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Abstract

A series of square planar platinum(II) complexes, [Pt(bpqb)X] (X@Cl (1), C„CC6H5 (2), C„CC6H4NMe2-4 (3), C„CC6H4NO2-4
(4)), [Pt(tbbpqpy)X](PF6) (X@Cl (5), C„CC6H5 (6), C„CC6H4NMe2-4 (7), C„CC6H4NO2-4 (8)), bearing terdentate polypyridine
ligands have been prepared. Their electronic absorption spectra and emission characteristics at room temperature have been investigated.
These complexes display room temperature photoluminescence. The emission energies are sensitive to the nature of the acetylide ligands
with different substituents on the phenyl ring. An emission origin of a dp(Pt)! p*(bpqb or tbbpqpy) 3MLCT excited state, with some
mixing of a p(C„CR)! p*(bpqb or tbbpqpy)3LLCT state, is assigned. All the complexes display two quasi-reversible reduction couples
and one irreversible oxidation wave in the cyclic voltammograms. The reactivity of [Pt(bpqb)Cl] with p-acceptor ligands and the X-ray
crystal structures of tbbpqpy, 1, and [Pt(bpqb)(PEt3)2Cl] (9) are also described.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Square-planar platinum(II) complexes with terdentate
monoanionic or terdentate neutral ligands with pyridine
units have attracted much attention in recent years, due
to their unique photophysical properties [1] and their bio-
logical activities [2]. These complexes are known to dis-
play a strong tendency towards the formation of high
ordered extended linear chains [3] or oligomeric struc-
tures [4], leading to the interesting luminescence proper-
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ties. Even though these complexes are luminescent in
the solid state and in low-temperature glasses, many
Pt(II) complexes with terpyridine ligands are scarcely
emissive at room temperature due to efficient non-radia-
tive decay processes [5]. On the other hand, the square-
planar Pt(II) complexes offer possible reactivity such as
axial interactions, leading to self-quenching [6] and pho-
tochemical reactivity [7]. These render such Pt(II) com-
plexes emissive in solution at room temperature. To
obtain emissive platinum(II) terpyridyl complexes with
long-lived excited states and high quantum yield, much
effort has been performed. An approach to the achieve-
ment of such goals involves utilizing substituted tpy
ligands with a low-lying LUMO and/or a high-lying

mailto:jko@korea.ac.kr


C. Baik et al. / Journal of Organometallic Chemistry 691 (2006) 5900–5910 5901
HOMO. The tuning of the electronic absorption and
emission properties was shown to be achieved through
a change in the ancillary ligands [8]. It is well-known that
suitable substituents in the 4-position of the terpyridine
ligand [9] and aryl substituents of the phenylacetylene
ligand [10] can extend emission lifetime and increase
quantum yield. Another approach is to increase strength
of the ligand field. Platinum(II) complexes with cyclo-
metalated ligands fall into this category [11] since the
strong ligand field of the cyclometalated carbon raises
the energy of the d–d states, diminishing their deactivat-
ing effect. Such a strategy has led to Pt(II) complexes
which are emissive in solution at room temperature. In
order to obtain room temperature luminescence from
square-planar platinum(II) complexes, we have synthe-
sized a series of terdentate polypyridine ligands [12]
(bpqb-H and tbbpqpy) exhibiting an extended conjuga-
tion and p-activating units such as quinolinyl unit and
their platinum(II) complexes. Herein are reported the
synthesis, electronic absorption and luminescence of a
series of square-planar platinum(II) complexes.
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2. Results and discussion

2.1. Synthesis

[1,3-Bis(4 0-phenyl-2 0-quinolinyl)benzene] (bpqb-H) and
[4-tert-butyl-1,3-bis(4-phenyl-2-quinolinyl)pyridine] (tbbpqpy)
were synthesized by modification of literature procedures
using an excess of diphenyl phosphate in toluene [12].
The structures of bpqb-H and tbbpqpy were established
by single crystal X-ray analysis. The synthetic route for
the terdentate platinum(II) complexes is summarized in
Scheme 1. Bpqb-H has two nitrogen donor atoms able to
coordinate to a metal center. The activation of the proton
on the carbon atom at the C2 of benzene ring (see support-
ing information) would allow the ligand to chelate to a
platinum center as terdentate chelate ligand. Pt(II) metal
ion is well documented for its ability to undergo ortho-
metalation by cleaving a C–H bond [13]. As expected,
treating the ligand, bpqb-H, with K2PtCl4 in CH3COOH
at 110 � 120 �C afforded the complex [Pt(bpqb)Cl] (1) in
75% yield. The synthesis of terdentate platinum(II)
acetylide complexes 2–4 followed the procedures described
for analogous compounds. Reaction of 1 with HC„CR in
methanol in the presence of sodium hydroxide afforded 2–
4. The synthetic procedure for the formation of plati-
num(II) terpyridyl complexes is outlined in Scheme 2.
The starting material [Pt(tbbpqpy)Cl]BF4 (5) was readily
synthesized by reacting Pt(dmso)2Cl2, instead of
Pt(PhCN)2Cl2, with the corresponding ligand, tbbpqpy,
in refluxing acetonitrile using a procedure similar to that
reported by McMillin et al. [14]. The synthesis of plati-
num(II) terpyridyl acetylide complexes 6–8 is conveniently
prepared in two steps from 5:5 reacted with an excess of
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Table 1
Crystal and structure refinement data for tbbpqpy, 1, and 9

