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Summary: A cell-free homogenate of Clavularia viridis converts tritiated arachidonic acid into a new 
eicosanoid identified as 5 (free acid) by chemical and chromatographic studies in comparison with 
synthetic substances. The isolation of 4, suggests a novel, non-prostanoid type pathway for the bio- 
synthesis of the clavulones. 

The clavulones, isolated from Clavularia viridis and exemplified by clavulone I (L ), together with 

the more recently studied ‘punaglandins”2 represent a new series of marine derived eicosanoids which are 

of considerable biological interest. 
3 

Although there are structural similarities between these eicosanoids 

and the prostaglandins, the pathways of biosynthesis are likely to differ significantly. 
4 

In this paper we 

report on the enzymatic transformation of arachidonic acid (the obvious predecessor of the clavulones) 

by a cell-free extract from the stolonifer Clavularia viridis to a new metabolite. The structure of this 

substance, obtained in tritiated form on sub-nanomolar scale, suggests that it is probably a precursor 

of the clavulones. From this structure an interesting new possibility can be deduced for the biosynthesis 

of the clavulones (and punaglandins). Structural identification of the metabolite, designated herein as 

pre-clavulone A (PC-A), was carried out by a radio tracer chemical study using high performance liquid 

chromatography (HPLC) analysis and comparison with synthetic compounds of known structure. 

Clavularia viridis at -7805 was placed in pH 8, 0.05 MTris buffer containing 1. OM sodium chloride 

at 0” @. 1 g of coral in 10 ml of buffer) and homogenized in a blender. To the cold filtered homogenate 

(10 ml) was added 5,6,8,9,11,12,14, 15-[3H]-arachidonic acid (87 Ci/mMole) tc give a concentration of 

6 nM. Aerobic incubation was carried out at 23” for 50 min after which the mixture was extracted with 

hexane, 
6 

acidified with citric acid and extracted thoroughly with ethyl acetate. The ethyl acetate extracts 

contained a mixture of carboxylic acids as was shown by tic analysis before and after treatment with 

diazomethane. The major component @. 5 % yield) was isolated, after esterification of the mixture with 
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diazomethane, as the methyl ester (PC-A Me ester) by thin layer chromatography (tic) followed by 

HPLC. ’ Some arachidonic acid (lo%) was recovered unchanged; total recovery of radioactivity in the 

extracts was 50%. The amounts of metabolites obtainable were limited by the quantity of coral available 

in Cambridge and were insufficient for mass spectral identification. 

Initial characterization of PC-A Me ester was made by testing its reactivity toward various functional- 

group selective reagents using tic and HPLC to analyze for the occurrence of reaction. The probable 

absence of the following structural units was deduced: (1) hydroperoxide, peroxbde @IO reaction with tri- 

phenylphosphine in methanol at 23” for 40 mm), epoxide (no reaction with trimethylsilyl chloride - sodium 

iodide in CH3CN at 23” for 6 hr), RaC H 5 11 (ho reaction with soybean lipoxygenase), 1” or 2” 

acetate (no reaction with potassium carbonate in methanol at 23” for 2 hr). The presence of a carbonyl 

function (probably ketonic) was indicated by semicarbazone formation (semicarbazide-EtCH-H20-NaOAc, 

23” for 24 hr), oxtme formation (hydroxylamine hydrochloride, MeCH-NaOAc, 23” for 2’7 hr) and reaction 

with sodium borohydride (MeOH, 30 mm at -2O”), all of which gave more polar products. Significantly, the 

sodium borohydride reduction resulted in concurrent formation of a slightly less -product along with 

the more polar product. The less polar product was converted to a more polar compound at a relatively 

slower rate. These results suggested that PC-A Me ester could be sn o, /3-enone which undergoes conju- 

gate addition of hydride to yield less polar non-conjugated ketone as well as alcohol from carbonyl reduc- 

tion. This idea was further supported by the finding that PC-A Me ester undergoes hydrogenation (Ha, 

Pd-C, ethanol 23” for 12 hr) to form a single product (HPLC system A’) which was significantly less polar 

(system A, 7 15 : 1) and the fact that this hydrogenation product was reduced slowly by sodium borohydride 

as compared to PC-A Me ester. The catalytic hydrogenation product (PC-A-H6 Me ester) was chroma- 

tographically indistinguishable from methyl 8,12-e-9-oxoprostanoate ( z ) (prepared from prostaglsndin 

