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Abstract—Treatment of malonyl derived O-acyl hydroxamic acid derivatives 10a–h with the phosphazene super base P-2-t-Bu 7
gives 2,3-dihydro-4-isoxazole carboxylic ester derivatives 11a–h. The rate and yield of the reaction is dependent upon the O-acyl
substituent.
© 2003 Published by Elsevier Ltd.

Hydroxamic acids have been studied for over 100
years.1 However, the reactivity and chemistry of
O-acylated hydroxamic acids 1 have been little
explored.2–4

Recent studies have included the cleavage of the weak
N�O bond to generate amidyl radicals 2,2 the base-
mediated [3,3]-sigmatropic reactions of their corre-
sponding bis-enolates 3,3 and their base-catalysed
rearrangement to give 2-acyloxyamides 4.4 Deprotec-

tion of the O-acyl group in 4 gives rise to 2-hydroxy-
amides 5 which are versatile synthetic intermediates.4b

The rearrangement (1 to 4, Scheme 1) was found to be
heavily dependent upon the nature of the group R1.
Thus, when R1 was an aryl or alkenyl group the
reactions were easy occurring with Et3N at room tem-
perature, but when R1 was an alkyl group, harsher
conditions using strong phosphazene bases5 were
required (Scheme 1). Thus, the ease of the reactions was
linked to the acidity of the protons adjacent to the

Scheme 1.
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amide carbonyl group. As part of a programme
towards the synthesis of 2-acyloxy malonamide deriva-
tives (e.g. 6) we decided to investigate the base-medi-
ated rearrangement of the malonate derived
hydroxamic acid derivatives 1, R1=CO2Et. We antici-
pated that rearrangement would be easy due to the
activating effect of the ester group.

Initial work focussed upon the preparation and rear-
rangement of four N-alkyl-O-acyl hydroxamate deriva-
tives 10a–d (Table 1). Thus, to a solution of
N-methylhydroxylamine hydrochloride in MeOH at
0°C was added potassium hydroxide and a THF solu-
tion of the corresponding acid chloride 8a–d (prepared
by treatment of the corresponding acid with oxalyl
chloride). Reaction of the intermediate hydroxamic
acids 9a–d with acetyl chloride and Et3N in CH2Cl2 at
0°C produced the desired precursors 10a–d (Table 1,
Scheme 2).6

With the precursors 10a–d in hand, attention now
turned to investigating their rearrangement reactions.
However, treating 10a–d with either a catalytic (10
mol%) or stoichiometric amount of Et3N in CH2Cl2 at
room temperature or at reflux led only to recovered
starting materials (as did heating in toluene with Et3N

at reflux for 2 days). This was surprising as previous
work suggested that the presence of any activating
group (e.g. 1, R1=CO2R) would facilitate the rear-
rangement reaction.4a,b Thus, we next tried the harsher
conditions reported for deactivated substrates4c and
heated 10a–d with one equivalent of the phosphazene
base 7 in toluene at reflux for 3 h. However, under
these conditions, instead of the desired rearranged com-
pounds 4 we isolated the 2,3-dihydro-2,5-dimethyl-3-
oxo-4-isoxazole carboxylic ester derivatives 11a–c (note:
reaction of 10d only gave recovered starting material
even after 2 days). The structures of these heterocycles7

are interesting as they are tautomeric to isoxazol-3-ols
12 which have been studied in detail as conformation-
ally restricted analogues of GABA and glutamic acid
(Scheme 3).8

Presumably our isoxazole derivatives 11a–c are
obtained by direct attack of the malonate derived anion
onto the ester group of the O-acyl substituent followed
by elimination of water. Having observed that this
reaction did not occur for the phenyl substituted mal-
onate derivative 10d we briefly investigated the chem-
istry of a range of other derivatives where we varied the
nature of the O-acyl substituent 10e–h to determine the
scope and limitation of the reaction (Scheme 4).

Changing the nature of the O-acyl substituent from an
alkyl group (10a–c,e) to an aryl group (10f, 10h)
severely retarded the rate and yield of the cyclisation.
Thus, while 10e underwent cyclisation in 68% yield in
only 3 h, the phenyl substituted precursor 10f only gave
11f in 47% yield after 27 h. The presence of the strongly
electron-withdrawing p-nitrophenyl group 10h also low-
ered the yield substantially (13%). The rest of the mass

Table 1.

Yield 10 (%)R2R1Substrate Yield 9 (%)

8252HEta
HPhCH2 52b 97

t-Buc 9551H
PhCH2 Phd 53 71

Scheme 2.

Scheme 3.

Scheme 4.
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balance in both these reactions was unreacted starting
material. No reaction occurred when a bulky t-butoxy
group was present with starting material 10g being
recovered, even after 72 h.

In conclusion we have reported an easy synthesis of
2,3-dihydro-2,5-dialkyl-4-isoxazole carboxylic ester
derivatives by reaction of O-acylated malonate derived
hydroxamic acid derivatives with the strong phos-
phazene base 7. The nature of the O-acyl substituent
affected the reactions, with aromatic or bulky groups
retarding the rate of cyclisation.
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