Parameter tbbpqpy 1 9

Empirical formula C39H31N3 C36H23ClN2Pt C48H53ClN2P2Pt
Formula weight 541.67 714.10 950.40
Crystal system Triclinic Monoclinic Orthorhombic
Space group P�1 P21/C Pbcn

a (Å) 9.267(2) 11.308(12) 32.229(11)
b (Å) 12.187(3) 14.4446(15) 15.056(5)
c (Å) 15.198(4) 16.2404(17) 19.404(6)
a (�) 110.033(5) 90 90
b (�) 94.556(5) 94.565(2) 90
c (�) 111.046(4) 90 90
V (Å3) 1464.2(6) 2644.3(5) 9416(5)
Z value 2 4 8
Dcalc (g/cm3) 1.229 1.794 1.341
F (000) 572 1392 3840
l (Mo Ka) (mm�1) 0.072 5.437 3.137
2h range (�) 3.94–

56.66
3.62–56.72 2.52–57.52

Number of reflections
measured

20058 19182 64252

Number of observed
reflections

7226 6574 11905

R 0.0702 0.0241 0.0417
Rw 0.1952 0.0470 0.1238
Goodness of fit 1.068 1.048 1.180
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acetonitrile in the presence of AgBF4 to give [Pt(tbbpqpy)-
(MeCN)](BF4)2. Reaction of [Pt(tbbpqpy)(MeCN)](BF4)2

with HC„CR in methanol in the presence of sodium
hydroxide, followed by metathesis reaction using NH4PF6,
afforded 6–8 as dark red crystals. The identities of all the
complexes 1–8 were confirmed by 1H and 13C NMR spec-
troscopy, IR spectroscopy, satisfactory elemental analysis,
and mass spectroscopy. The crystal structure of
[Pt(bpqb)Cl] (1) has also been determined. All of the com-
plexes are soluble in organic solvents (CH2Cl2, CH3CN,
THF) and very stable both as solids and in solution.

2.2. Crystal structure determination

Molecular structure of tbbpqpy is shown in Fig. 1. The
crystallographic data and processing parameters are given
in Table 1. All of the atoms in the terpyridyl lie approxi-
mately in the same plane. The dihedral angle between the
terpyridyl units and the phenyl group is 51.49�. The two
quinoline units are located in the opposite direction to
the central pyridyl unit. The perspective drawing of the
complex 1 is shown in Fig. 2. The coordination geometry
about platinum is approximately square planar with the
bond distances of the platinum to nitrogen atoms slightly
longer than those to the other terpyridine complexes. A
feature of interest is the bent of Cl atom from the planar
Pt(II) geometry (C(21)–Pt–Cl 156.20(10)�). The Pt–C(21)
bond distance [1.908(3) Å] lies in the range observed for
Fig. 1. Molecular Structure of tbbpqpy with thermal ellipsoids drawn at the 50
1.337(3), N(1)–C(1) 1.344(3), C(5)–C(6) 1.491(3), N(2)–C(6) 1.318(3), N(1)–C(
other Pt complexes with related N�C�N terdentate ligands
[15]. The Pt–N(1) and Pt–N(2) bond distances [2.075(3)
and 2.060(3) Å] are slightly longer than those observed in
% probability level. Selected bond distances (Å) and angles (�): N(1)–C(5)
5)–C(6) 115.21(17), C(5)–C(6)–N(2), 117.80(18).



Fig. 2. Molecular structure of [Pt(bpqb)Cl] (1), with thermal ellipsoids drawn at the 50% probability level. Selected bond distances (Å) and angles (�): Pt–
C(21) 1.908(3), Pt–N(1) 2.075(3), Pt–N(2) 2.060(3), Pt–Cl 2.4343(9), N(1)–Pt–C(21) 80.03(12), N(2)–Pt–C(21) 80.10(12), N(1)–Pt–N(2) 159.11(11), N(1)–
Pt–Cl 104.63(8), N(2)–Pt–Cl 96.16(8), C(21)–Pt–Cl 156.20(10).
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related complexes [16]. The angles [N(1)–Pt–C(21),
80.03(12)�; N(2)–Pt–C(2), 80.10(12)�; N(1)–Pt–N(2),
159.11(11)�] deviate from the idealized values of 90� and
180� as a consequence of chelate ring strain. The Pt–Cl
bond distance is 2.4343(9) Å, which compares well with
that of the similar cycloplatination complex [17].

