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ABSTRACT: 1,3-Oxazinen-4-ones are medicinally important
scaffolds which have traditionally been accessed using a hetero-
Diels−Alder approach or more recently using a cobalt-
catalyzed three-component cycloaddition. Herein we report a
novel strategy to access this scaffold which allows for the rapid
and high yielding synthesis of 1,3-oxazinen-4-ones under ambient temperature and pressures with improved substrate scope.

Numerous oxazine- and oxazinone-containing compounds
have been shown to possess biological activity against a

variety of targets including cancer1,2 and microbial infections.3

The clinically used benzodiazepine ketazolam contains an
oxazinone and is prescribed for the treatment of anxiety.4 In
addition, this scaffold has proven useful in the design of
conformationally restricted peptides and mimics.5 Access to this
structure type has traditionally been achieved using either a
hetero-Diels−Alder approach6−8 or a condensation-type reac-
tion between a hydroxyl amide and a carbonyl-containing
fragment.9−12 These procedures are not ideal, as the preparation
of the intermediates is often long and the cyclization itself is
typically low yielding, with limited substrate scope predom-
inantly due to the requirement for harsh reaction conditions.
Palladium-catalyzed carbonylation of α-diazocarbonyl com-
pounds with imines has also been used to access a small subset
of oxazinenones.13 Most recently, two groups independently
reported the synthesis of various 1,3-oxazinan-4-ones using a
cobalt-catalyzed three-component cycloaddition.14,15 While an
elegant solution to access these compounds, the reaction does
suffer from limitations, namely the requirement of a catalyst, high
pressures of carbon monoxide (800−880 psi), and long reaction
times of up to 96 h at elevated temperatures (between 50 and 70
°C). Furthermore, no electron-deficient aryloxazinanones were
described, and only a limited subset of alkyloxazinanones was
reported.
Nucleophilic ring opening of doubly activated cyclopropanes

has been known for over a century.16 Pioneering work by
Danishefsky17−20 and others21−23 has led to a greater under-
standing of their reactivity. Traditionally, there has been an
emphasis on intramolecular reactions;24−26 however, reports on
the more difficult intermolecular ring-opening of cyclopropyl
adducts have become more frequent, albeit with an emphasis on
donor−acceptor cyclopropanes.27−30 Intermolecular nucleo-
philic ring-opening of cyclopropanes typically requires elevated
reaction temperatures, high pressure, or organometallic cata-
lysts.31−38 Under these conditions other processes often
compete, for example, intramolecular rearrangement of the
cyclopropane.26,39

We sought to investigate the nucleophilic ring opening of the
doubly activatedN-acyliminium cyclopropane 4 (Scheme 1) and

postulated that this electrophilic cyclopropane could undergo a
homologous Michael addition with an appropriate nucleophile.
The resultant enolate would then attack the iminium carbon to
form the corresponding oxazinenone 3.
Herein we report a general method to access highly

functionalized 1,3-oxazinen-4-ones under atmospheric pressure
and ambient temperatures with excellent atom economy and
without the requirement of additional reagents.
To test our hypothesis, in the first instance the acid chloride 1

was generated in situ prior to the addition of 2 equiv of the
diphenyliminoglycinate 6a (Scheme 2). After 30 min at room
temperature, the chloroethyl-1,3-oxazinen-4-one 7a was isolated
as the sole product in a 35% yield. Evidence for the structure of 7a
was provided by analysis of the proton NMR spectrum which
showed the disappearance of resonances attributed to the
cyclopropane at 1.95 and 1.73 ppm and the presence of two 2H
triplets at 3.32 and 2.64 ppm, consistent with ring-opening of the
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Scheme 1. Synthetic Strategy To Access Oxazinenones
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cyclopropane. Analysis of the mass spectrum indicated a sodiated
molecular ion (m/z 436.1292 Da) with an isotopic pattern
consistent with a chlorine atom being present in the structure.
Furthermore, the carbon NMR spectrum of 7awas devoid of any
resonance attributable to an isolated ketone along with the
emergence of a resonance at 96.7 ppm which was assigned to a
diheteroatom substituted quaternary carbon, in line with
oxazinenone formation. Confirmation of the structure of 7a
was provided by a single-crystal X-ray diffraction study (Figure
1).

