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Chemical investigation of the fungus Trichoderma sp., iso-
lated from the Caribbean sponge Agelas dispar led to four
novel sorbicillinoid polyketide derivatives (1–4) with an un-
precedented tricyclic ring system. The structures of all com-
pounds, including the absolute configuration, were deter-

Introduction
Marine micro-organisms, particularly marine fungi, have

been recognized as a valuable source of novel bioactive me-
tabolites.[1–3] In this context, fungi associated with sponges
were found to yield a wide variety of structural types, e.g.,
microsphaeropsin, pycnidione and ulocladol.[4]

Fungi of the genus Trichoderma are widespread in terres-
trial and marine environments,[5] e.g., soil, barks, and also
live in association with higher plants and sponges.[6]

Trichoderma spp. are noted for their diverse secondary me-
tabolite chemistry that is not characterised by any clear
pattern concerning the structural types encountered. To
date, around 500 compounds have been reported from fungi
belonging to this genus, including the bicyclic dodecanone
koninginin G,[7] the carotane derivatives trichocaranes A–
D,[8] and the cyclopentenones pentenocins A and B.[9]

The current secondary metabolite investigation was fo-
cused on a marine Trichoderma sp., isolated from the Carib-
bean sponge Agelas dispar, collected from waters around
the Island of Dominica, Windward Islands. The fungus was
cultivated on a solid glucose biomalt medium containing
artificial sea water (ASW). Successive fractionation of the
ethyl acetate extract by vacuum liquid chromatography
(VLC) and HPLC yielded four novel sorbicillinoid polyke-
tide derivatives, compounds 1–4, the known sorbicillinoid
monomer vertinolide (5),[10] the dimers trichodimerol
(6),[5,11] bislongiquinolide (7),[6] bisvertinol (8),[12] and the
monomer rezishanone C (9), a possible product of a Diels–
Alder reaction between sorbicillinol and a dienophile not
related to the sorbicillinoids (Figure 1).[13]
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mined by interpretation of their spectroscopic data (1D and
2D NMR, CD, MS, UV and IR), and molecular modeling cal-
culations.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Figure 1. Compounds isolated from Trichoderma sp.
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Sorbicillines are structurally unusual natural products

and were discovered from several species of marine and ter-
restrial fungi, namely Trichoderma spp., Verticillium spp.,
and Penicillium spp.[14] This class of hexaketides and dimers
thereof have been found to exhibit a broad range of bio-
logical activities including inhibition of lipopolysaccharide-
induced production of tumor necrosis factor alpha (TNF-
α) in human monocytes,[15] radical scavenging[16] and cyto-
toxicity.[17]

Results

Accurate mass measurement and 1H and 13C NMR
analysis of compound 1 showed it to have the molecular
formula C21H28O8. Its 13C NMR spectroscopic data al-
lowed five of the eight elements of double-bond unsatura-
tion to be attributed to three carbon–carbon double bonds
and two carbonyl groups (Table 1); the molecule thus had
to be tricyclic. 1H and 13C NMR spectra showed the pres-
ence of two sp3 hybridized methine groups, four sp2 hy-
bridized methine groups, three methylene groups, two of
them attached to oxygen, one allylic methyl group, two
methyl groups attached to quaternary carbons, one meth-
oxyl group and eight quaternary carbons. The NMR spec-
troscopic data further enabled all but four hydrogen atoms
of 1 to be attached to carbons; hence it was evident that
the remaining four are present in the molecule as hydroxyl
functions, a deduction supported by IR data (ν̃max =
3315 cm–1). One of them was assigned in the 1H NMR spec-
trum to the resonance at δ = 14.2, and showing it to proba-
bly hydrogen-bond to a keto-function.

The planar structure of 1 was deduced by interpretation
of its 1H-1H COSY and 1H-13C HMBC 2D shift correlated

Table 1. NMR spectroscopic data of 1 measured in [D6]acetone at 300 and 500 MHz.

Position δC in ppm δH in ppm, mult., J (Hz) 1H-1H COSY correlations HMBC correlations NOE correlations

1 112.3 C
2 199.0 C
3 64.1 C
4 210.9 C
5 74.7 C
6 49.1 CH 3.38, s 1, 2, 4, 5, 7, 8, 12 11eq, 13, 19
7 92.7 C
8 50.2 CH 2.56, d, 10.7 9ax 2, 3, 4, 9, 10, 11 9eq, 11ax, 18
9 38.1 CH2 ax: 2.64, dd, 10.7, 13.6 8, 9eq 3, 7, 8, 10 8, 9eq, 20a

eq: 1.75, d, 13.6 8, 9ax 3, 7, 8, 10 8, 9ax, 18
10 110.6 C
11 69.7 CH2 ax: 4.35, d, 11.8 6, 11eq 7, 8 8, 11eq, 21

