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Chemical investigation of an extract of the marine sponge Xestospongia yielded a suite of pentacyclic
compounds, including two new xestosaprol derivatives. Xestosaprol D (1) and E (2) are regioisomers,
whose structures were defined through analysis of spectroscopic data.
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Figure 1. Structures of Xestosaprol D (1) and E (2).
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Indo–Pacific marine sponges of the genera Xestospongia and
Haliclona produce polyketide quinones and hydroquinones with
varying degrees of oxidation and unsaturation, exemplified by
halenaquinone and xestoquinone.1 A diverse array of activities
have been attributed to these compounds including antibiotic,2

antifungal,3 cardiotonic,4 and cytotoxic5 activities. Specific cellular
targets have also been identified in a few instances to include pro-
tein tyrosine kinases,6 topoisomerases,7 and myosin Ca2+ ATPase.8

In our continuing search for new bioactive substances from
marine sources, we recently identified an extract derived from a
Xestospongia sp. collected near Turtle Bay, Sangalaki, Indonesia,
which significantly inhibited pathogenic multiple-resistant Staphy-
lococcus aureus and weakly inhibited the aspartic protease BACE1.
In this report, we describe the structural elucidation and biological
activity of two new pentacyclic derivatives isolated from this ex-
tract, in addition to the biological testing of several related
structures.

Xestosaprol D (1, Fig. 1) was isolated as an optically active yel-
low solid ([a]D 18.8 (c 0.1, MeOH) by repeated C8 chromatography
of the ethyl acetate extract. Vibrational bands in the IR spectrum at
3398 (br) and 1669 cm�1 indicated the presence of hydroxyl and
carbonyl functional groups. Based on the reduced strength of the
latter vibration, the carbonyl was conjugated to the chromophore
responsible for the 255 nm absorption maximum in the UV spec-
trum. A pseudomolecular isotope peak at m/z 323.1291 [M+H]+,
obtained based on HR-ESI-TOFMS data, defined the molecular for-
mula of 1 as C20H18O4 (12 degrees of unsaturation). Analysis of the
13C NMR spectrum supported this formula, accounting for 10 qua-
ternary carbons, 4 methines, 5 methylenes, and 1 methyl carbon
(C20H17). On the basis of carbon chemical shift arguments, 1 con-
tained one methyl group (dC 32.4), two carbonyl equivalents (dC

172.1 and 197.5), and 10 other sp2 hybridized carbons. These
ll rights reserved.
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twelve carbons, accounting for seven double-bond equivalents,
indicated that 1 was comprised of five rings.

The planar structure was assembled through interpretation of
the 2D NMR data (Table 1, Table S1 and Fig. 2). Briefly, a series of
HMBCs from the two singlet aromatic protons H-11 and H-18 (dH

8.66 and 7.88, respectively) established a substituted benzene ring
(C-10-12 and C-17-19; D-ring). HMBCs from H-11 to C-13 extended
the chromophore and provided an anchor point for the assembly of
the E-ring. A suite of HMBCs to C-13 from H-14 and H-15 and COSY
correlations from the latter to H-16 appended a substituted propa-
nol chain to the carbonyl. An HMBC to the corresponding carbinol
carbon C-16 from H-18 established the dihydro-hydroxynaphthale-
none system. The remaining tricyclic system was constructed
beginning with HMBCs from the angular methyl group H3-20 to
C-19 of dihydro-hydroxynaphthalenone system and to C-5, C-6,
O
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Figure 2. Key spectroscopic correlations of 1.
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Figure 3. DdT1T2 values for (R)-MPA derivative of 1.
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Figure 4. Active known metabolites isolated.
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and C-7. Beginning with the geminal proton H2-5, a series of corre-
lations expanded this fragment into a six-membered ring including
C-6 and C-7. HMBCs from the aromatic singlet H-1 to C-2, C-3 of this
cyclohexenyl system suggested the final structure as depicted,
although no direct evidence of the C-8/C-9 bond was available from
the spectroscopic data. It should be noted that the structure of 1
hinges on the correct assignment of the H-11 to C-9/C-13 cross-
peaks as 3-bond and H-18 to C-9/C-13 crosspeaks as 4-bond corre-
lations. Evidences in support of these conclusions were the ROESY
correlations between H-18 and H-5, H3-20 and H-16, which were
only possible in the constitutional isomer depicted.

We attempted to determine the absolute configuration of 1 via
several different methods. Attempts to crystallize 1 from methanol,
as previously reported for related compounds,2 failed to provide
crystals of sufficient quality for X-ray analysis. The use of alterna-
tive solvents yielded similar results. The absolute stereochemistry
Table 1
NMR spectroscopic data (500 MHz) in CD3CN for 1 and 2

Position 1

dC, typea dH (J in Hz)

1 145.8, CH 7.61, t (1.3)
2 122.8, qC
3 17.4, CH2 2.83, m

2.62, m
4 19.1, CH2 2.25, m

2.10, m
5 31.9, CH2 2.51, dt (12.8, 3.6)

1.62, ddd (13.0, 12.9, 4.3
6 37.9, qC
7 148.2, qC
8 144.8, qC
9 172.2, qC

10 133.9, qC
11 126.7, CH 8.66, s
12 130.7, qC
13 197.5, qC
14 36.3, CH2 2.82, dd (6.3, 4.4)

