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ZUSAMMENFASSUNG

Schwammassoziierte und aus Pflanzen gewonnene endophytische Pilze produzieren
Naturstoffe mit einer Vielfalt an chemischen Strukturen, die in viellen Fillen Kommerziell
einsetzbaren synthetischen Ansétzen nicht zuginglich sind. Dariiber hinaus weisen viele
dieser Sekundirstoffe biologische  Aktivitdten in pharmakologisch relevanten
Assaysystemen auf die sie zu potentiellen Leststrukturen fiir die Entwicklung neuer

Arzneistoffe machen.

Ziel dieser Arbeit war die Isolierung von Sekundirstoffen aus Pilzen — assoziiert mit
tropischen marinen Schwimmen sowie Endophyten terrestrischer Pflanzen — gefolgt von
Strukturaufklarung und Untersuchung ihres pharmakologischen Potentials. Drei
schwammassoziierte Pilze (Aspergillus niger, Penicillium citreonigrum sowie ein
unidentifizierter Pilz) und zwei endophytische Pilze aus Pflanzen (Pestalotiopsis
longisetula und Chaetomium globosum) wurden als Naturstoffquellen ausgewéhlt und iiber
einen Zeitraum von drei bis vier Wochen in 300 mL Standkulturen in Fliissigmedien
angezogen . Die aus der folgenden Extraktion erhaltenen Ethylacetatfraktionen wurden zur

Isolierung der Naturstoffe weiteren Trennmethoden unterzogen.

Die Isolierung wurde mit Hilfe verschiedener chromatographischer Methoden
durchgefiihrt. Dazu wurden Verfahren der Massenspektrometre (MS) und
Kernresonanzspektroskopie (NMR) angewendet, um das Molekulargewicht zu bestimmen
beziehungsweise die Strukturen der Verbindungen aufzuklidren. Zusitzlich wurde die
Rontgenkristallographie bei einigen Verbindungen angewendet, um die absolute bzw
relative Konfiguration der Stereozentren im Molekiil zu bestimmen. SchlieBlich wurden
die bioaktiven Eigenschaften in verschiedenen Biotests untersucht, darunter
antimikrobielle, antifungale und cytotoxische Eigenschaften sowie die Wirkung gegen

Malaria und als Inhibitoren verschiedener Proteinkinasen.

Citreonigrine A — I stellen strukturell auBerordentlich komplexe meroterpene dar die zum
teil fiir Naturstoffe neuartige Kohlenstoffe grungeriiste aufwesen. Sie werden isoliert aus
P. citreonigrum, einem mit dem 1996 im Bali Bali Barat Nationalpark, Indonesien,

gesammelten Schwamm Pseudoceratina purpurea assoziierten Pilz. Des weiteren wurden



aus dieser Art sechs neue Drimene sesquiterpenlactone, zwei neue Citreoviridinole, ein
neues Diketopiperazin und ein neues Vermistatinderivat isoliert. Citreonigrin B and
citreodrimene D weisen inhibitorische Aktivitit gegeniiber Proteinkinasen auf. Auflerdem
zeigten citreodrimenes A, B und C ausgeprigte cytotoxische Eigenschaften in Tests mit

der Zellinie L-5178Y (murines T-Zell Lymphom) und HeLa (humanes Cervixcarcinom).

Asperhillus niger ist ein Isolat aus dem 1999 auf Elba gesammelten Schwamm Axinella
damicornis. Aus diesem Pilz wurden neue Derivate des Asperazins und Aflavinins sowie
zwel neue Y — Pyrone isoliert. In den Biotests zeigte das neue Aflavininderivat nicht nur
antimikrobielle Aktivitit gegen Bacillus subtilis, Staphylococcus epidermis und S. aureus,
sondern ebenfalls cytotoxische Aktivitit in Tests mit der Zellinien L-5178Y, HeLa und

PC-12 (adrenales Phiochromocytom der Ratte).

Aus der im Gewichshaus der Heinrich-Heine-Universitét Diisseldorf angezogenen Pflanze
Aglaia odorata wurde 2002 der Pilz P. longisetula isoliert. Daraus konnten ein neues
Gamabhorinderivat, ein neues Herbarinderivat und ein neues Variecoxanthonderivat isoliert
werden. Aufgrund der zu geringen vorliegenden Menge wurden diese beiden

Verbindungen keinen Biotests unterzogen.

Insgesamt wurden in dieser Arbeit mehr als fiinfzig Verbindungen isoliert und mindestens
dreiflig davon — nach bestem Wissen — als neue Verbindungen identifiziert. Die Diskussion
beschrinkt sich auf die neuen Verbindungen sowie in Rahmen diese Arbeit erzielete neue
Befunde zur Aktivitit einiger bekannter Verbindungen wie Chaetomin (aus C. globosum),
Meleagrin (aus einem unidentifizierten Pilz), das Antibiotikum RF 3192-C (aus A. niger)

und Atromentin (aus A. niger).

Vi
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1 INTRODUCTION

1.1 Natural Products Drug Discovery and Its Current Status

Natural products are chemical compounds derived from living organisms, such as plants,
animals, insects, and microorganisms. Since they are highly diverse and often provide
highly specific biological activity, natural products have been the basis of human diseases
treatment and a major source of new drugs. Many successful drugs in the market today
were originally synthesized to mimic the action of molecules found in nature (Feher and

Schmidt, 2003).

Natural product derived drugs are usually secondary metabolites and their derivatives. And
today they must be pure and highly characterized compounds. Secondary metabolites are
those products (chemical compounds) of metabolism that are not essential for normal
growth, development or reproduction of organism. They may serve as (Demain, 2000):
- competitive weapons used against other bacteria, fungi, amoebae, plants,
insects, and large animals
- metal transporting agents
- agents of symbiosis between microbes and plants, nematodes, insects, and
higher animals
- sexual hormones

- differentiation effectors

1.1.3 Traditional Medicines and Natural Products in the Past

The use of natural products, mainly as plant preparations, as medicinal agents has begun
since the ancient time. The usefulness of plants to treating diseases was recorded in the
Emperor Shennung’s classic herbals (the earliest recorded Chinese herbal medicine, 2700
BC) and Eber’s papyrus in Egypt (1550 BC). Ayurveda, the term used for the traditional
medicinal system in India, is being used for more than three thousand years, and the
earliest Vedic texts, dating from 1500 — 1200 BC were especially concerned with aging,

various afflictions and the prescription of cures involving prayers and herbal medicines.



Later, the Greek physician Galen (AD 129 — 200) devised the first pharmacopoeia
describing the appearance, properties and use of many plants of his time (Patwardhan et

al., 2004).

Today, most knowledge of traditional medicines and therapies has been lost in the daily
life, since it was only sporadically recorded in epics and folklore. This fact is not only
found in mostly developed countries, but also some developing countries where the
indigenous population has been marginalized. Although some traditional medicines and
therapies have still survived and are being applied, their percentage is very small compared

to modern medications (Patwardhan et al., 2004).

Nevertheless, the wisdoms of ancient medicines have often been the basis of modern drug
discovery. Thus, some ideas of the currently accepted modern medicine is based on the
traditional medicines and therapies. In addition, due to the high cost of modern
medications research and production, most developing countries, especially subtropical
and tropical countries with a higher biodiversity of plants, still rely on traditional
medicine. Today the largest users of traditional medicines are the Chinese, with over

5000 plants and plant products in their Pharmacopeia (Strobel et al., 2000).

1.1.4 Natural Products Today

Natural products are the most successful source of drug leads and continue to provide
greater structural diversity than standard combinatorial chemistry, and so they offer major
opportunities for finding novel molecules. In the modern area of drug discovery, they will
continue to be important as targets for production by biotechnological approaches, a source
of lead compounds of novel chemical structures, and as the active ingredients of useful

treatments derived from traditional systems of medicine (Harvey, 1993).

The discovery of pure natural compounds as active principles was first described at the
beginning of the 19" century. Morphine, produced and commercialised by E. Merck for
the first time in 1826, was one among the first isolated active compounds (Newman et al.,
2000). Today, a vast range of drugs, which represent the cornerstones of modern

pharmaceutical care, are either natural products themselves or have been derived from



them. Currently, there are more than 183.000 known natural products, and new structure
are being published at a rate about 10.000 per annum (Dictionary of Natural Products,

2004).

Some analytical and separation techniques have been developed in order to reduce the
time recquired for isolation and characterization of natural compounds. High performance
liquid chromatography (HPLC) has been the most reliable tool for the separation of
complex mixtures of small molecules. More recently, the advent of electrospray (ESI) and
atmospheric pressure chemical ionization (APCI) have provided mass spectrometry (MS)
interfaces which are applicable to the analysis of a wide range of molecules and are
compatible with liquid chromatography (LC) (Elsewijk and Irth, 2003). The high field
NMR (originally 200 MHz and then up through 600 — 800 MHz) allows the complete

structure elucidation in amount of compounds less than 1 mg.

The rapid identification of already known natural products is an important strategy to
screen novel bioactive compounds from natural resources. LC-MS, LC-UV or combination
of the two have become a widely used tool for the dereplication of natural products. Data
from UV and MS alone will rarely provide sufficient information to distinguish between
the known isomers. Even when this is achieved, possible novel isomers have also to be
considered. Recently, the use of LC-NMR at this stage has been advocated (Bradshaw et
al., 2001).

It is estimated that about one third of currently marketed drugs are related to natural
products (Elsewijk and Irth, 2003). The percentage of natural product and natural product
derived drugs in the top 35 worldwide ethical drug sales for 2000, 2001 and 2002 are
shown in figure 1.1. Their relative percentage of all marketed drugs was 40 % in 2000 and

remained approximately constant at 24 % in 2001 and 26 % in 2002 (Butler, 2004).

Most natural product and natural product derived compounds introduced between 1981 —
2002 were compounds with antibacterial and cytotoxic potential, while only one was used
as an antiviral agent (see figure 1.2). It thus can be concluded that natural products still

serve a major role as anticancer and antibacterial agents.
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Figure 1.1 Percentage of synthetic (S), biologic (B) and natural product (NP)/natural product-derived (NPD)
drugs in the top 35 worldwide ethical drug sales for 2000, 2001, and 2002 (Butler, 2004).
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Figure 1.1 Comparison of new natural product (NP) and natural product derived (NPD) compounds to total

new chemical entities per selected medical indication in the frame time 1981 — 2002 (Newman et al., 2003).

In the frame time 1998 — 2004 at least 21 natural product and natural product derived drugs
have been launched onto the market in USA, Europe, and Japan. The 21 drugs can be
classified as 3 natural products, 10 semi synthetic natural products, and 8 natural product-

derived drugs. Although the number was low, there are still many natural product-derived



compounds in Phase III or registration that may be launched in 2005 and 2006 (Butler,
2005)

1.2 Fungi as Natural Products Sources

Fungi are heterotrophic eukaryotes that lack chlorophyll. Thus they must absorb all
recquired nutrients from external sources, but since they are independent of light, they can
also inhabit damp and dark places. As true eukaryotes, they have membrane bound
organels such as nuclei, mitochondria, endoplasmic reticulum, etc. Fungi are characterized
by a distinctive, filamentous, multinucleate vegetative structure known as the mycelium. It
is composed of hyphae, a branching system of tubular structures which contain protoplasm
and continually extend by apical growth and lateral branching (Ainsworth and Sussman,

1965).

Fungi are remarkable organisms that produce a wide range of secondary metabolites. In
many cases, the benefit these compounds confer on the organism is unknown. However,
interest in these compounds is considerable, as many natural products are of medical,
industrial, or agricultural importance (Calvo et al., 2002). The exploration of fungal
bioactive secondary metabolites was initiated by the discovery of penicillin in 1928 by
Alexander Fleming, further re-isolation and clinical studies by Chain, Florey and co-
workers in early 1940s, and its subsequent commercialization in a synthetic form (Butler,
2004). About twenty years after the discovery of penicillin, several other antimicrobial
agents such as chloramphenicol (Long and Troutman, 1949) and griseofulvin (Grove et al.,
1952) had been discovered from fungi. Furthermore, cyclosporine A (Traber et al., 1982
and Traber et al., 1987), and lovastatin (Endo, 1979) are fungal metabolites used as
immunosuppressants during organ transplantation and antihyperlipidaemic agents,

respectively.
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Some secondary metabolites can stimulate spore formation and inhibit or stimulate
germination. Since formation of secondary metabolites and spores are regulated by similar
factors, this phenomenon can ensure secondary metabolites production during sporulation.
Thus, the secondary metabolites can slow down germination until a less competitive
environment and more favourable conditions for growth exist, protect the dormant or
initiated spore from consumption by amoebae or cleanse the immediate environment of

competing microorganisms during germination (Demain, 2000).
1.2.1 Sponge-Associated Fungi
The marine environment became a focus of natural products drug discovery because of its

relatively untapped biodiversity compared to terrestrial habitats. Marine plants, animals,

and microbes produce secondary metabolites that have a promising potential as new drugs



for the treatment of cancer, infectious diseases, and inflammation (Faulkner, 1998).
Furthermore, it possesses a unique feature of chemical structures which could not be found
in terrestrial metabolites (Larsen et al., 2005). However, the major problem is that most
promising pharmacologically active marine natural products can only be isolated in an
extremely low yield. In addition, the limited amounts of biomass of most marine
organisms, especially invertebrates, in nature usually causes the supply problems of the
promising compounds for drug development and sustainable production (Proksch et al.,
2003). Thus, most of natural products or its derivatives that are being used as medicines in
the market were isolated from terrestrial organisms which can either be fermented (in the

case of microorganisms) or be produced by agriculture (in the case of medicinal plants).

The exploration of microorganisms living inside invertebrates is one of the most exciting
strategies to solve the pressing supply issue inherent to marine drug discovery. Marine
microorganisms including fungi, have shown to be potential sources of pharmacologically
active metabolites because of their capability to adapt and survive in the marine
environment, and to produce unique secondary metabolites (Bugni and Ireland, 2004).
The first chemical investigation of marine-derived fungi was carried out by Giuseppe
Brotzu in 1945. He found that a fungus (later identified as Cephalosporium acremonium)
isolated from seawater near a sewage outlet off the Sardinian coast exhibited pronounced
antibacterial activities (Demain and Elander, 1999). Ten years later Newton and Abraham
discovered that the B-lactame cephalosporin C was responsible for the antibacterial activity
of this fungus (Newton and Abraham , 1955). Cephalosporin C shows structural similarity
to the penicillins (which were already marketed at that time), but differs from the latter by
the cephalosporane (instead of the penicillane) backbone. Nowadays, semisynthetic
cephalosporine derivatives have by far outnumbered medicinally applied penicillines,

especially in the clinical use.
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After the discovery of cephalosporin C, the detailed studies of secondary metabolites from
marine-derived fungi were still scarce until 1975, when the second secondary metabolite of
marine- derived fungi, 2,6-dimethoxy-1,4-benzoquinone, was succesfully identified in a
culture of Dendryphiella salina (Fukuzumi, et al., 1975). Six years later, siccayne was
isolated from Halocyphina vilosa and identified as the second antibiotic from marine-
derived fungi (Kupta et al., 1981). Starting from 1980’es, marine derived fungi have been
systematically studied with regard to their potential to produce bovel bioactive secondary
metabolites, yielding up to now more than 300 structure in more than 200 publications

(Bugni and Ireland, 2004 ; Ebel, 2006)
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In particular, sponge-associated fungi have yielded novel metabolites with potent
antibacterial and anticancer activities (Jensen, 2000) which have not been previously
reported from terrestrial strains of the same species (Hiort et al., 2004). Trichoharzin, a
compound isolated from Trichoderma harzianum associated with the sponge Mycale
cecilia, was the first novel metabolite from sponge-associated fungi (Kobayashi et al.,
1993), while gymnastatins A, B and C were the first novel cytotoxic metabolites from

sponge-associated fungi (Amagata et al., 1998)

OH

Trichoharzin

1.2.2 Terrestrial Endophytic Fungi

“An endophyte is a bacterial (including actinomycete) or fungal microorganism, which
spends the whole or part of its life cycle colonizing inter- and/or intra-cellularly inside the
healthy tissues of the host plant” (Tan and Zou, 2001). Since the relationship between the
endophyte and its host plant may range from symbiotic to bordering on pathogenic, some
secondary metabolites involved in the host-endophyte relationships may also be produced
by the endophytes during the colonization. As a direct result of the role of these secondary
metabolites in the nature, they may show to have applicability in medicine, agriculture and

industry (Strobel, 2002).
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Almost all vascular plant species examined to date were found to harbour endophytes.
Commonly, several to hundreds of endophyte species can be isolated from a single plant,
among them, at least one species showing host specificity. Since the environmental
conditions under which the host is growing also affect the endophyte population, the
endophyte profile may be more diverse in plants obtained from tropical as compared to

temperate regions (Tan and Zou, 2001).

The intensive chemical study of endophytic fungi was begun after the invention of taxol
(paclitaxel), a billion dollar anticancer drug which was isolated for the first time from
Taxus brevifolia (Wani et al., 1971). More than 20 years later, Strobel isolated a novel
taxol producing endophytic fungus, Taxomyces andreanae, from Taxus brevifolia (Strobel
et al,, 1993). In the following years, further endophytic fungi such as Pestalotiopsis
microspora (Strobel et al., 1996), Seimatoantlerium tepuiense (Strobel et al., 1999),
Periconia sp (Li et al., 1998), have also been reported to be producers of taxol or its

derivates.
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While the initial chemical studies were mainly concerned with taxol, it was soon
discovered that endophytic fungi are producers of interesting secondary metabolites by
themselves, which are normally not structurally related to natural products produced by
their host plants. Interesting examples include cryptocin (Li et al., 2000), isopestacin
(Strobel et al., 2002), and cytonic acid A (Guo et al., 2000) were reported to be active as
antifungal, antioxidant, and antiviral, respectively. However, very recently a report
appeared in the Oiterature that another cytotoxic plant alkaloid , camptothecin (which was
originally described from Camptotheca acuminate (Wall et al., 1966) and is commercially
exploited as an anticancer agent) is also produced by an endophytic fungus. Thus, it can be
concluded that endophytic fungi besides marine derived fungi represent an interesting

source of new lead structures for pharmaceutical and agrochemical applications.
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1.3 Aims and Scopes of the Study

The aim of the study was isolation of secondary active metabolites from tropical sponge-
associated and endophytic fungi and the preliminary identification of their pharmaceutical
potential. Three sponge associated fungi, Aspergillus niger, Penicillium citreonigrum and
one unidentified fungus, and two terrestrial endophytic fungi, Pestallotiopsis longisetula

and Chaetomium globosum, were subjected as biological sources of the study.

In order to isolate the secondary metabolites, the fungi were grown in a static Wickerham
medium at room temperature. For sponge associated fungi, artificial salt water was added
into the media until a final concentration 24.4 g/L.. After three weeks of inoculation, the
fungi were then harvested and subsequently extracted with some organic solvents. Ethyl
acetate fraction of raw extracts was then separated using some chromatography techniques
and their fractions were analysed using HPLC and/or GC for their purity and LC-MS for
their molecular weight. The pure compounds were submitted to the different techniques of

NMR for structure elucidation.

The pure compounds were subjected to some bioassays for their pharmaceutical potential.
Antimicrobial assays were performed using Eschericia coli and Bacillus subtillis.
Meanwhile, the isolated compounds were applied to Clasdosporium herbarum and
Cladosporium cucumerinum in antifungal assay. The cytotoxity assays were performed
using some cancer and animal cell lines. Some pure compounds have been also been

subjected to protein-kinases assays.

At the end of the study, some fermentation experiments were done to identify the effects of
culture condition on the metabolite productions. P. citreonigrum was grown in different
type of medium, salt concentration, pH, time of fermentation and the presence of elicitors

to observe its metabolites profile.
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2 MATERIAL AND METHODS

2.1 Materials

2.1.1 Fungal Origin

Table 2.1 shows the origin of the fungi used as raw materials in this study. Three of them

are sponge associated fungi, Aspergillus niger, Penicillium citreonigrum and the

unidentified fungal. Meanwhile, Pestallotiopsis longisetula and Chaetomium globosum are

terrestrial endophytic fungi.

Table 2.1. The origin of the fungi

No. | Code Fungal Host Location Note
species
1. E99-3/341 Aspergillus Axinella Elba Island, 1999 -
niger van damicornis
Tieghem
2. PAI1/1C Penicillium Pseudocertina | Bali Barat National | -
citreonigrum | purpurea Park, Indonesia,
1996
3. AGBE Pestalotiopsis | Aglaia odorata | Green House, Collected
longisetula University of by Dr..F.
Diisseldorf, 2002 Teuscher
4, AGB2M GR | Chaetomium | Aglaia odorata | Green House, Collected
globosum University of by Dr. F.
Diisseldorf, 2002 Teuscher
5. B 24 Unidentified | Undidentified | Kep. Seribu Collected
fungus sponge (Seribulslands), by Dr. A.
Indonesia, 2002 Supriyono
and
Subintoro
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2.1.2 Media

2.1.2.1 Medium for Isolation of Plant Endophytic Fungi

e Agar-agar 150¢g
¢ Dried Plant Materials (leafs) 150¢g
¢ Chloramphenicol 02¢g
¢ Distilled water To make 1000 mL
e pH 74-17.8
(adjusted with NaOH)

2.1.2.2 GPYNS Medium for Isolation of Sponge Associated Fungi

e Agar-agar 160 ¢g

e Artificial Sea Salt 244 ¢

® Yeast extract 1.0g

® Glucose 1.0g

¢ Ammonium nitrat 1.0g

e Pepton 05¢g

¢ Distilled water To make 1000 mL

e pH 7.4 — 7.8 (adjusted with NaOH)

To prevent bacterial contamination, Chloramphenicol (0.2 g) was added in to the medium
before autoclaving. Alternatively, Streptomycin Sulfat (0.1 g) and Penicillin G (0.1 g), can

also be added after autoclaving.

2.1.2.3 Wickerham Medium for Liquid Culture

e Yeast extract 30¢g
e Malt extract 30¢g
e Peptone 50¢g

14



¢ Glucose monohydrate 200¢g
e Distilled water To make 1000 mL
e pH 7.2 — 7.4 (adjusted with NaOH)

For sponge associated fungi, artificial sea salt was added to a final concentration 24.4. g/L.

2.1.2.4 Malt Agar (MA) Medium

MA medium was used for short term storage of fungal culture or fresh seeding for

preparation of the liquid culture.

e Agar-agar 150¢g

e Malt extract 150¢g

¢ Distilled water To make 1000 mL

e pH 7.4 — 7.8 (adjusted with NaOH)

For sponge associated fungi, artificial sea salt was added to a final concentration 24.4. g/L.

2.1.2.5 Rice Media

e Rice N¢g

e Deionized water 100 mL

Water was added into the rice and it was kept overnight before sterilization.

2.1.2.6 Modified Abe Medium

Modified Abe medium was according to Vinokura (Vinokura, et al.,2004), however, with

addition of yeast extract.

¢ Mannitol S0g

® Yeast extract 50¢g
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e Succinic acid S54¢

e MgSO,. 7TH,0 03¢g

e KH,PO,4 1.0g

e Distilled water To make 1000 mL

e pH 7.4 — 7.8 (adjusted with NaOH)

A sterile solution of trace elements containing FeSO4. 7H,O, ZnSO4. 7 HO , MnSO..
5H,0, CuSO4. SH,O, was added into the medium with a final concentration 5.0, 4.4,

1.7, and 3.3 mg/L, respectively.

2.1.2.7 Modified Potatoes Dextrose Agar (PDA) Medium

Modified PDA medium was according to Ge, et.al. (Ge, J., et al.,2004), however, with

addition of yeast extract and lack of agar..

e Infusion from Potatoes (see below) 1L
® Yeast extract 50¢g
e Dextrose 20g

Potatoes infusion :
Potatoes (200 g) was first washed and cut into small pieces, boiled in a 1000 mL distilled
water for 1 hour, and filtered to get the infusion potato

2.1.2.8 White Bean (Phaseolus vulgaris L) Medium

White bean (100 g) was boiled for 1 hour and then washed many times with tap water until

the skin completely removed. A 100 mL distilled water was added just before sterilization.

2.1.2.9 Modified Czypek Yeast Agar (CYA) Medium

CYA medium according to Malmstrom (Malmstrom et al.,2000), however, without agar.

e Sucrose 30g
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® Yeast extract 50¢g

e NaNO; 3g

e K,HPO, lg

e MgSO4. 7TH,O 05¢g

e KCI 05¢g

e FeSO,. 7TH,O 001g

¢ Distilled water To make 1000 mL

2.1.2.10 Luria Bertoni (LB) Medium

The medium was used to conduct antibacterial assays.

e Peptone 100 g

® Yeast extract 50¢g

e NaCl 100 g

e Distilled water To make 1000 mL

e pH 7.0 (adjusted with NaOH)

To prepare the agar plates, 15 g agar was added into 1L broth media.

2.1.2.11 Yeast Medium

The medium was used to perform bioassays using Saccharomyces cerevisiae.

® Yeast extract 30¢g

e Malt extract 30¢g

e Peptone 50¢g

e Glucose 100 g

¢ Distilled water To make 1000 mL

To prepare the agar plates, 15 g agar was added into 1L broth media.
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2.1.2.12 Fungal Medium for Bioassays

e Mannitose 500¢g

e Saccharose 500¢g

¢ Succinic acid 54¢g

® Yeast extract 30¢g

e KH,PO,4 0.1g

e MgSO, 03¢g

e FeSOy 10.0 mg

o 7/nSO, 10.0 mg

¢ Distilled water To make 1000 mL

e pH 5.4 (adjusted with NaOH)

2.1.2.13 Potatoes Dextrose Agar (PDA) Medium for Bioassays

e Infusion from Potatoes (see below) 1L
e Dextrose 200¢g
e Agar 150¢g

Potatoes infusion :
Potatoes (200 g) was first washed and cut into small pieces. It was then boiled in a 1000

mL distilled water for 1 hour and filtered to get the infusion potatoes.

2.1.3 Chemicals

2.1.3.1 Technical Grades Solvent for Separation

e Methanol

e Dichloromethane

¢ Ethylacetate
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e n-Hexane
¢ (Cyclohexane

e n-Butanol

2.1.3.2 Solvents for HPLC and LC/MS

e Acetonitril LiChroSolv HPLC grade, Merck
e Methanol LiChroSolv HPLC grade, Merck

e Nanopure water

2.1.3.3 Solvents for NMR

e DMSO-d¢ euriso-top
e CD;OD euriso-top
e CDCl, euriso-top

2.1.3.4 Chemicals for Media

e Agar- agar Galke

® Glucose Caelo

® Yeast extract Sigma

e Malt extract Merck

e Sea salt Biomarine
e NaCl Merck

e Pepton BD

e Trypton Sigma
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2.2 Methods

2.2.1 Collection and Isolation of Fungi

2.2.1.1 Isolation of Terrestrial Endophytic Fungi

A piece of plant was washed with sterilized demineralised water and then rinsed in a 70 %
ethanol for 1-2 minutes. The plant piece was then taken out from the ethanol solution and
dried under a laminar flow hood. With a sterile knife blade, the plant was cut and the outer
tissues were removed. The inside tissue was immediately placed onto the MA media
containing plant material and antibiotic (see section 2.1.2.1). After several days of
inoculation, the hyphal tips of growing fungi were then subsequently transferred onto new

MA medium (see section 2.1.2.4) to obtain the pure culture of fungi.

2.2.1.2 Isolation of Sponge Associated Fungi

A piece of sponge was washed with sterilized artificial sea water and then rinsed in a 70 %
ethanol for 1-2 minutes. The piece of sponge was then taken out from the ethanol solution
und cut to obtain the inside tissue of sponge. The inside tissue was immediately transfer
onto the MA media containing artificial sea salt and antibiotics (see section 2.1.2.2).
(These steps of work were performed on the sampling area because the sponge tissue
should be in fresh condition). After some days, a single fungal colony was then
subsequently transferred onto MA medium containing artificial sea salt (see section

2.1.2.4) to obtain the pure culture of fungi.

2.2.2 Fungal Identification and Taxonomy

2.2.2.1 Morphological Characteristic Identification

The identification of fungal culture using morphological characteristics was performed at

Centraalbureau voor Schimmelcultures (CBS), Utrecht, Netherlands.
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2.2.2.2 Fungal Identification using Molecular Biology Approach

Fungal identification using molecular biology approach was done by others PhD students
(Apotheker Arnulf Diesel and Ine Dewi Indriani) at the Institute of Pharmaceutical Biology

and Biotechnology, University of Diisseldorf.

Briefly, the identification of fungi through this technique is outlined below :

. Fungal DNA Isolation

Fungal DNA isolation and purification was performed using DNeasy Plant Mini Kit from

Qiagen Company.

Dried (lyophilized) mycelial was pulverised and disrupted with a help of glass beads. The
cell lysis was carried out by addition of lysis Buffer AP-1 and RNAse-A solution and then
followed by incubation of the mixture in 65°C. The remaining detergent, protein and
polysaccharide was precipitated by addition of Buffer AP-2 to the lysate. The lysate was
then applied to the Qiashredder™ Mini Spin Column and centrifugated to remove the cell

debris and other remaining precipitates. The lysate was then transferred to a new tube.

An adequate volume of ethanolic Buffer AP3/E was added to the lysate and the mixture
was then applied to DNeasy Mini Spin Column. After centrifugation, the filtrate was
discarded. The column was washed by addition of ethanolic Buffer AW and followed by
centrifugation. Another Buffer AW was added to the column for the second time and then

centrifuged at maximum speed to dry the membrane in the column from residual ethanol.

Fungal DNA, which is incorporated to the membrane, was eluted by addition of Buffer AE
directly to the membrane in the DNeasy column. The column was then incubated at room
temperature for 5 minutes and then centrifuged to collect the filtrate. The filtrate is fungal

DNA dissolved in Buffer AE.
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. DNA Amplification

The isolated DNA was then amplified by the method called Polymerase Chain Reaction
(PCR). The PCR was carried out using and HotstarTaq Master Mix Kit from Qiagen
Company. The Master Mix contains HotStarTag°®DNA Polymerase, PCR buffer (with
MgCl,) and dNTPs.

ITS1 (with base sequences TCCGTAGGTGAACCTGCGG) and ITS4 (with base
sequences TCCTCCGCTTATTGATATGC), as primers, were mixed with HotstarTaq
Master Mix Kit and DNA template. The mixture was then applied to the thermal cycler
using the programmed PCR cycle as outlined below :
o Initial activation step in 95°C for 15 minutes to activate HotStarTag®DNA
Polymerase

o Cycling steps which were repeated 35 times :

* Denaturing : 1 minute at 95°C
* Annealing : 1 minute at 56°C
» Extension : 1 minute at 72°C

o Final extension for 10 minutes in 72°C

o Purification of PCR Products and DNA Sequencing

The PCR product was purified using 2% Agarose-Gel-Electrophoresis at 75 V for 60
minute in TBE buffer. The agarose gel was then stained using 1 % ethidium bromide. A

500 bp stained DNA fragment was then excised from the agarose gel.

The next step of PCR products purification was performed using Perfectprep®Gel Cleanup
Kit from Eppendorf company. The binding buffer was mixed to the PCR products and
incubated at 50°C for 10 minutes in an eppendorf thermomixer at 1000 rpm. The mixture
was mixed with a volume of isopropanol and then centrifuged. The filtrate was discarded

and the column was washed with wash buffer twice followed by centrifugation.
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Amplified fungal DNA (the PCR product), which is incorporated to the column, was eluted
by addition of elution buffer or molecular biology grade water to the centre of the column.
The column was then centrifuged to collect the filtrate. The filtrate is fungal DNA

dissolved in elution buffer.

The amplified fungal DNA was then submitted for sequencing and the base sequences was
compared to the data in Genebank with a help of Blast-Algorithmus. By this method, a
fungus is identified by its DNA sequence.

2.2.2.3 Taxonomy

The taxonomy classification of fungal strain, based on morphological characteristics (de

Hoog et, al., 2000), used in this study are shown in Table 2.2.

Table 2.2.Taxonomy classification of fungal strains

Strain 1 Strain 2 Strain 3 Strain 4*
Kingdom | Fungi Fungi Fungi Fungi
Phylum Ascomycota Ascomycota Ascomycota Ascomycota
Class Euascomycetes Euascomycetes Euascomycetes | Anamorps member
Order Eurotiales Eurotiales Sordariales of Ascomycetes
Family Trichocomaceae | Trichocomaceae | Chaetomiaceae | Amphisphaeriaceae
Genus Aspergillus Penicillium Chaetomium Pestalotiopsis
Species A. niger P. citreonigrum | C. globosum P. longisetula

*) www.botany.utotornto.ca/ResearchLabs/Mallochlab/Malloch/Moulds/Pestalotiopsis

2.2.3 Fungal Cultivation
2.2.3.1 Fungal Culture for short Term Storage
The fungi were grown onto MA media under room temperature for several days. Since the

fungal hyphae almost covered the whole surface of MA medium, the cultures were then

kept in 4°C for maximum 6 months before re-inoculation onto new MA media.

23



2.2.3.2 Fungal Culture for isolation of Secondary Metabolites

The fresh fungal culture on MA media, normally in the log phase of growth, was
transferred into in a 1 L Erlenmeyer flask containing 300 mL of Wickerham media. The
culture was then incubated in a room temperature for three weeks. A large scale of

cultivation (roundabout 10 L culture medium) was carried out using 30 Erlenmeyer flasks.

2.2.4 Fungal Extraction

The extraction scheme of the fungal cultures is described in Figure 2.1. This method was
used to collect fungal extracts containing both extracellular (excreted into the medium) and
intracellular metabolites. A 250 ml Ethylacetate was added into each fungal culture in an
erlenmeyer flask and the mixture was kept overnight to ensure that the fungal cell died.
The mixture was then applied to Ultraturrax for 10 minutes (for cell destruction) and
followed by filtration using Biichner vacuum. The extracted mycelium (cell debris) was
thrown away and the filtrate containing ethyl acetate phase and medium (water phase) was

collected for further processes.

The ethylacetate phase was then separated from water phase (medium) using separation
funnel. To remove the remaining salts and other polar constituents, the ethyl acetate phase
was washed with water two times. Just after evaporation, the ethyl acetate extracts was
diluted in 90 % Methanol and extracted with n-hexane to remove fatty acids and other non-
polar constituents. At the same time, the water phase (medium) was extracted with water-

saturated n-Butanol to collect the polar constituents.

Another method, as described in Figure 2.2, was also used in this study. This method was
used to get the information of individual extracellular and intracellular metabolites profiles.
Just before addition of organic solvents, the mycelium and medium were separated in a
clean bench. Methanol and ethyl acetate were added into the mycelium and medium,
respectively. They were then kept overnight. The mycelium was then disrupted with
Ultraturrax and subsequently extracted with ethyl acetate and n-hexane. In parallel, the

medium was also directly washed with water and followed by extraction with n-Hexane.
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Figure 2.1 Scheme of Fungal Extraction (Method 1)
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2.2.4.1 Solvent-Solvent Extraction

Solvent-solvent extraction is a widely employed technique to separate organic compounds
from a mixture. It involves the separation of compound in two immiscible solvents. Since
the technique is based upon an unequal distribution of solutes between two solvents with a
different polarity, the solutes will be more soluble in one solvent compared to the other.
The distribution of a component A between two phases can be expressed as distribution

coefficient (K) :

K = [A] top phase
[A] lower phase

where, [A] is the concentration of solute A.

The following general principles should be considered in choosing a solvent for the system

¢ the solvents involved in the extraction must be immiscible
¢ the solvents must not react to the components that will be separated

¢ the solvents should be easy to be removed by evaporation after the process

In this study, the solvent extraction was the first step in the whole separation process. It
was meant to ‘“clean” the ethyl acetate extract from salts and other undesirable polar
constituents by water-ethylacetate extraction. Subsequently, the methanol-n-hexane

extraction was applied to remove fatty acids and other undesirable non polar components.

2.2.5 Isolation, Purification and Identification of Secondary Metabolites

In this study, ethyl acetate extract were selected for further metabolites purification and

isolation because of the following reasons :
e [t contains more metabolites compared to n- butanol and n-hexane extract
e [ts metabolites are easier to be separated and isolated using known and available

chromatography techniques than n-butanol and n-hexane extracts
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¢ Some preliminary bioassays indicated that ethyl acetate extract is more active than

n-butanol and n-hexane extracts

The isolation and purification of secondary metabolites was performed using some
chromatography techniques. The techniques used in the isolation depended on the amount
and metabolites profiles of the extracts. Figure 2.3, 2.4 and 2.5 show the details of

schematic isolation of secondary metabolites from A. niger, P. citreonigrum and P.

longisetula cf.
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EtOAc extract of A. niger (4.8 g)
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EtOAc extract of P. Citreonigrum (6.5 g)
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Figure 2.4. Schematic isolation of metabolites from P. citreonigrum
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Figure 2.6. Schematic isolation of metabolites from C.

2.2.5.1 Chromatography

In chromatography, chemical components of a mixture are carried by a mobile phase
through a stationary phase. The mixture is first placed in the stationary phase and the
mobile phase is allowed to pass through the system. The chemical separation in a mixture
is based on the selective interaction, such as surface absorption and relative solubility, of

the components with both the stationary and mobile phase.

Three different type of chromatography, based on the physical property of stationary and
mobile phase, used in this study include the following :

a. Thin Layer Chromatography

b. Column Chromatography

c. Gas Chromatography

2.2.5.1.1 Thin Layer Chromatography

TLC is a simple and quick chromatography to analyze the components of the mixtures and
to determine the purity of a substance. It is also usually used to determine the best solvent
system for column chromatography. Sometimes TLC, called as preparative TLC, is also

subjected to separate and purify the components in the mixtures.

TLC plate is a sheet of glass, metal or plastic (usually polyester) which is coated with a

thin layer of stationary phase (usually silica, SiO,, and alumina, Al,O3, in about 250 pm
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thick). The samples are loaded close to the one edge of the plate. Then the plate is
“developed” by immersing the loaded edge in a mobile phase. The mobile phase, usually
the mixture of two or more solvents, migrates through the plate (stationary phase) causing
the components of the mixture to distribute between the stationary and the mobile phase.
Then the process is terminated just before the mobile phase reached the opposite edge of
the plate. Development is done in a solvent vapour-saturated chamber. After the
separation, the separated components of the mixture appear as spots or bands on the plate
(chromatogram). Sometimes any strongly coloured bands are visible on the plate. The
colourless bands can be visualized by spraying some dying agents, such as anisaldehyde,
on the plate to make coloured spots. Fluorescent components can be visualized under
ultraviolet light. If the spots absorb UV light but do not fluoresce, the spots will appear

dark on a fluorescent background because silica gel may have a fluorescent dye.

