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Abstract

A screening of 500 crude extracts of marine invertebrates against
the growth of Mycobacterium tuberculosis H37Rv yielded MeOH
extracts of the sponges Aplysina cauliformis and Pachychalina sp.
with significant activity. Further bioassay-guided fractionation
of both crude extracts led to the isolation of four bromine-con-
taining metabolites. The known (+)-fistularin-3 (1) and 11-deoxy-
fistularin-3 (2), and the new compound 2-(3-amino-2,4-dibro-
mo-6-hydroxyphenyl)acetic acid (3) were isolated from the
sponge A. cauliformis, while the new bromotyrosine-derived 3-
(3,5-dibromo-4-methoxyphenyl)-2-methoxy-N-methylpropan-

1-ammonium (4) was isolated from Pachychalina sp. Compound 4
exhibited weak antimycobacterial activity while compounds 1-3
displayed activity against Mycobacterium tuberculosis H37Rv, with
MICs of 7.1, 7.3 and 49 uM, respectively. Compounds 1 and 2 also
exhibited low cytotoxicity against J744 macrophages, indicating
that both 1 and 2 are interesting leads for the development of
new anti-tuberculosis agents.
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Introduction

Tuberculosis caused by Mycobacterium tuberculosis is one of the
most important causes of mortality worldwide. Currently, there
are about 2 billion people infected with M. tuberculosis and it is
estimated that there are 8 million new infections/year. The num-
ber of infections is increasing, due to co-infection with HIV and
the emergence of multidrug-resistant Mycobacterium strains. As
a consequence, in 1993 the World Health Organization declared
tuberculosis a global emergency disease [1], [2]. Although sever-
al drugs are available for the treatment of tuberculosis, it is a
long-term therapy (6 months), which often presents side effects.
Therefore, there is an urgent need for new anti-tuberculosis

drugs that must be effective, less toxic and promote a short peri-
od of treatment [3], [4].

An array of natural-derived compounds display antimycobacter-
ial activity [5]. Among these, marine natural products are emer-
ging as a new group of secondary metabolites active against M.
tuberculosis. These include peptides, alkaloids, terpenes and bro-
motyrosine-derived compounds [5], [6], [7], [8], [9]. During our
current bioactivity-oriented search for new chemical entities
from the marine environment, we have screened 500 crude ex-
tracts of marine invertebrates as inhibitors of M. tuberculosis
H37Rv. Among the active extracts, those from the sponges
Aplysina cauliformis and Pachychalina sp. displayed antimyco-
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bacterial activity with MIC values < 200 ug/mL. We have subse-
quently investigated the chemistry of these animals, and isolated
various alkylpiperidine alkaloids from the sponge Pachychalina
sp., one of which displayed antimycobacterial activity [ 10]. Here-
in, we report the isolation of one new and two known bromine-
containing compounds from Aplysina cauliformis and a new bro-
motyrosine-derivative from Pachychalina sp. active against M.
tuberculosis. The isolated compounds were identified by analysis
of spectroscopic data. Their antimycobacterial activity against M.
tuberculosis H37Rv as well as their cytotoxicities on J774 macro-
phages were determined.

Materials and Methods

General experimental procedures

Optical rotations were measured on a Perkin Elmer 241 MC po-
larimeter at 29 °C. IR spectra (film on silica plate) were recorded
on a FT-IR Bomem MB102 infrared spectrometer. The NMR spec-
tra were recorded either on a Bruker ARX 9.4 T instrument, oper-
ating at 400.35 MHz for 'H and 100.10 MHz for '3C, respectively,
or on a Bruker DRX500 11.7 T, operating at 500.13 MHz for 'H and
125.76 MHz for 3C, respectively. All NMR spectra were obtained
at 25 °C using TMS as an internal reference. Low resolution mass
spectra were recorded on a VG-7070 mass spectrometer operat-
ing at a nominal accelerating voltage of 70 eV. High resolution
mass spectra were recorded at a nominal resolution of 5000 or
10000 as appropriate. LOBAR Lichroprep (Merck) separations
were performed with size B (310x25 mm) columns. Solvents
used for extraction and flash chromatography were glass distill-
ed prior to use. HPLC-grade solvents were utilized without fur-
ther purification in LOBAR and HPLC separations. TLC analyses
were performed with precoated TLC sheets of silica gel on poly-
ester, eluting with different mixtures of MeOH in CH,Cl,. Plates
were observed under UV lamp (A,,.x 254 and 365 nm). HPLC se-
parations were performed either with a Waters quaternary
pump 600, double beam UV detector 2487, and data module
746, or with a Waters autosampler 717, Waters 600 pump, Wa-
ters 2996 photodiode array detector monitored by Waters Mil-
lenium 32.

