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Switch of the Lowest Excited-States of Terpyridylplatinum(ir) Acetylide
Complexes Bearing Amino or Azacrown Moieties by Proton and Cations

Qing-Zheng Yang,'?! Qing-Xiao Tong,!?! Li-Zhu Wu,*!3l Zi-Xin Wu,!?!
Li-Ping Zhang,'*! and Chen-Ho Tung*!2!
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The investigation of the synthesis and unique photophysical
properties of two terpyridylplatinum(i) acetylide complexes
[Pt(terpy)(C=CCg¢H,-4-R)] where terpy is 2,2":6',2"'-terpyri-
dyl and R = N(CHj), (1) or N-15-monoazacrown-5 (2) has
been carried out. These complexes exhibit an absorption
band in the region of 460-650 nm in neutral or basic solution
that corresponds to a ligand-to-ligand charge transfer (LLCT)
transition from the amino-substituted acetylide to the terpyri-
dyl acceptor. In acidic solutions the complexes show the low-
est-energy absorption band at 380-500 nm, which is assign-

able to a dn(Pt)—n*(terpy) metal-to-ligand charge transfer
(MLCT) transition. In acidic media the complexes are emis-
sive with quantum yields of 1 x 1072 to 2 x 1073, and lifetimes

of 20-50ns. Compound 2 may complex metal cations
through its azacrown ether moiety. For Na*, Ba?*, Ca?* and
Mg?*, a 1:1 binding mode with log Ks of 2.52 to 4.18 was
observed. As in the case of acidic solution, the cation-bound
complex also features the lowest-lying MLCT excited state.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

The creation of host molecules that can selectively recog-
nize specific guest molecules at their receptor site and pro-
duce a measurable physical change has been the subject of
intense study.l'-?! Of particular interest is the design of mol-
ecules that show dramatic and reversible changes in color
and/or luminescence in the visible spectral region upon
exposure to specific substrates.> 6 In this context square-
planar platinum(i) complexes show considerable promise
due to their rich and medium-sensitive spectroscopic and
photophysical behavior.” !9 In particular, alkynyl com-
plexes of platinum(ir) have received much attention because
these complexes generally display bright luminescence with
high quantum yields and long lifetimes, and a number of
excellent studies have been performed.l'' =23 Che and co-
workers!!!l reported a luminescent platinum(ir) acetylide
complex with aromatic diimine ligands in 1994. The [Pt(C=
CPh),(phen)] (phen = 1,10-phenanthroline) complex exhib-
its intense emission in fluid solution at room temperature,
which was attributed to a triplet metal-to-ligand charge
transfer ['MLCT: dn(Pt) — n*(phen)] excited state. Later
on, Eisenberg and co-workers,'>~ 'l and Schanze and co-
workers!!3l investigated the excited-state properties of a
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series of complexes of the type [Pt(C=C—Ar),(diimine)],
where diimine is a series of 2,2'-bipyridine or 1,10-phen-
anthroline ligands and C=C—Ar is a series of substituted
arylacetylide ligands. They systematically examined the in-
fluence of the electronic demand of the diimine and arylace-
tylide ligands on the properties of the MLCT excited state,
and revealed that in most cases the photophysics of the
complexes is dominated by the energetically low-lying
dn(Pt) — m*(diimine) SMLCT state. Some of the complexes
also feature a low-lying triplet intraligand (*IL) n* excited
state that is derived from transitions between m-type or-
bitals localized largely on the arylacetylide ligands.'® Re-
cently, Che and co-workers have used diimineplatinum(ir)
bis(arylacetylide) complexes as emitters in organic light-
emitting devices.[!7-18]

