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During nitration of anisole (1) with '*N-enriched nitric acid and sulfuric acid in
acetic acid, the '>’N NMR signals of 2- and 4-nitroanisole (2, 3) exhibit emission
indicating their formation by a recombination reaction of radical cations 1%
with NO,. It is concluded from the magnitude of the *’N-CIDNP effect that 2
is formed only via free radicals, whereas 3 may also be formed via a non-

radical pathway.

The nitration of highly reactive arenes follows various
reaction mechanisms depending on the reaction condi-
tions.! Ridd and coworkers have shown by **N-CIDNP
that the nitration of activated arenes, such as p-substi-
tuted phenols, polymethylbenzenes, amines and naph-
thalene, with nitric acid occurs, at least partially, via a
nitrous acid catalysed reaction (NAC).2

NAC: ArH+NO* = ArH* +NO' (1a)
1
(NO' +NO,* —= NO* +NO,) (1b)
ArH*" +NO, — ArNO,+H* (1o)
2,3

1, Anisole; 2, 2-Nitroanisole; 3, 4-Nitroanisole

Eqn. (1b) is enclosed in parentheses, as it shows only
the stoichiometry of the reaction. It does not involve free
NO,* but a more complex and as yet unidentified route.
The key step is the one-electron transfer reaction to
nitrosonium ion to give radical cation species.

A quantitative analysis of the >N-CIDNP effect
observed during reaction of 1,2-dimethoxybenzene with
nitric acid in acetic acid indicated that nitration occurs
mainly or exclusively via NAC [eqns. (1)].2 The reaction
did not take place in the presence of sodium azide which
is a nitrous acid trap. It was concluded therefore that
there is no electrophilic aromatic nitration (EAN) via
nitronium ions.

EAN: ArH+NO,* ——ArNO, +H* 2)

A reaction through nitrosation followed by oxidation

1 Lecture held at the 14th International Conference on Radical
Tons, Uppsala, Sweden, July 1-5, 1996.
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(NOX)* might be possible but in fact played a minor
role, if any at all.

NOX: AtH+NO* ——ArNO+H"* (3a)

ArNO +HNO,— ArNO, + HNO, (3b)

We could find no reference to a fourth mechanism, an
electron transfer between the nitronium ion and the arene
which might be an intermediate step during EAN [eqn.
2)1°

In the following, a !>N-CIDNP study during nitration
of 1 with nitric acid and sulfuric acid in acetic acid is
described. This system is widely used as a nitration agent
in synthetic organic chemistry.® The reaction is known
to give 2 and 3 as the main products,” although large
variations have been observed in the product distribution
under different reaction conditions.!® This might be
explained by the occurrence of EAN in some cases and
of NAC or NOX in others.!! Since the 2-/4- ratio should
be 2.2-2.6 for EAN,*!2 0.6-0.8 for NAC*!3 and
0.03-0.09 for NOX,1%-11:14 the operating mechanisms can
also be discussed in terms of the yields of 2 and 3.

Experimental

ISN-CIDNP experiments were performed with a Bruker
DPX-300 NMR spectrometer. The reactants were placed
in 10 mm NMR tubes, after which the tubes were shaken,
transferred to the probe head of the NMR spectrometer
and locked (internal lock: D,0) within 2 min. >N NMR
spectra were then recorded using single pulses with a
pulse angle of 90°. This procedure was repeated every
0.75-5 min. The intensities of the emission signals [
during the reaction and the product signals I, after
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completion of the reaction were determined from the
signal-to-noise ratios in the spectra or by integration.
>N nuclear relaxation times 7; were determined after
completion of the reaction under the conditions of the
experiment applying n—n/2 pulse sequences. All the com-
pounds were commercial samples and used without fur-
ther purification. The nitric acid was 9.4 mol dm ™3 in
H,O0 and labelled with 60.3 atom % >N (Isotec Inc.).

