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Synthesis and Structure of Completely Spin-coupled Trinuclear
Copper(II) Complex, [Cu(dmg)z{Cu(bipy)(CH3OH)}2](NO3)2,
Bridged by Bis(dimethylglyoximato)cuprate(II) Dianion
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A linear trinuclear copper(II) complex [Cu(dmg)z{Cu(bipy)—
(CH3OH)}2](NO3)2 in which bis(dimethylglyoximato)cuprate(II) di-
anion [Cu(dmg)z]z— bridges two copper(II) ions through its de-
protonated oxime oxygens has been synthesized and structurally
characterized. Magnetic studies in the 80-300 K range revealed

complete spin-coupling at room temperature (ueff: 1.85 uB/3Cu).

Studies of spin-exchange interaction in polynuclear metal complexes in re-
lation to stereochemical factors and the nature of bridging groups are of conti-
nuing interest.l) One of the recent subjects in this field is to seek new
bridging systems which can mediate a strong antiferromagnetic spin-exchange
between dissimilar metal ions, in the hope of the development of ferrimagnetic
materials.z) In most polynuclear copper(II) complexes the spin-exchange mediated
by bridging groups is generally antiferromagnetic, but complete spin-coupling
has rarely been attained at room temperature.3) Here we report a linear trinu-
clear copper(II) complex [Cu(dmg)z{Cu(bipy)(CH3OH)}2](N03)2, which shows complete
spin-coupling through oximate bridges at room temperature.

The complex was obtained as purple microcrystals by the reaction of stoi-
chiometric amounts of bis(dimethylglyoximato)copper(II) [Cu(dmgH)z], copper(II)
nitrate trihydrate, and 2,2'-bipyridyl (bipy) in absolute methanol.

Single crystals were grown by slow diffusion technique. Crystal data:
C30H36N10012Cu3; triclinic PI; z=1; a=11.732(8), ?;12.037(9), c=8.f§8(4) A; a=
112.82(5), B=96.27(6), y=119.50(5)°; V=905.4(14) A”; Dy=1.693 g cm -, Dy=1.702
g cm_3; u(Mo Ka)=18.93 cm™1, Intensity data were collected on a Rigaku AFC-5
diffractometer with graphite monochromated Mo Kq radiation and 2801 reflections
(2<p<50°; -h-kl and hkl) were corrected for absorption ( |Fg>30(F,)). The struc-
ture was solved by the heavy atom method and refined by a block diagonal least
squares method. The weighting scheme was w=[cc2 + (0.030|Fo|)2]_1. Final R and
Ry values are 0.038 and 0.049, respectively.

A perspective drawing of the structure is given in Fig. 1. The complex
forms a molecule consisting of a trinuclear cation and two nitrate ions and has

the inversion center at the central copper Cu(l). The [Cu(dmg)z]z- dianion
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bridges two copper ions through its deprotonated oxime oxygens with the Cu(1l)-
Cu(2) separation of 3.754(2) A. The mean Cu-N bond distance of [Cu(dmg)2]2

1.99 A, which is slightly longer than that (1.91-1.96 A) of [Cu(dmgH),].5) The
nitrate ions are located on each side of the CuN4 plane and the shortest Cu(l)-
O(nl) distance is 2.613(3) A. Each terminal copper atom Cu(2) is in a distorted
square-pyramidal surrounging with two nitrogen atoms of bipy and two oxime oxy-
gens of [Cu(dmg)z]z_ in the basal plane and the oxygen atom of a methanol mole-
cule at the apical site. The Cu-N and Cu-O bond distances in the basal plane
fall in the range 1.901-2.048 5, whereas the apical Cu(2)-O(m) distance is elon-
gated (2.356 5). The deviation of Cu(2) from the basal plane is very small

(0.184(1) 5) and the whole trinuclear cation is nearly coplanar.
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The magnetic moment of this complex is subnormal, suggesting an antiferro-
magnetic spin-exchange interaction within a molecule. Cryomagnetic studies over
the 80-300 K range revealed that the magnetic moment is practically constant in
the temperature range (1.85%0.01 uB/3Cu). The result clearly demonstrates that
complete spin-coupling occurs in this complex even at room temperature. To our
best knowledge this is the first example of linear trinuclear copper(II) complex

exhibiting complete spin-coupling at room temperature.
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