
Enhanced Photoluminescence Quantum Yields through Excimer
Formation of Cyclometalated Platinum(II) N‑Heterocyclic Carbene
Complexes
Piermaria Pinter,† Hannah Mangold,‡ Ilona Stengel,‡ Ingo Münster,‡ and Thomas Strassner*,†

†Professur für Physikalische Organische Chemie, TU Dresden, Bergstrasse 66, 01062 Dresden, Germany
‡BASF SE, 67056 Ludwigshafen, Germany

*S Supporting Information

ABSTRACT: We report a new class of C∧C* platinum(II)
complexes in which excimer formation enhances the quantum
yield while shortening the phosphorescence lifetime. Selective
excitation of the monomer or dimer could be achieved at
different wavelengths. These complexes exhibit strong
phosphorescent emissions in the blue part of the visible
spectrum around 450 nm with quantum yields of up to 93%.
The emission behavior is controlled through the steric demand
of the substituents at the 2,4-pentanedione ligand. We see dual
emission with high photoluminescence quantum yields
(PLQY) from monomeric and aggregated excited states.

■ INTRODUCTION

During the past decade, the photophysical properties of
platinum complexes have been intensively investigated for
their potential use as triplet emitter dopants in OLED
devices.1−3 We recently reported4 complexes of an N-
heterocyclic carbene (NHC) in conjunction with a cyclo-
metalated fragment (C∧C*) as a very efficient ligand for
photophysical applications. The strong σ-donating properties of
the C∧C* ligand increase the energy gap between occupied
and unoccupied orbitals, resulting in a 2-fold desirable effect.
An increased energy gap leads to a hypsochromic shift of the
emission. In addition, it renders the population of MC (metal-
centered) states thermally inaccessible, which are known to
deactivate the excited state through radiationless processes.5

Moreover, the C∧C* moiety allows the precise modification of
the electronic properties,6−8 while the auxiliary ligand fine-
tunes the steric properties,9 providing access to a better design
of the emitter. Square planar Pt(II) complexes have been
known for many years to possess intriguing photophysical and
photochemical properties,10,11 which to the best of our
knowledge were first proposed on the basis of intermolecular
interactions in 197112 and successively well documented on the
basis of excitation dynamics.13,14 Depending on the interacting
molecular orbital fragments, different intermolecular interac-
tions are possible: π−π stacking derived from ligands with π-
systems,15 π−d interactions between one filled 5dz2 Pt(II)
orbital and a π-orbital from a proximal molecule,16 d−d
interactions from the direct interaction of the 5dz2 Pt(II)
orbitals,11,17−19 or a combination of those.20−22 The face-to-
face interaction between two Pt(II) atoms splits the z-oriented

5dz2 (occupied) and 6pz (unoccupied) atomic orbitals to give
filled dσ and dσ* and unfilled pσ and pσ* molecular orbitals,
respectively (Scheme 1). At first glance, no Pt−Pt bonding

should result as bonding and antibonding orbitals are filled.
However, considering configuration interaction, the dσ and dσ*
orbitals are stabilized while the pσ and pσ* orbitals are
displaced to higher energies and an overall stabilization occurs;
a weak bonding interaction is obtained.11,21
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Scheme 1. Representation of the Face-to-Face Orbital
Interaction between Two Pt(II) Atoms
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These considerations were proven by a time-resolved X-ray
diffraction experiment23 in which a shortening of the Pt−Pt
bond of a [Pt2(pop)4]

4− complex by 0.28 Å was observed. In
accordance with the theoretical model, upon excitation, an
electron is promoted from the antibonding dσ* to the weakly
bonding pσ orbital. Thus, these interactions are strictly
dependent on the distance of the interacting orbitals. It has
been experimentally19,21,24 observed that a distance of 2.9−3.5
Å is sufficient to have a Pt(II)−Pt(II) interaction while for π−π
interactions a distance of 3.8 Å has been reported.25 When the
intermolecular interactions are negligible, emission originates
from an unperturbed single molecule, and for Pt(II) complexes,
emissive states 3LC (ligand-centered), 3LLCT (ligand-to-ligand
charge transfer), or/and 3MLCT (metal-to-ligand charge
transfer)26,27 have been characterized. However, when the
system allows intermolecular interaction and in particular d−d
interaction, a new emissive state arises, namely a 3MMLCT
(metal−metal-to-ligand charge transfer) emissive state.10,27 On
the basis of theoretical calculations, it has been reported17 how
the d−d interaction underlies the formation of the excimer
species, contributing to the lowering of the triplet energy and
resulting in a bathochromic shift. Furthermore, a concentration
dependency for the formation of the excimer and so for the
aggregate emission has been experimentally observed.20,28,29

Thus, the bathochromic shift dependent on the concentration
of the complex could be ascribed to excimer formation with a
new 3MMLCT emissive state. The formation of the excimers/
excited dimers has been proven to follow two pathways:13

association of two molecules through intermolecular inter-
actions to form a dimer that is subsequently excited to an
excited dimer (Scheme 2a) and excitation of a single molecule
followed by formation of an excimer through aggregation with a
nonexcited analogue (Scheme 2b).

