Terpenoids
and Steroids
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Biogenetic Generalities

Terpenoids and Steroids constitute the
largest known group of plant secondary
metabolites. »S| Slas s il 5 Slad s il JOI
ag ol Anlull GLlsiall Cle sana

The majority of terpenes are specific to the
vegetable kingdom. aslall 5 jaae iy il adass
ALl
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Biogenetic Generalities

» Terpenes are also occur in animals:
sesquiterpenoid insect pheromones and
juvenil hormones, diterpenes of marine
organisms ( Coelenterates, Spongiae).
U ga_all Jie Sl gaall 8 5 ga Qufl‘)éil‘ Ly
Sl O 5 el Caat g Auala] Ay sl
Aol by sa i Jie) 4 aall Gl gaiaell 853 g gl
(@MY\J c)agj\ d:_a_\..é

3 Phyto. 2014 Prof Dr. Isam agha

Origin of terpenes

» The precursors for the chief classes of
terpenes are formed by <l il Axlla JiT
Y sadll e sy

» Reactions catalyzed by enzymes, and
are phosphoric esters of (C5)n alcohols
Dadie Jel& e Ay 5wl Ay i il Y a8 J<
Colay 330
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Origin of terpenes

1. With first unit in the series being J
Clisd 5y Jall Uil glall o ASEILN Slas |
dimethylallyl pyrophosphate (DMAPP):

2. Geranyl pyrophosphate (GPP), precursor
of C10 monoterpenes s_» Jul padl & (e
Ol el o oS8 Gl amy (3N i 8

3. Farnesyl pyrophospate (FPP), precursor

of C15 sesquiterpenes s v Ji 0 )@l sanyg
ity (il lalad (65 bl 2xy (531 il g8
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Origin of terpenes
Gl ) Ui
4. Geranylgeranyl pyrophosphate (GGPP),
precursor of C20 diterpenes

OsSE sl 2ag (o3 i g8 gy e Jil sl
Ol il
5. Geranylfarnesyl pyrophosphate (GFPP),
precursor of C25 sesterterpenes
LU Aaalls ey (2N Dlia gb g 5 Jo 8 il sl
Ol sl g
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Formation of C30 triterpenes (and steroides) and
C40 carotenes
Ol el 55 Ol SN (s

4. The formation of C30 triterpenes (and
indirectly of steroides) and of C40 carotenes
does not completely escape the rule: J<& )
Bl e AU Jl 530 Y Guodll Slel ;5 ) UG
& LoD Aalal

+ they arise from squalene and phytoene, (from
the reductive coupling of two FPP units
(2XC15=C30), and of two GGPP units (2X
C20=C40)) o= Cratlill (o sl 5 ol Saall o L (30
s Sl b g s (pla ) Jeli) Jawi ) Sas 5 Jalsi )
Sl i b gy e il s (Sas g
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2 X GGPP ———— Cis-Phytoene
* MVA = Mevalonic acid ; IPP = isopentenylpyrophosphate ; DMAPP = dimethylallylpyrophosphale ;

FPP = famesylpyrophosphate ; GPP = geranybyrophasphate ; GGPP = peranyigeranylpyrophosphate.
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Polyprenols

* In the case of polyprenols (rubber and related
compounds), the addition of C5 units takes place
a great number of times. Ji) &Y s ol A 8
dled Cilas g ddlial Gaaay (A1 I3 (5 AV 3l gall g Jallall
S all o S 23xs (50 S
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irregular” monoterpenes

* In a few cases, the isoprene rule does not seem
to be followed: “irregular” monoterpenes (e. g.,
pyrethric acid, santolinatriene) arise from the
coupling of two DMAPP units, by a mechanism
similar to the one which leads to triterpenes and
carotenes. & (ny s Y saclE gl A ¥ VAl sy b
i O clbalal e x Gl e (KT Waie 5 gall g lilaaY)
S A (0om 0 gy ey 55 sl men 10Me) dsalla
A Agie Al i d gy Jilll e (53 (e (piaa 5 ol

Ol ey s LA JSI8 e diaas Al
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diversity of natural terpenoids
Az plall Clads gyl g 0

Regular monoterpens (essential oils,

oleoresins, iridioids) Jw Al Gbalal J85

c:\:ﬁ:a)j\ 4;1\_1:13\)5\ 43‘)152“ C.\J..}).“ iﬁ MJ) :\T}AUQ.\M

(S gea Y

Irregular monoterpenes (pyrethrins) Js.s

doaaill e il lbalal

Sesquiterpenes (essential oils,

sesquiterpenoid lactones) wbaal Jois

Qb)ﬁﬁ\ cBJQH\ Qﬁ).“ L;E.)j_;‘yd\) O oD uad g

(Ot Caal g Sbalal
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diversity of natural terpenoids
dgxphall Clad g il g o0

