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Abstract

Products derived from different natural sources have been used for thousands of years by human beings for
their everyday needs. Out of these natural sources, plants were the most affordable. Plant-derived products
were used for shelter, food, and as medicines. The medicinal properties of plant-derived products played an
important role in ancient civilizations, and even in the present days they are useful due to their medicinal
properties.

Based on the experience acquired by humans over the years by exploiting plant-derived products or secondary
metabolites, this thesis was aimed to analyse the chemical components of some plants from the Mozambican
flora used in the traditional medicine for the treatment of various ailments. Extracts of Cadaba natalensis
(Capparaceae), Clematis viridiflora (Ranunculaceae), Brachylaena discolor (Asteraceae) and Senna spectabilis
(Fabaceae) plant species were investigated for their chemical constituents.

By fractionation based on various chromatographic methods, fourty metabolites were isolated and their chemical
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compounds were determined by the same techniques, and confirmed by the comparison of their spectroscopic
data with those reported in the literature.

Isolated metabolites with interesting structural features were assayed for in vitro antiprotozoal activity towards
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(29a) showed a potent antileishmanial activity against both strain with the ICso values 4.2 and 2.8 pM,
respectively compared to the positive controle miltefone with the ICso values 5.1 and 4.9 uM, respectively.
Miltefone is a current used drug to treat Leishmania. 141 with the ICso values 25.0 and 13.2 uM, respectively,
and onopordopicrin (153) with the ICso values 13.8 and 9.7 uM, respectively, also possessed interesting
antileishmanial activity, although the germacranolide epoxy derivative 154, derived from 153, was inactive
against both strain tested.
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Popular summary

Plants, microbes, and invertebrates, i.e. all living organisms, produce a vast array of
compounds known as natural products or simply secondary metabolites. The
production of these secondary metabolites is not believed to promote the growth of
the particular specie, instead they have other functions. It may, for example, be
secondary metabolites that are useful for a chemical defence against predators, or
for the protection and survival during environmental stress.

The secondary metabolites produced by living organisms are well known to possess
a wide range of biological activities, which in some cases are useful to man.
Antibiotics such as penicillin were isolated from fungi, and quinine was isolated
from plants of the genus Cinchona and used medicinally as antimalarials. Also non-
pharmaceutical green teas contain products derived from nature and used by humans
for their health benefits. As the investigations of natural products have resulted in a
remarkable number of compounds that benefit humans, the continued study of
secondary metabolites and natural products has and continues to be of great
importance.
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1 Secondary Metabolites

1.1 Introduction

Since the earliest days of civilization, humankind has exploited and relied on natural
resources for food, shelter, clothing, and perhaps most important, the use of plants
as major sources for medication to alleviate a number of ailments and prevention of
diseases. The knowledge of the healing properties of plants was acquired during the
development of the ancient civilizations, such as the Ayurveda, Chinese, Egyptian,
European, and other civilizations. This knowledge was passed through generations,
which formed the basis of a sophisticated traditional medicine system. The role in
the history describing the use of plant-based products or natural products is well-
documented in the literature.**

Although the long history of the use of plants, it was not until the 1800s with the
isolation of the first active natural product morphine (1) from Papaver somniferum
that it was understood that the useful properties of a plant depended on a substance.
Morphine became the first commercially available pure active natural product. The
ancient people of Mesopotamia used P. somniferum for the treatment of a wide
range of ailments, and with the isolation of 1 products derived from plants captivated
the attention of the chemists that continued to pursue these fascinating molecules
both for their interesting chemical structures as well as their potential as therapeutic
agents for the treatment of human diseases. Since then, natural products were
extensively screened in order to identify novel medicines.**

Natural products chemistry has been fundamental for drug discovery and the
development of new drugs. The chemotherapeutic drug paclitaxel (Taxol®, 2) was
originally isolated from the stem bark of the Western Yew tree, Taxus brevifolia.® 2
is an antitumor agent used for the treatment of ovarian, breast, lung, and prostate
cancer. Interestingly, various Taxus species were used historically by several native
American tribes as medicines.! The antimalarial drugs quinine (3) and artemisinin
(4) are good examples of medicinally important and naturally plant-derived drugs.
3 was isolated from Cinchona succiruba, a plant that has been used over centuries
for the treatment of malaria, fever, indigestion, throat diseases, and cancer in the
Amazon region.*® Another important antimalarial drug is 4, isolated from Artemisia



annua (Qinghaosu), a plant used in the Chinese medicine for the treatment of
malaria.®*

The terrestrial plants were the major sources for obtaining naturally occurring
drugs from living organisms, until the discovery and isolation of penicillin (5) from
the fungus Penicillin notarium in the early 1940s. The success of 5 in treating
infections led the screening of a large number of marine and terrestrial
microorganisms for drug discovery. Terrestrial microorganisms produce a wide
variety of active metabolites, and have provided important contributions to the
discovery of various antibiotic agents such as penicillins, cephalosporins,
aminoglycosides, tetracyclines, and polyketides.” The cephalosporins isolated from
extracts of the fungus Acremonium are cholesterol-lowering agents, acarbose
obtained from Actynomyces species is used in the treatment of diabetes millitus, and
epirubicin is an anthracycline drug used as chemotherapeutic agent. They are some
examples of naturally occurring drugs obtained from other sources than plants.®®

Figure 1. Examples of some important drugs isolated from natural sources.

While natural-derived biologically active compounds from living organisms,
known as secondary metabolites or natural products, are not essential for life, as
they are not required for the normal growth, development, or reproduction of an
organism, they have been suggested to be waste products with a diversity of
chemical structural features. However, these complex and frequently toxic



chemicals are today recognized as the means for interactions between organisms,
for defence and signaling.™

Traditionally, secondary metabolites have a great economic importance as new
chemical entities. They can be used as drugs or biocides, lead compounds in drug
and biocide discovery, biological or pharmacological tools, raw materials for the
production of drugs, like feedstock products, and as nutraceuticals, as insecticides,
and pesticides. They are present in herbs, dietary supplements, spices, and foods.
Most importantly, they still play a pivotal general role for drug discovery.***

1.2 Secondary Metabolites from African Plants

Plants have a long history of use in the African continent, for the treatment of
various diseases and complaints. The vast majority of the African population still
rely exclusively on plants as a source for medication.’? The African traditional
medicine is perhaps the oldest and the most diverse of all traditional medicine
systems. The continent has a rich biological and cultural diversity marked by the
regional differences in a way of healing practices. Unfortunately, the system of
traditional medicines is poorly recorded, as the knowledge of these practices had
been passed over generations orally.** However, some uses of these plants are

currently available in the literature,**? just to cite few examples.

The continent is highly endowed with diverse types of vegetation, constituting
tropical rainforests, coastal and alpine forests, savannahs, and woodlands. These
types of vegetation are considered as a reservoir for diverse natural products.? It
has been verified that natural products derived from African plants have an
enormous potential to be used as drugs or drugs leads. The plants from Africa have
already provided useful natural products with important nutritional and
therapeutical values. The plant Coffee arabica (Rubiaceae) is originated from
Ethiopia. The beverage coffee is produced from the seeds of this specie and certain
other varieties of the genus Coffee. The prepared coffee contains 1 to 2% of the
purine alkaloid caffeine, the 1,3,7-trimethylanthine (6).%?

African people have been using the rhizomes of Hypoxis spp. (Hypoxidaceae) for
the treatment of urinary infections and internal cancer. From the Southern African
Hypoxis hemerocallidea or H. rooperi and H. obtuse, the hypoxoside (7) was
isolated.”*?® Metabolite 7, by enzymatic hydrolysis, yields rooperol (8), which
inhibit the growth of certain cancer cells. Since 7 could act as a prodrug in humans,
clinical trials on cancer patients and AIDS patients with dried methanol extracts of
rhizomes are underway in South Africa.'?



The Madagascar periwinkle, Catharanthus roseus or Vinca rosea (Apocynaceae)
is one of the most quoted examples of African medicinal plants. In the folklore
medicine, extracts of the leaves of the plant have been used in the treatment of
diabetes, hypertension, tuberculosis, laryngitis, sore throat, dyspepsia, malaria, and
for regulating menstruation, in several countries.?* C. roseus is a perennial evergreen
herb. In Mozambique, the plant is common known under the Portuguese name as
‘Beijo-da-mulata’ and has been used to treat diarrhoea and venereal diseases.?>%
Phytochemical investigations of the plant led to the isolation and characterization of
130 monomeric and dimeric indole alkaloids, most of them with considerable
biological activity.?’*® Among these alkaloids, two bis-indole alkaloids known as
vinblastine (9) and vincristine (10) isolated from the leaves are well-known for their
anticancer properties, and are commercially available.” Some structures of
metabolites isolated from African plants are presented in Fig. 2.
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Figure 2. Important secondary metabolites derived from African plants.

The biological activities of the compounds derived from African plants have been
reported in at least 2000 publications, and it is believed that the active principles for
the development of drugs against some of the neglected tropical diseases may be
found in the African flora.*® In addition, a number of recent reviews had
demonstrated the potential of natural products derived from African medicinal
plants.’? These reviews include naturals products with antimalarial ®** anti-
inflammatory and antioxidant,***® infectious and parasitic diseases,***" and
antidiabetic properties,®® Information regarding the ethnobotanical uses versus the
bioactivities of the isolated compounds from African flora has been gathered 313942
Some biologically active natural products have been isolated and identified from the
Southern African marine microorganisms, algae, sponges, ascidians, soft corals, and
molluscs, 3> but the natural product chemistry of Southern Africa’s unique marine
flora and fauna is relatively unknown.



2 Secondary Metabolites from
Mozambican sources

2.1 Introduction

Mozambique is located in the Southern region and on the East coast of Africa (Fig.
3), with more than 2,000 km long coastline extending from Tanzania to South
Africa.** The dominant vegetation types of the country are savannah and secondary
forests covering up to 70 % of the total area.*® With 25 million inhabitants, the
population is primarily working in agriculture. The sector of fishing also play an
important role, and its main area is the Mozambique Channel, a branch of the Indian
Ocean between Mozambique and Madagascar.**
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Figure 3. Location of Mozambique in African Continent.



Modern healthcare systems are scarce and limited. Only 40 % of the population
can access the public health system and the remaining still rely on traditional
medicine and medicinal plants as primary source for their healthcare needs.**® Even
major diseases such as diarrhoea, malaria, sexual diseases, and respiratory
complaints are treated with traditional medicine.*’

The country has a high repository of biodiversity. About 5,500 plant species have
been recorded in Mozambique, and it has been estimated that no more than 10 %
are used for medicinal purposes.?®*® However, the scientific validation of the
efficacy of most of these plants has not been documented, so far. Tropical forests
are classified as rich in terms of native plants,® and here there are no exceptions
since the country has not explored its native plants.

There is a wide range of plant families comprising the traditional pharmacopeia.
Some of these plants were compiled and edited, showing their exact location within
the country.®®>* Also, several investigators have gathered information about the use
of medicinal plants in different regions of the country for the treatment of various
ailments.*34°5°¢ Medicinal plants are considered to play a key role in slowing down
diseases such as diarrhoea, pneumonia, skin infections, and other infections related
to the opportunistic HIV virus.

The roots and root bark of Acacia nilotica, Elephantorhriza elephantine, and
Scleocarya birrea are frequently used by local people to treat diarrhoea. Rauvolfia
caffra and Bridelia cathartica are traditionally used to treat headaches and pain in
bone articulations associated with malaria.*’ The leaves of B. cathartica and Salacia
kraussii have shown some antimalarial activity in scientific investigations.**>” The
anthelmintic effect of Melia azedarach and Trichilia claussenii has been
investigated.®®

Most of the plants used as medicines in Mozambique have never been
investigated with respect to their active ingredients. Screening programs have been
carried out, mostly with the collaboration between different domestic and
international research groups. These investigations include the search of
antimycobacterial ** and antibacterial®”®®* agents, and the characterization of
essential 0ils.527% A literature survey revealed that some secondary metabolites have
been obtained from Mozambican sources. These sources, besides the medicinal
plants, also include various marine sources.

Secondary metabolites could be divided in three main classes: terpenoids,
phenolic compounds, and nitrogen-containing compounds.®®” All of these classes
of metabolites have been isolated and characterized from Mozambican sources, and
some of them showed biological activities.



2.2 Terpenoids

Terpenoids form a vast group of naturally occurring metabolites, and the majority
of them occur in plants. Many terpenoids are volatile substances which give plants
and flowers their fragrance.®”®® Based on the number of building blocks, they are
commonly classified as monoterpenes C10, sesquiterpenes C15, diterpenes C20,
sesterterpenes C25, and triterpenes C30. Terpenoids display a wide range of
biological activities against cancer, malaria, inflammation, and a variety of
infectious diseases.®

Momordica balsamina (Cucurbitaceae), known as cacana in the Southern part of
Mozambique, is a vegetable found in tropical and subtropical regions. Due to its
nutritional value, the plant has been used largely as food " Also, the specie has been
used to treat various diseases symptoms, mostly diabetes,”* malaria,?® liver, and
measles.”® Cucurbitacins are the main characteristic secondary metabolites found in
Momordica spp. They are highly oxygenated triterpenes of interest due to their
cytotoxic, hepatoprotective, anti-inflammatory, cardiovascular, and antidiabetic
activities.”” Phytochemical investigations on the aerial parts of M. balsamina led
to the isolation of the cucurbitane-type triterpenoids 11-27 "®’* The metabolites 23,
26 and 27 have good antipalsmodial activity,”"® while the metabolite 27 was shown
to be cytotoxic.”®’” The secondary metabolites isolated from the aerial parts of M.
balsamina are presented in Fig. 4.
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Figure 4. Cucurbitane-type triterpenoids isolated from the aerial parts of M. balsamina.

Salacia kraussii (Celastraceae), also known as pswixa, has been used for the
treatment of bilharziasis, dysentery, malaria, and diarrhoea.*®*® Figueiredo and co-
workers isolated six quinone methides triterpenoids (28-33) from an extract of the
roots, and their structures are shown in Fig. 5. The isolated compounds include the
well-known celastrol (31), pristimerin (32), and isoiguesterol (33). All the isolated
compounds showed antimalarial activity, and give an additive effect when
combined with each other, and, therefore, these results could validate the traditional
use of the plant for the treatment of malaria.®’



28 R=CHO 31 R = Me; Ry = COOH
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Figure 5. Structures of quinone methides isolated from S. kraussii with antimalarial activity.

Traditional healers have been used the roots, root bark, and leaves of
Crossopteryx febrifuga (Rubiaceae), locally known as chicombeque, for the
treatment of diarrhoea, stomachache, and wounds.?® Two bisdesmosidic saponins
(34 and 35) were isolated from the methanolic extract of the roots.”

Hoslundia opposita Vahl (Lamiaceae) is a small shrub which is widely distributed
in West Africa, and is known as buinite, in the Northern part of the country. Various
parts of the plant are remedies for snakebites, herpes, stomach troubles,
conjunctivitis, epilepsy, chest pain, yellow fevers, and mental disorders. Infusions
of its leaves have found a wide use in traditional medicine as purgative, diuretic,
febrifuge, antibiotic, and antiseptic.” The crude extracts of the entire plant and the
essential oil have been found to exhibit strong antibacterial activity. Mujovo and co-
workers isolated euscaphic acid (36) from the leaves, which was found to be active
against the Mycobacterium tuberculosis strains.®

The munhongora, Cleistochlamys kirkii (Annonaceae) is an African medicinal
plant traditionally used in Mozambique for the treatment of wound infections,
tuberculosis, and rheumatism,* stomachache, stomach virus, muscular pains,
venereal diseases, and hernia,? and also, as food.®* From the root bark was isolated
a tetracyclic triterpene, polycarpol (37).%
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Figure 6. Structures of triterpenoids isolated from C. febrifuga, H. opposita, and C. kirkii.

Terminalia sericea (Combretaceae) is a shrub or medium-sized tree found
abundantly in the tropical regions, and is characteristic of sandy savannah areas of
Africa.®® The plant is known locally as gonono or miputua. The dried fruits are used
for the treatment of tuberculosis. A decoction of the roots is used for stomach
troubles, diarrhoea, wounds, sexually transmitted diseases, female infertility, and
renal diseases.?***#* Bombardelli and co-workers based on the anti-inflammatory
activity of the methanolic extract of the roots, isolated the terpenoid seric acid and
its glycoside derivative, sericoside.®®

Phytochemical investigation of the root extract of the shrub or tree Olax dissiflora
(Olacaceae), known as mucuti or nkondzomnhutana, yielded four triterpenoids
sapogenin, namely, 2l-epimachaerimic acid, oleanolic acid, oleanolic-3-O-
glucuronide, and hederagenin.?® The leaves of the plants have been used in the
treatment of wounds.*®

The genus of Cryptolepis R. Br (Asclepiadaceae) includes about 20 species
distributed throughout the tropical regions of Africa, Asia, Australia, and Papua
New Guinea.®” The aqueous extracts of the roots of Cryptolepis obtusa (lellele) are
traditionally used as anti-abortive agent, to treat abdominal pains and gastro-
intestinal complains.®® From an extract of the roots, two steroidal alkaloids and a
triterpene known as sitosteryl-3-O-4-glucopyranoside were isolated.®’

10



In traditional medicine, roots extracts and dried powdered roots of kanho-kanho,
Euclea divinorum (Ebenaceae) are used for the treatment of gastro-intestinal
disturbances, cancer, ulcers, wounds, arthritis, miscarriage, jaundice, snakebites,
and gonorrhoea. In the South-western Ethiopia, the plant is used to purify drinking
water by adding branches to the gourds or pots and leaving them to soak in the water
for several hours.®® Costa and co-workers isolated naphthoquinones and terpenoids
from the roots extract. The triterpenoids isolated from this plant were identified as
lupeol and botulin

The heartwood teheteheratane, Ptaeroxylon obliquum (Ptaeroxylaceae) grows
only in Southern Africa, comprising South Africa, Zimbabwe, and Mozambique.®*
This plant is traditionally used in Southern Africa for the treatment of various
diseases, ranging from headaches to tick control.>®* Agostinho and co-workers
isolated five metabolites which include a meroterpenoid ptaerobliquol (38) from an
extract of the roots *

Lippia javanica (Verbenaceae) is an erect wood shrub of up 2 m high, known as
mussumbe, with strong aromatic leaves, which give off a lemon-like fragrance when
crushed.® The plant is found in grasslands and woodlands, throughout the eastern
and central parts of Southern Africa.® It is commonly used in Africa as a tea against
various ailments like influenza, measles, malaria, stomachaches, fever, headaches,
respiratory problems, and venereal diseases.?®*®% Numerous monoterpenoids have
been identified from this plant. Mujovo and co-workers isolated three
monoterpenoids: (E)-2(3)-tagentenone epoxide (39), myrcenone (40), and
piperitenone (41) from an extract of the leaves. Metabolie 41 was found to inhibit
the HIV-1 reverse transcriptase enzyme.*

The marine species are also good sources for secondary metabolites that are
biologically active. From the Southern African soft coral Cladiella kashmani,
collected off Ponta d’Ouro in Mozambique, two cembrane diterpenes were isolated,
namely flaccidoxide (42) and (1Z,3E,7E,11S,12S,145)-1,3,7-trien-14-ol (43). Both
isolated metabolites were toxic to the brine shrimp Artemia salina. The occurrence
of cembranoids is unusual for the genus of Cladiella.®®
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Figure 7. Terpenoids isolated from P. obliquum, L. javanica, and soft coral C. kashimani.

2.3 Phenolic compounds

The structure of phenolic compounds consists of an aromatic ring carrying one
(phenol) or more hydroxyl (polyphenol) moieties. Several classes can be
distinguished according to the number of phenol rings and the structural elements
that join these rings. Two main groups of polyphenols, termed flavonoids and non-
flavonoids have been adopted. The flavonoids group include flavones, flavanones,
dihydroflavonols,  flavonols, flavan-3-ols, isoflavonos, anthocyanidins,
proanthocyanidins, and chalcones. The non-flavonoid polyphenols can be classified
based on their carbon skeleton into the following subgroups: simple phenols,
benzoic acids, hydrolysable tannins, acetophenones, phenylacetic acids, cinnamic
acids, lignans, coumarins, benzophenones, xanthones, stilbenes, and secoiridoids.*
The chemical structures and their natural occurrence throughout the plant, algal,
bacterial, fungal, and animal kingdoms have been described in the literature. They
exist in most plants tissues as secondary metabolites, and may play roles as
antioxidants and for the interactions between the plant and its biological
environment. Phenolics are also important components of the human diet due to
their potential antioxidant activity,® their capacity to diminish oxidative stress
induced tissue damage resulted from chronic diseases, as well as for their other
biological activities.*®
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The genus of Zanthoxylum comprise approximately 250 species, it is well known
for its ethnobotanical uses among the genera of the Rutaceae family. The plants
belonging to this genus are rich sources of biologically active metabolites, such as
alkaloids, aliphatic and aromatic amides, coumarins, as well as lignans.*’
Zanthoxylum capense is a medicinal plant indigenous to Mozambique, Zimbabwe,
and South Africa. Its root bark has been used for the treatment of tuberculosis and
paralysis, and to relieve toothache % and malaria®®. From the root extract, the
benzofuran neolignans zanthocapensol (44) and zanthocapensate (45),%° the 2-
arylbenzonfuran neolignans (-)-savinin (46) and (-)-episesamin (47),)° the lignan
(+)-syringaresinol (48), and the prenylpropanoid (+)-ailanthiodiol (49)'™ were
isolated. Metabolite 45 showed inhibitory activity against Staphylococcus aureus,
as well as the apoptosis-inducing activity in colon carcinoma cells. The structures
of the phenolic compounds isolated from the roots of Z. capense are presented in
the Fig. 8.
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Figure 8. Phenolic compounds isolated from the roots of Z. capense.

