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Four bis-piperidine alkaloids, madangaminelf, faliclonacyclamine F2). and arenosclerins I8 and E @), have

been isolated from the marine sporfggchychalina alcaloidiferand have been identified by analysis of spectroscopic
data. The alkaloids displayed cytotoxic activity against different cancer cell lines. These results support the hypothesis
of a common biogenetic origin for the Haplosclerida bis-piperidine and bis-pyridine alkaloids.

Marine sponges belonging to the order Haplosclerida are
considered the richest natural source of alkylpiperidine alkaloids
presenting diverse carbon skeletons. Recent examples of such
alkaloids fromCribrochalinaspp. include the cytotoxic bis-pyridine
pyrinadine A and cribochalines A and B, of which cribochaline A
displays antifungal activity against both antibiotic-sensitive and
-resistant strains o€andidaspp? Various Xestospongispecies
are the source of xestospongin and araguspongine alkaloids, which
act on C&" channels$;* display cytotoxi€ or antimalarial/antitu-
bercular activity? or are antifungal. Other examples include the
cytotoxic pyrinodemins from a marine sponge of the genus
Amphimedosi unusual oligomeric pyridinium alkaloids such as
cyclohaliclonamines fronHaliclona sp? and viscosamine from
Haliclona viscosal® and macrocyclic dimeric haliclamines and the
linear trimeric viscosaline also froi. viscosal12Although they
do not belong to the 3-alkylpiperidine group of alkaloids, the
biogenetically related motuporamines, isolated fodaestospongia
exigua display potent anti-invasive activiand are currently under
investigation to better establish their mode of acfibri” These
selected examples illustrate the structural diversity of the Haplo-
sclerida alkylpiperidine alkaloids, which constitute a unique group
of secondary metabolites.

Crude extracts of Haplosclerida sponges very often display
biological activities due to the occurrence of biogenetically related
alkaloids. Such was the case Béchychalina alcaloidifergPin-
heiro, Berlinck & Hajdu, 2005)¢ We have previously described
the isolation of the antitubercular and cytotoxic ingenamine G, of
new antibacterial and antifungal cyclostellettamines, and of a
dibromotyrosine derivative fromPachychalinasp. &P. alca-
loidifera).1® As the sponge taxonomy suggesks, alcaloidifera
crude extract presented a very complex mixture of alkaloids. Herein
we report the results of the continuing isolation of compounds from
this extract, which now include madangaminell, faliclonacy-
clamine F @), and arenosclerins D3) and E @), as well as an
evaluation of the cytotoxic activity of these compounds against
different cancer cells lines.
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separation conditions we have been able to isolate madangamine The stereochemistry of the double bonds was established by
F (1) and arenosclerin E4] from the basic alkaloid fraction d®. analysis of théH and'3C NMR and NOESY spectra. The chemical
alcaloidifera Haliclonacyclamine F2) and arenosclerin D8f were shift of C-14 ¢ 28.0) indicated & stereochemistry of the1516
isolated from the acidic alkaloid fraction, using column chroma- double bond. TheA1”:18 double bond wa& given the H-17 and
tography on silica gel and gradients of MeOH in £&ip, or 1:1 H-18 coupling constantJ(= 11.2 Hz). The NOESY spectrum
i-PrOH/MeOH in CHCI,, 1:1 MeCN/MeOH in CHCl,, or 3:7 indicated NOEs between H-15/H-18 and H-15/H-20, which also
MeOH/EtOAc in CHCI; as eluents. supported the proposed stereochemistried B¢ and A1718 A
Madangamine F1) was isolated as an optically active glassy change in the geometry of the C-3 exocyclic double bond in
solid. The HRESIMS ofl (479.4003,Ammu 0.2) indicated the =~ madangamine F1j relative to previous madangamifgsvas

formula GHs:N,O for the quasi-molecular ion [M- H]*. The evident, since irl the methylene CH21 shows chemical shifts at
presence of a hydroxyl group in the structure of madangamine 6 2.17/2.85 tH) and 35.8 {*C), while in madangamines-AE the
F was evident from the analysis of the IR (3375 dn 'H methylene group between the two double boad$® and A8