Animal material

The sponge Pachychalina sp. was collected in Ilha do Pai (Father’s
Island), Niter6i, Rio de Janeiro state (22° 59.205” S-43° 05.252’
W), on May 9, 2000 at a depth of 10-15 m, and immediately
immersed in EtOH. The whole material was shipped to the Insti-
tuto de Quimica de S3o Carlos, Universidade de Sdo Paulo. The
sponge A. cauliformis was collected at the Baia de Todos os Santos
(Salvador, Bahia, Brazil, at the Quebra Mar Norte station, 12° 57.7”
S, 38°31.1’W), on August 15,1999, and immediately frozen. Vou-
cher specimens were deposited at the Museu Nacional, Universi-
dade Federal do Rio de Janeiro (Pachychalina sp.: MNR] 3098 e
3099; Aplysina cauliformis: MNR] 8378).

Isolation of compounds 1, 2 and 3 from Aplysina cauliformis

The frozen sponge was freeze-dried to give a 164 g sample (dry
weight), which was blended with CH;CN (3 L) and re-extracted
in the same solvent (2 x2 L). The remaining solid residue was ex-
tracted with MeOH (3 L). The MeOH and MeCN extracts were
separately evaporated, to give brownish gums (MeOH ex-
tract = 9.00g; MeCN extract = 0.930 g). The MeOH extract was
dissolved in 9:1 MeOH-H,0 and partitioned with AcOEt. After
evaporation of the AcOEt, 6.14 g of a brown gum was obtained.
Portions of ca. 0.9 g of the AcOEt soluble extract were subjected
to chromatography on a Sephadex LH-20 column (170x2 cm)
using MeOH. This separation yielded seven fractions (Ac-AcOEt-
1 to -7). Fraction Ac-AcOEt-4 (994 mg) was subjected to silica gel
flash chromatography, with a stepwise gradient of acetone in
CH,Cl,. Six fractions were obtained (Ac-AcOEt-4A to Ac-AcOEt-
4F), of which fraction Ac-AcOEt-4C (450 mg) displayed antimyco-
bacterial activity and was further purified using silica gel flash
chromatography with a stepwise gradient of AcOEt in CH,Cl,.
Five fractions were obtained, named Ac-AcOEt-4C1 to Ac-AcOEt-
4C5. Purification of fraction Ac-AcOEt-4C3 (7.3 mg) by HPLC (Cyg,
Phenomenex Synergy Fusion-RP, 4 i, 80 A, 250x4.6 mm; eluent:
1:1 MeCN-H,0; A 254 nm; flow rate: 1 mL/min; tz 15.3
min) yielded 1.6 mg of (+)-fistularin-3 (1). Fraction Ac-AcOEt-
4C4 (377 mg) was separated by silica gel flash chromatography
with a stepwise gradient of 95:5 AcOEt-MeOH in 9:1 CH,Cl,-
hexanes, to give four fractions (Ac-AcOEt-4C4A to Ac-AcOEt-
4C4D). The Ac-AcOEt-4C4C fraction (320 mg) was subjected to
chromatography on a silica gel Waters Sep Pak (10 g) column,
with a gradient of 95:5 i-PrOH-AcOEt in CH,Cl,, affording four
fractions (Ac-AcOEt-4C4C1 to Ac-AcOEt-4C4C4). Fraction Ac-
