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A novel chemosensor, a cyclometalated platinum(ll) bipyridyl Chart 1 Structure of Complexe$—3

acetylide complex containing a monoazacrown moiety in the [o/\(l)

acetylide ligand, which can signal Mg?* specifically and display L R:—{i oj

large changes both in color and in luminescence intensity upon O
2. R =N(CHj),

complexation with Mg?*, is described.
3.R=H

Metal ions such as Na K", C&*, Mg?", and Zi#* play
an important role in biological processes. However, inves-

tigation of their function in biological systems can be . . . .
. X ; ... In the absence of cations, compléxs nonemissive and its
challenging because these metal ions lack intense visible ) . . .
lowest energy absorption arises from ligand-to-ligand charge

absorption and emission for easy detection. Chemosensor%r nsfer (LLCT) transition. However n complexation of
for these ions provide an approach to such investigation and anste _( _) ansition. Hlowever, upon complexation o
a metal ion, this transition is shifted above the metal-to-ligand

have received considerable attentlof.number of “chro- o
charge transfer (MLCT) transition in energy. For complex-

mophore-spacet-receptor” systems that can selectively . ) o )
recognize specific guest ions at their receptor site and producef'jltlon with Mg, bright luminescence from tRILCT state
observed. Thus, compléxcan be utilized as a chemosen-

measurable color and/or luminescence changes have beef? - s e
described® However, the performance accuracy of these Sor specmc_for detection of Mg by monitoring the changes
sensors is still limited, and there needs to be improved Poth in luminescence and color.

specific response, in particular, in recognition selectivity for ~ The preparation and analysis data of compleke8 are

(Chart 1, complext), which can signal Mg specifically.
The azacrown in this complex serves as metal ion receptor.

Mg?* over other alkaline earth and alkali metal i6#8This given in Supporting Information. The UWis spectrum of
issue necessitates the development of sensor molecules thak in acetonitrile is shown in Figure 1 (the top curve of the
can adequately discriminate ®fgfrom other metal ions. long wavelength band). Comple® exhibits a similar

In this Communication, we report a new chemosensor, a 8bsorption spectrum. The solutions of these complexes are
cyclometalated platinum(ll) bipyridyl acetylide complex red and exhibit an absorption band at 3870 nm (centered

containing a monoazacrown moiety in the acetylide ligand at ca. 435 nme¢ = 7310 dnf mol~* cm™) and a more intense
band at 476630 Nm {max at ca. 500 nm withe = 8370

*To whom correspondence should be addressed. E-mail: dm® mol~* cm™?). The absorption spectrum properties were

ctl{;lng@mail-iPC-aC-Cnd(CL--H-_T.): IZWU@n;ailbipC-afC-CnB(LI--Z;W-I)-A i found to follow Beer’'s Law below a concentration ofxl
uorescence an uminescence Probes Tor blological vigfl 3 . . e
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Figure 1. The changes in absorption spectrumlofl.2 x 107> M) in
acetonitrile upon addition of Mgd. The insert shows the plot &/(A —
A) vs [Mg?t]~L See text for details.

diimine and dithiolate ligand&6 and for the platinum(ll)
diimine bis-acetylide complex containirgN(CHzs), groups
in the acetylide ligand¥.

Alkali and alkaline earth metal cations have profound
effects on the absorption spectrum bf Addition of Lit,
Na', K, Ba&", Ca&*, or Mg?", available as perchlorate salts,
to the solution ofl in acetonitrile leads to dramatic changes

in the absorption spectrum. Figure 1 presents the changes i

the UV—vis spectrum ofl. upon addition of Mg". The LLCT

transition band at 500 nm decreases monotonically through-

out the addition, while the MLCT band at 39@70 nm
concomitantly grows in with increasing Mgconcentration.
A well-defined isosbestic point at 465 nm is clearly shown.

At the end of the titration, the solution becomes yellow, and
the absorption spectrum is nearly identical to that of complex
3. This observation evidently arises from the complexation
of the cation with the azacrown ether receptor in the acetylide
ligand, which decreases the electron-donation ability of the

acetylide ligand. Thus, the LLCT transition from the aza-
crown-containing acetylide ligand to the(€'N) acceptor

shifts to high energy, and the MLCT transition becomes the
lowest energy absorption. Indeed, control experiments with

the crown-free analogues, complex showed no such

absorption spectrum changes upon addition of the cation
under identical conditions. Similar results were observed

upon addition of other cations to the solutionloflhe insert

in Figure 1 shows the plot ofy/(A; — A) versus [Mg'] ™,
where A and A, refer to the absorbance at 500 nm for
complexl in the presence and absence ofVgespectively.

The straight line suggests that the complexation of the ion
to the crown ether is in a 1:1 ratio. Bonding constants (log
K’s), determined from such plots for the cations, are

Na*(2.95), Li*(3.11), Mg (4.17), B&"(4.38), and C& (4.99),

(13) Vogler, A.; Kunkely, HJ. Am. Chem. Sod.981 103 1559.
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4141.

(16) Tzeng, B.-C.; Fu, W.-F.; Che, C.-M.; Chao, H.-Y.; Cheung, K.-K.;
Peng, S.-MJ. Chem. Soc., Dalton Tran$999 1017.

