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Abstract: Aurilide (1), a new 26-membered cyclodepsipeptide, has been isolated from the Japanese sea 
hare Dolabella auricularia. The gross structure of I was established by spectroscopic analysis. The 
absolute stereostructure of I was determined by HPLC analysis of amino acid components and isoleucic 
acid obtained from acidic hydrolysis of I and by the enantioselective synthesis of the tris(p- 
bromobenzoate) 3 derived from the dihydroxy acid moiety. Copyright © 1996 Elsevier Science Ltd 

The Indian Ocean sea hare Dolabella auricularia (Aplysidae) is known to be a rich source of cytotoxic 

and/or antitumor peptides such as dolastatins 10 and 15.1 Examination of the constituents of the Japanese sea 

hare D. auricularia resulted in the isolation of several cytotoxic depsipeptides 2 and other unique metabolites. 3 

We report here the structure determination of aurilide (1), a novel macrocyclic depsipeptide, isolated from the 

Japanese specimens of this animal. 

The MeOH extract of the internal organs of the sea hare D. auricularia (262 kg, wet wt), collected in Mie 

Prefecture, Japan, was partitioned between EtOAc and water. The EtOAe-soluble material, which exhibited 

cytotoxicity against HeLa $3 cells with an ICso of 1.2 lxg/mL, was further partitioned between 90% aqueous 

MeOH and bexane. The material obtained from the aqueous MeOH portion was subjected to bioassay-guided 

fractionation using silica gel (i. toluene/EtOAc, EtOAc, and then EtOAc/MeOH, step gradient; ii. 2:1 

hexane/acetone), ODS silica gel (i. 70% aqueous MeOH to MeOH, linear gradient; ii. 80% aqueous MeOH to 

MeOH, linear gradient), and silica gel (5:1 and then 3:1 CHCl3/acetone), successively, to give a cytotoxic 
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Tab le  1. NMR Data for anrilide (1) in C6D6 

Position 1 H a HMBC b Position 1 H a HMBC b 

1 H-2, 3, 37 23 0.83 d (6.6) H-24 
2 3.10 q (7.0) H-3, 4 24 0.85 d (6.6) H-23 
3 1.24 d (7.0) H-2 25 H-26 
4 2.57 s 26 4.72 d (7.2) H-30 
5 H-2, 4, 6 27 2.08 m H-26, 29, 30 
6 5.17 dd (7.0, 7.0) H-8, 9 28a 1.52 m H-29, 30 
7 2.08 m H-6, 8, 9 28b 1.14 m 
8 1.16 d (7.0) H-9 29 0.83 t (7.7) 
9 1.33 d (7.0) H-6, 8 30 1.04 d (7.0) H-26 
10 H-I la, l lb  31 H-42 
1 la 4.44 d (17.9) H-12 32 H-42 
l lb 3.84 d (17.9) 33 7.77 m H-34, 42 
12 3.25 s H-1 la, 1 lb 34 2.12 m c 
13 H-11b, 12, 14, 15b 35 4.00m H-43 
14 5.64 dd (7.0, 7.0) H-15a, 15b, 19 36 2.00 m H-37, 43 
15a 2.23 ddd 37 5.18 d (11.4) H-39, 43, 44 

(14.6, 7.0, 7.0) H-14, 17, 18 38 H-37, 40, 44 
15b 1.52 ddd 39 5.63 t (7.6) H-37, 40, 41, 44 

(14.6, 7.0, 7.0) 40 1.95 dt (7.6, 7.6) H-41 
16 1.85 m H-17, 18 41 0.89 t (7.6) H-40 
17 1.07 d (7.0) H-15a, 15b, 18 42 1.90 s 
18 1.07 d (7.0) H-15a, 15b, 17 43 0.62 d (7.0) 
19 2.91 s H-14 44 1.55 s H-37, 39 
20 H-19, 21 Nil(l)  7.77 br d (7.0) 
21 4.61 dd (8.8, 8.8) H-23, 24 NH (2) 6.55 br d (8.8) 
22 1.98 m H-21, 23, 24 

a Recorded at 600 MHz. Coupling constants (Hz) are in parentheses. The signal of one proton (OH) was not observed. 
b Recorded at 600 MHz. Parameters were optimized for JCH = 6 Hz. c 2 H. 

fraction (IC50 = 0.28 gg/mL). The fraction was further separated by reversed phase HPLC (Develosil ODS- 

HG-5, i. MeCN/MeOH/H20 75:5:40 to 75:5:0, linear gradient; ii. 80% aqueous MeOH; iii. 70% aqueous 

MeCN) to afford a cytotoxic fraction (IC50 = 0.017 gg/mL) containing anrilide (1). The fraction was purified 

by silica gel TLC (3:1 benzene/acetone) and reversed phase I-IPLC (Develosil ODS-HG-5, 80% aqueous 

MeOH) to afford aurilide (1) (0.5 rag, 1.9 x 10-7% yield) as a colorless powder: [tX]25D -17" (c 0.058, MeOH). 4 

Aurilide (1) has a molecular formula of  C44H75N5010, which was determined by the HRFABMS [m/z 

856.5432 (M + Na) +, A +2.0 mmu] and NMR data (Table 1). The IR spectrum showed bands at 3430, 1735, 

