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Abstract—The amine oxide-promoted Pauson–Khand cycloaddition of 7-oxanorbornene and norbornadiene derivatives affords
easily oxa-bridged bicyclic cyclopentenones with satisfactory 60–80% yields. © 2003 Elsevier Science Ltd. All rights reserved.

The Co2(CO)8-mediated Pauson–Khand reaction
(PKR)—carbonylative co-cyclisation of an alkyne and
an alkene—has emerged as one of the most versatile
routes to cyclopentenones,1 particularly in its
intramolecular version which has been used for the
synthesis of numerous polycyclic natural products.2,3

Intermolecular PKR has met with less success, and is
limited to strained olefins such as norbornene or nor-
bornadiene derivatives4 and to some olefins bearing a
heteroatom.5 Particularly, the intermolecular PKRs of
carbon-bridged cycloalkenes were recently revisited by
Laschat et al. from a mechanistic point of view.6

Unexpectedly, very few works have been devoted to
oxa-bridged bicyclic alkenes as the olefinic components.
Apart from some isolated results obtained with 4-
methyl-1-methoxy-7-oxanorbornene 2a,1c,7 the only
work in this area described the cycloadditions of 2-
keto-7-oxanorbornene derivatives 2b (Scheme 1).8 This

last work focused on the electronic influence of the keto
group (protected or not) at the C-2 on the regiochemi-
cal control of the formation of the regioisomeric
cyclopentenones 3 and 4 (3:4=60–80:40–20). On the
other hand several studies were carried out on 8-oxa-
bicyclo[3.2.1]octenes 5 which led to reversed regioselec-
tivities (6:7=25–40:75–60).9 As for 7-oxanorbornadi-
enes, these compounds such as 8 were described to be
deoxygenated to aromatic compounds under classical
thermal PKR conditions.10

In order to gain more insight into the PKRs of oxa-
bridged bicyclic alkenes, we were interested by the
unexplored reactivities of 2,3-disubstituted-7-oxa-bi-
cyclo[2.2.1] systems under the mild amine oxide-pro-
moted cycloaddition conditions.11 Indeed, these sub-
strates are very prone to decomposition via an easy retro-
Diels–Alder reaction12 which may compete with a de-
sired PKR. We report here our recent results in this field.

Scheme 1.
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We first looked at the reactivity of 2,3-disubstituted
7-oxanorbornenes 9a–e.13 Thus, the reactions of
dicobalthexacarbonyl complexes 1a,b with 7-oxanor-
bornenes 9a–e were carried out in CH2Cl2 at 0–20°C
in the presence of N-methylmorpholine oxide (NMO,
6 equivalents with respect to complex 1) (Table 1).
The 3-hexyne-dicobalt complex 1a reacted with sym-
metrical 7-oxanorbornenes endo-9a and exo-9b and
gave with fairly good yields the expected exo-
cyclopentenones 10a–b (entries 1 and 3). The reactiv-
ity of 7-oxanorbornene endo-9a was also checked
under thermal conditions in refluxing benzene (entry
2). The cyclopentenone 10a was then obtained with
a low 23% yield, together with the retro-Diels–
Alder product dimethyl maleate (28%) and the recov-
ered dicobalt complex 1a (37%), which shows
that thermal conditions are unsuitable for these sub-
strates.

The 7-oxanorbornenic diol 9c also reacted and gave the
exo-cyclopentenone 10c (entry 4). The cycloadditions of
the terminal alkyne–dicobalt complex 1b with the endo-
9d and exo-1-methyl-7-oxanorbornene 9e both gave a
mixture of regioisomeric cyclopentenones 10d,e and
11d,e in a similar ratio 10:11=68:32 and 66:34, respec-
tively, which proves that the regioselectivity is indepen-
dent of the endo or exo stereochemistry of the
carbomethoxy substituents at carbons C-2 and C-3
(entries 5 and 6). As already encountered with the
PKRs of norbornenic compounds,4b,6 the cycloadducts
10a–e and 11d–e were assigned exo-cyclopentenones
structures, as demonstrated by the typical absence of
coupling constant between the H� and H� protons with
the bridghead protons.14

We next studied the reactivity of 2,3-dicarbomethoxy-7-
oxanorbornadienes 8a,b15 under similar conditions

Table 1. Pauson–Khand reaction of 7-oxanorbornenes 9a–ea
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Table 2. Pauson–Khand reaction of 7-oxanorbornadienes 8a,ba

(Table 2). The reaction of the symmetrical diene 8a
with both dicobalt complexes 1a,b afforded the exo-
cyclopentenones 12a and 12b, respectively (entries 1
and 2). Dicobalt complex 1a reacted with 1-methyl-7-
oxanorbornadiene 8b and gave the exo-cyclopentenone
12c; none of the regioisomeric cyclopentenone 13c was
isolated (entry 3). On the other hand, the reaction of
the monosubstituted alkyne–dicobalt complex 1b with
8b gave a mixture 74:26 of the two regioisomeric exo-
cyclopentenones 12d and 13d (entry 4).

In conclusion, we have shown that the PKRs of 7-
oxanorbornene and norbornadiene derivatives, which
did not seem possible under thermal conditions, are
easily carried out when promoted by NMO.16 They lead
to oxa-bridged bicyclic cyclopentenones with satisfac-
tory yields.
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