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BIOACTIVE MARINE METABOLITES XII.‘l MORITOSIDE, AN INHIBITOR OF THE

DEVELOPMENT OF STARFISH EMBRYO, FROM THE GORGONIAN EUPLEXAURA SP.

N. Fusetani*, K. Yasukawa, S. Matsunaga, and K. Hashimoto
Laboratory of Marine Biochemistry, Faculty of Agriculture

The University of Tokyo, Bunkyo-ku, Tokyo (Japan)

Abstract: Moritoside, a new hydroquinone glycoside which inhibits cell division
of fertilized starfish eggs, has been isolated from the gorgonian Euplexaura
sp.

Since Weinheimer and Spraggins2 discovered a large quantity of

prostaglandins in a Caribbean gorgonian Plexaura homomalla, gorgonians have

been a prime target for marine natural products chemistry. This research has

led to the isolat.on of sesquiterpenes, diterpenes, and steroids.3

However,
only little work on Japanese gorgonians has been done. In our search for
bicactive metabolites from marine invertebrates, we encountered a gorgonian
Euplexaura sp. whose lipophilic extract inhibited cell division in the
fertilized starfish egg assay.4 We have isolated an active principle and have
elucidated its structure as an unusual farnesyl hydroquinone glycoside.

The ethanol extract of the frozen animals (1.4 kg, wet weight), which were
collected near Morito beach in the Gulf of Sagami, was partitioned between
CHCl; and H,0. The organic layer was fractionated by repeated silica gel
column chromatography, HPLC on silica gel (hexane/EtOAc 2:1), and reversed
phase HPLC (ODS, 72% MeOH) to yield 16 mg of the active substance which we
named moritoside after the collection site. Moritoside inhibits the first

cell division of fertilized starfish (Asterina pectinifera) eggs at 1 pug/ml.

Moritoside is an optically active, colorless oil, [u]%3 +22,6° (c= 0.1,
CHC13) and has a molecular formula of Cy4Hy809 which was established both by
FAB mass spectrum [m/z 740 (M+H+diethanolamine)*] and high resolution (HR) EI
mass spectrum [m/z 614.3105 (M-H,0)%, C3,H 604, reguired 614.31041. The
infrared (3400, 1745, and 1230 cm—1) and ultraviolet spectra [AmaX(MeOH) 280 nm
( 53580)]5 implied the presence of hydroxyl, ester, and hydroquinone
functionalities. The 'H and 13¢ NMR spectra displayed signals assignable to 5

olefinic methyls, 3 acetates, 4 methylenes, one oxygenated methylene, 5
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oxygenated methines, one acetal, 5 trisubstituted and one tetrasubstituted
double bonds, and 3 exchangeable protons (Table 1). The presence of four
finely-split methyl doublets (J= 1Hz) ( § 1.66, 1.66, 1.68, and 1.73), each of
which was found by double resonance experiments to be coupled to one of three
olefinic protons [§ 5.19 (1H,dguint, J=9,1 Hz), 5.26 (2H, brt)l], was
reminiscent of a farnesyl functionality.6 It was also seen that the olefinic
proton at §5.19 was not only coupled to two olefinic methyl groups at §1.68 and
1.66, but also to a carbinol proton at § 4.43, indicating the presence of
partial structure A. This was substantiated by 3¢ NMR: olefinic methyls at
15.6, 15.8 (C-14,15),18.2 (C-13), and 25.8 (C-12), olefin carbons at §123.6 d,
126.5 d, 128.7 4, 131.7 s, 135.1 s, and 135.5 s, methylenes at§ 28.0 (C-1),
39.1 (C-4), 25.3 (C-5), 48.0 (C-8), and the C-9 methine at §66.0.7

There were two aromatic protons ascribed to a hydroquinone group at §6.50
and 6.90, both observed as singlets. The absence of coupling between them
suggested a para relationship of the two protons. Partial structure B was
confirmed by 13C NMR signals for aromatic carbons at §148.4, 150.4 (C-1', C-
4'), 130.1,122.3 (C-2',C-5"), 115.4(C-6"'), and 120.0 (C-6') as well as by the
presence of a benzylic methyl [§2.19 (3H, brs), 16.2 gl and one doubly allylic
methylene [C-1 of partial structure A, §3.35(d4d, J=15,8 Hz) 3.29(dd,g=15,6)]8
in the 1H NMR spectrum. It is therefore conclusive that partial structure A
was linked to C-5' of the hydroquinone by C-1 of the farnesyl moiety.

