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Abstract—Herein we report a high yielding one-pot ‘green’ synthesis of 3-substituted-5-carbonylmethyl-1,2,4-oxadiazoles from read-
ily available b-keto esters and amidoximes under simple and convenient solvent-free conditions. No additional base is needed. The
reaction likely goes through an acyl ketene intermediate.
� 2007 Elsevier Ltd. All rights reserved.
1,2,4-Oxadiazole is a pharmaceutically important het-
erocycle. It can be found in many biologically active
molecules such as sphingosine-1-phosphate-1 (S1P1)
receptor agonist,1 muscarinic agonist,2 serotoninergic
antagonists,3 inhibitors of monoamine oxidase,4 and
dopamine ligands.5 In addition, 1,2,4-oxadiazoles are
also often used as bioisosteres of esters and amides for
improved physical or biological properties.6 This
includes the development of pseudopeptides by bioiso-
steric replacement of the amide moiety in peptides,7

which is currently under intense studies for its important
implication in peptide chemistry and peptidomimetics.

Accordingly, the synthesis of 1,2,4-oxadiazoles has
received much attention and has been the subject of
intense studies.8 1,2,4-Oxadiazoles are often synthesized
by 1,3-dipolar cyclization of nitrile oxide and cyano
compounds or cyclization/dehydration of O-acyl ami-
doximes. The latter are usually derived from coupling
of carboxylic acids and amidoximes.9 Recently reported
TBAF catalyzed cyclization of O-acyl amidoximes
makes the latter route a popular approach to 1,2,4-
oxadiazoles.10 Further efforts in this area have focused
on developing more efficient one-pot synthesis of this
ring system. This includes recently published micro-
wave-assisted condensation of aryl amidoxime and aryl
aldehyde,11 condensation of esters with amidoximes
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promoted by bases such as NaH,12 NaOMe,13

K2CO3,14 and condensation of malonic diesters with
amidoximes under neutral and solvent-free conditions.15

We have ongoing interest in efficient synthesis of 1,2,4-
oxadiazoles. As an extension of our previous work,
we wish to report here an efficient one-pot synthesis of
5-b-keto-1,2,4-oxadiazoles 6 with a broader scope of
application.

Beta-keto esters are important building blocks in organic
synthesis. The studies on transesterification of b-keto
esters revealed that under thermal conditions, a b-keto
ester can undergo elimination of a molecule of alcohol
to form an a-keto ketene intermediate 2.16 Kinetic stud-
ies showed that the sterically more hindered alcohol is
easier to be eliminated. Thus tert-butyl b-keto ester 1
is 15–20 times faster than less hindered methyl b-keto
ester in formation of the acyl ketene.17 Ketenes are a
family of highly reactive and versatile intermediate in
organic synthesis. Despite the broad application of ket-
enes in organic synthesis, the application of the a-keto
ketenes generated from b-keto esters has only been limi-
ted to transesterification to generate other b-keto esters.
Amidoxime 4 should react analogously to give transeste-
rification product O-acyl amidoxime 5, which would
then yield 5-b-keto-1,2,4-oxadiazole 6 under thermal
conditions (Scheme 1).

There is limited literature precedent for the synthesis of
5-b-keto-1,2,4-oxadiazoles. They are typically synthesized
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from 2,2,6-trimethyl[1,3]dioxin-4-one,18 a-cyanoketone
through a multi-step sequence,19 by TBAF promoted
cylization/dehydration of O-acyl amidoxime,10 or by
reaction of amidoxime with diketene in the presence of
NaOMe.20 The latter approach yielded 3-acetomethyl-
1,2,4-oxadizaoles in one-pot. However, the drawback
is that diketene is volatile, difficult to handle, and its
scope of application is very limited: only methyl ketone
can be made from diketene. The synthesis of 5-aceto-
methyl-1,2,4-oxadiazoles from ethyl acetoacetate was
also minimally explored either in the presence of
NaOMe,21 or under extensive heating in toluene.22

However, both conditions gave low yields of the
oxadiazole products.

Herein we report a convenient, high yielding, and ‘green’
synthesis of 5-b-keto-1,2,4-oxadiazoles by heating a
b-keto ester and an amidoxime under solvent-free condi-
tions. The procedure is very simple: 1 equiv of amid-
oxime was mixed with 2 equiv of b-keto ester in a vial.
The mixture was then heated to 120–140 �C for 2–4 h.
After the reaction was complete, the brown reaction
mixture was applied to a silica gel column and purified
by flash chromatography.23 When solid reactants were
used, the solid melted upon heating to give a homo-
geneous reaction mixture. The results are summarized
in Table 1.

