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Introduction

Introduction

Throughout the ages, humans have relied on nature for their basic needs: food-stuffs,
shelters, clothing, means of transportation, fertilizers, flavours, fragrances and medicines.

Plants which have been the basis of traditional medicine systems for thousands of years in
countries such as China and India, continue to provide mankind with new remedies. Even some of
the therapeutic properties attributed to plants have proven to be erroneous, medicinal plant therapy
is still based on the empirical findings of hundreds and thousands of years [1, 2].

Although modern biomedicine to a significant degree employs synthetic drugs as therapeutic
agents, plants still occupy a prominent place in contemporary pharmacy, either as sources of
pharmaceutical drugs in the form of isolated plant compounds, as sources of precursors to drugs, or
as sources of compounds that have served as models for synthetic or semisynthetic drugs. However,
many compounds used in today medicine have a complex structure and synthesizing these bioactive
compounds chemically at a low price is not easy. Moreover, with increasing realization of the health
hazards and toxicity associated with the indiscriminate use of synthetic drugs and antibiotics,
interest in the use of plants has revived throughout the world, and this can be attested from the fact
that most of the pharmaceutical industry is highly dependent on wild population for the supply of

raw material for extraction of medicinally important compounds.

Natural products and their derivatives represent more than 50% of all the drugs in clinical
use in the world and in which higher plants contribute to no less than 25% [3]. During the last 40
years, at least a dozen potent drugs have been derived from flowering plants including: Dioscorea
spp. derived diosgenin from which all anovulatory contraceptive agents have been derived;
reserpine and other anti-hypertensive and tranquilizing alkaloids from Rauwolfia species;
pilocarpine to treat glaucoma and dry mouth, derived from a group of south American trees
(Pilocarpus spp.) in the Citrus family; two powerful anti-cancer agents from the Catharanthus
roseus; laxative agents from Cassia sp. and as a cardiotonic agent to treat heart failure from Digitalis

species.

The expansion of the market for herb demands strict standards for ingredients and

manufacturing. The standardization of the herbal preparations requires a detailed study of their

1
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chemical composition and finding of the active components. Herb remedies that enjoy the greatest

popularity are generally those that have been the most thoroughly investigated.

In this context, and within the framework of the search for molecules with new biological
activities of vegetable origin, it is thus preferable not to choose the plants to be studied randomly,
but to circumscribe them according to their use in traditional or popular medicine that depends
specifically on the empirical knowledge of peoples concerning medicinal substances.

The genus Fraxinus L. belongs to the Oleaceae family and comprises of about 43 species.
In the flora of Algeria the genus is represented by two species Fraxinus xanthoxyloides and
Fraxinus angustifolia [4, 5]. Fraxinus species have been used in folk medicine in different parts of
the world for their diuretic and mild purgative effects as well as for the treatment of constipation,
dropsy, arthritis, rheumatic pain, cystitis and itching scalp [6, 7]. In recent years, an increased
interest in the phytochemistry of the genus Fraxinus has been motivated by the discovery of the
secoiridoid compounds that constitute the major secondary metabolites and shown an interesting
spectrum of biological activities [8]. However, to the best of our knowledge, very few chemical

studies has been carried out on the Algerian Fraxinus species to date.

The main objective of this work was to define the chemical constituents of Fraxinus
xanthoxyloides and to evaluate the anti-oxidant capacity of this plant.

This thesis has been divided into four chapters as following described.
The first chapter, is devoted to the Oleaceae family and Fraxinus genus. The previous
phytochemical studies reported in the literature for this genus are described by referring to the

different groups of secondary metabolites.

In the second chapter, the different groups of the major secondary metabolites described in
first chapter, their biosynthesis pathway and their biological interest are presented in a general way.

The third chapter describes the chemical results of the phytochemical investigation carried
on Fraxinus xanthoxyloides species. The isolation and the structural elucidation of all pure
compounds obtained are reported in details including the spectroscopic analysis conducted by using

NMR and mass techniques.



Introduction

The fourth chapter reports the experimental part describing all the steps of separation and
purification used in this work, and the physicochemical data of all identified compounds. The

manuscript includes a conclusive part that summarizes the contribution given by this thesis to the
phytochemistry of plants.
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1.1 Introduction

Many plants belonging to the Olive family, Oleaceae, have a history of medicinal use in
systems of traditional medicine. With regard to chemical constituents, they have been quite
extensively investigated. They are mainly characterized by the presence of iridoid glycosides and
phenylethanoid derivatives. Coumarins and lignin glycosides are also common in the family, but

they appear to have a more limited distribution [9].

This chapter provides background information on the Oleaceae family and the genus
included in the present work, with emphasis on chemistry and pharmacology.

1.2 The Oleaceae family

The Oleaceae family, is a dicotyledonous family in the order Lamiales. The family
comprises 24 extant genera with about 600 species [10]. The family is distributed on all continents
except the Antarctic, from northern temperate to southern subtropical regions and from low to high
elevations. The members of the family are trees, shrubs, or woody climbers. The taxonomy of the

Oleaceae according to E. Wallander [11] is outlined in Table I.1.

Table 1.1: Taxonomy of the family Oleaceae.

Phylum Magnoliophyta
Class Magnoliopsida
Subclass Asteridae
Order Lamiales
Family Oleaceae

In recent classification of the Oleaceae the subfamily level is abandoned, the family is split into
five tribes (Table 1.2).
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Table 1.2: Tribes and representative genera of the Oleaceae [12]

Tribe Representative genera

Syringa, Ligustrum, Schrebera, Comoranthus,
Oleeae Fraxinus, Chionantus, Forestiera, Haenianthus,
Hesperelaea, Nestegis, Noronhia, Notelaea, Olea,

Osmanthus, Phyllurea, Picconia, Priogymnanthus.

Myxopyreae Myxopyrum, Nyctanthes, Dimetra.
Fontanesieae Fontanesia

Forsythieae Abeliophyllum, Forsythia.
Jasmineae Jasminum, Menodora.

1.3 Presentation of the genus Fraxinus

The genus Fraxinus, the ashes, comprises approximately 43 species occurring in temperate
and subtropical regions of the northern hemisphere. The two main distribution areas are North
America (20 species) and Eastern Asia (20 species). Three species occur in Europe and western
Asia. Fraxinus is a member of the Oleaceae and sole member of the subtribe Fraxininae, in the tribe
Oleeae [12, 13].

The genus is monophyletic and mostly having relatively large imparipinnate leaves and one
seeded samaras. The small flowers have only one pistil and two stamens. The corolla may be lacking
or consists of four (rarely two), white, linear, and free (rarely fused) petals. The synsepalous calyx
is small, cup- shaped, and usually dentate, or lacking. The petaliferous and insect-pollinated flowers
are born in large showy panicles that emerge together the leaves from terminal buds. The apetalous
flowers, which are wind pollinated, occur in lateral or terminal inflorescences. The syncarpous
ovary contains four ovules, two in each locule, but normally develops into one seeded samaras.

Most of the species are large or medium sized trees, but some are shrubs in dry areas [4].
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The genus is divided into six sections: Fraxinus, Sciadanthus, Pauciflorae, Melioides,Ornus and
Dipetalae [11].

Fraxinus species have been used in folk medicine in different parts of the world for their
diuretic and mild purgative, effects as well as for the treatment of constipation, dropsy, arthritis,

rheumatic pain, cystitis and itching scalp [7]

In Algeria, the genus Fraxinus is represented by two native species which are Fraxinus

xanthoxyloides and Fraxinus angustifolia [5].

1.4 Fraxinus chemistry

The presence of coumarins, secoiridoids, and a phenylethanoids is a characteristic feature of

fraxinus species [6].

1.4.1 Coumarins

The coumarins have been found in a free form or as glucosides (Figure 1.1) in all investigated

Fraxinus species so far [8, 14-16].

Figure I.1. Coumarins

R! R? R® R* Trivial name
1 H OH OH H Esculetin
2 H OGlc OH H Esculin
3 H OH OGilc H Cichoriin
4 H OMe OH H Scopoletin
5 H OMe OGilc H Scopolin
6 H OH OMe H Isoscopoletin
7 H OGlc OMe H 7-Methylesculin
8 H OMe OMe H Scoparon
9 H OMe OH OH Fraxetin
10 H OMe OH OGlc  Fraxin
11 H OMe OMe OH Fraxidin
12 H OMe OMe OGlc  Fraxidin-O-B-D-glucose
13 H OMe OH OMe Isofraxidin
14 H OMe OGilc OMe  Calyncantoside
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The coumarins found in the genus Fraxinus are given in Table 1.3.

Table 1.3: Coumarins in Fraxinus species.

Literature Survey

6, 7, 8-Trimethoxycoumarin
8-Acetyl-7-hydroxy-6-
methoxycoumarin
Isofraxetin

Fraxinol

Mandshurin
8-Methoxycoumarin
Floribin
Esculetin-5-O-B-D-glucose

Xanthoxyloidin

Plant source Coumarins References
F. americana 1,2,3,10,18 [6]

F. angustifolia Vahl! 1,2,3,4,6,9,10,18 [17-19]

F. borealis Nakai 1,2,9,10 [6]

F. bungeana DC. 2,10 [18]

F. California Mill. 2,10 [18]
F.caroliniana Mill. 2,3 [19]

F. chinensis Roxb 1,2,3,4,10 [6,17, 18]
F. excelsior L. 1,2,3,4,6,7,9,10,11,12,13,14,18,19 [17-20]

F. floribunda Wall 1,2,9,10,16,20,21 [21-23]

F. insularis 1,2,3 [24]

F. japonica Blume 1,2,4,9,10,11,13,19. [6, 25]

F. lanceolata Borkh. 1,2,3,10,18 [6]

F. mandshurica Rupr. 1,2,9,10,17,18,19 [6, 25, 26]
F. micrantha 1,10 [27]

F. nigra Marsh. 1,2,9,10 [6,17]

F. ornus L. 1,2,3,4,7,8,9,10, 15 [8, 17]

F. pallisiae Wilmott 1,2,4,6,9,10 [17]
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F. pennsylvanica March. 1,2,3,10,18 [6, 18]

F. quadrangulata Michx. 2,3,10 [18, 19, 28]
F. rotundifolia Mill. 2,3,10 [18]

F. rhynchophylla 1,2,3,5,10 [29]

F. sieboldiana 1,2,9,10 [30, 31]

F. syriaca Boiss. 1,2,3,10,18 [18]

F. velutina 22 [7]

F. xanthoxyloides Wall. 3,10, 23 [18, 19, 32]

The coumarin glucosides esculin (2) and Fraxin (10) occur in almost all Fraxinus species
(Table 1.3). However, their ratio varies for different plant sources [6, 8, 17]. For example, esculin
predominates in F. ornus bark and F. syriaca, while in F. excelsior and F. angustifolia it is the

opposite.

1.4.2 Secoiridoids
1.4.2.1 Secoiridoids of oleoside (24) and 10-hydroxyoleoside (25) type

Secoiridoids of oleoside (24) and 10-hydroxyoleoside (25) type having an ethylidene or
hydroxyethylidene groupe at C-9 occur in Fraxinus species (Figure 1.2) [9]. All natural secoiridoids
of this type have the same configuration (H-1 is trans to H-5) and E-configuration of the C8/C9
double bond [33, 34]. The secoiridoids of oleoside type found in the genus Fraxinus are given in
Table 1.4.

OGlc

Figure 1.2. Secoiridoids of oleoside type
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Table 1.4: Secoiridoids of oleoside type found in Fraxinus species

R! R? R3 Trivial name
24 H H H Oleoside
25 OH H H 10-Hydroxyoleoside
26 H H Me Oleoside-7-methylester
27 H Me H Oleoside-11-methylester
28 H Me Me Oleoside-7, 11-

methylester

H

29 H Me

Oleuropein

CH,CHs H

30 H Me CH,CH < > i Ligstroside
31 H H CH,CHs < > OH Demethylligstroside
32 OH Me CH,CHy < > 0 10-Hydroxyligstroside
33 OH H Undenoside

CH2CH2—©—OH H
34 OH Me 10-Hydroxyoleuropein
CH,CH5 OH
35 H H
Me Angustifolioside A
CH,CH5 OGlc

36 H
Me P
CHZCHZ—Q—OGIC Angustifolioside B
37 H
Formoside
CH,CH,OH
Me
38 H
Me CH,CH,OGIc l-O-ﬁ-_D-GIucosyI-
Formoside
39 H
CH2CH2—©—OH Me
Isoligstroside
40 H
CH2CH2—©—OH

H Isoligstrosidic acid
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Butylisoligstrosidate

Fraxiformoside

1"-O-B-D-glucosy! fraxi
formoside

Framoside

Hydroxyframoside A

Hydroxyframoside B

Neooleuropein

Angustifolioside C

Insuloside

1.4.2.2 Derivatives with O-function at C-2""

The 2"-hydroxyoleuropeins 50 (2”R) and 51 (2"S) and their 2"”-methoxyderivatives 52 and 53

(Figure 1.3) were isolated from F. americana [35].

10
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Figure 1.3. Secoiridoids with O-function at C-2"

R! R?
50 OH H
51 H OH
52 OMe H
53 H OMe

1.4.2.3 Acylated secoiridoid glucosides

The acylated derivatives of 10-hydroxyoleuropein (32) designated as fraxicarboside A (54),
fraxicarboside B (55) and fraxicarboside C (56) (Figure 1.4) have been isolated from F. oxycarpa
[15].

H
H CH,CH,00C COOMe
O
= R?
H H
Rl

H

Figure 1.4. Acylated secoiridoid glucosides

11
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R! R? Trivial name
54 H H Fraxicarboside A
55 H OH Fraxicarboside B
56 Ac OH Fraxicarboside C

1.4.2.4 Methylated secoiridoid glucosides

The methylated derivatives 57 and 58 of oleoside-7, 11-dimethylester (28) and ligstroside
(30) (Figure 1.5) were reported to occur in F. angustifolia [36].

ROOC COOMe

OMe
Me

Figure 1.5. Methylated secoiridoid glucosides

R
57 Me

58

1.4.2.5 Macrocyclic secoiridoids

The macrocyclic secoiridoids have been found only in F. ornus, F. uhdei and F. insularis
[14, 24, 37-42]. In them, the two hydroxyphenylethyl units are coupled through a diphenylether

linkage which gives rise to the formation of a flexible macrocyclic ring (Figure 1.6).

12
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OR?2
6"

Figure 1.6. Macrocyclic secoiridoids

R? R? R3 R4 Trivial name
59 H H H H Insularoside
60 H H H OH Hydroxyornoside
61 OH H H H Uhdoside B
62 H B-D-Glc H H Fraxuhdoside
63 H H B-D-Glc H Insularoside-3'-O-3-D-Glc
64 H B-D-Glc B-D-Glc H Insularoside3’, 6”-di-O-B-D-Glc

1.4.2.6 Dimeric secoiridoids

Complex dimeric secoiridoids consisting of two oleoside moieties linked to glucose and/
or tyrosol were also found in the genus Fraxinus. This type of secoiridoids is characteristic for
Jasminum species and occurs rarely in other genera of Oleaceae. The secoiridoids GI-3 (66) and
GI-5 (67) are reported from F. americana [43], while fraximalacoside (68) from F. malacophyla
[44].

13
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0]
A\
MeOOC C
=
o N
0Glc
MeOOC
(0]

H0CH2CH1—®—OOC COOCH2C>|2—®~OOj7 COOCH2CH2—©*OH
|

67

/’/,,5

68

Figure 1.7. Dimeric secoiridoids

14



Chapter 11 Literature Survey

1.4.2.7 Non-glucosidic secoiridoids

Oleobutyl (69) and Ligstrobutyl (70) (Figure 1.8) have been found in F. oxycarpa [36].

HO R
69 OH

70

CH,CH,CH,CH,

Figure 1.8. Non-glucosidic secoiridoids

1.4.2.8 Others

The unique compound frameroside (71), containing a cyclopentanoid monoterpene
esterified with oleoside type secoiridoid glucoside, has been isolated from F. Americana [35].
Epigingiside (72) is considered to be a biogenetic precursor of the oleoside-type secoiridoids [45].

Table 1.5 summarizes the secoiridoids found in the genus Fraxinus.

COOH
COOMe OOMe
H
COOH 3 © TRy
Yy O 0
1
0 OGlc " OGlc

Figure 1.9. Other secoiridoids

15



Chapter 11 Literature Survey

Table 1.5 Occurrence of secoiridoids in Fraxinus species

Species Compounds References

F. Americana 27, 28, 30, 31, 32, 50, 51, 52, 53, 65, 66, 67, 71 [35, 43, 46]

F. angustifolia 28, 29, 30, 32, 34, 35, 36, 48, 54, 55, 56, 57, 58, 66, 67, 69, 70 [15-17, 36]
F. chinensis 29, 47 [47]
F.excelsior 28,29, 30, 32, 37 [17, 20, 48]
F. formosana 30, 37, 38, 39, 40, 42, 43, 44,72 [49]

F. griffithii 30 [50]

F. insularis 29, 30, 49, 59, 62, 63, 64 [24, 38, 39]
F. japonica 29 [51]

F. malacophyla 39, 40, 41, 42, 43, 68 [44]

F. mandshurica 29,30 [6]

F. ornus 29, 30, 44, 45, 46, 59, 60 [17, 41, 42, 52, 53]
F. uhdei 30, 32, 33, 34, 42, 59, 61, 62 [14, 37, 40]
F. velutina 26, 29, 30 [7]

F. pallisiae 28, 29, 30, 32 [17]

F. rhynchophylla 45, 47 [29]

1.4.3 Phenylethanoid glucosides

Nine phenylethnoid glucosides (Figure 1.10) were reported to occur in Fraxinus sepecies.
Verbascoside (73) is found in F. angustifolia [15], F. americana [35, 47], F. excelsior [48], F.
formosana [49], F. insularis [24], F. malacophylla [44], F. ornus [54], F. sieboldiana [30], F.
velutina [7] and F. uhdei [40]. Salidroside (74) is isolated from F. formosana [49], while
calceolarioside A (75) from F. insularis and F. sieboldiana [24, 30] and calceolarioside B (76) from
F. insularis, F. ornus and F. sieboldiana [24, 30, 54]. The occurrence of lugrandoside (77),
isolugrandoside (78), isoacteoside (79) and 2-(4-hydroxyphenyl)-ethyl-(6-O-caffeoyl)-p-D-
glucopyranoside (80) is reported from F. ornus [54]. Campneoside | (81) is isolated from F.

americana [35]. Except salidroside (74), the phenylethanoids in Fraxinus are present as caffeoyl

ester. The derivatives of dopaol (3, 4- dihydroxyphenyethylalcohol) predominate.

16
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Figure 1.10. Phenylethanoid glucosides

R! R? R3 R* RS Trivial name
73 OH H Rha Caff H Verbascoside
74 H H H H H Salidroside
75 OH H H Caff H Calceolarioside A
76 OH H H H Caff Calceolarioside B
77 OH H H Caff Glc Lugrandoside
78 OH H Caff H Glc Isolugrandoside
79 OH H Rha H Caff Isoacteoside
80 H H H H Caff
81 OH OMe Rha Caff H Campneoside |

1.4.4 Compounds belonging to two different structural classes

Frachinoside (82), was isolated from F. chinensis [47], escuside (83), was isolated from F.
ornus [53, 55] and fraxisecoside (84) from F. rhynchophylla [29], belong to this group. Their
molecules consist of a coumarin glucoside and a secoiridoid glucoside, linked through the glucose

of the coumarin part and the carboxyl group at C-7 of the secoiridoid (Figure 1.11).

Desrhamnosyloleoacteoside (85) has been isolated from F. insularis [39]. It contains the

ester linked phenylethanoid calceolarioside A (75) and the secoiridoid oleoside-11-methyl ester
(27).

17
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Figure 1.11. Compounds with two structural classes

18
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1.4.5 Lignans

The lignans in the Fraxinus are mainly of tetrahydrofurofurane (sesamine) type [56]. They
have been found free or as glucosides (figure 1.12). The lignans found in Fraxinus are given in
Table I.6.

R3
6 OR?
3
9' O 7\\\\
) OMe
8
Hiue --||R1
9
R4 W
¥ o
RO s
OMe
Figure 1.12. Lignans
R? R? R3 R* RS Trivial name
86 H H H H H Pinoresinol
87 OH H H H H 8-Hydroxypinoresinol
88 OCOCHz H H H H Acetoxypinoresinol
89 OH H OMe H H Fraxiresinol
90 H H OMe OMe H Syringaresinol
91 OH H OMe OMe H 8-Hydroxysyringaresinol
92 H Glc H H H Pinoresinol-4-O-B-D-glucoside
93 OH Glc H H H 8-Hydroxy pinoresinol-4-O-B-D-glucoside
94 H H H OMe H Medioresinol
95 OGlc H OMe H H Fraxiresinol-8-O-B-D-glucoside

19
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Table 1.6: Lignans in the genus Fraxinus

Species Compounds References
F. angustifolia 86, 92, 93, 95 [6, 15]

F. chinensis 86, 88, 92 [6]

F. japonica 86, 87, 89, 91, 92, 93 [56]

F. mandshurica 86, 87, 89, 90, 91, 92, 93, 94 [6, 56]

quercetin (96) and their glucosides are frequently found.

1.4.6 Flavonoids

Flavones and flavonols are characteristic for the genus Fraxinus. Kaempferol (105) and

In the flavones the glucosidation is

predominantly at C-7, while in the flavonols it is at C-3 (Figure 1.13).

Rl

96 OH

97 OH

98 0O-GIc5-Rha
99 O-Glc

100 O-Rha

101 O-Gal
102 OGal

Figure I.

13. Flavonoids

RZ
OH
OMe
OH
OH
OH
OH

O-Gal

R3

OH
OH
OH
OH
OH
OH
OH

Trivial name

Quercetin
Rhamnetin
Rutin
Isoquercetrin
Quercetrin
Hyperoside

Quercetin-3, 7-digalactoside
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103
104
105
106
107
108
109
110
111

112

113

114
115

(+)-Catechin (116) and (-)-epicatechin (117) have been isolated from F. excelsior [6].

0O-GlIc®-Rha
O-Glc*-Glc
OH

O-Glc
O-GIc®-Rha
OH

0O-Gal®-Rha

I T T I =T

OH
OH
OH
OH
OH
Glc?-Rha
OH
OH
O-Glc8-Rha
O-Glc
O-Glc
O-GlIc8-Rha
OH
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OH Quercetin-3-O-robinobioside
OH Quercetin-3-O-sophoroside
H Kaempferol
H Astragalin
H Nicotiflorin
H Kaempferol-7-O-hesperidoside
H Kaempferol-3-O-robinobioside
H Apigenin
H Rhoiflorin
H Cosmosiin
OH Luteolin-7-glucoside
OH Luteolin-7-rutinoside
0-Glc Luteolin-3'-glucoside

flavonoids found so far in Fraxinus are summarized in Table 1.7.

