
J. Chem. Soc., Perkin Trans. 2, 1999, 1669–1674 1669
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The reactions of aniline and its derivatives at the 7-position of 4,6-dinitrobenzofuroxan (DNBF) may result in rapid
reaction via the nitrogen centre to give anionic σ-adducts. Equilibrium constants for these reactions in DMSO are
reported and correlate with pKa values of the corresponding anilinium ions. Slower reactions are observed involving
electrophilic substitution by DNBF at ring-carbon atoms of the aniline derivatives; rate constants are reported. These
reactions produce zwitterionic carbon-bonded σ-adducts which, in the presence of excess aniline, are in rapid
equilibrium with deprotonated forms. Equilibrium constants for this acid–base process have been measured and
indicate that the negatively charged DNBF moiety is electron withdrawing relative to hydrogen.

Aniline usually acts as a nitrogen nucleophile and will,
for example, form σ-adducts, such as 1, with 1,3,5-trinitro-

benzene.1–3 Nevertheless its ambident reactivity has been shown
in reactions with 4,6-dinitrobenzofuroxan (DNBF) which is
noted for its “super-electrophilic” properties.4–6 Here adducts
have been detected involving bonding to the nitrogen or ring-
carbon atoms of aniline.7–12 In acidic solutions, where aniline is
nearly completely protonated, reaction via nitrogen is inhibited.
However a carbon–carbon bonded adduct is slowly formed by
reaction at the 4-position. A kinetic study13 in water–dimethyl
sulfoxide solvent has shown that this adduct results from elec-
trophilic substitution by DNBF on the unprotonated aniline;
the results allow a comparison, with other arenes, of the reactiv-
ity of aniline towards electrophilic attack.

Here we report on the reactions in DMSO of DNBF with
aniline, 2a, and with some N- and ring-substituted anilines. Our
results for aniline are in accord with the processes shown in
Scheme 1. The N-bonded adduct 4 is kinetically preferred but
the C-bonded adduct 5, in equilibrium with its deprotonated
form, 6, is the thermodynamically favoured product. Our aims
were to determine rate and equilibrium data for these reactions,
to investigate the effects of substituents, and to compare
the reactivity of DNBF with that of other electron-deficient
aromatics.

Results and discussion
We have made measurements with aniline and with six substi-
tuted anilines, as detailed in Table 1. In general, the symbol An
is used to represent the neutral form, and AnH� the protonated
form of the aniline derivatives.

† The IUPAC name for 4,6-dinitrobenzofuroxan is 4,6-dinitrobenz-
oxadiazole 1-oxide.
‡ Tables 9–21 are available as supplementary data. For direct electronic
access see http://www.rsc.org/suppdata/p2/1999/1669, otherwise avail-
able from BLDSC (SUPPL. NO. 57572, pp. 13) or the RSC Library.
See instructions for Authors available via the RSC web page (http://
www.rsc.org/authors).

The kinetic and equilibrium results, to be described, show
that equilibration between DNBF and the N-bonded adducts,
4, is a considerably faster process than the formation of
C-bonded adducts, 5. KN, the equilibrium constant for form-
ation of 4 is defined by eqn. (1), and is related by eqn. (2) to the

KN =
[4][AnH�]

[DNBF][An]2 (1)

KN = K1K2 (2)

individual constants K1 and K2. The acid–base equilibrium
between 5 and 6 involves an equilibrium constant defined in
eqn. (3).

