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Four new dimeric spiro-azaplilones, cochliodones A–D (1–4), two new azaphliones, chaetoviridines E and
F (5 and 6), a new epi-chaetoviridin A (7), together with five known compounds, chaetoviridin A (8),
ergosterol (9), chaetochalasin A (10), 24(R)-5a,8a-epidioxyergosta-6-22-diene-3b-ol (11), and ergosterol-
b-D-glucoside (12) were isolated from the fungi Chaetomium cochliodes VTh01 and C. cochliodes CTh05.
Structures and stereochemistry of the atropisomers 1–3 were determined by single-crystal X-ray dif-
fraction analysis. Compounds 5, 10, and 11 exhibited antimalarial activity against Plasmodium falciparum,
while 3, 5, 6, 10, and 11 showed antimycobacterial activity against Mycobacterium tuberculosis. In addi-
tion, 5 and 6 also showed cytotoxicity against the KB, BC1, and NCI-H187 cell lines.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Chaetomium is the largest genera of saprophytic ascomycetes. It
belongs to the Chaetomiaceae family and comprises ca. 92 species1

of which about 20 species have been found in Thailand.2,3 Previous
investigation on secondary metabolites from the Chaetomium
species resulted in the isolation of numerous types of compounds
such as benzoquinone derivatives,4 tetra-S-methyl derivatives,5

azaphilones,6,7 indol-3-yl-[13]cytochalasans, and chaetoglobosin
analogs. Many of these are mycotoxins.8–14 In addition, anthraqui-
none-chromanone,13 orsellinic acid, and globosumones15 have also
been reported. Apart from the above mentioned compounds, in-
vestigation of other strains of Chaetomium cochliodes have led to the
isolation of other types of chemical structure.4,16–18 As part of our
work on bioactive constituents from microorganisms, we noted
that hexane and EtOAc extracts of the fungus C. cochliodes VTh01
2243, 12370–4; fax: þ66 43

akul).

All rights reserved.
showed antimalarial activity against Plasmodium falciparum (IC50

5.1 and 4.2 mg/mL, respectively) and antimycobacterial activity
against Mycobacterium tuberculosis (MIC 100 mg/mL of both). In
addition, the hexane, EtOAc, and MeOH extracts of the fungus
C. cochliodes CTh05 showed anti-TB activity against M. tuberculosis
(MIC 50, 0.39, and 1.56 mg/mL, respectively). The EtOAc extract
showed antimalarial activity against P. falciparum (IC50 3.8 mg/mL).
Besides, EtOAc and MeOH extracts exhibited cytotoxicity against
cancer cell lines, KB and NCI-H187 (IC50 range 0.44–10.5 mg/mL).
We report herein the isolation, characterization, and bioactivity of
four new dimeric spiro-azaplilones, 1–4, two new azaphliones, 5
and 6, a new epi-chaetoviridin A (7), together with five known
compounds, 8–12.
2. Results and discussion

C. cochliodes strains VTh01 and CTh05 were isolated from soils of
the northeastern and northern parts of Thailand, respectively. Both
of them showed activity against Fusarium oxysporum f. sp. lyco-
persici causing tomato wilt, while the C. cochliodes CTh05 also

mailto:somdej@kku.ac.th
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showed activity against Phytophthora parasitica causing citrus root
rot. Colonies of both strains showed a daily growth rate of 5 mm on
potato dextrose agar with pale aerial mycelia. The mycelia turned to
yellow and then to grayish green. The fruiting bodies become ma-
ture within 30 days, having ovate shape with ostiolate of an average
size 120�84 mm (for C. cochliodes VTh01) and 138–378�229–
293 mm (for C. cochliodes CTh05). The walls of the fruiting bodies are
brown, surrounded with numerous unbranched hairs, undulate,
flexuous, broad at the base, tapering at the end, and 300 mm long.
Asci develop inside fruiting bodies with clavate shape of an average
size 25�10 mm. There are eight spores per ascus with evanescent
walls. Spores are lemon shape, biapiculate, thick walled with an
apical germ pore, averaging 4�3 mm (for C. cochliodes VTh01) and
10�7 mm (for C. cochliodes CTh05) and brown when mature. These
characteristics are similar to those reported by Skolko and Grove.19

Cochliodone A (1) was assigned the molecular formula
C34H38O12, as deduced from the HRESITOFMS (observed m/z
639.2437 [MþH]þ). The UV spectrum displayed an absorption
maximum due to a,b,g,d-conjugated ketone at 312 nm. The IR
spectrum showed characteristic ester (1738 cm�1), a,b-
unsaturated ketone (1708 cm�1), and a,b,g,d-conjugated ketone
(1665 cm�1) bands. The 13C NMR and DEPT spectra contained only
17 signals attributable to 3 carbonyl (d 192.2, 191.8, 170.0), 3 sp2

quaternary (d 145.0, 122.6, 111.2), 1 sp2 methine (d 157.6), 2 sp3

quaternary (d 102.9, 84.7), 1 sp3 methine (d 68.7), 4 sp3 methylene,
and 3 methyl carbons. Since the 1H and 13C NMR spectra (Tables 1
and 2) showed only half the number of resonance signals expected
for 38 protons and 34 carbons, the structure must be a symmet-
rical dimer. The monomeric unit exhibited the presence of an
olefinic proton at d 7.78 (s, H-1/H-10), nonequivalent methylene
protons at d 2.70 (d, J¼16.2 Hz, H-4b/H-4b0) and 2.42 (d, J¼16.2 Hz,
H-4a/H-4a0), C-7 methyl protons at d 1.58 (s, H3-14/H3-140), and
a methyl of acetoxy groups at d 2.16 (s, H3-16/H3-160) in the aza-
philone unit. The tetrahydropyran unit was indicated by three sets
of methylene groups, at d 1.88 (m, H-9eq/H-90eq) and 1.46 (dt,
J¼4.6, 14.4 Hz, H-9ax/H-90ax), 1.70 (m, H-10/H-100), 1.62 (m, H-11eq/
H-110eq), and 1.25 (dq, J¼3.3, 12.3 Hz, H-11ax/H-110ax) together
with an oxymethine proton at d 3.85 (m, H-12/H-120) and C-12
methyl protons at d 1.08 (d, J¼6.4 Hz, H3-13/H3-130). The structure
of 1 was then elucidated to be a bis-spiro-azaphilone by analysis of



Figure 1. ORTEP drawing of the crystal structure of cochliodone A (1).

