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CACOSPONGIONOLIDE B, A NEW SESTERTERPENE FROM THE 
SPONGE FASCIOSPONGIA CAVERNOSA 

SALVATORE DE ROSA,* ANTONIO CRISPINO, h F O N S 0  DE GWLIO, CARhiINE IODICE, 

lstituto per la Chimica di Molecole di Interesse Biologico CNR, Via Toiano 6,  
80072, Arc0 Felice, Napoli, Italy 

ROBERTO PRONWTO, 

lstituto di Zoologia, Universitd di Genova, Italy 

and NEVENKA ZAVODNIK 

Center fw Marine Reseurch, “R. Boskovic” Institute, Rovinj, Croatia 

Assmcr .4cospongionol ide  B [2a], a new cacospongionolide-related sesterterpene, 
has been isolated from the Adriatic sponge Fasciospongia cavernosa. The structure was elucidated 
by spectral and chemical means. The antimicrobial activity and brine shrimp and fish lethalities 
of 2a are reported. 

In the course of our search for bio- 
logically active marine natural products, 
we reported previously a new 
sesterterpene, cacospongionolide [la} 
(1,2), which showed strong cytotoxic ac- 
tivity. Cacospongionolide was isolated 
from a sponge originally identified as 
Cacospongia mollior, a horny sponge be- 
longing to the family Thorectidae. In 
order to find related compounds, we have 
subsequently investigated the chemistry 
of other Mediterranean horny sponges 
belonging to the same family. 

The taxonomic status of horny 
sponges is still under investigation, and 
is the subject of constant modification. In 
particular, the family Thorectidae, which 
includes the  genera Cacospongia, 
Fasciospongia, Luffariella, and Thmetta, has 
been subjected to significant revision. 
Our group has investigated the chemis- 
try of anumber ofspecimens ofF. cavernosa 
Schmidt collected in the northern 
Adriatic. Extracts ofthese sponges showed 

cytotoxic activity (LC,, value of 18 ppm) 
in the Artemia salina bioassay (3,4).  Un- 
fortunately, one specimen (voucher No. 
S6R/86), our original source of 
cacospongionolide {la), was erroneously 
classified as C. mollior instead of F. 
cavernosa. The genera Cacospongia and 
Fasciospongia are closely related and have 
often been confused, so much so that the 
original description of F. cavernosa in- 
cludes this species in the genus Cacospongia. 

A continued investigationon recently 
collected specimens of F. cavernosa has 
yielded a new sesterterpene which we 
have named cacospongionolide B {Za). 
Cacospongionolide B was responsible for 
the biological activity observed for the 
crude extract, and is closely related to the 
known la. The isolation, structure deter- 
mination, and biological activities of 2a 
are reported in this paper. 

Chromatography of the Et,O-soluble 
fraction of the Me,CO extract of F .  
cavernosa yielded cacospongionolide B (2a, 

l a  R = H  
lb,lc R=Ac 

2a R = H  
2b,2c R=Ac 
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0.45% dry wt). A molecular formula of 
CZSH3604 was suggested from the hrms of 
the parent ion. The uv absorption at 223 
nm (E 4500) and ir bands at 3380,1785, 
and 1762 cm-' were characteristic ofay- 
hydroxybutenolide moiety. Examination 
of the 'H- and I3C-nmr spectra of this 
compound established that it was closely 
related to l a  (1). As observed for la, the 
nmr spectra of 2a were highly solvent- 
dependent and interpretation of the sig- 
nals of the polar moiety was difficult. In 
C,D,, two sets of resonances were ob- 
served for the polar region, while in 
CDCl,, a single set of broad resonances 
was observed. 

Treatment of 2a with Ac,O in pyri- 
dine at room temperature gave a mixture 
of two diastereoisomeric acetates f2b, 
2c} which were separated by Si gel cc. 
The 'H- and I3C-nmr spectra of both 
acetates showed a single set of sharp 
resonances for the polar moiety (C- 12 to 
C- 19 region) of cacospongionolide B. 
The chemical shifts were in excellent 
agreement with those of the correspond- 
ing resonances observed for caco- 
spongionolide acetates, Ib and IC (I), 
defining the structure of the C-12 to C- 
19 polar functionality as shown. The 
remaining resonances in the 'H- and 13C- 
nmr spectra of 2b and 2~ were identical 
to those of 2a and the spectra of 2a were 
therefore used to define the remaining 
portions of the structure. 