eq: 3.71, d, 11.8 11ax 6, 11ax

12 167.8 C
13 120.4 CH 6.57, d, 15.0 14, 15 1, 12, 14, 15 6, 14, 15, 19
14 141.4 CH 7.22, dd, 10.9, 15.0 13, 15, 16, 17 12, 16 13, 15, 16
15 132.1 CH 6.38, dd, 10.9, 15.0 13, 14, 16 16, 17 13, 14, 16, 17
16 138.7 CH 6.18, dq, 15.0, 6.8 13, 15, 17 14, 15, 17 14, 17
17 18.8 CH3 1.80, d, 6.8 13, 15, 16 15, 16 15, 16
18 10.9 CH3 1.10, s 8, 9ax 2, 3, 4, 8 8, 9ax

19 27.0 CH3 1.14, s 4, 5, 6 6, 13
20 62.7 CH2 a: 3.82, d, 10.9 20b 9, 10 9eq, 11eq, 20b, 21

b: 3.40, d, 10.9 20a 9eq, 11eq, 20a

21 48.8 CH3 2.98, s 10 20a, 20b, 11ax

12-OH 14.20, s
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NMR spectroscopic data. Initially, four partial substruc-
tures were deduced (Figure 2). Fragment 1, a sorbyl unit,
was elucidated based on a 1H-1H spin system from 17-H3

to 13-H, as well as 1H-13C long range correlations between
13-H and C-12. The chemical shift of C-12 (δC =
167.8 ppm) evidenced this carbon to bear a hydroxy group.
Fragment 2 (ring A) was characterised by the presence of
many quaternary carbons. Heteronuclear long range coup-
lings were observed from the resonance of 6-H to those of
C-1, C-2, C-4 and C-5, between 19-H3 and C-4, C-5 and C-
6, and between 18-H3 and C-2, C-3 and C-4, and evidenced
these methyl groups to be bonded to C-5 and C-3, respec-
tively. These correlations also made clear that C-5 was
bonded to C-6 and C-4, and C-3 to C-2 and C-4. The chem-
ical shifts for C-2 and C-4 in the 13C NMR spectrum of 1
placed the carbonyl functionalities at these positions, while
C-1 was part of a carbon–carbon double bond and C-5 hy-
droxylated. From the spectroscopic data it was evident that
fragment 3 (ring B) partly overlapped with fragment 2, i.e.,
concerning C-3, C-4, C-5 and C-6. Long range C-H corre-
lations between the resonances of 8-H and C-3 implied that
C-8 is directly bonded to C-3, and C-7 is located next to
C-6 because of HMBC correlations between 6-H and C-
7. According to its characteristic chemical shift, C-7 (δC =
92.7 ppm) must also bear a hydroxy group. For fragment 4
(ring C), proton-proton couplings between 8-H and 9ax-H
proved that C-8 has to be bonded directly to C-9. The latter
carbon is linked to C-10 based on HMBC couplings ob-
served between 9-H2 and C-10. Long range correlations be-
tween 20-H2 and C-9 and C-10 then led to the linkage be-
tween C-10 and the hydroxy methylene functionality being
established. The 13C NMR chemical shifts of C-10 (δ =
110.6 ppm, s) and C-11 (δ = 69.7 ppm, t) indicated C-10 to
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be attached to two and C-11 to one oxygen atom. One of
these oxygens connected to C-10 proved to be part of the
methoxyl group C-21, based on the diagnostic long range
correlation observed between the resonances of 21-H3 and
C-10. Subsequently, C-10 and C-11 were concluded to be
connected via an ether bridge. Finally, long range corre-
lations observed between the resonances of 11-H and C-7
showed C-11 to be attached directly to C-7, completing ring
C. Applying the ACD/Chem. Sketch software,[18] the calcu-
lated 1H and 13C NMR shifts for fragments 2, 3 and espe-
cially 4 were found to be in good accordance to the experi-
mental data and strengthened the suggestion of an ether
functionality between C-10 and C-11. Fragments 1 to 4
were then connected making use of further HMBC corre-
lations. Heteronuclear couplings between 6-H and C-12 and
between 13-H and C-1 proved that fragment 1 attached to
fragment 2 via C-1. Extension of fragment 2 was achieved
by connecting C-6 to C-7 and C-3 to C-8 (shown in frag-
ment 3), and results in a bridged ring system composed of
rings A and B. Fragments 3 and 4 must then be linked via
C-7 and C-8, since these carbons are common to both sub-
structures. Further proof for this structural assignment
came from long range 1H-1H spin couplings between 11-H2

and 6-H and between 18-H3 and 9-H2.

Figure 2. Fragments of Compound 1 deduced from NMR spectro-
scopic data.

