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A new naphthalene obtained from the EtOAc extract

of an endophytic fungus, Rkvudhysicron s olated from Azima sarmentosa Benth. &
Hook., which was*eult ' dract broth, along With four konwn compounds,
MK3018 (1), palmaiimygih G 4-0-methyl-CJ (3) unz 4-O-methyl- CJ12371
(5). Additionally, foilF ngW s€sguitess cnes,'meruling. A ) (6-9), were isolated from the
extract of anothgf funglls (Basidi stous) of Xylocarpus granatum Koenig. cultured
on Corn steep brothmed it trueidres of these compounds were elucidated on the

basis of spectroscopic studigs '

Further, all igolate com 'ed for their antimalarial, cytotoxic

and antibacterial activi. f ds (8)= exhibited potent antimalarial activity
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were active toward diffesent bacterial strains yith different MIC values.
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CHAPTERII
INTRODUCTION

At present, human are being threatened by more and more coming diseases for
example cancers, AIDS, SARS, bird flu, ete.,.acCompanied with an increasing scope
of environmental degradation, air pollution and. water caused by excessive toxic
organic insecticide,.industry sewage, and poisonous gases. As a result, it is a must for
isolating of novel and beneficial compounds to provide assistance and relief in all
features of the humanscondition (Guo, et al., 2008). Natural products have been the
source of therapeutics since the:advent of traditional medicine and healing, and remain
a dominant source 0 date (Donnelly, 200;9). Frequency of use of natural products in
the treatment and prevention of disease cahl be measured by the number and economic
value of prescriptions, from which the extén_t of preference and effectiveness of drugs
can be estimated indifectly. Since the discovery of penicillins in 1928, fungi have
been playing an important role as-source of*érug and drug lead compounds (Chin, et
al., 2006). 222 M4

Endophytic microorgénisms are to be fou;ld In virtually every plant on earth.
These organisms-reside in the living tissues of the host plant and do so in a variety of
relationships ranging from symbiotic to pathogenic. Endophytes may contribute to
their host plant By producing a plethora of substances that-provide protection and
ultimately survival value.to the plant. Ultimately, these compounds, once isolated and
characterized, may also have potential ‘for use “inimadern medicine;.agriculture, and
industry. . (Strobel, et al., 2003)."Endophytes have been recognized as important
sources of a variety of structurally novel active secondary metabolites with anticancer,

antimicrobialand,other biolagical activities. (Xu, et'al., 2009).

The prospects of finding new drugs that may be effective candidates for
treating newly developing diseases in humans, plants, and animals are great. Other
applications in industry and agriculture may also be discovered among the novel

products produced by endophytic microbes.(Strobel, et al., 2003).



The objectives of this study are as follows:
1. To isolate endophytic fungi from Azima sarmentosa Benth. & Hook. and
Xylocarpus granatum Koenig.

2. To explore chemical constitue

of the selected endophytic fungi.
3. To elucidate chemice oS ( 2. bioactive compounds by
1D- MS, IR, and X-ray

-_"'_""-

spectroscopic analyses

crystallography

4. To eval ancer, antibacterial, and

antimalariz
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CHAPTER I
LITERATURE REVIEWS
2.1 Natural products

For thousands.of years medicine.and natural.products have been closely linked
through the use of.iraditional-medicines and natural peisons, pharmacological and
chemical studies ofwthese traditional medicines. Although traditionally natural
products have played.ah important role in drug discovery, in the past few years most
pharmacy companies have gither terminated or considerably scaled down their natural
product operations,whigh were derived p__redominantly from plants, were the basis of
most early medicines Such as aspirin, digito‘Xin, morphine, quinine, and pilocarpine
(Butler, 2004). 4

Additionally, many drug Companle§ -have developed interests in making
products that have a larger potential profit base {han anti infectious drugs (Strobel, et
al., 2004). Modern organic chemlstry which was founded primarily upon the study of
natural products; led to the isolation and |dent|f|cat|on of" a multitude of such
individual compoundsand subsequently —an understanding of their biological
properties (Molyneux, 2002).

Among all ¢'’known producers of ;small molecule natural products,
microorganisms represent a rich source of-biologically activer metabolites that find
wide-ranging “applications " as “agrochemicals, antibiotics,” immunosuppressants,
antiparasitics, and anticancer agents. Unlike othersorganisms, microbes occupy all
living and nealiving niches on earth including arctic, antarctic, and alpine regions,
deserts, deep rock sediments, marine environments, and even thermal vents.
(Gunatilaka, 2006). Endophytes, microorganisms that reside in the tissues of living
plants, are relatively unstudied as potential sources of novel natural products for

exploitation in medicine (Strobel, Daisy, and Castillo, 2002)



2.2 Endophytic fungi

Endophyte is a microorganism that colonizes interior organs of plants,
but does not have pathogenic effe

s host. In their symbiotic association, the
host plant (macrophyte) pro =>~,.x' d feeds ophyte, which “in return” produces
bioactive metabolites to el hance. 7 etitiveness of the host and to

hittp://www.peg ethz:chiresearch/inters ctic S "" November 4, 2009).

E

2.3 Bioactive cormounds from endophytic fungi
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Taxus bMifoIia, and a member of the class of taxane diterpenoids (Wani, et al.,

TR

‘ovarian cancer (Horwitz, 2004)



Taxol wa Ig resistant ovarian cancer by the Food
r ' i

and Drug Admini in in 1992, . ‘discovered that taxol was
accidentally produced | it has since been found in
a number of othe m sylviforme, opening

; J I S £ -
the occurrence of ( neb i these species. Taxol has
become the best-selling antigancer drug i ith commercial sales of well over
‘ | o '
$1 billion in 1998 (Sti

Endophytic fungi are‘ex:enmvel ecognized as productive sources of highly
bioactive secondary metabef@sj:fﬁéf 7 |
new pharmaceu}_i'al agents. Two new
(1) and B (2), &

coll

fractionation fro@n endophytic f SP. iﬂed from small branches
of Taxus cuspidate. Periconicins A and B exhibited activities against the bacterial
Bacillus subtilis (Iﬁ’lﬁa 12 mL, 25. W respectlv ) and bacterial
KIebaﬂ Eja’a/\w EJA %ﬁ %v) (Kim, et al.,

R V8

A

ated by bioassay-guided

@ (2)

Figure 2.3 Periconicins A and B



Two new p-lactones, eutypellins A (3) and B (4), isolated from the endophytic
fungus Eutypella sp. BCC 13199 showed cytotoxic activity against human small-cell
lung cancer cells (NCI-H187) with an 1Cso value of 12.0 and 206 «M respectively
(Isaka, et al., 2009).

HO o 0] HO

©) (4)
Higure 2.4 Eutypellins A and B

Three new esters of orsellinic acid, globosumones A-C (5-7) were isolated
from Chaetomium globosum endophytic on Ephedra fasciculata (Mormon tea). All
compounds were evaluated for inhibition of cell proliferation in a panel of four cancer
cell lines, MCF-7 (breast cancer), SF-268 (CNS glioma), and MIA Pa Ca-2
(pancreatic  carcinoma)™ and- nermal _human / fibroblast cells (WI-38). Only
globosumones A (5) and B (6) were found to be moderately active (Bharat, et al.,
2005). =i

OH O OH O OH O OH
X _CH
O O OH O OH
HO CHg HO CH5 HO CH, ©

(5) (6) (7)
Figure 2.5 Globosumones A-C

Six new chromones, named pestalotiopsones A-F (8-13) were obtained from
the mycelia and culture filtrate of the mangrove endophytic fungus Pestalotiopsis sp.,
which was isolated from leaves of the Chinese Mangrove plant Rhizophora

mucronata. Compound 13 exhibited moderate cytotoxicity against the murine cancer



cell line L5178Y with an ECs value of 8.93 ug/mL whereas the other investigated
compounds proved to be inactive. (Wu and Proksch, et al., 2009).

Two new 10-oxo-10H-p enofl,2,3-deJchromene-2-carboxylic  acids,

xanalteric acids | (14) )m_extracts of the endophytic

fungus Alterna :—-_—:-—,--:-:—--:---f---:—--f---:;;.":_:im,:_r'_;; ia alba collected in
China. The “" \ ’ against multidrug-

resistant Staphyl cus au

(14) (15)
Figure 2.7 Xanalteric acids I and |1



2.4 Botanical Aspects, Distribution and Ethnobotanical of Azima sarmentosa.
and Xylocarpus granatum.

2.4.1 Azima sarmentosa.

A.sarmentosa.

‘ \l’// Eedlcmal plant in Thailand. The

roots are usually used our taste: d as an antipyretic and anti-

wounds because of its cooling

s: Magnoliopsida

O.m . Brassicales

AUEMTNEINS

Species: A.sarmentosa, .,
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A. sarmentosa., is broadly distributed in the tropical regions all over the
world (Pongboonrod, 1979). In Thailand, this plant is distributed in many areas such
as, northern, north eastern, and south central regions of the country. A. sarmentosa. is
rambling shrub, with axilliary. It grows to a height of 2-4 m with oval leaves 2-6 cm,
has characteristic as follow: entire flower are small, dioecious, axillary, sestile, or on
little-brached panicle in _cluters or umbéls. There have been several common names
called in Thailand: Phungdosor Naam phundo (Central), Pittoh (Chiang Mai) or Khee-
haet (north eastern)(Sunintabgon, 1999 ;” Larsen, 2000).

In the investigation of chemical cOr;sti‘t'uents of the leaf and root extracts from
A. sarmentosa., the first report: described‘.t\(_v_o compounds, 1-methoxy-indole-3-
carboxaldehyde (16) and 1-methoxy-indole-3-acetonitrile (17) were isolated and
exhibiting cytotoxic lethality.on brine shrimé;(,&‘r"-t'emia salina Linn.) with LCsy 0.09

and 9.24 ug/mL, respectively (Sunintaboon, 1999).

