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ABSTRACT

In this study two medicinal plant species, namalyemisia afraJacg. ex. Willd and
Elytropappus rhinocerotid_ess. (L.f) (= Dicerotamnusrhinocerotis Koekemoer), both
belonging to the family Asteraceae, have been tipeged and different compounds
isolated and characterised. Both species are imptoplants used in traditional medicine in

general in Africa and particularly in South Africa.

A. afra commonly called “African wormwood” is one of 4@pecies belonging to the
genusArtemisiaand it is the only one indigenous to Afri&.rhinocerotisis one of eight

Elytropappusspecies which are all restricted to the Capediarregion.

The aim of this study was to investigate the phygmuistry of these species. In total fifteen
compounds were isolated and characterised. Frori.thmeinocerotisextract, four known
compounds, labdanolic acid, methyl labdanolate, 76, dimethoxycoumarinand a
sesquiterpene viridiflorol were isolated. These poonds were not previously reported
from E. rhinocerotis Two different chemotypes of. afra were studied and eleven
compounds were isolated. These compounds inclutpigerpenes such as taurin, artesin,
maritimin, artemin, norsantolinifolide, santoliniide A, and reynosin, a flavonoid, 5-
hydroxy-7,4-dimethoxyflavone, a coumarin called scopoletin af-hydroxy-6-
methoxycoumarin and other aromatic compounds suscp-laydroxyacetophenone, and
2,4-dihydroxy-6-methoxyacetophenortexcept for taurin, scopoletin and 5-hydroxy-7, 4
dimethoxyflavone, none of these other compounds has been repartetpsly fromA.
afra. This study has shown th&t afra contains a large number of sesquiterpenoids,

mostly from the eudesmane-type.

Structural elucidation of different compounds wasrfprmed using mainly NMR
spectroscopy. Other methods used for identificationolude LC-MS and infrared
spectroscopy. The major compound, labdanolic arsidknown to selectively inhibit
cyclooxygenase-2, an enzyme associated with inflatiom. The presence of labdanolic

acid in the plant may account for its traditionateuas an anti-inflammatory.
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CHAPTER ONE

INTRODUCTION

1.1 BIOACTIVE NATURAL PRODUCTS FROM PLANTS

The isolation of bioactive pure compounds from roidil plants began in the “t@entury.
Before that time, medicine was based on herbs anibrs! The isolation of natural
bioactive compounds was the first step towardshih# of the pharmaceutical industry.
Natural products isolated in the early™6entury include cocainél.1) from leaves of
Erythroxylum cocaLam. (Erythroxylaceae), morphin@d.2) from Papaver somniferum
Linnaeus (Papaveraceae), called the opium poppy,camine (1.3) from the bark of

Cinchona pubescengahl (Rubiaceae).

CHs
N cn
o
%\’(@ HaCO
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1.1 1.3

Since then, plants have become a biofactory ofewdifit natural substances used for
different purposes, especially in natural medici@hinese people are among the pioneers
who explored the flora for medicinal purposes. Mantlger societies in the world also
valued plant natural products for their life-givipgoperties. A survey conducted by Lev
and Amaf showed that 85% of traditional drugs sold in Isare derived from plants. In
their article, Scottet al. mentioned that 70% of all South Africans use platived
traditional mediciné. The World Health Organization estimated that agipnately 80%

of Africa’s inhabitants use traditional medicing forimary health caréln 1999, Grabley
and Thiericke reported that about 30% of drug sadethe world were based on natural
products® Nowadays, pharmaceutical organisations are ablerénluce plant-based

proteins that play an important role in human boutabolisn.



Many drugs available today were discovered throtigh isolation and analysis of the
active principles from natural sources. For exammserping1.4), used in the control of
hypertension, was isolated from the roots of atshualledRauvolfia littolarisex. Pitard’
and Rauvolfia serpentingL.) Benth. ex. KurzApocynaceaej? salicin (1.5), a suitable
agent for fever control, was isolated from the baflSalix albalLinnaeus (Salicaceae);
codeine (1.6), an important analgesic and cough suppressant, obtgned fromP.
somniferuni®  ** digitoxin (1.7), used to regulate cardiac function, was isolatennf
Digitalis purpureaLinnaeus (Scrophulariaceae), commonly called foxeg] taxol(1.8), an
anticancer agent, was extracted from the barkeodusbrevifolia Nutt. (Taxaceae), known
as the pacific yew tre®.Emetine(1.9), which induces apoptosis in human tumour cell

lines, was obtained frofsychotria ipecacuanh@rot.) Standl (Rubiaceaéj*

HO.

OCHj3
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Glucose



Although many pharmaceuticals are synthesizedaraboratory currently, the isolation of
natural products remains crucial because many emthhave radically new and
sophisticated structures, which no chemist wouldehdreamt of designing. Such an
example is one of the recently isolated compouratgemisinin (1.10) a powerful

antimalarial drug isolated fromArtemisia annualLinneaus (Asteraceae), bearing an

unusual trioxane ring™

1.2 THE PURPOSE OF ISOLATION AND CHARACTERISATION O F
ACTIVE NATURAL PRODUCTS

Both traditional and modern societies have usedrabproducts for survivaf The first
drugs used by humans were derived from planigowever, plants have also been used to
poison humans; for example, the alkaloid conifhel1) produced by a poisonous plant
known asConium maculatunkinneaus (Apiaceae) was ingested by Socrateprm Df
hemlock in 399 BC, and was the cause of his deather natural compounds that can
cause death include atropin@.12) from Atropa belladonnaLinneaus (Solanaceae),
scopolamine(1.13) from Datura stramoniumLinneaus (Solanacea¥). In developing
countries, such as those in Africa, with low livisandards, pharmaceutical industries are
not well developed. Yet, it is common to see peaplewing leaves, flowers and bark and

swallowing crude plant extracts to cure diseases.

HaG HaG
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The lack of information about active ingredientsitained in different parts of medicinal
plants, is a big problem for users of natural potglun their natural state. Also, in most
cases, the necessary dose to be taken by adulgivardto children is not known. Apart
from the lead compound, herbal medicines contamearous other compounds which may
be biologically active and can cause side effect$ @xicity! This problem may have
serious and/or fatal consequences. Thereforesttity of natural products from medicinal
plants is of great importance in both developing developed countries. Many people
accept using drugs from traditional healers rath@n modern drugs because they are

cheaper and available at all times in their immiedévironment.

It is on the basis of these numerous reasons that project “Isolation and

characterisation of secondary metabolites of twotéxaceae species, Artemisia afra and
Elytropappus rhinocerotis” has been undertaken. The preparations from these t
medicinal plants have been used for many years foigaks for the treatment of many

diseases.
1.3 AIMS OF THE PROJECT

Artemisia afraJacq. ex. Willd (African wormwood) anglytropappus rhinocerotigL.f)
Less. Dicerothamnus rhinocerotiKoekemoer®9 (rhinoceros bush) are both medicinal
plants in South Africa.A. afrais the onlyArtemisia species indigenous to sub-Saharan
Africa. Many sesquiterpenes have been reported fudifferent Artemisia species.
However, limited information is available on thesgaiterpenes of\. afra Furthermore,
based on the essential oil composition, differehéncotypes ofA. afra have been
identified. The variation of sesquiterpenes in thiferent chemotypes has not been
investigated. Preparations froa. rhinocerotis were used to treat illnesses such as
dyspepsia, stomach cancer, lack of appetite diaatio children, influenza and fevéts

but little information is available on the phytoatistry of this species.

"A name change tDicerothamnus rhinocerotiKoekemoer has been proposed in a
thesis'® but upon writing this thesis, the reclassificatafrthe species has not been
published in a botanical journal.



The aims of this project were the:

» Isolation of sesquiterpenes and other compounas two chemotypes @&. afra
named the ketone chemotype and the thujone chemotyp

» Structure elucidation of the different compounddaed fromA. afra

» Isolation of different secondary metabolites frdnrhinocerotis

» Structure elucidation of isolated compounds fi&nthinocerotis

In the second Chapter, the phytochemical investigadf A. afrawill be discussed, while
Chapter 3 will deal with the phytochemistry Bf rhinocerotis Finally, in Chapter 4,

concluding remarks will be made.
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CHAPTER TWO

A PHYTOCHEMICAL INVESTIGATION OF ARTEMISIA AFRA

2.1 INTRODUCTION AND LITERATURE REVIEW
2.1.1 The family Asteraceae

In the 19" century, the family Asteraceae or Compositae wasestigated by the
Frenchman Henri Cassini, who is considered to keefdlinder of this family due to his
effort in classifying its members. Asteraceae fotheslargest family of the plant kingdom;
it comprises 1535 genera and 2300 known speci¢sputi considering the unknown and
microspecies.They are grouped in three subfamilies, namely idideae, Cichorioideae,
and Barnadesiodeae; and 17 tribes: Barnadesieadisidde, Cardueae, Lactuceae,
Vernonieae, Liabeae, Arctoteae, Inuleae, PlucheBaaphalieae, Calenduleae, Astereae,

Anthemideae, Senecioneae, Helenieae, HeIiantheelaléLaxlnsttorieaé'.2

Many of Asteraceae species have served as sourogsber, pesticides, medicines, edible
oil, food and vegetables; while others are useoraamental plantsNumerous species of
this family are known as the producers of sesquitee lactone$.The characteristics
common to all species are the followirlg:

» All species comprise either perennial or annuabfi@r shrubs

* Regeneration and propagation of most of the spaceby seed

» Flowers are clustered on a common base surroundbthbts

» Bracts are presented in different colours, maimiowv, pink and orange but may

also appear as white

» Pollination is effected mainly by insects and wind.

The genudArtemisiais one of the genera grouped under the tribe knasvAnthemideae.
This tribe is mainly found in the Mediteranean oggand central Asia. Most of the genera
are distributed in the northern hemisphere; in tmuthern hemisphere, it has
representatives in South Africa, Australia and Solunericd. Members of this tribe are

characterised by their aromatic scent which is doaethe high concentration of



monoterpenes and sesquiterpenes. The tribe has rbperted to have anti-infectious

activities; and its largest genusAigemisiawith 400 specie8’

2.1.2 The genud\rtemisia

2.1.2.1 Description

Artemisiamembers are annual or perennial herbs or shrubst bf them bear lobed or
dissected leaves with the inflorescence in the fofim paniclé’. The genus is mostly found
in the northern hemisphere; in Eurasia, and Westenth America; but some others occur

in South America, south of the Sahara in Africa als on the Island of Hawdii.

The genus has been of great importance in botamnmcy and in the food industty.
Many species oArtemisiahave been investigated by researchers and it dexs feported
that they are chemically characterized by numersesuiterpenes lactones, acetylenic

compounds, phenylpropanes, coumarin derivativeslamonoids®*°

2.1.2.2 Phytochemistry of somArtemisiaspecies

Most of the compounds isolated frofrtemisia afraJacq. ex. Willd in this study have
been isolated either from othértemisiaspecies or have the same general structure as
those occurring in other members of the genus.wAdramples of other relatékttemisia

species are given hereunder.

* Artemisia santolinifoliaTrucz ex. Besser

http://images.google.com/images?hl=en&q=artemisiatainifolia+photo&um=1&ie=UTF-8&sa=X&oi=image_rak
group&resnum=1&ct=title

Figure 2.1.A. santolinifolia*



This species has been found in Mongolia and has$ beeestigated chemically by

Jakupovicet al*?

, who isolated three types of compounds. Thesdhe&r@udesmanolides
(2.1 to 2.4), coumarins 2.5 to 2.8) and glucopyranoside£.9 to 2.15) The author also
isolated other types of sesquiterpene lactones aithunusual carbon skeleton and he

named themrior-santolinidilactones{2.16to0 2.17).

2.1R=H, X=0, Y=H,p-Me 2.3X=H, B-OH, Y=H, p-Me
2.2R=0H, X= H,p-OH, Y= H, a-Me 2.4X=0, Y= H, a-Me
RL N X\I\i?z
Rmo H

RS _A~_R
2.5R'=H, R= OGlc, R=H 2.9R= OGlc, X=0
2.6R'= OMe, R= OH, R= OMe 2.10R=H, X=H, B-OGlc

2.7R'= OGlc, R= OMe, R=H
2.8R'= H, R=OH, R*=H

OGilc
GlcO

OGlc

2.11 2.12 2.13

g\\ OH OGilc
N
) WOGJC
(e} i

2.14 2.15

2.2%=H, B-Me



* Artemisia iwayomogKitamura

http://www.google.co.za/search?hl=eng=artemisiayomsogi=picture&btnG=google=search&meta

Figure 2.2.A. iwayomogi

A. iwayomogioccurs in Japan and it has been reported by Getgar'®that it contains
interesting eudesmanolides. Some of them are mmediohereunder, for instance,
eudesma-4,11-dien-1B3®lide (2.18) 3o-peroxyisoalantolactone (2.19)  3a,50-
dihydroxyisoalantolacton€.20) 3a-hydroperoxy-o-hydroxyisoalantolacton€.21) 3o-
hydroperoxy-B-hydroxyisoalantolactone?(22), 3a-peroxyeudesma-4,11-dien-1@;8lide
(2.23) 3o-hydroxyeudesma-4,11-dien-18;8lide (2.24) 3-oxoeudesma-4,11-dien-18;8
olide (.25, 4a-peroxyeudesma-2,11-dien-1B;8lide (.26  3a-hydroxy-4u,5a-
epoxyeudesm-11-en-1Bdlide 2.27), and B-hydroxy-4.,50-epoxyeudesm-11-en-13838
olide .28

(@) O (@)
© . O o)
RO' R X
2.18 2.1R=0OH, R=o-H 2.23X=0-O0OH, H
2.20R=H, R=0-OH 2.24X= q-OH, H
2.2R=0OH, R=0-OH 2.25X=0

2.22R=0H, R=B-OH

2 RZ o-OH
2.7=p-OH
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* Artemisia annud.innaeus

Figure 2.3.A. annua™

A. annuais a sweet-scented annual herb native of Asiaddirieastern Europ@lt is well
known, due to the presence, in its tissues, ofnasiein, an important drug against
malaria’® It is 97% effective againg®lasmodium falciparuma protozoan parasite that
causegnalaria and it is now distributed worldwide, espdlgiin Africa, where one child
dies from malaria every 30 secortihe structure of artemisinit1.10) has been given in
Chapter 1. Kohleret al'’ isolated both artemisinin and artemisinic a¢®i29) by

supercritical fluid extraction. In their investigai, Yougenet al*® isolated stigmasterol

(2.30)and arteannuiB (2.31)from the leaf by solvent extraction.

H CHa
T (o)
o)
o
H Ch,
2.29 2.30 2.31
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* Artemisia herba-alba\sso

http://upload.wikimedia.org/wikipedia/commons/9/8&Emisia-alba.jpg

Figure 2.4.A. herba-alba®

A. herba-albaalso called white wormwood, is one of the spebiglenging to the genus
Artemisiagrowing in Spain and the semi-arid regions of SimiAs it has been underlined
by Haouari and Ferchichf it is a herbaceous, aromatic, and therapeutict.pl@he
research carried out by Marco yielded some germatides (2.32 to 2.40) and
eudesmanolidé€.41). %

(0]
2.32X=0 (118-H) 2.36X=0, R=H (1B-H) 2.41
2.33X=0 (110-H) 2.37X=H, B-OH, R=H (1B-H)

2.34X=H, B-OH (118-H)  2.38X=H, B-OH, R=H (11-H)
2.35X=H, B-OH (11o-H)  2.39X=H, B-OOH, R=H (1B-H)
2.40X=0, R=Ac (1B-H)
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* Artemisia absinthiunbinnaeus

http://en.wikipedia.org/wiki/Artemisia_(plant)

Figure 2.5.A. absinthiunf?

It is an aromatic plant; native to warm Mediterrmneountries; its extracts and essential
oil are used in the treatment of different diseas®sas an insect repelléifThe chemical
investigation carried out by Beauhaie¢ al® showed that theA. absinthium contains
interesting compounds, such as the guaianolide rdiatssintholide (2.42) and its

derivatives.

A. absinthiumwas the main herb used in the manufacturing oélaaholic drink called
absinthe. This drink was created in French-speaginijzerland in the late f8century?®
The mixture of the leaves and flowersAofabsinthiumanise, fennel and alcohol (85% vol)
was macerated and water was added. A distillatias done to yield a colourless distillate.
To the distillate, other herbs suchAasponticawere added to give it a characteristic green
colour and a mild bitter taste. Finally, the dlatié was diluted with water to achieve a
drinkable concentration (absinthe 74% \VGI)Absinthe was the most popular drink in
Europe until the late fdcentury?®

13



The analysis by GC/MS-SIM, GC/MS and HPTLC of theris absinthe showed that it
contained the monoterpene thujone, one of the roairstituents ofA. absinthiumin a
high concentration, especially ifsisomer’®?’In the 28" century it was experimentally
discovered that thujone was the cause of a memsarder known as absinthism and
absinthe was classified as a narcotic pofSarhe liquor was then prohibited in many parts

of Europe and America and considered as an illexgak.2°*°
2.1.3 Review ofArtemisia afraJacq. ex. Willd
2.1.3.1 Historical background

Being a common medicinal plant in southern Afrfitand easy to growA. afrais a herb
that is an attractive garden plant due to its silaad grey foliage. The genus name
“Artemisid comes in honour of Artemis, the Greek goddesshwifiting, according to
Jacksoff. This name is also linked to Artemisia, the wifetle Greek King Mausolus,
who took power after his death in 353 BC. The sgeaiame Afra” means “from

Africa”. %2

A. afra has been given different common names by diffesattieties, such as wild
wormwood, African wormwood (English), wilde-als (#faans), umhlonyane (Xhosa),
muhlonyane (Zulu), lengana (Tswana) and zenganatii®m Sotho¥> It is a common
species in Africa and its distribution extends frira Cederberg Mountains in the Cape, to
tropical East Africa and continues north to Ethéogis favourite altitude is 2000 to 2400
m.3* Among the 400 species of the gedutemisig only A. afrais indigenous to Africd?

