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Two bromotyrosine alkaloids, purealidin S (2) and purpuramine J (5), were isolated from the Fijian marine
sponge Druinella sp. Eight known bromotyrosine compounds were also isolated. This is the first report
of a bromotyrosine N-oxide containing alkaloid. These two compounds were found to have moderate
cytotoxic activity. In addition, bioassay data for the eight known bromotyrosine metabolites are reported.

Introduction

Sponges of the order Verongida have been known to
produce a wide range of bromotyrosine compounds with
interesting biological activities. The unusually large num-
ber of biosynthetically related compounds has been linked
to the potentially large number of chemical variations that
are possible within the aromatic ring and/or side chains of
the tyrosine moiety. The aromatic ring can be either
maintained, reduced, or oxidized1 or mono- or dibromi-
nated.2,3 The bromotyrosine moiety can also undergo rear-
rangement to a spirooxepinisoxaline system, presumably
via a common oxide intermediate as in the cases of the
psammaplysins.4-6 Alternatively, the bromotyrosine can
rearrange to form the spirocyclohexadienylisoxazole sys-
tem.6 The bromotyrosine units can also link up to form
linear chains through amide bonds as in the case of
fistularin-37 or through ether bonds as in the formation of
macrocyclic bastadins.8-10 Variations in side chains include
incorporation of cysteine,11,12 homoserine,13 and histidine14

as their decarboxylated amines. Incorporation of pyridine15

and pyrizinone16 moieties has also been found. Bromoty-
rosine-derived compounds have been observed to show a
wide range of interesting biological activities including
antiviral,17,18 antibiotic,1,3,7,18-21 Na+/K+ ATPase inhibi-
tory,15,22-25 anti-HIV,5,26 antifouling,27-30 and histamine-
H3 antagonist.31 Furthermore, they have been observed to
show interesting anticancer activities.6,8,16,18,32

Results and Discussion

A freeze-dried sample of Druinella sp. was extracted and
subjected to solvent partitioning. Interesting 1H and 13C
NMR resonances were detected in the CH2Cl2, butanol, and
MeOH fractions. The CH2Cl2 fraction was subjected to size
exclusion chromatography followed by normal-phase HPLC
to yield compounds 1-5. The MeOH fraction yielded
compounds 6-8, while the butanol fraction yielded com-
pounds 9 and 10.

Inspection of the 1H and 13C NMR, DEPT-135, and MS
indicated that eight compounds were known: purealidin
Q (1),33 aplysamine 2 (3),34 purpuramine I (4)3, aerophobin
2 (6),14 aerophobin 1 (7),14 purealidin J (8),35,36 araplysillin
1 (9), and araplysillin 2 (10).22

The 13C NMR spectrum of purealidin S (2) indicated the
presence of 22 carbons (Table 1), one O-methyl (δC 60.1),
one ammonium-methyl group (δC 32.0), six methylenes (δC

71.4, 48.8, 40.9, 39.0, 34.7, 27.9), three sp2 methines (δC

134.1, 134.1, 132.0), one sp3 methine (δC 75.0), eight sp2

(δC 154.8, 151.9, 148.9, 139.8, 122.5, 118.4, 118.4, 113.8)
and one sp3 (δC 92.0) quaternary carbon, and an amide
carbonyl (δC 161.2). These accounted for all 22 carbons. All
protonated carbons were assigned by an HSQC experi-
ment.37 The low-resolution mass spectrum displayed an
isotopic cluster (726.85, 728.85, 730.85, 732.86, 734.85),
consistent with the presence of four bromine atoms. The
high-resolution mass spectrum (HREIMS) gave an m/z of
728.8676 [M + H]+ for a ∆ 0.8 mmu calculated for
C22H27N3O5

79Br3
81Br. An unsaturation number of 10 was

calculated, which in conjunction with five aromatic double
bonds, one carbonyl, and one amide carbonyl suggested the
presence of three rings in the molecule.

Use of one- and two-dimensional NMR data (Table 1)
enabled the construction of four substructures (Figure 1).
Inspection of 1H, 13C, and 1H-1H COSY NMR spectra
suggested that the following proton signals belonged to the
same spin system: δH 6.36 (sp2 methine), δH 4.08 (sp3

methine), 3.71 (OMe), and an AB system (δH 3.73 and δH

3.01 each 1H) characteristic of a spirocyclooxazoline ring
system previously encountered in other Verongida com-
pounds.38 HMBC correlations from C-1 to H-5, H-7A/B; C-2
to H-1; C-3 to H-5, H-1, and OMe; C-4 to H-5; C-5 to H-1,
H-7A/B; C6 to H1, H-7A/B; and C8 to H-7A/B confirmed
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the 1-hydroxy-2,4-dibromo-3-methoxy-8-carbonyl spirocy-
clohexadienyl isoxazole (partial structure A) system. The
1H spectrum showed a signal of an isolated aryl proton (δH

