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By use of bioassay (murine P388 lymphocytic leukemia cell line) guided isolation procedures, extracts of
the Republic of Singapore marine sponge Hymeniacidon sp. were found to contain demethyl-
oxyaaptamine (1) and aaptamine (3) as prominent cancer cell growth inhibitory constituents accompanied
by the trace, albeit more active, component isoaaptamine (4). The isolation, X-ray structure elucidation,
and antineoplastic and antimicrobial activities of isoaaptamine (4) have been summarized. Because of
instability, isoaaptamine (4) was converted to a stable sodium phosphate prodrug designated hystatin 1
(7).

Marine Porifera continue to be a rapidly expanding
source of new drug candidates2,3 with unprecedented
structures4-6 and very important biological activities.7,8

From the onset6 of our investigations directed at exploring
marine organisms as sources of new anticancer drug
candidates, we have continued to evaluate marine sponge
constituents.6-8 In 1992, during our marine invertebrate
survey in the Republic of Singapore, we located a previously
unknown species of sponge belonging to the genus Hyme-
niacidon (order Halichondrida) that yielded methanol-
dichloromethane extracts active against the murine P388
lymphocytic leukemia cell line. A 500 kg (wet wt) re-
collection of the organism was employed to isolate the
cancer cell line inhibitory components utilizing the P388
cell line to guide the separations.

The sponge methanol-water and methanol-dichlo-
romethane extracts (see Experimental Section) were par-
titioned between water and dichloromethane. The dichlo-
romethane phase was partitioned between hexane and
methanol-water (9:1) to give polar fraction A. The initial
aqueous phase was next extracted with ethyl acetate
followed by 1-butanol to yield alcohol-soluble fraction B
(1.08 kg). A series of Sephadex LH-20 gel permeation and
partition chromatographic steps were used to separate
fraction A and led to the previously known demethy-
loxyaaptamine (1)9 and the dimethyl ketal 2, likely an
artifact of the isolation process.9 Demethyloxyaaptamine
(1) was isolated in gram quantities and exhibited a P388
ED50 of 0.31 µg/mL, while the much less abundant dimethyl
ketal 2 was inactive (P388 ED50 59 µg/mL).

Fraction B was separated, and aaptamine (3)10a was also
isolated in gram quantities along with the minor (10-5%
yields) constituent isoaaptamine (4),11 each as the hydro-
chloride salt. The cancer cell growth inhibitory activities
of compounds 1, 3, and 4 are summarized in Table 1.

The structures of compounds 1, 2, and 3 were readily
deduced from spectral properties and literature compari-
sons.9,10a However, the structure of compound 4 proved to
be troublesome. Analysis of the 1H and 13C NMR spectra
indicated that it was nearly identical to isoaaptamine (4),
which was first reported by Fedoreev.11a Subsequently, it
was again isolated by Kashman11b and Shen.11c In our
experiments, all of the proton and carbon signals were
shifted downfield slightly owing to its isolation as the
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hydrochloride salt. The shift of one of the methyl carbon
resonances from δ 60.7 in aaptamine (3) to 45.9 in
isoaaptamine (4) suggested the likelihood that an O-methyl
had shifted to an N-methyl position. Since isoquinoline
structures 5 and 6 also seemed consistent with the NMR
data, it was apparent that structure 4 could not initially
be assigned with certainty. But scrutiny of the NMR
NOESY and ROESY spectra did point to the likelihood of
structure 4. As an example, a cross-peak in the ROESY
spectrum between H-7 (δ 7.15) and the pyridine-like
hydrogen H-6 (δ 6.80) was consistent with structure 4.
NOESY cross-peaks between the proposed methoxy on C-8
(δ 4.03) and both H-7 and the phenolic hydroxy (δ 9.4) were
commensurate with structure 4 or 5 and allowed us to rule
out the methoxy analogue 6. On the basis of the NMR data,
we were unable to rule out the possibility of structure 5
unambiguously. Because of possible long-range correlations
that can occur through azaheterocycles, and in consider-
ation of the important cancer cell line and antimicrobial
activity of isoaaptamine (4), approaches to an unequivocal
structure elucidation were undertaken based on X-ray
crystal structure determination.