OH

OH

\\\\\

OH

HO

OH
OH

“0H
OH

117

The
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Table 1.7: Flavonoids from Fraxinus species

Species Compounds References
F. Americana 98, 103, 108, 109, 111, 112, 113, 114, 115 [35, 57]

F. angustifolia 98, 106, 107 [15]

F. chinensis 111,112 [6]
F.excelsior 96, 98, 99, 100, 105, 106, 107, 110, 116, 117 [6, 28, 58]
F. insularis 98, 100 [24]

F. lancheolata 104 [16]

F. malacophylla 112 [44]

F. ornus 96, 97, 98, 99, 100, 101, 102, 110 [59]

F. velutina 98, 107 [6]

1.4.7 Phenylpropanoid glucosides

Coniferin (118), syringing (119) and sinapic aldehyde-4-O-B-glucoside (120) (Figure 1.14)
were found in Fraxinus [16, 59].

R} R R?
1
GleO / R 118 CHOH H
119 CH20H OMe
MeO 120 CHO OMe

Figure 1. 14: Phenylpropanoid glucosides
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1.5 Biological activity

1.5.1 Antimicrobial activity

The ethyl ether fraction of the alcoholic extract of F. excelsior bark was inhibitory to
Bacillus subtilis [60]. Extracts of the leaves of F. excelsior suppressed the growth of the fungi

Gloeosporum limetticolla and Alternaria tennis [61].

Grujic-Vacic et al. tested the antimicrobial activity of aqueous extracts of the leaves and
the barks of F. ornus and F. excelsior against 11 microorganisms and found that the leaves of
both species showed strong inhibitionon the growth of Candida albicans with zones of inhibition
of 25 and 22 mm, while the extracts of their barks expressed inhibitory activity against
Staphylococcus aureus (zones of inhibition 13 and 15mm). Only the bark of F. excelsior was

active against Proteus mirabilis and exhibited zone of inhibition 12mm [6].

The antimicrobial properties of three bark extracts of F. ornus and their main constituents
1, 2, 9, 10 against S. aureus, Candida sp., Esherichia coli and Pseudomonas aeruginosa were
studied [65]. All tested extracts and compounds were not active against E. coli and P. aeruginosa.
Against Candida sp. Only fraxetin (9) and fraxin (10) exhibited some activity. Compound (9) caused
a full inhibition of S. aureus, followed by esculetin (1) and fraxin (10). Esculin (2) was totally
deprived of activity. The activity of the extracts against S. aureus was dependent on their

hydroxycoumarin content.

The antimicrobial activity of different groups of bark constituent of F. ornus was
investigated [63]. In the group of the coumarins 1, 2, 6-10, 15 a clear correlation between structure
and microbial activity against S. aureus and E. coli was observed. Compared to the aglucones
esculetin and fraxetin (MIC 500 and 125 pg/ml, respectively) the glucosides esculin and fraxin
showed a negligible activity (MIC >1000ug/ml).The secoiridoid glucosides 30 and 59 inhibited the
growth of S. aureus and Cladosporum cucumerinum. In another study the caffeoyl esters of
phenylethanoid glucosides 73, 76-81 showed no activity against Pseudomonas stutzeri, while

verbascoside (73) and isoacteoside (79) were inhibitors of B.subtilis [59].
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1.5.2 Complement inhibition and anti-inflammatory activity

The water soluble and methanol extracts of the bark of F. japonica as well as the bark
constituents esculetin (1) and esculin (2) were found to inhibit the rat edema induced by
carrageenan, yeast and dextran. Esculin and esculetin were potent inhibitors of UV erythema in
guinea pigs and decreased capillary permeability in mice [64]. The anti-inflammatory drugs
Esqusan, Esflazid and Anavenol are based on esculin (2) [6].

Bark and leaves of F. excelsior have been used as rheumatic remedy since olden times. The
ethanolic extract of the bark of this plant is a component of plant drug Phytodolor N. In vitro and
in vivo studies proved its anti-inflammatory and anti- rheumatic properties often comparable to

non- steroidal anti-inflammatories, but with little or no side effects [65].

The effects of the ethanolic extract of F. ornus bark and its main component esculin (2) on
some, in vitro and in vivo, reactions related to acute inflammatory processes were studied [66]. The
extract caused a more pronounced reduction of CP (classical pathway) hemolysis compared to
esculin (2). The concentration causing 50% inhibition of CP was found to be 5 pg/ml for the extract
and 10 pg/ml for esculin. In the AP (alternative pathway) assay they exhibited nearly equal dose
dependent inhibition of complement-mediated hemolysis. The full inhibition of AP activity was

achieved at esculin and total extract concentration of 50 pg/ml.

The in vitro effects of the coumarins 1, 2, 6-10 on the classical and alternative complement
activity in normal human serum were examined at different concentrations. All the substances tested
had a moderate or a weak ability to affect at least one of the complement pathways. The effect was
not strictly dose dependent. Some of the compounds exhibited combined effect, activating one of
the pathways and inhibiting the other [67].

Pure secoiridoid glucosides 29, 30, 44, 59, 60 were studied in vitro for their anti-complement
action and for their ability to prevent cobra venom-induced complement activation in normal human
serum [59]. The results showed that most of the secoiridoids possess the ability to suppress CP and

AP activities.
1.5.3 Anti-oxidative activity

Investigations of Meyer et al. reveal the anti-oxidative activities of the alcoholic extract of
F. excelsior bark, a component of the anti-inflammatory plant drug Phytodolor N [68]. Xanthine
oxidase, diaphorase, lipoxygenase, riboflavin and rose Bengal, producing reactive oxygen species,

were studied as model reactions.
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The anti-oxidative action of the total extract of F. ornus bark and its main coumarin
contituents 1, 2, 9, 10 was investigated using kinetically pure triacylglycerols of lard (TGL) and
sunflower oil (TGSO) [69]. The activity of fraxetin (9) and esculetin (1) was higher than that of the
corresponding glucosides fraxin (10) and esculin (2) and comparable to that of other well-known

anti-oxidants such as caffeic acid.

Verbascoside (73), calceolarioside B (76) and isoacteoside (79) are also found to have anti-

oxidative properties [4].
1.5.4 SKkin-regenerating properties

Klouchek et al. investigated the skin-regenerating properties of the ethanolic bark extract
and its main component esculin (2) on male rats having standard oval wounds [53]. The animals
treated with the bark extract exhibited a more intense epithelization of the wounds in comparison
with the control groups. On the third day from the beginning of the experiments 55.80% of
epithelization was observed, the effect being more pronounced between the seventh (84.85%) and

tenth (96.90%) days. A weaker regenerating effect was observed in the animals treated with esculin.
1.5.5 Photodynamic damage prevention

Lazarova et al. used the prevention of photodynamic yeast cell damage to investigate the
protective activity of the coumarins 1, 2, 9, 10, four bark extracts, caffeic acid and as a standard the
sun screen p-aminobenzoic acid [71]. All of the tested pure compounds showed protective activity.
The protective effect of compounds 1 and 9 at concentration of 20 mg/l was comparable to that of
caffeic acid and p-aminobenzoic acid at concentration of 25 mg/I.

1.5.6 Antiviral activity

Galabov et al. investigated the antiviral properties of the coumarins 1, 2, 6, 7, 8, 9, 15 isolated
from F. ornus against poliovirus 1, influenza virus, Newcastle disease virus (NDV) and pseudovirus
[72]. Only esculetin (1) showed a significant activity against NDV.
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1.5.7 Diuretic activity

Traditionally, leaf extracts from F. excelsior have been used to facilitate renal excretion.
This diuretic activity is attributed to the presence of flavonoids. The spray dried powders prepared
from the aqueous and ethanolic extracts from the leaves of this plant caused a significant dose
dependent increase in the excretion of sodium and chloride ions and potassium and were qualified

as potentially useful medicinal products [73].

1.5.8 Anti-hepatotoxic activity

The liver protecting properties of some coumarin and flavonoid components of Fraxinus
species are reported in the reference [74]. Isofraxidin (13) and scopoletin (4) exert pronounced
choleritic activity. Quercetin (96) was found to increase bile secretion and the detoxifying function
of the liver in experimental animals and rutin (98) and nicotiflorin (107) showed low toxicity and

marked choleritic effects when tested on rabbits, rats and mice.
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1.1 Iridoids
11.1.1. Definition

Iridoids represent a large and still expending group of monoterpenoid compounds, being
secondary plant metabolites with characteristic cyclopenta[C]pyran ring (Figure 11.1), also
described as iridane (2-oxabicyclo[4, 3, 0]nonane). Most of the known compounds till to date, have

cis-linked rings and glucose as their sugar moiety [75-79].

Figure I1.1: Chemical structure of cyclopenta|C]pyrane (iridane)

However, the name iridoid is a generic term derived from the name iridodial (Figure 11.2),
compound isolated from some species of Iridomyrmex, a genus of ants, in which they occur as
defensive secretions [80]. The older name of iridoids was pseudoindicans as they were known to

react with acids giving bleu colored derivatives [81, 82].

CH; CH,
CHO /‘\‘
S E— |
—_—
o
CHO Y
3 CH3 OH

Figure I1.2: The two isomeric forms of iridodial

Iridoids were first isolated in the latter part of the nineteenth century, but the detailed
structure of these compounds had not been determined until 1963 [83]. Compounds formed by the

cleavage of the cyclopentane ring of iridoids, as shown by the dotted line in Figure 11.3, are called

secoiridoids [84].

Iridoid carbon skeleton secoiridoid carbon skeleton

Figure I1.3: Carbon skeleton of iridoids and secoiridoids
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11.1.2 Classification of iridoid compounds

Naturally, occurring iridoids have been classified by several authors into different subgroups
on the basis of their demonstrated or postulated biosynthesis as well as on the basis of chemical

properties [85].

According to Sticher and Busch classification [86], natural iridoid compounds in the

broadest sense are divided into five main groups:

1-Methylcyclopentanoid (monoterpenes of the nepetalactone type).
2-ridoids.

3-Monoterpene alkaloids.

4-Secoiridoids.

5-Nontryptophan portions of different indole and isoquinoline alkaloids

On the other hand, EI-Naggar and Beal [87] have summarized only iridoid glucosides,

secoiridoid glucosides and non glucosidic compounds, and omitting all nitrogen containing iridoids.

Secoiridoid glucosides are derived from iridoid glucosides by oxidative cleavage of the

cyclopentane ring and they can be further divided into the following four subgroups [87]:

1- The simple secoiridoid glucosides: Secologanin (121), Sweroside (122).

OH X

OGilc

121 122
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2- Secoiridoid glucosides carrying a phenolic moiety: oleuropein (29)

H
/o} CO,CH;
f ~
//’ (@)
OGlc

3- Secoiridoid glucosides conjugated with a terpene type moiety: Foliaenthin(123).

\\\ OH
(@] (@) (@)
(@)
\
o}
OGilc
123
4- Bisiridoids: Sylvestroside 111 (124).
CO,CHj
\
CHO co
(@)
A
o 3 OGlc
OGilc
124

Inouyer and Uesato [88] have surveyed the biosynthesis of iridoids and secoiridoids and
presented another classification from the biogenetic point of view and hence dividing the
compounds conventionally into non glucosidic iridoids, iridoid glucosides and secoiridoid

glucosides. The first two groups are not further subdivided, whereas the third group is subdivided
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on the basis of biosynthetic pathways and structural similarities into the following four subgroups.

For each subgroup, representative compounds are given.

1- The sweroside (122), gentiopicroside (125) type bearing a vinyl group at C-9.

_° °
N
(@]
OGilc
125

2- The oleoside -10-hydroxyoleoside type: oleuropein (29), 10-hydroxyligustroside (32).

OGilc
32

3- Alkaloidal glucosides containing a secoiridoid skeleton: strictosidine (126).

TZ

CH;00C

126
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4- Hydrangenosides: hydrangenoside A (127).

H

o
o o
CO,CHj;
H H
H
127 OGlc

11.1.3 Biosynthesis of iridoids

The iridoids are of terpenoid origin and their biosynthesis has been fairly well investigated
[10, 88-90], thus it is known that two main routes exist. One main route (Figure 11.4) is leading from
iridodial (128) via iridotrial (129) to deoxyloganic acid (130) which is the known precursor of many
carbocyclic iridoids having the 8B-stereochemistry including loganin and loganic acid (131),
secologanin (132) and secologanic acid as well as the derived secoiridoids and complex indole

alkaloids. Compounds from this route are found mainly in Cornales, Gentianales and Oleaceae.

CHO COOH
OH OH OGlc
128 129 130
COOH CHO COOMe
S IS
H ’ —_— ——» Complex indole
g © © alkaloids
OGilc OGilc
131 132

Figure I1.4: Biosynthetic pathway (route I) to the common precursor deoxyloganic

acid (130), secologanin (132) and to the complex indole alkaloids

Another main biosynthetic pathway (route I1) involves 8-epi-iridodial, 8-epi-iridotrial and

8-epi-deoxyloganic acid; these are precursors for the decarboxylated carbocyclic iridoids such as
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aucubin and catalpol. These compounds are almost exclusively found in Lamiales families and
never in Gentianales or Oleaceae [90]. A few unusual secoiridoids are known to be formed by this

route [48, 91] but they are different in structure from those derived from route 1.

11.1.4 Biological activity of iridoids

As the fact that iridolactones (iridomyrmecin and isoiridomyrmecin), the first structurally
elucidated iridoids, are defensive substances ejected by iridomyrmex ants suggests that there are
several ecologically interesting iridoids. Dolicodial, a secretion of Iridomyrmex and Dolichoderus
species, and anisomorphal, that of Anisomorpha species, are repellents of these insects [92, 93].
Iridolactones also occur in Actinida polygama and extracts are known as a powerful feline attractant
[94].

On the other hand, iridoid glucosides often serve as feeding attractants and stimulants for
larvae of some Lepidopterrae. The larvae of Ceratomia catalpa, the most destructive insect of
Catalpa trees [95].

The two secoiridoid glucosides, oleuropein and its demethylated product
demethyloleuropein, are known to stimulate oviposition of Dacus oleae Gmel., an insect which
infects Mediterranean olive corps [96].

In 1969, Fleming et al. isolated a compound from green olives that appeared to have
antimicrobial properties noted earlier during the fermentation of brined olives. The compound, a
bitter phenolic material was considered to be an enzymatic degradation product of oleuropein.
Latter, they found that oleuropein was not inhibitory, but its hydrolysis product, the aglucone which
possess the antimicrobial properties [97]. In different pharmacological investigations including
acute toxicity, effect on blood pressure, coronary action, antiarrhythmic action, effect on the
intestinal smooth muscles, it was possible to demonstrate that oleuropein has a hypotensive action,

as well as coronary dilating, antiarrhythmic and spasmolytic action [ 36, 97, 98].

The secoiridoid glucosides, amarogentin, amaroswerin and amaropanin, isolated from
gentianaceous plants should be mentioned that they rank among the most bitter known compounds

and crude drugs containing them are used as bitter tonics [97].

In addition, the investigation carried out by Kostova et al. [99] proved that the secoiridoid
glucosides, ligstroside, insularoside, hydroxyornoside, oleuropein, framoside and 10-

hydroxyligstroside possess the anti-inflammatory action.
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I11.2 Coumarins
11.2.1 Introduction

Coumarins owe their class name to ‘Coumarou’ the vernaculair name of the tonka bean
(Dipteryx odorata Willd, Fabaceae), from which the coumarin, it was isolated in 1820 [100].
Coumarin is classified as a member of the benzopyrone family of compounds. The benzopyrones,
all members of which consist of a fused benzene and pyrone ring (Figure 11.5), can be sub-classified
on the basis of the position of the oxygen atom within the pyrone ring - the benzo-a-pyrones, to

which the coumarins belong, and the benzo-y-pyrones, of which the flavonoids are the principal

0
soWse
A O

a-Benzopyrone v-Benzopyrone

members.

Figure I11.5: Chemical structure of the benzopyrone sub-classes, with the basic coumarin

structure (benzo-a-pyrone) and flavonoid (benzo-y-pyrone) structure.

11.2.2 Occurrence

By virtue of its structural simplicity coumarin has been assigned as head of the benzo-a-
pyrones, although it is generally accepted that 7-hydroxycoumarin (umbelliferone) be regarded as
the parent compound (see below). Since 1820, when coumarin was first isolated from the tonka
bean by Vogel, over one thousand coumarin derivatives have been described. These have been
mainly isolated from natural sources. The derivatives range from simple coumarins with hydroxyl,
alkoxyl and alkyl side chains, to more complex forms containing furanoyl, pyranoyl and benzoyl
functions (Table 11.1) [100,101].
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Table 11.1: The four main coumarin sub-types.

Classification Features Examples
Simple coumarins Hydroxylated, alkoxylated or ‘ Y
alkylated on benzene ring N

7-hydroxycoumarin

/7 \/1 | \i
Furanocoumarins .
5-membered furan ring attached \0 AN A

to benzene ring. .
Linear or Angular Psoralen nagelicin

. 6-membered pyran ring attached to /l
Pyranocoumarins benzene ring. /\/
/ \/\

Linear or Angular

Seselin xanthyletm
Pyrone-substituted Substitution on pyrone ring, | \| o ©
coumarins often at C-3 or C-4 position N .
Warfarin

Both Murray et al. [102], and Keating and O’Kennedy [103] have reviewed the botanical
source of all naturally isolated coumarin compounds. Coumarins are usually found free, or in
combination with sugars as glucosides, in many plants, especially those of the Umbelliferae,
Rosaceae and Rutacecie families. They are found distributed throughout the roots, leaves, stems
and fruits, occurring at highest levels in the fruits, but the levels tend to vary with seasonal and
environmental changes [104]. Generally, a number of different coumarins are found within one
plant. The role of coumarins in plants is still obscure, although their distribution appears to correlate
with an ability to protect against disease or infection [104]. It has also been suggested that their role

may be as plant growth regulators [105].
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11.2.3 Biosynthesis of coumarins

Simple coumarins are the most common in all angiosperms, especially in Oleaceae and
Asteraceae, and their occurrence is of 100% and 98, 68%, respectively [106]. Simple coumarins are
biogenetically derived from shikimic acid, via cinnamic acid. The specificity of the process is the
C-2 hydroxylation, producing a break (B3-oxidation) of the side chain, or chain isomerization and
subsequent lactonization, generating the umbelliferone. Figure I1.6 explains the entire process [107,

108].
COOH COOH COOH N\ 00
ﬁv —
0Gle
cinnamic p-coumaric Trans -2' 4'-dihydroxy Trans-2'-glucosyloxy,4'-
acid acid cinnamic acid hydroxycinnamic acid

N 7
— COOH L H
0Gl \ \O 0
H ¢ H

umbelliferone
Figure I1.6: Biosynthesis of simple coumarins
Pyrano and furanocoumarins are also biogenetically derived from shikimic acid. These
coumarins could be divided in two groups—Iinear and angular—depending on the position where
the isopentenyl pyrophosphate is condensed to further cyclize and form the heterocycle. The
biosynthesis of these complex coumarins could also be the result of the cyclization of a simple
coumarin previously prenylated [108-110].

11.2.4 Uses
11.2.4.1 Industrial uses of coumarins

Coumarin, with its strong, pleasant fragrance, is one of the most extensively used synthetic
aroma chemicals [111]. It is applied in a variety of industrial settings, the most important being the
perfumery industry. It is widely used by perfumists to enhance the fragrance of many essential oils
such as lavender, rosemary and citrus, in addition to a more limited use in other cosmetics such as

lotions, talcum powders, etc. 6-methylcoumarin, with a more subtle odour, is also a popular choice.
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Coumarin has enjoyed only limited use as a food additive, but it has been included as an
odour enhancer in tobacco products and is commonly used as an odour-masker, with applications

in the paints, plastics and synthetic rubber industries.

11.2.4.2 Analytical uses of coumarins

The coumarin family of compounds has also found widespread use in many analytical
scenarios [112-115]. In many cases this application arises from their inherent fluorescence
properties, which offer increased sensitivity in detection, compared to absorbance/colourimetric

measurements.This area has been extensively reviewed recently by Cooke et al. [104].

11.2.4.3 Clinical Uses of Coumarins

Coumarin compounds have been shown to possess a wide variety of useful pharmacological
and physiological activities (Table 11.2). The lead for the discovery of many such properties was
taken from traditional medicines, and benzopyrone compounds are now known to be the active
agents in many folk remedies [116, 117]. In the clinical arena, it is the activation of the immune
system by coumarin, which has led to its use in a variety of disease states, including High Protein
Oedemas, chronic infections and immune system disorders. Other coumarin derivatives have
proven important in anti-coagulation therapy, and more recently as potential HIV therapies [118-
120].

Table 11.2: The important pharmacological and physiological activities of coumarins

Pharmacological activity References
Analgesic [121]
Anti-coagulant [121, 106]
Anti-inflammatory [123, 124]
Anti-microbial/Anti-viral [121, 106]
Anti-oxidant [125, 126]
Anti-pyretic [127]
Sedatory [125]
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11.3 Flavonoids

11.3.1 Introduction

Flavonoids are molecules characterized by a C15 structure (C6-C3-C6) with a heterocyclic
benzopyran ring (C ring), an aromatic ring (A ring) and a phenyl constituent as the B ring (Figure
11.7), all of them with several structural variations. This family is divided in five major classes
(flavones, flavonols, flavanones, flavanols and anthocyanidins), according to their oxidation state,
the connection of an aromatic ring and the functional groups of the C ring. Up to this moment, more

than 4000 flavonoids have been identified in plants, mainly occurring as glucosides [129,130].

2‘/ 4
1 B
(@) 1\ 5
7/ 9 2
A | C
6 10 ’
5 2

Figure I1.7: General structure of flavonoids

11.3.2 Structure variation in flavonoids

Chemically, flavonoids consist of a benzopyran-4-one (rings A and C) carrying a phenyl
unit (ring B) at C-2 position as substituent. Flavonoids are distinguished in different classes
depending on the degree of oxidation at C-3 in ring C. The major classes of flavonoids are shown
in Figure 11.8.

In flavones and flavonols, the location of the hydroxyl/methoxyl group is usually at C-5, C-
7 (ring A) and at C-3', C-4' (ring B) whereas it is rarely at C-2' and C-6' (ring B). The identification
of complex mixtures of flavonoids is reported in the literature. This has been achieved by
combination of standard techniques including spectroscopy (*H and *C NMR), hydrolysis (acid,
alkali and enzymic), TLC and comparison with authentic standards.

Some flavonoids contain alkyl groups (mainly methyl group) linked to C-5, C-6, C-7, and
C-8 in the ring A; C-2', C-3', C-4' in the ring B; and C-3 in the ring C. Modifications to the
hydroxylation patterns in the two aromatic rings may occur, generally at flavanone or
dihydroflavonol stage, and methylation, glucosylation, and dimethylallylation are also possible,
increasing enormously the range of compounds. Thus, a large number of flavonoids occur as O-
glycosides (mainly glucose derivatives) in which one or more of the hydroxyl groups of the
flavonoid are linked to one sugar or more via acid labile hemiacetal bonds. The effect of

glucosylation is that flavonoids are less reactive and more soluble in water.
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Figure I11.8: Major classes of flavonoids

Several flavones and flavonols occur in a conjugated form, covalently linked to inorganic
bisulphate (or sulphate). Such compounds contain one or more sulphate residues attached to a
hydroxyl on the favonoid or sugar moiety. Sulphate flavonoids were found in some seagrasses such
as Thalassioideae (Thalassia testunidum) and Zosteraceae (Zostera marina) [131, 132].