The ratio of the distance reached by a particular spots (components) to the distance reached
by the mobile phase front is the R¢ or retardation factor. It is characteristic value of that
component under the certain conditions used. In determining the solvent system for a
column chromatography, the ideal system is one that gives the Ry of round about 0.25 for

desired components

2.2.5.1.2 Column Chromatography

Column chromatography, sometimes also called liquid chromatography, is used to
separate, purify and isolate the components of the mixture. The stationary phase is packed
in an inert plastic or glass column. The ideal system of mobile phase, usually a mixture of
two or more solvents, is determined by TLC. The mobile phase is passed through the
column by either external pressure or gravity. The type of interaction between the chemical
components, stationary phase, and mobile phase is depended on the stationary phase being

applied.

2.2.5.1.2.1 Silica Column

In column chromatography, also called liquid chromatography, a vertical glass column is

packed by stationary phase, SiO;, and the mobile phase usually the mixture of organic
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solvents which is added to the top of the column. The separation based on polar
interaction of the components to the mobile and stationary phase. This technique is ideally
used to separate and purify the components in the range of semi-polar to non polar. The
long of the column and interval drops (related to the rate of the eluent through the column)

is depended on the amount of the sample and the number of components to be separated.

The sample or the mixture to be separated is loaded on the top of the column. The mobile
phase (the eluent) flows down and brings the mixture through the column by a gravity
force with a fix rate. The components are distributed along the column and the coloured
components can be watched during the separation as coloured bands on the column. The
drops on the bottom of the column were collected using fraction collector and the fractions
were analyzed using TLC. The process continues until the whole components are eluted
and collected and takes may overnight. Alternatively, the flow can be stopped during the
process and the column can be packed out. Then the coloured bands were cut out and re-

dissolved in an ideal solvent to recover the separated components.

2.2.5.1.2.2 Reverse Phase (RP) Column

Liquid chromatography with the stationary phase more polar than mobile phase is called
‘normal phase’. ‘Reverse phase’, however, refers to liquid chromatography with the mobile
phase more polar than stationary phase. The protocol of RP column are very similar to
silica column, but the column was packed by RP-18 as stationary phase and the mobile
phase used was normally water and methanol or a mixture of both of them (sometimes
acetonitrile is also used instead of methanol). This technique is ideally used to separate and

purify the polar components of the mixture which dissolve only, for example, in water.

2.2.5.1.2.3 Sephadex Column

The protocol of Sephadex column is similar to silica and RP column. The column was
packed by Sephadex LH-20 as a stationary phase and the mobile phase varies from a polar
to non-polar organic solvent or the mixture of them. The best system of mobile phase is

one that can dilute all the components to be separated. The mixture flows down, along
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together with the eluent, through the column forced by the gravity. The components are
separated and distributed on the stationary phase according to their molecular size. Since
the stationary phase consist of porous beads, the larger molecules will be excluded from
the beads and eluted first. The smaller molecules will be eluted later because they enter the
porous of the beads and stay inside until they find the certain size of pores to exit from the

beads.

2.2.5.1.2.4 Flash Chromatography

Flash chromatography is a preparative column chromatography based on optimised pre-
packed column and an air pressure driven eluent at a high flow rate. It is a simply and
quickly technique and widely used to separate a variety organic compounds. Normally, the
column is a dry Silica Gel G pre-packed at a height of 18 cm and vertically clamped and
assembled in the system. The column is filled and saturated with the desired mobile phase
just prior to sample loading on the top of the column. The mobile phase, an isocratic or
gradient solvent, is then pumped through the column with the help of air pressure and
brings the sample to be separated in the columns. This technique is only considered a low
to medium pressure technique and applied to the samples from a few milligram to some

gram of sample.

2.2.5.1.2.5 Vacuum Liquid Chromatography (VLC)

Like a normal silica column, VLC column was packed with SiO; as a stationary phase. The
mobile phase, however, was quickly passed through the column by a vacuum condition,
instead of gravity force. This technique was normally used to separate a high amount raw

extract in a short time.

The lower part of the vertical column is connected to the vacuum pump to generate a
vacuum condition. The sample was loaded on the top of the column and then, together with
the mobile phase, quickly passed through the column by vacuum condition. The mobile
phase was normally changed (gradient elution) from less to more polar condition by the

step.
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2.2.5.1.2.6 Semi Preparative HPLC

Theoritically, the separation of the mixtures in a column chromatography is much more
effective when the stationary phase is a very thin layer on the surface of very small and
very uniform spherical beads. This condition, however, is very sensitive to the flow of
mobile phase. To solve this problem, a pressure must be applied to the mobile phase in
order to get a desired flow. For example, a pressure of about 2000 psi must be reached to
flow 1 — 3 mL/minute of mobile phase. A reciprocating piston pump is used in the most
HPLC system to get this condition. But it is also possible to use a cylinder of compressed

gas or diaphragm pump.

A typical HPLC column which is packed by octadecylsilyl (C18-Si-) groups bonded to
Sum silica beads in a stainless steel tubing was used in this experiment. The column with
8.00 mm ID was used to flow the solvent with a rate of 5 mL/minute. The column with

4.00 mm ID and 143 mm long, however, was used to flow the solvent by 1 mL/minute.

The mobile phase is normally a polar solvent or a mixture of polar solvents, for example
water (nanopure water) with methanol or acetonitrile. The composition of mobile phase is
programmed to change continuously (gradient elution) from more to less polar condition.
Sometimes, 0.01 % trifluoroacetic acid was used, instead of water, to get a better resolution

of separation.

The dissolved gas may create the bubbles as the mobile phase leaves the column because
the pressure suddenly drops. In this case, the mobile phase should be degased by ultrasonic
treatment before use. Alternatively, it can be also boiled or applied to the vacuum to

remove the gases.
A few microliters of sample solution was applied into a sample loop on an injector. When
the injector is operated, the sample loop is suddenly switched into the flow of mobile phase

just before it reaches the column.

As the mobile phase leaves the column, it immediately passes into a detector which is used

to determine the presence of components. The UV detector was used in this study because
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it quite sensitive for the molecules which absorb ultraviolet light. Furthermore, the
wavelength can be set to the absorption maximum for a particular molecule interests, or to

a short wavelength where most molecules absorb.

An on-line chromato-integrator is connected to the detector in order to monitor the
presence of the components leaving the column after separation. The peaks of
chromatogram expresses the number of components eluted by the system and the peaks
area is equal to the UV absorbance of a particular compound (component). By monitoring
the chromatogram, the individual peak or fraction was collected in an individual sample

collector.

The HPLC system used in this study is described as follows :

Pump : LaChrom L-7100, Merck/Hitachi

Detector : LaChrom L-7400, Merck/Hitachi

Printer : Chromato-Integrator D-2000, Merck/Hitachi
Column : Eurospher 100-C18, Knauer

Pre-column : Eurospher 100-C18, Knauer

2.2.5.1.2.7 Analytical HPLC

The principle of analytical HPLC is similar to the semi-preparative HPLC. The semi
preparative HPLC is used to separate and to isolate the components of the mixture. The
analytical HPLC, however, is used only to identify and, sometimes, to determine the

concentration of the components of the mixture.

Unless stated different, the most gradient elution of mobile phase (as a standard program)
used in this study is described in Table 2.3 and the water (as nanopure water) was adjusted
to pH 2 with Phosporic acid (H3POy4). If the standard gradient elution could not separate

the components properly, the program was changed to the one suitable to the samples.
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Table 2.3. A standard gradient elution of mobile phase in HPLC

Time (minutes) % Methanol % Water
0 10 90
5 10 90
35 100 0
45 100 0
46 10 90
60 10 90

The specification of the parts in HPLC system is described as follows :

Pump : P 580, dionex

Programme : Chromeleon version 6.3

Autosampler : ASI 100T, Dionex , with an injection volume of 20 pL.
Column : Eurospher 100 C-18, Knauer

(bonded Spm silica beads ; 4 mm ID ; 125 mm long)
Column oven : STH 585, Dionex
Detector : UVD 340 S - Photo Diode Array Detector, Dionex

Unfortunately, the UVD 340 S detects only the compounds which absorb UV light. Other
compounds which do not absorb UV light were analyzed using TLC sprayed with dying
agent, such as anisaldehyde, and/or submitted to gas chromatography.

2.2.5.1.3 Gas Chromatography

In gas chromatography, the mobile phase is gases continuously flow through the column
packed by stationary phase. These carrier gases include helium, argon and nitrogen which
are chemically inert.

Based on the stationary phase used in the system, gas chromatography is divided into two

different types :
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e (Qas solid chromatography, one with stationary phase as a solid that has a large
surface area

e (Gas-liquid chromatography, one with stationary phase as liquid, normally a high
boiling liquid, that is immobilized onto a solid support surface by absorption or

chemical bonding

The sample to be analyzed is loaded into the beginning of the column. The components of
the mixture were then distributed by the mobile phase to the stationary phase by

condensation or absorption on the stationary phase.

Gas chromatography is used only to detect, identify or analyze the compounds and
components of the mixture and the compounds or the components must have sufficient

volatility and thermal stability.

In this study, Agilent 6850 Series GC was used to determine the molecular weight of the
compounds which do not absorb UV light.

2.2.5.2 Determination of Maximum UV Absorption

The absorption of UV or visible radiation corresponds to the excitation of outer electrons
in the molecules. In many organic molecules, most absorption is based on transition of n or
T electrons to the w* excited form. Experimentally, these transitions fall in spectrum of
region 200 — 700 nm. Consequently, these transitions need an unsaturated group (called as

chromophores) of the molecules to provide 7 electrons.

In this study, determination of maximum UV absorption was done with the help of the

UVD 340 S — Photo Diode Array Detector integrated to analytical HPLC (see 2.2.5.1.2.7).
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2.2.5.3 Determination of Molecular Weight

2.2.5.3.1 Mass Spectrometry

Mass spectrometer is an analytical instrument used to determine the molecular weight of a
compound. Basically, mass spectrometer is divided into three parts, ionisation source,
analyser and detector, that should be maintained under high vacuum condition in order to
maintain the ions travel through the instrument without any hindrance from air molecules.
Once a sample is injected into the ionisation source, the molecules are then ionized. The
ions are then passed and extracted into the analyser. In the analyser, the ions were
separated according to their mass (m) to charge (z) ratio (m/z). Once the separated ions
flow into the detector, the signals are then transmitted to the data system where the mass

spectrum is recorded.

There are many different method of ionisation used in mass spectrometry and the method
to be used is depend on the type of sample to be analysed. Some known ionisation methods
include :

e Electron Impact (EI)

e Electro-Spray lonisation (ESI)

e Fast Atom Bombardment (FAB)

¢ Chemical Ionisation (CI)

e Atmospheric Pressure Chemical Ionisation (APCI)

e Matrix Assisted Laser Desorption Ionisation (MALDI)

¢ Field Desorption / Field Ionisation (FD/FI)

e Thermo-Spray Ionisation (TSI)

The mass spectrum shows a plot the relative intensity vs mass to charge ratio (m/z) and
gives the information about molecular weight and relative abundance of the components in
the sample. The most intense peak in the spectrum is called the base peak and others are
reported relative to the base peak intensity. The fragments which are formed follow the
simple and predictable chemical pathways and reflect the most stable ions or radicals. The

highest molecular weight peak observed in a spectrum represents the typical parent
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molecule. Generally, small peaks are also observed above the calculated molecular weight

due to the natural isotopic abundance of BC and 1H, etc.

In this study, only the first three ionisation methods were used to determine the molecular

weight of obtained pure secondary metabolites.

2.2.5.3.1.1 Electron Impact (EI) Mass Spectrometry

Electron impacts generate a molecular ion M™ (radical cation) by collision an electron with
the sample in gas phase. The sample is firstly vaporised and then directly injected into a
high vacuum chamber where the sample is ionised by bombarding with neutral molecules
having energy 70 eV and accelerated in a 8 kV electric field. The ionisation is then
accelerated by vacuum condition through a magnet field and then sorted on the basis of

mass to charge ratio in a continue changing of magnetic field.

Since the samples (molecules) must be volatile and thermally stable thus the measurement
of EI-MS is limited to low molecular weight compounds of approximately 600 Da or less.
Some classes of compounds are not ideal for this measurement because it forms only
molecular ion M+. But the molecular structure information can be deduced from the

spectra due to an extensive fragmentation is occurred in the analysis.

The determination of molecular weight using this method was conducted by Dr. Keck and
Dr. Tommes at the Institute of Inorganic Chemistry, University of Diisseldorf. The

instrument used was Mass spectrometer type Finnegan MAT 8200.

2.2.5.3.1.2 Fast Atom Bombardment (FAB) Spectrometry

In this method, a non volatile or thermally fragile organic sample which is dissolved in a
matrix solution, such as glycerine, is bombarded by a focus beam of neutral atoms, such as
Ar, Xe and Cs, to generate ions. The energetic beam of fast atoms is delivered by FAB gun
which is located externally to the ion source. The atom beam hits the sample on the target
and then the emerging secondary ions are accelerated by 2 kV — 30 kV electrical fields and

focussed towards the analyzer by use the ion source optics.
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Like EI-MS, the measurement of FAB-MS was also conducted at the Institute of Inorganic

Chemistry, University of Diisseldorf.

2.2.5.3.1.3 ElectroSpray Impact (ESI) Mass Spectrometry

In this method, the ionisation process is carried out at atmospheric pressure (API) by
spraying sample solution out of a small needle (capillary), to which a strong electric field is
applied. This process produce highly charged droplets, and then the solvent is evaporated
leaving the highly charged molecules (sample ions) in the gas phase. Then the sample ions
pass through sampling cone into an intermediate vacuum region, and through a small

aperture into the analyser of the mass spectrometer, which is held under high vacuum.

ESI is known as soft ionisation method because the sample is ionised by the addition or
removal of a proton with a very little extra energy to cause fragmentation of sample ions.
Sample (M) with the molecular weight greater than ca.1200 Da give rise to charged
molecular-related ions such as (M+H)" in positive ionisation mode and (M-H)  in negative
ionisation mode. In positive ionisation mode, a trace of formic acid is added to aid
protonation of sample molecules, meanwhile, in negative ionisation mode a trace of
ammonia solution or a volatile amine is added to aid deprotonation of the sample
molecule. Instead of the sample molecule being ionised by the addition of a proton HT,
some molecules have been ionised by the addition of a sodium cation Na® thus (M+Na)"

common appears in the positive ionisation mode.

In this study, determination of molecular weight using ESI-MS was performed in a

combination of liquid chromatography (LC) in LC/MS (see section 2.2.5.3.2)
2.25.3.2 LC/MS
Liquid Chromatography/Mass Spectrometry (LCMS) is widely used in drug metabolites

analysis since most the metabolites are either chemically or thermally labile, and usually

the purification and isolation involves some sort of liquid chromatography. Thus this
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technique allows the determination of molecular weight of a compound not only as a pure

substance but also as a mixture of compounds.

The LC/MS system used in this study was a combination of High Pressure Liquid
Chromatography (HPLC) and MS. The sample was injected to the HPLC system for the
fractionation and the fractions were then flows in to the ionisation chamber in the MS
system. Although the instrument can also be used to ionise the sample using APCI method,

but the most measurement in this study used ESI as an ionisation method.

In HPLC system, nanopure water (containing 0.1 % formic acid) and methanol (and/or
acetonitrile) were used as mobile phase. It flows in a rate 0.4 ml/minute according to a

standard gradient elution as described in Table 2.4.

Table 2.4. Standard gradient elution of mobile phase in LC/MS

Time (minutes) % Methanol % Water
0 10 90
2 10 90
35 100 0
45 100 0
47 10 90
60 10 90

The specification of the parts in LC/MS is described as follows :

HPLC system : HP 1100, Agilent

MS system : Finnigan LCQ***, Thermoquest
Ton Source : EST and APCI, Thermoquest
Pump : Edwards 30, BOC

Injector :G 1313 A ALS 1100, Agilent
Column : Knauer Eurospher 100 ; C-18A
Detector : G 1315 B DAD 1100, Agilent
Programme : Xcalibur, Version 1.3
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2.2.6 Structure Elucidation of Pure Secondary Metabolites

After determination of molecular weight, then immediately the pure compounds were

submitted to Nuclear Magnetic Resonance (NMR) measurement for structure elucidation.

2.2.6.1 NMR Measurements

Nuclear Magnetic Resonance (NMR) technique is based upon the magnetic property of
atom’s nucleus and often used to obtain structural information about a molecule. Nuclei
with an odd mass (atomic number), such as 1H and 13C, have a nuclear spin that produces

a small magnetic field when the atom is introduced to an external magnetic field.

The amount of samples depend on the molecular weight of the compound and the type of
expected NMR experiments. Just before submitting to the NMR measurement, the sample
was dried in a freeze drier for at least 24 hours. The sample was then dissolved in an
adequate NMR solvent and degassed by ultrasonic treatment for some minutes. The
solvents used in the experiment are the deuterated solvents, such as DMSO-ds, CD3;0D,

and CDCl;. The sample should also a free particles solution in a 15 cm sample tube.

The most NMR measurements were conducted by Dr. Peter and his colleges at the Institute
of Inorganic Chemistry, University Diisseldorf. The instrument used was NMR Bruker
type DRX 500. Some measurements were also performed at Gesselschaft Biotechnologie
Forschung (GBF), Braunschweig, by Dr. V. Wray using NMR Bruker type AM-300,
ARX-400 and DMX-600.

2.2.6.1.1 One Dimensional NMR
2.2.6.1.1.1 Proton (‘H) NMR
The measurement of "H NMR is a fundamental analysis for the structure elucidation. One

the sample was identified as a pure compound, it was then sent to '"H NMR measurement

and decided about the necessary to get two dimensional NMR measurement. Sometimes,
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one spectrum of 'H NMR is enough to describe the structure of a compound, especially the

known compounds.

e A spectrum of '"H NMR gives the information of :

e the number of hydrogen atom, which is indicated by the peak integration

e the type of the hydrogen atoms (related to the functional groups), which is indicated
by chemical shifts (J),

® the type of correlation between one hydrogen atom to the other, which is indicated
by coupling constant (J)

e the number of coupled neighbouring hydrogen atoms, which is indicated by

splitting pattern

in a molecule.

2.2.6.1.1.2 Carbon (**C) NMR

Differs to "H NMR experiment, the '’°C NMR measurement needs more amount of sample.
This fact due to the ratio of °C to '*C isotopes abundance in the nature is less than the ratio

of 'Hto *H isotopes.

The spectrum of >C NMR gives the information of :
¢ the number of carbon atoms in a molecule
e the type of carbon atom (correlates to functional groups), which is indicated by the

chemical shift (8), in a molecule

In "*C NMR spectrum, the peak integration does not directly represent the exact number of
particular carbon atoms. In addition to, this experiment does not give information of

carbon multiplicity

2.2.6.1.1.3 DEPT

Distortionless Enhancement by Polarisation Transfer (DEPT) experiment is used to

enhance the sensitivity of BC NMR experiment. This experiment is started by proton
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excitation and followed by transferring to the magnetisation of carbon atoms (called as
polarisation transfer process). The 'H-"*C polarisation transfer increase the sensitivity by

up to a factor 4.

The amplitude and sign of the carbon resonance is altered by the feature editing according
to the number of directly attached protons, resulting CH signal multiplicity to identify the
primary, secondary, tertiary and quaternary carbon atoms. In the experiment, different final

proton pulse angles, resulting different signs carbon resonance (see Table 2.5).

Table 2.5. The relationships of CH multiplicity and the amplitude of carbon resonance in different

proton pulse angles experiment

Carbon type (C-H multiplicity) | DEPT-45 | DEPT-90 | DEPT-135
Quaternary ,R4C (singlet) 0 0 0
Tertiary, R3;CH (doublet) + + +
Secondary, R,CHj(triplet) + 0 -
Primary, RCHj3(quartet) + 0 +

In this study, the DEPT-135 was performed to assign and elucidate the structure of pure

isolated secondary metabolites.

2.2.6.1.2 Two Dimensional NMR

Two dimensional NMR spectra provide more information about molecule than one
dimensional NMR spectra. This experiment is applied especially to a molecule which is

too complicated to be elucidated only by one dimensional NMR.

In one dimensional NMR, the signal is recorded as a function of one time variable thus the
spectrum is plots of intensity vs frequency. Meanwhile, two dimensional NMR is recorded
as a function of two time variables , t1 and t2, thus the intensity is plotted as a function of

two frequencies, F; and F>.
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The F; and F, coordinates of the peaks correspond to those found in a normal one
dimensional spectrum. In a one dimensional NMR, the couplings are expressed as the
multiplicity in the spectrum. In two dimensional spectrum, however, the idea of
multiplicity is expanded somewhat so that the multiplicity is expressed as a correlation of

the two frequency F; and F>.

2.2.6.1.2.1 COSY NMR

Correlation Spectroscopy (COSY) NMR correlates the 1H shifts of the coupling protons of
a molecule. It means COSY experiment is used to determine the connectivity in a molecule
by determining the protons which are coupled one to another. The proton shifts are plotted
on both frequency axes in the two-dimensional experiment resulting a diagram with square
symmetry. In COSY spectrum, the F1 and F2 coordinates of the peaks in two dimensional
spectra also correspond to those found in normal onr dimensional (‘"H) NMR spectrum.
Thus a COSY spectrum gives information about H-H connectivities in geminal, vicinal and

w-relationships of a molecule.

The interpretation of COSY spectrum is limited by overlapping signals which are not

separated by this experiment if the relevant protons coupled to one another.

2.2.6.1.2.2 HMQC NMR

Heteronuclear Multiple Quantum Correlation (HMQC) spectrum gives information about
the correlation between 'H to their directly attached heteronuclei (*C). This technique
provide a convenient way to identify diastereotopic geminal protons (which are sometimes
difficult to be distinguished in COSY) since only these will produce two correlations to the

same carbon.
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2.2.6.1.2.3 HMBC NMR

Heteronuclear Multiple Bond Correlation (HMBC) experiment correlates >C shifts in one
dimension with the 'H shifts in the other via two or three bonds CH coupling. The coupling
more than three bonds are usually small (exceptions include those across unsaturation
bonds). The technique is valuable to detect quaternary carbon which is impossible to be
obtained in 13C NMR experiments due to low amount of material available. Sometimes, a

direct CH correlation also is also observed in this experiment.

2.2.6.1.2.4 ROESY NMR

Like NOESY (Nuclear Overhauser Enhancement Spectroscopy), ROESY (Rotating Frame
Overhauser Enhancement Spectroscopy) experiment uses through space phenomenon to
study the three dimensional structure and conformation of molecule by measuring NOEs
(Nuclear Overhauser Effects) in the rotating frame. NOE is a spin relaxation phenomenon
which depends on molecular motion and, especially, molecular tumbling rates. Since the
effects is a distance dependence effects, only protons which are close in space (4-5 A) give

rise to such changes.

In a solution, small molecules (<1000 Da) tumble rapidly and produce weak, positive
proton NOEs that grow slowly. In contrast, large molecules (>3000 Da) tumble slowly and
produce large, negative proton NOEs that grow quickly. Meanwhile, mid-sized molecules
(1000 — 3000 Da) tumble at intermediate rate that have close to zero proton NOEs and thus
NOESY can not be used to observed the mid size molecules. For this reason, the ROESY
experiment is applied to the mid size molecule for mapping NOE correlations between

protons by changing the motional properties under different physical conditions.

In this study, the ROESY experiments were only applied to new metabolites and conducted

at GBF by Dr. V. Wray using 600 MHz NMR.
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2.2.6.2 X-Ray Crystallography

The understanding of three dimensional structure and conformation using ROESY
experiments seems to be more obvious when many methyl group (CHj), instead of
hydrogen atom, directly attach to asymmetrical carbon atoms. In this case, X-ray

crystallography is performed to confirm the results of ROESY experiments.

X-ray crystallography is a technique in crystallography used to study the crystal structure
through X-ray diffraction. When a crystalline lattice is bombarded by an X-ray beam, the
beam is then scattered in definite manner. The scattering pattern is characterized by the
atomic structure of the lattice. This phenomenon, called as X-ray diffraction, occurs when
the wavelength of X-rays and the distances between the atoms in the lattice have the same

order of magnitude. Then the spacing in the lattice can be determined using Bragg’s Law :

nA=2dsin (6)

where :

n is an integer
A is the wavelength of X-ray
d is the spacing between planes in the atomic lattice

@ is the angle between the incident ray and scattering planes

The intensities of X-ray diffraction is measured and computed using Fourier analysis to get
3 dimensional structure of the compound. Normally, the X-ray diffraction is carried out
using single crystals of the compound, but if it not available and difficult to be obtained,
microcrystalline powdered samples may also be used although this requires different

equipment and is much less straightforward.
In this study, two single crystals of meroterpenoids were submitted to X-ray

crystallography. The measurement was conducted by Prof. W. Frank at the Institute of

Inorganic Chemistry, The University of Diisseldorf. The single crystals were obtained
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using re-crystallisation of the compounds in some organic solvents. It was also tried to get

the crystal by derivation of the compounds using p-bromobenzoylchloride.

2.2.7 Derivatization of Isolated Compounds

2.2.7.1 p-Bromobenzoate Esters (Hu, et al.,2001)

Esterification of mereterpenoids with p-bromobenzoylchloride was aimed to obtain a

single crystal of meroterpenoids for X-ray crystallography.

An excess p-bromobenzoylchloride (12 umol) was added to meroterpenoid (10 wmol) and
dissolved in 100 pul CH,Cl,. Dimethylaminopyriridine (DMAP, 1 umol ) and pyridine (1
pmol) were added to the mixture and stirred at room temperature for 24 hours. The mixture
was the separated using chromatography techniques to isolate the p-bromobenzoate esters

of meroterpenoids.

2.2.7.2 Marfey Analysis (Marvey, 1984)

In this study, Marfey analysis was performed to determine absolute configuration of amino

acids in Asperazine and its new derivative, malformin and other peptides.

Marfey reagent (FDAA = 1-Fluor-dinitrophenyl-5-L-alanin) was used as a reagent for
derivatization of a D- and L-amino acids in the mixture. The derivative products can be

quantitated using HPLC and/or LC/MS

A 50 ul of 50 mM standard amino acids in H,O and 100 ul of 1 % Marfey reagent in
acetone were mixed in an eppendorf tube. A 20 ul of 1M NaHCO; was added to the
mixture and heated over 40°C for one hour. The reaction was then stopped by addition of
10 ul of 2 M HCI. The product was then dried and re-dissolved in MeOH for LC/MS

measurement.

The samples (0.5 — 1 mg) were first hydrolised with 1 — 2 ml 6N-HCI at 110°C for 24

hours under nitrogen atmosphere. The product, containing a mixture of free amino acids,
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was then dried and re-dissolved in water for further reaction as applied to standard amino

acids.
2.2.8 Optical Rotation

When a polarized light is passed through a chiral molecule, the direction of polarization
can be changed. This phenomenon is called optical rotation or optical activity. The
measurement of this change in polarization orientation is called polarimetry and the

instrument used to measure this phenomenon is called a polarimeter.

This measurement is used to study the structure of anisotropic compounds and check the
purity of chiral mixtures. If the sample contains only one enantiomer of its chiral molecule,
the sample is said to be optically pure. An enantiomer is called as a levorotatory (1) or (-)
enantiomer if it rotates light to the left (counterclockwise). Meanwhile, if an enantiomer
rotates light to the right (clockwise), it is said to be as a dextrorotary (d) or (+)

enantiomer.

Since the degree of optical rotation depends on the number of optically active species
(chiral) in which the light passes, thus the measurement of optical rotation depends on
concentration (c¢) and light path length (/) of the sample. The specific rotation, [a],
expresses the optical rotation degree after correction of concentration and path length, thus
the specific rotation is a specific quantity for a chiral molecule at certain temperature T and

wavelength A.

T

[oc]k = 100a /c.!

where :

T
[a] is specific rotation at certain temperature T and wavelength A
A

[ is optical path length in dm
A is wavelength

T is temperature
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o is measured optical rotation degree at certain temperature T and wavelength A

¢ is concentration in g/100 ml

In this study, the measurement of optical rotation was conducted using Perkin Elmer
Polarimeter 341 LC using Sodium-D-lamp at wavelength of 589 nm. Unless otherwise
stated, the measurement was performed at 20°C using 1 dm length of cuvette and
concentration of 0.1 g/100 ml samples. Thus the result is expressed as :

20
[a] value (c 0.1. Solvent)
D

2.2.9 Bioactivity
2.2.9.1 General Cytotoxicity Assay using Artemia salina

General toxicity assay, called as brine shrimp assay, using A. salina was performed as a
preliminary assay to identify the toxicity of a compound. In this study, the assay was

normally applied to raw extracts.

The test used newly hatched brine shrimp in saline water. A small amount of the dried
shrimp eggs was hatched and aerated in a 1000 mL artificial sea water (by dissolving 33 g

artificial sea salt in 1000 mL water) for 48 hours.

Crude extracts (samples) were dissolved in an appropriate amount of solvent in different
concentration. The sample were transferred to the test tubes and mixed with a small
amount of DMSO. After addition of some amount artificial sea water, twenty newly
hatched brine shrimps were the added to the mixture. The volume was then adjusted to a
final volume 5 ml by addition of artificial sea water. After 24 hours, the effects of samples

on brine shrimps can be observed by counting the survived and death brine shrimps.

52



2.2.9.2 Anti-bacterial and Anti-fungal Assays

The antimicrobial and antifungal assays was performed using Escherichia coli (gram
negative bacterium), Bacillus subtillis (gram positive bacterium), and Sacharomyces
cerevisiae (yeast) and two fungal strain Cladosporium herbarum and C. cucumerinum. The
method, called agar diffusion assays, was used to detect the capability of a substance to
inhibit the growth of microorganisms by measuring the diameter of inhibition zone around

a tested compound on agar plate.

2.2.9.2.1 Anti-bacterial Assays

The assay was performed using E. coli and B. subtilis. A 100 — 200 ul of bacterial liquid
culture, in an exponential growth phase, was spread on to the surface of Luria Bertoni (LB)
agar plate (see section 2.1.2.10). Immediately, 10 — 20 pl of tested compounds (with a
concentration 1 mg/ml) are loaded onto the disc paper (5 mm diameter, Oxid Ltd) and then
transferred onto the surface of LB media. The culture was then incubated at 37°C for one
or two days (depend on the microbial culture being used). The growth inhibition was then
measured and compared to Penicillin G, streptomycin and Gentamycin as positive

controls.

The same technique was also applied to the assay using S. cerevisiae in a yeast medium

(see section 2.1.2.11) and incubation at room temperature.

2.2.9.2.2 Anti-fungal Assays

Mycellium of C. cucumerinum and C. herbarum (after growing the fungi for about one
month) were put into a fresh fungal medium (see section 2.1.1.12) and destroyed using
“ultraturax.”. The cell debris (extracted mycellium) was removed by vacuum filtration and

the filtrate (medium containing fungal spore) was then used for the next steps of the assay.

A 100 ml of fungal spore was spread out onto the surface of potatoes dextrose agar
medium (PDA, see section 2.1.2.13). Immediately, 10 — 20 pl of tested compounds (with a

concentration 1 mg/ml) are loaded onto the disc paper (5 mm diameter, Oxid Ltd) and then
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transferred onto the surface of the PDA medium. The fungal culture was then incubated at
room temperature for several days and the inhibition growth was measured around the

disks. The result was then compared to positive control (nystatin).

2.2.9.3 Cytotoxicity Assays

The cytotoxicity assays is used to identify the toxicity of a compound to the cell lines by
inhibiting the proliferation of the cells. The assay normally uses human cancer or animal
cell lines. In this study, the cytotoxicity assays were performed using PC-12 (rat adrenal
pheochromocytoma), Hela (human cervix carcinoma) and L-5178-Y (mouse T-cell
lymphoma) and carried out by Prof. W.E.G. Miiller at the Institute of Physiological

Chemistry, University of Mainz, Germany.

The test compounds, dissolved in DMSO or EGGME, were loaded into a 96- well ELISA
plate. The RPMI media, supplemented with 10% fetal bovine serum, was then added to the
test compounds. The cells, in an exponential growth phase, were transferred to the RPMI
media containing tested substances and incubated in a humidified incubator at 37°C and 5
% CO,. After incubation of a certain time (depend on the cells line being applied), the cells
(normally adhered to the plate) were harvested and washed with a buffer solution. The
number of living cells was then identified by a method called MTT assay. Such amount of
yellow MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5.diphenyltertrazolium bromide) was
incorporated to the cells and oxidized to purple formazan which can be measured by
spectrophotometer. The oxidation takes place when only mitochondrial reductase are
actives, thus the intensity of purple formazan is directly related to the number of viable
cells. Alternatively, the number of viable cells can also be determined using radioactive

(methyl—SH)—thymidine.

2.2.9.4 Protein Kinase Assays

Protein kinase enzymes are integral components of numerous signal transduction
pathways involved in the regulation of cell growth, differentiation, and response to changes

in the extracellular environtment. Consequently, kinases are major targets for potentially

developing novel drugs to treat diseases such as cancer and various inflammatory
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disorders. Based on the amino acids that is phosporylated in target protein, protein kinases

are divided into two classes : serine/threonine kinases and tyrosine kinases.

In this study, the assays was conducted at ProQinase GmbH, Freiburg, Germany. A

proprietary protein kinase assay (*PanQinase® Activity Assay) was used to measure the

kinase activity of the 24 protein kinases. Briefly, the assay is described as follows (as

issued by ProQinase GmbH) :

1.

A reaction cocktail was performed in 96-well FlashPlates™ from Perkin Elmer.
The reaction cocktail was containing : assays buffer, ATP solution (in H,0), test
compound (in DMSO) and substrate /enzyme solution (premixed). Table 2.6 shows
the kinase and the substrates used in the assay.

The assay for all enzyme contained HEPES-NaOH, pH 7.5, MgCl,, MnCl,, Na-
orthovanadate, DTT, PEG,(, and [y-33P]-ATP.

The reaction cocktails were then incubated at 30°C for 80 minutes.

The reaction was stopped with 2 % (v/v) H3PO, and plates were then aspirated and
washed two times with 0.9 % (w/v) NaCl or H,O.

The incorporation of **Pi was determined with a microplate scintillation counter

(Microbeta Trilux, Wallac).
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Table 2.6. List of Protein kinase and their substrate *

)

Family Kinases Substrate Oncologically relevant Diseases
mechanisms
Serine/threonine AKT1/PKB alpha GCS3(14-27) Apoptosis Gastric cancer
kinases (Staal, 1987)
ARKS Autophos. Apoptosis Colorectal cancer (Kusakai
et al., 2004)
Aurora A tetra(LRRWSLG) Proliferation Pancreatic cancers
(Li etal., 2003A).
Aurora B tetra(LRRWSLG) Proliferation Breast cancer
(Keen and Taylor, 2004)
CDK2/Cyclin A Histone H1 Proliferation Pancreatic cancer
(Iseki et al., 1998)
CDK4/Cyclin D1 Rb-CTF Proliferation Breast cancer
(Yu etal., 2006)
CK2-alphal p53-CTM Proliferation Rhabdomyosarcoma
(Izeradjene et al., 2004)
COT Autophos. Proliferation Breast cancer
(Sourvinos, 1999)
PLK-1 Casein Proliferation Prostate cancer
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(Weichert et al., 2004)

B-RAF-VE MEK1-KM Proliferation Thyroid cancer
(Ouyang et al., 2006)
SAK Auotphos. Proliferation Colorectal cancer
(Macmillan et al., 2001)
Receptor EGFR Poly(Glu,Tyr)4: Proliferation Glioblastoma multiforme
tyrosine kinase (National Cancer Institute,
2005)
EPHB4 Poly(Glu,Tyr)q4: Angiogenesis Prostate cancer
(Xia et al.,2005)
ERBB2 Poly(Glu,Tyr)4: Proliferation Gastric carcinomas
(Lee et al., 2005).
FLT3 Poly Proliferation Leukemia
(Ala,Glu,Lys,tyr)e.0:4:1 (Menezes et al., 2005)
IGF1-R Poly(Glu,Tyr)4: Apoptosis Breast cancer
(Zhang and Yee, 2000)
INS-R Poly “counter kinase” Ovarian cancer
(Ala,Glu,Lys,tyr)e.2.4:1 (Kalli et al., 2002)
MET Poly Metastasis Lung cancer
(Ala,Glu,Lys,tyr)e.2:4:1 (Qiao, 2002)
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PDGFR- beta Poly Proliferation Prostate cancer
(Ala,Glu,Lys,tyr)e:2.4:1 (Hofer et al., 2004)
TIE-2 Poly(Glu,Tyr)4: Angiogenesis Rheumatoid arthritis
(DeBusk et al., 2003)
VEGF-R2 Poly(Glu,Tyr)4: Angiogenesis Pancreatic cancers
(Li etal., 2003A).
VEGF-R3 Poly(Glu,Tyr)4: Angiogenesis Breast cancer
(Garces et al., 2006)
Soluble tyrosine FAK Poly(Glu,Tyr)4: Metastasis Breast cancer
kinase (Schmit et al., 2005)
SRC Poly(Glu,Tyr)4: Metastasis Colon cancer

(Dehm et al., 2001)

*) The assays was performed by ProQinase GmbH, Freiburg, Germany
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3 RESULTS

3.1 Secondary Metabolites from Sponge Associated Fungi

3.1.1 Secondary Metabolites from Penicillium citreonigrum

3.1.1.1 New Neoaustin-type Meroterpenes

3.1.1.1.1 Citreonigrin A

Citreonigrin A

Biological Source
Sample code
Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description

Optical rotation

HPLC Retention Time (Ry)

: P. citreonigrum

: PC3.3.6.11

: 24.98 mg

: CasHas0s

: 456 g/mol

: CH;0H

: White crystals (CH,Cl/n-Hexane)
. [a]2 -6 (c 0.1 in CH;0H)

: 23.75 (Standard gradient)

Structure UV Spectrum
SZ o 600 Peak#2 23.73
H T No spectra library hits found
H 2202
= OH
37,5+
////////////I// 2%,
10'
12,54
3171 4533
@)
A e e
200 250 300 350 400 450 500 550 595
15
(+) ESI-MS
[M+H]* [2M+H]*
100- 457.2 813.14
8 80
- [2M+NaJ*
3 - 935.1
2 40
8 3 4582 936.1
£ 20 -
= . 3853 937 .1
o130 2353 3213 . |459.2 5690 s591.1 ggo.9  810.6 9121 :
LI A S SRR (S D S NN AU S B RS NN S S S S R HN SRS S SN IR H B B E NN S E B R H B H B R RN JN B R B
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Citreonigrin A was isolated as a pale yellow solid in CH3OH and as colorless crystals after
re-crystalisation in CH,Cl,/n-Hexane. This compound exhibited a pseudomolecular ion in

the positive mode ESI-MS at m/z 457 [M + H]".