Since compound 4 was isolated as a yellow amorphous
hydrochloride salt that resisted crystallization, other salt
derivatives were explored. Changing the anion to perchlo-
rate, for example, gave beautiful yellow-red needles. Un-
fortunately, these proved to be too thin for X-ray analysis.
Other anions that were evaluated were even less promis-
ing. In view of the electron-rich structure of 4, a picric acid
derivative was considered, since it might crystallize as both
an acid-base and π-π complex. This proved to be the case.
Single crystals of the picrate were formed by slow crystal-
lization of a methanol-toluene solution of picric acid and
isoaaptamine (4). The structure of the colorful π-π picrate
complex verifies that our compound was indeed identical
with structure 4. More recently, isoaaptamine (4) has been
synthesized by Walz and Sundberg.12

One noteworthy feature of the crystal structure of the
picrate was the very unique behavior exhibited by the
toluene solvate. The molecule lies on the cell edges and is
centered on an inversion center at 0.00, 0.00, 0.500. As a
result, the toluene molecule was found to exist in two
conformations, each of 1/2 occupancy and overlapping,
inverted images of one another. The methyl substituent of
one toluene molecule (e.g., CS4A of the molecule composed
of ring atoms CS1, CS2, CS3, CS4, CS5, and CS2A) and
the carbon atom at the para-ring position of the other
toluene molecule (e.g., the ring consisting of CS1A, CS2A,
CS3A, CS4A, CS5A, and CS2) both occupy the same site
(within the resolution of the data), and as a consequence,
both of these atoms were assigned to the same site.

For a variety of reasons, the isolation of isoaaptamine
(4) as the most interesting cancer cell growth inhibitor of
the Singapore sponge Hymeniacidon sp. is noteworthy.
Aaptamine (3), as the parent alkaloid, was first isolated
from the marine sponge Aaptos aaptos.10a Later, it was
isolated from several other species of sponges.10b The

discovery of the aaptamines in Hymeniacidon sp. suggests
that unusual isoquinolines may enjoy a broader species and
geographic distribution. Also, the large quantities of
aaptamine (3) contained in Hymeniacidon sp. would sug-
gest a relatively important biological role. Consequently,
we have been proceeding with an extended study of the
aaptamines, especially isoaaptamine (4).

When newly isolated, isoaaptamine (4) appears as a
yellow-colored powder that rapidly changes to dark green
and finally brown or black, presumably due to air oxidation.
Because of this instability and resultant degradation,
attempts at preparation of a variety of simple derivatives
generally proved to be elusive. Hence, attention was
directed at preparation of a stable prodrug that would
retain the biological activity. For that purpose, isoaaptamine
(4) was first phosphorylated13 with dibenzyl phosphite.
Cleavage of the benzyl ester by means of trimethylsilyl
bromide14 and reaction of the resulting phosphoric acid
with sodium methoxide afforded the relatively more stable
disodium phosphate prodrug designated hystatin 1 (7).

Biology. Evaluation of aaptamines 1, 3, 4, and 7 against
our Institute’s human tumor cell line panel (Table 1) and
the NCI 60-cell line human tumor screen15-18 was under-
taken. Isoaaptamine (4) had antifungal and antibacterial
activities, and the prodrug hystatin 1 (7) retained some of
the antibacterial activity (Table 2).

Experimental Section

General Experimental Procedures. Uncorrected melting
points were determined on a digital Electrothermal apparatus.
The NMR experiments were performed with a Varian VXR-
500 instrument in the indicated solvent. Mass spectra were
obtained using a Kratos MS-50 spectrometer (70 eV). The
X-ray crystallographic experiments were conducted with an
Enraf-Nonius CAD-4 diffractometer. Solvents used for chro-
matographic procedures were redistilled. Sephadex LH-20
(25-100 µM) employed for gel permeation and partition
chromatography was obtained from Pharmacia Fine Chemicals
AB, Uppsala, Sweden. Gilson FC-220 and FC-202 fraction
collectors were used for chromatographic fractionation experi-