. Diterpens (=8l &lbil (83
. Triterpenes and steroids (saponins,

cardiac glycosides, phytosterols,
modified triterpens) ¢l Gl (K5
el il sSalall cclin gliall ¢ Clan g st g
(Aanad) Sl yill g oY g i g1l

. Carotenes <l 5 ISl Jis
. Polyisoprenes x5l Jall JSi
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Reactions of Existence of all
terpenes and steroid
Sl g il g il i 5l e g e Al g el S e Ll

 There are three fundamental reaction
sequences which account for existence
of all terpenes and steroids : &35 a4
Sl g il aga s e Al g e Apllld G e
ol g il

1. Formation of the reactive C5 units from
acetate, via mevalonate; 4llxé Claa 5 JSis
S YT e le ) e S ) 3 Al (e A Ka
U Ll
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Reactions of Existence of all
terpenes and steroid
Gl g el 5 Gl s Al g5 O Al g el SO L
2. Head-to-tail coupling of isoprene units
involved in the formation of mono- sesqui-,
di, sester-, and polyterpenes ) ! (bl
Omoill lalal e IS JSE 5 cp e ) Sl O
i g il (il G il Caeal g lalal
Y s Sl (il
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Reactions of Existence of all
terpenes and steroid
Calag g i) 5 ot sin oyl dga s e Al g gl e Ll
« Tail- to- tail coupling of C15 and C20 units,
leading to the precursors of triterpenes
(squalene) and carotenes (phytoene).
o ool Ge IS Claay G i) G i) Bl
S Arplla JSIH Slds b 5 5 J8) s 9l eadl
(O saall) Sl o SN g (Ol sSaall) G il
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Essential Oils

Pharmacognosy
Phytochemistry Medicinal Plants
Jean Bruneton p. 484-

Prof. Dr. isam Agha 11/7/2017

Definition
iy

Essential oils (French Pharmacopoeia 1965)
(=essences=volatile oils = oils) are: “products,
generally of rather complexes composition,
comprising the volatile principles contained in
the plants, and more or less modified during the
preparation process.
O Sl AdlR e Claae (e i Olatie a3kl &gl
Ly 585 Janty O (e Sl il i 53 g sl 5l i oSl
el st e DA
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Definition

To extract these volatile principles, there
are various procedures. Of these, only two
may be used to prepare official oils: steam
distillation of oil-containing plants or of
selected plat parts, and expression.”

lgwr ] 3okl (e aanll an g8 s Sl a3 DA JaY
o gadl o) 3l o dslall ol gall glal) iy udasdl) ;o
maall 485k ) Al
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Physical properties
Essential oils are liquids at ambient temperature,
but they are also volatile, which is what
differentials them “fixed oils”. 4lilu 3 jukll & 5 3l
Aansall Digo 3l 0o W ey 138 98 slade LIS 5 48 5201 3 ) s 4a
(A=)
They have a refractive index, o\Sail cuis I
Most of them rotate the plane of polarized
light. chatiuall ¢ gl 5 jat lgadana
They are soluble in common organic solvents
and liposoluble. pul Slude b g 4g gumndl Slpdall 84 50
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A8l sl Gl g3
Physical properties
They can be steam distilled, sl jlauts bt (<o

Sparingly soluble in water; they are water —
soluble enough, however, to impart a distinct
fragrance to water. Jliall (g clall 3 LAl ddma
elall 5 jraall dadl l plaal LS amy oLl & il
OS5 Al Lty oo ale J50 elall (e J3 QUK 03 Wil et
el o e f gl

45 da 2 150 oe 5 Lelde 4a o
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Chemical composition
LSl il oSl

Essential oils constituents belong to two groups
characterized by distinct biogenetic origins: the
group of terpenoids, and the group, far less
common, of aromatic compounds derived from
phenylpropane.
Olis» il de sana (o | LM
Some essential oils contain degradation
products of non-volatile constituents.
3k jue DU Ka adaad Cladic g gad B Lkl g 3l e
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Terpenoids
Sl gigs il
Essential oils contain compounds which
molecular weight is not too high: mono- and
sesquiterpenes. 0y 2 S s b jbdall g 3l (5 923
Ol sl s cp il Slslal Lhe an Ladl e gl (5o

M}
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4 yazdl L oSl
Aromatic compounds
« Phenylpropanoids, allyl- and
propenylphenols (anethole, anisaldehyde,
apiole, estragole, eugenol, safrole,
asarones), (vanillin). Jauill (e d8ide CLS e
aaall o Jsintt) s Jid daisg s Jalll s
sl el 5 st g g8l il edsnl (sl
Calolall

