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ABSTRACT

The research presented in this study combines alapmoduct chemistry with organic
synthesis. The natural product research involvezhyochemical investigation of a South
African plant, Hypericum roeperianumwhich belongs to the Hypericaceae (previously
Clusiaceae/Guttiferae) family. A combination ofa@matographic techniques resulted in the
isolation of two known compounds: [3-(3,7-dimetigtla-2,6-dienyl)-2,4,6-
trinydroxyphenyl]phenylmethanone (3-geranyl-2,4jByidroxybenzophenone) and 3-(1,1-
dimethyl-2-propenyl)-2-methoxy-6-phenyHdpyran-4-one  (hyperenone-A). A third
compound was also isolated and is provisionallyigagsl as 1-methoxy-5,5-dimethyl-1-
phenylhepta-1,6-diene-3,4-dioif@9). However, the small amount of compound isolatetl di

not provide sufficient data for a conclusive stunat assignment.

To the best of our knowledge 3-geranyl-2,4,6-trifoygybenzophenone has not been isolated
previously from theHypericum genus but has been isolated frohovomita krukovii

T. longifolia Helichrysum monticolandGarcinia vieillardii. It has been reported to exhibit
inhibitory effects againsCandida albicans, Candida neoformans, Staphyloc®caureus,
Klebsiella pneumoniae, Pseudomonas aeruginosa,d@aita gallinarumandMycobacterium
smegmatis The activity exhibited againdfycobacterium smegmatis of great interest as
this bacterium belongs to the same genusMgsobacterium tuberculosiswhich is the
bacterium that is theause of tuberculosis (TB), a bacterial infectialisease affecting
1.7 billion people per annum.

Due to the interesting biological activity exhilte by 3-geranyl-2,4,6-
trihydroxybenzophenone the synthetic section of research involved the synthesis of this
secondary metabolites well as seven structural analogues. Theseguredpnamely, phenyl-
[2,4,6-trihydroxy-3-(3-methylbut-2-enyl)phenyllmethone, 1-[3-(3,7-dimethylocta-2,6-
dienyl)-2,4,6-trihydroxyphenyllethanone, 1-[2,4r8yydroxy-3-(3-methylbut-2-enyl)phenyl]
ethanone, 1-[3-(3,7-dimethylocta-2,6-dienyl)-2,&j6ydroxy phenyl]-2-methylbutan-1-one,
2-methyl-1-[2,4,6-trihydroxy-3-(3-methylbut-2-enghenyl]butan-1-one, [3-(3,7-dimethylocta



-2,6-dienyl)-2,4,6-trinydroxyphenyl]-2-methylpropdrone, 2-methyl-1-[2,4,6-trihydroxy-3-

(3-methylbut-2-enyl)phenyl]propan-1-one, as well &geranyl-2,4,6-trihnydroxybenzo-
phenone were successfully synthesized via a Fr@ddls acylation reaction of
phloroglucinol with an appropriate acyl chlorideAlkylation of the acyl phloroglucinol

derivatives, with geranyl and prenyl moieties, wascomplished by Friedel-Crafts-type
alkylation reactions. With the synthesis of thesempounds we hoped to explore the
significance of the structural features of 3-geldhy,6-trihydroxybenzophenone and
determine whether variation in length of the presyle chain and the type of acyl group

present would affect the level of activity.
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CHAPTER 1

Introduction and Aim of Study

1.1 Plants as a Source of Medicinal Compounds

Over a period of at least five thousand years, nmahkas utilized natural products as its
main source of medicinal compounidis particular, plants on the African continent bav
long history of medicinal use for various diseasesl ailments. These are of such
importance that in some African countries, the mgjmf the population (up to 90%) still

relies solely on plants for their healthcare.

Africa is known for its diverse range of flora, cprising of thousands of different species,
many of which are indigenous to South Africa and aommonly used in traditional
medicine to treat a range of diseases and illnéssean investigation of these plants,
selected on the basis of their use in traditionadicine, can lead to the discovery of
potential new molecules with biological activityhigsh may have a significant influence

on the advancement of drug discovéfy.

1.2 Tuberculosis

Tuberculosis (TB) is a subject of great conceroulghout the globe, but predominantly in
poverty stricken Asia and Africh. This contagious airborne disease is caused by

Mycobacterium tuberculosfs

It is statistically estimated that one third of therld’s population (approximately 2 billion
people) are hosts to the TB causing bacilli, résglin 1.7 million deaths in 2006 (World
Health Organization, 2008}

Although effective TB treatments are available, td®velopment of multi-drug resistant
strains (MDR-TB) as well as the co-prevalence & Human immunodeficiency virus

(HIV) and TB has resulted in an urgent need for discovery and implementation of



novel anti-tuberculosis drugs, preferentially withernative mechanisms of actibnThe
potential use of natural products, or the derivetithereof, has been previously mentioned
and indicates that natural product chemistry may @ vital role in the discovery of
innovative treatments for TB. To substantiate tt@m, recent research on (+)-calanolide
A (1), isolated fromCalophyllum lanigerunm(Clusiaceae), has shown that this coumarin
derivative inhibitsMycobacterium tuberculosi€ Furthermore, this compound is not only
active against the drug-susceptible strains, bstdiao been found to inhibit MDR-TB
strains and in addition inhibits some strains 0¥ 41 Calanolide A(1) exhibited promising
results in phase | clinical trials, making it wortfor further investigation in phase I
trials>*® Phase Il trials were initiated, however the depelent of calanolide A is
currently on hold, whilst awaiting a decision by tBarawak government, who owns the

pharmaceutical company to which this compounccisnised t6.

1)

The isolation of (+)-calanolide AL), as well as many other biologically active compdsin
from theClusiaceagamily, prompted us to explore the phytochemistiylants in South

Africa belonging to this family.

1.3 Thesis Aims

The aim of the research presented in this studytwa®ombine natural product research
with organic synthesis. This involved an invediga of a South African plant,
Hypericum roeperianum which belongs to the Hypericaceae (previously

Clusiaceae/Guttiferae) family.



The major aims of this study were:
To carry out a phytochemical investigation ldnroeperianumin order to identify
some secondary metabolites present in the plant
To examine the biological activity of the isolatsampounds
To synthesise a biologically active compound ismldtomH. roeperianum
To synthesise structural analogués — 9) of the bio-active compound?2)
(Figure 1.1)
In the synthesis of these compounds we hoped ttoexghe significance of the
structural features of the bioactive compo@nand determine whether variation in
length of the prenyl side chain and the type ofl gcgup present would affect the
level of biological activity.

)

Figure 1.1  The bioactive compound with the structural analesgue



In this chapter we briefly presented the major eons of TB and revealed how natural

product chemistry may lead to the discovery of rmtential drugs. The aims of the

project were also introduced. In the following ptea we discuss the gendHgpericum

1.4

10.
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CHAPTER 2

An Overview of the GenusHypericum

2.1 Description and Distribution

The genusHypericumL. belongs to Hypericaceae, alternatively knownCassiaceae or
Guttiferae' Hypericumis a large genus comprised of approximately 4Gxiss, which
are widely distributed throughout the temperatearg of the world, though only one
species occurs in South America, two in Austrahid &lew Zealand and siHypericum
revolutum H. roeperianum H. lalandii, H. aethiopicum H. natalenseH. wilmsii) are

indigenous to South Africa’

The Hypericumspecies vary from small trees and shrubs (up tenlfll) to herbs:*
Although this genus is widely distributed, it istnpyesent in habitats that are particularly
dry, hot or cold and are rarely found in water. e®pecies that occur in the tropics are
most commonly located at high altitude. Thgpericumis seldomly found in deserts,

polar regions and tropical lowland$.

Most species oHypericumare recognizable by their characteristic leavesydrs and
fruit.> The light-green leaves are simple (consisting sfngle blade), oval in shape and
arranged opposite to each other. The leaves frelyusontain glandular secretions which
are evident as transparent, red or black sho®he translucent spots contain cells that
secrete essential oils, whilst the red and blacktsspcontain hypericin(10) or

pseudohypericiti11)3

The flowers(Figure 2.1) are comprised of green (occasionally red tingegalseand a
corolla containing five petals (rarely four), whiene usually a shade of yellow varying
from lemon-yellow to deep orange yelldW. This yellow pigment (due to xanthones) is a
common occurrence in the tissues of plants belanginthe Clusiaceatamily.* The
inner whorls of the flower are comprised of pollgmeducing stamens (3-5 groups) and an

ovary with 3-5 styleg.



Figure 2.1 The characteristic bright-yellow flowers of thélypericum species:

H. perforatum (top left)®> H. revolutum (top rightf and H. roeperianum
(bottom).



Hypericumspecies bear capsular frgRigure 2.2) (most often dry), which splits open to
release a copious amount of cylindrically shapetbyebrown/purple-brown seeds.In
someHypericumspecies the capsular fruit is fleshy.

Figure 2.2 Capsular fruit oH. perforatunr

2.2 Origins of the NameHypericum

Some attempts were made to derive the meanitypéricumfrom hypo or hyper-ericum
suggesting that the name means beneath or abovéneidh. However, the name
Hypericumis thought to have originated from the ancienteBsewho named the plant
npereikon (nper meaning ‘above’ andikvn meaning ‘image’y. This name arose as the
ancient Greeks useadypericumspecies to hang on their religious images to vedievil
spirits>” In other regions the herb was referred tdugm daemonurwhich translates to
“make the demons flee”. Evil presence was beligeede most intense on Midsummers
Eve (23" June — celebration of the pagan feast) and Hatlow8£' October). On these
days of the year the Greeks emphasized the immatah safeguarding their religious

images and homes by decorating them Wigipericum®

The name St. John’s Wort, which refers to hgericumspecies in general, but in most
cases specifically tél. perforatum came about during the Middle Ages when the pagan

feast was Christianized and dedicated to Saint Jo&rBaptist. Traditionally, St. John’s



Wort was used to produce an anointing oil by infiggihe herb in olive oil for a number of
days. This anointing oil was blood red in colondallegedly symbolized the blood of the
saint® In Old English the word “wort” meant “planf’ Today St. John’s Wort (more
correctly Common St. John’s Wort) refers Ho perforatum which is the species most
commonly found in nearly all of EuropeThe species nampérforatum is believed to be
due to the translucent glandular dots present erehves of this plant, which when held

toward light appear as though the leaves are ol

2.3 Traditional Uses of theHypericumgenus

The traditional uses of theypericumspecies were mainly related to spiritual significa,
such as the protection from evil spirits as was/ipresly mentioned:.” However, many
members of thélypericumgenus were also used traditionally by ancient conitias for

treatment of various ailments, thus signifying thedicinal value of this genus.

Hypericumhas been used therapeutically for thousands aSyeA Greek physician and
botanist, Dioscorides, described its applications aiuretic and in the treatment of nerve
pain and malarif. The Japanese usét chinense indigenous to their country, to treat
female abnormaliti€sand in ChinaH. japonicumwas used as a herbal medicine in the
treatment of tumours, infectious hepatitis as vaslisome bacterial diseasé$' Native
Americans use#lypericumas an abortifacient, anti-inflammatory, antisepdic astringent
(substance that decreases the release of blooduocustby constricting veins and body
tissues)’ as well as in the treatment of kidney problemsefeeds, diarrhea, fever and

COIiC.8'13'14

H. perforatum(St. John’s Wort) is considered to have antib#teantiviral and anti-
inflammatory propertie8. In folk medicine this particularypericumspecies is recorded
to have been used in various parts of the world emmedy to a broad range of ailments.
These include: psychological disorders, insomgéeastritis, nausea, kidney and respiratory

problems, open wounds and bufr3.

Based on the evidence showing thégpericumhas been used medicinally for many
centuries and has been recorded in the traditiphafmacopoeia of several nations, its

discovery by modern medicine is not unexpeéted.
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2.4  Biosynthesis of Classes of Compounds within tif@enus

Hypericumhas been found to be an excellent source of @ leagge of compounds with
the most active being of phenolic nature such asgofioids, xanthones, phloroglucinol
derivatives and naphthodianthrone structtré8ome compounds have also been found to

possess a filicinic acifl2) moiety, which is also derived from phloroglucir®t’

(12)
2.4.1 Phenolic Compounds

Phenolic derivatives are characterized by the @ssse of one or more hydoxyl (OH)
groups attached to an aromatic ring syst&niPhenol(13) is the simplest member of this

class and is the substance from which the termriple is derived.

OH

(13)

Most phenolic derivatives originate from one or maf three building blocks, namely,
acetyl co-enzyme A(14), erythrose-4-phosphatél5) and phosphoenol pyruvatd6)
(Figure 2.3)* The latter two molecules are both involved in shékimic acid pathway,
whereas the acetate pathway relies on the presgrametyl co-enzyme A14) as well as

malonyl co-enzyme A (activated from of acetyl cagme A)*°
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H
H,C. SCoA %o HOOC_ OP
CHOH
0 CHOH CH,
(14) CHOP (16)

(15)
Figure 2.3  Three building blocks of common biosynthetic padlys:

The biosynthesis of phenolic metabolites may beda&xclusively on the acetate pathway
(e.g. phloroglucinol derivatives and anthrones)elgoon the shikimic acid pathway (e.g.
coumarins) or may involve a combination of these athways (e.g. flavonoids and
xanthones}??® The biosynthesis of some phenolic metabolitesheilreviewed in greater

depth within this chapter.

2.4.2 Phloroglucinol Derivatives

Phloroglucinol derivatives are derived from 1,3jBydroxybenzeng17). Hyperforin
(18)", isolated fromH. perforatum is a phloroglucinol derived structure that hagasded

into a bicycle [3,3,1]nonaendionol, which is sutigéd with a number of isoprene urfits.

HO OH

OH
(17)

(18)

Biosynthetically this class of compound arises Igofeom the acetate pathway.The

building block, acetyl co-enzyme f4), polymerizes to afford a chain of carbon atoms
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where every alternate carbon has a keto functtaor. this reason the acetate pathway may
often be referred to as the polyketide pathwayortter for polymerization to occur, acetyl
co-enzyme A14)is first converted into its more active form, majbco-enzyme A. This

is achieved through the addition of €Qwhich is available to the plant through
photosynthesis. On condensation of the two mote;uhe added GQs released®

Scheme 2.khows the biosynthetic pathway of phloroacetopheri®®), where folding of
the polyketide chain allows cyclization to ocati@ a Claisen reaction. This involves the
elimination of the thiol-leaving group, which in rtu results in the formation of
cyclohexatriong20). This intermediate transforms into the more gtalsbmatic form by
keto-enol tautomerism affording the final produgthloroacetophenong19), which
possesses oxygen atoms on alternate carbons. diEtisctive oxygenation pattern is

indicative that the metabolite is acetate-derited.

COOH SE
nz
D i G O O
(0] (0] (0] (0]
© (0]
malonyl-CoA
Folding
(0] (0] (0] (0] (0]
Claisen )
Reaction
D -
~ (0]
0 0 0 ) SEnz 1
(20) C/- o SEnz
Enolization
OH O
HO OH
(19)

Scheme 2.1 Biosynthesis of phloroacetophendi®).?
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Other acylphloroglucinols may be formed by changihg starter unit, e.g. the use of
benzoyl-CoA(21), isovaleryl-CoA(22) or isobutyryl-CoA(23) in place of acetyl-CoA
(24) will undergo the same mechanism to form 2,4,6-ttiboxybenzophenone[phenyl-
(2,4,6-trihydroxyphenyl)methanone)24), 2-methyl-1-(2,4,6-trihydroxyphenyl)butan-1-
one (25) 2-methyl-1-(2,4,6-trihydroxyphenyl)propan-1-one (26),  respectively
(Scheme 2.2§*%

HO OH
g

o) OH O
(21) (24)
HO OH
CoAS - = \Q;H\/
O OH O
(22) (25)
HO OH
CoAS — m
0
OH O
(23) (26)

Scheme 2.2 Biosynthesis of acylphloroglucinols.

2.4.3 Coumarins

Coumarins(Figure 2.4) are phenolic compounds exhibiting @Gz backbone, which is
cyclic in nature and referred to as -2hromen-2-one system or by its older name 1,2-
benzopyroné®?* These molecules are derived from cinnamic a@dthe shikimic acid
pathway*
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Figure 2.4 Basic structure of coumarins.

Para-coumaric acid is believed to be the significargqursor, which has to undergo two
crucial steps in the process of forming coumat®sheme 2.3}° Firstly, the aromatic
ring must undergo hydroxylatioortho to the side chain to afford 2,4-dihydroxycinnamic
acid. The double bond present in the side-chairthed intermediate must then be
converted from thé&rans-configuration to theis-configuration'®?° Due to the fact that the
cis-configuration is less stable, it is thought thdtist transformation would be
unfavourable. Conversely, the conjugated systemciohamic acid facilitates the
isomerisatiorf° Once the molecule is in theis-configuration, cyclization can occur
between the hydroxyl group and the carboxylic aegllting in the formation of a lactone

and the elimination of water as a by-prodtict.

x._COOH x. COOH N \
—_— e — —_—
Isomerization COOCH
OH OH (@] (6]

Cinnamic Acid 2-coumaric

l acid
X ~COOH X ~COOH X
—_— — COOH
HO OH

HO HO OH Isomerization

para-coumaric 2,4-dihydroxycinnamic l

Coumarin

acid acid

Umbelliferone
(coumarin)

Scheme 2.3 Biosynthesis of coumarirf§.
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2.4.4 Flavonoids

Flavonoids, found abundantly in the plant kingddave a @C3Cs skeleton, where the two
aromatic rings (A and B rings) are joined by the udit, which most often forms the
C-ring*®*° Several substructur¢Bigure 2.5)can be formed and are frequently described
according to the degree of oxidation in the C-rirkgpr instance, reduction of the flavones

2,3-double bond results in the formation of a flzaae!®*

@)
Flavone Flavanone

@)

Flavonol

CL
OH

Flavan-3-ol Chalcone

Figure 2.5 Subclasses of flavonoid3.

Many phenolic secondary metabolites, of which flasds are a good example, arise from
the amalgamation of the two previously mention patys (shikimic acid pathway and
acetate pathway}. In the initial biosynthesis of flavonoids, a podjide is formed from a
cinnamoyl-CoA building block (shikimate) where tlebain has been extended by the
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addition of malonyl-CoA units (acetatégcheme 2.4) Folding of the polyketide allows a
Claisen reaction to occur, which results in therfation of aromatic rings. This step is
catalyzed by an enzyme (chalcone synthase) andajesechalcones, which are important

precursors for a large number of flavonoid derixest®

Flavanones are produced from the chalcone precwiaoa Michael-type nucleophillic
attack of the hydroxyl group on theb-unsaturated ketone moiefgcheme 2.45° In
turn, modifications of the simple flavanone sketetgenerally the pyran-4-one ring, may
produce a variety of molecules including flavorfesjonols, anthocyanidins and flavan-3-
ols (Scheme 2.5§°

OH

CoAS N

o]
4-hydroxycinnamoyl-CoA

3 x malonyl-CoA

OH

O

OH SCoA

CoAS o

o O

Claisen Reaction
(chalcone synthase)

OH
HO HO O\YH ‘
® ~=
D —

Michael-type
OH O nucleophillic attack OH OD

a flavanone a chalcone

Scheme 2.4 Biosynthesis of flavonoid precursdfs.
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HO O
_— —_—
OH Q
OH O 2-oxogluterate* OH O 2-oxogluterate* gy
dihydroflavonol flavonol
flavanone
0, NADPH
2-oxogluterat*
OH OH OH
OH
HO o HO o
C e T
OH OH
on o OH OH OH OH
flavone )
flavan-3-diol
NADPH -2H,0

OH OH
HO o O HO oN ‘
® 9o
~
OH OH

OH OH
flavan-3-ol anthocyanidins

*Various 2-oxogluterate-dependent oxygenases apainexl

Scheme 2.5 Modifications of flavanone to form various typesflavonoids®

2.4.5 Xanthones

In chemical terms, the expression xanthone ref@rsompounds with a §C1Cs carbon
skeleton(27), where two benzene moieties are linked througlaraonyl group and an
oxygen atom. No free rotation of C-C bonds is gmesas the rings are joined in a fused
formation. Various chemical groups may be attachedthis backbone and these

substituents define the particular functionalitegproperties of the compourd.
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909
O
(27)

Xanthones, similarly to flavonoids, are derivednfra@ combination of the shikimate and
acetate pathways. A major difference in xanthone biosynthei&gheme 2.6)s that the

shikimate starter unit is of the formy@; rather than €C; as evident in the biosynthesis of
flavonoids. Besides this difference the biosyritheechanism is comparable to that

illustrated for flavonoidg?

OH

OH
3 x malonyl-CoA
@] SCoA
— OH
CoAS o
OH
@] @]

CIalsen
Reaction

-2H HO OH OH
-2e
S O &
OH

OH O

Xanthone

Scheme 2.6 Biosynthesis of xanthonés.
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2.4.6 Examples of Secondary Metabolites Isolated dm Hypericum

Species

A large range of secondary metabolites have beeviqursly isolated from thelypericum

species. Many of the isolated compounds are plemol nature and belong to the

following classes: flavonoids, xanthones, phlorogiol derivatives and

acylphloroglucinols. Some secondary metabolitegehalso been found to possess a

filicinic acid moiety.

Table 2.1 Classes of secondary metabolites isolatedm Hypericumspecies.
Class of Hy_peri_cum
Compound Structure species isolated
Compound ¢
rom
HO l O l
OH Leaves of
Xanthone )
oH O H. chinens@
OH
O
e O OHHO OH Leaves and
Filicinic acid
derivative stems oft1,
AN drummondi”?’
C
OH H2 o)
. Aerial parts of
Flavonoid H. ericoide$®
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Phloroglucinol Flowers of
derivative H. erecturf’
MeO OMe
HO OMe
Aerial parts of
Me H. beanif®
OH O
HO OMe
Acyl- Aerial parts of
phloroglucinols Me H. beanif®
OH O
Roots of
H. erectur’
OH O

2.5 Biological Activity Associated with theHypericum Species

The genuddypericumbelongs to the Hypericaceae family, which is askedged to be a
rich source of xanthones. These xanthones exVaibus biological activities including:

cytotoxic, mutagenic, anti-microbial, anti-tumoumda anti-inflammatory effect$
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Xanthones isolated from the rootstéf roeperianunmexhibited anti-fungal activity against

Candida albicans

Phloroglucinol derivatives with biological activityave been isolated frof. uliginosum
and H. brasiliense’®® The former exhibited anti-fungal activity againBtichophyton
mentagrophyteswhilst the latter was found to have anti-bacteaivity againsBacillus
subtilis’®  Furthermore, the extracts dfi. brasiliense also showed inhibition of
monoamine oxidases (MAQ’s). The regulation of sghgsiological amines depends on
the MAO enzymes and thus the inhibition of theseyares is considered to aid the control

of depressiort®

Significant activity (values comparable or greatéhan streptomycin) against
Staphylococcus aureuB. subtilis and Mycobacterium smegmatisas exhibited by the
hexane extracts dfl. drummondii Isolation of the active compounds showed that th

Gram-positive bacterial inhibition was due to fitic acid derivatives®*"#’

2.5.1Hypericum perforatum

H. perforatum(St. John’s Wort) is by far the most studied spedif theHypericumgenus.
The aerial parts of this plant have been repodembntain: Naphthodianthrones [hypericin
(10) and pseudohypericifiLl)], flavonoids, phloroglucinol derivatives [hyperiior(18)],
coumarins, mono- and sesquiterpenes and phenshoxdic compounds. The roots of

this species have also been found to contain xae#{d?

2.5.1.1 Hypericin

Hypericin (4,5,7,4',5",7-hexahydroxy-2,2’-dimetimaphthodianthrone)(10) is a red
pigmented anthroquinone derivative, which is on¢hef major active compounds isolated
from H. perforatum’ It has also been isolated from othypericumspecies, including
H. hirustum H. maculatumH. nummulariumandH. triquetrifolium.” This photochemical
compound is found in tiny glands located on thensteleaves and flowers of the above

Hypericumspecies, but is also present in some protozoareeats’
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Hypericin (10) is a unique molecule containing both hydrophilied ahydrophobic
regions®* The large conjugated system is responsible fmptiotochemical properties of
the compound. The absorption of UV and visiblesray the chromophore structure may

result in photosensitivity if hypericifi0) is ingested in large enough amotfhts.