K3 =
[6][AnH�]

[5][An]
(3)

pKa Values of anilines in DMSO

In order to compare reactivities of the substituted anilines in
these systems, pKa values of the protonated forms were
required. Although values are available in water,14 and in water–
DMSO mixtures,15 the only value available in DMSO is that for
aniline 16 itself, pKa = 3.82. Values for substituted anilines were
calculated using a spectrophotometric method with the indi-
cator 2,4-dinitrophenol. In a typical experiment spectra were
recorded with a constant concentration (4 × 10�5 mol dm�3) of
indicator in solutions buffered with an aniline derivative and its
hydrochloride salt. Measurements were usually made with salt
concentrations of 0.01 mol dm�3; or with the ionic strength,
I = 0.01 mol dm�3, maintained with tetra-n-butylammonium

Table 1 pKa Data for anilinium ions

Substance pKa (DMSO) pKa (water) b

2a, Aniline
2b, N-Methylaniline
2c, N,N-Dimethylaniline
2d, 3-Methylaniline
2e, 3-Methoxyaniline
2f, 4-Methylaniline
2g, 4-Chloroaniline

3.82 a

2.94
2.70
3.86
3.29
4.34
2.79

4.58
4.85
5.06
4.69
4.20
5.12
3.98

a From ref. 16. b From ref. 14.
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Scheme 1

chloride. Absorbance measurements at 430 nm, the maximum
for In�, yielded values for equilibrium constants, K4, for eqn.
(4). Typical data are given in Table 2, and results for other

HIn � An
K4

In� � AnH� (4)

derivatives are reported as supplementary information in
Tables 9–13.‡ pKa values for the anilinium ions were then
calculated from eqn. (5) using a value 17 of 5.12 for the pKa of
the indicator, 2,4-dinitrophenol.

log10 K4 = pKa(AnH�) � pKa(HIn) (5)

Values obtained in DMSO are compared, in Table 1, with
values in water. For compounds not substituted on nitrogen
acidities are ca. 0.7 units higher in DMSO than in water. How-
ever for N-methylaniline the difference is 1.9 units and for N,N-
dimethylaniline 2.4 units. It is expected that solvation, involving
hydrogen bonding of NH� protons, will be important in stabil-
ising the acidic cations.15,16,18–20 Since DMSO is known to be an
extremely good hydrogen-bond acceptor 21 the stabilisation of
cationic species in this solvent will be expected to decrease as
the number of NH� protons available for hydrogen-bonding
decreases. This may explain the comparative increases in acidity
in DMSO on going from primary, to secondary and tertiary
amines.

NMR Results
1H NMR spectra of DNBF in [2H6]DMSO containing one
equivalent or less of aniline indicate the formation of 5a with
bands due to H7 and H5 at δ 5.36 and 8.73 respectively. In the
presence of higher mole ratios of aniline additional bands

Table 2 Absorbance data for 2,4-dinitrophenol (4 × 10�5 mol dm�3) in
DMSO containing 3-methylaniline and its hydrochloride salt at 25 �C

[An]/mol dm�3 [AnH�]/mol dm�3 Abs. (430 nm)  K4
b

0.00
0.02
0.04
0.06
0.08
0.10
0.20
0.00 a

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00

0.014
0.097
0.197
0.200
0.219
0.297
0.456
0.831

—
0.057
0.072
0.049
0.042
0.053
0.059
—

a Made alkaline with sodium hydroxide. b Calculated as
(Abs � 0.014)

(0.831 � Abs)
×

[AnH�]

[An]
.

are observed at δ 6.04 and 8.64, attributed to H7 and H5 of
4a, the nitrogen-bonded adduct. The latter bands gradually
decrease in intensity with time as the bands due to the thermo-
dynamically more stable carbon-bonded adduct increase in
intensity. As the concentration of excess aniline is increased it is
noticeable that the bands due to the carbon-bonded adduct
move to lower frequency reaching limiting positions of δ 5.14
and 8.70. These changes reflect deprotonation of 5a to give 6a,
the two forms being in rapid equilibrium. Acidification, with
excess deuterium chloride, reversed this change with bands due
to the C-bonded adduct shifting to the positions expected for
5a; bands due to 4a, the N-bonded adduct, were lost immedi-
ately. Our results and interpretation are largely in accord with
previous work on this system.8,9,11,12

