in scheme 4.1.65
: one

methyl group at C-4 and four carbon atoms at the end of the side chain are removed and C-20 to C-23

are converted to a y-Iactone ring. The apo change is necessary to establish the C-813 methyl group. It is

proposed that triterpenoids with this y-Iactone ring as the side chain, undergo oxidative ring 0

expansion and opening, and the C-16 carboxylic acid group forms a lactone ring with the 7a-hydroxy

group. Oxidation of the C-17 hydroxy group then results in the basic C25 skeletons of simarolide (58)

and picrasin A (59).

HO

28 29
(81) Euphol C-20 R, 2013-H

TirucaIlol C-20 S, 20a-H

o o

I
COl? oxidation

C-7a, C-16- lactone fonnation
~

16

Hao

1 C-16, C-17- bond cleavage
~

I

HO,.....
2

i8 (58)

o o

Scheme 4.1. Proposed formation of simarolide (58) and picrasin A (59) 14,64,65

The C25 quassinoids are considered to be intermediates in the biosynthesis of the other groups, C
20

and C19, in which the C-13, C-17-bond is cleaved if the 12,17-dione is present or by a retro-aldol
51
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reaction of the 17-01-12-one (scheme 4.2).46 The loss of C-16 is also required to form C19 quassinoids.

o

-
o

o

~ A'~"',~-H
(tl:5

Scheme 4.2. Biosynthesis of C20 quassinoids by a retro-aldol reaction of the 17-01-12-one46

The proposed quassinoid biosynthetic pathway was experimentally verified using labelled mevalonate

precursors.66.67.68.69 Both the 2_14C_(2*) and S_14C-(Se)-mevalonic acid lactone (MVA) (82) were

incorporated into glaucarubinone (83) and glaucarubolone (84) via viable seeds of Simarouba glauca.

The expected labelling patterns in the proposed apo-euphol/tirucallol triterpenoid precursor (85) and in

glaucarubolone (84) are indicated respectively by the symbols* and e. Hydrolysis of the radioactive C­

15 ester glaucarubinone, isolated from both 2_14C and 5_14C MVA incorporation, showed that the acid

residue, derived from isoleucine, was inactive thereby suggesting that labelling only occurred in the C20

skeleton.68

HO :

00
(82)

OR

H 0
"" OH

Glaucarubinone (83) R =OC~
Glaucarubolone (84) R = H Apo-euphoVtirucallol (85)

Kuhn-Roth oxidation of 2_14C glaucarubolone only produced inactive acetic acid, establishing that the

three methyl groups at C-4, C-10 and C-13 were unlabelled and that the methyl group at C-4 was

derived from the methyl group of MVA, and thus from the 13 axial methyl group in the triterpenoid

precursor.
65

It was suggested that the loss of a methyl group at C-4 arises from the formation of a 3­

keto triterpenoid precursor common to all quassinoids followed by decarboxylation of the resulting 13­
keto-acid (scheme 4.3).65 The six membered transition state required for this transformation is

achieved more easily via a C-4 equatorial carboxyl residue than a C-4 axial carboxyl residue.

keto-enol..
tautomerism o~'

Scheme 4.3. Loss of C-4 equatorial methyl group by decarboxylation65
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Further degradative studies showed that C-1 and C-1S were labelled by (2*), and C-12 and C-16 by

(S-) MVA respectively, and the presence of five labelled carbon atoms in S_
14

C glaucarubolone proved

the triterpenoidal origin of quassinoids.65

The unusual R configuration at C-S in compounds such as shinjulactone B (68) arises from C-1, C-2­

bond cleavage of the 1,2-diketo precursor, followed by nucleophilic attack at CoS, decarboxylation and

ring B contraction (scheme 4.4).54

0 --
0 H02

0 H02- - ~ ·... 1'0,

° 1
° --

ring B contraction

··....",1
..

cyclisation

0

Scheme 4.4. Formation of the R configuration of the C19 quassinoid shinjulactone B (68)54

Ailanthone (86) may be converted into the C20 quassinoid shinjudilactone (17) by treatment of the

intermediate diketone with NaHC03 (scheme 4.S).25

1HC03"

-
o

ring contraction
..

o

(86)

o

o

Scheme 4.5. Proposed mechanism for conversion of shinjudilactone (17) from allanthone (86)25

53



Chapter 4: Introduction to Quasslnolds

The C25 quassinoids, eurylactones A (87) and B (88) (Eurycoma longifolia),7o polyandrol (89) and its C­

5 epimers (90), (91) (Castela polyandraf1
•
72 can only arise if the C-10 decarboxylation and C-5, C-10

bond migration steps occur first, producing a carbocation intermediate which can then undergo

nucleophilic attack from either side to result in both the Rand S configurations (Scheme 4.6).

H~YH..."....
H OHo 0 ¥, OH

\::(..... ~".O °
Eurylactone A (87)

(~>H

HO~";...."'" ,0'

H OHo 0 . OH

~m ~ •••O °
Polyandrol (89)

H~O"'"yH
H OHo 0 . OH

'~. ~ "0 °
Eurylactone B (88)

(~>H

H°tm'·;."",0"'(0--]... .~. ... OHOR

~ "'0 0

R=H (90)
R=Ac (91)

H~2,
H02C . fI '.

~ H······,

Scheme 4.6. Formation of both Rand 5 configurations

Sergeolide (44) is a different type of C20 quassinoid where a lactone ring is attached to ring A.

Sergeolide (44) can be formed via a "Claisen-type" rearrangement, double bond migration and

lactonisation (Scheme 4.7).73
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Sergeolide (44)

Scheme 4.7. Formation of sergeolide (44) by "Clalsen-Iike" rearrangement.73

4.4. Biological activity

Quassinoids have a wide range of biological activities such as antileukemic, antiviral, antimalarial, anti­

inflammatory, antifeedant and amoebicidal activities.

Certain quassinoids display in vivo antileukemic activity. Bruceantin (93) is one such compound which

is active against the P-388 lymphocytic leukemia cell line.1 It shows activity over a wide dose range

and is active against solid tumours. 1,15,74,75,76

Bruceantin (93)

The esters of brusatol (94), bisbrusatol (95) and bruceantin (93) have the ability to suppress DNA and

protein synthesis in P-388 lymphocytic leukemia cells. These active compounds were also shown to

inhibit DNA polymerase activity and purine synthesis.n
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R

Brusatol (94)

QH

"COOCH3.., er<
H

Bisbrusatol (95)

OH

Quassinoids which possess the lX, l3-unsaturated ketoI group at position 1 and 2, or a diosphenol group

at position 2 and 3 in ring A, such as bruceantin (93), display antineoplastic activity in the NIH murine

lymphocytic leukemia P-388 system.
78

Undulatone (96)79 is another cytotoxic quassinoid isolated from Hannoa undulata.

15-Deacetylsergeolide (97), isolated from the leaf extract of Picro/emma pseudocoffea,37 displays

potent antileukemic activity.

9H

; "COOCH3,..,

H

15-Deacetylsergeolide (97)

H Il2
Undulatone (96)

The quassinoid glucosides, bruceoside A (60) and bruceoside B (98) from Brucea javanica seeds,i7

and bruceantinoside A (99) and bruceantinoside B (100) from Brucea antidysenterica wood display

signifICant antileukemic activity.i9

Brucea javanica seeds
htlp:/lwww.phannanelco.kr/dir/index5l555m29.htm

Brucea antidysenterica
http://mailbox.univie.ac.atlChristian.Puff/Simen200i_Report_Plates.htm
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H

R m~: Bruceoside A (60) R m~:
Bruceoside B (98)

R mbrae\1e Bruceantinoside A (99) R mbr~e Bruceantinoside B (100)

Me Me
Me Me

Certain quassinoids such as isobruceine A (101) and chaparrinone (102) display in vitro antiviral

activity, for example, against the oncogenic virus Rous sarcoma.1

mOCH3

mCH2CH(CH3h

Chapaninone(102)
Isobruceine A (101)

Certain quassinoids display in vitro antimalarial activity.ao Simalikalactone D (103) is the most active

compound. Glaucarubinone (83) and soularubinone (104) are also effective.

Simalikalactone D (103)

R

Brucein B (105)

R
R

mC(Me)OHCH2Me
mCH2CM~OH

57

Glaucarubinone (83)
Soularubinone (104)
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Simalikalactone D (103) is a potent insect antifeedant. 1 Glaucarubinone (83) and brucein B (105) show

insecticidal properties. 1

Extracts of species such as Castela nicholsoni and Chaparro amargoso (castamargina) have been

used in Mexico and China to treat fevers, dysentery and amoebiasis. Ailanthone (86)1 and glaucarubin

(8)1 were shown to be effective amoebicides.

o

Ailanthone (86)

o

Glaucarubin (8)

Brusatol (94) and related compounds were found to be potent inhibitors of induced inflammation and

arthritis in rodents.
61

The action of these anti-inflammatory quassinoids is to stabilise lysosomal

membranes, thereby reducing the release of hydrolytic enzymes that cause damage to the surrounding

tissues.61

R

Brusatol {94)

The amaroid drug consisting of quassinoids from Quassia amara L. is used to increase the appetite

and aid in digestion.2

Research in this field continues in the hope of finding more quassinoids of biological importance.
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CHAPTER 5
Extractives from Samadera madagascariensis leaves

5.1. Introduction

Samadera madagascariensis Jussieu is a Madagascan member of the Simaroubaceae family.

Capuron regarded S. madagascariensis as synonymous with S. indica Gaertn. on botanical grounds,1

while Nooteboom considered it synonymous with Quassia indica (Gaertn.) Nooteboom,2 on botanical

grounds. However, no publication on Q. indica has referred to the synonymy with either S.

madagascariensis or S. indica.

S. madagascariensis is locally known as ''fatriana'' in Madagascar.3 The Madagascans use the

rootbark as a febrifuge,4 and the leaves are used for stomache aches and treatment of dysentery.s The

locals use the juice of fresh leaves to treat wounds and burns.S

Previous work on the stem bark of S. madagascariensis in these laboratories has provided evidence

that S. madagascariensis, S. indica and Q. indica can be considered synonymous with each other on

chemical grounds.6 Since the only reported investigation on the leaves of S. madagascariensis dates

from 1971,7 it was decided to extend the investigation6 to that of the leaves as well, to provide further

evidence of this synonymy.

Background on Samadera and Quassia

Samadera comprises S. indica,8 from Sri Lanka, Java and India, and the Australian S. bidwillii (Hook.f.)

Oliv.9Quassia comprises the Indonesian Q. indica, the Congolese Q. africana (Baill), the Guyanan Q.

multif/ora (A.Juss.) Nooteboom, the Australian Q. bidwillii and Q. amara L. from Central America.

Previous work published on Q. bidwillii and S. bidwillii, regarded these two species as being different

from each other.9.1o

S. madagascariensis leaves have preViously yielded the quassinoids samaderines B (1) and C (2), the

protolimonoid melianodiol (3) and melianol diacetate (4).7 S. indica has yielded samaderines B (1), C

(2), D (5), 3,4-dihydrosamaderine B (6), cedronin (7) and cedronolin (8)."·12 Samaderine A (9)13 and

samaderine E (10) have also been isolated.14,1s Other compounds isolated from this species include

the ketosteroid 5a-stigmastan-3-one (11)13 from the peel, the taraxane triterpenoid taraxerone (12)13

and 19-hydroxyolean-3-one derivative (13)16 from the bark, and the canthinone alkaloid indacanthinone

(14) from the wood.
17

S. bidwilliihas yielded a range of metabolites, including the Iimonoid Iimonin (15),

the quassinoid 2'-acetylglaucarubin (16), three alkaloids (17-19) and seven lignans (20-26).9
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Q. amara has yielded quassin (27), neoquassin (28) and isoquassin (29).18,19.20,21 A specimen from

Costa Rica yielded quassimarin (30) and simalikalactone D (31).22 The Q. amara wood has yielded

paraine (32), isoparaine (33) and dihydronorneoquassin (34).23 Other quassinoids have also been

isolated (35-39).24 The Brazilian Q. amara wood has yielded stigmast-4-en-3-one (40) and ~-sitosterol

(41 ).25 Carboline (42, 43) and canthinone alkaloids (44-48) have also been reported from the
wood.26,27,28
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Q. mu/tif/ora root has jielded the quassinoids 6a-hydroxychaparrinone (49), 6a-tigloyloxychaparrinone

(50) and 6a-tigloyloxychaparrin (51).29 The glabretal type triterpenoid (52)30 and the squalene

triterpenoids quassiols A-D (53_56)31.32 have also been reported from the Q. mu/tiflora root. Q. africana

has yielded simalikalactones A (57), 8 (58), C (32), D (31)33.34 and simalikahemiacetal A (28).

Simalikalactone A (57) and simalikalactone 8 (58) have also been isolated, as nigakilactone 834 and

picrasin 8 35 respectively, from Picrasma quassioides 8ennet, and simalikahemiacetal A was identified

as neoquassin (28).
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The Q. africana rootbark yielded quassin (27), and canthinone and carboline alkaloids (59, 60, 61).36

The canthinone analogue (62) and the thiocanthinone derivative (63) were also isolated.37
Q. bidwillii

contains the quassinoid chapparinone (64) which is known for its insecticidal properties.10

°

?H

Chapparinone (64)

OMe
4,5-Dimethoxycanthin-6-one (60)

o:E
~

I I
::,.... N::"'" N

o ,.;::;
Canthin-6-one (59)

cxx
~

I I
::,.... ::,.... N

ON,.;::; SMe

4-Methylthiocanthin-6-one (63)

OMe

Simalikalactone B I Picrasin B (58)

OMe
5-Methoxycanthin-6-one (62)

OMe

ceOC02H

~ ~

I I
::,.... ::,.... N

N
H

~-Carboline-l-propionic acid (61)

Similakalactone A I Nigakilactone B (57)

Indaquassin B (68)

°

Indaquassin D (70)

~
~ ·······"·:::~~O

HO,.,... i 0·····

H
\.::"'" °

HO ;.

Indaquassin A (67)

?H

HO" ....

°

?H

Soulameolide (66)

OH
Indaquassin C (69)

OH

........,,0yO
" """,'

1

. .1
...•..•,.•••1.

HO" ....

Brucein D (65)

~
HO ~H ••,° ······OH

HO".... _ ~.O OH

, H, ""0 °
~ 62C

M
Indaquassin E (71) Indaquassin F (72)

cw' ~ °::,.... ::,.... NH
N

o ,.;::;
Canthin-2,6-dione (73)

The bark of the Indonesian Q. indica has yielded samaderines B (1), C (2), 0 (5), E (10), 3,4­

dihydrosamaderine B (6), cedronin (7), brucein D (65), soulameolide (66), indaquassins A (67), B (68),

C (69),0 (70), E (71), F (72) and the canthinone alkaloid (73).38
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Q. indica stems have also yielded samaderines B (1), C (2) and E (8), indaquassin C (69), simarinolide

(74), samaderine Y (75) (which was found to be identical to ailanquassin B),39 2-o-glucosylsamaderine

C (76), samaderines X (77) and Z (78) and indaquassin X (79)40 Q. indica extracts display

antimalarial,40 antirheumatic,41 anti-inflammatory, antipyretic,38 insecticidal
41

and cytotoxic properties.
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5.2. Results and Discussion

Investigation of the leaves of Samadera madagascariensis collected from Foulpointe, in the rainy

eastern part of Madagascar, yielded eighteen compounds. The hexane extract yielded four

triterpenoids, protosamaderine A (viii), chisocheton compound A (x), protosamaderine B (xi) and

protosamaderine C (xii). The dichloromethane extract yielded one triterpenoid, 1,2­

dihydrobruceajavanin A (ix). The ethyl acetate extract yielded two quassinoids, samaderine A (i) and

2-chlorosamaderine A (iii). The methanol extract yielded five quassinoids, 513,6-dihydrosamaderine A

(ii), samaderine DN (iv), samaderine B (v), cedronin (vi), 3,413-dihydrosamaderine C (vii), and six

triterpenoids, protosamaderine 0 (xiii), protosamaderine E (xiv), protosamaderine F (xv),

protosamaderine G (xvi), protosamaderine H (xvii), protosamaderine I (xviii).

Cl

(i) (i1) (iii)

70



Chapter 5: Extraetives from Samadera madagascariensis

0 0

28

(Iv)

HO
27

27

OH
6

16

0 0

is (vII)

(vIII) (Ix)

AeO
27

16

0 0 0

(x) (xI) (xII)

MeO
27

OAe
6

16

0 0 ····"OAe 0

(xlii) (xiv) (XV)

o

(xvi) (xvII) (xvIII)

Compound (i) was isolated previously from S. indica, and compounds (v) and (vi) from both S. indica

and Q. indica. 513,6-dihydrosamaderine A (ii), 2-chlorosamaderine A (iii), samaderine DN (iv), 3,413­

samaderine C (vii), protosamaderine A (viii), protosamaderine 8 (xi), protosamaderine C (xii),

protosamaderine D (xiii), protosamaderine E (xiv), protosamaderine F (xv), protosamaderine G (xvi),
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protosamaderine H (major component) (xvii) and protosamaderine I (xviii) (major component) have

not been reported previously.

The triterpenoids (viii, xi - xviii) isolated in this work are related to holstinones B (80) and C (81)

previously reported from Turraea ho/stii (Meliaceae),42 whereas the triterpenoids (ix - x) isolated in this

work are related to bruceajavanin A (82) previously reported from Brucea javanica (Simaroubaceae).43

Triterpenoids (viii, xi - xviii) differ from holstinones B (80) and C (81) by the oxygenated substituents

on C-7, C-21 , C-24 and C-25 and by the absence of the fJ.l.2 -double bond. Triterpenoids (ix - x) differ

from bruceajavanin A (82) by the oxygenated substituent on C-7 and by the absence of the fJ.l,2 -double

bond.

o

27

Holstinone B (80) Holstinone C (81) Bruceajavanin A (82)

It was also observed in this work that the leaves contain more triterpenoids than quassinoids compared

to the stem bark of the same species.

5.3.1. Structural elucidation of Compound i: Samaderine A (i)

28

(i)

The mass spectrum [4] of compound (i) showed a molecular ion [M+] peak at m/z 330.1106

corresponding to the molecular formula C18H180S, which requires 330.1103. The peaks at m/z

315.0870 [M-1St and m/z 312.1018 [M-18t were due to the loss of a methyl group and the element of

water respectively. The IR spectrum [3] of compound (i) showed an O-H stretching band at 3487 cm'l ,

and C=O stretching bands at 1793,1717 and 1661 cm·1.

The molecular formula indicated that compound (i) was a C18 quassinoid, and this was supported by

the presence of only three methyl group proton resonances at OH 1.58 (s), 1.71 (s) and 2.21 (s) in the

lH NMR spectrum [5].
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Further inspection of the 13C NMR [7) and ADEPT [8] spectra showed the presence of three carbonyl

groups, due to the C-1 (Be 203.52) and C-7 (oc 193.83) carbonyl groups and a lactone carbonyl group

(Be 171.10), and, in addition, two trisubstituted double bonds (C-2, Oc 134.09; C-4, Oc 163.32; C-5, Oc

168.80; C-6, Oc 116.80). Four oxygenated carbons were noted: one fully substituted (C-13, Oc 89.21),

two oxymethine (C-12, Oc 81.78; C-11, Oc 69.03) and one oxymethylene carbon (C-30, Be 76.13). A

literature survey conducted on this basis revealed that compound (i) might be samaderine A,

previously isolated from Samadera indica. 14 However, no complete assignment of the 13C NMR data

for samaderine A has been reported previously.

The characteristic pair of doublets at OH 4.14 and 4.80 (J = 8.97 Hz) were assigned to the two

oxymethylene H-30 proton resonances. The H-30a resonance (OH 4.14) showed a correlation to the

proton resonance at OH 3.43 (s) in the NOESY NMR spectrum [12], which was assigned to H-14. This

H-14 resonance was seen to correlate to the methine carbon resonance at Oc 58.03 (C-14) in the

HSQC spectrum [9], and showed a correlation to the carbonyl carbon resonance at Be 193.83 in the

HMBC NMR spectrum [10], which was assigned to C-7. The H-30b resonance (OH 4.80) showed a

correlation to the methyl proton resonance at OH 1.71 (s) in the NOESY NMR spectrum [12], which was

assigned to 3H-19. The 3H-19 resonance showed a correlation to the carbonyl carbon resonance at Oc

203.52 in the HMBC NMR spectrum [10], which was assigned to C-1. The 3H-19 resonance also

showed a correlation to the fully substituted double bond carbon at Oc 168.80 in the HMBC NMR

spectrum [10], which was assigned to C-5. Therefore the remaining fully substituted double bond

carbon resonance at Oc 163.32 was assigned to C-4, and this was supported by the correlation to the

downfield methyl proton resonance at OH 2.21 (s) in the HMBC NMR spectrum [10], which was

assigned to 3H-28. Both the 3H-28 and 3H-19 resonances showed correlations to the fUlly substituted

carbon resonance at Oc 48.17 in the HMBC NMR spectrum [10], which was assigned to C-10. The H­

30a resonance showed a correlation to the fUlly substituted carbon resonance at Oc 57.43 in the HMBC

NMR spectrum [10], which was assigned to C-8. The C-8 resonance showed a correlation to the

olefinic proton resonance at OH 6.00 (m) in the HMBC NMR spectrum [10], which was assigned to H-6,

and this resonance correlated to the olefinic carbon resonance at Oc 116.80 (C-6) in the HSQC [9]

spectrum. Therefore the remaining olefinic carbon resonance at Oc 134.09 was assigned to C-2 and

this was seen to correlate to the proton resonance at OH 6.22 (bs) (H-2) in the HSQC spectrum.

Both the H-30 proton resonances showed correlations to the methine carbon resonance at Oc 40.21 in

the HMBC NMR spectrum [10], which was assigned to C-9. The HSQC [9] spectrum showed a

correlation between the C-9 resonance and the proton resonance at OH 2.25 (d, J = 4.40 Hz), which

was assigned to H-9. The H-9 resonance showed a correlation to the proton resonance at OH 4.80 (m)

in the COSY NMR spectrum [11], which was superimposed with the H-30b resonance, and was

assigned to H-11. The H-11 resonance was seen to correlate with the oxymethine carbon resonance at

Oc 69.03 (C-11) in the HSQC [9] spectrum.

73



Chapter 5: Extractives from Samadera madagascariensis

The COSY spectrum [11] showed a correlation between the H-11 resonance and the oxymethine

proton resonance at OH 4.28 (d, J =3.66), which was assigned to H-12, and this correlated to the

oxymethine carbon resonance at Oc 81.78 in the HSQC spectrum [9], which was assigned to C-12. The

C-12 resonance showed a correlation to the methyl proton resonance at OH 1.58 (s) in the HMBC NMR

spectrum [10], which was assigned to 3H-18. This 3H-18 resonance correlated to the methyl carbon

resonance at Oe 20.92 (C-18) in the HSQC spectrum [9], and showed a correlation to the fully

substituted oxygenated carbon resonance at Oc 89.21 in the HMBC NMR spectrum [10], which was

assigned to C-13. The lactone carbon resonance at Oc 171.10 was assigned to C-15. The

stereochemistry at C-11 was assigned as a result of the NOESY correlation between the C-11 hydroxy

group proton resonance and the 3H-18 resonance, which is only possible when the hydroxy group is ~

orientated.

The NMR data for samaderine A (i) is shown in table 5.1.

Table 5 1 • NMR data for samaderine A en...
C l).3C I ppm (CDCI3) l) H I ppm (CDCIa) HMBC(~H) COSY NOESY

1 203.52 (C) - 19
2 134.09 (CH) 6.22 (bs) 6,28 28 28

4 163.32 (C) - 2,6,28

5 168.80 (C) - 19,28

6 116.80 (CH) 6.00 (s) 28

7 193.83 (C) - 14

8 57.43 (C) - 6, 1~,30a

9 40.21 (CH) 2.25 (d, 4.40) 12,14,19,30a,30b 11 11

10 48.17 (C) - 2,6,19,28
11 69.03 (CH) 4.80· 9,12,11-0H 9

11-0H 3.58 (bd) 11 18
12 81.78 (CH) 4.28 (d, 3.66) 14, 18 11 18,30b

13 89.21 (C) - 11,12,14,18,30b ,
14 58.03 (CH) 3.43 (s) 11,12,18,30b 18,30a
15 171.10 (C) - 11,12,14,30b
18 20.92 (CH3) 1.58 (s) 12, 14 12,14
19 21.42 (CH3) 1.71 (s) 30b
28 13.71 (CH3) 2.21 (d, 1.28) 2,6
30 76.13 (CH2) a) 4.14 (d, 8.97) a)30b a)14,30b

b) 4.80 (d, 8.97) b)30a b)12, 19, 30a

• H-11 is superimposed with H-30b, H·11 multiplicity could not be determined.
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5.3.2. Structural elucidation of compound ii: 513, 6-0ihydrosamaderine A (ii)

(ii)

The mass spectrum [18] of compound (ii) showed a molecular ion [Mj peak at mlz 332.1262, which

corresponds to the molecular formula C16H2006. The peaks at m/z 317.1023 and mlz 315.1223 were

due to the loss of a methyl group and a hydroxyl group respectively, while the peak at mlz 288.1359

was due to the loss of carbon dioxide. The IR spectrum [17) of compound (ii) showed an O-H

stretching band at 3489 cm-1, and C=O stretching bands at 1785, 1701 and 1623 cm-1.

Inspection of the 1H [19] and 13C NMR [20] spectra of compound (ii) showed them to be very similar to

those of compound (i), except that the fully substituted double bond C-5 resonance at Oc 168.80 and

the methine double bond C-6 resonance at Oc 116.80 in the 13C NMR spectrum [20] of compound (i)

were replaced by a methine carbon resonance and a methylene carbon resonance at Oc 53.06 and

41.12 respectively in the 13C NMR spectrum [20] of compound (ii).

Further inspection of the 20 NMR spectra showed that the H-5 resonance at OH 2.61 (dd, J = 6.41,

12.64 Hz) showed correlations to the two methylene C-6 proton resonances at OH 2.31 and 2.79 in the

COSY NMR spectrum [24]. The H-5 resonance also showed correlations to the 3H-19 (OH 1.47), 3H-28

(OH 2.06) and the two C-6 proton resonances in the NOESY NMR spectrum [25]. The correlation

between the H-5 resonance and the 3H-19 resonance indicated that H-5 was 13 orientated, and this

was shown to be possible with the use of molecular models. This indicated that compound (ii) is 513, 6­

dihydrosamaderine A, which has not been reported previously.

Compound (ii) is the only C16 quassinoid without the Ll5,6-double bond to be reported. An interesting

observation is that all reported C19 quassinoids have an a orientated H-5, whereas this C16 quassinoid

has a 13 orientated H-5.

The NMR data for 513, 6-dihydrosamaderine A (ii) is shown in table 5.2.
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Table 5 2 . NMR data for 56 6-dihvdrosamaderine A (in.. ,

C l)
13C I ppm (CDCh) l) H I ppm (CDCh) HMBC(~H) COSY NOESY

1 209.15 (C) - HI,2~,29

2 127.85 (CH) 5.93 (bs) 5,28 28 28

4 175.86 (0) " - 2}'5;' 6a, 28

5 53.06 (CH) 2.61 (dd, 6.41,12.64) 2,6a,61l,9,19 6a,61l 6a,61l,19,28
6 41.12 (CH2) a) 2.31 (dd, 12.64, 13.83) 5 a) 5 a)5,61l,9,28

Il) 2.79 (dd, 6.41,13.83) Il) 5 1l)5,6a,28
7 206.34 (C) . 6(t1'61l,11
8 56.43 (C) - 61l,9,11,30a

9 39.31 (CH) 2.15 (d, 4.40) 11,12,19,30a,30b 30a,30b 6a,28
10 48.91 (C) - 2,61l,9,19
11 69.09 (CH) 4.63'* 9 12, 11-0H 9, 12

11-0H - 3.45 (bd) 11

12 83.07 (CH) 4.29 (d, 3.66) 11,18 11 14, 18
13 89.05 (C) - 11,14,18,30b
14 59.59 (CH) 2.96 (s) 9,14,18,30b 18,30a
15 171.35 (C) - 12
18 20.72 (CHa) 1.54Js) 11,12 12, 14
19 21.17 (CHa) 1.47 (s) 5,9 5,30b
28 17.01 (CHa) 2.06 (s) 2 2,5,6a,61l,9
30 74.72 (CH2) a) 4.40 (d, 9.16) 9 a) 9, 30b a) 14, 30b

b) 4.63 (d, 9.16) b) 9, 30a b) 19, 30a

* H-11 is superimposed with H-30b, H-11 multiplicity could not be determined.

5.3.3. Structural elucidation of Compound iii: 2-Chlorosamaderine A (iii)

(iii)

The mass spectrum [31] of this compound (iii) showed a molecular ion [M+] peak at m/z 365.0794,

which corresponds to the molecular formula C18H17CI06• The presence of a chlorine atom was

indicated by the [M+2t peak at mlz 367, which was one third of the intensity of the molecular ion peak.

The peak at mlz 347 [M-18t was due to the loss of the element of water. The IR spectrum [30] of

compound (iii) showed an O-H stretching band at 3488 cm'\ and C=O stretching bands at 1795, 1733
and 1672 cm,l.

Inspection of the lH [32] and 13C NMR [33] spectra of compound (iii) showed them to be very similar to

those of compound (i), except that the resonance assigned to H-2 in compound (i) had disappeared.

The resonances at Oc 203.52,134.09,163.32,168.80 and 48.17, which were assigned to C-1, C-2, C­

4, C-5 and C-10 respectively in compound (i), had shifted to Be 195.55, 138.28, 156.61, 165.08 and

47.51 respectively in compound (iii). An important observation here was the change of the C.2

resonance from a methine carbon resonance to a fUlly substituted carbon resonance.
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Eurycolactone Band laurycolactone B have both been previously isolated from Eurycoma longifolia

Jack (Simaroubaceae).44 The proton and carbon resonances in the l H and 13C NMR spectra of ring A

in eurycolactone B had showed the same changes in chemical shifts, relative to laurycolactone B as

are observed for compound (iii) relative to compound (i). This provides further evidence that

compound (iii) is 2-chlorosamaderine A, which has not been reported previously. These shifts are

detailed for comparison in the table below. The NMR data for 2-chlorosamaderine A (iii) is shown in

table 5.3.

Table i: 13C NMR data of ring A for laurycolactone B, eurycolactone B, compound (i) and compound (iii)

C Laurvcolactone B
44 Eurvcolactone B"4 Compoundlil Compound Ciii)

1 205.19 197.50 203.52 195.55

2 133.36 136.43 134.09 138.28

4 k 164.51 ", 158.17° @ 163.32 156.61

5 166.65 162.86 168.80 165.08

10 49.42 48.93 48.17 47.51

Cl

2

Laurycolactone B Eurycolactone B (I) (ill)

Table 5 3 • NMR data for 2 chlorosamaderine A Ciii).. , -
C l)13C I ppm (CDCI3) l) H I ppm (CDCI3) HMBC(~H) COSY NOESY

1 195.55 (C) - 19,28
2 138.28 (C) - 28

4 156.61 (C) - 6,28

5 165.08 (C) - 19,28

6 116.75 (CH) 6.05 (s). 28

7 193.10 (C) - 14

8 57.67 (C) - 6,11,14

9 40.07 (CH) 2.28 (d, 4.58) 12,14,19,30a,30b 11 11

10 47.51 (C) - 6,9,19
11 68.93 (CH) 4.79 * 9,12,11-0H 9, 12

11-0H - 3.59 (bel) 11
12 81.63 (CH) 4.29 (d, 4.76) 14, 18 11 11, 18

13 89.24 (C) - 11,14,18,30b
14 58.03 (CH) 3.44 (s) 18,30b 18,30a
15 170.90 (C) -
18 20.88 (CH3) 1.59 (s) 12, 14 12, 14
19 21.34 (CH3) 1.75(s) 30a,30b
28 11.84 (CH3) 2.23 (s) 6
30 76.05 (CH2) a) 4.15 (d, 9.07) a) 30b a) 14, 19, 30b

b) 4.81 (d, 9.07) b) 30a b) 19,30a

* H-11 is superimposed with H-30b, H·11 multiplicity could not be determined.
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5.3.4. Structural elucidation of compound iv: Samaderine ON (iv)

(iv)

The mass spectrum [44] of compound (iv) showed a molecular ion [M+] peak at m/z 390.1313, which

corresponds to the molecular formula C2oH220 e• The peak at m/z 331.1187 [M-59t indicated the loss of

a carbomethoxy fragment. The IR spectrum [43] of compound (iv) showed an O-H stretching band at

3457 cm", and C=O stretching bands at 1788,1730 and 1655 cm".

Inspection of the 1H [45] and 13C NMR [46] spectra of compound (iv) showed them to be similar to

those of compound (i), except for the presence of a methoxy group proton resonance at OH 3.76 (bs) in

the 1H NMR spectrum [45], and its corresponding carbon resonance (Oc 53.91) in the 13C NMR

spectrum [46]. Minor resonances of a similar compound were also seen in the spectra.

The C-1 carbonyl resonance at Oc 203.52 in compound (i) had disappeared in the 13C NMR spectrum

[46] of compound (iv). The carbon resonance at Oc 88.64, which showed a correlation to the 3H-19

resonance (OH 1.75) in the HMSC NMR spectrum [49] was assigned to C-1. The C-1 hydroxy group

proton resonance could not be seen in the NMR spectra. The methoxy group proton resonance (OH

3.76) showed a correlation to the carbonyl carbon resonance at Oc 174.57 in the HMSC NMR spectrum

[49], which was assigned to the ester carbonyl carbon attached to C-1. The methoxy group proton

resonance showed a correlation to the H-9 resonance (OH 2.42) in the NOESY NMR spectrum [51],

which confirmed the ex orientation of the ester. Except for the substituents at C-1, the rest of compound

(iv) is the same as compound (i).

Eurycolactone A and laurycolactone S have both been previously isolated from Eurycoma longifolia

Jack.44 The proton and carbon resonances in the 1H and 13C NMR spectra of ring A in eurycolactone A

had showed the same changes in chemical shifts, relative to laurycolactone S, as are observed for

compound (iv) relative to compound (i). These shifts are detailed for comparison in table ii below.

28

Laurycolactone B Eurycolactone A
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Table ii: 13C NMR data of ring A for laurycolactone B, eurycolactone A, compound (i) and compound (iv)

C Laurycolactone B
44 Eurvcolactone A44 Compound (i) Compound (jV)

1 205.19 90.29 203.52 88.64

2 133.36 142.01 134.09 142.02

4 164.51 "
. 142.32 "! 163.32 142:41

5 166.65 173.52 168.80 175.68

8 48.14 47.38 57.43 56.69

10 49.42 56.66 48.17 54.92

This confirms the structure of compound (iv) as samaderine DN, which has not been reported

previously. The NMR data for samaderine DN (iv) is shown in table 5.4.

Table 5.4. : NMR data for samaderine ON (iv)

C 1113C I ppm (CDCh) II H I ppm (CDCh) HMBC (C--+H) COSY NOESY

1 88.64 (C) ·
2 142.02 (CH) 5.99 (d, 1.28) 28 28 28

4 142.41 (C) · 6

5 175.68 (C) - 19,28

6 115.31 (CH) 5.88 (s) 28

7 192.49 (C) · 14

8 56.69 (C) · 6, 14

9 41.09 (CH) 2.42 (d. 3.66) 11,12,14,19,30a,30b 11 OC!:h, 11, 12

10 54.92 (C) · 6,19

11 70.04 (CH) 4.16 * 9 9, 18
12 81.03 (CH) 4.16 * '14,18' 9, 18
13 89.28 (C) · 14,18,30b

14 58.21 (CH) 3.53 (s) 18,30b 18,30a
15 171.22 (C)

18 21.01 (OHs) '. f.~O(s)· m14 11,12,'14
19 23.03 (CHs) 1.75 (s) 30b
28 12.37 (CHs) 1.91 (d, 1.28) 2 2,6
30 75.94 (CH2) a) 4.07 (d, 9.16) a) 30b a) 14, 30b

b) 4.72(d, 9.16) b) 30a b) 19, 30a
OQHs 53.91 (CHs) 3.76 (s) 9

Q0 2 CHs 174.57 (C) - OC!:h

* The H·11 and H·12 resonances are superimposed, multiplicity could not be determined.
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5.3.5. Structural elucidation of compound v: Samaderine B (v)

(v)

The positive Cl mass spectrum [54] of compound (v) showed a highest peak [M+Ht at m/z 363.1445

indicating a molecular formula of C19H220 7 for the molecule. The peak at mlz 345 [M+H-18t indicated

the loss of the element of water. The IR spectrum [53] of compound (v) showed an O-H stretching

band at 3455 cm"1, and C=O stretching bands at 1788, 1715 and 1672 cm"l.