: il ( I—T “C=N
| H |
N \
QCHs3 oS
(16) (17)

Figure 2.9 1-methoxy-indole-3-carboxaldehyde.and-1-methoxy-indole-3-acetonitrile

2.4.2 Xylocarpus granatum.
X.granatum., known in the Thai vernacular as “‘Ta-Boon’’. The
mangrove is distinguished for producing antifeedant limonoids, especially

phragmalins and mexicanolides. X.granatum., is a spreading tree growing up to 22 m
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in height. It has red/orange-brown, irregularly cleaved and flaky bark. The trunk has

large buttresses and meandering, plank-like above ground roots. The leaves up to 20

cm long, with a 2-5 cm long petiole and consist of 2-3 pairs of opposite leaflets. The

Taxonomm Xylocarpus granatum. m

Kingdom: EI ntae

ﬂummmswmm

Order: Sapindales

ARIAN RERNINYIA Y

Species: X.granatum.
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X.granatum., are used as folk medicines in Southeast Asia for the treatment of
diarrhea, cholera, viral diseases such as influenza, and malaria. Three new
protolimonoids, protoxylocarpins F-H (18-20) were isolated from seed kernels of X.
granatum. All compounds isolate ‘

al

aluated for cytotoxic activity against five

human tumor cell lines (Pudhom, €

AUEINENTNYINS
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Three new polyhydroxylated phragmalins, named xyloccensins Y, Z;, and Z;
(21-23), were isolated from the fruit of a Chinese mangrove, X.granatum. (Zhou, et al.,
2006)

> éﬁ =Ac Ry=R;=OH

o f" : ,_ o

)/’ A A R,=H R3=0OAc
ORy /' | . N
C y 5 Ny

= R3=H

AUEAINENTNEINS
RN TUAMINAY



CHAPTER 11
MATERIALS AND METHODS

3.1 Plant sample Collection

Healthy leaves of Azima sarmeniosa. amd Xylocarpus granatum., were
collected from Pan Thai Norasing, Amphoe Muang,-Samutsakorn province, Thailand,
in July 2008.

3.2 Fungal endophyte lIsolation |

Isolation-of endephytic fungi from the leaves of plant'samples was performed
by Mr. Ruengrit Sappapan. _

Healthy leaves were washed in fgp “water and air-dried. The cleaned leaf
fragments were surface-sterilized as describ_ed by Schulz and co-workers (Schulz, et.
al., 1995) with some modifications, These fragments were sequentially immersed in
70% EtOH for 1 min, 6% NaOCl solution'fgr—S min, and sterile distilled H,O for 1
min (two times). Then, the surface-sterilized ﬁééﬁﬁents were cut into small pieces (ca.
5 mm in length) using a sterrrile‘ blade and plac.éjd_'c:)h’sterile water agar plates for further
incubation at 30iC..The hyphal tip of the endo;;hytic fungus‘growing out from the
plant tissue was-Gut by a sterile pipette and transferred onto-a potato dextrose agar
(PDA) plate. After incubation at 30 C for 7-14 days, culture purity was determined

from colony morphology.

3.3 Selection of endophytic fungal isolate

Two endophytic fungi isolated from A.sarmentosa, and X.granatum, AS21B
and XG8D, were selected for the further study basedson their antimicrobial activities
In previous studies by Phunmod and Phuthang, 2008. All selected fungi'were-cultured
on appropriate medium for producing secondary metabolites, then measured crude
extract by '"H NMR. The crude extracts of the fungi that show characteristic
interesting *H NMR signals were selected for large scale cultivation and extraction.
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3.4 Large scale cultivation and extraction
The fungi of interest, AS21B and XG8D, were grown on PDA plate at 30°C

for 7 days. Six pieces (6x6 mm?) of the grown culture were cut and inoculated into

The culture-broth was gh four layers of sheet cloth which were
exhaustively pressedeThe filfrate was \ al volume of ethyl acetate
(EtOAC) for 3 timese'The Ilay ‘ ere_com ined and evaporated at 35°C to

yield broth crude extragt. wn in Scheme 3.1.

atic culture 30°C, 3
1 L Erlenmeyer flask,
)0 mL of various media

; witmtOAc (x5)
v v '

¢ s~ EtOAclayer  Residual layer

gumwwwmm

EtOAcC crugg extract

QMDA DIAUNNANIAY
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3.5 Isolation of bioactive compounds from crude extracts of selected endophytic
fungi

3.5.1 Isolate AS21B
The 3.10 g of EtOAc crude broth extraet cultured on MEB medium was pass

through a Sephadex LH-20 column (3.8 x 5:cm) and eluted with MeOH to give eight
fractions (Al to A8). Fraction A2 was .further subjected to SiO, column
chromatography (CC) eluted with acetone-benzene (1:3) to afford MK3018
(compound 1, 21.8 mg). kraction A4 was rechromatographed over silica gel eluted
with EtOAc-hexane™ (1:1)" to- give: palmarumycin CR1 (ecompound 2, 47.8 mg).
Fraction A7 was chromategraphed on a I‘SiOz column (EtOAe-hexane, 1:1) to give to
yield 4-O-methyl-CJ-12372 (compeund 3, 79.0 mg) and AS21B-4 (compound 4, 11.5
mg), and subfraetion /B2 was further"’ purlfled py preperative HPLC [Merck
LiChroCART Cig (10 x 250 mmy 10 pim) MeCN:H,0O = 60:40, flow rate 5.0
mL/min], to afford 4-O=methyl-CJ12371 (Qg[npgund 5, 6.6 mg). The isolation of the

broth crude extract ofiisolate AS21B.is sumr’ngrized in Scheme 3.2.
,1 a
EtOAc crude e)cttact (3 10 )

u'

Sephadex LH-20, MeOH

(A1-A8) )
A2 ’ A4 . AT
SiO,, CC SiO,, CC Si0,, CC
l Acetorie{Bénzénhe lEtOAc-Hexane EtOA¢-Hexane
(1:3) (1:1) ()
(B1-B12)
1(21.8'mg) 2 (47.8 mq) l l l
B2 3(79.0 mg) " 4 (11.5 mg)

l HPLC MeCN/H,0 (3:2)

5 (6.6 mg)
Scheme 3.2 Isolation of a broth extract of AS21B cultured on MEB medium
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3.5.2 Isolate XG8D

The 4.10 g of EtOACc crude broth extract cultured on corn steep broth medium

was passed through a Sephadex LH-20 column eluted with MeOH to afford six
fractions (A1-A6). Fraction A5 was further purified by SiO, column chromatography
(using 5% of MeOH in CH,Cl; as eluent), and preparative HPLC [GL Science column
Cis (20 x 250 mm, 3 um) MeCN:H,O = 40:60,.flow rate = 8.0 mL/min] to yield
merulin A (compound.6,4-42.0-mg) and merulin-C-(ecompound 8, 37.3 mg). Fraction
A4 was subjected te-flash column chromatography on silica gel (using 5% of MeOH
in CH.CI, as elueni); ands«then rechromatographed on a SiO, column eluted with
EtOAc-hexane (2:1).t0 afford merulin B (compound 7, 10.0 mg). Fraction A2 was
rechromatographed over silica gel eluted with EtOAc-CH,Cl; (4:1) to furnish merulin
D (compound 9, 147 mg). The isolation &the proth crude extract of isolate XG8D is
summarized as shownin Seheme 3.3.
EtOAC crude ext“ract (4.10 )

‘| “Sephadex LH-20, MeOH

s (A1-Ab)
A2 ' A4 ' A5
Si0,, CC SiO,, CC SI0;, CC
l EtOAc-CH.CI, CHZCIZ - CHZCIZ -
(4:1) MeOH (19:1) MeOH (19:1)
(B1-B9) (C1-CN
9 (17.7 mg)
B5 C4
Si0;, CC l
EtOAc-Hexane
2:1) HPLC MeCN/H,©
' (2:3)
7.(10.0mg) l l
6 (142.0 mg) 8 (37.3mg)

Scheme 3.3 Isolation of a broth extract of XG8D cultured on corn steep broth

medium
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3.6 Chromatography
3.6.1 Thin-layer chromatography (TLC)

Thin-layer chromatography (TLC) was carried out on a silica gel F254 coated
on aluminium sheet (Merck). Detection was visualized under ultraviolet light at
wavelengths of 254 and 356 nm and dipped with{NH,)sMo07;0.4 solution in 5% H,SO4
/EtOH.

3.6.2 Columnchromatography

Column chrematography (CC) was performed using Sephadex LH-20
(Pharmacia Code No.,47-0090-01) and Silica gel 60H (Merck code No. 7734 and No.
9385) as packing materials.

3.6.3 High performance liquid chromatoqraphv (HPLC)

High performance liquid chromafography (HPLC) was performed using a
Water system (Waters 600 HPLC pump and Waters 2996 Photodiode array detector).
Column Waters NovaPak Cis (3.9 x 150 mm- 4"um) was used for analysis, Merck
LiChroCART Cjg (10 x 250 mm, 10 pm), Phé;no“n%énex Luna HR Cy5 (21.2 x 250 mm,

10 pum) and GL Science column-Cig (20-x 250 r_-nn_i,,.s pum) were used for separation.

3.7 Chromatography and physical property measurements

Structures™of isolated compounds were elucidated by the interpretation of
NMR spectra. Additional spectroscopic techniques such as*MS, UV-vis, IR, and X-
ray crystallography weresalso employed forithé structural elucidation. Melting points

and optical ratation-properties of the campounds were also measured.

3.7.1 Nuclear magnetic resonance spectroscopy«(NMR)
The NMR:ispectra were recorded in €DClz, DMSO-ds, using a Varian Y H400
spectrometer at 400 MHz for *H NMR and at 100 MHz for **C NMR using TMS

(trimethylsilane) as internal standard.

The NMR spectra were recorded in CDCls, acetone-dg, using a Bruker DRX
400 (400 MHz for *H, 100 MHz for *C) and a Bruker AV500D (500 MHz for *H, 125

MHz for *C) spectrometers.
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3.7.2 Mass spectrometry (MS)

ESI-TOF mass spectra and HRESIMS were measured with a Bruker

microOTOF mass spectrometer.

3.7.3 Ultraviolet-visible measurements (UV-vis)

UV-vis spectra were recorded on' a” Peskin Elmer Lambda 25 UV-vis

spectrophotometer in CHCIg or MeOH .

3.7.4 Fouriertransform infrared Spectroscopy (FT=IR)
The FT-IR spectra were recorded on a Bruker VECTOR 22. Solid samples

were formally examined by incorporating the sample with potassium bromide (KBr)

to form a pellet.

3.7.5 Melting points

Melting pointsiwere taken on an E“Iebltré‘-thermal IA9100 digital melting point

apparatus. i

3.7.6 Optical rotation

Optical ratations were measured with uéing a sodium Dline (589 nm) JASCO
DPI-370 digital polarimeterequipped withrat-mizcell(celllength 1.00 cm).

3.7.7 X-ray.crystallography

The crystal structure was solved by direct methods and using the SHELXS97
programs Crystallographic data, excluding Structure factars, have been deposited at the
Cambridge Crystallographic Data Centre.

