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In the present study, fe 0ph&tr&ins, Aspergillus terreus (MS1),

Colletotrichum gloeosporioides (CI3), Phomaficrbarum (Cl4) and Ascomycete sp. (CI5)

)

C. inoplyllum, were selected for bioactive

lituents of each fungus cultured on

suitable medium led to the 48 of twd o vel butyralactone derivatives, aspernolide D

(4) and asperterone (5pfrog \c EXIract of jUpgus A. rerreus, together with five
known derivatives, buty _ , dspe \ de B (3), butyrolactones Il (6)
and 1V (7). Furthermore, (éfrein (8) Was (und \ ajor metabolite (relatively high

yield) when cultured in malt gxtragt Srothi. THis.indicated that cultured medium has much
effect on chemical structure of'm it sdduced. In the case of fungal strains CI3,
Cl4 and CI5, after fegment.on Solid Tice mediun, purification of their EtOAc extracts by
chrematographic a-v"_;-:'; ed-t _, e isolatio cer known compounds (9-23).
The structures of all 1ﬁa shed on the basis of spectroscopic

data.

Further ﬁﬂﬁbﬂﬂw ﬁnmjj-r were evaluated for their
cytotoxicity a%s ercell ! lines an ial an TﬁIt'ﬁm:tcrial activities. Only
compounds 5 and 8 exhibited cytotoficity on cancencell lines teste@Avith ICsy ranging of

270564 40 Vigkad Bl 4138 s Ubitdyed Bhatd 1o moderer

mtibactcna] activity. In addition, it was found that compound 8 could inhibit potent

antimalarial activity with 1Csp value of 3.17 uM.
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CHAPTER |

INTRODUCTION

1.1 Needs for new drug discovery

During the past two decades the emergence and spread of antibiotic resistance,
the accumulation of new pathogens such.as<avian influenza (bird flu), AIDs and
severe acute respiratory-syndrome (SARs), -and-the resurgence of the old diseases
thought to have been controlied-such as tuberculosis pose important public health
problems for both the developed and developing nations. This emergence is the result
of the changes in society, technology, the environment, and the microbes themselves.
Important factors influencing emergence §nclude changes in human behavior, change
in technology and industry, €hanges Ih Neconomic development and land use,
increasing and rapid interpational travel and commerce, microbial adaptation and the
breakdown of public health measures. .":.!'f’ n

Malaria, the terrible heaith proble%n"ji'h third-world and some developing
countries, is an instance for the spread ‘of the disease caused by the parasite
adaptation. One of ithe-major-obstacies-in-the fight against malaria is Plasmodium
resistance to antimafarial drugs quickly. Resistance to Artemisinin, the best
antimalarial drug, has recently been observed in clinical trials at the Cambodia-
Thailand border. (WHO; Global ReportsconcAntimalarial, Brug Efficacy and Drug
Resistance: 2000-2010)

Not only. do.the.infectious.diseases.continue'to cause a.large number of deaths,
but cancer, a class'of diseases whichta group oftcells displays-uncoentrolled growth
through division, invasion and metastasis, have also threaten to increase in the near
future relative to populations affected. The cancer can affect just about every organ in
human body, more than 100 different types have thus been found. Additionally, it can
affect people at all ages with the risk for most type increasing with age. As of 2007, it
caused about 13% of all human deaths (7.6 million). Cancers are primarily an
environmental disease with 90-95% of cases due to lifestyle and environmental

factors and 5-10% due to genetics. Common environmental factors leading to cancer


http://en.wikipedia.org/wiki/Causes_of_death

death include tobacco (25-30%), diet and obesity (30-35%), infections (15-20%),
radiation, stress, lack of physical activity, and environmental pollutants. These
environmental factors cause abnormalities in the genetic material of cells. The cancer

occurrence in both male and female are shown in Figure 1.1. (http://en.wikipedia.org/

wiki/cancer)

Cancer occurence colorectal cancer

Cancer occurence
colorectal cancer, padder cancer, 7% non-Hodgkin 10%
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@ ) (b)

4 -

Figure 1.1 (a) cancer oceurrence in?male. (b) cancer occurrence in female.
e
As mentioned above, emergent andmresurgent diseases in the changing world
require the discovery and development of newrdrugs to combat them including new
therapies needed for treatmg ancmary meCtions which are a consequence of a

weakened immune syatem such as AIDS.

1.2 Role of natural p@ducts on drug discovery !

Natural productsgare chemical compounds or substances produced by living
organisms suchas microorganisms; plants and animals. These products usually have
some form of pharmacological or biological activity, and have been exploited for the
treatment ©f human , diseases for | thousands’ of yearsy Additionally, these small
molecules from nature still play a major role in drug treatment and drug discovery
either as the drug or as a “precursor” in the synthesis or design of the agents, which
have had an immense impact on modern medicines. Inspection of Figure 1.2 reveals
that, overall, of the 1184 new chemical entities covering all diseases/countries/sources
in the time-frame of 1981-2006, only 30% were synthetic in origin, while over 60%
were naturally-derived (B, N and ND) or were modeled on a natural product parent

(S* and NM), thus demonstrating the influence of natural product-derived compounds
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on drug discovery and approval [1]. It should be noted, however, the numbers of
approved drugs do not correlate with the “value” as measured by sales, since the best
selling drug of all is atorvastatin, a hypocholesterolemic descended directly from a
natural product, which sold over $11 billion in 2004 and is at or above this level even

today.
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screening, genetic engineering, combinatorial chemistry and biology, and computer-

—
re isf‘Lrj)m a natural product

assisted de novo drug design continue to play an important role in the drug
development process, a renewed interest in obtaining biologically active principles
from natural sources has been observed. This might be because formulations based on
natural products are their low or absent toxicity, their complete biodegradability, their
availability from renewable sources, and, in most cases, their low cost when

compared with those compounds obtained by total chemical synthesis. More



importantly, most biologically active natural product compounds are secondary
metabolites with very complex structures. This has an advantage in that they are
extremely novel compounds but this complexity also make the synthesis of lead
compounds quite difficult, and many of today’s medicines are obtained directly from
a natural source. Therefore, the continuing and overwhelming contribution of natural
products to the expansion of the chemotherapeutic armamentarium is clearly evident,
and we can state that much of Nature’s “treasure trove of small molecules’ remained

to be explored, particularly from the marine.and mierobial world.

1.3 Endophytic fungi, a souree of biologically active secondary metabolites
Among all known gprodueers of natural product molecules, microorganisms
represent a rich source ot hiclogically active metabolites that find a broad spectrum of
utility in medicine (e.g: anticancer, antipérasitic and immunosuppressant functions),
agriculture and industry.It has been estimaféd that less than 1% of bacterial species
and less than 5% of fungal species are cu'rre'ntly known, indicating that millions of
microbial species remain to be discovered [2}: Another significant development in the
field of microbe-derived natural preducts is the ﬂ‘demonstration of the potential to bring
up a variety of new metabolites from a single strain of a microorganism by systematic
alteration f its cultivation—parameters—known as OSMAC (one strain many
compounds) approach{3-5]. Of all microorganisms studied, Actinomycetes and
fungi have been found to be the most prolific producers and continue to serve as
excellent sources of secandary: metabalites::Additionally,sonezkind of fungal species,
known as “endephytic fungi”, has received much attention over the last ten years as
outstanding sources.of metabolites with diverse structures.and.biological functions.
The term endophytic fungus refers to a fungal' microorganism that spends a
part or all of its whole life cycle inside living tissues of a host plant and establishes a
relationship with its host that may range from symbiotic to slightly pathogenic (Figure
1.3) Moreover, it is thought to interact mutualistically with its host plant, so that the
host plant provides nutrients to the endophyte, which in turn produces bioactive
substances to enhance growth and competitiveness of the host in nature [6-7].
Consequently, endophytes are currently viewed as a wellspring of a wide array of new
pharmacologically active metabolites that might prove suitable for specific medicinal



or agrochemical applications [8]. Current interest in natural products from endophytic
fungi is also evident from the number of review articles that have appeared in the

recent literature such as by Tan and Zou [6-7 and 9].

Isolated endephyi€ Ayphae 1 Endophyte hyphae in leaf

in i /1! tdrg s blade cells

F

/Agure 1. 3 Enhdoy hyte hyphae in plant cells
f#r P (1 4

Interestingly, very often such fungt ff’cay either mimic or produce some of the
same compounds as the host p1athat suggeﬂs them. It has been believed that the
reason might be related toa genetlc recomenatron of such microbes with the host that
occurred in evolutlonary&me{ﬂ—eﬁeﬂﬂh&moe%mﬂrporfant discoveries is that of the
taxol-producing fung| f17-21]. Paclitaxel (1, commercial name Taxol, Figure 1.4) is
the effective compound using in chemo-theraputic treatment which was first extracted
in a very low.yield from~the /Pagific Yew drees: (Taxusybrevifolia) [12]. It is an
important natural product that has made an enormous impact on medicine. It interacts
with tubulin. during the mitotic. phase .of the“cell .cycle,.and “thus prevents the
disassembly "of the"microtubules -adtthereby interrupts.the ‘cell division [10]. Its
original target diseases were ovarian and breast cancers, but now it is utilized to treat
a number of human tissue-proliferating diseases as well [11].

Plant cell culture, total synthesis and semi-synthesis could provide alternative
sources of taxol, but practical and economical way to make in the large-scale
production could not be accomplished [13-16]. Thus, if endophytes can produce the
same rare and important bioactive compounds as their host plants, this would not only

reduce the need to harvest slow-growing and possibly rare plants but also help to



preserve the world’s diminishing biodiversity. Other advantages of using endophytic
fungi as the chemical sources are not only reduce the burden on the environment as
fungi can grow and cultivate in laboratories, but also decrease the chemical
consumption and the cost of production, thereby reducing its market price.

Figare 1.4 Péclitaxel (1, Taxol)

Furthermore,. very recently a repo'r"'t"'ahp'eared that another cytotoxic plant
quinoline alkaloid, camptothecin(2,-CP¥); which is-eommercially exploited as an
antineoplastic agent, was also produced by an edophytic fungus Fusarium solani
INFU/Ca/KF/3, isolated from Camptotheca acuminata, a plant native to mainland
China (Figure/2.5) [22]: Thisacompoundwas first isolated oy Wall et al. from the
wood of C. acuminate [23]. Its potency as an antittmor agent is by virtue of a unique
mechanism .of _action _involving. interferace .with' eukaryotic DNA [24-27]. CPT
primarily targets'the‘intranucléar-enzyme DNA topoisomerase I, ' which is required for
the swivelling and relaxation of DNA during molecular events, namely DNA
replication and transcription [28].

More importantly, F. solani can actually be obtained from various sources but
they do not produce CPT, it can be presumed that the inclusion of gene(s) responsible
for the production of this metabolite into the fungal genome has been obtained from
the plant host by means of horizontal gene transfer. It must thus be the difference in
the genetic makeup of this INFU/Ca/KF/3 edophytic fungal strains and F. solani



isolated from other sources. Therefore the potential of using endophytes as effective

alternative or novel source for therapeutic compounds has been recognized.

During the la ) ""v “have also reported a large
number of structurally novel ecaﬂz_ﬁy‘ I th biological activity produced
by endophytic fungi isolate 'T \ero '-;’; s of terrestrial plants around the
world. Presented in Table 1. ],,,ar.etgndc)p i ungal strains, host plants from which
these microbes ha 31 een isolated ther with their reported
biological activities. 1 VIture conditions table, as it is known that
the nature and yield of’ microbial metabolites are stror!ﬂly influenced by cultivation
parameters [B@t The struetures of isolatéd metabolites are shown in Figure 1.6.

el ottt of hgrertdohys| b btective aerative o

novel source floerapeutlc compouds has been rgognlzed
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Table 1.1 Natural products from endophytic fungal strains

fungal plant culture _ biological
] . secondary metabolite(s) o ref
strain host conditions activity
Aspergillus  Cynodon PDB; 9-deacetoxy- cytotoxic [29]
fumigatus  dactylon 25 °C; fumigaclavine (3)
CY018 5 days
Aspergillus  Sequoia DIFCO sequoiatone C (4) toxic to [30]
parasiticus sempervirens mycolagic —sequoiatone D (5) brine shrimp
RDWD1-2 al broth; sequoiatone E (6)
19 days)
Chaetomiu- Ephedra PDB; ¢ 4 radicicol (7) cytotoxic; [31]
m chiversii fasciculata 7 ‘e=¥ Hsp90
CS-36-62 14 days inhibitor
Edeniasp. Petrea volubilis® ‘MEB; preussomerin EG1 (8) antileish- [32]
15days ‘palmarumycin CPy7 (9)  manial
":fpéilmarumycin CP45 (10)
Microspha- Pigerodendron  rice s "'g“FiaphisIacone A (11) AchE [33]
eropsis uviferum medium;  Dbotrallin (12) inhibitor
olivacea 2506
30 days
Microspha- Buxus SL factone S 39163/F-1 (13)  antiviral; [34]
eropsis sp.  sempervirens medium; antibiotic
NRRL 24 °G;
15684 13'days
Nodulispor  Bontia nutrient nodulisporic acid A; (14) insecticidal  [35]
-ium sp. daphnoides medium;  nodulisporic acid A, (15)
MF5954 25 °C;

28 days




Table 1.1 Natural Products from Endophytic Fungal Strains (continue)

fungal plant culture ) biological
] . secondary metabolite(s) o ref
strain host conditions activity
Paecilomyc Taxus mairei  PDA; brefeldin A (16) antifungal;  [36]
es sp. 25 °C; antiviral;
H-036 and 7 days anticancer
W-001
Penicillium  Prumnopity PDB,; peniprequinolone (17) nematicidal  [37]
janczewskii andina 25-C; ghiovietin (18)
237days
Penicillium  Limonium rice 11a-methoxycurvularin -~ antitrypano-  [38]
sp. tubiflortm medium; Ar; © (19) somal
S0days " _ 11B-methoxycurvularin
4 (20)
Periconia  Taxus S=7 liguid - périconicin A (21) antimycotic  [39]
sp. cuspidata medium; ‘periconicin B (22)
OBW-15 25°C; "
2 days J
Phomopsis  Azadirdehta PDB,; lactone (23) antifungal [40]
sp. indica 2856
6 days
Preussia Angelica wheat bran’ spiropreussione A (24) cytotoxic [41]
sp. sinensis liquid
medium; | 24
°C; 8 days
Xylariasp.  Piper PDA, 9,15-dihydroxy antifungal, [42]
aduncun 25 °C; presilphiperfolan-4-oic cytotoxic
10 days acid (25)
Xylaria sp.  unidentified PDB; xylopimarane (26) cytotoxic [43]
plant 28 °C;

8 days
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Figure 1.6 Structures of isoated metabolites from endophytic fungi
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Figure 1.6 Struét_dres of isolated metabolites from en,("ip-phytm fungi (continue)

1.4 Thai medicinal plants, a potential source of bioactive compound-producing
endophytes

As reviewed by Strobel et al., it is important to understand the methods and
rationale, uséd 10 provide the=best; apporturities 10 obtain an endophytic fungus that
can produce the interesting compounds. One of the most important things is how to
select the plant for endophyte isolation and natural product discovery, since the
number of plant species in the world is so great. A specific rationale for the collection
of each plant needs to be used, and one of them is plants growing in areas of great
biodiversity, it follows, also have the prospect of housing endophytes with great
biodiversity [11]. Thailand is also located in a tropical area, furnishing great

biodiversity ranging from higher organisms (plants and animals) to microorganisms
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incluing fungi. Thai medicinal plants must be a potential source of fungal endophyte.
This can be evident from the number of published articles during the last five years.
Examples of Thai medicinal plant-derived fungi leading the compounds with
bioactivity are as follows.

Phomopsis sp. BCC. 9789 is an endophytic fungal species from a wild banana
(Musa acuminata) leaf collected at Doi Suthep Pui, Chiang Mai Province. It produces

various oblongolides (27-29) having anti-HSV and cytotoxic activity (Figure 1.7)[44].

Figure 1.70Oblongolides from Phomopsis sp. BCC. 9789

& §d

Dothideopyrone derivatives (30—31-)4".~_h‘a;ve been isolated from the extract of
Dothideomycete sp..ILRUB20, an endophytic fungus isolated from Leea rubra, a Thai
medicinal plant collected from Pitsanulok province (Figure 1.8). They displayed
moderate cytotoxicty en human cancer cell lines. Interestingly, the LRUB20 fungus
also produced _muconic; acid _(32), a biomarker _in environments after expose to
benzene and phenol«(of_derivatives),.inrelatively high yield (47.8 mg/L) [45].
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Figure 1.9 Corynesidones A (33) and B (34), and corynether (35)

Filamentous fungus Diaporthe sp., an endophytic fungus isolated from Croton
sublyratus leaf (collected from Bangkok), was found to produce a highly
functionalized compound, diaporthichalasin (36), and pycnidione (37) (Figure 1.10).
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Diaporthichalasin exhibited significantly potent inhibition of CYP3A4, the most
abundant enzyme in human liver microsome, metabolizing over 50% of drug

biotransformed by this enzyme [47].

Figure 1.10 Diap-ort}t:ichalafsib J(;36) and pycnidione (37)
ald -‘J.';

aray Jrg

,-.--..

Monocerin (38) was obtarned as a ET'[&]OI‘ product in relatively high yield (225

mg/L) from the broth extract of Exerohllum rostratum al fungal species from root of

Stemona sp. collected from Ayuttaya province, anng with its derivative 11-
hydroxymonocerin (39) (Figure*1:17).""Both cor_rjpounds displayed potent
antiplasmodial activity against Plasmodium ,falciparum, while no cytotoxicity was
observed [48].