( )
(

- J

Figure 3.1.1.1.1.1 Partial structures of citreonigrin A based on the correlations of methyl protons in

the HMBC spectrum

Analysis of the 'H and "*C-NMR data for citreonigrin A revealed the presence of one
hydroxyl and six methyl groups. Two of the methyl groups were found to be geminal based
on HMBC analysis. In addition, three protons attached to different oxygenated carbons and
three olefinic protons were also detected in the "H-NMR spectrum. Two of the olefinic
protons were then assigned to an exo-methylene group (H-1A’ and H-1’B). Among the
protons attached to oxygenated carbons, one (H-5") was found to be directly coupled to a
methyl group (H3-10), while the two remaining ones (H-6 and H-7) were adjacent to each
other based on the COSY spectrum and by their coupling constant. The only remaining
proton signals were assigned to a methine group (H-9) attached to a methylene function

(H»-11) as indicated by corresponding correlations in the COSY spectrum.
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Based on the correlations of the methyl protons in the HMBC spectrum, it was possible to
establish partial structures (see figure 3.1.1.1.1.1). The correlation of the two geminal
methyl groups (Hs-14 and H3-15) to two oxygenated carbons at 8 56.0 (C-5) and 77.5 (C-
4) gave partial structure I. Meanwhile, substructure Il was drawn up from the correlations
of H3-13 to the neighbouring carbons (C-1, C-9, and C-10), including a 4JCH correlation
through a double bond to C-2. The HMBC correlations of H3-9’ to the methylene carbon
(C-11), a keto function (C-4") and a quarternary olefinic carbon (C-2’) at § 37.0, 214.2 and
148.5, respectively, would give substructure III. Furthermore, the correlations of H3-10’
and Hs-12 to the respective neighboring carbons (C-7, C-7°, C-8, C-9 and C5°, C6’,

respectively) resulted in partial structures IV and V, respectively.

( )\

Wm—_COSY Correlations
— HMBC Correlations

15

. J

Figure 3.1.1.1.1.2 COSY (at 300 MHz) and diagnostic HMBC correlations of Citreonigrin A in DMSO-dg

The connectivity of the substructures I — IV was established by further careful
consideration of HMBC and COSY correlations. The link between II and V through C-9
was alredy evident by HMBC correlations of both H3-13 and H3-12 to this carbon, while
the position of H-6 next to H-7 was evident from the COSY spectrum. Most importantly, a
IJeu between H-7 and C-10 clearly revealed the presence of an oxygen bridge between
these positions. Crosspeaks between H-7 and C-5 as well as H-6 and C-4 allowed to further
place substructure I, with the unusual upfield chemical shifts for C-6 (8 53.6) and C-5 (8
56.0) indicating that both carbons were incorporated into an epoxide function.

Furthermore, the chemical shifts for C-1 (& 154.5) and C-2 (8 114.5) strongly suggested
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that both were part of an o,B-unsaturated carbonyl ester (C-3, 8 162.8), leaving C-4 (8
77.5) as the most plausible position for the eseter alcohol. However, the closure of ring A
was only postulated in the terminal steps of the structure elucidation of citreonigrin A

when the remaining degrees of unsaturation were taken into account (see below).

The HMBC correlations of 6’-OH to C-4’, C-5" and C-7’ proved extremely diagnostic to
confirm the connections of substructures III, IV, and V, while rings C and D could be
closed by interpreting SJCH correlations of H-9 (to C-7°) in conjunction with H,-11 (to C-8,
C-10, and C-2’). Finally, an important SJCH correlation of H-5" to C-8’ (8 172.1) suggested
the presence of the five-membered lactone ring E, since the two remaining degrees of

unsaturations not yet accounted for required a total ring count of 7.

For the same reason, the presence of the the six-membered ring o,-unsaturated lactone
ring A was postulated. Based on these considerations, the planar structure VI was deduced
for citreonigrin A, but it has to be noted that there was no direct spectrocpical evidence for

the connections between C-7°/C-8’ and C-3/0/C-4, respectively (figure 3.1.1.1.1.2).

( )

Cl2

C16

ci

Figure 3.1.1.1.1.3 X-ray structure of citreonigrin A
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The proposed structure for citreonigrin A was unequivocally proved by a single X-ray
crystallography analysis, also allowing to establish the relative stereochemistry at its 10
chiral centers. Recrystallization of citreonigrin A from CH,Cl, / n-hexane gave an
orthorhombic crystal with the space group P2,2;2;, and 0.5 x 0.05 x 0.025 mm° in size. The
crystal had a volume at 2531.0 (6) A’ and unit cell dimension of a = 12.8647 (16) A b=
12.8336 (18) A and ¢ = 15.330 2) A. Furthermore, the determination of absolut
configuration of the stereocenters in the molecule was performed with the help of CH,Cl,

molecules which was trapped in the crystal (figure 3.1.1.1.13).

( N\
(6] 0]
Me H“\HO Me
1 H /
M "p
3 € 11
/ 7 3
(0] 5 10
Me 6 8 | !
14 y H
o 0——= * ,
12
M \
HM“‘ -------
o)
L -«——>» ROESY Correlations )

Figure 3.1.1.1.1.4 Stereo drawing of citreonigrin A showing the observed ROESY correlations in DMSO-dg

Once the X-ray structure was at hand, a 2D- ROESY spectrum was measured and carefully
interpreted, so citreonigrin A could serve as a model to establish the relative
stereochemistries of the further meroterpenoids isolated during this study. Key correlations
were observed between Hs-12 and H3-9°, as well as H-7. In addition, the correlation of H-7
with H-11a suggested the o-position of H3-12 and H3-9’°, while, the ROESY correlation of
H-7 with H3-14 allowed to assign the two geminal methyl groups. Consequently, the B-
position of H-9 was confirmed by the strong correlations of H-9 with H-11f and Hj-
15. Furthermore, correlations of H-5 with 6’-OH followed by the correlations 6’-OH/H-9,
and H3-15/H-6 indicated that these protons were present in a close proximity on the B-face
of the molecule (figure 3.1.1.1.1.4). Finally, the assignment of the exomethylene protons

was achieved by NOEs of H-1"A and H3-9’, as well as H-1’B and H3-10".
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Table 3.1.1.1.1.1 NMR data of Citreonigrin A in DMSO-ds at 600 MHz (IH) and 100 MHz (BC)

Position 'H Bc HMBC ROESY
8 (ppm) Juu(Hz) | & (ppm) (Hto ©)
1 154.5
2 593 s 1145 |[3,5,10 11A, 13, 14
3 162.8
4 71.5
5 56.0
6 3.67d(0.9) 536 |4,5,7 7,9,15
7 4.20d (0.9) 775 15,6,9,10 6,12, 14
8 49.8
9 2.49" 455 [ 1,10,11,12,13,7 | 11A,15
10 75.9
11 AR 1.85° 37.0 |8,9,11,12,2°,3,9 | 12,13
Bo: 1.85° 8,9,11,12,2°,3",9 | 12,13
12 147 s 223 [7,89,7 7,11B, 13
13 120s 157 [ 1,9,10 11A, 12, 15
14 1.41s 244 [4,5,15 6,7, 6 -OH
15 1.14 s 204 | 4,5,14 7,13
I A535s 1113 [ 11,2,3,4.7 12,9
B5.13s 11,2,3,7 12, 10’
2 148.5
3 54.8
4 214.2
5 4.45q (7.2) 834 |6,8,10 10’
6’ 88.1
7 65.1
8’ 172.1
9 1.18 s 158 |[11,2,3,4 11A/B, I’A
10’ 1.11d(7.2) 177 5,6 5
6’-OH |7.56s 4,5,6,7 6,7,9,14,5

" hidden under residual solvent or water signal, ® mutually overlapped
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3.1.1.1.2 Citreonigrin B

Citreonigrin B

Synonym(s) -

Biological Source . P. citreonigrum

Sample code : PC3.3.6.6.3.H

Amount : 29.0 mg

Molecular Formula . CysHygOg

Molecular Weight : 456 g/mol

Solubility : CH;0H, CH,Cl,

Physical Description : White powders

Optical rotation . [o]2® +8° (¢ 0.1 in CH;0H)

HPLC Retention Time (R;) :24.99 min (Standard gradient)

Structure UV Spectrum

500 Peak#27 25.00

No spectra library hitsfound
1 2158

3154

///////,,,,, "

10' 25,
12,4
3290
T
! I T I I I I I
200 20 300 350 400 450 500 550 595
o [M+HT
, 00_:! 457.1
g o0
8 :
€ 60
3 [M+H-H0]* [M-NaJ*
¢ 40.;] 439.2
g 20 ‘ 281
a7 $12.9
: 4793 5444 e57.8 7555 8129 935.0
~n 200 300 400 500 600 700 800 900 1000
miz

Analysis of the NMR data of citreonigrin B indicated that this compound was closely

related to citreonigrin A. The 'H-NMR spectrum still indicated the presence of six methyl
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groups, one exomethylene, one olefinic proton, three protons attached to different
oxygenated carbons, one methylene, one methine and one hydroxyl group. As in the case

of citreonigrin A, one methyl group (H3-10’) was present as a doublet and coupled to H-5’.

The close relationship between citreonigrin A and B was not only verified by NMR data,
but also by the UV absorption pattern of citreonigrin B ( Ay at 215.8 nm) which was
almost identical to that of citreonigrin A ( Amax at 220.2 nm). Furthermore, citreonigrin B
showed a pseudomolecular ion peak at m/z 457.1 [M + H]" in the positive mode ESI-MS,

thus, indicating molecular weight of 456 g/mol.

s N

14 COSY Correlations
‘_/ ™ HMBC Correlations

N\ ANANAS Bonds which could not
be spectroscopically proved

Figure 3.1.1.1.2.1. COSY (at 300 MHz) and some important HMBC correlations detected for
Citreonigrin B in DMSO-d,

The larger coupling constant between H-6 and H-7 (7.9 Hz) and the downfield shift of C-5
(0 72.7), however, indicated that citreonigrin B lacked the epoxide group at C-5/C-6 which
present in citreonigrin A. Instead, a new oxygen bridge between C-6 and C-6’ was
confirmed by a long range correlation of H-6 to C-6’ in the HMBC spectrum, while, the
oxygen bridge between C-7 and C-10 was still existent. The long range correlations of 5-
OH to C-1 and C-4 in the HMBC spectrum confirmed the position of the OH group in

citreonigrin B which was attached to C-5, instead of C-6’ in citreonigrin A. As described in
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figure 3.1.1.1.2.1, the HMBC and COSY correlations suggested that the remaining part of

the molecule was identical to that of citreonigrin A.

15 Me

w
-

- ROESY Correlations

-

Figure 3.1.1.1.2.2 Spatial correlations suggested for citreonigrin B based on ROESY spectrum in DMSO-d¢

The relative configuration of the stereocenters in citreonigrin B was assigned by a ROESY
experiment and compared to that of citreonigrin A. The correlations of 5-OH with H-6 as
well as 5-OH/H-7, 5-OH/ Hs-13 and 5-OH/Hs-14, confirmed not only the relative
configuration of C-5, but also C-6 in the molecule. As described in figure 3.1.1.1.2.2, the
relative configuration of the remaining part citreonigrin B molecule was identical to that
found in citreonigrin A. The figure also reveals the close spatial proximity of C-6 and C-6’
which is not immediately evident from the planar representation of the structure chosen in

figure 3.1.1.1.2.1.

Even though the sign of the optical rotation was found to be opposite of the one observed
for citreonigrin A, it is extremely likely that both compounds share not only the relative,
but also the absolute configuration, especially since the absolute value measured for the

optical rotation was rather small.
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Table 3.1.1.1.2.1 NMR data of Citreonigrin B in DMSO-ds at 600 MHz (IH) and 100 MHz (13C)

Position 'H Pc HMBC ROESY
8 (ppm) Jy.n (Hz) 3 (ppm) (Hto ©)
1 160.5
2 5.64s 110.5 3,5,10 13,14, 15
3 163.3
4 85.8
5 727
6 4.53d(7.9) 74.6 1,5,7,8,6° 5-OH, 7,9, 14, 5’
7 4.35d(7.9) 72.8 5,6,9, 10, 12 5-OH, 6, 12
8 43.1
9 2.50dd (13.9; 3.4) 49.5 1,8,10,13,3 2; 5-OH, 6, 13,
14,9’
10 77.3
11 AB2.11dd (11.7; 3.4) 37.2 8,9,2,3,9 2,9,12,13,9
Bo 1.92 dd (13.9; 11.7) 9,2,3,4 12,13, ’A, 9
12 1.39 s 135 7,8 9,11A, 11B
13 1325 16.0 1;2,9, 10 9,11A, 11B
14 1.42's 21.3 4,5,15 9
15 1.44 s 25.6 4,5, 14 9
I A536s 110.4 8,11,2,3,4,7 11B, 12,9, 10°
B521s 8,11,2,3,4,7 12,9, 10°
2 145.6
3 57.6
Ve 211.1
5 4.66 q (7.4) 82.1 4,6,8,10 6,7, 14, I'B, 10’
6’ 87.5
7 57.0
8’ 170.4
9 1.17 s 15.4 9,11,2°,3,4 9,11A, 11B
100 [0.99d(7.4) 17.7 5,6 I’A, 1'B, 5’
5-OH |544s 1,4 6,7,13,14,9°
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3.1.1.2 New Austinoneol-type Meroterpenes

3.1.1.2.1 Citreonigrin C

Citreonigrin C

Synonym(s)
Biological Source
Sample code
Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description

Optical rotation

HPLC Retention Time (Ry)

: P. citreonigrum

: PC3.3.6.6.3.X

: 6.68 mg

: Ca6H3000

: 486 g/mol

: CH30H (sl), CHxCl,
: White powders

[&]2° + 246 (c 0.1 in CH,Cl,)
[a]2°+ 20 (c 0.01 in CH,Cl,)
23.99 min. (Standard gradient)

Structure

i

UV Spectrum
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o 800
>u0- 1 au
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In this study, citreonigrin C was the only meroterpene which was isolated as white
powders, slightly soluble in CH30OH and highly soluble in CH,Cl, and CHCl;. The UV
absorption pattern (A . 221.1 nm) of this compound indicated that citreonigrin C was
structurally related to citreonigrin A and B. However, positive mode ESI-MS measurement
of this compound showed a pseudomolecular ion at m/z 487.1 [M + H]", thirty mass unit

higher than that of citreonigrin A and B.

In general, 'H-NMR spectrum of this compound was almost similar to that of citreonigrin
A and B, however, an extra methoxy group was detected as a part of the structure
citreonigrin C. Moreover, a doublet methyl was not longer present and detected for this
compound, instead, a singlet methyl (H3-10’) in a lower field was assigned to be attached
to an sp-2 carbon. In addition, the presence of hydoxyl group was not detected and

assigned to be incorporated in the citreonigirn C.

The structure elucidation of citreonigrin C was begun by the establishment of some partial
structures (Figure 3.1.1.2.1.1) obtained by the HMBC correlations of the methyl protons.
As like as citreonigrin A, the partial structure I — IV were also observed and identified in
the HMBC spectrum of citreonigrin C. However, two others partial stucutures, V and VI,
which were not obsereved in HMBC spectrum of citreonigrin A and B, but they were
identified in the HMBC spectrum of citreonigrin C. The correlation of H3-10’ to a carbonyl
carbon at & 168.9 ppm (C-5") and methoxy protons (H3-OMe) to a carbonyl carbon at &
169.8 ppm (C-8’) resulted in partial structure V and VI, respectively.
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Figure 3.1.1.2.1.1 Partial structures of citreonigrin C based on the correlations of methyl protons in

the HMBC spectrum

The connectivity of the substructures I — VI was established not only by further HMBC
correlations, but also by the presence of spin systems identified in COSY spectrum
(Figure 3.1.1.2.1.2). The substructure I was connected to substructure II by HMBC
correlation of H-2 to C-5, while the HMBC correlations of H-9 to C-1 and C-10 allowed
the linkage between substructure II and III. The position of H»-11 (substructure IV) next to
H-9 (substructure III) was evident by the observed spin systems between H-9 and H-
11 CJyy 4.6 Hz) , as well as H-9 and H-11B (*Jun 4.6 Hz) in COSY spectrum. Finally,
the key correlations of H-6 to C-4’, C-5°, C-7’, C-8” and C-8 in HMBC spectrum joined

the substructure III, IV, V, and VI to form the northern part molecule.
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Figure 3.1.1.2.1.2. COSY (at 300 MHz) and diagnostic HMBC correlations of citreonigrin C
in DMSO-dg

The position of olefinic proton (H-2) and the presence of a carboxyl group next to C-2
were connfirmed by HMBC correlations of H-2 to C-3 (8 162.0 ppm) and C-5 (3 55.9
ppm). Although the presence of an a-f-unsaturated d-lactone (A ring) was proposed for
citreonigrin C (structure VII), there was no direct evident for the connectivity between C-3
and C-4. Nevertheless, the presence of this type of planar substructure has been also

introduced and identified in citreonigrin A and B.

As like as citreonigrin A, the unusual upfield chemical shifts of C-5 (8 55.9 ppm) and C-6
(8 51.9 ppm) suggested the presence of an epoxide ring between these two carbon atoms.
In addition, the presence of epoxide functional group was also indirectly supported by a
small coupling constant (3JHH 0.9 Hz) between H-6 and H-7. In the mean time, the
presence of oxygen bridge between C-7 and C-10 was confirmed by HMBC correlation of

H-7 to C-10, while, the assignment of H-1’A (8 5.67 ppm) and H-1"B (3 5.36 ppm) was
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determined by not only by their correlations to C-2°, C-3” and C-7’ , but also by their direct

correlations in HMBC spectrum.

The establishment of relative configuration in citreonigrin C was performed using ROESY
experiment and the comparison of its optical rotation to other isolated and known
meroterpenoids, especially citreonigrin A. The different optical rotation value between
citreonigrin C (positive value) and citreonigrin A (negative value) suggested that the
epoxide ring and oxygen bridge of citreonigrin C are located at exo-face in the seven
membered ring system, compared to that of citreonigrin A which are located at the endo-
face. Consequently, based on the molecular model, the position of H-6 and H-7 are also

exo-face in the ring system.

The B-configuration of Me-12 and carbomethoxy group at C-7’ were verified by ROESY
correlations of H3-12 with H-7, as well as correlation of H3-12 with H3-OMe group. The
a-orientation of H-9, however, was determined by ROESY correlation of H-9 and Hs-15.
However, it was difficult to determine the configuration of C-11 because both H-11A and
H-11B showed the same correlations in ROESY. But the coupling constant of H-9 to H-
11B (3JHH 13.8 Hz) suggested the axial position of H-11B from H-9, thus H-11B is located
at the B-position of the ring system. Furthermore, the coupling constant of H-9 to H-11A
(3JHH 4.6 Hz) indicated that equatorial position of H-11A from H-9, thus H-11A is located

at oi-position of the cyclohexane ring.

Furthermore, the relative stereochemistry of C-6’ was established by the consecutive
ROESY correlations of H-6" with H-6, H-9 and H3-15, consecutively. These correlations
indicated that the carbynolic hydrogen H-6’ is located at the exo-face in the bicyclo[3 .2.
1]octane while the acetyl group is located at the endo-face. The complete assignment of

stereocenters in the molecule is described in Fig. 3.1.1.2.1.3.
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Figure 3.1.1.2.1.3 Selected ROESY correlation of Citreonigrin C in DMSO-dg

Table 3.1.1.2.1.1 NMR data of Citreonigrin C in DMSO-d, at 600 MHz (‘H) and 100 MHz (*C)

Position 'H “c HMBC ROESY
8 (ppm) Jun(Hz) | & (ppm) (Hto C)
1 162.0
2 6.02s 115.1 3,5,10 -
3 162.0
4 82.4
5 55.9
6 3.64d (0.9) 51.9 5,7 9,14, 15,10
7 436 79.5 5,6,9,10,12 6, 12, 8’-OCH;
8 50.3
9 2.20 dd (13.8; 4.6) 46.0 1,8,10, 11, 12,13, | 6, 11A, 11B, 12, 13, 15
7
10 75.8
11 Ao 1.87 dd (11.9; 4.6) 36.3 8,9,2,3,4,9 9,11B, 12, 13,9
BP 1.80dd (13.8; 11.9) 8,9,2°,3,4,9 9,11A,12,13,9
12 1.33s 24.0 7,8,9,7 13
13 1.22s 15.7 1,9,10
14 1.27 s 214 4,5,15 15
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15 | 1.48s 246 |45, 14 14
' | A567s 1119 |11,2,3,7 9, 11A, 12, 13, 15, I'B,
8’-OCHj;
B5.36s 11,2,3,4,6,7 | 11B,12,13, I'A, 9’
> 145.8
3 518
L 209.4
5 168.9
6 |572s 787 |8,4.57.8 6,9, 14, 15, 8-OCHs, 10’
7 62.7
8 169.8
9 1.18s 163 | 11,2,3,4 14
100 |224s 207 |56 6, 14, 15, 8'-OCH;
8-OCH; | 3.75 s 525 |8 12, 10°

3.1.1.2.2 Citreonigrin D

Citreonigrin D

Synonym(s)
Biological Source
Sample code
Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description

Optical rotation

HPLC Retention Time (Ry)

: P. citreonigrum

: PC3.3.6.9.D

: 5.0 mg

: CaHogOg

: 444 g/mol

: CH;0H

: Yellowish brown solids

: [a]3’+ 14° (c, 0.1 in CH;0H)
: 24.04 min. (Standard gradient)
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Citreonigrin D was isolated as a yellowish brown solid in CH3;OH. This compound

revealed a pseoudomolecular ion at m/z 445.1 [M+H]*. Analysis of 1D and 2D NMR

suggested that the citreonigrin D was structurally related to citreonigrin C. However, 'H-

NMR spectrum of citreonigrin D showed the presence only five methyls and one hydoxyl

group, compared to six methyls and the absence of hydroxyl group in citreonigrin C.
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Figure 3.1.1.2.2.1. COSY (at 500 MHz) and HMBC correlations of Citreonigrin D in DMSO-dg

The presence of OH group at C-4’ (80.2 ppm), instead of keto in citreonigrin C, was
confirmed not only by a COSY correlation of OH to H-4’ , but also by HMBC correlations
of H-4’ to C-11, C-6’ and C-9’. In addition, an HMBC correlation of H3-9’ to C-4’
supported the assignment. The presence of C-6" keto carbonyl, which was normally an
oxygenated carbon in citreonigrin A, B, and C, was confirmed by an HMBC correlation of
H-4" to C-6’. As shown by HMBC and COSY correlations in Fig. 3.1.1.1.7, the rest part of

the molecule was identical to citreonigrin C.

Although the ROESY data was not available for citreonigrin D, the relative
stereochemistry of the stereocenters in this compound was assumed to be similar to the
previous compounds, especially the southern part of molecule. However, because of no
ROESY data available, the relatif configuration of C-4’ could not be established in this

study.
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Table 3.1.1.2..2.1 NMR data of Citreonigrin D in DMSO-dg at 500 MHz (IH) and 125 MHz (BC)

Position 'H Pc HMBC
8 (ppm) Jin (Hz) 3 (ppm) (Hto C)
1 154.0
2 6.05 s 114.8 3,5,10
3 162.7
4 82.6
5 55.8
6 335s 50.5 7
7 4525 79.7 5,9, 10
8 46.6
9 2.16 dd (12.6; 3.8) 45.5
10 76.4
11 Ao 1.74 dd (9.3; 3.8) 28.5
BB 1.54 dd (12.6; 9.3)
12 1.17 s 16.2 8,9,7
13 1225 21.0 1,9,10
14 1.15s 25.8 4,5,15
15 145 21.1 4,5, 14
I A535s 111.4 2.,3.,7
B5.12s
2 147.5
3 48.6
4 3.55d (5.4) 80.2 11,6,9°
6’ 211.5
7 69.7
8’ 168.3
9 1225 20.4 11,2,3, 4
4-OH |6.54d(5.4)
8’-OCH; | 3.83 s 525 8’
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3.1.1.3 New Preaustinoid A-type Meroterpenes

3.1.1.3.1 Citreonigrin E

Citreonigrin E

Synonym(s)
Biological Source
Sample code
Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description
Optical rotation

HPLC Retention Time (Ry)

: P. citreonigrum

: PC3.3.6.6.3J

: 19.6 mg

1 Ca6H3207

: 46 g/mol

: CH30H, CH,Cl,

: White crystals (Acetone/water)
: [a]3’+56° (¢, 0.1 in CH;0H)

: 26.89 min. (Standard gradient)

Structure UV Spectrum
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Citreonigrin E was isolated as pale yellows solids in CH30H and white crystals after
recrystallisation with acetone/water. It gave a pseudomolecular ion peak at m/z 457.1 (M +
H)* in the positive mode ESI-MS. Based on the analysis 1D and 2D NMR data (see table
3.1.1.3.1.1), its structure was quite different to the previous four isolated meroterpenes
with regard to, mainly, the partial structure of 3-hydroxy-3-methyl-2,4-dioxo at bicyclo
[3.3.1] nonane system in the northern part of molecule. This fact was also supported by
the different between UV absortion pattern of citreonigrin E and that of the four previous

meroterpenes.

Carbon NMR data of citreonigrin E indicated the presence of six olefinic (sp°) carbons at &
125.7, 140.1, 128.4, 135.5, 111.3 and 144.0 ppm for C-1, C-5, C-6, C-10, C-1" and C-2’,
respectively. Furthermore, it has two keto carbonyls at & 208.9 ppm (C-4’) and 6 205.3
ppm (C-6’). Interestingly, the presence of six diastereotophic methylene protons in this
compound were observed in the 'H-NMR spectrum and confirmed by HMQC experiment.
However, it was quite different to citreonigrin A, B, C, and D which have only four

olefinic carbons, two methylene protons and one keto carbonyls.

Based on the HMBC correlations of the methyl protons in the molecule, some
substructures were then set up to elucidate the complete structure of citreonigrin E (figure
3.1.1.3.1.1). Substructure I was built based on the correlations of Hs-14 and Hs-15 to C-4,
C-5 and C-6. The correlations of H3-13 to C-1, C-5, C-9 and C-10 resulted in substructure
II. The ’ Juc correlations of H3-12 to C-8, C-9, and C-7° , and H3-9’ to C-2’ and C-4’ gave
the substructures III and V, respectively. The presence of two keto carbonyls in the
substructure VI were confirmed by the correlations of H3-10’ to C-4’ and C-6’. Finally, the

substructure IV was formed by a single correlation of H3-OMe to C-8’.

The connectivites between substructures in the molecule resulted in the proposed structure
of citreonigrin E (VII). As like as the previous isolated meroterpenes, the connectivity
between C-3 and C-4 through an oxygen atom could not be directly proved directly from
the NMR experiment. Nevertheless, the correlations of the methylene protons (H,-2) to C-
3 (a carbonyl atom at & 169.2 ppm) and C-5 (& 140.1 ppm) would assume the formation of
a planar unsaturated 8-lactone ring (ring A). The same problem was also occurred to

assign the position of carbomethoxy group at C-7".
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Figure 3.1.1.3.1.1 Partial structures of citreonigrin C based on the correlations of methyl protons in

the HMBC spectrum

The direct conncetivity between substructure I and II was evident by the correlations of Hs-
10, H3-14 and H3-15 to C-5. Substructures II and III was directly linked by a correlations
of H3;-12 and H3-10 to C-9 (8 44.4 ppm) in HMBC spectrum. Meanwhile, indirect
connectivity between substructurs I and III through C-6 and C-7 was proved by the HMBC
correlations H>-7 to C-5, C-6, C-8 and C-9, as well as H-6 to C-4 and C-8. In the mean
time, the position of H,-7 next to H-6 was proved by a spin system formed by these
protons in the COSY experiment. The connectivity between substructures I, II, and III

resulted in the southern part of citreonigrin C molecule containing a cycloheptadiene
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partial structure which was not obsereved in the citreonigrin A, B, C, and D. The presence
of a conjugated double bond was also detected by the presence of “Jnc from Hs-10 to C-5,

as well as Hz-14 and Hs-15 to C-6.

The presence of a bicyclo [3.3.1]nonane system in the northern part of molecule was
formed by the connectivity between substructure III, V and VI. The direct link between
substructures V and VI was confirmed by HMBC correlations of H3-9” and H3-10’ to C-4°.
The position of exomethylene group (H,-1") was assigned by HMBC correlations of H-1’
to C-2°, C-3’ and C-7’°. Furthermore, rare 4JHC correlations of H-1’B to C-6" and C-8
helped the connectivity amongst substructure III, V, VI to form the northern part molecule
of citreonigrin E. The position of OH group at C-5’, however, could not directly
determined by HMBC experiment. Its position was identified by a ROESY correlation to
H;-10" (Fig. 3.1.1.1.9) and the chemical shifts of C-5" at & 77.2 ppm. Figure 3.1.1.3.1.2
shows some diagnostic HMBC correlations and observed COSY spin systems of

citreonigrin E.

( N\

10'

m—— COSY Correlations
15 — HMBC Correlations

14
\. J

Figure 3.1.1.3.1.2 COSY (at 300 MHz) and diagnostic HMBC correlations of Citreonigrin E in DMSO-d¢
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A single X-ray crystallography was performef to prove the proposed structure of
citreonigrin E and establish the relative stereochemistry at its 6 chiral centers (Figure
3.1.1.3.1.3). Once X-ray model has obtained, the ROESY experiment was performed to

confirmed the relative stereochemistry of the stereocenters in the molecule.
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Figure 3.1.1.3.1.3 X-ray crystallography of citreonigrin E

Strong ROESY correlations of H3-12 with H3-9” and H-11B, as well as ROESY
correlations of H3-OCHj; with H3-12 and H3-9’ verified the B-configuration of Me-12, Me-
9’, and carbomethoxy group at C-8, C-3’, and C-7’, respectively. However, it was difficult
to determine the relative configuration of H-9 because of its overlapping with H-11o and
H-7B. Nevertheless, H-9 was determined to be located in o-configuration in X-ray

experiment and its comparison to the previous compounds.

The relative configuration of C-7 was determined by the ROESY correlations of H-7A
with H-6, H3-14 and H3-OCH3, consecutively. These correlations indicated that H-7A was
located at the pseudo-equatorial, meanwhile, H-7B was located at the pseudo-axial. On the
other side, the relative stereochemistry of C-5" was determined by correlations of H3-10
with H3-9 and supported by the correlation of 5°-OH with H3-OCHj3, which turned to the
correlation of H5-OCH5/ H-12.
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Figure 3.1.1.3.1.4 Selected ROESY correlations of citreonigrin E in DMSO-d¢

Table 3.1.1.1.5 NMR data of Citreonigrin E in DMSO-dg¢ at 600 MHz (‘H) and 75 MHz (**C)

Position 'H “c HMBC ROESY
8 (ppm) Jun (Hz) | & (ppm) (Hto C)
1 125.7
2 A3.47d(21.1) 33.7 1,2,3,5,10 13,15
B 3.30d(21.1) 1,3,10 13, 14
3 169.2
4 81.0
5 140.1
6 5.74 dd (8.2;5.3) 1284 |4,6,7,8 7A, 14,15
7 A2.90dd (13.9; 8.2) 36.0 |5:6;7,8,9;12, 7 6, 11B, 12, 8’-OCH;
B 1.70 dd° 5:6:8,9;12, 7 too complex”’
8 67.0
9 1.70 dd° 44 4 8;12,3,7 too complex”’
10 135.5
11 AP 1.88 dd (14.8; 12.6) 41.5 8,9,2°,3,4 12,13,9
Ba 1.70 dd° too complex”
12 1.21s 19.6 9,12, 7 TA, 11A, T’A, I’B
13 1.63s 15.0 1,5,9,10, 13 2A, 2B, 11A, 12
14 1.41s 26.2 4,5,6,14, 15 7A, 15
15 1.20's 287 | 4,5,6,14,15 6, 14
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r AS524s 111.3 | 1°,8,11,2°,3, 4, 11A, 12, 1’B, 8°-OCH3;, 9
7 12, I’A, 8-OCHs3, &’
B4.70s 1’,8,11,2°,3,6,
7
2 144.0
3 50.2
4 208.9
5 77.2
6’ 205.3
T 70.7
8 169.7
9 1.37s 21.6 2,349 11A, ’A, I’B
10° 1.18 s 15.6 4,5,6,10° 5’-OH
5-OH | 6.55s 8’-OCH;, 10’
8’-OCH; | 3.63.s 51.8 8, 8’-OCH; 5’-OH, 6, 7A, 12, I’A, I’B

® mutually overlapped

3.1.1.3.2 PC 3.3.6.8.4.F

PC3.3.6.84.F

Synonym(s)

Biological Source

Sample code

Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description
HPLC Retention Time (Ry)

: P. citreonigrum

: PC3.3.6.8.4.F

: 0.4 mg

. Ca6H3005

: 470 g/mol

: CH;0OH

: White powders

: 25. 17 min (Standard gradient)
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The analysis of NMR data indicated that PC 3.3.6.8.4.F was structurally related to
citreonigrin E. PC 3.3.6.8.4.F was isolated only in a small amount as white powders and
revealed a pseudomolecular ion at m/z 471.2 [M+H]" in the positive mode ESI-MS. It
indicated that PC 3.3.6.8.4.F has 14 mass units higher compared to citreonigrin E which
implied that this compound contained an additional oxygen atom by replacing two olefinic

protons as seen in the 'H- NMR spectrum.

Like citreonigrin E, PC 3.3.6.8.4.F contained a partial structure of 3-hydroxy-3-methyl-
2,4-dioxo and 8-methylene at bicyclo [3.3.1]nonane system in the northern part of
molecule. However, this compound differed to citreonigrin E with regard to the position of
two double bonds and the presence of oxygen bridge in the southern part of molecule. The
presence of olefinic proton (H-2) at & 5.60 ppm was confirmed by its correlation to C-3
(6 163.5 ppm), C-5 (& 132.0 ppm) and C-10 (& 77.0 ppm) in HMBC experiment. Other
olefinic proton (H-6) at 8 6.23 ppm was assigned by its HMBC correlations to C-1 (8 156.5
ppm and C-4 (8 81.5 ppm). The presence of two oxygenated carbon at & 77.0 ppm (C-10)
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and & 79.0 ppm (C-7) and observed HMBC correlation of H-7 to C-10 suggested the
presence of oxygen bridge between C-7 and C-10 to form a substructure of 8-

OxaBicyclo[3.2.1]Octa-2-ene system.

Since the compound was isolated only in a small amount, however, the presence of one
olefinic carbon (C-2) could not be spectroscopically confirmed in this study. The same
problem was also faced to justified the position of H-7 and H-6 Like the previous
meroterpenes in this study, the connectivities between C-3 and C-4 through an oxygen
atom, as well as C-7/C-8 bond could not be proved for this compound. Nevertheless,
general HMBC correlations (figure 3.1.1.3.2.1) revealed the close relationships between
PC 3.3.6.8.4.F and citreonigrin E. Thus, although there was no ROESY data available for
this compound, it was also assumed that relative stereochemistry of the stereocenters in PC

3.3.6.8.4.F was similar to that found in citreonigrin E.
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Figure 3.1.1.1.12. COSY (at 300 MHz) and HMBC correlations of PC 3.3.6.8.4.F in DMSO-d¢

Table 3.1.1.1.6. NMR data of PC 3.3.6.8.4.F in DMSO-ds at 600 MHz (‘H) and 150 MHz (*C)

Position 'H Bea HMBC
8 (ppm) Juu (Hz) 3 (ppm) Hto C
1 156.5
2 5.60d (1.4) ? 3,5,10
3 163.5
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4 81.5
5 132.0
6 6.23dd (5.1;1.4) 106.0 1,4
7 4.81d(5.1) 79.0 5,8,9,10,12
8 54.0
9 1.99dd (12.3 ; 3.6) 48.0 11
10 77.0
11 A1.80dd (14.2;12.3) | 38.0 3,4
B 1.18dd (14.2;3.6)
12 1.29s 20.5 7,8,9,7
13 1.28 s 15.5 1,9,10
14 1.39s 30.5 4,5
15 147 s 26.5 4,5,14
r A543 s 115.0 3,7
B5.20s 2,3,7
2 142.0
3 51.0
4 208.9
5 78.0
6’ 204.0
7 71.0
8 169.0
9 1.37s 20.5 11,3, 4
10 1.04s 15.8 45,6
8’-OMe 3.75s 52.0 8
5’-OH 6.65 s 45,6

? Based on HMBC correlations




3.1.1.3.3 PC3.3.6.8.4.A

PC3.3.6.84.A
Synonym(s)
Biological Source . P. citreonigrum
Sample code : PC3.3.6.84.A
Amount : 0.6 mg
Molecular Formula 1 CosH3009
Molecular Weight : 486 g/mol
Solubility : CH;0H
Physical Description : White powders

HPLC Retention Time (R;) :22.08 min. (Standard gradient)

Structure UV Absorption
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PC 3.3.6.8.4.A, as like as PC 3.3.6.8.4.F, was also isolated as a small amount of white

powders from ethyl acetate extract of P. citreonigrum. The analysis of NMR data and UV
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absorption pattern of this compound (A n.x 219.0 and 275.4 nm) suggested that it was
structurally related to PC 3.3.6.8.4.F. Furthermore, the positive mode ESI-MS experiment
of this compound revealed a pseudomolecular ion peak at m/z 487.2 (M + H)* which was
16 mass unit higher than that of PC 3.3.6.8.4..F and additionally suggested the presence of

an extra oxygen atom in the molecule.

Analysis 1D and 2D NMR data indicated that the southern part molecule of this compound
(ring A and B) was similar to that of PC 3.3.6.8.4.A. In the nothern part, however, PC
3.3..6.8.4.A differed to PC 3.3.6.8.4.F with regard the absence of exomethylene function in
the bicyclo [3.3.1]nonane system. The chemical shifts of C-2’ at & 59.5 ppm not only
confirmed the absence of exomethylene function at this position, but also suggested the
presence epoxide function between C-2° and C-1’. In addition, the chemical shifts of two
extra methylene protons (H,-1 at & 3.06 and 2.67 ppm) and their coupling of *Ji.; 3.1 Hz
also suggested the presence of epoxide function at this position. Unfortunately, this

assignment could not be directly evident by HMBC correlation.

