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ABSTRACT

NH2

A detailed analysis of the chemical constituents of a specimen of Agelas wiedenmayeri (Alcolado, 1984) was performed. Four brominated
alkaloids (1-4) were isolated and one was identified as a new bromopyrrole metabolite. The structure of the new compound, 1, was assigned
using spectroscopic methods. Compounds 2 and 3, which are the major brominated metabolites, have been previously described from other
Agelas sponges. The new compound, 1, may be a biosynthetic precursor for oroidin-like derivatives.

Bromopyrrole-derived alkaloids are well-known in marine
sponges of the genusgelast In our search for bioactive
substances from marine organisms, a series of brominated Br

pyrrole alkaloids have been isolated from a specimen of the H

spongeAgelas wiedenmayeghlcolado, 1984) collected off N AN Jj\((m
the coast of the Florida Keys, FL. Examination of the o I\/V NHg H
methanol/dichloromethane extract of this sponge resulted in 2 ©
isolation of the known alkaloids 4,5-dibromopyrrole-2- Br. o HZN

carboxylic acid2, oroidin 3, and bromoageliferid as well | \
as of the new bromopyrrole-derived alkaloid, 4-bromo- N H
pyrrole-2-carboxyhomoargining (5 mg, 0.005% of dry )gj\'( \/\/E >“NH2 o _2:}\
weight) (Figure 1). In this communication we describe the

isolation and structural elucidation of the new bromopyrrole

alkaloid 1. To the best of our knowledge, this is the first N

report on the chemistry ofgelas wiedenmayeri.

Figure 1. Secondary metabolites éfgelas wiedenmayeri
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(1) (@) Braekman, J. C.; Daloze, D.; Stoller, C.; van Soest, R. W. M. : ;
Biochem. Syst. Ecal992,20, 417-431 and references therein. (b) Cafieri, . The_manne_ spopgAgeIas Wledenmaye(’Al_COIado’ 1984)
F.; Carnuccio, R.; Fattorusso, E.; Taglialatela-Scafati, O.; Carnuccio, R. investigated in this study was collected in May 1998 by

Bioorg. Med. Chem. Letl.995,5, 799—804. (c) Cafieri, F.; Fattorusso, E.; ivi i
Mangoni, A.; Taglialatela-Scafati, @etrahedron 996,52, 13713-13720. SCL.JBA dlvmg (19 ft dEpth) .at No'rth Dry Rocks in the
(d) Cafieri, F.; Fattorusso, E.. Mangoni, A.. Taglialatela-Scafati, 0. Florida Keys, FL. The specimen is composed of short,

Tetrahedron Lett1996 37, 3587-3590. (e) Cafieri, F.; Carnuccio, R.; reddish, thick-walled tubes of up to 3 cm diameter with
Fattorusso, E.; Taglialatela-Scafati, O.; VallefuocoBiaorg. Med. Chem. —_ s . .
Lett. 19977, 2283-2288. (7) Cafieri, F.; Fattorusso, E.; Taglialatela-Scafati, Characteristic keyhole terminations. A voucher specimen is
0.J. Nat. Prod.1998,61, 122—125. deposited under registration no. ZMA POR. 13505 in the
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Zoologisch Museum, Amsterdam, The Netherlah8amples

of Agelas wiedenmayenvere immediately frozen after
collection and kept at-20 °C until extraction. For bulk
extraction followed by isolation of brominated secondary
compounds, lyophilized tissue (94.68 g) Adelas wieden-
mayeriwas ground and extracted at room temperature in
methanol/dichloromethane. The orange/brown-colored wet
crude extract was partitioned betweerthexane (3x 500
mL) and methanol (150 mL). The methanol extract was
partitioned again between ethyl acetate300 mL) and
water (300 mL) and finally the aqueous layer was subse-
quently extracted with 1-butanol 8 500 mL). The resulting
ethyl acetate (2.7 g) and 1-butanol (3.2 g) phases were
purified by gel permeation chromatography on Sephadex
LH-20 using methanol as eluent. Fractions containing
brominated metabolites were collected and monitored by
TLC? and detected by their UV absorbance at 254 or 366
nm. Final purification of the isolated compounds was usually
achieved by silica flash column chromatography with a
mixture of chloroform/methanol/ammonia (40:20:1 v/v) as
eluents. Alternatively, compounds were purified either by
preparative HPLE or by preparative LPLE using 0.1%
trifluoroacetic acid with acetonitrile/water gradiefits.