Acetyl and malonyl are the most common residues among the aliphatic acyl groups and have
been reported in various naturally occurring O- and C-glucosyl flavonoids including flavones,

isoflavones, flavonols and anthocyanins.

11.3.3 Biosynthesis of Flavonoids

Flavonoids are products from a cinnamoyl-CoA starter unit derived from L-tyrosine via the
enzyme phenylalanine ammonialyase (PAL), that undergoes a chain extension by adding three
molecules of malonyl-CoA. This gives a polyketide, which, according to the nature of the
responsible enzyme, can be folded in two different ways generating aromatic rings by either aldol
or Claisen—like reaction. Enzymes stilbene synthase and chalcone synthase couple a cinnamoyl-
CoA unit with three malonyl-CoA units giving stilbenes, such as resveratrol or chalcones, such as
naringenin—chalcone, respectively [133].
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Chalcones act as precursors for a vast range of flavonoid derivatives found throughout the plant
kingdom. Most contain a six membered heterocyclic ring, formed by Michael-type nucleophilic
attack of a phenol group on the unsaturated ketone giving flavanones such as naringenin (Figure
11.9). Flavanones can then give rise to many variants on this basic skeleton, such as flavones,

flavonols, anthocyanidins, and catechins [134].
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4-hydroxycinnamoyl-CoA malonyl-CoA
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resveratrol Naringenin-chalcone Naringenin a
(a stilbene) (a chalcone) flavanone

Figure I11.9: Biosynthesis of flavanone: exemple of naringenin

11.3.4 Biological activities of Flavonoids

Flavonoids are particularly beneficial, acting as antioxidants, anti-inflammatory, antimicrobial,
analgesic, neuroprotective and giving protection against cardiovascular disease, and certain forms of
cancer [135-143]. Their polyphenolic nature enables them to scavenge injurious free radicals such as
superoxide and hydroxyl radicals. In particular, quercetin, which is commonly present in substantial amounts
in plants tissues, is a powerful antioxidant, chelating metals, scavenging free radicals, and preventing
oxidation of low density lipoprotein. Kaempferol, anthocyanidins, and catechins are also demonstrated to be
effective antioxidants.

Flavonoids have been previously shown to exhibit anti-inflammatory activity. Apigenin
showed significant inhibition of fibroblast growth at all concentration from 0.01 to 100 pg/ml.

Kaempferol is reported to inhibit granulation tissue formation induced by croton oil and to
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protect against gastric ulcers induced by pyloric ligation and restraint stress in rats.
Anthocyanins and their aglycone, cyanidin, have been also shown to have antiinflammatory properties.
Anthocyanins were tested for their ability to inhibit prostaglandin endoperoxide hydrogen synthase-1 and 2
(PGHS-1 and 2). The glucosides showed little or no activity whereas the aglucone cyanidin displayed
significant inhibitory activity against both enzymes with IC50 values of 90 and 60 uM, respectively
compared with 1050 uM for aspirin in both tests.

11.4 Phenylethanoid glucosides

11.4.1 Introduction

The phenylethanoids are a diverse and widely distributed group of plant secondary metabolites
characterised by the presence of a C¢C> moiety. Like the closely related phenylpropanoids (which
feature a C¢Cs moiety). Structuraly, they are cinnamic acids and hydroxyphenyl ethyl moieties
attached to a R-glucopyranose through ester linkages and glucosidic linkages, respectively (Figure
11.10) [70]. Common hydroxycinnamic acids enclose the caffeic acid, cinnamic acid and ferulic
acid, while rhamnose, apiose or arabinose are the most usual sugars found. Phenylethanoid
derivatives, which are bonded to iridoid glycosides by ether or ester bonds, have been isolated
recently [144]. To date several hundred compounds of this type have been isolated from medicinal
plants and further pharmacological studies in vitro or in vivo have shown that these compounds
possess a broad array of biological activities including antibacterial, antitumor, antiviral, anti-
inflammatory, neuro-protective, antioxidant, hepatoprotective, immunomodulatory, and tyrosinase
inhibitory actions [145].

5

Figure I1.10: General struture of phenylethanoid glucosides
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11.4.2 Biosynthesis

The phenylethanoids are products of the shikimic acid biosynthetic pathway, with mixed CesC>/
CeCs glucosides commonly occurring [146]. The shikimic acid pathway (Figure 11.11) starts with
the formal aldol coupling of the glucolysis product, phosphoenolpyruvate (PEP) (133), with
erythrose-4-phosphate (134), from the pentose phosphate cycle, to give 3-deoxy-D-arabino
heptulosonate7-phosphate (135) [147]. 3-Dehydroquinate (E2) synthase then mediates the
conversion of 135 to 3-dehydroquinate (136) via a five step sequence. The C(5) alcohol is initially
oxidised, followed by enolisation and E1cB-type elimination of phosphate. Subsequent reduction
of the C(5) ketone, ring opening and aldol addition form the cyclohexane ring to give 3-
dehydroquinate (136) [148-150]. 3-dehydroquinate (136) is then dehydrated to give 3-
dehydroshikimate (137), which is subsequently reduced to give shikimic acid (138), the first key
intermediate in the shikimic acid pathway. In plants these two steps are catalysed by a single
bifunctional 3-dehydroquinate dehydrataseshikimate dehydrogenase enzyme (E4). Shikimic acid
(138) is phosphorylated by Shikimate kinase/ATP (E5) to give shikimic acid 3-phosphate (139),
which is then converted to 5-enolpyruvylshikimate-3-phosphate (140) via the 5-
enolpyruvylshikimate 3-phosphate synthase (E6) mediated addition of an enolpyruvate moiety from
PEP (133). The next key intermediate, chorismic acid (141) is formed via a chorismate synthase
(E7) mediated 1, 4-eliminatation of hydrogen phosphate from 140. Chorismic acid (141) serves as
an important branch point, where the biosynthetic pathway diverges to ultimately give tryptophan
on the one hand and tyrosine/phenylalanine on the other [147].

The phenylethanoids and phenylpropanoids are products of the tyrosine/phenylalanine branch of
this biosynthesis. Along this branch, chorismic acid (141) undergoes a chorismate mutase (E8)
mediated formal Claisen rearrangement to give prephenic acid (142). Several pathways may then
operate to convert prephenic acid (142) to tyrosine (143) and phenylalanine (144); however, overall
they all involve transamination to install the amino group, decarboxylation and aromatisation.ss,3s
At this point the biosynthesis of phenylpropanoids and phenylethanoids diverge. In the case of the
biosynthesis of phenylpropanoids and phenylethanoids diverge. In the case of the
phenylpropanoids, tyrosine (143) and phenylalanine (144) feed directly in as the Ce C3 building
blocks necessary to produce the diverse range of phenylpropanoid natural products. Alternatively,
decarboxylation of tyrosine (143) or phenylalanine (144) can produce CsCz2 units required to feed
into the biosynthesis of phenylethanoid natural products [147].
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I11.1 Botanical reminder

Fraxinus xanthoxyloides (G.Don) Wall. ex A.DC. is a small tree (4-5m), characterized by
apetalous flowers with calyx, except that the male flowers lack calyx. The flowers are polygamous
and wind pollinated. The leaves are relatively small (7-15cm) with a more or less winged leaf-
rachis. The fruit is a samara, normally one-seeded. Bark pale grey or whitish with reticulate carks
(Figure 111.1) [13, 151].

Figure 111.1: Foliage with small compound leaves of the Algerian species

Fraxinus xanthoxyloides.

Fraxinus xanthoxyloides is a mountain species. It is distributed in Northern areas of
Pakistan, Afghanistan, India, Moroco and in Algeria [152]. According to Quezel and Santa [5], we
find this ash in Aures, Belezma, ountains of Hodna and in the Saharan Atlas. The common name
is “ Dimorphic Ash ”, in Arabic is “ Dardar ”; In Tamazight “ Touzzalt ” in the Sousse region and

the High Atlas in Moroco and “ Imts or Imtese ” in the the Middle Atlas [153].
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This species is classified as below [13]:

Family: Oleaceae
Subfamily: Oleoideae
Tribe: Oleeae
Genus: Fraxinus

Section : Sciandanthus

Species: Fraxinus xanthoxyloides (G.Don) Wall. ex A.DC.

English name: Algerian Ash.
Synonyms: Fraxinus dimorpha Coss. & Dur. [154].
Fraxinus xanthoxyloides (G. Don) DC. [4].

111.2 Traditional uses of Fraxinus xanthoxyloides

Leaves and root bark of Fraxinus xanthoxyloide are used for the treatment of jaundice,
malaria and pneumonia [155]. Stem bark is used in the form of decoction to reduce pain during
labor [156], expulsion of pre-mature infant after death [157]. Decoction of stem/twigs is also used
in wounds and bone fractures in cattle [158].

111.3 Previous phytochemical works

A few chemical studies has been carried out on the species F. xanthoxyloides growing in
Pkistan and lead to the isolation of a new biscoumarin (xanthoxyloidin (23)) together with esculetin
(1), 5, 7- dihydroxycoumarin (121 ) and 6,8-dihydroxy-7-methoxycoumarin (122) from the
methanolic extract of the whole plant [32].

OH HO

/l cH, o) @)
HO \O O

OH
122

In 1968, the work done by Plauvier [18, 19] has allowed to isolate the following coumarins:

cichoriin (3) and fraxin (10). Another phytochemical study has been carried out on the
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Algerian species F.xanthoxyloides (G.Don.) DC. lead to the isolation of cichoriin (3), ligstroside
(30) and formoside (37) [159].

111.4 Exractive chemistry
111.4.1 Extraction

From the dried and powdered material, extraction was carried out by using methanol solvent.
After filtration and concentration, a viscous solid was obtained. The below diagram summarizes the
different stages of extraction of both stem bark and leaves of F. xanthoxyloides species
(Figure 111.2).

u After 48 h X3

VR
EESEES —

Figure 111.2: Scheme of extraction of the stem bark and the leaves
of Fraxinus xanthoxyloides
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111.4.2 Purification

The comparison of the TLC profiles of the two extracts obtained in different elution
systems (CHCI3:MeOH:H>0, EtOAc) clearly shows their richness in secondary metabolites,
particularly of the coumarins and secoiridoid compounds, which prompted us to chemically

explore the two extracts.

111.4.2.1 Fraxinus xanthoxyloides stem bark (FXB)

10g of the methanolic extract were fractionated by using polyamide 6 column
chromatography in reversed phase. The elution was carried out with Water:MeOH gradient system.
Nine main fractions were collected according to their chromatographic profiles. These fractions
were subjected to purification by using a combination of different chromatographic technics. Thus,

ten compounds were isolated, one of which was a new coumarin-secoiridoid (Figure 111.3).

( 10 g of the Methanolic extract )

Polyamid 6 Column Chromatography
Elution system :
H,0:MeOH (100 :0 to 0 :100)

! P 1

1.82) (636 mp) (550mg) o
Lobar Column Lobar Column Lobar Column (470 mg)
(RP-8, size B) (RP-8, size B) (RP-8, size B)

Lobar Column

(RP-8, size B)

51.3
-Sephadex LH-20 @3 me) (33.3 mg)

PTLC

Figure 111.3: Scheme of purification of the products of the MeOH extract of

F. xanthoxyloides stem bark
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111.4.2.2 Fraxinus xanthoxyloides leaves (FXL)

Fractionation of 15 g of the methanolic extract was carried out by column chromatography
of polyamide 6 using H>O:MeOH gradiant eluent ranging from (100:0) to (0:100). Thirteen
fractions were collected according to their chromatographic profiles. Fractions F2, F3, F4, F6 and
F8 (found to be interesting) were chromatographed using different chromatographic technics (TLC,
Sephadex LH 20 Column chromatography and Lobar column). The purification lead to the isolation

of nine compounds (Figure 111.4).

E 15 g of the Methanolic extract J

Polyamid 6 Column Chromatography
Elution system :
H,0:MeOH (100 :0 to 0 :100)

) ! | |
F2 B F4 F6'
(129¢) (340 mg) (129 mg) (725 mg) F8
Lobar Column Sephadex Sephadex (400 mg)
(RP-8, size B) LH20 LH20 Sephadex
Sephadex  F4-1 F6-1 LH20
& ‘I‘ LH20 (203 mg) L
F2-1 FZ!S (50}1;5) Column Lobar Column F8-1
@8mg  (l4mg Jﬁ"jg ieh) (RP-18, size ) (160 mg)
PILC Compound 5 Silica gel CC
PTLG] (Bémg L
Compound 9
Compound 3 (53.6mg)
(10.5 mg) :
Compound 8
(11.4 mg)

Figure 111.4: Scheme of purification of the products of the MeOH extract of

F. xanthoxyloides leaves.

All the structures of the isolated compounds (1-17) from both leaves and stem bark are illustrated

bellow.
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OH

Esculetin (7)

Rha

Nicotiflorin (8)

2-(3, 4-dihydroxy)phenylethyl-O-
B-D-glucopyranoside (10)

7
CH,

O
./
HO 1 H,

Salidroside (11)
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HO

OH OH HO
HO H

Osmanthyside H (12)

Coniferin (14)
OH

0 3
7\\\\\\\
0! 7 \ 7 \\\\\ \
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> ||I|OAC
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‘\\\\\‘

0 7\' 9
N 0
HO 0 0
1"
OCH,
OH
HO
HO
Ho OCH;
8-hyroxypinoresinol-4'-0-B- 8-acetoxypinoresinol-4-O-[3-
D-glucoside (16) D-glucoside (17)
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111.4.3 Characterization of the obtained products

The structures of the isolated compounds have been determined on the basis of physical and
spectroscopic analysis, including 1D and 2D NMR (*H, *C, HSQC, HMBC and ROESY) and mass
spectrometry (HRMS), measurement of the optical rotation [a]p?° and by chemical transformations.
The known compounds were identified by comparison of their spectroscopic data with those

reported in the literature.

111.4.3.1. Identification of coumarin-secoiridoid compounds

111.4.3.1.1 Structure elucidation of compound 1

HO O v °

HO Ho

Fraxetin-7"-O- [11-methyl-oleosidyl- (7—> 6™)]-B-glucopyranoside

(Isofraxisecoside)

This compound was isolated from the stem bark as a yellow amorphous powder, [a]p® = -
135.8 (c = 0.095, MeOH), with a dark blue fluorescence under UV light at 254 nm indicates a
secoiridoid skeleton [160]. The UV spectrum (Figure 111.5) recorded in methanol showed absorption
maxima at 229.5, 328.5, 335.5, 345.0, suggesting a conjugated aromatic system [55].
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Figure II1.5: UV spectrum of compound 1

The high resolution mass spectrum HR-ESI-MS (Figure 111.6) obtained in negative
electrospray mode showed deprotonated molecular ion [M-H] at m/z 755.20404 pointing out

molecular formula C3s3Ha0020 (calcd. for Caz H3gO2 : 755.2038).

- FTMS - p ESI Full ms [100.0000-1000.0000]
100

755.20404

725.3501¢€
178.97694

954.04522
800 1000

280.98308
) 498.78376 628.74481 ) 809'1,2257

miz

Figure II1.6: Mass spectrum HR-ESI-MS of compound 1
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The main diagnostic ion peaks in the ESI-MS/MS of compound 1 (Figure 111.7) are formed by

cleavage of the glucosidic linkage between the secoiridoid glucoside and the coumarin aglucone

moiety. The first peak at m/z 755.204 for the pseudo-molecular ion and the second ion peak at m/z

207.029 for the coumarin aglucone unit. A proposed pathway for fragmentation of compound 1 is

given in Figure 111.8

FXB7A #1748 RT:5.06 AV: 1 NL: 1.16E5
F: FTMS - p ESI d Full ms2 755.2043@hcd33.33 (52.6667-790.0000)
100 207.02925

369.08289
306.21549

300

163.00288
568.53503

600

200

100 400 500

755.20477

Figure I11.7: Mass spectrum HR-ESI-MS/MS of compound 1

m'z 369
A
]
OCHj 0
o CH5—0—1—C
O\:%\
]
o) o) ' HO OH
m'z 207 | of
i =

COOCH;

O0O—Glc

Figure I11.8: Proposed fragmentation patterns for [M-H|
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Detailed analysis of its *H, *C, HSQC, HMBC and ROESY spectra indicated the presence

of two structural units: a secoiridoid glucoside and a coumarin glucoside.

The NMR spectrum (Figure 111.9) of compound 1 recorded in CD3OD shows signals of
aromatic protons resonating between 6.04 and 7.83 ppm and glucosidic protons between 3.28 and

4.85 ppm.

&3 A334500 .;’..‘1“..0“:‘-
P (40744 . 223333350 cdnsana
'.“'l‘-"'.' e s & -

glucosidic protons
3.28 —-4.85

S i
r g

pd
~
!
|

aromatic protons
6.04 — 7.83

& >
~ 7

Figure 111.9: 'H NMR spectrum of compound 1

The structural analysis of the *H NMR spectrum (Figure 111.10) reveals:

» Two signals with 64 6.04 and 7.83 of 1H integration of each, in the form of doublet. The
value of the coupling constants between those protons (J = 9.3 Hz) indicates that the

coupling is of ortho type.
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Figure I11.10: "H NMR spectrum of compound 1

Moreover and according to the ROESY spectrum (Figure 111.13), these two protons belong

to the same spin system, corresponding to H-3" and H-4" protons of the coumarin moiety

(Figure 111.112).
H
5 v oH
\ 3"
0 0

Figure II1.11: ROESY correlation between H-4" and H-3"
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» One aromatic proton at 6+ 6.84 of 1H integration in the form of singlet (figure 111.10).
The ROESY experiment (Figure 11.13), showed a cross peak between this signal and the

proton H-4", so it is assigned to H-5".

H-4"/H-3"

&

€D
H-4"/H-5"

, o

w1,
FUTR R O |

Figure I11.13: ROESY spectrum of compound 1

56



Chapter 111 Phytochemical stud

The signals of three protons at 84 6.04 (1H, d, J = 9.3 Hz, H-3"), 64 7.83 (1H, d, J = 9.3 Hz, H-4")
and on 6.84 (1H, s, H-5") indicated a 6-, 7-, 8- substituted coumarin structure.

Also, the *H NMR spectrum (Figure 111.10 and 111.14) exhibited typical signals of an oleoside type
secoiridoid which are:

» An olefinic signal at 6 7.50, correlating on HSQC spectrum with carbon C-3 resonating at
155.38 ppm.

» Asignal at on 5.87 in the form of singlet integrating for one proton was characteristic of
the acetalic proton H-1.

» A methine proton resonating at 3.87 ppm corresponding to H-5.

» Asignal at 61 6.05 corresponding to the olefinic methine proton H-8.

Besides these signals, the *H NMR spectrum (Figure 111.10 and 111.14) allows to show:

» Two methoxyls at 61 3.84 and 3.68.

» Two anomeric protons resonating at o4 4.85 (d, J = 7.8 Hz).

» An olefinic methyl double doublet at 61 1.61 (J = 1.1, 7.2 Hz) was characteristic for the
protons Hs-10.

» Signals of glucosidic protons between 3.28 and 4.33 ppm were attributed to protons of at

least two sugars.

Ry 2ZIRS

|

Figure I11.14: '"H NMR spectrum of compound 1
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The 3C NMR spectrum and DEPT 135 of compound 1 (Figure 111.15 and 111.16) make it possible
to count 33 signals corresponding to 33 carbon atoms, which are distributed as follow:

Three carbonyl carbons of an ester at dc 173.74, 169.32 and 165.34.
Four oxygenated aromatic carbons resonating between 133 and 156 ppm.
Three aromatic CH between 100 and 148 ppm

Three quaternary carbons at ¢ 129.96, 109.26 and 108.28.

Two olefinic carbons at ¢ 155.38 and 125.32.

One acetalic carbon at dc 95.309.

One methine carbon at 6¢ 31.45.

YV V. V V V V V V

Ten CH resonant between 70 and 107 ppm corresponding to the carbons of two sugar
units.

» Two oxymethylene groups at 6c 65.01 and 62.12 and one methylene carbon at 6¢c 41.33.
> A sp® carbon at 5¢c 13.63.

» Two methoxyls (OCHz) detected at 6¢ 56.77 and 52.53.

—173.7383
— 168.3184
— 165.3307
— 155.3927
— 160.0030
— 147 4882
— 145.T666

— 133.4923
— 129.9509
—125.3213
— 96,3937
— 62,1210
— 62,6316
— 13631

glucosidic
carbons

Figure II1.15: “C NMR spectrum of compound 1
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glucosidic
carbons

]

FXE-TA 12 1 -

. I.JI [T O R OY ..|..||||Il..|| IR N Y Y
100

Figure I11.16: DEPT experiment of compound 1

The combined analysis of the HMBC and HSQC spectra (Figure 111.17, 111.18, 111.19 and 111.20)
allowed the elaboration of the following parts:

The coumarin glucoside unit:

» The H-3" and H-4" protons already identified coupling in HSQC with their carbons at d¢c
108.11 and 147.49 correlate on the HMBC spectrum in 2J and 3J with the carbonyl carbon
at 8¢ 165.34 (C-2") and in 3] and 2J with the quaternary carbon at 8¢ 108.28 (C-10"),
respectively.

> The carbon C-9" (5c 145.77) was identified further to the presented correlation in 3J with
the protons H-4" and H-5".
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» The chemical shift of the C-7" was localized at 6c 133.49 following to the correlation
which it had in 3] with the anomeric proton H-1". The chemical shift of the anomeric
carbon C-1" (6¢ 106.30) was determined by HSQC experiment.

> The proton H-5" correlate on the HMBC spectrum in *J with the oxygenated aromatic
carbon C-8" at &¢c 155.39.

3" on °H
Figure I1.17: The most important HMBC correlations of the
coumarin unit of compound 1

&
®
H-5""/C-5" @'HLS’"/C‘G" @

H-1"/C-1"

H-4"/C-4"

ppm (12}

Figure I11.18: The HSQC spectrum of the coumarin unit of compound 1
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H-3"/C-10" @

H-4"/C-10"

H-4"/C-7" g
® - H-1"/C-7"

H-4"/C-9" N H-5"/C-9"

%r— H-5"/C-4"
H-5"/C-6"

H-4"/C-2" H-5"/C-8"

H-3"/C-2"

Figure I11.19: The HMBC spectrum of the coumarin unit of compound 1

The signal at ¢ 56.78 corresponding to the aromatic methoxyl OCHz group (6+ 3.84) was
determined by HSQC and HMBC experiments (Figure 111.20 and 111.21).

