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The design, synthesis, photophysical properties, and the ion-

binding properties of cyclometallated platinum(II) complexes

containing pyridyl-appended alkynyl ligands are described.

When the pyridyl group is incorporated into an azamacro-

cycle, a specific response towards lead(II) cations involves

a change in the nature of the excited charge transfer state,

resulting in the appearance of a low-energy absorption band

and a partial quenching of luminescence.

Extensive work has been devoted to transition metal based systems

capable of the detection of changes in the local environment,

including temperature, pressure, partial pressure of gases and

volatile organic compounds, cations and anions.1–12 In particular,

cyclometallated polypyridyl Pt(II) complexes incorporating s-

alkynyl ligands13 are considered to be candidates of interest as

vapochromic, vapoluminescent14 and solution-based luminescent

sensors. One successful strategy used to construct long-lived

and luminescent cyclometallated platinum(II) sensors involves

functionalization of the acetylide ligand by an ion receptor.15–24 We

have been exploring the chemistry and binding properties of lumi-

nescent platinum(II) compounds incorporating an ethynylflavone

moiety. These complexes were found to bind lead(II) ions leading to

an unprecedented switch from phosphorescence to fluorescence.25

In these systems, the electronic effect of the acetylide substituent
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Chart 1

controls the charge transfer by modulating the energy of the

filled Pt-based orbitals, allowing a high tunability of the emission

energies of the Pt(II) complexes. We anticipated that the presence of

a pyridyl-appended s-alkynyl ligand, acting as a metal ion receptor

via the nitrogen atom of the pyridine ring whilst electronically

connected to the Pt center via the C≡C bond, would allow tuning

of the photophysical properties of the complex and an alternative

sensing strategy. In order to provide increased metal cation affinity

and higher selectivity, the incorporation of a pyridyl unit within a

macrocycle should be beneficial.26–28

In this contribution, we describe the synthesis of new plat-

inum(II) complexes 1 and 2 (Chart 1) using this design strategy

based on alkynyl-pyridine ligands. The ion-binding properties of

1 towards various metal cations (Mg2+, Ba2+, Pb2+, Ni2+ Zn2+, Cd2+)

have been investigated. A specific response towards lead(II) cations

results in a change in the nature of the emissive state manifest as

a partial quenching of luminescence, probably arising from a rare

example of a switch of CT in the opposite direction.

Cyclometalated phenylbipyridyl platinum(II) acetylide com-

plexes [Pt(tBu2-C
ŸNŸN)(C≡C-R)]20,25,29,30 (tBu2-C

ŸNŸN = 4,4¢-

di(tert-butyl)-6-phenyl-2,2¢-bipyridine) were chosen in order to

form neutral Pt(II) species that are advantageous over cationic

complexes in terms of affinity for Mn+ ions. The presence of

the tert-butyl groups sterically inhibits undesirable intermolec-

ular interactions that frequently lead to concentration-dependent

self-quenching of the luminescence.29 The free alkynes were

first constructed and subsequently coordinated to the [Pt(tBu2-

CŸNŸN)] precursor.29 The macrocyclic pyridine-containing ligand

3 was prepared in an overall yield of 30% from chelidamic acid,

according to adapted literature procedures,26–28 comprising five

synthetic steps (Scheme 1).1

Reaction of [Pt(tBu2-C
ŸNŸN)Cl] with 3 or 4-ethynylpyridine,31

in the presence of catalytic amounts of CuI (10 mol%) in
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Table 1 Spectroscopic properties of 1 and 2

Absorptiona lmax/nm (e/103 dm3 mol-1 cm-1) Emission,b 298 K lmax/nm (t/ns; fc) Emission, 77 Kd lmax/nm (t/ms)

1 322 (23.1); 350 (13.7); 410 (7.1) 566 (600; 0.074) 515, 550, 595 (4.7)
2 330 (18.6); 360 (11.8); 430 (6.6) 569 (540; 0.063) 513, 550, 594 (5.7)

a CH3CN, 10-5 M. b Deoxygenated CH3CN, 10-6 M, 298 K, lexc = 420 nm. c Emission quantum yields were determined using [Ru(bpy)3]Cl2.
d EPA

diethylether/isopentane/ethanol, 2 : 2 : 1 v/v.