Table 2. Comparative Antimicrobial Activities of Isoaaptamine
(4) and Hystatin 1 (7)

range of minimum inhibitory
concentration (ug/mL)

microorganism 4 7

Cryptococcus neoformans 64 n.i.
Candida albicans n.i.a n.i.
Staphylococcus aureus 16-32 64
Streptococcus pneumoniae 8-32 16-32
Enterococcus faecalis 32-64 n.i.
Micrococcus luteus 32-64 n.i.
Escherichia coli n.i. n.i.
Enterobacter cloacae n.i. n.i.
Stenotrophomonas maltophilia n.i.
Neisseria gonorrhoeae <0.5 <0.5

a n.i.: no inhibition at 64 µg/mL.

Table 1. Comparative Cancer Cell Line Results (ED50 µg/mL) for Demethyloxyaaptamine (1), Aaptamine (3), Isoaaptamine (4), and
Hystatin 1 (7)

cell type cell line demethyloxyaaptamine (1) aaptamine (3) isoaaptamine (4) hystatin 1 (7)

leukemia murine P388 0.31 3.60 0.28 3.0
ovary OVCAR-3 0.39 4.90 1.20 ND
CNS SF-295 2.80 4.10 2.60 ND
renal A498 4.20 3.20 2.20 ND
lung NCI-H460 2.30 3.20 2.40 >10
colon KM20L2 2.10 3.60 2.30 >10
melanoma SK-MEL-5 1.00 4.30 1.60 ND
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ments. Silica gel GF Uniplates were employed for monitoring
the chromatographic separations. All TLC plates were visual-
ized under UV light (254 nm) and developed with phospho-
molybdic acid spray reagent.

Hymeniacidon sp. (Halichondrida:Hymeniacidonidae).
The initial specimen of this bright orange encrusting-lobular
sponge, a previously undescribed species, was collected on the
north side of Terumbu Pemalang Besar Reef, Republic of
Singapore, at a depth of 5-10 m in 1989. During 1992, 500
kg (wet wt) of the sponge was re-collected in this general area.

Animal Extraction and Solvent Partitioning. The
methanol shipping solution was removed and extract concen-
trated to 100 L of an aqueous suspension, which was succes-
sively extracted with dichloromethane (6 × 50 L), ethyl acetate
(6 × 50 L), and 1-butanol (4 × 50 L). The 1-butanol fraction
was concentrated to dryness and partially redissolved in 2 L
of methanol.

Isolation of the Aaptamines. The methanol-soluble por-
tion (1084 g) of the 1-butanol fraction was fractionated by a
gel permeation/partition sequence. The major component
isolated was aaptamine (3, 8.8 g, 1.7 × 10-3%), having spectral
properties in complete accord with the literature values. The
minor but more active isoaaptamine (4, 0.22 g, 4.4 × 10-5%)
was obtained as an amorphous yellow powder: mp 200-205
°C (dec); 1H NMR (DMSO) δ 3.96 (3H, s, OMe), 4.03 (3H, s,
NMe), 6.25 (1H, d, J ) 7.2, H-3), 6.80 (1H, d, J ) 7.3, H-6),
7.15 (1H, s, H-7), 7.25 (1H, d, J ) 7.3, H-5), 7.73 (1H, d, J )
7.2, H-2), 9.4 (1H, br s, OH), 12.7 (1H, br s, NH); 13C NMR
(DMSO) δ 45.9 (NMe), 56.5 (OMe), 97.3 (C-3), 101.5 (C-7),
113.1 (C-6), 118.1 (C-9b), 127.7 (C-5), 129.3 (C-6a and C-9a),
132.2 (C-9), 148.9 (C-2), 149.2 (C-3a), 153.6 (C-8); MS m/z 228
(100), 213 (94), 185 (60), 170 (47), 155 (10), 142 (22), 127 (7),
115 (12), 84 (7); HREIMS m/z 228.0903 (calcd for C13H12N2O2,
228.0899).