NMR (6 4.12, m), andt3C NMR (0 70.1) spectra. Signals for 31 ~ shows chemical shifts &t 2.32/3.34 {H) and 26.8 ¥C). Consider-
carbons were apparent in thA& NMR spectrum, indicating an  ing that the stereochemistries/st>6andA'"-*8were both assigned
overlap of twol3C signals. The presence of four double bonds was asZin 1, it follows that the stereochemistry At®2°must beZ, in
evident by the analysis of tHéC NMR spectra (BBD and DEPT)  order to account for the G#R21 1%C chemical shift § 35.8)%

and included one trisubstituted (141.1 quaternary and 129.3 The relative stereochemistry at C-4 was establishe&*asn
methine) and three disubstituted double bondlsl?4.4, 134.8, the basis of the following criteria. Although tAEl signals of H-4,
140.1, 131.1, 133.5, and 121.2). Therefore, the carbon skeletonH-5, and H-12 were observed as broad multiplets, and no informa-
presented a pentacyclic system, similar to that in the madan-tion on their relative stereochemistry could be obtained from the
gamine&® and ingamines/ingenamirfégherein referred as inge-  analysis of coupling constants, the NOESY spectrum clearly showed

namines). NOEs between H-4/H-5, H-4/CHL1, and H-4/CH-21. Therefore,
The'H—1H COSY spectrum showed fei—H couplings, with a trans-pseudoaxial relationship between H-4 and H-5 was ruled

aW long-range coupling between H-2 8.97) and H-10bd{ 3.34) out. The NOE coupling between H-4 and the methylene-2H

as well as between H-2 and H-22 6.47). OthefH—'H couplings can be observed only if H-4 haspapseudoequatorial orientation

were observed between the oxymethine proton H-4.(2) and while the A%22 has theE geometry. These data clearly established
H-5 (6 1.66), between H-11h(1.303], long range) and H-21k)( the relative stereochemistry of madangaminel)f (
2.17, homoallylic coupling), and between H-5 and H-11b. The  The remaining GH., fragment accounted for a saturated chain
limited number offH—1H long-range correlations observed in the between N-7 and C-9, similarly to that reported for madangamines
COSY spectrum ofl were similar to those observed for madan- D and E2% Analysis of the COSY, HMBC, and HSQC-TOCSY
gamine Az spectra enabled the assignment of this chain (Tables 1 and 2; see

The HMBC and HSQC-TOCSY spectra bfshowed relevant also Table S1 in the Supporting Information). Therefore, we have
1H—-13C long-range correlations between H-2 and C-3, C-5, C-9, been able to establish the structure of madangamine B.as
C-11, C-12, C-13, C-20 and C-22; H-4 and C-11; H-5 and C-4 Madangamine F is the first member of the madangamine group of
and C-24; CH-6 and C-5, C-8, C-9, C-23, and C-34; ¢B and alkaloids with a G instead of a g bridge between N-1 and C-3
C-6, C-9, and C-34; CH10 and C-2, C-8, C-13, and C-34; GH and the first madangamine with a hydroxyl group at C-4.
11 and C-12 and C-34; H-12 and C-3, C-9, C-10, C-22, and C-34;  Haliclonacyclamine FZ) showed signals in t"éC NMR spectra
H-13b and C-10, H-13a, and C-22; and H-22 and C-2, C-11, and (BBD and DEPT) of four shmethine carbon signals &t 36.7,
C-12. 40.6, 36.3, and 42.3, as well as six2gmethine groups ab

The comparison ofH and3C NMR data ofl with data for the 124.4, 134.6, 129.2, 126.8, 124.9, and 136.0. Therefore, the
madangaminég and ingenaminé$ supported a madangamine tetracyclic nature o2 was deduced from the HRESIMS, which
central core forl. The chemical shift of H-24 3.97, s) shows a indicated the formula &HssN, (measd 467.4364Ammu 0.3)
better agreement with the chemical shift of H-2 in the madan- for the quasi-molecular ion [M- H]*. Typical N-bonded methylene
gamines A-E2°than the corresponding proton in the ingenamfies. resonances at 56.2, 51.7, 57.5, 59.6, 47.9, and 56.9 indicated
The methylene pair CH6 in 1 was observed ai 2.06 and 3.73, a haliclonacyclamine/arenosclerin skeleton for haliclonacy-
in agreement with the corresponding assignments in madangaminesclamine F ).2223The comparison of théH and**C NMR data of
The S-pseudoaxial proton of the GH6 methylene is strongly 2 with the data reported for haliclonacyclamine E and arenosclerins
shielded in the ingenamines, with chemical shifts typically observed A—C 2?2 haliclonacyclamines AD,?® halichondraminé&3¢and 22-
between 1.68 and 1.7292Moreover, we observed only one allylic  hydroxyhalicyclamine A3 allowed us to verify tha? was a new
methine inl, H-2 (6 3.97), while the ingenamine skeleton has two alkaloid.

