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Abstract

The genusHelichrysum(Asteraceae) consists of approximately 500 spew@sdw

with 245 indigenous to South Africa. As a resulttbé large number of species, the
chemistry and biological activity of several spediave not yet been investigated. The aim
of this project was to investigate the phytochempisif three species and propose a

synthetic route to one of the antibacterial commisusolated.

An extensive literature review regarding the widegp traditional uses, biological activity
and phytochemistry of the South Africeielichrysumspecies is provided.

From Helichrysum splendiduma plant used traditionally to treat rheumatiswo t

monomeric guaianolides and a dimeric guaianollddisplendidilactone, were isolated.
The stereochemistry of these known compounds waroed and the NMR assignments
for certain peaks of helisplendidilactone were ected. An X-ray structure for

helisplendidilactone was obtained for the firstdim

The phytochemistry dflelichrysum montanumwas investigated for the first time and new
diastereoisomers of known guaianolides were isdlaf€he phytochemistry ofH.
splendidumand H. montanumis remarkably similar and supports their morphadab
classification in the same taxonomic group. Theowdibrm:methanol extract oH.
montanuryielded a new dimeric guaianolide, 13-epihelislelilactone, which is related
to helisplendidilactone, as well as three monomguaianolides (of which one is a new
diastereomer of a known compoundlhe extract also yielded spathulenol (a
sesquiterpene), umbelliferone (a coumarin) and AtBshydroxy-3,3’,8-trimethoxyflavone

(a flavonoid).

Thirty-five Helichrysumspecies were screened for antimicrobial activifgiast six micro-
organisms and a preliminary cytotoxic assay, whittluded the use of “normal” and
cancer cell lines, was performed. excisumwas selected for further study based on the
fact that it exhibited promising antimicrobial adty and relative low toxicity.
Furthermore, with the exception of the essentilltibe phytochemistry of this species has

not been investigated.



From the aerial parts &f. excisumfive flavonoids, identified as pinocembrin, gnafpim,
lepidissipyrone, 5-hydroxy-7,8-dimethoxyflavone ansbscutellarein 1-B-glucoside
were isolated. Four of these flavonoids have ambstituted B-ring, a phenomenon often
observed in flavonoids isolated fromdelichrysum species. The active antimicrobial

component ofH. excisumhas been identified as lepidissipyrone.

Owing to the interesting biological activities refgal for phloroglucinobi-pyrones and the
synthetic challenges associated with these molecigpidissipyrone was selected for a
synthetic study. Both the flavanone and pyrone tresepresent in lepidissipyrone have
been successfully synthesised. A successful syrategards the Chllinker between the
two units has been illustrated. The strategy cob&l used to synthesise similar

phloroglucinol-derived pyrones.
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CHAPTER 1

Why do Natural Product Research?

“A small collection of smart compounds may be muvsatuable than a much larger

hodgepodge collection mindlessly assemble&:3- Danishefsky
1.1 Natural products as drugs

Natural products formed the basis of most earlyioieels and still serve as an important
source of new pharmaceutical agents today. Nowejsdapproved for use in oncology, as
anti-infectives, as anti-inflammatories and drugediin the treatment of cardiovascular
and metabolic diseases are often natural prodnatsyal product derivatives, or inspired
by natural products (Butler, 2005; Newman et £102 Newman and Cragg, 2007; Wilson
and Danishefsky, 2007).

The advent of computers, automation, robotics, sleguencing of the human and
pathogenic genomes, and the introduction of higbethhput screens based on large
numbers of molecular targets, led to a demand digeHibraries of compounds to satisfy
the capacity of the screens. This meant that chignbecame the rate-limiting step in the
drug discovery process (Newman et al., 2003; NewarahCragg, 2007; Rouhi, 2003a).
The tedious and expensive nature of traditionaluna&tproducts isolation, legalities
associated with source (e.g. plant) collection aifticult intellectual property issues
surrounding compounds obtained from natural pradace further deterrents associated
with natural product research (Balunas and Kingha2f05; Cordell, 1995). The
advantages offered by rational drug design and amatdrial chemistry have therefore
prompted most pharmaceutical companies to redutsrminate their natural product drug
discovery programmes (Butler, 2005; Gullo and Hsgh#2005, Newman et al., 2003;
Newman and Cragg, 2007, Rouhi, 2003a).

Combinatorial chemistry has, however, failed asoarse ofde novosynthetic small

molecules that were developed from hit to leadppraved drug. For the period of 1981-



2006, Newman and Cragg (2007) stated that “Althocmyibinatorial chemistry in one or
more of its manifestations has now been used @&cawekry source for approximately 70%
of the time covered by this review, to date, we fiad only onede novonew chemical
entity (NCE) reported in the public domain as rasgl from this method of chemical
discovery and approved for drug use anywhere”. dddine in the number of new active
substances (and new natural product templateshenpast decade correlates with a
decreased interest in natural product drug disgolrgmpharmaceutical companies (Butler,
2005).

Despite the current low level of natural productuglrdiscovery programmes of
pharmaceutical companies, natural products stdly @n important role as a source of
drugs. The recent survey by Newman and Cragg (2€00ived that approximately 70% of
the 974 small-molecule NCE'’s introduced as drugsndul981-2006 can be traced to or
were inspired by natural products. Even the bdiigedrug, atorvastatin (Lipitor), is a

direct descendent of a natural product (Newman @ragg, 2007). Natural products
feature in high percentages especially in approesantimicrobials (77% of small

chemical entities) and anticancer drugs (78% ofllstchemical entities).

The reason for the success of natural productgwgs dan be attributed to their unique
structural characteristics. These compounds hawersé skeletons, often contain
numerous stereogenic centres (associated withosgeeific binding), frequently have

many rings (fused and bridged), and are therefigid. rThis rigidity is associated with

stronger protein binding due to a thermodynamiaathge over more flexible compounds
that can form the same pattern of hydrogen bondk hyrophobic interactions. They
generally contain more nitrogen and oxygen atoras ttombinatorial compounds, which
is important for hydrogen bonding during ligandeptor binding. Another interesting
difference between natural products and combireteompounds is their lipophilicity, a

property that affects the pharmacokinetics of agdrGombinatorial compounds are
generally more hydrophilic than both drugs and ratproducts (Feher and Schmidt,
2003; Lee and Schneider, 2001).

Although still labour intensive, practical diffidi#s associated with natural product drug
discovery are increasingly overcome by advancescieening, separation and structural

elucidation technologies. Smaller biotechnology pamies in particular, are exploring



natural resources as drug candidates, filling tqelgft by large pharmaceutical companies
(Gullo and Hughes, 2005; Rouhi, 2003a).

1.2 Plants as sources of drugs

In a 2000 report by Newman et al., it was stateak #pproximately 119 chemical
substances obtained from 90 plant species werertamgadrugs in one or more countries.
Of these, 74% was the result of chemical studiesctid at isolation of active components
from plants used in traditional medicine (Newman at 2000). Plants provided
humankind with some of the best-known medicinegluting quinine, aspirin, and
morphine while important new drugs such as taxa &mcristine were both recently
isolated from plants (Van Wyk and Wink, 2004; Balarand Kinghorn, 2005). In 2006 for
example, the botanical preparation Hemoxin® was@ma as a treatment for sickle cell
anaemia in Nigeria. This preparation includes atumé of plants directly derived from
indigenous knowledge and may be classified as a taithnobotanical preparation”.
According to Meinwald, of the 250 000 describedvésing plants, only about 10% have
been examined chemically and many have been igatst decades ago, when techniques

were relatively crude (Rouhi, 2003b).

South Africa has a remarkable biodiversity with sndhan 30 000 species of flowering
plants (accounting for 10% of the world’'s highemamk), 3000 of which are used
medicinally (Van Wyk et al., 2000; Van Wyk and Gér, 2000). World renowned South
African plant remedies include Cape aloaké feroy, “buchu” (Agathosma betulinaand
devil's claw Harpagophytum procumbendf the remarkable number of South African
plant species is taken into account, the almostptete absence of drug leads obtained
from South African plants is quite surprising. Tewamples of lead compounds obtained
from South African plants are that of the appedipressant P57 isolated frafioodia
gordonii (Van Heerden et al., 2007; Van Wyk and Wink, 2084l anticancer compound
combretastatin, isolated fro@ombretum caffrunfGriggs et al., 2001; Tron et al., 2006)
(Fig. 1.1).
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Figure 1.1 Structures of P57 frorhloodia gordoniiand combretastatin fro@ombretum

caffrum

1.3 Plants as sources of antimicrobials and resistae-modifying agents

There is a vast amount of literature available tamtpderived antimicrobial compounds.
Compound classes with antimicrobial activity in@duterpenes, phenylpropanoids and
stilbenoids, simple phenols and tropolones, flawdsioalkaloids, polyketides, poly-ynes,
sulfur-containing compounds, and acylphloroglucsnoDespite the large amount of
literature available on the antibacterial actiwfyextracts and their compounds, no single
plant-derived chemical entity is used clinically as anti-staphylococcal agent - most

likely because of perceived resupply issues (Gibp2A04).

It is postulated that secondary metabolites arelyred by plants as defence against
microbes and other enemies in their environmenhrg&boer, quoted by Rouhi, 2003a)
thus explaining the presence of antimicrobial coomats. Micro-organisms, however, have
the natural ability to acquire resistance agaimsinacrobials and this may have caused
plants to evolve biosynthetic routes to synthessapounds which evade these multi-drug
resistant mechanisms. Consequently, compoundstagolrom plants may play an
important role as resistance-modifying agents,ngctor instance on membrane proteins
responsible for efflux of antibiotics out of celthat create ineffective intracellular
concentrations of drugs (Gibbons, 2004). For examgpicatechin gallate, a polyphenolic
constituent of green tea inhibits the synthesispeficillin binding protein 2’, thus
reversing methicillin resistance Btaphylococcus aurey¥am et al., 1998; Anderson et
al., 2005).



Significant characteristics associated with comjpisuthat modify multi-drug resistance
include a large size and high degree of lipophtylicimportant for solubility in bacterial
membranes and binding to efflux transporters (Giishb@004). Isoflavones isolated from
Lupinus argenteysfor examplehave been shown to potentiate the activity of bémbe
and norfloxacin by inhibiting multi-drug resistan@DR) pumps (Morel et al., 2003).

1.4 Why investigate the genubielichrysum?

The Asteraceae is the largest plant family in sewthAfrica with 253 genera
encompassing 2253 species. In this family, theeerelatively few large genera and only
three genera (representing 1% of the Asteraceae)iare than 100 taxa, namé&gnecio
L., HelichrysumMill and EuryopsCass. (Koekemoer, 1996). In South Africa, the genu
Helichrysumencompass a large number of species that is usédidnally, often in
conditions associated with infections. There areenous reports on the antimicrobial
activity and other activities of extracts of thegpecies and the vast and interesting number
of compounds isolated from the South Afriddalichrysumspecies. However, due to the
large number of species and the taxonomic complafithe genus, the phytochemistry
and biological activity of many species have narbevestigated. Furthermore, most of
the phytochemical research was done in the 197s1880’s by the group of Bohlmann
and often no connection was established betweempaonls isolated and any biological

activity (See Chapter 2 for an extensive literatergew).

1.5 Natural product synthesis

Compound availability has in the past been a serioncern associated with natural
product-based drug discovery (Wilson and Danishgf2R07). The low supply, especially
in the case of anti-infectives, may be overcome usyng recombinant technology
(biosynthesis) or by organic synthesis. Total sgsit semi-synthesis and in some cases,
manipulation of biosynthesis, also provide wayslbtain natural product derivatives with
improved therapeutic indexes and enables the asgeshlzompounds inspired by the
original natural product (Gullo and Hughes, 200&dMou and Snyder, 2004; Wilson and
Danishefsky, 2007). By combining synthesis and ac@ss known as “dynamic

combinatorial screening” for example, a set of wangcin dimers was synthesised that



showed improved activity when compared to vancomyein antibiotic used against
methicillin-resistant strains &. aureugNicolaou and Snyder, 2004). In the synthesis of
cycloproparadicicol (inspired by the natural resmylic macrolide, radicicol), the
replacement of an epoxide functionality with a oyebpyl group resulted in improvend

vivo anticancer activity (Wilson and Danishefsky, 2007)

A complex total synthesis of a natural product niegd to the additional reward of
developing novel methodologies and still provides tbsolute proof of the assigned
structure. For example, efforts directed towards tibtal synthesis of quinine led to the
knowledge of the construction of heteroaromatictesys, while attempts to synthesise
progesterone provided insights into the formation &leaving of carbon-carbon bonds
(Nicolaou and Snyder, 2004). In recent years, th@s been a huge increase in the
capacity of chemical synthesis. These advancewudaclrecognising the importance
transition metals and the generation of enantiomudestances through reagent control.
Due to advances made in synthetic methodologyhsgig of compounds with a high level
of complexity is now possible and timelines for @oplishing total syntheses have been
significantly improved. Creative approaches durirgjrosynthetic analysis, such as
“pattern recognition” using the concept of identify substructural motifs, have further
enabled medicinal chemists to effectively syntresi@mplex natural products, such as the

anticancer agent migrastatin (Wilson and Danishef2R07).

In 2003 and again in 2007, Newman and Cragg reghdhiat there was a tendency to move
away from large combinatorial libraries and empbhasias placed on small, focused
collections that were structurally more naturalduct-like in terms of their combination of
heteroatoms and significant numbers of stereogesmters within a single molecule. It is
postulated that scaffolds of natural origin, whpresumably have undergone evolutionary
selection over time, might confer favourable bioatiés and bioavailibilities to library
members (Rouhi, 2003c, Nicolaou and Snyder, 208djall combinatorial libraries have
yielded derivatives of taxol for example (Xiao &t 4997), while a combinatorial library
of 10 000 structures based on the privileged sirecof the 2,2-dimethylbenzopyran
scaffold that occurs widely in nature and are assed with a wide range of biological
activities was recently successfully completed @\iou et al., 2000). A possible solution

to the low yield of small novel chemical entitieppeoved as drugs might lie in this



approach that combines the advantages offered foyenwith those offered by synthetic

and combinatorial chemistry and rational drug desig

1.6 Aims of this study

This investigation aims to combine plant naturadurct research with organic synthesis,
with the main focus on the South African speciesttef medicinally important genus

Helichrysum

The main aims of the project are:
« To isolate and identify the secondary metabolitds tlmee South African
Helichrysumspecies, namel. splendidumH. montanunmandH. excisum
» To identify biologically-active components presenHelichrysumspecies
* To develop synthetic methodologies for the synthedi a bio-active molecule

isolated fromHelichrysum
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CHAPTER 2

South African Helichrysum species: A review of the

traditional uses, biological activity, and phytochenistry

2.1 Introduction

The genusHelichrysumMill. derives its name from the Greek wortslios (sun) and
chrysos(gold) which is appropriate considering the atixecyellow flowers displayed by
several species (Pooley, 2003). It belongs to #milj Asteraceae, tribe Inuleae and
subtribe Gnaphaliinae (Hilliard, 1983). This largenus consists of approximately 500
species and althoudHelichrysumspecies are also found in southern Europe, soa#i-w
Asia, southern India, Sri Lanka (previously Ceyload Australia, most species occur in
Africa, including Madagascar (Hilliard, 1983). Ir@&h Africa (including Namibia), the
ca. 244-250 species are widely distributed andttbmendous morphological diversity
displayed by these species resulted in their dimishto 30 morphological groups, using
the shape and size of the flower heads as diffieterd characteristics (Hilliard, 1983).
The flower heads occur as either solitary or in paot or spreading inflorescences. The
aerial parts are usually hairy or woolly and plaatsur as herbs or shrublets that are
sometimes dwarfed and cushion forming. They are aften aromatic (Pooley, 1998;
Pooley, 2003; Van Wyk et al., 2000).

In South Africa, the genus is widely used in traxial medicine. The uses are well
documented although renaming of species and thaltirgs confusing taxonomic
nomenclature may cause uncertainty as to whichifspepecies was referred to in some
reports. The chemistry of the genus has been stushkéensively and there are several
reports on the biological activity diplayed by extts and compounds isolated from South
African species.



The aims of this chapter are:
* To present a collated and coherent overview ofiftimented traditional uses of
South AfricanHelichrysumspecies and the compounds isolated from them.
* To summarise biological activities of extracts (eding essential oils) and isolated

compounds from South Africafelichrysumspecies.

2.2 Traditional uses

Several Helichrysumsare widely used in Southern African traditional necete as
summarised in Table 2.1. The first written recofditee medicinal use oHelichrysum
dates back to 1727 when Boerhaave (Professor @mgaind Medicine at the University
of Leiden from 1701 to 1738) noted thatHelichrysum species was used to treat
nervousness and hysteria. The report bielichrysumspecies in the early literature could
have been based on knowledge acquired from thé K@ and San people, but is most
probably due to the fact that European botanisted ubieir knowledge of medicinal
properties of European genera (Scott and Hewe@82an European medicine, flower
heads fronHelichrysum arenariunfHelichrysi flos synon Flores Stoechados citrinam
Flores Gnaphalii arenar)i are used to treat peptic discomfort and are aksd as an
additive to tea mixtures, mainly to improve thgdwpaarance. This diuretic tea has value in
the supportive treatment of cholecystitis and spadgisorders of the gall bladder and
urinary tract (Van Wyk and Wink, 2004). Other sgacisuch a$d. angustifolium H.
italicum and H. stoechasare well known in folk medicine and are used foeit anti-

inflammatory and anti-allergenic properties (Caenal., 2001).

2.2.1 Ambiguities in nomenclature

As is the case for all ethnobotanical data, thet that plant names are changed
(Germishuizen and Meye2003) and frequently incorrectly cited (Arnold ét 2002) is
guite problematic. To complicate matters furtheariation in spelling of names also
occurs. Special care needs to be taken to conselotiginal texts to unambiguously
confirm that a plant selected for a particular gtislin fact the same species cited by, for

example, Watt and Breyer-Brandwijk (1962). In TaBl&, current names are given and
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previously accepted names are shown in parenthiesighe sake of clarity, the name as it

appears in the reference is sometimes indicatbdaickets after the reference.

In some cases, one species name was changed herrot exampléd. adscendenkess
var. cephaloideunMoeser in Watt and Breyer-Brandwijk (1962) is now knows H.
cephaloideunDC. In other instances, lelichrysumspecies now belongs to a different
genus for examplesl. capillaceum(Thunb.) Less (Watt and Breyer-Brandwijk, 1962) is

now classified a3roglophyton capillaceuraubspcapillaceum(Hilliard, 1983).

Sometimes the same species hame with only a ditfenethor name refers to a different
species, for exampld. calocephaluntchltr., which is now classified & ecklonisand
not H. calocephalunKlatt (Germishuizen and Meyer, 2003; Gibbs Russtll., 1987).
Batten and Bokelmann, (1966), Jacot Guillarmod,7}9Phillips, (1917) and Watt and
Breyer-Brandwijk (1962) all useld. calocephalunschltr., which is now recognised Hs
ecklonis but in Arnold et al. (2002) there is no referenceH. ecklonisyet the above-

mentioned sources are used as references thadatocephalunKlatt.

The specificHelichrysumspecies referred to wheth. crispumis used in ethnobotanical
literature is also ambiguous. Germishuizen and M¢603) stated thaltl. crispum of
authors other than (L.) D Don k& patulum(L.) D. Don. and noH. crispum(L.) D. Don.
In Watt and Breyer-Brandwijk (1962) and Smith (13&&e name appears Hs crispum
Less. therefore indicatingl. patulum although Arnold et al. (2002) cited the name
crispum(L.) D. Don (with reference to Smith, 1966) as adH. patulumwith reference
to Watt and Breyer-Brandwijk (1962). Roberts (1986gdH. crispumwithout an author
name, causing uncertainty as to which particulecss is referred to; the cited medicinal
uses are however similar to those indicated by \Aadt Breyer-Brandwijk (1962) fdd.
crispumLess. Salie and co-workers (1996) determined kthatrispum(L.) D. Don had
moderate (10 mg/ml) antimicrobial activity agaiffeudomonas aeruginasBoth Salie
et al. (1996) and Swanepoel (1997) use the neEmerispum(L.) D. Don., but when
indicating its traditional uses refer to Watt andeyer-Brandwijk (1962). Scott et al.
(2004) showed that. patulumhad antimicrobial activity againStaphylococcus aurets
the disc diffusion assay that was comparable todhthe ciprofloxacin control, while the

traditional uses indicated correspond very wellhtose of Watt and Breyer-Brandwijk for
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H. crispumLess. Both species occur in the same region madxetusion of one species

on the basis of distribution impossible.

H. pedunculareDC. is another name with an unfortunate and con@usiistory. In this
case, it seems that. pedunculareDC. in ethnobotanical literature could refer tther H.
pedunculatunHilliard and Burtt orH. nudifoliumvar pilosellum(previously known asi.
pedunculare(L.) DC. var. pilosellum (Germishuizen and Meyer, 2003; Hilliard, 1983;
Arnold et al., 2002). The vernacular name and usdgated by e.g. Watt and Breyer-
Brandwijk (1962) for H. pedunculare DC. and Bhat and Jacobs (1995) fbtk
pedunculatunHilliard and Burtt. are similar. According to Hdrd (1983)H. pedunculare

(L.) DC. is also a synonym fdi. odoratissimungL.) Sweet.

In some instances it is impossible to decide toctwhspecies an author refers to, for
exampleH. agrostophilumKlatt (Watt and Breyer-Brandwijk, 1962) that was part
changed tdH. pallidumDC. and in part tddelichrysum griseunsond (Germishuizen and
Meyer, 2003).

2.2.2 Administration routes

Plant parts used include the leaves, stems, flgweats, and sometimes the whole plant.
The plant remedies are administered in differengsywancluding the preparation of teas,
inhalation of smoke and vapours, and placementa¥ds in the form of a poultice on
wounds to prevent infection (Table 2.1). Severalhafse species are known by the same
vernacular names, for exampiteé cymosumH. nudifolium H. odoratissimumand H.
petiolareare all known asmphephowhich indicates that they can be used intercharigea
as Van Wyk et al., (2000), noted that “use oftepathels on local availability rather than

preference for a particular species”.

2.2.3 Traditional uses of South African Helichryssjpecies

The traditional uses dflelichrysumin South Africa are summarised in Table 2.1. There
are several recurring South African traditionalsuger plants from this genus. Smoke is

often inhaled to induce trances or to invoke thedyall of the ancestors. They are often

used to treat respiratory conditions and leaveo#ien applied as wound dressings. They
are used in the treatment of gastro-intestinalrdess such as abdominal pain and colic

and also eye conditions. They also seem to haveffact on the relief of pain and
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inflammation as they are used to treat menstruad, pheumatism, and headaches. The

plants are used to fumigate huts and also useddtliriy to repel insects.

2.2.4 Correlation between medicinal uses and mdaqgical groups

Plants from almost all morphological groups aredusedicinally and the broad spectrum
of uses seems to cross the different morphologjeaips. In some cases there does seem
to be a relationship between the morphological gréaccording to Hilliard, 1983) or
adjacent morphological classes and the traditiasgls of these plantsl. epapposum
(Group 3),H. natalitium (Group 3)H. gymnocomun{Group 4) andH. odoratissimum
(Group 4) all share the Zulu/Xhosa naimgphephoand all are burnt as incense to invoke
the goodwill of the ancestors. However, this paitic use applies to many species for
example,H. cymosum(Group 8),H. petiolare (Group 18)H. dregeanun{Group 30) and

in some sourcekl. nudifolium (Group 23) share the same vernacular name andHuse.
cymosum(Group 8),H. kraussii(Group 8),H. melanacmegGroup 8),H. athrixiifolium
(Group 9) andH. dregeanun{Group 9) are all used to treat respiratory commjdasuch as
coughs and colds. The administration route of threggedies does however vary; fdr
arthrixiifolium the leaf is smoked, fdf. kraussiithe dried flowers and seeds are smoked
in a pipe, forH. cymosuma decoction of leaves is drunk, fbl. dregeanunthe leaf is

smoked and the administration route is not indit&tethe source foard. melanacme

South African species are not often used to tremrthand kidney ailments. BotH.
pandurifoliumandH. patulumbelongs to Group 18, and are indicated in thetrreat of
kidney disease and heart disorders. Both are aled to treat backpain and respiratory
conditions by the same administration route. Pl&nots Groups 23 and 24 are often used
to treat wounds. The leavestaf miconiifolium(Group 23) H. nudifolium(Group 23) H.
pedunculatum(Group 23),H. appendiculatun{Group 24) andH. longifolium (Group 24)
are all used as wound dressings. Howeterfoetidum(Group 30) is mentioned as a
replacement foiH. pedunculatumn the treatment of circumcision wounds (Gerstner,
1938). The species constituting Group 23 are alsed ufor respiratory conditions
including, H. mundtii, H. nudifoliumand H. pedunculatumRoot decoctions of botHl.
adenocarpumand H. ecklonis belonging to Group 28 are used to treat diarrhiea
children, while a root infusion fromd. argyrophyllum(Group 29) is used to treat intestinal
troubles. It is interesting to note that the onlyptspecies indicated for the treatment of

snakebite both belong to Group 30, nantély}cooperiandH. setosum
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2.3 Phytochemistry

The chemistry of this genus is complex with a wideiety of chemical classes occurring
as is illustrated in the three major publicatiogsBohimann and Jakupovic (Bohlmann et
al., 1980b; Jakupovic et al., 1986; Jakupovic gt18189b) in which the phytochemistry of
a total of 63 South AfricarHelichrysum species was investigated. The classes of
compounds isolated from the South Afriddalichrysumspecies are summarised in Table
2.2 and Figures 2.1 to 2.11. Acylphloroglucinols eemmonly found, often with prenyl or
geranyl side chains. The replacement of the cinoamoid starter unit by other acyl CoA
derivatives in the biosynthesis of the main couostits seems to be characteristic
(Jakupovic et al., 1989b). The appearance of huneutterivatives, such as helihumulone

(49) is also widespread (Jakupovic et al., 1989b).

Flavonoids derived from phloroglucinol are very aoon and often have unsubstituted B
rings (Bohimann and Abraham, 1979a; Bohlmann anchiddim, 1979d; Jakupovic et al.,
1986) which is a characteristic feature of plamtsf the Inuleae tribe (Harborne, 1977).
The presence of 6- and 8-hydroxyflavonols and thedthyl ethers are also frequent as in
other members of the tribe (Harborne, 1977). A widdety of chalcones are also found,
including those substituted with prenyl or geramyloups, dihydrochalcones and
pyranochalcones. As in other Inuleae species, tbkakones are often accompanied by
their structurally and biogenetically related flagaes (Harborne, 1977) as can be seen for
H. acutatum(Bohlmann and Abraham, 1979¢), cymosun{Jakupovic et al., 1989b) and
H. oreophilum(Jakupovic et al., 1986).

The presence ofi-pyrones is rather common (they occur in plantsnfrmorphologic
Groups 1, 2, 4, 12, 15, 18, 19 and 24) and aren atglated from the roots of these plants
(Hansel et al., 1980; Jakupovic et al., 1986; Jakigpet al., 1989b). Different types of
diterpenes occur; these include the kaurenoic tggpiel (Jakupovic et al., 1989b) as well as
helifulvenic acid derivatives (Bohlmann et al., 088 Sesquiterpenes from a variety of
skeletal types occur, as is characteristic forrdst of the family (Hegnauer, 1977). Some
skeletal types, such as the humulenes, are widstyitdited across the genus, whereas
others such as the guaianolides are restrictedféavaspecies (morphological Groups 10

and 22). Helichrysum species are known for their aromaticity and a vgrief
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monoterpenes are reported in the essential oé®wie species (Lourens et al., 2004; Van
Vuuren et al., 2006; Frum and Viljoen, 2006; Aselatral., 2007). Squalen8(9) is the

most common triterpene found and is often presehigh concentration.

Other unusual compounds that occur is thiophenevateres which have been isolated
from the roots of these plantd.(acutatumandH. tenuifoliun). These thiophenes are the
result of addition reactions of a common chlorotgdese precursor with % (Bohlmann
and Abraham, 1979b; Bohlmann and Abraham, 1979ahpl8 polyacetylenes are
widespread and acetylenics with pyran and furaneties, some with epoxy and/or
chlorine substitution, occur in these plants ane enaracteristic of the Gnaphalineae
(Harborne, 1977).

As for the traditional uses, one particular clalssampound is not restricted to a particular
morphological group. However, there are some comgsuthat occur mainly in a
particular morphological class. For example, phitwoinols (excluding those belonging to
the flavonoid class) feature as major compound®sanphological classes 2, 3, 4, 12, 14,
15, 20, 24 and 28. Flavonoids are present in bisiath morphologic groups, but a large
number are found in plants from Groups 8, 9 andi#rpenes were isolated in large
guantities from species in Groups 23, 25 and 301@lplants investigated in this group
had this type of compound as the major chemicatiepgH. umbraculigerunfrom Group

5 seems to be the only species investigated thatics compounds of the cannabigerol
type as the major constituent aHd dasyanthun{Group 10) anH. splendidum(Group
22) contain mainly sesquiterpenes of the guaiaactyghe (which is absent in the other

species). Plants from Groups 6, 18 and 19 areriglsan sesquiterpenes (Table 2.2).
Although there seem to be similarities in the ctetrpiof the European and South African

species, the Australian species are chemicallyewdifft from their South African

counterparts (Jakupovic et al., 1989a; Jakupovat.e1989b).
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2.4 Biological activity

2.4.1 Anti-infective activity

Considering the traditional uses of this genus déigally the treatment of wounds and
respiratory infections and the application as aifiamt for example), there seems to be a
strong indication that these plants and their caimps should exhibit antimicrobial
activity. A large amount of antimicrobial work dtelichrysumspecies was done by the
group of Meyer from the University of Pretoria, 3oW\frica. Extracts of several species
(Table 2.1) were submitted to antibacterial testusgng a group of randomly selected
bacteria which normally included the Gram-positivacteria:Bacillus cereusBacillus
pumilis, Bacillus subtilis Micrococcus kristinagStaphylococcus aureuand the Gram-
negativesEnterobacter cloacead=scherichia coliKlebsiella pneumonigd®’seudomonas
aeruginosa and Serratia marcescensAcetone extracts were mostly tested, but in a few
cases methanol, water and dichloromethane extiaets used. Assays involving agar
dilution and direct autobiography were employedaolAyan and Meyer, 1997; Bremner
and Meyer, 2000; Dilika et al., 1997; Mathekga atelyer, 1998; Mathekga et al., 2000;
Mathekga, 2001; Meyer and Dilika, 1996; Meyer aridldyan, 1995).

For example, when dichloromethane, acetone, methand water extracts oH.
aureonitenswere tested against the above-mentioned microa@yes, the water extract
displayed no activity whereas the dichlorometharegaet showed the most promising
activity against Gram-positive organisms such Bascereusand M. kristinae at a
concentration of 0.5 mg/ml (Meyer and Afolayan, 39%athekga, 2001). Since 0.5
mg/ml was the lowest concentration tested, the MChis extract could in fact be lower
than that. An acetone extractldf caespititiumwas active against all the above-mentioned
organisms at 1 mg/ml (the highest concentratiotetdsexceptk. pneumoniaeand S.
marcescens(Mathekga et al.,, 2000). Acetone extracts léf appendiculatum H.
argyrosphaerum H. aureonitens H. bellum H. caespititium H. callicomum H.
candolleanum H. chionosphaerumH. decorum H. glomeratum, H herbaceum H.
hypoleucum, H. kraussii, H. longifolium, H. melamag H. miconiifolium, H. montanum,
H. monticola, H. nudifolium, Hodoratissimum, H. oreophilum, H. pilosellum, H.
psilolepis, H. rugulosum H. simillimum H. sutherlandi H. trilineatum and H.

umbraculigerumwere tested against the same organisms and agaityawas mainly
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observed against the Gram-positive bactelia.pneumoniaeand S. marscecensvere
resistant to all the extractbl. glomeratumH. montanumH. monticola H. oreophilum
and H. pilosellumwere all inactive at the maximum concentrationggsagainst all the
bacterial species used in the assay (Mathekga aagem 1998; Mathekga, 2001).
Antifungal activity was also determined for the a@8etone extracts mentioned above.
Extracts were tested againgispergillus flavus Aspergillus niger Cladosporium
cladosporioides Cladosporium cucumerinum Cladosporium sphaerospermunand
Phytophthora capsici(Mathekga, 2001). The most active extracts wemsehof H.
caespititium H. callicomum H. glomeratum(which showed no antibacterial activity,
hypoleucumH. melanacme, H. oreophilyrandH. rugulosum all of which had MIC’s of

0.01 mg/ml against one or more of the fungal spetasted (Mathekga, 2001).

A dichloromethane extract dfi. pedunculatundisplayed activity against threégacillus
species (10 mg/mIM. kristinae (10 mg/ml),S. aureug20 mg/ml) and the Gram-negative
E. cloaceae(50 mg/ml) after incubation on agar plates (Megad Dilika, 1996). The
lowest concentration tested was 10 mg/ml which malcate that lower concentrations
could still inhibit the growth of these micro-orgams. Antibacterial activity was also
observed agains®. aureusfor both H. pedunculatumand H. longifolium with a direct
autobiography method on thin-layer chromatogramsm@ of extract applied). It is
however difficult to deduct qualitative data frohms paper (Dilika et al., 1997). Gerstner
(1938) stated thatl. foetidumis sometimes used as an alternativeHompedunculatum
Methanol and water extracts bf. foetidumhad MIC’s of more than 4 mg/ml agairfst
aureus Streptococcus pyogenek. coli and P. aeruginosain the 96-well plate assay
(Steenkamp et al.,, 2004) indicating that this plaas weak (Gibbons, 20040 vitro

antibacterial activity.

In a disc diffusion assay, extracts of solventshwilifferent polarity ofH. crispum

displayed antibacterial activity against the GraggativeP. aeruginosaMycobacterium
smegmatisand the yeastandida albicansbut was surprisingly enough inactive aga®st
aureus MIC’s of 10 mg/ml were reported agairidtaeruginosaandC. albicans(Salie et

al., 1996).

Activity ranging from 0.078 mg/ml — 0.3 mg/ml agsirGram-positive and Gram-negative

bacteria and yeasts was also reported fidr aymosumextract (Van Vuuren et al., 2006).
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Acetone and methanol extracts &f. odoratissimum(incorrectly identified asH.
dasyanthumin Lourens et al., 2004}]. excisumH. felinum andH. petiolare displayed
activity againssS. aureusandB. cereus The species with the best activity was the aeeton
extract of H. odoratissimumwith an MIC of 0.016 mg/ml agains$. aureus(which

correlates well with the values obtained by Mathakd Meyer, 1998).

Helichrysumspecies are often used to treat respiratory conditand tuberculosis (Table
2.1). Extracts of H. odoratissimumand H. melanacmeshowed activity against
Mycobacterium tuberculosit concentrations of 0.5 mg/ml (Lall and Meyer999Lall et
al., 2006). The acetone extractlof caespititiuminhibited a drug-sensitive strain M.
tuberculosisat a concentration of 0.5 mg/ml in the agar platthod and a MIC of 0.1
mg/ml was observed using the rapid radiometric metfMeyer et al., 2002). The water

extract caused partial inhibition at the highestasmtration of 5 mg/ml.

In some cases the antimicrobial activity of isalateompounds was determined.
Flavonoids are generally one of the largest clas$emtibacterial compounds (Gibbons,
2004). Galanging4) isolated fromH. aureonitendMeyer and Afolayan, 1995), inhibited
the growth of four Gram-positive bacteria (thicillus species andil. kristinag as well
as the Gram-negativ&. cloaceae(Afolayan and Meyer, 1997). The highest activity
observed was againBt cereusM. kristinaeandE. cloaceaet 0.1 mg/ml. In other studies
by Cushnie et al. (2003) and Cushnie and Lamb (RG86 activity of galangin54) was
shown against six strains @flactam sensitive and resistant strainsSofaureusand 16
strains of 4-quinolone resistant strains of thetdraom at MIC’s of approximately 50
pg/ml. Galangin %4) also displays some antifungal activity againshgiusuch as
Aspergillus tamari(35% growth inhibition at 0.5 mg/ml) (Afolayan amdeyer, 1997).
These results support the usetbfaureonitensn the treatment of skin infections, often

caused bys. aureus

Another flavonoid, 39-methylquercetin §4) was isolated fromH. odoratissimumand
antimicrobial activity determined for a broad rarmfemicro-organisms including Gram-
negative bacteria such &almonella typhimurium(MIC = 50 pg/ml), Gram-positive
bacteria, such &. aureugMIC = 6.25ug/ml) and fungi, for exampl€. albicans(MIC =
12.5ug/ml), in the microdilution method (Van Puyveldeagt 1989). Bremner and Meyer
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(1998) also reported on the anti-staphylococcaivifctfor pinocembrin chalcone2@)
(isolated fromH. trilineatun), as well as pinocembriri) that was obtained as an artifact

during the isolation procedure.

Flavonoids 21, 35) isolated from the flowers dfi. gymnocomunexhibited promising
antimicrobial activity against a wide variety of &m-positive and Gram-negative
organisms as well as yeasts. An MIC ofu8/ml was for example observed against
Cryptococcus neoformarter 5,7-dibenzyloxyflavanone3p) (Drewes and Van Vuuren,
2008). Two chalcones28, 39) isolated fromH. melanacmeexhibited MIC’s of 0.05
mg/ml against the drug sensitive H37Rv strainMf tuberculosis The activity of the
chalcones was higher than the extract but a cortibmaf the two chalcones did not result
in an improved MIC (Lall et al., 2006).

A study on the structure-activity relationships p@ssible for the anti-staphylococcal
activity of flavonoids indicated that chalcones gemnerally more active than flavones,
which has similar or better activity than flavansn&he most important structural feature
for activity is the presence of the,3-unsaturated carbonyl group (in chalcones and
flavones) that favours-electron delocalization of phenyl ring B. Furthems, a hydroxy
group at postion 2’ of chalcones and 5 of flavoingsroves antibacterial activity (Alcaraz
et al., 2000). A hydroxy group exerts an effectagie to that of a methoxy group, while
the presence of OH groups induce and enhance tgcigainst methicillin resistars.
aureus replacing them with methoxy groups drasticallguees or even eliminates anti-

staphylococcal activity (Alcaraz et al., 2000).

There are also reports on the antimicrobial agtieit compounds other than flavonoids.
Activity against Gram-positive bacteria was obsdrfer both linoleic and oleic acids,
isolated from antibacterial extracts l@f pedunculatunfa plant used to treat circumcision
wounds, Dilika et al., 2000). The MIC of both fatigids was 1.0 mg/ml fd&. aureusand
M. kristinaein the agar diffusion assay. The MIC’s was 0.09migof each fatty acid

when they were administered at the same time @#gikal., 2000).

Kaurenoic acid 195 (a diterpene), isolated from. kraussij exhibited a MIC as low as 1

pg/ml againsi. coliand MIC’s of 10 pg/ml again&. cereusB. subtilis S. aureusandS.
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marcescens(Bremner and Meyer, 2000). Significant antimicedbactivity was also
observed for monomeric and dimeric diterper28{233 from H. tenaxvar tenax.MIC
values as low as 3.1 and 3u6/ml were determined againBt cereuswhereas MIC'’s as
low as 41.5ug/ml were determined for a Gram-negative organisochsasP. aeruginosa
(Drewes et al., 2006).

MIC’s of 100 pg/ml were observed for a prenylated butyrylphlovegiol ©0) isolated
from H. kraussii againstB. cereus B. pumilis B. subtilis M. kristinag S. aureusS.
marcescensndE. coliin an agar diffusion assay (Bremner and Meyer0200he same
phloroglucinol analoguedQ) was isolated frontd. gymnocomunand MIC’s of below 100
pag/ml (6 - 45ug/ml) were reported foEnterococcus faecaliStaphylococcus epidermidis
S. aureusB. cereusP. aeruginosaC. neoformansand C. albicans(Drewes and Van
Vuuren, 2008). A difference in assays employedcuitem size and possibly different
strains of the micro-organism used may accounttferobserved difference in activity. A
structurally related phloroglucinoll2 also exhibited promising antibacterial activity
againstE. faecalis S. aureud?. aeruginosaandC. neoformangDrewes and Van Vuuren,
2008). Caespitinl27) and caespitate98) (both phloroglucinols) exhibited antimicrobial
activity against several bacteria as well as fuii@gkker et al., 1983; Mathekga et al.,
2000). Caespitin 127) was active againsS. aureus Streptococcus pyogenes€.
neoformansTrichophyton rubrumT. mentagrophytesand Microsporum canisalthough
neither the method used, nor the level of activise indicated in the relevant article
(Dekker et al., 1983). Caespitat@8) exhibited antibacterial activity against the Gram
positive B. cereusB. pumilis B. subtilis M. kristinaeandS. aureusat concentrations of
0.5 pg/ml in the agar dilution method (Mathekga et &000). This compound also
exhibited antifungal activity which ranged from 0.%.0ug/ml againstA. flavus A. niger,

C. cladosporioides C. cucumerinum C. sphaerospermumand Phytophtora capsici
(Mathekga et al., 2000). Caespitag8)(was also active against sevekél tuberculosis
strains at a concentration of 0.1 mg/ml which wiasilar to the MIC observed for the
crude extract oH. caespititium(Meyer et al., 2002). Several caespitin derivaiveere
synthesised with MIC values as low as 2 pg/ml aja8taphylococcus aureuand
Streptococcus pyogeneBhese compounds also exhibit antifungal activithe possible
development of antimicrobial resistance was exathasewell as the development of cross

resistance with known antimicrobials (Van der S€leyfal., 1986).
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For helihumulone 49), a phloroglucinol derivative of the humulone ty@etivity was
exhibited for a broad range of micro-organisms veiime promising results, for example
16 pg/ml againstP. aeruginosa The antimalarial activity of this compound was
determined to be 15 pg/ml (Van Vuuren et al., 2088) previously mentioned, the South
African Helichrysums contain a large amount of phloroglucinol derivasv and
considering the promising antimicrobial activityseloved for this type of compound, it

seems a class well worth investigating.

Aqueous extracts dfl. aureonitensexhibited antiviral activity against thderpes simplex
virus type lin vitro at a concentration of 1.35 mg/ml (Meyer et al.9@)9 The flavone,
galangin b4), isolated from this plant also exhibited antiViagtivity againstH. simplex
virus type | and th€oxsackievirus at concentrations of 6 pg/ml (Meyer et 8997). The
antiviral activity was also determined for a crudkanolic extract odf. melanacmend its
isolated constituents. The activities of the isaedatprenylated chalcone23) and a
pyranochalcone3) were lower (IGo = 0.1 mg/ml) against thimfluenza Avirus than that
of the crude extract (0.01 mg/ml) although a coratiom of the two chalcones resulted in
an improved IG (0.01 mg/ml, Lall et al., 2006).

In summary, the crude extracts generally show sdegree of antimicrobial activity,

which is usually higher against Gram-positive oigars than against Gram-negative
organisms. Although the antibacterial and antifuragtivities of these plants are well
documented, antimalarial, antimycobacterial, andivmal data are scarce. Isolated
compounds sometimes exhibit more superior activitign compared to the crude extract,
but often the crude extract has similar activitpri@ct identification of plant material is

crucial as misidentification of plant material daad to incorrect reporting (Lourens et al.,
2004). The selected range of concentrations isnofte the high side (Gibbons, 2004,
considered values of below 1 mg/ml for extracts &@Agg/ml for single chemical entities

as significant); for example a range of 10-100 nmigimas used forH. pedunculatum

extracts (Meyer and Dilika, 1996). Positive corgr@ntibiotics) are absent in some of the
assays (Mathekga et al., 2000), making it difficalcomparatively assess the activity of a
particular extract or compound. The fact that dédfé assays are employed impairs
comparison of data between different laboratoriassdys relying on diffusion are

especially suspect since a low rate of diffusioruldgresent a low activity, which is not
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always a true representation). Microbial straires@ften not referenced and the number of
colony forming units not mentioned (Meyer and Afa@a, 1995). Extracts also often do
not dissolve completely in the solvents used andCashnie and co-workers (2003)
illustrated with galangin54), this can have a profound effect on the MIC’s eslsed
(Cushnie et al., 2003). Chemical classes suchedlakionoids, acylphloroglucinols, and
diterpenes from South Africatdelichrysum species exhibit promising antimicrobial
activity and plants that contain these compoundsnsepotential candidates for further

study.

2.4.2 Other biological data

Unpublished work done by Noristan laboratories ¢atis that fractions of the extract of
H. caespititiumexhibits anti-inflammatory activity of up to 82% a60 mg/kg in the
carrageenan test done on rats and prevents plagtptegation (Swanepoel, 1997).
Ethanolic extracts oH. subglomeratumand H. nudifolium inhibited cyclo-oxygenase
enzymesin vitro by 69% and 96% (50 pg of plant extract used) rasmdy, indicating
inhibition of prostaglandin synthesis (Jager et2396). The group at Noristan determined
that fractions of al. nudifoliumextract also reduced edema in the carrageenagy hgsa
approximately 30% at 300 mg/kg in rats (Swanepb@d7). These results indicate thht
nudifoliumhas bothin vitro andin vivo anti-inflammatory activity, probably partly due to

the inhibition of the cyclo-oxygenase enzymes.

The group at Noristan observed that the secontireetfractions obtained after gradient
column chromatography (using petroleum ether, ethgktate and methanol) of a

dichloromethane/methanol extract frdfh panduratumshowed a 79% reduction in pain

experienced in the writhing pain test at 500 mglkgema was also reduced by 50% in the
carrageenan test indicating that this plant has kaoiti-inflammatory and analgesic

properties. It was also antihypertensive (a redacbf 6% in mean blood pressure was
observed after administering a dose of 300 mg/kgl) weakly antimicrobial (Swanepoel,

1997).

A fraction from a dichloromethane/methanol extrattH. petiolare investigated by the
Noristan group determined that administration oD 30g/kg of extract to mice reduced
mean blood pressure by 21% and resulted in a 6%ctied in heart rate (Swanepoel,

1997). Acetone extracts &f. excisum(ICso = 35 pg/ml) andH. felinum(ICso = 39 pug/ml)
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inhibited the 5-lipoxygenase enzyme which also playole in inflammation. Antioxidant
activity (as indicated with the DPPH assay) of anetand methanol extracts bf.
odoratissimumH. excisumH. felinumandH. petiolarewas comparable to that of vitamin

C, as expected for species rich in phenolic comgsi{hourens et al., 2004).

European research further highlights the antioxidand anti-inflammatory effects
displayed by plants from this genus. It is quiteenfthe flowers that are investigated, a
plant part that are seldom investigated in SoutticAh research (Drewes and Van Vuuren,
2008; Table 2.2). Anti-oxidant activity was repattior flower extracts fronH. stoechas
(Carini et al., 2001)H. arenarium(Czinner et al.,, 2000; Czinner et al., 2001) &hd
italicum (Facino et al., 1990)n vivo (topical) anti-inflammatory activity comparable to
that of the indomethacin standard was observedrf@cetophenone derivative, gnaphaliin
(67) and ursolic acid isolated frotd. stoechagRecio et al., 1991)n vivo andin vitro
anti-inflammatory activity was also observed foe@mphenone glucosides, flavonoids, and
other compounds isolated frorh italicum (Sala et al., 2001; Sala et al., 2002; Sala et al.
2003a, Sala et al., 2003b) as well as for extfacta H. compactun{Siizgeg, et al., 2005).
These promising results indicate that more reseahduld be undertaken on the anti-
inflammatory activity of South African species, many similar compounds appear in the

South African and European species.

As previously mentioned{elichrysumspecies are often burnt as incense to invoke the
goodwill of the ancestors, in protective and ottlearms, and to induce trances. It is also
used in the treatment of insanity, possession, asesedative to treat insomnia, and as a
protective cleanser (Table 2.1). Their traditionsés indicate that these plants may exhibit
psychotropic effects. Stafford et al. (2005) defesd the GABA-receptor binding effect
of extracts fronH. argyrolepis H. herbaceumH. nudifolium H. ruderale H. rugulosum

H. simillimum andH. umbraculigerumby using the®H-Ro 15-1788 binding assaj.
ruderale and H. umbraculigerumexhibited the most pronounced effects, while
herbaceumH. rugulosum andH. simillimumshowed moderate to good dose dependant

activity.

There appears to be a large divide between thechemical data available and biological
testing on compounds isolated from the South Afrispecies. One chemical class, the

pyrones will be discussed as an example. By ouglr@stimate, 28 different pyrones were
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isolated from South AfricarHelichrysumspecies. The same class of compound was
isolated from European species and rather inteigediiological activity was observed.
Italipyrone 370), plicatipyrone 871), and a mixture of homoarend72 and arenol373
were all active againgB. subtilis S. aureusS. epidermidis and Mycobacterium phlei
using the agar diffusion method with the highestCMieing 25ug/ml and the lowest 3
pg/ml (Rios et al., 1991).

370 371

372 373

Antifungal activity was also reported farpyrones isolated froril. decumbengTomas-
Lorente et al., 1989). Pyrones [like arzar8i4) and helipyrone375)] showed significant
anti-oxidant activity and arzanol was not toxicadit concentrations tested (Rosa et al.,
2007). Most interesting though, are the findingsAppendino et al. (2007) that arzanol
(374 inhibits HIV-I replication in T-cells and inhitd NFkB (IC50 = 5 pg/ml)
indicating that this group of compounds may exhitmth antiviral and anti-inflammatory
properties. To our knowledge, none of the uniquempgs isolated from South African

species were evaluated for biological activity.

374 375
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Most concerning is the almost complete absenceoxitity data for the South African
species of this genus. In very few cases, for examere antiviral and antimalarial
activity was determined (Lall et al., 2006; Meyéra¢, 1996; Meyer et al., 1997; Van
Vuuren et al., 2006) toxicity is mentioned. Toxyctf the diterpenes is well known (for
example 1Gy valuesof below 4 pg/ml was reported for three diterpeaetdnes from
Parinari capensis Uys et al.,, 2002), and severblelichrysum species contain high
amounts of these compounds. Furthermore, Reid €@06) screened 42 medicinal South
African plants for mutagenicity, which includétd herbaceumH. nudifolium H. ruderale

H. rugulosumH. simillimum andH. umbraculigerumThe only three plants that showed
mutagenic activity were alHelichrysums namely H. herbaceum(at 5 mg/ml), H.
rugulosum(at 5 mg/ml), andH. simillimum (at 0.05 mg/ml). These results highlight both
the need and importance of toxicity and safety datgplants of this genus. In general,
there also seems to be a large needirfovivo validation ofin vitro results since the
effectiveness of these extracts and their compouna® not been validated in living

organisms.

2.5 Conclusion

Helichrysumspecies are used extensively in ethnomedicine uthSAfrica and many of
the uses are associated with the treatment oftiofes; e.qg. it is used widely for treatment
of respiratory diseases and wound dressing (Talile Zhe large morphological diversity
of the genus is mirrored by the diversity of cheshicompounds isolated from the genus.
However, determining the biological activity of thant extracts and isolated compounds
has, up to now, not received the same attentisheaphytochemical studies. Furthermore,
there are sometimes confusion as to exactly whpeties have been used and in any
studies based on reported traditional uses, thetitgeof the species should be verified
first. There is an interesting relationship betawéfse morphological classification and the
classes of chemical compounds isolated from a p@corphological group and there are
certain classes of compounds, e.g. diterpenesagoilaes, acylated phloroglucinols and
a-pyrone derivatives, for which one can predict ihieth species they are most likely to
occur. This may be important in the search of ndantpderived drugs, e.g. acylated
phloroglucinols show potential as anti-staphyloeatrug leads (Gibbons, 2004) aad
pyrone derivatives have anti-HIV properties (Mc®lae and Fairlamb, 2005; Appendino
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et al., 2007). It is clear th&telichrysumis an interesting genus from an ethnobotanical,
phytochemical and pharmacological perspective bat biological data to correlate the
ethnobotany to the chemistry is often still lackinfo complete the picture, a

multidisciplinary approach involving botanists, afists and biologists is required.
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Table 2.1Traditional uses and biological activities reportexdHelichrysumspecies

Specie8 £ Traditional Use < References
4 o = —
g @ g 8-
2 =2 = o2
€D s 7R o3
T D 2 © > P
a3 a SRS o 3
H. acutatumDC. Widely used as traditional medicine, sold NS Arnold et al., 2002; Cunningham, 1988;
21° commercially in large quantities Hutchings et al., 1996.
H. adenocarpunbC. Root Decoction| Used to treat diarrhoea and vomiting GIT Arnold et al., 2002; Jacot Guillarmod,
28 children. 1971; Neuwinger, 1996; Phillips, 1917;
Pooley, 2003; Walker, 1996; Watt and
Breyer-Brandwijk, 1962.
H. appendiculatungL.f.) Leaf Eaten raw | Chest problems or infection of the respiratory Resp B, 9F | Arnold et al., 2002; Githens, 1949;
Less. tract Infec *Mathekga, 2001; Smith, 1895; Smith,
24 Plant Smallpox Anth 1966; Swanepoel, 1997; Walker, 1996;
Plant Anthelmintic w Watt and Breyer-Brandwijk, 1962.
Root Coughs and colds and applied externally on P
wounds
Leaf Wound Applied externally to wounds. Ground leaves
dressing | are rubbed into areas which cramps or on
wounds
Roots Ground and burnt and smeared on body ts rela
body and to reduce swelling
Leaf Used medicinally as tea
H. argyrophyllumDC. Root Infusion Intestinal troubles GIT Arnold et al., 2002; Batten and
29 Not 4 bv siock o o - Bokelmann, 1966; Smith, 1966; Walke
ot grazed by stock, preventing soil erosion [n 1996; Watt and Breyer-Brandwijk,
overgrazed areas. 1962
H. argyrosphaerunbC. Browsed by animals but poisonous if large | Poi 9B, %F | Hutchings et al., 1998Mathekga,
15 quantities is ingested. 2001; Pooley, 1998; Van Wyk et al.,
2002.
H. asperur (Thunb.) The plants are casually browsed by sheep Poi Smith, 1966, (H. ericaefoliumDC.).
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Hilliard and Burtt. ( =H.
ericifolium Less)
12

said to be a cause of “Geilsiekte“.

H. athrixiifolium (Kuntze) | Leaf Smoked Chest complaints. Resp Arnold et al., 2002; Jacot Guillarmod,
Moeser 1971'(H. athrixifoliumO. Hoffm.);
9 Phillips, 1917 (H. athrixiifolium O.
Hoffm.); Watt and Breyer-Brandwijk,
1962'(H. athrixifoliumO. Hoffm.).
H. aureonitensSch. Bip. Leaves Burntas | Used to invoke the goodwill of the ancestors| Psy B, “Afolayan and Meyer] 997,
8 and stems| incense and to induce trances Psyc aF v Cunningham, 1988; Hutchings et al.,
Infect 1996; Jacot Guilllarmod, 1971;
Leaves Commercially sold Insect *Mathekga, 2001°Meyer and Afolayan,
and stems 1995;°Meyer et al., 1996Meyer et al.,
Decoction | A remedy for inuresis in children 1997; Phillips, 1917; Pooley, 1998;
Extracts | Used topically for skin infections especially Pooley, 2003; Swanepoel, 1997;
againstHerpes zosteand infections associateq Walker, 1996, Watt and Breyer-
with Herpes simplex Brandwijk, 1962.
Used to keep red mites away
Used as tinder to start fire, used to make hats.
9H. aureumHoutt. Merr. Decoction | Used for washing sore eyes. Eye Arnold et al., 2002H. fulgidumL.f.)
var.aureunt Willd.); Batten and Bokelmann, 1966
monocephaluni =H. "(H. fulgidumWilld.); Jacot Guillarmod,
fulgidum(L.f.) Willd.) 1971'(H. fulgidum(L.) Willd.); Phillips,
30 1917'(H. fulgidumwilld.).
H. bellumHilliard B, °F | *Mathekga, 2001.
28
H. caespititium(DC.) Plant Crushed | Used to treat head and chest colds (headacheResp B, Arnold et al., 2002°Dekker et al., 1983
Harv and burnt Infect 9F, I, | Gelfand et al., 198%H. caespitium
12 and smoke GIT My Sond.); Hutchings and Van Staden,
inhaled Vi 1994; Jacot Guillarmod, 197(H.
Plant Decoction | Drunk by the Kwena and the Kgatla to treat | W caespitiumSond.);"Mathekga et al.,
gonorrhoea 2000;*Mathekga, 2001°Meyer et al.,
Root Decoction| Nausea 2002;Neuwinger, 1996; Phillips, 1917
Roots Virility '(H. caespitiunSond); Pooley, 1998;
Plant Ointment | Ointment is applied to the roofta mouth for Pooley, 2003/Swanepoel, 1997; Watt

a depressefbntanelle

Used as dressing for open wounds during

and Breyer-Brandwijk, 1962.
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circumcision rites

o

[

-
]

H. callicomumHarv Protective charmMixed with Aster bakerianus| M 9B, 9F | Arnold et al., 2002; Jacot Guillarmod,
2 (hispidig andH. rugulosum GIT 1971;*Mathekga and Meyer, 1998;
*Mathekga, 2001Phillips, 1917
Used for fuel in winter Pooley, 2003; Watt and Breyer-
Enema Used as an ingredient in an enema for colic Brandwijk, 1962.
H. calocephalunKlatt Arnold et al., (2002) refers to others
23 usingH. calocephalunschltr, which is
classified asi. ecklonisSond
(Germishuizen and Meyer, 2003).
Helichrysum calophalum | Root Used for hyperfunction of the lower gastro- | GIT Swanepoel, 1997, information obtaine
Klatt intestinal tract. from TRAMED database. It is not clea
23 to these authors whether this use
pertains tdH. calocephalunkKlatt or H.
ecklonisSond.
H. candolleanunBuek 9B, °F | ®*Mathekga, 2001
15
H. chionosphaerurdC. B, °F | ®*Mathekga, 2001
25
H. cephaloideundC. Irritant poisoning in sheep demonstrated. Poi Van Wyk et al., 2002; Watt and Breye
( =H. adscendenkess Known to be poisonous to sheep (symptoms Brandwijk, 1962.
var. cephaloideum similar to that of poisoning caused Ggiger3.
Moes)
24
H. cochleariformeDC. Tea, Demulcent in coughs and other pulmonary | Resp Arnold et al., 2002; Neuwinger 1996;
(=H. imbricatumLess) infusion affections. In the Western Cape area the plant is Smith, 1966; Swanepoel 1997; Watt a
15 used to treat whooping cough, other coughs, Breyer-Brandwijk, 1962.
bronchial catarrh and bronchitis
Whole Decoction | Drunk for infections of the respiratorgdt
plant
H. cooperiHarv. Leaf Ointment, | Used as love charm. The ointment is applied| M Arnold et al., 2002; Hutchings et al.,
30 applied after bathing and as a result the desired lady| Fum 1996; Pooley, 1998200ley,2003;
after finds the man irresistible Snakebite Walker, 1996; Watt and Breyer-
bathing Brandwijk, 1962.

