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ABSTRACT: New pincer−Pt complexes coordinated by
(nitronyl nitroxide)-2-ide radical anion were prepared as
stable compounds in high yields. The structures of these Pt
complexes and the oxidized complexes were unequivocally
determined by spectral and crystal structure analyses. The
oxidation potential of the nitronyl nitroxide moiety in
these complexes was shifted in the negative direction by
∼0.6 V as a result of coordination to the Pt(II) atom.

Open-shell molecules have attracted intense attention in
materials science. For instance, high-spin organic

molecules with large exchange interactions,1 molecule-based
magnets,2,3 radical-based batteries,4 and materials exhibiting
unique electronic and spintronic properties5,6 have been
investigated. In these studies, nitronyl nitroxides (NN-Rs) are
widely used as stable spin sources.1−3,5 Composite systems
involving magnetic metal ions and NN-Rs as ligative spin
sources have also been extensively investigated.2 However, only
a few studies of metal complexes coordinated by (nitronyl
nitroxide)-2-ide radical anion (NN-MLn; M = metal ion, L =
ligand) have been reported. Leute and Ullman reported
mercury complexes (NN-HgOAc, NN2-Hg, and their ana-
logues) as early as 1972.7 Recently, detailed studies of these
mercury complexes, including crystal structures and phys-
icochemical properties, have been reported.8,9 In connection
with these studies, Weiss and Kraut prepared an interesting Pd
complex coordinated by (nitrosonium nitroxide)-2-ide through
a possible carbene intermediate.10 The corresponding Pd
complexes of NN radicals have not been reported. The nature
of the carbon−metal bonding in NN-MLn complexes should be
highly dependent on the metal ion. However, NN-MLn
complexes with metals other than mercury(II) have virtually
not been reported.11 In this paper, we report the synthesis and
characterization of new pincer−Pt complexes 1 and 2
coordinated by (nitronyl nitroxide)-2-ide radical anion. We
found that the oxidation potential of the NN moiety is shifted
in the negative direction to a remarkable extent (∼0.6 V) as a
result of coordination to the Pt(II) atom.

Compound 1 was readily prepared (94% yield) by treating a
mixture of Pt(NCN)Cl and NN-H (1 equiv) with nBu4NOH
(as a 37% methanol solution, 1.8 equiv) in 1:1 (v/v)
dichloromethane/methanol at room temperature for 1 h
(Scheme 1). Complex 1 was found to be stable toward air

and moisture. Compound 2 was also prepared in good yield
[see the Supporting Information (SI)]. As a reference,
compound 3 with remote platinization via a phenylene
ethynylene spacer was prepared according to the established
procedure.11d,12

The crystal structures of 1 and 2 are shown in Figure 1(I)
and Figure S1 in the SI, respectively.13 The length of the Pt−C
bond in 1 [2.11 Å; bond c in Figure 1(I)] is similar to that in
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Scheme 1. Synthesis of 1 and Structures of 2 and 3

Figure 1. Crystal structures of (I) 1 and (II) cationic NN+-Pt(NCN)-
1 (1+). Selected bond lengths (Å) in (I): a (N−O), 1.300; b (N−O),
1.308; c (Pt−C), 2.106; d (Pt−N), 2.053; e (Pt−N), 2.046; f (Pt−C),
1.944; g (O···H), 1.765. In (II): h (N−O), 1.230, 1.270; i (N−O),
1.250, 1.215; j (Pt−C), 2.073, 2.067; k (Pt−N), 2.082, 2.043; l (Pt−
N), 2.076, 2.072; m (Pt−C), 1.942, 1.956.
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the related NCN Pt imidazole carbene complexes (2.09 Å).14

The torsion angle between the NN plane (defined by O−N
C−N−O) and the central phenylene plane in the NCN pincer
ligand is 59°. Methanol is involved as a crystallization solvent
bound to the NN moiety by a hydrogen bond (N−
O···HOCH3, with experimentally observed distances rO···H =
1.77 Å and rO−O = 2.74 Å).
This hydrogen bond seems to play an important role in the

solubility. The solubility of 1 was very poor in polar aprotic
solvents such as dichloromethane, acetone, and acetonitrile.
Interestingly, however, the solubility increased remarkably upon
the addition of a few drops of a protic solvent such as methanol,
ethanol, or water. We assume that the change in solubility of 1
is due to the hydrogen bonding with the protic solvent.
Recrystallization of 1 from dichloromethane/ethanol and
acetonitrile/water mixtures selectively captured ethanol and
water, respectively as crystalline solvent molecules (Figure S2).
The shape of the absorption spectrum was also influenced by
the addition of a small amount of methanol (Figure S3). The
observed spectral change can be qualitatively explained by the
hydrogen bond observed in the X-ray analysis. Time-dependent
density functional theory (TDDFT) calculations for 1 with and
without methanol qualitatively accounted for the relative
sequence of energies of absorptions and number of major
peaks, although the calculated energies were considerably
higher than the observed energies for all transitions (Figure
S3).
The electron spin resonance (ESR) spectrum of 1 measured

