Bromoisoxazoline Alkaloids from the Caribbean Sponge Aplysina insularis
Thomas Fendert3, Victor W rayb, Rob W. M. van Soestc and Peter Proksch3
a Julius-von-Sachs-Institut für Biowissenschaften, Lehrstuhl für Pharmazeutische Biologie,
Universität Würzburg. Julius-von-Sachs-Platz 2, D-97082 Würzburg, Germany
b Gesellschaft für Biotechnologische Forschung mbH, M ascheroder Weg 1,
D-38124 Braunschweig, Germany
c Instituut voor Systematiek en Populatiebiologie, Zoologisch Museum. P. O. Box 94766,
Universiteit van Amsterdam. 1090 GT Amsterdam, The Netherlands
Z. Naturforsch. 54c, 246 -2 5 2 (1999); received D ecem ber 23, 1998/January 22, 1999
Sponges, A plysina insularis, Bromoisoxazoline Alkaloids, Chemotaxonomy,
Structure Elucidation
An investigation of a specimen of the Caribbean sponge A plysina insularis resulted in the
isolation of fourteen bromoisoxazoline alkaloids (1 -1 4 ), of which 14-oxo-aerophobin-2 (1)*
is a novel derivative. Structure elucidation of the compounds have been established from
spectral studies and data for 1 are reported. Constituents 2 to 6 and 11 to 14 have not been
identified sofar in A plysina insularis species. The presence of the known compounds 7 to 9
in A plysina insularis indicates that their use for chem otaxonom ical purposes is questionable.

Introduction
Dienone (16) and dimethoxyketal (17) were the
first compounds to be isolated out of the large
group of bromotyrosine derivatives from two m a
rine sponges, A plysina cauliformis and Aplysina
fistularis , of the family Aplysinidae (Sharma and
Burkholder, 1967; Minale et al., 1976) during a
search for new sponge constituents with antimicro
bial activity. Of these two secondary metabolites
only the dienone showed biological activity against
Gram-positive
and Gram-negative bacteria
(Sharma and Burkholder, 1967). Subsequently
A plysina fistularis has yielded almost thirty bro
motyrosine derivatives with different biological
activities. Aplysina fistularis Pallas (1766) is a syn
onym for various other sponges such as Verongia
thiona, Verongia tenuissima and Verongia aurea
(Carney and Rinehart, 1995). Detailed investiga
tions of these led to a separation of the species
A plysina fistularis into Aplysina fulva and A p lys
ina insularis (Pulitzer-Finali, 1986).
During a scientific cruise to the Caribbean Sea
in August 1995 we were able to collect 55 sponge
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specimens all belonging to the Demospongiae
class. An initial identification of the sponges on
the cruise suggested one species of the Aplysinellidae family namely Pseudoceratina crassa and
seven different species of the Aplysinidae family
namely Aplysina insularis, Aplysina fulva, A plys
ina lacunosa, Aplysina cauliformis, Aplysina archeri, Verongula gigantea and Verongula rigida.