From the root extracts of E. divinorum the naphtoquinones diosindigo A (50), 2-
meyhlnaphtazarin (51), 7-methyljuglone (52), and diospyrin (53) were isolated.*®
Investigations of an extract of the leaves of H. opposita gave the two flavones 5,7-
dimethoxy-6-methylflavone (54) and hoslunddiol (55), while the leaves of L.
javanica, besides apegenin, yielded the metabolites cirsimaritin (56), 6-
methoxyluteolin-4’-methyl ether (57), and 6-methoxy-luteolin-3’,4’7-trimethyl
ether.®
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Figure 9. Phenolic compounds isolated from E. divinorum, H. opposita, and L. javanica.

The leguminous plant citimbo (local name), Piliostigma thonnigii (Fabaceae),
belongs to a family with 133 genera. The bark of this plant has been used for the
treatment of earache, toothache, diarrhoea, dysentery, intestinal problems, cough
and respiratory problems throughout tropical Africa.’®? In Mozambique, the bark,
leaves, and roots have been used to treat coughs, bilharziasis, venereal diseases, and
backache.?® From an extract of its leaves, the three flavonoids quercitrin, quercetin,
and its 3-glucoside derivative were isolated. %

Landolphia kirkii (syn. Cladostemon kirkii, Apocynaceae), also known as bingua,
is a specie growing in Mozambique.'® Fresh and fermented fruits are used to make
an alcoholic drink® and as food.®* Bombardelli and co-workers isolated from an
extract of the leaves three flavonoids: mearnsitrin (59), myricitrin (60), and
kaempferol-5-rhamnoside. %

Brackenridgea zanguebarica (Ochnaceae), bongo, is a tree that can reach a height
of up to 10 m. The specie occurs in dry lowland forests and woodland of Tanzania
and other Southern and eastern Africa. The tree is believed to have magical powers
in warding off evil spirits and in protecting from lightning strikes.'*” In Mozambican
traditional medicine, the bark and roots of B. zanguebarica are used to treat
diarrhoea, wounds, venereal diseases, and other ailments.?® From the methanolic
extract of the leaves the three flanones vitexin (61), iso-orientin (62), and
sequojaflavone (63) were isolated.'%
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Figure 10. Phenolic compounds isolated from the leaves extracts of L. kirkii and B. zanguebarica.

Known as sources of chromones and coumarins, the two chromones ptaeroxylinol
acetate (64) and peucenin (65) and the two coumarins prenyletin (66) and scopoletin
were isolated from the roots of P. obliquum.®*
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Figure 11. Phenolic metabolites isolated from the root extract of P. obliquum.

Through bioassay-guided fractionation of the methanol extract of the root bark of
C. kirkii, six metabolites with different scaffolds, chamanetin (67), siochamanetin
(68), dichaamanetin (69), (-)-cleistenolide (70), acetylmelodorinol (71), and
benzophenone (72) were isolated.®? The C-benzylated flavanone 69 exhibited strong
bacteriostatic and bactericidal effects on all the Gram-positive bacteria tested.
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Figure 12. Structures of phenolic compounds isolated from the root bark of C. kirKkii.
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Pyrenacantha (Icacinaceae) species are used widely to treat infectious diseases
such as ulcers, diarrhoea, herpes, and AIDS. Pyrenacantha kaurabassana (local
name: dema) is found in Mozambique, Tanzania, and Zimbabwe. From an extract
of the tubers of this plant, two heterodimers comprising anthraquinone and
methylbenzoisocoumarin moieties (73 and 74) were isolated together with the two
antraquinones emodin (75) and physicon (76). The metabolites 73 and 74 showed
antibacterial activities against S. aureus and Helicobacter pylori.'*®

OH O OH
+ 0
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o]
73R =H 75R=H
74 R = OCH, 76 R = CHy

Figure 13. Heterodimers and antraquinones isolated from P. kaurassana.
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The aqueous extracts of the latex of plant Synadenium carinatum
(Euphorbiaceae) have been used in the traditional medicine to treat a number of
inflammatory disorders.*'® From an extract of the leaves of this plant the three
glycosy! derivatives of kaempferol 3-O-glucoside, 3-O-rhamnoside, and 3-O-
galactoside, respectively, were isolated.''! The glucoside of resveratrol was isolated
from the roots of T. sericea.*?

The roots of Cladostomon kirkii (Capparaceae) are used in Mozambican
traditional medicine for the treatment of diarrhoea, stomachache, abdominal
disorders, colds, sexual performance, and venereal diseases.*®%! From an extract of
the leaves of this plant, Bombardelli and co-workers isolated two kaempferol
derivatives (kaempferin and kaempferol 3-gluco-7-rhamnoside) and two quercetin
derivatives (quercetin 3,7-dirhamnoside and quercetin 3-gluco-7-rhamnoside).'%

The herbal plant, H. obtusa is widespread in South East Africa. Its bulbiform
rhizome is used for preparing infusions for urinary diseases. From the methanol
extract of the ground rhizome the metabolite 7 was isolated.?®

2.4 Nitrogen-containing compounds

More than 100,000 of secondary metabolites have been identified from natural
sources, including nitrogen-free (such as terpenes, saponins, polyketides, phenolic,
and polyacetylenes) and nitrogen-containing metabolites (such as alkaloids, amines,
cyanogenic glycosides, non-protein amino acids, glucosinolates, alkamides,
peptides, and lectins). The alkaloids are a highly diverse group of naturally chemical
compounds containing one or several nitrogen atoms either in a ring structure (true
alkaloids) or in a side chain (pseudoalkaloids). Chemically, they behave as bases.
Depending on the ring structure and biosynthetic pathways, alkaloids are subdivided
into  pyrrolidine, piperidine, pyrrolizidine, quinolizidine, isoquinoline,
protoberberine, morphinane, quinolone, acridone, indole, monoterpene indole,
diterpene or steroid alkaloids. Several alkaloids exhibit significant biological
activities. !

From an extract of the roots of Z. capense, the alkaloids, zanthocapensine (77),
decarine  (78), norchelerythrine (79), dihydrochelerythrine  (80), 6-
acetonyldihydrochelerythrine (81), tridecanonchelerythrine (82), 6-
acetonyldihydronitidine  (83), rutaecarpine  (84), skimmianine (85),%%
oxychelerythrine (86), oxynitidine (87), arnottianamiden (88), and (+)-tembamide
(89)'% were isolated (Fig. 14). Metabolite 85 showed high activity against M.
tuberculosis.®® 77-81 and 83 showed inhibitory activity against S. aureus.” 77, 78,
and 81 displayed cytotoxic to HCT116 cells.*®
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Figure 14. Alkaloids isolated from the roots of Z. capense.
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Most of the Tabernaemontana species (Apocynaceae) have been used to treat
tumors and cancer, and occur in tropical and subtropical parts of the world,
including Africa.*** The plants has been used for the treatment of malaria and
respiratory complaints.”® These species are characterized by producing large
amounts and wide range of indole alkaloids, mainly corynanthe-type monoterpene
alkaloids.*™ The phytochemical analysis performed with an extract of the leaves of
Tabernaemonta elegans (cacho) led to the isolation and characterization of three
indole alkaloids, belonging to a class of s-carbolines indole alkaloids, tabernines A-
C (90-92) (90-92).%®

92

Figure 15. The g-carbolines alkaloids isolated from the leaves of T. elegans.
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From an extract of the root bark of this plant the monomeric indole alkaloids
dregamine (93) and tabermontanine (94), as well as the bisiindole alkaloids
conoduramine (95), tabernaelegantines A-D (96-99), tabernaelegantinines A (100)
and B (101) were isolated.**"1®
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Figure 16. Indole alkaloids isolated from the roots bark of T. elegans.

From an extract of the root of T. elegans, monoterpene indole and bisindole
alkaloids were isolated. Besides the isolation of metabolites 93, 94, 98, and 101,
Mansoor and co-workers also isolated 16-epidreganine (102), voacangine (103), and
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vobasine (104).'** The bisindole alkaloids (19°S)-hydroxytabernaelegantine A
(105), 3’-oxotabernaelegantine C (106), and 3’-oxotabernaelegantine D together
with metabolites 96 and 108 were isolated by Paterna and co-workers, together with
(3’R)-hydroxytabernaelegantine C.*'?° Their structures are presented in the Fig.
17.

Figure 17. Indole alkaloids isolated from the roots of T. elegans.

From the extracts of a T. elegans callus culture, fourteen alkaloids were isolated.
Besides the isolation of metabolites 94, 96-98, 100, 101, and 104, the metabolites
isovoacangine (109), vobasinol (110), apparicine (111), 16-hydroxy-16,22-dihydro-
apparicine (112), tubotaiwine (113), isositsirikine (114), and 3(R/S)-hydroxy-
conodurine (115), were also obtained.?
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Figure 18. Indole alkaloids isolated from the T. elegans callus culture.

Gymnosporia arenicola (syn. Maytenus heterophylla, Celastraceae) is an African
shrub or small tree, which naturally occurs in coastal sand dunes of Southern
Mozambique and South Africa.!?* This plant is often employed in the African
traditional medicine against infectious and inflammatory diseases.>**? In search of
phytochemicals with promising cytotoxic activity from Mozambican plants, da
Silva and co-workers isolated the spermidine macrocyclic alkaloid 116 from an
extract of the leaves, which was shown to be non-cytotoxic towards the cell lines
tested.'?

The root of C. obtusa yielded two steroidal alkaloids with a 5A-pregnen nucleus
(117 and 118),%#8 while a chloroform extract of the root bark yielded the alkaloid
echuinulin (119).% The structures of these compounds are presented in the Fig. 19.
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Figure 19. Structures of the alkaloid isolated fromt G. arenicola, C. obtusa, and C. kirKkii.

Gorgonians produce a plethora of novel metabolites with diverse carbon
skeletons and biological activities. In search for novel anti-oesophageal cancer
agents from Southern African marine invertebrates, the methanol extract of the
gorgonian Leptogorgia gilchhristi collected in Mozambique was investigated. The
EtOAc partition fraction vyielded three tetraprenylated alkaloids, the
malonganenones A-C (120-122).1%
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Figure 20. Tetraprenylated alkaloids isolated from the marine gorgonian L. gilchhristi.

Lissoclimum and Didemnum ascidians are prolific producers of cyclic peptides.
A particularly intriguing family of marine cyclopeptides produced by Lissoclimum
patella and Didemnum molle is the 18-, 21-, and 24- membered cyclopeptides
characterized by an alternating sequence of thiazole, thiazoline or oxazoline
heterocycles and hydrophobic amino acids.*® D. molle is a common Indo-Pacific
ascidian associated with endosymbiotic Prochloron algae. Different cyclic peptides
were isolated from D. molle collected in different locations; the hexapeptides (18-
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membered) comoramides and the heptapeptides (21-membered) mayotamides from
the collection in Comoros Islands,*® the heptapeptides cyclodidemnamide from
Philippine Islands,*?” and mollamide.*?® The cycloheptapeptide, cyclodidemnamide

B (123) was isolated from this marine ascidian collected at Ibo Island, Mozambique.
129

Lithistid sponges have yielded a wide variety of bioactive marine natural products
that include a diverse array of cyclic peptides, which are notable for their
incorporation of structurally unusual amino acids and nonproteinorgenic D-amino
acids.™*° Lithistid sponges identified as Theonella sp. are often superficially similar
to Theonella swinhoei (Theonellidae), except that the interior tissue is colored
orange or yellow due to the presence of aurantoside A (124). Schmdt and co-
workers, besides isolating 124 they also isolated the two cyclic peptides mozamides
A (125) and B (126) from a theonellid sponge collected in the Southern
Mozambique.™® Two other cyclic peptides known as swinholide A (127) and
theopaulamide (128) were isolated from Mozambican specimens of the lithistid
sponge T. swinhoei.**

The thiocoraline (129), a depsipeptide with antitumor activity, was isolated from
the marine soft coral Micromonospora marina collected off the Mozambique
coast.’®31** The metabolite 129 demonstrated activity against a variety of subpanels
in the NCI’s 60 cell line screen, including breast, colon, renal, and melanoma, and
was reported by PharmaMar scientists to have in vivo activity.'*®
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Figure 21. Secondary metabolites isolated from Mozambican marine sources
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2.5 Other classes of metabolites from Mozambique

Afzelia cuanzenzis (Caesalpiniaceae) is a tropical plant found in Africa belonging to
the genus of Afzelia which comprise fourteen plant species.’® The roots and bark
are used for treatment of venereal diseases, general sexual transmitted diseases.?®
From an extract of the seeds of this plant were isolated crepenynic acid (130) and
dehydrocrepenynic acid (131).2% The 4-ethyl-nonacosane (132) was isolated from
the leaves of L. javanica® and from the root bark of C. kirkii was isolated the cis-
solamin (133).%
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Figure 22. Other metabolites isolated from Mozambican plants

2.6 Aim of the thesis

Plants have been one of the most important sources of medicines throughout
times. Recently, in spite of tremendous advances in the field of natural products
chemistry, they still remain one of the major sources of drugs in the modern as well
as traditional system of medicine. Throughout the world, over 74 % of all
pharmaceuticals are plant-based.

In this work, four medicinal plants used in Mozambique for the treatment of
various ailments were selected based on their traditional uses. The selected plants
were from different families: Cadaba natalensis (Paper 1), Clematis viridiflora
(Paper I1I), Brachylaena discolor (Paper IlI), and Senna spectabilis (Paper V)
Extracts of these four plants were evaluated with the aim to characterize their
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chemical constituents, as well as to assay the leishmanial activity of some of isolated
metabolites.

In order to achieve the aim, the main tasks were:

26

A review of the literature on the four selected plant from the aspect of
chemistry and pharmacological properties.

Collection and identification of the selected plant species.

Preparation and fractionation of their crude extracts.

Isolation of the chemical constituents by chromatographic techniques.
Structural elucidation and characterization of the isolated metabolites
using spectroscopic methods.

Leishmanial activity assay for some isolated metabolites.



3 Plants Investigated

3.1 Cadaba natalensis (Paper I)

3.1.1 Introduction

The family of Capapraceae comprises approximately 40 to 45 genera with 700 to
900 species distributed in various habitats.”*” A number of medicinal plants
belonging to this family are known, including the genus of Cadaba. Cadaba is a
genus with 30 species widely distributed in southern Africa, India, Malaysia, and
Australia.’*® Some species have been reported as toxic plants, while others are
reputed for their medicinal values, such as purgative, antihelmithic, antispasmodic,
antibacterial properties.*****! Alkaloids and sesqueterpene lactones are the most
metabolites found in Cadaba species.”*® Cadaba natalensis Sond. (tsatsassatana) is
a shrub found in Southern Mozambique, South Africa, and Swaziland.>
Medicinally, the roots and leaves have been used to treat tuberculosis in
Mozambique,>**® to induce vomiting and to treat chest pains in South Africa.'*
Prior to this study, no chemical investigations were done on this plant.

3.1.2 Results and discussions

The air-dried roots (300 g) were extracted sequentially by maceration with n-
heptane, chloroform, EtOAc, and MeOH vyielding four crude extracts weighing 8.9
g, 13.2 g, 35.1 g, and 57.7 g, respectively. By the employment of several
chromatographic methods, from the EtOAc extract, the macrocyclic dibenzo-
diazacyclodo- decanedione (134), thalifoline (135), N-methylcordaldine (136), and
nepetin (137) were isolated, while the analysis of the n-heptane fraction yielded -
sitosterol (138), (S)-2-ethyl-2-methyloxazolidin-5-one (139a), and (R)-5-ethyl-5-
methyloxazolidin-2-one (140). By the analysis of the spectroscopic and physical
data of the isolated metabolites, 134 and 139a were characterized as knew
compounds, while the 140 was identified as natural product for the first time. 140
was obtained synthetically by halohydrin dehalogenase catalysed opening of the
corresponding racemic terminal epoxide in the presence of cyanide.'*® The
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structures of the know metabolites were established by comparison of their
spectroscopic data with the reported data in the literature.
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Figure 23. Structures of the metabolites isolated from the roots of C. natalensis.

The NMR data of metabolites 134-136 were very similar. It was found that they
are related to thalifoline (135). 135 was obtained as colorless solid with molecular
formula C11H13NO3, based on its HR-ESMS (m/z 208.0972 [M+H]"). Its *H-NMR
showed resonances at o4 2.93 (2H, t, J = 6.7 Hz, H-4), 3.16 (3H, s, N-CH3), 3.51
(2H,t,J =6.7 Hz, H-3), 3.95 (3H, s, O-CHj3), resonances for aromatic protons at dn
6.63 (1H, s, H-5) and 7.72 (1H, s, H-8), and a sharp singlet at 6.05 for a phenolic
hydroxyl group. The *C-NMR displayed eleven attributed for six aromatic carbons
(C-4a, C-5, C-6, C-7, C-8), a carbonyl group (C-1), N-CH;, O-CHs, and two
methylene groups (C-3 and C-4). The DEPT data revealed that C-5 and C-8 were
hydrogenated carbons in aromatic system. Only the coupling between H-3 and H-4
was observed in COSY spectrum, suggesting that the aromatic ring is
tetrasubstituted ring at positions 4a, 6, 7, and 8a. The final structure of 135 was
deduced on the basis of HMBC correlations between N-CHs to C-1 and C-3; H-3 to
C-1, C-4, and C-4a, and N-CHs; H-5 to C-4, C-6, C-7, and C-8a; H-8 to C-1, C-4a,
and C-6, and OCHj3 to C-6 confirmed the position of the methoxy group. The final
structure was confirmed by NOESY correlation between OCHj; to H-5, as well as
by the presence of six degrees of unsaturation. The spectroscopic data were very
similar to those reported to thalifoline.***

The molecular formula of 136 was deduced to be Ci12Hi1sNO,. The molecular
formula suggested the presence on an extra methyl group compared to 135, which
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was confirmed by the presence of resonances for OCHs in both *H and *C-NMR
spectra. The absence of the hydroxyl group on 136 it was possible to determine the
position of the methoxy group at C-7, and it was confirmed by HMBC and NOESY
correlations between OCHs toC-7. Thus 136 was identified as N-methylcorydaldine,
and its data were similar with the reported in the literature.**

134 was isolated as a colorless solid with molecular formula CzH26N20s, as
suggested on the basis of its HR-ESMS (m/z 415.1865 [M+H]"). An analysis of its
NMR data showed a similar pattern to 135. On the basis of MS data (molecular
formula, molecular mass, and eleven degrees of unsaturation) it was concluded that
134 is a dimer of 135. These observations were confirmed by the appearance of a
fragment at m/z 208, corresponding to [M+H]" for 135. 134 was found to be a novel
macrocyclic dibenzo-diazocyclododecanedione.