The nitration products 2- and 4-nitroanisole 2, 3 were
identified by comparing the ®N, 3C and 'H NMR
spectra with NMR spectra of authentic material. The
yields were determined from >N NMR spectra after
completion of the reaction, see Fig. 1(c).

Enhancement factors V,,, were taken from the max-
imum emission intensity I,,,, and 1,.'

Vmaxz(lmax—lo)/lo (4)

Results and discussion

During the treatment of anisole 1 with nitric acid in
acetic acid, 2-nitroanisole 2 and 4-nitroanisole 3 were
formed as the main products at room temperature or at
higher temperatures,”® however the reaction was too
slow to permit the observation of CIDNP effects at room
temperature. This is in contrast with the behaviour of
1,2- and 1,4-dimethoxybenzene, whose reactions with
nitric acid in acetic acid are complete within a few
minutes. ’N-CIDNP effects were observed in the nitra-
tion products 1,2-dimethoxy-4-nitrobenzene and
1,4-dimethoxy-2-nitrobenzene under these conditions.?
After addition of 20% sulfuric acid to a solution of 1
and nitric acid in acetic acid, however, the reaction was
complete within a few minutes. A >N NMR spectrum
taken after the reaction is given in Fig. 1(c). Compounds
2 and 3 were the main products and formed in yields of
25% and 65%. N NMR shifts and yields of 2 and 3
and of two additional products, 4 and 5 showing °N
NMR signals at §= —2.7 and —5.4 are listed in Table 1.
While the reaction was running within the probehead
of the spectrometer, the >N NMR signals of 2-5 indi-
cated emission 5 min after the tube had been placed in
the probehead. The CIDNP signals disappeared within
an additional 5-12 min. Intensities / of the signals are

(a)

(b)
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Fig. 1. "N NMR spectra taken from 1 in AcOH-H,SO,;
(a) 8.75 min after addition of H'®NO; taken with a single 90°
pulse; (b) ~10 min later taken with a single 90° pulse; the
intensity is enhanced by a factor of 20; (c) 1-2 h later taken
with 32 pulses.

given in Table2, and typical spectra are shown in
Fig. 1(a),(b). The poor quality of the spectrum in
Fig. 1(a) is probably due to foaming during the reaction.
After the reaction compound 3 was the only product
detected in a *>N NMR spectrum taken with one pulse
giving I,=4, see Fig. 1(b). I, values of 2, 4 and 5 were
taken from >N NMR spectra recorded with 32 pulses
or more, see for example Fig. 1(c). V., values were
determined according to eqn. (4) and are listed in Table 2.
The proportion of nitration via nitronium ion [EAN,
eqn. (2)], in the presence of sodium azide as a scavenger
for nitrous acid was studied. No reaction took place
under these conditions indicating the absence of EAN.
This is as expected from the observations of Schofield
and coworkers who reported the occurrence of a nitration
reaction in the presence of nitrous acid traps only at
concentrations of sulfuric acid higher than 54.2%.6

Table 1. ®>N-CIDNP during nitration of anisole 1 (0.3 mol dm~3) with nitric acid (1 mol dm~3) at 298 K.

Solvent? 5N-signals® Yield® Vinax® e°

AcOH-H,0+D,0 4:1 n.r.f

AcOH-H,0 +D,0-H,S04 3:1:1 0.3(2) E 25 —13009 6
—-04@3) E 65 —500¢ 5
274" E 5 —-130 12
—5.4(5)" E 5 —140 5

—26 (H'®NO3)
+NaNj3 (0.1 mol dm~3) n.r.f

2v/v mixture. 8 in ppm against Ph'>NO,, high-field values negative, assignment in parentheses. E=emission. °In%,
determined from '*N NMR spectra after reaction. ¢ V,,,, determined according to eqn. (4). ® 1¢: duration of the emission in
min. fn.r. - no reaction within 2 h. ¢ E,,.= — 1309 has been calculated using Pedersen’s treatment.’® " The signal has not

been assigned.
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Table 2. Relative >N NMR signal intensities /* during reac-
tion and /,? after reaction of 1 (0.3 mol dm~3) with nitric
acid (1 mol dm~3) in AcOH-H,0 +D,0-H,S0, (v/v=3:1:1)
at 298 K.