allylic methine protons, H-2 and H& Finally, the methine carbon The assignment of thiH and3C resonances of rings A and B
C-12 (0 35.2) of 1 shows a chemical shift similar to those of in 2 was approached using a combined interpretation of COSY,
madangamines)(< 40.1), upfield relative to C-8 in ingenamines  HMBC, and HSQC-TOCSY spectra. For the construction of ring
(usually 6 > 50.0). Considering the preceding arguments, we A key long-range correlations were observed in the HSQC-TOCSY
concluded thatl had a madangamine skeleton. spectrum between H-11b and C-1, between H-4b and C-2, between
The alkyl bridge connecting N-1 and C-3 was identified by H-1and C-3, between H-2 and C-4, between H-3 and C-4, between
analysis of the COSY, HMBC, and HSQC-TOCSY spectra (Table H-9 and C-4, between both protons of £HL and C-5, and between
S1 in Supporting Information). Couplings were observed between H-4b and C-5. The HMBC spectra showed correlations between
the CH-13 methylene pair and C-10 and C-15, between-T# H-1 and C-2 and C-3, between H-5 and C-3, between H-4b and
and H-15, H-16, C-3, C-15, and C-16, between H-15 and H-16, C-3, and between H-11b and C-5. Finally, the COSY spectrum
C-14, and C-16, between H-16 and CH-14, CH-15, and CH-17, showed correlations between gl and CH-5 and CH-11. Ring
between H-17 and H-16, CH-18, and C-19, between H-19 and H-18, B of 2 was constructed in a similar way. The HSQC-TOCSY
C-17, and CH21, and between H-20 and H-2, H-10b, H-21b, C-18, spectrum showed couplings between H-8a and C-6 and C-7,
and C-19. The methylene pair G21 showed couplings with H-4, between H-9 and C-7, between gH0 and C-7, between GHL9
CH,-13, H-19, H-20, C-3, C-18, C-19, and C-22. Finally, the proton and C-7, between H-7 and C-8, between H-19b and C-8, between
H-22 showed couplings with H-2 and H-12. Therefore, we defined H-8a and C-9, and between both H-21b and H-22b and C-10. The
the N1-C3 bridge as an undeca-3,5,7,10-tetraene unit. HMBC spectra indicated couplings from C-6 to H-8a, H-10a, and
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Table 1. '"H NMR Data for Alkaloids1—4 (CDsOD)

de Oliveira et al.