Metabolites 134-136 belong to a class of compounds called isoquinolone
alkaloids. The isoquinlone alkaloids are found as minor constituents in plants.
Besides occurring in others family species, the Thalictrum spp. (Ranunculaceae) are
the most common sources of these metabolites and they have been reported to
possess a vasorelaxant effect.246-14

Metabolites 134 and 135 could share the same biogenetic pathway, although the
route is not known. The isoquinolone alkaloids derive biogenetically by oxidative
cleavage of a simple benzylisogquinoline.**® Dopamine is the precursor of
isoquinoline alkaloids moiety, whereas the 4-hydroxyphenylacetaldehyde is
incorporated as the benzyl component (Fig. 24). The (S)- norcoclaurine formed is
transformed into (S)-N-methylcoclaurine, which probably could be the precursor of
134-136."%°
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Figure 24. Proposed biogenesis route for metabolites 135-136
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137 was isolated as a yellowish solid. The HR-ESMS displayed the [M]" at m/z
316.0423, corresponding to the elemental composition CisH1,07. The *H-NMR
spectrum has the presence of two singlets at 6w 6.60 (H-8) and 6.79 (H-3). The other
aromatic protons for ring B were assigned as doublet at 7.38 (H-2"), doublet of
doublets at 6.92 (H-6"), and doublet at 6.89 (H-5"). Moreover, the spectrum
indicated the presence of OCHgs at 3.60. In the COSY spectrum, the correlations
between H-6" to H-2” and H-6" to H-5" were observed. In the *C-NMR spectrum,
sixteen signals were observed. The most downfield **C signal at 181.3 was assigned
as C-4. Based on *C-NMR and DEPT analysis six aromatic oxygenated carbons at
dc 162.4, 157.0, 152.8, 152.3, 149.6, and 144.9 were assigned to C-2, C-7, C-5, C-
9, C-4’, and C-3’, respectively. The three remaining quaternary carbons were found
at 131.0, 121.5, and 104.0, for C-6, C-1°, and C-10, respectively. From the HMBC
spectrum the five methine aromatic signals were found at 119.2, 116.1, 113.3, 102.5,
and 94.0 for C-6" C-5°, C-2°, C-3, and C-8, respectively. HMBC correlations
observed between: OCHs; to C-6; H-8 to C-4, C-6, C-7, C-9, and C-10; H-3 to C-1°,
C-2,C-4, and C-10; H-2’ and H-6’ to C-1°, C-2, C-3’, and C-4’, made it possible to
determine the structure of 137 as a flavone named nepetin.***

138 was isolated as colorless oil, and its mass spectral data suggested the
molecular formula CxHsO. The *H-NMR spectrum showed the presence of six
methyl groups as three doublets (Me-19, Me-26, and Me-27), one triplet (Me-24),
and two singlets (Me-28 and Me-29), as well as, an olefinic proton (H-6) and an
oxygenated hydrogen (H-3). The analysis of *C-NMR, together with COSY,
HMQC, and DEPT data, twenty-nine carbons signals were assigned including six
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methyl, eleven methylene, nine methine groups, and three quaternary carbons. The
structure of 138 was elucidated as g-sitosterol by comparison of the spectroscopic
data with those reported in the literature.’® However, the key COSY correlations
between H-2 and H-3, H-6 and H-7, H-9 and H-11, H-14 and H-15, H-21 and H-22,
H-25 and H-26, H-25 and H-27; as well as the key HMBC correlations between H-
6 to C-4, C-5, and C-10; H-28 to C-10; H-29 to C-14; H-17 to C-20; H-20 to C-22;
and H-22 to C24, were observed. 138 is widely distributed in the plant kingdom. It
is found in vegetable oils, nuts, and some prepared foods like salad dressings. It has
the potential to reduce benign prostatic hyperplasia and high blood cholesterol
levels. Its high concentrations in blood have been correlated with increased severity
of heart disease in people that previously suffered from heart attack.'*®

The analysis of MS data of 139a and 140 revealed that both metabolites were
isomers and the *H-NMR data showed same features in terms of chemical shifts and
multiplicity. In order to characterize each compound the *C-NMR was analysed.
The chemical shift of the carbonyl groups were different. For 139a was found at dc
188.6 corresponding to an ester while in 140 was found at d¢c 159.4 for a carbonyl
group with two heteroatoms. These observation were confirmed by the analysis of
the chemical shifts of the quaternary carbon atoms in both compounds. In 139a the
quaternary carbon appear at 6c 91.1 for a carbon atom with two heteroatoms while
in 140 is found at d¢ 83.6 for a carbon with an oxygen atom. Thus, both compounds
could be identified, 139a was a novel metabolite while 140 was isolated for the first
time as natural product. The absolute configuration of 139a was determined based
on Mosher’s method®*, which implies the preparation of 2S- and 2R- esters
derivatives (139b and 139c) for 139a. Thus, the absolute configuration of 139a was
determined and the compound was named (S)-(+)-2-ethyl-2-methyloxazolidin-5-
one. Due to lack of material, the absolute configuration of 140 was not determined.
However, from the literature it was proposed to be (R)-5-ethyl-5-methyloxazolidin-
2-one.*

The Streptomyces spp. are the only reported source for the oxazolidin-5-one.
They are biosynthesized under specific nutrient and stress conditions by
Streptomyces venezuelae. The formation of the five-membered oxazolidin-5-one
arises through the reaction of the amino acid present in the culture medium with a
biosynthesized precursor aldehyde or ketone. The pathway generates a reactive
aldimine that undergoes series of transformations to furnish a cyclic product as
outlined in Fig. 25.1%51%¢
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Figure 25. Proposed biosynthesis pathway of oxazolidin-5-one (139a)

Although rare in nature, stereoisomers of oxazolidin-2-one have been isolated
from marine sponges belonging to the order of Verongida, mainly as dibrominated
phenolic bis-oxazolidin-2-one. Their biogenesis has never been investigated.
However, it is thought that they are derive biogenetically from the amino acid
dibromotyrosine.’>** The metabolite 140 has an isoprene unity, and could be
derived from an amino alcohol and a carbonate. The amino alcohol may be derived
from an isoprenoid unity or from an unusual rare s-hydroxyamino acid (Fig. 26).
The only known p-dialkyl-substituted amino acid is S-hydroxy valine. Although
they have similar functionalities and tHNMR data, and the same molecular formula,
139a and 140 could not share the same biogenesis.

H,N
. S)
)J\/ - . + HCOO o 140
HO
Isoprene
-CO,
g o)
HO %OH
NH,

p-hydroxyamino acid

Figure 26. Proposed biogenesis of 140
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3.2 Clematis viridiflora Bertol. (Paper I1)

3.2.1 Introduction

The family of the Ranunculaceae is composed by 62 genera with 2,450 species
distributed all over the world except Antarctica. Many genera of the family have
ornamental species that are used in gardens. A number of species are highly
poisonous and some species have traditional medicinal uses,*® most of them
belonging to the genus of Clematis.

Clematis, a large genus within the dicotyledons, with approximately 350 and 355
species, is native in the temperate zone in both hemispheres and many species are
horticultural interest, and some other are regarded as pharmaceutically
important.'°1%% At least twenty six species of the genus have been traditionally used
in various systems of medicine for the treatment of various ailments such as nervous
disorders, syphilis, malaria, dysentery, rheumatism, asthma, and as analgesic, anti-
inflammatory, diuretic, antitumor, antibacterial, and anticancer.’®*% A survey of
the literature revealed that triterpenes saponins, alkaloids, flavonoids, steroids,
coumarins, macrocyclic compounds, phenolic glycosides, anemonin, and volatile
oils constitute major classes of constituents of the genus.***!®® There are 13 species
growing in Mozambique and Clematis viridiflora Bertol. (kwassakwassa) is found
in the Southern and Central parts of the country.*®’ The roots and leaves of the plant
have been medicinally used for the treatment of malaria and headache.?®*® Prior to
this study, no chemical investigations were done with this plant.

3.2.1 Results and discussions

In search for interesting secondary metabolites from the diverse flora of
Mozambique an extract of the leaves of C, viridiflora was investigated for its
chemical constituents. The air-dried powdered leaves were extracted with a mixture
of MeOH:CH.Cl; (1:1) to afford a crude extract which was then partitioned between
n-heptane, CH,Cl;, and EtOAc, successively. After several chromatographic
methods purifications, the metabolite 141 was isolated from the CH,CI; sub-fraction
as a yellowish solid. The chromatographic analysis of the EtOAc sub-fraction led to
the isolation of the following metabolites: prunassin (142), chlorogenic acid (143),
5-p-coumaricquinic acid (144), caffeic acid (145), umbelic acid (146), baicalin
(147), quercetin-7-O-p-galactopyranside (148), astragalin (149), flindalatin-5-
methyl ether (150), benzoic acid (151), 4-hydroxy-benzoic acid (152), 3-O-[2’-
(tetracosyloxy)acetyl]lupeol ether (153). In addition 141 was assayed to leishmanial
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activity towards to leishmanial strains L. amazonensis clon 1 and L. brasiliensis.
Their structures are presented in the Fig 27.

HO, COOH

142
143: R=R;= H R,= OH

X" “0H )L, OH 144: R=R;= Ry= H R
HO™ " ~
R2 R O
R, ¥~ YOH

145R=H,R1 =R2=OH
146: R= R, = OH; R; = H

148: R= H; Ry= OH, R,= gal
149; R= R,= OH; Ry=glc

- 151: R=H
150 152: R=OH

153

Figure 27. Secondary metabolites isolated from the leaves of C. viridiflora.

From the analysis of its spectroscopic analysis, it was deduced that 141 was a
novel metabolite with a sulfur-containing indole nucleus. The final configuration
and assignment was based on the analysis of NOESY correlations observed between
protons S-CHs to CH3, CHs to S-CH3 and O-CHs, as well as O-CHs to H-5 and CHs.
Thus, 141 besides being a novel metabolite, also, was identified as the first sulfur-
containing indole nucleus isolated from any member of the Ranunculaceae family.

Most of studies related to sulfur-containing indoles were devoted to Brassica spp.
(Cruciferae), which are the main source of these metabolites, in which they are
found as minor constituents and are known as phytoalexins with a wide range of
biological activities.'*® " The main characteristic feature of these metabolites is the
presence of one or two sulfur atoms, of which one of them is located at C-2.1"° The
indole nucleus is biogenetically derived from L-Tryptophan and the sulfur atoms are
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incorporated through Cysteine and Methionine. The brassicanal could be the
biosynthetic precursor of 141, as suggested in Fig. 28. The biogenesis of brassicanal
A was studied in Brassica campestis.’®®"112 141 showed antileishmanial activity
against both leishmania strains L. amazonensis clon 1 and L. brasiliensis, with 1Csg
values 25.0 and 13.2 uM, respectively. The positive controle Miltefosine (a current
drug used to treat leishmanial) was slightly more potent with I1Cso values 5.1 and 4.9
uM, respectively.

L-Methionine
—_—

H
NH, N%SCH
3
s

CHO HO, N
CHO L\>/SCH3
A\ SCH3 e wSH - \ Q)
Brassicanal A \\A\

Figure 28. The biogenesis of Brassicanal A, a proposed precursor of 141.

141

The *H-NMR spectrum of metabolite 142 showed one broad aromatic signal as a
multiplet at o4 8.11-7.62, typically for a monosubstituted aromatic ring. A singlet
was observed at 5.93, as well as a doublet at 4.30. The resonance at 3.94-2.83
suggested the presence of the sugar moiety. Based on HR-ESMS and NMR data, its
molecular formula was deduced to be C14H:7NOs. However, the *C-NMR showed
only twelve signal which confirmed the presence of a monosubstitued aromatic ring
(two carbon atoms are missing). The anomeric carbon confirmed the presence of the
sugar moiety. The final structure was determined by HMBC correlations of the H-
a to the aromatic and sugar carbons, and 142 could be identified as a cyanogenic
glycoside prunasin.

Isolation of 142 could indicate that C. viridiflora is a potentially toxic plant.}’®
This also could be confirmed by the fact that some species of this genus are
considered toxic plants. 142 is a cyanogenic glycoside, and cyanogenic glycosides

35



are secondary metabolites composed by a-hydroxynitrile and a sugar moiety, which
after enzymatic hydrolysis release toxic hydrogen cyanide.™

The *H-NMR of 143 displayed two ortho-coupled doublets (H-8 and H-9), and a
broad singlet (H-5), confirming the presence of a trisubstituted aromatic ring
substituted; two doublets for olefinic protons (H-2 and H-3), indicating the presence
of a trans di-substituted ethylene moiety. **C-NMR spectrum showed the presence
of sixteen carbon signals, indicating two carbonyl groups at 6c 175.2 and 167.3
corresponding to C-1 and C-7, respectively. Two oxygenated aromatic carbons (C-
6 and C-7), two olefinic carbons (C-2 and C-3); three aromatic hydrogenated
carbons (C-5, C-8, C-9), one aromatic non-hydrogenated carbon (C-4); three
oxygenated methine carbons (C-3’, C-4’, and C-5), one oxygenated quaternary
carbon (C-1°), and two methylene groups identified as C-2’ and C-6’. The H-C
connectivities were assigned by the analysis of HMQC spectrum. In the COSY
spectrum, besides, correlations between H-8 and H-9; H-5 and H-9, H-2 and H-3,
were also observed the following correlations: H-5" and H-6’; H-3” and H-4’; and
H-3* and H-2’. The final structure was elucidated on the basis of the following
HMBC correlations: H-2 to C-4; H-3 to C-1, C-5 and C-9; H-8 to C-4 and C-6; H-
9to C-3and C-7; H-5" to C-1 and C-1°, C-4’; H-4’ to C6’; H-3- to C-1" H-2" to C-
7°. Thus, 143 was identified as chlorogenic acid.'”

The analysis of *H- and *C-NMR data showed that 144 was structurally similar
to 143. However, in the aromatic region a 1,4-disubstituted ring was present. The
two doublets confirmed the structure of 144 and identified as 5-p-coumarcquinic
acid. Its data are comparable with those found in the literature.'”

The *H-NMR spectrum of 145 displayed resonances for two doublets H-2 and H-
3 for olefinic protons, doublet of doublets for H-8 and H-9, H-9 and H-5. In the *C-
NMR spectrum, nine carbon signals were observed, which corresponded to a
carbonyl group (C-1), two olefinic carbons (C-2 and C-3), three aromatic methines
(C-5, C-8, and C-9), and three aromatic quaternary carbons (C-4, 6-3, and C-7). The
HMBC connectivities between H-5 to C-3 and C-9; H-9 to C-3, C-5 and C-7; H-3
to C-1, helped to deduce the structure of 145 as caffeic acid.'””

The structure of 146 showed the absence of one hydroxyl group in the aromatic
system compared to 145, which was very patent in the *"H-NMR spectrum by the
appearance of two doublets H-2/H-5 and H-4/H-6 and the metabolite was identified
as umbellic acid.'™

143 and 144 are chlorogenic acids widespread in the plant kingdom and they
possess the antioxidant properties.'”® 143 is considered one of the most abundant
polyphenol in the human diet, and is produced by certain species and is an important
component of coffee. Chlorogenic acids are esters formed from cinnamic acid
(caffeic acid) and quinic acid.*”® 145 is a well-known phenolic metabolite found in
many food, including coffee. Recent studies suggested that 145 exert
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anticancerinogenic effect, although little is known about the underlying molecular
mechanism and specific target proteins.**

In general, 143-146 are cinnamic acid derivatives. They are naturally occurring
compounds found in fruits, vegetables, flowers, and are consumed as dietary
phenolic compounds. They play an important role for the production of different
pharmaceutical ingredients. Some derivatives have been reported to have antitumor,
antimicrobial, and anti-inflammatory properties, and others find application in
perfumery and cosmetic industries.®

The HR-ESMS for 147 exhibited a [M+H]" peak at m/z 447.0525 and a fragment
at m/z 271 was observed corresponding a [M+H]" for the aglycone after the cleavage
of the glucuronic acid, and the molecular formula was found to be C3;H15011. The
'H-NMR indicated the presence of aromatic resonances of two singlets C-3 and C-
8, and a multiplet at 8.06-7.60 corresponding to an aromatic ring monosubstituted.
3C-NMR showed the typical fifteen carbon atoms for the flavone, one carbonyl
group (C-6"’), five methine carbons, corresponding to a sugar moiety. One on the
methine carbons was found to be anomeric (C-1°"). The HMQC helped to assign all
H-C conectivities. The key HMBC: H-1"" to C-7; H-8 to C-1"’, C-6, and C-10; and
H-3 to C-1’ and C-10, were used for the structural confirmation of baicalin and its
data were compared with the reported in the literature.’® Baicalin and its aglycone
baicalein have been widely investigated in haematological malignancies due to their
remarkable pharmacological properties as cancer targets.*%

The structures of 148-150 have the same flavone backbone. So the correct
assignment was performed on the basis of NMR data from the data analysed for
metabolite 137. They were identified as quercetin-7-O-f-galactopyraanoside
(148),%8* astragalin (149),® and flindalatin-5-methyl ether (150).1%® 149 is known
to have anti-tumor, anti-inflamatory and antioxidante activities."®” No biological
activities of 148 and 150 have been reported so far in the literature.

The *H-NMR analysis of 151 showed three aromatic signals at 54 8.12 as doublet
(H-2/H-6), 7.62 as a multiplet (H-3/H-5), and another multiplet at 7.40 (H-4), which
suggested the presence of a monosubstituted aromatic ring with unsaturated side
chain. In the *C-NMR seven signals were detected, one attributed for a carbonyl
group and other six for the aromatic ring. By the analysis of DEPT, COSY, HMQC,
and HMBC data, the final structure of 151 was determined as benzoic acid. Its
spectroscopic data match with the reported in the literature.®

152 was identified as 4-hydroxybenzoic acid based on the analysis of its NMR
data. The *H-NMR showed two doublets in the aromatic region for H-2/H-6 and H-
3/H-5. These protons were coupled together according to COSY spectrum. The *C-
NMR displayed seven carbon signals attributed to one carbonyl group and six
aromatic carbons. Two aromatic carbons were found to be quaternary by analysis of
DEPT spectrum, and one of the carbons (C-4) was oxygenated. Based on HMBC
analysis the structure of 152 was identified as a derivative of 151. Its spectroscopic
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data were compared with the reported in the literature.'®® 152 occurs naturally in a
variety of plant species, and has been reported to have a wide range of biological
activity, including the antimicrobial, antimutagenic, antiviral, and nematicidal.
Besides these biological properties, is also used as preservative in many drugs,
cosmetic products, pharmaceuticals, food, and beverages.'*

Metabolite 153 was obtained as colorless solid. Its HR-ESMS showed a
molecular peak at m/z 827.1290 [M+Na]", and the molecular formula was deduced
to be CssHgsOs. A fragment observed at m/z 412 suggested the presence of lupeol
moiety. The *H-NMR spectrum showed typical chemical shifts for lupeol, a pattern
of signals attributed to a long-chain fatty acid, an overlapped triplet at 54 0.85 for a
terminal methyl, and a large broad signal at 1.23 for a long-chain methylene groups.
Also, from this spectrum, a broad singlet at 4.21 (H-2") and a triplet at 3.47 (H-1"")
were observed. These observations were supported by the appearance of two
oxygenated carbon signals at 8¢ 69.3 (C-2°) and 72.1 (C-1°") in the *C-NMR
spectrum. The HMBC spectrum displayed correlations between H-2" to C-1’ and C-
1”’, H-1" to one of the carbons of the long-chain, and H-3 to C-1°. The nature of
long-chain moiety was deduced by the exhaustive analysis of the MS data. A small
fragment observed at m/z 395 indicated the presence of [CH3(CH,)30CH.CO]"
group, and supported by the fragments found at m/z 367 and 295, for
[CH3(CH2)23s0CH2]" and [CH3(CH2)20]", respectively. Thus, the structure of 153
was deduced as 3-O-[(2’-tetracosyloxy)acetyl]lupeol ester, and its spectroscopic
data were very similar to these reported in the literature (Fotie et al., 2006). Lupeol
and its esters derivatives are naturally occurring pentacyclic triterpenes found
mostly in cabbage, green pepper, olive, and mangos. They have been reported to

possess antimalarial, anti-inflammatory, antibacterial, and antitumor properties.**
193

3.3 Brachylaena discolor (Paper I11)

3.3.1 Introduction

Asteraceae is the one of the largest and economically most important family of
flowering plants and consists approximately 1,100 genera and 20,000 species,
distributed worldwide, especially in temperate areas.’® Several species of this
family possess medicinal properties,’®® and sesqueterpene lactones are the
commonest secondary metabolites found within the Asteraceae.'*®

The genus of Brachylaena is composed by 11 to 13 plant species, which five of
them are endemic to Madagascar, while the others occur on the African mainland,
mostly restricted to southern Africa."'% These medicinal plants are reported to be
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rich in sesqueterpene lactones, sesquitepenoids, terpenoids, tannins, and cardenolide
glycosides.’®® Brachylaena discolor is a small tree with three known varieties:
discolor, transvaalensis, and rotundata.’® In traditional medicine, the roots and
leaves have been used for the treatment of stomachache, tuberculosis, and
diabetes.>* 20201 previous phytochemical analysis done its aerial parts led to the
isolation of a sesqueterpene lactone, onopordopicrin (153).%%

3.3.2 Results and discussion

In a continuing studies of phytochemical constituents with interesting structures
isolated from Mozambican medicinal plants, antileishmanial activity was detected
with metabolite 141 in a previous investigation. In this study, an extract of the leaves
of B. discolor (var. discolor) was investigated. The methanolic crude extract was
fractionated between n-heptane, CHCIs, and EtOAc. Repeated chromatographic
purifications of the EtOAc sub-fraction yielded thirteen metabolites. Two were
identified as sesqueterpene lactones (153) and its gernacronolide epoxide,
salonitelonide-8-0-2’-3’-isobutyrate (154) and eleven as phenolic compounds,
hydroxytyrosol (155), dihydrosinapic acid (156), 6°’-O-acetyl homoplantaginin
(157), onoporidin (158), 3’-hydroxygenkwanin (159), luteolin (160), quercetin-3-
O-glucoside-7,3’,4’-trimethyl ether (161), quercetin-3-O-p-D-galactopyranoside
(162), eupafolin (163), and 148. Metabolites 153 and 154 were assayed for their
antileishmanial activity against L. amazonensis and L. brasiliensis stains.
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Figure 29. Structures of metabolites isolated, dehydrozaluzanin C (164) and costunolide (165).

