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The behaviour of solutions of the sodium salt of 4-(2,4-dinitrophenyl)pentanoic acid in D2O is readily
monitored by 1H NMR spectroscopy. In the presence of excess NaOD, these show exchange of hydrogen
at the 3-position of the benzene ring with kOD = 1.23(0.03) � 10�4 M�1 s�1 at 25 �C. Rates of exchange
using solutions with triethylamine buffers show no dependence on buffer concentration and an estimate
of the acid dissociation constant, pKa � 29.3, of the dinitrobenzene is made. Under the conditions, there is
no detectable exchange at the benzylic position.

� 2009 Elsevier Ltd. All rights reserved.
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The nitro group (–NO2) occupies a special place in organic
chemistry. It ranks with ‘superelectrophilic’ modified sulfone
groupings,1 amongst the most effective uncharged electron-with-
drawing substituents. Unlike like the sulfones, however, its effects
reflect distinct contributions from both resonance and induction,
illustrated well by the behaviour of nitroalkanes.2 These are suffi-
ciently acidic (7 < pKa < 11) for conjugate bases to accumulate in
aqueous solution, with the anion best represented as a nitronate,
sharing negative charge between the oxygen atoms of the group.
Rates of deprotonation, however, are ca. 106 less than for normal3

acids of comparable pKa. This disconnection between kinetic and
thermodynamic acidity, historically described as the nitroalkane
anomaly, has been explained by a delayed onset of the anion-sta-
bilizing resonance (emphasized by accompanying solvation
changes) and is central to structure–reactivity relationships in pro-
ton transfers from carbon acids.4 The acidic behaviour of nitroa-
renes, 1 (R, R0 = H or alkyl), is less well characterized, but also of
interest since the charge on a nitroaryl anion should be associated
with an orbital orthogonal to the p-array of the benzene ring and
its substituents. Inductive effects will operate, but the absence of
an anion-stabilizing resonance is expected to reduce the thermo-
dynamic stability of these anions relative to alkyl cousins without
a corresponding effect on their kinetic acidity, so that nitroarenes
should be normal carbon acids as, for example, are chloroform5

and alkynes.6

The ready decarboxylation of dinitrobenzoic acids,7 2, demon-
strates the accessibility of aryl anions, 3, and an early study8 of
the action of dilute NaOD/D2O in DMF on 1,3-dinitrobenzene gave
qualitative indication that exchange at its 2-position occurred
rather quickly, consistent with the localized nature of the aryl an-
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ion. Characterization of the acid–base chemistry of nitroarenes,
however, is not straightforward, with the proton transfers of inter-
est competing with nucleophilic additions,9 electron transfers,10

and, if benzylic hydrogens are present, alternative deprotona-
tions,11,12 all of which yield highly coloured resonance-stabilized
anionic species such as 4 and 5 (see Fig. 1), often with line-broad-
ened NMR spectra. Despite these complications, later experiments
have generally confirmed the early qualitative conclusion13 and
rate constants have been reported for detritiation14 of 1,3-
dinitro[2-3H]benzene (k = 2.8 � 10�5 M�1 s�1) and for dedeuteria-
tion15 of 1,3-dinitro[2-2H]benzene (k = 1.1 � 10�5 M�1 s�1) by
methoxide in methanol at 25 �C. Nevertheless, deprotonations, or
NO2 NO2B
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Figure 1. Some relationships in the formation and reactions of dinitroaryl anions.
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Figure 2. 1H NMR spectrum of the sodium salt of 1 (R = H, R0 = CH2CH2COOH) in D2O (trace A) and in D2O with 0.4 M NaOD after 1 h at 50C (trace B).
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Figure 3. Evolution of the aromatic region of the NMR spectrum of a solution of 6-
Na in NaOD (0.223 M) at 25 �C.
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Figure 4. Isotopic exchange in 1 (R = Me, R0 = CH2CH2COO�) via a localized
hydrogen-bonded carbanion.
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isotopic exchange, in purely aqueous solutions have not yet been
described, and we report here the remarkably uncomplicated
observation by H NMR spectroscopy of deuterium exchange in a
water-soluble 2,4-dinitroalkyl benzene and measurement of rate
constants for the process.