« Lactones (coumarins) (<l ke sS) b g8
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Methods of production of
essential oils
8oLkl Cg 3l a5k
1. Steam distillation:
-consist in immersing the plant material to be
treated directly in a still filled water, which is then
brought to a boil.  48tall ol sall et (o S5 1 Al juadl
Ol &5 (e g e lally
-The heterogeneous vapors are condensed on a
cold surface, and the essential oil separates based
on the difference in density and immiscibility. aes
slall g Ala] adal a5 438UK) Lo £ Ll
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Volatile oils
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Methods of production of
essential oils
3 bhall S Bl piand 35k
2. In saturated steam distillation: il sl
il
-the plant does not come in contact with the
water: the steam is injected through the
plant material placed on perforated trays. ~i¥
YA e N i 20 ST e ladl ae Al o) gall aua g
e dyina o Ao guin sall 450N o) sall
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Methods of production of
essential oils
3oLkl Gl juaad 5,k

3. Hydrodiffusion el ,Lany!
-consists of sending pulses of steam under
very low pressure through the plant material,
from top to bottom il (e Slads Jlu ) e S
e e Al alad) e las (ddie Jaiis Caal
Ji)
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Methods of production of
essential oils

3 kel Gl aaad (3 5k

4. Expression of Citrus epicarps: L& juac
GOlicaaall

-consists in applying an abrasive action on the
surface of the fruit in a flow of water. After
eliminating the solid waste, the essential oil is
separated from the aqueous phase by
centrifugation. el mhw e (oo Jaria Sudad (e (555
Jeaty doliall @ lmidl e paladll aay clall (e L 25 s
il Al shall e bl 2 )
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Methods of production of
essential oils
5 dall gl jazmad 35k
-Citrus oils are also obtained directly from
the fruit juices (by vacuum de-oiling) <)
lhae e il JS5 Liayl Jeanidt Glacacall
(sl cujll g ) Gluaeall
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Methods of production of
essential oils

3 bkl gl juiasd 35k

5. Solvent Extraction: <luidl (adas.y

* the solvent selection is influenced by
technical and economical parameters:
selectivity, stability, boiling point, and
handling safety. 48 Ja say il ol il
Oldall s 5y (dalall GOEnYY leaal Aualatl g
Jaladll 5 Jlaziea) lal
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Methods of production of

essential oils

skl g3l jaat 55k
6. Methods using oils and fats:
-the plant material is placed in contact with the
surface of the fat and the extraction is achieved by
cold diffusion into the fat, wherease the “digestion”
technique is carried out with heat, by immersing
the plant parts in the melted fat. < s 3l L aaaiud 3,k
S Ao B3l prdass pe ulally ALl o) gall aia g3 ;psall 5 desal
&b o Lein el sald) (8 3 ) paliaadYl padaiunyl Gasy
sl b il Guaiy s Bl _all Badaly aniagl) 48 48 )b Jls
By
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Methods of production of
essential oils
skl g3l jadant 35k
Extraction by supercritical fluids p=3aiuY)
Aa sl g gl
Subsequent treatments of the oils:
Chromatographic techniques (gel filtration
chromatography).
a3l A paaad Aliaaiod) g 3l AEa U Aadledll
2l ozl il 5 Ll e gile g I Jleninly
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Quiality control

se dggladl 58l 5 3 bkl gy 5l 80 gall s ey
el 5 8 )lek Cg )

1. alad) S o Ukl o3l s yaa

2. aladinly @l g jldall cy Hl i 6Sa aaas

+ GC

HPLC

EN (Electronic Noses)
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Impurities’
Y PRA
* Halogens (detergents), detected using AgNO3 reagents
(precipitation) —adSh 25 5 Sl Lle W jaas 5 Gl gl
Aadll Cpagla JS3 e Leasen 53 Auadl) i (IS AT Leie
* Heavy metal (Parle's, Tanks, reservoir ...), detected
using Thiocyanate reagent (precipitation)
o alaaiul lgie CaiSH g il suadl W aiaa s ALEN aleall
Sl amall il JS3 e Lnaan 31 s 5l
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Adulterants
Caladaal

» Alcohols (Ethanol), detected using the clear
solution forming without disturbance in seeing.
BN slall (K85 B jad aladiul ale a3 5 J saSl)

* Water soluble liquids (Polyethylene glycol,
Glycols,...), detected with Water saturated NaCl.
CaiSy g (Ul oS ol ) s Lally A g3 Jil g
p s sl 25l andia e slaes Leilabaay Lgie

* Fixed Oils (Spot on Filter paper evaporation)

155 e ARl Aaidl Ay e e (RIS daall Zgy 3
(il
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Volatile Qil
Dllall

Glycoside degradation in to Volatile

principals

5 i S a3 Sl g
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Glucosinolates - Sinigrin

S-glycoside
_5-Gic
<
e R
Hzc—ﬁ Sz N-O-503K

Sinigrin Sulphonated oxime

5G H
c/ e WYroSinase /cz
HzC=g'—'g/ “N-0-50,K 8==C=N" "Nc=CH, *+KHSO,+ Glucose
2 H

Sinigrin allylisothiocyanate




',
|
|
|
|
|
?

