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An undescribed Philippine marine sponge of the genus Xestospongia afforded four isoquinoline
quinones: the new N-ethylene methyl ketone derivative of renierone (1), as well as the known
compounds 1,6-dimethyl-7-methoxy-5,8-dihydroisoquinoline-5,8-dione (2), renierone (3), and
mimosamycin (4). Compound 2 exhibited insecticidal activity toward neonate larvae of the
polyphagous pest insect Spodoptera littoralis (EC50 of 35 ppm and LC50 of 521 ppm) when
incorporated into artificial diet. Compounds 1 and 3were only weakly active toward S. littoralis,
while compound 4 was found to be inactive. All four isolated compounds were active against
the Gram-positive bacteria Bacillus subtilis and Staphyloccoccus aureus. Compound 4 was
also active against the fungus Cladosporium cucumerinum.

A variety of bioactive metabolites has been isolated
from sponges of the genus Xestospongia (Family Petrosi-
idae, Order Haplosclerida), exemplified by xestospongin
C,1 halenaquinone,2-4 dibromoacetylenic acid,5 â-car-
boline alkaloids,6,7 and isoquinoline quinones.8,9,15 Natu-
rally occurring isoquinoline quinones have also been
isolated from other marine sponges as well as from
Actinomycetes.20 The isoquinoline quinones possess
significant biological activity,8-10 which suggests poten-
tial value as lead structures for the development of new
pharmaceuticals or agrochemicals. In this paper, we
describe the isolation and structure elucidation of a new
isoquinoline quinone derivative, theN-(3-oxo-1-butenyl)
derivative of renierone (1), and three other known
congeners: 1,6-dimethyl-7-methoxy-5,8-dihydroisoquin-
oline-5,8-dione (2), renierone (3), and mimosamycin (4).
These were obtained from a hitherto undescribed blue
Philippine marine sponge of the genus Xestospongia,
and we report on their insecticidal, antibacterial, and
antifungal properties. Compounds 2 and 3 have been
previously isolated from sponges of the genus Reni-
era10,11 but not from the genus Xestospongia, while
compound 4 was reported to occur in blue sponges of
both genera, Reniera and Xestospongia. Compound 4
is a known metabolite of the terrestial bacterium
Streptomyces lavendulae,12 and it has previously been
speculated13,14 that a similar bacterium is epiphytic or
symbiotic with the marine sponges.
A blue Xestospongia sp., which was collected in the

Philippines, was found to have no other available
matching descriptions in the systematic literature on
Indo-Pacific sponges. From this, we conclude that this
material belongs to a new species, which will be
described elsewhere.

From the petroleum ether-soluble material of a crude
extract from the sponge, two yellow bands were obtained
by column chromatography on Si gel, yielding the
known compounds 2 and 3. From the ether-soluble
extract, a blue band and an orange band were obtained,
affording the new compound 1 and the known compound
4, respectively. The known compounds were readily
identified from their spectroscopic data and by compari-
son with published data.8-12

Compound 1 was obtained as a blue gummy film.
Low-resolution EIMS gave the molecular ion peak M+

at m/z 385 and the base peak at m/z 272 [M - CH2-
OCOC[CH3]dCHCH3]+. The IR spectrum of 1 showed
a band at 1717 cm-1 indicating an unsaturated ester
and a band at 1648 cm-1 indicating both the quinone
functionalities and the alkene group that is conjugated
with the nitrogen and the carbonyl group. Compound
1 is a derivative of renierone, and this was confirmed
from a comparison of the NMR data of 1 with those of
compound 3 (Table 1). The 1H NMR spectrum of 1
showed an additional pair of signals in the olefinic
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region, δ 7.42 (d, J ) 13.8 Hz) and δ 5.93 (d, J ) 13.8
Hz), which are indicative of a substituted N-vinyl
substituent with an E-configuration.16 The signals of
the aromatic protons H-3 and H-4, at δ 6.85 (d, J ) 7.9
Hz) and δ 5.98 (d, J ) 7.8 Hz), respectively, were at a
higher field than those in 3. The signal for H-1
appeared as a broad double doublet at δ 5.53 as it was
coupled with both protons of the CH2O group. Hence,
in contrast to the singlet found in 3, the protons of the
latter group of the angelate ester are nonequivalent and
appeared as a pair of double doublets due to vicinal (to
H-1) and geminal couplings. A unique methyl ketone
signal was found at δ 2.21, while the signals of the
arylmethyl, methoxyl, and methyl groups of the ange-
late ester resembled those of 3. The 13C NMR spectrum
of 1 was comparable with that of 3, except for additional
signals at δ 195.9 of an R,â-unsaturated ketone and two
olefinic doublet signals at δ 145.9 and 105.7 correspond-
ing to the substituted N-vinyl carbons. The signal of
the methine carbon C-1 occurred at δ 61.8, and a methyl
ketone signal was observed at δ 29.1.
Finally, a 2D 1H-detected multiple-bond 13C multiple-