3.8 Chemieals

All solvents used in this research such as hexane, dichloromethane (CH,CI,),
acetone, ethyl acetate (EtOAc) and methanol (MeOH) were commercial grade and
purified prior to use by distillation. The reagent grade solvents were used for

recrystallization.
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The mobile phases for HPLC separation were HPLC grade of methanol and
acetonitrile which were purchased from Scharlau and Fisher Scientific, respectively.

3.9 Culture media

i ‘
Culture media used f ' U/ﬂy hytic fungi were potato dextrose
agar (PDA), water agar, t br Acorn steep broth medium; the

formula are shown m.w 4

3.10 Classificatio

Isolated fungalétraifis AS: 38D were taxonomically identified by
Mr.Nattawut B flogenetics and:Mycg 7 ries Central Research
Unit BIOTEC, Naional Center, etic Engineeri iotechnology, Pathum
Thani, Thailand, e =) SN

: ¥
Qbverse REVerse

AN SN

fungus was identified based on the ITS1-5.8S-1TS2 sequence, which were

ot e KiawhiE i) ek i gL

‘GenBank database (Altschul , et al., 1990). This partial of the 18S sequence, complete
ITS1-5.8S-1TS2 sequences, and partial of the 28S sequence of rRNA gene shown in
Figure 3.2. It was found that DNA sequence of the ITS1-5.8S-ITS2 rRNA gene of

21B can be identified to Patellariales, Incertae sedis, Dothideomycetes, Ascomycota.
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The comparisons of ITS sequence analyses showed that the DNA sequence of the
strain AS21B is closely related to Rhytidhysteron rufulum at NCBI with 88.51% to
99.12% homology to the best matching sequences. This data suggests that AS21B

f)}Murlllo et al., 2009).

70 g0 30

21B ITS | TAACAAGGTTTCCGTAGET GAACE GLAGGE [ GATCTTGGAGGCTGET GTACACACARGCCGCT GAG

fungus is Rhytidhysteron sp. isolate

Lin 170 150 130

QIB_ITS CGTTGCAAGHC R E s cC i Gl C ARG CACITGTACCCTTITGTTIGCCTCGGCG

Z70 Z50 =11}
21B ITS CCGCCABAGES L CCOn BTTETTAALCEE ] TARAACTTTCARCAACGGAT

j : ecrr o 3 380
F e T ..| [ B e e Bl el R PR PRI PR -
21B_ITS n A TARGTA GBA TTS
‘ " |
Fa F
P [ i : -‘-| | B B T
21B_ITS ATCCCGRGGGGCA CATTAJ ] 2 3 ] GIG
?5_3 ' i AR 50 \5
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- b
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Figure 3.3 Colony morphology of endophytic fungus isolate XG8D on PDA.
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The fungus was identified based on the ITS1-5.8S-1TS2 and 28S rDNA
sequences, which were amplified using universal primers JS1, JS8, ITS1, ITS4 and
ITS5 (White , et al.,, 1990; Landvik, 1996). The 28S rDNA dataset including the
basidiomycete endophyte coded XG8D was aligned along with representative taxa
from eight major orders of Phylum ' Basidiomycota (Agaricales, Atheliales,
Auriculariales, Boletales, Hymenochaetales, Palypoerales, Russulales and Sebacinales)
with their accession numbers. Within the Polyporales, five families, representing the
Fomitopsidaceae, Ganodermataceae, Meruliaceae; Polyporaceae and
Phanerochaetaceae, were ineorporated in this analysis. Two representative taxa of the
order Tremellales (Trefmella mésenteria and T. aurantia) were used as the outgroup.
The data were analyzed by the Clustak W (Thompson , et al.,, 1994) and PAUP
phylogenetic analysis programs (Swoffof;d, 2002). Phylogenetic data based on 28S
rDNA showed that the fungus (XG8D) isr“-llwe‘ﬂ placed in the Order Polyporales. This
data also demonstrated that fungus isolate fﬁumber XG8D showed a close relationship
with the suitable taxa from Family I\/Ierullaceae (Order Polyporales) shown in Figure
3.4. In comparison of ITS sequence analysés DNA sequence of the strain 8D was
defined as 89% to 99% homelagy to the best*‘matchlng sequence over the whole
length of the sequences belrorng}l,ng to Qrder quyp_qr_al_es (Subclass Incertae sedis, Class
Agaricomycetes;\Phylum Basidiomycota). Due toqthe limitation of the number taxa in
Family Meruliaceae fromNCBI-for-data-comparing; the-moleeular data based on ITS
region of this endephyte is insufficiently sensitive for genus-identification (Altschul ,
et al., 1990). The DNA sequences 28SrDNA and ITS of the.XG8D fungus have been
submitted to GenBank..with the accession, humber HM060640 and HMO060641,

respectively.
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3.11 Evaluation of biological activities

The pure compounds were evaluated for their anti-bacterial, anti-cancer and
anti-malarial activities.

3.11.1 Anti-bacterial activity

A total of 12 strains of gram-positivesand gram-negative bacteria (Table 3.1)
were selected for in vitre antimicrobial assay. Fhe test was performed by using

microdilution assays. as.follows:

Table 3.1 Gram-pgsitive and gram-negative bacteria tested

l

Gram-positivebacteria s 4 Gram-negative bacteria
1. Enterococcugfaecalis ATCC 29212 _ 1. Escherichia coli ATCC 35218
2. Enterococcus fagealis ATCC 51299 n". © 2. Klebsiella pneumoniae ATCC
(vancomycin.resistant) 27736
3. Enterococcus fageium UCLA 192 253 Klebsiella pneumonia (ESBL
4, i:;nlwcl)nella typhimurium ATCC ¥/ ~ producing) ATCC 700603

" 4 ' Pseudomonas aeruginosa ATCC
5. Staphylococcus aureus AFEE€25923
D 7853

6. Staphylococcus epidermidisATCC ;
5. Proteusvulgaris ATCC 13315

12228
7. Staphyloc8ecus hominis ATCC
27844

3.11.1.1 Preparation of bacterial inogula

Bacteria were grown on Mueller Hinton agar (MHA) for 24 h'at 37 C. Selected
fresh single colonies were inoculated into 10 mL of Mueller Hinton broth (MHB) and
incubated in shaking incubator for 2-3 h at 37 G&wThe turbidity of thé 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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3.11.1.2 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 pg/mL. MIC is
defined as the lowest concentration that inhibits growth of test microorganisms.

A 50 pL 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 control wells: The final adjusted bacterial
suspensions were ineetlated into each well with volume of 50 pL. Compound-free
MHB in volumes of 100 i were used as the sterility control. The experiments were
done in duplicate. Aftegfincubation at 37 € for 24 h, a 20 pL of p-iodonitrotetrazolium
(INT) solution (1mg/mL) was added intéueach well. The antibacterial assay plates
were further incubated for1 h. Growth ih‘,eaéh well was indicated by a color change
from colorless to viclet. Compounds that inhibit microbial growth would prevent the
development of a viglet color. The, well tﬁ?t"éhows no change in color indicates

antimicrobial activity of the test¢ompound. =
# “.Jnl_.

3.11.2 Anticancer activity

Cytotoxic, test was carried out at the ihstitute of Biotechnology and Genetic
Engineering, Chulalongkorn University. Bioassay of Cytotoxicity activity was
performed in viiro by MTT (3-(4,5-dimethylthiazol-2-y4)-2,5-diphynyltrazolium
bromide) calorimetric method (Carmichael et al., 1987; Deyle and Griffiths, 1997;
Mosmann, 1983; Tamipaga et al., 1999) against hepato carcinoma (Hep-G2), colon
carcinoma (SW-620), lung “carcinoma (CHAGQ), 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 solubilization, @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
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dispensed into the appropriate wells (control cells group, N = 3; each sample treatment
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 ul filter units. MTT working solutionswas prepared just prior to culture
application by dilution.of MITT stock 1.5 (V/\/). i prepared standard culture medium.
The freshly prepareddMTT reagent in a volume of 10 z'was added into each well and
mixed gently for 1 minute on an orbital shaker. The cells were further incubated for 4
h at 37°C in a 5% CQgincubator. After incubation, the formazan produced in the cells
will capture as dark cpystals in the bottom of the wells. All"of the culture medium
supernatant were removed from wells and__150 l of DMSO was added to dissolve the
resulting formazan. Samples in-the cultdge plate were mixed for 5 minutes on an
orbital shaker. Subsequently, 25 ;4 of O.iﬂ_M Glyeine pH 10.5 was added and the
culture plate was shaken/ for 5 'minutes-.: Following formazan solubilization, the
absorbance was measured using-a micrde‘&lture plate reader at 540 nm (single

wavelength, calibration factor="1.00). ;i{-*

L

g

3.11.3 Antimalarial activity

Testing" foir-anti-Mmalarial-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 accerding“ito  the imethod of Tragen andJensen.“The quantitative
assessment of‘the ‘anti-malarial‘activity in vitro was performed in‘accordance with the
microculture radioisotope techniquerbased upon the method described by, Desjardins,
etlal. A standard anti-malarial.compound;. dihydroartemisinin.(1Cs, walles of | 0.004

©M), was used as the positive control forthe assay.