Isoaaptamine Perchlorate. A sample of isoaaptamine (4)
(1.0 mg) was dissolved in methanol (1.0 mL) in a small
crystallization tube and two drops of perchloric acid (70%)
allowed to run down the side of the tube. Thin red needles
were slowly deposited after standing at room temperature for
several hours. The crystals proved to be too thin for X-ray
analysis and were not further characterized due to decomposi-
tion on standing.

Isoaaptamine Picrate. Picric acid was washed with water,
and the damp acid was dissolved in methanol at a concentra-
tion of about 1 M. To a 1.0 mg sample of isoaaptamine (4)
hydrochloride in a few drops of methanol was added 0.25 mL
of the picric acid solution. The orange solution was heated to
about 60 °C and diluted to 1.0 mL with toluene. The solution
was filtered hot, allowed to cool to room temperature, and then
placed in a freezer (approximately -20 °C), where red-colored
single crystals (dp 95-97 °C) slowly formed over 72 h.

X-ray Crystal Structure Determination of Isoaapt-
amine (4). A few, marginal quality, red, rod-shaped crystals
of the complex were obtained from toluene-methanol solution.
The best specimen, 0.48 × 0.10 × 0.04 mm, was mounted on
the tip of a glass fiber with Superglue. Data collection was
performed at 24 ( 1° for a monoclinic system. All reflections
corresponding to a complete quadrant, with 2θ e 130°, were
measured using the ω/2θ scan technique. Subsequent statisti-
cal analysis of the complete reflection data set using the
XPREP19 program indicated the space group was P21/c, the
asymmetric unit of the cell containing a single molecule each
of the parent heterocyclic compound and picric acid, along with
1/2 a molecule of toluene. Crystal data: C13H12N2O2‚C6H3N3H7‚
1/2C7H8, monoclinic space group P21/c, with a ) 7.983(1) Å, b
) 12.839(3) Å, c ) 21.522(5) Å, â ) 92.920(1)°, V ) 2203.0(8)
Å3, λ(Cu KR) ) 1.54184 Å, Fc ) 1.518 g cm-3 for Z ) 4 and fw
) 503.43, F(000) ) 1044. After Lorentz and polarization
corrections, merging of equivalent reflections, and rejection of
systematic absences, 3141 unique reflections (R(int) ) 0.0505)
remained, of which 2353 were considered observed (Io > 2σ-
(Io)) and were used in the subsequent structure determination
and refinement. Linear and anisotropic decay corrections were
applied to the intensity data as well as an empirical absorption

correction (based on a series of psi-scans).20 Structure deter-
mination was readily accomplished with the direct-methods
program SIR92.21 All non-hydrogen atom coordinates (exclud-
ing toluene solvent atoms) were located in a structure solution
run using the RANDOM option and allowing NREF to have
the maximum value (499) for that program. The non-hydrogen
solvent and the hydrogen atom positions on isoaaptamine (4)
and picric acid were determined from difference Fourier maps
using the program SHELXL-93.22 The hydrogen atoms were
assigned thermal parameters equal to 1.5 the Uiso value of the
atom to which they were attached, and then both coordinates
and thermal values were forced to ride that atom during final
cycles of refinement. All non-hydrogen atoms were refined
anisotropically in a full-matrix least-squares refinement pro-
cess with the SHELXL-93 software package. The assignment
of nitrogen atom positions in the aromatic ring of the hetero-
cycle could not be made with any certainty based upon bond
distance information alone. Consequently, N versus C oc-
cupancy refinements were made on the individual models
produced by alternating the N atom over all possible suspected
positions which might contain nitrogen. The N and C character
of the various positions investigated was calculated to be the
following: 1, 77% N, 23% C; 2, 31% N, 69% C; 3, 15% N, 85%
C; 3A, 0% N, 100% C; 4, 97% N, 3% C; 5, 15% N, 85% C; 6,
38% N, 62% C. As a result, the two nitrogen atoms were
assigned to the 1 and 4 positions, respectively.23 The final
standard residual R value for the solvated complex model was
0.0769 for observed data (2353 reflections) and 0.0985 for all
data (3141 reflections). The corresponding Sheldrick R values
were wR2 of 0.2094 and 0.2269, respectively. A final difference
Fourier map showed insignificant residual electron density,
the largest difference peak and hole being 0.432 and -0.326
e/Å3, respectively. Final bond distances and angles were all
within acceptable limits.

