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A NEW POLYETHER ACID FROM A COLD WATER MARINE
SPONGE, A PHAKELLIA SPECIES

RyuicHI SAKAT and KENNETH L. RINEHART*

Roger Adams Laboratory, Department of Chemistry, University of linois, Urbana, lllinois 61801

ABSTRACT.—A new polyether acid, 14,15-dihydrodinophysistoxin-1 {1}, was isolated
along with dinophysistoxin-1 {2} and okadaic acid {3}, from an unidentified species of the sponge
genus Phakellia. The structure of 1 was assigned by comparison of its 'H- and "*C-nmr and fabms
spectral data to those of 2 and 3, as well as interpretation of homonuclear 2D nmr data.
Compounds 1-3 showed cytotoxicity against L-1210 leukemia cells with IC,, values of 3 ng/ml.
The isolation, structure determination, and biological activities of these compounds are

described (1).

Dinophysistoxin-1 {2}isacompound
of the okadaic acid family first isolated by
Yasumoto and co-workers from the mus-
sel Mytilus edulis and identified by them
as a causative toxin for diarrhetic shellfish
poisoning in Japan and Europe (2,3).
Later, compound 2 and okadaic acid {3}
were shown to be produced primarily by
the dinoflagellates, Prorocentrum lima and
Dinophysis fortii,and accumulated by com-
mercially important filter feeders such as
shellfish and mussels (4,5). Okadaic acid
{3] itself was initially isolated from the
Pacific and Caribbean sponges,
Halichondria okadai and H. melanodocia,
respectively (6). Pacific H. okadai also
contains 2 (7). Several okadaic acid- or
dinophysistoxin-related compounds have
been reported, including acanthifolicin,
a 9,10-episulfide of 3, isolated from the
Caribbean sponge Pandaros acanthifolium
(8), glycookadaic acid, a glycinamide of
3, from H. okadai (7); okadaic acid esters
and 2- and 7-deoxy okadaic acids from P.

lima (9); and 7 -acyl derivatives of 2 from
the scallop Patinopecten vessoensis (9,10).
Okadaic acid {3} and dinophysis-
toxin-1 {2} induce illness in humans at
very low doses. Oral intake of 32 pg of 2
is estimated to cause poisoning (11,12).
Recently, both 2 and 3 were shown to
promote tumofs in a two-stage carcino-
genesis study in mice (13,14), and also to
inhibit protein phosphatases I and IIA
through a mechanism similar to those of
the microcystin hepatotoxic peptidesand
the polyfunctionalized fatty acid-derived
calyculin(15,16). Structural requirements
on protein phosphates were recently in-
vestigated of the above okadaic acid de-
rivatives inclusive of 14,15-dihydro-
okadaic acid, isolated from H. okada:.
In the course of our continuing search
for biologically active compounds from
marine organisms(18),anew compound,
14,15-dihydrodinophysistoxin-1 {1},
along with 2 and 3, was isolated as an
active principle from a sponge of the
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genus Phakellia by a bioassay-guided iso-
lation scheme. Isolation, structure as-
signments, and biological activities of
the above compounds are described here.
The tan leafy sponge of the genus
Phakellia, found at depths of 20 to 30 m
off the coast of Maine, was collected by
scuba in July 1985 and 1986. The bio-
logical activities of the extracts were
measured qualitatively on site in Maine
using CV-1 cytotoxicity, antiviral (HSV-
1),and antimicrobial assays. Samples were
stored frozen until used. The toluene/
MeOH extracts of the sponge, both 1985
and 1986 specimens, showed cytotoxic-
ity and some antiviral activity, but no
antibacterial activity. From 2.7 kg of
sample, separated by following CV-1, L-
1210 cytotoxicity, and brine shrimp
mortality, 2(3.22mg, 1.2X 10 %% yield
from the wet organism), 1 (3.60 mg,
1.3X107%%, and 3 (1.45 mg,
5.3X10 %) were isolated using high-
speed countercurrent chromatography
(19) as a key separation tool.
Compounds 2 (dinophysistoxin)and
3 (okadaic acid) were identified by
hrfabms (C,;H,,0,;, M+H, A 0.1 mDa
and C, HNaO,;, M+Na, A 0.3 mDa,
respectively) and nmr data. The fabms
spectrum of 1 showed a molecular ion at
m/z 843 [M+Na} or at m/z 821 {M+H]}
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with added oxalic acid. The molecular
formulaof 1, C,,H,,NaO,, (M +Na), was
secured by hrfabms data (m/z 843.4830).
Fabms/ms on the protonated molecular
ion at m/z 821 showed fragmentations
similar to those of compounds 2 and 3:
four sequential losses of 18 daltons for
four hydroxyl groups, fragment ions at
m/z 285 and 267 for the left half of the
molecule, and fragment ion B at m/z 125
for the G ring (Scheme 1). The 'H- and
BC-nmr (APT and DEPT) spectra of 1
showed spectral patterns very similar to
those of 2 except for the lack of proton
and carbon signals for the 14,15-zrans-
disubstituted olefin observed in 2, sug-
gesting 1isa 14,15-dihydro derivative of
2. Treatment of 1 and 2 with CH,N,
gave corresponding methyl esters 1aand
2a, respectively, which yielded more
highly resolved nmr spectra than the free
acids. The ’C-nmr data for 1ashowed all
46 carbons. Detailed examination of the
'H-nmr data and the "H-"H COSY spec-
trum of 1a assigned most of the protons,
allowing the structure of 1 to be detet-
mined as 14,15-dihydrodinophysistoxin-
1. The absolute stereochemistries of 1
and 2 were concluded to be the same as
those of 3, since their optical rotations
were of the same sign and of similar
magnitude to those of 3.