CHAPTER IV

RESULTS AND DISCUSSION

subjected to several. step gra @s and four naphthalene
derivatives were i _»_;""’Ta'n_',v apounds, MK3018 (1),

3) and 4-O-methyl-CJ12371 (5), and a

OMe OH

4-O-Methyl-CJ12372(3)

ool 7
ﬂqﬂﬂﬂﬁi’ﬂg

QAN UM ITETAY
Figu re 4.1 The chemical structures of the compounds isolated from the fungus
Rhytidhysteron sp. (AS21B)
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4.1.1 Structure elucidation of compound 1

(MK3018)
Figure 4,2 compound
Molecular formula CooHl1805
Appearance Yellowish pastes:
m.p. 212:214°C
[a]3 -74 (c 0.1,MeOH)

UV (CHCls) Amax (log &) 800 nm (3.62)

IR (KBr) 3397,.2962, 2945, ;1’9,253, 1124, 1112 and 1077 cm™
1 13
H and °C NMR
(CDCl3) See-Table 4.1
ESIMS m/z 361.10 [M+Na]" (calcd 361.11)

Compound™1 was isolated as yellowish paste and exhibited a molecular ion
peak in the ESIMS at m/z 361.10 [M+Na]® (calcd 361:11), corresponding to a
molecular formula of #2C;H150s (12 degrees of unsaturation). The IR spectrum
indicated the presence of carbonyl and olefinic/aromatic functionalities from the
absorptionibands at 3059 and 1660 cm*, respectively. From the *H and **C NMR data
(Table 4.1), it was evident that seven of the 12 unsaturation units came from a ketone
and 'six carbon-carbon double'bonds (including five_aromatic-carban-carbon double
bonds). Therefore, the molecule was pentacyclic. The *C NMR and HSQC data
revealed that 1 had one ketone carbonyl (¢ 200.7), four sp? quaternary carbons (dc
145.7 (x2), 134.1, 113.8), eight sp? methines (Jc 121.5, 127.2, 109.9, 109.8, 127.7,
120.6, 130.5, 147.2), an acetal quaternary carbon (Jc 103.8), two oxygenated methines
(oc 61.5, 62.9), two sp® methylenes (Jc 25.4, 27.0). The *H NMR spectrum showed
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characteristic signals for two olefinic protons at 6y 6.12 (d, J = 10.0 Hz) and 7.11 (dd,
J =6.0, 10.0 Hz) and six naphthalene protons at oy 7.46 (m, 4H) and 6.95 (d, J = 7.5
Hz, 2H), which were assigned to H-2’, H-3’, H-6", H-7°, H-4" and H-5’, respectively.
The COSY spectrum displayed an aliphatic spin system, CH,-CH,-CH(O)-CH-CH-
CH(0O)-CH=CH, which was flanked by /@ keione carbonyl at C-4a and C-6 as
suggested by HMBC cross-peak from H-4a t0.ihe garbonyl carbon (C-5) (Figure 4.3).
On the basis of HMBC. daia, the acetal carbon.was.assigned to C-1 through the
correlations of Hp-2/€=1 and  H-8a/C-1. These results strongly indicated that
compound 1 was MK3018; and its NMR data were identical to those previously
reported as shown ingFable4.4. This caompound has well documented for antibiotic
activities (Ogishi‘et. al.1989).

Table 4.1 NMRspectial data for compourx]d 1in CDCl;

Position MK3018 . Compound 1
1H ] 13C 1H 13C
1 103182 4 103.8
2 1.95 (m, 2H) 25422495 (m, 2H) 25.4
3 1.76 (m, 2H) 27.0 <2 A28 (m, 2H) 27.0
4 4.74 (m, 1H) 63.0-——474 (m, 1H) 62.9
43 3.38(dd,J=13.2,2.4 46.9 1 3.39(dd,J=13.2,24Hz, 1H) 46.8
Hz, 1H) e
5 200.7 200.7
6 6.12 (d»3=100"HzZ, 130.5 6.12(d, J = 10.0 Hz, 1H) 130.5
1H)
7 7.10 (dd, J = 10.0, 6.0 1472  7.11(dd,J=10.0,6.0 Hz, 1H) 147.2
Hz, 1H)
8 517(d,J=4.2Hz,1H) 615 5.15(d, J = 4.2 Hz, 1H) 61.5
8a 290 (dd,J =131, 21 43.0 2.91 (dd, J =13.2,2.1 Hz, 1H) 42.9
Hz, 1H)
1’ 145.8 145.7
2' 6.94 (d,J=7.47Hz,1H) 1099 6.95(d,J=7.48 Hz, 1H) 109.9
3 7.45 (m, 1H) 127.2  7.46 (mpdH) 127.2
4 745 (m, TH) 12150 (7 .46y (m1LKD 1215
43’ 13472 134.1
5! 7.45 (m, 1H) 120.6  7.46 (m, 1H) 120.6
6’ 7.45 (m, 1H) 127.7  7.46 (m, 1H) 127.7
7' 6.94(d,J=75 Hz,1H) 109.8 6.95(d,J=7.5Hz, 1H) 109.8
8’ 145.8 145.7
8a’ 113.9 113.8

*a in CDCl;
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Figure 4.3 HMB

4.1.2 Structure

(Palmarumycin

Molecular formula  CooH»00

Appearance -

m.p. E 272-274°C
it

W(C@rum WEIN3

IR ﬁr 3554, djijszg 29074912, 1632, 1410 and.1069 cm'
ESIMS m/z 363.12 [M+Na]" (calcd 363.12)

Compound 2 was obtained as a yellow-brown solid and its molecular formula
was determined as CpoH200s5 by ESIMS at m/z 363.12 [M+Na]" (calcd 363.12). The
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'H, 3C (Table 4.2.) and 2D NMR (HSQC, COSY, HMBC) data revealed the presence
of three oxygenated methines [oy 4.11 m, 4.50 m, 4.03 d (J = 4.7Hz); Jc 65.2, 60.7,
61.8], two sp* methylenes [&4 1.88-1.48 m, 4H; ¢ 28.3, 25.7], one double bond [&4
5.81-5.66 m; Jc 133.5, 128.2], one acetal guaternary carbon (Jc 103.5) and a
disubstituted naphthalene ring [64 6.93 d (J = 74 Hz, 2H), 7.45 brs (1H), 7.50d (J =
1.6 Hz, 1H), 7.52 d (J = 1.3 Hz, 1H), 7.47 brs (iH); oc 109.3 CH, 108.8 CH, 127.6
CH, 120.0 CH, 119.8'€H, 127.6 CH, 149.0 qC, 185.7gC, 147.8 qC, 115.2 qC]. The
NMR data of 2 were very similar to those of MK3018 (1), except for the appearance
of an additional oxygenated methine and the absence of earbonyl group in 1. These
results suggested that 2 was palmarum’ycin CR1, 5-hydroxy-MK3018, which was
confirmed by HMBC gorreglations of H-5/C-7, H-4/C-5 and H-6/C-5 (Figure 4.5), as
well as by comparisonsof jits NMR data (Table 4.2) with those reported in the
literature (Wipf et. al42004). o

Table 4.2 NMR spectral data for Palmarumyein CR1 and compound 2

1 -‘*

Position Palmarumycin €CR1* Compound 2°
I &g I TS
1 1051 1035
2 1.90(m, 1H) .- = 29.6  1.88-1.48 (m, 2H) 28.3
1.76 (m, 1H)

3 1.9Q:(, 2H) 26.7 1.88-1.48 (iy 2H) 25.7
4 4.31.(Brs, 1H) 642 4.11(m, 1H) 65.2
4a 2.38 (MLH) 433 241 (m, 1H) 41.6
5 4.54 (m, LH) 67.7 450 (m, 1H) 60.7
6 5.92 (1, 1H) 134.8 5.81-5.66 (M, 1H) 1335
7 5.92 (m, 1H) 129.3, 5.81-5.66 (m, 1H) 128.2
8 4.76 (ms1H) 63:2 4.03(d J=47HzAH 618
8a 2.384m, 1H) 423 241 (m, 1H) 40.8
1 149.0 1475
2' 6.98 (d, J=7.4 Hz, 1H) 110.6 6.93(d, J=7.4 Hz, 1H), ,109.3
3 7.46,(brs, 1H) 12846 7.45.(brs,1H) 127.6
4’ 7.52(dyJ =161 Hz/1H) 1247 7.50(d,J = 16 Hz, 1H). 120.0
43’ 1357 133.7
L} 7.52 (d,J=1.3 Hz, 1H) 121.3 7.52(d,J=13Hz, 1H) 119.8
6 7.46 (brs, 1H) 128.4  7.47 (brs, 1H) 127.6
7' 6.95 (dd, J=7.4 Hz, 1H) 110.2 6.93(d,J=7.4Hz, 1H) 108.8
8’ 147.8 146.6
8a’ 115.2 113.3

3 recorded in CD30OD , ° recorded in DMSO-ds
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Figure 4.5 HMBC and

4.1.3 Structure e

Cronre 4 6

- -
Molecular fori ,;;

Appearance

m.p. 100-101 °C

& 618 FERIN S

UV (CHECL) /mex (log &) 300 nm (3.49)

AN tiimT ey

HRESIMS m/z 373.10 [M+Na]" (calcd for CooH200sNa, 373.12)

Compound 3 was isolated as Colorless solid and the molecular formula of
C2H1g0s was established from its ESIMS (m/z 373.10 [M+Na]", calcd 373.12),
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indicating 13 degrees of unsaturation. Its NMR data (Table 4.3) revealed the same
characteristic signals as those of 2 including the signals for a disubstituted naphthalene
ring and an acetal quaternary carbon with exception of the presence of a methoxy
group (on 3.45 s; & 54.5) and a tetrasubstituted aromatic ring [on 6.93 d (J = 3.1 Hz,
2H); oc 122.4 qC, 149.1 qC, 119.7 CH, 118:9 CH, 149.3 qC, 119.4 CH], in place of
two olefinic protons and four sp® methines in-2. Fhese data strongly suggested that 3
had an additional aromatie ring relative to 2. The methexy group was located at C-4
due to HMBC correlation frem.the singlet methoxy protens at oy 3.45 to C-4 (dc
74.8). Moreover, the'struciure.0f 3 was confirmed by observed COSY and HMBC
correlations as showa'in Figure 4.7. Comparison of NMR data of compound 3 with
those published in the litgrature: (Sakemi-et. al. 1995) (Table 4.3) indicated that
compound 3 was 40-methyl-CJ-12372.

