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TOTAL SYNTHESIS OF PROSTAGLANDINS. V. A SYNTHESIS OF (-)-PROSTAGLANDIN E
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VIA A TOTALLY ASYMMETRIC PROCESS.
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We wish to report the synthesis of prostaglandin E, (PGE2, 13) via conju-
gate addition of the vinyl cuprate 2, derived from trans-3(S)-(l-ethoxyethoxy)-
l-iodo-l-octene (3b), to 2- (6-carbomethoxy-cis-2-hexenyl) -4 (R) - (2-tetrahydro-
pyranyloxy)-2-cyclopenten-l-one {4b). We also describe herein a novel synthesis
of the key intermediates 3a and gs in their optically active forms without
chemical resolution. This totally asymmetric process constitutes an additional

refinement of our approach to the synthesis of the prostaglandins.
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Reaction of the pyrrolidine enamine of acetoacetic ester (5) with propargyl
bromidez, followed by alkaline hydrolysis and decarboxylation afforded l-hexyn-

3a,b

5-one (¢) in 70% yie1d4. After conversion of § into the cycloethylene

ketal’2: €

(1, 90% yield) in the usual manner, ] was treated with lithium amide
in liquid NH3 and condensed with 1-bromo—4-tetrahydropyranyloxybutane5 using
tetrahydrofuran as co-solvent. Acidic hydrolysis of the resultant ethylene
ketal-THP ether gave 9-oxo-5-decyn-l-ol (8) in greater than 85% yields from J.

Jones oxidation of 8, followed by acid-catalyzed esterification and hydrogena-

tion over Lindlar's catalyst, afforded methyl cis-9-oxo-5-decenocate (2) in 60%
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yield overall. Condensation of 9 with diethyl oxalate (sodium ethoxide,
ethanol)6, followed by acid hydrolysis, gave 2- (6-carboxy-cis-5-hexenyl)-cyclo~-

pentane-l,3,4-trione (L0) in 50% yield. After re-esterification, 11 was
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incubated with Dipodascus uninucleatus following the conditions previously des-

cribed1 to yield the 4 (R) alcohol ;3 (60%), mp 61.5-62.5%; uvmax (CH3OH) 272 nm

(€ 21,000); [a]2*

+24.7° (¢ 1.47, CHC1,).

Reaction of 13 with 1.2 equiv of 2-mesitylenesulfonyl chloride and triethyl-
amine at -10° afforded two isomeric enol sulfonates (13a and k) in a ratio of
9:17. This mixture was directly reduced with an excess of sodium bis (2-methoxy-
ethoxy) aluminum hydride in toluene at -70°, followed by acid-catalyzed
rearrangement and elimination (oxalic acid, sodium oxalate, CHC13, r.t., 2 hr),
to afford 4a as an oil in 50% yield from 12; uvmax (CH3OH) 220 nm (€ 8,000);
[a]]§4 +10.85° (c 2.62, CH3OH).8

By analogy to the PGE1 seriesl, the attack of the vinyl cuprate 2 should
also proceed from the least hindered side of 4b and the protonation of the
resulting enolate should produce PGE, possessing the correct all-trans stereo-
chemistry at the 8, 11, and 12 positions. Thus, three of the four asymmetric

centers in PGE., are controlled by the configuration of the alkoxy function at

2
C-4 in 4b. The problem of chirality at C-15, which was surmounted earlier in
the PGE, series by chemical resolution of 239 or (i)-l—octyn—3—oll’9, a precur-

sor of 3a, can now be introduced asymmetrically via microbial reduction of
~~~s I—

10

1-iodo-l-~octen-3-one (lé).
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It is known that a,f-unsaturated ketones do not yield allylic alcohols by
enzymic reduction owing to resonance stabilization of the carbon-oxygen double
bond.ll However, introduction of an electronegative substituent onto the unsatu-
rated ketone system promotes enzymic reduction to substituted allylic alcohols.
By this rationale it seemed possible that iodo ketone ;3 might yield hydroxy

12

iodide 23 on microbial reduction. Indeed, it was found that washed cells of

Penicillium decumbens in 0.025 M borate buffer (pH 8.5) catalyzed this reduction
l013

. . 24
a
of 14 to the desired 3(S8) alcohol 3a (107 yield), [a]D +7.5 (c 3.7, CH30H).

Under similar conditions, Aspergillus ustus gave the 3 (R) enantiomer of 3a (12%

24

yield), [alj” -8.0° (c 5.97, CH,OH).

The iodo alcohol 25 was protected as the ethoxyethyl ether 3b. Treatment
with two molar equivalents of Eggg—butyllithiumlo to generate the vinyllithium
reagent (ca. 87% yield as assayed by the benzophenone methodlo) followed by
addition of 0.44 molar equivalents of tri-n-butylphosphine-copper iodide com-
plex14 gave the cuprate 2. Protection of 4a as the tetrahydropyranyl ether 4b
and reaction with 1.2 equiv of cuprate 2 (-20°, 1 hr) gave, after acidic hydrol-

ysis of the protecting groups15 and chromatography, (-)-PGE2 methyl ester (lb)

in 50-607% yield based on ég. Exposure of ;g to Rhizopus oryzae afforded (-)-
24
D

PGE, (1a), [a] -52° (c 1.15, THF), identical (infrared, nuclear magnetic

. . 16
resonance and mass spectra) to an authentic specimen.
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