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ABSTRACT

Strained bicyclic 3,6-dihydro-1,2-oxazine is a reactive substrate in domino metathesis with an external alkene. This general transformation
leads to isoxazolo[2,3- a]pyridin-7-one, a versatile scaffold combining chemical functions that could be selectively oxidized or reduced. The
synthetic relevance of these domino metathesis products is demonstrated by a straightforward synthesis of a quinolizinone.

[4 + 2] Cycloaddition reactions create two bonds simulta-
neously and up to four stereogenic centers. A rapidly
expanding area, the nitroso Diels-Alder reaction,1 allows
the straightforward synthesis of 3,6-dihydro-1,2-oxazines.
These versatile scaffolds can be viewed as latent 1,4-cis
aminoalcohols, piperidines, or pyrroles (for example).2,3

Recent progress from Yamamoto’s group has extended this
[4 + 2] cycloaddition to the first catalytic and enantio-
selective version.4 We have recently reported the use of
R-acetoxy nitroso as a reactive dienophile in [4+ 2]
cycloaddition reaction.5,6 In line with our studies on the
reactivity of these new nitroso dienophiles and their potential

synthetic applications,3c we report herein our studies on the
domino metathesis reaction of strained bicyclic 3,6-dihydro-
1,2-oxazine catalyzed by ruthenium alkylidene.

Pioneering studies by King have shown that ROCM of
strained [2.2.1] bicyclic dihydrooxazine1 led to a 1:1 mixture
of regioisomeric isoxazolidines2 in 57% yield (E/Z ) 1:1,
Scheme 1).7 However, to the best of our knowledge the

domino metathesis of nitroso Diels-Alder cycloadducts has
not been disclosed in the literature. Domino metathesis has
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been under close scrutiny in the past few years.8 This reaction
uses favorable thermodynamics to rearrange a (strained)
unsaturated bicycle in the presence of a catalytic amount of
a ruthenium carbene. Several bicyclic systems have been
evaluated in this domino transformation, including bicyclo-
[2.2.1]heptenes3,9 oxa-9c,10 or azabicyclo[2.2.1]heptenes
4-6,9c,10a,11and 2-azabicyclo[2.2.1]hept-5-en-3-ones7 (Scheme
2).12 Recently, Maison et al. described a ring-opening/ring-

closing metathesis sequence from8 (X ) CHCO2Et), leading
to functionalized azabicycloalkane9.13

Starting from strained nitroso Diels-Alder adducts (10,
X ) O) and an alkene R5CHCH2, domino metathesis should
allow direct access to rare scaffolds, isoxazolo[2,3-a]pyridin-
7-ones11. The newly formed bicyclic derivatives11are very
attractive because they combine chemical functions that could
be oxidized (two easily differentiated carbon-carbon double
bonds) or reduced (nitrogen-oxygen bond, lactam carbonyl).
In addition, the two stereogenic centers would not be
altered.14 The substitution pattern of both the domino
precursor10 and the external alkene R5CHCH2 could also
be varied at will, thus offering another possibility of chemical
diversity. Eventually, this domino metathesis sequence could
be synthetically useful in the multistep elaboration of
biologically relevant targets. The isoxazolo[2,3-a]pyridin-
7-ones are structural motifs shared by potent tyrosine kinase
inhibitors such as pyridomacrolidin, a fungal metabolite

isolated fromBeauVaria bassiana.15 The synthetic importance
of this domino sequence will be illustrated in the last part
of this communication.

To evaluate the domino metathesis of 3,6-dihydro-1,2-
oxazine, we required in the first place an efficient synthetic
procedure for the domino precursor10 (Scheme 3). Aqueous

[4 + 2] cycloaddition reaction ofR-acetoxynitroso126 with
cyclopentadiene in water at room temperature followed by
acylation reaction afforded dihydrooxazine10 in 61% yield.
Alternatively, the bicyclic 3,6-dihydro-1,2-oxazine can be
obtained in two steps from commercially available 3-butenoic
acid. The latter was transformed into the corresponding
hydroxamic acid13 by hydroxaminolysis reaction (59%) of
the corresponding activated ester.16,17 Swern oxidation18

followed by immediate trapping of the intermediate acyl-
nitroso by cyclopentadiene led to the desired dihydrooxazine
10 (80%).19

Having a suitable access to compound10, we turned our
attention to its reactivity in the presence of ruthenium
carbenes (Scheme 4). Two precatalysts have been evaluated
in this study, second generation Grubbs carbene20 [Ru]-2
and Hoveyda-Grubbs carbene21 [Ru]-3.

