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Ground State Triplet Cation Diradicals Generated from N, N-Dimethylamino Nitronyl Nitroxide
and Its Homologues through One-Electron Oxidation
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N,N-Dimethylamino nitronyl nitroxide (1) and its homologues
were prepared. One-electron oxidation of these open-shell donors
were fond to afford ground state triplet species based on the
ESR spectroscopic measurements. The electronic structure of
1* is characterized by the presence of the two singly occupied
orbitals (SOMO and SOMO') and can be regarded as a hetero-
analogue of trimethylenemethane.

Construction of an organic ferromagnetic metal is a current
target in materials science." For this purpose it is crucial to
prepare radical ion salts which exhibit spin ordering of localized
spins through conduction electrons. Requirement for a building
block of such radical ion salts is that a donor is ought to carry a
localized spin which couples ferromagnetically with an unpaired
electron generated by one-electron oxidation of itself. As a
prototype of such open-shell donors, N,N-dimethylamino nitronyl
nitroxide (1) and its homologues (2, 3) have been prepared. Here
we report a characteristic electronic structure of the cation
diradicals of these open-shell donors 1-3 generated through one-
electron oxidation. These cation diradicals turned out to exist
as ground state triplet species and their electronic structure was
revealed to be closely related to that of trimethylenemethane
(TMM),2 -4 having two degenerated SOMOs.
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Provided that the electronic structure of the open-shell donor,
which is composed of a donor site and a radical site, can be
interpreted by a perturbational molecular orbital method,” the
electronic features for the open-shell donor to generate a ground
state triplet species upon one-electron oxidation may be
documented as follows. HOMO of the open-shell donor should
be located above SOMO (Figure 1(a)). If SOMO is the highest
MO, one-electron oxidation is supposed to afford a closed-shell
cationic species. This should not be the case. The desired
situation becomes available if zomo of the donor site interacts
with nhomo of the radical site rather than with somo based on
the symmetry of the relevant partial molecular orbitals. This
electronic interaction raises the energy level of HOMO. Such
an exotic electronic structure can be maintained if the on-site
Coulombic repulsion of SOMO is larger than the orbital energy
difference (AE) between HOMO and SOMO. According to the
PM3/UHF calculation® on 1, it turns out that a large spin
polarization of HOMO places its B spin higher than the o spin of
SOMO (Figure 1(b)). Thus one-electron oxidation removes the

B spin of HOMO to afford a ground state triplet species.
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Figure 1. (a) Schematic drawing of the electronic
configuration of an open-shell donor. (b) Spin polarization
in 1 caluculated by the PM3/UHF method. A planar
molecular structure is assumed for calculation.

As an open-shell donor which satisfies the above requirement,
we have designed nitronyl nitroxide derivatives substituted with
N,N-dimethylamino (1), N,N-diethylamino (2) or morpholino (3)
groups. Open-shell donors were synthesized by treating bromo
nitronyl nitroxide’ with secondary amines.” The structure of 1
was proved by X-ray crysta]lography.9

Oxidation potentials of these open-shell donors 1-3 determined
by cyclic voltammetry are listed in Table 1 together with reference
compounds. The oxidation potentials of 1-3 are lower than
those of the parent compounds, suggesting the electronic
interaction between the donor site and the radical site as discussed
above. Itis to be noted that the oxidation potential of 1 is the
lowest (0.53 V) among others.

Table 1. Cyclic voltammogram data for open-shell
donors and referance compounds

compounds E;;%/ V. compounds  E;p® / V
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2 Experimental conditions: acetnitrile solution; 0.1 M (n-Bu)4N+ClO4
as a supporting electrolyte; Pt electrode.



880

The obtained open-shell donor 1 was oxidized by iodine in
THF solution at room temperature, and an ESR spectrum of the
oxidized species (1) was measured in a frozen matrix. The
fine structures assignable to the triplet species were observed
with zero-field splitting parameters of | D | = 0.0276 cm™, | E | =
0.0016 cm™ (Table 2). The D parameter of 1™ is smaller than
the estimated value based on the point-dipole ap%)roximation and
is similar to that of TMM (I D | = 0.024 cm™, | E | < 0.001
ecm™).?  This tendency could be attributed to the presence of a
negative spin density induced at the o.-carbon of nitronyl nitroxide
as pointed out in the case of TMM.*'® The above result will be
an evidence for the close resemblance of the electronic structure
between 1”7 and TMM. The Curie plot of the triplet signal
afforded a straight line in the temperature range of 7.5 - 100 K.
The result strongly suggests that the oxidized species exists as
the cation diradical with a triplet ground state."' As we mentioned
above, this situation becomes possible due to the large on-site
Coulombic repulsion of SOMO which is localized on the nitronyl
nitroxide group. Low reduction potentials of nitronyl nitroxides
(usually lower than -0.7 V) supports the above interpretation.
The results concerning to other cation diradicals 2%, 3" were
exactly the same as in the case of 1*" (Table 2).

Table 2. Zero-field splitting parameters for
cation diradicals in THF frozen matrix at 8 K

IDI/em™? 1EI/ em’!
I 0.0276 0.0016
2t 0.0273 0.0017
3* 0.0272 0.0018

Figure 2 shows the coefficients of SOMOs for 1" and TMM
both calculated by a PM3/RHF method.® The distribution of
coefficients of SOMO and SOMO', the latter of which is derived
from HOMO through one-electron oxidation, resembles two
degenerated SOMOs of TMM closely, although degeneracy of
SOMO and SOMO' is removed in 1"".  Whereas the coefficients
of SOMOQ' are spread over the entire molecule, those of SOMO
are localized on the nitronyl nitroxide group. Besides, SOMO
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Figure 2. Coefficients of SOMOs for 1** and
TMM calculated by a PM3/RHF method.

shares the coefficients of atomic orbitals of the nitronyl nitroxide
group with SOMO'. Judging from the distribution of coefficients
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of SOMO and SOMO' of 1", 1*" can be classified into a category
of a non-disjoint typc-:.12 This electronic feature, therefore, will
be the reason for the triplet ground state multiplicity of 1. In
fact, a PM3/UHF calculation® reveals that the triplet state of 1
is more stable than the singlet by 9.7 kcal / mol.

In summary, the electronic structure of 1** and its homologues
are characterized by the presence of two non-degenerated SOMO
and SOMO'. The intramolecular ferromagnetic interaction in
these cation diradicals is rationalized well by the non-disjoint
character in reference to SOMO and SOMO'. Thus 17" and its
homologues 2™, 3*" can be regarded as a hetero-analogue of
TMM based on their electronic features. The intramolecular
ferromagnetic coupling between the delocalized spin on the donor
site and the localized spin on the radical site in these cation
diradicals can play an important role for aligning localized spins
on the radical sites when the mixed valence complexes are prepared
using these open-shell donors.
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