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Abstract: A series of functionalized 1-benzoxepins were synthe-
sized by way of a tandem ring-opening/cyclocondensation of alde-
hyde-containing 3-bromoisoxazoles.
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The construction of heterocycles occupies a central place
in the synthesis of biologically interesting natural and un-
natural products. In particular, interest in the synthesis of
seven-membered oxacycles has steadily increased, in part
due to their occurrence in a variety of natural and unnatu-
ral biologically active compounds.1 An array of different
methods have been employed for synthesis of this class
heterocycles, these include reactions driven by anions,
cations, radicals as well as metal-mediated ring-closures.2

Of particular interest in our group are a number of bio-
logically active compounds containing the seven-mem-
bered 2,3,4,5-tetrahydro-1-benzoxepin (1) ring skeleton.
These natural products include pterulone (2) and related
compounds,3 which demonstrate antifungal and ubiqui-
none oxidoreductase inhibiting properties, as well as heli-
annuol C (3) (Figure 1).4 Herein, we would like to report
our initial investigations into the synthesis of the 1-benz-
oxepin ring system by way of a tandem ring-opening/
cyclocondensation of 3-bromoisoxazoles.

Recently, we demonstrated that 3-bromoisoxazoles 5 can
be reductively opened to give b-ketonitriles 6 in good to
moderate yields by treatment with molybdenum hexacar-

bonyl or ferrous chloride tetrahydrate (Scheme 1).5 These
isoxazoles can be synthesized in good yields from the
corresponding alkynes 4 and dibromoformaldoxime and
have shown stability to a variety of reagents, making them
versatile synthetic intermediates.6

Scheme 1 Reagents and conditions: i) Br2CNOH, NaHCO3,
CH2Cl2, r.t.; ii) FeCl2·4H2O, MeCN, r.t.

b-Cyanoketones have been shown to be useful synthetic
precursors, as they readily undergo a variety of conden-
sation reactions. With both our ring-opening and the reac-
tivity of b-cyanoketones in mind, we envisioned the
possibility of a tandem ring-opening/cyclocondensation
sequence as shown in Figure 2. Ring-opening of the bro-
moisoxazole derivative 7, substituted with a carbonyl
tether, would initially give the b-ketonitrile 8. This b-ke-
tonitrile could then undergo an intramolecular condensa-
tion to give hydroxyketone 9, which would readily
undergo dehydration to give the cyclic unsaturated cyano-
ketone 10. Unsaturated cyanoketones of this type have
been shown to be versatile synthetic intermediates, as they
readily undergo [4+2] cycloadditions7 and Michael addi-
tion/oxidative cyclization.8

Figure 2 Tandem ring-opening/cyclocondensation sequence.

The use of intramolecular condensations of activated
methylene compounds to construct carbocycles and
heterocycles has been previously reported. The ozonoly-
sis of unsaturated ketonitriles have been shown to give
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Figure 1 2,3,4,5-Tetrahydro-1-benzoxepin (1) and related natural
products, pterlulone (2) and heliannuol C (3).
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a-cyanoalkenones, by way of the aldehyde intermediate.9

Similarly, the titanium-mediated intramolecular conden-
sation between b-ketoesters and acetals has been report-
ed.10

With our interest in the benzoxepin ring system in mind,
we investigated the application of this tandem methodol-
ogy to their synthesis. The synthesis of the desired 3-bro-
moisoxazole precursors was accomplished in two steps
from the appropriately substituted salicylaldehydes. Ini-
tially, salicylaldehyde (11) was alkylated with a propargyl
tosylate followed by reaction of resulting alkyne 12 with
dibromoformaldoxime to give the desired 3-bromoisox-
azole 13 in 86% yield. The tandem ring-opening/cyclo-
condensation sequence was then facilitated by treatment
of the isoxazoles with ferrous chloride tetrahydrate to give
4-cyano-1-benzoxepin-3(2H)-one (14) in 76% yield
(Scheme 2). Attempts to facilitate this tandem reaction
with Mo(CO)6, produced a mixture of products, the major
being the ring-opened b-ketonitrile, with no evidence for
the 1-benzoxepin.

Scheme 2 Reagents and conditions: i) propargyl tosylate, K2CO3,
DMF, r.t.; ii) Br2CNOH, K2CO3, CH2Cl2, r.t.; iii) FeCl2·4H2O,
MeCN, r.t.

A series of bromoisoxazole precursors were synthesized
as described above starting with substituted salicylalde-
hydes and the appropriate propargyl tosylates.11 With the
exception of 12b, the propargyl ethers 12a–f have been
previously reported.12 The compounds were then subject-
ed to the ring-opening conditions with ferrous chloride,
the results of which are shown in Table 1.13 All the
bromoisoxazoles and 1-benzoxepins gave satisfactory IR,
1H NMR and elemental analysis.

In all cases, the compounds underwent tandem ring-open-
ing/cyclocondensation to yield the benzoxepins in good
yields. Substitution of the aromatic ring proved to have lit-
tle effect on the cyclization as a number of substituted
benzoxepins were synthesized. In addition, the synthesis
of benzoxepins with substitution at the 2-position of the
oxepin ring, 14e and 14f, was shown to proceed in good
yields.

Attempts to apply this tandem reaction sequence to a
ketone derivative 15a, as well as compounds with longer
tethers, 15b and 15c, proved unsuccessful. In the case of
15a, the isoxazole opened cleanly giving ketonitrile 16a
in 70% yield, however, the condensation failed to take
place under the reaction conditions. In the case of 15b and
15c, a mixture of products was formed, NMR analysis in-
dicated the presence of the ketonitriles 16b or 16c, but
none of the expected eight- or nine-membered cyclic
ethers were observed (Scheme 3).

Scheme 3 Reagents and conditions: i) FeCl2·4H2O, MeCN, r.t.

In conclusion, we have demonstrated the facile synthesis
of the 2,3-dihydroxy-1-benzoxepin ring system from sali-
cylaldehyde derivatives, by way of a novel tandem ring-
opening/cyclocondensation of 3-bromoisoxazoles. The
versatility of this method is demonstrated by the synthesis
of a number of substituted benzoxepin derivatives. The
high degree of functionality in this unsaturated cyano-
ketone ring makes these compounds ideal precursors to
highly functionalized benzoxepins. In addition, this short
synthetic sequence has the advantage of starting with
readily available salicylaldehyde derivatives. Further in-
vestigations will focus on the application of this method-
ology to natural products containing this ring system as
well as applying it to carbocycles and other heterocyclic
ring systems.
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73.10; H, 5.21; N, 6.53.
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