Originally, hypericin(10) was considered to be the active constituent resplenfor the
antidepressant properties exhibited by St. John&t\Whowever, upon further research
hyperforin (18) was concluded to be the anti-depressant compBuridypericin (10) is
now often used as a detection standarblypericumextracts and as a marker compound

specifically inH. perforatumf?®

Hypericin (10) and chemically similar, pseudohyperidihl) have been demonstrated to
inhibit numerous retroviruses. This antiviral aityi has been tested Iy vitro andin vivo
studies, resulting in hyperici(L0) exhibiting significant inhibition of the replicatn of
viruses such as HIV, influenza A, Epstein-Barr sjraytomegalo virus, human papilloma

virus and herpe$¥

Mechanistically, the antiviral activity of hypenc(10) is unconventional in comparison to
other known antiviral agents, as this naphthodiamt& compound inhibits the removal of
the lipid sheath surrounding DNA and RNA virudésBy doing so, infected cells cannot
release replicates of the virus. This mechanismveler, limits inhibition by
hypericin(10) to viruses that contain membranes. Future resazrhypericin(10) could

thus potentially result in the discovery of a ndass of anti-HIV drugé?
2.5.1.2Hyperforin

Hyperforin(18) is another major constituent |f perforatumand is identified as being the
compound associated with the plant’s antidepressfietts'* Its phloroglucinol-derived

structure is chemically incomparable to any othenin antidepressafit.

Biochemical studies indicate that this acylphlousghol derivative acts as an anti-
depressant by hindering the uptake of serotonikTh- dopamine, norepinephrine and
gamma-aminobutyric acid (GABA). These neurotrattars are responsible for

conveying messages to and from the brain. Therlaturotransmitter, GABA, is involved
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with the decrease of anxiety and the enhancementlakation. Inhibition of these
neurotransmitters results in accumulation of near@mitter levels in the brain, which in

turn improves moods and re-establishes emotioahllgy.*

Other than its effectiveness as an antidepresdayperforin (18) also possesses
antibacterial activity against penicillin- and methin-resistant Staphylococcus aureus
(MRSA) strains with outstanding MIC values of 0.1ag mI*.*

This chapter gave an overview of the gehiypericum discussing various aspects of the
genus. The subsequent chapter covers the nanad@dlig section of our research, where
we introduceH. roeperianumand present the findings of our phytochemical itigesion

of this plant.
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CHAPTER 3

A Phytochemical Investigation of

Hypericumroeperianum

3.1 Introduction

3.1.1 Description and Distribution

H. roeperianunSchimp. ex. A. Rich., (referred to as ‘Isivumelwam Zulu) is one of the
six Hypericumspecies indigenous to South Africa and occurs akrab or small tree
ranging from 0.6 to 5 m in heiglfFigure 3.1.)* As the stems age they become woody
and flatten near the inflorescence. This planegivise to bright-yellow flowers, which

usually possess a number of dark marginal dotsansist of five petals?

This plant grows in central, eastern and southi¢edpAfrica, located in evergreen forests
and bushlantf. It is commonly found growing near rivers or simes, usually at an
altitude ranging between 1500 m and 2900 m aboadesel?

Medicinally a root decoction of this particular s is drunk, either alone or in
combination with various other plants, to cure fearserility. However, nothing is known

about the active constituents of the plant.
3.1.2 Previous Research oHypericum roeperianum

Research performed previously oH. roeperianum involved the isolation and
characterization of ten xanthon@sgure 3.2) from the DCM extract of the roots of the
plant* Spectroscopic techniques and chemical methodblezhahe structures to be
identified as 2-hydroxyxanthor{@8), 5-hydroxy-2-methoxyxanthon@9), 1,5-dihydroxy-
2-methoxyxanthone (30), 2-deprenylrheediaxanthone B31), isojacareubin (32),
1,6-dihydroxy-5-methoxy-4’,5’-dihydro-4',4’,5'-trirathylfurano[2’,3':3,4]xanthone (®&-
methyl-2-deprenylrheediaxanthone B)(33), 1,6-dihydroxy-5-methoxy-3’,3’-dimethyl
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pyrano[2’,3":3,4]xanthone (®-methylisojacareubin)(34), calycinoxanthone D(35a)
1,3,5,6-tetrahydroxy-drans-sesquilavandulylxanthone (35b) and  5O-demethyl
paxanthonir(36).

Poto: K. Smith

Figure 3.1 H. roeperianuntree/shrub (top leftyith a close-up view of the woody stem
(top right) and opposite, simple leaves (bottont)lef The characteristic

bright-yellow flowers are shown on the bottom right
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OH OMe
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OH
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(32): R=Me (34): R = Me
O OH
N
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HO o) OH
OH _R

(36)
(35a): R /\)\
(35b): R /\)\/\)\

Figure 3.2 Xanthones isolated frotdypericumroeperianun.

Xanthones31 - 37all possess a 1,3,5,6-oxygenation pattern, whschommonly found
within the Clusiaceaefamily and compound81, 32, 34, 35a 35b and36 were found to

exhibit antifungal activity again€andida albican$

Crockettet al. analyzed the volatile constituents of the aeriatspaf five Hypericum

species. This resulted in the discovery that the major atitd constituent of
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H. roeperianumis g-curcumeng37).>° To the best of our knowledge no other previous
work has been reported on the isolation of compsufidm the aerial parts ofl.
roeperianum However, a number of compounds have been isbfaben the leaves and
stems of othemypericum species. H. chinenseafforded xanthones from the MeOH
extracts; flavonoids, naphthodianthrones and plglainol derivatives were isolated from
the EtOAc extracts oH. perforatumand prenylated phloroglucinol derivatives were

isolated from the aerial parts df sampsonil*®

(37)

As indicated, theHypericumgenus has been found to be an excellent soureelafge
range of compounds, many of which exhibit usefoldgjical activities! Hence, interest in
this particular genus has recently increased anaduesearch may result in the discovery
of potential drugs for various diseases and camukti For this reasom]. roeperianum
was considered to be a suitable choice of planinidergo phytochemical investigation.
This selection was further validated by the faett thinimal research has previously been

carried out on the aerial parts of this partictdgpericumspecies.

3.2 Results and Discussion

H. roeperianumwas chosen for investigation on the basis thati&tral product is found
to exhibit interesting therapeutic properties, st aften possible that another species
belonging to the same genus (in the caseHgpericun) or family (Clusiaceae/
Guttiferae/Hypericaceae) may contain similar conmuisu of equivalent or increased

activity.
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The current phytochemical investigatiaesulted in the isolation of two known molecules
(Figure 3.3y 3-(1,1-dimethyl-2-propenyl)-2-methoxy-6-phenypyran-4-one (38),
and 3-geranyl-2,4,6-trihydroxybenzophenone {[3-{@imethylocta-2,6-dienyl)-2,4,6-
trinydroxyphenyl]phenylmethanone2). A third compound was also isolated and is
provisionally assigned as 1-methoxy-5,5-dimethyllenylhepta-1,6-diene-3,4-dio(&9).
However, the small amount of compound isolated ribdl provide sufficient data for a

conclusive structural assignment.

OMe O

(39)

HO O OH
= =
OH O
)

Figure 3.3  Isolated compounds.

Compound38 was previously isolated from the aerial partdHgpericum mysorensand
was named hyperanone®A.To the best of our knowledd®9 has not been previously
isolated, however, a compound with a similar stiteethas been isolated frofypericum
mysorens¢iEYNE.® The compound isolated by Kikucsi al'® was named mysorenone-
C (40) and only differs fromB9 by the presence of a hydroxyl group wh&gecontains a

methoxy moiety.

" The phytochemical investigation idf roeperianunwas started by S. Mamode as an honours projehein
School of Chemistry. Although she has isolatedesofithe compounds, she has not determined the
structures of any of the compounds.
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OH O

(40)

Compounds38 and39 exhibit very similar'H NMR spectra. In fact, th#H NMR spectra

show such a close resemblance that at first glémeespectra seem to be of the same
compound. When taking a closer look, it becomeades that there are slight differences
in the chemical shifts of certain signals (thesé & described in greater depth in the

structural elucidation of the two isolated metatesl{Section 3.2.1.1)

3.2.1 Structural Elucidation of Isolated Compounds

The structures of the isolated metabolites wereided from NMR spectroscopyH, °C,
DEPT90, DEPT135, COSY, HSQC and HMBC experimeniB);visible spectroscopy,
IR-spectroscopy and electrospray mass spectrorttegims).

3.2.1.1 Structural Elucidation of compounds 38

Refer to the NMR data f@8 (Plates 1.1 — 1.7 and Table 3.1)

(38)

The'H NMR spectrum oB8 revealed two multiplets af, 7.70 anddy 7.48, two doublets
at dy 4.92 anddy 4.89, a doublet of doublets df 6.23 and three singlest df 6.61,
dy 4.06 anddy 1.50.
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The mulitplets appearing downfiet; 7.48 (3H, m) andiy 7.70 (2H) are characteristic of
protons in an aromatic moiety. The integrationtloése signals gives evidence that
compound38 contains a mono-substituted aromatic ring. Thétipiet integrating for 3H
corresponds to the protons in theetaand para positions, whilst the signal &y 7.70
integrates for 2H and is assigned to the protorikamrtho positions of the aromatic ring.
The signals observed d& 125.5,dc 129.1 anddc 130.9 in the"*C NMR spectrum were

assigned as thartho, metaandpara methine groups, respectively.

The UV spectra of compour2B showed a maximum absorption at 277 nm @d8163),

which confirms that a conjugated aromatic chromegh® present within the structure.

The two doublets and the doublet of doublets oleskin the'H NMR spectrum suggest
the presence of an alkene. The correlation ofettsggnals to a methylene and methine
carbon in thé®*C NMR spectrum as well as the integration of thmais in theH NMR

spectrum implies that the alkene is terminal @.ginyl moiety).

The'H NMR spectrum shows the doublet of doublet appeaaitdy 6.23 (1H,J = 10.7
and 17.6 Hz, correlating iy 148.3). The coupling constant of 10.7 Hz is cbimastic of
coupling between twais-olefinic protons. The doublets resonatingia®.89 anddy 4.92
have coupling constants of 10.8 Hz and 17.5 Hpeesvely and correlate td: 108.3 in
the °C NMR spectrum. As already mentioned, the formeupling constant is
characteristic of coupling between twe-olefinic protons. The latter coupling constant
(17.5 Hz) is commonly observed in the coupling wb ttrans-olefinic protons. This
information leads us to conclude that the alkergsgmt within the structure is most likely
of the following type(Figure 3.4}

10.7 Hz

P
<1 HZC:EjE/

17.5Hz

Figure 3.4  Type of alkene present in the structur@@f
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The upfield singlet observed in thid NMR spectrum atl; 1.50 correlated to the signal at
dc 27.5 in the'®*C NMR spectrum. The DEPT90 and DEPT135 data edahke singlet to
be assigned as a methyl group. The signal in‘th&IMR spectrum integrates for 6H
suggesting that there are two overlapping methykties present within the structure. The
sharp singlet at thdy 4.06 (3H, correlating tdc 56.0 in the HSQC) occurs in the region

characteristic of methoxy groups.

The signals of th&’C NMR spectrum foB8 appearing downfield aic 181.2 andic 162.7
signify the inclusion of a carbonyl functional gmuspecifically a ketone, within the

structure as well as the presence of an olefinioaraattached to a methoxy group.

The interpretation of the acquired data, reveads the following fragments appear in the

structures oB8 (Figure 3.5)

H H i
H>:§{ fome  2x HC—

Figure 3.5  Fragments of compoun@s.

Conclusions were drawn based on the connectioheofragments, which was established
by the long range C-H couplings exhibited by the Bidspectroscopy experiments. The
spectral data therefore illustrated tt&® was 3-(1,1-dimethyl-2-propenyl)-2-methoxy-6-
phenyl-H-pyran-4-one (hyperanone A).

The ESIMS [M+H] data obtained for compour@8 showed a molecular ion peak at
m/z271.331 [M+H], which was in agreement with a calculated valuenf.1334 for
C,:7H1003. This evidence as well as the relatively goodadation 0f38 in comparison to
the experimental data reported by Kikuai al® further substantiated our concluded

structural elucidation.



Table 3.1

NMR data of compound8.

Compound 38

H .
Carbon C (Int., Mult., J/Hz) Assignment
Carbon in pyrone ring on
2 162.7 which the methoxy group is
attached
Carbon in pyrone ring on
3 111.6 which the carbon side chai
is attached
4 181.2 Carbonyl C
5 111.3 6.61 (1H, s) CH in pyrone ring
Carbon in pyrone ring on
6 156.8 which the aromatic ring is
attached
7 56.0 4.06 (3H, s) Methoxy group
1 1309 Aromatic carbon_ attached t
pyrone ring
2 6 1252 7.70(2H, m) 2xCH |north(_) positions of
aromatic ring
3 5 129 1 7.48 (3H, m) CH's inmetapositions of
aromatic ring
4 | 1309 7.48 (3H, m) CH in para position of
aromatic ring
1" 38.8 Quaternary cgrbon in alkyl
chain
2" 148.3 6.23 (1H, ddJ =10.7, CH of alkene
17.5)
" 4.89 (1H, dJ =10.8)
3 108.3 4.92 (1H. dJ = 17.5) CH, of the alkene
4" 5 275 1.50 (6H, s) 2 x methyl groups on alkyl

chain

34
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3.2.1.2 Provisional Structural Elucidation of Compound 39
Refer to the NMR data f@9 (Plates 2.1 — 2.7 and Table 3.2).

Due to the small amount (2 mg) of compoudfilisolated, the NMR data was obtained
from a very dilute solution resulting in poor qiglispectra, thus making the signals

difficult to assign and hence only a provisionalistural assignment was possible.

y (39)

As in compound38, the'H NMR spectrum for compoun@9 exhibited two multiplets
(dy 7.60 anddy 7.41), two doubletsdj 5.27 anddy 5.24), a doublet of doubletd(6.17)
and three singletsi(6.31,dy 3.75 anddy 1.48).

The multiplets atdy 7.60 (2H) anddy 7.41 (3H) were respectively assigned to be the
methine groups in thertho positions andnetaandpara positions of a mono-substituted
aromatic ring. The HSQC showed these signals kedimg todc 126.0 prtho positions),
129.0 fnetapositions) and andc 131.3 para position) in the*C NMR spectrum. The
presence of the aromatic ring was confirmed byUkedata which showed a maximum
absorption band at 276 nm (lag 3.46). The band occurring at this wavelength is

characteristic of a conjugated aromatic chromophore

The two doublets and the doublet of doublets oleskim the'H NMR spectrum suggest
the presence of an alkene. The correlation ofetlsggnals to a methylend(116.2) and
methine (c 140.1) carbon in thé’C NMR spectrum as well as the integration of the

signals in théH NMR spectrum implies that the alkene is termiial a vinyl moiety).

The'H NMR spectrum shows the doublet of doublets appgatdy 6.17 (1H,J = 10.6
and 17.8 Hz). The doublets resonatingiat.89 anddy 4.92 have coupling constants of
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10.8 Hz and 17.5 Hz. As previously mentioned, éh@supling constants are characteristic
of coupling between twais-olefinic or trans-olefinic protons. This information leads us

to conclude that a terminal alkene is present withe structure of the compou8€.

The singlet appearing af; 1.48 in the'H NMR spectrum integrated for 6H and was
assigned to two methyl moieties (DEPT90 and DEPT4l3%wved that this signal was a
methyl group). The HSQC showed a correlation beitwthe singlet atdy 1.48 in the
'H NMR spectrum andlc 23.5 in the™®>C NMR spectrum, whilst the HMQC spectrum
showed long-range C-H coupling between the siragledy; 1.48 and the following signals
in the®*C NMR spectrumdc 140.1,dc 48.6 anddc 195.5. The latter two signals are not
observed in thé*C NMR spectrum as the sample was too dilute dou8.6 is assigned as
the quaternary carbon to which the two methyl gsoape attached and the signaldat
195.5 is assigned as a carbonyl functional grolipe fact that the methyl moieties link to
dc 140.1 suggests that the methyl groups are in gdo®emity to the methine group of the

terminal alkene.

The sharp singlet at théy 3.75 (3H, correlating talc 51.7 in the HSQC occurs in the
region characteristic of methoxy groups. The meghmoiety correlates td: 163.8 in the
HMBC. This signal is assigned as the quaternararato which the methoxy group is

attached.

The spectral data allowe®b to be provisionally assigned as 1-methoxy-5,5-diylet -
phenylhepta-1,6-diene-3,4-dione. In order to aahia conclusive elucidation &9, the
compound would need to be re-isolated to obtaineatgr amount and hence attain better

spectral data with which to work with.



Table 3.2

NMR data of compound9.

Compound 39

H

Carbon C (Int., Mult., J/Hz) Assignment
Carbonyl on which the
1 163.8 methoxy group is attached
5 106.8 6.31 (1H, s) CH of alkene adjacent to &
carbonyl C
4 195.5 Carbonyl groups
Quaternary carbon in alkyl
5 48.6 chain, to which two methyl
groups are attached
6 140.1 6.17(1H, ddJ=10.4, CH of terminal alkene
17.4)
5.24 (1H, dJ = 10.8)
7 116.2 5.27 (1H. dJ= 17.5) CH, of the alkene
8 51.7 3.75 (3H, s) Methoxy group
9. 10 235 1.48 (6H, s) 2 X methyl groups on alkyl
chain
2 6 126.0 7.60 (2H, m) 2xCH morthc_) positions of
aromatic ring
3,5 | 129.0 7.41 (3H, m) CH's inmetaandpara
positions of aromatic ring
o 131.3 7.41 (3H, m) CH's inmetaandpara

positions of aromatic ring

37
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3.2.1.3 Structural Elucidation of Compound 2

Refer to the NMR data fdt (Plates 3.1 — 3.6 and Table 3.3).

The 'H NMR spectrum revealed a multiplet & 7.58 (5H) indicating that an aromatic
group is present in the structure. This is furthebstantiated by the appearance of the
signals in the*C NMR spectrum resonating in the 125 — 135 region. The integration
observed in the'H NMR spectrum suggests that the aromatic substiti® mono-
substituted. The existence of alkenes was estedoliby the presence of signals resonating
at 4 5.27 (1H, tJ = 7.0 Hz) and 4 5.05 (1H, t,J = 7.0 Hz) in theH NMR spectrum,
which correlated to the signals a¢ 123.7 and ¢ 121.5 in the®®*C NMR spectrum,

respectively.

The signal in thé’C NMR spectrum appearing downfield at197.7 is characteristic of a
ketone (C-7), whilst the quartenary carbon obseate@ 170.9 is commonly assigned to
carbon atoms attached to hydroxy groups withinenphic ring (C-2, C-4, C-6). A singlet
was also observed af 10.31, which was assigned to the hydroxyl hydregeHydroxyl
groups that are hydrogen bonded characteristieglpear in this region as they are highly
deshielded by the close proximity of the electr@irg atom. In the structure of
compound?2 the hydrogen bonding occurs between the hydrogemsatof the phenol
groups and the oxygen atom of the carbonyl moidtlge three singlet three-proton peaks
( 4 1.80, 4 1.67 and 4 1.59) resonating furtherest upfield in thé NMR spectrum, are

due to the presence of three methyl groups.

From the above information we can conclude thatheef the following fragments

(Figure 3.6)form part of the overall structure of compound
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O, &

Figure 3.6  Fragments of compouritl

The assignments of the chemical shifts of the pratied carbons were allocated on the

basis of HSQC and COSY NMR spectroscopy experiments

The COSY experimental data shows that the triplet4e5.27 couples to the doublet at
1 3.38 (2H,J = 7.0 Hz), as well as to the broadened singlet;at.80, which has been
assigned as a methyl group. This indicates thatpitoton atoms responsible for the

appearance of these three signals are in closénpitgxo one another.

The NMR experiments therefore indicate that conmold) isolated fromH. roeperianum
is 3-geranyl-2,4,6-trihydroxybenzophenone.

The UV-visible spectrum of2 exhibited a maximum absorption band at 309 nm
(log e 3.68). This is indicative that a conjugated syste incorporated in the structure of
the compound. The IR spectrum$howed a prominent, sharp peak at 1713,amhich

is characteristic of absorption by a ketone moiefljhe existence of phenol groups is
evident by the appearance of a broad band at 3316 dhe peak at 1605 chrsuggests
that compound® contains a carbon-carbon multiple bond, more $ipally an alkene.
The peak at 700 chsubstantiates the presence of an alkene as péaksved in this
region are characteristic of the absorption ari$iom carbon-hydrogen bending vibrations
of an alkene. Thus, the information retrieved frtim UV-visible data and IR spectra
validates that the compound isolated frétgpericum roeperianums 3-geranyl-2,4,6-
trinydroxybenzophenone {[3-(3,7-dimethylocta-2,@wmyl)-2,4,6-trihnydroxyphenyl]
phenylmethanone}2) as was elucidated from the NMR data. The elepteys mass
spectrometry data further confirms this structa®a molecular ion peak was observed at
m/z365.1758 [M-H], which was in agreement with the calculated védu€,3H,50.,.



Table 3.3 NMR data of compound.

H .
Carbon C (Int., Mult., J/Hz) Assignment
Carbon on phenolic ring to
1 104.6 which the acyl group is attache
24.6| 1709 Carbons attached to phenol
groups
3 108 5 Carbon on phen(_)h(_: ring to
which the alkyl chain is attached
5 96.3 5.94 (1H, s) CH in penolic ring
1 197.7 Carbonyl C
2' 140.1 Carbon of aromatic ring
3,4 | 127.9- ,
5 6 7| 1291 7.62 (5H, m) Aromatic protons
1n 215 3.38 (2H, dJ = 7.0) CH; in alkyl ch_aln,_ adjacent to
phenolic ring
2" 121.5 5.27 (1H,9=7.0) CH of alkene
3 135 1 Quaternary C in alkyl chain orn
' which methyl group is attached
4" 39.7 2.05 (2H, m) Cflin centre of chain
5 26.4 2.08 (2H, m) CH; adjacent to t_ermlnal alkene
of chain
6" 123.7 5.05 (1H,1=6.9) CH of terminal alkene
Quaternary C in alkyl chain on
7" 132.2 which terminal methyl groups
are attached
8"* 25.6 1.67 (3H, s) Terminal methyl group
9 16.2 1.80 (3H, 5) Methyl group on_alKene closest
to phenolic ring
10"* 17.7 1.59 (3H, s) Terminal methyl group

* Assignment may be interchanged

o

40
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3-Geranyl-2,4,6-trihydroxybenzophenor(@) was previously isolated fronTovomita
krukovii, T. longifolia,z Helichrysum monticola, H. spathulatus, H. squar®sand
Garcinia vieillardii.***?*3'*'°|t has been found to exhibit inhibitory effectsaampt
Candida albicans, C. neoformans, StaphylococcugwsrS. aureumethicillin resistant
strain, Klebsiella pneumoniaeSalmonella gallinarumand Mycobacterium smegmatfis*?
It has also been revealed tl2ats biologically active as an antileishmanial agagainst
Leishmania mexicanand L. infantum™ Hay et al. have deduced that the geranyl

constituent of the molecule is likely to be asstezlavith the antileishmanial activity.

3.3 Conclusion

Two known compounds were isolated fréfnroeperianum 3-(1,1-dimethyl-2-propenyl)-
2-methoxy-6-phenyl-4H-pyran-4-or88) and {[3-(3,7-dimethylocta-2,6-dienyl)-2,4,6-
trinydroxyphenyllphenylmethanonef2). A third metabolite was isolated and was
provisionally assigned as 1-methoxy-5,5-dimethylienylhepta-1,6-diene-3,4-dio(i&9).
However the elucidation of the structure of thisnpound is not certain due to insufficient
material. Compound38 (hyperanone Apnd?2 have been isolated previously from other

plant sources.

In this study, 3-geranyl-2,4,6-trihydroxybenzopheea¢2) was isolated for the first time
from the Hypericum genus, although it has been isolated previoustynfGarcinia
vieillardii, Tovomita krukoviendT. longifolia all of which originate from the Clusiaceae
family.*>*2° Inhibitory effects against various microbes aparted for compound, of
which the antimicrobial activity againdycobaterium smegmatus of great interest, as
this bacterium belongs to the same genusvigsobaterium tuberculosiswvhich is the
bacterium that is the cause of tuberculosis (Bj:® Further investigation of this
compound or compounds with related structures rhagetore lead to the discovery of a
potential drug for the treatment of tuberculosi$wus, the synthetic section of our research
incorporated the synthesis ®as well as the synthesis of seven structural gnak of this

compound.

As 2 was isolated from the DCM leaf extract and wastbto have interesting activity, as

indicated above, we decided to discontinue the qafngmical investigation of the
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remaining plant extracts and focus on the synthes$ishis bioactive compound and
derivatives thereof. Further investigation of gient extracts, especially of the more polar

extracts, may result in the isolation of interegtbt@mpounds.

