Why diphenyl peroxide does not exist
A few posts back, I explored the “benzidine rearrangement” of diphenyl hydrazine. This reaction
requires diprotonation to proceed readily, but we then discovered that replacing one NH by an O as in
N,O-diphenyl hydroxylamine required only monoprotonation to undergo an equivalent facile
rearrangement. So replacing both NHs by O to form diphenyl peroxide (Ph-O-O-Ph) completes this
homologous series. I had speculated that PhNHOPh might exist if all traces of catalytic acid were
removed, but could the same be done to PhOOPh? Not if it continues the trend and requires no prior
protonation at all!

Here is the results of a ωB97XD/6-311G(d,p)/SCRF=water calculation. Now I should explain that the
conventional explanation for the non-existence of PhOOPh is that the O-O bond homolyses very
readily to form phenoxy radicals[1]. But of course other peroxides such as t-Bu-O-O-t-Bu do exist
(although they are rather fragile) and so the phenyl analogue is clearly special.

You will notice from the IRC profiles shown above that even without any prior protonation, the barrier
to O-O cleavage is really very small (~ 4 kcal/mol). But the method I have used to calculate this is a
closed shell DFT procedure. This does not allow the formation of the (open shell) biradical that two
phenoxy radicals would represent. The barrier is low even without the formation of phenoxy radicals!
Of course, as with the two previous examples, the actual initial product formed is the π-complex as
first suggested by Michael Dewar. The wavefunction of such a species requires special treatment, since
it is best described as a linear combination of two closed-shell configurations, what is called a multiconfiguration or multi-reference wavefunction.‡ So the single-configuration closed shell calculation that
the above IRC represents must be an upper bound to a proper description of the energy transition
state. In other words, if the description is improved, the barrier can only get even lower!
Notice in the above that the π-complex formed in the first stage (of two) is actually lower in energy
than the diphenyl peroxide itself, and that the barrier for this π-complex to then collapse to form the
C-C bond between the two 4-positions is also tiny. This π-complex in other words is very transient
indeed, probably not surviving for even one molecular vibration. To all intents and purposes, this
really is a concerted [5,5] sigmatropic shift, as shown in the schematic at the top of this post. But the
bottom line is that the homolysis argument need not be the only one (although it is not necessarily
incorrect). One can just as readily explain why PhOOPh does not exist by invoking facile formation of
Dewar-like π-complex instead.

‡

Another deceptively simple little molecule that requires such a treatment is C 2, the topic of much
recent debate![2], [3]
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