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Abstract

Abstract

The phytochemical study of the methanolic extract of the stem bark, the roots,
the leaves and the fruits of Pentadesma grandifolia, a Cameroonian medicinal plant
belonging to Clusiaceae family, permitted the isolation of secondary metabolites
belonging to three different classes: Triterpenes, xanthones and biflavonoids.
Five compounds were isolated from the stem bark, three from the roots, one
from the leaves and from the fruits. These compounds were identified as lupeol
(PS3), P-amyrin (PS4), betulin (PS5), lupenone (PF1), 1,6-dihydroxy-3,7-
dimethoxy-2-(3-methylbut-2-enyl)-xanthone ~ (PS1), = a-mangostin  (PS2),
Allanxanthone C (PL1), 3,8”-binaringenin (PR1), 3,6”-binaringenin (PR2), 3,8”-
binaringenin-3”-O-3-glucoside (PR3). Comparative analysis of the methanolic
extract of different organs of the plant (stem bark, roots, leaves, fruits) by HPLC-
UV and TLC revealed the presence of different compounds which were isolated
by means of chromatographic techniques such as CC, prep.TLC, MPLC,
sephadex column. Their structures were elucidated and identified on the basis of
spectroscopic techniques such as NMR 1-D, NMR 2-D, MS and by comparison of
their spectra data with those available in literature. 3,6”-binaringenin (PR2) and
3,8”-binaringenin-3”-O-f3-glucoside (PR3) were new natural structure found in
plant, the other secondary metabolites isolated from P. grandifolia are new reports
for the genus, but they were previously isolated from other plant species.

Among these compounds isolated, some co-occur in different organs
(stem bark, roots, leaves, and fruits) and some are organ-specific. The organ
specific accumulation was analyzed by comparative TLC and HPLC-UV. a-
Mangostin (PS2) was the major compounds in the stem bark whereas 1,6-

Dihydroxy-3,7-dimethoxy-2-(3-methylbut-2-enyl)-xanthone. (PS1), 3,8”-
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binaringenin (PR1), 3,6”-binaringenin (PR2) were the major compounds of the
roots and their quantification in different organ were done through calibration in
HPLC-UV.

Additionally, the bio-autography using Cladosporium sphaerospermum was
performed to test for antifungal activity, and insecticidal activity was tested in a
bioassay with Spodoptera littoralis. Four of the compounds isolated [(1,6-
Dihydroxy-3,7-dimethoxy-2-(3-methylbut-2-enyl)-xanthone (PS1), a-mangostin
(PS2), 3,8”-binaringenin (PR1) and 3,6”-binaringenin (PR2)] possess antifungal
activity but none of these compounds isolated have showed toxicity against
Spodoptera littoralis. Whatever, other biological activities such as anti-
inflammatory, anti-malarial and cytotoxic have been described from xanthones
and biflavanones isolated now. They may be related to the use of the plant in folk

medicine in Cameroon.
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Zusammenfassung

Pentadesma grandifolia z&hlt zur Familie der Clusiaceae und wird in Kamerun
traditionell als Medizinalpfanze eingesetzt. Die in dieser Arbeit beschriebene
phytochemische Untersuchung der methanolischen Extrakte ihrer Rinde,
Wurzeln, Blatter und Friichte umfasst die Isolation von unterschiedlichen
Sekundarmetaboliten, die strukturell zu den Triterpenen, Xanthonen und
Biflavanoiden gehoren. Aus der Rinde und aus den Wurzeln wurden fiinf,
respektive drei Verbindungen rein isoliert. Aus Blattern und Friichten wurde je
eine Verbindung rein gewonnen. Diese isolierten Substanzen wurden als Lupeol
(PS3), B-Amyrin (PS4), Betulin (PS5), Lupenone (PF1), 1,6-Dihydroxy-3,7-
dimethoxy-2-(3-methylbut-2-enyl)-xanthon (PS1), a-Mangostin (PS2),
Allanxanthon C (PL1), 3,8”-Binaringenin (PR1), 3,6”-Binaringenin (PR2), 3,8"-
Binaringenin-3”-O-B-glucosid (PR3) identifiziert. Die vergleichende Analyse der
methanolischen Extrakte aus den unterschiedlichen Pflanzenorganen (Rinde,
Wurzeln, Blatter, Friichte) mittels HPLC-UV und TLC erlauben die qualitative
und quantitative Bestimmung der verschiedenen Substanzgemische. Deren
Hauptkomponenten werden dann mit praparativen Methoden (CC, prap. TLC,
HPLC-UV, Sephadex-Séaule) getrennt und gereinigt. Die molekularen Strukturen
der isolierten Reinstoffe wurden mittels 1D NMR, 2D NMR und
Massenspektrometrie ermittelt und durch Abgleich mit Daten literaturbekannter
Verbindungen aus Datenbanken verifiziert. 3,6”-Binaringenin (PR2) und 3,8”-
Binaringenin-3”-O-B-glucoside (PR3) werden im Rahmen dieser Arbeit erstmalig
beschrieben. Die weiteren isolierten Substanzen wurden erstmalig aus P.

grandifolia isoliert, sind aber bereits aus anderen Pflanzen beschrieben worden.

Vi
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Einige der isolierten Verbindungen kommen in  mehreren
Pflanzenorganen (Rinde, Wurzeln, Blatter, Friichte) vor, andere sind
organspezifisch. Die organspezifischen Vorkommen wurden mit vergleichender
TLC und HPLC-UV analysiert. a-Mangostin (PS2) ist die dominante Verbindung
in der Rinde, wiahrend 1,6-Dihydroxy-3,7-dimethoxy-2-(3-methylbut-2-
enyl)xanthone (PS1), 3,8”-Binaringenin (PR1) und 3,6”-Binaringenin (PR2) als
Hauptkomponenten in den Wurzeln identifiziert wurden. Die Quantifizierung
wurde durch Kalibrierung mit Vergleichssubstanzen im HPLC-UV durchgefiihrt.

Weiterhin wurde von den Substanzen eine Bioautographie mit
Cladosporium sphaerospermum durchgefiihrt, um deren antifungale Aktivitdten zu
uberpriifen. Insektizide Wirkungen wurden dariiberhinaus in einem Bioassay
mit Spodoptera littoralis gepriift. Die vier Verbindungen 1,6-Dihydroxy-3,7-
dimethoxy-2-(3-methylbut-2-enyl)xanthone (PS1), a-Mangostin (PS2), 3,8”-
Binaringenin (PR1) und 3,6”-Binaringenin (PR2) zeigen antifungale Aktivitat,
wahrend keine der Verbindungen eine toxische Wirkung gegentiber Spodoptera
littoralis aufweist. Dariiberhinaus sind einige der isolierten Verbindungen bereits
dafiir bekannt, dass sie entztindungshemmend oder Zytotoxisch wirken, bzw.
eine anti-Malaria Wirksamkeit aufweisen. Ein zusammenspiel dieser Wirkungen
stellt eine Begriindung fiir die Nutzung von P. grandifolia in der traditionellen

Volksmedizin in Kamerun dar.
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General Introduction

General introduction

Plants constitute the only reservoir of medicines available for traditional healers
from developing countries who treat an important part of the population in those
countries (Farnsworth et al., 1985). This recourse with plants to modern medicine
is justified by the fact that the population of the concerned countries is poor and
still not has access to the healthcare of modern medicine. Besides, the
consumption of medicinal plants in industrialized countries has doubled during
the last three decades, which has led to the revolution of various natural
treatments such as homeopathic, allopathic and Traditional Chinese Medicine
(Bannerman et al., 1979). Traditional Chinese Medicine is one of the most
elaborated in this type of medicine with more than 5000 plants in their asset and
especially with their posology, their active principle, their mode of extraction
and action (Bannerman et al., 1979; Bannerman et al., 1975).

In Africa and especially in Cameroon, traditional healers possess the
knowledge of plants having therapeutic effect that have been transmitted from
one generation to another through oral literature, but there is no scientific work
to prove their efficiency (Betti, 2004). Furthermore, with the death of every
traditional healer, an information source is lost forever. This lack of scientific
support has corrupted this medicine practice which has been seen the
involvement of many quacks into the practice. To re-value this medicine and
make it more credible, the analyses of their efficiency and their toxicity are a
prerequisite.

Plants are very complex from the point of view of their chemical
composition; they are used in the form of infusion or decoction (Bouquet, 1969).

It is considered that plants produce several thousand of different constituents of
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which many (or sometimes only one) are responsible for the therapeutic or for
toxic effects. It becomes thus indispensable to know the active principles of these
healing plants, to study their efficiency, their mechanism of action and naturally
their secondary effects (Bruneton, 1999). The potential of plants as source of new
medicines remains open because, although that among the 400.000 — 500.000
vegetable species that abound the earth, approximately 10 % only were studied
from the phytochemical and pharmacological points of view (Ayensu, 1978). The
vegetable kingdom thus presents an inexhaustible source of molecules still to be
discovered and a real hope for all the patients affected by incurable diseases for
the moment. It is thus about a gigantic multidisciplinary work for biologists,
chemists, pharmacists and medical doctors (Bruneton, 1999, Etukudo, 2003). It is
a challenge, but it is necessary to make it fast because every day which passes,
many species still not studied disappear forever because of human activity such
as deforestation and pollution.

To contribute to this vast program of research on medicinal plants of
Cameroon, the work undertaken within the framework of this thesis presents a
phytochemical study of Pentadesma grandifolia, a Cameroonian medicinal plant of
the Clusiaceae family. This species is an important remedy for numerous
illnesses in Cameroon (Sinsin et al., 2003). The objectives of this study were, to
extract, isolate and characterize secondary metabolites present in the different
organs of the plant (stem bark, roots, leaves, fruits) and confirm or affirm the use
of this plant in traditional medicine in Cameroon. As this plant contains mainly
xanthones, triterpenes and biflavanoids, it is necessary to investigate how these
secondary metabolites are synthesized in the plant, distributed in the plant
kingdom as well as their biological properties.

For a successful presentation, this study has been divided in four chapters:

Chapter I: Review of literature
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- Chapter II: Botany and phytochemistry aspects of Clusiaceae with a
special reference to Pentadesma
- Chapter III: Results and discussion

- Chapter IV: Experimental procedure
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Chapter I: Review of literature

I.1 Primary and secondary metabolites in the Plant Kingdom

1.1.1 History of primary and secondary metabolites

Plants are living organisms that produce many and diversified organic
compounds. Great majority of these compounds have a function in the process of
growth, development and maintenance of the plant; they are called primary
metabolites (Wink, 2010). The latter are produced by nearly the same pathway
via photosynthesis. Primary metabolites are found throughout the plant
Kingdom and they are simple molecules such as sugars, amino acids,
phytosterols, acyl lipid, organic acids and nucleotides (Wink, 2010). Beside this
group of metabolite, there is another group which is not directly involved in the
process of survival in ecosystem, growth and development of plants; they are
called secondary metabolites. Their structure and their biosynthesis are more
complex and specified in different pathways depending on the taxonomic group

of the plant (Wink, 2010).

Primary and secondary metabolites are formed by carbon, hydrogen and
oxygen. Nitrogen, sulphur, phosphorus, chlorine, bromine, iodine as well as
some metals complexes can also be integrated. The sources of these
fundamentals elements are soil, air and water. In the plant Kingdom,
photosynthesis is the basis of the formation of primary and secondary metabolite.
During the process, green plants utilize energy of absorbed visible light to form

the natural compounds which are the starting point of different biosynthetic
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pathways (Ikan, 2007). During photosynthesis, light of appropriate wavelengths
is absorbed by chloroplast to reduce water and carbon dioxide to sugar and a

volume of oxygen is liberated (the general formula is given).

light energy
6 CO,+12H,0 — > CH;,0,+60,

This process requires energy to produce ATP (adenosine triphosphate)
from ADP (adenosine diphosphate) and also for the conversion of the electron
carried NADP (nicotinamide adenine dinucleotide phosphate) to its reduced
form NADPH (Dewich, 2009). The process can be represented by the following

equations, which take place in the Calvin Cycle:

H,0 +light + ADP+P ———> O+ ATP+¢’
e +NADP'+H — > NADPH

CO, +ATP + NADPH —> C/H,,0,

Carbohydrate is then stored as starch in plants and will be converted to
pyruvate, or acetate (in the form of acetyl coenzyme A) that are the fundamental
products for the biosynthesis of some groups of compounds found in plants. The
biogenetic origin of some secondary metabolite is shown in the general scheme
presentation of natural product formation (Figure 1, Dewich, 2009). In the past,
secondary metabolites were considered as natural products produced by
detoxification of plants without importance for most biologists until organic
chemists proved that they were having some ecological properties (Ikan, 2007).
The development of different techniques of separation and of structure

elucidation has made the phytochemical study of secondary metabolites, an
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important part of organic chemistry. Many secondary metabolites isolated from
plants have been shown to display some ecological function such as to protect
plants against herbivores, microbial infection and as attractors for pollinators. It
was reported that secondary metabolites are produced as a response to adverse
environmental conditions at different developmental stages in the plant (Wink,
2010). Hydrophilic secondary metabolites such as flavonoides, alkaloids and
amines are stored especially in the vacuole and lipophilic one such as terpenoids
and quinones are stored in the cuticle, oil cells, plastid membranes, resin ducts
(Wink, 2010). Moreover, secondary metabolites were shown to have biological

properties; according to that, plants are widely used in traditional medicine.
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Primary metabolic Primary metabolic Corresponding
Carbon pathway products Secondary metabolites

\ /

Photosynthesis

Glycosides
Sugars———————» Carbohydrates Complex polysaccharides
l Aminoglycoside antibiotics
Erythrose
Glycolysis PO:
l Phenylpropanoids
phosphoenolpyruvate = Shikimic acid
Aromatic Proteins Alkaloids
Pyruvat A]lphdtlc . Peptides
Amino aci Penicillins
Cephalosporin
Acetyl-co-A Malonyl-coA = Fatty acids — Fats and waxes
I (lipids) Erythromycins

- — Tetracyclines
Tricarboxylic acid cycle

Anthraquinones

l Isoprene  ——*» Some terpenoids

CO: Squalene ——  Steroids

Figure 1: General schematic presentation of the origin and formation of primary
and selected secondary metabolites

(Modified from Ikan, 2007).
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1.1.2 Importance of secondary metabolites

Plants are used in folk medicine by traditional healers in the form of decoction or
infusion against some infections. Natural products (primary and secondary
metabolites) are recognized for their biological activities and they are used as
targets in the research of new drugs, antibiotics, anti-inflammatory, insecticides
and herbicides. The selection of the appropriate plant is based upon three

approaches:

- Selection of plants randomly followed by chemical screening to identify
different groups of compounds present to predict their bioactivities.

- Selection of plant randomly followed by one or more biological assays.
-Ethnobotanic information about the use of the plant by herbalists and traditional

healers (Fabricant and Farnsworth, 2001).

This third approach is the method applied in this work for the selection of the
plant material to be studied. This method has been proven to be more efficient,
and many plants were identified having bioactive compounds related to their
ethnomedecinal use (Tablel; Fabricant and Farnsworth, 2001). Secondary
metabolites can be classified into many groups among which comprise groups
such as terpenoids, alkaloids, and phenolic compounds, based upon their
biosynthetic origin. As the focus of this work is on terpenoids and phenolic

compounds (xanthones and flavonoids), these will be discussed in detail.
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Table 1: Some drugs isolated from plants and their used in traditional medicine
and class of compounds. (Modified from Fabricant and Farnsworth, 2001)

Clinical use Drug Class of compound ~ Plant source
Analgesic Codeine Alkaloid Papayer somniferum L.
Morphine Alkaloid Papayer somniferum L.
Rotundine Alkaloid Stephania sinica Diels
Salicin Phenyl glycoside Salix alba L.
Tetrahydropalmatine  Alkaloid Corydalis ambigua
Cardiotonic . Acetyldigoxin Steroid glycoside . Digitalis lanata Ehrh
Adoniside Steroid glycoside Adonis vernalis L.
Convallatoxin Steroid glycoside Convallaria majalis L.
Deslanoside Steroid glycoside Digitalis lanata Ehrh
Digitoxin Steroid glycoside Digitalis Purpurea L.
Antitussive . Bergenin ‘ Pheny! glycoside * Ardisia japonica B
Noscapine Alkaloid Papaver somniferum L.
Rorifone Amine glycoside Rorippa indica L.
Antimalarial . Quinine . Alkaloid . Cinchona ledgeriana M.
Artemisinine Sesquiterpene lactone  Artemisia annua
Anti-inflammatory Aescin ‘ Saponin * Aesculus hippocastanum L.
Bromelain Amine Ananas comosus L.
Diuretic, Theabromine * Alkaloid " Theobroma cacao L.
bronchodilator
Theophylline Alkaloid Camellia sinensis L.
Antitumour agent I Etoposide * Alkaloid . Podophyllum peltatum
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1.2 Terpenoids

The terpenoids constitute the largest family of natural products found in plants.
More than 22.000 terpenoids have been described from plant and the number of
defined structures has doubled every decade since 1970 (Douglas and Croteau,
1995). Terpenoids are normally part of essential oils or resins and are valuable
products such as solvents, flavoring and fragrances, adhesives, coating and
synthetic intermediates. Most of the time, they are lipophilic substances and
sometimes they are polymers e.g. rubber, chicle (Gershenson et al., 2007).
Terpenoids possess multiple functional roles in plants as hormones (gibberellins),
photosynthetic pigments (phytol, carotenoids), electron carriers (ubiquinone,
plastoquinone), mediators of polysaccharide assemblage (polyprenyl phosphates
and structural components membranes (phytosterol). Many terpenoids serve in
communication and defense as attractants for pollinators and seed dispersers,
competitive phytoxins, antibiotics and herbivore repellents and toxins (Harbone,

1991).

Terpenoids are derived from the linkage of five carbons units, which have
the branch carbon skeleton of isopentane (Figure 2.1). The basic structural

element of terpenoids is the isoprene unit (Figure 2.2).

A

1 2

Figure 2: 1) Isopentane 2) Isoprene

They are classified by the number of five carbon units in their structures.

10
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- Monoterpenoids are formed by two Cs isoprene units (10 carbons atoms).

- Sesquiterpenoids are formed by three Cs isoprene units (15 carbons atoms)

- Diterpenoids are formed by four Cs isoprene units (20 carbons atoms)

- Sesterterpernoids have five Cs isoprene units (25 carbons atoms)

- Triterpenoids are larger terpenoids with six Cs isoprene units (30 carbons
atoms). Triterpenes can be linked to a glycoside and are then called saponins.

- Tetraterpernoids are seven Cs isoprene units (40 carbons atoms)

- Polyterpenoids when the isoprene units (Cs)n is larger than 8 (Gershenzon &

Croteau, 1993).

Most terpenoids are cyclic and the various classes result from the
cyclisation of Ci, Cis, C0, and Cso by cyclases enzymes. The linkage between
isoprene sub-units are normally in a head to tail manner (Figure 3). However, the
Cao (triterpenoids) and the Cuo (tetraterpenoids) are often formed by dimerization
of two Cis and Cx respectively and the two central isoprene are linked in a head
to head manner (Peters et al.,, 2005). The different steps of the biosynthesis of
some classes of terpenoids are reviewed in detail with a special focus on

triterpenes.

Head Tail

Head

Figure 3: isoprenes (C5) units
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1.2.1 Biosynthesis of terpenes

Terpenoids in general and pentacyclic triterpenes in particular are produced in
vegetative tissues. The biosynthesis of terpenoids can follow two different routes:
the well-known mevalonate pathway (MVA) and the non-mevalonate, also
called methylerythritol diposphate 1-Deoxy-p-xylose-5-phosphate (MEP/DXP)
pathway. In higher plant families, the biosynthesis of terpenoids takes place
especially in the cytoplasm and in the plastids where they follow different routes.
In the cytoplasm, the biosynthesis follows the MVA pathway whereas in the
plastid, the MEP/DXP pathway is involved (Chappell, 1995). Terpenoids

biosynthesis can be divided into many steps:

A) Formation of IPP (isopentenyl diphosphate) and DMAPP
(dimethylallyl diphosphate) by different routes: MVA, MEP.

B) Biosynthesis of terpene

A) Formation of IPP and DMAPP

The first step during the biosynthesis of terpenoids is the formation of the Cs
precursor IPP (11) and its allylic isomer DMAPP (12). IPP (11) can be generated
in two different routes in higher plants if it takes place in the cytoplasm or in the

plastids.

In the cytoplasm via MVA

12
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IPP (11) derived from the mevalonic acid (MVA) pathway starts by the
condensation of acetyl-CoA (3; Cheng et al., 2007). The mechanism can follow
two steps: The formation of mevalonic acid (8; Figure 4) and the formation of IPP
(11) via mevalonic acid (8; Figure 5). Mevalonic acid (8) biosynthesis involves the
fusion of one molecule of acetate ion in the form of acetyl-CoA (3) with malonyl-
CoA (4) to form acetoacetyl-CoA (5) catalyzed by acetoacetyl-CoA thiolase. The
condensation of acetoacetyl-CoA (5) with another molecule of malonyl-CoA (4)
yields 3-hydroxy-3- methylglutaryl-CoA (HMG-CoA; 6). Reduction of the latter
with HMG-CoA reductase yields mevaldic acid (7) which is reduced in the same
condition to mevalonic acid (8). From the two isomers of mevalonic acid, s-
mevalonic acid is inert and the R-mevalonic (8) is used by microorganism for

further synthesis of secondary metabolites (Cheng et al, 2007).

IPP (11) in the cytoplasm originate from R-mevalonic acid (MVA; 8) by three
consecutive phosphorylations processes. These processes require 2 molecules of
ATP. Subsequent loss of CO:zand phosphate by a labile group of 3-phospho-5-
pyrophosphomevalonate (10) yields the isopentenyl pyrophosphate (IPP; 11;
Figure 5).

