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Stereospecific Rearrangements in Tricyclopentanoid Sesquiterpenes: The Absolute
Configuration of (-)-Isocomene, (-)-3-Isocomene, and (-)-Silphinene!
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Summary: The determination of the absolute configu-
ration of (-)-isocomene ((-)-9), (-)-8-isocomene ((-)-3),
and (-)-silphinene ((-)-15) by correlation with (-)-mod-
hephene ((-)-(3aR,4R,6aS)-4) via stereospecific rearrange-
ments is described.

Since their detection, the cyclopentanoid sesquiterpenes
(-)-modhephene ((-)-4),2 (-)-isocomene ((-)-9),2 (-)-B-
isocomene ((-)-3),* (-)-silphinene ((-)-15),5 and (-)-sil-
phiperfolene ((-)-10)8 have been the focus of considerable
interest. A large number of ingenious syntheses?8 have
emerged, but only five are enantioselective. These concern
(~)-modhepheneZke and (-)-silphiperfolenefed.f and estab-
lished their absolute configurations as (-)-(3aR,4R,6aS)-4
and (-)-(3R,3a8S,5a5,8a5)-10, respectively. This is in
accord with their proposed biosynthesis from (-)-8-
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caryophyllene ((-)-(1R,9S)-2) via cations 727 [to give (-)-
4] and 13%8 [to give (-)-10], respectively.

In order to determine the hitherto unknown absolute
configurations of (-)-isocomene ((-)-9), (-)-g-isocomene
((-)-3), and (-)-silphinene ((-)-15), and hence their relation
to (-)-caryophyllene ((-)-(1R,95)-2), we took advantage of
the fact that both 4 and 9(3) and 10 and 15 may formalily
be derived from each other by three consecutive 1,2-shifts
[4-5-6~7-8-9(3) and 10-11-12-13-14-135, respectivelyl.
We therefore rearranged not only optically active dispirane
(-)-(56S,6R,7R)-1 beyond the stage of (-)-modhephene
((-)-(3aR,4R,6a8)-4)% (AH; = —25.6 kcal/mol? ) but also
natural (-)-silphinene!® ((-)-15) (AH; = ~25.2 kcal/mol).
In the first case, previous experiments with ()-1 had
shown? that isocomene ((1R,3aS,5a5,8aR)-9) (AH;=-26.9
kcal/mol) would be formed. Inthesecond case, we expec-
ted the formation of silphiperfolene (10) (AH; = -31.7
keal/mol).
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Figure 1. Capillary gas chromatograms (25-m X 0.25-i.d.
deactivated fused-silica capillary column coated with heptakis-
(2,3,6-tri-O-methyl)-8-cyclodextrin in OV-1701 (0.07 M), at 110
°C, carrier gas 0.6 bar H;). Product distribution after rearrange-
ment with 1 equiv of 5% (w/w) of Hy80, on silica gel in benzene
at 70 °C: (-)-1 (0.075 M) after 3 h (a) and 40 min (d); (-)-15
(0.082 M) after 3 h (b) and 30 min (c); (e) natural (-)-9; (f) synthetic
(£)-9.

sulfuric acid on silica gel in benzene for 3 h at 70 °C. To
our surprise, capillary gas chromatography on permeth-
ylated 8-cyclodextrin revealed that the outcome in both
cases was virtually the same (Figure 1a,b). This indicated
that (-)-silphinene ((-)-15) had largely rearranged via an
initial 1,3-hydrogen shift (14-7), yielding the same enan-
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tiomer of isocomene ((1R,3a8,5aS,8aR)-9) as formed from
(-)-modhephene ((-)-(3aR,4R,6aS)-4), a known interme-
diate of the rearrangement of dispirane (-)-(5S,6R,7R)-
1.2

To confirm this result and to determine the sign of
rotation, isocomene ((1R,3aS,5a8,8aR)-9), as formed from
both (-)-1 and (-)-15, was isolated from incompletely
rearranged samples (Figure 1d,c) by chromatography on
silica gel doped with 20% (w/w) silver nitrate using pentane
as eluent. First, tH-NMR confirmed the structural
assignment,1? and then capillary gas chromatography on
permethylated B8-cyclodextrin proved the identity with
natural (-)-isocomene’® (Figure 1e,f). Thus, it became clear
that the absolute configurations of (-)-isocomene and (-)-
silphinene are (1R,3a8,5a5,8aR)-9 and (-)-(1R,3a8,5a8,
8aS)-15, respectively. Asnatural (-)-g-isocomene (AH¢=
21.5 kcal/mol) has formerly been rearranged to (-)-
isocomene,!9its absolute configuration is (-)-(1R,3aS,5aS,
8aR)-3.

As to the unusual 1,3-hydrogen shift in protonated (-)-
silphinene (14) (Scheme II), inspection of the geometry-
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optimized structure® reveals that the close proximity (d)
of the bridgehead hydrogen to the center of one lobe of
the lone pair orbital together with a favorable dihedral
angle (6) may well account for the effective discrimination
between the 1,3-hydrogen shift observed (14-7; d = 1.50
A, 6 = 31.7°), the 1,2-alkyl shift expected (14-13;d = 2.17
A, 0= 27.4°), and a second 1,2-alkyl shift (14-16; d = 2.08
A, 6 = 23.7°) originally not taken into account. It is
interesting to note that this last shift occurs exclusively
upon solvolysis of silphin-2a-yl methanesulfonate (17).80
It is therefore tempting to speculate that its epimer 18
could rearrange via cation 13 to silphiperfolene (10).

In summary, stereospecific rearrangements have been
used to establish the absolute configuration of (-)-
silphinene ((-)-15), (~)-isocomene ((-)-9), and (-)-8-
isocomene ((-)-3) by correlation with (-)-modhephene
((-)-(3aR,4R,6aS)-4). (-)-Silphiperfolene ((-)-(3R,3aS,
5a8,8a8)-10), albeit not found,!! correlates with the other
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sesquiterpenes as well. This indicates that (-)-8-caryo-
phyliene ((-)-(1R,9S)-2) might well be the precursor of all
five sesquiterpenes, entering the tricycloundecane energy
surface at 7227 and/or 13.588 A reinvestigation of its acid-
catalyzed rearrangement!? is in progress.
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(11) Compounds A-F have been isolated from rearranged samples of
(£)-1, and compound C has been isolated from a rearranged sample of
(=)-15. C-F have been fully characterized and A-F shown by tH-NMR
to be not identical with (-)-silphiperfolene (-)-10).% Details will be
published elsewhere.

(12) No less than 13 compounds have been detected by GC in the
hydrocarbon fraction obtained from the sulfuric acid catalyzed rear-
rangement of (-)-8-caryophyllene ((~)-2): Parker, W.; Raphael, R. A,;
Roberts, J. S. J. Chem. Soc. C 1969, 2634. However, the structure of all
cozlxg:ounds with the exception of two (clovene and neoclovene) remained
unknown.