Table 1
1H NMR data for compounds 1–4 (CDCl3)a

Position 1 2 3 4

1,10 7.78 (s) 7.75 (s) 8.04 (s) 7.84 (s)
4b,4b0 2.70 (d, 16.2) 2.71 (d, 16.2) 5.41 (s) 5.87 (s)
4a,4a0 2.42 (d, 16.2) 2.52 (d, 16.2)
9eq,90eq 1.88 (m) 1.92 (m) 2.10 (m) 2.36 (m),
9ax,90ax 1.46 (dt, 4.6, 14.4) 1.45 (dt, 4.6, 14.4) 1.40 (m) 1.39 (m)
10,100 1.70 (m) 1.71 (m) 1.75 (m) 1.78 (m)
11eq,110eq 1.62 (m) 1.90 (m) 1.80 (m) 1.74 (m)
11ax,110ax 1.25 (dq, 3.3, 12.3) 1.23 (dq, 3.2, 12.2) 1.35 (m) 1.25 (m)
12ax,120ax 3.85 (m) 3.82 (m) 4.22 (m) 4.19 (m)
13,130 1.08 (d, 6.4) 1.08 (d, 6.4) 1.25 (d, 6.4) 1.16 (d, 6.24)
14,140 1.58 (s) 1.53 (s) 1.90 (s) 1.60 (s)
16,160 2.16 (s) 2.11 (s) 2.22 (s) 2.13 (s)
18,180 2.15 (s) 1.95 (s)

a Figures in parentheses are coupling constants in hertz.

Table 2
13C NMR data for compounds 1–4 (CDCl3)

Position 1 2 3 4

1,10 157.6 (d)a 157.2 (d) 159.8 (d) 158.2 (d)
3,30 102.9 (s) 102.1 (s) 104.7 (s) 103.2 (s)
4,40 37.6 (t) 37.2 (t) 68.2 (d) 66.5 (d)
4a,4a0 145.0 (s) 143.9 (s) 109.0 (s) 109.3 (s)
5,50 122.6 (s) 122.6 (s) 123.0 (s) 124.5 (s)
6,60 192.2 (s) 192.2 (s) 194.0 (s) 193.4 (s)
7,70 84.7 (s) 83.8 (s) 84.5 (s) 84.7 (s)
8,80 191.8 (s) 191.1 (s) 191.1 (s) 190.6 (s)
8a,8a0 111.2 (s) 111.3 (s) 143.8 (s) 140.0 (s)
9,90 32.0 (t) 32.4 (t) 27.4 (t) 28.6 (t)
10,100 18.2 (t) 18.1 (t) 18.1 (t) 18.0 (t)
11,110 31.4 (t) 31.7 (t) 31.4 (t) 31.7 (t)
12,120 68.7 (d) 68.5 (d) 69.5 (d) 69.0 (d)
13,130 21.6 (q) 21.8 (q) 21.5 (q) 21.2 (q)
14,140 22.4 (q) 22.9 (q) 22.1 (q) 22.1 (q)
15,150 170.0 (s) 169.1 (s) 169.8 (s) 168.8 (s)
16,160 20.2 (q) 19.9 (q) 19.9 (q) 19.6 (q)
17,170 169.3 (s) 168.2 (s)
18,180 20.8 (q) 19.7 (q)

a Multiplicities were determined by analysis of the DEPT and HSQC spectra.

Figure 2. ORTEP drawing of the crystal structure of cochliodone B (2).
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the 2D NMR spectra including COSY, HSQC, HMBC, NOESY, and by
comparison with the spectral data for spiro-azaphlilone, daldinin
C (13).20 In addition, the absence of proton signals at C-5 and C-50

indicated that the bridge in 1 was connected via C-5 and C-50. The
HMBC spectrum confirmed the above observations by showing
correlations of H-1 to C-3, C-4a, and C-8; H-4 to C-5, C-8a, and C-9;
H-9 to C-3 and C-11; H-10 to C-3 and C-11; H-11 to C-9 and C-13;
H-12 to C-10 and C-13; H-13 to C-11 and C-12; H-14 to C-6, C-7,
and C-8; and H-16 to C-15. The COSY spectrum also supported the
tetrahydropyran ring with methyl attached to carbon adjacent to
the oxygen atom from the correlations between H-9 and H-10, H-
10 and H-11, H-11 and H-12, and H-12 and H-13. Thus, X-ray
crystallographic analysis was performed to confirm the structure
and configuration of 1 (Fig. 1). Finally, the structure of 1 was de-
fined as a new dimeric bis-spiro-azaphilone, which we named
cochliodone A.

