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INTRODUCTION

Since the cation-binding ability of macrocycles was recog-
nized by Pedersen'. The design of highly selective and sensitive
receptors for metal ions is of great importance in the area of
ion transport, chemosensing, biomedical as well as environ-
mental applications. Sodium, potassium, magnesium and calcium
are involved in biological processes such as transmission of
nerve impulses, muscle contraction, regulation of cell activity,
etc.>. Moreover, various metal ions are important components
of metalloenzymes. In chemical oceanography, it has been
demonstrated that some nutrients required for the survival of
microorganisms in sea water contain zinc, iron and manganese
as enzyme cofactors. Finally, it is well known that mercury,
lead and cadmium are toxic for organisms and early detection
in the environment is desirable. Thus there is a strong need to
design selective and specific molecular chemoreceptors for
ion recognition.

The design and synthesis of inorganic sensors have received
considerable attention in the past decades® and most of the
works have been focused on the design of selective receptors
for either alkali or alkaline earth cations. The first example of
a phthalocyanine analogue of copper(Il) with four crown ether
voids was reported by Nishiyama and Kobayashi* in which
the complex showed a high tendency towards aggregation,
especially K*™-induced aggregation that gave rise to large spec-
trochemical changes, which enabled the phthalocyanine to
be used as a colorimetric reagent. After that, there have been
quite a number of reports on the utilization of transition metal
complexes containing a macrocylic binding site for the sensing
of alkali and alkaline earth metal ions with the increasing
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awareness of the interesting photochemical and photophysical
properties associated with the metal-to-ligand charge-transfer
(MLCT) excited state®”.

Herein we report the synthesis of a new macrocyclic ligand
as well as its corresponding ruthenium complex. The synthesis,
photophysics and ion-binding studies are described. The
binding constants of the complex for different metal ions were
determined by UV-visible absorption.

EXPERIMENTAL

cis-[Ru(bpy)>Cl]-2H,0,* was prepared according to lite-
rature procedures. Lithium perchlorate was recrystallized from
absolute ethanol prior to use. All other reagents and solvents
were purchased of analytical grade from Acros or Fluka and
used as received. "H NMR spectra were recorded on a Bruker
DPX 400 (400 MHz) Fourier-transform NMR spectrometers
with chemical shifts reported relative to tetramethyl silane,
Me.Si. Positive and negative ion fast atom bombardment
(FAB) and electron impact (EI) mass spectra were recorded
on a Finnigan MAT95 mass spectrometer.

The ligand (L) was prepared by modification of a literature
method". To a mixture of 4,4'-diamino-2,2"-bipyridine (0.5 g,
2.69 mmol) and anhydrous Na,COs (0.7 g, 6.6 mmol) in dry
CH;CN (200 mL) under N, was added 1,11-diiodo-3,6,9-
trioxaundecane (1.22 g, 2.9 mmol) in dry CH3CN (50 mL) in
a dropwise manner over 0.5 h, which was then heated to reflux
for 5 days. The solvent was then removed in vacuo and water
(100 mL) was added and the mixture was extracted three times
with CH,Cl,. The combined extracts were dried over anhydrous
Na,SO,, filtered and evaporated under reduced pressure to
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dryness. The residue was column chromatographed on silica
gel using CHCls-methanol (50:1, v/v) as eluent to afford the
product. Subsequent trituration and recrystallizaton from
CHCls-hexane gave L as pale yellow crystals. Yield: 53 mg,
6 %. '"H NMR (CDCls): 8 9.05 (dd, J, = 4.2 Hz, J, = 1.6 Hz;
2H, bpy), 8.58 (dd, J, = 8.3 Hz, J, = 1.6 Hz; 2H, bpy), 7.59
(dd, J: = 8.3 Hz, J, = 4.2 Hz; 2H, bpy), 3.82 (m, 4H, NCH.,),
3.74 (m, 4H, CH,0), 3.51 (m, 4H, CH,0), 3.37 (m, 4H, CH3).