The photoluminescence of [trans-Pt(C=CR),](PEt;),,
where R = H or phenyl, in the solid state and frozen glass
solution at 77 K was investigated by Demas and co-work-
ers.l!” The emission was assigned as arising from a charge
transfer excited state involving Pt d,2 and acetylide ©* or-
bitals. Yam and co-workers reported the luminescence of
branched alkynylplatinum(i1) complexes containing the
[PtCI(C=CCcH4C=C)(PEt;),] moiety, and suggested that
the emission originates from a mixed 1 — ©* (C=CR) in-
traligand (IL)/d,p, — n* (C=CR) MLCT triplet state with
predominantly IL character.[*l The photophysics of terpyr-
idylplatinum(11) acetylide complexes and tridentate cyclo-
metalated platinum(i1) complexes bearing c-alkynyl ligands
was also reported.?' =231 Yam and co-workers investigated
the photophysics and electrochemistry of a series of terpyri-
dylplatinum(1) acetylide complexes with the general for-
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mula [Pt(C=CCsH4R)(terpy)]PFs, and found that the emis-
sion energies depend on the nature of the acetylide ligands
with different substituents on the phenyl ring:*! an elec-
tron-withdrawing group on the phenyl ring increases the
emission energy. Our laboratory has reported the photolu-
minescence of a series of 4’-p-tolyl-terpyridylplatinum(ir)
acetylide complexes.””! These complexes exhibit long-lived
emission from the MLCT states with high emission quan-
tum yields. The complexes bearing (C=CR) ligands with
R = alkyl in dichloromethane solution at room temperature
show lifetimes greater than 10 pus and emission quantum
yields greater than 0.25. We found that the cyclometalated
platinum(r) complexes [Pt(C*"N*N)(C=CC¢H4R)] where
HC*N”*N = 6-phenyl-4-p-tolyl-2,2'-bipyridine, also show
photoluminescence with long lifetimes.[*’]

Although the spectroscopic properties of alkynylplati-
num(i) complexes have been extensively studied,!'' =23 the
utilization of such complexes for applications in molecular
recognition and chemosensing work is rare.?! In this paper
we describe the syntheses and unique photophysical proper-
ties of two terpyridylplatinum(i) acetylide complexes
[Pt(C= CC¢H4-4-R)(terpy)] where R = N(CH3), (1) or N-
15-monoazacrown-5 (2; Scheme 1). The amino groups in
these complexes serve as proton receptors. In neutral or
basic solutions, 1 and 2 are non-emissive and their low-
energy absorption arises from a ligand-to-ligand charge
transfer (LLCT) transition from the amino-substituted ace-
tylide to the terpyridyl acceptor with a deep purple color.
Upon protonation, these complexes display luminescence
and their MLCT dn— n*(terpy) transition becomes the
lowest energy absorption and the solutions are yellow in
color. Thus, these complexes can be utilized as a chemo-
sensor for proton detection by monitoring the changes both
in luminescence and color. Significantly, the azacrown moi-
ety in complexes 2 can also serve as metal-ion receptor.
Upon complexing a metal cation, its 'LLCT excited state
shifts energetically to be above the 'MLCT excited state,
hence producing color changes from deep purple to yellow.
Thus, 2 can also be employed as a chemosensor for the
detection of metal ions. To the best of our knowledge, this
is the first example to use the switch of the lowest excited
state from the 3LLCT to the *MLCT state of metal com-
plexes for chemosensors.

Scheme 1
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Results and Discussion

Synthesis

The synthetic strategy for making the terpyridylplatinu-
m(1) acetylide complexes is based on a Cul-catalyzed chlo-
ride-to-acetylide metathesis. Complexes 1 and 2 were pre-
pared by reaction of [PtCl(terpy)]Cl with two equivalents
of 4-(dimethylamino)phenylacetylene and 4-ethynylphenyl-
N-15-monoazacrown-5 ether, respectively, in DMF in the
presence of Cul and triethylamine at room temperature.
After the metathesis reaction with KBF, for 1 or LiClO,4
for 2, and recrystallization of the crude products by vapor
diffusion of diethyl ether into an acetonitrile solution, 1 and
2 were obtained as dark-blue crystals in 70—76% yield. The
identity of complexes 1 and 2 was confirmed by 'H NMR
spectroscopy, MS spectrometry and satisfactory elemental
analyses. For comparison, the complex [Pt(C=CC4Hjs)(ter-
py)ICIO, (3; Scheme 1) was also synthesized by a similar
procedure.