quantum coherence spectrum17 of 1 afforded an inde-
pendent, unambiguous confirmation of the signal as-
signments, substituent positions, and total structure
(Table 1). In particular, long-range correlations of H19,
H20, and H22 to C-21 established the nature of the
N-substituent, while the correlations of H1 to C19 and
H19 to C1 and C-3 confirmed its point of attachment to
N2. Correlations of H13A and H13B to C14, and
internal fragment correlations, confirmed the attach-
ment of the angelate ester at C13.
All compounds isolated were analyzed for insecticidal

activity and antibacterial activity, as well as fungicidal
activity. Insecticidal activity was studied by incorporat-
ing each compound into an artificial diet at an arbi-
trarily chosen concentration (270 ppm) and offering the
spiked diet to neonate larvae of the vigorous pest insect
S. littoralis in a chronic feeding experiment. After 6
days of exposure, larval survival and larval weight were

monitored and compared to controls. All compounds
except 4were active and inhibited the growth (40-100%
larval weight compared to controls) of the larvae of S.
littoralis. Compound 2 caused 93% growth inhibition
at a concentration of 270 ppm, while 3 caused 60%
growth inhibition at the same concentration. The new
compound 1 was weakly active, causing 50% inhibition
at the same concentration. In a subsequent experiment
the most active compound 2 was analyzed for insecti-
cidal activity at a range of concentrations (26-132 ppm).
From the dose-response curves obtained, the EC50 for
growth inhibition and LC50 were calculated by probit
analysis as 35 ppm [(0.43 (SE)] and 521 ppm [(0.65
(SE)] ppm, respectively.
All isolated compounds were also tested for antibacte-

rial activity, and they were all found to be active against
the Gram-positive bacteria. No inhibition, however, was
observed for E. coli. Compound 4 was found to be most
active, causing an inhibition zone of 22 mm in diameter
with B. subtilis and 17 mm with S. aureus, followed by
compounds 3 and 1, and compound 2 with the weakest
activity of 12 mm and 9 mm diameter for B. subtilis
and S. aureus, respectively (Table 2). The results were
comparable to that of gentamycin, which was used as
the positive control, causing an inhibition zone of 16 and
17 mm diameter for B. subtilis and S. aureus, respec-
tively.
The isolated compounds were also tested for fungi-

cidal activity against the fungus Cladosporium cu-
cumerinum. Only compound 4 was found to be active
at concentrations of 150 and 75 µg, causing inhibition
zones of 18 and 15 mm in diameter, respectively.
From the results in the bioassays described (Table 2),

it is obvious that the antibacterial and fungicidal
activity of the compounds under study is not paralleled
by the insecticidal activity toward neonate larvae of S.
littoralis. Indeed, an inverse correlation appears to be
the case. The attachment of an angelate ester to the
nitrogen ring decreases the antibacterial and fungicidal
activity, while the absence of the carbonyl substituent