E

OCH,-6"/OCH3-6" |

OCHa-6"

Figure I11.20: The HSQC spectrum of the coumarin unit of compound 1
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OCH, -6"

||| ‘

EeES

OCH, -6""/C-6"

Figure I11.21: The HMBC spectrum of the coumarin unit of compound 1
The ROESY association of the aromatic one proton singlet at 51 6.84 with both the olefinic

H-4" signal at o 7.83 and the methoxy resonance at 6n 3.84 provided strong evidence for the
location of the single aromatic proton at C-5" and the methoxyl adjacent at C-6", consistent with
its ¥C NMR chemical shift (3¢ 56.78) (Figure 111.22).

H-5"/OCH, -6"
>

Figure I11.22: The ROESY spectrum of the coumarin unit of compound 1
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The doublet at 4.85 ppm was attributed to the anomeric proton of a sugar and the coupling
constant (J = 7.8 Hz) indicates that it is of a B-configuration. The signal at ¢ 106.30 corresponding

to the anomeric carbon C-1" was determined by HSQC experiment (Figure III. 18).

Also, the presence of the B-D-glucosyl group was confirmed by the 3C NMR spectra which
show a signal at 6c 106.30, another signal of oxymethylene carbon at 6¢c 65.01 (C-6") and other
oxymethine carbon signals resonating at 6c 74.82(C-2"), é¢c 77.41 (C-3"), 6¢ 70.95 (C-4"), 6¢c 75.35
(C-5M[161, 162].

The glucoside moiety was linked to C-7" of the coumarin nucleus as strongly evidenced by
the HMBC correlation between the anomeric proton H-1" (6n 4.85) and C-7" (6¢ 133.50) (Figure
111.19).

Based on these findings, the coumarin part of compound 1 was identified as Isofraxoside

(Fraxetin—7-O—p—glucoside) [163], a rarely found metabolite (Figure 111.23).

OCHj,

Figure I1.23: The coumarin unit of compound 1

The secoiridoid glucoside unit:

» The ethylenic proton H-3 (dn 7.50) and the allylic acetal proton H-1 (6+ 5.87), coupling in
HSQC (Figure 111.24) with their carbons resonating at ¢ 155.38 (C-3) and 95.39 (C-1). The
proton H-3 correlates on the HMBC spectrum (Figure I11. 25) with the acetalic carbon C-1
and with two quaternary carbons appearing at 169.32 and 109.26 ppm. The distinction
between these two carbons was easy because it is a C-11 carbonyl (dx 169.32) and the
quaternary olefinic carbon C-4 (61 109.26).

» The two signals detected at 6 1.61 (dd, J = 1.1, 7.2 Hz, Me-10) and 6.05 (overlapped, H-
8), coupling in HSQC experiment with the corresponding carbons C-10 (6c 13.63) and C-8
(8¢ 125.32).
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H-1'/C-1'

i* H-3/C-3
&>

H-1/G-1"
@

H-1'/C-1
@

@

H-3/C-11

Figure I11.25: The HMBC spectrum of the secoiridoid unit of compound 1

The two protons Hs-6 and Hp-6 resonating at dx 2.66 (1H, dd, J = 5.2, 14.1 Hz) and 2.43
(1H, dd, J = 8.6, 14.1 Hz), respectively, coupling with their corresponding carbon C-6 (6c 41.33)

(Figure 111.26). These two germinal protons correlate on the HMBC spectrum (Figure 111.27) with
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the methine carbon C-5 (8¢ 31.45) which was determined by HSQC experiment and with three
quaternary carbons detected at 5c 173.74 , 109.26 and 129.96. The significant HMBC 2] correlation
between these two geminal protons and the carbonyl ester signal (173.74) leads to assume that it is
a C-7 carbon. Whereas, the two last signals were already identified as quaternary olefinic carbons
(C-4 and C-9).

H5 :
OMe-6" QMe-11 l

i
Ha-6_| Hb_6m {
f !

H, -6’

H,-10/C-10 |
C-5

e @ @O
L ———— OMe-11/0Me-11
H -6'/C-6'
OMe-11 a ( i ) OMe-6"/OMe-6"
. ]

OMe-6" - i:
H,-6'/C-6'
-6’ -
%_66777 8.6

TH 1\6"'/C_67"

Ha_6m /C-6""

450
ppm (2]

Figure I11.26: The HSQC spectrum of the secoiridoid unit of compound 1

The analysis of the HSQC spectrum (Figure 111.26) also shows a correlation spot between
the mehoxy OCHjs protons at 3.68 ppm and their corresponding carbon appearing at 6c 52.53. The
HMBC 2] correlation between the methoxyl protons at 6w 3.68 and carbonyl carbon at 5c 169.32
indicated that the CH30 group was linked with the carbonyl group at C-11 (Figure 111.27).
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H-5/C-4
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OMe/C-11

L
4

Figure I11.27: The HMBC spectrum of the secoiridoid unit of compound 1

Then HSQC experiment (Figure 111.24) showed a cross peak between the anomeric proton
o1 4.85 (1H, d, J = 7.8 Hz, H-1") and the anomeric carbon C-1' at ¢ 100.69. The connection of the
second glucoside was established by HMBC and ROESY experiments (Figure 111.27 and 111.28).
In the HMBC experiment, the correlations between H-1' (61 4.85) and C-1 (8¢ 95.39) and between
C-1' (8¢ 100.69) and H-1 (6n 5.87) indicated that the glucoside moiety was linked to C-1 of the
secoiridoid unit. The ROESY correlation between H-1 and H-1' further confirmed the linkage.
The signals of the secoiridoid part corresponded well to those of 7, 11-dimethyloleoside [48]
(Figure 111.29).

According to HSQC experiment (Figure I11.26), the carbon signal at ¢ 65.01 (C-6")
correlates with the corresponding protons Ha-6" and Hp-6" resonating at 6+ 4.33 (dd, J =1.6, 11.8
Hz) and 4.21 (dd, J = 6.3, 11.8 Hz), respectively. Furthermore, correlations between Ha-6", Hp-6"
and C-7 (8¢ 173.74) (Figure 111.30) gave clear evidence that the two structural units are bound
through an ester linkage between OH group of C-6" and carboxyl group of oleoside at C-7 (Figure
111.31). This was also evident from the downfield shifts of Ha-6", Hp-6" and C-6" in compound 1,

compared to the respective signals in Isofraxoside [164].

66



C

hapter 111

Phytochemical stud

_M e ﬂ _./'\JL I L T O

H-5/H-10

—&0

1 [ppm (ti

T T T | T T T | T T T | T T T | T T T | T T T°1 | T T T T | T T T T | T T T
8.0 70 8.0 50 40 30 20 1.0
ppm (£2)

Figure I11.28: The ROESY spectrum of the secoiridoid unit of compound 1

HO

HO Ho

Figure I11.29: Secoiridoid part of compoud 1
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Figure I11.30: The HMBC spectrum of compound 1

HMBC (H-C) ——=—

ROESY
S

Figure 111.31: The key HMBC and ROESY correlations of compound 1
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Additionally, the presence of D-glucose was authenticated by acid hydrolysis of compound
1 and synthesis of its tolylthiocarbamoyl-thiazolidine derivative [165].

On the basis of these evidences, compound 1 was identified as fraxetin-7"-O-[11-methyl-
oleosidyl-(7-6")]-B-D-glucopyranoside, named isofraxisecoside and its *H and **C NMR data are
given in Table I11.1.

Isofraxisecoside (1) is the third example of a natural compound consisting of one coumarin
glucoside unit linked to a secoiridoid moiety of oleoside type after previously described escuside
[55] and fraxisecoside [29] isolated from the same genus.

Table I11.1: *H (600.11 MHz) and *3C (150.91 MHz) data of isofraxisecoside 1
(CD30D; 6 in ppm; J in Hz) ™

C/H On dc CH O dc
Aglycon Coumarin
1 5.87 (s) 95.39 1” - -
2 - - 2" - 165.34
3 7.50 (s) 155.38 3" 6.04™d (9.3) 108.11
4 - 109.26 4" 7.83d(9.3) 147.49
5 3.87" 31.45 5" 6.84 (s) 105,20
6a 2.66 dd (5.2/14.1) 41.33 6" - 150.09
6b 2,43 dd (8.6/14.1) OMe 3.84 (s) 56.77
7 - 173.74 7" - 133.49
8 6.05™ 125.32 8" - 155.39
9 - 129.96 9" - 145.77
10 1.61 dd (1.1/7.2) 13.63 10” - 108.28
11 - 169.32
OMe 3.68 (5) 52.53
Glucose-1 Glucose-2
' 4.85d (7.8) 100.69 1" 4.85d (7.8) 106.30
2’ 3.28-3.59m 74.28 2" 3.57m 74.82
3’ 3.28—-3.59m 77.35 3" 3.481(9.0) 77.41
4’ 3.28-3.59m 71.14 4" 3.421(9.0) 70.95
5' 3.28—-3.59m 77.89 5" 3.53m 75.35
6'a 3.87d (11.5) 62.12 6" 4.33 dd 65.01
(1.6/11.8)
6'n 3.70d (11.6) 6" 4.21 dd
(6.3/11.8)
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* Assignments were established by DEPT, HSQC and HMBC data.

“The signals are overlapped.

111.4.3.1.2 Structure elucidation of compound 2

HO Ho

Fraxetin-8"-O- [11-methyl-oleosidyl- (7 — 6")]-p-glucopyranoside

(Fraxisecoside)

Compound 2 was isolated from the stem bark as crystal like solid, isolated from the stem
bark with dark blue fluorescence under UV light at 254 nm and a bleu spot when spraying with
H2SO4 reagent. This was the first indication on the presence of secoiridoid skeleton [166]. The UV
spectrum (Figure 111.32) showed typical absorption at 226.0 nm of the iridoidic enol system

conjugated with a carbonyl group and additional absorptions at 333.3, 339.0 and 343.5 nm due to a
conjugated aromatic system.

Figure I11.32: UV spectrum of compound 2
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The molecular formula Cs3H0020 was determined on the basis of its HR-ESI-MS spectrum
(Figure 111.33), obtained in negative electrospray mode which showed deprotonated molecular ion
[M-H] at m/z 755.20381 ( calculated 755.2038 for Cz3 H39O20). Thus, compound 2 and 1 have been
identified as isomers.

ERXTEX #1728-1748 RY: 513518 AV. 6 NL: 5.G0ET
T: FTMS « p ESI Full ms {100 0000-1000,0000)

100% _

17867677

L 280 98290 S4723858 70123088 805.12238 954, 08330

200 400 600 620 1000
mz

Figure I11.33: Mass spectrum HR-ESI-MS of compound 2

The MS/MS spectrum of compound 2 (Figure 111.35) yielded an intense ion at m/z 547,
consistent with a neutral loss of a coumarin aglucone (208 Da). Also, the MS/MS spectrum showed
ions at m/z 385 and 223, originating from successive losses of 162 Da, suggesting the presence of

two hexosyl residues. A proposed fragmentation patterns for compound 2 is given in Figure 111.34.

Figure 111.34: Proposed pathway fragmentations for compound 2
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F.FTMS - o ESS 0 Full ma2 775 230580003313

100 %

Figure I111.35: Mass spectrum HR-ESI-MS/MS of compound 2

The NMR spectrum (Figure 111.36) of compound 2 recorded in CD30D shows signals of
aromatic protons resonating between 6.04 and 7.84 ppm and glucosidic protons between 3.30 and

5.05 ppm.

glucosidic
protons

aromatic 3.30 — 5.05 J

protons
6.04 —7.84

Figure I11.36: 'H NMR spectrum of compound 2
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The structural analysis of the *H NMR spectrum (Figure 111.37) reveals:

» The presence of a typical AB spin system for H-3" and H-4" detected at on 6.22 (J = 9.5
Hz) and 7.85 (J = 9.5 Hz), respectively.

Figure I11.37: "H NMR spectrum of compound 2

» An aromatic proton at dn 6.95 of 1H integration in the form of singlet (figure 111.37). The
HMBC experiment, showed a cross peak between this signal and the carbon C-4", so it is
assigned to H-5". Thus, these findings indicated a 6, 7, 8- substituted coumarin structure.

Figure I11.38: 6", 7", 8" - substituted coumarin unit
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Also, the *H NMR spectrum (Figure 111.37 and 111.39) exhibited typical signals of an oleoside type
secoiridoid which are:

» A signal at on 7.49, corresponding to the ethylenic proton H-3.

» The signal at 6n 5.90 in the form of singlet integrating for one proton was characteristic of
the acetalic proton H-1.

» A methine proton resonating at 3.89 ppm corresponding to H-5.

» Olefinic methine quartet detected at 6+ 6.05 (J = 7.0 Hz) is corresponding proton H-8.

H-5
OMel6”
H,-6",

i

glucosidic protons
3.30-4.28

Ha-6m Hb_6m

Figure I11.39: 'H NMR spectrum of compound 2

Besides these signals, the *H NMR spectrum (Figure 111.39 and 111.40) allows to show:

» Two methoxyls at 6+ 3.89 (s) and 3.69 (s).

» Two anomeric protons resonating at ox 5.05 (d, J = 7.8 Hz) and 4.80 (d, J = 7.8 Hz)
indicating the presence of two glucoside residues in B-configurations.

» An olefinic methyl doublet at o4 1.65 (J = 7.0 Hz) was characteristic for the protons Hs-10.

» Signals of glucosidic protons between 3.30 and 4.28 ppm were attributted to protons of at

least two sugars.
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Figure I11.40: "H NMR spectrum of compound 2

The ¥C NMR spectrum of compound 2 (Figure 111.41) make it possible to count 33 signals

corresponding to 33 carbon atoms.

glucosidic
carbons

Figure I11.41: BC NMR spectrum of compound 2
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The H and *C NMR spectra of compound 2 (Figure 111.42 and 111.43) are very closely
resembled to those of the novel natural compound Isofraxisecoside (1), consisting of a coumarin

glucoside unit bound via an ester function to a secoiridoid glucoside unit.

Figure I11.42: (1) 'H NMR spectrum of compound 1; (2) 'H NMR spectrum
of compound 2

= glucosidic <
O

~—
! carQons
%) ,_kl_|

Figure 111.43: (1) “Cc NMR spectrum of compound 1; (2) “C NMR
spectrum of compound 2
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The *C NMR spectroscopic signals due to the oleoside-11-methylester of compound 2
coincided well with those ascribable to the same part of the new compound isofraxisecoside (1)

(Figure 111.43) except that of the portion of the coumarin glucoside unit (Figure 111.44).

Cc-1"

C-10" c-5”

Figure I11.44: (1) °C NMR spectrum of compound 1; (2) "C NMR
spectrum of compound 2
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Figure 111.45: (1) HMBC spectrum of compound 1; (2) HMBC spectrum of compound 2
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The 13C shift assignments, of the coumarin moiety of compound 2 were made through HMBC
long-range correlations (Figure 111.45 and 111.46).

H-4""/C-5"

L

H-4"/C-10"  * :
| el H-5""/C-8" C HamCs” 3
E-:";(C:-S"Q O Hesmicon OMe-6"/C-6"
I = ' H-sTIC4r

H-a7c27 O T

H-5"/C-6"

.
H-5/C-3—p*

_—Ps 3 <
Ha-6"'/ C-7

H,-6"/C-7

Figure 111.46: The HMBC spectrum of the coumarin moiety of compound 2

The examination of the above HMBC spectra shows:

» The presence of an aromatic methoxy signal at 51 3.89 (8¢ 57.0) and the observed cross peak
in HMBC spectrum between methoxyl protons and C-6" (dc 147.6) provided strong
evidence for the location of methoxyl at C-6".

» Correlations between the aromatic one proton resonating at 6.95 ppm with the olefinic
carbon C-4" (dc 146.5) and the quaternary carbon C-6" (6c 147.6) confirm the location of
the aromatic proton at C-5".

» Correlations across three —bond coupling between H-4" (61 7.85, d; dc 146.5) and H-5"(dH
6.95, s; 6c 105.9) with the appearing signal at dc 146.1 assigned to carbon C-9”.

» Correlation between the anomeric proton H-1" (6n 5.05, d; 6c 105.2) and the carbon C-8"

appearing at 6c 132.7 confirmed glycosylation of coumarin part at C-8".
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Figure 111.47: The most important HMBC correlations of the
coumarin unit of compound 2

Thus, the spectroscopic data of the coumarin part corresponded well with those of the

coumarin glucoside fraxin (Fraxetin-8-O-B-D-glucoside) [167].

Furthermore, according to the HMBC experiment (Figure 111.46) correlation between Ha-6"
at on 4.28 (dd, J = 2.1, 11.8 Hz) and Hp-6" at o 4.18 (dd, J = 6.4, 11.8 Hz) with C-7 (5¢ 172.9)
confirmed that the two structural units are bound through an ester linkage between the second
carboxylic group of the oleoside at C-7 and the OH group at C-6” of the glucose in the coumarin
part. This was also evident from the downfield shifts of Ha-6", Hp-6" and C-6" in compound 2

(Table 111.2), compared to the respective signals in fraxin.

On the basis of these findings, and by direct comparison of these spectroscopic data with
those reported in the literature [29], compound 2 was identified as fraxisecoside (fraxetin-8”-O-[11-
methyl-oleosidyl-(7-6")]-B-D-glucopyranoside) and its *H and **C NMR data are given in Table
1.2
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Table 111.2: *H (600.11 MHz) and *3C (150.91 MHz) data of fraxisecoside 2 (CD3zOD; & in ppm;

JinHz)"
C/H OH oc C/H OH dc
Aglycon Coumarin
1 5.90 (s) 95.30 1" - -
2 - - 2" - 163.50
3 7.49 (s) 155.10 3" 6.22"" d (9.5) 112.90
4 - 109.60 4 7.85d (9.5) 146.50
5 3.89™ 31.70 5" 6.95 () 105.90
6a 2.62dd 41.40 6" - 147.60
(4.8/14.4)
6b 2,38 dd OMe 3.84 (s) 57.00
(9.0/14.4)
7 - 172.90 7" - 144.70
8 6.05q (7.0) 124.90 8" - 132.70
9 - 130.70 9" - 146.10
10 1.65dd (1.2/7.2) 13.70 10" - 111.90
11 - 168.70
OMe 3.69 (s) 52.00
Glucose-1 Glucose-2
1 4.80d (7.8) 101.00 1" 5.05d (7.8) 105.20
2’ 3.30-3.59m 74.80 2" 3.59dd 75.40
(7.9/9.1)
3 3.30-3.59m 77.80 3" - 75.70
4’ 3.30-3.59m 71.40 4" - 71.60
5' 3.30-3.59m 78.40 5" - 78.00
6’ 3.89” 62.60 6"a 4.28 dd 64.90
(2.1/11.8)
6"p 4.18 dd
(6.4/11.8)

* Assignments were established by direct comparison with the literature.

" The signals are overlapped.
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111.4.3.2 Identification secoiridoids

111.4.3.2.1 Structure elucidation of compound 3

HO

HO Ho

Ligstroside

Compound 3 was isolated from the leaves as a colourless amorphous powder. Its *H NMR
spectrum (Figure 111.48) recorded in CDsOD displays signals of aromatic protons resonating

between 6.71 and 7.05 ppm and glucosidic protons between 3.30 and 4.80 ppm.

aromatic
protons
6.71-7.05 glucosidic

< > protons

3.30-4.80

Figure 111.48: "H NMR spectrum of compound 3
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The structural analysis of the *H NMR spectrum (Figure 111.49 and 111.50) reveals typical signals of
an oleoside nucleus:

» Asinglet at 7.52 ppm characteristic for the vinylic proton H-3 of a secoiridoid glucoside.

» An allylic acetal proton appearing as a broad singlet at 5.92 ppm.

» A singlet signal detected at 61 4.80 (1H, d, J = 7.8 Hz) characteristic for the anomeric proton
H-1".

» Olefinic proton resonating at 6y 6.08 (1H, dt, J = 6.0, 7.2 Hz).

» An ABX spin system of Ha-6, Hp-6 and H-5 protons resonating at 6n2.71 (1H, dd, J = 4.5,
14.1 Hz), o1 2.44 (1H, dd, J = 9.3, 14.1 Hz) and 6n 3.97 (1H, dd, J = 4.5, 9.3 Hz),
respectively.

Figure 111.49: 'H NMR spectrum of compound 3

Besides these signals, the *H NMR spectrum (Figure 111.49 and 111.50) allows to show:

» The presence of an aromatic A2Xz spin system centered at 64 6.71 (2H, d, J = 8.4 Hz, H-5"
and H-7") and at 6 7.05(2H, d, J = 8.4 Hz, H-4" and H-8"), suggesting the presence of para-
substituted phenolic ring.
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» Another ABX> spin system appears at 64 4.22 (1H, dt, ] = 6.9, 10.8 Hz), 64 4.10 (1H, dt, J
= 7.1, 10.8 Hz), o1 2.82 (2H, t, J = 6.9 Hz), corresponding to Ha-1", Hp-1" and H-2"
respectively, of the two methylene groups of —OCH>CH.Ph moiety.
» An olefinic methyl protons resonating at 6n 1.64 (3H, dd, J = 1.4, 7.2 Hz).
» A singlet signal appearing at 4 3.71 was assigned to the methoxyl protons (3H, s, OMe-
11).

Figure II1.50: "H NMR spectrum of compound 3

The spectral data of compound 3 (Table 111.3) was in full agreement with those reported for
ligstroside [16, 46]. Moreover, the co-TLC comparison with authentic samples gave proof that

compound 3 is the secoiridoid glucoside ligstroside.

Table 111.3: *H (600.11 MHz) data of ligstroside 3 (CD3OD; & in ppm; J in Hz)*

CH OH CH OH
Aglycon Glucose
1 5.92 (t-like) 1 4.80d (7.8)
2 - 2 3.30-3.432
3 7.52 (s) 3 3.30-3.432
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Table 111.3: continued.

CH OH C/H OH
4 - 4’ 3.30-3.43%
5 3.97dd 5’ 3.30-3.43%
(4.5/9.3)
6a 2.71 dd (4.5/14.1) 6'a 3.89 dd (1.8/12.0)
6b 2,44 dd (9.3/14.1) 6’ 3.67 dd (5.4/12.0)
Tyrosol
7 - 1", 4.22 dt (10.8/6.9)
1"y 4.10 dt (7.2/10.8)
8 6.08 dt 2" 2.821(6.9)
(6.0/7.2)
9 - 4" 7.05d (8.4)
10 1.64 dd (1.4/7.2) 5" 6.71d (8.4)
11 - 7" 6.71d (8.4)
OMe 3.71 (s) 8" 7.05d (8.4)

* Assignments were established by direct comparison with the literature.

2 overlapped.

