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Oxidation 1n nature

& Singlet oxygen 'O, is a short lived and very reactive molecule which is thought to participate in
oxidations in nature.

& Triplet oxygen 30, is nevertheless the most plausible oxidating agent.

+O—O - triplet oxygen (T T) {ground state)

energy

O—O: singlet oxygen (T l) (highly reactive)

o-Terpinene

Possible pathways to the biosynthesis of ascaridol from a-Terpinene
(a) Using 'O,
(b) Using 30, (iron catalyzed)




Reduction of oxygen to water

(11) Formation of the superoxide radical ion (not an oxidant)
(12) Hydrogen peroxide radical formation (at physiological pH,
this acidic form is barely present).

(13-16) Impurities and moisture cause a slow formation of
peroxide and oxygen (electron transfer). This 1s accelerated with
the protonated specie, and with copper 1ons.

05" +05"2% 03 + 0,

O,: Good nucleophile and mild reducing agent (ex: reaction HO,; + 05" — o —> HO;+ 02 (14)
with alkyl bromide)

HO,: Strong oxidant, hydrogen abstractor (on unsaturated |

hydrocarbons, or activated saturated hydrocarbons) 03"+ Cu®—=——=Cu®+ 0, (15)

Cu®+ HO; — Cu2®+ HO; (16)



Involvments of O, 1n biological hydroxylation

& Peroxide 1s often the first intermediate in
aliphatic hydroxylation.

¢ Example: Biosynthesis of prostaglandins (very
important molecules in animals, having diverse
hormone-like effects in animals)

¢ A radical 1s formed by hydrogen abstraction,
leading to a cyclazation

& A peroxide 1s formed, and a peroxidase allow the
O-0 cleavage.

& Rearrangements lead to prostacyclin,
thromboxane or PGF,,,

Prostacyclin, PG,

Fig. 5 Biosynthesis of prostaglandins and thromboxanes from arachidonic acid
' e . v Mmic ac




How can we know that radicals are formed ?

/\/W\/\/ COOH Hoo ,..' T "k i
HH Hg Hr

Linolenic acid

I-Bu
|

p‘ \ SN A f "v., f-BuNO ; \r 'h.
b Ha ol e Hp = Hpg

2-methyl-2-nitrosopropane is added as scavenger to a mixture of linolenic acid, oxygen and
lipoxygenase.

It competes with oxygen for the radical.



Hydroxylation of non-activated aliphatics

& Iron-porphyrin complexes are playing a major role.

Por Fe'!
1 (Delivered by NADPH)
PorFe! + O, === PorFe'll- 0—0"' ===PporFe" + 0—0°
Activation of the oxygen
"H‘. o
Por Fe' + HOO® ===Por FE::; O OH

tation

Disn “'1 (16, 17)

H0; +0,

Por FE'LEE*-—- Por Fe'Y 0" —=—»Por Fe"= () - ® Por Fe'¥= 0
(c) (d) (e) (f)

Active oxydants

Exemple of porphyrin

PorFe!V — O + H202 — PorFe!VOH + HOO’

PorFe!V can break non-activated C-H bonds




Oxidation of aromatics

® Oxidation of aromatics happens during their
detoxifying mechanism.

& The epoxide 1s just an intermediate, but can still be
present in significant quantities, especially in some
polycyclic aromatics.

& Epoxides of polycyclic aromatics display
carcinogenic properties. ..

Fig. 8 Possible mechanistic pathways for P450 mediated aromatic hydroxylations



Flavin dependent oxygenases

¢ Flavins act as converters between 2 e oxidants

(NAD"), and 1 e oxidants (PorFe®*) ”””:O: I( jC[ R:( o

. 0 0 . 0 0 H
& It 1s oxidized to its quinoid form by oxygen. e i gl

& The blue radical is also an active species in
hydroxylation of phenols and indoles

| | -

WO
H
le o

H
FIHOOH, Fl-da-hydroperoxide

Fig 11 Stepwise one-electron transfers; oxidation of Mavin-Hz h'f" OXygen



Flavin dependent oxygenases

¢ Flavins act as converters between 2 e oxidants

(NAD"), and 1 e oxidants (PorFe®*) ”””:OE I( jC[ R:( o

. 0 0 . 0 0 H
& It 1s oxidized to its quinoid form by oxygen. e i gl

& The blue radical is also an active species in
hydroxylation of phenols and indoles