QN ¢ 0
MeO MeO

MeO MeO

38
Figure 1.11 Monocerin (38) and 11-hydroxymonocerin (39)
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1.5 Present Study: Aim and Scope

As mentioned in Section 1.4, Thai medicinal plants should be a potential
source of endophytic fungi which could produce bioactive and chemically novel
compounds due to its location and biodiversity, and more importantly, Thai medical
plant-derived fungal species are still poorly investigated. Consequently, this
motivated us to isolate and characterize the secondary metabolites of those fungi with
the aim to find the fungal strains g e'ch structurally novel and biologically
active small molecules. i ~*the €es
GUTTIFERAE, Mammea-ﬁ%}‘h‘;s -Wles and Calophyllum inophyllum,

were selected to be t-.fu al _eholatlon since they have been
utilized in the formulations.c * T@I\tlme
3

three plants from the family

Division: Magnollophyta

ﬂummwmmm
qRIaen P 12

Species: Mammea siamensis

Figure 1.12 Mammea siamensis

The tree Mammea siamensis Kosterm is known in Thai as "Sarapee”, a small,
evergreen which grows up to 15 m tall and 10-30 cm in diameter; it is native to

Myanmar, Thailand, Laos, Cambodia and Vietnam [49]. The flowers of this plant are
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used for a heart tonic, reducing of fever and enhancement of appetite in Thai
traditional medicine [50]. It is interesting to note that several phenylcoumarins have

been isolated from the flowers of this plant [51].

om: 2 4 Plantae
ivision: " Magnoliophyta
e

i) ‘Magnoliopsida
: ;; Malpighales

o 4 - .:' , 4 -::f s "-‘_'J ~

\ Species: Measua ferrga
h a
& , £)
i Y]

1] Figure 1.13 Measua ferreé

Measua ferrea, called in Thai as *‘Bun-Nak”, iS a medium-sized or fairly large
evergreen tree up to 36 m tall, indigenous to tropical Asia including Thailand. It has
simple,-narrew,-ohlangy, dark green leaves:7-15.cim.long, with-a whitish underside; the
emergihg yoUng leavesare red to'yellowish pink and"droeping. Theflowers are 4-7.5
cm diameter, with four white petals and a center of numerous yellow stamens. The
mixture of pounded kernels and seed oil of this plant is used for poulticing wounds.
The seed oil is also used for treating itch and other skin eruptions, dandruff and
against rheumatism. The stamens have been used as an active gradient in traditional
medicine as a haemostatic, antidysenteric and antidiarrhoetic. Phytochemical
investigation of different parts of the plant showed the occurrence of xanthones,
coumarins, biflavones, cyclohexadione derivatives and essential oil [52].
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Kingdom: :
~=Division:¥ Magnoliophyta

Magnoliopsida
Malpighales

_ ::_a;' Clusiaceae (Guttiferae)
us:; I Calophyllum
S eéie;j . Calophyllum inophyllum

S F R .-‘."-}* J

Flgﬂre 2 14Jélgﬂ})hyllum inophyllum

e

57 e

Calophyllum_ fnonhvllum Lmn is an everg@enﬁ}rub widely distributed in

tropical areas, and caffcd in Thai as “Krating” or “Sarapee-Talay”. It usually reaches
8 to 20 m in height. Thi’s tree often grows In coastal reg}ens as well as nearby lowland
forests. The flower is 25 mm_wide and  occurs in_racemose or paniculate
inflorescences consisting ofi4 tol 15.flowers. The fruit (the ballnut) is a round, green
drupe reaching 2 to 4 cm in diameter and having a singleglarge seed. Active
ingredienté in theseéd oill aré believed to regenerate tissue, $0 is"sought after by
cosmetics and manufacturers as an ingredient in skin cremes [53]. Studies on the
chemical components revealed that C. inophyllum is rich in pyrocoumarins,

xanthones, triterpenes and flavonoids. [54-59].
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Most importantly, some reports also revealed that plants belonging to this
family collected from Thailand, mostly the genus Garcinia, have proved to be an
outstanding source of potential endophytic microbes leading structurally novel and
biologically active metabolites. For instance, a fungicolous isolate of Phomopsis sp.
from Garcinia dulcis leaves collected from Songkla province was found to produce
three novel compounds (40-42), along with a number of known anitmycobacterial
compounds (Figure 1.15) [60]. Another example is the isolation of cultured
endophytic fungi Botryosphaeria rhodina from G.-mangostana leaves collected from
Suratthani province furnisheda variety of siructurally new metabolites (43-47)
(Figure 1.16) [61]. Thus, it prompied us to investigate the secondary metabolism of
endophytic fungi isolated frome plants iq the other genus of this family including the
genus Mammea, Mesua and Calophyllum, as aforementioned, which are still rarely
investigated. Moreover;, the samples of;each plant studied will be collected from
several places as, quite commohly, it *'lS known that the ecosystem have also
influenced on the number, the kinds aqd the general metabolism of endophytic
microorganisms, not only the plant’categofy‘;t'_f; J

> A

42

Figure 1.15 Isolated compounds (40-42) from Phomopsis sp.
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Mesua ferréa-and-Calophyhum-inop :# ted from various areas of
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2. To isolate and elucidate the structures of the isolated compounds from

T T
SVigh e ok igle U DT



CHAPTER II
MATERIALS AND METHODS

2.1 Chemicals

The solvents used for extraction, TLC and column chromatography (CC) in the
present study including hexane, dichloromethane (CH,Cl,), acetone, ethyl acetate
(EtOAc) and methanol (MeQH) were comimercialograde and purified prior to use by
distillation, except for benzene (AR grade). Foi separation by HPLC, the HPLC grade
solvents were utilized. Deuterated solvents, chloroform-d (CDCls) and acetone-dj,

were used for NMR experiments.

2.2 Culture Media fopendophytic fungi; cultivation

Water agar (WA )iwas culture medfprh for isolation of endophytic fungi. Potato
dextrose agar (PDA) was used for obsewing'm'orphology of isolated endophytic fungi.
In addition, malt extract broth (MEB), coi’r'i steep liquor broth (CSB), and solid rice
medium (RM) were used for growiig isolatéd éjfidophytic fungi.

The formulae. for each culture media were shown in Appendix A.

2.3 Plant sample Collection

Healthy leaves of Mammea siamensis, Mesua ferrea, and Calophyllum
inophyllum wete collected frant Rayong,<Bangkok) andsNakorn Pathom Provinces,
Thailand, in May 2008. The fresh-cut ends of plant samples were wrapped with
parafilms before they were placed. in zip-lock plastic bags and stored. less than 72 h in

a refrigerator prior.to isolation‘ofiendophytic fungi.

2.4 Isolation and Purification of Fungal endophyte

Healthy leaves of the collected plant samples were washed in tap water and
air-dried. The cleaned leaf fragments were surface-sterilized as described by Schulz
and co-workers [62] with some modifications. These fragments were sequentially
immersed in 70% EtOH for 1 min, 6% NaOCI solution for 5 min, and sterile distilled

water for 1 min (two times). Then, the surface-sterilized fragments were cut into small
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pieces (ca. 5 mm in length) using a sterile blade and placed on sterile water agar plates
for further incubation at 30°C. The hyphal tip of the endophytic fungus growing out
from the plant tissue was cut by a sterile pipette and transferred onto a potato dextrose

agar plate (Figure 2.1). After incubation at 30 'C for 7-14 days, culture purity was

determined from colony morphology.

Figure 2.1 Isolation, purification and cultivation of fungal strains
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2.5 Selection of endophytic fungal isolates

All isolated fungal strains, 24 isolates M. siamensis (MS1-MS24), 20 isolates
from M. ferrea (MF1-MF20) and 12 isolates from C. inophyllum (CI1-CI12) were first
grown on PDA plate at 30°C for 7 days. Each grown culture was further cultivated in
three different media, namely, MEB, corn steep broth and rice medium by adding five
pieces (5 x 5 mm?) of the grown culture into 250 mL Erlenmeyer flasks (x 5)
containing 100 mL of each medium and incabating at 30°C for 3 weeks under static
conditions (Figure 2.1). Subsequently, fungalecultures were extracted with an
appropriate solvent to yield their crude extracts which were further examined the
metabolites by 'H NMR..speetroscopy. The extracts that show characteristic
interesting signals were sclécted for large scale cultivation and isolation. Finally, four
fungal strains, MS1 and CI3-CI5; were selected for the further study.

2.6 Identification and taxonomy of selected endophytic fungi
2.6.1 Morphological identification —

Endophytic fungi were cultured o PDA. Microscorpic morphology of each
isolate including coleny characteristics, my.c'e‘l_iné,“ spores, and others were examined by

light microscopy.

2.6.2 Molecular identification

All fungal straius selected, MS1, CI2, €13,/CI4, and|CIS, were identified using
a molecular biological protocol by DNA amplification and sequencing of the internal
transcribedyspacer (ITS) region: Fhis was carried out:by Mr. Mustapha El Amrani and
Prof. Dr. Peter '‘Proksch, Institute“of Pharmaceutical’ Biology and~Biotechnology,

Heinrich-Heine-Universitét Diisseldorf, Diisseldorf, Germany.

2.6.2.1 DNA isolation

Fungal DNA isolation and purification was performed using DNeasy” Plant
Mini Kit (QIAgen). The lyophilized fungal mycelia were pulverized and disrupted
with the help of glass beads. Then cell lysis were carried out by addition of lysis
Buffer AP-1 and RNAse-A solution followed by incubation of the mixture at 65 °C.
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The remaining detergent, protein and polysaccharide were precipitated by addition of
Buffer AP-2 to the lysate. The lysate was then applied to the Qiashredder™ Mini Spin
Column and centrifuged to remove the cell debris and other remaining precipitates.
Subsequently, the lysate was 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
followed by centrifugation. Another portion’ of Buffer AW was added to the column
and centrifuged at maximum-speed to dry the membrane in the column from residual
ethanol.

Fungal DNA incorporated into the membrane was eluted by the addition of
Buffer AE directly to“the membrane in‘-thl.e DNeasy column. The column was then
incubated at room temperatuge for-5 rr_;inutes and then centrifuged to collect the
filtrate, which was the fungal DNA dissoh}:eé- in Buffer AE.

2.6.2.2 DNA amplifiéation Z/ a,

The ITS1-5.8S-1TS2 ribosemal RNA;gé!Ee region of fungal genomic DNA was
amplified by Polymerase Chaifi Reaction (PCR) The PCR was carried out using
HotStarTag Master Mix-Kit-(QiAgen):The-Master-Mix-contains HotStarTag® DNA
Polymerase, PCR buffer (with MgCl,) and dNTPs.

ITS 1 (with base sequences TCCGTAGGTGAACCTGCGG) and ITS 4 (with
base sequences’ TCCTCCGCTTATTGATATGO) |(Invitrogen), as primers, were
mixed with HotstarTaq Master Mix Kit and DNA "template. Thus, each PCR reaction
mixture.contained 5-10.ng.of genomic. DNA, L uMeach of the primers ITS 1 and ITS
4, and 1'U of Hot'start'Tag-Polymerase’ (Invitrogén) in a-total volume of 50 pL. The
mixture was then applied to the thermal cycler (BioRad) using the programmed PCR
cycle as outlined below:

- Initial activation step in 95 °C for 15 minutes to activate HotStarTaq” DNA

Polymerase

- Cycling steps which were repeated 35 times:

denaturing: 1 minute at 95 °C,

annealing: 1 minute at 56 °C,
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extension: 1 minute at 72 °C

- Final extension for 10 minutes in 72 °C

2.6.2.3 Purification of PCR products and DNA sequencing

The PCR product was purified using 2% Agarose-Gel-Electrophoresis at 75 V
for 60 minutes 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 product putification was petiormed using Perfectprep® Gel Cleanup
Kit (Eppendorf). The binding buffer was mixed to-the PCR product and incubated at
50° C for 10 minutes in an_eppendorf thermomixer at 1000 rpm. The mixture was
mixed with a volume of 1sepropanol and then centrifuged. The filtrate was discarded
and the column was washed with wash bﬁffer twice followed by centrifugation.

Amplified fungal DNA (PCR p__roduct), which was incorporated into the
column, was eluted by addition of elutionﬂ";b{lffer or molecular biology grade water to
the centre of the columny The column was then centrifuged to collect the filtrate,
which was the fungal DNA disselved in é:fqgiqn bufter. The amplified fungal DNA
was then submitted for sequenciiig by a cémli'ijercial service and the base sequence
was compared with publicly available datéBﬁSéS'such as.GenBank with the help of
Blast-Algorithmus.

2.6.3 Taxonomy
Based on morphological) characteristics land) DNA"seéquencing, taxonomy of

each fungal strain was 1dentified.
2.7 Large scale cultivation and'extraction of selécted endophytic fungi

2.7.1 Cultivation and extraction of fungal strain MS1

The fungus MS1 was first grown on PDA plate at 30°C for 7 days. Five pieces
(5x5 mm?) of the grown culture were cut and inoculated into 1,000 mL Erlenmeyer
flasks (x25) containing 200 mL of malt extract broth (MEB), and of corn steep broth

medium (CSB) at 30'C for 3 weeks under static conditions.
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Fungal mycelia were further separated from culture medium by filtration
through filter paper (Whatman No. 1) and marcerated in a 1:1 mixture of CH,Cl, and
MeOH for 2 days (x 3). The extract was pooled and concentrated under reduced
pressure, followed by suspension in H,O (1:1 v/v) and extraction with hexane and
EtOAc, respectively (each for three times). The hexane extract was discarded, while

the resulting EtOAc extract was concentrated under reduced pressure to yield EtOAc

%d with EtOAc for three times and

the combined organic la n @dry@oration. The procedure of the

extraction is described

crude extract.

For culture medium, i

(cu]turc mcdium]

mycelium |

| 7 Cl12C1zMeOI R

extract with EtOAc

B ﬂEtﬂAce:::tmm
BUINYNINYNR

cvaporate

JUNRIINYIRY

suspend in HaOr

QrRyis 4

o

9

extract with hexane

residue

extract with EtOAc
evaporate

EtOAc extract
(mycelium)

Scheme 2.1 Extraction of mycelium and culture media of fungus MS1
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2.7.2 Cultivation and extraction of fungal strain CI3-CIS

All three fungal strains, CI3-CI5, were grown on PDA plate at 25 C for 7 days.
Five pieces (20x20 mm?) of the grown culture were cut and inoculated into 1,000 mL
Erlenmeyer flasks (x10) containing 110 gram of rice medium (rice 90 g/ deionized

water 100 mL), then left at 25°C for 3 weeks under static condition.

To the solid culture flasks of each endophytic fungus, 250 mL of EtOAc was
added and left overnight. Culturs_‘

@V/l hen cut in pieces to allow complete
traction with EtOAc twice. The
;

extraction, followed by fil r
.._"“\"k\,

combined EtOAc layeriyhedfwit@ater and concentrated under
reduced pressure to yield the Citide e (. ied crude extracts obtained were

— filter

BNYINT
1INYIRY

EtOAc phase

wash with 120

evapm‘ate

EtOAc extract

Scheme 2.2 Extraction procedure for solid culture of fungal strains CI3-CI5
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2.8 Isolation of secondary metabolites from crude extracts of selected endophytic
fungi

2.8.1 Isolation of secondary metabolites from the extract of fungus MS1 cultured
on CSB medium

The EtOAc crude extract from culture medium (12.60 g) was first fractionated
by Sephadex LH20 column chromatography eluting with MeOH to yield six fractions
(AT1-AT6). Fraction AT3 was chromatographed on a silica gel column, eluted with
acetone-benzene (1:3), to give butyrolactone I«(1, 2.76 g), butyrolactone II (2, 1.64 g),
aspernolide B (3, 346.0 mg),-and ten ;:ubfractions (AT3.1 to AT3.10). Subfraction
AT3.1 was subjected tooflashesilica gel column chromatography (acetone-benzene,
1:9) and further purified®y asilica gel eolumn (hexane-acetone, 3:1) to afford 4 (8.2
mg), whereas purification of sibfraction ‘AT3.7 by flash column chromatography,
eluted with MeOH-CHCl;3/(1:30), gave 5 21 6.2 mg) and butyrolactone III (6, 45.5 mg).
Fraction AT3.8 was rechromatographed O;I.q silica gel column (acetone-benzene, 1:2)
followed by preparative TLC (M-eO‘H-CHiélﬂz-,' 5:95) to yield butyrolactone IV (7, 9.2

mg). The isolation procedure is summarized'.-i‘ni Scheme 2.3.

2.8.2 Isolation of secondary metabolites from the extract of fungus MS1 cultured
on MEB medium -

The 21.0 g of EtOAc crude broth ¢xtract was passed through a Sephadex LH-
20 column, eluted witht MeOH to affordefour fractions (AM1-AM4). EtOAc was
added to subfraction' AM3 (14.0 g), causing white solid precipitated out. Filter those
precipitated compound and recrystallize with MeOH to get a white crystalline product,
terrein’(8) 1 relatively high yield(13.8 g).