Metabolite 154 was isolated as colorless oil, and its molecular formula was
assigned to be Ci9H2406 according to its HR-ESMS analysis (m/z: 319.1650
[M+H]", calc. for C19H2506) and NMR results. The IR spectrum contained peaks at
3450, 2995, 1755, and 1705 cm™, corresponding to OH, methylene, y-lactone, and
unsaturated ester, respectively. The *H-NMR spectrum of 1 showed the presence of
an olefinic methyl group (6n 1.58, S), oxygenated protons appeared at 61 5.16, 5.15,
4.29, 4.19, and 4.02. Also, from this spectrum six olefinic protons at 4 627, 6.26,
6.14, 5.96, 5.80, and 5.73, were observed. All the proton signals shown in the *H-
NMR spectrum of 1 were assigned on the basis of HMQC and DEPT observations.
The C-NMR spectrum displayed 19 carbon signals. Two carbonyl groups (C-12
and C-16), six olefinic carbons (C-1, C-4, C-5, C-10, C-11, and C-13), three methine
groups (C-5, C-7, and C-8), where the methines C-5 and C-8 were oxygenated. In
addition, two oxygenated methylenes (C-15 and C-3), one methyl (C-14), and other
three methylenes groups (C-2, C-3, and C-9), were observed. The analysis of *H and
3C-NMR data gave an evidence that three double bonds were present in 1, and
according to IR data two of them were o, B-unsaturated carbonyl groups. The
HMBC correlations between H-18 (o and B) to C-16 and C-3; and H-3’to C-1"helped
to determine the presence of 2-(hydroxymethyl) acrylate group in the molecule, with
unusual four carbon atoms. The extensive analysis of HMBC correlations between

40



H-13 (o, B) to C-12 and C-7; H-7 to C-12, H-8 to C-6 and C-1; H-15 to C-3; H-2 to
C-4 and C-14; H-1 to C-2; H-14 to C-9, the presence of a y-lactone group identified
from the IR data, and taking into account the number of the remaining 15 carbon
atoms based on molecular formula, was concluded that the structure of 1 has
compatibility with a germacrane-type sesqueterpene lactone, and its spectroscopic
and physical data were very similar to these published for onopordipicrin.®®,

The basic germacrolide structure of 155 was found to be similar to 154 by the
analysis of its spectroscopic data. However, the side chain at C-8 was different.
NMR data suggested the presence on an epoxide (C-2’ and C-3’) than olefinic
carbons as in the structure of 154. This four carbon side chain was determined by
the HMBC correlations and its spectroscopic data were similar to the reported in the
literature for salotenolide-8-0-2’,3’-isobutyrate.?®

The metabolites 153 and 154 were found to be known germacronolide
sesqueterpene lactone derivatives based on the analysis of their experimental
spectroscopic and physical data with the reported in the literature. One interesting
features of the structures of these two metabolites is the presence of an unusual and
rare four carbon atom side chain at C-8 of the germacrane moiety, and both
structures differ by the presence of two o,3-unsaturated groups in 153 compared to
154. Metabolite 153 showed promising leishmanial activity against L. amazonensis
and L. brasiliensis strains with 1Csg values 13.8 and 9.7 uM, respectively, compared
to the positive control Miltefosine (ICso values 5.1 and 4.9 uM, respectively). 154
was inactive against both stains tested. These differences in activities of both
sesqueterpene lactones isolated could be attributable to their structural features. 153
have an extra double bond compared to 154. The extra a-methylene group has
influence, since the methylene groups have been identified as responsible for the
biological effects due to their electrophilic reactivities as Michael acceptors with
thiol groups present in proteins.?®?" The dihydrozaluzanin C (164) isolated from
another Asteraceae member inhibits the growth of leishmanial promastigotes at
concentrations ranging from 2.5 to 10 uM.?% Zimmermann and co-workers reported
that the lack of side chain at C-8, the antitrypanosomal activities lower drastically.?®

Besides being found mainly in the family of Asteraceae, sesqueterpene lactones
are also found in families members.?®® They are derived biogenetically from the
mevalonic acid pathway via farnesyl diphosphate (FPP). Costunolide (165) has been
proposed as the biosynthetic precursor of the germanocronolide-derived
sesqueterpene lactones.?!® The proposed biogenesis of 153 and 154 is presented in
Fig. 30.
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Figure 30. Presumed biosynthetic pathway of 153 and 154.

'H-NMR spectrum of 155 showed two triplets attributed to H-1> and H-2’, which
their coupling was confirmed by COSY data. In addition aromatic protons were
observed as doublet of doublets (H-6), and two doublets (H-5 and H-2). From the
3C-NMR, COSY, HMQC, and DEPT spectra the presence of a tri-substituted ring
was confirmed. Obvious HMBC correlations were observed and 155 could be
identified as hydroxytyrosol 2! This metabolite is found in leaves and fruits of olive,
and possess a broad range of biological activities including the anticancer, antiviral,
and anti-inflammatory properties.?*2

The dihydrosinapic acid (156) was rapidly identified from the analysis its NMR
data and compared to these reported in the literature.”® Sinapic acid (3,5-
dimethoxy-4-hydroxycinnamic acid) and its derivatives are found in spices, citrus,
vegetables, cereals, and are known by exhibiting antioxidant, anti-inflammatory,
anticancer, antimutagenic, antiglycemic, neuroprotective, and antibacterial
activities.?*

The basic structure of metabolites 157-163 was determined to be flavone
derivatives. The structural elucidation of these type metabolites has been described
in this thesis as well as their occurrence and medicinal properties.
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3.4 Senna spectabilis (Paper 1V)

3.4.1 Introduction

Fabaceae (Leguminosae) is the large and economically important family of the
flowering plants with 700 to 751 genera and 19,000 to 20,000 known species,
distributed over the world, with wood genera found mostly in the southern
hemisphere and tropics, while the herbaceous genera is mostly found in temperate
areas.?*>?'® Most of the species belonging to this family have been used not only as
food also for medicinal purposes, including the Senna or Cassia species.?’® The
genus Senna is well-known and is distributed in tropical countries with 260 to 360
species, and they are reputed for their medicinal values.?*”-%'° Phenolic compounds
and sennosides are the most common secondary metabolites found in this genus.??

Senna spectabilis is a plant used in Mozambique for the treatment of diarrhoea,
stomachache, tuberculosis, and asthma.?® Previous phytochemical investigations on
this plant led to the isolation and characterization of a wide range of secondary
metabolites, such as, piperidine alkaloids, triterpenoids, and phenolic compounds,
218221-224 and some piperidine alkaloids have been reported to possess
antileishmanial activity.'®

3.4.2 Results and discussions

From the results obtained previously (Papers Il and Ill) regarding with the
leishmanial activity of the metabolites tested with interesting structures from
Mozambican plants, it was proposed to analyse the extract of the roots of S.
spectabilis. Leishmanial disease is considered one of the neglected tropical diseases
and the drugs currently used miltifosine and Amphotericin B are limited due to their
side-effects or high cost.??®

A chemical investigation of an extract of the roots of S. spectabilis using various
chromatographic purifications yielded eight known metabolites; a quinone methide
triterpenoid  17-(methoxy-carbonyl)-28-nor-isoiguesterin ~ (29), and it’s
biogenetically precursor, friedlin (166), as well as f-amyrin (167), octandronic acid
(168), ursolic acid (169), lupeol (170), chrysophanol (171), and scopoletin (172). 29
is the first quinone methide terpenoid isolated from this plant, and its antileishmanial
activity is reported along with the corrected relative stereochemistry (29a) (see Fig.
31). It was previously isolated from Salacia kraussii and was shown to possess in
vitro antimalarial activity.>’
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Figure 31. Metabolites isolated from S. spectabilis.

'H-NMR of 29a showed characteristic vinyl resonances for this type of triterpenic
quinone methide at downfield, attributed for H-1, H-6, and H-7. The singlet
observed at o1 2.21(Me-23) was due the quinoid methyl group. Other signals in the
spectrum observed clearly were: the vinylic protons (H-29), the methyl groups (Me-
25, Me-26, Me-27, and OMe). The *C-NMR displayed twenty nine signals, and
classified by DEPT and HMQC data as five methyl groups (C-23, C-25, C-26, C-
27, and OCHj3), eight methylene groups (C-11, C-12, C15, C-16, C-19, C-21, C-22,
and a vinylic C-29), four methine groups (the vinylic C-1, C-6 and C-7, and aliphatic
C-18), and eleven quaternary carbons (C-3, C-4, C-5, C-8, C-10, and C-20 as
vinylic; C-9, C-13, C-14, and C-17 as aliphatics, and C-2 as carbonylic). The HMBC
correlations between H-18 to C-14, C-16, C-20, and C-27; H-27 to C-12 and C-18;
H-26 to C-8, C-16, and C-27; H-7 to C-5, C-9 and C-14; H-29 to C-19 and C-21, H-
23 to C-5and C-3; H-1 to C-3, C-5, and C-9; H-25 to C-7, C-10, and C-11; and H-
6 to C-4, C-8, and C-10, led to determine the structure of 29. However, by the
analysis of NOESY spectrum, correlations between Hs-25, H3-26, H3-27, and H-18
revealed a different relative stereochemistry for Me-27 with the reported structure.
These obervations were confirmed by the Mechanical Quantum calculations. The
corrected structure 29a is presented in the Fig. 31.

Quinone methide triterpenoids are secondary metabolites that occur mainly in the
higher order plant families such as Celastraceae and Hyppocrateaceae. This class of
metabolites display a wide range of biological activities including the anti-
inflammatory, antioxidant, antifungal, antitrypanosomal, antimicrobial, and
antitumor properties.??>22
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The **C-NMR and DEPT analysis of 166 showed the presence of seven methyl
groups (C-23, C-24, C-25, C26, C-27, C-28 and C-29); eleven methylene groups
(C-1,C-2,C-6,C-7,C-11, 12, C-15, 16, C-19, C-21, and C-22), five methine groups
(C-4, C-8, C-10, C-26, and C-18), and six quaternary carbons (C-2, as carbonyl; C-
5, C-9, C-13, C-14, and C-20) accounting to the molecular formula C2H4s0. The
HMQC was used to determine the H-C connectivities. The HMBC correlations for
H-23 to C-1 and C-5; H-24 to C-4, C-6, and C-10; H-25 to C-8, C-10, and C-11; H-
2 to C-4 and C-10; H-27 to C-8, C-13 and C-15; and H-28/H-29 to C-19 and C-21,
helped to find a backbone of the molecule, which its final structure was found by
comparison of the reported data for friedelin.??’ Based on the same analysis done
for 166, the structure of 167 was determined as octandronic acid.?*®

The biological activities of 166 have been investigated. The molecule has shown
to have antibacterial, vasodilation, anti-histaminic, anti-inflammatory, analgesic,
and antipyretic properties. The gastro-protective, anti-oxidant, and liver protective
activities and the ability to inhibit some cancer cell lines have been reported. 166
has been claimed to be the precursor of antitumoral quinone methide triterpenoids,
including maytenin and pristemerin in Celasteraceae and Hippocraceae families.?*

Based on its HR-ESMS, the molecular of 169 was deduced to be C3HsO. The
'H-NMR showed the presence of eight methyl singlets (Me-23, Me-24, Me-25, Me-
26, Me-27, Me-28, Me-29, and Me-30), one olefinic proton (H-12), and an
oxygenated proton (H-3). The analysis of the ®*C-NMR, COSY, DEPT, and HMQC
is was possible to assign all the protons and carbons. The backbone of the structure
was done on the basis of HMBC correlations found in the clearly identified protons
signals. So from spectrum the connectivities of H-3 to C-1 C-5, and C-23/C-24; H-
23/H-24 to C-3 and C-5; H-25 to C-1, C-5, and C-9; H-26 to C-7, C-9, C-14; H-12
to C-9, C-14, and C-17; H-30 to C-16, C-18, and C-22; H-29 to C-19 and C-21; H-
28 to C-20 and C-18; and H-27 to C-8, C-13, and C-15, were observed. The main
structures was found to be similar to f-amyrin and the spectroscopic data were
compared with the reported in the literature.®® Thus metabolite 169 was
characterized as usrsolic acid.”** As most of the pentacyclic triterpenes, 168 and 169
are widely distributed in higher plants. They are known to possess the antimicrobial,
anti-inflammatory, anticancer, antiviral, and antimycobacterial activities.?*
Metabolite 170 was identified as lupeol.*® Its structural elucidation of 170 as well
as the biological activities were described in this thesis for the lupeol derivative
(153).

The *H-NMR spectrum of 171 showed five signal in the aromatic region (H-2, H-
4, H-5, H-6, and H-7), a methyl group, and two chelated protons at 64 12.10 and
12.00. The analysis of **C-NMR and DEPT the C-9 and C-10 were found to be
carbonyl groups. In the COSY spectrum, the correlations of H-2 and H-4, H-5 and
H-6, H-6 and H-7, were observed. The final structure was determined by the
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following HMBC correlations: H-2 to C-4, C-9, and C-11; H-4 to C-2, C-9, and C-
10; H-5 to C-7, C-8a, and C-10; H-6 to C-8 and C-10a; and H-7 to C-8a. The
structure of 171 was elucidated as chrysophanol.?* 171 and its glucoside derivative
have been reported to exhibit the anti-diabetic properties.?®

The analysis of *"H-NMR of 172 indicated the presence of two aromatic singlets
(H-5 and H-8), two olefinic doublets (H-2 and H-3), a methoxy and an OH groups.
The ¥C-NMR and DEPT data revealed the presence of a carbonyl group (C-1). The
HMBC correlations between H-2 to C-4; H-3 to C-1 and C-9; H-5 to C-3, C-7, and
C-9; and H-8 to C-4 and C-6, helped to determine the structure of 172 as a coumarin
scopoletin,® and it is known to possess antioxidant, anti-inflammatory, and
anticholinesterase activities.?*’
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Conclusions and Remarks

Forty secondary metabolites were isolated from Mozambican plants, and
characterized by spectroscopic as well as computational methods. The isolated
compounds have various structural features and belong to different chemical
classes, such as terpenoids, phenolic compounds, and nitrogen-containing
compounds.

Three novel compounds were isolated and characterized, and all of them were
nitrogen-containing compounds. A selection of the isolated compounds were
assayed for antileishmanial activity, and several potent compounds were identified.
This shows that it is possible to find novel lead compounds in Nature, for the
remedies of illnesses such as a forgotten disease like leishmaniosis

However, before an extract or a compound can be used in man, the toxicity must be
investigated, in order to provide not only an efficient but also a safe product. Still,
the fact that this rather limited and academic investigation yielded several
interesting metabolites is stimulating.

In summary, medicinal Mozambican plants can be assayed for the their content of
secondary metabolites and their pharmacological properties. Besides plants,
Mozambique has an incredible and largely untapped biodiversity, and for example,
the marine sources along the long coast of Mozambique should also be investigated.
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Structure elucidation

From an extract of the roots of Cadaba natalensis Sond. the novel macrocyclic dibenzo-diazacyclodo-
decanedione 1 was isolated together with (S)-2-ethyl-2-methyloxazolidin-5-one (2a). In addition, the
five known compounds were obtained. Of these, (R)-5-ethyl-5-methyloxazolidin-2-one (3) is reported as
a natural product for the first time. The structures of the isolated compounds were elucidated by analysis
of the spectral data, 1D NMR ('H, '*C, and DEPT), 2D NMR (COSY, HMQC, HMBC, and NOESY), and
HRESIMS, as well as by the comparison with previously reported data.

© 2016 Phytochemical Society of Europe. Published by Elsevier B.V. All rights reserved.

1. Introduction

The Cadaba genus belongs to the Capparaceae family and
comprises about 30 species. It is widely distributed in southern
Africa, India, Malaysia, and Australia (Hall, 2008). Cadaba natalensis
Sond. is a 1-3 m high shrub, which in southern Africa grows in dry
forests and on the savannah in southern Mozambique, South
Africa, and Swaziland (Mendes and Mendes, 1990). The roots and
leaves of the plant have been used in the traditional medicine, to
treat tuberculosis in Mozambique (Mendes and Mendes, 1990;
Ribeiro et al., 2010) and to induce vomiting and to treat chest pains
in South Africa (Schmidt et al., 2002). Previous phytochemical
studies with Cadaba species led to the isolation of a variety of
secondary metabolites. The spermidine alkaloid cadabicine
(Ahmad et al., 1985) was isolated from Cadaba farinosa together
with terpenes, 12-aminododecanoic acid, stachydrine and its 3-
hydroxylated derivative, and two flavonol glycosides (Al-Musayeib
et al., 2013). The aerial parts of Cadaba glandulosa yielded
flavonoids with anti-inflammatory actitivity (Mohamed et al.,
2014), while the roots of Cadaba trifoliata proved to be a rich source
of tannins, steroids, alkaloids, glycosides, and phenolic compounds
(Velmurugan et al., 2010).

* Corresponding author.
E-mail address: Olov.Sterner@science.lu.se (O. Sterner).

http://dx.doi.org/10.1016/j.phytol.2016.05.009

No previous phytochemical investigation of C. natalensis has
been reported, and here we wish to report the isolation and
structural characterization of the compounds present in its roots.
Two novel metabolites were isolated and characterised chemical-
ly; the macrocyclic dibenzo-diazacyclododecanedione 1 was
isolated as a minor metabolite from the ethyl acetate extract of
the roots while the oxazolidine-5-one 2a was obtained from the
heptane extract. The isolation of (R)-5-ethyl-5-methyloxazolidin-
2-one (3) is interesting, it has previously been prepared by
halohydrin dehalogenase catalysed opening of the corresponding
racemic terminal epoxide in the presence of cyanate (Elenkov et al.,
2008), and this is the first time it has been isolated from a natural
source. Compounds 1, 2a and 3 represent structures that are
relatively unusual in nature. In addition, the isoquinoline
derivatives thalifoline (4), isolated also from, for example,
Phellodendrum amurense belonging to Rutaceae family (Lee et al.,
2005) and N-methylcorydaldine (5) (Said et al., 2005), as well as
3-sitosterol (Chaturvedula and Prakash, 2012) and nepetin
(Kabouche et al., 2011) were isolated. The structures of the known
compounds were established by the analysis of the spectral data
and, when possible, by comparing their spectroscopic data with
those reported in the literature. The structures of compounds 1, 2a,
3,4 and 5 are shown in Fig. 1.

Despite their rarity in nature, stereoisomers of oxazolidin-2-
one have been isolated from marine sources. Phytochemical
investigations of the sponges Verongia lacunosa (Borders et al.,
1974), Apysina aerophoba (Norte et al., 1988), and Clavelina oblonga

1874-3900/© 2016 Phytochemical Society of Europe. Published by Elsevier B.V. All rights reserved.
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Fig. 1. Structures of the metabolites 1, 2a, 3, 4 and 5 isolated from C. natalensis.

(Kossuga et al., 2004) led to isolation of a dibrominated phenolic
bis-oxazolidinones (Lira et al., 2009). The bacterium Streptomyces
venuzuelae is another reported source for natural oxazolidin-5-
ones, and from extracts of S. venuzuelae grown under stress
conditions in a particular amino acid medium (Martinez-Farina
etal., 2015; Zheng et al., 2005; Doull et al., 1994; Ayer et al., 1991) a
variety of jadomycins that possess antitumor and antibacterial
activities were isolated. Isoquinolone derivatives can be found as
minor constituents in plants, mainly in the Ranunculaceae family,
and the Thalictum species are common sources of these
metabolites. They are reported to possess a vasorelaxant effect,
and may be prepared in nature by an oxidative degradation of
benzylisoquinines (Krane and Shamma, 1982).

2. Results and discussion

Compound 1 was obtained as a yellowish solid. Its molecular
formula was suggested to be C,H»6N,0g based on HRESI-MS data
(m/z found: 415.1865 [M+H]*; calc.: 415.1869 for Cy;H,7N,06). 1
consequently has eleven degrees of unsaturation. In the IR
spectrum of 1, absorption bands for hydroxyl and carbonyl groups
at 3125cm™! and 1711cm™, respectively, were observed. In
addition, the characteristic absorption bands for carbon-carbon
double bonds in an aromatic system were observed at 1680 and
1579 cm~ . 'H and >C NMR data (see Table 1) showed resonances

Table 1
13C and 'H NMR spectroscopic data for compounds 1, 2a and 3 in CDCl5 (3y in ppm, J
in Hz).

