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Superelectrophilic halonitro-2,1,3-benzoxadiazoles under-
go remarkably facile carbon–carbon couplings with some
electron-rich aromatics and heteroaromatics, affording
quantitatively products exhibiting an intense visible absorp-
tion due to strong intramolecular charge transfer.

Countless examples have been reported where a SNAr pathway
plays a pivotal role in the displacement of a potential leaving
group of an electron-deficient aromatic or heteroaromatic
substrate by anionic as well as neutral oxygen, sulfur and
nitrogen nucleophiles.1 A number of books and reviews have
discussed the synthetic applicability of this mechanism, both in
inter- and intra- molecular nucleophilic aromatic substitu-
tions.1a,d,2 Even though a few SNAr carbon–carbon couplings
have been reported, the evidence is that this mechanism does not
apply satisfactorily well with most carbon nucleophiles.1a A
major factor responsible for this situation is the notable
tendency of many carbanions to oxidise, thereby favoring the
occurrence of electron-transfer processes. As a result, other
strategies have been developed, such as the vicarious and
oxidative nucleophilic aromatic substitutions, which allow C–C
bond formation at an initially unsubstituted position of an
electron-deficient arene or hetarene ring.3–5

(1)

Among the few known SNAr substitutions involving neutral
carbon nucleophiles, the reactions depicted in eqn. 1 are
noteworthy since they describe a convenient synthesis of
donor–acceptor substituted biphenyls via substitution of ni-
troactivated haloarenes, e.g. picryl chloride, by electron-rich
aminobenzenes.6a In these instances, it is the high carbon
nucleophilicity of these substrates – the pKCH

a value for C-
protonation of the benzene ring in aqueous solution is 9.62 for
1,3,5-tripyrrolidinobenzene6b – that provides the decisive
driving force for the substitutions.

In this paper, we report on our finding that the high
electrophilic character of 7-chloro-4,6-dinitro-benzofurazan
(DNBZ-Cl) and -benzofuroxan (DNBF-Cl) allows the achieve-
ment of remarkably facile SNAr-type displacements of the
chlorine atom by very weak carbon nucleophiles. The reactions
of DNBZ-Cl and DNBF-Cl with N-methylindole 1 (pKCH

a =
22.32),7a azulene 2 (pKCH

a = 21.76)7b and 1,2,5-trime-
thylpyrrole 3 (pKCH

a = 20.49)7c have thus been found to
proceed smoothly at room temperature in ethanol, affording the
expected substitution products S-1a,b, S-2a,b and S-3a,b in
excellent yields.† Interestingly, these compounds can also be
viewed as being formally the products of SEAr substitution of
the azulene or hetarene moiety of the nucleophiles by the
electrophilic DNBZ-Cl and DNBF-Cl substrates.

A most reasonable mechanism for the substitutions is the
SNAr–SEAr coupling pathway described in Scheme 1 with

reference to the N-methylindole systems. In this scheme, it is
assumed that the initial formation of the zwitterionic Wheland–
Meisenheimer intermediates ZH± is followed by rearomatiza-
tion of the arenonium or hetarenium moiety to give the anionic
s-complexes Z2, a situation which was shown to prevail in the
SEAr substitutions of a number of indoles or pyrroles by
4,6-dinitrobenzofuroxan (DNBF) to give stable s-adducts of
type 4 in various solvents. Facile loss of chloride ion (pKa =
27) from the adducts Z2 will then afford the substitution
products.8

(2)

A kinetic study of the reactions has been carried out at 25 °C
under pseudo-first-order conditions with respect to the nucleo-
philic reagent (Nu = 1, 2 or 3) as the excess component in
acetonitrile solution. The general expression for the observed
rate constant for formation of the products, kobs, as derived from
Scheme 1 under the assumption that the zwitterions ZH± are
low-concentration intermediates, is given by eqn. 2. In
accordance with this equation, excellent straight lines with zero
intercepts were obtained in all systems on plotting kobs vs the Nu
concentration. From the slopes of these plots, the second-order
rate constants k listed in Table 1 were readily derived. Very
importantly, experiments carried out with deuterated nucleo-
philes, e.g. 3-D-N-methylindole, did not reveal any significant
influence of the nature of the isotopic substitution on the rates of
the reactions, e.g. kH/kD = 1.1 ± 0.1 for the N-methylindole
reactions. This shows that proton removal from ZH± is rapid and

Scheme 1
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that nucleophile addition is the actual rate-limiting step of the
substitutions in acetonitrile solution, i.e. k = k1.