Inspection of the lH [55] and 13C NMR [56] spectra showed the presence of nineteen carbon

resonances in the 13C NMR spectrum [56], and three methyl resonances at OH 1.55 (s), 1.29 (s) and

1.92 (s) in the l H NMR spectrum [55]. This suggested that compound (v) was a C19 quassinoid. Minor

resonances of another compound were also seen in the spectra. Inspection of the 13C NMR spectrum

[56] showed the presence of three carbonyl groups (C-7, Oc 203.37; C-2, Oc 196.46; C-15, Oc 171.94),

including a lactone carbonyl group, and, in addition, a trisubstituted double bond (C-4, Oc 160.82; C-3,

Oc 124.41). Five oxygenated carbon resonances were noted, comprising one fully substituted (C-13, Oc

87.67), three oxymethine (C-1, Oc 80.70; C-11, Oc 70.10; C-12, 8c 83.74) and one oxymethylene (C-30,

Oc 75.48) carbons.

A literature survey conducted on this basis revealed that compound (v) might be samaderine B,

previously isolated from Samadera indica,l1,12 from the bark45 and stem40 of Quassia indica, and very

recently in these laboratories from the stem bark of Samadera madagascariensis.6 A comparison of the

13C NMR data confirmed that compound (v) is samaderine B.

The NMR data for samaderine B (v) is shown in table 5.5.

Samaderine B (v) has been reported to exhibit inhibitory activities (IC50 0.21 IJM, IC90 0.69 IJM) against

the cultured malarial parasite Plasmodium falciparum of a chloroquine-resistant K1 strain in human

erythrocytes.
40

Samaderine B (v) has also been reported to exhibit in vitro cytotoxic activities (ICso 0.07

IJM) against KB cells, and inhibitory activity in the in vitro endothelial cell-neutrophil leukocyte adhesion

assay. Samaderine B (v) also showed anti-inflammatory activity in Sprague-Dawley rats.40
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Table 5 5 . NMR data for samaderine B (v)...
8'·C I ppm (CDCh) 8'·C I ppm (CDCh) L1t.ti 8 H I ppm (CDCh) HMBC(c-+H) COSY NOESYC

1 80.70 (CH) 80.70 4.13 (s) 19 5,9,11

1-0H . . 4.52 (bs)

2 196.46 (C)· 196.48 , - 1,1-0H

3 124.41 (CH) 124.39 6.12 (s) 28 28

4 160.82 (C) 160.85 - 5,28

5 47.54 (CH) 47.51 2.94 (m) 19,28 6a, 6~ 1, 6~, 9, 28

6 38.93 (CH2)· 38.93 ~) 2.46 (dd,15,38,18.50) j})5,6a; {j}) 5, 6a, 19

a) 2.98 (m) a)5,6j} a)6j},28
7 203.37 (C) 203.38 - 5,6a,6j},14
8 60.52 (C) 60.52 . 9,11,14

9 49.42 (CH) 49.40 2.17 (d ,3.48) 1,14,19,30a,30b 11 1,5,11
10 46.90 (C) 46.89 . 1, 1-0H, 5, 6j}, 9, 19
11 70.10 (CH) 70.09 4.76 (m) 9,11·0H 9, 12 1,9,12

11-0H . . 3.54 (d)

12 83.74 (CH) 83.74 4.31 (d, 3.48) 14, 18 11 11, 18
13 87.67 (C) 87.66 - 14,18,30b
14 56.27 (CH) 56.25 3.60 (s) 9,18,30b 18,30a
15 171.94 (C) 171.94 -
18 20.63 (CH3) 20.61 1.55 (s) 14 12,14
19 10.58 (CH3) 10.58 1.29 (s) 1,9 6j},30b
28 21.90 (CH3) 21.89 1.92 (s) 3,5,6a,6j}
30 75.48 (CH2) 75.45 a) 3.81 (d, 8.24) 9 a)30b a) 14, 30b

b) 4.82 (d, 8.24) b)30a b) 19,30a

5.3.6. Structural elucidation of compound vi: Cedronin (vi)

o

(Vi)

The mass spectrum [63] of compound (vi) showed a molecular ion [M+] peak at mlz 364.1527

corresponding to the molecular formula C19H2407. The peaks at mlz 349 and 331 indicated the loss of

a methyl group fragment and the loss of a methyl group and the element of water respectively. The IR

spectrum [62] of compound (vi) showed an O-H stretching band at 3468 cm·1, and a broad C=O

stretching band at 1733 cm-1
•

Inspection of the NMR spectra showed nineteen carbon resonances in the 13C NMR spectrum [65],

and three methyl group proton resonances at OH 1.52 (s), 1.23 (s) and 1.93 (s) in the 1H NMR spectrum

[64] which suggested that compound (vi) was a C19 quassinoid. Further inspection of the 13C NMR [65]

and ADEPT [66] spectra showed the presence of two carbonyl groups, due to the C-2 carbonyl group

(oc 197.60) and a lactone carbonyl group (oc 174.24), and, in addition, a trisubstituted double bond (C­

4,oc 164.84; C-3, Oc 124.06). Six oxygenated carbon resonances were noted, comprising, one fUlly

substituted (C-13, Oc 87.48), four oxymethine (C-1, Oc 82.79; C-7, Oc 71.25; C-11, Be 70.16; C-12, Oc
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84.96) and one oxymethylene carbon resonances (C-30, Oc 74.90).

A literature survey conducted on this basis revealed that compound (Vi) might be cedronin, previously

isolated from Simaba cedron Planch.46 However, no assignment of the l3C NMR data for cedronin has

been reported.

The molar mass of compound (vi) showed a difference, relative to compound (v) of two extra protons.

The NMR spectra of compound (vi) were very similar to those of compound (v), except that the C-7

carbonyl carbon resonance at Oc 203.37 in compound (v) was replaced by the oxymethine carbon

resonance at Oc 71.25 in compound (vi). The C-7 carbon resonance showed a correlation to the H-14

proton resonance at OH 2.66 (s) in the HMBC NMR spectrum [68], and the H-7 proton resonance at OH

3.97 (s) showed correlations to the two C-6 methylene proton resonances at OH 1.58 and 2.17 in the

COSY NMR spectrum [69]. The H-7 proton resonance also showed correlations to the H-14 and the H­

30a (OH 3.71) proton resonances in the NOESY NMR spectrum [70], which indicated that the H-7

proton was ~ orientated and this confirmed the a orientation of the H-7 hydroxy group.

The NMR data for cedronin (vi) is shown in table 5.6.

Table 5 6 . NMR data for cedronin (vi)...
C a13c I ppm (CDCb) aHI ppm (CDCI3) HMBC (C-+H) COSY NOESY

1 82.79 (CH) 4.09 (bs) 19 1-0H 1-0H, 5, 9,11
1-0H 4.41 (bs) 1 1, 11-0H

2 197.60 (C) - 1,1·0H

3 124.06 (CH) 6.06 (5) 28 5,28 28

4 164.84 (C) - 6a,28
5 42.48 (CH) 3.22 (bd, 12.27) 6a,19,28 3,613,28 1,9

6 29.06 (CH2) a) 2.17 (m) a) 613, 7 a) 613,7,28
13) 1.58 (m) 13) 5, 6a, 7, 9 13) 6a, 7

7 71.25 (CH) 3.97 (bs) 14 613,6a 613,6a, 14,30a
8 54.37 (C) - 9,14,30b

9 44.07 (CH) 2.34 (d, 4.76) 1,7,12,14,19,30a,30b 613,11 1,5, 11
10 47.97 (C) - 1, 1-0H, 613, 9,19
11 70.16 (CH) 4.82 (bs) 12 9,12,11·0H 1,9,12

11·0H 3.38 (bs) 11 1-0H
12 84.96 (CH) 4.32 (d, 3.11) 14, 18 11 11,18
13 87.48 (C) - 14,18,30b
14 59.71 (CH) 2.66 (5) 18,30b 7,18,30a
15 174.24 (C) . 12,14,30b
18 20.98 (CH3) 1.52 (5) 12,14 1?, 14
19 11.39 (CH3) 1.23 (5) 1,9 30b
28 22.73 (CH3) 1.93 (s) 3,5 3,6a
30 74.90 (CH2) a) 3.71 (d,8.97) 7,9 a) 30b a) 7,14, 30b

b) 4.64(d, 8.97) b) 30a b) 19, 30a
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5.3.7. Structural elucidation of compound vii: 3, 4fl-Dihydrosamaderine C (vii)

28
(vii)

The mass spectrum [76] of compound (vii) showed a highest peak [M+Ht at m/z 367.1758, indicating

a molecular formula C19H2607 for the molecule. The peaks at m/z 349 and 331 indicated the loss of the

elements of water. The IR spectrum [75] of compound (vii) showed an O-H stretching band at 3428

cm'" and a broad C=O stretching band at 1736 cm·
l

.

Inspection of the lH [77] and 13C NMR [78] spectra of compound (vii) showed them to be very similar

to those of compound (vi). The carbonyl carbon resonance at 8c 205.17 in the 13C NMR spectrum [78]

of compound (Vii) showed correlations to the H·14 resonance at 8H3.55 (s) and to the two methylene

C-6 proton resonances at 8H 2.18 and 2.70 in the HMBC NMR spectra [81-82]. This carbonyl

resonance (8c 205.17) was therefore assigned to C-7. Minor resonances of another compound were

seen in the spectra.

In addition, the oxymethine carbon resonance at 8c 70.90 correlated to the proton resonance at 8H3.83

in the HSQC spectrum [80] of compound (Vii). This proton resonance (8H3.83) showed correlations to

the H-1 and two H-3 proton resonances at 8H 3.30, 1.14 and 1.97 in the COSY NMR spectrum [83]

respectively, and was assigned to H-2. The oxymethine carbon resonance (8c 70.90) was therefore

assigned to C-2. The fully substituted double bond C-4 resonance at Bc 164.84 and the methine double

bond C-3 resonance at Bc 124.06 in the 13C NMR spectrum [78] of compound (Vi) were replaced by a

methine carbon resonance and a methylene carbon resonance at Bc 29.76 and Bc 41.50 respectively in

the 13C NMR spectrum [78] of compound (vii), indicating reduction of the double bond.

The H-5 and H-9 protons are a orientated from biosynthetic grounds and were seen to be correlated to

each other in the NOESY NMR spectrum [84], as expected. Since the H-9 resonance at 8H1.83 (d, J =
4.58) showed correlations to the H-1 and H-11 (BH 4.61) resonances in the NOESY NMR spectrum

[84], the hydroxy groups at C-1 and C-11 were assigned the ~ orientation. The J H1.H2 value of 8.79 Hz

indicated an axial/axial interaction for H-1/ H-2. Therefore H-2 was assigned the ~ orientation and the

hydroxy group at C-2 was assigned the a orientation. This suggested that the 2-keto, 7a-hydroxy

substitution pattern of compound (Vi) has been reversed in compound (vii) to give the 2a-hydroxy, 7­

keto structure that characterises samaderine C, previously isolated from Samadera indica11 and

Quassia indica.40 However, no double bond is observed in compound (vii).
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This indicated that compound (vii) is indeed 3, 4(3-dihydrosamaderine C, which has not been reported

previously. The NMR data for 3, 4(3-dihydrosamaderine C (vii) is shown in table 5.7.

Table 5.7. : NMR data for 3, 4B-dihydrosamaderine C (vii)

C l)'"C I ppm Samaderlne C l) H I ppm (CDCh) HMBC (C-tH) COSY NOESY
(CDCh) l)13C/ppm

(pyrldine-ds) Lit.40

1 81.77 (CH) 81.5 3.30 (d, 8.79) 31l, 19 2 2,5,9,11
2 70.90 (CH) 72.8 3.83 (m) 31l, 1 1, 3a, 31l 1,31l,19
3 41.50 (CH2) 127.0 a) 1.14 (m) 28 a) 2, 31l a) 1,3Il, 5,28

~) 1.97 (m) 1 Il) 2, 3a Il) 2, 3a, 28
4 29.76 (CH) 133.0 1.56 (m) 31l,61l,28 28 5,28

5 50.80 (CH) 47.9 1.31 (m) 6Il,9,19,28 61l,6a 1, 3a, 4, 9, 28
6 40.16 (CH2) 39.6 a) 2.70 (dd, 4.58, 17.95) a)5,61l a)61l,28

Il) 2.18 (dd, 4.58,15.75) 1l)5,6a Il) 6a, 19
7 205.17 (C) 206.1 - 61l,6a,14
8 60.24 (C) 61.6 - 6a, 9, 14
9 50.25 (CH) 50.5 1.83 (d, 4:58) 1, 12, 14, 19, 30b 11 1,5,11
10 42.42 (C) 43.9 - 1,5, 6a, 9,19
11 70.39 (CH) 71.2 4.61 (bs) 9 9,12,11-0H 1,9,12,11-0H

11-0H 3.96 (bs) 11 11
12 83~53 (CH) 85.1 4.28 (d, 3.66) 14,18,11-0H 11 H, 18
13 87.76 (C) 87.8 - 14,18,30b
14 56.66 (C 57.1 3.55 (s) 9,18,30b 18,30a
15 172.13 (C) 172.8 - 12
18 20.64 (CH3) 20.2 1.53 (s) 14 12, 14
19 11.98 (CH3) 11.1 1.35 (s) 1,9 2,61l,30b
28 18.92 (CH3) 20.7 0.85 (d, 6.59) 31l 4 3a,31l,4,5,6a
30 75.80 (CH2) 76.3 a) 3.83 (d, 8.24) 9 a)30b a) 14,30b

b) 4:88 (d, 8.24)· b)30a b) 19,30a
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5.3.8. Structural elucidation of Compound viii: Protosamaderine A (viii)

HO pH

27

16

0 ····"OAc

(viii)

The low resolution mass spectrum [90] of compound (viii) showed a molecular ion [M+] peak at m/z

546, corresponding to the molecular formula C32H5007' The peak at mlz 492 [M-54r corresponded to

the loss of elements of three water molecules and the peak at mlz 432 [M-114r corresponded to the

loss of the elements of three water molecules together with one acetic acid molecule. The IR spectrum

[89] of compound (viii) showed an O-H stretching band at 3436 cm", and a broad C=O stretching

band at 1717 cm".

Inspection of the '3C I\lMR spectrum [92] showed the presence of some minor peaks paired with the

major peaks, indicating a mixture of epimers. This is usually observed for a five membered hemiacetal
47

ring, in which equilibrium at a rapid rate in solution results in two C-21 epimers. The major peaks

have been assigned in this work. Seven methyl group proton resonances were present in the 'H NMR

spectrum [91] at OH 0.98 (6H) (s), 1.01 (s), 1.02 (s), 1.11 (s), 1.23 (s) and 1.27 (s). One of the two

resonances at OH 0.98 (s) and the resonance at OH 1.01 (s) were assigned to 3H-28 and 3H-29 by the

correlations in the HMBC NMR spectra [95-96] to the C-3 ketone carbonyl carbon resonance at Oc

216.85, and to the fully substituted carbon resonance at Oc 46.96, which was assigned to C-4. These

two methyl group proton resonances showed correlations in the HMBC NMR spectra [95-96] to the

methine carbon resonance at Oc 48.31, which was assigned to C-5. The C-5 resonance showed a

correlation with the methyl group proton resonance at OH 1.02 (s) in the HMBC NMR spectra [95-96],

which was thus assigned to 3H-19. The C-19 resonance (oc 15.07) showed a correlation with the

methine proton resonance at OH 1.99 in the HMBC NMR spectra [95-96], which was assigned to H-9.

The corresponding C-9 resonance at Oc 42.72 showed a correlation with the methyl proton resonance

at OH 1.11 (s) in the HMBC NMR spectra [95-96], which was assigned to 3H-30.

The 3H-30 resonance showed correlations in the HMBC NMR spectra [95-96] with the double bond

carbon resonance at Oc 159.13 and the oxymethine carbon resonance at Oc 74.95, which were

assigned to C-14 and C-7 respectively. The H-7 resonance at OH 5.19 (dd, J = 1.65, 3.94 Hz) showed a

correlation in the HMBC NMR spectra [95-96] with the acetoxy carbonyl carbon resonance at Oc

170.19, indicating that the acetoxy group was at C-7. The correlation between the H-7 and 3H-30

resonances in the NOESY NMR spectra [98-99] confirmed that H-7 was f3 orientated and the acetoxy
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group was therefore a orientated, as expected on biosynthetic grounds (page 26).

The C-14 resonance showed a correlation in the HMBC NMR spectra [95-96] with the methyl proton

resonance at OH 0.98 (s), which was assigned to 3H-18. The remaining two methyl group proton

resonances at OH 1.23 (s) and 1.27 (s), assigned to 3H-26 and 3H-27, showed correlations in the

HMBC NMR spectra [95-96] to the fully substituted carbon resonance at Oc 73.00 and to the

oxymethine carbon resonance at Oc 75.03, which were assigned to C-25 and C-24 of the side chain

respectively.

The H-24 resonance OH 3.17 (bs) showed a correlation to the proton resonance at OH 4.44 (m) in the

COSY NMR spectrum [97], which was assigned to H-23. The C-24 resonance showed a correlation in

the HMBC NMR spectra [95-96] with one of the methylene proton resonances at OH 1.95 (m), which

was assigned to H-2213. The H-22a resonance at OH 1.83 (m) showed a correlation in the HMBC NMR

spectra [95-96] with the hemiacetal carbon resonance at Oc 97.00, which was assigned to C-21 as

expected for this type of triterpenoid. The COSY spectrum [97] showed a correlation between the H-21

resonance at OH 5.26 and the proton resonance at OH 2.10, which was assigned to H-20. H-20 is a

orientated on biosynthetic grounds (page 31).

The correlation between the H-21 and H-20 proton resonances in the NOESY NMR spectrum [98-99]

indicated that H-21 was a orientated in the major epimer, and the hydroxy group at C-21 was therefore

13 orientated. The stereochemistry at C-24 was assigned by comparison to literature data (page 32).

According to Puripattanavong et al.,48 the H-24 proton resonances for the 248 and 24R epimers occur

at OH 3.15 and 3.64 for compounds with the 218,24,25-trihydroxy sidechains. Since previous

reports49
,SO show that the H-24 proton resonance occurs at - OH 3.2 for the 248 configuration, it is

proposed that compound (viii) has the 8 configuration at C-24. This can be explained by the

mechanism shown in page 31, where the ring opening of the epoxide, as in compounds (ix) and (x),

results in the retention of the 248 configuration. Although the stereochemistry at C-24 has been

deduced by comparing chemical shift values with those of similar compounds in literature, this

stereochemistry can be confirmed by x-ray anaylsis.

Compound (viii) is a t:.
14 protolimonoid, 21 8,23R-epoxy-7a-acetoxy-21 8,248,25-trihydroxyapotirucalla­

14-en-3-one. Compound (viii) has not been reported previously and was given the common name

protosamaderine A (viii). The NMR data for protosamaderine A (viii) is shown in table 5.8.
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Table 5 8 . NMR data for Drotosamaderine A (viii) (The maior comoonent). ..
C 1113C/ppm II H/ppm HMBC (C-.H) COSY NOESY

(CDCb) (CDCbl
1 . 38.82 (CH2) a) 1;47 (m) 19,~/3

. "', \ . ;. Ja),1../3i 2a, 2/3, a) 1/3
/3) 1.89 (m) /3) 1a, 2a, 2/3 /3) 1a, 19

2 33.98 (CH2) a) 2.38 (m) 1a,1/3 a) 2/3, 1a, 1/3 a) 2/3

/3) 2.56 (m) /3)2a, 1a, 1/3 /3)2a, 19,29

3 216.85 (C~ - 1a,1f3,2a,2/3,28,29

4 46.96 (C) - 5,6/3,28,29

5 48.31 (CH) 1.79 (m) . 1/3,6a, 6/3, 7,~9, 19,28,-29 6a,6/3 - 9,28

6 24.23 (CH2) a) 1.67 (m) 5 a)5,6/3,7 a) 6/3, 7,28

/3) 1.83 (m) /3) 5, 6a; 7 /3) 6a, 7, °19,29,30
7 74.95 (CH) 5.19 (bs) 5,6a, 9,30 6a,6/3 6a,6/3,15,30
8 41.96 (C) - 6a, 9, 11a, 30
9 42.72 (CH) . 1.99 (m) 1a, 7,19,30 11/3,11a 5, 18

10 37.02 (C) - 1a,2a,2/3,5,6a, 6/3,9, 11a, 19
11 16.43 (CH2) a) 1.67 (m) 9 a) 9, 11/3, 12/3, 12a a) 18

/3) 1.56 (m) /3) 9, 11a, 12/3,12a /3) 19
12 33.51 (CH2) a) 1.75 (m) 18 a) 11/3, 11 a, 12/3 a) 12/3, 21

/3) 1.56 (m)
,

/3) 11/3, 11 a, 12a /3) 12a, 26,27
13 46.40 (C) . 12a, 15, 18,20
14 159.13 (C) - 9, 12a, 16a, 16/3, 18,30
15 118.79 (CH) 5.26 • 16a, 16/3 16a, 16/3 7,16/3,30
16 35.07 (CH2) a) 1.99 (m) 15 a) 15, 16/3, 17 a) 16/3,18

/3) 2.06 (m) /3) 15, 16a, 17 /3) 15, 16a, 17
17 52.83 (CH) 1.89 (m) 16a, 18,21 16a, 16/3,20 16/3
18 20.15 (CHa) 0.98 (s) 12/3 11a, 16a, 20, 21,22a, 22/3
19 15.07 (CHa) 1.02 (5) 1a, 1/3,9 1/3,6/3,11/3,30
20 44.90 (CH) 2.10 (m) 17,21,22a, 22/3 18,21,22a,22/3
21 97.00 (CH) 5;26' 17.22a 20 12a, 18,20
22 29.90 (CH2) a) 1.83 (m) a)20,22/3,23 a) 18,20,23

/3) 1.95 (m) /3) 20, 22a, 23 /3) 18,20
23 78.55 (CH) 4.44 (m) 17,21 22a, 22/3, 24 22a, 24,26,27
24 75.03 (CH) 3.17 (bs) 22/3,23,26,27 23 23,26,27
25 73.00 (C) - 26,27
·26 26.72 (CHa) 1.27 (s) 27 12/3,27
·27 26.68 (CHa) 1.23 (s) 26 12/3,26
28 25.79 (CHa) 0.98 (s) 5,29 5,6a,29
29 21.05 (CHa) 1.01 (s) 5,28 6/3,28
30 26.96 (CHa) 1.11 (s) 9 6/3, 7,15, 19

7-0.QOCHa 170.19 (C) - 7,7-0COC!::6

7-0CO.QHs 21.20 (CHa) 1.93 (s)

.. interchangeable resonances
• resonances superimposed
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Structural elucidation of Compounds (ix) to (xviii)

Compounds (ix) to (xviii) were found to be closely related to compound (viii) and to each other,

differing only in the nature and location of a number of methoxy and acetoxy substituents on a common

skeleton. The 1H and 13C NMR spectra of all ten compounds showed the presence of seven quaternary

methyl groups, a 14,15-trisubstituted double bond, an acetal linkage (C-21), together with three other

oxymethine carbons (C-7, C-23, C-24), a fully substituted oxygenated carbon (C-25), and a ketone

carbonyl carbon (C-3). Thus, the structural elucidations of compounds (ix) to (xviii) concentrate only

on the specific differences between them. For several of these compounds the molecular ion was not

detected in the mass spectrum. This agrees with previous reports on the mass spectra of the related

holstinones where the molecular ion was not detected but fragment ions resulting from the loss of

water, methanol or acetic acid were seen.42

5.3.9. Structural elucidation of Compound ix: 1,2-Dihydrobruceajavanin A (ix)

o

27

(ix)

The IR spectrum [101] of compound (ix) showed a broad C=O stretching band at 1737 cm,1.

Inspection of the 1H [103] and 13C NMR [104] spectra of compound (ix) showed them to be very similar

to those of compound (viii), however, the spectra of compound (ix) are pure with no paired peaks as

observed for compound (Viii). This indicated that no hemiacetal ring was present, but rather an acetal.

Acetals may be isolated in a pure form as the ring does not open and re-close in solution. Inspection of

the 2D NMR spectra showed that an additional acetoxy carbonyl carbon resonance at Bc 170.20

showed a correlation in the HMBC NMR spectra [108-109] to the H-21 proton resonance at B
H

6.22,

indicating that the acetoxy group was attached at C-21 (Bc 96.59). The C-25 and C-24 carbon

resonances had shifted from Bc 73.00 and 75.03 in the 13C NMR spectrum [92] of compound (viii)

respectively to Bc 57.16 and 66.69 in the 13C NMR spectrum [104] of compound (ix) respectively. This

indicated the presence of the 24,25-epoxide ring.

The C-21 resonance at Bc 96.59 showed very little change to that observed in compound (viii). The

correlation between the H-7 (BH 5.20) and the 3H-30 (BH 1.11) resonances in the NOESY NMR spectra

[111-112] confirmed that H-7 was J3 orientated and the acetoxy group was therefore et orientated as

expected for these protolimonoids on biosynthetic grounds.

88



Chapter s: Extractives from Samadera madagascariensis

As observed in compound (viii), the H-21 proton resonance at OH 6.22 showed a correlation with the H­

20 resonance (OH 2.31) in the NOESY NMR spectra [111-112], indicating that H-21 was ex orientated

and the acetoxy group at C-21 was therefore 13 orientated.

Inspection of literature showed that compound (ix) is the known 1,2-dihydrobruceajavanin A previously

isolated from Brucea javanica (Simaroubaceae).43

From the NMR data of compound (ix) the molecular formula was deduced to be C34Hso07' which

requires 570. The low resolution mass spectrum [102] of compound (ix) showed peaks at m/z 510 [M­

60t and 450 [M-120t, corresponding to the loss of elements of one and two molecules of acetic acid

respectively.

1,2-Dihydrobruceajavanin A (ix) has been reported to exhibit inhibitory activities (ICso 2.5 IJM, ICgo 4.3

IJM) against the cultured malarial parasite Plasmodium falciparum of a chloroquine-resistant K1 strain

in human erythrocytes.43

The NMR data for 1,2-dihydrobruceajavanin A (ix) is shown in table 5.9.
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Table 5 9 . NMR data for 1 2-dihvdrobruceaiavanin A (ix). .. .
C a'·C/ppm alacl ppm a HI ppm HMBC (C.-+H) COSY NOESY

(CDCI3) (CDCh) (CDCh)
Llt.43

1 38.65 (CH2) 38.6 I? d) 1.46 (m) 2a, 2~, 5,'9;1 ~ ; d) :1~,2a,2~ a) 1~, 2a

~) 1.87 (m) ~) 1a, 2a, 2~ ~) 1a, 19,29

2 33.92 (CH2) 33.9 ' a) 2.39 (m) . a) 2~, 1a, 1~ a) 1a, 2~

~) 2.55 (m) ~) 2a, 1a, 1~ ~) 2a, 19,29

3 216:69 (C) 216.6 , .' ,~1~, 2ex, 2~, 28, 29
,~ t

4 46.88 (C) 46.8 - 5,6~,28,29

5 48.19 (CH) 48.2 1.80 (m) 1ex, 1~, 6ex;6~, 7:9, 19, 28; 29 6a, 6~ 6ex,9,28

6 24.22 (CH2) 24.2 a) 1.66 (m) 5 a) 5, 6~, 7 a) 5, 7

~) 1.87 (m) ~)5,6ex,7 ~)7,29,30

7 74.85 (CH) 74.8 5.20 (bs) 5, 6a, 9, 30 6ex,6~ 6a,6~, 15,30

8 41.92 (C) /41.9 IF, - ,6ex, 7, 9~ 11ex, 30
9 42.42 (CH) 42.4 2.04 (m) 1a, 7, 12a, 19,30 11~, 11a 5, 11a, 18

10 36.99 (C) 37.1 · 1a, 1~,2ex,5,6a,6~,9,11a, 19
11 16.38 (CH2) 16.4 a) 1.66 (m) 9, 12~ a) 9, 11~, 12~, 12a a) 9, 11~, 12a, 18

~) 1.53 (m) ~) 9, 11ex, 12~, 12ex ~) 11a, 19
12 32.75 (CH2) 32.7 a) 1.58 (m) 18 a) 11~, 11 a, 12~ a) 11 a, 12~, 18, 21

~) 1.26 (m) ~) 11~, 11 a, 12a ~)12a,30

13 46.44 (C) 46.4 - 12a, 15, 18, 17
14 159.16 (C) 161.5 · 9, 12ex, 16ex, 16~, 18,30
15 118.50 (CH) 119.6 5.26 (bs) 16a, 16~ 16ex, 16~ 7, 16a, 16~,30
16 35.14 (CH2) ~. 35.1 10 ex) 2.03 (m) t5 ""

, 'd) 15, 1(~~, 17 a) 15, 16~
~) 2.10 (m) ~) 15, 16a, 17 ~) 15, 16a, 17

17 52.52 (CH) 52.5 1.87 (m) 15, 16a, 18,22~ 16a, 16~, 20 16~

18 19.82 (CH3) 19.8 0.98 (5) 17 9, 11a, 12a, 20, 21, 22~
19 15.02 (CH3) 15.0 1.01 (5) 1ex, 1~, 5, 9, 11~ 1~,2~, 11~,30

20 44.30 (CH) 44.3 2.31 (m) 21,22~,22ex 17,21,22~,22a 18,21,22ex,23
21 96.59 (CH) 96.6 6.22 (d,.4.03) 21-0COCH3,23 20 12a, 18,20
22 31.34 (CH2) 31.3 a) 2.03 (m) 20,21 a)20,22~,23 a)20,22~,23

~) 1.64 (m) ~)20,22ex,23 ~)18,22ex,24

23 79.75 (CH) 79.7 3.88 (m) 21,22~,22a,24 22~,22a,24 20, 22ex, 24, 27
24 66.69 (CH) 66:1 2.64 (d, 7.51) '22~, 23, 26, 27 23 22~,23,26

25 57.16 (C) 57.1 · 24,26,27

"'26 24.88 (CH3) 19.3 1.30 (5) 24,27 24,27

"'27 19.30 (CH3) 24.9 1.26 (5) 26 23,26
28 25.85 (CH3) 21.0 0.98 (5) 5,29 5
29 21.03 (CHa) 25.8 1.00 (5) 5,28 1~,2~,6~

30 27.05 (CHa) 27.0 1.11 (5) 9 6~, 7, 12~, 15, 19
7- 170.03 (C) 170.0 - 7,7-0COCth

OQOCHa
7- 21.18 (CHa) 21.1 1.92 (5)

OCOQHa
21- 170.20 (C) 170.2 - 21,21-0COCth

OQOCHa

21· 21.50 (CHa) 21.4 2.03 (5)
OCOQHa

'" interchangeable resonances
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Chapter 5: Extraetives from Samadera madagascariensis

5.3.10. Structural elucidation of Compound x: Chisocheton compound A (x)

o

27

29 28

(x)

The low resolution mass spectrum [115] of compound (x) showed a molecular ion [M+] peak at mlz

528, corresponding to the molecular formula C32H480 S' The peak at mlz 510 [M-18t indicated the loss

of the element of one water molecule and the peak at mlz 468 [M-60t indicated the loss of the element

of one acetic acid molecule. The IR spectrum [114] of compound (x) showed an O-H stretching band

at 3458 cm'\ and c=o stretching bands at 1741 and 1705 cm·l
.

Inspection of the 1H [116] and 13C NMR [117] spectra of compound (x) showed them to be very similar

to those of compound (ix), except that the oxymethine C-7 resonance had shifted from Oc 74.85 in

compound (ix) to Oc 71.92 in compound (x), and the H-7 proton resonance shifted from OH 5.20 in

compound (ix) to OH 3.94 in compound (x), indicating that C-7 no longer had a acetoxy group attached

to it. Inspection of the 2D NMR spectra showed that the acetoxy carbonyl carbon resonance at Oc

169.96 showed a correlation in the HMBC NMR spectra [121-123] to the H-21 proton resonance at OH

6.23, indicating that the acetoxy group was attached at C-21 (oc 96.56).

The H-21 (OH 6.23) proton resonance, showed a correlation with the H-20 (OH 2.32) resonance in the

NOESY NMR spectra [126-127], indicating that H-21 was a. orientated and the acetoxy group at C-21

was therefore ~ orientated. The correlations of the H-20 and H-23 (OH 3.89) proton resonances with

one of the H-22 resonance (OH 2.06), and the correlation of the H-24 resonance (OH 2.65) with the other

H-22 resonance (OH 1.68) in the NOESY NMR spectra [126-127] confirmed that the C-23, C-24 bond

was ~ orientated as expected.

The stereochemistry at C-24 is the same as in compound (ix) as 248 since C-24, H-24 and C-25 in

compound (x) have similar chemical shifts as observed for compound (ix). The same coupling constant

for H-24 is observed in the l H NMR spectra for both compound (ix) and compound (x).

Inspection of the literature revealed that compound (x) is the known chisocheton compound A

previously isolated from Chisocheton paniculatus (Meliaceae}.51 The NMR data for chisocheton

compound A (x) is shown in table 5.10.
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Table 5 10 • NMR data for chisocheton comDound A (x)..
C I)13CI ppm I)"C/ppm I) H/ppm HMBC (C-.H) COSY NOESY

(COCb) (COCI3) (COCb)
L1t.51

·1 " 36.'43 (PH2) 38~S:' ". ", .·,.cl) 1:49(m)" 2a,'g; 19 a)1~,2a,2~ ~a) ~~, 9

~) 1.82 (m) ~) 1a, 2a, 2~ ~) 1a, 11a, 19

2 33.90 (CH2) 33.9 a) 2.42 (m) 1~ a) 2~, 1a, 1~ a) 2~

~) 2.50 (m) ~) 2a, 1a, 1~ ~) 2a, 19

3 217.28 (C) 217.2 - 1~, 2a, 2~, 28, 29

4 46.88 (C) 46.9 - 5,28,29

5 46.58 (CH) 46.5 2.02 (m) 19,2~,29 6a, 6~ 28

6 24.76 (CH2) 24.9 a) 1.75 (m) 5 a)5,6~, 7 0.)7,28

~) 1.78 (rri) ~) 5, 6a., 7 ~) 7, 19,29,30

7 71.92 (CH) 71.9 3.94 (bs) 5,6~,30 60., 6~ 6a,6~, 15,30

El 44.03~G) 44.0 · 60.,9,30*
9 40.76 (CH) 40.8 1.97 (m) 10., 7, 11~, 19,30 11~, 11a. 1a., 18
10 37.16 (C) 37.1 · 1~,2a,5,6~,9, 19
11 16.24 (CH2) 16.3 a) 1.67 (m) 9 a) 9, 11~, 12~, 120. a) 1~, 11 ~

~) 1.54 (m) ~) 9, 11a., 12~, 12a. ~) 11a., 12~, 19,30
12 32.28 (CH2) 32.3 a) 1.56 (m) 18 a) 11~, 11 a, 12~ a) 12~, 18

~) 1.25 (m) ~) 11~, 11a, 12a ~) 11~, 12a, 17, 22a, 30
13 46.47 (C) 46.5 - 11~, 15, 17, 18
14 161.58 (C) 161.5 · 18,30

15 119.59 (CH) 119.6 5.48 (bs) 16a, 16~ 7, 16a, 16/3,30
.19 35.061(PH~) 35·J;11' a) 2.18 (m)" I~ 15, 17 /' il) 15; 16~, 17 a) 15, 18

~) 2.20 (m) (3) 15, 16a, 17 ~) 15, 17
17 52.58 (CH) 52.6 1.89 (m) 15,18 16a, 16~,20 12~, 16/3,22~

18 19.68 (CH3) 19.7 1.01 (s) 17 9, 12a, 16a, 20, 21
19 14.92 (CHa) 14.9 0.98 (s) 1~,5,9 1/3,2~,6~, 11/3,29,30
20 44.18 (CH) 44.2 2.32 (m) 17,21,22/3 17, 21, 22~, 22a 18,21, 21-0COCHa, 22a
21 96.56 (CH) 96.6 6.23 (d, 4.03) 22a 20 18,20,22~

22 31.36 (CH2) 31.3 a) 2.06 (m) 21 a)20,22~,23 a) 12~,20,22~,23

~) 1.68 (m) ~)20,22a,23 ~)17,22a,24

23 79.73 (CH) 79.7 3.89 (m) 21,24 22/3,22a,24 22a, 24,27
24 66.68 (CH) 66.7 , 2.65 (d, 7.51) 23,26,27 23 ,22~,23,26

25 57.16 (C) 57.1 - 24,26,27
·26 24.90 (CHa) 24.9 1.31 (s) 24,27 23,24,27
·27 19.33 (CHa) 19.3 1.27 (s) 26 23,24,26
28 26.21 (CHa) 26.2 1.07 (s) 5,29 5,6a.29
29 21.15 (CHa) 21.1 1.02 (s) 5,28 6~, 19,28
30 27.24 (CHa) 27.2 1.07 (s) 6~, 7, 11~, 12~, 15, 19

21-0 kOCHa 169.96 (C) 170.0 · 21,21-0COC!:!a
21-0COk Ha 21.50 (CH3) 21.5 1.93 (s) 20

.. interchangeable resonances
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Chapter 5: Extractives from Samadera madagascariensis

5.3.11. Structural elucidation of Compound xi: Protosamaderine B (xi)

o

(xi)

The IR spectrum [129] of compound (xi) showed an O-H stretching band at 3490 cm-\ and a broad

C=O stretching band at 1738 cm-1.