Crystal Structure of Complex 1

A dark-blue single-crystal of dimensions 0.05 X 0.2 X
0.5 mm? in a glass capillary was used for data collection at
296 K on a Bruker Smart1000 X-ray diffractometer. The
molecular structure and perspective drawing of the complex
are depicted in Figure 1. The crystal belongs to the triclinic
crystal system of centrosymmetric space group P1 with unit
cell parameters of a = 9.4033(8) A, b = 11.0229(10) A,
¢ = 12.4015(11) A; o = 101.619(2)°, B = 106.128(2)°, vy =
103.441(2)°, Important bond lengths and angles are given
in Table 1. The coordination geometry about the platinum
is essentially square planar with the bond from platinum to
the central nitrogen atom of the terpyridine ligand slightly
shorter than that to the other two outer nitrogen atoms, as
is required by the steric demands of the terpyridine ligand.
All the Pt—N distances are in the range found for typical
platinum(r) terpyridine complexes.*!-?%-2°1 The N—Pt—N
angles [N(1)—Pt(1)=N(2): 80.59(17); N(2)—Pt(1)—N(3):
80.63(18); N(1)—Pt(1)—N(3): 161.18(19)] deviate from the
idealized values of 90° and 180° as a consequence of the
geometric constraints imposed by the terpyridyl ligands.
The Pt—C bond length is 1.977 A, which compares well
with a value of 1.98 A for other terpyridylplatinum(ir) ace-

1. R= N(CH3)2 X = BF4‘

al o
j X~=ClO,
</O\JO

3.R=H X =ClO4
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tylide complexes.?!! The C=C bond length of 1.193 A is
similar to those of the other related platinum(ir) acetylide
complexes.l'>21-3% The phenyl ring of the acetylide ligand is
almost coplanar to the platinum-terpyridine plane, with a
dihedral angle of 4.5°. The crystal packing of 1 reveals a
head-to-tail stacking between pairs of complex cations. The
intermolecular Pt--Pt distance of 8.146 A and the intermo-
lecular separation of 6.718 A between the terpy ligand and
the phenyl group of the acetylide moiety are suggestive of
a lack of intermolecular interactions between the metal cen-
ters and the aromatic groups.

C8

Figure 1. Perspective drawing of complex 1 with atomic numbering.
(30% probability ellipsoids)

Table 1. Important bond lengths (A) and bond angles (°) for com-
plex 1

Pt(1)~N(1) 2.004(4) Pt(1)-N(2) 1.956(4)
Pt(1)-N(3) 2.014(5) Pt(1)—C(16) 1.977(6)
C(16)—C(17) 1.193(8) N(1)-Pt(1)-N(2)  80.59(17)
N()—Pt(1)-N@3) 161.18(19) N(1)-Pt(1)-C(16)  98.3(2)
N(Q2)-Pt(1)-N3)  80.63(18) N(2)—Pt(1)~C(16) 178.00(19)
N3)-Py(1)-C(16) 100.52)  Py(1)-C(16)—C(17) 173.7(5)

Absorption Spectra

Figure 2 presents the UV/Vis spectra of complexes 1 and
2 in acetonitrile solution. For comparison, the absorption
spectrum of 3 is also shown in Figure 2. All the complexes
exhibit intense vibronic-structured absorption bands at
wavelengths below 350 nm, with extinction coefficients (&)
of the order of 10* dm?®mol 'cm~!, and a less-intense
band at 380—500 nm (centered at ca. 410, 411 and 432 nm
with ¢ = 2860, 2950 and 4410 dm*mol~'cm~! for 1, 2
and 3 respectively). Significantly, complexes 1 and 2 show
a moderately intense low-energy absorption band in the re-

