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A detailed analysis of the secondary metabolites of a specimen of Agelas sventres was carried out here for
the first time. The chemistry of Agelas sponges is dominated by bromopyrrole derivatives. Besides three
known bromopyrrole metabolites, a new compound, sventrin (1), was isolated and its structure identified
using spectroscopic methods. Sventrin (1) was shown to be a feeding deterrent compound against a common
omnivorous reef fish.

A series of brominated pyrrole alkaloids have been
isolated from a specimen of the sponge Agelas sventres
collected off the coast of North Cat Cay, Bimini, Bahamas.
A. sventres was first described by Lehnert and van Soest
in 1996 and before known as Agelas sp. 3 for many years,
but the chemistry was unknown.1 This is the first report
on the chemistry of this Agelas species from the Bahamas.
The dichloromethane/methanol extract of this sponge (see
Figure 1) resulted in the isolation of the known alkaloids
hymenidin (2, 417 mg), oroidin (3, 328 mg), 4,5-dibromo-
pyrrole-2-carboxylic acid (4, 35 mg), and a new bromopy-
rrole-derived alkaloid, sventrin (1, 75 mg). In this note, we
describe the isolation and structural elucidation of this
novel bromopyrrole alkaloid 1 and the feeding deterrent
properties of 1 and 2 (data of 3 and 4 are already known)
against the omnivorous reef fish Thalassoma bifasciatum.

The compounds 1-4 were isolated using previously
reported methods.2 The brominated alkaloids hymenidin
(2), oroidin (3), and 4,5-dibromopyrrole-2-carboxylic acid
(4) were identified by comparison of their spectroscopic data
with those reported in the literature.3 The ESI mass
spectrum (negative ion mode) of sventrin (1) showed an
isotopic cluster at m/z 400, 402, and 404 [M + H]+ in the
ratio 1:2:1, suggesting the presence of two bromine atoms.
The molecular formula of 1 was established as C12H14-
Br2N5O by HRFABMS (m/z 401.9565, [M + H]+, ∆ ) 0.1
mmu), which is in accordance with the 1H and 13C NMR
data. The NMR spectra of 1 are very similar to those of
oroidin (3). The only differences are that 1 has one less
NH signal and an additional methyl signal at 3.89 ppm.
The signal at 3.89 ppm was assigned as an N-methyl group.
The absence of the pyrrole NH and the presence of HMBC
correlations from the N-methyl group to C-2 and C-5
established the structure of 1 as N(pyrrole)-methyl oroidin
() sventrin). 1D and 2D NMR data of 1 are summarized
in the Experimental Section.

Deterrent metabolites appear to be the principal defen-
sive strategy of Caribbean sponges against predatory reef
fishes, because in a recent study no evidence was found
for structural or nutritional defenses.4 Brominated pyrrole
derivatives are known to function as feeding deterrents of
sponges in the families Axinellidae and Agelasidae.5 To
investigate the ecological role of the major metabolites of
A. sventres, aquarium assays for the feeding deterrency
were carried out against a common omnivorous reef fish
using previously described methods.5c,6

Hymenidin (2) was first isolated in 1986,3c but no reports
of testing in the feeding deterrent assay against Thalas-
soma bifasciatum have yet appeared. Oroidin (3) and 4,5-
dibromopyrrole-2-carboxylic acid (4) have been tested
several times in this assay5a,c,7 and were therefore not
tested again in this investigation. The minimum concen-
trations for a feeding deterrent activity of these two
compounds are 0.7 mg/mL for 3 and 0.8 mg/mL for 4.
Sventrin (1) and hymenidin (2) were tested at concentra-
tions of 1, 3, 5, and 10 mg/mL in the aquarium assay (for
details see Experimental Section and Supporting Informa-
tion). Hymenidin (2) is not active at 1 mg/mL (active at 3
mg/mL) and shows therefore a smaller feeding deterrency
than oroidin (3). This was expected since it was shown for
pyrrole-2-carboxylic acid derivatives that bromination is
important for the feeding deterrency.5c Also, N-methylation
of the pyrrole nitrogen as in sventrin reduces the feeding
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deterrent activity (for details see Experimental Section).
These results and previously obtained results showed that
all four compounds deterred feeding of the Caribbean reef
fish T. bifasciatum in aquarium assays. However, oroidin
(3) is the only component in the tissue of A. sventres at
sufficient concentration (0.9 mg/mL, the minimum concen-
tration required for the feeding deterrency is 0.7 mg/mL)
to be most likely responsible for the feeding deterrency.
The other metabolites 1, 2, and 4 were found only in lower
tissue concentrations (0.2, 1.1, and 0.1 mg/mL, respec-
tively). The feeding deterrency is probably effected by all
four compounds; however, the mixture has not yet been
tested.

