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CCM : Chromatographie sur couche mince

CC : Chromatographie sur colonne

CP : Chromatographie sur papier

R : Facteur de retardement (retardation factor)
RMN : Résonance Magnétique Nucléaire

B¢ : Carbone 13

'H : Proton

ppm : Partie par million

0 : Déplacement chimique

J(Hz) : Constante de couplage exprimée en hertz

S: Singulet
d : Doublet

dd : Doublet de doublets
m : Multiplet

SMIE : Spectrométrie de masse en mode impact électronique

mM/z : Masse / charge électrique
UV : Ultra _Violet
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[1] Dendougui, H. (2002), These de Doctorat d’ Etat de I’ Université de
Constantine.

[2] Ozenda, P. (1962), Flore du Sahara. Ed. CNRS, PARIS France.
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(1)
1-
Embranchement Spermatophytae
Sous embranchement | Angiospermae
Classe Dicotylédones
Ordre Campanulaes
Famille Compositae
Sous famille Tubuliflorae
Tribu Inuleae
Genre Pulicaria
Espéce Pulicaria crispa
-2
5 80 Pulicaria
[5 4 3] 4 16 2 1]

(Francoeuria crispa (Cass)): Pulicaria crispa (Forsk). Benth. et Hook

(1)

( )
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60-40

(2)

[3]

:Pulicaria crispa
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Pulicaria crispa

-2~
-3
[12-8]
[16-13 <7 <6]
(14 7] [14] [17-14]
[19] [18]
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:Pulicaria

GlEiia g ¢(B-caryophyllene)

(acétyleénes)

[5 4 3 1] (thymol derivatives) J sl

:Pulicaria 3 @
Pulicaria -2-
1 Quercetin P. crispa [15]<(30-31]¢
[13]
P. cri 15
2 Quercetin 3-methyl ether 5 Z;SZZZZ {28}
3 Quercetin 7-methyl ether (Rhamnetin) P. undulata [32]
P. undulat 26]¢ [32
4 Quercein 3,7-dimethyl ether un u'a = [26] [32]
P. insica [28]
P. arabi 25
5 Quercetin 3-glucoside ara. — [25)
P. crispa [15]
6 Quercetin 3-galactoside P. insica [28]
) . P. arabica [25]
7 tin 3-gl d
Quercetin 3-glucuronide P, dysenterica 120]
P. cri 15
8 Quercetin 7-glucoside > u;Z:lZZa {32}
9 Rhamnetin 3-galactoside P. crispa [30]¢ [13]
10 Quercetin 7-glucuronide P. sicula [1]
11 Quercetin 3-rutinoside P. paludosa [1]
12 Quercetin 3-rhamnoglucoside P. paludosa [1]
P. palud
13 Quercetin 3-diglucuronide £ 'u o [1]
P. sicula
14 Isorhamnetin 3-glucoside P. paludosa [1]
15 Isorhamnetin 3-galactoside P. paludosa [1]
16 Isorhamnetin 3-rhamnoglucoside P. paludosa [1]
17 Isorhamnetin 3-rhamnogalactoside P. paludosa [1]
18 Patuletin 7-glucoside P.odora [1]
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19 Quercetagetin 3,7-dimethyl ether L dysente.rzca [20]: [22]
P. arabica [25]
20 Quercetagetin 3°,4’-dimethyl ether P. arabica [24]
21 Quercetagetin 3,5,7-trimethyl ether P. arabica [25]
22 Quercetagetin 3,7,3’-trimethyl ether P. dysenterica [20]
23 Quercetagetin 3,7,4"-trimethy1 ether P. dysenterica (23]
(oxyayanin B)
24 Quercetagetin 3,5,7,3 -tetramethyl ether P. arabica [25]
25 Quercetagetin 3,7,3’4’-tetramethyl ether P. dysenterica (20]
26 Quercetagetin 3,5,6,7,3’-pentamethyl ether P. arabica [24]
27 Quercetagetin 3,5,6,7,4’-pentamethyl ether P. arabica [24]
28 Kaempferol P. crispa [31]
29 Kaempferol 3-methyl ether L ul?du'lata [20]
P. insica [28]
30 Kaempferol 7-methyl ether (Rhamnocitrin) P. undulata [32]
31 Kaempferol 3-glucoside P. dysenterica [20]¢ [23]
32 Kaempferol 3-galactoside P. insica [28]
33 5,6,8-trihydroxy-7,4’-dimethoxy flavone P. paludosa [21]
34 Apigenin 7-glucoside P. crispa [30]¢ [13]
35 Scutellarein P. dysenterica [22]
36 Scutellarein 7,4’-dimethyl ether P. paludosa [21]
37 Dihydroquercetin (taxifolin) P. undulata [26]
38 Dihydroquercetin 7-methyl ether L ul?du'lata [20]
P. insica [28]
39 Dihydroquercetin 7,3’-dimethyl ether P. undulata [26]
40 Dihydrokaempferol P. undulata [26]¢ [32]
41 Dihydrokaempferol 7-methyl ether P. undulata [27]
42 Eriodictyol 7-methyl ether P. undulata [27]
43 6-hydroxy kaempferol 3,6-dimethyl ether P. paludosa [21]
44 6-hydroxy kaempferol 3,7-dimethyl ether | P. dysenterica [20]¢ [22]
45 6-hydroxy kaempferol. 3-methyl ether 6- P. dysenterica [22]
glucoside
46 6-hydroxy kaempferol 3,6,7-trimethyl ether || P. dysenterica [22]
47 6-hydroxy kaempferol 3,7,4’-trimethyl P. dysenterica [20]
ether
48 6-hydroxy kaer;lﬁlfz:(r)(s)ildi-methyl ether7- P odora (1]
49 Sulphated 6-hydroxy flavone P. burchardii [29]
50 Traces of sulfated flavonoid P. arabica [25]

