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APLYDILACTONE, A NOVEL FATTY ACID METABOLITE
FROM THE MARINE MOLLUSC APLYSIA KURODAI

Makoto Ojika, Yoshifumi Yoshida, Yoshisuke Nakayama, and Kiyoyuki Yamada*
Department of Chemistry, Faculty of Science, Nagoya University, Chikusa, Nagoya 464, Japan

Summary: Aplydilactone (1), a new dimeric fatty acid metabolite having a phospholipase A activating activity
was isolated from the marine mollusc Aplysia kurodai and its planar structure was elucidated on the basis of
spectral and chemical means.

During the course of our search for biologically significant marine natural products, we have isolated a
novel dimeric fatty acid metabolite, aplydilactone (1), from the marine mollusc Aplysia kurodai and found that it
exhibits a phospholipase A2 activating activity. In this paper, we report the structural elucidation of the new
metabolite on the basis of spectroscopic data and chemical degradation.

The marine mollusc A. kurodai (15.3 kg, wet weight) was collected at Yasuri-hama, Mie Prefecture,
Japan. The EtOAc-soluble material from the methanolic extract was partitioned between 70% MeOH and
CH2Cl2-CCly (1:1) followed by partitioning of the CH2Cl2-CCly (1:1) portion between 80% MeOH and CCly.
The 80% MeOH portion was chromatographed four times on silica gel [i. EtOAc; ii. -acetone (5:1); iii.
hexane-EtyO-acetone (12:1:3); iv. CHCl3-acetone (3:1)], and was further separated by reversed-phase HPLC
(ODS, 85% MeOH) to give aplydilactone (1) (22.2 mg).

Aplydilactone (1), colorless oil, [of}p?7 -1.63° (¢ 1.00, CHCl3), has a molecular formula, C4gHs5z07,
which was determined by high resolution desorption chemical ionization mass spectrometry (HRDCIMS) [mv/z
651.4265 M+H)*, A +0.4 mmu]. H NMR and 13C NMR spectral data were assigned as shown in Table 1 by
1H.13C COSY experiment . The IR absorption bands at 3450 and 1725 cm-! (CHCl3) indicated the presence of
hydroxyl and ester (or lactone) functions, respectively. Acetylation of 1 (Ac20, Py) afforded diacetate 2! (\H
NMR, Table 1), while dimethyl ester 32 (YH NMR, Table 1) was obtained upon methanolysis of 1 (NaOMe,
MeOH). These findings suggested 1 to be a diol dilactone. The presence of lactones in 1 was also supported
by the 13C NMR signal at 3 171.5 (2C, 5). The IH NMR and 13C NMR spectra of 1 further revealed the
presence of five 1,2-disubstituted double bonds, six oxymethines, and two 1,2-disubstituted cyclopropane ring
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Table 1. NMR Spectral Data of Aplydilactone (1) and Derivatives 2 and 3 (CDCl3).8