EtOAc crude extract of MS1 (12.6 g)

Sephadex LH20,
MeOH
(6 fractions)

2 AT 3(8:5:¢)

\

Si0,, CC
Acetone : Benzene (1 :3)

’ 4
r
i —_ -
'k J

(10 fractions)

Butyrolactone 1 (1_,_2._76 o

e

. Aspernolide B (3, 346 mg)
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: LN
v /Butyrolactenell (2, 1.64 g)
AT3.1 (50 mg) = —
7R
Flash Si02CC il
Acetone :--B:@n7ene (1:9) 5
and Si0,, CC !
Acetone : Hexane (1:3) l
! © AT3.8(60 mg)
A AT37)(F7000E)
Compound 4 (8.2 mg) FlashSi0,, CC
Alcetone : Benzene (1:2)
and preparative TLC
MeOH : CH,Cl, (5:95)
Compound 5 (16.2 mg) Butyrolactone III
(6, 45.5 mg)
v

Scheme 2.3 Isolation of a broth extract of MS1 cultured on CSB medium

Butyrolactone IV (7, 9.2 mg)
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2.8.3 Isolation of secondary metabolites from the extract of fungus CI3 cultured
on rice medium

The extract of culture medium was initially fractionated by vacuum liquid
chromatography (VLC) with standard gradient to yield 17 fractions (GC1-GC17),
while fraction GC17 was found to be pure enough and identified as homodestruxin B
(9, 30mg). Fraction GC4 was further chromatographed over Sephadex LH-20 using
MeOH as eluent to give three pure .compounds, alternariol (10, 1 mg),
deoxyterphenylin (11, 3 mg) and zearalenone (12, 2 mg). Further separation of
fraction GC8 by Sephadex LLH-20 column chromategraphy, eluted with MeOH, led to
the isolation of indole-3-carbaldehyde (13, 6 mg). N,N-dimethyltryptophane methyl
ester (14, 12 mg) and five subfractions (GC8.1-GCS8.5). Subfraction GC8.2 was
subjected to Sephadex’'LH-20 ¢olumn chfomatography under the same condition again
to afford dihomo-3 '—hydroxymethyl—dihye;lroinfectopyron (15, 7 mg).

Fraction GC10 was also rechrorﬁ'gtggraphed on a Sephadex LH-20 column
using MeOH as eluent to yield malformin A (16, 1 mg), tenuazonic acid (17, 8 mg),
adenosine (18, 10 mg) and other ten suﬁ'i’(gctions which were still mixtures. The
isolation procedure of crude extract of fungué C‘I3 is summarized in Scheme 2.4.

2.8.4 Isolation of seécondary metabolites from the extract of fungus CI4 cultured
on rice medium

Similarly, the extract of culture broth (9.4 g) was first separated by vacuum
liquid chromatographyi(VEC) withistandard gradient toygive 41 fractions (PH1-PH11)
and a pure compound, Sumiki’s acid (19, 3 mg). Further separation of PH7 by
subjection t0.S10, column.chromatography using a'mixture of CH>Cl,-MeOH (9:1) as
eluent led to'the'isolation of 5-carboxymellein (20, 2 mg)-and ¢ytochalasin D (21 10

mg). The isolation procedure is summarized in Scheme 2.5.
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EtOAc crude extract of fungus CI3 (2.5 g)

LC, standard gradient

¥ {I:Z_fractions)

V]
l Hexane : EtOAc,_‘_———i CHZCIZ‘: MeOH l

CH,Cl, : MeOH  [100%MeOH
(2 :3) > (7:3)
GC4 (128 mg) - GC8(317mg)  GC10 (163 mg)

f' e -’“h*adeg__EHz()’ Homodestruxin B (9, 30 mg)
Sephadex LH20, COH-— N 1120
veor i @A\
! ar i Y - "f:‘ 4 (14 fractions)
Alternariol (10, 1 mg) f / r I ‘;-’L‘ l
Malformin A(16, | mg)
Deoxyterphylin (11, 3 mg) LAt e ol o Adenosine (18, 10 mg)
i | Tenuazonic acid (1777,5‘3511@)
Zearalenone (12, 2 mg) 9
GC8.2 (60 mig)

Indole-3-carbaldehyde (13, 6 mg)

Ny¥<dimethyltryptophane methyl estery (14512 mg)

Sephadex LH20
MeOH

Y

Dihomo-3’-hydroxymethyl-dihydroinfectopyron (15, 7 mg)

Scheme 2.4 Isolation of a crude extract of fungus CI3 cultured on rice medium
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EtOAc crude extrac"tfo fungus C14 (94 g)
7/,
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l / x CH2C12:MeOHl
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/ IR M \S19,¢C
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= " ‘I:._‘ J 1;_} -':." ﬂd-"'

' ;L — 51.«"

Y. L

Scheme 2.5 Isolation 6f a crude extract of Cl4 cultured (3?1 rice medium

' T

2.8.5 Isolation of secondary metabolites from the extract of fungus CIS cultured
on rice medium

The EtOAg, extract ‘of ‘culture medium of fungus CIS' (3.1 g) was also
fractionated by vacuum liquid chromatography (VLC) with standard gradient to give
ten fractions (AS1-AS10). Fraction AS1 was purified by a Sephadex LH-20 column
chromatography using MeOH as eluent to afford 10 mg of alternariol (10), while the
purification of fraction AS7 in the similar manner gave three pure compounds,
tenuazonic acid (17, 90 mg), 2(4-bromophenyl) acetic acid (22, 10 mg) and

citreodrimene F (23, 3 mg). The isolation procedure is summarized in Scheme 2.6.
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S CHCl, MeOHl

H EtOA |
l (fx?;le 7 A (1:1)
AS1 (1.9 g) AN
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MeOH
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ﬂuﬂ\q ﬂﬂﬂ‘jwﬂﬁﬂejjnzs 3 mg)
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2(4-bromophenyl) acetic acid (22, 10 mg)

Scheme 2.6 Isolation of a crude extract of fungus CI5 cultured on rice medium
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2.9 Chromatographic methods

2.9.1 Thin layer chromatography (TLC)

TLC was carried out on a siligal gel F254 coated on aluminium sheet (Merck)
for monitoring of fractions. Detection was visualized under ultraviolet light at
wavelengths of 254 and 356 nm and dipped with (NH4)¢Mo070,4 solution in 5%
H,SO4/EtOH or sprayed with anisaldehyde reagent.

2.9.2 Vacuum liquid chromatography (VL:C)

VLC apparatus comnsists-of a 500 cm sintered glass filter funnel with an inner
diameter of 12 cm. Silica gels60-Wwas packed to a hard cake at a height of 5-10 cm
under applied vacuum. Thes€rude extract was adsorbed onto a small amount of silica
gel using volatile solvents The resulting‘- mixture was then packed onto the top of the
column. Using step gradient of increasin-g polarity as eluent (from hexane-EtOAc to
CH,Cl,-MeOH), successives fractions Wé;_red-collected. The flow was produced by

vacuum and the column was allowed to run-'dry after each fraction collected.

¥

oll i
& is dd

2.9.3 Column chromatography =

Column chromatography (CC) Wca's:"iperformed using Sephadex LH-20
(Pharmacia Code N0 ~17=0090-01)and Sihica gel 60H (Mefck code No. 7734 and No.
9385) as packing materials.

2.9.4 High pressure liquid chromatography (HPLC)

2.9.4.1 Analytical high pressure liquid chromatography

Analytical HPLC was.used to.identify.the distribution of peaks from extracts
or fractions. 'The solvent gradieat<used started with MeOH:nanopure H,O (10:90),
which was adjusted to pH 2 with phosphoric acid, and reached to 100% MeOH in 35
minutes. The autosampler injected 20 mL of each sample. All peaks were detected by
UV-Vis photodiode array detector. LC/UV system specifications are described as

follows:
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Pump Dionex P580A LPG

Detector Dionex Photodiode Array Detector UVD 340S
Column thermostat STH 585

Autosampler ASI-100T

HPLC program Chromeleon (V.6.3)

Column Knauer (125 x 4 mm, ID), pre-packed with

Eurospheres 100-5 C18, with integrated pre-
column
2.9.4.2 Semi-preparative high pressure liguid chromatography
Semi-preparative HPLC «Wwas wused for purification of metabolites from
fractions. The most appropuatesolvent system must be determined before running the
HPLC separation. The'mobile phase corﬁbipation was MeOH and nanopure H,O with
or without 0.01% TFA#or 0:1% formie ajeid, pumped in gradient or isocratic manner
depending on the retention time of Compé;_u;l-ds at a rate of 5 mL/min. Each injection
consisted of 1-3 mg of fragtion dissolved in 1ML of the solvent system. Detection was
performed by the online UV detector and tfrép_luted peaks were collected separately in

Erlenmeyer flasks. Semi-preparative HPLE é!}';stem specifications are described as

follows: p-
Pump : Merck-Hitach1 £=7100
Detector Merck Hitachi UV detector L-7400
Column Knauer (300 x 8 mm, ID), pre-packed with

Burosphere=10Q0-1¢ C18,swith' integrated pre-

column

2.9.4.3 Preparative high pressure liquid chromatography

Preparative HPLC was used for purification of metabolites in higher amounts
from fractions. Similarly, the most appropriate solvent system must be determined
before running the HPLC separation. The mobile phase combination was MeOH or
acetonitrile and nanopure H>O with or without 0.01% TFA or 0.1% formic acid,
pumped in gradient or isocratic manner depending on the retention time of compounds
at a rate of 20 mL/min. Each injection consisted of 20-80 mg of fraction dissolved in

400 mL of the solvent system. Detection was performed by the online UV detector
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and the eluted peaks were collected separately in Erlenmeyer flasks. Preparative

HPLC system specifications are described as follows:

Pump Varian, PrepStar 218

Detector Varian, ProStar 320 UV-Vis detector

HPLC program Varian Star (V. 6)

Column Varian Dynamas (250 x 21.4 mm, ID), pre-

packed withh Microsorb 60-8 C18, with
integrated pré-eolumn
2.10 Structure elucidation-of isolated secondary metabolites
Structures of isolatedecompounds were elucidated by the interpretation of
NMR spectra. Additional spectroscopic techniques such as MS, UV-vis and IR were
also employed for the stutictural elucida@ion. Melting points and optical rotation

properties of the competinds were alse measured.

2.10.1 Melting point

Melting points of the compounds iéél_a‘_me_d as crystals or powder were taken on
an Electrothermal IA9100 digital-melting poiﬁf !‘é{pparatus.
2.10.2 Optical rotation

Optical rotation ot each compound containing chiral center was measured on a
Perkin-Elmer 341 polarimeter or a Perkin—Elmer-241 MC polarimeter using a sodium

lamp at wavelenigth 589 ant;equippedwithea bmlLscell (cell length 1.00 cm).

2.10.3 Ultraviolet-visible. measurement (UV-vis)
UV=vis spectra’ werel recorded’ on a' Perkin Elmer ‘Lambda 25 UV-vis

spectrophotometer. Samples were prepared in a solution of MeOH or CHCl;.

2.10.4 Fourier transform infrared spectroscopy (FT-IR)
FT-IR spectra were recorded on a Bruker vector22 Fourier transform infrared
spectrophotometer. Samples were formally examined by incorporating them with

potassium bromide (KBr) to form a pellet.
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2.10.5 Mass Spectrometry (MS)
ESI-MS was conducted on a Finnigan LCQ-Deca mass spectrometer and

HRESI-MS spectra were obtained on a Micromass Qtof 2 mass spectrometer.

2.10.6 Nuclear magnetic resonance spectroscopy (NMR)

NMR spectra were recorded on a Varian YH400 spectrometer (400 MHz for
'H NMR and 100 MHz for *C NMR), a Buuker ARX-500 (500 MHz for 'H NMR and
125 MHz for *C NMR) and AVANCE DMX<600 (600 MHz for 'H NMR and 150
MHz for “C NMR) NMR- spectrométers. by using tetramethylsilane (TMS) or
residual solvent signals as the«internal standard. Samples were dissolved in different

deuterated solvents depending on their solubility.

2.11 Determination ofabselute stereochemistry by Mosher reaction
The reaction was performed accb_rding a modified Mosher ester procedure

described by Ohtani and ce-weorkers {63].

¥

i

Determination of absolute configuration &eC!fiS" of compound 5

Reaction with (R)-(-)-a-(trifluoromethyl) phenylacetyl chloride [(R)-MTPA Cl]

To a solutionof 5 (3.0 mg) in pyridine (0.3 mL) was added (R)-MTPA CI (20
u#L). The reaction mixture was stirred at room temperatute overnight. The mixture was
diluted with EtOAc and washed with H,O“and 1M NaHCOs, and the organic layer
was concentrated invacuog The tesidue was purified by a short silica gel column
(MeOH-CH,Cl,) to obtain the (S)-MTPA ester 5a.(1.8 mg).

'H NIMR (CDEJs, 400 MHz) .7.56 (2H, d,/J &= 8.8 Hz, H:2",-H-6"), 6.86 (2H,
d, J= 8.8 Hz, H-3’, H-5), 6.60 (s, H-2”), 6.50 (1H, d, J = 8.4 Hz, H-6"), 6.45 (1H, d,
J = 8.4 Hz, H-57), 4.46 (1H, t, J = 8.4 Hz, H-8”), 3.72 (s, 5-OMe), 3.50 (1H, d, J =
14.4 Hz, H-6a), 3.42 (1H, d, J = 14.4 Hz, H-6b), 2.94 (2H, m, H»-7”), 1.24 (3H, s,
Me-107), 1.20 (3H, s, Me-117).
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Reaction with (5)-(-)-a-(trifluoromethyl) phenylacetyl chloride [(S)-MTPA Cl]

Similarly, the reaction mixture of 5§ (3.0 mg), (S)-MTPA Cl (20 xL) and
pyridine (0.3 mL) was processed as described above for 5a to afford 5b (1.5 mg).

'H NMR (CDCl;, 400 MHz) d 7.58 (2H, d, J = 9.2 Hz, H-2’, H-6"), 6.99 (2H,
d, J=9.2 Hz, H-3’, H-5"), 6.75 (s, H-2”), 6.47 (1H, d, J = 8.4 Hz, H-6”), 6.40 (1H, d,
J = 8.4 Hz, H-5”), 451 (1H, t, J = 9.6 Hz, H-8”), 3.74 (s, 5-OMe), 3.62 (1H, d, J =
14.8 Hz, H-6a), 3.58 (1H, d, J = 14.8 Hz, H-6b), 3.00 (2H, m, H»-7), 1.22 (3H, s,
Me-107), 1.19 (3H, s, Me-117).

2.12 Synthesis of butyrolactone derivatives from butyrolactone I (1)

- . 0. OMe_.__OH

| & 7\
ri b N—/ s e
A . .I'-Ir D I-lr
— 0. OMe_ 4 gH y 4
Ho— ) [ i@ %| $ T “oH
1l‘:.r P HCH, MEO‘F‘H ) 0 28
||||I D‘ II I| _: ;!J_JJ +
e i, 2 h '
- I|| ; A |
_|':X d 4 F — D\\. OME . OH
| B V) [
butyrolactone | (1) )—- D"? ~ R
i : |
v N
* |'I";Id_ DH
__.-'"|I D
MeO ! 29

To a stirring solution of 0.3 mL of conc. HCI in MeOH (10 mL), 100 mg
butyrolactone I (1) was added and the mixture was stirred at room temperature for 2 h
or until complete conversion of 1 as indicated by TLC. Then, the solvent was removed
under reduced pressure. The resulting residue was purified by SiO; column
chromatography using gradient elution of MeOH-CHCI3 (0:1 to 2:8) to afford 24 (50
mg) and 25 (7 mg).
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2.13 Evaluation of biological activities
The pure compounds were evaluated for their antibacterial, anticancer, and

phosphodiesterases inhibitory activities.

2.13.1 Anti-bacterial activity assay
A total of 9 strains of gram-positive and gram-negative bacteria (Table 2.1)
were selected for in vitro antimicrobial assay. The test was performed by using

microdilution assays as follows:

Table 2.1 Gram-positive and-gram-negative bacteria tested

Gram-positive baeteria Gram-negative bacteria
1. Enterococcus faecalis ATCC. -« & 1. Escherichia coli ATCC 35218
29212 > 2. Pseudomonas aeruginosa ATCC
2. Bacillus subrilis ATQE 66334\ ‘27853
3. Staphylococcus aureus ATCC 243 Proteus vulgaris ATCC 13315
25923 4. Salmonella typhimurium ATCC
4. Staphylococcus epidermidis j 13311
ATCC 12228 e
5. Staphylococcus hominis ATCC
27844

2.13.1.1 Preparation of ba¢terial inocula

Bacteriaswere grown on Mueller Hinton agar (MHA) for 24 h at 37 C. Selected
fresh single eolonies, were-inoeulated intosl 0 mL,of Mueller Hinton broth (MHB) and
incubated in'shaking incubator “for 2-3 h ‘at 37°C." The turbidity~of the bacterial
suspension was adjusted with sterile normal saline solution to match the turbidity of
0.5 McFarland standard (OD 0.1 at 625 nm). Then the suspension was diluted 1:100
with Mueller Hinton broth (MHB) to contain 1x10°® CFU/mL.
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2.13.1.2 Determination of minimum inhibitory concentration (MIC)

Solution of a test compound in DMSO (25.6 mg/mL) was diluted with MHB.
The test compound was tested at the concentration ranges of 0.5 to 256 ug/mL. MIC is
defined as the lowest concentration that inhibits growth of test microorganisms.