Initial experiments were disappointing: no reaction oc-
curred when strained 3,6-dihydro-1,2-oxazine10was treated
with 5 mol % of [Ru]-2 in refluxing methylene chloride.
Ethylene pressure (up to 25 bar) was then applied to the
reaction vessel, without success.22 However, the addition of
an external alkene such as allyltrimethylsilane dramatically
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changed the reaction outcome. In 4 h, a 1:1 mixture of
isoxazolo[2,3-a]pyridin-7-ones15 (E/Z ) 4:1) and14 was
obtained (59%) in refluxing CH2Cl2 (0.05 M).23 The latter
compound can be easily transformed into15 by a cross-
metathesis reaction with allyltrimethylsilane (10 mol %[Ru]-
2, 64%).

Encouraged by this positive result, we tried to optimize
the yield and product distribution of this domino metathesis
(Table 1). Striking solvent concentration dependence was

observed: when the reaction was run at 0.01 M in methylene
chloride, the yield dropped to 30% (15/14) 80:20, Table
1, entry 1). However, at 0.05 M, the yield increased to 91%
at the expense of the product distribution (15/14) 60:40,

Table 1, entry 2). Keeping 0.05 M as an optimal concentra-
tion, we aimed at increasing the15/14ratio. The quantity of
precatalyst was increased to 7.5 mol % (Table 1, entry 3),
leading to a15/14 ratio of 80:20 (86%). Identical results were
obtained when carbene[Ru]-2 was replaced by Hoveyda-
Grubbs carbene[Ru]-3 (Table 1, entry 3 vs entry 5). A
further increase in precatalyst loading to 10 mol % (in two
separate additions of 5 mol %) led to a ratio of 85:15 (93%,
Table 1, entry 4). Such a dependence on concentration and
catalyst loading has been recently observed by Maison et
al. in related systems.13

With these optimum conditions in hand, we turned our
attention to the generality of this domino sequence (Table
2). Different alkenes were then evaluated. Electron-deficient

alkenes (such as 1-phenyl-propen-2-one, allylphenylsul-
fone)24 or propargylic alcohol were unreactive cross-metath-
esis partners. In contrast, allylic alcohol led to a 55:45
mixture of16a/14 in 75% yield (Table 2, entry 1). However,
the yield and product distribution were not reproducible,
probably as a result of competitive double bond isomerization
processes.25 Homoallylic and bishomoallylic alcohols were
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Table 1. Optimization of Reaction Conditions

entry catalyst concn (M) 15/14 ratioa yield (%)b

1 [Ru]-2, 5 mol % 0.01 80:20 30
2 [Ru]-2, 5 mol % 0.05 60:40 91
3 [Ru]-2, 7.5 mol % 0.05 80:20 86
4 [Ru]-2, 2 × 5 mol % 0.05 85:15 93
5 [Ru]-3, 7.5 mol % 0.05 80:20 85

a Determined by1H NMR analysis of the crude reaction mixture.
b Combined isolated yield.

Table 2. Scope of the Reaction

a Determined by1H NMR analysis of the crude reaction mixture.
b Combined isolated yield.c Not reproducible; see text.
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reliable partners in this domino sequence, leading to isox-
azolo[2,3-a]pyridin-7-ones16b and 16c (as a separable
mixture with 14) in 77% and 91% combined yield, respec-
tively (Table 2, entries 2 and 3). 1-Octene or pent-4-enyl
bromide led to good yields of the desired rearranged bicycles
(Table 2, entries 4 and 5).

From a mechanistic point of view, the domino precursor
10 presents two independent sites of initiation for the
ruthenium precatalyst: terminal double bond or internal
unsaturation. No direct evidence in favor of one or the other
pathway has been obtained during our studies. Traces of
products derived from ring-opening/cross-metathesis could
be observed when the reaction was conducted with allyltri-
methylsilane as an external alkene. This experimental
observation is indicative of the second pathway but does not
rule out the first. The two pathways might be simultaneously
operative.8a

The synthetic importance of the isoxazolo[2,3-a]pyridin-
7-one scaffold has been demonstrated in a straightforward
synthesis of the quinolizinone26 moiety, the core structure
of many biologically relevant alkaloids.27

The hydroxyl moiety of compound16b was protected as
a trityl ether28 and the N-O bond was cleaved using SmI2

in THF (79%) (Scheme 5).29 Upon reduction of the lactam
function (LiAlH4, THF) and protection of the resulting
piperidine as atert-butyl carbamate, compound19 was
obtained in 49% for two steps. Oxidation of the secondary
alcohol with Dess-Martin periodinane led to theR,â-
unsatured ketone20 (61%).30 Treatment of the latter with
an excess of trifluoroacetic acid (CH2Cl2, 0 °C) followed by

treatment with a saturated aqueous sodium bicarbonate
solution triggered an intramolecular Michael addition, af-
fording quinolizinone21 in 59% yield.23,31

We have shown that properly substituted nitroso Diels-
Alder cycloadducts can undergo domino metathesis with an
external alkene in the presence of a catalytic quantity of
ruthenium alkylidene. The isoxazolo[2,3-a]pyridin-7-ones
thus obtained were shown to be synthetically useful in the
multistep synthesis of biologically relevant alkaloids. Further
efforts along these lines will be reported in due course.
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