
Concerning electrochemically reversible [Ru(III)]/[Ru(II)]
redox couples of the substituted bis(η3-polypyrazolylborato)-
ruthenium(II) complexes [Ru(L1)(L2)], two polypyrazolylborate
ligands, L1 and L2, were independently exerted on the oxidation
half-wave potentials (E1/2) of the couples.  Relative contribu-
tions ∆E(L) of the respective polypyrazolylborates to the E1/2
values were evaluated. 

Polypyrazolylborate anions [BR(pz)3]– (pz = 1-pyrazolyl
group), abbreviated as L, have been used as versatile supporting
ligands for a wide range of transition-metal and lanthanide com-
plexes.1 Widespread considerable attention paid to the polypyra-
zolylborates stems probably from the similarity of the tridentate
[BR(pz)3]

– ligands in the 6e-donative coordination form1 to the
well-known η5-cyclopentadienyls in transition-metal organometal-
lic chemistry, and also from the capability for supporting some
chemically reactive organometallics, such as dihydrogen, hydride,
carbene, and vinylidene ruthenium species reported in these years.2

Moreover, in view of easy access to substituted pyrazoles Hpz*,
various substituents have been introduced on the pyrazolyl rings in
this tripodal ligand system,1 with the hope of fine tuning of the
electronic and steric properties of reaction sites on the central metal
ions in the complexes.  Concerning their stereochemical properties,
steric bulkiness effects of the substituted polypyrazolylborates,
which were extended over the reaction environment around the
central metal  ions, were studied abundantly in terms of cone and
wedge angles.1 However, in contrast, only scattered studies have
been reported on their electronic properties,3,4 which involve pKa
determinations of hydrogen polypyrazolylborates5 and substituent
effects on the 119Sn NMR and Mössbauer spectroscopies of their
organotin(IV) compounds.6

In the present study, the ruthenocene-like bis(η3-poly-
pyrazolylborato)ruthenium(II) complexes, [Ru{B(pz)4}2] (1),7

[Ru{BH(pz)3}2] (2),7 [Ru{BH(4-Brpz)3}2] (3), [Ru{B(4-
Mepz)4}2] (4), and [Ru{BH(4-Mepz)3}2] (5), and the mixed

ruthenocene-type analogs, [Ru{B(pz)4}{BH(pz)3}] (6),
[Ru{B(pz)4}{BH(4-Brpz)3}] (7), [Ru{B(pz)4}{B(4-Mepz)4}]
(8), and [Ru{B(pz)4}{BH(4-Mepz)3}] (9) were prepared from
the reactions of [RuCl2(nitrile)4] and half-sandwich-type
[RuCl{B(pz)4}(nitrile)2]7 with potassium polypyrazolylborate
salts K[L], respectively.  These complexes obtained as colorless
or pale brown microcrystals, were characterized by means of
1H, 13C, and 11B NMR, IR and mass spectroscopies, besides
their elemental analyses.  Moreover, single crystal X-ray struc-
tural analyses were performed for the complexes, 1, 2, and 6.8

Cyclic voltammetry (CV) of the present ruthenium(II)
complexes was measured in dichloromethane solutions, and
displayed electrochemically reversible one-electron redox-cou-
ples of the [Ru(III)]/[Ru(II)].9 Upon stepwise replacement of
the two B(pz)4 ligands in 1 with other polypyrazolylborates L,
good linear relationship was obtained for the oxidation half-
wave potentials (E1/2) of the redox couples versus the number n
(0, 1, and 2) in [Ru{B(pz)4}(2–n)(L)n] as shown in Figure 1, and
contributions by the respective tridentate polypyrazolylborate
ligands were found to be additive for the potentials E1/2 of the com-
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plexes.  On the [Ru(L1)(L2)] complexes, therefore, electrochemical
properties of the two polypyrazolylborate ligands, L1 and L2, were
independently exerted on the [Ru(III)]/[Ru(II)] redox potentials E1/2,
which are thus expressed by simply adding respective contributions
of the two ligands.  Relative contributions ∆E(L) by the respective
polypyrazolylborate ligands L, compared with that of B(pz)4, were
evaluated from the best averaged slope-values (Figure 1) through
the least-squares method, and are summarized in Scheme 1. 

For (α-diimine)ruthenium(II) complexes, [Ru(diimine)3]
2+

(diimine; bpy, phen, etc.), similar ligand additivity effects have been
described previously on their oxidation potentials of
[Ru(III)]/[Ru(II)].10 The bis(polypyrazolylborato)ruthenium(II)
complexes were another example showing the ligand additivity
effect on the [Ru(III)]/[Ru(II)] redox potentials.  It is noteworthy
that the present electrochemical characterization of the respective
polypyrazolylborate ligands, demonstrated in the Scheme 1, pro-
vides a valuable and useful measure for molecular design to build
up new diversely reactive polypyrazolylborato transition-metal,
especially ruthenium complexes with tailor-made electrochemical
characters.

Scheme 1 for the electrochemical characterization of the
polypyrazolylborates revealed two remarkable features definite-
ly.  The first feature was that the electron-withdrawing sub-
stituent (Br) shifted the potential E1/2 of the redox couples posi-
tive, indicating more reluctant oxidation of the complexes, and
the reverse trend was also observed on the introduction of the
electron-releasing substituent (Me).  As the second feature,
compared with tetrakis(1-pyrazolyl)borate counterparts
B(pz*)4, the respective tris(1-pyrazolyl)borate ligands BH(pz*)3
shifted the E1/2 potentials more negative.  

Polypyrazolylborate anions have a negative charge formally on
boron atoms, but the charge is delocalized onto the 2-N atoms in the
pyrazolyl groups to some extent.11 The second feature observed was
probably attributed to the different extents of electron delocalization
of the anionic charge to the three ligating 2-N atoms, between the
BH(pz*)3 and B(pz*)4 systems.12 The uncoordinated pz*-B moiety
withdrew more quantities of the electron from the three coordinated
pz* groups than the HB moiety in the BH(pz*)3.

13 Accordingly, the
BH(pz*)3 system with larger electron densities localized on the three
ligating 2-N atoms was expected to bring about larger destabilization
of the electron-filled dπ-orbitals (d6) of ruthenium(II), and more neg-
ative shifts of the [Ru(III)]/[Ru(II)] redox couples than those of the
B(pz*)4, as shown in Scheme 1.  Further comparative studies of the
two ligand systems are currently in progress on EHMO calculations
for some ruthenocene-type bis(η3-polypyrazolylborato)ruthenium(II)
complexes.14
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