Cochliodone B (2) possessed the same molecular formula
(C34H38O12) as cochliodone A (1) as determined by HRESITOFMS
and 1H and 13C NMR spectra. The IR, UV, 1H, and 13C NMR spectra
(Tables 1 and 2) of 2 were similar to those of 1, except for the dif-
ference of the proton chemical shifts of H-4a (1, d 2.42; 2, d 2.52)
and H-11eq (1, d 1.62; 2, d 1.90). Determination of the 1H and 13C
NMR spectra including COSY, HSQC, and HMBC experiments led to
the elucidation of the structure analogous to that of 1. However, the
different physiochemical and specific rotations [1, �226 (c 0.14,
CHCl3); 2, �42 (c 0.14, CHCl3)] between the two suggested an
atropisomeric relationship to each other. The structure and con-
figuration of 2 were finally confirmed by X-ray crystallographic
analysis (Fig. 2). Crystals of compounds 1 and 2 were obtained as
tetragonal and orthorhombic, respectively, by crystallization from
EtOAc/hexane.

Cochliodone C (3) was obtained as pale yellow crystals and was
assigned the molecular formula C38H42O16 as deduced from the
HRESITOFMS (observed m/z 777.2369 [MþNa]þ). The UV spectrum
displayed an absorption maximum due to a,b,g,d-conjugated ke-
tone at 230 and 345 nm. The IR spectrum showed the presence of
esters (1756, 1738 cm�1), a,b-unsaturated ketone (1706 cm�1), and
a,b,g,d-conjugated ketone (1672 cm�1). The 13C NMR and DEPT
spectra contained only 19 signals attributable to 4 carbonyl (d 194.0,
191.1, 169.8, 169.3), 3 sp2 quaternary (d 143.8, 123.0, 109.0), 1 sp2

methine (d 159.8), 2 sp3 quaternary (an acetal, d 104.7 and 84.5), 2
sp3 methine (oxymethine, d 69.5, 68.2), 3 sp3 methylene, and 4
methyl carbons. Since the 1H and 13C NMR spectrum (Tables 1 and
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2) showed only half the number of resonance signals expected for
42 protons and 38 carbons, the structure must be a symmetrical
dimer. The 1H and 13C NMR spectra of 3 were similar to those of bis-
spiro-azaphilone, cochliodone A (1), except for the presence of two
more acetoxy groups (dH 2.15, dC 20.8, 169.3) in 3 than in 1. The
singlet signal at dH 5.41 (H-4/H-40) correlated to the acetate car-
bonyl C-17 (dC 169.3) in the HMBC experiment revealing that the
acetoxy group was located at C-4. The structure of 3 was then
elucidated to be a bis-spiro-azaphilone by analysis of the 2D NMR
spectra including COSY, HSQC, HMBC, and NOESY. Thus, X-ray
crystallographic analysis was performed to confirm the structure
and relative configuration of 3 (Fig. 3). Finally, the structure of 3 was
defined as a new dimeric bis-spiro-azaphilone, which we named
cochliodone C.

Cochliodone D (4) possessed the same molecular formula
(C38H42O16) as cochliodone C (3) as determined by HRESITOFMS
and 1H and 13C NMR spectra. The IR, UV, 1H, and 13C NMR spectra of
4 were similar to those of 3, except for the difference of their proton
chemical shifts of H-1 (3, d 8.04; 4, 7.84), H-4 (3, d 5.41; 4, 5.87), H-9
(3, d 2.10 and 1.40; 4, 2.36 and 1.39), H-14 (3, d 1.90; 4, 1.60), and H-
18 (3, d 2.15; 4, d 1.95). Determination of the 1H and 13C NMR spectra
(Tables 1 and 2) including 2D NMR techniques (COSY, HSQC, and
HMBC) supported the structure being analogous to that of 3.
However, the different physiochemical and specific rotations [3,
�42 (c 0.22, CHCl3); 4, �276 (c 0.22, CHCl3)] suggested an atropi-
someric relationship between these two compounds.

Slow rotation about C–C single bonds resulting in the structural
conversion of compounds 1 and 2, and 3 and 4 were also performed
to support the proposed architectural features of these two pairs of
atropisomers. Heating a solution of each compound in MeCN at
65 �C for varying periods of time resulted in the interconversion of
1$2 and 3$4 (determined by HPLC). For the first pair, compound
1 gave a mixture ratios of 1/2¼100:0 at 0 h, 59:41 at 10 h, 40:60 at
24 h, 37:63 at 48 h, and 36:64 at 72 h, whereas compound 2 pro-
vided a mixture ratios of 1/2¼0:100 at 0 h, 21:79 at 10 h, 33:67 at
24 h, 37:63 at 48 h, and 36:64 at 72 h (Fig. 4). For the second pair,
compound 3 gave a mixture ratios of 3/4¼100:0 at 0 day, 79:21 at 8
days, 77:23 at 10 days, 74:26 at 12 days, 72:28 at 14 days, and 71:29
at 16 days, while compound 4 provided a mixture ratios of 3/
4¼0:100 at 0 day, 45:54 at 8 days, 52:48 at 10 days, 57:43 at 12 days,
60:40 at 14 days, and 63:37 at 16 days (Fig. 5).

During the purity check by HPLC analysis of the stock solutions
of both 1 and 2 in MeCN at room temperature, slow interconversion
was observed with the ratios of 1/2¼64:36 (for 1) and 14:86 (for 2)
at 30 days; 53:47 (for 1) and 19:81 (for 2) at 40 days; and 49:51 (for
Figure 3. A perspective drawing of the crystal structure of cochliodone C (3).
1) and 22:78 (for 2) at 50 days. In order to clarify that 1 and 2 were
naturally occurring compounds and not artifacts produced during
the isolation process, controlled fermentation–extraction of the
fungus C. cochliodes VTh01 was performed. After quick extraction of
dried mycelial mat with hexane at room temperature for 1 h, the
crude residue was then dissolved in MeCN and subjected to HPLC
determination. The chromatogram showed the presence of 1 and
a trace of 2 at a ratio of 93:7 (Fig. 6). Thermal conversions of this
crude residue were also observed. Heating the solution at 65 �C for
72 h resulted in a mixture of 1/2 with a ratio of 36:64 (Fig. 6). On the
basis of the above experimental evidence, it was concluded that
compounds 1 and 2 were atropisomers, which could be converted
in solution, both at room and high temperatures. It is most likely,
though not absolutely certain, that compound 2 isolated in our
experiment was not a naturally occurring product but rather the
artifact of compound 1.