It has been described by Huxleyal®® as a condiment and it is also believed to haveesom

magical properties!

http://www.plantzafrica.com/medmonographs/arteraisapdf

Figure 2.6.Distribution ofA. afrain South Africa®®
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2.1.3.2 Description

A. afra,commonly known as African wormwood, grows as akhiushy and untidy mass.
Its height varies from 0.6 m to 2 m. The basal steimnthe plant are thick, firm and woody
compared with the upper parts of the plant. Leaass finely divided. The general
appearance oA. afrais grey; this is due to the fact that its leavearbtwo different

colours. The upper surface is dark green, whilstlkmvhite hairs cover the underside.
Small flowers appear in late summer. It is an atm@ant and when it is touched or cut,

it sprays a sweet smell in its surroundings.

e
http:/www.plantzafrica.com/plantab/artemisafra.htm

Figure 2.7.Grey foliage ofA. afra®’
2.1.3.3 Uses

From early times,A. afra was exploited by some societies for different psg
Egyptians, Greeks, and Romans used it not onlyrfedicinal purposes, but also in their

religious rites. It was also considered to be & lovarnt>

Nowadays in Africa, in general, and in South Africaparticular,A. afra is among the
most known medicinal plants and several biologagtivities, such as antimicrobi&®
antifungal and antioxidant activitiés****have been observed experimentally for extracts
of A. afra It has been used by people from all culturegdattdifferent diseases such as
fever, intestinal worms, colic, headache, malartaghs, etc. Different parts of the plants
have different uses. For example roots, stems @aekt are used as poultices, infusions,
body washes and lotions. RobéHsientioned that the Zulus prepare an infusion ofigd

leaves in hot water. This is used as an enemeéhftaren with worms and for constipation,
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while the Vendas and Twanas use it to cure skimexts. The author also listed other
usages such as its usenatural insecticide sprays and as a moth repelés well as its

painkilling and relaxation properties.
2.1.3.4 Previous chemical investigation

Previous investigations of the chemical compositioh A. afra yielded interesting
compounds. Garnefddetected artemisia ketor@.43) that is 3,3,6-trimethylhepta-1,5-
dien-4-one, and artemisia alcoi@l44)in anA. afra crude extract by gas chromatography.
He confirmed that the latter represents 15% of Ahefra essential oil, while the first

represents 20% and it is also the main compone®anfolina chamaecyparissusinaeus

o) OH
)\/\K{/\ )\/K{/\

2.43 2.44

essential oil.

It has been reported by the same author that ttvesecompounds are present in the
essential oil ofA. annuaand in the extracts dichillea ageratunLinnaeus (Asteraceae)
leaves and flowers. After isolation of the aboveatrmned compounds, the researcher
believed that “yomogi’(2.45), an alcohol which is formed by allylic rearrangemen
artemisia alcohol and known as an important carestit of essential oil dhrtemisia feddei

H. Lev. & Vanihot, may also be present in the e8akail of A. afra.

=
OH

X

2.45

In 1990, Silbernagel’'s investigation yielded twgipntant compounds, respectively known
as nonacosan€2.46) and ceryl cerotinat¢2.47)3* Researchers found that the species
contains monoterpenes suchoeaghujone(2.48) and -thujone (2.49) and sesquiterpenes
with glaucolide(2.50) and guaianolid¢2.51) skeletons’** An eudesmanolide derivative,

eudesmaafraglaucolid@.52) were isolated by Jakupoviat al** Using GC-MS, the
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above-cited compounds were also detected by Gratvel{® in A. afra. Other compounds
which have been detected from afra include 1,8-cineol(2.53) camphor(2.54) and
borneol(2.55)"*°

CH3(CH2)27CH3 CH3(CH2)4COO(CH,)5CH3
2.46 2.47
i-Pr
i-Pr
- o
O
3 CHs )
CH o)
2.48 2.49 2.50

o AcO

o)
2.51

CHs CH3

CH3 N CH3 HO/,
0] CHg ’ ~CHs
O CHs
CHg CHs
2.53 2.54 2.55

Moody et al*®, in their analysis by GC and GC-MS of the essémilaof A. afra found
that the oil is composed of 21 components. The roaistituents were found to bis-2,7-
dimethyl-4-octene-2,7-diol (19.03%), 1,8-cind@l53) (17.55%), tricosane (13.92%) and
artemisia ketong2.43) (11.67%). It was confirmed that the next importsetries of
compounds which fall in relative intermediate cdngnt categories were: camph@r54)
(6.21%), linalyl propionate (4.96%) and styren®8356).

1*" on the geographical

Another investigation has been carried out recdmgl\iljoen et a
variation of some major oil constituents. A totalld plants from 4 different geographic
locations were investigated. A large variationhia essential oil composition was observed,
with one of cineole .53, artemisia ketondg2.43, o- and B-thujone (2.48 2.49) or
camphor(2.54) present as the major component in the majoritthefoils. In a previous

investigation, it was concluded that the major comgnts ofA. afra essential oil were
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artemisyl acetate (24.4-32.1%) from Ethiopian @iB-cineol(2.53) (63.4%) in Kenyan
oils, a- andp-thujone(2.48 2.49) (52%) in Zimbabwean oil and-thujone (52.5-54.2%)
(2.48)in the South African off?

From the results discussed above, it is clear thdarge variation in the chemical
constitution ofA. afra essential oil has been observed. This may be @ueany factors,
such as the age of the plant, the season in whielplant material has been collected, the

organ of the plant investigated and mainly the gaplgical location of the wild plant.

2.2 RESULTS AND DISCUSSION

2.2.1 Introduction

A. afra essential oil has been investigated and mostsofmiin constituents are known.
Although most researchers were more interestechénessential oil composition, the
species also produces important non-essentiabmponents. The aim of our study was to
identify the non-volatile compounds in @ afra extract. Other researchers have also
detected non-essential oil compounds, for examfithernagel isolated nonacosane
(2.46)** and Jakupoviet al** detected some derivatives of guaianol{@é0), glaucolide
(2.51)and a eudesmanoli@52

Dr. Maria de Figueiredo, Agriculture Research Gent€edara have identified two
chemotypes ofA. afra based on essential oil composition. The thujonenmtype has
cineole (2.53) camphor(2.54) and thujoneg(2.48 2.49) as the major components of the
essential oil, whereas cineq|2.53) camphor(2.54) and artemisia ketong.43) are the
major constituents of the essential oil of theraitéa ketone chemotype &f afra Under
the guidance of Dr de Figueiredo, the two chematymeve been cultivated under identical
conditions. The aim of this project was to investeg the less polar components and
specifically the sesquiterpenoids 8f afra and to ascertain whether the variation in

essential oil composition is reflected in the sésgpene composition d&. afra

Different crude extracts obtained frofn afra plant material were subjected to silica gel
column chromatography, where various eluents weepgved using different organic

solvents namely hexane, dichloromethane, ethylateeacetone and methanol. Repeated
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column chromatography, centrifugal thin-layer chedography (chromatotron) and TLC,
led to the isolation of taurir{2.56) artesin(2.57) maritimin (2.58) artemin (2.59)
norsantolinifolide 2.61) santolinifolide A (2.62) reynosin(2.65) scopoletin(2.66) p-
hydroxyacetophenone(2.67) 2,4-dihydroxy-6-methoxyacetophenon@.68) and 5-
hydroxy-7,4-dimethoxyflavong?2.69)

The first extraction ofA. afra plant material of the ketone chemotype was eftedty
suspending it in 100% hexane for 24 hours. Giver llexane is a non-polar solvent with
g0

polarity index of zero (0 the resulting extract was expected to contain f[esar

components of the extract, aBdb6and2.57were isolated.

2.2.2 Structural elucidation of taurin (2.56)

The first compound was isolated from the hexaneaektof the ketone chemotype. The
NMR data o0f2.56 are summarized in Table 2.1. THE NMR spectrum (Plate 2) of the
compound displayed fifteen signals, which indicatedt this compound might be a
sesquiterpene. Two quaternary carbon signals wesereed atéc 129.6 and 127.0,

indicating the presence of a tetrasubstituted douiind. The peak aic 178.7 was

characteristic of a lactone carbonyl carbon, aedahe abc 213.6 indicated that a ketone
group is present in the structure. Three methylagatéc 14.4, 20.0 and 23.5 were also

observed.

The'H NMR spectrum (Plate 1) exhibited signals of aoselary methyl & 1.21, 3H, d,J

7.0 Hz) and two tertiary methyl group®;(1.94 and 1.30), both appearing as singlets. The
same spectrum had a doubletégt4.57 (1H, d,J 11.0 Hz), which is characteristic of a
lactone protori* (H-6). In the HMBC spectrum (Plate 7JH,°C correlations were
observed between the methyl protons resonatingy 430 and the carbonyl carbodc(
213.6), two quaternary carbong (48.9 andc 129.6) and a methylene carbai 34.8).
The methyl proton resonating &t 1.94 correlated with the two olefinic carbonségt
127.0 anddc 129.6 and a methylene carbon resonatingca®6.0. The protons coupled
directly to the last-mentioned carbon, resonating.a2.36 anddy 2.30, also showed a
correlation to the ketone carbonyl resonating213.6. This information enabled us to

construct the molecular fragment indicated in Ri§.
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CHs
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CHs
Figure 2.8.A fragment of compoung.56

The evidence for the presence ofeasubstituted methyl lactone 56 was also derived
from the NMR data. In the HMBC spectrum (Platetliy secondary methyl proton&(
1.21) showedH,°C correlations with the lactone carbonyl carbég {78.7) and two
methine carbons resonating &t 41.0 anddc 52.9, respectively. In the COSY spectrum
(Plate 5), the coupling between the proton attacbdte last-mentioned carbody(1.71),
and the proton on an acyl-bearing carb&p4(57) was observed. In the HMBC spectrum,
the proton resonating at;4.57 correlates with the olefinic carbon resonatihyc 127.0,
thereby connecting the lactone ring to the molecédagment given in Fig. 2.8. The
structure of the compourl56 was assigned asf{§a,113)-1-oxoselin-4(5)-en-6,12-olide
or taurin, a eudesmanolide which have been isoffitad severalArtemisiaspecies. The
structure was confirmed by the agreement betweenNiWR data of2.56 and values

1%L, who isolated taurin from. maritima.

published by Gonzalezt a
The relative stereochemistry 8f56 was confirmed by a NOESY experiment (Plate 5a),
NOE correlations were observed between H-g;8Hand H-11, respectively, thereby
proving that all these protons are on the same sidde molecule. The large coupling
constant between H-6 and H<¥1(1.0) confirmed that these two protons weaasto each
other. Therefore2.56 had the same relative configuration as taultthough the specific
rotation obtained foR.56 was lower than that reported for taurin in therditare, both
rotations were negative and it was assumed2t#t had the same absolute configuration
as that reported for taurin.
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Table 2.1.'H (400 MHz) and **C (100 MHz) NMR data of taurin (2.56) in CDCk.

Experimental values Literature values™
Position dc DEPT 3 COSY NOESY HMBC 3¢ (20 MHz) | &y (90 MHz)
1 213.6 C 2 2,3,0, 14 2125
2 33.0 CH g'gi Emi 2 1,2 3 35.H
3 36.0 cH ggg Em; 6, 15 2,15 35.9
4 127.0 C 2,15 130.2
129.6 C 3,9, 14, 15 126.6
7,8, 11, 4.6 (1H,dJ
6 81.8 CH 4.57 (1H, d 11.0 Hz) 7 7,8 81.5
14 9.0 Hz,
7 52.9 CH 1.70 (qd] 11.8, 3.3 Hz) 6 6 9 9% 11, 13 55.0
ax1.58 (qdJ 12.8, 3.5 Hz)
8 23.9 CH eq1.97 () 9 6 9 23.8
ax1.50 (td,J 13.3, 4.2 Hz) .
9 34.8 CH eq1.83 (dtJ) 13.3, 2.6 Hz) 8 9 7.8,14 32.9
10 48.9 C 14 48.8
11 41.0 CH 2.27 (dg} 12.2, 7.0 Hz) 6, 13 7,8, 13 40.8
12 178.7 C 11, 13 177.8
1.23 (3H, dJ
13 12.4 CH 1.21 (3H, dJ) 7.0 Hz) 11 12.3
7.0 Hz
14 235 CH 1.30 (3H, s) 6 6 23.3 1.33 (3H, s)
15 20.C CHs 1.94 (3H, s 3 19.7 1.9¢(3H, s

" HMBC Correlations are from the protons indicatedhis column to the carbons indicated in column 1.

T Assignments wrong in the literature.
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The high-resolution mass spectrum showed a peakz271.1300, corresponding to
the sodium adduct of the molecular ion, [M+Nakhich was in agreement with the
calculated value of 271.1310 fog4B,00sNa.

The isolation of taurif2.56)from A. afrawas previously reported by Nkungaal.>?

Jakupovicet al.** reported the isolation of one other eudesmandRds0), but apart
from these two compounds, none of the other se=geaihoids reported frorA. afra

are eudesmanolide derivatives.

Different biological activities have been reportEt taurin .56). An article by

l. 53

Batuev et a mentioned that it decreased the incidence and risgvef

L,>*it showed

audiogenically induced convulsions in rat. Accoglio Doksinaet a
inhibition of proteolytic ferments in radiation Ekmess. In conjugation with
ursodeoxycholic acid, taurin exercises inhibitoffe& on the normal growth of
human keratinocyte®> Taurin (2.56) was also used in dentifrice manufacture

(Kasunoet al).>®

2.2.3 Structural elucidation of artesin (2.57)

Artesin or (,7a,11B)-1p-hydroxyselin-4(5)-en-6,12-o0lid€2.57) was obtained from
the hexane extract of the ketone chemotype afigeated column chromatography
using hexane - ethyl acetate solvent mixtures afeimsing polarities. The NMR data
of 2.57are collated in Table 2.2.

The isolated compound displayed a total of fiftambon atoms in th&’C NMR
spectrum (Plate 9), which indicated that the comgowas a sesquiterpene. The
NMR spectrum (Plate 8) exhibited a doubleta#.57 (1H, d,J 11.0 Hz) due to the
presence of a lactone proton H-6. Methyl protomaig were observed &4 1.12 (3H,

S), oy 1.24 (3H, d.J 7.0 Hz, 13-CH) and atdéy 1.85 (3H, s). These are the three
methyl groups as was evident from both the HSQ@&t¢P13) and DEPT135 (Plate 10)
spectra. In the HSQC spectrum (Plate 13), diregetations were observed between
C-13 atéc 12.3 and H-13 ady 1.24, C-14 abc 18.4 and H-14 aiy 1.12 and between
C-15 at5¢ 19.7 and H-15 ai 1.85.
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A comparison of the*Cc NMR data of2.56 and 2.57 showed that these two
compounds were closely related. The major diffegebetween the two spectra was
that the ketone peak & 213.6 (C-1) in the spectrum B8f56 was replaced by a peak
atoc 77.7, which is characteristic of an aliphatic cartibponded to oxygen. Therefore,
it was concluded that the ketone group in ta(RiB6)was reduced to an alcohol. The
coupling constants of H-1J(1L1.4 and 4.4 Hz) indicated that this proton hadvaal-
axial and an axial-equatorial relationship with tiwe C-2 protons and is therefore in
the axial position anttansto 14-CH. The structure o2.57 was assigned as artesin.

The NMR data oR.57was in agreement with those reported for art&sin.

In the high-resolution mass spectrum, the sodiudueidof the molecular ion was
observed at m/z 273.1472, which is in close agre¢méh the calculated value of
273.1467 for @Hx,0O3Na. Artesin(2.57) has been isolated from a number of other
Artemisiaspecies, for exampl®&. herba-albaAsso,A. santolinifoliaTrucz ex. Besser

L5yt the presence of artegh57)in A. afrahas not been reported previously.
2.2.4 Structural elucidation of maritimin (2.58)

The residue obtained after extraction of plant maltevith hexane, was re-extracted
with a mixture of 50% CKCl, in MeOH. These two solvents, being more polar than
hexane with polarity indexes of 3.1 and %1 respectively, for CkCl, and MeOH,
could extract more polar components from the ptaaterial. The compounds isolated
from this extract wer@.58- 2.59 2.61-2.62and2.652.69

The component with R0.28 (hexane—ethyl acetate, 7:3) was obtained edfeeated
column chromatography of the @El,-MeOH crude extract from th&. afra ketone
chemotype. After recrystallization from methandie tcompound was obtained as

small white crystals. The NMR datazab8are summarized in Table 2.3.
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Table 2.2.*H and **C NMR data of artesin (2.57) in CDC} (400 MHz).

Isolated compound

Artesin ( lit.?}

Position dc DEPT o COSY HMBC dc o
1 77.7 CH 3.54 (dd, 2 14 77.7 3.52 (dd)
J11.4, 4.4 Hz)

2 27.1 CH 1.70 (m) 1,3 27.1

2.35 (m)
3 33.2 CH 2 15 33.3

2.04 (m)
4 126.0 C 15 126.0
5 129.0 C 14, 15 128.9
6 83.2 CH 4.57 (d, 83.0 4.58 (1H, ddq)

J11.0 Hz)
7 52.8 CH 1.73 (m) 13 52.8
8 245 CH 1.96 (m) 24.4

1.26 (m)
9 38.3 CH 2.05 (m) 14 38.3

1.26 (m)
10 41.9 C 14 41.9
11 41.1 CH 2.25 (m) 13 41.1
12 178.9 C 13 179.0
13 12.3 CH 1.24 (3H, d, 12.4 1.24 (1H,d)

J 7.0 Hz)
14 18.4 CH 1.12 (3H, s) 185 1.1 (3H, s)
15 19.7 CH 1.85 (3H, s) 19.8 1.84 (3H, s)
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The'H NMR spectrum (Plate 15) showed a doubleia4.32 (1H, d,J 11 Hz), which

is characteristic of the lactone proton H-6. Thespnce of two tertiary methyl groups
(641.69 and 1.24) and a secondary methyl1(27, d,J 7.0 Hz) was observed. In the
3C NMR spectrum (Plate 16), the absorptions of 1fhaa atoms were detected,
including three methyl groups resonating &t 12.3, 6c 19.4 anddc 20.7; four
methylene carbons appearingdat23.0,5c 28.0, 6c 31.0, andd¢c 33.5; two methine
carbons atc40.6 andc 48.4;0ne quaternary carbon & 49.2, three carbons joined
to oxygen ab:c63.7 (C)dc66.9 (C), andbc 77.2 (CH); a ketone carbon resonating at
d¢c 210.8 and a lactone carbonylgtl77.9.

In the HMBC experiment,lH,BC—correIations were observed between the methyl
protons resonating aéy 1.24 and the ketone carboic(210.8), an aliphatic
quaternary carbond€ 49.2), a methylene carboidc(28.0), and one of the oxygen-
containing quaternary carboni:(63.7). The protons of the other quaternary methyl
(6n 1.69) correlate to a methylene carbog $3.5) and the two quaternary carbon
atoms bonded to oxygewnd63.7,5¢c 66.9). From the NMR data, it is clear that the
structure of2.58 is closely related to that of taur{8.56) the only difference being
that the 4,5-double bond of taurfB.56) is oxidized to either a diol or an epoxide.
Differentiation between these two structures wassitibe by IR spectroscopy and MS

spectrometry.

