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A FACILE SYNTHESIS OF G-OXO-PGFla AND 6-OXO-PGE11)

*
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6-0xo-PGFla and 6-oxo-—PGEl were synthesized from 7-t-butyl-
dimethylsililoxy-6-[(1E)-3-t-butyldimethylsililoxy-l-octenyl]-2-
oxabicyclo[3.3.0]octan~-2-one (1) and 7-tetrahydropyranyloxy-6-

[ (1E) -3-tetrahydropyranyloxy-l-octenyl]-2-oxabicyclo[3.3.0]loctan-
2-one (1') via Cg unit elongation to the lactone carbonyl of 1 and
1l' respectively. The C5 unit was introduced step by step (C1 + C4)
by means of the conversion of 1 and 1' to the corresponding B-keto

esters and then the alkylation of the active methylene of them.

6—0xo—PGE1 (7) is one of the most attractive target in prostaglg?din (PG)
synthesis, because of its higher vaso-activities and availabilities. There are
a few reports on the synthetic study, e.g., syntheses of 6-oxo-PGF1a (6) and 7 via
the 6—nitro-PGEl derivative by Noyori et ai.,3) conversion of PGFZa to 6 by Johnson
et al.,4) and conversion of 6-0x0-PGF, 11,15-ditetrahydropyranyl ether (5', R=H)
to 7 by Nicolaou et a1.>

Our strategy for the synthesis of 6-0xo-PGs is to build the 6-oxo ester

3 part, PG numbering) to lactones 1 and

functionality by joining the C5 unit (Cl—C
6)

1'. Because, the lactones are easily available as an important intermediate for

PGF synthesis. However, it is well known that there is no suitable method to
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Scheme 1.
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introduce directly the C5 unit into the lactones. We wish to report here a
good method to build the C5 unit step by step (C1 + C4) as shown in Scheme 1
(®, @, and Q).

6-0xo—PGFla was synthesized as follows. Lactone 1 was hydrolyzed with
alcoholic potassium hydroxide, and the resulting salt was washed with hexane and
dried well under reduced pressure to give a white powder. To a stirred solution of
the salt in dimethylformamide (DMF) was added iodomethane (1.5 equiv.), and the
stirring was continued for 1 h at r.t. 1Imidazole (4 equiv.) and t-butyldimethyl-
chlorosilane (2 equiv.) were successively added to the reaction mixture, and the
stirring was continued for additional 10 h to give methyl ester 2 (90% yield after
column chromatography on silica gel). The ester 2 was converted to ketones 3a-d,
which have an electron-withdrowing group (EWG) attaching active methylene group,

by the reaction with the corresponding carbanion as shown in Table 1.

Table 1. Reaction of Ester 2 (1 mmol) with Carbanion to Ketone 3
Formation of Carbanion Reaction with 2 Product 3
vield/sP
CH3—EWG LDA Temp Time Solvent a) Temp Time
(mmol)  (mmol) °C h (m1) pethod °C h EWG=
CH3ICH3 2.5 0 0.5 THF a 0o 1.0 —Icn3 86
(12.5) (5) 3a
PhSCH,COOH 5.0 0 1.0 THF A 0-r.t. 2.5 -SPh 71
(2.5) (4) 3b
CH4CO0Bu® 2.5 -40 0.5 THF-hexane B 30 1.5 -cooBu® 81
(1.0) (2) (2) 3¢
B -40 1.5 3c 27¢)
B 0 0.5 3c 619)
B r.t. 0.5 3c 67°)
CH,COOEt 2.5 -40 0.5 THF-hexane B 30 0.5 -cooet  81%)
(1.0) (2) (2) 3d

a) A: Ester 2 was added to the carbanion.

B: The carbanion was added to a solution of ester 2 in THF (1 ml).
b) Isolated yield based on 2.
c) Alcohol (4}C(OH)(CH2COOBut)2, 5%) and 2 (65%) were isolated.
d) Ester 2 (27%) was recovered.
e) B,8-Diketo ester (%PCOCHZCOCHZCOOBut, 3%) and 2 (23%) were isolated.
f) Ester 2 (13%) was recovered.

Alkylation of ketones 3a-d to 4a-d was carried out by treatment with base and
methyl 4-iodobutyrate as shown in Table 2. 6-Oxo—PGF10t tri-t-but&ldimethylsilil
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LA OOMe 3 and 4
R'=R=SiMezBut
R'O H 3" and 4°
s, 4+ OR t
2r 2 R'=THP, R=SiMe2Bu

ether (5) was obtained by desulfurization of 4a (70% yield, excess Al(Hg)) or
deethoxycarbonylation of 4d (93% yield, alkaline hydrolysis, decarboxylation, and
esterification (diazomethane)), though the conversion of 4b and 4c to 5 was not
successful by the usual manner.8) Deprotection of 5 to 6 was achieved by treatment
with tetrabutylammonium fluoride in dry THF at r.t. (90% yield).

Table 2. Alkylation of Ketones 3 to 4
3 Base Solvent Temp Time 4
EWG= (mol equiv.) °C h Yield/%
3a -iCH3 K,CO, DMF r.t. 48 4a 65
(2)
3b -sph NaH DMSO-DME 0 1 4b 66
(1.1)
3¢ -cooBu® K,CO0, DME 30 72 4c 627
(2)
34 -COOEt K,CO, DME 30 48 4a 93P
(2)

a) Ketone 3c (36%) was recovered.
b) Methyl 4-iodobutyrate was used in excess (ca. 2 equiv.),

In the case of the synthesis of 6-o0x0-PGE;, a selective oxidation of 6 to 7
is impossible without the protection of 11,15-dihydroxy groups of 6. Therefore,
we adopted the method via B-keto ethyl ester 3d' from lactone 1'.

To a stirring solution of 2' (1 mmol), derived from 1' similarly as described in
the case of 1 to 2, in THF (1 ml) at 30 °C was added a solution of lithium enolate
prepared at -40 °C by addition of ethyl acetate (1 mmol) to lithium diisopropyl-
amide (LDA, 2.5 mmol) in THF-hexane (50% v/v, 4 ml). The stirring was continued
for 1.5 h at that temperature to afford B-keto ester 3d' (EWG=COOEt, 80% yield)
which was characterized by means of lH NMR & 3.40 (2H, s, -COC§2COOEt) and IR (neat)
1740 (ester), 1715 (ketone) cm-l. The ester 3d' (1 mmol) was treated with K2C03

(2 mmol) and methyl 4-iodobutyrate (2.5 mmol) in 1,2-dimethoxyethane (DME, 2 ml)

to give selectively the a-monoalkylated B-keto ester 4d' (EWG=COOEt) in 90% yield:

g NMR § 3.65 (3H, s, -COOCH,); IR (neat) 1735, 1715 cm '. The ester 4d' was
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hydrolyzed to the corresponding dicarboxylic acid by treatment with alcoholic
sodium hydroxide and followed with diluted hydrochloric acid. The crude acid was
heated with NaHCO3 (ca. 0.5 mol equiv. relative to the carboxylic acid) in reflux-
ing benzene for 1 h. The resulting 4-oxo carboxylic acid was treated with etheral
diazomethane to give the methyl ester 5' in 93% yield based on 44' after column
chromatography on silica gel. Desililation of 5' to 6-oxo—PGF1a 11,15-ditetra-
hydropyranyl ether, which was converted to 6—oxo—PGEl (7) by oxidation followed by
deprotection,s) was achieved by treatment with tetrabutylammonium fluoride in THF
in 90% yield.
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