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Capto-dative Am inyls, EPR Spectra, D isproportionation, jr-Radicals
Oxidation of N-alkoxy-2,6- or -2,4-dinitroanilines with various oxidizing agents yields the corre
sponding N-alkoxydinitrophenyl-am inyls, which then undergo spontaneous conversion into the
corresponding N-alkoxy-2.4.6-trinitrophenyl-am inyls. The EPR spectra o f all these persistent
aminyls are presented and discussed. Such disproportionations did not occur in capto-dative
diaryl-aminyls which had lower spin densities on the electron-acceptor group than the present Nalkoxy-polynitrophenyl-am inyls (these have, in addition, N —O bonds which are less strong than
N —C bonds). Electronic structures o f diaryl-aminyls and N-alkoxy-aryl-aminyls are discussed:
both are ;r-radicals, but they probably possess at the nitrogen atom an approximately linear, and a
kinked structure, respectively.

Introduction
As part of our interest in aminyl radicals which are
stabilized by the capto-dative effect, we have p re
pared and oxidized a series of N-alkoxy-N-arylamines, whose alkoxy (methoxy, ethoxy, isopropoxy, benzyloxy) group was the donor and whose aryl
group was a strong acceptor: 2,4-dinitro-, 2,6-dinitroor 2,4,6-trinitrophenyl groups.
Unlike N-alkoxy-picryl-amine, which on oxidation
yielded N-alkoxy-picryl-aminyl as a single para
magnetic species [1], the N-alkoxy-dinitroanilines
showed, upon oxidation with different oxidizing
agents, an unexpected transient behaviour: depend
ing upon the oxidation conditions, three types of per
sistent radicals could be detected in toluene solution
under static conditions, at room tem perature: a nitroxide radical, the expected N-alkoxy-dinitrophenylaminyl (the complete description of the conditions
when only these aminyl radicals were obtained, as
well as the assignment of their E P R spectra, was
made elsewhere [2], and the corresponding N-alkoxy-N-picryl-aminyl.
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In the present paper we are concerned with the
formation of the last N-alkoxy-trinitrophenylaminyls in oxidation reactions of N-alkoxy-dinitroanilines.
Results and Discussion
N-Alkoxy-2,4-dinitro- and -2,6-dinitroanilines,
when oxidized with various agents yielded solutions
whose EPR spectra showed a transient behaviour.
Oxidation of either alkoxyamine 1 or 2 with lead
tetraacetate affords solutions yielding an EPR spec
trum with a well-defined triplet hfc aN =
1.65 —1.70 mT and a g-factor of 2.0055 characteristic
of nitroxides; within a few minutes this EPR spec
trum was gradually replaced by aminyl spectra: a
superposition of the spectrum of N-alkoxy-dinitrophenyl-aminyl 4 or 5 respectively, and of that corre
sponding to the trinitro species 6 which finally re
m ained the single radicalic species present in solu
tion. The above mentioned aminyls have been iden
tified according to their EPR spectral param eters as
obtained in independent experiments when each rad
ical was obtained as a unique paramagnetic species
[1, 2], The hyperfine splitting constants (hfc’s) of
both series of radicals as well as their assignment are
presented in Tables I and II*.
* The EPR spectrum o f radical 5 could not be satisfactionally sim ulated, therefore its hfc’s are not given in Table II.
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Table I. H yperfine couplings (in mT)
for N-alkoxy-picryl-aminyls (6 a—d).
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a,R = Me; b.R = Et ; c,R= iP r: d,R= CH2C6H5

Even with Ag20 as oxidant, which usually yielded
the dinitro-aminyls 4 and 5 as single radicalic species
from the corresponding alkoxy-arylamines, the picrylaminyl 6 could be observed under specific conditions
(when m easured in the presence of solid Ag20 ) .
Thin-layer chromatographic (TLC) analyses of the
toluene solutions obtained by the oxidation of la
with lead tetraacetate revealed the presence of the
picryl derivative 3 a along with about fifteen other
products. From these, seven products were found to
be the reaction products of 3a with lead tetraacetate,
as m easured by TLC in a separate experiment (start
ing from authentic m aterial).
EPR results with 3a isolated by TLC in the experi
ments above were identical with those obtained with
authentic material. The formation of the picrylamines 3 b —d was also observed by TLC for the
whole series of dinitro-amines l b —d and 2 .

a,

Table II. H yperfine couplings (in mT) for N-alkoxy-2,6-dinitrophenyl-am inyls (4a—d).

a Num ber o f /3-protons: 3 for 4a, 2 for 4b, 1 for

4c and 2 for 4d.

