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A variety of substituted benzisoxazoles has been prepared by the [3 + 2] cycloaddition of nitrile oxides and arynes. Both components, being
highly reactive intermediates, have been generated in situ by fluoride anion from readily prepared aryne precursors and chlorooximes. The
reaction scope is quite general, affording a novel, direct route to functionalized benzisoxazoles under mild reaction conditions.

Benzisoxazoles are present in a large number of pharma-
ceutically important products with antipsychotic,* antitumor,?
anticonvulsant,® antimicrobial,* antithrombotic,® and cho-
linesterase-inhibiting (Alzheimer’s disease®) properties. The
traditional approach to the synthesis of benzisoxazoles is a
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3—4 step synthesis, which in some cases involves the
strongly acidic conditions of a Friedel—Crafts reaction and
the use of one of the substrates as a solvent, while in other
cases requires the use of strongly basic organometallics.
Employing these methods, it is possible to synthesize
particular benzisoxazoles on a large scale, but it is not as
convenient to synthesize large numbers of diverse benzisox-
azoles readily for biological activity screening.

The idea of forming two bonds at a time, by means of a
[3 + 2] cycloaddition reaction of a benzyne with a nitrile
oxide, has been reported previously,” although the low yields
(10 and 53%), limited possibilities for diversification, and
the challenging experimental procedures employed were not
very encouraging for the widespread utility of this approach.

Our recent interest® in the chemistry of arynes generated
from the corresponding o-(trimethylsilyl)aryl triflates under
mild fluoride ion treatment has encouraged us to reexamine
this approach to benzisoxazoles. Fluoride ion not only
induces the formation of benzyne due to initial nucleophilic
attack on the silicon of the trimethylsilyl group® but, being
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also a base, potentially’® induces formation of the nitrile
oxide from the corresponding chlorooximes. Such an ap-
proach would eliminate potential problems arising from
interaction of the reagents needed for generating the two
highly reactive intermediates, as well as the requirement that
the two species be generated separately from each other.
Indeed, our initial attempt to react o-(trimethylsilyl)-phenyl
triflate (1a) with N-hydroxybenzimidoyl chloride (2a) in the
presence of 3 equiv of CsF in acetonitrile led to formation
of the desired 3-phenylbenzisoxazole (3a) in a 46% yield
(Table 1, entry 1). High resolution GC-MS of the crude

Table 1. Optimization Studies of the Reaction of
o-(Trimethyl-silyl)phenyl Triflate (1a) and
N-Hydroxybenzimidoyl Chloride (2a)

Ph Ph
@iTMS . CI%\ F- source @\/\<
N solvent N
oTf HO' o
1a 2a 3a
[slow addition]

la fluoride temp add. time %

entry equiv source (equiv) solvent (°C) of 2a (h) yield®

1 1.2 CsF (3) CHs;CN Rt - 46
2 1.2 TBAT (3) CHs;CN Rt - <5¢
3 1.2 CsF (3) THF Rt - <5¢
4 1.2 CsF (3) THF 65 - <b¢
5 1.2 CsF (3) CH;CN 65 - 9
6 1.2 CsF (2.5) CH;CN Rt - 23
7 2.0 CsF (6) CH3;CN Rt - 61
8 3.0 CsF (6) CH;CN Rt - 58
9 2.0 CsF (6) CH;CN Rt 5.0 70
10 2.0 CsF (6) CH;CN Rt 2.5 90
11 2.0 CsF (6) CH;CN Rt 1.0 73

2 All reactions were carried out on a 0.25 mmol scale. P Isolated yields,
unless stated otherwise. ©*H NMR spectroscopic yields.

mixture revealed the expected dimerization products'® of
phenyl nitrile oxide as the major byproduct of the reaction.

Our optimization studies of this process are summarized
in Table 1. The use of tetrabutylammonium triphenyldifluo-
rosilicate (TBAT), an alternative anhydrous fluoride source,
failed to provide the desired product under analogous
conditions (entry 2). The use of THF, a less polar solvent,
did not lead to formation of the desired benzisoxazole either
(entries 3 and 4). An attempt to run the reaction at an elevated
temperature to increase the rate of [3 + 2] cycloaddition at
the expense of nitrile oxide dimerization did not work well
(entry 5). To decrease the rate of formation of the nitrile
oxide, thus decreasing self-dimerization products, we at-
tempted to use less of the base CsF and at the same time
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decrease the rate of benzyne formation, which resulted in a
lower (23%) yield of benzisoxazole (entry 6). Since the rate
of nitrile oxide dimerization seemed to be greater than the
rate of [3 + 2] cycloaddition, we examined the use of an
excess of the benzyne precursor (entries 7 and 8). Indeed,
the use of 2 equiv of the benzyne precursor was found to
increase the yield to 61%. To further increase the local
concentration of benzyne relative to the nitrile oxide, we
examined slow addition of the chloroxime to the reaction
mixture via syringe pump (entries 9—11). The optimal time
of addition, which best aligned the rates of formation of the
benzyne and the nitrile oxide, was found to be 2.5 h, which
allowed the benzisoxazole (3a) to be isolated in a 90% yield
(entry 10).

