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Two New Haliclamines from the Arctic Sponge Haliclona viscosa
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There are a large number of studies on sponges from warm
or tropical waters, whereas little is known about the chem-
istry of sponges from Arctic waters. Here, we describe the
isolation and structure elucidation of two new 3-alkyltetrahy-
dropyridine alkaloids (haliclamines C and D) from the Arctic
sponge Haliclona viscosa. MS and 2D NMR spectroscopy

Introduction

Structurally diverse polycyclic alkaloids with heterocyclic
nitrogen atoms and without aliphatic methyl groups have
been obtained from several sponges of the type
Haplosclerida.[1�3] Especially, alkaloids containing 1,3-di-
alkylpyridine or -piperidine motifs are frequently isolated
from marine sponges of the genera Haliclona,[4,5] Xestos-
pongia[6] and Amphimedon.[7] The studies on Haliclona and
related genera are mainly concentrated in tropical
waters.[8�15] Chemical investigations on sponges from tem-
perate and cold waters are still under-represented in the lit-
erature. We became interested in studying sponges of the
genus Haliclona from Arctic waters because the extracts,
fractions and purified compounds of Haliclona viscosa are
active in different assays.[16,17] The feeding deterrence and
antimicrobial activity are found in the ethyl acetate and the
1-butanol phase. The major metabolites of these fractions
were isolated by different chromatographic methods. The
structure analysis required a combination of NMR spectro-
scopic, MS and MS/MS techniques to unambiguously
elucidate the molecular constitution of haliclamine C (1)
and D (2).

Results and Discussion

A freeze-dried sample of Haliclona viscosa was exhaus-
tively extracted with organic solvents and fractionated with
n-hexane, ethyl acetate, 1-butanol and water. According to
the HPLC analysis the ethyl acetate and 1-butanol phases
were combined and further fractionated by size exclusion
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were used to analyse the structure of the two new com-
pounds. Since the haliclamines consist of long alkyl chains,
MS/MS methods were necessary for the unambiguous as-
signment of the constitution of the new alkaloids.
( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

chromatography and reversed-phase HPLC. The almost
identical retention times of the major metabolites 1 and 2
made the chromatographic separation difficult. The high-
resolution mass spectra were obtained from FAB and ESI
ionisation and propose the following molecular formulae:
C30H55N2 for 1 and C31H57N2 for 2. Both compounds differ
by only 14 mass units. Since the NMR spectra are very
similar, it was concluded that 2 has one more methylene
group than 1 (see Supporting Information; for Supporting
Information see also the footnote on the first page of this
article). Furthermore, the proton spectra indicate a sym-
metric or pseudo-symmetric structure of 1 and 2 because
only half of the protons from the HR-MS spectra (55 and
57 protons, respectively) appear in the NMR spectra. The
difficulties in the NMR spectroscopic analysis arose from
the fact that more than 50% of the protons have the same
resonance frequency (see Table 1). Only two sp2 carbon
atoms (δ � 118.5 and 131.2 ppm) are identified in the 13C
spectrum of 1 and 2. The DEPT spectrum indicates that all
aliphatic carbon atoms are methylene groups, three of them
must be adjacent to a nitrogen atom due to the observed
δ(13C) between 48 and 55 ppm and δ(1H) between 3.0 and
3.7 ppm. Moreover, δ(1H) indicates a protonation of the ni-
trogen atom. This is confirmed by the correlation from
10.28 ppm to 48 ppm in the 1H,15N-HSQC spectrum.
1H,1H-COSY, 1H,13C-HMBC and 1H,15N-HMBC data
suggest a 3-alkyltetrahydropyridine substructure. Since
both nitrogen atoms are protonated the molecule contains
two charges. The doubly-charged molecular ion can be ob-
served in the mass spectra of 1 and 2 (m/z � 222.2 for 1
and m/z � 229.2 for 2). The singly-charged peaks result
from salt formation with the TFA anion (m/z � 557.4 for 1
and m/z � 571.4 for 2) and deprotonation of the NH by
the TFA anion (m/z � 443.4 for 1 and m/z � 457.5 for
2). TFA was introduced by chromatographic purification.
Furthermore, the MS and NMR spectra show that 1 and 2
are macrocyclic compounds with two long saturated alkyl
chains (see Figure 1). Similar compounds have already been
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Table 1. NMR spectroscopic data of haliclamine C (1) and D (2) in [D6]DMSO; chemical shifts are referenced to the solvent signal (1H
2.50 ppm, 13C 39.5 ppm); for position 1, δ(15N) is given; 15N NMR spectra were not calibrated with an external standard; the δ value
has an accuracy of about 1 ppm in reference to NH3 (δ � 0 ppm); COSY correlations are given for both sides of the diagonal; HMBC
correlations are given from protons to carbon atoms