position 12 22 3P 42
1 3.25 (m) 2.91 (m); 2.89 (m) 3.30 (m)
2 3.97 (s) 1.86 (m) 1.65 (m) 1.93 (m)
3 2.03 (m) 1.89 (m) 2.12 (m)
4 4.12 (m) 2.12 (m); 2.05 (m) 1.99 (dd, 5, 10); 1.82 (m) 2.18 (m)
5 1.66 (m) 3.22 (m) 3.19 (t. 12.6); 2.95 (dd, 7, 11) 3.28 (m); 3.17 (t, 11.8)
6 3.73 (m); 2.06 (m) 3.27 (m); 2.66 (m) 2.83(d, 10); 2.16 (dd, 6, 11) 3.44 (m); 2.64 (m)
7 1.91 (m) 1.52 (m) 1.98 (m)
8 3.77 (m); 2.09 (M) 2.32 (m); 1.26 (m) 2.31(d, 11), 0.91 (dd, 7, 11) 2.33(m); 1.30 (m)
9 2.18 (m) 1.76 (bt) 2.26 (m)
10 4.02 (m); 3.34 (M) 3.34 (m); 3.08 (M) 2.81(t, 12); 2.62 (d, 11) 3.47 (m); 3.03 (t, 12.4)
11 1.68 (m); 1.30 (m) 3.44 (m); 3.26 (M) 3.01(t 8) 3.46 (m); 3.28 (M)
12 2.92 (m) 2.65 (m); 2.55 (m) 2.50 (dd, 6, 15); 2.44 (dd, 7, 15) 2.22 (m); 1.98 (m)
13 3.85 (m); 2.68 (m) 5.30 (m) 5.31(ddd, 5.5, 6, 11) 1.38 (m)
14 2.24 (m); 1.88 (m) 5.70 (m) 5.59 (m) 1.52 (m)
15 5.34 (m) 2.21 (m); 1.94 (m) 2.12 (m) 1.48 (m)
16 5.79 (m) 1.58 (m); 1.14 (m) 2.03 (m) 1.40 (m)
17 7.38 (dd, 15, 11) 1.38 (m) 1.30 (fn) 1.44 (m)
18 6.24 (t, 11) 1.48 (m) 1.36 () 1.56 (m)
19 5.88 (m) 1.46 (m); 1.32 (m) 1.45 (m) 1.60 (m)
20 5.84 (m) 1.44 (m) 1.98 (m) 1.58 (m); 1.14 (m)
21 2.85(m); 2.17 (m) 3.46 (m); 3.38 (m) 3.08 (m); 2.90 (m) 1.44 (m)
22 6.47 (M) 2.49 (m); 1.31 (m) 4.90 1.35 (m)
23 3.28 (m); 2.98 (m) 5.55 (m) 5.49 (t, 10) 3.37 (m)
24 1.40 (m) 6.46 (M) 6.46 (t, 11) 5.05 (M)
25 1.42 (m); 1.24 (m) 3.09 (m); 2.44 (m) 6.49 (t, 11) 5.62 (dd, 10, 11.4)
26 1.38 (m) 6.44 (m) 5.56 (m) 6.55(q, 11.4)
27 1.52 (m) 5.57 (m) 2.56 (d, 11); 1.51 (m) 5.68 (m)
28 1.86 (m) 2.03 (m); 1.42 (m) 1.33 () 5.32 (ddd, 6.2, 11.5, 11.4)
29 1.62 (m) 1.48 (m) 1.45 (ift) 5.71 (m)
30 1.63 (m) 1.42 (m) 1.33 () 6.49 (q, 11.4)
31 1.70 (m) 1.57 (m) 1.29 (i) 2.67 (m); 2.52 (M)
32 1.62 (m) 1.65 (m); 1.48 (m) 1.33 (m) 2.05 (m); 2.53 (m)
33 1.42 (m)
34 1.94 (m); 1.80 (m)

2400 MHz.? 500 MHz. ¢ Overlapped by the D signal.? Assignments by comparison with literature data; in the text, a and b denote upfield
and downfield resonances respectively of a geminal pair.

H-21a, from C-7 to CH8, CH,-6, and H-19b, from C-8 to CH6 NOESY spectrum, which showed dipolar couplings between H-2
and H-20, from C-9 to H-4b, H-8b, H-10b, and H-19b (or H-22b), and H-4b, between H-2 and H-9, between H-2 and H-10a, between
and from C-10 to H-8a, H-9, and H-21b. The COSY spectrum H-6b and H-10b, and between H-8b and H-10b. Therefore, the
showed correlations between H-7 and both protons of-€ldnd relative stereochemistry of the piperidine ring A2ris the same
H-8a, between H-8b and H-9, between H-19b and H-20, between relative stereochemistry of haliclonacyclamine E and arenosclerin
H-9 and H-21b, and between H-10b and H-22a. A.22 A comparison of thé3C chemical shifts of C-1 to C-5 in these

Analysis of COSY, HMBC, and HSQC-TOCSY spectra, as well alkaloids showed a good agreement. The relative stereochemistry
as comparison with data of haliclonacyclamine E and arenosclerinsof ring B in 2 could not be unambiguously established since we
A—C, indicated that the CH11/CH,-20 bridge of compound was have not observed NOE dipolar couplings for H-7. However, since
identical to the same moiety present in the alkaloids isolated from the 13C chemical shifts of C-6C-10 are practically identical to
Arenosclera brasiliensi® A Z double bond was positioned at C-13/  those of arenosclerin &,the proposed relative stereochemistry of
C-14, and the remaining assignments of methylene groups werering B in compound is shown in Figure 1a.
established by analysis of the COSY, HMBC, HSQC-TOCSY, and  Arenosclerin D 8) was obtained as a colorless, glassy solid,
NOESY spectra (Table S2 in the Supporting Information). which displayed a quasi-molecular ion [iMH] " in the HRFABMS

