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Triplet nitrenes formed upon the photolysis of aromatic azides o
in the presence of molecular oxygen give nitroso oxides (ArNOO) N,(')
which are labile species capable of transformation with opening
of the aromatic ring to form nitrile oxides [1]. This nontrivial reac- N N | A
tion is characteristic of the cis form of nitroso oxides, whereas the 3 . 9/ // NO NO,
trans form is isomerized to the cis form or consumed in bimolecu- | Ny wlise | A R l N N
lar reactions, the products of which are the corresponding nitroso / Z N / Z O o — +
and nitro compounds (Scheme 1). The nitro compound can also be R R X ~n%o R// //
formed via photochemical isomerization of the nitroso oxide [2]. AN

A heterocyclic compound [2b,3] or a cyclopentadiene with an |//
oxime substituent [4] are the final products of the sequence of R
transformations given in Scheme 1, provided that the nitrile oxide l
contains a reactive center suitable for further intramolecular reac- B
tions of the CNO group. Experimental conditions (solvent polarity, "I"O\ _ §-©
temperature, concentration of the starting azide and/or irradiation 0 (/ -0
intensity) influence the ratio of uni- and bimolecular reaction I// - |// -
products [4].

A characteristic reaction of nitrile oxides is the addition to dif- 2 |ntersystem crossing

ferent N-nucleophiles such as primary and secondary amines,
amides, and N-heterocycles, containing a N-H bond. Amidoximes
are formed as a result of this reaction [5] (Scheme 2).

Scheme 1. Mechanism of the photooxidation of aromatic azides.

A search of the literature did not indicate the possibility of a R2
similar intramolecular reaction when the nitrile oxide group reacts R'ICNO + NH ~ R-C=NOH
{ N
- R R R
* Corresponding author.
E-mail address: kinetic@anrb.ru (E. Chainikova). Scheme 2. Reaction of nitrile oxides with N-nucleophiles.

https://doi.org/10.1016/j.tetlet.2018.07.034
0040-4039/© 2018 Elsevier Ltd. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.tetlet.2018.07.034&domain=pdf
https://doi.org/10.1016/j.tetlet.2018.07.034
mailto:kinetic@anrb.ru
https://doi.org/10.1016/j.tetlet.2018.07.034
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet

3268
N3
N3 N3
N N
H‘N\(o H H
Me
1a 2a 3a

Fig. 1. Starting azides.

with the N-nucleophilic center to form a heterocycle. In the present
work the mechanism of the photooxidation of aromatic azides
containing a substituent with a N—H bond at the para-position
(4-azidoacetanilide (1a), 6-azido-1H-indazole (2a), and 2-methyl-
5-azido-1H-indole (3a), Fig. 1) in acetonitrile as the solvent was
investigated. Products of the reaction were studied and quan-
tum-chemical modeling of its elementary stages was performed.
It was found that the nitrile oxides formed from the corresponding
nitroso oxides undergo further intramolecular transformations
similar to that shown in Scheme 2.

Results and discussion

The photolysis of azide 1a was carried out in oxygen-saturated
acetonitrile using light of the wavelength range 270-380 nm. The
main products of the reaction were (2E)-[(5E)-1-acetyl-5-(hydrox-
yimino)-1,5-dihydro-2H-pyrrol-2-ylidene]ethanal (1c) which was
present as two isomers, as well as 4-nitroso-(1d) and 4-nitroac-
etanilide (1e) (Scheme 3, see ESI).

Table 1 shows that the yields for the photooxidation of azide 1a
depend on the temperature. Increasing the temperature resulted in
a decrease in the total yield of nitroso compound 1d and nitro
compound 1e and an increase in the yield of oxime 1c. Previously,
similar results were observed for the photooxidation of 4-N,N-
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Scheme 3. Nitroso oxide 1b and stable products resulting from the photooxidation
of azide 1a.