10
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1 H H H
2 Me H H
3 H Me | H
4 Me Me H
5 Glu H H
6 Gal H H
7 Gluc H H
8 H Glu | H
9 Gal Me | H
10 H Gluc | H
11 Rut H H
12 Rha-glu H H
13 Diglu H H
14 Glu H | Me
15 Gal H | Me
16 Rha-glu | H | Me
17 Rha-gal | H | Me

<) [R; | R; [Rs | Ry | Rs | Rg
18 H | H | Me | Glu

19 | Me
20 H

21 Me | Me

23 Me
24 Me | Me

H
H
H
22 Me| H | H | Me | Me
H
H
H

25 Me | H

26 Me | Me | Me | Me | Me | H

27 Me | Me | Me | Me | H | Me

11
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%'S,)'“-” R1 R2 R3
37 |OH| H | OH
38 |OH | Me| OH
39 | OH | Me | OMe
40 |OH| H H
41 |OH | Me| H
42 H | Me | OH

Glu : Glucose
Gal : Galactose
Rut : Rutinose
Gluc : Glucuronide
Rha-glu : Rhamnoglucosyl
Rha-gal : Rhamnogalactosyl
Digluc : Diglucuronide

12

x| Ri [Ry | Rs | Ry |Rs
2 [on [H [ H[HIH
29 |oMe | H | H|H | H
30 | OH | H [Me| H | H
31 (oG | H | H|H|H
32 [0Gal|H | H | H|H
33 H |[OH|Me | OH | Me
34 H | H|Gu| H|H
35 H |oH| H | H | H
36 H [OH|Me| H |Me

</ Ri | R, | R; | Ry
43 Me | Me H H
44 Me H Me H
45 Me | Glu H H
46 Me Me Me H
47 Me H Me Me
48 H Me Glu H
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Pulicaria -2-
[32]¢ [36] (les huiles essentiels) dubud) & s 3
[22]¢ [23]¢ [35] (les coumarines) < le &Il
[23]¢ [27] (les dérivées de thymol) J el ciliidia
[35] (les alkaloides) <)y 5kl
[19]¢ [33]¢ [38]¢ [40]¢ [41]¢ [43] (les sesquiterpene Lgilida g 45 Sl iy y sSand)
[50] lactones et ces dérivées)
[49] (les terpenoides) <lin il
[7] (les triterpenes) A5 iy 53l
[46] Les guianolides et eudesmanolides
[34] Les guaianolide sesquiterpenes
[45] Germacrane sesuiterpenes
[21]¢ [42]¢ [44]< [47] (les dérivées du caryophylenes) oo o Sl i
[48] les dérivées du acide hardwickiic
[37] Les isopimarane
-5
[51 6]
[52]
[7] (carminative)
Pulicaria [55 54 41]
Inuleae
(sternutatoire) [29]
hémorroides [55]
[56]
13
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9000
1]
-2
Flavus Flavonoide
2]
(Angiospermes )
3]
"Albert Szent-Gyorgyi"
[4] C P
"Geissman" <k 1952
(Ce-C3-Co) 15
3 (A et B) Cq
L1 )
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14C

Robinson [6] 1936

(2)

22

www.manaraa.com



4 P

OH
A %
3CH;COOH +
HO
Ac.acétique Ac.p-coumarique chalcone
0 OH 0
-2-
-1-3
[ J
B [6] 1955  Davis
(1) Cs
23
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Glllcose (leOH
CoO
H_ C//O i HO COOH
| COOH CH,
H— C— OH |
| +  P—o0— — o —
H—C—OH
cn, (1) CHOH (2) o OH
H,C—O—P
CHOH OH
Erythrose — 4—phosphate Ac.Phosphate CH,OP hvd
. Ac.5— Déhydroquinique
pyruvique Ac.2- C€t0_3_desoxy_7_
phosphoglucoheptonique
(3) k"
COOH COOH COOH
ADP+PI
C/Ez (4)
HOO CH2
OH P—0—
Ac.Chorismique OOH Ac.Shikimique Ac. 5_Dehydrosh1k1m1que
l ©)
CH ! O CH COOH
HOOC 2— C—=COOH CHz—C— COOH
(7 (8)
OH (H) CO,
Ac.Prépheéni
c.rrephenique Ac4— Hydroxypenyl Tyrosine
OH pyruvique l
)
CH= CH— COOH
(10)
CoA
OH
4— Coumaroyl— SCoA Ac.P_ Coumarique

p-coumarique -1-

(1) p-coumarique
Ac.p-coumaroyl CoA ! Ac.p-coumarique
Malonyl-CoA ge sai2 | ala )5S (5301 (3)
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o o\