2D NOESY and selective gradient NOE data, energy-
minimized 3D models and proton coupling constant analy-
sis and calculations, as well as CD measurements were used
to assign the absolute configuration. First the sorbicillin
part of the molecule was investigated. The bridged ring sys-
tem consisting of rings A and B is only possible if 6-H and
18-CH3 are disposed equatorially. NOE enhancements of
13-H and 6-H were observed by irradiation of 19-H3, show-
ing the C-19 methyl group to be oriented towards the sorbyl
side chain. With this information, the relative configuration
of this part of the molecule was designated as 3R*, 5S*,
6R*. A CD spectrum of 1 gave proof for the (3R,5S,6R)
absolute configuration of the molecule. Characteristic Cot-
ton effects with a minimum at 295 nm and a maximum at
335 nm were observed that corresponded well with those
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reported for rezishanone C,[13] which contains a similar sor-
bicillin-substructure to the one reported here.

Selective NOE experiments also proved to be helpful for
deducing the configuration of the non-sorbicillin part of 1.
NOE enhancements observed for 8-H and of 21-CH3 upon
irradiation of the 11ax-H resonance (δ = 4.35 ppm) indi-
cated the methoxyl group and 8-H to have axial orientation,
and to be located on the same side of the molecule. Conse-
quently, 11-H (δ = 3.71 ppm) must have equatorial orienta-
tion, a finding that also explains the enhancement of 6-H
by irradiation of 11eq-H (δ = 3.71 ppm). Ring C thus adopts
a chair conformation.

Still missing at this point was information concerning the
relative configuration at C-7. Furthermore, the relative con-
figuration of ring A (C-3, C-5 and C-6) could not yet be
related to that of ring C (C-7, C-8, C-10). NOE experiments
were not useful in this case due to the quaternary nature of
C-7. It was suspected however that the conformation of ring
C and thus 1H-1H coupling constants were dependent on
the configuration at C-7. The magnitude of proton-proton
coupling constants deduced from 1H NMR experiments
were thus considered and compared with those obtained
from molecular modeling calculations. It was clear from the
large coupling constant measured for J8/9ax (10.7 Hz) that,
according to the Karplus equation,[18–20] these two protons
must have a torsion angle of close to 180°. The absence
of 1H-1H couplings between 8-H and 9eq-H indicated the
dihedral angle between these two protons to be close to 90°.
Four models were calculated for compound 1 taking into
account all possible configurations at C-7, C-8 and C-10;
i.e. (7R,8R,10S), (7S,8R,10S), (7S,8S,10R) and
(7R,8S,10R), with configurations at C-3, C-5 and C-6 taken
as R, S and R, respectively (see Figure 3, parts a–d). Model
#4, having (7R,8S,10R) configuration, was considered not
appropriate, as ring C does not have the required chair con-
formation. When comparing the remaining models that all
displayed ring C in a chair conformation, a significant dif-
ference was noted concerning the size of the dihedral angles

Figure 3. a–d. Minimum energy conformation of epimers of 1.
Model #1: (7R,8R); model #2: (7S,8R); model #3: (7S,8S); model
#4: (7R,8S).



Novel Sorbicillins FULL PAPER
Table 2. Calculated 1H-1H coupling constants for models #1–4 and measured coupling constants for compounds 1–3.[a]

Torsion angle Coupling constant calculated (Hz) Compound Coupling constant measured (Hz)

Model #1 8-H/9eq-H 78.6° 1.2 1 8-H/9eq-H 0.0
8-H/9ax-H 171.4° 12.1 8-H/9ax-H 10.7

Model #2 8-H/9eq-H 29.3° 8.0 2 8-H/9eq-H 7.3
8-H/9ax-H 145.8° 9.1 8-H/9ax-H 9.9

Model #3 8-H/9eq-H 62.0° 2.7 3 8-H/9eq-H 7.0
8-H/9ax-H 179.8° 12.4 8-H/9ax-H 9.9

Model #4 8-H/9eq-H 45.3° 5.3
8-H/9ax-H 160.8° 11.3

[a] Implied configuration for all models is (3R,5S,6R).

between 8-H and 9ax-H/9eq-H. These torsion angles were
calculated for the minimized structures #1 to #3 and used
in the Karplus equation to calculate the expected 1H-1H
coupling constants.[20,21] As shown in Table 2, the calcu-
lated coupling constants for the minimized (7R,8R,10S) epi-
mer corresponded best with the actual NMR values and
thus led to the conclusion that 1 possesses a trans-junction
between the sorbicillin part and the non-sorbicillin part of
the molecule, with the hydroxy group at C-7 having an α
orientation. Based on this evidence, the absolute configura-
tion of 1 is proposed as (3R,5S,6R,7R,8R,10S). For 1, the
trivial name trichodermanone A is proposed.