Scheme 1 Synthetic route to 3. (i) H2SO4, MeOH, reflux, 12 h (59%). (ii) nBu4NI, P2O5, toluene, reflux, 5 h (90%). (iii) 2,2¢-(ethylenedioxy)-bisethylamine,

MeOH, 7 d (70%). (iv) TMSA, Pd(PPh3)2Cl2, CuI, THF/Et3N, 12 h. (v) K2CO3, CH2Cl2/MeOH/H2O, 2 h (80%).

CH2Cl2 and diisopropylamine led to acetylide derivatives 1 and

2, respectively, in good yield. Absorption and emission spectra of

complexes 1 and 2 were recorded in CH3CN at 298 K and in an

ether/isopentane/ethanol glass (EPA) at 77 K (Table 1 and Fig. 1).

Fig. 1 Electronic absorption and luminescence excitation (lem = 550 nm)

spectra of complex 1 in CH3CN solvent, and the normalized emission

spectra (lexc = 420 nm) under the same conditions and in EPA glass at

77K.

The electronic absorption spectra of 1 and 2, in acetonitrile

solution exhibit intense absorption bands in the 330–360 nm

range and less intense bands in the 370–450 nm range (Table 1).

With reference to previous spectroscopic work on cyclometallated

platinum(II) complexes featuring alkynyl ligands,30,32 the high-

energy intense absorption bands are assigned to intraligand (IL)

transitions of the phenylbipyridine and alkynyl ligands. The

broad low-energy bands in the visible region are assigned as

[dp(Pt) → p*(tBu2-C
ŸNŸN)] MLCT transitions, with mixing of

some acetylide to diimine ligand [p(C∫C) → p*(tBu2-C
ŸNŸN)]

ligand-to-ligand charge-transfer (L¢LCT) character (L¢ represents

the acetylide ligand and L the phenylbipyridine). The observed

20 nm blue-shift in the MLCT/L¢LCT absorption band in 1

compared to 2 is likely to be the result of the electronic withdrawing

effect of the two amido groups of the macrocycle and/or the

presence of hydrogen bonding interactions between pyridine N

and amide N–H lowering the HOMO energy.

Irrespective of the excitation wavelength (lexc = 310–450 nm),

the room-temperature emission spectra of complexes 1 and 2

exhibit structurally unresolved spectra with maxima at 566 and

569 nm, respectively, and emission quantum efficiencies of the

order of 6–7%. The lifetime of emission from the excited state is

of the order of 500 ns. The excitation spectra of the complexes

(lem = 550 nm) match perfectly with the absorption spectra,

indicating that population of the emissive state from higher-lying

singlet and triplet states is fast and efficient. The large Stokes

shift (~ 6600 cm-1) and the luminescence lifetimes approaching

the microsecond range are typical of emission origins with triplet

parentage. The emission energies are blue-shifted from related

[Pt(CŸNŸN)(C≡CAr)] derivatives (for example Ar = Ph: lem =

582 nm).29 The pyridine electron-withdrawing group, via electronic

conjugation of the C≡C triple bond, may stabilize the Pt-based

HOMO leading to blue-shifted emissions. This is in accordance

with the tunability of the emission energies, depending on the

nature of the acetylide substituent. As is frequently observed with

related polypyridine complexes, vibronic structure in the spectra

at 77 K provides further evidence in support of the involvement

of the phenylbipyridyl ligand in the emissive excited state.29,30

In accordance with previous studies,29,30 the emission of 1 and

2 is assigned to 3MLCT excited states to which acetylide-to-

diimine L¢LCT transitions may also contribute.