_H2°A<-‘

267 -—— 285" Ay

O, HO , HO

+H
*C H, 0, A 4.5 mmu
Fragment lon (m/z)
Compound
AM+H) A, A, A, A, B
1 (R=CH3)’e ...... 821 803 785 767 749 125
2 (R=CH,)....... 819 801 783 765 747 125
3 (R=H) ........ 805 787 769 751 733 111

*14,15-dihydro

SCHEME 1
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Compounds 1-3 showed strong cy-
totoxicity against L-1210 murine leuke-
miaand CV-1 monkey kidney cells. Com-
pound 2 also showed dntiviral activity
against HSV-1, with toxicity to the host
cells. Compound 1 showed weaker anti-
viral activity against HSV-1 than that of
2, although their cytotoxicities against
L-1210 cells were essentially the same.
Both 1 and 2 were slightly active against
VSV on BHK cells (Table 1).

Compounds 1 and 2 showed slightly
stronger cytotoxicity against L-1210 cells
than 3. Compound 1, however, was less
cytotoxic against CV-1 and BHK cells
than 2 and 3. Compounds 1 and 2 also
showed moderate antiviral activity against
HSV-1 and VSV and both compounds
were moreactiveagainst VSV than against
HSV at theend point concentration (0.01
pg/ml) (Table 1).

In this study, it has been demon-
strated that a cold water sponge, a species
of the genus Phakellia, is another filter
feeder which accumulates okadaic acid-
type compounds in concentrations com-
parable to other natural sources. The iso-
lation of compounds 1-3 suggests that
other filter feeders in Maine waters may
contain these toxins as well, as is the case
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in Japanese or European waters, which
could cause serious problems for public
health or the fisheries industry if they
were accumulated in mussels ot shellfish.
Cytotoxicity shown in different years
could indicate a stable residue in the cold
waters from a one-time algal bloom or a
regular occurrence of such a bloom.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—Ir
spectra were obtained on an Ft-ir spectrophotom-
eter using a NaCl plate. Optical rotations were
measured employing a Na lamp (589 nm)and a 5-
cm (1-ml) cell. Nmr spectra were obtained witha
General Electric GN 500 FT nmr spectrometer
(500 MHz for 'H, 125 MHz for *C). Chemical
shifts are reported in ppm referenced to the CHCI,
peak at 7.26 ppm for 'H and 77.0 ppm for °C.
Fabms data were obtained with VG Analytical
ZAB or 70-SE 4F instruments operated in the fab
mode. Fabms/cid/ms data were obtained with a
VG70-SE 4F instrument using He as collision gas.
Gravity columns were prepared with commercial
grade Si gel (70-230 mesh), Kieselgel 60 (EM
reagent, 70~230 mesh), tlc grade Si gel (Bio-Rad
2-10 um, treated with NH, prior to use), re-
versed-phase Si gel (Amicon RP-18), or Sephadex
LH-20 gel. Hplc was performed using an
Ultrasphere reversed-phase C,3 (250X 4.6 mm, 5-
pm particles, Altex) column. An Ito multi-layer
coil separator-extractor (PC, Inc.) was used with a
No. 10 column (2.6 mm i.d., 400-ml capacity) at

