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Abstract

The ascidian Phallusia fumigata contains a series of new glucosphingolipids named phallusides 1-4 (1-4). The
structures were elucidated by spectroscopic methods and chemical degradations. Phallusides 1-3 (1-3) contain
the uncommon sphingoid base 2-amino-9-methyl-D-ervthro-(4E,8E,10E)-octadeca-4,8,10-triene-1,3-diol. This
is the first report of glucosphingolipids isolated from ascidians. © 1998 Elsevier Science Ltd. All rights reserved.
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Glycosphingolipids are a large group of biomolecules containing two basic structural units:
a sugar and a ceramide. The hydrophobic ceramide portion involves a sphingoid base and an
amide-linked fatty acyl chain [1]. In general, glycosphingolipids have exhibited a wide range
of biological functions which might be related to the amphipathic nature of the molecule [2].
In the marine environment, glycosphingolipids have been reported as constituents of algae,
sponges, echinoderms, and fungi [3,4]. However to our knowledge these group of compounds

had not been reported to occur in ascidians (tunicates) and only a related base, assumed to
derive from a diterpenic acid and serine, has been described as a metabolite from an

unidentified tunicate of the genus A plydium [5].

As a part of our research project directed toward the search for biologicaily active metabolites
from marine invertebrates of the southern coast of Spain, we collected the mediterranean
ascidian Phallusia fumigata Griibe (Ascidiidae), sampled off Tarifa (Cadiz, Spain). P. fumigata
had been previously reported to contain (R)-2,6-dimethylheptyl sulfate [6]. Our specimens
afforded a series of four new glucosphingolipids which we have named phallusides 1-4 (1-4).

I This research was partially presented in the Ist Luroconference on Marine Natural Products. Athens, Greece, November 1997.
Zpresent address: Laboratorio Biologia Marina, Dpto. Biologia Animal, Univ. de Sevilla, Apdo. 1095, 41080 Sevilla, Spain.
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Specimens of Phallusia fumigata (61.8 g dry wt) were collected by hand using SCUBA and
irmsmadintaly  fensan Thea wadis: Alnse  Fanndinm  ~F me A 1 e A L
imimeaiacryy 110Z&n 18 [icdidin pOidl ifacuon 01 an  acéu C-IﬂClﬂdHOl extract was

chromatographed on silica gel. Purification of selected fractions using reversed phase HPLC
aliowed isolation of four giucosphingolipids: phalluside 1 (1, 0.019% dry wt), phalluside 2 (2,
0.011% dry wt), phalluside 3 (3, 0,006% dry wt), and phalluside 4 (4, 0.003% dry wt).

Both the IR and NMR spectroscopic data of the phallusides were quite similar. The IR
absorptions at 3400 cm™, 1650 cm™, and 1540 cm™ indicated the presence of hydroxyl and
amide groups. The 'H and '*C NMR spectra of compounds 1-4 were diagnostic. The '3C NMR
signals at & 105.7 (d) together with the TH NMR doublets around & 4.9 were assigned to the

anomeric methmes of B-glucopyranosides moieties which, in addition, gave rise to the carbon
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7 (s) and 54.6 (d). These common spectroscopic features togetner with
the presence of a series of aliphatic and olefinic signals suggested that the phallusides 1-4 were
four glucosphingolipids with slight structural differences.
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Compound 1 was isolated as an amorphous solid of molecular formula C,;H;5NOg as
indicated by the HR FABMS. By methanoiysis of i using aq HCI-MeOH, methyl 2-(R)-
hydroxyhexadecanoate and a methyl glucopyranoside anomeric mixture were isolated. The
methyl ester had the molecular formula C,,H;40; as indicated by the HR FABMS. Its structure
was established using 'H NMR spectrocopy and upon comparison of the optical rotation value
([oc]D25 -3.5°, CHCI3) with that described for the R-enantiomer [7]. In addition the optical
rotation value of the methyl glucopyranoside anomeric mixture ([a]25 p 172.0°, MeOH) allowed
to define the sugar as the D-isomer [8).
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that the base present in 1 was 2-amino-9-methyl—(4E 8E 10E)—octadeca—4 8, 10-triene-l 3-diol
both with the H-3 sngnal at 8 4.75 (m, 1H) and with the H-1 signals at 8 4.71 (dd, J = 10.3 and
5.9 Hz, 1H) and 4.23 (m, 1H) defined the 2-amido-1,3-dioxygenated fragment, whereas the
correlations observed between the olefinic proton signals of H-4 at § 6.00 (dd, J= 15.4 and 6.0
Hz, 1H) with the H-3 signal and of H-8 at 8 5.49 (br t, /= 6.7 Hz, 1H) with the methyl proton
signal at & 1.76 (s, 3H), together with the long-range coupling observed between the H-8 signal
and the H-10 vinylic proton signal at & 6.20 (d, / = 15.6 Hz, 1H), were useful to define the

