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Enantiospecific synthesis of (+)-herbertene
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Abstract—A total synthesis of (+)-herbertene from (+)-camphoric acid is described using a Diels—Alder reaction as the key step.

© 2002 Elsevier Science Ltd. All rights reserved.

Herbertanes belong to an expanding family! of
sesquiterpenes possessing a 3-methyl-(1,2,2-trimethyl-
cyclopentyl) cyclohexane skeleton. Herbertene 1, her-
bertenol 2 and herbertene diol 3 are a few
representative examples. In recent years, herbertanes
have become popular synthetic targets®, as some mem-
bers of this family exhibit a wide range of biological
activities, such as antifungal, neurotrophic and anti-
lipid peroxidation. The synthesis of these compounds is
associated with the difficulty in the generation of two
adjacent quaternary centers on a cyclopentane ring and
a highly substituted aromatic ring. We have recently
developed a general strategy for the synthesis of these
compounds. The present strategy’, involving construc-
tion of the vicinally substituted cyclopentane ring fol-
lowed by elaboration of one of the substituents to an
aromatic ring, differs from conventional approaches**
of annulating the cyclopentane ring at the benzylic
center of a properly substituted aromatic ring. The key
concept in our strategy is the generation of the six-
membered ring through a Diels—Alder reaction of the
dienophile 4 with the diene 5 prepared from the pre-
formed cyclopentane derivative 6. Thus, a proper
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choice of the dienophile 4 will lead to the herbertanes 1,
2 or 3. To demonstrate the feasibility of this protocol,
we herein report a total synthesis of (+)-herbertene. To
date there have only been two reports®© on the synthe-
sis of the natural enantiomer (—)-herbertene. However,
(+)-herbertene has not yet been synthesized.

The sterically congested cyclopentane derivative 6 was
obtained through two different routes. The first route
begins with the cyclopentane derivative 10, which was
previously prepared® by us and used as an intermediate
for the total synthesis® of a cyclopentanoid natural
product. Compound 10 was prepared from acetone as
delineated in Scheme 1. The keto-ester 10 was then
transformed to the ester 67 in two steps through a
Huang—Minlon reduction of the carbonyl group fol-
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Scheme 1. Reagents and conditions: (i) ethyl vinyl ether, z-
BuLi, THF, 81%; (ii)) NaH, THF, allyl bromide, HMPA,
73%,; (iii) hv, CuOTT, Et,0, 88%; (iv) TfOH, CH,Cl,, 84%; (v)
Jones oxidation then CH,N,; (vi) N,H,H,O, N,H,-HCI,
KOH, digol, 200°C then MeOH, H,SO,, 41%,; (vii) LDA,
THF, HMPA, Mel, 77%,; (viii) (a) MeOH, H,SO,, 92%; (b)
MeOH, KOH, 89%; (c) hv, t-BuSH, quinoline, C4Hg, 59%.
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lowed by methylation (LDA-Mel), anticipating that
either the ester 6 or the alcohol 13 could be resolved
using enzymes to provide access to both enantiomers.
In the second route, camphoric acid 11, through its
dimethyl ester, was converted to the monomethyl ester
12 by selective hydrolysis of the secondary ester func-
tionality. Photo-induced decarboxylation® of the acid
12 then afforded the ester 6.

After successfully establishing the desired adjacent qua-
ternary centers on the cyclopentane ring, attention was
given to the construction of the aromatic ring. Toward
this end, the ester 6 was reduced with lithium aluminum
hydride and the resulting alcohol 13 was oxidized to
afford the aldehyde 14 (Scheme 2). Wittig olefination of
the aldehyde 14 with the ylide generated from methallyl
triphenyl phosphonium chloride with n-BuLi afforded
the diene 5 in 46% yield. The Diels—Alder reaction was
carried out by heating a solution of the diene 5 and
maleic anhydride in toluene at 80°C to afford the
adduct 15 as an inseparable mixture of two
diastereoisomers in a 1:2 ratio. Attempted chromato-
graphic purification of the crude product caused
hydrolysis of the anhydride functionality leading to the
isolation of the anhydrides 15 and the corresponding
dicarboxylic acids 16 in 63 and 18% yields, respectively.
As the cyclohexene ring needs to be aromatized for
completion of the synthesis, the mixture of the Diels—
Alder adducts, without further purification, was used
directly for the subsequent steps.

Hydrolysis of the anhydride mixture afforded the dicar-
boxylic acids 16, mp 117-119°C. The mixture of the
dicarboxylic acids thus obtained was then subjected to
decarboxylation. The conventional decarboxylation
procedure involving Pb(OAc), gave a poor yield (25%)
of the diene 17 along with herbertene 1. However,
photodecarboxylation® afforded the diene 17 in reason-
ably good yield (40%). Aromatization of the cyclohexa-
diene derivative 17 was then effected by heating its
benzene solution at 60°C with DDQ to afford her-
bertene 1 in 70% yield. The 'H and *C NMR spectro-
scopic data of this sample were found to be identical
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Scheme 2. Reagents and conditions: (i) (a) LiAlH,, Et,O, 84%;
(b) (COCl),, DMSO, Et;N, CH,Cl,, 89%; (ii) H,C:C(Me)-
CH,PPh;*Cl~, n-BuLi, Et,O, 46%; (iii) maleic anhydride,
C¢HsCH;, 80°C, 63%; (iv) NaOH, H,O, EtOH, 94%; (v) hv,
acridine, C¢Hg, 40%; (vi) DDQ, C¢Hg, 60°C, 70%.

with those reported in literature.®® Thus, starting with
more readily available (+)-camphoric acid, (+)-her-
bertene,’ [a]3y =+56.85 (¢ 0.54, CHCl;) was obtained.
As (-)-camphoric acid is also commercially available,
the present route also provides access to the natural
herbertanes.
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. The natural enantiomer, (-)-herbertene, exhibits [x]5 =

-56 (¢ 1.4, CHCl,).»
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