W hereas the oxidation 3 —> 6 is straightforward,
the oxidations 1 —» 4(3) —» 6 and 2 —» 5(3) —> 6 appear
to involve disproportionation:
HAr(N02)2 — “ A r(N 02)3 * H2Ar(N02)

-H-

6

2

Experim ents designed to throw light upon the lat
ter reactions were carried out as follows:
N-(2,6-Dinitrophenyl)-N-m ethoxyamine la , when
treated with N 0 2 in toluene, displayed the EPR spec
trum of the corresponding trinitro-radical 6 a. A simi
lar observation was reported by Weil and coworkers
[3a] in the reaction of l,l-diphenyl-2-picrylhydrazyl
(D PPH ) with N 0 2 in benzene, when p - N 0 2 substitu
tion of one or both phenyl rings occurred.
Reaction of l a (or lc ) with di-terr-butyl-peroxide
in toluene under ultraviolet irradiation, followed by
TLC, afforded only four products, one of which
(with lower Rf) was the trinitroderivative 3 a (or 3 c,
respectively).
Finally, we studied by TLC the reaction of la with
a hydrogen atom abstractor, namely the diphenylpicrylhydrazyl radical, D PPH - [3 b], when the gener
ation of the aminyl radical 4a was expected to be the
first reaction step:
°2N\
RO-NH—
0,N

0,N
+DPPHDPPH2

R0

-N -O
o2n

k

In this case too, among the reaction products the
trinitroam ine (3a) was found, along with its reaction
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products with D PPH , as was observed in a separate
experiment.
All these observations seem to indicate that the
para-(ortho)-nhration reaction is in fact a dispropor
tionation reaction of the alkoxy-dinitrophenylaminyl radical initially form ed in the oxidation reac
tion.
However, for the para-(ortho)-nhration reaction
to occur, a high unpaired electron density in that
position seems to be a necessary condition. Indeed,
in the case of 3,5-di-f-butyl-2',6'-dinitro-diphenylamine (7), the para-nitration did not occur on oxida
tion with lead tetraacetate, when only the corre
sponding aminyl radical 8 was produced [4]. N either
did we identify (by TLC) the 3,5-di-r-butyl-2' ,4' ,6'-trinitro-diphenylamine (9) among the reaction products
of 7 with N 0 2 in toluene, or after UV irradiation of 7
in the presence of di-r-butylperoxide (reactions in
which para-nitration of the alkoxy-arylamines 1 did
occur).
NO-

o rro
0,N
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aromatic ring ( aH.para values are 0.13 vs. 0.54 mT for
8 and 4 a, respectively).
The fact that the para-(ortho)-n'itration of 2,6-dinitro-phenyl ring is correlated with a high spin densi
ty on those positions in the corresponding aminyl
radicals is a strong indication that, in the reaction
under discussion, both the substrate and the reagent
are radicalic.
Electronic structure o f am inyl radicals

The observed difference in spin density distribu
tion in the two series of aminyl radicals discussed
above (alkoxy-arylaminyls and push-pull diarylaminyls) originates in the different electronic config
uration at the aminyl nitrogen atom.
Aminyl radicals are unique, in that the nitrogen
atom possesses both an unpaired electron and an un
shared electron pair, and therefore it is capable of
existing in either a jt- or a cr-radicalic ground state.

NO,
NH

QUO

V

c

NO,

Delocalization of an electron pair from a p-orbital
Comparing the hfc’s in the diarylaminyls 8 and 10
with those of the N-alkoxy-arylaminyls 4 and 6 re
spectively, one observes that in the first ones the spin
density is almost entirely delocalized on the donor
(di-?-butylphenyl) ring, the ortho- and /?ara-positions
of the nitro-substituted ring having low hfc’s, w here
as in the last ones, large spin densities are observed
in these positions of the acceptor (nitro-substituted)

(o ground state) would be preferred only if the differ
ence in delocalization energy of two electrons versus

one electron would be greater than the prom otional
energy of an electron from a non-bonding sp 2 hybrid
orbital to the spin-bearing /?T orbital. Dänen and
N eugebauer anticipated that sufficiently electronega
tive groups (such as picryl) attached to the nitrogen
atom would favor such a situation [5]. However, con
trary to this supposition, the alkoxy-picryl-aminyls
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investigated by us proved to be ^-radicals, with the
unpaired electron delocalized both on the aromatic
ring (preferentially, on the ortho- and para- posi
tions) and the alkoxy group.
A r-N -O R - — ► Ar-N-OR
N-OR
0,N
'21'*

n -OR

N02 02N\ ^

~

^

N°2

U

For unsymmetrically substituted diarylaminyls,
D änen and N eugebauer [5] considered the possibility
of rehybridization at the nitrogen atom from sp 2
geom etry to a linear sp configuration if one ring has
acceptor groups capable of delocalizing the lone pair,
and the other ring (adopting a perpendicular position
versus the first one), stabilizes the inpaired electron.
Such radicals were predicted to be very stable.
In fact a series of unsymmetrically substituted
diarylaminyls, with substituents of opposite charac
ter (donor-acceptor) have been prepared since long,
some of them being even isolated as crystalline solids
[6 a,b ]. How ever, only recently did we succeed to
obtain totally deciphered E PR spectra of such unsymmetrically-substituted diarylaminyls. These are
the diarylaminyls 8 and 10 as well as the 2,4,6-tris(m ethanesulphonyl-phenyl)-4'-tolylaminyl
(H a ),
-4'-anisyl-aminyl ( l i b ) and 2,4,6-tris(dimethylaminosulphonyl-phenyl)-4'-tolylaminyl (12a) and
-4'-anisylaminyl (12b).