Ge



H. cooperiHarv. Leaves Used to make Zulu headdress distinctive to
30 married women
Used as a fumigant and as part of a traditional
remedy for snakebite.
H. crispum(L.) D. Don Used medicinally as a calming tea. Resp B Arnold et al., 2002 (with reference to
17 Coughs, bronchitis, urinary tract infections andrenal Smith, 1966); Kling as quoted igalie
tuberculosis. et al., 1996; Roberts, 199®1.
crispum.
These authors are not certain whether
Kling is referring toH. crispum(L.) D.
Don orH. crispumLess.
H. cymosungL.) D. Don Used to invoke the goodwill of the ancestors| M ‘B, Arnold et al., 2002; Bhat and Jacobs,
8 and to induce trances Psy 9F, Pl | 1995; Kokwaro as quoted by
Resp Neuwinger, 1996; Neuwinger, 1996;
Leaf Decoction | Used to treat colds and coughs GIT Pooley, 2003%an Vuuren at el., 2006;
ltea P Van Wyk et al., 2000.
Root Extract Used as emetic and purgative
Leaf Filtrate drunk to treat colds and fever
Leaf Boiled, Vapour bath used to treat headaches.
and
vapours
inhaled
H. dasymallunHilliard Used as medicinal tea NS Arnold et al., 2002; Lucas and Pike,
(=H. lanatumHarv.) Woolly coat used for tinder boxes. 1971; Smith, 1966.
21
H. decorunDC. Plant Burned Used to induce trances. Psy 9B, 9F | Arnold et al., 2002; Hutchings et al.,
30 and smoke 1996;°Mathekga, 2001Neuwinger,
inhaled 1996.
H. dregeanunsond. and | Leaf Smoked Used to treat head colds Resp Arnold et al., 2002; Hutchings and Van
Harv. infusion Used to treat hiccups GIT Staden, 1994; Jacot Guillarmod, 1971
9 ) Neuwinger, 1996; Phillips, 1917; Smith,
Browsed by stock. 1966; Watt and Breyer-Brandwijk,
1962.
H. ecklonisSonc Used by the Xhosas to ward of evil ma M Batten and Bokelmann, 1966; Ja
(=H. calocephalum spells, which follow on seein@hanti, the GIT Guillarmod, 1971; Phillips, 1917;
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Schitr.)

water snake

Pooley, 2003; Watt and Breyer-

B

28 Brandwijk, 1962.
Root Decoction| Used to treat diarrhoea in children.
H. epapposunBolus 3 Leaves Burned as | Used to invoke the goodwill of the ancestors | M Arnold et al., 2002; Cunningham, 198§
and stems| incense commercially sold Hutchings et al., 1996.
H. excisun(Thunb.) Less 9B, | ®Lourens et al., 2004
12
H. felinumLess 9B, 1 | “Lourens et al., 2004
17
H. flanaganiiBolus Leaves Burned Incense M Walker, 1996.
13
H. foetidum(L.) Moench | Plant Extract is | Used to induce trances Psy B Arnold et al., 2002; Batten and
30 drunk/ Infect Bokelmann, 196&H. foetidumCass.);
smoke Resp Gerstner, 193§H. foetidumCass);
inhaled w Hulme, 1954; Hutchings et al., 1996;
Leaf Extract Used to treat flu (influenza) Eye Kokwaro quoted by Neuwinger, 1996;
Leaf Wound Used to treat circumcision and infected wound® Neuwinger, 199&oberts, 1990;
dressing | (festering sores) Rwangabo, quoted by Neuwinger, 199
°Steenkamp et al., 2004; Swanepoel
Leaf Preparatio| Applied to treaHerpes 1997; Van Wyk and Gericke, 2000;
n Wat_t and Breyer-Brandwijk, 196gH.
Root Extract Eye problems, used to bath eyes foetidumCass.).
Leaf Used in making headdress distinctive of
married women
Plant Aromatic and astringent (used to draw out
infection).
Used to treat menstrual pain
H. glomeratunKlatt B,F *Mathekga and Meyer, 1998;
6 *Mathekga, 2001.
9H. griseumSond Preventative charm against illness M Arnold et al., 2002, Phillips, 1917.

( =H. agrostophilum
Klatt)
23

Burnt as fuel in winter.

w
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H. gymnocomurdC. Stems and| Burned as| Used to invoke the goodwill of the ancestors| Skin 9B, 9F | Cunningham, 1988Drewes and Van
4 leaves incense M Vuuren, 2008; Hutchings et al., 1996;
Fum Phillips, 1917.
Ointment | Mixed with fat, only the wives of chiefs were
previously allowed to use it
Used to fumigate sick rooms.
Commercially sold
H. herbaceuntAndrews) | Stems and| Burned as | Used to invoke the goodwill of the ancestors | M 9B, 9F | Arnold et al., 2002; Cunningham, 198
Sweet leaves incense Hutchings et al., 1996Mathekga,
29 Stems and Commercially sold 2001;Neuwinger, 1996; Pooley, 1998;
leaves Pooley, 2003.
H. hypoleucunHarv 9B, 9F | ®*Mathekga and Meyer, 1998;
16 *Mathekga, 2001.
H. indicum(L.) Grierson ( | Plant Burned Mixed with Conyza pinnataCrushed and burnt M Arnold et al., 2002; Jacot Guillarmod,
=H. expansun{Thunb.) and to drive sickness from a room. 1971.
Less) crushed
15
H. kraussii Sch. Bip Leaf Decoction| Use to wash keloid scars Skin 9B, °F | Arnold et al., 2002; Arnold and
8 Root and | Infusion Used to drive bad spirits away, used tslwa | M Gulumian as quoted by Neuwinger,
leaves body Resp 1996;°Bremner and Meyer, 2000;
Dried Smoked in| The Karanga smoke this as a remedy for cougkect “Mathekga, 2001; Gelfand et al., 1985
flower and| a pipe and pulmonary tuberculosis Mabogo, 1990; Neuwinger, 1996;
seed Swanepoel, 1997; Walker, 1996; Watt
Plant Burnt, salt| Cough and Breyer-Brandwijk, 1962.
is added
to ash and
ingested
H. kraussii Sch. Bip Root Venereal disease Arnold et al., 2002; Arnold and
8 Root Mixed Applied to child’s side with small amount given Gulumian as quoted by Neuwinger,
with salt | orally 1996;°Bremner and Meyer, 2000;
and other *Mathekga, 2001; Gelfand et al., 1985
ingredient Mabogo, 1990; Neuwinger, 1996;
S Swanepoel, 1997; Walker, 1996; Watt]

and Breyer-Brandwijk, 1962.
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H. lepidissimuns. Moore Powder or| Used as a body perfume Skin Dlamini, 1981; Watt and Breyer-
19 ointment Brandwijk, 1962.
H. litorale Bolus ( = Plant Dried and pounded or mixed with lard or fat,| W Smith, 1966; Swanepoel, 1997; Watt
Leontonyxangustifolius was used for applying to ulcers Skin and Breyer-Brandwijk, 1962.
DC. =Leontonyx In the Western Cape Province an ointment far
spathulatud_ess) boils, carbuncles and abscesses is made from
14 this plant,Cyanella lutesand
“tiendaegeneesbossie”
Helichrysum longifolium | Leaf Used by the Pondos to treat circumcision w B, °F | “Dilika et al., 1997 Mathekga, 2001.
DC. wounds. The leaves are heated over very ho
24 ash before being used as a bandage for the
treatment of wounds after circumcision.
H. lucilioidesLess. Excellent stock feed Smith, 1966.
12
H. melanacmé®C. Used as bedding Resp B, Arnold et al., 2002%Lall and Meyer,
8 Used medicinally as tea P F, 1999;°Lall et al., 2006Mathekga,
Used for cough, fever, headache, colds and My, 2001; Smith, 1966.
chest pain. \%
H. miconiifoliumDC. Tea Used medicinally as tea P B, °F | Smith, 1966(H. miconiaefoliunDC);
23 Anthel Arnold et al., 2002Mathekga, 2001;
Leaf The Xhosa grind and boil the leaves and us€ i Swanepoel, 1997.
as a wash for pain after circumcision.
Root The powdered root is used for intestinal
parasites and for ticks on poultry.
H. montanunDC. B,F | *Mathekga, 2001.
22
H. monticolaHilliard B,F | ®*Mathekga, 2001.
28
Helichrysum mundtii Plant Decoction| Chest complaints Resp Arnold et al., 2002; Jacot Guillarmod,

Harv.
23

1971; Pooley, 1998; Pooley, 2003;
Phillips, 1917(H. mundii Harv.); Watt
and Breyer-Brandwijk, 1962.
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Helichrysum natalitium Leaves Burnt as Used to invoke the goodwill of the ancestors | M Arnold et al., 2002; Cunningham, 1988
DC. and stems| incense Hutchings et al., 1996; Pooley, 2003.
3 Leaves Commercially sold
and stems
H. nudifolium(L.) Less Leaf Burntas | To invoke the goodwill of the ancestors M B, Arnold et al., 2002; Gerstner, 1938I.
var. nudifolium (= H incense Resp 9, undifolium alsoH. leiopodiumDC.);
coriaceumHarv. = alsdH. infusion Colds (Zulu and Khoi — administration route W Githens, 194§)(H. nudifolium alsoH.
gerberifoliumA. Rich, = o N Infect leiopodiun); Glover et al quoted by
alsoH. leiopodiumDC. = not indicated) P Neuwinger, 1996Hulme, 1954;
alsoH. nudifoliumvar. Leaf Eaten raw | Used to treat colds by the Xhosa Skin Hutchings et al., 1996; Hutchings and
quinquenerve =alsoH. - GIT Johnson, 1986; Hutchings and Van
nudifoliumvar. leiopodium Plant Infusion Reggrgled as demulcent, used to treat catarrh, Staden, 1994; Jacot Guillarmod, 1971
) phth|§|s and.other. pulmonary affections '(H. nudifoliumvar. leiopodiun); ®Jager
23 Leatf/ Respiratory infections et al., 1996; Mabogo, 199Bhillips
plant 1917'(H. leiopodiumDC.); Rood, 1994;
Root Coughs and colds Smith, 1895(H. nudifloruny, Smith,
Leaf Wound | Wounds 1966/(H. coriaceumSond. andH.
dressing i _ nudifoliumvar. quinquenerve)
Root/ Applied to sores on the genitalia by the Xhosa ®Swanepoel 1997H. gerberifoliun),
Leaf Van Wyk et al., 2000; Neuwinger, 1996
Plant/ Smoke Headache (also"™H. gerberifoliumSch. Bip); Watt
leaf inhaled and Breyer-Brandwijk, 1967H.
gerberaefoliuntsch. Bip. Ex A.Rich).
Leaf Infusion Rectal prolapse
H. nudifolium(L.) Less Powder Protection of children from illness M 9B, Arnold et al., 2002; Gerstner, 1938I.
var. nudifolium (H mixed, Resp 9,1 undifolium alsoH. leiopodiumDC.);
coriaceumHarv.= alsdH. eaten with W Githens, 194§)(H. nudifolium alsoH.
gerberifoliumA. Rich, = butter Infect leiopodiun); Glover et al., quoted by
alsoH. leiopodiumDC. = | Root Decoction | Chest problems, used as emetic by the Zulu | P Neuwinger, 1996Hulme, 1954;
alsoH. nudifoliumvar. Skin Hutchings et al., 1996; Hutchings and
guingquenerve =alsoH. Leaf Decoction | To encourage weaning in babies GIT Johnson, 1986; Hutchings and Van
nudifoliumvar. leiopodium Staden, 1994; Jacot Guillarmod, 1971
) Leaf Infusion Diseases in goats '(H. nudifoliumvar. leiopodiun); *Jager
23 Plant Infusion | Used as steam bath to treat fever and et al., 1996; Mabogo, 199Bhillips
on hot nightmares 1917'(H. leiopodiumDC.); Rood, 1994;
stones Smith, 1895(H. nudiflorun), Smith,
Plant Poultice Swe”ings 1966f(H coriaceumSond. andH.
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Decoction | Coalic in children (administered as enpma nudifoliumvar. quinquenerve)
Rubbed into scarifications over bruises ®Swanepoel 1997H. gerberifoliun,
Used as tea Van Wyk et al., 2000; Neuwinger, 199
Root Decoction| Internal sores (intestinal ulceration) (also™H. gerberifoliumSch. Bip); Watt
and Breyer-Brandwijk, 1967H.
gerberaefoliunSch. Bip. Ex A.Rich).
H. nudifoliumvar. Protective charm against thunder
oxyphyllum( = H.
oxyphyllumDC. = alsoH.
undatumLess.)
23
H. nudifoliumvar. Used for “doctoring’ people who wish some | M B,%F | Arnold et al., 200XH. pilosellun);
pilosellum( =H. deed concealed and who are afraid of being | GIT Hulme, 1954(H. latifolium); Hutchings
latifolium (Thunb.) Less. 5 found out et al., 1996(H. pilosellum(L.f.) Less);
H. pilosellum(L.f.) Less) Jacot Guillarmod, 197H. latifolium
23 (Thunb.) Less.)Mathekga and Meyer,
Ingredient in colic remedy 1998%:Mathlekgfll, 2(()0%;)Neuw)inger,
- - - 1996'(H. pilosellum(L.f.) Less);
Leaf Infusion Stomach ache in children Phillips, 1917(H. latifolium Less);
Roots Ground | Ground and burnt near cattle suffering from Phillips, 1917 (H. latifolium Less.);
and burnt | black leg Pooley, 2003(H. pilosellum;
Swanepoel 1997; Walker, 19461.
pilosellum(L.f.) Less); Watt and
Breyer-Brandwijk, 196H. latifolium
Less.).
9H. nudifoliumvar. As an antiseptic and to induce fast healing: | W Arnold et al., 2002; the sources below
pilosellum( = H. Used after circumcision to prevent Resp are indicated in Arnold et al., unddr
pilosellum(L.f.) Less= H. inflammation externally GIT pedunculareDC.:
pedunculargL.) DC. var. Also externally applied to wounds and used fpr Batten and Bokelmann, 198@sicwe
pilosellum infections of the respiratory tract isiGquts); Githens, 1944H.
23 As an antiseptic pedunculare)Smith, 1895)( isi-Cwe);
Stomach ailments Smith, 1966 .
H. odoratissimungL.) Leaf/ Used as | Wounds and burns W ‘B, Adjanohoun quoted by Neuwinger,
Sweet ground wound Fum 9, 1996; Arnold et al. 2002; Baerts and
4 plants dressing/ Psy My Lehmann quoted by Neuwinger, 1996
leaf pulp Psyc Cunningham, 1988; Dlamini, 1981;
Plant The Southern Sotho use this plant to fureigat M Hutchings and Johnson, 1986;
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H. odoratissimungL.)
Sweet
4

Resp

Eye
fSIT

P

PsS

as

huts
Ointment | Itis mixed with fat to form pleasantiyslling
ointment, formerly only used by wives of chie
Leaf Ash is Insanity, possession.
rubbed
into
scarificati
ons
Burnt as Used to invoke the goodwill of the ancestors,
incense protective charm
Tea Aids sleep, relieves muscle tension and cram
Plant, leaf,| Smoke Used as a sedative and to treat insomnia ang
stems inhaled protective cleanser.
Root Colds, coughs
Leafy Ash is Coughs
twigs eaten
Leaf and | Extract or | Conjunctivitis
twigs sap used
as eye
drop
Decoction | Abdominal pain
Aerial Extract Used to treat dehydration
parts
Leaf Sap Heartburn, flatulence
Root Extract Purgative (extract is drunk)
Leaf Ash is Vomiting
eaten
Tea Colic and stitch
Leaf Decoction| Febrile convulsions (part of prefiarg
Leaf Smoke Headache
inhaled
Leaf Infusion Fever (Also used as wash)
Leaf and | Decoction | Used to treat female sterility, menstpaih
twigs and eczema in Rwanda

Hutchings et al., 1996; Hutchings and
Van Staden, 1994; Jacot Guillarmod,
1971; Kokwaro quoted by Neuwinger,
1996;°Lall and Meyer, 1999 ourens
et al., 2004°Mathekga and Meyer,
1998;°Mathekga, 2001Neuwinger,
1996; Pooley, 1998; Pooley, 2003;
Rwangabo quoted by Neuwinger, 199
Smith, 1966; Swanepoel, 1997; Van
Puyvelde et al., 1989; Van Wyk et al.,
2000; Van Wyk and Gericke, 2000;
Watt and Breyer-Brandwijk, 1962.
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Leafy Decoction | Tonic for pregnant women
twigs
Leaf Decoction| Galactagoque.
Used a bedding material since it is an effectiye
insect repellent. Sold commercially.
The Xhosa also use the plant for spiritual
purposes, as a fumigant when a baby is born
H. oreophilumKlatt B,°F | ®Mathekga and Meyer, 1998;
21 *Mathekga, 2001.
9H. pallidumDC. ( =H. Preventative charm for iliness. M Arnold et al., 2002; Jacot Guillarmod,
agrostophilunmKilatt (in 1971'(H. unc;atunwar.agrostophilun)l;
part) = Burnt as fuel in winter PhiI.Iips, 1917(H. undaturrj.ess., var.
H. undatun(Thhlunb.)lLess Roots Bathing in| The act of forgetting, The bath is suppose to pallidum andH. agrostophilunKiatt).
\,\/Aaééigerrof’mp ium(Klatt) decoction | make a person invisible/or forgotten by his
- . enemies, witchcraft.
H. undatunvar. pallidum
23
H. panduratun®©. Hoffm. | Leaf Decoction | Febrile convulsions in children (pargof P Al Adjanohoun quoted by Neuwinger,
18 preparation) Infect 1996; Haerdi quoted by Neuwinger,
Plant Sap Used to treat malaria in children 1996; Neuwinger, 1996; Neuwinger,
Used to make herbal tea 1996; Pooley, 1998Swanepoel, 1997.
H. pandurifoliumSchrank. | Infusion, Respiratory conditions Resp Arnold et al. 2002; Roberts, 19981.
( =Helichrysum demulcent P auriculatumLess.);Rood, 1994 Smith,
auriculatumLess.) Ca 1966'(H. auriculatumLess.);
18 Backpain, heart trouble, kidney disease, kidnegenal Swanepoel, 1997; Watt and Breyer-
stones Brandwijk, 196Z(H. auriculatum
_ _ Less.).
Historically been used as a tea.
H. patulum(L.). Don( = Heart trouble, backache, kidney disease, also P Neuwinger, 199&H. crispumLess.);
H. crispumLess) ‘heart weakness’ (also heart treatment in Ca Roberts, 199((H. crispun); Scott et al.,
18 animals). Stress and fatigue. Renal 2004; Smith, 196§H. crispumLess.);
Resp Watt and Breyer-Brandwijk, 196¢H.
Infusion Hyperpiesa, (hyperpepsia is probably dlisige crispumLess.).

error in Neuwinger), coronary thrombosis,
bladder conditions/infections.

Asthma, Influenza
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Gynaecological disorders

Used as bedding.

H. pedunculatumHilliard | Leaf and As an antiseptic and to induce fast healing: | W B Arnold et al., 2002; Batten and
and Burtt ( =H. root Used after circumcision to prevent Resp Bokelmann, 1966'l. pedunculareDC.,
pedunculareDC.) inflammation externally. Infect "isiCwe "isiGqutsi Xhosa); Bhat and
23 Also externally applied to wounds and used foiGIT Jacobs, 1995H. pedunculatum
infections of the respiratory tract Hilliard and Burtt "isiCwe hsiGgutsi
As an antiseptic Xhosa);*Dilika et al., 1997; Gerstner,
Stomach ailments 1938 (H. pedunculareDC., "isiCwe,
Zulu); Githens, 1949K. pedunculare
hisicwe Zulu); Hutchings et al., 1996
(*H. pedunculatumHilliard et Burtt);
*Meyer and Dilika, 1996; Rood, 1994
("H. pedunculatunfery’kue Fingo);
Smith, 1895'H. pedunculardC., isi-
Cwe); Smith, 1966'H. pedunculare
DC.); Neuwinger, 1996l
pedunculatuntilliard and Burtt)
Swanepoel, 1997; Watt and Breyer-
Brandwijk, 1962 {H. pedunculareDC.).
H. petiolareHilliard and Coughs, colds, catarrh, headache, fever, B Arnold et al. 2002%Lourens et al.,
Burtt menstrual disorders, urinary tract infections.. 2004; Kirstenbosch Botanical Garden;
18 Neuwinger, 1996; Roberts, 196!
Leaf Antiseptic wound dressing petec:latun): Scott et al., 2004; Smith,
Tea Tea taken for heart conditions, stress, 1966 (H. petiolatumDC.); Van Wyk et
hypertension, anxiety and over-excitement. al., 2000.
Used as bedding
H. platypterumDC. Root Decoction| Renew virility in men Vi Arnold et al. 2002; Jadstillarmod,
20 1971; Phillips, 1917; Watt and Breyer-
Root Crushed Brandwijk, 1962.
and
sucked
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H. psilolepisHarv. Root Decoction| Dysmenorrhoea P 9B, 9F | Arnold et al., 2002; Jacot Guillarmod,
22 1971;*Mathekga, 2001Phillips, 1917;
Neuwinger, 1996; Watt and Breyer-
Brandwijk, 1962.
Used to weave hats
H. rotundatum( =H Used as tea NS Smith, 1966. coriaceumSond.).
coriaceum(DC.) Harv.)
Helichrysum rugulosum Protective charm (witHl. callicomumandAste | M 9B, °F | Arnold et al., 2002; Dlamini, 1981;
Less. bakerianus GIT Jacot Guillarmod, 197fMathekga and
9 Enema Colic (an ingredient) Fum Meyer, 1998,EMathekga, 2001';3h|”|p5,
1917; Pooley, 1998; Pooley, 2003; W3
Used to fumigate huts when children are ill and Breyer-Brandwijk, 1962.
(cold).
H. setosuniarv. Love potion M Chabra quoted by Neuwinger, 1996;
30 Leaf Decoction| Epilepsy Epilepsy Jacot Guillarmod, 1971; Lucas and Pi
_ Fum 1971; Neuwinger, 1996; Phillips, 1917;
Fumigate rooms Snakebite Watt and Breyer-Brandwijk, 1962.
Root Powdered| Snakebite, roots are also mixed with the flesh of
and the snake and put in the patient’s porridge
rubbed
into the
wound
H. simillimumDC. B, °F | *Mathekga, 2001.
8
H. splendidun{Thunb.) Roots Used to treat rheumatism P Arnold et al., 2002; Dlamini, 1981;
Less. Skin Jacot Guillarmod, 1971; Pooley, 2003
22 Swanepoel 1997.
Fuel plant in the mountains
Leaf The leaves are boiled and the steam inhaled |to

induce sweating.

It is used together witBenecicpecies to treat
pimples.

17
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H. subglomeratunhess. Aerial Smoke Headaches P | ®Jager et al., 1996.
6 parts inhaled
Helichrysum sutherlandii | Plant Burnt, Powder applied to cuts in the skin of a sick | M 9B, 9F | Arnold et al., 2002; Jacot Guillarmod,
Harv. powdered | person 1971;*Mathekga, 2001Phillips, 1917;
17 plant Pooley, 1998; Pooley, 2003; Watt and
material Breyer-Brandwijk, 1962.
9H. tenaxM.D. Hend var. Decoction | Used for washing sore eyes. Eye 9B, F | Arnold et al., 200%H. fulgidum(L.f)
tenax( = H. fulgidum(L.f) Willd.); Batten and Bokelmann, 1966
Willd. f(H. fulgidumwilld.); ®Drewes et al.,
30 2006; Jacot Guillarmod, 197(H.
fulgidum(L.) Willd.); Phillips, 1917(H.
fulgidumWwilld.).
H. tomentosuluniKlatt) Used as a perfume (subsarpmaticum P Neuwinger, 1996; Van Wyk and
Merxm Renal Gericke, 2000; Von Koenen, 2001.
1
Twigs Extract Twigs are pounded in water and used as mouth
wash for tooth ache
Plant Smoke The entire plant is placed on red hot coals and
inhaled smoke inhaled for body pain. The same
treatment is used by pregnant women suffering
from antepartum haemorrhage
Root Decoction| Bladder problems (dribbling)
Used as thatching.
H. trilineatumDC. B, °F | *Bremner and Meye,998;*Mathekga,
22 2001.
H. umbraculigeruni_ess. Heavily grazed B, °F | ®*Mathekga, 2001Pooley, 1998.

5

Helichrysum uninervium
Burtt Davy
12

The Swazi use the plant as a purgative or an
emetic. They add one teaspoon of the plant t
soft porridge which is then eaten by the patie|

GIT
o]
nt.

Swanepoel, 1997.

#Where the species name has been changed, theysigvaccepted name is given in brackets. Theviatig species are no longer classifiedHasichrysum H. capillaceum

(Thunb.) Less (Phillips, 1917; Jacot Guillarmod719Watt Breyer-Brandwijk, 1962) accepted name fieaglophytoncapillaceumsubspcapillaceum(Thunb.) Hilliard
and B.L.Burtt (Gibbs Russell et al., 198H); orbiculare(Thunb.) Druce (Smith, 1966) accepted name Rtwecostachys serpyllifoliéP.J,Bergius) Hilliard and B.L.Burtt
(Gibbs Russell et al., 198, sesamoide¥Villd. (Smith, 1966) accepted name nBdmondia sesamoidék.) Hilliard (Gibbs Russell et al., 198, vestitum(L.) Willd.

N
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(Smith 1966) accepted name n8yncarpha vestité..) B.Nord. (Gibbs Russell et al., 198HA; hochstetter{A. Rich) Hook. F.) (Githens, 194%). stenopterunDC
(Dlamini, 1981) accepted name né&whyrocline stenopteréDC.) Hilliard (Gibbs Russell et al., 1987).

Abbreviations used:

A = Analgesic activity determined My = Antimycobacterial activity determined

Anth = Anthelmintic NS = Not specified

B = Antibacterial activity determined P = Conditions associated with pain, inflammatiod &ver, which include
headache, convulsions and dysmenorrhoea

Ca = Cardiac conditions Pl = Antiplasmodial (antimalarial) activity detenmeid

Eye = Used in eye conditions Psy = Psychotropic use — plants that are useditetrances

F = Antifungal activity determined Psyc = Psychological conditions such as inuresihiliren and insomnia

Fum = Used as fumigant, often plants are burnbamr of a sick person Poi = Possible poison, mairfign stock ingest excessive amounts

GIT = Gastrointestinal conditions, which includeintg colic, nausea and vomiting, Renal = Conditions associated with kidney and t#agoblems
diarrhoea and stomach pain

| = Anti-inflammatory activity determined Resp = Respiratory conditions, which include cotasighs, flu, tuberculosis
Infect = Conditions associated with infections,tsas gonorrhoea and smallpox Skin = Used for stmditions such as keloid scars, abscesses, asayitgm
Inflam = Conditions associated with inflammatiortlsas swelling, menstrual pain W = Used to dressnde

Insect = Plants are used to deter insects suctdamites V = Antiviral activity determined

M = Used in a magical sense, to invoke the goodvfithe ancestors and as charms Vi = Used for virility in men
(protective, love)

¢ The number refers to the morphological group atiogrto Hilliard (1983).

4 Antimicrobial activity of 1 mg/ml or less observéat one or more micro-organisms.

¢ Reference associated with biological activity

"In some cases the author name as indicated Botiree, is not present in either Hilliard (1983)G@rmishuizen and Meyer (2003). The current autras then chosen.
9 In cases where the name in the source and thenturame differ, the name used in the source isatet in brackets for clarification.

_h In cases where the old name is used to describelifferent species in the current system, the asesndicated under both the current names

'Vernacular name
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Table 2.2Compounds isolated from South AfricBielichrysumspecies

D,

Species —a Phenolic Derivatives Phloro- | Pyrones | Diterpenes| Terpenes  Other Reference
S 3 glucinols
[FS) b c d e
9H. acutatumDC. 21 22 240, 241 309 328 Bohlmann and
Roots and aerial parts 242 349 Abraham, 1979c
9H. adenocarpundC. 28 338 Bohlmann et al.,
Roots and aerial parts 340 1980b
H. albirosulatumKillick 6 192,193, | 284 Bohlmann et al.,
Roots and aerial parts 194 1980b
Bohlmann et al.,
1978b
H. allioidesLess 23 334 Bohlmann and Zder
Roots 1973
H. anomalumniess 9 91, 94 250 Jakupovic et al.,
Aerial parts 1989b
9H. appendiculatunfL.f.) Less | 24 309 Bohlmann et al.,
Roots and aerial parts 1980b
H. argentissimund.M. Wood. 28 195 305 338 Bohlmann et al.,
Roots 1980b
H. argyrolepisMacOwan 29 23 | 42 Bohlmann et al.,
Aerial parts 48 1984b
49

9H. argyrophyllumDC. 29 56 247 268 319, 334 | Jakupovic et al.,
Aerial parts and roots 57 341, 342 | 1989b

343, 344 | Bohlmann and Zdero,

345,346 | 1973

353
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Species Phenolic Derivatives Phloro- Pyrones | Diterpenes| Terpenes  Other Reference
c5 glucinols
osa b c d
H. asperum(Thunb.) Hilliard et | 12 90, 93, 96 Jakupovic et al.,
Burtt. var.albidulum(DC) 97, 98, 99 1989b
Hilliard 100, 105,
aerial parts 110, 112,
113, 119,
121, 122,
123, 124,
125, 126,
128, 131,
133, 134,
135
9H. athrixiifolium (Kuntze) 9 6 23 Bohlmann and Ates,
Moeser 17 | 25 1984
Roots and aerial parts 18 | 34
9H. aureonitensSch. Bip. 8 54 250, 253, | 323 Bohlmann and
Roots and aerial parts 264, 265 Ziesche, 1979;
309 Afolayan and Meyer,

1997;

Meyer et al., 1997
9H. aureum(Houtt.) Merr. 30 195,204 | 280 Jakupovic et al.,
Aerial parts and roots 206, 207 1989b

209 (stach-15-en-19-oic

acid also isolated)

H. aureum (Houtt.) Merr. var | 30 195,196 | 256 Bohlmann et al.,
monocephaluniDC.) Hilliard 197, 198 1978b
Aerial parts and roots
H. auriceps Hilliard 24 171 171 339 Bohlmann and Zdero
Roots 173 173 1980a
H. bellum Hilliard 28 166 195 270 339 Bohlmann and Zder
Aerial parts and roots 167 1979

)1
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Species Phenolic Derivatives Phloro- Pyrones | Diterpenes| Terpenes  Other Reference

E § a b c d glucinols

o g
9H. caespititiumDC. Harv. 12 98 Dekker et al., 1983
Whole plant 127 Mathekga et al., 2000
Aerial parts
9H. callicomumHarv. (=H. 2 1 89, 103, | *184 243 252 338 Bohlmann and
calliconum) 137, 168, | *185 244 270 Abraham, 1979a
Aerial parts and roots 169 *186 245 309 Bohlmann et al.,

310 1984b, *structures
drawn without double
bonds in reference,
but names indicate
pyrones

H. candolleanuni. Buek. 15 87 226 Jakupovic et al.,
Aerial parts 128 1989b
H. cephaloideundC. 24 59 106, 115,| 171, 173 270 Hansel et al., 1980;
Roots and aerial parts 138,139 | 174, 175 Bohlmann and Zdero,
171,173 | 177,178 1980a
174,175 | 179, 180 Jakupovic et al., 1986
177,178
179, 180
H. cerastioide®DC. (1984) 15 88, 141 181 345 Bohlmann et al.,
Aerial parts 181 347 1984b
Jakupovic et al.,
1989b"(H.
cerastroidedDC.
supsp. arosicum
Merxm. et A.
Schreiber)
H. chionosphaerunDC. 25 68 195, 199 250 338 Bohlmann et al.,
Aerial parts and roots 201, 207 255 354 1980a
209, 212 257 355 Jakupovic et al.,
224, 225 261 1989b
226, 227
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Species Phenolic Derivatives Phloro- Pyrones | Diterpenes| Terpenes  Other Reference
% 3a b c d e glucinols
o g
H. chrysargyrumMoeser 22 61 145, 146, 270 Bohlmann et al.,
Aerial parts and roots 147, 148 309 1979b
149, 150 311
H. confertumN.E.Br 17 195, 213 Bohlmann et al.,
Roots 214, 215 1978b
221
9H. cooperiHarv. 30 79 195, 197 Bohlmann et al.,
Roots and aerial parts 198 1978b
H. cooperips. aff. H.cooperi ? 32 Wright, 1976
Harv. (Helichrysin- 30a)
(also luteolin-70-
glucoside, and B-
methylchiroinositol)
9H. cymosum(L.) D. Don. 8 1,222 |49 | 56 350 Jakupovic et al.,
Aerial parts 7 23 65 1989b
13
14
9H. cymosungL.) Don ssp. 8 22 | 49 250 Bohlmann et al.,
calvum 1979b 24 270 1979c
Roots and aerial parts 28 309
38
9H. cymosungL.) D. Don ssp. | 8 49 Van Vuuren et al.,
cymosum2006) 2006
H. dasyanthunfWilld.) Sweet | 10 58 201 265,273 | 351 Jakupovic et al.,
Aerial parts 202 274, 286 1989b
292, 293
294, 295
296
H. dasymallurHilliard (=H. 21 334 Bohlmann and Zder(
lanatumHarv. ) 1973"(H. lanatum
roots DC))

D
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Species Phenolic Derivatives Phloro- Pyrones | Diterpenes| Terpenes  Other Reference
% 3a b c d e glucinols
o g
9H. decorunDC. 30 30 Bohlmann et al.,
aerial parts 1980b
H. drakensbergensillick 19 188 233 256, 258| 353 Bohlmann and
Roots and aerial parts 271, 309 Suwita, 1979a
9H. dregeanun$Sond. & Harv. | 9 23 58 140 250, 264 Jakupovic et al.,
Aerial parts 1989b
H. excisum(Thunb.) Less. 12 |1 67 19 Lourens et al., in
Aerial parts 19 72 preparation
80
H. felinumLess 17 23 58 140 Jakupovic et al.,
Aerial parts 1989b
9H. flanaganiiBolus 13 90 Bohlmann et al.,
Aerial parts and roots 105 1980b
9H. foetidum(L.) Moench. 30 338 Bohlmann and Zder
Roots 1973
H. fulvumN. E. Br. 30 195, 203 338 Bohlmann et al.,
Aerial parts and roots 210, 211 1979a
H. glacialeHilliard 27 | 14 Bohlmann et al.,
Aerial parts 15 1980b
H. glomeratunKlatt 6 36 233 250, 256 Bohlmann and
Aerial parts 258, 309 Suwita, 1979a
318

H. grandiflorum(L.) D. Don. 17 338 Bohlmann and Zder
Roots 1973
9H. gymnocomurdC 4 90, 95 312 Bohlmann and
Roots and aerial parts 101, 105, Mahanta, 197§(H.

107, 111 gymnoconundC.)
9H. gymnocomurdC 4 21 35 90, 102 Drewes and Van
Flowers Vuuren, 2008
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Species Phenolic Derivatives Phloro- Pyrones | Diterpenes| Terpenes  Other Reference
% 3a b c d e f glucinols
o g
9H. herbaceum(Andrews) 29 | 16 74 254, 256, Bohlmann et al.,
Sweet 75 309 1979b
Aerial parts 76
77
78
H. heterolasiumHilliard 30 31 60 197,198 | 248,249 | 338 Bohlmann and
Aerial parts 200, 204 254, 267 Abraham, 1979a
205 286, 287
H. hyphocephalurhilliard 27 | 2,3 82 309 324 Bohlmann and
Aerial parts and roots 4,5 Abraham, 19794 (H.
9 hypocephalum)
9H. indicum(L.) Grierson 15 90 Jakupovic et al.,
Aerial parts 105 1989b
H. infaustum].M. Wood. & 4 90, 91 250, 266 Bohlmann and
M.S. Evans 105 267 Suwita, 1979a
Aerial parts
9H. kraussiiSch. Bip. 8 22 58 | 70 90 195 250, 251 Jakupovic et al.,
Aerial parts, flowers and roots 28 64 |71 261, 263 1989b
39 69 264, 265 Bremner and Meyer,
2000
Candy et al., 1975;
Candy and Wright,
1975.
H. krebsianuniess 23 234, 235 Bohlmann et al.,
Aerial parts 1980b
H. krookii Moeser 5 91, 92 270 338 Bohlmann et al.,
Roots and aerial parts 108, 109 309 1980b
H. lepidissimuns. Moore 19 19 83 19 325 Jakupovic et al.,
Aerial parts 20 20 326 1989b
9H. litorale Bolus 14 120, 129 270 Bohlmann and
(= Leontonyx angustifolius 132, 136 Suwita, 1978
DC., =Leontonyx spathulatus 157 (Leontonyx
Less.) spathulatud_ess.)
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Species Phenolic Derivatives Phloro- Pyrones | Diterpenes| Terpenes  Other Reference
E § a b c d e glucinols
oS
9H. melanacmgDC.) Harv. 8 23 63 Lall et al., 2006
Shoots 39 64
9H. miconiifoliumDC. 23 195, 205 Bohlmann et al.,
Roots 1980b
H. mimetesS. Moore 19 74 189 246 262, 266 Jakupovic et al., 1986
Aerial parts 267, 268
272
309
H. mixtum(Kuntze.) Moeser 24 138, 139 | 172, 176 Jakupovic et al., 1986
Roots 172,176 | 179, 180
179,180 | 182, 183
182, 183
H. moeseraniunthell. 22 90, 105 195 Jakupovic et al.,
Aerial parts 136 1989b
H. montanunDC. 22 286 Lourens et al., in
300, 301 preparation
304, 307
H. monticolaHilliard 28 45 91, 108 309 Jakupovic et al.,
Aerial parts and roots 46 129, 130 1989b
47 156 Bohlmann and Zdero,
1980b
9H. mundtii Harv. 23 51 73 236 313 Bohlmann et al.,
Roots and aerial parts 52 81 314 1978a,
53 Bohlmann et al.,
1980b
"(H. mundiiHarv.)
H. nanumKlatt 6 104 236 250 Bohlmann and
Aerial parts 318 Suwita, 1979a
9H. natalitium DC. 3 91, 92 309 338 Bohlmann and Zdera
Aerial parts and roots 108, 109 1979

125}
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Species Phenolic Derivatives Phloro- Pyrones | Diterpenes| Terpenes  Other Reference
E § a b c d glucinols
o g
9H. nudifoliumL. Less var 23 142, 143 222,237 261, 267 | 334 Jakupovic et al., 1986
nudifolium 144, 155, 239 276, 277 | 336 Bohlmann et al.,
Aerial parts and roots 158 278, 279 1978b"(H. nudifolium
281, 282 L. Less)
288, 289 Bohlmann and Zdero,
290, 291 1973"(H.nudifolium
309 L. Less)
H.nudifoliumL.Lessvar. 23 216,217 | 276 335 Bohlmann et al.,
nudifolium 283 1984a
(= H. coriaceunHarv.)
Roots
9H. nudifoliumvar. oxyphyllum | 23 | 1 28 235 265 Bohlmann et al.,
(= H. oxyphyllumDC. 29 1980b"(H.
Aerial parts oxyphyllumKilatt)
9H. nudifolium var. pilosellum | 23 334 Bohlmann and Zder
(=H. latifolium Less.) 1973"(H. latifolium
Less.)
H. nudifolium var. pilosellum | 23 195, 196 Jakupovic et al., 1986
(= H. pilosellum (L.f.) Less) 197, 204
Roots 205
9H. odoratissimun{L.) Sweet | 4 31 58 90, 105 170 234 334 Van Puyvelde et al.,
Aerial parts and roots 64 170,172 | 172 237 337 1989; Hansel et al.,
1980; Bohlmann and
Zdero, 1973
H. oreophilunKlatt. 21 |1 22 87 235 251 Jakupovic et al., 1986
Aerial parts 28 238 Bohlmann et al.,
29 1980b
H. pagophilumM.D. Hend. 27 58 Bohlmann et al.,
Aerial parts 1980b
9H. pallidumDC. 23 195, 197 259 Bohlmann et al.,
Aerial parts and roots 205, 208 309 1980b
9H. panduratunmO.Hoffm. 18 256 Bohlmann and
Aerial parts 314 Abraham, 1979b
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Species Phenolic Derivatives Phloro- | Pyrones | Diterpenes| Terpenes  Other Reference
- glucinols
33
A 9 a b [c d e f
9H. patulum(L.) D. Don 18 110, 117 285 Bohlmann and
(= H. crispum Less) 129, 136 Suwita, 19794 (H.
Aerial parts crispum Less)
9H. pedunculatumHilliard & 23 Dilika et al., 2000
Burtt Leaves Linoleic and oleic
acids
9H. petiolareHilliard & B.L.. 18 28 72 140 190 250, 251| 334 Jakupovic et al.,
Burtt. 265, 275 1989b
Aerial parts 286, 287 Bohlmann and Zdero,
1973 {. petiolatum
DC.)
9H. platypterunDC. 20 55 | 70 | 83| 90,105 195 321 Jakupovic et al., 1986
Aerial parts and roots 107, 114, 196 338 Bohlmann et al.,
116, 151, 339 1980b
152, 153, Bohlmann and Zdero,
154, 159, 1979a
160, 161, Jakupovic et al., 1987
163, 164
165
H. polycladunKlatt 8 12 (22 |43 162 330 Bohlmann et al.,
Aerial parts and roots 9 23 |44 1980b
28 |51
H. populifoliumDC. 16 331 Bohlmann et al.,
Roots 1980b
H. reflexumN. E. Br. 29 195 261 Bohlmann et al., 1985
(=H. refluxumN. E. Br) 223 309 ** **other terpenes also
Aerial parts isolated, see referenc
H. revolutum(Thunb.) Less 9 58 140 Jakupovic et al.,
Aerial parts 1989b
H. retortoidesN.E. Br. 26 338 Bohlmann et al.,
Aerial parts 1980b
H. rosum(Berg.) Less. 9 140 322 Jakupovic et al.,
Aerial parts 1989b
Ul
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Species = o Phenolic Derivatives Phloro- Pyrones | Diterpenes| Terpenes  Other Reference
g ga b c d glucinols
a g
H. ruderaleHilliard & B.L. 30 196 Bohlmann et al.,
Burtt. 197 1980b
Aerial parts
9H. rugulosumnLess. 9 6,8 23 Bohimann and Misra,
Aerial parts and roots 9 24 1984
10 | 25
11 | 26
H. scabrum(Thunb.) Less 9 22 140 Jakupovic et al.,
Aerial parts 1989b
9H. setosuntarv. 30 218, 219 Jakupovic et al., 1986
Aerial parts 220
H. spiralepis Hilliard and 14 93, 110, 332 Bohlmann and
Burtt. (= Leontonyx 118, 131, Suwita, 1978
squarrosus) 136, 157
9H. splendidun{Thunb.) Less. | 22 40 | 66 254, 256 | 330 Bohlmann and
Aerial parts and roots 272, 286 Suwita, 1979b
297, 298 Jakupovic et al.,
299, 302 1989b
303, 304
306
H. subfalcatumHilliard 6 236 308 Bohlmann et al.,
Aerial parts 1980b
9H. subglomeratunhess 6 22 | 49 264 Jakupovic et al.,
Aerial parts 272 1989b
9H. sutherlandii Harv. 17 33 | 50 213 338 Bohlmann et al.,
Aerial parts and roots 37 1978a
Bohlmann et al.,
1980b H. suterlandii
Harv.)
H. swynnertoniiS. Moore 25 348 Bohlmann et al.,
Aerial parts and roots 1980b

LS
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Species Phenolic Derivatives Phloro- Pyrones | Diterpenes Terpengs Other Reference
% 3a b c d e f glucinols
o g
H. tenaxvartenax M.D. Hend. | 30 228, 229 Drewes et al., 2006
leaves 230, 231,232
H. tenuiculunDC. 8 2 23 48 250, 315 Bohlmann et al.,
Aerial parts and roots 24 309 1979c
38
H. tenuifolium Killick. 22 |1 41 | 54 |70 | 83 254, 327,329 | Bohlmann and
Aerial parts and roots 55 256, 338, 352 | Abraham, 1979b;
317 Bohlmann et al.,1984
H. thapsugO. Kuntze) Moeser| 23 | 9 84 Bohlmann and Zdero
Aerial parts 85 1983.
86
H. tomentosulunKlatt. Merxm | 1 25 62 Jakupovic et al.,
subsp.aromaticum(Dinter) 1989b
Merxm.
Aerial parts
H. tricostatum(Thunb.) Less 11 58 Jakupovic et al.,
Aerial parts 66 1989b
H. trilineatumDC. 22 316 327 Bremner and Meyer,
Shoots and roots 333 1998; Bohlmann et
al., 1980b

H. umbraculigeruniess. 5 2 27 309 320, 356 | Bohlmann and
Aerial parts 357, 358 | Hoffmann, 1979

359, 360

361, 362,

363, 364,

365, 366,

367, 368,

369
H. vernumHilliard 28 193, 195 260 Bohlmann et al.,
Roots 1980b
H. zeyheriLess. 1 89 185, 187 250, 264 Jakupovic et al., 198
Aerial parts 103 191

a: Flavanone, b: Chalcone, c: Dihydrochalcone Javdhol, e: Flavone, f: Other flavonoid)sed traditionally[‘Name used in reference
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Figure 2.1Flavanones (a)

R%0
RS
OR* O
R R® R’ R* R® Plant
1 |H H H H H H. acutatum
H. callicomum
H. cymosum
H. excisum
H. oreophilum
H. oxyphyllum
H. tenuifolium
2 Isopentenyl H H H H | H. cymosum
H. hyphocephalum
H. tenuiculum
H. umbraculigerum
3 Hydroxy- H H H H H. hyphocephalum
isopentenyl
4 Oxo- H H H H H. hyphocephalum
isopentenyl
5 Geranyl H H H H H. hyphocephalum
6 H Isopentenyl H H H H. arthrixiifolium
H. rugulosum
7 OCH; Isopentenyl H H H H. cymosum
8 H Isopentenyl H CHl H H. rugulosum
9 H H Isopentenyl H H | H. hyphocephalum
H. polycladum
H. rugulosum
H. thapsus
10 | Isopentenyl Isopentenyl H H H | H. rugulosum
11 | Isopentenyl H Isopentenyl H H | H. rugulosum
12 | H CH; H H H H. polycladum
13 | OH CH; H H H H. cymosum
14 | OCH; H H H H H. cymosum
H. glaciale
15 | H H OCH; H H H. glaciale
16 | H H H CH; H H. herbaceum
17 | Isopentenyl H H H OH | H. arthrixiifolium
18 | H Isopentenyl H H OH | H. arthrixiifolium
19 | H H CH,-lactone H H H. excisum
H. lepidissimum
20 | Isopentenyl H Chtlactone H H H. lepidissimum
21 | H Benzyl H Benzyl H H. gymnocomum
A)\ M 1
= = =
Isopentenyl R Geranyl =R HydroxyisopentenykER

CH,-lactone=

0. [¢]
200
OH

CHO

PN

OxoisopentenyE= R

Benzyl =

s
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Figure 2.2Chalcones (b)

5
R! R
R%0. OH

OR* O

Rl

R? R

R R® Plant

22

. acutatum

. cymosum

. kraussii

. oreophilum

. polycladum

H. scabrum

. subglomeratum

ITTITITT

23

Isopentenyl H

. argyroplepis
. athrixiifolium
. dregeanum
. cymosum
felinum

. melanacme
. polycladum
. revolutum

. rugulosum

. tenuiculum

24

Isopentenyl CH

. cymosum
. rugulosum
. tenuiculum

25

Isopentenyl

. athrixiifolium
. rugulosum
. tomentosulum

26

Isopentenyl

H

. rugulosum

27

H

Geranyl

. umbraculigerum

28

o e e

CH;

H

. cymosum

. kraussii

. oreophilum
. oxyphyllum
. petiolare

. polycladum

29

CH;

. oreophilum
. oxyphyllum

30

CHs

CH, OH . decorum

31

H

. heterolasium
. odoratissimum

CH; OH

32

Glucose

IrryIrYIrIIXIIIIIIIITIIIITIIIIIIIIIIIIIINT

CH OH . ps. Aff. H.cooperi

Harv.

33

CH;

OCH,

CH; H H. sutherlandii

34

Isopentenyl

H OH | H. athrixiifolium

35

I T T

Benzyl

I

Benzyl H H.gymnocomum

o OoH
-
OH O

|

OH O

36 H. glomeratum

SUe
O, O ocH3|

OCH3z O
37 H. sutherlandii
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38 H. cymosumH. tenuiculum

Figure 2.3Dihydrochalcones (c)

39H. kraussii, H. melanacme

R3
OR* O
R R® R’ R R R® Plant

40 | H H H H OH H H. splendidum
41 | H H H H H H H. tenuifolium
42 | H H Isopentenyl H H H. argyrolepis
43 | H Isopentenyl | H H H H. polycladum
44 | Isopentenyl | H Isopentenyl H H H H. polycladum
45 | E-Geranyl H OH OH H H. monticola
46 | Z-Geranyl H OH OH H H. monticola

HO OMe OH
I AT X,

OH O

47H. monticola

o O

48R = CH,CH=C(CHsa),

H. tenuiculum,H. argyrolepis
49 R = OCHjs

H. argyrolepis, H. cymosum,
H. subglomeratum

9 /9
jeeds

OCH3 O . OCH3 o OH
50H. sutherlandii 51 H. mundtij H. polycladum

/=0 /—Q
o o
OCH3 OH OH OCH3 OH OH
52 H. mundtii 53 H. mundtii
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Figure 2.4Flavonols (d)

R R’ R? R R R® Plant
54 | H H H H H H H. aureonitens
H. tenuifolium
55 | H H H CH; H H H. platypterum
H. tenuifolium
56 | OCH; H H CHs H H H. argyrophyllum
H. cymosum
57 | OCH; H H Angeloyl H H H. argyrophyllum
58 | OCH; CH; OCH; H H H H. dasyanthum
H. dregeanum
H. felinum
H. kraussii
H. odoratissimum
H.pagophilum
H. revolutum
H. tricostatum
59 | OCH; CH; OCH; CH; H H H. cephaloideum
60 | H H OCH; CHs H H H. heterolasium
61 | H CH; OH CH; H H H. chrysargyrum
62 | H CHs OCH; CHs OH H H. tomentosulum
63 | H H H H OH OH H. melanacme
64 | H H H CHs OH OH H. kraussii
H. melanacme
H. odoratissimum
65 | OCHs CHs H H OH H H. cymosum
66 | OCHs CH; H CH; OH OH H. splendidum
H. tricostatum
67 | OCH; H H OCH; H H H. excisum
68 | H CHs OCH; CHs OCH; OCH; H. chionosphaerum
69 | H H H p-coumaroyl | OH OH H. kraussii
glucoside

HO

(0]
‘ R o OH
R = CH,0COCHCH OH
. H (E-configuration)
Angeloyl = p-Coumaroyl glucoside =

Figure 2.5Flavones (e)

R R? R R R’ R® Plant

70 | H H H H H H H. kraussii
H. platypterum
H. tenuifolium




71 | H CH; H H H. kraussii
72 | OCH; CH; H H H. excisum
H. petiolare
73 | OCH; CH; H CH; H H H. mundtii
74 | OH CH; OCH; H H H H. herbaceum
H. mimetes
75 | OCH; CH; OCH; CH; H H H. herbaceum
76 | OCH; H OCH; CH; OCH, | H H. herbaceum
77 | H CH; H H H. herbaceum
78 | OH CH; OCH; H H. herbaceum
79 | H H H H H. cooperi
80 | OH Glucose | H H H. excisum
CHO O
81 H. mundtii
Figure 2.6 Other flavonoids (f)
\
HO O Ph
OH
82H hyphocephalum
R R R’ R* R® Plant
83 | H H H H H H. lepidissimum
H. platypterum
H. tenuifolium
84 | H H Isopentenyl H H H. thapsus
85 | H H Geranyl H H H. thapsus
86 | H H Isopentenyl Ac H H. thapsus
Figure 2.7 Phloroglucinol derivatives (excluding flavonoids)
R3
R*O. OR?
RS R
OR® O
R R® R’ R R® R® Plant
87 | CH; H Isopentenyl H H H H. candolleanum
H. oreophilum
88 | CH; H Geranyl H H CH H. cerastioides
89 | CH(CHs), H H H H H H. callicomum
H. zeyheri

63



R0 OR?
RS RY
ORS O
R R® R’ R R® R° Plant
90 | CH(CHg), H Isopentenyl H H H H. asperum
H. flanagani
H. gymnoconum
H. indicum
H. infaustum
H. kraussii
H. moeseranium
H. odoratissimum
H. platypterum
91 | CH(CHs), H E-Geranyl H H H H. anomalum
H. infaustum
H. krookii
H. monticola
H. natalitium
92 CH(CHg), H (2)-Geranyl H H H H. krookii
H. natalitium
93 CH(CHg), H H Isopentenyl H H H. asperum
H. spiralepis
94 CH(CHg), H H Geranyl H H H. anomalum
95 CH(CHg), CH; | H Geranyl H H H. gymnocomum
96 CH(CHg), H H Hydroxy- H H H. asperum
isopentenyl
97 CH(CHg), H H Acetoxy H H H. asperum
isopentenyl
98 CH(CHg), H Acetoxy- H H H H. asperum
isopentenyl H. caespititium
99 CH(CHy), H H CH,CH,CH- H H H. asperum
(CH3)COOH
100 | CH(CHy), H H CH,CH,CH- H H H. asperum
(CH3;)COOMe
101 | CH(CHg), H Isopentenyl H H CK | H. gymnocomum
102 | CH(CHg), H CH,CH(OH) H H H H. gymnocomum
C(CHg):CHz
103 | CH(CH;)CH, H H H H H H. callicomum
CH; H. zeyheri
104 | CH(CH;)CH, | CH;z | CH; H H H H. nanum
CHjz
105 | CH(CH;)CH, | H Isopentenyl H H H H. asperum
CH; H. flanagani
H. gymnocomum
H. indicum
H. infaustum
H. moeseranium
H. odoratissimum
H. platypterum
106 | CH(CH;)CH, |H Isopentenyl CH H H H. cephaloideum
CHjs
107 | CH(CH)CH, |H Isopentenyl H H CH | H. gymnocomum
CH, H. platypterum
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R3
R*0 OR?
RS RY
OR® O
R R® R’ R R° R® Plant
108 | CH(CH)CH, | H | (E)-Geranyl H H H H. krookii
CH; H. monticola
H. natalitium
109 | CH(CH;)CH, | H | (&)-Geranyl H H H H. krookii
CHs; H. natalitium
110 | CH(CH;)CH, | H H Isopentenyl H H H. asperum
CH; H.patulum (H.
crispumin
reference)
H. spiralepis
111 | CH(CH;)CH, | C | H Geranyl H H H. gymnocomum
CHjz Hs
112 | CH(CH;)CH, | H H Hydroxy- H H H. asperum
CH; isopentenyl
113 | CH(CH;)CH, | H H Acetoxy- H H H. asperum
CH, isopentenyl
114 | CH,CH(CH;), | H | Isopentenyl H H H H. platypterum
115 | CH,CH(CH;), | H | Isopentenyl CH H H H. cephaloideum
116 | CH,CH(CH;), | H | Isopentenyl H H CH H. platypterum
117 | CH=C(CH), H | H Isopentenyl H H H. patulum(H.
crispumin
reference)
118 | CH,CH; H H Isopentenyl H H H. spiralepis
119 | CH,CH,CHj; H Isopentenyl H H H H. asperum
120 | CH,CH,CHs O | Isopentenyl H OCH | H H. litorale
C
Hs
121 | CH,CH,CH; H Acetoxy- H H H H. asperum
isopentenyl
122 | CH,CH,CHj; H H Isopenteny H H H. asperum
123 | CH,CH,CH; H H Hydroxy- H H H. asperum
isopentenyl
124 | CH,CH,CHs3 H H Acetoxy- H H H. asperum
isopentenyl
125 | CH,CH,CH; H H Dihydroxy- H H H. asperum
isopentenyl
126 | CH,CH,CH; H |H CH,CH,CH- H H H. asperum
(CH3)COOH
127 | CH,CH,CH(C | H | Isopentenyl H H H H. caespititium
Hs),
128 | Ph H Isopentenyl H H H H. asperum
H. candolleanum
129 | Ph H E-Geranyl H H H H. litorale
H. monticola
H. patulum(H.
crispumin ref)
130 | Ph H | Z-Geranyl H H H H. monticola
131 | Ph H | H Isopentenyl H H H. asperum
H. spiralepis
132 | Ph H H Geranyl H H H. litorale
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R3

R0 OR?
RS RY
OR® O
133 | Ph H Hydroxy- H H. asperum
isopentenyl
134 | Ph H CHCH,CH- H H. asperum
(CH3)COOH
135 | Ph H CHCH,CH- H H. asperum
(CH3)CO,CH3
136 | Ph Isopentenyl H Isopen- H. litorale
tenyl H. moeseranium
H.patulum
(H. crispumin
reference)
H. spiralepis
) %OH /\/k/OAC
Hydroxyisopentenyl R Acetoxyisopentenyl R
o) OH
>
OH O
R Plant
137 | CH(CH,), H. callicomum
138 | CH(CHs)CH,CH, H. cephaloideum
H. mixtum
139 | CH,CH(CHg), H. cephaloideum
H. mixtum
OH O
X
HO o
H3CO
N
140H. dreagenaum, H. felinum, H. petiolare, H. revahat H. rosum, H. scabrum
144H. nudifolium
R R® R’
141 | CHs; CH; H H. cerastioides
142 | CH(CH,), H H H. nudifolium
143 | CH(CH,), H CH; H. nudifolium
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OCH, OR?