A

Since moritoside contains 12 degrees of unsaturation, of which 11 units

were accounted for by the above partial structures, the remaining portion might
possess a ring system including 6 oxygenated carbons, 3 acetoxyl groups, and 3
exchangeable protons. Extensive "H NMR double resonance experiments proved the
presence of an altrose moiety in the molecule (Table 1). Large (J=8,10 Hz) and
small (J=1,4 Hz) vicinal coupling constants are compatible with axial-axial and
axial(equatorial)-equatorial relationships, respectively, expected for a 6
membered ring in a chair conformation.? Chemical shifts for the protons at C-
3" (64.98), C-4" (§ 5.42), and C-6" (84.15,4.21) indicated that the hydroxyl
groups on these carbons were acetylated. It was found that only the C-2"
proton (§4.05) was coupled to an exchangeable proton (§3.23). Treatment of
moritoside with agq. ammonial9 followed by enzymic hydrolysis with a glycosidase

mixture (prepared from Turbo cornutus) released a monosaccharide, which was
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Table 1.  13C NMR(25MHz) and 'H NMR(500MHz) data for 1 in CDCl,

NO. Carbon* Proton Decoupling multiplicity
1 28.0 t2 3.35 ad(15,8 Hz) {irr. 5.26 }- d,(15Hz)
3.29 dd(15,6) {5.26}- d,(15)
2 128.7 aP 5.26 brt(8)
3 135.1 s€
4 39.1 t 1.6-2.3
5 25.3 t 1.6-2.3
6 126.5 4P 5.26 brt(8)
7 135.5 s©
8 48.0 t 1.6-2.3
9 66.0 d 4.43 ddd(10,9,3.5) {5.19) - dd,(10,3.5)
10 123.6 aP 5.19 dquint(9,1) { 4.43} - brs
11 131.7 s
12 25.8 g 1.73 3H,d(1)
13 18.2 q 1.66 3H,d(1)
14 15.6 gd 1.68 3H,d(1)hh
15 15.8 q 1.66 3H,d(1)
1! 148.4 s©
2! 130.1 st
3 120.0 & 6.90 s
4' 150.4 s©
5" 122.3 sf
6" 115.4 & 6.50 s
7' 16.2 q 2.19 3H,brs
" 103.9 d 4.72 4(8) {4.05} - simplified
2" 67.4 a9 4.05 4d(10,8) {4.98} - d,(8),{4.72}- 4, (10)
3" 72.6 4 4.98 dd(10,3.5) {5.42} - d,(10),{4.05} - brd
4" 68.9 d 5.42 dd(3.5,1) {4.98}- d,(1),{3.98}- 4,(3.5)
5" 70.9 a9 3.98 4dd(7,6,1)
6" 66.0 t 4.21 d4da(11,7) {3.98}- 4,(11)
4.15 ad(11,6) {3.98}- d,(11)

acetyl 170.2 s(2C)
20.7 g(3C) 2.16 3H,s

2.07 3H,s
2.06 3H,s
1'-0OH 6.17 brs
9-0OH 2.26 brs
2"-0OH 3.23 brs

* Assignments were ma?$ by selective proton decoupling and comparison
with literature data.
a: Multiplicities were determined by INEPT pulse sequence.

b-h: Assignments may be interchanged.
./OAc

P OAc
h
" Y OAc

identical with authentic D-altrose in optical rotation ([(x]ZD3 +39° ; literature

12,379 ). TH NMR spectrum and TLC. The position of glycosidation was

value
determined by TH NMR difference nOe experiments. Irradiation of the C-7'
benzylic methyl signal at § 2.19 enhanced only the C-3' proton at §6.90, while
irradiation of the C-1 benzylic methylene signals centering at § 3.32 enhanced

both C-6' proton at § 6.50 and the C-1" proton at § 4.72. These experiments
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revealed that the altrose moiety was g -linked to C-4' and the remaining two
exchangeable protons were assignable to C-9 and C-1' hydroxyl groups. Thus the
structure of moritoside was determined as 1. Fragment ions in the HREI mass

13 also supported this structure.

spectrum

Moritoside possesses unusual structural features. To the best of our
knowledge, this is the first example of the occurrence of D-altrose in natural
products, though the presence of free altritol in a marine brown alga has been

a.14

reporte Esterification of the sugar portion with three acetyl groups is

also rare in nature.15

The substitution pattern of the hydroquinone moiety in
moritoside is also uncommon; a monoterpene hydroquinone glycoside with the same
substitution pattern has been known from a plant16 and a tetraprenylated
benzoguinone from a soft coral.'” The role of moritoside in the gorgonian is

an interesting problem.
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