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Abstract—An unexpected tandem regioselective oxidation and cyclization of 5-((S)-2�-hydroxymethylpyrrolidin-1�-yl)-endo-tricy-
clo[5.2.1.02,6]deca-4,8-dien-3-ones 7 is reported. The reaction proceeds smoothly to afford novel tetracyclic compounds 8 and 9 in
good yield, The structure of 8 was established by single-crystal X-ray analysis. Surprisingly, the C8�C9 norbornene double bond
remains intact under these oxidative conditions. © 2001 Elsevier Science Ltd. All rights reserved.

�-Enaminones are interesting structures as they are a
composite of an �,�-unsaturated enone and an enamine
sub-unit. As a consequence, these compounds have a
pronounced ambident character and can react both as
nucleophiles and electrophiles. It was recognized that
cyclic �-enaminones are valuable precursors for the
synthesis of important nitrogen containing pharmaco-
logically active compounds.1 In recent papers, we have
reported an efficient and diastereoselective synthesis of
5-amino-endo-tricyclo[5.2.1.02,6]deca-4,8-dien-3-ones 12

and their use in the synthesis of enantiopure 4-amino-
cyclopenten-2-ones 2,3 which are excellent starting com-
pounds for the enantioselective synthesis of aminocy-
clopentenols 3.4 It was also demonstrated that these
tricyclic enaminones possess unexpected chemical
behavior wherein the usually highly reactive C8�C9
norbornene double bond remained intact during an
electrophilic halogenation, which was rather surprising
(Scheme 1).5 In this paper, we report yet another exam-

ple of remarkable regioselective behavior by way of an
electrophilic oxidation involving the enaminone double
bond.

In contrast to their reduction,4,6 oxidation of enami-
nones has not been explored much. Except for a few
scattered reports on photochemical7 and electrochemi-
cal oxidation,8 little is known about the chemical oxida-
tion of enaminones. Oxidative cleavage of olefins,
particularly that of a norbornene, has been carried out
with a number of reagents such as KMnO4,9 OsO4,10

O3,11 RuO2/NaIO4,12 RuCl2/NaIO4,13 and Mn2O7.14

When enaminone2 7a was treated with NaIO4 in the

Scheme 1.
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presence of a cat. amount of RuO2 in a CH3CN/CCl4/
H2O solvent mixture,15 complete consumption of start-
ing material was observed in about 2 h (tlc). Workup
followed by purification using column chromatography
afforded a product whose structure has been estab-
lished as 8 by single-crystal X-ray analysis (Fig. 1),16 as
the spectral data (NMR, IR) were not sufficiently infor-
mative. The formation of this product is rather unex-
pected. Surprisingly, under these conditions, oxidation
of the norbornene double bond was not observed at all.
This reaction was also successful with the other
diastereomer 7b to afford 9, the structure of which was
assigned by comparison of the spectroscopic data with
those of 8 (Scheme 2).

The mechanism of formation of 8 can be envisaged as
depicted in Scheme 3. Oxidative cleavage of the enam-
inone double results in the �-keto aldehyde 10. Further

oxidation to the �-keto acid 11 and subsequent lac-
tonization leads to the product 8.

Evidence for the formation of the �-keto acid 11 is also
provided by the following additional experiments.
Shorter reaction time (45 min) led to incomplete forma-
tion of the cyclized product 8 and afforded another
product, which after purification by column chro-
matography (silica gel, ethyl acetate:methanol=4:1)
was identified to be 12, the methyl ester of 11. It is quite
clear that the product 12 must have been formed from
the acid during the chromatographic purification in the
presence of silica gel and methanol. The reaction was
also carried out with pyrrolidine enaminone 13, where
the final cyclization step is not possible. Enaminone 13
also underwent this oxidation. The formation of the
expected �-keto acid 14 was inferred from the mass
spectral data (both EI and CI) of the crude reaction
mixture as the isolation of 14 was very difficult (Scheme
4).

The complete inertness of the C8�C9 norbornene dou-
ble bond towards NaIO4/RuO2 is quite remarkable and
seems typical for the tricyclic enaminones. Ozonolysis
resulted in a complex mixture of products. Use of
m-CPBA did not bring about any reaction. This oxida-
tion reaction was also found to be typical for tertiary
enaminones only. With the �-methylbenzyl enaminone,
a secondary enaminone, no reaction was observed at all
even after stirring the reaction mixture for a day.

In conclusion, we have shown that the tricyclic enam-
inone 7 undergoes an unprecedented electrophilic oxi-
dation of the enaminone double bond and in situ
lactonization to afford a novel norbornene annelated
9-membered ring lactone. This reaction is yet another
illustration of the inertness of the norbornene double
bond in these tricyclic enaminones. The 9-membered
heterocyclic ring structure of 8 is quite unusual and
justifies further exploration of its chemical and biologi-
cal properties.17

Figure 1. Pluto structure of 8.

Scheme 2. Scheme 4.

Scheme 3.
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