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A NEW SYNTHETIC ROUTE TO PROSTAGLANDINS

E. J. Corey, Koichi Niimura, Yoshitaka Konishi, Shinsuke Hashimoto, and Yasumasa Hamada
Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138

Summary: A short synthetic route to prostaglandins is described which depends on oxime-based methodology and which
involves the joining of intermediates 9, 11, and 12 in a one-flask operation.

This note describes a new synthetic route to prostaglandins which is based on unique aspects of the chemistry of
O-methyloximes (methoximes) and which features the attachment of omega and alpha appendages to a cyclopentyl nucleus in a
one-flask operation.1

3-Cyclopentenone 2 was transformed into racemic 1-methoxyimino-4-hydroxy-2-cyclopentene (1 + 2) by the sequence:
(1) oximation with 1.6 equiv of O-methylhydroxylamine hydrochloride and 2.2 equiv of pyridine in methanol at 23" for 30 min to
give the corresponding methoxime (81%); (2) epoxidation with 1.3 equiv of m-chloroperbenzoic acid in CHoCls at 0 (72%); and
(3) syn-B-elimination with 1,8-diazabicyclo[5.4.0Jundec-7-ene in benzene at 80 for 8 hr (75%).3 PMR spectral data indicate that,
as expected, the methoxy group in the major product 1 + 2 is syn 1o the olefinic carbon (syn-deprotonation).# Formation of the

anti isomer (ca. 3% yield) was observed as a minor event.4
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An effective {but unconventional) process for the separation of the enantiomers 1 and 2 and for the conversion of the S-
antipode 2 to the required R-antipode 1 was developed by taking advantage of three findings: (1) a-cyclodextrin selectively
precipitates 2 at 23°C from aqueous solutions of the racemate 1 + 2;5 (2) partially resolved 1 obtained from the mother liquors of
this separation can be purified by conversion to the 3 5-dinitrobenzoate, recrystallization and ester cleavage; 8 and (3) Mitsunobu

inversion of 2 using 3,5-dinitrobenzoic acid occurs smoothly to give the 3,5-dinitrobenzoate of 1.7 The process based on these

operations is convenient and amenable to scale-up. The desired B-antipode 1, [a]p23 + 193" (¢ = 1 in CHClg), can be obtained in
>60% weight yield from the racemate 1 + 2; higher yields are probably achievable. Recovery of a-cyclodextrin is excellent

(>95%).
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which was decyanated to 5 by treatment in THF solution at —45° with 2.1 equiv of fithium napthalenide for 30 min (77% yield).
Exposure of 5 in THF at 0° to 1.6 equiv of lithium diisopropylamide for 30 min followed by oxygenation of the resulting ester
enolate with dioxygen at 0" for 20 min produced hydroxy ester 6 (87%). Conversion of 6 to methoxime 8 was accomplished in 60%
overall yield by the sequence: (1) saponification with tetrabutylammonium hydroxide at 23" for 2 hr; (2) cleavage of the resulting
ammonium salt in dry CH,Cl, solution by reaction with a small excess of lead tetraacetate at —20" for 15 min and 0" for 30 min; and
(3) reaction with methoxyamine hydrochloride and pyridine in CHoClo—pentane at 23° for 2.5 hr. Conversion of 8 to 1 was effected
by reaction with a small excess of lithium diisopropylamide in THF at —45" for 20 min (>95%).

The three components required for the assembly of prostaglandin E 5 (PGE) were obtained in a straightforward manner.
Reaction of the R(+)-hydroxy methoxime 1 with {—butyldimethylsilyl chloride (2 equiv) — imidazole (4 equiv) in dimethylformamide
(OMF) at 23" for 1.5 hr? afforded the corresponding oily silyl ether 9 (90%), [a]D23 +157.3" (c = 1.0 in CHCly). Reaction of the OBO
ester of 5~hexynoic acid 10 with p—butyllithium (1 equiv) in THF at -50" followed by dry paraformaldehyde (1.5 equiv, 50" to 23
over 4 hr) gave the propargylic alcohol 10 (94%). Reaction of 10 with 1.2 equiv of iodine, 1.3 equiv of imidazole, and 1.3 equiv of
triphenylphosphine at 0° for 30 min produced the iodide 11 as a pale yellow solid. The third component, the E-vinylstannane 12
was obtained from (S)~1-octyn—3—ol 1 by the sequence: (1) silylation® with t-butyldimethylsily! chloride — imidazole — DMF for 18
hr at 23" to give the corresponding silyl ether (94%); and (2) hydrostannation with tributyltin hydride in the presence of
bisazoisobutyronitrile (AIBN) at 130" for 2 hr to form 12, [a]023 -12.0" (c = 1 in CHCl3), in 89% yield.

