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Metal-radical hybrid solids have been well investigated toward Chart 1

molecule-based magnétsvarious 2-pyridyl-substituted ligands

containing paramagnetic nitronyl nitroxide (NRl)nino nitroxide O‘N QN N N’CH3 N—g
(IN),2 oxoverdazyl (VDY and dithiadiazolyl (DTDA§ groups have A—{ :t Ar— :@ A—{ =0 A—( |
been known to form chelate rings where a radical center is directly gN N N_N\CH N=S
bonded to the metal ion (Chart 1). Herein we propose 2-azaaromatic AN AN AVD o ALDTDA

tert-butyl nitroxide (ArNO; NO stands for theert-butyl nitroxide

group) radicals as a paramagnetic chelating ligand, but such reports

have been missing in the literature. Heteroaromatic rings are known AT\NJ< /k

to have a weaker stabilizing effect than phenyl, as indicated by the O N

fact that intact pyridyl-NOs are unisolabfléd new paramagnetic Ar-NO o 6bpyNO

ligand, 2,2-bipyridin-6-yl tert-butyl nitroxide (6bpyNO) is a

synthetic target, whose stability would be improved owing to an
additional aromatic ring. Furthermore, the NO group has some
advantage. The spin density on the ligating O atom of ArNO is

pseudo€, symmetry. The Ni-O distances range from 2.084(3) to
2.100(3) A and the NiN distances from 1.965(3) to 2.086(4) A,
implying that they form an octahedron around a high-spin Ni ion.

assumed to be almost twice as large as that of the other conventionallhe C—=N—O—Ni torsion angles within a metal-radical chelate ring

radicals such as ArNNpecause of the almost half size of the spin-
delocalizabler-conjugation in the radical groups (which also leads
to the undesired instability of ArNO). Magnetic exchange coupling
is proportional to the spin densities at the interacting atbifitsus,

were 4.8(4), 5.5(5), 4.6(5), and 4.9(5). These small torsion angles
guarantee the planar structure of the chelate ring.

The magnetic properties dfand2 were measured on a SQUID
magnetometer (Figure 2). Upon cooling from 300 to 100 K, the

ArNO radicals are promising to bestow stronger exchange coupling Xma T Values increased and reached a plateau, indicating the presence

to metal-radical hybrid solids.

Ligand 6bpyNO was prepared from 6-bromo-2hyridine®
according to the conventional meth&d-! We found that 6bpyNO
was sufficiently stable under ambient conditions. No decomposition

of intramolecular ferromagnetic interactions in both compounds.
The spin-only calculated values are 1.0 and 3.6 &nmol— for
high-spinl (Sota = 1) and2 (Seta = 2), respectively. The experi-
mentalymo T values of ca. 1.0 and 3.2 énK mol~* for 1 and 2,

has been observed for a few months when stored in a refrigerator.respectively, clearly indicate their high-spin states. Final drops of

Copper(ll) and nickel(Il) complexes of 6bpyNO were obtained by
mixing with a stoichiometric amount of metal salts in metharol.

We successfully determined the crystal structures of"'{Cu
(6bpyNO)C}] (1) and [Ni'(6bpyNO}](PFs). (2) as shown in Figure
1.13 The tridentate 6bpyNO was confirmed to work ae.a’,a''-
terpyridine-type chelate ligand. The Cion in 1 was pentacoor-
dinated with 6bpyNO and two chloride anions. One axial position
was occupied by CI2 with the distance of 2.414(2) A, which is
longer than that of Cl1 (2.201(2) A). The other axial site was vacant,
leading to a pyramidalization of the copper basal plane; the N2
Cul—ClI1 and O+Cul—N1 angles were 157.04(5) and 153.33-
(6)°, respectively. The chelate ring involving O1 and Cul was
highly planar as indicated with the COI3—O1—Cul torsion
angle of 10.7(2). We have proposed that the geometrical parameter
of the G,—N—O—M torsion quantitatively indicates the degree of
the planar structure around the metal-nitroxide b#nthe Cut-

01 distance was 2.109(1) A.

The nickel ion in2 had an octahedral geometry like usual bis-
(terpyridine) complexes (Figure 1b). There were two crystallo-
graphically independent molecules in a unit cell, and they were
practically the same. Each [Ni(6bpyN{A" complex ion had a
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the ymoT vValues are assigned to intermolecular antiferromagnetic
couplings, as well as zero-field splitting for the'Nons in 2.

The singlet-triplet model* from the spin HamiltoniarH =
—2JS;+S, was applied forl together with a Weiss mean field
parameted, affording JJkg = +202(12) K andd = —3.52(6) K
With gayg = 2.062(4). Similarly, a three-centered modgH =
—2J)(S;°S; + S*S3)) was applied to the analysis @fto give J/kg
= +192(2) K andf = —0.67(1) K with gayg = 2.082(1).

The observed ferromagnetic couplings were considerably large
(the singlet-triplet energy gap of corresponds to ca. 400 K), and
can be explained simply in terms of the orbital orthogon&lity.
The 3d electron configurations of €and Ni' are (t¢)%(e,)® and
(t29%(eg)?, respectively, and the magnetig@bitals havings-type
symmetry are orthogonal to the nitroxide magnetfcorbital(s)
(Figures 1S and 2S for the DFT calculation analysis). Even when
we take into consideration a detour pathway through the pyridine
ring, ferromagnetic coupling can be expected according to the spin-
polarization mechanism on theconjugate system$,as clarified
in the isomeric Cli complexes using 4bpyNO and 5bpyNQfor
the 4- and 5-positions of bpy, see Chart 1).

In the literature, however, there have been several reports on
antiferromagnetic cases using 2-pyridyl-substituted radical chelates
with Cu' or Ni" 218 where the orbital orthogonality is violated
because of steric reasoftsThe 2,2-bipyridyl group has been
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Figure 1. Ortep drawings for (a) [Cu(6bpyNO)&I (1) and (b) [Ni-
(6bpyNO}]%t moiety as one of two crystallographic independent units in
2. Thermal ellipsoids are drawn at the 50% probability level for non-
hydrogen atoms.
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Figure 2. Temperature dependenceygfoT for 1 and2 measured at 5000

and 500 Oe, respectively. The solid lines represent calculated curves. See

the text for the equations and optimized parameters.

introduced in the present complexes for improving stability

compared with a simple pyridyl group. It also seems useful for the

whereas antiferromagnetic coupling was observed when 2-pyridyl-
NN was applied?

In summary, we have reported here the first examples df Cu
and Ni' complexes having ArNO chelate rings, both of which
showed strong ferromagnetic interactiodékg = 200 K) owing to
the high spin-density at the nitroxide oxygen atom and the highly
planar chelate structures.
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