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Lead tetraacetate one-electron oxidation of nine different N-alkoxy-2,6dinitroanilines substituted with tri- 
fluoromethyl, methyl and nitro groups in position 4 yielded aminyl radicals for which hypertine couplings were 
measured by ENDOR and TRIPLE resonance spectroscopy. The optimum temperature range for proton ENDOR 
and general TRIPLE resonance measurements of aminyl radicals was 210-250 K and for nitrogen ENDOR 260 K 
in toluene. Further lowering for the temperature rapidly decreased the EPR intensity. The concentration of the 
sample and the amount of oxidant were optimized for obtaining ENDOR spectra. The relative signs of the hyper- 
fine couplings of nitrogens, fluorines and protons were determined in the basis of general TRIPLE resonance 
experiments. The oxidation of N-methoxy-N-2,6-dinitrophenylamine and N-ethoxy-N-2,6-dinitrophenyla~ne with 
lead tetraacetate produced first the aminyl radical of the respective 2,Wnitro compound at low temperature 
(below 260 K) and very soon afterwards the aminyl radical of the respective 2,4,6-trinitro compound, by a route in 
which hydrogen has to be removed from the system, Rotational correlation times were estimated for N-methoxy- 
and N-ethoxy-N-2,4,6-trinitrophenylaminyl radicals. Nitroxyl radicals were detected only under conditions where 
oxygen was present in the solvent. 
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INTRODUCTION 

Aminyl radicals have structures which could permit sta- 
bilization by the capto-dative effect where, for example, 
the alkoxy group acts as a donor and the nitrophenyl 
group as an acceptor.'-4 Aminyl radicals are formed by 
oxidation reactions, and the neutral radical can be pre- 
pared in several ways via hydrogen elimination reac- 
t ion~. ' .~- '~  In this study, radicals were prepared with 
lead tetraacetate. In addition to aminyl formation, 
nitroanilines may undergo certain side-reactions in the 
oxidation process. The most prominent reaction is nitro 
group substitution. When 2,6-dinitrophenyl and lead 
tetraacetate are used as reactants, there is a tendency 
for the 2,6-dinitrophenyl to accept an additional nitro 
group in position 4.' Since no other nitrogen-containing 
compound is present, and there are no other reagents to 
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produce it, the extra nitro group must come from the 
2,6-dinitrophenyl itself.2 In addition, "N-' 5N exchange 
at an aromatic nitro group during nitration with acetyl 
nitrate has been detected in polynitr~phenols.'~ 

Isotropic hyperfine coupling constants (hfcs) of 
aminyl radicals have been determined earlier by simula- 
tion calculations on EPR spectra.'-4 The main aim of 
this study was, through performing ENDOR experi- 
ments, to be able to measure the hfcs more precisely 
and assign them unambiguously, in addition to separat- 
ing superposed radicals. The purpose was also to 
examine in position 4 the nitration reaction with use of 
a 2,6-dinitro compound and the product, 2,4,6-trinitro 
compound, and the neutral radicals prepared from each 
of them. Despite the small +,-value of nitrogen, we were 
able to measure the small mtrogen hfcs of nitro groups 
from the high-field feature. Detection by ENDOR of 
14N in nitro groups attached to an aryl has been suc- 
cessful in only a few  case^.^^-^' Hfcs of fluorine have 
been measured by ENDOR routinely, despite the 
smaller anisotropy and non-quadrupolar nature of 19F 
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This is the first study in which aminyl rad- 
icals have been measured by ENDOR and TRIPLE 
resonance spectroscopy. 

