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A–C, produced by a Chaetomium species separated from a marine fish
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Abstract

Chaetomugilins A–C were isolated from a strain of Chaetomium globosum originally isolated from the marine fish Mugil cephalus, and
their absolute stereostructures have been elucidated on the basis of spectroscopic analyses using 1D and 2D NMR techniques, some
chemical transformations, and an X-ray analysis. This compound exhibited significant cytotoxicity against cultured P388 cells and
HL-60 cells.
� 2008 Elsevier Ltd. All rights reserved.
Based on the fact that some of the bioactive materials
isolated from marine animals have been produced by bac-
teria, we have focused our attention on new antitumour
materials from microorganisms separated from marine
organisms.1–4 As part of this study, we have made a search
for antitumour compounds from a strain of Chaetomium

globosum OUPS-T106B-6 originally obtained from the
marine fish Mugil cephalus and found three new cytotoxic
metabolites designated as chaetomugilins A–C (1–3), which
belong to azaphilones, from the culture broth of this fungal
strain. Azaphilones have various bioactivities,5 and the
metabolites, which were isolated in this investigation,
exhibited significant cytotoxic activity against the murine
P388 leukemia cell line and the human HL-60 leukemia cell
line. We describe herein the absolute stereostructure and
biological activities of these compounds.

The microorganism from M. cephalus fish was cultured
at 27 �C for 6 weeks in a medium (50 l) containing 1% sol-
uble starch and 0.1% casein in 50% artificial seawater
adjusted to pH 7.4. After incubation, the AcOEt extract
of the culture filtrate was purified by bioassay-directed
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fractionation (cytotoxicities against P388 cell line) employ-
ing stepwise combination of Sephadex LH-20, silica gel col-
umn chromatography and reverse phased HPLC to afford
chaetomugilins A (1, 72.2 mg), B (2, 7.7 mg), and C (3,
10.2 mg).

.
Chaetomugilin A (1)6 had the molecular formula

C23H27ClO7 established by the [M+H]+ peak in high-reso-
lution fast atom bombardment mass spectrometry
(HRFABMS) and the ratio of intensity of isotope peaks
(MH+/[MH+2]+). Its IR spectrum exhibited bands at
3437, 1719, and 1618 cm�1, characteristic of hydroxyl,
ester, and conjugated carbonyl groups. A close inspection
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Fig. 1. Selected 1H–1H COSY and HMBC correlations in chaetomugilin
A (1).
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of the 1H and 13C NMR spectra (Table 1) of 1 by DEPT
and HMQC experiments revealed the presence of four sec-
ondary methyl (11-CH3, C-13, 40-CH3 and C-60), one ter-
tiary methyl (7-CH3), four sp2-hybridized methines (C-1,
C-4, C-9 and C-10) including oxygen-bearing carbon (C-
1), six sp3-methines (C-8, C-11, C-12, C-20, C-40 and C-50)
including two oxymethines (C-12 and C-50), two quarterna-
ry oxygen-bearing sp3-carbons (C-7 and C-30) including a
hemiacetal carbon (C-30), four quarternary sp2- carbons
(C-3, C-4a, C-5 and C-8a) and two carbonyls (C-6 and
C-10). The 1H– 1H COSY analysis of 1 led to three partial
structural units as shown by bold-faced lines in Figure 1.
The geometrical configuration of the double bond moieties
(C-9 – C-10) was deduced as trans from the coupling con-
stants of the olefinic protons (J9,10 = 15.0 Hz). The connec-
tion of these units and the remaining functional groups was
determined on the basis of the key HMBC correlations,
summarized in Figure 1. The connection of a chlorine atom
to C-5 was reasonable from its chemical shift (dC 110.43).
Thus the planar structure of 1 was elucidated as shown
in Fig. 1. The relative stereochemistry of 1 was deduced
from NOESY experiments (Fig. 2). NOEs correlations
(50-H/8-H, H-50/7-CH3, H-20/H-40 and H-40/H-60) revealed
the relative configuration expect C-11 and C-12 for 1 as
shown in Figure 2. The absolute stereochemistry for com-
pound 1 was established by derivation of chaetomugilin
B (2) described later.