t/min 1(2) 1(3) 1(4) i(5)
0-3° 0 0 0 0
4 -10 -10 0 0
5 ~ —2000 ~ —2000 —-25 —40
5.75 —400 —400 -30 -5
6.50 —40 -35 -25 -3
7.25 -20 —-15 —-20 -3
9 -2 1 -10 0
30 ~1 ~4 <1 <1
60-360° I, 15 I, 4 I, 03 I, 0.3

4 | determined from the signal-to-noise ratio. ° I, determined
from '®N NMR spectra taken after reaction with 150 pulses
and scaled to a spectrum recorded after 30 min with a single
pulse. °t=0: taken 2 min after mixing the reactants and
1 min after placement of the tube into the probehead.

Vmax Values of —1300 and —500 obtained for 2, 3
were much higher than those of determined (— 130 and
—140) for 4, 5. It is concluded that the polarisations in
2, 3 are built up in radical pairs generated by free radical
encounters of NO, and 1*" which are formed by NAC
[egns. (1)]. The polarisations observed in 4, S, whose
structures have not been elucidated, might be due to a
side-reaction. For instance, attack by the O-end of NO,
would give a species that could lose NO in a secondary
reaction and after dealkylation end up as o- or p-quinone,
as has been described for phenols.!”'® The emission
signals of 2, 3, 5 declined within 5-6 min corresponding
to a decay time similar to the nuclear relaxation time 7',
of 3 (20 s). It follows that the reaction that forms 2, 3,
5 occurred within less than 1 min, after an induction
time of about 5 min. In contrast with this, the emission
of 4 appeared later and continued for 12 min, see
Fig. 1(b) and the Tables 1 and 2, indicating that 4 might
be the product of a secondary reaction.

In the following, V.. values of 2, 3 are compared
with enhancement factors per molecule E_,, calculated
according to the radical pair theory of CIDNP. E_,.=
—1309 was obtained by applying Pedersen’s treatment!®
of the radical pair theory with g(1*")=2.00351,2° n=
1.4 cP and the parameters used for the calculation of the
enhancement factors of 1,2-dimethoxy-4-nitrobenzene in
acetic acid.?

The value of E_,, (—1309) is identical with ¥;,(2)
(—1300) but bigger than ¥ (3) (—500). It is concluded
that 2 is formed exclusively via NAC [eqn. (1)] whereas
the formation of 3 occurs to an extent of 60% via a non-
radical pathway. The 2-/4-ratio of V,, reflects the parti-
cipation of the non-radical reaction. This agrees with the
results of Radner and coworkers if the non-radical
formation of 3 occurs by NOX [egns. (3)].!

During nitration of 1 with nitric acid in acetic acid at
65 °C, compounds 2, 3 were formed with a ratio of 0.8.7
It is concluded that the nitration of 1 occurs via NAC

CIDNP INVESTIGATIONS OF NITRATION OF ANISOLE

mainly or exclusively under these conditions. The nitra-
tion mechanism of 1 in acetic acid is identical with that
of 1,2-dimethoxybenzene.> In mixed acid with 20%
sulfuric acid, the nitration mechanism of 1 does not
correspond to the nitration mechanism of mesitylene and
toluene which are nitrated mainly or exclusively via EAN
[eqn. (2)] under these conditions.> The different behavi-
our is reflected in the oxidation potential of 1 (1.76 V)*!
which is somewhat higher than that of 1,2-dimethoxyben-
zene (1.45 V)*! but much lower than those of mesitylene
(2.35V)?? and toluene (2.61 V).2
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