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Abstract A Palauan sponge of the genus Dactylospongia contained four new diastereoisomeric sesquiterpene 

cyclopentenones, dactylospongenones A-D (3-6) that are related through a ring-contraction to ilimaquinone (2) 

which was also isolated from the sponge. The same sponge also contained the known metabolite, dictyo- 

ceratin-A (7), and a new derivative, dictyoceratin-C (8). 

As a result of their intrinsic antimicrobial properties, hydroquinones and q&ones have been isolated fairly 

frequently from marine sponges.’ A recent report suggesting that avarol (1) and the corresponding quinone, 

avarone, “may prove to be useful in the treatment of patients with AIDS and AIDS-related complex”* has led 

to heightened interest in this class of marine natural products. We had previously observed significant 

pharmacological activity,’ such as inhibition of chemically-induced inflammation, inhibition of cell division in 

the fertilized sea urchin egg assay and antimicrobial activity, in ilimaquinone (2), a metabolite that was first 

described from Hippospongia metachromia’ and subsequently encountered in several other sponges? While 

evaluating sponges as sources of ilimaquinone (2) for HIV screening, we encountered a specimen of 

Dactylospongia sp. that contained five new compounds in addition to ilimaquinone (2) and dictyoceratin-A (7), 

which is a metabolite of Hippospongia sp. Four of the new metabolites, dactylospongenones A-D (3-6), are 

ring-contracted derivatives of ilimaquinone (2) and the remaining compound, dictyoceratin-C (8) is related to 

dictyoceratin-A (7). 

A small specimen of Dactyfospongia sp. was collected at Bain&sem reef, Palau (-15 m) and was stored in 

methanol at 4°C until workup. The hexane and dichloromethane soluble fractions from the methanolic extract 

of the sponge were combined and chromatographed on silica gel using eluants of increasing polarity from 

hexane to ethyl acetate. Fractions having interesting ‘H NMR spectra were further purified by LC on Part% 

*On leave from Central Chemical Research Organization, Budapest, Hungary 
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using 1:3 hexane-diethyl ether as eluant to obtain iliiuinone (2, 

genone A (3, 26 mg, 0.021% dry weight), dactylospongenone B (4, 

genone C (5, 2.3 mg. 0.002% dry weight), dactylospongenone D 

30 mg, 0.024% dry weight), dactylospon- 

3.9 mg, 0.003% dry weight), dactylospon- 

(6, 2.4 mg, 0.002% dry weight), dictyo- 

ceratin-A (7, 9.7 mg, 0.008% dry weight), and dictyoceratin-C (8, 7.1 mg. 0.006% dry weight). 

The dactylospongenones 3-6 all had the identical molecular formula, &I&OS,, and possessed very similar 

IR and UV spectra. The ‘H and “C NMR spectra of the dactylospongenones were so similar that it could 

reasonably be assumed that the compounds were diastemomers. Comparison of the NMR data with those of 

ilimaquinone’ revealed that all five compounds possessed the same bicyclic sesquiterpene skeleton with an 

exocyclic methylene group, two tertiary methyl groups and a secondary methyl group. The molecular formula 

of the dactylospongenones 3-6 could formally be derived by addition of methanol to ilimaquinone but the 

addition must involve the generation of two new chiral centers in order to obtain four diastereoisomers. A 

known ring contraction reaction of 2-hydroxy-1,4quinones to produce cyclopentenones’ met these requirements 

and allowed the generation of four diastereoisomeric structures for the dactylospongenones 3-6 that were 

consistent with the spectral data. Using dactylospongenone A (3) as an example, the ‘H NMR signals at 6 3.76 

(s, 3 I-I) and 3.74 (s. 3 I-I) were assigned to the ester and ether methoxyl groups, the signal at 5.94 (s, 1 I-I) 

corresponds to the p-proton on the a,&unsaturated ketone and the signals at 2.63 (t, 1 I-I, J = 4 I-Ix), 1.87 (dd, 

1 H, J = 15. 4 Hz) and 0.97 (dd, 1 H, J = 15, 4 Hz) constitute the ABX system for the Hll and H16 protons. 

The “C NMR spectrum contains signals at 6 198.2 (s), 174.8 (s), 160.5 (s), 121.6 (d), 80.7 (s), 57.2 

(d) and 53.5 (q) that are compatible with the carbons of the cyclopentenone ring and its substituents. 

HO 

OH 

(~0, 54.8 
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Figure 1. A computer generated perspective 
drawing of dactylospongenone A (3) with 
hydrogens. No absolute configuration is implied. 

The speetral data alone were insufficient to define 

the stereochemistry of the dactylospongenones 3-6. 

However, the major diastereoisomer, dactylosponge- 

none A (3) was nicely crystalline and its structure 

was determkd by a single crystal X-ray diffraction 

study. A computer generated perspective drawing of 

dactylospongenone A (3) is given in Figure 1. The 

X-ray diffraction analysis did not define the absolute 

configuration, only the relative con@ration, and the 

configuration shown was selected to conform with 

the assignment of Capon and MacLeod.’ Both of the 

six-membered rings are in chair conformations, and 

the cyclopentenone ring is best described as having a 

shallow envelope conformation with Cl6 as the flap. 

