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Abstract

A novel cycloisomerisation of oximes bearing non-activated C–C double bonds occurs in an Al(III)-catalysed reaction. This process
leads to 5-, 6- and 7-membered ring oxygen and nitrogen-containing heterocycles in good yields.
� 2008 Elsevier Ltd. All rights reserved.
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Cycloisomerisation of unsaturated hydrocarbons cata-
lysed by transition metal complexes is an efficient and atom
economical method for the preparation of various carbo-
cycles and heterocycles.1 Catalytic cyclisations involving
the heteroatom addition to non-activated olefins for the
synthesis of heterocyclic compounds have attracted an
interest recently. In particular, the intramolecular cycli-
sation of unsaturated alcohols to cyclic ethers has been
recently described using a catalytic amount of Pt(II) in
the presence of phosphine ligand.2 Recent work on Lewis
super-acids such as Sn(IV),3 Al(III)4 and Cu(II)5 triflates
has also shown high efficiency in cycloisomerisations
involving a hydroxyl moiety and non-activated olefins.

We present here our results on the preparation of 1,2-
oxaza heterocycles derived from unsaturated oximes by
an Al(OTf)3-catalysed cyclisation. Besides the Beckmann
rearrangement,6 the reactivity of oximes and O-acyloximes
tethered to olefins has been reported to afford intramole-
cular cyclisations to N-heterocycles (Eq. 1).7 These reac-
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tions involve the formation of intermediate iminyl
radicals after the cleavage of the OR moiety, with the
further nitrogen addition to the C–C double bond in radi-
cal-type processes. Photoinduced radical cyclisation for the
synthesis of dihydro-1,2-oxazines has also been reported.8

Alternatively, the reaction concerning the 1,3-dipolar cyclo-
addition of oximes with olefins via their rearrangement to
nitrones leads to the formation of 1,2-oxazoles.9–12 The
intramolecular cyclisation of oximes with olefins through
their oxygen atom has been reported in one case of
1,2-hydroxyiminoketone cyclisation with trifluoroacetic
acid,13 and in one example concerning the cyclisation of
allenyloximes for the preparation of oxazepines in the
presence of AgBF4.14

The reactivity of model oxime 1a catalysed by different
strong Lewis acid metal triflates, used in 20 mol %, was first
examined (Eq. 1) and the results are presented in Table 1.15

Oximes 1 were prepared by reaction of the corresponding
ketones with hydroxylamine, and were obtained quantita-
tively in an approximate 1:1 mixture of (Z) and (E) iso-
mers. No cyclisation of 1a occurred with catalysts such as
Cu(II), Sn(II), or Fe(III) triflates (entries 1–3), the major
reaction product was ketone 3a, resulting from the hydro-
lysis of the starting oxime. The hydrolysis of the oxime in
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Equation 1. Reaction of 7-methyl-1-phenylo ct-6-en-3-one oxime 1a catalysed by aluminium(III) triflate.

Table 1
Influence of the catalytic system and of the reaction conditions on the cycloisomerisation of 1a (catalyst: 20 mol %) in refluxing solvent

Entry Catalyst/solvent Reaction time (h) Conversion (%) Products, % isolated yield

2a 3a

1 Sn(OTf)2/CH3NO2 24 10 — 10
2 Fe(OTf)3/CH3NO2 24 60 — 56
3 Cu(OTf)2/CH3NO2 24 95 Traces 86
4 Al(OTf)3/CH3NO2 7 92 84 7
5 Al(OTf)3/(CH2Cl)2 24 73 59 14
6 Al(OTf)3/CH2Cl2 24 10 — 10
7 TfOH/CH3NO2 24 22 — 22
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the reaction medium can be explained by the water content
of the triflate catalyst. However, the desired intramolecular
cyclisation of 1a occurred in good yield when alumin-
ium(III) triflate was used as the catalyst in refluxing nitro-
methane (entry 4). With this catalytic system, the
cyclisation reaction was very selective; no isomeric 6-mem-
bered ring 20a was formed and interestingly no amides
issued from a Beckmann rearrangement and no products
from a 1,3-dipolar cycloaddition of nitrones were obtained.
The formation of 1,2-oxazepane 2a results from the regio-
selective intramolecular addition of the hydroxyl group of
1a on the most substituted carbon of the C–C double bond.
It is noteworthy that a 7-membered ring heterocycle was
formed selectively in high yield in this Lewis acid-catalysed
cycloisomerisation reaction.