The 'H-nmr spectrum of 2a showed 
resonances due to one secondary and two 
tertiary methyl groups 16 0.89 (3H, d, 

J=7.0Hz),0.92(3H7s)and 1.09(3H,s)f 
and an exocyclic methylene f6 4.48 ( l H ,  
br s), 4.51 ( l H ,  br s)}. C-Nmr reso- 
nancesobservedat 6 102.04(t)and 160.49 
(s) confirmed the presence of a 1 , l  -disub- 
stituted olefin. 

Taking into account the molecular 
formula and the data discussed thus far, 
the non-polar region of 2a must possess 
a carbobicyclic skeleton. A HMBC nmr 
experiment showed correlations between 
the exomethylene protons and carbon 

13 

atomsat632.87(t),40.35(s),and 160.49 
(s), which allowed for the identification of 
the allylic carbon atoms. In addition, 
correlations observed between the me- 
thyl protons of the two tertiary methyl 
groups (6 0.92 and 1.09) and the sur- 
rounding carbon atoms allowed for their 
placement at C-9 and C-5, respectively 
(Table 1). The COSY-45 spectrum indi- 
cated that the methine proton observed 
at 6 1.57 (H-8) was coupled to the methyl 
doublet observed at 6 0.89 and with non- 
equivalent methylene protons that ap- 
peared at 6 1.60 and 1.35 (H-7). The 
latter two protons were in turn coupled 
to non-equivalent methylene protons 
observed at 6 1.98 and 1.80 (H-6). The 
remaining COSY-45 data allowed for the 
definition of the spin-system delineated 
by H- 1 O/H- 1/H-2/H-3. HMBC correla- 
tions observed between the H-1 1 meth- 
ylene protons (6 1.45 and 1.10) and the 
carbons observed at 6 26.01 (C-l2), 35.3 5 
(C-8), and 37.94 (C-9) defined the con- 
nection between the polar moiety and the 
rigid part of molecule. These consider- 
ations led to structure 2a, without stereo- 
chemical implications. 

The relative stereochemistry of the 
rigid part of 2a was deduced by a NOESY 
nmr spectrum, which exhibited the pres- 
ence of noes (Table 2) indicating that 
Me-5, Me-9, H-3ax and H-lax are ori- 
ented on the same side (p) of the mol- 
ecule, while H-lOax has the same orien- 
tation (a) as Me-8. The axial position of 
H-10 (J=12.0 and 2.3 Hz) and H-16 
(J=10.5 and 4.2 Hz) was deduced from 
the magnitude of their coupling con- 
stants in the 'H-nmr spectrum of 2a and 
2b, respectively. 

Cacospongionolide B f2a) is closely 
related structurally to la, isolated previ- 
ously from a sponge specimen identified 
as C. mollim (voucher No. S6R/86). This 
relationship led us to propose that the 
identification of specimen S6R/86 was 
incorrect. A comparative morphological 
analysis of the arrangement of spongine 
fibers in the skeleton of a recently col- 
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Position 

Cross-peak Coordinates 
Below the Diagonal 

%-6, 

4.51-1.80 

2.30-1.09 
1.57-0.92 
1.1 5-0.89 

4.48-2.10 

1 . . . . . .  
2 . . . . . .  
3 . . . . . .  

4 . . . . . .  
5 . . . . . .  
6 . . . . . .  
7 t . . . . .  

8 . . . . . .  
9 . . . . . .  
10 . . . . .  
11 . . . . .  
12 . . . . .  
13 . . _ . .  
14 . . . . .  
15 . . . . .  
16 . . . . .  
17 . . . . .  
18 . . . . .  
19 . . . . .  
20 . . . . .  
21 . . . . .  
22 . . . . .  
23 . . . . .  
24 . _ . . .  
25 . . . . .  

