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A SYNTHESIS OF 9(0)-METHANOPROSTACYCLIN

Yoshitaka KONISHI, Masanori KAWAMURA, Yoshinobu ARAI,
and Masaki HAYASHI*
Ono Pharmaceutical Co., Ltd., Research Institute
3-1-1, Sakurai, Shimamoto-cho, Mishima-gun, Osaka 618

The optically active 9(0)-methanoprostacyclin was synthesized
from 1-2-oxa-3-oxo-6-syn-benzyloxymethyl-7-anti-(2-tetrahydropyranyl-
oxy)-cis-bicyclo[3.3.0]octane or d-(28-benzyloxymethyl-3a-hydroxy-
4-cyclopenten-la-yl)acetic acid, which are the general synthetic

intermediates for natural prostaglandins.

The significant biological importance of prostacyclin (PGIZ, l)l) has prompted

1c),2)

an intence research for the chemical modification of its structure since its

3) We report herein

enol-ether linkage is readily hydrolyzed, even at pH 7.48.
a simple synthesis of the optically active 9(0)-methanoprostacyclin 2, which
embraces all the characteristic functionalities of prostacyclin 1 except that 6,9-

oxybridge has been replaced by methylenebridge.

COOH COOH

OH bu
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The crucial synthetic intermediate 8 was prepared as follows. The optically

2

active and readily available lactone 3, a general synthetic intermediate for
natural prostaglandins,4) was converted to the alcohol 4 (first with NaOH then
CH,N,), and thence to the ketone 5 by reaction with chromyl chloride-t-butyl
alcohol-pyridine complexs) in 79% overall yield from 3. Treatment of the ketone 5
with excess methyl 1ithiotrimethylsilylacetate6) in THF at -78 °C for 1.5 h afforded
the a,B-unsaturated ester 6 (46% yield, 69% based on the consumed 5), which was
hydrogenated over palladium on carbon to a mixture of the diester 7 quantitatively.
Ring closure of the diester 7 was effected by exposure with potassium
t-butoxide (4 equiv) in benzene at 75 °C for 4 h (48% yield),7) and demethoxy-
carbonylation of the resulting keto-esters proceeded smoothly at 175 °C for 15 min
in HMPA to give a mixture of ketones 8 and 9. The desired o-ketone 8 (54% yield,
more polar) was separated from its B-isomer 9 (37% yield, less polar) by chromato-
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graphy on silica gel. The stereochemistry of 8, a crucial element in the synthesis,
was confirmed, after deprotection of THP group in 8, by circular dichroismss) as
well as chemical evidence.g) _

A second route to the ketone 8 was achieved starting with the optically
active and readily available hydroxy acid 19,10) a general synthetic intermediate
for the synthesis of the natural prostaglandins. Esterification of 16 with methyl
iodide in the presence of KZCO3 in acetone at reflux temperature provided the
hydroxy ester 17 which was converted stereospecifically to the diester 18 by
Claisen rearrangement (triethyl orthoacetate, hydroquinone, 140 °C)11) in 53% yield
from 16. Dieckmann condensation of the diester 18 (potassium-t-butoxide in benzene)
followed by dealkoxycarbonylation (175 °C, HMPA) led to the ketone 19 in 84% yield.

The bromohydrin 20 could be obtained in high regio- and stereoselectivity by
treatment of the resulting 19 with N-bromosuccinimide at room temperature in
DMSO-water (100:1) in 74% yield. Irradiation of 20 with the high pressure mercury
lamp in the presence of n-Bu,SnH and AIBN (as a sensitizer) in benzene produced 21
in 70% yield, which was identical with the detetrahydropyranylation product of 8
in NMR, IR, and MS spectra and TLC behabior on silica gel.

The ketone 8, thus prepared, could be converted to 2 straightforwardly using
methodology previously developed by Corey for the synthesis of natural prosta-
glandins.lz) Deprotection of benzyl ether group was accomplished by hydrogenolysis
using palladium on carbon in ethanol-acetic acid (10:1) to yield the hydroxy ketone
10 (96% yield). The hydroxy function in 10 was protected with a methoxypropyl unit
by treatment of 2-methoxypropene to furnish 11 quantitatively. Conversion of 11 to
the methyl ester 12 was effected by the following sequence: (1) Wittig reaction
with the ylide derived from (4-carboxybutyl)triphenylphosphonium bromide in DMSO
at 35°C for 15 h, (2) esterification with CHZNZ’ (3) selective deprotection of
2-methoxypropyl unit with 0.5N-HC1 in THF at 0 °C (overall 76% yield). The alcohol
12 was oxidized to the aldehyde 13 using SOs-pyridine complexls) and thence
transformed to a mixture of enone 14 and its 5Z-isomer by Emmons-Horner metho
(97% yield from 12).

Hydrolysis of THP group in a mixture of enone 14 and 5Z-isomer, produced
a mixture of alcohol 15 [42% yield, Rg 0.28 (ethyl acetate-cyclohexane 1:2, twice
developments)] and 5Z-isomer 15' (40% yield, Bf 0.32), which were readily separated

15)  stereoselective reduction of the enone 15
16)

d14)

by chromatography on silica gel.
with diisobutylaluminum 2,6-di-t-butyl-4-methylphenoxide
-10 °C furnished 15S-alcohol (82% yield) and 15R-alcohol (12% yield) after separa-
tion by chromatography on silica gel. 15S-Isomer was saponified with KOH in aqueous
ethanol to the desired 317) in 98% yield. By the same procedure, 5Z-isomer g’17)

in toluene at -78 to

was obtained from 15°'.

An interesting biological property for 2 and 2' was indicated by biological
investigation: 2 was 2 times more potent than PGEl, whereas 2' was 50 times less
potent in inhibitory effect on ADP-induced rat platelet aggregation in vitro.
Full biological data will be published in due course.
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