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A SIMPLE STEREOSELECTIVE SYNTHESIS OF (1R,3R,5S)-1,3-DIMETHYL-2,9-DIOXA-
BICYCLO[3,3,1INONANE USING REGIOSELECTIVE RING-OPENING OF
(R)-B-METHYL-8-PROPIOLACTONE

Toshio SATO, Toshiyuki ITOH, Chihiro HATTORI, and Tamotsu FUJISAWA*
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A facile stereoselective synthesis of (1k,3R,55)-1,3-dimethyl-
2,9-dioxabicyclo[3.3.1]lnonane was achieved from (R)-2-hydroxy-7-
octen-4-one, which was easily prepared by the copper-catalyzed

reaction of (R)-B-methyl-B-propiolactone with vinylmagnesium bromide.

Endo-1,3-dimethyl-2,9-dioxabicyclo[3.3.1lnonane (]) is an interesting
biologically active substance isolated from Norway spruce infested by a major
timber pest, the ambrosia beetle ( Trypodendron lineatum Oliv.), and has shown to
1,2) Although

four optically active isomers of endo- and exo-1 have been recently synthesized
3)

exhibit an important role for causing host selection of this beetle.
from D-glucose in somewhat lengthy steps, the absolute configuration of natural 1
has been unknown yet. We wish to report here a fairly simple stereoselective way
to synthesize an endo-enantiomer, [1R,3R,5S]-isomer using the regioselective ring
opening reaction of (R)-B-methyl-B-propiolactone (2).

Previously, the Sy2 type copper-catalyzed reaction of optically active B-
methyl-B-propiolactone with Grignard reagents, accompanying the ring-fission
between the B-carbon and the ether oxygen, has been shown to provide an efficient
method for the synthesis of optically active natural products wvia chiral 3-

substituted butyric acid derivatives.?)

On the contrary, in the present synthesis
the regioselective reaction of lactone 2 with vinylmagnesium bromide at the acyl
carbon is utilized for the synthesis of the key starting material, <Z.e., (R)-2-
hydroxy-7-octen-4-one (3), which seems to be formed by the Michael addition of
vinylmagnesium bromide to the initial ring-opening product, (FR)-5-hydroxy-l-hexen-
3-one.

The lactone 2 was easily prepared4) from (5)-(+)-3-bromobutyric acid (98% ee;
[M]2,+114.2° (c 2.3, 2M HC1l0,), lit.>) [M]2%+116.5°) in a yield of 70%; [al% +28.8°
(c 4.3, CHC1l3) (95% ee).6) When vinylmagnesium bromide (2 eq) was added to a
mixture of 2 and copper(I) iodide (2 mol%) in THF-Me,S (20:1) at -10 °C and the

reaction mixture was stirred for 1 h at the same temperature, the desired (R)-
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hydroxy ketone’) 3 was isolated in a high yield of 89% by distillation; [a]%® -57.2°
(c 2.27, CHCl;); bp 80 °C/0.3 mmHg (kugelrohr); NMR (CCly) & 1.15 (3H, 4, J = 6
Hz), 2.3 - 2.5 (6H, m), 3.7 (1H, s), 4.0 - 4.4 (1H, m), and 4.8 - 6.0 (3H, m).

Next key step for construction of the endo-isomer 1 was stereoselective
reduction of 3 to erythro-7-octene-2,4-diol (4), which was easily achieved by the
procedure reported by Narasaka and Pai.s) Thus, treatment of 3 with tributylborane
and subsequent reduction with NaBH, furnished erythro-diol U (erythro:threo = 94:6).
Erythro-U was isolated by silica gel TLC (AcOEt:hexane = 2:1) in 85% yield; [a]%
-15.0° (c 1.14, Meon).?)

Treatment of 4 with 2-methoxypropene gave acetonide (5) (93%); bp 95 °C/15
mmHg (kugelrohr); [al®' -12.05° (c 1.33, CHClj3;). The acetonide was converted to
alcohol (6) by hydroboration (90%), and oxidized by pyridinium dichromate (PDC) in
CH,Cl, to give aldehyde (7) (60%). Treatment of 7 with methylmagnesium bromide in
THF at 0 °C furnished secondary alcohol (8) (quant.), which was oxidized by PDC in
DMF to ketone (9) in 86% yield. Ketone 9 was smoothly converted to bicyclononane 1
by the reported procedure;3) bp 160 °C/120 mmHg (Kugelrohr); [al?' -32.4° (c 0.25,

pentane), lit.>) [a]¥ -37.3°.
origw >,
SAAA AN AA
4: R",RZ2=H 6: X=CH20H 8: X =CH(OH)CH3
5: R’,R2=Xm: 7: X = CHO 9: X = COCH3
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