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Marine sponges continue to be a rich source of struc-
turally novel cytotoxic secondary metabolites that are of
interest as potential lead compounds for the development
of new anticancer drugs.1 As part of an ongoing search
for new cytotoxins from tropical sponges,2 it was found
that extracts of Xestospongia exigua (Kirkpatrick)3 col-
lected in Papua New Guinea exhibited a unique profile
of selective in vitro cytotoxicities against a panel of
human cancer cell lines. Bioassay-guided fractionation
of the X. exigua extracts led to the isolation of a mixture
of motuporamines A (1), B (2), and C (3) along with
known members of the petrosin and xestospongin/ara-
guspongine class of 3-alkylpiperidine alkaloids. The
motuporamines, which contain a spermidine-like sub-
structure, represent a new family of cytotoxic sponge
alkaloids that appear to be biogenetically derived from
the same basic building blocks, ammonia, acrolein, and
a long-chain dialdehyde, involved in the Baldwin/White-
head pathway to the 3-alkylpiperidine alkaloids isolated
from marine sponges in the order Haplosclerida.4,5

Purification of the water-soluble portion of the X.
exigua extract via repeated Sephadex LH-20 column
chromatography gave a cytotoxic fraction that contained
a mixture of motuporamines A (1), B (2), and C (3). The
mixture of 1-3, obtained as a pale brown optically inac-

tive amorphous solid that resisted all attempts at further
fractionation, contained motuporamine C (3) as the major
component (>90%). In the positive-ion HRFABMS, the
mixture of 1-3 gave [M + H]+ ions at m/z 298.3232,
312.3368, and 324.3376 consistent with the molecular
formulas C18H39N3, C19H41N3, and C20H41N3 for motupor-
amines A-C, respectively. An intense purple stain
resulting from visualizing TLC plates containing the mix-
ture of motuporamines with a standard ninhydrin spray
reagent suggested that at least one of the nitrogen atoms
in each of the individual compounds was present as a
primary amine. The basicity of the amino functionalities
in the motuporamines was thought to be a major impedi-
ment to the chromatographic separation of the three
closely related alkaloids. Reaction of the mixture of
motuporamines with acetic anhydride gave the less basic
diacetylated derivatives that were routinely separated by
reversed-phase HPLC to give samples of pure diacetyl-
motuporamines A (4), B (5), and C (6).

Diacetylmotuporamine C (6) was obtained as an opti-
cally inactive clear oil that gave a [M + H]+ ion in the
HRFABMS at m/z 408.3597, appropriate for a molecular
formula of C24H45N3O2. Many of the carbon and some of
the proton resonances in the 13C and 1H NMR spectra of
6 were doubled (see Table 1 and Supporting Material),
which was attributed to a slow conformational equilib-
rium most likely involving acetamide rotamers. The 1H,
13C, APT, and HMQC NMR data obtained for 6 identified
two methyl, 18 methylene, two methine, and two carbonyl
carbons. Six of the methylene carbon resonances and
their attached protons had chemical shifts appropriate
for methylene groups attached to single nitrogen atoms
(δ(13C/1H) 37.8/3.20; 43.7/3.42; 48.0/3.37, 52.9/3.15; 53.6/
3.11; 53.9/3.11). The two methine carbon resonances
were assigned to a disubsituted olefin (δ 130.6/5.32;
133.0/5.37), and the two methyl and two carbonyl carbon
resonances were assigned to acetamides (δ 22.6/1.93 (s,
3H); 21.2/2.12 (s, 3H); 173.5; 174.4). All of the remaining
12 methylene carbon resonances had chemical shifts
appropriate for aliphatic methylenes (Table 1).

