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Synthesis of (+)-Pentalenene via Regioselective Intramolecular
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Abstract: A stereoselective synthesis of (t)-pentalenene has been described via an intramolecular
Diels-Alder reaction of trisubstituted cyclopentadiene and subsequent elaboration of the C-ring including
stereoselective induction of the 9-methyl group.

Construction of complex fused ring systems has been an attractive target of synthetic organic chemists.
Pentalenene is a sesquiterpenoid isolated from Streptomyces griseochromogene and belongs to a class of non
linear fused triquinanes having structural feature of a bridged arrangement of three cyclopentanes.! A number of
existing syntheses employed a strategy involving the A-B rings construction followed by annulation of the C-
ring, although stereocontrol of the methyl group of the C-ring was often achieved with difficulty.22. Here, we
report highly stereoselective synthesis of (+)-pentalenene via the C ring elaboration including stereoselective
induction of the methyl group onto the A-B rings prepared by an intramolecular Diels-Alder reaction of
trisubstituted cyclopentadiene.

In a recent paper relating to thermal reaction of alkenylcyclopentadienes we have described that
cyclopentadiene 4 which prepared by [3 + 2] annulation of allylidenetriphenylphosphorane 2 and bromoketone
3 underwent highly regioselective [4 + 2] cycloaddition to give § and 6 in a ratio of 96:4.2 The major product 5
possesses the A-B ring system of pentalenene. The remaining problem is reconstruction of the C-ring including
stereocontrolled introduction of the methyl group. This is resolved as demonstrated in Scheme 1. The mixture
of § and 6 was reduced with LiAlH4 and the crude product was treated with aqueous 2M HCI followed by
TBDMSCI. Column chromatography gave the ketone 7 in 81% overall yield based on 4. Methylation of 7 with
LiHMDS in THF followed by Mel-DMPU took place from the less hindered o.-side in a highly stereoselective
fashion to afford a-methyl ketone 8 in 90% yield. The stereochemistry of 8 was confirmed by a combination of
IH 2D NOESY and COSY NMR spectrometry. Compound 8 was converted into the monotosylate 93 in 79%
overall yield by reduction with L-Selectride followed by deprotection and tosylation. Attempted fragmentation
of 9 with NaHMDS in THF resulted in the formation of completely epimerized aldehyde in 48% yield.
However, when 9 was treated with an equiv. of NaHDMS in the presence of an excess of methoxymethylene-
triphenylphosphorane in THF at -78 to 0 °C, the fragmentation proceeded nicely and the resulting aldehyde was
trapped efficiently by following Wittig olefination without epimerization to give 11 in 81% yield. Thus, C7-Cg
bond cleavage and one-carbon homologation were achieved in a single operation. Compound 11 was converted
into the ketone 12 in 62% overall yield via the following sequeneces, (1) hydrolysis of the methyl vinyl ether,
(2) reduction with NaBHy4, (3) tosylation and then (4) ozonolysis. Intramolecular alkylation of 12 underwent

89



nicely by treatment with 1.2 equiv. of NaHMDS in THF at 0 °C to give the tricyclic ketone 13 in 92% yield.
Finally, treatment with MeLi-CeCl3 and subsequent dehydration with toluenesulfonic acid furnished (&)-
pentalenene (1)* in an almost quantitative yield. The spectra (\H NMR, 13C NMR and Mass) of 1 were
identical with those of authentic sample.4
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Scheme 1. Reagents: (i), (ii) see ref. 2. (iii) 1. LiAlHg4, THF; 2. ag. 2M HCI/CHCl3; 3. TBDMSCI, imidazole,
DMF: 81% from 4. (iv) LIHMDS, THF, Mel, DMPU, -78 °C; 90%. (v) 1. L-Selectride, THF: 2. TBAF, THF:; 3.
TsCl, pyridine; 79% from 8. (vi) NaHMDS, THF, -78 to 0 °C. (vii) NaHMDS (1 equiv.), Ph3P=CHOMe (5 equiv.),
THF, -78 to 0 °C, overnight; 81%. (viii) 1. TSOH, PPTS, aq. acetone, rt, overnight; 2. NaBH4, EtOH, 0 °C; 3. TsCl,
pyridine; 4. O3, MeOH-CH;Cl3, Me;S; 62% from 11. (ix) NaHMDS (1.2 equiv.), THF, 0 °C, 3 h; 92%. (x) 1. MeLi,
CeCl3, THF. -78 °C. 1 h: 2. TsOH, benzene, reflux 2 h; 98% from 13.
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