3.4 Experimental

3.4.1 Standard Experimental Techniques

3.4.1.1Thin-layer Chromatography (TLC)

Qualitative thin-layer chromatography (TLC) was r@d out on Macherey-Nagel
aluminium sheets or glass plates, coated with 8 @i layer of silica gel 60 with a
fluorescent indicator U, After development, the plates were viewed urderlight
before being sprayed with anisaldehyde. The hezahwnt refers to a mixture of hexane

isomers.

3.4.1.2Flash Column Chromatography

Flash column chromatography was performed on gtassmns (of various diameters)
containing Merck silica gel 60 (230 — 400 mesh{ipler size: 0.040 — 0.063) to a height
ranging from 8 cm to 15 cm. The silica gel wasgdkxdhinto the column as a slurry, using
an appropriate solvent system, which was to beelbéng system for that particular
column. The plant extract or fraction was dissdhia the appropriate solvent and
carefully loaded on the surface of the silica gel.some cases the fraction was absorbed
onto silica gel before being loaded onto the colurfarther solvent was applied and the
column was allowed to elute as fractions were ctéé. The elution of the column was

performed under pressure (compressed air).
3.4.1.3 The Chromatotron
The chromatotron is a type of thin-layer chromadpdy, which is centrifugally accelerated.

Solutions of compounds to be separated were appliechromatotron plates of either

2 mm or 4 mm depending on the mass of the samplee chromatotron plates were
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prepared from Merck silica gel 60 RF containing gypsum. The separation was
conducted on a Harrison Research chromatotron (md@24T), where elution with a

suitable solvent (found using TLC) by gravity flderms concentric bands of separated
compounds. A UV lamp is used to detect the UVvacbands, making the concentric

bands more visible and easier to collect.

3.4.1.4 Anisaldehyde Stain Reagent

Thin-layer chromatograms were stained with an dohé$gyde solution (13 mL) mixed with
concentrated sulfuric acid (17 mL), glacial aceticid (5 mL) and absolute ethanol
(465 mL). The plates were subsequently heated witheat gun to an approximate

temperature of 100C in order to ensure the optimum development awol

3.4.1.5 Instrumentation

NMR spectra were recorded on a Varian Unity Ino@8 6r a Bruker 400 spectrometer.
'H NMR and™*C NMR spectra were referenced to residual protehstévent signals and
deuterated solvent signals, respectively. Coupmgstants were calculated in Hertz (Hz).
The following abbreviations were used when deseghihe multiplicities of the peaks
observed in théH NMR spectra:

Abbreviation Peak Multiplicity
S singlet
d doublet
dd doublet of doublets
t triplet
m multiplet

Infrared spectra were recorded on a Bruker Alpha—HR spectrometer. Mass spectra
were obtained either on a Thermofinnigan Tracecpasmatograph coupled to a Polaris Q
ion trap electron impact mass spectrometer (GC-BIMISon a Waters Acquity liquid
chromatograph linked to a Waters LCT Premier tirfilight mass spectrometer
(electrospray ionization in either positive or niédga mode). UV-visible absorption

spectra were obtained using a Varian Cary 50-PkdWevisible spectrometer. Melting
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points of crystalline compounds were determinedubg of a Kofler hot-stage melting

point apparatus.

3.4.2 Plant Preparation and Extraction ofHypericum roeperianum

3.4.2.1 Collection and Preparation of Plant Materia

The H. roeperianumSchimp. ex. A. Rich plant material was collectednir the
Pietermaritzburg National Botanical Gardens, KwaZNhtal, South Africa on the
5 February 2007. The plant was identified by I$ab#hnson and voucher specimen
[K. Smith 1 (NU)] deposited at the Bews herbariudu), UKZN, Pietermaritzburg). The
plant material was separated into leaves and sa@ohdeft to dry at room temperature for a
period of two weeks. The stems were cut into senglieces in order to facilitate the
milling of the material. The leaves and stems wgrind separately by use of a hammer

mill.

3.4.2.2Extraction of Plant Material

The ground leaves of the plant (556 g dry mateniedje extracted using DCM (310 at
room temperature for 44 h. The plant material vegsoved by vacuum filtration and the
solvent evaporated by use of a rotary evaporatogjidld 22.9 g of extract. The same
leaves were then extracted sequentially with DCM BieOH in a 1:1 ratio giving a total
volume of solvent of 2.2 L. This extraction comroed for twenty-four hours and yielded
50.0 g of extract. A further sequential extractwas carried out using MeOH (2.2 L) as
the solvent. The twenty-four hour extraction yexldi4.6 g of extract.

The dried stems (520 g) were extracted initiallyrmdCM (2.0 L) for a period of 24 hours.
The solvent-containing extract was separated friwe temaining stems by gravity
filtration and thereafter the solvent was removeduse of a rotary evaporator. This
process yielded 3.88 g of extract. A sequentiairagion was carried out with
DCM:MeOH (1:1) (1.8 L). The plant material was raxted for 24 h and gave rise to
7.08 g of extract. The next extraction was perkdrover a 24 h time period with MeOH

and yielded a sticky brown extract (3.25 Q).
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Thin-layer chromatography (TLC) was used to analgsmpounds present within the
extracts. A number of solvent systems were usegluie the TLC plates until a suitable
system was found, and hence could be used to fustyarate the compounds either by

use of a chromatotron or by column chromatography.

3.4.3 Isolation of Compounds from the DCM Crude LehExtract

3.4.3.1 Fractionation of Extract
The DCM extract was eluted with the solvent systéex:EtOAc (4:1) and was viewed
under UV light and thereafter with the anisaldehgtién. Nine spots were observed and

appeared to be relatively well separafédble 3.4)

Table 3.4 TLC results of the Crude DCM Leaf Extract eluteith Hex:EtOAc (4:1).

Description

o value No Agent UV Active Anisglgﬁ]hyde
1 0.02 ) - Orange
2 0.09 Yellow - Green
3 0.14 - Yes -
4 0.21 Green - Sea-greer
5 0.26 - Yes -
6 0.32 - - Purple
7 0.40 - - Purple
8 0.56 - - Blue-Purple
9 0.74 Yellow - Purple

The DCM Extract (4.97 g) was dissolved in DCM aadded onto a column and eluted a
solvent system of Hex:EtOAc in a ratio of 4:1. T@arity of the solvent system was
gradually increased during the progression of tieran as follows:

Hex:EtOAc (2:1)

Hex:EtOAc (1:1)
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EtOAc (100%)
The column was finally washed with 100% MeOH. HEygbeven fractionscg. 10 mL)
were collected. These were spotted on a TLC platech was eluted with
Hex:EtOAc (1:1) solvent system amniewed under UV light followed by anisaldehyde
stain reagent. This showed that a relatively geedaration of compounds had been
obtained. The fractions were appropriately comdbim#o nine fractions, namely A to |
(Table 3.5)

Table 3.5 Fractions obtained from the column separation efGhude DCM Leaf Extract

of H. roeperianum

Fractions o
Combined Mass (mg) Description
A 1-14 1170 Yellow-green, sticky
B 15-29 149 Army green
C 30-40 167 Army green
Dark green, almost
D 41-60 604 black, sticky
Dark green, almost
E 61-70 393 black, sticky
Dark green, almost
F 1-74 448 black, sticky
G 75-78 195 Dark green
H 79 -85 167 Dark brown, sticky
| 86 - 87 57 Dark green, almost
black

3.4.3.2 Isolation of 1-Methoxy-5,5-dimethyl-1-pherliepta-1,6-diene-3,4-dione (39)

Purification of fractionD (Table 3.5)(0.60 g) by column chromatography using a solvent
system comprised of Hex:EtOAc (1:1) gave rise tdrdBtions ¢€a. 10 mL), which were
combined to give a total of 8 fractions (39A — 39GJhe column (3 cm in diameter) was

packed as a slurry (height of silica gel = 12 cmdl @n progression of the column the
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polarity of the solvent system was increased byngidi00% EtOAc and finally washing
with MeOH.

Table 3.6 Masses of combined fractions obtained on Purificatf FractiorD.

Combines Mass (mg)
39A 1-7 4
398 8- 12 2
39C 13- 15 3
39D 16 - 18 3
39E 19-21 2
39F 22-33 7
39G 34-39 7
39H 40 - 45 345

Proton NMR spectra were run on the 8 combined ivast This process yielded a

relatively pure fraction39B (Table 3.6) which was further analysed by NMR.

1-Methoxy-5,5-dimethyl-1-phenylhepta-1,6-diene-8jdne (39) was obtained as a
colourless oil (2 mg). UV (DCM) nax (log €): 276 (3.46) nm; IRma 3396, 2920,
2852, 1719, 1645 ¢ *H NMR (400 MHz, CDCJ): dy 1.48 (3H x 2, s, H-9, H-10), 3.75
(3H, s, H-8), 5.24 (1H, d = 10.8 Hz, H-7), 5.27 (1H, d,= 17.5 Hz, H-7), 6.17 (1H, dd,
J=10.6 and 17.8 Hz, H-6), 6.31 (1H, s, H-2), 7.8H,(m, aromatic protons, H-3’, H-4’,
H-5), 7.60 (2H, d, aromatic protons, H-2, H-6"}?C NMR (400 MHz, CDG)): dc 23.5
(C-9, 10), 48.6 (C-5), 51.7 (C-8), 106.8 (C-2), 1&C-7), 126.0 (C-2’, 6), 129.0
(C-3,5), 131.3 (C-4’), 140.1 (C-6), 163.8 (C-1).
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3.4.3.3 Isolation of 3-(1,1-dimethyl-2-propenyl)-2nethoxy-6-phenyl-4H-pyran-4-one
(38)

FractionE (Table 3.5)(390 mg) was dissolved in DCM (5 ml) and loadedoamtcolumn
(3 cm in diameter) which had been previously paceda slurry (height of silica gel:
12 cm) and initially eluted with Hex:EtOAc (1:1)he polarity of the solvent system was
gradually increased during the progression of tilaman, making use of 100% EtOAc and
thereafter washing with MeOH. This resulted in théection of 40 fractions, which were

further analysed by TLC and hence similar fractivmese combined.

Table 3.7 Masses of combined fractions obtained on Purificatif FractiorE.

Combined Mass (mg)
41A 1-9 5
418B 10- 13 6
41C 14 - 16 2
41D 17-18 124
41E 19-24 3
A1F 25 - 26 1
41G 27-31 1
41H 32-40 5

It was evident by proton NMR spectroscopy thattfoac4 1E (Table 3.7)was pure. This

fraction was thus subjected to further NMR analysis

3-(1,1-Dimethyl-2-propenyl)-2-methoxy-6-phenyHi$pyran-4-ong(38) was obtained as a
colourless oil (3 mg). UV (DCMI) max (log €): 277 (3.63) nm; IRmax 1709, 1420, 1358,
1220, 1093, 902, 528, 454, 391 tntH NMR (CDCk, 500 MHz):dy 1.50 (3H x 2, s,
H-4”, H-5"), 4.06 (3H, s, H-7), 4.89 (1H, d,= 10.8 Hz, H-3"), 4.92 (1H, d] = 17.5 Hz,
H-3"), 6.23 (1H, ddJ = 10.7 and 17.6 Hz, H-2"), 6.61 (1H, s, H-5), 7A# x 3, t,
aromatic protons, H-3’, H-4’, H-5’), 7.70 (1H x 2, aromatic protons, H-2', H-6).
13C NMR; (CDCE, 500 MHz):dc 27.5 (C-4", 57), 38.8 (C-1") 56.0 (C-7), 108.3 &},
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111.3 (C-5), 111.6 (C-3), 125.2 (C-2', 6’), 12904-8’, 57), 130.9 (C-1', 4°), 148.3 (C-2"),
156.8 (C-6), 162.7 (C-2), 181.2 (C-4); ESIMS$n/z 271.1331 [M + H] (calculated for
Ci7/H1903, 271.1334)

3.4.3.4 Isolation of 3-geranyl-2,4,6-trihydroxybenaphenone (2)

Combined FractiorG (Table 3.6) was spotted on TLC plates and eluted with various
solvent systems. The solvents system Hex:EtOAL) @howed optimal separation of the
evident spots and hence a column was run on safplesing this solvent system.
SampleG (0.132 g) was loaded onto a column (3 cm in diaméteight of silica gel was
11 cm), which had been packed as a slurry. Onrpessgn of the column the polarity of
the solvent was increased, using 100% EtOAc arallfinvashing with MeOH. A total of
41 fractions ¢a. 8 mL) were collected, analysed by TLC (eluted witex:EtOAc (1:1),
viewed under UV and with anisaldehyde stain) angr@mriately combined (10 fractions

were obtained).

Table 3.8 Masses of combined fractions obtained on Putifosof FractionG.

Combined Mass (mg)
24A 1-3 8
24B 4-5 4
24C 6-9 51
24D 10 - 12 25
24E 13- 14 6
24F 15 - 19 6
25A 20 - 26 15
258 27-32 9
25C 33-37 6
25D 38 - 41 43

Proton NMR spectra on the combined fractions shothatd Sample4C (Table 3.8)was
relatively pure and hence this fraction was furtealysed by NMR.
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3-Geranyl-2,4,6-trihydroxybenzopheno(® was obtained as a green oil (51 mg). UV
(DCM) | max.(log €): 309 (3.68) nm; IRmax 3317, 2927, 1710, 1605, 1431, 1327, 1292,
701 cm'; *H NMR (CDChk 400 MHz): dy 1.59 (3H, s, H-10"), 1.67 (3H, s, H-8"), 1.80
(3H, s, H-9”), 2.05 (2H, m, H-4"), 2.08 (2H, m, H)53.38 (2H, dJ = 7.0 Hz, H-1"), 5.05
(1H, t,J = 6.9 Hz, H-6"), 5.27 (1H, tJ = 7.0 Hz, H-2"), 5.94 (1H, s, H-5), 7.62 (5H, m,
H-Ar); **C NMR (CDCE, 400 MHz): dc 16.2 (C-9”), 17.7 (C-10"), 21.5 (C-17), 25.6
(C-8") 26.4 (C-57), 39.7 (C-4”), 96.2 (C-5), 104(€-1), 121.5 (C-2"), 123.7 (C-6"),
127.9-129.1 (C-3' — C-7’), 132.2 (C- 7”), 140.0 &); 170.9 (C-2, C-4, C-6), 197.9 (C-1);
ESIMS: m/z365.1758 [M — H](calculated for GH,504, 365.1753)
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CHAPTER 4

Synthesis of Phloroglucinol Derivatives

4.1 Introduction

The aim of this research was to synthesize theatsdl phloroglucinol derivative, 3-
geranyl-2,4,6-trihnydroxybenzophenone ([3-(3,7-diny&icta-2,6-dienyl)-2,4,6-trihydroxy-
phenyllphenylmethanonej2), as well as 7 structural analogues of this comgoun
(Figure 4.1) In synthesizing these molecules, we hoped tdoegphe significance of the
structural features a2 and determine whether variation in the lengthhaf prenyl side
chain and the type of acyl group present, wouldaifthe activity againstlycobacterium

smegmatis

Prior to the commencement of synthetic proceduaeshhorough literature survey was
performed. The aim of this was, not only to estibivhether the target compounds had
been previously synthesized or isolated from natpraduct sources, but also to gain
insight to methods and synthetic reactions reparidderature that may be useful in our

approach to the synthesis of the desired analogues.

To the best of our knowledge, analogiesnd 5 have not been isolated from natural
sources, however, the remaining analogde$ — 9) as well as the parent compouiy,
have all been isolated previouglyable 4.1) Compound£, 6, 8 and9 are all known to

exhibit biological activity.

The activity exhibited by2 has been discussed in Chapte(S&ction 3.2.1.2) Both
compounds6 and 8 are reported to inhibit COX-1 (cyclooxygenase-&}hibiting 1Gy
values of 26.2 and 6.0M, respectively. In addition, compoun@ also inhibits COX-2
(cyclooxygenase-2) with an igvalue of 29.91M. COX-1 and COX-2 are enzymes that
are involved in the prostaglandin pathway.More specifically, the COX enzymes
metabolize arachidonic acid to prostaglandpn Which in turn is the substrate that leads to

the production of prostaglandins and thromboxaReostaglandins play a significant role
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in inflammation and pain. Thus, inhibition of CQXand/or COX-2 results in an anti-

inflammatory effect

HO g OH ‘ HO OH

OH O OH O
(2 ()
HO oK HO OH
= = =
(4) (5)
HO OH
=
= =
OH O
OH O
(6) (7)
= = =

®) 9
Figure 4.1  The bioactive compound with the structural analesgue

Both 6 and8 also exhibited activity against the enzyme, whialalyzes the first step of
leukotriene synthesis, 5-lipoxygenase (5-LOX)Compound6 was reported to have an
ICso value of 5.8mM, whilst the value reported fd@ was slightly lower (1G, 2.2 nil).

Crockettet al! thus concluded that lengthening of the side chaétato the geranyl group
significantly reduces the effect on the bioactivdagainst COX-1, but only minimally

reduced the activity against 5-LOX.
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Analogue9 is reported to exhibit significant antimicrobiattizity against the following
microbes: Enterococcus faecalidCso 7.8 mM), Staphylococcus epidermigCs 9.8 mM),

S. aureus(ICsp 6.3 M), S. aureugmethicillin and gentamycin resistant) £C7.8 mivl)

and Bacillus cereus(ICs, 7.8 mM).® Activity was also observed againBseudomonas
aeruginosa (ICsp 45.0 mM), Cryptococcus neoformanfCsy 26.0 nM) and Candida
albicans (ICsg 23.8nM), however, the Ig values are notably higher than those reported

for the previous list of microbés.

The literature thus illustrates that prenylatediattiproglucinol derivatives possess potent
biological activity against various microbes as lwat against enzymes within the

prostaglandin and leukotriene pathways.

An in depth investigation of literature revealeattthe bioactive compour@las well as
analogues3 — 5and 8 — 9 have been synthesised previously. No synthetitesto
compounds and7 were described; we therefore believe that thisésfirst report where

compounds$ and7 have been achieved by synthetic procedures.

Brajeul et al* reported a synthesis of 2,4,6-trihydroxy-3-preeyibophenone (phenyl-
[2,4,6-trihydroxy-3-(3-methylbut-2-enyl)phenyljmethone)(3) and a compound similar to
2 (differing only in the presence of a methoxy mypietara to the geranyl side chain
instead of a hydroxyl group). Their synthetic amh involved a nucleophilic
substitution reaction which resulted in the additmf prenyl or geranyl groups to 2,4,6-
trihnydroxybenzophenone and its trimethyl ether Ime tuse of previously prepared
tetrafluoroborate sulfonium salts. This methodulesl in the formation of the prenylated
(3) and geranylate(R) products in 42% and 15% yields, respectively.
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Table 4.1.  Plants from which compoun@&s4 and6 — 9have been isolated.

. . . . 5 .
Garcinia vieillardii Clusiaceag Active against:Leishmania
Helichrysum monticofa mexicanaandL. infantuni;
: . Mycobacterium smegmattis
5 Helichrysum spathulatus | Asteraceae candida albicans
Helichrysum squarrosus C. neoformans
Staphylococcus aureasd
Tovomita krukovfi _ S. aureusnethicillin
) —— Clusiaceag resjstant straifi.
Tovomita longifolid
4 Melicope ptelefoli¥ Rutaceae
Achyrocline alatd Asteraceae
. Esenbeckia nesioti¢a Rutaceae| cOX-1 and 5-LOX
Helichrysum stenopteruth | Asteraceag inhibition.
Hypericum empetrifoliutn | Clusiaceae
Helichrysum
7 gymnocomuth Asteraceae
Helichrysum infaustufi
Achyrocline alatd Asteraceae
Esenbeckia nesiotita Rutaceae
Helichrysum infaustufi
g Helichrysum platypterufi | Asteraceae COX-1,COX-2 and 5-LOX
Helichrysum stenopterufrh inhibition.
Hypericum empetrifoliufn
Hypericum jovis’ Clusiaceas
Hypericum styphelioidé¥
Helichrysum gymnocomdm Active againstEnterococcus
faecalis, S. epidermis
S. aureusS. aureus
: : | methicillin and gentamicin
9 Helichrysum infaustufi Asteraceag resistant strairBacillus
cereus Pseudomonas
, i aeruginos, Cryptococcus
Helichrysum platypteru neoformangandC. albicans’

Prior research has established figirenylation andC-geranylation can be achievei a

nucleophilic substitution reaction in which acytaehloroglucinol derivatives are reacted
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with either prenyl or geranyl bromide in the preserof a base such as potassium
carbonate or sodium hydrid&'®? This method has afforded analogdes, 8 and9 with
yields ranging from 28% to 40%. These relatively lyields are considered to be due to
the formation of multiple products formed by pokhtion. FurthermoreQ-alkylation

may also occur instead of the desitzdlkylation.

Interestingly, Tanet al®* synthesised a compound similar to 2,4,6-trihydsBxy
prenylacetophenone  (1-[2,4,6-trihydroxy-3-(3-mebiyt2-enyl)phenyllethanone) (5)
(differing only in the presence of a methoxy grqugra to that of the prenyl side chain)
where they utilized the more easily achiex@alkylation reaction followed by a Claisen
rearrangement followed by a Cope rearrangementffardathe C-alkylated product
(Scheme 4.1 This five-step synthetic approach attained go@itgi per individual step
(63%, 91%, 80%, 86% and 75% respectively, for btgrtion of phloroacetophenone
(19), O-prenylation, Claisen/Cope rearrangement, methylagind deprotectiorf}.

HO OH RO OH  prenyl RO O XN
MOMCI Bromide \/\(
e — =
K2CO3 K2C03

O4 O Acetone OR O Acetone OH O
(19) N,N-Dimethylaniline
Argon
RO OMe  (cH,0),50, RO OH
-
K,CO
= 2 3
Acetone =
OH O OH O
MeOH
3 M HCI

HO OMe R = MOM
=
OH O

Scheme 4.1 Synthesis of--alkylated product vi®©-alkylatiorf*
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The high yields obtained at each step, especihige of theO-prenylation and Claisen
rearrangement, suggest that this synthetic stratemgy be preferable in comparison to the
direct C-alkylation, although the latter approach is adagabus as the number of steps

involved is reduced from four (excluding methylafido one.
4.2 Results and Discussion

4.2.1 C-Prenylation via O-alkylation followed by Claisen/Cope

Rearrangement

This synthetic approach was adapted from the metapdrted by Taret al?! and is a
four-step reaction sequence involving protectiOrprenylation, consecutive Claisen and

Cope rearrangements and lastly deprotedimmeme 4.2)

The initial step of the synthetic strategy involhsedective protection of two of the three
hydroxyl groups of phloroacetopheno(f9). This step ensures that the subseq@ent
alkylation is restricted to a specific free hydrbxyoup. Protection with MOMCI, as
reported by Taret al?* was not considered owing to the fact that thigyeea is highly
carcinogenic and is not commercially available.nBg ether protection and methylation

were selected as alternatives.

PO OH

HO OH PO 0
Protection O-alkylation \/Y
e
R
OH O op O oP O
(19)
Claisen/Cope
Rearrangement
RO OH _ PO OH
Deprotection
B ——————
~ =
oH © OP O

®)

Scheme 4.2 Proposed four-step synthesis of 2,4,6-trinydroxyr@aylacetophenon®).
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Bisbenzylated phloroacetophenone (1-(2,4-Bis-benayb-hydroxyphenyl)ethanoné}1)
was successfully obtained in 70% yidBicheme 4.3) This was achieved by dissolving
three equivalents of ££O; and one equivalent of phloroacetophen@h@) in dry DMF.
Two equivalents of benzyl chloride (BnCl) was added the reaction mixture was heated
to 80°C. The reaction was quenched, by adding 1 M Hfféra time period of 2.5 h.
The *H NMR spectrum for this compound revealed a muetigitd, 7.40 (10H) in the
region characteristic to that of aromatic protoff$iis multiplet correlated to the peaks in
the regiondc 127.6 — 128.7 in thEC NMR spectrum. These signals were assigned to the
two mono-substituted aromatic rings of the bentlyeeprotecting groups. The methylene
groups of the protecting group were observed asgles (dy 5.06, 4H) in theH NMR
spectrum and appearing @ 70.3 anddc 71.1 in the’®C NMR spectrum. The methyl
moiety of phloroacetophenor{@9) was observed as a singlet in tive NMR spectrum

resonating atl; 2.55 and integrating for three protons.