& This is part of the degradation of aromatics (phenol
—> catechol = ring opening):

-

WO
H
le o

H
FIHOOH, Fl-da-hydroperoxide

Fig 11 Stepwise one-electron transfers; oxidation of flavin-Hz by oxygen



Cinnamic and benzoic acid

¢ Cinnamic acids are widespread in nature and are formed from phenylalanine by enzymatic
elimination of ammonia followed by aromatic hydroxylation and methylation.

¢ Enzyme: PAL (phenylalanine ammonia lyase)

Concerted o, 3-

coon  Good leaving elimination

Active site of
the enzyme

HE®
-E-Enz —= NHy —C?i- D:‘EJG-E- Enz
HH

é‘.‘H-—. Regenerated

| enzyme
i

Fig 12 Hypothetical mechanism for PAL activity
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Biosynthetic network of cinnamic
and benzoic acids

p-OH-C innamic acid pl..'l]-IrBenmic- acid
l (p-Coumaric acid)
o] lm
:u]
COOH HO COoOH  HD
¢ The starting material 1s phenylalanine. :O/\r DA/

Dihydroxyphenyl- Caffeic acid Protocaechuic
alaning (Tinpa) acid

¢ Different paths are available for the synthesis of, for lm' “‘“*1

. oqqe . l HyG0 COOH  HyCO.
instance, vanillic acid: jg/\/“**ﬂ Ij/\/ j:j,
HO

= Feemlic acid Vanillic acid

204 3 1[': i ‘r.n. CHy
NJFI':H: Hamj/;j/\/ H#DI;/

OCHg
Adrenaline Sinapic acid Syringic acid

Fig, 13 Biosynthetic network of cinnamic and benzoie acids and biosynthesis of adre-
naline
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Biosynthetic network of cinnamic
and benzoic acids ST

p-OH-Cinmamic acid p-OH-Benmoic acid
(p-Conmanic acid)
ll'i."l l o
CO0H | HO GO0 H'CI S0
¢ The starting material 1s phenylalanine. IJ/Y ]:j/\/
Dihydroxyphenyl- Caffeic acid Protcawechsic
alanine (Thopa) acid
& Different paths are available for the synthesis of, for l‘”‘"

instance, vanillic acid:
¢  Passing by coumaric acid

&

D)\,mwﬁvm ,..WD,

Adrenaline Sinapic acid ‘i:mnp., acid

Fig. 13 Biosynthetic network of cinnamic and benzoi acids and bosyrithess of adre-
nalime



Ao 2

hemny ]..:LLiI ifne
1.:;.

Biosynthetic network of cinnamic
and benzoic acids

p-OH-Cinnamic acid p-U-Bennoic ackd
(p-Conmanic acid)

¢ The starting material 1s phenylalanine.

Dihydroxyphenyl-
alamine (Thopa)

¢ Different paths are available for the synthesis of, for
instance, vanillic acid:

&

¢  Or by benzoic acid

Adrenaline Sanapic acid Syringic acid

Fig. 13 Biasynihetic network of cinnamic and benzoic acids and beosy nihesis of adre-
nalime



Biosynthetic network of cinnamic
and benzoic acids

¢ Dehydration and dehydrogenation of 3-dehydroshikimic
acid leads directly to gallic acid.

& Glucose 1s a better precursor of gallic acid than
phenylalanine in Geranium pyrenaicum, but not in Rhus
typhina

Orsellinic acid cino 3.5-Dihydroxy-
benzoic acid

Fig. 14 Biosynthesis of gallic acid, the major constituent of gallotannins

Ao 2

hemny ]..:LLiI ifne
11:“

p-OH-Cinnamic acid
(p-Conmanic acid)

Dihydroxyphenyl- Cafffebe acid
alamine (Tiops)

-

11 k]|
2 |CHyl

D)\’mw

Adrenaline Sanapic acid Syringic acid

Fig. 13 Biosynihetic network of cinnamic and benzoic scids and biosynthesis of adre-
nalime




Cinnamic and benzoic acid derivatives

7

& In Vanilla planifolia, phenylalanine, cinnamic acid, and
ferulic acid were better substrate to vanillin than vanillic
acid.