Mass spectral analysis of 2 showed it to have the same
molecular formula as 1. Analysis of its NMR spectroscopic
data, in particular the 1H-1H COSY and 1H-13C HMBC
spectroscopic data, revealed 2 and 1 to have identical planar
structures meaning the two molecules must differ in config-
uration at one or more of their chiral centers. NOE corre-
lations for 2 were observed between 6-H, 13-H and 19-H3

as in 1. A CD spectrum of 2 showed it to be almost congru-
ent to that measured for 1, proving the configuration in the
sorbicillin part of the molecule to be the same as for 1. Ring
C of 2 must also have a chair conformation due to mutual
NOE enhancements of 21-H3 and 8-H with 11-H2, respec-
tively. Irradiation of 8-H caused enhancements of both 9ax-
H (δ = 2.17 ppm) and 9eq-H (δ = 1.69 ppm), indicating that
the torsion angles between 8-H and the protons at C-9 are
different from those in 1. The proton coupling constants
measured for J8/9ax (9.9 Hz) and J8/9eq (7.3 Hz) confirmed
this deduction. With this information in hand the measured
1H-1H coupling constants of 2 were compared to those cal-
culated for models #1 to #3 (Table 2). The actual coupling
constants obtained by experimental measurement were al-
most identical to those calculated for model #2, that has a
cis-junction of rings B and C, and C-7 and C-8 having S
and R absolute configurations, respectively. For 2 the abso-
lute configuration of (3R,5S,6R,7S,8R,10S), and the trivial
name trichodermanone B are proposed.

The molecular formula and NMR spectroscopic data of
3 revealed it to have the same planar structure as 2 except
for the functionality at C-10, being -OCH3 in 2 and -OH in
3. The 13C NMR spectroscopic data for the two compounds
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were almost identical with the exception of the resonance
frequencies associated with C-10 and C-20. The configura-
tion of the sorbicillin part of the molecule was solved by
taking the mutual NOE correlations between 6-H, 13-H
and 19-H3 into account, and by comparison of the CD
spectra of 3 with those of 1 and 2, and found to be as
shown in 3. The mutual NOE correlations observed be-
tween 8-H and 11ax-H indicated ring C to have a chair con-
formation, similar to that found in 1 and 2. Calculation of
the 1H-1H coupling constants for J8/9ax and J8/9eq yielded
values comparable to those measured for model #2, show-
ing that 3 has a cis junction between rings B and C, leading
to the absolute configuration of 3 being best described as
(3R,5S,6R,7S,8R,10S). The trivial name trichodermanone
C is proposed for 3.

Mass spectral analysis of 4 showed it to have the molecu-
lar formula C19H20O7. Extensive comparison of 1H, 13C,
1H-1H COSY, and 1H-13C HMBC NMR spectroscopic data
of 1 and 2 with those of 4 showed that the data were in
good agreement concerning the sorbyl unit, and rings A
and B. Differences between the compounds were, however,
evident from the spectroscopic data associated with ring C.
From 1H-1H COSY correlations observed between 8-H and
9-H, and the HMBC couplings observed between 9-H and
C-8, it was clear that C-9 had to be attached to C-8. HMBC
couplings between 9-H and C-10 and C-11 enabled the C–
C bond from C-9 to C-10 to be established. Linkage be-
tween C-7 and C-11 via an oxygen and the completion of
ring C was probable taking into account the 13C NMR shift
of C-7 (δ = 80.9, d), which clearly differs from the equiva-
lent atom in 2 (δ = 90.3, s). Comparison of the NOESY
correlations and the CD spectra of 2 and 4 showed the con-
figuration for this pair of molecules to be the same for the
stereogenic centers C-3, C-5 and C-6; (3R,5S,6R). The large
1H-1H NMR coupling constants associated with 8-H and
7-H (JH7,H8 = 10.6 Hz) showed these protons to have either
a dihedral angle of about 180° or close to 0°; mutual
NOESY correlations between 8-H and 7-H revealed the an-
gle to be close to 0° meaning the junction between rings B
and C had to be cis. In order to obtain information on the
absolute configurations at C-7 and C-8, molecular model-
ing experiments with the two possible isomers – 7S,8R and
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7R,8S – were performed. The two models unfortunately did
not show significant differences in the torsion angles for 7-
H and 8-H and so the absolute configuration of 4 remains
unresolved.

Discussion

Natural products belonging to the sorbicillin class are
hexaketide-derived metabolites. All of these compounds are
composed of a cyclohexanone ring to which a sorbyl, i.e.
hexa-2,4 dien-one, chain is attached. Structural variations
within this structural class concern the substitution of the
cyclohexanone ring, which often is further methylated and
hydroxylated. The sorbyl side chain, however in most cases
remains unchanged with exception of a few 2,3-dihydrosor-
byl-derivatives.[13] More than 30 different sorbicillin mono-
mers have been found to date: For the recently published
rezishanones it is postulated that they originate from sor-
bicillinol (10) and butylvinyl or ethylvinyl ethers attached to
10 via a Diels–Alder reaction.[13] The only known nitrogen-
containing sorbicillinoids are the anti-cancer agents sorbic-
illactone A and B, whose biosynthesis also involves sorbicil-
linol (10), the amino acid alanine and presumably a fuma-
ryl-related C4 unit.[17] Sorbicillinol itself was also shown to

