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Synthesis of 3-Hydroxy-5-oxonene via 2,3-Epoxy-5-oxonene
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Synthesis of 2r, 3t, 9t- and 2r, 3t, 9¢-2, 9-diethyl-3-hydroxy-
5-oxonenes was achieved by the reduction of 2, 9-diethyl-2, 3-
epoxy-5-oxonene which was prepared from 2, 9-diethyl-2, 5-
oxonadiene and dimethyldioxirane. Stereoselective conversion
of these 3-hydroxy-5-oxonenes was also described.

Development of the general method for synthesis of 5-
oxonene structure, which is often seen in marine natural products,
such as isolaurallene, ! neolaurallene and obtusenyncs ® is now
one of the important subjects for synthetic chemists.* As part of
our studies on the total synthesis of the above natural products,
we describe here the facile synthesis of monocyclic 3-hydroxy-
5-oxonene and its stereoselective conversion.

B “Q

-~ 07, oy

B PN
| IL /7
isolaurallene l neolaurallene l Br obtusenyne I l

Br “Cl

Br
Reduction 38
oH = y —>

Our plan for 2-step construction of 3-hydroxy-5- -oxonene
structure 1 from 2, 5-oxonadiene 3 is shown in Scheme 1°
alcohol 1 would be given by the reduction of 2, 3-epoxy-5-oxonene
2 which could be produced by the epoxidation of dienol ether 3
with dimethyldioxirane6 under neutral conditions. Here, some
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questions existed: 1) does epox1dat10n occur at the 2-position of
monocyclic 3 selectively? ; 52)is epoxide 2 stable enough to
handle? ; 3) how is the stereoselection in epoxidation step and
reduction step? We intended to answer these questions.

The epoxidation of dienol ether 3" with dimethyldioxirane
was performed in the following way (Schcmc 2). Anhydrous
dimethyldioxirane solution in acetone™ (1.5 eq.) was added
dropwise to a solution of 3 in co-solvent (CH,CL, or Et,0)
(acetone/co-solvent=1 : 1) at -70 °C. After 10 min, the temperature
was raised at -40 °C and maintained for 10 min. Then, 2-
methyl-2- butene® was added to the reaction mixture to quench
unreacted dimethyldioxirane. After solvent removal at 0 °C i 1n
vacuo (20 Torr), a crude mixture of 2, 3-epoxy-5-oxonenes 4
and 5° was given as an almost pure form. Under the conditions,
epoxidation occurred at the 2-position selcctively.‘tc Although
both epoxides were unstable to silica fgel and could not be detected
by TLC, they could be observed by H NMR.’ Major epoxide 4
was stable in neutral solution at 20 °C for several hours. On the
other hand, minor 5 was converted to enol ether 6 spontaneously
and cleanly in CH,Cl,, CDCl, and benzene-d, at 20 °C, and the
conversion was completed in all cases within 30 min. Accordingly,
the mixture of epoxides required quick handling at low
temperature (below 0 °C). The stereoselectivity in epoxidation
varied with co-solvent. The ratio of 4 to 5 which could be
estimated accurately by "H NMR after complete conversion of 5
to 6 in CH,CL, at 20 °C was higher in CH,Cl, (5 : 1) than in Et,0
(2.7:1). Thestereochemistry of 4 and 5 wasunknown at this stage.

Next, we examined the conversion of epoxides 4 and 5 to
3-hydroxy-oxonenes. Among the several attempts to reduce the
epoxides, only DIBAH gave the desired products. The immediate
reaction of the mixture of 4 and 5 prepared in Et,0-acetone with
DIBAH in CH,Cl, at 0 °C gave oxonenes 7 and 8 in 20% and
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Scheme 2. Reagents and conditions: a) dimethyldioxirane (1.5 eq), acetone-co-solvent (1:1), -70 °C, 10 min, then -40 °C,
10 min, then 2-methyl-2-butene (1.5 eq), 5 min, then solvent removal at 0 °C in vacuo (20 Torr); b) CH,;Cl,, 20 °C, 1 h; ¢)
DIBAH (4 eq), hexane-CH,Cl, (1:1.6), -75 °C, 10 min, then 0 °C, 6.5 h; d) DIBAH (4 eq), hexane-CH,Cl, (1:1.6), -75 °C,
10 min, then 0 °C, 21 h, 18% (from 3), (a 5:1 mixture of 4 and 6 was used.).
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16% yields from 3, respectively, together with a small amount
of oxocene 9.'!" On the other hand, the epoxides prepared in
CH,Cl,-acetone produced 7 and 8 m 28% and 2% vyields,
respectively, under the same conditions.'” The product ratio of
7 and 8 seemed to correspond to the ratio of starting 4 and 5,
respectively. Indeed; when the mixture of epoxides was treated
with DIBAH after complete conversion of 5 to unreactive 6, 7
was given as only oxonene product from 4."°

The stereochemistry of 7 and 8% was determined by 'H
NMR. Furthermore, the structure of 7 was confirmed by X-ray
crystallographic analysis after conversion to the crystalline p-
bromobenzoate. The preference of B-attack in the epoxidation
step was clarified at this time. Interestingly, the hydride
substitution at C-2 of both 4 and 5 occurred in the same side to
the oxygen of epoxide in the reduction step.
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Scheme 3. Reagents and conditions: a) (COCI),, DMSO
CH,Cl,, -78 °C, 20 min, then Et3N; b) DBU (5 eq), benzene,
reflux, 96 h; ¢) L-Selectride (3 eq), THF, -78 °C, 20 min, then
20 °C, 45 min.

Then, stereochemical conversion of 7 and 8 was examined
(Scheme 3). Swern oxidation of 7 and 8 gave ketones 10 and
11, respectively. The treatment of 10 with DBU in refluxing
benzene inducedcomplete epimerization at the 2-position (>99:1)
to give thermodynamlcally stable 11 in 82% yield without olefin
migration.”? Reduction of ketones 10 and 11 with L-Selectride
produced only 2, 3 czs—3 -hydroxy oxonenes 12 and 13 in good
yield, respectlvely ® Thus, all four diastereomers of 2, 9- -diethyl-
3-hydroxy-5-oxonene were prepared from dienol ether 3.

In conclusion, facile 2-step synthesis of 3-hydroxy-5-
oxonenes 7 and 8 from dienol ether 3 via 2, 3-epoxy-5-oxonenes
4 and S was accomplished. The usage of CH,Cl, as co-solvent
in epoxidation step heightened the ratio of 4 to 5. The stereo-
selective conversion of 7 and 8 to 12 and 13 was also achieved.
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