The ruthenium complex [Ru(bpy).(L)](ClO), was
synthesized according to modification of a literature proce-
dure for related compounds® (Fig. 1). To a solution of cis-
[Ru(bpy).Cl>]-2H,0 (200 mg, 0.38 mmol) in absolute ethanol
(80 mL) was added the ligand, L, (78 mg, 0.42 mmol) and the
mixture was heated to reflux under N, for 5 h, during which
the purple black solution turned red orange. After removal of
the solvent under reduced pressure, the residue in the form of
chloride salt was dissolved in a minimum amount of water
and metathesis reaction upon addition of a saturated aqueous
solution of LiClO, afforded the desired complex as a red orange
solid, which was then obtained by filtration and subsequent
recrystallization by vapor diffusion of diethyl ether into
acetonitrile solutions of the complexes gave the complexes as
red crystals. Yield: 40 mg, 31 %. '"H NMR (CD;CN): & 8.69
(dd, J1 = 8.4 Hz, J, = 1.2 Hz; 2H, L-bpy), 8.50 (m, 4H, bpy),
8.08 (m, 2H, bpy), 7.99 (m, 2H, bpy), 7.89 (dd, J; =5.1 Hz, J,
=1.2 Hz; 2H, L-bpy), 7.83 (d, J = 5.6 Hz; 2H, bpy), 7.62 (dd,
J1=8.4Hz, J,=5.1 Hz; 2H, L-bpy), 7.55 (d, J = 5.6 Hz; 2H,
bpy), 7.43 (m, 2H, bpy), 7.24 (m, 2H, bpy), 5.04 (b, 2H, NH),
3.74 (m, 8H, CH,0), 3.41 (m, 4H, CH,N). Positive FAB-MS:
m/z 857 ([M-ClO4]"), 757 (IM-2ClO4]").
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Fig. 1. Synthetic routes for the target ligand and complex

Ion-binding studies: The electronic absorption and emission
spectral titration experiments for binding constant determi-
nation were performed on a Hewlett-Packard 8452A diode
array spectrophotometer and on a Spex Fluorolog-2 Model
F111 fluorescence spectrofluorometer, respectively, at a
controlled temperature of 25 °C. Supporting electrolyte (0.1
M "BusNClO4) was added to maintain a constant ionic strength
of the sample solution in order to avoid any changes arising
from a change in the ionic strength of the medium.

The binding constants, K; for the 1:1 complexation that
control the equilibrium between a cation, M and complex, C
and their adduct, C(M),

I<S
M+ C C(M)
where K, can be written as
_[Cov)]
* o [CIM]

was obtained by a nonlinear least-squares fit of the absorbance
(X) vs. the concentration of the metal ion added (cy) according’

toeqn. 1:
P 1/2
Kl ] —4C0CM:| }

where ¢, is the initial concentration of complex, X,, X and
Xiim are the initial absorbance of complex, absorbance after
the addition of a given amount of salt at concentration cy and
the limiting absorbance of complex in fully complexed state,
respectively, at a selected wavelength. Eqn. 1 can also used
for the emission method, except that absorbance was replaced
by emission intensity.

Xim — X 1
X=X +—"—"|c, +cy+——||c, +tcy +
2c, K

RESULTS AND DISCUSSION

The ruthenium(II) complex showed an intense band at 287
nm and low-energy absorption bands at 424 nm in acetonitrile.
With reference to previous studies on the related ruthenium(II)
polypyridine systems'", the higher energy absorption was assigned
as intraligand (IL) transition, while the low-energy bands were
assigned to the metal-to-ligand charge transfer [MLCT, dn(Ru)
— m¥(bpy)] transitions, which were absent in the electronic
absorption spectra of the free ligands. The electronic absorption
spectrum of the ruthenium(Il) complex was shown in Fig. 2.