2.3. Electronic absorption spectra

Fig. 3 shows the electronic absorption spectra of plat-
inum complexes 1–4 in dichloromethane solutions at the
concentration of 1.0 · 10�5 mol/L. The absorption obeys
Beer’s law when the concentration is lower than
1.0 · 10�4 mol/L, suggesting the lack of any significant
occurrence of complex aggregation. The absorption band
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Fig. 3. Absorption spectra of complexes 1–4 measured in CH2Cl2 solu
maxima and the extinction coefficients are presented in
Table 2. All of the spectra show intense absorption bands
at 260 � 370 nm with extinction coefficients (e) on the
order of 104 dm3 mol�1 cm�1 and less intense bands at
425 � 445 nm with e on the order of 103 dm3 mol�1 cm�1.
With reference to previous spectroscopic work on plati-
num(II) terpyridyl complexes [18], the absorption bands
at k < 370 nm are assigned to the intraligand (IL) transi-
tion of quinolinyl benzene ligand and acetylide ligands.
The low energy bands at 425 � 445 nm are tentatively
assigned to the dp(Pt)! p*(bpqb) MLCT transition,
while the broad MLCT absorption band of 3 at 426 nm
is assigned to MLCT and p(C„C)! p* (bpqb) ligand-
to-ligand charge-transfer (LLCT) transition, probably
mixed with some MLCT contribution. The relatively
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Table 2
Photophysical properties of complexes 1–8 in CH2Cl2 at 298 K

Complex kab (nm) (e (dm3 mol�1 cm�1)) kem
a sls

b Uem
c

1 297 (27394), 333 (9660), 353 (8852), 434 (10654) 603 2.8 0.14
2 265 sh (22104), 299 (26588), 338 (10472), 444 (7578) 610 3.6 0.21
3 299 (28279), 331 sh (15416), 360 (9895), 426 (6801) 616 4.2 0.28
4 299 (17796), 361 (10807), 395 (8509), 438 (7964) 604 3.2 0.18
5 250 (28047), 314 sh (10200), 324 sh (9877), 370 sh (3442) Nonemissive
6 258 (26746), 284 sh (23325), 305 sh (17580), 340 sh (15189), 374 (11344), 391 (13430), 475 (1647) 664 1.2 0.08
7 262 (27995), 288 (26344), 325 sh (21344), 374 (16196), 390 (15614), 475 (3436) 686 2.4 0.11
8 276 (22812), 289 (23339), 334 (17475), 373 (14917), 392 (15278), 463 (3303) 633 0.9 0.06

a Room temperature emission band maximum in CH2Cl2 solution.
b Emission decay lifetime at room temperature in degassed H2Cl2 solution.
c Measured using quinine sulfate in 1.5 N H2SO4 (U = 0.446).
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low energy of the LLCT absorption may be attributable
to the good electron-donating ability of the amino moiety.
This phenomenon is consistent with the notion that the
HOMO is predominantly acetylide-ligand-based, while
the bpqb-ligand-based LUMO remains the same. An elec-
tron-rich group would render the HOMO more electron-
rich and hence raise the HOMO, leading to lower energy
absorption [19]. For complex 3, the LLCT transition can
be viewed as an intramolecular charge-transfer transition
from the amino group on the aryl alkynyl to the p-accept-
ing bpqb ligand through the metal center, considering the
observation that the LLCT band disappears upon proton-
ation of 3 (see Fig. 3). In the case of 4, a distinct, solvent-
sensitive band maximizes at 440 nm (CH2Cl2, 437 nm,
7960 M�1 cm�1; CH3CN, 419 nm, 8660 M�1 cm�1;
C2H5OH, 414 nm, 9280 M�1 cm�1). The bathochromic
shift with decreasing solvent polarity indicates additional
support for the assignment to the MLCT band. Fig. 4
depicts the absorption spectra of complexes 5–8. Note
that there are also very weak absorptions at longer wave-
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Fig. 4. Absorption spectra of complexe
length. According to previously reported spectroscopic
studies on platinum(II) terpyridyl alkynyl complexes and
the observed absorption trend [20], the low-energy
absorption band in the visible region is assigned to a
metal-to-ligand charge-transfer (MLCT) [dp(Pt)! p*

(tbbpqpy)] transition, with some mixing of an alkynyl-
to-tbbpqpy ligand-to-ligand charge-transfer (LLCT) tran-
sition. Complex 8, with the most electron-withdrawing
nitro group on the acetylide, shows an absorption band
at 463 nm, which is at the highest energy among the com-
plexes (6–8). This observation is consistent with an
MLCT assignment of the low-energy absorption band
with some mixing of LLCT character, since electron-rich
substituents on the phenyl ring of the acetylide ligand
would render the platinum metal center more electron-
rich and hence raise the dp(Pt) orbital energy, leading
to a lower energy MLCT absorption. The MLCT and
LLCT transitions for compounds 1–4 occur at higher
energies compared with those of compounds 6–8 because
the former compounds have higher p* levels.
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Table 3
Electrochemical data for complex 1–8a

Complex Oxidation Epa (V) vs. SCEb Reduction E1/2 (V) vs. SCEc

1 +0.93 �0.94, �1.44
2 +0.98 �0.91, �1.41
3 +0.96 �0.95, �1.49
4 +1.23 �0.90, �1.38
5 +0.96 �0.84, �1.32
6 +1.08 �0.85, �1.36
7 +0.98 �0.82, �1.38
8 +1.28 �0.80, �1.35

a In dichloromethane solution with 0.1 M nBu4NClO4 as supporting
electrolyte at room temperature; scan rate 100 mV s�1.