In comparison with the cochliodones A and B (1 and 2),
cochliodones C and D (3 and 4) were stored in MeCN at room
temperature for 60 days, and no interconversion occurred. This
suggests the steric interference of the acetoxy groups at C-4 and
C-40. Clarification that compounds 3 and 4 are naturally occurring
substances from C. cochliodes CTh05 by using the method described
above for 1 and 2 provided a mixture ratio of 3/4¼7:93. In addition,
heating a solution of 3 or 4 in DMSO at 110 �C for 48 h provided the
same mixture ratio of 3/4¼70:30 on HPLC analysis. Unfortunately,
both compounds started to decompose after heating for 3 h. On the
basis of this evidence, it was concluded that compounds 3 and 4
were atropisomers, which could be converted in solution at high
temperatures. It is not unreasonable to conclude that 3 and 4 are
naturally occurring compounds.

Chaetoviridin E (5) was assigned the molecular formula
C23H23ClO5, as deduced from the HRESITOFMS (observed m/z
415.1327 [MþH]þ) indicating the presence of 12 degrees of unsa-
turation in the molecule. The IR spectrum showed g-lactone
(1760 cm�1) and a,b-unsaturated ketone (1645, 1626 cm�1) bands.
The 1H and 13C NMR spectra of 5 (Tables 3 and 4) showed five
olefinic protons, five methyls, two conjugated carbonyls (d 183.7,
190.3), and one conjugated ester (d 167.4). The structure could then
be elucidated as being of azaphilone type by analysis of the data
obtained by 2D NMR (COSY, HSQC, HMBC, and ROESY) and by
comparison with that of the closely related compound, chaetovir-
idin A (8).6 The spectral data of 5 were similar to 8, except that 5
showed an olefinic proton at d 6.55 (q, J¼7.6 Hz), which was con-
nected to sp2 carbon at dC 146.7 (C-20) in the HSQC experiment,
instead of two methine protons (H-19 and H-20). The specific ro-
tation of 5 [�385 (c 0.02, CHCl3)] showed the same sign as that of
rubrorotiorin (14) [�368 (c 0.019, CHCl3)],21,22 which has S absolute
configuration at the C-7 position, implying that 5 possessed the
same stereochemistry at C-7 as that of 14. However, the specific
rotation of 5 showed the opposite sign to that of chaetoviridin A (8)
[þ98 (c 0.05, CHCl3)],6 suggesting the loss of two stereogenic cen-
ters at C-19 and C-20 in 5.

Treating compound 8 with H3PO4 in acetone and heating for
24 h yielded a product (25%) that was identical (mp, IR, NMR,
specific rotation, and behavior on TLC) to the isolated compound 5.
Compound 5 and the dehydration product of 8 displayed negative
specific rotation values of �385 and �390, respectively, which
supported the S configuration at C-7 of 5 and 8 as in the reference
compound 14. Also, the stereochemistry of C-11 in the side chain at
C-3 was assigned to be S similar to those reported for azaphilones.6

On the basis of the above data, the structure of 5 was deduced as
a dehydrated derivative of chaetoviridin A (8), which we named
chaetoviridin E.

Chaetoviridin F (6) was assigned the molecular formula
C23H25ClO5, as deduced from the HRESITOFMS (observed m/z
417.1467 [MþH]þ) indicating the presence of 11 degrees of



Figure 4. HPLC chromatogram of thermal conversions of 1 and 2 in MeCN solution at 65 �C. Compound 1: A at 0 h, B at 10 h, C at 24 h, D at 48 h, and E at 72 h. Compound 2: A0 at
0 h, B0 at 10 h, C0 at 24 h, D0 at 48 h, and E0 72 h.
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unsaturation in the molecule. The IR spectrum showed g-lactone
(1769 cm�1) and a,b-unsaturated ketone (1684 and 1620 cm�1)
bands. Comparison of the 1H and 13C NMR spectral data (Tables 3
and 4) indicated that 6 was similar to 8, except for the absence of an
oxymethine proton at C-20, which was displaced by methylene
protons [dH 1.51 (m), 1.25 (m); dC 26.5]. The specific rotation of 6
[þ40 (c 0.02, CHCl3) showed the same sign as that of chaetoviridin
A (8) [þ98 (c 0.05, CHCl3)]6 suggesting the loss of a stereogenic
center at C-20 in 6. On the basis of the above data, the structure of 6
was assigned as a desoxy form of chaetoviridin A (8), which we
named chaetoviridin F.

epi-Chaetoviridin A (7) was obtained as a red solid, and had
molecular formula C23H25ClO6, as deduced from the HRESITOFMS
(observed m/z 455.1237 [MþNa]þ) indicating the presence of 11
degrees of unsaturation in the molecule. The IR spectrum of 7 in-
dicated hydroxyl (3436 cm�1), g-lactone (1769 cm�1), and a,b-un-
saturated ketone (1682 and 1619 cm�1) groups. The 1H and 13C
NMR data (Tables 3 and 4) and 2D NMR techniques (COSY, HSQC,
HMBC, and NOESY) of 7 indicated a structure similar to chaetovir-
idin A (8). However, there were some differences in chemical shifts
between compounds 7 and 8. Differences in the 1H and 13C NMR
spectra were noted at dH 4.29 and 3.89 (for H-20), 1.23 and 1.18 (for
H3-21), and 0.98 and 1.18 (for H3-22), while the carbon signals
differed at dC 48.7 and 50.9 (for C-19), 67.2 and 70.9 (for C-20), 19.5
and 13.5 (for C-21), and 9.8 and 21.4 (for C-22) of 7 and 8,
respectively. This suggested an opposite configuration at C-20
between the two compounds. The absolute configurations of C-7,
C-19, and C-20 in chaetoviridin A (8) have been reported as S, S, and