The bridge between fland C-2 also showed an N-substituted atm/z483.43089 (calcd 483.4314Ammu 0.5), corresponding to
homoallylic spin system. Sequential couplings fromH to CH- the formula GHssN,O with seven degrees of unsaturation. The
24 were clearly observed in the COSY, HMBC, and HSQC-TOCSY presence of three double bondsl@6.3, 133.4, 135.0, 126.5, 125.1,
spectra. The methylene group at C-28 ¢ 2.44 and 3.09%3C ¢ and 136.0) and a carbinol carbah@1.7) in the'*C NMR spectrum
22.6) was located between ti&324 double bond and a second indicated thaB had a tetracyclic structure. The close relationship
double bond at CH-260(6.44) and CH-27 d 5.57). TheA26:27 of arenosclerin D §) with arenosclerins AC?? was evident by
double bond was followed by a five methylene carbon chain, C-28 comparison oftH and 3C NMR data. A careful analysis of the
to C-32, which could be assigned by extensive analysis of COSY, COSY, HMBC, and HSQC-TOCSY confirmed that compouhd
HMBC, and HSQC-TOCSY spectra. A correlation observed was a member of the arenosclerins and very similar to arenosclerin
between C-32 and H-4BH 6 2.12) in the HSQC-TOCSY spectrum  C (Tables 1 and 2 and Table S3 in the Supporting Information).
established the attachment of this chain with the bis-piperidine spin However, minor differences observed for tH€ NMR and'H
system. The stereochemistries of bafii2*andA262”double bonds NMR chemical shifts, in particular for H-2, H-7, H-9, G+20, and
were assigned as considering thé3C chemical shifts of C-22¢ C-3, suggested a different stereocisomer within the bis-piperidine
26.6), C-25 ¢ 22.6), and C-28{ 26.4). Therefore, the {3 chain moiety.
of 2 consisted of a 1-amino-3),6(2)-dienedodecane moiety, which The relative stereochemistry of the bis-piperidine moiety8in
appears to be unprecedented in the literature based on searches iwas tentatively defined by analysis of thd NMR, NOESY, and
literature databases (MARINLIT and SciFinder). ROESY spectra. On the basis of the chemical shift and coupling

The relative stereochemistry of the bis-piperidine moiety in constants of H-8b 0.91, dd, 7 and 11 Hz), we inferred this proton
haliclonacyclamine F could be established by analysis of the was in a pseudoaxial orientation in compowBy#2 Proton H-8a at
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Table 2. 13C NMR Data (CROD) for the Alkaloids1—4

position 12 22 3 42
1 56.2 52.2 56.2
2 59.5 36.7 38.2 36.2
3 1411 40.6 41.5 40.4
4 70.1 33.3 35.2 33.0
5 41.5 51.7 47.5 51.8
6 50.6 57.5 59.3 58.8
7 36.3 37.8 36.1
8 50.7 36.1 38.4 35.7
9 42.5 42.3 449 41.9
10 56.4 59.6 61.2 59.9
11 32.4 47.9 57.0 48.1
12 35.2 20.5 20.6 27.3
13 56.0 124.4 126.3 32.7
14 28.0 134.6 133.4 27.8
15 124.4 27.3 27.1 29.2
16 134.8 33.9 28.1 28.4
17 140.1 27.8 294 28.9
18 131.1 28.8 339 28.6
19 133.5 29.0 28.7 25.8
20 121.2 32.8 26.8 33.8
21 35.8 56.9 64.3 28.8
22 129.3 26.6 61.7 26.9
23 60.4 129.2 135.0 62.2
24 23.0 126.8 126.5 61.7
25 28.8 22.6 125.1 132.7
26 23.6 124.9 136.0 127.8
27 27.4 136.0 26.5 137.6
28 24.6 26.4 288 124.6
29 27.2 28.6 28% 134.4
30 27.2 29.1 29% 124.7
31 25.4 26.0 26% 20.5
32 27.0 28.5 29.0 26.9
33 22.3
34 38.9

2 Assignments by inverse detection at 100 MHz (HSQ@ssign-
ments by inverse detection at 125 MHz (HSQEAssignments by

comparison with literature data.

%

24
OH

W

Journal of Natural Products, 2007, Vol. 70, N644

to H-8b. NOE couplings were observed between H-8b and H-5b
(6 2.95), between H-5b and H-3 (1.89), between H-2 1.65)

and H-10b ¢ 2.62), and between H-104 2.81) and the methylene
CH,-32 (6 1.33). A conformation and a relative stereochemistry at
C-2, C-3, and C-9 that can accommodate such couplings is depicted
in Figure 1. There were no observed NOE couplings for H-7 or
CH,-20; hence the relative stereochemistry at C-7 was not defined.
Therefore, the structure of arenosclerindié tentatively proposed

as a distinct stereoisomer of arenosclerins@??