TABLE 1. Biological Activities of Compounds 1-3.*
Sample L-1210° CV-I° HsV? vsv? BHK"
1. 3 0/0.1 */0.1 ND/0.1 T
0/0.01 -/0.01 +/0.01 6PT%/0.01
2. 2 6L°1 ++/1 ND/1
L/0.1 +/0.1 ND/0.1 T
0/0.01 —/0.01 +/0.01 8PT/0.01
3. ca. 5’ 22/0.1° NT* NT NT
0/0.01
*Performed by Dr. R.G. Hughes, except as noted.
*IC,, (ng/ml).
“Zone diameter (mm)/concentration (pg/ml).
“+ + + =very active, + + =active, + =moderately active, = =marginally active, —=inactive/con-

centration (pg/ml).
‘Not detected because of cytotoxicity.
oxic.
EPartially toxic.
"Light stain (toxic).
‘Performed by Dr. G.R. Wilson.
"Performed by T.G. Perun.
*Not tested.
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600 rpm for high-speed countercurrent chroma-
tography (hsccc) (19).

ANIMAL MATERIAL—The tan leafy sponge
(29-VII-86-1-3 and 31-VII-86-1-1, a total of 6.6
kg wet wt) was collected off the west coast of Mark
Island, Maine at depths of 20 to 30 m in July 1986.
A voucher specimen prepared in aqueous EcOH
was identified as a species of the genus Phakel/lia by
Dr. S. Pomponi, Harbor Branch Oceanographic
Institute, Inc., Fort Pierce, FL.

B1oassays.—Cytotoxicity was measured on
CV-1 monkey kidney, BHK baby hamster kidney,
and L-1210 murine lymphoma cell lines. The
brine shrimp assay was also used to monitor toxic-
ity of crude fractions (20). Antiviral activity was
measured by the plaque reduction method (21)
using Herpes simplex type-1 and Vesicular stomatitis
viruses grown on CV-1 and BHK cells, respec-
tively.

EXTRACTION AND ISOLATION.—The sponge
(2.7 kg wet wt) was successively extracted with -
PrOH, Me,CO, and MeOH. The combined ex-
tract was concentrated 77 vacuo, and the residual
aqueous suspension was extracted with EtOAc.
The organic layer was concentrated to dryness and
the residue was partitioned (hexane-MeOH, 2:1,
750 ml). Each layer was concentrated to give a
solid. Since both fractions showed cytotoxicity
(brine shrimp mortality, 80-90% mortality at 20
vg/ml after 12 h), the upper layer was partitioned
again between upper and lower layers of the same
solvent system, after which the lower layer gave
bioactive Fraction A (4.76 g). A portion of Fraction
A (3.8 g) was partitioned between the lower and
the upper layers of the same solvent system to give
an upper layer (2.19 g, inactive) and a lower layer
(Fraction B, 1.56 g, brine shrimp mortality 100%
after 12 hat 10 pg/ml). Fraction B was separated
by hscce with EtOAc-heptane-MeOH-H,0O
(7:4:4:3, upper layer as the mobile phase, 18-20
ml/fraction, flow rate 2 ml/min), and the bioactive
Fraction C, which contained a mixture of 1 and 2
(19.2 mg), and Fraction D, which contained 3 (9.4
mg), were obtained. Fraction C (80 mg), was
separated on a Sephadex LH-20 column with
CH,Cl,-MeOH (1:1) then Si gel [tlc grade, treated
with NH; (gas), 15 fractions] followed by hplc on
a reversed-phase (C,g) column with MeOH-H,0
(7:2) to give 1 (3.60 mg, 1.3X107*% yield from
wet sponge) and 2 (3.22 mg, 1.2X10™*%).