Inspection of the NMR spectra showed the presence of minor impurity peaksthat have been crossed

out. The lH [131] and 13C NMR [132] spectra of compound (xi) were very similar to those of compound

(x), except that the oxymethine C-24 and the fUlly substituted C-25 resonances had shifted from Oc

66.68 and 57.16 respectively in compound (x) to Oc 77.43 and 72.04 respectively in compound (xi).

The H-24 proton resonance shifted from OH 2.65 in compound (x) to OH 4.75 in compound (xi).

Inspection of the 2D NMR spectra showed that the additional acetoxy carbonyl resonance at Oc 170.71

showed a HMBC [136-137] correlation to the H-24 proton resonance at OH 4.75, indicating that the

acetoxy group was attached at C-24. This suggested that the 24,25-epoxide ring had opened resulting

in the 24,25-diol followed by subsequent acetylation of the secondary hydroxy group at C-24.

As previously observed, the correlation between the H-20 (OH 2.30) and H-21 (OH 6.06) proton

resonances in the NOESY NMR spectra [139-140] indicated that H-21 was a orientated and the C-21

acetoxy group was therefore f3 orientated. The correlation between the C-21 and C-24 acetoxy group

proton resonances in the NOESY NMR spectra [139-140] confirmed that the C-21 acetoxy group was

f3 orientated and H-21 was therefore a orientated.

The stereochemistry at C-24 has been assigned by comparison to literature.49 The H-24 proton

resonance occurs at the similar chemical shift and has the similar coupling constant as that reported by

Zeng et al. for the diacetate of meliavolkenin which has a C-21 f3 acetoxy group and a S configuration at

C-24.

From the NMR data of compound (xi) the molecular formula was deduced to be C34Hs20 e, which

requires 588. The low resolution mass spectrum [130] of compound (xi) showed peaks at mlz 528 [M­

60r and 468 [M-120]\ corresponding to the loss of the elements of one and two molecules of acetic

acid respectively.
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Compound (xi) is the 21 S,23R-epoxy-21 S,248-diacetoxy-7,25-dihydroxyapotirucalla-14-en-3-one.

Compound (xi) has not been reported previously and was given the common name protosamaderine B

(xi). The NMR data for protosamaderine B (xi) is shown in table 5.11.

Table 5 11 • NMR data for Drotosamaderine B (xi). ..
C o'3C/ppm o H/ppm HMBC(C~H) COSY NOESY

(CDCI3) (CDCI3)

1 , 38,43 (CH2) a)f.47 (m)' 2a:2~, 19 a) 1~, 2a, 2~ a)1~,9

~) 1.80 (m) ~) 1a, 2a, 2~ ~) 1a, 11a, 19

2 33.89 (CH2) . a) 2AO(m) 1~ a) 2~, 1a, 1~ q) 2~

~) 2.47 (m) ~) 2a, 1a, 1~ ~) 2a, 19

3 217.29 (C) - 1~,2a,2~,28,29

4 46.59 (C) . 5,6a,6~,28,29

5 46.45 (CH) 2.03 (m) 1a, 1~, 7,19,28,29 6a,6~ 9,28

6 24.73 (CH2) a) 1.77 (m) 5 a)5,6~, 7 a) 7,28,29

~)1.80 (m) ~) 5, 6a,7 ~)7, 19,29,30

7 71.89 (CH) 3.93 (b5) 30 6a, 6~ 6a, 6~, 7·0H, 15,30
1~OH - 2.71 (b5) 7

8 44.00 (C) - 9, 11~, 11a, 30

9 4Q,75 (CH) 1.97 (m) 1a, 7, 12q, 1~,30 11~, 11a 1a,5,18
10 37.13(C) . 1a, 1~,5,9, 19
11 16.22 (CH2) a) 1.69 (m) 9 a) 9; 11~, 12~, 12a q) 1a, 11~, 18

~) 1.52 (m) ~) 9, 11a, 12~, 12a ~) 11a, 19, 30
12 32.40 (CH2) a) 1.57 (m) 11a, 18 a) 11~,Ha, 12~ a) 12~, 18, 21

~) 1.30 (m) ~) 11~, 11a, 12a ~) 12a, 17,30
13 46.87 (C) - 12q, 15, 18
14 161.42 (C) - 12a, 16a, 16~, 18,30
15 f19.67 (CH) 5.47 (b5) 16a,16~ 16a, 16~ 7, 16q, 16~,30
16 34.99 (CH2) a) 2.12 (m) 15 a) 15, 16~, 17 a) 15, 17, 18

~)2.17(m)6 ~) 15, 16a, 17 ~) 15, 17
17 52.40 (CH) 1.85 (m) 15, 16a, 16~, 18,20,22~ 16a, 16~,20 12~, 16a, 16~
18 19.69 (CH3) 0.99 (5) 9, 11q, 12a, 16a, 20, 21
19 14.90 (CH3) 0.97 (5) 1a, 1~, 5, 9 1~, 2~, 6~, 11~, 29, 30
20 43.88 (CH) 2.30 (m) 17,21,22~,22q 17;21,22~ 18,21. 220., 23
21 95.71 (CH) 6.06 (d, 4.21) 17,220.,23 20 120.,18,20
22 31.64 (CH2) a) 1.95 (m) 20,21,24 o.)22~,23 o.)20,22~,23

~) 1.61 (m) ~)20,22o.,23 ~)22o.,24

23 78.16 (CH) 4.45 (m) 21 ·22~,22o.,24 20,220.,24,26
24 77.43 (CH) 4.75 (d, 4.21) 2213,23,26,27 23 2213,23,26,27
25 72.04 (C) - 24,26,27
·26 27.21 (CH3) 1.26 (5) 24,27 23,24,27
·27 26.73 (CH3) 1.15(5) 24;26 24,26
28 26.18 (CH3) 1.07 (5) 29 5,60.,29
29 21.13 (CH3) 1.01 (5) 28 6~, 19;28
30 27.18 (CH3) 1.07 (5) 6~, 7, 11~, 1213, 15, 19

21-0.QOCH3 170.25 (C) - 21, 21-0COC!::!a
21-0CO.QH3 21.32 (CH3) 2.05 (5) 24-0COC!::!a
24"O.QOCH? 179.71 (C) . .24, 24-0COC!::!a
24-0CO.QH3 20.83 (CH3) 2.13 (5) 21-0COCH3

... interchangeable re50nance5
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Chapter 5: Extraetives from Samadera madagascariensis

5.3.12. Structural elucidation of Compound xii: Protosamaderine C (xii)

AeO

o ·····'OAe

(xii)

27

The IR spectrum [142] of compound (xii) showed an O-H stretching band at 3480 cm'\ and a broad

C=O stretching band at 1736 cm,1.

Inspection of the 1H [144] and 13C NMR [145] spectra of compound (xii) showed them to be very

similar to those of compound (xi), except that the oxymethine C-7 resonance had shifted from Bc 71.89

in compound (xi) to Bc 74.82 in compound (xii), just as in compound (ix) (C-7, Bc 74.85) in the 13C

NMR spectra. The H-7 proton resonance shifted from BH 3.93 in compound (xi) to BH 5.22 in compound

(xii), just as in compound (ix) (H-7, BH 5.20) in the 1H NMR spectra. Inspection of the 20 NMR spectra

showed that an additional acetoxy carbonyl resonance at Bc 170.15 showed a correlation to the H-7

proton resonance at BH 5.22 in the HMBC NMR spectra [149-151], indicating that the acetoxy group

was attached at C-7et.

Again the correlation between the H-20 (BH 2.26) and H-21 (BH 6.04) proton resonances in the NOESY

NMR spectra [153-154] indicated that H-21 was et orientated and the C-21 acetoxy group was ~

orientated. The stereochemistry at C-24 has been assigned in the same way as for compound (xi)

since the same chemical shift and coupling constant for H-24 was observed in the NMR spectra for

both compounds (xi) and (xii).

From the NMR data of compound (xii) the molecular formula was deduced to be C3sH5409, which

requires a mass of 630 g/mol. The low resolution mass spectrum [143] of compound (xii) showed

peaks at mlz 510 [M-120t and 450 [M-180t, corresponding to the loss of the elements of two and

three molecules of acetic acid respectively in accordance with the proposed structure.

Compound (xii) is the 7-acetoxy analogue of compound (xi), 21 8,23R-epoxy-25-hydroxy-7,21 8,248­

triacetoxyapotirucalla-14-en-3-one. Compound (xii) has not been reported previously and was given

the common name protosamaderine C (xii). The NMR data for protosamaderine C (xii) is shown in

table 5,12.
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T bl 5 12 NMR data for Drotosamaderine C (xii)a e ..
C l)'"C/ppm l) H/ppm HMBC (C-+H) COSY NOESY

(CDCI~\ ICDci.)
'l'o ") 38.65 (CH2) ,aY 1.-45'(m) , 2a,12B, "5, 9,"'19 ' " 'aY'1BI'2a,2B a) 16,'28'

~) 1.86 (m) ~) 1a, 2a, 2~ ~) 1a, 11a, 19

"~:3,89'(QH2):) a)2.39:(m), 1cir1fH 'ar2~,1a, 1~ '<i)'2~
,

2
~) 2:54 (m) ~)2a, 1a,1~ ~) 2a, 19

3 21(3.73 (C)' 1,\ - ;1~, 2~,,2»;t~8;?9, " ,f

4 46.86 (C) - 2a, 5, 6a, 28, 29

5 " 48.W:(CH) 1.130 (m)' I/1~:'6'(X;6~;'7;"9,f9,"28,29 "6 a;' (311 28

6 24.18 (CH2) a) 1.64 (rn) 5 a)5,6~, 7 a) 6~, 7, 29

~)1:86'(rn)' I"" ~)5:6a,7 ~) 6a, 1, 19,29; 30

7 74.82 (CH) 5.22 (bs) 5, 6a, 7-0COC!::!a, 9, 30 6a, 6~ 6a,6~, 15,30

8 41.89 (C) - 6q, 9, 11a, 1,5;30

9 42.42 (CH) 1.97 (rn) 1a, 7, 12a, 19,30 11~, 11a 18

10 36.97 (C) - 1a, 1p, 2a,'.2~, 5', 6<i;6P, 9, 11a, 19

11 16.37 (CH2) a) 1.64 (rn) 9,12a a) 9, 11~, 12p, 12a a) 1p, 11p, 18

P) 1,47 (m) 13)9,;,11a, 1213, '2a P) 1Hx,19
12 32.85 (CH2) a) 1.52 (rn) 17,18 a) 11~, 11 a, 1213 a) 12p,21,22a

I,P) 1.28"(m) " " ""
i (13)'1J13;11 a,12a '1(13) 12a, 17\

13 46.45 (C) - 1113, 12a, 15, 16p, 18
14 'l 159.02,(C) - ", 29r12af16a. 1613. 18;'39 i, lA,,,,

15 118.58 (CH) 5.27 (bs) 16a, 1613 16a, 16P 7,30

i16 3S,03(CH2) a) l.99'(i'l1) "',' ,15,17 i
'\ ,a),15,,1613,17 a) 1613, 18

~) 2.09 (rn) P) 15, 16a, 17 ~) 16a, 22a

'l7'''' , " 52.35 (CH) i ,J:82'(rn), 15, 16a, 1613, 18,21,2213 16a:1613,20 1213
18 19.81 (CH3) 0.97 (s) 12~, 17 9, 11a, 16a, 20, 21

1~ . 14:99 (CH~) 1':OO(s) 1a, 113,5;9 113;213,613,1113,30
20 43.96 (CH) 2.26 (rn) 17,21,22~,22a 17,21, 2213, 22a 18,21

21 95.78 (CH) 6:04 (tis) h 21"OCOC!::!a,"22a,23 20 12a, 18,20
22 31.58 (CH2) a) 1.92 (rn) 20,21,23,24 a)20,22~,23 a) 12a, 16~, 22~, 23

P) 1.52 (rn) P)20,22a,23 13) 22a, 24 y

23 78.18 (CH) 4.43(rn) 17,21 22~,22a,24 22a, 24,26
,24p, , 77.39 (CH) 4.74 (tis) \ 2213;23;24~OCOC!::!a, 26,27', 23"1' 22/3,23,26;27
25 72.05 (C) - 24,26,27
426 27.13 (CH3) 1.25 (5) 24,27 23,24,27
'427 26.71 (CH3) 1.14 (s) 24,26 24,26
28 20.80 (CH3) 0.99 (s) w 5,29' 1a, 5, 29
29 25.81 (CH3) 0.97 (s) 5,28 6a,6p,28

It 30 I?:127:03 '(CH:i) , 1.10 (s) 7;9 613, 7.15,'19
7-0COCH3 170.15 (C) - 7,7-0COC!::!a
7-0CQCH3 21.15 (CH3) 1.91 (s)
21-0COCH3 170.35 (C) - 21,21-0COC!::!a
21·0COCH3 21;31 (CH3) 2.04 (s) ,
24-0COCH3 170.70 (C) - 24, 24-0COC!::!a
24:0COCH3 21.00 (CH3) 2.12 (s) "

'" interchangeable resonances

5.3.13. Introductory note to Compounds (xiii) to (XViii)

Compounds (xiii) to (XViii) were all found to have methoxy groups at C-21. Compounds (ix) to (xii)

were all acetals with acetoxy groups at C-21. These compounds were isolated as pure compounds due

to the fact that acetals do not ring open and close in solution as do compounds containing hemiacetal

ring structures. The NMR spectra of compounds (Xiii) to (XViii) indicated that they were C-21 acetals

with methoxy groups at C-21. However, these were not isolated in their pure form but as mixtures of C­

21 epimers. This suggests that the hydroxy groups at C-21 may have been methylated during

chromatographic separation and they may be artefacts of the separation processes.
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5.3.14. Structural elucidation of Compound xiii: Protosamaderine D (xiii)

27

OAc

29 28

(xiii)

The IR spectrum [156] of compound (xiii) showed an O-H stretching band at 3425 cm-\ and a broad

C=O stretching band at 1707 cm-1.

Compound (xiii) was not isolated pure, and some peaks in the 13C NMR spectrum [159] are paired due

to the presence of a mixture of epimers. The peaks due to the major epimer are given. The 1H [158]

and 13C NMR [159] spectra of compound (xiii) were very similar to those of compound (xi), except that

the oxymethine C-21 carbon resonance had shifted from Bc 95.71 in compound (xi) to Bc 104.58 in

compound (Xiii) in the 13C NMR spectra, and the H-21 proton resonance had shifted from BH 6.06 in

compound (xi) to BH 4.75 in compound (xiii), with only one acetoxy group observed in the 1H NMR

spectrum [158]. The H-24 proton resonance had shifted from BH 4.75 in compound (xi) to BH 3.15 in

compound (Xiii), as observed for compound (viii) (BH 3.15) in the 1H NMR spectra. This indicated that

the acetoxy group at C-24 was replaced by a hydroxy group.

Inspection of the ADEPT NMR spectrum [160] showed the presence of a methoxy group carbon

resonance at Bc 55.17, which correlated to the proton resonance at BH 3.35 in the HSQC NMR spectra

[161-162]. A second less intense methoxy group carbon resonance due to the methoxy group carbon

of the minor epimer at Bc 54.08 was present in the ADEPT NMR spectrum [160], which correlated to

the proton resonance at BH 3.29 in the HSQC NMR spectra [161-162]. The methoxy group carbon

resonance (oc 55.17) showed a correlation to the H-21 proton resonance at OH 4.75 in the HMBC NMR

spectra [163-165], indicating that the methoxy group was attached at C-21. However, the sum of the

integrals for the proton resonances due to the methoxy group protons was not correct relative to the

other proton resonances in the original 1H NMR spectrum [158] of compound (Xiii), as shown in figure

5.1 below. The sum of the methoxy group proton resonances integral did not give the 3:1 ratio when

compared to the H-24 or H-21 proton resonances.
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Figure 5.1. Partial 1H NMR spectrum of Compound (xiii) (relaxation time =0.0 sec)

It was then realised that a relaxation time of zero was used when running the 1H NMR spectrum [158]

of compound (xiii), and by increasing the relaxation time the correct integrals could be obtained.52 The

1H NMR spectrum of compound (Xiii) (a weaker sample) was run again but this time the relaxation time

was increased to 1.5 seconds and the correct integral ratio was observed, as shown in figure 5.2

below.
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5. 6 5.2 4.8 4.4 4. 0 3.6 ppm

Figure 5.2. Partial 1H NMR spectrum of Compound (xiii) (relaxation time =1.5 sec)
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It is presumed that increasing the relaxation times for compounds (xiv) to (xviii) will also give the

correct integral ratios. However, the experiment could not be repeated for compounds (xiv) to (xviii)

since very little samples were available.

The acetoxy group proton and carbon resonances did not correlate to any other resonance in the 1H or

13C NMR spectra. All other proton and carbon resonances occurred at similar chemical shifts as

previously observed for compound (xi). The acetoxy group was tentatively placed at C-25 since the

other oxygenated carbons have been accounted for.

The H-21 ex orientation and the ~ orientation of the C-21 methoxy group were assigned as a result of

the correlation between the H-20 (OH 2.17) and H-21 proton resonances in the NOESY NMR spectra

[168-169]. The stereochemistry at C-24 has been assigned by comparison to literature.49 The H-24

proton resonance occurs at the similar chemical shift as that reported by Zeng et al. for the

monomethoxylate of meliavolkenin which has a C-21 ~ methoxy group and a S configuration at C-24.

Although it was not possible to assign 13C NMR resonances for the minor epimers, it was possible to

assign the C-21 and its methoxy group carbon resonances for the minor epimer as it was clearly visible

at Oc 104.51 and 54.08 respectively.

From the NMR data of compound (xiii) the molecular formula was deduced to be C33H5207, which

requires 560. The low resolution mass spectrum [157] of compound (xiii) showed peaks at m/z 542

[M-18t and 524 [M-36t, corresponding to the loss of the elements of one and two molecules of water

respectively.

Compound (xiii) is the 21 S,23R-epoxy-25-acetoxy-7,24S-dihydroxy-21 5-methoxyapotirucalla-14-en-3­

one. Compound (xiii) has not been reported previously and was given the common name

protosamaderine D (xiii). The NMR data for protosamaderine D (xiii) is shown in table 5.13.
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Table 5.13. : NMR data for protosamaderine 0 (xiii) (The major component)

C 813C I ppm 8 H/ppm HMBC(C~H) COSY NOESY
(CDCb) (CDCb)

1 38.54 (CH2) a) 1.49 (m) 2a,19 a) 1~, 2a, 2~ a) 1~, 9

~) 1.85 (m) ~) 1a, 2a, 2~ ~) 1a

2 33.96 (CH2) a) 2.41 (m)' a) 2~, 1a:1~ a) 2~

~) 2.51 (m) ~) 2a, 1a, 113 (3) 2a, 19
3' 217.38 (C) - 28;29

4 46.94 (C) - 28,29

5 46.54 (CH) 2.04 (m) 6~, 19, 28, '29 6a, 6~ 28

6 24.74 (CH2) a) 1.78 (m) a)5,6~, 7 a) 7,28,29

~) 1.81 (m) ~) 5, 6a, 7 ~) 7,19,28,29,30

7 71.93 (CH) 3.93 (bs) 30 6a, 6~ 6a,6~, 15,30
8 ~.03 (C) - 30

9 40.96 (CH) 2.00 (m) 19,30 11~, 11a 1a,18
10 37.17 (C) . 1~,2a,5,9, 19
11 16.34 (CH2) a, ~) 1.71 (m) a,~) 9, 12~, 12a
12 32.67 (CH2) a) 1.59 (m) 18 a) 11~, 11a, 12~ ~) 18, 21

~) 1.51 (m) ~) 11~, 11 a, 12a a) 21, 30
13 52.14 (C) - 18

14 161.41 (C) - 18,30

15 119.96 (CH) 5.47 (bs) 16a, 16~ 7, 16a, 16~, 30
16 34.98 (CH2) a) 2.10 (m) a) 15. 16~, 17 a) 15, 17,21

~) 2.14 (m) ~) 15, 16a, 17 ~) 15, 21, 22a
17 52.44 (CH) 1.97 (m) 18 16a, 16~, 20 16a
18 20.01 (CH3) 1.00 (s) 9,12a,20,21
19 14.96 (CH3) 0.99 (s) 9 2~,6~,29,30

20 4M4(CH) 2.17.(1JJ) 17." 17,21,2213.22a"; 18,21
21 104.58 (CH) 4.75 (bs) 21-0CH3 20 12a, 12~, 16a, 16~, 18,20, 21-0CH3, 23
22 31.32 (CH2) a) 1.89 (m) 21 a)20,22~,23 a) 16~,23

~) 1.50 (m) ~)20,22a,23 ~) 24
23 78.81 (CH) 4.43 (m) 21 22~,22a,24 21,22a,24,26,27
24 76.47 (CH) 3.15 (bs) 26,27 23 22~,23,26,27

25 72.91 (C) - 26,27
·26 26.40 (CH3) 1.26 (s) 27 23,24
·27 26:34 (CH3) 1.25 (s) 26 23,24
28 26.18 (CH3) 1.08 (s) 29 5,6a,6~,29

29 21.15 (CH3) 1.03 (s) 28 6a,6~, 19,28
30 27.08 (CH3) 1.07 (s) 6~, 7, 12~, 15, 19

21-0CH3 55.17 (CH3) 3.35 (s) 21 21
25-0~OCH3 171.18 (C) 25-0COC.t!a
25-0CO,QH3 20.86 (CH3) 2.14(s)

.. interchangeable resonances
The 2H-11 resonances are superimposed
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5.3.15. Structural elucidation of Compound xiv: Protosamaderine E (xiv)

o

MeO pAc

16

(xiv)

The IR spectrum [171] of compound (xiv) showed an O-H stretching band at 3456 cm-\ and a broad

C=O stretching band at 1724 cm-1.

Inspection of the lH [173] and 13C NMR [174] spectra of compound (xiv) showed them to be very

similar to those of compound (xii) and compound (Xiii). Except that the oxymethine C-7 and C-24

resonances had shifted from 8c 71.93 and 76.47 respectively in compound (xiii) to 8c 74.99 and 77.21

respectively in compound (xiv), just as in compound (Xii) (C-7, 8c 74.82 and C-24, 8c 77.39) in the 13C

NMR spectra. The H-7 and H-24 proton resonances shifted from 8H 3.93 and 8H 3.15 respectively in

compound (Xiii) to 8H 5.19 and 8H 4.75 respectively in compound (xiv). just as in compound (xii) (H-7,

8H 5.22 and H-24, 8H 4.74) in the lH NMR spectra.

Inspection of the 2D NMR spectra showed that the acetoxy carbonyl carbon resonances at 8c 170.18

and 171.16 showed correlations to the H-7 and H-24 proton resonances respectively in the HMBC

NMR spectra [177-179], indicating that the acetoxy groups were attached at C-7a and C-24

respectively.

The H-21 (8H 4.74) a orientation and the ~ orientation of the C-21 methoxy group were assigned as a

result of the correlation between the H-20 (8H 2.07) and H-21 proton resonances in the NOESY NMR

spectra [182-183], as observed previously. The H-24 proton resonance occurs at the same chemical

shift as observed for compounds (xi) and (Xii), which indicated the S configuration at C_24.49

From the NMR data of compound (xiv) the molecular formula was deduced to be C35H540 a, which

requires 602. The low resolution mass spectrum [172] of compound (Xiv) showed a peak at mlz 542

[M-60t, corresponding to the loss of the element of one acetic acid molecule. The peak at m/z 51 0 [M­

92t was due to the loss of the elements of one acetic acid molecule together with one methanol

molecule.

Compound (Xiv) is the 21 S,23R-epoxy-7,24S-diacetoxy-25-hydroxy-21 $-methoxyapotirucalla-14-en-3­

one. Compound (XiV) has not been reported previously and was given the common name

protosamaderine E (XiV). The NMR data for protosamaderine E (XiV) is shown in table 5.14.
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Table 514 . NMR data for Drotosamaderine E (xiv). ..
C l)13C I ppm (CDCI3) l) H I ppm (CDCI3) HMBC (C-+H) COSY NOESY

1 38.82 (CH2) a) 1.~9 (m) 19 a)1fl,2a,2fl a) 1fl, 9

fl) 1.89 (m) fl) 1a, 2a, 2fl fl) 1a, 19

2 34.00 (CH2) a) 2.39 (m) .a)2fl, ta, 1fl a) 2fl

fl) 2.55 (m) fl) 2a, 1a, 113 (3) 2a, 19

3 .216.84 (C) ! ~, - 28,29
0"

4 46.96 (C) - 5,28,29

5 48.27 (CH) 1.84 (m) 19,28,29 6a,6fl 6a,613.9,28

6 24.24 (CH2) a) 1.66 (m) a) 5,613, 7 a) 5, 7,29

(3) 1.69 (m) fl) 5, 6a, 7 (3) 5, 7

7 74.99 (CH) 5.19 (bs) 30 6a,613 6a,613,15,30

8 41.95 (C) - 30

9 42.73 (CH) 1.98 (m) 19,30 1113, 11 a 1a, 5,18

10 i~37.02 (C) - 5. 19

11 16.56 (CH2) a) 1.56 (m) a) 9, 1113, 1213, 12a

(3) 1.50 (m) (3) 9, 11a, 12fl, 12a fl) 19, 30

12 33.09 (CH2) a) 1.60 (m) 18 a) 1113, 11 a, 1213 a) 21

(3) 1.56 (m) fl) 1113. 11a, 12a

13 46.50 (C) - 18

14 l59.08 (C) . 1Qi'?O
15 118.85 (CH) 5.25 (bs) 16a. 1613 7, 16a, 1613,30
16 35.02 (CH2) a) 1.91 (m) a) 15, 16fl, 17 a) 15, 16fl. 18

(3) 2.03 (m) (3)15, 16a, 17 (3)15, 16a, 17
17 52.10 (CH) 1.87 (m) 18 16a, 1613,20 16fl,20
18 20.20 (CH3) 0.97 (s) 1613 9,16a,20,21
19 15.09 (CH3) 1.02 (s) 5 113,2fl,11fl,30
20 44.59 (CH) 2.07 (m) 22a 17,21,2213,22a 17,18,21
21 103.74 (CH) 4.74 (bs) • 21-0CH3,22a 20 12a, 18,20, 21-0CH3' 23.
22 31.66 (CH2) a) 1.77 (m) 21,24 a) 20, 2213, 23 a)2213,23

(3) 1.54 (m) fl)20,22a,23 fl)22a,24
23 77.43 (CH) 4.43 (m) 21,24 2213,22a,24 21,22a,24,26
24 77.21 (CH) 4.75 (bs) • 26,27 23 22fl,23,26.27
25 72.55 (C) - 26,27

·26 27.52 (CH3) 1.31 (s) 27 23,24.27
·27 26.72 (CH3) 1.17 (s) 26 24,26
28 21.04 (CH3) 1.01 (s) 5,29 5,29
29 25.83 (CH3) 0.99 (s) 28 6a, 28
30 26.95 (CH3) 1.11 (s) 7,1113,15,19

7-0.QOCH3 170.18 (C) - 7-0COCth
7-0CO.QH3 21.20 (CH3) 1.92 (s)
21-0CH3 54.08 (CH3) 3.29 (s) 21 21

24-0.QOCH3 171.16 (C) - 24, 24-0COCth
24-0CO.QH3 20.85 (CH3) 2.14(s)

• interchangeable resonances
• resonances superimposed
The 2H-11 resonances were assigned from the COSY NMR spectrum
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5.3.16. Structural elucidation of Compound xv: Protosamaderine F (xv)

o

MeO

·····'OAc

(xv)

The IR spectrum of [185] compound (xv) showed an O-H stretching band at 3450 cm'\ and a broad

C=O stretching band at 1718 cm,1.

Inspection of the 13C NMR spectrum showed the presence of peaks due to the minor epimer indicated

on the spectrum, The 1H [187] and 13C NMR [189] spectra of compound (xv) showed them to be very

similar to those of compound (xiv), except that the H-24 resonance had shifted from BH 4.74 in

compound (xiv) to BH 3.15 in compound (xv) in the 1H NMR spectra. However, no change was

observed for the C-24 resonance in the 13C NMR spectra. These observations in the 1H [187] and 13C

NMR [189] spectra indicated that the acetoxy group at C-24 was replaced by a hydroxy group. The C­

24 hydroxy group proton resonance occurred at BH 2.77 and showed correlations in the COSY NMR

spectrum [195] to the H-24 proton resonance. The presence of the C-24 hydroxy group proton

resonance was confirmed by its disappearance on addition of 020 to the sample.

As observed previously in compound (Xiv), the methoxy group was attached at C-21 ~ (Bc 104.65) by

observed correlations between the H-20 (BH 2.12) and H-21 (BH 4.73) resonances in the NOESY NMR

spectra [196-197]. The stereochemistry at C-24 has been assigned by comparison to literature.49 The

H-24 proton resonance occurs at the similar chemical shift as that reported by Zeng et al. for the

monomethoxylate of meliavolkenin which has a C-21 ~ methoxy group and a S configuration at C-24.

From the NMR data of compound (xv) the molecular formula was deduced to be C33H5207, which

requires 560. The low resolution mass spectrum [186] of compound (xv) showed a peak at mlz 542

[M-18t, corresponding to the loss of the element of one water molecule.

Compound (xv) is the 24-deacetyl analogue of compound (xiv), 21 S,23R-epoxy-7-acetoxy-24S,25­

dihydroxy-21 S-methoxyapotirucalla-14-en-3-one. Compound (xv) has not been reported previously

and was given the common name protosamaderine F (xv). The NMR data for protosamaderine F (xv)

is shown in table 5.15.
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Table 5.15. : NMR data for protosamaderine F (xv) (The major component)

COSY NOESY

~) 2a, 19

~) 1a, 19

HMBC (C-+H)

~) 2.56 (m) ~) 2a, 1a, 1~

~) 1.87 (m) ~) 1a, 2a, 2~

II H/ppm
(CDCb)

'a),1.48(in):': . /,; ,'" ~ ;;'(j.H1Jl,'2a:;2~'; ,

1113CI ppm
(CDCb)

f ~i~~38.IW'(CH2) "'.'

C

kt" 2

I,

4 46.95 (C) 5, 28, 29

, :6a, 9,28

6

7

8

24.23 (CH2) a) 1.67 (m) 5
,

75.00 (CH) 5.19 (bs) 6a, 30

41.93 (C) :'6«,9;"15,30

a) 5, 6~, 7

'~)5/6a,1

6a, 6~

,

a)5,6~, 7,28

~)6a, 7; 19,'28, 29,30

6a,6~, 15,30

9 42.69 (CH) 2.01 (m) 1a,7, 1213, 19,30 1113, 11 a 1a,5,18

10
11 16.55 (CH2) a) 1.67 (m) 9, 1213 a) 9, 1113, 1213, 12a

12 33.16 (CH2) a) 1.55 (m) 18 a) 1113, 11 a, 1213

'~) 19

a) 21

13) 1113;;,1 ta, :~ 2& 'd, ~)30
13 46.38 (C) 1213, 15, 18

15 118.89 (CH) 5.24 (bs) 17 1613 7, 16a, 1613,30

" ' 16 " a).,15~ 18'
~) 2.06 (m) 13) 15, 16a, 17 ~) 15, 17

18 20.24 (CHa) 0.98 (s) 15,17 9, 16a, 20, 21, 7-0COC!:!a

20

2h
22

23

44.68 (CH) 2.12 (m) 21

104.65 (CH) 4.Z3 (d.'~.21);;2l:0CH3,22~

31.35 (CH2) a) 1.86 (m) 21

78.76 (CH) 4.41 (m) 21

21 , 22a, 2213

20

a)20,2213,23
.•,. " Iha) ?O, 22&,;23 ......•

22a, 2213

113,2~,613;1113,30

17,18,21,22a,2213

12a, 18,20, 21-0CHa
a)20,23

,13) 20; 24 ,

22a,24,26,27

24-0H 2.77 (bd) 24

23,24

23,24

613,28

613, 7, 12~, 15, 19

5,6a, 613,29

21

18

,

26,"'27
27

5,29

7,9
- '

1.25 (s)

0.98 (s)

1.01 (s) ,

1.11 (s)

1.93 (s)

1.24 (s)

3:34 (st ,,21."

21:03 (CH;)

7?91 (C)

liJ.;FO.18 (C)

30

·28

·29

..... interchangeable resonances
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5.3.17. Structural elucidation of Compound xvi: Protosamaderine G (xvi)

o """OAc

(xvi)

The IR spectrum [199] of compound (xvi) showed an O-H stretching band at 3391 cm-
1

, and a broad

c=o stretching band at 1724 cm·1
.

The H-23 mUltiplet had shifted from OH 4.41 in compound (xv) to OH 4.23 in compound (xvi) in the 1H

NMR spectra, while the 13C NMR spectra showed the shift of the C-21, C-23, C-24 and C-25

resonances from Oc 104.65, 78.76, 76.53 and 72.91, respectively, in compound (xv) to 109.50, 76.93,

75.39 and 73.07, respectively, in compound (xvi). As in compound (xv), the methoxy group was

attached at C-21 and the acetoxy group was attached at C-7.

The stereochemistry at C-21 could not be confirmed directly by the observation of correlations between

the C-21 methoxy resonance and either the H-20 (OH 2.29) or H-23 (OH 4.23) proton resonances in the

NOESY NMR spectra [208-209]. However, the absence of the correlations between the H-21 (OH 4.78)

and the H-20 resonances, noted previously for the C-21 f3 methoxy group, provided indirect proof for

the C-21a methoxy group. In addition, the C-17 resonance at Oc 57.60, which is also different from that

observed previously for compounds (viii) to (xv) (8c - 52) with the f3 orientated ester at C-21,

supported this theory. In addition, in compounds (xiii), (xiv) and (xv), which all possess a C-21 f3

methoxy group, the C-21 resonance occurs consistently at - Oc 103 - 105, whereas the carbon

resonance in compound (xvi) occurs significantly further downfield at 8c 109.50.

It is therefore proposed that the change in stereochemistry at C-21 causes a change in the chemical

shifts of the ring carbon resonances, the C-17 resonance, and the H-23 proton resonance. However,

no change was observed for the 3H-26 and 3H-27 methyl proton resonances (8H 1.24, 1.28).

Holstinones Band C were reported previously as being C-21 epimers of each other.42 After examining

the series of protolimonoids isolated in this work, it became clear from NMR data that holstinones B

and C are not epimeric to each other and their structures therefore need to be re-examined. The

stereochemistry at C-24 has also been assigned by comparison to literature.49 The H-24 proton

resonance occurs at the similar chemical shift as that reported by Zeng et al. for the monomethoxylate

of meliavolkenin which has a C-21 a methoxy group and a S configuration at C-24. The small downfield

shift of the H-24 proton resonance has been observed for this compound (xvi) and that in Iiterature49

with the C-21a methoxy group, compared to that with the C-21 f3 methoxy group.
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From the NMR data of compound (xvi) the molecular formula was deduced to be C33H5207, which

requires 560. The low resolution mass spectrum [200] of compound (xvi) showed a peak at m/z 542

[M-1St, corresponding to the loss of the element of one water molecule.

Compound (xvi) is the C-21 epimer of compound (xv), 21 R,23R-epoxy-7-acetoxy-24S,25-dihydroxy­

21 R-methoxyapotirucalla-14-en-3-one. Compound (xvi) has not been reported previously and was

given the common name protosamaderine G (xvi). The NMR data for protosamaderine G (xvi) is

shown in table 5.16.