7.45, 2H, bs), consistent with a symmetrically tetrasubsti-
tuted aromatic ring (substructure C). The connection
between substructures A and C was obtained using HMBC
correlations from the signals at δC 134.1 (C-13/C-17) and
δC 139.8 (C-12) to a methylene group at δH 2.76 (2H, t, J )
7.6) that was assigned to H-11. The signal at δH 2.76
showed further coupling to a signal at δH 3.42 (2H, t, J )
7.6) assigned as H-10. The signal at δH 3.42 showed a long-
range correlation to the amide carbon at δC 161.2 (C-9),
suggesting that substructure B was an amide unit con-
nected to two methylene groups. No HMBC correlation was
detected between C9 and either of the two H-7 protons,
but biogenetic arguments4 and comparison to literature 13C
NMR data3 suggested substructure B was linked to sub-
structure A at C-8. Substructure D was established from
1H-1H COSY correlations between the methylene protons
at δH 4.04 (2H, t, J ) 5.6), 2.14 (2H, t, J ) 6.0), and 3.30
(2H, t, J ) 6.6). The methylene signal at δC 48.8 showed
an HMBC correlation to an N-methyl group at δH 2.69 (3H,
s), suggesting the presence of an -O-CH2-CH2-CH2-

N+H2CH3 system (substructure D). The number of methyl
groups attached to the ammonium ion was determined
from the integration value in the 1H spectrum. Connection
between substructure C and substructure D was assigned
by a long-range correlation between δC 151.9 (C-15) and
the methylene group at δH 4.08 (H-18). The complete
structure was confirmed from comparison of its 13C NMR
spectrum with those of other purealidines.3 The trans
geometry of the vicinal oxygen atoms at C-1 and C-6 was
established by comparison of 13C chemical shifts with other
known compounds with the same spirocyclohexadienyl
isoxazole bromo system.21,38

Interpretation the 13C NMR spectrum of purpuramine
J (5) indicated the presence of 23 carbons (Table 1), one
O-methyl (δC 56.0), two ammonium-methyls (δC 58.0), six
methylenes (δC 70.9, 69.0, 41.0, 34.8, 28.3, 25.1), five sp2

methines (δC 134.4, 134.0, 134.0, 130.0, 112.8), and seven
sp2 quaternary carbons (δC 155.4, 152.0, 139.8, 131.4, 118.4,
118.4, 111.8) as well as an oxime (δC 152.6) and an amide
carbonyl (δC 165.4). These accounted for all 23 carbons. The
low-resolution mass spectrum displayed an isotopic cluster
(663.97, 665.96, 667.98, 669.96) consistent with the pres-
ence of three bromine atoms. The high-resolution mass
spectrum (HREIMS) gave an m/z of 663.9763 [M + H]+ for
a ∆ 2.3 mmu calculated for C23H28

79Br3N3O5. An unsat-
uration number of 10 was calculated, which in conjunction
with six double bonds, one oxime, and one amide carbonyl
group suggested the presence of two rings in the molecule.

Use of one- and two-dimensional NMR data (Table 1)
enabled the construction of four substructures (Figure 2).
The 1H NMR spectra showed the presence of one spin
system, consistent with a 1,2,4-trisubstituted benzene ring.
These connections were supported by 1H-1H COSY cor-
relations from H-1 to H-5, and H-4 to H-5 (substructure

Table 1. 1H and 13C NMR Spectral Data in CD3OD at 400/100 MHz for Compounds 2 and 5

compound 2 compound 5

atom

13C
δ/ppm
(mult)

1H
δ/ppm (H,

mult, J/Hz)
COSY

(1Hf 1H)
HMBC

(13Cf 1H)

13C
δ/ppm
(mult)

1H
δ/ppm (H,

mult, J/Hz)
COSY

(1Hf 1H)
HMBC

(13Cf 1H)

1 75.2 (d) 4.04 (1H, s) H5, H7A, H7B 134.4 (s) 7.40 (1H, d, 2.0) H5, H7 H5, H7
2 113.8 (s) H1 111.8 (s)
3 148.9 (s) H5, OMe 155.4 (s) H1, H4, H5,

OMe
4 122.5 (s) H5 112.8 (d) 6.85 (1H, d, 8.0) H5
5 132.0 (d) 6.36 (1H, s) H1, H7A, H7B 130.0 (d) 7.13 (1H, dd, 2.4,