13
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Figure 4: Formation of R-mevalonic acid in the cytoplasm via acetyl-CoA

(modified from McGarvey and Croteau, 1995).
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Figure 5 Formation of isopentene unit (IPP) in the cytoplasm via mevalonic acid

(Modified from McGarvey and Croteau, 1995)

In the plastids via DXP

IPP (11) derived from pyruvate (14) and glyceraldehydes 3- phosphate (15;
Figure 6) and Pyruvate (14) react with glyceraldehyde-3-phosphate (15) to yield

1-deoxy-p-xylose-5-phosphate (16). This reaction is catalyzed by thiamine
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diphosphate which reacts first with pyruvate (14) to yield an active acetaldehyde.
This latter reacts with glyceraldehyde-3-phosphate (15) to form DXP (16; Figure

7). IPP (11) is generated after DXP (16) undergoes rearrangement in the presence

of DXP reductoisomerase. MEP

obtained reacts with CTP (cytidine triphosphate) in the presence of CDP-Me
synthase and CDP-kinase to yield 1,4-dihydroxy-3-methylbutan-2-one-1-

phosphate (18), which undergoes a
(11; Chappell, 1995; Figure 7 ).

(2-C-methyl-D-erythritol-4-phosphate; 17)

series of internal rearrangement to give IPP

@ o

600 H HO ‘\
R 7N r O—H

N7 s )

_ )0 R

INTY s
/‘—K/\ COOH ©N)
Thiamine diphosphate orp pyruvate

(13) (14) orp

H\’@ OH
Q
or
N ﬁ R .:Y/\O‘/H @
N S DXS SN S
/‘:K/\ OPP
HO
orp OPP
Glyceraldehyde-3-phosphate
OH (15)
OPP
o OH
1-deoxy-D-xylulose-5-phosphate
(DXP)
(16)

Figure 6: Formation of 1-deoxy-D-xylose-5-phosphate (DXP) in the plastids via

pyruvate

(Modified from Cheng et al., 2007).
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OH
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1,4-dihydroxy-3-methylbutan-2-one-1- phosphate OH OH
(18) 2-C-methyl-D-erythritol-4-phosphate
(MEP)
CDP-Me a”
kinase
Kk/\opp _— )\AOPP D E— )\AOPP
OH
PP DMAPP
11 (12)

Figure 7: Formation of IPP via DXP in the plastids
(Modified from Cheng et al., 2007).

B) Biosynthesis of triterpenoids

3,3-Dimethylallyl pyrophosphate (DMAPP; 12) derived from IPP (11) by
interconvertible isomeration in the presence of IPP isomerase. The DMAPP (12)

represents the active monomer building blocks for all other isoprenoids.
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Condensation of DMAPP (12) with one IPP (11) in a head to head fashion
generates GPP (geranyl pyrophosphate; 18). Addition of another IPP (11) unit to
GPP (18) generated FPP (farmesyl pyrophosphate; 19). Another molecule of IPP
(11) can react with FPP (19) to yield GGPP (geranylgeranyl pyrophosphate; 18).
These reactions are catalyzed by prenyltransferase (Figure 8) which direct the
series of substitution and elimination that take place during the process. GPP (18)
can be cyclised in the presence of monoterpene synthases or cyclases to form
monoterpene. FPP (11) is a precursor of sesquiterpene and sterol whereas GGPP
(20) is a precursor of diterpene (Chappell J., 1995). Two FPP (19) units can
dimerize in a tail to tail fashion to give squalene (22), which is the immediate

precursor of triterpenoids (Figure 9).

In higher plants, 2,3-epoxysqualene (21) is the biosynthetic intermediate in
formation of triterpenes. It was first shown by Corey and Colleague in 1966 as
immediate precursor of lanosterol; it is probably the precursor of most 33-OH
triterpenoids (Ran et al., 2004). (3S) 2,3-epoxysqualene (21) in its conformation
chair-chair-chair-boat proceeds by some rearrangements to yield tetracyclics

terpenoids as dammenrenediol (24) via dammarenyl cation (23; Figure 10).

Pentacyclic triterpenes are divided into three main structural families:
Lupanes, oleananes and ursanes. In fact, the proton initiated cyclization first
produces the tetracyclic dammarenyl cation (23) that undergoes specific
rearrangement to lead to the pentacyclic ursanyl cation (30) via baccharenyl
cation (26), lupenyl cation (27), 19-oleanyl cation (28) and taraxasteryl cation (29;
Ikuro et al., 1993; Fraga et al., 2003, Ran et al., 2004; Figure 11). Corresponding
pentacyclic triterpenes are yielded from a series of rearrangements and

eliminations to give the corresponding compounds (Figure 12). Pentacyclic
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triterpenes can be substituted at the position 2 or 28. In table I, some pentacyclic

triterpenes are listed according to their substitution patterns at these positions.

P )\ﬁ
DMAPP

12) IPP
(11) B
| PP
preny.
e transferase \_/
N O\/QK
PPO
farnesyl pyrophosphate geranyl pyrophosphate
(19) Fer
(18)
prenyl
transferase * PP

OPP

geranylgeranylpyrophosphate
GGPP

(20)

Figure 8: Formation of GPP, FPP, GGPP
(Modified from Cheng et al., 2007).
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Figure 9: Formation of squalene

(Modified from Xu et al., 2004).
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Figure 10: Formation of dammerenediol via dammarenyl cation

(Modified from Xu et al., 2004)
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23) (26)

19- Oleanyl cation Lupenyl cation
(28) 27

Taraxasteryl cation Ursanyl cation
(29) (30)

Figure 11: Formation of pentacyclic triterpenes cation

(modified from Laszczyk, 2009).
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OH

% Ursanyl cation

Lupenyl cation 28) (30) 30

@7 30\/ 29

ursane
33)

(34)

Figure 12: General structures of Lupane, Oleanane and Ursane pentacyclic
triterpenes

(modified from Laszczyk, 2009).

Table 2: Some examples of pentacyclic triterpene of the family lupane, oleanane
and ursane according to their substitution pattern R and R1 at position 2 and 28.

Triterpene Triterpene R R1
family
lupane Lupeol CHs
Betulin CH:0H
Betulinic acid COOH
Oleanane {- amyrin CHs H
Erythrodiol CH:0H H
Oleanolic acid COOH H
Maslinic acid COOH OH
Ursane a- amyrin CHs
Uvaol CH:0OH
Ursolic acid COCH
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1.2.2 Biological activities of terpenoids

Besides their ecological role in plants, terpenoids also display several biological
activities of medical importance. Pentacyclic triterpenes such as betulinic acid,
which induces apoptosis in melanoma cell lines in vitro and in vivo, is a
promising anticancer drug (Laszczyk, 2009). Fotie and colleagues, (2006), have
shown the inhibition activity against the chloroquine — resistant strain (FCR-3)
and chloroquine — sensitive standard strain (3D7) of three long-chain fatty acid
esters derived from lupeol: 3-O-(3'-hydroxyeicosanoyl)-lupeol, 3-O-[(2'-
(tetracosyloxy)acetyl]-lupeol and 3-O-[(1"-hydroxyoctadecyloxy)-2'-

hydroxypropanoyl]-lupeol isolated from Holarrhena floribunda (Apocynaceae).

1.3 Phenolic compounds

Phenolic compounds also called phenylpropanoid compounds are a large family
of secondary metabolites found in plants. Within this family, coumarins,
quinones, anthraquinones, xanthones and flavonoids in particular can be
distinguished. In the following, the xanthones and flavonoids are reviewed since

they are the major phenolics formed in Pentadesma.

I.3.1 Xanthones

Xanthones are polyphenolic compounds known as phytonutriments with potent
health benefits. The majority of natural xanthones occur in a few higher plant
families such as Clusiaceae, Gentianaceae, Moraceae and Polygalaceae. Some

xanthones are metabolic products of lower classes of organisms such as Fungi
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and Lichens (Peres et al., 2000). They are yellow in colour and give a green colour
with ferric chloride in ethanolic solution, which is characteristic of their phenolic
nature. They are represented as C6-C1-C6 (C9H-xanthen-9-one) system.
Xanthones are heterocyclic compounds with the dibenzo-y-pyrone (35)

framework (Figure 13).

Figure 13: Dibenzo-y-pyrone (35)

The xanthone nucleus is numbered according to convention with carbons
1-4 being assigned to acetate derived ring A and carbons 5-8 to the shikimate
derived ring B. The parent substance (Figure 13) does not occur in nature.
Xanthones are classified into five major groups: simple oxygenated xanthones,
xanthones  glycosides, prenylated xanthones, xanthonolignoids and

miscellaneous (Peres et al., 1996).

- Simple oxygenated xanthones

They can be divided into 6 different groups according to their degree of
oxygenation as mono, di, tri, tetra, penta and hexa-oxygenated xanthone
Mono-oxygenated xanthones: Very few mono-oxygenated xanthones have been
isolated in the Plant Kingdom. For example 2-hydroxyxanthone (36; Figure 14)
was isolated from Mammea americana, M. acuminata, Calophyllum trapezifolium, and

C. cordato-oblongum (Sultanbawa, 1980).
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Di-oxygenated xanthone: They are xanthones having two hydroxyl groups in
their structure. 1, 5-dihydroxyxanhone (37) was reported from some plants (e.g.
Garcinia buchananii, Mamea accuminata, Mesua ferrea L.) belonging to the Family
Clusiaceae (Sultanbawa, 1980).

Tri-oxygenated xanthones: 8-Deoxygartenin (38; Figure 14) is a tri-oxygenated
di- prenylated xanthone that contains 3 hydroxyl groups at the position 1, 3 and
5 and two prenylated groups at position 2 and 4. It was isolated from the fruit of
Garcinia magostana (Sultanbawa, 1980).

Tetra-oxygenated xanthones: 1, 3, 5-trihydroxy-2-methoxyxanthone (39; Figure
14) is a tetra-oxygenated xanthone isolated from Pentadesma butyracea
(Clusiaceae; Gunasekera, et al., 1997). Xanthones are more numerous in this
category and most of them were isolated from closely related genera such as
Garcinia and Rheesia (Bennett et al., 1989).

Penta-oxygenated xanthones: The first pentaoxygenated natural xanthone
(Figure 14) was isolated from Gentiana corymbifera in 1950 and named
Corymbiferin (40; 1,3,8-Trihydroxy-4,5-dimethoxyxanthone; Peres et al., 1997).
Since then, many other pentaoxygenated xanthones were found in some other
plant genera such as Frasera, Halenia, Swertia.

Hexa-oxygenated xanthones: Hexa-oxygenated xanthones represent highest
degree of any form of oxygenation found in naturally occurring xanthones. They
occur in plant genera such as Centaurium, Ploiarium, Swertia, etc. An example of
hexa-oxygenated xanthones is Eustomin (41; 1- Hydroxy-3,5,6,7,8-

pentamethoxyxanthone; Figure 14; Peres et al., 1997).

- Xanthone glycosides
Xanthone glycosides can be divided into O-glycosides and C-glycosides. In

xanthone O-glycoside, the aglycone is bound to the glycoside via an oxygen
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atom. An example of O-glycoside is 3-O-B-D-Glucopyranosyl-1, 5, 7-
trihydroxyxanthone or Patuloside A (42) isolated from Hypericum patulum
(Clusiaceae; Figure 15). In xanthone C-glycosides, the aglycone is bound to the
glycoside by a carbon atom. The most widely distributed xanthone C-glycoside is
3-C-B-D-Glucopyranosyl-1, 3, 6, 7-tetrahydroxyxanthone or Mangiferin (43;
Figure 15) and it was isolated in 1908 by Wiechowski from Mangifera indica
(Anacardiaceae; Hostettmann et al., 1977). C-Glycosides are resistant to acidic
and enzymatic hydrolysis because of the (C-C) bond between the xanthone and
the sugar moiety. O-glycosides are easily hydrolyzed because of the classic

glycosidic bond between the aglycone and sugar moiety (Hostettman et al., 1977).

- Prenylated xanthones and relatives

Frequently, xanthones are prenylated with an isopropenyl (44; Figure 16) group
or a geranyl group (45; Figure 16). They are mostly found in the plant family
Clusiaceae (Denisova-Dyatlova et al., 1982). Cowanin (48) isolated from Garcinia
cowa is an example of a prenylated xanthone (Mahabusarakam et al., 2005). A
xanthone can be mono-, di-, and tri-prenylated. The isoprenyl or geranyl group
can undergo oxidative cyclisation with an ortho- OH group to form a chromene
ring (Sultanbawa, 1970). This is the case in 3-isomangostin (47), which results
from the cyclisation of a isoprenyl group at position 2 of a-mangostin (46) and 3-

OH (Figure 17; Walker, 2007).
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Figure 14: 2-Hydroxyxanthone (36); 1,5-Dihydroxyxanthone (37); 8-
Deoxygartenin (38); 1,3,5-Trihydroxy-2-methoxyxanthone (39); 1,3,8-Trihydroxy-
4,5-dimethoxyxanthone (Corymbiferin; 40); 1-Hydroxy-3,5,6,7,8-

pentamethoxyxanthone (Eustomin; 41) .

HO. HO
(L POON
OH HOS A N
HO\?(A)"""”// oH Ho/E

@ OH @3)

@)

Figure 15:: Xanthone glycosides: 3-0-b-D-Glycopyranosyl-1,5,7-
trihydroxyxanthone or Paluloside A(42); 3-C-b-D-Glycopyranosyl-1,3,6,7-

tetrahydroxyxanthone or Mangiferin (43).
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Figure 16:: isoprenyl group (44), Geranyl group (45).
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Figure 17:: Prenylated xanthones: a-Mangostin (46); 3-lsomangostin (47);
Cowanin (48).
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1.3.1.1 Biosynthesis of xanthones

Generally, xanthones originate from a mixed shikimate — actetate pathway but
some xanthones have also been reported to be derived only from the acetate
pathway in lower plants (Velisek et al, 2008). The study of xanthones
biosynthesis was done in cell cultures of Hypericum androsaemum L. (Clusiaceae)
and Centaurium erythrea (Gentianaceae) by Beerhues and his colleagues in 1999.
Generally, xanthones originate from a mixed shikimate-acetate pathway
(Beerhues et al, 1999). In the experiment performed with [U-“C] L-phenylalanine,
[7-1*C] benzoic acid (53) and [7-“*C] 3-hydroxybenzoic acid (52), only 3-
hydroxybenzoic acid (52) was incorporated into xanthones in C. erythrea, whereas
in the xanthones generated in H. androsaemum, all the three precursors were
incorporated (Schmidt et al.,, 1997). In xanthone biosynthesis, the shikimate
compounds used as entry differ from those of the individual plants. In H.
androsaemum, the starting compound is 3-hydroxybenzoic acid (52) which is
catalysed by 3-hydroxybenzoate-CoA ligase to form 3-hydroxybenzoic-CoA. The
condensation of the latter with three malonyl-CoA (4) will form the intermediate
2,3’ ,4,6-tetrahydroxybenzophenone (59) in the presence of benzophenone
synthase (Abd El-Mawla et al., 2001). The starting compound in the biosynthesis
of xanthone in H. androsaemum (Clusiaceae) is benzoic acid (53) followed by the
formation of benzoyl-CoA in the presence of benzoate-CoA ligase. The
condensation of benzoyl-CoA (54) with three malonyl-CoA (4) will generate
2,4,6-trihydroxybenzophenone (55), which will be converted by hydroxylation to
2,3’ ,4,6-tetrahydroxybenzophenone (59). This intermediate benzophenone is
common for both pathways. Xanthone synthase will then catalyse the cyclisation

of the 2,3,4,6-tetrahydroxybenzophenone (59) to form xanthone. This cyclisation
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is region-selective and in C. erythrea, the cyclisation of this intermediate
benzophenone will generate 1,3,5-trihydroxyxanthone (60), whereas in H.
androsaemum the cyclisation will generate 1,3,7-trihydroxyxanthone (56; Velisek
et al., 2008; Figure 18). These xanthones can be further hydroxylated by the plant
specific cytochrome Pis0 dependent monooxygenate xanthone-6-hydroxylase to
form 1,3,5,8-tetrahydroxyxanthone (61) and 1,3,6,7-tetrahydroxyxanthone (57)
respectively. Prenylated and geranylated xanthones is obtained in the presence
of prenyltransferase enzymes.

However, in lower plants (Lichen and fungi) some xanthones originating only
from polyacetate pathway, have been reported (Peres et al., 2000), and the
mechanism of formation is shown (Figure 19). The starting compound is acetic
acid (49) in its acetyl-CoA form (3) followed by condensation with six acetic acid
units to yield an intermediary polyacetate (50). This latter will be cyclised under
basic conditions through a series of enolisation and elimination to give 1,3,6-

trihydroxy-8-methylxanthone (51).
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Figure 18: Biosynthesis of xanthones 1,3,6,7-tetrahydroxyxanthone and 1,3,5,8-

tetrahydroxyxanthone in Hypericum androsaemum L. and Centaurium erythrea

(Modified from Velisek, 2008).
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Figure 19: Biosynthesis of xanthone (1,3,6-trihydroxy-8-methylxanthone) in
lower plants via the polyacetate pathway

(Modified from Peres et al., 2000).

1.3.1.2 Biological activities of xanthones
Xanthones exhibit an extremely wide variety of pharmacological activities

including antidepressent, antimicrobial, cardiotonic, diuretic and antifungal

(Bennett et al., 1989). More than 200 xanthones have been found in nature, and
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among them, Garcinia mangostana fruit also called mangosteen (Clusiaceae)
contains more than 40 xanthones. This fruit was proved to have strong
antioxidant properties, especially antiproliferative, antioxidative and inductive of
apoptosis on human breast cancer cell line (SKBR3; Moongkarndi et al, 2004).
Xanthones have been reported to have antimalarial activities against
chloroquine-resistant Plasmodium falciparum and cytotoxic properties against
breast cancer cell lines (MCEF-7; Zelefack et al, 2009). Mangiferin isolated from
Mangifera indica (Anacardiaceae; Hostettmann et al., 1977) exhibits cardiotonic,
diuretic, antitubercular activity, as well as antiviral (herpes), antiinflamatory and
antihepatoxic effects. Some xanthones isolated from the root bark of Garcinia

livingstonei have shown antiparasitic activity (Mbwambo et al., 2006).

1.3.2 Flavonoids

Flavonoids are another group of polyphenolic metabolites found in nature. They
are commonly distributed in the Plant Kingdom. More than 10.000 flavonoid
derivatives are known from the Plant Kingdom and they are generally associated
with antioxidant and free radical scavenging properties (Farkas et al., 2004).
Flavonoids can be divided into different classes such as flavonols, flavones,
flavanols, isoflavones, flavanones, biflavonoids, and flavanonols. Generally,
flavonoids consist of three rings A, B, C. Ring A and C are represented by benzo-
Y-pyrone (62) skeleton in flavones (63) and flavonols (68). According to the
biosynthesis, ring A is generated from acetate pathway and ring B from the
shikimate pathway. Ring C, is the result of the cyclization between ring A and
ring B (Velisek et al., 2008). Flavones (63) and flavonols (68) differ by the

substitution pattern OH group at position 3 in their basic skeleton OH for
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flavonols (68) and H for flavones (63). Rings A and C can also be the derivative
dihydro benzo-y-pyrone (69). It is the case in the structure of flavanones (64) and
flavanonols (67). Flavanones (64) have hydrogen at position 3 and in flavanonols
(67) there is one hydroxyl group at that position. Isoflavonoids (65) differ from
flavonoids by attachment of ring B at position 3.

Flavonoids are distributed throughout the Plant Kingdom but some such
as isoflavones (65) are found mostly in the plant families Fabaceae and
Leguminosae. Some flavanones such as naringenin are the main constituents of
citrus fruits (Jaakola et al., 2010). Generally, according to the biosynthesis, many
hydroxyl and methoxyl group can be substituted at different positions such as 3,
5, 7,2,3,4 and 5’; therefore many flavonoids derivatives exist in nature

(Narayara et al., 2001).

Biflavonoids are a special class of flavonoids, being a dimers in which
flavones and flavanones may be involved as flavone-flavone (66), flavanone-
flavone, flavanone-flavanone (Figure 20). The connecting bond between two
flavonoids can be at different positions among which the most regular are 3-4”,
4’-4”, 3-8”, 3-6” with either C-O or C-C bonding between the flavonoid units.
Biflavonoids were found in Ginkgo biloba and Selaginella species (Baker et al.,
1963; Duddeck et al., 1978). They also occur in Clusiaceae plant family, especially

in the genus Garcinia and the genus Allanblackia (Terashima et al., 1999).
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Figure 20: Structure of benzo-y-pyrone (62); General structure of flavones (63);
General structure of flavanones (64); General structure of isoflavone (65);
Biflavonoid (Rs=H) flavone-flavone (R3=OH) flavone-flavonol (66); General
structure of flavanonols (67); General structure of flavonols (68); Dihydro benzo-

y-pyrone (69).

1.3.2.1 Biosynthesis of flavonoids

Biosynthesis of flavonoid and mostly flavonoid glycosides take place in the

cytoplasm and flavonoid products are then accumulated in the vacuoles (Jaakola
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et al., 2010). Flavonoids are produced from the shikimate pathway starting with
L-phenylalanine (70). L-phenylalanine (70) is deaminated by the action of
phenylalanine ammonia-lyase (PAL) to yield cinnamic acid (71). Cinnamic acid
(71) is then hydroxylated to p-coumaric acid (72) by cinnamate-4-hydroxylase
(C4H). This latter is then activated by the action of 4-coumarate-CoA ligase (4CL)
to p-coumaroyl-CoA (73). Condensation between three acetate units of malony-
CoA and p-coumaroyl-CoA (73) will yield naringenin chalcone (74). This step is
catalysed by chalcone synthase (CHS) and the naringenin chalcone is the
precursor of all other flavonoids. By the action of chalcone isomerase (CHI),
naringenin chalcone (74) will be converted to naringenin (75). Then flavone (76)
can be generated by action of the flavone synthase (FSI) and cytochrome Paiso

flavone synthase (FSII; Horinouchi, 2008).

