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A concise approach towards the synthesis of the highly biologically active terpenoid caribenol A is
described involving sequential aldol condensation-ring opening-ring closing metathesis of a norbornene
derivative.
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Caribenol A 1 is a norditerpene isolated1 from the West Indian
gorgonian octocoral Pseudopterogorgia elisabethae. It possesses an
unusual C19 rearranged carbon skeleton previously not encoun-
tered in the terpenoid family. It exhibits strong inhibitory activity
against Mycobacterium tuberculosis (H37Rv). Infection by this
organism causes tuberculosis, a disease that results in over three
million deaths worldwide each year.2 It also exhibits weak
in vitro antiplasmodial activity against chloroquine-resistant Plas-
modium falciparum W2. Intrigued by the interesting biological
activities and intricate structure, we felt worthwhile to launch a
program aimed at developing a flexible route for the synthesis of
caribenol A and its analogues.

Herein we report a convergent asymmetric route to caribenol A
using a domino metathesis involving ring opening-ring closing
metathesis (RO-RCM) of a norbornene derivative as the key step.

Domino metathesis involving RO-RCM3 of strained cycloalkenes
has emerged as a powerful tool in the synthesis of a variety of poly-
cyclic ring systems. Recently we have demonstrated4 its utility in
the rapid construction of bridged- as well as condensed-ring sys-
tems which are otherwise difficult to make. We envisioned that a
tandem RO-RCM of the norbornene derivative 4 would generate di-
rectly the tricycle 3, the tricyclic core structure of caribenol A 1
(Scheme 1). The intermediate 3 is functionalized enough for the
incorporation of the butenolide unit through the carboxylic acid
ll rights reserved.
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2. The norbornene derivative 4 would be available from an aldol
condensation between the aldehyde 5 and S-(+)-carvone 6.

Initially we chose the aldehyde 7 for carrying out the aldol reac-
tion with R-(-)-carvone. Aldol condensation of carvone with alde-
hydes usually proceeds stereoselectively5 to produce adducts in
which the electrophiles preferentially add from the side opposite
to the isopropylidene unit producing trans-5,6-disubstituted com-
pounds. However, reaction of the lithium enolate of ent-6 with the
aldehyde 7 failed to produce the desired aldol condensation prod-
uct 9. The only product (1:2 diastereomeric mixture) that could be
isolated after column chromatography in 40% yield was assigned
the structure 8 based on the spectral data.6 The enolate of carvone
failed to add to the aldehyde 77 possibly due to the steric bulk of
the latter. At this juncture we thought of exploring an alternative
route for accessing the norbornene derivative 4 or its analogue
using the concept delineated in Scheme 2.

In order to avoid the formation of the Michael addition product
8, we chose reaction of dihydrocarvone 108 with the less sterically
demanding aldehyde acrolein. The reaction of lithium enolate of 10
with acrolein afforded exclusively the aldol product 11 in 70%
yield. The stereochemical assignment to 11 follows from the reac-
tion of lithium enolate of dihydrocarvone with aldehyde to form
adduct in which C2- and C3- substituents bear a trans relationship.9

Further, 1H NMR spectrum of the aldol product 11 showed that H2

appeared at d 3.36 as a doublet with J = 11.2 Hz and H3 appeared at
d 2.08 as a dd with J = 11.3, 2.3 Hz. This large coupling constant be-
tween H2 and H3 indicated their trans diaxial relationship. Oxida-
tion of this compound with Dess–Martin periodinane (DMP)
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Scheme 2. Reagents and conditions: (i) LDA, THF–HMPA, �100 �C, R-carvone,
15 min, 40%; (ii) LDA, THF, �78 �C, acrolein, 10 min, 70%; (iii) DMP, CH2Cl2, 1 h, 92%.
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Scheme 1. General retro synthetic analysis.
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afforded the enedione 12 along with its enol (3:1) in 92% yield.
However, Diels–Alder reaction of the enedione 12 with cyclopenta-
diene gave a complex mixture of products from which no Diels–Al-
der adduct could be isolated.

After successful realization of aldol reaction between dihydro-
carvone and acrolein, we focused on reaction of dihydrocarvone
with the aldehyde 7. In contrast to the failure of the enolate of
carvone 6 to add to the aldehyde 7, addition of the enolate of dihy-
drocarvone 10 proceeded smoothly to produce the adduct 13 (as a
1:2 epimeric mixture at the center bearing the hydroxyl group) in
70% yield (Scheme 3). The trans stereochemical relationship be-
tween H2 and H3 in 13 is based on analogy to the formation of
the adduct 11 from reaction of the enolate of 10 to acrolein. Treat-
ment of the norbornene derivative 13 in dichloromethane with
Grubbs’ 1st generation catalyst Cl2(PCy3)2Ru@CHPh under ethyl-
ene atmosphere at rt for 6 h provided quantitatively the ring
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Scheme 3. Reagents and conditions: (i) LDA, THF–HMPA, �100 �C, 7, 15 min, 70%;
(ii) 5 mol % Grubbs’ I, CH2:CH2, CH2Cl2, 6 h, quant.; (iii) 30 mol % of cat. 15, toluene,
110 �C, 2 h, 45%.
opened product 14 only. Reaction of 14 with the same catalyst
for longer reaction time at elevated temperature failed to undergo
ring closure. Attempted ring closure of 14 with Grubbs’ 2nd gener-
ation catalyst led exclusively to a dimeric product. Finally ring clo-
sure of 14 was achieved using Hoveyda-Grubbs’ catalyst 15 to
produce the tricycle 16 as a C-5 epimeric mixture in 45% yield.
The compound 16 closely resembles the tricyclic unit present in
caribenol A. Following this protocol the dihydro derivative of S-
(+)-carvone will provide an analogue of the tricycle 16 with desired
stereochemistry at the ring fusion of caribenol A. Currently we are
working on its total synthesis following the protocol described
here starting with the aldehyde 5 and the results will be described
elsewhere.

In conclusion we have developed an expedient convergent
route towards the synthesis of caribenol A. The key steps involve
an aldol condensation of dihydrocarvone with norbornene 2-car-
baxaldehyde followed by RO-RCM of the resulting adduct.
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