\_

CoA
‘ CoA
HOOC
(0]
\ Ac.p-coumarique p-coumaroylCoA /
Ac.p-coumaroyl CoA  Ac.p-coumarique -3-
-2-3
°
Malonyl-CoA A
4) Acetyl-CoA
0 O \
0 ;
e 4{/7 + CO, /\‘ > >—CH2 /
S——CoA ATP  ADpp HO ST CoA
acetyl CoA malonyl CoA
Malonyl-CoA -4-
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[7]
(-2-

(1)

) p-coumaroyl-CoA  Malonyl-CoA

(0]

[9)

[} 0 0
HOOC -CH, - CO - SCoA _ _ . | )
CH;-CO - SCoA 2 Nl\ HOOC -CH,-CO -SCoA /\/\/U\
SCoA SCoA

HSCoA ,CO,

L

0D * VOOSH
© V0DS-0D - HD-D00H

(12)]

eIy

(Flavanone) Naringénine

(15)

(Isoflavone) Genisteine

Ptérocarpanes OH

HO

OH
OH

Dihydrokaempferol

(H)l

OH

OH OH

Lecopelargonidine

Pelargonidine - 3 - glucoside

HSCoA ,CO,
OfCOA
+ H,0
(1 1) 2 HSCoA
OH
OH
Chalcone

(0] (0]
/”\/U\/I\/U\
SCoA

Aurone

OH
H HO 0 O
(14) ‘ '
OH

(Flavone) Apigénine

OH

Afzelchine

[7]
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Aldolase, 3-désoxy-O-arabinoheptulosonate-7 phosphate synthase ou DHAP

! synthase

2 Déshydroquinate synthase

3 Déshydroquinate déshydratase

4 Shikimate déshydrogénase

5 Complexe shikimate kinase

6 Chorismate mutase

7 Préphénate déshydrogénase

8 Aminotransférases

9 Tyrosine ammonia-lyase

10 P-coumarate CoA-ligase

11 Chalcone synthase

12 Chalcone isomérase

13 2-hydroxyisoflavanone synthase
14 Flavone synthase

15 (2S)-Flavanone3-hydroxylase
16 Flavonol synthase

17 Dihydroflavonol 4-réductase

18 Falavan-3,4-cis-diol 4-réductase
19 Anthocyanidin/flavonol 3-O glucosyltransférase
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O-méthyl-transférase

B (3"

1-4

% 90 7 5

4
.[8] 6'
-2-4
(SAM)
(5) [9] Lutéoline

OH O

R=H Luteolin
R=Glu 7-Glucosyl luteolin

SAM = S-adenosyl methionin

QAH = S-adenosyl homocystéin

R=H Chrysoeriol
R=Glu 7-Glucosyl chrysoeriol

/

Chrysoeriol Luteolin
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(D-allose  D-galactose D-glucose) Hexoses
(D-xylose L-rhamnose L-arabinose D-apioses) Pentoses

.(O-hétérosidique)

3 700 7
[1] 1400
UDP-Glu (Glycosyl transférase)
(6) (glucose Uridine diphosphate)

4 on

OH

GluO

P

Glucoyl transferase

" N

OH O UDP-Glu UDP

C-7 :-6-

:C-hétérosides °

C-glycosyl flavonoides

Glucose ) C
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Cg [ Cq ( Galactose

5-hydroxy-C-glycosyl flavone
(668 8«>6)

(7) [10 1] Wessely-Moser

R,=H, R,=Gluc: ISO\./ete?cin R,=H, R,=Gluc : Isoorientin
\Rlz Gluc, R2=H:Vitexin R,=Gluc , R,=H :Orientin
C-glycosyl flavone =7-
-5
1]
-1-5
A
«C-7 C-5 %90
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C-8 [/ C-6

c4  C-3
(C-6' 5 C-2)
.C-3
28
. (trans)
G

«C-8
~ C-8 C-6
C-4 %80 B
C-5' «C-4' «C-3'

-2-5

C3 C-2

C-2
3S 2R
-3-5

(ion pyrylium)

(oxonium ionique)
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.[13,12] légumineuses

3 A B

O

k Isoflavone /

[14] B

\ Neoflavone /
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[15]

C-8 C-6

K Biflavonoide /

Cs

A B .(a-p insaturé)

.2-benzylidiéne coumarone

(8)
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K Flavane Aurone Chalcone /
:-8-
)
-2-
Apigenine 574 _ O
Luteoline 5,734 R=H Flavone 8
Kaempferol 5,74 _ O .
Quercetine 5,734 R=OH Flavonol o
Naringenine 5,74 R=H Flavanone O Phenyl-2
Butine 7,34 (dihydroflavone) 0 chromones
Fustine 5,7,3.45 B O .
Taxifoline 5,734 R=OH Flavanonol ]
Gallocatechine 5,734 R=H Catechine
Catéchine 5,7,3.45 (Flavanol-3) O
5,734 R=OH O ’ Phenyl-2

Leucocyanidine P00 e - 1 on chromanes
Leucodelphinidine 5,7,3,4.5 Leucoanthqcyamdme I