EXPERIMENTAL 

Spectra 

EPR, ENDOR and TRIPLE spectra were recorded on 
a Bruker ER 200 D-SRC spectrometer with a Varian 
E-12 magnet, a Bruker ER 033 M FF-lock and a 
Bruker ER4111VT variable-temperature unit (accuracy 
+S°C). g-Values were measured with a Varian E-9 
EPR spectrometer connected to a TR 5211 microwave 
counter and a Varian gaussmeter, both interfaced with 
a personal ~ o m p u t e r . ~ ' . ~ ~  In the ENDOR experiments, 
hfcs of nitrogen were recorded at temperatures 10-30 K 
higher than for proton and fluorine because the inten- 
sity improved dramatically. This is in accordance with 
earlier theory and  finding^.^' 

Compounds 

Amines were prepared by known  method^?*^*^^^ High-vacuum 
samples were pumped to mmHg using liquid nitrogen in the 
freezepumpthaw cycles. Oxidation with lead tetraacetate, which was 
placed in separate glass tubes in a high vacuum cuvette, was carried 
out after pumping at low temperature and occurred to varying extents 
depending on the condition of the lead tetraacetate, which has the 
desired effect only when properly prepared. After recrystallization 
from acetic acid, the lead tetraacetate must be dried at room tem- 
perature. At first the colour is grey, but in the course of time it turns 
brownish owing to some decomposition. The best results were 
obtained when the colour of the lead tetraacetate was light brown. 
Some amines (e.g. N-methoxy-N-2,4,6-trinitrophenylamine) react 
rapidly with oxygen to yield the corresponding nitroxide. To prevent 
this reaction, the reactants and solvent were mixed at low temperature 
(ZOO K). The lifetime of the aminyl radical was then longer. 

RESULTS A N D  DISCUSSION 

Systematic EPR studies of substituent effects, assuming 
a kind of additivity relationship for the substituents, has 
produced fairly reliable information about hfcs of 
aminyl rad i~a1s . l~~  ENDOR spectroscopy should 
provide additional information about the reliability of 
the previous simulations of EPR spectra, about hfcs and 

the influence of different donors and acceptors on the 
density distribution of unpaired electrons. 

In this study we prepared and measured aminyl rad- 
icals generated from amines, with the molecular struc- 
tures shown. 

Hac*NHoaa 

Oxidation reactions of N-allroxy-N-2,6-dinitropbenyl- 
amines and N-alkoxy-N-2,4,6triaitropbeaylnmiaes to 
give aminyl radicals 

Compounds 1 and 3, 4-unsubstituted (proton at positiaa 4) and 
Compounds 2, 4 and 5, 4-nitro groups. N-Methoxy-N- 
dinitrophenylamine (1) is rapidly substituted with an 
additional nitro group at the para-position 4 and the 
EPR spectrum of the N-methoxy-N-2,4,6-trinitro- 
phenylaminyl radical (2', a neutral radical) is usually 
measured instead of 1'. Thus, in EPR, Stanciuc et al.' 
recorded the hfcs of 2' from both 1 and 2 when these 
were oxidized with lead tetraacetate. In our ENDOR 
spectra, by contrast, the hfcs differed for the samples 
prepared from 1 and 2, as can be seen from Table 1, 
even though the EPR spectrum of 1' seemed to be 
heavily superposed by radical 2. 

The reason why the EPR spectra of species 2' from 1 
and 2 were the same, whereas the ENDOR spectra of 1' 
and 2' were slightly different, may be that the EPR tran- 
sition of the dinitro compound is more easily saturated 
by the microwave field than that of the trinitro com- 
pound. The samples we prepared from the trinitro com- 
pound gave a strong EPR signal immediately. The 
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Table 1. Hfcs of aminyl radicals determined by ENDOR in toluene (in MHz; error 
f 0.05 MHz) 

Reactant T (K) 2.6. 

1 240 2.0b 
2 210 2.24' 
3 230 2.28d 
4 245 2.21 
6 240 2.37 
6 250 2.40 
7 240 2.06 
8 230 2.85 
9 230 2.54 

3.6(m) 

-4.28 
-4.43 
-4.1 6 
-4.45 
-0.68 (D) 
-4.40 
-4.34 
-4.1 4 
-4.1 5 

Position 

4 

*14.90 (H) 
3.36' (N) 

*14.05 (H) 
3.29' (N) 
3.35 (N) 

-15.39 (CF,) 
-15.24 (CF,) 
-16.27 (CH,) 
-15.99 (CH,) 