C/H 1 2a 3
13 H 13 1y 13 m

1 167.0;s - - - - -

2 - - 91l;s - 1594;s -

3 483;t 356,166 - - - -

4 27.6; t 294,166 535t 3.53;d;82 507;t 3.42;d;9.7
345;d; 8.2 3.30;d; 9.7

4a 1309;s - - - - -

5 108.7;d 6.63;s

6 149.5;s -

7 1446;s -

8 1144;d 767;s

8a 122.5;s - - - - -

OCH3 56.0;q 3.94;
NCH3 352;q 3.15;s - - - -
OH - 3.87;
NH - - - 8.54; s -

“»
|
|
|
|

«»
|
|
|
|

similar to those of thalifoline (4), and the difference in elemental
composition suggests that 1 is a dimer of something similar to 4.
The "H NMR spectrum of 1 reveals the presence of two methyl
singlets at § 3.94 and 3.15, for 0-CH3 and N-CH3, and two singlets in
the aromatic region at 8y 7.67 (8-H) and 6.63 (5-H) (see Fig. 1 for
the atom numbering of 1) which suggests the presence of a 1,2,4,5-
tetrasubstituted aromatic ring. In addition, two methylene triplets
at 8y 2.94 (3-H,) and 3.56 (4-H,), which couple strongly to each
other in the COSY spectrum, were observed. This accounts for only
12 of the 26 hydrogens, and as only 11 signals are observed in the
3C NMR spectrum the conclusion is that 1 is a symmetric
compound with two identical parts and that each half has an
exchangable proton. This proton was observed as a sharp singlet at
844 3.87, typical for phenolic hydroxyl protons. The 1D '>C NMR data
combined with the 2D HMQC data showed the presence of six
hydrogenated carbons of which two were methyl groups (O-CH; at
8¢ 56.0 and N-CH3 at 8¢ 35.2), two methylene groups (C-3 at 3¢ 48.5
and C-4 at 8¢ 27.6), and two methines assigned to the aromatic C-5
and C-8 (8¢ 108.7 and 114.4) (Table 1). Five carbons lack hydrogens,
one was assigned as the carbonyl group C-1 (8¢ 165.0), and the
other four as the substituted carbons of the benzene ring (3¢ 122.5,
130.9,144.6 and 149.5). The complete structure was determined by
HMBC and NOESY experiments. The HMBC correlation between the
N-CH3 and C-1 and C-3, the correlations between 3-H, and C-1, C-4,
C-4a and NCH3, as well as those between 4-H, and C-4a, C-5 and C-
8a establish this part of the structure and identify the positions of
two of the substituted carbons in the benzene ring. The expected
HMBC correlations between 5-H and C-4, C-6, C-7 and C-8a, as well
as between 8-H and C-1, C-4a, C-6 and C-7, were observed and
confirmed the structure. The differentiation between C-6 and C-7
was made based on the HMBC correlation between O-CH; and C-7
as well as the NOESY correlation between O-CH; and 5-H.
Compounds 1 and 4 display similar but significantly different
NMR data, and the dimeric and macrocyclic nature of 1 is
established by the MS experiments of 1 and 4 recorded under
identical conditions. 4 only generate the molecular ion peak at m/z
208 [M+H]*, while the base peak for 1 is also the molecular ion
peak at m/z 415 [M+H]*, with a small fragment at m/z 208. It is
reasonable to suggest that 1 and 4 share the same biosynthetic
pathway, although this remains unknown.

Compound 2a was obtained as a white solid. Its molecular
formula, CgH;;NO, was deduced by HR-ESIMS experiments
determining the exact mass of the quasi-molecular ion [M+Na]*
(m/z found: 152.0684; calc.: 152.0687 for CgH;{NO,Na). This
elemental composition is consistent with the 1D NMR data that
suggested the presence of 11 protons and six carbons, and the
number of unsaturations in 2a is consequently 2. The IR spectrum
showed absorptions bands at 3207, 2972, 2927, and 1733cm ™},
typically for NH, aliphatic CH, and carbonyl groups, respectively.
The "H NMR spectrum exhibited signals for two methyl groups (7-
Hj3 at 8y 0.95 and 8-Hjs at 8y 1.46), and two methylenes (4-H; at 8y
3.53/3.41 and 6-H, at 8}; 1.77), and a broad singlet at 8 8.45 for NH.
While 4-H, show no COSY correlations, 6-H, form an ethyl group
with 7-Hs. 6-Ha, 7-Hs, and 8-Hj3 all give HMBC correlations to C-2,
as well as to each other, but not to any other carbons indicating that
C-2 is not connected to another carbon. That C-2 is a saturated
quaternary carbon with one oxygen and one nitrogen is supported
by its '>C NMR shift. 4-H, give HMBC correlations to C-2 as well as
C-5,and its >C NMR shift indicate that C-4 is separated from C-2 by
the nitrogen. In order to obey the requirement of two unsatura-
tions, 2a has to be a 2,2-disubstituted oxazolidin-5-one. The
absolute configuration of 2a was determined by Mosher’s method
(Hoye et al., 2007), where the N-H group was acylated with S- and
R-a-methoxy-a-trifluoromethylphenylacetic acid chloride
(MTPA-CI) to give 2b and 2c. The differences in chemical shifts
(A3SR=3s — dy) obtained by comparison of the analogous pairs of
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Table 2
TH NMR chemical shifts data for S- and R-MTPA esters 2b and 2c in CDCls (3 in
ppm).

H 2b (S) 2¢ (R) A3 =85 — B
4 405 343 +0.62
3.94 333 +0.61
8 151 1.40 +0.11
6 161 175 —0.14
7 0.93 1.00 ~0.07

protons for S- and R-MTPA esters (2§ and 2R) are presented in
Table 2, and suggest that 2a has S configuration at C-2. Therefore,
2a was identified as (S)-(+)-2-ethyl-2-methyloxazolidin-5-one.

The NMR and MS data analysis of 3 suggested that it is a known
compound, (R)-5-ethyl-5-methyloxazolidin-2-one that previously
has been reported as the product of a halohydrin dehalogenase
catalysed opening of the corresponding racemic terminal epoxide
in the presence of cyanate (Elenkov et al., 2008). However, it is new
as a natural product and as the reported NMR data (Elenkov et al.,
2008) are difficult to compare due to the use of different
references, our NMR data are also given in Table 1. The optical
rotation reported is identical to that determined for the product
isolated here. Again, the HRESI-MS data for the molecular ion peak
[M+Na]* (m/z found: 152.0687; calc.: 152.0687 for CgH;;NO,Na)
suggested that the elemental composition is CgH1;NO,, which is
consistent with the 1D NMR data. In the IR spectrum absorptions
bands for NH, CH aliphatic and C=0 groups at 3309, 2974, 2930,
and 1740 cm ™, respectively, were observed. The 'H NMR spectrum
showed signals for two methyl groups (7-Hs at 8y 1.00 and 8-H3 at
3y 1.49), and two methylenes (4-H; at 8y 3.54/3.30 and 6-H; at 3y
1.77), and a broad singlet at 8y 5.54 for NH. Both the methylene
protons in the ethyl group as well as 8-H; give HMBC correlations
to C-4 as well as C-5, while HMBC correlations between 4-H, and
C-2, C-5, C-6 and C-8 clearly demonstrate that 3 is a 5,5-
disubstituted oxazolidin-2-one. This is consistent with the >C
NMR differences observed between 2a and 3.

3. Experimental
3.1. General

A Bruker Alpha-P ART-IR instrument was used to record the
infrared spectral data. The HRESI-MS data were determined with a
Waters Q-TOF micromass spectrometer, using HyPO, for calibra-
tion and as internal standard. 1D and 2D NMR data were obtained
with Bruker Advance 400 spectrometer, and the NMR spectra were
recorded in CDCl3 (the solvent residual signals at dy 7.26 and 3¢
77.0 were used as reference). Chemical shifts (8) are expressed in
ppm and the constant couplings (J) are given in Hz. The optical
rotations were measured by a Perkin-Elmer Model 341 Polarimeter
(T=20°C and D=589 nm). A Gallenkamp instrument was used for
melting point measurements. Flash silica gel chromatography was
performed on silica gel 60 (400-600 mesh, Merck), while the PTLC
analyses were carried out using silica gel on TLC plates (20 x 20 cm,
Sigma-Aldrich). TLC analyses were done with silica gel 60 Fs4
precoated plates. The chromatograms were visualized under UV
lamp at 254nm. The gel chromatographic separations were
performed on Sephadex LH-20 (25-100 wm, GE Healthcare). All
solvents used were analytical grade.

3.2. Plant material
The roots of C. natalensis were collected in Limpopo National

Park, Gaza Province—Mozambique in August 2014. The plant was
identified by Mr. Francisco Mapanga, a botanist of the

Departamento de Ciencias Biologicas (Eduardo Mondlane Univer-
sity), where a voucher specimen with number 10.747 is kept.

3.3. Extraction and isolation

The air-dried and finely powdered roots (300 g) were subjected
to sequential extraction with heptane, chloroform (CHCl3), ethyl-
acetate (EtOAc), and methanol (MeOH). All extracts were
concentrated under reduced pressure on a rotary evaporator to
yield four extracts, the heptane (8.9 g), chloroform (13.2 g), EtOAc
(35.1g), and MeOH (52.7 g) extracts. The MeOH extract was not
further investigated. All extracts were found to contain mixtures of
fatty acids and steroids that were not further fractionated.

The EtOAc extract (500 mg) was fractionated by column gel
chromatography on Sephadex LH-20 eluted with MeOH:CHCl;
(3:7) as the solvent system. Seven main fractions (F1 to F7) were
collected based on their TLC profile. F2 and F3 were combined due
their TLC similarities to afford fraction E (110 mg). Fraction E was
further subjected to Sephadex LH-20 chromatography with MeOH:
CHCl3 (3:7) leading to collection of five sub-fractions (E1-E5). E2
(16.3 mg) was purified by PTLC eluted with DCM:EtOAc:MeOH
(80:16:4) to yield compound 1 (3.3 mg). Purification of fraction F6
(18.3 mg) by the same technique yielded compounds 4 (5.5 mg)
and 5 (4.2 mg). Fraction F7 (59.7 mg) afforded four sub-fractions by
passing through Sephadex LH-20 eluted with MeOH:CHCl; (3:7).
The sub-fraction F2-1 (71 mg) was further purified by Sephadex
LH-20 eluted with MeOH:CHCl; (1:1) leading to the isolation of
nepetin (16.7 mg).

The heptane extract (450mg) was separated by column
chromatography on silica gel using a stepwise gradient of
heptane:EtOAc (4:1 to 1:1). Six fractions were collected
(H1-H6). H6 was identified as pure B-sitosterol (25mg), while
fraction H2 (36.3mg) was fractionated by Sephadex LH-20
chromatography with MeOH:CHCl; (3:7) to yield compounds 2a
(19.0mg) and 3 (3.6 mg).

3.3.1. 3,11-dihydroxy-2,10-dimethoxy-6,14-dimethyl-7,8,15,16-
tetrahydrodibenzo|c,i][1,7]diazacyclododecine-5,13(6H,14H)-dione
1)

Compound 1 was obtained as a yellowish solid (3.3 mg); m.p.
217-219°C; IR in film Ve (cm™') 3125 (OH), 1711 (C=0), 1680 and
1576 (C=C); 'H (CDCls, 400 MHz) and *C NMR (CDCl5, 100 MHz),
see Table 1; positive HRESIMS m/z 415.1865 [M+H]* (calcd. for
Cy2H27N,06, 415.1869).

3.3.2. (S)-2-ethyl-2-methyloxazolidin-5-one (2a)

Compound 2a was obtained as a white solid (19.0 mg); m.p.
66-68°C; [a]p2° = —11.4 (c 1.9 CHCl5); IR in film V. (cm ') 3250
(NH), 3000-2850 (CH), and 1710 (C=0); 'H NMR (CDCl3, 400 MHz,)
and 3C NMR (CDCls, 100 MHz), see Table 1; positive HRESIMS m/z
152.0684 [M+Nal* (calcd. for C¢H1;NO,Na, 152.0687).

3.3.3. (R)-5-ethyl-5-methyloxazolidin-2-one (3)

Compound 3 was obtained as a white solid (3.6 mg); m.p.
69-71°C; [a]p?°+9.2 (c=0.39 CHCl3); IR in film Vppax (cm™') 3297
(NH), 2972 and 2927 (CH), and 1736 (C=0); 'H NMR (CDCls,
400MHz) and *C NMR (CDCls, 100 MHz), see Table 1; positive
HRESIMS m/z 130.0867 [M+H]" (calcd. for C¢H12NO>, 130.0868);

3.4. Preparation of 2S and 2R oxazolidin-5-one esters 2b and 2c¢

To a stirred solution of 2a (5.0 mg, 0.04 mmol) and dry pyridine
(10 pl, 0124 mml, 3.1 equiv.) in anhydrous CHCl; (1 ml) at room
temperature, S-MTPA-Cl (14.2 ul, 0.076 mmol, 1.9 equiv., 99%
purity) was added. The reaction mixture was left to stir overnight
at room temperature and the progress was followed by TLC. The
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reaction was quenched by addition of water (1 ml) and ether (3 ml).
The aquous layer was extracted by two portion of ether (3 ml), and
the combined organic layers were dried by anhydrous Na,SO4,
filtered and evaporated in vacuo. The crude product mixture was
purified by PTLC using the eluent system Heptan:EtOAc (1:1), to
yield S-MTPA ester 2b (8.9 mg, 67%) as white solid.

The similar procedure was used to prepare R-MTPA ester 2c
(7.4 mg, 55%) as white solid.
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A novel sulfur-containing indole, 4-methoxy-3-methyl-2-(methylthio)-1H-indole (1), together with twelve
known metabolites, was isolated from an extract of the leaves of Clematis viridiflora. The structure of 1 was
determined by spectral analysis including 1D- and 2D NMR, IR, and HR-MS spectra. The antiprotozoal
activity of compound 1 toward topromastigotes of Leishmaniaamazonensisand L. braziliensis in vitrowas
assayed, and 1showedpotent activity towards both strains tested (IC50, 25.0 ug mL-1 and 13.2 ug mL-1,
respectively). This is the first report of the isolation of a sulfur-containing indolewithin the family of

Ranunculaceae.

Keywords: Clematis viridiflora, sulfur-containing indole, cyanogenic glycoside, antileishmanial activity

INTRODUCTION

The genus Clematis comprises between
300and355 species, distributed worldwide. It is
considered to be one of the largest among the
flowering plants of the family of
Ranunculaceae," and 13 species of this genus
grow in Mozambique.? Several Clematis species
have been used in folk medicine for their
analgesic, diuretic, anticancer, anti-
inflammatory, and antibacterial properties.® At
least 30 Clematis species have been
characterized phytochemically, leading to the
isolation of structurally diverse secondary
metabolites with a wide range of biological
activities.**Clematis  viridifloraBertol. is a
green-flowered climbing shrub, growing on
dunes in the Southern and Central parts of
Mozambique.’The roots and leaves of thisplant
have been used in Mozambique for the
treatment of malaria and headache.®” No
phytochemical study of this plant has previously
been reported, and as a part of our search for
interesting secondary metabolites from the
diverse flora of Mozambique an extract of the
leaves of C. viridiflorawas investigated for its
chemical constituents.

MATERIALS AND METHODS
General Methods

1D and 2D NMR spectra were recorded at room
temperature withBrukerAvance 1l 400 and
Avancelll 500 spectrometers. The chemical
shifts (8) are reported in ppm relative to the
solvent signals (8 7.26 and 8¢ 77.0 for CDCls),
while the coupling constants (J) are given in Hz.
AWaters XEVO-G2 QTOF mass spectrometer
was used for HR-ESI-MS measurements. The
IR spectra data were recorded on a Bruker
Alpha-P  ART-IR  spectrophotometer. The
Waters Acquity Ultra Performace Liquid
Chromatography UV-Detector was used to
detect the UV light absorptions.The melting
point measurements were carried out on
Gallenkamp instrument. The column
chromatography (CC) was performed using
silica gel 60 (230-400 mesh, Merck) and gel
permeation on Sephadex LH-20 (GE-
Healthcare). Analytical TLC plates visualized
under UV lamp at 254 nm and spraying with
vanillin followed by heating. All solvents used
were analytical grade.

International Journal of Research in Pharmacy and Biosciences V4 o 12 o 2017 10



Novel Sulfur-Containing Indole from the Leaves of Clematis Viridiflora Bertol

The leaves of c. viridiflora were collected in
Magude District, Maputo Province,
Mozambique, in August 2014. The plant was
identified locally by Mr. Francisco Mapanga
(Eduardo Mondlane University) and a voucher
specimen under accession number 351 is kept at
the Herbarium of the Botanical Garden of
Eduardo Mondlane University.

EXTRACTION AND ISOLATION

The air-dried powdered leaves (300 g) were
extracted three times at room temperature in a
mixture of MeOH:CH,Cl, (1:1) for 48 hours.
After filtration, the combined solutions were
concentrated under reduced pressure to yield a
dark greenish residue (37 g). The crude extract
was suspended in a mixture of H,O:MeOH(9:1),
and then partitioned between n-heptane, CH,Cl,,
and EtOAc, successively. Each fraction was
concentrated under reduced pressure to give the
n-heptane (1.450 g), CH,Cl, (4.079 g), and
EtOAc (5.324 g) fractions, respectively. The
aqueous and n-heptane fractions were discarded.

Chromatography column (n-heptane:EtOAc 2:1
and CH,Cl,:EtOAc 2:1 to 1:2) of the CH,Cl,
fraction (2.011 g) yielded five major fractions
(A-E). The  3-O-[2’-(tetracosyloxy)acetyl]
lupeol ether (77.5 mg) was obtained as a pure
compound from sub-fraction A. The sub-
fraction C (143.3 mg) was subjected to CC
(CH.CI;:EtOAc 2:1 to 1:4) which gave seven
sub-fractions (C-1-C7). Subsequent purification
of subfraction C-5 (356 mg) by CC
(Et,O:EtOAc 1:1 to 1:2) afforded compound 1
(3.9 mg, yellowish solid). Most of the
compounds present in dichloromethane extract
were found to be in trace amounts and could be
not characterized by spectroscopic methods.

The EtOAc fraction (2 g) was fractionated by
Sephadex LH-20 (100% MeOH) yielding eight
sub-fractions (A — H). A CC on sub-fraction B
(37.7 mg) vyielded 4-hydroxibenzoic acid (8.9
mg). Sub-fraction C (400 mg) was subjected to
Sephadex LH-20 (MeOH:CHCI; 1:1) to afford
three other sub-fractions (C1-C3). Under the
same conditions, sub-fraction C1 (115 mg)
yielded chlorogenic acid (30.5 mg). Sub-fraction
C2 (985 mg) was chromatographed on
Sephadex LH-20 (100% MeOH) to give 5-O-p-

coumaricquinic acid (46.0 mg), caffeic acid
(13.8 mg), and umbellic acid (17.0 mg). Sub-
fraction C3 (91.0 mg) was subjected Sephadex
LH-20 (100% MeOH) to yield baicalin (31.0
mg). Sub-fraction E (63.2 mg) gave benzoic
acid (6.2 mg) by passing over Sephadex LH-20
(100% MeOH). Sub-fraction F (22.0 mg) was
purified by Sephadex LH-20 (100% MeOH) to
yield astragalin (11.1 mg) and flindulatin-5-
methyl ether (8.1 mg). From sub-fraction G (450
mg), quercetin-7-O-B-galactopyranoside (24.6
mg) was obtained as apure compound. Sub-
fraction H (190 mg) was chromatographed using
100% MeOH over Sephadex LH-20 to afford
82.0 mg of 2.

4-methoxy-3-methyl-2-(methylthio)-1H-
indole(1): yellowish solid; 3.9 mg; m.p. 195-197
°C; UV (MeOH) Amax (log €) 234 (2.9) nm and
280 (2.5) nm; IR (film): 3203, 2956, 2923,
1670, 1585, 1510, 1459 cm™; HR-ES-MS: m/z
207.0717 [M+]" (calc. for Ci;HisNOS, m/z
207.0718);"H-NMR 500 MHz (CDCls) and **C-
NMR 125 MHz (CDCly) see Table 1.

Tablel. **C (125 MHz) and *H NMR (500 MHz) data
for compound 1 in CDCls.

Position 1

dc (ppm) du (ppm), J (Hz)
1 - 10.88 br s
2 129.6; s -
3 116.5; s -
3a 118.8; s -
4 155.9; s -
5 99.7; d 6.51; dd; 7.9, 0.4
6 125.8; d 7.24;dd;7.9,7.9
7 105.2; d 7.04; dd; 7.9, 0.4
Ta 139.3; s -
4-OCH; | 55.2; q 3.95; s
2-SCH; | 41.2; q 3.00; s
3-CHj, 11.2;q 2.60; s

ANTILEISHMANIAL ASSAY

The activity was measured onin vitrocultures of
Leishmania parasite in promastigote forms of
complex L. amazonensis (clon 1: Lma,
MHOM/BR/76/LTB-012) and complex L.
braziliensis (strand M2904 C192 RJA),
cultivated at 26 °C in Schneider medium (pH
6.8) supplemented with inactivated (56 °C x
30min) calf bovine serum (10%). Parasites in
logarithmic phase of growth, at a concentration
of 1x10°parasites/mL, were distributed on 96
micro well plates and different concentration of
1 (100, 50,and 25ug/mL) were added. The
micro well plates were incubated for 72hrs at 26
°C after which a solution of XTT (1mg/mL) in
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PBS (pH 7.0 at 37°C) with PMS (Sigma-
Aldrich, 0,06mg/mL), was added (50uL/well)
and the incubationcontinued for 4hrs at 26
°C.All assays were carried out as triplicates.
DMSO (1%) and Miltefosine were used as
negative and positive control. The optical
density of each well was determined with a
Synergy HT microplatereader, atA 200-450nm.
The ICs, values were calculated using the Gen5
program (BioTek).?*

RESULTS AND DISCUSSION

The phytochemical analysis ofan extract of the
leaves prepared withMeOH:CH,Cl,(50:50), led
to the isolation of a novel sulfur-containing
indole  metabolite,  4-methoxy-3-methyl-2-
(methylthio)-1H-indole  (1). Besides the
isolation of 1, twelve known compounds were

isolated and characterized. These are
thecyanogenic glycoside prunasin
(2),%chlorogenic acid (3),%-0-p-

coumaroylquinic acid (4)," flindulatin-5-methyl
ether  (5),"caffeic  acid,"umbellic  acid,*
astragalin,** quercetin 7-0--
galactopyranoside,*® baicalin,*benzoic acid,” 4-
hydroxibenzoic ~ acid,® and  3-O-[2’-
(tetracosyloxy)acetyl]lupeol ~ ether.®  The
structures of the known metabolites were
established by comparison of the experimental
spectroscopic properties with those reported in
the literature. The structures of some
metabolites isolated from the leaves of C.
viridiflora,as well asbrassicanal A (6), are
presented in Figure 1.