Consistent with this conclusion, the rate constants k1 for
addition of 1–3 to the chlorine-bearing C-7 carbon of DNBF-Cl
are notably lower than those for addition of these nucleophiles
to the unsubstituted C-7 carbon of DNBF (Table 1).9 Other
structural things being equal, it is a general situation that
nucleophilic addition occurs faster at an unsubstituted than a
substituted carbon in nucleophilic aromatic substitutions and
related s-complexation processes.1 More data are needed,
however, to delineate the reasons why the present k1 values for
DNBF-Cl and DNBZ-Cl reactions do not parallel the C-basicity
of the three nucleophiles.

A most important result is that the various products obtained
through Scheme 1 exhibit an intense and solvent dependent
visible absorption at rather high wavelengths, e.g. lmax = 664
nm (H2O), lmax = 624 nm (Me2SO) and lmax = 609 nm
(heptane) for S-2b. Obviously, a strong intramolecular charge
transfer is taking place between the p-system of the aromatic or
heteroaromatic donor and the p-system of the benzofurazan or
benzofuroxan acceptor, even though the coplanarity of these
two moieties is totally precluded by steric effects. Some NMR
data provide a suitable illustration of this charge transfer, e.g.
the H2 resonance of the indole ring moves strongly to higher
frequency on going from the parent substrate 1 (d = 7.09 ppm)
to S-1a (d = 8.30) or S-1b (d = 7.78) in CDCl3. In view of these
preliminary results, further experimental and theoretical work is
currently being carried out to get a better picture of how the
extent of the charge transfer is in this series modulated by steric
and electronic effects and therefore by the structure and the p-
excessive character of the donor system.

Notes and references
† General procedure: To a solution of 1, 2 or 3 (0.2 g,) in EtOH (20 ml)
at room temperature was added one equivalent of DNBZ-Cl or DNBF-Cl.10

The solution turned rapidly green and the reaction mixture was stirred at
room temperature for one hour. The precipitate was collected by filtration
and then purified by column chromatography (SiO2–CH2Cl2).

S-1a. Dark green solid; yield 86%; mp 248 °C dec.; EI MS: m/z 339
[M]+·, anal. calc. for C15H9N5O5: C, 53.10; H, 2.67; N, 20.64. Found: C,
52.98; H, 2.59; N, 20.82%. 1H NMR (CDCl3, d): 9.06 (1H, H5A, s), 8.30 (1H,
H2, s), 7.51 (1H, H7, d, 3J7/6 8.1 Hz), 7.43 (1H, H5, ddd, 3J5/4 8.1 Hz, 3J5/6

8.1, 4J5/7 1.1 Hz), 7.34 (1H, H6, ddd, 3J6/5 8.1, 3J6/7 8.1, 4J6/4 1.1 Hz), 7.19
(1H, H4, d, 3J4/5 8.1 Hz), 4.04 (3H, CH3, s).

S-2a. Dark blue solid; yield 72%; mp 197 °C dec.; EI MS: m/z 336 [M]+·,
anal. calc. for C16H8N4O5: C, 57.15; H, 2.40; N, 16.66. Found: C, 57.38; H,
2.36; N, 16.38%. 1H NMR (CDCl3, d): 9.07 (1H, H5A, s), 8.58 (1H, H4, d,
3J4/5 9.6 Hz), 8.37 (1H, H2, d, 3J2/1 4.4 Hz), 8.22 (1H, H8, d, 3J8/7 9.8 Hz),
7.91 (1H, H6, dd, 3J6/5 9.9, 3J6/7 9.9 Hz), 7.63 (1H, H1, d, 3J1/2 4.4 Hz), 7.62
(1H, H5, dd, 3J5/6 9.9, 3J5/4 9.6 Hz), 7.53 (1H, H7, dd, 3J7/6 9.9, 3J7/8 9.8
Hz).