The ring hfc’s unequivocally indicate the preferen
tial delocalization of the unpaired electron on the
donor-substituted aromatic ring, the lone pair being
stabilized by delocalization on the acceptor-substi
tuted aromatic ring, as for 8 and 10.
Theoretical support for these experimental obser
vations comes from the work of Kost et al. [9]: ab
initio UHF-SCF-M O calculations on some model
donor-acceptor substituted aminyl radicals indicate,
in the case of strongly acceptor groups, the most
stable configuration to be an allenic type structure 13
in which delocalization of the lone pair on the accep
tor group and of the single electron on the donor
group is simultanously achieved in mutually ortho
gonal planes.

In N-alkoxy-aryl-aminyls, on the other hand, a 90°
rotation of the donor group around the N —O bond
would not contribute any extra stabilization energy,
since the oxygen atom has two mutually orthogonal
lone pair orbitals. This fact makes a o ground state
less probable in these radicals, even with strong ac
ceptors such as the picryl group.
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Experimental
The syntheses of the N-alkoxy-dinitroanilines
( l a —d, 2), N-alkoxy-trinitroanilines (3a—d), 3,5-di/-butyl-2',6'-dinitro-diphenylam ine (7) and 3,5-di-/butyl-2',4',6'-trinitro-diphenylam ine (9) as well as
the preparation of the corresponding aminyls (4 a—d,
5, 6 a—d, 8 and 10, respectively) are described else
where [1, 2, 8].
The para-nitration of 1 and ortho -nitration of 2
have been observed by EPR when N-alkoxy-2,6- or
2,4-dinitroanilines l a —d or 2 were oxidized with lead
tetraacetate. The final most stable paramagnetic
species were the corresponding N-alkoxy-2,4,6-trinitrophenyl-aminyls 6 a—d. The reaction was per
formed in the E PR sample tube, where a deoxyge
nated toluene solution of the amine was brought into
contact with Pb(O A c)4. A similar result was ob
tained when N 0 2 gas was bubbled through the to
luene solution of N-methoxy-2,6-dinitroaniline in the
EPR sample tube.
The reaction of N-methoxy- and N-isopropoxy2.6-dinitroaniline ( la and lc ) with di-r-butylperoxide
in toluene under ultraviolet irradiation has been car
ried out in a quartz cell when the solution of amine in
a 1:1 mixture with di-r-butylperoxide was irradiated
for 2 h.
The identification of the N-alkoxy-2,4,6-trinitrophenylamines among the oxidation products de
scribed above was perform ed by thin-layer
chrom atography (TLC) using DC Fertigplatten
GF254 (E. Merck) as stationary phase and toluene
as solvent. The same chromatographic conditions
were used for the identification of the N-methoxy2.4.6-trinitroaniline (3a), when N-methoxy-2,6-dinitroaniline (la ) reacted with diphenylpicrylhydrazyl, D PPH , in toluene.
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The reaction of 3,5-di-/-butyl-2',6'-dinitrophenylamine (7) with N 0 2 in toluene or with di-r-butylperoxide in toluene under UV irradiation has been
carried out in the same conditions as for the N-alkoxy-dinitroanilines (see above). The TLC condi
tions used for the identification of the N-substituted
2 ',4',6'-trinitroaniline analogues in these experi
ments were the following: DC Fertigplatten GF254
(E. M erck) as stationary phase and a l:l(v /v ) petro
leum ether (b.p. 30—60 °C): toluene mixture.
The E PR spectra were recorded at room tem per
ature on a JES-3B (JEO L) spectrom eter with
100 kHz modulation using X-band frequency. The
hfc’s were m easured in comparison with potassi
um peroxylamine disulphonate (aN = 1.309 ±
0.004 mT). The hfs constants in Tables I and II have
been obtained by simulation; the estimated errors
were ±0.005 mT for the aminyl nitrogen and
±0.002 mT for the other nuclei.

Conclusion
In conclusion, we have obtained evidence for the
form ation of N-alkoxy-2,4,6-trinitrophenyl-aminyls
from their corresponding 2,4- and 2,6-dinitro-analogues.
A tentative rationalisation for this reaction in
volves bond fragm entation of the initially formed
2,4-dinitroso- and 2,6-dinitrophenyl-aminyls leading
to nitrobenzene derivatives and alkyl radicals. Recom
bination affords nitroxides, which may dissociate too.
In these dissociations and bond fragm entations, NO
may also be form ed, and we suppose that it reacts with
the aminyls yielding first para-nitrosoderivatives
which are further oxidized to picryl derivatives.
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