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FROM THE 

marins 

SJJNnary : Ihe isolation and structure determination by combined chemical and spectral methods 
of a novel biologically active metabolite mediterraneol A (Ia) from Cystoseira me- 
diterranea are reported. Mediterraneol A was found to be an inhibitor of mitotic 
cell division. 

Along the French Mediterranean coastline, brown marine algae of the order Fucales 

(Phasophyta) have been diminishing for the past fifty years. Those of the family Sargassaceae 

have essentially disappeared, while algae of the family Cystoseiraceae are abundant and ap- 

pear to contain defensive chemicals which provide protection against potential predators such 

as sea urchins. We have focused our attention on the family Cystoseiraceae since this appa- 

rent adaptation has provided a useful rationale for the discovery of novel physiolagically- 

active metabolites. In this report, we wish to provide the structure of an unprecedented 

bicyclic diterpenoid hydroguinone, mediterraneol A (Ia), from the Mediterranean alga Cysto- 

seira mediterranea. Mediterraneol A was found to inhibit motility of the sperm and cell divi- 

sion of the fertilized eggs of the sea urchin Paracentrotus lividus with ED5* values of 

2 pg/ml. 

Cystoseira mediterranea was collected near Hanyuls-sur-Mer (France) during June 

and July (1981-1982). 'Ihe alga was freeze-dried and subsequently extracted with chloroform/ 

methanol (l/l). Diterpenoids were obtained by standard open-column silica gel chromatography 

of the crude extract (1.5 % of dry weight alga). 'Ihe natural metabolite, mediterraneol A 

(Ia), was isolated (23 % from the ether extract) from a major chromatography fraction by 

HPLC on p-Porasil (40 % EtOAc/isooctane). Since mediterraneol A was recognized as a tautome- 

ric mixture, the compound was methylated (CH31/K2C03) to yield the pure tetramethoxy product 

methyl mediterraneol A (lb) as a white foam by repeated HPLC (8 % EtOAc/isooctane). 

Ib showed Cal, = 0 (c 2.5, CHC13) and analyzed for C31H4405 by peak matching M+ m/z 

obs 496.3179 ; talc. 496.3186. 'Ihe infrared spectrum (film) of this novel substance establis- 

hed the presence of an unstrained ketone (vc-=o 1710 on-'), conjugated double bond 
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R q CH3 

R = AC 

(V ~C 1615 cm-l) and an aromatic ring (v 1595 cm -1 ).-In the UV spectrum, absorptions at 215 nm 

(E = 19000) and 289 nm (2800) indicated a hydrcguinone chromophore and a shoulder at 237 nm 

the presence of conjugated double bonds. 

The 1H (Table 1) and l3 C NMR spectra including decoupling experiments, in conjunc- 

tion with the other spectral characteristics, led us to conclude that Ib was a bicyclic diter- 

pene coupled with a methyl-p-hydroguinone. 

Tablel: 360 MHz 'H NMR data for compound Ib (6 ppn values relative to internal 
TM.5) 

n"C 6(CDc13) J(Hz) n"C 60Cl3) J(k) 

C4'-0CH3 3.73 

Cll-0CH3 3.72 

Cl'-0CH3 3.68 

C13-0CH3 3.75 

@-CH3 2.26 

C3' 6.55 

C5' 6.54 

Cl 3.30 

c2 5.38 

c4 3.08 

c6a 2.90 

C4, 2.72 

S c8a 2.47 

s c8b 1.91 

S c9 3.15 

S Cl1 5.93 

S Cl3 6.00 

bs Cl6 1.23 

bs Cl7 1.04 

d 7.5 Cl8 1.10 

t 7.5 Cl9 1.12 

bs c20 1.73 

d 16 

d 16 

dd 4.5,12 

d 12 

d 4.5 

d 1.8 

d 1.8 

S 

S 

S 

S 

S 

I l, 

The following considerations provided considerable support in the assignment of 

structure Ib. 
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The first isoprene unit (Cl-C4+C20) was arranged in agreement with spectral analysis 

and known compoundsl-3 with an E olefin geometry based upon the C20- methyl resonance observed 

at higher than 20 ppm in the 13C NMR spectrum (r shielding effect). 
4-5 

Carbons C4, C5 and C6 

were organized by comparison with bifurcarenone, 
6 
and this arrangement was confirmed by re- 

duction with LiAlH4 at room temperature to yield the corresponding C5 alcohol (vOH 3450 cm-' 

and 6c2 2.35 ppm, 2 H, d, J = 7 Hz, 6c3 = 4.1 ppm, 1 H, kin, 6c4 2.0 ppm, 1 H, dd, J = 9, 16 Hz 

and 1.85 ppm, 1 H, dd, J = 5, 16 Hz). 

Fcetylation of mediterraneol A (Ac20/py/RT) gave, after H!?Lc purification (10 % 

EtOAc/isooctane), the oily tetraacetate Ic, which analyzed for C31H3605 by HRMS CM+ - 2 Ho&c 

m/z 488.2535, talc. 488.2560). Infrared and NMR spectra of Ic showed that all hyrlroxyl func- 

tional groups had been acetylated. Unlike the 1 H NMR spectrum of Ia, that of Ic very clearly 

showed the meta positions and couplings of the 2 protons on the h@rcguinone ring [6 6.80 

(1 H, d, J = 2.5) and 6 6.77 (1 H, d, J = 2.5)1. Acetylation of the Cl2 and Cl0 en01 also in- 

duced significant low-field shifts of the Cl1 and Cl3 protons which themselves were coupled by 

a "W" coupling of 1.8 Hz. These protons were shifted from ca. 5.95 in Ib to 6.45 in Ic. Consi- - 

deration of the methylation behavior, the presence of a conjugated diene system and proton de- 

coupling information led to the overall formulation of the structure of lb. 