N' B Y 

28.16 -7.37 
26.90' -9.86 
28.25d -7.44 0.31 
26.63' -8.58 0.45 
26.66' -7.29 0.47 
27.77 -9.69 
27.83 -8.46 0.39 
28.37 -8.19 
28.51 -7.22 0.34 

a Measured at 250 K. 
Uncertainty of *0.3. 
From EPR iteration/simulation. 
Measured at 260 K. 

weaker signal intensity for the samples prepared from 
the dinitro compound showed that a parallel chemical 
reaction was taking place in the sample. Thus the easier 
saturation of the dinitro compound allowed ENDOR 
transitions belonging to this species to be picked up, 
even though the trinitro compound was dominating the 
EPR spectrum. For the first time we were able to record 
the EPR and ENDOR spectra of the dinitro compound 
in this system. This could be confirmed straightfor- 
wardly by the proton ENDOR signal of position 4. 
From this we postulate that, in oxidation with lead 
tetraacetate, as with silver oxide: the radical 1' appears 
first. Disregarding the large structural change at the 
para-position 4, where on substitution, the proton coup- 
ling of 14.9 MHz changes to the nitrogen coupling of 
3.36 MHz, the main difference in the ENDOR spectra 
of 1' and 2' appears in the hfc of protons at 8-positions, 
which changes from -7.37 to -9.86 MHz. The proton 
hfc of the meta-position changes from -4.28 to -4.43 
MHz. Since the radical 1' had only a very short lifetime, 
the ENDOR spectrum at 250 K showed the hfc of the 
proton at the para-position for only about 20 min. The 
chemical reaction occurring at position 4 was detected 
from the decay of the para-proton signal and, after the 
ENDOR experiment, from the EPR spectrum. The fol- 
lowing equation indicates the possible course of the 
chemical reactions. There is also a possibility of a 
reversible reaction between two neutral dinitroamine 
molecules where a mononitro and a trinitro compound 
are formed. It is not excluded that this kind of reaction 
occurs with two dinitroaminyl radicals. 

02N - 
+ NO2 

N' - OCH2CH3 

NO2 

When we carried out the reaction of the N-ethoxy-N- 
2,6-dinitrophenylamine compound (3) and lead tetra- 

acetate at lower temperature, 200-260 K, we were able 
to record the EPR spectrum of the 2,6-dinitro radical 3'. 
This is shown in Fig. 1, together with the EPR spectrum 
simulated from ENDOR defined hfcs. In the ENDOR 
spectrum of 3' we found a situation more or less analo- 
gous to that for 1'. When the sample of 3' was kept at 
lower temperature until the following day, the EPR 
spectrum of 4 was measured in the sample, because of 
the nitro group (NO,) substitution. The rate of the reac- 
tion was clearly slower for 3' than for 1'. At tem- 
peratures above 260 K the reaction occurred so fast 
that the first stage (2.6-dinitro radical) was no longer 
distinguishable after a few minutes. 

Although the EPR spectrum of the N-isoproxy-N-2,4, 
6-trinitr0-3,5-[~H,]phenylaminyl radical, S, appeared 
to be unresolved owing to the smaller hfc of deuterium, 
the ENDOR and general TRIPLE resonance spectra 
could both be measured. The hfc of the aminyl nitrogen 
was not found, however, and its value is based on an 
EPR simulation. This is characteristic of all the trinitro 
compounds, as can be seen from Table 1, where the hfcs 
are collected. The absence of the ENDOR feature of the 
aminyl nitrogen might be due to the large anisotropy of 
the nitrogen hfc in trinitro compounds. 

The nitrogen hfc of the two nitro groups of m- 
dinitrobenzene is 13.1 MHz.I4 After the alkoxyaminyl 
group has been attached to the ortho-position (between) 
to the two nitro groups of m-dinitrobenzene, the hfc 
decreases from 13.1 MHz for the unsubstituted m- 
dinitrobenzene to 2.0-2.9 MHz for 1' or 3'. Comparison 
of the hfcs of m-dinitrobenzene and N-alkoxy-N-2,6- 
dinitrophenylaminyl radicals 1' and 3' showed the spin 

EPR 

Figure 1. EPR (above) and simulated (below) spectra of N- 
ethoxy-N-2.6-dinitrophenylaminyl radical (3') generated by oxi- 
dation with lead tetraacetate at 250 K. 
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density of the nitro group nitrogen to be reduced by a 
factor of 0.15-0.22 in the aminyl radicals. In these 
aminyl radicals, where the alkoxy group functioned as a 
donor group, the hfc of the aminyl nitrogen varied by 
only 1.9 MHz due to different substituents in position 4. 
Therefore, the aminyl nitrogen itself has the most 
prominent effect on the polynitrophenyl ring, which 
also can be seen from the large hfc. 