The'H NMR also revealed a singlet @ 13.99 (1H) as well as two doubletsdat6.10
(1H,J = 2.3 Hz) andly 6.16 (1H,J = 2.3 Hz). The downfield singled{ 13.99) arises due

to the proton of the unprotected hydroxyl groupjohforms a hydrogen bond with the
oxygen of the ketone. This ketone is observedé&tiC NMR spectrum as a quaternary
carbon atdc 203.1. The doublets in th&l NMR spectrum are characteristic of the two
metaaromatic protons of phloroacetophenone derivativ@siaternary carbons were also
observed in thé’C NMR spectrum atic 162.0, 165.1 and 167.6, which were assigned to

the three oxygenated aromatic carbons.

The NMR data thus gave evidence that our compoubthireed was the desired
bisbenzylated phloroacetophenddé). This conclusion was confirmed by the EIMS data,
which revealed a molecular ion peaknafz 371.1262 [M+Na], which was in agreement

with the calculated value for the sodium addudhefmolecular formula £H>gO4Na.

The tribenzylated phloroacetophend@d2) was obtained as a by-product in a yield of 28%.
This compound was recognized by the aromatic signéde'H NMR spectrumdy 7.38),

which integrated for 15 protons, as well as thé& lafcthe singlet downfield aty 13.99.
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Prenyl Bromide

BnO OR BnO 0
HO OH BnCl NaH/K,CO, \/ﬁ/
—>K co Cul
273 Dibenzo-18-Crown-6

70% OBn O

OH O 55% OoBn O
(19) (41) R =H (70%) (44)
(42) R =Bn (28%) A
N,N-dimethylaniline
BnO OH
HO OH ~ BnO OH
Deprotection =
~ OoBn O
OH O OBn O
5
®) (47)28.5% (46)28.5%

Scheme 4.3 Synthesis of 2,4,6-trihydroxy-3-prenylacetophen(i)e

As was expected, the reaction favoured the bisbeterd/producél over the tribenzylated
product42, which was only obtained in a low yield. Thisaigributed to the presence of
the acyl group and th®-hydroxy groups in phloroacetophenofi®), which can form an
intramolecular hydrogen bond (H-bor(@gure 4.2)

Donor atom

[\)

O,
~—"H
Lo
Acceptor atom
OH

Figure 4.2  Intramolecular bonding of phloroacetophen¢h@).

HO

This intramolecular H-bond is stabilized due to ttumjugated double bonds occurring
between the donor (oxygen atom of hydroxy group) aoceptor (oxygen atom of the
carbonyl group) atomgFigure 4.2)* This effect is referred to as “resonance-assisted
hydrogen bonding” by Bertolast al?® The delocalisation of the-electrons results in the

C=0 and C=C weakening as their electrons are staraahgst the C-O and O-H bonds,
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which in turn shorten as they gain partial doublnd characte? Furthermore, the
conformation of the acyl group and the positionirafamolecular bond is also sterically
favoured as the closing of the H-bond forms a sembered ring? Thus, due to the
strength and stability of this H-bond, it is ditiit for the proton of the hydroxy group to be
abstracted by a base (e.xGO; or NaH) and replaced by a protecting group. Tioeee

as anticipated, the tribenzylated proddizis not favoured and is consequently obtained in
poor yields.

Protection by methylation to form bismethylated gsgbbhcetophenon€43) was also
attempted but very low vyields (1 — 4%) were achievend therefore this route

(Scheme 4.4yvas deemed unsuccessful and was not pursued further

HO OH MeO OMe

OH O OH O
(43)

Scheme 4.4 Methylation of phloroacetophenofE0).

The second step involved-alkylation of the bisbenzylated phloroacetophen@tig with
prenyl bromide (3,3-dimethylallyl bromide). In shstep a base was used to deprotonate
the remaining unprotected hydroxy group, forminghenoxide ion. The phenoxide ion
then undergoes a nucleophilic substitution reactmn addition of prenyl bromide
(Scheme 4.5)
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'/—\ BnO o/—\
BnO\Q%Ti Base \Qiﬂ/ /\)\
- = Br

OBn O OBn O
(41)

BnO O\/Y

OBn O
(44)

Scheme 4.5 O-Alkylation of 1-(2,4-bis-benzyloxy-6-hydroxyphengthanong41).

This reaction was carried out using either NaH gC®; as the base and various solvents,
namely acetone, DMF and THF. In the reactions wiNaH was used, yields of 45% and
54% were obtained in THF and DMF, respectively. éWkleprotonating with CO;, the
DMF reaction was unsuccessful and the reaction datome only yielded 34% of
O-alkylated produc{44). In an attempt to increase this yield, dibenzezd8vn-6 (45)
and copper iodide (Cul) were added. This resuited higher yield of 55% being
accomplished.

(45)

Dibenzo-18-crown-g45) is a crown ether whose central cavity coordinat@giqularly

well with potassium cations. Thus, the additiorita$ compound assists in the dissolution
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of K,CG; into organic solvents and hence enables the lmaseact more efficiently in
deprotonating the free hydroxy group.

Cul was added to act as a catalyst in convertiegptienyl bromide to the more reactive

prenyl iodidevia halogen exchange.

The O-prenylated adduct, 1-[2,4-bis-benzyloxy-6-(3-mdbiy-2-enyloxy)phenyl]
ethanong44), was converted to thpara Gprenylated derivativeria a thermal Claisen
rearrangement, also known as the [3,3]-sigmatrogacrangementScheme 4.6)followed

by a Cope rearrangement. This was achieved hyxiafi 44 in N,N-dimethylaniline.

This type of rearrangement is concerted in natmegning that the one bond forms and the
other breaks at the same time. This results irffdfreation of the unstable keto tautomer
as an intermediat®. The keto tautomer rapidly undergoes a protort,shéfnsforming into

its enol conformation and hence regaining arontgtas well as stability?

—
m H keto-enol
BnO 0 A | BnO 0] Tautomerism BnO OH
—_— —_—
Claisen
Rearrangement|
OBn O L OBn O |, OBn O
: (47)
(44) Unstable Intermediate

Cope

Rearrangement
A
BnO OH BnO (/B\H
-
= =
H
OBn O OoBn O

(46)

Scheme 4.6 Mechanism of Claisen/Cope fearrangen’rént.
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The Claisen/Cope rearrangement reaction was sdatéssachieving the desiregara
C-prenylated product46) (Plates 4.1 and 4.2)although a by-product was also present.
This by-product, 1-[4,6-bis-benzyloxy-3-(1,1-dimgdlyl)-2-hydroxyphenyllethanone
(47) (Plates 4.1 and 4.2)was obtained by the Claisen rearrangement, whiab not
followed by the Cope rearrangement. These two comgs were obtained in a 50:50
mixture, each with a yield of 28.5%. An attemptpurify and separate these compounds
(which appeared at the same fRalue) by TLC and column chromatography was

unsuccessful.

BnO OH

OoBn O
(47)

Due to the poor yields achieved in the Claisen/Cogmrangement, it was decided to
attempt the one-steC-alkylation reaction of phloroacetophenori&9) with prenyl
bromide. In spite of the low yields reported itedature, this synthetic strategy is

advantageous as the number of steps involveddises from four to one.

Another synthetic route investigated, was the ohiiction of the alkyl groupia a directed-
ortho metallation (DOM) type reaction. This strategy uleb require all the hydroxyl
groups present to be protected. Starting withaitetophenone precursors may make the
protection of all three hydroxyl moeities difficulb achieve in good yield due to the
intramolecular H-bonding that occurs within thesges of molecules as discussed
previously. For this reason, we proposed phloraghl (17) as the starting material and
protected the hydroxyl groups with the benzyl ethmtecting group. The reaction was

successful as tribenzylated phlorogluci(48) was obtained in a yield of 46%.
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BnO OBn

OBn
(48)

The 'H NMR data for48 showed a multiplet in the aromatic regiaty (7.40), which
integrated for 15 protons, thus indicating the gneg of the three mono-substituted rings
of the benzyl ether protecting groups. Furthermtre'H NMR spectra also revealed
singlets atdy 5.03 anddy 6.31, integrating for six and three protons, retipely. The
former was assigned to the three Qioups of the benzyl ether protecting groups, sthil
the latter was assigned to the three methine psgtoesent on the unsubstituted carbons of

the phloroglucinol ring.

The yield of 46% obtained for the tribenzylated gvbplucinol (48) was not very
promising for the first step of this synthetic reuthus we decided to attempt the direct

C-alkylation method before continuing with this systib strategy.

4.2.2 Acylation of Phloroglucinol in the Synthesis of Taget Compounds

In order to synthesize the isolated phloroglucietlivative2 and the structural analogues
(3, 6 - 9) an acylation reaction is required using the appat@rcyl chloride in each case.
For analogue® and 3, commercial benzoyl chloride was used. The acybritis,
2-methylbutyryl chloride and isobutyryl chlorideequired for the synthesis of analogues
6 - 7and8 — 9 are also commercially available, however, thegpective carboxylic acids
(2-methylbutyric acid and isobutyric acid) are matable and therefore have a longer
shelf life and are also much less expensive. Resd reasons 2-methylbutyryl chloride
and isobutyryl chloride were prepared by a nucld@pladdition-elimination reaction
between their respective carboxylic acids and amgenic acid chloride. Phosphorous
trichloride (PC$), phosphorous pentachloride (B)IChnd thionyl chloride (SOg) are
common inorganic acid chlorides known to give hyglds of acyl chlorides when reacted
with carboxylic acid$® We used SOG| which reacted with the respective carboxylic

acids to form a protonated acyl chlorosulfite imediate(Scheme 4.7) This intermediate
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is highly reactive as its acyl constituent is atdreleaving group compared to that of the
acyl chloride?®

The gases released as by-products of the reactwe bubbled through J@ and hence
entrapped. The acyl chloride was then obtaineddisyillation. Isobutyryl chloride
distilled at 92°C, which agreed with the literature value (91°€3 quoted for the boiling
point of this compoun® 2-Methylbutyryl chloride was collected at a temgiare of
112°C. This temperature is slightly lower than theueabf 117 — 12TC as stated in
literature?® As 2-methylbutyric acid and SOChave boiling points of 176-17C 2° and

79 °C 2° respectively, which differ substantially from thetpected for the acyl chloride,
the compound collected at 1TZ was believed to be the intended 2-methylbutyryl

chloride.
o I
i oy ¢
Pt S50 — = R .
R™ O R™ O U
Cl e R74 O ~O
! T
Cl-
o]
gel o L . 4'20* S,C'
s | o+ 7975
H O R “cl Cl H
1
Acyl chloride
l product
HCl + SO,

in analogues - 9

)\/ in analogues$ - 7
R =

Scheme 4.7 Mechanism for the preparation of acyl chlorides.
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The two prepared acyl chlorides and the commehmalzoyl chloride were reacted with
phloroglucinol(17) to form three aryl ketong®4 - 26) (Figure 4.3)via a Friedel-Crafts
acylation reactior(Scheme 4.9) The acylation reactions were performed usingousr
methods in order to achieve the highest possildédyi The methods differed in the
reaction temperature as well as in the solvent (D@tkbbenzene) and lewis acid
(AICI3/ZnCl,) that was used. The method where phloroglucindl@uminium trichloride
were dissolved in nitrobenzene and refluxed with dppropriate acyl chloride at 8C
was observed to achieve the highest yields. Tlehad resulted in compoungd, 25 and
26 being obtained in 49%, 57% and 66% yields, respsygt

HO OH HO OH HO OH
O O OH O OH O
(24) (25) (26)

Figure 4.3  The three prepared aryl ketones.

The Friedel-Crafts acylation reaction is an elgatibic aromatic substitution reaction

where most often the electrophile is an acylium faayl cation). This acylium ion is

created when the Lewis acid catalyst (commonly §l@rms a complex with the acyl

halide and abstracts the halide atom, resultinthéenformation of a resonance stabilized
acylium ion(Scheme 4.85%°

(@] O
I 4 Ac, =— [ £

e =At A
C. C+- =—= R—C=0 =—> R—C=0" + AIC|,
R™ U R™ (CClAlCI,

Scheme 4.8 Formation of the acylium iofr.



67

HO oH R HO OH HO OH
C R + HCI
I C _R
(O+ \ Cc
I~ ¢} I + AlCI
Os O+ OH O:\_/.V 3
—\Je ’
H H
(17) ((|:|.
CI—,?IlCI l
cl
HO OH HO OH
R - R
ﬁ/ 3H,0 ﬁ/
OH O OH +OAICI,

4+ AOH), + 3HCI

Scheme 4.9 Mechanism of the acylation reactith.

4.2.2.1 Structural Elucidation of Compounds 24 - 26

The prepared acyl phloroglucinol derivativa$ (Plates 5.1 and 5.2R5 (Plates 6.1 and
6.2) and 26 (Plates 7.1 and 7.2)vere fully characterized by NMR*H, **C, DEPT90,
DEPT135, COSY, HSQC and HMBC) spectroscopy, ultiti spectroscopy (UV),
infrared spectroscopy (IR) and electrospray masstspmetry (ESIMS).

OH O
(24)

The molecular mass of 2,4,6-trihydroxybenzophenongphenyl-(2,4,6-
trihnydroxyphenyl)methanongP4) was confirmed by ESIMS where a peak was observed
atm/z 253.0473 [M+Nal], which agrees the calculated value fagHGOsNa, the sodium
adduct of the molecular formula. The UV spectrur24exhibited a maximum absorption
band at 306 nm (log4.36). This indicated that a conjugated systemadsrporated in the

structure of the compound.
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The*C NMR spectrun(Table 4.2) (Plate 5.2howed only 9 of the 13 expected signals
and therefore it was concluded that 4 pairs ofagywere overlapping. The appearance of
the methine signals resonating in tte 125-140 region suggested the presence of an
aromatic group. This was confirmed by the sigiteds7.36, 7.45, 7.58) corresponding to
the para, meta and ortho protons in the'H NMR spectrum, thus signifying that the

aromatic ring was unsubstituted.

The signals occurring @k 143.1, 164.0, 166.1 and 200.8 in tie NMR spectrum were
assigned to quarternary carbons, as there was idenee of these signals in the DEPT
experiments. The latter signal is characteristicaocarbonyl moiety, whilst those
resonating at 164.0 and 166.1 are characteristicadfons attached to hydroxyl groups
within a phenolic ring. This implied that our stture contained a phloroglucinol moiety.
As only two signals were observed in this regiois expected that two of the three C-OH
groups of the phloroglucinol ring will be in a slan environment and thus these signals
will overlap to show only one peak. Further comfation of the presence of a
phloroglucinol moiety was the appearance of theattrband observed in the region
3000-3500 crit in the IR spectrum, which is characteristic ofoélal groups, specifically
hydrogen-bonded phenols. The IR spectrum also sl@gsharp peak in the region where

carbonyl functional groups are observed (1635cm

Other than the aromatic protons, the NMR spectrum(Plate 5.1)also revealed a sharp
singlet (2H,dy 5.81). The HSQC experiment showed that this $igmaelated tadc 96.0
in the °C spectrum, and were assigned to be the protortiseotwo unsubstituted carbons

of the phloroglucinol ring.

The long-range”*C-*H couplings observed in the HMBC spectrum enablesl dorrect
connection of the fragments to be established. éxperimental data therefore indicates

that the synthesis @4 was successful.



69

Table 4.2 NMR data for24

Carbon C (nt., MUT[., JIHzZ) HMBC Correlation

1 106.1

2,6 164.0

35 | 96.0 5.81 (2H, s) Clcglcg“ :
4 166.1
1 200.8

2' 143.1

3.7 129.4 7.58 (2H, d,=7.4) c-1

4'6' 128.8 7.36 2H, §=7.4) Cc-2'

5' 132.2 7.45 (1H, 9 =7.4) C-4', C-6'

The**C NMR data acquired fd25 and26 (Table 4.3) (Plates 6.2 and 7.2espectivel,

was similar to that of24 in regards to the carbonyl moietglc(211.6 and 211.9,
respectively) as well as the carbons in the phenmoig on which the hydroxyl groups are
attached which were observeddatl66.0 and 165.8, respectively. The HSQC experiment
shows that the signal resonatingdgt96.1 in each spectrum correlates to a singlek,at
5.82 (2H) in the'H NMR spectrum. As witi24, the signals mentioned denote the

presence of a carbonyl group, a phloroglucinol ramgl the latter are assigned as the
protons on the unsubstituted carbons of the phlocatpl ring.

OH O OH O
(25) (26)

The 'H NMR spectrum for26 (Plate 7.1)shows a doublet aiy 1.12 (6H), which is
recognized to be the two methyl groups of the igppr fragment of the acyl
phloroglucionol derivative. This signal was foutmdcorrelate talc 19.8 in the*C NMR
spectrum. ThéH NMR spectrum o6 also revealed a heptetdy 3.97 (1H,J = 6.7 Hz).
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The HMBC experiment showed long range C-H couptihthis methine signal to the two
methyl groups, as well as coupling between the yhajitoups and the carbonyl moiety.
This resulted in the full characterization of osopropyl constituent which is attached to
our carbonyl group, which in turn is the substituem our monosubstituted phloroglucinol

ring.

The elucidation of the structure 86 was substantiated by the experimental data olataine
from ESIMS, UV-vis and IR spectroscopy. A moleculan peak ofm/z 219.0633
[M+Na]® was observed on the ESIMS spectrum, which agfeescalculated value for
Ci10H1204Na. The UV-vis data confirmed the presence of wgafed bonds in the structure
by the exhibition of absorption bands at 229 nng 8@.60) and 287 nm (log4.73). The

IR spectrum o6 showed a prominent peak at 1570°tand a broad band in the region of
3000 — 3500 cih, the former is characteristic of a ketone moietyilst the broad band

gives evidence of phenolic groups.

Compound25 exhibited a tripletdy 0.89, 3H,J = 7.4 Hz) and a doublety{ 1.10, 3H,

J = 6.7 Hz) which were assigned to be methyl graatteched to a methylene and methine
carbon, respectively. In th#d NMR spectrum(Plate 6.1) the two methylene protons
were not equivalent and appeared as two multipéstisnating atly 1.36 anddy 1.80 with

an integration of one proton each. This obsemaifo attributed to the diastereotopic
relationship of the methylene protons due to th@gacmht stereocentre. The HSQC
experiment showed that these protons correlateld thé carbon resonating d¢ 28.3 in
the'*C NMR spectrum and the HMBC showed long range Gpling to the two methyl
groups, the carbonyl function and the methine grotipe latter proton appearsdat 3.85
(1H,J = 6.7 Hz) in théH NMR spectrum and correlates to the carbon regmnatdc 46.8

in the ®*C NMR spectrum. Further investigation of the HMBQperiment aided in
establishing the connection pattern of all the fiagts present, resulting in the conclusion

that compoun@5 was the desired 2-methyl-1-(2,4,6-trinydroxyphéioytan-1-one.

The UV-vis data acquired f&5 displayed two absorption bands at 228 #04.52) and
288 (loge 4.68) which confirmed the presence of a conjugatetem within the structure
of the compound. This was further substantiatethiybroad band observed at 3206'cm

in the IR spectrum denoting the presence of a dleesabstituent. The IR data also gave



71

evidence of a ketone group (1567 Bm ESIMS revealed a molecular ion peak
m/z211.0968 [M+H], which is in agreement with the calculated valae the formula
C11H1504.



Table 4.3

NMR data of compound25 and26

Compound 25

Compound 26

dy HMBC dy HMBC
Carbon dc (Int., Mult., J/Hz) Correlation | % (Int., Mult., J/Hz) Correlation
1 211.6 211.9
_ C-1, C3, _
2 46.8 | 3.85(1H,sextel=6.7) | L, C2 | 40.0 | 397 (1H, heptet, J=6.7)  C-3,C;
. C-1, C2,
28.3 1.36 (1H, multiplet) C-4. C-5
3 19.8 1.12 (6H, d) = 6.7) C-1, C-2
28.3 1.80 (1H, multiplet) ¢-1,C2,
' ' ' C-4,C-5
4 12.5 0.89 (3H, = 7.4) C-2,C-3 19.8 1.12 (6H, 3= 6.7) C-1,C-2
5 17.3 1.10 (3H, A1 = 6.7) -1, C2, -
C-3
1 105.5 104.8
2'4'6' 166.0 165.9
- C-1, C2', C-1, C2',
3,5 96.1 5.81 (2H, s) Ca Cgr | 961 5.82 (2H, s) Cr O

72
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4.2.3 DirectC-alkylation of Acylated Phloroglucinol Derivatives

The fact that we were unable to obtain a pure mbéhom the method adapted from Tan
etal?’ as well as the low vyields obtaing@ection 4.2.1) prompted us to investigate

alternative routes to the desired product andniédagues.

The literature review revealed that the directadtrction of the prenyl side chain may be
problematic. =~ This may be attributed to the lack @dntrol over regioselectivity,
chemoselectivity and the occurrence of polyalkgiafi?® A further concern is that prenyl
moieties have the ability to cyclize and henceroftem closed ring structurés.

We attempted to alkylate phloroglucin@7) with geranyl bromide and prenyl bromide to
form 1-geranylphloroglucinol [2-(3,7-dimethyloctaé2dienyl)benzene-1,3,5-trio(}}9) and 1-
prenylphloroglucinol [2-(3-methylbut-2-enyl)benzeb,5-triol] (50), respectively. This was
performed by two methods, the first being a Frigdedft-type alkylation where Znghwas
used as the Lewis acid. The second method invodvedicleophillic substitution reaction
where the base, KOs, abstracts a proton from one of the phloroglucimgdiroxyl groups
resulting in the formation of a phenoxide ion. Teenoxide ion can then be prenylated in the
ortho position by alkylating with prenyl or geranyl braa. This is achieved as the
phenoxide anion acts as a nucleophile and attdekalkyl halide at the electrophilic carbon.
The bromide ion, being a good leaving group, isusiameously released and the nucleophilic
substitution reaction is complete. The major disatiage associated with this type ©f
alkylation is the possibility that a number of puats can form. These products arise from the
various resonance structures available for the gkida ion, which allows alkylation to occur
at theortho and para positions as well as on the phenoxide oxygen. olduhately both of

these methods were unsuccessful.

HO OH HO OH

OH OH
(49) (50)
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On reviewing the literature, an article was founuhtt reported that prenylation of
acetophenone precursors was more successful teaglation of the phloroglucinofS. For
this reason we changed our approach, and firstapedpthe acylated phloroglucinol
derivatives before attempting the dir€:alkylation.

A Friedel-Craft type alkylation was attempted whew (1 eq.) was reacted with geranyl
bromide (1.5 eq.) in the presence of a Lewis a&l@)s. A second reaction was also carried
out where prenyl bromide was used as the alkylaigent instead of geranyl bromide. Both

these reactions were unsuccessful.

Qi and Porc® reported a prenylation &4 via a nucleophilic substitution reaction. In this
reaction a base, KOH, abstracts a proton from drkeophloroglucinol hydroxyl groups. A
phenoxide ion is formed which acts as a nucleophitel attacks the alkyl halide. As
previously mentioned, the major disadvantage aasatiwith this type o€C-alkylation is the
possibility that a number of products can form.isTlas evident in the research by Qi and
Porco, who obtained a bisprenylated product in 48etd3° This approach, utilizing an
aqueous KOH solution, was attempted for the allyastep in the synthesis of analogdes
and 5 using geranyl bromide and prenyl bromide, respelti Unfortunately, analysis by

NMR spectroscopy showed that the desired mono-atiéglproducts were not obtained.

An alternative method of dire@-alkyltion by nucleophillic substitution resulted promising
yields of 74% and 78% by Leet al?® and Huanget al'®, respectively. In an attempt to
reproduce these results, commercially available 62/hydroxy acetophenor(@9) was
refluxed with geranyl bromide in the presence ohyalous potassium carbonate in dry
acetone. Although analogyewas obtained, our yield of only 23% was much lowen
those previously obtained by Let¢ al®® and Huanget al’® The same reaction conditions
were used to alkylate4, which resulted in a poor yield of 6% for the litee compounc®.
The TLC gave evidence that many other products \wevduced during the reaction, one of
which was isolated and found to be fhalkylated product. This product was obtained in a
greater yield (12%) than the desired compound huod indicated that the reaction conditions

favour theO-alkylation over theC-alkylation.
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An attempt to alkylat@4 and 2,4,6-trinydroxyacetophenofi®) with prenyl bromide (instead
of geranyl bromideyia this method was unsuccessful in the productio8, dfowever5 was

obtained in a yield of 32%.