In addition to the self-assembly systems,30 dimeric Pt(II)
complexes were obtained using the pyrazolate ligand that could
bind two Pt(II) centers in a μ-fashion.24 For this class of
complexes, it was found that the degree of interaction depends
on the steric demand of the substituents at the pyrazolate.31

These unique photophysical properties, in particular, the
characteristic dual emissive behavior from single molecules
and from excimer, allow one to obtain an extensive choice of
emitters and have recently been used to produce efficient
WOLEDs.19,32−35 A recent report of emissive nanofibers36

showed that at high concentrations the stacked molecules can
lead to particular photophysical properties; however, it has
usually been experimentally observed7,14,37,38 that emission

from aggregates is associated with a lowering of the overall
quantum yield due to the self-quenching nature of the excimer.
Herein, we report the surprising results of the introduction of a
nitrogen atom into the backbone of the NHC moiety39

(Scheme 3), which not only influences the emissive properties

of the complex but also drastically changes the aggregation
behavior at low concentrations. Remarkably, the formation of
excimers was observed to lower the phosphorescence lifetime
without lowering the overall quantum yield; indeed, we report
herein an example of an enhanced quantum yield through
excimer formation. By the choice of a bulkier acetylacetonate
ligand, the stacking could be prevented and only single-
molecule emission with excellent photoluminescence properties
like quantum yields of up to 93% and a relatively short
phosphorescent decay time down to 2.5 μs were observed.

■ RESULTS AND DISCUSSION
3-Phenyl-3H-imidazo[4,5-b]pyridine (2) was prepared follow-
ing a modified two-step procedure40 (Scheme 4): synthesis of a

nitro amine derivative through reaction of 2-chloro-3-nitro-
pyridine and aniline in 2-propanol with triethylamine as a base
(i), followed by an iron-mediated one-pot reduction of the
nitro group and ring closure in formic acid, 2-propanol, and
ammonium chloride (ii).
Imidazolium salt (3) was obtained through quaternization

(iii) with methyl iodide in THF under milder reaction
conditions to avoid quaternization at the pyridine nitrogen
atom (Scheme 5). Platinum(II) complexes 4−7 were prepared
in a one-pot multistep reaction following our recently reported
procedure:9 formation of the silver(I) NHC complex in DMF
through direct deprotonation of the imidazolium salts and
formation of the carbene complex with silver(I) oxide (iv),
transmetalation of the silver(I) carbene to dichloro(1,5-
cyclooctadiene)platinum(II) [Pt(COD)Cl2] (v), and cyclo-
metalation at elevated temperatures followed by reaction with
the proper acetylacetone ligand in the presence of potassium

Scheme 2. Representation of the Possible Pathways for
Excimer/Excited Dimer Formation

Scheme 3. General Structure of the Reported C∧C*
Platinum(II) Complexes

Scheme 4. Synthetic Strategy for the Preparation of the
Imidazole Ligand Precursora

aConditions: (i) i-PrOH, base, aniline, reflux for 24 h; (ii) i-PrOH, Fe,
NH4Cl, HCOOH, reflux for 48 h.
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tert-butanolate as a base (vi). Complexes were isolated after
column chromatography in 19−26% yields (Scheme 6).