Protons Correlated 

H-20a, H-6P 

H-3P, Me-5 
H- lP ,  Me-9 
H- 1 Oa, Me-8 

H-20b, H-3a 

I'C 

21.24 t 
30.10 t 
32.87 t 

160.49 s 
40.35 s 
25.49 t 
28.62 t 
35.35 d 
37.94 s 
47.78 d 
37.78 t 
26.01 t 

138.11 s 
115.90 d 
29.10b t 
69.52' d 

168.04's 
117.51'd 
171.13 s 
102.04 t 
21.24 q 
14.75 q 
20.51 q 
68.38 t 
97.98b d 
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'ABLE 1. Nrnr Spectral Data of i 

IH 

1.57 m, 1.35 m 
1.88 m, 1.20 m 
2.30ddd(13.6, 13.6,5.1), 
2.10 ddd (13.6, 2.8,2.7) 
- 
- 
1.98 ddd (14.0, 13.8, 2.7), 1.80 rn 
1.60 m, 1.35 rn 
1.57 m 

1.15 dd (12.0, 2.3) 
1.45 m, 1.10 rn 
1.83 m 

5.53 br s 
2.26b m 
4.40b 

6.04b 

4.5 1 br s, 4.48 br s 
1.09 s 
0.89 d (7.0) 
0.92 s 
4.18 ABq (15.7) 
6.1bb 

- 

- 

- 

- 

in CDCI, Solution.' 

HMBC vc.,=10 Hz) 

1.15 (H-10) 

4.51 (H-20a) 
- 

4.51-4.48 (H-20) 2.30 (H-34,  1.09 (H-21) 
4.514.48 (H-20), 1.80 (H-6eq), 1.09 (H-21) 
1.09 (H-21) 

1.45-1.10 (H-ll), 0.92 (H-23) 
1.45-1.10 (H-ll), 0.92 (H-23) 
1.09 (H-21), 0.92 (H-23) 

- 

1.45-1.10 (H-11) 
4.18 (H-24), 1.83 (H-12) 
4.18 (H-24), 1.83 (H-12) 

4.18 (H-24) 

6.16 (H-25) 

- 

- 

- 
6.04 (H-18) 

Yhemcal shifts are referred to TMS. Multiplicities are indicated by the usual symbols. Coupling constants (Hz) are 

bBroad signal due to the presence of a mixture of epimers at C-25. 
in parentheses. 

lected specimen (SlCD/94) and the pre- 
served specimen (S6R/86) confirmed that 
they were both F. camosa.  Moreover 
comparison of the structures of metabo- 
lites reported from C. molliw (1, 5-7), 
Luffariella variabilis (8), and Luffariella 
sp. (9) suggest a close similarity between 
the genera Fasciospongia and Luffariella, 

TABLE 2. Magnetization Exchange by Cross 
Relaxation (NOe) for 2a in CDCI, as 

Observed from NOESY.' 

while the genus Cacospongia seems to be 
less closely related. In contrast, morpho- 
logical observations (1 0) suggest that the 
genus Luffariella is closely related to the 
genus Cacospongia. A multidisciplinary 
approach which includes the study of 
sponge metabolism can be beneficial in 
reaching a correct taxonomic classifica- 
tion, as traditional taxonomy of sponges 
is based primarily on the study of skeletal 
morphology, in particular mineral spi- 
cules. Horny sponges which lack mineral 
spicules are classified based on the ar- 
rangement of spongine fibers in the skel- 
eton and are inherently difficult to iden- 
tify at the species level. 

Cacospongionolide B showed potent 
activity (LC,, value of 0.25 ppm) in the 
Artemia salina bioassay (3 ,4 )  a moderate 
toxicity (LC,, value of 1.05 ppm) in a fish 
lethality assay (1 l ) ,  and a high antibacte- 
rial activity against the Gram-positive 
bacteria, Bacillus subtilis (MIC value of 
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0.78 Fg/ml) and Micrococcus luteus (MIC 
value of 0.78 pg/rnl). 