R R Plant
145 | CH(CHg), H H. chrysargyrum
146 | CH(CHg), CH; H. chrysargyrum
147 | CH(CH;)CH,CH3 H H. chrysargyrum
148 | CH(CH;)CH,CH3 CH; H. chrysargyrum
/\O
% OCH,
R
ocH, ©
R
149 | CH(CHg), H. chrysargyrum
150 | CH(CH;)CH,CH; H. chrysargyrum
RA* = * OH
(e} OH OH
(@) OH Ph
R HO o
R3 OH O
ORrR2 O . Ph © . .
156H monticola 157H. litorale, H. spiralepis
R’ R® R® R* Plant
151 | CH(CH;)CH,CH,3 H H CH; H. platypterum
152 | CH(CHs)CH,CH; CH; H CH; H. platypterum
153 | CH,CH(CHy), H H CH; H. platypterum
154 | CH,CH(CHy), CH; H CH; H. platypterum
155 CH2CH(CH3)2 CH3 OH CHchz H. nudifolium
CH=C(CHy),

158H. nudifolium 160H. platypterum

159H. platypterum

* Configuration not indicated in original source




CH,0 =
OAc OAc

162H. polycladum

163H. platypterum 164H. platypterum 165H. platypterum
\
HO. (0] HO O oH
HO. O *
OH O OH O
OH O
2 isomers166 167H. bellum 168H. callicomum 169H. callicomum

R R R’ R
170 | CH(CHy), H H Isopentenyl | H. odoratissimum
171 | CH(CHs), CH; H Isopentenyl | H. auriceps
H. cephaloideum
172 | CH(CH;)CH,CH; H H Isopentenyl | H. odoratissimum
H. mixtum
173 | CH(CH;)CH,CH; CH; H Isopentenyl | H. auriceps
H. cephaloideum
174 | CH(CH;)CH,CH; H CHs; Isopentenyl | H. cephaloideum
175 | CH(CH;)CH,CH; H CH; H H. cephaloideum
176 | CH,CH(CHs), H H Isopentenyl | H. mixtum
177 | CH,CH(CHg), H CH; H H. cephaloideum
178 | CH,CH(CHs), H CH; Isopentenyl | H. cephaloideum

*Configuration not indicated in original source
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Rl

179 | CH(CH;)CH,CH; H H. cephaloideum
H. mixtum
180 | CH,CH(CHy), H H. cephaloideum
H. mixtum
Rl
181 | CH3 H CH,CH,CHC(CH), H. cerastioides
182 | CH(CH;)CH,CH; H CHs H. mixtum
183 | CH,CH(CHy), H CHs H. mixtum
OR3
"X
‘ N
R o [e)
R' R R’
184 | CH,CH; CH; CH; H. callicomum
185 | CH(CHg), CH; CH; H. callicomum
H. zeyheri
186 | CH(CHs), CH,OH CH; H. callicomum
187 | CH(CHg), CH; H H. zeyheri
OMe [e)
SN o_-.00 o] *
\ | \
OMe OMe
HO

188 H. drakenbergense

189H

*Configuration not indicated in original source

. mimetes

190H. petiolare

(¢]
07 x

OH
191H. zeyheri
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Figure 2.8Diterpenes
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H. albirosulatum

193

H. albirosulatum
H. vernum

194

H. albirosulatum
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RZ
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R9
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195

COOH

CH
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argentissimum
H. aureum

H. bellum
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chionosphaerun
H. confertum
H. cooperi
H. fulvum
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. moeseranium
. pallidum
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. platypterum
. reflexum
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COOH

CH
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double
bond

aureum
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. platypterum
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COOH

0OCO CH;
CH;

aureum
. cooperi

. heterolasium
. pallidum
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. ruderale
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COOH
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. cooperi
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CH
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R R R’ R R R | R |[R R Species
201 | COOH CH | OH H.
chionosphaerun
H. dasyanthum
202 | COOH OH CH | OH OH | H. dasyanthum
203 | COOH CH | H H H. fulvum
*15,16 double
bond
204 | CH,O H H CH H. aureum
H H. heterolasium
H. pilosellum
205 | CHO CH H. heterolasium
H.
miconiifolium
H. pallidum
H. pilosellum
206 | CH,OC | H H CH H. aureum
OCH,C
OOH
207 | CHs OH | CH H.aureum
OH H.
chionosphaerun
208 | CHs H, H. pallidum
OH

Rl
209 | COOH H. aureum
H. chionosphaerum
210 | COOH OH H. fulvum
211 | COOH OCOCH H. fulvum
212 | CH,OH H H. chionosphaerum

>
216abienol H. nudifolium | 217 (isoabienolH. nudifolium(H.
(H. coriaceumin referenc | coriaceumin reference)

R R’
213 | CH; CHs; H. confertum
H. sutherlandii
214 | H COOCH; H. confertum
215 | COOCH H H. confertum

71



”°R1

RZ
R R
218 | CH3 CH,OH H. setosum
219 | CH,OCOCHCOOH CH H. setosum
220 | CH; CH,OCOCHCOOH H. setosum
~~ CH,0H
“oH

221H. confertum

90

COOH

223H. refluxum

225

7 H
COOH

227
H. chionospaerum

HOCHY
229H. tenax

0 H,C
\
COCH,COd

231H. tenax

222H. nudifolium

“h

‘COOH
224

H. chionospaerum

éOOH
Dehydroabietic acid
226H. chionospaerum, H. candolleanum

HoH,C
228H. tenax

Hock;™
230H. tenax

0 H,C

“cocH,cod
232H. tenax
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*
MWOH \Qﬁ/\/y\/ﬁ/

233H. drakenbergense, H. glomeratum  234H. krebsianum, H. odoratissimum

(0] OH
= = = X

A

= = X

geranyl linalool

12-Oxo-geranyl linalool 236H. mundtii, H. nanum, H. subfalcatum

235H. krebsianum, H. oreophilum, H.

oxyphyllum
~ \O . OH
y X N Ho = A
237H. nudifolium, H. odoratissimum 238H. oreophilum
OH ?HOH
= = * * =
239H. nudifolium 240H. acutatum
* ?HOH @ ?HOH
- A ) X
241H. acutatum 242H. acutatum
WCHO WCHZOH
243H. callicomum 244H. callicomum
* * * COOH

245H. callicomum

246 geranyl nerol

H. mimetes
QM/
247H. argyrophyllum
Figure 2.9Monoterpenes
CH,OH CH,OAc
248 H. heterolasium 249H. heterolasium

*Configuration not indicated in source



Figure 2.10Sesquiterpenes
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250a-humulene =
humulene

. anomalum
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. dregeanum

. glomeratum

. infaustum

. kraussii
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254
. herbaceum
. heterolasium
. splendidum
. tenuifolium

ITTITT

X

258 H drakenbergense
H. glomeratum

g5

260
H. vernum

264

H. aureonitens,

H. dregeanu

H. kraussi,i H. zeyheri
H. subglomeratum

o

251 a-humulene-
epoxide
H. kraussi
H. petiolare
H. oreophilum

253
H. aureonitens

252
H. callicomum

)

“COOH

256
. aureum
. drakenbergense
. glomeratum
. herbaceum
. panduratum
. splendidum
. tenuifolium

255
H. chionospaerum

257
H. chionospaerum

ITITITITITITT

259H. pallidum

/E\

OH
261
H. chionospaerum 262 263 ;
H. kraussi H. mimetes H. krausii
H. nudifolium
H. reflexum
~0 :
‘ \©\/\/Y
265 266 267
H. aureonitens : H. heterolasium,
d h H. infaustum H. infaustum, H.mimetes
H. dasyanthum H. mimetes ' o

H. kraussi,i H.petiolare H. nudifolium

H.oxyphyllum
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= = N
= =
270

y-curcumene 269 H. bellum, H. callicomum, H. cephaloideum,
endozpéeéromde H. argyrophyllum : I(;tr:)rr)/j:rgyrum, H. cymosum, H. krookii,
: i
H. mimetes H. mimetes
OH
_ _ N = = AN
nerolidol
271 272
H. mimetes, H. splendidum, H. drakenbegense

H. subglomeratum

OH

+OH HO,, ~G WOH o
Ho:
/\

>wfff”

273H. dasyanthum 274H. dasyanthum 275H. petiolare 276 H. nudifolium
S :: / :
(0] 55 ‘ R
B-isocomene isocomene-5,6-epoxide (¢ T H
silphiperfolene

277H. nudifolium 278H. nudifolium 279H. nudifolium 280H. aureum

b

silphinene modhephene a-bergamotene
281 H. nudifolium 282H. nudifolium 283H. coriaceum

288H. nudifolium 289H. nudifolium 290H. nudifolium

spathulenol ledol
284 285 286 287 _
H. albirosulatum H. crispum H. dasyanthum H. heterolasium
H. heterolasium, H. petiolare
H. montanum,
H. petiolare
H. splendidum
i B HE H =
H
“oH

291H. nudifolium
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", OH
oH

‘OH
292H. dasyanthum
293H. dasyanthum

OH
296H. dasyanthum

297H. splendidum

302

H. splendidum 303

H. splendidum

306H. splendidum
307* Stereoisomer of 306, frol. montanum

294H. dasyanthum

298H. splendidum

OH
295H. dasyanthum

299
H. splendidum

300* stereoisomer of 301* stereocisomer of 299

298, fromH.
montanum

o

304
H. splendidum,
H. montanum

from H.montanum

o

305
H. argentissimum

OH

308H. subfalcatun{diterpene)

* These compounds are described in Chapter 5.

Figure 2.11Triterpenes

squalene

309
H. acutatum, H. appendiculatum, H. aureonitens
H. callicomum, H. chrysargyrum, H. cymosum, H.
drakenbergense, H. glomeratum, H.
hypocephalum, H. krookii, H. mimetes, H.
monticola, H. natalitium, H. nudifolium, H.
pallidum, H. tenuiculum, H. umbraculigerum

310H. callicomum
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311H. chrysargyrum

315H. tenuiculum

i

HO

317H. tenuifolium

\’/V\’/V\’MW OCO(CH2)7(CH=CHCH2)3CH3

318H. glomeratum, H. nanum

Figure 2.12 Other

319 320
H. argyrophyllum H. umbraculigerum

S s
323H. aureonitens

/\/\/\/E>:O
Me(CH,)7” X o

2/7

325H. lepidissimum

312H. gymnocomum

316H. trilineatum

OH
321H. platypterum

Me(CH,),CH— CH(CHZ)A/Q\O

324H. hypocephalum

/\/\/\/E>:O
Me(CH,),CHCHCH;™ o

326H. lepidissimum

322H. rosum
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HO
I\
HC= S
Cl
327H. tenuifolium
H. trilineatum

S S S
330H. polycladum,
H. splendidum

0
==CCH(OH)CH,OH

Me[C=C]; ST =
332H. spiralepis

Me[CEC]SCH:(}CI
)

334
H. allioides, H. argenteum, H.
argyrophyllum, H. lanatum, H.
latifolium, H. nudifolium, H.
odoratissimum, H. paniculatum,
H. petiolatum, H. serotinum*

Me[CzC]ch:(}OH
o}

337H. odoratissimum*

HO OMe HO

7\
_ !
&CC%}CI Veco S\
cl

328H. acutatunt 329H. tenuifolium

/@\
MeC= s~ [C=CJ,CH=CH,

334 populifolium*

/NN

S s~ > C=CH(OAC)CH,0AC
333H. trilineatum

o]

MeO
Me[C=CJ; : Cl

335 336H. nudifolium*
H. coriaceum

H,C[C=C],CH=CH,

338H. adenocarpum, H.
argentissimum, H. callicomum, H.
chionospaerum, H. foetidum, H.
fulvum, H. grandiflorum, H.
heterolasium, H. krookii, H.
natalitium, H. platypterum, H.
retortoides, H. sutherlandii, H.

H. Platypterum*

Me[(:(:];:HZ@U
O

H,CCH=CH[C=C],CH=—CH,

339H. auricepsH. bellum,

tenuifolium*
Me[C=ClsCHCH,
OAc
OAc
340H. adenocarpunt
(‘:HZOAC C‘HZOAC (‘ZHZOAC ?HZOH
H(‘:fOAng H?*OAng HC——0AnNg H(‘:‘70Ang
CH,0CO(CH,),CH, CH,OCO(CH,),CH, CH,0CO(CH,),CHMe, CH,0CO(CH,),CH,
341 342 343 344

H. argyrophyllum*

?HZOH
HC——0AnNg

I
CH,0CO(CH,),CHj

345H. argyrophyllum
H. cerastroides*

H. argyrophyllum*

(‘:HZOH
HC——O0Ang

\
CH,OCO(CH,),CHMe,

346
H. argyrophyllum

" Configuration at double bonds and stereocentresdizated in original sources

H. argyrophyllum*

‘CHZOH
H‘CfOAng
CH,0CO(CH,),,CH,

347H. cerastroides*

H. argyrophyllum*
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CHAPTER 3

The antimicrobial activity and cytotoxicity of selected

Helichrysum extracts

3.1 Introduction

There are two main reasons why researchers shoualtem themselves with antimicrobial
research. Firstly, it is well established that s&sice of bacteria, especially those
associated with serious infections, are increasigginst antibiotics worldwide (Alanis,
2005; Chander et al.,, 2007; Jansen et al., 200@rdye and Barret, 2005). Secondly,
another alarming trend is the global decrease tibacterial and antibiotic research by
large pharmaceutical companies. There are varimasons for this decrease: 1)
development of resistance against any antimicrabiad) is almost guaranteed as the most
resistant individuals in a bacterial populatiomé&urally selected, 2) antibiotics are taken
as short courses and are therefore at an econasasidvdntage when compared to drugs
directed at chronic conditions such as cardiovascatisease which is taken daily over a
long period of time, and 3) due to the AIDS epidesiared anti-infective resources has
been mostly used for antiviral research, decreasiagunding available for antimicrobial
research. Furthermore, an increase in regulatajyirements have led to an increase in
developmental costs, patents expire soon after ehamkroduction and the reservation of
new drugs for special situations result in decréasgenues (Overbye and Barret, 2005;
Norrby et al., 2005). Some of the most usefullaotics have been obtained from natural
products (Butler, 2005; Silverman, 1992) and itnseeeasonable to use nature as a source
of inspiration to search for chemical entities Ime tfight against the ever evolving

microbes.

Even if compounds isolated from plants cannot clém® same success in the clinical
setting as those isolated from soil bacteria fatance, several phytochemicals exhibit
antimicrobial activity (Gibbons, 2004). As set autChapter 2, the antimicrobial activities

of extracts from the genuddelichrysumhave been determined by different laboratories and

80



this genus is rich in anti-infective compounds sashphloroglucinols, diterpenes, and
flavonoids (Dekker et al., 1983; Drewes et al., @0Drewes and Van Vuuren, 2008;
Siuzgec et al., 2005)Helichrysumspecies are also widely used in traditional medi¢m
treat ailments associated with antimicrobial infacs. It is often used to dress wounds and
to treat patients with respiratory diseases. Tlasks indicate that the genus is a potential
promising source of antimicrobial compounds. Moesgvalthough there are several
reports on the antimicrobial activities elichrysumextracts, comparative toxicity values
are often not available (Drewes et al., 2006; Losret al., 2004; Mathekga and Meyer,

1998), indicating the importance of a study to datee relative toxicity.

The aims of this chapter are:
» To report on the antimicrobial activity of extradtfsselectedHelichrysumspecies
» To report on preliminary observations regardingptiyticity against “normal” and
cancer cell lines for extracts of the seledtidichrysumspecies
« Based on biological activity, seledtlelichrysum species for phytochemical
investigations.

3.2 Results and discussion

Thirty-five indigenousHelichrysumspecies were collected on the basis of availgbilit
Plant material was collected in various provinceSauth Africa during 2002 to 2004. The
plant species, voucher numbers and localities adé&cated in Table 3.1. Some of the

species are illustrated in Fig. 3.1.

81



H. cephaloideurr H. krebsianut H. odoratissimur

Figure 3.1Helichrysumspecies (Photos: L.Lourens)



The antimicrobial and cytotoxicity of extracts tiet species tested are collated in Table
3.2. Of the 35 species screened, seuvdn gureum H. excisum H. cf. foetidum H.
kraussii H. odoratissimum, H. platypterymand the H. rugulosum flower extract)
exhibited MIC’s< 0.1 mg/ml against one or more micro-organismsiviigtwas mainly
observed against the two Gram-positive micro-orgasiS. aureusandB. cereusA few
extracts had activity again§. epidermidis(H. excisumand theH. rugulosumflower
extract), K. pneumoniagH. rugulosumflower extract) and the yea€t neoformangH.
herbaceumandH. rugulosumflower extract). None of the extracts were actigainstP.
aeruginosa These results support the trend observed by Mgéhand Meyer (1998) that
Helichrysumextracts are generally more active against Grasitige than Gram-negative

micro-organisms.

The extracts oH. herbaceumand H. rugulosumflowers were the only extracts active
against the yeast. neoformansand exhibited MIC’s of 0.5 and 1.0 mg/ml, respesly.
The flower extract oH. rugulosumshowed much better activity agairfSt aureusS.
epidermidis andK. pneumoniaghan the extract of the leaves and stems of time gdant.
Since this flower extract had much better actititgn the stems and leaves, investigating
the flower extracts of other species may yieldregéng results in a future study. There
are reports on the traditional use of six of thgesemost active species relating to
antimicrobial use. For examplé]. foetidumis used to treat festering sores whitle
odoratissimumis used to treat wounds and burns, indicating ttetraditional use should

be considered in species selection.

Although the MIC values observed for some specessms promising, in several cases
toxicity (inhibition of Graham cell growth) was alebserved at 0.1 mg/ml. The MIC’s for
H. aureumextract, for example, are 0.02 and 0.01 mg/mires§&. aureusandB. cereus
respectively, but only 5% Graham cell growth isesfved at a concentration of 0.1 mg/ml.
Species with potential toxicity includéi. acutatum H. aureum var aureum H.
platypterumand H. rugulosum since less than 10% Graham cell growth was obseat

the test concentration (1Q@/ml).

With extracts ofH. adenocarpumH. appendiculatumH. cephaloideunand H. indicum
more than 80% growth was observed for the Grahdls, @e‘normal’ cell line, while the
growth of the MCF-7 breast cancer cells were ldgsnthalf of that at the same
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concentration of extract, indicating a degree dédwvity. In general, the MCF-7 cells

were more sensitive towards the extracts thanrditileeGraham or SF-268 cells.

3.3 Conclusion

The antimicrobial activities of 3Belichrysumspecies have been shown in relation to their
cytoxicity. The results of this study enabled ussédectHelichrysumspecies for further
study. Criteria used for selection included biotadiactivity, availability of plant material,
whether phytochemical studies have been perfornmethe species previously, and the
presence of promising phytochemicals in relatedcisge Based on these criteria, the
species selected for further study includtalichrysum splendidunti. montanumandH.

excisum.

Although the extract oH. splendidumdid not exhibit potent antimicrobial or anticancer
activity (the extract was relatively non-toxic tamrmal cells) an interesting class of
compounds, namely guaianolides, was previoushaisd| from this species. These types
of compounds are used as anticancer agents anbitexhii-inflammatory activity, which

is interesting considering its traditional userat rheumatism. The ambiguities that exist
in literature regarding the stereochemistry of ¢hesolated compounds prompted us to
reinvestigate this species (Chapter 4).

It was proposed that the morphologically relatedcsgs, H. montanum would exhibit
phytochemistry similar to that ¢f. splendidumNo previous phytochemical investigations
have been carried out on this species and it wasigated that it would be a source of
exciting sesquiterpenoids. Furthermore, this spgeribibited the growth of all three cell
lines in the cytotoxicity assay, indicating the gib¥e presence of cytotoxic compounds
(Chapter 5).

Helichrysm excisunwas selected for further study based on the faat it exhibited

promising antimicrobial activity, relative low taity and except for the essential oil, has

not been studied phytochemically (Chapter 6).
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3.4 Experimental

3.4.1 Plant collection

Localities and voucher numbers of collected plamtanal is displayed in Table 3.1
Specimens of each plant were sent to the SoutltakfrNational Biodiversity Institute in

Pretoria for identification by Ms M. Welman and MEA. Ready. Voucher specimens

were deposited in the University of KwaZulu-Natattbarium (NU) in Pietermaritzburg.

3.4.2 Instrumentation and chemicals

Culture media and fetal calf serum (FCS) were olethifrom Highveld Biological, while
other chemicals were obtained from Sigma and Saarch An automated
spectrophotometric plate reader (Labsystems iEM&lee MF), connected to Ascent

version 2.4 software, was used to read absorbemd¢ke sulforhodamine B (SRB) assay.

3.4.3 General extraction
Plant material was air dried (protected from sum)igground and extracted twice with
chloroform:methanol (1:1) for 24 hours at room temngpure where after the solvent was

removed under vacuum.

3.4.4 Antimicrobial bioassays

Determination of minimum inhibitory concentration (MIC) values

Six microorganisms, including three Gram-positivacteria (Bacillus cereusATCC
11778, Staphylococcus aureuBTCC 12600, andStaphylococcus epidermidi&TCC
2223), two Gram-negative bacterkdébsiella pneumoniaBlCTC 9633 andP’seudomonas
aeruginosaATCC 9027, and a yeast ffptococcus neoformarSTCC 90112) were used
in the screening of the crude extracts. Selectibrtest organisms were undertaken
according to the traditional use of species of ¢femus i.e. treatment of respiratory
disorders and wounds. The reference stock culturet® obtained from the National
Health Laboratory Service (NHLS) (Johannesburg) amdre maintained in the
microbiology laboratory of the Department of Phacgnand Pharmacology, University of
the Witwatersrand, Johannesburg, South Africa.lCedt were maintained in tryptone soya
broth (TSB) prepared by dissolving 30 g in 750 insterile water. The agar was sterilised

by autoclaving for 15 minutes at 121 °C.
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MIC values were determined by the 96-well microplatethod (Fig. 3.2) as described by
Eloff (1988) and adapted by Magee et al. (2006xciStsolutions were prepared by
dissolving samples in DMSO (64 mg/ml) since disBofu problems occurred with
solvents such as acetone. Sterile water (1lpQvas added to all wells of the microtitre
plate. The stock solutions (1Q0) of 10 different extracts were added to the fisv
(wells A1-A10) of the 96-well plate, mixed with theater and 10Qul of the resulting
solution transferred to the next row of the plaiéis process of serial dilution was
repeated for all rows until the last row, where itmaining 10Qul was discarded. A fixed
bacterial culture (100 pl) of approximate inoculsine of 1 x 18 colony forming units
(CFU)/ml in TSB was added to all wells to obtait@centration range of 16 to 0.125
mg/ml of extract. Further dilutions were preparedew activity below these ranges were

observed.

The plates were incubated at 37 °C for 24 h fotdvacand 48 h for the yeast. MIC values
were determined at least in duplicate. Positivetrotsiincluded ciprofloxacin for bacteria
and amphotericin B for the yeast (column 11). Asent control (column 12) was included
with the assay since DMSO has antimicrobial agtigitd samples with MIC values equal
to that found for DMSO were considered not susbépt(NS, Table 5.2). After the
incubation period, 5@ of a 0.4 mg/mlp-iodonitrotetrazolium violet (INT) solution was
added to all wells and left for 6 h (exceptyptococcusvhich was left for 12 h) at room

temperature before reading the MIC'’s.

The method is based on the principle that the cldes tetrazolium compound (INT) acts
as an electron acceptor and is reduced to a calopreduct by biologically active

organisms (Eloff, 1998). The MIC value was detewmi as the lowest concentration of
sample required to inhibit the growth of test oigars. Wells where bacterial growth
occurred stained red in the presence of INT andctireentration in the first unstained

well was taken as the MIC.
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Figure 3.2 Example of a 96 well plate used to determine MI@&lIIs where red staining
occurs are indicative of bacterial growth. In clégellow) wells no bacterial growth
occurs. The concentration in the first clear wellaken as the MIC. Column 11 is used for

the negative control (solvent) and column 12 fer plositive control (e.g. ciprofloxacin).

3.4.5 Cytotoxicity screening against normal andagrcell lines

Cytotoxicity was determined with the sulforhodamBi€SRB) assay (Monks et al., 1991;
Wu et al., 1993; Kamatou et al., 2008). SRB is d@ewsaoluble dye that binds to basic
amino acids of cellular proteins that are only bgsised by viable cells (Voigt, 2005). The

absorbance can therefore be used as an indicdtaail growth.

Cell lines

Breast adenocarcinoma (MCF-7) and neuronal (glgiblaa) (SF-268) cell lines were
obtained from the Division of Cancer Treatment &iagnosis, National Cancer Institute
(NCI), Fairview Centre, Frederick Maryland in thaitéd States of America. Transformed
human kidney epithelial cells (Graham cells) webeamed from Dr. Robyn van Zyl from

the Department of Pharmacy and Pharmacology, Usityesf the Witwatersrand.

Preparation of media and solutions

The Graham cells were cultured in Ham F10 mediaaioimg 5% (v/v) heat inactivated
fetal calf serum (FCS) and 0.1% gentamicin. The 26&-and MCF-7 cells were
maintained in RPMI-1640 media containing 5% FCS @ufd.% L-glutamine, while media
used in the assay included 0.1% gentamicin. A 0(4%%) SRB solution was prepared
using 1% acetic acid and a 50% trichloroacetic §E@A) solution prepared with distilled

Millipore water. The phosphate buffer saline (PR3) 7.4) was prepared with NaCl (8 g),
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KCI (0.3 g), NaHPO,.2H,0 (0.73 g) and KkEPO, (0.2 g) in one litre of distilled Millipore
water which was then autoclaved. Trypan blue wapamed at a concentration of 2 mg/ml
in PBS and the solution of tris(hydroxymethyl)amimethane (Tris base) was prepared at a
concentration of 10 mM (pH 10.5) with distilled Mplore water. All solutions were stored

at 4 °C until required.

Preparation of cells

The cells were maintained at 37 °C in a 5%,@@midified incubator. The media was
replaced three times a week and the cells werssitiged weekly, and then allowed to
reach confluency before being used in the assager Afypsinisation, a single cell

suspension was obtained, stained with trypan blug eell density determined on a
haemacytometer. The stock cell suspension was thikned to the required cell

concentration with culture media. The experimens warried out only when at least 95%
of cells were viable. The Graham cells were seed&b 000 cells/well, while the MCF-7

and SF-268 cells were seeded at 15 000 cells/well.

Preparation of samples for the SRB assay

Crude extracts were weighed and dissolved in dighegblfoxide (DMSO) to prepare
stock solutions of ca. 10 mg/ml. These solutionsewdiluted further with RPMI-1640
media containing 0.1% gentamicin sulfate (a 50 fiildtion was prepared, e.g. 20 of

stock solution and 98@l of media).

SRB assay

A volume of 100ul of the prepared cell suspension was plated oatlimvells of the 96
well plate except rows A and H. Wellg,AA,, H; and H served as blanks, while wellg-A
A1, and H-H;, were used as colour controls for samples. Medithowut cells were
therefore transferred to these wells. A duplicdédéepwas prepared to serve as a time zero
plate (reference plate to indicate cell growthimietof sample addition). The plates were
then incubated for 24 hours at 3Z in 5% CQ at 100% relative humidity to allow for
attachment of cells. After incubation, 1Q0 of the prepared samples was added to the
appropriate wells (Fig 3.3) to obtain concentragiof 100ug of sample per well. Samples

were plated out in triplicate or quadruplicate.
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1 2 3 4 5 6 7 8 9 10 11 12

A |Blank | Blank | C1 | C2| C3| C C C C C C C
B | Cell control S1 | S1
C | Cell control S1 | S1
D | Cell control S2 | S2
E | Cell control S2 | S2
F | Cell control S3 | S8
G | Cell control S3 | S8
H |Blank | Blank | C1 | C2 | C3| C C C C C C C

Figure 3.3 Representation of a microtitre plate used in tiRBSassay. Blank = only
culture media without cells; Cell control = cellstiwonly media and no sample; C =

sample control, sample and culture media, no c8liscells and sample

Plates were then incubated for a further 48 holing time zero plate was however, not
incubated, but the cells were fixed after the fdéthour incubation period to establish that
adequate cell growth occurred before addition ohas. At the end of the 48 hour
incubation period, cells were fixed with TCA. Iceld TCA (50ul) was added to all wells
and the plates incubated for a further hour &C4 where after the supernatant was
discarded and the plates washed copiously (fiveg)nto remove all TCA, growth medium
and extract residues. Plates were then air dried@h temperature. To stain the fixed
cells, the SRB solution (10Ql) was added to all wells and left for approximgt&l0
minutes, where after the SRB solution was discamed the plates washed thoroughly
with 1% acetic acid to remove all unbound dye. plaes were again air dried. The bound
dye was solubilised through the addition of 200'ris base. The absorbance was read at

492 nm against a Tris base blank after the platre whaken at 960 rpm for 3 minutes.

89



Determination of percentage cell growth

The percentage cell growth in reference to comrowth was calculated as follows:

% cell growth = (mean abs test sample — mean atigjbaund) *100

(mean abs control — mean abs blank)

where “mean abs test sample” refers to the meaorladosce at 492 nm obtained for the
three similar sample wells (1Q0 cell suspension + 10al sample)
“mean abs background” refers to the mean absoebanh 492 nm of the wells
containing only media (10@l) and sample (10Ql)
“mean abs control” refers to absorbance of wetistaining only cell suspension
and no sample.
“mean abs blank” refers to wells containing omhgdia and neither cells nor

sample.
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Table 3.1Helichrysumspecies collected.

Plant species

Voucher number

Locality/ date collected

1. | H. acutatunDC. A. Lourens and A. Viljoen 1 Mpumulanga, 4 krorfr Graskop, on the road to Hazyview, Kowyns pas¥ S7 54.0;
E 30 51 08.1; 4756 ft.; 27/09/2003

2. | H. adenocarpundC. subsp. S.N. Unknown locality

adenocarpum

3. | H. appendiculatunfL.f.) Less. | A. Lourens and A. Viljoen 28 Mpumalangapproximately 2 km on God’'s Window turn-off (R»3Turn-off from
road from Blyderivierspoort to Graskop; 25/01/2004

4. | H. aureonitensSch. Bip. J. E. Victor 2439 Amatolas

5. | H. aureum(Houtt.) Merril var. | J. E. Victor 2428 Amatolas

aureum

6. | H. cephaloideundC. A. Lourens and A. Viljoen 20 KwaZulu-Natal, approwtely 5 km from Underberg on road to Bulwer. S18%7.2; E
29 32 41.5; 4759 ft.; 10/01/2004

7. | H. callicomumHarv. DBH 6565 Transkei

8. | H. dasyanthunfWilld.) Sweet | A. Lourens 33 (ex. J. Manning) Wegt€ape, Cape Agulhas, Red Hill; 01/2004

9. | H. excisum(Thunb.) Less. J. Vlok 2830 and J. Vlok 2830A WastBape, northern base of Robinson pass, near &wsart] 20/11/2002; 23/08/200

10. | H. felinumLess. J. Vlok 2828 Western Cape, northern baseobfriRon pass; 11/2002

11. | H. cf. foetidum(L.) Moench. J. Vlok 2833 Eastern Cape, George

12. | H. herbaceuntAndr.) Sweet A. Lourens and A. Viljoen 17 KwaZulu-Natal, Alpitéeath, on walk to waterfall; 04/01/2004

13. | H. indicum(L.) Grierson A. Lourens 34 (ex. J. Manning) Cappihas

14. | H. kraussiiSch. Bip. A. Lourens and A. Viljoen 4 Mpumalanga, Robber's pass. Shortly after turn-aff Relgrim’'s Rest. (Sign 6/6).
Everywhere along pass. S 24 53 57.9; E 30 37 2@@ ft.; 03/10/2003

15. | H. melanacm®C. A. Lourens and A. Viljoen 12 Free State, 2 km fr@farens on road to Koster. S 28 31 12; E 28 266052 ft.;
03/01/2004

16. | H miconiifoliumDC. A. Lourens and A. Viljoen 24 Kwa-Zulu Natal, On gehroad from Loteni to Himeville. S 29 36 49.5;28 33 48.6;
4439 ft.; 10/01/2004

17. | H. montanunDC. F. van Heerden 1 Western Cape, Koueveld maws)tan farm Weltevrede Murraysburg; 25/12/2003

18. | H. nudifolium(L.) Less. A. Lourens and A. Viljoen 13 Free State, 2 km fr@iarens on road to Koster. S 28 31 12; E 28 266062 ft.;
03/01/2004

19. | H. odoratissimungfL.) Sweet A. Lourens and A. Viljoen 6 Mpumalanga, Robbersspapprox. 2 km after Crystal Springs turn-off @ad from
Lydenburg to Pelgrims Rest (approx. 9 km from Relty Rest); 04/10/2004

20. | H. oreophilumKlIatt. A. Lourens and A. Viljoen 10 Mpumalangarrh Aantree, Draaikraal; 14/12/2003

21. | H. pallidumDC. A. Lourens and A. Viljoen 7 Mpumalanga, On roadnir@raskop to Sabie, approx. 1 km after turn-ofSabie, just

after “The Bonnet”. S 24 56 18.2; E 30 48 41.6;31&3 04/10/2004
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Plant species

Voucher number

Locality/ date colleetd
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22. | H. pandurifoliumSchrank A. Lourens 35 (ex. J. Manning) Cape Agulhas; 014200

23. | H. patulum(L.) D. Don. A. Lourens 36 (ex. J. Manning) Capguthas; 01/2004

24. | H. petiolareHilliard and Burtt J. Vlok 2827 Western Cape, Galmtorn, base of Robinson pass, near farm Moerasr0/12/2002

25. | H. platypterunDC. A. Lourens and A. Viljoen 30 Mpumalanga, Just algsbDullstroom on road to Belfast. (Sign 56/0). Fatam on left
hand side of road. Approx. 500 m from Uitvlugtrttoff; 25/01/2004

26. | H. psilolepisHarv. A. Lourens and A. Viljoen 11 Free State, 2 km fr@iarens on road to Koster. S 28 31 12; E 28 266062 ft.;
03/01/2004

27. | H. retortum(L.) Willd. A. Lourens 37 (ex. J. Manning) Cape Algas; 01/2004

28. | H. rosum(Berg.) Less. cf. var. | J. E. Victor 2436 Amatolas

rosum
29. | Helichrysum ruderaldilliard A. Lourens and A. Viljoen 32 KwaZulu-Natal, Hiltoweir street; 14/11/2004
and Burtt

30. | H. rugulosuniess. A. Lourens and A. Viljoen 8 North West, on Derbydo from Klerkskraal dam, 19 km from turn-off. Apnoad side
S 26 05 33; E 27 07 04; 4933 ft.; 12/12/2003.

31. | H scitilum Hiliard and Burtt F. van Heerden 2 Western Cape, Koueveld mountamfrm Weltevrede Murraysburg; 25/12/2003.

32. | H. simillimumDC. A. Lourens and A. Viljoen 23 KwaZulu-Natal, on rolxdm Loteni to Himeville. Near Loteni stock thefhit. S 29 33
44.3; E 29 35 45.6; 4652 ft.; 10/01/2004

33. | H. splendidun{Thunb.) Less. | A. Lourens and A. Viljoen 2 Mpumalanga, 2.6 km fr@od’s Window at stop point near “Staircase”, 272003

34. | H. wilmsii Moeser A. Lourens and A. Viljoen 5 Mpumalanga, Robbersspagpprox. 2 km after crystal Springs turn-off @ad from
Lydenburg to Pelgrims Rest. (Approx. 9 km from Piehg Rest). S 24 52 34.2; E 30
13.8; 04/10/2004

35. | H. zeyheriLess. F. van Heerden 3 Western Cape, Koueveld mountamfgarm Weltevrede Murraysburg
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Table 3.2Antimicrobial activity (MIC, mg/ml) and cytotoxictfat 0.1 mg/mk standard deviation) dielichrysumextracts

Antimicrobial activity ®

Plant Species Test organisms Cytotoxicity *”
C. P. S. K. % Growth | % Growth of | % Growth
neoformans| aeruginosa | S. aureus | B. cereus | epidermidis | pneumoniae| of Graham| SF-268 cell$ | of MCF-7
cells celld

H. acutatunDC. NS NS 0.5 1 NS NS 0.1+0.1 15.8+1.0 6.6x0.1
H. adenocarpundC. NS NS NS NS NS NS 98.3+£0.6 88.1+3.6 37.243
H. appendiculatunfL.f.) Less NS NS NS 4 NS NS 91.7+2.1 81.0+2.8 32.5
H. aureonitensSch. Bip. NS NS 4 4 4 NS 75.610.9 76.0+4.7 37.543,
H. aureum(Houtt.) Merril NS NS 0.02 0.01 NS NS 5.0£0.2 BHD 7.0
H. callicomumHarv. NS NS 1 0.25 NS 27.3£2.9 56.1+2.8 {1.2
H. cephaloideundC. NS NS NS 1 4 NS 93.7+4.6 83.8+2.6 46.1
H. dasyanthun{Willd.) Sweet NS NS NS 4 NS NS 91.3+0.)7 81.7+3.6 2.8
H. excisum(Thunb.) Less NS NS 0.2 0.03 0.1 NS 63.6+1.1 7A.D+ 31.440.8
H. felinumLess NS NS 2 0.16 2 NS 48.0+1.4 54.1+2.3 23.240.
H. cf. foetidum(L.) Moench NS NS 0.5 0.01 NS NS 32.7+2]1 57.812.1 24.9+0.4
H. herbaceuntAndr.) Sweet 0.5 NS 0.5 1 4 NS 50.8+3/0 46.4+1.6 2.920.3
H. indicum(L.) Grierson NS NS 1 0.5 4 NS 81.1+2.3 70.6x4.2 5.830.8
H. kraussiiSch. Bip. NS NS 0.5 0.004 4 2 28.6+1)4 45.2+4.4 79.0
H. melanacm®C. NS NS 0.5 0.25 4 2 18.1+0.4 53.3+2.7 2.2
H. miconiifoliumDC. NS NS 2 1 4 NS 37.9+6.4 52.4+1.8 20.9
H. montanunDC. NS NS 1 4 NS NS 29.440.7 46.1+4.0 f9.2
H. nudifolium(L.) Less NS NS NS 4 NS NS 73.1+2.6 83.9+1.8 35.3+0
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Antimicrobial activity ®

Plant Species Test organisms Cytotoxicity*®
C. P. S. K. % Growth | % Growth of | % Growth
neoformans| aeruginosa | S. aureus | B. cereus | epidermidis| pneumoniae| of Graham| SF-268 cells | of MCF-7
cells cells
H. odoratissimungL.) Sweet NS NS 0.02 0.03 4 2 17.5+0/4 48.2+1.4 4+0.7
H. oreophilumKlatt NS NS 4 4 NS NS 63.4+2.7 82.943.0 34.8+0.
H. pallidumDC. NS NS NS NS NS NS 88.6+0.9 83.919.7 49.0+1
H. pandurifoliumSchrank NS NS 2 4 NS NS 57.1+12 71.8+0.8 34.2+Q.
H. patulum(L.) D. Don NS NS 4 NS NS 63.8+1.8 75.2+2.( 378
H. petiolareHilliard and Burtt NS NS 2 NS NS 59.3£3.4 76.6x3. 334
H. platypterunDC. NS NS 0.05 0.5 NS NS 0.8+0.3 35.1+1.5 4.6
H. psilolepisHarv. NS NS 1 1 NS NS 25.9+1.9 58.4+7.4 3.1
H. retortum(L.) Willd. ND® NS 4 NS NS NS 79.613.4 87.3x4.8 RD
H. rosum(Berg.) Less. NS NS 1 1 4 NS 47.5+1]8 54.8+50 5827
H. ruderaleHilliard & Burtt. ND NS 2 1 NS NS 45.1+1.2 75.8+£3.9 NDc
H. rugulosumi_ess. NS NS 0.5 0.25 4 NS 3.0£1.2 44.7+3.6 1277+2.
H. rugulosunLess. Flowers 1.0 NS 0.01 0.33 0.01 0.22 ND ND ND
H. scitilum Hilliard & Burtt. NS NS NS NS NS 58.6+1.2 85.386. 46.8
H. simillimumDC. NS NS 1 4 NS 54.6+2.6 66.8+3.9 %6.8
H. splendidun{Thunb.) Less NS NS 4 NS NS NS 82.3+3|2 72.8+3.3 .24A5
H. wilmsii Moeser NS NS 1 1 4 NS 22.5+2.1 64.1+6.1 15.340.
H. zeyheriLess. NS NS 2 4 NS NS 54.4+9.5 58.2+3.1 37.4
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Antimicrobial activity ®
Plant Species Test organisms Cytotoxicity *P
C. P. S. K. % Growth | % Growth of | % Growth

neoformans| aeruginosa | S. aureus | B. cereus | epidermidis| pneumoniae| of Graham| SF-268 cells | of MCF-7

cells cells
Antimicrobial control 0.3x10 03x10 | 1.0x10° 2.5x10° 0.7x10
Antimicrobial control 25x10°
DMSO controf 2 4 8 8 16 4

®Experiments done at least in duplicate. Exceptinciside determination of cytotoxicty against MCEdlls for extracts ofl. aureum, H. calliconum, H. cephaloideum, H.
dasyanthum, H. kraussii, H. melanacme, H. micaliifio, H. montanum, H. patulum, H. petiolare, H.tglgterum, H. psilolepis, H. scitilum, H. simillimum

PAt a concentration of 0.1 mg/ml of 5-flourouracitpre than 80% growth was observed for the SF-2B8, eehile an 1G, of 1.1 pg/ml was determined for the same drug
against the MCF-7 cell line (Kamatou et al., 2008).

“Not susceptible, MIC observed equal to that of salcontrol

dExperiments done only once, using the SRB assay

*Not determined

'Ciprofloxacin used as a positive control againstér@a and Amphotericin B used as a positive cdmigainst the yeast

9Solvent control
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CHAPTER 4

The phytochemistry ofHelichrysum splendidum

4.1 Introduction

Helichrysum splendidurfThunb.) Less. (Fig. 4.1) is a slender, erect atmrshrub which

is distributed widely on the high mountains of EAfica and Malawi to Zimbabwe. In
South Africa the plant occurs in the eastern paifrthe country, with distribution ranging
from the highlands of Mpumalanga to the SwartbeegrnOudtshoorn and George
(Hilliard, 1983). This plant is used traditionally treat rheumatism (Pooley, 2003; Jacot-

Guillarmod, 1971) and is also used as fuel and@sen’'s perfume (Dlamini, 1981).

Figure 4.1 Habitat and flowers dfl. splendidum

The phytochemistry oH. splendidumhas been studied previously by Bohlmann and
Suwita (1979) and Jakupovic and co-workers (1989addition to the normal terpenes
and flavones, guaianolides and secoguaianolides wselated from the plant (Bohlmann
and Suwita, 1979, Jakupovic et al., 1989). Guaidasl rarely occur irHelichrysum
species and apart froid. splendidumthe only othemHelichrysumspecies from which
guaianolides were isolated wils dasyanthunJakupovic et al., 1989). Guaianolides are a
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large class of sesquiterpenoids which can be dividgo simple guaianes, 12,8-

guaianolides, 12,6-guaianolides (introduction déeone moiety changes the name from
guaiane to guaianolide), guaiane-dimers and segolp- and abeo-guaianes (Dictionary
of Natural Products, Fig. 4.2).

Secoguaif@omNephthea
chabrolii (Su et al., 2007)

12,8-Guaianolide frori. splendidum 12,6-Guaianolide fromrtemisia

(Jakupovic et al., 1989) myriantha(Wong and Brown., 2002)

Figure 4.2 Examples of different guaianes

Various biological activities, such as anti-inflarmtory (Hilmi et al., 2003; Siedle et al.,
2003), cytotoxic (Hilmi et al., 2002), and antiVieffects (Kim et al., 2002; Hwang et al.,
2006) have been attributed to guaianolides. Incdme of guaianolides fronVarionia
saharaeand Artemisia argy;j all of the cytotoxic guaianolides have aromethylene
moiety adjacent to the lactone carbonyl (Hilmi &t @002, Kim et al., 2002), which
probably results in the alkylation of biologicalaheophiles (Kim et al., 2002). The same
interaction is believed to be responsible for thkihition of NFkB (Jin et al., 2004)

associated with anti-inflammatory effects of thesmpounds.
The medical relevance of the guaianolides is iatstd by the almost 10 000 publications

on the subject of thapsiargir346), a highly oxygenated guaianolide which acts as a

selective, irreversible inhibitor of sarco-endopféss reticulum C& ATP dependant
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pumps, thus initiating apoptosis and renderingnie#ficient anticancer agent (Ball et al.,
2007). Arglabin 877), a guaianolide isolated frorArtemisia myrianthais also used

clinically as an anticancer agent (Wong and Bra2002; Newman et al., 2003).

This chapter describes the confirmation of thecstmes of guaianolides isolated frdth
splendiduma species that was previously studied (BohlmarthSuwita, 1979; Jakupovic
et al., 1989). An important part of this projectsihe investigation of the sesquiterpenoids
of H. montanum(Chapter 4). However, problems experienced with dhtermination of
the relative configuration of the sesquiterpenethis species and the ambiguity that exists
in literature on the stereochemistry and NMR agsigmts of the isolated guaianolides
from H. splendidunmprompted us to reinvestigate this species. AnalnfiLC (thin-layer
chromatographic) investigation of the extracts Hf splendidumand H. montanum
revealed the presence of compounds that staineditednisaldehyde spray reagent (Fig.

4.3). These sesquiterpenoids were targeted duriagnvestigation.
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. 4 -
| ' '
‘

Ma,

-

0 ~
v \
3

Figure 4.3 TLC of extracts oH. montanun{MO; locality unknown, MQ collected in the
Koueveld Mountains) and. splendidun{SR and SR both collected in Mpumalanga).
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To study the conformations of these compounds, cutde modelling was employed. The
most stable conformation of different stereocisomdetermined with the AM1 method,
was used in conjunction with observed NOESY coti@is to determine the relative

configuration of the isolated sesquiterpenoids.

4.2 Results and discussion

The chloroform:methanol (1:1) extract dfi. splendidum yielded the monomeric

guaianolides302and304,as well as the dimeric guaianolielisplendidilactone306)

High-resolution mass spectrometry of compo@0@ confirmed the molecular formula of
Ci5H2003, The presence of 15 carbons in tHe NMR spectrum (Plate 2) indicated a
possible sesquiterpene structure. To the bestrdfrawledge, this is the first report on the
3¢ data of compoun802 Inspection of the DEPT NMR spectrum (Plate 4)eeded the
presence of two CH four CH, six CH and three quaternary carbons. There were n
aromatic protons present in the NMR spectrum (Plate 1), but a doublet of doubleas
observed in the region characteristic for alke®@s5(44). A deshielded proton was also
observed atdy 4.61) indicating the proximity of an oxygen atom this proton. The
remaining protons were present in the aliphaticiomg confirming the proposed

sesquiterpene structure.

After careful consideration of the COSY (Plate B5QC (Plate 5) and HMQC (Plate 6,
Fig. 4.4) NMR spectra, the structure of compoud@2 was assigned as d13-
dihydroxanthalongin, previously isolated frdf splendidunm(Jakupovic et al., 1989) and

Arnica mollis (Marcinek-Hupen-Bestendonk et al., 1990).

Figure 4.4 Selected HMQC correlations observed for comp®0@i
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The 7,8eis-configuration of the lactone ring was unequivogadistablished by the
observed NOESY correlations (Plate 7) in conjumctioth the AM1 calculated structure
(Fig. 4.5). A NOESY experiment captures the thieggace nuclear Overhauser effect
(NOE) between a proton and its neighbouring protbat are within a distance of
approximately 5 A (Claridge, 1999). Important NOE8frelations for the assignment of
the relative configuration of 013-dihydroxanthalongin 302 are those observed
between H-8 &, 4.61) and H-7d& 2.65) as well as between H-18,(2.79) and H-7 &
2.65). Furthermore, the NOESY correlation obsetvetiveen H-10d, 2.34) and H-8&y

4.61) confirmed the-orientation of H-10.

The assignment of the stereochemistry af,13-dihydroxanthalongin302) is the same as
that proposed by Jakupovic et al. (1989) and Maicidliipen-Bestendonk et al. (1990).
Based on NMR data, the relative configuration oé ttompounds is unambiguous.
However, we do not have proof for the absolute igométion. The absolute configurations
of guaianolides rest on the assumption that H-agdhasi-orientation if the structure is
drawn with the lactone on the right-hand side dmal 14-methyl at the top. For a few
guaianolides (Ulubelen et al., 1995; Hamada et18I80) the absolute configuration was
confirmed, but in most of the published literatut@s is just assumed without any proof.
One method of determining the absolute configuratimuld have been to reduce the 4-
ketone to a hydroxy group and prepare the correipgrMosher ester. However, we did
not have enough material to prepare the Moshees astl, furthermore, C-4 is so far away
from the other stereogenic centres that it wouldiffeult to correlate the stereochemistry
on this carbon with the other stereogenic cenfesthis investigation on the structures of
guaianolides present Helichrysumspecies, we have assumed the relative configuratio
C-7isR

In the AM1 calculated structure, the distance betwi-7 and H-8 is 2.31 A, the distance
between H-11 and H-7 is 2.35 A and the distancevdmn H-8 and H-10 is 2.28 A,

confirming that at least the calculated distancevben these atoms complies with the
requirements for observing a NOESY correlation (Hid). The structure of compound

302 was unambiguously established as 1B-dihydroxanthalongin.
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Figure 4.5 Structure of 1d,13-dihydroxanthalongin302) and the AM1 calculated three-

dimensional structure of this compound.

Initial inspection of the'H and**C NMR spectra of compoun804 revealed that this
compound was a sesquiterpene lactone closely delate302 High-resolution mass
spectrometry confirmed that the molecular formulgHz;03 (m/z 251.1659 [M+H]) of
compound304 was similar to that of compour@D2 (m/z 251.1654 [M+H]). However,
clear differences were observed in the chemicdissbf certain protons and carbons. C-6,
7, 10 and 13 (Plate 9) all shifted with 3 ppm orendownfield, while C-5 shifted upfield
(approximately 3 ppm). In thtH NMR spectrum (Plate 8) both H-7 and H-11 haststif
upfield, while H-13 has shifted downfield. Data @bed from analysis of two-dimensional
experiments (COSY, HSQC and HMQC, Plates 10, 12, ctidfirmed that the basic

structure of compoun804 was similar to that of compourd2.

Confirming the relative configuration of compouB@4 was less straightforward than for
compound302. This was due to the overlapping signals observedHfa0 and H-7 gy
2.37), as well as for H-11 and H-84(2.24). A NOESY correlation (Plate 14, Fig. 4.6a) is
observed between the protonsdat2.36 (assigned to H-7, H-10) and H&, @.46). This
could therefore be a correlation between either &h& H-7 or H-8 and H-10, but is most
probably a correlation between H-7 and H-8. Duth&overlapping signals of H-7 and H-
10, a correlation between H-8 and H-10 can howexadrbe excluded. This NOESY
correlation of H-8 could therefore not be useddtednine whether the lactone ring had a

7,8<is or 7,8trans configuration.

If one considers the AM1 calculated model (Fig.bd.6f compound304 in conjunction

with the NOESY spectrum, the NOESY correlation obsé between the signal &t 2.36
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(assigned as H-7, H-10) aRd 1.22 (H-13) is most likely a correlation betweerilBland
H-7 as H-10 is spatially too far away from H-135@A in the AM1 calculated structure),
confirming that H-7 and the H-13 are on the sanue sf the ring. As no NOESY
correlation is observed between H&; @.46) and the multiplet that is assigned to H-11
(On 2.24), it can be concluded that H-8 must alsorbthe same side of the ring as H-7 and

H-13, resulting in the 7,8is assignment of the lactone ring (Fig 4.6).

Figure 4.6 a) Important NOESY correlations observed for compoG6d andb) AM1

calculated structure for compouB64

Cycloheptene, as a pseudo six-membered ring, isveel to exist in stable chair or boat
conformers (Leong et al., 1998) (Fig. 4.7). Frora &M1 calculated structures of both
compounds302 and304, it appears as if the cycloheptene rings of tleesepounds adapt

chair conformations.

Figure 4.7 a) Chair conformation of cycloheptene ring b) Baminformation of

cycloheptene ring

Compound304 was previously isolated froMrnica mollis(Marcinek-Hlpen-Bestendonk
et al., 1990) andi. splendidumBohlmann and Suwita, 1979). The relative confitjora
was incorrectly assigned as tr&8ns in the latter paper (the configuration was asgigne
based on comparison of chemical shifts and couglomgtants of similar lactones) but was
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corrected by Jakupovic and co-workers (1989), alghhono NMR data was supplied for
this compound in this particular publication. A qumand with NMR data identical to
compound304, with the configuration assigned as T:@s was also isolated from
Tithonia diversifolia(Kuo and Lin, 1999). However, the authors refeBthimann and
Suwita (1979), indicating a possible incorrect gsient of configuration at C-8,
emphasising the importance of independent steresichéassignments, even though these

are known compounds.

The structure of the dimeric helisplendidilacto866), previously isolated by Jakupovic et
al. (1989), was based on extensive one- and twedtsional NMR experiments (Plates
15-21), high-resolution mass spectrometry, and Xawuctural analysis. ThéH NMR
assignments (except for H-14 and H-14") made bydakic et al. (1989) were confirmed.
Two interesting'H,*H couplings were observed in thd NMR spectrum. The first was a
homoallylic coupling between d46’ and H-10'. Homoallylic coupling occurs over év
bonds {J) and is normally weaker than allylic coupling.dompound306, both C-6" and
C-10’ C-H bonds are co-planar with thébond, which allow for maximum overlap of the
o-bonds with ther-bond and therefore a detectable homoallylic cagpliPavia et al.,
1996). A long-range W'J) coupling is also observed between Ha-3’ and13. The rigid,
strained ring system has a favourable geometrytiHeroverlap involved (Pavia et al.,
1996).

Our *C NMR assignments for helisplendidilactor89§) differ at certain positions from
those previously reported (Jakupovic et al., 1988m the HSQC (Plate 19), it was clear
that the assignments of C-9 and C-9’ had to bedhmged because the carbon signal at
Oc 40.3 (assigned by Jakupuvic et al., 1989 as (i#®ved HSQC correlations with the
protons ady 1.54 anddy 2.28 assigned as the H-9' protons. The assignofehe protons

is correct as a COSY correlation is observed betwhese protons and the signaldgt
4.14 (H-8"). The HSQC correlation between the pnagonglet ady 1.22 and the carbon at
Oc 13.4 indicates that the carbon signalbbatl3.4 can be assigned to C-15, while the
carbon signal abc 10.6 correlating with the proton doubletdgt1.23 can be assigned to
C-13'. Thus, the assignments of C-13’ and C-15'tedse exchanged as well.

According to Jakupovic et al. (1989), the C-1 carbas a chemical shift & 150.1 while
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C-1’ appears abc 144.5. However, the HMQC correlation (Plate 20,. Fg) observed
between the carbon & 144.5 and the broad proton tripletdat2.10 (H-2, which shows a
COSY correlation with H-3p4 2.53) indicates that the signal & 144.5 should be
assigned to C-1 and the signaldat150.1 to C-1'. This change in assignment is furthe
supported by the assignment of the signaal44.7 as C-1 of the dihydroxanthalongin
monomers 302 304) by Marcinek-Hupen-Bestendonk and co-workers (J9#MQC
correlations (Fig. 4.8) between the proton dousté; 1.11 (H-14" according to Jakupovic
et al., 1989) and the carbonsdat144.7 (C-1) and 35.8 (C-10) resulted in our assignt

of this proton as H-14. Similar HMQC correlatiorstween the proton doublet & 1.25
(H-14’ by our assignment) and the carbondst50.1 (C-1"),8¢c 40.4 (C-9’) anddc 29.3
(C-10") support this change.

Figure 4.8 Selected HMQC couplings observed for helisplethaatone 806) to support

changes in assignments from those of Jakupovic €t389).

Confirmation of the relative configuration of hglisndidilactone 306) was challenging
due to the complexity of the proton NMR spectrurai{@15) in which several overlapping
signals were observed. The NOESY correlation olesebetween H-7&; 2.44) and H-8
(04 4.48), confirmed thecis-configuration of the dihydroxanthalongin lactonagr A
NOESY correlation is observed betweeg-$H (®n 1.77) and H-14 & 1.11), while a
NOESY is neither present betweeg-® (04 1.77) and H-8d 4.48) nor between H-14(
1.11) and H-8 & 4.48), which indicates that these protons (H-8 &hdl4) were on
opposite sides of the ring (Fig. 4.9).
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Figure 4.9Important NOESY correlations observed for heligdidilactone 806)

The absence of a NOESY correlation between H{'2(10) and H-8' §4 4.14) indicated
7'8-trans configuration for the second lactone ring, whilelear NOESY correlation is
observed between H-7%{ 2.10) and H-11' &4 2.72), showing that these protons are
cofacial. This is confirmed by the absence of a [S@Eorrelation between H-8df 4.14)
and H-11' ¢y 2.72) (indicating that these protons are on oppasdes of the ring), while
a NOESY is observed between H-8,@.14) and H-13' &, 1.23).

The relative configuration at C-14" could be detgred indirectly by using the NOESY
correlations observed between H-@; 2.10) and H-14'& 1.25) with K-9’ (o4 1.49). H-
14’ (d4 1.25) is on the same side of the ring as H&g' 2.10), as both H-7' and H-14’
shows NOESY correlations withgtd’ (4 1.49), while no correlation is observed between
H-8 and H-9'. A NOESY correlation observed between the signay 2.28 (assigned as
Hb-6, H-10, Hb-3', H-9’, H-10) and H-8' @y 4.14) could either be between H-8' ang- H
9’ or H-8' and H-10’ as these signals£9', H-10") overlap.

The relative configuration of the stereogenic cesitof the two monomer moieties could
therefore be determined with NOESY correlationg)(Bi.9). However, the orientation of
the bridge was not absolutely clear from the NMRadzbtained and confirmation of the
complex configurational assignments necessitatede tiX-ray analysis of
helisplendidilactone306) (Fig. 4.10 and Fig. 4.11).
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Figure 4.10Crystal used for data collection Figure 4.11 b-Axis axial photo
indicating mirror  symmetry

consistent with monoclinic lattice.

The X-ray structure of helisplendidilacton@0g) has not been reported in the literature.
Crystal data of helisplendidilacton80g) obtained in this study is given in Table 4.1 and
Table 4.2 and indicates that all bond lengths amubdbangles are in agreement with the
expected values (Table 4.2) for a good X-ray-ddiien structure refinement. The X-ray

structure is summarised as follows: Monoclif21, a = 9.0738(5)b = 11.4764(7)¢c =

12.2960(9) A = 90, = 96.933(5)y = 90°,V = 1271.08(14) A and Z = 2 (Fig. 4.12,
4.13)

The X-ray structure confirmed that both the backbstructure and relative configuration
(we were unable to determine the absolute configurawere correctly assigned by NMR
spectroscopic methods by Jakupovic et al. (198%hé illustration of helisplendidilactone
(306 in the paper by Jakupovic and co-workers (198%),stereochemical assignment at
C-11 is not clear. Herewith, we provide an unambigu assignment of the relative

configuration at C-11.

& Crystal data collected and analysed by Prof. Qddaro of the University of KwaZulu-
Natal, Pietermaritzburg
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Figure 4.12 Colour thermal ellipsoid plot for helisplendiditace @06) (50% probability
level), with H atoms not labelled for clarity.

Figure 4.13Unit cell contents.

The AM1 model of helisplendidilatone was obtainethg the atomic coordinates obtained
from the X-ray structure as input. The calculatedciure was overlayed with the X-ray
structure to determine whether there was a goorkladion between the calculated and
experimental structures. A reasonably good fit wlatsined between the calculated and X-
ray structure, illustrating the usefulness of thesedels (Fig. 4.14). The differences
observed are possibly due to the fact that the stofrthe side chain are more tightly

packed in the crystal structure, while more fremtion is experienced in the gas phase
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molecular model. In both cases the cycloheptergafrpart A of the dimer adapts a boat-
like conformation, while that of the B unit derivédm guaia-1,4-dien-12[Bolide is more

chair like.

