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Abstract—Base-promoted cyclocondensation of hindered nitrile oxides and cyclic diketones affords highly functionalized,
sterically-encumbered isoxazole products in good yield. The mild reaction conditions (NEt3, EtOH) are tolerant to a wide variety
of functionality and permit the preparation of precursors to complex polycycles typically inaccessible via direct, intermolecular
carbon�carbon bond forming reactions. The ability to effect the cyclocondensation reaction with a catalytic amount of amine
points to the intermediacy of an ammonium enolate as a key reactive species. A convenient, single step preparation of crystalline,
stable nitrile oxides from the corresponding oximes enhances the advantages of this methodology for the preparation of
functionalized polycycles. © 2003 Elsevier Science Ltd. All rights reserved.

Recently, we reported the base-promoted cycloconden-
sation of C-chloro oximes and cyclic diketones to
afford various isoxazoles (Scheme 1, Eq. (1)).1 The
convenient reaction conditions and broad tolerance to
sensitive functional groups prompted us to explore the
potential utility of this chemistry for the construction of

complex polycyclic and heterocyclic structures. Particu-
larly, we focused our attention on the viability of more
sterically demanding substrates, which, if successful,
would offer the opportunity to prepare a variety of
aromatic derivatives typically accessible only with
difficulty.

A critical limitation in this endeavor was the C-chloro
oxime starting materials (Scheme 2). While we have
found mono-ortho substituted C-chloro oximes, includ-
ing functionalized ones, to be readily prepared,
tractable starting materials, the corresponding di-ortho
substituted analogs A proved to be unstable and prone
to decomposition. As a potential solution, we were
delighted to find that the corresponding di-ortho substi-
tuted nitrile oxides B proved to be highly stable, crys-
talline compounds conveniently prepared from oximes
in a single step (vide infra). Since at the onset of our
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studies it was not known if nitrile oxides were actively
involved in the cyclocondensation reaction, it was
unclear if isolated nitrile oxides were mechanistically
viable surrogates. Furthermore, we had no precedent
for the use of more sterically demanding substrates.

Faced with these challenges, we have developed a
straightforward and mechanistically revealing solution.
We now report that tertiary-amine bases promote the

condensation of sterically-demanding aromatic nitrile
oxides with cyclic diketones to afford fused isoxazoles
in excellent yield (Scheme 1, Eq. (2)).

Using stable nitrile oxide 1 as a model substrate, we
surveyed conditions for its cyclocondensation with
diketone 2. In the absence of base, attempted coupling
provided only trace amounts of desired product 3 after
prolonged reaction times (Table 1, entry 1), indicating

Table 1. Cyclocondensation of sterically hindered nitrile oxide 1 with diketone 2a

(1)

Entry SolventBase Time (h)Equiv. Yieldb (%)

– iPrOH1 180– 19
1.4 iPrOH2 2cNaiOPr 35

7619iPrOH3 1.4NEt3

1.4 EtOH 164 87NEt3

NEt3 0.15 EtOH 110 86

a All reactions were performed at ambient temperature at 0.1 M using 1.0 equiv. of 1 and 1.5 equiv. of 2.
b Isolated yields of pure material based on 1.
c Nitrile oxide 1 was consumed in non-productive pathways.

Table 2. Synthesis of functionalized, highly substituted fused isoxazoles by amine-promoted cyclocondensation reactionsa
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that strictly thermal cycloaddition processes were not
effective. Progress was achieved by utilizing our condi-
tions for the cyclocondensation of C-chloro oximes and
diketones (NaOiPr, iPrOH),1 which significantly acceler-
ated the product formation (entry 2). This result, however,
was far from satisfactory as it was accompanied by rapid
decomposition of the nitrile oxide starting material.
Fortunately, however, a screen of alternative reaction
conditions revealed tertiary amine bases as effective
promoters of the cyclocondensation of nitrile oxide 1 with
diketone 2 (entry 3). Further studies identified EtOH as
superior to iPrOH as the reaction solvent (entry 4).
Significantly, the reaction also proceeded smoothly using
only a catalytic amount of amine base (entry 5), albeit
at a diminished reaction rate.