Crude methanolic extracts of small freeze dried
vouchers of all 55 samples were prepared and ana
lyzed by UV-detected HPLC chromatography. The
composition of the HPLC patterns supported the
initial classifications as different patterns charac
teristic of the different species could be recog
nized, although a detailed analysis of the speci
mens for chemotaxonomic purposes has not yet
been performed. Subsequently Aplysina insularis
was chosen for further investigation as this showed
the largest amounts of compounds and highest di
versity of the different peaks in the hydrophilic
and lipophilic regions of the chromatogram. We
report here the identity of the secondary m etabo
lites isolated from this sponge.
Materials and Methods
A plysina insularis was collected off the shore of
Long Island, Bahamas, by snorkeling (1 -2 m
depth). The voucher specimen consists of a short
tube 5 cm in height and 2 cm in diameter, with
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terminal vent (oscule) 0.7 cm in diameter, and a
short side fistule. Originally the exterior was yel
low in colour but turned black upon transport of
the sponge to the surface; the interior is dark red
dish brown. The sponge surface shows some shal
low longitudinal depressions but is otherwise
smooth. The skeleton consists of laminated ambercoloured spongin fibres 38-100 |im in diam eter
with a continuous pith of 14-47 ^im in diam eter
(comprising 36-62% of the fibre diameter). The
pith is characteristically black or dark-brown in
transmitted light. The fibres form an isodictyal re
ticulation of elongated-polygonal meshes of 800900 x 1200-1500 ^im in expansion. These charac
teristics conform to the type Aplysina insularis. A
voucher specimen is deposited under registration
no. ZM A POR. 11059 in the Zoologisch Museum,
Amsterdam, The Netherlands.
The sponge samples were immediately frozen
after collection and kept at -2 0 °C until extrac
tion. After lyophilisation the resulting tissue
(17.6 g dry weight for the investigated specimen)
was ground to a powder and exhaustively ex
tracted with MeOH (3 x 300 ml) at room tem per
ature. Evaporation of the solvent yielded the
crude extract, which was partitioned between
EtOAc (5 x 200 ml) and water (200 ml). The aque
ous layer was subsequently extracted with watersaturated n-BuOH (5 x 200 ml). The resulting
EtOAc (1.2 g) and /7-BuOH (1.2 g) fractions were
taken to dryness and redissolved in a mixture of
CH2C12 / M eOH (95:5 v/v and 1:1 v/v respectively).
The EtOAc fraction was subjected to a silicagel
60 (Merck, Germany) column with a mixture of
CH2C12 / MeOH (95:5 v/v ) as eluent and the re
sulting fractions were collected and m onitored by
TLC on precoated TLC plates (Si gel 60 F254,
Merck, Darmstadt, Germany) using the same
solvent mixture. UV detection of the different
constituents was performed at 254 and 366 nm.
Further purification of the isolated compounds
was achieved by column chromatography on Sephadex LH 20 using acetone and a mixture of
M eOH /CH2Cl2 (1:1 v/v) as eluents. As final purifi
cation step column chromatography on reversed
phase LiChroprep® RP-18 columns (Merck,
Darmstadt, Germany) was used with M e0 H /H 20 /
TFA mixtures (80:20:0.01, 80:20:0 and 70:30:0 v/v/
v) as eluent systems. Examination of the n-BuOH
fraction started with column chromatography on
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Sephadex LH 20 using MeOH and a M eOH/
C H 2C12 (1:1 v/v) mixture as eluent system. Further
purification steps included silicagel 60 (Merck,
G ermany) column chromatography using a mix
ture of M eO H /CH 2Cl2 (80:20 v/v) as eluent fol
lowed by Sephadex LH 20 column chromatogra
phy with M eOH as eluent. Again final purification
of the isolated constituents was achieved using re
versed phase LiChroprep® RP-18 columns
(Merck, Darm stadt, Germany) and a M e0 H /H 20
(1:1 v/v) mixture as eluent. Detection of the iso
lated secondary metabolites during the isolation
process was performed in the same way as de
scribed above for the EtOAc fraction.
For structure elucidation 'H (ID and 2D
COSY) NMR and 13C (ID and DEPT-135) NMR
spectra were recorded on a Bruker AM 300 NMR
spectrom eter locked to the major deuterium reso
nance of the solvent, C D 3OD. CD spectra were
recorded in methanolic solution on a Jobin Yvon
CD 6 spectropolarimeter. High performance li
quid chromatography (HPLC) was performed on
a G ynkotek HPLC system (Gynkotek, Germany)
equipped with photodiode array detector, using a
routine detection wavelength of 254 nm. All sepa
rations were perform ed on a prefilled Eurospher
C-18 column (Knauer GmbH, Germany, 125 x
4 mm i.d.) applying a gradient starting with 100%
H 20 (pH 2, adjusted with phosphoric acid) for the
first five min and running up to 100% MeOH
within the following 35 min to keep this eluent for
another five min. Prior to use all solvents had been
distilled, whereas spectral grade solvents were
used for all spectroscopic experiments.
Results and Discussion
The isolation of secondary metabolites from the
dictyoceratid sponge A. insularis yielded fourteen
(1 -1 4 ) constituents, of which 14-oxo-aerophobin2 (1) (Fig. 1) is a novel bromoisoxazoline deriva
tive. The n-BuOH soluble fraction of the crude
m ethanolic extract of A. insularis gave seven dif
ferent bromotyrosine derivatives namely the pre
viously described aerophobin-1 (3) (40.3 mg)
(Cimino et al., 1983), aerophobin-2 (2) (21.7 mg)
(Cimino et al., 1983), aplysinamisin-1 (5) (3.4 mg)
(Rodriguez and Pina, 1993), aplysinamisin-2 (6)
(9.7 mg) (Rodriguez and Pina, 1993), purealidin L
(4) (29.3 mg) (Kobayashi et al., 1995), 2-(3,5-di-
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brom-4-methoxyphenyl)ethyltrimethylammonium
chloride (13) (33.7 mg) (Ciminiello et a l, 1994)
and the novel derivative 14-oxo-aerophobin-2 (1)
(11.3 mg), while the EtoAc fraction yielded seven
more constituents. Except for the quite unusual
marine natural product p-hydroxybenzoic acid
ethyl ester (ethylparaben) (14) (4.2 mg) the re
maining six compounds belong to the group of
bromoisoxazoline alkaloids, namely the known de
rivatives aerothionin (7) (91.8 mg) (Fattorusso et
a l, 1970), 11-oxo-aerothionin (9) (8.0 mg) (Acosta
and Rodriguez, 1992), 11-hydroxy-aerothionin (8)
(7.4 mg) (Kernan et a l, 1990), fistularin-3 (10)
(72.4 mg) (Gopichand and Schmitz, 1979), 11,19-

