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The Nitrosation of Phenol and p-[*H]Phenol

By B. C. Crarris* and A. J. Lawson

(Department of Chemistry, St. Salvator’s College, St. Andvews, Fife and *Department of Organic Chemistry,
Imperial College of Science, London, S.W.7T)

ALTHOUGH extensive studies of the N-nitrosation
of amines show that several species may function
as nitrosating reagents in dilute aqueous acids, the
nature of the reagent in strongly acidic solutions
is speculative! In particular, it is not clear
whether the extremely rapid acid-catalysed nitro-
sations in concentrated acids involve either the
nitrous-acidium ion (I) or the nitrosonium ion (II),
or even if it is possible to distinguish between
these potential reagents.

H* + HNO, = H,NO,+ = NO* + H,0
(D (IT)

Similar uncertainty is also evident from kinetic
investigations of other reactions in which the
character of the reagent has been deduced from
the acidity dependence of the reaction rate.
Thus Ladenheim and Bender? conclude from
studies with benzamide in H,SO,, for which the
rate is proportional to the Ay function, that (II) is
the reagent, whereas Morrison and Turney?
suggest the linear dependence between the rate of
phenol nitrosation and the %, acidity function in
HCIO, is evidence for nitrosation by (I).

A possible explanation of this discordancy in the
acidity function correlations is that initial attack
by the electrophilic reagent is not entirely rate-
controlling for the reaction of phenol, which
would then invalidate Morrison and Turney’s®
conclusion. To check this possibility, we have
compared the nitrosation rate of phenol and p-
[*H]phenol (both of which predominantly form
para-substituted products) in aqueous HCIO,, and
in the Table the experimental second order rate
coefficients from equation (1) are listed:

Rate = k,[Phenol] [HNO,] (1)

for reaction at 0-7°. The substantially reduced
rate for the deuteriated substrate (k,*/k,° ~~ 3-8
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F 0-4) over a wide range of acidities is indicative

of a primary isotope effect, and we conclude that
proton-loss from some relatively stable inter-
mediate is the rate-controlling process. The
character of this intermediate may be deduced
from the acidity dependence of the reaction rate
as shown in the Figure. Thus the rate of phenol
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FIGURE. Plot of log k, against Hy acidity function for
the witvosation of phenol in aqueous HCIO4 at 0-7°.

nitrosation, as reported earlier,®»® is virtually
independent of acidity up to 1m-HCIO,, but
thereafter increases rapidly with increasing acidity
[d(log k,)/d(-H,) = 1-3] to reach a maximum in
about 7-7TmM-HClIO,. This is consistent with the
formation of a dienone intermediate (III), which
may undergo slow product formation via both a
spontaneous (at low acidities) and acid-catalysed
path (at higher acidities) as shown below. It is
not clear whether the acid-catalysed path involves
protonation of the phenolic- or nitroso-oxygen
atoms, but the steady decrease of reaction rate at
very high acidities ([HCIO,] > 8m) suggests the
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Second order coefficients [equation (1)] for nitrosation of phenol and p-[*Hlphenol in HCIO, at 0-7°

[HCIO,) —Ht k2 (min.~! mole-11) A2 (min.~! mole~? 1) RI/RD
0-105 —_ 0-081 0-021 3
1-67 0-74 0-181 0-043 4-2
2-25 0-98 0-262 0-064 4-1
3-86 1-72 1-30 0-39 3-3
4-13 1-85 1-85 0-52 3-6
4-87 2:23 5:25 1-60 34
5-89 2:82 33:0 9-4 3-6

protonated intermediate is in equilibrium with the
reactants under these conditions.

It seems probable that electrophilic substitution
of phenolic compounds generally involves ioniza-
tion of the phenolic-hydrogen to form a dienone
intermediate, with subsequent cleavage of the
ring proton as the rate-determining process; with
one exception,® substantial primary isotope effects

1See J. H. Ridd, Quart. Rev., 1961, 15, 418.

have been reported for all the reactions studied
so far.? It is also apparent from the above results
that the kinetic acidity dependence for the nitrosa-
tion of phenol in aqueous HCIO, provides no
direct information on the reagent involved, and
therefore it is not inconsistent with reaction via
the nitrosonium ion (II).
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