Arenosclerin E 4) was obtained as a colorless, glassy solid. The
HRFABMS of 4 indicated a quasi-molecular ion [M H]™ atnm/z
483.4305 (calcd 483.4314AAmmu —1.9), corresponding to the
formula GyHssNO. Since three double bonds were detected in the
13C NMR spectrum oft (6 132.7, 127.8, 137.6, 124.6, 134.4, and
124.7), the compound possessed a tetracyclic skeleton, clearly
related to the arenosclerins due to the presence of a hydroxyl group
observed in the IRK3385 cnT?), IH NMR (6 5.05), and3C NMR
spectra § 61.7). Analysis of the COSY, HMBC, and HSQC-
TOCSY confirmed this hypothesis and enabled assignment of the
bis-piperidine central core of compouddTables 1 and 2 and Table
S4 in the Supporting Information).

The alkyl bridge connecting &to C-7 in4 was shown to be
completely saturated, and only a few correlations were observed
for it, namely, from H-2, H-4a, and H-5a to C-11, between H-5a
and C-12, between H-7 and C-22, between H-12a and C-14,
between CH13 and C-15, between GH7 and C-16, between
CH»-22 and C-17, between GF25 and C-17, and between H-22a
and C-21.

In order to establish the structure of thgNC-2 alkyl bridge,
analysis of the COSY spectrum showed correlations between CH
23 and CH-6 as well as between GF23 and H-10a, indicating a
mutual connection of CH6, CH,-10, and CH-23 through N.
These assignments were confirmed by analysis of the HMBC
spectra. Once we assigned the £33 methylene group, we
observed in the COSY spectrum sequeriti-H couplings from
CH,-23 to CH-32 through a conjugated spin system composed of
three double bonds, all of which wei2 due to the coupling
constants between H-25 and H-26 (10.0 Hz), between H-27 and
H-28 (11.5 Hz), and between H-29 and H-30 (11.4 Hz). Moreover,
the chemical shifts of C-24)(61.7) and C-31¢ 20.5) also indicated
aZ geometry for theA2526 and A2930 double bonds. SeverdH—

IH and long-rangéH—13C couplings were observed and enabled
us to unambiguously assign & and'3C resonances of this chain
(see Tables 1, 2 as well as Table S4 in the Supporting Information).
The connection of CH32 to the bis-piperidine system was
established by long-range correlations observed in the HMBC and
HSQC-TOCSY spectra between B2 (0 2.05 and 2.53) and C-2

(6 36.2), between CH31 (0 2.52 and 2.67) and C-2, and between
CH,-32 and C-3. Therefore, this chain was defined asZeb377)-
1-aminodeca-3,5,7-trien-2-ol spin system, which is unprecedented
in the literature. As far as we know, arenosclerindié the first
arenosclerin/haliclonacyclamine bis-piperidine alkaloid with;a C
chain connecting [ to C-2. The hipsocromic UV absorption 4f
(Amax 235 nm) is probably due to the fact that tAeZ,Z triene
chromophore is distorted due to angle strain within the chain.

The relative stereochemistry in the bis-piperidine moiety was
established by analysis of ROESY and NOESY spectra. Several
dipolar couplings were observed, most importantly between-CH
1, H-3, and H-5b, positioning these hydrogensxially. Dipolar
couplings observed between H-4b and H-9, between H-9 and H-7,

Figure 1. NOE dipolar couplings observed for haliclonacyclamine and between H-7 and H-10a, in addition to NOEs observed between
F (a), arenosclerin D (b), and arenosclerin E (c) from the respective H-6b and H-10b and between H-10b and H-8b, indicated a

NOESY and ROESY spectra.

conformation of the B ring where H-9 and H-7 gkaxially oriented
while H-6b, H-8b, and H-10b are-axially oriented. Further dipolar

0 2.31 showed a geminal 11 Hz coupling constant; therefore the 7 couplings observed between H-2 and H-10a as well as between

Hz coupling of H-8b was to either H-®(1.52) or H-9 ¢ 1.76),

H-32b and H-9 indicated the relative configuration at C-2 and

one of which was therefore in a pseudoequatorial position relative enabled us to establish the relative stereochemistry of arenosclerin
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Table 3. Cytotoxic Activity of Alkaloids 1—4 Aginst Cancer
Cell Lines «g/mL)

cell lineg
alkaloid SF 295 MDA-MB435 HCT8 HL60
1 19.8 16.2 >25 16.7
2 4.5 1.0 8.6 2.2
3 5.9 1.2 6.2 2.1
4 8.7 3.1 >25 6.9

aCell lines: SF 295 (human CNS), MDA-MB435 (human breast),
HCT8 (colon), and HL60 (leukemia).

