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Abstract:

The ruthenium unit was introduced into the redox-active molecular polygon to assembly new Ru-Fe

metallocycles (Compound 1), in which the redox active (ferrocene) and fluoresecent (ruthenium) signaling subunits

are directly attached by the putative cation-binding sites. The compound 1 displayed high selectivity for Ca** by

electrochemical tests. The measurements of the fluorescence spectra on titration of 1 with Ca®, Li*, Na*, K*, Mg*

or Ba* ion indicate the unique ability of 1 to detect Ca® ions selectively.
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0 Introduction

Molecular squares and rectangles with metal cor-
ners and unsaturated ligand sides have become a rep-
resentative class of “supramolecular” species!’. In ad-
dition to the remarkable self-assembly formation reac-
tions and the unusual structures, these systems have
been receiving increasing attention due to their poten-
tial for the molecular recognition of substrates, for the
interactions with light (antenna function), and for the
intramolecular magnetic exchange coupling®™. The de-
sired functionality in metallosupra-molecular squares
may be introduced by employing functional ligands or

properly functionalized metal corners with appropriate
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size and shape. Considerable efforts have been devot-
ed to the design and preparation of metal corners,
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containing crown ether, calixarene and ferrocene!

however, only few functional bridging ligands have
been reported so far®. In our precedent publication®,
we reported the self-assembly of an octanuclear met-
allocyclic complex NijFey by incorporating the redox-
active unit, ferrocene, into a bis-carbazone ligand
(Scheme 1), and studied the potential application as
an electrochemical sensor for Mg?* both in solution
and in the solid state. As a continuance of our re-
search work in the assemblies and properties of fer-
rocene-containing polynuclear complexes”, here we

report the ruthenium unit into the redox-active molec-
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ular polygon to assembly new Ru-Fe¢ metallocycles, in

which the redox active (ferrocene) and fluoresecent
(ruthenium) signaling subunits are directly attached by
the putative cation-binding sites. The modulation or
control of the photophysical properties of a fluorescent
Ru" moiety incorporated in such a molecular square
is a fascinating challenge for modern chemistry and
would thus yield a combined fluorescence and redox-

sensor in a single molecule®.

Scheme |

1 Experimental

1.1 Physical measurements

The elemental analyses (C, H, and N) were car-
ried out on a Perkin-Elmer 240 analyzer. The infrared
spectra were recorded on a Vector 22 Bruker spec-
trophotometer with KBr pellets in the 4 000~400 c¢cm™
regions. UV/Vis spectra were obtained at room tem-
perature on a Shimmadzu 3100 spectrophotometer in
methanol solution. Fluorescence emission spectra were
recorded on an Aminco Bowman Series 2 spectrofluo-
rimeter equipped with a R928 photomultiplier working
at 850 V and pass width is 4 nm. Electrospray mass
spectra on a LCQ system (Finnigan MAT) using
methanol as the mobile phase.  Differential pulse
voltammetry results were recorded with an EG&G
PAR model 273 instrument.
surement were performed in CH,Cl, with n-Bu,NCIO,
(0.1 mol-L™") for 1 and CH;CN with n-Bu,NCIO, (0.1
mol - L) for 2 as supporting electrolyte,

electrode cell which has a 50 ms pulse width with

The solution-state mea-

in a three-

current samples 40 ms after the pulse was applied.

The cell comprises a platinum wire working electrode,
a platinum auxiliary electrode and SCE as reference
electrode.
1.2 Preparation

RugFe, 1:  After the 45 mL mixture methanol so-
lution of AgNO; (0.34 g, 2.0 mmol) and [Ru(DMSO),
Cly] (0.49 g, 1.0 mmol) was refluxed for 30 min and
filtrated to remove the deposited AgCl, the ligand H,L
(0.48 g, 1 mmol) was added and the solution was re-
fluxed for 8 h under N,. The solid obtained after the
solvent was removed. Caled (%) for C;,H 35N30:55,
Fe,Ru,: C 40.3, H 4.0, N 12.4; Found: C 40.2, H 4.1
N 12.4.

2 Results and discussion

Since the rigid pre-organized bridged bis-triden-
tate Ru-corner made the construction of molecular

polygon more general and predictable, the title com-

pound [Ruy(HL),(H,L),](NO;)s was synthesized by sim-
ple reaction of Ru (DMSO),Cl, and the ferrocene-con-
taining ligand H,L in a 1:1 molar ratio in methanol so-
lution in high yield. The ESI-MS spectra (Fig.1) in
CH;CN/CH;OH solution exhibited three teams of peaks
at m/z 502.6, 622.6, 742.5. Three peaks corresponding
to [Ruy(H,L),(NO3);P* (502.6), [Ru, (H,L); (HL) (NO,),
(H,0),P* (497.6) and [Ru, (H,L), (HL), (NO;) (CH;CN)
(H,0),I°* (492.7) were found at about m/z 502.6. Four
peaks corresponding to [Ruy(H,L),(HL),(NO;),(CH;CN)]*
(622.6), [Ruy(H,L), (HL),(NOs),(H,0)]** (617.5), [Ruy
(H,L),(HL),(NO3),]** (612.5) and [Ru,(H,L)(HL);(NO3)
(CH,CN)]* (607.5) were found at about m/z 622.6, re-
spectively.  Four peaks corresponding to [Ruy(H,L);
(HL),(NO,),(CH:CN)J** (742.5), [Ruy(H,L);(HL),(NO;),
(H,O)** (737.4), [Ruy(H,L);(HL),(NO3),J** (732.4) and
[Ruy(H,L),(HL);(NO5)(CH;CN)]* (727.4) were found for
peaks centered at about 742.5, respectively. The [Ruy
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Fig.1 Electrospray mass spectrum of complex 1 in