nneitinne of the dor lhlp bondc. Furtherm rmore, nnmpansnr} of the snectrosconi
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those described for the ophidiacerebrosides isolated from the sea star Ophidiaster ophidiamus
[8] and for ithe agelasphins isolated from the sponge 4 gelas mauritanus {9] supporied that the
long chain base of phalluside 1 (1) had the same carbon skeleton and stereochemistry. In
particular, the doublets at 5 72.3 assigned to C-3 and at & 54.6 assigned to C-2, supported the
proposed stereochemistry at C-2 and C-3. Therefore structure 1 was proposed for phalluside 1.

Compound 2 was isolated as an amorphous solid. The molecular formula, C43H;NOg, was
obtalned from the HR FABMS measurement and indicated that 2 contamed an addmonal CzH
comparison with that of pha
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10} in d icated that the fatty acid portion i
acid. All these data are in agreement with the proposed structure for

‘ABMS, together with
value ([a]y"" -3.6 n
(R)-hydroxyoctadecanoi
phalluside 2 (2).
Compound 3 was isolated as an amorphous solid and the HR FABMS indicated a molecular
formula of C4,H,,NOg. The additional CH, unit upon comparison with the structure of
phalluside 1 (1) was similarly located in the fatty acid portion because of the isolation of methyl

2-( R\-hvdroxvhentadecanoate 111 in the methanolvsis of 3 and upon observation of the ceneral
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Compound 4 was the minor giucosphingoiipid isolated from Phaliusia fumigara. The
molecular formula, C4,H,,NOg, was obtained from the HR FABMS measurement, and indicated
that 4 was an isomer of phalluside 3 (3). The NMR spectrocopic data of 4 clearly indicated that
its structure lacked the methyl group at C-9 as ascertained by the absence of the 3¢ NMR
signal at § 12.8 (q) and the presence of six doublets in the olefinic carbon region attributable

to three disubstituted double bonds. A careful analysis of the COSY spectrum enabled us to
Inrata tha Aanthla hande at 4 R and 10 nncitinne and ta nrannca F aanmatrac ninan ohcarvatian
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L aln Ml i adbclan anshian ciormale af R AV Q Y AV T () and 2D £ () T19T1 DRaonoiica Ltk
O1 UIC 4liylilic lllculylcllc Carovn sSiglialy dt O 54,7 (t), J4./7 (L) dllld J4.U (L) [1£]. DULAUDL [sI8 191}
Compounas are 1somers the additional difference in the structure of 4 upon Companson with that

of 3 must be the number of methylenes either of the fatty acid or of the saturated portion of the
base. However, the small amount of compound 4 isolated from P. fumigata prevented the
methanolysis reaction from being carried out and therefore the structure of 4 could not be
completely defined. The stereochemistry is proposed as depicted in formula 4 upon observation



14600 R. Durdn et al. / Tetrahedron 54 (1998) 14597~14602

1 2 s S
of the optical rotation value ( [a]p®® +12°, n-PrOH) and '*C NMR data similarities with those
—~ o el alleaol 30 o ne A Y 4 W A ~s e AR] 1 1 . . . .
of the phallusides 1,2, and 3 (1 - 3) discussed above. An unbranched A**"" long chain base had

been previously reported in a ceramide from the octocoral 4 cabaria ondulata [13].
Structurally related ophidiacerebrosides [8] have been described to show strong cytotoxicity
against L 1210 leukaemia cells in virro [8] and the agelasphins [9] have shown in vivo
antitumour activity against B 16 murine melanoma although being inactive in in vitro tests.
Phalluside 1 and 2 (1, 2) were tested against P-388 suspension culture of mouse lymphoid
neoplasm and the monolayer cultures of human lung carcinoma (A 549), human colon
carcinoma (HT 29), and human melanoma (MEL 28) being both inactive with ED

10 pg/mL in all cases.