& In higher plants, free benzoic acids are poorly reduced.



COOH

Coumarins koo

lﬂlm:rlﬂl.im

& Coumarins are lactones which open on treatment with base and cyclize
again on acidification. Irradiation causes cis-trans isomerization of the
cis-cinnamate.

coc®
NL# Q=00
. OT l‘:BGOCﬁ) Cﬁ g%/
o-Coumarate oGk

lfﬁ-.lrm—imﬂ'ﬂhlljﬂﬂ

Coumarin Cis-cinnamate

® Coumarins derive from shikimic acid via cinnamic acids.
EL,
OGke

|




Quinones

. . . oq o . . . (o]
¢ Quinones include some pigments, antibiotics, coenzymes, and vitamin K. L T
B O
& They can serve as one-electron transfer agents.
o o OH

Benzoquinone Semiquinone Hydroquinone

¢ Quinone biosynthesis are very diverse, and two structurally resembling
quinones can have very different origins.

From the polyketide
pathway

qﬁ% 0 Q0
OH O OH O OH O

From skikimic acid

Plumbagin 7-Methyljuglone Juglone

Fig. 20 Compounds of similar structure but of different biogenesis

Plumbago europaea

Juglans regia



Quinones

& In bacterias, p-Hydroxybenzoic acid is obtained by Prenyllnioe —___

elimination of pyruvic acid from chorismic acid e m—
Chorismic acid St alkylation R decarbox
& In plants and mammals, it is obtained by OH o viaton
" e p-Hydroxybenzoic 3-Polyprenyl-
degradation of phenylalanine. acid 4-OH-benzoic
id
hydroxylation O-methylation ~ hydroxylation
o 5 5 b Q\H HQ/Q\ =] HiCO R
¢ Vitamin E is structurally related to plastoquinones L Ls &
" 1- 2-Polyprenyl-6-
o Pnljrpmnyl ﬁ_ifﬂff;:ﬂmﬂ methoxyphenol
o-Tocopherol, R' = R? = CH, , vitamin E i s
B-Tocopherol, R! = H, R? = CH, —"Pﬂlm'ﬂﬂ?l- 59'3“1*7“‘“3' el s
y-Tocopherol, R! = CH,, R? = H . 5"“‘3:1“10;:::'11'& ubiguinone
Example of plastoquinone Fig.21 Biosynthesis of ubiquinones. R = polyprenyl chain, MH n=6-10

(derives from tyrosine)



Lignin constituents

¢ Lignin 1s a polymeric network of aromatic
building blocks present in all woody tissues.

& It acts as a matrix for the cellulose fibers and
allows strength and stability of the cell wall.

Cellulose (40-50 wit%)
s . [s

Plant cell emicellulose (25-35 wt%)

Microfibril

Fig. 26 A, Hypothetical lignin model. B. The most frequently occurring substructure.

R = H, OCHa




Lignin constituents

HO
OH

Ferulic acid




Synthesis of natural products
in the lab

& The use of cheap optically active starting material,
like sugars, 1s of importance.

¢ Shikimik acid can be synthesized from the easily
available D-arabinose.

& Shikimik acid contains 3 asymmetric centres, with
the same absolute configuration as the 3 asymmetric
centres of D-arabinose.

HOCH; CHO PhalC HaOCPhy
1. RaMiik; gy O 1. PRCHEAOH®

P ET e
oH® on  *TRCONy HO™ e 2 Ao

L Te03Ty
—_—
P 230H:= PRy
Phis I-'I-.-:I'.t'-""

1 Al VP
3. el al iy,
L OHE™

-
L ActuFy WL
T Ol
& HEr Al e

HO™ ""‘::'/\[\

OH

{ = Shikimic scid

{ — ¥winic acid

Fig. 29 Total synthesis of (-)quinic acid and {-)shikimic acid




[Fd]: T UNIVERSITY OF
Iceland <oy BUCHAREST
Liechtenstein GREENCAM for tomorrow ~—~