All the complexes were fully characterized by 1H, 13C, and
195Pt NMR spectroscopy, as well as elemental analysis. The
formation of the carbene complex was verified by the
disappearance of the characteristic NCHN proton signal of
the imidazolium salt in the 1H NMR experiment. 195Pt NMR
showed a signal in the range of −3349 ppm (5) to −3308 ppm
(6), typical for Pt(II) complexes. All complexes are stable at
higher temperatures in the range of 257 °C (4) to 297 °C (5).
In particular, for complex 7, no decomposition was observed up
to a temperature of 350 °C.
Photophysical Properties. The photophysical properties

of complexes 4−7 were investigated in amorphous PMMA
films at concentrations between 0.2 and 2 wt % at room
temperature. UV/vis absorption spectra at 298 K of complexes
4−7 are reported in Figure 1. All complexes show a strong
absorption below 255 nm, a weaker shoulder centered at 283
nm, a weak band centered at 305 nm, and a second intense
band centered at 330 nm. The transitions are attributed by TD-
DFT calculations to the singlet ground state optimized
geometry, including a solvent effect with the CPCM41 model
with dichloromethane as the solvent (see Figure 7). The highly
energetic absorptions are attributed to a slightly metal
perturbed 1ILCT transition with a small contribution from
the diketones;9 the transitions centered at 330 nm are
attributed to a 1MLCT state with a major contribution from
HOMO−1 → LUMO in agreement with results previously
reported.9

Via examination of the photoluminescence (PL) spectra (see
Figure 2), all complexes show strong phosphorescence at room
temperature in the blue region of the spectrum (PL maximum
at 456−472 nm) with very good to excellent quantum yields
(64−91%) (Table 1). Complex 4 furthermore shows an

unstructured band centered around 547 nm as a result of
excimer formation, while for complexes with bulkier auxiliary
ligands (5−7), no aggregation was observed. Very promising
photophysical characteristics were found for complex 6 with a
quantum yield of 91% and short emissive decay times of 2.9 μs.
From the 2% emitter films, it was apparent that the emission

and the tendency to aggregate and form excimers differ quite
significantly among complexes 4−7. Only complex 4 showed a
broad emission centered at 589 nm in addition to the emission
in the blue part of the spectrum. On the other hand, the
quantum yield remained high for the neat film of complex 4,
while it dropped significantly for the other complexes. Upon

Scheme 5. Preparation of the Imidazolium Salta

aConditions: (iii) THF, CH3I, 60 °C, 72 h.

Scheme 6. Synthetic Strategy for the Preparation of the
Pt(II) Complexesa

aConditions: (iv) DMF, Ag2O, room temperature to 50 °C; (v)
Pt(COD)Cl2, room temperature to 125 °C; (vi) Hacac, t-BuOK, room
temperature to 115 °C.

Figure 1. Normalized absorption spectra of complexes 4−7 at room
temperature (2 wt % in PMMA).

Figure 2. Normalized emission spectra of complexes 4−7 at room
temperature (2 wt % in PMMA), with excitation at 340 nm (355 nm
for complex 7).

Table 1. Photophysical Data for Complexes 4−7 Measured
after Excitation at 340 nm (355 nm for complex 7) under a
Nitrogen Atmosphere at Room Temperature for a 2% Film
in PMMA and a 100% Film (numbers in parentheses)

λem (nm)a φ (%)c τ0 (μs)
d CIE x; y

4 458; 547 (589), 452b 64 (67) 4.8 (1.4) 0.28; 0.33 (0.51; 0.48)
5 456 (449; 588), 451b 74 (23) 5.8 (1.2) 0.16; 0.13 (0.31; 0.30)
6 472 (497), 452b 91 (41) 2.9 (3.5) 0.18; 0.26 (0.24; 0.43)
7 466 (489), 453b 88 (30) 3.3 (1.8) 0.17; 0.23 (0.22; 0.38)

aWavelength at the emission maximum. bPredicted emission wave-
length.42 cQuantum yield. dEmissive lifetimes [measured at the
emission maximum after excitation with laser pulses (355 nm, 1 ns)]
given as τo = τv/φ (see Experimental Section).
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close examination of the PL spectra of the neat films of the Pt
complexes (see Figure 3), this aggregation behavior is also

apparent. Here complex 4 exhibits only the PL peak of the
aggregated species without any contribution of a monomer to
the emission. While complexes 6 and 7 show only emission
from the monomer, complex 5 exhibits both monomer
emission and an additional contribution from an aggregate
species with a broad and unstructured peak centered at 588 nm.
To understand this aggregation behavior, a series of photo-
luminescence measurements at different concentrations and
with different excitation wavelengths were performed for
complexes 4−6, and the results are reported in Table 2.
While the emission of complexes 5 and 6 does not depend

on concentration or excitation wavelength, the emission of
complex 4 shows a strong dependence on both concentration
and excitation wavelength (see Figure 4). Pure single-molecule
emission of complex 4 without an excimer contribution is
found only at a concentration of 0.2% at an excitation
wavelength of 320 or 340 nm. At a concentration of 2%,
complex 4 predominantly shows emission from an aggregated
species. In the aggregated species of complex 4, the averaged
phosphorescence lifetime is reduced by a factor of 2 as a
consequence of a new 3MMLCT emissive state. A biexponen-
tial global fit of the decay kinetics at both emission maxima and
for all three concentrations was conducted to determine the