AcOEt-4C4C1 (32 mg) was purified by HPLC (phenyl-bonded sili-
ca gel, Waters uBondapak 10 um, 125 A, 7.8x300 mm; eluent:
3:7 MeOH-H,0; Ap.: 254 nm; flow rate: 1 mL/min; tz 25.6
min) to give 1.6 mg of 2-(3-amino-2,4-dibromo-6-hydroxyphe-
nyl)acetic acid (3). Fraction Ac-AcOEt-4C4C2 (210 mg) was puri-
fied by HPLC (C;, Waters uBondapak 10 um, 125 A, 7.8 x300 mm;
eluent: 7:3 MeOH-H,0; A,.«: 254 nm; flow rate: 2 mL/min; tg
40.0 min) to give 36.7 mg of (+)-fistularin-3 (1). Fraction Ac-
AcOEt-5 (829 mg) was subjected to silica gel flash chromatogra-
phy with a stepwise gradient of acetone in CH,Cl,, to yield six
fractions (Ac-AcOEt-5A to Ac-AcOEt-5F). Fraction Ac-AcOEt-5D
(34 mg) was purified by HPLC (Cyg, Inertsil ODS-2, 125 A, 5 um,
250x9.4 mm; eluent: 75:25 MeOH-H,0; A,..: 254 nm; flow
rate: 1.5 mL/min; tg 22.5 min) to give 6.4 mg of 11-deoxy-(+)-fis-
tularin-3 (2). Fraction Ac-AcOEt-5E (695 mg) was subjected to
chromatography on a silica gel Waters Sep Pak (10 g) column
with a gradient of 95:5 AcOEt-MeOH in CH,Cl,. Among the five
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fractions obtained (Ac-AcOEt-5E1 to Ac-AcOEt-5E5), fraction Ac-
AcOEt-5E3 (452 mg) was identified as pure (+)-fistularin-3 (1).
Fraction Ac-AcOEt-6 was subjected to silica gel flash chromato-
graphy with a gradient of acetone in CH,Cl,. Of the six fractions
obtained (Ac-AcOEt-6A to -6F), fraction Ac-AcOEt-6D (68 mg)
was active. This later fraction was purified by HPLC (Cyg, Inertsil
ODS-2, 125 A, 5um, 250x9.4mm; eluent: 72:28 H,0-MeOH;
Amax: 254 nm; flow rate: 1.5 mL/min; tg 23.0 min) to give an addi-
tional 27 mg of (+)-fistularin-3. The MeCN extract (0.930 g) was
subjected to flash chromatography on silica gel (gradient of
MeOH in CH,Cl,), to give seven fractions. The seventh fraction
was purified by HPLC (C;s, Inertsii ODS-2, 125 A, 5um,
250%x9.4 mm; eluent: 4:6 H,0-MeOH; A, 254 nm; flow rate:
1.5 mL/min; tg 29.0 min) to yield 33 mg of (+)-fistularin-3 (1).

(+)-Fistularin-3 (1): [e]3’: +147° (¢ 0.275, MeOH); UV (MeOH):
Amax (l0g €) = 224 (4.50), 282 nm (4.11); CD (MeOH): A = 252
(Ae +19.7), 286 nm (+19.7); 'H- and *C-NMR data, identical
with the published values [11]; ESI-MS: m/z = 1130.7 [M + Na*|
(calcd. for C3;H3(BrgN,O4;Na: 1130.7).

11-Deoxyfistularin-3 (2): [e]3’: +190° (¢ 0.04, MeOH); UV
(MeOH): Ay (log €) = 225 (4.50), 282 nm (4.10); CD (MeOH):
A = 255 (Ae+19.0),288 nm (+ 18.9); 'H- and *C-NMR data, iden-
tical with the published values [12]; positive HR-FAB-MS: m/
z = 1098.70515 (calcd. for C3;H3,7Br33'Br;N,0,.1098.70790).