“Working together fora green,
competitive and incusive Europe”

Norway grants ®NTN
Norwegian

1 University of
Science and Technology

Chapter 5-2
The polydetide pathway

Elisabeth Jacobsen and Lucas Boquin, NTNU
Spring 2022



3-Oxi1dation:
How the body uses the energy stored 1n fatty acids

& 1- The fatty acid in transported into the mitochondria
and 1s esterified with CoA

& 2- Dehydrogenation (anion formation, oxidation by
FAD, final H abstraction)

Fatty Acyl-CoA  Repeat

N\,

Ho|

& 3- Stereospecific hydration s oncon T
; 2 : Beta Oxidation
& 4- Oxidation by NAD+ to a keto fatty acid Enoyh-Cotyevorase 4l proceed untlonly

& 5- Thiolysis by another CoA molecule

_—-l — | —E—S—CDA
Overall equation (for one cycle): HO M

LI

L-B-Hydroxylacyl-CoA

CisH31COCoA + FAD + NAD® + CoA + HyO —

B-Ketoacyl-CoA

C13H27COCoA + FADH» + NADH + CH;COCoA + H®

MADH +H*




Formation of aromatics from polyketides

a
CH,-;CDCW‘.LQ:A + CHsCOCOA wm— D HG\C’,CHZCOOH
branched Fad
Th H3C CHyCOCoA
alllr

B-Hydroxy-B-methylglutaryl CoA

CH3COCHyCOCHACOCoA l
Triketide 1

Cyclization Reduction
/ \ Isoprene unit

Aromatics Fatty acids

¢ Further condensations before reduction lead to the very reactives B-polyketoesters. They
can be temporarly stabilized by bonding on an enzyme for further building.

¢ They undergo cyclization, leading to aromatics.



Formation of aromatics from polyketides

& Tetraketides can cyclize in different ways:

CHECOCHCOCH,COCH,COC0A
b

A

A lot of metabolites can be synthesized, depending
on:

OH e The chain initiating unit

(Xanthoxylin * The number of acetyl CoA involved
d c b Bl - The mode of cyclization
* The condensation of separately synthesized
polyketides

o
|

CHa HO A\ 0 ;
COOH « The secondary processes (halogenation,
l ™ O alkylation, redox reactions,...)
HO OH HC CHCOOH

O CH,

|
Orsellinic acid Pyrone derivatives ?G

CHy




Confirmation of the acetate hypothesis

« * * * * NADPH
CHsCOCoA + Q?HECOCGA e CHCOCHCOCHCOCOA — i

COOH
& Birch was the first to formulate the acetate

hypothesis.

Malonate

3 * * #* * *
CHsCOCH;CHOHCH,COC0A ———m  CHZCOCH=CHCH,COCO0A
R cis

& First confirmations: CHsCOCH-CHOHC00HL0C0A ———>
& By feeding the plant with marked starting "CHy CHy
materials, and then chemically degrading the @ S — @
product. NP on
¢ The Kuhn-Roth degradation allow us to analyze &-Methtylaslicylic lN@go
C6 and C7 activity. lﬂgﬁw o,
¢ The other pathway allow us to verify the absence o Esoon N @ NO2
of activity on carbons 1,3 and 5, and the activity ) o

of the CO, released. NO,
l g:.gou)g

3 G435Br,NO,




Confirmation of the acetate hypothesis

& Chemical degradation 1s a very
complex process, especially for big
molecules.

E 8-0CH D
* ¥ A - 2
¢ Today, H-,°H- and 13C- labelled 7ORCo0H -+ 7
compounds can be synthesized, and
analyzed by NMR. D BrocH

© SH-NMR: Slightly negative NOE
effect, which can allow us to measure » . C Me-D1E-D
the 1sotopic content in a molecule.

