
A novel ruthenium(II) complex having 2-naphthoylamide
groups attached to TPA (tris(2-pyridylmethyl)amine) was syn-
thesized and characterized;  the 2-naphthoylamide arms exhibit-
ed fluxional behavior of intramolecular π–π interaction.  

Regulation of non-covalent interactions involving hydrogen
bonding and hydrophobic π–π interaction is indispensable for
efficient and reversible molecular recognition as observed in
base pairing and stabilizing double helical structures in DNA.1

As for the π–π interaction among ligands, it has been reported
on Cu(II)-polypyridine-aromatic amino acid ternary complexes
in which the π–π stacking interaction is apparently switched by
phosphorylation and hydrolysis of the OH group of coordinated
tyrosine.2 In particular such a weak interaction as π–π interaction
lies on strong geometrical requirements for interactions.3 Thus,
an intra- or intermolecular π–π interaction can be controlled in a
topological alteration of aromatic moieties in molecules.

In the course of our research on ruthenium–TPA (TPA =
tris(2-pyridylmethyl)amine) complexes,4 we started to synthe-
size a new series of complexes having certain functionality on
the TPA ligand to generate novel working devices toward
molecular recognition.  Thus, as an initial attempt for the devel-
opment of functional molecular devices based on a rutheni-
um–TPA complex, we introduced naphthoylamide groups to
TPA aiming at the hydrophobic π–π interaction as a driving
force of recognition.  We report herein synthesis and characteri-
zation of a novel Ru(II)–TPA complex having two 2-naphthoyl-
amide moieties which was revealed to perform thermal regula-
tion of intramolecular π–π interaction.  

The complex, [RuCl((2-naph)2–TPA)]PF6 (1) ((2-
naph)2–TPA = bis(6,6'-(2-naphthoylamido)-2,2'-pyridyl-
methyl)-(2-pyridylmethyl)amine) was synthesized as follows:5

a mixture of RuCl3·3H2O with (2-naph)4-TPA (bis(6,6'-bis(2-
naphthoyl)amido)-2,2'-pyridylmethyl)(2-pyridylmethyl)amine)
in ethanol was refluxed for 24 h.  In this process, were observed
the solvolysis of the tetraamide to form the diamide ligand and
the reduction of Ru(III) to Ru(II) as a result.  

The crystal structure of 1 was determined by X-ray crystal-
lography.6 Its ORTEP drawing is depicted in Figure 1 with
selected bond lengths and angles in the caption.  As can be
seen in the figure, (2-naph)2–TPA ligand bound to Ru(II) cen-
ter as a pentadentate ligand including an amide oxygen of one
of the 2-naphthoylamide moieties.  The coordinated amide C=O
group was interacted with the N–H of the uncoordinated naph-
thoylamide arm via an intramolecular hydrogen bonding
(2.978(3) Å).  For the two 2-naphthyl groups, the nearest sepa-
ration were 3.395(5) Å for C(27)···C(38) and followed by
3.458(5) Å for C(27)···C(31), 3.494(5) Å for C(26)···C(39),
indicating an intramolecular π–π interaction between them.
The separation between the centers of two naphthalene rings

was estimated to be 4.51 Å.  In this complex, the π–π interac-
tion is not “face-to-face” but getting closer to a “T-shaped”
geometry;  the two 2-naphthyl groups were not cofacial and had
a dihedral angle of 27.3°.  Dihedral angles of 6-(2-naphthoyl-
amide)pyridyl moieties were calculated to be 10.4° and 20.9°
for pyridine–amide planes in coordinated and uncoordinated
ones, respectively, and 20.3° and 19.9° for amide–naphthalene
planes in the same manner, indicating higher planarity of the
coordinated amide.  

Bond lengths among the ruthenium center and pyridine
rings were deviated from 2.115(3) Å for Ru1–N(4) to 2.009(3)
Å for Ru1–N(3) in 1.  Such difference among Ru–pyridine
nitrogen bond lengths has not been observed for other Ru–TPA
complexes characterized by X-ray crystallography.4b,d The
shortest bond length of Ru–N(3) in 1,  which involves the pyri-
dine ring connected to the coordinated amide moiety, is attrib-
utable to the expansion of conjugated π-system from the pyri-
dine to the coordinated amide which lowers the energy level of
its π* orbitals to facilitate π-back bonding interaction from Ru
dπ orbitals.  In addition, the coordination of the amide C=O
moiety is strengthened by π-back bonding from the Ru dπ
orbital to pπ* orbital of the C=O bond and this results in the
elongation of the C=O bond. 
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In the 1H NMR spectrum (400MHz) of 1 in CD3CN, three
AB quartets assigned to the methylene protons were observed;
4.27 and 4.52 ppm (JAB = 18 Hz), 4.49 and 4.98 ppm (JAB=
15Hz), and 4.66 and 5.20 (JAB= 14 Hz).  This is indicative of
the fact that the amide C=O moiety is bound to the ruthenium
center to hold an asymmetric coordination environment even in
a solution.  As for signals due to methylene protons of tetraden-
tate TPA derivatives coordinated to Ru(II) centers, they have
been observed as one singlet and one AB quartet in a similar
region due to one symmetrical plane.4b Signals due to N–H
groups were observed at 10.33 and 10.46 ppm for 1 as broad
singlets.  Concerning resonances attributable to aromatic pro-
tons, peak assignments were unsuccessful because of their
severe overlap.   

In order to shed some lights on the solution behavior of the
complex, variable temperature 1H NMR spectroscopy was
applied to their CD3CN solutions in the range from –40 to 20
°C (Figure 2).  Of our interest, it was revealed that the intra-
molecular π–π interaction in 1 was able to perform thermal
fluxional behavior as proposed in Scheme 1.  As can be seen in
Figure 2, upfield shifts due to dynamic motion of the naphthyl
groups were observed around aromatic region.  At lower tem-
peratures, the interaction was evidenced by an upfield shift of a
doublet at 6.57 ppm (–40°C) assignable to probably the 3-H of
a naphthyl group. The chemical shifts of several peaks showed
linear relationships to 1/T, indicating the mode of fluxional
behavior of the intramolecular π–π interaction should be
unique.  Thermodynamic parameters for the interaction was esti-
mated to be ∆H° = –2.3 kJ·mol–1, therefore, ∆G° = –0.9 kJ·mol–1

and ∆S° = –7.7 J·mol–1·K–1 at –40 °C.7

In summary, we synthesized and characterized a novel
ruthenium(II)–TPA complex with a functional group to exhibit
a thermal and fluxional behavior for an intramolecular π–π
interaction.  Functionality of this and related ruthenium com-
plexes is under investigation.  
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