Table 4.3 NMR spectral data for 4-O-methyl-CJ12372 and compound 3

Position  4-O-Methyl-CJ12372 % = | Compound 3°

a dia i 3G
1 g s2dd 102.4
2 1.51 (m, 2H) 240 (m, 1H), 1.98 (m, 1H)  27.1
3 1.74 (m, 1H), 2410 (m; 1H) - 2:08 (m, 2H) 225
4 436(d,J=83,54Hz, 1H)  4.81(t, J=6.3 Hz, 1H) 74.8
4a 122.4
5 149.1
6 758 (s, 1H) 6.93 (d, J = 3.1 H7, 1H) 119.7
7 7.33 (s, 1H) 6.93 (d, J = 3.1 Hz, 1H) 118.9
8 149.3
8a 119.4
1 146.9
2' 7.32(dd, J=8.3,0.7Hz, 1H) 7.00(dd;J=6.5,0.65 Hz, 110.3

1H)

3 7.14 (dd, J = 8.3, 7.6 Hz) 7.45(dd, J=7.6,83 Hz, 1H) 127.4
4 6.77 (dd, J=7.6, 0.7 Fz, 1H)  7.56 (d¢d:= 3.0 Hz, 1H) 121.4
43 134.0
5 6.78'(dd) J = 76, 0. 74z0 2H) | 7.54/(d,d =18.0 Hz, 1H) 121.2
6 7.12(dd, J=8.3,7.6 Hz, 1H)  7.45 (dd, J =7.6,8.3 Hz, 1H) 127.3
7' 7.30 (dd, J=8.3,0.7 Hz, 1H) 7.00 (dd,J=#6.5,0.8 Hz,1H) 110.3
8’ 146.4
8a’ 113.6
4-OMe 3.45 (s) 54,5

3 CDCl3: CD;0D =5:1,° CDCls
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Figure 4.7 HMB

4.1.4 Structure

Molecular formu I ‘
‘ll

Appearance ~ Yellow-brown SO|Id

" FHJEI’J NENTNYIT

[a]y 0(c0.1 MeOH)

RTINS,

'H and **C (CDCls) See Table 4.4
HRESIMS m/z 379.1153 [M+Na]" (calcd for CxoH200sNa, 379.1158)
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Compound 4 was isolated as a yellow-brown solid. The molecular formula was
determined by HRESIMS as CxoH200s, observing ion peak [M+Na]* at m/z 379.1153
(calcd 379.1158). The *H, *3C (Table 4.2.) and 2D NMR (HSQC, COSY, HMBC) data
displayed the presence of three oxygenated methines [o4 4.54 m, 4.77 m, 4.42 m; dc
62.9, 67.4, 71.3], three sp> methylenes [&4 174'm (1H), 1.65 m (1H), 1.94 m (2H),
3.12 m (1H), 2.47 dd (J = 2.0, 1.8 Hz, 1H); o¢ 2641, 25.6, 44.2], an acetal quaternary
carbon (oc 104.4), one-earbonyl carben (oc 212.2)-and a disubstituted naphthalene
ring [on 6.94 d (J =74 Hz, 2H)y7.40 m (2H), 7.50 m (2H), 7.52 d (J = 1.3 Hz, 1H),
7.47 brs (1H); 6¢. 2097 2x€H,A127.7 CH, 121.5 CH, 120.,5.CH, 127.1 CH, 147.3 qC,
134.1 qC, 145.8 qC#113.8/qC]./ The *H="H COSY experiment led to the connection
from H-2 to H>-6 as shiow in Figure 4.9. The connectivity of ketone carbonyl (C-5) to
C-4a and C-6 wasiconfirmed by HMBC eorrelations of H-4a and H,-6 to the ketone
carbon (Figure 4.9). Actually, the NMR du‘ataabf 3 indicated its structure to be closely
related to that of MK3018 (1), with the qn[y difference being the presence an
oxygenated methine at C-7.and a rhethylene ag C6 replacing the A®” double bond in 1.
The structure assignment of 2 was furthé'r,'gonfirmed from COSY and HMBC
correlations (Figure 4.9). Thus, the structureilf 5"Was elucidated as shown and given
the name as AS21B-4. |

Table 4.4 NMR spectral data for compound 4 in CDCl;

Position H - COSY HMBC
1 104.4
2 1.74 (m, 1H) 261 H-3 C-1,C-3
1:65 (m, 1H)
3 1194 (m,2H) 25.6 . HR2.H-4! [C1,C-2,C-4
4 4.54 (m, 1H) 62.9 H-3,H-4a C-3
4a 330(dd,J=1.6,1.3Hz 1H) 49.0 H=4 H-8a C-5 C-84
5 0P 2
6 312 (m, 1H) 442 | H-7 C-5
2.47 (dd, J = 2.0, 1.7 Hz, 1H)
7 4.77 (m, 1H) 67.4 H-6,H-8 C-6,C-8
8 4.42 (m, 1H) 713 H-7,H-8a C-8a, C-7
8a 3.16 (m, 1H) 415 H-4a,H-8 C-1
1’ 147.3
2’ 6.94 (d, J = 7.4 Hz, 1H) 109.7 H-3',H-6' C-1',C-3',C-8', C-6'

3 7.40 (m, 1H) 127.7 H-2',H- C-1',C-2',C-4a’, C-
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4, 7', C-8
H-5, H-7'
4 7.50 (m, 1H) 1215 H-3,H-6' C-3', C-4a’, C-84,
C-6’
4a’ B 1
5’ 750 (m, 1H) 205 H-3',H-6' C-3',C-4a’, C-8a,
" v C-6'
6’ 7.40 (m, 1H) C-1', C-2', C-4a, C-
: 7', C-8'
7’ 6.94 (d, J = C-1',C-3',C-8', C-6'
8’ ;
8a’

L

4.1.5 Structure elt

1
’

-€J12371)

uEIMYRTHEINI

awwmnimwﬁwmaﬂ

Figure 4.10 compound 5
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Molecular formula C21H1804

Appearance Colorless glass

m.p. Lack of data due te insufficient amount
[a]} 0(c 0.1 MeOH)

UV (CHCl) Zmax (I0g &) 295 (3.96)

IR (KBr) 3450, 2925, 12361, 1610, 1460, 1274 and 1068 cm™
IH and *C (CDCl,) See'Table 4.5
HRESIMS m/z 357.10fM+Na]™(calcd for Coit1504Na, 357.12)

Compound 5; colorless glass, Fhad"f a molecular formula of Cj1Hig04,
established by ESIMS (m/z 8357.10 ¢calcd Ifor [M+Na]" 357.12). The NMR data of 5
and the information from' its 2D NMR studies (*H-"H COSY, HSQC, HMBC)
indicated the presence of @ methoxy [oy 356‘ S;.oc 54.1], a disubstituted naphthalene
ring [on 6.99 (dd, J = 7.9, 1.0 Hz, 1H), 7.36@;1'{4), 7.41 (m, 1H), 6.93 (dd, J = 7.4,
3.8 Hz, 1H), 7.43 (m, 1H), 7.49.(m, 1H); _5_;_1_27_.4_ 2xCH, 120.4 2xCH, 109.4 CH,
100.3 CH, 1479\qC134.2 qC, 147.8 4C, 113.5 qC], an Bxygefiated methine [y 4.92
(dd, J = 8.7, 6.2-Hz) o= 76:2) two sp>methylenes o 19T m (1H), 2.43 m (1H), 2.19
m (2H); ¢ 27.9,-28.1]. The *H and *C NMR data of 5 showed a close similarity to
those of compound 3, except for the presence of an additional aromatic proton (dy
7.41 m) instead of oXygenated aromatic quaternary carbon, the chemical shift of C-8
was upfield shifted to 6c 118.7 when compared to 3'(6¢ 149.3). This conclusion was
confirmed by the HMBC correlations of H-8/C-6, H-8/C-8a and the COSY correlation
of H-8/H-7. Based on the spectroscopic data above,scempound 5 was idéntified to be
4-Q-methyl-Cd12371; and the comparison of its NMR data with those reported in
literature is shown in Table 4.5 (Sakemi et. al. 1995).
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Table 4.5 NMR spectral data for 4-O-methyl-CJ12371 and compound 5

Position 4-O-Methyl-CJ123712 Compound 5°
1H 1H 13C
1 99.4
2 2.05 (m, 1H) 91 (m, 1H) 27.9
2.20 (m, 1H) m, 1H)
3 1.98 (m, 2H) 23.1
4 470 (brt,J = —866 6.19 Hz, 1H)  76.2
4a 121.8
5 L 2N » - 156.2
6 6.90 (dd, J = %9, 1. 1H) / 1169 6.99(dd,3=.7.9, 1.0 Hz, 1H) 117.9
7 7.22 (dd, ) =87, 78'Hz 4H) 130.1 '« 7.36(m, ] 130.0
8 7.29 (dd, ) “118.9: | 7.41(m, 1H) 118.7
8a F Py TN 136.5
1’ y / AR\ 147.9
2/ 6.85 (dd, J =7 H; S 7.4,3.8 Hz, 1H) 109.4
3 7.33 (dd, J=7.9,7. | ) 127.4
4 7.40 (brd, J = 2.9 Hz, , (m, 1H) 120.4
4a’ v » 134.2
5’ 7.40 (brd,J=7.9 49 (m, 1H) 120.4
6’ 7.31(dd, J=7.9,7.3 H 3 (m, 1H) 127.4
7’ 6.79 (dd, J = 7.3, 093_, 93 (dd, J = 7.4, 3.8 Hz, 1H) 109.3
. "

8’ 147.8
8a’ - 113.5
4-OMe \ 7 54.1

*aCDCI3:CD3@= 1:1, b CD
H3C H3C

A8 9N
ammﬂ%w@%maﬂ

»—~ HMBC
Figure 4.11 HMBC and COSY correlations of compound 5

; \
O
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4.2 Chemical Constituents of Basidiomycetous fungus strain XG8D
The crude extracts from culture broth of endophytic fungus strain XG8D were
subjected to fractionations using Sephadex LH-20 and silica gel column

lin D (9)

Figure 4.12 The chemical strucitifes of the compounds isolated from

Basidiomycetous fung

4.2.1 Structureelu

\) 2
N

1‘ 12
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1
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Melecular formula C14H2204
Appearance Colorless crystals
m.p. 214-217°C

[a]} +230 (¢ 0.1 MeOH)

UV (CHCI3) max (log &) _.205nm (3.38)

IR (KBr) 3515, 2970, 2928, 1719, 1454, 1294 and 1075 cm™
'H and *C (CDCl-) Seg' Table 4.6

HRESIMS m/z 271.1414 [M+Na]" (calcd for CyH04Na, 277.1416)

Merulin A (6) was obtained as cd[orléss crystals. Its molecular formula was
established as C14H2;0., by HRESIMS daté (m/z 277.1414 [M+Na]", calcd 277.1416),
indicating four degrees of unhsaturation. IR é‘bsorptions implied the presence of
hydroxyl (3515 cm™) and carbenyl (1719 'ci;ﬁl) groups. Analysis of **C and DEPT
NMR spectra of 6 revealed: three methyl érﬁahs (oc 215, 24.7, and 26.2), five
methylene carbons (dc 25.6, 30.5,32.1, 35.6, nan_d 35.8), two methine carbons (dc 69.4
and 79.1), three*quaternary carbons (oc 37.3, 4i.2-, and 90.1), and one ketone carbonyl
carbon (dc 208.4). " Among them, two methines (dc 69.4 and 79.1) and one quaternary
carbon (dc 90.1)-were ascribed as bearing oxygen atoms.-Since a carbonyl group
accounted for one.out of four degrees of unsaturation, the remaining three degrees of
unsaturation were assumed for the presence, for a tricyclic system in 1. The *H-'H
COSY spectrum ‘revealed two discrete spimsystems, including —CH,-CH-CH-CHo-
CHa- (from H-1 to H-5) and —-CH3-CH3- (from H-9 to H-10) as drawn with bold lines
in Figure 4.14. Further detailed HMBC studied established the connectivity of these
twa ; fragments, smethyl groups, carbonyl groups, and quaternary -earbons. The
correlations from a methyl singlet (Me-14) at oy 1.41 to C-6, C-7, and C-8 indicated
the methyl (C-14) connected with the oxygenated quaternary carbon (C-7) and also
confirmed the bonding of C-6, C-7, and a ketone group at C-8 which in turn correlated
by methylene protons at C-9 and C-10. The cross-peaks of Me-13 and Me-14 to C-6,

along with the correlations of H,-1 and H,-5 to C-6, completed the connectivity of the
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two rings through the spiro carbon C-6 in the molecule. However, NMR data
ultimately proved to be insufficient to solve the structure of 6. The connection
between C-2 and C-7 through endoperoxide linkage could not be confirmed by NMR.

