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ophiodilactone B (2)

Ophiocoma scolopendrina

Two tetrameric phenylpropanoids, ophiodilactones A (1) and
B (2), were isolated from the ophiuroid Ophiocoma scol-
opendrina. Their structures were determined on the basis of
spectroscopic data. Ophiodilactone B has a novel carbon
skeleton. They exhibit moderate cytotoxic activity against
P388 murine leukemia cells.

Ophiocoma scolopendrina is a tropical and subtropical
ophiuroid widely distributed in the Indo-Pacific. O. scolopen-
drina is microphagous feeder inhabiting in the intertidal zones."
Despite its wide occurrence, this echinoderm has been largely
overlooked by marine natural product chemists.” In the course
of our search for cytotoxic compounds from marine organisms,
we found activity in the crude extract of O. scolopendrina, from
which we have isolated ophiodilactones A and B (1 and 2,
respectively). Their structures were elucidated by interpretation
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FIGURE 1. Structural units a—d and key HMBC correlations of
ophiodilactone A (1).

of spectroscopic data. Ophiodilactones exhibit moderate cyto-
toxic activity. Ophiodilactone B (2) has a novel carbon skeleton.

The organic layer of the extract of the ophiuroid was subjected
to a modification of Kupchan’s solvent partitioning scheme® to
yield 60% MeOH, CHCl;, and n-hexane layers. The CHCI; layer
was separated by ODS flash chromatography, and the cytotoxic
fraction was purified by reversed-phase HPLC to give ophiodi-
lactones A (1) and B (2).
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Ophiodilactone A (1) had a molecular formula of C3,H3,05
which was assigned by HR-ESIMS [m/z 541.1970 (M + Na)™,
A —2.1 mmu]. Analysis of the '"H NMR data in conjunction
with the HSQC spectrum revealed the presence of four mono-
substituted benzene rings, four methylenes, and one methine.
The '3C NMR spectrum additionally showed the presence of
two carboxyl (C-1 and C-7) and three oxygenated quaternary
carbons (C-2, C-3, and C-4). Three benzyl groups (units a, b,
and c) and a 1,2-disubstituted phenylethyl group (unit d) were
deduced from the COSY and HMBC data (Figure 1). The mode
of connection of the above partial structures was established
by the HMBC data (Figure 1). The C-5 in unit d was attached
to C-4, and C-4 was linked to C-1d as shown by the HMBC
correlations, H,-6/C-4 and H,-1d/(C-4 and C-5). The HMBC
cross peak between H,-6 and C-7 showed that C-6 was
connected to a carbonyl carbon. The HMBC correlations from
H,-8 to C-3 and C-4 together with the one from H,-1d to C-3
indicated that unit b was connected to C-3 and C-3 was
connected to C-4. Unit a was connected to C-2 to which was
attached C-1 and C-3 as revealed by the HMBC cross-peaks
between H»-8 and C-2 and between H,-1a and C-1, C-2, and
C-3.

Because the resulting gross structure contained seven oxygen
atoms, two of them should be shared by either ether or ester
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FIGURE 3. NOESY cross peaks in ophiodilactone A (1).

linkages and one of them should be a hydroxyl group. To assign
the location of the hydroxyl group, deuterium-induced shifts
were measured in the *C NMR spectrum.* Significant shifts
were observed at C-2 and C-1la indicating the presence of a
hydroxyl group at C-2 (Figure 2). There are two possible modes
of formation of lactone rings. One mode involves linkages
between C-1 and C-3 and between C-7 and C-4 resulting in f3-
and y-lactones, whereas the other mode involves linkages
between C-1 and C-4 and between C-3 and C-7 resulting in y-
and O-lactones. The presence of a 5-lactone was denied on the
basis of the IR spectrum which exhibited absorptions at 1780
and 1730 cm™! but not at 1840 ¢cm™'. Therefore, C-1 and C-4
as well as C-3 and C-7 should be connected through an oxygen
atom.

The relative stereochemistry of 1 was elucidated on the basis
of the NOESY data (Figure 3). A coupling constant of 13.8 Hz
between H-60. and H-5 suggested that H-5 was axial in the
O-lactone ring. NOESY cross peaks H-5/(H-2b and H-1d) and
H-1d/H-8 demonstrated that H-5, C-1d, and C-8 were on the
same face of the d-lactone ring. The presence of a weak cross
peak H-1a/H-8 and the absence of a cross peak H-la/H-1d
indicated that C-1d and C-1a were on the opposite faces of the
y-lactone ring.