Figure 4. Proposed biosynthetic pathway for compounds 1–4.

www.eurjoc.org © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2007, 2268–22752272

be the common precursor for many dimeric sorbicillin de-
rivatives giving rise to a high structural diversity within this
group of natural products.[10] The dimers are biosyntheti-
cally generated from 10 through two ways of dimerization,
i.e. Diels–Alder cycloaddition, as in the case of bisorbicilli-
nol,[22] and Michael addition, as suggested for trichodi-
merol.[23]

Compounds 1–4, even though sharing the basic sorbicil-
lin part of their structures with that of other sorbicillinoids,
possess an unprecedented tricyclic ring system. They are
unique with regard to ring C, which may arise biosyntheti-
cally by combining a non-sorbicillinoid polyketide with the
hexaketide-derived sorbicillinol. A biosynthetic pathway
proposed for compounds 1–4 is shown in Figure 4. Our
proposal is similar to that of Trifonov et al. for the bisverti-
nols concerning the first steps of biosynthesis up to the for-
mation of 10:[12] In their concept all known sorbicillinoid
structures derive from 2,4-dimethyldodecyl units yielding
sorbicillin, an assumption confirmed by Abe et al. via bio-
synthetic studies with labeled acetate units.[24] According to
Trifonov et al. sorbicillin undergoes an epoxidation, a pro-
cess also proposed as a key step in the biosynthesis of penic-
illic acid from orsellinic acid.[25] Opening of the epoxide
ring would then lead to the quinol sorbicillinol (10). It is
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probable that compounds 1–4 were produced from 10 via a
Diels–Alder cycloaddition of another polyketide, followed
by cyclization and hydroxylation to give compounds 1–3,
or oxidation and decarboxylation to yield compound 4 (see
Figure 4). This combination of two polyketide precursors
for the formation of secondary metabolites is especially ex-
citing, as this is a very rare case in nature.

Compounds 1–3 were tested in variety of bioassays in-
cluding agar diffusion tests for antimicrobial properties,
tests for antiparasitic and cytotoxic activity, phosphatase
inhibiting activity, acetylcholine esterase inhibition and
trypsin inhibition. In each case no activity was observed for
the tested compound. Moderate activity was found in the
1,1-diphenyl-2-picrylhydrazyl radical scavenging activity
test (DPPH test), which is in agreement to published data
for other sorbicillin derivatives.[11] Due to the small amount
of 4 obtained during isolation it was not tested in any of
the assays.

Experimental Section

General Procedure: HPLC was carried out using a Merck–Hitachi
system equipped with a L-6200A intelligent pump, a L-4500 photo-
diode array detector, a D-6000 interface with a D-7000 HSM soft-
ware, and a Rheodyne 7725i injection system. UV and IR spectra
were obtained using Perkin–Elmer Lambda 40 and Perkin–Elmer
Spectrum BX instruments, respectively. Optical rotations were re-
corded on a Jasco DIP 140 polarimeter. HREIMS was measured
on a Kratos MS 50 spectrometer. LC-ESIMS was performed using
an API 2000, LC MS/MS from Applied Biosystems/MDS Sciex.
All NMR spectra were recorded on Bruker Avance 300 DPX and
500 DRX spectrometers in (CD3)2CO. Spectra were referenced to
residual solvent signals with resonances at δH/C 2.04/29.8 [(CD3)2-
CO]. CD spectra have been recorded on an AVIV 62DS circular
dichroism spectrometer in methanol at room temperature. The con-
centrations of all samples were 2.5�10–3 molL–1, the path length
was d = 0.05 cm. A background correction was performed by sub-
tracting the spectrum of the neat solvent recorded under identical
conditions.

Isolation and Taxonomy of the Fungal Strain: The sponge Agelas
dispar J., was collected in December-January of 1993 by divers
using SCUBA from the waters around the Caribbean Island of Do-
minica. The sponge was identified by Dr. R. Desqueroux-Faundez,
Musee d’Histoire Naturelle, Geneva. The fungus was isolated by
inoculating small pieces of the sponge’s inner tissue onto a medium
containing cellulose (10 g/L), yeast extract (1 g/L), benzylpenicillin
(250 mg/L), streptomycin sulfate (250 mg/L), agar (15 g/L) and
ASW (800 mL/L). Artificial sea water (ASW) contained the follow-
ing salts (g/L): KBr (0.1), NaCl (23.48), MgCl2·6H2O (10.61),
CaCl2·6H2O (1.47), KCl (0.66), SrCl2·6H2O (0.04), Na2SO4 (3.92),
NaHCO3 (0.19), H3BO3 (0.03).[18] The fungal strain was identified
as belonging to the genus Trichoderma by Dr. S. Draeger, Institute
for Microbiology, Technical University of Braunschweig.