Alkylation of the acylphloroglucinol derivatives walso accomplished by a similar approach
where a stonger base, sodium hydride, was usedare pf potassium carbonate. The
reactions were performed in dry dioxane with eitipeenyl or geranyl bromide as the
alkylating agent. Following the reaction conditaexpressed by Kuhnke and Bohlm¥rand

Bharateet al®
well as all seven analogues - 9 (19%; 29%; 29%; 17%; 13%; 15% and 10% vyields,

respectively).

resulted in the successful production of our biwaccompound (17%) as

The low yields are most likely attributed to thecormence of polyalkylation as well as
alkylation of the phenoxide oxygen. The fact that acylphloroglucinol derivatives contain
three hydroxyl moieties increases the degree gbroghucts or competing reactions that may
occur. The poor yields obtained suggest that ¢aetron conditions need to be evaluated and
optimized. Unfortunately, due to time constrairnie optimization of the reaction conditions

was not carried out.

4.2.3.1Structural Elucidation of Compounds 2-9

The alkylated acylphloroglucinol derivativ@s 9 were fully characterized by NMRH, **C,
DEPT90, DEPT135, COSY, HSQC and HMBC) spectroscaftsaviolet spectroscopy (UV),
infra-red spectroscopy (IR) and electrospray mpsstsometry (ESIMS).

The NMR data for the acylated phloroglucinol fraginé4) for 2 (Plates 8.1 - 8.2)and
3 (Plates 9.1 — 9.2)vas observed to be the same as describ&kation 4.2.2.1 (Table 4.2)
Similarly, the inclusion of the acylated fragmems6 and7, and8 and9 are discussed in
greater depth as compourilsand26 (Table 4.3 in section 4.2.2.1)espectively. The major
difference is evident in thédy 5.81 which integrates for two protons in the ahigpoglucinol

compounds, but only integrates for one proton & dlkylated compounds. This shows that
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the phloroglucinol ring is no longer mono-substetlitas observed 24 — 26, but is now di-

substituted.
g" - 6" 4"
=

10"

The synthesis of analoguek and 5 involved the alkylation of commercially available
phloroacetophenon@9). The phloroacetophenor&9) fragment is recognized in the NMR
spectra obtained for analogué$Plates 10.Jand10.2)and5 (Plates 11.1and11.2) The®*C

NMR spectrum shows a set of three quartenary sgnahe region characteristic of phenolic
carbons thus denoting the presence of a phloragtuecnoiety. Another quaternary carbon

resonating further downfield dt 204.8 is indicative of a carbonyl functional group

The 'H NMR spectrum revealed sharp single; (5.90, 1H), which when compared to
compounds24, 25 and 26 allowed us to assign it as the methine group atusubstituted
position of the phloroglucinol ring. The fact thais signal, which correlates to the carbon
resonating atlc 95.0, only integrates for one proton indicateg tha phloroglucinol core of
the alkylated compound is di-substituted. The yleghoup of phloroacetophenone appeared
atdy 2.60 (3H, s) and correlated to the carbon resogatid: 33.0 in the HSQC. It was also
found to correlate to the carbonyl carbon and thaternary carbon in position C-1' in an
HMBC experiment.
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OH O
(9)

Prenylation of24 — 26 and phloroacetophenor{#9) resulted in analogue% 7 (Plates 12.1
and 12.2) 9 (Plates 13.1and 13.2) and 5, respectively(Table 4.4 and Table 4.5) The
'H NMR data of3 (Plate 9.1)revealed a doublet &t 3.24 (2H,J = 7.2 Hz), which suggested
that C-alkylation had occurred. ID-alkylation had occurred, we would expect the digoa
resonate further downfield at apprady 4. This was further confirmed by the signaldat
5.89, which integrated for one proton, indicatifwatt the phloroglucinol ring was di-
substituted and no longer monosubstituted as iratlye phloroglucinol derivatives where the
signal with similar chemical shift integrated ferd protons. The proton resonatingdat3.24
coupled to one of the phenolic carbordg 164.4) of the phloroglucinol ring (HMBC
experimental data). This implied that the signadaB8.24 may be assigned to the protons on
the carbon of the prenyl side chain that is siiatesest to the phenolic ring. The HMBC
showed further correlation of this proton sigrail 8.24) to two quarternary carborgg (L108.5
anddc 131.8) and a methine carbotl: (124.6). The proton of the latter was observea as
triplet (dy 5.24, 1H,J = 7.2 Hz), which correlates t: 124.6 in the’>C NMR spectrum

(Plate 9.2) This denotes the presence of an alkene.

Two methyl group protons appearing in theNMR spectrum atly 1.66 anddy 1.76, (3H, s)
correlated to carbons resonatingla26.1 anddc 18.0. The HMBC experiment revealed long
range™*C-'H coupling between the two methyl groups and bogthyl protons coupled to a

guaternary carbond¢ 131.8) and the assigned methine moiety (C-2"). Biamg all the
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information described above we concluded that aypreide chain had been introducee

directC-alkylation.

A comparison between the data obtained3fand the data obtained féy9 and5 showed that
the prenyl side chain had been successfully inteduto each of our acylphloroglucinol
derivativesvia directC-alkylation. Our conclusions were further confiingy comparing our

acquired experimental data with that of prenylatechpounds reported in literatue >

Table 4.4 NMR data of compound

Carbon C (nt., Muﬁlt., JIHZ) HMBC Correlation

1 105.6
2 164.4
3 108.5
4 163.4
5 95.5 5.89 (1H, s) C-1, C-3,C-4, C-6, C1'
6 160.6
1 201.2
2' 143.6

3,7 128.7 753 (2H,d,J=7.0 C-1', C-4', 056

4', 6' 129.4 7.36 (2H,t,J=7.3 C-2', C-3, C-4'
5 130.8 7.42 (1H, t, J=7.3) C-4', C-6'
1" 22.4 3.24 (2H,d)=7.2) | C-2, C-3, C-4, C-2", C-31,
2" 124.6 | 5.24 (1H,t)=7.2)
3" 131.8
4" 18.0 1.76 (3H, s) c-2", C-3", C-5"
5" 26.1 1.66 (3H, s) c-2", C-3", C-4"




Table 4.5. NMR data acquired for analogugs/ and9
Compound 5 Compound 7 Compound 9
Carbonl C H HMBC C H HMBC c H HMBC
(Int., Mult., J/Hz) |Correlation (Int., Mult., J/Hz) |Correlation (Int., Mult., J/Hz) |Correlation
204.8 211.7 211.9
33.0 2.60 (3H, s) C-1,C-1' 46,8 3.88 (1H, sextet6.8) 40.1 | 4.00 (1H, heptel,= 6.7
1.35 (1H, m,) C-1, C2, _ C-1, C2,
3 28.4 1.80 (1H. m) C-4 C-5 199 | 1.12(6H,d)= 6.9) C-a
- _ C-1, C2,
4 12.5 0.89 (3H, §=7.4) C-2,C-3| 199 1.12 (6H.d=6.9) C.3
5 17.4| 110 (3H, d,= 6.8) Clcgz
1 105.7 105.4 104.7
2' 164.9 165.4 165.5
3 108.1 108.3 108.3
4' 164.0 163.5 163.6
: C-1', C-3, C-1, C-3,
5 95.0 5.90 (1H, s) C-4 C-6 95.2 5.88 (1H, s) C-4 C-6' 95.1 5.89 (1H, s)
6' 162.0 161.2 161.2
" _ C-2', C-3, _ C-2, C3, _ o
1 223 | 317 (2H, d)=7.2) C-2" C-3" 224 | 3.17(2H,d)=7.0) C.2" C-3" 22.3| 3.17(2H,d)=7.0) C-2
2" 124.7| 5.17 (1H,1=7.2) 1247 5.17 (1H,tJ=7.0) 124.8 5.17 (1H,tJ=7.0)
3" 131.3 131.3 131.2
c-2", C-3" c-2", Cc3" c-2", C3"
g ’ ’ ’ ’ ’ 1
4 17.9 1.73 (3H, s) C.5" 18.0 1.73 (3H, s) C.5" 18.0 1.73 (3H, s) C.5"
5% | 26.1 1.63 (3H, s) C'ZC’_ j.:.'?’ 126.1 1.64 (3H, s) C'ZC'_ 4?-_3 | 26.1 1.64 (3H, s) C-3",C-4

* Assignments of 4" and 5” are interchangeable
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Alkylation of 24 — 26 and phloroacetophenor{&9) with geranyl bromide resulted in the
bioactive compoun@ and analogue (Plates 14.1and14.2) 8 (Plates 15..and15.2)and

4, respectively (Table 4.6 and Table 4.7) The NMR data acquired showed some
similarities when compared to the data obtainedtli@ prenylated compounds. These
similarities included the appearance of a singlet;&5.90 (1H), a doublet aty 3.18 (2H,
J= 7.2 Hz) coupling to a triplet a; 5.17 (1H,J =7.0 Hz). As mentioned earlier, these
signals suggest th&ralkylation has occurred on the phloroglucinol rimigh dy 3.18 being
the first carbon (C-1”) in the alkyl side chain, el in turn is attached to the methine

moiety @n5.17) of the alkene (C-2").

The'H NMR spectrum also revealed two multipletsiatl.93 anddy 2.03 (correlating to
dc 41.1 anddc 27.9, respectively), which integrated for two pritoeach. The former
proton showed long-rang&C-'H coupling to C-2” and to a quaternary carbda134.9), a
methylene carbord¢ 27.9) and a methyl groupl{16.3), whilst the latter is also coupled to
the quaternary carbon dt 134.9, as well as to a methylene carbaydl.1) and a methine
carbon @c 125.7). The HMBC correlations therefore imply tl@a#2” is attached to a
quaternary carbon (C-3") with a methyl substitugdt9”). C-3” is also attached to the
methylene group (C-4”) that appearsdat1.93 in the'H NMR spectrum. The fact that
signalsdy 1.93 (C-4") anddy 2.02 couple to each other indicates that they djgcant to
one another. Thus the signal dit 2.02 is assigned to be C-5". The methine carbon
(dc125.7) correlates to the triplet resonatingdat5.04 (1H) in the'H NMR spectrum
(C-67).



81

The only signals unaccounted for thus far in tHeNMR spectrum are the two singlets
appearing atly 1.61 anddy 1.55 and integrating for three protons each, thdgating the
presence of two methyl groups. The HMBC data shbvemg-range'*C-'H coupling
between the two methyl groups as well as to C-@' amuaternary carbon resonatinglat
132.1. The quaternary carbon was assigned to GwHilst the methyl groups were
assigned as C-8” and C-10" (these two signalsraezdhangeable).

The information described above as well as the @ispn of our data to that reported in
literaturé’, led us to conclude that a geranyl substituentliegh successfully introduced

via direct C-alkylation to each of our four acyl phdghlucinol derivatives.



Table 4.6 NMR data of compound.
Carbon C H HMBC Correlation
(Int., Mult., J/Hz)
1 105.6
2 164.4
3 108.5
4 163.5
5 95.5 5.88 (1H, s) C-1, C-3,C-4, C-6, C{'
6 160.7
1' 201.2
2' 143.7
" 129.3 7.50 (2H, d,=7.0) C-1', C-4', C-6'
' 128.7 7.35 (2H, d,=7.3) c-2', C-3', C-7'
5' 131.8 7.42 (1H,=7.3) C-4', C-6'
1" 22.4 3.24 (2H, d) =7.0) C-2, C-3, C-4, Cc-2", C-3"
2" 124.6 5.23 (1H, t) = 7.0)
3" 135.1
4" 411 1.96 (2H, m) c-2", Cc-3", C-5", C-9"
5" 27.9 2.05 (2H, m) c-4", c-6", C-7"
6" 125.7 5.06 (1H, t) = 7.0)
7" 132.1
8"* 26.0 1.61 (3H, s) c-6", C-7", C-10"
o" 16.4 1.76 (3H, s) c-2", C-3", C-4"
10" 17.9 1.56 (3H, s) c-6", C-7", C-8"

* Assignments are interchangeable
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Table 4.7 NMR data acquired for analoguéss and8
Compound 4 Compound 6 Compound 8
Carbon | C H HMBC c H HMBC c H HMBC
(Int., Mult., J/Hz) | Correlation (Int., Mult., J/HZz) Correlation (Int., Mult., J/Hz) Correlation
1 204.7 211.9
PR 3.88 (1H, sxtet, 4.00 (1H, leptet, C-1, C-3,
2 33.0 2.60 (3H, s) C-1,C-1 46.8 1=6.7) 40.0 1=6.6) C-a,
1.36 (1H, m) _ C-1, C-2,
3 28.3 1.80 (1H. m) 19.9 1.12 (6H,d) = 6.9) C-a
— _ C-1, C-2,
4 12.5 0.89 (3H,8=7.4) C-2,C-3 19.9 1.12 (6H,d~ 6.9) C-4
5 174| 110@H d=67) | CL 2
C-3
1 105.7 104.7
2' 164.9 165.3 165.4
3 108.1 106.7 108.4
4 164.0 163.4 163.5
. C-1', C-3, C-1, C-3,
5 95.0 5.90 (1H, s) C-4 C-6' 95.3 5.90 (1H, s) 95.1 5.89 (1H, s) C-4 C-6'
6' 161.9 163.4 161.1
" 3.18 (2H, d, C-3, C-4, _ o ~_aqn _ C-3, C-4,
1 22.2 1=7.2) C-2" C-3" 22.2 3.18 (2H,dJ=7.0) | C-2",C-3",| 22.3| 3.17(2H,d)=7.0) C-2" C-3"
124.7 5}1 (715') L 124.8| 517 (1H,4=7.4) 124.8 5.7 (1H, tJ = 7.0)
3" 134.9 134.9 134.8
" C-3", C-5",
4 411 1.93 (2H, m) 410 1.93 (2H, m) 41.0 31(2H, m) C.g"
5 | 279| 2.03(2H, m) 27.d 2.02 (2H, m) 27.8 22(PH, m) C'4C'_ g-s :
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Table 4.7

NMR data acquired for analogués6 and8 continued.

Compound 4 Compound 6 Compound 8
carbon | © H HMBC C H HMBC C H HMBC
(Int., Mult., J/Hz) | Correlation (Int., Mult., J/HZz) Correlation (Int., Mult., J/HZz) Correlation
6 | 1257 >0 (713)’ td= 125.7| 5.03 (1H, tJ=7.4) 125.§ 5.04 (1H, tJ = 7.0)
7" 132.1 132.1 132.1
" c-6", C-7", c-6", C-7", c-6", C-7",
8" 25.9 1.61 (3H, s) C-10" 26.0 1.60 (3H, s) C-10" 26.0 1.60 (3H, s) C-10"
" c-2", C-3", c-2", C-3", Cc-2", C-4",
9 16.3 1.73 (3H, s) coa 16.3 1.73 (3H, s) Coa 16.3 1.73 (3H, s) c.3"
c-6", C-7" c-6", C-7" c-6", C-7"
"y ’ ’ ) ’ ’ 1
10 17.8 1.55 (3H, s) C.g" 17.9 1.54 (3H, s) C.g" 17.8 1.54 (3H, s) c.g"
*Assignments are interchangeable

84




85

4.3 Conclusion

Biological activity and toxicity testing is currénteing carried out on our battery of eight
synthetic compounds. Therefore future work wouldoive the evaluation of the results
obtained in order to draw some conclusions on thetsire-activity relationships of the
various groups present in our molecules. If sigaift biological activity is exhibited by
one or more of our synthesized analogues, futum would need to include an attempt to
increase the yields of the compounds of inter@$tis may be achieved by optimizing the
reaction conditions of the direct-alkylation method by which the analogues were
produced or investigation into alternative routeaynbe considered. Although the
carcinogenic nature of the MOM protecting groupdset® be taken into account, as well
as the fact that it is no longer commercially aafali¢, it may be interesting to synthesize
MOMCI and hence attempt th@&-prenylationvia O-alkylation followed by the Claisen
rearrangement as good yields are expressed bgffaf® The MOM protecting group is
also known to be a goodrtho directing group. Another potential method invave
alkylating via a directertho metallation (DOM) type reaction as discussed in
Section 4.2.1

4.4 Experimental

4.4.1 Standard Experimental Techniques

The chromatographical techniques as well as insgntation utilized in the synthetic
section of the research, are the same as thatedpaiChapter 3 (Section 3.4.1) IR data

is only reported between 1500 and 3500'cm

All anhydrous reactions were performed under ant inkrogen atmosphere with solvents
previously dried using an Innovative Technology e@olv MD-7 solvent purification
system (THF and DCM) or by drying the solvent ower appropriate drying agent
(Acetone and DMF: molecular sieves, dioxane: N#pweed by distillation under nitrogen
The Pure Solv MD-7 solvent purification system @nposed of steel canisters under a
positive N pressure and uses a drying agent comparable toculatesieves. This

technique does not require any heat and thus raxioess are formed. Reagents such as
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phloroglucinol (17) and phloroacetophenor{@9) were dried in an oven at 12C for
24 hours and thereafter stored in a dessicator fiase. The glassware required for the
reactions were also dried in an oven and flushed mitrogen prior to use. All alkylating

agents were added with a syringa a septum.

The reactions were monitored using silica coatedhalium or glass TLC plates. Unless
specified to the contrary, the TLC plates wereeduwith Hex:EtOAC (2:1) and viewed
under UV light before being sprayed with anisaldihgtain reagent and heated with a

heat gun.

Unless stated otherwise, the standard work-up proeeinvolved: quenching the reaction
with 1 M HCI or dist. HO, extracting the reaction mixture with DCM (3 x B&fL) or
EtOAc (3 x 30 mL), drying the organic extract owgSO, and concentratingh vacua

Purification was then carried out on either a 2 mnm4 mm chromatotron plate. Pure

compounds were analysed by NMR spectroscopy iredatetd chloroform or methanol.
4.4.2 Synthetic Procedures

4.4.2.1 1-(2,4-Bisbenzyloxy-6-hydroxyphenyl)ethame (41)

HO OH

OH O
(19) Ph 41

KoCO; (2.47 g, 17.9 mmol) was added to a solution of DNED mL) and
phloroacetophenond9) (1.01 g, 6.01 mmol). The reaction mixture wasva#id to stir for
a time period of 15 minutes before benzyl chlofitl® mL, 12.2 mmol) dissolved in DMF
(3 mL) was added. The reaction mixture was refiuf@ 2 h after which TLC showed
that the reaction had gone to completion. Theti@aovas quenched with 1 M HCI
(15 mL) and extracted with DCM. The organic layemsre combined, washed with ice



87

water (6 x 30 mL), dried and concentratedvacuo Column chromatography (silica
height: 14 cm, loaded as a slurry) was used to venttee polar compound observed on the
baseline of the TLC plate (Hex:EtOAc 9:1). Furthmrrification of the product was
performed on a chromatotron. The organic fractuas loaded onto a 4 mm chromatotron
plate and eluted with Hex:EtOAc (9:1). The bishdated producdl (1.46 g, 70%) was
obtained as creamy-yellow needle-like amorphousdsol Melting point: 93-95°C
(MeOH); UV(MeOH)| max (log €): 287 (4.94) nm*H NMR (CDCk, 400 MHz):dy 2.55
(3H, s, H-2), 5.06 (4H, s, H-2"), 6.10 (1H, 3= 2.3 Hz, H-5"), 6.16 (1H, dJ = 2.3 Hz,
H-3"), 7.40 (10H, m, Ar), 13.99 (1H, s, OHJ?C NMR (CDCE, 400 MHz): dc 33.3 (C-2),
70.3 (C-27), 71.1 (C-2"), 92.4 (C-3’), 94.8 (C-5'106.4 (C-1"), 127.6 — 128.7 (Ar-CH),
135.6 (Ar-C), 135.9 (Ar-C), 162.0 (C-6’), 165.1 &2 167.6 (C-2’), 203.1 (C-1); ESIMS:
m/z371.1262 [M+Na] (calculated for gH,004Na, 371.1259).

A by-product was also isolated from the fractiomdlected in a yield of 28% and was
found to be the tribenzylated prod{d®). *H NMR (CDCk, 400 MHz):dy 2.49 (3H, s,
H-2), 5.01 (2H, s, H-2"), 5.06 (4H, s, H-1"), 6.2BH, s, H-3', H-5), 7.38 (15H, m, Ar);
¥C NMR (CDC}, 400 MHz): dc 32.6 (C-2), 70.2 (C-2"), 70.6 (C-1"), 93.6 (C-&;5"),
115.2 (C-1'), 128.6 — 128.7 (Ar-CH), 136.4 (Ar-@p7.1 (C-2’, C-6"), 161.1 (C-4’), 201.3
(C-1).

4.4.2.2 1,3,5-Trisbenzyloxybenzene (48)

HO OH

Ph (48)

Phloroglucinol(17) (602 mg, 4.77 mmol) andX0;s (3.29 g, 28.83 mmol) were dissolved
in DMF (20 mL) and allowed to stir for 20 min befotbenzyl chloride (1.76 mL,
21.4 mmol) was added. The reaction mixture wageldeto 80°C. The reaction was
guenched after 9 h with 1 M HCI (15 mL) and extealctvith DCM. The organic fractions

were combined and washed with ice water (6 x 30 rbejore being dried and
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concentratedn vacuo Column chromatography (diameter: 3 cm, silicaglhie 15 cm,
loaded as a slurry) yielded the trisbenzylated r@glucinol 48 (869 mg, 46%).

IR (KBr) nmax 3028, 2868, 1592 ¢ 'H NMR (CDCk, 400 MHz):dy 5.01 (6H, s,
H-17), 6.27 (3H, s, H-2, H-4, H-6), 7.38 (15H, mr-N); *C NMR (CDCk, 400 MHz):
70.2 (C-1'), 95.0 (C-2, C-4, C-6), 127.6 — 128.6-(@H), 136.9 (Ar-C), 160.7 (C-1, C-3,
C-5).

4.4.2.3 1-(2-Hydroxy-4,6-dimethoxyphenyl)ethanong@!3)

HO OH

OH O
(19)

Method 1

Phloroacetophenonél9) (100 mg, 0.56 mmol) and NaH (90 mg, 3.75 mmol) ever
dissolved in THF (15 mL) and allowed to stir at@© for 1 h before Mel (0.17 mL, 2.68
mmol) was added. The reaction was quenched wah O (5 mL) after 18 h when no
more starting material was present. The reactimuycts were extracted with DCM
(3 x 15 mL); the organic fractions were combined dnied before being concentrated
vacua Purification was performed on a 2 mm chromatotfate, which yielded
dimethylated phloroacetophenod& (2 mg, 2%). IR (KBf)nma 2940, 1584 cify
'H NMR (CDCk, 400 MHz):dy 2.61 (3H, s H-2), 3.83 (6H, 2 x s, H-1"), 5.92 (1¢H
J=2.4 Hz, H-5), 6.06 (1H, d] = 2.4 Hz, H-3"), 14.0 (1H, s, OH)}*C NMR (CDCE, 400
MHz): 32.9 (C-2), 55.6 (C-1"), 90.8 (C-5’), 93.6@3), 106.1 (C-1"), 162.9 (C-6’), 166.1
(C-4), 167.6 (C-2'), 203.1 (C-1).

Method 2

Phloroacetophenonél9) (202 mg, 1.20 mmol) and NaH (180 mg, 7.50 mmol) ever
dissolved in THF (15 mL) and allowed to stir foh before Mel (0.33 ml, 5.35 mmol) was
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added. The reaction mixture was heated until geefluxing (70°C). The reaction was
guenched after 4 h with dist,@8 (15 mL) and extracted with DCM. The organic fiaas
were combined, dried and concentrated. The residisepurified on a 2 mm chromatotron
plate, eluted with Hex:EtOAc (9:1). Dimethylatedhlgroacetophenon&3 was not
obtained. This reaction was unsuccessful.

Method 3

Phloroacetophenongl9) (306 mg, 1.82 mmol) and XO; (1.23 g, 5.92 mmol) were
dissolved in acetone (20 mL) and allowed to stidemN, for 30 min. before Mel was
added. The reaction mixture was heated until geefluxing (60°C). After refluxing for

6 h TLC showed that no starting material remained #ius the reaction was quenched
with dist. HO (10 mL) and extracted with EtOAc. The organigel® were combined,
dried and concentrated vacuo Purification was performed on a 2 mm chromatotro
plate, which yielded dimethylated phloroacetophe® was obtained in a low yield of
12.6% (45 mg).

4.4.2.4 1-[2,4-Bisbenzyloxy-6-(3-methylbut-2-enykg)phenyllethanone (44)

”
BnO OH Ph_© J O\l"/kﬁ“
1 -2 5

1

OBn O 6" r

(41)

Method 1

Anhydrous KCO; (163 mg, 1.18 mmol) was added to bisbenzylated
phloroacetophenon&l (198 mg, 0.568 mmol) dissolved in acetone (8 mhyl dhe
resulting reaction mixture was allowed to stir fb minutes before prenyl bromide

(87 mg, 0.58 mmol), dissolved in acetone (3 mL)s wdded. The prenyl bromide addition
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was carried out slowly. The reaction mixture wastked until it was gently refluxing
(58 °C). The progress of the reaction was monitdngdLC. Although the reaction had
not yet gone to completion, it was quenched withew&l0 mL) after refluxing for a time
period of 100 h. The reaction mixture was thertip@ned with DCM and water. The
organic layer was dried and the remaining solveas wemovedn vacuo The sample
underwent purification on a 2 mm chromatotron plétex:EtOAc 9:1) yielding the
desiredO-prenylated produdd4) 81 mg, 34%).