Table 1. 13C- and 1H- NMR Data of Compounds 1 and 3 in CD2Cl2

1 3

δC δH carbon correlationsa δC δH

1 51.8 d 5.53 br dd (ΣJ ≈ 10.0 Hz) C3, C9, C10, C13 159.0 s
3b 138.3 d 6.85 d (J ) 7.9 Hz) C1, C4, C10, C19 154.3 d 8.93 d (J ) 4.8 Hz)
4 99.7 d 5.98 d (J ) 7.8 Hz) C3, C5, C9 118.7 d 7.89 d (J ) 4.8 Hz)
5 185.6 s 184.9 s
6 127.8 s 123.1 s
7 156.8 s 157.2 s
8 180.6 s 182.2 s
9 120.4 s 128.3 s
10 136.3 s 139.4 s
11 8.7 q 1.96 s C5, C6, C7 8.0 q 2.12 s
12 61.4 q 4.04 s C7 60.9 q 4.15 s
13A 61.2 t 4.30 dd (J ) 6.2, 12.0 Hz) C1, C9, C14 65.7 t 5.80 s
13B 4.12 dd (J ) 4.5, 12.0 Hz) C9, C14
14 167.5 s 168.0 s
15 127.4 s 131.1 s
16 140.2 d 6.11 qq (J ) 7.2, 1.5 Hz) C14, C17, C18 138.0 d 6.15 qq(J ) 7.2, 1.4 Hz)
17-Me 20.7 q 1.82 dq (J ) 1.5,1.5 Hz) C14, C15, C16 20.7 q 1.97 dq(J ) 1.5, 1.5 Hz)
18-Me 15.9 q 1.96 dq (J ) 7.2, 1.5 Hz) C15, C13 15.8 q 2.01 dq(J ) 7.3, 1.5 Hz)
19 145.9 d 7.42 d (J ) 13.8 Hz) C1, C3, C21
20 105.7 d 5.93 d (J ) 13.8 Hz) C19, C21, C22
21 195.9 s
22-Me 29.1 q 2.21 s C20, C21
a Long -range 13C-1H correlations, over two and three bonds, observed for 1 in the 2D 1H-detected multiple 13C multiple-quantum

coherence spectrum. In all cases the direct correlation over one bond was also observed. b H3 also showed a four-bond correlation to C9.
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results in a weakening of the antibacterial activity and
a loss of fungicidal activity. However, the absence of a
carbonyl substituent in the nitrogen ring system
strengthens the insecticidal activity of the respective
isoquinoline quinones. In this study, it is remarkable
that the observed antibacterial activity and fungicidal
activity of 4 or the insecticidal activity of 2 is likewise
not caused by general toxicity but is rather due to a
different mode of action and specific target requirement,
which is apparently strongly influenced by the chemical
structure of the studied compounds.

Experimental Section
General Experimental Procedures. 1H NMR and

13C NMR spectra (chemical shifts in ppm) were recorded
on Bruker ARX 400 or DMX 600 NMR spectrometers,
respectively. High-resolution mass spectra were re-
corded on a Finnigan MAT 95 mass spectrometer, with
isobutane as reactant gas and low-resolution mass
spectra (EI, CI-MS and FAB-MS (NBA as matrix)) on a
Finnigan MAT 8430 mass spectrometer. The infrared
spectrum was recorded on a Nicolet DX20 FTIR spec-
trometer using KBR disks as beamsplitter. The CD
spectrum was recorded on a CD6 ISA Jobin Yvon
Division d’Instrument S.A. using ethanol as solvent. For
HPLC analysis, samples were injected into a HPLC
system (Pharmacia, LKB, Sweden) coupled to a photo-
iode-array detector (Waters Millipore GmbH, Eschborn,
Germany) which recorded the UV spectra on-line.
Routine detection was at 254 nm. The separation
column (125 × 4 mm, i.d.) was prefilled with Nova-Pak
C-18 (µm) (Waters Milipore GmbH, Eschborn, Ger-
many). Solvents were distilled prior to use, and spectral
grade solvents were used for spectroscopic measure-
ments. TLC was performed on precoated TLC plates
with Si gel 60 F254 (Merck, Darmstadt, Germany). The
compounds were detected by their absorbance under
UV254 or UV366.
Animal Material. Specimens of blue Xestospongia

sp. were collected by snorkelling off the shores of
Mindoro Island, Philippines, in April 1994. The speci-
men is a massive sponge with tube-shaped oscules.
Consistency is firm to hard, and the surface is optically
smooth but velvety. The surface skeleton is barely
developed and mostly absent. The interior is cavernous,
and the choanosomal skeleton is irregularly alveolar,
obscuring ill-defined longitudinal paucispicular tracts.
Spicules are exclusively oxcas, typically 200× 8-10 µm
in size. The samples were frozen immediately upon
collection and then freeze-dried prior to transport to
University of Würzburg, Germany. A voucher specimen
preserved in alcohol is kept under registration no. ZMA
POR.10922 in the Zoölogisch Museum, Amsterdam.
Extraction and Isolation. The freeze-dried samples

of Xestospongia sp. (54 g) were extracted successively
with acetone and MeOH (300 mL × 2 for each). The