A 50 uL volume of MHB containing the test compound was dispensed into
each well of microtiter plates (96-flat-bottom wells) for the evaluation of antibacterial
activities. Sterile compound-free medium containing the corresponding amount of
DMSO was dispensed in the growth contiel wells. The final adjusted bacterial
suspensions were inoculated-into each-well with-velume of 50 uL. Compound-free
MHB in volumes of 100 uL_wete used as the sterility control. The experiments were
done in duplicate. After ingubation at 37.C for 24 h, a 20 uL of p-iodonitrotetrazolium
(INT) solution (Img/mL) #vas added into each well. The antibacterial assay plates
were further incubateddfor 4w Growth in"each well was indicated by a color change
from colorless to violet /Compounds that:!in-.llibit microbial growth would prevent the
development of a violet €olor. “The well that shows no change in color indicates

antimicrobial activity of the fest cofipound.” .

pd

2.13.2 Anticancer activity assay

Cytotoxic test-was carried out at the mstitute of Biotechnology and Genetic
Engineering, Chulalongkorn University. Bioassay of cytotoxicity activity was
performed in vitro by, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphynyltrazolium
bromide) colorimétric (imethod dgainst hepatol¢drc¢inoma(Hep-G2), colon carcinoma
(SW-620), lung: carcinoma (CHAGO), gastric carcinoma (KATO-3) and breast
carcinoma, (BT-474). . In., Principle,, the .viable cell .number/well was directly
proportional to the“production’of formazan, followed by-solubilizatien, and could be
measured spectrophotometrically.

The human cancer cell line was harvested from exponential-phase
maintenance cultures (T-25 cm? flask), counted by trypan blue exclusion, seed cells in
a 96-well culture plates at a density of 1x10° cells/well in 200 xL of culture medium
without compounds to be tested. Cells were cultured in a 5% CO; incubator at 37 °C,
100% relative humidity for 24 h. Culture medium containing the sample was

dispensed into the appropriate wells (control cells group, N = 3; each sample treatment
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group, N = 3). Peripheral wells of each plate (lacking cells) were utilized for sample
blank (N = 3) and medium/DMSO blank (N = 3) “background” determination. Culture
plates were then incubated for 3 days prior to the addition of tetrazolium reagent.
MTT stock solution in a concentration of 5 mg/ml in PBS was sterilized by filtering
through 0.45 L filter units. MTT working solution was prepared just prior to culture
application by dilution of MTT stock 1:5 (V/V) in prepared standard culture medium.
The freshly prepared MTT reagent in a volume of 10 4L was added into each well and
mixed gently for 1 minute on an orbital shakce The cells were further incubated for 4
h at 37°C in a 5% CO,; incubator. A fter-incubation,-the formazan produced in the cells
will capture as dark crystals.an the bottom of the wells. All of the culture medium
supernatant was removed fsom.wells and 150 pL. of DMSO was added to dissolve the
resulting formazan. Samples in ithe culfurle plate were mixed for 5 minutes on an
orbital shaker. Subsequéntly, 25 uL~of GH M Glyeine pH 10.5 was added and the
culture plate was shaken for 5 minuté's;. J-Following formazan solubilization, the
absorbance was measured using “a microculture plate reader at 540 nm (single
wavelength, calibration factor =*1.00). The concentration of sample reduced cell
survival by 50% was determined from cell sufvival curves.

Percentage of cell survavat1s-expressed as:

. absorbance of treated cells x 100
% cell survival = gpgorbance of control cells

The compounds, which could reduce more than 50% of cell survival at a
screening dose.(1 mg/mL), would be.identified ‘to" have cytotoxicity on those tumor
cell lines. Thereafter, thel compounds‘were retestéd their-toxicity against cancer cells
using the same procedure as mentioned in the screening stage, by five concentrations
of 10.0, 5.0, 2.5, 1.25, 0.625 mg/mL of each compound in three replicates. The half

maximal inhibitory concentrations (ICsy) were calculated from cell survival curves.
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2.13.3 Antimalarial activity assay

Testing for antimalarial activity was conducted by Bioassay Laboratory,
National Center for Genetic Engineering and Biotechnology (BIOTEC), Thailand.
The assay had been done by means of the following processes.

Plasmodium  falciparum (K1, multidrug resistant strain) was cultured

continuously according to the method of Tragen and Jensen. The quantitative

AU INENTNEINS
RINININUNINYAY



CHAPTER 11

RESULTS AND DISCUSSION

3.1 Isolation of endophytic fungi from M. siamensis, M. ferrea, and C. inophyllum

Based on different morphology ef<fungi, a total of 56 pure isolates of
endophytic fungi were obtained fromuleaves of M. siamensis, M. ferrea and C.
inophyllum, which were~collceted from three different places including Rayong,
Bangkok and Nakorn-Pathom. isolated ‘Ifungi are given as code “MS” for the fungi
isolated from M. siamensis, while“ME” and “CI” werc isolated from M. ferrea and C.
inophyllum, respectively.” Aecording.to Thble 3.1, It was noticed that not only do the
plant category affect the/number and sp."eci‘és of endophytic fungi isolated, but the
environment in which each plant grows,‘-j'a‘lso have much influenced on species of
those fungal strains. s
Table 3.1 Isolated endophytic fq_ngi from I\_/fgiémensis, M. ferrea, and C. inophyllum

collected from Rayong, Bangkok and Nakorn Pathom province.

Plant sample Strain code from each province Total
Rayong Bangkok Nakorn Pathom
MSZL;” MS2, MS13, MS14, MS18, MS19,
M. siamensis MS3, MS4, MS15, MS16, MS20, MS21,
MS5; MS6, MS17 MS22,,MS23, 24
MS7;-~MS8, MS24
MS9, MSI10,
MS1l, MS12
MEL, MF2, ME9, MF10, » MF14, MF15,
M. ferrea MF3, MF4, MF11, MF12, MF16, MF17, 20
MF5, MF6, MF13 MF18, MF19,
MF7, MF8 MF20
Cl1, CI2,CI13, Cle, CI7,CI8  CI9, CI10, CI11,
C. inophyllum  CI4, CI5, Cl12 12
Total 25 13 18 56
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After isolation of endophytic fungi, all pure strains were placed on potato
dextrose agar (PDA) until grown fully on petri dish show in Figures 3.1, 3.2 and 3.3).
Their morphological characteristics are including colony, color, produced pigment
and sporulation. The characteristics of each strain are shown in Tables 3.2, 3.3 and
3.4.

MS19 MS20 M§2 MSR, ms230S MS24

ARIANNFIUNATINEIAE

Figure 3.1 Colony morphology of each fungal strain isolated from M. siamensis on

potato dextrose agar (PDA).
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Table 3.2 Characteristics of each fungal strain isolated from M. siamensis on potato

dextrose agar (PDA).

Characteristics
Strain code Colony Color Produced pigment
MS1 flat yellow and brown  yellow
MS2 flat white yellow
MS3 cottony white yellow
MS4 rough Wiite not produce
MS5 cotteny white-and yellow not produce
MS6 cottony: white and grey yellow
MS7 flat white and yellow not produce
MS8 cottony . green and grey not produce
MS9 flat green green
MS10 cottony ‘ green and grey not produce
MS11 cotteny : white yellow
MS12 flat "'}Nhite and yellow  yellow
MS13 flat Qra&} not produce
MS14 rough ‘Wwhite and-grey not produce
MS15 rough white yellow
MS16 flat dark grey black
MS17 flat white yellow
MS18 flat white and‘grey not produce
MS19 cottony white and grey not produce
MS20 flat grey not, produce
MS21 flat white not-produce
MS22 flat dark green not produce
MS23 cottony white yellow
MS24 flat white not produce
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MF19

Figure 3.2 Colonmsolated from M. ferrea on

potato dextrose agar (P ﬁA).

AUEINYNINYING
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Table 3.3 Characteristics of each fungal strain isolated from M. ferrea on potato
dextrose agar (PDA).

Characteristics

Strain code Colony Color Produced pigment
MF1 flat white not produce
MF2 flat white not produce
MF3 cottony white black

MF4 like as flower Wiite yellow
MF5 cotteny white yellow
MF6 cottony: white not produce
MF7 cottony white and.grey not produce
MF8 flat : w.dark green not produce
MF9 flat ‘ Qark green not produce
MF10 flat black not produce
MF11 flat “cream not produce
MF12 flat dark green not produce
MF13 flat gfey brown
MF14 flat ' 'd‘éiff(“grey not produce
MF15 flat dark green not produce
MF16 cottony white and grey dark brown
MF17 flat red red

MF18 cottony white not produce
MF19 flat dark green not produce
MF20 flat white not, produce
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Figure 3.3 Colony mor

potato dextrose agar (

ey
f: -

Table 3.4 Characteristi ach fungal strain ated from C. inophyllum on potato

Strain code Produced pigment
Ci1 not produce
Cl2 yellow

CI3 “ not produce
Cla , yellow

CI5 black m dark brown
Cl6 not produce
C17 ﬂ u Eﬁﬁ Qn EJ ﬂ iﬁ EJ "] ﬂ ‘j not produce
Cl8 flat whiteglear yellow
SR a»amm 3 Padrd N8 N
CI10 flat dark green not produce
Cl11 flat dark green not produce

Cl12 flat grey dark brown
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3.2 Selection of endophytic fungal isolates for large scale cultivation

Commonly, it is known that the source of medium has also played an
important role for the metabolite production of each fungal strain. Herein, cultivation
of each isolated endophyte on three kinds of medium, including MEB (malt extract
broth), CSB (corn steep liquor broth) and solid rice medium were carried out. After
cultivation for 21 days, followed by extraction according to Schemes 2.1 and 2.2, the
EtOAc crude extracts of each fungal strain cultured on each medium were subjected
to the analysis by *H NMR spectroscopy. Conséguently, fungal strain MS1 grown on
both CSB and MEB, andsirains C13-CI5 grown-en-selid rice medium, were selected
to cultivate in large scale (5-10°L) Tor isolating bioactive metabolites the further step,
due to the signals of variousfunctionalities inclulding aromatic (6-8 ppm), olefinic (5-
6 ppm) and oxygenated (3-4 ppm) protons as shown in Figures 3.4 and 3.5.

(@)

s Al

7.0 6.0 5.0 4.0 3.0 2.0 1.0

(b)
Figure 3.4 'H NMR spectrum of EtOAc extract of fungus MS1 on CSB (a) and MEB

(b)

ppm (f1)
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Figure 3.5 'H MNR spectrum of EtOAc extracts of isolates CI3 (c), Cl4 (d) and CI5

(e) each grown on solid rice medium
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3.3 Identification and taxonomy of selected endophytic fungi

Identification and taxonomy of five fungal isolates, MS1, CI3, Cl4, and CI5,
was performed on the basis of morphological characteristics and sequencing of the
PCR product amplified from chromosomal DNA of each isolate.

3.3.1 Identification of selected endophytic fungi

3.3.1.1 Fungal strain MS1 V

The fungus MS1 was,obta amed fro es of M. siamensis collected from
Rayong province, Thallanmn‘ay 2@08 on PDA agar showed typical

rown colohes\wQ reverse was yellow to deep

suede-like cinnamon-b
dirty brown. Its conidi pact, columnar and biseriate and conidiophores
are hyaline and smo d-cong ‘are ‘globose to eII|p50|daI hyallne to

slightly yellow and s

fragment. This comprised p " 84 mplete 5.85-1TS2 sequences, and partial of
the 28S sequence of rRNA g‘ehE:as shﬁn Figure 3.6c. The ITS1-5.8S-ITS2

sequences of MS1 Jungus was ’perfe;:t ﬁﬁﬁﬁed 00°o homology with that of

obverse reverse
(a)
Figure 3.6 Fungal strain MS1 (a) colony morphology on PDA (b) conidia (c) DNA

sequence of the ITS1-5.8S-1TS2 rRNA gene
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50

TCTTTATGGC TTGCTTCGGC
GGGCCCGCCA CCCGGGCCCG
TGCCCGCCGG TTGCAGTCTG
AGTGTGATTC ATCTCTTGGT
TCCGGCATCG CGATAACTAA TGTGAATTGC
AGAATTCAGT _GAA A GTCTTIGAA C_GCACATIGCG _CCCCCTGGTA
ITCCGGGGGG CATGERETOTE—EOR0EOTEAT=ROE T CCTC  AAGCCCGGCT

TGTGTGTTGG GCCL’BZG - GﬂEGACGGG CCCGAAAGGC
AGCGGCGGCA CCGCG ‘CCGG ICCICGAGCG TATGGGGCTT  CGTCTTCCGC

rocoacaes GRS MBI Fyoc awcriomm

TTTCCAGGTT “GACCTCGGAT C?GGTAGGGA TACCCGCT

ARIANN T 1R1INYIR

Figure 3 6 Fungal strain MS1 (a) colony morphology on PDA (b) conidia (¢) DNA
sequence of the ITS1-5.8S-1TS2 rRNA gene (continue)
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3.3.1.2 Fungal strain CI3

The fungus CI3 was isolated from the leaves of C. inophyllum collected from
Nakhon Pathom province, Thailand, in May 2008. It displayed white colonies and did
not produce any pigments when grown on PDA (Figure 3.7a). Sequencing of the PCR
product amplified from chromosomal DNA of isolate CI3 resulted in a 536 bp
fragment. This comprised partial 1TS1, complete 5.8S-ITS2 sequences, and partial of
the 28S sequence of rRNA gene\ a!s nn in Figure 3.7b. The 1TS1-5.8S-I1TS2
sequences of CI3 fungus N%,‘/" ho ith that of Glomerella cingulata

(GenBank Accession num@%@i)

50
ACGCTCTTAA CCC SR TCGGCGGGTA
GOGGTCTCCGT GAC ( CTOH WCCGGLCGGG TCGGCGCCCG

CCGGAGGATA ACCAAACTCT GATTTAACGA CGTTICTTCT  GAGTGGTACA
AGCAAATAA c | GAT
GAAGAA AAGTAATG | TGAATTGCAG AATTCAGTGA
aTcaTcsGMT CTTI‘GAACGC Aoﬁrrﬁmcc CGCCAGCATT SOTGGCGGGCA

CCT AC;“&ICTG ATGTAGGCCC TCAAAGGTAG TGGCGGACCC TCCCGGAGCC
TCCTTTGCGT  AGTAACTTTA CGTCTCGCAC  TGGGATCCGG  AGGGACTCTT

ITS2 288
GCCGTAAAAC CCCCCAATTT TCCAAAGGTT GACCTCGGAT CAGGTAGGAA
TACCCGCTGA ACTTAAGCAT ATCAATAAGC GGAGGA

(b)

Figure 3.7 Fungal strain CI3 (a) colony morphology on PDA (b) DNA sequence of the
ITS1-5.85-1TS2 rRNA gene
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3.3.1.3 Fungal strain Cl4

The fungus CI4 was isolated from the leaves of C. inophyllum collected from
Nakhon Pathom province, Thailand, in May 2008. The surface colony color of this
fungus on PDA medium was initially white becoming olive gray, with a tint of pink,
and it produced a dark brown diffusible pigment on the reverse (Figure 3.8a).
Sequencing of the PCR product amplified from chromosomal DNA of isolate Cl4
sed partial ITS1, complete 5.8S-1TS2

A gene, as shown in Figure 3.8b.

resulted in a 499 bp fragment.
sequences, and partial of the :

o NS

)
|

-r ‘;d“:__.
.h‘ 3‘

50

TTTGCCTGCT  ATCTCTTAC A.E:AC] TAC  GTTTCCTCGG
TGGGTTCGCC CACC(‘AI’IGG ACCAC I'l].quA CCCTTTGCAG  TTTTGTAATC

AGCGTCTmmﬂ _,.j o 0] ‘ Tmc

TGOGTGTTGGG TGTTTGTCTC  GCCTCTGCGT  GTAGACTCGC  CTTAAAACAA

TTGGCAGCCG GCGTATTGAT TTCGGAGCGC AGT&CA%I(‘S&;{,I GCGCEE{]CA

CTCATAACGA CACGTCCAA  AAGTACATITT TTACACICTT  GACCTCGGAT

CAGGTAGGGA TACCCGCTGA ACTTAAGCAT ATCAATAAGC GGAGGAAGA
(b)

Figure 3.8 Fungal strain CI4 (a) colony morphology on PDA (b) DNA sequence of the

ITS1-5.8S-1TS2 rRNA gene
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3.3.1.4 Fungal Strain CI5

The fungus CI5 was isolated from the leaves of C. inophyllum collected from
Nakhon Pathom province, Thailand, in May 2008. It showed flat, grey colonies and
the reverse was dark brown when cultured on PDA agar as shown in Figure 3.9a.
Sequencing of the PCR product amplified from chromosomal DNA of isolate CI5
resulted in a 511 bp fragment. This comprised partial ITS1, complete 5.8S-1TS2
sequences, and partial of the 28S sequen"cg f IRNA gene, as shown in Figure 3.9b.
The ITS1-5.8S-1TS2 sequences of CI5 ggﬂ_ﬁ.was 99% homology with that of
Ascomycete sp. (GenBank-Accession number HQ§§B419).

_ NS

obverse ]

10
TATGAAGGCT

TGTTGTTTCC
TTTTTGTTAA
5.85
CTTTCAACAA
ATGCGATACG
AACGCACATT

. ..‘;

S

T

-

o e

o |

TCGGCTGGAT
TG G(‘:i{]'(-i QG
TGCAGTCAGC
CGGATCTCTT
TAGTGTGAAT

GCGCCCITIG

1101

TATTTATTTC

CGCCCGUCAC
GTCAGTACAA
GGTTCTGGCA

TGCAGAATTC.

