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Figure 2 '"H NMR spectrum of ergosterol (I).
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Figure 11 "H NMR spectrum of chaetoglobosin C (III).
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Figure 12 °C NMR spectrum of chaetoglobosin C (III).
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Figure 17 NOESY spectrum of chaetoglobosin C (III).
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Figure 32 COSY spectrum of chaetoglobosin F (V).
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Figure 44 NOESY spectrum of chaetoglobosin G (VI).
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Figure 50 COSY spectrum of chaetoglobosin B (VII).
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Figure 51 HSQC spectrum of chaetoglosin B (VII).
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Figure 52 HMBC spectrum of chaetoglobosin B (VII).



177

$ T 1 e T I —p—

i e N = i 1 Y

e BN o

24 - - : -1

. bt « %!

3] ' e R ST

: ’, ',4;{7' el Yy s y

- e 5

= . |l

i~ | ol I B

\—l = - d’ LA '

3 3 o I 3 7

S E— TR

— + H

3 i

- 3 - {Q i @ i ] ;

= i X ; I j

5 - YERE g [ T

! W - __; 3
- r « = « s 2 z
i (o)
Figure 53 NOESY spectrum of chaetoglobosin B (VII).
14-Aug-2007 $KBI1106 + Leucine Enkephalin 12:45:0€
{BANT] SKBI1108 14080701 508 (10.428) AM (Cen 4, 80,00, mmgunzsp.mx Cm {497:516) TOF M8 E‘%Tﬁ
i 100 'WI

812422

|
i
|

%
|
413.2082
| 76.2571

2070348 |
[ \ 2 |
i ¢ i [
i 08,1328 @uaznr 513.2002 i
262.2082 4812780, '
! L e l! 441:2900 :'1 » B44.8431 ;
LIS S CH LU T ——

Lo M0 7 30 A0 480 0 . §f0_ @0 w0 | 7w 780 80 850 000 . 8k .

Figure 54 Mass spectrum of chaetoglobosin D (VIII).




178

8
i i
£ 81
g @
[N L LIS
JL 3 A s _ Hi ot ERIENE
400 30 S0 250 2000 1500 1000 500
Waverumber cm-1
Figure 55 IR spectrum of chaetoglobosin D (VIII)
W . S

lllllll

Figure 56 'H NMR spectrum of chaetoglobosin D (VIII).




179

MRS R REEC S0 R ] RO 1 TOM A Ao e (oo MO e £ it (il M AR aERK s an o anad et el e a s Sl g At TR g s a
220 200 180 180 140 120 100 80 s¢ ! L1 ¢ mw

Figure 57 C NMR spectrum of chaetoglobosin D (VIII).

R A ]

LN El; P P
AR e L T S ——— ST . < - D—
220 200 180 1640 140 A20 100 BO &0 40 a0 PO

Figure 58 DEPT spectrum of chaetoglobosin D (VIII).



180

r2 :
=3 (e
: : 4
= L R I —
2 ] :
E 3
§
3 H
o 3 i
- .
P - o

|
sl

TR
3
e oy i
- T——_
" b Al
3 3
< 3 N
3 e B
! : :
t ] e e S S e
> :

Figure 59 COSY spectrum of chaetoglobosin D (VIII).

BEEVE B AT BT

i
oS —
- : H
A ! :
nes : :
i 4 | S _
4 23 i i o el
(i ‘ ‘ !
4 ° ) g e |
& & o e e i e (S b
— - ; [
- aisee v v srervemelo sy I R FRURY (R SOOI S,
3 k. ! |
] . '
: « ;
: i
< e e ! t
3 b o * :
- . .
L Rt T T ———— s 5 .
& | H
| ; :
| = = e s 4

100
i {pp)

a0

ERREI S SN ]

[ €0

i

| I
i .

i :

- R T

Figure 60 HSQC spectrum of chaetoglobosin D (VIII).




181

Skl

Laidd

B

|

i

e

]

!