Biflavonoids result from the coupling of two flavonoids. The first
flavonoid radical attacks the second by the formation of a bond between the two
molecules. According to the fact that flavonoids found in nature are linked
through the A ring; the dimerisation is possible by electrophilic attack of the
radical on a second flavonoid unit to form the biflavonoid. The positions 6 or 8
are the most probable for electrophylic attack (Baker et al., 1963). In contrast, the
synthetic dimers are linked through the B ring and it involves the radical

coupling between the two units (Molyneux et al., 1969).
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Figure 21: General scheme of biosynthesis of flavanones and flavones in plants
(modified from Velisek, 2008).

1.3.2.2 Biological activities of biflavonoids

Flavonoids of different classes have diverse biological activities such as anti-
inflammatory, antihepatotoxic and anti-ulcer (Narayana et al., 2001). The

biflavone ginkgetin isolated from Ginkgo biloba, Cephalotaxus drupacea and also
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from Garcinia kola was proved by Hayashi and his collaborators in 1992 to be
active against herpes simplex virus type 1 (HSV-1). This biflavone has also
exhibited cytotoxic activity to human ovarian adenocarcinoma (OVCAR)-3 cells
(Kim et al., 2008). Moderate activity against P. falciparum was observed from a
biflavanone isolated from the root bark of Garcinia livingstonei (Mbwambo et al.,
2006). Ochnaflavone 7”-O-methyl ether and 2”,3”-dihydroochnaflavone 7”-O-
methylether were found to inhibit not only HIV-1 activity but also HIV-1 reverse

transcriptase (Kim et al., 2008).
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Chapter II: Botany and phytochemistry aspects of
Clusiaceae with special reference to Pentadesma

I1.1 Botanical aspect of the family Clusiaceae (Guttiferae)

Clusiaceae, formally called Guttiferae is a plant family belonging to the order
Malpighiales. The family comprises 37 genera such as Symphonia, Allanblackia,
Garcinia, Mammea, Calophyllum, Pentadesma approximately 1610 species altogether
(Gustafsson et al., 2002). Major characteristics are the milky gum or color sap.

Floral diversification is quite large, ranging from 3 to 10 petals (Berhaut, 1975).

The taxonomy of the family has undergone various changes over time and
proved to be controversial. In the phylogenetic studies of Clusiaceae based upon
rbcL. sequences (Gustafsson et al., 2002), three subfamilies and several tribes
within these have been recognized. Thus, the Clusiaceae are grouped in 3
subfamilies: Kielmeyeroideae Engler, Clusioideae Engler and Hypericoideae
Engler the latest to join this family. These subfamilies are divided into nine tribes

as shown in table 3.

The Clusiaceae plant family is constituted by big trees such as Symphonia
globulifera, Garcinia kola and Mammea africana with its hard and dark red wood.
They can also be average trees such as Pentadesma butyracea and Allanblackia
floribunda, which have their seeds rich in fat (Aubreville, 1959). Leaves are simple
undivided, stipulated and often marked with punctuations or with coniferous
lines. They are usually tough and have numerous parallel side nervures.

Branches are arranged laterally, and they are orthotropic to plagiotropic; twigs
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are regularly arranged (Aubreville, 1959; Bouquet, 1969). In the zones of forests,
big Clusiaceae are recognized by their vertical trunk, which is narrow and staged.
They are further recognized by their yellow juice (but colorless in Allanblackia
floribunda), contained in their bark as well as in the twigs (Bouquet, 1969).
Flowers are big, they may be single or in groups, often male and female, rarely
bisexuals; sepals are usually in the numbers 4-5 except for Mammea that they are
2-3. Stamens are numerous, grouped opposite to petals (Vivien et Faure, 1967).
Fruits are often very big, with kernel or in bays, and flesh is surrounded with a

skin inside which is a flooded seed (Vivien et Faure, 1967).

The habitat that numerous Clusiaceae species occupy is frequently found
in the dense forests, here often in the most hydrophilic formations, the swampy
forests, the edges of rivers and in high mountains. Some Clusiaceae genera,
which are found in the Sudanese zones and Guinean savannas, grow along the
edges of the streams (Garcinia and Pentadesma; Berhaut, 1975). Some Clusiaceae

are cultivated for their edible fruits (Mammea africana).

I1.2 Use of some Clusiaceae in traditional medicine in Africa

Most of the species from Clusiaseae plant family have therapeutic use in the
traditional pharmacopoeia and are used in the treatment of numerous dermatitis
(furuncles, canker sores and mange), fever and gastric disorder. Many plants
from Clusiaceae family have been studied phytochemically and many of them
are currently used in diversified forms in traditional medicine as indicated in

table 4.
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Table 3: Taxonomy of Clusiaceae (Gustafsson et al., 2002)

Subfamily

Tribe

Genus

Kielmeyeroideae Engler

. Hypericoideae Engler

" Clusioideae Engler

Calophylleae Choisy

Endodesmieae Engler

. Vismieae Choisy

Hypericaea Choisy

Cratoxyleae Bentham

Clusielleae

Clusieae Chiosy

Garcineae Choisy

Symphonieae

Neotatea Maguire
Marila swartz

Mahurea Aublet
Kielmeyera Martius
Caraipa Aublet
Haploclathra Bentham
Poeciloneuron Beddome
Mesua L.

Kayea Wall.

Mamimea 1.

Calophyllum 1..

Endodesmia Bentham

) Lebrunia Staner

Vismia Vand.
Harungana Lamark

Hypericum L.

Lianthus N. Robson
Triadenum Raf.
ThorneaBreed.& cClin.

Santomasia N. Robson

Cratoxylum Blume

) Eliea Cambess.

Clusiella Planch. & Triana Clusia

Dystovomita D" Arcy
Tovomita Aublet
Chrysochlamys Ducke

Garcinia L.
Pentaphalangium Warb.
Rheedia 1..

Tripetalum K.

Allanblackia Olivier
Pentadesma Sabine
Moronobea Aublet
Platonia Martius
Montrouziera Planch.& T.
Lorostemon Ducke
Thysanostemon Maguire
Symphonia L.£.
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Table 4: Use of some Clusiaceae in traditional medicine (Raponda-Walker and

Sillans, 1961; Ajibesin et al, 2008)

Name of the plant Traditional use Part of the Preparation
plant used
Symphonia globulifera Skin disease Leaves  decoction
Cancer Rootbark  decoction
Garcinia cola Chest pain, Cough  seeds Chewed
Allanblakia monticola Diarthea, toothache, stem decoction

respiratory infection
Allanblachia floribunda ~ Dysentery, toothache  stem decoction
Mammea africana Skin disease, stem decoction

rheumatism, wound

II.3 Botanical aspect of the genus Pentadesma

Pentadesma belongs to the subfamily Clusioideae Engler, tribe Symphonieae. The
genus Pentadesma comprises three recognized species: P. butyracea Sab., P.
grandifolia Bak., P. lebrunii Stan.. The other species listed in the literature (Meer,
1965) are now reduced to synonymy: P. leptonema , P. leucantha, P. kerstingii, P.
nigritana, P. gabonensis synonyms of P. butyracea while P. ogoouensis, P. excelliana,
P. reyndersii are synonyms of P. grandifolia, and P. retshuruensis is now

considered as P. lebrunii.

Pentadesma species are large trees, entirely glabrous with short branches.

The bark is grey, green or brown and exuding yellow or yellow-orange latex.
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Leaves are coriaceous, midrib prominent on the undersurface. Their flowers are
hermaphrodite and have very big stamens with long and almost free nets,
excessively numerous and grouped (Aubreville, 1959). They can be
distinguishing from other in the same subfamily by their long petals and sepals.
The number of sepals and petals are equal to five. Seeds are embedded in a
yellow pulp; berries are large with coriaceous exocarp. Pentadesma plants grow in
the tropical zones of Africa and America. In these regions, Pentadesma is found
more frequently in the zone of Sudanese and Guinean savannas and grows along

the rivers.

P. grandifolia and P. butyracea are two species found in Cameroon.
Morphologically, they are so similar that they are often confused by local
population in this area, and their description is also similar in some books
(Raponda and Silans, 1961; Vivien and Faure, 1967; Meer, 1965). Because of the
resemblances evoked above, P. grandifolia and P. butyracea are called by the same
vernacular names. In the center part of Cameroon, the Bassa calls it “Avoum”,
and the Ewondo tribe calls it “Nom onié”. In the East, the Pygmies, Bilaya call it
“Gambé” whereas in Nigeria it is called “Orogbo erin, Izeni” and “N kandika” in

Congo (Vivien and Faure, 1967).

b. grandifolia is a tree up to 20-30 meters and 80 centimeters in diameter
with a pole free from branches. Its bark is ferruginous, 0.5-1.5 cm thick, cracked
longitudinally and transversely and cut in small rectangles. Its wood is rather

hard, grey or reddish.

Leaves are oblong and obtusely apiculate, sometimes acuminate at the top

and cuneate at the base. They are 12-24 cm long, and 2.5-4.5 cm broad, and
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possess very numerous parallel side nervures with the presence of very fine
coniferous, parallel and little visible lines. Fruits are spherical bays, a little
lengthened, sharp in summits having a surface Warts rust, exuding an orange-
colored latex in P. butyracea and egg-shaped, sharp in summits, ribbed at P.
grandifolia (Vivien and Faure, 1967). The seeds are huge, flat and are inside of a
yellowish pulp in P. butyracea and they are also huge with a flat face and a
tubercular surface in P. grandifolia. The flowers are big and white or yellowish-
white in color and range from 6 to 7 cm in length. The flowering season is from
February till April and from July to September and the fruits are harvested
between May and June or August to October (Vivien and Faure, 1967).
Pentadesma butyracea is distributed in Africa from Sierra Leone, Ivory Coast,
Nigeria, Cameroon, Gabon to Congo. The distribution of P. grandifolia in Africa
extends from Nigeria to Cameroon but their major distribution is in the
Democratic Republic of Congo. Pentadesma lebrunii is rarely found, and reports
are concentrated in the region of Somalia and Kenya as shown in the Figure 22.
The two species co-occurring in Cameroon (P. grandifolia and P. butyracea) are
localized in differents regions as explained in table 5. In tropical Africa,

especially, in Cameroon, P.grandifolia is situated at 800-1200 m altitude.
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Figure 22: Distribution of Pentadesma in Africa
(Source: Meer, 1965)
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Table 5: The geographical distribution of Pentadesma spp in Cameroon

Species  Sub-division Geographical situation

. but yracea East -90 km North of Ntam (80km, ENE, Lomié)
- Near Bikoué II (20km, ENE Lolodorf

South-West -~ At 600 m of Village Mbu forest at 6km
West of Ikenge.

Center - Ndikinimiki, mountain Nkotton, 40 km,

SSW of Ndikinimiki

randifolia
grandifo South-West - Side South of Mont Koupe

- On the road of Batcha, Bachingou (22km

West
ESE, Bafang)
- 12 km Bafang — Nkonjock

North-West - Between Batibo and Widekum, 55 km
ENE Mamfe

Center - Mountain Nkotton, 42 km, SSW of
Ndikinimiki

I1.4 Use of Pentadesma in Cameroon

It appears through the data and ethnobotanical information that the plants
belonging to the genus Pentadesma are widely used by local population in
Cameroon in dual purpose, i.e. economic and therapeutic.

Given that the wood is very hard and beautifully colored red, it is very
popular in the market, constituting a source of income for the local population in
Cameroon as well as a source of material for export. The wood is used for the

construction of skeleton and the manufacturing of dugouts canoes that are used
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for transport and fishing on inland and coastal waters. The butter of the seed is

edible and serves as food fat (Raponda et al., 1961).

In the region of Brazzaville in Congo, the barks of Pentadesma are used as
aphrodisiac. Soaked, they serve as lotion for the treatment of certain dermatitis
while when boiled, they are used against diarrhea (Irvine, 1961). In Cameroon,
especially in the western part of the country, the roots and stem bark are boiled

to treat malaria and fever (Sinsin and Sinadouwirou, 2003).

I1.5 Phytochemistry of Pentadesma

Previous phytochemical studies on the species of the genus Pentadesma native to
Cameroon (P. butyracea and P. grandifolin) led to the isolation of several
secondary metabolites among which the most important belong to the group of
xanthones. From the bark and timber of P. butyracea, the 1,3,5-trihydroxy-2-
methoxyxanthone (77), jacareubin (79) and osajaxanthone (79) were reported
(Gunasekera et al., 1977). Recently, the phytochemical investigation of the stem
bark of P. butyracea (Zelefack et al., 2009) led to the isolation of many xanthones,
among them butyraxanthone D (81), mangostanin (80) and 1,3,6-trihydroxy-7-
methoxy-2,8-diprenylxanthone (78). Within the framework of previous work on
the lipophylic phase of the root bark of P.grandifolia and P. butyracea, the authors
indicated the co-occurrence of rubraxanthone (78), garcinone E (82) and
tovophyllin (84) in both genera (Zelefack et al., 2009; Djoufack, 2004; Fokou,
2006). These xanthones belong to the class of prenylated and oxygenated
xanthones. This genus represents a huge and diversified reservoir of prenylated
and geranylated xanthones. These types of xanthones are restricted to a few

families of plants, among which are Gentianaceae, Moraceae, Polygalaceae and
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Clusiaceae. Their presence in this genus can be of considerable interest for the
taxonomy of the plant. Beside this main group of xanthones present in the plant,
some triterpenes such as f3-amyrin acetate (85), 3- sistosterol (86) and (13E,17E)-
polypoda-7,13,17,21-tetraen-3-3-ol (87) were also isolated from P. grandifolia
(Fokou et al., 2006; Djoufack, 2004). Figure 23 resumes the structure of xanthone

and Figure 24 resumes some terpenoids isolated from the Pentadesma.

I1.6 Biological activities of isolated compounds from Pentadesma.

Xanthones from Clusiaceae are recognized to possess many pharmacological and
biological properties. Xanthones isolated from Pentadesma genus are not an
exception. Garcinone E (82) shows a cytotoxic effect against six different
hepatoma cell lines and 4 different lung carcinoma cell lines, with LD50 values
ranging from 0.1 to 5.4 uM. Its potency against hepatoma cell lines is equal to or
higher than methrothrexate, vincristine, 5-flu and Cisplatin (Ho et al., 2002).
Rubraxanthone (78) exhibited antiinflammatory effect with IC50 14.6 uM equal
to antiinflammatory effect of indomethacin. It shows antimicrobial activity
against methicillin- resistant Staphylococcus aureus (MRSA) with MIC=3,9-30.5uM.
Rubraxanthone (78) selectively inhibits the cyclooxygenase-2 (COX-2) and also
shows antiplasmodial activity against the Plasmodium falciparum chloroquine-
resistant (Fokou, 2006). The compounds mangostanin (80), 1,3,6-trihydroxy-7-
methoxy-2,8-diprenylxanthone (78), rubraxanthone (78), garcinone E (82) and
tovophyllin (84) have shown antiplasmodial activity against Plasmodium
falciparum chloroquine-resistant FcB1 strain (Fokou, 2006). Compound garcinone
E (82) demonstrated a high toxicity against human breast cancer line MCF7 in

vitro (Zelefack et al., 2009). Tovophyllin (84) possess moderated antimicrobial
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activity against the gram-positive bacteria Staphylococcus aureus (ATCC 6538),
gram-negative bacteria Vibrio anguillarum (ATCC 19264), and against the

pathogenic fungi Candida tropicalis (ATCC 66029; Azebaze et al., 2006).

0O OH Rs o om
OMe MeOr Ry
! o) ‘ OH HO ‘ (¢ ‘ OH
OH
2

R

(77) (78)

Figure 23: Some xanthones from Pentadesma 1,3,5-trihydroxy-2-
methoxyxanthone (77); R1=Rs=Pr, R2=H 1,3,6-trihydroxy-7-methoxy -2,8-
diprenylxanthone; R4=R;=H, R3=Ge rubraxanthone (78); Rsz=H, R1=R2=0H
jacareubin; R1=R2=H, R3=OH osajaxanthone (79); R1= H, R2= CHj, R3;=Pr
mangostanin (80); butyraxanthone D (81); garcinone E (82); cowanin (83);

tovophyllin (84).
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(87)

Figure 24: Some terpenes from Pentadesma: -amyrin acetate (85); B-sitosterol
(86); 13E,17E)-polypoda-7,13,17,21-tetraen-3 B-ol (87).
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Chapter III: Results and discussion

Due to the fact that the compounds already isolated from P. grandifolia
show various biological activities, investigations have continued on the
hydrophilic phase of the root and were also extended to other parts of the plant
(leaves, stem bark and fruit), with the purpose to obtain more bioactive and
diversified compounds. Various methods (HPLC-UV photodiode array and TLC)
were used to identify which classes of compounds are present in the plant. The
tissue specific accumulation tendency is discussed in detail. Different methods of
isolation and analysis of secondary metabolites such as CC, MPLC and
preparative TLC are described in detail. The molecular structures of some
compounds isolated and elucidated by spectroscopy methods (‘H NMR, B3C
NMR, COSY, HSQC and HMBC) and mass spectrometry is presented. These
spectroscopy methods were combined with CSEARCH and SPECINFO database
system for spectral similarity searches (Robien et al, 1998) for quick
identification. Some compounds co-occur in different organs of the plant and
they were abbreviated according to isolation source. Compounds (PR) were
isolated from the roots, compounds (PS) were isolated from the stem bark, (PL)
from the leaves and (PF) from the fruits. Bioactivity tests were carried out with
isolated compounds. In particular, antifungal tests were performed by bio-
autography using Cladosporium sphaerospermum, and tests of insecticidal activities
were performed against Spodoptera littoralis BOISDUVAL. The significance of

these results is discussed in detail.

IT1.1 Results
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II1.1.1 Isolation and characterization of compounds isolated from
the stem bark

I11.1.1.1 Isolation of compound PS1 to PS5

Compounds PS1 to PS5 where isolated from the stem bark of P.grandifolia as described in
the scheme 1. Differents separation techniques such as liquid liquid extraction, column
chromatography (CC) and preparative TLC (prep. TLC) were used for isolation of
different compounds in the methanolic extract. Pure compounds were then recristallised

in an appropriate solvent and filtrated.

stem

bark

| cutting, chopping, grinding

extaction with MeOH
(5 days)

Filtration, evapor ation

viscous residue

M=50g

‘ partition between water and

| |

chloroform fraction

water phase

M=10g
| e xtraction with 10% ETOAc in PE
[
residue
M=7g extract A
M=3g
extraction with 50% I'E in
EtOAC dry CC (2g) with PE in EIOAc
residue fractions fractions
extract B M=3g Ix::z(szL X2 IV‘IRAI_\:%.;’I v2
M=4g s - =
ik g s - Preparative TLC with
dry ©C (2g) cristallisation, filtration 259 PE in EIOAC
fractions fractions PS4 PS5
VII1,VII2 VIII1, VIII2 M =5mg M=3mg
| filtration l s L
PS2 rsi
M = 15mg M=3mg

Scheme 1: Isolation procedure of compounds PS1 to PS5 from the stem bark of
P. grandifolia
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II1.1.1.2 Characterization of compound PS1 to PS5

I11.1.1.2.1 Characterization of the compound PS1

PS1 was obtained in the form of yellow-orange powder in fraction VIII1, VIII2
(Scheme 1) eluted with 70% of EtOAc in PE and it is soluble in acetone. It melts
between 252°C and 253 °C. It gives a positive reaction (violet color) with Ferric
Chloride test, which is characteristic of phenolic hydroxyl. Its mass spectra ESI-
MS in high resolution and in positive mode give the molecular ion peak [M+H]*
at m/z 356.1254 which corresponds to the molecular ion peak of PS1 M* of m/z
355. This ion peak is compatible with the molecular formula, C20H200¢ containing

11 double bond equivalents.

[rel]

150 100 50 ppm]

Figure 25: NMR "C spectrum (100 MHz, CDCls) of PS1
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In the C NMR spectrum (400 MHz, CDCls; Figure 25) there appear 20

signals corresponding to the 20 carbons atoms present in the molecule. The

analysis of these carbons signals by HSQC revealed:

two methoxy group at ® 55.9 and at d 56.6 ppm

two methyl group at d 17.8 and 25.8 ppm

one methylene group at 6 21.4 ppm

four methine groups at d 89.6, 102.5, 104.6 and 122.2 ppm

eleven signals of quaternary carbon among which 10 resonated between

103.2 and 163.9 ppm and a signal of a carbonyl group at d 180.1 ppm.

The 'H NMR spectrum (Figure 26) of PS1 combined with the COSY spectrum

permitted to bring out a signal of:

a hydroxyl chelated at 6 13.04 ppm

three non coupled aromatic proton resonated as a singlet at o 7.61, 6.94
and 6.43 ppm

a set of signals at © 3.38 2H, d, ]=7.1, H-1"), 8 5.24 (1H, t, ]=7.1, H-2"),
1.69 3H, s, H-3") and at © 1.81 (3H, s, H-4") forming a yy-dimethylallyl
(prenyl group)

two methoxy group at & 3.92 (3H, s, OCHs (H-3)) and at 0 4.02 (3H, s,
OCHs (H-7)).