Dinophysistoxin-1 {2]1.—Slightly yellowish
solid: [a}’D +19° (¢=0.32, CHCL,) {lic. (14)
[af’D +28° (¢=4.7, CHCL)}; fabms m/z 819
(M+H), 801, 783, 765, 285, 267; htfabms m/z
calcd for C;H,,0,; M+H), M, 819.4895, found
M, 819.4894 (hrfabms).

14,15-Dihydrodinophysistoxin-1{1].—Colot-
less amorphous solid: {a}’D +19° (¢=0.36,
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CHCl,); ir (film) v max 3435, 2934, 2876, 1589,
1076, 1005, 985, 754 cm™; '"H nmr 8 5.43 (1H,
brs),5.32(1H, brs), 5.05 (1H, brs), 4.2-4.0(4H,
m),3.95(1H,d,J=9Hz),3.6-3.3(m),3.25(1H,
dd, J=10and 1 Hz), 1.76 (3H, 5), 1.32 (3H, s),
1.02(3H,d,J=6.5 Hz),0.93 (3H, d, J=6.5 Hz),
0.91 (3H, d, J=7.0 Hz), 0.88 (3H, J=7.0 Hz);
PCnmrd175.35,144.75,129.45,121.7d,113.0
t, 105.75,98.05,96.55,84.9d,79.1d,76.5d,
74.9d,72.8d,71.2d,71.14,69.9d,69.2d,64.9
d, 60.1d,39.1d,38.44d,37.3¢,354¢335t,
334¢,33.3¢,31.5¢,31.3q,30.4¢,27.7d,27.6
t,27.4¢,26.7¢,26.61,26.51,26.1t,23.3q,16.9
q, 16.2 q, 14.9 q, 10.8 q (41 carbons observed);
fabms m/z 843 (M +Na), 270; hrfabms m/z calcd
for C,sH,,NaO;, M, (M+Na) 843.4871, found
M, 843.4830.

Okadaic acid {3).—Fraction D (140 mg of
above) was successively separated by hsccc with
EtOAc-heptane-MeOH-H,0(7:4:4:3, 18 ml/frac-
tion, flow rate 1.8 ml/min using the upper layer as
the mobile phase), a reversed-phase (C ;) Si gel
column, and a Si gel column (treated with NH,
prior to use) to give 3 as a light yellow glass (1.45
mg, 5X107°% yield from wet sponge): [a]*D
+18.7° (¢=1.45, CHCL) {lit. (7) {[a}’D +21°
(¢=0.33, CHCL,)}; fabms m/z 827 (M+Na), 805
(M+H), 788, 769, 751, 285, 267, hrfabms m/z
caled for C HgNaOy;, M, (M+Na) 827.4553;
found M, 827.4550.