EXPERIMENTAL 

GENERALEXPERIMENTALPROCEDURES.-M~S 
were measured on a Kofler apparatus and are 
uncorrected. Uv spectra were obtained on a Varian 
DMS 90 spectrophotometer. Ir spectra were re- 
corded on a Bio-Rad ITS-7 Ft-ir spectrometer. 
Optical rotations were measured on a Jasco DIP 
370 polarimeter, using a 10-cm microcell. Lrms 
and hrms were recorded on an AEI MS-50 spec- 
trometer. 'H- and "C-nmr spectra were recorded 
at 500 and 125 MHz, respectively, with TMS as 
internal standard, on a Bruker AM 500 instru- 
ment, under Aspect X32 control. The 2D nmr 
spectra were obtained using Bruker's micropro- 
grams. Si gel chromatography was performed us- 
ingprecoatedMerckF,,,plates andMerckKieselge1 
60 powder. Microorganisms were obtained from 
DSM, Germany. 

ANIMAL MATERIAL.-Fascrospongia caver- 
nosa (order Dictyoceratida, family Thorectidae) was 
collected by dredging (at a depth of 20 meters) 
near Rovinj, Croatia, in November 1994, and 
frozen at -20" until extracted. The sponge is 
massive, and shows adark-brown color. The exter- 
nal surface is hispid, owing to the presence of large 
conules. The consistency is firm and cartilagineous 
and the horny skeleton is conspicuous. The 
choanosome is fleshy and shows large and tortuous 
canals, a feature that reflects the specific name. A 
voucher specimen is maintained in the Arc0 Felice 
Institute collection (voucher No. SlCDi94). 

EXTRACTION AND IsoL.ATIoN.-The frozen 
sponge (70 g dry wt after extraction) was extracted 
with Me,CO and, after elimination of the solvent 
in vacuo, the aqueous residue was extracted with 
Ec,O and then with n-BuOH. The Et,O extract 
was evaporated in  vacuo to obtain a brown oil (3.2 
g), which was applied to a column of Si gel. The 
column was eluted with a solvent gradient system 
from petroleum ether (40-70") to Et,O. 
Cacospongionolide [Za) (3 15 mg) was recovered 
from fractions eluted with petroleum ether-Et,O 
(7:3), after crystallization from MeOH. 

Cacospongionolide B [Za].-Mp 116-1 18' 
(MeOH); [a)D +28.2'(c=2.8, CHCI,); uv A max 
(MeOH) 223 (E 4500) nm; ir u max (CHCI,) 3380 
(br), 1785, 1762 cm-I; eims m/z [MI' 400.2633 
(C,,H,604 requires 400.2635) (lo), [M-H,O}' 
382(11), 367(5),208(20),205(9), 195(21), 192 
(80), 191 (95), 190 (25), 189(100), 177 (10); nmr 
data, see Table 1. 

ACETYJATION OF 2.-A solution of 2a (50 
mg) in pyridine (3 ml) and Ac,O (0.5 ml) was kept 
at room temperature overnight. The excess re- 
agents were removed in  vacuo, and the residue was 

partitioned between H,O and Et,O. The Et,O 
extracts were dried over anhydrous N a w , ,  and 
the solvent was evaporated to obtain a mixture of 
acetates 2b and 2c (47 mg), which were separated 
by Si gel cc, with petroleum ether-Et,O (41)  as 
eluent, to obtain acetates 2b (28 mg) and 2c (17 

Acetate 2b.-Mp 206207' (MeOH); uv A 
max (MeOH) 206 (E 7500) nm; ir u max (CHCI,) 
1785, 1750 cm-'; eims mlz [MI' 442 (6), 
[M-HAc]' 382 ( l l ) ,  205 (l5), 192 (loo), 191 
(go), 189 (85), 177 (22); 'H nmr (CDCI,) 6 6.94 
( lH ,  brs, H-25), 6.16(lH, brs, H-18), 5.52 ( lH ,  
br d,J=3.8 Hz, H-14), 4.51 ( lH ,  br s, H-20a), 
4.48 ( lH ,  br s, H-20b), 4.32 ( lH ,  ddd,J=10.5, 
4.2, and 1.5 Hz, H-16), 4.16 (2H, ABq,J=15.7 

21), 0.92 (3H, s, H,-23), 0.90 (3H, d,J=7.1 Hz, 
H-22); I3C nmr (CDCI,) 6 169.3 (s, COCH,), 

mg). 

