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The wide spectrum of biological activity of the prostaglandins has prompted a search for 

more specific agents and antagonists among analogs of the natural compounds. We report here a 

synthesis of DL 9,11-bis-homo-prostaglandin F, (1)' and the isomer (2) with inverted stereo- . 

chemistry at positions 9 and 11, by a route which defines the stereochemistry of the four cyclo- 

pentane substituents at an early stage. 
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Reaction of 7-carbomethoxyheptaldehyde (2)3 with carbobenzyloxymethylidene triphenylphos- 

phorane gave the unsaturated diester (t) [57%; oil; trans/cis 9/l by GLC; vmax 1720, 1650 cm-'; 

m/e 304 (M+)].5'6 A Diels-Alder condensation7 of (4) with cyclopentadiene under reflux formed 

the bicyclic esters (_5) [a sample separated by TLC had vmax (film) 1730 cm"; m/e 305 (M-C5H5)] 

and (6) CV,,, (film) 1735 cm"; m/e 370 (M+), 305 (M-C5H5)l. This mixture was oxidized' with 

osmium tetroxide and sodium periodate in aqueous tetrahydrofuran, forming the mixture [v,,, 1730. 

(sh), 1720 cm-'] of dialdehydes (!a) and (!a) which was reduced with sodium borohydride in metha- 

nol-ethyl acetate to a mixture containing the dihydroxy esters (z_b) [u,, (film) 3310, 1720 cm-'] 

and (!_b) Cum,, (film) 3310, 1720 cm-']. separable by TLC, together with the product of base 

catalyzed cyclization (lo!). Hydrogenation of this mixture with palladium charcoal catalyst in 

ethanol cleaved the benzyl groups, the resulting lactone (!!a) [vm,, 3410. 1765. 1725 cm-'; 

m/e 299 (M+l), 298 (k)] and acid (2) [umax 3310, 1715 cm"; m/e 298 (M-H~o)] were then readily 
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separated by partition between sodium bicarbonate solution and ether. The acid (z), prepared in 

35% overall yield from (3) includes the correct relative stereochemistry of the natural prosta- 

glandins at the four substituents on the cyclopentane ring while the lactone (10) has inverted 

stereochemistry at two positions. 

The two hydroxyl groups of the acid (9) were protected by acetylation (acetic anhydride- 

pyridine) and the carboxyl group converted to hydroxymethyl by reduction' of the mixed ethyl 

carbonic anhydride with sodium borohydride in methanol-ethyl acetate forming the alcohol (lla) _-_ 

cv max 3370 cm-'; m/e 248 (M-2HOAc-H20)]. Oxidation of (lla) with chromium trioxide pyridine __.., 

complex in dichloromethane led to the aldehyde (llb). The remaining steps in the synthesis were I__ 

completed by established procedures; 
10 

reaction with the sodio derivative of dimethyl 2-oxohep- 

tyl phosphonate and reduction of the resulting enone (I!$) [m/e 420.2859 (M-HOAC, talc. 420.2873)] 

with zinc borohydride to the racemic 15~ and 158 bis-homo-prostaglandin esters (lid) [m/e 411 

(M-C5H1,), 404 (M-HOAC-H20)]. The more polar (TLC, silica) isomer is tentatively assigned the 

15ca stereochemistry by analogy with the chromatographic behavior of the esters of the natural 

prostaglandins. Hydrolysis of the separated epimers (lld) with potassium hydroxide in methanol S__ 

gave the required OL-15a-bis-homo-prostaglandin F, (l_) [11X from (_9); m.p. 95“; urnax 3310, 1705 

cm-'], which was weakly active in smooth muscle relaxation assays, 11 and the inactive 156 epimer 

Cl5% from (_9); gum]. 

For the synthesis of the isomeric bis-homo-prostaglandin (_2), the required adduct (6) was 

formed as the sole product of a Diels-Alder reaction of the unsaturated ester (4) with cyclopen- 

tadiene in benzene catalyzed by aluminum chloride (0.5 mol). Conversion of (5) to (!a) and (_8_b) 

as described above followed by basic hydrolysis and acidification gave the lactone (Ig_b) [33% 

from (?)I. Reduction with diisobutyl aluminum hydride in tetrahydrofuran formed the lactol (122) 

[m/e 264 (M-2H20)]. Under strongly acidic work-up conditions this was rapidly converted into the 

ether (1_3)12[S5.33 ppm (d, J 6 Hz, OCHO)]. The ester (lg_b) was formed frcm the acid (:$a) with 

diazomethane and reacted with the sodio derivative of dimethyl P-oxoheptyl phosphonate in di- 

methylformamide, presumably forming the enone (14a) although the isolated product proved to be IS_ 

(12) [v,, 1720 cm-!; m/e*378 (M-H20)l resulting from the conjugate addition of a hydroxyl group 

to the enone system. Acetylation of (15) by heating under reflux with acetic anhydride contain- _- 

ing trifluoroacetic acid produced (ljt_b) [n.m.r. 6.04 ppm (d,J 16 Hz, trans oleffn); m/e 480 (k)] 

in which the required enone system is regenerated. Reduction of (!Mb) with zinc borohydride, 

separation of the 15-epimers by column chromatography on silica gel and hydrolysis of ester 
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groups gave the DL 98,118,9,11-bfs-home-prostaglandins F, (_2) 12% from (I!!); gum; vmax 3335, 

1715 cm-'land [0.2% from (lob); gum; v,,,~~ 3330, 1710 cm"]. ..,..._ 
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