1950 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

gion of 460—650 nm (absorption maximum /.., = 535 and
548 nm, ¢ = 4920 and 5370 dm*mol 'scm~! for 1 and 2,
respectively). Complex 3 does not show such a band. The
absorption spectral properties are found to follow Beer’s
Law at concentrations below 1 X 103 mol-dm 3, suggest-
ing that no significant complex aggregation occurs. With
reference to previous spectroscopic work on terpyridylplati-
num(ir) complexes,21-2%31 734 the absorption bands at wave-
lengths below 350 nm are assigned to the intraligand (IL)
transition of terpyridyl and acetylide ligands, while the ab-
sorption band at 380—500 nm is ascribed to the dn(Pt)— n*
(terpy) MLCT transition. The low-energy absorption band
in the region of 460—650 nm for 1 and 2 is tentatively as-
signed to the LLCT transition from the amino-substituted
acetylide ligand to the terpyridyl acceptor. This assignment
is based on the following observations. First, the energy of
the band increases with solvent polarity. For example, A,.x
of the band for 1 is blue-shifted from 595 nm in dichloro-
methane to 535 nm in acetonitrile. This suggests that the
ground state of the complex is more polar than its excited
state, and is consistent with the notion that in the ground
state the acetylide ligand is carbanionic in nature, and in
the LLCT excited state the terpyridyl-acetylide ligands are
like a diradical. Second, we have performed cyclic voltam-
metry studies on complexes 1 and 3 in acetonitrile. Both
complexes exhibit two quasi-reversible cathodic waves in
the potential region —0.8 to —1.5 V vs. SCE. By analogy
to previous studies on other terpyridylplatinum(i) com-
plexes, 2122 these waves are ascribed to the reduction of the
terpyridyl ligand with some mixing of the Pt!' character.
Complex 3 displays an irreversible anodic wave with E,, at
+1.22 V vs. SCE which has been assigned to a metal-cen-
tered oxidation from Pt to Pt'"" by Yam and co-workers.[?!]
On the other hand, for complex 1 we observed an irrevers-
ible anodic wave near +0.63 V vs. SCE. Upon addition of
an acid to the solution, this wave disappeared. Cyclic vol-
tammetry of the uncomplexed ligand, p-(dimethylamino)-
phenylacetylene exhibits a similar anodic wave at a slightly
more positive potential (ca. +0.85 V vs. SCE). Thus, we
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Figure 2. The normalized absorption spectra of complexes 1—3 in
acetonitrile solutions at room temperature
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assign the wave near +0.63 V to the oxidation of the amino-
substituted acetylide ligand. Obviously, the LLCT tran-
sition in 1 should be at lower energy than the MLCT tran-
sition. Third, the lowest energy absorption band (A,.x =
535 and 548 nm) for 1 and 2 is red-shifted by more than
100 nm compared with that of 3 (4,,.x = 432 nm). This ob-
servation is not consistent with the assignment of the 535
and 548 nm bands to a MLCT transition, because it has
been established!'>?!1 that variation of the acetylide in plati-
num(1) acetylide complexes does not lead to very large
changes in the Pt-based HOMO and the terpyridyl-based
LUMO, hence it is not expected to affect the energy of the
MLCT transition very much.

An Acid/Base-Controlled Molecular Switch based on
Complexes 1 and 2

An initial observation when working with an acetonitrile
solution of complex 1 was the change of the deep-purple
color in neutral solution to yellow when exposed to a mic-
romolar concentration of HBF,. Such a dramatic color
change, especially the large blue-shift of the absorption
band in a dilute acidic medium, prompted an investigation
of the nature of the acid-dependent absorption. Figure 3
shows the absorption spectra of complex 1 (3.87 X 1073
mol-dm~?) in acetonitrile as a function of added HBF,.
Upon addition of HBF, to the solution, the decrease in the
absorption band at 535 nm is accompanied by a growth in
the band with a maximum at 418 nm. Isosbestic points are
observed at 457, 358, 344, 337 and 279 nm, indicative of the
presence of only two absorbing species in the solution. The
insert in Figure 3 shows a plot of the absorbance at 535 nm
vs. the concentration of added HBF,. Similar changes in
the absorption spectrum were observed for complex 2 upon
addition of HBF,. In contrast, addition of HBF, to a solu-
tion of complex 3 in acetonitrile causes no marked changes
in the absorption. These observations are evidently attri-
buted to the protonation of the amino group in the acetyl-
ide ligands for complexes 1 and 2. As the amino receptor is
protonated in the presence of HBF,, its electron-donating
ability is decreased. This would dramatically lower the
HOMO of the acetylide ligand. The Pt-based HOMO

terpy-based LUMO

LLCT

acetylide-based HOMO

Pt-based HOMO

[Pi(terpy(C=CCgH4N(CH3),]"