1 2 3
No. Iy 13cb 1g 1
1 1715 s
2 246m 294 ¢ 246 m 2341 (76)
2.56 m 254 m
3 1.80m 1841 1.80 m 1.60 m
194 m 192 m
4 165m 27618 1.66 m 175 m
200 m 200 m
S  381m 829d 3.84 ddd (104, 7.3,3.1) 3.01 ddd (7.6, 7.6, 5.5)
6 110m 24.7d(157) 1.13m 092m
7  069m 10.3 t (160) 070 m 0.56 ddd (8.8, 5.0, 5.0)
0.65 m
8  1.50dddd (8.0,7.2,50,50)  18.9d(160) 1.50 dddd (8.5,79,50,50) 139m
9 534m 132.8d¢ 543 m 5.17 dd (15.2, 84)
10 548m 131.8d¢ 5.54 dd (15.6, 9.8) 525-555m
11 276m 48.7d 2.71 ddd (9.8, 5.2, 3.4) 2.80 m
12 38m 81.24d 369 m 392 dt (6.1, 7.3)
13 217 m 294t 220 m 221 m
233 m 233 m
14,15 527-555m 126.2 d¢, 127.1 d¢ 525-550m 525-555m
16 280m 2574 2.79brt (5.8) 280 m
17,18 527-555m 127.7 d¢,1302 d¢ 525-550m 525-555m
19 207dq(7.5,7.5) 2041 207 m 2.07dq (7.5, 7.5)
20 097t(1.5) 142q 0971 (7.6)8 097t (7.5
1 1715 s
2 246m 2941 246 m 2341 (1.5)
2.56 m 254 m
3 180m 1821¢ 1.80 m 1.60 m
194 m 192 m
4  170m 2754 1.63m 1.75m
204 m 195 m
5 3.64 ddd (109, 7.9, 3.0) 84.2d 367 m 2.86 ddd (8.7, 74, 5.0)
6 108m 21.1 4 (158) 1.09 m 0.84 m
7 048ddd (82, 5.0,5.0) 6.6 £ (159) 0.44 ddd (8.5, 5.0, 5.0) 0.46 ddd (8.1, 5.0, 5.0)
0.69 m 0.70 m 0.65m
g 1.08m 2264 (157) 1.1l m 092 m
9 3.28dd(6.0,6.0) 73.5d 4,58 dd (7.8, 7.8) 2.91dd 9.2, 4.6)
100 2.26 ddd (7.3, 6.0, 6.0) 52.0d 208 m 232m
1I'  3934dd(73,23) 81.8d 3.75dd (64, 2.1) 3.97 dd (8.3, 2.0)
122 38Im 714d 4.88.dt (7.2,2.1) 3.82 br dd (6.5, 6.5)
13 242m 3241 247 m 243m
253m
14,15 527-555m 126.2 0%, 127.1 d¢ 525-550m 525-555m
16 280m 256 2.83brt (7.2) 280m
1718 527-555m 129.5 d¢, 131.7 d¢ 5.25-5.50 m 525-555m
19 2.07dq(7.5,7.5) 204 ¢ 207 m 2.07dq(7.5,7.5)
200 0971(7.5) 14249 0.96 1t (7.5)8 0.98 t (7.5)4
Ac 2045,215s
OMe 3.67s

@ 1§ NMR and 13C NMR spectra were recorded at 500 MHz and at 67.8 MHz, respectively. Coupling
constants, Jy.g and 1J(:.H (in Hz), are given in parentheses.

b Multiplicities were determined by INEPT experiments.

¢-h Values bearing the same superscript may be interchanged.
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systems. Intensive studies of the 1H-IH COSY spectra of 1 and diacetate 2 revealed the presence of four partial
structures A - Din 1. The positions of two hydroxyl groups in the partial structure D were determined by
acetylation shifts observed at H-9' (8 3.28 — 4.58) and H-12' (5 3.81 — 4.88) on acetylation of 1 to 2. On the
other hand, upfield shifts of the signals due to H-5 (3 3.81 — 3.01) and H-5' (§ 3.64 — 2.86) were observed
upon methanolysis of 1 to 3, indicating that the hydroxyl functions at C-5 and C-5’ were acylated to form two
lactones in the partial structures C and D. Since six of the seven oxygen atoms of 1 were accounted for by the
two hydroxyl and two lactone functions, the remaining one oxygen atom was assigned to an ethereal function,
which linked two oxymethines [H-12 (8 3.82) and H-11' (8 3.93)] to form a tetrahydrofurane ring system in the
partial structure D. The substitution patterns of two cyclopropane ring systems were determined by the vicinal
coupling constants of the cyclopropane ring protons, J;s of which are generally larger than Jygns3 The methine
proton (H-8) at 8 1.50 (dddd, J = 8.0, 7.2, 5.0, 5.0 Hz) in the partial structure C was coupled to the methylene
protons (H-7) at 8 0.69 with the coupling constants J;;; = 8.0 Hz and Jyrgny = 5.0 Hz and to the methine proton
(H-6) at 3 0.69 with Jyygns = 5.0 Hz. In the partial structure D one of the methylene protons (H-7") at 5 0.48
(ddd, J = 8.2, 5.0, 5.0 Hz) was coupled to the two methine protons (H-6' and H-8'") at 8 1.08 (2H, m) with J,;s
= 8.2 Hz and Jyrgns = 5.0 Hz. These findings suggested that both of two 1,2-disubstituted cyclopropane ring
systems had trans stereochemistry. Since these partial structures A - D contained all carbon, hydrogen, and
oxygen atoms of 1, the remaining problem was the connectivity of the ten sp2 carbons and the four methylene
carbons (C-3, C-4, C-3', and C-4'). Owing to the overlap of signals for the vinyl (3 5.27 - 5.55) and methylene
(6 1.60 - 2.10) protons in the IH NMR spectrum of 1, the connectivity of these partial structures could not be
clarified from the 1H-1H COSY experiment. In order to obtain further structural information on 1, chemical
degradation of 1 was performed.