¢ 2H-NMR: Inexpensive, stable, low o asoono |

. -9-D
natural abondance (shorter relaxation \ S > a0
time), no NOE, but low sensitivity . b enh Eoonp
| 0 ommes | N

© BC-NMR: Stable, but higher natural s
abondance and low sensitivity. Some a ' T W6 s 8 7T 6 5 4 35 & 1 6 FRM
techniques can increase signal } 7 oo iR | 0 ma/m, 100 accum
0 5 T 5 B mg/ml, accum.
intensity and maintain some hydrogen 38 mg/ml, 1000 accum.

g ; ) 4E}ezqethyldepydr& Griseofulvin 16 mg/ml, 1000 cccum.

coupling information (off-resonance griseofulvin 27 memL. 200 oo

technique)



Derivation of structure

& Usually, aromatic products coming from polyketide have a pattern of meta-hydroxy
substitution. Those coming from shikimic acid have ortho-hydroxy substitution. Structure
can often help to determine the origin of a molecule, even if it is not always accurate.

& Two structures of Flaviolin were considered, and one intermediate was known. Structure
28 1s not likely to be the good one.




Flavonoids

Flavonoids are coloring substances present in flowers and fruits.

Luteolin
(Flavone)

Daidzein
(Isoflavone)

{Anthocyanidin)




Flavonoids

% Flavonoids are coloring substances present in flowers and
fruits.

¢ Flavones: yellow or orange

& Antocyanidins: Red, purple or blue

& They are composed of two hydroxylated aromatic rings, A Bu Luteis
and B, joint by a three carbon fragment.

OH
HO o
mCH OH
o]

COCOA t. Cinnamic acid

4- hydroxylase
NHQ LDA 2 " CHECOCQA
phenylalanine cinnamoyl CoA

Sulphuretin
Daidzein {Aurone)
(Isoflavone)

H
malonyl CoA

Cyanidin
(Anthocyanidin)

Chalcone Flavanone

Biosynthesis of the basic flavone skeleton



Flavonoids

& In Haplopappus gracilis, p-hydroxycinnamic acid is used efficiently at pH 8 to synthesize
eriodictyol, but at pH 7, caffeic acid 1s preferred.

HO
OH

p-Hydroxycinnamic acid Calffeic acid

OH O

Eriodictyol




Stilbenes

& Stilbenes are structurally close to flavonoids, and their biosynthesis results from a slightly
different folding of the polyketide. They are often formed by plants in response to microbial

attack or stress.

Hydrangea macrophylla (hortensia)

HO

. Cyc
e -

2.-COy Q \ Q

H .
Pinosylvin

HQ
Oy
O

Hydrangenol Resveratrol

" QQQ Pinosylvin: Present in

CHO OH pine trees. Fungitoxin
Hircinol protecting the wood from
fungal infection.

Norway spruce (Gran pa norsk)



Oxidative coupling of phenols

& Some enzymes can catalyze oxidative coupling of phenols, by one-electron transfers. For
instance, melanine 1s formed by enzymatic oxidation of tyrosine.

Dihydroxyphenyl
alanine (DOPA)

0 COOH HO
N NH
co o ‘ HO
HO o] HO G .
DOPA quinone
e AT N - “47
HsC H HsC COCH;z
OH OH

cO
OH

CHy CHs CH, COOH HO COOH
c': 0 | éo T yrosinase o1
H NH, 0] NH, ;
le] OH HO o* HO o HO HO
Fe(CN)g*®
e e e
HsC HsC HaC '
OH OH

Usnic acid

Melanin 3,7-polymer



Halogen compounds

¢ lodine, fluorine and bromine compounds are
extremely rare in nature.

& Chloro compounds are more common, biosynthesized
mainly by microorganisms and marine organisms. )ok/com -

¢ Halogenation has a potentiating effect on biological Aceoacetyl-CoA
activities of a lot of compounds.