decay constant of the monomer τm and the excimer emission τe.
It was found that the monomer emission decays with a τm of
3.57 μs and the excimer emission with a τe of 1.26 μs, which
means almost 3 times as fast.
To further investigate monomer and excimer emission,

excitation spectra were measured for both PL maxima at 457
and 553 nm, and pronounced differences were found (see
Figure 5). The excitation spectrum at 553 nm exhibits a red

Figure 3. Normalized emission spectra of the 100% film of complexes
4−7 at room temperature (excitation at 340 nm).

Table 2. Photophysical Data for Different Concentrations (wt % in PMMA) of Complexes 4−6 under a Nitrogen Atmosphere at
Room Temperaturea

λem (nm)b φc (%) τ0 (μs)
d CIE x; y

complex concn (%) 320 340 360 320 340 360 457e 550f 320 340 360

4 0.2 456 456 457 57 58 77 5.3 2.2 0.19; 0.18 0.18; 0.16 0.26; 0.31
4 1 457 457 553 64 61 74 4.1 2.1 0.25; 0.29 0.24; 0.26 0.33; 0.42
4 2 552 458 555 67 64 75 4.8 2.1 0.30; 0.36 0.28; 0.33 0.35; 0.45
5 0.2 456 71 5.2 0.15; 0.12
5 1 456 74 4.6 0.15; 0.13
5 2 456 74 5.8 0.15; 0.13
6 0.2 469 93 2.5 0.17; 0.25
6 1 470 93 2.6 0.17; 0.25
6 2 472 91 2.9 0.18; 0.26

aExcitation at 340 nm for complexes 5 and 6; different excitation wavelengths for complex 4 given in the second line of the table. bWavelength at
emission maximum. cQuantum yield. dEmissive lifetimes [excitation with laser pulses (355 nm, 1 ns)] given as τo = τv/φ.

eLifetime measured at the
maxima of the monomer. fLifetime measured at the maxima of the aggregate emission.

Figure 4. Emission spectra of complex 4 at room temperature (a) at
different wt % concentrations in PMMA (λexc = 340 nm) and (b) at
different excitation wavelengths at 2 wt % in a PMMA film.

Organometallics Article

DOI: 10.1021/acs.organomet.5b00982
Organometallics XXXX, XXX, XXX−XXX

D

http://dx.doi.org/10.1021/acs.organomet.5b00982


shoulder up to 450 nm compared to the spectrum at 457 nm.
This difference explains the excitation wavelength dependence
of the PL spectra, especially the more pronounced aggregate
peak after excitation at 360 nm compared to excitation at 340
nm.
Surprisingly, the excitation spectra also show a higher

intensity around 300−330 nm for the aggregated species.
This is further confirmed by the absorption spectra (Figure
S1_a), in which a higher relative absorption is found for the 2%
film of complex 4 (containing more aggregated species) in this
wavelength region. Thus, in addition to common excimer
formation13 after monomer excitation, aggregated species of
complex 4 in the ground state, e.g., dimers, can be excited
directly to form an excited dimer.
DFT Calculations. DFT and TD-DFT methods have

proven to be useful tools for gaining a better understanding
of the excited states43,44 of emissive complexes. The ultimate
goal is to predict the properties of emitters like emission
wavelength, phosphorescent quantum yield, and finally
radiative decay time. Thus, DFT and TD-DFT calculations of
reported complexes 4−7 were performed with the Gaussian 09
software.45 Details of the computational approach are given in
Experimental Section. Spin densities are shown in Figure 6.
Absorption transitions of complexes 4−7 were calculated using
TD-DFT calculations from the optimized singlet state geo-

metries. The molecular orbital compositions that contribute the
most to the transition in the range of 300−330 nm are given in
Figure 7. All complexes show an HOMO−1 → LUMO
transition, which is attributed to a 1MLCT process in
agreement with previously reported results.9

Emission wavelengths were predicted using a method
recently reported by our group;42 the differences between
theory and experiment are in the range of 4−20 nm (values are
reported in Table 1). In addition, the spin density of the lowest
optimized triplet state was analyzed, and results are reported in
Figure 6. The major contributions to the spin density derive
from the C∧C* fragment and the platinum center with a
marginal contribution from the counter ligand. These results
underline the separate contributions to the system; the C∧C*
ligand impacts the electronic properties, while the counter
ligand influences the steric properties. In addition to these
findings, the plotted spin density resembles a 3ILCT/MLCT
emissive state, in accordance with previously reported
results.9,48

Figure 5. Excitation spectra of complex 4 at room temperature (wt %
concentration in PMMA) measured at both emission maxima.