'H NMR (CDCh, 400 MHz):dy 1.73 (3H, s, H-5"), 1.79 (3H, s, H-4"), 2.51 (38,H-2),
4.51 (2H, dJ = 7.0 Hz, H-1"), 5.05 (4H, s, H-6"), 5.44 (1HJt= 7.0 Hz, H-2"), 6.25 (1H,
s, H-5') 6.27 (1H, s, H-3'), 7.40 (10H, m, Ar-H)**C NMR (CDCE, 400 MHz): 18.0
(C-5"), 25.7 (C-4"), 32.6 (C-2), 65.5 (C-1"), 70(2-6"), 93.0 (C-5’), 93.2 (C-3’), 119.3
(C-27), 126.9-128.5 (C-Ar), 136.4, 137.5, 160.9,71%H 156.9, 201.2 (C-1); ESIMS:
m/z417.2067 [M+H] (calculated for gH»¢O4, 417.2066)

Method 2

Bisbenzylated phloroacetophenodd (350 mg, 1.01 mmol) was dissolved in DMF
(10 mL) and placed in a 3-neck round bottom flagltigped with a stirrer bar, condenser,
N2line and a septum. Anhydrous®0O; (280 mg, 2.03 mmol) was added to the vessel and
the resulting reaction mixture was allowed to &ir 15 minutes before prenyl bromide
(152 mg, 1.02 mmol) dissolved in DMF (3ml) was atldeThe prenyl bromide addition
was carried out slowly and the resulting reactioixtune was heated to 80C. The
progress of the reaction was monitored by TLC whilcbwed that after 17 h only starting
material was present therefore a further equivatér,CO; (143 mg, 1.04 mmol) and
2 equivalents of prenyl bromide (310 mg, 2.08 mmefs added and the temperature
increased to 100C. Proton NMR spectra of the reaction mixture ragé and 40 hours
showed starting material but i@alkylated produc#é4. A small amount of dibenzo-18-
crown-6 (45) was added. Although the reaction had not yet goneompletion it was
guenched with 1 M HCI (10 mL) after 4.5 days. Thaction mixture was then extracted
with DCM and the aqueous layer discarded. The toetbDCM layers were washed with
ice water (5 x 40 mL), brine (3 x 30 mL) and drie¢er MgSQ. The remaining solvent
was removedn vacuo The sample underwent purification on a chromatot(4 mm
plate, Hex:EtOAc 9:1). The fractions collected evepotted on TLC (Hex:EtOAc 2:1).
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The TLC did not show a good separation, thus tisérel@ producté4 could not be isolated

and hence the reaction was believed to be unsuutess

Method 3

Bisbenzylated phloroacetophenofe (100 mg, 0.29 mmol) dissolved in acetone (6 mL)
was placed in a 2-necked reaction vessel equippéld av stirrer bar, thermometer,
condenser and Nine. Anhydrous KCOs; (119 mg, 0.86 mmol) and dibenzo-18-crown-6
(45) (106 mg, 0.29 mmol) was added and the reactionurextvas allowed to stir for
30 minutes before prenyl bromide (90 mg, 0.60 mnaidsolved in acetone (2 mL) and
copper iodide (Cul) (4 mg, 0.023 mmol) was add&te reaction mixture was heated until
it was gently refluxing (59 °C). TLC showed thateaf5 h the reaction had gone to
completion. The reaction was quenched with disOH5 mL). The reaction products
were extracted with DCM (3 x 15 mL), the organiachions were combined and the
aqueous layer discarded. The organic layer wasddand the remaining solvent was
removed. The sample underwent purification on aordatotron (2 mm plate,
Hex:EtOAc 9:1) yielding the desiréd-prenylated product4 (66 mg 55%).

Method 4

Sodium hydride (NaH) (110 mg, 4.58 mmol) was placed a 3-necked round-bottom
flask fitted with a stirrer bar, thermometer, consker N line and a septum. Bisbenzylated
phloroacetophenongl (502 mg, 1.44 mmol) was dissolved in THF (20 mhyl allowed
to stir for 1.5 hours before adding prenyl brom{d80 mg, 2.89 mmol) dissolved in THF
(2 mL). The reaction mixture was heated to°&0 After 4.5 h, TLC showed that the
desired prenylated produdé was present. The reaction was quenched with HigD.
(10 mL) and extracted with DCM (3 x 15 mL). The angc layer was dried and
concentrated. The aqueous layer was discardede ofiganic fraction was purified on a
chromatotron, where the fraction was dissolved €M) loaded onto a 4 mm
chromatotron plate and eluted with Hex:EtOAc (9:1).1-[2,4-bisbenzyloxy-6-(3-
methylbut-2-enyloxy)phenyllethanodd was obtained in 54% yield (322 mg).
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Method 5

NaH (23 mg, 0.96 mmol) was placed intro a 3-neakeshd bottom flask and dissolved in
DMF (15 mL added to vesseia a canula). Bisbenzylated phloroacetopherdh@®9 mg,
0.28 mmol) was added and the reaction mixture &tbvo stir for a time period of 1.5 h
before prenyl bromide (88 mg, 0.59 mmol) dissolvedMF (2 mL) was added. The
reaction mixture was the heated to ®0. TLC showed that alkylation had taken place
after 4 h. The reaction was quenched after 4.%ln VM HCI (10 mL) and extracted with
DCM. The aqueous layer was discarded and the mrdeaction was washed with ice
water (6 x 30 mL), dried and concentrated. Coluthnromatography (10 mL syringe
plugged with cotton wool and filled to the 8 ml avith silica gel, Hex:EtoAc 9:1) was
used to remove the polar compound observed ondkelibe of the TLC plate. Further
purification of the product was performed on a ohatotron (2 mm plate,
Hex:EtOAc 9:1). 1-[2,4-Bisbenzyloxy-6-(3-methytbB2renyloxy)phenyl]lethanonet4
was obtained in 45% yield (53 mg).

4.4.2.5 1-[2,4-Bisbenzyloxy-6-hydroxy-3-(3-methyili-2-enyl)phenyllethanone (46)

BnO O BnO OH BnO OH
\/&(_> +
=
OBn O

OBn O OBn O
(44) (46) (47)

The O-prenylated bisbenzylated phloroacetophendde (146 mg, 0.35 mmol) was
dissolved inN,N-dimethylaniline (3 mL) and heated to 20C. The reaction was
monitored by TLC, which showed that the reactiod lgane to completion after a time
period of 3 h, thus the reaction was quenched Witk HCI (10 mL). The reaction
products were extracted with EtOAc and the orgdractions combined. The organic
fraction was then washed with 1 M HCI (2 x 15 mdlist. HO (2 x 15 mL) and brine (2 x
15 mL) before being dried and concentrated on ateog evaporator. The remaining
residue was purified on a 2 mm chromatotron pleiEex(EtOAc 9:1). NMR spectroscopy
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showed that 50:50 mixture of the desired pro@tand (1-[4,6-bisbenzyloxy-3-(1,1-
dimethylallyl)-2-hydroxyphenyllethanor®’ was obtained in 57% yield (83 mg).

4.4.2.6 1-[3-(3,7-Dimethylocta-2,6-dienyl)-2,4,8thydroxyphenyllethanone (4)

HO OH HO OH

OH O OH O
(19) (4)

Method 1

K>CO; (130 mg, 0.94 mmol) was added to a solution oftame (6 mL) and
phloroacetophenongl9) (110 mg, 0.654 mmol). The mixture was allowedstw for
10 minutes before geranyl bromide (0.11 ml, 1.00afydissolved in acetone (2 mL) was
added slowly and refluxed (58C) for 4 h. Although the reaction had not gone to
completion it was quenched after 4 h by adding H® (10 mL). The reaction products
were extracted with DCM. The organic layers weoenbined, dried and concentrated.
The extract was dissolved in DCM and purified o2 anm chromatotron plate eluted
initially with Hex:EtOAc 9:1. As the separationogressed, the polarity of the solvent
system was increased as follows: Hex:EtOAc 3:1x:H®Ac 2:1, and finally washed
with MeOH. The desired alkylated proddaivas obtained in a low yield of 11% (17 mg).
UV(MeOH) | max (Iog €): 287 (4.37) nm; IRmax 3400, 3306, 2917, 1623 ém*H NMR
(CD;0D, 400 MHz):dy 1.55 (3H, s, H-10"), 1.61 (3H, s, H-8"), 1.73 (3%],H-9"), 1.93
(2H, m, H-4"), 2.03 (2H, m, H-5"), 2.60 (3H, s, H;3.18 (2H, dJ = 7.3 Hz, H-1"), 5.05
(1H, t,J = 7.0 Hz, H-6"), 5.17 (1H, tJ = 7.0 Hz, H-2"), 5.90 (1H, s, H-5");*C NMR
(CDsOD, 400 MHz): dc 16.3 (C-9”), 17.8 (C-10"), 22.2 (C-1"), 25.9 (C)827.9 (C-5"),
33.0 (C-2), 41.1 (C-4"), 95.0 (C-5'), 108.1 (C-3105.7 (C-1"),124.8 (C-2"), 125.7 (C-6"),
132.1 (C-77), 134.9 (C-3"), 161.9 (C-6), 164.1-(), 164.9 (C-2), 204.7 (C-1);
ESIMS: m/z327.1571 [M+Na] (calculated for GH»:04Na, 327.1572).
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Method 2

K2CO; (333 mg, 2.41 mmol) was added to a solution oftaee (10 mL) and
phloroacetophenonél9) (198 mg, 1.18 mmol). The mixture was allowed tiv &ir
10 minutes before geranyl bromide (0.23 ml, 1.19afdissolved in acetone (2 mL), was
added slowly and refluxed for 4 h. The reactiorxtore was removed from the heat
source after 1 day and the acetone evaporatedeaffing a dark brown oil-like residue.
1 M HCI (20 mL) was added to the residue and eshovith EtOAcC (3 x 50 mL). The
organic layers were combined, dried and concemtriateszacuo The organic layer was
dissolved in DCM and purified on a 4 mm chromatotnolate eluted initially with
Hex:EtOAc (7:1). As the separation progressedpblarity of the solvent system was
increased as follows: Hex:EtOAc (3:1), Hex:EtOAcl(), Hex:EtOAc (1:2), 100% EtOAc
and finally washed with MeOH. 3-Geranyl-2,4,ydroxyacetophenoné¢wasobtained
in 23% vyield (83 mg).

Method 3

Phloroacetophenongl9) (203 mg, 1.21 mmol) was dissolved in an aq. KOHusoh
[KOH (98 mg, 1.75 mmol) dissolved in 3 mL dist;® and placed in an ice-bath {Q).
Geranyl bromide (0.23 mL, 1.19 mmol) was added wdis@ over a period of 15 minutes.
The reaction mixture was allowed to stir at@for 2 h. The reaction was quenched after
2 h by pouring the reaction mixture over 1 M HCIrf®). The reaction products were
extracted with EtOAc; organic fractions were conesindried and concentrated. The
remaining residue was purified on a 4 mm chromatotrplate eluted with:
Pet. Ether:EtOAC  (7:1), Pet. Ether:EtOAc (3:1), .PeEther:EtOAc (1:1),
Pet. Ether:EtOAc (2:1), 100% EtOAc. The desireddpct4 was not obtained and thus

the reaction was deemed to be unsuccessful.
Method 4
Phloroacetophenon€l9) (200 mg, 1.20 mmol) and NaH (86 mg, 3.59 mmol) was

dissolved in dioxane (10 mL). The reaction mixtwas allowed to stir for 30 min at room

temperature (28C). Geranyl bromide (0.34 mL, 1.80 mmol) was added the resulting
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mixture was heated to 6C and stirred for a further 4 hr. The reaction wasnched after
this time period with dist. 0 (10 mL). The reaction products were extractetth WtOAC

(2 x 30 mL); organic fractions were combined, dreetli concentrated. The remaining
residue was purified on a 2 mm chromatotron plakitéd with: Hex:EtOAc 9:1,
Hex:EtOAc 4:1, Hex:EtOAc 2:1, Hex:EtOAc 1:1, 100%ORc), which yielded the
desired produc# (105 mg, 29%).

4.4.2.7 1-[2,4,6-Trihydroxy-3-(3-methylbut-2-enyphenyl]lethanone (5)

HO OH HO OH

OH O OH O

(19) (5)

Method 1

Phloroacetophenon@9) (210 mg, 1.25 mmol) was dissolved in acetone (20 before
K>CQOs (338 mg, 2.45 mmol) was added and the reactionum@xwas allowed to stir for a
time period of 10 minutes. Prenyl bromide (0.14,ril19 mmol) dissolved in acetone
(3 mL) was added to the reaction vessel and rel{g@ °C) for 1 day. The acetone was
removedin vacuoleaving a brown residue in the flask. The residizes acidified with
1 M HCI (20 mL) and extracted with EtOAc (4 x 30 )nL The organic layers were
combined, dried and concentrated. The organicrlayas purified on a 4 mm
chromatotron plate (Hex:EtOAc 7:1, Hex:EtOAc 4:1ex+EtOAc 2:1, Hex:EtOAc 1:1,
Hex:EtOAc 2:1, 100% EtOAc), which yielded 2,4,8triroxy-3-prenylacetophenor{g)
(89 mg, 34%).

UV (MeOH) | max (log €): 289 (360) nm; IRmax 3527, 3287, 2930, 2453, 1598 tm
'H NMR (CD;0D, 400 MHz):dy 1.63 (3H, s, H-5"), 1.73 (3H, s, H-4"), 2.60 (38],H-2),
3.17 (2H, d,J = 7.2 Hz, H-1"), 5.17 (1H, tJ = 7.2 Hz, H-2"), 5.90 (1H, s, H-5);
¥C NMR (CD;0D, 400 MHz): dc 17.9 (C-4"), 22.3 (C-1"), 26.1 (C-5"), 33.0 (C-H5.0
(C-57), 105.7 (C-17), 108.1 (C-3), 124.7 (C-2")31.3 (C-3"), 162.0 (C-6’), 164.0 (C-4)),
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164.9 (C-2), 204.8 (C-1); ESIMSm/z 259.0948 [M+Nal] (calculated for GH1s0sNa,
259.0946).

Method 2

Phloroacetophenon@9) (215 mg, 1.28 mmmol) was dissolved in an Agq. KOHugon
and cooled to OC in an ice bath. The aq. KOH solution was pregénedissolving KOH
(92 mg, 1.64 mmol) in dist. 4 (4 mL). Prenyl bromide (0.14 mL, 1.19 mmol) veaisied
dropwise over a period of 10 minutes. The reaatmxture was allowed to stir at® for

1 h, after which it was poured over 1 M HCI (6 mjhe reaction products were extracted
with EtOAc and the combined organic fractions wdreed and solvent removed on a
rotatory evaporator. The remaining residue wasfipdron a 4 mm chromatotron plate
(Pet. Ether:EtOAc 7:1, Pet. Ether:EtOAc 4:1, PéheEEtOAC 2:1, Pet. Ether:EtOAc 1:1,
100% EtOAc). Fractions were analysed by NMR spsctpy, of which none of the
spectra illustrated the presence of the desiredyfated phloroacetophenode Thus this
reaction was deemed to be unsuccessful.

Method 3

Phloroacetophenon€l9) (200 mg, 1.20 mmol) and NaH (86 mg, 3.59 mmol) was
dissolved in dioxane (10 mL). The reaction mixtwas allowed to stir for 30 min at room
temperature (27C). Prenyl bromide (0.21 mL, 1.80 mmol) was addsitig a syringe and
the resulting mixture was heated to@and stirred for a further 4.5 hr. The reacticasw
qguenched after this time period with dist;.QH(10 mL). The reaction products were
extracted with EtOAc (2 x 30 mlL); organic fractiongere combined, dried and
concentrated. The remaining residue was purifieéd 2 mm chromatotron plate (eluted
with: Hex:EtOAC 9:1, Hex:EtOAc 4:1, Hex:EtOAc 2:Hex:EtOAc 1:1, 100% EtOAc).
2,4,6-Trihydroxy-3-prenylacetopheno(t® was obtained in 29% yield (83 mQ)
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4.4.2 .8Attempted synthesis of 2-(3,7-dimethylocta-2,6-digh)benzene-1,3,5-triol (49)

HO OH HO OH

OH OH
(17) (49)

Method 1

Phloroglucinol(17) (210 mg, 1.67 mmol) and Zn£(445 mg, 3.27 mmol) were dissolved
in acetone (20 mL). Geranyl bromide (0.45 mL, 20380l) was addedia a septum using
a syringe. The reaction mixture was refluxed af®@0 After a time period of 1 h TLC
showed that the reaction had gone to completiars the reaction was quenched with dist.
H,0 (10 mL) and extracted with DCM. The organic fraies were dried and concentrated
in vacuo The organic layer was purified on a 2 mm chramah plate (Hex:EtOAc 9:1).

The reaction was unsuccessful.

Method 2

Phloroglucinol(17) (200 mg, 1.59 mmol) andJKO; (440 mg, 3.21 mmol) were dissolved
in acetone (20 mL) and geranyl bromide (0.30 mb91Immol) was addedia a syringe.
The reaction mixture was refluxed (80). The reaction vessel was removed from the heat
source after 1 day and the acetone was evapordfed The remaining residue was
acidified with 1 M HCI (20 mL) and extracted witit@Ac (4 x 30 mL). The organic
fractions were combined and dried. The concerdratmple was purified on a 4 mm
chromatotron plate (Hex:EtOAc 7:1, Hex:EtOAc 4:EXEtOAc 1:1, Hex:EtOAc 1:2 and
100% EtOAc). The reaction was considered to baicoessful as the desired alkylated

phloroglucinol49 was not obtained.
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4.4.2 9Attempted synthesis of 2-(3-methylbut-2-enyl)benzenl,3,5-triol (50)

HO OH HO OH

OH OH
(17) (50)

Phloroglucinol(17) (205 mg, 1.63 mmol) and Zn£(425 mg, 3.12 mmol) were dissolved
in acetone (20 mL) and prenyl bromide (360 mg, 2@#ol) was addedia a septum
using a syringe. The reaction mixture was refluae&9°C. After a time period of 1 h
TLC showed that the reaction had gone to completidhus the reaction was quenched
after 1 h with dist. O (10 mL) and extracted with DCM. The organic firags were
dried, concentrated and further purified on a 2 oimomatotron plate (Hex:EtOAc 9:1).
The desired produdiO was not obtained and therefore the reaction waiguvssl to be

unsuccessful.
4.4.2.10 Preparation of acyl chlorides

A 2-necked round bottom flask was set-up with ademser thermometer and stirring bar.
A pipe was attached to the top of the condensdr aviunnel on the other end leading into
a bath of water. This was done in order to tra&pHICI gas that is released as a by-product
of the reaction. Isobutyric acid (10 mL, 110 mmol) 2-methylbutyric acid (10 mL,
91.7 mmol) and 1 equivalent of SQQ(6.7 mL, 91.7 mmol and 8 mL, 110 mmol,
respectively) were injected into the vessel anddtkantil gently refluxing. The reaction
mixture was refluxed for 3 h. Distillation was thearried out in order to separate the acyl
chloride product from any remaining acid or S@Qkobutyryl chloride was collected at a

temperature of 92C and 2-methylbutyryl chloride was collected TT2
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4.4.2.11 Phenyl-(2,4,6-trinydroxyphenyl)methanone2g)

HO

Method 1

Phloroglucinol(17) (205 mg, 1.63 mmol) and ZnC{490 mg, 3.60 mmol) were dissolved
in DCM (25 mL). Benzoyl chloride (0.28 mL, 2.38 mmwas added to the vessel through
the septum using a syringe. The reaction mixtuas gently refluxed (40C) for 2.5 h.
After this time period the reaction was quenchethwiist. HO (10 mL) and extracted
with DCM. The organic layers were dried and thmaming solvent was removed
vacua The concentrated sample was purified on a 2 froneatotron plate, eluted with
Hex:EtOAc (9:1). The reaction was unsuccessfu ds6-trihydroxybenzophenor(@4)

was not obtained.

Method 2

Phloroglucinol(17) (200 mg, 1.59 mmol) and Alg(846 mg, 6.34 mmol) were dissolved
in carbon disulfide (2.5 mL). Nitrobenzene (1.5 )mas added over a time period of
5 min. The reaction mixture was refluxed (8D) for 30 min. before benzoyl chloride
(0.28 mL, 1.59 mmol) dissolved in nitrobenzene (L) was added to the vessel over
5 min. The reaction mixture was refluxed (80) for a further 30 min. The reaction
vessel was then removed from the heat source dmdeal to stir whilst cooling to room
temperature. Dist. #0 (10 mL) and 1 M HCI (5 mL) were added. The raacproducts
were extracted with EtOAc, the organic layers cambj dried and concentrated. The
concentrated sample was purified on a 2 mm chranoatglate, eluted with progressively
polar solvent systems: Hex:EtOAc 7:1, Hex:EtOAc, Hex:EtOAc 2:1, Hex:EtOAc 1:2
and 100% EtOAc. 2,4,6-Trihydroxy-benzophendi2d) was obtained in 19% vyield
(56 mgQ).
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UV(MeOH) | max (log €): 306 (4.36) nm; IRNmax 3185, 1597 ciy *H NMR (CDsOD,
400 MHz): dy 5.81 (2H, s, H-3, H-5), 7.36 (2H, 1,= 7.4 Hz, H-4", H-6"), 7.45 (1H, t,
J=7.45 Hz, H-5), 7.58 (2H, d] = 7.4 Hz, H-3', H-7"); *C NMR (CD;OD, 400 MHz):
dc 96.0 (C-3, C-5), 106.1 (C-1), 128.8 (C-4’, C-a@p9.4 (C-3, C-7’), 132.2 (C-5"), 143.1
(C-2’), 164.0 (C-2, C-6), 166.1 (C-4), 200.8 (C;1ESIMS: m/z 253.0473 [M+Na]
(calculated for gsH1004Na, 253.0477).

Method 3

Phloroglucinol(17) (500 mg 3.97 mmol) was dissolved in DCM (8 mLylaooled on ice
(0°C). In a separate flask, AlE(1.18 g, 8.86 mmol) was dissolved in DCM (10 mhjia
cooled on ice (0C). Benzoyl chloride (0.46 mL, 3.97 mmol) was atideopwise with a
syringe. The resulting mixture was allowed to stider N for 2.5 h. This mixture was
then added slowly to the phloroglucinol solutiofhe reaction mixture was removed from
the ice bath and set aside. Once room temperatasereached the reaction mixture was
stirred for a further 22 h before being quenchedhgyaddition of 1 M HCI (15 mL) and
dist. HO (10 mL). The reaction products were extracteith WCM (2 x 20 mL) followed
by EtOAc (3 x 30 mL). All 5 organic fractions wetembined, washed with sat. NaHEO
(3 x 30 mL), dist. HO (3 x 30 mL) and brine (3 x 30 mL), dried over M@Sand
concentratedh vacuo Purification was carried out on a 2 mm chronratoplate, eluting
with Hex:EtoAc 6:1 followed by Hex:EtOAc 1:1. Tldesired produc24 was obtained as
a pale yellow solid (415 mg, 46%).

Method 4

Phloroglucinol(17) (830 mg, 6.58 mmol) and Alg(3.41 g, 25.6 mmol) were dissolved in
nitrobenzene (12 mL) and allowed to stir at roormpgerature for 30 min. Benzoyl
chloride (0.74 mL, 6.34 mmol) was added with arsyei and the resulting mixture was
heated to 80C for 1.5 h. During this time the reaction mixtwiganged colour from pale
yellow to black. The reaction mixture was cooled@dom temperature before 1 M HCI
(20 mL) and dist. KD (15 mL) was added. The reaction products weteaeted with
EtOAc (4 x 30 mL), organic fractions combined andshed with sat. NaHGO
(3 x 30 mL), dist. HO (3 x 30 mL) and brine (3 x 30 mL). The EtOAcchian was then

dried and concentrated. Purification was carriel @n a 4 mm chromatotron plate
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(Hex:EtoAc 6:1, Hex:EtOAc 1:1 and 100% EtOAc), whigielded24 as a pale yellow
solid (745 mg, 49%).