15

Glucosinolates - Sinalbin

Source
Seeds of Brassica alba (white mustard), Brassicaceae.

Hydrolysis
msepwdmxybemﬁ isothiocyanate + Sinapire acid suifale + Glucose

H0 Stighly volatile
& pungent

Uses: Condiment

Sinalbin

Non-glycosidic organo-sulfur drugs- Alliin

Source & decomposition

» Bulb of Allium sativum (Fam. Liliaceae)

» Food & traditional medicine since Pharaohs.

» Intact cells of garlic contain Alliin (1.2 % in fresh garhc)

» Alliin + crushing (allinase enzyme) = Allicin (diallyl
thiosulfinate).

» Allicin is responsible for the characteristic odor & flavor of
garlic.

» Allicin + air + water = diallyl disulfide + diallyl trisulfide +
polysulfides (All strong smelling).

Uses: Allicin is used as antibacterial, antihyperlipidemic; inhibits
platelet aggregation & enhances the blood fibrinolytic (anti-

thrombic) activity.
P g
COOH  Allinase "
~— S e s RN S+ HO

MHw

AR







KINDS OF PHENOLIC COMPOUNDS
adgirall OLS,0Jl glgil
Simple Phenolic compoundsala.uu
Tanninsw bl
Coumarins and Lpilay;eSdey wliy,logSdl
glycosides of coumarins

Anthraquinons and il e8udes wlgiuShu VI
glycosides of anthraquinons
NaphtoquinonsoUgiaSgaslil

Flavones and auasggdMall wli,jesidelly wligsMell
glycosides of flavonoides

Anthocyanidines liwlbowss Vs lawsbowgis Vi
and Anthocyanins

Olwedlls wllis,

Prof. Dr. Isam Agha 2
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PHENOLIC COMPOUNDS

Phenols are aromatic compounds (aromatic @
cycle linked to hydroxylic groups).

e gane pe 4D o &y phae Aila) 45 Hhae S jo WY il @
, (SINSPRRTTS
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SIMPLE PHENOLIC COMPOUNDS
A WY gul]

OH OH OH
©/OH i @COOH
HO OH

Caitechol Phlorogiucinol Salicylic acid

CH

N

?H

CH, OH

Ohe
OH OH
Eugenol Hydroguinone
Dr.Isam Agha 4
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PHLOROGLUCINOL DERIVATIVES
Jsinmslesolal] laiiso

, &H HC_ CH,
HyCO OH HO OH
HO. = ‘ OH 3 Z F/
X" cocH, X "NcocH; ko :
OH OH o

Butyryviphlkoroglucinol Aspidinol Acylfilicinic acid
(R =CH,: C,H,: C;H,)

Dr.tsam Agha 5

PHLOROGLUCINOL DERIVATIVES
Uginaghésolal] Olaiins

. _CH,

HC CHy Hy
HO OH HO.. O
Cs“v'—% CH; %*C:Hr
o O o 0

Albaspidin
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KINDS OF PHENOLIC COMPOUNDS

@ Lipophylic compounds which can be extracted
with water steam distillation ¢Se fal <ilS
Joasall oS 5o Jia el iy jubadily Leadaiui(eugenol)

@ Glycosidic phenols which can be dissolved <Y sig
Jsal s i JANU o o oS L ) slein
ethylacetat and ethanol

® Phenolic salts which are soluble in water
(antocyanidins) elall 4 53 4ol gid ~ Sl

@ High polymeric phenols which are not soluble in
water or organic solutions (phlobaphens) <Y sué
(30 a4l 53 graal) il slall

Dr.Isam Agha 7
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CHARACTERIZATION OF PHENOLICS

® Some phenolic compounds are directly visible
(flower anthocyanins), saalic 4 gudll SIS el amy
(Raslie o5 ol Y1 il ) 3 55l

® others can be visualized under ultraviolet
light (directly or after exposure to ammonia
Vapors). s i o il s el (Say AV Lpany
(S 5aYL 3 3ay ol 5Ela) Apmaaiial

® Or by color reactions which are used
preferably after TLC of an ethanolic
extract. ¢ sl lesladin (Sa 45 SOl plasinly
A gl cladall 468 ) dndall Ll e gile 5 S
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