8.4)
H1, H4, H7

6 92.0 (s) H1, H7A, H7B 131.4 (s) H4, H7
7 39.0 (t) A 3.73 (1H, d,

18.2)
H7B 28.3 (t) 3.76 (2H, s) H1

B 3.01 (1H, d,
18.2)

H7A

8 154.8 (s) H7A, H7B 152.6 (s) H7
9 161.2 (s) H10 165.4 (s) H7, H10
10 40.1 (t) 3.42 (2H, t,

7.6)
H11 H11 41.0 (t) 3.39 (2H, t, 7.2) H11

11 34.7 (t) 2.76 (2H, t,
7.6)

H10 H10, H13/H17 34.8 (t) 2.70 (2H, t, 6.9) H10, H13/H17

12 139.8 (s) H10, H11 139.8 (s) H10, H11
13 134.1 (d) 7.45 (1H, s) H11 134.0 (d) 7.39 (1H, s) H11 H11
14 118.4 (s) H13 118.4 (s) H13
15 151.9 (s) H13/H17, H18 152.0 (s) H13/H17,

H18
16 118.4 (s) H11, H17 118.4 (s)
17 134.1 (d) 7.45 (1H, s) H11 134.0 (d) 7.39 (1H, s) H11 H11
18 71.4 (t) 4.08 (2H, t, 5.6) H19 H19 70.9 (t) 4.03 (2H, t, 5.7) H19 H19, H20
19 28.0 (t) 2.14 (2H, t, 6.0) H18, H20 H18, H20 25.1 (t) 2.37 (2H, q, 6.4) H18, H20 H18, H20
20 48.8 (t) 3.30 (3H, t, 6.6) H19 NMe 69.0 (t) 3.61 (2H, 7.6, 8.4) H19 H18, H19
OMe 60.1 (q) 3.69 (3H, s) 56.0 (q) 3.79 (3H, bs)
NMe 32.0 (q) 2.69 (3H, s)
N+O-(Me)2 58.0 (q) 3.24 (6H, bs) H20

Figure 1. Substructures A-D of compound 2 and some key HMBC
correlations.
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A). The presence of an amide and an oxime functionality
was indicated by the IR absorbances at 1655 and 1620 cm-1

and 13C resonances at δC 165.4 and 152.6 ppm, respectively.
The 1H NMR spectra of 5, like 2, showed a signal of an
isolated aryl proton (δH 7.39, 2H, bs), consistent with a
symmetrically tetrasubstituted aromatic ring (substructure
C). The connection between substructures A and C was
obtained by HMBC correlations from C-8 to H-7; C-9 to
H-10; C-9 to H-7; C-12 to H-10; and C-12 to H-11. The
partial structure from C-7 to C-11 was also ascertained
from their 13C chemical shifts, proton coupling constants,
and 1H-1H COSY correlations between the methylene
groups at C-10 and C-11. The partial structure from C-18
to C-20 was similar to compound 2 except at the terminal
end, where there were two methyls attached to the
terminal N-oxide group. The two N-methyls were deter-
mined from the integration value for the N-methyl signal
at δH 3.24 (s) in the 1H NMR spectrum of 5, thus elucidat-
ing the presence of an N+(Me)2 group connected at C-20.
The N-oxide ion is proposed, as both the proton and carbon
resonances of the methylene group at C20 (δH 3.61 (2H, t),
δC 69.0 (q)) showed strong deshielding indicative of the
presence of a cationic nitrogen. Similar chemical shifts were
observed with compounds containing the -CH2N+O(CH3)2

group in the literature39,40 as well as compounds containing
the -CH2N+(CH3)3

41-43 or the -CH2N+(CH3)2H34,44,45 moi-
eties. The N-methyl groups and the methylene group at
C-18 in the latter cases were found to resonate at a slightly
higher field compared to compounds containing the N-
oxide. The HREIMS data confirmed the presence of the
oxide ion, as it was 16 amu exactly above the mass of
aplysamine 2,34 which can be envisaged as having lost a
proton and subsequently gained an oxide ion to form
compound 5. The geometry of the C-8 oxime was elucidated
as E from the chemical shift of C7.11

Compounds 2 and 5 showed moderate activity against
ovarian tumor and leukemia cells, respectively (Table 2).
Alkaloid N-oxides are considered rare from marine sources,
although they are often isolated together with the corre-
sponding free alkaloids from terrestrial sources.39 This will
be the fourth such report and the first bromotyrosine
N-oxide containing compound. N-Oxides have been shown
to be true natural products and not artifacts of separations
by other workers.39,40,46 Why the sponge synthesizes so
many variations of the basic bromotyrosine skeleton type

structure remains to be determined. Suggested roles for
these bromotyrosine compounds are as feeding deterrents.47