Experimentai Section

General: Optical rotations were measured on a Perkin-Elmer 241 polarimeter. IR and UV
spectra were recorded on Perkm Elmer 881 and Phillips PU 8710 spectrophotometers,

respectively. 'H NMR and '3C NMR spectra were carried out on a Varian Unity 400 at 400
MHz and 100 MHz respectively usmg CSDSN or CDCl; as solvent. Chemical shifts for 'H and
£
C 1

Bc spectra are referenced to solvent peaks: 8y, 8.71/145.9 for C;DsN and 7.26/77.0 for
CDCl;. Assignments with identical superscripts may be interchanged. Mass spectra were
rece.rrjed on a VG Autospec spect ometer. In High Performance Liquid Chromatography
separations LiChrosorb RP-18 was employed using a differential refractometer. All solvents

were spectral grade or were dlstilled from glass prior to use.

Collection, Extraction and Purification: The tunicate Phallusia fumigara (61.8 g dry weight)
was collected by hand using SCUBA off the southern coast of Cadiz in May 1996 and was
immediately frozen. The frozen tissue was extracted exhaustively with acetone-methanol (1:1)
at room temperature. The filtered solution was evaporated under reduced pressure and the
aqueous residue was extracted with EtZO The solvent was evaporated to give an oil residue
(j 76 g) which was cnromatographea on a blU2 column usmg solvents of mcreasmg polarity
from hexane to Et,0, EtOAc, and subsequently mixtures of increasing polarity from CHCI; to

MeOH. Fractions of the general chromatography eluted w1th CHCI3/MeOH (85:15) were
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eluted with MeOH/H,O (98:2) to afford, in order of elution, p..allus:de ! (!, 12 mg, 0 019/0
dry wt), phalluside 3 (3, 4 mg, 0.006% dry wt), phalluside 4 (4, 2 mg, 0.003% dry wt) and

phallusnde 2 (2, 7 mg, 0.011% dry wt). Fmal purification of each compound was accomplished
by HPLC on reversed- phase mode using MeOHH{ O (95:5).

Phalluside 1 (1): amorphous solid; [a]n +7° (c 0.1, n-PrOH); UV (MeOH) Amax (18 €)
=232 nm (4.43); IR (film) 3400, 1650, 1540 cm™'; "H NMR (400 MHz) 6 8.36 (d, 1H, J = 8.6
Hz, NH), 7.65 (br s, 1H, OH), 7.25 (br s, 1H, OH) 7.17 (br s, 1H, OH), 6.90 (br s, 1H, OH),
641 (brs lH OH),620(d J= 156Hz IH H- 10),600(dd J=15.4, 6.0 Hz, 1H, H-4), 5.90

Hz, 1H, I ,J= 67Hz lH H-8),
i-1"), 4. 3,5
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0.842 (t, J = 6.7 Hz, 3H, H-16"); B3C NMR (100 MHz) 8 175.7 (s, C-1"), 135.4 (d C- 10), 1343
(s, C-9), 132.2 (d, C-4), 132.0 (d, C-5), 130.1 (d, C-8), 128.0 (d, C-11), 105.7 (d, C-1"), 78.6
(d, C-5"), 78.5 (d, C-3"), 75.2 (d, C-2"), 72.5 (d, C-2"), 72.3 (d, C-3), 71.6 (d, C-4™), 70.1 (t,
C_ 1Y R27 1t C_8" SAAR(A O KT (+ O 2220t 1) D Qf+ (A 272D (¢} 2D 1 {4}
MTR Yy Vol Yy TV gy ST My WLy JJ T Yy UTD fy Dk Ly WTHL ), JL0 L WTUY DL (L), DL (L),
30.0 (2xt), 29.7 (2xt), 29.5 (2xt), 28.3 (t, C-7), 25.9 (t, C-4"), 23.0 (1), 22.9 (1), 14.3 (2xq, C-18
and C-16'), 12.8 (q, C-19); FAB HRMS m/z 748.5339 [(M+Na)", C4;H,;;NOgNa A +0.1 mmu].