This one-pot procedure works well for a wide range of
substrates. Various substituted amidoximes were reacted
with t-butyl acetoacetate and gave excellent yield of the
desired oxadiazole products. As shown in entries 1–3,
the electron withdrawing or donating group on the phen-
yl ring did not affect the reaction. All three reactions
gave almost quantitative yields. In entry 4, oxadiazole
8d containing an electron deficient heterocycle was pre-
pared in 84% yield. In addition, this one-pot procedure
is simple and efficient. The reaction conditions are also
very mild. As shown in entry 5, the methyl ester in ami-
doxime 4e survived the reaction in which only the t-
butyl ester reacted with 4e and gave 95% yield of 8e.
Similarly in entry 6, the ethyl ester group of 4f remained
inert in the reaction that gave 88% yield of 8f. Such
chemoselectivity is hard to achieve under previously
reported conditions involving bases such as NaH,
NaOMe, and K2CO3. Amidoximes bearing a simple
alkyl group also worked well in this reaction, as shown
in entry 7 that 8g was prepared in 84% yield. Functional
groups such as sulfone and benzyl ether were also toler-
ated under the reaction conditions as shown in entries 8
and 9. The oxadiazole products were prepared in 92%
and 84%, respectively.

In addition to substituted amidoximes, various b-keto
esters are also good substrates. As shown in entries
10–12, methyl and ethyl b-keto esters worked well in this
reaction. Ethyl ester 7b yielded oxadiazole 8j in 69%
yield while methyl ester 7c yielded oxadiazole 8k in
87% yield. These two reactions also showed that substit-
uents at 2 and 3 positions of the b-keto ester are toler-
ated in this reaction. Selectivity can also be achieved
among two esters from the b-keto ester substrate. As
shown in entry 12, among the two ester groups of 7d
only the one b to the ketone is reactive in the reaction.
Thus the reaction of diester 7d and phenyl amidoxime
yielded oxadiazole mono ester product 8l in 70% yield.
The selective activation of ester group by b-ketone
allows a very efficient synthesis of ester containing
1,2,4-oxadiazole products that would otherwise take
longer steps to make.

The solvent-free conditions likely contribute to the high
efficiency of this reaction in two ways: driving the reac-
tion toward the desired oxadiazole product by removing
other volatile products and favored entropy effect by
achieving high concentration of amidoxime reactants.
In addition to the oxadiazole product, a molecule of
alcohol and a molecule of water are also generated
according to the proposed mechanism. Removal of these
side products becomes easier under the solvent-free con-
ditions, and thus facilitates completion of the reaction.
The subsequent addition of an amidoxime to the acyl
ketene intermediate is an intermolecular reaction. It is
also significantly accelerated by the high concentration
of the amidoxime achieved under the solvent-free
conditions.

In summary, we report here a high yielding one-pot syn-
thesis of 5-carbonylmethyl-1,2,4-oxadiazoles from read-
ily available b-keto esters and amidoximes under simple
and convenient solvent-free conditions. The reaction
likely goes through an acyl ketene intermediate. The
conditions are mild and a wide range of functional
groups can be tolerated. The reaction is also selective:
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Table 1 (continued)
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only the esters that are b to a carbonyl and capable of
forming acyl ketene intermediate are reactive. Unlike
many 1,2,4-oxadiazole syntheses that require bases, no
additional reagents are needed under these conditions.
Thus the purification process is much simplified and sol-
vent waste is eliminated, and the reaction is cost efficient
and environmentally friendly. Further studies on this
topic will be reported in due course.
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the reaction. The brown mixture was then purified by
flash chromatography on silica gel to give product 8h
(137 mg) as a white solid in 92% yield. The proton NMR
showed that 8h is a mixture of the ketone form (8h) and
the enolate form (8h 0) in a ratio of 4:1 in CDCl3 (Fig. 1).
1H NMR of the ketone form: (CDCl3, 500 MHz) d 7.85
(2H, m), 7.22 (2H, m), 4.55 (2H, s), 4.08 (2H, s), 2.29
(3H, s). 1H NMR of the enolate form: (CDCl3, 500
MHz) d 7.85 (2H, m), 7.22 (2H, m), 5.49 (1H, s), 4.52
(2H, s), 2.08 (3H, s). 13C NMR of the mixture of both
the ketone and the enolate form (CDCl3, 125 MHz) d
198.3, 176.4, 174.3, 171.7, 167.2, 165.2, 161.4, 158.7,
133.5, 131.65, 131.58, 116.77, 116.59, 83.31, 53.37, 53.1,
41.3, 29.9, 21.4.
Figure 1.
The spectroscopic data of other oxadiazole products are
consistent with their structures.
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