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Enantioselective Syntheses of (+)- and (-)-Frontalin#

*
Masaki OHWA and Ernest L. ELIEL
Department of Chemistry, University of North Carolina,
Chapel Hill, NC 27514, U.S.A.

(+)- and (-)-Frontalin have been obtained from a chiral
1,3-oxathiane precursor in a short (3-step) synthesis in moderate
(70%) enantiomeric excess (e.e.). A longer (6-step) modification
gives the two enantiomers in 96% e.e. Overall yields range from 28
to 43%.

Frontalin, the aggregation pheromone of females of the southern pine bark

beetle, Dendroctonus frontalis and of males of the western pine bark beetle,
1)

Dendroctonus brevicomis was first synthesized in its two enantiomeric forms by

2) The natural pheromone is predominantly the (1S)-(-) isomer, as evidenced
3,4)

Mori.
by the fact that only this enantiomer has pheromone activity.

A number of enantioselective syntheses of both (+)- and (—)-frontalins) as
well as syntheses from naturally occurring chiral precursorss) have been reported.
Some of these syntheses are quite convenient and produce product of over 90%
enantiomeric purity. We report here enantioselective syntheses based on our

)

previously reported7 oxathiane route.

Scheme 1 shows a synthesis of (+)-frontalin. Addition of the Grignard

reagentS) prepared, at 0 °C, from the ethylene ketal of 5-bromo-2-pentanone

10)

9) to

the previously described acetyloxathiane A proceeds in good yield to give
carbinol B; however, in contrast to previous experience,7) the diastereomeric
excess of B was only 68%.11) 12 that, when the Grignard
reagent complexes with an alkoxyl group in the side chain of the oxathianyl ketone
substrate, the stereoselectivity of the oxathiane based synthesis is depressed (as
a result of competitive interference with chelation to the oxathianyl oxygen). It

now appears that self-complexation of the Grignard component in the reaction also

We had previously found

leads to lowered stereoselectivity.

In the further course of the synthesis - purification of B by chromatography,
N-chlorosuccinimide/AgNO3 cleavage13) and borohydride reduction to C, as previously
described,7) followed by intramolecular ketalization to (+)-frontalin - an
augmentation of the enantiomeric purity occurred, presumably in the chromatographic
step. However, in the natural [(-)-frontalin] series (Scheme 2), no such

14)

augmentation occurred and the final product was obtained in only 70% e.e. It

is of interest that, though the enantiomeric purity of the product might be

#Dedicated to Professor Teruaki Mukaiyama on the occasion of his 60th birthday.
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B' is a diastereomer of B (Scheme 1) and C' is the enantiomer of C.
The reagents are the same as in Schemes1 and 3.

Scheme 2.

considered unsatisfactory, it does, in fact,

composition (85:15) of the natural pheromone

frontalis female!4)

In previous studie512)

chain depresses the stereoselectivity of the

almost exactly correspond to the
isolated from the Dendroctonus

we had noted that, though an alkoxy group in the side

Grignard addition, the same is not

true for a triisopropylsililoxy (TIPS) group. Apparently the greater steric demand

of the TIPS group prevents chelation with it
the oxathiane oxygen is not interfered with.
for a TIPS group in the Grignard reagent. As

was fulfilled;15) however, the synthesis now

and thus the desired chelation with
We felt that the same might be true
shown in Scheme 3, this expectation
requires a slight detour in that the

(commercially available) 5-chloro-2-pentanone needs to be reduced and sililated

prior to reaction and that the product of the Grignard addition must be

deprotected, oxidized and ketalized before the synthesis continues according to
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D', E', F' are diastereomers of the corresponding intermediates ( D-F ) in
Scheme 3. For structures of A' and B', see Schemes 1 and 2.
The reagents are the same as in Scheme 3.

Scheme 4.

Scheme 1. This increases the number of steps from three to six, but, in return,
(+)-frontalin is obtained in 96%. e.e.

The synthesis of (-)-frontalin (Scheme 4) proceeded analogously, though in

somewhat better overall yield; the e.e. of the product was again 96%.14)

The oxathiane precursor of acetyloxathiane A' may be obtained as a by-product

16)

in the synthesis of A; a more rational synthesis of this material will be

reported elsewhere.l7) Preparation of A' by lithiation of the oxathiane precursor,

treatment with acetaldehyde and Swern oxidationls) was analogous to the preparation
10)

of A.

To obtain the TIPS-protected 5-chloro-2-pentanol, the corresponding ketone was
reduced with BH3-THF and subsequently protected with (iPr)3SiCl in methylene
chloride with imidazole and 4-dimethylaminopyridine as catalysts.
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