HO, ,COOH

o
£} HO
/
N HO.
6 N2

3R R;=H;R,=
4R=R,=R, = H

OMe

g
OMe N

H

MeO
MeO
OMe O

6

Figurel. Structures of compoundsl-5 isolated from
an extract of C. viridiflora,and brassicanal A (6).

Compound 1 was obtained as a yellowish solid.
The elementalcomposition of 1 was determined
to be Cy1;H13NOS, based on the molecular ion
peak [M]" (m/z: found 207.0717; calc.
207.0718) of its HR-ESI-MS and by analysis of
the 1D NMR spectra of 1 that display signals for
13 protons and 11 carbons. This gives an

unsaturation of six, and as the *C NMR data
suggest the presence of four carbon-carbon
double bonds 1 should consist of two rings. The
IR spectrum displayed absorption bands for a
secondary anime (3203 cm™) and an aromatic
system (1585, 1510, and 1459 cm™). The 'H
NMR spectrum analysis (Table 1) indicated the
presence of an AMX spin system. This spin
system was due to the presence of a
trisubstituted benzene ring: [6y 7.24 (H, dd,
J=7.9; 7.9 Hz),84 7.04 (H, dd, J=7.9; 0.4 Hz),
anddy 6.51 (H, dd, J=7.9; 0.4 Hz)]. In addition,
four singletsthat were suggested to belong to
amethoxy group (84 3.95, OCHz; ), a
methylthiogroup (64 3.00, SCH3, s), a methyl
(84 2.60, CH3, s), and an exchangeable proton at
814 10.88(1H, brs)were observed. The “*C-NMR
spectrum (Table 1) showed 11 carbon signals
and based on DEPT analysis five of the
unsaturated carbons were suggested to lack
hydrogens while the remaining three each have
one. The three saturated carbons are suggested
to be methyl groups (vide supra), as their proton
signals integrate for three protons each. The
direct H-C connectivities were determinedwith
HMQC experiments (see Table 1). The proton
signal at 3 10.88 was not connected to a carbon
atom and was attributed to the NH group (H-1),
confirming the IR and *H-NMR data analysis
discussed above. The COSY spectrum showed
cross-peaks in the aromatic region between H-6
and H-5 as well asH-7, and the small coupling
observed between H-5 andH-7 confirms the
presence of a 1,2,3-trisubstituted benzene ring.
HMBC correlations (see Figure 2a for pertinent
correlations) from H-5 to C-3a, C-4 and C-7,
from H-6 to C-4 and C-7a, from H-7 to C-3a
and C-5, and from the methoxy protons to C-4
defines this ring and establish that C-3a and C-
Ta are part of the second ring as well as the
position of the methoxy substituent. HMBC
correlations (Figure 2a) from H3-8 to C-2, C-3
and C-3a show that the tetrasubstituted double
bond is conjugated with the benzene ring and
attached to C-3a, and correlations from the
methylthioprotons to C-2 show that the
thiolether is linked to the other end of this
double bond. This configuration is also
supported by the NOESY correlation observed
(see Figure 2). The only remaining part of the
structure is an NH group that only can close the
second ring between C-2 and C-7a. The HMBC
correlationsfrom H-1 to C-3 and C-3a confirm
this position of the NH group and establish that
compoundl is a novel sulfur-containing 1H-
indolewith substituents at C-2,C-3and C-4 in the
indole nucleus, named 4-methoxy-3-methyl-2-
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(methylthio)-1H-indole. As far as we know,
metabolite 1 is the first sulfur-containing indole
nucleus to be isolated from any member of the
Ranunculaceae family.

Figure2. The key HMBC (a) and key NOESY (b)
correlations of 1.

A number of phytoalexins, secondary
metabolites produced by plants inresponse to
diverse forms of stress, with diverse structural
features have been reported from different plant
families.®Sulfur-containing  indoles isolated
from Brassica species (Cruciferae) have
previously been identified asphytoalexins,*they
have been reported as minor constituents and
possess a wide range of biological activities.?
The main structure of these metabolites is
characterized by the presence of indole nucleus
substituted with one or two sulfur atoms of
which one is located at C-2.%° The basic indole
is biogenetically thought to be derived from L-
tryptophan, and the sulfur atoms could be
incorporated through cysteine and
methione.®*Compoundl, containing one sulfur
atom, could share the biosynthetic pathway with
that ofbrassicanal A (6) reported from Brassica
campestris.”® It should be noted that besides
1thecyanogenic  glycoside prunasin (2)was
isolated, indicating thatC. viridiflorais a
potentially toxic plant. Cyanogenic glycosides
are secondary metabolites composed by a-
hydroxynitrile and a sugar moiety, which after
hydrolysis release hydrogen cyanide.

As we have a strong interest in the identification
of new antileishmanial natural products, 1 was
assayed in  vitro against the two
Leishmaniastrains L. amazonensisclon 1 and L.
braziliensis.1 showed interestingantileishmanial
activitytowards both strains,with the 1Cs values
25.0 and 13.2 pg mL™, respectively. The
positive control Miltefosine(a drug used to treat
leishmaniasis) was only slightlymore potent
with the 1Csy values 5.1 and 4.9 pug mL?,
respectively.

ACKNOWLEDGEMENTS

The authors are grateful to Swedish
International Development Agency for financial
support. We thank Sofia Essen from Lund

University for the help with the HRES-MS
spectra.

REFERENCES

[1] Hai W, Cheng H, Zhao M, Wang Y, Hong L,
Tang H, Tian X, Two new cytotoxic
triterpenoid saponins from the roots of Clematis
argentilucida.Fitoterapia,83, 2012, 759-64.

[2] Essig FB,A Preliminary Analysis of Clematis
(Ranunculaceae) in  Sub-Saharan  Africa.
SIDA,21, 2004, 861-877.

[3] Lee TH, Huang NK, Lai TC, Yangd ATY,
JaneWang  G,Anemonin, from  Clematis
crassifolia, potent and selective inducible nitric
oxide synthase inhibitor.  Journal  of
Ethnopharmacology, 116,2008, 518-527.

[4] Hao DC, Gu XJ, Xiao PG, Peng Y,Chemical
and biological research of Clematis medicinal
resources.Chinese Science Bulletin, 58,2013,
1120-1129.

[5] Chawla R, Kumar S, Sharma A, The genus
Clematis (Ranunculaceae): Chemical and
pharmacological  perspectives. Journal  of
Ethnopharmacology, 1432012, 116-150.

[6] Bruschi P, Morganti M, Mancini M, Signorini
MA, Traditional healers and laypeople: A
qualitative and quantitative approach to local
knowledge on medicinal plants in Muda
(Mozambique). Journal of Ethnopharmacology,
138,2011, 543-563.

[7] Jurg A, Tomés T, Pividal J,Antimalarial
activity of some plant remedies in use in
Marracuene, Southern Mozambique. Journal of
Ethnopharmacology, 33, 1991, 79-83.

[8] Nahrstedt A, Rockenbach J,Occurrence of the
cyanogenic  glucoside prunasin and its
corresponding mandelic acid amide glucoside
in Olinia species (oliniaceae). Phytochemistry,
34,1993, 433-436.

[9] Han T, Li H, Zhang Q, Zheng H, Qin L,New
thiazinediones and other components from
Xanthium strumarium. Chemistry  of
NaturalCompounds, 42,2006, 567-570.

[10] Lu Y, Sun Y, Foo LY, McNabb WC, Molan
AL, Phenolic glycosides of forage legume
Onobrychis viciifolia.Phytochemistry, 55, 2000,
67-75.

[11] Rashid MA, Armstrong JA, Gray Al,
Waterman  PG,Alkaloids, flavonols, and
coumarins from Drummondita hassellii and D.
calida. Phytochemistry. 311992, 1265-1269.

[12] Saito N, Tatsuzawa F, Yazaki Y, Shigihara A,
Honda T,7-Polyacylated delphinidin ~ 3,7-
diglucosides from the blue flowers of
Leschenaultia cv. Violet Lena. Phytochemistry,
68,2007, 673-679.

[13] Abdel-Kader MS,New ester and furocoumarins
from the roots of Pituranthos tortuosus. Journal

13 International Journal of Research in Pharmacy and Biosciences V4 o 12 o 2017



Novel Sulfur-Containing Indole from the Leaves of Clematis Viridiflora Bertol

of the BrazilianChemical Society, 14, 2003, 48-
51.

[14] Saito S, Silva G, Santos RX, Gosmann G,
Pungartnik C, Brendel M,Astragalin from
Cassia alatainduces DNA adducts in vitro and
repairable DNA damage in the yeast
Saccharomyces  cerevisiae. International
Journal of Molecular Sciences. 13,2012, 2846-
2862.

[15] Guvenalp  Z,  Demirezer  LO,Flavonol
glycosides from Asperula arvensis.Turkish
Journal of Chemistry, 29, 2005, 163-169.

[16] Wu S, Sun A, Liu R,Separation and purification
of baicalin and wogonoside from the Chinese
medicinal plant Scutellaria baicalensis Georgi
by high-speed counter-current chromatography.
Journal of Chromatography A, 1066, 2005,
243-247.

[17] Wagas M, Khan AL, Ali L, Kang SM, Kim
YH, Lee 1J,Seed germination-influencing
bioactive secondary metabolites secreted by the
endophyte  Cladosporium  cladosporioides
LWLS5. Molecules, 18,2013, 15519-15530.

[18] Azizuddin Makhmoor T,  Choudhary
MI,Radical scavenging potential of compounds
isolated from Vitex agnus-castus. Turkish
Journal of Chemistry, 34, 2010, 119-126.

[19] Tomosaka H, Koshino H, Tajika T, Omata
S,Lupeol esters from the twig bark of Japanese
pear (Pyrus serotina Rehd.) cv. Shinko.
Bioscience, Biotechnology and Biochemistry,
65,2001, 1198-1201.

[20] Chripkova M, Zigo F, Mojzis
J,Antiproliferative effect of indole
phytoalexins. Molecules, 21, 2016, 1626-1640.

[21] Pedras MSC, Loukaci A, Okanga FL,The
cruciferous  phytoalxins  brassinin  and
cyclobrassinin  are intermediates in the
biosynthesis of brassilexin.Bioorganic and
Medicinal ChemistryLetters, 8, 1998, 3037-
3038.

[22] Pedras MSC, Okanga FI, Zaharia IL, Khan
AQ,Phytoalexins from crucifers: synthesis,
biosynthesis, and biotransformation.
Phytochemistry, 53,2000, 161-176.

[23] Pedras MSC, Jha M, Ahiahonu PWK,The
synthesis and biosynthesis of phytoalexins
produced by Cruciferous plants. Current
Organic Chemistry, 7, 2003,1635-1647.

[24] Dominguez-CarmonaDB,Escalante-Erosa  F,
Garcia-SosaFK,Ruiz-PinellG, Gutierrez-Yapu
D,Chan-BacabMJ,Giménez-TurbaA, Pefia-
Rodriguez LM, Antiprotozoal activity of
betulinic acid derivatives. Phytomedicine, 17,
2010, 379-382.

Julido Monjane, Efrain Salamanca, Alberto Giménez, Olov Sterner. Novel Sulfur-Containing
Indole from the Leaves of Clematis Viridiflora Bertol. International Journal of Research in Pharmacy and

Biosciences. 2017;4(2):10-14.

© 2017 Olov Sterner, et al. This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited.

International Journal of Research in Pharmacy and Biosciences V4 o 12 o 2017 14












Onopordopicrin with leishmanial activity from the
leaves of Brachylaena discolor

Julido A. Monjane'?, Diandra Capusiri®, Alberto Giménez®, and Olov Sterner?
Chemistry Department, Eduardo Mondlane University, P.O. Box 257, Maputo, Mozambique

2Centre for Analysis and Synthesis, Lund University, P.O. Box 22100, Lund, Sweden

3Instituto de Investigaciones Farmaco Biogquimicos, San Andrés University, La Paz, Bolivia

Abstract

The antileishmanial activity of the known sequesterpene lactone onopordopicrin (1),
found in many Brachylaena species, and its germacronolide epoxide derivative (2),
both isolated from an extract of the leaves of Brachylaena discolor, was assayed. 1
possess significant leishmanicidal activity against Leishmania amazonensis and L.
braziliensis (ICso values 13.8 and 9.7 uM, respectively) comparable with the
positive control miltefosine (5.1 and 4.9 uM, respectively). However, 2 was found
to be inactive against both strain tested. This is the first study reporting the above-
mentioned activity of onopordopicrin (1).

Keywords: Asteraceae, Brachylaena discolor, Onopordopicrin, Germanocronolides,
Antileishmanial activity

Introduction

Out of more than 5,500 plant species recorded in Mozambique, about 10 % are used
for medicinal purposes, including the treatment of infections and other diseases.'?
Traditional medicine has remained as the most affordable and available source to
solve health problems in rural communities all over the world. According to WHO,
80 % of the world’s population still rely on such remedies for their basic healthcare
needs. In addition, the knowledge provided by the traditional uses of plants to treat
different illnesses has been helpful in the search of new biologically active
metabolites.>* Based on such knowledge, phytochemical studies on Brachylaena
(Asteraceae) species has led to the identification of a large number of sesquiterpene
lactones. The sesquiterpene lactones are considered the characteristic secondary
metabolites of the genus, exhibiting mainly antibacterial activities.>® The genus of
Brachylaena is composed by 13 to 20 plant species, mostly distributed in the
Southern part of Africa.®'® Brachylaena discolor D.C. (var. discolor) is an
evergreen shrub or small tree usually 4 to 10 m height. In Mozambique, the plant is



found in the Southern part of the country, and grows in coastal woodland and
bushland, and on the margins of evergreen forests. The roots and leaves have been
used for medicinal purposes for the treatment of stomachache, tuberculosis, and
diabetes.** 13

Previous phytochemical investigation on the aerial parts of B. discolor (var.
discolor) led to the isolation of a sesquiterpene lactone, onopordopicrin (1).° In a
continuing study of phytochemical constituents derived from Mozambican
traditional medicinal plants, an extract of the leaves of B. discolor was investigated.
In this paper, we wish to report the isolation and antileishmanial activity of
metabolites 1 and 2 assayed towards Leishmania amazonensis and L. braziliensis,
which is the first time 1 and 2 are assayed for antileishmanial activity. The structure
of 1 was established by high resolution NMR and MS experiments, and confirmed
by the comparison of its experimental spectroscopic and physical data with those
reported in the literature.** Metabolite 1 has been found in larger amounts in various
plants of the Asteraceae family'®>?*® and has been reported to possess cytotoxic and
antibacterial activities.***°

Results and discussions

The leaves of B. discolor were air-dried at room temperature, and the dried leaves
were macerated with MeOH. The crude methanolic extract was then fractionated
between n-heptane, CHCls, and EtOAc. Repeated chromatographic purifications of
the EtOAC extract yielded twelve known metabolites. Besides the isolation of 1, the
sesquiterpene lactone germacronolide epoxy derivative 2,°> was isolated, along with
the following phenolic compounds: hydroxytyrosol (3),° dihydroxysinapic acid
(4),** 6°°-O-acetyl homoplantaginin (5),2 onoporidin (6),% 3’-hydroxygenkwanin
(7),% luteolin (8),% quercetin-3-O-glucoside-7,3’,4’-trimethyl ether (9),% quercetin-
3-O-p-D-galactopyranoside  (10),?  eupafolin ~ (11),2®  quercetin-7-O-
galactopyranoside (12).2°

Sesquiterpene lactones are bioactive secondary metabolites, which are found
in a variety of plants. The biological activities they possess could be useful
for a range of conditions, from skin ulcer to atherosclerosis,
neurodegeneration, and even cancer. They have also been proposed as lead
compounds for the design of new anti-inflammatory drugs.®3® This class
comprises a large group with more than 5000 known metabolites, most found
in the family of Asteraceae.®! Sesquiterpene lactones derive from the
mevalonic acid pathway, and metabolites 1 and 2 have a germacronolide
terpenoid skeleton. Costunolide (14) has been proposed as the common
precursor of germacronolide-derived sesquiterpene lactones, and the first
step in the biosynthesis of 14 is the cyclization of farnesyl diphosphate to



germacrene A via a germacrene A synthase.*> Metabolites 1 and 2 could
thereby share the same biosynthetic pathway, possessing an additional and
unusual four carbon atom unit. Alas, the detailed biosynthetic mechanism is
still not understood.

Metabolites 1 and 2 were evaluated for their antileishmanial activity.
Metabolite 1 showed a promising antileishmanial activity against L.
amazonensis and L. braziliensis strains with I1Cso values of 13.8 and 9.7 uM,
respectively. Miltefosine used to treat leishmaniosis, with 1Cso values 5.1 and
4.9 uM, respectively, was used as positive control. Interestingly, metabolite
2 was inactive against both strain tested. The difference in activity of these
two metabolites could be attributed to the presence of two a,f-unsaturated
carbonyl functionality in 1, while 1 has two of these functionalities 2 has only
one, in addition to an epoxide. The presence of a second «,5-unsaturated
carbonyl functionality in 1 could influence the activity, as such activated
methylene groups are commonly identified as responsible for many
biological effects as a consequence of their electrophilic reactivity as Michael
acceptors, with can react with, for example, the thiol groups present in
proteins. %3 This is also supported by the fact that dehydrozaluzanin C (13),
another sesquiterpene lactone isolated from Mummaocia maronii (Asteraceae)
with two a,f-unsaturated carbonyl groups, inhibits the growth of leishmanial
promastigotes at concentrations ranging between 2.5 to 10 pM.*3 The 2-
(hydroxymethyl)acrylate side chain in 1, as well as the number of a,f-
unsaturated carbonyl groups play an important role, also for other biological
activities. For example, in comparison of antitrypanosomal activities, the
lack of the side chain of 1 drastically lowers its activity.'°
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Material and methods
General methods

1D and 2D NMR spectra were recorded at room temperature with a Bruker Advance
IT 400 spectrometer. The chemical shifts (8) are reported in ppm relative to solvent
residual signals (8w 7.26 and 6¢ 77.0 for CDCls; 64 3.31 and 6¢ 47.0 for CD3OD; 6w
2.50 and &¢ 39.5 for DMSO-ds), while the coupling constants (J) are expressed in
Hz. HRES-MS were performed with a Waters Acquity UPLC + Waters XEVO-G2
system spectrometer. The IR spectra data were recorded on a Bruker Alpha-P ART-
IR spectrophotometer. The melting point measurements were carried out on
Gallenkamp instrument. The column chromatography (CC) was performed using
silica gel 60 (230-400 mesh, Merck) and gel permeation on Sephadex LH-20 (GE-
Healthcare). Analytical TLC plates visualized under UV lamp at 254 nm and
spraying with vanillin followed by heating. All solvents used were analytical grade.

Plant material

The leaves of B. discolor were collected in Magude District, Maputo Province,
Mozambique, in August 2014. The plant was identified locally and a voucher
specimen under accession number 225 is kept at the Herbarium of the Botanical
Garden of Eduardo Mondlane University.

Extraction and isolation of compounds

The air-dried and powdered leaves of B. discolour (350 g) were extracted 3 times
for 24 h with 200 ml MeOH. The combined extracts were evaporated to dryness
under reduced pressure to give a crude MeOH extract (22.5 g). This was redissolved
in a mixture of MeOH:H,O (10:90) and then extracted with n-heptane, CHClI3, and
EtOAc to yield 10.5 g, 1.1 g, and 2.5 g, respectively, of organic subfractions.