All this information, combined with presence in the 'H NMR spectrum

(400 MHz, CDCls) of 1H at o 13.04 ppm corresponding to an hydroxyl

chelated suggested that PS1 is a xanthone (Nougoué, 1998).
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[rel]

CHO H-7) CH -0 H-3)

Figure 26: 'H NMR spectrum of PS1 (400 MHz, CDCls)

To place the different substituents on the xanthone skeleton, the HMBC
technical was used. The yy-dimethylallyl (prenyl group) was placed at position 2
because of a correlation between the protons H-1" at d 3.38 ppm of the prenyl
group and the carbon of the chelated hydroxyl C-1 at  159.3 ppm. The same H-
1" of the prenyl group shows a correlation with C-2 at o 111.7 ppm and C-3 at d
163.8 ppm. One methoxyl group was placed at position 3 due to the correlation
between C-3 at ® 163.9 and OMe (H-3) at d 3.92 ppm. The other methoxy group at
0 4.02 ppm shows a correlation with C-7 at d 144.3 ppm and it then occupy the
position 7. The aromatic protons were placed at the position 4, 5 and 8. On the
HMBC spectrum, the aromatic proton at d 6.43 ppm was in correlation with C-4a
at 0 156.0 ppm and C-3 at 163.8 ppm and it was placed at position 4. The proton
at 0 6.94 ppm showed a correlation with C-6 at ® 152.6 ppm, C-4b at 103.2 ppm
and C-7 at d 144.3ppm, it occupied the position 5. The last aromatic proton at o

7.61 ppm was in correlation with C-6, C-8a at 0 113.6 ppm and C-4b; it was then
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placed at the position 8. The remaining hydroxyl group occupied the position 6.
Accordingly to all this information, the structure of the 1,6-dihydroxy-3,7-
dimethoxy-2-(3-methylbut-2-enyl)xanthone (figure 27) was attributed to PS1

which is a new report for the genus Pentadesma.

Figure 27: 1,6-dihydroxy-3,7-dimethoxy-2-(3-methylbut-2-enyl)xanthone
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Table 6: *C NMR (100 MHz, CDCls) and "H NMR (400 MHz, CDCls) spectral
data of PS1 (1,6-dihydroxy-3,7-dimethoxy-2-(3-methylbut-2-enyl)-xanthone.

Atom d 'H (multiplicity) 9VC (multiplicity)
1 159.3 (s)
2 111.7 ()
3 163.8 (s)
4 643 (1H,s) 89.6 (d)
4a 156.0 (s)
4b 1525 (s)
5 6.94 (1H, s) 1025 (d)
6 152.6 (s)
7 1443 (s)
8 7.61(1H, s) 104.6 (d)
8a 113.6 (s)
8b 103.2 (s)
9 180.1 (s)
1 3,38 (2H, d, J=6.6Hz) 214 (1)
> 5.24 (1H, 1, ]=6.6Hz) 1222 (d)
¥ 132.0 (s)
g 1.69 (3H, ) 25.8(q)
5 1.81 (3H, s) 17.8 (q)

OH-1 1380 (1H, )

OH-6 6.36 (1H, s)

OH-§ 629 (1H, s)

CH-O (H3) 392(3H,s) 55.9 (q)
CH,-O (H-7) 4.02(3H,s) 56.5 (q)

I11.1.1.2.2 Characterization of the compound PS2

The compound PS2 was obtained in the form of yellow-orange powder in the

fractions VII1-VII2 (Scheme 1) eluted with 50% of EtOAc in PE, and it is soluble

in chloroform. It melts between 182°C and 184°C and gives a positive reaction
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(violet color) with Ferric Chloride which is characteristic of a phenolic hydroxyl
in the molecule.

The mass spectrum ESI-MS in positive mode gave the peak of [M+H]* at

409.1 corresponding to ion peak M* of m/z 408. The molecular formula is
C24H2606 with 12 double bond equivalents.

[ref]

10

CH-O(7)
5 ’
| T T

150

Figure 28: "*C NMR spectra of PS2 (100.0 MHz, CDCl3)

In the *C NMR spectra Jmod (100.0 MHz, CDCls; Figure 28) there appear 24

signals corresponding to the 24 carbons atoms present in the molecule. The
combined analysis of this *C NMR spectrum, HSQC and HMBC of PS2 reveal:

5 signals of methyl group among which 4 carbons hybrid sp® with

chemical shift o 18.3, 18.6, 26.2, 26.2 ppm and the signal of a methoxy
group at d 62.4 ppm.
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- 2 signals of methylene group hybrid sp® at 6 21.8, 26.9.

- 4 signals of methine group hybrid sp?at © 93.7, 101.9, 121.8, 123.5

- 13 signals of quaternary carbon with chemical shift & 104.0, 108.8, 112.6,
132.5, 136.2, 137.4, 1429, 1549, 1554, 156.2, 161.0, 162.0 ppm and a

carbonyl group at 0 182.4 ppm.

14 [rel]

12

4

OH-6

| eHom

Figure 29: "H NMR spectrum of PS2 (400 MHz, CDCl5)

The '"H NMR spectrum of PS2 (Figure 29) combined with the COSY spectrum

permitted to bring out:
- two aromatics protons in the form of singlet at d 6.85, 6.35 ppm.

- amethoxy group in the form of 3 proton singlet at & 3.83 ppm.
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- two group of yy-dimethylallyl (prenyl group) constituted by: 6 5.30 (2H, t,
J=6.6 Hz, H-2" and H-2"), d 412 (2H, d, J=6.6Hz, 2H-1"),  3.45 (2H, d,
J=6.6Hz, 2H-1"), 6 1.85 (6H, s, 3H-4" and 3H-4"), d 1.77 (3H, s, 3H-5"), and
01.69 (3H, s, 3H-5")

- two hydroxyls group in the form of singlet at d 6.29 ppm.

PS2 is also a xanthone and the position of its different substituents on the
xanthonic skeleton had to be determined.

One prenyl group was placed at the position peri (C-8) because of the
deshielded proton allyl (2H-1") which has a chemical shift of d 4.12 ppm instead
of 0 3.20-3.40 ppm due to its proximity with the paramagnetic anisotropy cone of
carbonyl (Pattalung et al., 1994). The other vy,y-dimethylallyl (prenyl) group was
placed at the position C-2 on the basis of long distance correlation C, H observed
in the HMBC spetrum. In fact in this spectrum, the allylic proton H-1" (0 3.45
ppm) is in correlation ?] with C-2 at (6 108.8 ppm) and ¥ with C-1 which carries
the chelat hydroxyl at (0 161.0 ppm). C-1 also has a correlation ?] with C-2 and
also 3] with C-8b (0 104.0 ppm). This result show that y,y-dimethylallyl is at the
position C-2. The methoxy group was established at position C-7 by analyzing its
HMBC spectra. It emerges from this analysis that mehoxy at (0 3.83) has a
correlation 3] with the carbone C-7 (0 142.9 ppm) which has also a ] correlation
with the allyl proton (H-1") at (0 4.12 ppm) of the v,y-dimethylallyl group at the
position C-8 at (0 137.4 ppm). For the aromatic proton at o 6.85 ppm, it is in
correlation 2] and 3] with the carbon C-7 (o 142.9 ppm) and C-4a (0 154.9 ppm); it
occupies the position C-5. A similar correlation was observed with the proton at
0 6.35 ppm, with the carbons C-4a (0 154.9 ppm) and C-3 (0 162.0 ppm). This
proton was confirmed at the position C-4. The rest of two hydroxyl groups can

easily be affected to position C-3 and C-6. On the basis of all these informations,
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the structure of 1,3,6-trihydroxy-7-methoxy-2,8-diprenylxanthone also called «-

mangostin was assigned to the compound PS2 (Figure 30).

Figure 30: 1,3,6-trihydroxy-7-methoxy-2,8-diprenylxanthone (a-Mangostin).

Table 7: 3C NMR (100 MHz, CDCl3) and "H NMR (400 MHz, CDCls) spectral

data of PS2 (a-mangostin)

& 'H (multiplicity)

8C (multiplicity)

CH,-0 (7)

635 (1H, 5)

6.85 (1H, 5)

3,45 (2H, d, ]=6.6Hz)
5.30 (1H, t, |=6.6Hz)

1.85 (3H, 5)
169 (3H, 5)

412 (2H, d, ]=6.6Hz)
5.30 (1H, t, J=6.6Hz)

1.85 (3H, 5)
1.77 (3H, 5)
13.80 (1H, )
629 (1H, 5)
383 (3H, 5)

161.0 (s)
108.8 (s)
162.0 (s)
93.7 (d)
154.9 (s)
155.4 (s)
1019 (d)
156.2 (s)
1429 (s)
1374 (s)
1126 (s)
1040 (s)
1824 (s)
215(t)
121.5 (d)
1325 (s)
18.6 (q)
262 (q)
269 (t)
1235 (d)
1362 (s)
183 (q)
262 (q)

624 (q)
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II1.1.1.2.3 Characterization of compound PS3

PS3 precipitated in the form of white needles in the fractions III1, ITI2 (Scheme 1)
eluted with 10% of EtOAc in PE. It melts between 215°C and 216 °C and it is
soluble in chloroform and acetone. PS3 gives a positive reaction (pink colour)

with Liebermann Burchard test, which is characteristic for terpenoid structures

(Burke et al, 1974).
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Figure 31: Mass spectra ESI-TOF of PS3

The mass spectrum record with high resolution and in positive mode of
PS3 (Figure 31) shows the peak [M+H]* at m/z 427.3754, which permitted the
deduction of the molecular ion peak M* at m/z 426. This mass is compatible with

the molecular formula CsHs0O which implicate 6 double bond equivalents.
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This molecular formula is confirmed by the analysis of the *C NMR Jmod
spectra (100 MHz, CDCls), which suggest the presence of:
- 7 angular methyl groups
- 11 methylenes among which one hybrid sp? at  109.3 ppm
- 6 methines all hybrid sp® among which one oxyenated at d 78.9 ppm
- 6 quaternary carbons among which 5 hybrids SP® and one hybrid sp? at o
150.9 ppm.

H-29

- ——

.

Figure 32: "H NMR of PS3, (400MHz, CDCl,)

The 'H NMR spectra measured in chloroform at 300.1 MHz (Figure 32),
let appear 6 signals integrating 3 protons each with the chemical shift 6 1.01, 0.93,
0.92, 0.83, 0.82 and 0.78 ppm, which represent the protons of angular methyl
attached to the triterpenic skeleton. On the same spectra, we observe a set of
signals constituted of two doublets of one proton each at o 4.66 and 4.54, with
low frequency coupling constant (J=2.4Hz) attributable to the two terminal

methylene and a singlet of 3 protons at & 1.70 ppm, which correspond to a

63



Chapter I11: Results and discussion

methyl bonded to an sp? carbon, all characteristic of an isopropenyl group. The
presence of this isopropenyl group is confirmed by the presence in the *C NMR
spectra, signals at © 150.9 ppm (C-20) and 109.3 ppm (C-29) of the two carbons
hybrid sp? All these informations favor a triterpene with a lupan skeleton.
Moreover, we observe a signal at 0 3.16 ppm (H-3) on the 'H NMR which is a
multiplet of a proton connected to a carbon bound with a hydroxyl group.
According to the biogenesis, this proton is situated at the position C-3 of the
triterpene skeleton. All these NMR data, compared with those present in the
literature (Ascari et al., 2010), permitted to assign the structure of lupeol to PS3,
(figure 33).

Figure 33: Lupeol
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Table 8: *C NMR (100 MHz, CDCls) data of PS3 and ">*C NMR (100 MHz,
CDCls3) data of lupeol (Ascari et al., 2010)

Atom PS3 d(multiplicity)  Lupeol (multiplicity)
3C(100 MHz,CDCl:)  ®C (100 MHz, CDCl5)
C1 38.6(t) 38.4 (t)
c-2 27.3 (t) 275 (t)
C-3 78.9 (d) 79.4 (d)
C4 38.8(s) 39.0 (s)
C-5 55.2 (d) 55.6 (d)
C-6 18.2(t) 18.7 (t)
c-7 34.2 (1) 346 (t)
c-8 40.7 (s) 412 (s)
C-9 50.3 (d) 50.8 (d)
C-10 37.1(s) 37.5 (s)
c-11 20.8 (t) 21.3 (t)
C-12 25.0 (t) 25.0 (t)
C-13 38.0 (d) 38.4 (d)
C-14 42.7 (s) 432 (s)
C-15 27.4 (t) 27.5 (t)
C-16 35.5(t) 359 (t)
C-17 429 (s) 43.3 (s)
C-18 48.2 (d) 48.3 (d)
C-19 47.9 (d) 48.3 (d)
C-20 150.8 (s) 151.3 (s)
c-21 29.8 (1) 294 ()
C-22 39.9(t) 40.3 (1)
C-23 279 (q) 283 (q)
C-24 153 (q) 15.7 (q)
C-25 16.0 (q) 16.4 (q)
C-26 15.9 (q) 16.3 (q)
c-27 14.5 (q) 14.9 (q)
C-28 17.9 (q) 18.2 (q)
C-29 109.3 (t) 109.6 (t)
C-30 19.2 (q) 19.6 (@)
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II1.1.1.2.4 Characterization of the compound PS4

PS4 with traces of lupeol (figure 33) was obtained from prep. TLC of grouping
fractions VIII1, VIII2, IX1 and IX2 (Scheme 1), separated with 75% PE in EtOAc
as mobile phase. PS4 is soluble in chloroform and melt at 197°C. It gives a
positive reaction with Liebermann Burchard test, which characterize its

terpenoid nature. It was obtained a trace of PS3 (lupeol).

Base
105%

100%

Figure 34: Mass spectra PS4
The mass spectrum record with high resolution and in positive mode of PS4

(Figure 34) shows peak [M+H]* at m/z 427.3754 which permitted the deduction of

the molecular ion peak M*at m/z 426. This mass is compatible with the molecular
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formula of CsHs00 and it implicates 6 double bond equivalents. PS4 and PS3

(lupeol) are conformers.

[rel]

C-29 (lupeol}

F-20 [Lupeol)
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Figure 35: *C NMR Jmod spectra (100 MHz, CDCls) of mixture of PS3 and PS4

The analysis of the *C NMR Jmod spectra (100 MHz, CDCl;s) of the mixture of

PS3 and PS4 (Figure 35) suggests the presence of 30 signals belonging to PS4

formed by:

8 angular methyl groups

10 methylenes, all hydrid sp?

5 methines amount ofwhich 4 hybrided sp?® with one oxygenated at & 77.5
ppm and one methine hybrid sp? at 122.5 ppm.

7 quaternary carbons amount which 6 hybrided sp® and one hybrid sp? at

0 143.5 ppm.
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Figure 36: '"H NMR (400 MHz, CDCI3) of a mixture of PS3 and PS4

From the 'H NMR (400 MHz, CDCls) spectrum of the mixture of PS3 and
PS4 (Figure 36), it was possible to analyze the signals belonging to PS4. This
analysis shows eight signals for methyl groups with chemical shift between d
0.80 and 1.16 ppm. Similarly, as in lupeol, we note the presence at 6 3.16 on the
'"H NMR, a multiplet of a proton connected to a carbon bound with a hydroxyl
group corresponding to the proton situated at the position C-3 of the triterpene
skeleton. The obtained spectral data compare with those present in the literature
(Seo et al, 1975), and confirm that PS4 is identical to the pentacyclic terpenoid

named B-amyrin (Figure 37)
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Figure 37: B-Amyrin

Table 9: BC NMR (100 MHz, CDCls) and *C NMR (15.09 MHz, CDCls; Seo et al,

1975) spectral data of PS4

Atom PS4 d(multiplicity) ~ p-amyrin (multiplicity)
BC (100 MHz,CDCL) ~ “C (15,09 MHz, CDCl:)
C1 386 (1) 385 (1)
C2 27.0(Y) 27.0(Y)
C3 773 (d) 789 (d)
C-4 37.9(s) 387 (s)
C5 55.2 (d) 55.1(d)
C6 184(t) 183 (1)
C7 326 (1) 326(1)
C8 40.1(s) 394 (s)
c9 47.6(d) 47,6 (d)
C-10 370 (s) 37.0(s)
c11 2B5(Y) 234(1)
c12 1225(d) 1217 (d)
C-13 1435 (s) 145.0 (s)
C-14 415 (s) 417 (s)
C-15 283 (1) 283 (1)
C-16 26.2(t) 262 (1)
c17 326(s) 325(s)
C-18 473 (d) 472 (d)
C-19 469 (1) 468 (1)
C-20 311 (s) 311(s)
c21 348 (1) 348 (1)
c2 37.2(1) 372(1)
C-23 26.0(q) 28.1(q)
C-24 155(q) 156(q)
25 154(q) 15.5(q)
C-2 16.8(q) 168 (q)
C-27 26.0(q) 26.0(q)
C-28 272(q) 27.3(q)
C-29 33.2(q) 3.2(q)
C-30 2.7(q) 236 (q)
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II1.1.1.2.5 Characterization of compound PS5

Compound PS5 was obtained as a colorless powder (3mg) from the preparative
TLC of the fractions VIII1, VIII2, IX1 and IX2 (Scheme 1) eluted with solvent 75%

PE in EtOAc as mobile phase. It is soluble in acetone and chloroform with a

melting point between 256-257°C.

STOF ME: 1.000 o 1 803 min from M1 20040002 104 307 wil B Shal Minx. T00.3 cours.
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Figure 38: Mass spectra PS5

Its mass spectra ESI-MS in positive mode (Figure 38) shows the ion peak
[M+H]* at m/z 443.4338 compatible with the formula CsHsO: with 6 double
bond equivalents. It gives a positive test with Liebermann Burchard test, to
suggest its terpenoid nature. PS5 as PS3 is a pentacyclic triterpene, which possess

in its structure one atom of oxygen more than lupeol (PS3).
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Figure 40: ®C NMR of PS5 (100 MHz, in CDCls)
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The comparison between the C NMR and 'H NMR spectra of the
compound PS3 (Figure 32) and PS5 (Figure 39, Figure 40), shows many
similarity. The difference between them is that, on the *C NMR of PS3, there are
7 angular methyl groups and 11 methylenes groups whereas in PS5, 6 angulars
methyls and 12 methylene among which one is an oxymethylene were observed.
The oxymethylene is confirmed by the presence of two protons in the form of
doublet, forming a system AB on 'H NMR spectrum of PS5 at d 3.72 and 3.47
ppm. The difference between the two structure is that one angular methyl group
in PS3 has been oxidized to oxymethylene. All the 3C NMR and '"H NMR data of
PS5 compare with those present in the literature (Patra et al., 1988), permitting to
assign the structure of 3(3,28-dihydroxylup-20(29)-ene (betulin) to PS5 (Figure
41).

Figure 41: Betulin
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Table 10: *C NMR (100 MHz, CDCls) data of PS5 and *C NMR (100 MHz,
CDCls3) data of betulin (patra et al., 1988)

Atom PS5 betulin
0 (multiplicity) o (multipdity)
C (100 MHz, *C (100 MHz,

CDCly) CDCly)

C1 385 (1) 3B7(1)

C-2 27.9 (1) 27.3(t)

C3 78.6 (d) 789 (d)

C-4 39.5(s) 38.8(s)

C-5 56.3 (d) 55.2 (d)

C-6 19.1 (t) 182(1)

C7 35.1 (1) 342 (1)

C-8 41.7 (s) 40.9 (s)

C-9 51.4(d) 50.4 (d)

C-10 382(s) 37.1(s)
c-11 216 (t) 208 (1)
c12 262 (1) 252 (t)
C-13 38.2(d) 37.3 (d)
C-14 435(s) 427 (s)
C-15 28.5(1) 27.0(t)
C-16 29.2(1) 29.1(t)
C-17 4838 (s) 47.7 ()
C-18 495 (d) 487 (d)
C-19 487 (d) 477 (d)
C-20 150.7 (t) 1503 (1)
c-21 29.5(t) 29.7 (1)
c22 34.8(s) 339(s)
C-23 29.0 (q) 279(q)
C-24 16.0(q) 15.3 (q)
C-25 16.6 (q) 16.0 (q)
C-26 164 (q) 16.0 (q)
c-27 15.1 (q) 14.7 (q)
C-28 59.8(t) 60.5 (1)
C-29 109.9 (1) 1096 (1)
C-30 192 (q) 190 (q)

II1.1.2 Isolation and characterization of compounds isolated from
the roots

II1.1.2.1 Isolation of compound PR1 to PR3

The investigation was made using the dried roots of P. grandifolia, with the

purpose to isolate and characterize new secondary metabolites. The procedure
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illustrated (Scheme 2) shows isolation of compounds, PR1 to PR3. The
techniques employed for this purpose were various forms of partition and
adsorption chromatography (liquid/liquid chromatography, CC, prep TLC,
MPLC). The isolation was monitored by HPLC and TLC.

roots
M=500g

cutting, chopping, grinding

extraction with MEOH
twice (5 days)

filtration, evaporation

viscous residu

M=50g
partition between water and chloroform
water phase chloroform
M=46g fraction
M=4g¢g
extraction
with EtOAc dry CC, PE-EtOAc-MeOH
fractions 1112, IV1 fractions X1, X2, XI1, XI2
residue M =117 mg M = 640 mg
M=44g
MPLC, EtOAc-PE MPLC, PE-EtOAc-MeOH
EtOAc fraction fraction 5
M=2g SN fractions 50% EtOAc in PE
FR4 M =45 mg
M=92mg
oy CHCe et Prep. TLC, 50% Ac in PE
fraction IV2
M=12mg
Dry CC, CHCl:-MeOH PR1 PR2
M=6 mg M= 5mg
fraction IV2
PR3
M=3.5 mg

Scheme 2: Isolation procedure of compounds PR1 to PR3 from the roots of P.
grandifolia
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II1.1.2.2 Characterization of compound PR1 to PR3

I11.1.2.2.1 Characterization of the compound PR1

Compound PR1 was obtained by prep. TLC in a mixture of 50% of acetone in PE
(Scheme 2), as yellow-orange amorphous powder and it is soluble in methanol.
The mass spectra ESI-MS record in the negative mode (Figure 42) shows the peak
[M-H] at 541 compatible with the molecular formula CsoH2O1w0 with 20 double
bond equivalents. This high number of double bond equivalents suggests the
presence of many aromatic cycles in the structure of PR1. The NMR spectra
analysis of PR1 shows a set of double signals for each proton and carbon. These

double signals suggest the presence of two conformers in the molecule of PR1.