GTATTCGAAA

=24 40
A('C(“\J‘l'(_i']'(?'l'
CAGGACCACA
CAAATGTAAA
TCGATGAAGA
AGTGAATCAT
GGGCATGCCT

reverse |

50
TTTGCGCACT
CCATAAACCT

ITS1
TCATTTACAA
ACGCAGCGAA
CGAATCTITG

GTTCGAGCGT

T83_ L1152
CATTITGTACC
CCAAAGACTC

GCAGCACAAT

CATTTICTTA
AGCATATCAA

CTCAAGCTTT
GCCTTAAAAC
TTTGCGCTTG
ITS2
CGTTTGACCT
T

GCTTGGTGTT
GATTGGCAGC
CAAATCAGCA
288
CGGATCAGGT

(b)

GGGCGTTTTG
COGACCTCTTG
AGTTGGCACT
AGGGATACCC

TCTTTGCTCG

GTTTCGCAGC
CCATCAAGAA
GCTGAACTTA

Figure 3.9 Fungal strain CI5 (a) colony morphology on PDA (b) DNA sequence of

the ITS1-5.8S-1TS2 rRNA gene
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3.3.2 Taxonomy of selected endophytic fungi

The taxonomy classification of each fungal isolate selected on the basis of
morphological characteristics and DNA sequence analysis as mentioned above, could
be summarized in Table 3.5.

Table 3.5. Taxonomy of fungal strains MS1, CI3, Cl4, and CI5

MS1 Cl3 Cl4 CI5

Kingdom  Fungi Fungi Fungi Fungi
Phylum Ascomycota Ascomyeota Ascomycota Ascomycota
Class Eurotiomycetes_.~Sordariomycetes  Dothideomycetes Not assigned
Order Eurotiales Not assigned Pleosporales Not assigned
Family Trichocomaceae Glomerellqcieae Not assigned Not assigned
Genus Aspergillus Glomerefla® _ Phoma Ascomycete
Species A. terreus @. cingulata J P. herbarum Not assigned

3.4 Secondary metabolites from-selected fungl

3.4.1 Secondary metabolites from ‘tdh'é fungus Aspergillus terreus (MS1)

Chromatographic separation of EtOAc crude exiract of culture broth of A.
terreus on CSB medium led to the isolataion of butyrolactones I (1), Il (2) and
aspernolide B (3) as major constituents. In addition, compounds 4 and 5, as well as
butyrolactones Il (6) and Vi (7) were isolated as! minor metabaolites after fractionation
and purificatiom by Sephadex LH20 and silica gel column chromatography. It was
further.revealed.that.compounds 4.and.5,were.novel derivatives of butyrolactone I and
thus named as aspernolide D and asperterone, respectively: Interestingly, it was found
that this fungus produced absolutely different structural compound, namely terrein
(8), in relatively high yield (13.8 g/5L) when cultured on MEB medium. This
suggested that the medium source has much effect on the metabolite production of

this fungus. The structures of isolated compounds are shown in Figure 3.10.



0O, OMe
HO
o |
P 5 OH

butyrolactone I (1)

butyrolactone IV (7) terrein (8)

Figure 3.10 Chemical structures of secondary metabolites of A. terreus

56
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3.4.1.1 Structural elucidation of compound 1

Figure 3.11 Strugture of compound 1

molecular-formula / CoaH2407

appearance colorless solid

m.p. 92-94°C

[a] 20> .. +83(c 0.2, MeOH)

IR (KB Vgt 3343, 1739, 1604,
)" 1517 om?

'H and C NMR ~ fisee Table 3.6

Compound 1, isolated as—a coloﬂes'js,"-‘ solid, had the molecular formula
C24H2407 as established by NMR data, imp'-'lyi"ﬁg'13 degree of unsaturations. The *H
NMR spectrum reveated typical signals of two tertiary methyls (o4 1.56 and 1.60), a
methoxy group (4 3.68), an olefinic proton (& 5.01, £, J = 7.2 Hz), three aromatic
protons of a 1,2,4-trisubstituted phenol [o4,6.42 (s br), 6.44 (d, J = 8.4 Hz), 6.50 (dd,
J = 8.4, 2.0 Hz)] and additional two-protons of a,1,4-disubstituted phenolic moiety (Jy
6.81 (d, J = 8.8/Hz), 7.52 (d, J = 8.8 Hz)]. Analysis of *C NMR and HSQC data
suggested the presencetof-10“aromaticicarbon resonances for twg aromatic rings, two
ester carbonyls, four olefinic carbons (one oxygenated), two methylenes, an
oxygenated quaternary carbon and a methoxy group as described in Table 3.6. The
above data indicated that 12 of the 13 units of unsaturation came from two aromatic
ring, two carbonyls and two carbon-carbon double bonds. Therefore compound 1
must have an aliphatic ring in addition to two aromatic rings. Its structure was
corroborated mainly by analysis of HMBC correlations due to ‘H-'H COSY

correlations observed as shown in Figure 3.12. Protons of a pair of doublet of
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methylene [y 3.39, 3.42 (J = 14.8 Hz); & 38.8), exhibiting HMBC correlations to
C-1", C-3" and C-6", and to C-4, was assigned as H,-6, whereas protons of another
methylene [y 3.04 (d, J = 6.8 Hz); &c 29.5], was identified as H,-7" by strong HMBC
correlations to C-2", C-3", C-4" and C-8". This also confirmed the connectivity of C-
7"-C-11" sidechain, an isopentenyl fragment, and C-3". Similarly, observed HMBC
correlations of H-2'/C-3 clarified the attachment of a 1,4-disubstituted phenol ring to

C-3. Furthermore, comparison 1 with those previously reported by

Cazar et al. [64] confirmed ou utyrolactone | as shown in Table
.J
3.6. v ——

cosy
HMEC

Figure 3. 12‘,Key H-1H COSY and HMBC correlations of 1

ﬂUH’JWHWﬁWﬂ’]ﬂ‘i
’QW%Nﬂ‘im UAIAINYA Y



Table 3.6 NMR spectroscopic data (CDCI3) of compound 1 and butyrolactone |

position butyrolactone | compound 1

og, mult (JinHz) & on, mult (JinHz) &, mult
1 169.6 169.5, qC
2 137.4 137.4,qC
3 128.5 128.1,qC
4 86.2 86.3, qC
5 169.9 170.1,qC
6 3.58d (14.7) 38.7, . 3.42d(14.8) 38.8, CH;

3.52d (14.2) 3.39d (14.8)
1 122.1 122.6, qC
2',6' 7.65d (8.8) 120.1 —=7752'd (8.8) 129.9, CH
3,5 6.90 d (8.8) 116.1 = 6.81d (8.8) 116.3, CH
4 157.0 156.7, qC
1" 124.6 124.9,qC
2" 6.51 d (2.0) 1319 6.42sbr 132.2, CH
3" 126.8; 126.7,qC
4" T 153.6, qC
5" 6.52'd (748) . 1154 4 6.44d.(8.9) 115.5, CH
6" 6.58 dd(7.8, 20) 1296  6.50.dd (8.4,2.0) 129.6, CH
7 3.12d(78) § -+ 2844 4 3.044d (6.8) 29.5, CH,
8" 5.08 t br(7.8) 124:55; 5.01t(7.2) 121.8, CH
9" 130, 134.9, qC
10" 1.65s 75 EE S56'S 26.0, CH3
11" 1.70s 17.207 71.60 s 18.1, CHs

5-OMe 3.80.s B 53.6° 3.68s 53.9, CHs

3.4.1.2 Structural elucidation of compound 2

Figure 3.13 Structure of compound 2
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molecular formula C19H1607
appearance light yellow gum
[a] 20° +82 (c 0.1, MeOH)
IR (KBI) Vinax 3356, 1739, 1604,

1510, 1203 cm™
'H and °C NMR see Table 3.7

Compound 2 was obiained as a light.yellow gum. Its molecular formula was
established as CigHi607according “to NMRdata, indicating 12 degrees of
unsaturation. The *H-NMR speciriim (Table 3.7) displayed two pairs of doublets A;B,
system at oy 6.97 (d, J = 8@ Hz)and 7.‘?3 (d, J=9.2 Hz), and at 4 6.58 (d, J = 8.8
Hz) and 6.67 (d, J = 8:8 Hz), indicating the existence of two para-disubstituted phenyl
groups. In addition, the"presence of a methylene and a methoxy group was inferred
from the singlet signal at dy 3. 48‘-and 3. "f'SJFrespectiver Comparison of *H and **C
NMR data of 2 with those 0f butyrolactone I' (1) revealed that they possessed the same
core structure. The marked dlfferehCe was tI’Te‘ absence of the isopentenyl side chain in
compound 2, and the presence of an addltroﬂal para-disubstituted benzene ring. This

o J

suggested that the |sopentenyl group in 1 was replaced by hydrogen atom in 2. The

structure of 2 was further—confmned—by—rts—lHiH"C@SY and HMBC correlations

(Figure 3.14), and by comparmg its NMR data to those prewously reported [65] as
shown in Table 3.7.

— COSY
* HMBC

Figure 3.14 Key *H-'H COSY and HMBC correlations of 2



Table 3.7 NMR spectroscopic data of compound 2 and butyrolactone 11

position butyrolactone I1* compound 2°

oc oy, mult (J in Hz) oc, mult
1 168.1 167.8,qC
2 138.3 138.2,qC
3 127.7 127.3,qC
4 84.9 85.0, qC
5 169.9 ; 169.9, qC
6 38.2 S 38.2, CH;
1 12 121.8,qC
2',6' : 115.7, CH
3,5 129.2, CH
4 158.1, qC
1" WS 123.9,qC
2", 6" d'(8.8) 131.4, CH
3" 5" .'*.'a‘-\a 88 1146, CH
4" \\\\ 156.5, qC
5-OMe TR : 52.9, CH3

2 recorded in DMSQ-dg;

ﬂua?waﬂﬁwawni

ARIAINIMUNINYAY

cular
appearance light yellow gum
[a] 20° +113 (c 0.1, MeOH)
IR (KBF) Vinax 3360, 2987, 1756,

1604, 1517, 1204 cm™
'H and *C NMR see Table 3.8
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Compound 3, isolated as a colorless gum, had the molecular formula C,4H260g
by analysis of NMR data. The NMR data of 3 (Table 3.8) also displayed characteristic
signals associated with a jlactone in butyrolactone-type series, including a 1,4-
disubstituted phenyl ring [ 7.58 (d, J = 8.8 Hz), 6.94 (d, J = 8.8 Hz); & 121.9 qC,
117.6 CH (x2), 131.1 CH (x2), 159.9 qC], an unsymmetrical trisubstituted phenyl ring
[64 6.49 (s br), 6.41 (d, J = 8.4 Hz), 6.52 (dd, J = 8.4, 1.6 Hz); & 129.3 qC, 123.7 qC,
133.4 CH, 118.1 CH, 154.9 gC], a methoxycarbonyl group [6y 3.76 s; & 54.7 CHs,
169.6 qC], and four quaternary carbons of jlactone ring [&c 86.9, 126.0, 140.1,
169.6]. Moreover, the NMR data of 3 Was closely related to those of butyrolactone |
(1), with the only differenee being the presence of a hydroxyl group at C-9" and an
additional methylene group (G8%).in 3.instead of the carbon-carbon double bond of 1.
This was confirmed by ‘H-'"H €QSY correlation of Hx-7"/ H,-8", and by observed
HMBC correlations of Hs-10"/C-9", H§-1,Q"/C-8", H3-11"/C-9" and Hs-11"/C-8".
Comparison of NMR data of 8 with thd;e reported by Parvatkar et al, depicted in
Table 3.8, also clarified that compoUnd ! we}s Jéspernolide B and its structure is shown
in Figure 3.16. Aspernolide B wvas first rejﬁ{c}?t;gg in 2009 and isolated from the same
fungus A. terreus; however, from different_@_'né»al sources. That fungal was obtained
from a soft coral Sinularia kaivérattiensis [66]_,*V\;hile the/source of our fungus was a
terrestrial plant Mamiea siamensis. 7

= HMBC

Figure 3.16 Key 'H-'H COSY and HMBC correlations of 3



Table 3.8 NMR spectroscopic data of compound 3 and aspernolide B

aspernolide B?

compound 3"

POSIion == Uit JinHzZ) & o mult(dinHz) &, mult
1 169.2 169.6, qC
2 137.9 140.1, qC
3 128.3 126.0, qC
4 85.6 86.9, qC
5 170.1 171.9, qC
6 3.46's 3813/ . 3.42d(2.4) 34.2, CH,
1 121.6 121.9, C
2,6 7.55d(8.7) 129.1.-7.58 d (8.8) 131.1, CH
3,5  6.87d(87) 116.6 —694'1 (8.8) 117.6, CH
4 157.5 159.9, qC
1" 1284 129.3, qC
2" 6.41.04(1.3) 1317 6.49sbr 133.4, CH
3" 124.0 123.7,qC
4 +153.2 154.9, ¢C
5" 6.52 du(8.7) 1146  6.41.d(84) 118.1, CH
6" 6.55dd (8.7,/1.8) 1286+ 652dd (8.4,1.6) 1309, CH
7" 2.37m 242  254m,2.01m 23.8, CH,
8" 1.53t(7.8) 4324 41,68 (6.8) 40.2, CH
9" 708 , 75.6, qC
10" 1.20's 284°1.205 27.9, CHs
11" 1.19s 285119 28.0, CHs
5-OMe 3.76'S 535 18.76 S 54.7, CHs

recorded in CDEI; + 2.drops of CD;0D;

® récorded in acetong-d;

3.4.1.4 Structural elucidation of compound 4

Figure 3.17 Structure of compound 4
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molecular formula C24H260s
appearance light yellow gum
[0] 20° +40 (c 0.1, MeOH)
UV (MeOH) Anax (l0g &) 290 (4.14) nm
IR (KBI) Vinax 3443, 2956, 1697, 1633, 1620,
1513, 1439, 1262, 1108, 939 cm™
HRESIMS (m/z) 484.1472 [M + Na]", calcd 481.1475
'H and BC NMR see-Table.3.9

Compound 4 was isglatedas a light yellow gum and its molecular formula was
assigned to be CyyHys0q. by HRESIMS analysis (m/z 481.1472 [M + Na]*, calcd
481.1475), indicating 12 degrees of unsaturation. IR absorptions at 3443 and 1697
cm™ implied the presehcesof/hydroxyl and carbonyl groups, respectively. The 'H
NMR spectrum (Table 4) showed the signals of two methyls at 64 1.12 and 1.27, a
methoxy group at dy 3.67,and of A,B> systém"'at dp 6.90 (d, J = 8.8 Hz) and 7.60 (d, J
= 8.8 Hz), indicating the presence of a parégdislubstituted benzene ring. Another three
aromatic signals at oy 6.47 (d, J=8.4 Hz)j,‘ 654 (d, J = 8.4 Hz), and 6.64 (s) were
suggestive of the existence of an additional U'ﬁs’j/mmetrical trisubstituted benzene ring
in the molecule. Analysis 6f **C NMR spectrui and the information from its 2D
NMR studies (*H-'H COSY, HSQC, and HMBC) revealed the presence of 10
aromatic carbon resonances for two benzene moieties, an ester carbonyl (dc 169.4),
tetrasubstituted,olefinic carbons! (oc 128.2;, 137.4), two methylenes [0y 2.97 m, dc
30.5; oy 3.47 (d, J = 14.4 Hz), 3.54 (d, J = 14.4 Hz), oc 38.8], two oxygenated
quaterpary:carbens<oc 7 2:4, 86.0), an.oxygenated-methine [om 449 (t,;J = 8.4 Hz), oc
89.1], and a carbomethoxy group (6,3.76 s, oc 53.6, 169.8). The *H and *C NMR
data of 4 were closely related to those of butyrolactone | (1), but with differences
evident in the region of side chain unit (C-7" to C-11""). Observed HMBC correlations
from Me-10" to C-8" and C-9", from Me-11" to C-8" and C-9", and from H,-7" to C-
8" (Figure 3.18) were indicative of the presence of dihydroxyl group at C-8" and C-9"
in 4 instead of the A**®" double bond for butyrolactone 1 (1).

The absolute stereochemistry at C-8" of 4 was assigned by application of the
modified Mosher’s method [65-66]. The difference in chemical shift values (Ad = Js -
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or) for its MTPA esters 4a and 4b, indicated the S-configuration at C-8" (Figure
3.19). Thus, this compound was determined to be new and was named as aspernolide
D.

rrelations of 4

Figure 3.19 A5 values of (Js - 5R) of the MTPA esters of 4a and 4b

LU ’ﬂtﬂﬂmew W) Qs 1 10 o
R TR L o

be deduced to be 4R based on the biosynthetic grounds and similarity of the specific
rotation, [a]p +40. The complete structure and stereochemistry of 4 was assigned as
shown in Figure 3.14.