Figure 5. HPLC chromatogram of thermal conversions of 3 and 4 in MeCN solution at 65 �C. Compound 3: A at 0 day, B at 8 days, C at 10 days, D at 12 days, E at 14 days, and F at 16
days. Compound 4; A0 at 0 day, B0 at 8 days, C0 at 10 days, D0 at 12 days, E0 at 14 days, and F0 at 16 days.
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R, respectively.6 The stereochemistry at C-7 of 7 was assigned to S
configuration by comparison of the chemical shift in the NMR data
with that of 8. The NOESY spectrum of 7 showed no correlation
between H-19 and H-20, which has been observed in 8, indicating S
configuration at C-20. Besides, compound 7 showed an opposite
sign of specific optical rotation [�44 (c 0.03, CHCl3)] to the analogue
8 [þ98 (c 0.05, CHCl3)]6 suggesting a difference in stereogenic
center at C-20. Thus, 7 was deduced to be epi-chaetoviridin A.

The five known compounds were identified by spectroscopic
methods as well as by comparison with those of literature data or
authentic samples, as chaetoviridin A (8),6 ergosterol (9),23 chae-
tochalasin A (10),24 24(R)-5a,8a-epidioxyergosta-6-22-diene-3b-ol
(11),23,25 and ergosterol-b-D-glucoside (12).23

Compounds 1–6, 8, 10, and 11 were evaluated for their bio-
activities (Table 5). Compounds 5, 10, and 11 showed antimalarial
activity against P. falciparum with IC50 values of 2.9, 3.7, and 3.1 mg/
mL, respectively. Compounds 3, 5, 6, 10, and 11 showed anti-
mycobacterial activity against M. tuberculosis with MIC values of
200, 50, 100, 100, and 200 mg/mL, respectively. In addition, 5 and 6
had respective IC50 values against KB of 10.7 and 12.3 mg/mL, BC1 of
5.6 and 13.4 mg/mL, and NCI-H187 of 3.5 and 4.5 mg/mL.

3. Experimental

3.1. General

Melting points were determined using a Gallenkamp melting
point apparatus and were uncorrected. Optical rotations were
obtained using a JASCO DIP-1000 digital polarimeter. UV spectra
were measured on an Agilent 8453 UV–visible spectrophotometer.



Figure 6. HPLC chromatogram of thermal conversions of hexane extract of C. cochliodes VTh01 in MeCN solution at 65 �C. A at 0 h, B at 10 h, C at 24 h, D at 48 h, and E at 72 h.
Co-injections with standard samples were performed to confirm compound identities.
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IR spectra were taken on a Perkin–Elmer Spectrum One spectro-
photometer. NMR spectra were recorded in CDCl3 on a Varian
Mercury Plus 400 spectrometer, using residual CHCl3 as an internal
standard. HRESITOFMS spectra were obtained using a Micromass
LCT mass spectrometer and the lock mass calibration was applied
for the determination of accurate masses. Column chromatography
and preparative TLC were carried out on silica gel 60 (230–400
mesh) and PF254, respectively. HPLC was carried out on an Agilent
1100 series instrument with an analytical C18 column (Agilent,
5 mm, 3.2�150 mm).
3.2. Fungi material

The fungi C. cochliodes VTh01 and C. cochliodes CTh05 were
collected from Ubon Rajathanee and Chiangrai provinces, re-
spectively, and were identified by Assoc. Prof. K. Soytong. Voucher
specimens CcoVTh01 and CcoCTh05 were deposited at the
Department of Plant Pest Management, King Mongkut’s Institute of
Technology Ladkrabang, Bangkok, Thailand. The fungi were
cultivated in Potato Dextrose Broth (PDB) at 25–28 �C for 4 weeks.
Table 3
1H NMR data (d, ppm) for compounds 5–8 in CDCl3

a

Position 5 6

1 8.04 (s) 8.74 (s)
4 6.55 (s) 6.50 (s)
9 6.07 (d, 15.6) 6.04 (d, 15.6)
10 6.56 (dd, 15.6, 8.0) 6.57 (dd, 15.6, 7.
11 2.28 (septet, 6.9) 2.23 (septet, 7.0)
12 1.44 (quint, 7.3) 1.39 (quint, 7.2)
13 0.91 (t, 7.4) 0.85 (t, 7.5)
14 1.08 (d, 6.7) 1.03 (d, 6.8)
15 1.72 (s) 1.64 (s)
19 3.46 (sextet, 6.2)
20 6.55 (q, 7.6) 1.51 (m), 1.25 (m
21 1.90 (d, 7.1) 0.72 (t, 7.6)
22 1.87 (s) 1.06 (d, 6.4)

a Figures in parentheses are multiplicity and coupling constants in hertz.
3.3. Extraction and isolation

