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Summary: Doliculide (1), a cytotoxic cyclodepsipeptide
of mixed peptide—polyketide biogenesis, has been isolated
from the Japanese sea hare Dolabella auricularia and
its stereostructure determined by spectral and chemical
methods.

The sea hare Dolabella auricularia (Aplysiidae) is
known to be a rich source of antineoplastic and/or
cytostatic peptides such as dolastatins 10 and 15.!
Recently, we have examined the constituents of Japanese
specimens of this animal, resulting in the isolation of new
cytotoxic depsipeptides? and other unique metabolites.?
We now wish to report the isolation and structural
elucidation of a novel cyclodepsipeptide, doliculide (1),
from the Japanese sea hare D. auricularia. This sub-
stance exhibited potent cytotoxic activity against HeLa-
Ss cells with an ICj of 0.001 ug/mL.

doliculide (1)

The MeOH extract of the internal organs (20 kg, wet
wt) of the sea hare D. auricularia (33 kg, wet wt),
collected in Mie Prefecture, Japan, was partitioned
between EtOAc and water. The EtOAc-soluble material
(91.4 g), which exhibited strong cytotoxicity against
HeLa-S; cells with an ICs of 1.2 ug/mL, was further
partitioned between 90% aqueous MeOH and hexane.
The material obtained from the aqueous MeOH portion
(30.8 g) was subjected to bioassay-guided fractionation
using silica gel (i. toluene/EtOAc, EtOAc, and then
EtOAc/MeOH, step gradient; ii. hexane/acetone 2:1 and
then acetone/MeOH 9:1) and ODS silica gel (70% aqueous
MeOH to MeOH, linear gradient), successively, to afford
a cytotoxic fraction (91 mg, ICs = 0.37 ug/mL). The
fraction was further separated by a combination of
reversed-phase HPLC (Develosil ODS 10/20, 50% aque-
ous MeCN) and silica gel TLC (CHCly/acetone 2:1) to
afford doliculide (1) as an oil (8.2 mg). Recrystallization
from hexane/dichloromethane gave pure 1 as colorless
fine needles: mp 173—174 °C; [a]?®p —25.5° (¢ 0.670,
MeOH); R 0.50 on silica gel TLC (CHCly/acetone 2:1);
UV MeOH) Ay 207 (e 27 300), 227 (sh, 11 000), and 284
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Table 1. 'H and 13C NMR Data and COLOC Correlations
for Doliculide (1) in CDCl3

position He 18Ch *COLOC®
1 177.8 s H-14, 13a
2 2.43ddq (11.8,34,6.4) 39.2d H-3b, 14
3a 1.05m 450t H-14,15
3b 1.52 br dd (12.7, 11.8)
4 1.18 m 27.1d H-15
5 1.06 m 43.1¢t H-15
6 202m 344d H-16
7 3.58 br d (11.8) 65.8d
8a 1.32 ddd (13.9, 11.8, 2.4) 30.2¢
8b 1.44 ddd (13.9, 11.8,1.8)
9 5.06 ddd (11.8, 5.0, 1.8) 77.4d
10 1716 s H-11, 20a
11 5.47 dd (12.2, 4.3) 582d  H-20a, 27
12 1719 s H-13, 27
13a 3.25dd (16.8,1.8) 39.7¢
13b 4.79 dd (16.8, 9.0)
14 1.13d (6.4) 1844
15 0.97d(7.0) 17.7q H-3b
16 0.84d(7.0) 1444q
17 1.87m 32.44d H-18, 19
18 0.95 d (7.0) 18.1q
19 0.95d (7.0) 188 q
20a 2.88dd (15.4, 12.2) 32.9¢ H-11, 22
20b 3.44 dd (15.4,4.3)
21 1304 s H-20, 25
22 7.49d(2.1) 138.0d H-20, 26
23 85.5s H-22, 25
24 1542 s H-22, 26
25 6.86d (8.2) 115.24d
26 7.06 dd (8.2, 2.1) 129.7d H-20, 22
27 295s 30.8q
NH 6.24 br d (9.0)
7-OH 2.52brs
24-OH 6.26 br s

o Recorded at 500 MHz. TMS as internal standard (6 0.00).
Coupling constants (Hz) are in parenthesis. ® Recorded at 67.8
MHz. CDCl; as internal standard (6 77.0). ¢ Recorded at 67.8
MHz. Protons correlated to carbon resonances in 13C column.
Parameters were optimized for Jcu = 6 and 8 Hz.

