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The 6,8-dioxabicyclo[3.2.1]Joctane skeleton is a common structural subunit in natural products. A conceptionally new strategy affording these
structures is described for the syntheses of (+)-exo-brevicomin and rac-endo- and enantiomerically enriched (+)-endo-brevicomin, employing
desymmetrization of trienes derived from diols with C, and meso symmetry via ring-closing metathesis.

Ring-closing metathesifas recently been featured in novel
constructions of smafimedium? and largé rings. Enantio-

selective ring-closing metatheses are also emefgiRg-
consideration, at the strategic level, of synthetic approaches
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to common structural motifs has been stimulated by this tion pheromone of the western pine beeegndroctonus
powerful cycloalkene-forming method. Consider, for ex- brevicomis! (4)-endeBrevicomin enhances the response
ample, the 6,8-dioxabicyclo[3.2.1]octane nucleus present asof southern pine beetlef)endroctonus frontalisto the
a structural element in complex natural products such asfemale-produced pheromone frontalin, ant){endcebrevi-
palytoxirf and pinnatoxin D, and in simpler insect phero-  comin significantly reduces this resporidd&ecause of the
mones such asxo andendebrevicomin (L and2, Scheme serious damage these insects can cause in pine fétéises,
1)& Synthetic routes to these bicyclic acetal units have pheromones are commercially used in their control. Synthesis
of these compounds has been intensively stu#iéic4
The retrosynthetic analysis (Scheme 1) for){exo
Scheme 1. Retrosynthetic Analysis brevicomin () employ_s CfC bond disponnection in the six-
membered carbocyclic ring of the bicyclic acetal, resulting
o \@ in triene3. Metathesis substraderives from intermolecular
O—(R 0/ ketalization between 4R)-3,4-dihydroxy-1,5-hexadiene
— (4)*® and ketones. Forendebrevicomin @), ketal6 emerges
(+)-exo-brevicomin (1) endo-brevicomin (2) as the metathesis substrate, arising from meso Hiahd
U U ketone5.
Ketalization of commercially available 5-chloro-2-pen-

=

not

stereogenic /= ______ /= ......
TNV olbx! Lol tanone §) with diol 4 under DearStark conditions gave
\<0 i P i \<oj ; P 5 the ketal8 in 96% yield (Scheme 2). Elimination with KBu

6 enaLn_ti_c;tz)pic
vinyl groups

3 diasté;’éotopic
vinyl groups

Scheme 2. Synthesis of {)-exoBrevicomin
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typically culminated in intramolecular ketodiol-to-acetal A e POC 9
dehydration, following subunit convergence by intermolecu- PP A - 0

' > et CH,Cl,, 86% MeCH, 82%
lar C—C bond formation. A strategy employing inter- ()1

molecular acetalization for subunit convergence amich-
molecularC—C bond formation has obvious appeal, but has
gone largely unexploret®

Described herein is a demonstration of this strategy for
very short syntheses ofH)-exc, rac-ende, and enantio-
merically enriched{)-endebrevicomin (L and?2), employ-
ing catalytic ring-closing metathesis for carbocycle forma-
tion'® and substrate desymmetrization. These simple and
stereoselective insect pheromone syntheses are amenable
scale-up and could be suitable for industrial application.
Initial results from the use of a chiral metathesis catalyst for
enantioselective desymmetrization of a meso substrate to

and a catalytic amount of 18-crown-6 afforded the desired
triene 3 together with its internal double bond isomer in an
inseparable 14:1 mixture (90%). Ring-closing metathesis with
2 mol % of the Grubbs catalyst A (Figure 1) converih
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yield (+) endobrewcomm are also pregentgd. cl., l'jcf’/ Ph Me g %-CMe,Ph
The exo and endoisomers of brevicomin 1( and 2, orhu O

respectively) are constituents of volatiles from several species Peys Me 'Bu

of bark beetles and have been shown to be necessary for A

B
(=)-(S)-Schrock—-Hoveyda catalyst
(Ar=2,6-(iso-Pr)zCsH3)

their communication.«)-exaBrevicomin () is the aggrega- Grubbs catalyst
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high yield (86%) to the 6,8-dioxabicyclo[3.2.1]octane skel-
eton9, for which an X-ray crystal structure was obtained.
The minor internal double bond isomer did not react and
was separated by flash chromatography. Catalytic hydrogen-
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ation of 9 afforded @)-exobrevicomin ) (82%)1¢ The
observed optical rotation df, [a]?% = +71.5 (c=1.03in
Et,0) is consistent with those reported in the literature for
samples with known enantiomeric excess]?fp = +72.4,
ee= 99.8%, ¢ = 2.0 in E;O);'" [a]*%p = +69.3(c = 2.5
in Et,0), ee> 99%?18 (—)-exaBrevicomin should also be
available from ($49)-3,4-dihydroxy-1,5-hexadiene via this
sequencé?

A racemic synthesis oéndebrevicomin @) (Scheme 3)

acrolein?® Although selective multistep syntheses of the pure
meso diol7 are known?>?'we employed the readily available
mixture. Ketalization of 5-chloro-2-pentanonb) (with a
1.55:1 mesos;t) mixture of 7 afforded the three diastereo-
mers mesel0 (30%), mesell (23%), andrac-8 (37%),
which were separated by flash column chromatography.
Subjection of the meso,cis ketdl0 to the elimination
conditions produced together with small amounts of its
internal double bond isomer (45:1, 68%). The meso tri&ne

proceeded similarly. In this case, the starting material is a was desymmetrized to the racemic 6,8-dioxabicyclo[3.2.1]-

Scheme 3. Synthesis ofendeBrevicomin
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commercially available mixture of meso andt)(diols 7,
which can also be prepared from a pinacol reduction of

octane skeletori2 (87%), with the vinyl group endo, via
ring-closing metathesis using 7 mol % of the Grubbs catalyst
A (Figure 1). As before, the internal double bond isomer of
6 did not react. Catalytic hydrogenation 4P afforded
racemicendebrevicomin @) (87%)?22

The chiral, commercially available—)-(S)-Schrock-
Hoveyda catalyst B (Figure 1) was used for the asymmetric
desymmetrization of the meso triee Ring-closing me-
tathesis with 10 mol % of catalyst B afforded an enantio-
enriched mixture of {)- and ()-12 with 55-59% ee
(determined by chiral HPLC). The identity of the major
enantiomer as{)-12 was established by comparison of the
optical rotation of the hydrogenation prodt([o]?*p =
+37.5, ¢=1.00 in EtO) with that of (+)-endebrevicomin
in the literature: )%, = +79.0° (c = 1.10 in E£O),%* [0]%%
= +79.5 (c = 1.18 in E$0).23

In summary, a new strategy has been demonstrated for
the stereoselective construction of the 6,8-dioxabicyclo[3.2.1]-
octane skeletons of the brevicomins, based on desymmetri-
zation of triene substrates via ring-closing metathesis. Initial
results for the enantioselective desymmetrization of meso
triene6 have also been recorded. To our knowledge, this is
the first time enantioselective ring-closing metathesis has
been used in a natural product synthesis. The intermediate
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substantial potential for further derivatization. Ongoing
efforts will show that this strategy is also suitable for other
bicyclic acetal structures.
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