Figure 6. Spin densities calculated at the optimized triplet geometry
[B3LYP/6-31G(d)] with Hay-Wadt-ECP (LANL2DZ)46,47 for
platinum.

Figure 7. Representation of molecular orbitals involved in the
absorption transitions. Orbitals and energies were calculated with
TD-DFT methods, and colors are representative of the orbital level
involved: red, HOMO−2; yellow, HOMO−1; green, HOMO; blue,
LUMO; violet, LUMO+1. The arrows represent the absorption
transitions at 304−313 nm (red arrow) and 320−324 nm (blue
arrow).
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■ CONCLUSIONS

We report the synthesis of a new heterocyclic ligand precursor
and its first reported use as a C∧C* ligand with Pt(II). Four
new Pt(II) complexes were characterized, and in particular, the
photophysical behavior was studied. Compared to previously
studied systems, we discovered that the introduction of a
nitrogen into the backbone of the NHC has a drastic influence
on both the emissive properties of the complexes and their
aggregation behavior. In particular, we have shown that the dual
behavior of the system, which is the single molecule and the
dimer, could be influenced by the choice of the counter ligand.
Bulkier acetylacetonates efficiently prevent molecular aggrega-
tion. The imidazopyridine in combination with a sterically
demanding counter ligand is found to be an excellent single-
molecule emitter with remarkable emissive properties like a
quantum yield of 93% and a phosphorescence lifetime of 2.5 μs
at concentrations of 0.2%. Moreover, with the less sterically
demanding counter ligand, an unprecedented behavior is
observed: excimer formation enhances the quantum yield and
shortens the phosphorescence lifetimes by a factor of 3.
Furthermore, it was shown that in the case of acetylacetonate,
the aggregated species are already present at low complex
concentrations, and accordingly, the selective excitation of the
monomer or the dimers could be achieved at different
wavelengths.

■ EXPERIMENTAL SECTION
General Experimental Details. DMF was dried according to

standard methods and stored over 3 Å molecular sieves under an argon
atmosphere. Dichloro(1,5-cyclooctadiene)platinum(II) [Pt(COD)-
Cl2] was prepared following a modified literature procedure.4 1,3-
(2,3,5,6-Tetramethylphenyl)propane-1,3-dione and 1,3-(2,4,6-
trimethylphenyl)propane-1,3-dione were prepared following reported
literature procedures.9,49 Potassium tetrachloroplatinate(II) was
purchased from Pressure Chemicals Co and used as received. Other
chemicals were obtained from common suppliers and were used
without further purification. 1H, 13C, and 195Pt NMR spectra were
recorded on a Bruker NMR spectrometer. 1H and 13C spectra were
referenced internally using the resonances of the solvent (1H δ 7.26
and 13C δ 77.0 for CDCl3;

1H δ 2.50 and 13C δ 39.43 for DMSO-d6).
195Pt spectra were referenced externally using potassium
tetrachloroplatinate(II) in D2O [−1617.2 (PtCl4

2−), −2654.1
(PtCl2)]. Shifts are given in parts per million downfield from TMS,
and coupling constants (J) are given in hertz. Elemental analyses were
performed by the analytical laboratory of the department using a
Eurovektor Hekatech EA-3000 elemental analyzer. Melting points
were measured on a hot stage microscope and are not corrected.
Photoluminescence measurements were performed in thin PMMA
films doped with 0.2, 1, and 2 wt % emitter or from neat emitter films.
The films were prepared by doctor blading a solution of emitter in a 10
wt % PMMA solution in dichloromethane on a quartz substrate with a
60 μm doctor blade. The film was dried, and the emission was
measured under nitrogen. Excitation was conducted at wavelengths of
300−360 nm (Xe lamp with a monochromator), and the emission was
detected with a calibrated quantum yield detection system
(Hamamatsu, model C9920-02). The uncertainty of the quantum
yield is ±2% for quantum yields of >10%. The phosphorescence decay
was measured by excitation with pulses of a THG-NdYAG laser (355
nm, 1 ns) and time-resolved photon counting by a multichannel
scaling (MCS) technique. τv either is the decay constant obtained from
a monoexponential fit or is calculated from a biexponential fit (for
decay kinetics that involve both monomer and excimer components)
I(t) = ∑i=1

2 aie
(−t/τi) with the following equation: τv = (a1τ1

2 + a2τ2
2)/

(a1τ1 + a2τ2).
50 From the decay constant τv, the emissive decay

constant τo = τv/(quantum yield) is calculated.

