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As a part of our synthetic program of chemically stable prostacyclin analogs with similar 

biological activity,' practically useful total synthesis of 9(O)-methanoprostacyclin (I) was 

undertaken. In this communication, we wish to describe new and efficient synthetic routes to I 

from the simple starting materials, 1,3-cyclooctadiene and cis-bicyclo[3.3.0]octane-3,7-dione. _ 

The recent report2 on the synthesis of I by Kojima and Sakai has prompted us to publish our 

different synthetic routes to I. 

The endo-alcohol (III) derived from 1,3-cyclooctadiene via the epoxide (II)3 was transformed - 

stereospecifically into the endo-epoxide (IV)4 by the Sharpless method ( catalytic amount of 

vanadyl acetylacetonate and 1.2 equiv. t-butyl hydroperoxide5 in benzene, 3 hr at reflux ) in 

70-75% yield. Then, the t-butyldimethylsilyl ether (V) was subjected to react with 2 equiv. 

1,3-bis(methylthio)allyllithium6 in THF at -25' for 1 hr [(VI) and the regio-isomer 1, followed 

by treatment with mercuric chloride ( 4 equiv.) and calcium carbonate ( 5.5 equiv.) in acetoni- 

trile-water (4:l) at 50" for 2 hr to give a mixture of two unsaturated aldehydes. The more 

polar component ( &f 0.19, silica gel, ether-petr.ether 2:l ), obtained in 44% yield, was 

proved to be the desired hydroxy aldehyde (VII), whereas the less polar component ( &f 0.39, 

22% yield ) could be assigned as the position-isomeric structure (VIII).7 Treatment of the 

aldehyde (VII) with E-amyllithium in THF at -78" for 10 min led quantitatively to a mixture of 

epimeric secondary alcohols; the more polar alcohol (IXa)8( Ef 0.04, silica gel, ether-petr.ether 

2:1, 80% yield ) and the less polar isomer (IXb) ( gf 0.08, 20% yield ). 

This novel stereoselective formation of the 15a isomer ( PG numbering ) might be attributed 

to the presence of a t-butyldimethylsilyloxy group located at the favorable position, since the 

coupling reaction of the aldehyde (VIII) with n-amyllithium under the same conditions is - 

non-stereoselective. The more polar alcohol (IXa) was converted to the bis-THP ether (X), 

followed by treatment with tetra-n-butylammonium fluoride in THF at room temperature for 12 hr 

to afford the endo-alcohol (XI) in quantitative yield. In order to transpose the alcohol 

functionality from the 7 to the 6-position ( PG numbering ), the alcohol (XI) was reacted with 

methanesulfonyl chloride ( 2 equiv.) and triethylamine ( 2 equiv.) in methylene chloride at 0' 



No. 5 

OH 
(I) 

8 
I 

(IXa):Rl= OH,R2= H 

(IXb):Rl= H,R2= OH 

(X):R=Si< 

(XI):R=H 

(XII):R=kls 

Rl" Q 

(XVII):Rl-R2=0CHZCH20 

0 . . M7111):Rl-~2= 

R2 

0 3 
0 

i 

a -t / (XX) 

Oh COOEt 

; -b H 

Q 

. . . . ..*_ 
'OH 

Ha 
(VII) 

sH1l 

0 

(XIXa) 

; -L 
0 

H 
. ..* -.... 

OH 

OHC 

(XIV) 

(XVI) 

(XXIa):Rl=OH,R2=H 

(XXIb):Rl=H,R2=OH 



No. 5 435 

for 0.5 hr to give the mesylate (XII), which underwent elimination to the diene (XIII) in 40- 

50% yield' when treated with 10 equiv. potassium hydroxide in ethanol at reflux for 5 hr. 

