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Abatrwt-Two isomeric linear difurano sesterterpenes, ircinin-I and -2, have been identified in the sponge 
ircinia 0~0s. 

IN OUR STUDIES on the metabolites of Porifera., we have isolated a number of related 
C-2 1 furanoterpenes, ’ apparently oxidized sesterterpenes, from Spon@a nitens, 
oficinalis and Hippospongia communis. We now report the occurrence of two sester- 
terpenes, ircinin-1 (I) and ircinin-2 (IV), in the sponge Ircinia oros. 

I R=H 
II R = CH,CO- 
III R = CH3 

CH, 
19 

IV R=H 
V R =CH,CO- 
VI R =CH3 

From the methanolic extracts of the fresh tissues we have isolated an oily Ehrlich 
positive and FeCl, positive substance, C&H,,O. (mass spectrum and elemental 
analysis), resistant to all attempts at separation_ Spectroscopic evidence suggests the 
presence of an enol (&_(MeOH) 260 nm (e 12,500); A,_(MeOH/OH-) 248 and 310 
(E 10,500 and 7,500)) and an a&unsaturated y-lactone (v_(CHCl,) 3150 (b), 1735, 
and 1635 cm-‘) functions probably forming together a conjugated tetronic acid.2 
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(apart from stereoisomers), the NMR spectrum of which contained a new Me doublet 
at 6 084, the signals at 6 155 and 166 having disappeared. No signal due to an ole- 
fmic proton was observed in the NMR spectrum of VII and the UV [J,_(MeOH) 
230 and 258 nm (s 7,320 and 6,490); &(MeGH/H+) 230 (s 9,060) nm; &(MeOH/ 
OH-) 258 nm (e 14,600)] and IR [(CHCI,) 3100 and 2710 (OH, enol) and 1760 (w), 
1735 (m) and 1660 (s) cm-‘; (ether) 1760 (s) and 1670 (m) cm-‘] spectra are fully 
consistent with the presence of a tetronic acid residuti in the molecule, which must 
carry a Me group on C-23 (3H singlet at 6 l-72). Gn acetylation with AczO-pyridine 
VII gave a single acetate (VIII) M+ 464, v_(liquid film) 1775, 1760, 1690 and 1170 
cm-‘, and, as expected, on methylation with CH,N, afforded two isomeric O-methyl 
derivatives? (IX) M+ 436, singlet peak in GLC [&(MeOH) 230 nm (E 10,200), v, 
(liquid film) 1755,167O and 1050 cm- ’ ; 6 vinyl Me 2*07]3 and (X), M+ 426, single peak 
in GLC [J,_(MeOH) 263 nm (S 9,300); v&liquid film) 1760 (w), 1700 (w), 1670 (w), 
1610 (s) and 1150 (m): 6 vinyl Me 1*51].3 It was also possible to obtain a single tetra- 
hydroderivative (apart from stereoisomers) by hydrogenation in pyridine (Pd/C, 
80 Atm, 80’) of the mixture of the two isomers I and IV. This, on methylation with 
CH,N,, behaved similarly to VII giving two isomeric O-methyl derivatives, all the 
spectral data of which (MS, NMR, IR and UV; experimental) are fully consistent with 
structures XI and XII respectively. Furthermore+ as in the case of the dodecahydro 

X 

CHa 
I 

CH,CH,CH,-CH-CH,CH,CH,- 

and tetrahydro derivatives, the natural mixture of I and IV, containing a conjugated 
tetronic acid residue, when treated with CH,N,, afforded two mixtures of O-methyl 
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derivative% a mixture of III and VI which was more abundant and resolvable on 
GLC (25% SE-30, temp. 280”, glass column) and a mixture of XIII and XIV in minor 
quantity. All the spectral data of both mixtures, (experimental), support the above 
structures. 

‘% 
I 

CHJH,CH=C-CH,CH,CH,-CH-CH 
13 I 

CH, 

XIII 

CH, 

CH,CH,CH,-C=CH-CH,CH,-CH-CH 
I.3 I 

CH, 

XIV 

Oxidative ozonolysis of the mixture of natural compounds gave malonic, succinic, 
2-methyl-&oxoeptanoic, 5-oxohexanoic and 2-methylglutaric acids (Scheme 1). This 

ScHeMe 1 

HOOC- CH,--COOH HOOC--CH,-- CH,---COOH CH,- C--CH,CH,CH,--CH COOH 

I’ I 
0 CH, 

(IV) 

I ozonolysis 

HOOCKH,--4IOOH HOOC---CH2CHICH2--C -CH, HOOC---CH,CH,--CH. COOH 

II I 
0 CH, 

confirms that the two isomers differ in the position of the central double bond, and 
establishes the structures I, (ircinin-1) and IV, (ircinin-2), for these new sesterterpenes. 

