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A NEW BROMINATED DIPHENYL ETHER FROM A
PHILIPPINE DYSIDEA SPECIES
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ABSTRACT.—A new brominated diphenyl ether, 2-(2’-bromophenoxy)-3,4,5,6-tetra-
bromophenol {1}, has been isolated as the major metabolite of a species of Dysidea from the

Philippines.

Sponges of the genus Dysides are re-
nowned for the variability of their chem-
ical constituents, which include an un-
usual aziridine (1), monoterpenes (2),
sesquiterpenes (3—20), diterpenes (21—
23), meroterpenoids (24-32), polyhy-
droxylated sterols and secosterols (33—
38), polychlorinated metabolites de-
rived from amino acids (39—46), and
polybrominated diphenyl ethers (47—
51). Although terpenoids are found in
both temperate and tropical species, the
polyhalogenated metabolites appear to
be limited to tropical species of Dysidea
that coincidentally contain large popula-
tions of cyanophytes within their tis-
sues. Our interest in the correlation of
polyhalogenated metabolites with the
presence of cyanophytes has led us to
examine several Dysidea species from the
Philippines. In this paper we report the
isolation and characterization of a new
polybrominated diphenyl ether, 2-(2'-
bromophenoxy)-3,4,5,6-tetrabromophenol
[1}.

Specimens of an unidentified species
of Dysidea were collected by hand using
scuba at a depth of 20 m near San Jose,
Batangas, Philippines. The nonpolar
material from an MeOH extract of the
sponge was chromatographed on Si gel
to obtain a uv-active fraction that was
separated by hplc on Partisil to obtain 2-
(2'-bromophenoxy)-3,4,5,6-tetrabromo-
phenol {1} (2% dry wt) as a white crystal-
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line solid, mp 143-145°, and 2-(2’,4'di-
bromophenoxy)-3,4, 5 ,6-tetrabromophenol
{2} (0.3% dry wt). 2-(2',4’-Dibromo-
phenoxy)-3,4,5,6-tetrabromophenol {2}
was identified by comparison of the
spectral data with those reported by Ut-
kina et #l. (51). The corresponding
methyl ethers 3 and 4, prepared by
treating an Et,O solution of the inter-
mediate mixture of phenols with ethereal
CH,N, solution, were easily separated
by Si gel chromatography.
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The high resolution mass spectrum of
2-(2'-bromophenoxy)-3,4,5,6-tetrabromo-
phenol [1} contained the correct cluster
of peaks for the molecular formula
C,,HsBr;0,. The uv absorption at 295
nm (€ 4500) was shifted to 310 nm on
addition of a drop of base, which indi-
cated the presence of a phenolic group.
The 'H-nmr spectrum contained four
signals at 8 6.52 (dd, 1H, J=8.2, 1.6
Hz), 6.99 («d, 1H, J=7.9, 1.5 Hz),
7.18 (ddd, 1H, J=8.2, 8.0, 1.6 Hz),
and 7.65 (dd, 1H, J=7.9, 1.6 Hz) that
must be assigned to four adjacent hydro-
gens on an aromatic ring. The "*C-nmr
spectrum contains 12 signals and there-
fore supports the proposed structure, 2-
(2'-bromophenoxy)-3,4,5,6-tetrabromo-
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phenol {1}, rather than the alternative
structure with a symmetrically substi-
tuted pentabrominated aromatic ring.
The spectral data for the corresponding
methyl ether 3 is in complete accord
with the proposed structure.

The two polybrominated phenols 1
and 2 have approximately equal an-
timicrobial activity against the Gram-
positive bacteria Staphylococcus aureus and
Bacillus subtilis, but the corresponding
methyl ethers 3 and 4 are inactive in
these assays.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—
Ir spectra were recorded on a Perkin-Elmer 783
spectrophotometer. Uv spectra were measured in
MeOH solution using a Petkin-Elmer Lambda
3B spectrophotometer. 'H-nmr spectra were re-
corded at 360 MHz in CDCl; solution (8. = 0)
on a custom-buile instrument. '*C-nmr spectra
were recorded at 50 MHz in CDCl; solution,
(3rams = 0) on a Brucker WP-200 spectrometer.
Mass spectra were measured on a Hewlett-Pack-
ard 5890 spectrometer or were obtained from the
UC Riverside regional facility. Melting points
(uncorrected) were determined on a Mel-Temp
apparatus. All solvents were distilled from glass
prior to use.

COLLECTION, EXTRACTION AND ISOLATION
PROCEDURES.—A small specimen of Dysidea sp.
(3.4 g dry wt) was collected by hand using scuba
near San José, Batangas, Philippines, and was
stored in MeOH for 3 months at 4°. Our speci-
men of Dysidea sp. (Scripps Institution of
Oceanography Benthic Invertebrate Collection
#P1111) is a portion of a sponge of the family
Dysideidae, order Dictyoceratida. The specimen
is a thin sheet (1-2 mm thick) with a finely con-
ulose surface that was dark purple-gray in life.
The endosomal skeleton is a dense reticulation of
heavily cored primary and secondary fibers with a
tendency to form fascicles.

