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Department of Chemistry, Faculty of Science, Nagoya University, Chikusa, Nagoya 464, Japan 

Summary: Aplydilactone (1). a new dimeric fatty acid metabolite having a phospholipase A2 activating activity 
was isolated from the marine mollusc Ap&sia kurodai and its planar structme was elucidated on the basis of 
spectml andchemical means. 

During the course of our search for biologically signGcant marine natural products. we have isolated a 

novel dimeric fatty acid metabolite, aplydGXone (1). from the marine mollusc Aplysia kuo&i snd found that it 

exhibits a phospholipase AZ activating activity. In this paper, we mport the structural elucidation of the new 

metabolite on the basis of spectroscopic data and chemical degradation. 

The marine mokc A. kurudai (15.3 kg, wet weight) was collected at Yasuri-hama, Mie Prefecture. 

Japan. The EtOAc-soluble material from the methanolic extract was pmtitioned between 70% MeQH and 

CH$l2-CC4 (1: 1) followed by partitioning of the CH$l2-CC4 (1: 1) portion between 80% MeOH and C!C4. 

The 80% MeOH portion was chromatographed four times on silica gel [i. EtOAc; ii. C&-acetone (5:l); iii. 

hexane-EtzO_acetone (12:1:3); iv. CHCl3-acetone (3:1)], and was furtk separated by reversed-phase HF’LC 

(ODS, 85% MeOH) to give aplydiktone (1) (22.2 mg). 

Aplydilactone (l), colorless oil, [a]$7 -1.63” (c 1.00, CHCl3), has a molecular formula, C!&I~&, 

which was determined by high resolution desorption chemical ionization mass spectmmetry (HRDCIMS) [PPI/Z 

65 1.4265 (M+H)+, A +0.4 mmu]. lH NMR and 1% NMR spectral data were assigned as shown in Table 1 by 

lH-l%Z COSY experiment. The IR absorpion bawls at 3450 and 1725 cm-l (CHC13) indicated the presence of 

hydmxyl and ester (or lactone) functions, nqectively, Acetylation of 1 (A@, F’y) afforded diacetate 2l (lH 

NMR, Table 1). while dimethyl ester 32 (tH NMR, Table 1) was obtained upon methanolysis of 1 (NaOMe, 

MeOH). These findings suggested 1 to be a diol d&tone. The presence of lactones in 1 was also supported 

by the I%! NMR signal at 6 171.5 (2C!, s). The tH NMR and l%Z NMR spectra of 1 further revealed the 

presence of five l&disubstituted double bonds, six oxymethks, and two 1,klisubstituted cyclopropane ring 

1: R-H 
2: R-Ac 
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Tablcl. NMRSpectralDatadAplyxlbcme(1)and Derivatives 2and3(CDC!l$.~ 

1 2 3 

No. 1H WJ 1H 1X-i 

3 

4 

8 
9 

10 
11 
12 
13 

14.15 
16 

17.18 
19 

20 

;: 

3’ 

4 

;: 

7’ 

;: 

lo’ 
11’ 
12 
13 

14’.15’ 

16’ 
17’.18 

19 
20 

&e 

2.46 m 
2.56 m 

1.80 m 
1.94 m 
1.65 m 
2.00 m 
3.81 m 
1.10 m 
0.69 m 

1.50 dddd (8.0.7.2,5.0,5.0) 
5.34 m 

5.48 m 
2.76 m 
3.82 m 
2.17 m 
2.33 m 

5.27 - 5.55 m 
2.80 m 
5.27 - 5.55 m 
2.07 dq (7.5,7.5) 

0.97 t (7.5) 

2.46 m 
2.56 m 
1.80 m 
1.94 m 
1.70 m 
2.04 m 
3.64 ddd (10.9,7.9.3.0) 
1.08 m 
r; F (82.5.0.5.0) 

lb m 
3.28 dd (6.0.6.0) 
2.26 ddd (7.3.6.0.6.0) 
3.93 dd (7.3.2.3) 
3.81 m 
2.42 m 

5.27 - 5.55 m 

2.80 m 
5.27 - 5.55 m 
2.07 dq (7.5.7.5) 
0.97 t (7.5) 

