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ABSTRACT

A short route to novel bicyclic N-unprotected benzazepinones is described starting from N-acetoxyanilides involving radical addition and
cyclization with concomitant homolytic rupture of the N�O bond.

We describe here an unexpected route to N-unsubsti-
tuted benzazepinone we discovered while examining a
radical-based approach to cyclic hydroxamic acids. The
strong chelating ability of hydroxamic acids toward
metal ions such as zinc has made them popular targets
for medicinal chemists. Numerous members of this family
have indeed been reported to be potent inhibitors of his-
tone deacetylase and matrix metalloproteinases.1 Other
interesting biological properties include antibiotic, anti-
fungal, anti-inflammatory and anticancer activities.1,2

While most hydroxamic acids described are linear deriva-
tives, such as the antibiotic fosmidomycin 1, a few cases
where the hydroxamate motif is part of a ring appear to
be particularly interesting (Figure 1). Examples include
cobactin T, a siderophore growth promoter isolated
from mycobacteria,3 and PF-04859989, 3, an irreversible

kynurenine aminotransferase II inhibitor developed by
Pfizer for treating schizophrenia.4

As part of our ongoing work on xanthates,5 we found
that lactams fused to aromatic or heteroaromatic rings
could be readily constructed by direct radical cyclization

Figure 1. Examples of biologically active hydroxamic acids.
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onto the aromatic nucleus.6 It seemed therefore from the
outset a simple matter to extend this approach to the
synthesis of aryl-fused cyclic hydroxamic acids 6 as shown
in Scheme 1. An appealing aspect of this route is the ready
availability of the requisite precursors 5 from arylhydrox-
ylamines 4, which in turn can be easily prepared by partial
reduction of nitroarenes.7

The formation of five-membered rings by radical cycli-
zation is usually the most efficient, so we first attempted
accessing N-hydroxyoxindoles (6, n = 0). The required
xanthate precursor 7a was prepared from p-methyl-phe-
nylhydroxylamine 4a by chloroacetylation of the nitrogen,
displacement of the chlorine with potassium O-ethyl
xanthate and acetylation (Scheme 2).

Unfortunately,whena refluxing solutionof thismaterial
in ethyl acetate was treated with lauroyl peroxide, added
portion-wise in stoichiometric amounts, none of the de-
siredN-acetoxy-oxindole 8a was obtained; only the trivial
reduced product 9awas isolated in 95%yield.8 For reasons
that are not yet clear, but that may have to do with bond
angles, the cyclization of radicals 10 onto the aromatic ring

is apparently significantly slower as compared with the
corresponding anilide radicals 11, which ring-close effi-
ciently under similar conditions.6,9

In contrast, we found that the desired cyclization took
place to a certain extent in the homologous series (5, 6;
n = 1) but not in the manner we had anticipated. Two
major products were formed when compound 14a, itself
prepared by radical addition of cyanomethyl xanthate 13a
to butenyl hydroxamate 12a, was subjected to the action of
lauroyl peroxide in refluxing ethyl acetate (Scheme 3). The
first product, isolated in 40% yield, proved to be open
chain hydroxamate 17a, arising through a radical Smiles
rearrangement.10 This ultimately leads to N-acetoxyami-
dyl radical 16, which then abstracts a hydrogen atom
from the solvent. The second product turned out to be

Scheme 1

Scheme 3

Scheme 2
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dihydroquinolone 20, obtained in 35% yield, where the
acetoxy group of the hydroxamate moiety had been lost.
As depicted in Scheme 3, the cyclization of radical 15 gives
cyclohexadienyl radical 18, which then undergoes β-scission
of the weak N�O bond.11 The acetyloxy radical thus pro-
duced evolves through rapid extrusion of carbon dioxide
into a methyl radical, which can transfer a xanthate
group from the starting material 14a to give radical 15 and
S-methyl xanthate 21a.

Evidence for this mechanism was adduced by repeating
theoperationwith steroidhydroxamate14b.Asoutlined in

Scheme 4, the reaction furnished in the yields shown the
expectedopenchainhydroxamate17banddihydroquinolone

Scheme 4

Scheme 5

Figure 2. Examples of benzazepinones.
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20, in addition to steroid xanthate 21b. Decarboxylation of
the bile acidmoiety had indeed takenplace in accordwith the
mechanism displayed in Scheme 3. The fact that cyclization
did proceed in the case of xanthates 14a and 14b, albeit in
modest yield, encouraged us to examine the behavior of the
even higher homologue 5, n=2. The cyclization in this case
would lead to a benzazepinone 6, n=2.Wehad found in the
past that it was possible in some cases to construct seven
membered ringsbydirect radical cyclizationontoaromaticor
heteroaromatic rings. Furthermore, the observation that
radicals 10 (Scheme 2) did not readily cyclize opened the
possibility of their intermolecular capture by an alkene 22,
thus providing a direct and flexible access to xanthate pre-
cursors 23 needed for the formation of benzazepinones 24, as
indicated in Scheme 5.9b,c,12

The intermolecular addition to unhindered terminal
alkenes indeed proved successful, as did the cyclization
step. The examples assembled in Figure 2 give an idea of
the scope and functional group tolerance of the process.
No complications arising from a radical Smiles rearrange-
ment were observed, in contrast to the lower analogous
series. In this case, the Smiles rearrangement would have

had to proceed through a temporary six-membered ring,
which kinetically is a much slower process.
Thus, alkenes 22a�i bearing a range of useful func-

tional groups underwent the desired radical addition with
xanthates 7a�d to give new adduct xanthates 23a�i, and
these in turn were converted into benzazepinones 24a�i in
synthetically useful yields. Particularly noteworthy is the
compatibility of the method with the presence of an
aromatic bromide and, especially, iodide, as this allows
further elaboration through the myriad transition metal
catalyzed coupling reactions. The ring-closure in the pre-
sence of a meta-iodo substituent is only moderatly regio-
selective (2:1 in favor of a distal cyclization). In the case of
24f/24f0, the two regioisomers could not be separated by
chromatography, but a pure sample of the major isomer
could be obtained by crystallization. Another interesting
aspect is the easeof introducingaboronate (24i) or a complex
carbohydrate motif (two separable epimers 24j and 24j0).
Direct access to N-unsubstituted benzazepinones can-

not be accomplished by cyclization of secondary amide
xanthates 25 (Scheme 5), presumably because of the re-
latively high rotation barrier and the predominance of the
rotamer with a geometry unfavorable for ring-closure.12,13

The best approach we have recently developed relies on
methanesulfonamides of type 26 (Scheme 5), which giveN-
unsubstituted benzazepinones by extrusion of a methane-
sulfonyl radical, but high temperatures must be used in the
cyclization step.14

The present convergent approach allies a flexibility in
the choice of reacting partners with the simplicity and
mildness of the experimental procedure. It constitutes a
concise and cheap route to a class of highly privileged
structures in medicinal chemistry.15 Furthermore, the sub-
stitution pattern accessible by xanthate technology is not
easily attained by more conventional synthetic methods.
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