3.3.1. C. cochliodes VTh01
Air-dried mycelial mat (200 g) was ground and extracted

successively with hexane (500 mL�3), EtOAc (500 mL�3), and
MeOH (500 mL�3) to yield the crude hexane (7.1 g), EtOAc
(10.3 g), and MeOH extracts (31 g), respectively. EtOAc (50 mL)
and hexane (300 mL) were added to the hexane extract to give
a solid (1.4 g), which was further recrystallized from EtOAc/hex-
ane to yield yellowish crystals of 1 (37 mg). The filtrate was
evaporated to yield a residue, which was recrystallized from
EtOAc/hexane to give 2 (50 mg). The filtrate was further sepa-
rated by preparative TLC using 50% EtOAc/hexane as eluent to
give an additional amount of 1 (Rf¼0.52, 51 mg) and 2 (Rf¼0.22,
17 mg). The residue was then separated over a silica gel column,
eluted with a gradient system of EtOAc/hexane followed by
MeOH/EtOAc. Each fraction (100 mL) was monitored by TLC;
fractions with similar TLC patterns were combined to yield frac-
tions F1–F5. Fraction F3 was chromatographed on silica gel and
eluted with a gradient system of EtOAc/hexane to give 9
(36.1 mg), 10 (39.3 mg), and 11 (33.6 mg). Fraction F4 was
7 8

8.70 (s) 8.79 (s)
6.57 (s) 6.58 (s)
6.09 (d, 15.6) 6.10 (d, 15.7)

8) 6.62 (dd, 15.6, 7.5) 6.62 (dd, 15.7, 8.0)
2.29 (septet, 7.0) 2.30 (septet, 6.9)
1.45 (quint, 7.2) 1.42 (quint, 7.4)
0.83 (t, 7.4) 0.92 (t, 7.4)
1.09 (d, 7.0) 1.10 (d, 6.7)
1.71 (s) 1.70 (s)
3.69 (dq, 7.4, 3.0) 3.62 (quint, 7.4)

) 4.29 (dq, 6.2, 3.0) 3.89 (quint, 6.6)
1.23 (d, 6.6) 1.18 (d, 6.5)
0.98 (d, 7.0) 1.18 (d, 6.5)



Table 4
13C NMR data (d, ppm) for compounds 5–8 in CDCl3

Position 5 6 7 8

1 148.3 (d)a 151.8 (d) 151.9 151.5
3 157.1 (s) 157.5 (s) 157.1 157.1
4 105.1 (d) 105.5 (d) 105.3 105.4
4a 139.3 (s) 140.0 (s) 139.7 139.7
5 109.5 (s) 109.0 (s) 109.0 108.9
6 183.7 (s) 183.9 (s) 183.1 183.4
7 87.6 (s) 87.8 (s) 87.8 87.6
8 159.1 (s) 164.0 (s) 165.1 162.7
8a 110.8 (s) 110.5 (s) 110.2 110.4
9 119.9 (d) 119.9 (d) 119.7 119.7
10 147.9 (d) 148.3 (d) 148.3 148.1
11 38.9 (d) 39.1 (d) 38.9 38.9
12 29.1 (t) 29.3 (t) 29.1 29.1
13 11.6 (q) 11.9 (q) 11.7 11.7
14 19.2 (q) 19.4 (q) 19.2 19.2
15 25.6 (q) 26.3 (q) 26.2 26.2
16 167.4 (s) 167.9 (s) 167.8 167.9
17 126.2 (s) 124.5 (s) 123.0 125.1
18 190.3 (s) 201.2 (s) 201.0 201.2
19 137.7 (s) 45.1 (d) 48.7 50.9
20 146.7 (d) 26.5 (t) 67.2 70.9
21 15.4 (q) 11.7 (q) 19.5 13.5
22 10.8 (q) 14.3 (q) 9.8 21.4

a Multiplicities were determined by analysis of the DEPT and HSQC spectra.

Table 5
Biological activities of the isolated compounds

Compound Antimalarial
(IC50, mg/mL)

Antimycobacterial
(MIC, mg/mL)

Cytotoxicity (IC50, mg/mL)

KBa BC1b NCl-H187c

3 200
5 2.9 50 10.7 5.6 3.5
6 100 12.3 13.4 4.5
10 3.7 100
11 3.1 200
Artemisinin 0.001
Isoniazid 0.05
Kanamycin sulfate 2.5
Ellipticine 0.36 0.26 0.32

a Human epidermoid carcinoma in the mouth.
b Human breast cancer cells.
c Human lung cancer cells.

N. Phonkerd et al. / Tetrahedron 64 (2008) 9636–9645 9643
separated on silica gel CC eluted with a gradient system of hex-
ane/EtOAc to yield additional 11 (16.4 mg). The EtOAc extract
(10.0 g) was separated on a silica gel column and eluted with
increasing EtOAc in hexane followed by MeOH in EtOAc to yield
five fractions, F1

0–F5
0. Fraction F3

0 gave additional 9 (69.7 mg).
Fractions F5

0 afforded additional 11 (35.6 mg). Fraction F4
0 was

further purified by CC using MeOH/CH2Cl2 (10:90) as eluent to
yield 8 (100.6 mg). Fraction F9

0 was recrystallized from MeOH/
CH2Cl2 to give colorless needles of 12 (5.3 mg). The MeOH extract
was partitioned between EtOAc and water. The EtOAc residue was
subjected to silica gel CC, gradually eluted with MeOH/CH2Cl2 to
give four fractions, F1

00–F4
00. Fraction F2

00 gave additional 11
(11.2 mg) and 12 (24.4 mg).

