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A novel and unexpected ring-expansion reaction of 1,2-benzisoxazol-3-ones is identified. The scope of
this reaction is exemplified and the proposed mechanism is also implicated in another degradation pro-
cess. This reaction also represents a new method for accessing the 4H-1,3-benzoxazin-4-one skeleton.

� 2011 Elsevier Ltd. All rights reserved.
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Scheme 1. Functionalisation of a 1,2-benzisoxazol-3-one.4a
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The construction and subsequent functionalisation of densely-
substituted and/or unusual heterocyclic skeleta is a recurrent
theme in industrial and academic research groups alike. Further-
more, there is a growing desire within the pharmaceutical industry
to access hitherto unexplored chemical space.1 Increasingly there-
fore, synthetic chemists might expect to encounter individual sub-
strates, or even classes of substrates, which do not perform well in
otherwise standard methodologies. The research described herein
highlights this point, albeit on a relatively common heterocyclic
skeleton.

The 1,2-benzisoxazole motif is a common pharmacophore and,
as such, is found in a wide range of pharmaceutically active com-
pounds.2 Due to this biological importance, construction and sub-
sequent functionalisation of 1,2-benzisoxazoles has attracted
much interest.3,4 One of the more common methods used for func-
tionalisation at the 3-position is chlorination of the corresponding
1,2-benzisoxazol-3-one followed by reaction with a nucleophile4

(e.g., see Scheme 1).
As can be seen in this example, however, the conditions used

are often quite harsh. Indeed, it appears that chlorination of the
isoxazol-3-one unit in general is a difficult transformation. For
example, as well as the microwave-mediated chemistry outlined
above, Andersen and Begtrup found it necessary to develop highly
acidic thermal conditions to accomplish chlorination of 4,5,6,7-
tetrahydroisoxazolo[4,5-c]pyridin-3-ones (POCl3, H3PO4 and pyrid-
inium hydrochloride at reflux).5 As one might expect, neither
methodology lends itself to application in the presence of sensitive
functionality.
ll rights reserved.

Raw).
As part of an ongoing research programme, we had reason to
investigate the functionalisation of polysubstituted 1,2-benzisox-
azoles containing a protected aldehyde moiety. To this end, we at-
tempted a microwave-mediated chlorination of a 1,2-benzisoxazol-
3-one containing a reasonably robust pinacol acetal 1b. ‘Standard’
conditions using POCl3 with or without a solvent (e.g., acetonitrile)
100 °C, 0.5 h 2b, 27%1b

Scheme 2. Chlorination of an acetal-bearing 1,2-benzisoxazolone.
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Substrate scope of the ring-expansion8
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resulted in no conversion. When the more forcing acidic conditions
developed by Andersen and Begtrup were attempted, the only
product isolated from this reaction was 3-chloro-1,2-benzisoxazole
derivative 2b in which the pinacol acetal had been transformed into
a gem-dichloromethyl moiety (Scheme 2).

A subsequent survey of the literature identified only one exam-
ple of the chlorination of a 2-oxoazacycle bearing a pendant acetal
unit.6 This employed a Vilsmeier POCl3/DMF reagent system, a
common alternative when confronted with stubborn substrates.

When we applied these milder conditions to our densely-func-
tionalised substrate 1b, we were pleased to observe relatively clean
conversion by HPLC to a new product which then crystallized di-
rectly from the reaction mixture. However, analysis by LCMS, 1H
and 13C NMR spectroscopy was inconsistent with the desired 3-
chloro-1,2-benzisoxazole. The product was identified as 2-(dimeth-
ylamino)-4H-1,3-benzoxazin-4-one derivative 4a (Scheme 3).7

Given the intrinsic incompatibility of our substrate with com-
mon chlorination methodologies, we did not pursue this strategy
any further in terms of target molecule delivery. Nevertheless,
we were keen to understand if this unexpected ring-opening reac-
tion pathway observed was specific to our densely-substituted 1,2-
benzisoxazol-3-one 1b or if it was a general effect. To this end, we
subjected a range of 1,2-benzisoxazol-3-ones to the general reac-
tion conditions8 and, in all cases, we found the predominant reac-
tion pathway to be that leading to the ring-expanded 4H-1,3-
benzoxazin-4-one products 4. The results are summarized in Table
1. As can be seen, the ring-opening pathway appears to be general
to 1,2-benzisoxazol-3-ones (entries 1–4). It is noteworthy that 7-
methyl-1,2-benzisoxazol-3-one (1a) gives the corresponding 4H-
1,3-benzoxazin-4-one 4c (entry 2) as this substrate furnishes the
expected 3-chloro-1,2-benzisoxazole (2a) when reacted with neat
POCl3 (Scheme 1).4a The mechanism also operates when 1,2-iso-
xazol-3-ones 5a,b are employed (entries 5 and 6), though we found
the corresponding 4H-1,3-oxazin-4-one products 6a,b were unsta-
ble to isolation and consequently were only detected using analyt-
ical methods. We then went on to investigate the fate of the related
1,2-benzisothiazol-3-one 7 and indazol-3-one 9 skeleta under
these conditions. Neither appeared susceptible to such a ring-
expansion mechanism: the 1,2-benzisothiazol-3-one furnished
the expected 3-chloro-1,2-benzisothiazole 8 (entry 7) and the
indazol-3-one 9 did not react under these conditions (entry 8).

