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Synthesis of (-)-Gleenol via C-H Insertion Reaction of Alkylidenecarbene
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A spiro sesquiterpene alcohol, (-)-gleenol (1) was synthesized
from (-)-I-menthol in 16 steps, using the C-H insertion reaction
of the alkylidenecarbene as the key step. The absolute
configuration of (-)-1 was determined to be 18, 6R, 7S, 10R.

The structure and relative stereochemistry of (-)-gleenol (1), a
spiro sesquiterpene alcohol isolated from a pine tree Picea glehnii,
were determined by X-ray analysis of the epoxy derivative.! (-)-
1 has been isolated from juniper and cryptmeria trees®* and a
marine alga.’ The enantiomer (+)-1 was also found in marine
sponge,®however, their absolute configurations are not known.
(+)-Axisonitrile-3 (2), which has the same relative
stereochemistry as 1, was isolated from marine sponges,’ and it
was recently found that (+)-2 shows an antifouling activity
against barnacle larvae.® The absolute configuration of (+)-2°
was determined by the total synthesis of its enantiomer (-)-2.'°
Here, we describe the stereoselective synthesis of (-)-1 from (-)-
I-menthol using the C-H insertion reaction of the
alkylidenecarbene. The absolute structure of (-)-1 was
determined as shown in the Figure.

Figure

According to the procedure reported by Doyle et al.,'! (-)-I-
menthol was converted into the bicyclic trans lactone 3 via C-H
insertion reaction of rhodium carbenoid, catalytically generated
from [-menthyl diazoacetoacetate. 3 was exposed to sodium
methoxide in methanol and the crude reaction mixture, which
included methyl ester 4 and carboxylic acid 5, was treated with p-
TsOH in CH;Cl; to give the deacylated lactone 6 in good yield.
6 was reduced to the diol 7, which was easily cyclized to the
stable ether 8 under various conditions. Since the free equatorial
hydroxyl group, which is close to the equatorial side chain,
would possibly make the manipulation of the side chain
troublesome, inversion of the stereochemistry and protection of
the secondary alcohol were carried out at this stage.

The primary hydroxyl group of the diol 7 was protected as TBS
ether. Oxidation of the secondary alcohol with Dess-Martin
periodinane followed by reduction with L-Selectride™
exclusively gave the axial alcohol 9, which possesses the correct
configurations for the synthesis of (-)-1.

Carbon chain elongation of 9 to the methyl ketone 12 was
achieved by a somewhat novel method, using only commercially
available reagents.'” Protection of the secondary alcohol as
MOM ether, deprotection of TBS ether and then Swern oxidation
of the primary alcohol gave the aldehyde 10. This was reacted
with the lithiated triethyl 2-phosphonopropionate to afford the

o,B—unsaturated ester 11 as a mixture of cis-trans isomers.
Hydrolysis of 11 and Curtius rearrangement of the carboxylic
acid under Shioiri's conditions,!® followed by mild acidic
hydrolysis of the isocyanate, produced the methyl ketone 12, a
precursor of the alkylidenecarbene.

Treatment of the ketone 12 with dimethyl
diazomethylphosphonate'* in the presence of +-BuOK generated
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Scheme. (a) diketene; (b) TsN3, EtsN; (c) Rha(OAc)s; (d) MeONa,

MeOH; (e) p- TsOH CHoCly (77%); (f) LiAIH4, Et,O (90%); (g) TBSCI,
imidazole, DMF (91%); (h) Dess-Martin periodinane, CHoCls (83%); (i) L-
Selectride, THF (89%); (j) MOMCI, EtgN, CH,Cly (74%); (k) TBAF, THF
(94%); (1) (COCIl),, DMSO, Et3N; (m) (EtO)oP(O)CH(CH3)COOEt, Buli,
THF (83% in two steps); (n) KOH, MeOH; (o) DPPA, EtsN, CHoCly; (p) aq
HCI, MeOH, 1t (53% in three steps); (q) (MeO)oP(O)CHN,, tBUOK, THF
(39%); (r) PPTS, MeOH, 50°C (52%)
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the alkylidenecarbene 13, which underwent 1,5 intramolecular C-
H insertion to produce the spiro compound 14 in moderate yield.
The rearranged compound 15 was also produced. Removal of
the MOM group of 14 gave the final product (-)-1. The 'H- and
BC-NMR spectra of the synthetic compound were essentially
identical with those of the natural product.’ The sign of optical
rotation {[ot]p?? -17° (¢ 0.50, CHCl3)} was the same as the
natural product isolated from plants (-10°!, -15°2, -8.9°9 and the
opposite of the product from the sponge (+1.3°). Thus, the
absolute stereochemistry of (-)-gleenol was determined as 1.
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