Figure 42: ESI-MS of PR1
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Figure 43: *C NMR spectra of PR1 (150.90 MHz, CD50D)

On the BC NMR (150.90 MHz, CDsOD, Figure 43) combined with HMQC,
HMBC and COSY spectra of PR1 reveals 30 signals of carbons among which:

- Assignal of a methylene hybridized sp?® at d 43.5/42.8 ppm

- 14 signals of methine among which two hybridized SP® and related to an
oxygen at d 81.3/81.6 ppm and d 79.1/79.0 ppm, one methine hybridized
sp® at 0 48.6/47.8 ppm and eleven methine hybrized sp?with chemical shift
between 0 94.9/94.7 ppm and 6 128.6/128.3 ppm.

- 15 quaternary carbons at d 165.3/164.1, 165.0/163.9, 164.2/163.0, 163.5/162.3,
163.4/162.5, 163.0/161.7, 157.6/157.1, 157.4/157.3, 129.8/129.7, 129.5/129.4,
101.9/101.1, 101.8/101.3, 101.7/101.6 ppm and the two carbonyls at o
197.6/197.3 ppm and 196.3/196.2 ppm.
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Figure 44: '"H NMR spectra of PR1 (600.13 MHz, CD3;0D)

During the NMR measurement of PR1, the doubled set of *C and 'H signals was
observed in the spectra. This phenomenon can be due to the presence of a
diastereoisomeric mixture. The H NMR (600.13 MHz, CDsOD; Figure 44)
analysis combined with HSQC, COSY and HMBC suggests the presence of:

- 11 aromatic protons with chemical shift between 0 7.15/7.12 and 5.86/5.74 ppm
forming 4 aromatics systems distributed as ring A, B, A’, B".

- Ring A is formed by two meta protons at d 5.90/5.80 (s , H-6), which shows a
correlation with the carbon C-7 at 0 164.2/163.0 (s), C-5 at 0 163.4/162.5 (s) and the
proton at 5.91/5.88 (s, H-8), which is in correlation with C-7 and C-8a at

163.5/162.3 (s).
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- Ring B is formed by two sets of two protons ortho. The first set is formed by 2 H
at (0 7.15/7.12, m, H-2" and H-6"), in correlation with C-1" at © 129.5/129.4 (s) and
also show a ?] coupling with C-5" and C-3at 114.9/114.1 ppm. The two protons at
0 6.68/6.82 (2H, m, H-3’and H-5") also show a correlation with C-2, C-6"at d
127.6/126.5 ppm and with C-4" at 157.4/157.3 ppm.

- Ring A’ contains a single aromatic proton H-6"" at 0 5.86/5.74 (s) in correlation 2]
with carbons C-7” at 0 165.3/164.1 and C-5" at d 165.0/163.9 ppm. It also shows 3]
correlation with C-8” at 0 101.8/101.3 and with C-4a” at d 101.7/101.6 ppm.

- Ring B’ is quite similar to the ring B and it is formed by a system of two set of
two ortho protons at d 128.6/128.3 (2H, m, H-2""" and H-6""") in correlation ?] with
C-1""" at 129.8/129.7 and with C-3"""and C-5""" at d 114.9/114.2 and at d 6.68/6.63
(2H, m, H-5"""and H-3""") in correlation ?] with C-4""" 5157.6/157.1 ppm.

- A system of ABB’ signals composed by three protons at d 5.42/5.20 (1H, dd, J=
13.0, 2.6/12.8, 2.4 Hz, H-2"), at 6 2.91/2.63 (1H, d, J=12.8, 2.6/12.8, 2.4 Hz, H-3b”)
and 0 2.68/2.50 (1H, d, J=13.0, 12.8/12.8, 12.8 Hz, H-3a").

- A set of two protons forming a trans-AB system that consist of at d 5.64/5.41 (1H,
d, J=12.2/12.2 Hz, H-2) and at 0 4.84/4.19 (1H, d, ]=12.2/12.1, H-3).

- Six protons of hydroxyl groups and exchangeable with D20 remain.

The correlation between the carbon of the carbonyl group (C-4) at 197.6/197.3 and
the 2 protons of the trans-AB system (H-2, H-3) on one hand and the correlation
between the carbonyl group (C-4”) at 196.3/196.2 and the three protons of the
ABB’ system (H-2"', H-3a"’, H-3b"") on the other hand in the HMBC spectrum is
in favor that PR1 has a biflavanone skeleton.

It remains to link the two molecules of flavanone, and this was possible by the
analysis of the HMBC spectrum. In this spectrum, there is a correlation 3]

between H-2 and C-8 on one hand and H-3 and C-7"" in the other hand.
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Moreover there is a 2] coupling between H-3 and C-8"" and ] between H-3 and C-
8a”’. All this information permitted to link the first flavanone at the position 3
with the second flavanone at the position 8. The six hydroxyl groups then
occupy the remaining position in the biflavanone skeleton. The NOESY spectrum
was employed to determine the conformation of C-2 and C-3. A strong cross
peak was observed between H-3 at 64.84/4.19 and H-2" at 0 at 7.15/7.12 ppm in
one hand and between H-2 at ©5.64/5.41 and H-6"" at 5.86/5.74 ppm in the other
hand. All these informations, supported with the data present in the literature,
confirmed that one set of signal of PR1 was 25,3R-3,8"-binaringenin (Figure 46)
and the other set of signals was the corresponding diastereoisomer 2R,3s-3,8"-
binaringenin. 3,8"'-binaringenin is a biflavanone isolated from the stems of
Garcinia kola (Terashima et al.,, 1999) but it is the first time to isolate this

compound in Pentadesma species and the stereochemistry is clearly defined.

Exchange between H/D during NMR measurements of 3,8"-

binaringenin

H_2**
H-2* H-3
600 min :
I
550 545 540 4.20 ppm

Figure 45: '"H NMR of 3,8 "-binaringenin in CD3OD after 30 and 600 min
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(Signals of H-2 and H-3 after 30 and 600 min in solution. *Jm2ns of the protonated
molecule is visible in the proton signal of H-2*, while in *Jn2ps coupling in the

deuterated compound (signal H-2**) is too small to be detected.)

During the NMR measurements in CDsOD of 3,8 -binaringenin, the
signal of the proton H-3 decreased and almost disappeared from 'H NMR signal
after 10 h in solution (Figure 45). This disappearance was confirmed by the
change of the coupling constant between H-3 and H-2. It was assumed that this
variation is due to H/D exchange in this position. The coupling constant 3/nz-Hs
was ~12 Hz and after 10 h, it changes to a small coupling <1 Hz representing the
3Jm2-p3 coupling. This exchange between H/D was confirmed by the electron spray
ionisation mass spectra. After re-protonation of the hydroxyls groups in CHsOH,
an increase of m/z +1 was observed after a few minutes in the molecular ion peak.
This re-protonation maybe incomplete because of the intramolecular hydrogen-
bridges between the hydroxyl groups at position 5 and 5" and their carbonyls at
position 4 and 4", respectively. This is illustrated by the minor amount of
molecular peaks in its mass spectrum at m/z +2 and m/z +3. This H/D exchange
has been mentioned in the literature for structurally similar compounds (Li et al.,

2002).

Figure 46: 2s, 3rR-3,8 "-binaringenin
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Table 11: *C NMR (150.90 MHz, CDsOD) and 'H NMR (600.13 MHz, CDsOD)
spectral data of PR1.

Atom & H (multiplicity) OBC (multiplicity)
2 5.64/5.41 (1H, d, ]=12.2/12.1 Hz) 82.3/81.6 (d)
3 4.84/4.16 (1H, d, ]=12.2/12.1 Hz) 48.6/47.8 (d)
4 - 197.6/197.3 (s)
4a - 101.9/101.1 (s)
5 - 163.4/162.5 (s)
6 5.90/5.80 (1H, s) 95.9/94.9 (d)
7 - 164.2/163.0 (s)
8 5.91/5.88 (1H, s) 95.9/95.3 (d)
8a - 163.0/161.7 (s)
1 - 129.5/129.4 (s)
2 and 6 7.15/7.12 (2H, m) 127.6/126.5 (d)
3 and5 6.82/6.68 (2H, m) 114.9/114.1 (d)
'y 2 157.4/157.3 (s)
2 5.42/5.20 (1H, dd, J=13.0, 2.6/12.8, 2.4 Hz) 79.1/79.0 (d)
3" 2.68/2.50 (1H-3a"", dd, J=13.0, 12.8/12.8, 12.8 Hz) 43.5/42.8 (t)
2.91/2.63 (1H-3b", dd, ]=12.8, 2.6/12.8, 2.4Hz)
47 - 196.3/196.2 (s)
4a” - 101.7/101.6 (s)
B - 165.0/163.9 (s)
6" 5.86/5.74 (1H, s) 94.9/94.7 (d)
7 - 165.3/164.1 (s)
8" - 101.8/101.3 (s)
8a” - 163.5/162.3 (s)
/i - 129.8/129.7 (s)
2""and 6" 7.07/7 .05 (2H, m) 128.6/128.3 (d)
3" and 5" 6.68/6.63 (2H, m) 114.9/114.2 (d)
4 E 157.6/157.1 (s)
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II1.1.2.2.2 Characterization of the compound PR2

Compound PR2 was obtained by prep. TLC in a mixture of 50% of acetone in PE
(Scheme 2), as yellow-orange amorphous powder and it is soluble in methanol.
The mass spectra ESI-MS recorded in the positive mode (Figure 47) show the
peak [M-H]* to be 542 calcd. (for CsoH23010) 542.1291. This mass corresponds to

the molecular formula Cs0H22010 containing 20 double bond equivalents.

Figure 47: ESI-MS of PR2
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Figure 48: HSQC spectra of PR2 (CD3;0OD)
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Figure 49: COSY spectra of PR2 (CD3;0D)
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PR2 is an isomer of PR1, with many similarities in their *C and 'H NMR
spectra. The duplication of signals on the NMR spectra, suggests the presence of
two conformers in PR2 as in PR1. The comparison between the HSQC spectra
data (Figure 48), COSY (Figure 49), 3C, 'H NMR, HMBGC; of PR2 and PR1 reveals

that PR2 contains:

- A set of aromatic proton at o 7.11/7.08 (2H, m, H-2’and H-6") and at
6.66/6.60 (2H, m, H-3’and H-5") both at the ortho position of C-1"at d
130.8/129.9 and C-4" at 6 156.9/156.9 ppm. (Ring B).

- A set of aromatic proton at d 7.16/7.08 (2H, m, H-2"""and H-6""") and at d
6.66/6.60 (2H, m, H-3’and H-5") at the ortho position of C-4""at
0156.9/156.8 and C-1""" at ® 131.0/130.7 ppm. (Ring B").

- A set of two aromatics protons at meta position resonanced at chemical
shift © 5.69/5.64 (1H, s, H-6) and at & 5.55/5.47 (1H, s, H-8). (Ring A)

- A single aromatic proton at ® 5.65/5.57 (1H, s, H-8"") which shows a
correlation with C-8a"" at © 159.8/159.7, C-7"" at 0163.5/162.8, and C-4a’’ at
099.1/99.0 ppm. (Ring A").

- A system of two protons forming a trans-AB type signal at 0 5.65/5.42 (1H,
d, J=2.2/12.1Hz, H-2) and at 0 4.66/4.45 (1H, d, J=12.2/12.1Hz, H-3).

- A system of three protons forming the ABB’ type signal at & 5.23/5.08 (1H,
dd, J=13.1, 2.7/ 13.0, 2.5Hz, H-2""), at 6 2.47/2.30 (1H, dd, J=13.1, 12.7/13.0,
12.7 Hz, H-3a"") and at © 2.75/2.52 (1H, dd, J=12.7,2.7/12.7, 2.5 Hz, H-3b"").

Similar correlation in the HMBC spectrum of PR1 was observed on PR2
spectrum between the carbon of the carbonyl group (C-4) at 197.3/196.8 and the 2
protons of the trans-AB system (H-2, H-3), and the correlation between the

carbonyl group (C-4”) at 192.2/192.1 and the three protons of the ABB’system (H-
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2", H-3a"’, H-3b""). PR2 as PR1 can assume to be a biflavanone skeleton. In their
HMBC spectrum, the difference is that instead of a correlation between H-2 and
C-8’, H-3 and C-7""", H-3 and C-8"" and H-3 and C-8a’"" as in PR1, the
correlation 3] is observed between H-2 and C-6"", H-3 and C-7"" and H-3 and C-
5. A 2] coupling is observed between H-3 and C-6"" and ’] between H-3 and C-
8a"". According to that, the two biflavanones are linked at the position (I3, 116"").
The analysis of NOESY spectrum shows the cross peak between H-3 and H-6’,
H-3 and H-2’, H-2 and H-8"" which determine the conformation of C-2 and C-3 to
be 2S, 3R. PR2 is 25, 3R-3,6""-binaringenin reported here for the first time as

natural compound (Figure 50).

Figure 50: 2s,3R-3,6 "-binaringenin
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Table 12: *C NMR (150.90 MHz, CDsOD) and 'H NMR (600.13 MHz, CDsOD)

spectral data of PR2

Atom 3 H (multiplicity) 31C (multiplicity)
2 5.65/5.42 (1H, d, J=12.2/12.1 Hz) 82.3/80.9 (d)
3 4.66/4.45 (1H, d, J=12.2/12.1 Hz) 48.5/48.0 (d)
4 - 197.3/196.8 (s)
4a - 104.9/104.8 (s)
5 - 163.0/163.1 (s)
6 5.69/5.64 (1H, s) 98.6/98.3 (d)
7 - 164.2/164.1 (s)
8 5.55/5.47 (1H, s) 99.0/98.2 (d)
8a - 162.9/161.1 (s)
1 - 130.8/129.9 (s)
2 and 6’ 7.11/7.08 (2H, m) 128.9/128.4 (d)
3 and 5’ 6.66/6.60 (2H, m) 114.9/114.1 (d)
4 - 156.9/156.9 (s)
9 5.23/5.08 (1H, dd, ]=13.1, 2.7/13.0, 2.5 Hz) 78.0/77.9 (d)
a3 2.47/2.30 (1H-3a"", dd, J=13.1, 12.7/13.0, 12.7 Hz) 43.3/42.3 (t)
2.75/2.52 (1IH-3b"", dd, J=12.7, 2.7/12.7, 2.5 Hz)
4’ 2 192.2/192.1 (s)
4a’ 5 99.1/99.0 (s)
5 . 163.5/162.9 (s)
6" 2 98.0/97.8 (s)
7" 2 163.5/162.8 (s)
8" 5.65/5.57 (1H, s) 99.6/99.4 (d)
8a”’ . 159.8/159.7 (s)
;i . 131.0/130.7 (s)
2 "and 6" 7.16/7.08 (2H, m) 127.3/126.2 (d)
3 and5" 6.78/6.66 (2H, m) 114.9/114.0 (d)
& - 156.9/156.8 (s)
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II1.1.2.2.3 Characterization of the compound PR3

Compound PR3 was obtained from a dry column fraction IV2 eluted with
CHCI-MeOH (Scheme 2). The mass spectra ESI-MS show that the peak of
molecular mass is m/z 720 corresponding to the molecular formula CssHzO:e
with 21 double bond equivalents. The "H NMR analysis of PR3 revealed the
signals of eleven protons of a sugar moiety among which 10 protons appear
between & 3.85 ppm and 0 3.55 ppm as multplet and one proton at d 4.85 as
multiplet characteristic of the anomeric proton. This anomeric proton at o 4.85
ppm and his carbon at d 102.0 ppm can be accounted for by the deshielding effect

of the ring oxygen, and both characterize the {3 - glucose moiety.

The analysis of the C NMR coupled with HMBC, HSQC, and COSY of PR3
show similarity between his aglycone and PR1 (3,8”-biflavanone) with:

- A set of signals of two carbonyls at © 200.1-198.0 (C-4, C-4™").

- A set of signals of quaternary carbon sp? at o 173.0 -163.0 (C-7, C-5, C-8a,
C-57, C-77, C-8a""), at d 157.0-158.0 (C-4’, C-4""") at & 129.0-128.1 (C-1", C-
17") at 102.0-101.0 (C-8"",C-4a, C-4a"").

- A set of signal of aromatics C-H carbons at o 124.0-125.0 (C-2’, C-6", C-2"",
C-6"""), at 6 117.1-116.2 (C-3", C-5/, C-3"", C-5""), at & 96.1-95.0 (C-6, C-8,
C-6").

- A set of signals of carbon sp? at 0 86.1-87.0 (C-2, C-2""), at 0 48.8 (C-3) and
atd74.1 (C-3").

This analysis confirms that PR3 is a 3,8 "-binaringenin linked to a sugar

moiety. It remained to find the position of the sugar on the aglycone. This
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position was determined by HMBC spectrum where a correlation between the
anomeric proton at d 4.85 ppm and the carbon C-3"" at d 74.1 ppm was observed.
The sugar was obviously placed at position 3"’. From these data, the compound
PR3 was suggested to be a 3,8"'-binaringenin-3""-O-p-glucoside (Figure 51) a new
natural biflavanone glycoside which is an isomer of GB-la-7"'-O-f-glucoside,

isolated from Garcinia multiflora (Chen et al., 1974).

Figure 51: 3,8 "-Binaringenin-3""-o0-B-glucoside
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Table 13: NMR ®C (150.90 MHz, CDsOD) and NMR 'H (600.13 MHz, CDsOD)
spectral data of PR3

Atom o 'H (multiplicity) o1C (multiplicity)
2 5.64 (1H, d, J=12.2/12.1 Hz) 82.3 (d)
3 4.84 (1H, d, ]=12.2/12.1 Hz) 48.6 (d)
4 - 197.6 (s)
4a - 101.9 (s)
5 - 163.4 (s)
6 5.90 (1H, s) 95.9 (d)
7 . 164.2 (s)
8 5.91 (1H, s) 95.9 (d)
8a ’ 163.0 (s)
1 2 129.5 (s)
2’ and 6’ 7.15 (2H, m) 127.6 (d)
3 and 5’ 6.82 (2H, m) 114.9 (d)
e - 157.4 (s)
e 542 (1H, d) 79.1 (d)
g 2.68 (1H, d) 74.6 (d)
4 - 1963 (s)
4a” - 101.7 (s)
5 - 165.0 (s)
6 5.86 (1H, s) 94.9 (d)
7 - 165.3 (s)
8" . 101.8 (s)
8a” 5 163.5 (s)
17 - 129.8 (s)
2"’and 6 7.07 (2H, m) 128.6 (d)
3 and 5" 6.68 (2H, m) 114.9 (d)
g : 157.4 (s)
A 4.85 (1H, d) 102.0 (d)
B 3.47 (1H, dd) 73.3 (d)
c 3.67 (1H, dd) 74.8 (d)
D 3.38 (1H, dd) 71.4 (d)
E 3.75 (1H, m) 74.6 (d)
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II1.1.3 Isolation and characterization of compound isolated from the
leaves

I11.1.3.1 Isolation of compound PL1

leaves
M=100¢g

cutting, chopping, grinding

extraction MeOH
twice for 5 days

filtration, evaporation

viscous residue
M=14g

extraction with 10% EtOAC in PE

residue
M=7g

fraction A
M=7g

MPLC 3%EtOAcin PE

. fractions 17,18,19
fraction 7 PL1
M =58.5mg M=43mg

sephadex column,
eluted with MeOH

fraction 7

PL2
M=4mg

Scheme 3: Isolation procedure of compounds PL1 from the leaves of

P..grandifolia
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II1.1.3.2 Characterization of the compound isolated from leaves

I11.1.3.2.1 Characterization of the compound PL1

Compound PL1 was obtained in the form of a yellow deposit in the fraction 7 of
the sephadex column (Scheme 3). Its mass spectrum ESI-MS (Figure 52) in
negative mode gave a peak of [M-H] at 463.5 corresponding to molecular ion
peak at 464. This molecular mass is compatible to the formula C2sH320¢ with 13

double bond equivalents.
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Figure 52: Mass spectra ESI-TOF of PL1
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Figure 53: ®C NMR spectra of PL1 (100 MHz, CDCl3)

In the ®C NMR spectra Jmod (100 MHz, CDCls; Figure 53) combined with

analyze of HSQC (Figure 55) reveal:

92

6 signals of methyl group all hybridized sp® at & 25.8 (C-5"), 25.6 (C-5"),
17.9 (C-4"),17.9 (C-4"),17.9 (C-4"""), 25.6 (C-5""").

3 signals of methylene group hybridized sp® at d 21.5 (C-1"), 37.8 (C-1”),
29.6 (C-17"").

5 signals of methine group hybridized sp? at 6 93.5 (C-4), 108.8 (C-5), 121.0
(C-2'), 117.6 (C-27), 117.6 (C-2""").