Figure 4.14 Helisplendidilactone 306) X-ray structure (blue) vs. AM1-calculated
helisplendidilactone structure

Biosynthetically, the dimeric guaianolid&06 is most likely formed by a Diels-Alder
reaction between xanthalongin (tomentosB8ygj, and379 (Scheme 4.1), neither of which
have been isolated frohh. splendidun{Jakupovic et al., 1989). The diene is probably ve
reactive, as is the diene acting as a precursoaliemthin, another dimeric guaianolide,
which is only observed in Diels-Alder adducts aporéed by Jakupovic et al. (1989).
Dimeric guaianolides, like absinthin, occur Amtemisiaspecies (Bohlmann et al., 1985,
Kim et al., 2002, Jin et al., 2004, Beauhaire etE81, Wong and Brown, 2002) and in
Geigeraspecies (Zdero and Bohlmann, 1989).

)

378 379

Scheme 4.Diels-Alder reaction yielding helisplendidilacto(&06).
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4.3 Conclusion

Three guaianolides, were isolated fréin splendidum The determination of the relative
configuration proved to be challenging due to cumaping signals. The assignment of the
configuration as done by Jakupovic et al (1989)tiese compounds was confirmed, while
the NMR assignments for certain peaks of helisptéladtone B06) was corrected. An X-
ray structure for helisplendidilacton@0g) was obtained for the first time. The examples of
incorrect assignments of configuration associateith whese types of compounds
(Bohlmann and Suwita, 1979; Kuo and Lin, 1999) eagise that extreme care needs to be
taken in the assignment of the configuration obéheompounds, even if they are known.
This study has also shown the value of AM1 caledanhodels during the determination of

the complex configuration exhibited by these conmutsu

4.4 Experimental

4.4.1 General experimental procedures

'H and**C NMR spectra of all compounds were recorded onagavi Unity Inova 500
spectrometer with a 5 mm SW/Z-PFG probe (all spestcorded at 28C, operating at
500 MHz for’H and 125 MHz for*C spectra). Spectra were measured in GD@! all
compounds. Structures were determined by analys&EDo(HSQC, HMQC, COSY and
NOESY) NMR spectra and by comparison *ef and *C NMR spectra with reported.
Mass spectrometry data was collected on a timéigiitf Waters LCT Premier mass
spectrometer using electrospray ionization in tlusitive or negative mode. Optical
rotation was determined with a Perkin Elmer 24lapoieter for compoun®06. X-ray
structural analysis were carried out on an Oxfoecaldur 2 CCD diffractometer, (Mad)

radiation.

Separations were done using open column chromatigrand a chromatotron (Model
7924, Harrison Research). Silica gel (82QF40-63 um, Merck) was used for column
chromatography, while silica gel Merck 7749 withpgym binding agent was used for
preparation of chromatotron plates. Thin-layer omatography (TLC) was done on
precoated Kieselgel 60,4z plates (Merck or Machery-Nagel). Detection wasedbg UV

(254 nm) followed by staining with an anisaldehyselution, prepared as follows:
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Absolute ethanol (465 ml) was cooled in an ice bAtketic acid (5 ml), sulphuric acid (17

ml) andp-anisaldehyde (13 ml) was added and the solutiodnand stored in the fridge.

4.4.2 Plant material

H. splendidunwas collected on the Steenkampsberg pass in Mungalin January 2004.
The plant was identified by Ms M. Welmann from tBeuth African National Botanical
Institute, Pretoria. Voucher specimens were déposit the University of Kwazulu-Natal
herbarium NU . splendidumA. Lourens and A. Viljoen 2).

4.4.3 Extraction and isolation

Air-dried and ground leaves and stemshHbfsplendidum(107 g) were extracted with a
mixture of chloroform:methanol (1:1) at room tengtere for 48 hours to obtain
approximately 8 g of extract. After running a coluwith hexanes:ethyl acetate (2:1),
thirteen fractions (A1-A13) were obtained. A chraateon of A9 and A10 using
dichloromethane:diethyl ether (19:1) as eluentlteduin the collection of five fractions
(B1-B5), B1 being the clean compouBd2 (8.4 mg). A chromatotron of A6 and A7, using
the same eluent, led to the isolation of compd@®l(6.4 mg). A short column was run on
another 8 g okxtract with dichloromethane:methanol (99:1) toaottlO fractions (D1-
D17). Fraction D9-D10 was repeatedly cleaned up tie chromatotron using petroleum
ether.ethyl acetate (2:1) and finally dichloromeidaiethyl ether (19:2) to obtain 5.7 mg
of helisplendidilactone 306). The green solid obtained after purification walewly
crystallised at room temperature in an NMR tubenwieéxanes:dichloromethane to yield
colourlesss crystals.

4.4.4 Physical data of isolated compounds

Compound 302 a red brown gum, was identified as all3-dihydroxanthalongin
(Jakupovic et al., 1989; Marcinek-Hupen-Bestendehkl., 1990),1H NMR (500 MHz,
CDCl): 6 1.13 (3H,d, Ji1410= 7.1 Hz, H-14), 1.15 (3HJ, J1311= 7.4 Hz, H-13), 1.86 (1H,
ddd Jeaep = 15.7 Hz,Jea 5= 9.4 Hz,J7= 2.7 Hz, H-6), 2.04 (2Hm, Hy-9, He-9), 2.14
(3H, s, H-15), 2.22 (2Hm, H-2, H-6), 2.34 (2H,m, Hy-2, H-10), 2.43 (1HAdd J3a3p=
16.4 Hz,J322=9.1 Hz,J3,2=6.7 Hz, H-3), 2.55 (1H,ddd Js3a3b= 16.4 Hz,J3,,2=9.3 Hz,
Jan2=5.7 Hz, H-3), 2.65 (1Hdddd J711= 8.9 Hz,J7 = 9.1 Hz,J7 8= 6.2 Hz,J7,6 = 2.7
Hz, H-7), 2.79 (1Hdq, J11.7 = 8.7 Hz,J11.13= 7.5 Hz, H-11), 4.61 (1HJdd Jg o = 11.2
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Hz, Jg 7= 6.2 Hz, H-8), 5.44 (1Hyr dd, Js. 6 = 9.4 Hz,Js ¢ = 2.2 Hz, H-5)°C NMR (125
MHz, CDCk): 3 10.8 (CH, C-13), 21.3 (CHl C-14), 21.8 (CH C-6), 29.8 (CH, C-15),
31.0 (CH, C-2), 32.8 (CH, C-10), 36.9 (GHC-9), 38.9 (CH, C-11), 42.2 (CH, C-7), 42.7
(CH,, C-3), 80.5 (CH, C-8), 122.6 (CH, C-5), 144.1 (T1), 179.1 (C, C-12), 208.2 (C,
C-4); HRESIMS (positive ionization mode)n/z 251.1654 [M+H] (calc. for GsH»303
251.1647).

Compound 304, a red-brown gum, was identified as B113-dihydroxanthalongin
(Bohimann and Suwita, 1979; Marcinek-Huipen-Bestekdet al., 1990'H NMR (500
MHz, CDCk): 3 1.14 (3H,d, J1410= 7.1 Hz, H-14), 1.22 (3Hj, Ji311 = 7.1 Hz, H-13),
1.85 (1H,ddd Jog oa = 13.7,Jeps= 12.2 Hz,Jgg 10= 11.1 Hz, H-9), 1.97 (1Hddd Jog,ep =
13.7 Hz,Joq 10 = 6.9 Hz,Joq s = 2.6 Hz, H-9), 2.15 (3Hs, H-15), 2.17 (1HM, H.-6), 2.24
(3H, m, Hy-6, H-2, H-11), 2.37 (2Hm, H-7, H-10), 2.47 (1Hddd Jaa 3= 15.7 Hz,J302=
8.9 Hz,J3a.= 6.8 Hz, H-3), 2.56 (1H,ddd Jap 30 = 15.2,J3p> =8.7 Hz,J3,2 = 6.3 Hz, H-
3), 4.46 (1Hddd J = Jg g = 10.9 Hz,Jg 7 =8.5 Hz,Jg o« = 2.5 Hz, H-8), 5.36 (1Hpr dd,
Js.e = 5.8 Hz,Js 60 = 8.7 Hz, H-5)*C NMR (125 MHz, CDGJ): 5 14.1 ¢, C-13), 20.84,
C-14), 26.4 ¢, C-6), 30.1 ¢, C-15), 30.5% C-2), 35.41, C-9), 35.7 ¢, C-10), 39.4¢, C-
11), 42.9 (, C-3), 45.2 ¢, C-7), 79.3 ¢, C-8), 119.8¢, C-5), 144.8¢ C-1), 179.6§ C-
12), 208.3 ¢ C-4); HRESIMS (positive ionization modey/z251.1659 [M+H] (calc. for
Ci5H2303 251.1647).

Compound 306, colourless plates, crystallised from dichloronaeihexanes was
identified as helisplendidilactone (Jakupovic et 4089). fi]p = -45 (CHClI,, ¢ = 0.805)
[Lit. Jakupovic et al., 1989, -84CHCI;, ¢ = 0.21)];1H NMR (500 MHz, CDGJ): 6 1.08
(1H, dt, Jzasp = 8.5 HZ,J3a2 = Jza1: = 2.4 Hz, Ha-3'), 1.11 (3Hd, Ji410= 7.0 Hz, H-
14), 1.17 (1Hm, Ha-6), 1.22 (3Hs, H-15"), 1.23 (3H,d, J13.11 = 7.9 Hz, H-13'), 1.25
(3H, d, Jip14 = 7.0 Hz, H-14), 1.49 (1Hddd, Jygg= 9poa = 9p10 = 12.4 Hz, H-9'), 1.57
(1H, dd, Ji13013 = 12.1 HZ,J1302 = 1332 = 2.5 Hz, H-13), 1.68 (1HAdd, Jgoep = 15.2
Hz, Joa7 = 12.0 HzJoa 10 = 2.6 Hz, B-6), 1.77 (1H,ddd Joas = ar,0p = .10 = 12.2 Hz,
Hq-9), 1.98 (AHbr d, Jigs 13 = 132 = 12.0 Hz, K-13), 1.98 (1Hm, Hg-9), 2.10 (1H,br
ddd, J7 g ~Jrea = 11.0 Hz,J7.11 = 7.5 Hz,J7 65 = 2.8 Hz, H-7’), 2.13 (3Hs, H-15), 2.19
(2H, brt, J,3= 7.7 Hz, H-2), 2.28 (5Hn, Hb-6, H-10, Hb-3', H-9’, H-10’), 2.44 (3H,m,
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Ha-3, B-6’, H-7), 2.53 (1H,ddd, J,3= 7.0 and 6.6 HzJza3p= 16.5 Hz, Hb-3) 2.72 (1H,
dg, Jir 13 = 7.8 Hz,J117 = 7.5 Hz, H-11'), 2.94 (1Hbr s, H-2'), 4.14 (1H,ddd, Jg 7=
Joop=11.0 Hz Jg.gq = 2.2 Hz, H-8'), 4.48 (1Hddd Jg 0, =12.3 Hz, Jg7 = 9.0 Hz,Jg 3 =
2.2 Hz, H-8), 5.19 (1Hdd, Js6= 9.0 Hz,J5 ¢ = 5.5 Hz, H-5);*C NMR (125 MHz, CDCJ):
510.6 @, C-13'), 13.4 ¢, C-15), 20.7 ¢, C-14), 21.2¢, C-14"), 25.0(, C-6'), 25.3 ¢, C-
6), 29.3 @, C-10"), 29.8 , C-15), 30.3t( C-2), 35.8 ¢, C-10), 36.2( C-13), 37.1t( C-
9), 39.7 @, C-11"), 40.4{, C-9'), 41.8 (I, C-7), 42.5¢ C-3), 43.2¢, C-2'), 45.5 ¢, C-7),
50.7 ¢, C-3'), 54.0 §, C-4"), 63.0  C-11), 78.5¢, C-8), 84.6 ¢, C-8"), 119.7 @, C-5),
140.7 6, C-5"), 144.5 § C-1), 150.2¢ C-1), 179.1 ¢, C-12), 181.7 § C-12), 207.8¢
C-4); HRESIMS (positive ionization moden/z 479.280 [M-H] (calc. for GoH390s
479.2797).

4.4.5Molecular modelling

AM1 geometry optimisations were performed with Gaais® 03W, version 6.1 (Gaussian

Inc. Carnegie Office Park Building 6, Pittsburgt®y P5106, USA, Copyright 1995-2004),

while overlays were done in Hyperch&nrelease 6.03 for Windows (Hypercube Inc.,
copyright 2000).
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Table 4.1 Crystal data

Molecular formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient
F(100)

Crystal size

0 Range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness t®6= 25.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on &

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

Absolute structure parameter

Largest diff. peak and hole

and structure

(3\0 H4O OS
480.62
100 (2) K
0.71073 A
Monoclinic
P21
a=9.0738(5) A
b=11.4764(7) A
c=12.2960(9) A
a = 90°
B = 96.933(5)°
y=90°
1271.08(14) B
2

1.256 mgfn

0.084 mth
520

0.40 x 0.30 x 0.25 mth
4.43 to 28.06°
-12<=h<=12, -15<=k<=15, -16<=I<=16
16002
6126 [R(int) = 0.0276]
99.2 %
Semi-empirical from equivdken
0.9935 and 0.9224
Full-matrix least-squares énF
6126 /13 /321
1.089
R; = 0.0516 wR, = 0.1073
R; = 0.0524wWR; = 0.1077
0.1(10)
0.608 and -0.455' A

refinement for helisgidilactone 306).
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Table 4.2 Bondlengths [A] and angles [°] for helisplendidilaceo(306).

Bond lengths

C(1)-0(2)
C(1)-C(15)
C(1)-C(2)
C(1)-C(5)
C(1)-C(10")
C(1)-C(2)
C(2)-C(3)
C(2)-C(3)
C(2)-C(13)
C(3)-C(4)
C(3)-C(4)
C(4)-C(15)
C(4)-C(5)
C(4)-C(11)
C(4)-C(5)
C(4)-C(10)
C(3)-C(6)
C(5)-C(6)
C(6)-C(7)
C(6)-C(7)

1.216(3)

1.496(3)
1.519(3)
1.346(3)
1.522(3)
1.525(3)
1.487(3)
1.527(3)
1.558(3)
1.524(3)
1.541(3)
1.518(3)
1.537(3)
1.593(3)
1.320(4)
1.505(4)
1.504(3)
1.527(3)
1.539(3)
1.517(3)

C(7)-C(8)
C(7')-C(18)
C(7)-C(8)
C(7)-C(11)
C(8)-0(4)
C(8")-C(9)
C(8)-0(2)
C(8)-C(9)
C(9')-C(10)
C(9)-C(10)
C(10)-C(14)
C(10)-C(14)
C(11)-C(12)
C(11)-C(13)
C(12)-0(3)
C(12)-0(2)
C(13)-C(11)
C(11)-C(12)
C(12)-0(5)
C(12)-0(4)

1.524(3)
1.533(3)
1.536(3)
1.557(3)
1.463(2)
1.515(3)
1.455(3)
1.525(3)
1.534(3)
1.534(4)
1.527(3)
1.534(3)
1.522(3)
1.564(3)
1.205(3)
1.344(3)
1.532(3)
1.517(3)
1.197(3)
1.358(3)
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Table 4.2(continued) Bondengths [A] and angles [°] for helisplendidilaceo(06).

Bond angles

O(1)-C(1)-C(15)
O(1)-C(1)-C(2)
C(15)-C(1)-C(2)
C(5)-C(1)-C(10)
C(3)-C(1)-C(2)
C(10')-C(1)-C(2)
C(3)-C(2)-C(1)
C(1)-C(2)-C(3)
C(1)-C(2))-C(13)
C(3)-C(2)-C(13)
C(2)-C(3)-C(4)
C(2)-C(3)-C(4)
C(15')-C(4)-C(5)
C(15')-C(4)-C(3)
C(5)-C(4)-C(3)
C(15')-C(4)-C(11)
C(5)-C(4)-C(11)
C(3)-C(4)-C(11)
C(5)-C(4)-C(10)
C(5)-C(4-C3)
C(10)-C(4)-C(3)
C(1)-C(5)-C(6)
C(1)-C(5)-C(4)
C(6)-C(5)-C(4)
C(4)-C(5)-C(6)
C(5)-C(6)-C(7)
C(5)-C(6)-C(7)
C(6)-C(7)-C(8)
C(6)-C(7')-C(18)
C(8)-C(7')-C(18)
C(8)-C(7)-C(6)
C(8)-C(7)-C(11)
C(6)-C(7)-C(11)

121.42(19)
121.5(2)
117.03(18)
130.62(19)
106.52(17)
121.49(17)
113.08(19)
101.54(16)
106.25(16)
100.53(16)
118.4(2)
94.39(15)
117.26(17)
117.13(16)
99.43(15)
115.17(16)
104.58(15)
100.75(16)
126.0(2)
123.8(3)
110.2(2)
131.92(18)
107.82(17)
120.02(16)
126.8(2)
113.28(19)
114.76(16)
113.18(16)
116.32(16)
102.83(15)
110.87(17)
103.87(16)
118.21(16)

O(4)-C(8)-C(9")
O(4)-C(8)-C(7")
C(9)-C(8)-C(7")
0(2)-C(8)-C(9)
0(2)-C(8)-C(7)
C(9)-C(8)-C(7)
C(8)-C(9)-C(10)
C(8)-C(9)-C(10)
C(1')-C(10')-C(14’)
C(1')-C(10)-C(9)
C(14')-C(10')-C(9")
C(4)-C(10)-C(9)
C(4)-C(10)-C(14)
C(9)-C(10)-C(14)
C(12)-C(11)-C(7)
C(12)-C(11)-C(13)
C(7)-C(11)-C(13)
C(12)-C(11)-C(4")
C(7)-C(11)-C(4))
C(13)-C(11)-C(4")
0(3)-C(12)-0(2)
0(3)-C(12)-C(11)
0(2)-C(12)-C(11)
C(2')-C(13)-C(11)

C(12)-C(11)-C(13)

C(12)-C(11)-C(7)
C(13)-C(11)-C(7)
0(5)-C(12’)-0(4)
0(5)-C(12)-C(11))
0(4)-C(12)-C(11)
C(12)-0(2)-C(8)
C(12)-0(4)-C(8)

108.53(16)
104.14(15)
115.96(17)
109.12(19)
105.00(16)
114.87(18)
113.24(16)
113.4(2)
112.99(18)
115.54(17)
108.93(17)
116.90(19)
111.1(2)
110.0(2)
102.27(16)
109.33(16)
118.03(16)
109.65(16)
115.49(16)
102.02(15)
119.6(2)
128.9(2)
111.44(18)
103.07(16)
108.50(17)
102.31(16)
115.94(16)
121.42(19)
128.3(2)
110.27(17)
111.39(16)
110.08(15)
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CHAPTER 5

The phytochemistry ofHelichrysum montanum

5.1 Introduction

Helichrysum montanundC. is a mat-forming dwarf shrub that occurs maiat high
altitudes (1800 - 2500 m) such as the high moustainkwaZulu-Natal (Drakensberg),
Lesotho, and the Eastern Cape. Its branches ayeshert, congested and densely leafy,
and the leaves are distinctly striped and appeayigh-white and woolly. This species is
morphologically closely related thl. splendidum(Fig. 5.1), both species belonging to
Hilliard’s morphological Group 224. montanunis distinguished front. splendidurby

its dense growth pattern and by its leaves, whihalivays broadest near the tip. It
generally grows at higher altitudes then splendidumand flowers laterH. montanum
flowers between January and April, while the floimgrtime ofH. splendidunis between
October and January (Hilliard, 1983; Pooley, 1998).

Figure 5.1a) Flower and leaf dfi. montanum b) Flower and leaf ¢1. splendidum

A preliminary investigation by thin-layer chromataghy (TLC) revealed that extracts of
both H. montanumand H. splendidum(Fig. 5.2) exhibited red staining of certain
compounds with anisaldehyde spray reagent. To test lof our knowledge, the
phytochemistry oH. montanunhas not been investigated previously and the TasTilts

of these plant extracts indicated thit montanummay exhibit an interesting chemical

profile, similar to that oH. splendidum
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Figure 5.2 TLC of extracts oH. montanun{MO; locality unknown, MQ collected in the
Koueveld Mountains) and. splendidun{SR and SR both collected in Mpumalanga).

The aims of this chapter are:
» To report on the isolation and characterisatiorsefondary metabolites frof.
montanum.
* To determine whether the phytochemistry bf montanumsupports the close

morphological relationship observed with splendidum

5.2 Results and discussion

The chloroform:methanol (1:1) extract ldf montanunyielded two new compounds, 13'-
epihelisplendidilactone307) and the monomeric guaianolidd®l, both of which are
stereoisomers of compounds isolated fremsplendidum The extract also yielded five
known compounds, namely spathulen@B a sesquiterpene), umbelliferon848 a
coumarin), the guaianolide fI13-dihydroxanthalongin304) (also isolated fromH.
splendiduny, 18,50, 7a,83,11B)-4a-hydroxyguai-10(14)-en-8,12olide (300, a
stereoisomer of a guaianolide isolated frdfn splendidum and a flavone, 4',5,7-
trinydroxy-3,3’,8-trimethoxyflavone3gl).

The'H NMR (Plate 22) and®C NMR (Plate 23) spectra of compoud@7 indicated that
the spectra were similar to those of helisplendadne 806), previously isolated frorh.
splendidum(Thunb.) Less. (Jakupovic et al., 1989) and reigdl in our laboratory
(Chapter 4). The multiplicity of each of the 30mams of compoun807 was determined
with a DEPT experiment (Plate 2%)hich indicated the presence of eight quaternang n
CH, eight CH and five CH carbons, supporting the molecular formula @fHzOs as
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determined by high-resolution mass spectrometrynsitieration of two-dimensional
spectra [(HSQC (Plate 26), COSY (Plate 24) and HM®Gte 27, Fig. 5.3)] and
comparison with the NMR data (Plates 15 - 21) otadifor helisplendidilactone3(6)

(Chapter 4, Jakupovic et al., 1989) revealed tloatpound307, which we named 13'-

epihelisplendidilactone, had a backbone similah#&t of helisplendidilactone (Table 5.1).

Figure 5.3 HMQC correlations observed for 13’-epihelisplernidictone B07) (arrows

from **C toH). Arrows in red are probable HMQC correlationasrlap of signals occur

where these correlations are observed.

Table 5.1 'H and *C NMR data (CDG)
epihelisplendidilactone3Q7)®.

of helisplendidilactone 306) and 13'-

Helisplendidilactone | 13'-epi- Helisplendidilactone | 13'-epi-
(306) helisplendidilactone | (306) helisplendidilactone
on,(multiplicity, Jin (307) o (307)
Hz) Oy (multiplicity, J in Oc
Hz)
1 1445 C 1444 C
2 219 brt, 7.7) 2.200rt, 7.9) 30.3CH 30.4CH
3a | 2.4410) 2.44 () 42.5CH 42.4CH
3b | 253 @ddd 7.0, 6.6/ 255 (@ddd 6.7, 6.4
16.5) 16.5)
207.8C 207.9C
5.19 ¢ld, 9.0, 5.5) 5.23dd, 8.9, 5.2) 119.7 CH 1199 CH
6a | 1.171(0) 1.19 ) 25.3CH 25.3CH
6b | 2.28 (M) 2.30 fn)
7 2.44 M) 2.44 () 41.8 CH 42.02 CH
8 4.48 (idd 12.3, 9.0| 4.48 (ddd 12.1 Hz,| 78.5CH 78.6 CH
2.2) 8.9, 2.6)
90 | 1.77 @dd 12.2) 1.78qdd 12.4) 37.1CH 37.1CH
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9B [ 1.98 M) 198 @dd 121, 6.7,

0 2280 32% m 35.6 CH 35.6 CH
11 63.0C 629C
2 181.7C 1816 C
13 | 15760 121,25 | 156d0 122, 26) | 36.2CH 36.1ChH
a

130 | 1.98 61 d, 12.0) 19844 12.1, 3.8)

2 | 1116,7.0 1114, 6.9) 20.7CH 20.7CH
5 [ 2139 2136 20.8 Chy 29.8 CH
T 1502 C 1505 C
7 294019 294 b9 43.2 CH 43.3 CH
Ta | 1.086rdd, 85 21) | 1.08(dd 8521 | 50.7 CH 50.6 CH
3b | 2.28 () 2.30 )

7 54.0C 543C
5 140.7C 1403 C
6o | 1.68 @dd 15.2,2.6) | 1.65m) 25.0Ch 285Ch
68 | 2441 564 brd, 13.5)

7 | 2.10 br ddd 1.0 7.5, 1.65 M) 455 CH 50.7 CH
TR @dd 11.0,2.2) | 3.93ddd 11.0,22) | 84.6 CH 84.9 CH
9B | 1.49 @dd 12.4) 1.49¢dd 11.5) 20.4 Ch 0.2 CH
oo | 228 M) 330 )

0 228 M) 230 ) 293 CH 295 CH
1T [2.72 69 7.8,75) 3.3010) 39.7CH 42.00 CH
7 1791C 1783C
13 [1.236,7.9) 1.2604, 7.0) 106 Chh 12.8Ch
0 | 1.256,7.0 12579 212 Ch 213 Ch
5 1226 1239 134 Ch 135CH

#Positions where significant differences in chematiifts are observed are indicated in red.

The changes observed in the chemical shifts ofiresignals in théH and **C NMR
spectra of helisplendidilactongq6) and 13’-epihelisplendidilacton8@7) suggested that a
stereoisomer of helisplendidilactone was isola&gdnificant differences observed in the
NMR data of the two compounds include those fgi6H(Ad = -0.2), H-7" (\dy = +0.48),
H-8' (Ady = +0.21), H-11" Ady = +0.42) and C-6'4dc = -3.5), C-7' pdc = -5.2), C-11
(Adc = -2.3), and C-13' Adc = -2.2) (Table 5.1). These differences indicate tvo

molecules differ in the stereochemistry of the Rignolide unit (Fig 5.3).
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Consideration of the NOESY spectrum (Plate 28) eochparison with the NMR data
obtained for helisplendidilacton8Q6) revealed that 13’-epihelisplendidilactor89q) had
a 7,8¢is configuration like helisplendidilactone for the guaianolide unit and that the
bridge moiety was identical for the two compouriise chemical shifts for the “left-hand
side” of the molecule, which encompasses the Aan@ide monomer as well as the
bridge, is almost identical for the two compountiaportant NOESY correlations are
those observed between H-8y(2.44) and H-8 & 4.48), confirming the 7,8is-
configuration of the A unit, while the absence dN@ESY correlation between H-8
4.48) and H-14&, 1.11) indicates that this methyl group musttiaas to H-8 @y 4.48).
This is confirmed by the NOESY correlation obserbetiveen H-14§&,; 1.11) and H-9
(04 1.78) and the absence of a correlation between (8;84.48) and -9 (d4 1.78),

similar to what was observed for helisplendidilaet@07).

A NOESY correlation is also observed between H84(.48) and most probably H-18(
2.30, although the H-10 signal overlaps with on¢hef H-6 proton signals, which means
the observed NOESY may also be between H-8 and.H¥6¢ NOESY correlation
observed between H-84 2.44) and H-15'& 1.23) for helisplendidilactone06), is also
observed for 13'-epihelisplendidilacton&0{). The relative configuration of the left-hand

side of the molecule could therefore be determimidd relative ease.

This was not the case for the right-hand side eintiolecule. Analysis of the NMR spectra,
especially théH NMR spectrum (Plate 22) of 13'-epihelisplendiditane 807) proved to
be more challenging than that of helisplendidilaeto @06. For 13-
epihelisplendidilactone307), the signals for both H-7'd( 1.65) and H-11" ¢y 2.30)
overlap with the signals of other protons which pticate the assignment of the

stereochemistry at C-7" and C-11".

In an attempt to improve the resolution (in otheras, to separate overlapping signals), a
chiral shift reagent, Eu(fogwas added to the compound. This reagent was sdlest it
was used to improve the resolution of the signabs related guaianolide (Bohlmann et al.,
1977). Although this addition did improve the regmn between B9 and H-13, the
signals for H-@/7’ and H-10°/11" were still overlapping (Plate RHowever, the addition
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did enable us to observe a NOESY correlation betw$e9’ and H,-6'/H-7" not seen in
the spectrum where no addition occurred (Plate2®late 30).

NMR experiments were also performed on a 600 MHzRNKpectrometérin further
efforts directed at enhancement of resolution. Hmme there was no significant
improvement in the spectra when compared to thdswired from the 500 MHz
instrument. Further specialised NMR experimentghsas a double quantum COSY, a
gradient multiple quantum filtered COSY, and a haowear-2dj-resolved experiment
were also performed. These experiments were dondetermine whether coupling
constants of individual protons belonging to muétip could not be obtained, but due to

the complexity of these signals unambiguous commhgscould not be drawn.

Finally, NOESY correlations used in conjunction twAM1 calculated structures of the
most stable conformations of different possibleresissomers provided a solution. An
important correlation that was absent in the NOEp¥ctrum of307 was a correlation
observed foB06 (helisplendidilactone), between H-&3.93) and H-13' & 1.26). This
indicated that in 13’-epihelisplendidilactor#0{), the 13’-methyl group wasansto H-8'.
Therefore, two alternative structures were propdseccompound307: a) where the B-
lactone ring has 7°,86is configuration with the 13’-methyl group in tleposition (Fig.
5.4a) or b) where the B-lactone ring has a 7r8hs configuration as in
helisplendidilactone306), but with the 13’-methyl group in tH&position (Fig.5.4b).

Figure 5.4 Alternative structures possible for 13’-epihelsmdidilactone 307). a)

Structure with 7’,8’eis configuration. b) Structure with 7’,8ransconfiguration

 NMR experiments on the 600 MHz Varian instrumergravperformed by Ms. Jean
McKenzie of the University of Stellenbosch
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As mentioned before, the major difficulty in assignthe relative configuration at C-7°
and C-11’ lies in the fact that in thiel NMR spectrum, the signals for H-11" and H-10’ as
well as those of k6’ and H-7’ are overlapping. This extensive ovprtd signals was not
observed for helisplendidilacton20©).

If the AM1 calculated structures of 13’-epiheligpiiedilactone 807) (Fig. 5.5, only the B-
unit is displayed for the sake of clarity) is calesied, the following arguments can be
made to differentiate between the stereoisomeitsielie was a 7’,8Gis configuration, the
NOESY correlations observed for H-8( 3.93) is most probably with H-1184 2.30)
and H-7" @y 1.65) (Fig. 5.5a). On the other hand, if one cbms the 7’,8%ans
possibility, these same NOESY correlations indicatelose proximity of H-8 and H-
11'/H-10" and H-8 and only &6’ (also observed for helisplendidilactone) (Fx5b).
These correlations did therefore not allow unambigu assignment of the relative
configuration at C-7’ or C-11’ (Fig.5.6).

As direct NOESY correlations could not be useddtednine the relative configuration at
C-7" and C-11’, correlations observed with othestpns had to be considered. A NOESY
correlation is observed betweer-81 and H,-6'/7’, which is most likely a correlation
between H-7" and k9’, as a correlation between48’ and H-9’ does not seem feasible
for both possible structures. Furthermore, if thedel of the 7’,8cis structure is
considered, a NOESY correlation is expected betwdg®’ and H-8', however no
correlation is seen between these protons whichea@ved in théH NMR spectrum. It is
therefore concluded that 13-epihelisplendidilaegtoB07) has the 7’,8%tans structure,
thus differing from helisplendidilactone only inettorientation of the 13’-methyl group
(Fig. 5.4b and 5.5b). A NOESY correlation is aldmserved between H-13'/14" and,H
6'/7’. This is probably a correlation between Hawith H-13’, further supporting this
assignment (Fig. 5.6).
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Figure 5.5a) B guaianolide unit with 7°,8%is configuration. b) B guaianolide with 7’'8'-

trans configuration (Models calculated with Gaussian).

Figure 5.6 NOESY correlations observed for the second lactomg of 13-
epihelisplendidilactone3Q7).

The AML1 calculated structures were obtained bygisile atomic coordinates of the X-ray
structure of helisplendidilacton8@6), then changing the stereochemistry to obtain the
isomers possible for 13-epihelisplendidilactong0%), followed by AM1 geometry
optimisations in Gaussi&nThese models were then overlayed with the X-taycture of
helisplendidilactone306) in Hypercherfi to observe whether any conformational changes
occurred. A much better fit was obtained with theaX structure of helisplendidilactone
and the AM1 calculated structure of the 7r8hs 13’-epihelisplendidilactone structure
than with the 7'8’¢is structure (Fig. 5.7).
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Figure 5.7 a) Overlay of the AM1 calculated structure of theoposed 7'8€is
stereoisomer of 13’-epihelisplendidilactone witk #-ray structure of helisplendidilactone
(306). b) Overlay of the AM1 calculated structure oé tA’8’-trans stereoisomer of 13'-
epihelisplendidilactone307) with the X-ray structure of helisplendidilactof896).

As previously mentioned for helisplendidilactor3®¢), 13’-epihelisplendidilactone307)

is most likely a product of the Diels-Alder reactibetweer878 and guaia-1,4-dien-1238
olide 380 (Jakupovic et al., 1989), neither of which waslaged fromH. montanum
(Scheme 5.1).

378 380
Scheme 5.Diels-Alder reaction yielding 13’-epihelisplendiadtone 807).

The second new guaianolide isolated frelnmontanumwas assigned structuB9l A
known guaianolid®00 (Bohimann et al., 1982; Rustaiyan, 1987) was mislated. TheH
and °C NMR spectra of compoundd00 (Plates 37, 38) and801 (Plates 56, 57yere

similar. These compounds also exhibited the same $laining with anisaldehyde spray
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reagent. Both compounds had 15 carbons (acetopeegent as an impurity i800),
indicating the presence of two closely related sispenes. This was confirmed by high-
resolution mass spectrometry which indicated thatth bcompounds had a molecular
formula of GsH2,0O3. Two characteristic proton signals at approximadgl 5.0 andd, 4.9
indicating the presence of an exomethylene groug wbkserved, while protons typical of

those next to the oxygen in a lactone ring occuatég 4.26 00 anddy 4.45 @01J).

The normal two-dimensional experiments [(COSY @4a39, 58), HSQC (Plates 41, 60),
HMQC (Plates 42, 61, Fig. 5.8) and NOESY (Plates6®3] were performed and it was
determined that compoun@80 and301 are two stereoisomers of 4-hydroxyguai-10(14)-
en-12,8-olide. To our knowledge six stereocisomédrghis structure have been described
(Table 5.2) and these compounds were isolated tbnsplendidum(Jakupovic et al.,
1989), Gnephosis brevifoligJakupovic et al., 1988);eigera asperaHarv. var.aspera
(Bohlmann et al., 1982), an@ittrichia graveolens(Rustaiyan et al., 1987). A synthetic
route was also developed for two of these isont&esy(et al., 2000).

Figure 5.8 HMQC correlations observed for both compo®@0f and301

The proton NMR shifts observed for compo@dwere an exact match to those observed
by Bohlmann et al. (1982) for B113-dihydroinoviscolide. The structure of this campd
was later revised by Rustaiyan and co-workers (L98Fo corrected the relative
configuration from the d&,8a-stereoisomer to the(3183H-sterecisomer as indicated in
Figure 5.10. In our hands, NOESY correlations varserved between H-1 and H-8, while
no correlations were observed between H-8 and HH-b and H-5, indicatingrans-1,5
and trans7,8 configuration. Other correlations confirminigist configuration are those
between -6 and H-15, I-6 and H-11 and between H-7 ang-61(Fig. 5.9). The NOESY

correlations observed for compouB@0 used in conjunction with the AM1-calculated
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models of the structures confirmed the configuratas assigned by Rustaiyan and co-
workers (1987). Therefore300 has the same structure as the guaianolide preyiousl
isolated from Geigera asperavar. aspera (Bohlmann et al.,, 1982) an®ittrichia

graveolengRustaiyan et al., 1987), both members of the rastae.

Figure 5.9a) NOESY correlations observed for compow@Db) AM1 Gaussian model of
compound300,

As previously mentioned, compouB@1 was identified as a new guaianolide. The shifts of
several protons (H-1, H-5,g6, H-7, H-8, H-9) in thé¢H NMR spectrum of compound
301 differed from those in the proton spectrum of coompd 300, although all HSQC,
COSY and HMQC correlations supported the assignrmoért similar carbon backbone.
The relative configuration was again assigned usW@ESY correlations (Fig. 5.9).
However, as more overlap occurred for signals asgatwith stereogenic centres3al,

determining the configuration was more challenging.

The difference between compouB@l and compoun@00 is the relative configuration at
C-8. If one considers the AM1 calculated modelthee compounds, a large difference in
the most stable conformations is observed, with fike-membered lactone ring in
compound301 bending up towards the central cycloheptane rifgerwcompared to
compound300, providing a possible explanation for the chemidaftschanges observed
between the two compounds. NOESY correlations aglevo the determination of the
configuration include those observed between Hdlk15, H-5 and H-8, #6 and H-13,
H-8 and H-7/H-9 and the absence of a correlation between H-8Huid(Fig. 5.10).
Compound301lis a new C-11 epimer of a similar guaianolide presly isolated fronH.
splendidunm(Jakupovic et al., 1989).
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Table 5.2Structures antH NMR shifts of 4-hydroxyguai-10(14)-en-12,8-oli®mers previously isolated and synthesised, coaajiar

compound800and301
301 300

S

<

o

1 [ 204 2.15 2.18 3.03 2.96-3905 2.05 213

2 [177 1.77 1.80 1.75 1.84-1°60 1.85-1.60 1.70 1.78

1.95 1.89 1.92-1.86 1.92
3, | 177 1.77 1.73 1.73 1.75 1.82,1.72
3 | 172
5 [1.35 1.59 1.60 213 1.67 1.60
6a | 2.14 2.15 2.14 1.80 2.15-2706 217 1.85 1.96
63 | 1.35 1.11 1.12 1.08 1.07 1.02 1.70 1.17
7 [ 235 1.77 1.75 1.71 1.92-1°80 2.20-2.08 2.50 2.23
8 [ 445 4.26 4.26 3.79 3.78 3.97 4.57 4.40
9 [263 3.17 3.17 3.04 3.03 3.04 2.96 3.17
9 [235 251 2.51 217 2.14 3.00 2.19 2.54
11 [ 2.35 2.30 2.30 2.27 2.26 2.65 2.86 2.71
13 [ 1.29 1.25 1.25 1.24 1.23 1.16 1.22 1.21
14 | 4.98 4.94 4.95 5.05 5.03 5.02 4.93 4.95
4.91 5.04 5.04 5.09 5.07 5.08 5.02

15 [ 1.18s [ 1.20s | 1.20 1.16 1.14 1.13 1.20 1.20

@Rustaiyan et al., 1987 (revision of Bohlmann et #82);° Rustaiyan et al., 1987 Blay et al., 20007 Jakupovic et al., 1989Signals interchangeable within column, as

peaks were not assigned in publication




Figure 5.10 @) NOESY correlations observed for compoudil, arrows in identical
colours (other than black) indicate where overldpsignals occur and more than one
possibility is likely for the observed NOESY coatibn (b) AM1 calculated structure of
301

The fourth compound identified in the extract f montanumis the seco-guaianolide
compound304, which was also isolated from. splendidum It is interesting to note that
where as both compoun884 and302 (with the 13-methyl in th@-position) were isolated
from H. splendidumonly 304 (with the 13-methyl in the-position) were isolated frord.
montanum The same phenomenon is observed for compo8@dand301, which are the
C-11 a-methyl isomers of similar guaianolides isolatedonir H. splendidum
Helisplendidilactone 306) also differs from 13'-epihelisplendidilacton80() only in the
orientation of the 13’-methyl group. Biosynthetigalit therefore seems as thoudh
montanumsynthesises metabolites with the 13-methyl grogpelative to H-7, whileH.
splendidumis able to synthesise compounds with the 13-meithyboth thea and 3

positions.
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Except for flavonoid381, the other compounds isolated frarh montanumhave all
previously been isolated frofelichrysumspecies. Spathulend&6) is recognisable by
the broad singlets & 4.67 anddy 4.69 in theH NMR spectrum (Plate 31), which are
characteristic of the exomethylene group. The tluieglets upfield § 1.04, 1.05 and
1.25) each integrating for three protons are assign the three methyl groups. THE
NMR spectrum (Plate 32) exhibited 15 major peajsical of a sesquiterpene, in a pattern
related to that exhibited by compoun880, 301 and 304 The compound was further
identified using the DEPT (Plate 34) and two-dimenal experiments (Plates 33, 35, 36),
as well as by comparison with literature valuesin@ali et al., 1995, Ulebelen et al.,
1994). Spathulenol was previously isolated freimsplendidum(Bohlmann and Suwita,
1979), H. dasyanthum H. petiolare (Jakupovic et al., 1989) anHl. heterolasium
(Bohlmann and Abraham, 1979a).

Umbelliferone 848 was identified by the coupling patterns of pratan the aromatic
region, consisting of one set of ABX protordg (7.45, 6.79 and 6.71) (Plate 44) and two
coupled protons typical of a coumarid;(6.18, 7.84). The data obtained from tHe
(Plate 45), DEPT (Plate 47) and two-dimensional NMpectra (Plates 46, 48, 49)
supported this assignment. Coumarins are not véignasolated fromHelichrysum
species. Umbelliferone848 was previously isolated fromd. swynnertoniiiBohimann et
al., 1980), while other coumarins were isolatednftd. cymosun{Jakupovic et al., 1989)
andH. acutatum(Bohimann and Abraham, 1979b).

For the polyoxygenated flavonoBBla'H NMR spectrum (Plate 50) characteristic for a
flavonoid was obtained (NMR spectra, Plates 52-33)e to the limited amount of
material, the quality of th€C, HMQC and HSQC spectra were not very good. Toeeef
these spectra played a limited role in the detemtion of this structure. However, data

obtained from the NOESY spectrum enabled us toqeem structure. Based ti NMR
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chemical shift data, the compound seemed to besdhee as a flavone isolated frdtn
splendidum3’,4’,5-trihydroxy-3,7,8-trimethoxyflavone, by Bmann and Suwita (1979).

However, for381, no NOESY correlation was observed between anyhef methoxy
groups, between a methoxy group and the aromatgiesi O 6.26), or a methoxy group
and anortho-coupled B-ring proton®; 7.00, 7.75). In the NOESY spectrum, two of the
methoxy groupsdy 3.83, 3.96), assigned to 3-OMe and 8-OMe corrglati¢h both H-2’
and H-6’, whereas the third methoxy grodp 8.92, assigned as 3'-OMe) correlates with
only H-2'. These correlations unambiguously con&drthe assignment of the flavone as
4’ 5,7-trihydroxy-3,3’,8-trimethoxyflavone (Seamat al., 1972). It is possible that the
flavonoid isolated by Bohlmann and Suwita (1979nirH. splendidumis the same

compound, but the substitution pattern was assigmedgly by these authors.

5.3 Conclusion

The phytochemistry dflelichrysum montanumwas investigated for the first time and two
new guaianolides were isolated. The occurrenceuafagolides is very rare in this genus;
this type of compound has previously only beenaisal fromH. dasyanthun{Jakupovic

et al., 1989) an#f. splendidumBohlmann and Suwita, 1979; Jakupovic et al., 1988e
phytochemistry oH. splendidumandH. montanumis remarkably similar as initial TLC
results indicated and supports their morphologatassification in the same taxonomic
group. However, interesting differences were obsgrin the stereochemistry of similar
compounds isolated from these plants. It is algocbnfigurational assignments of these
compounds that poses a challenge to the chemistrlapping signals and errors in
literature complicate stereochemical assignments garat care needs to be taken when
elucidating these structures. The isolation oféhesnarkable compounds again illustrates

the fascinating chemical diversity exhibited by Boéfrican Helichrysumspecies.
5.4 Experimental
5.4.1 General experimental procedures and instrumen

'H andC NMR spectra of all compounds were recorded oradavi Unity Inova 500

spectrometer with a 5 mm SW/Z-PFG probe (all spestcorded at 28C, operating at

133



500 MHz for'H and 125 MHz for*C spectra). Spectra were measured in GO all
compounds except for umbelliferone and the flavoneihere spectra were obtained in
CD3OD. Structures were determined by analysis of 2[5@&, HMBC, COSY and
NOESY) NMR spectra. Mass spectrometry data waecitl on a time-of-flight Waters
LCT Premier mass spectrometer using electrospnaigation in the positive or negative
mode. Optical rotation was determined with a Peimer 241 polarimeter. Separations
were done using open column chromatography andaraiotron (Model 7924, Harrison
Research). Silica gel (6@, 40-63 um, Merck) was used for column chromatography,
while silica gel MERCK 7749 with gypsum binding ag@vas used for manufacturing of
chromatotron plates. Thin-layer chromatography (Fis@s done on precoated Kieselgel
60 Fs4 plates (Merck or Machery-Nagel). Detection wasedbg UV (254 nm) followed
by staining with an anisaldehyde solution, prepa®gdollows: Absolute ethanol (465 ml)
was cooled in an ice bath. Acetic acid (5 ml), bulic acid (17 ml) ang-anisaldehyde

(13 ml) was added and the solution mixed and stioréide fridge.

5.4.2 Plant material

Leaves and stems &f. montanumwere collected in the Koueveld Mountains in 2004.
These plants were identified by Ms. M. Welmann frone South African National
Botanical Institute, Pretoria. Voucher specimersrevdeposited at the University of

KwaZulu-Natal herbarium NUH. montanumF. van Heerden 1)

5.4.3 Extraction and isolation

Air dried and ground leaves and stemsHofmontanum(216 g) were extracted with a
mixture of chloroform:methanol (1:1) at room tengtere for 48 hours to yield 8 g of
extract. Initial clean up of 4 g of the extract wime by consecutively running a column
with hexanes:dichloromethane (9:1), dichloromethrae¢hanol (6:1), dichloromethane:
methanol (2:1) and methanol to obtain four inifi@ctions (F1-F4). Fraction F2 was
further separated on a column using hexanes:ettslate:methanol (7:5:1) resulting in
seven fractions (F2.1-F2.7). Centrifugal chromapgy (dichloromethane:

hexanes:diethyl ether (4:2:1) of fraction 2.3 yeglccompoun®07 (6.5 mg).

A short column of a further 1 g of extract with seqtially using
dichloromethane:methanol (99:1) and dichloromethraathanol (95:5) resulted in 10

fractions (G1-G10). A chromatotron of fraction GBdaG4 with hexanes:ethyl acetate
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(10:2) yielded compoun@86 (spathulenol) as a mixture (12.5 mg). A chromaiotran
with dichloromethane: hexanes:diethyl ether (4:2dh) fraction G7 followed by a
hexanes:ethyl acetate (2:1) chromatotron of G&2qisd of nine fractions) resulted in the
isolation of compoun@04 (1 mg), also isolated from helisplendidilactoneon@ound301
was isolated from fraction G8 after a chromatotusmg hexanes: ethyl acetate (2:1) as
eluent (fraction four of six fractions). Compourd#8 (umbelliferone, 0.6 mg) was
obtained by running consecutive chromatotrons onil® hexanes:ethyl acetate:methanol
(9:4:1) and G9.4 (fourth of five fractions) withxXames:ethyl acetate (4:1).

Compound376 (the flavonoid, 3 mg) was obtained by consecutieomatotrons of
fraction G7.9 and G9.5 with hexanes:ethyl acetatt) @nd (1:1). Column fractionation of
another 2 g of extract with hexanes:ethyl acetaig)( yielded seven fractions (H1-H7).
Chromatotrons on H5 with hexanes:ethyl acetate @tl3 of three fractions) with

hexanes:ethyl acetate (5:3) resulted in the iswiadi compoun@00(1 mg) (Figure 5.11).

- < 28¢
304 2

® < 307
348 >

Lo« 300, 30:
37¢ >

-

Figure 5.11 Thin-layer chromatography plate, indicating compasi isolated fromH.

montanum

5.4.4 Physical data of isolated compounds

Compound307, a red-brown gum, was identified as 13’-epiheésglidilactonedi]p = -11
(CH3OH, ¢ = 0.08);'H NMR (500 MHz, CDCY): &y 1.08 (1H,br dd, Jsazb 8.5 HZ,J3:a2

=J3a1z = 2.1 Hz, Ha-3"), 1.11 (3H, Ji1410= 6.8 Hz, H-14), 1.19 (1Hn, Ha-6), 1.23 (3H,
s, H-15"), 1.257 (3Hd, Jip14 = 7.0 Hz, H-14), 1.260 (3Hd, Ji311 = 7.0 Hz, H-13’),
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1.49 (1H,ddd Jopg=9p90=9p10 = 11.5 Hz, |-9'), 1.56 (1H,dd, Jiay,13 = 12.2 HZ,J130,2
= 2.6 Hz, H-13), 1.65 (2HmM, H-6", H-7’), 1.78 (1H,ddd Joa s = axgp = 10 = 12.4 Hz,
Hq-9), 1.98 (1HAdd Jopoq = 12.1 Hz,Jop.10 = 6.7 Hz,Jopg= 2.3 Hz, H-9), 1.98 (1Hdd,
Jizp1za = 12.1 Hz, i3> = 3.8 Hz, H-13), 2.13 (3Hs, H-15), 2.20 (2Hbr t, o3 = 7.9 Hz,
H-2), 2.30 (6H,m, Hb-6, H-10, Hb-3', H-9’, H-10’, H-11'), 2.44 (2Hm, Ha-3, H-7),
2.55 (1H,ddd J, 3= 6.7 and 6.4 Hzls,, 3p= 16.5 Hz, Hb-3), 2.64 (1Hr d, Jeep = Jea7 =
13.5 Hz, K-6’), 2.94 (1H,br s, H-2’), 3.93 (1H,ddd, Jg7= gop=11.0 Hz,Jg 9« = 2.2 Hz,
H-8'), 4.48 (1H,ddd Jg.o =12.1 Hz,Jg 7= 8.9 Hz,Jg. = 2.6 Hz, H-8), 5.23 (1HJd, Js 6=
8.9 Hz,Js6 = 5.2 Hz, H-5);"*C NMR (125 MHz, CDCJ): 8¢ 12.8 ¢, C-13'), 13.5 ¢, C-
15'), 20.7 1, C-14), 21.3¢, C-14"), 25.3 {, C-6), 28.5{ C-6'), 29.5 ¢, C-10'), 29.8 @,
C-15), 30.41 C-2), 35.6 ¢, C-10), 36.11( C-13), 37.11 C-9), 40.2{ C-9'), 42.00 ¢, C-
11'), 42.02 ¢, C-7), 42.41, C-3), 43.3¢, C-2'), 50.6 {, C-3'), 50.7 ¢, C-7’), 54.3 §, C-
4'), 62.9 6, C-11), 78.6q, C-8), 84.9 ¢, C-8'), 119.9 ¢, C-5), 140.3¢ C-5'), 144.4 §
C-1), 150.5¢ C-1'), 178.3 § C-12), 181.6 ¢, C-12), 207.95 C-4), HRESIMS (negative
ionization mode)m/z479.2777 [M-H] (calc. for GoHzgOs 479.2797).

Compound 286, a white amorphous solidwas identified as a mixture containing
spathulenol as the main component (Tringali et1895, Ulubelen et al., 19944 NMR
(500 MHz, CDC}): 8, 0.47 (1H,dd, J = 11.3 Hz, 9.5 Hz, H-6), 0.70 (1ky, H-7), 1.04
(3H, s, H-13), 1.05 (3Hs, H-12), 1.25 (3Hgs, H-15), 1.30 (AHmM, H-5), 1.58 (2Hm, H-
2a, H-3a), 1.77 (1Hn, H-3b), 1.89 (1HmM, H-2b), 2.01 (2Hm, H-9a, H-8), 2.20 (1Hm,
H-1), 2.42 (1Hdd, J = 5.9 Hz, 12.9 Hz, H-9b), 4.67 (1Hr s H-14), 4.69 (1Hbr s H-
14); °C NMR (125 MHz, CDGJ): 3¢ 16.3 ¢, C-13), 20.3¢ C-11), 24.81( C-8), 26.1 ¢,
C-15), 26.71, C-2),27.5 @, C-7),28.6 @, C-12), 29.9¢, C-6),38.8 ¢, C-9), 41.7 {, C-3),
53.4 @, C-1*), 54.3 @, C-5%), 80.9 & C-4), 106.2{ C-14), 153.45 C-10); HRESIMS
(neagtive ionization mode)m/z219.1750 [M-H] (calc. for GsH230219.1749). *Signals

interchangeable.

Compound 301, a white solid, was identified as3,ba,7a,8a,113H-4a-hydroxyguai-
10(14)-en-8,18-olide, [o]p = +35 (CHOH, ¢ = 0.13); *H NMR (500 MHz, CDCJ): &y
1.18 (3H,s, H-15), 1.29 (3Hd, Ji315= 6.8 Hz, H-13), 1.35 (2Hn, H-5, H-6), 1.77 (4H,
m, H-2, H-2, H-3, H-3), D4 (1H,br s, H-1), 2.14 (1Hpr dd, Jsa,e3 = 12.6 HZ,Ja,5 = Jea,7
= 5.3 Hz, Hy-6), 2.35 (3H,m, H-7, H-9, H-11), 2.63 (1Hdd, Joug = 12.7 Hz, 3.1 Hz,
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Ho- 9), 4.45 (1HAdd Jgo = 3.0 Hz,Jg 7= 8.2 Hz,Jg 3 =12.1 Hz, H-8), 4.91 (1H5, H-14),
4.98 (1H,s, H-14);*C NMR (125 MHz, CDGJ): 3¢ 14.6 @, C-13), 24.2¢, C-15), 24.41
C-2), 29.3(, C-6), 39.41 C-9), 39.5(, C-3), 41.14, C-11), 45.2¢, C-7), 50.9¢, C-1),
54.8 ¢, C-5), 80.1¢ C-4), 81.7 ¢, C-8), 112.0t{ C-14), 145.9¢ C-10), 178.95 C-12);
HRESIMS (negative ionization moden/z 249.1480 [M-H] (calc. for GsH2:03
249.1491).

Compound 304, a red brown gum, was identified as 1l3-dihydroxanthalongin
(Bohlmann and Suwita, 1979; Marcinek-HUpen-Bestekdat al., 1990), assignment, see
Chapter 3.

Compound348 a whiteamorphous solidvas identified as umbelliferone (Nath et al.,
2005),"H NMR (500 MHz, CROD, CDCk): 34 6.18 (1H,d, Js4= 9.5 Hz, H-3), 6.71 (1H,
d, Jss= 2.2 Hz, H-8), 6.79 (1H]d, Js 5= 8.5 Hz,Js 5= 2.3 Hz, H-6), 7.45 (1H], Js 6= 8.5
Hz, H-5),7.84 (1H,d, J453= 9.3 Hz, H-4)°C NMR (125 MHz, CBOD, CDCk): 3¢ 103.4
(d, C-8), 112.34¢, C-3), 113.1¢ 4a), 114.5d, C-6), 130.64, C-5), 146.0d, C-4), 156.5*
(s, 8a), 162.5* ¢ C-7), 163.5* ¢, C-2); HRESIMS (positive ionization mode)m/z
163.0398 [M+H] (calc. for GH;03 163.0395).*Estimated from HMQC.

Compound381, a yellow amorphous solidvas identified as 4',5,7-trihydroxy-3,3’,8-
trimethoxyflavone(Wang et al., 1989)H NMR (500 MHz, CROD: &, 3.83 (3H,s, 3-
OMe), 3.92 (3H,s, 3-OMe), 3.96 (3Hs, 8-OMe), 4.58 (1Hs, OH), 6.26 (1Hs, H-6),
7.00 (1H,d, Js¢ = 8.5 Hz, H-5'), 7.75 (1Hdd, Jg» = 2.1 Hz,Jg5 = 8.5 Hz, H-6’), 7.80
(1H, d, o g = 1.9 Hz, H-2');"*C NMR (125 MHz, CROD): & 55.3 (OMe, C-3'), 59.4
(OMe, C-3), 60.8 (OMe, C-8), 98(8, C-6)*, 102.7(s, C-10), 111.5¢, C-2"),115.8/115.4
(d, C-5), 121.8 ¢, C-1"),122.6 ¢, C-6"), 128.3 (s, C-8)138.5 6, C-3), 147.9¢ C-4)*,
149.1 6, C-3), 150.0 §, C-9)*, 156.3 (C-2)*, 156.9s( C-5)*, 157.5 §, C-7)*, 179.0(C,
C-4); HRESIMS (negative ionization mode)n/z 359.0754 [M-H] (calc. for GgH150s
359.0767). Ambiguous assignment due to poor quafigpectra.

Compound 300, a white solid, was identified asp,ba,7a,803,113H-4a-hydroxyguai-

10(14)-en-8,1@-olide (Bohlmann et al., 1982; Rustaiyan et al.879 [a]p = +47 [lit.
Bohlmann et al., 1982, +28(CHCl;, ¢ = 0.13)];1H NMR (500 MHz, CDCJ): &4 1.11

137



(1H, dd, Jep.6a = Jeg5 = Jep7 = 12.4 Hz, H-6), 1.20 (3H, s, H-15), 1.24 (3, Ji31= 7.2
Hz, H-13), 1.59 (1Hm, H-5), 1.77 (4Hm, Ha-3, H-7, Ha-2, Hb-3), 1.95 (1, H-2),
2.15 (2H,m, Hy-6, H-1), 2.30 (1HAdd J;113= 7.0 Hz,J;; 7 = 12.0 Hz, H-11), 2.51 (1H,
dd, Joq = 10.4 Hz,Jgq,08 = 15.8 Hz, H-9), 3.17 (1H,dd, Jog oo = 15.7 Hz,Jog g = 5.6 Hz,
Hg-9), 4.26 (1Htd, Jg7= Jg.aa = 10.3 Hz,Jg g3, = 5.6 Hz, H-8), 4.94 (1Hypr s, H-14), 5.04
(1H, br s H-14);**C NMR (125 MHz, CDGJ): 8¢ 13.0 @, C- 13), 24.0¢, C-15), 29.7
C-2), 31.1(, C-6), 40.81, C-9), 41.21, C-3), 42.3 4, C-11), 47.64, C-1), 50.3 4, C-7),
58.3 @, C-5), 80.5¢ C-4), 82.0¢, C-8), 111.3t C-14), 146.7¢, C-10), 178.4¢ C-12);
HRESIMS (negative ionization mode)n/z 249.1500 [M-H] (calc. for GsH210s
249.1491).