Having determined the relative stereochemistry of 

one diastereoisomer by X-ray analysis, the remaining 

three structures were assigned on the basis of com- 

parison of spectral data. The chemical shifts of the 

H16, OCq(22) and OH protons (Table 1) are pxi- 

marily dependent on the relative stereochemistry at 

Cl6 and C17. Dactylospongenones A(3) and B (4) wcrc therefore assigned the same relative stereochemistry 

with the 17-hydroxyl group cis to the hydrogen at Cl6 while dactylospongenones C (5) and D (6) were 

assigned the opposite relative stereochemistry (OH (17) rraw to H16). The X-ray model of dactylospongenone 

A (3) indicated that the molecule adopts a conformation in which the Cll-Cl6 bond is approximately zrans- 

anti-planar to the C9-Cl5 bond (0 = 178.30) and the cyclopentenone ring points away from C9. Assuming that 

this is the most stable conformation, it follows that inversion of the stereochemistry at Cl6 will require a 180” 

rotation of the cyclopentenone ring so that in dactylospongenone B (4) the C20 carbonyl is nearer C8 than 

ClO. The chemical shift of HlO is therefore the best guide to the stereochemistry at Cl6 relative to the 

bicyclic ring system. In both 3 and 5, HI0 appears at 6 0.88. indicating the same configuration at C16. The 

HlO chemical shifts of 6 1.09 in 4 and 0.64 in 6 reflect the very different shielding effects of the adjacent 

hydroxyl or carbomethoxyl groups. 

Table 1. Selected ‘H NMR chemical shift data and optical rotations of dactylospongenones A-D (3-6). 

Compound HlO H16 0Me(22) OH [al, 

3 0.88 2.63 3.75 4.00 -167” 
4 1.09 2.65 3.75 3.83 +96’ 
5 0.88 2.74 3.84 3.59 +26” 
6 0.64 2.86 3.81 3.61 -121° 
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Dictyoceratin-C (8) was obtained as a white microcrystalline solid. The mass spectmm showed a 

molecular ion at m/z = 356.2355 corresponding to the molecular formula -OS. The infmred bands at 3300 

(broad) and 1710 cm“ were assigned to hydroxyl and aromatic ester groups respectively. The UV spectrum 

exhibited a strong batl~o&romic shift (261 + 311 nm) on base treatment that is typical of a p-hydroxybenzoate. 

The ‘H NMR spectrum contained signals at 6 7.75 (m, 2 H) and 6.74 (d, 1 H, .I = 8.8 Hz), that were assigned 

to two hydmgens orrho to the ester group and one hydrogen orrho to the hydroxyl group, and at 3.87 (s, 3 H), 

assigned to a methyl ester. Dictyoceradn -C (8) was therefore a sesqukpene phenol with a 5-carbomethoxy-2- 

hydroxy substituted aromatic ring. Comparison of the ‘H and “CT NMR spectra of dictyoceratin-C (8) with 

those of dictyoceratin-A (7) and ilimaquinone (2) indicated that all tiuee compounds contained the same 

bicyclic sesquiterpene moiety. 

The hypothesis that the dactylospongenones 3-6 might be -facts formed by addition of the extraction 

solvent, methanol, to ilimaquinone (2). was tested by using mild acids, mild bases and cyanide ion as potential 

catalysts for this conversion. No reaction was obsetved with any catalyst even when the solutions were heated 

to 65°C. The conclusion that the dactylospongcnones are indeed natural products is supported by the 

observation that much older sponge extracts contained ilimaquinone but no trace of the dactylospongenones. 

Experimental Section 

Collection, Extraction and Purification. 

Dacfylospongiu sp. was collected by hand using SCUBA at Bairbwru reef, Palau (-15 m) in January, 
1985. The sponge (85-039. 124.7 g dry weight) was stored in methanol at 4°C for approximately 2 years. The 
methanol was decanted from the sponge and evaporated in vucuo. The resultant aqueous portion was 
sequentially extracted with hexane (3x 100 mL), dichloromethane (3x 100 mL) and ethyl acetate (3x 150 mL). 
The organic extracts were dried over sodium sulfate and the solvent evaporated. The compounds of intezest 
were contained in the hexane extract (142.7 mg, 0.11% dry wt.) and the dichlorometbane exrmct (313.7 mg. 
0.25% dry wt.). 

The combined hexane and dichlommethane extracts were chromatographed on silica gel using eluants of 
increasing polarity from hexane to ethyl acetate. The fractions of inDmst were then purified by repeated high 
performance liquid chromatography on Partisil using 25% hexane in diethyl ether as eluant. The LC fractions 
were combined, as indicated by the ‘H NMR spectra, to obtain ilimaquinone (2). dictyoceratin-A (7) and the 
following new compounds. 

Dactylospongenone A (3): [c& -167.7 (c 0.062. MeOH); UV (MeOH) 248 nm (e 7620); IR (CHClJ 3500 
br, 1730, 1640, 1440, 1230, 1090 cm“; ‘H NMR (CDClJ 6 0.73 (d. 3 H, J = 6.5 Hz), 0.74 (s. 3 H), 0.87 (d, 1 





3312 D. M. KUSHLAN et al. 

Acknowledgement 

We thank Dr. Rob van Soest for identification of the sponge and Professor Harold W. Moore for useful 

discussions concerning the rearrangements of quinones. We thank the Government of the Republic of Palau 

for a scientific research permit. This research was supported by grants from the Sea Grant College Programs 

of California (NA85AA-D-SG140. R/MP40 to DJF) and New York (to JC) and by the National Institutes of 

Health (CA24487 to JC and AI11969 to DJF). 

Supplementary Material Available 

Tables of fractional coordinates. thermal parameters, interatomic distances, interatomic and torsional 
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