Comparison of the EPR spectra of 2,6-dinitro- 
phenylaminyl and 2,4,6-trinitrophenylaminyl radicals 
suggests that, in the case of the dinitro compound, a 
substitution reaction is occurring by which an extra 
nitro group is introduced into position 4. Although no 
exact explanation has been offered,2 the extra group 
could come from another, decomposing 2,6-dinitro-sub- 
stituted molecule. 

Compouads 6 aod 7,44fluoromethyl group. The ENDOR 
and general TRIPLE resonance spectra of the N -  
ethoxy - N - 2,6 - dinitro - 4 - trifluoromethylphenylaminyl 
radical (7') are a good example of spectra from which it 
was possible to measure the hfcs of all magnetic nuclei 
in the molecule from one spectrum (Fig. 2). Using a 
general TRIPLE resonance experiment, we were able to 
determine the relative signs of hfcs of protons and those 
of nitrogens and fluorine. If we assume a positive coup- 
ling for the aminyl nitrogen, the sign of nitrogen in the 
nitro group will also be positive. Fluorine in the tri- 

I I  I I n " r  
I I  1 I . I . .  A 

Figure 2. ENDOR (above) and general TRIPLE resonance 
(below) spectra of N-ethoxy-N-2,6-dinitro-@-trifluoromethyl) 
phenylaminyl radical (7') in toluene at 240 and at 250 K. 

fluoromethyl group in para-position 4 is then of nega- 
tive sign; the rneta-protons in positions 3 and 5 and the 
methylene protons (B-position) in the ethoxyl group are 
of negative sign, while the methyl protons (7-position) in 
the ethoxyl group are of positive sign. This reasoning 
could be carried out at once when all the features of all 
the magnetic nuclei were measured from one TRIPLE 
resonance spectrum compared with one ENDOR spec- 
trum with the same parameter set. The unpaired elec- 
tron distribution in these aminyl radicals thus extends 
from the trifluoromethyl group in position 4, over the 
aminyl nitrogen and oxyl oxygen, to the methylene 
carbon as a kind of conjugation. Hfcs of the rest of the 
molecule seem to arise by spin polarization . 

ENDOR and general TRIPLE resonance spectra of 
the N-met hoxy-N-2,6-dinitro-4trifluoromet hylphenyl- 
aminyl radical (6) were recorded in a similar way to 
those of the ethoxy compound, 7', and the hfcs are col- 
lected in Table 1. Measurement of the g-value for 7' 
gave a value of 2.0043. This may be compared with the 
value of 2.003 602 f 0.000008 for DPPH, and the 
values of 2.002717 for pyrene (in DME/K)30 and 
2.002 723 for naphthalene (in DME/K) standards. 

In the ENDOR spectra of 4-substituted 2,6-dinitro 
compounds, 6 ,  7', 8' and 9 ,  an extra nitrogen line pair 
of the secondary radical was seen protruding from the 
baseline as in Fig. 2. The origin of this additional line 
pair is not known. The nitrogen dioxide radical has 
been examined by EPR, and nitrogen hfcs from 10.7 to 
27.5 G have been measured in different olefinic liquid 
 solvent^.^' The ENDOR measurements showed a 
hyperfine coupling of 3.7 G (ca. 10.4 MHz) for the nitro- 
gen of the unknown radical. We assume the reaction of 
the 2,6-dinitro compound to give the 2,4,6-trinitro com- 
pound to be a homolytic nitration by NO2, but the elu- 
cidation of the mechanism was not a purpose of this 
study. This could be carried out by the spin trapping 
technique and subsequent isolation and character- 
ization of the principal diamagnetic compounds formed 
during the process. 