14 signals of quaternary carbon among which 2 carbonyl groups at 6 201.4
(C-7) and © 179.3 (C-9); 1 signal of carbon hybridized sp3at © 55.8 (C-8); 11
signals hybridized sp? at d 159.6 (C-1), 109.8 (C-2), 161.0 (C-3), 151.6 (C-4a),
158.9 (C-4b), 161.0 (C-6), 116.5 (C-8a), 109.8 (C-8b), 136.1 (C-3"), 135.2 (C-

3"),135.2 (C-3"").
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Figure 54: '"H NMR spectra of PL1 (400 MHz, CDCls)
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Figure 55: HSQC spectra of PL1
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The! H NMR spectrum of PL1 (Figure 54), HSQC (Figure 55) and COSY analyses
reveal:

- 2 signals of aromatic proton at d 6.36 ppm and at 0 6.48 ppm.

- A set of signals at © 3.46 (2H, d, ]=7.2 Hz, 2H-1"),  5.29 (1H, t, ]=7.2Hz, H-
27),51.85 (3H,s, H-4"), 8 1.78 (3H,s, H-5") corresponding to the signals of a
prenyl group.

- A set of signals at © 3.43 (2H, dd, J=7.6, 13.6 Hz, H-1""), d 2.78 (2H, dd,
J=7.6, 13.6 Hz, H-1"""), 04.62 (2H, t, ]=7.6 Hz, H-2"", H-2"""), d 1.48 (12H,s,
3H-4"", 3H-4""", 3H-5"", 3H-5""") characteristic of two prenyl groups gem
link to a sp? carbon © 55.8 (C-8).
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|
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|
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Figure 56: HMBC correlation of PL1

All these previous informations combine with the presence of hydrogen
bonded hydroxyl at & 13.50 ppm, and xanthon carbonyl at o 179.3 ppm suggest
that PL1 has a xanthone skeleton. The methylene groups of one gem prenyl

group resonate at d 3.43 ppm instead of d 2.78 ppm suggest the influence of the
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anisotropic effect of the carbonyl group, they were then placed at position 8 of
the xanthone skeleton. On the HMBC spectrum (Figure 56), we observe a
correlation between the methylene proton of the gem prenyl group at d 3.45 (H-
2"") and carbon at 6 116.5 (C-8a), carbonyl at 0 201.4 (C-7); the proton at d 6.48 (H-
5) is correlated with the carbonyl at d 201.4 (C-7), 5 161.0 (C-6), d 158.9 (C-4b). In
the same HMBC spectrum, the methylene of the third prenyl group at d 3.46 (C-
1) shows a correlation with carbons at o 161.0 (C-6), o 109 (C-2); between the
chelated hydroxyl proton o 13.50 and carbons at & 159.5 (C-1), d 109.8 (C-8b). On
the same spectrum, the aromatic proton at ® 6.36 (C-4) is in correlation with
carbons at 0 161.0 (C-3) and © 151.6 (C-4a). From all these spectroscopic data, the
structure below was assigned to PL1, which was established as 1,3,6-trihydroxy-
2,8,8-tri(3-methylbut-2-enyl)xanthenes-7,9-dione also called allanxanthone C
(Figure 57), isolated for the first time by Azebaze et al. from Allanblackia monticola,

in 2006.

Figure 57: 1,3,6-trihydroxy-2,8,8-tri-(3-methylbut-2-enyl)-xanthenes-7,9-dione
(Allanxanthone C)
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Table 14: *C NMR (150 MHz, CDCl3) and '"H NMR (600 MHz, CDCl;) spectral
data of PL1.

Atom d "H (multiplicity) O13C (multiplicity)
1 - 159.6 (s)
> - 109.8 (s)
3 - 159.6 (s)
4 6.36 (1H, s) 93.5 (d)
4a - 151.6 (s)
ab . 158.9 (s)
5 6.48 (1H, s) 108.8 (d)
6 - 161.0 (s)
7 - 201.4 (s)
8 2 55.8 (s)
8a = 116.5 (s)
8b 5 109.8 (s)
9 5 179.3 (s)
1 3,46 (2H, d, ]=6.6Hz) 21.5 (1)
B” 5.29 (1H, t, J=6.6Hz) 121.0 (d)
3’ - 136.1 (s)
a4 1.85 (3H, s) 17.9 (q)
5 1.78 (3H, s) 25.8 (q)

p L e 3.43 (2H, d) 37.8 (t)

2.78 (2H, d)

97 e 4.62 (2H, t) 117.6 (d)

87, 87 . 135.2 (s)

47,4 1.48 (6H, s) 17.9 (q)

57,57 1.48 (6H, s) 25.8 (q)

OH-1 13.50 (2H, s) -
OH-3, 6 7.35 (1H, s) -
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II1.1.4 Isolation and characterization of compound isolated from the
fruits

I11.1.4.1 Isolation of compound PF1

From the fruit extract of P. grandifolia, PF1 was isolated by means of CC, MPLC

as described in the scheme below

fruits
M=8g

cutting, chopping, grinding

extraction MeOH
twice for 5 days

filtration, evaporation

viscous residue
M=7g

extraction with water and chloroform

water phase

chloroform phase
M=4g

M=3g

CC with EtOAcin PE

fraction IV
M=15mg

MPLC with EtOAc in PE

fraction 10
PF1
M=5mg
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Scheme 4: Isolation procedure of compounds PF1 from the fruits of P.grandifolia

1.1.4.2 Characterization of compound of the fruits

1.1.4.2.1 Characterization of compound PF1

Compound PF1 was obtained in the form of white needles, in the MPLC fraction
10, eluted with 15% EtOAc in PE (Scheme 4). It melts at 164°C and gives a
positive result with Liebermann-Bruchard test. Its mass is 424 compatible with

the molecular formula Cs0HisO with 7 double bond equivalents.

Figure 58: *C NMR spectrum of PF1 (100 MHz, in CDCl5

The NMR 3C Jmod spectra (100 MHz, CDCls) of PF1 (Figure 58), suggests the
presence of 30 signals of carbons amount which we can observe:

- 7 angular methyl groups at d 26.6, 21.0, 19.3, 15.9, 15.7, 14.4 and 18.0 ppm
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- 11 methylenes groups among which one hybridized sp? at d 109.2 ppm
and 10 hybridized sp® at © 40.0, 39.6, 35.6, 34.1, 33.6, 29.8, 27.4, 25.2, 21.4,
and 19.9, ppm

- 5 methines all hybridized sp® at d 55.0, 49.8, , 48.3, 47.9 and 38.2 ppm

- 7 quaternary carbons among which five hybridized sp® at 0 47.3, 42.9, 42.9
40.9 and 36.9 ppm, one hybridized sp? at & 150.7 ppm and a carbonyl
group at 0 217.9 ppm.

H-30

Figure 59: 1H NMR spectrum of PF1 (400 MHz, in CDCl3)

On the 'H NMR spectra of PF1 measured in chloroform at 400 MHz
(Figure 59), 7 signals appeared integrating each 3 protons with the chemical
shift between d 0.80 and 1.68 ppm, which represent the protons of angular
methyl of pentacyclic triterpenic skeleton. A set of signals at d 4.57 and 4.69
ppm with low frequency coupling constant characteristic of two terminal

methylene and a singlet of 3 protons at o 1.71 ppm, which correspond to a
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100

methyl bonded to an sp? carbon, all characteristic of an isopropenyl group.
This isopropenyl group is confirmed by the presence in the C NMR
spectrum of a set of signals at 0 150.9 (s, C-20) and at 6 109.3 (t, C-29) and in
the 'H NMR spectrum by a methyl group resoning at 6 1.71 (3H, s, H-30)
which is a methyl group fixed on a sp? carbon and the two protons of
methylene group at 0 4.57 (1H, Br, s, H-29) and at 6 4.69 (1H, Br, s, H-29). The
NMR data of PL1 coincides with those of the structure of lupenone (Figure

60) present in the literature (Prachayasittikul et al., 2009).

Figure 60: lupenone
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Table 15: *C NMR (100 MHz, CDCls) data of PF1 and "*C NMR (100 MHz,
CDCls3) data of lupenone (Prachayasittikul et al., 2009)

Atom PL10 (multiplicity) Lupenone d (multiplicity)
“C (75 MHz, CDCl3) 13C (100 MHz, CDCls)
c1 39.6 (t) 39.6 (t)
c2 34.1 (1) 34.1 (1)
C3 217.9 (s) 2183 (s)
C-4 47.3 (s) 473 (s)
C5 55.0 (d) 54.9 (d)
C-6 19.9(t) 19.2 (t)
c7 33.6 (1) 33.5 (1)
C-8 40.9 (s) 40.7 (s)
c-9 49.8 (d) 49.7 (d)
C-10 36.9 (s) 36.8 (s)
c-11 21.4 (t) 21.4 (t)
12 252 (1) 25.1 (1)
C13 38.2 (d) 38.1 (d)
c-14 42,9 (s) 42.8 (s)
C-15 27.4 (t) 27.4 (1)
C-16 35.6 (1) 35.5 (1)
17 429 (s) 42.9 (s)
C-18 483 (d) 482 (d)
C-19 47.9 (d) 47.9 (d)
C-20 150.7 (s) 150.8 (s)
c-21 29.8 (t) 29.6 (t)
c2 40.0 (1) 39.4 (1)
c-23 26.6 (q) 26.6 (q)
c-24 21.0 (q) 21.0(q)
C-25 159 (q) 15.9 (q)
C-26 157 (q) 15.7 (q)
c27 14.4 (q) 14.4 (q)
C-28 18.0 (q) 17.9 (q)
C-29 109.2 (1) 109.3 (1)
C-30 19.3 (q) 19.6 (q)
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II1.2 Comparison of secondary metabolites accumulated in P.
grandifolia organs (stem, roots, leaves, fruits) extracts

The crude extracts of stem bark, roots, leaves and fruits of P. grandifolia were
analyzed by HPLC-UV photodiode array (Figure 61). This analysis was carried
out to identify some UV-sensitive compounds present in different organs of the
plant, based upon retention time and UV-spectra. The comparative analysis of
the profile of the different organs gives information about the occurrence of
compounds detectable at the wavelength of 230 nm and 550 nm respectively. In
addition, comparative TLC was carried out, but in this case, only qualitative
differences are shown (Figure 62). This method had to be applied to visualize the

triterpenes which are not detectable by HPLC.

The HPLC profile of different organ (stem, roots, leaves and fruit) of P.
grandifolia (Figure 61) revealed quantitative and qualitative differences in parts.
From this analysis, it emerged that the dominating xanthone (PS2) of P.
grandifolia is present in all parts of the plant, with a pronounced accumulation in
the stem bark and in the leaves. The other xanthone PS1 however was present
mainly in the stem bark, with traces in roots and leaves. PS6, another xanthone,
was present in the stem bark and roots but absent in the leaves and fruits. The
two biflavonoids PR1 and PR2 were accumulated in the roots, and small
amounts were present in the stem bark. These two biflavonoids were completely
absent in the leaves and fruits. The compound PR3, which is a biflavonoid
glycoside, was found in roots and nowhere else in the other organs of the plant.

Allanxanthone (PL1) occurred in the leaves as well as in the fruits.
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Analysis of the TLC plate (Figure 62) shows only qualitative differences
between the occurrency of different compounds.

Betulin (PS5) occurs in the roots, stem bark and the leaves whereas lupeol
(PS3) is present in all part of the plant. On the other hand, 8-amyrin (PS4) is
present in the stem bark, leaves and the fruits. Lupenone (PF1) was found only in

the fruits.

P. grandifolia is a chemodiversity source with xanthone, triterpenoid and
flavonoid differently accumulated in the plant organ. The organ specific
accumulation was generated from the analysis of combine HPLC and TLC and

illustrated in table 16.

a-Mangostin, cowagarcinone, 3,8 -binaringenin and 3,6"'-binaringenin
are the major constituents present in the plant. Quantities were assessed after
calibration to make the HPLC profiles comparable (Figures 61 and 62). The

results are summarized in table 17 and table 18.
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Leaves

Ps2 Fruit

Figure 61: HPLC profile of P. grandifolia organs according to their retention
time.(Solvent of extraction: MeOH, C=10 mg/mL, A=230 nm).

stem bark 1); roots 2); leaves 3); fruits 4).

PS1 (1,6-dihydroxy-3,7-dimethoxy-2-(3-methylbut-2-enyl)xanthone)

PS2 (a-mangostin)

PS6 (xanthone) not identified

PL1 (Allanxanthone C)

PR1 (3,8"-binaringenin)

PR2 (3,6"-binaringenin)

PR3 (3,8"-binaringenin-3"-O-R-Glucoside).
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® ©® @ -

S;telm bark Roots Leaves Fruit

1) 2) 3) 4)

Figure 62: (TLC) Thin layer chromatography of differents P. grandifolia organ
with 20% of acetone in P.E. as mobile phase, and Merck silica gel 60 F2s4 coated
on glass plate (20x20cm) with a layer of 0.20 mm thickness as stationary phase.
(Plate spray with anisaldehyde and heated).

1) Stem bark; 2) Roots; 3) Leaves; 4) Fruits.

PS3 (lupeol)

PS4 (B-amyrin)

PS5 (betulin)

PF1 (lupenone)
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Table 16: Organ-specific accumulation of compounds detected

P. Compounds

grandifolia

Xanthons Triterpenes Biflavanones

PS1 PS2 PL1 PS3 PS4 PS5 PF1 PR1 PR2 PR3

Roots + + + + + + +
Stem bark + + + + + + +

Leaves + + + + + +

Fruits + + + +

Table 17: Quantification from 100 g of methanolic extract.

Organ PS1 PS2 PR1 PR2
(Cowagarcinone) (a-mangostin) (3,8 '-binaringenin)  (3,6”'-binaringenin)
mg mg mg mg
Stem bark 13.55 33.26817 nd nd
Roots 20.67 0.62 6.27 2.19
Leaves nd 6.49 nd nd
Fruits nd 0.993 nd nd

Table 18: Quantification from 100 g of dry plant material

Organ PS1 PS2 PR1 PR2
(Cowagarcinone) (a-mangostin) (3,8 -binaringenin)  (3,6”-binaringenin)

mg mg mg mg

Stem bark 25 6.18 nd nd

Roots 2.0 0.06 0.62 0.21

Leaves nd 1.2 nd nd

Fruits nd 0.085 nd nd
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II1.3 Tests for antifungal and insecticidal activities

All compounds isolated from P. grandifolia were tested by direct bioautography
against the fungus Cladosporium sphaerospermum. Pentadesma compounds such as
a-mangostin, (3,6-dihydroxy-7-methoxy-2,8-(3-methylbut-2-enyl)-xanthone;
(PS2), 3,8 -binaringenin and 3,6"'-binaringenin showed respective inhibition
zones. The other compounds did not show any activity against this fungus.
Some other species of Cladosporium are phytopathogenic (Jacyno, 1993) and
chronic exposure may cause pulmonary infection in humans. These fungi may be
responsible to provoke asthma, sinusitis, skin lesion and nail fungus (Pieckova

and Jesensla, 1999).

With Spodoptera littoralis, the crude extract and the pure compounds from P.
grandifolia were tested for insecticidal activities. None of the compounds isolated
have shown toxicity on Spodoptera littoralis (ICs0> 50um). This result suggests that

the extract may not be toxic for higher organisms.
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I11.4 Discussion

In this work, the phytochemical investigation of the stem bark, roots, leaves and
fruits of P. grandifolia led to the isolation of secondary metabolites belonging to
three groups of compounds, namely xanthones, triterpenes and biflavanones.
These groups of compounds play an important role for the use of this plant in

folk medicine according to their biological activity.

The presence of biflavanones 3,8”- binaringenin (PR1; Figure 45 ), 3,6”-
binaringenin (PR2; Figure 50) and 3,8”-binaringenin-3”-O-glycoside (PR3; Figure
51) are a new report for the genus Pentadesma. 3,8”-Binaringenin (PR1; Figure 45)
is structurally similar to 3,8”-Garcinia biflavanoids, isolated mainly from the
plant of genus Garcinia (Clusiaceae) from where their name came (Terashima et
al,, 1999). Pentadesma and Garcinia are closely related taxa, belonging to
Clusiaceae and to the same subfamily Clusioideae. However, Garcinia belongs to
the tribe Garcineae whereas Pentadesma belongs to Symphonieae (Gustafsson et
al, 2002). These coinciding accumulation tendencies appear thus to be

characteristic for members of this subfamily.

The biflavanones, 3,8"'-binaringenin (Figure 45)and 3,6"’-binaringenin
(Figure 50) were isolated as a mixture of their diasterioisomers 2S,3R-3,8"'-
binaringenin, 2R,35-3,8""-binaringenin, 2S,3R-3,6"'-binaringenin, 2R,35-3,6"'-
binaringenin, respectively. Optical rotation of 3,8 -binaringenin and 3,6"'-
binaringenin were [a]o=-35 and [a]o= -11, respectively, indicating an excess of
one enantiomer in each mixture. The chirality and absolute configuration in
position 2 and 2"" derive from the biosynthesis of flavanones. However, chirality

at the position 3 derives from the dimerization of the two flavanones at this
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position. Each of these molecules possesses three asymmetric carbons *C-2, *C-3,
*C-2"". Their 'TH NMR and *C NMR spectra in CDsOD at 25 °C present a poor
resolution that can be explained by the presence of isomers due to the chirality of
the molecule. This phenomenon was described for biflavonoid named Garcinia
biflavonoid, and it was recommended to measure the NMR spectrum between
100-120°C in the DMSO-ds to ameliorate the resolution of the spectrum (Jackson
et al., 1971). The good resolution of the 'H NMR and C NMR spectra depend on
the temperature, because at low temperature, the molecule can adopt many
differential and diverse conformations, but on high temperature, the hydroxyl
groups present in the molecule will form solid and stable intramolecular
hydrogen-bridges with their pB-carbonyl functions in position 4 and 4"". The
biflavanone glycoside 3,8 -binaringenin-3""-O-f-glycoside (Figure 51) isolated
from the root of P. grandifolia is a new natural isomer of the 3,8"'-binaringenin-

7"-O-p-glycoside, isolated earlier from Garcinia multiflora (Chen et al., 1974).

A doubled set of *C and 'H signals was found for the compounds 3,8"'-
binaringenin (Figure 45), but its related glycoside 3,8 '-binaringenin-3""-O-f-
glycoside (Figure 51) did not showed any. This may be due to the fact that the
carbohydrate moiety at position -3 contributed to maintain or to fix the
structure in a stable configuration by hindered rotation within the molecule, or

by forming intramolecular hydrogen-bridges within the molecule.

Two routes leading to the intermediate 2,3 ,4,6-
tetrahydroxybenzophenone (59) of xanthone biosynthesis were reported in
higher plants within the cells cultures of Centaurium erythraea and Hypericum
androsaemum, respectively (Schmidt et Beerhues, 1997). Subsequently, xanthones

are formed by oxidative cyclisation of the intermediate benzophenones (Figure
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18), in the presence of xanthone synthases belonging to the cytochrome Puiso
oxydases (Peters et al., 1998). As a-mangostin (Figure 30) is the major constituent
of the stem bark, some benzophenones were expected to be found in the current
study. However, this was not the case. Actually, no benzophenones have ever
been reported from previous studies on this plant, i.e. Djoufack,(2004), Fokou,
(2006).

Some xanthones isolated from P. grandifolia, a-mangostin (Figure 33) and
allanxanthone C (Figure 57) show a moderate action against two strains of
Plasmodium falciparum (Azebaze et al.,, 2006). a-Mangostin exhibits antifungal
activity, but it was reported to be inactive against the bacterium Staphylococcus
aureus (Azebaze et al., 2006). This compound was the main constituent of the
stem bark (Table 17, 18), and according to its concentration in P. grandifolia, i.e.
0.06 % of the dry plant material, can be considered as a natural source of
production of a-mangostin. Other xanthones such as garcinone E, isolated from
the stem bark of this plant, have displayed cytotoxic effects against
hepatocellular (Ho et al., 2002). Tovophyllin A and norcowanin isolated in a
previous study exhibited antiplasmodial activity (Fokou, 2006). Tovophyllin (84)
previously isolated from the stem, of P.grandifolia possess antimicrobial activity

(Azebaze et al., 2006).

Biflavanones are relevant in folk medicine because of their anti-
inflammatory, antiparasitic and antinociceptive properties (Kim et al., 2008;
Mbwambo et al, 2006, Bitter et al., 2000). 3,8 -Binaringenin and 3,6"'-
binaringenin isolated from the root of P. grandifolia exhibited antifungal activity
against the fungus C. sphaerospermum. Terashima et al., (1999) reported some
3,8”-biflavanones (Figure 45) from the stem bark of G. kola, but in P. grandifolia

they are mainly accumulated in the roots.
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The biflavanones 3,8""-binaringenin (Figure 45), 3,6""-binaringenin (Figure
50) and 3,8"’-binaringenin-O-f3-glycoside (Figure 51) should be tested against
Plasmodium falciparum because their antiplasmodial effect has not yet been
evaluated. The evaluation of their antiplasmodial activity has to be done not only
to determine the effect of each compound, but also to compare their bioactivity in

relation to their structure.

All the triterpenes isolated from P.grandifolia belong to the pentacyclic
group and within this group to the lupanes. Betulin (Figure 41) and lupeol
(Figure 33) display anti-inflammatory activities. Moreover, lupeol (Figure 33)

was also reported to have cytotoxicity properties (Laszczyk, 2009).

