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Hydrogen peroxide serves as an efficient oxidant for the
nitroalkene C=C bond cleavage to aldehydes in ionic liquids.

Oxidative cleavage of carbon—carbon double bonds is an
important transformation in synthetic organic chemistry.!
Ozonolysis? or oxometal reagents® in combination with oxygen
donors as NalOy4 are frequently used for this purpose. However,
because of the known drawbacks of these reagents, catalytic
oxidations using eco-friendly oxidants* like hydrogen peroxide’
or molecular oxygen® have attracted increasing attention. In
this frame, we have recently re-evaluated the epoxidation of
electron-deficient olefins with alkaline hydrogen peroxide
(Weitz—Scheffer reaction) in ionic liquids,” a novel alternative
to traditional volatile and carcinogenic solvents,® that allow easy
product recovery, solvent recycling and, in some cases, different
product selectivity.
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As described in our previous publications’ the epoxidation
of several o, B-unsaturated cyclic ketones with basic aqueous
solutions of H,O, in bmim(TfO) (bmim = 1-butyl-3-methyl-
imidazolium, TfO~ = CF3S03;7)° at room temperature pro-
ceeds rapidly with formation of the corresponding epoxides in
97-99% yield, see for example Entry 1 of Table 1. The presence
of substituents on the molecular framework do not affect the
course of the epoxidation, including that of base-sensitive sub-
strates as the Hagemann’s ester'? (Entry 2). The epoxidation
of acyclic «, B-unsaturated ketones'! as chalcone may be satis-
factory carried out under similar conditions with excellent
conversion and product yield (Entry 3). The extension of this

epoxidation protocol to electron-deficient olefins bearing nitro
substituents, however, evidenced both different reactivity and
dissimilar product selectivity with respect to conventional condi-
tions.'? The epoxidation of 2-nitro-para-methylstyrene, 2-(2-
nitrovinyl)thiophene and 2-(2-nitrovinyl)furan, in fact, afforded
almost exclusively the related carbon—carbon bond cleavage
products i.e. para-methylbenzaldehyde, 2-thiophenecarboxalde-
hyde, 2-furaldehyde according to eq 1. No over-oxidation to car-
boxylic acid derivatives is observed under the conditions adopt-
ed for this oxidation. The possibility to observe 2-nitrostyrene
C=C bond cleavage using H,O,/OH™~ was reported by Newman
and Angier.'> Substitution on the carbon bearing the nitro sub-
stituent appeared a fundamental requisite to avoid cleavage in
favour of the epoxidation reaction. Our conditions, however,
did not conform to this requisite and C=C bond cleavage is ob-
served also with B-substituted substrates as nitrocyclohexene
(Entry 7), B-ethyl- and B-pentyl-nitrostyrene (Entries 8 and 9).
The detection of hexane-1,6-dial and benzaldehyde plus propa-
nal or hexanal in the latter cases was particularly important in
order to elucidate the mechanism of this reaction. Cleavage of
nitroalkenes proceeds via epoxidation, followed by rupture of
the carbon—carbon bond according to eq 2. Support to this
assumption may be found in the detection of B-ethyl- and B-
pentyl-nitrostyrene epoxides in the initial moments of the epox-
idations and in an independent experiment carried out on nitro-
styrene epoxide, prepared using a different oxidation proce-
dure.'* When dissolved in bmim(TfO), in the presence of the
oxidant H,O,/OH™, the nitrostyrene epoxide is quantitatively
converted into the corresponding benzaldehyde in few minutes.
No over-oxidation or additional products, for example benzoic
acid or diol, are detected. On the other hand, relatively small
amounts of over-oxidation products i.e. propanoic acid and
hexanoic acid originating from propanal and hexanal are detect-
ed in the oxidation of the B-substituted-nitrostyrenes of Entries 8
and 9.

Work is in progress to optimize the conversion of nitro
derivatives, including saturated substrates, to aldehydes and
ketones with low cost and eco-friendly oxidants in ionic
liquids.
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Table 1. Epoxidation and C=C bond cleavage of electron-deficient olefins with H,O,/OH™ in bmim(OTf) at 25 °C: [substrate]:
[H,0,]:[OH™] = 1:3:2; for details see Supporting Information
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aBased on GC analysis. *Calculated on the recovered Ph—CHO. No benzoic acid was detected.
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