Haliclamine C (1)
Position δ(13C) δ(1H) Int. Mult. (JH,H) COSY HMBC

1 (1�) (48) 10.66 1 br 6 �
2 (2�) 50.1 3.69 �3.50 1 � 1 t (14.3) � d (14.3) � �
3 (3�) 130.8 � � � � �
4 (4�) 118.3 5.60 1 s � �
5 (5�) 21.3 2.36 �2.27 1 � 1 br � br � �
6 (6�) 48.3 3.43 �3.05 1 � 1 br � br 1 2, 4, 7
7 (7�) 54.2 3.08 2 br 8 �
8 (8�) 22.4 1.66 2 br 7 �
9-15 (9�-13�) overlap 1.2 overlap overlap � �
16 (14�) 26.3 1.35 overlap overlap 17 3
17 (15�) 33.0 1.99 2 br 16 2, 3, 4, 16

Haliclamine D (2)

1 (1�) (48) 10.28 1 s 2, 6 �
2 (2�) 50.3 3.71 �3.51 1 � 1 br � br 1 3, 4, 6
3 (3�) 131.1 � � � � �
4 (4�) 118.5 5.59 1 s � 2, 5, 6, 17
5 (5�) 21.4 2.38 �2.25 1 � 1 br � br � �
6 (6�) 48.2 3.43 �3.04 1 � 1 br � br 1 4
7 (7�) 54.6 3.09 2 br 8 6
8 (8�) 22.6 1.68 2 br 7 �
9-15 (9�-14�) overlap 1.2 overlap overlap � �
16 (15�) 26.5 1.36 overlap overlap 17 3
17 (16�) 33.6 1.98 2 br 16 2, 3, 4, 16

described in the literature as the haliclamines from a Hal-
iclona sp.[18] and the cyclostellettamines from Stelletta max-
ima (see Figure 2).[19] The lengths of the alkyl chains are
9 and 12 (unsaturated) for the haliclamines and 12 to 14
(saturated) for cyclostellettamines.

Figure 1. Schematic structure of haliclamine C (1) and D (2) de-
rived from NMR spectroscopic and MS data
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Figure 2. Structural formulae of haliclamine A (3) and cyclostellet-
tamine C (4)

By considering the sum formula obtained from the mass
spectra and the tetrahydropyridine substructure (2 �
C5H7N) it can be concluded that both alkyl chains (Cx �
Cy) consist of 20 carbon atoms for compound 1 and 21
carbon atoms for 2. However, the distribution of the carbon
atoms between the two chains cannot be solved by NMR
spectroscopy. The differences in the chain length combi-
nations is only possible by HR-MS/MS techniques. The
main peaks in the MS/MS spectrum of the parent ions were
observed at m/z � 208.210 and 236.240 for 1 and m/z �
222.226 and 236.241 for 2 (see Supporting Information).
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The length of the alkyl chains (Cx and Cy) differ by two
methylene groups for 1 and by one methylene group for 2.
The main peaks correspond to the half of each molecule as
it is known from the cyclostellettamine investigations. The
corresponding molecular formulae of the fragments are
C14H26N and C16H30N for 1 and C15H28N and C16H30N
for 2. By subtracting the tetrahydropyridine fragment, the
following chain lengths (Cx and Cy) are obtained: 9 and
11 for 1 and 10 and 11 for 2. For further structural proof
Haliclamine D (2) was synthesized. The spectroscopic data
of the synthetic compound supports the proposed struc-
tures of 1 and 2 (for details, see Exp. Sect.).[20]