Analysis of the IR spectrum of the isolated compabgave useful information. Firstly,

it exhibited two absorption bands, one at 1781'@nd another at 1708 émthese
carbonyl bands are characteristic of-actone and a cyclohexanone. Secondly, it did
not show any absorption band for a hydroxy grohjs; would suggest the presence of
an 4,5-epoxy group. Am-epoxide and g-epoxide will have the same NMR
characteristics and, therefore, we were unableotdfitn the configuration of the
epoxide by this method. The mass spectrum showedstdium adduct of the
molecular ion amn/z287.1259 [M + Na], which was the same as the mass calculated
for CisH2004Na (287.1259).
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Table 2.3.*H and **C NMR data of maritimin (2.58) in CDCl3 (400 MHz).

Experimental results Literature results™*
Position dc DEPT . COosYy HMBC correlation dc hm
1 210.8 C 14 210.7
1.99 (m)
2 31.0 CH 31.0
1.74 (m)

335 ch 2.38 (M) 15 334
4 66.9 C 6, 15 66.0

63.7 C 14, 15 63.6

4.34 (1H,dJ
6 77.2 CH 4.32 (1H, d1 11.0 H2) 7 76.6
9.0 Hz)
7 48.4 CH 2.00 (m) 6 6, 13 48.5
8 23.0 ch 1.50 (m) 6 22.9
9 28.0 CH 2.18 (m) 14 27.9
10 49.2 C 14 49.2
11 40.6 CH 2.25 (m) 13 6, 13 40.4
12 177.9 C 178.0
1.25 (3H, dJ
13 12.3 CH 1.27 (3H, d,J 7.0 H) 11 12.3
7.0 Hz)

14 20.7 CH 1.24 (3H, s) 20.7 1.27 (3H, s)
15 19.4 CH 1.69 (3H, 5) 19.4 1.68 (3H, s,
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However, Gonzalezt al. derived the stereochemistry of the epoxide bymibal
degradation reactions. Therefore, the structure ¢f.58 was assigned as that of
maritimin, previously isolated from\. maritima gallicaby Gonzalezet al®* This

thesis is the first report of the isolation of ntiamin (2.58)from A. afra.

2.2.5 Structural elucidation of artemin (2.59)

Seven grams of crude fraction were subjected taneol chromatography and
centrifugal thin-layer chromatography eluting witlexane-EtOAc (6:4) and (7:3),
respectively, and finally the solvent was removedyield (292 mg) of crystals.
Different NMR experiments were run for the compouadd the spectra were

analysed to obtain the data summarised in Table 2.4

The'H NMR (Plate 22) showed a signaldt4.26 (1H, d,J 10.5 Hz) characteristic of
ay-lactone. The doublet appearingéat1.23 (3H, dJ 6.5 Hz) indicated a secondary
methyl group. The singlet at; 0.89 was assigned to the angular methyl group. The
signals aty 5.03 and 4.98 corresponded to two methylene alkeo®ns. Thé®C
NMR spectrum (Plate 23) showed fifteen carbon atamplying that the compound
was a sesquiterpene. The signabatl79.4 was characteristic of a carbonyl group
(C=0). Three signals were detecteddat71.8,8¢ 77.1 anddc 81.9, indicating the
presence of three carbon atoms bearing oxygen atdhes peak atc 112.4 was

assigned to the olefinic methylene carbon.

The HMBC spectrum (Plate 28) indicated that theqrs resonating & 4.26, 4.17
anddy 0.89 were all correlating with a carbon resonatitg: 44.5. Correlations were
also observed between protons resonating,; 8t03, 4.98, 4.26 and a carbon having

an OH group, resonating &t 77.1. Also, protons aiy 2.15 andy 2.65 correlated
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with the olefinic carbon aic 112.4. The above-mentioned information enabletbus

construct the following fragment.

14
OH Ha

:

OH
CH,
15

Figure 2.9.A fragment of compound.59

In the HMBC, a'H,*C correlation between the methyl resonatinga1.23 and the
lactone carbonyl aic 179.4 was observedlhe COSY spectrum (Plate 26), revealed
'H,'H coupling between the proton &t 4.26 andsy 2.34. In the HMBC spectrum, a
correlation was observed between the carbon rasgnatéc 12.4 and the proton at
on 4.26 {-lactone), attaching the lactone ring to the fragthadove (Fig. 2.9). Hence,
the isolated compound was characterised as oredfMo epimers, artem({2.59) or
epi-artemin(2.60) The latter differs from the first only by the camdration of the
OH group attached to C-5. To avoid the ambigulg,'H NMR data of the isolated
compound was compared to that 269 and 2.60 (Table 2.9%’ The comparison

revealed that the isolated compound was art¢tb9)rather tharepiartemin(2.60)

The present work is the first report of the is@atof artemin(2.59) from A. afra.In

the literatureartemin has been reported from othatemisia species, such aA.

ponticafrom Bulgaria andh. huguetifrom Marocco” %8

OH,,

2.59

The HRMS revealed the molecular mass of the compaiim/z289.1423 [M + N4],
which agreed with the calculated mass of 289.141605H.,0O4Na.
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Table 2.4.*H and **C NMR data of artemin (2.59) in CDCE (400 MHz).

Experimental data Literature data®""
Isolated compound Artemin (2.59) 5-Epi-artemin (2.60)
Position dc DEPT oH COoSsy HMBC correlation oH oH
1 71.8 CH 4.17 (dd) 11.5, 5.3 Hz ) 2,9 4.15 (dd) 3.45 (br s)
2 29.9 cH 1.73 (m) 1 1.75 (m) 1.90 (m)
1.60 (m 1.80 (m
3 20.6 CH 2.65 (m) 3 2.65 (m) 2.07 (ddd)
2.15 (m) 2.17 (ddd) 2.90 (m)
4 145.1 C
5 77.1 C 6, 15
6 81.9 CH 4.26 (d) 10.2 Hz) 7 4.25 (d) 4.35 (d)
7 412 CH 2.34 (m) 6, 13 6, 13 2.35 (m) 2.32 (d)
8 30.3 CH 1.50 (m) 1.85(m) 1.85 (m)
1.55 (m) 1.60 (m)
9 228 CH 1.84 (m) 1 1.85 (m) 1.60 (m)
1.49 (m) 1.60 (m) 1.30 (m)
10 44.5 C 1,6,14
11 455 CH 2.35 (m) 13 7,13 2.40 (dq) 2.32 (dq)
12 179.4 C 13
13 12.4 CH 1.23 (d,J 3.8 Hz) 7,11 1.24 (d) 1.23 (d)
14 13.3 CH 0.89 (s) 0.90 (s) 1.34 (s)
15 112.4 CH 5.03 (d, 19.4 Hz) 3 5.03 (d) 5.14 (d)
4.98 (s) 4.98 (br s) 5.08 (br s)

*13C NMR data are not available in the literature.
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Artemin (2.59)can be formed by reduction of the C-1 carbonyl tedacid-catalysed
rearrangement of maritimif2.58) (Scheme 2.1). Although this reaction is chemically
possible, artemi2.59) is mostly likely formed by an enzyme-catalyseacte®n and

is not an artefact.

HsC” :

o. O
o)
H

+ (2.59)

Scheme 2.1Proposed formation of artem{8.59)from maritimin(2.58)

Indirectly, thea-configuration of the 5-hydroxy group in artenff159)confirmed the

a-configuration the 4,5-epoxide assigned to mariti(2.58)
2.2.6 Structural elucidation of norsantolinifolide (2.61)

Norsantolinifolide(2.61) was isolated from the aerial parts of the ketomenwtype
of A. afra. After filtration of the crude extract by a plug,ri@s columns were run
and 19 mg of white crystals were obtained and dpieor to spectroscopic analysis.
The 'H NMR spectrum (Plate 29, Table 2.5) was much smghan those of the
sesquiterpenoids discussed earlier. The COSY sprdfPlate 33) confirmed that the
characteristic resonances of the lactone protone wtll presentj.e. a secondary
methyl resonating & 1.29 (3H, dJ 6.6 Hz, 13-H), multiplets aty 2.36 andy 2.39,
assigned to H-11 and H-7, respectively, and a aaulidserved ady 3.60 (1H, d,J
11.5 Hz). Thé™C NMR spectrum (Plate 30) showed a signa@at81.0 characteristic
of a lactone carbonyl carbon. In the HMBC specti@ttate 35),'H,'*C correlations
were observed between the lactone protan 3.60), methine protondg 2.39),
secondary methyl protonsy1.29) and a methine carbon resonatingce51.0. The

above-obtained information allowed us to constthetfragment in Fig. 2.10.

§

<__CH
;é 11 s
6

O 12 o)
Figure 2.10.First fragment of compour2i61
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The °C NMR spectrum o2.61, unlike those of the sesquiterpenes discusseitearl
displayed a total number of only ten carbon signateong them, a tertiary methyl
and a quaternary carbon signal were observed: &4.0 (CH) and éc 46.6 (C),
respectively. Two methylene carbons resonatedc&1.0 and 38.0 and a carbon
resonating abc 179.0 was assigned to a carboxy group (COOH). Higmation
suggested that the compound might be a sesquiterbett has been subjected to
degradation. The HMBC spectrum (Plate 35) sholt&tC correlations between the
tertiary methyl proton resonating at 1.53 and a quaternary carbodc (46.6),
methylene groupd¢ 38.0), a lactone carbofig90.8) and a carboxy group carbeg (
179.0). The COSY spectrum (Plate 33) showeédH coupling between the protons
of the two above-mentioned methylene grou@s1(92 andéy 2.80). The lactone
proton ¢n 3.60) was coupled to a methine group protor5.aR.39. The above-
mentioned data enabled us to construct the fragmédfig. 2.11.

H3C7Q7§

HOOC

&

Figure 2.11.Second fragment of compou(2l61)

The fragments presented in Fig. 2.10 and 2.11e¢btngether, gave the structure of
norsantolinifolide(2.61)
H

14 s

11

67,
HooC 0N,

2.61

The molecular mass obtained by the high-resolutiass spectrometryy/z221.0784
[M+Na]®, corresponded to the molecular formulae ofoHz,OsNa. The mass
calculated for this formula was 221.0790. The igofaof norsantolinifolide(2.61)
was only reported once before, by Jakuposical'®, who isolated it fromA.

santolinifolia
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Table 2.5.*H and **C NMR data of norsantolinifolide (2.61) in CDCk (400 MHz).

Experimental Literature ™
Position dc DEPT Oy COSsY HMBC correlation Oy Multiplicity
5 179.0 C 9,14
3.60 (1H, dJ 11.5
6 90.8 CH 7 9,14 3.58 d
Hz)
7 43.4 CH 2.39 (m) 6 6, 13 2.20 dddd
1.92 dddd
8 21.0 CH 1.92 (m) 9,8 9
1.45 (m) 1.42 ddd
1.80 (1H, dddy
14.0, 10.0, 2.0 Hz) 1.76 ddd
9 38.0 CH 8,9 14
2.80 (1H, dtJ 2.82 ddd
14.0, 8.6 Hz)
10 46.6 C 9,14
11 51.0 CH 2.36 (m) 13 6,7, 13 2.36 dq
12 181.0 C 6,7, 13
1.29 (3H, dJ 6.6
13 13.4 CH 11, 14 8 1.28 d
Hz)
14 24.0 CH 1.53 (3H, s) 13 6 1.51 S




The assignment of the above-mentioned structure eeaoborated by the close
agreement of the spectroscopic data of the isolatedpound with the published

values for the compourtd.
2.2.7 Structural elucidation of santolinifolideA (2.62)

SantolinifolideA (2.62) was not obtained pure but was isolated as a neixtéithe

2.62and2.59 as explained in experimental section. The mixiuas obtained after
subjecting the crude extract &. afra (ketone chemotype) to multiple column
chromatographies and finally, to separation onraroatotron. Although the material
was still a mixture, the NMR experiments and corigmer with published results

allowed the identification of the compound.

The °C NMR (Plate 37) exhibited 29 signals, but furteemmination revealed the
presence of one more signal underneath the so(@Cls) peak, resulting from a
non-protonated carbon. This would suggest eithatinaer or a mixture of two
sesquiterpenes. After scrutinising the spectrumjais discovered that fifteen signals
were those of santolinifolide £2.62 and fifteen other were due to the presence of
artemin(2.59) which was isolated from the same fraction. TheRlt¥ata of2.62 are
assembled in Table 2.6. Thed NMR spectrum (Plate 36) of the mixture, similaidy
other sesquiterpenoids discussed, exhibited claarstit resonances of the lactone
ring protons. A doublet &ty 3.72 (1H, dJ 11.5 Hz) indicated that a lactone proton
was present. A secondary methyl resonateég, 4t25 and a tertiary methyl signal was
observed aby 1.58 (3H, s). Signals characteristic of exocyctiethylene protons
were observed &y 6.01(1H, br. s) and 5.86 (1H, br. s). Aliphaticthnygene protons
were found aby 2.58 (m) and 2.61(m), indicating the presencenddlghatic chain.

A comparison of thé’C NMR spectra o£.61 and2.62 showed that similar carbon
signals to those d?.61 were found in the spectrum f@r62 In addition to the2.61
carbon signals2.62 had 5 other carbon signals. A carbon resonatirdg 204.0 was
assigned to a ketone carbonyl group, a carbon Isirg 126.0 was attributed to an
exocyclic methylene group, a signal&t 144.5 indicated an unsaturated carbon (a
double bond), and peaks observedat28.5 and 32.9 were assigned to aliphatic
methylene groups. The HMBC spectrum (Plate 42) shb¥H-*C correlations
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between the exocyclic methylene protods §.01,54 5.86) and the ketone carbonyl
group atdéc 204.0. The methylene protons resonating.a2.55 correlated with the
guaternary carbon resonatingdat144.5.All these data enabled us to constitute the

aliphatic fragment presented in Fig. 2.12

H, GCH2

/C\
c
* H

%
2.0
Figure 2.12.A fragment of compound(62)

Finally, the comparison d&.61and2.62 revealedthat the carbonyl goup (C=0) of
aliphatic chain 0f2.62 was oxidised to a carboxy group (COOH) to foPil
Joining 2.61 and the fragment presented in Fig. 2.12, the wirecof 2.62
(santolinifolide A) was obtained. The spectroscopata of the isolated compound
were also compared to those of other isomers dbkaifiolide A, santolinifolidesB
(2.63)and C(2.64)

LCOOH

2.6X=H, a-Me 2.64
2.6X=H, p-Me

From the Table 2.6, it is clear that the chemitdlts of the isolated compound were
in close agreement to those of santolinifolide(2262) and not the other of those
isomers. Jakupoviet al*? reported the isolation of santolinifolidd from A.
santolinifolia collected in Mongolia in June 1988 and subsequeviircoet al have
isolated it fromA. hugueticollected in Maroccd® Prior to the present research, it was
not reported fromA. afra Jakupovicet al? proposed a transformation of artemin
(2.59)to santolinifolide A(2.62)and norsantolinifolid¢2.61)as illustrated in Scheme
2.2.
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Table 2.6.*H and **C NMR data of santolinifolide A (2.62) in CDC} (400 MHz).

Experimental data

Literature data®?

Isolated compound

Santolinifolide A

SantolinifolideB

Santolinifolide C

Position dc DEPT o CcCosY HMBC 3¢ B 3¢ b 3¢ oy
correlation _

1 176.¢ [ 3 173.1 173.1 166.5

2 32.9 CH 2.58'm 32.9 240t 33.0 242t 1220 5.87 dd
2.61m 2.61 br dt 2.63 br ddt

3 28.5 CH 15 28.6 28.7 144.8 6.86 dd
255m 2.51 br dt 2.53 br ddt

4 144 F [ 3 1447 144.¢ 46.7 3.91 dd

5 204.( C 15, 1¢ 204.1 204.( 210.¢

6 90.E CH 3.72(dJ 115 Hz 8 14 96.C 3.71¢ 88.¢ 3.95¢ 89.¢ 3.65¢

7 43.2 CH 2.32m 13 13 42.9 1.88 m 38.6| 2.32dddd i 429 | 1.66dddd

8 0.5 CH 1.88'm 5 -~ 1.88'm 170 1.69dddd | ,, - | 1.86dddd
1.39n 1.39 n 1.43 ddd 1.38 dddi

9 8.7 CH 1.72n 38.5 1.59 dd« 38.1 1.57 dd« 344 | 151dd

3.03(ddc, J 2.3, 6.8,13.7 H) 3.01 ddt 3.02 ddt 3.00 ddt

10 52.€ [ 9 52.F 52.€ 54.%

11 50.8 CH 233 m 13 50.6 2.32d 56.4 2.71 751. 2.36dq

12 181.0 C 13 180.8 181.4 180.7

13 13.3 CH 1.23m 7 13.2 1.21d 8.6 1.15d 13.8 1.24d

14 26.0 CH 158s 26.0 155s 25.9 157s 230 151s

15 126.( | CH, 6.01 br. 3 125.¢ 5.99 br 126.C 5.01 br 17.€ 1.15¢

" Assignment wrongly reported in the literature
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(2.61) LCOOH
(2.62)

Scheme 2.2Proposed transformation of artenfth59)to santolinifolideA (2.62)and
norsantolinifolide(2.61)*

2.2.8 Structural elucidation of reynosin (2.65)

Reynosin (2.65) was isolated from the GCBIl,-MeOH extract of the thujone
chemotype oA\. afra The solvent systems used as eluents were prefrarachexane
and ethyl acetate. The crude extract was filterefdre being subjected to repeated
column chromatography to yield 22 mg of yellowishterial. The data obtained from
NMR experiments are summarised in Table 2.7. Fhé&IMR spectrum (Plate 43)
showed some impurities, but fifteen carbon sigmalsid clearly be identified in the
3C NMR spectrum (Plate 44, Table 2.7). Ff@ peaks could be assigned to a lactone
carbonyl 6c 170.7), two exocyclic olefinic methylenéc(110.6 andsc 142.4), two
oxygen-containing methinesq 78.3 and 79.6), one quaternary carb&n43.0), two
methines §c 53.1 and 49.6), four methylene carbobs 85.8, 33.6, 31.3 and 21.5)
and one methyl groupdd 11.7). It was clear that this compound was reldated
artemin(2.59) but that the 5-hydroxy group was absent and thaéduble bond was
present between C-11 and C-13. Structugb was proposed for this compound. A
literature search revealed that5 is the structure of reynosin, a compound first
isolated in 1970 by Yoshiok&t al from Ambrosia concertifloracollected in
Mexico.”® This compound was also isolated from several ofkréemisia species
including A. hispanica®® A. anomala®™ and A. genipi Weber, a highly-valued

commercially plant due to its uses in liqueur-preidg industries in Italy?
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Table 2.7.*H and **C NMR of reynosin (2.65) in CDC} (400 MHz).