4.4.2.12 2-Methyl-1-(2,4,6-trihydroxyphenyl)propani-one(26)

HO OH HO OH
—_—
OH OH O
(17) (26)
Method 1

Phloroglucinol(17) (810 mg 6.42 mmol) was dissolved in DCM (8 mL) aodled on ice
(0°C). In a separate flask, Alg(1.69 g, 12.7 mmol) was dissolved in DCM (10 mhyla
cooled on ice (0C). Isobutyryl chloride (0.92 mL, 9.52 mmol) weddad dropwise with
a syringe. The resulting mixture was allowed fowtder N for 1 h. This mixture was
then added slowly to the phloroglucinol solutiofhe reaction mixture was removed from
the ice bath and set aside. Once room temperatasereached the reaction mixture was
stirred for a further 16 h before being quenchedhgyaddition of 1 M HCI (15 mL) and
dist. HO (10 mL). The reaction products were extracteith WiCM (1 x 20 mL) followed
by EtOAc (3 x 30 mL). All organic fractions werernbined, washed with sat. NaHgO
(3x 30 mL), dist. HO (3 x 30 mL) and brine (3 x 30 mL), dried over M@Sand
concentratedn vacuo The concentrated fraction was purified on a 2 olmomatotron
plate, eluting with progressively polar solventteyss: Hex:EtoAc 9:1, Hex:EtOAc 6:1,
Hex:EtOAc 1:1 and 100% EtOAc. 2-Methyl-1-(2,4,8¥droxyphenyl)propan-1-one
(26) was obtained as a pale pink solid (493 mg, 36%).

UV (MeOH) | nax (log €): 229 (4.60), 287 (4.73) nm; IRnac 3187, 2975, 1570,
1515 cm; *H NMR (CDs;0D, 400 MHz):dy 1.12 (6H, dJ = 6.7 Hz, H-3, H-4), 3.97 (1H,
heptet,J = 6.7 Hz, H-2), 5.82 (2H, s, H-3, H-5")**C NMR (CD;OD, 400 MHz): dc 19.8
(C-3, C-4), 40.0 (C-2), 96.1 (C-3', C-6'), 104.8-(Q 165.8 (C-2’, C-4’, C-6), 211.9
(C-1); ESIMS: m/z219.0633 [M+Na] (calculated for GH1:0:sNa, 219.0633).
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Method 2

Phloroglucinol(17) (820 mg, 6.50 mmol) and Al€(3.36 g, 25.2 mmol) were dissolved in
nitrobenzene (15 mL) and allowed to stir at roommgerature for 30 min. Isobutyryl
chloride (0.92 mL, 9.52 mmol) was added with arsyei and the resulting mixture was
heated to 80C. The reaction mixture was quenched after 1 hdoling 1 M HCI (15 mL)
and dist. HO (10 mL). The reaction products were extracteth wtOAc (3 x 30 mL),
organic fractions combined and washed with sat. G@H(3 x 30 mL), dist. HO
(3 x 30 mL) and brine (3 x 30 mL). The EtOAc fiact was then dried and concentrated.
The concentrated fraction was purified on two 4 mimomatotron plates, eluting with
progressively polar solvent systems: Hex:EtOAc Y9Hex:EtOAc (6:1), Hex:EtOAc
(3:1), Hex:EtOAc (1:1) and 100% EtOAc. The colé&ttfractions were combined
appropriately and the desired prodB6twas obtained in 66% yield (848 mg).

4.4.2.13 2-Methyl-1-(2,4,6-trihnydroxyphenyl)butan-1one (25)

HO OH HO OH
e
OH OH O
(17) (25)
Method 1

Phloroglucinol(17) (395 mg 3.13 mmol) was dissolved in DCM (8 mL) aadled on ice

(0 °C). In a separate flask, AI{850 mg, 6.38 mmol) was dissolved in DCM (10 mL)
and cooled on ice (0C). 2-Methylbutyryl chloride (0.39 mL, 3.17 mmoNas added
dropwise with a syringe. The resulting mixture va#lewed to stir under Nfor 1 h. This
mixture was then added slowly (dropwise) to theopdglucinol solution. The reaction
mixture was removed from the ice bath and set asi@fece room temperature was reached
the reaction mixture was stirred for a further 1Befiore being quenched by the addition of
1 M HCI (10 mL) and dist. kD (10 mL). The reaction products were extractetth WICM

(1 x 20 ml) followed by EtOAc (3 x 30 mL). All oagic fractions were combined, washed
with sat. NaHCQ@(3 x 30 mL), dist. HO (3 x 30 mL) and brine (3 x 30 mL), dried and
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concentratedn vacuo The concentrated fraction was purified on a 2 oimomatotron
plate (Hex:EtoAc 6:1 followed by 100% EtOAc), yigld 25 (298 mg, 45%).

UV (MeOH) | max (Iog €): 228 (4.52), 288 (4.68) nm; IRnax 3206, 2975, 1567 cin
'H NMR (CD;0D, 400 MHz):dy 0.89 (3H, t,J = 7.4 Hz, H-4), 1.10 (3H, dl = 6.7 Hz,
H-5), 1.36 (1H, m, H-3), 1.80 (1H, m, H-3), 3.8%(Isextet] = 6.7 Hz, H-2), 5.81 (2H, s,
H-3', H-5); *C NMR (CD;OD, 400 MHz): dc 12.5 (C-4), 17.3 (C-5), 28.3 (C-3), 46.8
(C-2), 96.1 (C-3, C-5'), 105.5 (C-1'), 166.0 (C;2C-4', C-6"), 211.6 (C-1); ESIMS:
m/z211.0968 [M+H] (calculated for GH1504, 211.0970).

Method 2

Phloroglucinol(17) (400 mg, 3.17 mmol) and Alg(1.73 g, 12.9 mmol) were dissolved in
nitrobenzene (8 mL) and allowed to stir at roompgenature for 30 min. 2-Methylbutyryl
chloride (0.39 mL, 3.17 mmol) was added with arsyei and the resulting mixture was
heated to 60C. The reaction mixture was quenched after 2 hdling 1 M HCI (15 mL)
and dist. HO (10 mL). The reaction products were extracteth \lEtOAc (3 x 30 mL),
organic fractions combined and washed with sat. G@H(3 x 30 mL), dist. HO
(3 x 30 mL) and brine (3 x 30 mL). The EtOAc fiact was then dried over MgQ@nd
concentratedn vacuo The concentrated fraction was purified on a 4 oimomatotron
plate (Hex:EtoAc 9:1, Hex:EtOAc 6:1 and 100% EtOAc) 2-Methyl-1-(2,4,6-
trihnydroxyphenyl)butan-1-on€25) was obtained in 57% yield (371 mg).

4.4.2.14 [3-(3,7-Dimethylocta-2,6-dienyl)-2,4,6-tiydroxyphenyl]phenylmethanone
(2)

OH O
(24) (2)
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Method 1

2,4,6-Trihydroxybenzophenong¢24) (134 mg, 0.58 mmol) and JXO; (166 mg,
1.20 mmol) were dissolved in acetone (10 mL) atalrgdd to stir at room temperature for
15 min. Geranyl bromide (0.11 mL, 0.58 mmol) wagcted into the vessel and the
reaction mixture was heated until gently refluxifg® °C). The reaction was quenched
after 46 h by adding 1 M HCI (20 mL). The reactmoducts were extracted with EtOAc
(3 x 30 mL), organic fractions were combined, dréedl concentrated. Purification was
carried out on a 2 mm chromatotron plate elutintpyrogressively polar solvent systems:
Hex:EtOAc 9:1, Hex:EtOAc 6:1, Hex:EtOAc 3:1, Hexd#c 1:1 and 100% EtOAc. The
C-alkylated product, 3-geranyl-2,4,6-trihydroxybepkenone(2) was obtained in a low
yield of 6% (12 mg). UV (MeOH) nax (Iog €): 310 (4.41) nm; *H NMR (CD;0D,
400 MHz): dy 1.56 (3H, s, H-107), 1.61 (3H, s, H-8"), 1.76 (38}, H-9"), 1.96 (2H, m,
H-4"), 2.05 (2H, m, H-5"), 3.24 (2H, dl = 7.0 Hz, H-1"), 5.06 (1H, t) = 7.0 Hz, H-6"),
5.23 (1H, tJ = 7.0 Hz, H-2"), 5.88 (1H, s, H-5), 7.35 (2HJt= 7.4 Hz, H-4’, H-6’), 7.42
(1H, t,J = 7.4 Hz, H-5), 7.50 (2H, dJ = 7.4 Hz, H-3', H-7"); ¥¥C NMR (CD;OD,
400 MHz): dc 16.4 (C-9”), 17.9 (C-107), 22.4 (C-1"), 26.0 (C)8"27.9 (C-5"), 41.1
(C-4"), 95.5 (C-5), 105.6 (C-1), 108.5 (C-3), 124®6-2"), 125.7 (C-6"), 128.7 (C-4',
C-6"), 129.3 (C-3', C-7"), 131.8 (C-5'), 132.1 (C)7 135.1 (C-3"), 143.7 (C-2'), 160.7
(C-6), 163.5 (C-4), 164.4 (C-2), 201.2 (C-1’); EM: m/z389.1733 [M+Na] (calculated
for Cy3H2604Na, 389.1729).

The O-alkylated product was also isolated as the majoduyrct in 12% vyield (26 mg).
'H NMR (CD;OD, 400 MHz):dy 1.59 (3H, s, H-10"), 1.61 (3H, s, H-8"), 1.66 (35,
H-9"), 1.87 (2H, m, H-4"), 1.96 (2H, m, H-5"), 4.2@H, d,J = 6.5 Hz, H-1"), 4.73 (1H, t,
J = 6.5 Hz, H-6"), 5.02 (1H, t) = 6.8 Hz, H-2"), 5.94 (1H, dJ = 2.1 Hz), 5.99 (1H, d,
J=2.1 Hz), 7.46 (5H, m, H-3' — H-7")®*C NMR (CD;OD, 400 MHz): dc 16.8 (C-9"),
17.9 (C-10"), 26.0 (C-8"), 27.4 (C-5"), 40.5 (C-4"$6.3 (C-1"), 93.6 (C-5), 96.9 (C-3),
107.2 (C-1), 120.0 (C-6"), 125.1 (C-2"), 128.8 912 (C-3' - C-7), 132.2 (C-7"), 132.6
(C-3"), 141.5, 143.4 (C-2'), 162.9 (C-6), 165.0 43;-165.9 (C-2), 200.6 (C-1')



105

Method 2

2,4,6-Trihydroxybenzophenor{g4) (196 mg, 0.85 mmol) and Alg{452 mg, 3.39 mmol)
were dissolved in nitrobenzene (15 mL) and allowedstir at room temperature for
30 min. Geranyl bromide (0.25 mL, 1.30 mmol) wagedted into the vessel and the
reaction mixture was heated (80 - 180). The reaction was quenched after 42 h by
adding 1 M HCI (20 mL). The reaction products wexréracted with EtOAc (3 x 30 mL),
organic fractions were combined, dried and cone¢exdc Purification was carried out on a
4 mm chromatotron plate eluting with progressivepolar solvent systems:
Hex:EtOAc 9:1, Hex:EtOAc 6:1, Hex:EtOAc 3:1, Hexac 1:1 and 100% EtOAc. NMR
data did not show evidence of the desired prododtthus this reaction was deemed to be

unsuccessful.
Method 3

2,4,6-Trihydroxybenzophenor(@4) (146 mg, 0.63 mmol) and NaH (46 mg, 1.92 mmol)
were dissolved in dioxane (10 mL). The reactiortare was heated to 6C and allowed
to stir for 30 min before geranyl bromide (0.19 ®08 mmol) was added. The reaction
was stirred for a further 3.5 h, after which it wagenched with dist. ¥ (10 mL). The
reaction products were extracted with EtOAc, dréedi concentrated. Purification on a
2 mm chromatotron plate (Hex:EtOAC 9:1, Hex:EtOAcl,4 Hex:EtOAc 2:1,
Hex:EtOAc 1:1 and 100% EtOAc), which afforded tresided product, 3-geranyl-2,4,6-
trihydroxybenzophenon@) (40 mg, 17%).

4.4.2.15 Phenyl-[2,4,6-trihydroxy-3-(3-methylbut-Zenyl)phenyllmethanone (3)

HO O OH O HO OH
=
OH O OH O
(24) (3)
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Method 1

2,4,6-Trihydroxybenzophenong¢24) (253 mg, 1.10 mmol) and XO; (320 mg,
2.32 mmol) were dissolved in acetone (15 mL) ataladd to stir at room temperature for
30 min. Prenyl bromide (0.13 mL, 0.87 mmol) wagedted into the vessel and the
reaction mixture was heated until gently reflux{®@ °C). Monitoring by TLC showed no
sign of C-alkylation having occurred after a time period28fh, thus the temperature was
increased to 80C. The reaction was quenched after 48 h by addiiy HCI (20 mL).
The reaction products were extracted with EtOAx (30 mL), organic fractions were
combined, dried and concentrated. Purification easied out on a 2 mm chromatotron
plate eluting with progressively polar solvent syss: Hex:EtOAc 9:1, Hex:EtOAc 7:1,
Hex:EtOAc 3:1, Hex:EtOAc 1:1 and 100% EtOAc. Thaeaction was unsuccessful as the

desired produc® was not obtained.

Method 2

2,4,6-Trihydroxybenzophenor{g4) (198 mg, 0.86 mmol) and Alg{456 mg, 3.42 mmol)
were dissolved in nitrobenzene (15 mL) and allowedstir at room temperature for
30 min. Prenyl bromide (0.15 mL, 1.30 mmol) wagedted into the vessel and the
reaction mixture was heated (80 - 100). The reaction was quenched after 42 h by
adding 1 M HCI (10 mL). The reaction products wexréracted with EtOAc (3 x 30 mL);
organic fractions were combined, dried and conegsdr in vacuo  Column
chromatography (diameter: 3 cm, silica height: b ¢oaded as a slurry, eluted with
progressively polar solvent systems: Hex:EtOAc, $Hi&x:EtOAc 6:1, Hex:EtOAc 3:1,
Hex:EtOAc 1:1 and 100% EtOAc) was used to purifg doncentrated organic fraction.
The NMR data acquired showed no evidence3@nd hence the reaction was believed to

be unsuccessful.

Method 3

2,4,6-Trihydroxybenzophenor(@4) (199 mg, 0.86 mmol) and NaH (63 mg, 1.96 mmol)
were dissolved in dioxane (10 mL). The reactiortare was heated to 6C and allowed

to stir for 30 min before prenyl bromide (0.15 niL30 mmol) was added. The reaction
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was stirred for a further 3.5 h, after which it waasenched with dist. ¥0 (10 mL). The
reaction products were extracted with EtOAc, dreedl concentrated. Purification was
performed on a 2mm chromatotron plate, eluting hwiHex:EtOAC (9:1),
Hex:EtOAc (4:1), Hex:EtOAc (2:1), Hex:EtOAc (1:1)nc 100% EtOAc. 2,4,6-
Trihydroxy-3-prenylbenzophenor{8) was obtained (48 mg, 19%).

UV(MeOH) | max (log €): 310 (4.30) nm; IRmax 3179, 2919, 1598 ¢ ‘H NMR
(CDs;OD, 400 MHz):dy 1.66 (3H, s, H-5"), 1.76 (3H, s, H-4"), 3.24 (2#I,J = 7.2 Hz,
H-17), 5.24 (1H, t,J = 7.2 Hz, H-2"), 5.89 (1H, s, H-5), 7.36 (2H,X%= 7.4 Hz, H-4',
H-6"), 7.42 (1H, t,J = 7.4 Hz, H-5), 7.53 (2H, dJ = 7.4 Hz, H-3', H-7"); *C NMR
(CDsOD, 400 MHz): dc 18.0 (C-4"), 22.4 (C-1"), 26.1 (C-5"), 95.5 (C-5)05.6 (C-1),
108.5 (C-3), 124.6 (C-2"), 128.7 (C-4', C-6’), 129(C-3', C-7’), 131.4 (C-5), 131.8
(C-3"), 143.6 (C-2’), 160.6 (C-6), 163.4 (C-4), 184(C-2), 201.2 (C-1"); ESIMS:
m/z321.1103 [M+Na] (calculated for gH;s04Na, 321.1103).

4.4.2.16 [3-(3,7-Dimethylocta-2,6-dienyl)-2,4 @Bhydroxyphenyl]-2-methylpropan-

1-one (8)
HO OH HO OH
—_—
= =
OH O OH O
(26) (8)

Method 1

2-Methyl-1-(2,4,6-trihydroxyphenyl)propan-1-or{@6) (152 mg, 0.78 mmol) and NaH
(55 mg, 2.29 mmol) were dissolved in dioxane (10 .mLhe reaction mixture was heated
to 60 °C and allowed to stir for 30 min before adding ggtabromide (0.22 mL,
1.15 mmol). The reaction was stirred for a furtBér h before being quenched with dist.
H,O (10 mL). The reaction products were extracteith \EtOAc, dried and concentrated.
The remaining residue was purified on a 2 mm chtotran plate (Hex:EtOAC 9:1,
Hex:EtOAc 4:1, Hex:EtOAc 2:1 and 100% EtOAc), whigklded the desired produ(®)
(37 mg, 15%).
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UV(MeOH) | max (log €): 290 (4.22) nm;*H NMR (CD;OD, 400 MHz):dy 1.12 (6H, d,
J=6.9 Hz, H-3, H-4), 1.54 (3H, s, H-10"), 1.60 (38] H-8"), 1.73 (3H, s, H-9"), 1.93
(2H, m, H-4"), 2.02 (2H, m, H-5"), 3.18 (2H, d,= 7.0 Hz, H-1"), 4.00 (1H, heptet,
J=6.6 Hz, H-2), 5.04 (1H, 1 = 7.0 Hz, H-6"), 5.17 (1H, t) = 7.0 Hz, H-2"), 5.89 (1H, s,
H-5; **C NMR (CDs;OD, 400 MHz): dc 16.3 (C-9"), 17.8 (C-10”), 19.9 (C-3, C-4), 22.3
(C-17), 26.0 (C-8”), 27.8 (C-5"), 40.0 (C-2), 41(G-4"), 95.1 (C-5), 104.7 (C-1"), 108.4
(C-3'), 124.8 (C-2"), 125.6 (C-6"), 132.1 (C-7")34.8 (C-3"), 161.1 (C-6), 163.5 (C-4"),
165.4 (C-2"), 211.9 (C-1); ESIMSm/z 355.1886 [M+Nal] (calculated for gH,g04Na,
355.1885).

4.4.2.17 2-methyl-1-[2,4,6-trihydroxy-3-(3-methylht-2-enyl)phenyl]propan-1-one (9)

HO OH HO OH
—>
=
OH O OH O
(26) 9)
Method 1

2-Methyl-1-(2,4,6-trihydroxyphenyl)propan-1-or{€6) (210 mg, 1.07 mmol) and NaH
(75 mg, 3.13 mmol) was dissolved in dioxane (10 mILhe reaction mixture was allowed
to stir for 30 min at 60C. Prenyl bromide (0.18 mL, 1.53 mmol) was added the
resulting mixture was stirred for a further 4 Arhe reaction was quenched after this time
period with dist. HO (10 mL). The reaction products were extracteth v&tOAC
(2 x 30 mL); organic fractions were combined, draswl concentrated. The remaining
residue was purified on a 2 mm chromatotron pldteed with: Hex:EtOAc (9:1),
Hex:EtOAc (4:1), Hex:EtOAc (2:1), Hex:EtOAc (1:1)00% EtOAc. The desired product
9 was obtained in a yield of 10% (29 mg).

UV(MeOH) | max (log €): 291 (4.08) nm; IRnax 3426, 3324, 2975, 2916, 1599 tm
'H NMR (CD;OD, 400 MHz):dy 1.12 (6H, dJ = 6.9 Hz, H-3 , H-4), 1.64 (3H, s, H-5"),
1.73 (3H, s, H-4"), 3.17 (2H, d,= 7.0 Hz, H-1"), 4.00 (1H, heptel,= 6.7 Hz, H-2), 5.17
(1H, t,J = 7.0 Hz, H-2"), 5.89 (1H, s, H-5");**C NMR (CD;OD, 400 MHz): d. 18.0



109

(C-4"), 19.9 (C-3, C-4) 22.3 (C-1"), 26.1 (C-5")04 (C-2), 95.1 (C-5), 104.7 (C-1),
108.3 (C-3’), 124.8 (C-27), 131.2 (C-3"), 161.2 &); 163.6 (C-4’), 165.5 (C-2’), 211.9
(C-1); ESIMS: m/z287.1259 [M+Nal] (calculated for @H,,0sNa, 287.1259).

4.4.2.18 1-[3-(3,7-Dimethylocta-2,6-dienyl)-2,4 @Bihydroxyphenyl]-2-methylbutan-1-
one (6)

HO OH HO OH
—_—
= =
OH O OH O
(25) (6)
Method 1

2-Methyl-1-[2,4,6-trihydroxyphenyl)butan-1-on@5) (155 mg, 0.74 mmol) and NaH
(51 mg, 2.14 mmol) were dissolved in dioxane (10.mLhe reaction mixture was heated
to 60°C and allowed to stir for 30 min before geranylrbide (0.17 mL, 1.43 mmol) was
added. The reaction mixture was stirred for ahent3.5 h before being quenched with
dist. HO (10 mL). The reaction products were extractedhwktOAc, dried and
concentrated. The remaining residue was purifieh @ mm chromatotron plate, eluting
with Hex:EtOAC 9:1, Hex:EtOAc 4:1, Hex:EtOAc 2:1chht00% EtOAc.  The desired
product(6) was obtained in 17% yield (44 mg). UV (MeOH)ax (log e): 291 (3.98) nm;
'H NMR (CD;OD, 400 MHz):dy 0.89 (3H, tJ = 7.4 Hz, H-4), 1.10 (3H, d] = 6.7 Hz,
H-5), 1.36 (1H, m, H-3), 1.54 (3H, s, H-10"), 1.6H, s, H-8"), 1.73 (3H, s, H-9"), 1.80
(1H, m, H-3), 1.93 (2H, m, H-4"), 2.02 (2H, m, H)53.18 (2H, dJ = 7.0 Hz, H-1"), 3.88
(1H, sextet]) = 6.7 Hz, H-2), 5.03 (1H, § = 7.4 Hz, H-6"), 5.17 (1H, t) = 7.4 Hz, H-2"),
5.90 (1H, s, H-5") ;**C NMR (CD;0D, 400 MHz): dc 12.5 (C-4), 16.3 (C-9”), 17.4 (C-5),
17.9 (C-10"), 22.2 (C-1"), 26.0 (C-8"), 27.8 (C-5"38.3 (C-3), 41.0 (C-4"), 46.8 (C-2),
95.3 (C-5'), 124.8 (C-2"), 125.7 (C-6"), 132.1 (C);7134.9 (C-3"), 165.3 (C-2'); ESIMS:
m/z369.2044 [M+Na] (calculated for gH3004Na, 369.2042).
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4.4.2.19 2-Methyl-1-[2,4,6-trihydroxy-3-(3-methyllit-2-enyl)phenyl]butan-1-one (7)

HO OH HO OH
e
=
OH O OH O
(25) (7)
Method 1

2-Methyl-1-(2,4,6-trihnydroxyphenyl)butan-1-on@5) (210 mg, 1.00 mmol) and NaH
(69 mg, 2.85 mmol) were dissolved in dioxane (10.mLhe reaction mixture was heated
to 60°C and allowed to stir for 30 min before prenyl brden(0.17 mL, 1.43 mmol) was
added. The reaction was stirred for a furthertBtiefore being quenched with dist:(H
(10 mL). The reaction products were extracted \HtOAc, dried and concentrated. The
remaining residue was purified on a 2 mm chromatoplate, eluting with Hex:EtOAC
9:1, Hex:EtOAc 4:1, Hex:EtOAc 2:1 and 100% EtOAcThe desired product was
obtained in 13% yield (36 mg).

UV(MeOH) | max (log €): 292 (4.55) nm;*H NMR (CD;OD, 400 MHz):dy 0.89 (3H, t,
J=7.4 Hz, H-4), 1.10 (3H, d}, = 6.8 Hz, H-5), 1.35 (1H, m, H-3), 1.64 (3H, s51; 1.73
(3H, s, H-4"), 1.80 (1H, m, H-3), 3.17 (2H, d,= 7.0 Hz, H-1"), 3.88 (1H, sextet,
J=6.8 Hz, H-2), 5.17 (1H, 1) = 7.0 Hz, H-2"), 5.88 (1H, s, H-5)*C NMR (CD;OD,
400 MHz): dc 12.5 (C-4), 17.4 (C-5), 18.0 (C-4"), 22.4 (C-126.1 (C-5"), 28.4 (C-3),
46.8 (C-2), 95.2 (C-5'), 105.4 (C-1'), 108.3 (C-3124.7 (C-2"), 131.3 (C-3"), 161.2
(C-6"), 163.5 (C-4), 165.4 (C-2'), 211.7 (C-1); SBMS: m/z 301.1417 [M+Nal]
(calculated for @H2,04Na, 301.1416).