b Epa refers to the anodic potential for the irreversible oxidation waves.
c E1/2 = (Epa + Epc)/2; Epa and Epc are peak anodic and peak cathodic

potential, respectively.
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2.4. Photoluminescence

Complexes 1–4, 6–8 show emission properties in solu-
tion at room temperature, while complex 5 is nonemissive.
The emission data of complexes 1–4, 6–8 are shown in
Table 2. Representative excitation and emission spectra
of 4 and 8 are illustrated in Fig. 5. Upon excitation at
k > 420 nm, the complexes exhibits intense luminescence
at about 603–664 nm. The emissions of complexes 1–4

with the N�C�N ligand occurred at higher energies than
the complexes 6–8 with the N�N�N ligand due to the
higher p* level of the former. The large Stokes shift and
lifetime in the microsecond range of the photolumines-
cence of the complexes suggest that the emission origi-
nates from a triplet parentage. The emission spectrum
of 4 in the solid state at 77 K shows an emission at
576 nm, while at room temperature in CH2Cl2 an emis-
sion band at 604 nm is observed. With reference to the
previous spectroscopic studies on other platinum(II) ter-
pyridyl complexes [21], the origin of the luminescence is
tentatively assigned as derived from states of 3MLCT
[dp(Pt)! p*(bpqb or tbbpqpy)] character, with some mix-
ing of a p(C„C)! p*(bpqb or tbbpqpy) 3LLCT charac-
ter. The excitation spectra of 4 and 8 (Fig. 5) show
excitation bands at 442 nm (for 4) and �500 nm (for 8),
which closely resemble that of the low-energy MLCT
bands in their electronic absorption spectra, further sup-
portive of a 3MLCT band mixed with some of 3LLCT
character. Complex 3, which bears the electron-rich
amino group, shows the lowest emission energy, while
complexes 4 and 8, with the electron-poor nitro group,
shows the highest emission energy, which is consistent
with the observations by Eisenberg [1d], Yam [22], and
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Fig. 5. Excitation (a) and emission (b) spectra of 4
others [23] on the aromatic diimine, terpyridyl, and cyclo-
metalated platinum(II) acetylide complexes. The relatively
long lifetimes and high emission quantum yields of com-
plexes 1–4 may be attributed to the stronger ligand field
exerted by the bpqb chelate, which serves to further raise
the energy of the d–d excited state, resulting in cutting off
this pathway of nonradiative deactivation. Similar result
has been observed in [PtL2Cl] [HL2 = methyl-3,5-di(2-pyr-
idyl)benzoate] [11c].

2.5. Electrochemistry

The electrochemical data for complexes 1–8 are summa-
rized in Table 3. All the complexes exhibit two quasi-
reversible couples at ca. �0.80 and �1.49 V vs. SCE. The
insensitivity of the potentials toward the acetylide ligands
demonstrates that the two reduction couples are assigned
600 700 800
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(—) and 8 (� � �) in dichloromethane at 298 K.



Fig. 6. ORTEP drawing of [Pt(bpqb)(PEt3)2Cl] (9), with thermal ellipsoids drawn at the 20% probability level. Hydrogen atoms are omitted for clarity.
Selected bond distances (Å) and angles (�): Pt(1)–C(1) 2.033(6), Pt(1)–Cl(1) 2.4091(17), Pt(1)–P(1) 2.3242(17), Pt(1)–P(2) 2.3304(18), C(1)–Pt(1)–Cl(1)
174.73(15), P(1)–Pt(1)–P(2) 172.77(6), P(1)–Pt(1)–C(1) 91.23(15), P(2)–Pt(1)–C(1) 92.68(15), P(1)–Pt(1)–Cl(1) 88.20(6), P(2)–Pt(1)–Cl(1) 88.46(6).
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as the two successive reductions of the terdentate ligand
with some mixing of the Pt(II) metal character. Similar
assignments have also been reported for other related plat-
inum(II)-terpyridyl system [24]. Irreversible anodic waves
were observed at ca. +0.93 to +1.28 V vs. SCE. With refer-
ence to previous studies on other platinum(II) complexes
[25], metal-centered oxidation from Pt(II) to Pt(III) is ten-
tatively assigned. The oxidations of 4 and 8 occur at more
positive potential that the others. The observation could be
attributed to the presence of the electron-withdrawing nitro
group on the phenylacetylide ligand, resulting in lowering
the energy of the dp(Pt) orbital. Thus, complexes 4 and 8

are most difficult to be oxidized among the complexes
studied.
2.6. Reactivity of 1 with p-acceptor ligands

Attempts were made to react two p-acceptor ligands
with 1. Thus, reaction of a dichloromethane solution of
1 and triethylphosphine in a 1:1 molar ratio, followed
by the addition of excess LiClO4, afforded unexpectedly
neutral diphosphine substituted Pt(II) complex 9. Cat-
ionic derivative 10 can be obtained by abstraction of
the halide ion of compound 1 with LiClO4 under CO
stream.