Having examined the substrate-scope in terms of the heterocy-
clic component, we also investigated the performance of a range of
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Scheme 3. Unexpected ring-expansion to a 4H-1,3-benzoxazin-4-one.

8

9

HN
N
Bn

O

9

HN
N
Bn

O

—

a Product confirmed by LC–MS and 2D NMR spectroscopy, not isolated or
purified.

b Product visible as a minor component, confirmed by LC–MS and GC–MS only.

HN
O

O

F
F

N

O

O

R2N
F

F60 °C,10 min

1,2 eq. POCl3,
1.2 eq. R2NCHO,

toluene

NR2=pyrrolidine, 4f, 78%
NR2=piperidine, 4g, 67%
NR2=morpholine, 4h, 62%

1d

Scheme 4. Alternative N-formyl amines in the ring-expansion.8



S. A. Raw et al. / Tetrahedron Letters 52 (2011) 6775–6778 6777
formamides in this methodology. The results are summarized in
Scheme 4. As shown, in addition to N,N-dimethylformamide
(Table 1), N-formyl-pyrrolidine, -piperidine and -morpholine all
performed well under standard conditions to furnish the corre-
sponding 4H-1,3-benzoxazin-4-one products 4f–h, in good yields.

The mechanism we propose for this ring-expansion is outlined
in Scheme 3. Though we have no experimental evidence (e.g., iso-
lated intermediates, kinetics, etc.), this proposal is based on a sim-
ilar mechanism outlined for 1,2-oxazolin-5-ones.10 Further, we
have shown the implicit intermediacy of the Vilsmeier species
(rather than, for instance, a sequential chlorination/ring-opening
sequence or some nucleophilic attack of DMF) by exposing 1,2-
benzisoxazol-3-one 1d and 3-chloro-1,2-benzisoxazole 2c to
‘‘dummy’’ reactions containing no POCl3 (Scheme 5). Neither of
these reactions returned even traces of the 4H-1,3-benzoxazin-4-
one product 4d, both resulting in no detectable reaction of the
substrate.

We have one final cautionary tale relating to this unexpected
ring-expansion mechanism: in an unrelated piece of work, we
were attempting a palladium-catalysed cross-coupling of 1,2-ben-
zisoxazol-3-yl trifluoromethanesulfonate (10). We were cognizant
of the risk associated with ring-opening of the aryl palladium inter-
mediate to yield o-hydroxybenzonitrile. However, after complete
consumption of 10, neither this byproduct nor the desired 3-aryl-
1,2-benzisoxazole were observed. We eventually discerned that,
with DMF as the reaction solvent, trifluoromethanesulfonate 10
was participating in the same ring-expansion mechanism to give
4b in 30% isolated yield (Scheme 6). As shown, we propose transfer
of the triflate group from 10 to DMF to give a Vilsmeier-type imin-
ium species which then mediates a ring-expansion via a mecha-
nism analogous to that outlined in Scheme 3.
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In summary, we have identified a new ring-expansion11 of 1,2-
benzisoxazol-3-ones mediated by Vilsmeier reagents which results
in the incorporation of the N-formylamine moiety into the N–O
bond furnishing 4H-1,3-benzoxazin-4-ones 4. We have shown this
mechanism to be general to a range of 1,2-benzisoxazol-3-ones 1,
1,2-isoxazol-3-ones 5 and N-formylamines. Further, we have ob-
served this mechanistic pathway operating in other activated
1,2-benzisoxazole systems, such as 10.

The primary focus for this communication was to highlight the
difficulties encountered when applying apparently standard meth-
odology to unusual heterocyclic systems and to describe the new,
unexpected ring-expansion pathway of 1,2-benzisoxazol-3-ones.
We acknowledge that this work does not represent a powerful
new methodology for the construction of 4H-1,3-benzoxazin-4-
ones 4 as the prerequisite 1,2,-benzisoxazol-3-one substrates 1
are often difficult to access themselves. Nevertheless, this work
does represent a new approach to the 4H-1,3-benzoxazin-4-one
ring system, which itself appears to be underexploited in the
chemical space and, as such, suffers from a paucity of synthetic
approaches.12
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