(flavandiol-3,4)
Apigenidine 5,74 R=H Flavylium
Lueolidine 5,734 (anthocyane) o O
Cyanidine 5,734 R=0OH O P Flavyliums
Delphinidine 5,7,345 Anthocyanidine R
Daidzein 74 Isoflavone O | cflil(fr?l};lr_lzs
Orobol 5,734 | O
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[16]
(téguments externes des fruits) ( ... )
3 [17]
(polymeéres) (3-O-glycosides)
(3) [11] (aglycones)
:-3-
Flavonoides Aliments
Flavanones
narigénine fruits du genre citrus
Flavones
Chrysine peau de fruits
Apigénine persil, thym, romarin, céleri
lutéoline persil, céleri
Flavonols
kaempferol radis, brocoli, thé noir
quercétine oignon, pomme, olive, vin rouge, tomate
myricétine canneberge, vin rouge
Flavan-3-ol
¢picatéchine thé vert, thé noir
catéchine thé vert, thé noir
épigallocatéchine | vin rouge
Anthocyanidols
cyanidols cassis, myrtilles
malvidol raisins, fraises, cassis
apigénidol framboises, fraises
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. [23]

4) [22]
1 25
[17] -4-
( /
17.7 U“:“y‘ < S
124.1 YY) Jaadl
20.1 Jalal)
338.6 gl
80.8 i sl C,\JJ;T
402.8 o S Gl
25.9 BEFNIBTLS
45 48l)

18.4 Gkl
52.8 Ay 4l
1003 iall
5465 sl
22.3 s sSl
22.8 sall
65.3 Zlad)
247 o=l
233 B8
11.5 iadiall

36
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[15]

CH,l
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5-OH

(Anhydride acétique)
(AICL)
2]
() (1)

.(10) 100

OMe

AlCln00°Cc O

PhNO,

-10-

2]
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(O-Glycoside
2

(C-Glycoside) C-C

a-glycosides

(5) .[15] B—glycosides

O-f-D-xylosyl(1 — 2)glucose Sambubioside
O-a-L-thamnosyl(1 — 2)glucose | Neohesperidoside

O-a-L-rhamnosyl(1 — 6)glucose = Rutinoside
Sophoroside

Gentioboside

O-o-D-rhamnosyl(1 — 2)glucose
O-o-D-rhamnosyl(1 — 6)glucose
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O._ OH O ¢H
H
H OH H H
H H H H
OH H OH OH
Rhamnose CcH ;05 M=164 Glucose C¢H1,06 M=180
CH,OH
H O._ OH
H
Ha
H H
H
OH H
OH H
H OH
C12H22010 Rutinose C12H22010 M=326
-9
(Co-C5-Co)
.[24]
(aldéhyde C4-C, (2-hydroxy acétophénone) C¢-C, -1
. aromatique)
C6-C3 (phél’lOl) C6 -2
(11 ) (dérivés de I’acide cinnamique ou leur équivalent)
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SR
C
\_ ° /
C;-C Cs Cs-C; Cs-C, -11-
Cis ¢
(hydrolyse) (isomérisation)

.O-(alkyl ou sucre)

dérivés de benzaldéhydes

L2 )

C-(alkyl ou sucre)

tO9BEN g ¢ UMY oy gSILEY) plikale

orthohydroxyacétophénones

[25]
(déhydrogénation)

( )
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/

OH
O O methode
N -
AouB

@)

Chalcone Flavone

Flavanone

Méthode A : PACI,, MeOH, Reflux 4 jours.
Méthode B : PdCI, (0.1% mol), 1,4-benzoquinone, MeOH, Reflux 4 jours

\_

-12-
-10
Phytoalexines:
[17]
(. 270-250) *
[26] ( )
[27]

42
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-11

(toniques veineux)
(perméabilité P )
[28]
[4] *

- Inhibition de I’histidine décarboxylase.
- Inhibition de I’¢lastase.
- Inhibition de la hyluronicase .

- Inhibition non spécifique de la catéchol-O-méthyltransférase. ..

ATP ases :
.[29] Kinase transférases
(piégeurs des radicaux libres)
[30] [28] . .[4]
[35] (antivirale) [34 33] [32] [31] (antitumorale)
(marqueurs [36] (antispasmodiques)
...[39 38] [37] génétiques)
B A (OH)
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(6) [40]
:-6-
Thymonin - diurétique 42
o - anti-inflammatoire 44
Nepitrine ) )
- anti-arthrique
) - anti-inflammatoire
8-glucosyle Hypolaetine ) 45
- anti-ulcere
Fisetine - anti-inflammatoire 46
Nobilitine - anti-allergique 47
Tangeritine £l 48
- anti-spasmodique
8-methoxy cirsilineol P ‘ 1 42
- stomachique 43
Cirsimaritine - anti-purique 49
Baicaleine - antiseptique () 50
Eupatorine, eupatiline, 51
jaceossidine - traitement des tumeurs 32
Hispiduline et 6-methoxy
apigenine
- traitement du para influenza 54
At - anti-malaria ( ) S35
Quercétine . ’ 62 63
- anticancereuse
3-glucosyl kaempferol - crises hémorroidaires 56
3-rutinosyl kaempferol . . 57
- troubles cardio-vasculaires
3-methyl quercétine - anti-viral 58
Morine tinolivi 59
- antipolivirus
3-methyl Kaempferol P 60
3-rhamnosyl kaempferol - activité analgésique 61
| 3-glucosyl kaempferol
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-11

-1
[62 23 20] %50 20
/
(diethyl ether)
(AcOEY) [63]
(n-BuOH)

-2

(Cellulose) (Silicagel)

(Polyamide, eg. Machry Nagel) SCq

45
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[64] (OH)

(CPP)

( 8 6 ) 70 5 .