3.3.2. C. cochliodes CTh05
Air-dried mycelial mat (735 g) was ground into powder and

extracted successively with hexane (3 L�3), EtOAc (3 L�3),
and MeOH (3 L�3) at room temperature. Filtrates were combined
and the solvents were removed in vacuo to yield crude hexane
(7.8 g), EtOAc (17.4 g), and MeOH (23.4 g) extracts. CH2Cl2 (100 mL)
was added to the hexane extract (7.8 g) to afford a pale yellow solid
of 3 (34.4 mg). The filtrate was evaporated in vacuo and the residue
was subjected to silica gel column chromatography, eluted with
a gradient system of EtOAc in hexane followed by MeOH in CH2Cl2.
Each fraction (75 ml) was monitored by TLC; fractions with similar
TLC patterns were combined to yield fractions, F1–F8. Fraction F2

was further separated by silica gel column eluted with a gradient
solvent system of EtOAc in hexane to obtain five subfractions des-
ignated as F2/1–F2/5. Subfraction F2/3 gave a red solid of 8 (92.5 mg).
Fraction F3 was purified by preparative TLC using 5% EtOAc/CH2Cl2
as eluent to yield a yellow solid of 5 (66.4 mg). Fraction F4 was
separated on silica gel column eluted with a gradient solvent sys-
tem of EtOAc in hexane to yield seven subfractions designated as F4/

1–F4/7. Subfraction F4/2 afforded 8 (48.7 mg). Fraction F7 was further
separated by silica gel column eluted with a gradient system of
EtOAc in hexane to yield seven subfractions, F7/1–F7/7. Subfraction
F7/3 was further purified by preparative TLC using 50% EtOAc/hex-
ane as eluent to give an additional amount of 3 (Rf¼0.49, 4 mg) and
a pale yellow solid of 4 (Rf¼0.41, 242.9 mg). Fraction F8 was
rechromatographed on a silica gel column, gradually eluted with
EtOAc in CH2Cl2 to obtain five subfractions, F8/1–F8/5. Subfraction F8/3

gave an additional amount of 3 (7.3 mg).
The crude EtOAc extract (17.4 g) was redissolved with EtOAc and

filtered. The filtrate was evaporated in vacuo, and the residue was
chromatographed on a silica gel column eluted with the same
gradient system as the hexane extract above to give 10 fractions,
F1
0-F10

0. Fraction F5
0 was separated by silica gel column eluted with

EtOAc and hexane by increasing polarity of solvents to give five
subfractions designated as F5/1

0–F5/5
0. Subfraction F5/2

0 was purified
by PLC using 20% EtOAc/CH2Cl2 as eluent to give an additional
amount of 5 (91.3 mg). Fraction F6

0 was recrystallized with MeOH to
yield an additional amount of 8 (1.5 g). Fraction F7

0 was chroma-
tographed on silica gel column eluted with a gradient solvent
system of EtOAc in hexane to obtain 10 subfractions designated as
F7/1

0–F7/10
0. Subfraction F7/3

0 gave an additional amount of 8
(41.9 mg). Subfraction F7/5

0 was further purified by preparative TLC
using 40% EtOAc/hexane as eluent to yield a red solid of 7 (Rf¼0.38,
13 mg).

3.3.3. Cochliodone A (1)
Yellow crystals; mp 225–226 �C (decomp.); [a]D

26 �226 (c 0.14,
CHCl3); UV (CH2Cl2) lmax nm (log 3): 217 (3.97), 312 (4.34); IR (KBr)
nmax: 3080, 2982, 2941, 1738, 1708, 1665, 1598, 1577, 1448, 1407,
1347, 1251, 1088 cm�1; 1H and 13C NMR, see Tables 1 and 2; HRE-
SITOFMS m/z [MþH]þ 639.2437 (calcd for C34H38O12þHþ, 639.
2441).

3.3.4. Cochliodone B (2)
Yellow crystals; mp 223–225 �C (decomp.); [a]D

26 �42 (c 0.14,
CHCl3); UV (CH2Cl2) lmax nm (log 3): 218 (4.0), 311 (4.30); IR (KBr)
nmax: 3080, 2982, 2941, 1738, 1708, 1665, 1598, 1577, 1448, 1407,
1347, 1251, 1088 cm�1; 1H and 13C NMR, see Tables 1 and 2; HRE-
SITOFMS m/z [MþH]þ 639.2439 (calcd for C34H38O12þHþ, 639.
2441).

3.3.5. Cochliodone C (3)
Pale yellow crystals; mp 273–274 �C (decomp.); [a]D

31 �42 (c
0.22, CHCl3); UV (CH2Cl2) lmax nm (log 3): 230 (4.06), 345 (4.42); IR
(KBr) nmax: 3057, 2936, 2871, 1756, 1738,1706, 1672, 1597, 1559,
1455, 1371, 1328, 1240, 1083 cm�1; 1H and 13C NMR, see Tables 1
and 2; HRESITOFMS m/z 777.2369 [MþNa]þ (calcd for
C38H42O16þNa, 777.2365).

3.3.6. Cochliodone D (4)
Pale yellow crystals; mp 158–160 �C; UV (CH2Cl2) lmax nm

(log 3): 230 (3.81), 334 (4.26); [a]D
29 �276 (c 0.22, CHCl3); IR (KBr)

nmax: 3059, 2975, 2940, 2877, 1764, 1746, 1713, 1676, 1604, 1582,
1446, 1411, 1372, 1345, 1243, 1219, 1084 cm�1; 1H and 13C NMR, see
Tables 1 and 2; HRESITOFMS m/z 777.2371 [MþNa]þ (calcd for
C38H42O16þNa, 777.2365).
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3.3.7. Chaetoviridin E (5)
A yellow solid; mp 108–109 �C; [a]D

25 �385 (c 0.02, CHCl3); UV
(CH2Cl2) lmax nm (log 3): 230 (4.03), 302 (4.11), 365 (3.97); IR (KBr)
nmax: 3083, 2960, 2925, 2872, 1760, 1645, 1626, 1565, 1514, 1456,
1407, 1349, 1160, 1017 cm�1; 1H and 13C NMR, see Tables 3 and 4;
HRESITOFMS m/z 415.1327 [MþH]þ (calcd for C23H23ClO5þH,
415.1307).