5.4.5 Molecular modelling

AM1 geometry optimisations were performed with Gaai§' 03W, version 6.1 (Gaussian

Inc. Carnegie Office Park Building 6, Pittsburgl®y P5106, USA, Copyright 1995-2004),

while overlays were done in Hyperchnrelease 6.03 for Windows (Hypercube Inc.,
copyright 2000).
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CHAPTER 6

The antimicrobial activity and phytochemistry of

Helichrysum excisum

6.1 Introduction

Helichrysum excisur(iThunb.) Less. (Fig 6.1) is a highly aromatic, ddngwiggy dwarf
shrub with yellow flowers endemic to the Westerrp€drovince of South Africa (Fig.
6.1, Fig. 6.2). Based on morphological characters,placed in Group 12 (Hilliard, 1983)
(Paragraph 2.1). This morphologic group containgesin species. The phytochemistry of
two of these speciesH( caespititium and H. asperumvar. albidulum) has been

investigated.H. caespititiumis used in traditional medicine to treat coldsadeches,

gonorrhoea and nausea occurs widely in the cepamras of South Africa (Hutchings and
Van Staden, 1994; Watt and Breyer-Brandwijk, 198lljard, 1983).

Figure 6.1a)Helichrysum excisunplant habitat Bl excisumflower
(Photos: J. VIok)

Acylated phloroglucinols were isolated from bdth caespititium(Dekker et al., 1983,

Mathekga et al., 2000) aridl asperunmvar. albidulum a plant found in the Western Cape
(Jakupovic et al., 1989, Hilliard, 1983). Varioudgroglucinols exhibit biological activity
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such as antibacterial (Gibbons, 2004) and antiyfpbendino et al., 2007; Nakane et al.,
1991) activity. In a previous study, Lourens et (@004) reported on the antimicrobial
activity of crude extracts oH. excisumagainst Gram-positive organisms such as
Staphylococcus aureusnd Bacillus cereusTo the best of our knowledge, there is no
reference in ethnobotanical literature relatingtlie use ofH. excisum However, the
interesting chemistry and medicinal use of morpbicially related species served as
motivation for the investigation of this specieartRermore, apart from the composition of
the steam-distilled oil (Lourens et al., 2004),piytochemical studies have been reported

onH. excisum

The aims of this chapter are:
 To investigate the phytochemistry dfi. excisumand to determine which
compounds are responsible for the antibacterialigcof the extract.
* To establish whether the chemistry léf excisumis similar to the other species
investigated in the same morphologic group (whethay chemotaxonomic

conclusions can be drawn).

6.2 Results and discussion

From the aerial parts off. excisum five flavonoids, identified as pinocembrirl)
gnaphaliin  67), lepidissipyrone 19), 5-hydroxy-7,8-dimethoxyflavone 72) and
isoscutellarein 1O-B-glucoside 80), were isolated. Four of these compounds have an
unsubstituted B-ring, a trend often observed inftheonoids isolated froniHelichrysum

species (Chapter 2).

The molecular formula ofl, C;sH1204, was confirmed by high-resolution mass
spectrometry. In thé’C NMR spectrum (Plate 64), the presence of 15 cagioms, of
which 12 are aromatic, two aliphatic, and one caybare observed. This suggests that the

compound might be a flavonoid.
In the 'H NMR spectrum (Plate 63), the chemical shifts andpling constants of two

aromatic proton®y 5.90 (1H,d, J= 2 Hz) andy 5.94 (1H,d, J = 2 Hz) are characteristic

of two metacoupled protons of the A ring of a 5,7-dioxygewifi@vonoid. The remaining
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five aromatic protons were assigned to a monosubsti aromatic ring. In the aliphatic
region, two non-equivalent methylene protong§g2.78 (1H,dd, J = 17 Hz,J = 3 Hz) and
oy 3.09 (1H,dd, J = 17 Hz,J = 13 Hz) which are coupled to a doublet of doub&ts,
5.46 (1H,dd, J = 13 Hz,J = 3 Hz) suggests a flavanone structure. From thdeace
mentioned, the structure was assigned as pinocer{riThe assignment was confirmed
by analysis of two-dimensional NMR data (Plates68%-and comparison of the NMR
data with literature values (Fukui et al., 198&gland McLaughlin, 1990).

Pinocembrin 1)

The compound showed laevorotatory rotation likertfagority of natural flavanones and is
assigned a2configuration (Bohlmann and Zdero, 1983; Sladalt2005), with the C-2
phenyl substituent in the-equatorial position. Taking the configuration lbétstereocentre
at C-2 and the coupling constants of the two H4®igal protons into account, the proton
atdy 2.78 could be assigned ag-Bland the proton & 3.09 as I#3. It is interesting to
note that in the HMQC (Plate 68),43 shows correlations with C-2, C-4 and C-1’, while
Hp-3 only shows a correlation with C-4 (Fig. 6.2).

Figure 6.2 Correlations seen in HMQC of pinocembrin (indicht®y arrows from>C to
1
H).

Pinocembrin 1) and its derivatives (often prenyl derivativestacfrequently in the South

African Helichrysumspecies, especially in plants from Hilliard’s mieofogical Groups 8,
9, 21, 23 and 27 (Bohlmann et al., 1980; Bohlmaral.e1979; Bohlmann and Ates, 1984;
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Bohlmann and Misra, 1984; Jakupovic et al., 1986hiBvann and Abraham, 1979c,d;
Bohlmann and Zdero, 1983). This compound has beefated fromH. cymosum
(Jakupovic et al., 1989N. oreophilumH. zeyheri(Jakupovic et al., 1986H. oxyphyllum
(Bohlmann et al., 1980H. callicomum(Bohlmann and Abraham, 1979&)j, tenuifolium
(Bohlmann and Abraham, 1979b) and from the rootdHofacutatum(Bohlmann and
Abraham, 1979c). High concentrations are also faortle Australian specids. stirlingii

(Jakupovic et al., 1987) and European speciesasidhitalicum (Sala et al., 2003).

Lepidissipyrone 19) precipated as a white solid from chloroform. dtsucture was based
on NMR data (Plates 69-74, Table 6.1), combineth Wigh-resolution mass spectrometry
which indicated a molecular formula of,#8,40;. As for pinocembrin X), the set of
doublet of doublet signals & 2.84 (1H,dd, J= 17 Hz,J = 3 Hz, H-3) andy 3.27 (1H,
dd, J= 17 Hz,J = 13 Hz, H-3), coupling to the doublet of doublat$, 5.53 (1H,dd, J =

13 Hz, J = 3 Hz, H-2), in théH NMR spectrum (Plate 69) indicated the presenca of
flavanone moiety. Integration of the signal &t 7.51 indicated that there were five
aromatic protons, suggesting an unsubstituted aroBaing. The shift of the proton &,

6.21 is in the region characteristic for protongtmnA ring of flavonoids.

Lepidissipyrone 19)

The presence of a 6-ethyl-4-hydroxy-5-methylpyrameiety was deduced from the
appearance of the triplet &4 1.18 (3H,t, J = 8 Hz) coupled to the quarteta 2.54 (2H,

g, J = 8 Hz), the methyl singlet & 1.86 in the'H NMR spectrum (Plate 69) and the
presence of a second carbonyl signaldat169.0 in the®®C NMR spectrum. This
substitution pattern is commonly found in pyroneslated fromHelichrysum species
(Bohlmann et al., 1984; Bohlmann and Zdero, 1988nd¢| et al., 1980; Jakupovic et al.,
1986). The'*C (Plate 70) and DEPT NMR (Plate 71) spectra shothedoresence of 24
carbons (the signals @ 127.0 anddc 129.3 each representing two carbons), which
included two CH, three CH, five CH, and 12 quaternary carbons. Two-dimeraitdiMR
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experiments (COSY — Plate 71, HSQC — Plate 73, HM(ate 74) were employed in

further analysis of the structure (Table 6.1).

Table 6.1'H and™*C NMR (CDCE) of lepidissipyrone 19).

Position 8.2 &° Correlation (&) BC NMR assignment of
observed in HMQC HMQC correlated carbon
2 5,53 (dd, 13.3] 81.5(CH) 194.8, 136.5,127.0 | 4,1’,2" and 6’
2.8)
3a 2.84 (dd, 17.2, 42.7 (CH) 194.8, 102.3 4,10
2.8)
3b 3.27 (dd, 17.2} 42.7 (CH) 194.8, 136.5, 81.5 4,1,2
13.3)
4 194.8 (C)
5 157.7 (C)
6 104.9 (C)
7 163.2 (C)
8 6.21 (s) 99.7 (CH) 165.8, 163.2, 104.9,7,6, 10
102.3
9 165.8 (C)
10 102.3 (C)
1 136.5 (C)
26’ 7.51 (5H m) 127.0 (CH) 136.5, 129.3, 130(11’,3 and5’, 4,2
81.5
35’ 7.51 (5H m) 129.3 (CH)
4 7.51 (5H m) 130.1 (CH)
2’ 169.0 (C)
3’ 101.2 (C)
4’ 166.9 (C)
5” 107.6 (C)
6” 161.9 (C)
7" 2.54 (2H q, 7.6) 24.3 (CHl 161.9, 107.6, 11.5 6”, 5", 8
8” 1.18 (3H t, 7.6) 11.5 (CY 161.9, 24.3 6", 7"
9” 1.86 (3H s) 9.2 (CH 107.6, 161.9, 166.9 5", 6", 4
10” 3.57 (2H s) 17.4 (CH 169.0, 166.9, 157.7,2",4",5,6,3
104.9, 101.2
4"-OH 8.09 (s) 166.9, 107.6,101.2 | 47, 5", 3
5-OH 11.89 (s) 102.3 10
7-OH 10.61 (s) 163.2 7

Integral (if not 1H), multiplicity and coupling astant(s) (in Hz) indicated in parentheses.
® Multiplicity determined by DEPT indicated in patkases.

HMQC (Plate 74) correlations indicated that the higletne group connecting the pyrone
and flavanone moiety was attached to C-6 of theaflane A ring and C-3” of the pyrone.
2] correlations were observed between H-8@'3.57 and C-&c 104.9 and C-38: 101.2,
while 3J correlations were observed between H-83"3.57 and carbons resonatingdat
169.0, 166.9 and 157.7, assigned to carbons C-2",&d C-5, respectively.
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The aromatic proton & 6.21 showed HMQC correlations &g 165.8 (C-9), 163.2 (C-7),
104.9 (C-6), 102.3 (C-10) confirming its assignmeawt H-8 of the aromatic A ring.
Considering the HMQC correlations, the singleba8.09 could be assigned to the 4"-OH,
while the singlet ady 11.89 most likely belongs to the 5-OH and the leingtdy 10.61 to
the 7-OH. It may be of interest to note that aspimocembrin, a HMQC correlation was
only observed between the more downfield H33 8.27) and C-1" as well as C-2, while
these correlations were absent for the upfield &3 2.84). However, this compound
decomposed in the chloroform solution before thigcaprotation could be obtained. This
compound was previously only isolated frd#n lepidissimumand the proton data is in

agreement with that reported by Jakupovic et. 289).

Similar pyrones were isolated from other plantshis genus, for exampld. mixtum H.
cephaloideum(Jakupovic et al., 1986}1. auriceps (Bohlmann and Zdero, 1980MN.
cerastioidegBohimann et al., 1984ndH. odoratissimun{Hansel et al., 1980), although
the pyrone side chain is usually combined with eqaglucinol and not with a flavanone

moiety. The antimicrobial activity of lepidissipyre (L9) is summarised in Table 6.2.
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Table 6.2Mean MIC {ug/ml) values for the chloroform:methanol (1:1) extrofHelichrysum excisumlepidissipyroneX9) and isoscutellarein

7-O-glucoside 80).
S. aureud S. epidermidis B. cereus C. neoformarfs | K. pneumoniat | P. aeruginosa
ATCC 12600 ATCC 2223 ATCC 11778 ATCC 90112 NCTC 9633 ATCC 9027
Crude extract 200 100 33 2000 4000 NS
Lepidissipyrone 156 78 78 156 312 156
(370uM) (185 M) (185pM) (370uM) (739uM) (370uM)
Isoscutellarein 71 NS’ ND¢ NS ND ND ND
O-glucoside
Positive Contrdf 0.39 0.78 2.5 0.78 2.5 25
(ng/ml) (2.28puM) (2.35uM) (7.54uMm) (0.84uwm) (7.54uMm) (7.54uM)
DMSO 8000 8000 8000 4000 8000 4000

#MIC values at least determined in duplicate
® Not susceptible, activity observed equivalent to $Mcontrol

“Not determined
dCiprofloxacin was used as positive control for baietand amphotericin B as positive control for yhast.
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OH O
Gnaphaliin 67)

The structure of gnaphaliin (5,7-dihydroxy-3,8-dihmexyflavone) 67) could be deduced
from the'H and™*C NMR spectra (Plates 75, 76) and is characteristia flavone. The
two singlets ady 3.88 anddy 4.00 indicated the presence of two methoxy growpbsle
the splitting pattern and the integration of thgnails atdy 7.54 anddy 8.10 showed the
presence of an unsubstitued B-ring. The chemiaéil shthe aromatic proton ai, 6.44
was comparable to those of similar flavones (Toim@ente et al., 1991) and its HMQC
correlations (Plate 79) with C-5/C-7, C-8 and Cuked to determine its position. Since
only one aromatic proton was present on the A andn@s, it was proposed that two

hydroxy and two methoxy substituents were presarthese rings.

The singlet aby 12.4 is typical for a hydrogen-bonded hydroxy, iymgy the presence of
a C-5 hydroxy group. The NOESY correlations (Pl&® observed between both the
methoxy groups and H-2'and H-6’, confirmed theilatiwe positions as only substitution
on C-3 and C-8 allowed both methoxy groups to belase proximity to both the H-2" and
6’ protons. The"*C (Plate 76) and DEPT NMR spectra showed 17 carbors methyl
groups, six CH, and nine quaternary carbons. Thigament of out’C NMR spectrum of
gnaphaliin differs slightly from that of Toméas-Late (1991), with the signal at 62.0
being assigned as the 8-methoxy group and thelsagia 60.4 assigned to the 3-methoxy
group, based on HSQC (Plate 78) and HMQC correiat{late 79). Gnaphalii®T), was
previously isolated fromH. cymosurmandH. argyrophyllum(Jakupovic et al., 1989) and
European species suchtdspicardii (Tomés-Lorente et al., 1991) aHd italicum (Sala et
al., 2003).

The 'H (Plate 81) and®C NMR (Plate 82) spectra of 5-hydroxy-7,8-dimethitayyone
(72) were similar to those obtained for gnaphal®®)( For this compound, théd NMR

signals assigned to the two methoxy groups werseclto each othedy 3.95 and 3.96),
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while an extra proton was present in the aromatgon @y 6.68) and an extra CH signal
present in the DEPT spectrum (Plate 84). This sstggethat72 contains one hydroxy
substituent less than gnaphaliBv). This wasconfirmed by the high-resolution mass data
(m/z297.0757 [M-H]), which indicated a molecular formula of,8:40s. The singlet at
on 12.6 was again indicative of a hydroxy substitutan C-5, while the presence of an
unsubstituted B ring could be derived from the gnétion and splitting pattern of the
aromatic protons aby 6.68 and 7.95. Important HMQC correlations (Pig#@ observed
were those between the protondat6.45 (H-6) and the carbons & 105.0 (C-10), 128.9
(C-8) and 158.7 (C-7) and the protondat6.68 (H-3) and the carbons & 105.0 (C-10),
131.4 (C-1’), 163.9 (C-2), confirming the positioosthe unsubstituted aromatic protons
as H-6 and H-3. The spectroscopic data obtainedidestical to that reported by
Kuroyanagi et al. (1987) for 5-hydroxy-7,8-dimetlfiavone except for the assignments
of C-5 and C-7. The HMQC correlation observed betwthe 7 or 8 methoxy signal @t
3.96 and the carbon &t 158.7 (thus C-7) resulted in the revised assignnigris change
is in agreement with the assignments of C-5 and&s-ieported by Horie et al. (1998) for
related flavones. An extract of the South Afriddnpetiolareas well as the KenyaH.
schimperi previously yielded this compound (Jakupovic et &B89, Jakupovic et al.,
1990).

7,8-Dimethoxy-5-hydroxyflavonerg)

The'H (Plate 88) and®C NMR (Plate 89) spectral data of compo@tiagain suggested
the presence of a flavone. The substitution paitetil NMR spectrum for compoungo
differed from the other isolated flavonoids in eémtaspects. The presence of tartho-
coupled doubletsJ(= 8.8 Hz) atdy 6.98 anddy 8.01 assigned to H-3',5" and H-2',6’
respectively, indicated para-substituted B ring. Several signals in the aligheggion of
theH NMR indicated the presence of a sugar moiety. dhepling constant of the proton
at C-1” was calculated as 7.3 Hz which agrees with value obtained for glucose by
Lenherr et al. (1984). Further evidence for thespnee of a glucose group and its

localization at C-7 was obtained by comparing andetating’*C NMR data of our
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compound with other 7-glycosylated 8-hydroxyapigsniAlbach et al., 2003; Lenherr et
al., 1984; Nakanishi et al., 2004). The existente §-linkage was confirmed by the
anomeric proton doublet &t 4.97 with a large coupling constadt£ 7.3 Hz). HMQC
correlations (Plate 93) confirmed the assignmeritshe singlet atdy 6.67 as H-6
(correlations withdc 105.2 (C-10), 127.0 (C-8), 151.2 (C-5), 152.4 (Cand the singlet at
oy 6.85 as H-3 (correlations with carbons resonatin@cal05.2 (C-10), 101.3 (C-1)),
164.0 (C-2) and 182.4 (C-4). All other NMR spectmsic data as well as the high-
resolution mass results(z447.0923 [M-H], indicating a molecular formula of,,0011

were in agreement with the proposed structure.

OH O

Isoscutellarein ©-f3-glucoside 80)

Isoscutellarein ©-glucoside was previously found in different specgd the primitive

order of liverworts, Calobryales, from AntarcBcyumspecies (Markham 1977, Markham
and Given, 1988) and frofRosmarinus officinaligDel Bano et al., 2003). To the best of
our knowledge, this is the first time this glycasittas been isolated from the genus

Helichrysum.

The main class of compounds isolated frlmexcisumwas therefore not of the acylated
phloroglucinol type as fad. caespititium(Dekker et al., 1983, Mathekga et al., 2000) and
H. asperumvar. albidulum (Jakupovic et al., 1989) (the other two Group p2cses
investigated), but mainly flavonoids, indicatingtiid. excisumis chemically not closely
related toH. caespititiumand H. asperumvar. albidulum It would be interesting to
investigate the other species classified morpho#dlyi as Group 12, but collection of plant
material is hampered by the fact that several efsehspecies are narrowly endemic
(Hilliard, 1983).

As mentioned previouslyH. excisumextracts exhibited antimicrobial activity against

Gram-positive organisms such & aureus S. epidermidis and B. cereus The bio-
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autographic assay of initial column fractions, afed after fractionation of the extract, as
well as of the isolated compounds, indicathdt the antibacterial activity of the extract
could be attributed mainly to the presence of lisgidyrone {9). MIC values were
therefore determined for this compound (Table @R¥ortunately, only moderate activity
was observed (MIC values of between 78 and|Bj/&nl observed for the screened micro-
organisms). As expected, lepidissipyrori®)(has higher activity towards the Gram-
negative organisms an@€. neoformansthan the crude extract, but only a slight
improvement was observed agaifstaureusandS. epidermidisThe decrease in activity
observed againd®. cereus when considering the activity of the crude extrawdicates
that lepidissipyrone may be acting synergisticalish other chemical entities. Although
none of the other flavonoids exhibited observalidtvily in the bio-autographic assay,
varying anti-staphylococcal activity has been rdedrfor pinocembrin) (666 pg/ml,
Alcaraz et al. 2000; 0.1 pg/plate, Bremner and Me$898; 125 ug/disc, Fukui et al.,
1988; 50ug/ml, Hufford and Laswell, 1978). It was also repd that gnaphaliin6(7)
inhibits the growth of several microorganisms (Terérente et al., 1991; Mendoza et al.,
1997). These discrepancies in observed activity beylue to several factors including
differences in assays used (Cushnie et al., 2008n1@e and Lamb, 2005).

The modest activity observed for lepidissipyroneswmexpected since a much higher
antimicrobial activity, with MIC's of 12.5 pg/ml ainst Bacillus species andS.
epidermidis was reported for a phloroglucinol with a similactone side chain (Tomas-
Barberan, 1990). Other similar lactones also stgomghibited several Gram-positive
microorganisms (Rios et al., 1991). Lepidissipyrd®8) decomposed on standing in
chloroform, which indicated that the pyrone ringegent might be acid sensitive. This

instability might explain the MIC values observed the isolated compound.

6.3 Conclusion

One of the active antimicrobial components bf excisum was identified as
lepidissipyrone 19), a flavanone containing ampyrone substituent on the A-ring. The
phytochemical investigation of this species haswshthat, based on chemical evidenide,
excisumdoes not belong in the same taxonomic groupl.asaespititiumandH. asperum
var. albidulum Further investigation of species within morphatad Group 12 is required
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to determine whether this morphological group isaraebterised by flavonoids or

phloroglucinols as major chemical constituents.

6.4 Experimental

6.4.1 Plant collection

Helichrysum excisuniThunb.) Less was collected on Robinson’s pasar(@adtshoorn)
during November 2002 (Jan Vlok, 2830, NU) and Audi@04 (Jan Viok 2830A, NU) in
the Western Cape, South Africa. The identity of pteent material was confirmed at the
South African National Biodiversity Institute indRoria and voucher specimens deposited

in the University of KwaZulu-Natal herbarium (NW) Pietermaritzburg, South Africa.

6.4.2 Instrumentation and chemicals

Column (silica gel 60) and centrifugal chromatography (chromatotrmodel 7924,
Harrison Research) were used for the purificatibexracts and fractions. The circular
plates for use on the chromatotron were coated pidparative silica gel (1 or 2 mm
thickness). Thin-layer chromatography (TLC) pla(seselgel 60 Es4 0.25 mm) were
used for examination of fractions and visualizatdrspots was achieved by staining with
anisaldehyde/b80, and heating. The anisaldehyde solution was prdpseollows: 465
ml absolute ethanol was chilled in an ice bath.ti&cacid (5 ml), sulfuric acid (17 ml) and

p-anisaldehyde (13 ml) was added and the soluticedn@nd stored in the refrigerator.

'H and**C-NMR spectra were recorded on a Varian Unity In60@ spectrometer with a 5
mm SW/Z-PFG probe (all spectra recorded at °Z§ (500 MHz for *H) at room
temperature in solutions of either deuterated dftsm or methanol. Spectra for
isoscutellarein ©-glucoside 80) were recorded on a Varian Inova 2000 (300 MHz for
'H) in DMSOds using TMS as internal standard. Structures wererdted by analysis
of 2D (HSQC, HMBC, COSY and NOESY) NMR spectra dnydcomparison otH and
3C NMR spectra with literature values. Mass specéipyndata was collected on a time-
of-flight Waters LCT Premier mass spectrometer gisglectrospray ionization in the

positive mode. Optical rotation was determined witRerkin EImer 241 polarimeter.
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6.4.3 General extraction

Plant material was air dried (protected from sumdigand ground. Plant material was
extracted twice with solvent for 24 hours at ro@mperature where after the solvent was
removed under vacuum. Chloroform:methanol (1:1)hldiromethane and methanol
extracts were prepared. Extraction of the air-driggbund aerial parts (250 g) &f.
excisum(Jan Vlok 2830A) with chloroform: methanol (1:1ljeided 16 g of extract. A
dichloromethane extract (5 g) was obtained by eikitrg 100 g dried, ground plant
material (Jan Vlok 2830A) at room temperature. Ahmaol extract (17.3 g) was prepared

from ground, air-dried aerial parts (160 g, Janky830).

6.4.4 Antimicrobial bioassays

Determination of minimum inhibitory concentration (MIC) values

See Paragraph 5.2.4. The antimicrobial activity légidissipyrone 19) was determined
against Bacillus cereus (ATCC 11778), Staphylococcus aureugATCC 12600),
Staphylococcus epidermidigATCC 2223), Klebsiella pneumoniae(NCTC 9633),
Pseudomonas aeruginogATCC 9027), andCryptococcus neoforman®TCC 90112).
Antimicrobial activity for isoscutellarein ©-glucoside 80) was determined fdB. cereus
(ATCC 11778) andb. aureugATCC 12600).

Bio-autography on thin-layer chromatography (TLC) plates

Bioassay-guided isolation of antibacterial compaufidmHelichrysum excisurwas done
by direct bio-autography on TLC (Van Vuuren et &Q06). The crude chloroform:
methanol extract, the fractions obtained afteidhitolumn chromatography of the crude
extract and the isolated compounds were spotted’ldd plates and developed with
hexanes:ethyl acetate 2:1 as solvent system. AcdiplITLC served as reference plate. A
tryptone soya agar base layer was poured intorgesRetri dish and the developed TLC
plates placed onto its surface after setting. sdagar layer, inoculated with aureus
(ATCC 12600) was poured onto the TLC plate. Aftecubation for 24 hours at 3T
inhibition zones were visualized by spraying witld.4 mg/ml INT solution. Clear zones
on the pink background indicated compounds withi-staphylococcal activity. The

corresponding compounds could be identified withréference TLC (Figure 6.3).
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Figure 6.3 Bio-autographic assay of compounds isolated fkhnexcisum The clear zone

is observed for lepidissipyrone

6.4.5 Fractionation and isolation of compounds

The crude chloroform: methanol extract (6 g) wastionated on silica gel by sequential
elution with hexanes:ethyl acetate (2:1), hexatleg:.eacetate (1:1), and ethyl acetate
(100%) to yield 12 fractions (A1-Al2). Fraction A880 mg) was further fractionated
using chloroform (100%), chloroform:acetone (50:1¢hloroform:acetone (25:1),
chloroform: acetone (10:1), and acetone (100%)ite @ fractions (B1-B7). Fraction B4
(51 mg) was purified on a chromatotron with hexagthyl acetate (2:1) as mobile phase
to yield compound. (2 mg), which precipitated when the dried fractaptained from the
chromatotron was dissolved in chloroform. Compo@¥(1 mg) was obtained from
fraction B3 (70 mg) after separation on a chronmatotvith hexanes:ethyl acetate (2:1) as
eluent. Purification of fraction B2 (180 mg) on tlsromatotron with hexanes:ethyl
acetate (2:1) yielded compourd® (5 mg) which precipitated as a white solid from a

fraction that contained a mixture of two compounds.

The crude dichloromethane extract (5 g) was fraetied on silica gel using hexanes:ethyl
acetate (9:1), hexanes:ethyl acetate (8.5:1), le=xathyl acetate (8:2), and hexanes:ethyl
acetate (6:4) followed by washing the column witétinanol as eluent to obtain 8 fractions
(C1-C8). Fraction C4 was further fractionated withchromatotron with hexanes:ethyl

acetate (2:1) as eluent to yield compouds a yellow solid (2 mg).

The methanol extract (17.3 g) was dissolved in em@th and subjected to column

chromatography using silica gel and subsequent lmgiliases consisting of hexanes:
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dichloromethane (9:1), dichloromethane:methandl)(6dichloromethane:methanol (3:1),

and methanol (100%). Isoscutallareii®{glucoside 80) precipitated as a yellow solid (85
mg).

6.4.6 Physical data of compounds

Compoundl, a white amorphous solid, was identified &sginocembrin (Fukui et al.,
1988; Jung and McLaughlin, 1990)]§ = -53 (MeOH, ¢ = 0.09) [lit. Fukui et al., 1988, -
52 (MeOH, ¢ = 0.188); Su et al., 2003, -58.5 (MeOH; 0.91); Hsieh et al., 1998, -47.3
(MeOH, ¢ = 5.48)FH NMR (500 MHz, CROD): & 2.78 (1H,dd, Js,33 = 17 Hz,J53, = 3
Hz, He-3), 3.09 (1H,dd, Js33 = 17 Hz,J23 = 13 Hz, H-3), 5.46 (1H,dd, J, 3 = 13 Hz,
Jo3 = 3 Hz, H-2), 5.90 (1Hd, Js5= 2 Hz, H-6), 5.94 (1Hd, Jss = 2 Hz, H-8), 7.36-7.43
(3H, m, H-3',4',5), 7.50 (2H,d, J= 8 Hz, H-2" and H-6');*C NMR (125 MHz, CQOD):
3c 44.2 (, C-3), 80.5¢, C-2), 96.3 ¢, C-8), 97.24, C-6), 103.4¢ C-10), 127.4d, C-2’
and C-6'), 129.6d, C-4"), 129.7 ¢, C-3' and C-5'), 140.55 C-1’), 164.7 ¢, C-9), 165.5
(s, C-5), 168.6 ¢ C-7), 197.3 ¢, C-4); HRESIMS (negative ionization mode)n/z
255.0652 [M-H] (calc. for GsH1:04 255.0657).

Compound67, a yellow amorphous solid, was identified as grédiph(Tomas-Lorente et
al., 1991),*H NMR (500 MHz, CDCY): &, 3.88 (3H,s, 3-OMe), 4.00 (3Hs, 8-OMe),
6.28 (1H,s, 7-OH), 6.44 (1Hs, H-6), 7.54 (3HM, H-3",H-4’ and H-5’), 8.10 (2Hm, H-2’
and H-6'), 12.4 (1Hs, 5-OH);*C NMR (125 MHz, CDG): 3¢ 60.4 {1, 3-OMe), 62.04,
8-OMe), 98.5 ¢, C-6), 105.8¢ C-10), 126.75 C-8), 128.3¢, C-2',C-6"), 128.8 ¢, C-3’
and C-5’), 130.5¢ C-1), 131.1 (, C-4"), 139.7 § C-3), 155.1¢ C-2), 155.5¢ C-5),
157.6 6, C-7), 179.1¢, C-4); HRESIMS (negative ionization mode)/z313.0712 [M-
H]  (calc. for G/H130s 313.0712).

Compoundl9, a white amorphous solid, was identified as lsgigyrone (Jakupovic et
al., 1989; Hua and Wang, 2004 NMR (500 MHz, CDC}): See Table 6.1*°C NMR
(125 MHz, CDC}): See Table 6.1; HRESIMS (negative ionization mypdez421.1273
[M-H] " (calc. for G4H210; 421.1287).

Compound 72, a  yellow amorphous solid, was identified as 8#oxy-7,8-
dimethoxyflavone (Gupta et al., 1983; Kuroyanagiaét 1987),'"H NMR (500 MHz,
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CDCls): &4 3.95 (3H,s, 7 or 8-OMe), 3.96 (3Hs, 7 or 8-OMe), 6.45 (1Hs, H-6), 6.68
(1H, s, H-3), 7.56 (3HmM, H-3', H-4’ and H-5’), 7.95 (2Hm, H-2’ and H-6"), 12.6 (1HSs,
5-OH), *C NMR (125 MHz, CDGJ): 3¢ 56.4 @, 7 or 8-OMe), 61.7¢ 7 or 8-OMe), 95.8
(d, C-6), 105.0¢ C-10), 105.4d, C-3), 126.3¢, C-2'and C-6’), 128.9 C-8), 129.24,
C-3' and 5), 131.4 C-1'), 131.9 @, C-4’), 149.4 §, C-9), 157.6% C-5), 158.7§ C-7),
163.9 6, C-2), 182.7¢, C-4), HRESIMS (negative ionization moda)z297.0757 [M-H]
(calc. for G/H1305 297.0763).

Compound80, a yellow amorphous solid, was identified as dsbsllarein 70-3-
glucoside (8-hydroxyapigenin @-B-glucoside) (Albach et al., 20034 NMR (300 MHz,
DMSO-s,): 8 3.22 (1H t, J3 4 = Jarsr = 8.5 Hz, H-4"), 3.54-3.32 (4Hn, H-2", H-3", H-
5" and H-6"), 3.78 (1Hm, H-6"), 4.68 (1H,br s, OH), 4.97 (1Hd, J = 7.3 Hz, H-1"(3-
glucoside), 5.11 (2Hpr s, OH), 6.67 (1Hs, H-6), 6.85 (1Hs, H-3), 6.98 (2Hd, J = 8.8
Hz, H-3' and H-5'), 8.01 (2Hd, J = 8.8 Hz, H-2’ and H-6"):*C NMR (75 MHz, DMSO-
ds): 8¢ 60.7 ¢, C-6"), 69.7 (I, C-4"), 73.2 @, C-2"), 75.7 ¢, C-3"), 77.3 (I, C-57"), 98.7 (,
C-6), 101.3 ¢ C-1"), 102.7 ¢, C-3), 105.2¢ C-10), 116.0d, C-3' and C-5’), 121.39
C-1), 127.0 §, C-8), 128.7¢, C-2’ and C-6’), 144.35 C-9), 151.2¢ C-5), 152.4¢, C-
7), 161.3 ¢, C-4"), 164.0 §, C-2), 182.4 ¢ C-4), HRESIMS (negative ionization mode)
m/z447.0923 [M-H] (calc. for GiH14011 447.0927).
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CHAPTER 7

Synthetic approaches towards the synthesis of

lepidissipyrone
7.1 Introduction

Several phloroglucinoti-pyrones have been isolated from South African Bodpean
Helichrysumspecies (Fig. 7.1). The phloroglucinol moietiedhese compounds are often
prenylated while the 4-hydroxy-2-pyrone unit is alby alkylated in both the 5- and 6-
positions (Bohlmann et al.,, 1984; Bohlmann and dder980; Héansel et al., 1980;
Jakupovic et al., 1986, Vrkcet al., 1971). These compounds exhibit noticélddogical
activity. Phloroglucinol pyrones isolated frarh decumbengxhibited antifungal (Tomas-
Lorente et al., 1989) and antibacterial activitpifias-Barberan et al., 1990), while those

isolated fromH. stoecha®xhibited antimicrobial activity (Rios et al., 199

OH OH

Arzanol 374 Italipyrone (372 Helipyrone 875
(H. italicum) (H. stoechaps (H. decumberjs

Figure 7.1Phloroglucinol-derivea-pyrones isolated frorHlelichrysumspecies

Arzanol 374), isolated fromH. italicum showed significanin vitro antioxidant activity

and had a protective effect against oxidative d#ggian of linoleic acid and cholesterol,
oxidisable substances present in membranes. Theaord was also found to be non-
toxic in the MTT assay against VERO cells (a lifefibroblasts derived from monkey

kidney) at concentrations of 0.5-4iM (Rosa et al., 2007). The most consequential
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findings are those by Appendino and co-workers 7208ho reported on the NEB

inhibitory activity of arzanol374) as well as its inhibition of HIV-1 replication if-cells.

Pyrones are an important class of naturally-ocogriactones and the 4-hydroxy-2-pyrone
(a-pyrone) motif can be found in a wide range of rmedilly significant natural products
(Whang et al., 1990; Carney et al., 2002; Zhang@awishefsky, 2002; Kurdyumov et al.,
2006). The biological activities associated withrgnes include the inhibition of HIV
protease (Thaisrivongs et al., 1996; Tummino et 4B96; De Clercq, 2002),
acetylcholinesterase, and acyl-CoA-cholesterolteanytferase (McGlacken and Fairlamb
2005 and references therein). The 2-pyrones aksplagi antimicrobial (Fairlamb et al.,
2004), antiparasitic (Shimamura et al., 2007), anticancer activity (Ridley and Khosla,
2007) and have been shown to inhibit cyclo-oxyger(&=ao et al., 2003; McGlacken and
Fairlamb, 2005) indicating their usefulness as gawit and anti-inflammatory agents.
Flavanones on the other hand, also possess a hbroayl of biological activity, which
include antitumour (Ren et al., 2003), antibactdfiguchiya et al., 1996, Urgaonkar et al.,
2005), and anti-inflammatory activities (Benave@arcia and Castillo, 2008). Flavanones

also exhibit activity as estrogen receptor modusa{Ghen et al., 2004).

A limited number of synthetic routes have been shield for the synthesis of substituted
4-hydroxy-2-pyrones. These routes normally invoBseto ester (Banerjee and Achari,
1993; Koster and Hoffmann, 1987; Zhang and Dansityef2002; Katritzky et al., 2005;

Kurdyumov et al., 2006) and/or acid chloride presowus (Ali et al., 1982; Lokot et al.,

1999; Sartori et al., 1991; Kurdyumov et al., 200B)e synthesis of flavanones is well
established and usually involves one of two routé® first route involves the coupling of
a C-6 phenolic unit (e.g. phloroglucinol) to a C8-Gnit (cinnamic residue) to form the
flavonoid skeleton (Nay et al., 2000, Solladielgt1®99). The more commonly used route
consists of a condensation between an acetophetenative and a benzaldehyde to
yield the chalcone (Nay et al., 2001; Drexler andidis, 2003, Solladie et al., 1999).
Although a number of routes have recently beenldeee for the asymmetric synthesis of
flavanones (Hodgetts, 2005, Biddle et al., 200Te tnantioselective synthesis of
flavanones that controls the C-2 configuration rerma challenge due to the potential for
reversible phenoxide elimination to form the adhi&hydroxy chalcones (Kabbe and
Widdig, 1982).
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One of the compounds isolated frafielichrysum excisuniThunb.)Less. is a flavanone
substituted with a 4-hydroxy-2-pyrone moiety (lepsipyrone,19) with antimicrobial
activity (Chapter 6). Although a number of synthef® a-pyrones have been published,
only a single reference to the preparation of anaiglucinol or flavanone substituted
pyrone could be found (Vrkoand Sorm, 1975b). Based on the interesting biological
activities associated with and the shortage offsfit routes towards these compounds,

the decision was made to attempt the synthesepadissipyrone.

The aims of this chapter are:
» To investigate a strategy towards the synthedlispidissipyrone 19)
* To develop synthetic methods that could also leathé synthesis of the other

pyrone derivatives listed in Fig. 7.1.
7.2 Results and discussion

7.2.1 Retrosynthetic analysis of lepidissipyr¢h®

The synthetic challenges associated with the teyathesis of lepidissipyronel9) are
obvious. Firstly, there is little literature preesd for the coupling of the 4-hydroxy-2-
pyrone unitvia a CH bridge to a phloroglucinol moiety. A patent by dg¢kand Sorm
(1975a) mentions the preparation of 3-chloromethiilydroxy-pyrone derivatives that are
coupled to phloroglucinol derivatives to yield ptdglucinol pyrones with antibacterial
activity (Scheme 7.1) (Vrkoand Sorm, 1975b). However, according to Hagiwadral.e
(2002), introduction of the methyl halide side chajvia formylation) to the 4-
hydroxypyrone is troublesome as the pyrone hasdetecy to dimerise in the presence of

Lewis acids or bases to yield helipyroi3@9.
o__0 HO OH Zncl, O._0 HO OH
| + — > |
N CHCI, =
OH OH OH OH
Scheme 7.1Synthetic route of phloroglucinol-relatedpyrones synthesised by Vikand

Sorm (1975b).
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Phloroglucinols are also notoriously difficult taw with due to the high electron density
of the phloroglucinol ring and its tendency to dely (Gissot et al., 2004, Van Vuuren et
al., 2006). Flavanones are known to undergo ringnom reactions to form chalcones
under acidic and basic conditions (Cisak and Mealek, 1992; Zhang et al., 2008) and in
this case, the pyrone moiety has to be attachedtsadly at position 6, and not position 8
of the A-ring of the flavanone. Therefore, the &dade is to prepare a heavily substituted

a-pyrone moiety joined to C-6 of the electron-ridiigroglucinol moiety of a flavanone.

Banerjee and Achari (1993) prepamgyrone intermediat882 in the total synthesis of

lygodinolide, using an alkyl bromide an@&eto ester (Scheme 7.2).

Scheme 7.2ntermediates in the total synthesis of lygodideliReagents (i) NaH, THF, O-
25 °C, 16 h, then reflux 3 h (ii) Pd(Il) chloride-aceimile, acetone, rt, 24 h (iii) DBU,

benzene, reflux, 14 h (Banerjee and Achari, 1993).

Based on this route, the following retrosynthetialgsis (Scheme 7.3) for lepidissipyrone
(19) was proposed:
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19 383 384
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OMe
X _Ph
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OH O

{ |

HO OH
/\”/C|
(@]

OH O
Scheme 7.3Retrosynthesis of lepidissipyrontd]

7.2.2 Preparation of ethyl 4-(2-ethyl-1,3-dioxolanA)-3-oxopentanoaté884)

The original route selected for the synthesis effffketo ester moiety is shown in Scheme
7.4 and was based on the method used for the atepanfp-keto esters by Lokot and co-
workers (1999) and Scribner et al. (1978). Thet fitep was the acylation of Meldrum’s
acid 385, followed by alcoholysis in methanol to obtafliketo ester386. It was
anticipated that alkylation of est886 would afford the desired methylat@dketo ester
387 (Lee and Kim, 2002).

- %ﬁf@%ﬁ

O o}
387

Scheme 7.4Initial route towards synthesis @Fketo ester387. Reagents. (i) Pyridine,
CH.Cl, -15 - 5°C, 2 h (ii) MeOH, reflux, 3 h, 67% (iii) ¥COs, CHal.
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The acidity of Meldrum’s acid3g85 (pKa 4.97) allows it to react with electrophiles i th
absence of strong bases and acylation occurs iprésence of pyridine. The methanolysis
proceeds readily due to the enolization of the goyup, which enables nucleophilic attack
by the alcohol (Scribner et al., 1978, Scheme 7.5).

o]

AS Y Q OCH,
/>>< > W + CH,COCH, + CO,
0% o O O
I—‘ OCH;, 386

Scheme 7.9Methanolysis of acylated Meldrum’s acid (Scribeeal., 1978).

Although B-keto ester386 was synthesised successfully, alkylation resuliedthe
formation of multiple products and this prompted tlecision to use an alternative route.
Claisen condensation is a well-known method for gbeeral synthesis {#-keto esters
(Clayden et al., 2001). A self condensation of rylegimopionate using potassium hydride
as base was therefore attempted (Kamal et al., )2086wever, this reaction was

unsuccessful.

In another attempt to synthesifeketo ester384, propionyl chloride was treated with
triethylamine as base according to the method afy%und Wu (2001). The base removes a
proton on thex-carbon of the acid chloride to generate a ketersgtu that proceeds with
the precipitation of triethylammonium chloride. Dansation of the unstable ketene results
in the formation of3-lactone388 Refluxing of the lactone in the presence of aress of
methanol and sodium acetate as catalyst affdsdesto esteB87in 52% yield (Sung and
Wu, 2001, Scheme 7.6).

(0]
- 0
(0] - = O (0]
388 387

Scheme 7.6Synthesis of3-keto estei387. Reagents: (i) EN, ether, 0 °C - rt, 2 days (ii)
NaOAc, MeOH, reflux, 1 day, 52%.
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The ketone functionality in compour@B7 was protected by ketalisation to afford the
protected esteB89 (Bates et al., 1988). This protecting group wagceld based on the
simplicity of the protection procedure and the lity of starting materials. A Claisen
condensation of ketal est8B89 with ethyl acetate in the presence of LIHMDS (Bgaee
and Achari, 1993) resulted in an extremely low ¢ief the desired product and the
reaction was repeated with LDA to afford es3&¢ (Plates 95, 96) (Shone et al., 1986)
(Scheme 7.7)

//\“/CI i, i //\Trl\ﬂ/OMe iii //\><J\ﬂ/0Meiv //§X(Ljr/\ﬂ/oa
o o o O O o) O O o o

387 389 384

Scheme 7.7Synthesis of3-keto estel384. Reagents: (i) BN, ether, 0 °C - rt, 2 days (ii)
NaOAc, MeOH, reflux, 1 day, 52%; (iii) TsOH, 1,2hanediol, toluene, reflux overnight,
66% (iv) LDA, EtOAc, THF, 0 °C - 15 °C, 2 h, 37%.

7.2.3 Preparation of the flavanone moiety

After obtaining -keto ester384, the next step was to synthesise a flavanone with
“suitable arm” 883, such as an alkyl halide for coupling with theeegScheme 7.8).

Three options were considered for the introductibthe C-6 substituent of the flavanone:
a) direct methylbromination using reagents such HBr and formaldehyde, b)

hydroxymethylation followed by halogenation andrgjoduction of a 6-formyl group that

could be transformed into the required substituent.

In a model reaction on 2,4-dibenzyloxy-6-hydroxypbbcetophenone391), direct
methylbromination using HBr and formaldehyde (Bitial., 1997; Van der Made et al.,
1993) was unsuccessful. In a second model reactothe same substrate, employing a
two step approach to the bromomethylphloroacetopimen a hydroxymethylation
followed by bromination was attempted. Although thesired alcohol was obtained by
hydroxymethylation under basic conditions (Duchalgt2003), the yields for this reaction
were low. The reaction never went to completion arten left for extended times or

heated, a product formed that could not be isolaleeés was not totally unexpected as the
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Bakelite-type polymerisation of phenols is well Wwroand the trihydroxylated system is
electron rich. Subsequently, the introduction ébranyl group at C-6 of the flavanone was
planned, followed by reduction and bromination. ok 7.8 indicates the first proposed

route for the synthesis of the flavanone moietyicwltould be coupled to thketo ester.

Starting material for this route was phloroacetome 390) (Scheme 7.8). Due to the
multiple hydroxy groups present on the phloroade¢mone ring, selective protection was
required. Benzyl protecting groups were chosendasethe ease of formation of benzyl
ethers, their stability under various conditionsd atineir removal by a variety of
deprotection methods, including the use of Lewiglsaccatalytic hydrogenolysis (Greene,
1991) and sodium in the presence of butanol (Odwgjiand Wiemer, 2005). MOM-
protection was considered, as it is often utilisethis type of synthesis (Bu et al., 1997,
Tan et al., 2002, Urgaonkar et al., 2005) but clifies in obtaining commercial MOM-
chloride and the toxicity associated with theseparations (Kishore et al., 2006) ruled out

the use of this reagent.

HO OH BnO OBn BnO OBn
i i i
- = — X _-Ph

OH O OH O OH O
390 391 392 o H
BnO 0] Ph  BnO 0] Ph BnO o) Ph Bno 0 Ph
; v
iv -
m~ W Y\Q;;f
I
OBn O OH O O OH O OH O
393 395 396 397

Scheme 7.8Flavanone synthesis, deprotection and formylatiBeagents: (i) BnCl,
K,COs, DMF, 80 °C, 2 h, 82% (ii) PhCHO, NaH, DMF, 0 °€5 min, 100% (iii) AcOH,
reflux, 6 h, 32% or DBU, CKCl,, rt, 2 days, 49% (iv) K Pd/C, CHCI,/EtOAC, rt, 45
min, 90% (v) a) POG) DMF, CHCN, 18 h, rt, b) MeOH/bD, 9% 396), 37%, 397).

It was anticipated that the free hydroxy group widuhve a strongartho-directing effect
than the benzyloxy group, enabling monosubstitubérihe flavanone A-ring. Selective
benzylation of 2,4,6-trihydroxyacetophenone affor@®1 Condensation of ketong9l
and benzaldehyde was attempted in the presenaalining hydroxide (Ali and Ilyas, 1986;
Suzuki et al., 2004), potassium hydroxide (Ichinoaé, 1988) and sodium hydride
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(Hatakeyama et al., 2005) in order to obtain chac892 The reaction with sodium
hydride at 0 °C gave quantitative yields of chakE@92 (Plates 97, 98). Synthesis of
flavanone 393 was quite problematic since an equilibrium betwdélem flavanone and
chalcone exists (Urgaonkar et al., 2005). Bothaitid (acetic acid) (Solladie et al., 1999)
and base (DBU) catalysed reactions gave ratherylelds, although the starting material

could be reisolated and the reaction repeated (&el7e8).

Haraldsson and Baldwin (1997) have illustrated thenzyl ethers adjacent to carbonyl
groups can be selectively cleaved in the presehother benzyl ethers using magnesium
bromide. Mechanistically this involves the formatiof a six-membered chelated ring
(Scheme 7.9).

BnO O © g -PhCH,Br
\; :

Scheme 7.9Mechanism suggested for selective debenzylation5-bfydroxy group
(Haraldsson and Baldwin, 1997).

This method seemed ideally suited for this synthess selective deprotection of the 5-
hydroxy group of flavanon893 was required. However, debenzylation using magnesi
bromide led to the formation of an unforeseen fid®luct394 It is proposed that the
reactive phloroglucinol ring reacts with the benzgdmide formed during the deprotection
reaction, resulting in th€-benzylated 394, Scheme 7.10) as well as tBedebenzylated
product 895). Selective debenzylation of flavanod@3was successfully achieved in high
yields using catalytic hydrogenation over 10% miilan on charcoal to afford flavanone
395 (Plates 99, 100).



MgBr, —_—

BnO ! o ‘ BnO g -PhCH,Br

OBn O

393
BnO+ ‘ BnO o
H+, H,0
Ph

Scheme 7.1Mechanism suggested fGrbenzylation of flavanond92

MgBr

MgBr

Before formylation of the flavanone was performbgdroxymethylation was attempted.
This reaction proved to be even more problematianththe similar benzylated
phloroacetophenone391) hydroxymethylation reaction. The yield was veopw! and
methylation of the aliphatic hydroxy occurred as sale reaction. Since direct
hydroxymethylation did not seem to be effectiveyilsmeier-Haack formylation of the
flavanone was proposed (Graybill et al., 1999, Seher.11). Alternative formylation
methods were considered, but as formylation usimggCM(Hansen and Skattebol, 2005)
was unsuccessful for phloroglucinol, the Vilsmd@mylation seemed the better choice.

/\ ) CI\E) —ClI Cl
i
HJ\N\/ Cl/(';\\CI’—> (—x)\ — )\\N\/

Scheme 7.1Mechanism of Vilsmeier formylation of flavano865
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Attempts to use procedures where all the reageete wixed together simultaneously
resulted in a solution from which no product coblel isolated. The procedure followed
thus involved the separate preparation of the \@ismreagent, to which the flavanone was
added. The yields were also low and instead ohtagr product being substituted in the
6-position B96), 8-substitution was preferre®97), resulting in the formation of an
undesired major product (Scheme 7.8). The postiothe aldehyde was determined by
acylation of the free hydroxy groups of the two duots and determining the NOESY
correlations of the 6-308) and 8-acylated3Q9) aldehydes (Plates 101, 102).

Condensation of est&884 and aldehyde897 was attempted in the presence of sodium
hydride, which (as expected) resulted in the deasmipn of the flavanone to the
chalcone. The flavanone in general seemed unsgaileconverted back to the chalcone
even in the presence of 50% toluenesulfonic acidefwrefluxed). Coupling of the

completed flavanone moiety to the ester therefoesdot seem feasible.

7.2.4 Preparation of the pyrone moiety

As an alternative, the possibility of attaching #ide chain necessary for coupling to the
completed pyrone moiety (obtained frofd-keto ester 384 (Scheme 7.12) was
investigated. Deprotection of est884 was first attempted in the presence of 2 M HCI
(Zong et al. 2006) which resulted in a mixture obgucts. Stirring with 80% acetic acid
(Babler et al., 1978) provided much better yieldd affordedB-keto este00. Lactone
401 (Plates 103, 104) was obtained in the presenc®RIf) (Cervello et al.,, 1990).
However, chloromethylation with formaldehyde and IH@id not yield the desired
chloromethylated pyrone, but the dimeric lact@¥5 (Plates 105, 106) was obtained.
Helipyrone 875 was also previously synthesised by Ali and cokeos (1982). Hagiwara
and co-workerg2001, 2002) experienced similar problems withcdtiiag a halomethyl

side chain to the 2-pyrone and eventually obtaittexl 3-hydroxymethylpyronevia a



phenylthiomethyl pyrone intermediate (Hagiwara let 2001; Hagiwara et al., 2002). As

this route would add several more steps to thé sgtahesis, it was not pursued further.

|_|l’0

Moa i WOH i
(@] O
(@] (6] (@]
384 400
0._0 O_oo,°
| iii | |
— = NS
OH OH OH
401 375

Scheme 7.12Synthesis of helipyrone375. Reagents: (i) 80% AcOH, 5@, 48 h, 67%
(i) DBU, benzene, reflux, overnight, 53% (iii) (G8),, HCI, dioxane, rt, 2h, 22%.

7.2.5 Alternative approach towards pyrone synthesis

A different approach used the route by Kappe arthsdt (1970) for the synthesis of 3-
benzyl-6-ethyl-4-hydroxy-5-methyl-2-pyrone (Schem#&3). Diethyl ketone and bis(2,4,6-
trichlorophenyl) benzylmalonate is reacted by fasai approximately 250C. Similar
reactions were described by Stadlbauer et al. (2001e reported yields for this type of
reaction are very low (5 - 41%, Stadlbauer et281Q1; Kappe and Schmidt, 1970).

Cl
O
(e} Cl
0 : ‘ (e} O
cl \)K/ >
+
(@] o Cl =
@ or

Cl
Cl

Scheme 7.13Synthesis of 3-benzyl-6-ethyl-4-hydroxy-5-methybyrone by Kappe and
Schmidt (1970). Reagents (i) 240 - 245 °C, 30 min.

Based on this approach, the route below was sugdestusing 2,4,6-
trinydroxybenzaldehydedQ2) as starting material (Scheme 7.14):
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Scheme 7.14ynthesis of 2-(2,4-dibenzyloxy-6-isopropoxybefmdlonic acid410).
Reagents: (i) BnBr, ¥COs;, DMF, rt, overnight, 89% (ii) KCOs;, (CHz),CHBr, DMF, 71%
(i) AcOH, pyrrolidine, toluene, reflux, 4 h, 63%v) NaBH,, EtOH, 50% (v) NaOH,
EtOH, HO, reflux, 6 h, 83%; (vi) POEKVii) diethylketone, 250 °C, 20 min.

Selective benzylation of 2,4,6-trihydroxybenzalddéy102) with benzyl bromide in DMF
afforded protected aldehyd®3 (Anderson et al., 2005) (a small amount of trilydsitzed
benzaldehyde404, was also isolated). A NOESY experiment was perfarnoa the
acetylated dibenzylated produ#®5 to confirm the substitution pattern of the benzylox

groups.
BnO 3. _0OBn BnO 3 _0OBn
4 2 4 2
57 1 H AT H
OBn O OAc O
404 405

Since the remaining free hydroxy-group 493 would attack the ester and result in the
formation of a coumarin during coupling with the@ezsisopropyl protection of this group
was done to afford 2,4-dibenzyloxy-6-isopropoxylmdehyde 406). At first, TBDMS
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protection in the presence of both diisopropylanonesodium hydride was attempted for
the remaining hydroxy group dD3 but possibly due to the bulkiness of the groug tue
hydrogen bonding between this hydroxy and the carhothis protection was not
successful. A Knoevenagel condensatiord06 was done with diethyl malonate in the
presence of acetic acid and pyrrolidine (Antoniblet al., 2002) affording alkené07
(Plates 107-108).

The double bond could not be reduced via hydrogemagince it would cause cleavage of
the benzyl ethers, again resulting in the formatbrroumarin side products. The double
bond was therefore reduced with sodium borohydndethanol. The reaction did not
proceed at room temperature, as starting mateal wisolated after stirring for 24 h.
Refluxing for 3 hours results in the isolation ofm@no ested08 as major product where
one of the ester groups is already hydrolysed leysidium borohydride, whild09 is
isolated as minor product. Hydrolysis occurs rgadiid with high yields when refluxing
any of the esters in ethanol with sodium hydroxaafford diacid410 The reaction of the
diacid and trichlorophenol(1) was attempted, using phosphoryl chloride. Thisilted

in complete decomposition of the diacid. This rowutes therefore not pursued any further.

7.2.6 Synthesis of alked&5

Another approach that was investigated involved rtisth with  2,4,6-
trinydroxybenzaldehyde4(?2), followed by selective benzylation to yiedd3 subsequent
reduction of the aldehyde to afford alcontl2 and then a Friedel-Crafts acylation

reaction to obtain the ketone (Scheme 7.15).
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HO OH BnO OBn BnO OBn BnO OBn
. Il
| 11l
H\';Q/ H\';Q/ — K= HO\/\©/ HO\/\Q;K
O OH OH OH O
403 412

OH
402

Scheme 7.1%Route utilising 2,4,6-trinydroxybenzaldehyde aatgtg material. Reagents:
(i) BnBr, K;COs, DMF, rt, 12 h, 89% (ii) NaBl EtOH (iii) AcCl, ZnCb.

Selective benzylation was done in the presencesngyd bromide in DMF (Anderson et
al., 2005), to afford the protected aldehytfi8. However, the reduction of the aldehyde
was problematic. Although two ‘products’ were olveer on TLC during the reaction with
both sodium borohydride and lithium aluminium hggyi quenching with even mild acid
resulted in a very polar product that could notdméated. The reaction was only quenched
with water and the products isolated. The NMR gjgeof these products indicated that
neither was the desired alcohol, but rather a petised product. Reduction of 2,4-
dibenzyloxy-6-hydroxybenzaldehyddQd was thus not feasible. Isopropyl protection of
the remaining hydroxy was performed to afford 2Mdedzyloxy-6-
isopropoxybenzaldehydd@6) and reduction of this aldehyde yielded the desakohol
413 in high yields. However, neither bromination (wiseveral different methods) nor

tosylation of this alcohol was successful.

Reactions aimed at acylation of the aromatic rihgl@6 also did not yield the desired
product - in one case the debenzylated keto-aldefyd was obtained. Arnaudinaud and
co-workers (2001) illustrated debenzylation in gresence of TiG) so the deprotection

observed with SnGlwas not surprising. Condensation with e@84 did give the desired

alkene 415 (Scheme 7.16, Plates 109, 110). Hydrogenatioretluae the double bond
selectively in the presence of the benzyl groups atteemptedn the hope that it would be
possible to reduce the double bond without debetinyl. After hydrogenation for 2 h at
room temperature at 120 kPa, the starting materée recovered quantitatively. In this
case reduction with sodium borohydride is not felasias it will most probably result in
reduction of the ketone.
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Scheme 7.1685ynthesis of alkend15 Reagents (i) (CkCHBr, K;CO;, DMF, 71% (ii)
NaBH;, CHCl,, -78 - 0 °C, 1 h, 90% (iii) CB§, PPh, CHCl, or TsCI, di-
isopropylamine/NaH (iv) SnglCH,Cl,, v) AcOH, pyrrolidine, toluene, reflux, 4 h, 28%

7.2.7 Coupling of phloroacetophenone ghketo ester moieties

Finally, a decision was made to do a Vilsmeier fgation of ketone391, then to attempt
selective reduction of the aldehyde4df6to obtain alcoho#18 followed by bromination
or tosylation (Scheme 7.17). It was anticipated tha electron withdrawing acyl group
would decrease the reactivity of the ring, enablimjogenation or tosylation of the

alcohol, a reaction that was not successfulft

BnO OBn BnO OBn  Bpo OBn BnO OBn
[ i ii .
o L A iv
\Qi”/ H H HO\/\Q;\/ -

OH O O OH O O OiPr O OiPr O
391 416 417 418

Scheme 7.17%ynthetic route illustrating coupling of phloroginol moiety tof3-keto ester
moiety. Reagents (i) a) DMF, PQCICHCN, rt 18 h, b) MeOH, kD, rt, 4 h , 42% (ii)
K2CO;, (CHs),CHBr, DMF, 58% (iii) NaBH, CH,Cl,, -78-0°C, 1 h, 62% (iv) SOG)

CH.ClI,, 45 minutes, (quantitative) (v) LDA, THF,°C-rt, 2 days, 54%.
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The Vilsmeier formylation gave keto-aldehydd6 in a 42% yield, while isopropyl
protection resulted in the isolation d@fLl7. Selective reduction of the aldehyde in the
presence of the ketone was successful with sodanohlydride at reduced temperatures in
the presence of a mixed solvent system. Alcati8 (Plates 111-112) was obtained in
62% yield (Ward and Rhee, 1988). Bromination (usseyeral different reagents) was
attempted, but failed, as did tosylation. In th&se the product from the bromination
reaction could be isolated and was identified asetinyl ethed19. A possible explanation
for this ether formation seems to be that the bdenair tosylate does in fact form, but that
it is so reactive that the solvent (ethanol) isleophilic enough to displace the bromide
and to form the ether. Therefore, it was decideattempt the formation of a chloride.
Indeed,, exposure of alcohél8 to thionyl chloride afforded chloridé20. This chloride
was not very stable and converts back to the alcalhahe presence of water, or

atmospheric moisture.