The EtOAc subfraction (2.3 g) was subjected to column chromatography (CC) on
silica gel eluted with DCM:EtOAc mixtures in different ratios (0-100 %) and then
EtOAc:MeOH (95:5) to yield 5 fractions (A-E). Fraction D (697 mg) was subjected
to Sephadex LH-20 chromatography eluted with a mixture of MeOH:CHCl; (1:1)
to afford 5 subfractions (D1-D5). Subfraction D2 (304 mg) was passed through
Sephadex LH-20 using the same solvent system as previously to afford two main
subfractions (D21 and D22). The subfraction D22 (95.0 mg) was chromatographed
on Sephadex LH-20 (100 % MeOH) giving hydroxytyrosol (3, 22.7 mg),
dihydroxysinapic acid (4, 31.7 mg) and 6°’-O-acetyl homoplantaginin (5, 26.7 mg).
After passing the fraction D5 (180.1 mg) through Sephadex LH-20 (100 % MeOH),
guercetin-7-O-galactopyranoside (12, 24.2 mg), quercetin-3-O-glucoside-7,3’,4’-
trimethyl ether (9, 13.9 mg), quercetin-3-O-f4-D-galactopyranoside (10, 9.0 mg),



and eupafolin (11, 7.0 mg) were isolated. Fraction E (300 mg) was submitted to
Sephadex LH-20 MeOH:CHClI; (1:1) to afford subfractions E1-E4. The Sephadex
LH-20 (100 %) fractionation carried out with subfraction E3 (145.2 mg) resulted in
the isolation of onoporidin (6, 10.2 mg). Fraction E4 (48.0 mg) was subjected on
Sephadex LH-20 fractionation with a mixture of MeOH:CHCI; (1:1) to yield 3’-
hydroxygenkwanin (7, 11.0 mg), and luteolin (8, 17.0 mg). Fraction B (198.7 mg)
was submitted to CC over silica gel in a mixture of DCM:EtOAc (0-100 %) to give
1 (88.9 mg) and 2 (68.6 mg) as the main components.

Onopordopicrin (1): Colorless oil; [a]o® + 17.2° (¢ 1.00, CHCIs); m.p. 57-59°C;
HR-ESMS m/z: 349.1651 [M+H]" (calc. for C19H2406, 349.1650); IR film (cm-)
3450 (OH), 2925 (methylene), 1755 (C=0, y-lactone), 1705 (C=0O, unsaturated
ester); *H-NMR (400 MHz, CDCls): 5.02 (1H, dd, J = 11.1, 4.0 Hz, H-1), 2.24 (1H,
m, H-2a), 2.00 (1H, m, H-2B), 2.24 (1H, m, H-3a), 2.62 (1H, m, H-3p), 4.85 (1H, d,
J = 10.0 Hz, H-5), 5.14 (1H, dd, J = 10.0, 10.0 Hz, H-6), 3.11 (1H, m, H-7), 5.19
(1H, dd, J = 9.4, 10.0 Hz, H-8), 2.62 (1H, m, H-9a), 2.00 (1H, m, H-9p), 6.29 (1H,
d, J=3.5Hz, H-13a), 5.81 (1H, d, J = 3.5 Hz, H-13p), 1.51 (3H, s, H-14), 4.23 (1H,
br d, H-15a), 4.07 (1H, br d, H-15B), 4.31 (2H, s, H-3"), 6.30 (1H, br d, H-4’a), 6.00
(1H, br d, H-4’B). *C-NMR (100 MHz, CDCl3): 129.7 (C-1), 26.0 (C-2), 34.5 (C-
3), 1445 (C-4), 127.9 (C-5), 77.3 (C-6), 52.8 (C-7), 72.9 (C-8), 48.8 (C-9), 139.6
(C-10), 132.1 (C-11), 165.1 (C-12), 125.6 (C-13), 16.6 (C-14), 60.5 (C-15), 170.5
(C-1°), 135.2 (C-27), 60.9 (C-3"), 125.7 (C-4).

Salonitelonide-8-0-2,3%isobutyrate (2): Colorless oil; [a]o® + 16.4° (¢ 1.00,
CHCI3); m.p. 69-71°C; HR-ESMS m/z: 348.1570 [M]* (calc. for CigH24Os,
348.1569); IR film (cm™): 3400 (OH), 1780 (C=0, y-lactone), 1740 (C=0), 'H-
NMR (400 MHz, CDCls): 4.89 (1H, dd, J = 11.0, 4.2 Hz, H-1), 1.97 (1H, m, H-2a),
2.24 (1H, m, H-2p), 2.59 (LH, m, H-3), 2.25 (1H, m, H-3p), 4.75 (LH, d, J = 10.0
Hz, H-5), 5.09 (1H, d, J = 10.0, 10.0 Hz, H-6), 3.01 (1H, m, H-7), 5.16 (1H, dd, J =
10.0, 9.0 Hz, H-8), 2.53 (1H, d, J = 13.1 Hz, H-9q), 2.44 (1H, dd, J = 13.1, 10.0 Hz,
H-9B), 6.37 (LH, d, J = 3.6 Hz, H-13a), 6.10 (1H, d, J = 3.6 Hz, H-13p), 1.49 (3H,
s, H-14), 4.30 (1H, br d, H-15q), 4.08 (1H, br d, H-158), 3.11 (1H, d, J = 6.2 Hz,
H-3°a), 2.80 (1H, d, J = 6.2 Hz, H-3°B), 1.57 (1H, s, H-4). *C-NMR (100 MHz,
CDCly): 127.1 (C-1), 28.3 (C-2), 31.6 (C-3), 143.1 (C-4), 127.5 (C-5), 76.1 (C-6),
50.6 (C-7), 75.3 (C-8), 40.8 (C-9), 133.7 (C-10), 137.5 (C-11), 171.0 (C-12), 123.0
(C-13), 16.7 (C-14), 61.9 (C-15), 168.3 (C-17), 55.2 (C-2"), 55.1 (C-3"), 19.0 (C-
4).



Hydroxytyrosol (3): Brownish oil; m.p. 56-58°C; HR-ESMS m/z: 154.0630 [M]*
(calc. for CgH100s, 154.0632); IR film (cm™): 3375 (OH), 2946 (CH), 1606 (C=C,
aromatic); *H-NMR (CDsOD, 400 MHz): 6.59 (1H, d, J = 2.0 Hz, H-2), 6.67 (1H,
d, J =8.1 Hz, H-5), 6.52 (1H, dd, J = 8.1, 2.0 Hz, H-6), 2.66 (2H, t, J = 7.2 Hz, H-
1Y), 3.67 (2H, t,J = 7.2 Hz, H-2"); *C-NMR (CD;0D, 100 MHz): 130.6 (C-1), 115.1
(C-2), 145.0 (C-3), 143.4 (C-4), 115.9 (C-5), 120.0 (C-6),38.5 (C-1"), 63.4 (C-2").

Dihydroxysinapic acid (4): Yellowish solid; m.p. 189-191°C; HR-ESMS m/z:
226.0841 [M]" (calc. for C11H140s); IR film (cm™): 3450 (OH), 2915 (CH),1780
(C=0); 'H-NMR (CDCls, 400 MHz): 2.58 (2H, t, J = 7.4 Hz, H-2), 2.86 (2H, t, J =
7.4 Hz, H-3), 6.34 (2H, s, H-2/H-6), 3.01 (6H, s, 2 x OCHz), 5.5 (1H, s, 4-OH),
11.01 (1H, s, COOH); **C-NMR (CDCls, 100 MHz): 177.5 (C-1), 35.9 (C-2), 31.1
(C-3), 131.2(C-1), 105.1 (C-2/C-6), 147.0 (C-3/C-5), 133.2 (C-4), 56.3 (2 x OCH3).

6°0-acetyl homoplantaginin (5): yellowish powder; m.p. 258-260°C; IR film (cm’
1); 3350 (OH), 1655 (C=0), 1593 (C=C aromatics); HR-ESMS m/z: 505.1330
[M+H]* (calc. for Ca4H25012, 505.1331); *H-NMR (DMSO-ds, 400 Hz): 6.86 (1H,
s, H-3), 6.97 (1H, s, H-8), 7.94 (2H, d, J = 8.6 Hz, H-2/H-6), 6.89 (2H, d, J = 8.6
Hz, H-3/H-5"), 5.14 (H, d, J = 7.3 Hz, H-1), 4.35 (1H, d, J = 10.1 Hz, H-61r), 4.10
(1H, dd, J=11.8, 7.3 Hz, H-6'B), 3.47-3.25 (4H, m, H-2*>, H-3”’, H-4*, H-5"")1.98
(3H, s, H-2"), 12.94 (1H, s, 5-OH), 3.79 (3H, s, OCHz); *C-NMR (DMSO-ds, 100
Hz): 164.5 (C-2), 102.4 (C-3), 182.0 (C-4), 152.4 (C-5), 131.9 (C-6), 157.3 (C-7),
95.0 (C-8), 153.0 (C-9), 106.0 (C-10), 121.2 (C-1), 128.7 (C-2,C-6), 117.3 (C-3, C-
5), 162.8 (C-4), 100.1 (C-17), 73.3 (C-2"), 77.3 (C-3"), 70.2 (C-4"), 76.6 (C-5"), 63.6
(C-6), 171.4 (C-1"), 20.6 (C-27), 60.4 (OCH3).

Onopordin (6): yellowish solid, HR-ESMS m/z: 316.0580 [M]" (calc. for C1H1,07,
316.0581); *H-NMR (CDCls, 400 MHz): 6.61 (1H, s, H-3), 6.30 (1H, s, H-6), 7.40
(1H, d, J=2.0 Hz, H-2), 6.89 (1H, d, J = 8.2 Hz, H-5). 7.43(1H, dd, J = 8.2, 2.0 Hz,
H-6), 3.85 (3H, s, OCHs), 12.15 (1H, s, 5-OH); *C-NMR: 162.9 (C-2), 101.7 (C-
3), 180.4 (C-4), 155.9 (C-5), 98.9 (C-6), 157.3 (C-7), 127.1 (C-8), 148.7 (C-9),
103.5(C-10), 121.0 (C-1), 113.5 (C-2), 145.1 (C-3), 149.9 (C-4), 116.3 (C-5), 118.7
(C-6), 61.0 (OCH3).

3:Hydroxygenkwanin (7): yellowish solid, HR-ESMS m/z: 284.0687 [M]" (calc. for
C16H120s, 284.0683); *H-NMR (DMSO-ds, 400 MHz) 6.65 (1H, s,H-3), 6.29 (1H,
d, J =19 Hz, H-6), 6.61 (1H, d, J = 1.9 Hz, H-8), 7.44 d (1H, d, J= 2.0 Hz, H-2),
6.82 (1H, d, J = 8.7 Hz, H-5), 7.41 (1H, dd, J = 8.7, 2.0 Hz, H-6), 3.84 (3H, s,
OCHj); 12.95 (s, 5-OH); *C-NMR (DMSO-ds, 100 MHz): 164.5 (C-2), 103.7 (C-
3), 181.6 (C-4), 160.8 (C-5), 98.7 (C-6), 165.4 (C-7), 93.0 (C-8), 157.2 (C-9), 104.0
(C-10), 121.3 (C-1), 129.0 (C-2), 121.0 (C-3), 161.0 (C-4), 129.7 (C-5), 128.5 (C-
6), 56.7 (OCHs).



Luteolin (8): yellowish solid; HR-ESMS m/z: 286.0475 [M]* (calc. CisH100s,
286.0471); IR film (cm™) 3600 (OH), 2993 (CH), 1655 (C=0); *H-NMR (DMSO-
ds, 400 MHz): 6.65 (1H, s, H-3), 6.38 (2H, d, J = 2.0 Hz, H-6), 6.66 (1H, d, J=2.0
Hz, H-8), 7.40 (1H, d, J=2.2 Hz, H-2), 6.91 (1H, d, J = 9.1 Hz, H-5), 7.42 (1H, dd,
J=9.1, 2.2 Hz, H-6), 12.90 (1H, s, 5-OH); *C-NMR (DMSO-ds, 400 MHz ) 164.3
(C-2), 103.4 (C-3), 180.6 (C-4), 159.4 (C-5), 97.9 (C-6), 162.5 (C-7), 92.5 (C-),
157.2 (C-9), 105.0 (C-10), 121.7 (C-1), 114.0 (C-2), 145.3 (C-3), 161.9 (C-4), 115.7
(C-5), 118.0 (C-6).

Quercetin-3-O-glucoside-7,3°,4 -trimethyl ether (9): yellowish solid; HR-ESMS
m/z: 511.3457 [M+H]" (calc. for Cz4Hz1012, 511.3453); ‘H-NMR (CDsOD, 400
MHz): 6.61 (1H, d, J = 1.9 Hz, H-6), 6.33 (1H, d, J = 1.9 Hz, H-8), 6.77 (1H, d, J =
2.0 Hz, H-2), 6.50 (1H, d, J= 8.9 Hz, H-5), 7.41 (1H, dd, J = 8.9, 2.0 Hz, H-6), 4.53
(1H, d, J = 6.5 Hz, H-1"), 3.25 (1H, m, H-2"), 3.22 (1H, m, H-3"), 3.16 (1H, m, H-
49, 3.22 (1H, m, H-5%), 3.47 (1H, m, H-6'»), 3.55 (1H, m, H-6'B), 3.92 (3H, s, 8-
OCHs), 3.81 (3H, s, 3°-OCHs), 3.84 (3H, s, 4-OCHs); *C-NMR (CDsOD, 100
MHz): 156.4 (C-2), 133.6 (C-3), 177.0 (C-4), 161.7 (C-5), 101.2 (C-6), 164.6 (C-
7), 93.5 (C-8), 154.9 (C-9), 105.3 (C-10), 121.5 (C-1), 117.8 (C-2), 149.0 (C-3),
147.2 (C-4), 116.7 (C-5), 118.5 (C-6), 101.7 (C-17), 74.4 (C-2"), 75.1 (C-3"), 70.9
(C-4"), 78.2 (C-5"), 62.9 (C-6"), 56.9 (3H, s, 8-OCHpg), 56.5 (3H, s, 3’-OCHj3), 56.7
(3H, s, 4’-OCHj).

Quercetin-3-O-D-galactoside (10): yellowish solid; HR-ESMS m/z: 465.1685
[M+H]*(calc. for C21H21012, 465.1684); IR film (cm™): 3395 (OH), 1789 (C=0),
1655 (C=C, aromatic); ‘H-NMR (CDsOD, 400 MHz): 6.69 (1H, d, J = 2.0 Hz, H-
6), 6.64 (1H, d, J=2.0 Hz, H-8), 8.44 (1H, d, J= 1.8 Hz, H-2), 7.18 (1H, d, J =8.9
Hz, H-5), 8.12 (1H, d, J = 8.9, 1.8 Hz, H-6), 5.89 (1H, d, J = 7.66 Hz, H-1"), 4.8
(1H, m, H-2"), 4.23 (1H, m, H-3"), 4.30 (1H, m, H-4"), 4.17 (1H, m, H-5"), 4.32 (1H,
m, H-6w), 4.56 (1H, m, H-6'B); *C-NMR (CDs0D, 100 MHz): 157.8 (C-2), 134.0
(C-3), 178.4 (C-4), 165.7 (C-5), 99.1 (C-6), 165.0 (C-7), 94.8 (C-8), 157.3 (C-9),
104.7 (C-10), 122.9 (C-1), 117.1 (C-2), 146.4 (C-3), 150.3 (C-4), 115.0 (C-5), 121.6
(C-6), 1005.2 (C-17), 73.3 (C-27), 75.0 (C-37), 75.1 (C-4"), 77.3 (C-57), 60.9 (C-6").

Eupafolin (11): yellowish solid; HR-ESMS m/z: 317.0583 [M+H]* (calc. for
C16H1307, 317.0581); *H-NMR (CD30D, 400 MHz): 6.55 (1H, s, H-3), 6.57 (1H, s,
H-8), 7.37 (1H, s, H-2), 6.91 (1H, d, J = 8.3 Hz, H-5), 7.37 (1H, d, J = 8.3 Hz, H-
6), 3.87 (1H, s, OCHa); *C-NMR (CDs0D, 100 MHz): 166.0 (C-2), 103.8 (C-3),
184.2 (C-4), 154.7 (C-5), 132.9 (C-6), 153.9 (C-7), 95.2 (C-8), 158.8 (C-9), 105.6
(C-10), 123.9 (C-1), 114.5 (C-2) 147.0 (C-3), 151.1 (C-4), 116.7 (C-5), 120.3 (C-
6); 60.9 (OCHs).



Quercetin-7-O-galactopyranoside (12): orange solid; HR-ESMS m/z: 464.1021
[M]" (calc. for Ca1H20012, 464.1018); *H-NMR (CDs0D, 400 MHz): 6.22 (1H, d, J
= 2.0 Hz, H-6), 6.41 (1H, d, J = 2.0 Hz, H-8), 7.87 (1H, d, J = 2.0 Hz, H-2), 6.86
(1H, d, J = 8.2 Hz, H-5), 7.60 (1H, dd, J = 8.2, 2.0 Hz, H-6), 5.19 (1H,d, J=7.5
Hz, H-1"), 3.42-3.76 (4H, m, H-2", H-3", H-4", H-5"), 3.84 (1H, m, H-6w), 4.24 (1H,
m, H-6'B); *C-NMR (CD3;0D, 100 MHz): 150.1 (C-2), 136.0 (C-3), 177.4 (C-4),
163.3 (C-5), 100.2 (C-6), 164.9 (C-7), 95.1 (C-8), 158.1 (C-9), 105.3 (C-10), 126.9
(C-1), 115.9 (C-2), 145.5 (C-3), 148.0 (C-4), 116.9 (C-5), 123.0 (C-6), 105.4 (C-1"),
72.9 (C-2), 75.2 (C-3"), 70.2 (C-4), 77.3 (C-5"), 61.9 (C-6").

Leishmanicidal detection assay

The colorimetric method - XXT was used for the assay of antileishmanial activities
of metabolites 1 and 2. It is described in the literature.®
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Abstract

From an extract of the roots of Senna spectabilis (var. excelsa) eight known
metabolites including the quinone methide triterpenoid 17-(methoxycarbonyl)-28-
nor-isoiguesterin (1) and friedelin (2), a putative biosynthetic precursor of this class
of metabolites, were isolated. The structures of the isolated metabolites were
established by high resolution NMR and MS experiments, and confirmed by
comparison of their experimental spectroscopic and physical data with data
previously reported in the literature. The 2D structure and relative configuration of
1 were initially determined via analysis of NOESY data and confirmed by quantum
mechanics-based *C NMR chemical shift calculations. 1 showed a potent
antileishmanial activity against Leishmania amazonensis and L. braziliensis, with
the 1Cso values 4.3 and 2.8 uM, respectively, comparable with the positive control
miltefosine (ICso values 5.1 and 4.9 uM, respectively). This is the first example of
the occurrence of a quinone methide triterpenoid in a species belonging to the
Fabaceae family is reported.

Keywords: Senna spectabilis, Fabaceae, Quinone methide triterpenoid,
Leishmaniosis, Relative configuration

Introduction

Protozoan parasites are among the most common pathogens in the world. They are
recognized as the causative agents of some of the most serious tropical diseases in
human beings as well as domestic animals. Malaria, amoebiasis, trypanosomiasis,
and leishmaniosis are diseases caused by protozoan parasites that affect
approximately 25 % of the world’s population, mostly in developing countries.
According to WHO, malaria, African trypanosomiasis, Chagas disease, and



leishmaniosis are considered the most important tropical diseases.'® Leishmaniosis
is a group of tropical diseases caused by a number of species of protozoan belonging
to the genus of Leishmania. This ailment affects around 12 million people in 80
countries, and it is estimated that there is about 2 to 3 million new cases each year.
In addition, leishmaniosis is considered one of the most neglected diseases.

The first chemotherapy to treat leishmaniosis was based on the use of toxic heavy
metals, particularly, compounds containing antimony. However, the emergence of
resistant strains has limited their usefulness. The use of pentamidine isethionate,
amphotericin B, miltefosine, and paramomycin as alternatives for the treatment of
leishmaniosis has been limited due to their toxicity as well as the relatively high
prices of these remedies.*® There are a number of alternative products being
developed, however, up to date none of these has been demonstrated to be fully
effective against Leishmania parasites.

In recent years, screenings for secondary metabolites of medicinal plants used for
the treatment of leishmaniosis have been carried out. These studies have confirmed
the importance of many plant species as potential sources for the isolation of novel
compounds with antileishmanial or immunostimulant activities, as highlighted in a
review about plant secondary metabolites with antileishmanial activity.! The drug
resistance developed by Leishmania requires evaluation of alternatives to the drugs
currently used, and their affordability and toxicity is also a problem.” In the
continuing search for new bioactive secondary metabolites possessing
antileishmanial activity from the plants of Mozambique, a root extract of Senna
spectabilis was investigated.

Senna, or Cassia, is considered one of two the most representative genus of the
Fabaceae family. The genus is widely distributed in tropical and subtropical areas
of Africa, Asia, Australia, and South America. Several Senna species are used in the
traditional medicine to treat a wide range of ailments.2® Senna spectabilis var.
excelsa (sin Cassia spectabilis) is a tree 7 to 10 m high.!° The plant has been used
traditionally in Mozambique for the treatment of diarrhoea, stomachache,
tuberculosis, and asthma .**

Previous phytochemical studies of S. spectabilis led to the isolation and
characterization of a number of metabolites, including alkaloids, in particular
piperidine alkaloids, triterpenoids, and phenolic compounds.®**™* The piperidine
alkaloids present in the flowers were found to possess antileishmanial activity.**® In
this paper, we wish to report the isolation, the relative configuration, and the
antileishmanial activity of a quinine methide triterpenoid, 17-(methoxycarbonyl)-
28-nor-isoiguesterin (1), along with a putative biosynthetic precursor of this class
of metabolites, friedelin (2), together with six other metabolites isolated from an
extract of the roots of this plants. Despite the fact that 1 is a known metabolite
previously isolated from Salacia kraussii and reported to possess antimalarial



activity,®® this is the first report describing the isolation of a quinone methide
triterpenoid from a species of the family Fabaceae.

