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Summary: A neel dinuclear platinum(ll) alkynylcalix[4]crown- and photophysical properties of a series of di- and tetranuclear
5 complex has been demonstrated to show luminescencegold(l) alkynylcalixcrown complexésand showed that the
enhancement upon metal ion-binding, with a more selecti incorporation of transition-metal centers in the calixarene
binding toward K over the other alkali-metal and alkaline-  framework might significantly perturb the shape or the structural
earth-metal ions. properties of the calixarene unit. It has also been thought that
a combination of the intrinsic properties typical of both the
transition-metal centers and the calixcrown might lead to
exploitation of such complexes in molecular recognition and
chemosensing work~45 While there have been studies oh d
metal-containing calixarene complexes that functioned as recep-
torsg studies based on other metal complex systéme scarce,

and reports on calixarene- or calixcrown-containing transition-
metal complex systems that were capable of functioning as
luminescence metal-cation probes have been relatively less
explored3de4Despite increasing interest in the investigation of
the richly luminescent platinum terpyridyl complexes in recent
years®’ due to the intriguing polymorphism in the solid states,
solvent-induced aggregation, and interesting spectroscopic and
luminescence properties that resulted from the presence of
metal-metal interactions and— stacking of the polypyridyl
ligands®~8 exploitation of these systems in chemosensing work
has been relatively less intense. As an extension of our previous

Calixarenes and calixcrowns represent an important class of
macrocyclic hosts, and they have been studied extensively in
the past decade, owing to their unique molecular structures with
tunable molecular shapes and conformations, their ease of
undergoing chemical transformations, and their well-known
supramolecular host-guest chemistrincorporation of chro-
mophoric and/or luminophoric moieties has also been shown
to afford optical addressable selective molecular recognition
probes? Despite growing interest in this area, most of the works
involved the employment of organic chromophores/lumino-
phores, with transition-metal complex systems being less
extensively explored;® in particular those other thart chetal
complex chromophorées? Recently, we reported the synthesis
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Scheme 1. Synthetic Route for Complex 1
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works on the gold(l) alkynylcalixcrown systerfisogether with A) bond lengths were comparable to those found in the related
the intriguing spectroscopic and photophysical properties of mononuclear platinum(il) alkynyl complexé8 The separation
platinum(ll) terpyridyl complexes and our recent demonstration between the two platinum(ll) metal centers was found to be
of utilizing alkynylplatinum(ll) terpyridyl crown ether-contain-  8.538 A, indicating the absence of-FRt or 7—zx interactions.

ing complexes as colorimetric and luminescence prébeae It is likely that the presence of the polyether linkage at the lower
report herein the synthesis of a dinuclear platinum(ll) calix[4]- rim of the calixarene, together with the presence of the sterically
crown complex, {Ptt-Bus-tpy)}.L](PFe)2 (1; t-Bus-tpy = bulky tert-butyl groups on the terpyridyl ligands, would prevent

4.4 4"-tri-tert-butyl-2,2:6',2"'-terpyridine, L= 5,17-diethynyl- the platinum metal centers from coming into close proxirfity.
25,27-dimethoxycalix[4]crown-5). The molecular structure of  The electronic absorption spectrumigh acetonitrile showed
1 has been determined by X-ray crystallography, and its high-energy bands at about 264 nm, assigned as intraligand (IL)
photophysical properties and chemosensing behavior have alsaransitions of the calixcrown ligand. With reference to previous
been studied. spectroscopic studies of the related platinum(ll) alkynyl system,