& Chloromycetin has a 100-times more antibacterial effect

than the acetyl analogue. ;E -
& The capability of seaweeds to accumulate bromine R ”g%ﬁs’
and 10odine, and the low oxidation potential of these Halogenated  Favorsky rearrangement lb
halogens, explains the occurrence of some iodine and acrylic acid

bromide-containing metabolites. . 1
alogenated Br\)\ + CHBry
acetic acid . OH
Br
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CO, H,0

Respiration Photosynthesis, assimilation
Oz
Polysaccharides, <—— Monosaccharides GOOH
glycosides
HO OH

CHyCOCOOH

Pymvw acid Shlklﬂll{-‘ acid

Pepttdes =
H OH
# GH;;COOH

-«—— ACETICACID

HOCH, COOH (Acetyl CoA)

Mevalonic acid

Ahphath
amino acids

Maloni d . /k/\/\/\/\/\/\/\/\
l onic aci o «

OH
HaC CH,OP
Ne=c? Eieisne fcxl Oleic acid
He”  H
3,3-Dimethylallyl Polyketides
pyrophosphate —_—

Aromatic amino acids

Doxorubicin _ Fatty acids l
Texpemoids Fats Cinnamic acids

Inn
Flavonoids,
other aromatics




a

Chapter 6 HO_CHCOOH

CHacOCHznilocoA + CHsCOCoA - c
branched N
==r HsC” CH,COCoA
Malonyl-CoA ’
a | linear

B-Hydroxy-8-methylglutaryl CoA

CH3COCH;COCH,COCoA l
Triketide l

1)
Cyclizali(/ \educﬁm Isoprene unit

Aromatics Fatty acids Terpenoids

Geldanamycin
antibiotic

Aflatoxin B1
carcinogenic




Actinorhodin
Aromatic antibiotic

Monensin A
Palyether antibiotic

Doxorubicin
Aromatic antitumour
agent

&

o
-

OH

/

\ Rapamycin
Rifamycin S Polyketide-peptide
Ansamycin antibiotic immunosuppressant

OH

Amphotericin B ' Lovastatin Avermectin Bib
Polyene antifungal Cholesteral-lowering agent Macrolide antiparasitic

Epothilone

HaCEN, /7™

Ao Polyketide-polypeptide Erythromycin A Spinosyn A
c-1027 - anticancer agent

Enediyne antiturmour agent

Macrolide antibictic Macrolide insecticide

Nature Reviews Microbiology, 2005, volume 3, pp. 925—



Fatty acids
and fats

CH3COCoA + HSEnz CH3;COSEnz + CoA

©00CCH,COCoA + HSEnz ©00CCH, COSEnz + CoA

03¢ — CH.COSENz

CH3COCH,COSEnz + HSEnz + CO
malonyl-CoA. HC—C=0

- H®" SEnz
@]
‘E I )I\
O—C—/MN1 NH

Hrvog QI +

[ (CH2)sCOOH OH
Hrvnny 1 ’f: nNADPH I
U/(CHZ)&OOH I s” % CH3COCH,COSEnz CH3CHCH,COSENz

% N'-Carboxybiotin
OH
| - Hy

CH3CHCH2; COSEnz CH3CH = CHCOSEnz

Concerted cyclic mechanism has been

NADPH
suggested. | CH3CH = CHCOSEnz <8———==CH,CH,CH,COSENz

C
HY 7 H
"™ J etc.

FAS

A x

"- A * A x A x
H--aH;H | ====|%00CCH,COCoA| + biotin-Enz nCH3COOH —— CH3CH,CH,CH,CHoCHo—
(CHz)4COO—Enz

S H



Long-chain fatty acids Accates + 2 propionats

and hydrocarbons 1
Ci6.20 Branched fatty acids
® Branched fatty acids have been 1mm
identified as intermediates in

synthesis of long-chain fatty acids '
and hydrocarbons \/'\/\/\/\/L(CHEJ Gc:ﬁzgcoaﬁ

& 3,11-dimethylnonacosan-2-one is the jl_ Decarbonyiation

2. Oxidation

pheromone of the female German

cockroach
R CH.
ey \Vl)\/\N\/LtcHgﬂ? °

O

3.11-Dimethyinonacosan-2-one



¢ Lipids are compounds that are
soluble in hydrocarbons

& Fats, waxes,
phosphoglycerides

¢ Common fatty acids: palmuitic,
stearic and oleic acid

?HQOOOR*
H?OCOHE
CHOP(OJOCHCHN®(CHg)s
i &
09
(?Hahe

Phosphatidylcholine (lecithin) OH
a

(R and R® = fatty acids)
Sphingosine

?HEOW sugar

H{!)NHCOR
HCOM
=

(?Hz}sa
CHa

Galactocerebroside
{Sugar = galactose; R = alkyl)