2-(3-Amino-2,4-dibromo-6-hydroxyphenyl)acetic acid (3): UV
(MeOH): Anay (log &) = 228 (4.10), 304 nm (3.98); 'H-NMR
(DMSO-dg, 400 MHz): & = 9.68 (1H, s, CO,H), 8.98 (1H, s, OH),
7.25 and 6.86 (2H, s, NH,), 6.96 (1H, s, H-5), 3.54 (2H, s, C-7);
13C-NMR (DMSO-dg, 100 MHz): § = 171.04 (C-8), 150.40 (C-6),
143.55 (C-3), 124.28 (C-1), 117.93 (C-2), 117.63 (C-5), 110.37 (C-
4), 37.02 (C-7); positive HR-EI-MS: m/z = 324.87750 (calcd. for
CgH,7°Bré1BrNO;.324.87722); positive EI-MS: m[z = 327 (3.6%)/
325(7.2%)/323 (3.6%),310(35.3%)/308 (71.3%)/306 (36.6 %), 282
(49.7%)[280 (100.0%)/278 (51.3%), 254 (16.3%)/252 (32.7%)/250
(17%).

Isolation of compound 4 from Pachycalina sp.

The sponge Pachychalina sp. (2.0 kg, wet weight) was separated
from EtOH, blended in MeOH and left overnight. After filtration
of the MeOH extract, the solid material was re-extracted with
MeOH. Both the EtOH and MeOH extracts were pooled and eva-
porated until 500 mL of an aqueous suspension was obtained.
The H,0 phase was partitioned with EtOAc. The EtOAc extract
was evaporated, dissolved in 95% MeOH and partitioned with
hexane. After evaporation, the hexane fraction yielded 5.9 gas a
light brown gum. The hexane extract (Pa-hex) was fractionated
by flash chromatography on silica gel with a gradient of 1:1
MeOH/EtOAc in CH,Cl,. Three alkaloid fractions were obtained
(Pa-hex-1 to Pa-hex-3). The Pa-hex-3 fraction (364 mg) was frac-
tionated on a silica gel LOBAR column with a gradient of 95:5
acetonitrile/MeOH in CH,Cl, and finally with 1:1 MeOH/CH,Cl,
to yield eight fractions (Pa-hex-3A to Pa-hex-3H). The third one
(Pa-hex-3C, 24 mg) was purified by chromatography on a silica
gel Sep Pak column (5 g) with a gradient of MeOH in CH,Cl,, to
give 3.1 mg of compound 4 (0.000155 % wet weight).

3-(3,5-Dibromo-4-methoxyphenyl)-2-methoxy-N-methylpropan-

1-ammonium (4): glassy solid; []3’: -6.4° (¢ 0.0015, MeOH); UV
(MeOH): A« (log €) = 283 (4.09) nm; IR (film on a silicon plate):
Vmax = 3406 (OH), 2925 (CH), 2855 (CH), 1659, 1472, 1259, 1197,
1075, 1045, 740, 619 cm!; 'H-NMR (MeOH-d,, 400 MHz):
§ = 7.61 (2H, s, H-2 and H-6), 3.09 (2H, m, CH,-7), 3.55 (1H, m,
CH-8), 3.64 (2H, m, CH,-9), 3.84 (3H, s, OCH;-12), 3.20 (3H, s,
OCH5-10), 2.69 (3H, s, NHMe); 3C-NMR (MeOH-d,, 100 MHz):
& = 136.1 (C-1), 134.7 (C-2 and C-6), 119.3 (C-3 and C-5), 155.0
(C-4), 28.8 (C-7), 73.5 (C-8), 62.3 (C-9), 61.1 (C-12), 53.7 (C-10),
39.4 (C-11); positive HR-FAB-MS: m/z = 351.97351 [M-CH, +
H]* (calcd. for Cy;H,47°Br8'BrNO,: 351.95478); positive EI-MS:
mfz = 294 (51%)/292 (100%)/290 (52%), 279 (38%)[277 (74%)|
275 (38%), 251 (8%)/249 (18%)[247 (10%).