A2 methyl ester acetate, HZ, Pd-C in EtCH at 23°).8 However, reduction of 2 with sodium borohydride 

(RtOH, 1.5 hr at 0”) afforded two diastereomeric alcohols, neither of which co-eluted (solvent A7) with the - 

product Tom sodium borohych-ide reduction of PC-A-H6 Me ester. Although treatment of PC-A-H6 Me 

ester with 1% methanolic sodium methoxide did not lead to a change in chromatographic mobility, it was 

evident that isomerization had occurred since reduction by sodium borohydride gave two products that - 

co-eluted with the two borohydride reduction products from 2_. These results suggested that PC-A-H6 Me 

ester is the 8,12-c&-isomer of 2 (2 ). - Support for this assignment was obtained from the finding that 

sodium borohydride reduction of synthetic cis cyclopentsnone 2’ afforded one major alcohol which co-eluted - 

with the borohydride product from PC-A-H6 Me ester. Further confirmation for the brmulation of 

PC-A-H6 Me ester as 2 was obtained by isomerizing it to 2 (NaOMe - MeCH as above) and converting it to 

the following derivatives which co-eluted with the corresponding derivatives made from 2: (l) N, N-di- 

methylhydrazone (system A), O-methyl oldme (system A), (3) benzyl ester (systems A, B, C, D), (4) 

benzyi ester g-alcohols (produced in a ratio 3 : 2 by sodium borohydride reduction, analysis by solvent C, 

7 :l). 

Since hydrogenation of PC-A Me ester using Rh-C catalyst afforded PC-A-H6 Me ester cleanly 

whereas clavulones under these conditions gave mixtures of 12-acetate-containing and 12-acetate-cleavage 
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wcH3 e&H3 

2 H-a/H-t2 trans 

3 n-a/n-l2 cis 

4 H-a/H-12 cis 

5 H-a/H-12 trans 

I- 4 (free acid) 

products, it appeared that PC-A Me ester possessed a hydrogen at C(U) rather than an acetoxy substftuent 

as in the clavulones. In this case, PC-A Me ester could reasonably be formulated as the cis cyclopente- - 

none 5. This was confirmed as follows. The --cyclopentenone 2 was synthesized and shown to be 

chromatographically different from PC-A Me ester. However, treatment of PC-A Me ester with 1, S-disza- 

bicyclo[5.4.O]undec-‘I-ene in THF (23” for 11 hr) transformed it into a slightly less polar isomer which 

co-eluted with synthetic 2 (in systems A, B, C and D). 

The synthesis of2 was accomplished by the sequence: (1) deprotonation of 3-methoxy-2-cyclopen- 

tenone (lithium diisopropylamide, THF, -78”) and alkylation with 1-iodo-2-octyne to afford ,$ (87%); (2) 

Lindlar hydrogenation of acetylene ,$ to the corresponding Z-olefin in 9 : 1 toluene-triethylamine as solvent; 

(3) ketone reduction (diisobutylaluminum hydride, -78”), and hydrolysis with lN hydrochloric acid to give 

enone x (71%); (4) deprotonation of rI, (LDA, THF, -78”) followed by treatment with methyl (!Z)-7-iodo-5- 

heptenoate (-7 8” to 23”). 

If PC-A is an intermediate in the biosynthesis of clavulones, the remainder of the process can be 

lbrmulated In a straightforward way involving enzymatic oxygenation at carbons 4, 7 and 12. The mechan- 

ism of formation of PC-A (5, acid) is intriguing. A radical endoperoxide pathway4 seems unlikely. On 

the other hand, the structural similarity of PC-A to cis-jasmonic acid suggests analogous biosynthesik’via - 

the hydroperoxide cyclase pathway as an attractive possibility. In this pathway the c&-4,5-disubstituted 

2-cyclopentenone structure is formed starting from a hydroperoxide, possibly by pericyclic closure of a 

2-hydroxy-pentadienyl cation. This analysis suggests that 4_may be formed from 8-HPETE via the cationic 
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intermediate 8. Experiments to test this hypothesis using 8-HPETE in the cell-free Clavularia viridis 

system and also to mimic chemically the cyclization 2 --t 2 are planned. 
11 
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