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REGIOCONTROLLED CONVERSION OF a,~-UNSATURATED KETONES TO OLEFINS VIA ALLYLSILANES: 

SYNTHESIS OF a-9(O)-METHANO-a 6(ga)_PGI 
1 
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Summary : A synthesis of dl-9(O)-methano-A 6(9a)_pGI 1 (1_), a more potent prostacyclin 

analog than carbacyclin, has been accomplished utilizing regiocontrolled 

transformation of the enone to the olefin via the allylsilane as a key step. 

Our discovery that 9(O)-methano-a 6(ga) 

inhibiting platelet aggregation' 

-PGI1 (1) is more potent than carbacyclin (2) in 

has prompted us to develop an improved synthesis of 1. In 

this communication we wish to report a direct synthesis of a-l_ starting from 1,3-cycloocta- 

diene, which involves regiocontrolled transformation of the enone to the olefin via the allyl- 

silane as a key step. 

Since we had already established the efficient synthesis of the ketone (3) starting with 

1,3-cyclooctadiene,' the present synthesis was focused on regiocontrolled transformation of the 

ketone (2) to the carbon analog (?).3 Toward this end, model studies were carefully carried 

out by the use of the simple ketone (5).4 Reaction of the lithium enolate of 2 with ethyl 5- 

oxopentanoate5 afforded the aldols, which were followed by successive treatment with MsCl-NEt3 

in benzene and DBU to give the enone (5) (82%): G(ppm) 6.53 (bt, J=7Hz, lH, olefinic proton). 

The endo-enone (l), s(ppm) 7.20 (m, lH, olefinic proton), was readily obtained by treatment of 

5 with RhC13.3H20 (0.13 molar equiv) and potassium carbonate (0.72 molar equiv) in ethanol 

(7O"C, 24 hr, 76%).6 Deoxygenation reaction of 7 without scrambling of the double bond is an 

extremely difficult synthetic problem hitherto unsolved. It occurred to us that the organo- 

silicon chemistry involving 1) Michael addition of trimethylsilyl anion to the enone, 2) 

formation of the allylsilane and 3) protodesilylation would solve this synthetic problem.7 

Indeed our idea worked quite well. Thus, reaction of z with Me3SiSiMe3 (1.5 equiv) and Bu4NtF- 

(0.3 molar equiv) in HMPA at room temperature for 0.5 hr cleanly provided 8 (85%)."' The 

alcohol (2)' was subsequently obtained by reduction of 5 with L-Selectride in THF at -78°C 

(90%). Treatment of 2 with trifluoromethanesulfonic anhydride (10 equiv), pyridine (20 equiv) 

and a catalytic amount of 4-dimethylaminopyridine in CH2C12 at 0°C for 2 hr yielded the olefin 

(12) directly together with a small amount of the allylsilane (;I)." The crude reaction 
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mixture was subjected to protodesilation by treatment with hydriodic acid in benzene at room 

temperature for 2 hr, affording l-2 in 87% yield based on the recovery of 2 (40%). The recovered 

alcohol (2) could be again converted to the olefin (/2) in the same yield, denying the possi- 

bility that the undesired stereoisomers of 9, remained intact under the reaction conditions 

described above. Although it was presumed with confidence that the deoxygenation reaction 

proceeded without scrambling of the double bond, we had to wait until completion of the syn- 

thesis of 9(O)-methano-a6(") -PGI, (1) to obtain unequivocal proof of the regiochemistry. 

The ketone (z)2 was transformed to the *-enone (14) in the same way as described above 

(62% overall yield) v& the w-enone (13). The endo-enone (1:) was then treated with Bu4N+F- _ 

in THF to give 12 (-100%) as a mixture of the diastereoisomers at C-15 ( PG numbering ). 

Protection of the easily separable 15a-isomer ( the more polar isomer, silica gel, CH2C12- 

acetone, 2:l ) as THP ether afforded 16, in quantitative yield, which underwent Michael addition 

of trimethylsilyl anion providing /I9 (82%). Sodium borohydride reduction of /I in methanol 

containing cerium(II1) chloride heptahydrate " (1 molar equiv) at -25°C for 5 min afforded the 

alcohol (l-8)' (87%). Treatment of /i with trifluoromethanesulfonic anhydride (10 equiv), 

pyridine (20 equiv) and a catalytic amount of 4-dimethylaminopyridine in CH2C12 at 0°C for 2 hr 

provided the olefin (20) [ 49% yield based on the recovery of 18 (24%)"], giving none of the 

allylsilane (12). Also in this case the recovered alcohol (18) could be again converted to the 

olefin (20) in the same yield as above. The olefin (20) was successively treated with acetic 

acid and alcoholic sodium hydroxide to result in the formation of dl-9(O)-methano-a 6(ga)_PGI 
1 

(l_) in nearly quantitative yield; a(ppm) 3.00 (m, lH, HA), whose spectral data were identical 

with those of an authentic sample.' Careful TLC analysis indicated the absence of the regio- 

isomer (2),12 thus giving the unequivocal proof of the regiochemistry of the present deoxy- 

genation reaction. 

Further studies along this line are under investigation. 
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