As shown in Fig. 3, the ruthenium(Il) complex
[Ru(bpy)»(L)](ClO.), was found to emit strongly with emission
maxima at 610 nm at room temperature upon excitation with
UV in degassed CH;CN solution, assigned as derived from a
triplet MLCT state, similar to that observed in other related
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Fig. 2. Electronic absorption spectrum of [Ru(bpy)»(L)](ClO;), in CH:CN
at 298 K
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Fig. 3. Emission spectrum of [Ru(bpy).(L)](C1O,), in degassed CH;CN at

298 K

ruthenium(IT) diimine systems''"*. But the complex showing
a relatively lower luminescence quantum yield (0.014) in
degassed acetonitrile comparing' to that of [Ru(bpy)s]*,
probably due to the electron-donating ability of the diaza group
on the crown that was directly coordinated to the bipyridine
unit, which would lead to quenching of the emissive "MLCT
state by photoinduced electron transfer.

The cation-binding ability of the complexes was studied
by electronic absorption spectroscopic method. Upon addition
of metal ions, such as Ca®*, Zn** and Cd** to the CH5CN (0.1
M nBuNCIO,) solution of [Ru(bpy)2(L)]** induced large
spectral changes in the UV-visible spectra. The band at about
360 nm experiences a blue shift in energy upon addition of
Ca*" ion providing resolution of the drm(Ru)—7* (Schiff base)
MLCT band. The shift was ascribed to the binding of the
cations to the polyether cavity, as similar shifts were observed
in the binding studies of other transition metal crown-conta-
ining complexes'®. The spectral changes were ascribed to the
binding of the cations to the polyether cavity, as similar shifts
were observed in the binding studies of other transition metal
crown-containing complexes'®. Fig. 4 showed the UV-visible
spectral changes obtained by monitoring the electronic absor-
ption spectra of [Ru(bpy)(L)]** in acetonitrile solution (0.1
M nBusNCIO,) upon addition of Ca* ion. The binding constant
could be obtained by a nonlinear least-squares fit’ of the
absorbance vs. the concentration of the added metal ions (CM)
according to eqn. 1, which was shown in Fig. 5. Similar results
were obtained for the other metal ions such as Cd** and Zn**.
The binding constants for different metal ions were summa-
rized in Table-1. The results showed that [Ru(bpy)2(L)]**
exhibited a higher binding affinity towards transition metal
ions than alkaline earth metal ions.

Conclusion

In conclusion, we have successfully synthesized a ruthe-
nium(II) bipyridine complex containing crown ether pedant
with the synthetic route as shown in Fig. 1. The synthesis,
photophysics and ion-binding studies are discussed. Addition
of the alkaline earth metal ions and transition metal ions such
as Ca™,Zn*" and Cd* ions to an acetonitrile (0.1 M nBu,NCIO,)

TABLE-1
BINDING CONSTANTS (log K,) of [Ru(bpy),(L)]*
FOR METAL IONS IN ACETONITRILE (0.1 M nBu,NCIO,)

Metal ion Ca™ Zn** Cd*
log K, 2.10 3.61 433
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Fig. 4. UV-visible spectral changes of [Ru(bpy)»(L)]** in CH:CN (0.1 M
nBusNC1O4) upon addition of Ca(ClOs),
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Fig. 5. A plot of absorbance at 414 nm (M) vs. [Ca*"] and its theoretical fit
(—) for the binding study of [Ru(bpy)-(L)]** in acetonitrile (0.1 M
nBusNCIO,)

solution of [Ru(bpy)»(L)]** induced large changes in the UV-
visible spectra with perfectly clean isosbestic points, which
have been attributed to the good electron-donating nature of
the nitrogen atoms directly attached to the bipyridine unit.
The stability constants of the complexes with different metal
ions were determined and that showes its binding ability is
much stronger for transition metal ions than alkaline earth
metal ions.
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