Pt

ClEt3P

PEt3

9

N NPt

CO

10

+ ClO4
-

N N
To provide structural information for one of the new
compounds prepared, a single crystal X-ray diffraction

study of 9 was undertaken. The molecular structure of 9

is shown in Fig. 6. A summary of cell constants and data
collection parameters is included in Table 1. The X-ray
crystal structure of 9 confirmed the presence of two phos-
phine substituted product. The P1–Pt–P2 bond angle is a
slightly bent (177.77(6)�) due to the strain of two phenyl
groups. The 1H, 13C, and 31P NMR spectra, mass spectra,
and elemental analyses of compounds 9–10 were consistent
with the proposed structures for 9–10. The 31P NMR spec-
trum of 9 displays a single resonance at �2.6 ppm with
135Pt satellites. The JP–Pt coupling constant of 2728 Hz is
typical for a trans geometry about the platinum atom
[26]. The mass spectrum of 9 shows an intense peak at m/
z 950 corresponding to the [M+] ion. In the 13C NMR spec-
trum of 10, the carbonyl carbon shows a resonance at
205.1 ppm. The IR spectrum of 10 exhibits one strong
t(C„O) absorption band at 1996 cm�1.

3. Conclusion

A new class of square planar platinum(II) complexes (1–
8) containing terdentate polypyridine ligands have been
prepared, and their absorption spectra and luminescence
properties have been investigated. The emission energies
in dichloromethane at room temperature were found to
depend on the nature of the acetylide ligands with different
substituents on the phenyl ring. An emission origin of a
dp(Pt)! p*(bpqb or tbbpqpy) 3MLCT excited state, with
some mixing of a p(C„CR)! p* (bpqb or tbbpqpy)
3LLCT state, is tentatively assigned. The relatively long
lifetimes and high emission quantum yields of 1–4 com-
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pared with other Pt(II) terpyridyl acetylide complexes may
be due to the stronger ligand field exerted by the N�C�N
chelate, which serves to further raise the energy of the
d–d excited state, resulting in cutting off this pathway of
nonradiative deactivation. These compounds may utilize
potential applications such as molecular sensors and
electroluminescence.

4. Experimental

All experiments were performed under a nitrogen
atmosphere in a vacuum atmospheres drybox or by stan-
dard Schlenk technique. THF, toluene, ether, and hexane
were distilled from sodium benzophenone. Methylene
chloride, CHCl3, MeOH, MeCN and EtOH were distilled
under nitrogen from P2O5, The 1H, 13C, and 31P NMR
spectra were recorded on a Varian Mercury 300 spec-
trometer operating at 300.00, 75.44, and 121.44 MHz,
respectively. IR spectra were recorded on a Biorad
FTS-165 spectrometer. ESI-MS spectra were recorded
on a Micromass QTOF2 mass spectrometer. Elemental
analyses were performed with a Carlo Elba Instruments
CHNS-O EA 1108 analyzer. 2,6-Diacetyl pyridine, pivalic
acid, 2-amino-benzophenone, K2PtCl4, phenylacetylene,
sodium peroxodisulfate, and diphenyl phosphate were
purchased from Aldrich Chemical Co. 4-Ethynyl-N,N-
dimethylaniline [27], and 4-ethynyl-nitrobenzene [27] were
synthesized according to the literature methods. [1,3-
Bis(4 0-phenyl-2 0-quinolinyl)benzene] (bpqb-H) and [4-tert-
butyl-2,6-bis(4 0-phenyl-2 0-quinolinyl)pyridine] (tbbpqpy)
were synthesized by modification of the literature method
[12].

4.1. Synthesis of [Pt(bpqb)Cl] (1)

Bpqb-H (0.30 g, 0.62 mmol) and K2PtCl4 (0.25 g,
0.62 mmol) were added to acetic acid (10 ml). The mixture
was heated at 100 � 120 �C and refluxed for 72 h under N2.
After the reaction mixture was cooled to ambient tempera-
ture, the yellow solid was collected by filtration and washed
with 5 ml of CH3OH, and diethyl ether. Recrystallization
of the product from DMSO and diethyl ether yielded yel-
low crystals of 1 in a 75% yield. m.p. > 350 �C. 1H NMR
(CDCl3): d 10.03 (d, 2H, J = 8.7 Hz), 7.98–7.82 (m, 4H),
7.75 (s, 2H), 7.66–7.56 (m, 14H), 7.26(t, 1H, J = 7.8 Hz).
13C{1H} NMR (CDCl3): d 166.6, 152.4, 149.3, 142.7,
140.5, 137.5, 130.7, 129.8, 129.4, 128.9, 127.6, 126.1,
125.3, 122.7, 117.7, 115.4. FAB-MS: m/z 714 [M+]. Anal.
Calc. for C36H23ClN2Pt: C, 60.55; H, 3.25. Found: C,
60.28; H, 3.16%.

