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Stable PGI, analogs (7-hydroxy- and 7-fluoro-PGI,) were synthe-
sized from the chiral synthon, (4R}-4-hydroxy-2-cyclopentenone, using a
three component coupling reaction followed by selective reduction,
intramolecular cyclization reaction, and fluorination.
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Several kinds of PGI, analogs have been proposed using a variety of synthetic
methods . 2’

tion of chemically stable PGI, analogs which exhibit pharmacological activities

Most synthetic designs of these analogs have focused on the construc-

similar to natural PGI,. One example is to synthesize bio-isosters which have
moieties similar to the enol ether unit of the PGI, molecule.?®) Another is to
synthesize analogs which have stabilized enol ether units in them.Z2Pr2¢) " In the
latter category we have proposed several PGI, analogs2c) which have electron-with-
drawing groups near or on the enol ether unit. These compounds were synthesized
starting from PGI,, and 7-fluoro-PGI, had attractive pharmacological activities in
preliminary evaluation.2¢) In this communication we wish to report the total
syntheses of 7-hydroxy- and 7-fluoro-PGI, starting from the protected (4R)-4-
hydroxy-2-cyclopentenone (i) which is a useful synthon for the versatile syntheses
of prostaglandins.3)

The key intermediates in these syntheses are the 7-hydroxy-5,6-dehydro-PGE,
derivatives QE) which were obtained in 50% yield“4:5) according to the method of
"three component coupling process".3)

Stereoselective reduction of the 9-oxo group oflzlwas investigated with
sodium borohydride and L-Selectride under several conditions. When NaBH,%) was
used under the condition cited in entries 2 and 5 (Table I), mainly PGFq-type
compounds'éj) were obtained with a little formation of PGFg-type compounds 4,
regardless of the stereochemistry of the 7-hydroxy group. Exclusive formation of
the compounds 3 was achieved by L-Selectride as a selective reducing agent.

Intramolecular cyclization® of 3 into the 7-hydroxy-PGI, derivatives j?) was
accomplished by the reaction of 3 with mercuric trifluoroacetate in THF at -78°C
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and subsequent treatment with NaBH,. The cyclized product (63% yield) from 3a was
assigned to 5a (7S-isomer), since the product was identical in all spectral data
(NMR, IR, MS) with the compound reported previouslyZC). The less polar productl
(7R)-7-hydroxy-PGI, derivative §912) was newly obtained from 3b in 58% yield. From
these results, we assigned the absolute configuration at C-7 of the '"a" series
compounds to S, and consequently the "b" series to R.

The silyl-protected 7-hydroxy-PGI, derivatives 5 were not good substrates for
the fluorination of 7-hydroxy-PGI, with diethylaminosulfur trifluoride (DAST).ZC)
Thus the silyl-protecting groups of_E’were transformed into acetyl-protecting
groups by the following procedure: i) protection of hydroxyl groups at C-7 and C-9
of 3 with acetone dimethylacetal into 13) ((CH3),C(0OCH3),, CsHsﬁH-GTs, CH,Cl1l,, rt,

~

1)
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TapLE I, Stereoselective Reduction of 7-Hydroxy-5,6-dehydro-PGE,

Derivatives
Entry Substrate Reducing agent Isolated yield (%)
5d) 48)
1 2a NaBH, 2’ 58 34
2 23 NaBH,>’ 81
3 23 L-Selectride®’ 68 0
4 2b NaBH,* 68 20
5 2b NaBH,?’ 87
6 2b L-Selectride®’ 87

a) A methanol solution of NaBH, (1 eq) was added to an ice
cooled methanol solution of 2. ©b) The methanol solution oflii
was added to the ice cooled methanol solution of NaBH, (6 eq).
c) An L-Selectride-THF solution was added to THF solution of Z
at -78°C, then, after 10 min, 20% aq. NaOH and 30% aq. H,0,
were added. d) The structures of compounds 3 and 4 were
confirmed by NMR, IR, and mass spectral analyses and by results

from the subsequent reaction.

9 h), ii) desilylation ((n-CyHq),NF, THF, rt, 3 days), iii) acetylation
((CH3C0) 50, CsHsN, rt, 2 days) of C-11 and C-15 hydroxyl groups giving 2}14

iv) removal of the acetonide group (C5H5ﬁH-§Ts, CH3OH, 40°C, 1 day). Thus acetyl-
15)

~

) and

protected 7-hydroxy-5,6-dehydro-PGF,, derivatives were obtained from 3,

Cyclization of §J(§g or 8b) with mercuric trifluoroacetate by the method described

above gave acétyl-protected 7-hydroxy-PGI, derivatives 9 (9a or 29) in 56% or 55%

yields, which correspond to overall 29% or 39% yields from 3a or 3b, respectively.
Fluorination of 9a (7S-OH-isomer) with DAST successfully gave a ca. 1:2

2¢+17) 4nd 5-fluoro-6,7-dehydro-PGI,

in 70% yield. Interestingly fluorination of 22 (7R-OH-isomer)

mixture of 7-fluoro-PGI, derivative 10
derivatives ;lzc’l6)
with DAST also gave a similar mixture of 10 and 11 in 78% yield.

These results open the possibility of synthesizing a variety of chemically

modified stable-PGI, derivatives.
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