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SYNTHESIS OF STABLE FURAN PROSTACYCLIN ANALOGS' 

Robert C. Nickolson* and Helmut Vorbriiggen 
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Summary: Starting from Y-lactone intermediates, a novel method for the synthesis of the 

5,6-dihydro-4H-cyclopenta[blfuran system has been developed which was utilized to prepare 

furanoprostacyclin derivatives. 

Because of the inherent instability of prostacyclin towards hydrolytic conditions 2 

and its rapid decomposition into 6-ketoprostaglandin Fla3, we have been engaged in a program 

to develop syntheses of stable prostacyclin analogs which would be suitable for treating 

hypertension and/or occlusive circulatory disorders4. An obvious structural modification 

which would confer stability to the prostacyclin structure would be the modification of 

the enol ether moiety into a fully-aromatic furan derivative i_ 

Nicolaou5 has described the synthesis of the "first" 

pyridazaprostacyclin 2, by treatment of the 6,9-diketone 2 

drogenation with platinum dioxide. Our attempts to cyclize 

conditions6 furnished, however, only the PGAl derivative $ 

aromatic prostacyclin analog, 6,9- 

with hydrazine and subsequent dehy- 

the diketones 2 or f under acidic 

and no trace of the desired furan. 

It therefore became necessary to develop a new approach for the preparation of strained, 

polyfunctionalized cyclopenta[b]furan derivatives7 starting from Y-lactone intermediates. 
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Scheme I Synthesis of Furan Prostacyclins 5 

OH OH OH 6H 
1 2 

a (a) HMDS, n-C4HgLi, THF, PhSeCl, -70 
0 
C. (b) H202, CH2C12, room temperature. (c) NaBH,,, 

PhSeSePh, EtOH, room temperature. (d) DIBAL, PhCH 
3’ 

-70 'C. (e) HMDS. n-C4HgLi, 4-carb- 

oxybutyltriphenylphosphonium bromide, THF, 45 'C. (f) CH2N2, ether, 20 'C. (g) 12, 

NaHCO 
3’ 

ether, H20, 0 
0 
C. (h) H202, THF, room temperature. (i) DBU, PhCH 3, 40 OC. (.i) 

QSO,,, PhH, reflux. (k) n-Bu4NF, THF, room temperature. (1) DCC, DMSO, pyridinium 

trifluoroacetate, room temperature. (m) Dimethyl 2-oxoheptylphosphonate, NaH, DME, 

-25 'C. (n) NaBHII, MeOH, -30 'C. (0) AcOH, THF, H20 35:10:65, 20 'C. (p) NaOH, MeOH, 

H20, room temperature. 

Phenylselenylation8 of ig at the a position of the lactone followed by elimination of 

the phenylseleno moiety under oxidative conditions and subsequent reintroduction of phenyl- 

selenate yielded the f3-phenylseleno lactone i8 in 33 % overall yield. Reduction with DIBAL 

followed by Wittig reaction 10 and treatment of the resulting carboxylic acid with diazo- 

methane resulted in the formation of the ester 2 in 76 % yield. 

The bicyclic iodo ether ig was prepared in nearly quantitative yield3 and subsequently 

subjected to oxidative conditions to furnish the dihydrofuran ii. Dehydroiodination of ii 

yielded the extremely labile dienol ether Iz which was immediately isomerized to the fUran 



derivative Lz by treatment with magnesium sulfate in refluxing benzene '1. The tert-butyldi- 

methylsilyl ether was removed to give the free alcohol in quantitative yield which was oxidi- 
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zed according to the Pfitzner-Moffat method 
12 

to give the relatively labile aldehyde 11. 

Further reaction with dimethyl 2-oxoheptylphosphonate 
12 

resulted in formation of the enone iz 

which was reduced to give the 15a- and 15R-alcohols 15 and ii in 53 % and 39 % yield, resp., 

after separation. The tetrahydropyranyl protective groups were removed to afford the diols Lg 

and iz13 in 93 % and 98 % yield, resp. which were hydrolyzed to afford the free acids i and 2. 

The configurations of the alcohols at C-15 were determined by analysis of the CD spectra 

of the 15-monobenzoates 2?! and zi14 
15 

according to the method of Johnson . The 15a-configurati- 

on was assigned to the benzoate zp exhibiting the less negative Cotton effect l6 between 

226 - 229 nm. 

The biological properties of these furan prostacyclin analogs are being presently investigated. 
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