in degassed dichloromethane at room temperature (Figure 2)

showed seven split lines with g = 2.0062. The spectrum was
simulated using the following parameters: |aN| = 0.811 mT split
by two equivalent 14N nuclei (I = 1) and |aPt| = 1.655 mT split
by a 195Pt nucleus (I = 1/2, natural abundance = 33.7%). The
ESR spectra of 2 and 3 are shown in Figure S4. Compound 2
has a similar but slightly larger |aPt| value (1.700 mT).
Obviously, no hyperfine coupling of |aPt| was observed for 3.
Compound 1 exhibited unique characteristics in regard to its

oxidation potential. A reversible redox wave was observed at
−0.19 V vs Fc/Fc+ for 1 in dichloromethane (−0.21 V vs Fc/

Fc+ for 2) (Table 1). The observed waves in 1 and 2 cannot be
ascribed to oxidation of Pt(II), since the reference Pt(NCN)Cl

showed a much higher irreversible oxidation wave at around
+0.47 V vs Fc/Fc+. However, they could be assigned to the
oxidation of the NN moiety, which generally shows a reversible
oxidation wave in a much more positive voltage region (e.g.,
+0.38 V vs Fc/Fc+ for NN-H and +0.37 V vs Fc/Fc+ for NN-
Ph). The oxidation potentials of 1 and 2 were markedly shifted
in the negative direction (by ∼0.6 V) compared with NN-H
and NN-Ph. In contrast to 1 and 2, remote-platinized 3 showed
an oxidation wave in the normal region (+0.36 V vs Fc/Fc+).
The oxidation potentials of 1 and 2 were much lower than
those of electron-rich NN-NMe2 and the mercury compounds
NN-HgOAc and NN2-Hg. These results clearly demonstrate
the unique characteristics of the NN-Pt complexes 1 and 2.15

The lower oxidation potential of 2 relative to 1 may suggest
stronger π-donating ability of the Pt ion in 2. This
consideration is supported by the slightly larger |aPt| value
(Figure 2) and the shorter Pt−C (NN) bond length in 2 (2.06
Å vs 2.11 Å in 1; Figure 1 and Figure S1).
To obtain conclusive evidence about the electronic structure

of the oxidized state, we carried out chemical oxidation of 1
using a one-electron-oxidation reagent, tris(p-bromophenyl)-
ammonium hexafluorophosphate (TBPA·PF6). Treatment of a
dichloromethane solution of 1 [NN-Pt(NCN)-1] with 1 equiv
of TBPA·PF6 gave 1

+ [NN+-Pt(NCN)-1] in good yield (88%).
The structure was confirmed by mass spectrometry, 1H NMR
spectroscopy, elemental analysis, and X-ray crystal structure
analysis. The observation of 1H NMR signals (Figure S6)
clearly shows the diamagnetic nature of 1+. In the crystal
structure analysis, two structurally similar but independent
molecules were observed in the unit cell. The structure of one
of them is shown in Figure 1(II).13 The Pt−C (NN) bond
length of 2.07 Å is shorter than that in neutral 1 (2.11 Å). The
torsion angle (55°, 57°) between the NN+ plane and the central
phenylene plane of the NCN ligand is similar to but slightly
smaller than that in neutral 1 (59°). Importantly, the observed
N−O bond lengths (1.22−1.27 Å) in 1+ are clearly shorter than
those in neutral 1 (1.30 Å) and similar to those of nitrosonium
nitroxide (typically 1.23 Å).10,16 Thus, the one-electron-

Figure 2. ESR spectra of 1 in dichloromethane at room temperature.
The solid and dotted lines show the observed and simulated spectra,
respectively. Parameters for the simulation: g = 2.0062 (ν0 = 9.443659
GHz), |aPt| = 1.655 mT, and |aN| = 0.811 mT.

Table 1. First Oxidation Potentials of 1, 2, and Reference
Compounds

compound Eox (V vs Fc/Fc+)a

1 −0.19
2 −0.21
3 +0.36
NN-Hg(OAc) +0.21
NN2-Hg +0.18
NN-H +0.38
NN-Ph +0.37
NN-NMe2 +0.11

aMeasured in dichloromethane with 0.1 M nBu4NClO4. Note: 0 V vs
Fc/Fc+ = +0.48 V vs SCE. All waves were reversible waves.
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oxidized species 1+ clearly contains nitrosonium nitroxide, as
denoted in the formula NN+-Pt(NCN)-1.
In summary, we have prepared new pincer−Pt complexes

coordinated by (nitronyl nitroxide)-2-ide radical anions. The
oxidation potentials of the nitronyl nitroxide moiety in these
complexes were strongly shifted in the negative direction (by
∼0.6 V) by the direct coordination to the Pt atom, while the
reversibility was maintained. The clarification and application of
this strong metal perturbation in anionic metalloid π systems
are in progress.
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