Table 1
Effect of temperature on the product yields for the photooxidation of azides 1a-3a.
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dimethylaminophenyl azide [4] and were explained by the fact
that the oxime was formed as a result of unimolecular transforma-
tions of nitroso oxides, while the nitroso and nitro compounds
were formed via recombination reactions involving these species.
The recombination proceeds with a low activation energy,
therefore, at higher temperature a more energy-consuming process
consisting of a sequence of intramolecular transformations of
ArNOO predominates (Scheme 1).

To clarify the mechanism for the formation of oxime 1c, a the-
oretical modeling of possible transformations of nitroso oxide 1b
was performed using the MO6L/6-311+G(d,p) + IEFPCM approxi-
mation (MeCN as the solvent, see ESI). Previously, it had been
shown [3c¢,6] that this level of theory adequately describes the
geometric characteristics of aromatic nitroso oxides as well as
the activation parameters of their conformational and
irreversible transformations. The results of the detailed DFT
modeling for the transformations of nitroso oxide 1b such as cis/
trans and syn/anti isomerization of this species, ortho-cyclization
of its cis isomer to form the nitrile oxide intermediate, and
subsequent electrophilic addition of the carbon atom of the CNO
group to the nitrogen atom of the acetamide moiety are provided
in the ESI The energy diagram in terms of the Gibbs free energy
describing the most important transformations taking place in
the system under study is given in Fig. 2. The trans isomer of 1b
is isomerized to the cis isomer or involved in a recombination
process giving nitroso and nitro compounds 1d and 1e. The cis
isomer undergoes intramolecular cyclization, the mechanism of
which had been established previously [7], to form nitrile oxide
1f_1, which is further transformed to the pre-reaction flat state
1f_3 (Fig. 2). Simultaneously the intramolecular ONC.--H-N con-
tact hindering formation of the ONC-N bond is formed. It was
shown that the most likely mechanism for intramolecular addition
of the nitrile oxide group to the nitrogen atom is amide-oxiimine
tautomerization to structure 1g and subsequent cyclization, in
the transition state of which the synchronous formation of the
C-N and O-H bonds completes the process of oxime 1c formation
(Fig. 2, ESI).

We also calculated the Gibbs energy of eight conformers of
oxime 1c, the formation of which is possible as a result of free rota-
tion around single bonds as well as the cis/trans isomerism of the
oxime moiety (see ESI). It was established that only two isomers
with a total population of 99.5% can exist under our experimental
conditions, which agrees with the results of the HPLC and NMR
data (see ESI). These isomers are shown in Fig. 2.

The photooxidation of azide 2a led to the formation of 6-
(hydroxyimino)-6H-pyrrolo[1,2-b]pyrazole-3-carbaldehyde  (2c)
as a mixture of cis and trans isomers (ratio 2.5:1), 6-nitroso-1H-
indazole (2d), and 6-nitro-1H-indazole (2e) (Scheme 4, see ESI).

a [a]o x 10° * (M) T (°C) Ala] x 10° * (M) [Product] x 10° € (M)
c d e

1a 10.80 20 8.77 (81) 225 (26) 0.73 (8) 3.23(37)
9.29 45 8.90 (92) 4.12 (46) 0.49 (6) 1.24 (14)
935 60 9.20 (98) 5.15 (56) 032 (3) 0.50 (5)
953 75 9.28 (97) 6.18 (66) 0.18 (2) 0.15 (2)

2a 4030 20 20,60 (51) 17.30 (84) 0.95 (4) 1.19 (6)
44.30 60 21.80 (49) 20.8 (95) 052 (2) 0.40 (2)

3a 17.90 8 15.60 (87) 054 (3) 6.25 (40) 2.95 (19)
18.30 20 15.40 (84) 0.68 (4) 5.08 (33) 2.95(19)
18.80 75 18.60 (99) 7.45 (40)° 322 (17)¢ 2.75 (15)°

@ Initial concentration of the starting azide.
b

c

Concentration of the consumed azide, conversions in % are given in parentheses.
Yields in % based on the consumed azide were measured by HPLC using calibration graphs and are given in parentheses.

4 Along with these products, the yield of oxadiazol 3h had been measured - 3.81 x 10~> M (20%).
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