1350 J. Nat. Prod. 2005, 68, 1350—1353

Pandangolide 1a, a Metabolite of the Sponge-Associated Fungus Cladosporium
sp., and the Absolute Stereochemistry of Pandangolide 1 and iso-Cladospolide B
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Fractionation of the ethyl acetate extract of a Cladosporium sp., isolated from the Red Sea sponge Niphates
rowt, yielded a new hexaketide, pandangolide 1a (1), together with its known diastereomer pandangolide
1 (2) and the known iso-cladospolide B (8). The structures of the compounds were determined by 1D and
2D NMR techniques and mass spectrometric data. The absolute configurations of the stereocenters in
these compounds were determined by Riguera’s method and circular dichroism.

Marine fungi are attracting increasing attention as a
potential source of new pharmaceuticals and pharmaceuti-
cal leads.! Isolates belonging to cosmopolitan genera, such
as Aspergillus, Penicillum, Alternaria, and Cladosporium,
are a significant source of new secondary metabolites from
marine-derived fungi.?2 Species belonging to these genera
are routinely isolated from the surfaces, inner tissues, and
internal spaces of marine algae,?* sponges,® ascidians,* and
other marine invertebrates.® To date, more than 75 me-
tabolites from 25 sponge-derived fungal strains have been
described.>78 Some of these reported metabolites exhibit
bioactive properties and are structurally unique, while
many others are structurally related to metabolites pro-
duced by fungi isolated from terrestrial habitats.® These
results led us to investigate marine invertebrate-derived
fungi as a source of pharmaceutically active substances.
In the course of our study, we isolated a new hexaketide
lactone, pandangolide 1a (1, 2.4 mg, 1.6% of crude extract),
along with its known diastereoisomer pandangolide 1 (2,
3.4 mg, 2.3% of crude extract) and the known iso-clado-
spolide B (3, 25.7 mg, 17.6% of crude extract), from the
ethyl acetate extract of a Cladosporium sp. that was
isolated from the Red Sea sponge Niphates rowi. The
absolute configuration of these compounds is proposed on
the basis of chemical, spectroscopic, and biosynthetic
arguments.
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Results and Discussion

The crude EtOAc extract of the culture medium of strain
MO0467 was separated on a reversed-phase HPLC column
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to yield two fractions that appeared to be pure compounds.
The first fraction (16.3 mg) was determined to be a 1:1
mixture of compounds 1 and 2 and was further purified
by HPLC to afford the new pandangolide 1a (1) together
with the known pandangolide 1 (2). The second fraction
was identified as the known iso-cladospolide B (3). Pan-
dangolide 1 (2) is a hexaketide lactone, previously isolated
together with iso-cladospolide B (3), cladospolide B, and
related metabolites from a marine fungal species that was
cultured from a tissue sample of a marine sponge collected
in Indonesia.l? The absolute configuration of 2 and 3 was
not determined.

The mixture of pandangolides 1 (2) and 1a (1) gave NMR
spectra with 24 carbons and 40 protons. The structure
elucidation of these hexaketides was first established on
the mixture, suggesting either an almost symmetrical
bilactone or two isomeric 12-membered lactones. The CIMS
spectrum presented a protonated molecular ion at m/z 245
[MH]*, which corresponded to the molecular formula
C12H5005 and thus favored the second option. After separa-
tion of the mixture, the CIMS molecular cluster ion of both
compounds (1 and 2) was identical to that of the mixture,
and the HRCIMS of 1 gave an m/z 245.1394 [MH]',
corresponding to the molecular formula C1oHs005. Struc-
ture elucidation of 1 was accomplished as follows (see Table
1). H—H COSY correlations established three fragments:
C-2 to C-3, C-5 to C-7, and C-8 to C-12; ey HMQC
correlations assigned the protons to the corresponding
carbons. Long-range C—H correlations (from HMBC ex-
periment) determined the connection of C-1 to C-2, C-3 and
C-5 to C-4, and C-7 to C-8 to yield the dodecanoic chain.
Finally, correlation of H-11 with C-1 established the lactone
moiety of 1. Comparison of the NMR data of the two pure
isomers (see Table 1) suggested that they differed in the
configuration of C-3 since the carbon chemical shift differ-
ences peaked for C-3 (3.0 ppm) and declined to both sides
of C-11 (0.1 ppm) and C-6 (0.4 ppm). Comparison of the H
and 13C NMR data and optical rotations of both compounds
(1 and 2) with the NMR data in CD3OD and optical
rotations in MeOH of pandangolide 1 revealed that com-
pound 2 was identical in all respects to pandangolide 1.1°