BnO OBn
O\/
B
419

A model reaction, using diethyl malonate, was penfed to illustrate the coupling between
the chloride420 and diethyl malonate. This reaction involved thesitu preparation of
chloride420and its immediate addition to a solution of diétimalonate and LDA in THF.
The coupled produc#21 (Plates 113-114) was isolated in a 54% yield.hiowd be
feasible to synthesise lepidissipyrod®)(by using the route given in Scheme 7.18. We
have shown that precurso#20 and 384 can be prepared and that a 1,3-dicarbonyl
derivative can be linked to precurs¢20 (Scheme 7.7, Scheme 7.19). However, due to

time limitations, the final steps in this synthesislld not be completed.
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Scheme 7.18ynthetic route proposed for the synthesis ofdispipyrone 19). Reagents
(i) a) DMF, POC4, CHCN, rt 18 h, b) MeOH, kD, rt, 4 h , 42% (ii) (CH),CHBr, KoCOs,
DMF, 58% (iii) NaBH,, CH.Cl,, -78-0°C, 1 h, 62% (iv) SOG) CH,Cl,, 45 minutes,
(quantitative) (v) LDA, THF, 0°C-rt, (vi) 80% AcOH (vii) DBU, benzene (viii) a)
PhCHO, NaH, 0C b) DBU, CHCly, rt (ix) isopropyl deprotection.

7.3 Conclusion

The aim of this investigation was to investigatm@thodology that would provide access
to the synthesis of lepidissipyron&9 and other phloroglucinol-substitutedpyrones
(Fig. 7.1). The highly reactive nature of the ebectich phloroglucinol nucleus posed
several problems during this synthesis and any qeeg synthetic route should take
cognisance of this problem. One of the pyronesippene @75, has been prepared
successfully. A successful strategy towards thepliog of a 1,3-dicarbonyl derivative to
the benzylic position of a phloroglucinol derivaifaias been illustrated. Both the flavanone

and pyrone moieties present in lepidissipyrot® fave been synthesised successfully. It
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is believed that this approach can be used to sgig# phloroglucinol-pyrones that are

associated with several biological activities.

7.4 Experimental

7.4.1 General materials and methods

Solvents were dried by distillation undes. N(DMF was distilled from molecular sieves and
CH.Cl, and CHCN from Cah, These solvents were stored under nitrogen on mialecu
sieves. THF and BED were freshly distilled from sodium with benzopbea ketyl as
indicator for THF. Dry reactions were performed owen-dried glassware under an
atmosphere of N Reagents were purchased from Sigma Aldrich. Colahromatography
was performed on Merck silica gel 60. A chromatotmodel 7924, Harrison Research)
was used for centrifugal chromatography. Thin-{agl@omatography (TLC) was done on
precoated Kieselgel 60,4 plates (Merck or Machery-Nagel). Detection wasedlbg UV
(254 nm) followed by staining with an anisaldehyselution, prepared as follows:
Absolute ethanol (465 ml) was cooled in an ice bAtketic acid (5 ml), sulphuric acid (17

ml) andp-anisaldehyde (13 ml) was added and the soluticednand stored in a fridge.

Melting points were determined with a Kofler hoagt apparatus and are uncorrected.
Mass spectrometric data were collected on a tirilighft Waters LCT Premier mass
spectrometer using electrospray ionization in thesitive or negative mode. Mass
spectrometric data for some of the ester precunsass obtained using GC-MS (Thermo
Finnigan PolarisQ lon Trap with TRACE GC/MS). Inied spectra were recorded on a
Perkin-Elmer Spectrum 1 Series FT-IR spectrophotemesing KBr discs for solids and
sodium chloride discs for oils or directly on a Beu Alpha FT-IR. NMR spectra were
recorded on a Varian Unity Inova 500 spectrometiéh @ 5 mm SW/Z-PFG probe (all
spectra recorded at 2&) or Bruker Avance Il 400 or 500 spectrometershvd mm
BBO-Z probes, all spectra recorded at°8). 'H NMR spectra were recorded at 400 or
500 MHz and™3C spectra at 100 or 125 MHz. Chemical shiisdre quoted in parts per
million (ppm) and referenced to a residual solveeék (CDC4, 7.26 and 77.0 ppm or
CD30D, 3.31 and 49 ppm or DMS@; 2.5 and 39.5 ppm).



7.4.2 Experimental procedures and physical dateooipounds

Methyl 3-oxopentanoate(386)
o o

CH3O )J\Z/Q\/S

4

To a solution of Meldrum’s acid (2 g, 13.9 mmol)2& ml dichloromethane at -20 °C was
added pyridine (2.26 ml, 28.0 mmol) and dropwisepnyl chloride (24 ml, 28.0 mmol)
under nitrogen. The reaction was stirred for 1 twken -10 °C and -20 °C and then for
another hour at 5 °C. The reaction mixture was t&dified with 1 M HCI and extracted
with dichloromethane. The dichloromethane layersswsembined, washed with 1 M HCI
and dried over anhydrous magnesium sulphate. Thesrgowas evaporated and the
unpurified product was used in the next stage. ddwated Meldrum'’s acid was refluxed
for 3 h in methanol and after evaporation of thiwesat the crude product was purified on
silica using dichloromethane:petroleum ether 8:2emeent to yield 1.2 g (67%) dd-
oxoester386 as a yellow oil (method from Scribner et al., 19Z8kot et al., 1999)'H
NMR (lit. Jung and Hagenah, 1987) (500 MHz, CR)@ 1.07 (3H,t, J = 7.3 Hz H-5,),
2.56 (2H,q, J = 7.30 Hz, H-4), 3.45, (2Hs,H-2), 3.72 (3H,s, OCH); **C NMR (125
MHz, CDCE) &¢c 7.5 (C-5), 36.3 (C-4), 48.7 (C-2), 52.3 (Og§HL67.7 (C-1), 203.2 (C-3).

Methyl 2-methyl-3-oxopentanoate (387)

The method of Sung and Wu (2001) was modified tetrsssise compoun887. To a
solution of propionyl chloride (3 ml, 34.5 mmol)}sdblved in 10 ml anhydrous ether, was
added triethylamine (4.8 ml, 34.5 mmol) in anhydrather (69 ml) dropwise over a
period of 1 hour with vigorous stirring at 0 °C @mdhitrogen. The solution was stirred for
two days at room temperature. Triethylammonium itiéo precipitated as a thick white
solid. The ether was evaporated and the residgelded in methanol and sodium acetate
(4 mg) was added. The resulting solution was thefloxxed under nitrogen for one more
day. After evaporation of the methanol, the residias dissolved in water and ether. The
organic and aqueous layers were separated andgtlemas layer extracted twice more

with ether. After combining of the ether fracticarsd drying with magnesium sulphate, the
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product was purified by chromatotron with a molglase of hexanes:ethyl acetate 15:1 to
give B-keto esteB87as a colourless oil 2.58 g (52% NMR (500 MHz, CDC}) & 1.04
(3H,t,J = 7.4 Hz, H-5), 1.31 (3Hd, J = 7.2 Hz, 2-CH), 2.54 (2H,dqg, J = 14.5 Hz, 7.2
Hz, H-4), 3.52 (1Hg, J = 7.2 Hz, H-2), 3.70 (3H5, OCH); *C NMR (125 MHz, CDCJ)

Oc 7.6 (C-5), 12.8 (2-Ch}, 34.6 (C-4), 52.27 (C-2), 52.31 (®BIg), 171.0 (C-1), 206.3 (C-
3); GC-MSm/z144.03 (calculated for 11,03 144.07864); RT = 11.37 min.

Methyl 2-(2-ethyl-1,3-dioxolan-2-yl)propanoate (389

OO (0]

2 5
CH,0 3
4

A solution of 3-keto estei387 (950 mg, 6.6 mmol), ethane-1,2-diol (1.1 ml, 19.8 o)
and toluene-4-sulfonic acid monohydrate (10 mg) tveated to reflux in toluene using a
Dean Stark apparatus overnight (a modified metho8ates et al., 1988). The cooled
solution was neutralised with saturated aqueoususodydrogen carbonate and the
organic and aqueous layers separated. The aquages Was further extracted with
dichloromethane. The combined organic phases weeel @ver anhydrous magnesium
sulphate and the solvent evaporated to give thdecacetal. Chromatography of this
through silica gel, using hexanes:ethyl acetateljlas eluent yielded 819 mg (66%) of
the desired produ@89as a colourless oitH NMR (500 MHz, CDC}) 8y 0.89 (3H.t, J =
7.4 Hz, H-5), 1.19 (3Hd, J = 7.2 Hz, 2-CH), 1.77 (2H,m, H-4), 2.85 (1Hg, J = 7.2 Hz,
H-2), 3.68 (3H,s, OCHg), 3.95-4.03 (4Hm, OCH,CH,0); *C NMR (125 MHz, CDG)

Oc 7.2 (C-5), 12.5 (2-83), 27.9 (C-4), 46.€C-2), 51.7 (OEl3), 65.6 (Q®,CH,0), 65.7,
111.5 (QCH,CHs), 173.9; HRESIMS (positive ionization modej/z 189.1132 [M+H]
(calc. for GH170,189.11268); IR (NaCly 2981, 1738, 1212, 1078 ém

Ethyl 4-(2-ethyl-1,3-dioxolan-2-yl)-3-oxopentanoat€¢384)



Ethyl acetate (2.0 ml, 21.2 mmol), in THF (5 ml) svadded dropwise to a solution of
lithium diisopropylamide (prepared situ from 4.5 ml of diisopropylamine and 21 ml of a
1.5 M solution BuLi) in dry THF (50 ml) at -78 under nitrogen. The resulting solution
was stirred for 1 hour at C and cooled to -78C before[3-keto-ester389 (2.0 g, 10.6
mmol) dissolved in THF (5 ml) was added dropwiske Temperature was allowed to rise
to 0°C and the reaction mixture stirred for 4 hours. Téection was quenched with water
(50 ml) and diluted with ether (50 ml). The lay&rsre separated and the aqueous layer
was extracted twice with 50 ml ether. The aqueaysriwas then acidified with 1 M HCI
and extracted with ether twice more. The combirtbdreextracts were washed with water,
brine, dried (over anhydrous magnesium sulphatd)cmcentratedh vacuoto afford a
yellow oil. The desired product was obtained afferification on two subsequent
chromatorons using hexanes:ethyl acetate (199:&)uest to afford 962 mg (37%) of the
colourless 0il384 H NMR (500 MHz, CDCJ) &4 0.86 (3H,t, J = 7.4 Hz, CCHCHg),
1.13 (3H,d, J= 6.9 Hz, H-5), 1.26 (3H, J= 7.1 Hz, OCHCHs), 1.65 (2H,dq, J = 7.3 Hz,
CCH,CHs), 3.10 (1H,g, J = 6.9 Hz H-4), 3.61 (2Hdd, J = 15.9 Hz, H-2), 3.95-3.99 (4H,
m, OCH,CH,0), 4.17 (2H,dg, J = 7.4 Hz, OCHCHs); *C NMR (125 MHz, CDGJ) d¢
7.09 (CCHCHs), 11.68 (C-5), 14.1 (OCi€Hs), 27.8 (CE,CHs), 50.1(C-4), 52.5 (C-2),
61.1 (QQH,CHj3), 65.2, 65.4 (OCKCH,0), 111.9 (CH,CH3), 167.6 (C-1), 204.4 (C-3);
GC-MSm/z215.13 [M-29], (calculated for @H1505 215.09); RT = 16.07 min; IR (NaCl)
v 2981, 1741, 1713, 1308, 1033¢tm

2,4-Dibenzyloxy-6-hydroxyphloroacetophenone (391)

2,4-Dibenzyloxy-6-hydroxyphloroacetophend@®@lwas prepared according to the method
of Tsukayama et al. (2004K,COs (4 g, 29.8 mmol) was added to a solution of 2,4,6-
trinydroxyphloroacetophenone (1 g, 5.9 mmol, digdeaving the monohydrate at 120

in an oven for 24 h) in DMF (9 ml), followed by tli#opwise addition of a solution of
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benzyl chloride (1.45 ml, 12.6 mmol) in DMF (2 mihile stirring under nitrogen. The
reaction was heated to 80 - 90 °C, stirred for Zdpled down and quenched by the
addition of 1 M HCI (until the reaction mixture wasidic, as determined with litmus
paper) and diluted with dichloromethane. The layegse separated and the aqueous phase
extracted with dichloromethane (3 x). The dichloethane fractions were pooled and
washed with copious amounts of water (5 x) to reenitee DMF and dried by the addition
of anhydrous MgS® The solvent was evaporated and the resultingyatopurified with
column chromatography using hexanes:ethyl ace®alg &s eluent to afford 1.7 g (82%)
of 391 as a white solid, recrystallised from acetone:mmeth (1:1) to afford colourless
needles: mp 93-94 °C, (lit. Tsukayama et al., 1988)-102°C); (lit. Kumazawa et al.,
2001, 108-109°C), (liDulcire et al., 1990, 112-115°C)4 NMR (500 MHz, CDC}) 34
2.56 (3H,s, COCH), 5.060 (2Hs, OCH:Ph), 5.065 (2Hs, OCH,Ph), 6.10 (1Hd, J=2.3
Hz, H-3 or H-5), 6.17 (1Hd, J = 2.3 Hz, H-3 or H-5), 7.34 — 7.42 (10h, ArH), 14.03
(1H, s, OH); *C NMR (125 MHz, CDGJ) 3¢ 33.2 (CO®is), 70.2 (Q®,Ph), 71.1
(OCH,Ph), 92.3 (C-3 or C-5), 94.7 (C-3 or C-5), 106.31)c127.6, 127.9, 128.3, 128.4,
128.66, 128.69 (Ar{; 135.6, 135.8 (CkCAr), 161.9,165.0,167.5 (C-2, C-4, C-603.1
(COCHy); HRESIMS (positive ionization mode)n/z 349.1430 [M+H] (calc. for
CoH2104 349.1440); IR (KBry 1619; 1593; 1271; 1171; 1104 ¢m

2'4’-Dibenzyloxy-6’-hydroxychalcone (392)

The method of Hatakeyama et al., 2005 was usdtkeipteparation of compourd®2 2,4-
Dibenzyloxy-6-hydroxyacetophenon89() (6.2 g, 17.8 mmol) was dissolved in 50 ml
DMF under nitrogen. The solution was cooled dow ttC (in an ice bath) and sodium
hydride (1.28 g, 53.5 mmol) was slowly added wistiering. Benzaldehyde (2.2 ml, 21.4
mmol) dissolved in 5 ml DMF was added dropwise. Tégction was stirred for a further
45 minutes at 0 °C. It was quenched by the additbite and acidified with 1 M HCI
(until blue litmus turned red). The bright yellovitriite that was formed were filtered to
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quantitatively (7.8 g) yield the produ@92 that was recrystallised from hexanes:ethyl
acetate to afford yellow plates: mp 120-122 °Q@, Direwes et al., 2008, 119°CH NMR
(CDCls) 84 5.07 (2H,s, OCH,Ph), 5.12 (2Hs, OCH,Ph), 6.18 (1Hd, J = 2.3 Hz, H-3)),
6.23 (1H,d, J = 2.3 Hz, H-5'), 7.06-7.51 (15Hm, ArH), 7.72 (1H,d, J = 15.7 Hz, H-7),
7.88 (1H,d, J = 15.7 Hz, H-8), 14.6 (1H5, ArOH); **C NMR (CDCE) 3¢ 70.3 (OGH,Ph),
71.4 (QQH,Ph), 92.5 (C-3"), 95.0 (C-5), 106.3 (C-1’), 127(6-8), 127.6, 128.4, 128.6,
128.71, 128.75, 128.9 (A)C135.3, 135.4, 135.8 (C-1, OGEAr), 142.7 (C-7), 161.7 (C-
2’), 165.2 (C-4’), 168.8 (C-6), 192.6 (C=0) (Ibrewes et al., 2008); HRESIMS (positive
ionization mode)m/z437.1747 [M+H] (calc. for CogH2504 437.1753); IRKKBr) v 1624;
1344; 1226; 1207; 1155, 739 ¢m

5,7-Dibenzyloxyflavanone (393)

Chalcone392 (630 mg, 1.44 mmol) was dissolved in acetic adl@irgl) and refluxed for 6
hours (Solladie et al., 1999). The reaction wasged by the addition of water (40 ml).
The aqueous phase was extracted five times withlalismethane. The organic phase was
washed five times with ice water, the fractions bored and dried with magnesium
sulphate and the solvent evaporated. Since thénstamaterial was still present, the
product was purified with a chromatotron using hesethyl acetate (14:1) to affoB83

as a white solid 201 mg (32%).

Alternative method
Chalcone392 (7.69 g, 17.6 mmol) was dissolved in dichloromath&50 ml) and stirred

for 10 minutes before DBU (2.44 ml, 17.6 mmol) veakled dropwise. The reaction was
stirred for 2 days and was quenched by acidifyimtty & M HCI. The organic and aqueous
layers were separated and the aqueous layer fueigacted with dichloromethane. The

organic layers were combined, washed with water laimte and dried over magnesium
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sulphate. The solvent was evaporated and the prateemned with a chromatotron using
hexanes:ethyl acetate (14:1) as eluent to yieldg3d8 compound393 (49%) (2.5 g of
chalcone392 was recovered). Flavanor893 was recrystallised from dichloromethane:
hexanes to afford fine white needles: mp 122-124litCDrewes et al., 2008, 115°CH
NMR (CDC) 64 2.81 (1H,dd, J = 16.6 Hz, 3.0 Hz, H-3a), 3.05 (1Hd, J = 16.6 Hz, 13.3
Hz, H-3b), 5.05 (2Hs, OCH,Ph), 5.17 (2Hs, OCH,Ph), 5.43 (1Hdd, J= 13.3 Hz, 3.0 Hz

, H-2), 6.24 (1Hd, J = 2.3 Hz, H-6), 6.26 (1Hd, J = 2.3 Hz, H-8), 7.29-7.59 (15H,
ArH); **C NMR (CDCE) 3¢ 45.7 (C-3) 70.3 (OB,Ph), 70.4 (QE,Ph), 79.3 (C-2), 94.8
(C-8), 95.2 (C-6), 106.5 (C-10), 126.2, 126.5, 62127.7, 128.4, 128.6, 128.69, 128.72,
128.8 (ArQ, 135.8, 136.4 (CkCAr), 138.8 (C-1'), 161.1 (C-5), 164.9 (C-7, C-98819
(C-4); HRESIMS (positive ionization mode)/z 437.1772 [M+H] (calc. for CygH2504
437.1753); IR (KBry 1667; 1606; 1572; 1259; 1213; 1164; 1120; 696.cm

6-Benzyl-7-benzyloxy-5-hydroxy-2-phenylchroman-4-om(394)

The methods employed by Baldwin et al. (1986) aadalisson and Baldwin (1997) were
employed for the deprotection of flavandd@3 Anhydrous ether (2 ml) and benzene (2
ml) was added to magnesium turnings (80 mg, 3.3 lnribe flask was cooled to 0 °C,
and bromine (84ul, 1.6 mmol) was added carefully. When the reacti@s started
(effervescence after the addition of a few dropbroimine), stirring was commenced and
the addition of the bromine continued until complethe ice bath was removed and the
solution gently refluxed for several minutes unolourless, and then allowed to cool. The
magnesium bromide solution was then slowly addethéoprotected flavanor@93 (717
mg, 1.6 mmol) in dry benzene (10 ml) at room terapge. During addition the reaction
mixture was stirred very efficiently and after cdetpn of the addition the reaction was
refluxed overnight. The reaction was then cooledrdand 1 M HCI (20 ml) was added

and the resulting solution boiled for 30 minutefeTmixture was allowed to cool and
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extracted with dichloromethane to yield 343 mg (5C4enzylated394 and 50% O-
debenzylated produ®95, yields approximated using NMR} NMR (500 MHz, CDC})
Oy 2.87 (1H, ddJ = 17 Hz, 3 Hz, H-3a), 3.07 (1dd, J = 17 Hz, 13 Hz, H-3b), 3.97 (2H,
dd, J = 14.4 Hz, CCHPh), 5.10 (2Hs, OCH:Ph), 5.43 (1Hdd, J = 13 Hz, 3.3 Hz, H-2),
6.20 (1H,s, H-6 or H-8), 7.17-7.48 (10Hn, ArH), 12.18 (1H,s, OH); *C NMR (125
MHz, CDCk) &c 28.4 (C®,Ph), 70.4 (QOE,Ph), 78.8 (OE,Ph), 93.7 (C-6 or C-8),
125.6, 125.9, 127.3, 128.0, 128.1, 128.56, 128128.60, 128.75 (Ar{; 135.8, 138.7,
141.3 (C-1’, CHCAr), 159.2, 162.9, 164.8 (C-5, C-7, C-9), 196.30(CHs); HRESIMS
(negative ionization modeiy/z435.1589 [M-H] (calc. for CygH2304435.1596).

7-Benzyloxy-5-hydroxyflavanone (395)

The dibenzylated flavanor@93 (1.4 g, 3.2 mmol) was dissolved in dichloromethatig/l
acetate (1:1) (10 ml). A 5% palladium on carbormalyast was added and the reaction
stirred at room temperature under an atmosphere/ariogen (130 kPa) for 25 minutes.
The catalyst was filtered off and the product céshmith a chromatotron, using hexanes:
ethyl actetate (14:1) as solvent system to yiel 199 (90%) of395that was recrystallised
from hexanes:ethyl acetate to afford colourlessilese mp 84-85 °C*H NMR (500 MHz,
CDCl) 6y 2.82 (1H,dd, J = 17.1 Hz, 3.1 Hz, H-3a), 3.09 (1dd, J = 17.1 Hz, 13.0 Hz,
H-3b), 5.07 (2Hs, OCH,Ph), 5.42 (1Hdd, J = 13.0 Hz, 3.0 Hz, H-2), 6.14 (1, J = 2.3
Hz, H-6 or H-8), 6.16 (1Hd, J = 2.3 Hz, H-6 or H-8), 7.33-7.47 (10 hh, ArH), 12.0 (1H,

s, ArOH); *C NMR (125 MHz, CDGJ) 3¢ 43.4 (C-3), 70.3 (0B,Ph), 79.2 (C-2), 94.9,
96.0 (C-6 and C-8), 103.3 (C-10), 126.1, 127.4,.32828.7, 128.8 (Ar}; 135.7, 138.3
(CH.CAr, C-17), 162.8, 164.1, 167.0 (C-5, C-7, C-9), IBRC-4); HRESIMS (positive
ionization mode)m/z347.1286 [M+H] (calc. for CooH1904 347.1283) IR (KBrv 1635;
1574; 1374; 1301; 1160 ¢n
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7-Benzyloxy-5-hydroxy-4-oxo-2-phenylchroman-6-carbldehyde (396)

N,N-Dimethylformamide (25Ql, 3.2 mmol) was cooled to 0 °C and distilled P©@97
pl, 3.2 mmol) was added. The light orange solutioaswstirred vigorously for
approximately 20 minutes until the reagent solifi Distilled acetonitrile (2 ml) was
added until the white solid dissolved. The reactmixture was stirred for a further 45
minutes at room temperature under nitrogen. Flavar895 (552 mg, 1.6 mmol) in
acetonitrile (2 ml) was addedia syringe to the flask and the mixture was stirredif® h at
room temperature, where after 5 ml of a 2:1 methasater solution was added for imine
hydrolysis that occurred over 4 h at room tempeeatdhe product was purified on a
chromatotron with hexanes:ethyl acetate 14:1 asnéllCompoun®B96 was obtained as
the minor product (53.8 mg, 9% of cream solft) NMR (500 MHz, CDCY) 84 2.89 (1H,
dd,J = 17.0 Hz, 3.1 Hz, H-3a), 3.12 (1dd, J = 17.0 Hz, 13.2 Hz, H-3b), 5.19 (284,
OCH,Ph), 5.50 (1Hdd, J = 13.2 Hz, 3.1 Hz, H-2), 6.14 (1l4, H-8), 7.36-7.46 (10HM,
ArH), 10.34 (1Hs, CHO); Y®C NMR (125 MHz, CDGJ) 71.0 (OCHPh), 79.9 (C-2), 92.4
(C-8), 126.2, 127.2, 128.6, 128.9, 129.0, 129.2CjAr134.8, 137.5 (C-1', CKCAr),
HRESIMS (positive ionization mode)m/z 375.1227 [M+H] (calc. for GsHi190s
375.12325).

7-Benzyloxy-5-hydroxy-4-oxo-2-phenylchroman-8-carbaehyde (397)

N,N-Dimethylformamide (25Ql, 3.2 mmol) was cooled to 0 °C and distilled P©@97
pl, 3.2 mmol) was added. The light orange solutioaswstirred vigorously for

approximately 20 minutes until the reagent soltifi Distilled acetonitrile (2 ml) was
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added until the white solid dissolved. The reactmixture was stirred for a further 45
minutes at room temperature under nitrogen. Flavar895 (552 mg, 1.6 mmol) in
acetonitrile (2 ml) was addedl syringe to the flask and the mixture was stirredlf® h at
room temperature, where after 5 ml of a 2:1 methawmater solution was added for imine
hydrolysis that occurred over 4 h at room tempeeatdhe product was purified on a
chromatotron with hexanes: ethyl acetate 14:1 aesnel Aldehyde897 was obtained as an
amorphous cream solid 195 mg (37 % yielt) NMR (500 MHz, CDCJ) &4 3.01 (1H,dd,

J = 17.2 Hz, 3.6 Hz, H-3a), 3.13 (1dd, J = 17.2 Hz, 12.1 Hz, H-3b), 5.21 (2H,
OCH,Ph), 5.62 (1Hdd, J = 12.1 Hz, 3.6 Hz, H-2), 6.17 (1i4, H-6), 7.33 — 7.51 (10Hn,
ArH), 10.39 (1Hs, CHO), 12.71 (1Hs, OH); **C NMR (125 MHz, CDG) 8¢ 42.3 (C-3),
71.0 (QQH,Ph), 79.4 (C-2), 94.1 (C-6), 102.6 (C-10), 125.87.0, 127.2, 127.3, 128.3,
128.6, 128.8, 128.9, 129.0 (ArCl35.1, 137.5 (C-1', CyCAr), 164.7, 167.9, 168.4 (C-5,
C-7, C-9), 185.9 (C-4), 196.0 HD); HRESIMS (positive ionization mode))/z375.1218
[M+H] " (calc. for GsH1905375.1232); IR (directlyy 1683, 1628, 1572, 732, 693 ¢m

7-Benzyloxy-6-formyl-4-oxo-2-phenylchroman-5-yl adate (398)

Aldehyde 396 (50 mg, 0.2 mmol) was stirred overnight with pymigl (2 ml) and acetic
anhydride (2 ml). Ice was added to the reactionthadprecipitate washed with cold water
to quantitatively yield398 as a light brown solid*H NMR (500 MHz, CDCY) &y 2.45
(3H, s, COCH), 2.80 (1H,dd, J = 16.6 Hz, 2.6 Hz, H-3a), 3.07 (1Hd, J = 16.6 Hz, 13.3
Hz, H-3b), 5.19 (1Hs, OCH,Ph), 5.52 (1Hdd, 13.3 Hz, 2.6 Hz, H-2), 6.57 (1i4, H-8),
7.37-7.47 (10HmM, ArH), 10.36 (1H,5, CHO); HRESIMS (negative ionization mode)/z
415.1185 [M-H] (calc. for GsH1906415.1182).
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7-Benzyloxy-8-formyl-4-oxo-2-phenylchroman-5-yl adate (399)

Aldehyde 397 (100 mg, 0.3 mmol) was stirred overnight with pyme (2 ml) and acetic
anhydride (2 ml). Ice was added to the reactionthedorecipitate washed with cold water
to yield 98 mg (79%) 0899 as a light brown solid"H NMR (500 MHz, CDC}) & 2.41
(3H,s, COCH), 2.89 (1H,dd, J = 16.7 Hz, 3.1 Hz, H-3a), 3.04 (1Hd, J = 16.7 Hz, 13.0
Hz, H-3b), 5.23 (2Hs, OCH,Ph), 5.61 (1Hdd, J = 13.0 Hz, 3.1 Hz, H-2), 6.43 (1i4, H-

6), 7.30-7.49 (10HmM, ArH), 10.48 (1H,s, CHO); HRESIMS (positive ionization mode),
m/z417.1348 [M+H] (calc. for GsH»10s 417.1338).

Ethyl 4-methyl-3,5-dioxoheptanoate (400)

[-keto-este384 (393 mg, 1.6 mmol) was dissolved in 80% acetid &0 ml) and stirred
at 50°C for 2 days (Reaction progress monitored by GC-MR)Id water (10 ml) and
ether (20 ml) was then added and the layers seghardhe aqueous layer was extracted
twice more with ether. The ether layers were combiand the excess water removed with
magnesium sulphate. The solvent was evaporategrtiteict purified on the chromatotron
with petroleum ether:ethyl acetate (19:1) to yialgtellow oil, 397 mg (67%) o400 *H
NMR (500 MHz, CDCJ) 34 0.96 (3H,t, J = 7.2 Hz, H-7), 1.17 (3Ht, J = 7.2 Hz,
OCH,CHs), 1.24 (3Hd, J = 7.1 Hz, 4-CH)), 2.41 (2Hdq, H-6),3.41(2H, dd, J = 15.8 Hz,
H-2), 3.77 (1Hg, J = 7.0 Hz, H-4), 4.08 (2Hy, OCH,CHs); **C NMR (125 MHz, CDGJ)

3 7.5 (C-7), 12.6 (4-83), 14.0 (OCHCH,), 34.7 (C-6), 47.7 (C-2), 60.0, 61.4,
(OCH,CHs, C-4), 167.0 (C-1), 199.8 (C-3), 207.4 (C-5); GGNh/z 185.01 [M-15]
(calculated for GH1504 185.08), RT = 16.07 mitR (NaCl)v 2984, 1727, 1259 ch



6-Ethyl-4-hydroxy-5-methyl-2-pyrone (401)

To B-ketoesterd00 (278 mg, 1.4 mmol) in benzene was added 1.2 elgmisgaof DBU
(250 pl, 1.7 mmol). The mixture was refluxed ovghtiand quenched by acidifying with 1
M HCI. The aqueous phase was extracted with etlogtade, the organic fractions
combined and dried with magnesium sulphate. Theymb313 mg (53%) was obtained
after cleaning with a short silica column using dnexs and then ethyl acetate as eluents. It
was recrystallised from dioxane to yiedd1 as colourless needles: mp 112-1¢Jlit.
Kappe and Schmidt, 1970, 156-2&7 lit. Ali et al., 1982, 15%C); 'H NMR (400 MHz,
CDCl) oy 1.19 (3H,t, J= 7.5 Hz, H-8), 1.93 (3H5, H-9), 2.56 (2HQg, J = 7.5 Hz, H-7),
5.70 (1H,s, H-3), 11.19 (1Hs, OH); *C NMR (100 MHz, CDGJ) ¢ 9.0 (C-9), 11.4 (C-
8), 24.5 (C-7), 89.7 (C-3), 108.4 (C-5), 163.7 (¢B57.9 (C-4), 173.0 (C-2). (Ali et al.,
1982); HRESIMS (negative ionization mode)/z 153.0550 [M-H] (calc. for GHyOs
153.0552); IR (KBry 1673, 1561, 1334, 762 ¢m

Helipyrone (375)

Lactone 401 (105 mg, 0.7 mmol) was dissolved in dioxane an87& solution of
formaldehyde (277 ul, 3.4 mmol) and HCI (32%, 2302ummol) was added. The solution
was stirred while HCI gas @30, added dropwise to NaCl) was bubbled through fora2
room temperature. After completion, ice was addedthie reaction mixture and the
agueous phase extracted with dichloromethane. Tden@ phase was washed with brine
before drying with magnesium sulphate. The solvesd removed under vacuum to yield
48 mg (22%) of375 that was recrystallised from ethyl acetate to raffocolourless plates:
mp 191-193C (lit. Kappe and Schmidt, 1970, 217-24@; lit. Ali et al., 1982, 218-220
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°C): 'H NMR (400 MHz, CDCY) &4 1.19 (6H,t, J = 7.5 Hz, H-7 (x2)), 1.96 (6H5, H-9
(x2)), 2.56 (4Hg, J = 7.5 Hz, H-7 (x2)), 3.54 (2H, H-10), 11.19 (2Hs, OH); **C NMR
(100 MHz, CDC}) & 9.4 (C-9), 11.6 (C-8), 19.1 (C-10), 24.3 (C-7)110(C-3), 108.8
(C-5), 161.3 (C-6), 168.7 (C-4), 169.6 (C-2) (Ati &., 1982, Appendino et al., 2007);
HRESIMS (positive ionization mode)m/z 321.1331 [M+H] (calc. for G7H»:1Os
321.1338); IR (KBry 1672, 1561, 1334, 762 ¢

2,4-Dibenzyloxy-6-hydroxybenzaldehyde (403)

Aldehyde403was prepared according to the method of Andersah €005). Anhydrous
K>COs (3.6 g, 26.0 mmol), was added to a stirred satutib2,4,6-trihydroxybenzaldehyde
(2.0 g, 13.0 mmol) in DMF (20 ml). Benzyl bromid8 (nl, 26.0 mmol) was added
dropwise to this solution and the reaction mixturas stirred overnight at 4%C. The
mixture was then diluted with ethyl acetate (40 emd water (40 ml). The aqueous and
organic layers were separated and the aqueousflajeer extracted with ethyl acetate. To
ensure complete removal of the product, 40 ml afd HCI was added to the aqueous
layer and it was again extracted with ethyl acetdtee organic layers were combined and
dried with magnesium sulphate before removal ofsiblgent under vacuum. The product
was purified using column chromatography with hesaethyl acetate (9:1) as eluent to
yield 3.9 g of403 as a white solid (89%) that was recrystallisednfteexanes:ethyl acetate
(9:1) to afford white needles: mp 82-83; 'H NMR (500 MHz, CDC}) &y 5.07 (2H,s,
OCH,Ph), 5.08 (2Hs, OCH,Ph), 6.08 (1Hd, J = 2.0 Hz, H-3 or H-5), 6.11 (1H, d=2.1
Hz, H-3 or H-5), 7.36 —7.41 (10HM, ArH), 10.2 (1H,s, CHO), 12.50 (1Hs, OH); **C
NMR (125 MHz, CDC}) &c 70.4 (QQH,.Ph), 70.5 (OE,Ph), 92.3, 94.1 (C-3, C-5), 106.3
(C-1), 127.4, 127.6, 128.36, 128.42, 128.71, 128185%.57, 135.64 (Ar; 162.6, 166.3,
167.1 (C-2, C-4, C-6), 191.9 HD); HRESIMS (positive ionization moda))/z335.1272
[M+H] " (calc. for Cp1H1904 335.12833); IRKBr) v 1644; 1621; 1579; 1279; 1225; 1204,
1160; 1113; 734 cih



2,4,6-Tribenzyloxybenzaldehyde (404)

For the method of preparation see compod@8. After column chromatography 276 mg
(5%) of compound404 was obtained The compound was recrystallised fretnofgum
ether:dichloromethane to afford colourless needigs:113-114°C; 'H NMR (500 MHz,
CDCls) &4 5.03 (2H,s, OCH,Ph), 5.14 (4Hs, OCHPh), 6.22 (2Hs, H-3, H-5), 7.32 —
7.46 (15Hm, ArH), 10.5 (1H,s, CHO); **C NMR (125 MHz, CDGJ); 3¢ 70.3 (OGH,Ph),
70.6 (O®H,Ph), 93.0 (C-3, C-5), 126.9, 127.5, 128.0, 12828.68, 128.7 (Ar(, 135.7,
136.1 (CHCAr), 162.6, 164.9, 167.3 (C-2, C-4, C-6), 187.91@); HRESIMS (positive
ionization mode)m/z425.1747 [M+H] (calc. for CogHo504 425.1753); IR(KBr) v 1599,
1236, 1101 cm.

2,4-Dibenzyloxy-6-acetoxybenzaldehyde (405)

2,4-Dibenzyloxy-6-hydroxyabenzaldehyd@3 (205 mg, 0.6 mmol) was refluxed in acetic
anhydride for 1.5 h. The excess acetic anhydride manovedin vacuoand the crude
product purified with hexanes:ethyl acetate (9:h)tbe chromatotron to yield 96 mg
(43%) of405 as amorphous solidH NMR (500 MHz, CDCJ) & 2.37 (3H,s, OCOCH),
5.07 (2H,s, OCHPh), 5.11 (2Hs, OCH,Ph, benzyl group on C-2), 6.32 (1H,XF 2.2
Hz, H-5), 6.52 (1Hd, 2.15 Hz, H-3), 7.38 —7.41 (10Hy, ArH), 10.33 (1H, s, BO);
HRESIMS (positive ionization mode)m/z 377.1398 [M+H] (calc. For GsH2,0
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377.1389). Arrows indicating NOESY correlations diseo determine positions of

benzyloxy groups.

2,4-Dibenzyloxy-6-isopropoxybenzaldehyde (406)

The dibenzylated aldehyd®3 (2 g, 6.0 mmol) was dissolved in 45 ml DMF andret
under nitrogen. Anhydrous potassium carbonate ¢2.88.0 mmol) and 2-bromopropane
(2 ml, 21.0 mmol) was added. The reaction wasestifor 2 days at 80 - 90 °C and then
cooled down. It was quenched by the addition of IHEI (until reaction mixture was
acidic, blue litmus turned red) and 40 ml watere Haueous layer was extracted five times
with ethyl acetate. The organic layer was washemotrsly with water before drying with
magnesium sulphate. The solvent was removed unalaruvn and the product purified
with column chromatography using successively hegathyl acetate 9:1, 8:2 and 2:1 to
afford 1.6 g (71%) ofi06that was recrystallised from hexanes:ethyl aedtayield white
needles: mp 80°CH NMR (400 MHz, CDGJ) &4 1.36 (6H,d, J = 6.1 Hz, CH(CH)»),
4.54 (1H,heptet J = 6.1 Hz, CHCHj3),), 5.06 (2H,s, OCHPh), 5.13 (2Hs, OCH,Ph),
6.16 (1H,d, J = 2.2 Hz, H-3 or H-5), 6.19 (1H, d,= 2.2 Hz, H-3 or H-5), 7.29 — 7.48
(10H, m CHArH), 10.42 (CHD); **C NMR (100 MHz, CDGJ) 3¢ 22.0 (CH(GH3),), 70.3,
70.6, 71.8 (OE,Ph, (H(CHs),), 92.8, 93.9 (C-3, C-5), 110.6 (C-1), 126.9, 1215/.9,
128.4, 128.6, 128.8 (Anc 136.0, 136.4 (CKCAr), 162.5, 163.0, 164.8 (C-2, C-4, C-6),
187.8 (G0); HRESIMS (positive ionisation moded/z 377.1747 [M+H] (calc. for
CoaH2504377.1753). IR (KBry 2981, 1709, 1604, 1250, 1119¢tm
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Diethyl 2-(2,4-dibenzyloxy-6-isopropoxybenzylideneyalonate (407)

Aldehyde406 (1.6 g, 4.3 mmol) was dissolved in 20 ml toluebiethylmalonate (695 mg,
4.3 mmol), acetic acid (69 mg, 1.2 mmol) and pydiak (40puL, 0.5 mmol) were added
to this solution. The reaction was refluxed for 4amd then cooled. The reaction was
quenched by the addition of 20 ml water. The orgamd aqueous phases were separated
and the aqueous layer was extracted twice withl etbgtate. The organic layers were
combined and washed twice with water before drywith magnesium sulphate. The
solvent was evaporated and the product purifieti walumn chromatograpy using eluents
with increasing polarity, hexanes:ethyl acetate 8:2, 2:1 to afford 1.38 g (63%) dD7

as solid that was recrystallised from hexanes:ebgtate to afford white needles: mp 77-
78°C; 'H NMR (400 MHz, CDC}) &4 1.12 (3Ht, J = 7.1 Hz, OCHCHs), 1.30 (6Hd, J =

6.1 Hz, CH(CH),), 1.32 (3H,t, J = 7.1 Hz, OCHCHs), 4.11 (2H,q, J = 7.1 Hz,
OCH,CHs), 4.29 (2H,q, J = 7.1 Hz, OCHCH), 4.44 (1H, heptet] = 6.1 Hz, CHCH)y),
4.99 (2H,s, OCHPh), 5.07 (2Hs, OCH:Ph), 6.16 (1H, dJ = 2.2 Hz, H-3 or H-5), 6.18
(1H, d,J =2.2 Hz, H-3 or H-5), 7.27 — 7.40 (10K, CH,ArH), 7.96 (1H,s, CH=C); *C
NMR (100 MHz, CDC§) &¢c 13.9 (OCHCHs), 14.2 (OCHCHs3), 22.0 (CH(3),), 60.4
OCH,CHz3), 61.0 (OQ®,CHy), 70.2, 70.6, 72.3 (O&,Ph, (GH(CHs),), 93.3, 94.7 (C-3, C-
5), 108.1 (C-1), 125.7, 126.0, 126.9, 127.5, 12¥28.2, 128.5, 128.7, 136.4, 136.6, 137.7
(ArC, CH=C), 158.4, 158.7, 161.9 (C-2, C-4,C-6), 165.8, 166.0DQEt); HRESIMS
(positive ionisation mode)n/z519.2368 [M+H] (calc. for GiH3s0;,519.2383); IR (KBr)

v 1711, 1604, 1227, 1102 ¢m

2-(2,4-Dibenzyloxy-6-isopropoxybenzyl)-3-ethoxy-3xmpropanoic acid (408)
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Alkene407 (1.3 g, 2.6 mmol) was dissolved in 10 ml ethanetimnol (1:1). The solution
was stirred and sodium borohydride (390 mg, 10.3othmwas added portion wise. The
reaction was refluxed for 6 h, cooled down and gbed by the addition of 2 mlofa 1l M
HCI solution. The solvent was removed under vacuamd, the residue diluted with ethyl
acetate. This fraction was washed three times wigtlter and dried over magnesium
sulphate before removal of the solvent. The proguss purified using a chromatotron and
a mobile phase consisting of hexanes:ethyl acétateo afford 635 mg (50%) af08 as
yellow gum:*H NMR (400 MHz, CDC}) &4 1.12 (3H,t, J = 7.0 Hz, CHCHs), 1.28 (3H,

d, J = 6.2 Hz, CH(CH),), 1.30 (3H,d, J = 6.2 Hz, CH(CH),), 3.29 (2H,dd, J = 7.5 Hz,
3.6 Hz, CHCH), 3.77 (1Ht, J = 7.5 Hz, CKCHy), 4.07 (2H,q, J = 7.0 Hz, CHCH), 4.47
(1H, heptetJ = 6.2 Hz, CHCHs),), 4.99 (2H,s, OCHPh), 5.01 (2Hs, OCHPh), 6.17
(1H, d, J =2.2 Hz, H-3 or H-5), 6.21 (1H], J =2.2 Hz, H-3 or H-5), 7.28-7.42 (10H,
ArH); *C NMR (100 MHz, CDGJ) 8¢ 13.9 (CHCHs), 21.9 (CHGH,), 22.1 (CH(®a),),
50.7 (CHCHy), 61.4 (H,CHs), 70.15, 70.22, 70.24 (OGPh, ((H(CHs),), 92.4, 93.6 (C-
3, C-5), 107.8 (C-1), 126.0, 127.0, 127.5, 12728.Q, 128.5, 128.6, 128.7, 128.9 (ArC
137.0, 137.1 (ChkCAr), 157.4, 158.3, 159.2 (C-2, C-4, C-6), 170.40@Et), 173.8
(COOH); HRESIMS (positive ionisation mod&)/z493.2215 [M+H] (calc. for GgHz30;
493.2226); IRKBr) v 1711, 1605, 1234, 1151, 1112 tm

Dimethyl 2-(2,4-dibenzyloxy-6-isopropoxybenzyl)maloate (409)

Alkene 407 (1.3 g, 2.6 mmol) was dissolved in 10 ml ethanetimanol (1:1). The solution
was stirred and sodium borohydride (390 mg, 10.3ofhnwvas slowly added where after
the reaction was refluxed for 6 h. The reaction g@snched by the addition of 2 ml of a 1
M HCI solution. The organic solvent was removedameacuum, and the residue diluted
with ethyl acetate. The organic fraction was wasiheee times with water and dried over
magnesium sulphate before removal of the solvehe product was purified using a
chromatotron and a mobile phase consisting of hexathyl acetate 9:1 to yiel09
(28%) as a yellow gum*H NMR (500 MHz, CDC}) &y 1.35 (6H,d, J = 6.1 Hz,
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CH(CHs),), 3.36 (2H,d, J = 7.5 Hz, CHCH), 3.65 (6H,5, OCH;), 3.84 (1H, J= 7.5 Hz,
CHCHy), 4.51 (1H, heptet) = 6.1 Hz, CHCHs),), 5.03 (2H,s, OCH,Ph), 5.06 (2Hs,
OCH,Ph), 6.23 (1Hd, J = 2.2 Hz, H-3 or H-5), 6.26 (1H, J = 2.2 Hz, H-3 or H-5), 7.34
— 7.47 (10,m, ArH); °C NMR (125 MHz, CDG) 8¢ 21.9 (CH(GH3),), 22.7 (CHGH,),
50.9 (CHCH,), 52.0 (OCH), 70.17 (GH(CHs),), 70.22 (O®i,Ph), 92.4, 93.6 (C-3, C-5),
108.1 (C-1), 126.8, 127.4, 127.6, 127.9, 128.3,.428rC), 136.8, 137.0 (CKCAY),
157.2, 158.1, 158.9 (C-2, C-4, C-6), 169.9 (C=ORBS$IMS (positive ionisation mode),
m/z493.2242 [M+H] (calc. for GeHs407493.22263); IR (KBry 1733, 1602, 1151, 1100

cmt.

2-(2,4-Dibenzyloxy-6-isopropoxybenzyl)malonic aci¢410)

Di-ester409 (320 mg, 0.7 mmol) was dissolved in 19 ml ethaarad 1 ml water. Sodium
hydroxide (54 mg, 1.4 mmol) was added and the i@acefluxed for 6 h. The ethanol was
removed under vacuum and the residue diluted witlyl eacetate (10 ml). After the
addition of 10 ml of a 1 M HCI solution and 10 matsr, the organic and aqueous layers
were separated. The aqueous layer was extractedifioes with ethyl acetate. The ethyl
acetate layers were combined and washed twice watler and brine. It was dried using
magnesium sulphate and the solvent evaporated wadaum to affordt10as white solid
250 mg (83%) (Wu et al., 200414 NMR (500 MHz, CROD) & 1.28 (6H,d, J = 6.0 Hz,
CH(CHg)2), 3.21 (2H,d, J = 6.9 Hz, CHCH), 3.67 (1Ht, J = 6.9 Hz, CKCH,), 4.50 (1H,
heptet,d = 6.0 Hz, CHCHs),), 5.00 (2H,s, OCHPh), 5.03 (2Hs, OCHy), 6.21 (1H,d, J

= 2.2 Hz, H-3 or H-5), 6.26 (1H], J = 2.2 Hz, H-3 or H-5), 7.26-7.44 (10Hh, ArH); *°C
NMR (125 MHz, CROD) & 19.4 CH(QHs); 20.9 CHGH, 49.7 (CHCH,), 68.1
(CH(CHs),), 68.3 (OG1,Ph), 68.4 (OEI,Ph), 91.0, 91.9 (C-3, C-5), 106.7 (C-1), 125.3,
125.6, 125.7, 125.9, 126.5, 126.6 (Ar@35.9, 136.0 (CKCAr), 155.6, 156.7, 157.5 (C-2,
C-4, C-6), 170.6 (C=0); HRESIMS (positive ionisationode),m/z 465.1926 [M+H]
(calc. for GH2907465.1913); IR 9KBry 1702, 1588, 1096 ch
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2,4,6-Trichlorophenol (411)

OH
Cl Cl

C

To phenol (500 mg, 5.3 mmol) and HCI (3.52 g, 11 98.0 mmol) in acetonitrile (20 ml)
in a 100 ml flat bottomed flask,-B, (30% v/v, 4.5 g, 15 ml, 0.1 mol) was added dropwis
(15 minutes) at room temperature. The solution stased for 4 h and then poured into
ice cold water. The agueous phase was extractdd etiityl acetate, the organic phase
washed with brine and dried with magnesium sulphatafford 746 mg off11 as cream
solid (73%) (Bhatkhande et al., 2002). The produas recrystallised from chloroform to
afford white needles: mp 63 (lit. Bhatkhande et al., 2002, 64-86); 'H NMR (400
MHz, CDCE) 3, 5.80 (2H, s)°C NMR (100 MHz, CDGJ) 3¢ 121.6, 125.4, 128.1, 146.9;
HRESIMS (negative ionization moden/z 194.9168 [M-H] (calc. for GH.CI3;O
194.9171).

(2,4-Dibenzyloxy-6-isopropoxyphenyl)methanol (413)

BnO OBn
OH

6

o

PN

Aldehyde406 (1 g, 2.7 mmol) was dissolved in 5 ml dichloronzate and 4 ml ethanol.
The solution was cooled down ta°G in an ice bath before sodium borohydride (151 mg,
4.0 mmol) was slowly added. The reaction was stifog 1 h at ®C before quenching it
by the addition of brine (10 ml). The agueous arghoic layers were separated, and the
aqueous layer extracted with dichloromethane (4Tkle dichloromethane layers were
combined and washed with water (2 x) and brine )(before drying with MgS@Q The
solvent was evaporated and the white sdli@ 905 mg (90%) was used as is in the next
step. NB: Do not quench the reaction with acidit assults in a mixture of products and
decreases the yield for the reactiod: NMR (400 MHz, CDC)) 64 1.22 (6H,d, J = 6.0
Hz, CH(CHs),, 4.39 (1H, heptet] = 6.0 Hz, CHCHj3),), 4.66 (2H,s, CH,OH), 4.91 (2Hs5,
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OCH,Ph), 4.93 (2Hs, OCH,Ph), 6.12 (1H, dJ = 2.1 Hz, H-3 or H-5), 6.16 (1H, d= 2.1
Hz, H-3 or H-5), 7.19-7.32 (10Hm, ArH); **C NMR (100 MHz, CDG)) & 22.1
((CH3),CH), 54.9 (CHOH), 70.2, 70.4, 70.9 (OGRh, OCH(CH),), 93.0 , 94.4 (C-3, C-
5), 112.0 (C-1). 127.2, 127.4, 127.9, 128.0, 12828.6, 136.7 (Ar(; 157.5, 158.2, 159.8
(C-2, C-4, C-6); HRESIMS (negative ionisation mqd®)z 377.1748 [M-H] (calc. for
CoaH2504377.1753); IR (KBry 2976, 1606, 1149, 1116 €m

3-Acetyl-4,6-dihydroxy-2-isopropoxybenzaldehyde ()

Tin(IV)chloride (SnC}, 195pul, 0.6 mmol) and acetyl chloride (38, 0.7 mmol) was added
dropwise at -10°C to a stirring solution of aldehyd&06 in dry CHCl,. The reaction
mixture was stirred until completion (monitored BlyC) and poured on ice. The separated
aqueous phase was extracted with dichloromethadett@ combined organic phases
washed with saturated sodium bicarbonate, dried avbydrous magnesium sulphate and
the solvent evaporated to afford compodid as part of a mixturéH NMR (400 MHz,
CDCl) 84 1.41 (6H,d, J = 6.16 Hz, CH(CH)y), 2.71 (3H,5, CH;0), 4.68 (1H, heptet] =
6.10 Hz, CHCHs),, 5.90 (1H,s, ArH), 10.03 (1Hs, CHO), 14.57 (1Hs, OH), 14.85 (1H,

s, OH); HRESIMS (positive ionisation modejyz 237.0766 [M+H] (calc. for GoH130s
237.0763).

Ethyl 2-(2,4-Dibenzyloxy-6-isopropoxybenzylidene)-42-ethyl-[1,3]dioxolan-2-yl)-3-
oxo-pentanoate (415)
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Aldehyde406 (870 mg, 2.3 mmol) was dissolved in 20 ml toludaster384 (577 mg, 2.4
mmol), acetic acid (4@, 0.6 mmol) and pyrrolidine (2@L, 0.3 mmol) were added to this
solution. The reaction was refluxed for 4 h andhtbeoled. The reaction was quenched by
the addition of 20 ml water. The organic and aqgephases were separated and the
aqueous layer was extracted twice with ethyl aeefhe organic layers were combined
and washed twice with water before drying with megjam sulphate. The solvent was
evaporated and the product purified with columnoafatograpy using hexanes:ethyl
acetate 9:1 as eluent to afford 388 mg (28%) oWwhrgum that contained15 as major
component’H NMR (400 MHz, CDC}) 8H 0.84 (3Ht, J = 7.3 Hz, CCHCHs), 1.07 (3H,

t, J = 7.2 Hz, OCHCHzy), 1.14 (3H,d, J = 6.8 Hz, CHCH), 1.21 (3H,d, J = 6.1 Hz,
CH(CHy)), 1.27 (3H,d, J = 6.14 Hz, CH(CH),), 1.67 (2H,m, CCHCHzs), 3.78 (4H,m,
OCH,CH,0), 3.83 (1H,m, CHCHs), 4.05 (2H,m, OCH,CHs), 4.41 (1H, heptet) = 6.1
Hz, CHCHs),), 5.01 (4H,br s, OCH,Ph), 6.16 (1Hd, J = 2.1 Hz, H-3 or H-5), 6.19 (1H,
d,J = 2.1 Hz, H-3 or H-5), 7.28-7.39 (10H, ArH), 7.67 (1H,s, CH=C); **C NMR (100
MHz, CDCl) 3¢ 7.2 (CCHCHs), 12.2 (CHG3), 14.0 (OCHCHs3), 21.7, 21.9 (CH(CH),),
28.4 (CQGH,CHz), 47.8 (GHCH;), 60.1 (O®,CHs), 65.2, 65.4 (OB,CH,0), 70.1, 70.5
(OCH,Ph), 72.0 (®&(CHa)2), 93.1, 94.6 (C-3, C-5), 107.5 (C-1), 112.7_(OC 126.9,
127.1, 127.3, 127.4, 127.7, 128.0, 128.3, 128.8,4,228.52, 128.54 (ArGCH=0), 136.6
(C=CH)*, 136.47, 136.43 (CKCAr)*, 157.4, 158.3, 161.5 (C-2, 4, 6), 167.4 (e5t800.3
(ketone); HRESIMS (positive ionisation mode)/z603.2946 [M+H] (calc. for GeH420s
603.2958); IR (KBr) 2980, 1700, 1600, 1156, 1101 triSignals interchangeable.

3-Acetyl-4,6-dibenzyloxy-2-hydroxybenzaldehyde (416

The product was prepared according to the methodmaybill et al. (1999).N,N-
Dimethylformamide (553ul, 7.1 mmol) was cooled to 0 °C and distilled P65 pl,
7.1 mmol) was added. The light orange solution staged for approximately 20 minutes
until the reagent solidified. Distilled acetoniri(5 ml) was added until the white solid

dissolved. The reaction mixture was stirred foudher 45 minutes at room temperature



under nitrogen. Keton&77 (1.66 g, 4.8 mmol) in acetonitrile (5 ml) was add&& syringe

to the flask and the mixture was stirred for 18 nomm temperature. Imine hydrolysis in
2:1 methanol: water (20 ml) took place over 4 hamm temperature. The solution was
concentrated and chromatographed on a silica colahating with increasing polarity
using hexanes: ethyl acetate 9:1, 8:2, 2:1, 1:halsile phase to yield a cream solid 758
mg (42%) that was recrystallised from hexanes:|eibgtate to afford colourless needles:
mp 135 -136C; *H NMR (400 MHz, CDC}) &4 2.51 (3H,s, CHCO), 5.12 (2H,s,
CH,0OPh), 5.13 (2Hs, CH,OPh), 6.05 (1Hs, H-5), 7.34-7.40 (10Hn, ArH), 10.26 (1Hs,
CHO), 13.34 (1H,s, ArOH); **C NMR (100 MHz, CDGJ) dc 32.7 (QHsCO), 70.8
(CH,OPh), 71.0 (&1,0Ph), 88.9 (C-5), 106.6 (C-1, C-3), 127.2, 127.38.6, 128.9,
135.1, 135.2, 164.5, 164.6 (C-2, C-4, C-6), 19CHQ®), 200.5 (CHCO); HRESIMS
(positive ionisation modejn/z377.1386 [M+H] (calc. for GsH»:0s 377.1389); IR (KBr)

v 1671, 1606, 1177, 1132 &m

3-Acetyl-4,6-dibenzyloxy-2-isopropoxybenzaldehydet( 7)

The dibenzylated keto-aldehydd6 (1.5 g, 4.0 mmol) was dissolved in 30 ml DMF and
stirred under nitrogen. Anhydrous potassium cartor@.64 g, 11.9 mmol) and 2-
bromopropane (1 ml, 11.9 mmol) was added. The imaetas stirred for 18 hours at 80 -
90 °C and then cooled down. It was quenched bydlaition of ice (approximately 30 ml).
The aqueous layer was extracted five times with@# The dichloromethane layers were
combined and washed with water (copiously) andebtwefore drying with anhydrous
magnesium sulphate. The solvent was removed uralerun and the product purified
with column chromatography using hexanes:ethyledeed:1 to afford 970 mg (58%) of
417 as yellow gumH NMR (400 MHz, CDCY) &4 1.23 (6H,d, J = 6.10 Hz, CH(CH),),
2.45 (3H,s, CH;CO), 4.31 (1H, heptet] = 6.11 Hz, CHCHs),), 5.06 (2H,s, CH,OPh),
5.11 ((2H,s, CH,OPh), 6.35 (1Hs, H-5), 7.29-7.40 (10HM, ArH), 10.34 (1H,s, CHO);
3C NMR (100 MHz, CDGJ) 3¢ 21.9 (CH(QHs),), 32.4 (GHsCO), 70.5, 70.8_(8,0Ph),
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79.4 (QH(CHs)y), 93.8 (C-5), 113.6, 120.4 (C-1, C-3), 126.2, ¥26126.87, 126.89,

128.09, 128.15, 128.6, 128.8, 129.3, 130.2 (jAr(58.6, 160.6, 163.1 (C-2, C-4, C-6),
187.3 (GHO), 200.8 (CHCO); HRESIMS (positive ionisation modejn/z 419.1870

[M+H] " (calc. for GeH2705419.1858); IR (KBry 1675, 1583, 1385, 1167, 1094 tm

1-(4,6-Dibenzyloxy-3-hydroxymethyl-2-isopropoxypheyl)ethanone (418)

BnO OBn
OH

o o

A

Sodium borohydride (400 mg, 10.6 mmol) was dissblve7 ml dichloromethane and 3
ml ethanol and the solution cooled down to 2Z8 The aldehyde (870 mg, 2.1 mmol) was
dissolved in 7 ml dichloromethane and 3 ml ethaamad added dropwise to the sodium
borohydride solution. The reaction was stirred Xdn at 0°C before quenching it by the
addition of brine (10 ml). The aqueous and orgéayers were separated, and the aqueous
layer further extracted with dichloromethane (4 Xhe dichloromethane layers were
combined and washed with water (2 x) and brine)(before drying with MgSQ The
product 47 mg (62%) was used as is in the next step. It wgstallised from
hexanes:ethyl acetate to affofd8 as fine white needles: mp 112-2C4 *H NMR (400
MHz, CDCk) &y 1.26 (6H,d, J = 6.04 Hz, CH(CH),), 2.49 (3H,s, CH:CO), 4.25 (1H,
heptet,d = 6.00 Hz, CHICH3),), 4.71 (2H,s, CH,OH), 5.03 (2H;s, CH,OPh), 5.06 (2Hs,
CH,OPh), 6.38 (1Hs, H-5), 7.30-7.39 (10HmM, ArH); *C NMR (100 MHz, CDCJ) ¢
22.1 (CH(QH3),), 32.4 (H5CO), 55.4 (&1,0H), 70.5, 70.7 (€,0Ph), 78.4 (EI(CHs),),
94.2 (C-5), 116.7, 119.8 (C-1, C-3), 127.0, 127127.9, 128.2, 128.5, 128.6, 136.0, 136.2
(ArC), 154.4, 156.0, 159.1 9c-2, C-4, C-6), 201.7 {C@); HRESIMS (positive ionisation
mode),m/z421.2025 [M+H] (calc. for GeH2905421.2015); IR (KBry 2977, 1684, 1594,
1166, 1097 cm.