To clearly assign the structure, a single-cr }I X-ray diffraction study was performed.

_ led that 6 is an unprecedented nor-
chamigrane containing : peroxi e i §+6/6/6 tricyclic framework and
allowed the determination.of its relath which was also in good
accordance with i : ~assigned by an NOESY

spectrum.

Table 4.6 NMR sp ctr

l)'l = Ay

Position m& ult A‘\.ﬂk\ dc
1 , | ’(ne@ 4.2,8.9), H-leg 30.5
2 id, 4.2, 3. | 79.1
3 e 7.9,8.8) 69.4
4 and H-4eq 32.1
5 25.6
6 o 4 41.2
7 e X 90.1
8 -ED m 208.4
9 2.69 (ddd, 15.4, 14.9,6.7), H 35.6

2.45 (ddd, 154,47, 2.4), H-98

U 9P ﬂWWﬂ*’Tﬂ 3

373
0.98 (5) s 00262

9 mmmm unm«nma o

4 Measured at 500 MHz (*H) and 125 MHz (*°C) in CDCl;
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7 (a):‘;d_sioie view
Figure 4.15 ORTEP diagram of 6
ild .":rﬁ-'..

X-ray Crystallographic: Analysis op:i_\{lgrulin A (6). Crystal data:colorless
crystal; CuhzOs, M, = 25432, orthorhombic, P2:2:2;, a = 7.3526(10) A, b =
12.4749(3) A, ¢ = 13.9626(3) A &= p = éa‘b‘éb;—‘z‘ =44, and V.= 1280.69(4) A°, Mo
Ko radiation, 4 :il().71073 A. The intensity data were collected_'%lt293 K to a maximum
26 valueof 66:60° Of the 15 534 reflections collected, 4861 were unique (Ring =

0.0282). The crystal structure was solved by direct methods and using the SHELXS97

program. Refinements were made by fullmatrix Ieast-squa;es on all F? data using
SHELXL97 to final R values JI >.20(1)}.0f -R; = 0.0422; wR, =-0.1158 and goodness
off it on F?/= 1.059. All non-hydrogen atoms were ‘anisotropic ally refined. All
hydrogentatoms were added at calculated positions and refined using a rigid model.
Crystallographic datafer I=havesbeensdeposited-with-thesCamhridge,Crystallographic
Data Centre (deposition number GCDC.761514). Copies of the data can be obtained,
free of charge, via www.ccdc.cam.ac.uk/data_request/cif, or by e-mailing
data_request@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 1EZ, UK: fax:+44 1223 336033.
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4.2.2 Structure elucidation of compound 7 (Merulin B)

Appearance
m.p.
[a15
UV (CHCl3) Amax (log ¢

IR (KBr) 444, 1374, 1354, 1126, 1055, and 1010 cm’

Rl
'H and 3C (CDCly) |

HRESIMS m/z H250s, 285.1702)

“j'tr'.____,_,_____.__.____________”,, ' '“';:- lecular formula was
determined to be-CisH; A [V "H]*, calcd 285.1702)
with four degrees of unsaturation. The 'H and ~°C NMR data of 7 (Table 4.7) were

strikingly similar to &\(Bof 6 with the only&iﬁerence being the presence of a -CH,—
OH unit.instea a i : i rrelations from
H,-15 % uﬂg4mﬁmﬁgmoﬂfrﬂﬁr to that of 6 as
establish‘e by NOESY spectroscopic data. Key NOESY correlation beWen H-4ax

R IFEATH HRTINBAR
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Table 4.7 NMR spectral data for compound 72

7
Position on (mult, J in Hz) dc
. 133, 1.8), H-lax 972
2 78.5
3 71.5
4 314
5 22.8
6 42.2
7 90.3
8 208.6
9 35.6
10 35.5
11 374
12 26.4
13 24.4
14 214
15 66.5

12l1 I 3 1°

ﬂUEI’JVIEJf‘VT El’]ﬂ‘i

Figure 4.17 Sekcted NOESY correlatlons of 7

quaﬂmm UNIINYIA
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4.2.3 Structure elucidation of compound 8 (Merulin C)

Figure 4.18 compounds8

Melecular formula C 55,05
Appearance \White powder

m.p. 142-148°C

[a]?® +203(c 0.1 MeOH) 4

UV (CHCI3) Amax (log @) 4205 nm (2.82)

IR (KBr) 3896, 3019, 2965, 1685, 1451, 1373, 1091, and 1029 cm’
'H and **C (CDCls) See‘Fable 4.8
HRESIMS m/z 305:1366 [M+Na] " (caled for C15H2:0sNa, 305.1365)

Merulin € (8) was isolated as a white powder. IS molecular formula was
established as CysH,,0s by HRESIMS (m/z 305.1366 [M+Na]®, calcd 305.1365),
implying five degrees of unsaturation). The *H and *C NMR-spectra of 8 (Table 4.8)
were closely analogous=to those of 7, exceptsfor the appearance of a new pair of
doublet at oy 5.82 and 6.32 (J =10.4/Hz) due 1o the olefinic protons, instead of two
methylenes at C-9 and C-10'in 7. All the NMR data implied that 8 IS a,f-unsaturated
ketone derivative of 7, which was ¢onfirmed by 2D NMR (*H-'H COSY fHMQC, and
HMBC experiments); However, analysis of NOESY Sspectroscopic datasrevealed the
difference between their relative configurations. H-5eq of 7, which has NOESY
correlations with Hs-13 and Hs-14, exhibited COSY correlation with oxygenated
methine (H-4) instead of the methylene protons (H2-4). Therefore the endoperoxide

linkage of 8 was proposed to attach to C-4 instead of C-2 as observed in 7. Key
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NOESY correlation between H-2ax and H,-15 indicated the equatorial position for the
—CH,—OH unit at C-3 (Figure 4.19).

Table 4.8 NMR spectral data for cor

Position dc

27.0

325

71.9
78.9

23.0

40.6
87.8
197.6
123.6

| 2(0,104) 155.1
11 r | 40.2
12 =" | 27.0

i 1P 23.8
14 p———r— 4 23.9
15 ,, 66.3

AUE ANt
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4.2.4 Structure elucidation of compound 9 (Merulin D)

Melecular formula
Appearance

[a15

UV (CHCls) Amax (log
IR (KBr) 6 and 1064 cm™
'H and 3C (CDCly)

HRESIMS m/z or C14sH2,04Na, 277.1416)

N~ ‘olecular formula was
established as C; ' / ‘4Na]+, calcd 277.1416),
indicating four dﬂees of unsaturation. The *H and **C NMR data of 9 was similar to
those of 6, except forsthe downfield shift 6f/Me-14 signals [0y 1.91 (S), oc 24.0].
Analysﬂ%%rja ,a-lw @%@W%ﬁnﬁt@ that 9 was a
steremso@r of 6. The large coupling constant of 10.3 Hz between H-3 and H-2ax and
strong NOESY correlation betweeffH 3 and H-5ax ested the axial pM on for H-

QY ETRERE FNENL it St

land Hz-14 to H-90, Hi3-13 and Ha-14 to H-5eq, and Hs-12 to H-lax supported the

relative configuration of 9, whose endoperoxide linkage was suggested to attach to C-
4 and C-7 positions.



Table 4.9 NMR spectral data for compound 9?

9
Position On (mult, J in Hz) dc

) 1.83 (ddd, - ‘ 70) H-1ax 282
2 o ,}// 32.8
3 75 (0dd, 10.3, 1:9,.34 703
4 417 .. ] 37,32 80.3
5 26.1
6 42.8
7 89.7
8 208.1
9 35.3
10 36.8
11 35.9
12 27.3
13 25.1
14 24.0
15 e .

® Measured at 500 MHz{ ! 7 (°C) in CDCls

X

i

HaEINT

Figure 4.20 Sekcted NOESY correlatlons of 9

quaﬂmm UNIINYIA




49

4.3 Biological activities of the isolated compounds
4.3.1 Antimalarial activity

The isolated compounds were tested for antimalarial activity with the
microculture radioisotope technique (Desjardins, Canfield. Haynes & Chulay, 1979)
was used to determine the antimalarial activity.acainst Plasmodium falciparum K1.
Average 1Csp value (n = 2) of a standard anttmalaral compound, dihydroartemisinin,
was 0.004 uM. Results.are presented incFable 4.10.

Merulins'C (8).and'D (9) exhibited potent activity against the malarial
parasite P. falciparium K1 iested with ICso values of 0.39.and 1.35 1M, respectively,
while MK3018 (1), 4-O—methyI-CJ1237§ (3), AS21B-4 (4), 4-O-methyl-CJ12371 (5)
merulin A (6) showed moderate activity - with an 1Cso range of 6.89-10.66 pM.
Palmarumycin CR1(2) was inactive.in th}s assay. For merulin B (7), its activity was
not determined due taithe limitation of its E}uaﬁtity.

In the case'of campounds from Basidiomyeetous fungus, it was noticed that
activity of 8 and 9, sharing the éanie endopé;raxiae linkage at C-4, were 8- and 25-fold
greater than that of 6 containingthe Iinkage"'a'jtt‘gfz.

22
:

Table 4.10 Antimalarial a(;tj\{ity of compoun?i-s,_lt-', 8

Compound Antimalarial activity (1Cso, pg/mL)
- MK3018 (1) ‘6.8779‘
Palmairumycin CR1(2) I
4-O-Methyl-CJ-12372 (3) 10.56
AS21B-4(4) 9.93
4-O-methyl-CJ12371 (5) 8.67
Merulin A (6) 10.66
Merulin B (7) ND
Merulin C (8) 0:39
Merulin D (9) 1.35
Dihydroartemisinnine 0.004

| = inactive

ND = not determined
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4.3.2 Cytotoxic activity

Pure isolated compounds were evaluated for cytotoxic effect against five
human tumor cell lines: hepato carcinoma (HEP-G2), colon carcinoma (SW-620),
lung carcinoma (CHAGO), gastric carcinoma (KATO-3) and breast carcinoma (BT-
474), as well as a normal cell line, CH-Liver, by MTT colorimetric method. Results
are presented in Table 4.14.

