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The reaction of 3-ethoxycarbonyl-5-perfluoroalkyl-1,2,4-oxadiazoles with hydroxylamines has been
investigated, evidencing the possibility of competitive reaction paths. Nucleophilic addition of hydroxyl-
amine to the electrophilic C(5) of the 1,2,4-oxadiazole ring, followed by ring-opening and ring-closure
with enlargement, leads to high yield and in very mild experimental conditions to the formation of
5-hydroxyamino-3-perfluoroalkyl-6H-1,2,4-oxadiazin-6-ones, one of these presenting water gelation
ability. In turn, reactions with N-methylhydroxylamine lead the exclusive formation of 4-perfluoroacyl-
amino-2-methyl-2H-1,2,5-oxadiazol-3-ones through the well known Boulton–Katritzky rearrangement.

� 2009 Elsevier Ltd. All rights reserved.
In the field of heterocyclic chemistry, ring-rearrangement reac-
tions represent an important tool for the obtainment of structures
that are otherwise difficult to synthesize.1 In this context, ANRORC
rearrangements, namely consisting of an initial Attack of the Nucle-
ophile followed by Ring-Opening and Ring-Closure, provide an use-
ful synthetic approach in the azine series, as extensively reported
by Van der Plas and his coworkers.2 On the other hand, ANRORC-
like reactivity of five-membered heterocycles is restricted to few
examples, consisting of highly activated ring systems.3

In the frame of our ongoing studies on fluorinated azoles, we
have recently reported some examples of ANRORC-like reactivity
of fluorinated 1,2,4-oxadiazoles with 1,2-bidentate nucleophiles
such as hydrazine, methylhydrazine and hydroxylamine, configur-
ing fluorinated oxadiazoles as versatile synthons for the formation,
in high yield and under mild conditions, of fluorinated heterocycles
such as 1,2,4-triazoles,4 1,2,4-oxadiazoles,5 1,2,4-triazines,6 1,2,4-
triazin-6-ones4b and indazoles7 (Scheme 1).

The reported reactivity is consistent with the behaviour of the
1,2,4-oxadiazole ring as an 1,3- or 1,4-dielectrophile, initially
reacting at C(5) position, activated by the fluorinated moiety. In
this report we have investigated the reactivity of 3-ethoxycar-
bonyl-5-perfluoroalkyl-1,2,4-oxadiazoles 7,4b as 1,4-dielectro-
philes, in the presence of hydroxylamine and N-methylhydroxyl-
amine, as 1,2-dinucleophile, with the aim of obtaining fluorinated
derivatives of 1,2,4-oxadiazinones. 1,2,4-Oxadiazinones have been
previously reported as 6-oxa analogues of pyrimidine nucleosides,8
ll rights reserved.
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and show antimicrobial activity.9 To the best of our knowledge, no
fluorinated 1,2,4-oxadiazinones have been previously reported.

Starting oxadiazoles 7a–c were prepared, through the conven-
tional amidoxime route, accordingly to our previous report.4b Com-
pounds 7a–c were allowed to react in DMF at rt with an excess of
hydroxylamine or N-methylhydroxylamine free bases, generated
in situ from the corresponding hydrochloride and a stoichiometric
amount of t-BuOK.10

Reaction with hydroxylamine allows direct obtainment of 5-
hydroxyamino-3-perfluoroalkyl-6H-1,2,4-oxadiazin-6-ones 8a–
c11 (77–98% yield) (Scheme 2). When N-methylhydroxylamine
was employed as nucleophile, a substantial change in reactivity
was observed. In fact, fluorinated 1,2,4-oxadiazin-6-ones were
not observed, and instead formation of the 2-methyl-4-perfluoroa-
cylamino-2H-1,2,5-oxadiazol-3-ones 912 was observed (Scheme 2).
During chromatographic purification, hydrolysis of products 9 into
4-amino-2-methyl-2H-1,2,5-oxadiazol-3-one 1012 was always ob-
served, particularly in the case of the trifluoroacetyl derivative
which could not be isolated (Scheme 2).

The structures of the obtained products were assigned by
means of analytical and spectroscopic data (1H NMR, 13C NMR,
IR, HRMS) and for representative compound 8a, unambiguously
confirmed by electrospray negative ion MS/MS measurements, car-
ried out by linear ion trap-Orbitrap analyzers.13 For compound 8a,
by selecting the species [M�H]� ([C4HN3O3F3]�, m/z 195.9974 er-
ror = �0.91 ppm) as a precursor ion, the species [(M�H)–OH]�,
[(M�H)–NO]� and [(M�H)–CO2N]� are formed. In addition, a
key fragment ion due to [C2N2F3]� (m/z 109.0018 error =
�0.70 ppm) is detected (Fig. 1). This is attributable to the
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Figure 1. Electrospray negative ion MS/MS spectrum of compound 8a obtained at
100,000 resolution. Elemental formulae and mass measurement errors (ppm) are
also reported.

Figure 2. Hydrogel formed from water solution (5 wt %) of compound 8c.
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3-(trifluoromethyl)diazirin-1-ide anion and indicates that the car-
bon C(3), in addition to the trifluoromethyl moiety, is bound to two
nitrogen atoms, thus confirming the 1,2,4-oxadiazin-6-one struc-
ture reported in Scheme 2.

Serendipitously, during purification steps of fluorinated oxadi-
azinone 8c hydrogel formation was observed. Hydrogelation abil-
ity of 8c was reproduced from water suspension (above 5 wt %)
upon heating and sonication on cooling (Fig. 2), and the formed
hydrogel is stable for more than one month. So far, among low-
molecular weight (LMW) hydrogelators,14 only two examples of
fluorinated derivatives, both containing anionic polar head groups,
are reported in the literature.15 In this context, compound 8c,
which presents an uncommonly small polar head-group (i.e., the
hydroxyamino moiety) if compared with common sugar-based
fluorinated surfactants,16 represents a new entry of fluorinated
LMW hydrogelators.

Formation of compounds 8 could be explained on the basis of an
ANRORC-like ring-enlargement (Scheme 3, route a), which involves
initial attack of the nitrogen end of the nucleophile on the C(5) of
the 1,2,4-oxadiazole ring, activated by the perfluoroalkyl chain.
The so-obtained oxadiazoline 11 develops into the open-chain
intermediate 12, which then undergoes the final ring-closure into
8, with EtOH acting as leaving group. Formation of furazan 9 could
be ascribed to an initial attack of the methylated nitrogen of the
nucleophile on the ethoxycarbonyl moiety, with formation of
hydroxamic acid intermediate 13, which accordingly to the well
known Boulton–Katritzky rearrangement1a,g (BKR) gave final
1,2,5-oxadiazol-3-one 9 (Scheme 3, route b).

This dichotomic behaviour of 1,2,4-oxadiazoles 7 could be re-
lated to the different steric hindrance and nucleophilicity of nitro-
gen atoms on the hydroxylamine reagent. In fact, while the less
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hindered NH2 nitrogen of hydroxylamine reacts exclusively at C(5)
of the oxadiazole ring, the NHMe nitrogen will react exclusively
with the ester moiety.

In conclusion, the study of the reactivity of 5-perfluoroalkyl-3-
ethoxycarbonyl-1,2,4-oxadiazoles 7 with hydroxylamines con-
firmed the synthetic utility of the ANRORC approach and the versa-
tility of fluorinated 1,2,4-oxadiazoles as synthons for heterocyclic
targets. Moreover, the hydrogelation ability observed for neutral
compound 8c opens the way to the study of similar compounds
as fluorinated LMW hydrogelators.
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