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In the attempt to prepare the tris(cyclometalated) ruthenium
derivative of 2-phenylpyridine, [Ru(n®-CgHg)(phpy)Cl] was
treated with Hg(phpy),. The anticipated [Ru(phpy)s;]™* spe-
cies was not formed. Instead, the product of oxidative coup-
ling of two 2-(2-pyridinyl)phenyl ligands to form octahedral
[Ru''(phpy)(pbp)]PFs with pbp = 2,2’-bis(2-pyridinyl)-1,1’-bi-

phenyl was isolated; pbp forms a nine-membered chelate
with two N and two 1n?-C=C donor centers. The binding of
n2-C=C donor units is weak as they are readily replaced by
CO.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Tris(2,2’-bipyridine)ruthenium(Il) (1, 6N/0C) was de-
scribed in 1936.[1 In water, its reduction potential for the
Ru"™ transition is 1.24 V vs. NHE.”l Compound 2, the
SN/1C structural analog of 1 with one N-donor replaced
by one c-bound sp?-carbon atom of 2-phenylpyridine, was
prepared in 1986.11 Its reduction potential in water is
0.524 V.1 Reported in 2006, the 4N/2C compound 3 with
two sp?-carbon donors and four bpy-like nitrogen atoms
has a potential of ca. 0.0 V vs. NHE, and therefore 3 is an
Ru'"' derivative, though 1 and 2 are Ru'' species. Com-
pounds 1-3 have numerous applications; those of type 1
species have been reviewed.[®”! Complexes like 2 and 3 are
promising as electron shuttles for mediated enzymatic redox

bio-processes.[*>8121 Recently, we became intrigued by the
idea of preparing and studying a so far unknown fourth
member in the series shown in Scheme 1, i.e. tris(3N/3C-
cyclometalated) compound 4, which was once postulated
and its properties hypothesized.!3]

There were several objectives for this study. The central
metal atom of 4 could have an oxidation state as high as
4+, if the above-mentioned trend in changing the reduction
potential with composition persists. Tris(cyclometalated)
compounds of iridium!' and rhodium,!'>! but not ruthe-
nium, have been known for decades. A series of related
molecules such as 1-4 is always interesting for fundamental,
applied, and/or theoretical investigations. This was an extra

Scheme 1. A series of structurally similar real (1-3) and hypothetical (4) ruthenium complexes of the [Ru(bpy);]** type.
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stimulus for the attempted synthesis of 4. The results re-
ported here suggest that a transient compound of type 4
could have been present. We hypothesize that, if formed,
the central metal atom could stabilize itself by pushing the
“intramolecular” reductive elimination of a pair of cyclo-
metalated C,N-2-(2-pyridinyl)phenyl ligands to afford com-
plexes 7 incorporating recently reported 2,2'-bis(2-pyrid-
inyl)-1,1’-biphenyl (pbp),['*~181 but this time coordinated to
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Scheme 2. Synthesis of pbp complexes 7.

Ru'" (Scheme 2). The pbp ligand forms a nine-membered
cycle and reveals an unusual n®-tetradentate N/n>-C=C/n?-
C=C/N coordination with the nitrogen atoms in the trans
position. The tetradentate coordination transforms readily
into the n2-bidentate cis-N/N binding mode by treating 7b
with CO to give 8.

The synthesis was based on the symmetrical organomer-
cury compound 6 as a source of the 2-(2-pyridinyl)phenyl
anion.['” The reaction with RuCl; gave a mixture of com-
plexes that could not be separated. The neutral complex 5,
the benzene ring of which is a good leaving ligand,™ proved
to be the most appropriate. Complexes 5 and 6 react cleanly
in methanol to afford red species 7a,b in 64 and 50% yield,
respectively.

The analytical and mass-spectrometric data could not
rule out the formulation of new compounds as complexes
of type 4, though the 'H NMR spectra indicated products
of lower symmetry. Therefore, the structures of 7a,b were
established by X-ray crystallography [Figure S1 (Supporting
Information) and Figure 1, respectively].?’] Both 7a,b con-
tain coordinated pbp, likely a product of reductive elimi-
nation of two 2-(2-pyridinyl)phenyl ligands presumably via
an Ru'V precursor of type 4. The Ru'' compounds 7a,b
crystallize with a molecule of CH,Cl,. The geometry of
both complexes could be approximated by a strongly dis-
torted octahedron. The central atom is surrounded by three
meridional pyridine nitrogen atoms and one n!-bound sp?-
carbon atom. The remaining cis sites are occupied by two
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PFs + Hg® + KCl