dideoxyfistularin-3 (11) (3.2 mg) (Kernan et a l,
1990) and methyl (6 R, 55')-7,9-dibrom-6-hydroxy8-methoxy-l-oxa-2-azaspiro[4.5]deca-2,7,9-trien-3carboxylate (12) (3.2 mg) (Ciminiello et a l, 1994).
Structure elucidation of the constituents 2 -1 3
was achieved by comparing the spectral data to
those reported in the literature. The structure of
(14) (p-hydroxybenzoic acid ethyl ester = ethyl
paraben) was confirmed by comparison of MS-,
UV- and HPLC-data with the commercially avail
able standard substance (Sigma) and by coelution
of the isolated constituent and the standard in a
HPLC experiment.
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The bromoisoxazoline derivative 14-oxo-aerophobin-2 (1) showed an isotopic cluster of M H+
ions in the ratio of 1:2:1 at m /z 520, 522, 524 in the
FAB-MS spectrum, indicating the presence of two
bromine atoms in the molecule. Comparing the
fragmentation pattern of (1) (Fig. 2 and 3) to the
previously described aerophobin-2 (2) (Cimino et
al., 1984) the FAB-MS and the NM R data indi
cated a molecular formula Ci 6H 19Br 2N 50 5 . By
comparing the 'H and 13C NMR spectra of (1)
(Tables I and II) to those of the previously re
ported aerophobin-2 (2) (Cimino et al., 1983) and
purealidin K (15) (Kobayashi et al., 1995) and by
analyzing the 1H -1H COSY spectrum of (1), the
entire structure could be elaborated to be that
shown (1).

Table I.
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NM R spectral data of 1 in C D 3OD.

Position

Chemical shift ( 6 )

H - la
H-5a
H-7a
H-7b
FI-10
H - ll
H-12a
H-12b
FI-13
3-O C H ,

4.13 (1H, s)
6.46 (1H, s)
3.81 (1H, d, / = 18.3)
3.13 (1H, d , / = 18.3)
3 .34-3.37 (m, under solvent)
1.65 (2H, m)
1.87 (1H, m)
1.65 (1H, m)
4.09 (1H, dd, J = 5 . 2/ 5.2)
3.77 (3H, s)

a These two signals show a crosspeak in the COSY
spectrum.
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H+

m/z 522

m/z 522

OCH,

m/z 295

m/z 226

In the 'H NMR spectrum the new derivative (1)
showed the same characteristic proton signals of
the spirocyclohexadiene-isoxazole ring system as
aerophobin-2 (2) at 4.13 ppm (1H, s, H -l),
6.46 ppm (1H, s, H-5), 3.13 ppm (1H, d, H-7b, J =
18.3 Hz) and 3.81 ppm (1H, d, H-7a, J = 18.3 Hz).
The presence of the spirocyclohexadiene-isoxazole
moiety was confirmed by the characteristic 13C sig
nals of carbons 1 to 9 (Table II). The presence of
the aliphatic side chain (H-10 to H-13) was evident
in the 2D COSY spectrum in which protons 10 to
12 were to higher field compared to aerophobin-2
(2) (Cimino et al., 1983). This difference is a result
of the loss of the double bond between C-13 and
C-14 in (1) and the presence of the aliphatic C-13

