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Total Synthesis of Natural PGE1, Limaprost and New
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Abstract: Reaction of methylenecyclopentanones 2 with alkyl iodides via radical 14-addition pathway
proceeds in good yields, thus providing an easy method for synthesis of not only known prostaglandins such as
PGE} and Limaprost but also new prostaglandin derivatives.

Chemical synthesis of natural and synthetic prostaglandins (PGs) has attracted much interest in
laboratory and in industry. Although numerous synthetic methods have been developed, 1) only a few methods
are efficient, general and flexible.2) Recently we have directed our efforts to make the two-component
coupling synthesis of PGs shown in Scheme 1 as general and industrially applicable process.3) We have
succeeded in developing highly practical methods to prepare all chiral key intermediates used in Scheme 1 as
enantiomerically pure forms, i.e. enones 13b) and 23b) as well as the ® side-chain unit 33a), 4), We

Scheme 1
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have also succeeded in introducing the o side-chain unit having ester group directly into the enone 2 via zinc-
copper reagent3¢) and in successive conversion of the C-1 (PG numbering) ester group into free carboxylic
acid by a chemical method3f) as shown in Scheme 2.
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Herein we report an alternative introduction of o side-chain into 2 via radical pathway, which not only
simplifies the synthesis of natural PGs and PG analogues presently undergoing clinical trials but also enables
the synthesis of new PGs.

When 2 (R = n-C5H11) was reacted with allyl ester of 6-iodohexanoic acid (4a) (4 eq.) in the
presence of PBu3SnH (4 eq.) and AIBN (cat.) in benzene at 80°C, radical 1,4-addition took place to afford a
mixture of two diastereoisomers. These were readily separated by column chromatography (Si02) to give
523D having desired 8a configuration and 8f isomer 6a in 61% and 12% yields, respectively (Scheme 3).
Similarly, the reaction with methyl 6-iodohexanoate (4b) afforded 5b3¢) in 55% isolated yield with 10%
yield of 6b. 6-Iodohexanoic acid (4¢) also reacted with 2 to afford a 5:1 mixture of 5¢ and 6¢ in 50% total
yield which, however, were not separable each other by column chromatography.
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Application of this method to the synthesis of Limaprost (Ono-Dainihon),3) a powerful antithrombotic
PG analogue, was also carried out. As shown in Scheme 4, in spite of the presence of an additional double
bond, the iodide 7 reacted cleanly with the corresponding enone to afford 60% isolated yield of allyl ester of
Limaprost as bissilyl ether derivative (8)30) and 12% yield of its 8-epimer. Similarly 2,2,3,3-tetradehydro
PGE; derivative 103¢) was obtained in 61% yield (with 12% yield of 8-cpi-10) by the reaction of 2 (R = n-
CsH]1) with @-iodoalkynyl ester 9.6)
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Scheme 4
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To demonstrate a further applicability of this radical method we have synthesized PG derivatives 11
and 12. Thus the reaction of 2 (R = n-CsH11) with the iodides 13 and 14 provided 117) in 33%
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yield and 128) in 65% yield, respectively.9) Noteworthy is the fact that the reaction of 2 with the
organometallic compound derived from 13 usually afforded a mixture of acetylenic and allenic compounds,

while it is difficult to synthesize organometallic derivative from 14.

The introduction of c side-chain into 2 was previously carried out by using organometallic derivatives.
Since radicals are compatible with various functional groups which usually cannot coexist with organometallic
derivatives, the present finding opens up an easy access to new PGs which has been difficult to synthesize so

far. In all reactions, however, a considerable amount of 8-epi-PGs are coproduced. Thus we are now
investigating the possibility of the epimerization of them to natural PGs under basic conditions. 10)
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