( 18-16) BAW ( / I )41115 e

(CCM)

(DC6) -

( / / Y13/3/3/1 o

N / / Y4/3/3 e

(O I )18/1/1 e

N / / / )60/28/7/7 e

( / / )5/3/1 4/2/1 e

N / / )8/05/05 8/1/1 o

3010 .

(DC6)

Séphadex LH 20
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356-254

[63]

47

-1-3

(7)
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[24] -7

uv
875 567
3 .
3
5 OH
5 OH 3 )
(5 OH )3 OH
5 OH
(UV) -3-3
-1-3-3
) Cs
(13) [64] 1T 1
48
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Benzoyle

(300-400 nm)

.B C4

(250-280 nm)

[65] (8)

49

-13-

N |

Cinnamoyle
. [65]

I
Benzoyle
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I :-8-
11 I
280 250 350 320
280 250 385 352
275 245 330 300
275 245 320 Epaulement
280 270 470 460
( )
[65] ( )
-2-3-3
:(NaOMe) NaOH °
NaOH :NaOAc o
.C, NaOAc C) G G
:NaOAc+H3BO3 ®

(14)
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O\IaOAc+H3B 03)

8 7 7 6

-14-

‘AICI;+HC1 AICI;

.(15)

-

HOO
|

HzCO

OH

OH
O AICIg

HOO
|

/

HCl

OH O i@ /D@
C{ Cl
ooy
(ie/oea
\_ B
AlCl, -15-
51
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©)

.[66 63 4] II
[66 64 4] £ (9)
(nm)
Jalal
11 | |
280 250 350 304
280 250 385 352 MeOH
3 OR | 280 250 357 328
65+ 45+
4" OH -1
MeOH/
4>  OR -2
MeOH/
Orthodi-OH 4' 3 OH
Se 6 R NaOMe
(NaOH)
B Orthodi-OH
4" 3" 3 Tri OH
5" 4" 3 3 Tetra OH
7 OH 320
335
7 OH| 20+ 5+
8 6
7 OR
NaOAc
52
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34 78 67 DiOH
578 567 TriOH
33 4
B Orthodi OH 36+ 12+ NaOAc
+ H;BO;
A Orthodi OH [ +10 - 15 MeOH/
(8—7 7_6) NaOAc
+ H;BO;
6 5-OH 20+ 17+
3  OCHsj; 5 OH 55+ 35+ MeOH/
AICI; +HCI
OH 3 OH 60+ 50+
B Orthodi OH 40—  20-
[360  350]
Orthodi OH 25— 20 AlCL
o I WUN(e/%: (o))
Orthodi OH A
B TriOH B
2 - (-) ()
‘RMN 'H 43
B C
A
CDC13 .
DMSO-d¢
53
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(0-9ppm) [67 15]
(12 11 10:
[68 4B A
:-10-
H-8 H-6 H-5 g H Y
d(J=2,5 Hz) d(J =2,5 Hz)
] 5,7-OH
6,3— 6,5 ppm 6,2 -6,0 ppm ’
d(J=2,5 Hz) d(J =2,5 Hz) 5-OH,7-0 Glc
6,1-6,4 ppm 6,1 -5,9 ppm )
- . 5,6,7-OR
> m - -
pp (R=H, Glc)
3 ) 5,7,8-OR
- , m -

PP (R=Glc,H)
d(J=2,5 Hz) d,d(9 Hz, 2,5 Hz) d(J=9 Hz) 7-OR
6,7-7 ppm 7,1 -6,7 ppm 8,0 ppm (R=H, Glc)

-11-
H-6', H2' H-5', H3'
d(J = 8,5 Hz) d(J= 8,5 Hz)
7,9 - 7,7 ppm 7,1-6,5 ppm YLs ]
8,1-7,9 ppm 7,1 - 6,5 ppm
54
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B -12-

H-6' H2' s
. A .
dd(J=8,5;2,5 Hz) | d=2.5Hz) D g 5
Flavone
- 3.,4-OH.
75-73ppm | 7.3-7.2ppm - 3’-OMe, 4’- OH.
- 3’-OH, 4’- OMe.
Flavonol
- 3,4 OH.
7,9 - 7,6 ppm 7,7-7,5 ppm
- 3’-OH, 4’ OMe.
Cs :C
(H-8 ,H-6) A (6,2-6,4 ppm)
168]
.[68] 8-8,5 ppm C,
.[68] 3,8-4,5 ppm
H," (13)
H," -13-
5 H," ppm Al 98l
52-48 7-O-glucosyl flavonol
6,0 - 5,7 3-O-glucosyl flavonol
55
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53-5,1 || 7-O-rhamnosyl flavonol