acetontrile/methanol solution
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(H,L)s(HL),] species was formed from the Ru,Fey species
attached with one of the neutral ligand through 7-7
interaction of the ferrocenyl and the pyridine rings.
No species corresponding to the fragments resulted
from the loss of metal ions and ligands was observed,
indicating that the octanuclear fragment of the com-
plex 1 was the most stable conformation in solution.
Considering the similar coordination geometry of the
Ni' and Ru" with two rigid N,O tridentate ligand, it is
assumed that ruthenium compound 1 has the similar
square fragment with the nickel analogue.
Electrochemical tests were preformed with 1 (107
mol - ™) in acetontrile, in the presence of alkali and
alkaline earth cations. The compound 1 displayed a
single reversible Fe "/Fe " redox couple centered on
0.84 V vs SCE. The electrochemical response of com-
pound 1 to various cations and its selectivity for Ca®*
are illustrated in Fig.2. Compound 1 was not sensitive
to LiNOs;, NaNOs;, KNOs, Ba(NO3), and poorly sensitive
to Mg(NO,),. However, stepwise addition of up to 2 e-
quiv. of Ca(NO;), to a solution of compound 1 result-
ed in a clear cathodic shift of AE,,=—90 mV. Further
addition of Ca(NO;), (until 5 equivalents) had no sig-
nificant effect, indicative of the formation of the stable

1:2 molar ratio [1 C 2Ca*) interior.

[ Ay Fie L 11

Fig.2 Multiresponse of 1 to various cations in acetontrile
The response is normalized with respect to the
response of the 2 equivalents of Ca*. The gray
bars represent the percent of cathodic shift in the
E\, of cations to that of Ca*. The black bars

represent to percent of emission intensities of

cations to that of Ca*.

Generally, the addition of a metal cation into the
sensor compounds will induce a classical anodic shift
of the iron potential. In compound 1, the opposite is
observed. Few examples about the cathodic redox-po-
tential shift have been reported upon cation addition

and were assigned to the important electronic reorga-

nization of molecules. Interestingly, the nickel com-
plex Ni,Fc, can highly selectively recognize the Mg**
through the oxygen atoms attached to the nickel
atoms, however, the title complex can only be coordi-
nated to the Ca*. The poor coordination ability to Mg*
for compound 1 might be due to that the protonation
of ligand weakens the coordination ability of the oxy-
gen atoms attached to the ruthenium atoms. The high
selectivity of the Ca’* strongly suggests a different
binding pattern that has not been found in the nickel
complex. Theoretical calculations and experiments are
underway to validate this explanation of the intriguing
electrochemical behaviour involving Ca®* cation. The
design of chemosenors specific for the detection of bi-
ologically relevant cations, such as Na*, K*, Mg** and
Ca™, is a topic of considerable interest"”. In particular
selective detection of one of these cations in the pres-
ence of others, such as the sensing of Ca®* ions in the
presence of Na*, K*, and Mg* ions is a challenging
task. There are large number of excellent Ca* fluores-
cence sensors and redox sensors available commercial-
ytt

design of multi-responsive cation sensors™.

I, but relatively less effort has been devoted to the

UV-Vis and emission spectra of the complex 1
were measured. The free ferrocene-contianing ligand
H,L exhibits a strong absorption at A,,, 300 nm with a
shoulder at 350 nm, and a tail band at about 460 nm.
The ruthenium complex exhibits a peak at about 310
nm with shoulder at ca. 400 nm, which is assigned to
the Ru-center MLCT band. While the free ligand does
not exhibit obvious emission, emission spectrum of the
ruthenium complex exhibits a band with A, at 435
nm by exciting the acetontrile solution of compound 1
(Ao 396 nm). On titration of 1 with Ca(NOs), from 0
to 5 equiv., dramatic increase of the emission intensity
was observed as shown in Fig.3. Unlike many fluores-
cent chemosensors for calcium, the fluorescence is
“switch on” rather than “switch off” upon recognition.
This fact could be of interest because in sensing pro-
rather than

cesses, fluorescence enhancement,

quenching, is usually preferred in order to observe a
high signal output. In a separate experiment, Li*, Na*,
K*, Mg®* or Ba* ion was added to a solution of 1 in
acetontrile, which changed its absorption or emission
properties poorly, indicating the unique ability of 1 to

detect Ca® ions selectively.
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Fig.3 Fluoresecene response of compound 1 to addition
of Ca® in acetrontrile
Excitation was at 350 nm. (Left) The right showing
the fluorescent titration curves for compound 1
with Ca™.
0 represents, fluoresecene response of compound
1; 1, 2, 5 represent the fluoresencene response of
1:1, 1:2 and 1:5 mixture of compound 1 and Ca*,
respectively.

In summary, molecules that contain two or more
distinct signaling units will be the keystones of new
families of ion chemosensors potentially usable by two
or more different and complementary techniques. The
modulation of redox and fluorescent units incorporated
in metallocyclic and the high selective Ca’** sensing
observed both by electrochemistry and fluorescence
spectroscopy indicated that high selective multire-
sponse metallomacrocyclic receptor should be desired.
The fabrication of these types of systems and their in-
tegration into different supports will probably lead to
novel prototype molecular sensing devices of commer-

cial usage.
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