62,63

Experimental results Literature results
Position d¢c DEPT Oy Cosy HMBC d¢c oy
3.52 (1H,ddJa 4.6 Hz;
1 78.3 CH b 11.5 Hz) 14 78.3 3.56 (1H, dd 4.0, 10.2 Hz)
1.84 (1H, m)
2 31.3 CH 31.3
1.56 (1H, m)
2.32 (1H, m)
3 33.6 CH 33.6
2.11 (1H, m)
4 142.4 C 142.4
5 53.1 CH 2.17 (1H, m) 6 14, 15 53.0
6 79.€ CH 4.02 (,1J10.8) 79.1 4.08 (1H,tJ10.8 Hz
7 49.6 CH 2.54 (1H, m) 13 49.6
8 21.5 CH 1.58 (1H, t 5 21.5
0.87 1H, 1)
9 35.8 CH 2.09 (1H, m) 14 35.7
1.32(1H, m
10 43.0 14 43.0
11 139.3 139.3
12 170.7 C 13 170.7
13 117.0 CH 5.42 1H,d,J3.1Hz) 7 117.2 5.4€(1H, d, J 3.0H:
6.08 1H,d,J 3.2 Hz) 6.12(1H, d,J 3.5 H3)
14 11.7 CH 0.81 (3H, s) 11.7 0.85 (3H, s)
15 1106 CH 4.99 (1H,brs) 110.7 5.02(1H, br s, -15)
4.86 (1H,brs) 4.9C(1H, br s, F-15)

37



The 'H NMR and HMBC data indicated in Table 2.7 are grement with the
structure and with the published data. The spectihtained from the HRMS showed
the molecular ion (+ Na) peak of the isolated coomubat m/z 271. 1309 [M NaJ'.
The calculated mass for {§H,00sNa] was 271.1310. Studies proved that reynosin
(2.65) has important biological activities such as intin of CINC-1 induction in
LPS-stimulated rat kidney epithelioid NRK-52E céftdt also showed inhibitory
effect on the production of TNF-alpha in a doseetefent mannet,

2.2.9 Structural elucidation of scopoletin (2.66)

Scopoletin (7-hydroxy-6-methoxycoumarird.§6 was isolated from the GE&l,-
MeOH crude extract of the aerial parts of theafra ketone chemotype. The extract
was subjected to repeated silica gel column chrognaphy to yield white needles.
When stained with anisaldehyde spray, the compappeared blue in colour withy R
0.2 (hexane-EtOAc, 3:2). The NMR data2o66 are collated in Table 2.8.

Analysis of the!H NMR spectrum oP.66 (Plate 50) revealed that the compound has
six different types of protons. A singlet was olser atéy 3.96 (3H, s) due to the
presence of a methoxy group (B8¢. Two doublets were observedaat7.60 (1H, d,

J 9.5 Hz) and aéy 6.27 (1H, dJ 9.5 Hz). Two aromatic singlets resonated,a6.92
(1H, s) and aby 6.85 (1H, s). A broadened signal resonating.af.03 (1H, s) was
indicative of a hydroxy group. The COSY spectrurai@®54, Table 2.8) showed-

'H correlation between protons resonatings@t6.27and 7.60, respectivelythese
data are characteristics of a coumarin bearing swstituents, a methoxy group
(OCHg) and a hydroxy group (OH), on its aromatic ringusTwas confirmed by the
HMBC spectrum (plate 56) which showdd,*C correlations between the methoxy

group protons ady 3.96 and a carbon resonatingdatl44.1. This indicates that the
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methoxy group is attached to the last-mentionecbarar The aromatic proton
resonating aby 6.85 correlated with carbons resonatingal11.4, 144.1, 149.8 and
8¢ 150.3. The®®*C NMR spectrum (Plate 51) supported the above iimédion and
displayed 10 carbons at different chemical shiftshsas the aromatic carbonsadat
103.3,0¢c 107.6,06c 111.4,6¢c 144.1,5c 149.8 and adéc 150.3. The carbonyl carbon of
the lactone ring of the coumarin appeared@tl61.6, while the methoxy group
carbon resonated &t 56.4 (OCHs). The two other carbons of the lactone ring were
located atéc 113.4 and abc 143.3, respectively. The compound was assigned 7-
hydroxy-6-methoxycoumari(2.66)

HaCO6 &5

2.66

The mass spectrum of the isolated compound gavadberate molecular mass for

scopoletin(2.66) as 215.0317 [M + N&] which is in agreement with the calculated
value of 215.0320 for {gHgOsNa.

Scopoletin(2.66) was also isolated by other researchers flamafra the first being
Goodsofi® in 1922. Marcoet al®* reported the isolation of this compound fran
herba-alba in 1989 and recently, scopoletif2.66) has been isolated from.

campestris subsp. maritimay Vasconcloset al®’ Scopoletin(2.66) also occurs in

many other Asteraceae species.

The different biological activities and other usefsscopoletin(2.66) have been
reported. Kharet al and Chin-Yinget al isolated the compound fro@otoneaster
racemifloraand Sinomonium actuprespectivelyand showed that it has antioxidant
activity. °®®® The compound also manifested significant antiaimiinatory and
antimicrobial activities when isolated by Y al from Molinda citrifolia fruits and
Kashihara fromEuphorbia humifuzd’ * respectively. Panda and Kar reported its
antithyroid and antihyperglycemic activity in hygegroid rats, after isolatin@.66
from Aegle marmelog? Other properties include immunomodulatory effeats
hepatoprotective action, as demonstrated by Maneelal and Kanget al,”'"

respectively.
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Table 2.8.*H and **C NMR data of scopoletin (2.66) in CDGJ(400 MHz).

Experimental

Literature ®’

Paosition d¢ DEPT oy COosy AMBC ) d¢ oy
correlation
2 161.6 C 3,4 161.5
113.4 CH 6.27 (dJ 9.5 Hz) 113.4 6.28 (d,J 9.5)
4 143.3 CH 7.60 (dJ 9.5 Hz) 5 143.3 7.60 (d,J 9.5 Hz)
da 111.4 C 8,3 111.5
107.6 CH 6.92 (1H, s) 4 107.4 6.85 (s)
6 144.1 C 8, 6-OCH 144.0
149.8 C 8,5
8 103.3 CH 6.85 (1H, s), 103.2 6. 92 (s),
8a 150.3 C 8 150.2
6-OCH; 56.4 CH;z 3.96 (3H, s) 56.4 3.95 (s)
7-OH 6.03 (1H, s) 6.17 (s)
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2.2.10 Structural elucidation ofp-hydroxyacetophenone (2.67)

p-Hydroxyacetophenone was isolated from the ketdreenotype crude extract. After
filtration, the crude extract was repeatedly chrtmgeaphed on silica gel using
columns of different sizes, eluting with solvens®m of increasing polarities from
hexane-EtOAc (8:2) to (3:2). Both isocratic andpstise elution were used and
finally 65 mg of white needles were obtained anddlbefore spectroscopic analysis.
The NMR data are given in Table 2.9.

The'H NMR spectrum (Plate 57) was simple and informtin the aromatic region
two distinct doublets were observeda.90 (1H, dJ 8.8 Hz, and aé46.90 (1H, d,

J 8.8 Hz). The presence of only two doublets withoapding constant characteristic
of ortho coupling indicated that the aromatic ring is silbttd at thepara position
and hence the ring has a plane of symmetry. This eamfirmed by the COSY
spectrum (Plate 61) &.67, whereby a proton resonating&t7.90 was coupled to
proton resonating aiy 6.90 andvice versaA singlet observed &t 2.56 (3H, s) was
assigned to an acetyl methyl group attached taatbenatic ring as one of the two
substituents. A broad singlet was observed,d13.94 (1H, s) and was attributed to an
OH group. Hence the second substituent was idedtdind the structure @67 was

assigned.

In the™C NMR spectrum (Plate 58), six signals were obskrbet according to the
above-obtained information, the compound has ewmrbon atoms. Due to the
symmetry, as has been mentioned above, only sitherh were observed on the
spectrum. The DEPT135 spectrum (plate 59) showeektsignals, two aromatic
signals attributed to four protonated aromatic carlatoms, two resonating &t
131.1 and the other two & 115.5. The third signal was at high field of tipestrum
(8¢ 26.5) and was obviously due to the acetyl methgupg. The signal adc 197.2
was attributed to a carbonyl carbon of the acetgug. These data agreed with the
structure ofp-hydroxyacetophenon@.67)

The mass spectrum exhibits a signalnakz 159.0420 [M + Nad], confirming the
molecular formula of gHgO,Na (calculated value 159.0446). This is the fiegiart
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on the isolation of this compound frof afra but it has been isolated from several
otherArtemisiaspecies.

Table 2.9.'H and *C NMR data of p-hydroxyacetophenone (2.67) in CDG400
MHz).

Experimental results
HMBC
Position dc DEPT Oy COosy Correlation
1 130.3 C 2, 3, OCCH;
2,6 1311 CH 7.90 (2H, 4,8.8 Hz) 3 3, OC=H;
3,5 115.5 CH 6.90 ( 2H, d,8.8Hz) 2 2
4 160.6 C 2,3
0=C 197.2 C 2, OCCHj3
OC-CH3 26.5 CH 2.56 (3H, s)
4-OH 13.94 (1H, s)

2.2.11 Structural elucidation of 2,4-dihydroxy-6-mé&oxyacetophenone (2.68)

2,4-Dihydroxy-6-methoxyacetophenone was isolatedhfthe CHCIl,-MeOH extract
of the dried aerial parts of the ketone chemotypeAo afra Using column
chromatography and eluting with different solveoitsncreasing polarities, 27 mg of
whitish crystals were obtained, giving a singletspo a TLC plate with a /.32 in
hexane-EtOAc (7:3). The compound appeared orangenwstained with the
anisaldehyde stain reagent.

The NMR data oP.68 are collated in Table 2.10. An analysis‘af NMR spectrum
(Plate 64) showed four main signals. There were anamatic doublets, one &t
5.98 (1H, d,J 2.4 Hz) and another at; 5.91 (1H, dJ 2.4 Hz). The weak coupling

(2.4 Hz) indicated that the two protons are imataposition to each other on the
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aromatic ring. A singlet was observeddét3.86 (3H, s), which demonstrated the
presence of a methoxy group attached to the aromag. Finally, a singlet appeared
atoy 2.60 (3H, s), due to the presence of the acetythyherotons. A broad singlet at

dn 13.94 was assigned to the OH group.

The *C NMR spectrum (Plate 65) exhibited nine peaks bicty four are quaternary
carbons; one signal & 203.4 was assigned to the carbonyl carbon of ¢hiegroup.
while the chemical shifts of aromatic carbon weré-4.06.5, 167.2, 96.6, 162.7, 90.8,
and 163.7. The methoxy carbon resonated:&85.6, while the acyl methyl carbon
was observed abc 32.9. The fact that all six aromatic carbons webserved

separately, indicated that the aromatic ring wassabstituted symmetrically.

Three different oxygenation patterns for compo@réBwere considered: 2,4,6, 2,3,5
and 3,4,5. A chemical shift aiy 13.94 for a hydroxyl proton indicated hydrogen
bonding with the carbonyl oxygen, therefore exahgda 3,4,5 oxygenation pattern.
Furthermore, if a hydrogen was present on C-6atfisotropic effect of the carbonyl
would have caused deshielding of this proton. Sincesubstantial chemical shift
difference was observed for the twoetacoupled aromatic protons, the 2,3,5-
oxygenation pattern was also excluded and the tameicof the compound was
assigned as 2,6-dihydroxy-6-methoxyacetopher(@®8) The molecular mass was
obtained from the GC-MS spectrum in which a peak whserved at [M]182.02,
which is the molecular mass forhO4. Although 2.68 was isolated from other

Artemisia species, the presence of the compound.iafra has not been reported

HO OCHs
:QZWCHs
OH O
2.68

previously.
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Table 2.10.'H and *C NMR data of 2,4-dihydroxy-6-methoxyacetophenone
(2.68) in CDCk (400 MH2).

Experimental results
. COosy HMBC
Position oc DEPT oy correlation
1 106.5 C
2 167.2 C
3 96.6 CH 5.98 (1H, d] 2.4 Hz) 5
4 162.7 C
5 90.8 CH 5.91 (1H, d] 2.4 Hz) 3
6 163.7 C
O=C-CH; 203.4 C OG=zH;
OC-CH, 32.9 CH 260 (3H, s)
6-OCHj 55.6 OCH 3.86 (3H, s)
OH (13.94, s)

2.2.12 Structural elucidation of 5-hydroxy-7,4-dimethoxyflavone (2.69)

A CH.CI,-MeOH (1:1) extract of the aerial parts of thujamemotype of. afrawas
chromatographed on silica gel, using successivekahe-EtOAc (8:2) and (7:3) by
isocratic and stepwise elution. This process a#édrceddish crystals ¢1.69 which
was one of the major compounds isolated from theetk The NMR data d2.69are

given in Table 2.11.

The 'H NMR spectrum (Plate 71) showed four aromatic dietsb two withortho
coupling, atoy 7.85 (1H, d,J 8.0 Hz) and aty 7.02 (1H, d,J 8.0 Hz) and two with
meta coupling atéy 6.37 (1H, d,J 2.2 Hz) and aby 6.49 (1H, d,J 2.2 Hz). Two
methoxy singlets resonated &t 3.89 anddy 3.88, respectively. Another singlet was
observed at 12.83 (1H, br. s) indicating the presesf a hydroxy group (OH). The
HMBC spectrum (Plate 77) exhibitéH-°C correlations between aromatic protons
resonating aby 7.85, 7.02, 7.02, and the aromatic carbon resapattrdc 162.6.
Protons aby 7.85, 7.02, 6.58 were also correlated to a carbsamating abc 124.0.
The methoxy group protons &t 3.88 correlated with the quaternary carbordat
165.7 The above-obtained experimental data were charsiiteiof a flavonoid
bearing one methoxy group on each of its two armm@tg. The meta coupling
observed between protons resonatinguad.37 andby 6.50 indicated that the position
in between them was occupied by a methoxy groupnenof the aromatic ring of the

flavonoid. The presence of two doublets, withtho coupling, instead of four,
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indicated that there was a plane of symmetry cdelhtea methoxy group between

protons of the second aromatic ring of the flavdnoi

The *C NMR spectrum (Plate 72) @69 contained 15 carbons atoms instead of 17.
This supported the idea of the existence of thensgtry in the second aromatic ring
of the isolated compound due to the methoxy grespmating aéc 55.5 and attached
to C-4 (oc 162.6). This would mean that C-and C-6 both resonated the same
chemical shift §c 128.1). This assumption might also be true for’@s8l C-5 both
resonating abc 114.7. The peak observed &t 182.7 might be due to a carbonyl
group of the flavonoid. Therefore, the isolated poomd was assigned as 5-hydroxy-
7,4-dimethoxyflavong2.69)

OH O
2.69

The HR-MS spectrum exhibited a molecular ion peeka) at 321.0735[M + N4&]
The calculated mass for ;405 Na was 321.0739. The isolation of 5-hydroxy~7,4
dimethoxyflavone or the 7 4limethyl ether of apigenin called@-methylgenkwanin
(2.69)was previously reported by Nkunga al from A. afra® This compound was
also isolated fromArtemisia ponticacollected in Kazakhstan by Talzhanev al”
The published NMR data are similar to the experit@letiata obtained in the current

investigation.

2.2.13 Comparison of the thujone and ketone chemaqigs ofA. afra

Based on the present investigation, the phytocltiemid the two chemotypes does
not differ significantly. Most of compounds isoldté&rom one chemotype could be
obtained from the other. However, the TLC analydi€H,Cl,-MeOH extract (Fig.
2.15) revealed some minor differences. These imcludequal concentration of
chemical components and a slight difference in ninenber of constituents. For
instance, a component at ®29 is more concentrated in the ketone type thahe

thujone type.
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Table 2.11.*H and *C NMR data of 5-hydroxy-7,4-dimethoxyflavone (2.69) in CDC} (400 MHz).

Experimental: A. afra

Litterature "> A. pontica

Position 3¢ DEPT B cosy HMBC 8¢ 81
correlation
164.C C 3 163
1045 CH 658 (1H, s, 6 103.6 6.9 (1H, s)
4 182, C 3 181¢
4a 105.6 c OH, 3, 6 1045
5 162 C OH, 8 157
6 98.2 CH 6.37 (1H, 2.2 Hz) OH, 8 97.9 6.38 (1H, d2.2 Hz)
7 165.¢ C OCH, 165.1
8 92.8 CH 6.49 (1H, 4 2.2 H2) 6 926 6.78 (1H, d,2.2 H2)
8¢ 1578 C 6 161.]
T 124.0 C 3,35 1226
2.6 128.] CH 7.8E(1H,d,J 8.0 HZ 35 & 128 8.06 (2H, d,J8.8 HZ
35 114.7 CH 7.02 (1H, 4, 8.0 Hz) 2.6 5 1145 7.13 (2H, dJ8.8 Hz)
7 162.6 C OCHy, 2,35 162
7-OCH 55.8 CHC7 3.88 (3H, 5) 55.9 3.87 (3H, 5)
#-OCH, 55E CHy-CE 3.89 (3H, < 554 3.88 (3H, s
5-OH 12.83 (1H, br. s) 5-OH 12.89 (1H, br. ©H)

" Assignments wrong in the literature
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The one at R0.38 is present in the thujone type and almostrdabeehe ketone type.
The number of observable main components on stainddcheated TLC is 10 for the

thujone and 8 for the ketone type.

Careful examination of the TLC of GBI,-MeOH crude extracts spotted
together with isolated compounds (Fig. 2.13), altfonot a very accurate
method, lead to the following observations:

& |solated compounds such as artesin, artepahydroxyacetophenone,
2,4-dihydroxy-6-methoxyacetophenone, are presehiginer
concentration in the ketone type than in the theijtype

& The scopoletin (7-hydroxy-6-methoxycoumarin) isgemt in higher
concentration in the thujone than in the ketonergbigpe.

Figure 2.13.TLC (hexane-EtOAc, 7:3): the GBI,-MeOHthujone (6) and ketone (7)

crude extracts spotted together with isolated camgs.