,.{
=1

-
“

SR I
L
e —ﬁ_} ———
i
o |

z
i
]
i
|

H
T e s e SRR e

m

S S |
_ﬁ 5
@

i )
i '
b r—Lrw—y—v FrrTrrYTTiY Sy

ia0 3e0 140 120 100 L L] 0 0 20

200

i (ppwm)

Figure 61 HMBC spectrum of chaetoglobosin D (VIII).

| I

¥
:
g e e gy ol g {

PEY

4: Wy

()

Figure 62 NOESY spectrum of chaetoglobosin D (VIII).



182

1a-Aug2007 ~ © 77 SKBI1110 + Leucine Enkephailn ) T 14200018
SANT] SKBI1110 12000701 573 {11.781) AM (Can 4, 85600, H1,10000.0,578.26,0. 70X Cm (351003} TOF MS ES+ |
100 STt 158
i 53&?573
Xy
3 :
|
|
000.2382
w1821 Aigared 5; !mm
206 6281 ! { Wz : & s2218
0 2T S e S SRS 31" ! T i S " e s
100 150 200, 250 300 WY 40 450 B0 650 BOG B0 700 7SO 800 850 900 850 190Q
Figure 63 Mass spectrum of prochaetoglobosin III (IX).
8
S =
£ 8 1
8
c
£
€
-
Ee
o |
) .
8 2R gses aa_ai %ES aga
=ds JNG® 8§ BR N R
i ® dsgdegues abg aucd g ASQ §
e L) 1 1 T T T T
4000 3500 3000 2500 2000 1500 1000 500
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Figure 92 C NMR spectrum of chrysophanol (XII).
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Figure 104 NOESY spectrum of chaetoviridin A (XIV).
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Figure 105 Mass spectrum of cochliodone D (XV).

100

Transmittance (%]

40

;V

8 A

NI Wﬁ/l\\\\%\%
LB 6 Tgi—‘gi,ééié,s--s--_E=§:z§-,252§§55§§§§§3§§
4000 3500 NOO 25'00 ZQW 152” 1000

Wavenumber om-1
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Figure 114 Mass spectrum of Xanthoquinodin A1 (XVI).
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Figure 124 IR spectrum of xanthoquinodin B2 (XVII).
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Figure 127 DEPT spectrum of xanthoquinodin B2 (XVII).
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Figure 130 HMBC spectrum of xanthoquinodin B2 (XVII).
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Figure 131 NOESY spectrum of xanthoquinodin B2 (XVII).
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Figure 132 Mass spectrum of XVIII.
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Nine 10-(indol-3-yI-{13]eytochalasans. including 3 new chaetoglobosin V (1), fwo new
natwral products, prochactoglobosin 11l (2) and prochactuglobosin [llee (3). 3 known
chactoglobosins B-D (4-61. F (7). G (8). and isochaetoglobasin D (9), together with two
known sterols, 24(R)-5a Bu-epidionyergosta-6-22-diene-3-ol (10) and ergosterol (1) were
isolated from the fungus Chactomium elatum CREQ1. The structures of these compounds
were ehucidated by spectroscopic methods. Compounds 1-9 showed cytomxicity agianst BCI
(130 2.54-21.29 M) and cholangiocarcinoma cell fines (Cs 3.41-86.95 uM).

Keywords:  Chaetomium,  Chactomium  clatum,  chaetoglobosin,  cyWioxicity.
cholangiocarcinoma
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Fangal material

The fungus was isolated from soil collected m Betong District, Yala Province,
Thailand, in Junc 2005 and was wdcntfied by Assoc. Prof. K. Sovtong. A voucher specimen
(CREDI) was deposited st the Department of Plant Pest Management. King Mongkul's
lostitute of Technology Ladksabang. Bangkok, Thailand. The fungus was cultured in conical
flasks (1 L. 70 flasks) with potalo dextrose broth (PDB) (250 ml/Mlask) and incubated in a
sunding condition at 25-28 *C for 4 weeks. The culture broth was filiered to gve & wet
mycelial mat and then sir-dricd at room temperature.