For the naphthalene. derivatives (1-5), all.compounds exhibited nonselective
toxicity toward all celi*lines tested. Merulins A (6), C (8) and D (9) gave the similar
results. They showed" mogderaie activity against four tumor cell lines, HEP-G2,
SW620, KATO-3 andeBT-474 and were inactive only on CHAGO cell lines. Merulin
B (7) showed to'be cytetoxic selectively against Hep-G2 celllines with 1Cso value of
22.72 uM, with thedess toxicity on normal;cell lines.

Table 4.11 Cytotoxic activity of pure cémpounds on Hep-G2, SW-620, CHAGO,
KATO-3 and BT-474 gell lines.

#

1

Cell lines & 'j"'|c50 (ug/mL)
Pure compounds Hep-G2~ SW-620 ' CHAGO. KATO-3 BT-474 CH-Liver
MK3018 (4) 17261178 1863 2204 8.01 18.35
Palmarumycin CR1 (2) 19.38 I I 1247 14.82 70.05

4-O-Methyl-CJ12872 (3) 24.82 12.03 21.36 1924  9.00  19.41
AS21B-4 (4) 1469 1230 %1597 1592 1218  18.04
4-O-Methyl- 312871 (5) 18.60 | 18.26 o 1566/ . 17.76 | 3.37  15.65

Merulin A (6) 29.43 .+ 19.02 I 20.05 19.58 34.58
Meruling8 (7) 22.72 | | I i 136.07
Merulin C (8) 18.53  14.54 I 17.93 5.57 19.58
Merulin D (9) 22.33  13.16 I 17.61 7.37 22.71
Doxorubicin 0.14 0.16 0.81 0.98 0.91 1.28

| = inactive
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4.3.3 Antibacterial activities (Determination of minimum inhibitory
concentration)

A total of nine pure compounds (1-9) were determined for their minimum
inhibitory concentrations (MICs) against 12 bacterial strains: E. faecalis, E. faecalis
(vancomycin resistant), E. faecium, S. typhimurium, S. aureus, S. epidermidis, S.
hominis, E. coli, K. pneumeniae, K. pneumonia(ESBL producing), P. aeruginosa and
P. vulgaris. Their MIC values are summarized.in.Fable 4.12.

MK3018 (1).exhibited.antibacterial activity against 11 bacterial strains and it
showed strongest activity toward S. epidermidis with - MIC value of 2.00 pg/mL.
Palmarumycin CR1 (2) was Wweakly acti“ﬁ;e against E. faecalis and S. epidermidis. 4-
O-Methyl-CJ12372" (3)7and AS21B-4 (4) exhibited moderate activity against S.
aureus, S. epidermidis and §. hominis., l(,vhereas 3 was also active two additional
strains, E. faecalis and P. yulgaris. 4-O- mﬁthyl -CJ12371 (5) showed to be inactive in
this assay. -

Merulins A (6) and D (9) showed ‘weak antibacterial activity against P.
vulgaris, while merulin C(8) exhibited mod'éfate act|V|ty on this strain. Compound 8
was also active on E. coli.and S. typhlmurlurh In addition, merulin D (9) also
exhibited weak activity agamst E..faecalis an,d E. coli. For merulin B (7), its activity

_|

was not deterriined due to the limitation of its duantlty

Table 4.12 MIC-of active compounds

ERS VEF EFa EC SA SE SH ST PV

MIC MIC MIC MIC MIC MIC MIC MIC MiIC
Compound

(Hg/mb) ¢ (Hg/mls) = (Wg/mL)y s(ugimb) s (Mo/ml); J(ig/mis),  (ug/mL)  (ug/mL)  (ug/mL)
MK3018 (1) 8 4 16 1238 | 2 8 64 32
Palmarumycin
CR1(2) 256 | I | | 256 | | |

4-0-Methyl-
CI12372 (3) | | | | 16 64 64 | |
AS21B-4 (4) 64 | | | 8 16 64 | 128
4-O-methyl-

CJ12371 (5) | | | | | I | | |



Merulin A (6) | | I | | | | | 256

Merulin B (7) ND ND ND ND ND ND ND ND ND
Merulin C (8) I I | I | 128 8
Merulin D (9) 256 | | | 128
EF : E. faecalis, V = faecalis (va ) of) ..... stant), EFa : E. faecium, EC : E.
coli, SA : S. aure pidermidi ] -f_ omini : S. typhimurium, and PV

: P. vulgaris 77 \'\

I = inactive

ND = not deterr

ﬂumwﬂmwmm
QW?ﬁﬁﬂ‘imﬁJﬂﬁ’mﬂ’lﬁﬂ



CHAPTER V
CONCLUSION

The objectives of this research ‘are fosinvestigate and structural elucidate
bioactive compounds from endophytic fungi-isolated from A. sarmentosa and X.
granatum. The biological. activities «including..anti-bacterial activities by broth
microdilution assay.against E. facealis, E. faecalis (vancemycin resistant), E. faecium,
S. typhimurium, S._aureus,S. epidermidis, S. hominis, E. coli, K. pneumoniae, K.
pneumonia (ESBL preducing), P. @eruginosa and P. vulgaris, anti-malarial activity
against P. falciparum K1 strain and cytotoxicity against cancer cell lines: hepato
carcinoma (HEP-G2), calon car€inoma (S;W-GZO), lung carcinoma (CHAGO), gastric
carcinoma (KATO-3).and breast carcinom‘q (BT-474), of the isolated compounds were

also studied.

Two pure endophytic iselates from'ﬁ;.-sarmentosa and X. granatum, AS21B
and XG8D, were selected in this study since t?bieiﬂ:’rude extracts showed characteristic
and interesting '"H NMR profile- and exhibited anti-bacterial activity. Based on
molecular phylogenetic analysis, AS21B was id-entified as Rhytidhysteron sp., and
isolate XG8D is-Basidiomycetous fungus in the family Meruliaceae.

Fractionation of EtOAc crude extract of AS21B led.to the isolation of a new
naphthalene derivative,.AS21B-4 (4), together with four know analogs including
MK3018; (1), palmarumycin' CR1 (2), 4-O-methyl-CJ12372+(3) and 4-O-methyl-
CJ12371.(5),"'while“that of XG8D"yielded four new sesquiterpenes, merulins A-D (6-
9). All isolated compounds were' evaluated for their antimalarial, cytotoxic and
antibacterial -activity. Compounds (8) and (9) exhibited potent antimaiarial.activity
with ICsp values of 0.39 and 1.35 M, respectively. Compounds 1 and 3-6 showed
moderate activity while compound 2 was inactive in this antimalarial assay. All
naphthalene derivatives (1-5) exhibited nonselective toxicity toward all cell lines
tested. Merulins A (6), C (7) and D (9) showed moderate activity against all cell lines,
except for CHAGO cell lines, whereas merulin B (7) exhibited moderate cytotoxicity
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selectively against only Hep-G2 cell lines. Compounds 1-6, 8 and 9 were also

evaluated for their anti-bacterial activities against different bacterial strains.
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1. Media

1.1 Malt extract Broth (MEB)
Malt extract

Peptone
Glucose
Distilled watel

1.2 Corn steep b
Manitol

Yeast Ex ract LN

-
Corn steepl quo @

Distilled water upfo. . = |

1.3 Potato D
w i

Potato-de

Agar wll
Distilled ﬁﬂup to

MQEJ’J‘VIWWWEJ’]WS

Agar

209
1g

209
1L

20 g
20 g
10 g
10 g
05¢g
03¢
309¢g
10 g
1L

240 g
159

0159

QW’lﬂ”@ﬂ‘a’ﬂJ URINY1&8
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2. Reagent and buffer for DNA amplification by PCR
2.1 Lysis buffer

Tris-HCI (pH 7.2) 50 mM
EDTA ‘ 50 mM
SDS ' 3%
2-mercap 1%
2.2 Chlorofrom 1:1viv
2.3 TE for resuspe
; F AN 10 mM
o £ —= '\ 0.LmM
2.4 Gel loading bufe ‘ _ -
Bromophengl blue™ ~ — % 0.25%
Sucrose inwater - I " . 40% (w/v)
J’ﬂ
2.5 5-X Tris-Borate-E ,-1:‘!':;.;' /]
Thiis b ' -w 549
C7 Y] 2754

ot e

The orking solution was 1X TBE, diluted with 4 volume of distilled
water.
Tris HCI pH 9.0 2100 mL

’QW]&
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Figure B1 'H NMR spectrum of crude (AS21B cultui

| 21 B NEB . -
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Figure B3 '*C NMR spectrum of compound 1 in CD
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Figure B4 COSY spectrum of compound 1 in CDCls
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Figure B6 HMQC spectrum of compound 1 in CDCl3 QVHT"""' pectrometer.at 400 M Hz)
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Figure B7 'H NMR spectrum of compound 2 in D
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Figure B9 COSY spectrum of compound 2 in DMS (HAQ _‘ Spectrometer.at.400 MHz)
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Figure B10 HSQC spectrum of compound 2 in DMSQ-dg.(\Varial / e rometer at 400 MH2z)
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Figure B11 HMBC spectrum of compound 2 in DMSO-ds (\Varia
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Figure B12
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'H NMR spectrum of compound 3 in ( 00 spectrometer.at 400 MHz)
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Figure B14  COSY spectrum of compound 3 in CD ._;___:::, 400.8pectrometer.at.400 MHz)
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Figure B15  HSQC spectrum of compound 3 in CDCls (MarianYH400 8pectrofiieter.at 400 MHz)
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Figure B16 HMBC spectrum of compound 3 in CD Cla.(Mariany ¢ H40C pec ometer.at.400 MHz)
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Figure B17  'H NMR spectrum of compound 4 in 400 spectrometer.at 400 MHz)
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Figure B19 COSY spectrum of compound 4 in CD s.(Mariany. 400.spectrometer.at. 400 MHz)
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Figure B20 HSQC spectrum of compound 4 in CDClg.(\Va 40 ectrometer.at 4 MHz)
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Figure B21
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HMBC spectrum of compound 4 in CDClg (VarianyH40¢ pec@ MHZz)
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Figure B22 'H NMR spectrum of compound 5 in

i

8 1.0

ppm (f1)