Since the compound was isolated only in a small amount, the presence of some carbons,
such as C-2, C-3, C-6, etc., could not be spcetrocpically defined. Thus, this problem was
also happened to evident some bonds in the molecule. Nevertheless, the observed HMBC
and COSY correlations (figure 3.1.1.3.1.1) suggested the proposed structure which was
closely related to PC 3.3.6.8.4.F and citreonigrin E. Thus, although the ROESY experiment
was not performed to this compound, the relative configuration of the stereocenters in the

molecule was assumed to be identical to that of citreonigrin E.
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Figure 3.1.1.1.13. COSY (at 500 MHz) and some important HMBC correlations
of PC 3.3.6.8.4.A in DMSO-dg

Table 3.1.1.1.7 NMR data of PC 3.3.6.8.4.A in DMSO-d, at 600 MHz ('H) and 150 MHz ("°C)

Position 'H Bea HMBC
8 (ppm) Jun (Hz) S (ppm) HtoC
1 156.5
2 5.65s ? 5,10
3 ?
4 82.0
5 132.0
6 6.19d (5.0) ? 4
7 4.80d (5.0) 80.5 9,10
8 57.0
9 1.97dd (12.6 ; 3.5) 48.5
10 78.5
11 A 2.07dd (13.9; 12.6) 34.5
B 1.24dd (13.9; 3.5)

12 1.46 s ? 7,8,9,7
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13 1.33s ? 1,9,10
14 1.52's 26.0 4,515
15 1.36's 32.0 45,14
I A3.06d(3.1) ?

B2.67d(3.1)
2 59.5
3 52.0
4’ 210.5
5 78.0
6’ 205.5
7 68.5
8’ 168.0
9 1.03s 30.5 11,2,3° 4
10° 1.07 s ? 4.6’
8’-OMe 3.64s ? 8’
5’-OH 6.41s 4.6’

? Based on HMBC correlations

3.1.1.4 New Paraherquonin-type Meroterpenes

3.1.1.4.1 Citreonigrin G

Citreonigrin G

Synonym(s)
Biological Source
Sample code
Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description

Optical rotation

HPLC Retention Time (Ry)

: P. citreonigrum

: PC3.3.6.6.3.D

: 6.75 mg

1 CaeH3209

: 488 g/mol

: CH;0H

: Pale yellow solids

: [@]3°-6 (c 0.1, CH;0H)

22.26 min (Standard gradient)
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Structure UV Spectrum
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Citreonigrin G was isolated as pale yellow solids from ethyl acetate extract of P.
citreonigrum. The positive mode of ESI-MS data of this compound revealed a
pseudomolecular ion peak at m/z 489.1 [M+H]". The maximum of UV absorption at 249.2
and 1D-NMR spectroscopic data indicated the structure of citreonigrin G was quite

different to the previous isolated meroterpenes.

The proton NMR spectrum of this compound, as like as the previous isolated
meroterepnes, still showed the presence of six methyls, six methylene protons and one
methoxy group. This compound, however, revealed the presence of more methyne protons
at 0 6.11 ppm (H-1°), 3.99 ppm (H-5"), 3.82 ppm (H-7) and 3.12 ppm (H-2") and the
absence of olefinic proton. Meanwhile, the ?*C-NMR and DEPT spectra still showed the
presence of four quarternary olefinic carbons at C-1 (8 126.5 ppm), C-5 (8 131.6 ppm), C-
9 (6 134.7 ppm) and C-10 (5 127.0 ppm). In addition, the presence of one quarternary (C-
6’) and one tertiary (C-1’) hemi-acetal carbons at 6 100.2 ppm and o 97.9 ppm,
respectively, were also detected by '>C NMR and DEPT spectra of this compound.
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Based on the correlations of methyl proton in HMBC spectrum, some substructures were
set up and described as shown in figure 3.1.1.4.1.1. The substructure I was formed by the
correlations of Hz-14 and Hs-15 to C-4, C-5 and C-6. The correlations of Hz-13 to C-1, C-
8, C-9 and C-10 would give the substructure II. The presence of Hz-12 was confirmed by
its HMBC correlations to C-7, C-8, C-9, and C-7’ in substructure III. The correlations of
H3-9’ to C-11, C-2’, C-3° and C-4’, and the correlations H3-10" to C5 and C6 resulted in

substructure IV and V, respectively.

- J

Figure 3.1.1.4.1.1. Partial structures of citreonigrin G based on the correlations of methyl protons in

the HMBC spectrum

The connectivicty amongst the substructures to form the proposed structure VII was
confirmed by HMBC and COSY correlations as summarized in table 3.1.1.4.1.1 and figure

3.1.1.4.1.2. As shown in the structure VII, the presence of unsaturated d-lactone ring was
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evident by HMBC correlations H,-2, H3-14, H;-15 to C-5, an olefinic carbon at 8 131.6
ppm. Although the ester bond could not be spectroscopically proved, it was asumed that
this part of structure was planar. The position of H-7 (& 3.82 ppm) adjacent to H,-6 was
proved by the spin system formed by these protons in the COSY spectrum. The correlation
of H3-12 to C-7 and followed by the correlation H-7 to C-5 linked the substructure I and
M. HMBC correlation of H3-12 and H3-13 to an olefinic carbon at & 134.7 ppm (C-9)
suggested not only the connectivity of between substructure II and III, but also the position
one of the two double bonds in the heptadiene systeme. The chemical shifts of C-1 and C-
5at 6 126.5 and 131.6 ppm, respectively, suggested the position of another double bond

which linked the substructure I and II in the southern part of molecule.

15 Smm—— COSY Correlations

— HMBC Correlations

Figure 3.1.1.4.1.2. COSY (at 300 MHz) and diagnostic HMBC correlations
of Citreonigrin G in DMSO-d¢

In the nothern part of molecule, however, the assignment was not as easy as that in the
southern part molecule. The connectivity between substructure IV and V through C-1 was

proved by HMBC correlations of H-1" to C-4’ at 6 177.2 ppm and C-5" at 6 70.7 ppm. In
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the mean time, HMBC correlation of H-11 to C-10, C-8, C-2° and C-4’ not only
confirmed the assignment H,-11 at 8 2.73 and 2.35 ppm but also proved the link between
substructures II and IV through C-11.

The presence of E ring system was confirmed by the HMBC and COSY correlations of
three methyne protons, i.e., H-1’, H-2’ and H-5’, incorporated in the system. The presence
of a methyne proton (H-2") at 8 3.12 ppm was confirmed not only by its COSY correlation
to H-1" (& 6.11 ppm), but also by its HMBC correlation to C-8, C-8’, C-1" and C-4’.
Consequtively, a quartet proton (H-5") at & 3.99 ppm coupled to a doublet methyl (H3-10)
at 0 1.20 ppm by froming an observed spin system in the COSY spectrum and correlated
to two hemi-acetal carbons, C-1° (8 97.9 ppm) and C-6" (6 100.2 ppm) in HMBC

spectrum.

Unfortunately, the presence of C-6’/C-7" bond could not be evident in this study because
neither key correlation of H-2’/C-6" nor H-5°/C-7" was observed in the HMBC spectrum.
In addition, the HMBC experiment could also not prove the presence of an oxygen bridge
between C-7 and C-6’, as well as, the position of 6’-OH in the molecule. The presence of
the oxygen bridge was assumed only by the chemical shifts of two carbons and the
planarity of this substructure. Meanwhile, the position of 6’-OH was confirmed not only
by the chemical shifts of C-6" at 8 100.2 ppm but also by ROESY experiment which
showed the correlation of 6’-OH with H-5" and H3-10’.
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-«——>» ROESY Correlations

Figure 3.1.1.4.1.3. Stereo drawing of Citreonigrin G showing
the observed ROESY correlation in DMSO-d¢

The establishment of relative stereochemistry of the eight stereocenters in citreonigrin G
was established therfore by a ROESY experiment (Fig. 3.1.1.4.1.3). The strong
correlations of H;-12 with H-11B, H3-OCH3, H-7 and H-2" suggested the B-position of
Me-12, carbomethoxy group , H-7 and H-2". The close proximity of H-2°, H-1°, H-5" and
6’-OH was determined by ROESY correlations of H-2’/H-1’, H-1’/H-5", H-1"/H3-9’ and
H-5/6’-OH, consequtively. In the mean time, relative configuration of C-11 was

confirmed by the correlation of H3-9’/H-11f , as well as the correlation of Hs-13/H-110.

Table 3.1.1.4.1.1. NMR data of Citreonigrin G in DMSO-dg at 600 MHz (IH) and 75 MHz (BC)

Position 'H e HMBC ROESY
S (ppm) Jy.u (Hz) d (ppm) (Hto C)
1 126.5
2 A 3.54.d (20.0) 345 [1,3,5 2B, 6B, 13,15,9°
B 2.98 d (20.0) 1,3,5 6B, 13,15,9°
3 170.1
4 83.7
5 131.6
6 A2.90dd (19.3; 6.2) 33.5 6B, 13,15,9°
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B 2.27 dd (19.3; 9.5) 1,7 13,15,9’
7 3.82dd (9.5; 6.2) 799 [59, 12 6A, 6B, 12, 13, 15,
10°
8 49.2
9 134.7
10 127.0
11 A02.73 d (13.5) 333 [8,9,10,2,3,4,9 |11B,13,9
BB 2.35d (13.5) 9,10,2%, 3, 4 12,9’
12 1.38s 125 (7,89, 7
13 1.82s 183 [1,8,9,10 12, 14
14 1.44s 254 |4,5,15
15 1.46 s 265 |4,5 14
I 6.11d (6.8) 979 [2,3.4.7 7,5.,9
2’ 3.12d (6.8) 454 [8,1,3,4,7,8,9 | 11B, 12,9’
3 45.6
& 177.2
5 3.99 q (6.3) 707 | 1,6,10° 7,10’, 8-OCH,
6’ 100.2
7 62.5
8’ 173.4
9 127 s 257 |11,2,3,4 11B, I’
10° 1.20d (6.3) 134 [5,6 6’-OH
6’-OH |6.165 12,5, 8'-OCH;,
10°
8’-OCH; | 3.68 s 522 |8 12,9’
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3.1.1.4.2 Citreonigrin I

Citreonigrin I

Physical Description

Optical rotation

Synonym(s) -

Biological Source . P. citreonigrum
Sample code : PC3.3.6.8.6.D
Amount : 5.95 mg
Molecular Formula 1 CoyHo304
Molecular Weight : 428 g/mol
Solubility : CH;0H

: Pale yellow solids

. [a]2°-35 (c, 0.1 in CH;0H)

HPLC Retention Time (R;) :23.77 min (Standard gradient)
Structure UV spectrum
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Analysis of NMR data supported by the UV pattern of citreonigrin I (Ap.x 222.5 nm,)

suggested the close relationships between the structure of citreonigrin I and citreonigrin G.
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Positive mode ESI-MS experiment of citreonigrin I showed a pseudomolecular ion at m/z
429.4 [M+H]* which indicated that its molecular wieght was 60 mass unit higher than that
of citreonigrin G. Since the "H-NMR spectrum did not show the presence of any methoxy
group, the different between this compound to citreonigrin G was only the absence of

carbomethoxy group attached to C-7".

As like as citreonigrin G, the "H-NMR spectrum of this compound still shwed the presence
of five singlet methyls, one doublet methyl, one hydroxy group, six methylene protons and
the absence of olefinic proton. Based on BC.NMR data, however, this compound revealed
the presence of six quarternary olefinic carbons, instead of four that in citreonigrin G. As
confirmed in the "H-NMR spectrum, the higher number of olefinic carbons resulted in the
elimination of one methyne proton and the carbomethoxy group. Compared to citreonigrin
G which has two hemi-acetal carbons, BC-NMR spectrum of citreonigrin I showed the

presence of only one hemi-acetal carbon.

K mmmmm  COSY Correlations
14

A —> HMBC Correlations

s~ Correlations which could not
be spectroscopically proved
/

Figure 3.1.1.4.2.1 COSY (at 500 MHz) and some important HMBC correlations
of Citreonigrin I in DMSO-d,
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In general, HMBC and COSY correlations in the southern part of citreonigrin I molecule
(figure 3.1.1.4.2.1) were found still to be similar to that in citreonigrin G. In the northern
part, however, the absence of carbomethoxy group would result in some bonds
rearrangement and atoms replacement in the molecule. The presence an extra double bond
between C-6" and C-7" was confirmed by HMBC correlation of H-1°/ C-7°, H3-12/C-7° ,
H;-10°/C-6’, and H-5’/C-6’. However, the position of H-6" adjacent to C-7" could not be
spectroscopically proved due to the absence of expected H-5’/C-7° HMBC correlation.

Meanwhile, the presence of 2’-OH, instead of a methyne proton in citreonigrin G, was only
confirmed by the chemical shifts of C-2’ (8 71.0 ppm). Unfortunately, the position of
hydroxyl group at C-2’ itself could not be directly proved in HMBC spectrum.
Nevertheless, this type of substructure has been reported and found to be similar to that of
paraherquonin (Okuyama, et al, 1983). The different between paraherquonin and

citreonigrin I was only the position of two double bonds in the southern part of molecule.

r

Paraherquonin

Since the ROESY experiment was not performed to this compound, the establishment of
relative configuration of the stereocenters in the molecule was determined by the
comparison of optical rotation value and biogenetically relationships between this

compound to other isolated meroterpenes, especially citreonigrin G.
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Table 3.1.1.1.11 NMR data of Citreonigrin I in DMSO-dg at 500 MHz (IH) and 125 MHz (13C)

Position 'H Pc HMBC
8 (ppm) Jin (Hz) 3 (ppm) (Hto C)
1 128.6
2 A 3.50d(20.5) 31.7 1,3
B 2.89 d (20.5) 1,3
3 168.9
4 84.1
5 128.2
6 A2.28 dd (12.6; 2.6) 31.2
B 2.14 dd (12.6; 12.3) 1,4,5
7 4.31dd (12.3; 4.6) 92.8
8 51.1
9 137.6
10 126.1
11 A2.85d(16.4) 30.8 8,9,10,2°,3,4
B 2.14 dd (16.4) 8,9,10,2°,3,4
12 1245 30.3 7,.8,9,7
13 1.74 bs 16.9 1,9,10
14 1.56s 26.7 4,5,15
15 1435 26.9 4,5, 14
I 5.84s 101.1 2. 4.5,7
2 71.0
3 49.5
4 175.4
5 4.55q (7.0) 66.1 1,6, 10°
6’ 151.8
7 105.1
9 1.18 s 18.7 11,2,3, 4
10’ 1.27d (7.0) 20.5 5.6
2’-OH | 6.04s
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3.1.1.4.3 PC3.3.6.6.3.A

PC3.3.6.6.3.A

Synonym(s)
Biological Source
Sample code
Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description

Optical rotation

HPLC Retention Time (Ry)

: P. citreonigrum

: PC3.3.6.6.3.A

: 1.17 mg

. CsHoOry

: 478 g/mol

: CH;0OH

: Pale yellow solids

. [«]3’+ 18° (c, 0.1 in CH30OH)
: 17.10 min. (Standard gradient)

Structure
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PC 3.3.6.6.3.A was the most polar isolated meroterpenoid in this study. The negative
mode of ESI-MS showed a pseudomolecular ion at m/z 477.4 [M-H]. It was isolated as

small amount of pale yellow solids and the only isolated meroterpenoid which could not
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detected in the positive mode of ESI-MS. The UV pattern (A nma.x 225.9 nm) suggested the

close relationships to citreonigrin G and I.

As like as citreonigrin G, "H-NMR spectrum of this compound still showed the presence of
five singlet methyls, one doublet methyl, one methoxy group, one hydroxy, and four
methyne protons. In contrast, "C-NMR spectrum indicated the presence of only two
olefinic carbons and extra two oxygenated carbons at 8 69.6 ppm (C-9) and & 60.8 ppm (C-
10). Furthermore, the presence of one olefinic proton at & 6.45 ppm (C-2) in the 'H-NMR

spectrum differed this compound to citreonigrin G and I.

Analysis and comparison of the NMR data indicated that PC 3.3.6.6.3.A did not contain
the d-lactone ring which always present in other meroterpenes. Instead, the presence of an
additional carboxyl keto at C-5 (0 210.0 ppm) and a free unsaturated carboxylic acid
moiety at C-1 was derived from 1D and 2D-NMR data analysis. The presence of free
unsaturated carboxylic acid was confirmed by a correlation of 2’-OH (d 8.14 ppm) to an
olefinic carbon at 8 123.0 ppm (C-2’) in HMQC spectrum. The presence of H-2 as an
olefinic proton was verified by its HMBC correlation to C-1 (8 168.2 ppm) and C-10 (&
60.8 ppm) and its direct correlation to C-2 in HMQC spectrum.

Ve

— HMBC Correlations

W= COSY Correlations

v Correlations which could not be

L proved by NMR spectral data )

Figure 3.1.1.4.3.1. COSY (at 300 MHz) and some important HMBC correlations
of PC 3.3.6.6.3.A in DMSO-dg
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A weak HMBC correlation of H-6A (8 2.34 ppm) to a carbonyl keto (8 210.0 ppm)
confirmed the presence of a keto functional group at C-5. Unfortunately, HMBC
spectrum showed neither the expected correlations of H-2/C-5 nor H-7/C-5 to support this
assignment, thus the presence of keto funtional group at C-5 was not strongly supported by
NMR spectral data. At the other side of molecule, the presence of an epoxide ring between
C-9 (8 69.6 ppm) and C-10 (8 60.8 ppm), instead of a double bond at citreonigrin G and I,
was identified in this compound. In general, the rest HMBC and COSY correlations
(figure 3.1.1.4.3.1) indicated that the rest part of PC 3.3.6.6.3.A molecule was identical to

that of citreonigrin G.

-<«— > ROESY Correlations 10'

Figure 3.1.1.4.3.2. Stereo drawing of PC 3.3.6.6.3.A showing
the observed ROESY correlation in DMSO-dg

Relative configuration of the stereocenters in PC 3.3.6.6.3.A were assigned using ROESY
experiment (figure 3.1.1.4.3.2). The correlations of H-5’/OH-6" and H-5°/H-2’ which turn
to H-5"/H3-9” and H-5’/H;-12 indicated the B-orientation of OH-6’, H-5’, H-2’, Me-9’ and
Me-12 in the molecule. Relative configuration of C-6 and C-7 were verified by the

correlations of H-6A/H3;-10 and H-7/H-2’, respectively.  The [-configuration of
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carbotheoxy group was determined the correlation of H-11B/H;-OCHj3, as well as H-2°/H3-
OCH;. In general, relative stereochemisty of the rest stereocenters in PC 3.3.6.6.3.A were

identical to that found citreonigrin G.

Table 3.1.1.4.3.1 NMR data of PC 3.3.6.6.3.A in DMSO-dy at 600 MHz (‘H) and 75 MHz (**C)

Position 'H Pex HMBC ROESY
8 (ppm) Juu (Hz) 3 (ppm) (Hto C)

1 168.2
2 6.45s 123.0 1,10 12,13
3 165.0
5 210.0
6 Ao234dd (13.4;2.5) |265 578 6B,10’

BB 1.70 dd (13.4 ; 12.6) 7,8 12
7 4.40 dd (12.6 ; 2.5) 70.3 6A,2°,5°,12,10°
8 49.0
9 69.6
10 60.8
11 AP 1.99d (14.3) 32.4 2349 12,9

Ba 1.87 d (14.3) 8,9,10,2,3’,4° 13,9
12 0.93s 19.5 78,97
13 1555 20.5 19,10
I 5.70d(7.9) 98.5 23457 2’5
2 3.30" 42.6 8,113,789 |11A9
3’ 42.6
4 179.1
5 3.67 q (6.0) 75.5 1',10° 2°,10°,6’-OH
6’ 100.2
7 62.5
8 173.5
9’ 1.42s 26.5 11,234
10 1.25d (6.0) 13.6 5.6
8’-OCH; | 3.72's 52.4 8 2’,11A,12,9°
OH-6 [6.19s
OH-2 8.45s 1 (in HMQC)

" hidden under residual solvent or water signal
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3.1.1.4.4 Citreonigrin F

Citreonigrin F

Synonym(s) -

Biological Source . P.citreonigrum
Sample code : PC3.3.6.6.3.1
Amount : 2.56 mg
Molecular Formula : CyeH3,05
Molecular Weight : 472 mg/mol
Solubility : CH;0H

Physical Description
Optical rotation

HPLC Retention Time (Ry)

: Pale yellow solid

[®]2°+42° (¢, 0.1 in CH;0H)

: 26.10 min (Standard gradient)

Structure UV Spectrum
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Citreonigrin F was isolated from ethyl acetate extract of P. citreonigrum and gave a

pseudomolecular ion at m/z 473.1 in the positive mode ESI-MS. Although the UV
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absorption pattern (Ana.x 244.1 nm) of this coumpound was quite different to citreonigrin G
and I, the analysis NMR data still indicated the presence of A, B, C, D and E ring systems
like in citreonigrin G and I. It differs to citreonigrin G with regard to the position of two
double bonds in the B ring system and and the presence of an additional carbonyl keto,

instead of a hemi-acetal carbon, in the E ring system.
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Figure 3.1.1.4.4.1. Partial structures in the southern part molecule of citreonigrin F based on the

correlations of methyl protons in the HMBC spectrum

The connectivity between substructure I, II and III in the molecule (figure 3.1.1.4.4.1)
resulted in the southern part molecule of citreonigrin F (VII) which was similar to that
found in citreonigrin E. Substructure I was formed by the HMBC correlations of H3-14 (&
1.55 ppm) and H;-15 (6 1.40 ppm) to C-4 (8 81.6 ppm) and C-5 (& 136.4). The
correlations of H3-13 and Hsz-12 to the corresponding neighbour carbons resulted in

substructure II and III, respectively.
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The substructure I was connected to the substructure II with the helps of HMBC
correlations of Hp-2 (8 3.60 and 3.33 ppm) to C-1 (8 126.6 ppm) and C-10 (8 135.7 ppm),
as well as HMBC correlation of H-6 (& 6.30 ppm) to C-1 (8 126.6 ppm). The presence of
d-lactone ring was confirmed by HMBC correlation of H-2 to a carbonyl carbon (C-3 ,
169.5 ppm). Then, HMBC connections of H,-7 (8 2.46 and 1.59 ppm ) to C-5 (& 136.4
ppm) and COSY correlations of H,-7 and H-6 confirmed the connectivity between
substructure I and substructure III. Finally, the correlations of both H3-12 and H3-13 to C-9
connected the substructure III and II. The rest HMBC and COSY correlations of the

southern part molecule were shown in figure 4.1.1.4.4.4.
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Figure 3.1.1.4.4.2. Partial structures in the northern part molecule of citreonigrin F based on the

correlations of methyl protons in the HMBC spectrum

In the northern part of molecule, the presence of substructures III, IV and VI which were
formed by the correlations of H3-12, H3-9” and H3-OCH3; to the corresponding neighbour
carbons, respectively, were obserevd in the HMBC spectrum of this compound. As like as

in citreonigrin G, the connectivity between substructure III and IV was identified by the
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HMBC correlations of H,-11/C-9 and the spin system formed by H,-11 and H-9 in COSY
spectrum. HMBC correlations of H-1" to C-3’, C-4’ and C-7" would give the formtaion of
C and D ring system. This assignment was also supported by the correlation of H-1" with
H-2" in COSY experiment and HMBC correlations of H-2’ to the correspond neighbour
carbons. As like as in citeronigrin G, the position of carbomethoxy group at C-7" was

confirmed by HMBC correlations of H;-OCHj3; and H-2’ to C-8°.

14

mmmmm  COSY Correlations

15 —» HMBC Correlations
\ J

Figure 3.1.1.4.4.4. COSY (at 300 MHz) and diagnostic iHMBC correlations of Citreonigrin F in DMSO-dg

However, HMBC correlation of H3-10’ to a keto carbonyl (C-6’, 8 205.5 ppm), resulted in
substructure V, one which has not been identified in the previous meroterpenoids.
Compared to citreonigrin G, the presence of keto carbonyl at C-6’, instead of an hemi
asetal carbon, in citreonigrin F resulted in the elimination of the oxygen bridge as observed
in citreonigrin G and I. Although the connectivity between C-6’ and C-7’ could not be
confirmed by the performed spectroscopy experiment, HMBC correlations of H-5" to C-1’
and C-6’, which was also supported by correlation of H-1" to C-7’ rised the formation of E

ring system in molecule. The rest HMBC and COSY correlations showing the connectivity
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in the northern part molecule, as well as the connectivity between the northern part and the

southern part molecule are shown in figure 3.1.1.4.4.4.

The relative configuration of asymmetrical carbons in citreonigrin F was deduced from
ROESY experiment. Strong correlations of H-1°/ H-5" and H-1/H-2’, as well as H-1’/Hs-
12 and H-1"/H;3-9’ suggested the B-position of Me-12, Me-9’, H-2’, H-1" and H-5’. The
o-position of H-9, however, was verified not only by the observed correlation of H-11a to
H-9 in ROESY spectrum, but also by the coupling constants of H-9/H-110t (*Jpy 4.3 Hz)
and H-9/H-11P (*Jun 14.2 Hz). At the other part of molecule, relative configuration of C-
7 was determined by the correlations of H-7B to H3-12 and H-7A to H-6, thus H-7B and
H-7A were located at the pseudo-axial and pseudo-equatorial of the ring system,
respectively. Since H3-10" and H3-OCH3; did not show any correlations to other protons, it
was assumed that Me-10’ and carbomethoxy group were located in the o-orientation. The

complete assignment of ROESY spectrum is described in Fig. 3.1.1.4.4.5.
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Figure 3.1.1.4.4.4. Stereo drawing of Citreonigrin F showing the observed ROESY correlation in DMSO-dg
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Table 3.1.1.4.4.1. NMR data of Citreonigrin F in DMSO-dg at 600 MHz (IH) and 75 MHz (BC)

Position 'H Pc HMBC ROESY
S (ppm) Jyu (Hz) S (ppm) (Hto C)
1 126.6
2 A3.60d(19.3) 345 | 1,3,10 13, 15
B 3.33d (19.3) 1,3,10 13,15
3 169.5
4 81.6
5 136.4
6 6.03 dd (8.0; 5.2) 1282 | 1,4,7 7A, 14,15
7 A 2.46 dd (13.6; 8.0) 353 [5,6,8,9,12,77 |7B, 12
B 1.59 dd (13.6; 5.2) 57 A, 12
8 56.4
9 2.61dd (14.2; 4.3) 38.4 11Aa, 13, 15
10 135.7
11 Ao 1.82dd (10.5; 4.3) 295 [8,9,3,4,7 11BB, 9’
Bp 1.71 dd (14.2; 10.5) 9,3,4,9 11Aq, 12,9’
12 0.75 s 208 |7,8,9,7 2B, 13,2, 10°
13 176 s 156 [1,9,10
14 1555 250 |4,5,15 14
15 1.40s 287 | 4,5, 14
I 6.37d (5.3) 9.1 |[2,4,5,7 2,9
2 3.81d(5.3) 515 |2,1,3,4,7,8 | 12,9
3 43.0
4 175.9
5 4.64 q (6.5) 749 [ 1’,6,10° 2,10
6’ 205.5
7 62.4
8’ 169.3
9 1355 263 | 11,23, 4
10’ 1.27d (6.5) 192 |5,6 11AQ, 5’
8’-OCH; | 3.82s 533 | ®&
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3.1.1.4.5 Citreonigrin H

Citreonigrin H

Synonym(s) -

Biological Source . P. citreonigrum

Sample code : PC3.3.6.6.3.G

Amount : 5.65 mg

Molecular Formula : CyeH3,05

Molecular Weight : 472 g/mol

Solubility : CH;0H

Physical Description : Pale yellow solid

Optical rotation : [@]3’+74° (c, 0.1 in CH;0H)

HPLC Retention Time (R;) : 24.58 min (Standard gradient)

Structure UV Spectrum
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Citreonigrin H was isolated as pale yellow solid from the ethyl acetate extract of P.
citreonigrum after separation using VLC, sephadex, subsequent silica column and HPLC
preparative. This compound showed a pseudomolecular ion at m/z 473.1 [M+H]" in the
positive mode of ESI-MS which were similar to that shown by citreonigrin F. In addition,
UV absorption pattern (A max 243.7 nm) which was almost similar to that of citreonigrin F

supported this assignment.

Like citreonigrin F, "H-NMR spectrum of citreonigrin H showed one olefinic proton, six
methylene protons, one methoxy and four methyne protons. One methyne proton (H-9, o
2.20 ppm) coupled to Hy-11 (8 1.87 and 1.63 ppm) to form a spin system in COSY spectra.
Differ to citreonigrin F, however, '"H-NMR spectrum of citreonigrin H did not show the

presence of a doublet methyl, thus the six methlys present in the compound appeared as

singlets.
( )
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s COSY Correlations
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sy Connectivity could not be
spectroscopically proved
15
. J

Figure 3.1.1.4.5.1. COSY (at 300 MHz) and some important HMBC correlations
of citreonigrin H in DMSO-dg
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Further NMR data analysis indicated that the carbomethoxy group attached to C-5’ in the E
ring system of this molecule. This assignment was confirmed not only by HMBC
correlation of H3-10" (8 1.48 ppm) to C-8’ (8 169.8 ppm), but also by the correlation of H;-
OCH3; (6 3.55 ppm) to C-8’. Instead, the presence of a methyne proton at C-7" (H-7’, &
2.88 ppm) was confirmed by its coupling to H-2" (8 3.28 ppm) as shown in COSY
spectrum. As shown by the rest HMBC and COSY correlations (figure 3.1.1.4.5.1.), the

rest part of this molecule was assigned to be identical to that in citreonigrin F.

ROESY experiment was performed to determine the stereochemistry of the stereo centers
in the molecule. Based on the ROESY correlations (figure 3.1.1.4.5.2), relative
configuration of the most stereoceters in this molecule was similar to that of citreonigrin F.
The close proximity amongst Me-12, H-2’, H-1" was confirmed by ROESY correlations of
H3-12/H-2’ and H-2’/H-1". Although the orientation of Me-9’ could not be confirmed by
this experiment, it was assumed that it must be present in the close proximity to Me-12 as
assigned in other meroterpens, especially citreonigrin F. The B-position of Me-10" was
determined by a strong correlation of H-1" and H3-10’, and thus the carbomethoxy group
attached to C-5 in the o-orinetation. Finally, the stereochemistry of C-7° was determined

by a correlation of H-7’ to H-1".
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Figure 3.1.1.1.16. Stereo drawing of Citreonigrin H showing the
observed ROESY correlation in DMSO-d,
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Table 3.1.1.1.10 NMR data of Citreonigrin H in DMSO-d¢

at 600 MHz ("H) and 75 MHz (*C)

Position 'H e HMBC ROESY
S (ppm) Jy.u (Hz) d (ppm) (Hto C)
1 125.3
2 A3.55° 33.9 1,3 13,15
B 3.30" 1,3 13
3 169.4
4 81.5
5 138.5
6 6.22 dd (7.6; 5.3) 127.8 1,4 2A,7A, 11, 14, 15,
8’-OCH, 10°
7 A2.46dd (13.2;7.6) 37.6 5,6,8,9 11B, 12
B 1.62dd (13.2; 5.3) 5,6,8
8 54.0
9 2.20 dd (13.3; 1.6) 41.9 7B, 11A, 14,9, 10°
10 136.5
11 Ao 1.87 bd (13.0) 29.4 15
BB 1.63 dd (13.3; 13.0)
12 0965 24.4 7,8,9,7
13 1.75s 14.9 1,9,10 12, 14, 10°
14 1.46 s 28.7 4,5,15
15 127s 26.0 4,5, 14
I 6.13d(7.2) 96.5 3’ 2,7, 10°
2’ 3.28 dd (10.0; 7.2) 41.5 1',3,4,6,8, |12,13,14,15,7
9
3 45.0
& 171.3
5 78.6
6’ 208.4
7 2.88 d (10.0) 48.8 8,9,3 7A, 12
8’ 169.8
9 1345 30.0 9,11,2°,3,4
10’ 1.48's 24.9 5.,6,8 12,9
8-OCH; | 3.55 ¢° 526 8 13,15,2°, 10°

" hidden under residual solvent or water signal, ® mutually overlapped
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3.1.1.5 Others New Meroterpenes

3.1.1.5.1 PC3.3.6.6.3.B

PC 3.3.6.6.3.B

Synonym(s)
Biological Source
Sample code
Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description

Optical rotation

HPLC Retention Time (Ry)

: P. citreonigrum

: PC3.3.6.6.3.B

: 2.1 mg

: Ca6H3209

: 488 g/mol

: CH;0H

: Pale yellow solid

: [@]Z°+42 (c, 0.1 in CH30H)

: 21.19 min (Standard gradient)

Structure UV Spectrum
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PC 3.3.6.6.3.B was isolated as pale yellow solids in CH30OH and showed a unique UV
absorption pattern (Apa 213.5 and 281.3 nm) which was not shown by any other isolated
meroterpenes. As like as other isolated meroterpenes, 'H-NMR spectrum still showed the
presence of six methyls and one methoxy group. The presence two olefinic, four
methylene, and three methyne protons were also detected, supported by interpretation of
2D-NMR data, in the "H-NMR spectrum. Although '"H-NMR spectrum did not show the
presence of OH group, the chemical shifts of C-10 at 8 87.7 ppm indirectly confirmed the
presence of OH-10.
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Figure 3.1.1.5.1.1. Partial structures in the northern part molecule of citreonigrin F based on the

correlations of methyl protons in the HMBC spectrum

118



Although the connectivity between C-3 and C-4 could not be confirmed using
spectroscopically proved, the presence of an unsaturated d-lactone (A ring system) was
confirmed by HMBC correlations of H-2 , an olefinic singlet at d 5.73 ppm, to a carbonyl
carbon at & 162.0 ppm (C-3) and an olefinic carbon at & 134.4 ppm (C-5). The
connectivites between substructures I, II and III would gave the formation of the seven
membered ring (B ring) system in the northern part molecule. Both HMBC correlation of
H3-12/C-9 and H3-13/C-9 linked the substructure II and III. The presence of a double bond
in the B ring system was identified by not only chemical shifts of C-5 (& 134.4 ppm) but
also by the one at C-6 (8 130.5 ppm). Moreover, this assignment was supported by HMBC
correlations of H-7B/C-5 and H-6/C-1, as well as the coupling between H-6 (& 6.20
ppm)and H>-7 (& 3.51 and 2.18 ppm) detected as a spin system in COSY. The last

correlations also connected the substructure I and II1.
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Figure 3.1.1.5.1.2 COSY (at 600 MHz) and diagnstic HMBC correlations
of PC 3.3.6.6.3.B in DMSO-d,

119



In the northern part, the presence of C ring system and the correlations involved in the
formation of C ring system were similar to that found in citreonigrin F and H. Meanwhile,
the correlation of H3-10" (8 1.55 ppm) and H3-9°(8 1.34 ppm) to C-4’ (8 207.5 ppm) and
supported by the correlations of H-1°/C-5" and H-1’/C-3" confirmed the presence of D ring
system as a pyrone function in the molecule. However, in other isolated meroterpenes,
such as citreonigrin F and H, the D ring system was present as a Yy-lactone ring . As
described in substructure VI, the correlation of H;-OCHj3 (8 3.60 ppm) to C-8” (& 170.0
ppm), as well as the correlation of H3-10’/C-8’ confirmed the position of carbomethoxy
group at C-5’. The COSY spin system formed by the couplings amongst H-1" (8 6.10
ppm), H-2" (8 3.30 ppm) and H-7" (8 2.54 ppm) and supported by HMBC correlations of
H-2’ to a carbonyl carbon (C-6°, 8 171. 0 ppm) , as well as H-1" to C-7" (& 53.0 ppm)

confirmed the presence of a y-lactone (E ring) system in the molecule.
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Figure 3.1.1.5.1.3. Stereo drawing of PC 3.3.6.6.3.B showing the observed ROESY correlation in DMSO-dg

The configurations of the stereocenters in the molecule were deduced from ROESY data
analysis. The correlations of H3;-9” with H-2’ , as wll as correlation of Hs-12/ H-7" were the
keys in determination of B-position of Me-12, H-7°, H-2’ and Me-9’. Furthermore, the

correlation of Hs-10’/H-1" which turned to correlation of H-1°/H-2’ confirmed the relative
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configuration of C-1" and C-5’ in the molecule. On the other side, the o-position of H-9
was determined by the correlations of H-9 with H-11a. The position of Me-13 which was
located at the peudo axial of seven memberred ring system was confirmed by the
correlations of Hs-13 with H-9. Meanwhile, the correlations of H-7B with H3-12 confirmed
the configuration of C-7. Figure 3.1.1.5.1.3 shows the complete assignments of ROESY
correlations in PC 3.3.6.6.3.B.

Table 3.1.1.5.1.1 NMR data of PC 3.3.6.6.3.B in DMSO-d, at 600 MHz ('H) and 150 MHz ("°C)

Position 'H Bee HMBC ROESY
8 (ppm) Juu (Hz) 8 (ppm) HtoC HtoH
1 158.5
2 5.90 s 3,5,10, 4 7B, 13
162.0

4 83.5
5 134.4
6 6.20° 130.5 1,4,8 7A, 7B, 14, 15
7 A351" 39.0 7B

B 2.18 dd (17.6; 8.5) 5,689 12
8 37.0
9 2.60dd (14.2;7.9) 475 78347 11A, 11B,13
10 87.7
11 Ao 129dd (12.9;7.9) | 455 8

BB 1.08 dd (14.2 ; 12.9) 927,49’ 12
12 0.84 s 21.0 7.89.7 2,6
13 1.55s" ? 1,910, 9
14 145 27.0 45,15 14
15 1.55s" 26.0 4,5,14
I 6.10° 97.5 2’357 7B,2’, 10’
2 3.30" 46.0 8,11,1',3°.,6,7.9’ 7
3 425
4 207.5
5 79.0
6’ 171.0
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7 2.54d (12.5) 53.0 8,2°,3°.6’ 12
8’ 170.0

9 1345 30.0 112,34 2
10° 1.55s" ? 4,5,8

OCH; 3.60s 54.0 8’

10-OH ?

* based on HMBC correlations ; " hidden under residual solvent or water signal ; °* mutually over-

lapped.