Compouods 8 and 9, Qmethyl group. Owing to their para- 
substituent, the N-methoxy-N-2,6-dinitro4methyl- 
phenylaminyl radical 8' and the N-ethoxy-N-2,6- 
dinitro-4-methylphenyl-aminyl radical 9 were easily 
saturated by microwave irradiation, and the ENDOR 
and general TRIPLE resonance spectra could be mea- 
sured. The aminyl nitrogen of these compounds has the 
largest spin density in this series. Comparison of the 
hfcs of the fluorine of the trifluoromethyl in 6' and 7' 
and the hfcs of the proton of the methyl in 8' and 9 
showed almost similar spin densities. Systematically, the 
protons have slightly higher spin densities than the fluo- 
rines. Unpaired electronic distribution in these aminyl 
radicals is clearly an interesting problem for which 
further theoretical calculations are needed. 

Aminyl radicals and the substituent effect 

In this series of measurements we kept the donor part 
as a methoxyl, an ethoxyl or an isopropoxyl group and 
varied the substituent at para-position 4. Thus a coher- 
ent set of compounds was investigated and less than 
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20% variation in the hfcs was detected. According to 
the hfcs in Table 1, the spin density distribution is sur- 
prisingly constant for different substituents. The largest 
variation was in the /%position of the alkoxy group. The 
variation of hfcs of nitrogen in nitro groups at 2,6-posi- 
tions is, relatively, the next largest. The limited variation 
provides a good basis for theoretical calculations of the 
electronic structure of N-alkoxyaminyl radicals. 

The EPR spectra of aminyl radicals with different 
substituents and number of magnetic nuclei look differ- 
ent even though no large variation in the hfc (spin 
density) of a particular position is observed. The hfcs 
specified by ENDOR appear to be an accurate basis for 
analysing spin density distribution and for further 
insight into spin polarization mechanisms. We illustrate 
how precise ENDOR determined hfcs are by showing, 
in Fig. 3, the measured EPR spectrum of 7' together 
with the simulated EPR spectrum where only non- 
optimized (ENDOR) parameters were used. 
Rotational correlation time. In the experimental spectra of 
aminyl radicals, a slightly slower tumbling can be seen 
as for the nitroxide free radical spectra. Because of the 
large hfc of aminyl nitrogen, near 10 G (27 MHz), the 
sections of nitrogen quantum numbers 1, 0 and - 1 are 
so well separated that it was easy to pick up several 
absorptions due to each quantum number. This can be 
seen from experimental EPR spectrum of 4, shown in 
Fig. 4. From these intensities h(l), h(0) and h( - I), we 
calculated the rotational correlation time. Rotational 
frequencies were much greater than magnetic aniso- 
tropies in these isotropic solutions at not so low tem- 
peratures (255-240 K), so the fast motion region values 
were expected. 

48.6 G 4 

Figure 3. Experimental EPR spectrum of N-ethoxy-N-2,B- 
dinitro-@-trifluoromethyl)phenylaminyl radical (7') and the simu- 
lated EPR spectrum with non-optimized ENDOR values. Spectra 
were recorded at 250 K on oxidation with lead tetraacetate. 

Figure 4. EPR and simulated spectra of N-ethoxy-N-2.4.6-tri- 
nitrophenylaminyl radical ( 4 )  showing enhancement of rotational 
correlation time. 

Different equations for the practical calculation of 
rotational correlation times directly from experimental 
spectra have been e ~ a l u a t e d , ~ ' . ~ ~  We used the following 
e q ~ a t i o n ~ ~ . ~ ~  for z, : 

where AH(0) is the average peak-to-peak linewidth from 
the simulated spectra and the h(1, 0, -1) intensity 
values are from the experimental spectra. From the cal- 
culated rotational correlation time the effective contact 
volume, V,, , and the effective radius assuming a spher- 
ical form, I, were also calculated (Table 2). V,,, was cal- 
culated from the Debye-Einstein equation: 

kT 
v Kff = 7, - 

where q is the dynamic viscosity of the solvent and the 
temperature T was usually 255-240 K. 

