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Abstract: The stereoselective construction of functionalized bicyclo[5.4.0]undecene systems, found in many
natural sesquiterpenes such as in the widdrane, guadalupane, and recently isolated guanacastepene families, is
achieved by selective chemical transformations of a functionalized cycloheptanol arising from the MARDi
cascade.
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Seven-membered carbocycles are often involved in the
construction of elaborated bio-active natural compounds [1].
Specially, the bicyclo[5.4.0]undecane skeleton [2] is an
important fused ring system found in relatively simple
sesquiterpenes [3] and in more complicated di- and
triterpenes [4] as well as in some highly functionalized
alkaloids [5]. We have recently found the MARDi (Michael
Addition Retro Dieckmann) cascade (Scheme 1), a new
powerful anionic domino reaction for the stereoselective tow-
carbon ring expansion of cyclopentanones leading to the
synthesis of highly functionalized and stereodefined seven-
membered rings [6].

As part of this program, we wish to report here the
stereoselective transformation of cycloheptanol 1, very easily
obtained by the MARDi cascade using Dieckmann ester and
acrolein [6], into the basic bicyclo[5.4.0]undecene framework
found in widdrane, guadalupane and recently isolated
guanacastepene [7] sesquiterpenes.

Our approach is based on the reactivity of β-ketoester 2
used as nucleophile in the Michael addition to α,β-
unsaturated acyclic ketones 3. To this end, we first studied
the direct oxidation of 1 to 2, which proved not to be trivial
as shown by the results presented in Table 1. Among seven
different reagents, only two gave a satisfactory
transformation. Chromic oxidations[8] (entries 1-3) as well
as attempted oxidations with o-iodoxybenzoic acid (IBX)[9]
(entry 4) and copper nitrate[10] (entry 5) revealed totally
unsuccessful. In contrast, treatment with tetra-n -
propylamonium perruthenate (TPAP) [11] gave a 65% yield
of 2 (entry 6) but proved to be less efficient on scaling-up
the reaction. Finally, the best result was obtained with the
Swern conditions using oxalyl chloride[12] which allowed
the preparation of the required precursor in good yield even
on gram-quantities (entry 7) [13].
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Scheme 1. The MARDi cascade.

Table 1. Oxidation of 1 to ββββ-Ketoester 2.

OHMeOOC

COOMe

OMeOOC

COOMe

[Oxidat ion]

1 2

Entry Reagent yield of 2 (%)a

1 PDC, CH2Cl2 -

2 PCC on Al2O3 -

3 Jones reagent -

4 IBX, DMSO -

5 Cu(NO3)2, SiO2 -

6 TPAP, NMO, 4Å MS 65

7 (CO)2(Cl)2, DMSO 87
aIsolated (mixture of epimers and enol form).

With the required seven-membered ring ketoester 2 in
hand we next studied the Michael addition to vinyl ketones
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3 (Table 2). The best results were obtained in acetone at
room temperature by using K2C O 3 as base. The
corresponding 1,5-dicarbonyl intermediates 4a,b were
isolated after filtration through a short pad of celite with
97% and 96% yield, respectively. The condensation
proceeded with modest facial diastereoselectivity in favor of
the isomer having the two carbomethoxy groups in a cis
relationship.

Table 2. Michael Addition of 2 to 3.
O

R K2 CO3

O
R

O

COOMe

MeOOC2  +
acetone, rt

3a: R = Me
3b: R = Et

4

Vinyl ketone Time (h) 4 (ratio)a Yield (%)b

3a, R = Me 3 4a (4/1) 97

3b, R = Et 4 4b (3/1) 96
aDetermined by 1H NMR. bIsolated.

Finally, the construction of the bicyclo[5.4.0]undecene
skeletons 5 was easily achieved by reaction of 4a,b with
NaOMe in refluxing methanol (Table 3). Interestingly, while
the yields of the annelation were good, we always observed
the formation of a mixture of the bicyclic diesters 5a,b and
the corresponding monoacids 6a,b arising from the selective
saponification of one of the two carbomethoxy groups (Table
3).

Table 3. NaOMe Promoted Annulation of 4a,b.

NaOMe
MeOH

O

COOMe

MeOOC

R

O

COOMe

HOOC

R

reflux +

6

5

4

Substrate Time (h) Ratio 5:6a Yield (%)b

4a, R = Me 4 1:2.3 (R = H) 82

4b, R = Et 5 2.8:1 (R = Me) 96
aDetermined by 1H NMR. bIsolated.

These preliminary results show that the cycloheptanols
obtained by the MARDi cascade coupled with standard
chemical transformations can be interesting starting materials

for the selective construction of more elaborated skeletons
found in natural sesquiterpenes. Further synthetic
exploitations of this valuable transformation are under active
investigation.
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