1H NMR data for adducts from amines 2a–f are collected in
Table 3. Values are given for 5, the zwitterionic forms of the
carbon-bonded adducts, 6, the deprotonated forms produced in
the presence of excess of the parent amine and, in some cases, 4,

Table 3 1H NMR data for adducts from DNBF in [2H6]DMSO

Parent
aniline a 1H NMR Shifts

Carbon-bonded adducts 5

2a
2b
2c
2d
2e

2f

H7

5.36
5.37
5.39
5.60
5.56

5.83

H5

8.73
8.72
8.74
8.72
8.66

8.73

Aromatic

7.19(d), 7.33(d), J 8 Hz
7.30(d), 7.37(d), J 8.5 Hz
7.40(m)
7.08(m)
6.89(s), 6.87(d), 7.34(d),
J 7.4 Hz
6.92(s), 7.10(d), 7.16(d),
J 8 Hz

Other

—
2.90 (NMe)
3.12 (NMe2)
2.58 (Me)
3.68 (OMe)

2.20

Deprotonated adducts 6

2a
2b
2c
2d
2e
2f

H7

5.14
5.15
5.16
5.40
5.33
5.56

H5

8.70
8.71
8.70
8.68
8.63
8.71

Aromatic

6.53(d), 6.90(d)
6.52(d), 6.97(d)
6.60(d), 7.0(d), J 8 Hz
6.64(d), 6.50(d), J 8 Hz
6.2(m), 6.87(d), J 8 Hz
6.54(s), 6.60(d), 6.76(d)

Other

—
2.63 (NMe)
2.86 (NMe2)
2.42 (Me)
3.54 (OMe)
2.04 (Me)

Nitrogen-bonded adducts 4

2a
2d
2f

H7

6.04
6.01
5.96

H5

8.64
8.65
8.63

Aromatic b Other b

a See Table 1 for identities of the anilines. b Shifts uncertain because of
rapid chemical exchange with bulk amine.
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Table 4 NMR data for reaction of DNBF with N-methylaniline, 2b, in [2H6]DMSO

[DNBF]stoich/ [2b]stoich/ [4-Chloroaniline]stoich/
Chemical shifts

mol dm�3 mol dm�3 mol dm�3 H7 H5 Aromatic a [6] b/[5] K3
c 

0.099
0.099
0.099
0.098
0.050
0.050
0.048
0.099
0.099

0.050
0.100
0.130
0.170
0.100
0.200
0.400
0.099
0.099

—
—
—
—
—
—
—
0.10
0.20

5.37
5.37
5.31
5.25
5.24
5.17
5.15
5.26
5.21

8.72
8.72
8.72
8.71
8.70
8.70
8.71
8.71
8.71

7.30, 7.37
7.30, 7.37
7.08, 7.26
6.88, 7.15
6.84, 7.12
6.59, 7.00
6.52, 6.97
6.91, 7.16
6.71, 7.07

—
—
0.39
1.2
1.5

11
—
1.0
2.8

3.4
4.0
2.3
4.3

1.0 d

1.6 d

a Ring hydrogen resonances of complexed 2b; doublets, J 8 Hz. b Calculated from eqn. (6). These are the average values from data for H5 and each of
the aromatic shifts. c Calculated from eqn. (3). d These are values of K3,Cl calculated from eqn. (7).

Table 5 NMR data for reaction of DNBF with 4-methylaniline to give 5f and 6f in [2H6]DMSO

[DNBF]stoich/ [4-Methylaniline]stoich/
[4-Methylaniline
H�Cl�]stoich/

Chemical shifts

mol dm�3 mol dm�3 mol dm�3 H7 H5 [6] a/[5] K3
b 

0.10
0.05
0.05
0.05

0.05
0.20 c

0.20 d

0.40

—
0.40 c

0.20 d

—

5.83
5.64
5.60
5.56

8.73
8.72
8.71
8.71

—
2.4
5.7
—

—
9

13

a Calculated from eqn. (6), with δo 5.83, δ∞ 5.56. b Calculated from eqn. (3). c The equilibrium concentrations are calculated to be 0.115 and 0.435 mol
dm�3 respectively. d Equilibrium concentrations are calculated to be 0.108 and 0.242 mol dm�3 respectively.