The absolute stereochemistry of 1 was assigned by analysis
of the CD data. In the CD spectrum of y-lactones, the sign of
the Cotton effect is known to be affected by the stereochemistry
of the a-carbon.” Fortuitously, CD spectra of a-arylmethyl-o-
hydroxy-y-lactones have been reported® and demonstrate that
the 2S-isomer gives a negative n—* absorption, whereas the
2R-isomer gives a positive n—* absorption.®® The CD
spectrum of 1 gave a negative Cotton effect at 219 nm (Ae
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TABLE 1. 'H and *C NMR Data for Compounds 1 and 2 in
CD;0D
1 2
no. IH 13C IH 13C
1 177.2 177.0
2 79.6 79.1
3 96.3 91.3
4 85.9 87.4
5 2.24 (dd, 4.4, 13.8) 46.4 3.87s 54.8
6 2.12(dd, 4.4, 18.1) 34.4 3.73s 54.4
2.8 (dd, 13.8, 18.1)
7 170.0 172.2
8 2.53(d, 15.4) 35.8 2.53 (d, 19.0) 34.5
3.19(d, 15.4) 3.49 (d, 19.0)
la 3.27 (d, 14.7) 40.5 334 m 39.6
3.33m 3.44 (d, 14.2)
2a 136.4 136.5
3a 7.69 (d, 7.6) 133.3 7.6 (d, 6.9) 133.0
4a 7.37 (t, 7.6) 129.1 733 (t, 6.9) 129.1
Sa 7.28 (1, 7.6) 1282 7.29m 1282
1b 136.6 134.4
2b 7.33(d, 6.8) 132.5 7.00 (d, 6.9) 131.5
3b 741 m 130.0 7.30 m 129.3
4b 740 m 128.9 7.30 m 130.2
5b 741 m 130.0 7.20 m 131.2
6b 7.33(d, 6.8) 132.5 134.0
lc 139.0 139.3
2c 6.67 br 130.7 6.45 (d, 7.3) 129.6
3c 6.97 br 129.7 7.05(t,7.3) 129.3
4c 7.10 (t, 7.6) 129.1 711 (t,7.3) 128.4
1d 2.87 (d, 14.0) 410  235(d, 14.2) 46.9
426 (d, 14.0) 4.01 (d, 14.2)
2d 136.4 135.9
3d 6.39 (d, 7.3) 132.0 6.91(d, 7.3) 132.7
4d 6.79 (t,7.3) 128.2 7.22(d, 7.3) 129.5
5d 6.89 (t,7.3) 126.6 7.25(t,7.3) 128.5

—9) in MeCN, indicating the 2S-stereochemistry. Therefore, the
stereochemistry of 1 was assigned as 25,35,45,5R.
Ophiodilactone B (2) had a molecular formula of C3,H,505
as assigned by the HR-ESIMS [m/z 539.1837 (M + Na)*, A
0.3 mmu]. Analysis of the 'H NMR data in conjunction with
the HSQC spectrum revealed the presence of three monosub-
stituted benzene rings, one 1,2-disubstituted benzene ring, three
methylenes, and two methines. The *C NMR spectrum further
showed the presence of two carboxyl and three oxygenated
quaternary carbons (Table 1). Two benzyl groups (unit a and
¢), a 2-substituted benzyl group (unit b), and a 1,2,2-trisubsti-
tuted phenylethyl group (unit d) were deduced from the COSY
and HMBC data (Figure 4); in order to facilitate the analysis
of the crowded region of the HMBC spectrum by enhancing
the resolution of the f1 axis, the HMBC spectrum was measured
within a window of 65 ppm. The connection between C-6 and

b

FIGURE 4. Structural units a—d and key HMBC correlations of
ophiodilactone B (2).
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FIGURE 6. NOESY cross peaks in ophiodilactone B (2).

C-6b was indicated by the HMBC data. The connections of the
remaining partial structures were unambiguously established on
the basis of the HMBC data (Figure 4), resulting in the gross
structure identical with that of 1 except for the presence of an
additional C—C bond formed between C-6 and C-6b. The
location of a hydroxyl group was determined by a deuterium
exchange experiment in the '*C NMR spectrum (Figure 5) and
the sizes of the lactone rings were assigned by IR bands at 1780
and 1770 cm™! which demonstrated the absence of a S-lactone.

The relative stereochemistry of 2 was elucidated on the basis
of NOESY data (Figure 6). The absence of coupling between
H-5 and H-6 suggested a dihedral angle of 90° between these
protons. NOESY cross peaks H-5/(H-1d and 3d), H-6/H-2c, and
H-8/H-3a indicated that C-8, C-1d, H-5, and C-6b were on the
same face of the J-lactone ring. The absence of NOESY cross
peaks from H,-1a to either H,-1d or H,-8 suggested that C-1d
and C-la were on the opposite face of the y-lactone ring.