Another piece of evidence in favour of the presence of the conjugated tetronic acid 
moiety in I and IV came from treatment of the mixture of the two compounds with 
hot concentrated aqueous alkali and subsequent esterification with CH,N, which 
gave, as main transformation products, a mixture of XV and XVI resistent to all 

2E 



338 G. CIMINO, S. De sT@FANO, L. MINALf? and E. FATTORUSSO 

attempts at separation; M+ 474, v_(liquid film) 3500 (OH), 1730 (CO, ester) cm- ’ ; 

CH-_F,OOCH, 
23 I 

CH, 
2. 

xv 

CH, CH, OH 
I 

CH,CH,CH,-C=CH-CH,CH,-CH-CH-CH~-C-COOCH~ 

I 
CH-COOCH, 

I 

CH, 

XVI 

5, (MeOH) 220 nm (E 11,000; furan chromophore). The NMR spectrum revealed 
two OMe peaks overlapping with the C,H,O--CjZ&C,H,O (6 3.72 368 and 3.65) 
signal, and a set-Me resonance at lower field (8 1.14, J = 6 Hz, Me on C-23), which 
collapse to a singlet on irradiation at 6 2.7 (-CH-C02Me). In the NMR spectrum 
of the mixture of these two dicarboxylic esters, two singlets at 6 1.54 and 164 (CH3- 
C=C) are still present. The formation of XV and XVI is explained by hydrolysis of the 
lactone rings of I and IV and subsequent benzilic rearrangement of the a-diketones 
so formed.4 

The occurrence of linear sesterterpenes in these sponges supports the biogenetic 
hypothesis that the C-21 furanoterpenes previously reported,’ are degraded sester- 
terpenes. With the isolation of ircinin-1 and -2, six sesterterpenes are now known.’ 

EXPERIMENTAL 
Instrumental techniques were given in the previous papers. ’ Column chromatography was performed 

with Merck MS+2 mm silica gel, and TLC with Merck F 254. 

Is&lion 4th mixture ojircinin-1 (I) and -2 (IV)J rum Ircinia ores. Sponges (Ircinia ores) collected in the 

Bay of Naples, were obtained from the supply department of the Zoological Station (Naples). The fresh 
material (160 g dry weight after extraction) was extracted three times with MeOH for three days; the com- 

bined extracts (4 I) were concentrated in oocuo and the remaining aqueous solution extracted with ether 

(15 I in 3 portions). After evaporation of solvent a brown oil (65 g) was obtained, which was chromato- 
graphed on silica gel (300 g). A mixture of ircinin-1 (I) and -2 (IV) migrated out afta 7.2 I (3 g) when the 
column was washed with C,H, (4 I) followed by C,H,ether (9: I). The mixture of the. two isomers, resistant 

to separation (TLC on SiO, and Al,O, with and without AgNO& showed the following spectral data: 

I,; (MeOH) 260 mn (E 12,500), &(MeOHjOH-) 2&3 and 310 nm (E 10500 and 7,500); v& (CHCI,) 

3150 (b, OH), 1735 ()CO, a&unsaturated y-lactone), 1635 ()C==C() cm-‘; NMR (Ccl.) (Fig. 1); 

MS m,‘e (%) 310 (SO, M+), 395 (3, M+-<H,), 329 (15, M+-C,H,OCH,), 215 (95), 175(1~).162(100), 135 

(lo), 81 (30, C,H,OCH,+) and 67 (29 C,H,O’). (Found: C, 72.98; H, 7.45. C,,H,,O, requires C, 73.15, 

H, 7.73%). 
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XI M’ 428: I,; (C6H12) 220 and 232 nm (E 16,700 and 7,200); vmu; (liquid film) 1755 (>CO, a#-un- 

saturated y-lactone), 1660 ()C=C() and 1530, ISOO, 1020, 875 and 755 (furan ring#‘.’ cm-‘: NMR 

(CDCI,) 7.35 (1 H, bs, furan a-H), 7.28 (I H, bs, furan a-H), 7.07 (1 H, bs, furan a-H), 6.32 (I H, bs, furan &H), 

5% (IH, bs, furan BH), 4.59 (IH, m, H-C-21). 407 (3H, s, OMc), 3.73 (2H, s, C,H,OCY&,H,O-), 

1.98 (3H, s. Me on C-23), 0.94 (3H, d, J = 6 Hz, see-I&), 0.88 (3H, d, J = 6 HZ set-Mel (Found: C 72.45: 
H, 8.35. C26H,601 requires C, 72.87: H, 8.47%). 