The absolute stereochemistry of compounds 1 and 2 was
determined using Riguera’s method for the determination
of the absolute stereochemistry of secondary alcohols.!!
According to this method, samples of compounds 1 and 2
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Table 1. NMR Data of Pandangolide 1a (1) and Pandangolide 1 (2)*

pandangolide 1a (1)

pandangolide 1 (2)

position dc, mult.b on, mult., J (Hz) HMBC corr.b dc, mult. on, mult., J (Hz)
1 172.5 qC H-2a, H-2b, H-3, H-11 174.2 qC
2 40.5 CHy 2.99dd 18.1, 2.7 H-3 42.3 CHy 3.05dd 18.9, 6.9
3.16 dd 18.1, 8.5 3.20 dd 18.9, 2.8
3 68.6 CH 4.51dd 8.5, 2.7 H-2a, H-2b 65.6 CH 4.55dd 6.9, 2.8
4 212.3 qC H-2a, H-2b, H-3, H-5, Hy-6 210.7 qC
5 76.1 CH 4.17dd 7.6, 3.7 Hy-6 76.6 CH 4.18dd 7.4,4.1
6 30.8 CHs 1.89,1.91m H-5 30.4 CHy 1.75,1.89 m
7 19.8 CH, 1.22m Hy-6, He-8 19.3 CHy 1.28 m
8 26.7 CHs 1.21m Hy-9, H2-10 26.6 CHs 1.21m
9 22.2 CHy 1.45m Hy-8, H2-10 21.4 CHg 1.45m
10 33.2 CHg 1.38 m H,-11 32.4 CHg 1.58 m
11 74.4 CH 4.87 ddq 3.8, 7.5, 6.2 H,-10, H3-12 74.5 CH 4.87 ddq 3.9, 7.5, 6.2
12 19.5 CH3 1.27d6.2 H,-10, Ho-11 20.3 CH3 1.20d 6.2

@ Carried out on an Avance-400 Bruker instrument in CDCl3+CDsOD. ® Multiplicity and assignment was obtained from an HMQC
experiment. ¢ Determined from an HMBC experiment, "Jcuy = 8 Hz, recycle time 1 s.
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Figure 1. syn-Periplanar conformers of the Ba2" complexes of di-(R)-MPA esters of 1 and 2.

Table 2. 'H NMR Shifts of the MPA Ester of Compounds 1 and 2 before and after the Addition of the Ba(Cl04)2 Salt

MPA ester of 1¢ MPA ester of 2°
oy, mult., J (Hz) On, mult., J (Hz)

position on, mult., J (Hz) Ba(ClOy)s AoBa on, mult., J (Hz) Ba(ClOy)e AoBa
2peq 2.60 dd (3.0, 18.2) 2.79 dd (3.0, 18.2) —0.19 3.14 dd (3.4, 19.5) 3.22dd (3.4, 19.5) —0.08
2pax 3.41dd (10.3, 18.2) 3.33dd (10.2, 18.2) +0.08 3.30 dd (5.8, 19.5) 3.40 dd (5.8, 19.5) —0.10
3 5.57 dd (3.0, 10.3) 5.47 dd (3.0, 10.2) +0.10 5.49 dd (3.4, 5.8) 5.52 dd (3.4, 5.8) —0.03
5 5.00dd (4.1, 6.9) 5.02dd (4.1, 6.9) —0.02 5.13dd (1.9, 7.5) 5.13dd (2.3, 7.7) 0
6peq 1.81m 1.72 m +0.09 1.96 m 1.87m +0.09
6pax 1.73 m 1.56 m +0.17 1.78 m 1.74 m +0.04
Tpeq 1.36 m 1.26 m +0.10 1.29 m 1.20 m +0.09
Tpax 1.10 m 1.03 m +0.07 1.08 m 0.85m +0.23
11 4.83 ddq (3.0, 12.9, 6.5) 4.73 ddq (3.2, 12.8 6.5) +0.10 4.70 ddq (2.4, 12.8, 6.3) 4.60 ddq (2.4, 12.8, 6.3) +0.10
12 1.19d (6.5) 1.09d (6.5) +0.10 1.15d (6.3) 1.09d (6.3) +0.06

