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ABSTRACT

N-Vinyl nitrones derived from fluorenone have been prepared via a copper-mediated coupling between fluorenone oxime and vinyl boronic acids.
These compounds undergo subsequent rearrangement and addition reactions that are distinct from the traditional [3þ 2] cycloaddition reactivity
of nitrones. Thermal rearrangements of fluorenone N-vinyl nitrones give spiroisoxazolines, while treatment with alkynes provides fluorene-
tethered isoxazoles. The scope and limitations of the preparation of fluorenone N-vinyl nitrones and their subsequent rearrangement and addition
reactions are discussed.

Despite the proven utility of nitrones in chemical synthe-
sis, N-vinyl nitrones are unusual compounds that have
rarely been targeted as synthetic intermediates because of
the challenges associated with their preparation by tradi-
tional methods.1,2 Recently, Denmark and Montgomery

reported that N-vinyl nitrones could be synthesized from
nitroalkenes and aldehydes in four steps as illustrated in
Scheme 1.3 Coinciding reactivity studies included an intra-
molecular [4 þ 2]-cycloaddition (Scheme 1) and suggested
that theseuncommonheterodienesmaybegenerallyuseful as
precursors to isoxazolopyridine ring systems.While studying
the use of copper-mediated C�O bond forming coupling
reactions for the preparation of N-enoxyphthalimides, we
observed that N-vinyl nitrones can be prepared in a single
step from fluorenone oxime and vinyl boronic acids under
copper-mediated coupling conditions (Scheme 1).4,5 The
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reactivityof these fluorenone-N-vinylnitrones isdistinct from
traditionalnitronesbecause the electrophilic fluorenyl carbon
does not participate in cycloaddition processes. This surpris-
ing characteristic can be exploited to afford spiroisoxazolines
and fluorenone-tethered isoxazoles;products normally in-
accessible directly from nitrones;that exhibit privileged
structural motifs present in bioactive pharmaceuticals, dyes,
and organic materials.6�8 Herein we describe the optimiza-
tionand scopeof the facile preparationof fluorenone-N-vinyl
nitrones from fluorenone oxime and vinyl boronic acids as
well as the unique synthetic utility of these new compounds.
The synthesis ofN-vinyl nitrones from fluorenone oxime

and vinyl boronic acids occurred serendipitously.N-Vinyl
nitrone 3a was observed when a mixture of fluorenone
oxime 1 and 3-hexenyl boronic acid 2a was treated with
Cu(OAc)2 (Table 1, entry 1). This compound was initially
obtained in moderate yield and identified by a distinctive
1H NMR resonance at 8.87 ppm which is indicative of the
aryl resonance Ha.

9When a mixture of 1 and cyclohexenyl
boronic acid 2b was subjected to similar conditions, an
analogous product 3b was observed and the structural

assignment was corroborated by independent synthesis via
oxidation and elimination of selenide-substituted imine
4 (Table 1, entry 10 and eq 1).10 The N-vinyl nitrone
structures of 3a and 3b were eventually further confirmed
by X-ray crystallography of analogous 3g (see below).
Observation of theseN-vinyl nitrone products was surpris-
ing since we had previously used a similar transformation
to prepare N-enoxyphthalimides and had expected to
obtain the analogous oxime ether.5

Once the identity of 3a was established as an N-vinyl
nitrone, the coupling reaction was optimized to identify the
most efficient mixture of reagents. As illustrated in Table 1,
Cu(OAc)2 was shown to be themost effective copper salt for
the coupling of 2awith 1when compared to other Cu(I) and
Cu(II) reagents (entries 5�8).Theuseof2equivofCu(OAc)2
also enhanced the yield for the formation of 3a (entry 5). In
contrast, the coupling of cyclohexenyl boronic acid 2bwith 1
was generally a more efficient transformation and could be
achieved with stoichiometric quantities of Cu(OAc)2 as well
as lower concentrations of vinyl boronic acid and pyridine
(entry 10). The choice of desiccant had little effect on the
preparation of either 3a or 3b, but the use of a chlorinated
solvent and an aerobic atmosphere was required for the
desired transformation. The copper-mediated nitrone synth-
esis could be proceeding via a direct C�N bond forming
pathway or an initial C�O bond forming step followed by a
rearrangement.11 These mechanistic details of this transfor-
mation are currently under investigation.

Scheme 1. Preparation and Reactivity of N-Vinyl Nitrones

Table 1. Optimization of Cu-MediatedN-Vinyl Nitrone Synthesis

entry R1/R2 Cu salt

equiv

of Cu t (h)

yield

(%)a

1 Et/Et Cu(OAc)2 1 24 45

2 Et/Et Cu(OAc)2 1 48 54

3 Et/Et Cu(OAc)2 0.3 24 20

4 Et/Et Cu(OAc)2 0.1 24 5

5 Et/Et Cu(OAc)2 2 24 63

6 Et/Et CuI 2 24 6

7 Et/Et Cu(OTf)2 2 24 NR

8 Et/Et CuTC 2 24 10

9 -C4H8- Cu(OAc)2 2 24 85

10 -C4H8- Cu(OAc)2 2 24 86b

11 -C4H8- Cu(OAc)2 0.3 24 60

aDetermined by 1HNMRspectroscopy using 3 equiv of 2a or 2b and
CH2Br2 as a reference.