Cultivation: The fungus was cultivated at room temperature for two
months in 5.75 L (23 Fernbach flasks) of solid medium containing
50 g/L biomalt (Villa Natura Gesundheitsprodukte GmbH, Ger-
many), 10 g/L glucose (J. T. Baker), 15 g/L agar (Fluka Chemie
AG) in artificial sea water (ASW).
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Extraction and Isolation: Mycelia and medium were homogenized
using an Ika Ultra-Turrax at 8000 rpm. The resulting mixture was
exhaustively extracted with EtOAc (3�6 L) and filtered. The fil-
trate was evaporated to yield 2.5 g of a yellowish brown crude ex-
tract. This extract was fractionated by reversed phase vacuum li-
quid chromatography (RP-VLC) (2.5�20 cm, RP C-18 material,
70 g), employing gradient elution from 10:90 H2O/MeOH to
MeOH, to yield 9 fractions. According to the differences in compo-
sition of the fractions as detected by 1H-NMR spectroscopy, espe-
cially with respect to several low-field resonances in the δ = 6–8
region, fractions 4, 5 and 6 seemed promising for further investiga-
tion. These three fractions were combined and fractionated by NP-
VLC (2�15 cm, Si gel 60, 30 g, Merck 7739), using gradient elu-
tion from petroleum ether to EtOAc, followed by MeOH, to yield
15 fractions. Fraction 4.6.4 gave a very prominent single spot on
TLC and was subjected to further spectroscopic investigation with-
out further purification. The spectroscopic data revealed the com-
pound to be pure 9 (24 mg). Fraction 4.6.5 yielded 32.0 mg of semi-
pure 6. Fractions 4.6.7 and 4.6.8 were combined and subjected to
RP-18 HPLC (eluent 65:35 MeOH/H2O), to yield 7 fractions that
were further purified by HPLC [eluent 50:25:25 petroleum ether/
(CH3)2CO/EtOAc], to yield 14 mg of 2 (tR = 9 min).

Compounds 1 (5.2 mg, tR = 37 min) and 3 (11.9 mg, tR = 27 min)
were purified from fraction 4.6.9, after two RP-18 HPLC separa-
tions (eluent 60:40 MeOH/H2O for the first and 45:55 MeOH/H2O
for the second HPLC). From fraction 4.6.9 we also isolated 11.5 mg
of semi-pure compound 5 (tR = 30.4 min).

The extract from a second cultivation of the fungus, was fraction-
ated by VLC (2.5�20 cm, Si gel 60, 120 g, Merck 7739), employing
a gradient elution from petroleum ether to (CH3)2CO, to yield 5
fractions [petroleum ether/(CH3)2CO 1:0, 7.5:2.5, 5:5, 2.5:7.5, 0:1,
200 mL each]. According to the low field resonances in the δ = 6–
8 region of the 1H NMR spectroscopic data, fractions 2 and 3 were
further investigated. VLC fraction 3 was fractionated over NP-Si
(5–40 µm, Merck 7739) by VLC employing gradient elution from
petroleum ether to EtOAc, to yield 11 fractions (petroleum ether/
EtOAc = 1:0, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9, 0:1; 10 mL
each). Fraction 3.4 was then purified by RP-18 HPLC (Eurospher-
100, 5 µm, 250�8 mm ID, Knauer), employing a gradient elution
from 9:1 H2O/MeOH to MeOH in 45 min, 2 mL/min, to yield 5
(tR = 32 min, 4 mg) and semi-pure 7 (tR = 41 min). Compound 7
was then purified by gradient elution from 1:1 H2O/MeOH to
MeOH in 45 min, 2 mL/min (tR = 29 min, 4 mg). Fraction 3.6 was
purified by RP-18 HPLC (Eurospher-100, 5 µm, 250�8 mm ID,
Knauer), using a gradient of 6:4 H2O/MeOH to MeOH in 60 min,
2 mL/min, and yielded four fractions (3.6.4–3.6.7; tR = 25 min,
26 min, 29 min, 35 min, respectively). The first of these fractions
was purified using RP-HPLC (XTerra RP-18, 5 µm, 250�4.6 mm,
Waters), employing a gradient elution from 65:35 H2O/MeOH to
MeOH in 35 min, 1 mL/min, to give 10 mg of 3 (tR = 21 min) and
2 mg of 4 (tR = 25 min). HPLC peak 3.6.5 was purified using RP-
18 HPLC (gradient elution 65:35 H2O/MeOH to 20:80 H2O/MeOH
in 35 min, 1 mL/min) to yield 4 mg of 2 (tR = 22 min), and 1 mg
of 3 (tR = 21 min). HPLC peak 3.6.6 was further purified em-
ploying RP-18 HPLC (gradient elution from 7:3 H2O/MeOH to
3:7 H2O/MeOH in 30 min, 1 mL/min) to yield 4 mg of 1 (tR =
23.5 min). Fraction 3.6.7 was subjected to RP-18 HPLC (Euro-
spher-100, 5 µm, 250�8 mm ID, Knauer), using gradient elution
from 55:45 H2O/MeOH to MeOH in 60 min, 2 mL/min to yield
10 mg of 3 (tR = 23 min).