Table 3.9 NMR spectroscopic data (CDCI3) of compound 4

position compound 4
on, mult (J in Hz) oc, mult HMBC correlations
1 169.4, qC
2 137.4,qC
3 128.2, qC
4 86.0, qC
5 169.8, qC
6 3.54d (14.4) 38.8, CH, 2,3,4,1" 2" 6"
3.47d (14.4) 2,3,4,1", 2", 6"
1 1224+6C
2' 6 7.60 d (8:8) 1295 GH 3,1,3,6'(2)
3,5 6.90d (8.8) 116.4»C€H 1,2, 4,5 (3)
4' 156.8, qC
1" 124.7,9C
2" 6.64 s 126.9, CH 6, 6", 7"
3" 126.7,qC
4" 158.7, ¢C
5" 6.46'd (8:4) 108.5, CH 4"
6" 6.54 d(8.4) 130.1, CH 6, 2", 4"
7" 2.97m 30.5,.CH, 4" 2", 3" 8"
8" 4491 (8.4) 89.1, CH 9", 10", 11"
o 72.4,.9C
10" 1.27s 25@,':CH3 g", 9", 11"
11" 1.14s 23.9,CH, 8", 9", 10"
5-OMe 3.76s 53.6, CH3 5
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Aspernolide D*(4) should be originated from butyrolactone I (3), and the most

plausible biosynthetic pathway. for the formation,of compound.1 from butyrolactone |

is the epoxidation™ of- A™®" double bohd ' to lgive' the ‘@another co-metabolite,

butyrolactone 11, followed by ring-dpening with water as shown in.Scheme 3.1.



epoxidation
P TR Y

butyrolactone 1 (1) butyrolactone 111

/ H'."OH (H,0)

Scheme 31 a0 etic pathwa of compound 4

f um Jaan'mmm
PN TP N

appearance yellow gum

UV (MeOH) Amax (l0g €) 205 (3.97) nm

IR (KBI) Vinax 3443, 2926, 1730, 1660, 1604,
1511, 1439, 1238, 1170, 1114 cm™

HRESIMS (m/z) 387.1210 [M + Na]*, calcd 387.1208

1H and 3C NMR see Table 3.10
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Compound 5 was isolated as a yellow gum. The molecular formula C2,H3005
was established on the basis of the [M + Na]" peak at m/z 387.1210 (calcd 387.1208)
in the HRESIMS, implying 13 degrees of unsaturation. The NMR spectrum of 5
(Table 3.10) displayed a similar signal pattern to those of butyrolactone | (1) for a
para-disubstituted benzene ring, a trisubstituted benzene ring with isopentenyl unit at
C-3", except for the absence of carbomethoxy moiety and the presence of an
additional ester carbonyl group. The existence of the furan-3-en-2,5-dione at the
central core was corroborated by HMBC correlations from H-2' to C-3, from H,-6 to
both ester carbonyl carbens(C-2 and €-5) at 0e-165.5 and 166.4 (Figure 3.21) and
from Hy-6 to A>* olefinic carbonis Which were considerably deshielded to resonate at
oc 140.2 and 137.9, respeetively (Figure 3.22). This suggested that each of these
olefinic carbons should be eonnected to fhg ester carbonyls. In addition, two aromatic
rings, isopentenyl group, two garbonyis, énd a double bond account for a total of 12
unsaturation units, two sester groups mun'§td-thus be connected together through an
oxygen atom to form furandione-ring, consisteht with another unsaturation remaining.
Therefore, the structure of 5 was establishe’d:’-_as_ shown and it was found to be new and
given name as asperterone. It was-further re\;eaii‘é‘d that this compound was sensitive to

acidic condition, since it graduatly decompdééd4fn'CDCI3, when left in NMR tube.

Hy-6

2

al

Figure 3.21 Key HMBC correlations from H,-6 to both carbonyl carbons of 5
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Figure 3.22 Ke , MBC correlations of 5

Table 3.10 NMR Spectros ;;,) (a u\, of compound 5

position ﬂ/ 7 “}\"‘ﬁtﬁ :
O, mult (JanHz) g l ‘lu HMBC correlations
2 -
3 \
4 18
: -&,g,
6 3.94 2,3,4,1" 2"6"
1' e q
2',6' 7.64d (8.7 ‘M‘f‘ "‘ : 3,1,4,6'(2)
3,5  699d(87) ‘- 1153 CH  2,4,5(3)
" =
1"
" ds 1291 CH A
3 R
4 EE p
5" 6.754 (8.2) 114.7, CH "
6" 6.92 d(8.2) 126.1, CH
7" 7. 4", 8"
: ﬂﬁ%ﬂﬂﬂﬂmﬁﬂ
9" 131.2, qC

é:lm%ﬁeamm SRRy

4" OH 8 20 S 4"
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3.4.1.6 Structural elucidation of compound 6

Figure 3.23 Structu€.ef compound 6

molecular.fermula CiH2405

appearanee light yellow gum
[a] 20° | + 84 (c 0.1, MeOH)
IR (KB 3308, 1739, 1500,

, % 1378,1252 cm™
'Hand *C NMR ., .. -4, 4see Table 3.11

Compound 6 was obtained as a Iigh"_t; j/é‘llow gum, and its molecular formula
was deduced as C4H240g from NMR data. The “H and °C NMR (Table 3.11), as well
as the 2D NMR spectra, suggested that compound 6 is-also a butyrolactone analog
possessing a para-disubstituted and a trisubstituted benzene ring. Compared to
compound 4, which has the same carbon resonances<for C-7"-C-11" side chain,
revealed that the obvious difference between two compounds.was the upfield shift of
two oxygenated carbons’at ‘C-8"!(oe 69.6) ‘and C-9** (¢ 59.9)'in 6. This implied the
existence of an epoxide ring between C-8" and C=9* in place of dihydroxyl group in 4.
In addition, ‘its melecular ‘formula’ CoqH240g required 13 degrees of unsaturation,
while 12 units were present in 4. Therefore, compound 6 must possess an additional
ring. COSY correlation between C-7" and C-8", and HMBC correlations from Hz-10"
and Hsz-11" to C-8" and C-9", also supported the present of epoxide ring at this
position (Figure 3.24). Compound 6 was determined to be butyrolactone IlI, which
has been aforementioned as intermediate of a new compound, aspernolide D (4). As
shown in Table 3.11, the NMR data of 6 are also in fully agreement with those

previously reported by Cazar and co-workers [64].



ompound 6

oc, mult

169.3, qC

137.4,qC

129.1, qC

85.9, qC

169.7, qC
38.6, CH,

1 7;21 = 118.1,qC
2,6 7.62d(88) - 1290 ' 7524 (8. 129.5, CH
3,5  6.914d(88) 116.1 8. 116.0, CH
4 = 156.6, qC
1" = , 2 122.3,¢C
2" 6.51 ﬂz.Z) 52s brﬂ 132.1, CH
3" 124.8 124.7, qC
4 156.6, qC
: ﬂﬁyﬁfg ngﬁjag'j Boii6d) T usocs
6 (8 sh 139.1, CH
" 237m €266  2.80.dd(17.2,4.8)a 31.0, CH,
’51 WLANNIUEAR I THINEL . ..,

58.3 59.9, qC
10 1.24s 233  1.17s 24.5, CHs
11" 1.255 233 1245 22.4, CHs

5-OMe 3.78s 535 3.70s 54.0, CHs

71
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Butyrolactone 1ll has been previously reported as synthetic derivative from
butyrolactone 1. To the best of our knowledge, this is the first report of butyrolactone
I11 from a natural source, since it has been previously reported as synthetic derivative
from the epoxidation of butyrolactone I. Moreover, discovery of the production of
butyrolactone | (1), aspernolide D (4) and butyrolactone 1l (6) from the same fungus

A. terreus also supported our biosynthetic pathway of 4 as proposed in Scheme 3.1.

3.4.1.7 Structural elucidation.ef cempound 7

,_; DMP -~
il . o ) W J/
g~ -'!"-./‘-_ '*'“-
 alf 4
4 | y "'J\\
HE' , gf OH

Figure 3.25:Strueture of compound 7

molecular formula 'C24H2405

appearance I‘i_ght yellow gum

[0 2° ~ 480 (6:0.1 MeOH)

IR (KBE) Vinax 3295, 1730,/1613,
1439, 1269, 1182 cm™

'H and **¢ NMR see Table 3.12

Compound 7, a light yellowgum, had the.same molecularafermula (C,4H240s)
as that‘ef butyrolactone I11 (6). The NMR'data of 7 (Table 3.12), indicating a para-
disubstituted and a trisubstituted benzene ring, and a carbomethoxy group, were very
similar to those of 6. However, the resonances of side chain, a isopentyl group
attached to C-3", were slightly different, particularly those of oxygenated C-8" and C-
9". A strong HMBC correlation of H-8" to C-4" of a trisubstituted benzene ring
indicated the connectivity of C-8" to C-4" through oxygen atom to form a furan ring.
Additionally, the presence of a hydroxyl group at C-9" was clarified by its

downshifted chemical shift (oc 72.4). Thus, compound 7 was determined as
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butyrolactone 1V, and this could be confirmed by comparison of its NMR data with

those previously reported by Rao and co-workers [65] as shown in Table 3.12.

— COSY
&~ HMBEC

Figure 3:26 Key H-'H/COSY and HMBC correlations of 7

Table 3.12 NMR spectroscopig¢ data of eempound 7 and butyrolactone 1V

butyrolactone IvV* ’

compound 7°

position = "t @ inHz). -~ % b4 o mult Gin Hz) o, mult
1 1679, 168, qC

2 — 1364 137.6,qC
3 Sioreieh 1275, qC
4 SA8) . 86.0, C
5 180797 169.9, qC
6 348 383 3534 (142) 38.2, CH,

3.46 d (14.2)

% 121.0 122, ¢C
26 7.5d(8.6) 1288 7.59d (8:6) 1286, CH
3.5 69d(86) 115.84. 6.85d (8.6) 116, CH

z 157.9 157, qC

1 124.4 1245, qC
2 655 1204 6655 129.5, CH
3" 126.9 127, qC

4 158.8 158.8, qC
54 6.6 d (9.0) 1078 6.47d (8.6) 108.2, CH
6" 6.6 d (9.0) 1266  6.55d (8.6) 127, CH
7 3.0m 298  2.99m 29.7, CH,
8" 451(7.6) 89.0  4.49t(8.4) 89.1, CH
9" 70.0 725, qC
10" 11s 248 1235 24.7. CHy
1" 1ds 259  114s 25.8 CHy
5.0Me 3.8 534 3745 53.7. CH,

recorded in DMSO-dg; ° recorded in CDClj
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3.4.1.8 Structural elucidation of compound 8

Figure 3.27 Structure of compound 8

molecular-formula J CaH1003
appearance coloress needles
[a] 20° 2 +59 (c 0.18, MeOH)
IR (KBF) vigax 447 4 13204,2892, 1696,

; 1630, 1362, 119 cm™
tand “gNMR. o seeTable 3.13

Compound 8 was isolated as coloré:§§'_fr|~eedles in relatively high yield when the
fungus A. terreus was cultured ‘i‘n MEB medtum It had a molecular formula CgH1003
based on NMR data (Table 3.13). Analysis OfID and.2D NMR data of 8 indicated the
presence of a 1- propenylgroup [&; 1:89 (d, 3 =6:8 Hz), 6.79 (m), 6.42 (d, J = 15.6
Hz); & 18.5 CHa, 1392 CH, 1255 CHJ, a ketone (& 202.7), a diol moiety [& 4.73
(d, J = 4.4 Hz), 4.07 (é br); & 76.9 CH, 81.4 CH] and é carbon-carbon double bond
[645.94 (s); %124.9 CH,"168:3 qC]. Based on *H-"H CQSY and HMBC correlations
described in Figure 3.28, the structure of 8 was assigned as shown and it was further
found that‘cOmpound 8'was terrein, a well:known metabalite of ¥/arious fungal strains

including A. terreus, and Penicillium and Phoma genera [68-70].

— COSY
*~ HMEBC

Figure 3.28 Key 'H-'H COSY and HMBC correlations of 8
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Table 3.13 NMR spectroscopic data (acetone-dg) of compound 8

position compound 8
on, mult (J in Hz) oc, mult HMBC correlations
1 1.89d (6.8) 185,CH; 2,3,4
2 6.79 m 139.2, CH 1,4
3 6.42 d (15.6) 125.5, CH 4,5,8
4 168.3, qC
5 4.73d (4.4) 76.9, CH 4,6
6 4.07 s br 814, CH
7 202 # qC
8 5945 124,97 CH 3,4,5,6,7
5-OH 4.93d (6.8) 2 4,5
6-OH 4.61d (4.0) 6

3.4.1.9 Syntheticianalogs of con%pound 1 (butyrolactone I)

4

To extend the structurally arfay of])'utyrolactone compound series for looking

at their structure-activity relationship, butyrolactone I (1), one of major constituent of

A. terreus, was selected to be a startihg méigrial. Acid-catalyzed cyclization of 4"-OH

and a A*"" double bond was €arried:out. d;xfr;eating of 1 in the presence of 2% conc.
HCI in MeOH, the desired prodﬂbt24 was O_Q_tﬂfﬁed in 70.0% yield, along with
aspernolide C (25) as a minor-product (9.3%"571:{-33}&) as shown in Scheme 3.2.

A

butyrolactone I (1)

HCI, MeOH

—_—

tt,2 h

OMe

o 24

Scheme 3.2 Acid-catalyzed reaction of butyrolactone 1 (1)
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According to a comparison of NMR spectra of butyrolactone | (1) and
aspernolides A (24) and C (25), an olefinic proton signal of A**®" double bond of 1 (4
5.01) was absent and additional oxygenated quaternary carbon at Jc 74.0 was
observed in 24, whereas an additional methoxy signal (o 3.22) appeared in 25 (Table
3.14). The NMR data of both synthetic compounds were also in fully agreement with

those previously reported by Parvatkar et al. [66].

Table 3.14 NMR spectroscopic data (CDCls)0f.ecompounds 24 and 25

compound 24 compound 25

PosItion = Ut @i HZ) o, mult . Gumult Jin Hz) o mult

1 169.1, oC 169.2, qC
2 136.9; qC 137.2,qC
3 128.1,qC 127.9, qC
4 85.8;qC 86.1, qC
5 169.5,0C. 169.8, qC
6 3.44d (14.4) 38.3,CH, ' 3.474d (14.8) 38.5, CH,

3.54d (14.4) * ., 1353d(14.8)

1 177 7, o™ 122.4,qC
2,6 7.61d (8.8) 129.2,CHs. 760 (8.8) 129.7, CH
3,5 6.92 d (8.8) 115.7,CH . 6.91d (8.9) 116.0, CH
4 156.5, (= 156.6, qC
1" 123.3, q@ == 128.5, qC
2" 6.57 s.br 131.2,CH  6.48sbr 132.0, CH
3" 120.1, qC 124.1, qC
4" 152.6, qC 153.4, qC
5" 6.51 s br 116.3,CH  6.56 sbr 115.8, CH
6" 6.51 s br 128.8,CH  6.56sbr 129.2, CH
7" 2:57.m 218,CHz 11 2:45.t,(6:8) 29.7, CH,
8" 1.711(6.4) 32.3,CH, 1161m 41.3, CH,
9" 74.0,qC 75.8,qC
10" 1.26 s 26.4,CH; 155 24.3, CH3
11% 1.26's 26.3,CHs" | “1114/s 24.3, CH;
5-OMe’ "3.78'S 53.2,CH; ' 3.79s 53.6, CH3
9-OMe 3.22s 49.3, CHs
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3.4.2 Isolation of metabolites from fungal strains CI3, Cl4 and CI5

The work from this part was performed at “Institut fiir Pharmazeutische
Biologie und Biotechnologie, Heinrich-Heine-Universitat Diisseldorf, Germany”
under the supervision of Prof. Dr. Peter Proksch. Isolation of secondary metabolites of
three fungal strains, Colletotrichum gloeosporioides (CI3), Phoma herbarum (Cl4)
and Ascomycete sp. (CI5) was carried out mostly by column chromatography over
Sephadex LH20 and by semi-preparative: or preparative HPLC. For the structural
elucidation of isolated compounds, it waS first screened by determination of their
maximum UV absorption-—and maelecular—weight with ESI-MS technique.
Subsequently, comparison of.the.eompound data obtained with those in library source
of the laboratory would letus know immediately that those compounds would be new
or known. In the case‘of compounds isolated in enough amounts, they would further

be subjected to *H and.**C NMR measurement.

3.4.2.1 Secondary metabolites from the fungus Colletotrichum
gloeosporioides (C13) =

The fungus C. gloeosporigides obtéinéd from C. inophyllum was grown on
solid rice medium. The combined EtOAc extract from whole culture were fractionated
by vacuum liquid chromategraphy-and-column chromatography on Sephadex LH-20,
respectively, as well as by semi-preparative HPLC, to afford 11 known metabolites,
homodestruxin B (9), alternariol (10), deoxyterphenylin (11), zearalenone (12),
indole-3-carbaldehydep (13), oNyN=dimethyltryptophane <(14); dihomo-3"-hydroxy-
methyl-dihydroinfectopyron™ (15), “malformin’ A"(16), tenuazonic acid (17) and
adenosine (18)..The structures.of isolated compounds.are shown inFigure 3.29.