5,1-5,0 | 3-O-rhamnosy! flavonol
B«
H," B Hy" H,"
Hy,"  (diaxial) (J=7 Hz)
(/=2 Hz) H" o

.(equatorial-equatorial)

.[4] (0,8-1,2 ppm) (/=6 Hz)

Neohesperidose ~ Rutinose
(4,2-4,4 ppm) (7,3-O-rutinosides)  H-1"
(0,7-1 ppm) (J=2 Hz)
(/=2 Hz) (4,9-5 ppm) (7,3-O-neohesperidosides)  H-1"

.[68] (1,1-1,3 ppm)

[69] (IE) ; B A
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(17) (16)

Electro-spray
FAB
[71 70]

...\M-H)" (M+H)" (M+Ca)" (M+Na)"

A28 (m/z=92) A, (m/z=120)

B,"-28 B," (m/z=105) Mt (Wz—222) M*928 (m/z=194)

|
N l

0 _I S +e
@:J — |

B,**(m/z=102)

|
“r

C\"‘

OH
[A, +HJF (m/z=121)

[69] :-16-
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—_—
~—

d'hydrogéne

[A, +H] (m/z=121)

|

(¢}
4

B, (m/z=105)

oH +
%O +
B,*-28 (m/z=T17)
[69] 17-

(C-0)

58
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(18)

[72] C 0
0
X P
) nt L
Cy-ON A ——> HO\ _~# +  Glycoside
0 0
Flavone-O-glycoside Flavone

Flavone-C-glycoside

-18-

HCI (2N) ( 1 ( D
120 15 ° 100
Ether) /
(éthylique

.(n-butanol) (Acétate d'éthyle)
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( )
(CCM) (UV)
HCl
(0,2M) NaH2P04
100
(10/90 : /
163]
Rf -14-
Ry
o(L) rhamnose 0,88
D(+)-xylose 0,79
L(+) arabinose 0,66
B-D(+) glucose 0,53
D(+) galactose 0,33
60
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(2/3) (polyamide SC6)
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-1-

(F)oalaall A J gilisal) A (F)oataall A sl 5ill dpud BEWIIRER
0 100 5-1
2 98 10— 6
5 95 19-11
10 90 30-20
15 85 41 -31
20 80 55-42
30 70 70 — 56
40 60 86—71
50 50 101 — 87
60 40 116 — 102
80 20 121 -117
100 0 125-122
-2-1
(CCM) R
DC6.6
3/3/4 / / (S.1) -
1/3/3/13 / / (S.1I) -
2/25/20/60 / / (S.III) -
Whatman (CP) o
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30 : (AcOH) (S.IV) -
4/1/5: B.AW (S.V) -

15 : (AcOH) (S.VI) -

:(2)

-2-

el 2y ) gusl)

2saadl ¢pa e Janall _ guusll

1

3-2

304

37-31

57-38

71-58

7372

7774

85-78

103-86

T Qf | = S O | > ||

107 -104

P

125-108

Pulicaria crispa
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-3- B,C,D,E,F,G :

-3-

() QoY || Bl pusl)
4.9009 B

0.257 C
0.2764 D
1.1229 F
0.8279 G
1.0341 E

G F ( 1 ) B :

30 (Whatman N°3)

D H,O/EtOH/BuOH/AcOH :  60/20/25/2

AcOEt /H,O/AcOH : 8/0.5/0.5

(Whatman N°3) B

B4,B3,B,,B1 : 30
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B4

By H,0 /MeOH/MEC/Acétylacétone : 13/3/3/1
(cristaux)
C -
Ci, C,....Cq H,O/EtOH/BuOH/AcOH : 60/20/25/2
G G
D _

AcOEt /H,O/AcOH : 8/0.5/0.5

D, Ds D,,D,,....Ds

Dy, Dpla Dp2 .

75

www.manaraa.com




(Whatman N°3) F -
30
Fi,F...F;
H,O/EtOH/BuOH/AcOH : 60/20/25/2

. Faor, F4p9 Fp, Fp, :

30 (Whatman N°3)

H,O/EtOH/BuOH/AcOH : 60/20/25/2
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gLl Jeyll
satll g sl



(250.13 MHz) RMN 'H

Condl)

.(CD;OD)
R¢
{Toluéne/MeCOEt/MeOH 433 (I)-
DC6.6 H,O/MeCOEt/EtOH/(Ac),CH, 13:3:3:1 (1) -
15% (VI) -
(I1I) «(II) «(T) Ry :-1-
R¢*x100
(I11) (1) (1)
13.63 20 17.77 Fyp
13.75 21.11 18.88 Fa:
13.63 20 18.33 Ep
14.77 19.44 18.88 Fpo
11.93 22.22 20.55 Cp
13.06 22.22 17.77 Dp
14.77 22.77 18.88 D¢
14.77 21.11 16.66 Dp,
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:E=Fgp=Fgp e |
Fup
-1-1
%
(2) :(Ry) *
-
R¢x 100
17.77 I
20.00 II
13.63 III
-2-1
-1-2-1
(UV) -3-
>.0) 1 (.0) 11
375 259 MeOH
DOX 447 272 NaOH
e e Caplal) NaOH+5min
448 273 AlIClL;
431 269 AICL;+HCI
383 260 NaOAc
392 264 NaOAc+H;BO;
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-2-2-1