Table 5.16. : NMR data for protosamaderine G (xvi) (The major component)

C a'·cl ppm aH/ppm HMBC (C-+H) COSY NOESY

(CDCb) (CDCb)

1 38.81 (CH2) a) 1.49 (m) 19,2~ a) 1~, 2a, 2~ a) 1~, 9

~) 1.91 (m) ~) la, 2a, 2~ ~) la, 19

2 33.98 (CH2) a) 2.40 (m) a) 2~, la, 1~ a) 2~

~) 2.55 (m) ~) 2a, la, 1~ ~) 2a, 19

3 216.86 !C) . 2a,2~,28,29

4 46.95 (C) - 6a,6~,28,29

;" 5 48.20 (CH) 1.81 (m) 1~,6~, 7,9,19,28,29 6a, 6~ 9,28,29

6 24.23 (CH2) a) 1.70 (m) 5 a)5,6~, 7 a)6~, 7

~) 1.85 (m) ~) 5, 6a, 7 ~)6a, 7,19,28,29,30

7 74.95 (CH) 5.19 (bs) 5,30 6a, 6~ 6a,6~, 15,30

8 41.96 (C) - 6a, 9, 30

9 42.73 (CH) 2.09 (m) 7,19,30 lllX,~ la, 5,18

10 36.98 (C) - 1~,6a,9, 19
11 16.47 (CH2) IX, ~) 1.55 (m) 9 IX, ~) 9, 12a, ~, a,~)19

12 33.66 (CH2) a) 1.n (m) 18 a) lla, ~, 12~

~) 1.48 (m) ~) lla, ~,12a ~) 30
13 46.73 (C) - 15,18

14 159.26 (C) - 12a, 12~, 16a, 16~, 18,30
,15 118.51 (CH) 5.23 (bs) 16a, 16~ 16a.,16~ 7, 16a, 16~, 30
16 34.75 (CH2) a) 2.02 (m) 15 a) 15, 1613, 17 a) 15, 16~, 18

~) 2.13 (m) ~) 15, 16a, 17 ~) 15, 16a
17 57.60 (CH) 1.68 (m) 15, 18,21,22~ 161X, 16~, 20 21,22~

18 19.74 (CHa) 1.00 (s) 17 9, 16a, 20
19 15.11 (CH3) 1.02 (s) la, 1~, 9 1~, 2~, 6~, 11, 30
20 45.89 (CH) 2.29 (m) 22 ~ 17,21,22~,22a 18,22a,23
21 109.50 (CH) 4.78 (d, 3.66) 17, 21-0CHa, 22a 20 17, 21-0CHa, 22~
22 33.27 (CHi) a) 1.88 (m) 17 a)20,22~,23 a) 20,23

~) 1.n (m) ~) 20, 22a, 23 ~)17,21

23 76.93 (CH) 4.23 (m) 21,22~ 22a,22~,24 20, 22a, 24,26
24 75.39 (CH) 3.22 (bs) 22~,23,26,27 23 23,27
25 73.07 (C) - 26,27
·26 26.46 (CHa) 1.28 (s) 27 23,27
·27 26.35 (CH~) 1.24 (s) 26 24,26
·28 25.84 (CHa) 0.99 (s) 5,29 5,6~,29

·29 21.20 (Cl;la) 1.01 (s) 5,28 5,6~,28

30 26.89 (CHa) 1.11 (s) 9 6~, 7, 12~, 15, 19
7-0COCHa 170.23 (C) - 7,7-0COC.!::!a
7-0COCHa 21.03 (CHa) 1.93 (s)
21-0CHa 55.63 (CHa) 3.34 (s) .21, 21

..... interchangeable resonances
* The 2H-ll resonances are superimposed
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5.3.18. Notes on the C-21 stereochemistry

The significant difference of - 5 ppm between the C-21 carbon resonances of the C-21 epimeric

compounds (xiii), (XiV) and (xv) (~ methoxy group, Oc - 103 - 105), and (xvi) (a methoxy group, oc­

109), suggested that this value might serve as a simple diagnostic tool for the determination of the

stereochemistry at C-21 for triterpenoids of this type, replacing the time-consuming NOESY NMR

analyses previously employed.

No other C-21 epimeric pairs of compounds, which would have provided further evidence for this

conjecture, were isolated in this work. However, as mentioned previously, the epimeric C-21

resonances in melianone (oc 97.98 and 102.00) and melianol (oc 98.02 and 102.03),53 display the same

- 5 ppm difference, which result from the C-21 ~ hydroxy and C·21 a hydroxy epimeric carbons

respectively.

5.3.19. Structural elucidation of Compound xvii: Protosamaderine H (xvii)

(xvii) (xviia)

The IR spectrum [211] of compound (xvii) showed an O-H stretching band at 3458 cm'\ and a C=O

stretching band at 1702 cm,l.

Initial inspection of the 13C NMR spectrum [214] showed the presence of fifty one resonances.

However, the spectrum showed the presence of the two epimeric C-21 carbon resonances at Oc

104.56 and 109.46 for the minor C-21 ~ methoxy group and the major C-21 a methoxy group

respectively. Closer analysis of the remaining resonances revealed thirty eight of these to be nineteen

pairs of very narrowly separated resonances of identical multiplicity, and eleven others. The major

peaks have been assigned in this work to compound (XVii). The minor peaks observed in this set of

spectra correspond to the structure (xviia).

The lH NMR spectrum [213] of compound (xvii) was similar to that of compound (XVi), with the

absence of the C-7 acetoxy group, indicated by the upfield shift of the H-7 resonance from OH 5.19 in

compound (XVi) to OH 3.93 in compound (xvii), as observed in compounds (x), (Xi) and (Xiii).
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As in compound (xvi), the H-23 resonance occurred at BH 4.24, and the shift in the carbon resonances

of the ring attached at C-17 were also observed in compound (xvii). Just as in compound (xvi), the

absence of the correlation between the H-21 (BH 4.77) and the H-20 (BH 2.31) resonances in the

NOESY NMR spectra [222-223], indirectly indicated that the methoxy group at C-21 was a orientated.

The H-24 proton resonance occurs at the same chemical shift as observed for compound (xvi), which

indicated the S configuration at C-24 with the a orientated hydroxy group.

From the NMR data of compound (xvii) the molecular formula was deduced to be C31HsoOs, which

requires 518. The low resolution mass spectrum [212] of compound (xvii) showed a peak at mlz 518,

corresponding to the molecular formula C31HsoOs. It would have been easier to separate this

compound by acetylation or derivatisation, however, this was not possible since too small a quantity of

sample was available.

Compound (XVii) is the 7-deacetyl analogue of compound (xvi), 21 R,23R-epoxy-7,24S,25-trihydroxy­

21 R-methoxyapotirucalla-14-en-3-one, whereas the minor compound (xviia) is the C-21 epimer of

compound (xvii), 21 S,23R-epoxy-7,24S,25-trihydroxy-21 5-methoxyapotirucalla-14-en-3-one.

Compound (xvii) has not been reported previously and was given the common name protosamaderine

H (xvii). The NMR data for protosamaderine H (xvii) is shown in table 5.17, with the resonances for

the minor epimer shown within brackets.
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Table 517 • NMR data for Drotosamaderine H (xvii) (maior comoonent in mixture). ..
C 1l'·C/ppm II H/ppm HMBC(C-.H) COSY NOESY

(CDCb) (CDCb)

1 38.52 (38.47) (CH2) a) 1.48 (m) 2~,9, 19 a) 1~, 2a, 2~ a)1~,9,28

~) 1.83 (m) ~) 1a, 2a, 2~ ~) 1a, 19

2 33.94 (CH2) a),?41 (m) 1a,1~ a) 2~, 1a, 1~ .a)2~

~) 2.51 (m) ~) 2a, 1a, 1~ ~) 2a, 19

3 , 217.43 (217.40) .(C) - 1~;' 2a, 2~, 28, 29 .....
"

4 46.91 (46.86) (C) - 5,6a,6~,28,29

5 46.46 (CH) 2.07 (m) 1~,7,9, 19,28,29 6a,6~ 6a, 613, 28,.29

6 24.73 (CH2) a) 1.73 (m) 5 a) 5, 6~, 7 a)5,6~, 7,28,29
~) 1.80 (m) ~) 5, 6a, 7 ~)5,6a, 7,19,28,29,30

7 71.93 (CH) 3.93 (bs) 30 6a, 6~ 6a,6~, 15,30
8 i

"
44.52,(44.04) (C) O' ~a,•.9, 11a,30

9 40.98 (40.94) (CH) 2.03 (m) 7, 11~, 12~, 12a, 19,30 11~, 11a 1a,18
10 37.14 (C) . 1~, 2a, 5, 6~, 9,19
11 16.25 (16.34) (CH2) a) 1.65 (m) 9 a) 9. 11~. 12~, 12a

~) 1.53 (m) 13) 9, 11a, 12~, 12a ~) 19,30
12 32.58 (32.65) (CH2) a) 1.77 (m) 17,18 a) 11~, 11 a, 12~ a) 12~, 21

~) 1.50 (m) ~) 11~, 11a, 12a ~)12a,30

13 46.51 (C) - 12a, 15, 16~, 18
14 161.69 (161.39) (C) 0 12~, 12a, 16a;'16~, 18,30
15 119.54 (119.95) (CH) 5.46 (bs) 16a, 16~ 16a, 16~ 7, 16a, 16~,30
16 34.72 (34.98) (CH2) a) 2.10 (m) 15, 17 a) 15, 16~, 17 a) 15,'16~, 18'

~) 2.17 (m) ~) 15, 16a, 17 ~) 15, 16a
17 57.53 (52.42) (CH) 1.70 (m) 12a, 15, 18,21 16a, 16~,20
18 19.49 (20.00) (CHa) 1.03 (1.00) (s) 12a, 17 9, 16a, 20, 21
19 14.98 (14.94) (CHa) 0.98(s) tq,'1~, 5, 9 1~, 2~, 613, 11 ~,'30

20 45.82 (CH) 2.31 (m) 17,21,22~,22a 17, 21, 22~, 22a 18,21, 22a, 23
21 109.46 (104.56) (CH) 4.77 (d, 3.66) 17, 21-0CHa, 22a 20 12a, 18,20, 21-0CHa,
22 33.70 (CH2) a) 1.88 (m) a)20,22~,23 a)20.22~.23

~) 1.77 (m) ~)20,22a,23 ~) 21, 22a
23 76.92 (78.79) (CH) 4.24 (m) 21,22~ 22~,22a 20,22a,24,26
24 75.35 (76.92) (CH) 3.22 (bs) 22~,23,26,27 23,26
25 73.05 (72.91) (C) . 26.27
·26 26.46 (CHa) 1.2.8 (s) 27 23,24
·27 26.38 (26.34) (CHa) 1.24 (s) 26
28 26.20 (26.17) (CHa) 1.08 (s) 5,29 1a, 6a, 6~
29 21.14 (CHa) 1.03 (s) 2,28 6a, 6~
30 27.04 (27.07) (CHa) 1.07 (s) 9 6~, 7, 11~, 12~, 15. 19

21-0CHa 55.62 (CHa) 3.33 (s) 21 21

(The laC values shown In brackets In the table belong to the mInor component of the mIxture.)
... interchangeable resonances
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5.3.20. Structural elucidation of Compound xviii: Protosamaderine I (xviii)

o
29 28

(xviii)

o

MeO

(xviiia)

pAc
5 27

OH
6

The IR spectrum [225] of compound (xviii) showed an O-H stretching band at 3396 cm-
1
, and C=O

stretching bands at 1738 and 1713 cm-1.

The 13C NMR spectrum [228] of compound (xviii) showed the same doubling of some peaks as

observed in the 13C NMR spectrum [214] of compound (xvii). The C-21 carbon resonances at Oc

108.86 (major) and 103.65 (minor) and the C-17 carbon resonances at Oc 52.15 (minor) and 57.50

(major) were again observed as in compound (xvii), which suggested a mixture of two C-21 epimeric

compounds. The major peaks have been assigned in this work to compound (xviii), with the minor

peaks corresponding to the structure (xviiia).

The l H NMR spectrum [227] of compound (xviii) was similar to that of compound (xvii), except with

the additional C-24 acetoxy group indicated by the downfield shift of the H-24 resonance from OH 3.22

in compound (xvii) to OH 4.86 in compound (xviii), as observed in compounds (xi), (xii) and (xiv). The

absence of the correlation between the H-21 (OH 4.82) and the H-20 (OH 2.30) resonances in the

NOESY NMR spectra [236-237] again proved indirectly that the C-21 methoxy group was a orientated.

The stereochemistry at C-24 has also been assigned by comparison to Iiterature.49

From the NMR data of compound (xviii) the molecular formula was deduced to be C33H520 7, which

requires 560. The low resolution mass spectrum [226] of compound (xviii) showed peaks at m/z 542

[M-18t and 528 [M-32t, corresponding to the loss of the elements of one water molecule and one

methanol molecule respectively.

Compound (xviii) is the 24-acetyl analogue of compound (xvii), 21 R,23R-epoxy-248-acetoxy-7,25­

dihydroxy-21 R-methoxyapotirucalla-14-en-3-one, whereas the minor compound (xviiia) is the C-21

epimer of compound (xviii), 21 S,23R-epoxy-248-acetoxy-7,25-dihydroxy-21 8-methoxyapotirucalla-14­

en-3-one.

Compound (xviii) has not been reported previously and was given the common name

protosamaderine I (xviii). The NMR data for protosamaderine I (xviii) is shown in table 5.18.
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T ble 518 . NMR data for orotosamaderine I (xviii) (maior comoonent in mixture)a . ..
C a"cl ppm aH/ppm HMBC (C.-+H) COSY NOESY

(COCi3) (COCI.\
1 38.54 (CH2) a) 1.51 (m) 19 a)1~,2a,2~ a) 1~, 9

~) 1.83 (m) ~) 1a, 2a, 2~ ~) 1a, 19

2 33.94 (34.02) (CH2) a) 2.42 (m) a) 2~, 1a, 1~ a) 2~

~) 2.49 (m) ~) 2a, 1a, 1~ ~) 2a, 19

3 217.37,(C) ,. . , I>2a,28,29

4 46.92 (C) - 28,29

5 46.45 (46.54) (CH) ?05 (m) 19,28,29 6a,6~ 6a,28

6 24.77 (CH2) a) 1.73 (m) a)5,6~, 7 a)5,6~, 7,28,29

~) 1.79.(m) ~) 5,6a, 7 ~)6a, 7,19,28,29,30

7 71.95 (CH) 3.93 (bs) 30 6a, 6~ 6a,6~, 15,30

8 44.06(C) - 6~,9,30

9 40.97 (CH) 2.02 (m) 19,30 11a 1a,18

10 37.16 (C) - 1~,5,9, 19
11 16.25 (16.34) (CH2) a) 1.67 (m) a) 9, 11 ~ a) 11 ~

~) 1.49 (m) ~) 11a ~) 11a, 30

12 32.57 (32.61) (CH2) a) 1.93 (m) 18 a)12~ a)12~

~) 1.25 (m) ~) 12a ~) 12a, 17
13 45.60 (C) -
14 161.93 (161.52) (C) - 18,30

15 119.33 (119.90) (CH) 5.45 (bs) 16a, 16~ 7, 16a, 16~,30
16 34.77 (34.98) (CH2) a) 2.08 (m) a) 15, 16~, 17 a) 15, 22a

~) 2.11 (m) ~) 15, 16a, 17 ~) 15
17 57.50 (52.15) (CH) 1.62 (m) 18,21 16a, 16~, 20 12~,21

18 19.43 (19.98) (CH3) 1.07 (s) 9,20
19 15.01 (14.97) (CH3) 11 0.99 (s)' 1fl,9 1~,2~,30

20 44.50 (CH) 2.30 (m) 17,21,22a 18, 22a, 23
21 108.86 (103.65) (CH) 4.82 (d, 3.85) 21-QCH3, 22a 20 17,21-0CH3
22 31.69 (CH2) a) 1.89 (m) a) 20,23 a) 16a, 20, 23

~) 1.56 (m) ~) 23
23 75.90 (CH) 4.43 (m) 21 22~,22a,24 20,22a,24,26
24 75.85 (CH) 4.86 (d, 2.01) 26,27 23 23,26,27
25 72.64 (72.54) (C) - 26,27

·29 26.64 (26.71) (CH3) 1.34 (s) 27 23,24,27
·27 27.47 (27.52) (CH3) 1.23 (s) 26 24,26
28 26.23 (26.20) (CH3) 1.17 (s) 29 5
29 21.14 (CH3) 1.03 (s) 5,28
30 27.06 (27.12) (CH3) 1.08 (s) 9 7, 11~, 15, 19

21-0CH3 55.75 (54.09) (CH3) 3.36 (s) 21 21
24-0,gOCH3 170.97 (C) -z 24,24-0COC!::b
24-0COCH3 20.84 (CH3) 2.17 (s)

(The 13C values shown In brackets In the table belong to the minor component of the mixture.)
• interchangeable resonances
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5.4. Biological activity of the quassinoids: anti-tumour screening

5.4.1. Introduction

The quassinoids isolated in this work were tested in vitro on the sixty human tumor cell lines at the

National Cancer Institute in the United States of America. The nine subpanels include leukemia, non­

small cell lung cancer, colon cancer, central nervous system (CNS) cancer, melanoma, ovarian cancer,

renal cancer, prostate cancer and breast cancer.

The GI 50 value is the sample concentration that inhibits 50% of the cancer cell growth. The TGI value

is the sample concentration that inhibits total growth of the cancer cells, Le. no cancer cell growth. The

LC 50 value is the lowest sample concentration that kills 50% of the cancer cell population. Therefore

the LC 50 parameter is the most important response parameter of the three.

The dose-response curves (Appendix, pages 162, 164, 166, 168, 170) are created by plotting the

percentage growth (PG) against the IOg10 of the sample concentration. The horizontal lines are drawn

at the PG values of +50, 0 and -50. The sample concentrations corresponding to the points where the

curves cross these lines are the GI 50, TGI and LC 50 values respectively.

The mean graphs (Appendix, pages 161,163,165,167,169) show the mean of the G150, TGI and LC

50 values for each of the cell lines. The bars extending to the right represent the sensitivity of the cell

line to the test sample in excess of the average sensitivity of all the cell lines tested. The bars

extending to the left imply that the sensitivity of the cell line is less than the mean.

5.4.2. Results

Samaderine A (i), 513,6-dihydrosamaderine A (ii), 2-chlorosamaderine A (iii), cedronin (vi) and 3,413­

dihydrosamaderine C (vii), were tested for their anticarcinogenic properties. The GI 50, TGI and LC 50

values for these compounds are shown in tables iii - vii below and are expressed in glml.
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Table iii: National Cancer Institute In Vitro Testing Results for Samaderine A (i)

>2.003-04
>1. 00E-04
>2.00:::-04
>2~ODE-04

>1.00E-04
>' .00E-04

>1..00E-04
>1..00E-04
>2.00E-04
>1.00Z-0~

>1.00E-04
>'.OOE 04

>1.00E-04
>1.00E-04
>1.00E-04
>1.00E-Oll
>1.00E-04
>2.00E-04

93
85
82
SI

li6
59

108 88 >1.00E-04 >1.00E-04 >1.00E-04
95 95 >1.00E-0~ >1.00E-04 >1.00E-04

103 88 >1.00E-04 >1.00E-04 >1.00E-04
113 103 >1.00E-04 >1.00E-04 >1.00E-04

90 62 >1.·OOE-04 >1.00E-04 >1.00E-04
106 95 >1.00E-04 >1.00E-04 >2.00E-04
22~3_~97~.....::>::1~.~0~0~E:.::-~0~4c~>~2,PQ~~~~.>1.00E-04

97
95
87

100
.11.0
101

97
n
97
92
94

101
111

98
94
80
98

225
90

99
95
96

1.02
97
91

104
202
'H2
119
~2

103
107

IH
101
106
147

97
101
'13

102
1.01­
lOO
10:!.
1.36
10'

0.620
1.484
1.401
0.81S
1.591
1.606
0.671

1.423
1.262
1.328
2.072
0.5;55
2.266

0.729
1.486
1.513
0.842
1.863
1. 773
0.739

:!.-45~

2.352
1.370
2_254
0.557
, .280

0.670
1.461
1.~67

0.793
1.902
1.689
0.73'

2.469
:L341
3.-316
2.211
0.566
, .206

0.981 0.931 0.886 92 92 105 99 93 >1.00E-04 >1.00E-0~ >1.00E-0~

1.555 1.616 1.486 105 19 93 97 8a >1.00E-04 >1.00B-04 >1.00E-04
1.301 1.361 1.225 98 94 93 92 87 >1.00E-0~ >1.00E-04 >1.00E-04
0.831 0.866 0.799 no 94 97 102 93 >1.00E-04 >1.00B-04 >1.00E-04
0.855 0.865 0.764 90 lS 93 95 79 >1.00E-04 >1.00E-04 >1.00E-04

...0~~3 0---,-41 L P~JiL.Jl! ...11,,-5-=1",3c=~_._8~5_ .-'9""=-.....::>::1'-'.c..,0~Oc:E:.::-~0::;,4-'=>.:Ol..:..~0~OE=-~0==-4...;>:c'=..:;. 0~0~E=-0:::4~

1.474
1~34.9

1.432
2.287
0.535
, .2'"

0.765
1.524
1.538
0.923
1.937
1.694
0.739

1.503
1.401
2.465
2.271
0.602
1.277

0.687
1.519
1.492
0.811
1.962
1.678
0.685

2.485
:1..333
1.465
2.249
0.539
1.272

0.142
0.879
0.707
0.575
0.972
0.184
0.262

0.51.1
0.520
0.703
0.280
0.367
0.607

LoglO Concentration
T~e ~Ean Opticcl DensitiEs Pe~cent G~owth

Panel/Cell LinE ...•_.f.~;u?__t;:_q_L_::.!LO_-7,0 __ ± .. .Q_._ ..:S.JI__-.LQ_ -8.0 -7.0 -6.0 -5.0.:_~~.Il__g5_0__ TGI .kC?C!.
Leukemia - _. - ._.

CCRF-CEM 0.172 0.940 0.877 0.882
EL-60ITS) 0.261 1.651 1.727 1.~92

l':-562 0.146 1.391 1.36~ 1.317
MDLT-4 0.140 0.850 0.919 0.810
P~I-8226 0.261 0.896 0.833 0.865
SR 0.166 0.522 0.492 ...0..,.?24

No!!-Smiil CeilLlmg Ccmcer····--·_··- ._._ ...
0.710
1.532
1.510
0.857
1. 882
1. 726
0.7'5

1'.549n.TCC
EKVX
HDP-52
HDP-92
NCI-E322M
NCI-H460
NC'f-'"S22

ColO!! Cc.:!!cer
COLO 205 0.444 2.632 2.737 2.665 2.573 2.556 2.486 105 102 97 97 93 >1.00E-04 >1.00E-04 >1.00E-04
ECC-2998 0.328 0.801 0.788 0.81~ 0.782 0.813 0.743 97 10~ ~6 102 88 >1.00E-04 >1.DOE-04 >1.00E-04
ECT-216 0.194 0.804 0.813 0.78B 0.765 0.757 0.756 201 97 94 92 32 >1.00E-04 >1.00:::-04 >1.00E-0~

:aCT-2S 0.729 0.925 0.921 0.886 0.860 0.515 0.825 103 54 70 200 51 >1.00E-04 >2.00E-04 >2.00E-04
:aT29 0.163 0.941 1.034 1.014 0.887 0.967 1.017 212 109 93 203 110 >1.00E-04 >1.00E-04 >1.00E-Ot
XMI2 0.241 1.627 1.516 1.484 1.435 1.444 1.236 92 90 86 87 72 >1.00E-04 >1.00E-04 >1.00E-04

t---;:;=,SW~-::6:-:2:-:0=- -"0..:..",4=12=--,1"-,-,.5",5e:4,----,1,-,."4",9=-9_,,,1-,,.~,,,·5:'.B~_--,lc~.:"4,-,·7--,2,-.-,1~f~~_2..~?.L-P~_2L..~_-,9~0~-,8::5~-,=>-=1",.~0-,,0=E=-~04=....;>:cl:..:...0:::0~E'e:-:.c0~4=-=>:.:2~.~0!..!0~E::.:-:.'0~4'----1
eNS C2::!.c~

9--268
9--255
SF-539·
5$-19
SN3-75
11251

>1. 00E-04
>1. 00E-04
>1. 00E-04
>1. 00E-04
>1. 00E-04
>1. OOE-OA
>1. 00E-04

>1.00E-04
>1.00E-04
>1. 00E-04
>1.00E-04
>1.00E-04
>1.00E 04

>1.00E-04
>1.00E-04
>1. 00E-04
>l.OOE-04.
>1.00E-04
>1.00E-OA
>1. OOE-OA

>1.00E-04
3.933-06

>1.00E-04
>'l .. OOE-04
>1.00E-04
>1.00:E:-04

>1. 00:::-04
>1. 00:::-04
>1. OOE-OA
>1. 00E-04
>1. 00E-04
>1.00E-04
>1.00:::-04

>2.00E-04 >1.00E-04 >1.00E-04
>1.00E-04 >1.00:::-04 >1.00E-04

>1.00E-04
8.58E-07

>2.00E-04
>1.00E-04
>1.00E-04
>1.00E 04

94
76

90
97
71
58
93
71

lOA

201
-31

91
81
53
gl

97
71

96
105

68
67
93
82

102

105
-31
106

94
75
9567

99
96
72
82
99
79
93

100
80

101
53

100
57
88
54
~7

86
105

107
115
9~

9'
£5
~{

102
101

93
81

101
98

102

102
DE
:LDS
102

85
98

20S
'00

0.S89
0.918

1_327
0.933
0.845
1~S53
1.448
2.737

1.403
0.776
0.813
1.210
1.782
1.B4
2.980

0.923
0.852

1.366
0.S29
0.879
2.238
1. 635
1.836

1.476
0.815
0.800
1.293
2.854
1.194
2.935

0.935
0.944

2.323
2. 760
0.839
2.149
1.668
1.760

1.51S
0.772
0.821
1.436
1.863
1.181
2.739

1.383
2.393
a.850
2.178
1.727
1.830

0.964
1.029

1.536
0.775
0.899
1.547
1.833
1.217
2.987

1.330
2.S2S
0.881
2.271
1. 725
1.866

0.989
1.071

1.563
0.797
0.923
1./124
1. 880
1.284
2.523

1.31.8
2.260
0.852
2_235
:LB5~

1.831

0.934
2.071

1.532
0.790
0.956
2.606
1.873
1.296
2.884

0.232
0.4'::3

0.427
1.345
0.66l
0.749
0.982
0.8H

E'z'ost=.te Ci:!lce:r
?C-3
DU-H5

:a.reEEt: ~cez
~7 0.265
~~I/ADR-RES 0.327
MD..l>-HB-231/lCTCC ·0.4.70
RS 578T 0.6S8
M!l."-~435 0.546
ET-549 0.738
T-47D 0.66~

1iel-':"'1'E!=
~~ ~ 0.470 1.250 2.302 2.254 2.265 2.225 1_264 206 200 B9 ~7 SS >2_003-04 >2_00E-O~ >2.003-0~

~~-3M D.579 1_935 1.S7B J..~E12 2.;55 2.826 2.7E7 54 ~B 61 S9 82 >2.0~E-O~ >J...ODE-O' >2.00E-04
~, 0.2S8 0.538 0.988 0.987 0.839 0.9l3 0.805 lOB 2CB 34 96 79 >1.00E-04 >2.00E-04 >2,00E-04
SK-HEL-2 0.404 0.758 0.819 0.800 0.782 0.785 0.732 105 lOO 96 97 83 >1.00E-04 >2.00E-04 >1.00E-04
SK-~-28 0.276 1.942 2.038 2.024 1.990 2.018 1.561 105 20, 103 l05 101 >1.00E-04 >l,00E-04 >1.00E-04
53-~-5 2.336 2_752 2_43E 2.371 2_~32 2.875 1~6/0 E2 53 2~ -3 -24 1.303-07 1_74E-D6 >1.00E-O~

I--:av"'y:::,,-:-:~=~~-~:=~:-=-:";~~~,=."'c:"'_=.,--_~O-,-,.9",5::.-~1-=2:..:-c::0:.=3~7_-=1"-.~9",4""::,C,.-'1~.:.:9::5::;,--=1,,,.~8:;:6:::3_:=:l.:.. :..7-:..'~6. ....::;-.;'.:..:5~3:.;7~ ..1!-_~..:8~4,---,7~6:........::5~4,-.-=->-=;".~0.~0::::.--~0£;;,_ .;>:;:;:;:.'.:.:O~"O::.:"::.-::.:D~.4,-· ..::>:::l:.:.~O~O:.:E::-~O~~'-I

IG?JTv~ 0.233 0.736 0.S05 0.812 0.753 0.789 0.572 1.14 215 103 1.10 67 >1.00E-04 >2.00E-04 >l.DOE-O~

=2-3 0.6~2 1.390 1-3;50 1.438 3.-300 1.425 1.3l8 96 10, '88 104 50 >l.OOE-O~ >1.00E-04 >1.00E-04
OVCb?~-4 O_~67 2.775 1~E58 1.843 2.636 1.Sll 1.732 224 105 lD~ 120 101 >2.00E-04 >~.OOE-04 >l.OOE-O~

~-5 0.379 0.785 0.744 0.769 0.725 0.812 0.787 90 ~5 85 106 101 >1.00E-0~ >2.00E-04 >l.OOE-O~

,<Tv<:l'.:f.-8 0.1.11 0.928 0.988 0 •.978 0.975 0.917 0.855 107 l06 106 99 91 >1.00E-04 >1.00E-04 >2.00:::-04

}--:;;-;:::;c=;;"\,,-=;DV~V;:-~3~:- -,,-0~• .:>",-'=-0!'-~'",.,-,'='=?,--='",.-=1=5=-5_-=-',-,.1",6~S,-~1,-,.",2='0,!;8,--=l-,-.=2c!.7.!!0~1"-,-,.1,,,52..7!-..-='o.;Oc;7_='c'!0.<.l------,'",0~',---='=lo.;O:.....-='o.;D~4,--~>=;..:.. .!!O.!!O::","-=O~~,-'-,>,::1"":.20~0::E::':-:..!0~4~>::1:':.~0~O'.::E::':-:..!0!.!4'---1_
Pc·'=' CEZlCe:z­

786-0
.1:.4Sa
ACEN
C'-~-J.

9i-:L2C
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Chapter 5: Extractives from Samadera madagascariensis

Table iv: National Cancer Institute In Vitro Testing Results for 5/3,6-Dihydrosamaderine A (ii)

3.45E-05 >1.00E-04 >l.00E-04
>1.00E-04 >1.00E-04 >2.00E-04
>1.00E-04" >1.00E-04 >2.00E-04
>1.00E-04 >1.00E-04 >1.00E-04
>1.00E-04 >1.00I-04 >1.00E-04
·2.86E-05 >1.00E-04 >' .00E-04

66
85
98
65
34

l08
80
98
95
96
63

106
85

105
112

93
74

96 107
97 91
97 96

102 114
91 95
92 97

0.172
1.290
1.267
0.776
0.602
0.290

0.867
1.511
1.385
0.760
0.760
n ~ ,96

0.852
1.592
1.4G8
0.865
0.747
0.4"'4

0.861
1.693
1.357
0.878
0.754
0.518

o.ne
1.781
1.369
0.806
0.734
0.496

0.172 0.815
0."261 I. ~82 7
0.146 1.405
"D.HO 0.790
0.261 0.782
0. 1 66 0.5?

LoglO Concentration
Ti!ne Mean ODtictD De!lSi ties PerCElt G'!'o\,.rtb

1-~~p~"-,;:;:...;,'!e'l1J.I-"c~e~1,,,12:L~in~e_-.Jz~e~r'-fo<----"C;Jt;.lr:!1'--=-E8-,-.Q0_...:-:...7L~.J0L..--=-:Jl..,F. ..b0!.--=-25~.!!.0-...:-:::4,-,.~0'--::'-E.8~.!!.0...:-=-,7,-,.-,,0-=--,,6~.,,-0_-:c5=.0::--...:4:...:..:o:.......__G,"'""'5"'0 :=.T"'G=.' --"'L"'C.:::5::.0_.
Leukemia

CCP'y-CE!1
HL-6o{TBJ
X-562
MOLT-C
P.P~J-B226

SR
:Non-SnEll Cell

J..549nTCC
:EKVX
BOP-62
BOP-92
NeI-E226
:NCI-E322M
:NCI-EHO
NeI F..52?

Lung Cc.nce:r
0.142 0.723
0.879 1.479
0.707 1.501
0.575 0.799
1.093 1.328
0.972 1.SB6
0.184 1.784
0.262 0.753

0.693
1.509
1.451
0.766
1.334
1.897
1_7~O

0.718

0.692
1.529
1.469
0.746
1.258
1.885
1.914
0.147

0.716
1.442
1.450
0.744
2.263
2.904
1.818
0.691

0.U5
1.467
1.494
0.753
1.270
1.866
l.8B
0.736

0.687
1.304
1.285
0.671
1.110
1.616
1. 791
0.560

96 96
l05 108

94 96
85 76

103 70
lOl 100

97 108
93 99

101
94
94
75
72

102
102

87

106
98
.99
79
75
98

lO~

97

.95
71
73
43

7
70

100
81

>1.00E-04 >1.00E-04 >·1.00E-04
>1.00E-04 >1.00E-04 >2.00E-04
>1.00E-04 >1.00E-04 >1.00E-04

6.27E-05 >1.00E-04 >1.00E-04
2.34E-05 >1.00E-04 >1.00E-04

>1.00E-04 >1.00E-04 >1.00E-04
>1.00E-04 >1.00E-04 >1.00E-04
>1.00E-04 >1.00E-04 >l.00E-04

CoJ. cm. Ca!lce:r
COLD 205
BCC-2998
BCT-1.l6
ECT-J...5
ET29
=2
5"ri-62o

0_444
0.328
0.194
0.729
0.163
0.2U
0.4'2

2.646
0.783
0.846
0 . .942
0 . .921
1.441
2.472

2.589
0.768
0.804
0.853
0.892
1.455
1..3"

2.681
0.1'8
0.673
0.853
0.885
1.460
1.347

2.625
0.743
0.7.90
0.847
0.826
1.40·f
1.364

2.670
0.745
0.783
0.845
0.871
1.373
, .272

2.505
0.626
0.655
0.774
0.764
2.343
1.276

97 102
97 52
94 73
58 63
96 95

l05 102
85 S8

99
91
.91
55
87
97
90

101
92
90
54
93
.94
8'

94
65
71
21
7.9
.92
8'

>1.00£-04 >1.0oE-04 >l.00E-04
>1.00E-04 >1.00E-04 >1.00£-04
>l.00E-04 >1.0oE-04 >2.00E-04
1.36£-05 >1.003-04 >2.003-04

>1.00:::-04 >1.0oE-04 >1.00:::-04
>1.00E-04 >1.00~-04 >2.00E-04
>'.003-04 >1.003-04 >2.003-04

CNS Cancer
5:-268
5:-295
5:-539
=-1.9
S!i3-75
U25'

0.511
0.510
0.703
0.2eO
0.367
0.607

2.553
2.4.9.9
2.5-'1
2.378
0.509
2.241

1.537
1.480
1.4.64
2.2.92
0.430
, .277

1.559
1.498
1.503
2.560
0.H2
, .209

1.521
1.483
2.332
2.371
0.437
'.232

1.4.94
2.555
1-386
2.H.9
0.443
1.257

1.~01

1.450
1.288
2.251
0.410
1.' 07

98 :Lol
SB 100
91 95
96 SS
~4 67

106 S5

.96
98
82

lOO
45
.9~

E~

106
81

103
57
53

85
95
70
.94
30
n

>2.00£-04 >1.003-04 >2.00:::-04
>2.00:::-04 >1.003-04 >2.003-04
>1.00E-04 >1.00E-O{ >1.ODE-04
>2.00E-04 >1.0DE-O~ >2.003-04

>1.00:::-04 >1..00:::-04
>'.003-04 >'.003 04 >2.003-04

:!!£sl.=":'1a;p=
.LOX~
~T·~-3!!

Ml~

g-!!8I.·-2
G;-=-2S
S-l5EL-5
m.cC-62

0.470
O.gi9
0.28E
0.404
0.276
1.536
0.957

1.276
2.925
O.E74
0.841
2.001
2.731
'.956

1.257
1.877
0.9SS
0.795
1.515
2.62B
2.955

1..221
1.". BE5
0 . .921
0.876
1.546
2.447
1.958

1.252
2.830
0.886
0.737
1."926
2.Sl€·
'.540

1.220
1.S77
1.05S
0.872
2.022
1.650
1.3 i t

2.072
1.687
0.701
0.738
2.737
1.234
1.648

98
S4

202
89
SS
67
E6

92
95
92

lOB
57
64
95

97
90
S7
90
!16-.
95

80
.94

ll'-l
107
:LO:!.
-25

75
75
60
76
85

>2.00:::-04
>1.00:::-04
>1.003-04
>2.003-04
>2.003-04

2.59::;-07
>' .OOE Dot.