4.2. Synthesis of [Pt(bpqb)(CCC6H5)] (2)

A mixture of phenylacetylene (0.015 ml, 0.15 mmol) and
sodium hydroxide (6 mg, 0.15 mmol) in methanol was stir-
red at room temperature for 30 min. [Pt(bpqb)Cl] (100 mg,
0.14 mmol) was added to the reaction mixture and stirred
for 12 h at room temperature. The mixture was filtered.
The pure orange-red product 2 was obtained by diffusion
of diethyl ether into an acetonitrile solution of the product
in 67% yield (73 mg). m.p. > 350 �C. 1H NMR (CDCl3): d
10.70 (d, 2H, J = 8.7 Hz), 7.97–7.88 (m, 6H), 7.85 (s, 2H),
7.75 (d, 2H, J = 6.9 Hz), 7.74–7.52 (m, 11H), 7.40 (d, 2H,
J = 7.2 Hz), 7.30 (t, 2H, J = 8.7 Hz), 7.12 (t, 1H,
J = 7.8 Hz). 13C{1H} NMR (CDCl3): d 168.6, 161.4,
156.5, 156.2, 149.7, 148.2, 144.4, 141.6, 137.2, 135.8,
131.1, 130.6, 129.6, 129.1, 127.1, 125.4, 123.6, 105.9,
104.4, 101.1, 100.1, 97.0, 38.0. FAB-MS: m/z 779 [M+].
IR (KBr pellet, cm�1): 2084 t(C„C). Anal. Calc. for
C44H28N2Pt: C, 67.77; H, 3.62. Found: C, 67.48; H, 3.44%.

4.3. Synthesis of [Pt(bpqb)(CCC6H4NMe2-4)] (3)

Complex 3 was synthesized by a procedure similar to
that of 2 except that (4-N,N-dimethylaminopheny)acety-
lene (20 mg, 0.15 mmol) was used in place of phenylacety-
lene to give red product. Yield: 63%. m.p. > 350 �C. 1H
NMR (CDCl3): 10.78 (d, 2H, J = 8.4 Hz), 7.93 (t, 2H,
J = 7.2 Hz), 7.84 (d, 2H, J = 7.8 Hz), 7.77 (s, 2H), 7.70
(d, 2H, J = 7.5 Hz), 7.65–7.51 (m, 12H), 7.30 (d, 2H,
J = 8.8 Hz), 7.23 (t, 1H, J = 7.2 Hz), 6.65 (d, 2H,
J = 8.8 Hz), 2.94 (s, 6H). 13C{1H} NMR (CDCl3): d
181.1, 169.8, 156.7, 152.0, 149.9, 148.3, 145.0, 137.9,
132.9, 132.0, 130.8, 130.2, 129.5, 128.9, 127.4, 126.1,
125.8, 124.1, 123.5, 118.0, 116.9, 113.3, 111.6, 39.9. IR
(KBr Pellet, cm�1): 2078 t(C„C). FAB-MS: m/z 822
[M+]. Anal. Calc. for C46H33N3Pt: C, 67.14; H, 4.04.
Found: C, 66.74; H, 3.91%.

4.4. Synthesis of [Pt(bpqb)(CCC6H4NO2-4)] (4)

Complex 4 was synthesized by a procedure similar to
that of 2 except that (4-nitrophenyl)acetylene (20 mg,
0.15 mmol) was used in place of phenylacetylene. Yield:
58%. 1H NMR (CDCl3): d 10.45 (d, 2H, J = 7.5 Hz),
8.12 (d, 2H, J = 7.2 Hz), 7.92–7.85 (m, 4H), 7.82 (s, 2H),
7.75 (d, 2H, J = 8.1 Hz), 7.67–7.55 (m, 12H), 7.42 (d, 2H,
J = 8.8 Hz), 7.31 (t, 1H, J = 7.2 Hz). 13C{1H} NMR
(CDCl3): d 167.4, 160.6, 156.6, 156.4, 149.7, 148.2, 146.8,
142.4, 135.9, 135.6, 131.1, 130.6, 130.1, 128.2, 127.4,
125.6, 125.1, 120.6, 106.8, 105.6, 103.6, 100.8, 98.6, 38.1.
IR (KBr pellet, cm�1): 2067 t(C„C). FAB-MS: m/z 824
[M+]. Anal. Calc. for C44H27N3O2Pt: C, 64.07; H, 3.30.
Found: C, 64.28; H, 3.48%.

4.5. Synthesis of [Pt(tbbpqpy)Cl]BF4 (5)

To a stirred suspension of Pt(dmso)2Cl2 (0.17 g,
0.42 mmol) in MeCN (15 ml) was added AgBF4 (0.089 g,
0.46 mmol). The mixture was refluxed for 15 h. After filtra-
tion, tbbpqpy (0.10 g, 0.44 mmol) was added to the reac-
tion mixture and refluxed for 15 h. After filtration to
remove additional AgCl, the filtrate was evaporated to dry-
ness under reduced pressure to give an orange-red solid.
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The product was extracted with hot MeCN. Recrystalliza-
tion from diffusion of diethyl ether into an acetonitrile
solution yielded orange crystals. Yield: 78%. 1H NMR
(CDCl3): d 9.51 (d, 2H, J = 8.8 Hz), 8.31 (s, 2H), 8.23 (s,
2H), 7.87 (t, 4H, J = 7.8 Hz), 7.70 (m, 2H), 7.65 (d, 2H,
J = 7.8 Hz), 7.59 (m, 4H), 7.49 (m, 4H), 1.55 (s, 9H).
13C{1H} NMR (CDCl3): d 168.4, 160.8, 156.7, 156.4,
149.8, 136.0, 133.5, 131.7, 131.1, 130.6, 130.2, 129.9,
129.5, 127.8, 125.3, 121.6, 38.2, 14.6. FAB-MS: m/z 714
[M+]. Anal. Calc. for C39H31BClF4N3Pt: C, 54.53; H,
3.64. Found: C, 54.28; H, 3.48%.