Phalluside 2 (2): amorphous solid; [a]p2> +10° (¢ = 0.1, n-PrOH); UV (MeOH) A__, (Ig €)

=231 nm (4.52); IR (film) 3400, 1650, 1560 cm; 1H NMR (400 MH 2) 8 8.35(d, 1H, J= 8.6
Hz, NH), 7.64 (br s, 1H, OH), 7.24 (br s, 1H, OH), 7.16 (br s, 1H, OH), 6.89 (br s, 1H, OH),
6.39 (br s, 1H, OH), 6.20 (d, J = 15.6 Hz, 1H, H- 10), 6.00 (dd, J = 15.5, 5.9 Hz, 1H, H-4), 5.90
(dt,J—153 6.0 Hz, 1H, HS) 565(dt J=14.6, 7.3 Hz, 1H, H-11), 550(brt J = 6.8 Hz,

-.4)4 1(bra J‘lUlHZ 11—1 ﬂb),
A 4

ATY Y‘l 1 . | Y‘I’ AN A N
), 4.0

91
, 111,1—1 1), 4.57
iz, 1

2

4H H- 5 and H 13), 1.26 (br S, 32H), O 85a (t,
H- 18\ 3 NMR (100 MHz) 6 175.7 (s, C-1"
132.0 (d C-3), 130 1 (d, C-8), 128.0 (d C- 11) 1057 (d C 1") 786(
75.2 (d, C-2"), 72.5 (d, C-2"), 72.3 (d, C-3), 71.6 (d, C-4™), 70.2 (t, C- l) 62 7 (t, C6") 546
(d, C-2), 35.7 (t, C-3", 33.2 (t, C-12), 32.8 (t, C-6), 32.1 (2xt), 30.0 (2xt), 29.6 (1), 29.5 (2xt),
28.3 (t, C-7), 25.9 (t, C-4"), 23.0 (t) 22.9 (1), 14.3 (2xq, C-18 and C-16"), 12.7 (q, C-19); FAB
HRMS m/z 776.5631 [(M + Na) C43H795N09Na A +2.2 mmu].
Phalluside 3 (3): amorphous solid; [a]y= +9.4° (¢ = 0.2, n-PrOH); UV (MeOH) A, (ig €)
=233 nm (4.29); IR (ﬁlm) 3400, 1650, 1540 em': 'H NMR (400 MHz) 6 8.36 (d, 1H, /=8.8
)

) B g \YYI’\ ’1 L£L M MNLIN 7 ’)A IL.. - 1LY {\YI 7T 19O Mlaw o 1L MNLIY £ ON Il._. . IT MNIY
Hz, NH), 7.65 (br s, 1H, OH), 7.24 (br s, 1H, OH), 7.18 (br s, 1H, OH), 6.90 (br s, 1H, OH),
AAnn"a 1IH O 620id 7T=158SH-> 1H H_ 1M A00(dd 7=182 A, 1H .4} £ 00
U,V (VI Oy 111, V11), V.SV (U J 1J.J 114, 111, 1171V )], V.UV (U, J 1LJ.J, U.TT 114, 111, 1375 )y, J. 7V
(dt, J= 154, 6.1 Hz, 1H, H-5), 5.65 (dt, J = 14.6, 7.3 Hz, 1H, H-11), 5.50 (br t, J = 6.4 Hz,
H, H-8), 4.90 (d, J = 7.7 Hz, 1H, H-1", 4.80 (m, 1H, H-2), 4.76 (m, H, H-3), 471 (dd, J =

J=11.1 Hz, 1H, H-6"), 4.36 (m, 1H,
H-6"), 4.23 (m, 1H, H- 1), 4.22 (m, 2H, H-3" and H-4", 403 (m, 1H, H-2"), 3.90 (m, 1H, H-
5", 2.22 (m, 2H, H-7), 2.16 (m, 3H, H-3' and H-6), 2.11 (m, 2H, H-12), 2.02 (m, 1H, H-3",
1.80 (m, 1H, H-4"), 1.76 (s, 3H, H-19),1.72 (m, 1H, H-4"), 1.37 (m, 4H, H-5' and H-13), 1.27
(br s, 30H), 0.85% (t, J = 6.7 Hz, 3H, H-18), 0.84 (t, J = 6.7 Hz, 3H, H-18"); 13C NMR (100
MHz) 5 175.7 (s, C-1), 135.4 (d, C-10), 1343 (5, C-9), 132.2 (d, C-4), 132.0 (d, C-5), 130.1
(d, C-8), ‘1280(d, -11), 105.7 (d, C-1"), 78.6 (d, C-5"), 78.5 (d, C-3"), 75.2 (d, C-2' ), 115
C- 6(d, -4"), 70 1 (t C-1), 62.7 (t, C-6"), 54.6 (d, C-2), 35.
.0