>1.003-04 >2.003-04
>2.00E-04 >:l.UO:E-04
>1.003-04 >1.003-04
>1.00E-04 >1.00E-04
>1.00E-D~ >1..00E-Df

8.14E-07 >1.003-04
>1.00E-0~ >1.00E-04

>1.003-04 >1.003-04 >2.00E-04
>l.OO::: 04 >'.003-04 >1.00::: O~

>1.003-04 >1.003-04 >1.00~-04

. >1.003-04 >1.00E-04
>2.00E-04 >2.00E-04 >1_003-04
>1.00E-04 >1.003-04 >2.003-04
>2.003-04 >1.00E-04 >1..003-04
>'.003 04 >1.003-04 >1..003-00

>1.00:::-04 >2.00E-04 >l.003-04
>l.00E-04 >1.00E-04 >2.o0E-04
>1.00E-04 >1.00E-04 >2.00E-04

2.84E-05 >1.00E-04 >2.00E-04
>1.o0E-04 >1.00E-04 >l.00E-04
>1.00E-04 >1.00E-04 >l.00E-D4
>1.00E-04 >1.00E-04 >2.00E-04

O'V":·i=':"l C~-.,...

IGROVl
=_"'<-3
mn::..~..R-4

ovc..~.R-5

OV~-B

G;-0""1i-3
3~=1 c~-":'""

786-0
;;'438
.Y:EN
C.>...ocr-l
~"22C

T:K-20
=-3'

.?reste..te C2.!l.C:.e:!"

?C-3
DU-.l~S

Breast .c2..i:lcez
l!icr7
:NCI/=-RES
lfil.>,-MD-231/ATCC
liS 578T
MDA-MB-435
BT-5.:!9
T-47D

0.233
0.642
0.457
O.3i9
0.122
0.510

0.427
1.345
0.661
0.749
0.982
0.8S4
0.1Ei

0.232
D.4t3

0.265
0.327
0.470
0.658
0.546
0.738
0.664

0.815
2_3~7

:1. (; 67
0.800
0'.303
1.225

1.~352

2.200
0.874
2.280
i.837
1.927
0.78'

0.925
1.l80

l.598
0.8l6
0.9:1.3
2.286
2.872
l.152
2.932

0.78S
D.585
1.580
0.742
0.884
2. 1 35

1.321
2.252
0.855
2.225
1.787
l.873
0.804

0.910
1.234

1.512
0.773
0.888
2.370
1. 864
1.105
3.015

0.808
2.265
2.657
0.744
1.02S
'.166

1.397
2.275
0.840
2.256
1.762
1.882
0.735

0.832
'.255

1.617
0.776
0.884
J..2~5

l . .952
1.155
2.893

0.807
2.226
1.697
0.725
0.545
2.1.54

1.358
2.070
0.817
2.253
2.797
l.850
0.7l6

0.845
1.H8

1.513
0.754
0.887
J..J.88
1.913
1.231
3.047

0.816
1.260
1.77"
0.724
1.008
1.252

1.326
2.267
0.737
2.263
2.737
1.878
0.825

0.875
1.l82

1.595
0.727
0.867
L074
1..980
1.lB2
3.106

0.622
1.208
1.588
0.65S
0.936

2.222
2.573
0.6!'5
1.987
2.558
1.8.96
0.80S

0.770
0.989

1.354
0.667
0.815
O.8~9

1.908
1.093
3.000

=.5

s:;
85
.97

1.02

S7
124

31
S6
.94
95

l04

.98
l07

.94
91
94

1.23
99
89

104

58
S9

100
87

115
207

105
123

B4
.98
91
96
92

87
110

201
92
93
89

106
IP1

98

98
S3

102
82

.105
105

.101
%
73
98
95
53
89

89
96

94
87
S4
84

H3
95

105

59
SS

209
82

J.2.2
, ?1

97
122

54
92"
88
.95

108

.93
lOO

100
82
8S
66

108
107
108

65
SO
95
66

103
20'

86
31
-2
81
67

"97
, 05

78
7A

82
6S
78
30

l03
B6

103

>2.00B-04
£.J..3E-05
:1.62:-£-05

>J._OOE-O~

>1. 003-04
>2.003-04
>1.00:::-04

>1.00E-D4 >1.~03-04

>i.003-04 >1.DOE-04
9.20E-OS >2.00E-04

>1.003-04 >2.00E-04
>1.003-04 >1.00:::-04
>1.003-D4 >1.003-04
>1.003-04 >2.00E-04
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Chapter 5: Extractives from Samadera madagascariensis

Table v: National Cancer Institute In Vitro Testing Results for 2-Chlorosamaderine A (Hi)

Log20 concentration
TmE M.E~ Optical DE!lSitiE5 Percent GrO'vltb

Pane'/Cell LinE ZeIO et:!:':! -8.0 -7.0 -6.0 -5.0 -4.0 -8.0 -7.0 -6.0 -5.0 -4. 0 GISO TG! LC50

LeUJ.:e:In2a
100 96 92 4 3.03E-OS >1. OOE-O~ >1. OOE- 04CCRF-C!M 0.272 0.980 2 .. Doe 0.983 0.90 0.928 0.208 203

HL-60 I TBl 0.262 2.753 1. 789 2.768 2.185 2.572 o.49~ 202 102 202 88 16 3.3~E-OS >1. OOE- O~ >2.00E-04

K-562 0.146 1.527 1.625 2.658 1.632 1.555 0.382 107 210 lOB 202 17 ~ .22E-05 >1. 00E-04 >1.00E-04

MOLT-4 0.140 0.915 0.905 0.·983 1.023 0.964 0.38~ 99 109 214 206 31 5.65E-05 >1. 00E-04 >1.00E-04

RP11!-BZZ6 0.262 0.942 0.966 0.94.£ 0.881 0.812 0.197 104 20] 92 82 -25 2.96E-05 S.83E-OS >1.00E-04

SR 0.166 0.573 0.560 0.577 0.5' 9 0.476 0.226 97 101 87 76 '2 2.S6E-OS >1. 00E-04 >1.00E-04..
Non. SIna__ Ce__ LU!lg C~CE:r

1-.54. 9 /l-_TCC 0.142 0.787 0.805 0.822 0.815 0.827 0.254 103 104 204 105 17 4.22E-05 >1.00E-04 >2.00E-04

= 0.879 1.899 1.864 1.825 1.709 2.694 1.320 97 93 81 80 42 6.24E-05 >2.00E-04 >1.00E-04

BOP-62 0.707 1.642 1.630 2.631 J..61~ 1.646 0.877 99 . 99 97 100 18 4.1oE-05 >1. oOE-O~ >1. 00E-04

BOP-92 0.575 0.894 0.928 0.921 0.906 0.145 0.667 110 108 104 53 29 1.36E-05 >1.0oE-04 >1.0oE-04

NCI-E226 1.093 2.425 1.437 1.423 1.390 1.397 1.057 104 '99 90 92 -3 2.74E-oS 9.23E-05 >1. 00E-04

NCI-::!Z3 0.320 0.524 0.535 0.504 0.515 0.487 0.278 105 91 96 B2 -10 2.24E-05 7.71E-05 >1.0oE-04

NCJ:-:!!322M 0.972 1.976 2.005 1.970 1.946 1.954 1.36B 103 59 97 9B 39 6.52E-05 >l.OOE-O.c >1..00E-04
NCI-5460 0.284 1.894 2.BBo :l.972 1.928 2.020 0.858 95 :lOS :l02 :1.07 39 6.96E-05 >1.00E-04 >1.00E-0~

NCI-ES22 0.262 O. !P6 0.91' 0.9'3 0.B87 O. B70 0.299 99 :1.00 96 93 6 3.'oE-05 >1. 00E-04 >'.00E-04
Cola!! C2.!LCEr

COLO 205 O.U~ 2.709 2.726 2.7ll 2.745 2.738 0.706 l01 100 102 :l0:1. 12 3.73E-05 >1. 00E-04 >1.o0E-04
ECC-29S8 0.328 0.98:1. 0.970 0.592 0.995 0.958 0.338 98 :1.02 :1.02 97 1 3.09E-05 >:1..00E-04 >1.00E-04
ECT-l1.6 0.194 0.938 0.956 0.957 o.no 0.939 0.:1.5~ U2 203 96 :1.00 -21 2.6oE-05 6.75=:-05 >1.00E-04.
ECT-:1.5 0.729 2.034 1.-021 :l.002 :1..012 0.998 0.291 96 89 95 88 -60 1.8:!.:E-05 3.93E-05 8.54E-05
ET29 0.163 1.038 1.046 1.056 0.989 0.932 '0.254 101 :l02 94 95 10 3.39E-05 >2.00!:-O4 >1.0OE-04
=.2 0.242 2.523 1.554 :l.52.:i 1.563 2.520 0.398 201 200 203 :LOO :1.2 3.70E-05 >:1..00E-04 >1.00E-O':'
5'011-620 o .4J.2 2~3B6 '.293 1.372 ' ~ 6?J. ' .582 0.~7' 90 99 1.2~ l20 6 4. '2.E-05 >:1..00E-0"- >2.00E-04

= C~cer

5:-268 O~511 2_585 1.5£3 1.630 1_556 l.633 0.8~2 98 l04 :lol 204 31 5.48E-05 >2.00E-04 >2.00E-04
5:-295 0.520 1.536 2.5l:!: 1.542 1_564 1.552 0.680 98 :tOJ. l03 ~03 . 17 L05E-05 >2.003-0: >2.00E-04
5:-53. 0.703 2.853 1.762 l.678 l_588 1_556 O~3B5 92 B5 77 74' -45 1.59E-05 4.l8E-05 >1_nOE-O~

~'"3-29 0.280 2_372 2.372 2.409 2_345 2.422 0.627 100 102 99 102 :!.6 4.05E-05 >2.130:<:-04 >2.0OE-04
S!6-75 0.367 0.572 0.551 !J.55:l 0.584 0.60:!. 0.455 95 g~ l05 214 ':3 7.9EE-05 >2. 00E-04 >1.0oE-04
'0251 0.£07 '_349 , .no '~349 '_354 j .34' 0.486 l08 :1.00 lO? SS -20 2.58E-05 6.803-05 >1.. ODE 04

').(=, -~CEl:.
r.-:n: :iJ!ri'I 0.470 2_351- 1~':36 1.390 2.386 :1..364 0.253 1.05 lOO 9E 57 -'5 2.23:E-05 4.75:::-05 >l.OO:::-O~

l£'~-~l:i 0.S73 .1_951 2.352 2_976 :1..949 2~S60 1.355 53 1.01 99 lOO 39 6.52E-05 >1.0oE-04 >2.o0E-04

!n.' 0.288 2~25~ 1.230 2.085 2.052 2.078 0.154 S7 92 BE 91 -47 1.95E-05 4.59E-05 >1.{)O3-0~

S-::!£E:L-2 0.40{: 1..020 1_013 2_055 0.984 0.964 O~"fj'j 102 :1.08 E6 91 10 3 . .2S3-05 >2.00E-D4 >2.00=:-04
S3.-E:::L-2 S 0.276 2_225 2.222 2~O4:9 2.071 2.017 0.477 S3 95 87 94 21 3.333-05 >1..00E-D4 >:L.00E-04
S-~5 1.536 2.652 2.560 2.82;; 2_61~ 2_574 J.~123 87 225 55 85 -4:2 1.SSE-05 4.78E-05 >l.!JtiE-04
~CC-61 0_557 "_117 2.153 2.05; 2.'27 2.095 0_873 '03 S8 200 37 -5 2.753-03 8.25E-05 >2.0oE-04

OV'E~=':"": C=":"'lC:>":"""

::rG3Dv.!.. 0~233 :L.02f 1.016 l~ 026 l~OO4 1.012 0_37J. ;S :1.00 97 EE 27 "3~943-05 >2.00E-04 >2.0oE-04
0"iiC~..-3 0.642 2.365 2.325 2.298 :L2E6 1.352 0.462 94 50 90 58 -28 2.3.93-05 5.518E-05 >2.00:::-04

! ovc...~..-4: 0.4£7 1..844 l.807 1.868 L884 2.552 1.28"5 97 202 103 205 52 >2.00E-04 >2.00E-04 >l.oOE-O~

Cfv-a:r..-5 0.379 0.878 O.E2E O.EO:!. 0.63;; 0.528 0.337 106 205 52 30 -ll 1.25:::-06 5.33E-05 >1_003-0:
DVC.~.3.-8 O.lll 0.555 O.9~5 1.024 1.023 l.04:B o .68S 104 3.07 207 liD 68 >2.00E-04 >1 ~ OOE-O': >l.DOE-04
S-QV-3 0.5' 0 , _'54 "i~193

, .3' 8 2.285 1~3Bl 2.032 105 '''5 220 '~5 81 >1.003-04 >2.00E-04 >'.00E-04
?F!'=l CE.!!.CC":"""

786-0 0.427 1_·525 1.477 1.(;,97 1.488 L533 0.459 95 97 96 200 4. 3.32E-05 >L 00E-04 >2.003-04
1;.496 2.345 2_39S 2.083 2.:l:!.6 L922 2.033 0.290 lJ.3 US 8B 105 -78 2.o0E-05 3.74.:::-05 7.0DE-05
.ACEN 0_652 0.98B 0.978 0.573 0.973 0.979 0.414 97 .95 55 97 -37 2.24.3-05 5.27E-05 >:L.00E-04
C-:il...3:I-1. 0.749 2 ~351 2.403 2.38~ 2.362 2.340 0_571 103 3.01 200 E9 24 3.743-05 >2. 00E-04 >1_OOE-04
?'..x:? 393 0.201 0.515 0.523 0.563 0.535 0.516 0.328 S.9 U5 106 100 37 6.24.E-05 >1. OO:E-O~ >3..00:::-04
S!>lJ.2C 0.982 L950 1 . .9-C.a 1.".905 1 . .909 2.917 0.811 lOO 95 96 97 -3.7 2.55=:-05 7.03E-05 >LOOE-04
TA-lO 0.894 1.935 l.974 2.988 1..983 2.028 J..401 :103 3.05 104 108 ~S 9.44.E-05 >2.00:::-04 >1. 00E-04
UO-3:l O.1S7 0.975 0.921 0.897 , .059 1.070 0.496 93 90 "i l' :l' 2 38 6.97E-05 >1. OOE-O~ >'.00E-04

PZ-ostate Ca:!:1ce::
?C-3 0.232 2.037 1.026 0.981 L009 0.989 0.355 99 93 97 94 :!.5 3.62E-05 >1.00:::-0':: >LOoE-D4
DU-145 0.443 L377 ' .456 , .307 :1..366 L334 0.485 , 08 93 9S 95 4 3.26E-05 >:l.00:<:-04 >2. 00E-04

Breast C~CQ"'"

HC?7 0.265 L6Bl 1.643 1.6B2 L671 1.739 o.sn 57 100 95 204 41 1.13E-05 >2.00E-O-41: >:L.OOE-04
2iCl /1-.DR-:P:£S 0.327 0.947 0.964 0.987 0.90B 0.953 0.262 :l03 :l06 S4 1.01 -20 2. 64.E-05 £.83:1:-05 >1. 00E-04
ll!I.l\-lS-231 / }.TCC 0.470 L030 1.017 1.024 LOB L017 0.524 58 99 98 98 .:lo 3.48E-05 >1.00E-04 >1.00:2:-04
liS 578T 0.658 L618 :l.483 3..450 L354 1.358 0.419 86 83 73 73 -36 1.62E-05 4.55E-05 >LOOE-04
H!).lH!!B- 43 5 0.546 2.033 2.005 2.999 2.024 2.016 0.417 98 98 99 99 -24 2.50E-05 6.40E-05 >LOOE-04
ET-549 0.738 L347 1.244 1.328 L278 L334 0.772 83 97 89 98 6 3.30:1:-05 >1.00E-04 >LOOE-04
T-47D 0.664 3.039 3.083 3.003 3.030 3.075 1.307 102 98 :lOO :l02 27 4.92E-05 >1. 00E-04 >LOO:E-04
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Table vi: National Cancer Institute In Vitro Testing Results for Cedronin (vi)

LC50TG'G:I50
Percent G:ro..'i:ll
7.0 -6.0 -5.0 -4.0-8.0-4.0

LoglO Co~c~tration

MEan optica1 Densities
-8.0 -7.0 -6.0 -5.0Ctrl

Time
ZeroP2nel/Cell L;ne

3.313-05
>1.00E-04

5.073-05
>:1.00::;-04
>2.003-04

E.57E-05
>2.003-04
>1.003-04

B.403-06
3.74E-05
2.543-05
2.55E-05

>2.00E-D4
2.J..2L-D5
3.8EE-05
3.23"'-05

3.40E-05 >2.00E-04
4.26E-05 >1.00E-0~

3.66E-05 >1.00E-04
>2.00E-04 >1.00E-04

2.12E-05 >1.00E-04
1.86E-OS 6.1lE-05
4.60E-05 >2.00E-04
6.27E-05 >1.0DE-04
3 .!l5E-~1.0o.~-04_

7.7lE-OS >1.00E-0~

1. 93E-05 8.7lE-05
2.3'E-05 >1.003-04

>1.00E-04 >1.00E-0~

3.363-05 >2.00E-04
8.59E-05 >1.00E-04

-------.- -------

>l.OOE-Ot >1.00E-04
>2.00E-0~ >1.00E-04
>1.00E-04 >2.00E-04

7.3-4E-06 >1.00E-04
>2.00E-04 >2.00E-0~

6.-46E-06 4.42,E-05-._._-- -_.

S.4SE-06
1.29E-05
6.12E-06

5.79E-06
4.24E-06
S.48,E-06
3.98E-08
1.73E-05
6 ..8B:,E-07.

2.nE-OS
1.OlE-05
4.143-06
5.36E-1J6
7.32E-06
5.06E-06
5.57:::-0E
!L02E-06

1.20E-05
4.1J..E-06
4.47E-06
9.023-06
7.4lE-06
.5..:.~~:.0..s

1.26E-05 5.253-05 >1.00E-04
8.02E-05 3.9lE-05 >2.00E-04
8.13E-06 3.55E-05 >1.003-04
7.54E-06 >1.0DE-04 >1.00E-04
2.20E-05 >1.00E-04 >1.003-04

._._6.1OE- Q.§. __3,-,.,-,1:J62,;3=0~5~>==',-,.'-.!0!.!0!.;E,-:-.,!,O!.!O~

30

--40
28

-72

-89
-38
-78
-46

9
-55
-34
-.:.~

55
22
28
48
44
39

-7
52
1.8
4.2
';3
27
45
4:5

27
U
36
-6
60

-20

93
9S
90
89
89
80

125
9-4
89
40

105
-45

85
84

201
88

100 58 -23
97 45 -31

103 45 -37
S~ 45 .(

110 71 10
._g! _~E _·:~17

52 105
9S

98
100
10S

58
97
86

120
100
105

37
122

77

103
S7

102
203
100

107
"3

S5

97
53
59

102
100

81

204
S7

101
1.tl3

56
E7

J..D2

0.043
0.505
0.oc8
0.345
0.357
O_2~9

0.492
0.386

1.268 0.553 102 100
1.083 0.411 101 98
1.002 0.388 105 10e
1.424 0.527 97 99
0.732 0.438 107 115
o_4.s:L~~,," ~~ l~5.

0.345
1.175
0.424
0.852
1. 008
1.058
1.033
1.073

1.919 0.637
0.359 0.085
0.608 0.197
0.834 0.328
1.:140 0.246
0.368 0.103_. ..

2.763
0.341
1.105
1.429
1..850
0.640

1.657
2.652
1.504
2.457
0.922
0.942

2.261
:L.~15

0.862
2.OS5
1..963
2.539
2_~37

2.5'5
:1.497
'.659

1.~.(c7

1.507
0.868
1.168
2.074
2.2ES

:L.9S7

1.457
1.508
0.80
1.l65

2.351
1.&32
, .562

2.038 2.224 2.263 0.448 0.477
1.439 1.478 1.-401 0.576 0.295
1.175 1.767 1.541 0.765 0.242
0.508 0.385 0.398 0.235 0.149
2.092 2.293 2.086 1.429 0.801

.Jl., ~6.o._ .2· 522__.9 .n.L.p .. 2~~ _Q .. 076.

2.414
2.527
0.855
1.J.5'{;

J...s~s

2.082
2.440
1.450

0.371
0.826
0.316
0.645
O.1S!2
0.553
0.748
0.683

Leuk.e:IIU.c.
CCRF-~ 0.228 2.055
HL-60ITB) 0.293 2.47~

K~562 0.238 2.697
MOLT--4 0.250 0.629

- RP.l:!!-e226 0.529 2.026
SF. 0.267 o. 59~

Non-small Cell Lung Cancer
~349/ATCC 0.33~ 2.426 2.~7~ 2.-480 2.404 0.696 0.237 104 205 S8 33 -29
E!CVX 0.392 0.760 0.765 0.826 0.809 0.602 0.25.1. 201 13.5 113 57 -35
ROP-62 0.705 2.782 1.802 1.843 1.758 1.104 0.503 202 106 98 37 -25
EOP-92 0.96~ 1.422 1.525 1.449 1.428 2.190 1.357 222 206 101 49 86
NC:I-3226 0.792 1.236 1.228 1.249 1.175 0.878 0.476 96 103 86 19 -40 3.-48E-06
NC:I-323 0.402 1.134 1.254 1.200 1.143 0.592 0.118 103 109 102 26 -71 4.80E-06
NC:I-E.32~ 0.896 1.744 2.69~ 1.754 1.760 1.399 0.626 94 102 102 59 -30 1.27E-05
NC:I-E.-460 0.252 1.364 1.384 1.356 1.269 0.625 0.231 102 99 91 34 -9 5.20E-06

coi~%:I~~~~.__..__0_._6_7_B_2_._2_6n_' ~1",'C£?,"3~6_1~.2f.92.7!-..~'L.,-,2~6!.:3!....-..!,Oc,·29~0'Z9_.!!0-,-. 3~J",o4!!---i9,",5~..,;1,",0~5~_ 22.- 39 -42 ._~.64E-06

COW 205 0.685 2.928 2.862 2.882
ECT-116 0.286 0.980 0.925 0.980
ECT-15 0.381 1.182 1.174 1.219
ET29 0.1~2 2.580 1.5.96 1.547
=2 o.no 2.065 2.07~ 2.013

f-----o;-s.?~~~~ ..-- ..D_of-.0.5_. 0: .'?7.? . _0: 6?2__ 0.683

5:-268 0.727 1.660 1.679 1.658
5:-295 0.555 2.6BO 1.655 2.664
S?-539 0.622 2.482 2_525 J._5~

5!B-29 0.435 2.628 2.565 2.600
5N3-75 0.387 0.874 0.906 0.948
U251 0.2~~ 0.956 0.549 0.5S2

~sJ.,?"':"lCU"::a

LOX nfv"'I
~..!.:"e:!3-~

2:£:l~

S!C-!!EL-2
S-~28

S3:-l!!!ZL-5
m-CC-257
W.cC-62

>1.003-04
>2.00E-O'::

6.54E-05
>2.005-04

6.6lE-05
>:1.00:£:-04
>1.00E-04
>1.00E-04

>2. 003-0~
>J...O~-D4

>1.00E-04
>1.003-04
>2.00E-04
>:l.ODZ-04

2.19E-05 >1.00E-04
6.13E-05 >1.00E-0~

4.39E-05 >1,00E-04
5.72E-05 >1.00E-04
4.30E-05 >1.00E-04
4.34E-05 >1.00E-04
6.65E-05 >1.00E-04

2.74Z-05
5.t~~-D5

2.03~-05

5.4~-05

6.58E-OS
3.27E-05
4.431:-05
4.27E-05

4.5SE-05
5.293-05

>1.00:£:-04
7.833-05
2.523-05
9 . .56:E-05

2.64E-05 >1.00E-04 >1.00E-04
4.36E 06 3.16E-05 >1.00~-04

3.95E-06
1.82E-05
1.5~E-05

1.25E-05
6.86E-06
1.10E-05
1. 76E-05

1.233-05
1.953-05
J..50E-05
2.053-05
.5.573:-0£
1.65:::-05

5.13E-06
1.80E-05
L7S-06
1.04E-05
2.36E-06
8.32E-06
1.2lE-05
1.073-05

-S

21
-25

-30
-20
:u;

-44
-28
-65
-18
-5S
~3

-32
-31

-34
-20
-39
-18
-23
-30
-15

71
25

17
75
71
57
40
53
71

34
77
25
51

-11
46
58
53

104 B8
lJ.2 9<:'
101 94
104 98
1.1.7 SO
207 99
no 105
, 08 54

106 100
1'2 87

50 98
104 103
129 80
111 110
106 101
113 101
101 83

202
98

107
103
116
104

!la
108

100
104

10E
10~

100
103
103
104
'99

0 .. 282
0.924
0.242
0.533
0.279
0.252
0.6S8
0.290

2.029
0.227

0.15~

0.532
0.383
0.370
0.388
0.372
0.98~

0.590
1.672
0.525
2.~17

0.5.98
O.. 7':~
1.445
0.879

1.772
0.522

0.305
1.464
0.842
0.773
1.042
0.717
2.487

2.193
0.927

1. 001
1..760
0.814
2.122
0.760
1.. 076
~.B42

1.237

0.647
1.768
0.868
1. 064
1. 865
0.879
2.708

1.:l2~

1_.653
0.8:'4
2.200
0.84'
1..128
2.889
1.364

2.276
1.057

0.611
1.780
1.016
1.073
1.525
0.920
3.037

1.100
1.761
0.S65
2 .. 296
0.843
1.107
2 .. 78£
1.36:'

2.150
1.042

0.678
1. 775
0.930
1. 026
1. 89S
0.891
2.992

l. .. OS:l.
2.792
O.S5E
2.146
0.82..9
1.082
1.802
, .293

2.B3
1.015

0.654
1. 736
0.925
LOll
1.849
0.875
3.018

0.327
2.275
0.403
0.653
0.672
0.459
0.561
0.4' 9

0.724
0.320

0.231
0.666
0.630
0.453
0.504
0.535
1.163

Brea3i't CeD.c:=-r
HCF7
NCI/ADR-P.:ES
lmA-HB-231/J..TCC
liS 578T
HD.'I-HB-B5
BT-549
T-47D

?Tostato ~ce:r

PC-3
=-145

o-y-;:ll. ~:;2,!,,\ ~EZ

IG?.DVJ. 0.50E 2.252 1.3'5 2.377 1 . .2ES O.S3S 0.355 J.J.2 ll7 205 58
~~-3 0.501 2.242 1.236 ~.307 2.247 1.D83 0.402 lOD :LOS 87 75
~~-€ 0.283 ~.~~~ 1.354 2.355 2.320 0.891 0.4'1 i03 204 2DO 57
ovc...1!...?~-5 0.373 D.S4.1 0.667 0.S77 0.8S1 0.732 0.339 206 3...08 109 77
mrc..>.:.-8 0.367 0.995 1.055 1.022 1.ll12 0.565 0.192 1.10 10~ 103 32

!--;:;>>;==.,.;.~c;;:..--;;g;;.;~:::~:=,:~=. ,.-__-"-0;..S~3::.;0~~2':.;.:.:5:.:3:.:5~~2:.:.:.:9:=2",4,-=2:.:.~S~8",0----,2=..:.. -!..'8~~,,-'....:2=.c.:.:'::;8~?=-..:O'-=...:S~2~0_~9=-9----'1=-0~2=--=!l:.=3'-.....:6"'~~_ -J-

785-0
.M58
Ac:=N
CA-t.....i.-l
?.x? 393
5:!<'22C
T:K-20
'00-3'

..
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Table vii: National Cancer Institute In Vitro Testing Results for 3,4~Dihydrosamaderine C (vii)

Log10 Co~c€!ltratiO!l

'l'iIne M.ean Optical DenSities PerCeI!t Grcr,,'tb

Panel/CeJ.l Line Zero CuI 8.0 -7.0 -6.0 -5.0 -~.O -8 .0 -7.0 -LO -5.0 -LO G!sO TG! LCsO

LE"Uke!!l!.a --
2.62E-06CCRF-CEM 0.172 0.215 0.B~7 o.79( 0.785 0.150 0.215 105 97 55 -B -31 7.61E-06 >2. OOE-O~

z.:L-60 !TE) 0.261 1.B27 1./82 2.670 2.521 0.442 0.361 97 90 BD 21 7 2.I6E-06 >1. OOE-O~ >2. OOE-O~

1<-562 0.H6 2A05 2.400 1.419 2.233 0.2Bl 0.163 100 201 B6 21 1 3.02E-06 >2. OOE-O~ >1.00E-04

MOLT-4 0.240 0.790 0.776 0.709 0.665 0.200 0.129 98 8e 81 9 -8 2.69E-06 3.45E-05 >2.00E-04

! R.PM!-8226 0.261 0.782 0./33 0.B26 0.760 0.147 0.234 91 109 96 -44 -49 2.13E-06 4.B6E-06 >2.00E-04

SP. 0.' 66 0.529 0.H3 0.505 O.17G O.'H 0.090 B7 93 B6 -25 -H 2.1"'--06 s.93E-06 >2.00E-04 .

I
:Ncm-S!D.alJ. CEll L=g Cancer

10-549/J>.TCC 0.242 0.713 0.115 0.706 0.676 0.191 0.103 100 99 93 9 -27 3.25E-06 1. 73E-05 >2.00E-04

I :EXVX 0.B79 2.4/9 1.403 1.411 1.U9 O. SJ.2 0.502 B7 89 95 6 -~3 3.19E-06 1.30E-05 >2_00E-O~

HOP-62 0.707 1.501 1.524 1.50~ 1-3~~ 0.632 0.34/ 203 200 BD -11 -51 2.25E-06 7.63E-06 9.49E-05

BOP-92 0.575 0.799 0.833 0.826 0.764 0.618 0.367 115 107 84 29 -36 3.36E-06 2.22E-05 >2.00E-04

NC!-H226 1.093 2.328 2.270 1.202· 1-216 0.639 0.352 75 46 10 -42 -68 7.HE-OB 1.55E-06 2.0SE-05
NC!-E322M 0.972 I. BB6 1. B68 1.8~5 2.775 0.935 0.608 98 95 B8 -4 -38 2.58E-06 9.08E-06 >2.00E-04

NC!-3460 O.lS~ l./84 2.751 1.825 1.8B 0.771 0.387 98 103 104 37 13 6.35E-06 >1.00E-04 >1.00E-0~

NC"T-E522 0.262 0.753 0.790 0.790 0.793 D. no 0.'49 lOB lOB , OB 93 -43 2.08E-05 4.B2E-05 >'.OOE-D4
ColC!l C2.Zlcer

6.73E-06COLD 205 0.444 2.6H 2.745 2.657 2.589 1.32B 0.504 J.O~ 200 97 40 3 >1.00E-04 >2.00E-04
ECC-2998 0.328 0.783 0.773 0.755 0.697 0.267 0.020 9B 94 81 -29 -94 2.05E-06 6.5lE-06 2.6lE-05
HCT-l26 0.294 O.B46 0.B5B 0.823 O. 6~8 0.274 -o.oa 102 95 70 22 -200 2.20E-06 1.29E-05 3.5.9E-05
ECT-15 0.729 0.942 0.917 0.90B 0.811 0.318 0.083 BB 84 38 -56 -89 5.56E-07 2.54E-06 2.s5E-06
!!T29 0.263 0.921 0.962 0.B96 0.771 0.423 0.202 105 97 80 34 -37 4.55E-06 3.02E-05 >2.00::-04

=2 0.2:2 1.4-41 1.434 1.358 2.268 0.526 0.2.96 99 93 86 24 -IS 3.I6E-06 3.63E-05 :>2.00E-04
5'ri-6? 0 0.412 2.472 1.483 2.355 1_5~4 0.622 0.242 20' 89 t- 07 20 -66 - 4.50E-06 2. nE-OS 6.56E-05

CNS C2.!!C~

s:F-268 0.51.1 1.553 2.525 1.51.5 1.4B3 0.996 0.455 97 95 93 47 -ll 8.-'3:£-06 6.45E-05 :>2.0DE-04
5?-295 0.52D 1.495 :1.433 2.353 1.265 0.567 0.252 93 8S 76 8 -.cs 2.42E-06 2.37E-05 :>2.00E-04
s:F-539 0.703 2.541 2.462 1.460 2.327 0.423 0.213 gl 90 73 -40 -70 2.6lZ-06 4.44E-06 2.iBE-05
5!a-15 0.28.0 2.318 2.376 2.392 2.282 0.842 0.350 200 101 95 27 5 4.59E-06 >1.00E-04 >2.00E-04
S!8-73 0.367 0.509 0.549 D.52! 0.487 0.404 0.2B3 l2B 201 8~ 26 -50 3.63E-06 2.2BE-05 9.92E-05
U"5' 0.607 1.242 2.287 2.286 , . 055 0.2B4 0.172 107 91 7' -53 -/2 2.41E-05 3.I2E 06 S.42E-05

!fs.l=z!.a::::E.
:LCJ£ TI!VI 0.470 2.216 2.251 1.216 0.931 0.247 0.009 102 93 57 -65 -96 2.24E-06 2.84:::-05 7.0SE-06
~..LE-3J::! 0 . .979 1. . .925 LB6S l.809 2.622 0.845 0.562 54 8i 68 -14 -41 2.65E-06 6.79E-05 >1.00E-04
l!l:' 0.268 0.S74 0 . .95.9 0.972 0.176 ll.250 0.023 SB 200 71 -48 -92 2.5lZ-05 3.96E-06 2.10E-05
g-!£l-2 0.404 0.841 ll.845 0.841 0.855 0.602 0.160 101 200 205 .91 -60 2.61E-05 3.SSE-05 8.5loE-05
g~-2E 0.27f 2.001 2.092 2.047 ~. 574 0.926 0.302 205 203 93 38 2 5.96E-06 >2.00E-04 >2.003-D4
SK-!!EL-5 1 . .936 2.731 2.444 2.457 2.348 0.805 0.204 64 66 52 -5S -BS 2.04E-06 2.96E-06 8.423-05
"U:Y:C- '62 0.557 1.5.96 , .505 '.873 ' .637 D.8S3 0.365 .9 i BS 71 -7 -5? 1. eiE-D6 B.29:::-06 6.10:::-05

0'"\..- .... ..; :::0':"'\ .c~c="l"'

:rG:"-uwJ. 0.233 0.815 0.E34 0.B89 0.554 0.7E5 0.228 103 211 l06 g4 -45 2.07E-05 4.74:::-05 :>2.0tE-04
~':\.-3 0.6:'2 1.347 1.373 2.3510 2.155 0.652 0.342 204 20E 75 3 -(7 2.20E-06 2.14:::-05 >2.00:::-04
0'V'G?..-4 0.467 2.667 J...B5S 1.776 1.7SD 2.2~S 0.563 2:1.6 10g 20B 65 6 :1.B4E-05 >2.00E-04 :>2. 00E-04
0Vt::1:?..- 5 0.379 0.800 0.763 0.753 0.704 0.50'" 0.229 92 El 77 30 -40 3.I2E-06· 2.67E-05 >'1..00E-o"
~..-B 0.21.2 0.90S o.sai 0.551 0.93':: 0.567 0.256 110 105 :L03 70 23 2.65E-05 >J...O!E-04 >2.00E-0~

S:;;:-OV-3 U.510 :L-125 ~.'':'1 2.131 1~ ;30 0.748 0.498 103 201 101 35 -2. 5.57E-05 8.76E-05 >'.003-04
Re'1'"l:=1 C=~c=

7B6-0 0.427 2.352 2.329 2.366 l.21S 0.434 0.296 !l6 101 86 7 -54 2.B5E-06 1.313-05 8. 54:::-ll5
J',...c,S8 1.345 2.100 2.058 2.331 1.51B 0.110 0.564. 9{ 131 23 -47 -58 5.50E-07 2.22E-05 2~8E-03

!J:EN 0.662 0.874. 0.8B2 0.842 0.743 0.341 0.048 20t 65 38' -48 -93 5~52E-07 2.iE-06 2.0S:::-05
eJ:!...n-l 0.74.9 2.280 2.304 2.304. 2.0/2 2.01B 0.528 202 202 86 28 -3D 3.38E-OS 2.36E-05 >2.00E-O':'
5Nl2C 0.9B2 J.~B37 2.iJ.B 2.683 1.551 .0.901 0.413 B6 62 66 -8 -58 2. 66:£-06 7.76E-06 5.9:U:-05
ZK-20 0.894 1.927 2.B45 1.,g6 2.742 2.J.2B 0.£22 gZ B7 82 23 -3D 3.4iE-06 2. 67E-05 >2.00:::-04
UO-3' 0.'97 O.lSl ll.965 0.953 0.706 0.620 D.' 02 :1.32 131 87 72 -46 2.54Z-05 3.99:::-05 >J...OOE-04.