Complex1 was synthesized by the reaction of [FB{s-tpy)- the high-energy absorption bands at about-3328 nm (with
ClJ(OTf) and HL in dichloromethane in the presence of extinction coefficients in the order of 4@m? mol~ cm™2) were
triethylamine and a catalytic amount of copper(l) iodide, ascribed to intraligand (IL)y — s* transitions of the alkynyl
followed by a metathesis reaction with MPFs (Scheme 1).  andtert-butyl-terpyridyl moieties, mixed with some IL transi-
The structure of the complex cation bfin the solid state was  tions of the calixcrown moieties, while the low-energy bands
depicted in Figure 1. The calixcrown ligand was found to adopt at 408-466 nm (with extinction coefficients in the order of310
a cone conformation, with all the oxygen atoms on the calixarene dm?® mol~! cm™2) in the visible region were assigned to arfd
unit pointing toward the same direction, namely toward the (Pt)— z*(t-Bus-tpy)] metal-to-ligand charge transfer (MLCT)
polyether crown moiety. The platinum(ll) metal centers were transition, probably mixed with some(C=CR) — z*(t-Bus-
arranged in an essentially square-planar geometry with sometpy)] alkynyl-to-terpyridine ligand-to-ligand charge transfer
slight deviations in the bond angles from the idealized 90 and (LLCT) character.
180°, probably due to the coordination constraints imposed by  Upon excitation at > 400 nm,1 displayed a weak emission
the terpyridyl ligands (N(L)Pt(1)-N(3), N(4)-Pt(2)-N(6), band in acetonitrile solution at 738 nm. The long-lived emission
160.7-161.4, N(1)—Pt(1)=N(2), N(2)—Pt(1)=N(3), N(4)—- with lifetimes in the microsecond range was suggestive of a
Pt(2-N(5) and N(5)-Pt(2)-N(6), 80.0-99.T). The two triplet parentage. With reference to previous spectroscopic
platinum(ll) terpyridyl moieties were connected to the alkynyl studies on other related terpyridyl platinum(ll) alkynyl com-
groups in a linear fashion with PC=C angles in the range of  plexes’ the luminescence was assigned as derived from states
175.4-178.3. The P+C (1.98-2.02 A) and GC (1.18-1.19 of predominant|y3M|_CT [dz(Pt) — a*(t-Bus-tpy)] origin,
probably mixed with some ligand-to-ligand charge transfer
SLLCT [#(C=C) — a*(t-Bus-tpy)] character. This weakly
emissive behavior can probably be attributed to the reductive
guenching by photoinduced electron transfer (PET), in which
the electron is transferred from the electron-rich alkoxy-
substituted calixcrown moiety to the platinum terpyridy! unit
that quenched the emissi?¥ILCT excited state, as well as
energy transfer to the low-lying LCT state’acd

The complexation of compled toward alkali-metal and
alkaline-earth-metal ions was studied. The addition of Bad
Li™ ions to a solution ofl in acetonitrile (0.1 M"BusNPFs)
resulted in an increase in the absorbance and a small blue shift
in the absorption energy of the low-energy band. Well-defined
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Figure 2. (a, left) UV/vis spectral changes @fupon addition of various concentrations of kR CH;CN (0.1 M "BuNPF). Inset: a
plot of absorbance at 502 nrill) as a function of the concentration of-Kons with theoretical fits. (b, right) Corrected emission spectral
changes ofl. upon addition of KPEin CHsCN (0.1 M"BusNPFR;). Inset: a plot of emission intensity upon excitation at 475 Epds a

function of the concentration of Kwith theoretical fits.

1 only

Figure 3. Photograph showing the effect of various metal ions (6.00-> M) on the emission intensities df(3.7 x 10~5 M) in CH3CN

(0.1 M "Bu;NPR).

isosbestic points were observed. Similar absorption changesof a 1:1 adduct® Similar to the cases for other alkynyl platinum-

were also observed upon addition of Kons to 1. Figure 2a
shows the electronic absorption spectral tracdsiofcetonitrile
(0.1 M "BusNPFs;) upon addition of K at 298 K. The inset
shows the titration curve df with K* ions together with the
theoretical fits to the equation for the formation of a 1:1 adéRict.
Stoichiometry studies indicated thatformed 1:1 complexes
with the guest metal ions ttj Na", and Kt under the conditions
studied. This 1:1 complexation mode is further confirmed by
the method of continuous variatidhas seen from the Job’s
plot, in which a break point at a mole fractidi(1 + K*) of
0.5 was observed. The ld¢values for the binding of K, Na*,
and Li" ions to 1 were found to be 5.21, 2.73, and 1.11,
respectively; the selectivity ratio of the complex for on over
Na* ion was about 3.0k 1(? and that for K over Lit ion
was 1.26x 10%. However, complexl showed no observable