3.4.2.2 Secondary metabolites from the fungus Phoma herbarum (Cl14)

Similarly, the EtOAc extract of whole culture of P. herbarum grown on solid
rice medium was fractionated and purified mainly by column chromatography on
Sephadex LH-20 and SiO, to yield Sumiki’s acid (19), 5-carboxymellein (20) and
cytochalasin D (21). The structures of isolated metabolites are displayed in Figure
3.30.
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Figure 3.29 Structures of isolated metabolites from C. gloeosporioides (CI3)
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3.4.2.4 Structural elucidation of isolated compounds from fungal strains

CI13, Cl4 and CI5

3.4.2.4.1 Structural elucidation of compound 9

Compound 9 was isolated as a white powder from the extract of C.

gloeosporioides (CI3). This metabolite was determined as homodetruxin B, since its

ESIMS showing a molecular ion at m/z 608.7 {M + H]" and UV maximum absorption

at 210.8 nm, were identical to those data in library source. The structure of 9 and its

UV spectrum and ESIMS are shown in Figure.8.32. Homodextruxin B was first

obtained from cultures of Aliernaria brassicae; a-plant pathogenic fungus [71].
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Melting point 202-204 °C
UV (MeOH) Amax 210.8 nm
ESI MS m/z 608.7 [M+H]" (calcd 608.4)

Figure 3.32 Structure, UV spectrum and ESIMS of compound 9
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3.4.2.4.2 Structural elucidation of compound 10

Compound 10 was obtained from the extracts of both C. gloeosporioides (CI3)
and Ascomycete sp. (CI5). Based on its ESIMS at m/z 259.2 [M + H]" and UV
maximum absorption at 256.0 nm, matching with those data in library source,
compound 10 was assigned as alternariol. Its structure, UV spectrum and ESIMS are
shown in Figure 3.33. Moreover, the NMR data of 10, described in Table 3.15, were
also comparable to those previously reported [72]. Alternariol is a common metabolite
of the fungi in Altenaria sp. [73-78].
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Molecular formula C14H1005
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Melting point 350°C
UV (MeOH) Amax 256.0 nm
ESI MS m/z 259.2 [M+H]" (calcd 259.06)

Figure 3.33 Structure, UV spectrum and ESIMS of compound 10
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Table 3.15 NMR spectroscopic data (MeOD) of compound 10

compound 10

position == = Uit @ inHz) &, mult
1 137.0,qC
2 105.0, qC
3 163.0, qC
4 6.2 101.0, qC
5 165.0, qC
6 6.6 105.0, qC
7 168.0, qC
1 112.0, qC
> 152.0, qC
3 Beds 106.0, CH
2 157.0, qC
5 644 112.0, CH
5 " 138.0, qC
eMle & 204 4 180, CHs

3.4.2.4.3 Structural elucidation of;'_compound 11

Compound 11, a white powderi.ﬁ.was isolated from the extract of C.
gloeosporioides (CI3). Its ESIMS at m/z 32&0{M + H]" and Amax in UV spectrum at
202.5 nm was found to- be-associated WH.'h a._compound in library source,
deoxyterphenylin. The “H-NMR-spectrum-of-14-(Table-3.16) were also recorded and
it related to that previously reported [79]. Structure, ¥V spectrum and ESIMS of

compound 11 are shown in Figure 3.34.

Table 3.16 *H'NMR spectréscopic data (MeOD) of-compound11

Position Su, muit(J in Hz)
2,6 7.3d(7.3)

3,5 7.21(7.9)

4 7.11(7.6)

6' 6.3s

2", 6" 7.2d (8.8)

3" 5" 6.7 d (8.8)
5-OMe 3.7s

4"-OMe 3.75s
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Figure 3.34 Strueture, UV spectrum and ESIMS of compound 11

3.4.2.4.4 Structural elucidation of compound 12

Compound-42+wwas' isolated as a powder from the extract oi C.-gloeosporioides

(CI13). It'was identified as zearalenone owing to its UV maximum absorption at 202.5

nm and mass spectrum (ESIMS) displaying a molecular ion at m/z 323.0 {M + H]"

corresponding to a specific pattern of the compound in database. Structure, UV

spectrum and ESIMS of compound 12 are depicted in Figure 3.35.
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Figure 3.35 Structure, UV, spectrum and.ESIMS.of compound 12

3.4.2.4.5 Structural elucidation of compeund 13

Comipound - 13'was also abtained from the extract of C. gloeosporioides (C13)

as crystals. Comparison of its measured UV (Amax 236.0 nm) and mass (ESIMS, m/z

319.3 [M + H]") spectrum to those in database revealed that compound 13 was indole-
3-carbaldehyde as shown in Figure 3.36. Furthermore, its *"H NMR data (Table 3.17)

were associated with those previously reported [80].
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3.4.2.4.6 Structural elucidation of compound 14

Also, compound 14, small prisms, was isolated from the extract of C.
gloeosporioides (CI3). Since molecular ion at m/z 247.3 [M +H]" in ESIMS spectrum
and Amax at 217.7 nm in UV spectrum of compound 14 matched with those of a
compound in library source, it was thus determined to be N,N-dimethyltryptophane

methyl ester. Structure, UV spectrum and ESIMS of compound 14 are shown in

Figure 3.37.

P Al T
- t T Py
H A
Boe: S %
I N7 ome j /i 1
| ‘ 4 2
o ' ") =
' { /‘42§t;:
.-- 1 Il‘v \v:zt—:r‘__ —
" AR SR SP— ..
FogF. 23 '_i_;‘:t 510 %00 450 500 550 5
: Q.r
i 100t o
Q = e f
§ 804 2473 4—11\/1'*'[_1] T‘
é 60 Afgs [ _
e 40—E 380.5 Y767.5 831.3
=z 20—5 23'3"’91
o 0 |I | || LUy
200 400 600 800 1000
miz
Molecular formula C14H18N20;
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Figure 3.37 Structure, UV spectrum and ESIMS of compound 14
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3.4.2.4.7 Structural elucidation of compound 15

Compound 15, a yellow-green powder, was also obtained from the extract of
C. gloeosporioides (CI3). On the basis of its ESIMS showing m/z 311.0 [M + H]" and
UV maximum absorption at 229.1 nm, corresponding to those patterns in database,
compound 15 was identified as dihomo-3"-hydroxymethyl-dihydroinfectopyron. Its
SIMS are depicted in Figure 3.38.

those previously reported [81]
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Furthermore, the NMR da \&5
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Figure 3.38 Structure, UV spectrum and ESIMS of compound 15
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Table 3.18 NMR spectroscopic data (MeOD) of compound 15

compound 15

position on, mult (J in Hz) oc, mult
1 176.0, qC
2 2.2m 36.0, CH;
3 1.6m 22.3, CH;
4 1.2m 37.0, CH;,
5 ll‘// 32.0,CH
6 ’ ﬂ 131.0, CH
/ 126.0, qC

—164.0, qC

= - /‘W : o i ..
Compound 1;Swas isolated as _' ystals fr 1 act of C. gloeosporioides

.“because ESIMS showing a
molecular ion at m/z 59 7 [Mr sctrum gming a Ama at 219.8 nm, were

identical to the patterns‘of a compound |M|brary source. Structure, measured UV

specrum and ﬂ'ﬂﬂﬁﬁ’%ﬁbﬂ% WEHATT
ammﬂim UAIAINYA Y
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Figure 3-39 Structure, JV spectrum-and, ESIMS of-compound 16

3.4.2.4.9 Structural elucidation of compound 17

Compound 17 was isolated as crystals from the extracts of both C.
gloeosporioides (CI3) and Ascomycete sp. (CI5). Comparison of ESIMS and UV
spectra displaying a molecular ion at m/z 198.2 [M+H]" and A at 276.8 nm,
respectively, to a database led to the identification of compound 17 as tenuazonic

acid. Its NMR data shown in Table 3.18 were also in fully agreement with those
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previously reported [82]. Structure, UV spectrum and ESIMS of compound 17 are
depicted in Figure 3.40.
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Figure 3.40 Structure, UV spectrum and ESIMS of compound 17
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Table 3.19 NMR spectroscopic data (MeOD) of compound 17

compound 17

position == " Uit @inHz) o, mult
2 174.0, qC
3 101.0, qC
4 187.0, qC
5 3.7d (3.0) 60.0, CH
6 198.0, qC
7 235 26.7. CHs
8 17m 35.0, CH
9 1.1 m 26.7, CHy
10 0.9t (7:2) 101.0, qC
11 1.0d (6.9) 12.0. CHs
1-NH 50s br 17.0, CHs

4-OH 1505 br

3.4.2.4.10 Structural elucidation'-n:of»vcompound 18

Compound 18,7a secondary met}ab'ol'i_te of C. gloeosporioides (CI3), was
obtained as white crystals. It waé eiucidaté,é_i i:lS adenosine by ESIMS at m/z 262.8 [M
+ H]" and Ame at 258.0 nm, corresponding to th_‘,ose in database. In addition, the NMR
data of 18 (Table 3.19) were virtually id_i_a_n_gi_cal to those previously reported in

Antibase 2002. Its strdcture, UV spectrum and ESIMS are displayed in Figure 3.41.

Table 3.20 NMR spectroscopic data (DMSO-ds) of compound 18

compound 18

POSHIONy Q7 i TinHz) . | og malt

5 833 152.4, CH
4 149.1, qC
5 119.4/4C
6 156.2, qC
8 81s 139.9, CH
1 5.9 d (6.0) 87.9. CH
> 4.6t (10.0) 70.7. CH
3 40dd (100,80)  73.4. CH
2 3.9m 85.9 CH

5 3.7t (12.0) 61.7, CH,
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Compound 19 was obtained as crystals from the extract of P. herbarum (Cl14).
ESIMS exhibiting a molecular ion at m/z 307.2 [2M + Na]* and UV spectrum giving
Amax at 256.9 nm, relating to those in library source, led to the identification of
compound 19 as Sumiki’s acid. Its structure, UV spectrum and ESIMS are shown in

Figure 3.42.
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Figure 3.42'Structure, UV spectrum and ESIMS of compound 19

3.4:2:4.12 Structuralelucidation@ficompound 20

Compound™ 20, "white" crystals, was also” isolated from' the extract of P.

herbarum (Cl4). It was discovered that a molecular ion at m/z 223.1 [M +H]" in

ESIMS spectrum and Anqax at 228.7 nm in UV spectrum of compound 20 matched with

those in a database. Therefore compound 20 was determined to be 5-carboxymellein.

This was also confirmed by its *H NMR data (Table 3.20), which were very similar to

those reported in literature [82]. Structure, UV spectrum and ESIMS of compound 20

are shown in Figure 3.43.
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3.4.2.4.13 Structural elucidation of compound 21
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Compound 21, isolated as white crystals, was found to be one of secondary

metabolites produced by Ascomycete sp. (CI5). This compound was assigned as

cytochalasin D, based on a molecular ion at m/z 508.6 [M + H]" and Anax at 220.0

nm, corresponding to those in database. Additionally, comparison of its *H and **C

NMR data (Table 3.21) with those reported in literature confirmed the above

identification. Structure, UV spectrum and ESIMS of compound 21 are depicted in

Figure 3.44. Generally, cytochalasin D i1san” alkaloid produced by various fungal

strains in Xylaria genera-lt-was reported as a potentinhibitor of actin polymerization

[83].
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Molecular formula C3oH37NOg
Molecular weight 507.6 g/mol
Appearance white crystal
Melting point 268-271°C
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ESI MS m/z 508.6 [M+H]" (calcd 508.27)

Figure 3.44 Structure, UV spectrum and ESIMS of compound 21




Table 3.22 NMR spectroscopic data (DMSO-dg) of compound 21

compound 21

position S mult (3 in Hz) &, mult
1 173.6, C
2 (NH) 8.1sbr
3 35m 52.0, CH
4 24m 50.0, CH
5 2.7m 31.5, CH
6 150.7. qC
7 4.5d (10.8) 702, CH
8 33m 472, CH
9 53.4, qC
10 2.3 t(4.4) 458, CH,
11 07 a(64) 12.8, CHs
12 40 11,5, CH,
447 8
13 54 m 1314, CH
14 5 1/ 1319, CH
15 247 37.6, CH,
1.9dd (1244
16 22 m 43.4, CH
17 210.0, C
18 775, qC
19 5.0/ 128.1. CH
20 5.800 (152, 1:2) %  132.2, CH
21 5.2m 764 CH
22 1.0d (6.4) 193 CH,
23 145 24.6/ CHs
1 137.1, qC
2,6 72m 130.6, CH
35 72m 129.4, CH
4 72/ 126:8)\CH
21.0AC 170.0,lqC
235 20,5, CHs

3.4.2.4.14 Structural elucidation of compound 22
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Compound 22 was obtained as crystals from the extract of Ascomycete sp.

(CI5). In the same way, the structure of this compound was elucidated as 2(4-
bromophenyl) acetic acid by ESIMS at m/z 216.0 [M + H]" and UV maximum

absorption at 216.3 nm, associating with those patterns in database. Structure, UV

spectrum and ESIMS of compound 22 are displayed in Figure 3.45.
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Figure 8.45/Structure; UV spectrum and ESIMS of<compound 22

3.4.2.4.15 Strugctural elucidation of.compound 23

Compound-23 was also obtained from the extract'ef Ascomycete sp. (CI5) as a
pale yellow solid. Its structure was elucidated from the results of measured ESIMS
(m/z 267.0 [M + H]") and UV spectrum (Amax 222.5 nm), matching with a database, it
was thus identified as citreodrimene F. The structure, ESIMS and UV spectrum of this

compound are shown in Figure 3.46.
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3.5 Biological activity of isolated metabolites

Secondary metabolites isolated from the fungus A. terreus were tested for their
biological activities including cytotoxicity on tumor cell lines, antibacterial and

antimalarial activities.

3.5.1 Cytotoxicity

A total of eight isolated compounds frem.A. terreus were determined for their
cytotoxic effect against thiee human tumor-eell lines, colon carcinoma (SW-620),
hepato carcinoma (HEP-G2)-and lung carcinoma (CHAGO), by using MTT
colorimetric method [84]}«Results are presented in Table 3.22. Only asperterone (5)
and terrein (8) exhibitedseytotoxicity on all cell lines tested with ICsy values ranging

from 2.70 to 5.63 M, wiereas other comh’bunds did not show any detectable activity

at a dose of 10 uM.

Table 3.23 Cytotoxicity of campounds 1-5, 8 and 24-25 on human tumor cell lines.

1Cso (UM)

Compound _
BT-474 - KATO-3 = SW-620.. HEP-G2 CHAGO

Butyrolactone | (1) | | ! I I
Butyrolactone 11 (2) | | I I I
Aspernolide B (3) | | I I I
Aspernolide D (4) | I I | |
Asperterone (5) | | 2.70 3.81 5.63
Terrein (8) | | 2.80 5,56 3.51
Asperniolide A (24) | | I | I
Aspernolide C (25) I I I | |

Doxorubicin 0.91 0.98 0.14 0.16 0.81

BT-474: breast, KATO-3: gastric, SW-620: colon, HEP-G2: hepatic, CHAGO: lung cell lines.
I = inactive (determined by cell survival > 50% at a screening dose of 10 M)
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3.5.2 Antibacterial activity

Compounds 1-5, 8 and two synthetic butyrolactone derivatives (24-25) were
further determined for their minimum inhibitory concentrations (MICs) against five
Gram-positive bacteria (Bacillus subtilis, Staphylococcus aureus, Staphylococcus
hominis, Staphylococcus epidermidis, and Enterococcus faecalis), and four Gram-
negative bacteria (Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, and

Salmonella typhimurium). Their MIC values are summarized in Table 3.23.

Table 3.24 MIC values-of compounds1-5, 8 and-24-25

MIC (ug/mL)
Gram#poasitive bacteria Gram-negative bacteria

Compound BS SA & SH EF ST EC PA PV
Butyrolactone | (1) 64 64 64 { 64 64 256 | | I
Butyrolactone 11 (2) I I [ ) 4 I I I I I
Aspernolide B (3) 256 256 64 ;56 244 | | | | |
Aspernolide D (4) | | | T Bl | | | |
Asperterone (5) | 256 | | | | | | |
Terrein (8) | | | 256 | | 128 256 256
Aspernolide A (24) | | 128 64 | | I | I
Aspernolide C (25) | | 256 256 | | | | |
Vancomycin 0.5< 05« 05« 05< 05< | | | |
Gentamycin | | | | | 05< 05< 05< 05<

BS : B. subtilis, SA : S. aureus, SE : S. epidermidis, SH : S. hominis, EF : E. faecalis, ST : S. typhi,
EC : E. coli, PA : P. aeruginosa, and PV : P. vulgaris
| = inactive > 256 pg/mL
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Butyrolactone I (1) was found to inhibit all Gram-positive bacteria tested with
the same MIC value of 64 pg/mL and showed weak activity on only one Gram-
negative strains, S. typhimurium (MIC 256 xg/mL). Aspernolide B (3) also displayed
weak to moderate activity on all Gram-positive bacteria tested, except for E. faecalis,
while aspernolide D (4) and asperterone (5) were active on S. hominis and S. aureus at
a dose of 256 ug/mL, respectively. Both synthetic products, 24 and 25, exhibited
antibacterial activity on two gram-positie Strains in the genus Staphylococcus, S.
epidermidis and S. hominis; however, cyclizedsproduct 24 showed better activity.
Terrein (8), only a compound was shown to be active against three out of four Gram-

negative strains tested, E. colt; Peaeruginosa and P. vulgaris.

3.5.3 Antimalarialaciivity
The isolated’compounds were evaluated for their antimalarial activity
against a multidrug-resistant parasite, Plé_smodium falciparum K1 strains by using
microculture radioisotope technique, [85]. R'eéUIts are presented in Table 3.24. Only
terrein (8) exhibited antimalarial activity Wlth 1Csp value of 3.17 uM. However, it

could not be comparable to dihydroartemisi‘n,‘in, a standard drug (I1Csp, 0.004 1M).