total extract was evaporated under reduced pressure to
a residue of 13.5 g. The residue was partitioned
between petroleum ether (50 mL× 5) and 90% aqueous
MeOH (50 mL). The methanolic fraction was taken to
dryness and partitioned between ether (50 mL × 5) and
H2O (50 mL). Both of the organic fractions were taken
to dryness (3.5 g of petroleum ether-soluble and 0.5 g
of ether-soluble material) and chromatographed over a
Si gel column (mobile phase CH2Cl2-MeOH 98:2). The
petroleum ether-soluble material gave two major yellow
bands that yielded 2 (8.5 mg, 0.016%) and 3 (25.3 mg,
0.047%). These fractions were purified from sterols on
a Si gel column with 10% ether in CH2Cl2. The ether-
soluble material gave two major bands, a blue band
yielding 1 (3.2 mg, 0.006%) and an orange band yielding
4 (4.4 mg, 0.008%). Compound 1 was separated from
minor contaminants by column chromatography on Si
60 Lobar with hexane-EtOAc (2:8) as mobile phase. All
fractions were evaporated under reduced pressure, and
the pure compounds were obtained by further separa-
tion over a Sephadex column in CH2Cl2-MeOH (1:1).
The identity of the fractions was confirmed by HPLC
and UV spectra recorded on-line.
N-Ethylenemethyl ketone derivative of reni-

erone (1) was obtained as a blue solid film residue (Rf
0.56, CH2Cl2-MeOH; 98:2) having a molecular formula
of C21H23N06 determined from the high-resolution CI
mass spectral data of the molecular ion [M]+ (m/z
385.1526; calcd for C21H23NO6 385.1525) and protonated
molecular ion [M + H]+ (m/z 386.1595; calcd for C21H23-
NO6 386.1604). EIMS (70eV)m/z: 385 (7), 314 (9), 272
(100). UV λ (max) (MeOH): 223 nm (ε 27 000), 312 nm
(ε 23 000), 330 nm (ε 21 000). CD (EtOH): ∆ε -17.5
(225 nm), ∆ε -13.0 (268 nm), ∆ε +12.5 (342 nm). FT-
IR (KBr film): 3432 (br), 2927, 1717, 1648, 1527, 1452,
1376, 1263, 1230, 1189, 1135, 949, 744 cm-1.
Experiments with Insects. Larvae of S. littoralis

were from a laboratory colony reared on an artificial diet
under controlled conditions as described previously.19
Feeding studies were conducted with neonate larvae (n
) 20) that were kept on an artificial diet that had been
treated with various concentrations of the compounds
under study. After 6 days, survival of the larvae and
weight of the surviving larvae were protocolled and
compared to controls.
.Agar Plate Diffusion Assays. Susceptibility disks

(5 mm diameter) were impregnated with 100 µg of the
isolated compound and placed on agar plates inoculated
with the test bacteria: B. subtilis 168, S. aureus ATCC
25923, and E. coli ATCC 25922. The plates were
observed for zones of inhibition, after 24 h of incubation
at 37 °C. Gentamycin was used as positive control.
Bioautographic Detection of Fungicidal Activ-

ity. Spores of C. cucumerinum were cultivated from
carrot-nutrient agar and were inoculated into a liquid
yeast culture medium as previously described.17 Si gel

Table 2. Bioactivities of the Compounds Isolated from Xestospongia sp.

zone of inhibition antibacterial activityzone of inhibition fungicidal
activity against C. cucumerinum

comp
no.

growth inhibition of
larvae S. littoralis

(dose ) 270 ppm) (%)
(dose ) 150 µg)
(mm diam)

(dose ) 75 µg)
(mm diam)

B. subtilis
(dose ) 100 µg)

(m diam)

S. aurues
(dose ) 100 µg)
(mm diam)

1 50.0 15.0 15.0
2 93.0 12.0 9.0
3 60.0 15.0 14.0
4 15.0 18.0 15.0 22.0 17.0
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TLC plates were spotted with the isolated compounds
at concentrations of 150 and 75 µg, and then the plates
were sprayed with a suspension of spores of C. cu-
cumerinum in liquid yeast culture medium. The fun-
gitoxic compound was observed as a clear white spot of
inhibition in a dark layer of the mycelia covering the
TLC plate after the inoculated plates were incubated
for 2 days at 25 °C.
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