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1,2-CARBONYL TRANSPOSITION OF c1s-BICYCLO[3.3.0]JOCTAN-2-ONE TO ITS 3-ONE SKELETON:
APPLICATION TO SYNTHESES OF 41-HIRSUTIC ACID AND 41-9(0)-METHANOPROSTACYCLIN

Mayumi YAMAZAKI, Masakatsu SHIBASAKI, and Shiro IKEGAMI*
Faculty of Pharmaceutical Sciences, Teikyo University, Sagamiko, Kanagawa 199-01

A synthetic route to dl-hirsutic acid and an improved synthesis of d1-9(0)-
methanoprostacyclin, both of which employ the 1,2-carbonyl transposition as a key

step, are described.

In the course of our synthetic studies on biologically interesting substances ( coriolin
and prostacyclin methano-analogs ) by utilizing 1,3-cyclooctadiene,] we became interested in
the development of a methodology of the 1,2-carbonyl transposition (1—>2). Since a variety of
ketones (l) are now available in the stereo and regiocontrolled manner starting from 1,3-
cyc]ooctadiene,1 the efficient transposition (1->2) opens new synthetic routes to other polycyclo-
pentanoids such as hirsutic acid and hirsutene. In this communication, we describe a new
synthesis of hirsutic acid and an improved synthesis of 9(0)-methanoprostacyclin, both of which

employ the efficient 1,2-carbonyl transposition as a key step.
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Several unsatisfactory trials of the 1,2-carbonyl transposition2 (l—*g) led us to the
development of a new efficient method based on the steric nature of a cis-bicyclo[3.3.0]Joctane
ring system. Thus, the ketone (3), obtainable in 9 steps from 1,3-cyclooctadiene,] was converted
to the tosylhydrazone (4) by treatment with 1 equiv of tosylhydrazine in ethanol ( reflux, 6 h ),
and the tosylhydrazone (4) was directly subjected to the Bamford-Stevens reaction ( 5 equiv of
MeONa, diglyme, reflux, 1 h )3 to afford the olefinic product (§)4 in the regiocontrolled manner.
Treatment of the crude reaction products with fluoride ion gave the hydroxy-olefin (g) in 51%
yield from 3 [ pmr(CDC13,TMS): §5.15-5.92 ( 2H, olefinic protons ) ], which was again protected
as THP ether.5 Reaction of the THP ether (7) with 1 equiv of NBS in DMSO-H20 ( 100:1 )( 10.2
ml/g ) at room temperature for 20 min yielded the bromohydrin (Q)6 as the major product, which
was subsequently treated with 1.5 equiv of tri-n-butyltin hydride and a catalytic amount of
AIBN in benzene ( reflux, 10 min ) to afford the alcohol (9) as the major product. Oxidation
of 3 with PCC and sodium acetate in methylene chloride gave the transposed ketone (1Q) in 65%
overall yield from 6 ( rf 0.48, silica gel, ether-petr.ether 2:1 ) and a small amount of 1] ( rf
0.58 ) in 6% yie]d.7 The regio and stereocontrolled formation of 8 is rationalized by considering
that the exo-bromonium ion was attacked by hydroxide ion at the less hindered site.]C’8

Having established an efficient synthesis of 10, the ketone (lg) is now available in
sufficient quantity to pursue our synthetic studies toward hirsutic acid.9 The ketone (lg) was
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subjected to Wittig reaction ( Ph3P=CH2, DMSO ) to yield the exo-olefin (12) in quantitative
yield. Treatment of 12 with methoxycarbenega afforded a mixture of 13a and 13b ( 2.6:1 )
quantitatively. Deprotection of the desired 13a in AcOH—HZO—THF ( 3:1:1 ) furnished the alcohol
(14), which was then oxidized with PCC and sodium acetate in methylene chloride to give the
ketone (l§)°]0 Treatment of 15 with aqueous methanolic hydrogen chloride at reflux temperature
for 1.25 h yielded the aldehyde (16). Oxidation of 16 with Jones reagent and subsequent
esterification with diazomethane resulted in the clean formation of the methyl ester (l§) in 38%
overall yield from 13a. The stereo and regiocontrolled introduction of an allyl group was
performed by treatment of 18 with 10 equiv of allyl bromide and 1.5 equiv of sodium hydride in
DMEga’]] to give the ketone (19) in ca. 50% yield. The allyl-ketone (13) was subjected to
Wacker-type oxidation by using palladium ch]or‘ide]e’w’]2 to afford the methyl-ketone (20) in
50% yie]d.]3 Cyclization of 20 by treatment with 0.5 equiv of potassium t-butoxide in t-butyl
alcohol provided the tricyclic enone (21) in 53% yield, which is a key intermediate for the
synthesis of hirsutic acid reported by Matsumoto and Shirahama.9a Comparison of its spectral
data with those of an authentic sample confirmed their identity. Thus, a synthetic route to
d1-hirsutic acid (22) from 1,3-cyclooctadiene was accomplished by utilizing the 1,2-carbonyl
transposition (3—>10) as a key step reaction.
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The 1,2-carbonyl transposition method deyeloped aboye can be applied to the more complex
molecule (23), whose synthesis from 1,3-cyclooctadiene has already been established in the
stereo and regiocontrolled manner.! The ketone (23) was converted to 24 with 1 equiv of tosyl-
hydrazine in ethanol ( reflux, 6 h ), which underwent the Shapiro reaction by treatment with 4
equiv of n-butyllithium in THF ( -78°C, 1.25 h ) to afford the olefinic product (25) in the
regiocontrolled manner. Deprotection of 25 with fluoride ion gave the dihydroxy-olefin (26) in
57% yield from 23. At this stage, the isomers ( C-15 position, PG numbering ) were easily
separable, and the 15a-isomer was again protected as THP ether to give the bis-THP ether (27)
in quantitative yield. Treatment of 27 with 1 equiv of NBS in DMSO-H,0 ( 100:1 )( 5.1 ml/g )6
at room temperature for 20 min afforded the bromohydrin (28) as the major product,14 which was
then subjected to reductive debromination by reaction with 1.5 equiv of tri-n-butyltin hydride
and a catalytic amount of AIBN in benzene ( reflux, 10 min ) to provide the alcohol (23) as the
major product. Oxidation of 29 with PCC and sodium acetate in methylene chloride resulted in
the formation of the transposed ketone (3Q) and its isomer (3]) in 84% overall yield from 27.
Separation of the transposed ketone (gg) from 3] was so difficult at this stage that a mixture
of 30 and 3} was deprotected in AcOH-H,O0-THF ( 3:1:1 ) to give a easily separable mixture of 32
( rf 0.14 silica gel, ether ) and 33 ( rf 0.22 ) in a ratio of 5:1. The diol (32), synthesized
above, was identical with an authentic materia]l in every respect ( ir, pmr, mass, tlc ). The
present carbonyl transposition (23—>32) offers an improved synthesis of biologically interesting
9(0)-methanoprostacyclin (34) from 1,3-cyclooctadiene.
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