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Synopsis. The N,N-dimethylformamide adducts of cop-
per(Il) 3- and 5-substituted 2-pyridinolates were prepared,
and then characterized by means of magnetic susceptibility
and IR-spectroscopy. The variation in their magnetic
moments is discussed in terms of the basicities of the parent
2-pyridones.

Most copper(II) carboxylates have dinuclear struc-
tures similar to that of copper(Il) acetate monohy-
drate,12 and exhibit strong antiferromagnetic interac-
tions between pairs of copper(II) ions. In conformity
with a superexchange mechanism, the strength of
spin-exchange coupling has been correlated with the
acidity of the parent carboxylic acid (pKaz).3¥ How-
ever, it might be correlated more simply with the
basicity of the parent carboxylic acid (pKa1), since the
bridging carboxylate acts as a bidentate ligand. A
magnetic study of a series of copper(Il) 3- and 5-
substituted 2-pyridinolates, which have copper(II)
acetate-type dinuclear structures,>® may provide
answers to such questions, since the ionization con-
stants of pyridones are well characterized” and in a
series of 3- and 5-substituted 2-pyridones, the pKa
values increase in a different order from the pKae
values. We thus prepared some copper(Il) 3- and
5-substituted 2-pyridinolate adducts with N,N-
dimethylformamide, Cu(XpyO)z: DMF and investi-
gated their magnetic properties.

The 3- and 5-substituted 2-pyridones studied here,
except for the 3-halo derivatives, were obtained com-
mercially. 3-Chloro- and 3-bromo-2-pyridones were
prepared by the thermal rearrangement of the corre-
sponding pyridine N-oxides.® The DMF adducts of
their copper(Il) salts were prepared according to
procedures very similar to those previously reported
for the 2-pyridinolate and 3-methyl-2-pyridinolate
compounds.® The IR spectra of the solid com-
pounds show bands of coordinated carbonyl stretch-
ing vibrations, while the C=0 stretching vibrations
intermix with the adjacent C=C stretching motions.%!

Their effective magnetic moments (Table 1) were eval-
uated from the room-temperature molar magnetic sus-
ceptibilities (xy) using the equation per=2.83[(xm—
Xaa—Na)T]¥2. The appropriate diamagnetic correc-
tions (x4,) were estimated from the Pascal constants,?
and the temperature-independent paramagnetic con-
tribution (Na) was taken as 60X10-¢ emumol-! (1
emu=47nX10-6m3). For 3-nitro-2-pyridinolate, the
temperature dependence of its magnetic susceptibility
was measured in the temperature range 80—300 K,
and could be represented by the Bleaney-Bowers equa-
tion!® with parameters g=2.17 and 2J=—314 cm~1.
The magnetic and spectral data indicate that the pres-
ent compounds have pyridinolate-bridged dinuclear
structures. The variation in the singlet-triplet sepa-
ration values (e.g., —2J=405,5 365,% and 314 cm~! for
the DMF adducts of copper(II) 3-methyl-2-pyridinolate,
2-pyridinolate, and 3-nitro-2-pyridinolate, respec-
tively) indicates that the smaller magnetic moment is
accompanied by a stronger magnetic interaction
between copper(Il) ions.

Comparisons of the room-temperature magnetic
moments for the 3- and 5-chloro-2-pyridinolate com-
pounds or 3- and 5-nitro-2-pyridinolate compounds
(Table 1) with that for the 2-pyridinolate compound
show that these magnetic moments are affected more
strongly by the 3-substituents than by the 5-
substituents like the basicities of the parent 2-
pyridones. This implies that the strength of the
spin-exchange coupling is correlated more closely
with the pK, value than with the pKas value, irrespec-
tive of some steric and resonance effects. In order to
demonstrate such a correlation, the room-temperature
magnetic moments (in BM) of the present compounds,
together with the literature data for the DMF adducts
of copper(II) 2-pyridinolate, 3-methyl-2-pyridinolate,
and 3-ethyl-2-pyridinolate,® are plotted against the
pKa1 values of the ligands in Fig. 1. The plot consists
of a straight line which has the same slope as that for
dinuclear copper(II) carboxylates:4)

Table 1. Analytical Data and Effective Magnetic Moments at 20 °C
Compound Found(Caled) % et/ BM
Cu C H N
Cu(3-ClpyO)z - DMF (1) 16.31 39.30 3.35 10.64 1.36
(16.14) (39.66) (3.33) (10.67)
Cu(3-BrpyO)z- DMF (2) 13.35 32.08 2.74 8.60 1.33
(13.17) (32.35) (2.71) (8.71)
Cu(3-NOgzpyO)z2- DMF 3) 15.49 37.42 3.21 16.68 1.41
(15.32) (37.64) (3.16) (16.88)
Cu(5-ClpyO)2- DMF (4) 16.33 39.38 3.36 10.59 1.28
(16.14) (39.66) (3.33) (10.67)
Cu(5-NO2pyO)2- DMF (5) 15.47 37.69 3.24 16.90 1.34
(15.32) (37.64) (3.16) (16.88)
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Fig. 1. The magnetic moments at 20 °C and the car-

bonyl stretching frequencies for the DMF adducts of
copper(II) 3- and 5-substituted 2-pyridinolate plot-
ted against the basicities of the parent 2-pyridones.

frer=—0.052 (pKa1 — 0.77) + 1.19s. (1)

Similarly, the carbonyl frequencies (in cm-!) for the
present compounds show systematic shifts against the
basicities of the parent 2-pyridones (#=1634—3.2X
pKa1). These linear correlations indicate that (1) the
influence exerted by the 3- and 5-substituents is
mainly inductive, i.e., their resonance and steric effects
are practically negligible, and (2) the strength of spin-
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exchange coupling is governed by the strength of the
Cu-0 bond, not the Cu-N bond, i.e., it is determined
by the strength of the weakest bond in the coupling
pathway.
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