[N
-
-

: amorphous sohd [a] 2 +12° (c 0.2 n-PrOH); UV (MeOH) A, (g €)

=231 nm (4.36); IR (film) 3400, 1650, 1340 cm'!; 'H NMR (400 MHz) 5 8.35 (br d. TH, J =
9.2 Hz, NH), 7.65 (br s, 1H, OH), 6.89 (br s, IH, OH), 6.39 (br s, 1H, OH), 6.13 (m, 2H, H-9
and H-10), 5.98 (dd, J = 15.5, 5.9 Hz, 1H, H-4), 5.89 (m, 1H, H-5), 5.65 (m, 2H, H-8 and H-
11), 4.90 (m, 1H, H-1"), 4.80 (m, 1H, H-2), 4.75 (m, 1H, H-3), 4.71 (dd, /= 10.3, 5.9 Hz, 1H,
H-1), 4.58 (m, 1H, H-2"), 4.51 (m, 1H, H-6"), 4.36 (m, 1H, H-6"), 4.23 (m, 1H, H-1), 4.22 (m,
2H, H-3" and H-4"), 4.03 (m, 1H, H-2"), 3.91 (m, 1H, H-5"), 2.19 (m, 1H, H-3"), 2.17 (m, 4H,

H-6 and H-7), 2.06 (dd, J = 14.0, 7.0 Hz, 2H, H-12), 2.00 (m, 1H, H-3"), 1.72 (m, 2H, H-4"),

1.35 (m, 4H, H-5' and H-13), 1.26 (br s, 30H), 0.86° (t, /= 6.7 Hz, 3H, H-18), 0.84% (t, /= 6.7
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through a small SlO~. column Elution wnth CHCI; afforded the corresponding fatty acid methyl
ester, and elunon with CHCI,/MeOH (8:2) gave rise to methyl glucopyranomdes (a- and B-
anomers, [a] p 172.0°in MeOH) in all cases. .

Methyl 2-(R)-hydroxyhexadecanoate. [a Ip 23 350 (CHCl, ¢ = 0.2); 'H NMR (400 MHz,
CDCly) 6 4.19 (m, 1H, H-2), 3.79 (s, 3H, COOCH 3), 2.67 (d, J = 5.8 Hz, 1H, OH), 1.77 (m,
IH), 163 (m, 1H), 1.25 (br s, 24H), 0.88 (t, 6.8 HZ 3H, C-16); FAB |

HRMS m/z 286.2497
[(M)* ,L17u34u3 A +1.1 mmu]. o

Methyi 2-(R)-hydroxyoctadecanoate. [ajy™ -3.6° (CHCI;, ¢ = 0.1); 'H NMR (400 MHz,
CDCly) § 4.19 (m, 1H, H- 2), 3.79 (s, 3H, OOCH3),267 (m, 1H, OH), 1.77 (m, 1H), 1.63 (m,
1H), 125 (br s, 28H), 0.88 (1, 6.8 Hz, 3H, C-18) FAB HRMS m/z 315.2871 [(M+1)".
C19H‘C)‘~’3 A +2.8 m._.ml.]

Methyl 2-(_]{)-hy¢_l_ xyheptadecanoate. [a]5> -3.8° (CHCI;, ¢ = 0.1); 'H NMR (400 MHz,
CDCl;) 8 4.18 (m, 1H, H-2), 3.79 (s, 3H, COOCH,), 2.67 (brd J=5.4Hz, IH, OH), 1.77 (m

1H), 1.63 (m, IH), 25 (br s, 26H), 0.87 (t, 6.6 Hz 3H, C-17); FAB MS m/z 301 (M+1)".
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