In this study, the concentration of each substance was 
only approximately the same (ca. 1 x M) and 
accordingly the radical concentration might vary 
because all the amine molecules are not oxidized to the 
aminyl radicals and only a small percentage of sub- 
stance concentration was changing to the radical state. 
From the EPR intensity, receiver gain, modulation and 
microwave power we could conclude that the radical 
concentration was varying from 5 x 1 0 - ~  to 1 x lop6 
M. The N-ethoxy-N-2,4,6-trinitrophenylaminyl radical 
4' in toluene showed a lower correlation time, probably 
owing to the higher radical concentration in the sample. 
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Table 2. Rotational Correlation time and contact volume in toluene 

4' 1.03 + 1.25 - 2 =0.28 0.22 3.6 x lo-'' 1.3 x lo-'* 3.1 
2 1.11 +1.54-2=0.65 0.25 9.8~10-" 3.4x10-28 4.2 

a Tumbling radius calculated assuming a spherical molecule. 

The variation of z, is almost the only experimental way 
to reach maximum ENDOR enhancement if the sample 
is otherwise properly prepared. 

An estimate of other important parameters for 
ENDOR measurement can be made. The sum of diago- 
nal elements of the squared dipolar hyperfine tensor, 
Tr(A2), was not measured, but a crude estimate could 
be carried out on the basis that aminyl nitrogen would 
have a similar tensor structure as nitroxyl nitrogen. The 
isotropic hfc of aminyl nitrogen is one third less than 
that of the nitroxide nitrogen. Therefore, we conclude 
that a value near lo00 is correct for Tr(AZ). The spin- 
rotational relaxation constant B,, was estimated from 
g-values3' to be 7 x With these values, according 
to the the optimum rotational correlation 
time, zc, would be about 1 x lO-'Os, which was exactly 
the value found from empirical experiments, by the 
trial-and-error method. 

Generally, dificulties in measuring ENDOR spectra 
occurred owing to difficult saturation by microwave 

rneta-H 

8 MHz 

Figure 5. EPR (at 243 K) and ENDOR (at 200 K) spectra of 
nitroxide radical obtained by oxygen attaching to aminyl nitrogen 
of N-methoxy-N-2,4,6-trinitrophenylamine (2) in an argon- 
degassed (incomplete oxygen removal) sample. 

field. The concentration should be made low, but then 
the oxidation reaction would not work satisfactorily. 
The lower temperature diminished the EPR intensity 
owing to dimerization of neutral radicals. Therefore, the 
optimum region for ENDOR measurements was fairly 
narrow. 

ENDOR spectra of nitroxyl radicals 

When the samples were prepared without high vacuum 
only by degassing, we also detected the nitroxyl radical. 
The nitroxyl radical is reported in this connection 
because it appears with the aminyl radical if oxygen is 
present. The electron is highly localized in the N - O  
bond, and nitrogen lines can be seen. For example, from 
the sample of N-methoxy-N-2,6-dinitrophenylamine (1) 
oxidized with lead tetraacetate with incomplete degass- 
ing, we recorded the EPR spectrum of the respective 
nitroxide. The ENDOR spectrum of the nitroxyl radical 
generated from 1 was recorded at 200 K. Figure 5 
shows the EPR and ENDOR spectra. The hfcs were as 
follows: for the nitroxyl nitrogen, 46.6 MHz from EPR 
spectrum; for the methoxyl methyl proton, 3.00 MHz; 
and for the meta-protons, 6.54 MHz. According to a 
general TRIPLE resonance experiment, the hfcs of the 
protons were of the same sign. The difference between 
the hfcs of nitrogen and aminyl nitrogen was about 20 
MHz, large enough to make the identification of the 
nitroxyl and aminyl radicals easy and straightforward. 
2,4,6-Tri-tert-butylnitrosobenzene has been used as a 
spin trap3' and it has two trapping sites, the nitrogen 
and oxygen atoms of the nitroso group. The N- 
alkoxyanilino radicals are also distinguishable from the 
nitroxides by their different g-values and the nitrogen 
and meta-proton h f ~ s . ~ *  