111.4.3.2.2 Structure elucidation of compound 4

HO,

Oleuropein
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Compound 4 was obtained from the leaves as a powder. Its *H NMR spectrum (Figure 111.51)
showed signals due to aromatic protons resonating between 6.50 and 6.64 ppm and glucosidic
protons between 3.28 and 4.80 ppm.

glucosidic
protons

aromatic 3.28-4.80

protons
6.50 — 6.64

+—>

Figure I11.51: 'H NMR spectrum of compound 4 in CD30D

The structural analysis of the *H NMR spectrum (Figure 111.52 and 111.53) showed signals
typical of a secoiridoid nucleus:
» An allylic acetalic proton resonating at o4 5.86, corresponding to H-1.
» A singlet signal appearing at oy 7.46 is corresponding to the vinylic proton H-3.
» An olefinic methine proton detected at 6.03 ppm of the proton H-8.
» An ABX spin system consisting of  Ha-6, Hp-6 and H-5 protons resonating at dn
2.66 (1H, dd, J =4.5, 14.1 Hz), 614 2.39 (1H, dd, J = 9.0, 14.1 Hz) and 61 3.92 (1H,
dd, J =4.8, 9.0 Hz) respectively.
» An ethylenic methyl protons was observed at 6n 1.61 (1H, dd, J = 1.2, 7.2 Hz) of
Me-10.
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1325 851 823833

W

Figure I11.52: "H NMR spectrum of compound 4

Figure II11.53: "H NMR spectrum of compound 4
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Additionally, The *H NMR spectrum (Figure 111.52, 111.53 and 111.54) of compound 4 displayed
characteristic signals of hydroxy tyrosol moiety:

» An ABX spin system appearing in the aromatic region at 61 6.64 (1H, d, J = 8.0 Hz, H-7"),
o1 6.61 (1H, d, J=2.0 Hz, H-4") and 61 6.50 (1H, dd, J = 2.0, 8.0 Hz, H-8"), suggesting the
presence of a catechol ring instead of an A2Xz spin system of a para-substituted phenolic
unit in compound 3.

» Signals appearing as an ABXz spin system at 61 4.15 (1H, dt, J = 7.2, 10.8 Hz), 61 4.06 (1H,
dt, J =7.2,10.8 Hz), 61 2.71 (2H, t, J = 7.2 Hz), corresponding to Ha-1", Hy-1" and H-2"
respectively, of the two methylene groups of OCH2CH2Ph moiety.

Figure I11.54: "H NMR spectrum of compound 4

Also, we have observed the presence of characteristic signals of a glucoside unit (Figure 111.53):

» A doublet signal detected at 1 4.76 with a coupling constant J = 7.8 was assigned to the

anomeric proton H-1' of a glucoside unit in 3-configuration.

87



Chapter 111 Phytochemical study
» A pair of double doublet signals appearing at 6+ 3.84 (1H, J = 1.8, 12.0 Hz) and 6+ 6.62 (1H,
J=5.4,12.0 Hz) were assignable to the oxymethylene protons Ha-6" and Hp-6', respectively.

Finally, compound 4 was identified by direct comparison of its spectral data (Table 111.4)
with those reported for oleuropein [47, 168]. Moreover, the *tH NMR comparison with oleuropein

authentic sample (Figure 111.55) gave proof that compound 4 is the secoiridoid glucoside oleuropein.

Figure II1.55: (a) "H NMR spectrum of compound 4; (b) "H NMR spectrum of
oleuropein authentic sample.

Table 111.4: *H (600.11 MHz) data of oleuropein 4 (CD30D; & in ppm; J in Hz)*

C/H OH CH OH
Aglycon Glucose
1 5.86 (t-like) 1’ 4.76 d (7.8)
2 - 2
3 7.46 (s) 3/
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Table 111.4: continued.

C/H OH C/H OH
4 - 4'
5 3.92dd 5'
(4.8/9.0)
6a 2.66 dd (4.5/14.1) 6'a 3.84 dd (1.8/12.0)
6b 2,39 dd (9.0/14.1) 6'b 3.62 dd (5.4/12.0)
hydroxyTyrosol
7 - 1", 4.15 dt (7.2/10.8)
1"y 4.06 dt (7.2/10.8)
8 6.03 (m) 2" 2.711t(7.2)
9 - 4" 6.61 d (2.0)
10 1.61dd (1.2/7.2)
11 - 7" 6.64 d (7.8)
OMe 3.67 (s) 8" 6.05 d (2.0/8.0)

* Assignments were established by direct comparison with the literature.

111.4.3.3 Identification coumarins

111.4.3.3.1 Structure elucidation of compound 5

Fraxin
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Compound 5 was obtained as a powder from the stem bark, it gave bleu fluorescence typical
for coumarin compounds under UV2s4nm, changing into yellow after spraying with H2SOa4in ethanol
(20 %). The key features of the *H NMR spectrum (Figure 111.56) were the presence of two doublets
typical for AB spin system detected at 7.84 ppm and 6.14 ppm corresponding to the olefinic protons
H-4 and H-3, respectively, with coupling constant J = 9.0 Hz. Moreover, the resonance of H-4 is
found in the region 6+ 7.5 to 7.9 is an evidence that compound 5 is a coumarin lacking a C-5 oxygen
functional group.

In addition, the *H NMR spectrum of compound 5 presents:

» Asinglet signal at 6.90 ppm, which was characteristic for the aromatic proton H-5.
» An aromatic methoxy singlet signal appearing at 3.87 ppm.
» Signal arising at 4.89 ppm as doublet with coupling constant J = 7.8 Hz, provides evidence

for the presence of B-glucoside residue.

Based on these findings (Table I11.5) and according to the data given in reference [167] compound

5 corresponded to the coumarin glucoside fraxin.

Figure I11.56: 1H NMR spectrum of compound 5

90



Chagter 11 Phxtochemical studx

Table 111.5: *H (600.11 MHz) data of fraxin 5 (CD3ODj; 6 in ppm; J in Hz)*

C/H OH C/H OH
Aglycon Glucose
1 - 1 4.80d (7.8)
2 - 2! 3.30-3.90
3 6.14 d (9.0) 3 3.30-3.90
4 7.84d (9.0) 4 3.30-3.90
5 6.90 (s) 5 3.30-3.90
6 - 6 3.30-3.90
OMe 3.87 (s)
7 -
8 -
o -
10 -

* Assignments were established by direct comparison with the literature.

111.4.3.3.2 Structure elucidation of compound 6

Cichoriin

Compound 6 was obtained as a powder from the stem bark and the leaves. It gave bleu
fluorescence typical for coumarin compounds under UV2s4 nm, changing to yellow after spraying
with H,SOs in ethanol (20 %). The *H NMR spectrum (Figure 111.57) showed signals due to
aromatic protons resonating between 6.33 and 7.89 ppm and glucosidic protons between 3.30 and

5.04 ppm.
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aromatic

protons glucosidic
6.33-7.89 protons
3.30-5.04

Figure I11.57: 'H NMR spectrum of compound 6 in CD3:0D

The *H NMR spectrum (Figure 111.58 and 111.59) allows to show :

» Two doublets have been observed at 6+ 7.89 and dn 6.33 with a coupling constant J = 9.4
Hz, corresponding to the methine protons H-4 and H-3 respectively, which are
characteristic for benzo-a-pyrone derivatives.

» Two singlet signals at 64 7.18 and 6+ 7.06 corresponding to the aromatic protons H-5 and
H-8, respectively.

» A doublet at 61 5.04 (J = 7.5 Hz) which is characteristic of the anomeric proton H-1' of a

- glucosyl moiety.
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Figure I11.59: "H NMR spectrum of compound 6
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In the **C NMR spectrum (Figure 111.60) fifteen carbon signals were resolved and support
the suggested structure. Beside the carbon signals at ¢ 100.94 (C-1'), 73.17 (C-2"), 77.27(C-3"),
69.81 (C-4"), 75.85 (C-5") and 60.74 (C-6") which were attributed to f-glucoside moiety, there were
also nine carbon signals comprising one typical signal for carbonyl carbon at 6c 160.66 (C-2), four
methine signals (6¢c 112.68 (C-3), 143.59 (C-4), 103.36 (C-5) and 103.34 (C-8)), and four quaternary
carbons (dc 113.49 (C-6),148.83 (C-7), 147.82 (C-9) and 112.99 (C-10)). All of the signals above

suggested that compound 6 is a coumarin glucoside.

These spectral features suggest that compound 6 should be either cichoriin or esculin. The
identity of compound 6 was confirmed by comparison of the obtained *H and **C NMR data (Table
I11.6) with those reported in reference [169] and by comparison with cichoriin authentic sample,

they were in full agreement. Thus, glucoside 6 proved to be cichoriin.

C-9

g c-3
c-2 A '/c-4 C-10/ c5 c1’
C--6 & z
\A

C-8—»

Figure I11.60: “c NMR spectrum of compound 6 in DMSO-d,
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Table 111.6: 'H (600.11 MHz; CD30D) and *3C (150.91 MHz; DMSO-ds) data of cichoriin 6
(8 in ppm; J in Hz)"

C/H OH dc
Aglucone

1 - -

2 - 160.66
3 6.33d (9.4) 112.68
4 7.89d (9.4) 143.59
5 7.18 (s) 103.36
6 - 113.49
7 - 148.83
8 7.06 (s) 103.34
9 - 147.82
10 - 112.99

Glucose

1 5.04d (7.5) 100.94
2 73.17
3 75.70
4’ 69.81
5! 75.85
6'a 3.94 dd (1.8/12.4) 60.74
6'p 3.76 dd (5.7/12.4)

* Assignments were established by direct comparison with the literature.
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111.4.3.3.3 Structure elucidation of compound 7

Esculetin

Compound 7 was isolated as a powder from the leaves. It gave blue fluorescence, typical for
coumarin compounds, under UVas4 nm, changing into yellow after spraying with sulfuric acid
reagent. The *H NMR spectrum (Figure 111.61) of compound 7 showed two paires of a typical H-3
and H-4 signals appearing at 64 6.18 (1H, d, J =9.6 Hz) and 61 7.78 (1H, d, J = 9.6 Hz), respectively,
is a strong indication of a coumarin without substitution on the pyrone ring. Also, the the *H NMR
spectrum revealed the presence of two singlet signals detected at 6n 6.75 and 6.93, which were

assigned to the aromatic protons H-5 and H-8, respectively.

Figure I11.61: "H NMR spectrum of compound 7
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The obtained data and the *H NMR values (Table 111.7), which were in full agreement to those in

the literature [170], suggested that compound 7 is the coumarin esculetin.

Table 111.7: TH NMR (600.11 MHz) data of fraxin 5 (CD30D; & in ppm; J in Hz)"

CH OH
1 -
2 -
3 6.18 d (9.6)
4 7.78 d (9.6)
5 6.75 (s)
6 -
7 -
8 6.93 (s)
9 -
10 -

* Assignments were established by direct comparison with the literature.

111.4.3.4 Identification of flavonoids

111.4.3.4.1 Structure elucidation of compound 8

Kaempferol-3-O-rutinoside

(Nicotiflorin)
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Compound 8 was isolated as a yellowish powder from the leaves. The *H NMR spectrum
(Figure 111.62) of compound 8 displayed a set of signals resonating between o 3.00 and 5.29 ppm,
referring to two sugars at least as well as a characteristic aromatic protons suggesting the presence

of flavonol framework.

osidic protons
3.00-5.29

aromatic protons
6.20 - 7.97

Figure I11.62: "H NMR spectrum of compound 8

The structural analysis of the *H NMR spectrum (Figure 111.63) of compound 8 revealed two
doublets signals detected at 6 6.20 (1H, J = 2.0 Hz) and 6.41 (1H, J = 2.0 Hz) consistent with the
meta protons H-6 and H-8 on A-ring. An A2Xz spin system at o4 7.97 (2H, d, J = 8.9 Hz, H-2' and
H-6") and 6.87 (2H, d, J = 8.9 Hz, H-3’" and H-5'), suggesting the presence of para-substituted
phenolic ring corresponding to B-ring. The comparison of the *H NMR data with the literature [171,

172] led us to identify the aglucone part of compound 8 as kaempferol.

In the saccharide region (Figure 111.63) of the spectrum two anomeric proton signals were
present as doublets at 61 5.30 (1H, J = 7.7 Hz) and 4.36 (1H, J = 1.3 Hz), which together with the
overlapped proton signals at 6y 3-4 (Figure 111.62), demonstrating the glucosilated nature of
compound 8. The coupling constant (J = 7.7 Hz) of the anomeric proton H-1" indicated the p-

configuration of the glucopyranosyl moiety. Moreover, the attachment of the glucopyranosyl unit
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to the C-3 position of the aglycone was confirmed by comparison of the anomeric proton chemical
shift (6 5.30) with the literature data [173].

The second sugar residue was suggested to be a-rhamnose by the disctint methyl protons
signal at 61 0.97 (d, J= 6.22 Hz) in the high-field region (Figure 111.64), further confirmed by the
doublet signal at 6+ 4.36 ,which was assigned to the anomeric proton H-1" with a coupling constant
(J = 1.6 Hz) characteristic for a-configuration. The anomeric proton of rhamnose at 4.36 ppm
indicates that the glycoside moiety in the flavonoid is rhamnoglucose because of, when, the
rhamnose is attached directly to the aglycon moiety in the flavonoid, the chemical shift of the

rhamnosyl anomeric proton should be shown at a higher level (5.0~ 5.2) [174].

Figure I11.63: "H NMR spectrum of compound 8
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At this point, compound 8 was identified as kaempferol-3-O-rutinoside (nicotiflorin). The
spectroscopic data (Table 111.8) were identical with the literature [175, 176]. Nicotiflorin has been
previously isolated from plant species like Astragalus armatus [177], Edgeworthia chrysantha
[178], Carthamus tinctorius [179] and Acalypha hispida [180]. It has been demonstrated to have
many interesting pharmacological activities, such as decreasing arterial blood pressure and heart
rate [181], hepatoprotective effects on CCls—induced liver injury [179], potent antioxidant, anti-

inflammatory [182].

Table 111.8: 'TH NMR (600.11 MHz) data of nicotiflorin 8 (DMSO-de; & in ppm; J in Hz) *

C/H 3 C/H SH
Aglucone Rutinoside
1 - 1" 5.30 d (7.7)
2 - 2" 3.00-3.85°
3 - 3" 3.20-3.85°
4 - 4" 3.20-3.85°
5 - 5" 3.20-3.85°
6 6.20 d (2.0) 6" 3.20-3.85°
7 - 1" 4.36 d (1.3)
8 6.41d (2.0) 2" 3.20-3.85°
9 - 3" 3.20-3.85°
10 - 4" 3.20-3.85°
1’ - 5" 3.20-3.85°
2’ 7.97 d (8.9) 6" 0.97 d (6.22)
3’ 6.87 d (8.9)
4' -
5' 6.87 d (8.9)
6' 7.97.d (8.9)

* Assignments were established by direct comparison with the literature.

2 overlapped with other signals.
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111.4.3.4.2 Structure elucidation of compound 9

Quercetin-3-O-rutinoside

(Rutin)

Compound 9 was obtained as a faint yellow powder from the leaves. The *H NMR spectrum
(Figure 111.65 and 111.66) of this compound exhibited a great amount of similarity with that of
compound 8, except for the presence of an ABX spin system at 61 7.54 (1H, dd, J = 2.2, 8.3 Hz, H-
6'),7.52 (1H, d, J = 2.2 Hz, H-2") and 6.83 (1H, d, J = 8.3 Hz, H-5") corresponding to the catechol
protons on B-ring, instead of an AxX> spin system of a para-substituted phenolic unit in

compound 8.

The comparison of the *H NMR data (Table 111.9) with the literature [183, 184] led us to identify

compound 9 as quercetin-3-O-rutinoside (Rutin).
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Figure I11.65: 'H NMR spectrum of compound 9

Figure I11.66: "H NMR spectrum of compound 9

102



Chagter 11 Phxtochemical studx
Table 111.9: *H NMR (600.11 MHz) data of rutin 9 (DMSO-ds; & in ppm; J in Hz) *

C/H 3 C/H SH

Aglucone Rutinoside

1 - 1" 5.33d (7.5)

2 - 2" 3.00-3.80?

3 - 3" 3.20-3.80°

4 - 4" 3.20-3.80°

5 - 5" 3.20-3.80?

6 6.19 d (2.0) 6" 3.20-3.80°

7 - 1" 4.37d(1.2)

8 6.38 d (2.0) 2" 3.20-3.80°

9 - 3" 3.20-3.80?

10 - 4" 3.20-3.80?

1 - 5" 3.20-3.80°

2! 7.52d (2.2) 6" 0.98d (6.21)

3! -

4' -

5' 6.83d (8.3)

6’ 7.54 dd (2.2/8.3)

* Assignments were established by direct comparison with the literature.

2 overlapped with other signals.
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111.4.3.5 Identification of phenylethanoids

111.4.3.5.1 Structure elucidation of compound 10

L HO

7 0
H,
o/
H / H,

HO

2-(3,4-dihydroxy)phenylethyl-O-g-D-glucopyranoside

Compound 10 was isolated as a white amorphous powder from the leaves. The proton NMR
spectrum (Figure 111.67 and 111.68) revealed the presence of an ABX spin system at 64 6.68 (1H, d,
J=2.1Hz),6.66 (1H, d, J = 8.0 Hz) and 6.55 (1H, dd, J = 2.1, 8.0 Hz) assignable to H-2, H-5 and
H-6, respectively, suggesting the presence of catechol ring. Furthermore, the presence of two signals
at on 4.03 (1H, ddd, J = 6.6, 8.4 and 9.6 Hz), 2.78 (2H, J = 6.0, 8.4 Hz), corresponding to H-8 and
H-7, respectively, indicating the presence of 3,4-dihydroxyphenyethyl moiety.

Figure I11.67: "H NMR spectrum of compound 10
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Additionally, the *H NMR spectrum (Figure 111.68) also revealed the presence of a doublet
signal resonating at on 4.29 with a coupling constant J = 7.8 Hz, characteristic of the anomeric
proton H-1', together with the double doublet signal appearing at 64 3.86 (J = 1.8, 12.0 Hz)
corresponding to the oxymethylene proton Ha-6 indicated the presence of a - glucopyranoside
unit. Comparison of the obtained *H NMR data (Table 111.10) with those previously reported in the
literature [185] led us to identify compound 10 as 2-(3, 4-dihydroxy)phenylethyl-O-B-D-
glucopyranoside. This compound has been previously isolated from plant many plants like
Zantedeschia aethiopica [186], Forsythia Suspense (Thunb.) [187], Coptidis rhizoma [188] and for

the first time from Fraxinus species.

Figure I11.68: 'H NMR spectrum of compound 10
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Table 111.10: H NMR (600.11 MHz) data of compound 10 (CD3OD; 6 in ppm; J in Hz)"

CH OH

1 -

2 6.68d (2.1)

3 -

4 .

5 6.66 d (8.0)

6 6.55 dd (2.1/8.0)

7 2.78 dt (6.0/8.4)

8 4.03 ddd (6.6/8.4/9.6)

L 4.29d (7.8)

2! 3.28-3.35%

3 3.28-3.35%

4 3.18 dd (7.8/9.6)

5 3.65-3.70%
Ha-6 3.86 dd (1.8/12.0)
Hp-6' 3.65-3.70%

* Assignments were established by direct comparison with the literature.

2 overlapped with other signals.

111.4.3.5.2 Structure elucidation of compound 11

HO 1 H,

Salidroside
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Glucoside 11 was isolated as colorless needles from the leaves. Its 'H NMR spectrum
(Figure 111.69 and 111.70) very closely resembled those of 2-(3, 4-dihydroxy)phenylethyl-O-B3-D-
glucopyranoside (10). The only difference being that compound 11 had signals due to A2X> spin
system at on 7.06 (2H, d, J = 8.4 Hz, H-2 and H-6) and 6.69 (2H, d, J = 8.4 Hz, H-3 and H-5),
suggesting the presence of para-substituted phenolic ring instead of an ABX spin system of a

catechol ring in compound 10.

Compound 11 was identified by direct comparison of its *H NMR data (Table 111.11) with
those reported in the literature [189] as salidroside. This compound has been previously isolated
from the roots of Rodiola sachalinensis and has been proved to possess broad pharmacological
activities, such as neuroprotective effects [190], antiviral effects [187], anti-fatigue [191], anti-

inflammation [192, 193], anti-cancer [194], and hepatoprotective [195] properties.

Figure I11.69: 'H NMR spectrum of compound 11

Figure I11.70: 'H NMR spectrum of compound 11
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Table 111.11: 'H NMR (600.11 MHz) data of salidroside 11 (CD3OD; & in ppm; J in Hz)"

C/H o

1 -

2 7.06 d (8.4)

3 6.69 d (8.4)

4 -

5 6.69 d (8.4)

6 7.06 d (8.4)

7 2.83 ddd (4.8/6.6/8.4)
Ha-8 4.03 ddd (7.2/8.7/9.6)
Hy-8 3.69 ddd (6.6/8.7/9.6)

1 4.29d (7.8)

2’ 3.18 dd (7.8/9.2)

3 3.27-3.362

4’ 3.27-3.36?

5! 3.27-3.36?
Ha-6 3.86 dd (1.8/12.0)
Hp-6' 3.66 dd (5.4/12.0)

* Assignments were established by direct comparison with the literature.

2 overlapped with other signals.

111.4.3.5.3 Structure elucidation of compound 12

HO

OH

OH OH HO

HO

2-(4-hydroxyphenyl)ethanol-g-D-apiofuranosyl(1—>6)-p-D-glucopyranoside

(Osmanthuside H)
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Compound 12 was isolated as brownish powder from the bark. The *H NMR spectrum
(Figure 111.71) showed the expected signals of aromatic protons at 6w 7.07 (d, J = 8.4 Hz) for H-3,
H-5 and 6+ 6.69 (d, J=8.4 Hz) for H-2, H-6. Additionally, the presence of two signals (Figure 111.72
and 111.73) at 61 3.70 (1H, ddd, J = 6.6, 8.1 and 9.6 Hz) and 2.84 (2H, m), corresponding to H-2’
and H-1', respectively, indicating the presence of a p-hydroxyphenyethyl moiety.

Figure II1.71: "H NMR spectrum of compound 12
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Figure I11.73: 'H NMR spectrum of compound 12

Figure 111.74: 'H NMR spectrum of compound 12

The presence of two sugars in compound 12 was apparent from a series of signals in the
region of & 3.18-5.00 (Figure II1.71, II1.72 and II1.73). One of these sugars was B-D-glucose
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suggested by the distinct anomeric proton at ox 4.28 (d). The second sugar was identified as -D-
apiose by the distinct anomeric proton at 5.0 (d). The B-configuration of the glucose unit was
deduced from the coupling constant (7.8 Hz) of the anomeric proton. The B-configuration of the
apiose unit was procured from the chemical shift (6 111.0) of the anomeric carbon and the coupling
constant (2.4 Hz) of the anomeric proton (quasiaxial) [196]. The coupling constant of the anomeric
protons with a-configuration in apiofuranosides appears in 4.3-4.9 Hz compared to that of -

configuration [197].