The HPLC profile of the crude extract of Agelas sventres
differs from that of A. cervicornis, A. clathrodes, A. dispar,
and A. wiedenmayeri, where the major metabolites are only
the “monomeric” building blocks 3 and 4 (see Figure 1). In
none of these Agelas species was either sventrin (1) or
hymenidin (2) isolated as a major metabolite. This is
further evidence for the distinctiveness of A. sventres from
A. clathrodes, which traditionally included the former
within its variation (see Experimental Section and Sup-
porting Information).

Experimental Section

General Procedures. 1H NMR and 13C NMR spectra were
recorded on Bruker AM250, AMX400, and DRX600 NMR
spectrometers. All NMR experiments were measured at
300 K. The DQF-1H,1H-COSY, 1H,13C-HSQC, 1H,13C-HMBC,
1H,15N-HSQC, and 1H,15N-HMBC experiments were carried
out using standard parameters. Mass spectral analysis (HR-
FABMS) was performed on a JEOL JMS-700 sector-field mass
spectrometer with 3-nitrobenzyl alcohol as matrix or using a
Fison VG Platform II for ESIMS. HPLC analysis was carried
out as previously reported.2 IR (KBr) spectra were recorded
on a Perkin-Elmer 1600 Series FT-IR spectrometer. UV/vis
spectra were obtained using a Perkin-Elmer UV/VIS spec-
trometer Lambda 16.

Animal Material. The marine sponge Agelas sventres
(Lehnert and van Soest, 1996) investigated in this study was
collected in August 2000 by scuba diving (18 m depth) at North
Cat Cay, near Bimini, Bahamas. Voucher specimens are
deposited at the Porifera collections of the Zoological Museum
Amsterdam, The Netherlands (ZMA POR. 16400), and at the
Instituto de Investigaciones Marinas y Costeras, INVEMAR,
Santa Marta, Colombia (INV-POR 0584). A detailed taxonomic
description is given in the Supporting Information. The studied

material from the Bahamas was kindly compared to the
holotype from Jamaica (ZMA POR. 11322) by Dr. Rob W. M.
van Soest (Zoological Museum Amsterdam), and the identity
confirmed. The species in the Bahamas was originally de-
scribed within the variation of A. clathrodes (Schmidt, 1870),8
but it was later discovered that it was a different, undescribed
species.9 It was dubbed Agelas sp. 3 for many years by
Caribbean spongologists until its formal naming and descrip-
tion.1 However, its conspecificity with the original A. schmidti
(Wilson, 1902) (non A. schmidti sensu Wiedenmayer, 19778 and
Zea, 1987,9 which is A. wiedenmayeri Alcolado, 198410), re-
mains to be determined.

Extraction and Isolation. The sample of Agelas sventres
was immediately frozen after collection and kept at -20 °C
until extraction. The freeze-dried sponge sample of A. sventres
(93.5 g) was chopped into small pieces and extracted at room
temperature exhaustively in a 1:1 mixture of CH2Cl2/MeOH.
The orange-colored crude extract of A. sventres was partitioned
between n-hexane (4 × 300 mL) and MeOH (150 mL). The
MeOH extract was then partitioned between n-BuOH (5 × 300
mL) and H2O (300 mL). The resulting n-BuOH (4.32 g) phase
from the solvent partitioning scheme was purified by gel
permeation chromatography on Sephadex LH-20 (Pharmacia)
using MeOH as mobile phase. Final purification of the isolated
compounds was achieved by preparative RP18 HPLC (for
details, see Supporting Information) to afford 1 (75 mg, 0.08%
of dry weight), 2 (417 mg, 0.45% of dry weight), 3 (328 mg,
0.35% of dry weight), and 4 (35 mg, 0.04% of dry weight).