the nitrogen-bonded adducts. NMR spectra were not observed
for adducts 4 derived from N,N-dimethylaniline, which lacks
the NH hydrogen required for formation of an anionic adduct,
or from N-methylaniline or 3-methoxyaniline. In the latter case
kinetic evidence, from UV results, suggests that isomerisation to
the carbon-bonded adduct will be rapid.

The spectra confirm, in agreement with previous work,8,9,12

that the adduct from 4-methylaniline, where the ring position
para to the amino group is blocked, is formed by reaction at the
2-position to give 5f.

Values of K3

It was of interest to use NMR shifts to calculate values for K3,
the acid–base equilibrium defined in eqn. (3). Values were
obtained for adducts formed from aniline, 2a, N-methylaniline,
2b, and 4-methylaniline, 2f. Since 5 and 6 are in rapid equi-
librium, on the NMR timescale, their relative proportions may
be calculated using eqn. (6).

[6]

[5]
=

δo � δ

δ � δ∞

(6)

Here δo is the shift of 5, the fully protonated form, δ∞ is the
shift of 6, the fully deprotonated form, and δ is the measured
shift.

A measurement in a solution made up from DNBF (0.05 mol
dm�3), aniline (0.40 mol dm�3) and aniline hydrochloride (0.40
mol dm�3) gave a band due to H7 at δ 5.21. Knowledge of
the values of δo, 5.36, and δ∞, 5.14, gave a value for [6]/[5] of
2.14. Since in this solution, containing added aniline hydro-

chloride, no bands were observed at equilibrium due to the
N-bonded adduct 4a, the final concentrations of aniline, 0.316
mol dm�3, and its salt, 0.434 mol dm�3, are readily calculated.
Use of eqn. (3) gave a value for K3 of 3 ± 0.5. Since the pKa

value of aniline is 3.82, this leads to a value of 3.3 for the
pKa value of 5a.

NMR spectra of DNBF in solutions containing N-methyl-
aniline, 2b, indicated formation of 5b in equilibrium, in the
presence of excess amine, with its deprotonated form, 6b. No
bands were observed due to the N-bonded adduct 4b, probably
due to steric hindrance. The chemical shifts in Table 4 show that
as the excess of N-methylaniline is increased, bands due to H7
of complexed DNBF and to the ring hydrogens of complexed
2b move to lower frequencies. The shift of the H5 band shows
little change. Calculation of the ratio [6]/[5] using eqn. (6)
allowed the determination of values of K3 for the N-methyl-
aniline system. There is some spread in values, but the value
obtained of 3.5 ± 0.5 again indicates that the adduct 5b is a
stronger acid, by 0.5 pKa units, than the parent amine 2b.

The last two items in Table 4 refer to experiments in which
equimolar amounts of DNBF and 2b were allowed to form 5b
quantitatively, before the addition of 4-chloroaniline. The latter
amine, although unreactive towards DNBF on the timescale of
the experiment, partially deprotonated 5b to yield an equi-
librium mixture with 6b. The measured shifts allowed the calcu-
lation of a value for K3,Cl, defined by eqn. (7), of 1.3 ± 0.3. This

K3,Cl =
[6]

[5]
×

[4-chloroaniline H�]

[4-chloroaniline]
(7)

value is lower than the value of K3, reflecting the weaker
basicity of 4-chloroaniline than of N-methylaniline (Table 1).

Data for the formation of the C-bonded adduct from
4-methylaniline, 2f, are given in Table 5. Measurements in solu-
tions containing 2f and its hydrochloride salt, yield a value for
K3 of 11 ± 2.