1-(4,6-Dibenzyloxy-3-ethoxymethyl-2-isopropoxypherjethanone (419)

BnO OBn

Alcohol 418 (500 mg, 1.2 mmol) was dissolved in 2 ml ethanad &ydrobromic acid
(48%, 1 ml) was added at 0 °6, where after the reaction mixture was stirrecroigt at
room temperature. The reaction was quenched byatltition of ice and the mixture
extracted with dichloromethane (3 x 20 ml). Theamig layer was washed with NaHgO
water, brine and dried over anhydrous MgSThe solvent was removed under reduced
pressure and the residue chromatographed withramatotron using hexanes:ethyl
acetate 9:1 as eluent (Kumar et al., 2005) to yéeldhite solid 353 mg (66%#)19 that
was recrystallised from hexanes:ethyl acetatefaréfine white needles: mp 51-83; *H
NMR (400 MHz, CDC}) &41.21 (3H,t, J = 7.04 Hz, OCHCHj3), 1.25 (6Hd, J = 6.01 Hz,
CH(CHz),), 2.49 (3H,s, CH;CO), 3.57 (2Hg, J = 7.01 Hz, OCHCHj), 4.33 (1H, heptet,
CH(CHa),), 6.03 Hz, 4.49 (2Hs, CH,OEt), 5.04 (2Hs, OCH,Ph), 5.06 (2Hs, OCH,Ph),
6.34 (1H,s, H-5), 7.30-7.43 (10Hm, ArH); **C NMR (100 MHz, CDG)) &c 15.1
(CH2CH3), 22.2 (CH(QH3)2), 32.5 (H3CO), 61.5 (H,0CH,CHs), 65.7 CH,OCH,CHg),
7.03, 70.6 (G1,0Ph), 78.3 (EI(CHs),), 94.3 (C-5), 114.2, 119.9 (C-1, C-3), 127.0,
127.86, 127.84, 128.4, 128.46, 128.52, 136.3, 18&6), 155.7, 156.3, 159.9 (C-2, C-4,
C-6), 201.9 (C=0); HRESIMS (negative ionisation rapan/z447.2167 [M-H] (calc. for
CogH3105447.2171); IR (KBrv 1711, 1604, 1576, 1227, 1102¢m

1-(4,6-Dibenzyloxy-3-chloromethyl-2-isopropoxypheniyethanone (420)

20C



To a chilled solution of alcoh@!18 (300 mg, 0.7 mmol) in dry Cil, (2 ml) was added
dropwise under stirring a solution of SQ@.09 ml, 1.8 mmol) dissolved in dry GEl,

(2 ml). The reaction was stirred afO for approximately 45 minutes (followed by TLC)
until all the starting material was consumed. Thdvent and unreacted SQCWas
removed under vacuum and the resulting precipitidésolved in dry THF. The crude
product 420 was used without purification in the next step @m et al., 2007).
Quantitative (100%), crude used in next stépNMR (400 MHz, CDCY) &y 1.28 (6H,d,

J =6.02 Hz, CH(CH),), 2.48 (3H,s, CH;CO), 4.34 (1H, heptefl = 6.01 Hz, CHCHj3),),
4.72 (2H,s, CH,CI), 5.02 (2H,s, CH;OPh), 5.10 (2Hs, CH,OPh), 6.33 (1Hs, H-5), 7.31-
7.45 (10H,m, ArH); *C NMR (100 MHz, CDGJ) 3¢ 22.3 (CH(QHs),), 32.5 (GH:CO),
36.6 (CHCI), 70.4, 70.8 (EI,0Ph), 78.0 (Ei(CHjs)2), 94.0 (C-5), 113.6, 119.4 (C-1, C-3),
127.0, 127.1, 128.0, 128.1, 128.6, 136.1, 136.Z)At55.0, 157.0, 159.3 (C-2, C-4, C-6),
201.5 (C=0); HRESIMS (positive ionisation mode)/z 439.1675 [M+H] (calc. for
CoeH2804Cl 439.1676); IR (KBry 1700, 1597, 1168, 1097, 734 ¢m

Diethyl 2-(3-Acetyl-4,6-dibenzyloxy-2-isopropoxybenyl)malonate (421)

The alcohol418 (300 mg, 0.7 mmol) was dissolved in 2 ml dry dichimethane. The
solution was cooled down to°C in an ice bath and SOGI0.09 ml, 1.8 mmol) dissolved
in 2 ml dry dichloromethane added dropwise. Thectiea was stirred at OC for
approximately 45 minutes (followed by TLC) until #ie starting material was consumed.
The solvent and unreacted S@@kas removed under vacuum and the resulting ptetgpi
dissolved in dry THF.

Diisopropyl amine (0.2 ml, 1.4 mmol) was dissohied2 ml dry THF and the solution
cooled down to -78C. Butyl lithium (0.95 ml, 1.4 mmol) was slowly aafdi while stirring
and the solution allowed to warm up to°Q. The solution was allowed to stir for 30

minutes at this temperature to allow the LDA tonfoand then cooled down to -7&
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again. Diethyl malonate (0.13 ml, 0.9 mmol) wassdiged in 2 ml dry THF and added
dropwise to the LDA solution. The reaction mixtwvas stirred for 30 minutes while the
temperature was allowed to rise t0°0Q. The solution was cooled to -@ and the
chloride, dissolved in THF added. The reaction stased at room temperature for 2 days.
The THF was evaporated and the crude product pdritn a chromatotron using
hexanes:ethyl acetate 4:1 as eluent to aft#tl as cream solid 214 mg (54%) (over 2
steps). It was recrystalised from acetone to affsehm needles: mp 97-4% 'H NMR
(400 MHz, CDC}) &4 1.17 (6H,t, J = 7.11 Hz, OCHCHjs), 1.22 (6H,d, J = 6.04 Hz,
CH(CHz),), 2.45 (3H,s, CH;CO), 3.27 (2Hd, J = 7.47 Hz, CKCHy,), 3.77 (1H{, J = 7.47
Hz, CHCH,), 4.10 (4H,dd, J = 7.2 Hz, 1.52 Hz, OC}CHj3), 4.14 (1H, heptet) = 6.08
Hz, CH(CHs),), 4.99 (2H,s, CH,OPh), 5.03 (2Hs, CH,OPh), 6.30 (1Hs, H-5), 7.30-7.39
(10H, m, ArH); **C NMR (100 MHz, CDGJ) 3¢ 13.9 (OCHCHS3), 22.2 (CH(CH),), 23.5
(CHCHy), 32.4 (GH5CO), 51.3 (GICHy), 61.07 (Q®,CHs), 70.4, 70.8 (B1,0Ph), 77.7
(CH(CHg),), 94.2 (C-5), 113.9, 119.6 (C-1, C-3), 127.0, 127127.9, 128.0, 128.5, 128.6,
136.5 (ArC), 154.9, 155.2, 158.7 (C-2, C-4, C-6B94 (QOOEL), 202.0 (E€I3CO);
HRESIMS (positive ionisation mode)n/z 563.2643 [M+H] (calc. for GaHsqOg
563.2645); IRV 1735, 1686, 1596, 1254, 1100¢m
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CHAPTER 8

Conclusion

Species from the morphologically diverse gemimlichrysumare used extensively in
ethnomedicine in South Africa. The morphologicaledsity of the genus is mirrored by
the variety of chemical compounds isolated fromsicies, which include diterpenes,
flavonoids, guaianolides, acylated phloroglucinalsd a-pyrone derivatives (Chapter 2).
Extracts and isolated compounds from this genusa&se associated with a variety of
biological activities. These facts indicate thaargs from this genus may be important in

the search for new plant-derived drugs.

Interesting observations were made regarding @airogls observed between morphology
and traditional use as well as phytochemistry & 8outh African species: There are
indications that morphological relationships canveeas a guide towards expected

phytochemical composition of related species.

ThreeHelichrysumspecies were investigated during this studysplendiduma species
previously studied by Bolmann and Suwita (1979) dakupovic and co-workers (1989)
was reinvestigated to clarify the complex stereatibry associated with its main
chemical constituents. The phytochemistry of thephologically relatedH. montanum
was explored for the first time. New guaianoliddgstereomers of those found kh
splendidumwere isolated, while several known compounds wdse @entified. The
phytochemical similarities observed betwagnmontanumand H. splendidumsupports
their close morphological relationship. Furthermdhe isolation of guaianolides frohh.
montanumare of taxonomical importance as this type of cooma very rarely occur in

plants of this genus (Jakupovic et al., 1989).

In antimicrobial and cytotoxicity assays, extraofsthe thirty-five Helichrysumspecies

that were assayed exhibited activity mostly aga@rstm-positive micro-organisms. There
are reports on the traditional use of six of theesemost active species relating to
antimicrobial use, indicating that traditional uskould be taken into account during

species selection before a phytochemical study. pirediminary cytotoxicity results
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obtained for these extracts are quite disturbingsiering the wide medicinal use of these
plants. However, the cytotoxicity assays were gméyformed at one concentration (in
duplicate) and needs to be explored further bdioed conclusions can be made regarding

their toxicity and potential as anticancer agents.

Based on the findings obtained from the antimiabhssaysH. excisumwas selected as a
suitable candidate for further study. This is timstfphytochemical study on the non-
volatile components of this species. Bio-activitydgd fractionation led to the isolation of
lepidissipyrone, a flavanonex-pyrone previously isolated fronH. lepidissimum
(Jakupovic et al., 1989). Several flavonoids, nyosith an unsubstituted B-ring, were also
identified. The antimicrobial activity of lepidigsirone was determined and bio-activity
established for the first time, although the obsdnantimicrobial activity was a bit
disappointing. Literature indications are howevkat phloroglucinobi-pyrones generally
exhibit promising antimicrobial activity (Toméas-Beran, 1990; Rios et al., 1991) and
similar compounds (Hansel et al., 1980; Bohlmand Zdero, 1980; Jakupovic et al.,
1986; Bohlmann et al., 1984; Jakupovic et al., }98fat occur in South African

Helichrysumspecies, is well worth investigating.

One of the reasons whiid. excisumwas an exciting candidate was the fact that
phloroglucinols were previously isolated from othplants belonging to the same
morphologic group. It was hypothesised that theaextofH. excisumwould yield mostly
phloroglucinols, as this type of compound featuasdmain chemical constituent in two
morphologically related species. However, this wa$ the case, as flavonoids were
isolated as main chemical component of this specidishough flavonoids and
acylphloroglucinols are biosynthetically related, general, the acylphloroglucinols are
more active as anti-infective compounds. Usingrttaphological relationship to predict
the phytochemistry of a particular species wasefloee not so successful in this case.
Further investigation of the phytochemistry of diker ten Group 12 species is required to

clarify the main chemical constituents of this nfa{mgical group.
The biological activity associated with phlorogluai a-pyrones and the synthetic

challenges posed by these compounds prompted tedogenent of a strategy towards the

synthesis of lepidissipyrone. Several differentrapphes were investigated. A route which
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involves the coupling of a chloromethylated phlmet@phenone derivative andBaketo
ester precursor was developed. We believe thiteglyacould be used to synthesise other

phloroglucinola-pyrone analogues for further biological evaluation
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Appendix 1

NMR spectra of selected compounds
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Plate 1:*"H NMR spectrum of compound 302 in CDC}
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Plate 2:*C NMR spectrum of compound 302 in CDGJ

37
, 6 13
5 8 11,9
100 4
15
1
12
4
\ | | | | | | | | | | |
ppm 200.0 180.0 160.0 140.0 120.0 100.0 80.0 60.0 40.0 20.0 0.0



14X

Plate 3: COSY NMR spectrum of compound 302 in CDGI
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Plate 4: DEPT NMR spectrum of compound 302 in CDGI
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Plate 5: HSQC NMR spectrum of compound 302 in CDGl
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Plate 6: HMQC NMR spectrum of compound 302 in CDJ{
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Plate 7: NOESY NMR spectrum of compound 302 in CDGI
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Plate 8:'H NMR spectrum of compound 304 in CDC}
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Plate 9:*C NMR spectrum of compound 304 in CDQ
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Plate 10: COSY NMR spectrum of compound 304 in CDGI
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Plate 11: DEPT NMR spectrum of compound 304 in CDGI
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Plate 12: HSQC NMR spectrum of compound 304 in CDGl
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Plate 13: HMQC NMR spectrum of compound 304 in CDG
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Plate 14: NOESY NMR spectrum of compound 304 in CDIg
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Plate 15:'"H NMR spectrum of helisplendidilactone (306) in CD@;
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Plate 16:**C NMR spectrum of helisplendidilactone (306) in CDG
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Plate 17: COSY NMR spectrum of helisplendidilacton€306) in CDCk
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Plate 18: DEPT NMR spectrum of helisplendidilacton€306) in CDCk
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Plate 19: HSQC NMR spectrum of helisplendidilacton€306) in CDCk
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Plate 20: HMQCNMR spectrum of helisplendidilactone(306) in CDCk
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Plate 21: NOESY NMR spectrum of helisplendidilactore (306) in CDC}
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Plate 22:'"H NMR spectrum of helimontanilactone (307) in CDC}
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Plate 23:**C NMR spectrum of helimontanilactone (307) in CDQ
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Plate 24: COSY NMR spectrum of helimontanilactone307) in CDCk
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Plate 25: DEPT NMR spectrum of helimontanilactone307) in CDCk
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Plate 26: HSQC NMR spectrum of helimontanilactonen (307) in CDCk
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Plate 27: HMQC NMR spectrum of helimontanilactone 807) in CDCk
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Plate 28:

NOESY NMR spectrum of helimontanilacton€307) in CDCk
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Plate 29: 'H NMR spectrum of helimontanilactone (307) in CDCJ with Eu(fod),
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Plate 30: NOESY NMR spectrum of helimontanilacton€307) in CDCk with Eu(fod);
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Plate 31:'H NMR spectrum of spathulenol (286) in CDC}
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Plate 32:**C NMR spectrum of spathulenol (286) in CDGJ
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Plate 33: COSY NMR spectrum of spathulenol (286) i€DCl;
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Plate 34: DEPT NMR spectrum of spathulenol (286) i€ DCl3
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Plate 35: HSQC NMR spectrum of spathulenol (286) i€DCl;
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Plate 36: HMQC NMR spectrum of spathulenol (286) irCDCl;
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Plate 37:'H NMR spectrum of compound 301 in CDCJ
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Plate 38:**C NMR spectrum of compound 301 in CDGJ
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Plate 39: COSY NMR spectrum of compound 301 in CDGI
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Plate 40:

DEPT NMR spectrum of compound 301 in CDGI
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Plate 41: HSQC NMR spectrum 301 of in CDGl
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Plate 42: HMQC NMR spectrum of 301 in CDC}
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Plate 43: NOESY NMR spectrum of 301 in CDGl
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Plate 44:'H NMR spectrum of umbelliferone (348) in CROD, CDCl,
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7‘5 ‘ 74‘2 64‘8 5,‘0 54‘2 4,‘4 34‘5 2‘8 2‘4 24‘0 ‘ 1‘6 1‘2 0‘8
3
5
4 6
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ [ ppm
8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2



Plate 45:*°C NMR spectrum of umbelliferone (348 ) in CROD, CDCl,
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Plate 46: COSY NMR spectrum of umbelliferone (348 in CDs0OD, CDCl,
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Plate 47: DEPT NMR spectrum of umbelliferone (348 in CDsOD, CDCl;
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Plate 48: HSQC NMR spectrum of umbelliferone (348 in CDs0OD, CDCl;
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Plate 49: HMQC NMR spectrum of umbelliferone (348)n CDs0OD, CDCl;
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Plate 50:'H NMR spectrum of 4’7 5-trihydroxy-3,3’,8-trimethoxyflavone (381) in CROD
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Plate 51:*°C NMR spectrum of 4’,7,5-trihydroxy-3,3’,8-trimethoxyflavone 3 (381) in CROD
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Plate 52: COSY NMR spectrum of 4’,7,5-trihydroxy-33’,8-trimethoxyflavone (381) in C;OD
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Plate 53: HSQC NMR spectrum of 4’,7,5-trihydroxy-33’,8-trimethoxyflavone (381) in CD,OD
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Plate 54: HMQC NMR spectrum of 4’,7,5-trihydroxy-3,3’,8-trimethoxyflavone (381) in CD;OD
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Plate 55: NOESY NMR spectrum of 4°,7,5-trihydroxy-33’,8-trimethoxyflavone (381) in CQOD
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Plate 56:'H NMR spectrum of compound 300 in CDCJ
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Plate 57:**C NMR spectrum of compound 300 in CDGJ
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Plate 58: COSY NMR spectrum of compound 300 in CDGI
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Plate 59: DEPT NMR spectrum of compound 300 in CDGI
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Plate 60: HSQC NMR spectrum of compound 300 in CDGl
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Plate 61: HMQC NMR spectrum of compound 300 in CDG
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Plate 62: NOESY NMR spectrum of compound 300 in CDIg
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Plate 63:'H NMR spectrum of pinocembrin (1) in CD;OD
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Plate 64:**C NMR spectrum of pinocembrin (1) in CD;OD
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Plate 65: COSY NMR spectrum of pinocembrin (1) in ©;0D
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Plate 66: DEPT NMR spectrum of pinocembrin (1) in ;0D
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Plate 67:HSQC NMR spectrum of pinocembrin (1) in CQOD
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Plate 68: HMQC NMR spectrum of pinocembrin (1) in ;0D
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Plate 69:'H NMR spectrum of lepidissipyrone (19) in CDC}
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Plate 70:**C NMR spectrum of lepidissipyrone (19) in CDCJ
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Plate 71: COSY NMR spectrum of lepidissipyrone (19n CDCl;
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Plate 72: DEPT NMR spectrum of lepidissipyrone (19 CDCl;
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Plate 73: HSQC NMR spectrum of lepidissipyrone (191 CDCl;
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Plate 75:'"H NMR
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Plate 74: HMQC NMR spectrum of lepidissipyrone (19)n CDCl;
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spectrum of gnaphaliin (67) in CDC}
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Plate 76:**C NMR spectrum of gnaphaliin (67) in CDC}
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Plate 77:

COSY NMR spectrum of gnaphaliin (67) in ©Cl;
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Plate 78: HSQC NMR spectrum of gnaphaliin (67) in ©Cl;
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Plate 79: HMQC NMR spectrum of gnaphaliin (67) in MCl;
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Plate 80: NOESY NMR spectrum of gnaphaliin (67) irCDCl;
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Plate 81:'"H NMR spectrum of 5-hydroxy-7,8-dimethoxyflavone (2) in CDCl,
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Plate 82:'*C NMR spectrum of 5-hydroxy-7,8-dimethoxyflavone (2) in CDCl;
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Plate 83: COSY NMR spectrum of 5-hydroxy-7,8-dimetbxyflavone (72) in CDC}
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Plate 84: DEPT NMR spectrum of 5-hydroxy-7,8-dimetbxyflavone (72) in CDC}
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Plate 85: HSQC NMR spectrum of 5-hydroxy-7,8-dimetbxyflavone (72) in CDC}
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Plate 86: HMQC NMR spectrum of 5-hydroxy-7,8-dimetloxyflavone (72) in CDC}
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Plate 87: NOESY NMR spectrum of 5-hydroxy-7,8-dimdtoxyflavone (72) in CDC}
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Plate 88:'H NMR spectrum of isoscutellarein 7-OB-glucoside (80) in CROD
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Plate 89:*C NMR spectrum of isoscutellarein 7-OB-glucoside (80) in CROD
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Plate 90: COSY NMR spectrum of isoscutellarein 7-Qiucoside (80) in CROD
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Plate 91: DEPT NMR spectrum of isoscutellarein 7-Qjucoside (80) in CROD
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Plate 92: HSQC NMR spectrum of isoscutellarein 7-@fucoside (80) in CROD
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Plate 94: NOESY NMR spectrum of isoscutellarein 7-&lucoside (80) in CROD
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Plate 95:'"H NMR spectrum of B-keto ester 384 in CD({
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Plate 96:"*C NMR spectrum of B-keto ester 384 in CDC]
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Plate 97:'H NMR spectrum of chalcone 392 in CDGJ
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Plate 98:**C NMR spectrum of chalcone 392 in CDG

‘ [ \ \ \ [ [ \ \ \ \ \ \ [ \
PPM  190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60



oTe

Plate 99:'H NMR spectrum of flavanone 395 in CDC{
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Plate 100:* °C NMR spectrum of flavanone 395 in CDG
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Plate 101: NOESY NMR spectrum of flavanone 398 in BCl;
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Plate 102: NOESY NMR spectrum of flavanone 399 i@DCl;
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Plate 103:'"H NMR spectrum of pyrone 401
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Plate 104:*C NMR spectrum of pyrone 401
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Plate 105:'"H NMR spectrum of pyrone 375
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Plate 106:*C NMR spectrum of pyrone 375
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Plate 107:*"H NMR spectrum of alkene 407
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Plate 108:**C NMR spectrum of alkene 407
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Plate 109:'H NMR spectrum of alkene 415
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Plate 110:*C NMR spectrum of alkene 415
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Plate 111:'"H NMR spectrum of alcohol 418

BnO OBn

OH

6.8

ace



Plate 112:**C NMR spectrum of alcohol 418
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Plate 113:'"H NMR spectrum of compound 421
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Plate 114:**C NMR spectrum of compound 421
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Appendix 2

Additional Crystal Structure Information for
Helisplendidilactone



1. Atomic coordinates ( x 1) and equivalent isotropic displacement parameters
(A2x 103) for helisplendidilactone. U(eq) is defined as anthird of the trace of the
orthogonalized Ul tensor.

X y z U(eq)
c@) -2598(2) 3885(2) 6827(2) 23(1)
c@) 3548(2) 10665(2) 7422(2) 17(1)
c() -1399(2) 4805(2) 7070(2) 21(1)
c(2) 5001(2) 10350(2) 6986(2) 20(1)
c@) -635(4) 5099(3) 6103(2) 58(1)
c(@3) 6015(2) 10110(2) 8046(2) 20(1)
c(4) 4909(2) 9282(2) 8512(2) 18(1)
C(4) 676(3) 5937(2) 6257(2) 33(1)
C(5) 3511(2) 10048(2) 8349(2) 17(1)
C(5) 640(3) 6960(2) 6744(2) 33(1)
C(6) 1840(2) 7900(2) 6822(2) 23(1)
C(6) 2347(2) 9935(2) 9116(2) 19(1)
c(7) 1425(2) 11023(2) 9222(2) 16(1)
c(7) 3259(2) 7556(2) 7567(2) 19(1)
c(8) 514(2) 11379(2) 8151(2) 18(1)
C(8) 3795(2) 6340(2) 7267(2) 24(1)
C(9) 1326(2) 12082(2) 7367(2) 21(1)
C(9) 3483(3) 6028(2) 6056(2) 30(1)
C(10) 2331(2) 11339(2) 6728(2) 21(1)
C(10) 1970(3) 5441(2) 5752(2) 32(1)
C(11) 4660(2) 8338(2) 7558(2) 18(1)
C(12) 5914(2) 7449(2) 7695(2) 24(1)
C(13) 4795(2) 9093(2) 6515(2) 19(1)
C(14) 1622(3) 5359(3) 4502(2) 37(1)
C(15) 5360(2) 8792(2) 9650(2) 23(1)
C(15) -3565(2) 3644(2) 7704(2) 24(1)
C(14) 2922(3) 12096(2) 5855(2) 33(1)
C(13) -507(2) 9768(2) 10095(2) 22(1)
C(11) 254(2) 10952(2) 10020(2) 18(1)
C(12) -897(2) 11829(2) 9540(2) 22(1)

o(1) -2764(2) 3367(2) 5958(2) 43(1)



0@)
0(@3)
0(4)
O(5)

5392(2)
7232(2)

-680(2)
-1886(2)

6354(1)
7612(2)

12096(1)
12257(1)

7587(1)
7884(2)
8495(1)
9964(1)

31(1)
35(1)
23(1)
28(1)

2. Anisotropic displacement parameters (Bx 103)for helisplendidilactone. The
anisotropic displacement factor exponent takes theorm: -2p2[ hZ2a*2Ull+ . +2hk

a* b* U12]
yll u22 u33 u23 ul3 ul2

C(1) 23(1) 20(1) 24(1) 0(1) 1(1) -4(1)
c() 18(1) 14(1) 20(1) 0(1) 1(1) 1(1)
C(2) 18(1) 21(1) 23(1) -5(1) 5(1) -3(1)
c(2) 21(1) 16(1) 22(1) 4(1) 3(1) -3(1)
C(3) 75(2) 80(2) 19(1) 2(1) 2(1) -56(2)
c@3) 17(1) 18(1) 26(1) 3(1) 0(1) -4(1)
C(4) 13(1) 18(1) 21(1) 2(1) 0(1) 2(1)
C(4) 42(1) 41(1) 16(1) 2(1) 5(1) -27(1)
C(5) 17(1) 14(1) 20(1) 0(1) 1(1) 2(1)
C(5) 21(1) 54(2) 26(1) -13(1) 11(1) -14(1)
C(6) 13(1) 22(1) 35(1) -8(1) 5(1) 1(1)
c(6) 19(1) 17(1) 19(1) 4(1) 3(1) 4(1)
C(7) 18(1) 13(1) 16(1) -2(1) 1(1) 1(1)
c(?) 18(1) 17(1) 23(1) 1(1) 5(1) -3(1)
C(8) 19(1) 16(1) 19(1) 0(1) 0(1) 4(1)
c(8) 29(1) 15(1) 28(1) 3(1) -2(1) -1(1)
C(9) 27(1) 17(1) 19(1) 3(1) 2(1) 7(1)
c(9) 36(1) 24(1) 29(1) -5(1) -2(1) 16(1)
C(10) 25(1) 17(1) 19(1) 2(1) 0(1) 6(1)
C(10) 49(2) 16(1) 28(1) 0(1) -7(2) 2(1)
C(11) 14(1) 16(1) 23(1) 2(1) 4(1) 2(1)
Cc(12) 24(1) 23(1) 26(1) 4(1) 5(1) 7(1)
C(13) 13(1) 19(1) 24(1) 2(1) 5(1) 1(1)
C(14) 33(1) 49(2) 28(1) -12(1) -3(1) 13(1)
C(15) 18(1) 27(1) 23(1) 6(1) -1(1) 1(1)
C(15) 20(1) 22(1) 31(1) 1(1) 5(1) 0(1)
C(14) 41(1) 35(1) 26(1) 14(1) 12(1) 15(1)



C(13)
C(11)
C(12)
0o(1)
0(2)
0(3)
0O(4)
O(3)

22(1)
19(1)
27(1)
58(1)
31(1)
17(1)
25(1)
32(1)

19(1)
18(1)
16(1)
44(1)
19(1)
38(1)
24(1)
25(1)

24(1)
17(1)
22(1)
26(1)
41(1)
50(1)
22(1)
28(1)

3(1)

-2(1)
-2(1)
-12(1)

1(1)
4(1)
3(1)

-1()

2(1)
1(1)
2(1)
7(1)
-3(1)
8(1)
5(1)
10(1)

2(1)
3(1)
3(1)

-25(1)

9(1)

10(1)
12(1)
10(1)

32¢
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Conference presentations



2007

2006

2005

55" International Congress and the Annual Meetinghef $ociety for
Medicinal Plant Research. (2-6 September, Graztrias

Oral presentationPresented at workshop for Young Researchers.
Isolation and characterisation of guaianolides fréfalichrysum
montanumandH. splendidum

Poster presentatiofsolation and characterisation of guaianolides from
Helichrysum montanumndH. splendidum

Abstract published inPlanta Medica 2007.9, 815.

The 38" National Convention of the South African Chemikcgtitute
(3-8 December, University of KwaZulu-Natal, Durban)

Oral presentatianisolation and synthesis of polyphenolic compounds
from Helichrysum excisum

4" International Conference on Pharmaceutical andr®heological
Sciences (ICPPS). (20-23 September, Riverside Hotel
Vanderbijlpark)

Oral Presentatiarisolation of selected bio-active lactones froouth
African Helichrysumspecies

9" Frank Warren Conference on Organic Chemistry
(22 -25 January, University of Cape Town)

Poster PresentatiorBio-active lactones fronHelichrysum species
(Book prize received for one of three best posters)

Suid-Afrikaanse Akademie vir Wetenskap en Kuns:
studentesimposium (28 October, University of Sahitica,
Pretoria).

Oral presentatiarFitochemie en antimikrobiese aktiwiteit van
Helichrysum excisun{Section winner. Abstract published in: Suid-
Afrikaanse Tydskrif vir Natuurwetenskap en Tegnado@5 (1), 51).

Indigenous Plant Use Forum (IPUF) (27-30 June, Rhaddhiversity,
Grahamstown)

Oral presentatiarPhytochemistry oHelichrysum montanum
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South African Helichrysum species: A review of the traditional uses, biological
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Aims of the study: In South Africa, the genus Helichrysum is widely used in traditional medicine. The uses
are well documented although renaming of species and the resulting confusing taxonomic nomenclature
may cause uncertainty as to which specific species was referred to in some reports. The aim of this paper
is to present a collated and coherent overview of the documented traditional uses of Helichrysum species
and to update the botanical identity of previously studied species.

Materials and methods: Databases (Scifinder, IS Web of Knowledge) and several books were used to collect

Keywords: in information on South African Helichrysum species.

Asteraceae . . . . - . .

Biological activity Results: The traditional uses, chemistry and biological activity of Helichrysum species have been sum-
Helichrysum marized. It was attempted to give clarity as to exactly which species is refer to in the ethnobotanical

literature.

Conclusions: Although a large number of ethnopharmacological uses have been documented and the chem-
istry of the genus has been studied extensively, only a few South African species have been investigated
for their biological activity.

Phytochemistry
Traditional uses

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The genus Helichrysum Mill. derives its name from the Greek
words helios (sun) and chrysos (gold) which is appropriate con-
sidering the attractive yellow flowers displayed by several species
(Pooley, 2003). The genus belongs to the Asteraceae family, tribe
Inuleae and subtribe Gnaphaliinae (Hilliard, 1983). This large genus
consists of approximately 500-600 species and although Helichry-
sum species are also found in southern Europe, south-west Asia,
southern India, Sri Lanka (previously Ceylon) and Australia, most
species occur in Africa, including Madagascar (Hilliard, 1983). In
South Africa (including Namibia), the ca. 244-250 species are
widely distributed and the tremendous morphological diversity
displayed by these species resulted in their subdivision into 30 mor-
phological groups, using the shape and size of the flower heads
as differentiating characteristics (Hilliard, 1983). The flower heads
are either solitary or occur in compact or spreading inflorescences.
The aerial parts are usually hairy or woolly and plants occur as
herbs or shrublets that are sometimes dwarfed and cushion form-
ing. They are often aromatic (Pooley, 1998, 2003; Van Wyk et al.,
2000).

* Corresponding author. Tel.: +27 33 2605886; fax: +27 33 2605009.
E-mail address: vanheerdenf@ukzn.ac.za (F.R. van Heerden).

0378-8741/$ - see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.jep.2008.06.011

2. Traditional uses

Several Helichrysums are widely used in Southern African tradi-
tional medicine as summarised in Table 1. The first written record
of the medicinal use of Helichrysum dates back to 1727 when
Boerhaave noted that a Helichrysum species was used to treat ner-
vousness and hysteria. The report of a Helichrysum species in the
early literature could have been based on knowledge acquired from
the local Khoi and San people, but is most probably due to the
fact that European botanists used their knowledge of medicinal
properties of European genera (Scott and Hewett, 2008).

2.1. Ambiguities in nomenclature

As is the case for all ethnobotanical data, the fact that plant
names are changed (Germishuizen and Meyer, 2003) and fre-
quently incorrectly cited (Arnold et al., 2002) is quite problematic.
To complicate matters further, variation in spelling of names also
occurs. Special care needs to be taken when consulting the original
texts to unambiguously confirm that a plant selected for a partic-
ular study is in fact the same species cited by, for example, Watt
and Breyer-Brandwijk (1962). In Table 1, current names are given
and previously accepted names are shown in parenthesis. For the
sake of clarity, the name as it appears in the reference is sometimes
indicated in brackets after the reference.



Table 1

Traditional uses and biological activities reported for Helichrysum species

Species? Plant part used Dosage form Traditional use Classification of Biological References
useP activity®
Helichrysum acutatum DC. 21¢ Widely used as traditional medicine, sold NS Arnold et al. (2002), Cunningham (1988),
commercially in large quantities Hutchings et al. (1996)
Helichrysum adenocarpum DC. 28 Root Decoction Used to treat diarrhoea and vomiting in GIT Arnold et al. (2002), Jacot Guillarmod (1971),
children. Neuwinger (1996), Phillips (1917), Pooley
(2003), Walker (1996), Watt and
Breyer-Brandwijk (1962)
Helichrysum appendiculatum (L.f.) Less. 24 Leaf Eaten raw Chest problems or infection of the respiratory ~ Resp, Infec, Bd, Fd Arnold et al. (2002), Githens (1949), Mathekga
tract Anth, W, P (2001)¢, Smith (1895), Smith (1966),
Swanepoel (1997), Walker (1996), Watt and
Plant Smallpox Breyer-Brandwijk (1962)
Plant Anthelmintic
Root Coughs and colds and applied externally on
wounds
Leaf Wound dressing Applied externally to wounds. Ground leaves
are rubbed into areas which cramps or on
wounds
Roots Ground and burnt and smeared on body to
relax body and to reduce swelling
Leaf Used medicinally as tea
Helichrysum argyrophyllum DC. 29 Root Infusion Intestinal troubles GIT Arnold et al. (2002), Batten and Bokelmann
Not grazed by stock, preventing soil erosion in (1966), Smith (1966), Walker (1996), Watt and
overgrazed areas Breyer-Brandwijk (1962)
Helichrysum argyrosphaerum DC. 15 Browsed by animals but poisonous if large Poi B4, Fd Hutchings et al. (1996), Mathekga (2001)¢,
quantities is ingested Pooley (1998), Van Wyk et al. (2002)
Helichrysum asperum (Thunb.) Hilliard The plants are casually browsed by sheep and Poi Smith (1966) (Helichrysum ericaefolium DC.)8
and Burtt. (=Helichrysum ericifolium said to be a cause of “Geilsiekte”
Less.) (Hilliard, 1983) 12f
Helichrysum athrixiifolium (Kuntze) Leaf Smoked Chest complaints. Resp Arnold et al. (2002), Jacot Guillarmod (1971)
Moeser 9f (Helichrysum athrixifolium O. Hoffm.)#, Phillips
(1917) (Helichrysum athrixiifolium O. Hoffm.)8,
Watt and Breyer-Brandwijk (1962)
(Helichrysum athrixifolium O. Hoffm.)&
Helichrysum aureonitens Sch. Bip. 8 Leaves and stems Burnt as incense Used to invoke the goodwill of the ancestors Psy, Psyc, B4, F4, vV Afolayan and Meyer (1997)¢, Cunningham

Helichrysum aureum Houtt. Merr. var.
aureum/monocephalum (=Helichrysum
fulgidum (L.f.) Willd.) 30"

Leaves and stems

Decoction
Extracts

Decoction

and to induce trances

Commercially sold

A remedy for inuresis in children

Used topically for skin infections especially
against Herpes zoster and infections associated
with Herpes simplex

Used to keep red mites away

Used as tinder to start fire, used to make hats.

Used for washing sore eyes

Infect, Insect

Eye

(1988), Hutchings et al. (1996), Jacot
Guillarmod (1971), Mathekga (2001) ¢, Meyer
and Afolayan (1995)¢, Meyer et al. (1996)¢,
Meyer et al. (1997)¢, Phillips (1917), Pooley
(1998), Pooley (2003), Swanepoel (1997),
Walker (1996), Watt and Breyer-Brandwijk
(1962)

Arnold et al. (2002) (Helichrysum fulgidum L.f.)
Willd.)#, Batten and Bokelmann (1966)
(Helichrysum fulgidum Willd.)8, Jacot
Guillarmod (1971) (Helichrysum fulgidum (L.)
Willd.)8, Phillips (1917) (Helichrysum fulgidum
Wwilld.)2
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Table 1 (Continued)

Species? Plant part used  Dosage form Traditional use Classification of ~ Biological References
useP activityP
Helichrysum bellum Hilliard 28 Bd, Fd Mathekga (2001)¢
Helichrysum caespititium (DC.) Harv 12f Plant Crushed and burnt and Used to treat head and chest colds Resp, Infect, Bd, Fd, I, My Arnold et al. (2002), Dekker et al. (1983)¢,
smoke inhaled (headaches) GIT, Vi, W Gelfand et al. (1985) (Helichrysum caespitium
Sond.)8, Hutchings and Van Staden (1994),
Jacot Guillarmod (1971) (Helichrysum
caespitium Sond.)?, Mathekga et al. (2000)¢,
Mathekga (2001)¢, Meyer et al. (2002)¢,
Neuwinger (1996), Phillips (1917) (Helichrysum
caespitium Sond)g, Pooley (1998), Pooley
(2003), Swanepoel (1997)¢, Watt and
Breyer-Brandwijk (1962)
Plant Decoction Drunk by the Kwena and the Kgatla to
treat gonorrhoea
Root Decoction Nausea
Roots Virility
Plant Ointment Ointment is applied to the roof of the
mouth for a depressed fontanelle
Used as dressing for open wounds
during circumcision rites
Helichrysum callicomum Harv 2 Protective charm. Mixed with Aster M, GIT B9, Fd Arnold et al. (2002), Jacot Guillarmod (1971),
bakerianus (hispidis) and Helichrysum Mathekga and Meyer (1998) ¢, Mathekga
Hgaddsurfuel in winter (2001)¢, Phillips (1917), Pooley (2003), Watt
Enema Used as an ingredient in an enema for and Breyer-Brandwijk (1962)
colic
Helichrysum calocephalum Klatt 23 Arnold et al. (2002) refers to others using
Helichrysum calocephalum Schiltr, which is
classified as Helichrysum ecklonis Sond
(Germishuizen and Meyer, 2003)
Helichrysum calophalum Klatt 23 Root Used for hyperfunction of the lower GIT Swanepoel (1997), information obtained from
gastro-intestinal tract TRAMED database. It is not clear to these
authors whether this use pertains to
Helichrysum calocephalum Klatt or Helichrysum
ecklonis Sond
Helichrysum candolleanum Buek 15 Bd, Fd Mathekga (2001)¢
Helichrysum chionosphaerum DC. 25 B4, Fd Mathekga (2001)¢
Helichrysum cephaloideum DC. Irritant poisoning in sheep Poi Van Wyk et al. (2002), Watt and
(=Helichrysum adscendens Less. var. demonstrated. Known to be poisonous Breyer-Brandwijk (1962)
cephaloideum Moes.) 24 to sheep (symptoms similar to that of
poisoning caused by Geigera)
Helichrysum cochleariforme DC. Tea, infusion Demulcent in coughs and other Resp Arnold et al. (2002), Neuwinger (1996), Smith
(=Helichrysum imbricatum Less.) 15 pulmonary affections. In the Western (1966), Swanepoel (1997), Watt and
Cape area the plant is used to treat Breyer-Brandwijk (1962)
whooping cough, other coughs,
bronchial catarrh and bronchitis
Whole plant Decoction Drunk for infections of the respiratory
tract
Helichrysum cooperi Harv. 30 Leaf Ointment, applied after Used as love charm. The ointment is M, Fum, Arnold et al. (2002), Hutchings et al. (1996),
bathing applied after bathing and as a result the Snakebite Pooley (1998), Pooley (2003), Walker (1996),
desired lady finds the man irresistible Watt and Breyer-Brandwijk (1962)
Leaves Used to make Zulu headdress

distinctive to married women
Used as a fumigant and as part of a
traditional remedy for snakebite.
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Helichrysum crispum (L.) D. Don. 17

Helichrysum cymosum (L.) D. Don. 8

Helichrysum dasymallum Hilliard
(=Helichrysum lanatum Harv.) 21
Helichrysum decorum DC. 30

Helichrysum dregeanum Sond. and Harv. 9

Helichrysum ecklonis Sond (=Helichrysum
calocephalum Schiltr.) 28

Helichrysum epapposum Bolus 3

Helichrysum excisum (Thunb.) Less. 12
Helichrysum felinum Less. 17
Helichrysum flanaganii Bolus 13

Helichrysum foetidum (L.) Moench 30f

Helichrysum glomeratum Klatt 6
Helichrysum griseum Sond (=Helichrysum

agrostophilum Klatt) 23"
Helichrysum gymnocomum DC. 4

Helichrysum herbaceum (Andrews) Sweet 29

Leaf
Root
Leaf
Leaf

Plant

Leaf

Root

Leaves and stems

Leaves and stems

Leaves

Plant

Leaf
Leaf
Leaf
Root
Leaf

Plant

Stems and leaves

Stems and leaves

Stems and leaves

Decoction/tea
Extract

Boiled, and vapours from

boiling leaves inhaled

Burned and smoked
inhaled

Smoked
Infusion

Decoction

Burned as incense

Burned

Extract is drunk/smoke
inhaled

Extract
Wound dressing

Preparation
Extract

Burned as incense

Ointment

Burned as incense

Used medicinally as a calming tea
Coughs, bronchitis, urinary tract
infections and tuberculosis.

Used to invoke the goodwill of the
ancestors and to induce trances

Used to treat colds and coughs

Used as emetic and purgative

Filtrate drunk to treat colds and fever
Vapour bath used to treat headaches

Used as medicinal tea. Woolly coat
used for tinder boxes
Used to induce trances

Used to treat head colds
Used to treat hiccups
Browsed by stock

Used by the Xhosas to ward of evil
magic spells, which follow on seeing
iChanti, the water snake

Used to treat diarrhoea in children.

Used to invoke the goodwill of the
ancestors
Commercially sold

Incense

Used to induce trances

Used to treat flu (influenza)

Used to treat circumcision and infected
wounds (festering sores)

Applied to treat Herpes

Eye problems, used to bath eyes

Used in making headdress distinctive
of married women

Aromatic and astringent (used to draw
out infection).

Used to treat menstrual pain

Preventative charm against illness.
Burnt as fuel in winter

Used to invoke the goodwill of the
ancestors

Mixed with fat, only the wives of chiefs
were previously allowed to use it

Used to fumigate sick rooms
Commercially sold

Used to invoke the goodwill of the
ancestors

Commercially sold

Resp, Renal B
M, Psy, Resp, B4, Fd, P
GIT, P
NS
Psy Bd, Fd
Resp, GIT
M, GIT
M
Bd, 1
B4, 1
M
Psy, Infect, B
Resp, W, Eye, P
B, Fd
M
Skin, M, Fum Bd, Fd
M B4, Fd

Arnold et al. (2002) (with reference to Smith,
1966), Kling as quoted by Salie et al., 1996¢,
Roberts (1990) (Helichrysum crispum)

These authors are not certain whether Kling is
referring to Helichrysum crispum (L.) D. Don. or
Helichrysum crispum Less.

Arnold et al. (2002), Bhat and Jacobs (1995),
Kokwaro as quoted by Neuwinger (1996),
Neuwinger (1996), Pooley (2003), Van Vuuren
et al. (2006)¢, Van Wyk et al. (2000)

Arnold et al. (2002), Lucas and Pike (1971),
Smith (1966)

Arnold et al. (2002), Hutchings et al. (1996),
Mathekga (2001)¢, Neuwinger (1996)

Arnold et al. (2002), Hutchings and Van Staden
(1994), Jacot Guillarmod (1971), Neuwinger
(1996), Phillips (1917), Smith (1966), Watt and
Breyer-Brandwijk (1962)

Batten and Bokelmann (1966), Jacot
Guillarmod (1971), Phillips (1917), Pooley
(2003), Watt and Breyer-Brandwijk (1962)

Arnold et al. (2002), Cunningham (1988),
Hutchings et al. (1996)

Lourens et al. (2004)¢
Lourens et al. (2004)¢
Walker (1996)

Arnold et al. (2002), Batten and Bokelmann
(1966) (Helichrysum foetidum Cass.), Gerstner
(1938) (Helichrysum foetidum Cass)g, Hulme
(1954), Hutchings et al. (1996), Kokwaro
quoted by Neuwinger (1996), Neuwinger
(1996) Roberts (1990), Rwangabo, quoted by
Neuwinger (1996), Steenkamp et al. (2004)¢,
Swanepoel (1997), Van Wyk and Gericke
(2000), Watt and Breyer-Brandwijk (1962)
(Helichrysum foetidum Cass.)®
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Mathekga and Meyer (1998) ¢, Mathekga
(2001)¢
Arnold et al. (2002), Phillips (1917)

Cunningham (1988), Drewes and Van Vuuren
(2008)¢, Hutchings et al. (1996), Phillips (1917)

Arnold et al. (2002), Cunningham (1988),
Hutchings et al. (1996), Mathekga (2001)¢,
Neuwinger (1996), Pooley (1998), Pooley
(2003)
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Table 1 (Continued )

Species? Plant part used Dosage form Traditional use Classification of ~ Biological References
useP activity®
Helichrysum hypoleucum Harv 16 Bd, Fd Mathekga and Meyer (1998) ¢, Mathekga

Helichrysum indicum (L.) Grierson
(=Helichrysum expansum (Thunb.)
Less.) 15

Helichrysum kraussii Sch. Bip 8

Helichrysum lepidissimum S. Moore 19

Helichrysum litorale Bolus (=Leontonyx
angustifolius DC. =Leontonyx spathulatus
Less.) 14

Helichrysum longifolium DC. 24

Helichrysum lucilioides Less. 12
Helichrysum melanacme DC. 8

Helichrysum miconiifolium DC. 23

Helichrysum montanum DC. 22
Helichrysum monticola Hilliard 28
Helichrysum mundtii Harv. 23

Helichrysum natalitium DC. 3

Plant Burned and crushed

Leaf Decoction

Root and leaves Infusion

Dried flower and seed Smoked in a pipe

Plant Burnt, salt is added to ash
and ingested by mouth
Root
Root Mixed with salt and other
ingredients
Powder or ointment
Plant
Leaf
Tea
Leaf
Root
Plant Decoction

Leaves and stems Burnt as incense

Leaves and stems

Mixed with Conyza pinnata. Crushed
and burnt to drive sickness from a
room

Use to wash keloid scars

Used to drive bad spirits away, used to
wash body

The Karanga smoke this as a remedy
for coughs and pulmonary tuberculosis
Cough

Venereal disease

Applied to child’s side with small
amount given orally

Used as a body perfume

Dried and pounded or mixed with lard
or fat, was used for applying to ulcers.
In the Western Cape province an
ointment for boils, carbuncles and
abscesses is made from this plant,
Cyanella lutea and
“tiendaegeneesbossie”

Used by the Pondos to treat
circumcision wounds. The leaves are
heated over very hot ash before being
used as a bandage for the treatment of
wounds after circumcision

Excellent stock feed

Used as bedding. Used medicinally as
tea. Used for cough, fever, headache,
colds and chest pain

Used medicinally as tea

The Xhosa grind and boil the leaves
and use it as a wash for pain after
circumcision

The powdered root is used for
intestinal parasites and for ticks on
poultry

Chest complaints

Used to invoke the goodwill of the

ancestors
Commercially sold

Skin, M, Resp, Bd, Fd
Infect

Skin
W, Skin
\Y Bd, Fd
Resp, P B4, F4, My,
\%
P, Anthel Bd, Fd
B, Fd
B, Fd
Resp
M

(2001)¢
Arnold et al. (2002), Jacot Guillarmod (1971)

Arnold et al. (2002), Arnold and Gulumian as
quoted by Neuwinger (1996), Bremner and
Meyer (2000)¢, Mathekga (2001)¢, Gelfand et
al. (1985), Mabogo (1990), Neuwinger (1996),
Swanepoel (1997), Walker (1996), Watt and
Breyer-Brandwijk (1962)

Dlamini (1981), Watt and Breyer-Brandwijk
(1962)

Smith (1966), Swanepoel (1997), Watt and
Breyer-Brandwijk (1962)

Dilika et al. (1997) ¢, Mathekga (2001)¢

Smith (1966)

Arnold et al. (2002), Lall and Meyer (1999)¢,
Lall et al. (2006) ¢, Mathekga (2001)¢, Smith
(1966)

Smith (1966) (Helichrysum miconiaefolium
DC.), Arnold et al. (2002), Mathekga (2001)¢,
Swanepoel (1997)

Mathekga (2001)®

Mathekga (2001)¢

Arnold et al. (2002), Jacot Guillarmod (1971),
Pooley (1998), Pooley (2003), Phillips (1917)
(Helichrysum mundii, Harv.)%, Watt and
Breyer-Brandwijk (1962)

Arnold et al. (2002), Cunningham (1988),
Hutchings et al. (1996), Pooley (2003)
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Helichrysum nudifolium (L.) Less. var.
nudifolium =H coriaceum Harv.f =also
Helichrysum gerberifolium A. Rich, =also
Helichrysum leiopodium DC. =also
Helichrysum nudifolium var.
quinquenerve =also Helichrysum
nudifolium var. leiopodium) 23

Helichrysum nudifolium var. oxyphyllum
(=Helichrysum oxyphyllum DC. =also
Helichrysum undatum Less.) 23

Helichrysum nudifolium var. pilosellum

(=Helichrysum latifolium (Thunb.) Less.