Ophiodilactone B (2) exhibited an intense negative cotton
effect at 218 nm (Ae —28) in MeCN. At the moment we are
not able to rationalize the intense absorption, but the sign of
the Cotton effect and biogenetic consideration imply the
28,3S,45,5R,6R-stereochemistry.

Ophiodilactones A and B exhibited moderate cytotoxic
activity against P388 murine leukemia cells with ICs, values
of 5.0 and 2.2 ug/mL, respectively.

Ophiodilactones are new members of phenylalanine-derived
y-lactones, which have been isolated from fungi, tunicates,
cyanobacteria, and plants.” A radical reaction mechanism was
proposed for the condensation of monomeric units in the
biosynthesis of butylolactones in fungi of the genus Aspergillus
and in plants.”>¢ It is interesting to note that the conversion
from 1 to 2 has apparently proceeded through a radical reaction.
Ophiodilactones are most closely related to maculalactones C
and E, which have a furanocyclohexane ring system.” The
carbon skeleton of ophiodilactone A is identical with that of
maculalactone M,”" whereas the carbon skeleton of ophiodilac-
tone B is new. Because O. scolopendrina inhabits the rocky
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shore, ophiodilactones are suspected to originate in the dietary
cyanobacteria colonizing on the surface of rocks.®

Experimental Section

Animal Material. The ophiuroid O. scolopendrina was collected
by hand at Amami-Oshima, Kagoshima Prefecture, Japan, in 2007,
frozen after collection, and kept at —20 °C until used. A voucher
specimen was deposited at the Laboratory of Aquatic Natural
Products Chemistry with a reference number E07-001.

Extraction and Isolation. The sample (280 g) was extracted
with MeOH (3 x 1 L) and CHCI;/MeOH (1:1) (1 x 1 L), and the
extracts were combined and concentrated in vacuo. The residue
was suspended in H,O (200 mL) and extracted with CHCl; (3 x
200 mL) and n-BuOH (2 x 200 mL). The CHCI; extract was
partitioned between 90% MeOH and n-hexane. The 90% MeOH
layer was diluted with H,O to yield a 60% MeOH solution and
then extracted with CHCl;. The CHClI; layer was concentrated and
separated by ODS flash chromatography (eluents: 50% MeOH, 70%
MeOH, 70% MeCN, 85% MeCN, 100% MeOH, and CMW (7:3:
0.5)) to give six fractions (A—F). The active fraction D (85% MeCN
fraction) was separated by reversed-phase HPLC (C,g-stationary
phase, 20 x 250 mm) with a gradient elution from 80% MeOH to
100% MeOH to give 14 fractions (A'—N'). The cytotoxic fraction
I' was further purified by reversed-phase HPLC (phenylhexyl
stationary phase, 10 x 250 mm) with 85% MeOH to give 1.4 mg
of ophiodilactone A (1). The cytotoxic fraction D' was further
purified by reversed-phase HPLC (phenylhexyl stationary phase,
10 x 250 mm) with a stepwise elution of 75% MeOH, 85% MeOH,
and 100% MeOH to give 0.9 mg of ophiodilactone B (2).

Ophiodilactone A (1): yellow powder; [a]*'y —67 (¢ 0.068,
MeOH); UV (MeOH) 205 nm (e 34700); IR (film) 3390, 1780,
1730 cm™!; '"H NMR (CD;0D) and *C NMR (CD;0D) data, see
Table 1; HRESIMS m/z 541.1970 (calcd for C34H3,OsNa, 541.1991).

Ophiodilactone B (2). yellow powder; [a]*p —222 (¢ 0.043,
MeOH); UV (MeOH) 259 nm (¢ 1,800), 206 nm (e 35700); IR
(film) 3420, 1780, 1770 cm™'; '"H NMR (CD;0D) and *C NMR
(CD3;0OD) data, see Table 1; HRESIMS m/z 539.1837 (calcd for
C34H2305Na, 5391834)

Assay for the Cytotoxicity against P388 Cells. P388 murine
leukemia cells were cultured in RPMI-1640 medium containing
10% fetal bovine serum, 100 xg/mL of kanamycin, and 10 xg/mL
of 2-hydroxyethyl disulfide at 37 °C under an atmosphere of 5%
COs,. To each well of the 96-well microplate containing 100 uL of
tumor cell suspension (1 x 10* cells/mL) was added 100 uL of
test solution dissolved in RPMI-1640 medium, and the plate was
incubated in a CO, incubator at 37 °C for 96 h. After addition of
50 uL of 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2 H-tetrazolium
bromide (MTT) saline solution (1 mg/mL) to each well, the plate
was incubated for 3 h under the same condition to stain live cells.
After the incubation, the plate was centrifuged, the supernatants
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were removed, and the cells were dissolved in 150 uL of DMSO
to determine the ICs, values.
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