3.1.1.5.2 PC3.3.22.D

PC 3.3.22.D
Synonym(s) -
Biological Source . P. citreonigrum
Sample code : PC3.3.22.D
Amount : 1.02 mg
Molecular Formula 1 CysH30Og4
Molecular Weight : 458 g/mol
Solubility : CH3;0H
Physical Description : Pale yellow solids
Optical rotation : [o]3® +4° (¢, 0.1 in CH;0H)

HPLC Retention Time (R,) : 21.88 min (Standard gradient)

Structure UV Spectrum
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PC 3.3.22.D was isolated as a small amount of pale yellow solid from ethylacetate extract
of P. citreonigrum after consecutive isolation using VLC, sephadex, silica column and
HPLC preparative. It showed a pseudomolecular ion peak of [M+H]" at m/z 459.1 in the
positive mode ESI-MS analysis. Proton NMR spectrum of PC 3.3.22.D indicated the
presence of one olefinic, two methyne, and eight methylene protons. The spectrum also
showed the presence of one OH-group, six methyls, and one methoxy group. One methyl
at 8 1.24 ppm (H3-10") appeared as a doublet and coupled to a methyne proton at & 3.94
ppm (H-57).

Further NMR analysis data suggested that the southern part molecule of this compound
was similar to that found in citreonigrin E, F and H. Unfortunately, some connectivities in
the &-lactone ring (A ring system) could not be confirmed using the available
spectroscopical techniques because of limeted amount of compound. Nevertheless, the
observed methyl correlations in HMBC spectrum indicated the connectivity which were
also found in citreonigrin E, F and H (figure 3.1.1.5.2.1). In addition, the COSY
correlations between olefinic proton H-6 (9, 5.80 ppm) and H,-7 (8 2.68 and 1.47 ppm), as
well as the A/B spin system assigned to the presence of Hp-2 (8 3.53 and 3.30 ppm)

supported this assignment.

In contrast, the northern part molecule of PC 3.3.22.D showed a unique substructure which
has not been observed in any other isolated meroterpenes. A doublet methyl at & 19.5 ppm
(H-10") which coupled to H-5" (8 3.94 ppm) correlated to a keto carbonyl (C-4") at  210.0
ppm in HMBC spectrum. Consequtively, correlation of H3-9” (& 1.12 ppm) to C-4 was also
observed in HMBC spectrum. Although the connectivity between C-2° and C-5" could not
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be confirmed in this experiment, the HMBC correlation of H3-9’ to C-2’ and the chemical
shifts of C-2” (8 87.0 ppm) and C-5" (8 75.0 ppm) suggested the presence of a furon (D

ring) system in the molecule.

As shown in COSY and HMQC spectrum, two protons at & 4.69 and 4.34 ppm CJun 11.0)
were assigned as the methylene protons (Hy-17) of an oxygenated carbon C-1" (& 73.0
ppm). Although some connectivities could not be proved by spectroscopical data, the
presence of H,-1" and the chemical shifts of C-1°, C-2° and C-7’ brought to the conclusion
for the presence of a y-lactone (E ring) system in molecule. Meanwhile, the presence of C
ring system, as observed in citreonigrin F and H, in the northern part molecule was
confirmed by HMBC correlations of H3-9” to C-11 (8 28.0 ppm), C-3" (8 47.0 ppm) and C-
2’ (6 87.0 ppm), as well as the presence of a spin system between H-9 (8 37.5 ppm) and
H,-11 (8 1.86 and 1.76 ppm) in COSY spectrum.

= (COSY Correlations
— HMBC Correlations

v Connectivities could not be
spectroscopically proved

Figure 3.1.1.5.2.1 COSY (at 500 MHz) and some important HMBC correlations of
PC 3.3.22.D in DMSO-dg

124



Table 3.1.1.5.2.1. NMR data of PC 3.3.22.D in DMSO-d, at 500 MHz (‘H) and 125 MHz ("°C)

Position 'H Bc HMBC
3 (ppm) Jun (Hz) S (ppm) Hto C
1 136.0
2 A353d(21.1) 34.0
B 3.30"
3 ?
4 82.0
5 140.0
6 5.80dd (7.8;5.7) 123.0
7 A2.68dd(14.1;7.8) 35.0
B 1.47dd (14.1;5.7)
8 62.0
9 3.13 bd (12.6) 375
10 127.0
11 A 1.86dd (14.2;3.9) 28.0
B 1.76 dd (14.2 ; 12.6)
12 0.88 s 205 7.8.9,7°
13 176 s 15.0 1,9,10
14 144 s 25.0 45,15
15 1245 30.0 45,14
I A 4.69d (11.0) 73.0
B 4.34d (11.0)
2 87.0
3 470
4 210.0
5 3.94q(7.3) 75.0
6 ?
7 59.0
8 ?
9 1.12s 215 112,34
10° 1.24d (7.3) 19.5 45
8'-OH ?

" hidden under residual solvent or water signal ; * based on HMBC and HMQC correlations
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3.1.1.6 Biological Activities of New Meroterpenes

The meroterpenoid compounds isolated from this study were then subjected to the some

bioassays, i.e. antimicrobial, antifungal, cytotoxicity and pro-kinase assays.

A standard agar diffusion method was used to identify the antimicrobial and anti-fungal
activities of the isolated compounds using Bacillus subtillis and Cladosporium herbarum,
respectively. The samples were loaded in amount of 100 and 200 mg on agar containing

microorganisms. The result was expressed as zone inhibition of microorganims growth and

compared to known antibiotic and antifungal substances.

Table. 3.1.1.6.1. Results of antimicrobial and antifungal assays® on the isolated meroterpenes.

Compound Zone of inhibition (mm)
B. subtilis S. cerevisiae C. herbarum
100 pg 200 pg
Citreonigrin A n.a n.a n.a n.a
Citreonigrin B n.a 10 n.a n.a
Citreonigrin C n.a n.a n.a n.a
Citreonigrin D n.a n.a n.a n.a
Citreonigrin E n.a n.a n.a n.a
PC3.3.6.84.F n.t n.t n.t n.t
PC3.3.6.84.A n.t n.t n.t n.t
Citreonigrin F n.a n.a n.a n.a
Citreonigrin G n.a n.a n.a n.a
Citreonigrin H n.a n.a n.a n.a
Citreonigrin I n.a n.a n.a n.a
PC3.3.6.6.3.A n.t n.t n.t n.t
PC3.3.22.D n.t n.t n.t n.t
PC3.3.6.6.3.B n.t n.t n.t n.t
Penicillin G 30 (10 pg) n.t n.t
35 (20 pg)
Streptomycin sulfat | 12 mm (10 ug) n.t n.t
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15 mm (20 pug)

Gentamicin

10 mm (20 pg)

n.t

n.t

Nystatin

8 mm (20 pg)

18 mm (10ng)

n.a : not active

n.t : not tested

Meanwhile, the cytotoxity assays using some animal and cancer cell lines, for example PC-
12, HeLa, and L5178Y cell lines, were also applied to the isolated meroterpenes (table

3.1.1.6.2). Unfortunately, only one of four selected meroterpenes showed a weak activity,

meanwhile, the rests did not show any activies.

At the same time, the isolated compounds were also submitted to the protein-kinase assays.

Twenty four protein kinases, for example AKT1, ARKS, FAK, etc., were applied to the

compounds and the results are shown in table 3.1.1.6.2.
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Table. 3.1.1.6.2. Results of the cytotoxicity” and protein kinase assays” obtained for the isolated meroterpenes

Compound Cell growth (%) of test cell lines at the respective concentration of substances ICsp (in g/mL) on various protein kinases
L5178Y HeLa PC 12

Citreonigrin A n.t n.t n.t n.a

Citreonigrin B n.a n.t n.t AKT1 (+-) ; SRC ()
EPHB4 (+) ; IGFI-R (+-)
FAK (+) ; ARKS5 (-)

Citreonigrin C n.t n.t n.t n.a

Citreonigrin D n.t n.t n.t n.a

Citreonigrin E 50 % (at 8.2 ug/mL) n.t n.t n.a

PC3.3.6.8.4.F n.t n.t n.t n.t

PC3.3.6.84.A n.t n.t n.t n.t

Citreonigrin F n.a n.t n.t n.a

Citreonigrin G n.a n.t n.t n.a

Citreonigrin H n.t n.t n.t n.a

Citreonigrin I n.t n.t n.t n.a

PC3.3.6.6.3.A n.t n.t n.t n.t

PC3.3.22.D n.t n.t n.t n.t

“The assays were conducted by Prof. W.E.G. Miiller at the Institute of Physiological Chemistry.University of Mainz

® The assays were conducted by ProQinase GmbH, Freiburg

n.a = not active ; n.t= not tested ; (+) =active ; (+-) = moderately active

; (<) = weakly active
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3.1.1.7 New Sesquiterpene Lactones

3.1.1.7.1 Citredrimene A

Citreodrimene A

Synonym(s)

Biological Source

Sample code

Amount

Molecular Formula

Molecular Weight

Solubility

Physical Description

Optical rotation

HPLC Retention Time (Ry)

: 14-acetyl-6-benzoyl-9-hydroxy-7-drimen-12,11-olide ;

14-acetyl-6-benzoyl-9-hydroxycinnamolide

: P. citreonigrum

: PC3.3.6.8.7.H

: 1.17 mg

: CyaHogO4

: 428 g/mol

: CH;0H, CH,Cl,

: Pale yellow solid

: [o]2° -80" (¢ 0.1 in CH;0H)

: 27.69 min (Standard gradient)

Structure UV Spectrum
g Pk 7134
% No spectra library hits found
1504
104
ol B
2142 5624
e e e
200 250 300 350 400 450 500 550 595
(+) ESI-MS
[2M+H+NH;]*
100 873.9
8 aoj [M+H+NH;]*
5= 446.0
2 -
5 60—
£:
e 40 | 875.0
5 -
2 201 447.1 __
1 qggq 2291 3070 4494 |448.1 611.1 7042 781.0 9530
0 1 T . il - § ‘[ i g | T % T T T T I AT T L ]' 5 § T T T ]' T T %. 5 [ j 23 L 'l ] T T 1 L S _T—‘.
100 200 300 400 500 600 700 800 900 1000
miz
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Citreodrimene A was isolated as a small amount of pale yellow solids from the ethyl
acetate extract P. citreonigrum. A molecular weight of 428 g/mol was assigned to this
compound with the help of ESI-MS data analysis showing a pseudomolecular ion at m/z
446.0 [M + H + NH;]" in the positive mode. The "H NMR spectrum of this compound
showed the presence of three methyls and one hydroxy group at 8 5.84. Morover, five
aromatic protons between & 7.53 and 07.64, one olefinic proton at & 6.64, and ten

methylene protons lying between 6 0.98 and 6 4.58 were also detected in the spectrum.

As shown in the COSY spectrum, the connectivity between H,-1, H-2 and H,-3 was
confirmed by the presence of a spin system which included these protons. Consecutively,
the position of this three methylene groups in the A ring system was determined by the
HMBC correlations of H-30/C-5 and H-10/C-10. Furthermore, HMBC correlations of Hs-
15/C-1 and H3-13/C-3 not only supported the assignment of the three methylene groups but
also proved the position of CH3-15 and CHs-13 in the A ring, respectively. The exocyclic
nature of H,-14 was revealed by the HMBC correlations of H;-13 to C-14 (8 65.5) and C-4
(8 36.5), as well as H-5 to C-14 and and C-13.

r

COSY Correlations

— > HMBC Correlations

A J

Figure 3.1.1.7.1.1. COSY (600 MHz) and some selected HMBC correlation of citreodrimene A in DMSO-d¢
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In the B ring system, the presence of H-7 (8 6.64) as an olefinic proton was confirmed by a
direct correlation of this proton to an olefinic carbon at § 130.5 (C-7) as well as HMBC
correlations of H-7 to C-5 (8 46.0), C-9 (& 75.8) and C-12 (8 168.0). The position of H-6 (&
5.94) next to H-7 was evident by their mutual coupling constant (*Juy 4.5 Hz) and their
spin system in the COSY spectrum. Consequtively, the position of H-5 (8 2.36) next to H-6
was verified by HMBC correlations of H-7/C-5 and H-6/C-5 as well as the coupling
between H-6 and H-5 (3JHH 4.0 Hz) as confrmed by the COSY spectrum. The connection
of the B ring system to A ring at C-5 and C-10 was evident by the HMBC correlations of
H-5 to C-4 as well as H-6/C-10 and H-1/C-10. Furthermore, the correlations of Hz-15 to C-
9 ( 075.8) and C-10 (8 38.5) as well as H-5 to C-15 (8 20.5) in the HMBC spectrum

confirmed the position of H3-15, attached tat the the crosspoint (C-10) of the two rings.

The presence of a y-lactone ring in the molecule was revealed by HMBC correlation of H-
11B to a carbonyl atom at 8 168.0 ppm (C-12). Moreover, the direct correlation of Hp-11 to
an oxygenated carbon (C-11, 8 76.0 ppm) indicated the position of the ester alcohol in the
C ring. The incorporation of C-8 (8 132.5) and C-9 (8 75.8) in to the y-lactone ring as well
as the linkage between rings B and C was evident not only by HMBC correlations of H-
11B to C-8 (& 132.5 ppm) and C-9 (8 75.8 ppm), but also the correlation of H-6/C-8, H-
7/C-9, and H-7/C-12.

The presence of the aromatic ring system in the molecule was confirmed by the presence
of a distinctive doublet of doublets at & 7.94 (H-2’ and H-6") displaying an “ortho-like”
coupling (*Jun 8.5 Hz) to other two aromatic protons at 6 7.53 (H-3’ and H-5’) and a
“meta-like” coupling (4JHH 1.2 Hz) to another aromatic proton at & 7.67 (H-4").
Furthermore, the corresponding spin system was discernible in the COSY spectrum. The
HMBC correlations of H-2’, H-6’ and H-6 to a carbonyl atom at 8 164.5 (C-7’) clearly

indicated the position of the benzoyl group as attached to C-6 in the B ring system.

However, here was no direct spectrocopical evidence to prove the position of the hydroxyl
group at C-9 (9-OH). Although the presence of the hydroxyl group was observed in the 'H-
NMR spectrum, its signal did not show any correlation in the HMBC spectrum. However,

this assignment was verified by the chemical shifts of C-9 at 8 75.8 and the close spatial
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proximity of OH-9 and H-5 shown by the ROESY experiment (see below). Meanwhile, the
position of the acetyl group at C-14 was evident by the HMBC correlations of H,-14 and
H;-1""" to carbonyl carbon at 8 170.0 (C-2’""), as well as the chemical shift of C-14 at o
65.5. The important HMBC and COSY correlations are given in detail in figure
3.1.1.7.1.1..

( N

-«—» ROESY Correlations

. J

Figure 3.1.1.7.1.2. Stereo drawing of citreodrimene A showing the observed ROESY correlation in DMSO-
d

A model of this compound was built based on ROESY correlations (see fig.3.1.1.7.1.2) to
determine the relative configurations of the its five stereocenters. The most important
correlations include H-5 with 9-OH, H-6, and H3-13 on the one hand, and Hs-15 with H»-
14 and H,-11 on the other hand. Further cross signals helped to assign also the relative also

the relative stereochemistries of the diastereotopic methylene groups (see figure
3.1.1.7.1.2)
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Table 3.1.1.7.1. 1 NMR data of citreodrimene A in DMSO-dgs at 600 MHz (IH) and 150 MHz (13C)

No. 'H Bc HMBC ROESY
o (ppm), J (Hz) o (ppm) Hto C
1 A0 2.08 dt (132 ;4.4) 30.5 10,15 5
BB 1.24 m 2A,11A,14A
2 AP 1.55m 17.5 1B,3A,11A
B0, 1.49 m
3 AR 1.85m 36.0 4 2A,11A
B0.0.98 m
4 - 36.5
5 2.36d (4.5) 46.0 4,9,10,13,14,15 1A,6,7,13,9-0OH
6 5.94 dd (4.5 ; 4.0) 65.0 5,7,8,10,7° 57,13
7 6.64 d (4.0) 130.5 59,12 5,6,11B,13
8 - 132.5
9 - 75.8
10 - 38.5
11 A4.58d(11.2) 76.0 1B,2A3A,15
B4.12d (11.2) 8,9,12 7,13
12 - 168.0
13 1.03s 26.5 34,14 6,7
14 A 4.49d(9.8) 65.5 4,132 1B,15
B 4.17d (9.8) 4,132
15 1245 20.5 1,9,10 11A,14A2°.6’
I - 129.4
2 7.94dd (8.5;1.2) 129.8 4,67 15
3 7.53dt(8.2;7.4) 129.0 1’45
4 7.67dt(7.4;1.2) 134.0 2.6
5 7.53dt(8.2;7.4) 129.0 24
6’ 7.94dd (8.5;1.2) 129.8 24T 15
7 - 164.5
1 1.88 s 20.5
27 - 170.0
9-OH |584s 5
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3.1.1.7.2 Citreodrimene B

Citreodrimene B

Synonym(s)

Biological Source
Sample code
Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description
Optical rotation

HPLC Retention Time (Ry)

: 6-benzoyl-9,14-dihydroxy-7-drimen-12,11-olide

6-benzoyl-9,14-dihydroxycinnamolide

: P. citreonigrum

: PC3.3.8.6

: 17.17 mg

1 CoHa606

: 386 g/mol

: Sligthly soluble in CH;0H
: White crystals

[a]2° -270° (¢ 0.1 in DMSO)
23.71 min (Standard gradient)

Structure UV Spectrum
o Peakil 2369
A No spectra library hits found
604
2333
1]
2
2143 5636
A e e e e e m
200 2‘50 31‘]0 3‘50 ¢00 ¢‘50 5[‘]0 5%0 595
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100 48I4.8
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303 ! |
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60— I 2471 265.1 ‘ i
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2 40|
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Structurally, citreodrimene B was very similar to citreodrimene A. Its '"H NMR spectrum
still showed the presence of five aromatic protons which formed a spin system in the
COSY spectrum, characteristic for the benzoyl moiety. A doublet signal of one olefinc
proton, H-7, which coupled to H-6 and further to H-5 in the COSY spectrum, also still
appeared in the spectrum. The correlations of H-6 and H-6" to a carbonylic ester C-7’
indicated that the aromatic part was again connected to the main skleleton through an ester
bond at C-6. In general, the HBMC and COSY correlations of citreodrimene B (figure

3.1.1.7.2.1) were more or less analogues to the ones observed for citreodrimene A.

However, the '"H NMR of citreodrimene B displayed only two methyl groups and one
additional hydroxyl group at & 4.28. Moreover, the positive mode ESI-MS spectrum
showed a pseudomolecular ion at m/z 795.1 [2M + Na]* which indicated a molecular
weight of only 386 g/mol, thus 42 mass unit lower than that of citreodrimene A. These
facts indicated that citreodrimene B lacked the acetyl function which was present in
citreodrimene A, instead the new hydroxyl group appeared as a result of hydolysis

(deacetylation).

( \ )

—3 HMBC correlation

L I COSY correlation )

Figure 3.1.1.7.2.1. COSY (500 MHz) and some selected HMBC correlation of citreodrimene B in DMSO-dg

The presence of three methylene groups at positions C-1, C-2 and C-3, like in

citreodrimene A, was confirmed by their coupling in the COSY experiment, as well as
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HMBC correlations of H3-13 and Hs-15 to C-3 (8 35.3) and C-1 (8 31.8), respectively.
The HMBC correlations of 14-OH to C-4 (3 39.0) as well as C-14 (8 62.7) confirmed the
presence of the hydroxyl group at C-14 which was present as a side chain attached to the A
ring of citrolide B. Meanwhile, as shown by the HMBC and COSY correlations (figure
3.1.1.7.2.1) the remaining part of citreodrimene B was shown to be similar to that found in

citreodrimene A.

Although no ROESY experiment was carried out, it was assumed that the relative
configuration of the stereocentres in citreodrimene B were identical to the ones observed
for citreodrimene A, since the '"H and ">C NMR chemical shifts attributed to the steregenic
centers were virtually identical. In addition, the sign of the optical rotation was identical in
citreodrimene B and citreodrimene A, thus suggesting that both compounds also share the

same absolute configuration.

Table 3.1.1.7.2.1. NMR data of citreodrimene B in DMSO-d¢ at 500 MHz ('H) and 125 MHz (**C)

No. 'H Bc HMBC
o (ppm) J (Hz) o (ppm) Hto C
1 A2.07dt(13.3;2.8) 31.8
B 1.23 dm (13.3)
2 A 1.56 m 17.2
B142m
3 A 2.07 dm (12.9) 353
B 0.78 dt (12.9 ; 2.20)
4 - 39.0
5 2.36d (4.4) 45.8 4,9,10,13,14
6 593dd (4.4;4.1) 66.2 4,5,7,8,7
7 6.60d (4.1) 131.4 59,12
8 - 133.1
9 - 75.6
10 - 38.7
11 A 4.47d(9.8) 74.6 9
B4.17d(9.8) 8,9,12
12 - 168.7
13 0.95s 27.0 345,14
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14 A391dd (10.7;5.7) 62.7 13

B 3.28dd (10.7 ;5.7) 3,13
15 1255 21.0 1,5,9,10
r - 129.3
2 7.95dd (7.5;1.3) 1294 4.6°,7
3 7.56dd (7.9;7.5) 128.9 s
4 7.68 dt (7.9 1.3) 133.7 2’6
5 7.56dd (7.9;7.5) 128.9 1,3
6’ 7.95dd (1.3;7.5) 129.4 2247
7 - 164.7
9-OH 5.90s - 8,10,11
14-OH | 4.28t(5.7) - 4,14

3.1.1.7.3 Citreodrimene C

Citreodrimene C

Synonym(s)

Biological Source
Sample code
Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description

Optical rotation

HPLC Retention Time (Ry)

: 6-(4-hydroxybenzoyl)-9,14-dihydroxy-7-drimen-12,11-

olide

6-(4-hydroxybenzoyl)-9,14-dihydroxycinnamolide

: P. citreonigrum

:PC5.8.D

: 1.91 mg

: CooHosO4
: 402 g/mol

: CH;0H

: Brown solid
: [a]? -39° (¢ 0.1 in CH30H)
: 21.06 min (Standard gradient)
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Structure UV Spectrum

|gp.Peeki0 2106
e

No specira library hits found

2614

550 9618

n
T
200 250 300 350 400 450 500 550 595

(+)-ESI-MS
[2M+H]*
p— 805.4
[M+H-H,01* -806.4
8 80
g e [M-+H]*
<
@ 40 . 3B5.4
2 P Sl 403.2 804.5
=z 3 | ; e
il [692 eers
o R ROES PR § .,..;.lél_..n.y.u.k_..'.._l_,_..'
500 1000 1500 2000
miz

The UV spectrum pattern of citreodrimene C (Anax 261.4 nm) indicated that this compound
was structurally closely related to citreodrimene A and B. The molecular weight of 402
g/mol was derived from the positive mode ESI-MS experiment which showed a
pseudomolecular ion at m/z 805.4 [2M + H]". Compared to citreodrimene B, the higher
molecular weight of 16 mass units indicated the presence of an extra oxygen atom in
citreodrimene C. This assumption was also corraborated by the presence of an extra

hydroxyl group signal at § 10.45 in the "H NMR spectrum.

As in the case of citreodrimene B, the "H-NMR spectrum showed the presence two methyl
groups at & 1.19 and 0.95 , one olefinic proton at 8 6.54, two methines protons at  5.88
and 2.33, four methylene protons attached to oxygenated carbons, and six aliphatic
methylene protons resonating between 8 2.07 and 0.76. However, the spectrum showed the

presence of three hydroxyl groups 6 10.45, 8 5.75, and 64.27.
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In the aromatic region the "H NMR spectrum showed the presence of only two distinctive
doublets at & 7.80 and & 6.88 which coupled to each other as shown in the COSY
spectrum. The integration of the peaks and the coupling constant of 7 Jun 8.8 Hz suggested
the presence of an AA’BB’ spin system in the molecule. Compared to citreodrimene B
which has a monosubstituted benzene ring, the aromatic part of PC citreodrimene C
consisted a para-disubstituted benzene ring. This assumption was also supported by the
strong HMBC correlations of H-2’/H-6’ to an oxygenated aromatic carbon at & 162.4, as
well as the weak correlations of H-3/ H-5" to C-4’. In addition, the position of the ester
functional group was determined by the HMBC correlations of H-2’/H-6" and H-6 to C-7’
(8 164.4) and supported by the chemical shift of C-1” at  119.8.

As indicated by the COSY and HMBC data analysis (figure 3.1.1.7.3.1), the remaining part
of citreodrimene C molecule was found to be identical to that of citreodrimene B.
Consequently, the relative and the absolute stereochemistry of its five stereocenters was
assumed to correspond to those in citreodrimene B. This assumption was supported not
only by the same sign of the optical rotation, but also by the close biosynthetical

relationships of both compounds (see discussion).

——» HMBC Correlation

| e— COSY Correlation )

Figure 3.1.1.7.3.1 COSY (500 MHz) and some selected HMBC correlation of citreodrimene C in DMSO-dg
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Table 3.1.1.7.3.1. NMR data of citreodrimene C in DMSO-dgs at 500 MHz (IH) and 125 MHz (13C)

No. 'H Bc HMBC
o (ppm) J (Hz) o (ppm) Hto C
1 A 2.07 bd (12.9) 31.7
B 1.22 bd (12.9)
2 Al155m 17.2
B 1.40 m
3 A2.06dt(13.3;3.7) 35.2
B 0.76 dt (13.3; 2.3)
4 - 39.9
5 2.33d (4.4) 45.7 4,9,10,13,14,15
6 5.88dd (4.4 ;3.8) 65.5 4,7,8,10,7
7 6.54 d (3.8) 131.7 9,12
8 - 132.9
9 - 75.9
10 - 39.7
11 A4.45d(9.7) 74.6
B4.15d(9.7) 8,9,12
12 - 168.7
13 0.95 s 26.9 3,4,5,14
14 A3.88dd (10.7 ;5.0 62.7
B 3.25dd (10.7 ; 5.0)
15 1.19s 20.9 1,59,10
I - 119.8
2 7.80d (8.8) 131.7 4,677
3 6.88 d (8.8) 115.6 4.5
4 - 162.4
5 6.88 d (8.8) 115.6 1’34
6’ 7.80d (8.8) 131.7 24T
7 - 164.4 -
9-OH 575 s - 8,11
14-0H | 4.27t(5.0) -
4-OH | 10.45bs -
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3.1.1.7.4 Citreodrimene D

Citreodrimene D

Synonym(s) : 6-benzoyl-1,14-dihydroxy-8-drimen-12,11-olide
Biological Source . P. citreonigrum

Sample code : PC3.3.14.G

Amount : 2.51 mg

Molecular Formula 1 CaHy60s

Molecular Weight : 386 g/mol

Solubility : CH;0H

Physical Description
Optical rotation

HPLC Retention Time (Ry)

: Pale yellow solid
. [a]2® 20 (¢ 0.1 in CH;0H)
: 22.37 min (standard gradient)

Structure : UV Spectrum
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Citreodrimene D was isolated as a pale yellow solid from the ethyl cetate extract of P.
citreonigrum after subsequently separation using VLC, Sephadex LH-20 and silica

column chromatography followed by preparative HPLC. The positive mode ESI-MS
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spectrum of citreodrimene D gave a pseudomolecular ion at m/z 387.0 [M+H]" which
revealed to the molecular weight of 386 g/mol, cidentical to that of citreodrimene B.
Compared to the previous isolated sesquiterpene lactones, the 'H NMR of citreodrimene D
did not show the presence of any olefinic protons. Instead, two extra protons at & 2.54 and

2.29 were assigned to a metyhlene group at C-7 using 2D NMR experiments.

Similar the previously described sesquiterpene lactones, especially citreodrimene B, the 'H
NMR data showed the presence of two methyls, two hydroxyls, four protons attached to
two different oxygenated carbons, and five protons in the aromatic region. In addition, six
aliphatic protons were assigned by an HMQC experiment as the protons belonging to three
methylene groups. However, the spectrum showed the presence of three methine protons
and the absence of one olefinic proton, compared to citreodrimene B which has only two

methine and one olefinic proton.

( )\
'
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Figure 3.1.1.7.4.1. COSY (600 MHz) and some selected HMBC correlation of citreodrimene D in DMSO-d¢

Meanwhile, the presence of an oxygenated carbon at 8 70.9 (C-1) was detected in the A
ring system by HMBC correlations of H3-15 (8 1.55) and H-5 (6 2.20) to C-1. In addition,
the signal at & 3.72 (H-1) coupled to the protons of two methylene groups (H»-2 and H,-3)
forming a contiguous spin system in the COSY spectrum. The identity of H-1 as a methine
proton was also supported by the HMBC correlation of H-1 to C-9. Furthermore, the
COSY spectrum indicated to integration of 1-OH into the COSY spin system formed by
H-2, H,-2 and H,-3, thus verifying the position of the hydroxyl group at C-1.
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In the B ring system, the presence of H,-7 was assigned not only by direct correlations of
H-7A (3 2.54) and H-7B (3 2.29) to C-7 (5 28.0), but also by HMBC correlations of H-7B
to C-6 and C-9 (& 169.8) as well as the correlation of H-5 to C-7. Moreover, these
methylene protons coupled to H-6 (8 5.89) which in turn was coupled to H-5 (& 2.20) in
the COSY spectrum.

Although the "H NMR spectrum did not show the presence of any olefinic protons, the
presence of quarternary olefinic carbons at 8 169.8 and & 119.9 was still detected in the
BC-NMR spectrum. The position of C-8 (8 119.9) and C-9 (8 169.8) in the molecule was
assigned by the HMBC correlations of H-7B and H-11B to both carbons, as well as the
HMBC correlations of H-5/C-9, H3-15/C-9 and H-6/C-8. Furthermore, the homoallylic
coupling between H,-11 and H-7 in the COSY spectrum confirmed the presence of a
double bond between C-8 and C-9. Thus, these findings confirmed the presence of an o,f3-

unsaturated y-lactone (C ring) in the molecule.

e N

-«—>» ROESY Correlations

Figure .3.1.1.7.4.2. Spatial correlations of citreodrimene D observed in the ROESY experiment in DMSO-dg
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As in citreodrimene B, the presence of the benzoyl function was evident by the distinctive
doublet of doublets at & 7.97 (H-2’/ H-6) and 6 7.48 (H-3’/ H-5") as well as a doublet of
triplets at 8 7.61 (H-4’). This assignment was also confirmed by the presence of a
corresponding spin system in the COSY spectrum which involved these aromatic protons
and HMBC correlations of H-2’/ H-6" to C-4’ (8 134.5) as well as H-3’/ H-5" to C-1" (8
131.5). Finally, the position of the ester in the main skeleton was determined by the HMBC
correlations of H-2’/H-6" and H-6 to a carbonyl carbon at 8 167.7 (C-7).

Based on the ROESY correlations, the relative configurations of C-4, C-5, C-6 and C-10
were found to be identical to that in the previous sesquiterpene lactones. In addition, the -
orientation of H-1 was determined the ROESY correlations of H-1 with H-23, H-3[3, Hs-
15, and H-11a. The close spatial proximity of H-7A, H-5 and H-6 was indicated by the
ROESY correlations of H-7A with H-5, as well H-6. The complete ROESY correlations of

citreodrimene D are shown in figure 3.1.1.7.4.3.
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Table 3.1.1.7.4. 1. NMR data of citreodrimene D

Posi- MeOD at 500 MHz ('H) and 125 MHz (*°C) DMSO-dgat 600 MHz ("H) and 150 MHz (°C)
tion 'H B¢ HMBC 'H Bc HMBC ROESY
o(ppm) J (Hz) é(ppm) Hto C o(ppm) J (Hz) | 9(ppm) Hto C

1 3.85bs 73.2 3.72s 70.9 9 2A,3A,7B,11A,14A,15
2 AB 2.08 m 26.1 A 1.93dt 24.8 1,3A,14A

Ba 1.62 m - B 146 m
3 AB 1.82dt(13.2;3.2) |[29.1 1.72 dm 27.9 1,2A,14A

B 1.60 m 1.44 dt 13
4 - 40.6 40.0
5 2.29 bs 47.8 4,10,14,15 |2.20s 45.7 1,3,4,6,79,10,13,14,15 | 6,7A,13
6 6.04 bd (5.1) 69.3 8,10,7’ 5.89d (5.6) 67.8 4,8,10,7 5,7A,7B,13,14B,2’,6’
7 A 2.62 dm (18.3) 29.6 A 2.54 dm 28.0 5.6

B 2.47 d (18.3) 8 B 2.29 d (20.0) 6.8.9 1,6
8 - 122.4 119.9
9 - 171.2 169.8
10 - 43.1 41.4
11 A+B 5.03 bs 70.8 9 A0, 5.05 dm 68.9 9 1,15

Bp 4.94 dd° 8,9

12 176.6 173.6
13 1.14s 27.7 34,5 1.05 s 27.2 3,4,5,14 3B,5,6,14B
14 A 4.01d(13.5) 64.7 3,4,13 A 3.80d (13.0) 62.4 13 1,2A,3A,15,2°,6°
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B 3.39 d(13.5) 3,13 B 3.18d (13.0) 13 6,13,2°,6°
15 1.65s 242 1,5,9,10 1.55s 23.1 1,5,9,10 1,11,14A,2°,6
r - 131.5 129.9
2 7.97dd (8.1;1.3) 130.5 4.6, 7.90d (8.7) 129.0 4.6, 6,14A,14B,15
3 7.48 dd (8.1;7.8) 129.8 s 7.54dd (8.7;8.0) | 128.8 s
4 7.61dt(7.8;1.3) 134.5 2.6’ 7.67t(8.0) 1334 2°.,3°,5.,6°
5 7.48 dd (8.1;7.8) 129.8 1,3 7.54 (8.7 ; 8.0) 128.8 1,3
6’ 7.97dd (8.1;1.3) 130.5 2240 7.90d (8.7) 129.0 2240 6,14A,14B,15
7 - 167.7 165.6
OH-1 494 s°
OH-14 4.30 bs
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3.1.1.7.5 Citreodrimene E

Citreodrimene E

Synonym(s)
Biological Source
Sample code
Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description

Optical rotation

HPLC Retention Time (Ry)

: P. citreonigrum

: PC3.3.6.8.6.E

: 6.98 mg

1 CoHa60s

: 370 g/mol

: CH3;0H, CH,Cl,

: Pale yellow solid

: [a]? -23 (¢ 0.1 in CH;0H)

24.60 min (Standard gradient)

: 6-benzoyl-14-hydroxy-8-drimen-12,11-olide

Structure UV Spectrum
500 Peaki#22 2458
.y No spectra library hts found|
1052248
3154
2504
1254
2139
B TR B B I I R
200 250 300 350 500 550 595
(+) ESI-MS
[2M+H]*
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8 ao—j [ 1
c i
o 1
b= 60~
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¢ a0 | 2120 7424
= 839.0 “271'*: e.3
< 2 C 469.1 :
= | /4'70 o ‘_ﬁio-" 1130.3 1498.8 4p333
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The UV spectrum pattern and NMR data analysis indicated that citreodrimene E was
closely related to citreodrimene D. The pseudomolecular ion peak at m/z 371.2 [M+H]"
which was shown by this compound in the positive mode ESI-MS suggested the molecular
weight of 370 g/mol. Compared to citreodrimene D, the difference of 16 mass units lower
suggested the lack of an oxygen atom in this molecule. This fact was also supported by the

proton NMR spectrum which showed only one hydroxyl group.

As described above for citreodrimene D, the '"H NMR spectrum of citreodrimene E showed
the presence of five aromatic protons and four methylene protons attached to two different
oxygenated carbons. The presence of two quarternary olefinic carbons was also observed
in the "C-NMR data. However, the 'H spectrum showed only one hydroxyl group, two

methine protons and eight methylene protons appearing between & 2.74 and 6 0.97.

In the A ring system, the HMBC and COSY correlations of this compound were different
to the ones observed for citreodrimene D, but similar to those found in citreodrimene B and
C. Three methylene groups, H,-1, H,-2 and H,-3, were observed in the '"H NMR spectrum
and were found to form a common spin system in the COSY spectrum. Furthermore, the
HMBC correlations H3-15/C-1, H3-13/C-3, H-14A/C-13, H-5/C-4, and H-5/C-10 revealed
the nature pattern of the A ring system and its side chain as identical to that of

citreodrimene B and C.

—» HMBC Correlation

L mssmm COSY Correlation )

Figure 3.1.1.2.6. COSY (500 MHz) and selected HMBC correlations of citreodrimene E
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The B and C ring systems of PC 3.3.6.8.6.E, however, were found to be identical to those
in citreodrimene D. The presence of a double bond lying at the junction between ring B
and C was confirmed by HMBC correlations inculing H-6/C-8, H,-11/C-8, H3-15/C-9 and
H-7A/C-9 as well homoallylic coupling between H,-11 and H,-7 observed in the COSY

spectrum.

Although no ROESY experiment was acquired, the relative and absolute stereochemistry
of the stereocenters in the molecule was assumed to be identical to that found in
citreodrimene D, since both compounds share the same sign of the optical rotation and

display very similar chemical shifts in the spectra.

Table 3.1.1.7.5.1 NMR data of citreodrimene E in DMSO-dg at 500 MHz ('H) and 125 MHz (**C)

No. 'H B¢ HMBC
o (ppm) J (Hz) o (ppm) Hto C
1 A 1.73bd (13.1) 37.9
B 1.52bd (13.1)
2 A175m 17.8
B155m
3 A2.05bd (13.2) 34.9
B 0.97 dt (13.2; 3.5)
4 - 39.0
5 178 s 52.6 4,6,10,13,14,15
6 5.92d(5.4) 67.0 4,5,8,10,7
7 A 2.74 dm (8.6) 28.3 56
B 2.38 bd (8.6) 8,9,12
8 - 118.7
9 - 170.5
10 - 36.0
11 A5.09dt(7.3;2.6) 68.7 8:9:12
B4.92dd (7.3;2.2) 8:9:12
12 - 170.3
13 1.06 s 27.1 3,4,5,14
14 A3.87dd (10.2;4.1) 62.5 13

B 3.23 bd (10.2)
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15 1.63 s 22.9 1,5,9,10
r - 129.9

2 7.97dd (8.2;1.3) 129.1 4.,6°,7
3 7.60dd (8.2;7.4) 128.9 3.5

4 772t (745 1.3) 133.5 2,6’

5 7.60dd (8.2;7.4) 128.9 1,3

6’ 7.97dd (8.2;1.3) 129.1 2247
7 - 165.6

14-OH | 4.39 bs -

3.1.1.7.6 Citreodrimene F

Citreodrimene F

Synonym(s)

Biological Source
Sample code
Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description

Optical rotation

HPLC Retention Time (Ry)

: 6,14-dihydroxy-7-drimen-12,11-olide

6,14-dihydroxycinnamolide

: P. citreonigrum

: PC3.3.12.E

1 6.43 mg

: CisH204

: 226 g/mol

: CH;0OH

: Pale yellow solid

: [®]2’-13 (¢ 0.1 in CH;0H)

: 20.14 min (Standard gradient)

Structure

UV Spectrum
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Citreodrimene F was isolated as pale yellow solids from the ethylacetate fraction of P.
citreonigrum. This compound showed a pseudomolecular ion at m/z 267.0 [M + H]" in the
ESI-MS positive mode which corresponds to a molecular weight of 266 g/mol. Compared
to the other isolated sesquiterpene lactones, the '"H NMR spectrum of this compound did

not show the presence of any aromatic protons.

