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A Chain Complex of Ruthenium(ILIII) Cation Dimer Linked by a Nitroxide Radical,
[Ruz(02CCMe3)4(NITPh)]n(BF4)n (NITPh=2-Phenyl-4,4,5,5-tetramethyl-4,5-dihydro-1H-
imidazolyl-1-oxy-3-oxide)
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A chain complex of ruthenium(ILIIT) cation dimer linked by
the nitroxide radical, [Ru2(0O2CCMe3)4(NITPh)],(BF4),
(NITPh=2-phenyl-4,4,5,5-tetramethyl-4,5-dihydro-1H-imidazol-
yl-1-oxy-3-oxide) has been prepared and characterized. The
structure with the alternated alignment of $=3/2 (Ru(ILIII) core)
and §=1/2 (NITPh) has been confirmed by the X-ray crystal
analysis. The magnetic moment decreases monotonously with
decrease of temperature.

As shown for Krogmann's salt,] one-dimensional
polymer complex with infinite metal-metal bond extended to a
definite direction has unique physical (magnetic, electronic,
optical) properties.2 Recently, several efforts to mimic such
properties by preparing compounds with metal-metal bonds
linked by bridging ligands have been made.3 We have much
interest in applying the nitroxide radicals for linking the dimetal
cores including direct metal-metal bond to produce the chain
complexes.4 To date, the chain compounds of rhodium
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carboxylates (Rh2(O2CCR)4, R=CF3) bridged by the nitroxide
radicals have been reported.5 The dimetal center is diamagnetic
and propagate the antiferromagnetic interaction between the
nitroxide radicals through the metal-metal bond. If the
diamagnetic dimetal center is changed to the paramagnetic dimetal
center such as Ru(ILII) carboxylate (§=1) or Ru(ILIII)
carboxylate cation ($=3/2), the magnetic properties of the chain
complexes will be very interesting. We previously reported a
nitroxide complexes of Ru(ILIII) carboxylate cation, [Ru2(02C-
CMe3)(tempo)2][Ruz(02CCMe3)4(H20)21(BF4)2 (tempo=2,2,
6,6-tetramethyl-piperidine-1-oxyl) (1).6 Here, a chain complex
[Ru2(02CCMe3)4(NITPh)],(BF4), (NITPh=2-phenyl-4,4,5,5-
tetramethyl-4,5-dihydro-1H-imidazolyl-1-oxy-3-oxide) (2) is
presented. To our knowledge, this is the first example of the
chain complex of paramagnetic dimetal center with the metal-
metal bond linked by the nitroxide radical.

Complex 2 was obtained as follows. A benzene solution
(5 ml) of NITPh (8.2 mg, 0.035 mmol) was added to a benzene

Figure 1. ORTEP view of a chain structure of [Ru2(02CCMe3)4(NITPh)],*+. CH3 groups of the pivalate ions, BF4~ ions, and solvent benzene molecules
are omitted for clarity. Selected interatomic distances (//A) and angles (¢/°): Rul-Ru2 2.266(1), Rul-01 2.017(8), Rul-03 2.011(8), Rul-05 2.009(8), Rul-07
2.020(8), Rul-09 2.264(8), Ru2-02 2.012(8), Ru2-04 2.015(8), Ru2-06 2.018(7), Ru2-08 2.010(8), Ru2-010' 2.236(8), 09-N1 1.30(1), O10-N2 1.28(1),
Ru2-Rul-09 172.9(2), Rul-09-N1 131.7(7), Rul-Ru2-010' 170.9(2), Ru2-010'-N2' 147.5(8).
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solution (5 ml) of Rup(02CCMe3)4BF4 (19.0 mg, 0.027 mmol)
under argon atmosphere. After stirring the solution overnight at
room temperature, a precipitate was filtered, washed with
benzene, and dried in vacuo. Anal. Ru2(O2CCMe3)4(NITPh)-
BF4; Found: C, 42.58; H, 5.44; N, 3.00%. Calcd for
C33H53BF4N2010Ru2: C, 42.77; H, 5.76; N, 3.02%.

In Figure 1, the crystal structure of 2+2n(benzene) is
shown.” The Ru2(02CCMe3)4 unit is axially coordinated by
NITPh to form a chain structure. The axial positions of the
Ru(ILII) core are occupied by the oxygen atoms of NITPh with
a separation of 2.264(8) and 2.236(8) A, respectively, relatively
large compared with those of 1 (2.184(3) A). The Ru-Ru bond
distance is 2.266(1) A, which is in the range of those reported for
[Rup(02CR)4]F compounds (2.24—2.30 A).8 The N-O bond
lengths 1.30(1) and 1.28(1) A shows that the NITPh exists as a
free radical.? The Ru-O-N angles are 131.7(7) and 147.5(8)°,
smaller than those of 1 (151.5(3)°).

The magnetic moment for 2 (per Ru(ILII)-NITPh unit) is
3.28 BM at 295 K.10 This value is indicative of existence of an
antiferromagnetic interaction between the Ru(ILIII) core and the
nitroxide radical because the spin only value is 4.24 BM for the
two local spins, $=3/2 (Ru(ILIII) core) and S=1/2 (NITPh). In
Figure 2, the variation of the effective magnetic moments with
temperature (5——300 K) is shown. It seems strange that the
magnetic moment is monotonously decreased with lowering of
temperature, because the alternative alignment of $=3/2 and
S=1/2 should give a ferrimagnetic behavior (which shows the
increase of peff after reaching the minimum of peff as
temperature is lowered (c.f., ref. 4)). The crystal structure
shows the existence of two kinds of bond parameters for linking
the two Ru(ILIII) cores by the nitroxide radical (e. g., the Ru-O
distances and the Ru-O-N angles). Thus we have introduced an
alternative chain model including two kinds of interactions
between the Ru(ILIII) core and the nitroxide radical (/ and J*) to
interpretate the magnetic data. The best fit with J=-100 cm1,
J'=0 cm~1, D=65 cm~1, g=2.00, g'=2.00, and p=0.04511 is
shown as the solid line in Figure 2. This result shows that the
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Figure 2. Temperature dependence of magnetic moments for 2.
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inequality in the two interactions between the Ru(ILLIII) core and
the nitroxide radical may be the cause of such a strange behavior.
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