3.3.8. Chaetoviridin F (6)
A red solid; mp 84–86 �C; [a]D

27 þ40 (c 0.02, CHCl3); UV (CH2Cl2)
lmax nm (log 3): 229 (3.97), 305 (4.27), 365 (4.12); IR (KBr) nmax:
3107, 2962, 2927, 2873, 1769, 1684, 1620, 1509, 1458, 1402, 1348,
1325, 1163, 1014 cm�1; 1H and 13C NMR, see Tables 3 and 4; HRE-
SITOFMS m/z 417.1467 [MþH]þ (calcd for C23H25ClO5þH, 417.1463).

3.3.9. epi-Chaetoviridin A (7)
A red solid; [a]D

30 -44 (c 0.03, CHCl3); UV (CH2Cl2) lmax nm
(log 3): 229 (3.99), 306 (4.16), 365 (4.04); IR (KBr) nmax: 3436, 3079,
2962, 2925, 2873, 2836, 1769, 1682, 1619, 1511, 1452, 1406, 1376,
1350, 1259; 1H and 13C NMR, see Tables 3 and 4; HRESITOFMS m/z
455.1237 [MþNa]þ (calcd for C23H25ClO6þNa, 455.132).

3.3.10. Chaetoviridin A (8)
Red crystals; mp 157–158 �C (lit.6 121–124 �C); UV (CH2Cl2)

lmax nm (log 3): 229 (3.95), 306 (4.32), 366 (4.15); [a]D
27þ97 (c 0.05,

CHCl3) {lit.6 [a]D
30 þ98 (c 0.05, CHCl3)}; IR (KBr) nmax: 3436, 3108,

2968, 2930, 2875, 1774, 1678, 1619, 1516, 1453, 1402, 1375, 1358,
1248, 1016 cm�1; 1H and 13C NMR, see Tables 3 and 4; ESITOFMS
m/z 455 [MþNa]þ (calcd for C23H25ClO6þNa, 455).

3.4. X-ray crystallographic analyses of 1–3

Yellowish crystals of 1–3 were obtained in the mixture of EtOAc/
hexane by slow evaporation. X-ray diffraction data were measured
on a Bruker–Nonius kappaCCD diffractometer with graphite mon-
ochromated Mo Ka radiation (l¼0.71073 Å) at 298(2) K. The
structure was solved by direct methods by SIR97,26 and refined
with full-matrix least-squares calculations on F2 using SHELXL-
97.27 All non-hydrogen atoms were refined anisotropically. The
hydrogen atom positions were geometrically idealized and allowed
to ride on their parent atoms. Crystallographic data of cochliodone
A (1), cochliodone B (2), and cochliodone C (3) have been deposited
at the Cambridge Crystallographic Data Centre under the reference
numbers CCDC 672198, CCDC 672199, and CCDC685491,
respectively.

3.4.1. X-ray data of 1
C34H38O12, M¼638.37, tetragonal, dimensions:

0.10�0.15�0.20 mm, D¼1.130 g/cm3, space group P41212, Z¼8,
a¼b¼13.264(1), c¼42.672(7) Å, V¼7508(2) Å3, reflections col-
lected/unique: 11,634/5853 (Rint¼0.026), number of observation
[>2s(I)] 4457, final R indices [I>2s(I)]: R1¼0.0690, wR2¼0.1948.

3.4.2. X-ray data of 2
C34H38O12, M¼638.37, orthorhombic, dimensions:

0.15�0.15�0.25 mm, D¼1.246 g/cm3, space group P212121, Z¼4,
a¼12.3511(2), b¼12.8552(4), c¼21.4484(4) Å, V¼3405.5(1) Å3, re-
flections collected/unique: 18,077/3594 (Rint¼0.046) number of
observation [>2s(I)]: 3262, final R indices [I>2s(I)]: R1¼0.0433,
wR2¼0.1166.

3.4.3. X-ray data of 3
C38H42O16, Mr¼754.74, orthorhombic, dimensions:

0.30�0.10�0.10 mm, D¼1.153 g/cm3, space group P212121, Z¼4,
a¼9.2189(2), b¼21.3464(9), c¼22.0889(10) Å, V¼4346.9(3) Å3, re-
flections collected/unique: 18,742/3328 (Rint¼0.051), number of
observation [>2s(I)]: 2833, final R indices [I>2s(I)]: R1¼0.0605,
wR2¼0.1624.
3.5. Bioassays

3.5.1. Antimalarial assay
Antimalarial activity was evaluated against the parasite P. fal-

ciparum (K1, multidrug resistant strain), using the method of
Trager and Jensen.28 Quantitative assessment of malarial activity
in vitro was determined by means of the microculture radioiso-
tope technique based upon the method described by Desjardins
et al.29 The inhibitory concentration (IC50) represents the con-
centration, which causes 50% reduction in parasite growth as
indicated by the in vitro uptake of [3H]-hypoxanthine by
P. falciparum. The standard compound, artemisinin, exhibited an
IC50 value of 1.0 ng/mL.

3.5.2. Antimycobacterial assay
Antimycobacterial activity was assessed against M. tuberculosis

H37Ra using the Microplate Alamar Blue Assay (MABA).30 The
standard drugs, isoniazid and kanamycin sulfate, showed
respective MIC values of 0.04–0.09 and 2.0–5.0 mg/mL.

3.5.3. Cytotoxicity assay
Cytotoxicity assays against human epidermoid carcinoma (KB),

human breast cancer (BC1), and human small cell lung cancer (NCI-
H187) cell lines were performed employing the colorimetric
method as described by Skehan et al.31 The reference substance was
ellipticine, which showed IC50 values of 0.36, 0.32, and 0.26 mg/mL,
respectively.
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