Employing the optimal conditions shown in Table 1, entry
10, we examined the scope of this reaction using various
aryne precursors (Table 2, entries 1—3). Both electron-rich
and electron-poor aryne precursors successfully participated
in the [3 + 2] cycloaddition reaction, providing the desired
benzisoxazoles. Symmetrical 3,4-dimethoxybenzyne pro-
vided the corresponding benzisoxazole 3b in a 65% yield
(entry 1). The lowest yield (36%) was observed in the
reaction of the highly reactive 3,4-difluorobenzyne (entry 2).

Unsymmetrical 3-methoxybenzyne provided a mixture of
regioisomers in a ~1.8:1 ratio (entry 3).*? Interestingly,
electronic factors dominate over steric factors with isomer
3d being the major product in the mixture (Scheme 1).

Scheme 1. Electronic and Steric Factors in the Reaction of
3-Methoxybenzyne and Phenyl Nitrile Oxide
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Various chlorooximes were prepared from the correspond-
ing readily available aldehydes in 53—99% overall yield as
follows. Reaction of the aldehyde with hydroxylamine
hydrochloride in the presence of Na,CO; afforded the
corresponding oximes, which without isolation were chlo-
rinated using NCS and catalytic amounts of Py at room
temperature in chloroform (Scheme 2).* An alternative
protocol,** which employs chlorination by oxone and HCI,
failed to provide chlorooximes bearing alkyl moieties.

We next investigated the scope of the reaction between
o-(trimethylsilyl)phenyl triflate (1a) and various chlorooximes
(Table 2, entries 4—11). Aromatic chlorooximes provided the
corresponding benzisoxazoles in good to excellent yields. Lower
yields were observed when electron-withdrawing substituents
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Table 2. Synthesis of 3-Substituted Benzisoxazoles by the Reaction of Chlorooximes and Aryne Precursors in the Presence of CsF?

entry benzyne precursor chlorooxime product(s) yield % isolated
HsCO ™S HLCO Ph
HaCO OTf H,CO o
F ™S . ph
) X e = { 36
N
F oTf Fm 3¢
—_— OCH; pp Ph
1d N\ 2 ,
3 oTi 2a CE;N ad + o’N 36 74(1.8:1)
OCH
s OCH;,
O
|
4 1a d\ Cl 2p { NO 37
N 3¢
NO, O g
NOH O
|
3 1a @f\cn 2 O { ocH 93
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o]
0
|
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CH, g
Ph
N*OH _
9 1a /\)|\ 70
\
Ph” ™~ Cl 2g N 3k
o]
H H3C
Y T
10 1a W Cl' 2n N 61
N N
| N
CHs O g 3
~=
NpH !
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Cl 2i D
\ N 3n
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2 Reaction conditions: a solution of the appropriate chlorooxime (0.25 mmol) in 3 mL of acetonitrile was added via syringe pump to a stirring mixture
of silylaryl triflate (0.50 mmol) and CsF (1.50 mmol) in 3 mL of acetonitrile over the course of 2.5 h. ® Ratio was determined by 'H NMR spectroscopy.

reside on the benzene ring. For example, 3-(2-nitrophenyl)ben-
zisoxazole (3f) was isolated in a 57% yield (entry 4).™ Excellent
yields were observed using chlorooximes bearing electron-

donating (through resonance) substituents (entries 5—7), and
even chlorooxime 2e bearing a bulky o-bromo substituent
afforded benzisoxazole 3i in a 93% isolated yield.
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Scheme 2. Preparation of the Chlorooximes
o]
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Despite the reported instability of chlorooximes bearing
alkyl moieties,*® 3-isopropylbenzisoxazole was isolated in
an 83% vyield. Surprisingly, an alkene was also readily
tolerated in the reaction. Thus, (E)-3-styrylbenzisoxazole (3k)
was isolated in a 70% vyield (entry 9).

Next, we studied the cycloaddition reaction of benzyne
with chlorooximes derived from heterocyclic aldehydes.
3-(N-Methylindolyl)chlorooxime (2h) furnished the desired
product 3l in a 61% yield (entry 10). Unfortunately, we could
not obtain the desired product from the 2-furyl chlorooxime.
The reaction produced many inseparable products, presum-
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ably due to Diels—Alder reactions® of the furan ring with
the benzyne. On the other hand, the 3-thiophenyl chlo-
rooxime 2i successfully provided the desired benzisoxazole
3n in a 54% yield (entry 11).

In summary, a simple, convenient and efficient protocol
has been developed for the synthesis of benzisoxazoles. The
reaction tolerates a variety of functional groups and provides
an alternative route to potentially important benzisoxazoles
bearing aryl, alkyl, alkenyl and heterocyclic substituents at
the 3 position of the benzisoxazole moiety. Further applica-
tions of this process and the synthesis of biologically active
products are currently underway.
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