Extraction and tsoiation

Air-dricd mycelial mat (210 g) of € elanum was ground and cxiracied successively
with hexane (1.5 L x 3), EAOAC (1.5 L. « 3), and MeOH (1 5 L x 3) at room temperature. The
filiered sampics were combined and the solvents were evaporated in vacuo o yweld crude
hexane (8.4 g 40 %), EIOAC (21.7 g 10.3 %), and McOH (285 g 13.6 %) extracts,
respectively.  The hexane exiract (8.4 g) was subjecied (o silica gel flash column
chromatography (FCC). eluted with » gradient system of hexane, hexane-EIOAc, EtOAc-
MeOH. and followed by McOH. Fach fiaction (100 mL) was monitored by TLC fractions
and similar TLC patierns were combined 1 yield seven further fractions (HF-HF»). Fraction
HIF, (40-50% EtOAc-hexanc) was chromatographed on silica gel FCC, eluted with a gradicat
sysiem of E1OAC 10 afford a 3 and 11 (23 6 mg).

EIOAC (50 mL) was sdded 1o the FtOAc extract (21.7 g) to give a white solid of
chactoglobusin C (5) (24 g, mp 258-259 °C, [n]hp -80 (¢ 0.10, McOH). The filtrate was.
evaporated (0 yield 8 residuc which was subjected to silica gel FCC, cluicd with the same
gradient system as the hexanc extract above to give seven fractions, EF -EFy. Fraction EF
was chromatographed on silica gel FCC, cluted with 3 gradient sysiem of hexane- EtOAC lo
afford an additional amount of 10 (2121 mg) and 11 (2%.5 mg). Fraction EF, was separated
over silicu gel FCC, eluted with a gradient system of hexang-EtOAc and FIOAc-McOH to
yield three sublractions, EFe(-EFay  Subfraction EFer was washed with CHyCly- MeOH
(90:10) and recrystallized from C11;C1-MeOH 10 give crystals of prochactoglobosin 1l (3)
(434 mg. mp 240-241 °C. [a]™y 45 (c 0.12, McOH). The precipitatc in fraction EFaq was
fiered out and recrystallized from CH;Cl-McOH to give un additional amount of § (37.2
mg). Subfraction EF4, was separated over silica gel FCC. cluted with a gradient system of
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INTRODUCTION
About cighty-one species of Chactomium have been icported worldwide. Chaetomium
elutum Kunze (Von Ar e ul.. 1988) is one of ca. twenty two Chactomium species which
have becn found in Tharland (Soytong. 1991, Petchasat ef al.. 1991 Pomsun ct af,, 2008)
Previous investigation on secondary metabolites from the Chaetomium species led (o the
isolation of numerous types of compounds such as benzoquinone derivatives (Brewer et al..
1968), tetra-S-methyl derivatives (Safe et al, 1972), azaphilones (Takahashi ¢t al, 1990;
Kasokmedhakul et al., 2006; Phonkerd et al.. 2008), bis-azaphiloncs (Phonkerd e al , 2008)
indol-3-yl-{1 3jeylochalasans, and chactoglobosin analogs (Sekia ef al., 1976, Udagawa et
al., 1979, Probst et dl., 1981 Sckita er al . 1982; Sekita et al, 1983, Kanokmedhakul et al.
2002, Ding ef al.. 2006). Morcover. anthraquinone-chromanone (Kanokmedhakul et al..
2002) orscllinic acid. globosumones (Bashyal ef ul., 2005) and depsidones (Li et al., 2008,
Khumkomkhet ef ol 2009) have alsa been reporicd  However, no phytochemical
investigation of Chaetomium elatum has been reporied. As part of ow work on bioactive
comtituents from Chactomium species. EIOAC extract of the fungus C. clanum. & strain
isolated from That soil, showcd cytotoxicity against BC1 cell line (ICu 4.5 ugmL). We
describe herein the isolation, characterization and bioactivity of a new chactoglobosun V (1),
wo new natural products, prochaetoglobosin I (2) and prochactoglobosin Il (3). together
with cight known compounds, chacioglobosins B-D (4-6), F 3nd G (7 and 8).
isochactoglobosin 1 (9), and two evgostols. 10 and 11 (Fig. 1).

