Tetrahedron Letters,Vol.23,No.52,pp 5553-5554,1982 0040-4039/82/525553-02%$03.00/0
Printed in CGreat Britain ©1982 Pergamon Press Ltd.

SHORT-STEP SYNTHESIS OF OPTICALLY AND BIOLOGICALLY ACTIVE EXO-BREVICOMIN

Yukio Masaki,* Kinnosuke Nagata, Yuzuru Serizawa, and Kenji Kaji
Gifu College of Pharmacy, 5-6-1 Mitahora Higashi, Gifu 502, Japan

Summary: Optically and biologically active (1R,5S,7R)-(+)-exo-brevicomin was
synthesized in the six-step sequence starting from diethyl (S,S)-(-)-tartrate.

Exo-brevicomin (1), one of the attractant pheromones of the western pine
beetle, Dendroctonus brevicomis Le Conte, was isolated and identified as exo-7-

ethyl-5-methyl-6,8-dioxabicyclo[3,2,1]octane by Silversteinl) and the absolute
stereochemistry of biologically active one was determined as (1R,55,7R)- (1) by
Mori's energetic synthetic study of both enantiomersz) and biological evaluation.s)
Among the syntheses of exo-brevicomin,4) thg gp;ically active version was limited
395

involving the protection and regeneration of asymmetric glycol and steps required

to Mori's, Meyer's, and Bernardi's reports. Except the last one,6) steps

for the partial elongation of the carbon chain made the synthetic schemes relatively
long in the former two reports although the asymmetric center of easily accessible
tartaric acid was effectively took in the basic structure 6,8-dioxabicyclo[3,2,1]-
octane of (1 and the enantiomer). Now we describe a short and practical synthesis
of optically and biologically active exo-brevicomin (1) starting from diethyl (S,S)-
{-)-tartrate (2) with a new concept in which the construction of the acetal func-
tionality with the requisite carbon chain in the structure (1) on the first step

of the synthesis requires no tedious protection and deprotection of diol portion

of (2), and no differentiation of the two carboxylates in (2) is employed by
intramolecular carbon-carbon coupling between the nucleophilic and the electrophilic
partners located on the same face of the five membered ring of acetal (6).

MeO,_ ,OMe CO.Et R =—0H R =—0-Tos
COZEt 0 % 2 0o = =
0,Ph : : z
HO~—4—H (3 2
H OH or — —> OH -Tos
0 0 0,Et 0 0
0,Et
2 )\/\Sph (4) R=50,Ph (5) R=SO,Ph (6) R=50,Ph
(2) (7) (8) R=SPh (9) R=SPh (10) R=SPh
S0.,Ph

5553



5554

Acetalization of (g)z) with 4-phenylsulfonyl-2-butanone dimethyl acetal (§)7)
was carried out by heating at 80~90 °C in benzene for 20 h in the presence of
catalytic amount of p-TsOH to give the sulfone-ester (4) as a syrup in 87% yield.
Reduction of the ester functions with NaBH48) in EtOH at 5 °C for 1 h gave nearly
quantitatively the diol (5) which without purification was treated with 2.2 equiv.
of p-TsCl in pyridine at 15 °C for 20 h to furnish the ditosylate (6) as a crystal-
line compound, mp. 98-100°C, [dJD+3.3°(CHC13), in 90% yield from (4). This
ditosylate (6) was also obtained by way of the other acetal (8) prepared from (2)
and 4-phenylthio-2-butanone (7) 9 analogously (p-TsOH/benzene/reflux/2 d), reduc-
tion with NaBH4 to the diol (9), mp. 60-61°C, [d]D-10.8°(CHC13), tosylation to
(10), and finally oxidation with m-Cl-perbenzoic acid (CH2C12/5 °C/1 h) in 62%
overall yield. Intramolecular carbon-carbon coupling, the crucial step of the
present synthesis was realized by treatment of (6) with 1.5 equiv. of n-BulLi in
THF at -20~0 °C for 1 h, providing the desired 6,8-dioxabicyclo{3,2,1]octane (11)
in 81% yield, mp. 138-139°C, ki] +27. 5(CHC13). The remaining tosylate function-
ality in (11) was effectively utlllzed for intermolecular alkylation. Thus,
methylation of (1l1) by treatment with MeZCuLi in EtZO and MeZS at -20~20 °C for
5 h produced 3-phenylsulfonyl-exo-brevicomin (12) (76%), mp. 85-87°C, [d]D+49.5°
(CHClS). The final step, reductive desulfonylation was conveniently achieved on
treatment of (12) with Na and EtOH in THF at 0~5 °C for 1.5 h. Purification of
the product by chromatography on silica gel eluted with pentane—EtZO and distil-
lation gave pure (+)-exo-brevicomin (1)} (67%), bp. 95-100°C/105 Torr.(bath temp.),
kX]D+81 6°(Et O), which was 1dent1fled with the authentic one by spectral
comparisons (IR NMR, and MS).
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