Phenylpropenses

Are the simplest of shikimic-acid-derived biosyrttbesubunit. These
secondary metabolites are consist of purely oframatic ring (C6),
with an unsaturated 3-carbon chain (C3), attachele ring.

CeC3 unit

Simplest phenylpropene s are the volatile oil eXamepgenol, saffrol

and anethol which we will discuss in volatile dilapter
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Figure 2: Volatile oils simple C6 C3 metabolite

LIGNANS

Lignans are low molecular weight polymers formedthg coupling of
two phenylpropene units through their C3 side-chabetween. A
common precursor of lignans is cinnamyl alcoholghhtan readily form
free radicals and enzymatically dimerize to foriyltatralin-type lignans
of which the compounds podophylliotoxin, 4'-demgblogophyllotoxin

and o- and B-peltatin (from Podophyllum peltatum and Podophyilu

hexandrum, Berberidaceae) are examples for thesdfjgompounds.
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Podophyllotoxin is the major compound found in pologlum
hexandrum (Indian podophyllum) is used in treatnoéiwarts (abnormal
cell growth). | t s cytotoxic effect was then derstvated, The compound
was found to be very toxic.

Much work has been done on the podophyllotoxinru¢stire
modification)) class of lignans, the major activgtotoxic principle,
podophyllotoxin, being isolated in the 1940s. Téusnpound inhibits the
enzyme tubulin polymerase which is needed for yi¢hesis of tubulin, a
protein that is a vital component of cell divisiofmitosis).
Podophyllotoxin is highly toxic and not used claly for the treatment
of cancers, but this class of compounds was anllertéemplate on
which to base the semisynthetic analogue etop@siddenoposide.
There was much synthetic work conducted to prodamc@&ogues that
retain the same structural features of compoundwBich is epimeric at
position 1 and lacking a methyl at position 4' witlkspect to
podophyllotoxin. The two most important analogugstisesized so far
are etoposide and teniposide (Fig. 8.11) which hmaueh more potency
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than the parent compound. Etoposide is marketedeagsid for small
cell lung cancer, testicular cancer and lymphortexsposide is also used
in the treatment of brain tumours. Podophyllotdsinds to tubulin and is
a member of the ‘spindle poison’ group of agentsl &mnctions by
preventing microtubule formation. Etoposide andpeside work via a
different mechanism by inhibiting the enzyme topaigrase |l
preventing DNA synthesis and replication. The dédfece in mechanism
Is attributable to the small adjustment in struetwith etoposide and
teniposide being 4'-demethyl compounds and havinifferent

stereochemistry at position C.
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Fig. 8.10 Structures of podophyllotoxin benzylidene glucoside (1) and 4 -demethylepipodophyllotoxin benzylidene glucoside (2).
COUMARINS

The coumarins are shikimate-derived metabolitesméar when
phenylalanine is deaminated and hydroxylated testtaydroxycinnamic
acid (Fig. 6.18). The double bond of this acidaadily converted to the
cis form by light-catalysed isomerization, resugtim the formation of a
compound that has phenol and acidic groups in ghwegimity. These
may then react intramolecularly to form a lactond the basic coumarin
nucleus, typified by the compound coumarin itseffiich contributes to
the smell of hay (Melilots).
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Biosynthesis of coumarin

Coumarins have a limited distribution in the pl&mgdom and have
been used to classify plants according to theirsgmee (chemo-
taxonomy). They are commonly found in the plant ifeem Apiaceae,
Rutaceae, Asteraceae and Fabaceae and, as withf #le natural
products mentioned so far, undergo many elaboraéaations, including
hydroxylation and methylation and, particularly, ethaddition of
terpenoid-derived groups (C2, C5 and C10 units)eFl®
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Coumarins act as antimicrobial; for example, scopoletiwhich is
synthesized by the potato (Solanum tubero following fungal
infection. Aesculetin  occurs the horse chestnut (Aescul
hippocastanum) an@hytotherapeut preparations of the bark of tr
species are esl to treat capillary fragili. Khellin is anisocoumarin
(chromone) natural product from Am visnaga (Apiaceae) and
activity as a spasmoly and vasodilator.

It has long been known that animals fed s' clover (Melilotus
officinalis, Fabaceae) die from hemorrh. The poisonous compoul
responsible for this advese effect was identified as t
bishydroxycoumarin(hydroxylated coumarin dime dicoumarol (Fig.
6.21).
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Coumarin derivativesPsoralenpromote repigmintation of leukoder,

therefore it is used to tre vitiligo. Example methoxsale from Ammi

maj us.

Methoxsalen (meladenine)



FLAVONOIDS

The flavonoids are derived from a C6-C3 (phenylarag unit which has
as its source shikimic acid (via phenylalanine) arfdrther C6 unit that
is derived from the polyketide pathway. This polyle fragment is

generated by three molecules of malonyl-CoA, whdombine with the

C6-C3 unit (as a CoA thioester) to form a triketstiarter unit (Fig. 6.24).
Flavonoids are, therefore, of mixed biosynthesmnsesting of units

derived from both shikimic acid and polyketide pedly. The triketide starter

unit undergoes cyclization by the enzyme chalcomthsse to generate

the chalcone group of flavonoids. Cyclization daert
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Drugs and food containing flavonoids
Parsley, both fresh and dried, contains flavones

Blueberries contains anthocyandine

Tea contains flavan-3-ol



Citrus fruit contains hesperidine

Red grape and dark chocolate also contain flavenoid
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Flavonolignans

Components of milk thistle (Silybum marianum), iarfocular silybin
(Fig. 6.25), are antihepatotoxins; extracts of nilkstle are generally
known as silymarin and are used to reduce the teffeicpoisoning by
fungi of the genus Amanita, which produces the teaéptide toxins
protect liver cells by reducing entry of the topieptides through the cell
membrane and by acting as broad-spectrum antiosdan scavenging
the free radicals that can lead to hepatotoxiSilybin is a flavanol that
has an additional phenylpropane unit joined t® iaali-ether and it exists

in the extract as a mixture of enanimers.
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Other phenylpropane derivatives
Echinacea

Active constituent
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Immune stimulation is usually measured using patarsesuch as an
increase in numbers of circulating immune cells, enhanced
phagocytosis after inoculation with a pathogens motoriously difficult

to substantiate claims for the prevention of diseasnce very large
clinical studies are needed for statistical vajidand these are difficult

and expensive.