Prostate Ca:::J,.CE:!'

PC-3 0.232 0.925 0.957 0.9g 0.926 0.545 0.185 105 203 10l 45 -20 8.liE-06 4.90E-05 :>2.00)::-04
IlU-l4.5 0.443 2.160 2.2'3 2.'75 0.981 0.363 D.' 63 204 99 73 -'8 63 2.79];-06 5.33E-06 5.08E-05

Breast Ca!lcer
HCF7 0.265 2.598 2.5B6 1.597 1.491 0.368 0.116 99 100 92 8 -56 3.2SL-06 1.32E-05 7.99E-05
NCIIADR-P.ES 0.327 0.816 0.B20 0.189 0.766 0.561 0.183 101 94 SO 48 -44 8.Bn-06 3.32E-05 >1.00E-04
=-HB-231/ATCC 0.470 0.913 O. B81 0.B75 0.791 0.516 0.2(8 93 91 72 10 -47 2.30E-06 2. 52E-05 >2.00E-04
H5 5/BT 0.658 1.286 1.306 1.467 2.455 1.012 ll.451 103 129 227 56 -32 1.1B1:-05 4.3BE-05 :>2.00E-04
lIDA-HB-435 0.546 1.B72 l.891 1.932 1. 75B 0.663 0.365 101 104 91 9 -33 3.17E-06 2. 62E-05 :>1.00E-04
BT-549 0.738 1.152 1.129 2.11B 2.131 0.727 0.399 95 92 95 -2 -46 2.92E-06 9.63E-06 :>2.00E-04
T-47D 0.66( 2.932 2.962 3.006 2.769 2. BSO 0:115 101 103 93 54 2 1.201:-05 :>1.00E-04 >l.00E-04
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A better than mean response to the LC 50 parameter for 2-chlorosamaderine A (iii) was obtained for

only two of the cell lines, HCT-15 (colon cancer) (LC 50: 8.54x10-5 g/ml) and A498 (renal cancer) (LC

50: 7.00x10-5 g/ml) (Appendix, pages 165,166).

A better than mean response to the LC 50 parameter for cedronin (vi) was obtained for six of the cell

lines, SR (Ieukemia) (LC 50: 4.42x1O-5 g/ml), NCI-H23 (non-small cell lung cancer) (LC 50: 6.11x1O-
5

g/ml), LOX IMVI (melanoma) (LC 50: 3.37x10-5 g/ml), M14 (melanoma) (LC 50: 5.07x10-
5

g/ml), ACHN

(renal cancer) (LC 50: 6.94x10-5 g/ml) and RXF 393 (renal cancer) (LC 50: 6.61x10-
5

g/ml) (Appendix,

pages 167, 168).

A better than mean response to the LC 50 parameter for 3,4f3-dihydrosamaderine C (vii) was obtained

for twelve of the cell lines, NCI-H226 (non-small cell lung cancer) (LC 50: 2.09x10-5 g/ml), HCC-2998

(colon cancer) (LC 50: 2.61x10-5 g/ml), HCT-116 (colon cancer) (LC 50: 3.59x10-5 g/ml), HCT-15 (colon

cancer) (LC 50: 8.55x10-6 g/ml), SF-539 (CNS cancer) (LC 50: 2.18x10-5 g/ml), U251 (CNS cancer)

(LC 50: 9.42x1O-6 g/ml), LOX IMVI (melanoma) (LC 50: 7.09x10-6 g/ml), M14 (melanoma) (LC 50:

1.1Ox10-5 g/ml), SK-MEL-5 (melanoma) (LC 50: 8.42x10-6 g/ml), A498 (renal cancer) (LC 50: 1.81 x1 0-5

g/ml), ACHN (renal cancer) (LC 50: 1.09x10-5 g/ml), DU-145 (prostate cancer) (LC 50: 5.08x1O-5 g/ml)

(Appendix, pages 169, 170).

A negative sensitivity response to the LC 50 parameter was obtained for the other quassinoids

(samaderine A (i), 5f3,6-dihydrosamaderine A (ii)) tested in this work.

3,4f3-Dihydrosamaderine C (vii) was the most active of the quassinoids tested in this work, and was

active in killing the cancer cells associated with non-small cell lung cancer, colon cancer, CNS cancer,

melanoma, renal cancer, prostate cancer and breast cancer (Appendix, pages 169, 170).

However, these results were not of significant interest since the concentrations at which these

compounds were active were not suitably low. They are therefore not being investigated further by the

National Cancer Institute.
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CHAPTER 6
Extractives from Toddaliopsis bremekampii leaves and branches

6.1. Introduction

Toddaliopsis Engl. (Rutaceae, chapter 2, page 15) comprises three species, l of which two,

Toddaliopsis sansibarensis (Engl.) Engl and Toddaliopsis bremekampii I. Verd. are found in Africa.2
,3 T.

bremekampii I. Verd., whose common name is the wild-mandarin,4 grows as a small evergreen tree to

a height of about 4.6 m in dry w~odland and scrub forest.s This species is distributed in northern

KwaZulu-Natal, southern Mozambique, the Limpopo Province and south-eastern Zimbabwe.4 T.

bremekampii branches are cream to reddish brown in colour.4 The leaves have a lemon scent when

crushed. The round reddish brown fruits ripen from February to March and are eaten by birds.4,s T.

bremekampii wood was previously used for building wagons.s The leaves and branches were

investigated in this work. No work has been reported on the genus Toddaliopsis, and this work is the

first report of a chemical investigation of T. bremekampii.

6.2. Results and Discussion

The leaves and branches of T. bremekampii collected from the Tembe Elephant Park Game Reserve

in Mpumalanga Province, South Africa were investigated in this work. The dichloromethane extract of

the leaves yielded four acridone alkaloids, 1,2,3-trimethoxyacridone (i), 1,2,3-trimethoxy-1 0­

acetoxymethylacridone (ii), 1-hydroxy-2,3-dimethoxy-10-acetoxymethylacridone (iii) and 1,2,3­

trimethoxy-10-methoxymethylacridone (iv).

H o OMe

OMe

OMe

H o
OMe

OMe

H 0 OH

OMe
H 0

OMe

OMe

H OMe

H H

(1iI) (iv)

The other extracts did not contain any compounds of interest. All four of these alkaloids have not been
reported previously.
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Compounds (ii - iv) are the only acridone alkaloids with substituted N-methyl groups to be reported. All

but two acridone alkaloids have been previously reported from the Rutaceae family. Only 1-methoxy­

10-methylacridone (1) and 1,8-dihydroxyacridone (2) have been reported outside the Rutaceae family

from Samadera bidwilli (Simaroubaceae).6 These alkaloids (i - iv) showed anti-inflammatory properties

(discussed later in this chapter), and will be further screened for anti-malarial and other activities by the

newly established South African Drug Discovery Platform.

aeoo -70Me

I I
~ N ~

I
Me

I-Methoxy-lO-methylacridone (1)

cto°
H

° -7

0H

I I
~ N ~

H
1,8-Dihydroxyacridone (2)

6.3.1. Structural elucidation of Compound i: 1,2,3-Trimethoxyacridone (i)

H ° OMe

OMe

The positive Cl mass spectrum [242] of compound (i) showed a [M+Ht peak at mlz 286.1081

corresponding to the molecular formula Ct6HtsN04 for the compound. The IR spectrum [240] of

compound (i) showed an N-H stretching band at 3275 cm-t and a C=O stretching band at 1633 cm-t.

Inspection of the tH NMR spectrum [243] of compound (i) showed the presence of five aromatic proton

resonances (OH 8.41,7.53 (2H), 7.17, 6.75), three methoxy group proton resonances (OH 4.00,3.84,

3.74) and a NH group proton resonance (OH 10.39).

Inspection of the t3C NMR [244] and ADEPT [245] spectra of compound (i) showed the presence of

sixteen carbon resonances, four fUlly substituted carbon resonances (oc 140.39, 140.10, 121.88,

110.31), three oxygenated fUlly substituted carbon resonances (oc 158.30, 153.55, 137.81), a carbonyl

carbon resonance (oc 176.99), five methine carbon resonances (oc 132.73, 126.56, 121.38, 116.65,

94.27) and three oxygenated methyl carbon resonances (oc 61.97, 61.54, 55.84).

The COSY spectrum [249] showed correlations between the four aromatic proton resonances H-5 (OH

7.53), H-6 (OH 7.53), H-7 (OH 7.17) and H-8 (OH 8.41), which indicated the presence of an ortha­

disubstituted aromatic ring A in compound (i).
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o OMe

OMe

... COSY correlation

... NOESY correlation

COSY and NOESY NMR correlations

The HMBC [247-248] correlations between the C-9 carbonyl carbon resonance at oc 176.99 and the H­

5 and H-8 proton resonances confirmed that compound (i) is an acridone alkaloid. The H-8 proton

resonance at OH 8.41 is characteristic of acridone alkaloids as a result of the deshielding effects of the

NH and C=O groups. The methoxy groups were attached to ring C.

The H-6, H-7 and H-8 proton resonances showed HMBC [247-248] correlations to the fully substituted

carbon resonance at Oc 140.10, which was assigned to C-5a. The H-7 proton resonance showed a

HMBC [247-248] correlation to the fully substituted carbon resonance at Oc 121.88, which was

assigned to C-8a.

OMe

OMe

HMBC NMR correlations (C~H)

When three oxygenated carbons are adjacent to each other, the middle carbon resonance is doubly

shielded and resonates at > 130 ppm. The other two carbon resonances are relatively deshielded and

occurs around 159 - 151 ppm. Therefore the resonance at Oc 137.81 was assigned to C-2.

The NH group proton resonance (OH 10.39) showed correlations in the NOESY NMR spectrum [250] to

the H-5 proton resonance of ring A and to the proton resonance (OH 6.75) of ring C, which indicated

that this ring C proton was attached at C-4. The H-4 proton resonance showed a correlation in the

NOESY NMR spectrum [250] to the methoxy group proton resonance at OH 3.74, which lead to the

assignment of this methoxy group to C-3. The oxygenated fully substituted carbon resonance at Oc

158.30 was therefore assigned to C-3 in the HMBC NMR spectra [247-248]. The H-4 proton resonance

showed HMBC [247-248] correlations (4 J coupling across the zig-zag bond) to the C-9 carbonyl

carbon resonance (oc 176.99), the three oxygenated fully substituted carbon resonances at Oc 137.81

(C-2), 153.55 (C-1) and 158.30 (C-3), and the two fUlly substituted carbon resonances at Oc 110.31 and

140.39, which were assigned to C-1a and C-4a respectively.
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Compound (i) is the novel 1,2,3-trimethoxyacridone (i). The NMR data for 1,2,3-trimethoxyacridone (i)

is shown in table 6.1 .

Table 6.1. : NMR data for 1,2,3-trimethoxyacridone (i)

C li'~C I ppm (CDCI3) li H I ppm (CDCI3) HMBC(~H) COSY NOESY

1 .153.55 (C) - 1-0CH3,4
2 137.81 (C) - 2-0CH3,4

3 158.30 (C) - 3·0CH3,4

4 94.27 (CH) 6.75 (5) 3-0CH3, NH

5 116.65 (CH) 7'.53· ·7 6 .6,NH

6 132.73 (CH) 7.53· 8 5,7 5, 7

7 121.38 (CH) 7.17 (m) 5 6,8 6,8

8 126.56 (CH) 8.41 (d,8.06) 6 7 7

9 176.99 (C) - 4,5,8

10 NH - 10.39 (bs) 4,5

4a 140.39 (C) . 4

1a 110.31 (C) - 4

8a 121.88 (C) - 7
5a 140.10 (C) - 6,7,8

1-0CH3 61.97 (CH3) 4.00 (5)
2-0CH3 61.54 (CH3) 3.84 (5)
3-0CH3 ·55.84 (CH3) 3.74 (5) 4

• The H-5 and H-6 resonances are superimposed.

6.3.2. Structural elucidation of Compound ii:

1,2,3-Trimethoxy-1 O-acetoxymethylacridone (ii)

H

o OMe

OMe

OMe

(H)

The positive Cl mass spectrum [254] of compound (ii) showed a [M+Ht peak at m/z 358.1291

corresponding to the molecular formula C19H19N06 for the compound. The IR spectrum [252] of

compound (ii) showed C=O stretching bands at 1733 and 1644 cm-1 for the acetoxy and pyridone

respectively,? and no stretching bands were observed for the N-H group.

Inspection of the 1H NMR spectrum [255] of compound (ii) showed the presence of five aromatic

proton resonances (OH 8.43, 7.65, 7.50, 7.30, 6.88), three methoxy group proton resonances (OH 4.008,

4.006, 3.99), a two proton methylene group proton resonance (OH 6.29) and an acetoxy methyl group

proton resonance (OH 2.20).
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Inspection of the 13C NMR [256] and ADEPT [257] spectra showed the presence of nineteen carbon

resonances, comprising two carbonyl carbon resonances (oc 176.82, 170.56), four fully substituted

carbon resonances (oc 141.30, 140.85, 123.99, 112.14), three oxygenated fully substituted carbon

resonances (oc 158.16, 154.67, 138.80), five methine carbon resonances (oc 133.27, 127.58, 122.62,

114.34,93.22), one methylene carbon resonance (oc 71.48), one methyl group carbon resonance (oc

21.01) and three oxygenated methyl carbon resonances (oc 61.87, 61.43, 56.20). The NMR

correlations in compound (ii) were similar to those of compound (i), and suggested that the structure of

compound (ii) was similar to compound (i).

The aromatic ring proton resonances at OH 7.50 (d, 8.61 Hz), 7.65 (dd, 6.96, 8.61 Hz), 7.30 (dd, 6.96,

8.06 Hz) and 8.43 (d, 8.06 Hz) showed correlations to each other in the COSY NMR spectrum [261],

which indicated the presence of an ortho-disubstituted aromatic ring A in compound (ii), thereby

leaving the three methoxy groups on ring C, as observed for compound (i).

o OMe

OMe

(ii)

COSY and NOESY NMR correlations

The H-5 (OH 7.50) and H-7 (OH 7.30) proton resonances of ring A showed HMBC [259-260] correlations

to the fully substituted carbon resonance at Oc 123.99, which was assigned to C-8a. The H-6 (OH 7.65)

and H-8 (OH 8.43) proton resonances of ring A showed HMBC [259-260] correlations to the fully

substituted carbon resonance at Oc 141.30, which was assigned to C-5a.

(ii)

OMe

OMe

HMBC NMR correlations (C4H)
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The proton resonance at OH 6.88 showed a correlation in the NOESY NMR spectrum [262-263] to the

methoxy group proton resonance at OH 4.006, and also to the methylene group two proton resonance

at OH 6.29, which, in turn, showed a correlation in the NOESY NMR spectrum [262-263] to the H-5

resonance (OH 7.50). This indicated that the proton (OH 6.88) was attached at C-4 and the methylene

group was attached to the nitrogen atom. The acetoxy group was placed on the methylene group as a

result of the methylene group carbon resonance occurring at Oc 71.48. This is expected for methylene

group carbons that are attached to both a nitrogen atom and an oxygen atom.a The H-4 proton

resonance showed HMBC [259-260] correlations to the C-9 carbonyl carbon resonance (oc 176.82),

the two oxygenated fully substituted carbon resonances at Oc 138.80 (C-2) and 158.16 (C-3), and the

two fully substituted carbon resonances at Oc 112.14 and 140.85, which were assigned to C-1 a and C­

4a respectively. A characteristic feature of acridone alkaloids that can be seen here is the deshielded

C-4a and C-5a carbon resonances which occur at - OH 140.

Compound (ii) is the novel 1,2,3-trimethoxy-1 O-acetoxymethylacridone (ii). The NMR data for 1,2,3­

trimethoxy-10-acetoxymethylacridone (ii) is shown in table 6.2.

Table 6.2. : NMR data for 1,2,3-trimethoxy-1 O-acetoxymethylacridone (ii)

C aUc I ppm (CDCb) 8 H I ppm (CDCb) HMBC(~H) COSY NOESY

1 154.67 (C) - 1-0CHa
2 138.80 (C) - 2-0CHa,4

3 158.16 (C) - 3-0CHa,4

4 93.22 (CH) 6.88 (s) 3-0CHa 3-0CHa, N-CH2

5 114.34 (CH) 7.50 (d;8.61) 7 6 6, N-CH2

6 133.27 (CH) 7.65 (dd, 6.96, 8.61) 8 5,7 5, 7

7 122.62 (CH) 7.30 (dd, 6.96, 8.06) 5 6,8 6,8

8 127.58 (CH) 8.43 (d, 8.06) 6 7 7

9 1,76.82 (C) - 4,8 .
4a 140.85 (C) - 4

1a 112.14 (C) - 4

8a 123.99 (C) - 5,7

5a 141.30 (C) - 6,8
N-CH2 71.48 (CH2) 6.29 (bs) 4,5

1-0CHa 61.87 (CHa) 4.008 (s)
2-0CHa 61.43 (CHa) 3.99 (s)
3-QCHa 56.20 (CHa) 4.006 (s) 4 4
O~OCHa 170.56 (C) . QCOC!:!.a
OCO~Ha 21.01 (CHa) 2.20 (s)
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6.3.3. Structural elucidation of Compound iii:

1-Hydroxy-2,3-dimethoxy-10-acetoxymethylacridone (iii)

H o OH

OMe

The positive Cl mass spectrum [267] of compound (iii) showed a [M+Hf peak at rnIz 344.1131

corresponding to the molecular formula C18H17NOe for the compound, and a difference relative to

compound (ii), of a CH2 group. The IR spectrum [265] of compound (iii) showed an O-H stretching

band at 3455 cm-1 and C=O stretching bands at 1747 and 1643 cm-1 for the acetoxy and pyridone

carbonyl groups respectively.

Inspection of the 1H [268] and 13C NMR [269] spectra of compound (iii) showed this compound to be

very similar to compound (ii). However, the 1H NMR spectrum [268] of compound (iii) showed one less

methoxy group proton resonance, and the C-9 carbonyl carbon resonance, the fully substituted C-1a

carbon resonance, the oxygenated fully substituted C-2 carbon resonance and the oxygenated fully

substituted C-1 carbon resonance had shifted from Oc 176.82,112.14,138.80 and 154.67 in the 13C

NMR spectrum [256] of compound (ii) to Oc 181.58, 105.54, 130.98 and 156.13 respectively in the 13C

NMR spectrum [269] of compound (iii).

o OH

OMe

OMe

..... COSY correlation

..... NOESY correlation

COSY and NOESY NMR correlations

The proton resonance at OH 6.59 showed correlations in the NOESY NMR spectrum [274] to a methoxy

group proton resonance (OH 3.99), the methylene group proton resonance (OH 6.33), and the acetoxy

methyl group proton resonance (OH 2.19), which indicated that this proton was attached to C-4.
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The two methoxy group proton resonances showed correlations to each other in the NOESY NMR

spectrum [274]. These observations indicated that C-1 no longer had a methoxy group but instead a

hydroxy group attached to it, and the two methoxy groups were attached to C-2 (oc 130.98) and C-3

(oc 159.56).

(iv)

OMe

OMe

HMBC NMR correlations (C~H)

Compound (iii) is the noveI1-hydroxy-2,3-dimethoxy-10-acetoxymethylacridone (iii). The NMR data for

1-hydroxy-2,3-dimethoxy-10-acetoxymethylacridone (iii) is shown in table 6.3.

Table 6.3. : NMR data for 1-hydroxy-2,3-dimethoxy-1O-acetoxymethylacridone (iii)

C I)"C I ppm CCDC") I) HI ppm CCDC") HMBC(C~H) COSY NOESY

1 156.13 (C) -
2 130.98 (C) - 2-0CH3,4

3 159.56 (C) - 3-OCH3,4

4 87.45 (CH) 6.59 (s) 3-0CH3, N-CH2

5 114.64 (CH) 7.58 (d, 8.61) 7 6 6, N-GH2

6 134.40 (CH) 7.73 (dd, 7.14, 8.61) 8 5,7 5, 7

7 122.73 (CH) 7.34 (dd, 7.14, 8.06) 5 6,8 6,8

8 126.74 (CH) 8.41 (d,8.06) 6 6,7 7

9 181.58 (C) - 4,8

4a 139.70 (C) -

1a 105.54 (C) -

8a 121.02 (C) - 4

5a 141.66 (C) - 6,8

N-CH2 70.28 (CH2) 6.33 (lls) 4,5
2-0CH, 60.81 (CH3) 3.90 (s)

3-OCH3 56.21 (CH3) 3.99 (s) 4
OCOCH3 170.43 (C) - OCOCth
OCOCH3 20.94 (CH3) 2.19 (s) 4
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6.3.4. Structural elucidation of Compound iv:

1,2,3-Trimethoxy-10-methoxymethylacridone (iv)

H o OMe

(iv)

OMe

OMe

The positive Cl mass spectrum [278] of compound (iv) showed a [M+Hf peak at mIz 330.1337

corresponding to the molecular formula ClsH19NOs for the compound. The IR spectrum [276] of

compound (iv) showed a C=O stretching band at 1643 cm-1, and no O-H or N-H bands were observed.

The NMR spectra of compound (iv) showed that it was not too pure since the compound started to

decompose in CDCb, and the impurity peaks have been crossed out. The lH [279] and 13C NMR [280]

spectra of compound (iv) indicated that this compound was very similar to com pound (ii). However, the

l H NMR spectrum [279] of compound (iv) showed the absence of the acetoxy group proton resonance

and an extra methoxy group proton resonance (OH 3.58), which occurred further upfteld than the other

three methoxy group proton resonances at OH 3.90, 4.00 and 4.01. The methylene group proton

resonance had also shifted from OH 6.29 in the lH NMR spectrum [255] of compound (ii) to OH 5.52 in

the l H NMR spectrum [279] of compound (iv). The methylene group carbon resonance had shifted

from Oc 71.48 in the 13C NMR spectrum [256] of compound (ii) to Oc 79.59 in the 13C NMR spectrum

[280] of compound (iv).

o OMe

OMe

COSY and NOESY NMR correlations

The corresponding proton resonance (OH 5.52) showed correlations in the NOESY NMR spectrum

[284] to the H-4 (OH 6.80), the H-5 (OH 7.49) and the upfield methoxy group (OH 3.58) proton

resonances, which suggested that the methoxy group was attached to the methylene group.
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OMe

OMe

(iv)

HMBC NMR correlations (C-+H)

(iv)

Compound (iv) is the noveI1,2,3-trimethoxy-10-methoxymethylacridone (iv). The NMR data for 1,2,3­

trimethoxy-10-methoxymethylacridone (iv) is shown in table 6.4.

Table 6.4.: NMR data for 1,2,3-trimethoxy-10-methoxymethylacridone (iv)

C 1)13C I ppm (CDCb) 1)lH I ppm (CDCI3) HMBC(C-+H) COSY NOESY

1 154.39(C) - 1-0CH3
2 138.60 (C) - 2-0CH3,4

3 157.96 (C) - 3-QCH3,4

4 93.54 (CH) 6.80 (s) 3-0CH3, N-CH2

5 114.42 (CH) 7.49 (d, 8.61) 7 6 6, N-CH2

6 133.04 (CH) 7.62 (dd, 7.14, 8.61) 8 5,7 5,7

7 122.11 (CH) 7.26 (dd, 7.14, 8.06) 5 6,8 6,8

8 127.52 (CH) 8.43 (d, 8.06) 6 7 7

9 176.90 (C) - 8

4a 141.85 (C) - 4

1a 112.18 (C) - 4

Ba 123.82 (C) - 5, 7

Sa 141.62 (C) - 6,8, N-CH2
N-CH2 79.59 (CH2) 5.52 (s) N-CHz-QC!:i3 4, 5, N-CH:z-OC!:i3

N-CHz-OQH3 55.92 (CH3) 3.58 (s) N-CH2

1-0CH3 61.85 (CH3) 3.90 (s)

2-0CH3 61.47 (CH3) 4.01 (s)

3-0CH3 55.95 (CH3) 4.00 (s) 4

Only acridones with the N-H (e.g. acridone (a» and N-methyl (e.g. arborinin (b» have been previously

reported. 9 This work reports acriclones which possess new nitrogen substituents.

o

oCo
~

I I
~ N .&

I
H

(a)
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6.4. Biological activity of the alkaloids

This part of my research was carried out by myself in the medicinal chemistry laboratory at the

University of Utrecht under the supervision of Dr. A.J.J. van den Berg. The alkaloids isolated in this

work were tested in the chemiluminescence and DPPH (a,a-diphenyl-p-picrylhydrazyl) assays for their

anti-inflammatory and anti-oxidant activities respectively, screens that were available in the laboratory.

6.4.1. The Chemiluminescence bioassay

General Introduction

Reactive oxygen species (ROS) produced by activated polymorphonuclear leukocytes (PMNs), play an

important role in a host's defence against invading microorganisms.1o,11 During acute infection or other

inflammatory stresses, PMNs are released from the bone marrow and move to the site of inflammation

where they serve as the host's defense against infectious microorganisms.1O,11 PMNs are filled with

proteolytic and other cytotoxic enzymes and are able to phagocytose and convert molecular oxygen

into highly ROS.1O,11 Therefore, the ingested microorganisms may be killed inside the phagosome by

the combined action of the enzyme activity and the ROS production.11 Upon activation, the PMNs

undergo an oxidative burst, which involves the intake of a large amount of oxygen which is converted

into ROS.1O,11.12 The oxidative burst depends on the activity of the enzyme NADPH oxidase, which

accepts an electron from NADPH and donates it to the molecular oxygen, thereby reducing the oxygen

to the superoxide anion r02").12,13 Most of the .02' is converted into other ROS such as hydrogen

peroxide (H20 2), hydroxyl radicals rOH) and hypohalites, which have bacteriocidal and cytotoxic

activities.10,11,12

NADPH

O2 '02 '

F."/F." !'OH .. H20 2

!
:~o (myeloperoxidase)

+ '02'
102 .. H20 2 HOCI .. 'OH

Reactive oxygen species production11

Although ROS formation by activated neutrophils may be a physiological response which is beneficial

to the host, these ROS can be detrimental in many inflammatory states by causing excessive tissue

damage.
1O

,11 Therefore compounds that can interfere with ROS production may be useful in preventing

tissue damage.
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In an experimental environment, ROS production by human neutrophils can be detected using light­

emission enhancers such as luminol and lucigenin. In this work, the alkaloid's ability to inhibit ROS

production by PMNs was measured by means of luminol-enhanced chemiluminescence. The luminol

undergoes oxidation to generate an endoperoxide, which generates light by photon emission when it

decomposes. Luminol largely detects HOCI and is therefore dependent on the MPO/ H20 2 system.

However, luminol can detect intra- and extracellularly produced ROS.
13

,14

Results

Measuring ROS production

The experimental procedures are described in chapter 7, page 142. The PMNs were extracted from

the blood of four different healthy donors. The effect of the alkaloids on the chemiluminescence for

each sample is shown in table 6.5 below.

H

H OMe

OMe

OMe

OMe H

H H
(iI)

H 0 OMe
H

OH
OMe

OMe

H
OMe

H H

(Ill) (iv)

Alkaloids tested In the assay

Table 6.5. : The le 50 values, In ,uglmL, of the alkaloids i - iv for each donor.

DOllor1 Donor 2 Donor 3 Donor 4 Average Activity Rating
1=most active
4=least active

Alkaloid (i) 101.41 126.45 56.83 5.68 72.59 3
Alkaloid (iI) 62.23 63.75 52.66 14.58 48.31 I" 2

Alkaloid (ill) 4.33 4.95 4.53 3.02 4.21 1 (4/4 cases)

Alkaloid (iv) 58.48 124.19 112.2 . 21.66 ,~ 79.13 4
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The IC 50 values are the concentrations at which the alkaloids inhibit the chemiluminescence.

Therefore the alkaloids with the lower IC 50 values are active at lower concentrations, implying that

they are more active relative to one another. Each alkaloid performs differently in each of the donor's

blood since the blood differs from one donor to the next. Therefore a large variation is observed for

each alkaloid across the four donors. For example alkaloid (i) was very active when tested with the

blood of donor 4, however, the same alkaloid was not so active when tested with the other donors'

blood.

80

70

60

50
mean le 50 40

(ug/ml)
30

20

10

o

alkaloid (i)

alkaloid (ii)

alkaloid (iii)

• alkaloid (iv)

Figure 6.1.:The effects of the alkaloids on chemiluminescence.
The bars represent the mean le 50 values for each alkaloid.

Alkaloids (ii) and (iii) are similar in structure and only differ from each other by the nature of the

oxygenated group at C-2. Alkaloid (iii) is the most active of all the alkaloids tested in this work. This

suggests that acridone alkaloids with a hydroxy group adjacent to the carbonyl group show greater

inhibitory activity on the luminol-enhanced chemiluminescence than acridone alkaloids with a methoxy

group at that same position.

Alkaloids (i), (ii) and (iv) only differ from each other by the substituents attached to the nitrogen atom.

These results show that alkaloids with the N-CH20COCH3 group are more active than alkaloids with

the N-H or N-CH20CH3 groups. However, again, with the small test sample definite conclusions cannot
be drawn.
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6.4.2. The toxicity test

These alkaloids were tested for their toxicity against PMNs and were found to be non-toxic at

concentrations twice their IC 50 values, as illustrated in the photographs below. The experimental

procedure is described in chapter 7, page 143.

A
PMNs + HBSS buffer

B
PMNs + Triton =100% celldeath control

C D
PMNs + alkaloid (i) PMNs + alkaloid (ii)

Photographs by Ir. H. C. Quarles van Ufford

Photograph A depicts the live PMNs (green spots), while photograph B depicts the dead PMNs (red

spots) to which the toxic triton was added. Photographs C and D depict the PMNs, to which the

alkaloid was added.
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6.4.3. The DPPH assay for anti-oxidant activity

Anti-oxidant activity is determined by using a stable free radical.15 The radical formed from a,a­

diphenyl-13-picrylhydrazyl (DPPH) in this work was used to estimate the free radical scavenging activity

of the alkaloids. The experimental procedures are described in chapter 7, page 143. The alkaloids

tested in this work did not show anti-oxidant activity since they did not quench the free radicals

produced by DPPH.

6.4.4. Discussion

A positive result in the chemiluminescence bioassay could be a result of the following:

a) the alkaloids could be toxic, thereby killing the PMNs and preventing ROS production.

b) the alkaloids could be '02" scavenging outside the neutrophils.

c) the alkaloids could be inhibiting the NADPH activity, thereby preventing the ROS production.

d) the alkaloids could be scavenging on the ROS within the PMNs.

Since the alkaloids were found to be non-toxic and not to show anti-oxidant activity, they should play a

role in either the inhibiton of NADPH activity, or ROS production within the neutrophils, or both.

The alkaloids tested in this work have good activity. Apocynin (c), 4-hydroxy-3-methoxyacetophenone,

is a potent inhibitor of ROS production and has been found to be extremely active at 10 jiM.16 Alkaloid

(iii) shows activity at 12.2 jiM, which is quite active.

O~ /CH3

~OCHJ
OH

(c)

Further testing on these alkaloids can determine their exact mode of action, and also test their action

against inflammatory diseases such as arthritis, colitis, atherosclerosis etc. A better understanding of

the mode of action of these alkaloids may contribute to their use as lead-compounds in the

development of safe non-steroidal anti-inflammatory drugs. Further testing will be conducted on these

compounds for other activities at the newly established South African Drug Discovery Platform.
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Nuclear Magnetic Resonance Spectroscopy (NMR Spectroscopy)

Nuclear magnetic resonance spectroscopy was performed on a 400MHz Varian UNITY-INOVA NMR

spectrometer. All spectra were recorded at room temperature in deuterated chloroform (CDCI3). The

chemical shifts were all recorded in ppm relative to TMS.

Infrared Spectroscopy (IR Spectroscopy)

The infra-red spectra were recorded using a Nicolet Impact 400D Fourier-Transform Infra-red (FT-IR)

spectrometer. The samples were dissolved in dichloromethane and analysed on a NaCI window. The

spectra were calibrated against an air background.

Ultraviolet Absorption SpectrometrylSpectroscopy

(UV Spectroscopy)

The ultra-violet absorption spectra were obtained on a Varian DMS 300 UV-visible spectrometer. The

solvent in which the spectra were recorded was dichloromethane.

Melting Points (Mp)

Melting points were determined on a Kofler micro-hot stage melting point apparatus and are

uncorrected.

Optical Rotations

Optical rotations were measured at 20.0°C in chloroform using a Perkin Elmer model 341 polarimeter,

serial number 8995. A quartz Microcell with a tube length of 100 mm and a volume of 1.0 ml was used.

Mass Spectrometry

High resolution mass spectra obtained for compounds (i), (ii), (iv) and (vi) (chapter 5) were recorded

on a Kratos 9/50 HRMS instrument by Dr. Philip Boshoff at the Cape Technikon. High resolution mass

spectra obtained for compounds (iii), (v), (vii) (chapter 5), and (i), (ii), (iii) and (iv) (chapter 6) were

recorded on a VG 70-SE HRMS instrument with electron impact and chemical ionization by Mr. John

Hill at Kent Mass Spectrometry. The low resolution mass spectra obtained for compounds (viii), (ix),

(x), (xi), (xii), (xiii), (xiv), (xv), (xvi), (XVii) and (xviii) (chapter 5) were recorded on an Agilent MS

5975 instrument connected to GC 6890 at the University of Natal, Durban.
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General Chromatography

The isolation process employed column and thin layer chromatographic techniques. In column

chromatography, different sized columns were used ranging from 2-8 cm in diameter depending on the

amount of sample available and the purification stage. Separation of crude extracts was generally

carried out on a column using silica gel (Merck Art. 9385). All separations were carried out under

gravity. Both the column and thin layer chromatographic techniques made use of varying ratios of

dichloromethane and hexane or dichloromethane and ethyl acetate or dichloromethane and methanol.

Thin layer chromatography was carried out on 0.2 mm silica-gel, aluminium-backed plates (Merck Art.

5554). The plates were developed using anisaldehyde : conc. H2S04 : methanol [1 :2:97] spray reagent.

The plates were first analysed under UV light (254 nm and 366 nm) and then by heating.

Dry-packing

This procedure was employed for loading methanol extracts onto a column. Since these extracts only

dissolved in methanol and no separation would occur if methanol was loaded onto the column, these

extracts had to be dry-packed. This was done by dissolving the extract in methanol followed by mixing

with silica gel until all the extract had been absorbed onto the silica gel. The powdery extract was then

dried and loaded onto the column.

Preparative Thin Layer Chromatography (PTLC)

The aluminium-backed plates (Merck Art. 5554) and glass-backed plates (Merck Art. 5717) were lined

with the sample 1.5 cm from the bottom of the plate. The samples were loaded onto the plates by

running a capillary tube (containing the sample) from one end of the plate to the other end. The plates

were then developed in a chromatography tank. The compounds of interest were detected under UV

light. The bands were then cut and dissolved in methanol: dichloromethane (1:1) solution.

General Acetylation Procedure

Pyridine (1 ml) and acetic anhydride (1 ml) were added to the sample (15 mg) in a round bottom flask.

The sample was left to stand at room temperature for 48 hours. Methanol (5 ml) was then added to the

sample to react with the excess acetic anhydride, and toluene (4 x 10 ml) was added successively to

remove the pyridine. After each addition, the solvent was evaporated off on the rotavapor. Thereafter,

methanol (5 x 10 ml) was added to remove the remaining toluene. The sample was then spotted on a

t.l.c plate to see whether the reaction had gone to completion or needed to be separated from the

starting material.
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General Plant Extraction Procedure

The species in this study were collected by Or. Milijaona Randrianarivelojosia from Madagascar and

Or. Neil Crouch from South Africa. The plants were dried and ground, then successively extracted with

hexane, dichloromethane, ethyl acetate and methanol using a soxhlet apparatus. Extraction with each

solvent was carried out for approximately 48 hours. The solvents from the extracts obtained were

evaporated using a BUCHI rotavapor.

Bioassay Techniques

The chemiluminescence and OPPH (a.,a.-diphenyl-B-picrylhydrazyl) assay techniques were employed

in this work, in the medicinal chemistry laboratory at the University of Utrecht under the supervision of

Or. A.J.J. van den Berg.