Nitration of 4-phenylpentanoic acid16 yields 4-(2,4-dinitro-
phenyl)pentanoic acid, 1 (R = Me. R0 = CH2CH2COOH),17 and the H
NMR spectrum of its sodium salt in D2O is shown above (trace A
in Fig. 2). Signals associated with the hydrogens at the 3-position
of the benzene ring and at the benzylic position are readily identi-
fied and are labelled HA and HB.

The carboxylate group provides the aqueous solubility and car-
ries the potential for intramolecular catalysis of deprotonation at
HB (but not HA) via a 6-centre cyclic array. Effective molarities for clo-
sely similar intramolecular deprotonations of nitroalkanes,18,19

however, are low and the salt solutions, a light straw colour, do not
show any indication of exchange over many days at T = 50 �C. Addi-
tion of NaOD (up to 0.5 M) does not induce noticeable colour change
and spectra remain sharp, but the signal associated with HA de-
creases and disappears completely (see trace B in Fig. 2). The decay
is first order, and monitoring of solutions which were 0.223 and
0.493 M in NaOD at 25 �C (see Fig. 3) yielded kexc = 2.56 � 10�5 and
6.07 � 10�5 s�1, respectively, so that the second rate constant for
catalysis by DO� is kOD = 1.23(±0.03) � 10�4 M�1 s�1. After allow-
ance for primary isotope effects, and differing conditions, this value
is not inconsistent with the measurements cited earlier for 1,3-dini-
trobenzene itself. No other changes in the spectrum are observed
(apart from loss of a small splitting in the other two aromatic sig-
nals). Material recovered after acidification is chromatographically
indistinguishable from reactant and mass spectrometry (�ve elec-
trospray) confirms introduction of a single deuteron.

We know of no estimate for the pKa of 1,3-dinitrobenzene or of
alkylated derivatives but if this salt is indeed a normal carbon acid,
then deuteration of the carbanion should be rate-limited by the
reorganization of solvent around the hydrogen-bonded carbanion
(see Fig. 4) to position a molecule to deliver the deuteron.20 This
has been identified with the dielectric relaxation21 of water,
kreorg � 1011 s�1, and catalysis by buffer acids is not expected. We
have observed the exchange, k = 7.7(±0.3) � 10�7 s�1 at 46 �C in
buffered triethylamine with [Et3ND+]/[Et3N:] = 1.3, and can detect
no dependence of rate on buffer concentration, consistent with
normal acid behaviour. The pKa of the hydrocarbon should then
be related to pKw and rate constants for deprotonation (kOH) and
reprotonation (kH2O � 1011 s�1) by the relationship:

pKa ¼ pKw þ logðkH2O=kOHÞ
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With correction for solvent isotope effect22 (kOH = kOD/2.4), it is
therefore possible to estimate that pKa = 29.3 for deprotonation of
the ring. The value might be compared with the pKa = 37 for ben-
zene deduced from electrochemical measurements on organo-
mercurials.23

As noted earlier, we detect no exchange at the benzylic position
(HB) under the conditions used, and estimate kHA=kHB > 100. While
the absence of reactivity at HB may simply reflect a particularly
unstable benzylic anion, the pKa reported11 for benzylic deprotona-
tion of 2,4-dinitrotoluene is 16 (with 4-nitrotoluene some 7.5 units
higher), and it seems unlikely to us that the combined steric and
electronic effects of the added benzylic residues in 6 would
increase the site’s pKa to greater than 29. Alternatively and more
plausibly, the higher kinetic barrier is associated with the reorgani-
zation of charge, structure and solvation required for formation of
the fully delocalized benzylic anion, so that the behaviour of 1
(R = Me, R0 = CH2CH2COOH) illustrates nicely the contrasting ef-
fects of induction and resonance in the behaviour of nitro groups
as substituents and the link to normal and pseudo acidity.
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