@ 400 MHz, 6 in ppm. ® 500 MHz S in ppm.

were first reacted with (R)-MPA reagent. The 'H NMR and
COSY spectra of the resulting MPA esters were recorded
in acetonitrile-ds. Next, solid anhydrous Ba(ClOy), was
added to the NMR tube until saturation was attained and
new 'H NMR and COSY spectra were recorded. The
formation of the barium(II) complex with the MPA ester
moves the conformational equilibrium between the syn- (sp)
and anti-periplanar (ap) forms of the MPA ester toward
the more stable syn-periplanar (sp) conformation (see
Figure 1). These conformational changes led to a decrease
in the shielding of the MPA phenyl group on certain
protons of compounds 1 and 2. As a result, the NMR signals
of these protons are shifted to a lower field. In contrast,
other protons are more shielded by the MPA phenyl group,
and as a consequence, their signals are shifted to a higher
field. The chemical shifts before and after the addition of

the barium salt to the MPA esters of 1 and 2 are sum-
marized in Table 2.

In compound 1, the NMR signal of H-2peq is shifted to
a lower field (A6B2Ly < 0), while H-2pax is shifted to a
higher field (A0B2Ly > 0). In compound 2, the NMR signals
of H-2peq and H-2pax are shifted to a lower field (AoB2Ls
< 0). According to Riguera’s method,!! L; and Ly groups
must have opposite signs. Considering the 3C chemical
shift differences (see above), and the Japax3 and Japeqs of
the di-MPA esters of both 1 and 2 (see Table 2), which
suggest that the C-3 stereochemistry is reversed in both
compounds, we decided that the H-2pax shift to a higher
field represents compound 1 together with a shift of H-5
to a lower field (AoB2L; < 0). The experimental results
(AS6B2L; < 0 and ASB2Ly > 0) led us to the conclusion that
the absolute configuration of C-3 is S. The determination
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Table 3. 'H NMR Shifts of the MPA Ester of Compound 3
before and after the Addition of the Ba(ClOy4)e Salt®

position  Oogy MPA ester oy MPA ester + Ba(ClOy)2 AoBa
2 7.39 7.69 —0.30

3 5.99 6.17 —0.18

4 5.09 5.17 —0.08

5 5.04 5.01 +0.03

6 1.73 1.60 +0.13

10 1.50 1.51 -0.01
11 4.80 4.70 +0.10
12 1.15 1.13 +0.02

@400 MHz, 6 in ppm.

of the absolute configuration of C-5 is based mainly on the
A0 values of protons 6peq, 6pax, 7peq, and 7pax that belong
to the Ly group of C-5. Upon addition of the barium salt,
these protons shifted to a higher field (A0®2Ly > 0). On the
basis of Riguera’s method (AdB2Ls > 0), we determined the
stereogenic center at position 5 to be S.

The absolute configuration of compound 2 was deter-
mined in a similar way. The absolute configuration of the
stereogenic center at position 3 was determined according
to the NMR shifts of protons 2peq and 2pax. As a result of
the addition of the barium salt, the NMR signals of these
protons were shifted to a lower field (AdB2Ly < 0) and led
us to the conclusion that the absolute configuration of C-3
is R. The AoB2 value of H-3 is negative, while those of
protons 6peq, 6pax, 7peq, and 7pax are positive. According
to these experimental results (A0B2L; < 0, AdB2Ly > 0), the
absolute configuration of C-5 was determined to be S.