Antimycobacterial activity against Mycobacterium
tuberculosis H37Rv

The antimycobacterial activity of crude extracts and isolated
compounds 1, 2, 3 and 4 was assayed against M. tuberculosis
H37Rv ATCC 27294 using the microplate Alamar Blue assay
[13]. Crude extracts or isolated compounds were dissolved in
DMSO and serially diluted in Middlebrook 7H9 broth medium
before the inoculation. Crude extracts were tested in the concen-
tration range from 0.5 to 1000 ug/mL while pure compounds
were tested up to the maximum concentration of 125 uM. Rifam-
picin was used as a control and bioassays were performed in tri-
plicate. The visual minimal inhibitory concentration (MIC) was
defined as the lowest drug concentration that prevented myco-
bacterial growth and expressed by average MIC values.

Cytotoxicity in 774 macrophages

The cytotoxicity effect was assayed on J774 macrophages by the
reduction of 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) [14], [15]. Stock solutions of compounds 1
and 2 were prepared in DMSO and diluted in RPMI 1640 medium
without phenol red. The final concentration of the solvent in the
assay was less than 0.3%. The controls received no drugs and
each drug concentration was tested in six replicates, and repeat-
ed three times in separate experiments. Cells were exposed to
the drugs at concentrations up to 1000 uM. Results are expressed
by cellular viability of cells treated with drugs and controls and
ICsq was defined as the drug concentration required to reduce
cellular viability in 50%.

Results and Discussion

(+)-Fistularin-3 (1) was isolated in high amounts (ca. 550 mg,
0.33% dry weight) from the sponge A. cauliformis as the main an-
timycobacterial active compound, with an MIC value of 7.1 uM
against Mycobacterium tuberculosis H37Rv. The 11-deoxyfistular-
in-3 (2) derivative displayed essentially the same activity, with
an MIC of 7.3 uM, a result that indicated that the C-11 hydroxy
group is not essential for the antituberculosis activity of (+)-fis-
tularin-3. Moreover, since the absolute configuration of (+)-fistu-
larin-3 (1) isolated in this investigation was recently established
as 1(S),118), 6(R), 67 R), 11(R) by circular dichroism and derivati-
zation with Marfey’s reagent [16], and since 11-deoxyfistularin-3
(2) herein isolated presented essentially the same CD spectrum
as (+)-fistularin-3 (1), the same absolute stereochemistry at C-1,
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C-1 C-6 and C-6" was assigned to compound 2. Moreover, both
compounds 1 and 2 displayed low toxicity in J774 macrophages
(IC50 0of 200 uM for 1 and of 630 uM for 2) and their respective se-
lectivity indexes (SI = 1C54/MIC) of 28.17 and 86.30, respectively,
are indicative of a selective activity on M. tuberculosis H37Rv. Our
data are indicative of a significant antimycobacterial activity of
(+)-fistularin-3 (1) and 11-deoxyfistularin-3 (2), since a good
drug candidate has to display an SI higher than 10 in order to jus-
tify assays for the development of a new antituberculosis drug.
Therefore, compounds 1 and 2 are interesting leads for the devel-
opment of new antituberculosis drug candidates.