The Chemiluminescence Assay

Polymorphonuclear leukocytes (PMNs) were isolated from venous blood of healthy donors (see

isolation of PMNs below). In white gB-well, flat-bottomed microtitre plates, pure samples were serially

diluted to final volumes of 50 jil. A PMN suspension (50 jil) (1 x 107 cells/ml) and luminol (50 jil) (120

,uM) were added to each well. Serum treated zymosan (50 jil) was added to activate the PMNs. The

chemiluminescence was monitored during a 30 minute period using a Titertek Luminoskan

luminometer. Peak levels were used to calculate the activity of the test samples in comparison with the

control. Controls were identically setup as experimental, with buffer replacing the test sample.

Isolation of PMNs

Phosphate buffered saline (PBS)/heparin (15 ml) was mixed with the buffy-coat (human blood) (15 ml).

The mixture was underlayed with Percoll solution (12 ml) and then centrifuged for 20 minutes at 2400

rpm. The supernatant was removed leaving behind the pellets of PMNs and erythrocytes. The pellets

were resuspended in ice-cold lysis buffer (50 ml) and incubated on ice until the solution turned black

(5-15 minutes). After centrifugation (5 minutes, 1400 rpm), the supernatant was removed. The pellets

were resuspended in ice-cold lysis buffer (3 ml), then made up to 50 ml with ice-cold lysis buffer, and

incubated for 5 minutes. The mixture was centrifuged (5 minutes, 1400 rpm, 4 QC) and the supernatant

was removed. The pellets were resuspended in HBSS-gel (Hanks Buffered Salt Solution mixed with

gelatin) (2 ml), and made up to 10 ml with HBSS-gel. The PMNs concentration was measured by

mixing them with Turk solution (dilution factor =10) and viewing a drop of this mixture on a slide under

a light microscope. The PMN cells were counted and the concentration was adjusted to 1 x 107 cells/ml

with HBSS-gel.
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The DPPH Assay

In white 96-well, flat-bottomed microtitre plates, pure samples were serially diluted to final volumes of

100 fA with ethanol (75%). DPPH (100 fA) was added to each well containing the pure sample. Controls

were varying volumes of DPPH (0, 50, 100 fA) in ethanol (75%). DPPHo (paramagnetic) can either

accept an electron or proton and become stable (diamagnetic).l DPPHo in ethanol solution is purple in

colour and when reduced it goes pale yellow to colourless.
1

Toxicity Test

The PMNs were labelled with the stain 5-carboxyfluorescein (CFDA), resuspended to a concentration

of 1 x 107 cells/ml, and incubated with equal volumes of pure sample at 37 QC for 15 minutes. The

dead cells were stained with propidium iodide (PI). The percentageof dead cells were measured using

a fluorescence microscope. The PMNs with the toxic 0.02% v/v triton X100 served as the positive

control for 100% cell death.

Plant Experimental

Samadera madagascariensis

Dried leaves (633.98 g) of Samadera madagascariensis Jussieu (voucher no.: 007MJ/Mdul-TAN) from

Foulpointe, in the rainy eastern part of Madagascar, were collected and identified by Dr. M.

Randrianarivelojosia of the University of Antananarivo, Madagascar. The hexane extract (38.65 g) was

SUbjected to column chromatography on a 3 cm column (crude) using silica gel (Merck 9385) as the

stationary phase and a solvent step gradient of dichloromethane : ethyl acetate as the mobile phase.

The following compounds were isolated: protosamaderine A (viii) (27.1 mg) (fractions 239-250 : 35%

ethyl acetate in dichloromethane), chisocheton compound A (x) (10.1 mg) (fractions 151-183 : 10%

ethyl acetate in dichloromethane), protosamaderine B (Xi) (18.2 mg) (fractions 206-213 : 30% ethyl

acetate in dichloromethane), protosamaderine C (xii) (22.1 mg) (fractions 151-183 : 10% ethyl acetate

in dichloromethane).

The dichloromethane extract (41.26 g) was loaded onto a crude column in the same way as the

hexane extract. 1,2-Dihydrobruceajavanin A (ix) (50.8 mg) eluted in fractions 2-3 (30% ethyl acetate in

dichloromethane).

The ethyl acetate extract (31.56 g) was loaded onto a crude column in the same way as the hexane

extract. Samaderine A (i) (32.3 mg) eluted in fractions 39-40 (20% ethyl acetate in dichloromethane)

and 2-chlorosamaderine A (iii) (10.2 mg) eluted in fractions 24-64 (20% ethyl acetate in

dichloromethane).

The methanol extract (56.23 g) had to be dry-packed before being loaded onto a crude column. The

following compounds were isolated: 5f3,6-dihydrosamaderine A (ii) (12.2 mg) (fractions 131-168 : 10%
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ethyl acetate in dichloromethane), samaderine ON (iv) (18.5 mg) (fractions 139-152 : 10% ethyl

acetate in dichloromethane), samaderine B (v) (27.3 mg) (fraction 145 : 10% ethyl acetate in

dichloromethane), cedronin (vi) (8.1 mg) (fractions 217-247 : 30% ethyl acetate in dichloromethane),

3,4B-dihydrosamaderine C (vii) (13.2 mg) (fractions 370-392 : 35% ethyl acetate in dichloromethane),

protosamaderine 0 (xiii) (14.4 mg) (fractions 270-280 : 40% ethyl acetate in dichloromethane),

protosamaderine E (xiv) (5.8 mg) (fractions 169-216 : 30% ethyl acetate in dichloromethane),

protosamaderine F (xv) (8.0 mg) (fractions 169-216 : 30% ethyl acetate in dichloromethane),

protosamaderine G (xvi) (8.2 mg) (fractions 217-247 : 30% ethyl acetate in dichloromethane),

protosamaderine H (xvii) (8.1 mg) (fractions 281-342 : 40% ethyl acetate in dichloromethane),

protosamaderine I (xviii) (11.0 mg) (fractions 270-280 : 40% ethyl acetate in dichloromethane). All

these compounds were further purified by preparative thin layer chromatography using the same

solvent systems.

Physical Data of Compounds

Compound (i):

Name: Samaderine A (i)

Physical appearance: yellow crystalline material

Yield: 32.3 mg

Mp: 250-252 °C (Lit.2
: 253-258 DC)

Optical rotation: [a] ~oo (CHCI3): - 21.88 ° [c = 0.064] (Lit.2
: - 31.3 O[c = 0.259 (pyridine)])

IR' NaCI (0
. V max : 3487 -H), 2919 (C-H stretch), 2853 (C-H stretch), 1793 (C=O), 1717 (C=O), 1661 (C=O),

1631, cm-1.

HRMS at rnIz. 330.1106 [C18H180S] requires 330.1106

ElMS at m/z. 330.1106, 315.0870, 312.1018, 302.1177, 271.0971, 243.1006, 215.0719, 203.0699,

187.0748,175.0749,149.0607,125.0597,97.1015, 85.1020, 57.0702.

Compound (ii):

Name: 5B,6-0ihydrosamaderine A (ii)

Physical appearance: white solid

Yield: 12.2 mg

Optical rotation: [a] ~oo (CHCI3): + 75.00 ° [c = 0.032 ]
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IR: V~:;l: 3489 (O-H), 2920 (C-H stretch), 2851 (C-H stretch), 1785 (C=O), 1701 (C=O), 1623 (C=O)

HRMS at mlz. 332.1262 [C1BH2QOs] requires 332.1262

ElMS at mlz. 332.1262, 317.1023, 315.1223, 288.1359, 260.0949, 245.1165, 217.0875, 189.0867,

165.0568,150.0682, 135.0733, 123.0809, 110.0735, 69.0338.

Compound (iii):

Name: 2-Chlorosamaderine A (iii)

Physical appearance: yellow solid

Yield: 10.2 mg

Optical rotation: [a] ;00 (CHCI3): - 12.50 0 [c = 0.016]

IR: v ~I: 3488 (O-H), 2929 (C-H stretch), 2863 (C-H stretch), 1795 (C=O), 1733 (C=O), 1672 (C=O),

1625, 1466, 1383, 1256, 1173 cmo1 .

HRMS at mlz. 365.0794 [C1BH17CIOs] requires 365.0792

CIMS at m/z. 367, 365, 347, 331, 273, 239,201,167,149,113,83,71,57.

Compound (iv):

Name: Samaderine DN (iv)

Physical appearance: yellow solid

Yield: 18.5 mg

Optical rotation: [a] ;00 (CHCI3): + 13.64 0 [c = 0.066]

lA: V ~l : 3457 (O-H), 2925 (C-H stretch), 2862 (C-H stretch), 1788 (C=O), 1730 (C=O), 1655 (C=O),

1621,1460,1381,1265 cmo1 .

HRMS at mlz. 390.1313 [C2oH220 B] requires 390.1313

ElMS at mlz. 390.1313, 375.1056, 372.1207, 331.1187, 313.1064, 255.1021, 239.1070, 227.1060,

211.1107,187.0759,125.0596,91.0541,57.0704.
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Compound (v):

Name: Samaderine B (v)

Physical appearance: white crystalline material

Yield: 27.3 mg

Mp: 229-231 QC (Lit.3
: 235-240 QC)

Optical rotation: [a] ~oo (CHCI3): + 38.46 Q[c = 0.026] {Lit.3
: + 67.5 Q[c = not given (pyridine)])

IR: v ~:;l: 3455 (O-H), 2927 (C-H stretch), 2855 (C-H stretch), 1788 (C=O), 1715 (C=O), 1672 (C=O),

1261,1176,1121,1055,1006cm".

HRMS at mlz. 363.1445 [C'9H2207+H] requires 363.1444

CIMS at mlz. 363, 345, 317, 271, 235, 197, 127, 95, 71, 57.

Compound (Vi):

Name: Cedronin (vi)

Physical appearance: yellow crystalline material

Yield: 8.1 mg

Mp: 275-277 QC (Lit.4: 275-280 QC)

Optical rotation: [a] ~oo (CHCI3): - 13.64 Q[c = 0.022] {Lit.4: - 12.6 Q[c = 0.714 (pyridine)])

lA: V ~:;l :3468 (O-H), 2917 (C-H stretch), 2854 (C-H stretch), 1733 (C=O), 1458 cm".

HRMS at mlz. 364.1527 [C'9H2407] requires 364.1527

ElMS at mlz. 364.1527, 349.1284, 346.1412, 335.1468, 331.1167, 328.1298, 317.1388, 313.1080,

299.1286, 233.0826, 201.0910, 173.0962, 149.0244, 125.0594, 109.0652, 95.0495, 69.0339.

Compound (vii):

Name: 3,4B-Dihydrosamaderine C (vii)

Physical appearance: yellow solid

Yield: 13.2 mg

Optical rotation: [a] ~oo (CHCI3): - 18.18 Q[c = 0.022]
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IR: V ~:;l: 3428 (O-H), 2928 (C-H stretch), 2849 (C-H stretch), 1736 (C=O), 1460, 1263, 1168 cm-I.

HRMS at m/z: 367.1758 [C19H2607 + H] requires 367.1757

CIMS at m/z: 367, 349, 331, 319, 275, 257, 239, 223, 205,179,149,127,111,85,71,57.

Compound (viii):

Name: Protosamaderine A (viii)

(21 S,23R-epoxy-7o.-acetoxy-21 S,24S,25-trihydroxyapotirucalla-14-en-3-one)

(7-acetyl-21-desmethyl-1,2-dihydroholstinone B)

Physical appearance: white solid

Yield: 27.1 mg

Optical rotation: [a.] ~oo (CHCI3): - 7.14 Q[c = 0.056]

IR: v ~:;l :3436 (O-H), 2926 (C-H stretch), 2859 (C-H stretch), 1717 (C=O), 1461, 1378, 1250 cm'l.

LRMS at mlz: 546 [C32Hso07], 492, 475, 432, 368, 269, 223,179,91,67.

Compound (ix):

Name: 1,2-Dihydrobruceajavanin A (ix)

(21 S,23R, 24S,25-diepoxy-7,21 5-diacetoxyapotirucalla-14-en-3-one)

Physical appearance: white crystalline material

Yield: 50.8 mg

Mp: 202-204 QC (Lit.s: 206-207 QC)

Optical rotation: [a.] ~oo (CHCI3): - 2.74 Q[c =1.422] (Lit.s: - 3.3 Q[c =1.0 (CHCI3)])

IR: v ~:;l: 2932 (C-H stretch), 1737 (C=O), 1453, 1377, 1238 cm't.

LRMS at mlz: 510 [C34Hso0 7- CH3C02H], 450, 432, 397, 366, 301, 281, 227,145,105,81.

Compound (x):

Name: Chisocheton compound A (x)

(21 S,23R, 24S,25-diepoxy-21 5-acetoxy-7-hydroxyapotirucalla-14-en-3-one)
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Physical appearance: yellow crystalline material

Yield: 10.1 mg

Mp: 207-209 °C (Lit.6: 209-211 0c)

Optical rotation: [a] ~oo (CHCI3): + 13.95 ° [c = 0.086] (Lit.6: + 12.8 O[concentration not given])

lA: V:;I: 3458 (O-H), 2926 (C-H stretch), 2866 (C-H stretch), 1741 (C=O), 1705 (C=O), 1463, 1379,

1240 cm
o1

•

LRMS at m/z 528 [C32H4S06], 510, 468,378,297,227, 173, 145, 119,95,69.

Compound (xi):

Name: Protosamaderine B (xi)

(21 S,23R-epoxy-21 S,24B-diacetoxy-7,25-dihydroxyapotirucalla-14-en-3-one)

(21-desmethyl-21 ,24-diacetyl-1 ,2-dihydroholstinone B)

Physical appearance: white solid

Yield: 18.2 mg

Optical rotation: [a] ~oo (CHCI3): + 12.35 ° [c = 0.324]

IR: V:;I: 3490 (O-H), 2944 (C-H stretch), 2876 (C-H stretch), 1738 (C=O), 1460, 1380, 1244, 1039,

LRMS at m/z 528 [C34Hs20 S- CH3C02H], 468, 429, 379, 355, 328, 301, 281, 185, 145, 119, 91, 69.

Compound (xii):

Name: Protosamaderine C (xii)

(21 S,23R-epoxy-25-hydroxy-7,21 S,24B-triacetoxyapotirucalla-14-en-3-one)

(21-desmethyl-1 ,2-dihydro-7,21,24-triacetylholstinone B)

Physical appearance: yellow solid

Yield: 22.1 mg

Mp: 116-118°C

Optical rotation: [a] ~oo (CHCI3): + 2.96 ° [c = 0.304]

IR: v ~:;I : 3480 (O-H), 2944 (C-H stretch), 1736 (C=O), 1458, 1377, 1241, 1033 cmo1 .
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LRMS at m/z. 510 [C36H540 9 - 2 x CH3C02H], 492, 450, 397, 366, 314, 281, 227, 145, 119,91,69.

Compound (xiii):

Name: Protosamaderine 0 (xiii)

(21 S,23R-epoxy-25-acetoxy-7,24S-dihydroxy-21 S-methoxyapotirucalla-14-en-3-one)

(25-acetyl-1 ,2-dihydroholstinone B)

Physical appearance: white solid

Yield: 14.4 mg

Optical rotation: [ex] ~oo (CHCI3): - 14.55 0 [c = 0.110]

IR: V~:;l: 3425 (O-H), 2931 (C-H stretch), 2859 (C-H stretch), 1707 (C=O), 1458, 1381, 1252, 1054

LRMS at m/z. 542 [C33Hs207-H20], 524, 470, 395, 297, 259,183,159,131,107,69.

Compound (xiv):

Name: Protosamaderine E (xiv)

(21 S,23R-epoxy-7,24S-diacetoxy-25-hydroxy-21 S-methoxyapotirucalla-14-en-3-one)

(7,24-diacetyl-1 ,2-dihydroholstinone B)

Physical appearance: white solid

Yield: 5.8 mg

Optical rotation: [ex] ~oo (CHCI3): - 22.58 0 [c = 0.062]

IR: v ~I: 3456 (O-H), 2923 (C-H stretch), 2851 (C-H stretch), 1724 (C=O), 1463, 1380, 1247, 1036.

LRMS at m/z. 542 [C35H540 a - CH3C02H], 510, 450, 379, 346, 316, 281, 133, 96, 73.

Compound (xv):

Name: Protosamaderine F (xv)

(21 S,23R-epoxy-7-acetoxy-24S,25-dihydroxy-21 S-methoxyapotirucalla-14-en-3-one)

(7-acetyl-1 ,2-dihydroholstinone B)

Physical appearance: white solid

Yield: 8.0 mg

149



Chapter 7: Expertmental

Optical rotation: [a] ~oo (CHCI3): - 15.18 0 [c = 0.112]

IR: V::;': 3450 (O-H), 2934 (C-H stretch), 1718 (C=O), 1591, 1463, 1380, 1252, 1102, 1036 cm-to

LRMS at rnIz: 542 [C33Hs20 7 - H20], 489, 465, 385, 344, 308, 281, 256, 226, 183, 153, 126, 95, 74.

Compound (xvi):

Name: Protosamaderine G (xvi)

(21 R,23R-epoxy-7-acetoxy-24S,25-dihydroxy-21 R-methoxyapotirucalla-14-en-3-one)

(7-acetyl-1 ,2-dihydroholstinone C)

Physical appearance: yellow solid

Yield: 8.2 mg

Optical rotation: [a] ;00 (CHCI3): - 33.72 0 [c = 0.086]

IR: V::;I: 3391 (O-H), 2926 (C-H stretch), 2876 (C-H stretch), 1724 (C=O), 1468, 1391, 1253, 1043

LRMS at m/z: 542 [C33Hs20 7 - H20], 510, 452, 397, 328, 310, 281,227, 171, 119,93,75.

Compound (xvii):

Name: Protosamaderine H (xvii)

(21 R,23R-epoxy-7,24S,25-trihydroxy-21 R-methoxyapotirucalla-14-en-3-one)

(1 ,2-dihydroholstinone C)

Physical appearance: white solid

Yield: 8.1 mg

Optical rotation: [a] ;00 (CHCI3): - 42.22 0 [c = 0.090]

IR: V::;I: 3458 (O-H), 2935 (C-H stretch), 2862 (C-H stretch), 1702 (C=O), 1461, 1384, 1267, 1117,

1038 cm-to

LRMS at m/z: 518 [C31HsoOs], 489, 429, 400, 378, 326,267,223,187,165,125,104,77,60.
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Optical rotation: [a] ;00 (CHCI3): - 15.18 0[c = 0.112]

lA: V ~:;I :3450 (O-H), 2934 (C-H stretch), 1718 (C=O), 1591, 1463, 1380, 1252, 1102, 1036 cm-
1
.

LRMS at mlz: 542 [C33Hs20 7 - H20], 489, 465, 385, 344, 308, 281, 256, 226, 183, 153, 126, 95, 74.

Compound (xvi):

Name: Protosamaderine G (xvi)

(21 R,23R-epoxy-7-acetoxy-24S,25-dihydroxy-21 R-methoxyapotirucalla-14-en-3-one)

(7-acetyl-1 ,2-dihydroholstinone C)

Physical appearance: yellow solid

Yield: 8.2 mg

Optical rotation: [a] ;00 (CHCI3): - 33.72 0[c = 0.086]

lA: V~:;I: 3391 (O-H), 2926 (C-H stretch), 2876 (C-H stretch), 1724 (C=O), 1468, 1391, 1253, 1043

LRMS at m/z: 542 [C33Hs20 7 - H20], 510, 452, 397, 328, 310, 281,227,171,119,93,75.

Compound (xvii):

Name: Protosamaderine H (xvii)

(21 R,23R-epoxy-7,24S,25-trihydroxy-21 R-methoxyapotirucalla-14-en-3-one)

(1 ,2-dihydroholstinone C)

Physical appearance: white solid

Yield: 8.1 mg

Optical rotation: [a] ~oo (CHCI3): - 42.22 0 [c = 0.090]

IR: v ~I: 3458 (O-H), 2935 (C-H stretch), 2862 (C-H stretch), 1702 (C=O), 1461, 1384, 1267, 1117,

1038 cm·l
.

LRMS at m/z: 518 [C31HsoOs], 489, 429, 400, 378, 326, 267, 223,187,165,125,104,77,60.
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Compound (xviii):

Name: Protosamaderine I (xviii)

(21 R,23R-epoxy-24S-acetoxy-7,25-dihydroxy-21 R-methoxyapotirucalla-14-en-3-one)

(24-acetyl-1 ,2-dihydroholstinone C)

Physical appearance: white solid

Yield: 11.0 mg

Optical rotation: [a] ~o (CHCI3): - 25.00 0 [c = 0.060]

IR: v ::;1: 3396 (O-H), 2926 (C-H stretch), 2868 (C-H stretch), 1738 (C=O), 1713 (C=O), 1594, 1468,

1383,1250,1120,1048cm·1•

LRMS at mlz. 542 [C33Hs20 7 - H20], 528, 515, 451, 424, 390, 354, 324, 253,176,151,121,84,60.

Toddaliopsis bremekampii

Leaves (43.61 g) and branches (206.12 g) of Toddaliopsis bremekampii (voucher no.: N. Crouch 943,

NH) from the Tembe Elephant Park Game Reserve in Mpumalanga Province, South Africa, were

collected and identified by Dr. N. Crouch of the National Botanical Institute, Durban, South Africa. The

dichloromethane extract (12.34 g) of the leaves was loaded onto a glass-backed preparative thin layer

chromatography plate and 10% to 20% ethyl acetate in dichloromethane was used as the mobile

phase. The following compounds were isolated: 1,2,3-trimethoxyacridone (i) (18.2 mg), 1,2,3­

trimethoxy-10-acetoxymethylacridone (ii) (20.2 mg), 1-hydroxy-2,3-dimethoxy-10­

acetoxymethylacridone (iii) (22.4 mg) and 1,2,3-trimethoxy-10-methoxymethylacridone (iv) (10.3 mg).

All these compounds were further purified by preparative thin layer chromatography onto aluminium­

backed plates using the same solvent systems. All other extracts did not contain any compounds of

interest.

Compound (i):

Name: 1,2,3-trimethoxyacridone (i)

Physical appearance: yellow solid

Yield: 18.2 mg

CH Cl
UV: Ama: 2: 263 nm (log £ 4.34), 297 nm (log £ 3.57), 367 nm (log £ 3.68), 382 nm (log £ 3.69).

IR: v::;': 3275 (N-H), 2928 (C-H), 2843 (C-H), 1633 (C=O), 1600, 1478, 1312, 1252, 1141,1102 cm·1.
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HRMS at mlz 286.1081 [C16H1SN04 + H) requires 286.1079

CIMS at mlz 286, 133, 57.

Compound (ii):

Name: 1,2,3-trimethoxy-1 O-acetoxymethylacridone (ii)

Physical appearance: yellow solid

Yield: 20.2 mg

UV: A~~CI2 : 263 nm (log E 4.21), 307 nm (log E 3.50), 375 nm (log E 3.53).

IR: V:;I: 2933 (C-H), 2858 (C-H), 1733 (C=O), 1644 (C=O), 1607, 1487, 1291, 1266, 1196, 1135

HRMS at mlz 358.1291 [C19H19N06 + H) requires 358.1291

CIMS at m/z 358, 286, 197, 149,61.

Compound (iii):

Name: 1-hydroxy-2,3-dimethoxy-1 O-acetoxymethylacridone (iii)

Physical appearance: yellow solid

Yield: 22.4 mg

UV: A~C12 : 223 nm (log E 3.48),263 nm (log E 3.64),272 nm (log E 3.64),320 nm (log E 3.29), 390 nm

(log E 2.94).

lA: v:;': 3455 (OH), 2926 (C-H), 2860 (C-H), 1747 (C=O), 1643 (C=O), 1610, 1472, 1202 cm-1.

HRMS at mlz 344.1131 [C1sH17N06+ H) requires 344.1134

ElMS at m/z 344, 286, 198, 149, 61.

Compound (iv):

Name: 1,2,3-trimethoxy-1O-methoxymethylacridone (iv)

Physical appearance: yellow solid

Yield: 10.3 mg

UV CH Cl
: Am': 2: 264 nm (log E 3.22), 379 nm (log E 2.47).
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CHAPTERS
Conclusion

The findings contained in this work have proved to be interesting and beneficial, as novel and

biologically active compounds have been isolated.

Investigation of Samadera madagascariensis leaves has yielded a variety of C18 and C19 quassinoids,

and a series of related protolimonoids. Thirteen of the eighteen compounds isolated from this plant

were not reported previously. This work provided further evidence that S. madagascariensis is indeed

chemically synonymous with Samadera indica and Quassia indica.

Four of the seven quassinoids isolated in this work were not reported previously. The novel 5[3,6­

dihydrosamaderine A (ii) (C18 type) differs from the known samaderine A (i) only by the absence of the

Ll5,6-double bond, however, this is the only report of a C18 quassinoid without the Ll5,6-double bond. The

2-chloro substituent in 2-chlorosamaderine A (iii) (C18 type) makes this compound novel. The novel

3,4[3-dihydrosamaderine C (vii) (C19 type) differs from the known samaderine C only by the absence of

the Ll3•
4-double bond. The C-1 ester substituent in samaderine DN (iv) (C18 type) makes this compound

different. The isolation of the three novel C18 quassinoids in this work, increase the number of C18

quassinoids reported by 60 %. 2-Chlorosamaderine A (iii), cedronin (vi) and 3,4[3-dihydrosamaderine

C (vii) displayed anticarcinogenic properties.

Nine of the eleven protolimonoids isolated in this work were not reported previously. These

protolimonoids all have the same tetracyclic skeleton, and differ from each other by the oxygenated

substituent at C-?, C-21 and C-24. 1,2-Dihydrobruceajavanin A (ix) and chisocheton compound A (x)

are the only two protolimonoids with the 24,25-epoxide ring isolated in this work. All other

protolimonoids isolated in this work possess the 24,25 diol. All these protolimonoids (viii) - (xviii) have

the S configuration at C-24. It is proposed that the 24S,25-diols from S. madagascariensis leaves

isolated in this work have been formed via a SN1 mechanism, thereby resulting in retention of the S

configuration at C-24.

Investigation of the branches of Toddaliopsis bremekampii yielded four novel acridone alkaloids. This

work is of particular interest since this is the first species of the genus to have been examined. This is

the first report of trimethoxyacridone alkaloids without a methylated nitrogen. This is also the first report

of isolated acridones that possess substituted N-methyl groups. These non-toxic acridone alkaloids

showed anti-inflammatory properties by either inhibiting the NADPH activity or by scavenging on the

reactive oxygen species within the human neutrophils. The presence of hydroxy groups in the acridone

alkaloids increased their actiVity on the luminol-enhanced chemiluminescence. The alkaloids with

acetoxy groups showed greater actiVity compared to the others.
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The isolation of the acridone alkaloids from Toddaliopsis bremekampii in this work is not surprising

since the Rutaceae is a plant family well known for containing alkaloids.

Research in Natural Product Chemistry is of vital importance since it involves the discovery of novel

and biologically active compounds that may be lead compounds for the synthesis of better and safer

drugs.
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04260603: Scan 40 (9 15 miSb
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IR Spectrum of Chisocheton compound A (x)
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nosml~a.~m-h-151-183-13 in cctc13
Gractjent HMBC expt.
optimizect for q Hz coupling
probe=5mmASW

Pulse Sequence: ghmqc_cta
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Protosamaderine B (xi)

IR Spectrum of Protosamaderine B (xi)

Mass Spectrum of Protosamaderine B (xi)

1H NMR Spectrum of Protosamaderine B (xi)

13C NMR Spectrum of Protosamaderine B (xi)

ADEPT NMR Spectrum of Protosamaderine B (xi)

HSQC NMR Spectrum of Protosamaderine B (xi)

HMBC NMR Spectrum of Protosamaderine B (xi)

COSY NMR Spectrum of Protosamaderine B (xi)

NOESY NMR Spectrum of Protosamaderine B (xi)
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Gradient HSQC eMpt.
with mult.editing
probe=5mmASW

Pulse Sequence: ghsqc_da
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Gradient HMBC expt.
probe=5mmAS\oI

Pulse Sequence: ghmqc_da
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Protosamaderine C (xii)

IR Spectrum of Protosamaderine C (xii)

Mass Spectrum of Protosamaderine C (xii)

l H NMR Spectrum of Protosamaderine C (xii)

13C NMR Spectrum of Protosamaderine C (xii)
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Protosamaderine D (xiii)

IR Spectrum of Protosamaderine D (xiii)

Mass Spectrum of Protosamaderine D (xiii)
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Mass Spectrum of Protosamaderine F (xv)

l H NMR Spectrum of Protosamaderine F (xv)

1H NMR Spectrum of Protosamaderine F (xv) (020 added)

l3C NMR Spectrum of Protosamaderine F (xv)

ADEPT NMR Spectrum of Protosamaderine F (xv)

HSQC NMR Spectrum of Protosamaderine F (xv)

HMBC NMR Spectrum of Protosamaderine F (xv)

COSY NMR Spectrum of Protosamaderine F (xv)

NOESY NMR Spectrum of Protosamaderine F (xv)

185

186

187

188

189

190

191-192

193-194

195

196-197

o

29 28

(xv)

184



;'
,

I

I
!

,,
;

I
I
I :

741.4 j

!
I
I

11035.6

1102.2

I,

I
I

f
I .
I I

I

, .,. ,., , ~'" ~ . ," , .

~'-......-.....~

.. - ., .•. #, ......•... . , ". ,. .. ~''''.''' .. ~. ..•. .•. ~' .• -'.<' , .•• ~"''''''''.

/

\

~450.2

.,

.,

.,

..;

"1

97 ~

..;

98 ..:

99 ~
...:
i

"1

-4

96 ~
-1­,

95~
..j

--j

" ... , -l

i
103 ..:J

'"',
"1

102 ~
~

101 j \
i .
-i

94 ~

100 -=

-;

93 -i
~

92~

i

, /
i I /
, '.If'
. ',-
I I 1379.8

~
I 1463.0.. \ I

91l \ 1590.7' \

90 -1 2934.0 '1718.4 1252. 1
t~r'!" .'T~I' . T ., -/ ~-, ., .., r ,-..-, --r-' --- ,...,"!"TT ,-r T ,- ,- --- r ,.. ,_.. 'Tr 'TT ,-,~.,.,",_.. ,--- , . r ,.,.......1.. ' ..,..... r ,-~ ''''''T'' ,.~'l

I3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 i
Wavenumbers (cm'-1) .' . r

.... '-. ' : , , "._J

f"·.. ·•.. ·····,·· .. ·

i

;%
:r
i r
:a
;n
is
:m
i •

, 1

~t

t
;a
;n
c

le

I
I
L_...... ,.

......
CXl
<Jl

IR Spectrum of Protosamaderine F (xv)



Abundance

950 35

900

850

800

750

700

650

600

550

500

450

400

350

300
~5

250 74

200

Scan 336 (6.054 min): 16913.0 (-)

256

308

126

385

150

100

95

153
183

203

226

281 344
465

489
542

In/z->

Mass Spectrum of Protosamaderine F (xv)

186



E
0.
0.

rl

N

('YJ "':···..
L

r
II

Lq

~

~

~
LJ")

~

<D

L
l

"

Cl)

u

Cl)

co

'"Cl)

'"V>

Cl.

o

187

~
I
'-

co



Pulse Sequence; s2pul

CD
CD

o

MeO
27

16

,
h

(xv)

;11\

LJ\fvJ
I I I --~I I -,--r-.- I I I I '--y--r'-'- I I

9 8 7 6

1 ••

r--'-'--'
5

I I I I I ,------r---r-'- I i I I I j I

4 3 2 1 ppm



-
:J
Q.

"n

E
0..
0..

=
N

:3

~ =Q"

~.

1 =
le

~ ~,,,...

'- - ==1 L

,
I

= I
co 'i

I,
l

I
I

~~
I
I
~

I

~ M
I

C

t~
'I

>< 4

i
~

I

~ M
I
l

~
Cl

L t

~ =

,.
•...

,Q" (
M C')...

i
j =

le

rl

/--

=
CO
rl

=

Jr
189



i
I
I
I

I
I
i

I
I
I
l-
f
I
I
~

":::l
c-

"Cl)

"V>

:::l
a.

"u
c

190



10203040

4· 4ft. *' ..i
-<:l ..§

0 0 0
0 0

6}
0 o Q <J Cl

6
\Jd

D

III

'"

<i>

6

4·...---r---l--,-,r·...,--.-~· , i I I i I I I I I i I I i I 1--' j I , I I i I I I I i

110 100 90 80 70 60 50

F1 [ppm)
•• ,..."',.. a. ••• " f!!It,-:. __.& .... ~ " __ .& .-I __ ~ __ r" I ••••\.

120

~III'
\

L~_~JJjllUlliJJlL
,----_._-_ .._-_.__._---..... _--- ....._.._---._----_ ........------------_.--_.. _..... _. .. -

1.0

1. 5-

2.0-

4.0-

4.5

5.0-

5.5-

F2
(ppm)

With mUlt.edjtjn~

probe=5mmASW

Pulse Sequence: ghsqc_da

~
2.5

.....
<D.....

3 0-'. -I
-0

3.5
\")



I
10

8

o

-r-'--'--r-T --'--" I I I i I , I I i I i I i i [I r I i I I I I I I

50 45 40 35 30 25 20 15

Fl (ppm)

55

~I :IIL~~
---------.-..--,.. - _ .. _....._..__.- -----.-- I

2.6

2.8

pl'obe~5mmASW

Pulse Sequence: ghsqc_da

3 J
4,·

" .'"•--(J,4f

0 0.....
CO ) J..ol 0
I\) I- QJ

a .

$ 0 Q (J •~
{]

~j
IQ,

I-I~n~ f\lI\IIC ~na"trllrn ",f Dr"'t"'..,. ............,f""'.. ; ... "'" C Iv.,\ \



'"'"I
u
C"
E

.c:
"- Cl
<
J

'") U
l~
:(/) '":<1: :J

E C"
E '":'" (/)

, 11
.", '"'.0 V>

'0
:J

C- a.

., 0 - =... CP·.... ~
N

.,.0." - =- ;>-
CD -'$: <0> 0Cl. ~

<:t

.~ '- ~~

-0

CJ =
lD

.~
=
CO

-:,,,...
= L=-. .-i I,-,

~~
E I
0. 'j
C!- I

........, ,
I

.-i l
u.. I

~=
I
I
I

t~
~

I
I

F
,

r 'l

~ =
I

~.

r~
j

.~

t~
~.. I
l
I

.-i
(,,..
•

= oil

= (
N C..

•·
4. ·=

N
,

I
, I I I N

E = 111 = 111 = 111 = 111 0 111
0.

N C!- .-i .-i N N (Y) (Y) <:t <:t 111 111
u.. ........,

'"

--31
==i

*\

-===="'9

--=

-
" /

/'-

-----'

x-

x

i

I
~ I

!

-
i

I

I
-----' i

!

193



~ ~ 'i~ ~ ©

r~
~ !

L

't .9~
=

@i' f) N

~ it 1& ~
'0

~ Cl9
~ , <9

Q =
(Y)

"1
§;J

Im

3
->'l r~

-t \\s- ?;@ ~

~ =
":

.~. I,

~t!
i q ...

.,
~ (. t

L
~' ,..-.,

-~
' ~ E I

i 0.. I

I~
i 0.. ..
r 1

~i
"" \.9 i I

r ~
.--i

L = CL

I V1

~i 4 L
I

.I I

11 e1 r £r
!

~

r~
I

,I
1!
J! If

~~
i

}! (

~! (
~! ••. ~I

~ -[ (

I! ~

~~
(
••··

! ! i i i !,
r~' I

, I I , i I ,
I

, , I , ,
I

, , , I , ,
I

, , i I I i I i

E = lJ") = V1 = V1 = lf1 = lf1
0..

No.. .--i .--i N N (Y) (Y) q q lJ") V1
CL '--'

X

'"" I
u
C"
E
.r:
Cl

..
m
u

m
on-
a..

194



lJ)

I =

~ =
rl

~ ~:
lJ)

rl

fl
~

~~ =
@ N

~
lJ) -:

~ , ® .
N ..~. ..

'~, !i r-.L
r E

CL I

t;
D- I
'--' 'j

@ii I
.-l ,@
u... I

I
~ I

i ~ I
'~

~
Ii ~

II
~ ~ =

1I ,
~ l:

..'., I
0: ~

I
~ '~

jI ~

o:j" I
I I

<liD I
(

= [
11

LJ")
~(ii'Jj . •/.il ..
'"

LJ")
(

-~ (, : ~ I I , ,
I I ,

I I
,

I
LJ") (

E = LJ") = LrJ = LJ") = l.{) = LJ")CL
N CL rl rl N N (Y) (Y) o:j" o:j" LJ") LJ")u... '--'

.c
>,

:E
QJ

.,
QJ

3 ~
(/) QJ

a: ::I
E cc
E QJ

,v) (/)
It

QJ QJ

.:> :::.0
::I

"'- Cl.