In the 1*C NMR spectrum (Figure 111.75, 111.76 and 111.77), four signals for a symmetrically
substituted aromatic ring (6¢ 156.8, 131.0, 130.7 and 116.2) and two signals for methylene (¢ 72.3
and 36.4) corresponding to the p-hydroxyphenylethyl alcohol moiety. The presence of the B-D-
glucosyl group was confirmed by the *C NMR spectra which showed an anomeric carbon signal
at oc 104.4 (C-1"), another signal of oxymethylene carbon at 6c 68.7 (C-6") and other oxymethine
carbon signals resonating at dc 74.9 (C-2"), 0c 77.9 (C-3"), 6c 71.7 (C-4") and 6¢ 76.8 (C-5"). Also,
the ¥C NMR spectra displayed characteristic signals of apiofuranose unit at 8¢ 111.0 (C-1"), 77.9
(C-2"), 80.6 (C-3"), 75.1 (C-4") and 65.5 (C-5").

Figure II1.75: “c NMR spectrum of compound 12
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Figure I11.76: “c NMR spectrum of compound 12

Figure I11.77: “c NMR spectrum of compound 12
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At this point, compound 12 was identified as osmanthuside, previously isolated from plants
like Tabebuia impetiginosa [198] and Fraxinus sieboldiana [199]. The spectroscopic data (Table
111.12) were identical with the literature [200].

Table 111.12: 'H (600.11 MHz) and 13C (150.91 MHz) data of osmanthuside 12
(CD3OD; 6 in ppm; J in Hz)"

C/H OH dc
Aglucone
1 - 156.8
2 6.69 d (8.4) 116.2
3 7.07 d (8.4) 131.0
4 - 130.7
5 7.07 d (8.4) 131.0
6 6.69d (8.4) 116.2
1 2.84 (m) 36.4
Ha-2' 3.98" 72.3
Hp-2' 3.70 ddd (6.6/8.1/9.6)
Glucose
1" 4.28 d (7.8) 104.4
2" 3.18 dd (7.8/9.0) 74.9
3" 3.34 d(9.0) 77.9
4" 3.28 d (9.6) 71.7
5" 3.40 ddd (1.9/6.1/9.6) 76.8
Ha-6" 3.99** 68.7
Hp-6" 3.60 dd (6.3/11.1)
Apiose
1" 5.00 d (2.4) 111.0
2" 3.90 d(2.4) 77.9
3"[ - 80.6
Ha-4" 3.96 d (9.6) 75.1
Hp 4" 3.76 d(9.6)
5" 3.57 (s) 65.5

* Assignments were established by direct comparison with the literature.

** The signals are overlapped
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111.4.3.5.4 Structure elucidation of compound 13

Calceolarioside B

Compound 13 was isolated as an amorphous powder from the bark. The inspection of the
'H NMR spectrum (Figure 111.78) revealed the common key features suggestive of a
phenylethanoid: signals (& 6.4-6.7) for an aromatic ABX spin system and the presence of two
mutually coupled methylene groups (8 2.8-4.0) arising from a 3, 4-dihydroxyphenethyl moiety, and
one anomeric proton assignable to glucosyl moiety.

As stated above the signals for ABX aromatic protons (6 6.44, 6.55, 6.59), oxygenated
methylene protons (6 3.61, 3.87) and methylene protons (6 2.70) were assigned to the 3, 4-
dihydroxyphenylethanol moiety. Another set of signals of an aromatic ABX system (6 6.68, 6.79
and 6.95) and a trans—olefinic protons (6 6.20 and 7.46, each d, J = 15.9 Hz) suggested the presence
of a (E)-caffeoyl moiety. The *H NMR spectrum also showed the presence of one anomeric proton

detected at 01 4.25 (1H, d, J = 7.6 Hz) which is characteristic of a B-glucopyranosyl unit.

The comparison of these spectral data (Table 111.13) with the literature [201], taking into
account minor differences due to the presence of impurity, led us to identify compound 13 as

calceolarioside B, previously isolated from Fraxinus ornus [54] and Phlomis umbrosa [202].
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Figure I11.78: "H NMR spectrum of compound 13
Table 111.13: 'H NMR (600.11 MHz) data of calceolarioside 13 (CD3OD; & in ppm; J in Hz)"

C/H OH
Phenethyl alcohol

1 -

2 6.59 d(1.9)

3 -

4 -

5 6.55 d (8.0)

6 6.44 dd (1.9/8.0)
7 2.70 (m)
Ha-8 3.87 dd (8.4/16.4)
Hp-8 3.61 dd (8.8/16.4)

Glucose

1 4.25 d (7.6)
2! 3.15-3.50?

3 3.15-3.502
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Table 111.13: continued.

C/H OH

4’ 3.15-3.50%

5’ 3.15-3.50%
Ha-6' 4.41 dd (1.9/11.9)
Hp-6' 4.26 dd (6.7/11.9)

Caffeoyl

1" -

2" 6.95 d (1.9)

3" -

4" -

5" 6.68 d(8.2)

6" 6.79 dd (1.9/8.2)

7" 6.20 d (15.9)
H-8"” 7.46 d (15.9)

*Assignments were established by direct comparison with the literature.

2 overlapped with other signals.

111.4.3.6 Identification of phenylpropanoids

111.4.3.6.1 Structure elucidation of compound 14

HO

Coniferin
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Compound 14 was isolated from the bark as an amorphous powder. The *H NMR spectrum
(Figure 111.79) exhibited the characteristic signals of aromatic protons (6+ 6.28 -7.10) as well as an
isolated double doublet at 61 4.21 (2H, dd, J = 5.7, 1.5 Hz), an anomeric proton signal at o 4.88
(1H, d, J = 7.33 Hz) and overlapped proton signals of sugar residue (6n 3.33-3.90), altogether
suggested the chemical structure of compound 14 as a glucosylated phenolic compound. Moreover,
the observed singlet signal at 6 3.87 suggested the presence of an aromatic methoxyl group.

The spectroscopic data (Table 111.14) of compound 14 were consistent with the common
phenypropanoid glucoside coniferin [203]. Coniferin is a glycoside which has been firstly isolated
from coniferous plant species, while it has been isolated later from a variety of plant species mainly
some citrus and asparagus species [204, 205]. Coniferin has been reported to show different

pharmacological effects including anti-cough and anti-asthmatic properties [206].

Figure I11.79: 1H NMR spectrum of compound 14
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Table 111.14: 'H NMR (600.11 MHz) data of coniferin 14 (CD3OD; & in ppm; Jin Hz)"

C/H ou
1 -
2 7.07d (1.9)
3 -
OMe-3 3.87 (s)
4 -
5 7.10d (8.4)
6 6.95 dd (1.9/8.4)
1 6.54 d (15.9)
2’ 6.28 dt (5.7/15.9)
3/ 4.21dd (1.2/5.7)
1" 4.88d (7.33)
2" 3.33-3.90°
3" 3.33-3.90°
4" 3.33-3.90?
5" 3.33-3.90?
6" 3.33-3.90°

*Assignments were established by direct comparison with the literature.

2 overlapped with other signals.

111.4.3.6.2 Structure elucidation of compound 15

Syringin
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Compound 15 was obtained as an amorphous powder from the bark. In the *H NMR
spectrum (Figure I11.80), displayed a singlet signal resonating at oH 6.82 (2H), characteristic of a
symmetrically substituted aromatic ring and two signals for a trans-olefinic protons at 64 6.57 (1H,
d, J =15.9 Hz) and 6.38 (1H, dt, J = 5.7, 15.9 Hz), corresponding to H-1" and H-2’, respectively.
Also, the 'H NMR spectrum showed a double doublet signals appearing at 51 4.26 (2H, dd, J = 1.2,
5.7 Hz), corresponding to H-3". The presence of a 3-glucopyranoside was confirmed by the presence
of doublet signal at 61 4.95 with a coupling constant J = 7.2 Hz.

The spectral data of compound 15 (Table I11.15) was in full agreement with those reported
for syringing [207]. Syringin was isolated previously from Osmanthus asiaticus [208], Centaurea
crocodylium [209], Chartolepsis pterocaulea [210], Grossheimia macrocephala [211]. The
pharmacological properties of syringin includes anti-diabetic effect, anti-inflammatory potential,
anti-nociceptive action, anti-allergic [212].

Figure I11.80: 'H NMR spectrum of compound 15
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Table 111.15: *H NMR (600.11 MHz) data of syringin 15 (CD30D; & in ppm; J in Hz)"

C/H OH
1 -
2 6.82 (s)
3 -
OMe-3 3.87 (s)
4 -
5 -
OMe-5 3.87 (s)
6 6.82 ()
1’ 6.57 d (15.9)
2 6.38 dt (5.7/15.9)
3’ 4.26 dd (1.2/5.7)
1" 4.95d (7.2)
2" 3.20-3.50?
3" 3.20-3.50?
4" 3.20-3.50?
5" 3.20-3.50?
Ha-6" 3.78 dd (2.4/12.3)
Hp-6" 3.72 dd (4.8/12.3)

*Assignments were established by direct comparison with the literature.

2 overlapped with other signals.
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111.4.3.7 Identification of lignans

111.4.3.7.1 Structure elucidation of compound 16

OH
=5
-

° 7oL 3 CH,

HO o 0

OCHj
OH

HO Ho

8-Hydroxypinoresinol-4'-0O--D-glucoside

Compound 16 was obtained as an amorphous power from the bark. The *H NMR spectrum
(Figure 111.81) revealed the presence of two ABX type coupling patterns, thus indicating the
presence of two 1, 3, 4-trisubstituted phenyl groups appearing at 6 7.12 (d, J = 1.8 Hz, H-2), 7.16
(d, J = 8.4 Hz, H-5), and 6.96 (dd, J = 1.8, 8.4 Hz, H-6); and at 84 7.05 (d, J = 1.8 Hz, H-2"), 6.78
(d, J=8.4 Hz, H-5"), and 6.87 (dd, J = 1.8, 8.4 Hz, H-6').

Figure I11.81: "H NMR spectrum of compound 16
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Also, the examination of the *H NMR spectrum (Figure 111.82) showed:

» Two benzylic oxymethine protons resonating at 6 4.72 (1H, s) and 4.85 (1H, d,J=5.4
Hz) corresponding to H-7 and H-7’, respectively.

» Two methylenes bearing an oxygen function at 64 3.87 (1H, d, J = 9.0 Hz, Ha-9), 4.06 (1H,
d, J=9.0 Hz, Hp-9), 3.78 (1H, dd, J = 6.3, 8.9 Hz, Hs-9"), and 4.47 (1H, t, ] = 8.9 Hz, Hp-
9).

» Two O-methyl singlet signals detected at 6+ 3.88 (3H, s) and 3.86 (3H, s) corresponding to
OMe-3 and OMe-3’, respectively.

» An anomeric proton at o 4.88 with a coupling constant J = 7.5 Hz gave clear evidence on
the presence of a B- glucoside unit.

» Signals in the on 3.34-4.88 region attributable to a sugar moiety.

Figure I11.83: 'H NMR spectrum of compound 16
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Comparison of spectral data (Table 111.16) of glucoside 16 with the literature [213] led us

to identify it as 8-Hydroxypinoresinol-4'-O-p-D-glucoside, previously isolated from plants like

Valeriana prionophylla [214], Valeriana officinalis [215], Eucommia ulmoides [216] and for the

first time from Fraxinus species.

Table 111.16: 'H NMR (600.11 MHz) data of 8-hydroxypinoresinol-4’-O-B-D-glucoside 16

(CD3OD; 6 in ppm; J in Hz)"

C/H OH
1 -
2 7.12d (1.8)
3 -
OMe-3 3.88 (s)
4 -
5 7.16d (8.4)
6 6.96 dd (1.8/8.4)
7 4.72 ()
8 -
Ha-9 3.87.d (9.0)
Hp-9 4.06 d (9.0)
1’ -
2’ 7.05d (1.8)
3’ -
OMe-3’ 3.86 (s)
4' -
5 6.78 d (8.4)
6’ 6.87 dd (1.8/8.4)
7' 4.85d (5.4)
8’ 3.05 (m)
Ha-9' 3.78 dd (6.3/9.2)
Hp-9' 4.47 d (8.9)
1" 4.88d (7.5)
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Table 111.16: continued.

2" 3.50 dd (7.5/9.3)
3" 3.34-4.88°

4 3.40°

5" 3.40°

6" 3.70 dd (4.8/12.0)

*Assignments were established by direct comparison with the literature.

2 overlapped with other signals.

111.4.3.7.2 Structure elucidation of compound 17

Glc

HO

OCH,

8-Acetoxypinoresinol-4-0-3-D-glucoside

Compound 17 was obtained as colorless needles, from the bark. The *H NMR spectrum
(Figure 111. 84) exhibited signals of two 1, 3, 4-trisubstituted phenyl groups at 64 7.01 (d, J = 1.9
Hz, H-2), 7.13 (d, J = 8.4 Hz, H-5), and 6.99 (dd, J = 1.9, 8.4 Hz, H-6); and at 61 6.99 (d, J = 1.9
Hz, H-2"), 6.80 (d, J = 8.2 Hz, H-5"), and 6.87 (dd, J = 1.9, 8.2 Hz, H-6).
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Figure 111.84: "H NMR spectrum of compound 17

Beside these signals, the 'H NMR spectra (Figure I111.85 and 111.86) showed:

» Two benzylic oxymethine protons resonating at 64 5.03 (1H, s) and 4.78 (1H, d, J =4.8
Hz) corresponding to H-7 and H-7', respectively.

» Two methylenes bearing an oxygen function at oy 4.26 (1H, d, J = 10.7 Hz, H.-9), 4.32
(1H, d, J = 10.7 Hz, Hp-9), 3.76 (1H, dd, J = 5.4, 9.0 Hz, Ha-9'), and 4.46 (1H, dd, J = 7.8,
9.0 Hz, Hy-9").

» Two methoxyl singlet signals detected at on 3.85 (3H, s) and 3.86 (3H, s) corresponding to
OMe-3 and OMe-3’, respectively.

» An anomeric proton at 64 4.91 with a coupling constant J = 7.8 Hz indicating the presence
of a - glucoside unit.

» Signals in the 61 3.34-4.91 region attributable to a sugar moiety.
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Figure I11.85: "H NMR spectrum of compound 17

Figure I11.86: "H NMR spectrum of compound 17
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Additionally, the *H and 3C NMR spectra (Figure 111.87 and 111.90), suggested the presence of
one alcoholic acetoxyl group, which was confirmed by the appearance of a singlet signal at 6
1.68 (3H, s, 8¢ 20.9, CH3CO).

Figure I11.87: "H NMR spectrum of compound 17

The 3C NMR sepctra (Figure 111.88, 111.89 and 111.90) showed 28 signals corresponding to
the signals of 12 carbons for tow aromatic rings, two methylenes (6 75.7 and 71.3, C-9 and C-9’),
three methines (6 60.1, C-8', 88.6, C-7, 86.7, C-7'), a tertiary alcoholic carbon (6 98.8, C-8), two
methoxy carbons (6 56.8 and 56.4, OMe-3 and OMe-3'), a carbonyl carbon (6 171.2, CH3CO),

and six carbon resonances corresponding to a sugar moiety.

By comparing the 3C NMR spectrum of compound 17 with that of the known lignan, 8-
hydroxypinoresinol-4'-O-B-D-glucoside (16) [213], it was clearly confirmed that glucoside 17

contains a 2, 6-diaryl-3, 7-dioxabicyclo [3, 3, 0] octane ring.

The appreciable differences of chemical shifts for the 8 and 8’ carbon atoms, at 92.7ppm
and 62.4 ppm in 16, 98.8 ppm and 60.1 ppm in 17, respectively, also indicated that one alcoholic

acetoxyl group of 17 is attached at the 8 carbon atom.

The aromatic carbon shifts of compound 17 suggested that the aryl groups are 3-methoxy-

4-hydroxyphenyl units, and that one of them is linked to a 3-D- glucosyl moiety.
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aromatic carbons
111.1-150.2
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Figure I11.88: "C NMR spectrum of compound 17

Figure I11.90: “c NMR spectrum of compound 17
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The upfield shift of the 1’ carbon atom of the 3’-methoxy, 4’-hydroxyphenyl unit is 4.5
ppm between 16 and 17, indicating the presence of a free phenolic hydroxyl group at the 4’ carbon
atom of 17. The glucosidic linkage of 17 was determined by comparative study of *3C NMR data
of glucoside 17 and glucoside 16 (Table 111.17). The observed downfield shift of para- correlated
C-1 (+5.5 ppm), in comparison with that observed in 16, was indicative of glucosidation at C-4.

At this point, compound 17 was identified as 8-Acetoxypinoresinol-4-O-B-D-glucoside,
previously isolated from Olea europaea [56] and for the first time from Fraxinus species. The
spectroscopic data (Table 111.17 and 111.18) were identical with the literature [217]. Thus, inferring
the identity also in the stereochemical data aspects as well as in the nature of the sugar moiety that

was D-glucose.

Table I111.17: 1*C NMR (150.91 MHz) data of componunds 17 and 16 in CD3sOD
(8 in ppm; Jin Hz)"

C/H 17 16 [213]
1 132.8 127.3
2 1145 112.7
3 150.2 1495
OMe-3 56.8 56.3
4 148.0 147.7
5 116.1 116.4
6 122.6 121.7
7 88.6 89.4
8 98.8 92.7
CHsCO 20.9 -
CH3CO 171.2 -
9 75.7 76.3
1’ 132.7 137.4
2 111.2 112.0
3 149.1 151.0
OMe-3' 56.4 56.7
41 1475 147.6
5 117.1 118.1
6 120.4 120.2
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Table 111.17: Continued.

7' 86.7 87.4
8’ 60.1 62.4
9 71.3 72.0
1" 102.6 102.9
2" 74.9 74.9
3" 78.2 77.8
4" 71.3 71.4
5" 77.9 78.2
6" 62.5 62.5

Table 111.18: 'H NMR (600.11 MHz) data of acetoxypinoresinol-4-O-B-D-glucoside 17
(CD3OD; 6 in ppm; J in Hz)"

C/H OH
1 -
2 7.01d (1.9)
3 -
OMe-3 3.85 (s)
4 .
5 7.13d (8.4)
6 6.94 dd (1.9/8.4)
7 5.03 (s)
8 -
Ha-9 4.26 d (10.8)
Hp-9 4.32d (10.8)
CHsCO 1.68 (s)
1’ .
2 6.99 d (1.9)
3’ -
OMe-3' 3.86 (s)
4 -
5 6.80d (8.2)
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Table 111.18: Continued.

6’ 6.87 dd (1.9/8.2)
7’ 4.78 d (4.8)
g
Ha-9’ 3.76 dd (5.4/9.0)
Hoso" 4.46 dd (7.8/9.0)
1" 4.91d (7.8)
2" 3.34-4.91°
3" 3.34-4.91°
4" 3.34-4.91°
5" 3.34-4.912
6" 3.69 dd (4.8/12.0)

*Assignments were established by direct comparison with the literature.

& overlapped with other signals.

I11.5 Anti-oxidant activity

Numerous techniques are available to evaluate the anti-oxidant activity of pure compounds
or complex mixtures (as in the case of plant extracts). Herein, the methanolic extracts of the
Algerian plants (Fraxinus xanthoxyloides and Fraxinus angustifolia), belonging to the Oleaceae
family, were screened for their anti-oxidant activity by using two different tests in vitro: DPPH free
radicals scavenging [218] and ABTS radical cation decolorization assay [219]. The results are
expressed in percent of effectivity for 200 pg/mL of both extract as summarized in Table 111.19.
The studied plant species exhibited similar activity. Whereas, for the same plant, the studied plant
parts (leaves and bark) showed differential activity, with F. angustifolia and F. xanthoxyloides bark
as the extracts with the strongest activity in the two performed assays.

F. angustifolia and F. xanthoxyloides leaves showed slight difference DPPH scavenging
activity (% inhibitions were 34.2 and 51.0 for F. angustifolia and F. xanthoxyloide, respectively)
and a similar ABTS activity (% inhibitions were 27.1 and 28.6 F. angustifolia and F.

xanthoxyloides, respectively).

In comparison to the leaves, the bark extracts of both species showed strong anti-oxidative
activity with the DPPH scavenging (% inhibitions were 76.5 and 74.3 for F. angustifolia and F.
xanthoxyloides, respectively) and ABTS activity (% inhibitions were 42.3 and 42.8 for F.

angustifolia and F. xanthoxyloides, respectively).

Regarding the antioxidant activity developed by the positive controls, these plant extracts,
used at relatively high concentrations, exhibited weak activity.
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The weak anti-oxidative activity of the methanolic extracts of both F. angustifolia and F.
xanthoxyloides, namely using the DPPH scavenging, was also reported for F. chinensis collected in
China [220].

The activity shown in both assays demonstrates the electron donor properties of the
molecules present in the extracts, particularly for neutralizing free radicals by forming stable
products. Such activity may be provided by the presence of electron-donating or withdrawing
groups at the aromatic system and glycosylation in the 7™ position which strongly influence the

redox potential of phenols [221].

Table 111.19: Anti-oxidant activity of the extracts of the Algerian plant species F.
angustifolia and F. xanthoxyloides.

DPPH ABTS
FAB 76,5 * 1,9 42,3 =+ 0,9
FAL 342 + 1,4 27,1 + 0,2
FXB 743 + 2,2 42,8 + 1,6
FXL 510 =+ 1,1 28,6 * 0,7

DPPH: Scavenging of DPPH
Results expressed as: % of effectivity at 200 pg/mL of extract.
ABTS: Scavenging of ABTS

Results expressed as: % of effectivity at 200 pg/mL of extract.
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Considering the high levels of anti-oxidant activity for some of the studied extracts, a
preliminary analysis on the bioactive compounds present in the extracts was also done. Given the
polar nature of the extracts, the performed analysis was oriented for hydrophilic compounds,
particularly phenolics. Furthermore, the anti-oxidant activity of plant species is often related to their
phenolic content, since these compounds are known for their redox properties (as reducing agents,
hydrogen donors, singlet oxygen quenchers or metallic elements chelators). In fact, the presence of
phenols and many other groups of phenolic compounds (with different concentrations) in the plant
extracts is a determining factor to prevent lipid oxidation [222], which constitutes one of the
strongest types of anti-oxidant activity verified among the studied species. Plant phenolics can delay
the onset of lipid oxidation and decomposition of hydroperoxides in food products as well as in

living tissues [221].

The strong anti-axidative activity exhibited by F. angustifolia bark was explained with the
phenolic and flavonoid content of the crude extract (TPC: 137.8 mg GAE/g of extract, TFE: 10.5
mg QE/g of extract). Contrariwise, the lowest level of total phenol was quantified in F.
xanthoxyloides species (FXB: 22.1 mg GAE/g of extract; FXL: 20.6 mg GAE/g of extract). The
bark of late species showed also minimum amounts of flavonoids (2.4 mg QE/g of extract), together
with the leaves of F. angustifolia (5.9 mg QE/g of extract).

Table 111.20: Bioactive compounds quantified in the extracts prepared from the Algerian
plant species F. angustifolia and F. xanthoxyloides.

TPC TFE
FAB 1378 = 00 105 + 01
FAL 1436 + 00 59 + 12
FXB 221 + 08 24 £ 27
FXL 206 + 16 222 + 21

TPC: Total Phenolic Content

Results expressed as: mg of gallic acid equivalent per gram of extract (mg GAE/g of
extract).