One and two dimensional NMR data indicated that the A ring system of this compound
was found identical to that of citreodrimene B and C. The presence of three methylene
groups, Hp-1, Hy-2 and H,-3 forming a contiguous COSY spin system was also observed
for this compound. The HMBC correlations H3-15/C-1 and H3-13/C-3 not only confirmed
the presence of the three methylene groups, but also the position of H3-15 and H3-13 as
side chains in the A ring system. Although the presence of 14-OH could not be
spectroscopically proved, the chemical shifts of C-14 at & 68.5, as well as the
biosynthetical relationships between this compound and the other isolated sesquiterpene
lactones suggested the attachment of the hydroxyl group to C-14. Moreover, the HMBC

correlations H,-14/C-5 assigned the position of this functional group in the A ring system.
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—» HMBC Correlations
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Figure 3.1.1.7.6.1. COSY (500 MHz) and selected HMBC correlations of citreodrimene F in DMSO-dg¢

The HMBC and COSY correlations observed for the B and C ring system in citreodrimene
F indicated that this part of molecule was quite different to that found in the other isolated
sesquiterpene lactones. The '"H NMR showed the presence of one olefinic, three methine
and two methylene protons, as well as one hydroxyl group. As in other sesquiterpene
lactones, the olefinic proton at & 6.60 coupled to H-6 and further to H-5 in the COSY
spectrum. Meanwhile, the methine proton at 6 2.75 (H-9) coupled to H,-11 and H-7 in the
COSY spectrum and correlated to C-7 and C-8 in the HMBC spectrum. An allylic (*Juz)
coupling of 2.5 Hz between H-7 and H-9 suggested the presence of a double bond in
between. Although the presence of 6-OH could not be confirmed by either HMBC or
COSY correlations, the chemicals shifts of C-6 (& 64.5 in CD3;0D) as well as molecular
weight calculation suggested the placement of hydroxyl group at C-6, thus indicating the
absence of any ester substittuent as observed for the previously described citreodrimanes.

The remaining HMBC and COSY correlations of this compound are shown in figure

3.1.17.6.1.

The results of ROESY experiment suggested that the stereochemistry of this molecule was
comparable to that of the previous sesquiterpene lactones. The ROESY correlation of H-5
with H-9 as well as H-6 and H3-13 indicated the close spatial proximity between H-5, H-6,
H-9, and H;-13 on the o-face of the molecule. Consequently, 6-OH was present in [-
orientation, together with Hs-15 and H,-14 as shown by the ROESY correlations of H3-15
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with H,-14. The remaining ROESY correlations are shown in figure 3.1.1.7.6.2, also
establishing the orientation of methylene protons at H,-1, H,-2, H,-3 and H,-11.

-«——>» ROESY Correlations
. J/

Figure 3.1.1.7.6.2. Spatial correlations of citreodrimene F based on the ROESY experiment in

DMSO-ds (400 MHz)
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Table 3.1.1.7.6. 1. NMR data of citreodrimene F

Position in CD;0D at 500 MHz ('H) and 125 MHz ("°C) in DMSO-d, at 400 MHz ('H) and 150 MHz ("°C)
'H Bee HMBC 'H Bee HMBC ROESY
d (ppm) J (Hz) d (ppm) Hto C o (ppm) J (Hz) o (ppm) Hto C
1 AP 1.67 dm (12.6) 43.0 1.55m 42.0 15
Bo 1.33 m 1.15m 9
2 AP 1.58 m 19.5 1.45m ? 11B,14B
Ba 1.42m 1.25m
3 AP 1.78 dm (14.6) 41.0 1.80 bd (14.2) ? 5 14B
Ba 1.25m 1.05 m 6
4 - 39.5 - 39.0
5 1.45d (4.1) 56.5 3,4,9,10,13,14,15 | 1.20d (4.0) 56.0 3,5,10,13 6
6 4.63dd (6.6 ; 4.1) 64.5 8 4.52dd (6.5 ; 4.0) ? 4 3B.,5,7,13
7 6.74 dd (6.6 ; 2.8) 137.0 6.60 dd (6.5 ; 2.5) 137.0 589,11A,12 |69
8 - 128.0 128.0
9 2.85ttt (9.1; 9.1;2.8) |53.0 2751t (9.0;9.0;2.5) |53.0 7.8 1B,5,7,11A
10 - 35.0 34.0
11 A4.48t(9.1) 69.5 9,12 4.40 t (9.0) 68.0 9,10,12 9,15
B 4.13t(9.1) 9,10 4.05° 9,10 2A,15
12 - 173.5 170.0
13 1.13s 27.0 3,4,5,14 1.10s 27.0 34,5 6
14 A426d(11.8) 68.5 34,13 4.05° 68.5 5 15
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B3.46d(11.8) 3,4,5,13 3.48d (11.5) 5 2A3A,15
15 1.06 s 16.5 1,5,9,10 0.90 s 17.0 1,5,9,10 1A,11A,11B,
14A,14B
6-OH ?
14-OH ?

*Based on HMBC spectrum

° Mutually overlapped
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3.1.1.8 Biological Activity of New sesquiterpene Lactones

The isolated sesquiterpene lactones were tested for their biological activities. Table
3.1.1.8.1 shows the results of antimicrobial and antifungal assays. It can be concluded that

citreodrimenes A - F did not show any activities in anti-fungal assays and only one of them

(citreodrimene A) showed a weak antimicrobial activity toward Bacillus subtilis.

Table. 3.1.1.8.1 Results of antimicrobial and antifungal assays obtained for citreodrienes A - F.

Compound Zone of inhibition (mm)
B. subtilis S. cerevisiae C. herbarum
100 ng 200 ug

Citreodrimene A 9 n.t n.a n.a
Citreodrimene B n.a n.t n.a n.a
Citreodrimene C n.a n.t n.a n.a
Citreodrimene D n.a n.t n.a n.a
Citreodrimene F n.a n.t n.a n.a
Citreodrimene G n.a n.t n.a n.a
Penicillin G 30 (10 pg) n.t n.t

35 (20 pg)
Streptomycin sulfat | 12 mm (10 ug) n.t n.t

15 mm (20 pg)
Gentamicin 10 mm (20 ug) n.t n.t
Nystatin - 8 mm (20 ng) 18 mm (10pg)

n.a : not active

n.t : not tested

Meanwhile, table 3.1.1.8.2 shows the results of the cytotoxicity and protein-kinase assays.
Three of the isolated sesquiterpene lactones, citreodrimene A,B and C, proved active
against some cell lines when it subjected to cytotoxicity assays. On the other hand,

citreodrimene D showed the activities on some protein-kinases assays.
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Table. 3.1.1.8.2. Results of the cytotoxicity” and protein kinase assays” obtained for citreodrimenes A - F.

Compound Cell growth (%) of test cell lines at the respective concentration of substances ICsp (in g/mL) on various protein kinases
L5178Y HeLa PC 12
Citreodrimene A | 50 % (at 1.1 ug/mL) 50 % (at 1.78 ug/mL) | n.t n.t
Citreodrimene B | 50 % (at 0.48 pg/mL) | 80 % (at 0.3 pug/mL) 34 % (at 1ug/mL) n.a
Citreodrimene C | 50 % (at 1.5 ug/mL) 50 % (at 7.6 ug/mL) n.t n.a
Citreodrimene D | n.a n.t n.t FAK (+)
EPHB4 (+)
ERBB2 (+-)
EGF-R (+-)
VEGF-R3 (+-)
MET (-)
SAK (-)
Citreodrimene E | n.a n.t n.t n.a
Citreodrimene F | n.a n.t n.t n.t

“The assays were conducted by Prof. W.E.G. Miiller at the Institute of Physiological Chemistry.

University of Mainz

® The assays were conducted by Pro-Qinase GmbH, Freiburg

n.a = not active

(+) = active

n.t = not tested

(+-) = moderately active

(-) = weakly active
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3.1.1.9 New Vermistatine Derivate

(PC3.3.6.6.5.E)

Synonym(s) : 14,15-dihydrovermistatin
Biological Source : P. citreonigrum

Sample code : PC3.3.6.6.5.E

Amount : 5.8 mg

Molecular Formula : CigH1506

Molecular Weight : 330 g/mol

Solubility : CH;0H

Physical Description

Optical rotation

HPLC Retention Time (Ry)

: Yellow solid
: [®]3’-20 (¢ 0.2 in CHCI3)
: 24.70 min (Standard gradient)

Structure

UV Spectrum
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PC 3.3.6.5.E obtained from the ethylacetate extract of P. citreonigrum over subsequent
separations using VLC, Sephadex LH-20, silica column chromatography and preparative

HPLC as yellowish white crystals. The molecular weight of 330 g/mol was deduced from
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ESI-MS data which showed a pseudomolecular ion at m/z 331.2 [M + H]" in the positive
mode. The molecular formula of this compound was assigned as C;gH ;3O by analysis of
NMR data and the available molecular weight. Moreover, the UV spectrum indicated that
this compound was structurally closely related to vermistatin, a known cytotoxic fungal

metabolite which was also isolated in this study.

—» HMBC Correlations

mmssmm COSY Correlations

Figure 3.1.1.9.1. COSY (500 MHz) and some selected HMBC correlation
of PC 3.3.6.6.5.E in CDCl,4

The "H NMR spectrum of this compound showed the presence of four aromatic protons,
one methyl and two methoxy groups. Furthermore, two distinctive methylene group were
also identifed in the spectrum. Further data analysis indicated that two aromatic protons at
0 6.68 (H-5) and 6 6.98 (H-7) showed a meta-coupling (*“Jun 1.8 Hz) to each other, which
was confirmed in the COSY spectrum. The HMBC correlations of 4-OCHj; (6 3.79) and
H-5 (8 6.68) to C-4 (& 153.5), as well as the HMBC correlations of 6-OCHj; ( 3.88), H-5
(8 6.68) and H-7 (8 6.98) to C-6 (8 163.4) enabled assignment not only of the positions of
H-7 and H-5, but also the two methoxy groups as substituents in the A ring system.
Furthermore, the HMBC correlation of H-7 to a carbonyl carbon at & 172.8 assigned not

only the position of H-7 in the A ring system, but also the presence of a y-lactone (B ring)
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system in the molecule. The Ilatter assignment was also supported by the HMBC
correlations of the only methine proton (H-3, 8 6.46) to C-1, as well as the chemical shifts

of C-3 (8 73.5), the only methine carbon in the molecule.

The y-pyrone (C ring) system in the molecule was identified by the HMBC correlations of
H-9 (8 7.44) and H-12 (8 6.20) to an unsual upfield keto carbonyl at & 178.2 (C-11).
Moreover, this assignment was also supported not only by the chemical shifts of C-9 (8
154.5) and C-13 (8 170.1), but also the correlations of H-9 and H-12 to C-13 in the HMBC
spectrum and a direct correlation of H-9 to C-9 in the HMQC spectrum. The linkage of the
A ring system to the y-lactone (B ring) system was evident by the HMBC correlations of
H-3 to C-9, C-10 and C-11, as well as H-9 to C-3.

The COSY correlations revealed the presence of a spin system in the aliphatic region
belonging to a n-propyl chain which incorporated H»-14 (8 2.49), H»-15 (8 1.65) and H3-16
(0 0.97). This was also supported by the multiplicity of H,-14 (triplet) , H,-15 (multiplet)
and Hj3-16 (triplet), as well as the HMBC correlations of H,-15 and H3-16 to C-4.
Meanwhile, the attachment of this aliphatic chain to the C ring system was determined by

the HMBC correlations of H,-14 and H,-15 to C-13 (figure 3.1.1.9.1).

Thus PC 3.3.6.5.E was found to differ from the known vermistatin only in the presence of
a propyl unit as a side chain at C-13 instead of a I-propenyl function. Similar to
vermistatin, PC 3.3.6.6.5.E has oly one stereocenter (C-3) and showed a negative value for
the of optical rotation. However, since in the original communication (Fuska et al., 1986)
no attempt was made to elucidate the absolute configuration, the stereochemistry at C-3 in

PC 3.3.6.6.5.E could not be determined.

As vermistatin, isolated from P. vermiculatum, has been reported to be active against

leukaemia cell line ( Fuska et al., 1979)
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Optical rotation: [a]2° -8.5 (c, 0.2 in CHClI3)

Vermistatin

Figure 3.1.1.9.2. Vermistatin

As vermistatin isolated from P. vermiculatum has been reported as a fungal cytotoxic agent

(Fuska et al., 1979), the new PC 3.3.6.6.5.E together with the isolated vermistatin were

tested against different cell lines, but did not show any activity in the cytotoxicity assay

using L-5178Y cell lines together. Moreover, PC 3.3.6.6.5.E also did not show any activity

in antibacterial, antifungal and protein kinases assays. However, vermistatin showed only

weak inhibitory activities against the protein kinases Aurora B, CDK4/cycD1, ERBB2,
IGF1R, BRAV-VE, VEGFR-2, Aurora A and AKT]1 (data provided by ProQinase GmbH,

Freiburg)

Table 3.1.1.9.1 NMR data of Vermistatin and PC 3.3.6.6.5.E in CDCl; at 500 MHz ('H) and 125 MHz ("°C)

Position PC 3.3.6.6.5.E Vermistatin
'H Bc HMBC 'H Pc HMBC
o (ppm) J (Hz) | & (ppm) HtoC 6 (ppm) J (Hz) | & (ppm) HtoC
1 172.8 172.8
2 - -
3 6.46 s 73.5 1,7a,9,10,11 | 6.46s 73.5 1,7a,9,10,11
3a 128.0 128.0
4 153.5 153.5
5 6.68 d (1.8) 105.6 3a,6,7 6.68d (1.8) 105.6 3a,6,7
6 163.4 163.4
7 6.98 d (1.8) 99.5 1,3a,5,6 6.98d (1.8) 99.5 1,3a,5,6
Ta 128.0 128.0
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9 744 s 154.5 3,10,11,13, 7.44 s 154.5 3,10,11,13,
10 125.8 125.8
11 178.2 178.2
12 6.20 s 114.5 10,11,13, 6.16 s 113.0 10,11,13,
13 170.1 162.6
14 A/B249t(7.6) | 35.6 13 6.06dd (154 ; | 123.0 13
1.5)
15 A/B 1.65m 20.5 13, 14 6.60dq (15.4; | 136.2 13
6.8)
16 097t(7.4) 13.5 14 1.92dd (6.8 ; 18.5 13,14,15
1.5)
4-OCH; | 3.79s 56.0 4 3.79s 56.0 4
6-OCH; | 3.88s 56.0 3.88s 56.0 6

3.1.1.10 Known Isolated Metabolites from P. citreonigrum

In this study, some known metabolites were also isolated from ethyl acetate extract P.

citreonigrum. Since they are only known metabolites , their structure elucidations are not

discussed in detail in this report.

Meanwhile, their activities in some bioassays are

reported in section 3.3. The structure of the known compounds which have been isolated

from P.citreonigrum are shown below.
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OH OH

Citrinin (Barbel et al., 1981)

%,
(HO ) ///// \
O
N
@)
Methylparaben HO
L (Bairati et al., 1994)

J Ergosterol peroxide
(Book et al., 1999)

Citreoviridin A (Franck and Gehrken, 1980)

Figure 3.1.1.10.1 Known compounds which were also isolated from P. citreonigrum in this study.
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3.1.2 New Secondary Metabolites from Aspergillus niger
3.1.2.1 2-(Hydroxy(phenyl)methyl)-4-pyrone

2-(Hydroxy(phenyl)methyl)-4-pyrone

Synonym(s) : 2-(Hydroxy(phenyl)methyl)-4H-pyron-4-one
Biological Source . A. niger
Sample code : ANE 3.16.E
Amount : 1.49 mg
Molecular Formula : C1pHi003
Molecular Weight : 202 g/mol
Solubility : CH;0H
Physical Description : Brown solid
Optical rotation . [@]3’+28 (¢ 0.1 in CH;0H)
HPLC Retention Time (R;) : 16.62 min (Standard gradient)
Structure UV Spectrum
s Zeakm ne No spectra library hits found|]
Jogs 202
3754
25,04
12,54
5148
W
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IM+HT*
100+, 20:‘3.1
8 80 - |
é 60% [2M+H]*
2 “0? 404.8
& 26 159.2 (2241 405.8
3] - 2250 3388 534.6 638.6 768.5 _ B866.3 934.4
O’#Lri‘l % T i T T T T | ¥ T T T T T T T Al | T ‘I T T 'l T T Y T | T T L] T '[ L T T | A T T 1
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This compound was isolated as a brown solid from ethyl aceteate fraction of A. niger. It

showed UV absorption maximum at Ay, 206.8 and 250.2 nm. The molecular weight of
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202 g/mol was deduced from the positive mode ESI-MS spectrum showing a
pseudomolecular ion at m/z 203 [M+H]". Its '"H NMR spectrum revealed five aromatic
protons between 8 7.37 — 7.40, one singlet at & 5.49, and further three protons in the

aromatic region.

Five overlapped aromatic protons in the area between & 7.37 — 7.40 which formed a COSY
spin system indicated the presence of a monosubstituted phenyl group in the molecule. The
singlet at 8 5.49 was assigned as H-6 attched to an oxygenated carbon at d 73.4 (C-6) as
shown in the HMQC spectrum. The presence of H-6 and its connectivity to the phenyl
group was confirmed by HMBC correlations of H-6 to C-7 (& 142.0), C-8 (& 128.5) and C-
12 (8 128.5). Furthermore, the chemical shifts of C-6 at & 73.4 also proved the presence of
a hydroxyl group at this position (6-OH) which could not be detected because of the
solvent used (CD;0D) in the NMR measurement.

The presence of a y-pyrone ring in the molecule was indicated by three protons at 8 6.19,
6.48 and 8.05 ppm, and their correlations by forming a spin system in the COSY
spectrum. One of them at 4 6.19 (H-2) showed an ortho coupling (3JHH 5.7 Hz) to the one
at 0 8.05 (H-3) and a meta coupling (4JHH 2.5 Hz) to the remaining one at d 6.48 (H-5).
This assignment was also supported by HMBC correlations of H-3 to C-1 (4 182.5), C-2 (8
117.2) and C-4 (3 173.0). Consequently, the HMBC correlation of H-6 to C-4 as well as a
small coupling between H-6 and H-5 as shown in the COSY spectrum (figure 3.1.2.1.1)

assigned the linkage of C-6 to C-4 in the y-pyrone ring system.

( )

e COSY Correlations

—» HMBC Correlations

\. J

Figure 3.1.2.1.1. COSY (500 MHz) and some imprtant HMBC correlation of 2-(hydroxy(phenyl)methyl)-4-
pyrone in CD;0D
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Table 3.1.2.1.1 NMR data of 2-(hydroxy(phenyl)methyl)-4-pyrone in CD;OD at 500 MHz ('H) and 125 MHz
(13C)

Position 'H e HMBC
3 (ppm) Ju.u (Hz) 3 (ppm) (Hto C)
1 - 182.5
2 6.19dd (5.7 ; 2.5) 117.2
3 8.05d (5.7) 157.0 12,4
4 - 173.0
5 6.48 d (2.5) 113.5
6 5495 73.4 478,12
7 - 142.0
812 [737m° 128.5 8,10,12
911 |737m° 129.0 9,11
10 |[7.40m° 129.0 8,12

° mutually overlapped

3.1.2.2 6-Benzyl-4-oxo0-4H-pyran-3-carboxamide

6-Benzyl-4-oxo-4H-pyran-3-carboxamide

Synonym(s) : 6-Benzyl-4-oxo0-4H-pyran-3-carboxamide
Biological Source . A. niger

Sample code : ANE 5.8

Amount : 6.94 mg

Molecular Formula : C;3H1NOs

Molecular Weight : 229 g/mol

Solubility : CH;0H

Physical Description : Brown solid

HPLC Retention Time (R;) : 22.24 min (Standard gradient)
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Structure UV Spectrum
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This compound was isolated as a brown solid from the ethylacetate fraction of A. niger
after subsequent separation techniques using Sephadex LH-20, silica column
chromatography and preparative HPLC. Similar to 2-(hydroxy(phenyl)methyl)-4-pyrone,
the '"H NMR spectrum of this compound also showed five overlapping five aromatic
protons between & 7.22 and 7.25. However, the spectrum showed only two other singlets in
the aromatic region and two protons at & 3.95. The positive mode ESI-MS spectrum gave
a pseudomolecular ion peak at m/z 230.0 [M+H]" which was consistent with a molecular
weight of 229 g/mol. The odd value of molecular weight indicated the presence of a

nitrogen atom as confirmed by spraying using Dragendorff reagent.

The monosubstituted phenyl group was indicated by the observed five overlapping
aromatic protons between 8 7.22 and 7.25 ppm which coupled to each other by forming a
COSY spin system. One singlet at & 3.95 ppm which integrated for two protons belonged

to a methylene group (H,-6) directly correlated to C-6 (& 39.5) in the HMBC spectrum.
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Moreover, the HMBC correlation of Hy-6 to C-7 (8 137.5) and C-8/12 (3 129.5) confirmed

this assignment.

In remaining part of the molecule, two singlets at 8 6.30 and 8.78 were characteristic of a
v-pyrone ring. This assignment was confirmed by HMBC correlations of H-3 (8 8.78) to a
keto carbon at & 179.3 (C-1), a quarternary aromatic carbon at § 119.8 (C-2) and an
oxygenated aromatic carbon at 8 171.0 (C-4) as well as the correlations of H-5 (8 6.30) to
C-2 and C-4. The connectivity of this y-pyrone ring to the the methylene function (H;-6)
was evident by HMBC correlations of H-5 to C-6 as well as H,-6 to C-4 and C-5. Although
the amide protons could not be detected in the 'H NMR spectrum because of the protic
solvent used, the HMBC correlation of H-3 (8 8.78) to the carbonyl carbon at & 165.4 (C-
1’) confirmed the presence of an amide function as a substiuent in the y-pyrone ring
system. The remaining HMBC and COSY correlations of 6-benzyl-4-oxo-4H-pyran-3-
carboxamide are described in detail in figure 3.1.2.2.1 and table 3.1.2.2.1.

=  COSY Correlations

—» HMBC Correlations

Figure 3.1.2.2.1. COSY (500 MHz) and selected HMBC correlations of 6-benzyl-4-oxo-4H-pyran-3-
carboxamide in CD;OD

Unfortunately, this compound did not show any biological activity in the antimicrobial,

antifungal, cytotoxicity or protein kinase assays.
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Table 3.1.2.2.1 NMR data of 6-benzyl-4-oxo-4H-pyran-3-carboxamide in CD;0D at 500 MHz (‘H) and 125
MHz (**C)

Position 'H e HMBC
8 (ppm) Jun (Hz) d (ppm) (H to C)
1 179.3
2 119.8
3 8.78 s 162.8 124,1°
4 171.0
5 6.30s 115.6 2,46
6 (2H) 3.95 s 39.5 4,5,6,7,8,12
7 137.5
812 [7.22m° 129.5 6
911 |725m° 129.5 7
10 [722m° 129.0
I 165.4

° mutually overlapped
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3.1.2.3 New Aflavinine Derivate

New Aflavinine Derivate

Synonym(s)

Biological Source

Sample code

Amount

Molecular Formula

Molecular Weight

Solubility

Physical Description

Optical rotation

: 19-Epi-21-hydroxy-10,23-dihydro- 24,25-dehydroaflavinine
: A. niger

: ANE 6.8.1.1

: 1.70 mg

: Cp3H39NO,

: 421 g/mol

: CH3;0H,CHCl,

: Yellowish brown solid

: [a]? -7 (¢ 0.05 in CH;0H)

HPLC Retention Time (R;) : 32.86 min (Standard gradient)

Structure UV Spectrum
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ANE 6.8.1.1 was purified from the ethyl acetate fraction of A. niger as a yellowish brown

solid with UV absorbance at Agax 229.6, 282.8 and 283.3 nm. The '"H NMR spectrum
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showed four methyls, two hydroxyls, five aromatic protons and one NH-group. The
presence of protons belong to one exomethylene, seven methines, and five methylene
groups was detected in the "H NMR spectrum after analysis of '>C and 2D NMR data. The
appearance of a pseudomolecular ion at m/z 422.2 [M + H]" in the positive mode ESI-MS
suggested the molecular weight of 421 g/mol. The odd molecular weight, supported by
dyeing using Dragendorff reagent, indicated the presence of a nitrogen atom in the

molecule.

= o
24 112¢g

H;C CH, 27
25
26 AV Vo)

-

- J

Figure 3.1.2.3.1 Partial structures of ANE 6.8.11 based on the correlations of methyl protons in the HMBC

spectrum

Based on the HMBC correlations of the methyl protons in the molecule, it was possible to
establish partial structures (see figure 3.1.2.3.1). The correlations of H3-26 to two olefinic
carbons at & 150.0 (C-24) and & 110.4 (C-25) as well as a methine carbon at 6 38.5 (C-23)
resulted in substructure 1. In addition, a direct correlation of two olefinic protons at & 4.81
and 4.61 to C-25 in the HMQC spectrum suggested the presence of an exomethylene
function (H,-25) in this substructure. Meanwhile, the correlations of H;-27 to two methine

carbon at 6 37.3 (C-11) and 6 28.4 (C-12) as well as one methylene carbon at 8 28.4 (C-13)
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in the HMBC spectrum would give partial structure II. Furthermore, partial substructure IIT
appeared as a result of HMBC correlations of two methyl groups (H3-28 and H3-29) to C-
15 (8 39.0) as well as the correlations H3-29/C-14, H3-29/C-20 and H;3-28/C-17.

~

— COSY Correlations
— HMBC Correlations

v Connectivity which could not be

L spectroscopically proved )

Figure 3.1.2.3.2 COSY (600 MHz) and some selected HMBC correlation of aflavinine derivate in DMSO

Further careful consideration of COSY and remaining HMBC correlations (figure
3.1.2.3.2) allowed the connectivity of substructures I — III. The link between I and II
through C-10 was proved by the HMBC correlations of H-11 (8 2.59) to C-10 (6 34.0) and
C-23 (0 38.5) as well as the coupling amongst H-23 (8 3.30), H-10 (d 3.56) and H-11 (&
2.59) as observed in the COSY spectrum. Moreover, the couplings between H,-13 and H,-
14 in the COSY spectrum as well as the HMBC correlations of H-11 to C-20 suggested the

connectivity of the substructures II and III.

The presence of rings A and B in this compound was evident not only by an observed
complex spin system which included H,-22, H-23, H-10, H-11, H-12, H,-13 and H,-14,
but also by the HMBC correlations H3-29/C-14 and H3-29/C-20 in substructure III as well
as the correlation H-11/C-21. Moreover, the presence of a hydroxyl group in ring A was
confirmed not only by the chemical shift of C-21 (8 68.6), but also the coupling (3JHH 3.8
Hz) between H-21 (8 4.55) and 21-OH (8 4.37) as shown in the COSY spectrum. Another
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COSY spin system in the alipatic region was assigned as a part of ring C and involved Hs-
28, H-16, H»-17, H,-18 and H-19. Meanwhile, the chemical shift of C-19 (& 65.7) and the
coupling of H-19 to a water exchangable signal at & 4.30 (19-OH) defined a further
hydroxyl function at this position. However, although the linkage between C-19 and C-20
could not be proven by the performed spectroscopical methods, the chemical shifts of the
two carbons allowed ring closure forming a stable six membered ring as a part of a

diterpenoid moiety (substructure IV) in this molecule.

-

- J/

Figure 3.1.2.3.2. Stereo drawing of the new aflavinine deivate showing the observed ROESY correlations in

DMSO-dg

The relative configuration of the stereocenters in the molecule was established by a a
ROESY experiment. The close proximity of H-10, H-11, H-12 and H-16 in the B-face of
the molecule was determined by the ROESY correlations of H-11 with H-10 as well as H-
12 and H-16. In addition, the ROESY correlation of H-10 with H-21 assigned the relative
configuration of C-21.  On the other hand, the a-orientation of H3-29 was established by
the correlations of 21-OH with H3-29. Moreover, the correlations of Hs-27 with H-23
helped to assign the orientation of H-23 in the a-face of the molecule. Meanwhile, the
relative stereochemistry of C-19 was determined by the correlations of H-21 with 19-OH.
The remaining ROESY correlations assigned to this compound are described in detail in

figure 3.1.1.2.3.3 and table 3.1.1.2.3.1.
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In the cytotoxicity assay using the L-5178Y cell line, this compound showed high activity

with an EDs of 2.5 ng/mL. However, this compound could only inhibit the growth of the

HeLa cell line by 17 % at a concentration of 3 pg/mL. In antimicrobial assays, ANE

6.8.1.1 showed a weak inhibitory activity in the assay using B. subtilis (11 and 12 mm

inhibition zone diameter upon loading an amount of 100 and 200 pg, respectively).

Table 3.1.2.3.1 NMR data of the new aflavinine derivate in DMSO-d¢ at 600 MHz ('H) and 150 MHz (**C)

Position 'H e HMBC ROESY
8 (ppm) Jun (Hz) 3 (ppm) (Hto C)
1 10.65 s - 2.8
2 7.06 s 123.3 3,4,9 1,10,12,23,25A,27
3 - 114.5
4 - 127.5
5 7.45d (7.8) 116.9 7.9 6,7,10,11,16,180
6 6.98 dd (7.8 ; 7.0) 117.9 4.8 58
7 7.05dd (7.9 ; 7.0) 120.2 59 5.8
8 7.32d(7.9) 111.0 4,6 1,6,7,16
9 - 136.0
10 3.56 dd (12.9;5.4) 34.0 3,11,20,23 2,5,1121,25A,26
11 2.59m 37.3 10,12,20,21,23 | 5,10,12,130,13B,14B,1
6,21

12 1.17 m* 28.4 2,11,16
13 B1.57 m 28.4 11,14B,16,18a

0.0.71 m* 11 11,140,148
14 0.2.34m 28.8 27,29,21-OH

B 0.95 bd (13.9) 11,130,13,
15 - 39.0
16 2.05 m’ 30.8 5,8,11,12,138,17B,18p
17 0 1.76 ddd (12.9 ; 12.6 ; 2.5) 24.7 29

B 1.17m"

16,188

18 0. 2.05 m’ 30.6 5,138,19,28,21-OH

B1.68dd (13.2;2.2)

16,17p,21,19-OH
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19 [455bs° 65.7 1801,220,23,26,29
20 |- 455
21 | 4.55bs° 63.6 10,11,18B,22B,19-OH

22 B2.14ddd (13.9;12.6;2.3) 37.1

21

o 141 m* 19,21-OH
23 3.30" 38.5 2,19,26,27
24 |- 150.0
25 A438ls 110.4 23,26 2,10
B 4.6l s 23,26 26
26 1.40 s* 13.7 23,2425 10,19,25B
27 1.33d (7.2) 19.2 11,12,13 2,140,,23,29,21-OH
28 0.70d (6.8)* 15.4 15,17 18a,
29 1.05s 16.6 14,15,20 140,170,19,27,21-OH

19-OH |4.30d 4.4

18,21

21-OH | 4.37d(3.8)

140,180,2200,27,29

" hidden under residual solvent or water signal ; **** mutually overlapped

3.1.2.4 New Asperazine Derivate

New Asperazine Derivate

Synonym(s)
Biological Source
Sample code
Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description

Optical rotation

HPLC Retention Time (Ry)

: A. niger

: ANE4.94.D
: 4.56 mg

: C4oH36N6O4
: 464 g/mol

: CH;0H

: White crystals

: [a]2’+69 (c 0.01 in DMSO)

: 27.02 min (Standard gradient)
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Structure UV Spectrum

e Peaki2g 21.01

u No spectra libray hitsfound
128
kS
%H
44
12
43
2081
42
10‘0 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\m\n‘
200 %0 30 30 400 40 50 550 5%
(+)-ESI-MS
[M+HT*
100 665.3
8 80
c
= =
3 60—
© 40| | 666.3
E = 762.9
L =
& 204 4613 667.3 |776.9
o1 1456 257.4 297.6 443.4 "5/ 561.3 631.4| 688.4 | [784.8 9049 9798
‘ =l T s T T EL L ek e T T .. L. PO L L. ¥ 4.
100 200 300 400 S00 600 700 800 800 1000

miz

The molecular weight of 664 g/mol was assigned on the basis of positive mode ESI-MS
data showing a pseudomolecular ion at m/z 665.3 [M+H]". This compound was isolated as
white crystals showing UV maxima at A, 203.6, 288.3 and 289.1 nm. Interpretation of
1D and 2D NMR spectra (table 3.1.2.4.1) revealed the amino acid nature of this
compound. As confirmed in the HMBC spectrum, four alpha protons resonating in the area
between & 3.41 and 4.10 ppm correlated to amide carbonyls. It was apparent that this
compound was potentially related to asperazine (Varoglu et al., 1997), which was also
isolated in this study, and WIN 64821 (Barrow et al., 1993), both resembling known
diketopiperazines which were also described from Aspergillus spp. (figure 3.1.2.4.1).

The presence of a diketopiperazine moiety in the northern part of the molecule was evident
by the HMBC correlation of a methine at 8 3.41 (H-11) to a carbonyl carbon at 6 168.6

(C-16) as well as the HMBC correlations of another methine proton at & 3.28 (H-15) to the
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second carbonyl at 8 168.2 (C-13). Consecutively, this assignment was supported by the
presence of a water exchangeable signal at & 7.96 (14-NH) which coupled to H-15 in the
COSY spectrum and the HMBC correlations of 14-NH to the first carbonyl carbon (C-16)
and the methine carbon at 8 56.5 (C-11). Meanwhile, the presence of another COSY spin
system involving five aromatic protons at & 7.11 — 7.19 (H-19 to H-23) as well as HMBC
correlations of H-9 and H-23 to a methylene carbon at & 39.0 (C-17) suggested the
presence of a phenylalanine subunit as part of the diketopiperazine moiety in the northern

part of the molecule.

Ditryptophenalin

WIN 64821

Figure 3.1.2.4.1. Structure of previously reported diketopiperazines

On the other hand, the presence of a indoline substructure in the northern part of the
molecule was confirmed by an observed ABCD spin system involving the protons at &
6.71 (H-5), 8 6.57 (H-6), 8 7.08 (H-7) and & 6.71 (H-8) in the COSY spectrum. This
assignment was also supported by the HMBC correlations H-5/C-9, H-7/C-9, H-6/C-4, and
H-8/C-4 as well as the correlation 1-NH/C-4. The position of H-2 at & 5.72 was identified
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by its coupling (*Jux 4.0 Hz) to 1-NH (8 7.33) as shown in the COSY spectrum. Since H-2
was present as a methine, it was assumed that C-2 in the indoline moiety was covalently
bonded to N-10 in the diketopiperazine moiety. Moreover, the coupling between H-11 (8
3.41) to a methylene group, H,-12 (83.33 and 2.05), in the COSY spectrum proved

another linkage between the two moieties.

In the southern part, however, the NMR data showed the presence of an indole moiety,
instead of an indoline as observed in the northern part of molecule. This assignment was
supported by further careful NMR data analysis which indicated the presence of an
aromatic proton at 8 7.19 (H-31) correlated to three aromatic carbons at & 130.4 (C-28), &
135.4 (C-29) and 6 109.0 (C-32). Moreover, four aromatic protons at 8 6.52 (H-24), d 6.92
(H-25), 8 6.98 (H-26) and & 7.52 (H-27) were assigned as a part of an ABCD system of an
indole moiety as shown by their coupling in the COSY spectrum and the HMBC
correlations H-24/C-28, H-26/C-28, H-25/C-29, and H-27/C-29.

The connectivity of this indole moiety to another diketopiperazine unit in the southern part
of the molecule was determined by HMBC correlations of a methylene (H,-33, 6 3.22 and
2.99) to C-28 (6 130.4), C-31 (6 126.5) and C-32 (5 109.0), as well as the couplings of a
methine at o 3.60 (H-34) with H,-33 and an exchangeable peak at & 8.01 (35-NH).
Meanwhile, the HMBC correlations of H,-33 and 35-NH to a carbonyl carbon at 6 168.2
(C-39) as well as the HMBC correlation of H-34 (8 3.60) to another carbonyl carbon at &
167.7 (C-36) were observed. Finally, the presence of another phenylalanine subunit in the
southern part of the molecule was evident not only by the presence a complex spin system
involing five phenyl protons at  7.11 (H-42, H-44 and H-46) and 6 7.19 (H-43 and H-45),
but also another spin system which was involved H-37, 38-NH and H,-40. Moreover, this
assumption was also confirmed by the HMBC correlations of H»-40 (8 3.07 and 2.88) to
the carbonyl atom C-36 and the aromatic carbons at 6 137.0 (C-41), 6 130.4 (C-42/46) as
well as the HMBC correlations of H-37 to the other carbonyl carbon C-39. The remaining

HMBC and COSY correlations observed for this compound are described in detail in

figure 3.1.2.4.2 and table 3.1.2.4.1.
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. J

Figure 3.1.2.4.2. COSY (500 MHz) and selected HMBC correlations of ANE 4.9.4.D in DMSO-d,

To sum up, the nature of ANE 4.9.4.D both in the northern and southern part of the
molecule was basically identical to that in asperazine. Although it could not be proved by
the performed spectroscopic experiments, it was concluded that the northern part was
linked to the southern part at position N-30, instead of C-24 as featured in asperazin. This
assumption was corroborated by the fact that H-31 appeared as a singlet in ANE 4.9.4.D,
instead of doublet as in asperazine. Thus, the lower number of water exchangeable signal
observed in the 'H NMR spectrum of ANE 4.9.4.D supported this assignment.
Furthermore, the indole portion in ANE 4.9.4.D had one extra proton (H-24) compared to
that in asperazine. In addition, this type of connection (bridge) is also observed in
chaetomin (Mclnnes et al., 1976), a known fungal metabolites which was also isolated in
this study from the culture of Chaetomium globosum (figure 3.1.2.4.1 and section 3.1.3

below).