RMN'H  4-
O kg a8 Jalill dp0030(J.Hz) 4a13¥)(3.ppm)
H-5 1H 8.52d 6.91
H-2' 1H 2.12d 7.8
H-6 1H 8-2 dd 7.7
H-8 1H S 6.92
0-CH; 3H s 3.91
H-1" 1H 742d 5.13
H-6’a 1H 12-2 dd 3.96
H-6"’b 1H 12.2-5.9 dd 3.74
H-4, H-3"’
4H m 3.46-3.65
H_2’,’ H_S)’
-3-2-1
v
- (UV) -
(.01 (2.0) (.0 11
378 - 263 MeOH
444 335 276 NaOH
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=374 nm (MeOH) | uv -
3

A\ (NaOH / MeOH) = +72 nm . -

4 OH (DO)
.(3,4’-di-OH) 4' 3 OH
7-OR 7 335-320 nm -
.NaOAc (+1nm) II

A (AICI+HC1 / MeOH) = +56 nm -

Al (AICL+HCL /AICL) =-17 nm -
(3’,4’-di-OH) B

. AN (NaOAc+H;BO;/MeOH) = +17 nm :

dd d: *

OH 43 - - B d
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8 6.92 ppm (B

6
7-OR 7 3.91 ppm -
76 OMe
0=5.13ppm: d(J=7.42 Hz) -
C-O -
(axial) H-2"
(J=.12.1-2 Hz.)3.96 ppm dd
H-6"b H-6"a (J=.12.1-2 Hz.) 3.74 ppm

J=7 Hz 55 bl (t) 26 03 e 0 L3 3.56-3.64 ppm
Cligig b @3liJ= 9-82Hz gy 5 <w&346ppm  dd
H-4"  H-3" H2"

3.55-3.65 ppm Jiaall i sedad H-5" (585 ) Ll
H-4" H-3"

4" (di-axial) -

(axial)
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R;=Me , R,= Sucre

R,=Me, R;= Sucre

L)) auda sa 4 yral (S jall pcaaal) dgalall of jals Liad 43l dapall (e aSUl 4

&Sl Jasinadll
335 nm NaOH

(7-OH) 7

Patuletin 7-O-B-glucoside

(3) 5(2) ClSal 5 Fyp S pall (53 5 nll  psndalinall (g 9 53l) (i ) canla o (1) JSA
YLl Caline 8 Caulall o g3
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Spectre proton :ECH: SBHDAAF4P

ss=gxzn =8 AOXEEE eI rlEeRTEIRERRORSCARSRIET AzTTTg
P T o B e e T T L e = L O P
2RZIADAS /2 BN E 2SI RS R RS I RRERERISSIER AZRAR

Spectre proton :ECH: SBHDAAF4P

=§ BRRESEST

| WP i il
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Spectre proton :ECH: SBHDAAF4P

$43.63)

—,7%
—5. 10
—1E
—d, 63
— .M
— 2.6

1R
— M2
—ii1.681
— 304638

—f16.13
—67. 11

— 858889

=]

3 a2

1
F4p F4p RMN H -2-
4-3 ppm
0.30
MeOH MeOH
MeOH+NaOH Me0H+AlCl
l MeOH+NaOH+5 0.3 ¢ 3
0251 Me : o MeOH+AICI ,+HCI
0.20-
0.2
“ 0151 0
m
fia)
<
0.10- <
0.1
0.05-
0.00+—TF——T——T 7T 7T T 1
250 300 350 400 450 500 550 0.0 +—————————
Long d'onde (nm) 250 300 350 400 450 500 550
Long d'onde (nm)

AR\ Zyl_ilsl i
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MeOH
M eOH+NaOAc
MeOH+ NaOAc+ H ,BO,

Hydrolyse
MeOH

MeOH+NaOH

0.00 T T T T T 1T ' T ' 1 0.0
250 300 350 400 450 500 550 T Ee 300 380 400 430 500
Long d'onde (nm) Long d'onde (nm)
F4p (UV) -4-
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:CP = Dp = Dp; = D=Fp, C),-.‘,-.R:M -11

-1-11

(5) ‘(Ry) *

R¢*x 100
20.55 I

22.22 II

11.93 II

2-11
D Aedil) (368 A Adlhaa-1-2-11

(UV) —6—
(01 (p0) I
374 259 MeOH
437 265 NaOH
Jise pe Cahll NaOH+5min
442 270 AICl,
431 270 AlCl;+HCI
424-383 259 NaOAc
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393