Table 3.25 Antimalarial effect of compounds 1-5 and 8

1Cs0 UM

Compound P. falciparum (K1 strain)

Butyrolactone I (1) I
Butyrolactone'll (2) I
Aspernolide’ B (3) I
Aspernolide D (4) I
Asperterone (5) I
Terrein (8) 3.17
Aspernolide A (24) I
Aspernolide C (25) I
Dihydroartemisinin 0.004

I = inactive



CHAPTER IV
CONCLUSION

The goals of this research are to investigate and structural elucidate bioactive
compounds from endophytic fungi isolated from three plants belonging to the genus
Garcinia, Mammea siamensis, Mesua ferrea and Calophyllum inophyllum. Based on
analysis of chemical constituents of EtOAC-exiracts of each fungus by 'H NMR
spectroscopy, four fungal.strains were-Selecied-and-identified as Aspergillus terreus
(MS1), Colletotrichum™ gloeosporioides (CI3), Phoma herbarum (Cl4) and
Ascomycete sp. (CI5). Purification of EtOAc extract of A. terreus cultured on corn
steep liquor broth by“Chrematographic technique led to the isolation of two new
butyrolactone derivatives, aspernolide D (4) and asperterone (5), along with five
known derivatives, butyrolagtones 1(1), I -(2), aspernelide B (3), butyrolactones il
(6) and 1V (7). Moreover, A. terreus also g'ave' terrein as a major product in relatively
high yield when fermented in mait extract'bfoyh. This indicated that cultured medium
has much effect on the producticn of secondar&f metabolites of the fungus A. terreus.
Furthermore, other three fungi selected, CI?;,""CI'4 and CI5.gave additional 15 known
metabolites, homodestiuxin-B-(9); alternariol (10); deoxyterphenylin (11), zearalenone
(12), indole-3-carbaldehyde (13), N,N-dimethyltryptophane (14), dihomo-3"-hydroxy-
methyl-dihydroinfectopyron (15), malformin A (16), tenuazonic acid (17), adenosine
(18), Sumiki’s’ acid 0(19); S+carboxymellein| (20); eytochalasin D (21), 2(4-
bromophenyl) acetic acid (22) and Citreodrimene F (23).

Metabolites.obtained from A. terreus (1-8) and.twa synthetic derivatives (24-
25) were evaluated for<their Biological~activities including cytotoxicity against three
human tumor cell lines (hepato carcinoma (HEP-G2), colon carcinoma (SW-620),
lung carcinoma (CHAGO), anti-bacterial activity against five Gram-positive bacteria
(Bacillus subtilis, Staphylococcus aureus, Staphylococcus hominis, Staphylococcus
epidermidis, and Enterococcus faecalis), and four Gram-negative bacteria
(Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, and Salmonella
typhimurium) and antimalarial activity against Plasmodium falciparum (multidrug

resistant K1 strains). Only compounds 5 and 8 exhibited cytotoxicity on cancer cell
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lines tested with ICsy ranging of 2.70-5.63 M, whereas compounds 1, 3-5 and 6
displayed weakly to moderately antibacterial activity. In addition, it was found that
only terrein (8) was shown to be active on the malarial parasite P. falciparium K1

tested with 1Cso value of 3.17 4M.
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APPENDIX A
MEDIA

The media prepared by sterilization in autoclave at 121° C for 15 minutes, pH was
adjusted with NaOH or HCI before addi "Wgar and sterilization.
Potato dextrose agar (PDA) J//’

Potato de 240,09
Agar N g.

Distilled

Malt extract broth (ME

Malt extr.

Peptone

Glucose (AT

Distilled water __T_’ 1000 ml
Com steep broth (CSBY Y]

109

Corn steep liquor

auyAnenIngdns
Glucose ¢ 509 oy
VAR 1111 6 8

Distilled water 1000 ml



Rice medium (RM)

Rice 90.0¢g
Deionized water 100 ml
Water agar (WA)

AULINENTNEINS
PRIAATUAMINYAE

114



115

APPENDIX B

NMR spectra and IR

] i i §
AugInenInens | |, ;
PAATUAMINYISY | 2



ppm (t1)

L9

Figure S-2 C NMR(100 MHz) spectrum of compound 1 (CDCls)

116

911



.

i '}
AULINENTNEINg
TRIAINTUURIINGE Y

—3 oo

g

oo (2) 5.0 0.0
Figure S-4 HSQC spectrum of compound 1 (CDCl5)

117



%T

i

100 -

95

90

8!

a

80

75

60

55

50

45

40

{RIRINIDIUM TS

PP (2) e — —

uﬁiw;=%h-1‘

3343.48

1739.13

4

[
108

id 1 (CDCly)

0.0

4000

3500 3000 2500 2000 1500
‘Wavenumbers (cm-1)

Figure S-6 IR spectrum of compound 1 (KBr)

118




119

_/\AJLJH '. VISIVI AN Y L L

e AWIANINANINGINY

Figure S-7 *H NMR(400 MHz) spectrum of compound 2 (acetone-dg)

6TT


isd
Typewritten Text
119

isd
Typewritten Text


120

AUYINNINEINg

200 150 g 100 . 0

qmmnimumwmﬁﬂ

Figure S-8 *C NMR(100 MHz) spectrum of compound 2 (acetone-ds)

0¢T


isd
Typewritten Text
120


9
I \ Ny
s r ’ ‘Il"=;
// 9 Yad \\
N v
FlgureS Q5 s l d2(acetone ds)

?%
Lo

: ﬂ‘lJEJ’JVIEWI'SW«EJ"Iﬂ'E

ﬂﬁ’]ﬁﬁﬂimmﬂﬂﬂmaﬂ

9]

Tty

mlagio{fz) >0 }
Figure S-10 HSQC spectrum of compound 2 (acetone-dg)

At

121



122

—0
] — 50
— 100
— 150
— 200
rppm (f1
\
10.0 0.0
ppm (f2) =
Figure S-11 HMB! npound 2 (acetone-dg)
100 v .
95 ™
90 ‘E
o ¢ a o/
- AUEINENINY
75 l
5 , ¢ o
A WA ITU AT
60 q - : : : : : : - : N
55
50 B %
45 g é
40
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm-1)

Figure S-12 IR spectrum of compound 2 (KBr)



8.0
ppm (f1)

’Qﬁﬁﬁ\iﬂ‘imuﬁﬂﬂmﬂ&l

Flgure S-13 *H NMR(400 MHz) spectrum of compound 3 (acetone-de)

123

€cT


isd
Typewritten Text
123

isd
Typewritten Text


7

L

i

Augingninens
QRIRINTUNNINGINY

ppm (1)

\
200

150 100 50
Figure S-14 *C NMR(100 MHz) spectrum of compound 3 (acetone-dg)

124

144"


isd
Typewritten Text
124

isd
Typewritten Text

isd
Typewritten Text


125

ppm (f2) b o0
Figure S-15 ound 3 (acetone-dg)

| I\l_U

ﬂ‘lJEJ’JVIEWI'iWEJ"Iﬂ'E
ﬂmmnimumwmaﬂ

ppr:-%QO) 5.0 0.0
Figure S-16 HSQC spectrum of compound 3 (acetone-ds)



126

—o
| g 50
E |
@
; t—100
150
t—200
rppm (f1
I
10.0 0.0
pom (12) '
Figure S-17 ompound 3 (acetone-dg)
100 -
- - Iy
95 . _ﬁ-"
] P 1'[
20 _
85 ;E
o0 ‘a o/
a I F | 5
) 75 ’J F
S 70 “
, ¢ o
qm'] ANTI U NNRTIN AN Y
55 - )
o :
45 g %
40 N
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm-1)

Figure S-18 IR spectrum of compound 3 (KBr)



127

.~“\-' 2

e Ty
‘ A

i &
Al

Nz
-
X

ppm (1)

Figure S-19 *H NMR(400 MHz) spectrum of compound 4 (acetone-ds)

LZT


isd
Typewritten Text
127

isd
Typewritten Text

isd
Typewritten Text

isd
Typewritten Text


A

| 'El |
AU INYNINYINS

S AN YAV BAa s
9

ppm (f1)

‘ I I I I ‘ I I I I ‘ I I I I ‘
200 Figure S-20 *C RRIR(100 MHz) spectrdfi? of compound 4 (acetdhe-dg)

128

8¢T


isd
Typewritten Text
128

isd
Typewritten Text


129

ppm (f2) 0
Figure S-2, jound 4 (acetone-dg)

‘ﬂuﬂquﬂswawni w
RN TN INEAE

q

1

oo (2) 5.0 .
Figure S-22 HSQC spectrum of compound 4 (acetone-ds)



Frear o e |

‘ﬂmL 1 | u]

100
)

95

85

4000

\
L

|

f

ppm (f2)

Figure S-23 HMB( N

!

o
°0

\ /
W, |

e nenineans

o

AMA9N TN INENAY

‘ 0 L] | ‘
‘ I S i) \
~
& 3¢ 8 SR8 38855 6R N~
@ Shm‘ [=} N OO 0 00w o N® N =
= @ SN S QBT Y ~ o o o
3 S>3 o © OO L TOD AN - I S
e} aNN ~ e v e ot e el ©
3500 3000 2500 2000 1500 1000

Wavenumber cm-1

Figure S-24 IR spectrum of compound 4 (KBr)

| 663.78 ——

500

130



131

T ‘ T T ‘ T
8.0 7.0
ppm (f1)

1.0

Figure S-25 *H NMR(400 MHz) spectrum of compound 5 (CDCl5)

T€T


isd
Typewritten Text
131

isd
Typewritten Text

isd
Typewritten Text


;

"
e

ﬁ;u‘ﬂ”&mw ns

-9

150 q S 100 S : 50
ppm (f1) '

Figure S-26 **C NMR(100 MHz) spectrum of compound 5 (CDCl3)

132

ceT


isd
Typewritten Text
132

isd
Typewritten Text


133

_AuEINENINeInS

AR THUNM NS |

Fiaare S-28 HSQC spectrum of compound 5 (CDCl5)




|1

—50

— 100

134

:num (f1
I
pom (2 . > = N o0
Figure S- '9 IMBC spectrum: of compound 5 (CDCls)
Y18 Y

Figure S-30 HMBC spectrum (expansion) of compound 5 with correlations between

H2-6 and two carbonyls at C-2 and C-5



135

)
r
B

—— LSPLLL Y
——— $80LL) ~

Lo

=]

c

>

o

8.8€CL

ﬁ )

? ——— sear m

|
89719
o yl99
. g
~_ gooes
7 yzive
— ¢/088]|
—— E.EL 3

o
-~ BTYI0L ﬁ =
W 1 _, I _.,._. 4 / :

o
o
o
<

1 T T T T
0ol S6 06 S8 08 SL 0L S9

o1 anueniwisuel |

s

INEINT

o

¢
¢

AUYINUN

YRIANNIUNRINENNEY



136

e ,__JL,J/Ll ﬂ'IJEJ’J‘VIEm rl el 1
c A QWﬂa\ﬁhfW'ﬂﬁﬁﬂmﬁ‘ﬂ” Lt

Flg re S-32 'H NMR(400 MHz) spectrum of compound 6 (CDCls)

o

9¢T


isd
Typewritten Text
136

isd
Typewritten Text


130

b te

180

6 0 e T5 0 AR S s
usi

170

ﬁ ." Ineningng

3 ‘ * ¢
Lok ten s dta b i dindeastiatd slthlid & Dadelt i ML, diadil
M TARLYF 1 u

9
Figure S-33 **C NMR(100 MHz) spectrum of compound 6 (CDCl3)

| t

g b i odod S ol s AL 3 T W)

Lt L H l..A-\u!‘.nj .r.‘»‘u.“.-”u“ ) u.v"‘l}, :..’,A.I
' t,‘ f\ 120 ) !.l' ‘lw 8O J lka [ . 5 40

30 20 10

137

LET


isd
Typewritten Text
137

isd
Typewritten Text


138

T . l_. oA I ey

-.,‘

ﬁuaqwﬂnﬁwsﬂnﬁ
ammnmum*‘jﬂmaﬂ

._! - 7_? Q
e 3 4
1 :
i P
‘
L PR i AR T SRR
160 140 120 100 a0 60 a0 20 0
fFL (ppm)

Figure S-35 HSQC spectrum of compound 6 (CDCls3)



139

* -i._
4
.
e
&

Figure S-3¢ *.,f}',’-i‘i';u;- co poundG(CDCI3)

]

ﬂuEJ’J‘ﬂEWﬁWEI"Iﬂ‘i
’QW'TE\‘I\‘Iﬂ‘iﬂJﬂJWI’JmJ'IaH

Figure S-37 IR spectrum of compound 6 (CDCl5)



ﬂUEJ’J‘VI N3

|81rﬁ %
—

| fe
T A ““n -.n-_"IL- ol e

S i

¢5 "ol

'1

A it 2.

Figure S-38 *H NMR(400 MHz) spectrum of compound 7 (CDCl5)

lllllllTlllll
1.5

1.0

0.5

lllll

140

ovT


isd
Typewritten Text
140

isd
Typewritten Text


L L

RN

N

Figure S-39 **C NMR(100 MHz) spectrum of compound 7 (CDCls)

LGN

Al E § l T

25

T T

0

141

114’


isd
Typewritten Text
141

isd
Typewritten Text


142

| |
1 i ‘_'4 ¥ &£ s _!. .’. i
F2 = N
(ppm)
-0 _
4 =
-———srhf' ﬂ -
3 L
2 5 =
) e
-
SOOI .. 2
i
it s
= >
€ 1 <8

INININGINT
NIUAMINEIAY

-t

e it
— 7 % +
Sy L d
T o T 1 23 T v AN =k e | R v v ¥
180 140 120 100 80 60 a0 20 0
F1 (ppm) ..

Figure S-41 HSQC spectrum of compound 7 (CDCIé)



143

ﬂuEJ’JVIEWI'SWEJ"Iﬂ‘E
’Qﬁﬁﬁﬂﬂ‘imuﬁﬂﬂmaﬂ

Figure S-43 IR spectrum of compound 7 (CDCl5)



144

%, AN
i, il ¥ II"'.
b )e
i [ F 1
et
l (s = :
e T T
L e e o
e | - )
| y; » |.' i L

AU INENINYINS
- ARAIUNMANGNGY ¢

\
Figufe S-44 "H NMR(400 MHz) spectrum of compound 8 (acetone-ds)

144"


isd
Typewritten Text
144

isd
Typewritten Text


145

AUYANYNTNYINS

e = ARTANNTUATA YR Y

Figuré!S-45 *C NMR(100 MHz) spectrum of compound 8 (acetone-ds)

14}


isd
Typewritten Text
145

isd
Typewritten Text

isd
Typewritten Text


LMMMMM

Flgure S-46 CO ﬁ_;;-:_:..--.

S "- | n-'—

]

ﬂUEJ'JVIEIVI‘iWEJ’]ﬂ?
Sl aﬂnimnmqﬂma

L L I I B B L O O B I BB
8.0 7.C 6.C 5.C 4.0 3. 2. 1.C 0.

ppm (t2;
Figure S-47 HSQC spectrum of compound 8 (acetone-ds)

146



147

I

— 20(

= ppm (t1

8.0 v ‘.“. 2.( 1.0 0.

ppm (t2;

Figure S-48 . spectrum/ef compound 8 (acetone-de)

102
100

98

96 Ak
94
92
90
88

8

. ﬂ‘LJEJ NHNTNE "'
ﬂ%ﬁﬁﬁﬂimmﬂﬂﬂ

q"

70

ENE—Y

1630.43

©
w0
<1
©
1

68

66
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm-1)

Figure S-49 IR spectrum of compound 8 (KBr)




148

U

quﬂ NUNINEINT

- ARTANTUATIINGDIAL

H NMR(400 MHz) spectrum of compound 24 (CDCls)

8vT


isd
Typewritten Text
148

isd
Typewritten Text


e \ '
o \
1 \\
L '_i - " -
a‘a‘
e lely
o ' b
o I ——— :
L
]

=T U ANgNSNYINS
QRIANNIUNRIINIQ Y

Figtire S-51 **C NMR(100 MHz) spectrum of compound 24 (CDCls)

6vT


isd
Typewritten Text
149

isd
Typewritten Text


150

B0 |

ﬂ‘lJEJ’JVIEWI?WEJ’]ﬂ'ﬁ

NN

—_— ammﬂmumwmaﬂ

Figlire S-52 *H NMR(400 MHz) spectrum of compound 25 (CDCl3)
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Figure S-53 1*C NMR(100 MHz) spectrum of compound 25 (CDCls)
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Figure S-56 *H NMR(500 MHz) spectrum of compound 11 (MeOD)
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Figure S-59 **C NMR(100 MHz) spectrum of compound 15 (MeOD)
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Figure S-60 *H NMR(500 MHz) spectrum of compound 17 (MeOD)
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Figure S-61 *C NMR(100 MHz) spectrum of compound 17 (MeOD)
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Figure $-62 *H NMR(500 MHz) spectrum of compound 18 (DMSO-dg)


isd
Typewritten Text
160

isd
Typewritten Text


SRS = 2
£8% L 3
(. I
Parameter Ghe

1 Data File Name E:/ Y S3U fid

2Te | Istit PEIP

S-20004-F10

3Sokent DMSO

4 Spectrometer Frequency 13576

S Nudkess 13C

AR Eaa Wy W g T = w

-

Ll

0 4

Al P )

szzznfs=3ss

LI

Autdpayinens
e vamirmmin

v/

Figure S-63 **C NMR(100 MHz) spectrum of compound 18 (DMSO-ds)
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Figure S-64 '"H NMR(500 MHz) spectrum of compound 20 (MeOD)
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