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Abstract: A marine prostanoid, punaglandin 4 has been synthesized from 1,2- 
bis-trimethylsilyloxycyclopentene (1) via rearrangement of the allylic meth- 
anesulfonate 9 as a key step. 

C-IO Chlorinated prostanoids, punaglandins were isolated from Hawaiian 

octocoral telesto riisei, 1 and their potent antitumor activity2 has attracted 

the attention of many synthetic chemists. The very recent papers concerning 

total syntheses of punaglandins with revision of the structures of punaglan- 

dins 33 and 43r4 prompt us to report a synthesis of punaglandin 4 via the 

novel synthetic route. 
\ 

Our synthesis of punaglandin 4 

commenced with (+)-2-hydroxy-2-((g)-2- 

0ctenyl)cyclopentanone (2), easily 

obtainable from 1,2-bis-trimethylsilyl- 

&&XY&OMe 

oxycyclopentene (1) in two steps (66% bH 
Punaglandin 4 

yield). The cyclopentanone derivative 

2 has been already shown to be an excellent synthetic intermediate for other 

marine prostanoids, clavulones. 5 Chlorination of 2 with NCS and NaOAc in 

dioxane at room temperature afforded the dichloro-cyclopentanone derivative 36 

in 72% yield, while the olefin moiety of w-chain remained unchanged. Dehydro- 

chlorination of 3 using LiCl in DMF at 120 OC gave the a-chlorinated enone 46 

in 93% yield. At this stage it was considered that the protection of the 

hydroxyl group would be necessary for the following allylic rearrangement 

step. Accordingly the hydroxyl group of 4 was first protected (TMSOTf, Et3N) 

to give 5, but attempts at reducing the enone 5 in a 1,2-fashion gave 6 only 

in an unsatisfactory yield (~40%). In contrast to this result, reduction of 4 

with NaBH4-CeC137 gave the diol 7 in 87% yield as a mixture at C-11.8 From 

the diol 7 the requisite allylic alcohol 6 could be obtained by treatment 

with TMSOTf-Et3N followed by preferential hydrolysis of the secondary tri- 

methylsilyl ether of 8 using AcOH in aq. EtOH (53% yield, and 38% of 7 was re- 

covered). However, careful studies on the allylic rearrangement of the meth- 

anesulfonates 9 and 10 revealed that the protection of the tertiary alcohol 

was not necessary. That is, selective mesylation (1.3 eq. Ms20- 0.2eq. DMAP in 

pyridine-CH2C12, 0 OC, 50 min) of 7 and successive solvolysis in 80% aqueous 

Me2S0 afforded 11 (I:1 mixture atC-g8) in ca. 70% yield. When the allylic 

methanesulfonate 9 was treated with basic reagents such as AcONa, CsOAc and 
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K02 gave the epoxide 14, which was not further rearranged under the above 

conditions. Without purification, oxidation of 11 using PDC in DMF gave the 

cyclopentenone derivative 12416 in 51% yield from 7, and the hydroxyl group of 

12 was protected as methoxymethyl ether (MeOCH2C1-iPr2NEt/C1CH2CH2C1, 60 OC) 

to give 133p6 in 87% yield. 

The synthon of the a-chain was synthesized from 4-O-benzyl-2,3-O-isopro- 

pylidene-&-threose (15), which was readily prepared from &-(+)-diethyl tar- 

trate according to Mukaiyama's method.' Wittig reaction of the aldehyde 15 

with the phosphorane 16 derived from commercially available [2-(1,3-dioxan-2- 

yl)ethyl)triphenylphosphonium bromide" (c-BuLi/THF, -20 OC) followed by cat- 

alytic hydrogenation (H2, Pd-black) gave the alcohol 17 in 63% yield. ozo- 

nolysis" of 17 afforded the ester 18, which was converted into the methyl 

ester 1g6 (0.5N MeONa/MeOH, 0 OC, 2 hr) in 72% yield. Swern oxidation 

((C0)2C12-Me2S0, -78 OC, ISmin then Et3N) gave the aldehyde 203c6 in 94% yield. 

Treatment of 13 with LDA (-78 OC, 15 min) followed by addition of 20 (-78 

OC, 15 min then -20 to 0 OC, 3 hr) gave a mixture of the four diastereomers 

21,6 22,6 23,6 and 246 in a ratio of ca. 1:l:l:l in 53% yield (conversion 

yield was 72%), which was separated chromatographically.12 Absolute configu- 

rations of these products were determined by comparison of the 'H-NMR spectra 

and optical rotations with the synthetic intermediates prepared by Yamada. 

Selective hydrolysis (80% aq. AcOH, 80 0C)13 of the isopropylidene group 

of each condensation product I4 followed by acetylation (Ac20-Py/CH2C12) and 

hydrolysis (80% aq. AcOH, 100 OC) afforded 25,6 26, 27,6 and 28 respectively 

(30-40% yield). The spectral properties of 27 was indistinguishable from an 

authentic sample, synthesized by Yamada and/or Noyori. 

In summary we have completed a total synthesis of punaglandin 4 in natu- 

rally occurring form starting with (+)-2-hydroxy-2-((z)-2-octenyl)cyclopen- 

tanone (2). The synthesis of optically active 2 is currently under study. 
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