4.6. Synthesis of [Pt(tbbpqpy)(MeCN)](BF4)2

A mixture of [Pt(tbbpqpy)Cl]BF4 (0.10 g, 0.117 mmol)
and AgBF4 (0.05 g, 0.257 mmol) in acetonitrile was refluxed
for 4 h. After the reaction mixture was cooled to ambient
temperature, the solution was filtered. The red product
was obtained by diffusion of diethyl ether into an acetoni-
trile solution of the product in a quantitative yield. 1H
NMR (CDCl3): d 8.78 (d, 2H, J = 8.8 Hz), 8.42 (s, 2H),
8.30 (s, 2H), 8.12 (t, 2H, J = 7.8 Hz), 8.08
(d, 2H, J = 8.1 Hz), 7.79–7.65 (m, 12H), 2.16 (s, 3H), 1.57
(s, 9H). 13C{1H} NMR (CDCl3): d 171.0, 158.7, 157.6,
156.9, 148.0, 135.2, 134.6, 132.1, 130.8, 130.0, 129.2,
128.0, 127.0, 124.1, 122.4, 120.4, 119.1, 69.0, 30.2, 2.5.
FAB-MS: m/z 951 [M+]. Anal. Calc. for C41H34B2F8N4Pt:
C, 51.76; H, 3.60. Found: C, 51.57; H, 3.45%.

4.7. Synthesis of [Pt(tbbpqpy)(CCC6H5)]PF6 (6)

A mixture of phenylacetylene (0.013 ml, 0.115 mmol)
and sodium hydroxide (5 mg, 0.138 mmol) in methanol
was stirred at room temperature for 30 min. [Pt(tbbpqpy)
(MeCN)](BF4)2 (0.10 g, 0.105 mmol) was added to the reac-
tion mixture and stirred for 12 h at room temperature. The
mixture was filtered and a saturated solution of ammonium
hexafluorophosphate in methanol was added. The mixture
was evaporated under reduced pressure and washed with
methanol. Subsequent recrystallization by diffusion of
diethyl ether into an acetonitrile solution of the product
gave as dark red solid. Yield: 36%. 1H NMR (CD3CN): d
10.02 (d, 2H, J = 9.0 Hz), 8.30 (s, 2H), 8.10 (s, 2H), 7.78
(d, 2H, J = 8.7 Hz), 7.69–7.59 (m, 11H), 7.42 (d, 2H,
J = 6.6 Hz), 7.31 (m, 4H), 7.17 (d, 2H, J = 6.6 Hz), 1.40
(s, 9H). 13C{1H} NMR (CD3CN): d 168.6, 161.4, 156.5,
156.3, 149.7, 141.2, 139.4, 135.8, 133.2, 132.2, 131.1,
130.2, 129.6, 127.1, 105.9, 104.2, 101.1, 100.1, 97.0, 95.2,
93.2, 38.0, 12.6. IR (KBr pellet, cm�1): 2117 t(C„C).
FAB-MS: m/z 982 [M+]. Anal. Calc. for C47H36F6N3PPt:
C, 57.44; H, 3.69. Found: C, 57.61; H, 3.86%.

4.8. Synthesis of [Pt(tbbpqpy)(CCC6H4NMe2-4)]PF6 (7)

This compound was prepared using the same procedure
as that described for 6. Yield: 38%. 1H NMR (CD3CN): d
9.88 (d, 2H, J = 9.0 Hz), 8.03 (s, 2H), 7.80 (s, 2H), 7.66–
7.59 (m, 4H), 7.52 (t, 4H, J = 7.4 Hz), 7.44 (t, 2H,
J = 7.5 Hz), 7.31–7.25 (m, 6H), 6.73 (d, 2H, J = 8.4 Hz),
6.51 (d, 2H, J = 8.7 Hz), 2.93 (s, 6H), 1.35 (s, 9H).
13C{1H} NMR (CD3CN): d 161.2, 158.3, 157.2, 156.1,
155.7, 152.6, 149.7, 147.4, 146.1, 142.3, 135.5, 132.1,
131.2, 130.3, 129.7, 129.3, 128.2, 127.3, 122.8, 119.3,
112.8, 111.2, 37.9, 37.2, 15.0. IR (KBr pellet, cm�1): 2112
t(C„C). FAB-MS: m/z 1052 [M+]. Anal. Calc. for
C49H41F6N4PPt: C, 57.37; H, 4.03. Found: C, 57.11; H,
3.91%.