Compound 3 was isolated by Ireland’s group, which did
not determine its absolute configuration. In a recent paper,
Franck et al.? suggested the stereochemistry of 8. In their
paper, they describe a synthesis of two pairs of mixtures
of the 4,5-erythro- and 4,5-threo-11R isomers of 3. On the
basis of the comparison of the optical rotation values and
'H and 3C NMR chemical shifts of the enantiomeric
mixtures with the values of the natural products, they
could not unambiguously determine the absolute configu-
ration of the stereogenic centers of 3 but rather assume
that 3 has the 4S,5S configuration. On the basis of an
analogy with cladospolide B (a previously known metabolite
that was isolated with 3 by Ireland’s group), they suggest
an 11R absolute configuration for 3, but comment that only
analysis of the Mosher esters of the natural products will
allow unambiguous determination of the absolute config-
uration at C-11.

We decided to check these findings by spectroscopic
methods. The absolute configurations of carbons 5 and 11
of compound 3 were determined by Riguera’s method for
secondary alcohols, as mentioned above. The aromatic ring
of the C-5-MPA moiety shields the protons at positions 2,
3, and 4. As a result of the addition of the barium salt, the
more stable conformation was favored and the NMR signals
of these protons were shifted to a lower field (negative AoB2
values) (see Table 3). Protons 2, 3, and 4 belong to the L;
group with respect to C-5, meaning that A6B2L; < 0. In
addition, the NMR signals of the protons at position 6,
which belong to the Ly group, were shifted to a higher field
(positive AdB2 values). On the basis of the experimental
results (A0P2L; < 0 and AdB2Ly > 0) obtained by Riguera’s
method, the S absolute configuration was assigned to C-5.
The stereochemistry of C-11 was determined in a similar
way. As a result of the addition of the barium salt, the 'H
NMR signals of the protons of the methyl group at position
12 were shifted to a higher field (AdB2Ly > 0). In contrast,
the 'H NMR signals of the protons at position 10 were
shifted to a lower field (A0B2L; < 0). According to these
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results, the absolute stereochemistry of C-11 was also
determined to be S.

The stereogenic center at position 4 was determined
using circular dichroism measurements. The chromophore
of the o,f-unsaturated lactone in the butenolide ring is
achiral and becomes optically active in the presence of a
perturber at the stereogenic center at position 4. The
observed Cotton effects due to the n—z* (235—250 nm) and
a—a* (200—220 nm) transitions of the a,f-unsaturated
lactone chromophore are correlated directly from the
absolute configuration of the stereogenic center.!® Right-
handed helicity of the R—C(4)—C=C bond system gives rise
to a negative n—s* and a positive 7—x* Cotton effect. The
opposite sign pattern is observed for the left-handed helicity
of this bond system. The CD spectra of compound 3 showed
a negative Cotton effect at 216 nm.!3 According to this
result, we determined that the stereogenic center at
position 4 is S. On the basis of these results we suggest
the 4S,5S,11S stereochemistry for 3. The absolute stereo-
chemistry assigned to positions 4 and 5 is similar to that
suggested by Franck et al.,!2 yet our analysis contradicts
their assumption that the stereochemistry at position 11
is similar to that of cladospolide B that was isolated
together with iso-cladospolide B (3).1°

On the basis of biosynthetic considerations, shown in
Scheme 1, a common trihydroxydodecanoic acid-polyketide
precursor is suggested for compounds 1—3. We suggest that
the stereochemistry of C-11 in pandangolides 1a (1) and 1
(2) is S, similar to that of iso-cladospolide B (3), considering
the function of type I modular PKS in generating a
polyketide chain.!4

Experimental Section

General Experimental Procedures. Optical rotations
were determined on a JASCO P-1010 polarimeter. CD spectra
were recorded on a JASCO Aviv model 215 circular dichroism
spectrometer. UV spectra were obtained on a UVIKON 931
spectrophotometer. IR spectra were obtained on a Bruker
Vector 22 spectrometer. 'H and C NMR spectra were
obtained on Bruker ARX500 and Avance 400 spectrometers,
using tetramethylsilane as the internal standard. Electron
impact mass spectra were obtained on a VG AutoSpecQ M 250
spectrometer.