Four compoundsl(-4) could be isolated by the described
method. The brominated alkaloids 4,5-dibromopyrrole-2-
carboxylic acid2, oroidin 3, and bromoageliferirt were
identified by comparison of their spectroscopic data with
those previously reportédThe FAB mass spectrum (positive
ion mode) ofl showed prominent pseudomolecular ion peaks
at m/z360 and 362 [M+ H]* in the ratio 1:1, suggesting
the presence of one bromine atémhe molecular formula

(2) The consistency of the specimen is firm, and the skeleton offers a
well-developed rectangular reticulation of spongin fibers. Primary fibers
follow a straight course over large distances, they are abou6@@m in
diameter and are cored throughout the skeleton by 8picules in cross
section. Secondary fibers connect the primaries at right angles; their diamete
is on the average slightly less than that of the primaries, up to about 50
um, and they are usually uncored. Both primary and secondary fibers are
irregularly echinated, in some places frequently with distances of less than

50 um between the spicules, in other places echinating spicules are rare.

Meshes elongate; sizes vary 15860 x 50—250um; spicule sizes, 95
140 x 4—8um, with 9—13 whorls of spines. These data conform closely
to the description of Alcolado’s type.

(3) This was performed on precoated TLC plates with silica gel 89 F
(E. Merck, Darmstadt, Germany) using the same solvent system.

(4) LiChrosorb RP-select B (iZm), 25 x 250 mm; E. Merck, Darmstadt,
Germany.

(5) Silica Reversed Phase Lobar ready-filled column, LiChroprep RP-8
(40—63um), B-size (316-25), E. Merck, Darmstadt, Germany.

(6) For HPLC analysis, samples were injected into a HPLC system
equipped with a photodiode-array detector (JASCO, Germany). Routine
detection was at 280 nm. The separation column ¢4.850 mm, 5um)
was prefilled with Kromasil RP-18 (Knauer GmbH, Germany). Separation
was achieved by applying a linear gradient from 20%®Hcontaining 0.1%
trifluoroacetic acid) to 60% acetonitrile in 40 min. For extraction, solvents
were distilled prior to use, and gradient-grade solvents were used for
chromatographic applications.

(7) (a) Forenza, S.; Minale, L.; Riccio, R.; E., ¥.Chem. Soc., Chem.
Communl1971, 1129—1130. (b) Garcia, E. E.; Benjamin, L. E.; Fryer, R.
I. J. Chem. Soc., Chem. CommaA73, 78-79. (c) Kobayashi, J.; Tsuda,
M.; Murayama, T.; Nakamura, H.; Y., O.; Ishibashi, M.; lwamura, M.; Ohta,
T.; Nozoe, S.Tetrahedron1990, 46, 5579—5586. (d) Keifer, P. A,
Schwartz, R. E.; Koker, M. E. S.; Hughes, R. G., Jr.; Rittschof, D.; Rinehart,
K. L. J. Org. Chem1991,56, 2965—2975, errata 5736, 6728. (e) Walker,
R. P.; Faulkner, D. J.; van Engen, D.; ClardyJJAm. Chem. S0d.981,
103, 6772—6773. (f) Olofson, A.; Yakushijin, K.; Horne, D. A. Org.
Chem.1998,63, 57875790.
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of 1 was established as,§H19BrNsO; by HR-FABMS (m/z
362.0660, [M+ H]*, A + 1.0 mmu) which is in accordance
with the'H and**C NMR data. Table 1 summarizes the 1D

Table 1. 'H and®*C NMR Spectral Data ol in DMSO-d¢®

position o(13C)2 O(tH)P COSYe HMmBCH
N-1 - 11.84(1H) 5 3
C-2 126.3 - -
C-3 1121 6.99 (1H) - 2,5
C-4 94.9 - - -
C-5 121.4 7.00 (1H) 1 3,4
C-6 159.5 - - -
N-7 - 8.20 (1H) 8 6,8,9
C-8 51.6 4.32 (1H) 7,9 6,8,9,10
Cc-8 173.6 - - -
c-9 30.3 1.71 (2H) 8, 10 8,8, 10, 11
c-10 22.9 1.36 (2H) 9 -
c-11 280  1.48(2H) 12 10, 12
c-12 40.7 3.09 (2H) 11,13 10,11, 14
N-13 - 7.55 (1H) 12 11, 12
C-14 156.6 - - -

alH chemical shifts are referenced to the DM8gsignal (2.50 ppm).
b13C chemical shifts are referenced to the DM8gsignal (39.5 ppm).
¢ The COSY correlations are given for both sides of the diagdtiEthe
HMBC correlations are given from protons to carbons. Further correlations
were observed but not used because of a low signal-to-noise ratio or
unambiguous assignment. These correlations are not given in the table and
were not used in the &on calculations (H-1 to C-4, H-10 to C-11, and
H-11 to C-9).

and 2D NMR data of.. The 4-bromopyrrole-2-carboxamide
moiety was strongly indicated by the signalsda6.99 (H-
3) andd 7.00 (H-5) in the!H NMR spectrum (DMSQdg)
and by the®*C NMR pattern of resonancesdd26.3, C-2;