The influence of the temperature and solvent was exam-
ined with 1a and Al(OTf)3 (entries 4–6). The cycloisomeri-
sation of 1a occurred efficiently in refluxing dichloroethane,
yielding 2a in 59%; the reaction was faster in refluxing
nitromethane and led to an isolated yield of 84% after
7 h (entries 4 and 5). Product decomposition was observed
at higher temperatures, for example, in refluxing xylene.

When oxime 1a was reacted with triflic acid (CF3SO3H,
entry 7) with the same catalyst ratio, a conversion of 22%
was reached after 24 h in refluxing nitromethane, leading
to the exclusive formation of ketone 3a. In other metal tri-
flate-catalysed processes, it has been suggested that the
active catalyst was TfOH;16 however, in the present cyclo-
isomerisation, the strong difference of reactivity using
Al(OTf)3 and TfOH as catalysts (compare entries 4 and
7) is worth noting and highlights the efficiency of Al(OTf)3

in the catalytic process.
The reaction was then extended to several oximes 1b–h

bearing different mono-, di- and trisubstituted double
bonds and the results are presented in Table 2. In the case
of oximes bearing trisubstituted double bonds such as 1a

and 1b (entries 1 and 2), the reaction occurred smoothly
in refluxing nitromethane and afforded the 7-membered
ring structures 2a and 2b, in 84% and 80% isolated yields,
respectively. In refluxing dichloroethane, the reaction rates
were diminished. A new C–O bond was regioselectively
formed between the oxime oxygen and the most substi-
tuted end of the olefin, following a Markovnikov-type
addition on the double bond. When the oxime was teth-
ered to a terminal disubstituted double bond such as in
substrates 1c–f, the reaction led to the formation of the
corresponding 5- or 6-membered rings (entries 3–6). Thus,
six membered ring N,O-heterocycles were isolated from 1c
and 1d (entries 3 and 4) in 82% and 81% yields, respec-
tively. For substrates 1e and 1f, 1,2-oxazolines 2e and 2f

were obtained in 73% and 84% yields, respectively (entries
5 and 6). 1,2-Oxazolines, 1,2-oxazines or 1,2-oxazepines
were obtained depending on the double bond substitution
and the chain length between the oxime moiety and the
double bond. Oximes bearing terminal monosubstituted
double bonds such as 1g and 1h presented a different reac-
tivity, affording amides 4 and 5, respectively, through a
Beckmann rearrangement.6 Isomeric amides 4/5 were



Table 2
Reaction of non-activated unsaturated oximes 1a–h catalysed by Al(OTf)3 (20 mol %)15
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obtained in 74–82% yields as approximately 1:1 mixtures
(entries 7 and 8).

To explain the cyclisation regioselectivity, an electro-
philic attack of the oxime proton on the double bond, after
its activation by complexation to the highly electrophilic
Al3+, can be proposed. The acidity of the oxime proton
should be strongly enhanced by Al(OTf)3, as in the case
of the cyclisation of unsaturated alcohols.4

In conclusion, this work presents the use of alumin-
ium(III) triflate as an efficient catalyst in the cycloisomeri-
sation of non-activated olefinic oximes. The reaction is
completely regiospecific and allows the formation of differ-
ently substituted cyclic 1,2-oxaza derivatives such as oxa-
zepines, oxazines and oxazolines in good yields with
oximes bearing di- and trisubstituted double bonds. The
cyclisation follows a Markovnikov-type addition of the
oxime–O–H group on the double bond.
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