Fig. 2 Structures of a phosphoglyceride and a sphingolipid



Branched fatty acids

Branched starting material
Isobuturyl-CoA or a-metylbutyryl-CoA

CHacHg?HCOSEHZ + nCH3COCoA ——» CHgCHQFH{CHg}QnCOOH

CHa CHs

OR
H® \ SEnz
Ci"fsc =0
Condensation of alkylated malonyl-CoA

-CO
H-fé'ﬁ»%m—c‘:wcos&nz —_ - CH{COCH—COSEnz

O CHj CHy

/COOB
CHaCH,COCoA  +  ®00C— bioti——— Enz ~———= CH,CH

\COCOA

Methylmalonyl CoA




Unsaturated fatty acids & prostagladins

& Unsaturation 1s introduced differently in aerobic and anaerobic environments

Hr Hy

\/\>~< (CHy)sCOG0A I N A

(CHz)eCOCoA

N s}
’:‘3 — LeFel
FAD + Hu0p — = FAD + LgFeVO' + H,0
A A
H .
© | (20)

HO” O




Unsaturated fatty acids & prostagladins

& Unsaturation 1s introduced differently in aerobic and anaerobic environments

CHa(CHz),CHaCOCOA  + CHaCOCOA —»=
Decanoyl CoA

OH
{H]

!
CHa(CHa)CHCOCHZCOC0A ———n CHa(CHplCHoCHCH.COC0A

Ha0

e CH3(CHa}7CH = CHCH,COC0A  ~oaseidte

CH3(CHap)yCH = CH{CH.);COOH

Oletc acid

Further desaturation of oleic acid
gives linoleic and linolenic acids



Unsaturated fatty acids & prostagladins

& Arachidonic acid 1s a precursor for coOn
» R
prostagladin hormones m/\/
¢ Biosynthesized from oleic acid ?‘gﬁ’f oo 5‘8*3‘2";;;‘3 o

& Prostagladins

& Control blood pressure, contractions of m/ Malorate mﬂ
smooth muscle, gastric acid secretion, === e
platelet aggregation y-Linolenic acid 8,11,14-Eicosatrienoic acid
18:3 {6¢, 9¢, 12¢) 20:3 (8c, llc, 14¢)

/ Arachidonic acid

20:4 (5¢, 8Be, 11¢, 14c)

& Medical properties




xample:

Biosynthesis of preclavulone A
e CHy)aCO0OH

(CHz)3C0O0H (SFte)
Gty [n corals

CsHyy

Attack at C10 of arachidonic acid

w““‘\—-_-—w/ (CHZ}SCOOH

., . {CH5):CO0H
", /m._v..-\c H 2/3
sHi1 CsHyy

atalyzed by a lipooxygenase

\ ] !
éa““ h‘\_—/ (CHQ}SCOOH
I 2-";,"' m

CsHyy

Preclavulone A



Acetylene (ethyne) compOmRdsS ..o ety i

Oleic acid

Linoleic acid

&
&

Compositae Basidiomycetes

» Often unstable, sensitive to light, heat and oxygen
* Formed from polyketide products
* Further desaturation of fatty acids

Table 2 Acetylenic acids isolated from Sartalum acuminatum
CH3(CH;)7CH = CH{(CH,)};COOH
CH3(CHz)sCH = CH—C =C(CH;);COOH
CH3(CH;)3CH = CH—CH = CH—C =C(CH;);COOH

CH3(CH3)3CH = CH—C =C—C = C(CH;);COOH
CH3CHCH = CH—CH = CH—C =C—C =C(CH,)7COOH
CH3CH,CH = CH—C =C—C =C—C = C(CHz)7COOH
CH3 = CH—CH = CH-—C =C—C =C—C = C(CHz);COOH




& Contain tetrahydrofuran a

tetrahydropyrane rings & Brevetoxin A is a toxic compoun
B causes the red tide in the Gulf o

H Oy Mexico
FO
. H
Brevetoxin A

MeMeHD §
e g . 0 i
o e
OH Me OS0OsNa OH
HO  OH

On

Maitotoxin