14,15-Dibydrodinophysistoxin-1 methyl ester
{1a].—Compound 1 (3.0 mg) was treated with
CH,N, in Et,0 (3 ml) at room temperature for 20
min. The reaction product was passed through a
short Si gel column with CHCL,-MeOH (4:1) to
give a colotless oil (3.08 mg), which was purified
by reversed-phase hplc (C,5, MeOH-H,0, 7:1) to
give 1a(1.97 mg, oil, 66%): "H nmr & 5.41 (1H,
brs,H-25a),5.06(1H, brs,H-25b),5.02(1H, m,
H-9), 4.11 (1H, br d, J=10.0 Hz, H-24), 4.06
(1H,dd,J=11.5and 4.5 Hz, H-7),4.02 (1H, m,
H-16),3.94(1H, d,J=9.5 Hz, H-26),3.59 (1H,
m, H-38a),3.56 (1H, m,H-22),3.55 (1H, m, H-
12),3.50 (1H, m, H-38b), 3.38 (1H, dd, J=10.0
and 10.0 Hz, H-23),3.25(1H,d,/=10.0and 1.5
Hz, H-30),2.09(1H,dd,J=15.0and 2.5 Hz, H-
3a), 1.73 (3H, s, Me-10), 1.68 (1H, d, J=15.0
Hz, H-3b), 1.36 (3H, s, Me-2), 1.32 (1H, ddd,
J=14.0, 10.5, and 3.5 Hz, H-28a), 1.15 (1H,
ddd,J=12.5,5.0,and 3.3 Hz, H-33b), 1.03 (3H,
d, /=6.5 Hz, Me-29), 0.92 (3H, d, J=6.5 Hze,
Me-35), 0.91 (3H, d, J=5.5 Hz, Me-13), 0.90
(3H,d,J=6.5 Hz,Me-31)(assignment by COSY);
PCnmrd176.7s,143.35,139.15,121.44,112.6

. £,105.65,97.9(?),96.15,84.9d,78.6d,75.4s,

76.6d,74.84,72.3d,71.54d,70.9d,69.6d, 68.8
d,64.5d,59.5d,52.6d,44.0t,39.0d, 38.44d,
37.0¢,35.1t,33.4¢,33.1¢,32.9¢,31.41,31.1
g, 30.05,29.9¢,27.7d,27.5¢27.4¢, 27.3d,
26.6t,26.41,26.3t,26.01,23.1q,16.8q,16.0
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q, 14.8 q, 10.7 q; fabms m/z 835 (M+H), 817,
799, 783, 285, 267; hrfabms m/z calcd for
C4H,,0,;, M, (M+H) 835.5208; found M,
835.5166.

Dinophysistoxin-1-methyl ester {2a).—Com-
pound 2 (3.3 mg) was treated with CH,N, as
above to give methyl ester 2a (1.64 mg, 50%,
colorless amorphous): "H omr 8 5.55 (1H, dd,
J=15and 7.5 Hz), 5.48 (1H, dd, J=15 and 7.0
Hz), 5.40 (1H, dd, J=2.0 and 2.0 Hz), 4.47 (1H,
dd, J=7.0 and 7.0 Hz), 4.08 (2H, m), 3.95 (1H,
dd,J=9.0Hz), 3.94 (1H, m), 3.81 (3H, 5), 3.62—
3.55 (3H, m), 3.51 (1H, br d, J=9.5 Hz), 3.41
(1H,t,J=10.0Hz),3.39 (1H,t,J=8.0 Hz), 3.25
(1H, dd, J=10.0 and 2.0 Hz), 2.28 (1H, dd,
J=7.5and7.5Hz),1.73(3H,s),1.36(3H, ), 1.03
(3H,d, J=6.5Hz),1.03 (3H,d,/=7.0 Hz),0.91
(3H, d, J=6.5 Hz), 0.90 (3H, d, J=7.0 Hz); °C
nmrd 177.25,144.15,138.15,135.9d,131.4d,
121.84d,112.6¢,105.95,98.05,96.25, 85.1d,
79.1d,76.6d,75.65,74.85,71.6d,70.9d, 69.6
d,689d,64.5d,59.5¢,52.9q,44.1¢,41.94d,
39.0d,37.2¢,35.1¢,33.0t,32.81,31.7¢,31.2
9,30.71,29.7¢,27.8d,27.5¢,27.4d,27.31,26.5
t,26.4t,26.0t,23.1q,16.8q,16.0q,15.8q,10.9
q; fabms m/z 833 (M+H, weak peak), 815
M—H,0), 299, 281; hrfabms m/z calcd for
CiH,;0,;, M, (M+H) 833.5050, found M,
833.4989 (hrfabms).
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