The crude extract of Haliclona viscosa shows feeding de-
terrence against the amphipod Anonyx nugax and the star-
fish Asterias rubens (for details, see Exp. Sect.). Further
extracts and fractions as well as haliclamine C (1) and D
(2) were tested for their feeding deterrence against the am-
phipods. The activity is observed in the hexane and 1-buta-
nol/ethyl acetate phase, whereas no activity is found in the
water fraction. The major secondary metabolites 1 and 2
show no significant feeding deterrence against Anonyx nu-
gax.[21]

The extracts and fractions of Haliclona viscosa as well
as haliclamines C (1) and D (2) were also tested for their
antimicrobial activity against 5 bacterial strains isolated
from the vicinity of the sponge (for details, see Exp. Sect.).
The extracts and fractions were tested at natural concen-
trations, and the haliclamines C (1) and D (2) at a concen-
tration of 5 mg/mL. The crude extract of Haliclona viscosa
shows strong or very strong antimicrobial activity against
all 5 bacterial strains. The activity is observed in the 1-buta-
nol/ethyl acetate phase, whereas no activity is found in the
hexane and water fraction. The activity was followed in hal-
iclamine C (1) and D (2). The haliclamines C (1) and D (2)
show a strong or very strong inhibition against two of the
five bacterial strains.

The present study shows the potential of sponges from
Arctic waters as a source for new, bioactive natural prod-
ucts. Compounds like the haliclamines are of interest as
possible precursors in the biosynthesis of manzamine alka-
loids. In the work of Baldwin et al., a bistetrahydropyridine
was proposed as a key intermediate in the biosynthesis.[22,23]

Haliclamine C (1) and D (2) were isolated from a Haliclona
viscosa sample collected in 1999. However, the samples col-
lected in the following years (2000 and 2001) did not con-
tain 1 and 2 at all.[24] Currently, we are investigating Hal-
iclona viscosa samples from different geographical areas as
well as other samples from the same habitat to understand
the diversity in the secondary metabolism.

Experimental Section

Isolation and Purification: Haliclona viscosa was collected off the
coast of Blomstrandhalvøya, near Hansneset, by SCUBA diving
(15�25 m depth, June 1999) in the Kongsfjorden, which is located
at the west coast of Svalbard at 79°N, 12°E. The sponge collection
was carried out during the annual summer expedition (1999) at
Koldewey-Station, Ny-Ålesund, Svalbard. Samples of Haliclona
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viscosa were immediately frozen after collection and kept at �20 °C
until extraction. Sponge identification was kindly conducted by
Wallie H. de Weerdt and Dr. Rob W. M. van Soest. A voucher
specimen was deposited under registration no. ZMA POR. 16591
at the Zoölogisch Museum, Amsterdam, The Netherlands. Freeze-
dried sponge tissue (200.42 g) was extracted with a mixture of
methanol and dichloromethane (1:1, 1600 mL), and dichlorometh-
ane (2 � 3500 mL) at room temperature. The resulting greenish
coloured crude extract (19.901 g) was partitioned between hexane
(3 � 250 mL) and methanol (75 mL). The methanol extract was
concentrated and further partitioned between ethyl acetate (3 �

250 mL) and water (75 mL), and finally the aqueous layer was ex-
tracted with 1-butanol (3 � 250 mL). After HPLC analysis, the
obtained 1-butanol (1.935 g) and ethyl acetate (0.715 g) phases
were combined and purified by gel permeation chromatography on
Sephadex LH-20 (Pharmacia Biotech) with MeOH as eluent.
Samples were injected into a HPLC system (JASCO) equipped with
a light-scattering detector SEDEX 75 (Sedere). The analytical col-
umn (5 µm, 4.6 � 250 mm) was prefilled with Kromasil RP-18
(Knauer). Fractions containing major secondary metabolites were
collected and monitored by HPLC. Final purification was achieved
by preparative HPLC. First separation was achieved by applying a
linear gradient from 10% to 50% acetonitrile (containing 0.1%
TFA) and H2O (containing 0.1% TFA) over 40 minutes. The separ-
ation column (7 µm, 16 � 250 mm) was prefilled with Kromasil
RP-18 (Knauer). Second separation was achieved by a stepwise
gradient from 20% acetonitrile (containing 0.1% TFA) and H2O
(containing 0.1% TFA) over 5 minutes, which was then increased
to 45% acetonitrile (containing 0.1% TFA) over 30 minutes. To
complete the separation these conditions were held for 5 minutes.
The separation column (10 µm, 16 � 250 mm) was prefilled with
Kromasil RP-18 (Knauer). Two compounds 1 (14.5 mg) and 2
(44.8 mg) were isolated by the described method. For extraction,
solvents were distilled prior to use, and gradient-grade solvents
were used for chromatographic applications (Merck).

NMR Spectroscopy: The NMR spectroscopy experiments were car-
ried out at 30 °C with Bruker Avance 400 (AWI) and Avance 500
spectrometers (Bruker BioSpin). Chemical shifts in the spectra re-
corded in [D6]DMSO were referenced to the solvent signal (1H
2.50 ppm and 13C 39.5 ppm). The pulse programs from the
standard Bruker library were used.

Mass Spectrometry: Mass spectral analyses were performed with
ESI-TOF (LCT, Micromass), Q-TOF (Micromass), microTOF
(Bruker Daltonic) and JMS-700 (JEOL) MS spectrometers.

UV Spectroscopy: UV spectra (MeOH) were recorded with a UVI-
KON 810P spectrometer (KONTRON).

IR Spectroscopy: IR spectra (KBr) were recorded with a Bruker
EQUINOX 55 spectrometer (Bruker Optik).

Biological Assays: The extracts were tested for the feeding deter-
rence against the amphipod Anonyx nugax and the starfish Asterias
rubens. A. rubens from the North Sea was used as a model organism
because the two naturally occurring starfish at Kongsfjord (Solaster
endaca and Crossaster papposus) could not be collected and kept
in sufficient numbers under laboratory conditions. The crude ex-
tract was not consumed by the amphipods and starfish. Further
assays were conducted using the amphipods because only limited
amounts of sponge tissue were available. The extracts as well as
pure compounds were tested at natural concentrations which is the
extract yield per g dry weight (DW) sponge tissue. Natural concen-
trations were used to test ecologically relevant dosages. The amphi-
pod feeding assay was conducted as choice experiment. One test



Two New Haliclamines from the Arctic Sponge Haliclona viscosa FULL PAPER

Table 2. Comparison of the MS and MS/MS analysis of the naturally occurring and synthetic haliclamine D; all results in this table were
obtained with a Bruker microTOF MS spectrometer; the mass deviations for the daughter ions 2c and 2d are much larger since the
intensities of these peaks were much smaller than those of 2a and 2b (by a factor of 20)

Haliclamine (natural product) Haliclamine (synthetic)