VLC fraction 2 was subjected to normal phase VLC, using a gradi-
ent elution from petroleum ether to EtOAc, to yield 5 fractions
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(petroleum ether/EtOAc = 1:0, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8,
1:9, 0:1, 200 mL each). Fraction 2.4 was then purified by RP-HPLC
(Eurospher-100, 5 µm, 250�8 mm ID, Knauer), employing gradi-
ent elution from 7:3 H2O/MeOH to MeOH in 50 min, 2 mL/min,
and yielded 1 (tR = 29 min, 2 mg), 2 (tR = 32 min, 2 mg) and 8 (tR

= 44 min, 2 mg).

Molecular Modeling: All models were calculated employing confor-
mation search (Boltzman jump) and a standard force field as im-
plemented in the Cerius2 4.0 (MSI) molecular modeling software
package. Models were further refined with 1500 iterations of mini-
misation. Calculations were performed using a Silicon Graphics O2
workstation (Irix 6.5.6).

Table 3. NMR spectroscopic data of 2 measured in [D6]acetone at 300 and 500 MHz.

Position δC in ppm δH in ppm, mult., J (Hz) 1H-1H COSY correlations HMBC correlations NOE correlations

1 111.5 C
2 200.2 C
3 64.5 C
4 210.9 C
5 74.7 C
6 49.1 CH 3.51, s 1, 2, 4, 5, 7, 8, 12 11, 13, 19
7 90.3 C
8 49.7 CH 2.56, dd, 7.3, 9.9 9eq, 9ax 2, 3, 4, 9, 11, 18 9eq, 9ax, 11, 18
9 40.9 CH2 ax: 2.17, dd, 9.9, 13.9 8, 9eq 3, 8, 10, 20 8, 9eq, 18

eq: 1.69, dd, 7.3, 13.9 8, 9ax 3, 7, 8, 10 8, 9ax, 18
10 111.0 C
11 68.4 CH2 3.91, br. m 20a 6, 7 6, 8, 21
12 168.9 C
13 120.0 CH 6.44, d, 15.0 14, 15, 16 12, 15 6, 14, 15, 16, 19
14 142.1 CH 7.25, dd, 11.0, 15.0 13, 15, 16, 17 12, 15, 16 16
15 132.0 CH 6.39, dd, 11.0, 15.0 13, 14, 16, 17 16, 17 13, 17
16 139.5 CH 6.23, dq, 15.0, 7.0 13, 15, 17 14, 15, 17 14
17 18.8 CH3 1.86, d, 7.0 13, 15, 16 13, 15, 16 15, 16
18 11.8 CH3 1.08, s 8, 9eq 2, 3, 4, 8 8, 9eq

19 26.5 CH3 1.14, s 4, 5, 6 6, 11, 13
20 62.2 CH2 a: 3.85, d, 11.0 20b 10 9eq, 20b, 21

b: 3.01, d, 11.0 20a 20a, 21
21 48.9 CH3 3.20, s 11, 20b

Table 4. NMR spectroscopic data of 3 measured in [D6]acetone at 300 and 500 MHz.

Position δC in ppm δH in ppm, mult., J (Hz) 1H-1H COSY correlations HMBC correlations NOE correlations

1 111.6 C
2 200.0 C
3 64.4 C
4 211.0 C
5 74.7 C
6 49.6 CH 3.37, s 19 1, 2, 4, 5, 7, 8, 12 11ax, 11eq, 13, 19
7 90.3 C
8 49.9 CH 2.71, dd, 7.0, 9.9 9eq, 9ax 2, 3, 4, 9, 11, 18, 20 9eq, 11ax, 11eq, 18
9 40.3 CH2 ax: 2.17, dd, 9.9, 14.1 8, 9eq 3, 7, 8, 10 8, 9eq

eq: 1.74, dd, 7.0, 14.1 8, 9ax 3, 6, 8, 10 9ax, 20
10 107.5 C
11 68.2 CH2 ax: 4.28, d, 11.7 11eq 6 8, 11eq

eq: 3.76, d, 11.7 11ax 6, 7, 8 6, 11ax

12 168.8 C
13 120.1 CH 6.45, d, 15.0 14, 15, 16, 17 12, 15 6, 15, 16
14 142.1 CH 7.24, dd, 10.6, 15.0 13, 15 12, 16 16
15 132.0 CH 6.36, dd, 10.6, 15.0 14, 16 13, 14, 16, 17
16 139.3 CH 6.25, dq, 15.0, 6.5 13, 15, 17 14, 17 14, 17
17 18.8 CH3 1.85, d, 6.5 15, 16 15, 16 15, 16
18 11.0 CH3 1.09, s 2, 4, 8 8, 9ax