E (4) as depicted in Figure 1c. Several other NOEs observed within
the G polyunsaturated chain confirmed the positioning and the
stereochemistry of the double bonds.

The alkaloidsl—4 were tested in cytotoxic assays against SF
295 (human CNS), MDA-MB435 (human breast), HCT8 (colon),
and HL60 (leukemia) cancer cell lines using the MTT method
(Table 3). Haliclonacyclamine R2) and arenosclerin D3} were
the most active alkaloids, followed by arenosclerin 4 &nd
madangamine FLj. The results suggest that each of these alkaloids
may have a distinct cytotoxicity mode of action depending on the
three-dimensional structure of each compound.

The isolation of madangamine E)( haliclonacyclamine F2),
and arenosclerins B8] and E @), along with ingenamine G and
several cyclostellettamin€drom P. alcaloidiferais strong support
for a common biogenetic pathway for these alkaloids. The occur-
rence of a hydroxylated madangamine Fh alcaloidifera is

de Oliveira et al.

The CHCI; fraction (5.03 g) obtained from the crude extract upon
acidic partitioning, as described precedindly,was subjected to
chromatographic separation on a cyanopropyl-bonded SiOH column
(Waters Sep Pak, 10 g) eluted with a gradient of MeOH in,Clk
Five fractions were obtained, E1 (3.050 g, mostly pigments), E2 (108
mg), E3 (150 mg), E4 (1.150 g), and E5 (280 mg). The E4 fractions
was divided in two portions, E4 and E4rhe E4 fraction (0.328 @)
was subjected to flash column chromatography on a cyanopropyl-
bonded SiOH Waters Sep Pak (10 g) eluted with a gradient of MeOH
in CH.Cl,. Four fractions were obtained: E4A (0.107 g), E4B (0.150
g), E4C (1.150 g), and E4D (0.280 g). Fraction E4C was separated by
flash column chromatography on a SiOH Waters Sep Pak (10 g) eluted
with a gradient of MeOH in CkCl,, resulting in seven fractions, E4C1
to E4C7. Fraction E4C5 (0.051 g) was separated by flash column
chromatography on a Waters Sep Pak column (5 g) eluted with a
gradient of 1:1 MeOHY/i-PrOH in CkCl, and resulted in five fractions,
E4C5A to E4CSE. Fraction E4C5E (0.0150 g) was purified by flash
column chromatography on a Waters Sep Pak column (5 g) eluted with
a gradient of 1:1 MeOH/i-PrOH in Ci€l, and yielded 0.0044 g (2.2
x 107%% wet) of haliclonacyclamine R2}. The E4 fraction (0.820 g)
was subjected to flash column chromatography on a SIOH Waters Sep
Pak (10 g) eluted with a gradient of MeOH in @Bl,. Four fractions
have been obtained from this separation: At E4'D. The fraction
E4C (0.465 g) was subjected to column chromatography on a SiOH
Merck Lobar column (A size, 248 10 mm) eluted with a gradient of
MeOH in CHCly, resulting in three fractions: E@1 (0.216 g), EAC2
(0.220 g), and E€3 (0.027 g). Fraction E€2 was subjected to flash
column chromatography on a Waters Sep Pak (10 g) eluted with a
gradient of 7:3 EtOAc/MeOH in CKLl,. Six fractions were obtained,

E4 C2A to E4C2F. Fraction EA2F (0.0557 g) was separated by flash

noteworthy, considering that the madangamine skeleton is supposedolumn chromatography on a SiOH Waters Sep Pak (2 g) eluted with

to be biogenetically derived from an ingenamine skelét®ithe
hydroxyl position inl corresponds to the C-4 position in the putative
ingenamine precursor, which is commonly unsaturatesfdtand,
therefore, is susceptible to an enzyme-mediated addition,©f H
The spongeP. alcaloidiferapresents a unique chemical profile,
composed of alkaloids belonging to four distinct structural classes.
To the best of our knowledge, no other Haplosclerida sponge
presents such a variety of bis-piperidine and bis-pyridine alkaloids.
Although several other alkaloid-containing fractions have been
obtained from the MeOH extract & alcaloidiferg the availability

of only small amounts (0:52 mg) made their isolation and
identification difficult.