©Oc 112.1, C-3,0¢ 94.9, C-4;0¢ 121.4, C-5;0¢ 159.5, C-6),

which appeared very similar to the values reported in the
literature for otherAgelasbromopyrrole alkaloid$S7d The
presence of the pyrrole part was also supported by the UV
absorption (HO) atAmax 271 nm € 11 500), which is typical

for 2-carboxamide-substituted pyrrole chromophdfd=ur-
thermore, the'3C NMR data showed characteristic reso-
nances due to four gpnethylenes atc 40.7, 30.3, 28.0,
and 22.9 and two $pquaternary carbons & 156.6 and
173.6. The spcarbon chemical shift (C-14) &t 156.6 ppm
implied the presence of a guanidino group. This was

(8) Mass spectral analysis (HRFAB-MS) was performed on a JEOL JMS-
700 sector-field mass spectrometer with 3-nitrobenzyl alcohol (NBA) as
matrix.

(9) 'H NMR and13C NMR spectra were recorded on Bruker AM 250,
AMX400 and DRX600 NMR spectrometers. A 5-mg sampleldh 0.5
mL DMSO-ds was used for the NMR measurements. All NMR experiments
were measured at 300 K. The DQH;'H-COSY and the'H,3C-HSQC
experiment were carried out with standard parameters f{{éC-HMBC
experiment was acquired with 4096 data pointEir{acquisition time 228
ms), 256 increments, and 128 acquisitions. The delay for evolution of the
heteronuclear long-range couplings was set to 80 ms and the relaxation
delay to 1.8 s. The pulse programs were used from the Bruker library.

(10) Jaffe, H. H.; Orchin, MTheory and Application of UV Spectroscopy
Wiley: New York, 1962; pp 356351. UV/vis spectra were obtained in
H,0O using a Perkin-Elmer UV/vis spectrometer Lambda 16.
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confirmed by a positive coloration in the Sakaguchi tést. In structuresl-1 (averaged®C chemical shift deviation
The signal abc 173.6 ppm was attributed to a carboxylate over all carbon atoms calculated with SpecHdit)(*3C)0]
group, further supported by the IR (KBr) absorption band at = 4.0 ppm) andl-2 (7.9 ppm) the NH and the°®f the

Vmax 1676 cnrl.1? homoarginine part are exchanged in contrast to structures

In order to evaluate the correctness of the proposed1-3 (3.7 ppm) and-4 (6.2 ppm). In structures-1 and1-3

structurel, a Gocon calculation® with the experimental data ~ the Pyrrole substituents are exchanged in comparison to
structuresl-2 and1-4. This has a more dramatic effect on

the averagedfC chemical shift deviations than the exchange
of NH and C. The structured4-1 and1-2 can be excluded
because these are carbamic acids which are not stable under
laboratory conditions. The structural propo%d is favored
by its chemical deviations obtained by SpecEdit calculations
and thus supposed to be the correct constitution.
Compoundl is a condensation product of 4-bromopyrrole-
2-carboxylic acid and homoarginine. This compound is of
interest because it does not correspond to the proposed
biosynthesis of the oroidin-like alkaloids. The hypothetical
biosynthetic pathway is based on the formation of an amide
bond between a pyrrole-2-carboxylic acid precursor and an
aminopropylimidazole moiety which are both derived from
ornithine!? Therefore, compound may be alternatively a
biosynthetic precursor of hymenidin/oroidin-related alkaloids
in sponges of the genu&gelas. Further investigations of
the biosynthesis must validate this hypothesis.

(12 COSY* and 23 HMBGS? correlations) was carried out.
The bonds of the guanidino group were set fixed due to the
positive Sakaguchi test. dcon generated 20 possible
structures, containing the homoarginine substructure. For all
structural proposals &C chemical shift calculation was
carried out using SpecEdit.The best proposal had a 2,3-
substitution pattern of the pyrrole which is not in accordance
with the COSY data because no correlation was obtained
between H-3 and H-5. One COSY correlation in the
homoarginine part was not obtained experimentally (H-10
to H-11). Since this part is fixed due to the HMBC
correlations it was predefined and thed®n calculations
were repeated with the option that all bonds between two
protonated carbons were forbidden if no COSY correlation
was observed. With this restrictiono€on generated four
possible structures (Figure 2).

o 2
/7 HN"" ~OH NH,
N N7 NH
Ho 9 H
1-1
o)
Br,
== HNJ\OH NH,
HN
N NH
Is) H
1-2
Br,
4 i H H
N N N.___NH
H
© " on NH,
Br 1-3
= H H
HN@YNI\/\/N NH
NH
© 0" ~oH 2
1-4

Figure 2. Structural proposals df generated by Gcon.
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