(1) terpyridyl systems;” the emission origin was assigned to
be derived from an excited state predominarfLCT in
character with some mixing of%.LCT state. The blue shift in
emission energies upon cation inclusion could be rationalized
by the lowering of the d(Pt) orbital energy as a result of the
reduced electron-donating ability of the diethynylcalixcrown
moiety upon inclusion of the guest metal ion, while the
enhancement in the emission intensity was likely a consequence
of the blocking of the intramolecular reductive electron transfer
as well as energy transfer quenching pathways upon metal ion
binding, since the unbound polyether linkage could be viewed
as an alkoxy-substituted calixcrown moiety capable of acting
as a good electron donor. Upon cation binding, its donor
properties would be decreased and both the photoinduced
electron transfer and energy transfer would no longer represent

changes in the electronic absorption spectra upon addition of 5 \hstantial quenching pathways. In addition, an increase in the

Mg2" and C&" ions, suggesting that the binding affinity of
toward Mg and C&" ions is very low or negligible.

The changes in the luminescence responsktofvard Lit,
Na®, and K" ions were also studied upon excitation at the

rigidity of the calixcrown complex upon metal-ion binding
would also result in the slowing down of nonradiative decay
pathways, giving rise to an enhanced luminescence. Th& log
values of 1.04, 2.80, and 5.20 were obtained for the binding of

isosbestic wavelengths of 460, 460, and 475 nm, respectively.Lﬁ’ Na*, and K" ions, respectively. The KNa+ and K+/Li+
In all cases, the emission spectra showed a blue shift in energyselectivity ratios of 2.5< 102 and 1.4x 10%, respectively, further

to ca. 635-685 nm upon inclusion of the respective'LNa",

and K" ions, with a concomitant substantial enhancement of
the emission intensities, the effect of which is most prominent
and sensitive in the case oftKions. Figure 2b demonstrated
the changes in emission intensity upon addition 6fighs. The
inset in Figure 2b showed the emission titration curvé wfith

K* ions and the theoretical fits to the equation for the formation
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suggest thal binds K" ions preferentially over Naand Li*
ions. These results are in good agreement with those obtained
from UV/vis absorption binding studies and further support the
1:1 complexation mode. The improved selectivity in the present
system compared to that in other related platinum(ll) terpyridyl
systems with crown ether penddi§t&?is ascribed to the
preorganized conformation of the calixcrown with high rigidity
over the crown ether unit. A similar explanation was suggested
by Cram and co-workers in the related organic countergeérts.
An acetonitrile solution (0.1 MBusNPF) of 1 (3.7 x 1075
M) was weakly emissive in the absence of guest metal ions
with a luminescence quantum yield of 1x110~4. The emission
intensity was only increased slightlp(,,, = 1.9 x 107%) in
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the presence of a low concentration of Nan (5.0 x 1075 present system may find interesting applications in the design
M). However, in the presence of the same concentration'of K of luminescence chemosensors.

ion (5.0 x 105 M), the solution of 1 became strongly
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the presence of Kions makes it a suitable candidate as a
sensitive luminescence sensor fot kons.

The present dinuclear platinum(ll) calixcrown complex was
shown to exhibit strong luminescence enhancement in the
presence of K ions, with selectivities 18-10*fold greater than
those for Nd, Li*, and C8 and alkaline-earth-metal ions such
as Mgt and C&". The selective recognition of Kions by the OMO060218F
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