Effects on the absorption spectrum of 1 and 2 upon addition

of metal cations (Ba2+, Mg2+, Ni2+, Zn2+, Cd2+, Pb2+) as their

perchlorate salts were studied. None of the studied cations leads to

changes in the absorption spectrum of 2 in acetonitrile. Similarly,

addition of Ba2+, Mg2+, Ni2+, Zn2+, and Cd2+, up to 50 equiv.,

to the solution of 1 in acetonitrile does not lead to any change

in its absorption spectrum (ESI, Fig. S1†), nor does addition of
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Fig. 2 (a) Absorption spectral changes of 1 ([1] = 5.7 ¥ 10-5 M in CH3CN) with Pb(ClO4)2 ([Pb(ClO4)2] = 1.0 ¥ 10-2 M, 1mL added each time) as a

function of Pb2+ concentration (0 to 5 equiv.). (b) Variation of the emission spectrum of 1 with Pb(ClO4)2 in CH3CN solvent; [1] = 5.7 ¥ 10-5 M; (3 mL)

[Pb(ClO4)2] = 1.0 ¥ 10-2 M, addition 3 mL each time. Excitation at 450 nm (isosbestic point).

an excess of trifluoromethanesulfonic acid. Strikingly, however,

addition of Pb2+ cations to 1 in acetonitrile results in significant

changes of the absorption spectrum (Fig. 2a). The broad band

at 370–450 nm strongly decreases monotonically throughout the

addition while a new band centred at 500 nm concomitantly grows

in with increasing Pb2+ concentration. A well-defined isosbestic

point at 450 nm is shown, suggestive of a ground-state equilibrium

of the free 1 and lead-complexed 1-Pb2+ species. A binding

constant (log K) of 4.44 (± 0.07) was determined from these plots

corresponding to a 1 : 1 stoichiometry, in agreement with the mass

spectrum of 1-Pb2+ (see ESI).†

In addition, a remarkable luminescence decrease‡ at 570 nm

(lexc = 450 nm) was observed upon addition of lead cations, while

the shape, the lifetime and the energy of the emission band did

not change (Fig. 2b). A binding constant (log K) of 3.30 (± 0.07)

was determined from these plots. Interestingly, upon irradiation

into the new lower-energy absorption band (500 nm, CH3CN)

attributed to complex 1-Pb2+, no emission is observed.

The above results demonstrate that the pyridine-based macro-

cycle in 1 is valuable to specifically bind lead cations. The efficiency

of the macrocyclic ligand toward Pb2+ can tentatively be ascribed

to the ionic radius difference between lead ions (1.20 Å) and other

cations, pyridine dicarboxamide being a ligand suited to relatively

large ions.33–34 This size effect is also probably enhanced by the

different degree of softness of the metal ions. This could explain

why Cd2+ gives no effect with 1, in contrast to the somewhat softer

Pb2+.35 We assume that the 1 : 1 complexation of Pb2+ ions occurs

via the nitrogen atom of the pyridine ring and leads to a stronger

electron-acceptor capability of the pyridine ring. The residual

emission, the characteristics (lem and t) of which are unchanged,

can be attributed to the remaining unbound Pt complex 1, still

present in solution (ESI, Fig. S3).† The significantly lower affinity

(by one order of magnitude) of 1 for Pb2+ ions in the excited state

compared to that of the ground state is attributed to a weaker

electron density in the pyridyl ring. Such an electronic effect might

be expected to lead to a blue-shifted MLCT/L¢LCT transition

band, as it is the case for 1 with respect to 2. Instead, a new low-

energy band (centered at ca. 500 nm) is generated. We suggest that

the new band due to lead-complexed 1-Pb2+ could be assigned to

an ML¢CT[dp(Pt) → p*(C≡C-py)] transition.§ This non-emissive

state becomes the lower-lying excited state, as the result of the

lowering of the energy of the p* orbitals of the C≡C-py fragment

upon lead binding, i.e. a switch of CT to the opposite direction.

In summary, we have prepared cyclometallated platinum(II)

complexes containing pyridyl-acetylide ligands and demonstrated

the selective influence of lead binding on luminescence. The

present strategy proves that cyclometallated platinum-acetylide

complexes are promising probes for a wide range of substrates by

incorporating the appropriate receptor.
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