The nitroxyl radical could also be detected in viscous 
solvents, from which molecular oxygen was not com- 
pletely removed even by high vacuum. An extra 
example was for N-methoxy-N-2,4,6-trinitrophenyl- 
amine (2) in toluene-tetralin (50:50, v/v) at 260 K, 
where the nitroxyl radical was detected after incomplete 
degassing with freeze-pumpthaw cycles because of vis- 
cosity. The nitroxyl radical was also measured from N- 
ethoxy-N-2,6-dinitrophenylamine (3). It is worth noting 
that when oxygen is present, the nitroxyl radical 
appears first, and subsequently the aminyl radical is 
generated while the nitroxyl radical disappears. In high- 
vacuum samples where oxygen was completely removed 
before oxidation, we did not detect any traces of 
nitroxyl radicals. 
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CONCLUSIONS 

Nine N-alkoxy-N-polynitrophenylaminyl radicals were 
studied by ENDOR spectroscopy. For six of radicals, 
all hfcs of magnetic nuclei were found in the spectra. 
General TRIPLE resonance experiments gave the rela- 
tive signs of the different nuclei: protons, nitrogens and 
fluorine. Detection of hfcs of nitrogen by ENDOR in 
nitro groups attached to benzene succeeded when the 
temperature was raised above 250 K. The EPR and 
ENDOR spectra of the highly reactive N-methoxy-N-2, 
6-dinitrophenylaminyl and N-ethoxy-N-2,6-dinitro- 
phenylaminyl radicals were measured using lead tetra- 
acetate as oxidant. We were able to show that oxidation 
with lead tetraacetate first gives the aminyl radical of 
the 2,6-dinitro compound and then the nitration reac- 
tion at para-position 4 produces the radical of the tri- 
nitro compound and the mixture of the two radicals. 
N-Alkoxy-N-polynitrophenylaminyl radicals seem to 
have fairly similar spin densities despite their different 
para-substituents. This basic set of hfcs will be used in 

future in comparison with hfcs of other aminyls where 
the donor alkoxy group is replaced by an acceptor 
group. A good foundation has thus been laid for theo- 
retical calculations on aminyl radicals, which are in 
progress. 

When oxygen is present, oxidation with lead tetra- 
acetate produces the nitroxyl radical as the first radical. 
ENDOR spectra of this were measured. 

In the case of the 2,6-dinitro compound, a substitut- 
ion reaction occurred, in which an extra nitro group 
was introduced to the para-position 4. The extra nitro 
group must come from another, decomposing 2,6- 
dinitro-containing molecule. Proof of the presence of 
the nitrogen dioxide radical in the oxidation reaction 
medium must be sought by other means, e.g. by apply- 
ing spin trapping methods or micellar techniques. 

Acknowledgement 

This work was supported by grant No. 7651 from the Finnish 
Academy. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

8. 

9. 
10. 
11. 

12. 
13. 
14. 

15. 
16. 

17. 

18. 

19. 