The structure of 7a is somewhat surprising as the imine was
expected to out-compete the less nucleophilic chloride which, at
least initially, would be in considerably lower concentrations than
the imine. An improvement in the overall yield for this reaction
was achieved by not isolating the crude acid chloride; dilution of
the reactionmixture with DCM followed by the addition of 2mol
equiv of the imine provided the corresponding oxazinenone 7a in
a 65% yield over 2 steps (Scheme 2).40 Notably, increasing the
relative amount of imine beyond 2 mol equiv did not alter the
product or chemical yield of the oxazinenone.
With the view toward creating greater molecular diversity and

probing the electronic requirements for oxazinenone formation,
the iminoglycinates (6b−g, Table 1) were synthesized using
standard procedures.40 Electronically diverse 4-substituted
arylimines were well-tolerated with good yields of the
corresponding oxazinenones observed for electron rich (entry
1) including (3,4,5-trimethoxybenzyl)iminoglycinate (entry 2),
relatively neutral (entry 3), and electron-poor (entry 4) imines.
The tolerance for electron-poor aromatic systems has not been
reported for the cobalt-catalyzed cycloadditions.14,15 Further-

more, the readily functionalized aryl halide and heteroaromatic
examples (entries 5 and 6) also proceed in good yield, 52% and
58%, respectively. Treatment of the cyclopropyl acid chloride 1
with benzylamine cleanly provided the corresponding cyclo-
propyl benzylamide with no evidence of ring-opened adducts
found (not shown).
Driven by this success and the possibility of providing a robust

route to oxazinenones, we examined the benzyl benzylidene
system 8a−l (Figure 2).40 Under the standard reaction
conditions described above, access to the corresponding
oxazinenones was achieved in less than 2 h at room temperature
and in moderate to good yields. As observed for the
iminoglycinate analogues, diversity in aromatic substitution
patterns and electronics was well tolerated. The sterically
demanding but electron-rich o-methoxy-substituted aromatic
imine underwent reaction with the acid chloride 1 to provide the
corresponding oxazinenone 9b in 52% yield. Furthermore, both
electron-rich and electron-poor meta-substituted aryl imines
underwent smooth conversion to their corresponding oxazine-

Scheme 2. Synthesis of Oxazinenone 7a

Figure 1. X-ray single-crystal molecular structure of 7a.

Table 1. Iminoglycinate Substrate Scope for Oxazinenone
Synthesis

aReaction conditions: cyclopropyl carboxylic acid 5 (1.0 equiv),
thionyl chloride (1.1 equiv), 90 min, 40 °C, then DCM and imine (2
equiv), rt, 2 h. bIsolated yield over two steps.
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nones 9c and 9h, respectively. Alkylimines were also well
tolerated with tert-butyl 9i, isopropyl 9j, cyclohexyl 9k, and
dimethyl 9l oxazinenones all being isolated in good yield under
the standard reaction conditions. Analysis of the reaction
mixtures by proton NMR prior to purification by silica gel
chromatography indicated complete conversion to the corre-
sponding oxazinenone with only trace impurities present.40 Mass
recovery was typically greater than 90% prior to chromatography
with an appreciable loss of product generally observed during
purification.
Further reaction scope in the imine portion was demonstrated

by treatment of the acid chloride 1 with benzophenone imine to
provide the readily functionalized secondary amide 10 in 61%
yield (Scheme 3).
Having established good substrate scope on the imino portion

of the oxazinenone, we turned our attention to modifying the
cyclopropyl acid fragment. The known benzoylcyclopropane
1141 was treated with thionyl chloride to provide the
corresponding cyclopropyl acid chloride, which readily partici-

pated in the reaction with diphenyliminoglycinate to afford the
triphenyl oxazinenone 12 in 58% yield (Scheme 4).

Efforts to vary the acid chloride itself by generating a mixed
anhydride or employing other activated acids were unsuccessful
in producing the corresponding oxazinenones. Instead, function-
alization of the alkyl side chain was achieved by treatment of the
oxazinenone 7d with silver acetate to afford the corresponding
acetate 13 in an 81% yield (Scheme 5).

The versatility of this reaction was further demonstrated by a
competition experiment whereby equimolar amounts of 4-
methoxybenzyl-, benzyl-, and 4-nitrobenzylimines were added to
1 molar equiv of the acid chloride 1 under the standard reaction
conditions (Scheme 6). Analysis of the proton NMR spectrum of

the crude mixture indicated an equimolar mixture of the
corresponding oxazinenones. This is in agreement with the
substrate flexibility and uniform yields of electron-rich through to
electron-poor aryl imines demonstrated in Table 1 and Figure 2.
In conclusion, we have described a robust new method to gain

access to a diverse range of oxazinenones under mild reaction
conditions without the requirement of a metal catalyst or
pressure. The cyclopropyl carboxylic acid and imine precursors
are readily prepared with a range of substituents and functional
groups. Efforts to further investigate the mechanism of this
reaction are underway and will be reported in due course.

Figure 2. Imine substrate scope for oxazinenone synthesis. Reaction
conditions: cyclopropyl carboxylic acid 5 (1.0 equiv), thionyl chloride
(1.1 equiv) 90 min, 40 °C, then DCM and imine (2 equiv), rt, 2 h. (a)
Coeluted with trace amounts of an unknown byproduct.

Scheme 3. Synthesis of Oxazinenone 10

Scheme 4. Synthesis of Oxazinenone 12

Scheme 5. Modification of the Alkyl Halide Side Chain of
Oxazinenone 7d

Scheme 6. Competition Experiment with Electronically
Diverse Imines Afforded an Equimolar Mixture of
Corresponding Oxazinenones 9a,f,m
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