Scheme 2
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MLCT

would also be lowered, but the extent of this lowering is
expected to be much less than that of the acetylide ligand
(Scheme 2). As a result, the LLCT transition from the am-
ino-substituted acetylide ligand to the terpyridyl acceptor
shifts to higher energy, and the dn(Pt) — n*(terpy) MLCT
transition becomes the lowest-energy transition.
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Figure 3. Absorption spectrum changes of complex 1 (3.87 X 1073
mol-dm~3) upon addition of various concentrations (0—7 X 1073
mol-dm~3) of HBF, in acetonitrile; the insert gives the titration
curve for the plot of the absorbance at 535 nm vs. the concentration
of HBF,

The change in the luminescence response of complexes 1
and 2 towards protons was found to be even more pro-
nounced. In neutral or basic solution 1 and 2 are non-
emissive. The lack of emission upon excitation of the
MLCT band is attributed to the transfer of the electron pair
on the amino groups to the Pt"! metal center, resulting in
an LLCT excited state. Because of the low energy, the
SLLCT excited state decays via a non-radiative pathway.
However, in acidic medium 1 and 2 exhibit a structureless
emission band centered at about 560 nm. Figure 4 shows
the change in the emission spectrum of 1 as a function of
HBF, concentration. Throughout the titration, the exci-
tation wavelength corresponds to the isosbestic point found
at 457 nm in Figure 3. The emission intensity is noticeably

terpy-based LUMO

LLCT MLCT

Pt-based HOMO

acetylide-based HOMO

A e

H CHO T
._k___> [Pt(terpy)(C=CC¢H4NH(CH3);]
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enhanced upon increasing HBF,4 concentration, with satu-
ration observed toward the end of the titration, while the
shape and energy of the emission band remain unchanged.
With reference to previous work on the emission of terpyri-
dylplatinum(ir) complexes, 212222311 this emission is as-
signed as being derived from the drn(Pt)—n*(terpy) *MLCT
excited state. The insert in Figure 4 shows a plot of the em-
ission intensity at 560 nm against the concentration of
HBF,4. The emission quantum yields of 1 and 2 in their
protonated form were measured to be 0.001 and 0.002,
respectively, and their lifetimes 0.02 and 0.05 ps, respec-
tively. Similar to the absorption studies, control experiments
with complex 3 under the same conditions showed no
change in the emission character upon addition of HBF,.
Evidently, the emission of complexes 1 and 2 upon addition
of HBF, originates from protonation of the amino group.
As mentioned above, upon protonation the *MLCT excited
state becomes the lowest state and displays luminescence.

[HBF ]
’ 7% 10”° mol dm”

3 25

-
25 0 mol dm 8.
=
7 g 15
20 4 \ g, 10
£
E 6 10 20 30 40 50 80 70 80
15 4
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o
1

T T T T T d T T T v
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Figure 4. Luminescence spectrum changes of 1 (3.87 X 1073
mol-dm~3) upon addition of various concentrations (0—7 X 107>
mol-dm~3) of HBF, in acetonitrile; the insert shows the lumi-
nescence intensity at 560 nm as a function of HBF, concentration

The changes in absorption and emission behavior for
complexes 1 and 2 are fully reversible. For example, sub-
sequent addition of a base (e.g. triethylamine) to the acidic
solution of 1 in acetonitrile led to the observation of a re-
verse trend: the luminescence was gradually quenched, and
the absorbance at 418 nm dropped, with a concomitant rise
in the absorption at 535 nm. Eventually the LLCT band
in the absorption spectrum was totally recovered, and the
solution became deep purple again. This result is indicative
of the reversible nature of the protonation and depro-
tonation processes for the amino group in complexes 1
and 2.