The relative steochemistry of the stereocenters in ANE 4.9.4.D, notably C-2, C-11 and C-
3, were determined using a ROESY experiment. The ROESY correlation of H-2 with H-11
as well as the correlations of H-2 and H-11with aromatic protons in the southern part of the

molecule suggested the close proximity ofH-2, H-11, and N-30 at the endo-face.
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Meanwhile, the lack of ROESY correlations and observable >Jy.y couplings between H-11
and H-15 in ANE 4.9.4.D suggested an anti-configuration for these two protons. It has
been reported that an ovservable 5JH_H (~1 Hz) was consistent with the cis relationship
between a—protons of diketopiperazine rings (Maes et al., 1986), such as in WIN 64821
(Barrow et al., 1993) and ditryptophenaline (Springer et al., 1977) (figure 3.1.2.4.1). The
same assignment was also applied to H-34 and H-37. However, since the *J; might not
be a reliable indication of stereochemistry (Varoglu et al.,1997) and some bonds always
freely rotate, hydrolysis of ANE 4.9.4.D should be conducted to assign the absolute
configuration of the phenylalanine residues. The complete assignment of the ROESY

spectrum is shown in figure 3.1.2.4.3.
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Figure 3.1.2.4.3 Some important spatial correlations in ANE 4.9.4.D based on ROESY experiment
(600 MHz) in DMSO-d;

A series of bioassays have been conducted to both ANE 4.9.4.D and the isolated congener
asperazine. Although asperazine has been reported to be active in the cytotoxicity assay
using human leukemia murine colon 38 and human colon H116 or CX1 cell lines (Varoglu
et al., 1997), both ANE 4.9.4.D and the isolated asperazine did not show any activity in
the cytotoxicity assay using L-5178Y cell line ( mouse T-cell lymphoma) as well as

antimicrobial, antifungal, and protein kinase assays conducted in this study.
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Table 3.1.2.4.1 NMR data of ANE 4.9.4.D and isolated asperazine in DMSO-ds at 500 MHz (‘H) and 150 MHz (13C)

Posi- ANE 4.94.D Isolated asperazine Reported asperazine
tion (Varoglu, et al.,1997)
in CD3;CN, 500 MHz

'H Pc HMBC ROESY 'H Pc HMBC 'H PC

S (ppm) 8 (ppm) | (HtoC) 3 (ppm) S (ppm) (Hto €) 3 (ppm) 3 (ppm)
Jun (Hz) Jun (Hz) Jun (Hz)
1 7.33 d (4.0) - 34 8,24 6.65d (3.2) 2 6.14b
2 5.72 d (4.0) 82.0 3 11,12B,24,42, 5.84d(3.2) 82.4 571d (1) 84.20
43,44,45,46

3 71.4 56.8 59.28
4 129.4 132.2 134.16
5 6.71d (8.0)° 1234 3,79 12A,12B,33B 6.75d (7.2)° 123.2 7,9 6.82dd (7; 1) 121.48
6 6.57 ddd 119.4 4,8 6.60 ddd 118.2 4,8 6.66dd (7; 1) 120.93

(8.0;7.6; (7.6;7.2;
0.9) 0.9)
7 7.08 m 130.8 59 7.10 ddd 128.2 5.9 7.12m 130.45
(79;7.6;
0.9)

8 6.71d (8.0)° 111.0 4,6 1 6.75d (7.9)° 110.2 4,6 6.82d (7.5) 112.41

9 147.0 147.5 148.57
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10

11 |34ldd 56.5 12,16 2,24,38, 3.16dd 56.0 13 3.32dd 57.79
(11.9;5.9) 40A,42,43,44,45, | (10.4;7.1) (9.5:7.5)
46
12 |A333dd 40.0 2.3 5,24,42,43,44, A 3.08dd 40.0 3,24 3.25dd 39.55
(14.3;5.9)" 45, 46 (13.6;7.1) (14 ;7.5)
B 2.05 dd 13 2,5,33A B2.24 dd 4,13,24 2.40 dd
(143 ;11.9) (13.6 ; 10.4) (14 ;9.5)
13 168.2 168.3 169.89
14 |796b 11,1516 | 17B,19, 23,34 7.96 d (0.9) 15,16 6.18 bs
15 |3.284dd 555 13,18 3.42b 55.0 17,18 3.59 ddd 57.14
(5.1;3.9) (55:5;45)
16 168.6 167.0 168.89
17 |A3.02dd 39.0 16,18 19/23,37 3.02 dd 39.8 15,18,19/23 | A3.01dd 40.40
(13.6; 3.9) (13.2; 6.8) (13.5;5.5)
B 2.70 dd 16,18, 14,19/23,33B,37 | 2.88dd 15,16,18, B 2.96 dd
(13.6;5.1) 19/23 (13.2;5.0) 19/23 (13.55)
18 137.0 136.0 137.72
19/23 | 7.11 m* 131.2 17,19, 14,17A,17B 7.06 m* 1302 | 17,192123 |[7.12m 131.46
21,23
20122 [7.19 m® 129.0 18,22 710 m° 1280 | 18,20/22 7.12m 130.09

182




21 7.11 m* 127.5 19/23 711 m° 127.2 19,23 7.12m 128.98
24 6.52d (8.4) 112.8 26,28 1,2,11,12A 123.9 126.31
25 6.92 ddd 122.4 27,29 6.92d (6.7) 118.8 27,29 7.12m 120.24
(8.4;7.3;0.9)
26 6.98 ddd 120.0 24,28 6.97 dd 118.8 24,28 7.12m 120.61
(7.7;7.3;0.9) (7.9;6.7)
27 7.52d (7.7) 120.0 25,29,32 33A, 34 7.52.d (7.9) 118.8 25,29,32 7.48d (7.1) 119.02
28 130.4 129.4 130.45
29 135.4 132.8 135.45
30 9.63d(1.9) 29,32 8.61b
31 719§ 126.5 28,29,32 Too complex 6.96d (2.5) 125.0 32 6.92d (2.5) 125.20
32 109.0 109.0 111.1
33 A3.22dd 29.5 28,31,32, 12B 27,35 3.14 dd n.d 31,32,34 A 3.09dd 30.20
(14.6 ; 4.9) 34,39 (17.3; 4.1) (14.5;5.5)
B 2.99dd 28,31,32, 5,17B,35 2.89dd 28,31,32,34,3 | B3.05dd
(14.6 ;4.4) 34,39 (17.3;4.2) 9 (14.5;3.5)
34 3.60b 55.5 33,36 14,27 3.38b 54.5 32 3.51ddd 56.36
(6;5.5;3.5)
35 8.01d(1.9) 34,39 33A,33B 8.00d (1.3) 39 6.16 b
36 167.7 167.0 169.64
37 4.10 ddd 59.0 38,40 17A,17B 4.02 ddd 58.2 39,4041 4.12 ddd 60.46
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(63 4.4;4.1) 6.9:4.7; 6;5;45)
4.1)
38 [8.36d4.1) 36 11,40B,42/46 8.17d (4.1 36,37 6.49 d (4.5)
39 168.2 167.9 168.84
40 | A3.07dd 38.0 36,3741, | 11,42/46 2.98 dd 33.8 36,37.41, A 3.06 dd 40.72
(13.8; 6.3) 42/46 (13.5;6.9) 42/46 (14 ; 6)
B 2.88 dd 38,42/46 2.70 dd B 2.93 dd
(13.6; 4.4) 3741, (13.5;4.7) 36,37,41, (14 ; 5)
42/46 42/46
41 137.0 136.0 137.72
42/46 | 7.11 m* 130.4 40,44,42/4 | 2,11,12A,38,40A, | 7.11 m° 1294 | 4044,42/46 |7.12m 131.63
6 40B
43/45 [7.19 m® 129.0 41,43/45 | 2,11,12A 7.19m" 1278 | 41,43/45 7.12m 130.15
44 [7.11m* 1275 2,11,12A 711 m° 1268 | 42,46 727 m 128.72

" hidden under residual solvent or water signal ; " ** mutually overlapped ; n.d not detected




3.1.2.5 Known Isolated Metabolites from A. niger

In this study, some known metabolites have been also successfully isolated and identified
from A. niger (see figure below). They were then submitted to the cytotoxicity, antimicrobial,
antifungal, and protein kinase assays, but only some of them showed activites. In the
cytotoxicity assay, only malformin Al was active against the L5178Y cell lines at EDsy 0.21
pg/ml. On the other hand, RF 3192-C and atromentin were the only A. niger metabolites
which inhibited several protein kinases (see section 3.3). In the antibacterial and antifungal

assays, none of them were active against Bacillus subtilis or Cladosporium herbarum,

respectively.
4 o 7\ - N
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H H
HN HN
N HO
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Figure 3.1.2.5.1 Known metabolites isolated from A. niger

3.1.3 Meleagrin, a Known Secondary Metabolites from an Unidentified Fungus

Melegarin is a known fungal metabolite which has been reported from P. meleagrinum
(Nozawa et al., 1979). In this study, the coumpound was isolated from an unidentified fungus

that found to be associated with an unidentified sponge collected in Pulau Seribu (Indonesia)
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in 2002. This compound was the only secondary metabolite found in the ethyl acetate extract

of the fungus which was grown only at a small scale , i.e. 300 mL culture media.

~] /
= NH
/O H @) N
Meleagrin
Kawai et al., 1984
. J

Since meleagrine is a known compound isolated from P. meleagrinum (Kawai et al., 1984),
the structure elucidation of this compound will not be discussed in this report. Moreover, it
did not show any activity in the cytotoxicity assay using the L. 5178Y cell line as well as
antimicrobial and antifungal activity towards B. subtilis and C. herbarum, respectively

However, it showed the inhibitory properties against selected protein kinases (see section 3.3)
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3.2 New Secondary Metabolites from Plant Endophytic Fungi

3.2.1 New Secondary Metabolites from Pestalotiopsis longisetula

3.21.1 PL38D

New Gamahorin Derivate (PL 3.8.D)

Synonym(s) : 4,8-dihydroxy-3,4,7-trimethylisochroman-1-one
Biological Source . P. longisetula

Sample code : PL3.8.D

Amount : 1.0 mg

Molecular Formula 0 C12H1404

Molecular Weight : 222 g/mol

Solubility : CH;0H

Physical Description : Brown solid

HPLC Retention Time (R;) : 23.73 min (Standard gradient)

Structure UV Spectrum
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PL 3.8.D was isolated from the ethylacetate extract P. longisetula as a brown solid showing a
pseudomolecular ion at m/z 22.3.1 [M + H]" in the positive mode ESI-MS. The NMR data
analysis and UV maxima at Ap, 214.1, 252.0 and 320.5 nm suggested a relationship to
gamahorin, a known fungal metabolite which was also isolated from this study. Compared to
the one of gamahorin showing only two methyl doublets, the 'H NMR spectrum of PL 3.8.D
displayed one methyl doublet and two methyl singulets. Moreover, the 'H NMR spectrum

indicated the presence of only one methine quartet coupled to the methyl doublet.

( N\
HO 6 5 10
e 9
3
HO
O
Gamabhorin
(Koshino et al., 1992)
|\ J

Figure 3.2.1.1.1 Gamahorin, a known fungal metabolite analoguous to PL 3.8.D

Since the compound was isolated only in a small amount, the HMBC spectrum showed only
the correlations of the methyl protons. The presence of a methyl group (H3-11) at & 2.21 as a
substituent in ring A was confirmed by HMBC correlations of H3-11 to aromatic carbons at
0 137 (C-6), & 125 (C-7), and & 160 (C-8). In the other part of the molecule, another methyl
singulet at & 1.34 (H3-10) was assigned based on its HMBC correlations to carbons at & 149
(C-4a), 8 70 (C-4) and & 82 (C-3). Meanwhile, the HMBC correlations of H3-9 (& 1.42) to C-3
and C-4 as well as the coupling (3JHH 6.6 Hz) between H3-9 and H-3, a methine proton at &

4.54, confirmed the position of the methyl doublet in the molecule.

However, since the NMR experiment was run in CD;0D the presence of hydroxyl groups at
8-OH and 4-OH could not be proved in this study. Moreover, the presence of a d-lactone ring
was assumed only by the planarity and the calculation of the molecular weight in the
molecule. The remaining HMBC correlations of this compound and its analog gamahorin are

described in detail in figures 3.2.2.2 and 3.2.2.1.
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Figure 3.2.1.1. HMBC correlations of PL 3.8.D and gamahorin
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Table 3.2.1.1 NMR data of PL 3.8.D in CD;0D at 500 MHz ('H) and 125 MHz (**C)

Position PL 3.8.D in CD;0OD Isolated gamahorin in CD;O0D Known gamahorin
(Koshino et al., 1992) in CDCl,
'H e HMBC 'H “c** | HMBC 'H bc
S (ppm) Jun(Hz) | & (ppm) (Hto C) 8 (ppm) Jiwn (Hz) S (ppm) | (Hto ©) 8 (ppm) Jin (Hz) d (ppm)
1 - n.d - n.d 169.1
2 - - - -
3 4.54 q (6.6) 82 4.55dq (6.6 ; 6.3) 82 4.53dq (6.6 ; 6.5) 81.1
4 - 70 293dq(6.6;7.1) 30 2.88dq(6.6; 7.1) 37.3
4a - 149 - 145 143.3
5 7.05d (7.5) 115 6.89d (7.7) 117 6.78 d (7.6) 116.4
6 7.45d(7.5) 137 7.62d (7.7) 135 7.50d (7.6) 135.3
7 - 125 - 128 127.7
8 - 160 - 160 160.1
8a - n.d - n.d 107.2
9 1.42 d (6.6) 14 3.4 1.45d (6.3) 20 34 1.48 d (6.5) 19.7
10 1.34s 22 3,4,4a 1.35d (7.1) 17 34,4a 1.36 t(7.1) 17.4
11 221s 16 6,7,8 (2H) 4.65 s 59 6,78 (2H) 4.73 d (6.0) 61.1
4-OH - - - -
8-OH - - - - 11.5s
11-OH |- - - - 2.35t(6.0)

* Derived from HMBC spectrum  ;

® Derived from HMQC spectrum

n.d : not detected
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3.2.1.2 PLS.12.A

PL 5.12.A
Synonym(s) : 6-(2-Hydroxy-3-(hydroxymethyl)-5-methylphenoxy)-2-
hydroxy-3-(3-methylbut-2-enyl)benzoic acid
Biological Source : P. longisetula
Sample code : PL5.12.A
Amount : 2.5 mg
Molecular Formula 1 CyH2,04
Molecular Weight : 358 g/mol
Solubility : CH;0H
Physical Description : Brown solid

HPLC Retention Time (R;) : 29.41 min (Standard gradient)

Structure UV Spectrum
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The 'H NMR spectrum of PL 5.12.A showed the presence of four aromatic doublets
resembling between & 6.06 and 6.81 , one olefinic singulet at & 5.22, and three methyl groups
at 8 1.62, 8 1.64 and 6 2.20. In addition, two doublets at & 4.48 and 3.11 were assigned to
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protons belonging to two methylene groups. A pseuodomolecular ion at m/z 358.9 [M + H]"
in the possive mode ESI-MS correlated to the molecular weight of 358 g/mol of this

compound.

HO COOH

— HMBC Correlations

L = COSYCorrelations )

Figure 3.2.1.2.1 COSY (000 MHz) and HMBC correlations of PL 5.12.A in DMSO-d,

The presence of a prenyl group was confirmed by long range couplings of the two geminal
methyls at 6 1.62 (H3-19) and 1.64 (H3-20) with the olefinic proton at 8 5.22 (H-17) and the
methylene protons at & 3.11 (H,-16) as shown in the COSY spectrum (figure 3.2.1.2.1).
Furthermore, the HMBC correlations of H,-16 to three aromatic carbons at 6 128.5 (C-2),
121.0 (C-3), and 158.5 (C-4) assigned the position of the prenyl group attached tot C-3 in the
A ring. Moreover, an ortho-coupling (*Jun 8.2 Hz) between two aromatic protons at & 6.06
(H-1) and & 6.81 (H-2) confirmed the presence of the tetrasubstitued phenyl as A ring in this
coumpound. However, since the compound was isolated only in a small amount, the presence
of 4-OH and the carboxylic acid function (C-7) could not be directly detected in this study.
The presence of these two funtional groups as substuitients in the A ring were assumed
mainly by the chemical shift of C-4 (& 158.5) and C-5 (& 111.5 and consideration of the

molecular weight.

In the other part of the molecule, a COSY correlation between two aromatic protons at d 6.45
(H-10) and 0 6.66 (H-12) as well as one methyl at 8 2.20 (H3-15) and one methylene at 4 4.48
(H»-14) suggested the presence of 1,2,3,5-substituted aromatic ring system (B ring). The
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HMBC correlations of H-10 and H-12 to an oxygenated aromatic carbon at & 140.0 (C-8)
confirmed this assignment. Furthermore, the HMBC correlations of H3-15 to three aromatic
carbons at 8 117.0 (C-10), 134.0 (C-11) and 115.0 (C-12) as well as the correlations of H,-14
to C-8 (0 140.0), C-9 (8 135.0) and C-10 (&6 117.0) not only supported the previous
assignment of the B ring, but also the positions of H3-15 and H,-14. However, the position of
the two hydroxyls (8-OH and 14-OH) as well as the oxygen bridge that linked rings A and B

could not be directly determined by the performed spectroscopical methods in this study.

Nevertheless, some reported fungal metabolites, such as isoemericellin (Bringmann et al.,
2003) and variecoxanthone A (Chexal et al., 1975) (figure 3.21.2.2), supported the assignment
for the placement of the hydroxymethyl function (CH,OH) in the B ring and the oxygen
bridge connecting rings A and B as well as the carboxylic acid function and 4-OH in the A
ring. Assuming a biogenetic relationship, 8-OH in the B ring would result from a putative

oxidative ring opening of isoemericellin or variecoxanthone.

HO HO
OH ©

@) @)

Variecoxanthone A

Isoemericellin (Chexal et al., 1975)

(Bringmann et al., 2003)

Figure 3.2.1.2.2. Some analogous compounds of PL 5.12.A

Table 3.2.1.2.1 NMR data of PL 5.12.A in DMSO-ds at 600 MHz ('H) and 150 MHz ("°C)

Position 'H Bea HMBC
8 (ppm) Juu (Hz) S (ppm) (Hto C)

6.06d (8.2) 113.5 3,5,6

6.81d(8.2) 128.5 4,6

- 121.0

- 158.5

ol | W N =

- 111.5
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6 - 155.0
7 - n.d
8 - 140.0
9 - 135.0
10 6.45 s 117.0 8,12
11 - 134.0
12 6.66 s 115.0 8,10
13 - n.d
14 (2H) 4.48 d (5.5) 58.0 8,9.10
15 2.20s 20.5 10,11,12
16 (2H) 3.11d (7.3) 27.5 2,3,4,17,18
17 5.22t (7.3) 123.0
18 - 130.0
19 1.62's 117.0 17,18
20 1.64 s 25.0 17,18
4-OH | nd -
7-OH | 1245 -
8-OH |nd -
14-OH | 5.12t(5.5) -
 Based on HMBC and HMQC correlations
n.d : not detected
3.2.1.3 New Herbarin Derivate
PL 4.2.7.5

Synonym(s)

Biological Source

Sample code

Amount

Molecular Formula
Molecular Weight
Solubility

Physical Description
HPLC Retention Time (Ry)

. 3-(4-Methoxy-6-o0x0-6 H-pyran-2-yl)but-2-enoic acid
: P. longisetula

: PL4.2.7.5

: 3.5mg

: CioH100s

: 210 g/mol

: CH;0H

: Yellowish brown solid

: 19.76 min (Standard gradient)
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PL 4.2.7.5. was isolated as a yellowish brown solid from the ethyl acetate fraction of P.
citreonigrum after subsequent separation and purification using VLC, Sephadex LH-20 and
silica column chromatography. Based on the retention times observed upon HPLC analysis
under similar conditions, this compound was slightly more polar compared to PL 3.8.C and

PL 5.12.A.

The UV spectrum pattern at (Apnax  232.3 and 316.0 nm) indicated a close relationship to
herbarin B, a known fungal metabolite wich has a molecular weight of 210 g/mol and was
isolated from Cladosporium herbarum (Jadulco et al., 2002). Moreover, a pseudomolecular
ion at m/z 211.1 [M + H]" in the positive mode ESI-MS PL 4.2.7.5 supported the above
assumption. As in the case of herbarine B (table 3.2.1.3.1), the "H NMR data of PL 4.2.7.5
indicated the presence of one methoxy group, one methyl group and three olefinic protons.
However, the HMBC spectrum suggested that PL 4.2.7.5 differs to herbarin B with regard to

the position of the methyl group (H3-10) in the molecule.
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Herbarin B (Jadulco et. al., 2002)

. /

Figure 3.2.13.1. Herbarin B, an analogous compond of PL 4.2.7.5

The presence of two olefinic doublets at 8 5.56 (H-3) and & 6.38 (H-5) as part of an o--pyron
ring system was confirmed by the HMBC correlations of 4-OCHj;, H-3 and H-5 to an
oxygenated olefinic carbon at & 172.5 (C-4) as well as the coupling between H-3 and H-5
(*Jun 2.0 Hz) as observed in the COSY system. Furthermore, this assignment was supported

by the HMBC correlation of H-5 to C-6 (8 161.5).

( )\

11

m=mmmm COSY Correlations

—» HMBC Correlations
. J

Figure 3.2.1.3.2 COSY (500 MHz) and HMBC correlations of PL 4.2.7.5 in MeOD

In side chain, the COSY correlation of H3-10 (6 2.21) with H-8 (8 6.75) as well as the HMBC
correlations of H3-10 to C-6 (6 161.5), C-7 (8 134.0) and C-8 (8 128.0) confirmed the position
of H3-10 (8 2.21) attached to C-7. Consecutively, the HMBC correlations H-8/C-6, H3-10/C-
6, H-5/C-6 and H-5/C-7 assigned the position of the unsaturated side chain at C-6 in the o-
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pyrone ring system. The HMBC and COSY correlations of this compound are described in
detail in table 3.2.1.2.1 and figure 3.2.1.2.2.

Table 3.2.1.2.1 NMR data of PL 4.2.7.5 in MeOD at 500 MHz (‘H) and 125 MHz (**C) and Herbarin B

Position PL 4.2.7.5 Herbarin B (Jadulco et al., 2002)
in MeOD
'H Bea HMBC 'H PC
3 (ppm) Ju-u (Hz) | & (ppm) | H©0 C) | & (ppm) Jun (Hz) 3 (ppm)

2 - n.d - 172.1
3 5.65d(2.0) 90.0 4,5 5.81s 91.9
4 - 172.5 165.1
5 6.38 d (2.0) 102.5 3,4,6,7 110.5
6 - 161.5 152.6
7 - 134.0 7.5d(154) 125.3
8 6.75 bs 128.0 6,7 6.64 d (15.4) 132.3
9 - n.d 169.0
10 2.21 bs 14.0 6,7,8 2.13s 9.3

OMe |3.87s 57.5 4 397s 57.5

 Based on HMBC and HMQC correlations

n.d : not detected

3.2.1.4 Known Metabolites from P. longisetula

A series of known metabolites have been successfully isolated and identified from the ethyl

acetate extract of P. longisetula. Since they are known metaboltes, their structure elucidation

is not discussed in detail in this report.
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Cyclo(prolyltyrosyl) (Young et al., 1976)
Ergosterol (Pochert and Behuke, 1993) L (see also section 3.1.2.5) J
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OH OH
HO
HO
e} HOOC
2-hydroxy-3-methoxybenzoylacid
o (Hydroxytoluic acid) COOH
= | (Pochert and Behuke, 1993)
E 4-(hydroxymethyl)benzoic acid
Gamabhorin
(Koshino et al, 1992)
. J

Figure 3.2.1.4.1 Known metabolites isolated from P. longisetula.

3.2.2 Chaetomin, a Known Secondary Metabolites from Chaetomium globosum

In this study, chaetomin was isolated from C. globosum, an endophytic fungus isolated from
Aglaia odorata growing at the University green house. Chaetomin was the major compound
of the ethyl acetate extract of C. globosum grewn in a 300 mL liquid culture. Similar to other

known compounds, the structure elucidation of chaetomin is not discussed in this report.

In the agar diffusion assays using B. subtilis, zones of inhibition of 10 and 11 mm were
observed for a loading amount of 100 and 200 pug chaetomin, respectively. Furthermore,
MICs value of <1, <1, <50, >100, and >100 pug /mL chaetomin were observed on the assays
using Staphylococcus epidermidis, S. aureus, Enterococcus sp., Eschericia coli and

Pseudomonas sp., respectively.

On the other side, chaetomin showed a high cytotoxic activity toward the L5178Y cell line

(EDsp < 0.1 pg/ml). This data indicated that chaetomin is not only a potential antibacterial

199



agent, but also a highly cytotoxic substance. In addition, the inhibitory properties of

chaetomin on selected protein kinases are described in section 3.3.

fnnnz

Ir=z
Z

OH

Chaetomin (Brewer et al, 1972)

Figure 3.2.2.1 Chaetomin

3.3 The Biological Activity of Some Known Metabolites

Most of the known metabolites which have been isolated in this study were submitted to
protein kinase assays. Four of them, as shown in table 3.3.1, showed pronounced activity
toward selected protein kinases. Chaetomin, a metabolite from C. globosum, showed the
strongest inhibitory activity to almost all selected protein kinases compared to other isolated
compounds. In addition, the cytotoxicity assay indicated that the chaetomin is highly

cytotoxic (see section 3.2.2).

Although its activity was not as strong as that shown by chaetomin, meleagrin still showed a
consicerable inhibition of some protein kinases, for example PLK-1, VEGF-R2 and SRC. The
similar observation were also made for antibibiotic RF 3192C and atromentine, two
metabolites which were isolated from A. niger. They proved active towards a lower number of

protein kinases compared to chaetomin.
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Table 3.3.1 The Bioactivity of some known compounds towards selected protein kinases"

)

Family Kinases ICso g/mL
Antibiotic | Atromentine | Meleagrinn | Chaetomin
RF 3192C
Serine/threonine AKTI1/PKB + n.a + +
kinases alpha
ARKS n.a + + +
Aurora A + + + +
Aurora B + + + +
CDK2/Cyclin A n.a + n.a +
CDK4/Cyclin + n.a + ++
D1

CK2-alphal n.a n.a n.a +
COT + + + +
PLK-1 + + + +
B-RAF-VE + + + +
SAK + + + ++
Receptor EGFR + + + ++
tyrosine kinase EPHB4 + + + +
ERBB2 + + + +
FLT3 + + + ++
IGF1-R + + + ++
INS-R + + + +
MET + + + ++
PDGFR- beta + + + +
TIE-2 + + + ++
VEGF-R2 + + + ++
VEGF-R3 + + + ++
Soluble tyrosine FAK + + + +
kinase SRC + + + ++

") The assays was performed at ProQinase GmbH, Freiburg, Germany

n.a : not active

++ : very active

+ : active
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4 DISCUSSION

4.1 Secondary Metabolites from Sponge-Associated Fungi

4.1.1 Secondary Metabolites from P. citreonigrum

4.1.1.1 The Isolated Meroterpenes

4.1.1.1.1 Farnesylpyrophosphate and 3,5-Dimethylorselinic Acid as Precursors in
the Fungal Meroterpenoid Biosynthetic Pathways

Natural products of mixed biosynthetic origins that are partially derived from terpenoids
are often called meroterpenes. They could represent alkaloids, phenylpropanoids, or
proteins containing terpenoid fragments. Simpson (1987), however, defined
meroterpenoids as a more limited group, i.e., compounds of mixed polyketide-terpenoid
origin. In this study, the isolated citreonigrins were identified as mixed polyketide-
terpenoid metabolites which are biosynthetically related to other known fungal
meroterpenoids, such as terretonin, paraherquonin , austin , dehydroaustin , andibenins,
andilesins, and anditomin (figure 4.1.1.1.1.1). They differ from the known congeners with

regard to the presence of a seven membered ring in a highly oxygenated compound.

As was already shown for other fungal meroterpenoids, the putative key step of the
citreonigrin biosynthetic pathway is the alkylation of a bis-C-methylated tetraketide-
derived phenolic precursor, i.e. 3,5-dimethylorsellinic acid, by farnesylpyrophosphate to
give an intermediate cycloheaxadienone (I). The epoxidation of intermediate I (in analogy
to the respective steps in the biosynthesis of triterpenoids or steroids, respectively)
followed by acid catalysed-epoxide ring opening initiates the cyclisation of intermediate II

to generate a tetracyclic intermediate (III) (figure 4.1.1.1.1.2) (Ahmed et al., 1989).
In the following discussion, rings A and B will be refered to as the “Southern” part, while

ring D and further rings formed in this region will be considered the “Norhern” part of the

structure. By convention, the numbering scheme of the farnesyl-derived parts followed by
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the “classical” scheme also used for steroids, while the highly oxygenated and rearranged
Norther part is numbered according to the respective atoms in the precursor 3,5-
dimethylorsellinic acid which are indicated by numbers followed by a single prime

symbol, i.e. C-1° to C-10’.

The oxidation of intermediate III results in the formation of a cyclo-hexanone intermediate
(IV). Further biological Baeyer-Villiger type oxidation of intermediate IV would give an -
lactone intermediate (V) which is then readily transformed into intermediate VI. Finally,
the oxidation of intermediate VI leads to the formation of intermediate VII with an epoxide
ring between C-4 and C-5 (Figure 4.1.1.1.1.3). This type of modification is also known in
the biosynthetic pathway of andibenin B (MclIntyre et al., 1984).
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Terretonin
(Source Aspergillus terreus)

(Source Penicillium paraherquei)
(Okuyama and Yamazaki, 1983)

Austin
(Source A. ustus)
(Simpson and Stenzel, 1983)

Paraherquonin

(Mclntyre and Simpson, 1981)

Andilesin A (R = OH)
Andilesin C (R = H)

[¢]

Andibenin A (R = OH)
Andibenin C (R = H)
(Source A. variecolor)
(Simpson, 1979 ; Dunn et al., 1979)

(o]
Andibenin B r
(Source A. variecolor) (Source A. variecolor)
(Bartlett et al., 1981) (Simpson, 1979 ; Dunn et al., 1979)

O
( Sour?:iﬂizfifco lor) Anditomin Dehydroaustin
(Sim sbn 1979) (Source : A. variecolor) (Source Penicillium sp.)
pson, (Simpson et al., 1981) (Santos and Rodrigues-Filho, 2003)
Figure 4.1.1.1.1.1 Some reported fungal meroterpenes

204



10'

Farnesylpyrophophate 3,5-dimethylorsellinic acid Intermediate cyclohexadienone (1)
T Keto-enol
tautomerization

Epoxidation

Epoxide ring opening
and cyclization

-

H+

14 H

Intermediate cyclohexadienone (lll) a

AN J

Figure. 4.1.1.1.1.2. Initial steps of the fungal meroterpenoid biosynthetic pathway (Ahmed et al., 1989)
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Tetracyclic Intermediate _OX9ation
() —_—

(V1)

Figure 4.1.1.1.1.3. The modification of the A ring system of meroterpenoid biosynthetic pathway (Mclntyre et al., 1984)
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Epoxide ring
opening
1,2-alkyl
shifts o)

Epoxide ring IX
opening

Figure 4.1.1.1.1.4. Proposed biosynthetic pathway of d-lactone (A ring system) and seven membered ring (B ring) system formation

in the Southern part of the citreonigrins
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: hydroxyxlation at C5' through molecular oxygen

: migration of C4' to C6'

: loss of C5'-C10" .

: formation of additional oxygen ring (O8' to CS:?_ .

: oxidative cleavage of G3'/C4' bond (Baeyer-Villiger like

: oxidative cleavage of C4'/C5' bond (Baeyer-Villiger like
addition of oggens onto exomethylene

: migration of C8' to C5' . L

: loss of C8' QOXIdat_Ive decarboxylation?), oxidation at C2'

; formation of additional oxygen ring (O6' to C7)

0 : oxidation

1 : Hydrolitic C-C cleavage

PC 3.3.6.6.3.B and PC 3.3.22.D

o

J0
OCH,

(@]
preaustinoid A-type
citreonigrin E and
PC 3.3.6.8.4.F

o)
OH
P
Ne)
OCH,
o

PC 3.3.6.8.4.A

OH

OCHs
o

austinoneol-type
citreonigrin C
citreonigrin D

citreonigrin F

| e

citreonigrin G and PC 3.3.6.6.3.A

paraherquonin-type
citreonigrin |

citreonigrin H

neoaustin-type
citreonigrin A
citreonigrin B

austin-type

Figure 4.1.1.1.1.5 The proposed bisynthetic pathway for the Northern part of the citreonigrins




Acid-catalysed epoxide ring opening of intermediate VII followed by carbon-carbon
cleavage would lead to the formation of the desired d-lactone and 7-membered ring system
of intermediate VIII. Further oxidation, acid catalysed epoxide ring opening and the
elimination of a hydroxyl group under acidic conditions would yield cycloheptadiene
intermediate XI which is ready to be converted to different type of meroterpenes including

the isolated citreonigrins (fig. 4.1.1.1.1.4).

Meanwhile, figure 4.1.1.1.1.5 briefly describes the proposed hypothetical pathways for the
formation of the various modifications in the Northern part of the citreonigrins. Similar to
the Southern part, oxidation and acid catalysed-rearrangements dominate the pathways.
Moreover, based on the chemical structural patterns in the Northern part, the isolated
citreonigrins obtained during this study were then classified and grouped according to their

known analogues.

The following sections describe the proposed hypothetical biosynthetic pathway of the
isolated citreonigrins based on the known (reported) reaction mechanisms that are

commonly involved and applied in the biosynthesis of terpenoid compounds.

4.1.1.1.2 Proposed Biosynthetic Pathways of New Preaustinoid A-Type
Meroterpenes (Citreonigrin E, PC 3.3.6.8.4.A and PC 3.3.6.8.4.F)

Citreonigrin E is the simplest meroterpenoid which was isolated in this study. The
Northern part of citreonigrin E is almost identical to that reported for preaustinoid A, Al
and A2 which were also isolated from Penicillium sp. (Santos and Rodrigues-Fo 2002 ;
Santos and Rodrigues-Fo, 2003a) (figure 4.1.1.1.2.1). The different patterns in the
Southern parts, however, indicate that preaustinoids would be putative precursors in the
biosynthetic pathway of citreonigrin E as well as other isolated meroterpenes (figure

4.1.1.1.1.3, structure IV).

Hydroxylation at C-5" in intermediate XI followed by the methylation of free carboxylic
acid at C-8 would convert intermediate XI into citreonigrin E (figure 4.1.1.1.2.2).
Subsequent oxidation steps followed by acid catalysed epoxide ring opening initiates the

formation of an oxygen bridge between C-7 and C-10 in the 7-membered ring system. In
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addition, intramolecular rearrangements of intermediate XVI would give rise to the
formation of an unsaturated d-lactone ring system in PC 3.3.6.8.4.F. The epoxidation of the

exo-methylene group in PC 3.3.6.8.4.F would cause the formation of the epoxide ring in

PC 3.3.3.6.8.4.A.

s 2

L Citreonigrin E ) L PC 3.3.6.8.4.A )

PC 3.3.6.8.4.F Preaustinoid A
(Source Penicillium sp.)
Santos and Rodrigues-Fo (2002)

2,
“,
%,
2

Preaustinoid A2
s Penicill (Source Penicillium sp.)
(Source Penicillium sp.) Santos and Rodrigues-Fo (2003a)
J

Preaustinoid A1

Santos and Rodrigues-Fo (2003a)

. J

Figure 4.1.1.1.2.1 Structures of citreonigrin E, PC 3.3.6.8.4. A, PC 3.3.6.8 4.F

and related known meroterpenes
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Xi
(Citreonigrin E)

Epoxidation

Epoxide ring
opening

10'
Epoxide ring
opening = OH
0]
-H,0
—_—

Epoxidation
-

XX XIX
(PC 3.3.6.8.4.A) (PC 3.3.6.8.4.F)

Figure 4.1.1.1.2.2. Proposed Biosynthetic Pathway of citreonigrin E, PC 3.3.6.8.4.F and PC 3.3.6.8.4.A
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4.1.1.1.3 Proposed Biosynthetic Pathways of New Neoaustin-Type Meroterpenes
(Citreonigrin A and B)

Structurally, the Northern part of citreonigrins A and B is almost identical to that of
neoaustin (Santos and Rodrigues-Filho, 2003), a meroterpenoid which was also isolated
from Penicillium sp. The spiro-lactone ring of neoaustin however, represents the main

difference of this compound to citreonigrins A and B (figure 4.1.1.1.3.1).

o”":

. . . . Neoaustin (Source Penicillium sp.)
Citreonigrin A Citreonigrin B (Santos and Rodrigues-Filho, 2003)

Figure 4.1.1.1.3.1. Structures of citreonigrin A, citreonigrin B and the related neouastin

Biogenetically, both citreonigrin A and B are supposed to be formally derived from
subsequent oxidation and rearrangement of PC 3.3.6.8.4.F. The acid-catalysed
modifications of the cyclo hexadione ring of PC 3.3.6.8.4.F results in a cyclo pentanone
intermediate (XXI). Reduction of keto C-5’ in intermediate XXI followed by hydrolysis
and lactonisation would give to the formation of intermediate XIII with a new ‘y-lactone
saytem, ring E. A similar reaction sequence has been proposed in the biosynthesis of
austin (Ahmed, et al., 1989). Further oxidation and acid catalysed- epoxide ring opening
would subsequently convert intermediate XIII into citreonigrin A and citreonigrin B
(figure 4.1.1.1.3.2). On the other hand, it also seems possible that the modifications in the
Northern part described above represent the initial steps of the biosynthesis, followed by
transformation in the Southern part which would be analogous to the respective events

outlined in the previous chapter for citreonigrin E, PC 3.3.6.8.4.A and PC 3.3.6.8.4.F.
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XIX
PC 3.3.6.8.4.F

Lactonisation
Hydrolysis
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Epoxidation m
0]

10'
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0 Epoxide ring
opening

— » O

14 XXV

(Citreonigrin B)

XXIV
(Citreonigrin A)

Figure 4.1.1.1.3.2. Proposed biosynthetic pathway of citreonigrin A and citreonigrin B
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4.1.1.1.4 Proposed Biosynthetic Pathways of New Austinoneol A Type Meroterpenes
(Citreonigrin C and D)

The Northern part of citreonigrins C and D is very closely related to that of austinoneol A
(figure 4.1.1.1.4.1), a known meroterpene which was also isolated from Penicillium sp
(Santos and Rodrigues-Filho, 2003). Biogenetically, both citreonigrin C and D are
supposed to be formally synthesized from PC 3.3.6.8.4.F. The first step of the conversion
of PC 3.3..6.8.4.F into citreonigrin C and D would be the oxidation of the double bond at
C-5 and its conversion onto an epoxide ring. Further Baeyer Villiger type oxidation results
in the formation of a 7-membered lactone D ring in intermediate XXVIa. Ring contraction
and intramolecular rearrangement followed by the reduction of C-6’ converts intermediate
XXVIa into citreonigrin C. Finally, acid catalysed-deacetylation of citreonigrin C and
isomerization by tautomerization would yield citreonigrin D. The details of the
hypothetical conversion of PC 3.3.6.8.4.F into citreonigrin C and D are described in figure
4.1.1.1.4.2. Again, the sequence of events concerning the Northern and Southern part may

be reversed.