n2-bound pseudo-alkene C=C units of pbp, the nitrogen
atoms of which are in a mutual trans position. The n?-C=C
units have slightly elongated C—C bonds (1.406 and 1.413 A
in 7a). They occupy trans positions relative to the N- and
C-donor centers of the 2-(2-pyridinyl)phenyl ligand. Hence,
the Ru—C=C centroid distances (Ru—C19/C20 and Ru-C32/
C33 in 7b, Figure 1) are different, i.e. 2.443/2.289 A in 7a
and 2.427/2.285 A in 7b, respectively, in accordance with
the diverse trans influence of the N- and C-donor centers.
For instance, the centroid distance in the undistorted octa-
hedral d® complex [RuCly,(CO)(C,H,)(PMe,Ph),] is
2.104 A2 The pseudo-alkene fragments in red compound
7 are thus weakly bound to Ru'! and are readily replaced
by CO in CH,Cl, to form colorless 8. Coordinated pbp in
8 is an N,N-bidentate ligand producing a nine-membered
cycle (Figure 1). Interestingly, this pseudo-substitution of
alkene moieties by CO is accompanied by a trans-to-cis
isomerization of the pbp nitrogen atoms.

Studies of the new compounds by cyclic voltammetry in
MeCN support that complexes 7 contain ruthenium(II).
There are quasi-reversible Ru''/Ru waves at 582 and
538 mV (vs. Ag/AgCl in 0.1 m nBuyNPF) for 7a,b respec-
tively [Figure S2 (Supporting Information)]. The behavior
of 7 is similar to that of the Ru™" complex 2, the reduction
potential of which is 531 mV under the same conditions. A
small anodic shift of 51 mV for 7a is likely due to stronger
n-acceptor properties of the n2-C=C units compared to the
pyridine nitrogen atoms in 2.

Figure 1. ORTEP views of compounds 7b (left) and 8 (right). Hydrogen atoms and PF4 anions are omitted for clarity.
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We believe that that compounds 7 may be formed by the
“intramolecular” reductive elimination of two 2-(2-pyridi-
nyl)phenyl ligands from an intermediate similar to 4.
Strictly speaking, reductive elimination is always intramo-
lecular. The quotation marks emphasize that pbp, a pos-
tulated product of reductive elimination, remains in the
metal coordination sphere. Perhaps non-dissociative re-
ductive elimination could be a better term to describe this
chemistry. The reductive elimination of 2-(2-pyridinyl)-
phenyl ligands from an octahedral Pd'V complex affords
free pbp in a pyridine solvent.['8] Therefore, the reaction
described here could also involve an MV precursor. If a
variation trend in the reduction potentials described above
for 1-3 holds for 4, the Ru"™! reduction potential for 4
could be around -0.65V [Figure S3 (Supporting Infor-
mation)]. Hence, the oxidation state of 4+ seems reasonable
for the intermediate. If so, the electron count of 16 for the
octahedral species such as 4 violates the 18-electron rule.
Therefore, the Ru'Y complex may not be stable and attains
the 18e count by acquiring two missing electrons through
the intramolecular reductive elimination. Furthermore,
ruthenium(IV) species have recently been proposed as
intermediates in the catalytic coupling of aromatic com-
pounds.?223 There are few reasons why pbp remains bound
to Ru'" but dissociates from Pd'. Palladium(II) complexes
are square-planar, and pbp, if bound to Pd", should be con-
strained and distorted. Ruthenium(II) complexes are by a
factor of about 10* substitutionally less labile compared to
those of Pd™.?4I Therefore, pbp is more prone to be bound
to Ru'! than to Pd™. The reductive elimination of pbp from
Pd"™Y occurs readily in a coordinating pyridine solvent,!'®]
which should also favor the substitution of pbp from
Pd.

In conclusion, compound 4 is difficult to prepare due
to its chemical controversy. We postulate that three 2-(2-
pyridinyl)phenyl ligands reduce the reduction potential of
the complex significantly, and this could make species such
as 4 unstable. Instead, the coupled pbp product is formed
that stays bound to Ru' in a unique tetradentate trans-N,N
N/m?-C=C/m?-C=C/N manner, the biphenyl fragment being
a source of two alkene donor centers.

Experimental Section

7a,b: A mixture of 5 (0.20 mmol), 6 (0.20 mmol), and KPFq
(0.42 mmol) in MeOH (20 mL) was refluxed for 4 h. The solvent
was evaporated, the dark residue was extracted with CH,Cl,
(3 mL), and the solution was filtered through Al,O3; with CH,Cl,
as eluent. A red fraction was collected and concentrated to ca.
2mL. Addition of Et,O induced crystallization of a red solid,
which was washed with Et,O and dried under vacuum.

8: Carbon monoxide was bubbled through a CH,Cl, solution of 7b
(0.05 mmol) for 15 min. The product was purified as above. A pale
yellow fraction was collected, and the solvents were evaporated to
dryness. Crystallization from CH,Cl,/pentane gave colorless crys-
tals, which were washed with pentane and dried under vacuum.
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Supporting Information (see footnote on the first page of this arti-
cle): Preparation of Sa,b, analytical, spectral, and structural data
for 7 and 8.
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