S-3a. Dark green solid; yield 87%; mp 187 °C dec.; EI MS: m/z 317
[M]+·, anal. calc. for C13H11N5O5: C, 49.22; H, 3.49; N, 22.07. Found: C,
49.18; H, 3.57; N, 22.21%. 1H NMR (CDCl3, d): 8.93 (1H, H5A, s), 6.40 (1H,
H4, q, 4J4/CH3

0.8 Hz), 3.52 (3H, CH3
1, s), 2.31 (3H, CH3

5, d, 4J CH3/4
0.8 Hz),

2.19 (3H, CH3
2, s).

S-1b. Dark green solid; yield 74%; mp 179 °C dec.; EI MS: m/z 355
[M]+·, 339 [M 2 O]+·, anal. calc. for C15H9N5O6: C, 50.71; H, 2.55; N,
19.71. Found: C, 50.80; H, 2.48; N, 19.57%. 1H NMR (CDCl3, d): 8.89 (1H,
H5A, s), 7.78 (1H, H2, s), 7.48 (1H, H7, d, 3J7/6 7.4 Hz), 7.40 (1H, H5, ddd,
3J5/4 8.1 Hz, 3J5/6 8.1, 4J5/7 1.1 Hz), 7.29 (1H, H6, ddd, 3J6/5 8.1, 3J6/7 7.4,
4J6/4 1.1 Hz), 7.15 (1H, H4, d, 3J4/5 8.1 Hz), 3.98 (3H, CH3, s).

S-2b. Dark blue solid; yield 80%; mp 204 °C dec.; EI MS: m/z 352 [M]+·,
336 [M–O]+·, anal. calc. for C16H8N4O6: C, 54.56; H, 2.29; N, 15.90.
Found: C, 54.87; H, 2.28; N, 15.62%. 1H NMR (CDCl3, d): 8.89 (1H, H5A,
s), 8.54 (1H, H4, d, 3J4/5 9.5 Hz), 8.00 (1H, H8, d, 3J8/7 9.9 Hz), 7.96 (1H,
H2, d, 3J2/1 4.4 Hz), 7.88 (1H, H6, dd, 3J6/5 9.6, 3J6/7 9.6 Hz), 7.58 (1H, H5,
dd, 3J5/6 9.6, 3J5/4 9.5 Hz), 7.56 (1H, H1, d, 3J1/2 4.4 Hz), 7.48 (1H, H7, dd,
3J7/6 9.6, 3J7/8 9.9 Hz).

S-3b. Dark green solid; yield 92%; mp 172 °C dec.; EI MS: m/z 333
[M]+·, anal. calc. for C13H11N5O6: C, 46.85; H, 3.33; N, 21.01. Found: C,
47.05; H, 3.36; N, 20.99%. 1H NMR (CDCl3, d): 8.70 (1H, H5A, s), 5.86 (1H,
H4, q, 4J4/CH3

1.7 Hz), 3.48 (3H, CH3
1, s), 2.25 (3H, CH3

5, d, 4J CH3/4 1.7
Hz), 2.12 (3H, CH3

2, s).
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Table 1 Second-order rate constants, k1, for nucleophilic addition of N-
methylindole 1, azulene 2 and 1,2,5-trimethylpyrrole 3 to DNBZ-Cl,
DNBF-Cl and DNBF in acetonitrile. T = 25 °C

k = k1, mol21 dm3 s21

Nu pKNu
a DNBZ-Cl DNBF-Cl DNBF

1 22.32 1.15 1.02 19.6
2 21.76 0.56 0.50 5.88
3 20.49 3.45 9.64 910
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