195



.
i
1
c,
(j

C
III
11:

:i
;)
(j
lJ
C
"

..
c
I

-::
;

....
U
c

i '~
Cl. C
'--' ,

c
I
c
c
c
~
I

£:

lJ")

0

...-l

lJ")

...-l

0

'i1
00

~ N

@

, I I II I I
lJ")

i I I
0

I ,
lJ")

lJ")

0

lJ")<::t<::t

I
o

I I
lJ")

I I I I
o

I I
lJ")

\

I
.:;

(

~
II

i I
r----.i I I
E 0

Cl.
rlN Cl.

l.L '-'

196



to

L

":,,,..

M
u...

""-'1

o::t ~ .!
0..

M'-'I,
I

=

=

'"1::
I

>.
lI)
Q)

o
!:

197



Protosamaderine G (xvi)

IR Spectrum of Protosamaderine G (xvi)
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Protosamaderine I (xviii)

IR Spectrum of Protosamaderine I (xviii)

Mass Spectrum of Protosamaderine I (xviii)

lH NMR Spectrum of Protosamaderine I (xviii)

13C NMR Spectrum of Protosamaderine I (xviii)

HSQC NMR Spectrum of Protosamaderine I (xviii)

HMBC NMR Spectrum of Protosamaderine I (xviii)

COSY NMR Spectrum of Protosamaderine I (xviii)

NOESY NMR Spectrum of Protosamaderine I (xviii)
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Photograph by Dr. Neil Crouch
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1,2,3-Trihydroxyacridone (i)

IR Spectrum of 1,2,3-Trihydroxyacridone (i)

UV Spectrum of 1,2,3-Trihydroxyacridone (i)

Mass Spectrum of 1,2,3-Trihydroxyacridone (i)

lH NMR Spectrum of 1,2,3-Trihydroxyacridone (i)

13C NMR Spectrum of 1,2,3-Trihydroxyacridone (i)

ADEPT NMR Spectrum of 1,2,3-Trihydroxyacridone (i)

HSQC NMR Spectrum of 1,2,3-Trihydroxyacridone (i)

HMBC NMR Spectrum of 1,2,3-Trihydroxyacridone (i)

COSY NMR Spectrum of 1,2,3-Trihydroxyacridone (i)

NOESY NMR Spectrum of 1,2,3-Trihydroxyacridone (i)

H 0 OMe

H 8 OMe
~ '-':::

~ 10 ~3H N OMe
I

4

H H H

(i)

239

240

241

242

243

244

245

246

247-248

249

250



r
------~-82"1 -..- - - --~.- "._..- _- ,.~._ , ".." _, , " '''., __ "..""~ __ ,._,., "._~_ _~.._.~..~m _ _ v_.• _ •.._._'_.~ _ ••_~

80

I 78 -i . ! v I
I 76j I
i% 74 4 A L~ 11 / I! .
I~ 701 \ I • I IIIIV I RIIII B15.0

ln 68 j 2843 .
4 I ~ I I ! 1

s . 969.81 i

~ 66 4 I 1 \ .\ .. 1 1002 .~ l
.. ~ 64 i I \ 2928 .2 ," 1052. 7 I I
Ia 62 -3 1 \ 2992. 6 I I 1102.41 I
I n 60 ~ If,.. A A A J I
c . 3129.2 . I .

I ~6 3275.4 I '1251.6

I 54 "1 1312 .4
\ . ~I 52 1 ~1478.2 ..

I 50 1633. 2L1599. 8 .. I

I
I .. ' h-'T·.,..·'··'-r'-'..·.,...r· ..·'···,·..,··,-,··'·,-..r....,···'·..,....rr-,-..r ..r..,:'···..·I·..'-'·....'-r·'-· ....'..·I··...-'-r·I~·-'--' ..r·'·....r'·-I....r·.,- ..'I..·'-1~1

. 3600 3400 3200 3000 2800 2600 2400 2200: 2000 1800 1600 1400 1200 1000 BOO \
Wavenumber$ (cm-1) . j

... - ~--"'- •• "" -. -r' .. ~ r ' Jo1T""~._...,.,_,_..~..-...- J~ , .. _ "" ~r' ,,... , ", "r ,"'••-"~"-T"""""" .,. , , ~ ~.j _ f ' , •• • ••_ •• , ~ .••-r y_ Y ., ~ ..,.,.,. ,,",'.' •••, -., "~ __~" .,...~ - .. ~ • .., -.~•••• , ,., ." ~. ~.-~ .-.. ~" Y'" ,~.,.. .-.-

I\J
~o

IR Spectru~ of 1,2,3-Trimethoxyacridone (i)



500450300 350 400

Wavelength (nm)

250

4

o I ,-

200

3
(1)
CJ
c:
ca
€ 2
0
0.c

l\;) I «
~

1

UV Spectrum of 1,2,3-Trimethoxyacridone (i)



1050/c g~~~?~g~:d~f'Rt: V~.f~2~1~llli~) Sample: VG-70SE Positive Cl-Methane

J 286
Sample: IM-138-2-3
Instrument Resolution: 7,500
Theoretical Mass (CI6HI5N04): 286.10793 (M+H)
Measured Mass: 286.108101
Error: 0.6ppm

314

5,l, 133
50 100 150

•.l ,,It 1111. "Iill J. Il [3q6
200 250 300 350 400ma

450 500
571

550 600 650

Mass Spectrum of 1,2,3-Trimethoxyacridone (i)



Pulse Sequence: s2pul
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Gradient HMBC ex~t.
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1,2,3-Trimethoxy-1 O-acetoxymethylacridone (ii)

IR Spectrum of 1,2,3-Trimethoxy-10-acetoxymethylacridone (ii)

UV Spectrum of 1,2,3-Trimethoxy-1 O-acetoxymethylacridone (ii)

Mass Spectrum of 1,2,3-Trimethoxy-1 O-acetoxymethylacridone (ii)

1H NMR Spectrum of 1,2,3-Trimethoxy-1 O-acetoxymethylacridone (ii)

13C NMR Spectrum of 1,2,3-Trimethoxy-1 O-acetoxymethylacridone (ii)

ADEPT NMR Spectrum of 1,2,3-Trimethoxy-10-acetoxymethylacridone (ii)

HSQC NMR Spectrum of 1,2,3-Trimethoxy-10-acetoxymethylacridone (ii)

HMBC NMR Spectrum of 1,2,3-Trimethoxy-1 O-acetoxymethylacridone (ii)

COSY NMR Spectrum of 1,2,3-Trimethoxy-1 O-acetoxymethylacridone (ii)

NOESY NMR Spectrum of 1,2,3-Trimethoxy-1 O-acetoxymethylacridone (ii)
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1-Hydroxy-2,3-dimethoxy-10-acetoxymethylacridone (iii)

IR Spectrum of 1-Hydroxy-2,3-dimethoxy-1O-acetoxymethylacridone (iii) 265

UV Spectrum of 1-Hydroxy-2,3-dimethoxy-1O-acetoxymethylacridone (iii) 266

Mass Spectrum of 1-Hydroxy-2,3-dimethoxy-1O-acetoxymethylacridone (iii) 267

lH NMR Spectrum of 1-Hydroxy-2,3-dimethoxy-10-acetoxymethylacridone (iii) 268

13C NMR Spectrum of 1-Hydroxy-2,3-dimethoxy-10-acetoxymethylacridone (iii) 269

ADEPT NMR Spectrum of 1-Hydroxy-2,3-dimethoxy-10-acetoxymethylacridone (iii) 270

HSQC NMR Spectrum of 1-Hydroxy-2,3-dimethoxy-10-acetoxymethylacridone (iii) 271

HMBC NMR Spectrum of 1-Hydroxy-2,3-dimethoxy-1O-acetoxymethylacridone (iii) 272

COSY NMR Spectrum of 1-Hydroxy-2,3-dimethoxy-10-acetoxymethylacridone (iii) 273

NOESY NMR Spectrum of 1-Hydroxy-2,3-dimethoxy-1 O-acetoxymethylacridone (iii) 274
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1,2,3-Trimethoxy-1 O-methoxymethylacridone (iv)

IR Spectrum of 1,2,3-Trimethoxy-10-methoxymethylacridone (iv)

UV Spectrum of 1,2,3-Trimethoxy-1 O-methoxymethylacridone (iv)

Mass Spectrum of 1,2,3-Trimethoxy-10-methoxymethylacridone (iv)

lH NMR Spectrum of 1,2,3-Trimethoxy-10-methoxymethylacridone (iv)

13C NMR Spectrum of 1,2,3-Trimethoxy-1 O-methoxymethylacridone (iv)

HSQC NMR Spectrum of 1,2,3-Trimethoxy-10-methoxymethylacridone (iv)

HMBC NMR Spectrum of 1,2,3-Trimethoxy-10-methoxymethylacridone (iv)

COSY NMR Spectrum of 1,2,3-Trimethoxy-10-methoxymethylacridone (iv)

NOESY NMR Spectrum of 1,2,3-Trimethoxy-1 O-methoxymethylacridone (iv)
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Gradlent HSQC expt.
with mUlt.edltlng
probe=5mmASW
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~L-l.---
F2

~. (ppm]

~ t
e

I\)
(Xl
-"

4.0-

4.5

5.0

5.5-

6 • 0

6.5

~

7.0

o
o

... -

7.5

8.0

8.5-

.. ll>

i-- I 'i I ,-,---, , I " '~---.-r-l

140 130 120 110
I ,-, I' I I I ' I

100 90 80 70 60 50

Fl (ppm)



0 "
3

-
It ~ '" ..

~
g

,
~ ....

l:J

-

I -

-il -
f3J1

q

-

=ti e
<;> ...

~,
QI

-
~

--' tI!f} = -
--' ~ a .. '"

c:::>
Lr)

c:::>
CD

c:::>
r-....

c:::>

CC

c:::>
en

c:::>
c:::>
rl

c:::>
rl
rl E

0-
0-

c:::>
N rl
rl u..

c:::>
C')

rl

c:::>
<::t
rl

'"" I
u
C-
E

, +' .c
c. 01
X
Q)

Q)

U u
<03
ECI) Q)

J:<:( :J
E c-

+'E Q)
<=<1) C/J

.Q) ".- '" '""'" '""'0
~!-. :J
oc. a.

282

CD



----J ""
Ln

e

~
C'?

-. -., 0

===='l <::t

I
~ ~I 0 r Lnr .

~ <::t

~:
r-
~

~
~ Ln
rr Ln

i [ E

~~
Cl.I Cl.

I
'-'

..-l

I
L1..

I

-d ~ r
1 r 0

n
I-- •

~ "'
~ G l1j r

I
~ ~:© aQI ' II !

Jo. I
! :

I I-- •

I ~ CO
I

I i t

l i t£i) r:I
I I I I I I I I I I I, , '9 I I I I I I I i , I , I I I i I , I I I I I I I I I I I I ,

E 0 Ln = Ln = Ln = IJ') = IJ')

Cl.
N Cl. <::t <::t IJ') Ln <0 <0 I"- I"- CO CO
L1.. '-'

..
Ol
U

:3
C/) Ol

0<[ :J
C">E 0-
I E Ol
>,Lt") C/)

V> "DOl Ol
l).!J: tf)

o
:C:.... :::J
... C. Q.

283



~:
<;j"

Lf)

<;j"

=
Ln

Ln

Ln

,.-,
E

= Cl.
Cl.

r to

r .-i

t: l.L..

l~
~ r--

~

t Ln
~ '
~ r--
I

"

~:
b

0

CD"
I i , I I ,
= Lf)

co co

o

, I '
Lf)

I
=

I '
Lf)

I I I

=
Lf)

, I
Lf)

!j

Lf)

I I I t I
=

I I I
Lf)

, I
=

I I~I

E
0­

NO­
l.L.. '-'

hj ,
I I

~

'"U

'"V>

l!f

::L
I,
•o
I 01
o
o u
-< .c
I U

J :;,
-+J Cl) Q)

:z +J It: et ::J
-' Cl.VJ E t:;"

XQ)uE QJ
T(l)!-QHf') Cl)
:l.. Cl.lJllt
- >- ~ ll)

:lU).r:::. 1I..!J:
"'w +J X 0'Q ........- !.....
!:Z):Ea. ~

284


	Naidoo_Dashnie_2004.front.p001
	Naidoo_Dashnie_2004.front.p002
	Naidoo_Dashnie_2004.front.p003
	Naidoo_Dashnie_2004.front.p004
	Naidoo_Dashnie_2004.front.p005
	Naidoo_Dashnie_2004.front.p006
	Naidoo_Dashnie_2004.front.p007
	Naidoo_Dashnie_2004.front.p008
	Naidoo_Dashnie_2004.front.p009
	Naidoo_Dashnie_2004.front.p010
	Naidoo_Dashnie_2004.front.p011
	Naidoo_Dashnie_2004.front.p012
	Naidoo_Dashnie_2004.front.p013
	Naidoo_Dashnie_2004.front.p014
	Naidoo_Dashnie_2004.front.p015
	Naidoo_Dashnie_2004.p001
	Naidoo_Dashnie_2004.p002
	Naidoo_Dashnie_2004.p003
	Naidoo_Dashnie_2004.p004
	Naidoo_Dashnie_2004.p005
	Naidoo_Dashnie_2004.p006
	Naidoo_Dashnie_2004.p007
	Naidoo_Dashnie_2004.p008
	Naidoo_Dashnie_2004.p009
	Naidoo_Dashnie_2004.p010
	Naidoo_Dashnie_2004.p011
	Naidoo_Dashnie_2004.p012
	Naidoo_Dashnie_2004.p013
	Naidoo_Dashnie_2004.p014
	Naidoo_Dashnie_2004.p015
	Naidoo_Dashnie_2004.p016
	Naidoo_Dashnie_2004.p017
	Naidoo_Dashnie_2004.p018
	Naidoo_Dashnie_2004.p019
	Naidoo_Dashnie_2004.p020
	Naidoo_Dashnie_2004.p021
	Naidoo_Dashnie_2004.p022
	Naidoo_Dashnie_2004.p023
	Naidoo_Dashnie_2004.p024
	Naidoo_Dashnie_2004.p025
	Naidoo_Dashnie_2004.p026
	Naidoo_Dashnie_2004.p027
	Naidoo_Dashnie_2004.p028
	Naidoo_Dashnie_2004.p029
	Naidoo_Dashnie_2004.p030
	Naidoo_Dashnie_2004.p031
	Naidoo_Dashnie_2004.p032
	Naidoo_Dashnie_2004.p033
	Naidoo_Dashnie_2004.p034
	Naidoo_Dashnie_2004.p035
	Naidoo_Dashnie_2004.p036
	Naidoo_Dashnie_2004.p037
	Naidoo_Dashnie_2004.p038
	Naidoo_Dashnie_2004.p039
	Naidoo_Dashnie_2004.p040
	Naidoo_Dashnie_2004.p041
	Naidoo_Dashnie_2004.p042
	Naidoo_Dashnie_2004.p043
	Naidoo_Dashnie_2004.p044
	Naidoo_Dashnie_2004.p045
	Naidoo_Dashnie_2004.p046
	Naidoo_Dashnie_2004.p047
	Naidoo_Dashnie_2004.p048
	Naidoo_Dashnie_2004.p049
	Naidoo_Dashnie_2004.p050
	Naidoo_Dashnie_2004.p051
	Naidoo_Dashnie_2004.p052
	Naidoo_Dashnie_2004.p053
	Naidoo_Dashnie_2004.p054
	Naidoo_Dashnie_2004.p055
	Naidoo_Dashnie_2004.p056
	Naidoo_Dashnie_2004.p057
	Naidoo_Dashnie_2004.p058
	Naidoo_Dashnie_2004.p059
	Naidoo_Dashnie_2004.p060
	Naidoo_Dashnie_2004.p061
	Naidoo_Dashnie_2004.p062
	Naidoo_Dashnie_2004.p063
	Naidoo_Dashnie_2004.p064
	Naidoo_Dashnie_2004.p065
	Naidoo_Dashnie_2004.p066
	Naidoo_Dashnie_2004.p067
	Naidoo_Dashnie_2004.p068
	Naidoo_Dashnie_2004.p069
	Naidoo_Dashnie_2004.p070
	Naidoo_Dashnie_2004.p071
	Naidoo_Dashnie_2004.p072
	Naidoo_Dashnie_2004.p073
	Naidoo_Dashnie_2004.p074
	Naidoo_Dashnie_2004.p075
	Naidoo_Dashnie_2004.p076
	Naidoo_Dashnie_2004.p077
	Naidoo_Dashnie_2004.p078
	Naidoo_Dashnie_2004.p079
	Naidoo_Dashnie_2004.p080
	Naidoo_Dashnie_2004.p081
	Naidoo_Dashnie_2004.p082
	Naidoo_Dashnie_2004.p083
	Naidoo_Dashnie_2004.p084
	Naidoo_Dashnie_2004.p085
	Naidoo_Dashnie_2004.p086
	Naidoo_Dashnie_2004.p087
	Naidoo_Dashnie_2004.p088
	Naidoo_Dashnie_2004.p089
	Naidoo_Dashnie_2004.p090
	Naidoo_Dashnie_2004.p091
	Naidoo_Dashnie_2004.p092
	Naidoo_Dashnie_2004.p093
	Naidoo_Dashnie_2004.p094
	Naidoo_Dashnie_2004.p095
	Naidoo_Dashnie_2004.p096
	Naidoo_Dashnie_2004.p097
	Naidoo_Dashnie_2004.p098
	Naidoo_Dashnie_2004.p099
	Naidoo_Dashnie_2004.p100
	Naidoo_Dashnie_2004.p101
	Naidoo_Dashnie_2004.p102
	Naidoo_Dashnie_2004.p103
	Naidoo_Dashnie_2004.p104
	Naidoo_Dashnie_2004.p105
	Naidoo_Dashnie_2004.p106
	Naidoo_Dashnie_2004.p107
	Naidoo_Dashnie_2004.p108
	Naidoo_Dashnie_2004.p109
	Naidoo_Dashnie_2004.p110
	Naidoo_Dashnie_2004.p111
	Naidoo_Dashnie_2004.p112
	Naidoo_Dashnie_2004.p113
	Naidoo_Dashnie_2004.p114
	Naidoo_Dashnie_2004.p115
	Naidoo_Dashnie_2004.p116
	Naidoo_Dashnie_2004.p117
	Naidoo_Dashnie_2004.p118
	Naidoo_Dashnie_2004.p119
	Naidoo_Dashnie_2004.p120
	Naidoo_Dashnie_2004.p121
	Naidoo_Dashnie_2004.p122
	Naidoo_Dashnie_2004.p123
	Naidoo_Dashnie_2004.p124
	Naidoo_Dashnie_2004.p125
	Naidoo_Dashnie_2004.p126
	Naidoo_Dashnie_2004.p127
	Naidoo_Dashnie_2004.p128
	Naidoo_Dashnie_2004.p129
	Naidoo_Dashnie_2004.p130
	Naidoo_Dashnie_2004.p131
	Naidoo_Dashnie_2004.p132
	Naidoo_Dashnie_2004.p133
	Naidoo_Dashnie_2004.p134
	Naidoo_Dashnie_2004.p135
	Naidoo_Dashnie_2004.p136
	Naidoo_Dashnie_2004.p137
	Naidoo_Dashnie_2004.p138
	Naidoo_Dashnie_2004.p139
	Naidoo_Dashnie_2004.p140
	Naidoo_Dashnie_2004.p141
	Naidoo_Dashnie_2004.p142
	Naidoo_Dashnie_2004.p143
	Naidoo_Dashnie_2004.p144
	Naidoo_Dashnie_2004.p145
	Naidoo_Dashnie_2004.p146
	Naidoo_Dashnie_2004.p147
	Naidoo_Dashnie_2004.p148
	Naidoo_Dashnie_2004.p149
	Naidoo_Dashnie_2004.p150
	Naidoo_Dashnie_2004.p151
	Naidoo_Dashnie_2004.p152
	Naidoo_Dashnie_2004.p153
	Naidoo_Dashnie_2004.p154
	Naidoo_Dashnie_2004.p155
	Naidoo_Dashnie_2004.p156
	Naidoo_Dashnie_2004.p157
	Naidoo_Dashnie_2004.p158
	Naidoo_Dashnie_2004.p159
	Naidoo_Dashnie_2004.p160
	Naidoo_Dashnie_2004.p161
	Naidoo_Dashnie_2004.p162
	Naidoo_Dashnie_2004.p163
	Naidoo_Dashnie_2004.p164
	Naidoo_Dashnie_2004.p165
	Naidoo_Dashnie_2004.p166
	Naidoo_Dashnie_2004.p167
	Naidoo_Dashnie_2004.p168
	Naidoo_Dashnie_2004.p169
	Naidoo_Dashnie_2004.p170
	Naidoo_Dashnie_2004.p170a
	Naidoo_Dashnie_2004.p170b
	Naidoo_Dashnie_2004.spectra.p001
	Naidoo_Dashnie_2004.spectra.p002
	Naidoo_Dashnie_2004.spectra.p003
	Naidoo_Dashnie_2004.spectra.p004
	Naidoo_Dashnie_2004.spectra.p005
	Naidoo_Dashnie_2004.spectra.p006
	Naidoo_Dashnie_2004.spectra.p007
	Naidoo_Dashnie_2004.spectra.p008
	Naidoo_Dashnie_2004.spectra.p009
	Naidoo_Dashnie_2004.spectra.p010
	Naidoo_Dashnie_2004.spectra.p011
	Naidoo_Dashnie_2004.spectra.p012
	Naidoo_Dashnie_2004.spectra.p013
	Naidoo_Dashnie_2004.spectra.p014
	Naidoo_Dashnie_2004.spectra.p015
	Naidoo_Dashnie_2004.spectra.p016
	Naidoo_Dashnie_2004.spectra.p017
	Naidoo_Dashnie_2004.spectra.p018
	Naidoo_Dashnie_2004.spectra.p019
	Naidoo_Dashnie_2004.spectra.p020
	Naidoo_Dashnie_2004.spectra.p021
	Naidoo_Dashnie_2004.spectra.p022
	Naidoo_Dashnie_2004.spectra.p023
	Naidoo_Dashnie_2004.spectra.p024
	Naidoo_Dashnie_2004.spectra.p025
	Naidoo_Dashnie_2004.spectra.p026
	Naidoo_Dashnie_2004.spectra.p027
	Naidoo_Dashnie_2004.spectra.p028
	Naidoo_Dashnie_2004.spectra.p029
	Naidoo_Dashnie_2004.spectra.p030
	Naidoo_Dashnie_2004.spectra.p031
	Naidoo_Dashnie_2004.spectra.p032
	Naidoo_Dashnie_2004.spectra.p033
	Naidoo_Dashnie_2004.spectra.p034
	Naidoo_Dashnie_2004.spectra.p035
	Naidoo_Dashnie_2004.spectra.p036
	Naidoo_Dashnie_2004.spectra.p037
	Naidoo_Dashnie_2004.spectra.p038
	Naidoo_Dashnie_2004.spectra.p039
	Naidoo_Dashnie_2004.spectra.p040
	Naidoo_Dashnie_2004.spectra.p041
	Naidoo_Dashnie_2004.spectra.p042
	Naidoo_Dashnie_2004.spectra.p043
	Naidoo_Dashnie_2004.spectra.p044
	Naidoo_Dashnie_2004.spectra.p045
	Naidoo_Dashnie_2004.spectra.p046
	Naidoo_Dashnie_2004.spectra.p047
	Naidoo_Dashnie_2004.spectra.p048
	Naidoo_Dashnie_2004.spectra.p049
	Naidoo_Dashnie_2004.spectra.p050
	Naidoo_Dashnie_2004.spectra.p051
	Naidoo_Dashnie_2004.spectra.p052
	Naidoo_Dashnie_2004.spectra.p053
	Naidoo_Dashnie_2004.spectra.p054
	Naidoo_Dashnie_2004.spectra.p055
	Naidoo_Dashnie_2004.spectra.p056
	Naidoo_Dashnie_2004.spectra.p057
	Naidoo_Dashnie_2004.spectra.p058
	Naidoo_Dashnie_2004.spectra.p059
	Naidoo_Dashnie_2004.spectra.p060
	Naidoo_Dashnie_2004.spectra.p061
	Naidoo_Dashnie_2004.spectra.p062
	Naidoo_Dashnie_2004.spectra.p063
	Naidoo_Dashnie_2004.spectra.p064
	Naidoo_Dashnie_2004.spectra.p065
	Naidoo_Dashnie_2004.spectra.p066
	Naidoo_Dashnie_2004.spectra.p067
	Naidoo_Dashnie_2004.spectra.p068
	Naidoo_Dashnie_2004.spectra.p069
	Naidoo_Dashnie_2004.spectra.p070
	Naidoo_Dashnie_2004.spectra.p071
	Naidoo_Dashnie_2004.spectra.p072
	Naidoo_Dashnie_2004.spectra.p073
	Naidoo_Dashnie_2004.spectra.p074
	Naidoo_Dashnie_2004.spectra.p075
	Naidoo_Dashnie_2004.spectra.p076
	Naidoo_Dashnie_2004.spectra.p077
	Naidoo_Dashnie_2004.spectra.p078
	Naidoo_Dashnie_2004.spectra.p079
	Naidoo_Dashnie_2004.spectra.p080
	Naidoo_Dashnie_2004.spectra.p081
	Naidoo_Dashnie_2004.spectra.p082
	Naidoo_Dashnie_2004.spectra.p083
	Naidoo_Dashnie_2004.spectra.p084
	Naidoo_Dashnie_2004.spectra.p085
	Naidoo_Dashnie_2004.spectra.p086
	Naidoo_Dashnie_2004.spectra.p087
	Naidoo_Dashnie_2004.spectra.p088
	Naidoo_Dashnie_2004.spectra.p089
	Naidoo_Dashnie_2004.spectra.p090
	Naidoo_Dashnie_2004.spectra.p091
	Naidoo_Dashnie_2004.spectra.p092
	Naidoo_Dashnie_2004.spectra.p093
	Naidoo_Dashnie_2004.spectra.p094
	Naidoo_Dashnie_2004.spectra.p095
	Naidoo_Dashnie_2004.spectra.p096
	Naidoo_Dashnie_2004.spectra.p097
	Naidoo_Dashnie_2004.spectra.p098
	Naidoo_Dashnie_2004.spectra.p099
	Naidoo_Dashnie_2004.spectra.p100
	Naidoo_Dashnie_2004.spectra.p101
	Naidoo_Dashnie_2004.spectra.p102
	Naidoo_Dashnie_2004.spectra.p103
	Naidoo_Dashnie_2004.spectra.p104
	Naidoo_Dashnie_2004.spectra.p105
	Naidoo_Dashnie_2004.spectra.p106
	Naidoo_Dashnie_2004.spectra.p107
	Naidoo_Dashnie_2004.spectra.p108
	Naidoo_Dashnie_2004.spectra.p109
	Naidoo_Dashnie_2004.spectra.p110
	Naidoo_Dashnie_2004.spectra.p111
	Naidoo_Dashnie_2004.spectra.p112
	Naidoo_Dashnie_2004.spectra.p113
	Naidoo_Dashnie_2004.spectra.p114
	Naidoo_Dashnie_2004.spectra.p115
	Naidoo_Dashnie_2004.spectra.p116
	Naidoo_Dashnie_2004.spectra.p117
	Naidoo_Dashnie_2004.spectra.p118
	Naidoo_Dashnie_2004.spectra.p119
	Naidoo_Dashnie_2004.spectra.p120
	Naidoo_Dashnie_2004.spectra.p121
	Naidoo_Dashnie_2004.spectra.p122
	Naidoo_Dashnie_2004.spectra.p123
	Naidoo_Dashnie_2004.spectra.p124
	Naidoo_Dashnie_2004.spectra.p125
	Naidoo_Dashnie_2004.spectra.p126
	Naidoo_Dashnie_2004.spectra.p127
	Naidoo_Dashnie_2004.spectra.p128
	Naidoo_Dashnie_2004.spectra.p129
	Naidoo_Dashnie_2004.spectra.p130
	Naidoo_Dashnie_2004.spectra.p131
	Naidoo_Dashnie_2004.spectra.p132
	Naidoo_Dashnie_2004.spectra.p133
	Naidoo_Dashnie_2004.spectra.p134
	Naidoo_Dashnie_2004.spectra.p135
	Naidoo_Dashnie_2004.spectra.p136
	Naidoo_Dashnie_2004.spectra.p137
	Naidoo_Dashnie_2004.spectra.p138
	Naidoo_Dashnie_2004.spectra.p139
	Naidoo_Dashnie_2004.spectra.p140
	Naidoo_Dashnie_2004.spectra.p141
	Naidoo_Dashnie_2004.spectra.p142
	Naidoo_Dashnie_2004.spectra.p143
	Naidoo_Dashnie_2004.spectra.p144
	Naidoo_Dashnie_2004.spectra.p145
	Naidoo_Dashnie_2004.spectra.p146
	Naidoo_Dashnie_2004.spectra.p147
	Naidoo_Dashnie_2004.spectra.p148
	Naidoo_Dashnie_2004.spectra.p149
	Naidoo_Dashnie_2004.spectra.p150
	Naidoo_Dashnie_2004.spectra.p151
	Naidoo_Dashnie_2004.spectra.p152
	Naidoo_Dashnie_2004.spectra.p153
	Naidoo_Dashnie_2004.spectra.p154
	Naidoo_Dashnie_2004.spectra.p155
	Naidoo_Dashnie_2004.spectra.p156
	Naidoo_Dashnie_2004.spectra.p157
	Naidoo_Dashnie_2004.spectra.p158
	Naidoo_Dashnie_2004.spectra.p159
	Naidoo_Dashnie_2004.spectra.p160
	Naidoo_Dashnie_2004.spectra.p161
	Naidoo_Dashnie_2004.spectra.p162
	Naidoo_Dashnie_2004.spectra.p163
	Naidoo_Dashnie_2004.spectra.p164
	Naidoo_Dashnie_2004.spectra.p165
	Naidoo_Dashnie_2004.spectra.p166
	Naidoo_Dashnie_2004.spectra.p167
	Naidoo_Dashnie_2004.spectra.p168
	Naidoo_Dashnie_2004.spectra.p169
	Naidoo_Dashnie_2004.spectra.p170
	Naidoo_Dashnie_2004.spectra.p171
	Naidoo_Dashnie_2004.spectra.p172
	Naidoo_Dashnie_2004.spectra.p173
	Naidoo_Dashnie_2004.spectra.p174
	Naidoo_Dashnie_2004.spectra.p175
	Naidoo_Dashnie_2004.spectra.p176
	Naidoo_Dashnie_2004.spectra.p177
	Naidoo_Dashnie_2004.spectra.p178
	Naidoo_Dashnie_2004.spectra.p179
	Naidoo_Dashnie_2004.spectra.p180
	Naidoo_Dashnie_2004.spectra.p181
	Naidoo_Dashnie_2004.spectra.p182
	Naidoo_Dashnie_2004.spectra.p183
	Naidoo_Dashnie_2004.spectra.p184
	Naidoo_Dashnie_2004.spectra.p185
	Naidoo_Dashnie_2004.spectra.p186
	Naidoo_Dashnie_2004.spectra.p187
	Naidoo_Dashnie_2004.spectra.p188
	Naidoo_Dashnie_2004.spectra.p189
	Naidoo_Dashnie_2004.spectra.p190
	Naidoo_Dashnie_2004.spectra.p191
	Naidoo_Dashnie_2004.spectra.p192
	Naidoo_Dashnie_2004.spectra.p193
	Naidoo_Dashnie_2004.spectra.p194
	Naidoo_Dashnie_2004.spectra.p195
	Naidoo_Dashnie_2004.spectra.p196
	Naidoo_Dashnie_2004.spectra.p197
	Naidoo_Dashnie_2004.spectra.p198
	Naidoo_Dashnie_2004.spectra.p199
	Naidoo_Dashnie_2004.spectra.p200
	Naidoo_Dashnie_2004.spectra.p201
	Naidoo_Dashnie_2004.spectra.p202
	Naidoo_Dashnie_2004.spectra.p203
	Naidoo_Dashnie_2004.spectra.p204
	Naidoo_Dashnie_2004.spectra.p205
	Naidoo_Dashnie_2004.spectra.p206
	Naidoo_Dashnie_2004.spectra.p207
	Naidoo_Dashnie_2004.spectra.p208
	Naidoo_Dashnie_2004.spectra.p209
	Naidoo_Dashnie_2004.spectra.p210
	Naidoo_Dashnie_2004.spectra.p211
	Naidoo_Dashnie_2004.spectra.p212
	Naidoo_Dashnie_2004.spectra.p213
	Naidoo_Dashnie_2004.spectra.p214
	Naidoo_Dashnie_2004.spectra.p215
	Naidoo_Dashnie_2004.spectra.p216
	Naidoo_Dashnie_2004.spectra.p217
	Naidoo_Dashnie_2004.spectra.p218
	Naidoo_Dashnie_2004.spectra.p219
	Naidoo_Dashnie_2004.spectra.p220
	Naidoo_Dashnie_2004.spectra.p221
	Naidoo_Dashnie_2004.spectra.p222
	Naidoo_Dashnie_2004.spectra.p223
	Naidoo_Dashnie_2004.spectra.p224
	Naidoo_Dashnie_2004.spectra.p225
	Naidoo_Dashnie_2004.spectra.p226
	Naidoo_Dashnie_2004.spectra.p227
	Naidoo_Dashnie_2004.spectra.p228
	Naidoo_Dashnie_2004.spectra.p229
	Naidoo_Dashnie_2004.spectra.p230
	Naidoo_Dashnie_2004.spectra.p231
	Naidoo_Dashnie_2004.spectra.p232
	Naidoo_Dashnie_2004.spectra.p233
	Naidoo_Dashnie_2004.spectra.p234
	Naidoo_Dashnie_2004.spectra.p235
	Naidoo_Dashnie_2004.spectra.p236
	Naidoo_Dashnie_2004.spectra.p237
	Naidoo_Dashnie_2004.spectra.p238
	Naidoo_Dashnie_2004.spectra.p239
	Naidoo_Dashnie_2004.spectra.p240
	Naidoo_Dashnie_2004.spectra.p241
	Naidoo_Dashnie_2004.spectra.p242
	Naidoo_Dashnie_2004.spectra.p243
	Naidoo_Dashnie_2004.spectra.p244
	Naidoo_Dashnie_2004.spectra.p245
	Naidoo_Dashnie_2004.spectra.p246
	Naidoo_Dashnie_2004.spectra.p247
	Naidoo_Dashnie_2004.spectra.p248
	Naidoo_Dashnie_2004.spectra.p249
	Naidoo_Dashnie_2004.spectra.p250
	Naidoo_Dashnie_2004.spectra.p251
	Naidoo_Dashnie_2004.spectra.p252
	Naidoo_Dashnie_2004.spectra.p253
	Naidoo_Dashnie_2004.spectra.p254
	Naidoo_Dashnie_2004.spectra.p255
	Naidoo_Dashnie_2004.spectra.p256
	Naidoo_Dashnie_2004.spectra.p257
	Naidoo_Dashnie_2004.spectra.p258
	Naidoo_Dashnie_2004.spectra.p259
	Naidoo_Dashnie_2004.spectra.p260
	Naidoo_Dashnie_2004.spectra.p261
	Naidoo_Dashnie_2004.spectra.p262
	Naidoo_Dashnie_2004.spectra.p263
	Naidoo_Dashnie_2004.spectra.p264
	Naidoo_Dashnie_2004.spectra.p265
	Naidoo_Dashnie_2004.spectra.p266
	Naidoo_Dashnie_2004.spectra.p267
	Naidoo_Dashnie_2004.spectra.p268
	Naidoo_Dashnie_2004.spectra.p269
	Naidoo_Dashnie_2004.spectra.p270
	Naidoo_Dashnie_2004.spectra.p271
	Naidoo_Dashnie_2004.spectra.p272
	Naidoo_Dashnie_2004.spectra.p273
	Naidoo_Dashnie_2004.spectra.p274
	Naidoo_Dashnie_2004.spectra.p275
	Naidoo_Dashnie_2004.spectra.p276
	Naidoo_Dashnie_2004.spectra.p277
	Naidoo_Dashnie_2004.spectra.p278
	Naidoo_Dashnie_2004.spectra.p279
	Naidoo_Dashnie_2004.spectra.p280
	Naidoo_Dashnie_2004.spectra.p281
	Naidoo_Dashnie_2004.spectra.p282
	Naidoo_Dashnie_2004.spectra.p283
	Naidoo_Dashnie_2004.spectra.p284