Interestingly the results show that values of K3 are greater
than unity, indicating that the DNBF moiety in 5, although
negatively charged, is electron withdrawing relative to
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hydrogen. When reaction occurs para to the amino function as
in the aniline, 5a, and N-methylaniline, 5b, derivatives, the acid
strengthening effect is ca. 0.5 pKa units. The effect is expected to
increase with proximity of the DNBF and the positive centre.
Thus for reaction ortho to the amino function in the 4-methyl-
aniline derivative, 5f, the effect is worth ca. 1 pKa unit. It is
known 22,23 that the presence of a trinitrocyclohexadienate ring
in the zwitterions 7 will acidify the attached ammonium proton
by a factor of ca. 500. Likewise the zwitterionic adducts 3,

where the ammonium group is directly bonded to the ring, are
expected to be considerably more acidic, by several orders of
magnitude, than the parent anilinium ions. Hence there is no
evidence in the present work for their accumulation. Further
evidence for the powerful electron withdrawing ability of the
negatively charged moiety of DNBF is that in water 24 the
DNBF–hydroxide adduct dissociates to give a dianion with a
pKa value of 11.80. It is also worth noting25 that the acidities
of 7-(4-X�-anilino)-4-nitrobenzofuroxans, 8 are ca. three times
greater than those of similarly X�-substituted 2,4,6-trinitro-
diphenylamines.

Kinetic results

Kinetic measurements of the reactions of DNBF with anilines
2a–f were made spectrophotometrically in DMSO containing
1% by volume of water. The ionic strength, I ��� ¹̄

²
Σcizi

2, was 0.1 mol
dm�3 for all measurements. Rate constants were determined
using two sets of conditions: a) in the presence of excess hydro-
chloric acid, and b) in solutions buffered with mixtures of the
aniline and its hydrochloride salt. In all cases the stoichiometric
concentration of aniline was in large excess of the concen-
tration of DNBF, and first order kinetics were observed. The
presence, in a), of excess hydrochloric acid had the effect of
reducing concentrations of free amine to very low levels, and
here there was no evidence for nucleophilic attack via the nitro-
gen centre of the aniline to give 4. Under these conditions direct
conversion of DNBF to the carbon-bonded adducts 5 was
observed. It was, however, necessary to allow for the rapid
equilibration of DNBF and its hydroxide adduct,26 eqn. (8), for

DNBF � H2O DNBF�OH� � H� (8)

which the equilibrium constant is defined by eqn. (9). Here the

KH2O =
[DNBF�OH�][H�]

[DNBF]
(9)

value of KH2O includes the activity of the water in the medium.
Spectrophotometric measurements at 470 nm gave a value for
KH2O of 0.050 mol dm�3 in the medium used, containing 1%
water. We define by eqn. (10) the second order rate constant, k,

�d[DNBF]

dt
= k[DNBF][Aniline] (10)

for reaction of DNBF and amine. It is readily shown that k is
related to kobs, the first order rate constant, by eqn. (11), where

kobs = k[Aniline H�]� Ka

Ka � [H�]
�� [H�]

[H�] � KH2O

� (11)

Ka is the dissociation constant of the anilinium ion. Since in
these measurements the condition [H�] � Ka applies, eqn. (11)
reduces to eqn. (12).

k =
kobs

Ka

[KH2O � [H�]]

[Aniline H�]
(12)

Data for reaction with aniline are given in Table 6 and lead
to a value for k of 8.6 ± 1 dm3 mol�1 s�1. Corresponding data
for substituted anilines 2b–f are reported as supplementary
information in Tables 14–18.‡ Data are summarised in Table 7.
It should be noted that formation of adducts 5 involves an
electrophilic aromatic substitution in the aniline derivative.
Hence two steps will be involved: carbon–carbon bond form-
ation followed by elimination of a proton. Data have been
reported previously 13 for reaction in water–DMSO mixtures.
Values of the kinetic isotope effect kH/kD, obtained by com-
parison of reactions of aniline and pentadeuterioaniline, were
found to be 2.0, indicating that the initial reaction of DNBF
and aniline is largely rate-determining.