Where: 1= artesin 2 = artemin, 3 =@ilydroxy-6-methoxyacetophenone

4 p-hydroxyacetophenone 5 = scopoletin

Based on the appearance of spots as observed on(Hi§C2.13), and the yield of

isolated compounds, Table 2.12 could be constructed

47



Table 2.12 Presence of isolated compounds in the ketondharjadne chemotypes of

A. afra.

N° of isolated
256| 2.57| 2.58 2.59 261 262 265 2166 2.67 2.68.69 2
compounds

Presence in

ketone type + ++ | o+ + +- +- +- + ++ ++ +

Presence in

thujone type

Where:+ = Compound present in reasonable concentration
++ = Compound present at high concentration
+- = Compound present, but the extent at which iucccannot be

predicted on TLC plate

2.3. CONCLUSION

Eleven compounds have been identified in Aheafra extracts. These include seven
eudesmane-type sesquiterpenoids, tay#rb6) artesin (2.57) maritimin (2.58)
artemin (2.59) norsantolinifolide(2.61) santolinifolide (2.62) and reynosin(2.65)
the coumarin scopoleti(2,66) two acetophenoneg-hydroxyacetophenoné?.67)
and 2.4-dihydroxy-6-methoxyacetophendq@e68) and a flavonoid, 5-hydroxy-7;4
dimethoxyflavone(2.69) Only compound®2.56 2.60 and 2.69 have been reported

previously fromA. afra

Preliminary TLC investigations indicated that tlselated compounds are present in
both the ketone and thujone chemotypes, althougtiifi@rent concentrations. The
aim of this investigation, i.e. to identify the nualatile secondary metabolites in two

chemotypes oA. afra has been accomplished.
Time did not permit the development of a HPLC-MStmoe in order to determine

the accurate concentrations of the metabolitehéntivo extracts. Future studies on

this project will include:
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* Development of a HPLC-MS method for the quantifmatof sesquiterpenes
and phenolic compounds /& afra

* Analyse samples ok. afra collected monthly for one year and determine the
annual fluctuation in concentration of the sesgp#eoids in the two

chemotypes.

2.4 EXPERIMENTAL PROCEDURES
2.4.1 General methods

All separations were monitored by thin-layer chrémgaaphy (TLC), using silica gel
plates (Kieselgel 6025, Merck alminium sheets) cut into strips of varisizes. After
development, TLC Plates were visualised with tloecdiUV radiation (254 nm or 366
nm) and were subsequently stained with reagents asicodine or anisaldehyde (0.5
mL p-anisaldehyde in 85 mL of methanol containing 4 oflsulfuric acid and 10 mL
of glacial acetic acid). Sprayed plates were hebyegheans of a heat gun to allow for

colour development.

Normal and flash column chromatography were camgidusing silica gel 60 (Merck
0.040-0.063 mm). Columns of various sizes, rangiom 2 cm to 5 cm in diameter
were used® Crude extracts were filtered through a plug toaeenstreaking and solid
material, prior to proper column chromatographye Tittered extract and combined
fractions were dissolved in a small amount of sofvend carefully loaded onto the
column using Pasteur pipettes. Both dry and slpagked columns were used and the
eluents were composed of a mixture of two or méthe following solvents: hexane,
dichloromethane, ethyl acetate, acetone and melthardifferent ratios. Isocratic and
stepwise types of elution were employed. Mixed tfoacs were subsequently
separated with centrifugal thin-layer chromatogsaph a Chromatotron 7924T-01.
The chromatotron plates were prepared using sgElaMerck 7749 with gypsum
binding agent.

Nuclear magnetic resonance spectroscopy (NMR) expets of the isolated
compounds were performed on a Bruker Avance IIl Mz spectrometer. Samples
were dried on a high-vacuum pump before being stdjeto NMR. All NMR spectra
were recorded in deuterated chloroform (C§@tt 25°C. Tetramethylsilane (TMS)
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was used as internal reference and all couplingstanis J) are reported in Hz.
Structures were determined by analysis of 1B &nd**C NMR spectra) and 2D
(HSQC, HMBC and COSY) NMR spectra. A comparisomexperimental values with

reported data was also established.

Infrared spectra of isolated compounds were recbatea Perkin-Elmer spectrometer
as a nujol mix. Mass spectra were obtained on arnrap Thermofinnigan Polaris Q
mass spectrometer with electron-impact ionisatiow (resolution) or on a time-of-
flight Waters LCT spectrometer with electrosprayigation (positive or negative
mode, high resolution). Optical rotations were nueed, using suitable spectroscopic
solvents, on a Perkin-Elmer 241 polarimeter. Rotegtiwere recorded using the Na
lamp at 589 nm. Melting points (Mp) were recordesthg a Kofler hot stage melting

point apparatus.

2.4.2 Plant material

Two chemotypes ofArtemisia afra the ketone type and the thujone type were
cultivated on a farm in Tongaat, KwaZulu-Natal untlee supervision of Dr. Maria
de Figueiredo, Agriculture Research Centre, CedHra. cultivated plants originated
from two plants which were collected from the witd KwaZulu-Natal. The aerial
parts of A. afra were collected October 2007, air dried at room perature and
ground to yield 1.7 kg and 1.6 kg powdered mataiahe ketone type and thujone,

respectively.

2.4.3 Extraction

The milled plant material was extracted using orgaolvents for 24 hours at room
temperature, filtered, and the solvent evaporatgddtavapor to yield the crude

extract.

For each chemotype, a small scale extraction has barried out using different
solvents such as hexane, ethyl acetate, dichlof@net methanol and a mixture of
dichloromethane and methanol (1:1) to establistofitenum solvent(s) for extraction.

Every time, 20 g of the plant material were soakedolvent, left overnight and the

yield of crude extract determined
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After the small-scale extraction, a large-scaleaetion was performed. The powder
obtained for the two chemotypes was extracted autisely with hexane and a 1:1
mixture of CHCIl, and MeOH. After being extracted with one solvéing residue of
the plant material was air dried in the laboratand extracted again with another
solvent more polar than the previous one (Fig. 2.The average extraction period
for each solvent was 24 hours. From this extractioa yield of hexane crude extract
was 45 g and 30 g, respectively, for the ketonethadhujone chemotypes, whereas
the CHCI,-MeOH extracts were 128 and 100 g. The followirgufe illustrates the
process.

Plant material

l

5 Crude
exane | extract
1
Residue air dried
\ 4
CH,Cl-MeOH | Crude
(1:1) extract
z

Figure 2.14.Differential solvent extraction.

A portion of the hexane extract (10 g) was thesalieed in small volume of hexane
and filtered through a short silica gel column ielgtwith hexane. This separation
removed all solid and streaking impurities. Theul#sg fraction was spotted on a
TLC plate using hexane-EtOAc (7:3) as the solvgstesn. The plate was visualized
under UV (366 nm and 254 nm) and stained with dhetsyde stain reagent. The

thujone hexane extract showed about 10 spots witérent colours, while for the
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ketone extract, about 7 coloured components wesergbd. Among them 7 for

thujone chemotype and 5, for ketone chemotype, tierenajor components.

For CHCI,-MeOH extract, a small amount (10 g) was dissolvedmall volume of
ethyl acetate and also filtered through a plugtirduwith methanol. The plug was
pressurized with a compressor to overcome the enoldf high content in streaking
material, preventing the mobile phase from moviogvid through the column. The
obtained fraction was spotted on a TLC plate anénhisualized under UV, and
heated after being soaked in anisaldehyde dip mtafég 2.15), it showed 10
components for thujone and 8 for ketone chemotypesonstituents at .11, R
0.33, R 0.38, R0.55, R0.63, R0.78 and R0.92 (hexane-EtOAc, 7:3), were major
for thujone, while for ketone all 8 constituentdRa0.15, R 0.29, R 0.33, R 0.48, R
0.55, R 0.63, R0.78 and R0.92 (hexane-EtOAc,7:3), appeared to be major.

HEXANE - EXOAC (F:3) |

Figure 2.15 TLC (hexane-EtOAc, 7:3) oA. afra CH,Cl,-MeOH crude extracts. At
left: three different concentrations of the thujdyge extract. At right: three different

concentrations of the ketone type extract.

The main constituents observed in both the hexawetlae CHCIl>-MeOH extracts

could be isolated using suitable methods with setesolvent systems.
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2.4.4 Isolation of compounds

2.4.4.1 Isolation of taurin (2.56)

Taurin or 1-oxo0-B,70,113-H-selin-4(5)-en-6,12-olidg2.56) was isolated from the
hexane extract of the ketone type. After filtratafrilO g of crude extract as described
above, the solvent was evaporated from the fradlmained. The material was again
dissolved in small quantity of hexane and carefldbded onto a slurry packed silica
gel column, eluting with hexane-ethyl acetate (3%) Fractions were collected, 10
mL each. After inspection by TLC, fractions 25-4&wed one spot under UV light
and were combined and the solvent removed undaruvacThe resulting material
was again inspected with TLC to make sure of alsisgot. The TLC plate was
stained with anisaldehyde spray reagent and hedtada heat gun. A single yellow
spot with R 0.6 (hex-EtOAc, 3:2) appeared. The material wds ife a round-
bottomed flask for a while and it crystallizedwlias dried on high vacuum pump and
the yield was determined to be 205 mg of white fhebkle crystals. The

identification of the compound was based on spectpic data.

Appearance: white needle-like crystals

Empirical formula: GsH2003

Melting point: 110-112C, hexane (lit*116-118°C)
Optical rotation: #]o°-56(c = 0. 615, MeOH) (lit*, -115)

'H NMR (CDCb) 84:
4.57 (1H, d,J 11.0 Hz, H-6), 1.70 (qd] 11.8, 3.3 Hz)
2.61 (1H, m), 2.45 (1H, m), 2.36 (1H, m), 2.30 (1h),
1.97 (1H, m, 8-Heg), 1.83 (1H, dtJ 13.3, 2.6 Hz, H-9
eg), 1.58 (1H, qdl 12.8, 3.5 Hz, H-&x) 1 1.50 (1H, td,
J 13.3, 4.2 H-%X), 2.27(1H, dgJ 12.2, 7.0 Hz), 1.21
(3H, d,J 7.0 Hz, 13-CH), 1.30 (3H, s, 15-Ch), 1.94
(3H, s, 14-CH).

13C NMR (CDCE}) é¢:
213.6 (s, C=0), 33.0 (t, C-2, GH 36.0 (t, C-3, Ch),
127.0 (s, C-4), 129.6 (s, C-5), 81.8 (d, C-O), 58,9C-
7), 23.9 (t, C-8), 34.8 (t, C-9), 48.9 (s, C-10),04(d, C-
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11), 178.7 (s, G=0), 12.4 (q, C-13), 23.5 (g, C-14),
20.0 (C-15)
ESI-MS (positive modein/z 271.1300 [M + Na] (Calc. for GsHogOsNa: 271.1310).

2.4.4.2 Isolation of artesin (2.57)

A filtered fraction (10 g) was separated by coluommomatography. It was dissolved
in small volume of hexane and transferred intouarglpacked silica gel column. A
hexane—EtOAc (6:4) solvent mixture was used aglirent and 10 mL fractions were
collected in vials. Fractions 65-81 showed a sirgpget on a TLC plate and were
combined in a round-bottomed flask to remove sdlegna rotavapor. 20 mg of pure
material with R 0.4 hexane-EtOAc (3:2), were obtained and driede Tpure

compound isolate®.57)had the following physical characteristics:

Appearance: white feather-like crystals
Empirical formula: GsH2103

Melting point: 150-152C, hexanéLit.?*177°C)
Optical rotation: #]o>° +18 (c = 0. 0.260, MeOH)

'H NMR (CDCE) 8y
4.57 (1H, d,J 11.0 Hz, H-6), 3.54 (1H, ddl 14.4, 4.4
Hz, H-1), 2.35 (1H, m), 2.25 (m) 2.05 (m) 2.04 (m),
1.96 (m), 1.85 (3H, s, 15-GH 1.73 (m), 1.26 (m) 1.24
(1H, d,J 7.0 Hz, 13-CH)), 1.12 (3H, s, 14-CH).

3C NMR (CDCb) 8¢:
77.7 (d, COH), 27.1 (t, C-2), 33.2 (t, C-3), 12650 C-
4), 129.9 (s, C-5), 83.2 (d, CH-0), 52.8 (d, CZ,5 (t,
C- 8), 38.3 (t, C-9), 41.9 (s, C-10), 41.1 (d, Q;1178.9
(s, C-12), 12.3 (g, C13), 18.4 (q, C-14), 19.7qel5).

ESI-MS (positive modein/z 273.1472 [M + Na] (Calc. for GsH21:0sNa: 273.1467)
IR Vimax /Cmi™: 3350 (OH), 1625 (C=0)15, 1076, 966
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2.4.4.3 lIsolation of maritimin (2.58)

Maritimin (2.58)was obtained after repeated column chromatograpt® g of crude
extract of the ketone chemotype. After filtratiathe extract was dissolved in a
minimum volume of ethyl acetate and transferrechvaitPasteur pipette into slurry
packed silica gel column, eluting with hexane—EtQA®) 52 fractions, 15 mL each,
were collected. After inspection of all fractions ©LC plate, fractions 31 to 52 were
combined and solvent removed to give impure mdtefile above-mentioned
procedure was repeated using hexane-EtOAc (8:@)easolvent system to obtain 239
mg of impure crystals. This material was subsedyenirified on a small silica gel
column (2 cm in diameter) using hexane-EtOAc (a8kluent. 50 vials, 10 mL each
were collected. Inspection of different fractiong BLC revealed the identity of
fractions 37-50. The latter were combined and thieesit evaporated to yield 15 mg
of maritimin (2.58) The R was measured to be 0.2 in hexane-EtOAc (7:3).

Appearance: tiny powder- like white crystals
Empirical formula: GsH2004

Melting point: 169-172C, MeOH (lit>* 176-178°C)
Optical rotation: #]o°-12 (c = 0. 480 , MeOH) (It} -42)

H NMR (CDCH) 8.
4.32 (1H, d,J 11.0 Hz, H-6), 2.38 (2H, m), 2.25 (m),
2.18 (2H, m), 2.00 (1H, m), 1.99 (m), 1.74 (m), 9.6
(3H, s, 15-CH), 1.27 (3H, d,J 7.0 Hz, 13-CH), 1.24
(3H, s, 14-CH).

3C NMR (CDC}) 8c:
210.8 (s, C=0), 31.0 (t, C-2), 33.5 (t, C-3), 66,9¢-0),
63.7 (s, C-0), 77.2 (d, CH-O), 48.4 (d, C-7), 2@,0C-
8), 28.0 (t, C-9), 49.2 (s, C-10), 40.6 (d, C-1177.9
(C=12), 12.3 (g, C-13), 20.7 (q, C-14), 19.4 (41.5)-

ESI-MS (positive modein/z 287.1259 [M + Nd] (Calc. for GsH2004Na: 287.1259
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IR Viax /crri™: 3368, 3171, 1781 and 1708lactones) 3368, 3171,
1781, 1708, 1624 (ketone), 1035, 1156, 1624, 1035,
1156.

2.4.4.4 Isolation of scopoletin (2.66)

Scopoletin or 7-hydroxy-6-methoxycoumari{8.66) was isolated from the ketone
chemotype. The CHI-CH3;OH (1:1) extract was filtered through a plug and a
portion (10 g) was repeatedly separated by coluhmorcatography using varying
polarity eluents prepared from hexane-EtOAc respelgt(7:3, 8:2, 7:3) and 6:4). For
the last column chromatography, 201 vials, 5 mLheaeere collected. Fractions in
vials 81-100, after being spotted on TLC plate, eveisualised with UV radiations
and a single blue spot was clearly observed. Thesewombined and the solvent
removed to afford 10 mg of needles. The obtainetenah was re-spotted together
with the crude extracts of both thujone and ketohemotype, to make sure of the

presence of single component (Fig. 2.16).

Figure 2.16. Scopoletin TLC visualised under UV radiation (2%4): at the left,
crude extracts respectively of thujone and ketohenmtype. At the right, pure

scopoletin.

TLC revealed the presence of scopol€Br66)in both the chemotypes éf afra Its

physical characteristics are summarized hereunder.

Appearance: white needle-like crystals
Empirical formula: GoHsO4
Melting point: 201-203C, MeOH (lit®’ 205-207°C)
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'H NMR (CDCE) 84
7.60 (1H, dJ 9.5 Hz, H-4), 6.92 (1H, s, H-5), 6.85 (1H,
s, H-8), 6.27 (1H, dJ 9.5 Hz, H-3), 6.03 (1H, s, 7-OH),
3.96 (3H, s, OEly).

13C NMR (CDC}) é¢:
161.6 (s, C=0), 113.4 (d, C-3), 143.3 (d, C-4), .41,
C-4a), 107.6 (d, C-5), 144.1 (s, C-6), 149.8 (s7)(C-
103.3 (d, C-8), 150.3 (s, C-8a), 56.4 (q, QCH

ESI-MS (positive moden/z 215.0317 [M + Na] (Calc. for GgHgO4Na : 215.0320)

2.4.4.5 lIsolation ofp-hydroxyacetophenone (2.67)

Ten grams of CLCl,-MeOH extract was subjected to repeated liquid miatography
eluting with hexane-EtOAc solvent systems of défgrpolarities. 380 mg of impure
material was obtained and again chromatographet) dsxane-EtOAc (7:3) and 65
mg of needles were obtained with @32 hexane-EtOAc (7:3). The spectroscopic
analysis showed the compound topbleydroxyacetophenon@.67)

Appearance: white needle-like crystals
Empirical formula: GHgO,
Melting point: 111-113C, MeOH (lit’” 109-111°C)

'H NMR (CDCJ) 8y
7.90 (1H, dJ 8.8 Hz), 6.90 (1H, d) 8.8 Hz), 2.56 (3H,
s, OC-CH»)

**C NMR (CDCE) 5c:
160.6 (s, C-1), 115.5 (d, C-2, C-6), 131.1 (d, ©F),
130.3 (s, C-4), 197.2 (s, C=0), 26.5 (q, GEx)

ESI-MS (positive moden/z 159.0420 [M + Nd] (Calc. for GHgO, Na: 159.0446)

IR Vimax /o™ 3306 (O-H), 3172, 178910, 1663 (C=0), 1603,
124167.
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2.4.4.6 lIsolation of norsantolinifolide (2.61)

The ketone chemotype crude extract (10g), was teglyafractionated with hexane-
EtOAc solvent systems (8:3) to (6:4), using coluommomatography to yield 3 g of
impure material. It was again subjected to colunmmomatography eluting with
hexane-EtOAc-acetone (7:2:1). This process afforti@dng of colourless needles.
The Rwas calculated to be 0.5 (acetone-MeOH, 97:3).

Appearance: white needle-like crystals
Empirical formula: GoH1404

Melting point: 157-159C

Optical rotation: §]o°°+27 (c = 0. 140, MeOH)

'"H NMR (CDCb) 6.
3.60 (1H, d,J 11.5 Hz), 2.80 (1H, dt) 14.0, 8.6 Hz)
2.39 (m), 2.36 (m), 1.92 (m), 1.80 (1H, ddd,4.0, 10.0,
2.0 Hz), 1.53 (3H, s, 14-Gj 1.45 (m), 1.29 (3H, dJ
6.6 Hz, 13-CH)),

13C NMR (CDCE}) é¢:
179.0 (s, C-5), 90.8 (d, C-6), 43.4 (d, C-7), 2t,E-8),
38.0 (t, C-9), 46.6 (s, C-10), 51.0 (d, C-11), 08(s,
C=0), 13.4 (g, C-13), 24.0(q, C-14).