Cation-Binding Properties of Complex 2
Alkali and alkaline earth metal cations have profound
effects on the absorption spectrum of 2. Addition of Na™*,

1952 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Ba’", Ca®" or Mg?", as their perchlorate salts, to a solu-
tion of 2 in acetonitrile leads to dramatic changes in the
absorption spectrum. Figure 5 presents the changes in the
UV/Vis spectrum of 2 upon addition of Ca®>*. The lowest
energy band at 548 nm decreases monotonically throughout
the addition, while the band at 390—470 nm concomitantly
grows-in with increasing Ca®" concentration. Well-defined
isosbestic points at 465, 375, 347, 342 and 283 nm were
clearly observed. The solution becomes yellow at the end of
the titration. Similar results were observed upon addition
of other cations to the solution of 2. This phenomenon evi-
dently arises from the complexation of the cation with the
azacrown ether receptor in the acetylide ligand, which de-
creases the electron-donating ability of the acetylide ligand,
hence lowering the acetylide-based HOMO. Thus, the
LLCT transition from the azacrown-containing acetylide li-
gand to the terpyridyl acceptor shifts to higher energy, and
the dn(Pt)—mn*(terpy) MLCT transition becomes the lowest
energy absorption. Indeed, control experiments with the
crown-free analogues 1 and 3 showed no such absorption
spectrum changes upon addition of the cations under ident-
ical conditions. The insert in Figure 5 shows the plot of 4,/
(49 — A) vs. [Ca®>"]!, where 4 and A, refer to the ab-
sorbance at 548 nm for complex 2 in the presence and ab-
sence of Ca®*, respectively. The straight line suggests that
the complexation of the cation to the azacrown ether is in
a 1:1 ratio. The bonding constants (log Ks) determined from
such plots for the cations are Na™ (2.52), Ba>* (3.01), Ca?*
(4.18) and Mg?* (3.76), and their absolute values are very
similar to those of other aza-15-crown-5 ionophores re-
ported in the literature.[3!
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Figure 5. Absorption spectrum changes of 2 upon addition of vari-
ous concentrations of Ca?>* in acetonitrile solution; the insert
shows the plot of 4y/(4y — A) vs. [Ca?*]™!

Complexation of cations with the azacrown ether recep-
tor in 2 also affects the MLCT transition. We noted that
the Apax of the MLCT band of 2 complexed with the cat-
ions shifts to the blue side along the series Na™ (481 nm),
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Ba’" (470 nm), Ca®" (446 nm) and Mg>" (430 nm). This
reflects the difference in the strength of the ion-dipole inter-
action between the cations and the crown nitrogen. A
strong interaction will further reduce the electron-donating
ability of the acetylide and would make the metal center in
2 less electron-rich, and hence decrease the dm(Pt)-orbital
energy and cause the MLCT transition to occur at higher
energy. It is well-known that the charge densities®®® of the
metal ions increase in the following order: Na* (0.10) <
Ba’* (0.13) < Ca?* (0.24) < Mg>* (0.75). Mg?>* has the
highest charge density in the series of metal ions studied in
this work, and its value is considerably larger than the other
cations. As a result, the interaction between Mg?* and the
crown nitrogen would be strongest, and complexation with
this cation leads to the highest energy of the MLCT tran-
sition among the 2-M"* complexes.