4.9. Synthesis of [Pt(tbbpqpy)(CCC6H4NO2-4)]PF6 (8)

This compound was prepared using the same procedure
as that described for 6. Yield: 31%. 1H NMR (CD3CN): d
9.48 (d, 2H, J = 8.7 Hz), 8.29 (s, 2H), 8.21 (s, 2H), 7.89–
7.72 (m, 14H), 7.52–7.43 (m, 6H), 1.53 (s, 9H). 13C{1H}
NMR (CD3CN): d 160.6, 158.1, 156.6, 156.4, 155.2,
149.7, 139.4, 135.9, 133.5, 131.8, 131.0, 130.6, 130.1,
128.2, 127.4, 125.2, 124.6, 122.2, 104.3, 101.6, 98.3, 95.8,
38.1, 12.8. IR (KBr pellet, cm�1): 2113 t(C„C). FAB-
MS: m/z 1028 [M+]. Anal. Calc. for C47H35F6N4O2PPt:
C, 54.92; H, 3.43. Found: C, 54.71; H, 3.31%.

4.10. Synthesis of [Pt(bpqb)(PEt3)2Cl] (9)

To a stirred solution of 1 (0.20 g, 0.28 mmol) in
CH2Cl2(30 ml) was added PEt3(0.3 mmol, 1.0 M in THF).
The mixture was stirred for 2 h and excess LiClO4 was
added to the solution. After the mixture was stirred for
3 h, a dark red solution was filtered. Recrystallization by
diffusion of diethyl ether into a dichloromethane solution
afforded reddish crystals in 37% yield. 1H NMR(CDCl3):
d 8.69 (s, 2H), 8.26 (d, 2H, J = 8.4 Hz), 7.90 (d, 2H,
J = 8.4 Hz), 7.74 (t, 2H. J = 7.5 Hz), 7.70 (d, 2H,
J = 8.1 Hz), 7.62 (d, 4H, J = 7.5 Hz), 7.53–7.44 (m, 8H),
7.32 (t, 1H, J = 7.5 Hz), 1.36 (m, 12H), 0.51 (m, 18H).
13C{1H} NMR (CDCl3): d 164.5, 148.6, 147.3, 146.4,
138.4, 135.5, 131.2, 130.2, 130.0, 129.8, 129.5, 129.1,
128.7, 128.4, 127.8 124.8, 122.8, 15.3, 7.5. 31P NMR
(CDCl3): d �2.6 (JP–Pt = 2728 Hz). FAB-MS: m/z 950
[M+]. Anal. Calc. for C48H53ClN2P2Pt: C, 60.66; H, 5.62.
Found: C, 60.24; H, 5.47%.

4.11. Synthesis of [Pt(bpqb)(CO)]ClO4 (10)

Carbon monoxide was bubbled to a stirred suspension
of 1 (0.05 g, 0.11 mmol). After 2 h, excess LiClO4 was
added to the solution. After the mixture was stirred for
2 h, a dark red solution was filtered. Recrystallization by
diffusion of diethyl ether into a dichloromethane solution
afforded reddish crystals in 43% yield. 1H NMR (CD3CN):
d 8.56 (d, 2H, J = 9.0 Hz), 7.78 (d, 2H, J = 8.7 Hz), 7.72 (d,
2H, J = 7.8 Hz), 7.62–7.41 (m, 16H), 7.28 (t, 1H,
J = 7.8 Hz). 13C{1H} NMR (CDCl3): d 205.1, 166.4,
156.7, 152.3, 149.0, 147.4, 145.9, 142.3, 137.3, 135.1,
130.8, 129.7, 129.1, 128.2, 127.4, 126.4, 123.9, 121.0. IR
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(KBr pellet, cm�1): 1996 t(C„O), 1077 t(ClO4). FAB-MS:
m/z 806 [M+]. Anal. Calc. for C37H23ClN2P2Pt: C, 55.06;
H, 3.00. Found: C, 55.33; H, 2.97%.

4.12. Photophysical measurement

The electronic absorption spectra were measured on a
Hewlett–Packard 8452A diode array spectrophotometer.
The room temperature emission and excitation spectra
were measured in dichloromethane solutions on a SPEX
Fluorolog-3 fluorescence spectrophotometer. The excita-
tion wavelength was 425 nm. For solution emission and
excitation spectral studies, the solutions were purged with
argon for 15 min before measurement. The room tempera-
ture emission lifetimes were performed with a laser system.
The samples were excited by the third-harmonic output
(355 nm) of a Quantel Brilliant Nd:YAG laser. The emis-
sion quantum yields were determined by the optical dilute
method reported by Demas and Crosby [28]. A degassed
aqueous solution of quinine sulfate in 1.5 N H2SO4 solu-
tion (Uem = 0.446, excited at 425 nm) was used as the
reference.

4.13. X-ray crystallography

Suitable crystals of 1, tbbpqpy and 9 were grown by
DMSO/ether and CH2Cl2/ether, respectively. All X-ray
intensity data of compounds tbbpqpy, 1 and 9 were col-
lected on a Bruker SMART 1000 CCD diffractometer
with graphite monochromated Mo Ka radiation
(k = 0.7107 Å). The collected data were processed for
integration; an empirical absorption correction was made
on the basis of the symmetry-equivalent reflection intensi-
ties (SADABS). Structure were solved by direct methods and
refined by full-matrix least-squares procedures against F2

using SHELXL97 [29]. All non-hydrogen atoms in com-
pounds tbbpqpy, 1 and 9 were refined anisotropically.
All hydrogen atoms were included in the calculated
positions.
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