1685, 1645, and 1245 cm -1 that were assigned to hydroxyl, ester, and amide groups. The 1H NMR data 

showed the presence of  two amide NII  groups (8 7.77 and 6.55) and three N-methylamide groups (6 3.25, 2.91, 

and 2.57), suggesting the pepfidic nature of 1. Resonances in the 1H NMR spectrum were assigned by DQF- 

COSY, HSQC, and HMBC, as shown in Table 1. Although the 13C NMR spectrum could not be obtained due 

to the scarcity of  the sample, carbon chemical shifts were mostly determined by HSQC and HMBC (JC-H = 6 

Hz) experiments. These spectroscopic data suggested the presence of five amino acid residues (two valines, N- 

methylglycine, N-methylalanine, and N-methylleucine), an isoleucic acid residue, and a dihydroxy acid portion 

(C31-C44). The low-field chemical shift of  H-37 (6 5.18) suggests that the acyloxy group is attached to C37. 

Stereocbemistry of the two trisubstituted olefins of I was determined to be E on the basis of  the 13C chemical 

shifts of the respective vinyl methyls (~C42 12.5 and ~c44 11.0). 5 The degree of unsaturation in 1 suggests the 

cyclic nature of 1. The HMBC correlations shown in Table 1 disclosed the two sequences, Val(2)-MeLeu- 

MeGly and Val(1)-MeAla-2. The NOESY correlation of NH(2)/H-26 established the connectivity between 
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isoleucic acid and Val (2). Further evidence for the connectivities of  the partial structures could not be 

obtained from either HMBC experiments or NOESY data, However, considering the peptidic nature of 1, the 

carboxyl carbon (C31) of  2 must be bonded to the hydroxyl oxygen atom of isoleucic acid and the carboxyl 

carbon (CIO) of the MeGly should be connected to the amino niu'ogen of Val (1). Thus, the gross structure of  

aurilide is unequivocally shown as 1. 

The absolute stereostructure of  I was elucidated as follows. Acidic hydrolysis of  1 (9 M HCI, 110 "C, 72 

h) followed by reversed phase HPLC separation afforded four components, MeAla, Val, MeLeu, and isoleucic 

acid. 6 The absolute configurations of the three components, Val, MeLeu, and isoleucic acid, were determined 

to be L, D, ago-D, respectively, by the chiral HPLC analysis. 7 The absolute configuration of MeAla was 

established to be L by derivatization with Marfey's reagent s and HPLC analysis of  the derivative. 9 The 

absolute stereochemistry of  three contiguous asymmetric carbons (C35, C36, and C37) in I was determined by 

the enantioselective synthesis of tris(p-bromobenzoate) 310 that was obtained by reduction of I (LiAIH4, ether) 

followed by acylation (p-BrC6H4COCI, pyridine). Thus, the four possible diastereomeric tris(p- 

bromobenzoates) 3a, 3b, 3c, and 3(I were synthesized as follows (Scheme 1). The Evans aldol reaction 

between imide 4 and trans-2-methyl-2-pentenal afforded aldol 5, which was converted into aldehyde 6 in three 

steps. Treatment of 6 with LiCH2COOtBu gave a mixture of diastereomeric alcohols 7a and 7b, which was 

separated by silica gel column chromatography. The stereochemistry of the hydroxyl group in 7a and 7b was 

determined by IH and I3C NMR analysis of  the derived acetonides 10a and 10b, respectively. 11 Conversion 

of 7a and 7b into conjugated esters 8a and 8b was effected by a four-step sequence of reactions. The 

diastereomeric tris(p-bromobenzoates) 3a and 3b were obtained from 8a and 8b in three steps, respectively. 

Two other diastereomers, 3c and 3d, were also prepared from 8a and 8b via enones 9a and 9b by a seven-step 
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(a) Bu2BOTf, Et3N. trans-2-methyl-2-pontenal. CH2CI 2, -78 oC; (b) Me2AIN(Me)OMe. THF. toluene, 0 °C; (c) TESCI, imidazole, DMF, 
23 °C; (d) DIBAL, THF, hexane) -78 °C; (e) LiCH2COOtBu. THF, -78 °C; (f) DIBAL, CH2CI2) hexane, -23 °C; (g) DMSO, (COCI) 2, 
Et3N, CH2CI2.-78 =C -,* 0 °C; (h) (EtO)2P(O)CH(Me)COOEt, Nail, DME, -20 °C; (i) DIBAL, CH2CI2, hexane, -78 °C; (j) HF-pyridine, 
THF. 23 °C; (k) p-BrC61-14COCI, pyridine, 23 °C; (I) MnO2, CH2CI 2) 23 °C; (m) NaBH 4, CeCI3,TH20. EtOtL -23 °C; (n) MeeC(OMe) 2, 
PPTS, acetone, 23 oC. 
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sequence of reactions, respectively. Of the four synthetic diastereomers, 3a, 3b, 3¢, and 3d, the IH NMR and 

the CD spectra of 3d were identical to those for natural 3, establishing the absolute stereochemistry of 3. On 

the basis of these f'mdings the complete stereostructure of aurilide was determined as shown in 1. 

Aufifide (1) is a novel 26-membered cyclodepsipeptide containing a new dihydroxy acid. The 

structurally related cyclodepsipeptide is dolastafin 14,12 isolated from the Indian Ocean sea hare D. auricularia. 
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