Experimental Section

General Experimental Procedures. The general experimental
procedures have been previously descritf@édxcept for'H NMR
spectra recorded at 500 MHz aifC NMR spectra recorded at 125
MHz on a Bruker DRX500 11.7 T NMR spectrometer, referenced
relative to the signal of TMS.

Animal Material. Same as previously reportéd.

Isolation of Compounds 1-4. The CHCI, fraction (0.87 g) obtained
from the crude extract upon alkaline partitioning, as previously
described?® was subjected to flash column chromatography on

a gradient of 7:3 EtOAc/MeOH in Ci€l,. This separation resulted in
three fractions, E€2E1 to E4C2E3. Fraction E£2E3 (0.0200 g)
was purified by flash column chromatography on a Waters Sep Pak (2
g), resulting in the isolation of 0.0143 g of arenosclerind (7.1 x
107%%, wet).

Madangamine F (1):colorless, glassy solidp]p?® —32.5 € 0.004,
MeOH); UV (MeOH) Amax 237 nm € 22 480); IR (film) 3375, 2932,
2861, 1654, 1463, 1007 crh *H NMR (CDs;OD, 400 MHz), see Table
1; 3C NMR (CD;OD, 100 MHz), see Table 2; positive ESIM8&z
479.5 [M + H]* (93%), 399.4 (100%), 370.4 (17%), 338.4 (63%);
HRESIMS nvz found 479.4003 [M+ H]*, calcd for GoHsiN2O
479.4001 [M+ H]*.

Haliclonacyclamine F (2): colorless, glassy solido]n?® +5.4 (C
0.0041, MeOH); UV (MeOHYmax 226 nm € 2,450); IR (film) 3385,
2928, 2854, 1634, 1460, 992 ci'H NMR (CD3;OD, 400 MHz), see
Table 1;3C NMR (CD;0D, 100 MHz), see Table 2; positive ESIMS
m/z 467.3 [M + H]* (100%); HRESIMSm/z found 467.4364 [M+
H]*, calcd for G,HssN, 467.4365 [M+ H]*.

Arenosclerin D (3): colorless, glassy solidpp?® +6.9 (€ 0.014,
MeOH); UV (MeOH) Amax 236 nm ¢ 28 456); IR (film) 3294, 2925,
2855, 1649, 1599, 1455, 1358, 1272, 1018, 733%AH NMR (CDs-
OD, 500 MHz), see Table 23C NMR (CDsOD, 125 MHz), see Table
2; positive FABMSm/z 483 [M + H]* (trace); HRESIMSWz found
483.43089 [M+ H]*, calcd for G,HssN.O 483.43144 [M+ H]*.

Arenosclerin E (4): colorless, glassy solidp]p?® +14.5 € 0.015,

cyanopropyl-bonded SiOH Waters Sep Pak (10 g) eluted with a gradient MeOH); UV (MeOH) Amax 235 nm € 23 780); IR (film) 3385, 2931,

of MeOH in CH.Cl,. Two fractions were obtained from this separation,
F1 (0.797 g) and F2 (0.075 g). Fraction F1 was subjected to flash
column chromatography on a SiOH Waters Sep Pak column (10 g)
eluted with a gradient of MeOH in Gi€l,. This separation resulted in
four fractions, F1A (0.097 g), F1B (0.295 g), F1C (0.165 g), and F1D
(0.232 ). Fraction F1C was further separated by flash column

chromatography on a SiOH Waters Sep Pak column (10 g) and eluted

with a gradient of MeOH in CECl, to give four fractions, F1C1
(0.0105 g), F1C2 (0.0336 g), F1C3 (0.0376 g), and F1C4 (0.0635 g).
Fraction F1C3 was purified by flash column chromatography on a SiOH
Waters Sep Pak (5 g) eluted with a gradient of 1:1 MeOH/MeCN in
CHCl,, to give 0.0040 g (2.0« 10 %%, wet) of madangamine A),

2861, 1641, 1460, 997 cthi 'H NMR (CDsOD, 400 MHz), see Table
1; 3C NMR (CD;OD, 100 MHz), see Table 2; positive ESIM#&z
483.7 [M+ HJ* (100%): HRESIMSm/z found 483.4305 [Mi+ HJ*,
calcd for GoHssN2O 483.4314 [M+ H]*.
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