ESI-MS (positive moden/z 221.0784 [M + Na] (Calc. for GgH1404Na: 221.0790).

2.4.4.7 lIsolation of 2,4-dihydroxy-6-methoxyacetdgnone (2.68)
The crude fraction of 380 mg containing the comgb(th61) was chromatographed

with hexane-EtOAc (7:3) and 27 mg of 2,4-dihydrdynethoxyacetophenor{2.68)
were obtained. Its{Rvas 0.33 hexane-EtOAc (7:3).

Description: whitish needles
Empirical formula: GH1004
Melting point: 166-168C

'H NMR (CDCb) 6.
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5.98 (1H, dJ 2.4), 5.91(1H, dJ 2.4), 2.60 (3H, s, OC-
CH3), 3.86 (3H, s, 6-O83)

13C NMR (CDC}) é¢:
106.5 (s, C-1), 167.2 (s, C-2), 96.6 (d, C-3), 168, C-
4), 90.8 (d, C-5), 163.7 (s, C-6), 203.4 (C=0),932.
(OC-CHs), 55.6 (6-OCH)

EI-MS m/z [M]182.02

IR Vimax /™ 3369 (O-H), 1718 (C=Q}18, 1627, 1032, 1167.

2.4.4.8 lIsolation of santolinifolide (2.62)

Seven grams of the GHI-MeOH crude fraction were subjected to column
chromatography eluting with hexane-EtOAc (6:4). 2@als, 5 mL each, were
collected. Vials 81-120 were combined and solveraperated to obtain a mixture of
crystals of two compounds withy & 0.19 and 0.20 respectively, hexane-EtOAc (7:3).
The mixture was subsequently separated on a chotrmat using hexane-EtOAc
(7:3). Two overlapping bands were observable bificdlt to separate. 5mL fractions
were collected and fractions 1 to 20 were combiaed solvent was removed on a
rotavap to give 8 mg of impure crystals 262 with R 0.20. Although its signals
were clearly shown in all NMR spectra, further iesfion with TLC revealed that it
was still mixed with artemin, which was in higheoncentration in the fraction
subjected to chromatotron, as it was evidencedsbyield (292 mg) when isolated

later. Also, the signals of artemin were observaipiéghe NMR spectra &.62

Empirical formula: GsH200s

Melting point: 135.5C

'H NMR (CDCE) 84
6.01(1H, br s, 15-H) 5.86 (1H, br s, 18}}8.72 (1H, d,
J 11.5 Hz), 3.03 (1H, ddd) 2.61 (1H, m), 2.55 (1H, m)
2.58 (2H, m), 2.33, (dq) 2.32 (2H, m), 1.88 (1H, m)
1.59 (1H, ddd), 1.58 (3H, s) 1.39 (1H, m), 1.23)(8.3
Hz)

*C NMR (CDC}) dc:
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176.8 (s, C-1), 32.9 (t, C-2), (t, 28.5, C-3), Bilk, C-
4), 204.0 (s, C=0), 90.5 (d, C-6), 43.2 (d, C-D).5t,
C-8), 38.7 (t, C-9), 52.8 (s, C-10), 50.8 (d, C;1191.0
(s, C=0),13.3 (g, C-13), 26.0 (q, C-14), 126.0C(L5)

2.4.4.9 lIsolation of artemin (2.59)

During the above-mentioned process in Section B4fdr isolation o2.62,fractions

22 to 46, were also combined and the solvent eadpoito afford 292 mg of crystals

of 2.59

Description:
Empirical formula:
Melting point:
Optical rotation:

'"H NMR (CDCH) 4.

*C NMR (CDCE) 5c:

white feather-like crystals

GsH2204

227-229C, EtOAc (lit®>' 238-240°C)

#]p°°+62 (c = 0. 520 , MeOH) (I’ +157)

5.03 (2H, d, 15-H), 4.98(s, H-15), 4.26 (1H,Jd11.5

Hz, 6-H), 4.17 (1H, dd, 1-H), 2.65 (1H, m), 2.34(1
m), 2.15 (1H, m), 1.84 (1H, m), 1.73 (2H, m), 1(361,

m), 1.49 (m)1.23 (3H, d,J 6.47 Hz, 13-CH), 0.89 (3H,
s, 14-CH)

71.8 (d, C-1), 29.9 (t, C-2), 29.6 (t, C-3), 14E1C-4),
77.1(s, C-5), 81.9 (d, C-6), 41.2 (d, C-7), 30,3018),
22.8 (t, C-9), 44.5 (s, C-10), 45.5 (d, C-11), #7{s,
C=0),12.4 (g, C-13), 13.3 (q, C-14), 112.4 (t, Q-15

ESI-MS (positive modein/z 289.1416 [M + Nd] (Calc. for GsH,,04 Na:

®BA16).

2.4.4.10 Isolation of reynosin (2.65)

A portion of CHCI,-MeOH crude extract (10 g) from the thujone typesiétered

and chromatographed on silica gel slurry packedroal using isocratic elution with
hexane-EtOAc (8:2). 51 fractions, 20 mL each, wenkected. The last fraction was

obtained with methanol to remove the more polar maunds. The same procedure
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was repeatedly applied to the last fraction andn@dof 2.65 were obtained with R
0.73 in acetone-MeOH (97:3).

Description: yellowish needles

Empirical formula: GsH2003

Melting point: 132-134C, MeOH (lit®?144-145°C)
Optical rotation: §]o°°+54 (c = 0.140, MeOH) (lif* +122)

'H NMR (CDCE) 84
6.08 (1H, dJ 3.3 Hz, 13-H), 5.42 (1H, d} 3.1 Hz, 13-
H"), 4.99 (1H, br s, 15-H), 4.86 (1H, br s, 15;H.03
(1H, m), 4.02 (tJ 10.8), 3.52 (1 H, ddJ, 4.6 Hz;J
11.5 Hz, H-1), 2.54 (1H, m), 2.32 (1H, m), 2.17 (H),
2.11 (1H, m), 2.09 (1H, m), 1.84 (1H, m), 1.58 (1h),
1.32 (1H, m) 0.87 (1H, m), 0.81(3H, s, 14-gH

%C NMR (CDC}) &c:
79.6 (d, C-1), 33.6 (t, C-2), 35.8 (t, C-3), 14%54C-4),
53.1 (d, C-5), 21.5 (t, C-6), 78.3 (d, C-7), 496 C-8),
31.34 (t, C-9), 43.0 (s, C-10), 139.3 (s, C-110.77s,
C=0), 117.0 (t, C- 13), 11.7 (g, C-14), 110.6 {1 8).

ESI-MS (positive moden/z 271.1309 [M + Na] (Calc. for GsH2,04 Na: 271.1310).

2.4.4.11 Isolation of 5-hydroxy-7,4dimethoxyflavone (2.69)

Ten grams of filtered crude extract were subje¢tetlash column chromatography
using both isocratic and stepwise elution with mex&tOAc 8:2. Twenty mL
fractions were collected. The last fraction washrematographed using hexane -
EtOAc (7:3) and 120 fractions, 10 mL each wereeméid. Fractions 101-110 were
combined and solvent removed to afford 139 mg afepweddish crystals of the
flavone(2 .69).The R was 0.6 hexane-EtOAc (3:2). The compound wastesolBur
different times and the total yield was measureoet®04 mg.

Description: reddish needles
Empirical formula: G7/H1405
Melting point: 165-167C, MeOH (lit”> 170-174°C)
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'H NMR (CDCE) 84

12.3 (1H, br s, 5-OH), 7.85 (1H, 38.0 Hz, H-2, H-6),
7.02 (1H, dJ 8.0 Hz, H-3, H-5), 6.58 (1H, s, H-3),
6.49 (1H, dJ 2.2 Hz, H-8), 6.37 (1H, d] 2.24 Hz, H-6),
3.89 (3H, s, 40CH,), 3.88 (3H, s, 7-OCH)

13C NMR (CDC}) é¢:

164.2 (s, C-2), 104.5 (d, C-3), 182.7 (s, C=0),.40s5,
C-4a), 162.3 (s, C-5), 98.2 (d, C-6), 165.5 (s,)(92.8
(d, C-8), 157.8 (s, C-8a), 124.0 (s, §-128.1 (d, C-2
C-6), 114.7 (d, C-3 C-5), 162.6 (s, C-3, 55.8 (q, 7-

OCH), 55.5 (g, 40CHs)

ESI-MS (positive moden/z 321.0735 [M + Na] (Calc. for G7H140sNa)

IR Vimax fom™: 3368, 1671, 1606, 150871, 1196, 1165, 833, 722.
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CHAPTER THREE

A PHYTOCHEMICAL INVESTIGATION OF ELYTROPAPPUS
RHINOCEROTIS

3.1 INTRODUCTION

The genusElytropappusCass. belongs to the family Asteraceae (describe8ection
2.1.1), tribe Gnaphalieae. This tribe is one ofléigest in the family, with 180 genera and
2000 species. Geographically, the Gnaphalieae iatébdted worldwide, but with a high
occurrence in South Africa and Australidhe nameElytropappusis derived from the
Greek word “elytron” meaning a “sheath” and “papposeaning “down” or “fluff’,

referring to the small cup-like rim around the lsasfi feathery pappos.

The genus consists of eight speci&s,rhinocerotis E. glandulosusE. hispidus E.
longifolius, E. gnaphaloidesE. scaberE. adpressusandE. ruschianus*A recent thesis
proposed thaElytropappusmust be split into three genealytropappusand two new
generaMyrovernix and Dicerothamnus However, this reclassification of the genus has

not been published formally, and we will be usihg blder classification in this thesis.

Elytropappus rhinocerotiglL.f.) Less., commonly called rhinoceros bushemaster bush,

is a single-stemmed small plant growing to aboun lhigh (Fig. 3.1). A new name,
Dicerothamnus rhinocerotiskoekemoer, has been suggested for this species by
Koekemoer, but as mentioned, this classification has not heealslished formally. The
species namerhinocerotis refers to the association of this species with thinoceros.
The very old branches &. rhinocerotusare gnarled and the bark is smooth and greyish in
colour! OId branches normally do not bear leaves but hmaay thin, whip-like twigs
which are held erect and enveloped by small trilmgeaves pressed tightly to the stem.
In between the leaves, there is a layer of finetayhair-like stuff, which gives a woolly
appearance. Hence the overall plant appears aslgréyumerous flowerheads (capitulae)
are borne towards the end of the twigs; these arg small and inconspicuous, which
makes it very difficult to recognize on a floweribgsh. In AfricaE. rhinocerotisoccurs

in South Africa and Namibia (Fig. 3.2).
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http://www.plantzafrica.com/medmonographs/elytrapotpdf

Figure 3.1.Elytropappus rhinocerotis.

http://www.plantzafrica.com/medmonographs/elytrapolpdf

Figure 3.2.Geographical distribution &. rhinocerotisin South Africa’

E. rhinocerotisis widely used as a medicinal plant in South AdriStudies indicate that it
is used in the treatment of many ailments suchigestive upsets, hyperthemia, acidity in
children, stomach cancer and fevérn the case of lack of appetite, it is taken aeract
and its preparations are believed to stimulate smgalt served as a remedy of
krimpsiekte in sheep. In Western Cape, people usar ithe treatment of diarrhoea and
convulsions in children and typhoid fever in bottild and adulf® Reports confirm it to
have been a famous remedy during the 1918 influepigemic’®°

Limited information is available on the phytochemyisof E. rhinocerotis Dekkeret al.®
isolated a compound known as rhinocerotinoic €8id). Prokschet al'® reported thaE.
rhinocerotissecretes a resin from its leaves from glandulehames located on the leaf

surface. He mentioned that 80% of this ether-selubsin consisted of acidic and phenolic
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material. The phenolic fraction contained four @awids, hispidulin (6-methoxyapigenin)

(3.2), cirsimaritin (70-methylhispidulin)(3.3), eupafolin(3.4) and quercetitf3.5).”

Apart from the four major components of the leaimeit has been confirmed that benzoic
acid (3.6) and its derivativesp-hydroxybenzoic acid3.7), protocatechuic aci@3.8) and
veratric acid(3.9), are present in minor amounts, as well as cinnanid derivatives,

namelyp-coumaric acid3.10) ferulic acid(3.11)and sinapic aci@3.12).

COOH COOH COOH

COOH
[f:] OH CHs
OH OH OCH3
3.6 3.7 3.8 3.9

" The author of this thesis finds it difficult tollmve that a polar compound such as quercetinbeilsoluble
in diethyl ether.
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CH=CHCOOH CH=CHCOOH CH=CHCOOH

OCHjy HsCO OCH,
OH OH OH

3.10 B.1 13.

3.2 RESULTS AND DISCUSSION
3.2.1 Preparation of plant material and isolation of compunds

The aerial parts oE. rhinocerotis were obtained from the farm Weltevrede in the
Murraysburg district, Western Cape. The plant miattevas ground to yield 1.9 kg of
material. A mixture of ChCl, and MeOH was used for extraction to yield 189 groide
extract. This extract was examined by thin-layerootatography using various solvent
systems in order to have an idea of the numbepaltatity of the components in a mixture

before isolation.

The obtained crude extract was subjected to colonmamatography and subsequently to
centrifugal thin-layer chromatography on a chrortratm using solvent systems prepared
from different organic solvents, namely hexanehidimomethane, ethyl acetate, acetone
and methanol. As a result, the compounds labdaaoli(3.13) methyl labdanolaté3.14)

scoparong3.15)and viridiflorol (3.16) have been isolated and their structures determine

3.2.2 Structural elucidation of labdanolic acid (313)

The first compound isolated from tle rhinocerotisextracts exhibited twenty signals in
its °C NMR spectrum (Plate 79, Table 3.1). This indidateat the compound was a
diterpene. The DEPT spectrum (Plate 80) revedledtesence of five methyl groupes at
dc22.1, 21.5, 33.419.9 andl5.4, resepctively. The signal & 74.6 was attributed to a
carbon bearing a hydroxy group, while the one rasng atéc 178.0 clearly resulted from

a carboxyl group (COOH). This means that the comdamas a carboxylic acid. No signal
was observed betweeia 100 anddc 150. Therefore, it was concluded that the diterpene

was saturated.
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The 'H NMR spectrum (Plate 78) showed five methyl prosignals, four singlets &
0.79 (6H), 0.87 (3H) and 1.16 (3H), and a doubted#0.99 (3H, d,J 6.6 Hz). In the
HMBC spectrum (Plate 84), two of the methyl grouptpns ¢4 0.87 and one of the
methyls resonating aiy 0.79) correlate to the carbons of each other awith Bhow
correlations with three carbons resonatingea42.1 (CH), atéc 33.3 (C) and aic56.1
(CH), respectively. These two methyls are chareatterof agem4,4-dimethyl substituted

decahydronaphthalene system.

The methyl protons aiy 1.16 correlate with the oxygen-bearing quaterraasbon §c
74.6), a methylene carbon resonatingd4.6 and a methine carbon resonating-a1.9.
These correlations are in agreement with a diterpeontaining the above-mentioned

decahydronaphthalene system and with 8-hydroxy8amethyl substituents.

The'H chemical shift and size of thgeminalH,"H-coupling of the methylene group with
protons resonating at; 2.17 (1H, ddJ 14.8 and 7.2 Hz) angh 2.41 (1H, ddJ 14.8 and
6.4 Hz), indicated that this group is located aeljado the carboxylic acid. Furthermore,
an HMBC correlation was observed between this nietiey carbon §c 40.9) and the
secondary methyl group resonatingdgt0.99. The secondary methyl group protons also
show a correlation with the methane carbodc80.8 and the methylene carbordaf39.9.
These results, together with the COSY (Plate 88)l8QC (Plate 83) spectra, confirmed
the structure of the isolated compound to be lablitaacid(3.13) The experimental data

were in agreement with the reported data for tbispound (Table 3.7f*

3.13

The IR spectrum showed some informative signalse Phak atvmax 1693 cnl was

assigned to the acidic carbonyl (COOH) group arel stgnal atvye 1075 cn was
attributed to the C-O stretching vibration of thel @roup bonded to C-8.The HR-ESI-
MS spectrum gave a peak at 347.25704NNa]’, corresponding to the molecular ion
(+Na") which is not significantly different from the calated mass of 347.2562 for
CyoH3603Na.

73



Table 3.1.*H and **C NMR of labdanolic acid (3.13) in CDCk (400 MHz).

Experimental values

Literaturevalues™®

Position dc DEPT oy COoSsy HMBC dc dH
correlation
1 39.7 CH 1.63 20 39.6
0.99
2 18.5 CH 1.61 18.4
3 42.1 CH 1.39 18, 19 41.9
1.15
4 33.3 C 18, 19 33.2
5 56.1 CH 0.90 18, 19 56.0
6 20.5 CH 1.28 20.4
7 44.6 CH 1.86 (1H, dtJ 17 43.7 1.85 (1H, dg
12.3, 3.3 Hz) 12.3, 3.3 Hz, 7-
1.39 BH)
8 74.6 C 17 74.9
9 61.9 CH 1.03 17, 20 62.0
10 39.2 (o 20 39.0
11 221 CH 1.26 20 23
12 39.9 CH 1.42 16 40.5
13 30.8 CH 2.01 14, 16 16 31.2
14 40.9 CH 2.17 (1H, dd,J 13, 14 16 41.5 2.19 (1H, dd,
14.8, 7.2 Hz) 14.8, 7.2 Hz, 14-
2.41 (1H, dd)J H), 2.30 (1H, dd)
14.8, 6.4 Hz 14.8, 6.4Hz, 14-H
15 178.0 () 177.9
16 19.9 CH 0.99 (3H, d,J 6.6 13 19.9 0.98 (3H, d] 6.6
Hz) Hz)
17 24.0 CH 1.16 (3H, s) 23.8 1.15 (3H, s)
18 334 CH 0.87 (3H, s) 19 33.3 0.86 (3H, s)
19 215 CH 0.79 (6H, s) 21.4 0.78 (6H,s)
20 15.4 CH 0.79 (6H, s) 15.5 0.78 (6H,s)
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Labdanolic acid(3.13) was first isolated from gum labdanur@igtus ladaniferus well
known in the perfume industry for its balsamic odand its fixative properties:**It was
recently reported that at a concentration of Ag0nL, 3.13selectively inhibited the COX-
2 enzyme™ At this concentration, the COX-2 inhibition was?43whereas no inhibition of
COX-1 was observed. In the same experiment, aedigytic acid (aspirin), at a
concentration of 18@g/mL, showed inhibition of 61% and 24% for COX-1da@OX-2,
respectively. COX-2 is an important enzyme in inffaation. The excellent inhibition
activity of labdanolic acid(3.13) of COX-2 may explain the traditional uses Bf

rhinocerotisas an anti-inflammatory.