Fig. 2. Fragmentation pattern of 1.

carbon atom, that is also found in purealidin K
(15). The loss of the signal of H-14 at 6.47 found
in (2) indicated a significant difference at this
point in the molecule. Taking the molecular mass,
characteristic 13C chemical shifts (Tab.II) and
comparison of the 13C NMR data with those of
purealidin K (15) confirmed the presence of the
14-oxo-derivative of aerophobin-2. Positive Cot
ton effects in the CD-spectrum of 1 (c=2.1xl0'4,
M eOH ) at 245 nm (A20: +1.9) and 287 nm (A20:
+ 1.7) indicate that the absolute configuration of
C-l and C-6 are 1R and 6S, respectively (McMillan
et al., 1981).
It should be emphasized that the pattern of bro
moisoxazoline alkaloids as elucidated in this study
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Aplysina insularis. A erothionin (7) (Fattorusso et
al., 1970) and its derivatives 11-hydroxy-aerothionin (8) and 11-oxo-aerothionin (9) (Ciminiello et
al., 1994) have previously been described for
Aplysina fistularis species (Moody, 1972; Cimi
niello et al., 1994) but not specifically for Aplysina
insularis. On the other hand our isolation of aero

thionin (7) and its derivatives (8) and (9) from
Aplysina insularis contradicts the earlier conclu
sion of Ciminiello et al. (1996) that these special

Fig. 3. D ecom position of the ion m/z 226.

Table II. 13C NMR spectral data of 1 in C D 3OD.
Position

Chemical shift (mult.)

C -l
C-2
C-3
C-4
C-5
C -6
C-7
C -8
C-9
C-10
C -ll
C-12
C-13
C-14
C-15
3-OCFh

75.5 (d)
114.1 (s)
149.3 (s)
122.8 (s)
132.3 (d)
92.3 (s)
40.2 (t)
155.3 (s)
161.6 (s)
39.9 (t)
29.8 (t)
25.6 (t)
61.9 (d)
190.6 (s)
171.4 (s)
60.4 (q)

appears to be highly conserved for A. insularis as
shown by comparative HPLC analysis of an addi
tional 14 specimens of this sponge, that had like
wise been collected in the Caribbean in 1995 (data
not shown).
Com pounds (2) to (6) and (11) to (14) have
been described previously, although not for this
species and thus these are new constituents for

bromoisoxazoline derivatives are chemotaxonomic markers for Aplysina fulva. According to
our previous studies (Ebel et al., 1997) we have
shown that extraction of fresh Aplysina sponge tis
sues or extraction with aqueous solvents gives rise
to dienone (16) as biotransformation product,
while the amounts of genuine constituents such as
aerothionin (7) and fistularin-3 (10) diminish
through enzymatic conversion.
Acknowledgem ent

Financial support from the Deutsche For
schungsgemeinschaft (“Sonderforschungsbereich
251 der Universität W ürzburg”) and from the
“Fonds der Chemischen Industrie” to P. Proksch is
gratefully acknowledged. MS analyses were kindly
carried out by Dr. L. Witte (TU Braunschweig,
Germany) and Dr. M. Herderich (Univ.
Würzburg, Germany). We gratefully acknowledge
Professor C. Herdeis (Univ. Würzburg, Germany)
for his help with nomenclature. All NM R data
were recorded by B. Jaschok-Kentner (Gesell
schaft für Biotechnologische Forschung mbH,
Braunschweig, Germany). Last but not least we
are grateful to Professor W. Fenical (Scripps Insti
tution of Oceanography, San Diego, USA) for giv
ing our colleague Dr. A. Kunze the opportunity to
participate in a scientific cruise of the R /V Seward
Johnson to the Caribbean Sea in 1995, during
which all the Aplysinid sponges including the in
vestigated A plysina insularis were collected.