Compound 3 was isolated as a glassy solid, with a molecular ion
peak (EI) triplet at m/z = 323/325/327. An HR-EI-MS measure-
ment at m/z = 324.87750 indicated the formula CgH,7°Br8'BrNO,
(calcd. 324.87722) with 5 DBE. Analysis of its *C-NMR spectrum
indicated one carbonyl group at § = 171.04, six carbons assigned
to a pentasubstituted benzene ring (6 = 150.40, 143.55, 124.28,
117.93 and 110.37) of which only one carbon at § = 117.63 was
shown to be a methine (§; = 6.96, s) in the HMQC spectrum. Ac-
cording to the '"H-NMR spectrum integration, a hydrogen signal at
& = 3.54 was assigned to a methylene group (8- = 37.02). The 'H-
NMR spectrum of 3 showed six singlet signals at § = 9.68 (car-
boxylic acid hydrogen), 8.98 (phenol hydrogen), 7.25 and 6.86
(NH,), 6.96 (aromatic CH) and 3.54 (CH,). The hydrogens at
& = 7.25 and 6.86 showed a coupling in the 'H-"H COSY spectrum.
Since none of these hydrogens were attached to carbon (as ob-
served in the HMQC spectrum), they were assigned to an NH,
group. The methylene group at § = 3.54 (6 = 37.01) was assigned
as the connection between the carboxyl group and the benzene
ring, since it showed long-range couplings in the HMBC spectra
(4, 8 and 12 Hz) with carbons at é = 171.04, 150.40, 124.28 and
117.93. The signal at 6 = 124.28 was assigned to the methylene-
substituted benzene carbon, in good agreement with predicted
values [17]. Therefore, carbon signals at 6 = 150.40 and 117.93
were assigned to quaternary carbons vicinal to carbon at
6 = 124.28. The chemical shift of the carbon at § = 150.40 is in
agreement with a hydroxy-substituted carbon, while the chemical
shift of carbon at § = 117.93 agrees with a bromine substitution.
Since in the HMBC spectra the aromatic hydrogen at § = 6.96
(8¢ = 117.63) showed strong long-range couplings with carbons
at & = 150.40, 143.55 (nitrogen-substituted), 124.28 and 110.37
(bromine-substituted), and a very weak correlation with carbon
at § = 117.93, it was placed in the para-position to the bromine-
substituted carbon at § = 117.93. Two structures were thus con-
sidered: 2-(3-amino-2,4-dibromo-6-hydroxyphenyl)acetic acid
(3) and 2-(4-amino-2,3-dibromo-6-hydroxyphenyl)acetic acid
(5). Calculation of 3C chemical shifts for both isomers using >C
NMR charts [17] and ChemDraw 8.0 3C NMR spectrum simulation
indicated a better agreement with structure 3 than with structure
5. Therefore, the third compound isolated from A. cauliformis was
identified as 2-(3-amino-2,4-dibromo-6-hydroxyphenyl)acetic
acid (3). This structure is without precedent in the literature, and
it presumably derives biogenetically from the condensation of
four acetate units, followed by bromination, oxidation and trans-
amination (no sequence in these events is presumed). The new
compound 3 displayed antimycobacterial activity at 49 uM.

Compound 4 was obtained as an optically active glassy solid.
FAB-MS analysis displayed a quasi-molecular ion [M-CH, +