Detailed analysis of the COSY, HMQC, and HMBC
data for diacetylmotuporamine C (6) readily identified
the spermidine-like substructure encompassing the two
three carbon units C-2-C-4 and C-6-C-8 (see the Sup-
porting Material). HMBC correlations between the H-4/
H-4′ proton resonance at δ 3.37 and the C-6 resonance
at δ 43.7 and between the H-6/H-6′ proton resonance at
δ 3.42 and the C-4 resonance at δ 48.0 suggested that
the two methylene carbons C-4 and C-6 were attached
to a common nitrogen atom (N-5). HMBC correlations
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observed between the carbonyl resonance at δ 174.4 and
the methyl singlet resonance at δ 2.12, the H-4/H-4′
proton resonance at δ 3.37, and the H-6/H-6′ proton
resonance at δ 3.42 confirmed the attachment of C-4 and
C-6 to N-5 and showed that the third N-5 substituent
was an acetyl group. COSY correlations between the
H-4/H4′ resonance at δ 3.37 and a methylene resonance
at δ 1.81 (H-3/H-3′), which was in turn correlated to a
methylene proton resonance at δ 3.20 (H-2/H-2′), ex-
tended the first N-5 substitutent to a linear three-carbon
chain. The methylene proton resonance at δ 3.20 was
correlated to a carbon at δ 37.8 in the HMQC spectrum
and to the second acetamide carbonyl resonance at δ
173.5 in the HMBC spectrum, indicating that this first
N-5 alkyl substituent terminated in a primary amide
functionality. Additional HMBC correlations between
H-2/H-2′ (δ 3.20) and C-4 (δ 48.0) and between H-4/H-4′
(δ 3.37) and C-2 (δ 37.8) confirmed the 1,3-diaminopro-
pane nature of the N-1 to N-5 fragment. Similarly, COSY
correlations between the methylene resonances at δ 3.42
(H-6/H-6′) and δ 1.99 (H-7/H-7′) and between δ 1.99 and
a methylene resonance at δ 3.11 (H-8/H-8′) identified a
second linear three-carbon susbtituent on N-5. The pro-
tons at δ 3.11 were correlated in the HMQC spectrum to
a methylene resonance at δ 53.9, indicating that the car-
bon was attached to the final nitrogen atom (N-9) in the
molecule. HMBC correlations between H-6/H-6′ and C-8
and between H-8/H-8′ and C-6 confirmed the presence
of this second N-5-N-9 1,3-diaminopropane fragment.

Two additional methylene resonances in the 13C NMR
spectrum of 6 had chemical shifts (δ 53.6, C-10 and δ
52.9, C-23) appropriate for carbons attached to nitrogen.
These methylene carbons (C-10 and C-23) had to be
attached to the remaining two valence sites on N-9 to
generate a tertiary amine, consistent with the observed
lack of acetylation at this nitrogen. The two acetamide

carbonyl and two olefinic methine resonances in the 13C
NMR spectrum identified the only three sites of unsat-
uration in 6 associated with functional groups. One
remaining site of unsaturation required by the molecular
formula had to be present as a ring that had to accom-
modate the disubstituted olefin and the 12 remaining
aliphatic methylene carbons. Therefore, the ring had to
be a 15-membered macrocyclic amine with a linear 12-
carbon chain bridging the C-10 and C-23 methylene
carbons attached to N-9. What remained to complete the
structure of 6 was to determine the position and config-
uration of the disubstituted olefin in the macrocyclic
amine.

The different chemical shifts observed for the two
olefinic carbons and their attached protons ruled out the
possibility of a symmetrical ∆16,17 olefin, and the COSY
data unambiguously ruled out the ∆11,12, ∆12,13, and
∆13,14 olefin locations. However, the NMR data did not
clearly distinguish between the ∆14,15 and ∆15,16 olefin
positions. Simultaneous irradiation of the overlapping
allylic proton resonances at δ 2.14 simplified each of
the olefinic methine resonances to doublets with J ) 10.9
Hz, demonstrating that the olefin had the Z configura-
tion.

Diacetylated motuporamine A (4) was also obtained as
an optically inactive oil with a molecular formula of
C22H43N3O2 that differed from the molecular formula of
diacetylated motuporamine C (6) simply by the loss of
C2H2. As with diacetylated motuporamine C (6), many
of the carbon as well as several of the proton resonances
in the 13C and 1H NMR spectra of 4 were doubled. The
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Table 1. NMR Data for Diacetylmotuporamines A (4), B (5), and C (6) Recorded in MeOH-d4 at 500 MHz

diacetylated motuporamine A (4) diacetylated motuporamine B (5) diacetylated motuporamine C (6)

atom δ 1H δ 13Ca δ 1H δ 1H δ 13Ca

2 3.20, m 37.8 (38.1) 3.20, m 3.20, m 37.8 (38.1)
3 1.80, m 29.6 (28.6) 1.81, m 1.81, m 29.5
4 3.37, m 47.7 (46.9) 3.37, m 3.37, m 48.0 (46.9)
6 3.43, m 43.7 (44.5) 3.43, m 3.42, m 43.7 (44.5)
7 1.99, m 24.2 (24.4) 2.00, m 1.99, m 24.1 (24.2)
8 3.10, m 53.6 (53.5) 3.06-3.26 3.11, m 53.9 (53.8)
10 3.13, m, 1H 53.2 (52.8) 3.06-3.26 3.11, m 53.6