The conditions thus identified were amenable to the
synthesis of a wide variety of highly functionalized,
sterically-encumbered isoxazoles (Table 2).2,3 Interest-
ingly, in most cases the products were obtained as
mixtures of atropisomers about the aryl�isoxazole bond,
attesting to the hindered nature of the products achieved
by this coupling process.

The amine-promoted reaction conditions appear to be
particularly suited for highly hindered substrates rather
than simply for isolated nitrile oxides. Thus, although the
mono-ortho substituted nitrile oxide 11 was highly stable
and amenable to silica-gel chromatography and long-term
storage, its condensation with cyclic diketones proceeds
more smoothly using sodium isopropoxide in isopropyl
alcohol (Table 2, entry 5, footnote d). In general, we have
found the amine-promoted conditions to be preferable
only for ortho,ortho �-disubstituted nitrile oxides.

The ability to effect the cyclocondensation reaction with
only catalytic amounts of amine offers implications both
for further methodological development as well as mech-
anistic considerations (Scheme 3). The necessity of base
catalysis suggests a key role for ammonium enolate 13
in the carbon�carbon bond forming step, either via

Table 3. One-pot preparation of sterically hindered, stable
nitrile oxidesa

(2)

Scheme 3. Possible mechanistic pathways for the catalytic
generation of fused isoxazoles.

nucleophilic addition to the nitrile oxide (path a) or [2+3]
cycloaddition (path b). Discrimination between the
involvement of either 14 or 15 is obscured by the fact that
these structures may readily interconvert under the
reaction conditions before undergoing a dehydration step
affording the isoxazole functionality and regenerating the
amine base. The diminished reaction rates observed using
catalytic amounts of tertiary amine suggest the coupling
of the nitrile oxide 1 and the ammonium enolate 13 to
afford either 14 or 15 to be the rate-limiting step.
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Scheme 4. Structural motifs accessible from isoxazoles.
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Further investigations and kinetic studies on catalytic
couplings are underway.

Finally, a key feature of this methodology is the advan-
tages of the stable nitrile oxides themselves. In addition
to their inherent stability and ease of handling, they are
also easily synthesized from the corresponding oxime.
Although stable nitrile oxides have been prepared by a
two-step chlorination–base-induced elimination proce-
dure, we have found this process to be incompatible with
acid labile substrates.4 However, the nitrile oxides are
readily prepared in excellent yield from the oximes in a
single reaction step (Table 3), simply by portionwise
addition of N-chlorosuccinimide to a mixture of the oxime
and a slight excess of amine base. Acid labile substrates
present no complications, and nitrile oxides such as 6, 8,
and 11 are readily prepared (entries 3–5). The base effects
rapid elimination of HCl from the initially formed
C-chloro oxime and, notably, does not interfere with the
oxime chlorination nor react with the nitrile oxide itself.
These nitrile oxides are easily purified by silica-gel
chromatography, but are typically obtained in analyti-
cally pure form and can be used directly in the cyclocon-
densation reactions.

The highly functionalized isoxazole products represent a
novel entry to substituted polycyclic structures (Scheme
4) and provide access compounds including xanthones,
benzophenones and related structures.5 Coupled with the
unique chemistry of the isoxazole products, this process
offers a novel and promising route to the synthesis of
biologically active natural products including balanol6

and the coleophomones.7,8

In conclusion, we have described the efficient, amine-pro-
moted coupling of readily prepared, stable nitrile oxides
with cyclic diketones to afford functionalized isoxazole
products. These studies have established 1) the utility and
intermediacy of nitrile oxides in the cyclocondensation
process; 2) the viability of highly hindered substrates,
which give isoxazoles in high yield; and 3) a critical role
for the base in promoting the coupling reaction. Further
studies will lead to novel processes and applications based
on this technology.
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