3.2.3 Structural elucidation of methyl labdanolate(3.14)

The determination of the structure of methyl labmate(3.14)was easy, since it is similar
to that of labdanolic acid. TH&l NMR spectrum (Plate 85) gave some informativeais

It showed five methyl groups respectivelysat0.95 (3H, dJ 6.7 Hz, 16-CH), 64 1.15
(3H, s, 17-CH), 64 0.87 (3H, s, 18-Ck), o4 0.79 (6H, s, 19, 20-CHL The singlet
observed aby 3.66 (3H, s) indicated the presence of a methogygrwhich was assigned
as a methyl ester (COOGH The doublet of a triplets at 1.86 (1H, dit12.0 and 3.1 Hz)
was assigned to the equatorial proton of the metigylgroup at C-7. Two doublet of
doublets appearing &t 2.14 (1H, dd,J 14.6 and 8.0 Hz) anél; 2.36 (1H, dd,J 14.6 and
5.8 Hz), resulted from the non-equivalent C-14 gmet

The °C NMR spectrum (Plate 86) displayed twenty-one alignA comparison with the
¥C NMR spectrum of labdanolic aci®.(3, revealed an extra carbon resonatingat
51.4, which could be assigned to the methyl of steregroup. This was confirmed by
HSQC spectrum (Plate 90) where the direct coudb@tyveen the proton resonatingdat
3.66 and the carbon resonatingg@b1.4, was observed. The five methyl groups wese al
observed in the DEPT spectrum (Plate 87%)20.0, 24.033.4,21.5 andl5.5. The signal
atoc 74.3 resulted from C-8, a quaternary carbon bgamOH group. In addition to this
information, the COSY (Plate 89) and HMBC (Plat¢ $iectra supported the structure of
methyl labdanolat€3.14) The spectroscopic data of the isolated compouse w good
agreement with the reported data for methyl labde(@.14) (Table 3.2)°

75



Table 3.2.'H and **C NMR of methyl labdanolate (3.14) in CDC} (400 MHz).

Experimental values

Literature values™

Position dc DEPT oy COSY HMBC correlation doc oy
1 37.2 CH 1.61 20 39.6
0.93
2 18.5 CH 1.59 18 18.4
1.40
3 42.0 CH 1.37 7,6 18 41.9
1.13
4 33.3 C 18,19 33.2
5 56.2 CH 0.91, 1.27 6,5, 11 18 56.0
6 20.6 CH 1.64 3,18 18 20.4
1.27
7 44.6 CH 1.86 (1H, dtJ 12.0, 3.1 Hz) 3,17 17 44.2 1.86 (1H, di, 12.0, 3.1
1.38 Hz)
8 74.3 C 17 74.1
9 62.1 CH 1.01 17 62.2
10 39.2 C 20 39.0
11 22.4 CH 1.40 5,19 22.7
1.27
12 40.3 CH 1.40 40.6
13 31.1 CH 2.11 14 16 31.2
14 41.3 CH 2.14 (1H, dd, 14.6, 8.0 Hz, 14 13, 14 16 41.4 2.16 (1H, ddi14.6, 8.0
H) Hz, 14-H), 2.34 (1H, dd,
2.36 (1H, ddJ 14 .6, 5.8 Hz, J 14.6, 5.8 Hz)
14-H)
15 174.0 C 21 173.8
16 20.0 CH 0.95 (3H, dJ 6.7 Hz) 19.8 0.95 (3H, d] 6.7 Hz)
17 24.0 CH 1.15 (3H, s) 7 23.9 1.14 (3H, s)
18 33.4 CH 0.87 (3H, s) 6 19 33.3 0.86 (3H, s)
19 215 CH 0.79 (6H, s) 11 18 21.4 0.78 (6H, s)
20 15.5 CH 0.79 (6H, s) 15.4 0.78 (6H, s)
21 51.4 CH 3.66 (3H, s) 51.4 3.66 (3H, s, OCH
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In the HR-ESI-MS spectrum, the peak of the molecitm (+Na) was observed at
361.2716 [M+ NaJ', which agreed with the calculated mass of 361.230.2,,Hzs0sNa.

3.2.4 Structural elucidation of scoparone (6,7-dimboxycoumarin) (3.15)

6,7-Dimethoxycoumarin or scoparone, was isolated i structure was elucidated by
analysis of NMR spectra. THel NMR spectrum (Plate 92) showed a tall signal,a8.92
(6H, s, 6-OCH, 7-OCH), which is typical of two methoxy groups, botharating at the
same chemical shift. The proton on C-3 appeareaidsublet aby 6.29 (1H, dJ 9.5 Hz,
H-3), while the proton on C-4 resonates as a dowdiléy 7.62 (1H, d,J 9.5 Hz, H-4).
Two singlets with closely related chemical shiftxuarred aty 6.847 (1H, s) and 6.854
and were assigned to the two aromatic protons édcatt C-5 and C-8. The COSY
spectrum (Plate 96) confirmed these arrangementshbwing a correlation between the
protons aby 7.62 andy 6.85.

The *C NMR spectrum displays 10 signals corresponding.Xccarbon atoms (the two
OCH; appearing at the same chemical shift). The DEPTtapa (Plate 94) showed that of
the 11 carbon atoms, 6 are protonated. These angl fatdc 56.5 (2 OCH), two methoxy
groups bonded to C-6 and C-7; & 100.3 (CH) and 108.2 (CH), which are aromatic
carbons, andc 113.7 (CH) andc 143.4 (CH), the lactone ring carbons C-3 and G-#e
coumarin. Obviously, the 5 carbon atoms remainnmegn®t protonated; they are quaternary
carbons of the molecule and are founddat111.6, 146.6, 150.2, 153.3 and 161.5,
respectively. The above-mentioned spectra togethtr HSQC (Plate 97) and HMBC
(Plate 98) agreed with the structure of scopafB8rib).

HyCO™7~s"0" ~0

3.15
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Table 3.3.*H and **C NMR of 6,7-dimethoxycoumarin (3.15) in CDC}(400 MHz).

Experimental values

Literature values®™

Position dc DEPT oy COSY HMBC correlation doc oy
2 161.5 C 4 161.4
3 113.7 CH 6.29 (1H, dJ 9.5 4 113.4 6.28
Hz)
4 143.4 CH 7.62 (1H, 49.5 3 5 143.3 7.62
Hz)
4a 111.6 C 3,5,8 1115
5 108.2 CH 6.85 (2H, s) 6-OGH 4 108.1 6.86
7-OCH;
6 146.6 C 5, 8, 6-OCH 146.4
7 153.3 C 7-OCH; 152.9
8 100.3 CH 6.85 (2H, s) 6-OGH 7-OCH; 100.0 6.84
7-OCH;
8a 150.2 C 58,4 150.1
6-OCH;, 56.5 OCH 3.92 (6H, s) 8 56.4 3.95
7-OCH,
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The HR-ESI-MS showed a molecular ion at 229.0473[Nia] that is in agreement with
the calculated mass for,{H100,Na 229.0477. The experimental data were in agreemen
with the literature values.

Different biological activities have been obserfedscoparone (6,7-dimethoxycoumarin)
(3.15) For example, its biosynthesis in some speciesh [agCitrus paradis was
associated with resistance tBhytophtora infection.'® Its activities also include
vasodilatatior!, inhibitory effect on cardiohemodynamic functiofiSmmunosuppressive
effect!® radioprotective effec* and antifungal activity” The coumarin derivatives are
used as anticoagulants which depress the syntbeémir vitamin K-dependant clotting

factors in the livef?
3.2.5 Structural elucidation of viridiflorol (3.16)

A sesquiterpene alcohol was obtained from the,@HMeOH extract after column
chromatography, using hexane-&H (3:1). The analysis of the spectroscopic datdef t
isolated compound led to the assignment of thetre of the compound as viridiflorol or
(1S4R556R,7R)-4,10,11,11-tetramethyltricycloundecaneid (3.16)

The™C NMR spectrum (Plate 100) displayed fifteen signaidicating that the compound
was a sesquiterpene. The signalbat74.7 was assigned to the tertiary carbon (C-10)
bearing the hydroxy group. The DEPT spectrum (Pldi&) revealed that the isolated
compound have four methyl groups; two of theri#28.6 andb¢ 16.1, both bonded to the
guaternary carbon C-11; onedatl6.3, connected to the methine carbon in C-4; dletlh
methyl group was observed & 32.1 and it was linked to the tertiary carbon hgvihe
hydroxy group (C-10). Another feature was that $pectrum did not show any signals at

lower field, indicating that there was neither aboenyl group nor a double bond in the
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structure of the isolated compound. The singlgteapng at an unusually high fieldc(

18.4), was assigned to the quaternary carbon C-11.

The 'H NMR spectrum (Plate 99) supported the informatgwven by the*C NMR
spectrum by exhibiting three 3H singletsdgt1.00 (3H, s, H-13)¢4 1.02 (3H, s, H-12)
andéy 1.15 (3H, s, H-14), respectively, confirming thegence of methyl groups &t
16.1 (C-13)6c 28.6 (C-12) andc 32.1 (C-14). The doublet observedat0.93 (3H, dJ
6.8 Hz, H-15), was attributed to the methyl grotp16.3 (C-15). The experimental data
were in agreement with the reported data in by Bamet al.?* for viridiflorol (3.16)

isolated fromMelaleuca quinquenervia

The molecular mass of viridiflord[3.16) was obtained by a GC-EI-MS experiment. The
spectrum showed a signalratz204, while the expected mass was 222. This inglicttat

on the GC inlet, the compound might have eliminaig0.

It was found that when viridiflora[3.16) is applied to dog food bait, it reduces efficiently
fire ant consumption and visitation. At concentratiof 18 ug/mg of dog food, fire ants
would not consume the bait within the period of sours after application of viridiflorol
(3.16)*>* This suggests that this compound can act as afeedant for some insects.
Viridiflorol (3.16)was also reported to occur in other different msdncludingkunzea
ambigua a therapeutic and insect repellent spetiéentha piperital.,”® and in different
chemotypes ofMelaleuca quiquenervjd’ a species considered as aggressive to other

species’>!but having antiseptics with bioactivity againstian pathogen¥.

3.3 CONCLUSION

In the current phytochemical study, four compourtts/e been isolated fronk.
rhinocerotis None of these compounds have been reported pidyifrom this species.
The isolation of large amount of labdanolic a¢&i13) is interesting, since it has been
shown that this compound is a selective of COX¥hitor. This activity may account for

the traditional uses of the plant as an anti-infleony®
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Table 3.4.*H and *C NMR of viridiflorol (3.16) in CDCI 3(400 MHz).

Experimental

Literature %

Position dc DEPT on COoSsy HMBC dc oy
correlation
1 58.3 CH 1.77 (m) 14 58.4 1.80
2 25.8 CH 1.64 14 25.9 1.63
1.59 1.57
3 29.1 CH 1.79 3 15 29.3 1.78
1.24 1.27
4 38.6 CH 1.94 (m) 15 15 38.5 1.98
5 39.8 CH 1.80 (m) 8 39.9 1.84
6 22.4 CH 0.13 (1) 9.2 Hz) 12,13 225 0.11
7 28.7 CH 0.61 (m) 12,13 28.7 0.61
8 18.9 CH 1.60 5 12,13, 14 18.9 1.60
1.44 1.45
9 37.8 CH 1.70 14 37.9 1.66
1.51
1.57
10 74.7 C 14 74.5
11 18.4 (o 18.4
12 28.6 CH 1.02 (s) 15 13 28.7 1.03
13 16.1 CH 1.00 (s) 14 12 16.1 1.00
14 321 CH 1.15 (s) 13 32.1 1.13
15 16.3 CH 0.93 (d,J 6.8 Hz) 4,12 16.3 0.93
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3.4 EXPERIMENTAL PROCEDURES

3.4.1 General experimental procedure

The general experimental procedures have beenilbeddn Section 2.4.1.

3.4.2 Plant material and extraction

Aerial parts from healthy and matufe. rhinocerotis were collected on the farm
Weltevrede in the Murraysburg district, Western €aand were air dried and then ground
to a powder (1.9 kg). The powder was extracted withil mixture of CEOH-CH,CI, at
room temperature for 24 h. The plant material wamsaved by filtration and the solvent

was evaporated on a rotavapor. The yield of crutiaet was 189 g.

A small portion of crude extract (15 g) was redigsd in a small volume of ethyl acetate
and filtered through a short silica gel column ielgitwith methanol. The resulting fraction
was analysed by TLC. 7 main components:d@.R2, R0.17, R0.25, R 0.71, R 0.82,
Rt 0.91 and R 0.99 (hexane-EtOAc, 7:3) (Fig. 3.3) were obsensitig suitable solvent

systems. The extremely polar compounds were nestigated at this stage.

Figure 3.3.TLC (hexane-EtOAc, 7:3) of the GHI,-MeOH crude extract d&.

rhinocerotis

3.4.3 Isolation of labdanolic acid (3.13)

The filtered fraction mentioned above was thentiomated by column chromatography. It

was concentrated by removing some solvent and ferard carefully into a silica gel

82



column packed as slurry. Mixtures of hexane andglesicetate were used as eluents.
Initially 100% hexane (200 mL) was used as a sisglwent. Thereafter, the polarity of
the solvent was gradually increased stepwise, fAfl)%% hexane-10% EtOAc to 10%
hexane-90% EtOAc. Finally, 100% methanol was usedash the column to obtain the

very polar components. This process is summarizéae Fig. 3.4.

HEX/ EtOAc 50: 50

HEX/ EtOAC 60: 40 |

HEX/ EtOAC 70:3( |

LHEX/ EtOAC 80: 20 |
HEX/ EtOAC 90: 10 |

1 HEX 1009 |

Crude
extract

Figure 3.4. Stepwise elution oE. rhinocerotiscrude extract column chromatography

Fifteen fractions, 120 mL each, were collectedcEons 5, 6 and 7 were combined and
the solvent removed. The resulting material wasnaghromatographed, using hexane-
EtOAc (3:2) as eluent. Sixty-eight vials, 10 mL leawere collected. Vials 52 to 68 were
combined and the solvent evaporated. This procetdegl 273 mg of white needle-like
crystals, with R0.24 (hexane-EtOAc-acetone, 8:1:1). The spectroscdata analysis
revealed the compound to be labdanolic acid (8dwyabdan-15-oic acidj3.13) with
the following physical characteristics:
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Description: white needles

Empirical formula: GoH3603
Melting point: 66-69°C (lit.}*68°C)
Optical rotation: #]o°+4(c 1.600, MeOH) (lit*, +5)

'H NMR (CDCE) 84

2.17 (1H, dd) 14.8, 7.2 Hz, 14-H), 2.41(1H, ddi]14.8, 6.4
Hz, 14-H), 1.86 (1H, dtJ 12.3, 3.3 Hz, B-H), 1.16 (3H, s,
17-CHs), 0.99 (3H, d, J 6.6 Hz, 16-CH), 0.87 (3H, s, 18-
CHs), 0.79 (6H, s, 19-Ckl 20-CH)

13C NMR (CDC}) 8c:
39.7 (t, C-1), 18.5 (t, C-2), 42.1 (t, C-3), 33s3 C-4), 56.1
(d, C-5), 20.5 (t, C-6), 44.6 (t, C-7), 74.6 (s8;-61.9 (d, C-
9), 39.2 (s, C-10), 22.1 (t, C-11), 39.9 (t, C-1%),8 (d, C-
13), 40.9 (t, C-14), 178.0 (s, C-15), 19.9 (g, §;184.0 (q,
C-17), 33.4 (q, C-18), 21.5 (g, C-19), 15.4 (q, @-2

ESI-MS (positive modan/z 347.2570 [M + Na] (Calc. for GoH3sO3Na: 347.2562)

IR Vmax (Cm): 1693 (COOH)

3.4.4 Isolation of scoparone (6,7-dimethoxycoumar)r(3.15)

From the 15 fractions of 120 mL each, collectedvioasly from the above-mentioned
stepwise elution (Fig. 3.4), fraction 10 was sutgdcto column chromatography, using
CH.CI,-EtOAc-acetone (8:1:1) as a suitable solvent systentotal, 57 fractions were
collected, 10 mL each. Fractions 7, 8 and 9 werabioed and solvent removed to give

impure crystals (28 mg).

The above-mentioned quantity of material was redissl in a small volume of ethyl
acetate and purified by means of a chromatotromgulexane-EtOAc (1:1) as eluent.
Twelve fractions, 15 mL each, were collected, cotreg¢ed in a fume hood, spotted on
TLC plates and visualized with UV radiations. Fraies 6, 7 and 8 showed a clear big blue
spot under UV light (254 nm) (Fig. 3.5). These fimts were combined and the solvent
evaporated with a rotavapor to yield 10 mg of whgedle-like crystals, with {R= 0.45
(hexane-EtOAc, 6:4). Analysis of the NMR and MSadietd to the structure of scoparone
or 6,7-dimethoxycoumari(8.15).
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Figure 3.5.TLC of scoparone (6,7-dimethoxycoumarin).

Description: white needles
Empirical formula: @1H1004
Melting point: 139-14%C (lit.*3143-145°C)

'H NMR (CDCb) 4:
6.29 (1H, d,J 9.5 Hz, H-3), 7.62 (1H, dJ 9.5 Hz, H-4),
6.847 (1H, s, H-5) 6.854 (1H, s, H-8), 3.92 (6H6-HCH;),
7-OCH)

13C NMR (CDC}) éc:
161.5 (s, C-1), 113.7 (d, C-3), 143.4 (d, C-4), .61(s, C-
4a), 108.2 (d, C-5), 146.6 (s, C-6), 153.3 (s, £1D0.3 (d,
C-8), 150.2 (s, C-8a), 56.5 (q, 6-O¢H-OCH;)

ESI-MS (positive moden/z 229.0473 [M + Na] (Calc. for GiH1004Na: 229. 0477)

3.4.5 Isolation of methyl labdanolate (3.14)

The isolation of this compound necessitated tharsgjon of the acidic and non-acidic
components of the crude extract. This was doneuseca was observed that labdanolic
acid was present in almost all the fractions, eifh&e or mixed, with other constituents
which prevented us from obtaining other componémtiheir pure form. The procedure

used to separate both acidic and none acidic coempeiis described below.