19 26.9 CH3 1.14, s 6 2, 4, 5, 6 6
20 67.4 CH2 3.29, s 10
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Trichodermanone A (1): (5.2 mg); yellowish viscous oil. [α]D22 =
+203.0 (MeOH, c = 0.24). UV (MeOH) λmax (log ε): 360 (4.6), 248
(4.2), 203 (4.2) nm. CD (MeOH) ∆ε = 335 (+1.990), 293 (–1.945).
IR (film): ν̃ = 3315, 2920, 2851, 1732, 1630, 1602, 1565, 1455,
1381 cm–1. 1H and 13C NMR spectroscopic data see Table 1. EIMS:
m/z (% rel. int.) = 408 (10) [M+], 376 (100), 101 (80), 95 (40), 59
(90), accurate mass found m/z 376.1519 [M – CH2OH]+ (calcd. for
C20H24O7 m/z 376.1522).

Trichodermanone B (2): (14.0 mg); yellowish viscous oil. [α]D22 =
+251.0 (MeOH, c = 0.2). UV (MeOH) λmax (log ε): 358 (4.7), 248
(4.2), 202 (4.4) nm. CD (MeOH) ∆ε = 348 (+5.436), 310 (–6.950).
IR (film): ν̃ = 3393, 2938, 1733, 1630, 1600, 1561, 1383 cm–1. 1H
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Table 5. NMR-Spectral data of 4 measured in [D6]acetone at 300 and 500 MHz.

Position δC in ppm δH in ppm, mult., J (Hz) 1H-1H COSY correlations HMBC correlations NOE correlations

1 107.8 C
2 198.9 C
3 64.7 C
4 202.3 C
5 74.5 C
6 47.6 CH 3.74, d, 3.7 7 1, 2, 4, 5, 7, 8, 12 13, 19
7 80.9 CH 5.57, dd, 3.7, 10.6 6, 8 1, 3
8 53.0 CH 3.58, dd, 2.9, 10.6 7, 9 2, 3, 4, 6, 9 9, 18
9 109.6 CH 5.75, d, 2.9 8 7, 8, 10, 11 8, 18
10 151.7 C
11 161.0 C
12 170.9 C
13 120.2 CH 6.55, d, 15.0 14, 15, 16 1, 12, 15 6, 15, 17
14 143.4 CH 7.29, dd, 11.0, 15.0 13, 15 12, 16 16
15 132.6 CH 6.44 dd, 11.0, 15.0 14, 16 16, 17 13, 17
16 140.1 CH 6.26, dq, 15.0, 7.0 13, 15, 17 15, 17 14, 17
17 19.2 CH3 1.88, d, 7.0 15, 16 15, 16 15
18 10.6 CH3 1.19, s 2, 3, 4, 8 8, 9
19 23.9 CH3 1.25, s 4, 5, 6 6

and 13C NMR spectroscopic data see Table 3. EIMS: m/z (% rel.
int.) = 408 (22) [M+], 376 (80), 359 (50), 305 (20), 287 (28), 101
(82), 95 (70), 59 (76), accurate mass found m/z 408.1780 (calcd. for
C21H28O8 m/z 408.1783).

Trichdermanone C (3): (11.9 mg); yellowish viscous oil. [α]D22 =
+265.7 (MeOH, c = 0.5). UV (MeOH) λmax (log ε): 360 (4.3), 248
(3.8) nm. CD (MeOH) ∆ε = 333 (+11.678), 297 (–10.631). IR
(film): ν̃ = 3330, 2937, 1731, 1627, 1597, 1556, 1380 cm–1. 1H and
13C NMR spectroscopic data see Table 4. EIMS: m/z (% rel. int.)
= 394 (20) [M+], 376 (100), 305 (22), 287 (20), 101 (37), 95 (65), 59
(37), accurate mass found m/z 394.1625 (calcd. for C20H26O8 m/z
394.1628).

Trichodermanone D (4): (2.0 mg); yellowish viscous oil. [α]D22 =
+51.5 (MeOH, c = 0.08). UV (MeOH) λmax (log ε) 360 (4.3), 250
(4.2), 204 (4.1) nm. IR (film): ν̃ = 3383, 2923, 2359, 1729, 1599,
1404 cm–1. 1H and 13C NMR spectroscopic data see Table 5. ES-
IMS: positive ion m/z = 361 [M + H+], negative ion m/z 359 [M –
H+]; accurate mass found m/z 360.1209 (calcd. for C19H20O7 m/z
360.1209).
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