3.21, m, 1H
11 1.72-1.78, m 22.5 1.70-1.75, 0.97 m, 1Hb 1.71, m 23.1 (23.2)b

12 1.48, m, 1H, 1.53, m, 1H 25.3 (24.9) 1.25-1.60 1.49, m, 1H, 1.57, m, 1H 23.7 (23.8)b

13 1.41-1.44 26.8 (26.7)b 1.25-1.60 2.16, m 27.0
14 1.41-1.44 26.0 (26.0)b 1.25-1.60 5.32, m 130.6
15 1.41-1.44 25.8 (25.7)b 1.25-1.60 5.37, m 133.0
16 1.41-1.44 25.8 (25.7)b 1.25-1.60 2.12, m 26.6 (26.4)
17 1.41-1.44 26.0 (26.0)b 1.25-1.60 1.49, m 29.2
18 1.41-1.44 26.8 (26.7)b 1.25-1.60 1.35, m 27.8 (27.8)
19 1.48, m, 1H, 1.53, m, 1H 25.3 (24.9) 1.25-1.60 1.35-1.43 m 27.0c

20 1.72-1.78 m 22.5 1.25-1.60 1.35-1.43 m 26.6 (26.4)c

21 3.13, m, 1H, 3.21, m, 1H 53.2 (52.8) 1.70-1.75, 0.93 m, 1Hb 1.43, m 27.5 (27.5)c

22 3.06-3.26 1.71, m 25.0 (24.8)b

23 3.15, m 52.9 (52.9)
N1
CO 171.2 173.5 (173.3)
Me 1.93 (1.92), s, 3H 22.6 1.94 (1.93), s, 3H 1.93 (1.92), s, 3H 22.6 (22.6)
N5
CO 174.5 174.4 (174.3)
Me 2.13 (2.12), s, 3H 21.2 2.13 (2.12), s, 3H 2.12 (2.11), s, 3H 21.2 (20.7)
a In 4 and 6 the majority of the carbons appeared as two resonances. The δ value for the less intense resonance for each carbon is given

in parentheses. b,c Assignments within a column are interchangeable. Assignments and some chemical shifts are based on HMQC, HMBC,
and COSY data.
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1H, 13C, COSY, HMQC, and HMBC data obtained for 4
identified the same linear diacetylated bis-propanedi-
amine fragment (N-1-N-9) found in diacetylmotupor-
amine C (6) (Table 1). Subtracting the atoms in this
fragment (C10H19N3O2) from the molecular formula of 4
left C12H24 and one site of unsaturation to account for.
Therefore, it was apparent that diacetylmotuporamine
A contained a fully saturated 13-membered macrocyclic
amine as shown in 4. The symmetry in the macrocyclic
ring of 4 was apparent in the 13C NMR data, which
contained only 16 resonances, six of which were assigned
to the macrocyclic methylene carbons (δ 53.2, 22.5, 25.3,
26.8, 26.0, and 25.8).

Diacetylated motuporamine B (5) was obtained as an
optically inactive oil with a molecular formula of
C23H45N3O2, which differed from the molecular formula
of diacetylated motuporamine A (4) simply by the addi-
tion of CH2. Comparison of the NMR data for 5 with the
NMR data obtained for 4 and 6 showed that diacetylmo-
tuporamine B (5) was simply the 14-membered macro-
cyclic amine homologue of 4. The 1H NMR spectrum of
diacetylated motuporamine B (5) contained two reso-
nances more shielded than 1 ppm (0.97 (1H) and 0.92
(1H)), whereas the 1H NMR spectra of 4 and 6 had no
resonances more shielded than 1.25 ppm. This difference
can presumably be attributed to neighboring group
shielding effects that are possible in the 14-membered
ring of 5 but not in the saturated 13-membered and
unsaturated 15-membered rings of diacetylmotupor-
amines A (4) and C (6).