MATERIALS AND METHODS
General

Meliing points were determined using  Gallenkamp melting pomnt appararus and
were uncomrected.  Optical rotations were oblained using a JASCO DIP-1000 digiual
polarimeter. UV spectra were measured on an Agilent 8453 UV-visible spectrophotometer
IR spectra were taken on & Perkin- Elmer Spectrum One spectrophotometer. NMR specira
were recorded in CDCly and CDYOD on a Varian Mercury, Plus 400 specirometer, using
residual CHCly and CHyOH 25 an internal standard. HR-ESI-MS were recorded on 2
Micromass Q-TOF-2" spectrometer. Column chromatography and preparative TLC were
carried out on silica gel 60 (230-400 mesh) and PFs.,respectively.
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EtOAc-hexane 1o ive seven subfractions, EFey1-EFuvs. Subfraction EFeve was further
scparated by preparative TLC sing C11,Cl-MeOH (90.10) as eluent (developed x 2) 10 give
a pale yellow solid of prochaetoglobosin [11 (2) (21.0 mg, mp 137-138 °C. la]o -282 (¢ .
0.10, McOH) and a white solid of 1 (109 mg). respectively. Fraction EF; was
chromatographed on a silica gel FCC. eluted with a gradient system of hexane-FIOAC und
E1OAC-McOH to give cight sublractions, EFy-EFsy The white precipitate in subfraction
EFyy was fitered out 1o give an additional amount of § (14.2 mg). Subfraction EFs, was
recrystallized from CH;Cl-MeOH 1o yield a pale yellow solid of chactoglobosin B (4) (2042
mg. mp 187-189 °C. [a]’0-242 (c 0.10, McOH). Sublraction EFyu was futher recrystallized
from CHH:Cli-MeOH 1o give isochactoglobosm D (9) (17.0 mg. mp 261-262 °C. [a]'o +47 (¢
013, McOH). Subfraction F.s was then separated over silica gel FCC. eluted with 3 gradient
system of Cl1;C1:-MeOH 1o afford four subfractions, EFss -EFysa. Subfraction EFsq
yielded an additional amount of § (16.8 mg). The white Subfraction Fys gave # white solid
which recrystallized from CHCl:-McOM to give chactoglobosin G (8) (9.3 mg. mp 249-251
°C. [Py +148 (c 0.13, McOH). The solid i subfraction Fysy was Gltered out and
cecrystallized from CHCly-McOH 10 give an additional amount of 9 (50.1 mg). Subfraction
Fys was recrystallized from CH,Cli-MeOH w give pale yellow crystals of chactoglobosin D
(6) (438 mg. mp 215-216 °C, [a]’h -346 (c 010, MeOH). Subfraction EF:; was
chromatographed on silica el eluted with a gradient system of hexane-EIOAC o give
white solid of chaetoglobosin F (7) (19 6 mg. mp 173-175 °C, fa®p-124 (¢ 0 14, McOH).

The McOH extract (28.5 g) was chromatographed on a silica gel FCC. eluted with 2
gradient system of CH,Cl-MeOH 1o give five fractions, MF\-MF.. Fraction MF; was
recrystallized from CH,Cly-hexane 1o afford an additional amount of 10 (3.9 mg). The
precipitate in fraction MF, was filtered out and recrystallized from CH;ClMeOH to yield an
additional amount of $ (1.64 g).