Results and discussions

An extract of the roots of S. spectabilis was subjected to several chromatographic
fractionations to yield eight known metabolites. Their chemical structures were
determined by high resolution NMR and MS experiments, and confirmed by
comparing the spectroscopic data with those previously reported. The metabolites
are 1,'° friedelin (2),'" octandronic acid (3),"® g-amyrin (4)," ursolic acid (5),°
lupeol (6),%* chrysophanol (7),%* and scopoletin (8).% Their structures are shown in
Figure 1.
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Figure 1 Chemical structures of metabolites isolated from S. spectabilis and isoiguesterin (9)

The spectroscopy data recorded for metabolite 1 were found to be very similar to
those published in the literature.’®* However, despite the similarities, the relative
configuration of 1 was found to be different from the reported structure, by careful
analysis of NOESY data. Thus, the relative configurations of the stereogenic centers
C-9, C-13, C-14, and C-18 were determined by the NOESY correlations observed
between Hs-25, H3-26, Hs-27, and H-18, as depicted in the Figure 2. The NMR-
based initial structural assignments of 1 were reaffirmed by the comparison of the
experimental and computed *C NMR chemical shift values. The Jaguar 7.9
software was used to optimize the molecular geometry and calculate the NMR



deshielding properties, the Isotropic Magnetic Shielding (IMS) constants at the
Density Functional Theory (DFT), mPW1PW091 level of theory and 6-31G** basis
set. The calculated chemical shift values for the *3C nuclei (Table 1) were obtained
from the equation (1). The predicted chemical shift values at the above referred basis
set for 1 were plotted with the experimental data (see Figure 3). The statistical
analysis of the experimental and calculated chemical shift values generated a slope
with r? 0.993, verifying the 2D and relative configurations assignments at the C-9,
C-13, C-14, and C-18 stereogenic centers. These conclusions were also supported
by plotting the scaled *C chemical shift values obtained by the linear fit of the
calculated shift values, versus experimental data (see Figure 4). The slope obtained
with r? 0.923 supported the relative configurations indicated above.

Figure 2 Corrected structure of 1 and key NOESY correlations.

1 is a quinone methide triterpenoid structurally related to isoiguesterin (9). They are
secondary metabolites that occur mainly in the higher order plant families such as
Celastraceae and Hyppocrateaceae.??® This class of metabolites display a wide
range of biological activities, including anti-inflammatory, antioxidant, antifungal,
antitrypanosomal, antimicrobial, and antitumor properties.* The biosynthesis of
quinone methide triterpenoids has not yet been investigated, only a few preliminary
studies have been reported. The mevalonate pathway in Peritassa lavigata is
responsible for the synthesis of the quinone methide scaffold, via friedelin, which is
considered as primary precursor of maytenin and pristimerin.?®?” 1 could share the
same biosynthetic pathway as 2 by the incorporation of a methyl group at the
carboxylic site after the oxidation of Me-28 to a carboxylic acid.

The antileishmanial activity of 1 was assayed against Leishmania amazonensis and
L. braziliensis. The results showed that 1 has the ICsy values 4.3 and 2.8 uM,
respectively, and is more potent towards both strains tested than miltefosine (ICso
values 5.1 and 4.9 uM, respectively) which is a current drug used for the treatment
for leishmaniosis. The quinone methide triterpenoid, 20-epi-isoiguesterinol, isolated
from S. madagascariensis together with 9, was found to be more potent against L.
donovani and L. mexicana compared to amphotericin B.? Thus the quinone



methide triterpenoids show a great potential for future development as drugs for the
treatment of Leishmania.
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Figure 4 Plot of scaled chemical shifts vs experimental



Table 1 - Chemical shifts — the calculated and experimental

Carbon IMS (o)  &cal. Oscaled  Oexp. Carbon IMS (o) &calc. Oscaled  Oexp.

1 76.2 120.0 125.3 119.7 16 170.7 254 33.8 31.8
2 23.9 172.2 175.8 178.5 17 147.5 48.6 56.2 45.8
3 51.9 144.3 148.8 146.7 18 144.3 51.8 59.3 394
4 83.3 112.8 1183 117.3 19 157.8 38.3 46.3 32.1
5 72.8 1233 1285 127.8 20 51.4 144.7 149.2 146
6 64.5 131.7 136.6 133.9 21 167.6 28.6 36.8 31.9
7 78.6 118.01 1234 117.9 22 158.4 37.7 45.7 32.9
8 24.1 1721 175.7 168.7 23 192.6 4.0 13.0 10.3
9 149.3 46.9 54.5 43.0 25 157.8 38.2 46.2 39
10 37.6 158.5 162.6 164.9 26 167.5 28.9 37.1 21.1
11 158.9 37.1 45.1 33.8 27 169.8 27.0 35.4 19.5
12 164.4 31.7 39.9 29.4 28 20.7 1754 1789 1783
13 152.1 44.4 51.8 40.5 29 87.2 108.9 114.6 108.9
14 150.2 46.0 53.7 44.4 30 152.8 43.1 51.0 52.3
15 163.3 32.3 41.0 28.1

Experimental
General methods

1D and 2D NMR spectra were recorded at room temperature with a Bruker Avance
IT 400 spectrometer. The chemical shifts (8) are reported in ppm relative to solvent
residual signals (6n 7.26 and dc 77.0 for CDCls). The HRESI-MS data were
recorded with a Waters Q-TOF micromass spectrometer, using HsPO. for
calibration and as internal standard. The IR spectra data were recorded on a Bruker
Alpha-P ART-IR spectrometer. The melting point measurements were carried out
on Gallenkamp instrument. The optical rotations were measured by a Perkin-Elmer
Model 341 Polarimeter (T = 20 °C and D = 589 nm). The column chromatography
(CC) was performed using silica gel 60 (230-400 mesh, Merck) and gel permeation
on Sephadex LH-20 (GE-Healthcare). Analytical TLC plates were visualized under
a UV lamp at 254 nm and by spraying with vanillin followed by heating. All solvents
used were analytical grade.



Plant material

The roots of S. spectabilis were collected in Moamba District, Maputo Province in
Mozambique in June 2013, and were dried in the shade until use. A voucher
specimen with number C/157 is kept in the herbarium of Departamento de Ciéncias
Biolodgicas at Eduardo Mondlane University (Maputo, Mozambique).

Extraction and isolation

The air-dried roots (300 g) of S. spectabilis were grinded into a fine power. The
powder was extracted sequentially with heptane, chloroform, EtOAc, and mixture
of MeOH:H0 (7:3). The chloroform extract (500 mg) was fractionated by column
chromatography using a mixture of heptane:ethylacetate (2:1 to 1:2) to yield three
main fractions F1, F2, and F3. F1 (46.6 mg) was subjected to Sephadex LH-20
MeOH:CHCI; (3:7) and three main fractions (F1A, F1B, and F1C) were collected.
F1A (26.3 mg) was then subjected to column chromatography over silica gel in a
mixture of heptane:EtOAc (2:1) to yield compound 1 (12.5 mg) as redish solid. F2
(36 mg) was fractionated by silica gel column chromatography (eluted with
heptane:EtOAc (2:1)) which led to the isolation of g-amyrin (4) (7.4 mg) and lupeol
(6, 6.1 mg). F3 yielded pure octandronic acid (3, 15.3 mg)

4.0 g of the EtOAC extract were dissolved in a mixture of MeOH:H»0 (9:1) and then
extracted with CHCIs. The chloroform soluble part was concentrated and
fractionated by CC eluted with heptane:EtOAc (4:1 to 1:1) to yield friedelin (2, 24.6
mg) and ursolic acid (5, 14.2 mg). One of subfraction was subjected to PTLC using
the eluent solvent heptane:EtOAc (4:1) to yield, chrysophanol (7, 7.2 mg) and
scopoletin (8, 5.2 mg).

17-(Methoxycarbonyl)-28-nor-isoiguesterin (1): redish solid; 12.5 mg; m.p 193 -
195; [o]o® = +84.4 (c 1.0 CHCIs); IR (film): 3367, 2947, 2871, 1724, 1596, 1439
cm™; 'H NMR (CDCls, 400 MHz): § 7.04 (1H, br s, OH), 7.00 (1H, d, J = 6.8 Hz,
H-6), 6.54 (1H, s, H-1), 6.30 (1H, d, J = 6.8 Hz, H-7), 4.61 (2H, s, H-29), 3.75 (3H,
s, H-30), 2.62 (1H, d, J = 6.7 Hz, H-18), 2.49 (1H, d, J = 15.6 Hz, H-19), 2.30 - 2.06
(6H, m, H-11, H-16, H-19, H-21, H-22), 2.21 (3H, s, H-23), 2.04-1.94 (2H, m, H-
11, H-22), 1.90-1.84 (2H, m, H-12), 1.82-1.72 (1H, m, H-15), 1.72-1.54 (2H, m, H-
15, H-16), 1.48 (3H, s, H-25), 1.36 (3H, s, H-26), 0.74 (3H, s, H-27); °C NMR
(CDCls, 100 MHz): 6 119.7 (d, C-1); 178.5 (s, C-2), 146.7 (s, C-3), 117.3 (s, C-4),
127.8 (s, C-5), 133.9 (d, C-6), 117.9 (d, C-7), 168.7 (s, C-8), 43.0 (s, C-9), 164.9 (s,
C-10), 33.8 (t, C-11), 29.4 (t, C-12), 40.5 (s, C-13), 44.4 (s, C-14), 28.1 (t, C-15),
31.8 (t, C-16), 45.8 (s, C-17), 39.4 (d, C-18), 32.1 (t, C-19), 146.0 (s, C-20), 31.9 (t,
C-21), 32.9 (t, C-22), 10.3 (g, C-23), 39.0 (q, C-25), 21.1 (q, C-26), 19.5 (q, C-27),
178.3 (s, C-28), 108.9 (d, C-29), 52.3 (g, C-30); HRESMS: m/z 449.2692 [M+H]"
(calc. for C29H3704).



Friedelin (2): colorless solid (24.6 mg); *H-NMR (400 MHz; CDCIs) &4 0.71 (3H,
s, Me-24), 0.87 (3H, s, Me-25), 0.88 (3H, d, J = 6.1 Hz, Me-23), 0.93 (3H, s, Me-
29), 0.95 (1H, m, H-22a), 0.97 (6H, s, Me-26, Me-30), 1.02 (3H, s, Me-27), 1.16
(3H, s, Me-28), 1.28 (1H, m, H-60), 1.33 (1H, m, H-7a), 1.35 (1H, m, H-8), 1.42
(1H, m, H-7p), 1.48 (1H, m, H-22p), 1.54 (2H, m, H-10), 1.52 (1H, m, H-18), 1.68
(1H, m, H-10), 1.74 (1H, m, H-6p), 1.99 (1H, m, H-1p), 2.22 (1H, d, J = 6.1 Hz, H-
4), 2.23 (2H, m, H-2a), 2.39 (1H, m, H-2p); *C-NMR (100 MHz, CDCl3) &c 22.3
(C-1), 41.2 (C-2), 210.1 (C-3), 59.0 (C-4), 42.1 (C-5), 41.5 (C-6), 17.9 (C-7), 53.1
(C-8), 37.6 (C-9), 60.2 (C-10), 35.6 (C-11), 32.4 (C-12), 38.7 (C-13), 40.2 (C-14),
30.6 (C-15), 36.0 (C-16), 29.6 (C-17), 43.1 (C-18), 35.7 (C-19), 28.2 (C-20), 33.1
(C-21), 39.2 (C-22), 6.8 (C-23), 14.2 (C-24), 17.6 (C-25), 18.7 (C-26), 20.4 (C-27),
32.1 (C-28), 31.7 (C-29), 35.1 (C-30).

Octandronic acid (3): colorless solid (15.3 mg); *H-NMR (400 MHz; CDCl3) &y
0.73 (3H, s, Me-24), 0.87 (3H, s, Me-25), 0.86 (3H, d, J = 6.7 Hz, Me-23), 1.34 (3H,
s, Me-29), 1.07 (1H, m, H-22a), 1.01 (3H, s, Me-26), 1.07 (3H, s, Me-27), 1.09 (3H,
s, Me-28), 1.76 (1H, m, H-6a), 1.40 (1H, m, H-70), 1.39 (1H, m, H-8), 1.52 (1H, m,
H-7p), 1.49 (1H, m, H-22p), 1.33 (2H, m, H-10), 1.62 (1H, m, H-18), 2.01 (1H, m,
H-1a), 1.76 (1H, m, H-6p), 1.94 (1H, m, H-1p), 2.26 (1H, q, J = 6.1 Hz, H-4), 2.29
(2H, m, H-2a), 2.36 (1H, m, H-2p); 3C-NMR (100 MHz, CDCls) 8¢ 22.6 (C-1),
41.4 (C-2), 212.3 (C-3), 59.0 (C-4), 42.1 (C-5), 41.4 (C-6), 18.3 (C-7), 53.1 (C-8),
36.8 (C-9), 60.1 (C-10), 36.2 (C-11), 30.5 (C-12), 40.1 (C-13), 38.3 (C-14), 33.2
(C-15), 35.9 (C-16), 29.6 (C-17), 42.6 (C-18), 31.4 (C-19), 40.1 (C-20), 29.3 (C-
21), 38.2 (C-22), 6.8 (C-23), 14.4 (C-24), 17.7 (C-25), 20.3 (C-26), 17.3 (C-27),
32.1 (C-28), 31.9 (C-29), 184.3 (C-30).

S-Amyrin (4): colorless solid (7.4 mg); *H-NMR (400 MHz; CDCls) 84 0.98 (3H, s,
Me-24), 0.93 (3H, s, Me-25), 0.75 (1H, m, H-5), 0.77 (3H, s, Me-23), 0.89 (3H, s,
Me-29), 1.07 (1H, m, H-22a), 0.94 (3H, s, Me-26), 1.11 (3H, s, Me-27), 0.82 (3H,
s, Me-28), 1.30 (1H, m, H-6a), 1.49 (1H, m, H-22), 1.89 (1H, m, H-18), 1.51 (1H,
m, H-1a), 1.53 (1H, m, H-6B), 1.56 (1H, m, H-1p), 1.53 (2H, m, H-2a), 1.52 (1H,
m, H-2B), 1,59 (1H, m, H-19), 5.16 (1H, t, J = 3.5 Hz, H-12); **C-NMR (100 MHz,
CDCls) 3¢ 38.9 (C-1), 27.4 (C-2), 79.6 (C-3), 40.2 (C-4), 55.3 (C-5), 18.6 (C-6),
32.8 (C-7), 40.2 (C-8), 47.5 (C-9), 37.0 (C-10), 23.8 (C-11), 121.9 (C-12), 145.3
(C-13), 41.7 (C-14), 26.3 (C-15), 27.2 (C-16), 32.5 (C-17), 48.6 (C-18), 47.3 (C-
19), 30.9 (C-20), 38.0 (C-21), 35.2 (C-22), 15.9 (C-23), 28.3 (C-24), 16.7 (C-25),
17.1 (C-26), 26.1 (C-27), 28.2 (C-28), 33.6 (C-29), 23.7 (C-30).

Ursolic acid (5): colorless solid (14.2 mg); *H-NMR (400 MHz; CDCl3) &4 5.14
(1H, dd, J = 13.8; 3.5 Hz; H-12); 3.00 (1H, dd, J =5.0; 9.5 Hz, H-3); 2.10 (1H, d; J
=11.1 Hz, H-18); 1.90 (2H, dd, J = 13.8; 3.5 Hz, H-11); 1.59 (2H, m, H-16); 1.57
(1H, s, H-9); 1.56 (2H, m, H-1); 1.55 (2H, m, H-22); 1.52 (1H, m, H-20); 1.46 (1H,
m, H-6a); 1.44 (2H, m, H-2); 1.31 (1H, m, H-19); 1.29 (1H, m, H-6p); 1.29 (2H, m,



H-21); 1.25 (2H, m, H-7); 1.15 (3H, s, H-27); 1.01 (2H, m, H-15); 0.92 (3H, d, J =
6.7 Hz, H-30), 0.91 (3H, s, H-23); 0.87 (3H, s, H-25); 0.81 (3H, d, J = 5.6 Hz, H-
29): 0.69 (3H, s, H-26), 0.68 (3H, s, H-24), 0.67 (1H, s, H-5); *C-NMR (400 MHz;
CDCls) 8¢ 178.2 (C-28); 138.2 (C-13); 124.6 (C-12); 76.9 (C-3); 55.2 (C-5); 52.3
(C-18); 47.1 (C-9); 46.8 (C-16); 42.0 (C-14); 39.1 (C-8); 38.5 (C-20); 38.3 (C-19);
37.9 (C-4); 37.7 (C-1); 36.5 (C-10); 36.3 (C-22); 32.6 (C-15); 30.8 (C-7); 28.2 (C-
23): 27.5 (C-21); 26.7 (C-2); 23.8 (C-11); 23.3 (C-27); 23.0 (C-16); 21.2 (C-30);
17.9 (C-6); 16.9 (C-29); 16.8 (C-24); 16.0 (C-25); 15.2 (C-26).

Lupeol (6): colorless solid (6.1 mg); *H-NMR (400 MHz; CDCls) &y 4.70, 4.55
(2H, s, H-29a, H-29B), 3.2 (1H, m, H-3), 0.77, 0.79, 0.85, 0.94, 0.97, 1.05, 1.65
(each 3H, s); *C-NMR (100 MHz; CDCls) 8¢ 100MHz): § 151.2 (C-20), 108.0 (C-
29), 78.9 (C-3), 55.5 (C-5), 51.5 (C-9), 48.3 (C-18), 48.1 (C-19), 43.7 (C-17), 42.9
(C-14), 40.9 (C-8), 41.3 (C-22), 38.9 (C-4), 38.7 (C-1), 38.1 (C-13), 37.2 (C-10),
36.5 (C-16), 34.2 (C-7), 29.9 (C-21), 28.0 (C-23), 27.3 (C-2), 27.1 (C-15), 25.4 (C-
12), 21.0 (C-11), 19.5 (C-30), 18.5 (C-6), 18.1 (C-28), 16.1 (C-25), 16.0 (C-26),
15.5 (C-24), 14.8 (C-27).

Chrysophanol (7), orande solid (7.2 mg); *H-NMR (400 MHz; CDCls) 84 2.47 (3H,
s, H-11), 7.11 (3H, d, J = 1.2 Hz, H-2), 7.31 (1H, dd, J=8.4 Hz, 1.2 Hz, H-7), 7.65
(1H,d, J=1.2 Hz, H-4), 7.67 (1H, d, J = 8.4 Hz, H-6), 7.83 (1H, dd, J = 8.4 Hz,
1.2 Hz, H-5),12.1 (1H, s, 1-OH), 12.2 (1H, s, 8-OH); *C-NMR (100 MHz; CDCl5)
dc 23.0 (C-11), 109.3 (C-9a), 115.8 (C-4a), 116.0 (C-8a), 118.9 (C-5), 122.3 (C-4),
124.3 (C-2), 124.8 (C-7), 135 (C-10a), 135.9 (C-6), 149.5 (C-3), 163.5 (C-8), 162.9
(C-1), 183.0 (C-10), 192.1 (C-9).

Scopoletin (8), orange solid (5.2 mg); *H-NMR (400 MHz; CDCI3) &1 3.90 (3H, s,
OMe), 6.24 (1H, d, J = 9.8 Hz, H-2), 6.81 (1H, s, H-8), 7.20 (1H, s, H-5), 7.88 (1H,
d, J=9.8 Hz, H-3); *C-NMR (400 MHz; CDCls) 8¢ 55.9 (OMe), 103.7 (C-8), 109.9
(C-5),112.7 (C-4), 113.6 (C-2), 144.5 (C-3), 146.0 (C-6), 151.3 (C-9), 151.5 (C-7),
160.5 (C-1),

Computational analysis

The conformational analysis of 1 was performed using the Maestro 9.2 software
using Macromodel interface. For conformational search, the Monte Carlo Multiple
Minimum (MCMM) method was used with a maximum number of 2000 steps in
gas phase. The lowest energy conformer based on Boltzmann distribution was
selected for the calculation of Isotropic Magnetic Shielding (IMS) (o). The Jaguar
7.9 software was used to optimize the molecular geometry and calculate the **C
NMR shielding constants at the Density Functional Theory (DFT), mPW1Pw91
level of theory and 6-31G** basis set. The chemical shift values were calculated via
equation (1) where 6%, is the calculated NMR chemical shift for nucleus x, c° is



the shielding tensor for the carbon nuclei in benzene calculated at the above-
mentioned basis set.?®%

8% = =% (1)
1

Antileishmanial assay

The antileishmanial activity of 1 was evaluated against Leishmania amazonensis
clonl: Lma (MHOM/BR/76/LTB-012 and Leishmania braziliensis: M2904 C192
RJA, using the Colorimetric method-XXT.* The miltifosine was used as positive
control.
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