0O OH

Citreonigrin C Citreonigrin D

o’

Austinoneol A (Source Penicillium spj.

) > Preaustinoid B (Source Penicillium sp.)
(Santos and Rodrigues-Filho, 2003) (Santos and Rodrigues-Filho, 2002)

Figure 4.1.1.1.4.1 Structures of citreonigrin C, citreonigrin D and austinoneol A,

a structurally related known meroterpenoid
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An alternative biosynthetic pathway of citreonigrin D is summarized in figure 4.1.1.1.4.3.
As compared to the previous pathway, the Baeyer-Villiger oxidation of PC 3.3.6.8.4.F in
this scheme would take place between C-4 and C-5 resulting in intermediate XX VI b. The
elimination of the hydroxyl group at C-6 followed by deacetylation produces citreonigrin
D. It is difficult to decide which of the two pathways is more likely, since with
citreonigrin C and preaustinoid B1 (Santos and Rodrigues, 2003) both possible keto and

acetyl ester cominations at C-4’/C-6" have been observed in nature.
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Figure 4.1.1.1.4.2. Proposed Biosynthetic Pathway of citreonigrin C and citreonigrin D
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Epoxidation
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(PC 3.3.6.8.4.F)

Reduction

XXX XXVilib
(Citreonigrin D)

Figure 4.1.1.1.4.3. Proposed alternative biosynthetic pathway of citreonigrin D
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4.1.1.1.5 Proposed Biosynthetic Pathways of Paraherquonin-Type Meroterpenes
(Citrinigrin F, G, H, I, and PC 3.3.6.6.3.A)

Citreonigrin F is presumably produced from citreonigrin E through a subsequent oxidation
and rearrangement process. Although the proposed pathway for the conversion of
citreonigrin E to citreonigrin F could not be as clearly defined in this study as in the
previous three chapters, since putative intermediates have neither been isolated nor been
described in the literature, it is assumed that two Baeyer-Villiger type oxidations between
C-4’ and C-5’ (as shown in the formation of intermediate XXVIb) and subsequently
between C-6’ and C-5’ could be involved in the pathway. In addition, a formal 1,3-acyl

shift would result in the formation of citreonigrin H (figure 4.1.1.1.5.1).

o Oxidation and
Rearrangement

14

COXm XXXI XXX
(Citreonigrin E) (Citreonigrin F) (Citreonigrin H)

Figure 4.1.1.1.5.1. Proposed biosynthetic pathway of citreonigrin F and H

On the other hand, modification of citreonigrin F, especially in the Southern part, could
lead to the formation of citreonigrin G. The epoxidation of one double bond at the
heptadiene ring in citreonigrin F molecule followed by intramolecular rearrangement
would result in the formation of a heptadienol intermediate XXXIV. Hydroxylation
followed by double bond rearrangements, further hydroxylation and hemiacetal formation

would result in the formation citreonigrin G (figure 4.1.1.1.5.2).

As described in figure 4.1.1.1.5.3, the formation of citreonigrin I is presumably derived
from citreonigrin G. Lost of water, ester hydrolysis and lost of carbondioxide would result
in decarboxylation of intermediate XXXVIII. Further C-2 oxidation would yield
citreonigrin I, a compound which is an isomer to the known paraherquonin, a compound
previously described from Penicillium paraherquei(Okuyama and Yamazaki, 1983) (figure.

4.1.1.1.1.1).

218



14

XXX1
(Citreonigrin F)

(@]
at
(@]

15 Q
14

XXXV
(Citreonigrin G)
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Figure 4.1.1.1.5.2. Proposed biosynthetic pathway of citreonigrin G
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XXXV \
(Citreonigrin G) XXXIX
XXXVl (Citreonigrin 1)

Figure 4.1.1.1.5.3 Proposed biosynthetic pathway of citreonigrin I

The structure similarity between PC 3.3.6.6.3.A and citreonigrin G indicated that PC
3.3.6.6.3.A could be derived from citreonigrin G. Figure 4.1.1.1.5.4 summarizes the
hypothetical proposed scheme of the conversion of citreonigrin G into PC 3.3.6.6.6.3.A.
Hydrolysis of the d-lactone ring in citreonigrin G results in a free carboxylic acid function
in intermediate XL. Further epoxidation followed by epoxide ring opening leads to the
formation of intermediate XLII. Oxidative cleavage and loss of a C3 unit at C-5 and

further double bond epoxidation in the seven-membereded ring B yield PC 3.3.6.6.3.A.

220



Y Ester
hydrolysis
—_—

o o

14 " \ 14 \

XXXVII XL
(Citreonigrin G)

10" Oxidative
cleavage

Loss of
Cs unit (o)

(PC 3.3.6.6.3.A)

Figure 4.1.1.1.5.4 Proposed biosynthetic pathway of PC 3.3.6.6.3.A
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4.1.1.1.6 Proposed Biosynthetic Pathways of PC 3.3.6.6.3.B and PC 3.3.22.D

Both PC 3.3.6.6.3.B and PC 3.3.22.D are supposed to be products of the intramolecular
modifications of intermediate XII. The epoxidation of the exomethylene function C-1’

would give the intermediate XLV which on a formal basis could easily be directly

converted into PC 3.3.22.D (figure 4.1.1.1.6.1).

Ring epoxide opening
H and rearrangement

¢}

XLVI
Xi XLV (PC 3.3.22.D)

Figure 4.1.1.1.6.2. Proposed biosynthetic pathway of PC 3.3.22.D

Meanwhile, a Baeyer-Villiger type oxidation at C-6" and C-7’ of intermediate XLV
followed by the epoxide ring opening would lead to the formation of XLVIII. Further
double bond rearrangmenet followed by keto-enol tautomerization results in intermediate
L. This intermediate is then converted to intermediate LI by the formation of hemiacetal
and acetal functions. Finally, the methylation of the free carboxylic acid would give PC

3.3.6.6.3.B (figure 4.1.1.1.6.2)

222



hemiacetal
formation

tautomerization

double bond 13
rearrangement
—~—

Epoxidation,
epoxide ring opening,
methylation

10
6o Epoxidation Baeyer Villiger
» oxidation
—_—

14

L
(PC 3.3.6.6.3.B)

Figure 4.1.1.1.6.2. Proposed biosynthetic pathway of PC 3.3.6.3.3.B
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4.1.1.1.7 Biological Activities of the Isolated Meroterpenes

Eventhough a series of meroterpenoids have already been reported, most of them lack a
significant biological activity. Neoaustin and 7-f-acetoxy-dehydroaustin, which were
isolated from Penicillium sp., are two of a few active fungal meroterpenoids. They were
reported to exhibit moderate bacteriostatic effects toward Eschericchia coli at dosages of

250 pg/ml (Santos and Rodrigues-Filho, 2003).

Interestingly, andrastin A (Shiomi et al., 1999), isolated from Penicillium sp., has been
reported not only to be active as protein farnesyltransferase inhibitor but also to enhance
the cytotoxicity of vincristine in vincristine-resistant cells. The latter activity indicates that
andrastin A might directly interact with P-glycoprotein and could inhibit the efflux of anti-

tumor agents in drug resistant cells.

In this study, the isolated meroterpenes were submitted to bioassays to evaluate their
pharmaceutical potential. Unfortunately, most of them did not show any activity when
tested for antimicrobial, antifungal properties. Meanwhile, only citreonigrin E showed a
weak activity (EDso 18.0 uM) in the assays using the L-5178Y cell lines,while the other

meroterpenoids did not show any cytotoxicity activity.

In protein kinase assays, however, only citreonigrin B exhibited inhibitory activities
toward selected protein kinases. As the largest enzyme family encoded by the human
genome, protein kinases have central roles in the regulation of most critical cellular
processes. The over-expression and deregulation of protein kinases could lead to the
aberration of cell proliferation, differentiation and activation that cause many diseases,
including cancer, inflammation and diabetes. These facts underline the general importance
of protein kinases as drug targets and the need for development of specific kinase
inhibitors for the treatment of cancer, chronic inflammation, metabolic disorders and

neurodegenerative diseases.

The assay using AKT1/PKB alpha gave an ICs value of only 4.1 mM for citreonigrin B.
Human protein kinase B alpha/AKT]1 is a protein serine/threonine kinase that regulates cell

survival. The activation of this enzyme inhibits apoptosis and stimulates cell cycle
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progression by phosphorylating numerous targets in various cell types, including cancer

cells (Sun et al., 2001).

ARKS is a serine/threonin kinase that plays a role in many cellular functions The
overexpression of this enzyme has been associated with tumor invasion and metastasis
(colorectal neoplasm) (Kusakai et al.,2004). The assay using ARKS gave only a very low
activity of citereonigrin B in the lower molar rage which was beyond the measured

concentration.

Meanwhile, citreonigrin B showed a moderate inhibitory activity in the hyper micromolar
range toward FAK. Focal-adhesion kinase (FAK) is a cytoplasmic protein tyrosine kinase
acts as an important mediator of growth-factor signalling, cell proliferation, cell survival
and cell migration. It has been reported that FAK is involved in tumour formation and
progression, and its expression is increased in human tumours (McLean et al., 2005).

These facts make FAK a potentially important new therapeutic target.

A moderate activity (ICso 0.94 mM) was also shown when citreonigrin B was tested
against IGF-1R. Insulin-like growth factor receptor (IGF-1R) is a receptor tyrosine kinase
that plays a critical role in the establishment of a malignant cell phenotype. Interestingly,
the targeting of IGF-1R can reverse the malignant phenotype in cancer cells and render
them sensitive to apoptosis, without seriously affecting the biology of normal cells. For
these reasons, IGF-1R seems to be a very promising target in cancer therapy, such as breast

cancer (Zhang and Yee, 2000).

A stronger inhibitory activity (ICso 68 uM) was observed when citreonigrin B was tested
against EPHB-4. EPHB-4 belongs to the EPH family of receptor tyrosine kinase which
promote tumor angiogenesis by signalling through its membrane-bound ligand on
endothelial cells and are thought to be involved in breast (Nooren et al., 2004), colon

(Stephenson et al., 2001) and prostate (Xia et al., 2005) cancers.
A similar level activity of citreonigrin B was measured in the assay using SRC. SRC is a

cytoplasmic tyrosine kinase which plays an impotant role in proliferation, adhesion and

motility at the cellular level. In addition, it has been also reported that SRC is involved in
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cell survival and intracellular trafficking in various specialized cell types. These facts
suggest that Src inhibitors might have therapeutic value in the suppression of tumor
growth, tumor angiogenesis and bone resorption (Susva, 2000), including tumor cells in

breast (Biscardi et al., 2002) and colon (Dehm et al., 2001) cancers.

Compared to the structures of other isolated meroterpenoids, especially citreonigrin A,
which were also submitted to the protein kinase assays but did not show any activity,
citreonigrin B is the only isolated meroterpene which contains a hydroxyl group at C-5.
Thus, the function arise whether the position of the hydroxyl group incorporated in a
lactone ring system might trigger the activity of citreonigrin B. Unfortunately, there is not
enough evidence to answer this question in this study although a similar phenomenon is

also observed in the case of the isolated sesquiterpene lactones (see section 4.1.1.2.2).

Citreonigrin A Citreonigrin B

Figure 4.1.1.1.7.1. Structures of citreonigrin A and B
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4.1.1.2 Sesquiterpene Lactones

4.1.1.2.1 Biogenesis of the Isolated Sesquiterpene Lactones

Structurally, the sesquiterpene lactones isolated in this study are related to the cinnamolide
class of drimane lactones. Pebrolides (McCorcindale et al., 1981) and 2o-
hydroxydrimeninol (Pulici et al., 1996) are two of some reported fungal metabolites which
belong to this class of compound (figure 4.1.1.2.1.1) isolated from P. brevicompactum and

Pestalotiopsis sp., respectively.

Ve N\
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O
O
e) H//// o
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OH 2
. OH
Deacetylpebrolide . .
\ J 2o-hydroxydrimeninol
.
\_ J

Figure 4.1.1.2.1.1. Two reported sesquiterpene lactones isolated from fungi

To date, there is no report which explains the biogenetic pathway of this class of
compounds, especially in fungi. Based on the backbone pattern, however, these
compounds seem to be biogenetically derived from farnesyl pyrophosphate a similar

manner as described above for the meroterpenoid biosynthesis (figure 4.1.1.2.1.2.).

Kubanek (Kubanek et al. 1997) investigated the biosynthetic pathway of terpenoids in
dorid nudribranch Cadlina luteomarginata. In their investigation, they found that albicanyl
acetate, a compound containing an exomethylene at C-8, would be directly derived from
acetate units through the likely intermediate farnesylpyrophosphate (figure 4.1.1.2.1.3).
Based on this report, a similar mechanism of cyclisation of farnesyl pyrophosphate and the
formation of the d-lactone ring system, following oxidation at C-12 to give citreodrimenes

A —F can easily be derived (figure 4.1.1.2.1.4).
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Figure 4.1.1.2.1.2. Putative biogenetic origin of the isolated sesquiterpene lactone backbones

from farnesylpyrophosphate

Acetyl-CoA —» OAc

Albicanyl acetate

Farnesylpyrophophate

Figure 4.1.1.2.1.3. The conversion of farnesylpyrophosphate to albicanyl acetate (Kubanek et al., 1997)

The formation of the sesquiterpenes is assumed to occur through a hypothetic intermediate
LV, upon which, the formation of the d-lactone ring would be initiated by the subsequent

oxidation at C-12 followed by esterification between C-12 and C-11. Further double bond

228



rearrangements and oxidative steps would give rise to citreodrimenes A — F as described in

figure 4.1.1.2.1.4.

8
15 Q 9 OR Oxidation
—_— —_—
Cyclization 11
14 13
1

Lv Lactonisation

Farnesylpyrophophate

Citreodrimene A ) )
Citreodrimene B Citreodrimene D
Citreodrimene C Citreodrimene F Citreodimene E

Figure 4.1.1.2.1.4. Proposed biogenetic pathway leading to the citreodrimene A —F.

4.1.1.2.2 Biological Activity and Structure Activity Relationships of the

Citreodimenes A - F

Sesquiterpene lactones are natural products occurring most widely in many plant families,
primarily the Compositae (Asteraceae), and are known for their various biological
activities, including cytotoxicity to tumor cells (Beekman et al., 1997). Over the past ten
years, some sesquiterpenes with the various biological activities have been reported from
fungal isolates, including marine fungi. Insulicolide A (Belofsky et al., 1998) is a marine
fungal sesquiterpene lactone reported to be responsible for the HCT-116 colon carcinoma
cell cytotoxicity in the crude extract of A. variecolor isolated from the surface of the

Carribean green alga Penicillus capitatus.
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In this study, the isolated sesquiterpene lactones did not show any activity in the antifungal
assays. Amongst the isolated sesquiterpene lactones, however, only citreodrimene A
showed a weak antimicrobial activity on B. subtilis (9 mm diameter of inhibition zone for
100 pg of sample). Compared to the structure of citreodrimene B which was also submitted
to the assays but did not show any antimicrobial activity, the activity of citreodrimene A is

supposed to be affected by the presence of an acetate unit as esters at C-14.

In the cytotoxicity assays, citreodrimene A showed an EDsy of 1.24 uM, against the L-
5178-Y (mouse T cell lymphoma) cell line. In addition, a reduction of cell growth by 64
% in PC 12 (a red adrenal pheochromocytoma) and 20 % in HeLa (human cervix
carcinoma) cell lines was caused by the substance at concentrations of 2.60 uM and 0.77

UM, respectively.

Citreodrimenes A and C showed EDsj of 2.50 uM and 3.73 uM against the L-5178-Y and
HeLa cell lines, respectively. In addition, the EDsy of 4.15 uM and 18.10 uM were
observed when citreonigrin A and C tested against HeLa cell line, respectively. On the
other hand, citreodrimenes D, E and F did not show any activity when tested at the same

concentration.
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Figure 4.1.1.2.2.1. The strucutures of the isolated sesquiterpene lactones

Considering the structural similaritise between citreodrimene A, B and C the differences to
citreodrimene D, E and F, the presence of a hydroxyl group at C-9 alone or together with
the o,B-unsaturated lactone functionality is assumed to be the trigger for the cytotoxicity of
the active compounds. This assumption is also supported by the activity of insulicolide A

(Belofsky et al., 1998) and pereniporin B (Kida et al., 1986) to colon carcinoma and

leukemia cells, respectively.
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Figure 4.1.1.2.2.2 .The strutures of insulicolide A and pereniporin B

It has been reported that the cytotoxicity of sesquiterpene lactones could be attributed by
the alkylation of biological nucleophiles by o,B-unsaturated carbonyl structures in a
Michael-type addition (Beekman et al., 1997). This alkylation, presumably involving
metabolically essential biomolecules, ultimately results in cell death (Belofsky et al.,
1998). Nevertheless, this assumption would not explain the fact that citreodrimene F, a
compound with a similar position of o,B-unsaturated carbonyl substructure like the active
compounds, did not show any cytotoxicity activity. Furthermore, citredrimenes D and E,
which also contain an o,-unsaturated carbonyl substructure at a different position, did not
show any cytotoxicity activity, but latter could be due to a steric hindrance of the assumed

Michael-type addition.

It has also been found that sesquiterpene lactones inhibit a large number of enzymes
involved in key biological processes, namely DNA and RNA synthesis, protein synthesis,
purine synthesis, glycolysis, citric acid cycle, and mitochondrial electron transport chain
(Beekman et al., 1997). For this reason, citreodrimenes A - F were subjected to protein-
kinase assays. Unfortunately, only citreodrimene D proved active. A relative high activity
of citreodrimen D was observed toward EPHB-4, while a lower activity was detected

toward FAK.
A moderate activity of citreodrimene D was found in the assay using ERBB2. ERBB2 is a

receptor tyrosine kinase which belongs to epidermal growth factor receptor (EGFR) family

that plays an important role in the metastatic process of some gastric carcinomas (Lee et

232



al., 2005). Furthermore, a recent study indicated that ERBB2 mutations alone or together
with K-RAS mutations may contribute to the development of some human cancers, such as

gastric, colorectal, and breast cancers (Lee et al., 2006).

A moderate level of activities of citredrimene D were observed toward EGFR and
VEGFR-3. The epidermal growth factor receptor (EGFR) is an important tyrosine kinase
that plays an important role in the regulation of cellular signalling. It is frequently mutated
in glioblastoma multiforme (GBM), one of the most aggressive types of brain cancer and
one of the most resistant to treatment (National Cancer Institute, 2005). It has been also
reported that EGF and VEGF families are overexpressed in human pancreatic cancers (Li
et al.,2003). Meanwhile, vascular endothelial growth factor receptor-3 (VEGFR-3) is a
protein tyrosine kinase that is overexpressed in human cancers and plays an important role
in survival signalling. It has also been reported that VEGFR-3, in the presence of focal
adhesion kinase (FAK), binds and suppresses apoptosis in breast cancer cells (Garces et

al., 2006).

On the other hand, a very moderate activity of PC 3.3.14.G was observed against MET and
SAK . MET is a receptor tyrosine kinase that has been shown to be overexpressed or
mutated in a variety of solid tumors (Sattler et al., 2003), while SAK is a protein-

serine/threonine kinase that is involved in cell proliferation (Fode et al., 1994).

4.1.1.3 14,15-Dihydroversmitatin and Vermistatin

14,15-Dihydrovermistatin is a new compound related to the known vermistatin which was
also isolated in this study. The comparison of 'H and ?C NMR data together with the
optical rotation value of the isolated 14,15-dihydrovermistatin and vermistatin indicated
that the stereochemistry at C-3 of both compounds is identical to that reported for

vermistatin in the original communication (Fuska et al., 1986).

It has been also reported that vermsitatin is a phytotoxin and a cytotoxic agent (Fuska et
al., 1986). Unfortunately, both 14,15-dihydrovermistatin and vermistatine isolated in this
study did not show any activity in antimicrobial and antifungal assays. However,

vermistatin showed a weak activity in the assay using L5178Y cell line. Preliminary assay
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indicated that vermistatin (10 pg/ml or 30 uM) suppressed the growth by 32.0 % cell
growth compared to the untreated controls, while 14,15-dihydrovermistatin was inactive

under the same conditios.

14,15-Dihydrovermsitatin Vermsitatin

. J

Figure 3.1.1.3.1 Structures of 14,15-dihydrovermistatin and vermistatin

A similar phenomenon was also observed in the protein kinase assays. The new
compound, 14,15-dihydrovermsitatin, did not show any activity, while vermistatin showed
weak inhibitory activities toward the kinases Aurora A, Aurora B, CDK4/cycD1, ERBB2,
IGFIR, BRAV-VE, VEGFR-2 and AKT]1.

A weak activity of vermistatin was detected against Aurora B. Aurora B is protein
serine/threonine kinase that is known as chromosomal passenger protein and is responsible
for the proper progression of mitosis and cytokinesis ; it is overexpressed throughout the

cell cycle in cancer cells (Abdullah et al., 2005).

A slightly higher activity of vermistatin was found against CDK4/CycD1. CDK4/CycDl1
is a serine/threonine kinase that has an important role in the regulation of the cell cycles.
Like other cyclin-dependent kinases (CDKs), it provides a means for the cells to move
from one phase of the cell cycle to the next. Its role is positively regulated by cyclins,
which are normally overexpressed in cancer cells, and negatively by CDK inhibitors,
which are normally not expressed in cancer cells (Schwartz and Shah, 2005). In addition,
a moderate activity of vermistatin was also observed in the assays using ERBB2 and

IGFIR.
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A similar activity of vermistatin, however, was observed when it was introduced to the
assay using BRAF-VE, VEGFR-2, Aurora A and AKTI kinases. BRAF is a
serine/threonine kinase that belongs to the RAS/RAF/MEK/ERK/MAPK pathway, which
is involved in the transduction of mitogenic signals from the cell membrane to the nucleus.
BRAF is commonly activated by somatic point mutations in human cancers, predominantly
in malignant melanoma (Davies et al., 2002) and papillary thyroid cancer (Ouyang et
al.,2006). Meanwhile, vascular endothelial growth factor receptor-2 (VEGFR2) is a
tyrosine kinase that has been reported to be implicated in the pathologic angiogenesis
associated with tumor growth (Amino et al., 2006), such as breast cancer (Ryden et al.,

2005).

The highest level of activity of vermistatin was observed in the assays using AKT-1 and
Aurora-A. Aurora-A (also called aurora-2) belongs to a small family of mitotic
serine/threonine kinases that regulates centrosome maturation, chromosome segregation,
and cytokinesis. It has been reported to contribute to oncogenic transformation and is
frequently overexpressed and amplified in many human tumor types (Warner et al., 2003),

such as human pancreatic cancers (Li et al., 2003a).

4.1.2 Secondary Metobolites from Aspergillus niger

4.1.2.1 New y-Pyrones (2-(hydroxy(phenyl)methyl)-4-pyrone and 6-benzyl-4-oxo-

4H-pyran-3-carboxamide)

Both 2-(hydroxy(phenyl)methyl)-4-pyrone and 6-benzyl-4-oxo-4H-pyran-3-carboxamide
were identified as a new y-pyrone containing metabolites. These compounds are related to
PAI 1/1 5, a new metabolite isolated from Penicillium citreonigrum (Brauers, 2003)
which has not yet been published. Furthermore, some known Aspergillus niger metabolites
which were also isolated in this study, such as pyranonigrins A and B (Hiort et al., 2004),
contain y-pyrone substructure. In the bioassays, however, these compounds did not show
any activity, neither antimicrobial, antifungal, cytotoxic or protein kinase inhibiting

activities.
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PAI1/1 5 (Brauers, 2003) 2-(hydroxy(phenyl)methyl)-4-pyrone 6-benzyl-4-oxo-4H-pyran-3-carboxamide

\

Figure 4.1.2.1.1 Structures of new y-pyrones : 2-(hydroxy(phenyl)methyl)-4-pyrone, 6-benzyl-4-oxo-4H-
pyran-3-carboxamide as well as PAI 1/5 (Brauers, 2003)

4.1.2.2 New Aflavinine Derivate

ANE 6.8.1.1 was the only indoloditerpene isolated in this study. Structurally, this
compound is related to aflavinine and 10,23-dihydro-24,25-dehydro-21-oxo-aflavinine ,
two metabolites which have been reported from Aspergillus tubingensis (TePaske and
Gloer, 1989). In comparison to the reported metabolites, the isolated ANE 6.8.1.1 differs

mainly in the presence of 21-OH and the orientation of 19-OH.

Aflavinine 10,23-Dihydro-24,25-dehydro-
(TePaske and Gloer, 1989) 21-oxo-aflavinine
\ J (TePaske and Gloer, 1989) q ANE 6.8.1.1 J
& J
L J

Figure 4.1.2.2.1 Strcutures of ANE 6.8.1.1, aflavinine and 10,23-dihydro-24,25-dehydro-21-oxo-aflavinine

The known aflavinine and its derivatives have been reported to exhibit anti-insecticidal
activity, especially the ones isolated from A. flavus (Gloer et al., 1988). Since ANE 6.8.1.1
was isolated only in a small amount, the anti-insecticidal assay could not be conducted

with this compound. However, the cytotoxicity assay using the L-5178Y cell line gave an
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EDs value of 2.5 ug/mL. Meanwhile, the assays using the Hela cell line indicated only a
low activity, i.e only 17 % growth inhibition at the concentration of 3 pg/ml, compared to

the untreated controls.

In antimicrobial assays, ANE 6.8.1.1 showed a weak inhibitory activity in the assays
toward B. subtilis (11 and 12 mm diameters for the inhibition zone upon loading amounts
of 100 and 200 pg, respectively). Meanwhile, an MIC value of 100 pg/ml was measured
for this compound in the assays using S. epidermis and S. aureus. Unfortunately, no

activity was observed against assays using Enterococcus sp., Pseudomonas sp. and E. coli.

4.1.2.3 New Asperazine Derivate

ANE 4.9.4.D was identified as a new metabolite belong to the diketopiperazine class of
compound. Besides ANE 4.9.4.D, some others diketopiperazines, such as asperazine and
cyclo(phenylalanyltryptophyl), were also isolated from the ethyl acetate extract of
Aspergillus niger. Compared to asperazine, the lower solubility of ANE 4.9.4.D in
methanol could be explained by the lower number of NH-groups which would decrease the

capability to form the hydrogen bonds with solvent.

ANE 4.9.4.D Asperazin

Figure 4.1.2.3.1 Structures of ANE 4.9.4.D and asperazine

In contrast to asperazine which has been reported to be active toward human leukemia

murine colon 38 and human colon H116 or CX1 cell lines (Varoglu et al., 1997), both
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ANE 4.9.4 D and the asperazine isolated in this study did not exhibit any cytotoxic activity
against the L-5178Y (mouse T-cell lymphoma) cell line. Moreover, these two compounds

also did not show any antibacterial, antifungal and protein kinase inhibitory activities.

4.2 Secondary Metabolites from Terrestrial Endophytic Fungi

4.2.1 Secondary Metabolites from P. longisetula

4.2.1.1 PL38.D

Structurally, PL 3.8.D is related to the known antifungal compound gamahorin (Koshino et
al., 1992), which was also isolated in this study. Unfortunately, both PL 3.8.D and the
isolated gamahorin could not be submitted to any bioassay, including antifungal assays,

because they were isolated only in small amounts.

Further small molecules which are related to PL 3.8.B were also isolated in this studys, i.e.
2-hydroxy-3-methylbenzoic acid and 4-(hydroxymethyl)benzoic acid. In the previous time
2-hydroxy-3-methylbenzoic acid was also known as an analgesic and antiseptic agents but
nowadays is no longer marketed due to toxic side effects (Dictionary Natural Produtcs,

2004).

OH
OH
HO. HO. HO.
0] o O
o 15“ o OH
OH T
5 @ OH
5 2-hydroxy-3-methylbenzoic
PL3.8.D Gamahorin acid 4- (hydroxymethyl)

(Koshino et al., 1992) benzoic acid

Figure 4.2.1.1.1 Structures of PL 3.8.D, gamahorin, 2-hydroxy-3-methylbenzoic acid
and 4-(hydroxymethyl)benzoic acid
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4.2.1.2 PLS.12A

Structurally, PL 5.12.A is closely related to the reported fungal metabolites
variecoxanthone B (Chexal et al., 1975) and isoemericellin (Bringmann et al., 2003). PL
5.12.A differs from these compounds only in the absence of the xanthone core and the O-
prenyl group. Instead, PL 5.12.A posseses a free carboxylic acid rather than the whole

xanthone ring, while the O-prenyl group is replaced by an additional proton.

Since it was till recquired for further structural studies, PL 5.12.A has not yet been
submitted to any bioassays. Nevertheless, the known isoemericellin was reported not to be

active in cytotoxicity assays involved selected tumor cell lines (Bringmann et al., 2003).

Isoemericellin
(Source Emericella variecolor)
(Bringmann et al., 2003)

OH

Variecoxanthone B (Emericellin)
(Source Aspergillus variecolor)
(Chexal et al., 1975)

Hd COOH

PL5.12.A

Figure 4.2.1.2.1 Structures of isoemericellin, emericellin and PL 5.12.A

4.2.1.3 PL4.2.75

PL 4.2.7.5 is an isomer of herbarin B, a known metabolite isolated from Cladoporium

herbarum which was associated with the sponge Aplysina aerophoba. Since the compound
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was isolated only at low purity, it was not submitted to any bioassay. Furthermore, there is
no report of any biological activity of its corresponding compound, herbarin B (Jadulco et

al., 2002).

/ OH

O

PL4.2.7.5 Herbarin ( Jadulco, et.al., 2002)
_ J y,

Figure 4.2.1.3.1 Structures of PL 4.2.7.5 and herbarin B

A remaining problem was the configuration of the olefinic group, viz the question whether
the methyl group was on the same side of the double bond as the carboxylic group (cis-
position) or not (trans-position). Some more NMR experiments are still needed in order to

solve this problem.
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4 CONCLUSION

Sponge-associated and plant endophytic fungi produce natural products with a large
diversity of chemical structures which could not be synthesized for commercial purposes.
In addition, most of them showed the biological activities in some pharmacological
bioassay systems, thus they could be potential as lead structures for development new

drugs.

The aim of this work was the isolation of secondary metabolites from sponge-associated
and plat endophytic fungia followed by the structure elucidation and the examination of
their pharmocological potential. Three sponge-associated fungi (Aspergillus niger,
Penicillium citreonigrum and one unidentified fungi) as well as two plant endophyitic
fungi (Pestalotiopsis longisetula and Chaetomium globosum) were selected as the natural
product sources and grown in a 300 mL liquid medium for three to four weeks. The ethyl
acetate fractions were then subjected to some separation methodes in order to isolate their

secondary metabolite contents.

The isolation was performed using some different chromatography techniques and
proceeded by the mass spectrometry (MS) and nuclear magnetic resonance (NMR)
experiments to determine the molecular weight and structure elucidation of the isolated
compounds, respectively. In addition, the X-ray crystallography was applied to some
selected compounds in determining the absolute or relative configuration of the
stereocenters in the molecule. Finally, some different bioassay techniques were performed
to examine their anti-microbial, antifungal and cytotoxicity activities as well as inhibitory

activities on some protein kinases.

Citreonigrin A — I, provided an extraordinary complex of meroterpene structure in which
showed the new carbon skeleton in the natural products, were isolated from P.
citreonigrum which was isolated in a sponge Pseudoceratina purpurea and collected in Bali
Barat National Park, Indonesia (1996). Moreover, six new sesquiterpene lactones
(citreodrimene A — F) and one new vermistatine derivate were also isolated from this
fungus. On the bioassays, citreonigrin B and citreodrimene D showed the inhibitory

activities on some protein kinases, while citreodrimene A, B and C showed the cytotoxicity
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activies in the assay using L-5178Y (murine T-cell lymphoma) and HelLa (human cervix

carcinoma) cell lines.

4.2.1.4 Aspergillus niger was an isolate from Axinella damicornis and collected in Elba
at 1999. One new asperazine derivate, one new aflavinine derivate and two new y-pyrone
((2-(hydroxy(phenyl)methyl)-4-pyrone and 6-benzyl-4-oxo- 4H-pyran-3-carboxamide)
were succesfully isolated from this fungus. In the bioassays, the new aflavinine derivate
showed not only the antimicrobial activities against Bacillus subtilis, Staphylococcus
epidermis and S. aureus, but also the cytotoxic activities on the assays using L-5178Y,

HeLa and PC-12 (rat adrenal pheochromocytoma) cell lines.

One plant endophytic fungus, P. longisteula, was isolated from Aglaia odorata grown in
the green house of the Heinrich-Heine-Universitdt-Diisseldorf. One new gamahorin
derivate, one new variecoxanthone derivate and one new herbarin derivate were
successfully isolated from this fungus. Since they were isolated only in a small amount,

these compounds were not submitted to the bioassays.

In general, more than fifty compounds have been successfully isolated from this study and
at least thity of them, best of our knowledge, were new compounds. In this report, the
discussion focuses only the new compounds. In addition to, the new activities of some
known compounds, such as chaetomin (from C. globosum), meleagrin (from an
unidentified fungus) and antibiotic RF-3192 C ( from A. niger) are also briefly discussed in

this report.
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6 ATTACHMENTS

Attachment 1. The "H NMR spectrum of citreonigrin A
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Attachment 2. The 'H NMR spectrum of citreonigrin B
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Attachment 3. The "H NMR spectrum of citreonigrin C.
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Attachment 4. The "H NMR spectrum of citreonigrin D
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Attachment 5. The 'H NMR spectrum of citreonigrin E
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Attachment 6. The '"H NMR spectrum of PC 3.3.6.8.4.F
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Attachment 7. The '"H NMR spectrum of PC 3.3.6.8.4.A
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Attachment 8. The 'H NMR spectrum of citreonigrin F
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Attachment 9. The "H NMR spectrum of citreonigrin G
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Attachment 10. The 'H NMR spectrum of citreonigrin H
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Attachment 11. "H NMR spectrum of citreonigrin I
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Attachment 12. The "H NMR spectrum of PC 3.3.6.6..3.A
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Attachment 13. The 'H NMR spectrum of PC 3.3.6.6.3.B
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Attachment 14. The "H NMR spectrum of PC 3.3.22.D
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Attachment 15. The "H NMR spectrum of citreodrimene A
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Attachment 16. The "H NMR spectrum of citredrimene B
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Attachment 17. The 'H NMR spectrum of citreodrimene C
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Attachment 18. The "H NMR spectrum of citreodrimene D
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Attachment 19. The 'H NMR spectrum of citreodrimene E
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Attachment 20. The "H NMR spectrum of citreodrimene F in DMSO-dg
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Attachment 21. The "H NMR spectrum of 14,15-dihydrovermistatin
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Attachment 22. The 'H NMR spectrum of 2-(hydroxy(phenyl)methyl)-4-pyrone
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Attachment 23. The 'H NMR spectrum of 6-benzyl-4-oxo-4H-pyran-3-carboxamide
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Attachment 24. The 'H NMR spectrum of new aflavinin derivate (ANE 6.8.1.1)
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Attachment 25. The "H NMR spectrum of new asperazine
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Attachment 26. The "H NMR spectrum of new gamahorin
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Attachment 27. The "H NMR spectrum of PL 5.12.A
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Attachment 28. The 'H NMR spectrum of PL. 4.2.7.5
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BuOH
COSY
CDCls
CHCI;

CDK-2
CK-2

DEPT
DMSO
DMSO-ds
ED
EGF
EI

Eph
ESI

et al.
EtOAc
eV
FAK
Fig
FLT-3

HMBC
HMQC
HPLC

IC
IGFR
INS-R

LIST OF ABBREVIATIONS

: broad

: butanol

: correlation spectroscopy

: deuterated chloroform

: chloroform

: cyclin

: cyclin-dependant kinase-2
: casein kinase-2

: doublet

: distortionless enhancement by polarozation transfer
: dimethylsulfoxide

: deuterated dimethylsulfoxide

: effecive dose

: epidermal growth factor

: electron impact ionisation

: ephrin

: electron spray ionisation

: et altera

: ethyl acetate

: electron volt

: focal adhesion kinase

: figure

: Fms-like tyrosine kinase 3

: gram

: heteronuclear multiple bond connectivity

: heteronuclear multiple quantum connecticity
: high pressure liquid chromatography

: hertz

: inhibition concentration

: insulin-like growth factor receptor

: insulin receptor
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LC
LC-MS

MeOD
MeOH
Min
MS
m/z
n.a

n.d

n.t

nm
NMR
n.t
NOE
PDGFR
ppm
PKC
PLK
PTK

ROESY
RP
RTK

TLC

Uv
VEGFR-3
VLC

: liter

: lethal concentration

: liquid chromatography - mass spectrometry
: multiplet

: molar

: deuterated methanol

: methanol

. minute

: mass spectrometry

: mass per charge

: not active

: not detected

: not tested

: nanometer

: nuclear magnetic resonance

: not tested

: nuclear overhauser effect

: platelet-derived growth factor receptor
: parts per million

: protein kinase C

: polo-like kinase

: protein tyrosine kinase

: quartet

: rotating frame overhauser effect spectroscopy
: reverse phase

: receptor tyrosine kinase

: singlet

: triplet

: thin layer chromatography

: ultraviolet

: vascular endothelial growth factor receptor-3

: vacuum liquid chromatography
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