Hz, H-24), 2.16 (3H, S ,  COCH,), 1.09 (3H, S ,  Hj- 

166.4 ( s ,  C-19), 160.6 ( s ,  C-4), 159.5 ( s ,  C-17), 
138.9(s,C-13), 118.1(d,C-l8), 115.7(d,C-14), 
102.1 (t, C-20), 92.5 (d, C-25), 69.6 (d, C-16), 
68.5 (t, C-24), 47.8 (d, C-lo), 40.4 ( s ,  C-5), 38.1 
( s ,  C-9), 37.9 (t, C-ll) ,  35.5 (d, C-8), 32.9 (t, C- 
3), 30.2(t,C-2), 29.8(t,C-15),28.6(t,C-7),26.1 
(t, C-12), 25.6 (t, C-6), 21.3 (t, C-1), 21.3 (q, C- 
21), 20.7 (q, COCHJ, 20.5 (q, C-23), 14.9(q, C- 
22). 

Acetate 2c . -Oi l ;  uv A max (MeOH) 206 (E 
7500) nm; ir u max (CHC1,) 1785, 1750 cm-'; 
eims mlz [MI' 442 (4), [M-HAc}+ 382 (19), 205 
(18), 192 (loo), 191 (78), 189 (78), 177 (31); 'H 
nmr (CDCI,) 6 7.04 ( lH ,  br s), 6.09 ( lH ,  br s), 
5.54 ( lH ,  br d,J=3.8 Hz), 4.52 ( lH ,  br s), 4.48 
( lH ,  br s), 4.30 ( lH ,  br ddJ= 10.5 and 4.2 Hz), 
4.10(2H,ABq,J=15.7 Hz), 2.17 (3H, s), 1.10 
(3H, s), 0.92 (3H, s), 0.90 (3H, d, J=7.1 Hz); I3C 
nmr(CDC1,)G 169.5 (s,COCH,), 166.1 (s), 160.5 
(s), 159.4 (s), 138.6(s), 118.5 (d), 115.5 (d), 102.2 
(t), 92.8 (d), 68.6 (d), 68.4 (t), 47.8 (d), 40.4 (s), 
38.1 (9, 37.9(t), 35.5 (d),32.9(t),30.2(t),30.5 
(t), 28.6 (t), 26.1 (t), 25.6 (t), 21.3 (t), 21.3 (q), 
20.7 (q, COCH,), 20.4 (q), 14.8 (9). 

BIOLWICAL EVALUATIONS.-a. Antimicrobial 
and antifungal artivitieJ.4ram-positive bacteria 
[Barillus subtilis (DSM 347) and Micrococcus luteus 
(DSM 348)], a Gram-negative bacterium 
[Escherichia coli (DSM 1103)1, and a fungus [Can- 
di& albicans (DSM 1665)l were used for the anti- 
microbial assays, as described already (1 1). 
Cacospongionolide B [Zal showed activity only 
against the Gram-positive bacteria, with mini- 
mum inhibitory concentration (MIC) values of 
0.78 p.g/ml (B. subtilis) and 0.78 pglrnl (M. 
luteus). 

b. Brine shrimp lethality.-The brine shrimp 
(Artemia salina) lethality assay performed as al- 
ready described (3,4), gave an LC,, value of 0.25 
ppm (0.53/0.12, 95% confidence limits). 
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c. Fisb lethality.-A toxicity test with mos- 
quito fish (Gambusia afinis) was performed as 
described previously (1 1). Compound 2a gave an 
LC,, value of 1.05 ppm. 
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