Motuporamines A-C (1-3) represent the first ex-
amples of a new family of macrocyclic alkaloids. The
mixture of underivatized motuporamines showed modest
in vitro cytotoxicity with a mean IC50 of 0.6 µg/mL against
a panel of human solid tumor cancer cell lines. However,
they displayed none of the interesting selective cytotox-
icity exhibited by the X. exigua crude extract. The
motuporamines appear to be biogenetically related to the
3-alkylpiperidine and 3-alkylpyridine alkaloids that are
useful chemotaxonomic markers of sponges in the order
Haplosclerida.5 Baldwin and Whitehead have proposed
that the putative 3-alkylpiperidine building blocks of the
Haploscerlida alkaloids are derived in turn from am-
monia, acrolein, and a long-chain dialdehyde.4 Scheme
1 shows a proposed biogenesis for the motuporamines
that utilizes the same ammonia, acrolein, and long-chain
dialdehyde precursors involved in the Baldwin/White-
head pathway. Manzamine C (7), isolated from a Hali-
clona sp., appears to be biogenetically related to the
motuporamines.6,7 However, the spermidine-like sub-
structure in the motuporamines is replaced by an alky-
lated â-carboline substructure in manzamine C (7), which
appears to be derived from acrolein and tryptamine.

Experimental Section

1H chemical shifts are referenced to the residual DMSO-d6

or MeOH-d4 signal (δ 2.49 or 3.30 ppm, respectively), and 13C
chemical shifts are referenced to the DMSO-d6 or MeOH-d4

solvent peak (δ 39.5 or 49.5 ppm, respectively). Low- and high-
resolution FABMS were recorded with xenon as the bombarding
gas and a thioglycerol sample matrix.

Isolation of the Motuporamines. Specimens of X. exigua
(Kirkpatrick) were collected by hand using scuba at a depth
of 15 m from vertical walls on the outer reef off Motupore
Island, Papua New Guinea, in January 1995. Freshly collected
sponge was frozen on site and transported to Vancouver over
dry ice. A portion of the frozen sponge (86.4 g) was cut into
small pieces, immersed in MeOH, and subsequently extracted
repeatedly with MeOH (3 × 150 mL). The combined methanolic
extracts were concentrated in vacuo and then partitioned
between EtOAc (3 × 40 mL) and H2O (100 mL). The aqueous
extract was reduced to dryness in vacuo and then suspended in
2:1 H2O/MeOH and filtered through Celite. The filtrate was
concentrated and chromatographed on Sephadex LH-20 in 3:1
H2O/MeOH to give a 2.0 g fraction containing a baseline
ninhydrin-staining spot on reversed-phase TLC. This material
was suspended in MeOH and the suspension filtered and
subjected to repetitive column chromatography on LH-20
with MeOH as eluent to yield 351 mg of ninhydrin-staining
material as a pale brown amorphous solid. The amorphous
solid consisted of a single class of spermidine-like containing
compounds, motuporamines A (1), B (2), and C (3), with
motuporamine C (3) making up the bulk (>90%) of the sam-
ple. In our hands, we found it impossible to separate this
mixture.

Motuporamines A-C (1-3) were isolated as a single pale
brown amorphous solid: 1H NMR, see Table 1; 13C NMR, see
Table 1; positive-ion HRFABMS [M + H]+ m/z 298.323 24
(C18H40N3, calcd 298.322 50), 312.336 79 (C19H42N3, calcd
312.338 16), 324.337 59 (C20H42N3, calcd 324.338 16) for A (1),
B (2), and C (3), respectively.

Acetylation of Motuporamines A-C. The mixture of
motuporamines (89.2 mg) was dissolved in 2 mL of 3:1 pyridine/
acetic anhydride and stirred at room temperature for 16 h.
Evaporation of the reagents in vacuo gave a mixture of diacety-
lated products that were separated by semipreparative reversed-
phase HPLC, using a Whatman Magnum-9 Partisil 10 ODS-3
column, with 1:1 MeOH/(1.2% TFA/H2O) as eluent. Pure
diacetylated motuporamines A (4), B (5), and C (6) (1.5, 0.8, and
95.8 mg, respectively) were obtained, eluting sequentially, all
as clear oils. A complex mixture of minor analogues (at least
three, total 8.0 mg), eluting as a single broad peak, was also
isolated.

Diacetylmotuporamine A (4): isolated as a clear oil; 1H
NMR, see Table 1; 13C NMR, see Table 1; positive-ion HRFABMS
[M + H]+ m/z 382.3437 (C22H44N3O2, calcd 382.3436).

Diacetylmotuporamine B (5): isolated as a clear oil; 1H
NMR, see Table 1; positive-ion HRFABMS [M + H]+ m/z
396.3592 (C23H46N3O2, calcd 396.3593).

Diacetylmotuporamine C (6): isolated as a clear oil; 1H
NMR, see Table 1; 13C NMR, see Table 1; positive-ion HRFABMS
[M + H]+ m/z 408.3597 (C24H46N3O2, calcd 408.3593).

Scheme 1
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