G. Stanciuc, M. T. Caproiu, H. Caldararu, A. Caragheorgheo- 
pol, T. Constantinescu, A. T. Balaban and R. 1. Walter, J. 
Magn. Reson. 75,63 (1987). 
G. Stanciuc, M. T. Caproiu, H. Caldararu. A. Caragheorgheo- 
pol, T. Constantinescu, and A. T. Balaban, 2. Naturforsch., Teil 
844.1459 (1989). 
G. Stanciuc, M. T. Caproiu, H. Caldararu, A. Caragheorgheo- 
pol, T. Constantinescu and A. Balaban, Revue Roum. Chim. 
34,1895 (1989). 
G. Stanciuc, M. T. Caproiu, H. Caldararu, A. Caragheorgheo- 
pol, T. Constantinescu, and A. Balaban, Revue Roum. Chim. 
36,733 (1 991 ). 
P. Neta and R. W. Fessenden, J. Phys. Chem. 75,738 (1 971 ). 
W. C. Danen, C. T. West and T. T. Kensler, Angew. Chem. 95, 
5716 (1973). 
W. C.'Danen and F. A. Neugebauer Angew. Chem. 14, 783 
(1 975). 
N. Negoita, R. Baican and A. T. Balaban, Tetrahedron Lett. 29, 
1877 (1973). 
P. Wardman and D. R. Smith, Can. J. Chem. 49,1869 (1 971 ). 
H. Wieland, Ber. Dtsch. Chem. Ges. 48,1088 (1915). 
A. T. Balaban, A. T. Frangopol, P. T. Frangopol and N. 
Negoita, Tetrahedron 23,4661 (1 967). 
H. J. Mcllwain, J. Chem. SOC. 1704 (1 937). 
K. C. Brown and J. A. Weil, Can. J. Chem. 64,1836 (1986). 
R. J. Konior, R. I. Walter, U. L. Bologa, M. T. Caproiu, N. 
Negoita and A. T. Balaban, Pol. J. Chem. 68, 2451 (1994). 
H. Joela and R. Mlkela, J. Magn. Reson. 84,236 (1989). 
F. Lendzian, M. Plato and K. Moebius, J. Magn. Reson. 44, 20 
(1981). 
R. Biehl, K. Mbbius, S. E. O'Connor, R. I. Walter and H. Zim- 
mermann, J. Phys. Chem. 83, 3449 (1 979). 
R. D. Allendoerfer and A. H. Maki, J. Am. Chem. SOC. 91, 
1088 (1 969). 
P. H. H. Fischer and J. P. Colpa, 2. Naturforsch, Teil A 24, 
1980 f 19691. 

21. D. W. Clack, J. C. Evans, C. R. Morris and C. C. Rowlands, 
Cham. Phys. Lett. 11 8,55 (1 985). 

22. S. Kasa, Research Report No. 35 (Dissertation), Department 
of Chemistry, University of Jyvaskyla, Jyvlskyll (1 990). 

23. W. Kieslich and H. Kurreck, J. Am. Chem. Soc. 108, 4328 
(1 984). 

24. N. Helle, H. Kurreck, M. Bock and W. Kieslich, Magn. Reson. 
Chem. 23,964 (1 985). 

25. H. Joela and E. Salo, Acta Chem. Scand., Ser. B 39, 131 
(1985). 

26. J. M. Eloranta, Research Report in Physical Chemistry, Uni- 
versity of Jwlskvl l .  JwlskvlB (1 9931. 

27 

28. 

29. 

30. 

31. 

32. 
33. 

34. 

35. 

36. 

37. 

38. 

H. Kurreck,. B. K/rste and w. Lubitz, Electron Nuclear Double 
Resonance Spectroscopy of Radicals in Solution, p. 96. VCH, 
New York (1 988). 
A. Chimiak and T. Kolasa, Bull. Acad. Pol., Ser. Chem. 22, 195 
(1974). 
G. Stanciuc, and A. T. Balaban, Org. Prep. Prmed. Int. 16, 401 
I 1  984). 
B. G .  Segal. M. Kaplan and G. K. Fraenkel, J. Cham. Phys. 43, 
4191 (1965). 
8. H. J. Bielski and J. M. Gebicki, J. Phys. Chem. 73, 1402 
(1 969). 
H. M. McConnel1.J. Chem. Phys. 25,709 (1956). 
A. S. Waggoner, 0. H. Griffith and C. R. Christensen, Prm. 
Natl. Acad. Sci. USA 56, 809 (1 966). 
T. J. Stone, T. Buckman, P. L. Nordio, and H. M. McConnell, 
Proc Natl. Acad. Sci. USA 54,101 0 (1 965). 
M. Plato, W. Lubitz and K. Mbbius, J. Phys. Chem. 85, 1202 
(1981). 
K. Mobius, M. Plato and W. Lubitz, Phys. Rep. 87, 171 
(1 982). 
S. Terabe and R. Konaka, J. Chem. Soc., Perkin Trans. 2 369 
(1973). 
B. Mile, C. C. Rowlands, P. D. Sillman and M. FildesJ. Chem. 
SOC., Perkin Trans. 2,1431 (1 992). 

\ 

20. G i u b i t z ,  K. P. Dinse, K. Mobius and R. Biehl, Chem. Phys. 8, 
371 (1975). 