II 

Support for the assignment of the bicyclic portion of mediterraneol A came from an 

oxidative cleavage reaction of Ib. Treatment of Ib with 0s04/H202 in t-butanol, followed by 

treatment with P~(OACZ)~ and CH2N yielded the cleavage product II after purification by HPLC. 

Compound II analyzed for C16H2606 by HMRS CM+ m/z = 314.722, talc. 314.1731) and showed IR 

bands characteristic of an ester carbonyl (v 1735 cm-' ). The 'H NMR spectrum of II showed sin- 

glet methyl resonances at 6 1.07, 1.10, 1.17 and 1.49 for the methyl groups at C7, Cl0 and 

Cll. Three methyl ester methyl resonances were observed at 6 3.61, 3.65 and 3.72 and the C6 

protons were observed as an AH pattern at 6 2.75 and 2.27 (J = 15.7 Hz). lhe C8-C9 protons 

were readily distinguished in this spectrum as the expected AHM pattern CC8 : 6 2.55 (1 H, 

bt, J = 11.5), 6 2.24 (1 H, dd, J = 12.5, 6.5) ; C9 6 3.37 (1 H, dd, J = 6.5, 12.5 Hz)]. 
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Although the oxidation product II strongly supported the overall assignment of the 

structure of mediterraneol A, the relative stereochemistry of the methyl substituent at C7 

was not clear. Nuclear Gverhauser enhancement experiments in the 1 H NMR spectrum of Ib showed 

several additional features (shown in part structure III) which supported the formulation of 

the bicyclic portion of the molecule. Enhancements of the Cl3 olefin proton were observed upon 

irradiation of the Cl1 methyl. In addition, irradiation of the Cl0 methyl groups produced 

enhancements of the bridgehead proton at C9 and the exo proton at C8. 

Mediterraneol A (Ia) possesses an unprecedented bicycle C4.2.11 nonane skeleton which 

is probably produced by rearrangement of a regularly terpenoid precursor. Cystoseira mediterra- 

nea contains several related metabolites and a more comprehensive investigation, including as- 

signment of the full stereochemistries of these compounds, will be provided in a full paper. 

.4cknowledgements 

We wish to thank Prof. A. CAVE (Centre CNRS-INSERM de pharmacologic et d'endocrinolo- 

gie - Montpellier France) for helpful assistance in 1 H NMR mesurements. One of us (BANAIGS 

Bernard) is indebted to the "Fondation pour la Recherche ticale" for financial support. 

We are particularly indebted to Prof. William FENICAL for critically reading and commenting 

upon our work. 

References and Notes 

1. (a) B. BANAIGS, C. FRANCISCO, E. GONZALEZ, L. COM)MIER and W. FENICAL, Tetrahedron Lett., 

2, 3271 (1982) ; (b) B. BANAIGS, C. FRANCISCO, E. GONZALEZ and W. FENICAL, Tetrahedron, 

2, 629 (1983) ; (cl B. BANAIGS, B. MAROS, C. FRANCISCO, E. GONZALEZ and W. FENICAL, Phyto- 

chemistry, 12, 2865 (1983). 

2. M.D. HIGGS and L.J. MULHEIRN, Tetrahedron, 3J, 3209 (1981). 

3. (a) V. AMICO, G. ORIENI'E, M. PIATI'ELLI, G. RUBERTO and C. TRINGALI, Phytochemistry, 2, 421 

(1982) ; Ib) V. AMIGO, G. ORIENTE, M. PIAlTELLI, G. RUBERTO and C. 'JXINGALI, J. Chem. Re- 

search, 262 (1982) ; (cl V. AMIGO, F. CUNSOLO, M. PIAlTELiLI, G. RUBFR'ID and F.R. FRONCZEK, 

Tetrahedron, 40, 1721 (1984). 

4 . 13C NMR (50.32 MHz) 6 TM.5 (CECl,) : 210.8 (s), 158.9 Ls), 156.9 (s), 155.6 (es), 154.1 (s), 

134.8 (s), 131.2 (s), 130.8 (s), 127.6 cd), 114.1 cd), 113.3 (d), 93.4 (d), 90.8 (d), 

56.2 (q), 55.5 (41, 55.5 (q), 55.3 (41, 52.7 Ls), 52.6 (~1, 49.3 (t), 47.5 (s), 39.4 (t), 

38.8 (d), 35.1 (t), 28.5 (t), 26.5 (q), 25.6 (q), 24.2 (q), 21.0 bq), 16.2 (q), 16.0 (q). 

5. (a) J.B. SlWTHERS, Carbon 13NMR spectroscopy, Academic Press New York (1972). (bl F.W. 

WEHRLI and T. WIRTHLIN, Interpretation of carbon 13NMR Spectra, London (1976). (cl P.J. 

SCHEUER, Marine Natural Products (vol. II), Academic Press New York (1978). 

6. H.H. SUN, N.M. FERRARA, 0.~. MCCONNELL and w. FENICAL, Tetrahedron Lett., 2, 3123 (1980). 

(Received in France 16 July 1984) 


