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A challenging goal in organic chemistry is to link together in
one reaction flask three or more components via sequential bond-
forming processes. Success would provide rapid and efficient
means for transforming simpler molecules into more complex,
nonpolymeric, useful compounds. In this paper we describe a
one-flask multicomponent reaction of a hitherto unknown (2 +
2+ 1) typeleading to the formation of 3,5-disubstituted isoxazoles.

Isoxazoles play interesting roles in medicinal and agricultural
chemistry,' and moreover they are precursors of several functional
groups by ring modification and cleavage.??

There are, however, some limitations to the structural variety
of isoxazoles readily available.? They are generally prepared by
reaction of 1,3-dicarbonyl compounds with hydroxylamine fol-
lowed by dehydrative cyclization of the intermediate monoxime.
Inthe case of unsymmetrical 1,3-diketones, however, this reaction
leads to the formation of a mixture of isomers.* Another route
to the formation of isoxazoles is the 1,3-dipolar cycloaddition of
nitrile oxides to acetylenes.” However, only the aromatic nitrile
oxides are readily available, while the nonaromatic ones are
unstable and dimerize to furoxanes; furthermore, the more
common precursors of nitrile oxides, the hydroximoyl chlorides,
are severe skin irritants.
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The two routes outlined above [both of the type (3 + 2)
according to the number of isoxazole ring atoms in each component
synthon] cover ca. 90% of the isoxazole preparations. Other routes
of thetypes (4 + 1), (5 +0),and (3 + 1 + 1) provide the syntheses
of some specific isoxazoles and are of rather limited utility.’

We find that terminal alkynes react smoothly with nitric acid
under biphasic conditions (nitromethane/water, 1:1 v/v)7 and in
the presence of a catalytic amount of tetrabutylammonium
tetrachloroaurate (TBA+*AuCl,") to give 3,5-disubstituted isox-
azoles according to eq 1 (Table I).

o)
R (0]
2 RC=CH + HNO; — ™\ + HO
\O R

There are no apparent limitations to the nature of R, and in
the several cases we have examined (R = Ph, n-Pr, n-Bu,
BzOC,H,), the yield of the isolated 3,5-disubstituted isoxazole
was in the range 35-50%.2

During the reaction, most of the gold is present in the reduced
form, AuCl,-, indicating that the gold(III) takes part in the redox
process, and the rate of reduction by the alkyne is faster than its
reoxidation by nitricacid. Reduction products of nitric acid were
detected in the solution (NO,") and in the gas phase (traces of
NO and NO,). The reaction rate is increased by addition of a
moderate amount of NO,~ (NaNQ,) to the reaction system.

The formation of isoxazole takes place in this biphasic system
also in the absence of the TBA*AuCl,- catalyst (pathway b in
Scheme I), but the reaction rate and the yield of product are
smaller (yield less than 6% after 5 h). Furthermore, poor results
are obtained by using a different metal catalyst (e.g., PdCl;,
CuCl,*, HgCl >, always as TBA™ salts). The yields are less
than 10% after a reaction time of 7-20 h.

Most probably, the simultaneous attack on the triple bond of
an electrophile (AuCl; in pathway a and H* in pathway b) and
of a nucleophile (NO,™) causes the formation of a vinyl nitrite
(Ia and Ib, respectively). Iacanrearrange to the nitrile oxide III
via AuCl,~ and HCI elimination, whereas Ib can first isomerize
to the acyloxime IIb® and then be oxidized to the nitrile oxide III
by nitricacid. The formation of a nitrile oxide as an intermediate
was proven by performing an experiment in which an excess of
alkene (10 times the amount of alkyne) was added to the reaction
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Table I. Yields of the Isolated 3,5-Disubstituted Isoxazoles?
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such a reaction has not been reported previously.

substrate product reaction time (h) yield (%)
PhC=CH (1a) 2 0 5 40
I'hﬁ
~o Ph
CH;(CH,);C==CH (1b) 2b 9 1 38
\/\/“71_3\/\/
O
BzOCH,CH,C=CH (1¢) 2c 0 5 37
A\
% O/Bz
CH;CH(OCOPh)C=CH (1d) 2d 9 5 37
rh 0.
T T I on
oYY
o]
BzO,CCH,CH,C=CH (1e) 2e o 4 50
~o 0,82
CH;3;CH,CH,C=CH (1f) 2f o 1 35
/\/blj\/\
o
PhCOOCH,CH,C=CH (1g) 2g 1% 1 43
O/\)v@\/\

Scheme I experiment in which a preformed ketone (acetophenone) was
H0 HNO, added to the reaction system. Starting with 1-hexyne, only the
‘/>——-< isoxazole 2b was formed, while the acetophenone was recovered

AUCly + NO,” MGl + HCI unchanged.
,N‘ 2 The biphasic system of nitromethane/water proved to be unique
°\ < Ma in promoting this type of reaction, and this could explain why
! k“c‘a R-CECH N~o
—-——/

R-C=CH C—C=N—0
" W

\K— HNO, Y R‘CH—C”z
HNO,
—OH

%
b b

system as a nitrile oxide scavenger.!0 In this case, the corre-
sponding isoxazoline, resulting from 1,3-dipolar cycloaddition of
the alkene to ITI, was the major product.'’!2 In general, a small
amount of the ketone derived from the terminal alkyne (RCOCHj;)
was found in the reaction mixture. We proved that the ketone
is a byproduct and not a reaction intermediate by performing an

(10) The reaction was performed as described in ref 8 but starting with a
mixture of phenylacetylene (5 mmol) and 1-hexene (50 mmol) instead of pure
alkyne (5 mmol). 3-Benzoyl-5-butylisoxazoline was obtained in 40% yield.
The elemental analysis, molecular weight (mass spectrum), and 'H and 13C
NMR data were in accord with the given formulation,
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The main characteristics of this approach to the synthesis of
3,5-disubstituted isoxazoles may be identified in the originality
of the (2 + 2 + 1) reaction type and in the same starting material
being both the precursor of the nitrile oxide generated in situ and
the reagent for the subsequent 1,3-dipolar cycloaddition.

Supplementary Material Available: Tables of characterization
data for newly prepared alkynes (S-I) and isoxazoles (S-II) (3
pages). Ordering information is given on any current masthead
page.

(12) The regioselectivity of the 1,3-dipolar cycloaddition has been proved
by spectroscopic experiments (NMR, DEPT) and, in addition, by comparison
of the compound 2a with an authenticated sample.!3 The assignment of all
sp? carbons of the isoxazolic cycle and of the side carbonyl group was not
possible taking into account only their chemical shifts. This problem was
overcome by running the INADEQUATE'“ experiment on the sp? region of
the 13C spectrum of the model compound 3-pentanoyl-5-butylisoxazole (2b).
An accurate evaluation of the coupling constants of the satellites of the four
13C resonances allowed their unambiguous assignments.

(13) Nelson, S. D., Jr.; Kasparian, D. J.; Trager, W. F. J. Org. Chem.
1972, 37, 2686.

(14) Bax, A.; Freeman, R.; Kempsell, S. P. J. Am. Chem. Soc. 1980, 102,
4851.