264

|| NaOAc+H;BO;

t Ol il (5 9531 G ) Adludaa 221

%% RMN('H) @il -7- Jsanll **

O kg a8 Jalsill dp0030(J.Hz) 4a13¥)(5.ppm)
H5 1H 8.52d 6.91
H2 1H 2.12d 7.8
H6 1H 8-2 dd 7.7
HS 1H S 6.92
O-CH; 3H S 3.91
H-1" 1H 7.34d 5.13
H-6"a 1H 12.1-2.1 dd 3.96
H-6""b 1H 11.8-5.7 dd 3.74
H-4>, H-3" 2H 7t 3.56-3.64
8t
H-2” 1H 9-9 t 3.46
H-5 1H m 3.55-3.65
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-3-2-11

v
Jaal -
: (UV) -
(r0) 1 (e.0) 1T
375 - 263 MeOH
438 330 280 NaOH
-3-11
( )
AM=374 nm (MeOH) I Uv -
3 OH
A\ (NaOH/MeOH) = +63 nm -
4 OH (DOY)
A
7-OR 7 OH 335-320 nm -
.NaOAc II
OH Al (AICI;+HC1 / MeOH) = +57 nm -
3 OH 5

AM (NaOAc+H;BO3/MeOH) = +18 nm: -

Adlal) e Ja 5 yugll S
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43 - - W8 B

) A -
8 Usisdb Ak 6.92 ppm (B

6 A

4 7 3.91 ppm -
.7-OMe 4'-OSucre 7-OSucre 4'-OMe : OR

o=5.13ppm: d(J=7.34) -

C-O0 -
(axial) H-2”
.(B-galactose .B-glucose )
(J=.12.1-2.1 Hz.) 3.97 ppm dd
H-6"b H-6a" (J=11.8-5.7.Hz) 3.74 ppm

Hz J=7 Hz g3 <l (1) SN I8 e o050 3.56-3.64 ppm
H-4" H-3" J=8
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H-2" 055 b 3aJ=9 Hz gz 3346 ppm  t
3.50-3.7 ppm Jlaall & yedad H-57" o555l Ll
H-4" H-3"
H-4" (axial-axial) -
(axial)

P IS e 0585 Cp S ) Al A

{ R,=Me, R,=Sucre

R;=Sucre, R,=Me

13S 5 Sl & 5348 paal (oS yall dpcaeall dgalall o) jals liad dlgil) dapall (e STl

NaOH adals ) g
7 333 nm
(7-OH)
C
OH
OMe
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Quercetin 4’-methyl ether 7-O--D-Glucoside
(7) (6) Cp (5)

(8)

Spectre proton :ECH: SBHDAAC
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- (5)

Spectre proton :ECH: SBHUAAL

I

it

I

H-5’
H-8 )w

H

T T T
1.50 1.25 7.00

Cp RMN 'H :(6)
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Bpectre procon

ECHT OBHUAAU

N

O-Me

H_3"_ I_ljﬁ,"’:ﬂ's"

f =l
e e o
: T| |
o 45 4.2
C RMN 'H «(7)
P .
1-4 ppm
0.5 0.4
MeOH C+MeOH
MeOH+NaOH C+MeOH+AICI,
MeOH+NaOH+5mn C+MeOH+AICI +HCI
0.3
? 02
M aa)
< <
0.11
0.0 T T T T T T & 0.0 — T
250 300 350 400 450 500 250 300 350 400 450 500
Long d'onde (nm) L'ong d'onde (nm)
MeOH h Aprés I'hydrolyse
MeOH+NaOAc 0.6 MeOH
MeOH+NaOAc¢+H,BO, MeOH+NaOH
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Cr

(UV)

95

/(8)
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-111

. Pulicaria crispa

Pulicaria crispa

Quercetine
:(12)

** Patuletin 7-glucoside

** Quercetagetin 4’-methyl ether 7-glucoside
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Chalcone — = Flavone

HO
(]

OH

OH (0]
OH
OH
HO ¢ O
HO - -€ 0 |

OH

MeO OH o

MeO

OMe

Pulicaria crispa
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g4l

Pulicaria crispa (Forsk)

.RMN 'H uv

*Patuletin 7-O-B-D-glucoside
*Quercetagetin 4’-methyl ether 7-O-B-D-glucoside
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Pulicaria crispa (Forsk)
CC )
.(CCM CP

RMN 'H uv

*Patuletin 7-O-f-D-glucoside
*Quercetagetin 4’-methyl ether 7-O-B-D-glucoside

www.manaraa.com




Resumeé

L’objectif principal de ce travail est d’identifier des métabolites
secondaires (flavonoides) de la plante Pulicaria crispa (Forsk) appartenant a la
famille des composées (Asteraceace).

L’utilisation des différentes méthodes de séparation chromatographiques
(colonne, papier couche mince) a permis d’isoler deux composés flavonique, et
grace a ’hydrolyse acide et aux meéthodes spectroscopiques usuelles (UV et

RMN 'H), les structures de ces flavonoides ont été établies comme suivant :

*Patuletin 7-O-B-D-glucoside

*Quercetagetin 4’-methyl ether 7-O-p-D-glucoside
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Abstract

The principal aim of the present work consisted to identify the secondary
metabolites (flavonoids) of Pulicaria crispa (Forsk) belonging to the compositae
(Asteraceae) family.

The use of the different chromatographic methods (column, paper, thin
layer) permitted the isolation of two flavonoids and with using acid hydrolysis
and usual spectroscopic methods (UV, 'H NMR), the structures of this

compounds were established as:

*Patuletin 7-O-B-D-glucoside

*Quercetagetin 4’-methyl ether 7-O-B-D-glucoside
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