Chactoglobosin V (1): A white solid; mp 240-241 °C; [al*'o -28 (¢ 0.12, McOH); UV dau,
(McOH) nm (log &) 222 (4.48), 280 (3.72), 290 (3 62). TK (KRH) vies 3522, 3329, 2951, 1745,
1704, 1676, 1657, 1616, 1259, 1233, 1046 cm’'; HRESITOFMS m/r 521.2780 (M+Na]"
(Caled for Cy;HwN;O, + Na. 521.2780); 'H- and "'C-NMR data, see Tabie 1.
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Cytotoxicity assay

Cytotoxic assay against human breast cancer (BC1) cell line was performed
employing the colonmetric method described by Skehan P, et a/ ™ The reference substance
was ellipiicine (Table 2). Cholangiocarcinoma (CCA) cultured cll lines established in the
Department of Pharmacology. Faculty of Medicine, Khon Kaen University, Khoo Kaca,
including KKU-100, and KKU-OCA 17 derived from human intrabepatic cholangiocarcinoma
tisucs with hiswlogical types of poorly differentisted, and well differentiated
denocarcinoma, respectively (Buranrat ef al,, 2007, Prawan ef al, 2009). The CCA cells
were routinely cultared in Ham's F12 media supplemented with 4 mM L-glutamine. | mM
sodium pyruvate, 12.5 mM N-2-hydroxyethylpiperazine-N'-2-cthanesulfonic acid (HEPES,
PH 7.3). 100 UmL penicillin, 100 ug/mL. swreptomycin sulfate, and 10% fetal calf scrum.
The media was rencwed every 3 days. mypsinized with 0.25% uypsinEDTA, and
subcultured in the same medis. The assay against cholangiocarcimoma cell line was
performed cmploving the method described by Voigt (2005). The reference substance was -
fluorouracil (Table 2).

RESULTS AND DISCUSSION

Nine chactoglobosins und two serols were isolated as & white solid from hexane,
E1OAc, and McOH extracts of dried mycelial mat of C. elatum using the combination of
silica gel column chromatography and preparative TLC. Structures of the known compounds
were identified by physical and spectroscopic data measurcments (IR, '11- and "'C-NMR, 20
NMR, and MS) and by comparing the data obiained with published values, a
chactoglobosins B-D (4-6). F (7). G (8) (Sckita er ol I1982; Sckita et ol 1983),
isochactoglobosin D (9) (Sckita et al., 1982). 24(R)-Sa,8u-cpidioxyergosta-6-22-dicne- 3ol
(10) (Bok e al.. 1999), and ergosterol (11) (Oh  al. 1998). Prochactoglobosin T (2) and
prochactoglobosin il (3) have been isolaed from Chaetomium subaffine ate resting with
2 specific oxidative enzyme., cytochrome P450 inhibitors (Oikawa et a., 1991). Therefore,
his is the first report of 2 and 3 as new naturally occurming compounds.

Compound 1 was obtained us a white solid and showed a molecular ion in the
HRESITOFMS) at m/s 521 2780 ([M+Na]'). indicating a molecular formula C33HyyN;0;.
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The isolated compounds were evalunied for their cytotonicity against human breast
mull(xl]lWMRMF‘IM’MI&NMC‘MIWM
Engincering and Biotechnology (BIOTEC), NSTDA, Thailand, and the cytotoiciy against
cholaagiocarcinoma ceil lines was tested at the Deparment of Pharmacology, Faculty of
Medicine, Khon Kaen University, Khon Kacn, Thailand.

ANl compounds showed cytotoxicity against BC) cell lines with ICso values in the
range 2.54-21.29 uM (Table 2). Amon these; 3 and 4 cxhibited strong cytotonicity 1o BC1
cell line with Iy values of 2.54 and 3.03 M, respectively. Compounds 1-9 were also tested
against two different cholangiocarciooma cell types, KKU-100 cells which are resistant to
chemothcrapeutic agent, S-fluorouracil (S-FU), and KKU-OCA17 cells which are sensitive to
the SFU. 1 A D (6) was the most both cell types
with ICyo values of 341 and 12.12 uM, respectively, while isochactoglobosin D (9) was
active against KKU- 100 cells with IC.q value of 7.41 M (Table 2),
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