Kinetic measurements in solutions containing mixtures of
aniline and its hydrochloride, corresponding to condition b),
showed two reactions. The first, which was too fast to measure
on the stopped-flow timescale, gave a species with λmax 480 nm.
The NMR evidence indicates that this is the N-bonded adduct,
4a.

With time the absorption maximum shifted to 489 nm
corresponding to conversion to the thermodynamically more
stable C-bonded adduct, 5a. Kinetically this was found to be a
first-order process, and it is readily shown that the rate constant
k�obs is related to individual rate and equilibrium constants by
eqn. (13). Our results indicate that under the conditions used
KN[An]2 � [AnH�] so that eqn. (13) reduces to eqn. (14). The

k�obs =
k[An][AnH�]

KN[An]2 � [AnH�]
(13)

Table 6 Kinetic data for reaction of DNBF a with aniline in acidic
solutions to give 5a

[Aniline H�Cl�]/
mol dm�3

[HCl]/
mol dm�3

kobs
b/

10�4 s�1
k c/dm3

mol�1 s�1

0.010
0.020
0.030
0.040
0.050
0.060

0.090
0.080
0.070
0.060
0.050
0.040

0.80
2.0
3.7
4.7
6.7
8.0

7.5
8.6
9.8
8.6
8.9
8.0

a DNBF concentration is 4 × 10�5 mol dm�3; solvent is 99 :1 (v/v)
DMSO–water. b Colour forming reaction at 489 nm. c Calculated from
eqn. (12) with Ka, 1.51 × 10�4 mol dm�3 and KH2O, 0.050 mol dm�3.

Table 7 Summary of data for reaction of DNBF with aniline and its
derivatives in DMSO

Aniline pKa

KN/dm3

mol�1
k/dm3

mol�1 s�1
k a/dm3

mol�1 s�1

2a
2b
2c
2d
2e
2f

3.82
2.94
2.70
3.86
3.29
4.34

19 000
—
—
30 000
3 500

36 000

8.6 ± 1
10.0 ± 1
2.8 ± 0.4
62 ± 10

3800 ± 700
5.7 ± 0.7

4.0
10.3
6.0

27
1300

1.1
a Values in this column are in 70/30 (v/v) DMSO–water from ref. 13.



J. Chem. Soc., Perkin Trans. 2, 1999, 1669–1674 1673

KN =
k[AnH�]

k�obs[An]
(14)

data in Table 8 were used to obtain a value for KN of 19000 dm3

mol�1. Similar data for reactions with anilines 2d, 2e and 2f are
reported as supplementary information in Tables 19–21.‡

Comparisons

The data summarised in Table 7 show that values of KN, for
reaction at the nitrogen centre of the anilines, correlate with the
pKa values. Thus the highest value of KN is found for the reac-
tion of 4-methylaniline, the most basic amine, and the lowest
value for the reaction of 3-methoxyaniline, the least basic ring-
substituted derivative. N,N-Dimethylaniline is not able to form
an anionic adduct of type 4. The failure to observe reaction at
the nitrogen centre of N-methylaniline may be due to steric
hindrance.

There is, as expected, no correlation with pKa values of the
values of k since the latter reflect reactivity at ring carbon
atoms. The largest value here is found for reaction at the
4-position of 3-methoxyaniline where there is activation by
p-NH2 and o-OMe groups. The substituent effects in 70/30 (v/v)
DMSO–water have been discussed previously,13 but it is worth
making a brief comparison of the solvent effect on the values
of k. For ring-substituted anilines the value of k increases by a
factor of 2–3 when the solvent is changed from DMSO–water
to DMSO. However for the N-methyl derivative there is little
variation in k, while with the N,N-dimethyl derivative the value
of k decreases on transfer to DMSO. The initial electrophile–
nucleophile combination will be largely rate-limiting 13 in the
formation of 5, so that the transition state will have structure 9.