Experimental Section

General Experimental Procedures. UV and IR were
taken on a Perkin-Elmer Lambda 15 UV/vis spectrophotometer
and Ati Mattson Genesis Series FTIR machine, respectively.
1H, 13C, and all NMR 2D experiments were recorded on a
Varian Unity INOVA 400 MHz spectrometer, in CD3OD
solution. Low-resolution electrospray mass spectra were ob-
tained on a Finnigan Masslab Navigator, and high-resolution
mass data were obtained on a Finnigan MAT-95. HPLC
separations were carried out using a Spectraseries P100
isocratic pump and monitored using a Hewlett-Packard HP
1050 Series variable-wavelength UV detector and a Waters
reversed-phase (C18, 10 × 250 mm) column.

Animal Material. The sample of Druinella sp. (order
Verongida, family Druinellidae), collection number 9712SD060,
was collected in December 1997 at a depth of about 5 m by
snorkeling from Cakaulevu reef, in the district of Wainunu,
in the island of Vanua Levu, Fiji Islands (17°2.609′; 178°54.694′
E). It was identified by John Hooper of the Queensland
Museum, Australia. Voucher specimens are held at the South
Pacific Herbarium, University of the South Pacific, Fiji, and
at the Marine Natural Products Laboratory, University of
Aberdeen, Scotland, U.K.

Extraction and Isolation. The freeze-dried sample (279.8
g dry weight) was extracted with MeOH (3×) and CH2Cl2 (3×),
the solvent was removed under reduced pressure, and the
extracts were combined. The crude oil was partitioned between
water and CH2Cl2. The aqueous layer was then extracted with
s-BuOH to give a brownish-red oil. The solvent was removed
from the CH2Cl2 layer, and the resulting oil was partitioned
between n-hexane and 10% aqueous MeOH. The MeOH layer
was then phase adjusted to 50% aqueous MeOH and extracted
with CH2Cl2. The CH2Cl2 fraction was purified by Sephadex
LH-20 chromatography (MeOH/CH2Cl2, 1:1) followed by re-
versed-phase flash chromatography using methanol as eluent.
One pooled Sephadex fraction, S19-30, was found to contain
interesting compounds on the basis of analysis of 1H and 13C
NMR spectra. This fraction was purified by normal-phase silica
HPLC using a mixture of dichloromethane, methanol, and
ammonium hydroxide (80/20/1) as eluent to yield 9.8 mg of 1,
6.7 mg of 2, 31.3 mg of 3, 5.7 mg of 4, and 8.4 mg of 5. The
MeOH partition fraction was purified using the same solvent
system to yield 7.7 mg of 6, 6.8 mg of 7, and 9.1 mg of 8. The
BuOH partition fraction was purified using the same solvent
system, yielding 8.1 mg of 9. In addition, a change of solvent
to a mixture of acetonitrile and water (95/5) with a C18 HPLC
column yielded 10.3 mg of compound 10.

Purealidin S (2): colorless oil, 6.7 mg (0.0024% yield); UV
(100% MeOH) λmax 280 (log ε 3.28); IR νmax (cm-1) 1736, 1655,
1591, 1542, 1458, 1390, 1257, 1044, 737; NMR data (Table 1);
LRESIMS m/z 726.85, 728.85, 730.85, 732.86, 734.85; [M +
H]+ HRESIMS m/z 728.8676 [M + H]+ ∆ 0.8 mmu calculated
for C22H27N3O5

79Br3
81Br.

Purpuramine J (5): colorless oil, 8.4 mg (0.0030% yield);
UV (100% MeOH) λmax 280 (ε 3.26); IR νmax (cm-1) 2937, 2852,
1743, 1656, 1533, 1493, 1452, 1253, 1047, 739; NMR data
(Table 1); LRESIMS m/z 663.97, 665.96, 667.98, 669.96. [M +
H]+; HRESIMS m/z 663.9763 [M + H]+ ∆ 2.3 mmu calculated
for C23H28

79Br3N3O5.
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Figure 2. Substructures A-D of compound 5 and some key HMBC
correlations.

Table 2. Cytotoxic Activity (ID50, µg/mL) of Compounds 1-10

no. compound A2780 (ovarian tumor) K562 (leukaemia)

1 purealidin Q 2.54 1.49
2 purealidin S 7.44 6.02
3 aplysamine 2 2.83 1.37
4 purpureamine I 1.70 1.24
5 purpureamine J 6.77 5.97
6 aerophobin 2 >10.0 6.91
7 aerophobin 1 21.53 24.11
8 purealidin J >10.0 >10.0
9 araplysillin 1 18.57 27.93
10 araplysillin 2 14.79 42.70
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