Chaetomugilin B (2)7 was assigned the molecular for-
mula C24H29ClO7 deduced from HRFABMS. The general
Table 1
NMR spectral data of chaetomugilins A–C (1–3) in CDCl3

Position 1

dH
a J/Hz dC dH

a J/Hz

1 7.27 s 145.67 (d) 7.50 s
3 157.11 (s)
4 6.57 s 105.47 (d) 6.52 s
4a 140.07 (s)
5 110.43 (s)
6 189.25 (s)
7 83.98 (s)
8 2.98 d 10.0 (20) 50.55 (d) 3.14 d 10.0 (2
8a 114.29 (s)
9 6.15 d 15.0 (10) 122.10 (d) 6.14 d 15.0 (1
10 6.61 dd 15.0 (9), 6.2 (11) 142.52 (d) 6.57 dd 15.0 (9
11 2.45 sex 6.2 (10, 12, 11-Me) 44.32 (d) 2.44 sex 6.2 (1
12 3.81 br s 70.90 (d) 3.80 quint 6.2 (1
13 1.20 d 6.2 (12) 20.52 (q) 1.19 d 6.2 (1
7 –Me 1.40 s 23.23 (q) 1.40 s
11 –Me 1.13 d 6.2 (11) 14.85 (q) 1.13 d 6.2 (1
10 170.50 (s)
20 3.06 d 10.0 (8) 58.24 (d) 3.01 d 10.0 (8
30 104.17 (s)
40 1.90 dq 10.3 (50), 6.2 (40-Me) 44.89 (d) 2.32 qd 6.8 (4
50 4.30 dq 10.3 (40), 6.5 (60) 76.89 (d) 4.40 qd 7.0 (6
60 1.41 d 6.5 (50) 18.70 (q) 1.44 d 7.0 (5
40 –Me 1.13 d 6.2 (40) 8.79 (q) 1.11 d 6.8 (4
30 –OMe 3.25 s

a 1H chemical shift values (d ppm from SiMe4) followed by multiplicity an
proton coupling with that position.
features of the 1H and 13C NMR spectra (Table 1) closely
resembled those of 1 except that the proton signal for H-40

(dH 2.32), the carbon signal for C-40 (dC 37.74), C-30 (dC

106.65), and 40-CH3 (dC 13.54) in 2 revealed a chemical
shift difference relative to those of 1. In addition, the signal
for a methoxyl group (dH 3.25, dC 49.66) was observed
newly. The 1H– 1H COSY and HMBC correlations (from
10-H to C-3, from 4-H to C-4a and C-5, from 1-H to C-
3, C-4a, 8 and 8a, from 8-H to C-6, C-7, 7-CH3, C-30 and
C-10, from 50-H to C-30 and C-10, and from the methoxyl
group to C-30 led to the planar structure for 2. In order
to determine the absolute stereostructure of 2, an X-ray
crystal-structure analysis was carried out for a single crys-
tal of 2 (obtained by recrystallization from CHCl3–
MeOH).8 The result (Fig. 3) allowed assignment of the
2 3

dC dH
a J/Hz dC

145.89 (d) 7.89 s 147.60 (d)
156.47 (s) 157.24 (s)
105.37 (d) 6.56 s 105.54 (d)
139.34 (s) 142.07 (s)
110.84 (s) 110.00 (s)
186.89 (s) 182.07 (s)
83.29 (s) 91.23 (s)

0) 48.71 (d) 4.22 s 44.75 (d)
114.94 (s) 113.93 (s)

0) 122.27 (d) 6.14 d 15.0 (10) 122.15 (d)
), 6.2 (11) 141.62 (d) 6.61 dd 15.0 (9), 6.2 (11) 142.38 (d)
0, 12, 11-Me) 44.26 (d) 2.45 sex 6.2 (10, 12, 11-Me) 44.29 (d)
1, 13) 70.91 (d) 3.80 quint 6.2 (11, 13) 70.88 (d)
2) 20.50 (q) 1.19 d 6.2 (12) 20.50 (q)

23.78 (q) 1.72 s 24.89 (q)
1) 14.88 (q) 1.13 d 6.2 (11) 14.84 (q)