The root remains the chemically richest part of the plant, mainly
containing biflavanones and their derivatives, and also xanthones and triterpenes.
Quantitatively, 100 g of dry roots contains 0.02% of cowagarcinone (Figure 27),
0.006% of a-mangostin (Figure 30) 0.06% of 3,8" "-binaringenin (Figure 45) and
0.02% of 3,6""-binaringenin (Figure 50; Table 16). Moreover, the stem bark
contains 0.02% of cowagarcinone (Figure 27) and 0.06% of a-mangostin (Figure
30); triterpenes lupeol, betulin and B-amyrin (Figure 37) are also included. These
two parts (roots and stem bark) are used as decoction to treat fever and
dermatitis. The bioactivity of each of the main compounds isolated could explain
why the roots and stem are used in folk medicine in Cameroon. Some
compounds isolated from these two parts of the plant have their bioactivity
related to the use of the plant in folk medicine. To be really sure of the previous
statement, further investigations need to be undertaken to check if the period of

harvesting may coincide with the efficiency of the decoction. As the main
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constituents are known, experience to ameliorate the extraction and determine
the posology will be the next research focus of the author. Besides, the other
species of Pentadesma (P. butyracea) should be also studied to compare their

bioactivity.

The complex structures present in P. grandifolia certainly account for their
various uses in local medicine, and the combination of several bioactive
constituents contained in this plant could contribute to the activity of plant

extracts as a whole by synergistic action.
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Chapter IV Experimental Procedure

IV.1 Plant material and extraction

IV.1.1 Plant material

The fresh sample of leaves, roots, stem bark, and fruits of Pentadesma grandifolia
(Baker) were collected at an altitude of 1.2 km on a mountain called “Nkotton”,
which is located at Bazou, a village situated in Ndé subdivision in the western
part of Cameroon. The sample collection was made in September 2007 by Mr
Victor Nana, a botanist in service at the national herbarium of Cameroon where
the voucher specimen has been deposited under the number (35170/HNC). The
samples were chopped, dried at room temperature, and then grinded to a fine

powder.

IV.1.2 Extraction

Each sample (leaves, roots, stem bark, and fruits) was extracted with methanol 3
times for 5 days at room temperature in a glass flask. The extract was filtrated
and concentrated under reduce pressure with rotary evaporator to obtain a

viscous residue.

The viscous residues obtained were partitioned in an extraction in the
water/ chloroform biphasic system performed in a separation funnel to yield the
organic part (CHCls) and hydrophilic part (H20) which were then evaporated

and stored in the refrigerator at -20°C for further analysis.
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Table 19: Quantification of different extracts from 10 g of sample.

Plant material Mass of methanol extract
- Mass of stem bark=10 g M=185¢g
- Massofroot=10g M=1.00g
- Massofleaves=10g M=192¢g
- Mass of fruits=10 g M=086g

IV.2 Chromatographic method of separation and analysis

IV.2.1 Thin layer chromatography (TLC)

The mobile phase was a solvent mixture of petrol ether/ Acetone/ Ethyl acetate/
Methanol mixed in various volumes according to the substance polarity to obtain
an optimal separation.

The thin layer chromatography (TLC) was carried on Merck silica gel 60 Fzss as
stationary phase.

- For qualitative analysis, the plate used was performed with Merck silica gel 60
F2s4 coated on glass plate (5x10 cm) or aluminum sheet (20x20 cm) with a layer of
0.20 mm thickness.

- For preparative analysis, the plate was made with Merck silica gel 60 Fass coated
on glass plate (20x20 cm) with a layer of 0.5 mm thickness.

The sample to separate was dissolved in appropriate solvent and:

- For the qualitative analysis with TLC, the sample was spotted at 1 cm above the
bottom of the plate. The TLC plate was then deposited in the developing

chamber containing the mobile phase at room temperature and it slowly rose up
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the plate by capillary effect. Different compounds in the sample with different
solubility and strength of adsorption moved differently. After evaporation of the
solvent under the fume hood, the different spots were detected under a UV lamp
at short and long wave UV light. Compounds absorbing under short wave UV
light 254 nm become visible and fluorescent. Under long wave UV light 330 nm,
substances that can be excited to fluoresce appear as bright spots.

After detection on the UV light, analyzed TLC plates were sprayed with
anisaldehyde reagent and heated to reveal the different spot representing the
compounds in the sample.

- For preparative TLC, the sample was deposited as fine layer at 2 cm of the
bottom of the plate and put in the developing chamber. The different layers were
detected by UV light and were scratched and dissolved in methanol p.a., then

filtrated and concentrated to have the desire compound.

IV.2.2 Dry column chromatography (CC)

The CC column was vertical glass column of 80 cm long and 1.7 cm inside
diameter. The CC column was filled with Merck silica gel 60, particle size 0.2-0.5
mm (35-70 mesh ASTM) as stationary.

The mobile phase was a mixture of petrol ether- ethyl acetate, petrol ether-
acetone, acetone- methanol and ethyl acetate-methanol at different polarity as
shown in table 20. The sample to be separated was placed on top of the column
and eluted with 100 mL of each solvent mixture and each volume of 50 mL was
collected. The different fractions collected (I1, 12, II1, 112 ...XII1, XII2) were

combined according to the information obtained from TLC analysis.
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A 750x25 mm column filled with sephadex Lit 20 (GE Healthcare) and
eluted with methanol was also used for separation purpose and each fraction of
50 ml was collected. It was specially used to separate chlorophyll from other

constituents of the plant.

Table 20: Corresponding fraction number and solvent

Fraction petrol ether ethylacetate methanol
number
(Vol %) (Vol %) (Vol %)
I 100 0 0
II 95 5 0
II1 90 10 0
IV 85 15 0
\% 80 20 0
VI 70 30 0
VII 50 50 0
VIII 30 70 0
IX 0 100 0
X 0 80 20
XI 0 50 50
XII 0 0 100

IV.2.3 Middle pressure liquid chromatography (MPLC)

Combine fractions from CC were separated by MPLC in 400x40 mm glass
column filled with Merck LICroprep Silica gel 60, 25-40 um. The column was
eluted with a mixture of ethylacetate in petrol ether on one hand and ethyl

acetate and methanol on the other hand as listed below:
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Table 21: MPLC solvent mixture for elution

petrol ether ethylacetate methanol
(Vol %) (Vol %) (Vol %)
100 0 0
95 5 0
90 10 0
85 15 0
80 20 0
70 30 0
50 50 0
30 70 0
0 100 0
0 50 50
0 10 90
0 0 100

The pump model used was biichi pump controller C-210 (1-10 bars) delta

range. The flow rate was 12 mL/min and the extracted samples were detected by

UV/Vis (UV-detector UA-6 Teledyne isco, optical unit Type 9) with filter at 254

nm. Each fraction of 50 mL of sample was collected in a beaker.

Samples collected were evaporated under reduced pressure on rotary

evaporator and analyzed by high pressure liquid chromatography HPLC).

IV.2.4 High Pressure Liquid Chromatography (HPLC)

HPLC is a form of liquid chromatography to separate compounds that are

dissolved in a solvent. HPLC instruments consist of a reservoir of mobile phase,

a pump (that moves the mobile phase through the column), an injector (to inject

the sample through the column), a separation column (compose by precolumn
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and column filled with silica gel which has been treated with RMe:SiCl where R
is a straight chain alkyl group such as CisHsz or CsHiz) and a detector. The
instrument used is agilent 1100 Series, UV diode array detection at 230 nm.
Precolumn 1,290x4 mm and column hypersil BDS-C18 with size 250x4.6 mm and
5 um particles (a column filled by Osterreichisches Forschungszentrum
Seiberdorf) was used for the analysis.
Mobile phase:  Eluent B: methanol

Eluent A: H20 in Reisch buffer (see IV.5.4)
Flow rate: 1 mL/min.

Injection volume: 1 uL

Table 22: HPLC eluent mixture A and B and time of elution

Time (min) B (vol%) A (Vol%)

0.01 20 80
17 90 10
20 100 0
29 100 0

HPLC sample was prepared at the concentration 10 mg for the crude extract in 1
mL methanol p.a. and 1 mg pure compound in 1 mL methanol and filtered

through Merck LiChroprep RP Silica gel 60 (particle size 40-60 pum).

For quantification, Preparation of the standard: The different standards to

be quantified were measured three times and the average result is in table 23.
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Table 23: Average value of the standards concentration and their peak area

PR2 PR1 PS1 PS2 PR2 PR1 PS1 PS2
conc. conc. conc. conc. Peak Peak Peak Peak
[ug/mL] [ug/mL] [ug/mL] [pg/mL] area area area area
Std A 75 100 75 100 1884.4 3309.4 1809.8 2744.1
Std B 56.25 75 56.25 75 1396.9 24619 1329.4 2011.5
StdC 42.1875 56.25 42.1875 56.25 1020.5 1810.2 979.71 1461.2
Std D 31.6406 42.1875 31.6406 42.1875 764.75 1356.4 727.69 1103.3
StdE 23.7304 31.6406 23.7304 31.6406 558.11 971.41 524.82 787.76
PR?2
y = 26.084x - 66.849
2500 R? = 0.9995
2000 -
o 1500 - ¢ Peakarea
< 1000 - Linear (Peak area)
500
0 I I I
0 20 40 60 80

Conc [microgramme/mL]

Figure 63: Calibration curve of PR2
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PR1 y = 34.350x - 114.22
R? = 0.9995
4000
3500
3000
© 2500 ¢ Peakarea
o 2000 .
< 1500 Linear (Peak area)
1000
500
0
0 50 100 150
Conc [microgramme/mL]
Figure 64: Calibration curve of PR1
PS1 y = 24.892x - 66.666
R? = 0.9998
2000
1500
] ¢ Peakarea
2 1000 )
< Linear (Peak area)

500

0 20 40 60 80

Conc [microgramme/mL]
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pPS2 y = 28.545x - 117.67
R? = 0.9991
3000
2500 -
2000 -
o ¢ Peakarea
o 1500 - .
© Linear (Peak area)
1000 -
500
0 T T
0 50 100 150
Conc [microgramme/mL

Figure 66: Calibration curve of PS2

IV.3 Spectroscopic methods of analysis

IV.3.1 NMR spectroscopic

The isolated compounds were dissolved in 99.8% CDsOD (~5 mg in 0.7 mL) and
transferred into 5 mm NMR sample tubes (Promochem, Wesel, Germany).
Spectra were measured using the Bruker Topspin 2.1 software on a Bruker DRX-
600 AVANCE spectrometer (Bruker, Rheinstetten, Germany) at 600.13 MHz (*H)
or 150.90 MHz (33C) at 298.1 K +/-0.1 K. For 1D spectra 32 k data points were
recorded using a relaxation delay of 1.0 s. Zero filling to 64 k data points and
Fourier transformation led to spectra with a range of 7200 Hz (*H) and 30,000 Hz
(13C). 2D COSY, TOCSY, NOESY, HMQC, and HMBC spectra were measured by
256 experiments with 1024 data points each. Linear forward prediction to 512

data points in the f» dimension, sinusoidal multiplication in both dimensions,
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and Fourier transformation led to 2D-spectra with a range of 7200 Hz and 30,000
Hz for 'H and *C, respectively. CDsOD and CDCls were used as internal
standard for 'H (0u 3.340; du 7.24 Resp.) and CDsOD for *C (dc 49.00; doc 72.0

Resp.) measurements.

IV.3.2 Mass spectroscopy

Mass Spectra were recorded on a 900S (Finnigan MAT) by direct infusion
electrospray ionization in positive and negative mode.
High resolution mass spectra were performed with the same equipment at

a resolution of 10,000.

IV.4 Antifungal test

The spore suspension was put in 50 mL Erlenmeyer and the same volume of malt
solution (2% malt + water) was added to it (50/50: spore/malt solution). The
mixture obtained was then filter to remove big particles.

Bioautography was carried out on preparative Merck silicagel 60-plates.
All extracts were tested against Cladosporium sphaerospermum, developed with
PE/ acetone, 50:50. After development, the plates were sprayed with the spore
suspension and observed for development of inhibition zones after 48 hours

incubation in a wet saturated chamber.
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IV.5 Insect test

Insect test was conducted with neonate larvae of pest insect Spodoptera littoralis
Boiduval (Noctuidae, Lepidoptera). These insects were feed on artificial diet
consisting of ground white beans yeast and agar. Crude extract and pure
compound were incorporated in different concentration and both the EC50
values (effective concentration correspond to 50% growth-inhibition) and LC50
values (lethal concentration correspond to 50% survival rate) were calculated by

probit-log analysis after seven days.

IV.6 Preparation of solvents and solutions

All solvent used for separation or analyze were previously mixed with dry
chemical (ammonium chloride, ammonium sulfate ....) and filtrated to get rid of
water in the solvent. The filtrate was then distilled at the temperature of the

solvent boiling point.

- Anisaldehyde spraying reagent for TLC plate

- 85 mL of MeOH was mixed with 10 ml of acetic acid in beaker 1

- 8 mL of concentrated H.SOs add in 0.5 mL of P- anisaldehyde in beaker 2
Preparation: The container of beaker 1 was slowly added to an ice cooled
mixture solution of beaker 2 and mix well by magnetic magnet.

The solution is colorless and it is stored in the fresh.
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- Draggendorf spraying reagent for alkaloid

- In beaker 1: We put 0.85 g Bi(OH)NOs and add 10 mL of acetic acid
concentrated and then 40 mL bidistille water.

- In beaker 2: We put 8 g KI dissolve in 20 mL bidistille water

Preparation: Equal volume for A and B was mixed with magnetic magnet. For

1ml of this mixture, we add 2 mL of acetic acid and 10 mL of bidistille water.

- Preparation of Reisch buffer for HPLC

- We put 1 L of distillate water grade HPLC in 1 L volumetric flask
- Add 1 mL of tetrabutylammonium hydroxid
- Add 1 mL of phosphoric acid

Mix all together and filter to remove solid particle.

IV.7 Instruments

- Melting point measurement
Melting point of dried crystals of pure compounds was determined on kofler

Haizblock (Reichert Thermovar) measurement.

- Mass measurement

The different mass was measured with electronic balance Mettler AE 260, delta

range.

- Sonification baths

Sonorex RK 100 H (bandelin)
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IV.8 Phytochemical analysis of the stem bark, root, leaves and fruit
of Pentadesma grandifolia

extraction plant samples
(leaves, stem bark, roots, fruit)

Y

maceration in Methanol for 5 days

Y

filtration and concentration

residue

biotest

Partition between CHCl: and H20

Y

H:O fraction

Y

CHCl: fraction

HPLC analysis (reverse phase)

roughly separation by CC

purification by MPLC, preparative TLC

Pure compound

e

structure elucidation and identification

by NMR spectroscopy

biotest

Scheme 5: General Scheme of separation and purification
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IV.8.1 Fractionation of Pentadesma grandifolia stem bark

300 g of the stem bark have been dried, grinded and extracted twice in 5 days
and the solvent was evaporated under reduce pressure. The residue obtained
was further partitioned between CHCls and water to yield 10 g of CHCls-phase.
The lipophilic-phase was extracted further 3 times with 100 mL of 10% EtOAc in
PE each to yield 3 g of extract A, and the remaining dry CHCl-phase was
extracted another 3 times with 100mL of 50% EtOAc in PE to yield 4 g of extract
B.

Rough fractionation of 1 g of A by CC in glass column (80 cm long and 1.7
cm internal diameter) with 45 g of Merck, silicagel 60, 0.2-0.5 mm with solvent

mixtures of PE/ EtOAc/ MeOH with increasing polarity led to 32 fractions.

Table 24: Dry column fractionation of 1g of fraction A of the stem bark of

P.grandifolia

%PE %EtAc Fractions of 50 ml
100 0 11, 12, 111, 112, III1, III2
95 5 1V1,1v2,v1, V2,VI1, VI2,VII1,VII2, VIII1, VIII2
90 10 IX1, IX2, X1, X2
85 15 XI1, X12, XII1,XII2, XI1I1, XIII2
80 20 XIV1, XIV2
50 50 XV1, XV2
100 XVI1

After concentration and evaporation to a minimal volume, compound PS3
(25 mg) crystallized in the combined fractions (IX1, IX2, X1, X2) obtained by
eluting with 10% EtOAc in PE (60 mg). Prep. TLC with 75% PE in EtOAc of the
fractions (IV1, IV2, V1 and V2) led to 5 mg PS4 and 3 mg of PS5.
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CC of 1 g of extract B was done on glass column 80 cm long and 1.7 cm internal
diameter fill with 45 g of Merck, silicagel 60, 0.2-0.5 mm, eluted with PE/ EtOAc/

MeOH with increasing polarity yield to 26 fractions.

Table 25: Dry column fractionation of 1g of fraction B of the stem bark of

P.grandifolia

Petrol ether Ethylacetate = Methanol Fractions of 50 ml

(Vol %) (Vol %) (Vol %)
100 0 0 11,12
95 5 0 111, 112
90 10 0 1111, 1112
85 15 0 V1, 1v2
80 20 0 V1,V2
70 30 0 VI1, VI2
50 50 0 VII1, VII2
30 70 0 VIII1, VIII2
0 100 0 IX1, IX2
0 80 20 X1, X2
0 50 50 XI1, XI2
0 0 100 XII1, X112

Crystals in the fractions (VIII1, VIII2) eluted with 60% EtOAc in PE and
fractions (VII1, VII2) eluted with 50% EtOAc in PE yield to compound PS2 (15

mg), PS1 (3 mg) respectively.
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Characterisation of cowagarcinone B (PS1) C20H2005¢ (3 mg)

- Cowagarcinone B (PS1) was obtained in the form of yellow-orange powder in
fraction VIII1, VIII2 eluted with 70% of EtOAc in PE and it is soluble in acetone.
- MP 252-253°C with molecular formula C20H200s and gave a positive reaction

(violet color) with ferrique chloride test.

- TH NMR (400 MHz, CDCl;, dppm): 813.11 (1H,s, 1-OH), 7.50(1H, s,H-8), 6.81
(1H, s, H-5), 6.30 (1H, s, H-4), 6.22 (1H,s, 6-OH), 5.12 (1H, t, ]=7Hz, H-2"), 3.91 (3H,
5,7-OH), 3.80 (3H, s, 3-OMe), 3.22 (2H, d, ]=7Hz, H-1'), 1.70 (3H, s, H-4"), 1.58 (3H,
s, H-5")

-13C NMR (100 MHz, CDCl;, dppm): $159.3 (C, C-1), 111.7 (C, C-2), 163.8 (C, C-3),
89.6 (CH, C-4), 156.0 (C, C-4a), 152.5 (C, C-4b), 102.5 (CH, C-5), 152.6 (C, C-6),
144.3 (C, C-7), 104.6 (CH, C-8), 113.6 (C, C-8a), 103.2 (C, C-8b), 180.1 (C, C-9), 21.4
(CH:, C-1'), 122.2 (CH, C-2'), 132.0 (C, C-3'), 25.8 (CHs, C-4'), 17.8 (CHs, C-5'),
55.9 (CHs, C-MeOH-3), 56.5 (CHs, C-MeOH-7).

- Mass spectra ESI-TOF in positive mode [M+H]* m/z (calcd. for Ca0H200s,
356.1254)

Characterisation of a-mangostin (PS2) C21H206 (15 mg)

a-mangostin (PS2) was obtained in the form of yellow-orange powder in fraction
VII1, VII2 eluted with 50% of EtOAc and it is soluble in acetone.
MP of a-mangostin is between 182-184°C and it gave a positive reaction (violet

color) with ferrique chloride test.
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- 1H NMR (400 MHz, CDCls dppm): 813.80 (1H, s, 1-OH), d 6.29 (20H,s, 3-OH, 6-
OH), 6.85 (1H, s, H-5), 6.35 (1H, s, H-4), 5.30 (2H, t, ]=6.6 Hz, H-2’ and H-2"), 4.12
(2H, d, J=6.6Hz, 2H-1"), 3.83 (3H, s, 7-OMe), 3.45 (2H, d, J=6.6Hz, 2H-1), 1.85 (6H,
s, 3H-4" and 3H-4"), 1.77 (3H, s, 3H-5"), and 1.69 (3H, s, 3H-5").

-13C NMR (100 MHz, CDCls, 5ppm): $161.0 (C, C-1), 108.8 (C, C-2), 162.0 (C, C-3),
93.7 (CH, C-4), 154.9 (C, C-4a), 155.4 (C, C-4b), 101.9 (CH, C-5), 156.2 (C, C-6),
142.9 (C, C-7), 137.4 (C, C-8), 112.6 (C, C-8a), 104.0 (C, C-8b), 182.4 (C, C-9), 21.8
(CH:, C-1),121.8 (CH, C-2'), 132.5 (C, C-3'), 18.6 (CHs, C-4'), 26.2 (CH3, C-5'),
26.9 (CH2, C-17), 123.5 (CH, C-2"), 136.2 (C, C-3"), 18.3 (CHs, C-4”), 26.2 (CHs, C-
5”), 62.4 (CHs, C-7-OMe).

- Mass spectra ESI-TOF in positive mode [M+H]* m/z 409.1 (calcd: 410.17294 for
C24H260e)

Characterisation of Lupeol (PS3) CsHs0O (25mg)

Lupeol (PS3) was obtained as white needles in the fraction eluted with 10% of
EtOAc in PE (25mg).

- Melting point 215-216 °C

- PS3 was soluble in chloroform and acetone and gave a positive reaction (pink

colour) with Liebermann Burchard test characteristic of terpenoid.