Sventrin (1): light yellow powder; UV (MeOH) λmax (log ε)
274 (4.27) nm; IR (KBr) νmax 3334, 2360, 1696, 1541, 1506,
1417, 1332, 1264, 1202, 1138, 956, 800, 722 cm-1; 1H NMR
(DMSO-d6, 250 MHz) δ 3.89 s, NCH3; 3.93 t, J ) 5.5, 5.7 Hz,
H2-8; 6.09, dt, J ) 5.5, 16.1 Hz, H-9; 6.23, d, J ) 16.1 Hz,
H-10; 6.90, s, H-15; 7.06, s, H-3; 7.71, br, NH2-16; 8.50, t, J )
5.7 Hz, NH-7; 12.19, br, NH-14; 12.86, br, NH-12; 13C NMR
(DMSO-d6, 62.9 MHz) δ 35.4, NCH3; 39.9, C-8; 97.0, C-4; 110.7,
C-5; 110.8, C-15; 114.1, C-3; 116.4, C-10; 124.9, C-11; 126.3,
C-9; 127.6, C-2; 147.9, C-13; 159.6, C-6; 15N NMR (DMSO-d6,
60.8 MHz) δ 59, N-16; 108, N-7; 132, N-12; 135, N-14; 156,
N-1 (the chemical shifts were calibrated according to the
Bruker frequency, which is set to 0 ppm for NH3, the accuracy
is about 1 to 2 ppm); COSY correlations H-7/H-8, H-8/H-9, H-9/
H-10; 1H,13C-HMBC correlations H-1/C-2, H-1/C-5, H-3/C-2,
H-3/C-5, H-3/C-6, H-7/C-6, H-7/C-8, H-8/C-6, H-8/C-9, H-8/
C-10, H-9/C-8, H-9/C-11, H-10/C-8, H-10/C-9, H-10/C-11, H-10/
C-15, H-15/C-10, H-15/C-11, H-15/C-13; 1H,15N-HMBC cor-
relations H-3/N-1, H-8/N-7, H-9/N-7, H-10/N-12, H-15/N-12,
H-15/N-14, H-16/N-12, H-16/N-14; HRFABMS m/z 401.9564
[M + H]+ (calcd for C12H14

79Br2N5O, 401.9565).

Figure 1. HPLC profiles of the n-butanol phase of Agelas clathrodes (left) and Agelas sventres (right). HPLC conditions, column: Kromasil RP18,
4.6 × 250 mm, 5 µm; gradient: 20-60% MeCN/H2O + 0.1% TFA in 40 min; flow rate: 1 mL/min, UV detection at 280 nm. The retention times for
A. sventres are as follows: hymenidin (2) tR ) 9.49 min, oroidin (3) tR ) 14.81 min, sventrin (1) tR ) 19.61 min, and 4,5-dibromopyrrole-2-carboxylic
acid (4) tR ) 19.96 min.
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Hymenidin (2): light yellow powder; UV (MeOH) λmax (log
ε) 268 (4.25) nm; 1H NMR and 13C NMR data same as reported
in ref 3c; HRFABMS m/z 310.0315 [M + H]+, calcd for C11H13-
79BrN5O, 310.0304.

Oroidin (3): light yellow powder; UV (MeOH) λmax (log ε)
274 (4.35) nm; 1H NMR and 13C NMR data same as reported
in refs 3a,b,d; HRFABMS m/z 387.9404 [M + H]+, calcd for
C11H12

79Br2N5O, 387.9408.
4,5-Dibromopyrrole-2-carboxylic acid (4): light yellow

powder; UV (MeOH) λmax (log ε) 271 (4.05) nm; 1H NMR and
13C NMR data same as reported in refs 3a,b; ESIMS (neg) m/z
266 (53), 268 (100), 270 (51).

Feeding Assays. A description of the feeding assay is given
in the Supporting Information. Compounds 1 and 2 were tested
at concentrations of 1, 3, 5, and 10 mg/mL. Three replicate
assays were conducted at each concentration. For any indi-
vidual assay, a treatment was considered deterrent if the
number of pellets eaten was less than or equal to 6 (p < 0.043,
Fisher exact test, one-tailed).11 The averaged values for the
number of pellets eaten were (standard deviations in paren-
theses) 6.7 (0.6), 4.3 (0.6), 2.3 (0.6), and 0.3 (0.6) for 1 and 8.7
(0.6), 5.3 (0.6), 3.3 (0.6), and 0.7 (0.6) for 2. Compounds 3 and
4 were not tested again in this investigation because we have
carried out this before.5c
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