XII. M+ 428: I,,(MeOH) 220 and 263 nm (E 9,200 and 9,300): Y& (liquid film) 1750 (w), 1700 (w), 

1670 (w), 1610 (s) and 1150 (s) and 1550, 1500, 1145,1020,875 and 760 (furan ring#.’ cm-’ : NMR (Ccl,) 

7.34 ( 1 H, bs, furan a-H), 7.28 (1 H, bs, furan a-H), 7.08 (1 H, bs, furan a-H), 6.32 (1 H, bs, furan B-H), 590 (1 H, 

bs, furan B-H), 4.59 (lH, m, H-C-21). 4.00 (3H, s, OMe), 3.72 (2H, s, C,H,O- CH,-<,H,O--), 1.57 

(3H, s, Me on C-23), 097 (3H, d, J = 6 HZ set-Me), 0% (3H, d, J = 6 Hz, set-Mel (Found: C, 72.35: 

H, 8.41. CzaHahO, requires: C, 72.87: H, 8.47:4). 

Ozonolysis Ugthe mixture ofircinin-1 (1) nnd -2 (IV). The natural mixture of I and IV (200 mg) in EtOAc 

(50 ml) was ozonized (2% 0,) for 3 hr at - 15”. After evap. of the solvent in vactw, the ozonide was decom- 

posed with water at 100” for I hr in the presence of a few drops of H,O,. The mixture was divided into two 
equal portions, portion a and b. 

Portion a was extracted continuously for 5 hr with ether and the extract treated with excess CH,N,. 

After removal of solvents. the degradation products were analysed by GLC (5% SE-30 and 10% DEGS 

at loo” and 175”, respectively) and found to comprise methyl malonate, methyl succinate, methyl 2-0x0- 

hexanoate, methyl 2-methylglutarate and methyl 2-methyl-6-oxoheptanoate, by comparison with authentic 
samples. Authentic 2-methyl-6-oxoheptanoic acid was prepared by KMnO, oxidation of 1.3-dimethyl 
cyclohexene-1’ according to Ruzika.9 

Portion b was poured onto 200 ml of 2N HCl saturated with 2,4-dinitrophenylhydrazine and the dinitro- 

phenylhydrazones formed were extracted with CHCI,. After evapn ol the solvent, the yellow residue in 

MeOH was treated with CH,N, excess and the methylated mixture subjected to prep. TLC using C,H,,’ 

ether, 97 : 3, as eluent. The yellow band R, 0.3 was scraped off and eluted with CHCI,. After evapn of the 

solvent the residue was rechromatographed on prep. TLC using C6Hll, ‘EtOAc. 4: 1, to give the dinitro- 

phenylhydrazoneof methyl 2-methyl&oxoeptanoate (R, 0.6.30 mg), M+ 352, m.p. 70-71”. [z],, = + 10.2 

(c, 1, CHCI,), d (CDCI,) 369 (3H, s, OMe), 2.43 (3H, m, -.-a2<=N-- and --CE(Me)-CO,Me), 

2.03 (3H, s, Me -C=N- -), I.63 (4H, m, --N=C --CH,--CH,CH,-<H(Meb), 1.19 (3H, d, J = 6 Hz, 

set-Me) identical with a synthetic sample and the dinitrophenylhydrazone of methyl 2-oxohexanoate, 

identified by direct comparison (m.p., MS and NMR) with an authentic specimen. 

Treatment with alkali cf the mixture o/ircinin-1 (I) and -2 (IV). To 200 mg of the natural mixture of 1 and 

IV a solution of KOH (8 g) in H,O---EtOH (1: 1,12 ml) was added and the mixture refluxed for 2 hr. Evapn 

of EtOH. acidification with HCI and ether extn yielded a residue which was treated with excess CH2NZ 
in ether. The methylated mixture was purified by column chromatography (5 g SiOl) in C,H, and subse- 

quent prep. TLC using C,H,,‘etha (95: 5) to give 25 mg of a mixture of XV and XVI: &(MeOH) 220 nm 

(E 11 ,ooo): v,,; (liquid film) 3500 (OH), 1730 (CO, ester), I220 (C- a.-< ester) and 3050,1550, 1500. 1160, 

1060, 1020, 875 and 760 (furan ring@’ cm _ ’ : NMR (CC13 6 7.35 (IH, bs, furan a-H), 7.28 (lH, bs. furan 

p-H), 7.07 (1 H, bs, furan a-H), 6.32 (1 H, bs, furan B-H), 590 (1 H, bs, furan B-H), 3.72, 368 and 3.65 (each 

singlet integrating together for SH, -0Me and C,H,O-a,--C,H,O--), 269 (IH, m, --CH(Me)--- 
CO,Me), 6 1.54 and 1.65 (each integrating together for 3H, Me-C=C), 1,14(3H, d, J = 6 Hz, - CH(&)-- 

CO,Me): MS,m/e(%)474(100, M+),415(28, M+--COOMe), 229(18),215(56), 175(35), 162(85), 161 (20). 
81 (45). (Found: C, 67.95, H, 8.02 C2,H3s0, requires: C, 68.33; H, 847%). 
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