- TH NMR (400 MHz, CDCls dppm)  7.34 (1H, 3-OH), 4.66 (1H, d, J=2.4Hz, H-29),
454 (1H, d, J=2.4Hz, H-29"), 3.60 (1H, m, H-3), 1.70 (3H, s, Me-30), 1.01 (3H, s,
Me-26), 0.93 (3H, s, Me-23), 0.92 (3H, s, Me-27), 0.83 (3H, s, Me-25), 0.82 (3H, s,
Me-28), 0.78 (3H, s, Me-24), 0.68 (1H, d, J=9.4Hz, H-5).
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- 3C NMR (100 MHz, CDCls dppm): d 38.6 (CHa, C-1), 27.3 (CHz, C-2), 78.9 (CH,
C-3), 38.8 (C, C-4), 55.2 (CH, C-5), 18.2 (CH2, C-6), 34.2 (CHz, C-7), 40.7 (C, C-8),
50.3 (CH, C-9), 37.1 (C, C-10), 20.8 (CHz, C-11), 28.0 (CHz, C-12), 38.0 (CH, C-13),
42.7 (C, C-14), 27.4 (CHa, C-15), 35.5 (CHa, C-16), 42.9 (C, C-17), 48.2 (CH, C-18),
47.9 (CH, C-19), 150.8 (C, C-20), 29.8 (CH:, C-21), 39.9 (CHz, C-22), 27.9 (CHs, C-
23), 15.3 (CHs, C-24), 16.0 (CHs, C-25), 15.9 (CHs, C-26), 14.5 (CHs, C-27), 17.9
(CHs, C-28), 109.3 (CHz, C-29), 19.3 (CHs, C-30).

- Mass spectra recorded in ESI-TOF in positive mode present [M+H]* m/z

427.3754 ( Calcd.427.7022) compatible with the molecular formula CsoHs0O

Characterisation of f-amyrin (PS4) (5mg) CsoHs0O

B-amyrin (PS4) was obtained from prep. TLC of the grouping fractions VIII1,
VIII2, IX1 and IX2 with solvent 75% PE in EtOAc as mobile phase.
It is soluble in chloroform and has MP 197°C.

- 'H NMR (400 MHz, CDCl;, dppm): d 3.85 (1H, m, H3-), 1.16 (3H, s, H-27), 1.08
(3H, s, H-26), 0.99 (3H, s, H-23), 0.95 (3H, s, H-25), 0.89 (3H, s, H-28), 0.88 (6, s,
H-29, H-30), 0.80 (3H, s, H-24).

- 13C NMR (100 MHz, CDCl;, dppm): d 38.6 (C-1), 27.0 (C-2), 77.5 (C-3), 37.9 (C-4),
55.2 (C-5), 18.4 (C-6), 32.6 (C-7), 40.1 (C-8), 47.6 (C-9), 37.0 (C-10), 23.5 (C-11),
122.5 (C-12), 143.5 (C-13), 41.5 (C-14), 28.3 (C-15), 26.2 (C-16), 32.6 (C-17), 47.3 (C-
18), 46.9 (C-19), 31.1 (C-20), 34.8 (C-21), 37.2 (C-22), 26.0 (C-23), 15.5 (C-24), 15.4
(C-25), 16.8 (C-26), 26.0 (C-27), 27.2 (C-28), 33.2 (C-29), 23.7 (C-30).
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Characterisation of betulin (PS5) (m=3g)

Betulin was obtained as colorless powder (3mg) by prep.TLC of the grouping
fractions VIII1, VIII2, IX1 and IX2 with solvent 75% PE in EtOAc as mobile phase.
It is soluble in acetone and chloroform with MP 256-257°C.

Betulin give a positive reaction with Liebermann Burchard test to suggest his

terpenoid nature.

- 1H NMR (400 MHz, CDCls dppm)  7.34 (1H, 3-OH), 4.66 (1H, d, J=2.4Hz, H-29),
454 (1H, d, J=2.4Hz, H-29'), 3.15 (1H, m, H-3), 3,72 (1H, d, H-28a), 3,47 (1H, d, H-
28b) 1.70 (3H, s, Me-30), 1.01 (3H, s, Me-26), 0.93 (3H, s, Me-23), 0.92 (3H, s, Me-
27), 0.83 (3H, s, Me-25) 0.78 (3H, s, Me-24), 0.68 (1H, d, ]=9.4Hz, H-5).

- 13C NMR (100 MHz, CDCl5 dppm): 38.2 (CHz, C-1), 26.2 (CHz, C-2), 78.6 (CH, C-
3), 38.5 (C, C-4), 56.3 (CH, C-5), 19.3 (CH:, C-6), 29.5 (CHa, C-7), 41.7 (C, C-8), 51.4
(CH, C-9), 35.1 (C, C-10), 21.06 (CHz, C-11), 29.0 (CHz, C-12), 38.2 (CH, C-13), 43.5
(C, C-14), 27.9 (CH:, C-15), 34.8 (CH:, C-16), 48.7 (C, C-17), 49.5 (CH, C-18), 48.8
(CH, C-19), 39.5 (CHa, C-20), 29.2 (CH:, C-21), 5150.6 (C, C-22), 28.5 (CHs, C-23),
16.4 (CHs, C-24), 19.1 (CHs, C-25), 16.6 (CHs, C-26), 15.0 (CHs, C-27), 59.8 (CHa, C-
28), 109.9 (CH2,C-29).

- Mass spectra ESI-TOF in positive mode [M+H] * m/z 443.4338.

- Molecular formula CzoHs00:2
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IV.8.2 Fractionation of Pentadesma grandifolia roots

500 g of dried and grinded roots was extracted with MeOH twice for 5 days at
room temperature. The extract was filtered and concentrated under reduced
pressure. 50 g of the residue was partitioned between CHCls and water to yield 4
g of CHCls-phase. The CHCl-phase was roughly separated by column
chromatography (CC) on silicagel 60 (Merck, 0.2-0.5 mm) by using a solvent
system of petrolether (PE), ethylacetate (EtOAc) and methanol (MeOH) with

increasing polarity.

Table 26: Dry column fractionation of CHCI3-phase of the root of P.grandifolia

Petrol ether Ethylacetate Methanol Fractions of 50 mL

(Vol %) (Vol %) (Vol %)
100 0 0 I1, 12
95 5 0 111, 112
90 10 0 1111, ITI2
85 15 0 IV1,1vV2
80 20 0 V1, V2
70 30 0 VI1, VI2
50 50 0 VII1, VII2
30 70 0 VIII1, VIII2
0 100 0 IX1, IX2
0 80 20 X1, X2
0 50 50 XI1, XI2
0 0 100 XII1, XII2

Fractions yielded by eluting from 100% EtOAc to 20% MeOH in EtOAc were
combined (IX1, IX2, X1, X2) (640 mg), of which 300 mg was subjected to MPLC
(Merck, silicagel 60, 400 x 40 mm, 40-60 um) starting with 30% EtOAc in PE.
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Table 27: MPLC fractionation of combined fraction (IX1, 1X2, X1, X2) of the root

of P.grandifolia

petrol ether ethylacetate methanol
(Vol %) (Vol %) (Vol %)
70 30 0
50 50 0
30 70 0
0 100 0
0 90 10
0 50 50
0 0 100

- MPLC fractions eluted with 50% EtOAc in PE (45 mg) were finally purified by
prep. TLC (Merck, silicagel 60, 50% acetone in PE). This led to 5 mg of PR2 and
6mg of PR1.

- Fractions 1112, IV1 (M=117mg) were purified by MPLC eluted with EtOAc in PE
(Merck, silicagel 60, 400x40 mm, 40-60 pum) starting with 100% PE.

Table 28: MPLC fractionation of combined fraction (1112, 1IV1) of the root of

P.grandifolia

petrol ether ethylacetate methanol
(Vol %) (Vol %) (Vol %)
100 0 0
95 5 0
90 10 0
85 15 0
80 20 0
70 30 0
50 50 0
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Fraction 5 obtained from MPLC led to PR4 (9.2mg).

- The residue of water phase (46g) was then extracted 3 times with 100ml

EtOACc to give M=2g of extract. Dry CC was made on silicagel 60 (Merck,

0.2-0.5mm) by using a solvent system CHCls -MeOH with increasing

polarity.

Table 29: CC fractionation of 2g of EtOAc extract of the water residue of the root

of P.grandifolia

CHCIs MeOH Fractions of 50 ml
(Vol %) (Vol %)

100 0 I1, 12

95 5 I11, 112

90 10 III1, 1112

85 15 V1, 1V2

80 20 V1, V2

70 30 VI1, VI2

50 50 VII1, VII2

30 70 VIII1, VIII2

0 100 IX1, IX2

18 fractions of 50 mL were obtained, evaporated under reduce pressure. Fraction

IV2 (12mg) was then purified by CC on silicagel 60 (Merck, 0.2-0.5mm) by using

a solvent system CHCls -MeOH with increasing polarity as described beyond.

Fraction IV2 (3.5) was then obtained as PR3.

Characterisation 3, 8-binaringerin (GB1a, PR1) (6mg) CsoH2O10

3,8-binaringerin (PR1)was obtained as yellow-orange amorphous powder
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1H NMR (600.13 MHz, CD:OD, § ): & 5.64/5.41 (1H, d, ] = 12.2/12.1 Hz, H-2),
4.84/4.19 (1H, d, ] = 12.2/12.1 Hz, H-3), 5.90/5.80 (1H, s, H-6), 5.91/5.88 (1H, s, H-
8), 7.15/7.12 (2H, d, H-2" & H-6'), 6.82/6.68 (2H, d, H-3' & H-5), 5.42/5.20 (1H, dd,
J=13.0, 2.6/12.8, 2.4 Hz, H-2""), 2.68/2.50 (1H, dd, ] = 13.0, 12.8/ 12.8, 12.8 Hz, H-
3a”), 2.91/2.63 (1H, dd, ] = 12.8, 2.6/12.8, 2.4 Hz, H-3b"), 5.86/5.74 (1H, s, H-6"),
7.07/7.05 (2H, m, H-2"” & H-6""), 6.68/6.63 (2H, m, H-3""" & H-5"").

13C NMR (150.90 MHz, CDsOD, 5): & 82.3/81.6 (CH, C-2), 48.6/47.8 (CH, C-3),
197.6/197.3 (C, C-4), 101.9/101.1 (C, C-4a), 163.4/162.5 (C, C-5), 95.9/94.9 (CH, C-
6), 164.2/163.0 (C, C-7), 95.9/95.3 (CH, C-8), 163.0/161.7 (C, C-8a), 129.5/129.4 (C,
C-1'), 127.6/126.5 (CH, C-2’ and C¢’), 114.9/114.1 (CH, C-3’ and C5'), 157.4/157.3
(C, C-4'), 79.1/79.0 (CH, C-2), 43.5/42.8 (CH2, C-3"), 196.3/196.2 (C, C-4"),
101.7/101.6 (C, C-4a”"), 165.0/163.9 (C, C-5"), 94.9/94.7 (CH, C-6"), 165.3/164.1 (C,
C-77), 101.8/101.3 (C, C-8”), 163.5/162.3 (C, C-8a”), 129.8/129.7 (C, C-1""),
128.6/128.3 (CH, C-2"” and C6”), 114.9/114.2 (CH, C-3"" and C5"), 157.6/157.1
(C, C-4").

Mass spectra: ESI MS: neg. mod: m/z (%): 1085 [2M’-H]- (12); 543 [M”-H]- (89);
542 [M’-H] (100); 541 [M-H] (41); M” = Cs0H20D:2010; M" = C30H21DO1wo; M =
Cs0H22010.

Characterisation 3,6-binaringerin (PR2) (5mg) Cz0H22010

PR2 was obtained as yellow-orange amorphous powder.

1H NMR (600.13 MHz, CD:OD, § ): § 5.65/5.42 (1H, d, ] = 12.2/12.1 Hz, H-2),
4.66/4.45 (1H, d, ] = 12.2/12.1 Hz, H-3), 5.69/5.64 (1H, s, H-6), 5.55/5.47 (1H, s, H-
8), 7.11/7.08 2H, d, H-2" & H-6'), 6.66/6.60 (2H, d, H-3’ & H-5'), 5.23/5.08 (1H, dd,
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J=13.1,2.7/13.0, 2.5 Hz, H-2""), 2.47/2.30 (1H, dd, ] = 13.1, 12.7/ 13.0, 12.7 Hz, H-
3a”), 2.75/2.52 (1H, dd, | = 12.7, 2.7/12.7, 2.5 Hz, H-3b"’), 5.65/5.57 (1H, s, H-8"),
7.16/7.08 (2H, m, H-2"” & H-6""), 6.78/6.66 (2H, m, H-3"" & H-5""").

13C NMR (150.90 MHz, CD:OD, §): & 82.3/80.9 (CH, C-2), 48.5/48.0 (CH, C-3),
197.3/196.8 (C, C-4), 104.9/104.8 (C, C-4a), 163.0/163.1(C, C-5), 98.6/98.3 (CH, C-6),
164.2/164.1 (C, C-7), 99.0/98.2 (CH, C-8), 162.9/161.1 (C, C-8a), 130.8/129.9 (C, C-
1’), 128.9/128.4 ( CH, C-2’ and C6'), 114.9/114.1 (CH, C-3" and C5’), 156.9/156.9 (C,
C-4), 78.0/77.9 (CH, C-2), 43.3/42.3 (CH2, C-3"), 192.2/192.1 (C, C-4""), 99.1/99.0
(C, C-42”), 163.5/162.9 (C, C-5”), 98.0/97.8 (C, C-6"), 163.5/162.8 (C, C-7),
99.6/99.4 (CH, C-8”), 159.8/159.7 (C, C-8a”"), 131.0/130.7 (C, C-1"""), 127.3/126.2
(CH, C-2"”” and C6""), 114.9/114.0 (CH, C-3"" & C5'"), 156.9/156.8 (C, C-4"").

Mass spectra: ESI MS: neg. mod: m/z (%): 1083 [2M-H] (10); 541 [M-H]; pos.
mod: m/z (%): 1107 [2M+Na]* (31%); 606 [M+Na+ACN]* (100%); 565 [M+Nal*
(98%); 543 [M+H]* (29%);

HRMS: m/z caled. for CsH23010 543.1291, found 543.1285.

Characterisation (PR3) (3.5mg) CssH32016

PR3 obtained as a yellow deposit.

8 'H NMR (600.13 MHz, CDsOD, §): 6 5.64 (1H, d, ] =12.2 Hz, H-2), 4.84 (1H, d, |
=12.2 Hz, H-3), 5.90 (1H, s, H-6), 5.91 (1H, s, H-8), 7.15 (2H, d, H-2" & H-6'), 6.82
(2H, d, H-3" & H-5"), 5.42 (1H, dd, ] = 13.0, 2.4 Hz, H-2"), 2.68 (1H, dd, ] =12.8 Hz,
H-3"), 5.86 (1H, s, H6""), 7.07 (2H, m, H-2"" & H-6""), 6.68(2H, m, H-3""" & H-5"""),
4.85 (1H, d, A), 47(1H,dd, B), 3.47 (1H, dd, C), 3.38 (1H, dd, D), 3.75 (1H, m, E)
3.73 (1H, m, F-1), 3.59 (1H, m, F-b)
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13C NMR (150.90 MHz, CD:;OD, §): § 82.3 (CH, C-2), 48.6 (CH, C-3), 197.6 (C, C-
4), 101.9 (C, C-4a), 163.4 (C, C-5), 95.9 (CH, C-6), 164.2 (C, C-7), 95.9 (CH, C-8),
163.0 (C, C-8a), 129.5 (C, C-1’), 127.6 (CH, C-2’ and C6¢’), 114.9 (CH, C-3’ and C5'),
157.4 (C, C-4’), 79.1 (CH, C-2""), 74.6 (CH, C-3""), 196.3 (C, C-4""), 101.7 (C, C-4a”"),
165.0 (C, C-5”), 94.9 (CH, C-6"), 165.3 (C, C-7""), 101.8 (C, C-8"), 163.5 (C, C-8a”),
129.8 (C, C-1""), 128.6 (CH, C-2””” and C6’), 114.9 (CH, C-3"”” and C5), 157.6
(C, C-4"""), 102.0 (CH, C-A), 73.3 (CH, C-B), 74.8 (CH, C-C), 71.4 (CH, C-D), 74.6
(CH, C-E), 62.3 (CH, C-F).

IV.8.3 Fractionation of Pentadesma grandifolia leaves

100 g of dried and grinded Leaves was extracted with MeOH twice for 5 days at
room temperature. The extract was filtered and concentrated under reduced
pressure. 14 g of the residue was extracted with 10% EtOAc in P.E. to yield 7g
named fraction A. This fraction A was subjected to MPLC eluted with 3% of
EtOAc in P.E. and 25 fractions was obtained. Fraction 7 was purified by
sephadex column eluted with MeOH to yield PL2 (4mg). Fraction 17, 18, 19
(4.3mg) obtained from MPLC was the purified by recristallisation to yield

compound PL1 (4.3mg).
Characterisation of Allanxanthone C (PL1) CzsH3:206 (m=4.3mg)
Allanxanthone C (1,3,6-trihydroxy-2,8,8-tri(3-methylbut-2-enyl)-xanthenes-7,9-

dione) was obtained in the fractions 17, 18, 19 from MPLC as a yellow deposit. It

gives a positive reaction with ferric chloride test.
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Chapter 1V Experimental Procedure

1H NMR (400 MHz, CDCl;, dppm): 8 13.50 (1H, s, OH-1), 7.35 (2H, s, OH-1, OH-
6), 6.36 (1H, s, H-4), 6.48 (1H, s, H-5), 3.46 (2H, d, J=6.6Hz, H-1'), 5.29 (1H, t,
J=6.6Hz, H-2'), 1.85 (3H, s, H-4"), 1.78 (15H, s, H-5', H-4"", H-4""", H-5"", H-5"""),
343 (2H,d, H-1", H-1"""), 2.78 H, d, H-1"", H-1"""), 4.62 (2H, t, H-2"", H-2""").

15C NMR (100 MHz, CD;OD, §): § 159.6 (C, C-1), 109.8 (C, C-2), 159.6 (C, C-3),
93.5 (CH, C-4), 151.6 (C, C-4a), 158.9 (C, C-4b), 108.8 (CH, C-5), 161.0 (C, C-6),
2014 (C, C-7), 55.8 (C, C-8), 116.5 (C, C-8a), 109.8 (C, C-8b), 179.3 (C, C-9), 21.5
(CH:, C-1'), 121.0 (CH, C-2'), 136.1 (C, C-3'), 17.9 (CHs, C-4'), 25.8 (CHs, C-5"),
37.8 (CHy, C-1", C-1""), 117.6 (CH, C-2"", C-2"""), 135.2 (C, C-3"', C-3"""), 17.9 (CHj,
C-4",C-4"""), 258 (CHs, C-5, C-5").

Mass spectra: ESI MS: neg. mod: m/z 463.5 [M-H]-.

IV.8.4 Fractionation of Pentadesma grandifolia fruits

85 g of dried and grinded fruits was extracted with MeOH twice for 5 days at
room temperature. The extract was filtered and concentrated under reduced
pressure. 7 g of the residue was partitioned between CHCls and water to yield 3
g of CHCls-phase. The CHCl-phase was roughly separated by column
chromatography (CC) on silicagel 60 (Merck, 0.2-0.5 mm) by using a solvent
system of petrolether (PE), ethylacetate (EtOAc) and methanol (MeOH) with

increasing polarity.
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Chapter IV Experimental Procedure

Table 30: Dry column fractionation of CHCI3-phase of the fruits of P.grandifolia

Petrol ether Ethylacetate Methanol Fractions of 50 mL
(Vol %) (Vol %) (Vol %)
100 0 0 I1, 12
95 5 0 111, 112
90 10 0 111, 1112
85 15 0 IV1, IvV2
80 20 0 V1, V2
70 30 0 V11, VI2
50 50 0 VII1, VII2
30 70 0 VIII1, VIII2
0 100 0 IX1, IX2
0 80 20 X1, X2
0 50 50 XI1, XI2
0 0 100 X111, XII2

Fractions IV1 and IV2 (15mg) was subjected to MPLC (Merck, silicagel 60,

400 x 40 mm, 40-60 um) starting with 5% EtOAc in PE to yield in fraction 10

eluted with 15% PE in EtOAc, PF1 as pure and white needles.

Table 31: MPLC fractionation of combined fraction (IV1, 1V2) of the fruit of

P.grandifolia.

petrol ether ethylacetate fraction of 50 ml
(Vol %) (Vol %)
95 5 1,234
90 10 56,7,8
85 15 9,10,11, 12
80 20 13,14,15,16
75 25 17,18,19,20
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Chapter 1V Experimental Procedure

Characterisation of Lupenone (PF1) C30HisO (m=5mg)

Lupenone (PF1) was obtained as white needles in the MPLC fraction 10, eluted
with 15% EtoAc in PE. It melts at 164°C and gives a positive test with

Liebermann bruchard test.

- 'H NMR (400 MHz, CDCl; dppm) d 4.57 (1H, d, J=2.4Hz, H-29), 4.69 (1H, d,
J=2.4Hz, H-29"), 1.68 (3H, s, Me-30).

- 5C NMR (100 MHz, CDCl;, dppm): d 39.6 (CHa, C-1), 34.1 (CHa, C-2), 217.9 (C,
C-3), 47.3 (C, C-4), 55.0 (CH, C-5), 19.9 (CHz, C-6), 33.6 (CHz, C-7), 40.9 (C, C-8),
49.8 (CH, C-9), 36.9 (C, C-10), 21.4 (CHa, C-11), 25.2 (CHz, C-12), 38.2 (CH, C-13),
42.9 (C, C-14), 27.4 (CHa, C-15), 35.6 (CHa, C-16), 42.9 (C, C-17), 48.3 (CH, C-18),
47.9 (CH, C-19), 150.7 (C, C-20), 29.8 (CH:, C-21), 40.0 (CHz, C-22), 26.6 (CHs, C-
23), 21.0 (CHs, C-24), 15.9 (CHs, C-25), 15.7 (CHs, C-26), 14.4 (CHs, C-27), 18.0
(CHs, C-28), 109.2 (CH2,C-29), 19.3 (CHs, C-30).
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