Synthesis of Hystatin 1 (Disodium Isoaaptamine
9-O-Phosphate) (7). To a dry flask equipped with a septum,
magnetic stirrer, thermometer, and Ar inlet containing dry
acetonitrile (20 mL) was added isoaaptamine hydrochloride
(4, 0.26 g, 0.97 mmol). Upon cooling to -10 °C, tetrachlo-
romethane (0.47 mL, 4.85 mmol) was added followed by
diisopropylethylamine (0.51 mL, 2.91 mmol) and a catalytic
amount of (dimethylamino)pyridine. After 2 min, dropwise
addition of dibenzyl phosphite (0.30 mL, 1.36 mmol) was begun
while maintaining a temperature of -10 °C. The resultant
yellow solution was stirred for 2 h, and 0.5 M aqueous KH2-
PO4 (30 mL) was added. The water layer was extracted with
CH2Cl2 (4 × 50 mL), and the combined organic extract was
washed with brine (100 mL). The organic layer was dried, and
the solvent was removed in vacuo. Purification by column
chromatography (neutral alumina, CH2Cl2-CH3OH, 20:1, as
eluent) gave the dibenzyl phosphate as a yellow oil (0.27 g),
which was immediately dissolved in dichloromethane. Bro-
motrimethylsilane (0.2 mL) was added at room temperature.
After stirring for 2 h, the solvent was removed and the residue
was dissolved in water (20 mL). The water layer was washed
with dichloromethane (3 × 10 mL), and the water was
removed. The yellow solid was dissolved in methanol, a 30%
solution of sodium methoxide (0.22 mL, 1.16 mmol) was added,
and the mixture was stirred for 12 h. The reaction mixture
was concentrated to a yellow solid that was recrystallized from
acetone-water. The isoaaptamine prodrug (7) was obtained
as a yellow-green powder (0.15 g, 45% yield): mp 166-168 °C
(dec); UV (CH3OH) λmax (log ε) 209 nm (4.22), 241 (4.17), 260
(4.28), 316 (3.49), 326 (3.39), 389 (3.78); IR (KBr) ν 3406 (s),
3227 (m), 1649 (s), 1604 (s), 1525 (w), 1465 (m), 1429 (w), 1342
(m), 1298 (m), 1240 (w), 1111 (s), 977 (s), 848 (m), 723 (m),
630 (m), 563 (m); 1H NMR (D2O and a few drops of CD3OD) δ
3.77 (s, 3H, NMe), 3.87 (s, 3H, OMe), 5.84 (d, J ) 7.5 Hz, 1H,
H-3), 6.47 (d, J ) 7.5 Hz, 1H, H-6), 6.62 (d, J ) 7.5 Hz, 1H,
H-5), 6.65 (s, 1H, H-7), 7.43 (d, J ) 7.5 Hz, 1H, H-2); 13C NMR
(D2O) δ 45.81, 56.32, 98.05, 101.49, 112.90, 117.34, 128.96,
132.80, 134.30, 147.76, 148.32, 158.62; 31P NMR (162 MHz,
D2O) δ 1.58; EIMS m/z 228 (100) [M+ - (NaO)2P(O)H], 213
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(58), 185 (39), 170 (24), 142 (13), 114 (12), 28 (31); HRFABMS
([M - Na2O3P + H] m/z 229.09392 (cald for C13H13N2O2,
229.09771).

Antimicrobial Susceptibility Testing. Compounds were
screened against the bacteria Staphylococcus aureus, Strep-
tococcus pneumoniae, Enterococcus faecalis, Micrococcus lu-
teus, Escherichia coli, Enterobacter cloacae, Stenotrophomonas
maltophilia, and Neisseria gonorrhoeae and the fungi Candida
albicans and Cryptococcus neoformans, according to estab-
lished broth microdilution susceptibility assays.24,25 The mini-
mum inhibitory concentration was defined as the lowest
concentration of compound that inhibited all visible growth
of the test organism (optically clear). Assays were repeated
on separate days.
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