(3100) nm; IR (CHCl3) 3500, 3420, 3200 (br), 1720, 1670
(sh), 1650, 1505, 1285, 1255, 1175, 1030, and 995 cm™L.

The molecular formula of 1 was established to be
Co7H4N2Ogl by combustion analysis (Anal. Caled: C,
52.60; H, 6.70; N, 4.54. Found: C, 52.50; H, 6.55; N, 4.50)
and HREIMS {(M + H)* m/z 616.2022, A +1.3 mmu]. The
depsipeptide nature of 1 was suggested from the IR
[1720, 1670 (sh), and 1650 cm™!] and NMR data (Table
1). The ¥3C NMR data included three carbonyl signals
at 6 177.8, 171.9, and 171.6, and the 'H NMR data
showed the presence of an amide NH group (6 6.24) and
an N-methylamide group (4 2.95), indicating the presence
of the following three units in 1: two amino acids and
one hydroxy acid. The presence of the glycine unit in 1
was readily disclosed by !H—-1H COSY data. The second
amino acid in 1 was deduced to be 3-iodo-N-methylty-
rosine by comparing the 'H NMR, 3C NMR, and UV data
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Figure 1. Plausible conformation of doliculide (1) in CDCl;
with NOE enhancements in percent.

with those for geodiamolides A and D that contain this
amino acid group.* The presence of an iodine atom at
C23 was substantiated by the characteristic chemical
shift of C23 (6 85.5). The structure of the polyketide unit
comprising 15 carbons and two oxymethine functional-
ities in 1 was determined by the 'H—'H COSY and
13C—1H COSY (Jcu = 140 Hz) experiments. The location
of a hydroxyl group in 1 was determined to be at C7 by
the 'H NMR spectrum: addition of D;O led to sharpening
of the signal at H7 (6 3.58,br d,JJ = 11.8 Hz —ddd, J =
11.8, 4.2, and 2.4 Hz). The chemical shift at H9 (é 5.06)
in 1 was observed in the rather low-field region, suggest-
ing that an acyloxy group be connected to the C9 position.
The degree of unsaturation in 1 indicated that 1 had a
cyclic structure. The !3C—!H long-range correlation
(COLOC) data shown in Table 1 allowed us to connect
the three units described above (two amino acids and a
polyketide unit) as well as to assign all the carbonyl
carbons. - This connectivity was further supported by
difference NOE data (Figure 1), establishing the gross
structure of doliculide (1).

(5) p-MeTyr, mp 253 °C dec, [a]**p —17° (¢ 0.27, 1 M HC)), was
prepared from D-Tyr by the known method: Corti, U. A. Helv. Chim.
Acta 1949, 32, 681—-686. The spectral data for D-MeTyr were identical
with those for the antipode, [a]?p +16.3° (¢ 0.276, 1 M HCl) except
for the sign of the specific rotations: Mwauluka, K.; Bell, E. A;;
Charlwood, B. V. Phytochemistry 1975, 14, 1657—1658.
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The stereochemistry of doliculide (1) was elucidated as

follows. Acid hydrolysis of 1 with 9 N HCI at 110 °C

provided glycine and N-methyl-D-tyrosine (D-MeTyr),%$
which were identified by TLC (silica gel, BuOH/AcOH/
H;0 3:1:1) and chiral HPLC (CHRALPAK MA(+), 2 mM
CuSO,) analyses, while a product arising from the
polyketide portion could not be obtained by the hydrolysis
experiments. The conformation of 1 in CDCl; was
elucidated by analysis of vicinal spin—spin coupling
constants (Table 1) and extensive difference NOE experi-
ments, revealing the relative stereochemistry of 1 (Figure
1). Further, the absolute stereochemistry of 1 was
determined from the known configuration of 3-iodo-N-
methyl-D-tyrosine to be 25,4S,6R,7S,95,11R. Confirma-
tion of the absolute stereochemistry of 1 by its total
synthesis is reported in the following paper in this issue.

Doliculide (1) is a novel depsipeptide containing a 15-
carbon polyketide unit, glycine, and a unique D-amino
acid, and regarded as a metabolite of mixed peptide—
polyketide biogenesis. Some related depsipeptides, jas-
pamide (jasplakinolide)” and geodiamolides,* were iso-
lated from marine sponges. It is noteworthy that
doliculide (1) possesses a structurally novel polyketide
moiety and exhibits potent cytotoxicity.
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