In contrast to protonated 1 and 2, complexation with me-
tal cations does not cause luminescence from complex 2,
although the *MLCT state becomes the lowest energy ex-
cited state after complexation, as reflected in the absorption
spectrum changes. This lack of emission may be interpreted
by a kinetic model (Scheme 3) proposed by Schanzel®” for
explanation of ion effect on the photophysics of a Re! com-
plex. In this scheme (N*N”N) and (C=CPhAc) represent,
respectively, the terpyridyl ligand and the acetylide with
monoazacrown in complex 2. Excitation of the 2-M"* com-
plex produces the 'MLCT state, which undergoes an in-
tersystem crossing to the *MLCT state. Since the metal
center in MLCT excited states (Pt'™) is much more electro-
philic than that in the ground state (Pt'), the charge density
on the amino group will be reduced. This in turn decreases
the binding ability of the azacrown, leading to the dis-
sociation of the crown-complexed cation from the azacrown
within the lifetime of the MLCT state. Thus, in addition to
the normal radiative and non-radiative pathways, the
SMLCT state of 2:M”* can also decay by a non-radiative
pathway involving the dissociation of the crowned cation
(ko) followed by rapid internal conversion into the 3LLCT
state (k;.). As a result, no emission could be detected from
the acetonitrile solution of 2:M"*. The K, values can be
estimated by reference to the lifetime of the SMLCT state
of protonated 2. Assuming the deprotonation of 2-H™ in its
SMLCT state is not competitive with the normal SMLCT
decay rate, the lifetime (z;) of the *MLCT state of pro-
tonated 2 can be used to estimate the “normal” decay rate
[1/(k, + k)] of the SMLCT state of 2:-M”"; ko can then

ky
(NANAN) PHH{C=CPhAGC) +++ M . (NANAN) 7 PUIN(C=CPhAC) + M

3
3MLCT kon MgCT
kic
Y
W |k $k (NANAN) * PE(C=CPhAC) T +M™

SLLCT
fast

(NANN) Pt{(C=CPhAC) - M"™ (NANAN) P(C=CPhAc) + M
Scheme 3
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be obtained approximately from the lifetime (z,) of the
SMLCT state of the 2-M”" complexes.

koff = 1/7.'2 - 1/‘[1

The limiting value for the lifetime measurements in our
instruments is > 0.2 ns, thus 7, for the complexes of 2 with
cations is smaller than 0.2 ns. The emission lifetime (z;) of
protonated 2 was measured to be 50 ns, as mentioned
above. The kg values obtained should therefore be greater
than 5 X 10° s~ ! for the cation-crowned complexes.

Conclusion

Two terpyridylplatinum(r) acetylide complexes, one hav-
ing an amino group and the other containing a monoazac-
rown moiety in their acetylide ligand, were prepared and
their medium-sensitive photophysical properties were inves-
tigated. Incorporation of the amino or azacrown group into
the acetylide destabilizes the HOMO of this ligand, hence
in neutral or basic solutions the low-energy absorption of
these complexes arises from the LLCT transition from the
acetylide ligand to the terpyridyl acceptor. These complexes
are non-emissive due to the fast non-radiative decay of the
SLLCT excited state. Upon protonation of the amino group
the HOMO of the acetylide ligand is lowered, thus the
LLCT transition shifts to high energy, and the dn(Pt)—n*
(terpy) MLCT transition becomes the lowest energy ab-
sorption. In this case, the MLCT state displays lumi-
nescence with a reasonably high quantum yield and long
lifetime. Complexing a metal cation with the azacrown in
complex 2 also results in a switch between the LLCT and
MLCT transitions and dramatic absorption spectrum
changes. The lack of emission for the cation-bound 2 is due
to the dissociation of the crowned cation from the azacrown
within the lifetime of the MLCT state, and the rapid in-
ternal conversion from the SMLCT to the LLCT states for
the cation-free complex. These complexes can be utilized
for molecular recognition and chemosensors specific for de-
tection of proton and metal cations.

Experimental Section

Materials: 4-(Dimethylamino)phenylacetylene and [PtCl(terpy)]-
CI-2H,O were prepared by literature methods.?*21 4-Ethynyl-
phenyl-N-15-azacrown-5 ether was synthesized by a modified lit-
erature method.?*2 Acetonitrile was distilled after refluxing for
3 h in the presence of P,Os. Other reagents were of analytical grade
and used as received.