111

45 References

10.

S. L. Crockett, E-M. Wenzig, O. Kunert and R. BaueAnti-inflammatory
phloroglucinol derivatives fromHypericum empetrifolium Phytochemistry
Letters 2008,1, 37-43.

C. J. Smith, Y. Zhang, C. M. Koboldt, J. MuhammBdS. Zweifel, A. Shaffer,
J. J. Talley, J. L. Masferrer, K. Seibert and P.Is2kson. Pharmacological
analysis of cyclooxygenase-1 in inflammatiofroc. Natl. Acad. Sci. USA
1998,95, 13313-13318.

S. E. Drewes and S. F. van Vuuren. Antimicrobia/lghloroglucinols and
dibenzyloxy flavonoids from flowers ofHelichrysum gymnocomum
Phytochemistry2008,69, 1745-1749.

S. Brajeul, B. Delpech and C. Marazano. Sulfonsaits as prenyl, geranyl
and isovandulyl transfer agents towards benzopbloomol derivatives.
Tetrahedron Letters2007,48, 5597-5600.

A-E. Hay, J. Merza, A. Landreau, M. Litaudon, FgRiaz, P. Le Pape and P.
Richomme. Antileishmanial polyphenols fronGarcinia vieillardii.
Fitoterapia 2008,79, 42-46.

F. Bohimann and C. Zdero. Naturally occurring éer@ derivatives. Part 244.
New geranylphloroglucinol derivatives fromHelichrysum monticola
Phytochemistry1980,19, 683-684.

F. Bohlmann and A. Suwita. Neue phloroglucin-datévaud_eontonyxarten
sowie weitere verbindungen aus vertretern der sribuleae. Phytochemistry
1978,17, 1929-1934.

Z. Zhang, H. N. Elsohly, M. R. Jacob, D. S. PadcoA. Walker and A. M.
Clark. Natural products inhibitinGandida albicansecreted aspartic proteases
from Tovomita krukovii. Planta Medic2002,68, 49-54.

M. Pecchio, P. N. Solis, J. L. Lopez-Perez, Y. \(eessy N. Rodriguez, D.
Olmedo, M. Correa, F. A. San and M. P. Gupta. @yic and antimicrobial
benzophenones from the leavesTafvomita longifolia Journal of Natural
Products,2006,69, 410-413.

K. Shaari, S. Safri, F. Abas, N. H. J. Lajis and B. Israf. A
geranylacetophenone from the leavesvigficope ptelefolia Natural Product
Research, Part A: Structure and Synthe2@06,20, 415-419.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

112

F. Bohlmann, W-R. Abraham, H. Robinson and R. Mad<i A new labdane
derivative and geranylphloroglucinols frofchyroline alata Phytochemistry
1980,19, 2475-2477.

M. Y. Rios and G. Delgado. Polyphenols and acgpidlucinols from
Esenbeckia nesioticdPhytochemistry1992,31, 3491-3494.

J. Jakupovic, J. Kuhnke, A. Schuster, M. A. Metwadind F. Bohlmann.
Phloroglucinol derivatives and other constituentonf South African
Helichrysumspecies.Phytochemistry1986,25, 1133-1142.

F. Bohlmann and C. Zdero. Neue phloroglucin-deevausHelichrysum
nataliumundHelichrysum bellum. Phytochemistty979,18, 641-644.

F. Bohlmann and A. Suwita. Weitere phloroglucimresgte ausHelichrysum-
arten. Phytochemistry1979,18, 2046-2049.

J. Kuhnke and F. Bohlmann. Synthesis of naturadlgurring phloroglucinol
derivatives. Tetrahedron Lettersl 985,26, 3955-3958.

K. Anthanasas, P. Magiatis, N. Fokialakis, A-L. B#aunis, H. Pratsinis and
D. Kletsas. Hyperjovinols A and B: two new phlolwwgnol derivatives from
Hypericum joviswith antioxidant activity in cell culturesJournal of Natural
Products,2004,67, 973-977.

D. Gamiotea-Turro, O. Cuesta-Rubio, S. Prieto-GlaszaF. De Simone, S.
Passi and L. Rastrelli. Antioxidative constituefntsn the leaves dflypericum
styphelioides Journal of Natural Product£004,67, 869-871.

C. Huang, Z. Zhang and Y. Li. Total synthesis Rf§-sophoraflavanone C.
Journal of Natural Products1998,61, 1283-1285.

Y. R. Lee, X. Li and J. H. Kim. Concise total dyesis of biologically
interesting mallotophilippens C and Blournal of Organic Chemistry2008,
73, 4313-4316.

W-F. Tan, W-D. Z. Li and Y-L. Li. First total symesis of £)-glyflavanone-A.
Synthetic Communication2002,32, 1077-1083.

L. Mammino and M. M. Kabanda. Model structures ttoe study of acylated
phloroglucinols and computational study of the p#tase molecule.Journal of
Molecular Structure: Theocher?p07,805 39-52.

V. Bertolasi, P. Gilli, V. Ferretti and G. GilliEvidence for resonance-assisted
hydrogen bonding. 2. Intercorrelation between alysstructure and

spectroscopic parameters in eight intramoleculayiyrogen bonded 1,3-diaryl-



24,

25.

26.
27.

28.

29.

30.

31.

32.

113

1,3-propanedione enolsJournal of the American Chemistry Societ91,
113 4917-4925.

T. Steiner. The Hydrogen bond in solid statengewandte Chemie, Int. Ed.
2002,41, 48-76.

T. W. G. Solomons and C. B. Fryhl@rganic Chemistry, Eighth EditionJohn
Wiley and Sons Inc., 2004, p. 828-829, 1014.

Aldrich Catalogue, Advancing Scien@905-2006. Sigma-Aldrich Co.

Y. Wang, W. Tan, W. Z. Li and Y. Li. A facile sywdtic approach to
prenylated flavanones; first total synthesis af)-lfonannione A and
(x)-sophoraflavanone AJournal of Natural Products2001,64, 196-199.

A. Minassi, A. Gianna, A. Ech-Chahad and G. Appeadi A regiodivergent
synthesis of ring AC-prenylflavones.Organic Letters2008,10, 2267-2270.

I. likubo, Y. Ishikawa, N. Ando, K. Umezawa and [Sishiyama. The first
direct synthesis of a-mangostin, a potent inhibitor of the acidic
sphingomyelinaseTetrahedron Letters2002,43, 291-293.

J. Qi and J. A. Porco. Rapid access to polypréaglahloroglucinolsvia
alkylative dearomatization-annulation:  total sydis of f)-clusianone.
Journal of the American Chemical Societ907,129 12682-12683.

S. B. Bharate, S. I. Khan, N. A. M. Yunus, S. K.a@the, M. R. Jacob, B. L.
Tekwani, I. A. Khan and I. P. Singh. Antiprotozeald antimicrobial activities
of O-alkylated and formylated acylphloroglucinol8ioorganic & Medicinal
Chemistry 2007,15, 87-96.

R. A. Diller, H. M. Riepl, O. Rose, C. Frias, G. ke and A. Prokop.
Synthesis of a demethylxanthohumol, a new poteopi@sis-inducing agent
from hops. Chemistry & Biodiversity2005,2, 1331-1337.



114

CHAPTER 5

Conclusions

5.1 Conclusions and Future Work

The research presented in this dissertation cordbimegural product chemistry with
organic synthesis. The phytochemical investigatdrthe aerial plant material of the
South African speciegjypericum roeperianugead to the identification of two secondary
metabolites. The isolated compounds, 3-(1,1-digietkpropenyl)-2-methoxy-6-phenyl-
4H-pyran-4-ong38) (hyperanone A) and {[3-(3,7-dimethyl-octa-2,6-digr2,4,6-
trinydroxyphenyllphenylmethanongR), have been previously isolated from other plant

§:23436 A third compound was also isolated and is prowviaity assigned as 1-

source
methoxy-5,5-dimethyl-1-phenylhepta-1,6-diene-3,drdi (39). However, the small
amount of compound isolated did not provide sudfitidata for a conclusive structural
assignment. Future work could therefore includedynthesis of compour89 in order to
prove that the suggested structure of the compaandorrect. To the best of our

knowledge compoun89 has not been previously isolated.

In this study, 3-geranyl-2,4,6-trihydroxybenzophea¢2) was isolated for the first time
from the Hypericumgenus, although it has been isolated previousiynfother species
belonging to the Clusiaceae/Guttiferae family, ngm@arcinia vieillardii, Tovomita
krukovii andT. longifolia®>® Various inhibitory effects are exhibited by corapd 2, of
which the antimicrobial activity againsycobaterium smegmatus of great interest, as
this bacterium belongs to the same genusvigsobaterium tuberculosiswvhich is the
bacterium that is the cause of tuberculosis (TB)rther investigation of this compound or
compounds with related structures may therefore teahe discovery of a potential drug
for the treatment of tuberculosis. Hence, thelsstit section of our research incorporated
the synthesis o2 as well as the synthesis of seven structural goa® of the bioactive
metabolite.



115

Synthesis of the bioactive compoudand the structural analogues theré&»f 9) were
successfully achieved. If significant biologicatigity is exhibited by one or more of our
synthesized analogues, future work would needdlude an attempt to increase the yields
as well as an investigation of the cytotoxicitytié compounds of interest. An increase in
yields may be achieved by optimizing the reactionditions of the direcC-alkylation
method by which the analogues were produced oistigagion into alternative routes may
be considered. Although the carcinogenic natuth@®MOM protecting group needs to be
taken into account, as well as the fact that itadonger commercially available, it may be
interesting to synthesise MOMCI and hence atterhptG-prenylationvia O-alkylation
followed by the Claisen rearrangement as good yielére obtained by Tast al.
following this route. The MOM protecting group @&so known to be a goodrtho
directing group. Another potential method involvakylating via a direct ortho

metallation (DOM) type reaction as discusse&éction 4.2.1

A literature search revealed no synthetic routetapound$ and7; we therefore believe
that this is the first report where compour@leind 7 have been achieved by synthetic
procedures. Biological activity and toxicity tesfiis currently being carried out on our
battery of eight synthetic compounds. Future weduld thus involve the evaluation of
the results obtained in order to draw some conahission the structure-activity
relationships of the various groups present inroatecules, and hence determine whether
further investigation of these molecules as artietaulosis drugs could potentially lead to
new TB treatments.
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APPENDIX

NMR Spectra of Isolated Compounds

Plate 1.1

Plate 1.2

Plate 1.3

Plate 1.4

Plate 1.5

Plate 1.6

Plate 1.7

Plate 2.1

Plate 2.2

Plate 2.3

Plate 2.4

Plate 2.5

Plate 2.6

Plate 2.7

'H NMR spectrum (CDG) of 3-(1,1-dimethyl-2-propenyl)-2-methoxy-6-
phenyl-4H-pyran-4-on€38)

13C NMR spectrum (CDCI3) of 3-(1,1-dimethyl-2-prop8ag-methoxy-6-
phenyl-4H-pyran-4-on€38)

DEPT90 spectrum (CDCI3) of 3-(1,1-dimethyl-2-propk-2-methoxy-6-
phenyl-4H-pyran-4-on€38)

DEPT135 spectrum (CDCI3) of 3-(1,1-dimethyl-2-peapl)-2-methoxy-6-
phenyl-4H-pyran-4-on€38)

COSY spectrum (CDCI3) of 3-(1,1-dimethyl-2-prophr3+methoxy-6-
phenyl-4H-pyran-4-on€38)

HSQC spectrum (CDCI3) of 3-(1,1-dimethyl-2-propBf&methoxy-6-
phenyl-4H-pyran-4-on€38)

HMBC spectrum (CDCI3) of 3-(1,1-dimethyl-2-propé&ng-methoxy-6-
phenyl-4H-pyran-4-on€38)

'H NMR spectrum (CDG) of 1-Methoxy-5,5-dimethyl-1-phenylhepta-1,6-
diene-3,4-dion€39)

13C NMR spectrum (CDG) of 1-Methoxy-5,5-dimethyl-1-phenylhepta-1,6-
diene-3,4-diong39)

DEPT90 spectrum (CDg)l of 1-Methoxy-5,5-dimethyl-1-phenylhepta-1,6-
diene-3,4-dion€39)

DEPT135 spectrum (CDg)l of 1-Methoxy-5,5-dimethyl-1-phenylhepta-
1,6-diene-3,4-dioné39)

COSY spectrum (CDG) of 1-Methoxy-5,5-dimethyl-1-phenylhepta-1,6-
diene-3,4-dion€39)

HSQC spectrum (CDg) of 1-Methoxy-5,5-dimethyl-1-phenylhepta-1,6-
diene-3,4-dion€39)

HMBC spectrum (CDG) of 1-Methoxy-5,5-dimethyl-1-phenylhepta-1,6-
diene-3,4-diong39)
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Plate 3.2

Plate 3.3
Plate 3.4

Plate 3.5
Plate 3.6
Plate 3.7
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'H NMR spectrum (CDG) of 3-Geranyl-2,4,6-trinydroxybenzophendi2g
¥C NMR spectrum (CDG) of 3-Geranyl-2,4,6-trihydroxybenzophenone
)

DEPT90 spectrum (CDg)lof 3-Geranyl-2,4,6-trihydroxybenzophendi2@
DEPT135 spectrum (CDg)l of 3-Geranyl-2,4,6-trihydroxybenzophenone
)

COSY spectrum (CD@) of 3-Geranyl-2,4,6-trihydroxybenzophenq2¢
HSQC spectrum (CDg)l of 3-Geranyl-2,4,6-trihydroxybenzophendi2g
HMBC spectrum (CDG) of 3-Geranyl-2,4,6-trihydroxybenzophendi2@

NMR Spectra of Synthesized Compounds

Plate 4.1

Plate 4.2

Plate 5.1

Plate 5.2

Plate 6.1

Plate 6.2

Plate 7.1

Plate 7.2

'H NMR spectrum (CBOD) of 1-[2,4-Bisbenzyloxy-6-hydroxy-3-(3-
methylbut-2-enyl)phenyllethanon@¢46) and 1-[4,6-bis-benzyloxy-3-(1,1-
dimethyl allyl)-2-hydroxyphenyl]ethanor{d7)

13C NMR spectrum (CBDD) of 1-[2,4-Bisbenzyloxy-6-hydroxy-3-(3-
methylbut-2-enyl)phenyllethanoné¢46) and 1-[4,6-bis-benzyloxy-3-(1,1-
dimethyl allyl)-2-hydroxyphenyl]lethanor{d7)

'H NMR spectrum (CBOD) of Phenyl-(2,4,6-trihydroxyphenyl)methanone
(24)

¥C NMR spectrum (CEDD) of Phenyl-(2,4,6-trihydroxyphenyl)
methanong4)

'H NMR spectrum (CBOD) of 2-methyl-1-(2,4,6-trihydroxyphenyl)butan-
1-one(25)
3C NMR spectrum (CBDD) of 2-methyl-1-(2,4,6-trihydroxyphenyl)butan-
1-one(25)

'H NMR spectrum (CBOD) of 2-methyl-1-(2,4,6-trihydroxyphenyl)
propan-1-ong26)
¥C NMR spectrum (CEDD) of 2-methyl-1-(2,4,6-trihydroxyphenyl)
propan-1-ong26)



Plate 8.1

Plate 8.2

Plate 9.1

Plate 9.2

Plate 10.1

Plate 10.2

Plate 11.1

Plate 11.2

Plate 12.1

Plate 12.2

Plate 13.1

Plate 13.2

Plate 14.1
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'H NMR spectrum (CBOD) of [3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4,6-
trihydroxyphenyl]phenylmethanor{g)
¥C NMR spectrum (CBOD) of [3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4,6-
trinydroxyphenyl]phenylmethanor{g)

'H NMR spectrum (CBOD) of Phenyl-[2,4,6-trihydroxyphenyl)methanone
3)
3C NMR spectrum (CBOD) of Phenyl-[2,4,6-trihydroxyphenyl)

methanon€3)

'H NMR spectrum (CBOD) of 1-[3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4,6-
trihnydroxyphenyllethanonét)
¥C NMR spectrum (CBOD) of 1-[3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4,6-
trihnydroxyphenyllethanon&t)

'H NMR spectrum (CBOD) of 1-[2,4,6-Trihydroxy-3-(3-methylbut-2-
enyl)pheny]lethanonéb)
3C NMR spectrum (CBDD) of 1-[2,4,6-Trihydroxy-3-(3-methylbut-2-
enyl)pheny]lethanongs)

'H NMR spectrum (CBOD) of 2-Methyl-1-[2,4,6-trihydroxy-3-(3-
methylbut-2-enyl)phenyl]butan-1-or{&)
3C NMR spectrum (CBOD) of 2-Methyl-1-[2,4,6-trihydroxy-3-(3-
methylbut-2-enyl)phenyl]butan-1-or{&)

'H NMR spectrum (CBOD) of 2-methyl-1-[2,4,6-trihydroxy-3-(3-
methylbut-2-enyl)phenyl]propan-1-o1@)
3C NMR spectrum (CBOD) of 2-methyl-1-[2,4,6-trihydroxy-3-(3-
methylbut-2-enyl)phenyl]propan-1-o1(@)

'H NMR spectrum (CBOD) of 1-[3-(3,7-Dimethylocta-2,6-dienyl)-2,4,6-
trihnydroxyphenyl]-2-methylbutan-1-on@)
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Plate 14.2 C NMR spectrum (CBDD) of 1-[3-(3,7-Dimethylocta-2,6-dienyl)-2,4,6-
trihnydroxyphenyl]-2-methylbutan-1-on@)

Plate 15.1 'H NMR spectrum (CBOD) of [3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4,6-
trihnydroxyphenyl]-2-methylpropan-1-or{8)

Plate 15.2 C NMR spectrum (CEOD) of [3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4,6-
trinydroxyphenyl]-2-methylpropan-1-or{8)
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Platel.1

'H NMR spectrum (CDG) of 3-(1,1-dimethyl-2-propenyl)-2-methoxy-6-pheri-pyran-4-ong38)
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Plate 1.2 3C NMR spectrum (CDG) of 3-(1,1-dimethyl-2-propenyl)-2-methoxy-6-phemi-pyran-4-ong38)
122



148.37
130.90
129.09
125.21
111.38

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

Plate 1.3 DEPT90 spectrum (CDg)lof 3-(1,1-dimethyl-2-propenyl)-2-methoxy-6-phei-pyran-4-ong38)
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Plate 1.4 DEPT135 spectrum (CDg}lof 3-(1,1-dimethyl-2-propenyl)-2-methoxy-6-phei-pyran-4-ong38)
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Plate 1.5 COSY spectrum (CDg)l of 3-(1,1-dimethyl-2-propenyl)-2-methoxy-6-phe-pyran-4-ong38)
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Plate 1.6 HMQC spectrum (CDGJ of 3-(1,1-dimethyl-2-propenyl)-2-methoxy-6-phesHi-pyran-4-ong38)
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Plate 1.7 HSQC spectrum (CDg)l of 3-(1,1-dimethyl-2-propenyl)-2-methoxy-6-pheHi-pyran-4-ong38)
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Plate 2.1 'H NMR spectrum (CDG) of 1-Methoxy-5,5-dimethyl-1-phenylhepta-1,6-diehd-dione(39)
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Plate 2.4 DEPT 135 spectrum (CDg}lof 1-Methoxy-5,5-dimethyl-1-phenylhepta-1,6-die®id-dione(39)
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Plate 2.6 HMQC spectrum (CDG) of 1-Methoxy-5,5-dimethyl-1-phenylhepta-1,6-die®id-dione(39)
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Plate 3.1

'H NMR spectrum (CDG) of 3-Geranyl-2,4,6-trihydroxybenzopheno(2
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Plate 3.2  C NMR spectrum (CDG) of 3-Geranyl-2,4,6-trihydroxybenzophenda2g
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Plate 3.3 DEPT 90 spectrum (CDg)lof 3-Geranyl-2,4,6-trinydroxybenzophendi2g
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Plate 3.6 HSQCspectrum (CDG) of 3-Geranyl-2,4,6-trihydroxybenzophendi2g
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Plate 4.1 'H NMR spectrum (CBOD) of 1-[2,4-Bisbenzyloxy-6-hydroxy-3-(3-methylbRtenyl)phenyl]ethanongt6) and 1-[4,6-bis-
benzyloxy-3-(1,1-dimethylallyl)-2-hydroxyphdigthanong(47)
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Plate 4.2 13C NMR spectrum (CBDD) of 1-[2,4-Bisbenzyloxy-6-hydroxy-3-(3-methylbBtenyl)phenyllethanon@!6) and 1-[4,6-bis-
benzyloxy-3-(1,1-dimethylallyl)-2-hydroxyphdigthanong47)
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Plate 5.1 '"H NMR spectrum (CBOD) of Phenyl-(2,4,6-trinydroxyphenyl)methanaid)
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Plate 5.2 3C NMR spectrum (CEDD) of Phenyl-(2,4,6-trihydroxyphenyl)methanqi2d)
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Plate 6.1 'H NMR spectrum (CBOD) of 2-methyl-1-(2,4,6-trihydroxyphenyl)butan-he(25)
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Plate 6.2  C NMR spectrum (CEDD) of 2-methyl-1-(2,4,6-trihydroxyphenyl)butan-he25)
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Plate 7.1 H NMR spectrum (CBOD) of 2-methyl-1-(2,4,6-trihydroxyphenyl)propaneie (26)
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Plate 7.2 ¥C NMR spectrum (CEDD) of 2-methyl-1-(2,4,6-trihydroxyphenyl)propaneie (26)
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'H NMR spectrum (CBOD) of [3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4,6-tsiiroxyphenyl]phenylmethanor(g)
149

]
rco
O.
-




10"

L I I A I I I I I I I BN R R
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 ppm

Plate 8.2 13C NMR spectrum (MeOD) of [3-(3,7-Dimethyl-octa-Zjéenyl)-2,4, 6-trihydroxyphenyl]phenylmethanof®
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Plate 9.1 'H NMR spectrum (CBOD) of Phenyl-[2,4,6-trihydroxyphenyl)methanof®
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Plate 9.2 ¥C NMR spectrum (CBDD) of Phenyl-[2,4,6-trihydroxyphenyl)methano(3
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Plate 10.2  *C NMR spectrum (CEDD) of 1-[3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4,6Hydroxyphenyllethanonét)
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Plate 11.1  *H NMR spectrum (CBOD) of 1-[2,4,6-Trihydroxy-3-(3-methylbut-2-enyl)phy]lethanong5)
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Plate 11.2  C NMR spectrum (CBDOD) of 1-[2,4,6-Trihydroxy-3-(3-methylbut-2-enyl)phy]lethanong5)
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Plate 12.1  H NMR spectrum (CBOD) of 2-Methyl-1-[2,4,6-trihydroxy-3-(3-methylb@&-enyl)phenyl]butan-1-on)
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Plate 12.2  C NMR spectrum (CBDOD) of 2-Methyl-1-[2,4,6-trihydroxy-3-(3-methylbi@-enyl)phenyl]butan-1-on€7)
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Plate 13.1 H NMR spectrum (CBOD) of 2-methyl-1-[2,4,6-trihydroxy-3-(3-methylb@tenyl)phenyl]propan-1-on@)
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Plate 13.2  °C NMR spectrum (CEDD) of 2-methyl-1-[2,4,6-trihydroxy-3-(3-methylb@tenyl)phenyl]propan-1-on@)

160



)
A
N e L
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 ppm
o [ o - NN M N - (92} ™

Plate 14.1 *H NMR spectrum (CBOD) of 1-[3-(3,7-Dimethylocta-2,6-dienyl)-2,4,64sidroxyphenyl]-2-methylbutan-1-or(é)
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Plate 14.2  *C NMR spectrum (CBDD) of 1-[3-(3,7-Dimethylocta-2,6-dienyl)-2,4,64sidroxyphenyl]-2-methylbutan-1-or{é)
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Plate 15.1 'H NMR spectrum (CBOD) of [3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4, 6-tsitiroxyphenyl]-2-methylpropan-1-or{(8)
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Plate 15.2 **C NMR spectrum (CBDD) of [3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4,6-tsiiroxyphenyl]-2-methylpropan-1-or(8)
164