The MeOH was carefully decanted, and the
sponge was washed with fresh MeOH at room
temperature over a period of 2 days. The com-
bined MeOH extracts were evaporated to obtain
an aqueous suspension that was diluted with dis-
tilled H,O (150 ml) and extracted sequentially
with hexane (2 X 200 ml), CH,Cl, (2 X 200 ml),
and EtOAc (2 X 200 ml). The extracts were dried
over anhydrous Na,S8O, and the solvents evapo-
rated to obtain three oily fractions (hexane, 200
mg; CH,Cl,, 17 mg; EtOAc, 5 mg). All three
fractions showed good antimicrobial activity and
similar aromatic signals in the 'H-nmr spectrum;
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they were therefore combined. The combined or-
ganic extracts were chromatographed on Si gel
(20 g) under a positive pressure of N, using sol-
vents of increasing polarity from hexane to
EtOAc. Those fractions that exhibited antimicro-
bial activity were combined. The tlc of this mate-
rial showed a single uv-active spot, but the 'H-
nmr spectrum indicated the presence of two com-
pounds. A major portion of the material was sepa-
rated by hplc on Partisil into two fractions that
consisted of 2-(2'-bromophenoxy)-3,4,5,6-tet-
rabromophenol {1} (66 mg., 2% dry wt) and 2-
(2',4'-dibromophenoxy)-3,4,5,6-tetrabromo-
phenol {21 (10 mg., 0.3% dry wt).

2-(2'-BROMOPHENOXY)-3,4,5,6-TETRABRO-
MOPHENOL {1}.—Mp 143-145° (EtOAc/hexane);
ir (CHCl;) 3500, 1470, 1420, 1375, 1285, 1040
em™!; uv (MeOH) 295 nm (€ 4500), (MeOH +
N2OH) 310 nm; 'H nmr (CDCl;) 8 6.52 (dd, 1H,
J=8.2,1.6Hz),6.99(«d, 1H,J/=7.9, 1.5H2),
7.18(ddd, 1H, J=8.2, 8.0, 1.6 Hz), 7.65 (dd,
1H, J=7.9, 1.6 Hz); "*C nmr (CDCl;) 8 152.4
(s, C-1"), 147.3 (s, C-1), 139.5 (s, C-2), 134.0(d,
C-3"), 128.6(d, C-5), 125.5 (s, C-4), 124.6 (d,
C-4"), 120.9 (s, C-3), 119.4 (s, C-5), 114.5(d,
C-6), 114.0 (s, C-6), 111.6 (s, C-2); hrms m/z
575.6206 (C,,Hs ?BrsO, requires 575.6206);
eims m/z (intensity, %) 586 (10), 584 (47), 582
(93), 580 (100), 578 (51), 576 (10), 505 (3), 503
(13), 501 (20), 499 (14), 497 (3), 424 (8), 422
(23), 420 (25), 418 (9).

SYNTHES!IS OF 2<2'-BROMOPHENOXY)-3,4,5,6-
TETRABROMOANISOLE [3}.—A freshly pre-
pared solution of CH,N, in Et,O (excess) was
added to a solution of a partially purified mixture
of phenols 1 and 2 (20 mg) in Et,0. Tlc analysis
indicated that the reaction was complete after 30
min, at which time the reaction mixture was di-
luted with Et,O (30 ml) and washed with 0.1 N
HCI (30 ml). The organic layer was washed with
H,O (2X 10 ml) and dried over anhydrous
Na,8O4. The reaction product (21 mg) was
chromatographed on a Si gel column using 8%
EtOAc in hexane as eluent to obtain 2-(2'-
bromophenoxy)-3,4,5,6-tetrabromoanisole {3}
(15 mg) and 2-(2',4’-dibromophenoxy)-3,4,5,6-
tetrabromoanisole [4] (2 mg).

2-(2'-BROMOPHENOXY)-3,4,5,6-TETRABRO-
MOANISOLE {3}.—White solid, mp 132-134°;
ir (CHCl;) 1475, 1445, 1390, 1350, 1045, 1010
em™'; uv (MeOH) 221 nm (e 5850),
(MeOH + NaOH) 221 nm; 'H nmr (CDCly) )
3.86 (s, 3H), 6.43 (dd, 1H, j=8.2, 1.6 Hz),
6.95 (td, 1H, J=7.9, 1.6 Hz), 7.16 (ddd, 1H,
J=8.2, 8.0, 1.6 Hz), 7.63 (dd, 1H, J=7.9,
1.6 Hz); "°C nmr (CDCly) 3 152.8 (s, C-17),
151.0 (s, C-1), 145.6 (s, C-2), 133.9(d, C-3"),
128.5 (d, C-5'), 125.8 (s, C-4), 124.2 (s, C-6),
124.1 d, C-4"), 122.0 (s, C-3), 121.8 (s, C-5),
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114.2 d, C-6"), 111.0 (s, C-2"), 61.7 (q); eims
m/z (intensity, %) 600 (9), 598 (45), 596 (99),
594 (100), 592 (48), 590 (10}, 504 (5), 502 (19),
500 (31), 498 (21), 496 (6).
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