Fungal Strain Isolation, Identification, and Fermen-
tation. The fungal strain was isolated from a fresh sample of
Niphates rowi, a shallow water Red Sea sponge,!® collected by
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scuba from the Gulf of Aqaba, in May 2002. Following a rinse
with sterile seawater, small pieces of the inner tissue of the
sponge were inoculated on KMV agar Petri dishes. The
sterilized KMV medium (prepared with seawater) contained
glucose (1 g/L), gelatin hydrolizate (1 g/L), yeast extract (0.1
g/L), bacto peptone (0.1 g/L), granulated agar (15 g/L), and
chloramphenicol (0.25 g/L). Emerging fungal colonies were
tranferred to potato dextrose agar (PDA, Difco) in a Petri dish
and incubated at 25 °C for 7 days to allow colony development
and conidiation. The strain, designated M0467, was identified
as belonging to the genus Cladosporium by morphological and
molecular (18S rDNA; accession number DQ100370) phylogen-
etic methods.'®17 Production fermentation was performed in
250 mL (75CM2) sterile tissue flasks containing 24 g of potato
dextrose broth (PDB, Difco) per liter of seawater. Fifteen flasks
were incubated at 25 °C for 10—14 days.

Extraction and Isolation. Extraction of the mycelium-
free culture medium (3 L) with EtOAc (3 x 0.7 L) afforded a
crude extract (146 mg). The EtOAc-soluble portion (146 mg)
was separated on an HPLC column (YMC Pack ODS-AQ, 20.0
mm x 250 mm, 10 ym; flow rate 5 mL/min; UV detection at
210 nm; eluent MeCN/H;0, 55:45) to give, in fraction 1 (¢g 14.8
min, 16.3 mg, 11.1% yield of crude extract), a diastereomeric
mixture of 1 and 2 and, in fraction 2, iso-cladospolide B (3, ¢z
12.6 min, 25.7 mg, 17.6% yield of crude extract). Fraction 1
was further separated on a semipreparative HPLC column
(YMC Pack column A-324 120A ODS 10 mm x 300 mm, flow
rate 2.2 mL/min; UV detection at 210 nm; eluent MeCN/
MeOH/H-0, 25:5:70) to obtain pandangolide 1a (1, {g 13.4 min,
2.4 mg, 1.6% yield of crude extract) and pandangolide 1 (2, ¢tr
13.5 min, 3.4 mg, 2.3% yield of crude extract).

Pandangolide 1a (1): white solid; [a]?®p —25° (¢ 1.6,
MeOH); UV (MeOH) Amax (log €) 205 (2.90) nm; IR (CHCl;) vmax
1220, 1715, 1732, 2934, 3550 cm™1; 'H and 3C NMR (see Table
1); CIMS m/z 245 [MH] * (100); HRCIMS m/z 245.1394 (caled
fOI‘ C12H2105, m/z 245.1388).

Pandangolide 1 (2): white solid; [a]?®p —30° (¢ 2.3, MeOH);
UV (MeOH) Amax (log €) 205 (2.90) nm; IR (CHCl3) vimax 1220,
1716, 1732, 2934, 3552 cm™!; 'H and 3C NMR (see Table 1);
CIMS m/z 245 [MH]* (100).

iso-Cladospolide B (3): yellow solid; [a]?p —61° (¢ 16.6,
MeOH); UV (MeOH) Apmax (log €) 210 (3.36) nm; IR (CHCI3) vimax
785, 1757, 3021, 3615, 3670 cm~};'H and 3C NMR (see Table
3); CIMS m/z 229 [MH] " (38), 211 (100), 127 (41), 109 (40), 85
(42); CD (c 16.9 mM, MeOH) Ae (nm) —41.0 (241), +0.9 (275).

Preparation of the Di-(R)-MPA Esters of Compounds
1-3. A 2.0 mg (8 uM) sample of each of the isolated com-
pounds, 1—3, was treated with (R)-methoxy phenyl acetic acid
(20 uM), DCC (20 uM), and DMAP (0.8 uM) in methylene
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chloride (10 mL) for 24 h at room temperature.'® The reaction
mixture was worked up, and the resulting di-MPA esters of
1—3 were dissolved in CD3CN for NMR measurements.
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