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A new diketopiperazine, dysamide D (1), has been isolated from the marine sponge Dysidea
fragilis, collected in the South China Sea. The structure of dysamide D was determined by
spectral data.

Sponges of the genus Dysidea (order Dictyoceratida,
family Dysideidae) have been the subject of intense
chemical study,1,2 and its members have been reported
previously as a source of terpenoids,2,3 steroids,2,4,5
polybrominated diphenyl ethers,6,7 and peptide8 me-
tabolites, including polychlorinated compounds.9 It is
generally accepted that the true metabolites of Dysidea
are terpenoids and steroids; however, the polybromin-
ated diphenyl ethers and polychlorinated peptides have
been frequently suggested to be produced by epiphytes,
such as blue-green algae and bacteria, because their
structure is similar or identical to metabolites of blue-
green algae8,10,11 and bacteria.12 Recent investiga-
tions11,13,14 have provided further evidence for this
suggestion.
The diversity of metabolites of sponges of the genus

of Dysidea has drawn our interest. Our earlier inves-
tigation on Dysidea fragilisMontagu led to the isolation
of a furano sesquiterpenoid, (-)-furodysin,15,16 an anti-
bacterial dihydroxysterol,5 and dysamides A-C and 2,3-
dihydrodysamide C.9 Further work on the sponge has
resulted in an additional novel diketopiperazine for
which we proposed the name dysamide D (1). The
structure elucidation of this compound is the subject of
this paper.

Dysamide D (1) was obtained as colorless needles
from the MeOH extract of the sponge D. fragilis, mp
141-142 °C, [R]D + 4° (c 1.5, CHCl3). The molecular
formula C14H21Cl5N2O2 was established by HREIMS
(m/z [M]+ 425.9991, C14H21

35Cl437ClN2O2 requires
426.0016). The CIMS showed a cluster of peaks around
m/z 427 (100, [M]+) with a pattern characteristic of a
pentachlorinated compounds.17 The presence of a tri-
chloromethyl group and a dichloromethyl group was
indicated by the 13C-NMR spectrum, which showed a

singlet at δ 105.6 typical of trichloromethyl and a
doublet at δ 77.5 typical of dichloromethyl.9 In support
of the presence of the dichloromethyl group, the 1H-
NMR spectrum revealed a downfield signal at δ 6.20
(d, J ) 3.2 Hz), which is virtually identical to that of
the corresponding proton in related compounds.9

All 1H- and 13C-NMR data (see Experimental Section)
of dysamide D (1) were unambiguously assigned by
COSY, TOCSY, HETCOR, and NOESY experiments.
The presence of substructures A and B was suggested
by the correlations observed in the COSY and TOCSY
spectra. The NMR data of substructures A and B are
in good agreement with those reported9 for dysamide B
(2) and dysamide A (3), respectively. Two -CONMe
residues were evident from 13C resonances at δ 165.9
(s, 2 × C), 33.7 (q), and 33.1 (q), together with proton
signals at δ 3.01 (3H, s) and 3.05 (3H, s). The IR band
at 1669 cm-1 was attributed to the amide groups in
dysamide D. With the structures of dysamides A-B in
hand, and in consideration of all data mentioned-above,
structure 1 was assigned to dysamide D, and this was
confirmed by EIMS data (Scheme 1).
Polychlorinated compounds containing trichloro-

methyl or dichloromethyl groups occur rarely in nature.
On the basis of asymmetric synthesis,18 X-ray diffraction
analysis,9 and chemical correlations,19,20 it seems very
likely that the absolute configuration of the carbon that
bears the trichloromethyl (or dichloromethyl) in the
polychlorinated metabolites isolated from Dysidea
sponges is S. We assumed that dysamide D (1) has the
same conformation as dysamide A.9 Thus, four asym-
metric centers of dysamide D were presumed to have
the same S absolute configuration as those of dysamide
A, the structure of which was determined by X-ray.9

Experimental Section

General Experimental Procedures. All solvents
used were of analytical grade. Si gel (60-100 mesh)
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Scheme 1. MS Fragmentation Pathway for 1
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and TLC grade Si gel-H were used for chromatography.
The melting point was determined with an X4 micro-
melting point apparatus. NMR spectra were recorded
on Bruker AC 250 and AC 400 NMR spectrometers, the
IR spectrum on a Nicolet 205 FT-IR spectrophotometer,
and mass spectra on Kratos MS 80 and Finigan MAT
90 instruments.
Animal Material. The sponge D. fragilis was col-

lected in the waters off Lingshui County, Hainan
Province, People’s Republic of China. A voucher speci-
men (# 91-08) was deposited in the Research Center for
Organic Natural Products Chemistry, Zhongshan Uni-
versity, Guangzhou, China.
Isolation of Dysamide D. The specimens (700 g dry

wt after extraction) were extracted repeatedly with
MeOH at room temperature. The MeOH extracts were
concentrated under reduced presure to afford a residue
that was partitioned between EtOAc and H2O. The
organic fraction was separated, and the solvent was
removed in vacuo to obtain an oil that was subjected to
flash chromatography on Si gel, eluted with increasing
amounts of MeOH in CH2Cl2. The third fraction (1-
2% MeOH in CH2Cl2), which contained 1, was purified
by flash chromatography on Si gel using 5% Me2CO in
CH2Cl2 as eluent to yield dysamide D.
Dysamide D(1): fine needles (19 mg) from ethyl

ether, mp 141-142 °C; [R]D + 4° (c 1.5, CHCl3);
IR(CHCl3) νmax 1669 cm-1; 1H NMR (CDCl3) δ 6.20 (1H,
d, J ) 3.2 Hz, H-6′), 3.97 (1H, dd, J ) 8, 7 Hz, H-2),
3.90 (1H, dd, J ) 10, 6 Hz, H-2′), 3.05 (3H, s, NMe),
3.01 (3H, s, NMe), 3.00 (1H, m, H-4), 2.58 (1H, m, H-4′),
2.52 (1H, m, H-3), 2.20 (1H, m, H-3′), 1.83 (1H, m, H-3),
1.70 (1H, m, H-3′), 1.42 (3H, d, J ) 6.5 Hz, H-5), 1.20
(3H, d, J ) 6.5 Hz, H-5′); 13C NMR (CDCl3) δ 15.8 (q,
C-5′), 18.1 (q, C-5), 33.1 (q, NMe), 33.7 (q, NMe), 37.7
(t, C-3′), 39.2 (t, C-3), 40.4 (d, C-4′), 52.3 (d, C-4), 60.4
(d, C-2′), 61.8 (d, C-2), 77.5 (d, C-6′), 105.6 (s, C-6), 165.9
(2C, s, C-1 and C-1′); HREIMSm/z [M]+ 425.9991, calcd
for C14H21

35Cl437ClN2O2, 426.0016; CIMS m/z (rel int)
425 (52), 427 (100), 429 (65), 431 (20), 433 (3); EIMS
m/z (rel int) 424 (7), 426 (10), 428 (7), 430 (2), 389 (50),
391 (66), 393 (34), 395 (8), 353 (40), 355 (43), 357 (20),
299 (63), 301 (63), 303 (23), 271 (40), 273 (40), 275 (10),

265 (100), 267 (66), 269 (13), 237 (83), 239 (57), 241 (10),
202 (21), 204 (20), 206 (7), 168 (32), 170 (21), 172 (4).
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