=Helichrysum pilosellum (L.f.) Less.) 23

Helichrysum nudifolium var. pilosellum
(=Helichrysum pilosellum (L.f.) Less.
=Helichrysum pedunculare (L.) DC. var.
pilosellum) 23"

Leaf

Leaf
Plant

Leaf/plant
Root
Leaf
Root/Leaf

Plant/leaf
Leaf
Root
Leaf
Leaf

Plant

Plant

Root

Leaf
Roots

Burnt as incense

Infusion

Eaten raw
Infusion

Wound dressing

Smoke inhaled

Infusion

Powder mixed with butter
and eaten

Decoction

Decoction
Infusion

Infusion on hot stones

Poultice
Decoction

Decoction

Infusion
Ground and burnt

To invoke the goodwill of the ancestors

Colds (Zulu and Khoi—administration
route not indicated)

Used to treat colds by the Xhosa
Regarded as demulcent, used to treat
catarrh, phthisis and other pulmonary
affections

Respiratory infections

Coughs and colds

Wounds

Applied to sores on the genitalia by the
Xhosa

Headache

Rectal prolapse

Protection of children from illness

Chest problems, used as emetic by the
Zulu

To encourage weaning in babies
Diseases in goats

Used as steam bath to treat fever and
nightmares

Swellings

Colic in children (administered as
enema)

Rubbed into scarifications over bruises.
Used as tea

Internal sores (intestinal ulceration)

Protective charm against thunder

Used for “doctoring’ people who wish
some deed concealed and who are
afraid of being found out

Ingredient in colic remedy

Stomach ache in children

Ground and burnt near cattle suffering
from black leg

As an antiseptic and to induce fast
healing: used after circumcision to
prevent inflammation externally

Also externally applied to wounds and
used for infections of the respiratory
tract

As an antiseptic

Stomach ailments

M, Resp, W,
Infect, P, Skin,
GIT

M, GIT

W, Resp, GIT

BY, F4, 1

B, Fd

Arnold et al. (2002), Gerstner (1938)
(Helichrysum undifolium, also Helichrysum
leiopodium DC.)8, Githens (1949) (Helichrysum
nudifolium, also Helichrysum leiopodium)g,
Glover et al. quoted by Neuwinger (1996),
Hulme (1954), Hutchings et al. (1996),
Hutchings and Johnson (1986), Hutchings and
Van Staden (1994), Jacot Guillarmod (1971)
(Helichrysum nudifolium var. leiopodium)?, Jager
et al. (1996)¢, Mabogo (1990), Phillips (1917)
(Helichrysum leiopodium DC.), Rood (1994),
Smith (1895) (Helichrysum nudiflorum)g, Smith
(1966) (Helichrysum coriaceum Sond. and
Helichrysum nudifolium var. quinquenerve)?,
Swanepoel (1997)¢ (Helichrysum
gerberifolium)¢, Van Wyk et al. (2000),
Neuwinger (1996) (also Helichrysum
gerberifolium Sch. Bip)&, Watt and
Breyer-Brandwijk (1962) (Helichrysum
gerberaefolium Sch. Bip. Ex A.Rich)8

Arnold et al. (2002), Gertsner (1938),
Hutchings et al. (1996)

Arnold et al. (2002) (H. pilosellum)8, Hulme
(1954) (Helichrysum latifolium)8, Hutchings et
al. (1996) (Helichrysum pilosellum (L.f.) Less.)g,
Jacot Guillarmod (1971) (Helichrysum latifolium
(Thunb.) Less.)8, Mathekga and Meyer (1998)¢,
Mathekga (2001)¢, Neuwinger (1996)
(Helichrysum pilosellum (L.f.) Less.)8, Phillips
(1917) (Helichrysum latifolium Less. )8, Phillips
(1917) (Helichrysum latifolium Less.)?, Pooley
(2003) (Helichrysum pilosellum)g, Swanepoel
(1997), Walker (1996) (Helichrysum pilosellum
(L.f.) Less.)8, Watt and Breyer-Brandwijk (1962)
(Helichrysum latifolium Less. )8

Arnold et al. (2002), the sources below are
indicated in Arnold et al., under Helichrysum
pedunculare DC.: Batten and Bokelmann (1966)
(isicwe, isiGqutsi)t, Githens (1949) (Helichrysum
pedunculare)g, Smith (1895) (isi-Cwe.)!, Smith
(1966)
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Table 1 (Continued )

Species? Plant part used Dosage form Traditional use Classification of  Biological References
use® activity®
Helichrysum odoratissimum (L.) Sweet 4 Leaf/ground plants Used as wound Wounds and burns W, Fum, Psy, Bd, Fd, My Adjanohoun quoted by Neuwinger (1996),
dressing/leaf pulp Psyc, M, Resp, Arnold et al. (2002), Baerts and Lehmann
Plant The Southern Sotho use this plant to Eye, GIT, P quoted by Neuwinger (1996), Cunningham
fumigate huts (1988), Dlamini (1981), Hutchings and Johnson
Ointment It is mixed with fat to form pleasantly (1986), Hutchings et al. (1996), Hutchings and
smelling ointment, formerly only used Van Staden (1994), Jacot Guillarmod (1971),
by wives of chiefs Kokwaro quoted by Neuwinger (1996), Lall and
Leaf Ash is rubbed into Insanity, possession Meyer (1999)¢, Lourens et al. (2004)¢,
scarifications Mathekga and Meyer (1998) ¢, Mathekga
Burnt as incense Used to invoke the goodwill of the (2001)¢, Neuwinger (1996), Pooley (1998),
ancestors, protective charm Pooley (2003), Rwangabo quoted by
Tea Aids sleep, relieves muscle tension and Neuwinger (1996), Smith (1966), Swanepoel
cramps (1997), Van Puyvelde et al., 1989, Van Wyk et
Plant, leaf, stems Smoke inhaled Used as a sedative and to treat al. (2000), Van Wyk and Gericke (2000), Watt
insomnia and as protective cleanser. and Breyer-Brandwijk (1962)
Root Colds, coughs
Leafy twigs Ash is eaten Coughs
Leaf and twigs Extract or sap used as eye Conjunctivitis
drop
Decoction Abdominal pain
Aerial parts Extract Used to treat dehydration
Leaf Sap Heartburn, flatulence
Root Extract Purgative (extract is drunk)
Leaf Ash is eaten Vomiting
Tea Colic and stitch
Leaf Decoction Febrile convulsions (part of
preparation)
Leaf Smoke inhaled Headache
Leaf Infusion Fever (also used as wash)
Leaf and twigs Decoction Used to treat female sterility,
menstrual pain and eczema in Rwanda
Leafy twigs Decoction Tonic for pregnant women
Leaf Decoction Galactagoque
Used a bedding material since it is an
effective insect repellent. Sold
commercially. The Xhosa also use the
plant for spiritual purposes, as a
fumigant when a baby is born
Helichrysum oreophilum Klatt 21 B, F4 Mathekga and Meyer (1998) ¢, Mathekga
(2001)¢
Helichrysum pallidum DC. (=Helichrysum Preventative charm for illness M Arnold et al. (2002), Jacot Guillarmod (1971)
agrostophilum Klatt (in part) =Helichrysum L (Helichrysum undatum var. agrostophilum)g,
undatum (Thunb.) Less. var. agrostophilum o . Burnt as fuel in winter . Phillips (1917) (Helichrysum undatum Less., var.
(Klatt) Moeser =Helichrysum undatum var. R°OtS Bathing in decoction The act of forgetting, The bath is pallidum and Helichrysum agrostophilum Klatt)2
pallidum 23 suppose to make a person invisible/or
forgotten by his enemies, witchcraft
Helichrysum panduratum O. Hoffm. 18 Leaf Decoction Febrile convulsions in children (part of P, Infect Al Adjanohoun quoted by Neuwinger (1996),
a preparation) Haerdi quoted by Neuwinger (1996),
Neuwinger (1996), Neuwinger (1996), Pooley
(1998), Swanepoel (1997)¢
Plant Sap Used to treat malaria in children
Used to make herbal tea
Helichrysum pandurifolium Schrank. Infusion, demulcent Respiratory conditions Resp, P, Ca, Arnold et al. (2002), Roberts (1990)
(=Helichrysum auriculatum Less.) 18 Renal (Helichrysum auriculatum Less. )8, Rood (1994),

Backpain, heart trouble, kidney
disease, kidney stones
Historically been used as a tea

Smith (1966) (Helichrysum auriculatum Less. )8,
Swanepoel (1997), Watt and Breyer-Brandwijk
(1962) (Helichrysum auriculatum Less.)s
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Helichrysum patulum (L.). Don. (=Helichrysum
crispum Less.) 18

Helichrysum pedunculatum Hilliard and Burtt Leaf and root

(=Helichrysum pedunculare DC.) 23

Helichrysum petiolare Hilliard and Burtt 18

Leaf
Helichrysum platypterum DC. 20 Root
Root
Helichrysum psilolepis Harv. 22 Root
Helichrysum rotundatum (=H coriaceum
(DC.) Harv.)f
Helichrysum rugulosum Less. 9
Helichrysum setosum Harv. 30
Leaf
Root

Infusion

Tea

Decoction

Crushed and sucked

Decoction

Enema

Decoction

Powdered and rubbed into
the wound

Heart trouble, backache, kidney P, Ca, Renal,
disease, also ‘heart weakness’ (also Resp

heart treatment in animals). Stress and

fatigue

Hyperpiesa, (hyperpepsia is probably a
spelling error in Neuwinger), coronary
thrombosis, bladder
conditions/infections

Asthma, Influenza

Gynaecological disorders

Used as bedding

As an antiseptic and to induce fast W, Resp, Infect, B
healing: used after circumcision to GIT
prevent inflammation externally

Also externally applied to wounds and
used for infections of the respiratory
tract

As an antiseptic

Stomach ailments

Coughs, colds, catarrh, headache, fever, Bd
menstrual disorders, urinary tract

infections

Antiseptic wound dressing

Tea taken for heart conditions, stress,

hypertension, anxiety and

over-excitement

Used as bedding
Renew virility in men Vi
Dysmenorrhoea P Bd, Fd

Used to weave hats

Used as tea NS
Protective charm (with Helichrysum M, GIT, Fum Bd, Fd
callicomum and Aster bakerianus

Colic (an ingredient)

Used to fumigate huts when children

are ill (cold)
Love potion M, Epilepsy,
Epilepsy Fum, Snakebite

Fumigate rooms

Snakebite, roots are also mixed with
the flesh of the snake and put in the
patient’s porridge

Neuwinger (1996) (Helichrysum crispum Less. )8,
Roberts (1990) (Helichrysum crispum)g, Scott et
al. (2004), Smith (1966) (Helichrysum crispum
Less.)8, Watt and Breyer-Brandwijk (1962)
(Helichrysum crispum Less. )8

Arnold et al. (2002), Batten and Bokelmann
(1966) (Helichrysum pedunculare DC.8, isiCwe!,
isiGqutsi', Xhosa), Bhat and Jacobs (1995)
(Helichrysum pedunculatum Hilliard and Burtt8,
isiCwe', siGgutsi', Xhosa), Dilika et al. (1997)¢,
Gerstner (1938) (Helichrysum pedunculare DC.8,
isiCwel, Zulu), Githens (1949) (Helichrysum
pedunculares, isicwe', Zulu), Hutchings et al.
(1996) (Helichrysum pedunculatum Hilliard et
Burtt)®, Meyer and Dilika (1996) ¢, Rood (1994)
(Helichrysum pedunculatum®, ery’kue', Fingo),
Smith (1895) (Helichrysum pedunculare DC.8,
isiCwe®), Smith (1966) (Helichrysum
pedunculare DC.)8, Neuwinger (1996)
(Helichrysum pedunculatum Hilliard and
Burtt)®, Swanepoel (1997), Watt and
Breyer-Brandwijk (1962) (Helichrysum
pedunculare DC.)8

Arnold et al. (2002), Lourens et al. (2004)¢,
Kirstenbosch Botanical Garden, Neuwinger
(1996), Roberts (1990) (Helichrysum
peteolatum)g, Scott et al. (2004 ), Smith (1966)
(Helichrysum petiolatum DC.)8, Van Wyk et al.
(2000)

Arnold et al. (2002), Jacot Guillarmod (1971),
Phillips (1917), Watt and Breyer-Brandwijk
(1962), Jakupovic et al., 1987

Arnold et al. (2002), Jacot Guillarmod (1971),
Mathekga (2001)¢, Phillips (1917), Neuwinger
(1996), Watt and Breyer-Brandwijk (1962)

Smith (1966) (Helichrysum coriaceum Sond.)®

Arnold et al. (2002), Dlamini (1981), Jacot
Guillarmod (1971), Mathekga and Meyer
(1998)¢, Mathekga (2001)¢, Phillips (1917),
Pooley (1998), Pooley (2003), Watt and
Breyer-Brandwijk (1962)

Chabra quoted by Neuwinger (1996), Jacot
Guillarmod (1971), Lucas and Pike (1971),
Neuwinger (1996), Phillips (1917), Watt and
Breyer-Brandwijk (1962)

259-0£9 (800Z) 611 A30joopuLivydouy3q fo jpuinof / |p 3a suaino NI’y

L€9



Table 1 (Continued )

Species? Plant part used Dosage form Traditional use Classification of ~ Biological References
useP activity®
Helichrysum simillimum DC. 8 B4, Fd Mathekga (2001)¢
Helichrysum splendidum (Thunb.) Less. 22 Roots Used to treat rheumatism P, Skin Arnold et al. (2002), Dlamini (1981), Jacot
Fuel plant in the mountains Guillarmod (1971), Pooley (2003), Swanepoel
Leaf The leaves are boiled and the steam (1997)

inhaled to induce sweating
It is used together with Senecio species
to treat pimples

Helichrysum subglomeratum Less. 6 Aerial parts Smoke inhaled Headaches P [ Jager et al. (1996) ¢
Helichrysum sutherlandii Harv. 17 Plant Burnt, powdered plant Powder applied to cuts in the skin of a M B4, Fd Arnold et al. (2002), Jacot Guillarmod (1971),
material sick person Mathekga (2001)¢, Phillips (1917), Pooley
(1998), Pooley (2003), Watt and
Breyer-Brandwijk (1962)
Helichrysum tenax M.D. Hend var. tenax Decoction Used for washing sore eyes Eye B4, Fd Arnold et al. (2002) (Helichrysum fulgidum (L.f)
(=Helichrysum fulgidum (L.f) Willd. 30" Willd.)#, Batten and Bokelmann (1966)
(Helichrysum fulgidum Willd.)8, Drewes et al.
(2006)¢, Jacot Guillarmod (1971) (Helichrysum
fulgidum (L.) Willd.)8, Phillips (1917)
(Helichrysum fulgidum Willd.)8
Helichrysum tomentosulum (Klatt) Merxm 1 Used as a perfume (subsp.) aromaticum P, Renal Neuwinger (1996), Van Wyk and Gericke
Twigs Extract Twigs are pounded in water and used (2000), Von Koenen (2001)
as mouth wash for tooth ache
Plant Smoke inhaled The entire plant is placed on red hot
coals and smoke inhaled for body pain.
The same treatment is used by
pregnant women suffering from
antepartum haemorrhage
Root Decoction Bladder problems (dribbling)
Used as thatching.
Helichrysum trilineatum DC. 22 Bd, Fd Bremner and Meyer (1998) ¢, Mathekga
(2001)¢
Helichrysum umbraculigerum Less. 5 Heavily grazed B9, Fd Mathekga (2001)¢, Pooley (1998)
Helichrysum uninervium Burtt Davy 12 The Swazi use the plant as a purgative GIT Swanepoel (1997)

or an emetic. They add one teaspoon of
the plant to soft porridge which is then
eaten by the patient

2 Where the species name has been changed, the previously accepted name is given in brackets. The following species are no longer classified as Helichrysum: Helichrysum capillaceum (Thunb.) Less. (Phillips, 1917; Jacot
Guillarmod, 1971; Watt and Breyer-Brandwijk, 1962) accepted name now Troglophyton capillaceum subsp. capillaceum (Thunb.) Hilliard and B.L. Burtt (Gibbs Russell et al., 1987); Helichrysum orbiculare (Thunb.) Druce (Smith,
1966) accepted name now Plecostachys serpyllifolia (P.J, Bergius) Hilliard and B.L.Burtt (Gibbs Russell et al., 1987); Helichrysum sesamoides Willd. (Smith, 1966) accepted name now Edmondia sesamoides (L.) Hilliard (Gibbs Russell
et al.,, 1987); Helichrysum vestitum (L.) Willd. (Smith, 1966) accepted name now Syncarpha vestita (L.) B. Nord. (Gibbs Russell et al., 1987); Helichrysum hochstetteri (A. Rich) Hook. F. (Githens, 1949) and Helichrysum stenopterum
DC. (Dlamini, 1981) accepted name now Achyrocline stenoptera (DC.) Hilliard (Gibbs Russell et al., 1987).

b Abbreviations used: A =analgesic activity determined; Anth = anthelmintic; B = antibacterial activity determined; Ca = cardiac conditions; Eye = used in eye conditions; F = antifungal activity determined; Fum = used as fumi-
gant, often plants are burnt in room of a sick person; GIT = gastrointestinal conditions, which include mainly colic, nausea and vomiting, diarrhoea and stomach pain; I = anti-inflammatory activity determined; Infect = conditions
associated with infections, such as gonorrhoea and smallpox; Inflam = conditions associated with inflammation such as swelling, menstrual pain; Insect = plants are used to deter insects such as red mites; M = used in a magical
sense, to invoke the goodwill of the ancestors and as charms (protective, love); My = antimycobacterial activity determined; NS=not specified; P=conditions associated with pain, inflammation and fever, which include
headache, convulsions and dysmenorrhoea; Pl=antiplasmodial (antimalarial) activity determined; Psy = psychotropic use—plants that are used to induce trances; Psyc = psychological conditions such as inuresis in children
and insomnia; Poi = possible poison, mainly when stock ingest excessive amounts; Renal = conditions associated with kidney and bladder problems; Resp =respiratory conditions, which include colds, coughs, flu, tuberculosis;
Skin = used for skin conditions such as keloid scars, abscesses, as ointments; W = used to dress wounds; V =antiviral activity determined; Vi=used for virility in men.

¢ The number refers to the morphological group according to Hilliard (1983).

4 Antimicrobial activity of 1 mg/ml or less observed for one or more micro-organisms.

¢ Reference associated with biological activity.

f In some cases the author name, as indicated in the source, is not present in either Hilliard (1983) or Germishuizen and Meyer (2003). The current author is then chosen.

£ In cases where the name in the source and the current name differ, the name used in the source is indicated in brackets for clarification.

h In cases where the old name is used to describe two different species in the current system, the uses are indicated under both the current names.

I Vernacular name.

8¢9
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In some cases, one species name was changed to another, for
example Helichrysum adscendens Less. var. cephaloideum Moeser.
in Watt and Breyer-Brandwijk (1962) is now known as Helichry-
sum cephaloideum DC. In other instances, a Helichrysum species
now belongs to a different genus for example, Helichrysum capil-
laceum (Thunb.) Less. (Watt and Breyer-Brandwijk, 1962) is now
classified as Troglophyton capillaceum subsp. capillaceum (Hilliard,
1983).

Sometimes the same species name with only a different author
name refers to a different species, for example Helichrysum calo-
cephalum Schltr, which is now classified as Helichrysum ecklonis
and not Helichrysum calocephalum Klatt (Gibbs Russell et al., 1987;
Germishuizen and Meyer, 2003). Batten and Bokelmann (1966),
Jacot Guillarmod (1971), Phillips (1917) and Watt and Breyer-
Brandwijk (1962) all used Helichrysum calocephalum Schitr., which
is now recognised as Helichrysum ecklonis, but in Arnold et al.
(2002) there is no reference to Helichrysum ecklonis yet the above-
mentioned sources are used as references under Helichrysum
calocephalum Klatt.

The specific Helichrysum species referred to when Helichrysum
crispum is used in ethnobotanical literature is also ambigu-
ous. Germishuizen and Meyer (2003) stated that Helichrysum
crispum of authors other than (L.) D. Don. is Helichrysum pat-
ulum (L) D. Don. and not Helichrysum crispum (L.) D. Don.
In Watt and Breyer-Brandwijk (1962) and Smith (1966), the
name appears as Helichrysum crispum Less. therefore indicat-
ing Helichrysum patulum, although Arnold et al. (2002) cited
the name Helichrysum crispum (L.) D. Don. (with reference to
Smith, 1966) as well as Helichrysum patulum with reference to
Watt and Breyer-Brandwijk (1962). Roberts (1990) used Helichry-
sum crispum without an author name, causing uncertainty as
to which particular species is referred to; the cited medici-
nal uses are however similar to those indicated by Watt and
Breyer-Brandwijk (1962) for Helichrysum crispum Less. Salie and
co-workers (1996) determined that Helichrysum crispum (L.) D.
Don. had weak (10mg/ml) antimicrobial activity against Pseu-
domonas aeruginosa. Both Salie et al. (1996) and Swanepoel (1997)
use the name Helichrysum crispum (L.) D. Don., but when indi-
cating its traditional uses refer to Watt and Breyer-Brandwijk
(1962). Scott et al. (2004) showed that Helichrysum patulum had
antimicrobial activity against Staphylococcus aureus in the disc
diffusion assay that was comparable to that of the ciprofloxacin
control, while the traditional uses indicated correspond very
well to those reported in Watt and Breyer-Brandwijk (1962) for
Helichrysum crispum Less. Both species occur in the same region
making exclusion of one species on the basis of distribution
impossible.

Helichrysum pedunculare DC. is another name with an unfor-
tunate and confusing history. In this case, it seems that
Helichrysum pedunculare DC. in ethnobotanical literature could
refer to either Helichrysum pedunculatum Hilliard and Burtt
or Helichrysum nudifolium var. pilosellum (previously known as
Helichrysum pedunculare (L.) DC. var. pilosellum) (Hilliard, 1983;
Arnold et al., 2002; Germishuizen and Meyer, 2003). The ver-
nacular name and uses indicated by for example Watt and
Breyer-Brandwijk (1962) for Helichrysum pedunculare DC. and Bhat
and Jacobs (1995) for Helichrysum pedunculatum Hilliard and Burtt.
is similar. According to Hilliard (1983), Helichrysum pedunculare
(L.) DC. is also a synonym for Helichrysum odoratissimum (L.)
Sweet.

In some instances it is impossible to decide to which species
an author refers, for example Helichrysum agrostophilum Klatt
(Watt and Breyer-Brandwijk, 1962) that was in part changed to
Helichrysum pallidum DC. and in part to Helichrysum griseum Sond
(Germishuizen and Meyer, 2003).

2.2. Administration routes

Plant parts used include the leaves, stems, flowers, roots and
sometimes the whole plant. The plant remedies are administered
in different ways, including the preparation of teas, inhalation of
smoke and vapours and placement of leaves in the form of a poultice
on wounds to prevent infection (Table 1). Several of these species
are known by the same vernacular names, for example Helichry-
sum cymosum, Helichrysum nudifolium, Helichrysum odoratissimum
and Helichrysum petiolare are all known as imphepho which indi-
cates that they can be used interchangeably, as Van Wyk et al.
(2000), noted that “use often depends on local availability rather
than preference for a particular species”.

2.3. Traditional uses of South African Helichrysum species

The traditional uses of Helichrysum in South Africa are sum-
marised in Table 1. There are several recurring South African
traditional uses for plants from this genus. Smoke is often inhaled
to induce trances or to invoke the goodwill of the ancestors. They
are often used to treat respiratory conditions and leaves are often
applied as wound dressings. They are used in the treatment of
gastro-intestinal disorders such as abdominal pain and colic and
also eye conditions. They also seem to have an effect on the relief
of pain and inflammation as they are used to treat menstrual pain,
rheumatism and headaches. The plants are used to fumigate huts
and also used as bedding to repel insects.

2.4. Correlation between medicinal uses and morphological
groups

Plants from almost all morphological groups are used medic-
inally and the broad spectrum of uses are not restricted to a
specific morphological group. In some cases there does seem to
be a relationship between the morphological group (according to
Hilliard, 1983) or adjacent morphological classes and the traditional
uses of these plants. Helichrysum epapposum (group 3), Helichry-
sum natalitium (group 3), Helichrysum gymnocomum (group 4) and
Helichrysum odoratissimum (group 4) all share the Zulu/Xhosa name
imphepho and all are burnt as incense to invoke the goodwill of the
ancestors. However, this particular use applies to many species such
as, Helichrysum cymosum (group 8), Helichrysum petiolare (group
18), Helichrysum dregeanum (30) and in some sources Helichrysum
nudifolium (23) share the same vernacular name and use. Helichry-
sum cymosum (group 8), Helichrysum kraussii (group 8), Helichrysum
melanacme (group 8), Helichrysum athrixiifolium (group 9) and
Helichrysum dregeanum (group 9) are all used to treat respiratory
complaints such as coughs and colds. The administration route of
these remedies do however vary; for Helichrysum arthrixiifolium the
leaf is smoked, for Helichrysum kraussii the dried flowers and seeds
are smoked in a pipe, for Helichrysum cymosum a decoction of leaves
is drunk, for Helichrysum dregeanum the leaf is smoked and the
administration route is not indicated in the source for Helichrysum
melanacme.

South African species are not often used to treat heart and kidney
ailments. Both Helichrysum pandurifolium and Helichrysum patulum
belongs to group 18, and are indicated in the treatment of kidney
disease and heart disorders. Both are also used to treat backpain
and respiratory conditions by the same administration route. Plants
from groups 23 and 24 are often used to treat wounds. The leaves
of Helichrysum miconiifolium (group 23), Helichrysum nudifolium
(group 23), Helichrysum pedunculatum (group 23), Helichrysum
appendiculatum (group 24) and Helichrysum longifolium (group 24)
are all used as wound dressings. However, Helichrysum foetidum
(group 30) is mentioned as a replacement for Helichrysum pedun-
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culatum in the treatment of circumcision wounds (Gerstner, 1938).
The species constituting group 23 are also used for respiratory
conditions including, Helichrysum mundtii, Helichrysum nudifolium
and Helichrysum pedunculatum. Root decoctions of both Helichry-
sum adenocarpum and Helichrysum ecklonis belonging to group 28
are used to treat diarrhoea in children, while a root infusion from
Helichrysum argyrophyllum (group 29) is used to treat intestinal
troubles. It is interesting to note that the only two species indicated
for the treatment of snakebite both belong to group 30, namely
Helichrysum cooperi and Helichrysum setosum.

3. Phytochemistry

The chemistry of this genus is complex with a wide variety
of chemical classes occurring as is evident from the three major
publications by Bohlmann and Jakupovic (Bohlmann and Zdero,
1980a; Jakupovic et al., 1986; Jakupovic et al., 1989) in which a
total of 63 South African Helichrysum species were investigated
chemically. The classes of compounds isolated from the South
African Helichrysum species are summarised in Table 2 and Fig. 1.
Acylphloroglucinols (1-3) are common, often with prenyl or ger-
anyl side chains. The replacement of the cinnamic moiety by other
acyl CoA derivatives in the biosynthesis of the main constituents
seem to be characteristic (Jakupovic et al., 1989). The presence of
humulone derivatives, such as helihumulone (4) is also widespread
(Jakupovic et al., 1989).

Flavonoids (5-11) derived from phloroglucinol are very com-
mon and often have unsubstituted B rings (Bohlmann and Abraham,
1979a,d; Jakupovic et al., 1986) which is a characteristic feature of
plants from the Inuleae tribe (Harborne, 1977). The presence of 6-
and 8-hydroxyflavonols and their methyl ethers (7) are also fre-
quent as in other members of the tribe (Harborne, 1977). A wide
variety of chalcones (8-10) are also found, including dihydrochal-
cones (11), pyranochalcones (10) and those substituted with prenyl
(9) or geranyl groups. As in other Inuleae species, these chalcones
are often accompanied by their structurally and biogenetically
related flavanones (Harborne, 1977) as can be seen for Helichrysum
acutatum (5 and 8) (Bohlmann and Abraham, 1979c), Helichry-
sum cymosum (Jakupovic et al., 1989) and Helichrysum oreophilum
(Jakupovic et al., 1986).

The presence of a-pyrones (12) is rather common (they occur
in plants from morphologic groups 1, 2, 4, 12, 15, 18, 19 and 24)
and they are often isolated from the roots of these plants (Hansel
et al., 1980; Jakupovic et al., 1986, 1989). Different types of diter-
penes occur; these include the kaurenoic acid type (15, Jakupovic
et al.,, 1989) as well as those derived from helifulvanic acid (13,
Bohlmann et al., 1980b). Sesquiterpenes representing a variety of
skeletal types occur, as is characteristic for the rest of the family
(Hegnauer, 1977). Some skeletal types, such as the humulenes, are
widely distributed across the genus, whereas others such as the
guaianolides (16) are restricted to a few species (morphological
groups 10 and 22). Helichrysum species are known for their aro-
maticity and a variety of monoterpenes are reported in the essential
oils of some species (Lourens et al., 2004; Frum and Viljoen, 2006;
Van Vuuren et al., 2006; Asekun et al., 2007). Squalene is the most
common triterpene found and is often in high concentration.

Another unusual type of compound that occurs is thiophene
derivatives (17, 18) which have been isolated from the roots of
species such as Helichrysum acutatum and Helichrysum tenuifolium.
These thiophenes are the result of addition reactions of a common
chloro-acetylene precursor with HS (Bohlmann and Abraham,
1979b,c). Simple polyacetylenes (20) are widespread. Acetylenics
with pyran (19) and furan moieties, some with epoxy and/or chlo-
rine substitution, occur in these plants and is characteristic of the

Gnaphaliineae (Harborne, 1977).

As for the traditional uses, one particular class of compound is
not restricted to a particular morphologic group. However, there
are some compounds that occur mainly in a specific morphologi-
cal class. For example, phloroglucinols (excluding those belonging
to the flavonoid class) feature as major compounds in morpholog-
ical classes 2, 3, 4, 12, 14, 15, 20, 24 and 28. Flavonoids are present
in almost all of the morphological groups, but a large number are
found in plants from groups 8, 9 and 27. Diterpenes were isolated in
large quantities from species in groups 23, 25 and 30 (all 10 plants
investigated in this group had this type of compound as the major
chemical species). Helichrysum umbraculigerum from group 5 seems
to be the only species investigated that contains compounds of the
cannabigerol type (21) as the major constituent and Helichrysum
dasyanthum (group 10) and Helichrysum splendidum (group 22) con-
tain mainly sesquiterpenes of the guaianolide type (which is absent
in the other species). Plants from groups 6, 18 and 19 are also rich
in sesquiterpenes (Table 2).

Although there seem to be similarities in the chemistry of
the European and South African species, the Australian species
are chemically different from their South African counterparts
(Jakupovic et al., 1989, 1989a).

4. Biological activity
4.1. Anti-infective activity

Considering the traditional uses of this genus (specifically the
treatment of wounds and respiratory tract infections and the
application as a fumigant for example), there seems to be a
strong indication that these plants and their compounds should
exhibit antimicrobial activity. Several studies on the antimicrobial
activity of Helichrysum species was done by the group of Meyer
from the University of Pretoria, South Africa. Extracts of several
species (Table 1) were submitted to antibacterial testing using
a group of randomly selected bacteria which normally included
the Gram-positive bacteria: Bacillus cereus, Bacillus pumilis, Bacil-
lus subtilis, Micrococcus kristinae, Staphylococcus aureus and the
Gram-negatives: Enterobacter cloaceae, Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa and Serratia marcescens. Ace-
tone extracts were mostly tested, but in a few cases methanol,
water and dichloromethane extracts were used. Assays involv-
ing agar dilution and direct autobiography were employed (Meyer
and Afolayan, 1995; Meyer and Dilika, 1996; Afolayan and Meyer,
1997; Dilika et al., 1997; Mathekga and Meyer, 1998; Bremner and
Meyer, 2000; Mathekga et al., 2000; Mathekga, 2001). Antifungal
activity was also determined for fungi such as Aspergillus flavus,
Aspergillus niger, Cladosporium cladosporioides, Cladosporium cuc-
umerinum, Cladosporium sphaerospermum and Phytophthora capsici
(Mathekga, 2001).

Reports on antimicrobial activities from other laboratories
include the relatively weak antimicrobial activity (Gibbons, 2004)
documented for extracts of Helichrysum foetidum (MIC’s of more
than 4 mg/ml against all selected bacteria in the 96-well plate assay,
Steenkamp et al. (2004) and Helichrysum crispum (L.) D. Don. where
MIC’s of 10 mg/ml were reported against Pseudomonas aeruginosa
and Candida albicans (Salie et al., 1996). Activities ranging from
0.078 to 0.3 mg/ml against Gram-positive bacteria, Gram-negative
bacteria and yeasts were also reported for a Helichrysum cymosum
extract (Van Vuuren et al., 2006). Acetone and methanol extracts
of Helichrysum odoratissimum (incorrectly identified as Helichrysum
dasyanthum in Lourens et al., 2004), Helichrysum excisum, Helichry-
sum felinum and Helichrysum petiolare displayed activity against
Staphylococcus aureus and Bacillus cereus. The species with the best



Table 2

Classes of compounds isolated from South African Helichrysum species

Species Morphologic group  Flavonoid derivatives®® Phloroglucinols® Diterpenes®  Terpenes®  Other®  Reference
A B C D E
Helichrysum acutatum DC.¢ 21 X X X X X Bohlmann and Abraham (1979c)
Roots and aerial parts
Helichrysum adenocarpum DC. 28 X Bohlmann et al. (1980a)
Roots and aerial parts
Helichrysum albirosulatum Killick 6 X X Bohlmann et al. (1980a), Bohlmann
Roots and aerial parts etal. (1978a)
Helichrysum allioides Less. 23 X Bohlmann and Zdero (1973)
Roots
Helichrysum anomalum Less. 9 X X Jakupovic et al. (1989)
Aerial parts
Helichrysum appendiculatum (L.f.)¢ 24 X Bohlmann et al. (1980a)
Less.
Aerial parts
Helichrysum argentissimum ].M. 28 X X X Bohlmann et al. (1980a)
Wood.
Roots
Helichrysum argyrolepis MacOwan 29 X X Bohlmann et al. (1984)
Aerial parts
Helichrysum argyrophyllum DC. 29 X X X XX Jakupovic et al. (1989), Bohlmann
Aerial parts and roots and Zdero (1973)
Helichrysum asperum (Thunb.) 12 XXXX Jakupovic et al. (1989)
Hilliard et Burtt. var. albidulum
(DC.) Hilliard
Aerial parts
Helichrysum athrixiifolium 9 X X Bohlmann and Ates (1984)
(Kuntze)©
Moeser
Aerial parts and roots
Helichrysum aureonitens Sch. Bip.© 8 X XX X Bohlmann and Ziesche (1979),
Roots and aerial parts Afolayan and Meyer (1997), Meyer
etal. (1997)
Helichrysum aureum (Houtt.) Merr.¢ 30 XX X Jakupovic et al. (1989)
Aerial parts and roots
Helichrysum aureum (Houtt.) Merr. 30 XX X Bohlmann et al. (1978a)
var. monocephalum (DC.) Hilliard
Aerial parts and roots
Helichrysum auriceps Hilliard 24 X X Bohlmann and Zdero (1980)
Roots
Helichrysum bellum Hilliard 28 X X X X Bohlmann and Zdero (1979a)
Aerial parts and roots
Helichrysum caespititium DC. Harv.© 12 X Dekker et al. (1983), Mathekga et

Whole plant
Aerial parts

al. (2000)
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Table 2 (Continued )

Species Morphologic group  Flavonoid derivatives®® Phloroglucinols® Terpenes®  Other®  Reference
A
Helichrysum callicomum Harv.© 2 X XX X Bohlmann and Abraham (1979a)
Aerial parts and roots (Helichrysum calliconum?)
Bohlmann et al. (1984)
Helichrysum candolleanum H. Buek 15 Jakupovic et al. (1989)
Aerial parts
Helichrysum cephaloideum DC. 24 X Hansel et al. (1980), Bohlmann and
Roots and aerial parts Zdero (1980), Jakupovic et al.
(1986)
Helichrysum cerastioides DC. 15 X Bohlmann et al. (1984), Jakupovic
Aerial parts et al. (1989) (Helichrysum
cerastroides DC. supsp. aurosicum
Merxm. et A. Schreiber?)
Helichrysum chionosphaerum DC. 25 XX X Bohlmann et al. (1980b), Jakupovic
Aerial parts and roots etal. (1989)
Helichrysum chrysargyrum Moeser 22 X Bohlmann et al. (1979a)
Aerial parts and roots
Helichrysum confertum N.E.Br 17 Bohlmann et al. (1978a)
Roots
Helichrysum cooperi Harv.© 30 Bohlmann et al. (1978a)
Roots and aerial parts
Helichrysum cooperi ps. aff. ? Wright (1976)
Helichrysum cooperi Harv.
Helichrysum cymosum (L.) D. Don.¢ 8 XX X Jakupovic et al. (1989)
Aerial parts
Helichrysum cymosum (L.) Don. 8 X Bohlmann et al. (1979b)
ssp.¢ calvum
Roots and aerial parts
Helichrysum cymosum (L.) D. Don.© 8 Van Vuuren et al. (2006)
Ssp. cymosum
Helichrysum dasyanthum (Willd.) 10 XX X Jakupovic et al. (1989)
Sweet
Aerial parts
Helichrysum dasymallum Hilliard 21 X Bohlmann and Zdero (1973)
(=Helichrysum lanatum Harv.) (Helichrysum lanatum DC.9)
Roots
Helichrysum decorum DC.¢ 30 Bohlmann et al. (1980a)
Aerial parts
Helichrysum drakensbergense Killick 19 XX X Bohlmann and Suwita (1979)
Roots and aerial parts
Helichrysum dregeanum Sond. and 9 X Jakupovic et al. (1989)
Harv.©
Aerial parts
Helichrysum felinum Less. 17 Jakupovic et al. (1989)

Aerial parts

9
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Helichrysum flanaganii Bolus®
Aerial parts and roots

Helichrysum foetidum (L.) Moench.©
Roots

Helichrysum fulvum N. E. Br.
Aerial parts and roots

Helichrysum glaciale Hilliard
Aerial parts

Helichrysum glomeratum Klatt
Aerial parts

Helichrysum grandiflorum (L.) D.
Don.
Roots

Helichrysum gymnocomum DC.¢
Roots and aerial parts

Helichrysum gymnocomum DC.©
Flowers

Helichrysum herbaceum (Andrews)
Sweet®
Aerial parts

Helichrysum heterolasium Hilliard
Aerial parts

Helichrysum hyphocephalum
Hilliard
Aerial parts and roots

Helichrysum indicum (L.) Grierson®
Aerial parts

Helichrysum infaustum J.M. Wood.
and M.S. Evans
Aerial parts

Helichrysum kraussii Sch. Bip.©
Aerial parts, flowers and roots

Helichrysum krebsianum Less.
Aerial parts

Helichrysum krookii Moeser
Roots and aerial parts

Helichrysum lepidissimum S. Moore
Aerial parts

Helichrysum litorale Bolus®
(=Leontonyx angustifolius DC.,
=Leontonyx spathulatus Less.)

13

30

30

27

17

29

30

27

15

23

19

14

XX

XX

XX

XX

XX

XX

XX

Bohlmann et al. (1980a)

Bohlmann and Zdero (1973)

Bohlmann et al. (1979c)

Bohlmann et al. (1980a)

Bohlmann and Suwita (1979)

Bohlmann and Zdero (1973)

Bohlmann and Mahanta (1979)
(Helichrysum gymnoconum DC.4)

Drewes and Van Vuuren (2008)

Bohlmann et al. (1979a)

Bohlmann and Abraham (1979a)

Bohlmann and Abraham (1979d)
(Helichrysum hypocephalum
Hilliard4)

Jakupovic et al. (1989)

Bohlmann and Suwita (1979)

Jakupovic et al. (1989), Bremner
and Meyer (2000), Candy et al.
(1975), Candy and Wright (1975)

Bohlmann et al. (1980a)

Bohlmann et al. (1980a)

Jakupovic et al. (1989)

Bohlmann and Suwita (1978)
(Leontonyx spathulatus Less.)
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Table 2 (Continued )

Species Morphologic group Flavonoid derivatives®® Phloroglucinols® Pyrones® Diterpenes® Terpenes® Reference
A B C D E

Helichrysum melanacme (DC.) 8 X X Lall et al. (2006)
Harv.©

Shoots

Helichrysum miconiifolium DC. 23 X Bohlmann et al. (1980a)

Roots

Helichrysum mimetes S. Moore 19 X X X XX Jakupovic et al. (1986)

Aerial parts

Helichrysum mixtum (Kuntze.) 24 XX XX Jakupovic et al. (1986)

Moeser

Roots

Helichrysum moeseranium Thell. 22 X X Jakupovic et al. (1989)

Aerial parts

Helichrysum monticola Hilliard 28 X XX X Jakupovic et al. (1989), Bohlmann

Aerial parts and roots and Zdero (1980a)

Helichrysum mundtii Harv.© 23 X X X X Bohlmann et al. (1978b), Bohlmann
(=Helichrysum mundii Harv.)d et al. (1980a)

Roots and aerial parts

Helichrysum nanum Klatt 6 X X X Bohlmann and Suwita (1979)

Aerial parts

Helichrysum natalitium DC.© 3 XX X Bohlmann and Zdero (1979a)

Aerial parts and roots

Helichrysum nudifolium L. Less. var. 23 XX X XXX Jakupovic et al. (1986), Bohlmann
nudifolium¢ et al. (1978a) (Helichrysum

Aerial parts and roots nudifolium L. Less.4) Bohlmann and

Zdero (1973) (Helichrysum
nudifolium L. Less.4)

Helichrysum nudifolium var. 23 X X X X Bohlmann et al. (1980a)
oxyphyllum (=Helichrysum (Helichrysum oxyphyllum Klatt?)
oxyphyllum DC.)

Aerial parts

Helichrysum nudifolium var. 23 Bohlmann and Zdero (1973)
pilosellum (=Helichrysum (Helichrysum latifolium Less.9)
latifolium Less.)*

Helichrysum nudifolium var. 23 XX Jakupovic et al. (1986) (Helichrysum
pilosellum (=Helichrysum pilosellum (L.f.) Less.9)
pilosellum (L.f.) Less.)

Roots

Helichrysum odoratissimum (L.) 4 X X XX X X Van Puyvelde et al. (1989), Hansel
Sweet® et al. (1980), Bohlmann and Zdero

Aerial parts and roots (1973)

Helichrysum oreophilum Klatt. 21 X X X X X Jakupovic et al. (1986), Bohlmann

Aerial parts et al. (1980a)

Helichrysum pagophilum M.D. 27 X Bohlmann et al. (1980a)

Hend.
Aerial parts

4%
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Helichrysum pallidum DC.©
Aerial parts and roots

Helichrysum panduratum O.Hoffm.¢
Aerial parts

Helichrysum patulum (L.) D. Don.¢
(=Helichrysum crispum Less.)
Aerial parts

Helichrysum pedunculatum Hilliard
and Burtt®
Leaves

Helichrysum petiolare Hilliard and
B.L. Burtt.
Aerial parts

Helichrysum platypterum DC.©
Aerial parts and roots

Helichrysum polycladum Klatt
Aerial parts and roots

Helichrysum populifolium DC.
Roots

Helichrysum reflexum N. E. Br.
Aerial parts

Helichrysum revolutum (Thunb.)
Less.
Aerial parts

Helichrysum retortoides N.E. Br.
Aerial parts

Helichrysum rosum (Berg.) Less.
Aerial parts

Helichrysum nudifolium L. Less. var.
nudifolium (=Helichrysum
coriaceum Harv.)

Roots

Helichrysum ruderale Hilliard and
B.L. Burtt.
Aerial parts

Helichrysum rugulosum Less.¢
Aerial parts and roots

Helichrysum scabrum (Thunb.) Less.

Aerial parts

Helichrysum setosum Harv.©
Aerial parts

Helichrysum spiralepis Hilliard and
Burtt. (=Leontonyx squarrosus)

23

18

18

23

18 X

20

16

29

26

23

30

30

14

XX

Bohlmann et al. (1980a)

Bohlmann and Abraham (1979b)

Bohlmann and Suwita (1979)
(Helichrysum crispum Less.4)

Dilika et al. (2000)

Jakupovic et al. (1989), Bohlmann
and Zdero (1973) (Helichrysum
petiolatum DC.49)

Jakupovic et al. (1986), Bohlmann
et al. (1980a), Bohlmann and Zdero
(1979a), Jakupovic et al., 1987

Bohlmann et al. (1980a)

Bohlmann et al. (1980a)

Bohlmann et al. (1985)
(Helichrysum refluxum N. E. Br.4)

Jakupovic et al. (1989)

Bohlmann et al. (1980a)

Jakupovic et al. (1989)

Bohlmann et al. (1984a)
(Helichrysum coriaceum Harv.4)

Bohlmann et al. (1980a)

Bohlmann and Misra (1984)

Jakupovic et al. (1989)

Jakupovic et al. (1986)

Bohlmann and Suwita (1978)
(Leontonyx squarrosus?)
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Table 2 (Continued )

Species Morphologic group  Flavonoid derivatives?® Phloroglucinols® Diterpenes®  Terpenes®  Other®  Reference
A B C D E
Helichrysum splendidum (Thunb.) 22 X X XXX X Bohlmann and Suwita (1979a),
Less.© Jakupovic et al. (1989)
Aerial parts and roots
Helichrysum subfalcatum Hilliard 6 X X Bohlmann et al. (1980a)
Aerial parts
Helichrysum subglomeratum Less.¢ 6 X X X Jakupovic et al. (1989)
Aerial parts
Helichrysum sutherlandii Harv. 17 X X X X Bohlmann et al. (1978b), Bohlmann
(=Helichrysum suterlandii Harv.)® et al. (1980a)
Aerial parts and roots
Helichrysum swynnertonii S. Moore 25 X Bohlmann et al. (1980a)
Aerial parts and roots
Helichrysum tenax var. tenax M.D. 30 XX Drewes et al. (2006)
Hend.
Leaves
Helichrysum tenuiculum DC. 8 X X X X Bohlmann et al. (1979b)
Aerial parts and roots
Helichrysum tenuifolium Killick. 22 X X X X X XX Bohlmann and Abraham (1979b)
Aerial parts and roots
Helichrysum thapsus (O. Kuntze) 23 X Bohlmann and Zdero (1983)
Moeser
Aerial parts
Helichrysum tomentosulum Klatt. 1 X X Jakupovic et al. (1989)
Merxm subsp. aromaticum
(Dinter) Merxm.¢
Aerial parts
Helichrysum tricostatum (Thunb.) 11 X Jakupovic et al. (1989)
Less.
Aerial parts
Helichrysum trilineatum DC. 22 X X Bremner and Meyer (1998),
Shoots and roots Bohlmann et al. (1980a)
Helichrysum umbraculigerum Less. 5 X X XXX Bohlmann and Hoffmann (1979)
Aerial parts
Helichrysum vernum Hilliard 28 X X Bohlmann et al. (1980a)
Roots
Helichrysum zeyheri Less. 1 X Jakupovic et al. (1986)

Aerial parts

2 A=flavanone, B = chalcone, C=dihydrochalcone, D = flavonol, E = flavone, F = other flavonoids.

b X =3 or less compounds isolated; XX =4-9 compounds isolated; XXX =10 or more compounds isolated, XXXX = more than 20 compounds isolated.

¢ Used in traditional medicine.
d Name as used in reference.

99
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activity was the acetone extract of Helichrysum odoratissimum with
an MIC of 0.016 mg/ml against Staphylococcus aureus (which corre-
lates well with the values obtained by Mathekga and Meyer, 1998).

Helichrysum species are often used to treat respiratory con-
ditions and tuberculosis (Table 1). Extracts of Helichrysum
odoratissimum and Helichrysum melanacme showed activity against
Mycobacterium tuberculosis at concentrations of 0.5 mg/ml (Lall and
Meyer, 1999; Lall et al., 2006). The acetone extract of Helichry-
sum caespititium inhibited a drug sensitive-strain of Mycobacterium
tuberculosis at a concentration of 0.5mg/ml in the agar plate
method and a MIC of 0.1 mg/ml was observed using the rapid radio-
metric method (Meyer etal.,2002). The water extract caused partial
inhibition at the highest concentration of 5 mg/ml.

In some cases the antimicrobial activity of isolated compounds
was determined. Flavonoids are generally one of the largest classes
of antibacterial compounds (Gibbons, 2004). Galangin (3,5,7-
trihydroxyflavone) isolated from Helichrysum aureonitens (Meyer
and Afolayan, 1995), inhibited the growth of four Gram-positive
bacteria (three Bacillus species and Micrococcus kristinae) as well
as the Gram-negative Enterobacter cloaceae (Afolayan and Meyer,
1997). The highest activity observed was against Bacillus cereus,
Micrococcus kristinae and Enterobacter cloaceae at 0.1 mg/ml. In
other studies by Cushnie et al. (2003) and Cushnie and Lamb
(2006), the activity of galangin was shown against six strains of
[-lactam sensitive and resistant strains of Staphylococcus aureus
and 16 strains of 4-quinolone resistant strains of the bacterium at
MIC’s of approximately 50 jg/ml. Galangin also displays some anti-
fungal activity against fungi such as Aspergillus tamari (35% growth
inhibition at 0.5 mg/ml) (Afolayan and Meyer, 1997). These results
support the use of Helichrysum aureonitens in the treatment of skin
infections, often caused by Staphylococcus aureus.

Another flavonoid, 3-O-methylquercetin was isolated from
Helichrysum odoratissimum and antimicrobial activity determined
for a broad range of micro-organisms including Gram-negative
bacteria such as Salmonella typhimurium (MIC =50 p.g/ml), Gram-
positive bacteria, such as Staphylococcus aureus (MIC=6.25 pg/ml)
and fungi, for example Candida albicans (MIC=12.5 .g/ml), in the
microdilution method (Van Puyvelde et al., 1989). Bremner and
Meyer (1998) also reported on the anti-staphylococcal activity
for pinocembrin chalcone (8, isolated from Helichrysum trilin-
eatum), as well as pinocembrin (5) that was obtained as an
artifact during the isolation procedure. Flavonoids isolated from
the flowers of Helichrysum gymnocomum exhibited promising
antimicrobial activity against a wide variety of Gram-positive and
Gram-negative organisms as well as yeasts. An MIC of 8 pg/ml
was for example observed against Cryptococcus neoformans for
5,7-dibenzyloxyflavanone (Drewes and Van Vuuren, 2008). Two
chalcones isolated from Helichrysum melanacme (9, 10) exhib-
ited MIC’s of 0.05 mg/ml against the drug sensitive H37Rv strain
of Mycobacterium tuberculosis. The activity of the chalcones was
higher than that of the crude extract but a combination of the
two chalcones did not result in an improved MIC (Lall et al,
2006).

There are also reports on the antimicrobial activity of com-
pounds other than flavonoids. Activity against Gram-positive
bacteria was observed for both linoleic and oleic acids, isolated from
antibacterial extracts of Helichrysum pedunculatum (a plant used to
treat circumcision wounds, Dilika et al., 2000). The MIC of both
fatty acids was 1.0 mg/ml for Staphylococcus aureus and Micrococ-
cus kristinae in the agar diffusion assay. The MIC’s was 0.05 mg/ml
of each fatty acid when they were administered at the same time
(Dilika et al., 2000).

Kaurenoic acid (15, a diterpene), isolated from Helichrysum
kraussii, exhibited a MIC as low as 1pg/ml against Escherichia
coli and MIC's of 10 pg/ml against Bacillus cereus, Bacillus sub-

tilis, Staphylococcus aureus and Serratia marcescens (Bremner and
Meyer, 2000). Significant antimicrobial activity was also observed
for monomeric (14) and dimeric diterpenes from Helichrysum tenax
var. tenax. MIC values as low as 3.1 and 3.6 g/ml were determined
against Bacillus cereus whereas MIC's as low as 41.5 pg/ml were
determined for a Gram-negative organism such as Pseudomonas
aeruginosa (Drewes et al., 2006).

MIC's of 100pg/ml were observed for prenylated
butyrylphloroglucinol (3) isolated from Helichrysum kraussii
against Bacillus cereus, Bacillus pumilis, Bacillus subtilis, Micrococcus
kristinae, Staphylococcus aureus, Serratia marcescens and Escherichia
coli in an agar diffusion assay (Bremner and Meyer, 2000). The
same phloroglucinol was isolated from Helichrysum gymnocomum
and MIC’s of below 100 pg/ml (6-45 wg/ml) were reported for
Enterococcus faecalis, Staphylococcus epidermidis, Staphylococcus
aureus, Bacillus cereus, Pseudomonas aeruginosa, Cryptococcus
neoformans and Candida albicans (Drewes and Van Vuuren, 2008).
A difference in assays employed, inoculum size and possibly
different strains of the same micro-organism used may account
for the observed difference in activity. A structurally related
phloroglucinol also exhibited promising antibacterial activity
against Enterococcus faecalis, Staphylococcus aureus, Pseudomonas
aeruginosa and Cryptococcus neoformans (Drewes and Van Vuuren,
2008). Caespitin (1) and caespitate (2) (both phloroglucinols)
exhibited antimicrobial activity against several bacteria as well as
fungi (Dekker et al., 1983; Mathekga et al., 2000). Caespitin (1)
was active against Staphylococcus aureus, Streptococcus pyogenes,
Cryptococcus neoformans, Trichophyton rubrum, Trichophyton men-
tagrophytes and Microsporum canis although neither the method
used nor the level of activity, are indicated in the relevant article
(Dekker et al., 1983). Caespitate (2), exhibited antibacterial activity
against the Gram-positive Bacillus cereus, Bacillus pumilis, Bacillus
subtilis, Micrococcus kristinae and Staphylococcus aureus at con-
centrations of 0.5 pg/ml in the agar dilution method (Mathekga
et al., 2000). This compound also exhibited antifungal activity
which ranged from 0.5 to 1.0 wg/ml against Aspergillus flavus,
Aspergillus niger, Cladosporium cladosporioides, Cladosporium cuc-
umerinum, Cladosporium sphaerospermum and Phytophtora capsici
(Mathekga et al., 2000). Caespitate (2) was also active against
several Mycobacterium tuberculosis strains at a concentration of
0.1 mg/ml which was similar to the MIC observed for the crude
extract of Helichrysum caespititium (Meyer et al., 2002).

Several caespitin derivatives were synthesised with MIC values
as low as 2 pg/ml against Staphylococcus aureus and Streptococ-
cus pyogenes. These compounds also exhibit antifungal activity.
The possible development of antimicrobial resistance was exam-
ined as well as the development of cross resistance with known
antimicrobials (Van der Schyf et al., 1986). For helihumulone (4), a
phloroglucinol of the humulone type, activity was exhibited for a
broad range of micro-organisms with some promising results, for
example 16 pg/ml against Pseudomonas aeruginosa. The antimalar-
ial activity of this compound was determined to be 15 pg/ml (Van
Vuuren et al., 2006). As previously mentioned, the South African
Helichrysums contain a large amount of phloroglucinol derivatives
and considering the promising antimicrobial activity observed for
this type of compound, it seems a class well worth investigating.

Aqueous extracts of Helichrysum aureonitens exhibited antivi-
ral activity against the Herpes simplex virus type | in vitro at
a concentration of 1.35mg/ml (Meyer et al., 1996). The flavone,
galangin, isolated from this plant also exhibited antiviral activity
against Herpes simplex virus type I and the Coxsackie virus at con-
centrations of 6 wg/ml (Meyer et al., 1997). The antiviral activity
was also determined for a crude ethanolic extract of Helichrysum
melanacme and its isolated constituents. The activity of the iso-
lated prenylated chalcone (9) and a pyranochalcone (10) was lower
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(ICs50 =0.1 mg/ml) against the Influenza A virus than that of the crude
extract (0.01 mg/ml) although a combination of the two chalcones
resulted in an improved ICsg (0.01 mg/ml, Lall et al., 2006).

In summary, the crude extracts generally show some degree
of antimicrobial activity, which is usually higher against Gram-
positive organisms than against Gram-negative organisms.
Although the antibacterial and antifungal activities of these plants
are well documented, antimalarial, antimycobacterial and antiviral
data are scarce. Isolated compounds sometimes exhibit more
superior activity when compared to the crude extract, but often
the crude extract has similar activity. Correct identification of plant
material is crucial as misidentification of plant material can lead
to incorrect reporting (Lourens et al., 2004). The selected range of
concentrations is often on the high side (Gibbons, 2004, considered
values of below 1 mg/ml for extracts and 64 p.g/ml for single chem-
ical entities as significant); for example a range of 10-100 mg/ml
was used for Helichrysum pedunculatum extracts (Meyer and Dilika,
1996). Positive controls (antibiotics) are absent in some of the
assays (Mathekga et al., 2000), making it difficult to comparatively
assess the activity of a particular extract or compound. The fact that
different assays are employed impairs comparison of data between
different laboratories (assays relying on diffusion are especially
suspect since a low rate of diffusion would present a low activity,
which is not always a true representation). Microbial strains are
often not referenced and the number of colony forming units not
mentioned (Meyer and Afolayan, 1995). Extracts also often do not
dissolve completely in the solvents used and as Cushnie illustrated
with galangin (2003) this can have a profound effect on the MIC’s
observed (Cushnie et al.,, 2003). Chemical classes such as the
flavonoids, acylphloroglucinols and diterpenes from South African
Helichrysum species exhibit promising antimicrobial activity and
plants that contain these compounds seems potential candidates
for further study.

4.2. Other biological data

Unpublished work done by Noristan laboratories indicates
that fractions of the extract of Helichrysum caespititium exhibits
anti-inflammatory activity of up to 82% at 360 mg/kg in the car-
rageenan test done on rats and prevents platelet aggregation
(Swanepoel, 1997). Ethanolic extracts of Helichrysum subglomera-
tum and Helichrysum nudifolium inhibited prostaglandin synthesis
in vitro by 69 and 96% (50 g of plant extract used), respectively
(Jager et al., 1996). The group at Noristan determined that frac-
tions of a Helichrysum nudifolium extract also reduced edema in
the carrageenan assay by approximately 30% at 300 mg/kg in rats
(Swanepoel, 1997). These results indicate that Helichrysum nud-
ifolium has both in vitro and in vivo anti-inflammatory activity,
possibly due to the inhibition of the cyclooxygenase enzymes.

The group at Noristan observed that the second of three fractions
obtained after gradient column chromatography (using petroleum
ether, ethyl acetate and methanol) of a dichloromethane/methanol
extract from Helichrysum panduratum showed a 79% reduction
in pain experienced in the writhing pain test at 500 mg/kg.
Edema was also reduced by 50% in the carrageenan test indi-
cating that this plant has both anti-inflammatory and analgesic
properties. It was also antihypertensive (a reduction of 6% in
mean blood pressure was observed after administering a dose
of 300mg/kg) and weakly antimicrobial (Swanepoel, 1997). A
fraction from a dichloromethane/methanol extract of Helichry-
sum petiolare investigated by the group from Noristan determined
that administration of 300 mg/kg of extract to mice reduced
mean blood pressure by 21% and resulted in a 6% reduction in
heart rate (Swanepoel, 1997). Acetone extracts of Helichrysum
excisum (ICso =35 pg/ml) and Helichrysum felinum (ICso = 39 pg/ml)

inhibited the 5-lipoxygenase enzyme which also plays a role in
inflammation. Antioxidant activity (as indicated with the DPPH
assay) of acetone and methanol extracts of Helichrysum odoratis-
simum, Helichrysum excisum, Helichrysum felinum and Helichrysum
petiolare was comparable to that of vitamin C, as expected for
species rich in phenolic compounds (Lourens et al., 2004).

European research further highlights the antioxidant and anti-
inflammatory effects displayed by plants from this genus. It is
quite often the flowers that are investigated, a plant part that are
seldom investigated in South African research (Drewes and Van
Vuuren, 2008; Table 2). Antioxidant activity was reported for flower
extracts from Helichrysum stoechas (Carini et al., 2001), Helichry-
sum arenarium (Czinner et al., 2000; Czinner et al., 2001) and
Helichrysum italicum (Facino et al., 1990). In vivo (topical) anti-
inflammatory activity comparable to that of the indomethacin
standard was observed for an acetophenone derivative, gnaphaliin
(a flavonoid) and ursolic acid isolated from Helichrysum stoechas
(Recio et al., 1991). In vivo and in vitro anti-inflammatory activ-
ity was also observed for acetophenone glucosides, flavonoids and
other compounds isolated from Helichrysum italicum (Sala et al.,
2001, 2002, 2003a,b) as well as for extracts from Helichrysum com-
pactum (Siizgec et al., 2005). These promising results indicate that
more research should be undertaken on the anti-inflammatory
activity of South African species, as many similar compounds
appear in the South African and European species.

As previously mentioned, Helichrysum species are often burnt
as incense to invoke the goodwill of the ancestors, in protec-
tive and other charms and to induce trances. It is also used in
the treatment of insanity, possession, used as a sedative to treat
insomnia and as a protective cleanser (Table 1). Their traditional
uses indicate that these plants may exhibit psychotropic effects.
Stafford et al. (2005) determined the GABA-receptor binding effect
of extracts from Helichrysum argyrolepis, Helichrysum herbaceum,
Helichrysum nudifolium, Helichrysum ruderale, Helichrysum rugu-
losum, Helichrysum simillimum and Helichrysum umbraculigerum
by using the 3H-Ro 15-1788 binding assay. Helichrysum ruderale
and Helichrysum umbraculigerum exhibited the most pronounced
effects, while Helichrysum herbaceum, Helichrysum rugulosum and
Helichrysum simillimum showed moderate to good dose dependant
activity.

There appears to be a large divide between the rich chemical
data available and biological testing on compounds isolated from
the South African species. One chemical class, the a-pyrones will
be discussed as an example. By our rough estimate, 28 different
pyrones were isolated from South African Helichrysum species. The
same type of compounds was isolated from European species and
rather interesting biological activity was observed. Italipyrone, pli-
catipyrone, a mixture of helipyrones and a mixture of homoarenol
and arenol were all active against Bacillus subtilis, Staphylococcus
aureus, S. epidermidis and Mycobacterium phlei using the agar diffu-
sion method with the highest MIC being 25 pg/ml and the lowest
3 pg/ml (Rios et al., 1991). Antifungal activity was also reported for
a-pyrones isolated from Helichrysum decumbens (Tomas-Lorente et
al., 1989). Pyrones (like arzanol and helipyrone) showed significant
antioxidant activity and arzanol was not toxic at all concentrations
tested (Rosa et al., 2007). Most interesting though is the findings by
Appendino et al. (2007) that arzanol inhibits HIV-I replication in T-
cells and inhibited NF-kB (ICsg = 5 jng/ml) indicating that this group
of compounds may exhibit both antiviral and anti-inflammatory
properties. To our knowledge, none of the unique pyrones isolated
from South African species were evaluated for biological activity.

Most concerning is the almost complete absence of toxicity data
for the South African species of this genus. In very few cases, for
example where antiviral and antimalarial activities were deter-
mined (Meyer et al.,, 1996, 1997; Lall et al.,, 2006; Van Vuuren



650 A.C.U. Lourens et al. / Journal of Ethnopharmacology 119 (2008) 630-652

et al, 2006) toxicity is mentioned. Toxicity of the diterpenes
is well known (for example IC5q9 values of below 4 pg/ml was
reported for three diterpene lactones from Parinari capensis; Uys et
al., 2002), and several Helichrysum species contain high amounts
of these compounds, to name but one example. Furthermore,
Reid et al. (2006) screened 42 medicinal South African plants for
mutagenicity, which included Helichrysum herbaceum, Helichrysum
nudifolium, Helichrysum ruderale, Helichrysum rugulosum, Helichry-
sum simillimum and Helichrysum umbraculigerum. The only three
plants that showed mutagenic activity were all Helichrysums,
namely Helichrysum herbaceum (at 5mg/ml), Helichrysum rugu-
losum (at 5mg/ml) and Helichrysum simillimum (at 0.05 mg/ml).
These results highlight both the need and importance of toxicity
and safety data for plants of this genus. In general, there also seems
to be a large need for in vivo validation of in vitro results since the
effectiveness of these extracts and their compounds have not been
validated in living organisms.

5. Conclusion

Helichrysum species are used extensively in ethnomedicine
in South Africa and many of the uses are associated with the
treatment of infections, e.g. it is used widely for treatment of
respiratory diseases and wound dressing (Table 1). The large mor-
phological diversity of the genus is complemented by chemical
diversity as illustrated by the range of novel compounds isolated
from the genus. Despite the extensive past and present tradi-
tional uses, the unrivalled botanical diversity, and the chemical
complexity, it remains ironic that explorations of the biological
activities of indigenous species are comparatively poorly studied.
The genus is notoriously challenging from a taxonomic perspec-
tive and several examples have been highlighted to emphasise
the importance of correct botanical identification when embark-
ing on ethnopharmacological and phytochemical studies. There
is an interesting relationship between the morphological clas-
sification and the classes of chemical compounds isolated from
a specific morphological group and there are certain classes of
compounds, e.g. diterpenes, guaianolides, acylated phlorogluci-
nols and a-pyrone derivatives, for which one can predict in which
species they are most likely to occur. This may be important in the
search of new plant-derived drugs, e.g. acylated phloroglucinols
show potential as anti-staphylococcal drug leads (Gibbons, 2004)
and a-pyrone derivatives have anti-HIV properties (McGlacken
and Fairlamb, 2005; Appendino et al., 2007). It is clear that
Helichrysum is an interesting genus from an ethnobotanical, phy-
tochemical and pharmacological perspective but that biological
data to correlate the ethnobotany to the chemistry are often
still lacking. To advance our knowledge on this fascinating genus
a multidisciplinary approach involving botanists, chemists and
ethnopharmacologists is required.
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