TFE: Total Flavonoid Evaluation
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Results expressed as: mg of quercetin equivalent per gram of extract (mg QE/g of extract).

Overall, the studied species shown great heterogeneity regarding the evaluated parameters.
Data in Table 11119 and 111.20 might be used to drawn some specific conclusions, but the selection
of the best plants considering the contribution of all assayed parameters simultaneously might only
be achieved using a more advanced statistical analysis tool.
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1V.1 Materials and methods

1VV.1.1 Plant material

The stem bark and the leaves of Fraxinus xanthoxyloides were collected in June 2014 from
the region of Khenchela, Algeria. The plant was kindly identified by Prof. Mohamed Kaabache,
Ferhat Abbas Setif 1 University, Algeria. The leaves and the stem bark were separated and dried by

air and then powdered.

IV.1.2 Chromatographic methods of analysis (analytical and preparative)
1VV.1.2.1 Thin layer chromatography (TLC)

In the following experiments, analytical thin layer chromatography (TLC) was performed
on Silica gel 60 F2s4 plates (Merck, Darmstadt, Germany). Spots were detected under UV light first,
then by spraying with 20% (v/v) H2SO4 in ethanol solution and heating. Preparative thin layer
chromatography (PTLC) was performed on pre-coated plates 60 Fs4 0.5x0.25 mm. All solvents
used for chromatographic purposes were of analytical grade.

1V.1.2.2 Column chromatography (CC)

Column chromatography (CC) on Polyamide 6 (Fluka, Germany), Sephadex LH-20 and
Silica gel 60, particle size 0.063-0.200, 70-230 mesh ASTM (Merck, Darmstadt, Germany) as well
as Lobar chromatography (Lobar RP-8 and RP-18, Merck, Darmstadt, Germany) were used for

separation and purification of the individual compounds.

1VV.1.3 Spectroscopy

NMR spectra were acquired on Bruker AVII+ 600 spectrometer (Bruker, Karlsruhe,
Germany), *H-NMR (600.11 MHz), C-NMR (150.91 MHz) in D,0, CD3OD and DMSO-ds
purchased from Deutero-GmbH (Kastellaun, Germany), with TMS as internal standard. UV
spectra: HeAios Gamma UV spectrophotometer (Thermo Scientific, Bremen, Germany) in MeOH.
HR-ESI-MS analysis was performed on a Thermo Scientific Q Exactive Plus (Bremen, Germany)

in negative mode.

1V.1.4 Optical rotation

Optical rotation was recorded in MeOH using a Galan-Taylor Prism polarimeter.
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I1VV.1.5 Acid hydrolysis of compound 1

The absolute configuration of the sugar was established using the method of Tanaka et al.
[165] with some modifications [223]. Briefly, compound 1 (5 mg) was refluxed with 2 mL of 2N
HCI-MeOH (1:1) for 2 h. The reaction mixture was filtered through Diaion HP-20SS followed by
subsequent elution with H,O and MeOH. The water portion was filtered through Amberlite IRC
86 resin and then evaporated to dryness. The dry water eluate was treated with a solution (0.1
mL) of L-cysteine methyl ester in pyridine (5 mg/mL) at 60°C for 1 h. A solution (0.1 mL) of
o-tolylisothiocyanate in pyridine (5 mg/mL) was added to the mixture and heated at 60°C for 1 h.
The resulting solution was analyzed using HPLC [Purospher STAR RP-18 5 um column (Merck;
4.6%250 mm) with 25% ACN in 50 mM H3PO,, flow rate 1 mL/min, UV detection at 250 nm].
The presence of D-glucose (tg value of the tolylthiocarbamoyl-thiazolidine derivative was 18.7

min) was found in the residue.

IV.1.6 Anti-oxidant activity
A. Anti-Oxidant capacity of extracts

A.1 Total Phenolic Content (TPC)

Folin—Ciocalteau reagent was first introduced by O. Folin and D. Ciocalteau in 1927.
Chemically, it is a hetero polyacid that is phosphomolybdotungstic acid. It produces blue colour
with phenolic group [224].

A standard curve of gallic acid in DMSO was made between 100 pg/mL to 2.5 pg/mL final
concentration (1 mg/mL to 0.025 mg/mL of initial concentration). In each well were placed 25 puL
of sample (extract or gallic acid standard curve point), plus 125 pL of Folin Ciocalteau reagent
(10% v/v in H20) and 100 pL/of sodium bicarbonate 7.5% wi/v (250 pL final volume per well).
Respective blank made replacing Folin Ciocalteau reagent with 125 pL of H.O. The plates were
incubated for 30 min protected of light and at room temperature. Measures were reading at 765 nm.

Total phenolic concentration is expressed in mg gallic acid equivalents per gram of extract.
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A.2 Total Flavonoid Evaluation (TFE)

The total flavonoid content of crude extract was determined by the aluminium chloride
colorimetric method [225]. AICI3 forms acid stable complexes with the C-4 keto groups and either
the C-3 or C-5 hydroxyl group of flavones and flavonols. In addition, it forms acid labile complexes

with the ortho-dihydroxyl groups in the A- or B- ring of flavonoids.

A standard curve of quercetin was made in DMSO between 200 pg/mL to 1.25 pg/mL final
concentration in the well (initial concentration from 1 mg/mL at 0.00625 mg/mL). In each well
were placed 50 pL of sample (extract or quercetin standard curve point), plus 160 pL of EtOH, 20
pL of AICIs (1.8 % wiv of AICI3-6 H20) and 20 pL of sodium acetate (820.3 mg in 100 mL H20).
Respective blank were performed replacing the AICIs and sodium carbonate with 40 pL of H2O.
The plates were incubated for 40 min at room temperature. Measures were reading at 415 nm. The

flavonoid concentration is expressed in mg quercetin equivalents per gram of extract.

B. Anti-oxidant scavenging

Antioxidant activity was evaluated by using two different tests: DPPH free radical scavenging
activity [226] and ABTS radical cation decolorization assay [219].
B.1 DPPH assay

AH A O2N
[ J
N—N NO, L_Z, N—H NO,
O,N ON
A B

Figure 111.1: Reaction of DPPH (A, Amax 517) in presence of an antioxidant reagent (AH).

The reagent 2,2-diphenyl-1-picrylhydrazyl (DPPH) was prepared freshly just before the
assay as follows: 12,4 mg of DPPH in 100 mL of ethanol. In each plate were placed 10 pL of sample
solution (extract at 4 mg/mL of initial concentration, 200 pg/mL final concentration in the well)
with 190 puL of DPPH solution. Negative (replacing sample with 10 puL of DMSO) and positive
(replacing sample with 10 pL of gallic acid at 100 pg/ml initial concentration, final concentration
of 5 pg/mL in the well with ~50% of efficacy. Blank of each sample and control were made. The
plates were incubated for 30 min at room temperature protected from light. The absorbance was

measured at 517 nm. The scavenging were calculated as follows:
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% DPPH Scavenging
_ (ODcontrol — ODblank control) — (0D sample — ODblank of sample) o

(0D control — OD blank of control) 100

B.2 ABTS assay
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Figure 111.2: reaction of ABTS* (C, Amax 734) in presence of an antioxidant reagent (AH).

The reagent 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), was treated
one day before the assay as follows: 10 mL of 7mM of ABTS solution (36.02 mg in 10 mL of H20)
were mixed with 164 pL of 140 mM of potassium persulfate (37,84 mg in 1 mL of H,O) and stored
overnight ( ~16 h). The final solution after stored, was diluted in distilled H2O ( ~1:20) until an
absorbance of 0.70+0,02 (100 uL of ABTS solution plus 50 pL of DMSO). In each plate were
placed 100 pL of final ABTS solution and 50 pL of sample (extract at 600 pg/mL as initial
concentration, 200 pg/mL final concentration in the well). Negative control was measured by
replaced 50 pL of sample solution with 50 uL of DMSQO. Positive control was carried with 50 pL
of 25 pg/mL trolox solution (final concentration in the well 8 pg/mL with 50 % of efficacy). Blanc
of each measured were made. The plates were incubated at room temperature, protected from light
for 10 min. The absorbance was measured at 734 nm. The scavenging was calculated as
follows:

% ABTS Scavenging
_ (0Dcontrol — ODblank control) — (OD sample — ODblank of sample) o

(OD control — OD blank of control)

100
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IVV.2 Phytochemical study of Fraxinus xanthoxyloides stem bark

1VV.2.1 Extraction

1 kg of the stem bark of F. xanthoxyloides was air dried and powdered by an electric mill. The plant
material was subjected to exhaustive extraction with methanol (3 x 6 I) and left at room temperature
for two days in each extraction. The combined extracts were concentrated to dryness by using a

Rotavapor to afford 123.58 g of the methanolic extract 1 (ME1).

IVV.2.2 Separation and purification

Part of methanolic extract (10 g) was dissolved in water and applied on polyamide 6 column
chromatography with H.O-MeOH gradient system (100:0 to 0:100). Using TLC analysis on silica
gel (CHCI3:MeOH:H-0, 60:22:4) fractions having similar profiles were combined to give nine main
fractions (1-9) (Figure 1V.3; Table 1V.1).

Figure 1V.3: TLC of the main fractions of the methanolic extract of the stem bark.
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Table IVV.1: The main fractions collected from the methanolic extract (ME1)

Collected fractions Weight (mg)

F1 2550
F2 3820
F3 570
F4 550
F5 500
F6 750
F7 470
F8 440
F9 80

A part of fraction F1 (1.8 g) was dissolved in water and chromatographed on Lobar column (RP-
8, size B), using H.O-MeOH (5% to 55%) gradient to afford seven sub-fractions (Figure 1V.4;
Table 1V.2).

Figure 1V.4 : TLC of the main fractions of sub-Fraction F1 140
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Table 1V.2. The main fractions collected from sub-fraction F1

Fractions Weight (mg)
F1-1 23.9
F1-2 144.8
F1-3 536.6
F1-4 22.8
F1-5 21.4
F1-6 51.3
F1-7 30.9

Purification of sub-fraction F1-1 (23.9 mg) by PTLC using CHCI3:MeOH:H;0 (60:22:4/v:v:v)
eluent yielded 3.3 mg of compound 16 (Figure 1V.5).

.l:llll:

Wy

Figure IV.5: TLC of compound 16

Sub-fraction F1-2 (144.8 mg) was subjected to Sephadex LH-20 column chromatography
using MeOH:H0 (2:1/v:v) as mobile phase to give two fractions ( A and B) (Figure IV.6). Fraction
B (50.9 mg) was then purified by PTLC with CHCl3:MeOH:H20 (60:22:4/v:v:v) eluent to afford

compound 5 (8.9 mg) and compound 12 (28.7 mg) (Figure 1V.7).
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Figure 1V.6: TLC of sub-fractions A and B

Figure IV.7: TLC of compounds 5 and 12

Sub-fraction F1-6 (51.3 mg) was subjected to Sephadex LH-20 column chromatography,
using MeOH:H»0 (2:1/v:v) as eluent, to give compound 1 (27.8 mg) and compound 2 (15.6 mg)
(Figure 1V.8).
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R

Figure IV.8 : TLC of compounds 1 and 2

Fraction F3 (536 mg) was dissolved in water and applied on Lobar column (RP-8, size B),
using a gradient of H2O:MeOH (5% to 55%) to obtain eight sub-fractions (Table IV.3).

Table 1V.3. The main fractions collected from sub-fraction F3

Fractions Weight (mg)
F3-1 10.8
F3-2 5.2
F3-3 13.9
F3-4 142
F3-5 60.4
F3-6 38.2
F3-7 5.8
F3-8 39
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Sub-fraction F3-6 (38.2 mg) was subjected to Sephadex LH -20 CC and eluted with MeOH:H.0
(2:1/v:v) to provide compound 14 (14.3 mg) (Figure 1V.9).

Figure IV.9 : TLC of compound 14

Compound 15 (12 mg) was isolated from fraction F3-8 (39 mg), which was submitted to CC over
Sephadex LH-20 and eluted with MeOH:H,O (2:1/v:v) ( Figure 1V.10).

Figure IV.10 : TLC of compound 15

Fraction F4 (550 mg) was dissolved in water and applied on Lobar column (RP-8, size B) eluting
with H.O:MeOH (5% to 55%) gradient to obtain thirteen sub-fractions (Figure IV.11; Table 1V.4).
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Table 1V.4. The main fractions collected from sub-fraction F4

Fractions Weight (mg)
F4-1 13
F4-2 19.8
F4-3 43.2
F4-4 19.8
F4-5 375
F4-6 9.7
F4-7 45
F4-8 27.5
F4-9 27.1
F4-10 37.5
F4-11 33.3
F4-12 55.8
F4-13 6.2

Figure IV.11: TLC of the main fractions of fraction F4
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Sub-fractions F4-3 (43 mg) and F4-11 (33.3 mg), were separately purified by preparative
TLC, developed with CHCI3:MeOH:H20 (60:22:4/v:v:v), to afford compound 6 (5.1 mg) and
compound 17 (23.1 mg), respectively (Figure 1VV.12)

Figure 1V.12: TLC of compounds 6 and 17

Fraction F7 (470 mg) was applied on Lobar column (RP-8, size B), using H.O:MeOH (20% to 50%)

gradient to yield compound 13 (111 mg) ( Figure 1V.13).

Figure 1V.13: TLC of compounds 13
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IVV.3 Phytochemical study of Fraxinus xanthoxyloides leaves

IVV.3.1 Extraction
A well air dried and powdered leaves (200 g) was extracted three times with methanol at room
temperature for four days. The methanolic solutions were combined and concentrated to dryness

under reduced pressure to yield 33.8 g of the methanolic extract 2 ( ME2).

I1VV.3.2 Separation and purification

15 g of the methanolic extract was dissolved in water and subjected to polyamide 6 column
chromatography eluting with H.O, H.O-MeOH mixtures (25-100%). Using TLC analysis on silica
gel (CHCI3:MeOH:H-0, 60:22:4) fractions having similar profiles were combined to give nine
fractions (1-9) (Figure 1V.14; Table IV.5).

Table 1V.5. The main fractions collected from the methanolic extract (ME2)

Fractions Weight (mg)
F1 7700
F2 1290
F3 710
F4 129
F5 310
F6 725
F7 113
F8 1500
F9 4310
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Figure IV.14: TLC of the main fractions of the methanolic extract of the
leaves

Fraction F2 (1.23 g) was dissolved in water and was separated on a Lobar column
chromatography (RP-8, size B) eluting with a gradient of increasing MeOH (0-50%) in H2O to
afford eight fractions (1-8) (Figure IV.15; Table 1V.6).

Table IVV.6. The main fractions collected from fraction F2

Fractions Weight (mg)
F2-1 28.4
F2-2 08.4
F2-3 21.8
F2-4 51.6
F2-5 18.8
F2-6 13.8
F2-7 29.4
F2-8 108
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Figure 1V.15: TLC of sub-fractions of fraction F2

Sub-fractions F2-1 (28 mg) and F2-3 (21.4 mg), were separately purified by PTLC with
CHCI3:MeOH:H,O (60:22:4) to obtain compound 10 (6.4 mg) and compound 11 (6.2 mg),
respectively (Figure 1V.16).

Figure 1V.16: TLC of compounds 10 and 11

149



Chaeter v Experimental section
Fraction F3 (340 mg) was dissolved in MeOH:H>0O (4:1.5) and applied on Sephadex LH-20 column,
eluting with MeOH:H20 (4:1.5) to afford compound 6 (76.9 mg) (Figure 1V.17).

Figure IV.17: TLC of compound 6

Fraction F4 (129 mg) was dissolved in MeOH and methanol soluble part was applied on
Sephadex LH-20 column chromatography, eluting with MeOH and a sub-fraction (50.7 mg) was
further purified on Lobar column (RP-18, size A, eluents 10-25% MeOH) to give compound 5 (3.6
mg) (Figure IV.18). The insoluble part was compared by TLC with compound 6 and it was
cichoriin.

Figure IV.18: TLC of compound 5
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Fraction F6 ( 720 mg) was applied on Sephadex LH-20 column chromatography eluting
with MeOH and a sub-fraction (203 mg ) was additionally purified by LPLC (Lobar RP-18, size A,
eluents 10-50% MeOH) yielding compound 3 (10.5 mg) and compound 4 (30.1 mg) (Figure 1V.19).

Figure IV.19: TLC of compounds 3 and 4

Fraction F8 ( 400 mg) was dissolved in MeOH and applied on Sephadex LH-20 column to
obtain a sub-fraction which was additionally partitioned by silica gel column eluting with
CHCI3:MeOH:H2O moxures (60:15:4, 60:22:4 and 61:32:7) to obtain compound 7 (9.7 mg),
compound 8 (11.4 mg) and compound 9 (53.6 mg) (Figure 1V.20).

The isolated compounds from Fraxinus xanthoxyloides leaves (FXL) are ordred on the
chromatograms (Figure 111.20 and 111.21) according to their polarity. The solvent system used for
TLC is CHCIl3:MeOH:H-0 (60:22:4).

Figure IV.20: TLC of the isolated compounds from the leaves

under UV light (254 nm).
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Figure IV.21: TLC of the isolated compounds from the leaves after spraying
with H,SO, reagent

V.4 Spectral data and physical constants of the isolated compounds
IV.4.1 Coumain-secoiridoid compounds

Compound 1
OCH,

Isofraxisecoside
0

Molecular formula: CasHa0Oz20 . Noo, (4,000 COOCH,
[a]o? =-135.8 (c = 0.095, MeOH) h \% N
oyt ;

HR-ESI-MS: m/z found: 755.20404 for [M-H] N
'H-NMR (600.11 MHz) and **C-NMR (150.91 MHz) in '
CD3s0D (Table 111.1, page 69). HO O
OH
HO Ho
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Compound 2

Fraxisecoside

Molecular formula: CzsH40020

[0]p?® =-144.16 (c = 0.115, MeOH)
HR-ESI-MS: m/z found: 755.20381 for [M-H]

'H-NMR (600.11 MHz) and **C-NMR (150.91 MHz)
in CD30D (Table 111.2, page 80).

1V.4.2 secoiridoid compounds

Compound 3

Ligstroside
Molecular formula: CsH32012

!H-NMR (600.11 MHz) in CD3sOD (Table 111.3, page
83).

Compound 4

Oleuropein

Molecular formula: C25H32013

'H-NMR (600.11 MHz) in CD,OD (Table IIL4, page 88).

2
H CHy—CH,—0,
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1V.4.3 Coumarin compounds

Compound 5

Fraxin

Molecular formula: C,(H,;0,,

'"H-NMR (600.11 MHz) in CD,OD (Table IIL5,
page 91).

VUl IPUUI u v
Cichoriin
Molecular formula: C15H1609

'H-NMR (600.11 MHz, CD3s0D) and *3C (150.91
MHz; DMSO-dg) (Table 111.6, page 95).

Compound 7

Esculetin

Molecular formula: CgHgO4

'H-NMR (600.11 MHz) in CDsOD (Table 111.7,
page 97).

1V.4.4 Flavonoid compounds

Compound 8

Nicotiflorin

Molecular formula: C27H3OO1 s

'H-NMR (600.11 MHz) in DMSO-d, (Table
I11.8, page 100).
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Compound 9

Rutin
Molecular formula: C27H30016

'H-NMR (600.11 MHz) in DMSO-ds
(Table 111.9, page 103).

IV.4.5 Phenylethanoid compounds
Compound 10

2-(3, 4-dihydroxy)phenylethyl-O-p-D-
glucopyranoside

Molecular formula: C14H1g0s

'H-NMR (600.11 MHz) in CD3sOD (Table 111.10, page
106).

Compound 11

Salidroside

Molecular formula: C14H2007

IH-NMR (600.11 MHz) in CDzOD (Table 111.11, page
108).
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Compound 12

Osmanthuside

Molecular formula: C 14H,,0

207 HO
'"H-NMR (600.11 MHz) and "C-NMR (150.91 MHz) o
in CD,0D (Table III.12, page 113). OH  OH HO

HO

Calceolarioside B

Molecular formula: CBH%O11

'H-NMR (600.11 MHz) in CD,0D (Table IIL.13, page
115).

H

1VV.4.6 Phenylpropanoid compounds
Compound 14
Coniferin

Molecular formula: C16H220s

IH-NMR (600.11 MHz) in CDzOD (Table 111.14, page
118).

Compound 15
Syringin
Molecular formula: C,,H,,0,

'"H-NMR (600.11 MHz) in CD,0D (Table III.15, page
120).
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IV.4.7 Lignans
Compound 16

H
8-Hydroxypinoresinol-4'-O-B-D-glucoside 7 ‘

Molecular formula: C, H,,0,, <_’8 o
I >9
'"H-NMR (600.11 MHz) in CD,OD (Table III.16, page W Lo
123).
HO 0
”
o OCH,
HO 1o

Compound 17

8-Acetoxypinoresinol-4-O-B-D-glucoside yZ e
Molecular formula: C,,H,,0,, ( 77 \\\\\ ‘ "
“C-NMR (150.91 MHz) in CD,OD (Table I1L.17, L >‘”°A°

page 129). 'H-NMR (600.11 MHz) in CD,0D (Table

III.18, page 130).

HO
0CH;
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Conclusion

The present work concerns the chemical investigation of the Algerian plant: Fraxinus
xanthoxyloides, belonging to the Oleaceae family. This species is commonly used in traditional
medicine in different parts of the world. The occurrence of secoiridoids, coumarins and

phenylethanoids is a characteristic feature of this Fraxinus species.

The chemical study of the secondary metabolism of the leaves and the stem bark of this
medicinal plant has resulted in the isolation of natural products including one new coumarin-
secoiridoid (Hadroug et al., 2018).

The structures of the new compound isolated from the stem bark was determined by
spectroscopic methods, mainly 1D and 2D NMR techniques (*H and*3*C NMR, HSQC, HMBC
and ROESY experiments), high resolution mass spectrometry (HR-ESI-MS), measurement of
the optical rotation [a]p?® and by chemical transformations. Known molecules were identified

by comparing the spectroscopic data with the literature.

The methanolic extracts of both leaves and stem bark of F. xanthoxyloides were
submitted to subsequent purification steps by using different chromatographic techniques,
mainly the law pressure liquid chromatography (LPLC), to give seventeen pure compounds (1-
17), including iridoids and phenolic compounds. One of them was unprecedented molecule.
The composition of the two parts of the plant was different. In particular, the extract of the stem
bark was found to contain coumarin-secoiridoid and phenypropanoid compounds whereas the

leaves extract was found to contain flavonoid compounds, which was not detected in the bark.