HRMS (ESI) m/z � 457.4518, C30H55N2, ∆m � 0.3 ppm m/z � 457.4494, C30H55N2, ∆m � 4.9 ppm
MS/MS of m/z � 457
2a m/z � 222.2213, C15H28N, ∆m � 1.6 ppm m/z � 222.2213, C15H28N, ∆m � 1.6 ppm
2b m/z � 236.2365, C16H30N, ∆m � 3.1 ppm m/z � 236.2362, C16H30N, ∆m � 4.7 ppm
2c m/z � 288.2644, C20H34N, ∆m � 14.4 ppm m/z � 288.2639, C20H34N, ∆m � 16.3 ppm
2d m/z � 302.2842, C21H36N, ∆m � 20.0 ppm m/z � 302.2886, C21H36N, ∆m � 14.5 ppm

pellet containing crude extract or pure compounds and one control
pellet without extract were offered to the amphipods at the same
time. The weight difference between test pellet and control pellet
was monitored and statistically analysed. The haliclamines C (1)
and D (2) were tested at natural concentration [1.23 mg/g(DW) for
1 and 1.29 mg/g(DW) for 2] and showed no significant feeding
deterrence against Anonyx nugax.[21]

The extracts and pure compounds of Haliclona viscosa were tested
for their antimicrobial activity against 5 bacterial strains (A to E)
isolated from the vicinity of the sponge. Two were isolated from
the water column (A and E), two from stones (B and C) and one
from the sediment (D). The five bacterial strains were taxo-
nomically assigned by sequence analysis of 16S rDNA. The isolates
A, C and D are all γ-proteobacteria, isolate B is a Gram-positive
bacterium and isolate E belongs to Cytophaga. The five bacterial
strains are associated to the following species: A (Psychrobacter
spp.), B (Planococcus spp.), C (Colwellia spp.), D (Pseudoalter-
monas spp.) and E (Polaribacter spp.). According to the inhibition
zones of the bacterial growth, extracts and pure compounds were
classified in the following inhibition zone: a) weak (0 to 1 mm), b)
moderate (1 to 3 mm), c) strong (3 to 7 mm) and d) very strong (7
to 15 mm). The extracts were tested at natural concentrations (see
above). The haliclamines C (1) and D (2) were tested at a concen-
tration of 5 mg/mL. The crude extract of Haliclona viscosa showed
strong or very strong antimicrobial activity against all 5 bacterial
strains. The activity was found in the 1-butanol/ethyl acetate phase
(moderate to strong), whereas no activity was found in the hexane
and water fraction. The haliclamines C (1) and D (2) showed a
strong inhibition against bacterial strain E and a very strong inhi-
bition against bacterial strain B.[16]

Haliclamine C (1): 14.5 mg (0.72 � 10�2 % of dry weight) has been
isolated by previous methods. MS of 1: HRMS (FAB), m/z �

443.4392, C30H55N2 ∆m � 6.1 ppm, HRMS (ESI): m/z � 443.4395,
C30H55N2 ∆m � 6.8 ppm. MS of 1 � TFA: HRMS (FAB), m/z �

557.4299, C32H55F3N2O2 ∆m � 0.9 ppm, HRMS (ESI): m/z �

557.4379, C32H55F3N2O2 ∆m � 15.2 ppm. IR (KBr) of 1: ν̃max. �

3420, 2926, 2857, 2361, 1684, 1457, 1292 and 1134 cm�1. There
were no significant UV absorptions above 210 nm. The NMR spec-
troscopic data are summarized in Table 1.

Haliclamine D (2): 44.5 mg (2.24 � 10�2 % of dry weight) has been
isolated by previous methods. HRMS (FAB): m/z � 457.4534,
C31H57N2 ∆m � 2.6 ppm, HRMS (ESI): m/z � 457.4546,
C31H57N2 ∆m � 5.2 ppm. MS of 2 � TFA: HRMS (FAB), m/z �

571.4489, C33H57F3N2O2 ∆m � 6.6 ppm, HRMS (ESI): m/z �

571.4450, C33H57F3N2O2 ∆m � 0.2 ppm. IR (KBr) of 2: ν̃max. �

3422, 2928, 2855, 2361, 1683, 1458, 1201 and 1134 cm�1. There
were no significant UV absorptions above 210 nm. The NMR spec-
troscopic data are summarized in Table 1. For comparison, the syn-
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thetic haliclamine D (for details, see ref.[20]) was characterised by
MS, MS/MS (see Table 2) and 2D NMR techniques.
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