10 g of filtered crude extract were dissolved i 20L of ethyl acetate and transferred to a
separating funnel. A saturated solution of sodiuoafbonate (10mL) was added and the
two layers were mixed gently. The aqueous layer veasoved, acidified with aqueous
HCI and poured back onto the separating funnel extcacted with ethyl acetate. The

equations below illustrate what happened.
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R-COOH (in crude extract) + NaHGQagq) — RCOO-Na (aq) »EDs
+ Non acidic qooments
RCOO-Na (aq) + HCl (ag)——, RCOOmMa& Cl(aq)

The non-acidic component was subjected to colummanchtography, eluting with hexane-
EtOAc (8:2). 136 fractions, 10 mL each were cobectFractions 84-110 were combined
and the solvent removed to yield 242 mg of impuvendike material. The gum was
purified on a chromatotron to yield 44 mg of gresnerystals of methyl labdanolgt& 14)
with R 0.7 (hexane-EtOAc, 7:3).

Description: greenish crystals

Empirical formula: GiH3503

Melting point: 62-64C (lit.'° 68.3-71.3)

Optical rotation: #]o°°+12(c 0. 200, MeOH) (lit*, +10)

'H NMR (CDCl) 8: 1.86 (1H, dtJ 12.0, 3.1 Hz, BH), 2.14 (1H, ddJ 14.6, 8.0

Hz, 14-H), 2.36 (1H, dd] 14.6, 5.8 Hz, 14-H, 0.95 (3H, d,
J 6.7 Hz, 16-CH), 1.15 (3H, s, 17-Ck), 0.87 (3H, s, 18-
aCHs), 0.79 (6H, s, 1BCHs, 20-CH), 3.66 (3H, s, OCH)
13C NMR (CDCE) 8c:
37.2 (t, C-1), 18.5 (t, C-2), 42.0 (t, C-3), 33,3¢s4),
56.2 (d, C-5), 20.6 (t, C-6), 44.6 (t, C-7), 74s3C-8),
62.1(d, C-9), 39.2 (s, C-10), 22.4 (t, C-11), 40.¥12)
31.1(d, C-13), 41.3 (t, C-14), 174.0 (s, C-15)02@, C-16),
24.0 (g, C-17), 33.4 (g, C-18), 21.5 (g, C-19)51fs;, C-20),
51.4 (g, OCH)
ESI-MS (positive modein/z 361.2716 [M + Na] (Calc. for GiHsgOs Na: 361.2719)

3.4.6 lIsolation of viridiflorol (3.16)

The above-mentioned process in Section 3.4.5 waesated and the non-acidic material of
the crude extract was chromatographed using isoahition with hexane-CCl, (15:5).

138 fractions, 10 mL each, were collected and coinated in a fume hood. Each fraction
was inspected by TLC. Fractions 85-102 showed onk component under UV light and

when the TLC plates were stained. They were thenbawed and the solvent evaporated.
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This process afforded 34 mg of colourless crystdlwiridiflorol or (1S4R,5S6R,7R)-
4,10,11,11-tetramethyltricycloundecaneid (3.16)

Description: colourless crystals

Empirical formula: G@sH260

Melting point: 63-65C (1it.>* 74°C)

Optical rotation: #]o°°+10(c 0. 100, MeOH) (lif®, +5.4)

'H NMR (CDCb) 6. 0.13 (1H, tJ 9.2 Hz, H-6), 0.61(1H, m, H-7), 1.02 (3H, s, H-

12), 1.00 (3H, s, H-13), 1.15 (3H, s, H-14), 0.93(8,J 6.8
Hz, H-15), 1.77 (m), 1.94 (m), 1.80 (m).

3C NMR (CDCb) 8¢:
58.3 (d, C-1), 25.8 (t, C-2), 29.1 (t, C-3), 3806 C-4), 39.8
(d, C-5), 22.4 (d, C-6), 28.7 (d, C-7), 18.9 (t8537.8 (t, C-
9), 74.7 (s, C-10), 18.4 (s, C-11), 28.6 (g, 1B)11g, C-13),
32.1(qg, C-14), 16.3 (g, C-15)

EI-MS m/'z 204.12 [M - HOJ*
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CHAPTER FOUR

CONCLUSIONS

4.1 GENERAL CONCLUSIONS

Naturally occurring organic substances are of \itaportance in everyday life. These
substances are derived from numerous sourcesasyalants, animals, marine- and micro-
organisms. Natural products are used in differemains of life, for instance in medicine
as drugs, in agriculture as insecticides, pestgide construction as paints, in food
industry as food, in the beauty industry as lotiansl perfumes, etc. All of these uses of
natural products are possible only if the activeelevant compounds are isolated and
identified. Knowledge of their structures allowseith synthesis, transformation and

bioassays.

It is in this framework that the current study, thelation and characterisation of naturally
occurring compounds frorrtemisia afraandElytropappusrhinocerotis two Asteraceae
species, was undertaken. Previous investigationg Ishown that numerouArtemisia
species contain important biologically active commpds, for example, artemisinin from
Artemisia annuas being used worldwide as important antimaladalg, especially for
cerebral malarid®3*Extracts ofA. afra showed antimicrobial, antifungal and antioxidant
activities>®” In this project, a chemical investigation has beamied out and compounds
belonging to different classes were isolated amarastierised. These were for example,
maritimin, a sesquiterpene, scopoletin, a coumemth 7,4dimethoxyflavone, a flavonoid.
After obtaining these compounds, the first and sdcabjectives of this project, namely
the isolation of compounds from two chemotypesAofafra and their characterisation,
respectively, were achieved. Inspection by TLChef hexane and GBl,-MeOH extracts

for both chemotypes showed no significant diffeeehetween the two chemotypes.

Little information regarding the chemical compotserf Elytropappus rhinocerotjs
which grows in the Eastern Cape and Western Capénges in South Africa, is known.
The species showed a wide range of activities, udioh enzyme inhibition,

photoprotection against UV radiation and anti-inflaatory activities® °
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Motivated by the biological activities d&. rhinocerotis its chemical investigation was
carried out during this project. Compounds isolatedl characterised include an acid,
labdanolic acid; an ester, methyl labdanolate; an@rin, scoparone or 6,7-
dimethoxycoumarin; and a sesquiterpene alcoholidiflorol or (1S4R,556R,7R)-
4,10,11,11-tetramethyltricyclo-undecaneddl. The isolation and characterisation of these
compounds was mentioned in the objectives threef@ndof the project, and hence these
were achieved. The known inhibitory activity of ¢emolic acid on the enzyme COX-2

may explain the ethnobotanical use of the plam@traanti-inflammatory.

All compounds isolated from both. afraandE. rhinocerotis are known compounds but
have not previously been reported from these speeicept the sesquiterpene taurin, the
flavone,  5-hydroxy-7,4dimethoxyflavone and the coumarin, 7-hydroxy-6-

methoxycoumarin.
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APPENDIX

NMR spectra of isolated compounds (CDG| 400 MHz)

Plate 1: 'H NMR of taurin(2.56)

Plate 2: 13C NMR spectrum of taurif2.56)
Plate 3: DEPT 135 spectrum of taur{@.56)

Plate 4: DEPT 90 spectrum of taur{@.56)

Plate 5: COSY spectrum of tauri(2.56)
Plate 5a: NOESY spectrum of taurirg2.56)

Plate 6: HSQC spectrum of taurif2.56)
Plate 7: HMBC spectrum of taurif2.56)
Plate 8: 'H NMR spectrum of artesi¢2.57)
Plate 9: 3C NMR spectrum of artesif2.57)

Plate 10: DEPT 135 spectrum of artegi2.57)
Plate 11: DEPT 90 spectrum of artesf@.57)
Plate 12: COSY spectrum of artesi2.57)
Plate 13: HSQC spectrum of artes{8.57)
Plate 14: HMBC spectrum of artesi(2.57)
Plate 15: 'H NMR spectrum of maritimii(2.58)
Plate 16:  *C NMR spectrum of maritimiii2.58)
Plate 17: DEPT135 spectrum of maritim{{2.58)
Plate 18: DEPT 90 spectrum of maritimi{2.58)
Plate 19: COSY spectrum of maritimi(2.58
Plate 20: HSQC spectrum of maritimi¢2.58)
Plate 21: HMBC spectrum of maritimiri2.58)
Plate 22: 'H NMR spectrum of artemi(®.59)
Plate 23:  C NMR spectrum of artemi¢2.59)
Plate 24: DEPT135 spectrum of artenfih59)
Plate 25: DEPT90 spectrum of artem{ia59)
Plate 26: COSY spectrum of artem(R.59)
Plate 27: HSQC spectrum of artem{i2.59)
Plate 28: HMBC spectrum of artem{@.59)
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Plate 29:
Plate 30:
Plate 31:
Plate 32:
Plate 33:
Plate 34:
Plate 35:

Plate 36
Plate 37
Plate 38
Plate 39
Plate 40
Plate 41
Plate 42

Plate 43:
Plate 44:

Plate 45

Plate 46:
Plate 47:
Plate 48:
Plate 49:
Plate 50:
Plate 51:
Plate 52:
Plate 53:
Plate 54:
Plate 55:
Plate 56:
Plate 57:
Plate 58:
Plate 59:
Plate 60:
Plate 61:
Plate 62:

'H NMR spectrum of norsantolinifolidg.61)
3C NMR spectrum of norsantolinifolid@.61)
DEPT135 spectrum of norsantolinifolii61)
DEPT90 spectrum of norsantolinifoli¢2.61)
COSY spectrum of norsantolinifoli¢261)
HSQC spectrum of norsantolinifoli261)
HMBC spectrum of norsantolinifolid2.61)
'H NMR spectrum of santolinifolide £2.62)
13C NMR spectrum of santolinifolide £2.62)
DEPT135 spectrum of santolinifolidg(262)
DEPT90 spectrum of santolinifolide(A62)
COSY spectrum of santolinifolide(&.62)
HSQC spectrum of santolinifolide &.62)
HMBC spectrum of santolinifolide ®.62)
'H NMR spectrum of reynosi(2.65)
3C NMR spectrum of reynosi(2.65)
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Plate 1:*H NMR of taurin(2.56)
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Plate 2:*C NMR spectrum of taurif2.56)
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Plate 3: DEPT 135 spectrum of taur{@.56)
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Plate 4: DEPT 90 spectrum of taur{®2.56)
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Plate 5: COSY spectrum of tauri2.56)
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Plate 5a:NOESY spectrum of taurif2.56)
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Plate 6: HSQC spectrum of tauri{2.56)
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Plate 7: HMBC spectrum of tauri(2.56)
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Plate 8:'H NMR spectrum of artesif2.57)
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Plate 9:°C NMR spectrum of artesi{2.57)
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Plate 10:DEPT 135 spectrum of artegi2.57)
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Plate 11:DEPT 90 spectrum of artesjd.57)
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Plate 12:COSY spectrum of artes{2.57)
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Plate 13:HSQC spectrum of artes{2.57)
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Plate 14:HMBC spectrum of artesi(2.57)
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Plate 15:'H NMR spectrum of maritimig2.58)
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Plate 16:**C NMR spectrum of maritimif2.58)
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Plate 17:DEPT135 spectrum of maritimi{2.58)
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Plate 18:DEPT 90 spectrum of maritimif2.58)
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H 6

Plate 19:COSY spectrum of maritimi(2.58)
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Plate 20:HSQC spectrum of maritimi(2.58)
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Plate 21:HMBC spectrum of maritimirj2.58)
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Plate 22:'H NMR spectrum of artemi(2.59)

7.0

6.5

6.0

5.5 5.0 4.5 4.0 3.5 3.0 25

2.0

15

1.0

ppm

120



Plate 23:*C NMR spectrum of artemi¢2.59)

T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

121



Plate 24:DEPT135 spectrum of artem({8.59)
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Plate 25:DEPT90 spectrum of artem{2.59)
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Plate 26: COSY spectrum of artemii2.59)
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Plate 27:HSQC spectrum of artem{@.59)
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Plate 28:HMBC spectrum of artemi(2.59)
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Plate 29:1H NMR spectrum of norsantolinifolid@.61)
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Plate 30*°C NMR spectrum of norsantolinifolid@.61)
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Plate 31:DEPT135 spectrum of norsantolinifolid2.61)
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Plate 32:DEPT90 spectrum of norsantolinifolid2.61)
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Plate 33:COSY spectrum of norsantolinifolid@.61)
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H 6

Plate 34:HSQC spectrum of norsantolinifolid2.61)

N N

ppm

— —e=

———ee———

e ————

e

—_—— ce—=———

14@&913
11
6
HOOC
5

blzo

oo

100

F110

F120

130

F 140

3.8 3.6

3.4

3.2

3.0

2.8 2.6 2.4 2.2 2.0 1.8 1.6

1.4

1.2

1.0

ppm

132



Plate 35:HMBC spectrum of norsantolinifolidg.61)
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Plate 36 *H NMR spectrum of santolinifolide £2.62)
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Plate 37 *C NMR spectrum of santolinifolide £2.62)
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Plate 38 DEPT135 spectrum of santolinifolide(R.62)
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Plate 39 DEPT90 spectrum of santolinifolide (®.62)

90

85

ppm

137



Plate 40 COSY spectrum of santolinifolide &.62)
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Plate 412 HSQC spectrum of santolinifolide ®.62)
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Plate 42 HMBC spectrum of santolinifolide £2.62)
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Plate 43:'H NMR spectrum of reynosif2.65)
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Plate 44:°C NMR spectrum of reynosi2.65)

T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

142



Plate 45:DEPT135 spectrum of reynogj2.65)
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Plate 46:DEPT90 spectrum of reynos{.65)
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Plate 47:COSY spectrum of reynos(2.65)
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Plate 48:HSQC spectrum of reynos{2.65)

ppm
° b ad
_On
o 'n(? 6",.?@ L 50
= - "o e
o G
-y
@% w&,
el )
" -
.o - 60
= = - 80
100
e &
. o 120
140
T T T T T T T T T T T T T T
7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 2.0 15 1.0 ppm

146



late 49: HMBC spectrum of reynosi(2.65)
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Plate 50:'"H NMR spectrum of scopoletif2.66)
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Plate 51:*C NMR spectrum of scopoletif2.66)
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Plate 52:DEPT135 spectrum of scopole(i.66)
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Plate 53:DEPT90 spectrum of scopoletiR.66)
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Plate 54:COSY spectrum of scopolet{@.66)
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Plate 55:HSQC spectrum of scopolet(8.66)
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Plate 56:HMBC spectrum of scopoletif2.66)
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Plate 57:'H NMR spectrum op-hydroxyacetophenon@.67)
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Plate 58:°C NMR spectrunof p-hydroxyacetophenon@.67)
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Plate 59:DEPT135 spectrum gi-hydroxyacetophenon@.67)
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Plate 60:DEPT90 spectrum gi-hydroxyacetophenon@.67)
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Plate 61: COSY spectrum gb-hydroxyacetophenon@.67)
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Plate 62:HSQC spectrum gf-hydroxyacetophenon@.67)
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Plate 63:HMBC spectrum op-hydroxyacetophenon@.67)
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Plate 641H NMR spectrum of 2,4-dihydroxy-6-methoxyacetopimes(2.68)
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Plate 65°C NMR spectrum of 2,4-dihydroxy-6-methoxyacetophen@.68)
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Plate 66.DEPT135 spectrum of 2,4-dihydroxy-6-methoxyacetomne(2.68)
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Plate 67.DEPT90 spectrum of 2,4-dihydroxy-6-methoxyacetopme(2.68)
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Plate 68.COSY spectrum of 2,4-dihydroxy-6-methoxyacetopmer(8.68)
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Plate 69.HSQC spectrum of 2,4-dihydroxy-6-methoxyacetopiner{d.68)
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Plate 70.HMBC spectrum of 2,4-dihydroxy-6-methoxyacetophe(@.68)

Lo Ll

HO OCH;3
3 T~—CHa

OH O

'

—100

—120

—140

—160

—180

—200

14

13

12

11

10

ppm

168



Plate 71:*H NMR spectrum of 5-hydroxy-7,4'-dimethoxyflavo(®69)
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Plate 72:*C NMR spectrum of 5-hydroxy-7,4'-dimethoxyflavof2e69)
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Plate 73:DEPT135 spectrum of 5-hydroxy-7,4'-dimethoxyflag@?.69)
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Plate 74:DEPT90 spectrum of 5-hydroxy-7,4'-dimethoxyflavqBe59)
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Plate 75:COSY spectrum of 5-hydroxy-7,4'-dimethoxyflavq@e69)
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Plate 76:HSQC spectrum of 5-hydroxy-7,4'-dimethoxyflavd2e59)
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Plate 77:HMBC spectrum of 5-hydroxy-7, 4'-dimethoxyflavo{#69)
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Plate 78:'"H NMR spectrum of labdanolic ac{8.13)
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Plate 79:**C NMR spectrum of labdanolic ac{d.13)
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Plate 80:DEPT135 spectrum of labdanolic a¢gi13)
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Plate 81:DEPT90 spectrum of labdanolic a¢l13)
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Plate 82: COSY spectrum of labdanolic aqi8l.13)
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Plate 83:HSQC spectrum of labdanolic aqigl 13)
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Plate 84:HMBC spectrum of labdanolic ac{@.13)
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Plate 85:'"H NMR spectrum of methyl labdanolg® 14)
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Plate 86:*¢ NMR spectrum of methyl labdanolg 14)
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Plate 87:DEPT135 spectrum of methyl labdanoléel4)
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Plate 88:DEPT90 spectrum of methyl labdanol&e14)
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Plate 89: COSYspectrum of methyl labdanola(@ 14)
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Plate 90:HSQC spectrum of methyl labdanol§8:14)
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Plate 91:HMBC spectrum of methyl labdanolat& 14)
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Plate 92:'H NMR spectrum of scoparone (6,7-dimethoxycoumdBr)5)
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Plate 93:*C NMR spectrum of scoparone (6,7-dimethoxycoumd8r)5)
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Plate 94:DEPT135 spectrum of scoparone (6,7-dimethoxycoumnés.15)
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Plate 95:DEPT90 spectrum of scoparone (6,7-dimethoxycoumésil5)
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Plate 96:COSY spectrum of scoparone (6,7-dimethoxycoum#Biri)p)
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Plate 97:HSQC spectrum of scoparone (6,7-dimethoxycoumé&siip)
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Plate 98:HMBC spectrum of scoparone (6,7-dimethoxycoumdBr5)
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Plate 99:'H NMR spectrum of viridifloro(3.16)
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Plate 100:**C NMR spectrum of viridifloro(3.16)
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Plate 101:DEPT135 spectrum of viridiflord[3.16)
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Plate 102:DEPT90 spectrum of viridiflorg|3.16)
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Plate 103:COSY spectrum of viridifloro(3.16)
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Plate104:HSQC spectrum of viridifloro{3.16)
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Plate 105:HMBC spectrum of viridifloro(3.16)
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