(17) Whittle, C. E.; Weinstein, J. A.; George, M. W.; Schanze, KnSrg.
Chem.2001, 40, 4053.
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Figure 2. Luminescence spectra @f(1.2 x 10> M) in acetonitrile in
the presence of Mg. The insert shows the plot &§/(I — lo) vs [Mg?"] ™.
Excitation was at 465 nm.

and their absolute values are very similar to those of other
aza-15-crown-5 ionophores reported in the literat8éam
and co-workers reported that the platinum(ll) terpyridyl
acetylide-crown ether complex, [Pt(terpy#C-benzo-15-
crown-5)]Pk, exhibits a blue shift in its MLCT absorption
band upon addition of alkali metal cations to its soluti®n.
This blue shift of the MLCT band is caused by the reduction
of electron-donation ability of the acetylide upon ion binding.
The luminescence response of complexo Mg is
unique. In the absence of cations, completesnd 2 are
nonemissive. The lack of emission is probably due to the
rapid internal conversion from the MLCT to the LLCT state
and the facile nonradiative deactivation of the low-lying
LLCT state. In other words, the LLCT state provides a path
for rapid radiationless decay of the MLCT state. However,
upon addition of M@" to the solution ofL in acetonitrile, a
structureless emission band centered at ca. 570 nm is
observed. Figure 2 shows the changes in the emission
spectrum ofl as a function of Mg" concentration. Through-
out the titration, the excitation wavelength corresponds to
the isosbestic point at 465 nm in Figure 1. The emission
intensity is noticeably enhanced upon increasing?Mg
concentration, while the shape and energy of the emission
band are not changed. With reference to the previous work
on the emission of platinum(ll) 6-phenyl-2;RBipyridyl
complexes}?this emission is assigned as derived from the
SMLCT excited state. Control experiments with crown-free
complex2 under the same conditions showed no change in
the emission character upon addition of WgEvidently,
the appearance of the emission for complaxpon addition
of Mg?" originates from the complexation of Mgwith the
azacrown receptor. As mentioned above, upon complexation
of the azacrown with a cation, the MLCT statelobecomes
the lowest energy state, which would decay primarily by
“normal” radiative and nonradiative decay paths. As a result,
the MLCT state becomes emissive. The insert in Figure 2

(18) MacQueen, D. B.; Schanze, K.5Am. Chem. Sod991, 113 6108.
(19) Yam, V. W.-W.; Tang, R. P.-L.; Wong, K. M.-C.; Cheung, K.-K.
Organometallics2001, 20. 4476.
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Scheme 1 < Li*(0.33) < M@g?*(0.75). Mg has the highest charge
(CONANF PTG off (CANANFPATC + M dens_lty in the series of metal ions, and |ts_ value is
SMLCT Kon 3MLCT considerably larger than those of the other cations. As a

ki result, the interaction between Kgand the crown nitrogen

R would be strongest among tHe--M"* complexes. Cation

|k Sk (CNNFPEC+ M dissociation is not important fat---Mg2*, and its3MLCT

LLCT . o ..
. state would decay via normal radiative and nonradiative
i ast paths. On the other hand, for other cation complexes with
(CANAN) PAIC--- -\ === (C"NN) PHlIC + M™ 1, cation dissociation dominates the decay pathways of the

SMLCT state; hence, no emission could be detected. Proto-
shows the plot ofo/(I — Io) versus [Md']~%, wherel, and nated1 and 2 in acetonitrile exhibit strong emission, and

| represent the emission intensity at 570 nm in the absencethe shape and energy of the emission spectra are nearly
and presence of Mg, respectively. The yielded straight line  identical with those ofl---Mg**. The lifetime ¢1) of the
further confirms that the complexation of Kiginto the  Protonated? can be used to estimate the “norm@ILCT
azacrown is in a 1:1 ratio, and the determined kogalue ~ State decay rate [K(+ ky)] (assuming that its deprotonation

of 4.21 is consistent with that obtained from the absorption IS not competitive with the normal decay rate), and then

measurements. can be estimated from the lifetimey) of the SMLCT state
In contrast, L, Na*, K+, C&*, and B&" do not cause  ©f the 1---M"" complexes.
the change in the luminescence character of complex ko= 1ht, — 1, 1)

despite complexation of these ions with the azacrown
receptor as reflected in the absorption spectrum changes. The The emission quantum yields and lifetimes were measured
solutions of1 in acetonitrile in the presence of excess of to be 0.023 and 180 ns fdr--Mg?*, and 0.049 and 330 ns
M™ are nonemissive. To account for these observations, wefor protonated. The limited value for the lifetime measure-
invoke the kinetic model presented in Scheme 1, as proposednents in our instruments is0.2 ns; thus,z, for the

by Schanze for interpretation of ion effects on the photo- complexes ofl with other cations must be smaller than 0.2
physics of a Re(l) compleX In the scheme, (N"N) and ns. Theky values obtained from eq 1 are ca. X5L(P s?

C represent, respectively, the bipyridyl ligand and the for 1---Mg?", and>5 x 1(° s™! for other cation complexes.
acetylide containing the azacrown in complexExcitation It is of particular interest that compleixcan signal Mg"

of 1---M™ complex results in théMLCT state, which specifically even in the presence of alkali and alkaline earth
undergoes intersystem crossing to fMLCT state. The metal ions in high concentrations. For example, addition of
metal center il in MLCT states (P¥) is more positive than ~ Mg?* into the solution ofl in acetonitrile with 1x 1073 M

in the ground state (P, leading to a decrease of the charge LiClO4 results in bright luminescence from the excited
density on the amino group in MLCT state. This in turn 1:--Mg?* complex. Evidently, compleXx can remarkably
would lower the binding ability of the azacrown, and"M discriminate M@" from other alkaline earth and alkali metal
can be released from the azacrown during the lifetime of ions.

the MLCT state®2Thus, in addition to the normal radiative

and nonradlzpvtg path\;\;]ays tﬁlm.LCTtr? tatjg also_ c?n de??’\ of Science and Technology of China (Grants G2000078104
via a nhonradiative path involving the dissociation ot the 5, G2000077502) and the National Science Foundation of

crowned cationky) followed by the rapid internal conver- Chi
. ina (20332040, 20333080, 20125207, 20272066, 20202013)
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