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o-Aminophenyl nitronyl nitroxide (o-APNN) was prepared
as the first aniline-substituted nitronyl nitroxide. X-Ray crystal-
lographic analysis reveals a 3-D hydrogen bonded network due
to the branching nature of –NH2. Magnetic measurements indi-
cate the presence of ferromagnetic interaction.

Hydrogen bonds play an important role in crystal en-
gineering1 and have been much argued in connection with the
ability of propagating ferromagnetic interaction in organic mag-
netic materials.2 Phenols 1–5 (for the chemical formulas, see
below) carrying the nitronyl nitroxide group (abbreviated as
NN hereafter) have been reported to exhibit intermolecular fer-
romagnetic interaction.3{8 Among them, 2 and 3 which possess
a hydroxyl group at the ortho position become genuine organic
ferromagnets below ca. 0.5K.4;5 On the other hand, there is no
report on the corresponding anilines carrying NN because unde-
sired side-reactions take place according to a conventional syn-
thetic procedure exploited by Ullman.9 Namely, the amino
group can not coexist with precursory aromatic aldehydes be-
cause of formation of imines.10 Furthermore, the anilines are
supposed to be oxidation-sensitive and accordingly unstable
like the catechol-substituted nitronyl nitroxide.7 We report here
the preparation and magnetic properties of the first NN-substi-
tuted aniline, o-APNN.
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The amino group was introduced after the diazaacetal cycli-
zation of the aldehyde group (Scheme 1). Precursor 6 was pre-
pared from o-nitrobenzaldehyde according to Ullman’s meth-
od.9;11 A methanol solution (65ml) containing 6 (1.50 g;
5.30mmol) and an aqueous solution (10ml) of NH4Cl (1.68 g;
31.8mmol) were combined, and zinc (5.50 g; 84.6mmol) was
added to the mixture in small portions at room temperature
for 3 h. After the mixture was stirred for 2 d, the solid was re-
moved by filtration. Concentration of the filtrate gave a yellow
solid (1.31 g) containing 7 which was used without purification.
The above product (1.31 g) was suspended to 500ml of water,
an aqueous solution (ca. 10ml) of NaIO4 (1.12 g; 5.30mmol)
was added dropwise, and the resultant brown mixture was stir-
red at room temperature for 30min. The organic compounds
were extracted with chloroform and separated by passing a short
column of silica gel with 1/1 ethyl acetate–hexane as an eluent.
A purple fraction was collected and concentrated under reduced
pressure. Recrystallization from CH2Cl2–CH3OH gave blue
blocks of o-APNN (271mg; 1.08mmol) in 20% yield from 6,

mp. 160–162 �C. Fortunately, o-APNN can be handled under
air in the crystalline form and in solutions. The ESR spectrum
(X-band, benzene, room temperature) of o-APNN showed a
1:2:3:2:1 quintet with aN ¼ 7:5G at g ¼ 2:0065, which is typi-
cal of NN radicals.

X-Ray diffraction data of o-APNN were collected at
100K.12 Figure 1(a) shows the molecular structure of o-APNN.
The dihedral angle between the benzene ring and O–N–C–N–O
fragment is 47.88(5)�. Some hydrogen atoms are located very
close to the NN oxygen atoms with the O� � �H distances of
2.1–2.5 �A. An intramolecular hydrogen bond is found in N1-
H1� � �O1 with the N1� � �O1 distance of 2.895(2) �A. Figure
1(b) shows the molecular packing in the crystal of o-APNN.
Owing to the geometry of -NH2 group, branched intermolecular
hydrogen bonds are found between the amino protons and
neighboring NN oxygen atoms. H1 intervenes between N1
and O2# which are separated by 3.171(2) �A. Accordingly, O1
and O2# can interact through the bending O1� � �H1� � �O2# sys-
tem. H2 also participates in a hydrogen bond N1–H2� � �O1�
which is nearly linear with the N1� � �O1� distance of
2.989(2) �A. Two superexchange-like interactions can be pro-
posed along O1� � �H1–N1–H2� � �O1� and O2#� � �H1–N1–
H2� � �O1�, and intramolecular spin-polarization effect along
O1–N2–C7–C6–C1–N1–H1 and –H2 should be taken into con-
sideration. These hydrogen bonds successively repeat along the
cell axes with 21 screw symmetries due to the space group
P212121. Thus, the crystal has a chiral three-dimensional hydro-
gen bonded network. Relatively short O� � �Hmethyl distances are
also found between O2 and H11# (2.54(3) �A) and between O1
and H8z (2.96(3) �A).13

Magnetic susceptibility of o-APNN was measured on a
SQUID magnetometer in a temperature range 1.8–100K. As
Fig. 2 shows, the magnetic susceptibility of o-APNN obeyed
the Curie-Weiss law (�mol ¼ C=ðT � �Þ) with C ¼
0:375 cm3 Kmol�1 and � ¼ þ0:74K. The M-H curve measured
at 1.8K exhibited paramagnetic behavior, and the data fell close
to the theoretical Brillouin function of S ¼ 3=2. These findings
indicate that the ferromagnetic interaction is operative in the
crystal of o-APNN.

From the previous reports on phenols 24 and 3,5 the hydrox-
yl group at the ortho position seems to be crucial in crystal
packing and structural dimensionality, and the mechanistic in-
vestigation on the exchange interaction in 2 led to the spin po-
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Scheme 1. Synthetic route to o-APNN.
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larization scheme through the hydrogen bonds described as
ONN(")� � �H(#)� � �ONN(").4 Furthermore, the solid-state 1H
and 2H NMR results on 3 revealed the negative spin density
on the hydroxyl hydrogen atom.8 In the present study, although
we have no experimental evidence of the spin density on the
amino hydrogen atoms, we can propose that H1 is negatively
spin polarized in the same way as 2, and that the intermolecular
ferromagnetic interaction can be explained as
O1(")� � �H1(#)� � �O2#(") owing to the O–H bonding nature. In-
tramolecular spin polarization also gives negative spin density
on H1 and H2, assuming that the nitrogen in o-APNN works si-
milarly to the oxygen in 3.8 Thus, the hydrogen bonds between
O1� � �O1� and O2#� � �O1� through the amino group can promote
ferromagnetic exchange interactions. However, their interac-
tions may be weaker than that of O1� � �H1� � �O2# because of
the longer distances. The present discussion does not exclude

other possible ferromagnetic exchange pathways such as the
b-hydrogen mechanism.2b

In summary, we have synthesized o-APNN as an NN-sub-
stituted aniline for the first time and constructed the three-di-
mensional hydrogen bond network due to the branching charac-
ter of –NH2, where the hydrogen bonds provide ferromagnetic
exchange pathways. The ortho position has a geometrical ad-
vantage for the hydrogen bonds, and this work may afford a clue
to crystal and molecular designs for organic ferromagnetic crys-
tals.
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Figure 2. Temperature dependence of �molT and
�mol

�1 for o-APNN. The solid line represents the Cu-
rie-Weiss analysis. Inset shows the M-H curve mea-
sured at 1.8K. The solid lines correspond to the Bril-
louin functions of S ¼ 1=2� 2.

Figure 1. (a) Ortep drawing of o-APNN with thermal el-
lipsoids at the 50% level. The size of hydrogen atoms is
arbitrary. (b) Molecular arrangement in the crystal of o-
APNN. Hydrogen bonds are denoted with dotted lines.
Symmetry operation codes for # and � are 1=2þ x,
1=2� y, 2� z and 1=2� x, �y, 1=2þ z, respectively.
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