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2,3,4-TRIBROMOPYRROLE FROM THE MARINE POLYCHAETE
POLYPHYSIA CRASSA!

R. EMRICH,* H. WEYLAND, and K. WEBER

Alfred-Wegener-Institute for Polar and Marine Research, 2850 Bremerbaven, Federal Republic of Germany

ABSTRACT.—Tribromopyrrole was isolated from the marine worm Polyphysia crassa. The
compound was found to be the major component responsible for the antibacterial activity of the

animal extracts.

Brominated pyrrole derivatives have
been reported from sponges (1) and bac-
teria (2). Halogenated metabolites iso-
lated from marine worms were mostly
identified as tyrosine-derived phenolic
bromocompounds (3,4).

We now report the isolation of 2,3,4-
tribromopyrrole, previously unknown as
a natural product, from Polyphysia crassa
Qersted (Scalibregmindae), a scalibreg-
mid polychaete, which occurs in the
North Atlantic and lives in shallow sedi-
ment burrows.

Individual animals were extracted
with Me,CO/n-hexane. Crude extracts
as well as acetylated and methylated
samples were subjected to gc analysis.
Two halogenated compounds were
found by electron capture detection and
tentatively identified by combined gc
and ms analysis as tribromopyrrole
(major component) and dibromopyrrole
(trace amounts). Dilute solutions of tri-
bromopyrrole decomposed slowly when
stored above —18°, forming di- and
tetrabromopyrrole due to a disproportio-
nation reaction. Thus, the dibromopyz-
role detected in the animal extracts
might result from decomposition of the
metabolite.

For further structure elucidation, au-
thentic material was synthesized by
bromination of pyrrole. The complex
reaction mixture was separated by silica

'Contribution No. 237 of the Alfred-
Wegener-Institute for Polar and Marine Re-
search.

chromatography to yield a small amount
of pure 2,3,4-tribromopyrrole, which
was distinguished from the 2,3,5-tri-
bromo isomer by comparison of 'H-nmr
and gc data with those reported in the
literature (5,6). Gc retention and mass
spectra of authentic 2,3,4-tribromopyr-
role were in all respects identical with
those of the natural product. Concentra-
tions, determined by gc analysis using
authentic material as reference, were
found to be 55-80 jLg/g wet wt, varying
for different individuals.

The compound exhibited marked an-
tibacterial activity. Growth inhibition
of 9 different Gram-positive and Gram-
negative marine bacteria, tentatively
identified as members of the genera Vib-
rio, Alteromonas, Corynebacterium, Bacil-
lus, and Flavobacterium and isolated from
surface sediments from the Northeast
Atlantic, was tested using the disk assay
method. At 50 pg/disk strong inhibi-
tion was observed for all test organisms.
At 10 pg/disk tests were negative for
one of two strains of either Vibrioand Al-
teromonas and moderately positive for the
other strains. Obviously a broad activity
is exerted by the compound, even
though the Gram-positive strains, Baci/-
lus and Corynebacterium, are somewhat
more inhibited than most of the Gram-
negative bacteria. Antibacterial activity
of crude animal extracts was evaluated
with respect to their content of metabo-
lite. Correlation with the results ob-
tained from authentic material indicated
that the predominant antibacterial com-
ponent of the extracts was 2,3,4-tribro-
mopyrrole.
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Because P. crassa is usually predated
by bottom-dwelling fish, the bromi-
nated metabolite was also investigated
for its ichthyotoxic properties. No effect
was observed when exposing goldfish
(Carassius auratus) to either pure samples
of 2,3,4-tribromopyrrole (max, 500 pg/
200 m!l H,O) or crude extracts of P.
crassa (max. 1 g animal/200 ml H,O).
Experimental procedures have previ-
ously been described in detail (7,8). For
evaluation of animal behavior, criteria as
described by Green (7) were applied.
The ecological significance of the an-
timicrobial activity exhibited by the
compound has yet to be proven.

