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A new piperidine alkaloid plakoridine C (1) has been isolated from an Okinawan marine sponge Plakortis
species, and the structure was elucidated from spectroscopic data. Plakoridine C (1) is a new alkaloid pos-
sessing a piperidine ring connected to a b-keto-c-lactone through a double bond.

� 2009 Elsevier Ltd. All rights reserved.
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Marine sponges of the genus Plakortis are known to be a rich
source of unique peroxy aliphatic acids and esters.1 During our
search for new metabolites from Okinawan marine sponges, we
have isolated some polyketide with unique skeletons from the
genus Plakortis.2–7 Recently, we investigated extracts of an Okina-
wan marine sponge Plakortis sp. (SS-11) and isolated plakoridine
C (1), a new alkaloid possessing a piperidine ring connected to a
b-keto-c-lactone through a double bond. Herein, we describe the
isolation and structure elucidation of 1.

The sponge Plakortis sp. (SS-11) collected off Manzamo, Oki-
nawa, was extracted with MeOH. EtOAc-soluble materials of the
extract were subjected to silica gel column chromatographies to
yield plakoridine C (1, 0.00015%, wet weight), together with known
compounds, manzamenones A, D, J, and K,2,6,8,9 plakorin,10 chon-
drillin,11 and plakevulin A.7,12

Plakoridine C (1) was obtained as a colorless amorphous solid.13

The ESIMS spectrum of plakoridine C (1) showed the pseudomolec-
ular ion peak at m/z 470 (M+Na)+, and the molecular formula of 1
was revealed to be C27H45NO4 by HRESIMS data [m/z 470.3230
(M+Na)+, D �1.6 mmu]. UV absorptions [kmax 289 nm (e 18,400)
and 229 nm (e 11,900)] suggested the presence of conjugated sys-
tem, while IR absorptions indicated the existence of carbonyl
(1737 and 1712 cm�1) functionalities. Several pairs of signals were
observed in the 1H and 13C NMR spectra of 1 with a ratio of approx-
imately 1:1, suggesting that 1 is an epimeric or isomeric mixture.
ll rights reserved.
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bayashi).
Despite many attempts, further separation of 1 was not accom-
plished by semi-preparative HPLC. Therefore, structural elucida-
tion of 1 was carried out using the mixture.
1H-1H COSY
HMBC

Figure 1. Selected 2D NMR correlations for plakoridine C (1). E-isomer was
depicted for descriptive purposes.
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Figure 2. Fragmentation patterns observed in positive ion ESIMS/MS spectrum of
plakoridine C (1) [precursor ion, m/z 470 (M+Na)+]. E-isomer was depicted for
descriptive purposes.

Figure 3. Selected NOESY correlations and the conformation of piperidine ring in
plakoridine C (1).
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Scheme 1. Plausible biogenetic
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The 1H and 13C NMR spectra of 1 implied the presence of two
keto groups and an ester carbonyl group, a tetrasubstituted olefin,
and a long aliphatic chain. The HN-HMQC spectrum of 1 revealed
that two proton signals (dH 11.03 and 10.20) were ascribed to a
proton attached to a nitrogen atom (dN �238.4).14 Analyses of
the 1H–1H COSY and the HMQC spectra of 1 disclosed connectivi-
ties of N-1 to C-5, C-10 to C-11, C-13 to C-14, and C-27 to C-28
(Fig. 1). HMBC correlations for H-2 and H-5 to C-6 revealed the
presence of a piperidine ring (N-1 to C-6), while connectivities of
N-1, C-5, and C-8 to C-6 were implied by the HMBC cross-peak
for H-5 to C-8 (Fig. 1). Connections of C-10 to an ester carbonyl car-
bon through an oxygen atom and a keto carbonyl carbon were indi-
cated by HMBC correlations of H-10 to C-7 and C-9. In addition,
HMBC cross-peaks for H2-11 and H2-13 to C-12 suggested connec-
tions of C-11 and C-13 to another keto carbonyl carbon (C-12).

Analysis of the ESIMS/MS spectrum of 1 revealed connectivities
from C-14 to C-27 (Fig. 2). These fragmentation patterns also sup-
ported the structure of plakoridine C (1) elucidated from 2D NMR
data.

The conformation of a piperidine ring in 1 was deduced from
NOESY correlations between H-2 and H-4, and H-3 and H-5 as
shown in Figure 3.

According to the structure of 1 based on these data, it was re-
vealed that 1 is a mixture of inseparable geometrical isomers at
the C-6–C-8 double bond (E/Z, ca. 1:1).15 Furthermore, the specific
optical rotation, ½a�21

D �0 (c 1.0, CHCl3), and the CD spectrum, which
was flat between 200 and 400 nm, suggested that 1 was racemic
mixture of enantiomers at C-10 of E and Z isomers. Chiral HPLC
analysis of 1 [CHIRALCEL� OD-H, Daicel Chemical Industries, Ltd,
4.6 � 250 mm; eluent, n-hexane/i-propanol, 70:30; flow rate,
0.5 mL/min; UV (289 nm) and chiral detection] resulted in separa-
tion of (+)-plakoridine C (tR 26.3 min) and (�)-plakoridine C (tR

27.9 min), and revealed that the ratio of (+)- and (�)-forms of plak-
oridine C (1) was ca. 1:1.
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A plausible biogenetic path for plakoridine C (1) is proposed as
shown in Scheme 1. Plakoridine C (1) seems to be generated from a
piperideine and a 3,6-dioxo-4-docosenoic acid, which has been
proposed to be a common key intermediate for metabolites of Pla-
kortis sponges such as chondrillin,11 plakoridine A,5 and manzame-
none A.2,8,9

Plakoridine C (1) is a new alkaloid possessing a piperidine ring
connected to a b-keto-c-lactone through a double bond. Plakori-
dine C (1) did not show cytotoxicities against P388 and L1210 mur-
ine leukemia, and KB human epidermoid carcinoma cells
(IC50 > 10.0 lg/mL) in vitro.
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