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TOTAL SYNTHESIS OF 12-METHYLPROSTAGLANDIN A2
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An important pathway for in vivo deactivation of prostaglandin A2 is the rapid conversion in
mammalian blood via PG021 to the more stable, biologically inactive PGBZ. It was anticipated that PGA
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or PGC analogs which cannot be deactivated by transformation to PGB structures might afford more
sustained biological potency. To test this possibility 8-methy1PGC2 (I) was synthesized, 2 but this
substance was found to be substantially less active than PGC2 itself. We now report the synthesis of
12-met:hylPGA2 (I) by a novel extension of the bicyclo[2. 2, 1]heptane approach3 to prostaglandins which
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allows the stereospecific introduction of a methyl group at C-12. The application of the Diels-Alder
version of the bicyclo[2, 2, 1]heptane approach, which requires the use of the diene A or a synthetic
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equivalent, is complicated by the lack of any synthetic methods for the generation of such 5, 5~
disubstituted cyclopentadienes. This formidable obstacle has now been overcome.

The diene I, available in quantity from the reaction of sodium cyclopentadienide with epichloro-
hydrin, 4 underwent Diels-Alder reaction with 2-chloroacrylonitrile (2 equiv, neat) at 25° for 12 hr,
affording the adducts® ® Iv in 98% yield. Treatment of the adducts with potassium hydroxide (2.5 equiv)
in ethanol at reflux for 2.5 hr gave the hydroxyketone V (b.p. 100-105°/0.07 mm) in 66% yield after
distillation. Conversion of V to the mesylate7 V1, followed by reaction with sodium iodide 6 equiv) in
acetone at 25° for 4 hr, afforded the iodide VII in 87% yield from V. Dehalogenation of VII using tributyl-
tin hydride (1.25 equiv) and AIBN (0. 03 equiv) in dry, oxygen-free benzene at 70° for 6 hr gave the pure
ketone VIII in 80% yleld after Kugelrohr distillation.® The orientation of the methyl and vinyl groups in
VIO was confirmed by pmr studies using shift reagents. Baeyer-Villiger oxidal:lon9 of VIII with hydrogen
peroxide (7.5 equiv) and sodium hydroxide (3 equiv) in aqueous methanol (1 :1) at 0° for 12 hr afforded
the hydroxy acid IX in 85% yield. The hydroxy acid could be converted to the y-lactone X in 80% yield
using boron trifluoride etherate (0.2 equiv) in methylene chloride at 0° for 3 hr. Selective cleavage of
the vinyl olefinic bond in X was effected by adding solid sodium metaperiodate (1.1 equiv) in small
portions over 4 hr to a solution of osmium tetroxide (0.1 equiv) and X in aqueous t-butanol (1 :1) at 0°,
giving the aldehyde XI in 55% yield (not optimized).

The aldehyde XI was readily converted to 12—mel:hylP(:‘:A2 (II) using me thodology previously
developed3 for the synthesis of natural prostaglandins. Condensation of XI with the sodium salt of
dimethyl 2—oxohepl:ylphosphouat;e3 afforded the enone XII in 70% yield after chromatography. Reduction
with sodium borohydride (2 mole equiv) in ethanol at -40° for 4 hr gave in quantitative yielda 1:1
mixture of the epimeric alcohols XTI, 10 We found it convenient to complete the synthesis using mix-
tures of 15-epimers, since these diastereomeric intermediates were not readily separated by chroma-
tography. Conversion of XIII fo its tetrahydropyranyl derivative3 X1v, followed by reduction with di-
isobutylaluminum hydride3 (3 equiv) in toluene at ~78°, afforded the lactol XV. Treatment of the lactol
with the Wittig reagent derived from 5-triphenylphosphoniovalerate ion3 (4 equiv) in dimethyl sulfoxide
gave the hydroxy acid XVI. Collins oxidation (15 equiv) in methylene chloride at ~23° gave the enone
XVII in 56% yield overall from XIII. Removal of the tetrahydropyranyl group using acetic acid~-water--
tetrahydrofuran (55 :30 : 15) at 40° for 8 hr gave a 1 -1 mixture of 12—me1:bylPGA2 (II) and its 15-epimer
XVII (76% yield). The epimers were cleanly separated by preparative layer chromatography on
0.25 mm silica gel plates (six elutions with methylene chloride~-ether--acetic acad (90 -10:1)). By
analogy to the tic behavior of natural prostaglandins and their 15-epimers, the more polar isomer has
tentatively been assigned the natural 158 configuration in I 11,12

In preliminary tests 12-m<-zl:hy1PGA2 and its 15-epimer were inactive in blood pressure lowering
(in dogs) and in inhibition of gastric acid secretion (in rats). 13 We anticipate that 12~-methylprosta-
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glandins of the E and F series will soon be available by extension of the scheme described herein,
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