b 5 equiv of py and 2 equiv of 2bwere used. TC=
2-thiophenecarboxylate.
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To explore the scope of the method for tolerance of the
boronic acid partner, the most general conditions identi-
fied in Table 1 were applied to a variety of vinyl boronic
acids (entry 5). As shown in Scheme 2, trans-monosubsti-
tuted, Z-disubstituted, and cyclic boronic acids all effi-
ciently form N-vinyl nitrones 3 as single E-alkene isomers
when treated with fluorenone oxime. While Z-disubsti-
tuted alkenyl boronic acids give moderate yields, the best
results were obtained using cyclic boronic acids and trans-
monosubstituted vinyl boronic acids. Homocoupling pro-
ducts of the boronic acids were identified as the common
byproduct of these transformations, and tetrasubstituted
vinyl boronic acids were unreactive. Single crystals of 3g
were grown from EtOH/CH2Cl2, and X-ray diffraction
analysis confirmed the structure of the nitrone. The range
of fluorenone-derived N-vinyl nitrones obtained from the
copper-mediated coupling reactions allowed us to further
explore the reactivity of these new unusual compounds.
First, isolatedN-vinyl nitrones 3 were heated to explore

the possibility of a thermal rearrangement. In each case, a

new product was observed to form cleanly at 140 �C and
exhibited a diagnostic 13C NMR resonance at 90 ppm
which suggested that a polarized sp3 quaternary centerwas
present in the molecule.12 The identity of this product was
established by X-ray diffraction analysis of 5m to be a
spiroisoxazoline. The scope of this rearrangement is broad
with both disubstituted- and cyclic vinyl nitrones tolerated
as substrates (Table 2). Monosubstituted vinyl nitrones,
however, decomposed. To the best of our knowledge,
this structural rearrangement is unprecedented, and we
are currently exploring the mechanism of this transforma-
tion.13 Since spiroisoxazolines have been identified as anti-
tubercular agents and fluorenone derivatives have been
identified as antimalerial drugs, we anticipate that the com-
bined influence of these biologically active functional groups
may lead to expanded pharmaceutical applications.6,7

Next, N-vinyl nitrones 3 were treated with electron-
deficient alkynes to test for [3þ 2] cycloaddition reactivity
(Table 3). To our surprise, when 3b was heated in the
presence of methyl propiolate, a [3 þ 2] cycloaddition
product was not observed. Instead, fluorene-tethered iso-
xazole 6 was isolated in 60% yield. This product suggests
that the N-vinyl substituent and the bulky fluorenone
nitrone scaffold favor an alternative cyclization and elim-
ination process while hindering the expected [3 þ 2]

Table 2. Scope of Spiroisoxazole Formation

a Isolated yields are reported.

Scheme 2. Scope of Cu-Mediated N-Vinyl Nitrone Synthesis

a Isolated yields are reported using 3 equiv of 2. b Isolated yield
reported using 1.5 equiv of 2. c 2 equiv of 2c were used.
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of the N-vinyl nitrone to the spiroisoxazoline was observed below
100 �C.

(13) See Supporting Information for mechanistic discussion.
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cycloaddition. This reactivity pattern appears to be com-
mon for fluorenone-derivedvinyl nitroneswith cycloalkenyl

N-substituents when treated with either terminal or
internal alkynes. Substrates with linear alkenyl N-sub-
stituents such as 3a undergo an analogous transforma-
tion with either terminal or internal alkynes to afford
alkyne addition and C�C bond cleavage products such
as fluorene 10 and isoxazole 11. Notably, nitrone 3lwas
observed to undergo conversion to 10 and 14 at sig-
nificantly lower temperatures than formation of iso-
xazoline 5l.12�14 This reactivity suggests that interac-
tion between nitrone 3l and methyl propiolate occurs
via a lower energy pathway than the structural rear-
rangement of 3l to give 5l.
In summary, we have shown that fluorenone-derived

N-vinyl nitrones can be prepared in a single-step by copper-
mediated coupling of fluorenone oxime and vinyl boronic
acids and that these compounds undergo thermal rear-
rangements to give spiroisoxazolines as well as a cycli-
zation and elimination process with electron-deficient
alkynes to give fluorene-tethered isoxazoles. The cou-
pling represents a new facile route to N-vinyl nitrones,
which have previously only been prepared by multistep
procedures.3 The reactivity of the fluorenone-based
N-vinyl nitrones differs significantly from the intramo-
lecular [4 þ 2] cycloaddition chemistry observed for
aldimine-based N-vinyl nitrones and provides access
to new spirocyclic heterocycles and fluorene-tethered
isoxazoles. Exploration of the scope of the copper
coupling for the preparation of N-vinyl nitrones from
other oximes and investigation of the mechanisms of
the rearrangements are currently being pursued in our
laboratory.
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Table 3. Additions and Rearrangements of N-Vinyl Nitrones

a Isolated yield. bYield determined by 1H NMR spectroscopy using
CH2Br2 as a reference. c 120 �C. d 80 �C.
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