171.5 9 
29.4 t 

18.4 tc 

27.6 td 

829 d 
24.7 d (157) 
10.3 t (160) 

18.9 d (160) 
1328 dc 

131.8 dc 
48.7 d 
81.2 d 
29.4 t 

126.2 dc, 127.1 de 

25.7 d 
127.7 dc, 130.2 de 
20.4 t 
14.2 q 

171.5 s 
29.4 t 

18.2 tc 

27.5 8 

84.2 d 
21.1 d (158) 

6.6 t (159) 

22.6 d (157) 
73.5 d 
52.0 d 
81.8d 
71.4 d 
32.4 t 

126.2 d=, 127.1 dc 
25.6 tf 

129.5 dc, 131.7 de 
20.4 t 
14.2 q 

2.46 m 
2.54 m 
1.80 m 
1.92 m 
1.66 m 
2.00 m 
;: Lfd (10.4.7.3.3.1) 

0170 m 

1.50 dddd (8.5,7.9,5.0,5.0) 
5.43 m 

5.54 dd (15.6,9.8) 
;; ffd (9.8,5.2,3,4) 

2jOm 
2.33 m 
5.25 - 5.50 m 

2.79 t t (5.8) 
5.25 - 5.50 m 
2.07 m 

0.97 t (7.6)8 

2.46 m 
2.54 m 
1.80 m 
1.92 m 

1.63 m 
1.95 m 
3.67 m 
1.09 m 
0.44 ddd (8.5.5.0.5.0) 
0.70 m 
1.11 m 
4.58 dd (7.8.7.8) 
2.08 m 
3.75 dd (6.4,2.1) 
4.88 dt (72.2.1) 
2.47 m 
2.53 m 
5.25 - 5.50 m 

2.83 br t (7.2) 
5.25 - 5.50 m 
2.07 m 

O.% t (7.5)8 
.2.04 s, 2.15 s 

2.34 t (7.6) 

1.60 m 

1.75 m 

3.01 ddd (7.6,7.6,5.5) 
0.92 m 
0.56 ddd (8.8.5.0.5.0) 
0.65 m 
1.39 m 
5.17 dd (15.2,8.4) 
5.25 - 5.55 m 
2.80 m 
3.92 dt (6.1.7.3) 
2.21 m 

525 - 5.55 m 

2.80 m 
5.25 - 5.55 m 
2.07 dq (7.5.7.5) 
0.97 t (7.5)h 

2.34 t (7.5) 

1.6Om 

1.75 m 

2.86 ddd (8.7.7.4.5.0) 
0.84 m 
O& $I (8.1,5.0,5.0) 

0192 m 
2;; t (9.2.4.6) 

3.97 dd (8.3.2.0) 
3.82 br dd (6.5.6.5) 
2.43 m 

5.25 - 5.55 m 

2.80 m 
5.25 - 5.55 m 
2.07 dq (7.5.7.5) 
0.98 t (7.5)* 

3.67 s 

a 1H NMR and %! NMEt spectra were readed at 500 MHz and at 67.8 MHz, nspectively. 

constants, JH_H and lJc_~ (in Hz), llse given in parentheses. 
Coupling 

b Multiplicities were detetmined by INEPT expetimen&. 

c-h Values beafing the same superscript may be interchanged. 
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systems. Intensive studies of the tH-lH CCSY spectra of 1 and diacetate 2 revealed the presence of four partial 

structures A - D in 1. The positions of two hydroxyl groups in the partial structure D were determined by 

acetylation shifts observed at H-9’ (6 3.28 + 4.58) and H-12’ (6 3.81 + 4.88) on acetylation of 1 to 2. On the 

other hand, upfield shifts of the signals due to H-5 (6 3.814 3.01) and H-S (6 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 (6 3.82) and H-l 1’ (8 3.9311 to form a tetmhydrofurane ring system in the 

partial stnlcmre D. The substitution patterns of two cyclopropane ring systems were determined by the vicinal 

coupling constants of the cy~loptopane ring protons, Jcb of which am generally larger than Jlm,,,t.3 The methme 

proton (H-8) at 6 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 6 0.69 with the coupling constants Jcb = 8.0 I-Ix and Jtiw = 5.0 I-Ix and to the methine proton 