[Pt{C=CCcH44-N(CH;),}(terpy)|BF, (1): A  mixture of
[Pt(terpy)CI]CI:2H,O (100 mg, 0.19 mmol), Cul (10 mg), 4-(di-
methylamino)phenylacetylene (55 mg, 0.38 mmol), 3 mL of DME,
and 4 mL of trimethylamine was sonicated under nitrogen for 8 h.
An excess of an aqueous solution of KBF, was then added to the
mixture. Dark-blue crystals were obtained after stirring for 1 h. The
product was isolated, washed with water and diethyl ether. Sub-
sequent recrystallization by diffusion of diethyl ether vapor into an
acetonitrile solution of the product gave 1 as dark-blue crystals.
Yield: 96 mg (76%). FAB-MS: m/z = 572 [M*]. 'H NMR
([Dg]DMSO): & = 2.93 (s, 6 H), 6.68 (d, J = 8.4 Hz, 2 H), 7.34 (d,
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J = 82Hz, 2 H), 7.95 (t, J = 6.3 Hz, 2 H), 8.58 (m, 7 H), 9.21(d,
J = 5.1 Hz, 2 H). C55H,, BE,N,Pt-0.5H,0 (668.36): caled. C 44.92,
H 3.29, N 8.39; found C 44.87, H 3.59, N 8.58.

[Pt(C=CC¢H 44-N-15-monoazacrown-5)(terpy)|ClO4 (2): The syn-
thesis of 2 was similar to that for complex 1, except 4-cthynyl-
phenyl-N-15-azacrown-5 ether was used in place of 4-(dimethylami-
no)phenylacetylene, and LiClO4 was used in place of KBF,. Yield:
110 mg (70%). FAB-MS: m/z = 746 [M*]. '"H NMR ([Dg]DMSO):
& = 3.64—3.82 (m, 20 H), 6.76 (d, J = 8.8 Hz, 2 H), 7.40 (d, J =
8.8 Hz, 2 H), 8.00 (t, J = 6.1 Hz, 2 H), 8.56—8.73 (m, 7 H), 9.16
(d, J = 5.1 Hz, 2 H). C53H35CIN,OxPt-0.5H,0 (855.21): caled. C
46.35, H 4.24, N 6.55; found C 46.32, H 4.18, N 6.15.

Physical Measurements and Instrumentation: UV/Vis spectra were
obtained on a Shimadzu UV-1601PC spectrophotometer. Steady-
state emission spectra were recorded on a Perkin Elmer LS50B
spectrofluorometer. Elemental analysis was performed on a Carlo
Erba 1106 elemental analyzer. '"H NMR spectra were recorded on
a Bruker-400 FT NMR spectrometer with chemical shifts (in ppm)
relative to tetramethylsilane. FAB-MS spectra were run on a
KYKY-ZHP mass spectrometer. X-ray analysis was performed on
a Bruker Smart1000 X-ray diffractometer. Excited-state lifetimes
were measured using a conventional laser system. The excitation
source was the 355 nm line from the output of a Nd:YAG laser
(third harmonic, 10 ns). All solutions were purged with argon for
15 min for emission spectra and lifetime measurements. The quan-
tum yields of the emission were obtained by the optical dilute
method using a degassed acetonitrile solution of [Ru(bpy);](PFs),
as a reference (@ = 0.062).?! The ion-binding constants for 2 were
calculated from the Hildebrand—Benesi equation: [*7]

Al(Ay — A) = Ayla[complex 2] + (Ao/a[complex 2] Ks)-(1/[M"*])
where 4 and A4, are the absorbance for complex 2 in the presence
and absence of a metal ion, respectively, a is the ratio of com-
plexation between complex 2 and the cation and Ks is the bind-
ing constant.

Crystallographic data for the structure reported in this paper have
been deposited with the Cambridge Crystallographic Data Centre
as supplementary publication No. CCDC-199962. Copies of the
data can be obtained free of charge on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, UK [Fax: (internat.) +44-1223/
336-033; E-mail: deposit@ccdc.cam.ac.uk].
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