Thus, partial hydrogenation of 1 (Hz, PtO2) afforded the octahydro derivative 4,4 C40Hgg0O7 [HRDCIMS
miz 659.4878 (M+H)*, A -0.9 mmu]. The !H NMR spectrum and 1H-1H COSY experiment of 4 revealed that
one trans double bond [H-9: § 5.64 (1H, dd, J = 15.5 and 7.9 Hz), H-10: § 5.86 (1H, dd, J = 15.5 and 9.9 Hz)]
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remained in 4, implying that the partial structures C and D in 1 were connected through the trans double bond.
The UV spectrum of 1 [204 nm (g 20,000) in CH3CN] supported the presence of the vinyl cyclopropane moiety
(from C-6 to C-10).5 The octahydro derivative 4, after acetylation (Ac20, Py), was subjected to oxidative
cleavage (i. OsOy4, THF, Py; ii. NalO4, EtOH, H20) to afford two aldehydes 56 and 67. The structure of 5,
CoHj203 [HRCIMS m/z 169.0843 (M+H)*, A -2.1 mmu], was easily determined by the IH NMR spectrum

together with decoupling and NOE experiments. The IR absorption band at 1730 cm-! supported the presence of
&-lactone in 5. The formation of § having a 8-lactone moiety revealed the connectivity of C-3 ~ C-4 and C-3' ~
C-4' to form two 8-cyclopropyl-8-lactones in the partial structures C and D. The IH NMR spectrum of 6 was
much simpler than that of 1 and the H-1H COSY spectrum of 6 strongly supported the 2,3,4,5-tetrasubstituted
tetrahydrofurane ring system of 1. The remaining problem was connectivities of the eight sp2 carbons in 1.
Since the cross peaks were observed between the allylic methylene protons [H-13: 8 2.17 (1H, m) and 2.33 (1H,
m), H-13": § 2.42 (2H, m)] and the bis-allylic methylene protons [H-16 and H-16": 8 2.80 (4H, m)] in the 'H-
IH COSY spectrum of 1, C-15 and C-15' of the partial structures B should be connected to C-14 and C-14' of
the partial structure D, respectively, and therefore each of the partial structures A was linked to C-17 and C-17,
respectively. The cis nature of the four double bonds at C-14, C-14', C-17, and C-17' in 1 was indicated by the
chemical shifts observed in the 13C NMR spectrum for the signals of the two bis-allylic methylenes (C-16 and C-
16": §25.6 and 25.7).8 In conclusion, the structure of aplydilactone is established to be the formula 1.

Aplydilactone (1) seems to be biosynthesized from two eicosapentaenoic acids via an unsymmetrical
dimerization and oxidative cyclizations to form lactones and cyclopropanes . The isolation of cyclopropane-
containing fatty acid lactones from marine sources is quite rare3.9 and 1 is the first example of the dimeric fatty
acid metabolite. Aplydilactone (1) exhibited the activity of activating phospholipase Az in vitro (about two-fold
at the concentration of 50 mM), which is an important enzyme for the prostaglandin biosynthesis.
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