The excellent ability of DMSO to stabilise cationic nitrogen
centres by hydrogen bonding interaction 21 was referred to
earlier in this paper. Thus when R1 = R2 = H increasing the pro-
portion of DMSO in the solvent will be expected to stabilise 9.
However the stabilisation will diminish when R1 = H, R2 = Me,
and disappear when R1 = R2 = Me.

It is of interest to compare the electrophilicity of DNBF with
that of 1,3,5-trinitrobenzene (TNB) in these systems. Whilst
DNBF readily reacts with the nitrogen centre of aniline to yield
adduct 4, reaction of TNB with aniline requires the presence of
a strong base, such as DABCO. Buncel and co-workers 2,27 have
shown that in DMSO in the presence of DABCO and with
tetraethylammonium chloride (0.1 mol dm�3) the equilibrium
constant, K5K6,DABCO, for the overall process shown in eqn. (15)
has a value of 1.8 dm3 mol�1.

However it is known 16 that the pKa values of the protonated

Table 8 Kinetic data for the conversion of 4a to 5a

[Aniline] a/
mol dm�3

k�obs/
10�4 s�1

KN
b/

dm3 mol�1

0.04
0.07
0.10
0.20

11.6
6.4
4.4
2.2

18500
19200
19500
19500

a All solutions contain aniline hydrochloride, 0.1 mol dm�3. b Calcu-
lated from eqn. (14) with k 8.6 dm3 mol�1 s�1.

forms of aniline and DABCO are 3.82 and 9.06 respectively.
Hence it is possible, using eqn. (16), to calculate a value of
1.0 × 10�5 dm3 mol�1 for K5K6,An, which is the overall equi-
librium constant for eqn. (15) with aniline acting as the base.

K5K6,An = K5K6,DABCO

Ka(DABCOH�)

Ka(AnH�)
(16)

This value is directly comparable with the value of 2 × 104 dm3

mol�1 obtained for KN for reaction of DNBF with aniline. The
ratio of 2 × 109 testifies to the highly electrophilic nature of
DNBF compared to TNB.

This ratio is similar in value to those observed 28 for the reac-
tions of DNBF and TNB with methoxide ions in methanol
(1 × 109), or with hydroxide ions in water (5 × 109). In these
cases adduct formation involves reaction to give an anionic
adduct directly. In contrast the reaction with aniline involves
formation of a zwitterion, 3, followed by proton transfer to give
the anionic form, 4. Hence for DNBF, KN is the product of the
equilibrium constants K1 and K2 (eqn. (3)), while in the case of
TNB the overall equilibrium constant is the product of K5 and
K6. The similarity in reactivity ratios for all three nucleophiles,
aniline, methoxide and hydroxide probably indicates that the
major difference between DNBF and TNB is in the K1 :K5 ratio
rather than in the K2:K6 ratio. Hence the acidifying effect, on
the adjacent ammonium proton, of the anionic DNBF moiety
in 3 is expected to be rather similar to that of the anionic TNB
moiety in 7, which is worth a factor of ca. 500. The acidifying
effect will be attenuated with distance from the positive centre
and our NMR results indicate that in 5 it is reduced to a factor
of ca. 3.

Experimental
4,6-Dinitrobenzofuroxan was prepared by Drost’s method;7 mp
172 �C (lit.7 172–174 �C). All other reagents and solvents were
the purest available commercial products.

1H NMR spectra were recorded in [2H6]DMSO with a Varian
Mercury 200 MHz spectrometer. UV-vis spectra and kinetic
measurements were made at 25 �C with a Perkin-Elmer
Lambda 2 spectrophotometer, a Shimadzu UV-2101 PC spec-
trometer or an Applied Photophysics SX-17 MV stopped-flow
spectrophotometer. Reported rate constants are the means of
several determinations and are precise to ±5%.
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