EXPERIMENTAL

ANIMAL COLLECTION AND EXTRACTION.—
Samples of P. crassa were collected from —85 min
Gulmarfjord (Sweden) and frozen immediately. A
voucher specimen is stored at the Alfred-
Wegener-Institute, Bremerhaven.

Frozen animals (2—4 g wet wt) were ground
with 15 g Na,504 and 5 g quartz sand in a mortar
mill. Column extraction using 100 ml of
Me,CO-n-hexane (1:1) was applied for extraction
of metabolites. Crude extracts were stored at
— 18°, protected from light.

IDENTIFICATION.—Quantitative gc was con-
ducted with a Packard Model 428 equipped with
a ®*Ni-electron capture detector and a 30 m
fused-silica capillary column, i.d. 0.25 mm,
coated with 25 pm SE-54, on column injection,
temperature program 100° (1 min), 10%/min to
300°. Gc-ms was performed using a Finnigan
Mat 1050 mass spectrometer directly coupled toa
Perkin-Elmer Sigma 3B gas chromatograph. Gc
conditions as described above; gc-ms interface
300°; eims (+) 70 eV. All retention data were de-
rived by linear interpolation from gc-ms investi-
gations (9).

2,3,4—Tribmmopyrrole.—lH nmr (Et,0-dg) 8
6.58 (s, CH); ms m/z (%) [M1" 307 (24), (M1"
305 (92), [M1* 303 (100), (M1 301 (30), 226
(25), 224 (42), 222 (24), 199 (15), 197 (30), 195
(15), 118 (17), 116 (18), 81 (12), 79 (13); gc re-
tention index 1652.

N-Acetyl-2,3,4-tribromopyrrole.—Ms miz (%)
M1 3493), (M1 347(8), IM]" 345(8), IM1"
343 (3), 307 (18), 305 (49), 303 (55), 301 (19),
226 (8), 224 (14), 222 (8), 43 (100); gc retention
index 1758.

N-Mezrhyl-2,3,4-tribromopyrrole.—Ms miz (%)
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[M1* 321(35), IM]" 319 (100), IM1* 317 (91),
IM]1T 315 (23), 199 (17), 197 (31), 195 (17).

SYNTHESIS AND DERIVATIZATION.—2,3,4-
Tribromopyrrole.—Bromine (800 mg) was added
dropwise to 350 mg pyrrole and 400 mg Et;N in
15 ml CClg at —10°. Et,O was added, and the
solution was washed with aqueous Na,SO;. The
organic layer was concentrated at 0° and subjected
to liquid chromatography immediately [Kiesel-
gel Si 60 Merck, eluent n-hexane—Et,0O (1:1)] to
yield 20 mg of the desired product (mono-, di-,
and tetrabromo derivatives were also obtained).
Compounds were dissolved in Et,O with a few
drops of Et,N added and stored at —18°.

Acetylation.—Pyridine (40 pl) and Ac,0 (20
1) were added to either 50 pl of crude animal ex-
tract or 20 pg of synthetic material. After the
reaction mixture was kept at room temperature
for 1.5 h, 3 ml of hexane was added, and the solu-
tion was washed with 0.1 N HCl and 0.1 N
NaOH to remove excess reagent.

Methylation.—Excess ethereal CH,N, was
added to either 50 ul of crude animal extract or
20 pg of synthetic material. After 1 h at room
temperature, the solvent was evaporated and the
residue dissolved in hexane.

ANTIMICROBIAL ACTIVITY.—Tests  were
conducted with 100 g, 50 g, and 10 g of au-
thentic material and aliquots of crude extract con-
taining 10 wg of metabolite, according to gc
analysis. Ethereal solutions were applied on a
sterilized disk (10 mm diameter) and the solvent
evaporated. The disk was placed on a marine agar
plate freshly inoculated with the test organisms.
Tests were evaluated after 48 h by measuring the
bacteria-free zone around the disk (>5 mm,
strong inhibition; 2-5 mm, moderate inhibition;
<1 mm, no inhibition).
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