H]*1:2:1 triplet cluster at m/z = 350/352/354. A high resolution
measurement at m/z = 352 (obs. 351.97351; calcd. 351.95478)
corresponded to a molecular formula of C;;H,7°Br8!BrNO,. EI-MS
analysis showed a very weak molecular ion 1:2:1 triplet cluster at
m/z = 351/353/355, along with a 1:2:1 triplet at m/z = 290/292/
294 corresponding to the loss of a rearranged fragment of C,HgNO
aswell asa 1:2:1 triplet at m/z = 275/277/279. Analysis of 'H, 13C,
HMQC and HMBC (4, 6, 8 and 12 Hz) NMR spectra of 4 clearly in-
dicated the presence of a 1,2,4,6 symmetrically-substituted ben-
zene ring, with chemical shifts attributable to a 1-alkyl-3,5-dibro-
mo-4-methoxybenzene moiety which is very often present in bro-
motyrosine-derived secondary metabolites, commonly isolated
from sponges of the order Verongida [18]. Indeed, C-1 resonates
at § = 136.1,C-3 and C-5 at 6 = 119.3, C-4 at § = 155.0 (observed
through 'H-13C long-range coupling in the HMBC spectra), and C-2
and C-6 at 6 = 134.7. Furthermore, a heteroatom-substituted alkyl
chain attached to the benzene ring was identified as N-methyl-2-
methoxypropylamine by analysis of NMR and EI-MS data. The aro-
matic-substituted methylene group at § = 3.09 (m; &; = 28.8)
showed a long-range coupling with the aromatic carbon C-1 at
6 = 136.1, and the aromatic methines at § = 7.61 showed long-
range couplings with C-7 (8- = 28.8). The 'H-"H COSY spectrum
showed sequential vicinal couplings between the aromatic-substi-
tuted methylene group at § = 3.09 and the oxymethine hydrogen
at § = 3.55, as well as between this later hydrogen and a methy-
lene at § = 3.64. Long-range 'H-13C couplings observed in the
HMBC spectra included correlations with the methylene group at
6 =3.09 and the oxygen substituted oxymethine carbon at
6 = 73.5 (C-8), between the oxymethine hydrogen at § = 3.55
and C-7 (6 = 28.8), C-9 (6 = 62.3, weak in the 4 Hz HMBC spec-
trum) and C-10 (6 = 53.7), while the methylene CH,-9 at
6 = 3.64 showed a long-range coupling with C-8 (6 = 73.5). Al-
though no long-range correlation was observed between the me-
thyl group at 6§ = 2.69 (& = 39.4) in any of the HMBC spectra, it
was placed at the terminal nitrogen atom connected to the me-
thylene at § = 3.64 (6c = 62.3). Such a deshielded nitrogen-
bearing methylene group is explained if the nitrogen is proto-
nated. Therefore, the structure was defined as 3-(3,5-dibromo-
4-methoxyphenyl)-2-methoxy-N-methylpropan-1-ammonium
(4). Although many attempts have been made to obtain a mass
spectrum which could indicate the quasi-molecular ion peak
[M + H]* of 4 with a triplet at m/z = 366/369/370, we have
been unable to observe it in either EI, FAB or CI mass spectra. It
is possible that during the MS ionization compound 4 loses me-
thane via a Hofmann-type elimination. Compound 4 displayed
very weak antimycobacterial activity (MIC of 820 uM). Cytotox-
ic activity was not determined for both compounds 3 and 4 due
to the small amount of material available.

To the best of our knowledge, this is the first occurrence of the N-
methyl-2-methoxypropylammonium moiety in a bromotyro-
sine-derived compound. Additionally, this is the first occurrence
of a bromotyrosine-derived compound in a marine sponge be-
longing to the order Haplosclerida. In the past, dibromotyrosine
alkaloids were assumed to be found only in sponges of the order
Verongida [19]. However, during the last ten years compounds of
this structural class have been isolated from sponges belonging
to distinct taxa, including psammaplins from an association of
two sponges, Poecillastra wondoensis (order Astrophorida, De-
mospongiae) and Jaspis wondoensis (order Astrophorida, Demos-
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pongiae) [20], [21], as well as unnamed mycothiol S-conjugate
amidase inhibitors isolated from the sponge Oceanapia sp. (order
Petrosida, Demospongiae) [22]. Quite surprisingly, a bromotyro-
sine-derivative was also recently reported from a marine alga
[23]. Considering that different types of marine bacteria are
found in Verongida sponges, the hypothesis that these com-
pounds may be produced by microorganisms cannot be ruled
out.

In conclusion, we have been able to isolate the antimycobacterial
compounds present in the crude extract of the sponge Aplysina
cauliformis, as (+)-fistularin-3 (1), 11-deoxyfistularin-3 (2) and
the novel 2-(3-amino-2,4-dibromo-6-hydroxyphenyl)acetic acid
(3). Also, the new bromotyrosine-derived 3-(3,5-dibromo-4-
methoxyphenyl)-2-methoxy-N-methylpropan-1-ammonium (4)
was isolated from the sponge Pachychalina sp. and showed a
very weak antimycobacterial activity. Although other bromotyr-
osine-derived metabolites displayed antimycobacterial activity
[6], [22], [24], this is the first report of fistularin derivatives as
antimycobacterial agents. The selectivity indexes observed for
compounds 1 and 2 indicate that fistularin-like compounds are
good leads for the discovery of new antituberculosis drug leads.
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