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DETERMINATION OF ABSOLUTE CONFIGURATION OF CHLOROVULONES BY CD MEASUREMENT 
AND BY ENANTIOSELECTIVE SYNTHESIS OF (-)-CHLOROVULONE 111 

Hiroto Nagaoka, Kazuo Iguchi, Tohru Miyakoshi, Nobuko Yamada, and Yasuji Yamada* 
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Abstract: Absolute configuration of chlorovulones, new halogenated marine pro- 
stanoids with an antitumor activity isolated from the stolonifer 
Clavularia viridis Quay and Gaimarh, has been established on the 
basis of the CD measurement of the chlorovulone derivatives and of 
the enantioselective synthesis of (-)-chlorovulone II. 

Previously the isolation and structures of chlorovulones, new halogenated 
marine prostanoids with an antitumor activity, from the Japanese stolonifer 
Clavularia viridis Quay and Gaimard have been reported. 2 In this paper we wish 

to describe evidences for the absolute configuration at the C-12 position of 
chlorovulone I, II, III and IV as depicted in 1, 2, 3 and 3, respectively. The 
stereochemistry of the chiral center was established by means of the CD meas- 
urement of the chlorovulone derivatives and of the enantioselective synthesis 
of (-)-chlorovulone II. 

Spectroscopic elucidation of the stereochemistry of the chiral center at 
the C-12 position for chlorovulones was carried out as follows. Reduction of 
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chlorovulone II acetate (5)' with sodium borohydride (MeOH, 25°C) gave two epi- 
merit alcohols k3'4 and z' in 35% and 30% yield, respectively. High dilution 
IR measurement of the alcohol 5 in carbon tetrachloride (4 ~10~~ M) showed an 
absorption at 3500 cm -1 due to the intramolecular hydrogen bond between the hy- 
droxyl group at C-9 and the acetoxyl group at C-12, indicating the cis configu- 
ration between these oxygen functional groups. On the other hand, the IR spec- 
trum of 7 (3.5 x10 -3 - M) showed an absorption at 3605 cm -' due to a free hydroxyl 

group, indicating the trans configuration for 7. - 
Application of the exciton chirality method5 for the p-bromobenzoates of 

fi and 1 provided the evidence for the absolute configurations at the C-9 posi- 
tion, thus indicating the absolute configuration at the C-12 position. The CD 
spectra of the p-bromobenzoates 86 - and z6 prepared from 5 and 1 (p-bromobenzoyl 
chloride, pyridine, DMAP, 6O"C), respectively, are shown in Fig.1. In 8 the _ 
positive Cotton effect at 254nm (AE+21.8) caused by the interaction between the 
two chromophores (the diene and p-bromobenzoyl groups) is observed, while the 
negative Cotton effect at 253nm (46-21.3) is observed in 2. The positive Cotton 
effect in 8 indicates the positive chirality of the two chromophores, showing - 
the R configuration at the C-9 position in 8 and 5, and thus the R configuration 
at C-12 in 6 -* 

These results lead to the assignment of the absolute configuration for 
chlorovulone II as shown in the structure 2. The same absolute configuration 
was assigned for chlorovulone I (1) and II; (3) [ and IV (iJ7], since these 
compounds were chemically correlated each other by photoisomerization. 2,7 

The same conclusion for the absolute configuration of chlorovulones was 
obtained by the enantioselective total synthesis of (-)-chlorovulone II (18). - 
Applying the synthetic method for the enantioselective syntheses of clavulones8 

and the clavulone analog, 9 (S)-4-hydroxy-2-cyclopentenone was transformed to 

(-)-chlorovulone II (18). 

2. R=H 

Fig.1 CD spectra of S and 2 
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The optically active diol 10, -45.9LAd 1.12, CHC13),whichis readily 

available from (S)-4-hydroxy-2-cyclopentenone, was converted to the d-chloro- 

cyclopentenone 11, 3 MD -12.5"(c 0.53, CHC13), by three step sequence in 75% 
overall yield: 1) Jones oxidation (acetone,O"C);2) protection of the tertiary 
hydroxyl group as methoxymethyl ether (C1CH20Me, i-Pr2NEt, C1CH2CH2C1, 60°C); 
3) treatment with chlorine gas (Et20, 25°C) and then with excess amount of tri- 
ethylamine. Reduction of 11 (NaBH4, CeC13, - MeOH, 25°C) followed by silylation 
gave 12 (t-Bu(Me12SiC1, imidazole, DMF, 25°C) as a diastereomeric mixture which - 
was reduced with lithium alminium hydride (Et20, 0°C) to give the alcohol 13 in - 
93% yield from 11. - Swern oxidation of 13 followed by Wittig reaction using n- 
hexylenetriphenylphosphorane (THF-HMPA, -42°C) gave the Z-olefin 14. After de- 
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protection of the t-butyldimethylsilyl group in 14, the resulting alcohol was 
oxidized with Jones reagent (acetone, 0°C) to give the enone 15 11 in 68% yield 
from 14 -* Reaction of the lithium enolate, prepared from 15 and 1 equiv of lith- - 
ium diisopropyl amide, with 1 equiv of the d,p-unsaturated aldehyde 1612 in THF 

73 at -78°C for 10 min and then warmed to -42°C over 30 min to afford 17 as a - 
single isomer in 68% yield. Finally, removal of the methoxymethyl group in 17 - 
with a 1:50 mixture of 36% hydrochloric acid and acetic acid at 25°C provided 
70% yield of 18. - 
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The lH-NMR, IR, LJV and'mass spectra of synthetic chlorovulone II were iden- 
tical with those of natural chlorovulone II (2) in every respect. The only 
difference was the sign of optical rotation: synthetic chlorovulone II (18) - 
proved to be levorotatory, [a]D -29.6"(c 0.27, CHC13), while the natural chlo- 
rovulone II (2) is dextrorotatory, - [dlD +22.7"(c 0.075, CHC13).2 This synthesis 
established the absolute configuration of chlorovulones unambiguously and also 
provided a method for enantioselective total synthesis of chlorovulones. 

It is noted that the absolute configuration of chlorovulones is opposite 
to that of clavulones, 14 while both compounds coexist in the same marine animal 
and are structurally related to each other. 
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