(H-6) at 6 0.69 with Jwam = 5.0 Hz. In the partial structure D one of the methylene protons (I-I-7’) at 6 0.48 

(ddd. J = 8.2,5.0,5.0 I-Ix) was coupled to the two methme protons (H-6’ and H-8’) at 6 1.08 (2H. m) with Jcis 

= 8.2 Hz and Jn~nr = 5.0 I-lx. These fmdings suggested that both of two 1,2disubstituted cyclopropane ring 

systems had rrans stereochemistry. Since these partial structmes A - D contained all carbon, hydrogen, and 

oxygen atoms of 1, the remaining ptoblem 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 (6 5.27 - 5.55) and methylene 

(S 1.60 - 2.10) protons in the ‘H NMR spectrum of 1, the connectivity of these partial structures could not be 

clarified from the ‘H-tH COSY experiment. In order to obtain further structural information on 1, chemical 

degradation of 1 was performed. 

Thus, partial hydrogenation of 1 (Hz, PtCI2) affosded the octahydro derivative 4,4 C&&& lHRXIMS 

m/z 659.4878 (M+H)+, A -0.9 mmu]. The IH NMR spectrum and lH-IH CCSY experiment of 4 revealed that 

one frans double bond B-9: 6 5.64 (lH, dd, J = 15.5 and 7.9 I-Ix), H-10: 6’5.86 (1H. dd, J = 15.5 and 9.9 Ha)] 
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remained in 4, implying that the partial structures C and D in 1 were connected through the fruns double bond 

The UV spectrum of 1[204 nm (E 20,000) in CH3CNl supported the presence of the vinyl cyclopropane moiety 

(from C-6 to C-10).5 The octahydro derivative 4, after acetylatioo (A@, Py), was subjected to oxidative 

cleavage (i. GsO4, ‘IT-IF, Py; ii. NaIO4, EtGH, HZO) to afford two aldehydes 56 and 67. The structure of 5, 

t&H1203 [HRCIMS m/z 169.0843 (M+H)+. A -2.1 mmu], was easily determined by the tH NMR spectrum 

together with decoupling and NOE expaiments. The IR absorption band at 1730 cm-l supported the presence of 

&la&me in 5. The formation of 5 having a Glactone moiety revealed the connectivity of C-3 _ C-4 aud C-3’ _ 

C-4’ to form two &cycloptopyl-6lactones in the partial structures C and D. The IH NMR spectrum of 6 was 

much simpler than that of 1 and the tH-lH CGSY spectrum of 6 strongly supported tbe 2.3.4.5~tetrasubstted 

tetrahydmfurane ring system of 1. The re maining problem was connectivities of the eight * carbons in 1. 

Since the cross peaks wm observed between the allylic methylene protons m-13: 6 2.17 (1H. m) and 2.33 (lH, 

m), H-13’: $2.42 (2H, m)] and the bis-allylic methylene protons m-16 and H-16’: 6 2.80 (4H, m)] in the IH- 

1H CGSY spectrum of 1, C-15 and C-15’ of the partial structmes B should be connected to C-14 and C-14’ of 

the partial structute D, Rspectively, and therefore each of the partial structures A was linked to C-17 aud C-17’, 

respectively. The cis natme 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 %! NMR spectrum for the signals of the two bis-allylic methylenes (C-16 and C- 

16’: 6 25.6 and 2X7).8 In conclusion, the structure of aplydilactone is established to be the formula 1. 

Aplydilactone (1) seems to be biosynthesized 6om two eicosapentaenoic acids via an unsymmetrical 

dimerization and oxidative cyclizations to form lactones and cyclopropams . The isolation of cyclopxopane- 

containing fatty acid lactones from marine sources is quite rare 39 and 1 is the first example of the dimeric fatty 

acid metabolite. Aplydilactoue (1) exhibited the activity of activating phospholipase A2 in vifro (about two-fold 

at the concentration of 50 mM), which is an important enzyme for the prostaglandin biosynthesis. 

1. 
2. 

3. 
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6. 

7. 

8. 
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