252

Th. F endert et al. • B rom oisoxazolin e A lkaloids from the Sponge A p lysin a insularis

Acosta A. L. and Rodriguez A. D. (1992), 11-oxo-aerothionin:a cytotoxic antitumor bromotyrosine-derived
alkaloid from the Caribbean marine sponge Aplysina
lacunosa. J. Nat. Prod. 55, 1007-1012.
Carney J. R. and Rinehart K. L. (1995), Biosynthesis of
brominated tyrosine m etabolites by A plysina fistularis. J. Nat. Prod. 58. 971-985.
Ciminiello P., Fattorusso E., Magno S. and Pansini M.
(1994). Chemistry of Verongida sponges III. Constitu
ents of a Caribbean Verongula sp. J. Nat. Prod. 57.
1564-1569.
Ciminiello P.. Fattorusso E., Magno S. and Pansinsi M.
(1996), Chemistry of Verongida sponges VI. Compari
son of the secondary metabolic composition o f A p lys
ina insularis and Aplysina fulva. Biochem Syst. Ecol.
24. 105-113.
Cimino G., D e Rosa S., D e Stefano S., Self R. and Sodano G. (1983), The bromo-compounds of the true
sponge Verongia aerophoba!Tetrahedron Lett. 24,
3029-3032.
Cimino G., Sodano G., Self R. and Fenwick R. G. (1984),
Fast atom bombardment mass spectra of com plex halogenated metabolites from Verongia sp. sponges.
Gazz. Chim. Ital. 114, 533-538.
Ebel R., Brenzinger M., Kunze A., Gross H. J. and
Proksch P. (1997), Wound activation of protoxins in
marine sponge Aplysina aerophoba. J. Chem. Ecol. 23,
1451-1462.
Fattorusso E., Minale L., Sodano G., Moody K. and
Thomson R. H. (1970), A erothionin, a tetrabromocompound from A plysina aerophoba and Verongia
thiona. J. Chem. Soc., Chem. Commun., 7 5 2 -7 5 3 .
Gopichand Y. and Schmitz F. J. (1979), Marine natural
products:fistularin-l,-2 and -3 from the sponge A p lys
ina fistularis forma fulva. Tetrahedron Lett.41, 3 9 2 1 3924.

Kernan M. R., Cambie R. C. and Bergquist P. R. (1990),
Chemistry of sponges VII. ll,19-dideoxyfistularin-3
and 1 1 -hydroxyaerothionin. bromotyrosine deriva
tives from Pseudoceratina durissima. J. Nat. Prod. 53,
6 1 5 -6 2 2 .
Kobayashi J., Horma K., Sasaki T. and Tsuda M. (1995),
Purealidins J-R, new bromotyrosine alkaloids from
the Okinawan marine sponge Psamaplvsilla purpurea.
Chem. Pharm. Bull. 43, 403-407.
Minale L., Cimino G., D e Stefano S. and Sodano G.
(1976), Natural products from porifera. Fortschritte d.
Chem. Org. Naturst. 33, 1-72.
Me Millan J. A., Paul I. C., Goo Y. M., Rinehart K. L.,
Krueger W. C. and Pschigoda L. M. (1981), An x-ray
study of aerothionin from Aplysina fistularis (PAL
LAS). Tetrahedron Lett. 22, 3 9 -4 2 .
Moody K., (1972), Aerothionin and homoaerothioninrtwo tetrabromo-spirohexadienyl isoxazoles from
Verongia sponges. J. C. S. Perkin, 1 8 -24.
Pulitzer-Finali G. (1986), A collection of West Indian
Dem ospongiae (Porifera). In appendix, a list of the
Dem ospongiae hitherto recorded from the West In
dies. Am. Mus. civ., St. Nat. Genova. 86, 65-218.
Rodriguez A. D. and Pina I. C. (1993), The structure of
Aplysinamines I, II and III:new bromotyrosine-de
rived alkaloids from the Caribbean sponge A plysina
cauliformis. J. Nat. Prod. 56, 907-914.
Sharma G. M. and Burkholder P. R. (1967), Studies of
antimicribial substances of sponges I. J. Antibiotics
A20. 200-203.