Ten glucosides have been isolated from the stem bark extract and were identified as two
coumarin-secoiridoid glucosides consist of a coumarin glucoside and a secoiridoid glucoside,
linked through the glucose of the coumarin part and the carboxyl group at C-7 of the secoiridoid:
fraxetin-7"-O-[11-methyl-oleosidyl-(7-6")]-B-glucopyranoside, named isofraxisecoside (1),

which was the novel compound, and the known compound Fraxisecoside (fraxetin-8"”-O-[11-
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methyl-oleosidyl-(7-6")]-B-D-glucopyranoside) (2); two simple coumarins: fraxin (5) and
cichoriin (9); two phenylethanoid: 2-(4-hydroxyphenyl)ethanol-p-D-apiofuranosyl(1-6)-p-D-
glucopyranoside named osmanthuside H (12) and calceolarioside (13); two phenylpropanoids:
coniferin (14) and syringing (15); two lignans: 8-Hydroxypinoresinol-4'-O-B-D-glucoside (16)
and 8-Acetoxypinoresinol-4-O-f-D-glucoside (17).

From the leaves extract, we have isolated nine compounds identified as: two secoiridoid
glucosides of oleoside type: ligstroside (3) and oleuropein (4); three simple coumarins: two
glucosides isolated previously from the stem bark and one coumarin aglucone named esculetin
(7); two flavonoid diglucosides having a flavonol framework: kaempferol-3-O-rutinoside
named nicotiflorin (8) and quercetin-3-O-rutinoside named Rutin (9); two phenylethanoid

glucosides: 2-(3, 4-dihydroxy)phenylethyl-O-B-D-glucopyranoside (10) and salidroside (11).

The methanolic extracts of both leaves and stem bark of the Algerian species (Fraxinus
xanthoxyloides and Fraxinus angustifolia), were screened for their anti-oxidant activity by
using two different tests in vitro: DPPH free radicals scavenging and ABTS radical cation

decolorization assay.

It is noteworthy to indicate that among known compounds reported in the literature, one
phenylethnoide and two lignan glucosides have been found for the first time in Fraxinus genus.
Furthermore, this study contributes to determine the chemical composition of this genus. In
general, further investigations on the Algerian Fraxinus species are required to complete the

chemical scenario.
Accordingly, and in perspective, the Algerian medicinal plant Fraxinus angustifolia,

that has an important biological activity reviewed in the literature, has been planned to be
investigated in the next future.
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Abstract

The nature was and still an interesting source of potential chemotherapeutic agents. Whatever the
reasons for the presence of these compounds in nature, they provide invaluable resources that have been used
to find new drug molecules. In this context, the Algerian medicinal plant Faxinus xanthoxyloides of the
Oleaceae family has been selected for phytochemical investigation and anti-oxidant screening.

This work allowed the isolation by chromatographic methods (TLC, PTLC, CC and LPLC), and the
characterization by spectroscopic analysis (NMR and MS) of 17 secondary metabolites including 2
coumarin-secoiridoid glucosides, 2 secoiridoids, 3 coumarins, 2 flavonoids, 4 phenylethanoids, 2

phenylpropanoids and 2 lignans.

10 compounds have been isolated from the methanolic extract of the stem bark from which one new
structure was established as a coumarin-secoiridoid diglucosides. The known secondary metabolites consist
of 1 coumarin-secoiridoid, 2 coumarins, 2 phenylethnoids, 2 phenylpropanoids and 2 lignans.

From the methanolic extract of the leaves 9 secondary metabolites have been identified. They were
devided into 2 secoiridoids with oleoside skeleton, 3 coumarins among them 2 common glucosides with the

bark and one coumarin aglucone, two flavonoid diglucosides and two phenylethanoids.

The molecular structures of the isolated compounds 1-17 were mainly elucidated by the use of NMR
techniques 1D and 2D (*H, **C, DEPT, HSQC, HMBC and ROESY), high resolution mass spectrometry
(HR-ESI-MS), measurement of the optical rotation [o]p?° and by comparison with the literature data.

The anti-oxidant activity of leaves and bark extracts was estimated by the DPPH free radicals
scavenging and ABTS radical cation decolorization assay and the results showed that bark extracts had an
interesting activity.

Finally, it is important to indicate that among known compounds reported in the literature, one
phenylethanoide and two lignan glucosides have been found for the first time in Fraxinus genus.

Furthermore, this study contributes to determine the chemical composition of this genus.

Keywords: Oleaceae, Fraxinus xantoxyloides, Coumarins-secoiridoids, Secoiridoids, coumarins,
Flavonoids, Phenylethanoides, Phenylpropanoides, Lignans, NMR 1D and 2D, HRMS, Anti-oxidant

activity.



Résumeé

La nature comme source d’agents potentiels chimio-thérapeutiques suscite un intérét considérable.
Quelle que soit les raisons de la présence de ces composés dans la nature, ils fournissent des ressources de
valeur inestimable qui ont été employées pour trouver de nouvelles drogues. Dans ce context, la plante
médicinale algérienne Faxinus xanthoxyloides de la famille Oleaceae a été sélectionnée pour investigation
phytochimique et screening anti-oxydant.

Ce travail a permis I’isolement par les méthodes chromatographiques (CCM, CCMP, CC, CLFP) et
la caractérisation par les différentes méthodes spectroscopiques (RMN et HRMS) de 17 métabolites
secondaires dont 2 composés de nature coumarin-secoiridoidique, 2 secoiridoides, 2 coumarines, 2
flavonoides, 4 phenylethnoides, 2 phenylpropanoides, 2 lignanes.

10 composés ont été isolés a partir de 1’extrait methanolique de 1’écorce de tige a partir duquel une
nouvelle structure a été établie en tant que coumarine-secoiridoidique diglucosidique. Les métabolites
secondaires connus au nombre de 9 se répartissent en 1 coumarine-secoiridoide, 2 coumarin, 2
phenylethanoides, 2 phenylpropanoides et 2 lignanes.

A partir de I’extrait methanolique des feuilles, 9 métabolites ont été identifiés. Il s’agit de 2
secoiridoides a squelette oleoside, 3 coumarines parmi eux 2 glucosides communs avec 1’écorce et une
coumarine aglucone, 2 flavonoides diglucosidiques et 2 phenylethanoides.

Les structures moléculaires des composés isolés 1-17ont été élucidées principalement par
I’utilisation des différentes techniques de RMN 1D et 2D (*H, *C, DEPT, HSQC, HMBC et ROESY), la
spectrométrie de masse de haute résolution (HR-ESI-MS), par la mesure du pouvoir rotatoire [o]o% et par la
comparaison avec les données de la littérature.

L’activité anti-oxydante a été réalisée sur les extraits des feuilles et d’écorce par le piégeage des
radicaux libres DPPH et le dosage de la décoloration des cations radicaux ABTS. Les résultats ont montré
gue les extraits d’écorce ont une activité intéressante.

Il est important de signaler que parmi les composés déja cité dans la littérature, 1 phenylethanoide
et 2 lignanes glucosylés ont été trouvés pour la premiére fois dans le genre Fraxinus, ce qui révele
I’importance de cette investigation permettant une meilleure connaissance de la composition chimique de ce

genre.

Mots clés : Oleaceae, Fraxinus xanthoxyloides, Coumarines-secoiridoides, Secoiridoides, Coumarines,
Flavonoides, Phenylethanoides, Phenylpropanoides, Lignanes, RMN 1D et 2D, HRMS, Activité anti-

oxydante.
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ABSTRACT ARTICLE HISTORY
Anew coumarin-secoindoid diglecoside, named [sofraxisecoside, was Fecaived 23 January 2018
isolated from the stem bark of Fraxinus xanthoxyloides (G. Don Wall.  Accepted B May 2018
ex A DC. along with nine known compounds. The structure of new

compound has been determined on the basisof 'H, “C, DNMRand o L

HRMS methods. [G.Don) Wal.ex & DC
bofraxlseoaside: new
coumarri-secoiridald

1. Introduction

The genus Fraxinus L. balongs to the Cleaceae family and comprises about 43 species. In
the flora of Algeria the genus is represented by two species Fraxinus xanthoxyloides and
Fraxinus angustifiolia (Wallender 2008; Quezel and Santa 1962). Fraxinus species have been
used in folk medidne in different parts of the world for their diuratic and mild purgative
effects as well as for the treatment of constipation, dropsy, arthritis, rheumatic pain, cystitis
and itching scalp (Kostova and lossifova 2007; 5i et al. 2015). The oocurrence of coumarins,
secoiridoids and phenylethanoids is a characteristic feature of this Fraxinus species (Kostova

CONTACT Aldjla Hadrowg () hadroug zldjiagryahoo.oom
3 supplemental data for this artide can be accessed at hitpssfdoLong/10.1080/147B6419.2018.1475 374,

£ 3018 Informa UK Limited, tading 2= Taylor & Francts Group
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20071 However, no phytochemical investigation has been carried out on the Algerian
Fraxinus species to date. In the present study, we describe the isolation and structure eluci-
dation of [sofraxisecoside, a new natural compound consisting of a coumarin glucoside unit
bound via an ester function to a secoiridoid glucoside unit together with nine known
glucosides.

2. Results and discussion

Im our investigation of the stem bark of £ xanthoxyloides, a novel coumarin secoiridoid diglu-
coside named kofraxisecoside (1), together with nine known compounds were isolated. The
known compounds were identified by comparison of their spectroscopic data with those
reported in the literature as fraxisecoside (2) (Xiao et al. 2008), fraxin (3] (Yu et al. 2074},
cichoriin (4) (Kuwajima et al. 1992}, osmanthusida H (5) (Varughasa et al. 2009), syringin (&)
(Gohari at al. 2009), coniferin (7) (Sugivama et al. 1993), calcelarioside B (8) (Ersoz et al. 2002),
E-hydroxypinoresinol-4-0-B-glucoside (9 (Piccinelli et al. 2004), l-acetoxypinoresi-
nol-4-B-glucoside (10) (Tsukamoto et al. 1984).

Compound (1) was obtained as a yellow amorphous powder. The HR-ESI-MS showed
deprotonated molecular ion [M - H]- at méz 75520404 pointing out molecular formula
€, H,0, which was confirmed by 'H and '3C NMR data. The UV spectrum showed absorption
maxima at 2205 3285 3355, 3450 suggesting a conjugated aromatic systam. Detailed
analysis of its "H, *C, H5QC, HMEC and ROESY spactra indicated tha presence of two struc-
tural units: a secoifidoid glucoside and a coumarin glucoside. The signals im "H NMR spectrum
of three protonsat §, 6.04 (1H,d, J=9.3 Hz, H-37),5, 783 (1H,d, /=93 Hz, H4") and §,,6.84
{TH, 5, H-5") as well as the anomeric proton at &, 4.85 (1H, d, J = 7.8) indicated a &-, 7-, 8-
substituted coumarin glucoside structure. A singlet at &, 3.84 suggested the presence of
OCH, group and the observed cross-peak in HMBC spectrum between methowxyl protons
and C-6" (&_ 150.09) and comrelation in ROESY experiment between H-5" and the same pro-
tons confirmed the attachment of OCH, at C-6". The spectroscopic data of the coumarin part
wiere consistent with those of the uncommon coumarin isofraxoside (fraxetin-7-0-p-glu-
coside) (Godecke et al. 2005). Another set of signals at §,, 7.50 (1H, 5, H-3), §,, 5.87 (1H, 5, H-1),
&,, 6.05 (1H, overlapped, H-8), ,, 1.61 (3H, dd, /=1.1, 7.2 Hz, Me-10) and &, 4.85 (1H, d,
J=7.8 Hz, H-1") and the corresponding carbon signals at 5. 155.38, 95.39,125.32, 13.63 and
100.69 were attributed to the secoiridoid glucoside moiety. The presence of another methoxy
group was observed (§,, 3.68, 5; &_52.53) and the position of methylester was determinad
at C-11 by correlation between the signal of OCH, and C=0 (§_ 160.32, C-11) in the HMBC
spectrum. The signals of the secoirdoid part corresponded well to the previously reportad
oleosida-11-methylaster (Damtoft et al. 1992). Further comelations betwieen H-17 (&, 4.85)
and C-7° (G, 133.49) and between H_-6" (5, 4.33), H-6" (&, 4.21) and C-7 (&, 173.74) con-
firmed glycosylation of coumarin part at C-7" and ester linkage between OH group of C-6™
and carboxyl group of oleoside at C-7. The presence of D-glucose was authenticated by acid
hydrelysis and synthesis of its tolylthiocarbamaoyl-thiazolidine derivative (Tanaka at al. 2007).
Om the basis of these evidences, compound 1 was identified as fraxetin-7"-0-[11-methyl-
oleosidyl-{7-6™)]-B-o-glucopyranoside, mamed isofraxisecoside and its structure is shown
im Figura 1.

Isofraxisacoside (1) is the third example of a natural compound consisting of one coumarin
glucoside unit linked to a sacoiridoid moiety of oleoside type after previously described
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Figure 1. Structure of compound 1.

escuside (lossifova et al. 2002) and fraxisecoside (Xiao et al. 2008) isolated from the same
genus.

3. Experimental
2.1. General experimental procedures

Optical rotation was recorded in MeOH using a Galan-Taylor Prism polarimeter. NMR spectra
were acquired on Bruker AV + 600 spectrometer (Bruker, Karlsruhe, Germany), "H NMR
{600.11 MHz), *C NMR {150.91 MHz) in CD,0D, purchased from Deutero-GmbH (Kastallaun,
Germany), with TMWMS as internal standard. UV spectra: Helios Gamma UV spectrophotometer
(Thermo Sdentific, Bremen, Germany) in MeOH. HR-ESI-MS analysis was performed on a
Thermo Scientific O Exactive Plus (Eremen, Germany) in negative mode.

Column chromatography (CC) on Polyamide & (Fluka, Germany), Sephadex LH-20 and
Silica gel 60, particle size 0.063-0200, 70-230 mesh ASTM (Merck, Darmstadt, Germany) as
wll as Lobar chromatography (Lobar RP-8 and RP-18, Merck, Darmstadt, Germany) were
used for separation and purification of the individual compounds. Preparative thin layer
chromatography (PTLC) was performed on pre-coated plates 60 F.., 0.5 » 0.25 mm and thin
layer chromatography (TLC) was performead on 60 F_,, plates (Merck, Darmstadt, Germany).
Separation was visualized by spraying with 20% H_50, in ethanol (v/v) solution. All solvents
usad for chromatographic purposas were of analytical grade.

31.2. Plant material

The stem bark of F. xanthoxyloides was collactad in Juna 2014 from the region of Khanchela,
Algeria. The plant was kindly identified by Prof Mohamed Kaabache, Setif University, Algeria.
A voucher specimen, with the identification number 062014/KFX was deposited in the
Herbarium of the Department of Biochemistry, Setif University.
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3.3, Extraction and isolation

The stem bark material of F xanthoxyloides was air dried and powdered by electric mill. The
plant material was subjected to exhaustive extraction with MeCH at room temperature
{3 = 48 h).The methanol extract was filtered and evaporated under reduced pressure to yield
a residue (22.11 g). Part of methanolic extract (10 g) was dissolved in water and applied on
polyamide & column chromatography with H,O-MeOH gradient system (100:0 to 0:100).
Using TLC analysis on silica gel (CHC):MeOH:H,0, 60:22:4) fractions having similar profiles
were combined to give nine main fractions. A part of fraction F1 (1.8 g) was dissolved in
water and chromatographed on Lobar column (RP-8, size B), using H,O-MeCH (5% to 55%)
gradient to afford seven sub-fractions. Purification of sub-fraction F1-1 {23.9 mg) by PTLC
usimg CHCl:MeaOH:H, 0 (60:22:44wvv) eluent yielded 3.3 mg of compound 9. F1-2 (144.8 ma)
was subjected to Sephadex LH-20 CC using MeOH:H,O (2:1/v:v) as mobile phase to give two
fractions and a fraction was then purified by PTLC with CHCL:MeOHH_O (60:22:4/v:v:v)
eluent to afford compound 3 (8.9 mig) and compound 5 (28,7 mg). Sub-fraction F1-6(51.2 mag)
was subjected to Sephadeax LH-20 column chromatography, using MeOH:H,O (2:1/vwv) as
eluent, to give compound 1 (27.8 mg) and compound 2 {15.6 mg). Fraction F3 was dissolved
in water and applied on Lobar column (RP-8, size B), using a gradient of H 0:MeDH (3% to
55%) to obtain eight sub-fractions. Sub-fraction F3-6 was subjected to Sephadex LH -20CC
and aluted with MeCOH:H,O (2:1/:v to provide compound 7 (14.3 mg). Compound 6 {12 ma)
was isolated from fraction F3-8 (39 mqg), which was submitted to CC over Sephadex LH-20
and eluted with MeOH:H_O (2:1/v:v). Fraction F4 (550 mg) was dissolved in water and applied
on Lobar column (RP-8, size B) eluting with H,O:MeOH (5% to 55%) gradient to obtain thir-
teen sub-fractions. Sub-fractions F4-2 (43 mag) and F4-12 (132 mg), were separately purified
by preparative TLC, developed with CHCl:MeOH:H, 0 (60:22:4/v:v:v), to afford compound 4
(5.1 mg) and compound 10 (23.1 mg), respectively. Fraction F7 (470 mg) was applied on
Lobar column (RP-8, size B), using H,0:MeOH (20% to 50%) gradient to yield compound 8
(111 mag).

3.4. Acid hydrolysis of compound 1

The absolute configuration of the sugar was established using the methed of Tanaka et al.
(2007 with some modifications (Kokanova-Medialkova et al. 2015). Briefly, compound 1
(5 mg) was refluxed with 2 mL of 2 N HC-MeOH (1:1) for 2 h The reaction mixture was filtered
through Diaion HP-2055 followed by subsequent elution with H,O and MeOH. The water
portion was filtered through Amberlite IRC 86 resin and then evaporated to dryness. The
dry water eluate was treated with a solution (0.1 mL) of L-cysteine meathyl ester in pyridine
{5 mgmb) at &0 °C for T he A solution (0.1 mL) of o-tolylisothiccyanate in pyridine (5 mag/miL)
was added to the mixture and heated at 60 °C for 1 h. The resulting solution was analyzed
using HPLC [Purospher STAR RP-18 5 pm columin (Merck; 4.6 = 250 mm} with 25% ACH in
50 mM H,PO,, flow rate 1 mL/min, UV detection at 250 nm]. The presence of D-glucose
t, value of the tolylthiocarbamoyl-thiazolidine derivative was 18.7 min) was found in the
residue.

Isofraxisecoside (1) Yellow amorphous powder, [0, =-135.8 (c=0.095, MeDH); LV
max (MaOH): (log £) 2205 (2.59), 3285 (0.86), 3355 (0.03), 345.0 (0.98) nm; "H {CD,0D,
600.11 MHz) & 587 (H-1, 5, 1H), 7.50 {(H-3, 5, 1H), 3.87 (H-5, overlapped, TH), 2.66 (H_-6, dd,
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5.2, 14.1, 1H), 2.43 (H,-6, dd, B, 14.1, TH), 6.05 (H-8, overlapped, TH), 1.61 (H-10,dd, 1.1,7.2,
3H), 3.68 (OMe-11, 5, 3H), 485 (H-1", d, 7.8, TH), .28 - 350 (H-2", H-', H-4', H-5', m, 4H), 3.87
(H-6',d, 115, 1H), 3.70 (H,-6', d, 116, 1H), 6.04 (H-3", d, 93, 1H), 7.83 (H-4", d, 03, TH), 6.84
{H-5, 5, TH), 3.84 (OMe-6", 5, IH), 4.85 (H-1", d, 7.8, TH), 3.57 (H-2", m, TH), 3.48 (H-3", t, 0.0,
TH), 3.42 (H-4", t, .0, TH), 3.53 (H-57, m, TH), 433 (H,-6", dd, 1.6, 11.8, TH), 421 (H,6", dd,
6.3, 11.8, 1H); "C (CD,0D, 150.91 MHz) & 95.39 (C-1), 155.38 (C-3), 109.26 (C-4), 31.45 (C-5),
4133 (C-6), 173.74(C-7), 12532 (C-8), 120.96 (C-0), 13.62 (C-10), 169.32 {C-11), 52.53 (OMe-
11), 10060 (C-1'), 74.28 (C-2), 77.35(C-3), 71.14 (C-4"), 7789 (C-5"), 62.12 (C-6), 165.34 (C-27),
108.11 (C-37), 147.49 (C-47), 105.20(C-57), 150,00 (C-6"), 56.77 (OMe-6"), 133.40 (C-7"), 155.39
(C-87), 145.77 (C-07), 108.28 (C-10), 106.30 (C-17), 74.82 (C-2™), 77.41 (C-3™), 70.05 (C-4™),
7535 (C-5™), 65.01 (C-6™); HR-ESI-MS: my/z found: 755.20404 for [M — H]-; caled. for C_H_0
- 755.2038 [M — H]-.
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Abstract

The nature was and still an interesting source of potential chemotherapeutic agents. Whatever the
reasons for the presence of these compounds in nature, they provide invaluable resources that have been used
to find new drug molecules. In this context, the Algerian medicinal plant Faxinus xanthoxyloides of the Oleaceae
family has been selected for phytochemical investigation and anti-oxidant screening.

This work allowed the isolation by chromatographic methods (TLC, PTLC, CC and LPLC), and the
characterization by spectroscopic analysis (NMR and MS) of 17 secondary metabolites including 2 coumarin-
secoiridoid glucosides, 2 secoiridoids, 3 coumarins, 2 flavonoids, 4 phenylethanoids, 2 phenylpropanoids and 2
lignans.

The anti-oxidant activity of leaves and bark extracts was estimated by the DPPH free radicals
scavenging and ABTS radical cation decolorization assay and the results showed that bark extracts had an
interesting activity.

Keywords: Oleaceae, Fraxinus xantoxyloides, Coumarins-secoiridoids, Secoiridoids, coumarins, Flavonoids,
Phenylethanoides, Phenylpropanoides, Lignans, NMR 1D and 2D, HRMS, Anti-oxidant activity.

Résumeé

La nature comme source d’agents potentiels chimio-thérapeutiques suscite un intérét considérable.
Quelle que soit les raisons de la présence de ces composés dans la nature, ils fournissent des ressources de valeur
inestimable qui ont été employées pour trouver de nouvelles drogues. Dans ce context, la plante médicinale
algérienne Faxinus xanthoxyloides de la famille Oleaceae a été sélectionnée pour investigation phytochimique et
screening anti-oxydant.

Ce travail a permis I’isolement par les méthodes chromatographiques (CCM, CCMP, CC, CLFP) et la
caractérisation par les différentes méthodes spectroscopiques (RMN et HRMS) de 17 métabolites secondaires
dont 2 composés de nature coumarin-secoiridoidique, 2 secoiridoides, 2 coumarines, 2 flavonoides, 4
phenylethnoides, 2 phenylpropanoides, 2 lignanes.

L’activité anti-oxydante a été réalisée sur les extraits des feuilles et d’écorce par le piégeage des radicaux
libres DPPH et le dosage de la décoloration des cations radicaux ABTS. Les résultats ont montré que les extraits
d’écorce ont une activité intéressante.

Mots clés: Oleaceae, Fraxinus xanthoxyloides, Coumarines-secoiridoides, Secoiridoides, Coumarines,
Flavonoides, Phenylethanoides, Phenylpropanoides, Lignanes, RMN 1D et 2D, HRMS, Activité anti-oxydante.



