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Photolysis of 4-vinyloxyphenyl azide in the presence of oxygen in acetonitrile leads to the formation of a
fused heterocyclic compound due to the ability of the intermediates of this reaction to undergo a unique
domino reaction sequence. The rate constants and activation parameters of some elementary stages of
the process are measured by flash photolysis.

� 2015 Elsevier Ltd. All rights reserved.
The reaction of triplet aromatic nitrenes with molecular oxygen
leads to labile species—nitroso oxides (ArNOO)—which play a key
role in the photooxidation of aromatic azides.1 The bond order of
the N–O bond in the NOO group is �1.5,2 therefore nitroso oxides
exist as geometric (cis and trans) isomers.
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Under thermal conditions in the absence of oxidizable com-
pounds, nitroso oxides undergo a sequence of rather specific
transformations: the trans isomer is converted into the cis iso-
mer and rearrangement of the cis isomer via cleavage of the
aromatic ring leads to the formation of a conjugated diene with
nitrile oxide and carbonyl end groups.3
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If the nitrile oxide possesses a reaction center which is able to
interact with the nitrile oxide group, then another step is added
to the above sequence of transformations and a heterocycle is
the end product. Thus, a heterocyclic compound of the benzisoxaz-
ole type was the product of the photooxidation of phenyl azide
with an allyl substituent at the para position3b,4 and photolysis of
6-azidoquinoline in the presence of oxygen led to formation of a
substituted indolizine.4 Hence, photooxidation of aromatic azides
of a particular structure can be used as a simple one-pot method
for the synthesis of nitrogen-containing heterocyclic compounds.
A nitrile oxide with a double bond at a distance of six atoms from
the nitrile oxide group is expected to be formed as an intermediate
during photooxidation of a phenyl azide with a vinyloxy substitu-
ent at the para position. Such a structure is favorable for the intra-
molecular [3+2]-cycloaddition of nitrile oxide to the double bond
and allows another oxygen atom to enter into a fused heterocyclic
compound. In the present work the products of the photolysis of
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4-vinyloxyphenyl azide (1) in acetonitrile in the presence of oxy-
gen at 293 K were investigated. In addition, the electronic spectra,
kinetics, and activation parameters of the consumption of the cis
and trans isomers of nitroso oxides 2 have been studied using flash
photolysis.
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A solution of azide 1 (1 � 10 M) in oxygen-saturated acetoni-
trile was irradiated with light of wavelength range of 270–380 nm
at 293 K. The progress of the reaction was monitored by reverse-
phase HPLC.5 The main reaction product was 3,3a-dihydro-5H-pyr-
ano[3,3a-c]isoxazol-5-ylideneethanal (4) (93% per consumed
azide), the formation of which can be explained by the recently dis-
covered mechanism of aromatic azide photooxidation3 (Scheme 1).

Pyranoisoxazole 4 was separated as a mixture of two isomers,
4a (60%) and 4b (40%)6 (Fig. 1). The fact that the isomers differ in
the location of the aldehyde group with respect to the double bond
C(5)@C(8) plane (the atom numbering is shown in Scheme 1) was
confirmed from the NOESY spectra (see Supplementary data). An
NOE interaction was observed for the endocyclic double bond
proton at C(6) with the aldehyde proton in the case of 4a and
with the double bond proton at C(8) in the case of 4b. The formation
of the cis isomer 4b occurs apparently via a photochemical
reaction. The trans–cis isomerization can occur both in the nitrile
oxide 3 and in the final product 4.
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Figure 1. The isomers of pyranoisoxazole 4.
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Scheme 1. Mechanism of the formation of pyranoisoxazole 4.
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4-Vinyloxynitrobenzene, which is formed as a result of the pho-
tochemical isomerization of nitroso oxide 2,4,7 was the minor reac-
tion product (<5% per consumed azide).8

Using flash photolysis as described previously,3 the optical
spectra of the isomeric forms of nitroso oxide 2 and the kinetics
of their decay in acetonitrile have been studied. The absorption
maxima of the cis and trans isomers are 420 and 460 nm, respec-
tively. Both species are consumed by first-order kinetics with rate
constants at 295 K of: ktrans = 0.30 ± 0.02 s�1 [transformation of
trans-2 into cis-2 (Scheme 1)] and kcis = 5.9 ± 0.5 s�1 [reaction of
the nitroso oxide group of the cis form at the ortho-position
of the aromatic ring (Scheme 1)]. The dependence of the rate con-
stants on the temperature in the range of 278–348 K is described
by the following equations: logktrans = (12.1 ± 0.1) � (70 ± 1)/
2.303RT and log kcis = (11.9 ± 0.2) � (64.3 ± 0.5)/2.303RT [k (s�1);
Ea (kJ mol�1)]. The high yield of pyranoisoxazole 4 indicates that
it is the end product of the transformations of both isomeric forms
of nitroso oxide 2 and once again confirms the proposed mecha-
nism for the photooxidation of aromatic azides (Scheme 1).

Thus, we have reported yet another example of the use of the
photooxidation of aromatic azides as a simple one-pot method
for the synthesis of nitrogen-containing heterocyclic compounds.
The conversion of the aromatic ring of the azide in the fused het-
erocyclic system is due to the ability of the intermediates of this
reaction, nitroso oxides, to undergo a sequence of unique domino
transformations.
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