Treatment of the diene (XIII) with 1.1 equiv. m-chloroperbenzoic acid in methylene chloride 

at 0' for 3 hr resulted in the epoxide (XIV) regiospecifically, which was reduced with lithium 

aluminum hydride in THF at reflux for 10 min to afford a mixture of several alcohols. Subsequent 

oxidation using Collins reagent ( 8 equiv.) in methylene chloride at room temperature for 12 hr 

yielded the desired ketone (XV) in 20% yield [ sf 0.31 (silica gel, ether-petr.ether 2:1), IR(v 

, film): 1744cm-'(ketone), 980cm-'(trans disubstituted olefin), PMR(CDC13,d): 5.73-5.28 (olefinic 

protons, 2H)] and the isomeric ketone (XVI) in 40% yield ( &f 0.44 >." The isomeric ketone 

(XVI) could be recycled to the endo-alcohol (XI) by stereospecific reduction with sodium 

borohydride in methanol at -25'. 

Although the key intermediate (XV) to I was successfully synthesized with unambiguous 

stereochemistry, this route is still unsatisfactory from the practical point of view because of 

the low overall yield. Therefore, a more practical synthesis of I was further developed. 

Acetalization of commercially available cis-bicyclo[3.3.0]octane-3,7-dione with ethylene - 

glycol and ptoluenesulfonic acid in benzene under azeotropic removal of water gave the diketal 

(XVII) in quantitative yield. The selective hydrolysis was successfully achieved by treatment 

of XVII with 0.3 equiv. ptoluenesulfonic acid in acetone-water ( 3:1, 10 ml/g ) at 30' for 2.5 

hr to afford the ketone (XVIII) in 60-70X yield. 
11 

Introduction of the ethoxycarbonyl group to XVIII was carried out by the standard method; 

reaction with 2 equiv. diethyl carbonate and 2.8 equiv. sodium hydride in benzene at reflux for 

0.5 hr yielded the ester (XIX), whose PMR spectrum shows that XIX is in equilibrium with the 

keto-form (XIXa) and the enol-form (XIXb) ( ratio ca. 1:l in CDC13 ), in 60% yield. The most - 

crucial reduction of XIX was run by treatment of XIX with sodium borohydride in methanol at - 

25" to give the alcohol (XX) [ Ef 0.36 (silica gel, ether), IR(v,film): 3450cm-'(OH), 173Ocm 
-1 

(ester)] in 60% yield. The stereochemistry of XX was determined by the fact that XX was 

seccessfully converted to the diol (XXI). 

The alcohol (XX) was transformed into XXI by the known method; i) DHP/H+, ii) LiA1H4- 

ether, iii) Collins oxidation, iv) (CH30)2P(0)CH2COC5Hll, NaH, DME, v) NaBH4-MeOH, vi) AcOH- 

H20-THF 3:1:1, 45', 4 hr, overall yield 40-50X. A diastereomeric mixture of the allylic alcohol 

(XXIa) and (XXIb) was easily separated by preparative thin layer chromatography on silica gel 

using ethyl acetate as eluent to afford the 15a isomer (XXIa) 8 [ &f 0.19 (silica gel, ethyl 

acetate), mass(m/e),CI(NH3): 284 (M++ NH4), IR(v,film): 1730cm-'(ketone), PMR(CDC13,6): 5.73- 

5.30 (2H, olefinic protons)] and the 158 isomer (XXIb)[ f 0.24, mass(m/e),CI(NH3): 288 (M++ 

NH4), IR(v,film): 1730cm-'(ketone), PMR(CDC13,6): 5.77-5.43 (2H, olefinic protons)] in a ratio 

of ~a. 6:5. The ketone (XXIa) synthesized here was found to be spectroscopically and chromato- 
12 

graphically identical with XXIa derived from XV prepared in the aforementioned former synthesis. 

The alcohol (XXIa) could be readily converted to the corresponding tetrahydropyranyl 

ether (XV). The ketone (XV) was subjected to the standard Wittig reaction ( Ph3P=CH(CH2)3COONa, 

DMSO ), followed by the detetrahydropyranylation, to 9(O)-methanoprostacyclin (I) and its 6Z- 

isomer (I') in a ratio of 7:2 ( 70% yield, gf 0.14 (I), 0.17 (I'), silica gel, ether, three 

developments ). 
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Surprisingly, biological activity 

by ADP or collagen in rabbit plasma on 

of I was found to inhibit platelet aggregation induced 

the same order as active as prostacyclin, whereas the Z- 

isomer (I') was one-hundredth as active. 
13,14 
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