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Abstract: Protons, even in trace amounts decrease the stability of
phenyl (phenylazo)methyl hydroperoxide (1l). The decomposition of ] is
more rapid in CC14 than in CH3CN, owing to an additional reaction

route in the former solvent. A mechanistic suggestion is presented.

a-Azohydroperoxides have recently been reported as being sources
of hydroxyl radical'’? and oxidizing agents?®’"“. However, their
application is often limited by their poor stability, especially in
solvents like CHCl,, CDCl, or CC14.3'5‘—10 Some aromatic a-azohydro-
peroxides (among them phenyl (phenylazo)methyl hydroperoxide, 1) could
only be isolated in the form of a molecular complex with the solvent
(preferably in a ratio l:solvent=1:5).°7"

Our aim is to use 1 as hydroxyl radical source in non-aqueous
medium which is inert toward the attack of "OH radicals (CH3CN,
carbon tetrachloride).

According to our experience, after the preparation’!' of 1, the
evaporation of the solvent resulted in instantaneous decomposition of
1, as described earlier by Tezuka and Ando.®’’® However, when the
vessels used had been conditioned by boiling them in alkaline baths
(pH=9-10) improved stability of 1 has been observed. Under such
conditions 1 could be dried almost completely: according to NMR
measurements'? it contained only about 3% solvent and no detectable
amounts of decomposition products were present. As a result of the
improved stability, the decomposition of 1 becomes reproducible and
suitable for kinetic measurements if the solvent is properly chosen
(gsee below). It can be concluded that even traces of protons
accelerate the decomposition rate of é.lz

Further, we found that the stability of 1 in solutions is affected
by its concentration: the more concentrated the solution of 1 the

lower its stability.
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If 1 is intended to be used as hydroxyl radical source, the
following decomposition' is expected to occur:
. a 8 hv or A
Ph-CH (OQH) ~N=N-Ph ——————— PhCHO + N2 + "OH + "Ph (1)
1 2

Our results'?

obtained in acetonitrile as solvent are in good
agreement with the above mechanism: benzaldehyde'® (2) is formed
almost quantitatively, phenol'® formation takes place (in about 15%
)17

of 1 decomposed and hydroxyl radical'® can be detected. Moreover,

at -40 °C alkoxyl radical'® can also be trapped, indicating that the
first step of reaction (1) is the homoclytic cleavage of the 0-0 bond
yielding Ph—?H—N=N—Ph and “OH radicals. At room temperature this

o
step is presumably followed by the instantaneous decomposition of the
alkoxyl radical to give 2, N2 and "Ph, since at these conditions
alkoxyl radicals could not be detected.

In carbon tetrachloride, however, the decomposition is faster.:A
new intermediate and new products are observed, namely an N-centered
radical'®, benzoylphenyldiazene'® (5) and N-benzoyl-N’-phenylhydra-
zine'® (6).

In order to explain these results it has been assumed that protons
present in the system interact with the lone pair of electrons of any
of the four hetercatoms of 1. However, the attack on the B-nitrogen
is most likely to result in formation of new products, as will be
discussed below. According to literature data®?', a-azohydroperoxides
exist predominantly in intramolecular hydrogen-bonded structure. In
the case of acyclic a-azohydroperoxides the evidence of the six-
membered ring was shown.?? In such a chelate of 1l the B-nitrogen
contains no lone pair of electrons and hence ] becomes less reactive
toward protons. Consequently, six-membered intramolecular H-bondings
are expected to stabilize the a-azohydroperoxides. The concentration
dependence of the stability of 1 in solution is due to the increase
in the number of the intermolecular H-bondings at the expense of
intramolecular ones. Since intermolecular H-bondings can be formed
with any of the four heteroatoms the ratio of 1 with lone pair of
electrons on the B-N increases, decreasing thus the stability of 1.

The enhanced decomposition rate and the additional products in

solvents containing Cl-atom may as well be explained by the presence
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of protons. (Upon exposure to light, Cl atoms are formed and yield
hydrochloric acid.??) Protons reacting with the B-nitrogen form
intermediate 3 the aliphatic carbon atom of which may lose a proton
yielding the corresponding hydrazone hydroperoxide (4). The isom-
erization of azocompounds (analogues to 1) to give the corresponding
hydrazones (analogues to 4) in solvents containing chlorine has been
described earlier.??® However, a-azohydroperoxides containing no H
atom on their aliphatic carbon atom can not undergo this type of
isomerization, thus they are expected to be more stable. This may be
the explanation for the experience of Baumstark and Vasquez3'6'8
concerning the stability of different a-azohydroperoxides in CDC13.

Being rather unstable, 4 readily decomposes into a Ph-CO-N-NH-Ph
radical which, in turn, produces 5 and 6 by losing or gaining one
hydrogen atom, according to eq.2.

H H +
+n* Iy ) -ut
1 —H . Ph-GINeN-Ph | ph-c=n-NH-Ph
. OOH OOH 4
3
ph-g-ﬁ-NH-Ph + "OH
0 (2)
—H/ +H-
Ph~C-N=N-Ph Ph-C~NH-NH~Ph
It
5 0 0 6

The significant amount of 2 formed during the decomposition indicates
that reaction (1) and (2) proceed simultaneously in carbon tetrachlo~
ride.

As a consequence, the presence of protons and the decrease in the
number of the six-membered intramolecular hydrogen bondings result in
an enhanced decomposition rate of o-azohydroperoxides of type 1.
Therefore, the authors suggest to apply solvents containing no

chlorine atom and to avoid high concentrations when these a-azohydro-
peroxides are used.
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