2.64, m
15 32.7, CH2 2.35, m

2.07, m
16 67.8, CH 4.98, dd (9.0, 4.1)
17 151.1, qC
18 125.2, CH 7.88, s
19 157.1, qC
20 32.4, CH3 1.50, s

a Type deduced by HSQC.
of the C-16 chiral center was therefore established through variable
temperature analysis of the (R)-(a)-methoxyphenylacetic acid
derivative. In 2004, Seco and co-workers established that the 1H
NMR spectra of a single MPA derivative taken at two different tem-
peratures were a sufficient surrogate for the classical Mosher meth-
od involving two MTPA derivatives. In accord with their report,9 the
calculated DdT1T2 values (Fig. 3) indicate a R-configuration at C-16.
Unfortunately, no clear NOE correlation was observed between H-
16 and the methyl H-20 which would have allowed the configura-
tion at these centers to be related. Attempts, via NOE and ROE
experiments, to relate the MPA moiety to the C-20 methyl in order
to deduce the configuration at the latter center proved unsuccessful
as well, due to the hydrolysis of the MPA ester. In a final attempt to
deduce the configuration of C-6, we sought to convert 1 to a deriv-
ative for which its circular dichroism spectrum could be correlated
to an intermediate (compound 8 in reference10) prepared by Harada
in his classical twisted-diene CD analysis of halenaquinol.10 While
oxidation of 1 to the p-naphthalenediol proceeded smoothly under
classical Jones conditions, methylation of this derivative using iodo-
methane and K2CO3, as described by Harada, resulted in a complex
mixture from which none of the desired product could be identified
by LC-MS or 1H NMR analysis. Thus, the absolute configuration of
C-6 remains unassigned.

Further analysis of fractions generated during the isolation
yielded Xestosaprol E (2). The spectral data of this optically active
solid [a]D �2.4 (c 0.1, MeOH) were nearly identical to 1. Compound
2 was determined to be a constitutional isomer of 1 by mass spec-
trometry (C20H18O4), but the UV maxima showed a slight batho-
chromic shift (kmax 270 and 319 nm) indicating that the
chromophore was modified. Analysis of the 2D data (Table S2)
established that the positions of carbonyl and hydroxyl groups in
the E-ring were reversed. The signal for H-11 was shifted to a high-
er field (2 dH 8.45; 1 dH 8.66) and H-18 was shifted to a lower field
(2 dH 8.12; 1 dH 7.88). The latter proton showed a strong HMBC to
the carbonyl signal at dC 198.8 (C-16), which provided the key data
needed to establish the planar structure of 2.

Compounds 1 and 2 were accompanied by the structurally re-
lated compounds, adociaquinones A (3)5 and B (4),5 along with
2

dC, typea dH (J in Hz)

146.0, CH 7.62, t (1.4)
122.8, qC
17.4, CH2 2.58, m

2.82, m
19.0, CH2 2.07, m

2.25, m
31.9, CH2 2.54, m

) 1.67, ddd (13.1, 12.8, 4.3)
37.4, qC
149.0, qC
145.0, qC
172.2, qC
138.3, qC
127.5, CH 8.45, s
146.0, qC
67.5, CH 4.97, dd (8.7, 3.9)
32.7, CH2 2.09, m

2.34, m
36.3, CH2 2.84, m

2.64, m
198.8, qC
134.4, qC
124.0, CH 8.12, s
151.6, qC
32.4, CH3 1.46, s
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three additional members of the adociaquinone-xestoquinone
family: Xestosaprol A,11 3,13-dideoxo-1,2, 13,15-tetrahydro-3-13-
dihydroxyhalenaquinone,5 and 13,14,15,16-tetrahydroxestoqui-
nol.5 These compounds were identified through comparison of
their spectral data with previously published values (Fig. 4).

During preliminary screening, the ethyl acetate extract of this
sponge displayed significant antimicrobial activity against multi-
ple-resistant Staphylococcus aureus (ATCC 43300). Bioassay guided
fractionation attributed this effect to the cytotoxins adociaquinon-
es A (3) and B (4), with IC50 values of 9.47 and 4.23 lg/ml, respec-
tively.12 To the best of our knowledge, this activity has not been
previously reported for 3 and 4. Compound 4 has been shown to
inhibit topoisomerase II in CHO cell line xrs-6, not by intercalation
as might be expected, but possibly by freezing the enzyme-DNA
cleavable complex.13 Based on our findings then, 3 and 4 could
potentially inhibit either gyrase B or topoisomerase IV, the bacte-
rial targets of the quinolone antibiotics. The latter is generally
the target in gram-positive organisms.14

In comparison, compounds 1 and 2 did not display an apprecia-
ble antimicrobial (VRE, E. coli, MRSA, SA) or cytotoxic effect (SKOV-
3 cells, IC50 > 50 lg/mL) and did not significantly activate or inhibit
the oncogene Protein Kinase C (PKCd). These data suggest that the
sulfone and/or the secondary amine are critical for the observed
antimicrobial and cytotoxic activities. Pure Xestosaprol D (1) did
weakly inhibit the aspartic protease BACE-1, believed to be a cen-
tral enzyme in the etiology of Alzheimer’s disease,15 with an IC50

value of approximately 30 lg/mL. The predicted log P16 of 2.62
and the low molecular weight for Xestosaprol D are in the optimal
range to allow sufficient penetration of the blood–brain barrier,17

often the major hurdles for CNS drug development. As such, 1 rep-
resents a new non-peptidic scaffold that may serve as a viable
starting point for optimization of a new structural class of BACE1
inhibitors.
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