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TOTAL SYNTHESIS OF CLAVULONES' 
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~wrunam~: Total synthesis of clamZones in naturaZZy occurring form has been 

accontplished by the aZdol coupling of the ?zydroxy-cycZopentenone z efficiently 

obtainable from 1,2-bis-trimethyZsiZyZoxycycZopentene ($1 by using 1,3-hydroxy 

transposition via the aZZylic methanesulfonate 2 and the cr,B-unsaturated 

aZdehyde g. 

Clavulones, novel marine prostanoids from Clavularia viridis (Quoy and 

Gaimard) 2, have attracted interest of synthetic chemists because of their 

unique structures and their strong antitumor and antiinflammatory activities. 

Recently Corey has reported the first synthesis of clavulones in racemic form3 

and Yamada in optically active form. 4 We herein wish to report an efficient 

total synthesis of clavulones in naturally occurring form, which involves the 

completely different tactics for the construction of the hydroxy-cyclopentenone 

2 from those already reported.3'4 
'L 

As shown in Scheme I we planned to construct the clavulone skeleton by 

aldol condensation of the hydroxy-cyclopentenone $ and the a,R-unsaturated 

aldehyde z, which was expected to proceed smoothly for the relative slowness of 

cyclopentadienone-forming eliminations. 

The requisite hydroxy-cyclopentenone c was efficiently synthesized in the 

reaction sequence described in Scheme II. The dilithium 1,2-enediolate 5 

derived from 1,2-bis-trimethylsilyloxycyclopentene (t) was coupled with% 

1-bromo-2-octyne5 according to Wakamatsu's method' with minor modification 

(solvent; DME/ether/HMPA = ca. 5/5/l, -25 "C), - giving the hydroxy-ketone 6 
% 

contaminated with the chromatographically inseparable dialkylated by-product. 

Subsequently the mixture of the products underwent hydrogenation (Lindlar 

catalyst, 1 atm of H2, hexane, 25 'C, 3 hr) followed by silica gel column 

chromatography to afford pure 7 7 in 66% overall yield from 4. Compound 7 was 

then converted to the silyl en21 ether 8 with 3 equiv of TM;-triflate iz the 

presence of 2,6-lutidine or triethylamige, 8 which was immediately treated with 

Pd(OAc12 in CH3CNg to give the enone g7 
% 

in 60%3% yield from 7,. Transformation 

of z into the allylic alcohol ,?.z including 1,3-transposition of oxygen 
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Scheme I 

& (clavulone II) z 2 

Scheme II 

TMSO 

OH 
c 

0 RO 

2 82: R=H k5 

k#k: R=Ms 

(a) MeLi, DME, ether, -20 OC. (b) Br, = C5Hll , HMPA, 

DME, -25 "C. 
l 5 

(c) 1 atm of Ha, Lindlar cat., hexane, r.t.. 

h (d) TMS-OTf, 2,6-lutidine or NEt3, CH2C12, r-t.. (e) 

Pd(OAc)2, CH3CN, r.t.. (f) NaBH4, CeC13, MeOH, 0 OC, then 

methanesulfonic anhydride, pyridine, 4-dimethylamino- 

pyridine, CH2C12, 0 OC. (g) H20, acetone, r.t.. (h) Collins 

reagent, CH2C12, r.t., then AcOH, H20, THF, r-t.. 
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functionality is the most important part of this synthesis. 
10 

We anticipated 

that in the hydrolysis of the allylic methanesulfonate && the attack of water 

molecule would occur predominantly at the y-position of the allylic methane- 

sulfonate functionality because of steric influence Of two substituents. This 

anticipation turned out to be true. Reduction of 9, with NaBH4 in the presence 

of CeCl 11 
3 

in MeOH (0 "C) afforded the allylic alcohols lo7 as a diastereomeric 
12,13 

1L'L 
mixture (ca. 9 : l), which was subjected to mesylation with 2 equiv of - 

methanesulfonic anhydride, 
14 10 equiv of pyridine and a catalytic amount of 

4-dimethylaminopyridine in CH2C12 (0 'C, 0.5 hr). The reaction mixture was 

filtered through a column packed with MgS04 to remove the insoluble salts. To 

this filtered solution was added aqueous acetone (acetone/water = 3/l), and the 

resulting solution was stirred at room temperature for 0.5 hr. Under these 

conditions the allylic methanesulfonate 11 was completely hydrolyzed. In order 

to hydrolyze excess methanesulfonic anhy%ide, after addition of sat. NaHCO 3 ag. 

I the solution was stirred vigorously at room temperature for an additional 4 hr 

. The product was isolated by extractive workup and silica gel column 

chromatography to afford a diastereomeric mixture of the allylic alcohols t17'12 

in a ratio of ca. 1 - : 1 (79% yield from l0) with a small amount of l$ (<lo%). 

Collins oxidation of &l (r.t., 5~10 min) followed by deprotection of the TMS 

ether (AcOH/THF/H20 = 8/8/l, r.t., 12 hr) provided the enone z7in quantitative 

yield. 

Aldol condensation of $ with the optically active a,@unsaturated aldehyde 

3 and subsequent acetylation according to Yamada's procedure 4 % completed the 

synthesis. Clavulone II (less polar, silica gel, AcOEt/n-hexane = l/3) and 12- - 

epi-clavulone II (more polar) thus obtained could be separated 

chromatoqraphically. Synthetic clavulone II is indistinguishable 

spectroscopically from naturally obtained clavulone II. 2,15 

On the basis of the arguments presented above, it is concluded that 1,2- 

bis-trimethylsilyloxycyclopentene ($) is a reasonable starting material for the 

synthesis of a family of novel marine prostanoids (eicosanoids). 
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