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In the course of our continued chemical investigations of marine organisms 

from the Gulf of California, Mexico, we have recently described three new 

species of the halogen-metabolizing red seaweed Laurencia (Rhodomelaceae, 

Rhodophyta). These previously unrecognized species were readily separated and 

characterized chemotaxonomically by their individually unique synthesis of 

halogen-containing secondary metabolites. While two of these species contain 

the previously described molecules chondrio12, rhodophytin3 and elato14a, the 

third alga contains a more complex mixture of undescribed compounds. We wish 

to report herein the structures and chemical transformations of two of the 

major metabolites of this alga, which are new additions to the known chamigrene 

derivatives fraa Laurencia species 
4a-h , and which are structures interrelated 

by epoxide formation. 

Silica gel colunn chromatography of the chloroform extract of the air- 

dried algk5 provided, on benzene elution, pure samples of the seaquiterpene I 

and the corresponding epoxide II (0.1 and 0.25% dry wt., respectively). The 

crystalline epoxide II, m.p. 142-4',[a]i5 + 28.2' (c 2.3, CHC13), analyzed for 

C15H230Rr2C1 by high resolution ~8s spectrometry (M+ oba. 411.9806, talc. 

411.9805), and was readily assigned to structure II, based upon its spectral 

characteristics, particularly its 220 WRz proton rxnr spectrum: 6 1.04, 8 (3H); 

1.16, s(3H); 1.48, s(3H)t 1.73, s(3H)p 2.93, dd(lH) J I 3,37 4.05, dd (1H) 
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Br+&& '+@ 

I 

\ 
Ll,l-Cl-PBA H 

J = 7,7j 4.77, dd(lH) J = 12,5; 1.70-2.75, m(8H). The olefin I, related to 

nidificeneld G a double bond migration, showed similar nmr bands: 6 0.89, 

s(3H); 1.16, s(3H); 1.61, s(3H); 1.95, s(3H)j 4.39, dd(lH) J = 12,6; 4.75, 

dd(lH) J = 8,8; 5.16, bs(lH); 1.80-2.75, m(8H). The coupling constants for 

the lone protons on C-4 for both metabolites, J - 12,5 Hz for I and 12,6 Hz 

for II, were consistent with predictable equatorial bromine atoms and, hence, 

axial hydrogens in each metabolite6. The chemical shifts of 

as well as those noted for the C-15 methyl groups, indicated 

locations for bromine and chlorine, rather than the reversed 

in isocaespito17. 

these protons, 

the assigned 

situation observed 

Treatment of I with m-chloroperbenzoic acid in refluxing chloroform, in 

an attempt to generate II, resulted instead in a quantitative yield of the 

geometrically isomeric epoxide III. While the nmr spectra of these epoxides 

gave much structural information, the stereochemistry of the 7,8-epoxide 

function relative to the C-10 bromine substituent was not obvious, based upon 

the coupling constants of the protons at these respective centers. Fortuitously, 

ring opening reactions of these epoxides gave epimeric allylic alcohols whose 

nmr spectra confirmed both the positions of these substituents and their 

relative stereochemistries. 
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Treatment of II with p-toluenesulfonic acid in benzene 

allylic alcohol IV and the cyclohexenone V in a 2/l ratio. 

IV was readily determined by examination of the 220 MHz nmr 

II “+ + 

provided the 

The structurs of 

of its corresponding 

Y 

acetate ester. The mr band of the c to hydroxyl proton at C-8, recognized via 

acetylation at 6 5.17 in the acetate, clearly gave coupling constants typical 

for an axial hydrogen, dd, J = 12,5 HZ. Since both substituents are equatorial 

in the ring open product IV, they are by necessity cis oriented in the natural 

epoxide II. Analogous ring opening of the synthetic epoxide III gave the 

epimeric alcohol VI and the ring contracted aldehyde VII in high yield. The 

a to hydroxyl proton in this epimer, recognized via acetylation at 6 5.36 in 

the nmr spectrum of the acetate, was confirmed equatorial by its coupling con- 

&ants, dd, J - 3.3 Hz. Since the bromine substituent is equatorial and the 

alcohol function is axial, the relative stereochemistry in the synthetic epoxide 

must be trans. 

,,+ c Br+$+-’ + Brwc’ 
CHO 

OH 

Y 
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The stereoselective formation of the cyclohexenone V and the aldehyde VII 

from the acid catalyzed opening of II and III strongly supports their assigned 

stereochemistries. Rpoxide protonation yields a facile leaving group at C-7. 

In II, a proton is gaanetrically favored (anti-oriented) to migrate to the 

developing carboniux ion. In III, the anti-oriented group is‘carbon-9, and 

migration yields the stereospecific aldehyde VII. An analogous situation is 

well known in the deaxination reactions of the conformationally rigid epimers 

of 4-t-butyl-2-aminocyclohexanol*. 
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