AMANTANI NS



87

Figure B23  **C NMR spectrum of compound 5 in DCls (Varia
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Figure B24 COSY spectrum of compound 5 in CD __...:.‘_: 400.spectrometer.at.400 MHz)
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Figure B25 HSQC spectrum of compound 5 in CD 5 (VarianYHA400. vectrometer.at.400 MHz)
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Figure B26  HMBC spectrum of compound 5 in CDClg (VarianYH400
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Figure B28  H NMR spectrum of compound 6 in

2

500D spectiometerat 500 MHz)
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Figure B31  COSY spectrum of compound 6 in CD —-_-7 AV500D spectrometer.at 500 MHz)
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Figure B32  HMQC spectrum of compound 6 Cl; (Bruker AVS00D spectrometer at 500 MHz)
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Figure B33  HMBC spectrum of compound 6 in AV500D spectrometer at 500 MHz)
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Figure B34  NOESY spectrum of compound 6 in ; AVS00D spectrometerat 500 MHz)
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Figure B35 'H spectrum of compound 7 in CD
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Figure B36  **C spectrum of compound 7 in CD
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Figure B37  DEPT spectrum of compound 7 in CD Cls (Bruker ) Msoo MH2z)
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Figure B38  COSY spectrum of compound 7
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Figure B39 HMQC spectrum of compound 7 in CD Cls (Bruker AV 00D spectrometer.at 500 MHz)
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Figure B40  HMBC spectrum of compound 7 in AV500D spectrometer at 500 MHz)
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Figure B41  NOESY spectrum of compound 7 in DCla.(Brlker A 500D spectrometerat 500 MHz)

—

ppm (f2) '

ARIAINTUNNINGAY



106

Figure B42 'H NMR spectrum of compound 7 in acetone-d
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Figure B43 'H NMR spectrum of compound 7 in DRX 400 spectrometer at 400 MHz)
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Figure B44 'H NMR spectrum of compound 7 in aceton
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Figure B45 NOESY spectrum of compound 7 in aceton
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Figure B46  NOESY spectrum of compound 7 in acetone-de (Bruker DR
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Figure B48 'H NMR spectrum of compound 8 in - 500D spectrometer at 500 MHz)
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Figure B49  3C NMR spectrum of compound 8 in CDCl (Biuker A ODt 500 MH2)
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Figure B50  DEPT spectrum of compound 8 in CDClg (Bruker A 500D spOO MH2z)
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Figure B51 COSY spectrum of compound 8 in C / V5' D o-'--'-'-'-“-‘-T 500 MHz)
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Figure B52  HMQC spectrum of compound 8 in CDCls (Bruker AV D spectrometerat 500 MHz)
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Figure B53  HMBC spectrum of compound 8 in AVS500D spectrometer at 500 MHz)
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Figure B54  NOESY spectrum of compound 8 in CD.
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Figure B55  'H NMR spectrum of compound 8 in cetone-ds (|
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Figure B57 'H NMR spectrum of compound 8 in . X 400 spectiometer at 400 MHz)
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Figure B58 NOESY spectrum of compound 8 in acetone-te (Bruke
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uker DRX 4@er at 400 MHz)

Figure B59 NOESY spectrum of compound 8 in ace
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Figure B60 NOESY spectrum of compound 8 in acetone-de (Brt 100 spectrometer at 400 MHz)
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Figure B61 'H NMR spectrum of compound 9 in 500D spectrometer at 500 MHz)
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Figure B62  C NMR spectrum of compound 9 in CDCl (Biuker A ODﬁat 500 MH2)
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Figure B63  DEPT spectrum of compound 9 in CD hﬁi_-: \V5 D spectrometer.at 500 MHz)
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Figure B64 COSY spectrum of compound 9 in CDClg (BruKer A 500
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Figure B65 HMQC spectrum of compound 9 in DCl, (Briker AVS500D spectrometer at 500 MHz)
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Figure B66 ~ HMBC spectrum of compound 9 in CDCls (Bruke AV D spectrometer.at 500 MHz)
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Figure B67  NOESY spectrum of compound 9 in CDClg (Bruke AV500D spectrometer.at 500 MHz)
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Figure B68  NOESY spectrum of compound 9 in r A W--'-'-"'-m-"‘-- at 500 MHz)
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Figure B69  NOESY spectrum of compound 9 in CD:
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Figure C2 ESIMS of 2
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Figure C3 ESIMS of 3

BIORESOURCES RESEARCH UNIT

Low resolution report

- Acquisition Date  5/20/2009 2:58:01 PM
Analysis Name  D:AD:

Method NaFg

perator Sutichai Ext: 3560
Sample Name  ZNR(

“Instrument micrOTOF  Bruker

Acquisition Paramale:

goura Type 0.3 Bar
ocus 180°C
Scan Begin 5.0 Ifmin
Scan End Source
Intens.. X
+M5, 0.1
105 min #4]
2.0
»

||l rll

=




138

Figure C4  HRESIMS of 4
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Figure C5  ESIMS of 5
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Figure C8  HRESIMS of 8
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Figure C9  HRESIMS of 9
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Figure D1 IR Spectrum of 1
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Figure D2 IR Spectrum of 2
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Figure D3 IR Spectrum of 3
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Figure D4 IR Spectrum of 4
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Figure D5

IR Spectrum of 5
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Figure D6 IR Spectrum of 6
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Figure D7

Spectrum of 7
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Figure D8 IR Spectrum of 8
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Figure D9 IR Spectrum of 9
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Table E1 Crystal data and structure refinement for 6

Empirical formula C14H204

Formula weight

Crystal size © 0.26%.0.20 x 0.18 mm

Crystal system -_—
space group /
Unit ceIIdimensionS/ ‘

Temperature
Volume
Calculated density
Wavelength
Absorption coefficient
F(000) e :
Limiting indiges® < -9<=h<=11, -1 =18, -21<=1<=18
Reflections collected / unique (i " 0.0282]

Max. and min. trﬂ'mission 10.9831 and Ogﬂ

Data / restraints / paremeters 861 /1741163

Goodn ito E]V‘Iiow ﬂ’lni
Final ﬂg Ej g(ly]

R indices (all data) R1 =0.0534, wR2 = 0.1274 ./

QW?@@H?W HAIVE 8 E

argest diff. peak and hole 0.311 and -0.155 e.A®
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Theta range for data collection 2.19 to 33.25 deg.
Completeness to theta = 33.25 99.1 %
Refinement method Full-matrix least-squares on F? (SHELXL-97)

Table E2  Atomic coordinate: ivalent isotropic displacement

Atom

c@) 7619014 4
C2  8813(2) /
C@3)  8617(2

C4)  6629(2)
CG)  5325(1)
c(6)
c(7)
c(8)
c(9) 4113(2‘5 3061 BIY 38

AUBARBNINENNT

4879(2)  2946( ‘) 1851(1) 29(1)
) ) (
’il Wiima‘ﬂ‘iﬂl I INYINY
C(13)  5600(2) 4966(1) 3987(1)  45(1)
C(14)  8507(2) 5206(1) 2211(1)  49(1)

O(l)  9866(2) 2704(1) 2089(1)  63(1)



0(2)  4499(2)  4043(1)  -656(1)  48(1)
0@B)  7122(1) 3047(1)  612(1)  40(1)

O@)  7826(1)  4047(1) .

015(1)  40(1)

157

B~ NI/
Table E3 Bond. lengths [A] and angles.{° ] for.

Bond lengths
C(l)-O(4)‘ . 
C(l)-C()
C(l)-C()‘ |
C(1)-C(6)
C(2)-0(1)
C(2)-C(3)
SORON

C(4)-C{BY —1.5351(17)

CE-C( . |

C(5)-C(12) 1.5408(17)

g AN ne1ns

RN stinaneat

C(8)-C(9) 1.5208(15)
C(9)-0(2) 1.4201(14)
C(9)-C(10) 1.5235(15)

C(10)-0(3) 1.4265(14)
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C(10)-C(11) 1.5139(14)
0(3)-0(4) 1.4622(13)

Bond angles

oW-c-CE)
0(4)-C(1)-C(14 " oga

C(2)-C(1)-C(14

C2)-Cc)-
ca)-c(1)-cl) 4
O(1)-C(2)-C(

0(1)-C(2)-C(1)

C(3)-C(2)-C(t) £  114868(10)

C2)-CE3)-C@) J’:&?"} %

C(3)-CA)-C(5) -~ 11483(10).

C(4)-C(5)-C(13) _____109.61(10)

C(4)-C “'-Ff" \

AN SNYINT
R TdIn Inenat

C(11)-C(6)-C(1) 106.35(8)
C(7)-C(6)-C(1) 111.15(9)
C(11)-C(6)-C(5) 110.11(8)

C(7)-C(6)-C(5) 110.94(8)



159

C(1)-C(6)-C(5) 112.12(7)
C(8)-C(7)-C(6) 115.20(9)

C(9)-C(8)-C(7)

0(2)-C(9)-C(8)
0(2)-C(9)-C(10 .

C(8)-C(9)-C 10 7

can)-ca0)e©) 4
C(10)-C(11)-G(6
C(10)-0(3)°0(4)

C(1)-0(4)-0(8)

Symmetry transfo .,;,_,::, _e,‘_i__-.:- ed - F,w.;_ﬁ_ ivalent atoms:

Table E4-A ' !,.‘.
| I

“ he anisotropic displacement factor expo e t takes the form:
| - pi®fh%a*?U1l + ... + 2'hk a* b* U12
il [ & @ " sy - ;

q RAR NS s

C(l) 31(1) 33(1) 23(1) -2(1) 1) -5(1)
C(2) 30(1) 49(1) 36(1) -8(1) -5(1) 6(1)
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C(3) 44(1) 64(1) 36(1) 2(1) -91) 17(0)
C(4) 52(1) 43(1) 28(1) 8(1) -2(1) 3(1)
C(5) 32(1) 34(1) 22(1) -3(1) 2(1) 0@)
C(6) (1)
c(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
0(1)
0(2)
0(3)
0(4)
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Table F1 Minimum inhibitory concentration (ug/mL) of the following antibiotics

against clinical isolated bacterial of enterococcus, staphylococcus and P. vulgaris.

m EF SE SH PV
Ampicillin 32
Ceftriaxone 512 1 2
Gentamicin 8 0.5
Tetracycline 8 - 32 0.25
Vancomycin ; 1024

*EF : E. faecalis, VEF : Efo : E. faecium, SA : S,

aureus, SE : S. ep

)
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