The PG system was assembled from components 9, 11 and 12 as follows. Stannane 12 (2.6 equiv) was converted to a
mixed cyanocuprate reagent by successive reaction in THF with p—butyllithium (2.4 equiv, —42°, 40 min) and cuprous cyanide (1.2
equiv, —78°, 60 min). To this reagent at -78" was added via cannula a freshly prepared solution of a mixture of 1 equiv of silyl
ether 9 and 1 equiv of boron trifluoride etherate in toluene at —78°. After 15 min at —78" and 30 min at 50" the mixture was
cooled to —78", treated with 10% v/v of hexamethylphosphoric triamide, 2 equiv of triethylamine and 2.7 equiv of the iodide 11.
The reaction mixture was maintained at —78" for 15 min, =50" for 16 min, —10" for 4 hr, and 23" for 16 hr, quenched with aqueous
ammonium chloride and subjected to extractive isolation and silica gel chromatography. Although some starting methoxime 9
(16%) was recovered, the major product was the desired prostanoid 13 (60%, 75% corrected for recovered 9), [a]|323 =275 (c =
1.0 in CHClg), By 0.24 (sifica gel tic using 5:1 hexane—ethyl acetate). OBO ester cleavage (stirring with sodium bisulfate in 5:1
dimethoxyethane — water at 0° for 20 min followed by basification with lithium hydroxide to pH 10.5 and stirring at 23" for 2 hr, then
acidification and extractive isolation), esterification (CH,Np) and subsequent Lindlar reduction in benzene in the presence of
quinoline produced the methoxime methyl ester of PGE; bis 1-butyldimethylsily! ether, identical by tic, PMR, IR, and rotation with a
comparison sample prepared from authentic PGE,. Cleavage of the methoxime function of 14 was surprisingly difficult using

aqueous Ti+3 at varying pH.12 Because none of the established methods for deoximation were operable a study of new reagents
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was made. Success was realized using a solid reagent made by reduction of TiClg-3 THF 13 by diisobutylaluminum hydride

(DIBAL) in toluene.14 The carboxylic acid corresponding to 14 (obtained quantitatively from 14 by saponification with 2:1 THF -
0.1 M lithium hydroxide at 23" for 17 hr, followed by acidification and isolation) in toluene was treated with 1 equiv of DIBAL in
toluene and then with three portions of the solid Ti reagent14 each corresponding to 1.2 methoxime reduction equivalents at
intervals of 30 min. After a further 40 min the product was isolated by quenching with aqueous sodium acetate, acidification with
citric acid, extraction with CH,Cl,, and silica gel chromatography to give PGE, 11,15-bis-1-butyldimethylsilyl ether identical by
spectroscopic and tic comparison with a reference sample (73% yield). Desilylation using 8:1 acetonitrile - 40% aqueous
hydrofiuoric acid at 23" afforded PGE5 (15) (98%) identical with an authentic sample produced by total synthesis.15

In the conversion of 9 to 13 the BF3 complex of methoxime 9 is doubtless the reactive species since uncomplexed 9
does not react with the mixed cuprate derived from 12 in the absence of BF3. The alkylation of the cuprate adduct with 9 by iodo

acetylene 11 requires that BF3 be removed from that intermediate; hexamethylphosphoric triamide and triethylamine are used for

that purpose, as well as to insure the integrity of the OBO ester group. Although the conditions for the synthesis of 13 were
carefully selected it is probable that higher yields are achievable.
The above reported synthesis of prostaglandins contains a number of noteworthy methodological elements including:

(1) the novel syntheses of 1, (2) the reductive decyanation 45, (3) the one-flask process for the attachment of alpha and omega

chains fo the cyclopentyl unit, and (4) the novel deoximation of methoximes by a solid, lower valent {<3) titanium reagent.’8
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