171.36 (s) 164.07 (s)
) 56.90 (d) 101.10 (s)

106.65 (s) 174.91 (s)
0-Me), 5.2 (50) 37.74 (d) 2.58 quint 6.2 (50, 40-Me) 35.06 (d)
0), 5.2 (40) 79.29 (d) 4.29 quint 6.2 (40, 60) 79.42 (d)
0) 19.22 (q) 1.41 d 6.2 (50) 19.48 (q)
0) 13.54 (q) 1.24 d 6.2 (40) 14.05 (q)

49.66 (q)

d then the coupling constants (J/Hz). Figures in parentheses indicate the



Fig. 2. Key NOEs correlations in 1 (graphical representation using the
program CHEM 3D).

Fig. 3. X-ray structure for 2.

Table 2
Cytotoxity of the metabolites against P388 and HL-60 cells

Compounds Cell line P388 Cell line HL-60
IC50 (lM)a IC50 (lM)a

Chaetomugilin A (1) 8.7 7.3
B (2) 18.7 16.5
C (3) 3.6 2.7

5-FUb 1.7 2.7

a DMSO was used for vehicle.
b Positive control.
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absolute configuration of all the asymmetric centers (7S,
8S, 11R, 12R, 20R, 30R, 40R and 50R) and the conformation
for 2.

Since the absolute configuration for 1 has remained
undecided, the hemiacetal hydroxyl group at C-30 in 1

had been replaced to methoxyl group. The treatment with
p-TsOH of 1 in MeOH gave two products 2 and 3 (yields
34% and 23%, respectively). These reaction products were
confirmed to be identified with natural substances 2 and
3 in IR, UV, NMR spectra and optical rotations. These
evidences revealed the absolute stereostructures for chaeto-
mugilins A (1) and C (3) described later. Compound 1 had
been stable in MeOH for a few days. Therefore, this evi-
dence support that both 2 and 3 were not artefacts of 1.

Chaetomugilin C (3)9 was assigned the molecular for-
mula C23H25ClO6 which contained two hydrogen and one
oxygen atoms less than that of 1. The general features of
its UV, IR, and NMR spectra (Table 1) closely resembled
those of 1 except that the proton signal for H-8 (dH 4.22),
7-CH3 (dH 1.72), H-20 (disappearance), and H-40 (dH 2.58),
and the carbon signal for C-7 (dC 91.23), C-8 (dC 44.75), C-
20 (dC 101.10), C-30 (dC 174.91), C-40 (dC 35.06), C-10 (dC

164.07), and 40-CH3 (dC 14.05) in 3 revealed a chemical
shift difference relative to those of 1. The 1H– 1H COSY
correlations and the key HMBC correlations (from 8-H
to C-10 and C-30, from 40-H to C-20 and C-30, and from
50-H to C-10 and C-30) showed that a double bond was pres-
ent at C-20–C-30. The above evidences, together with the
molecular formula of 3, suggested the presence of the ether
linkage between C-7 and C-30. Thus, the planar structure of
3 was elucidated. Observed NOEs (40-CH3/8-H and 40-
CH3/7-CH3) implied that 40-CH3 is oriented cis to 8-H, 7-
CH3 in axial arrangements. In addition, NOE correlation
between 40-CH3 and 60-H was observed very weakly. Based
on the evidence summarized above, the relative configura-
tion of C-7, C-8, C-40 and C-50 in 3 is the same as those of 1

and 2. Consequently, the absolute stereostructure for 3 was
established by the derivation from 1.

The cancer cell growth inhibitory properties of chaeto-
mugilins A–C (1–3) were examined using the murine
P388 leukemia cell line and the human HL-60 leukemia cell
line. Compounds 1 and 3 exhibited significant cytotoxic
activity against P388 and HL-60 cell lines equal to 5-FU
(Table 2). In future, the cancer cell growth inhibitory prop-
erties of these compounds will be examined using a disease-
oriented panel of 39 human cell lines and molecular target
inhibitory activities of the substance will also be tested
using protein kinase, histone deacetylase, farnesyl transfer-
ase, telomerase, and proteasome.
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