The absorption spectra were measured on a Zeiss MCS 601
spectrometer.

Synthesis of Ligands. 3-Nitro-N-phenylpyridin-2-amine (1). 2-
Chloro-3-nitropyridine (3.0 g, 18.5 mmol), aniline (2.1 g, 22.3 mmol),
and triethylamine (2.4 g, 23.3 mmol) were refluxed with 50 mL of 2-
propanol for 24 h. Afterward, the reaction mixture was concentrated
and extracted with diethyl ether. 3-Nitro-N-phenylpyridine was
obtained in 71% yield (2.8 g, 13.2 mmol): 1H NMR (CDCl3,
300.13 MHz) δ 10.12 (s, 1H, NH), 8.50 (m, 2H, CHarom), 7.64 (m,
2H, CHarom), 7.42 (m, 2H, CHarom), 7.19 (m, 1H, CHarom), 6.83 (m,
1H, CHarom);

13C NMR (CDCl3, 75.475 MHz) δ 155.4 (CHarom),
150.5 (Ci), 138.0 (Ci), 135.7 (CHarom), 129.2 (CHarom), 128.8 (Ci),
125.0 (CHarom), 122.7 (CHarom), 114.0 (CHarom); mp 60 °C. Anal.
Calcd for C11H9N3O2 (215.21 g mol−1): C, 61.39; H, 4.22; N, 19.53.
Found: C, 61.54; H, 4.31; N, 19.45.

3-Phenyl-3H-imidazo[4,5-b]pyridine (2). 3-Nitro-N-phenylpyridin-
2-amine (1) (10.2 g, 47.4 mmol), formic acid (289 g, 6.3 mol),
ammonium chloride (27.1 g, 0.5 mol), and iron powder (70 mesh,
28.3 g, 0.5 mol) were suspended in 200 mL of 2-propanol and refluxed
for 48 h. Afterward, the reaction mixture was concentrated to dryness,
washed with 200 mL of a saturated aqueous NaHCO3 solution, and
extracted with dichloromethane; organics were dried over MgSO4, and
volatiles were removed. The product was isolated by flash
chromatography (silica gel, eluent of ethyl acetate) in 60% yield (5.5
g, 28.3 mmol): 1H NMR (CDCl3, 300.13 MHz) δ 8.43 (d, J = 4.7 Hz,
1H, CHarom), 8.17 (br, 2H, CHarom), 7.70 (d, J = 7.6 Hz, 2H, CHarom),
7.53 (t, J = 7.7 Hz, 2H, CHarom), 7.40 (t, J = 7.4 Hz, 1H, CHarom), 7.27
(m, 1H, CHarom);

13C NMR (CDCl3, 75.475 MHz) δ 146.9 (Ci),
145.1 (CHarom), 143.1 (CHarom), 136.0 (Ci), 135.2 (Ci), 129.9
(CHarom), 128.5 (CHarom), 128.1 (CHarom), 123.8 (CHarom), 119.1
(CHarom); mp 37 °C. Anal. Calcd for C12H9N3 (195.22 g mol−1): C,
73.83; H, 4.65; N, 21.52. Found: C, 73.64; H, 4.72; N, 21.44.

1-Methyl-3-phenyl-3H-imidazo[4,5-b]pyridin-1-ium Iodide (3). 3-
Phenyl-3H-imidazo[4,5-b]pyridine (2) (2.8 g, 14.4 mmol) and methyl
iodide (2.1 g, 14.4 mol) were dissolved in 20 mL of THF and stirred at
60 °C for 72 h in an ACE pressure tube. Afterward, the precipitate was
filtered, washed with diethyl ether, and dried in vacuo. The product
was obtained in 62% yield (3.0 g, 8.9 mmol): 1H NMR (DMSO-d6,
300.13 MHz) δ 10.41 (s, 1H, NCHN), 8.82 (d, J = 4.7 Hz, 1H,
CHarom), 8.71 (d, J = 7.6 Hz, 1H, CHarom), 7.92 (m, 3H, CHarom), 7.71
(m, 3H, CHarom), 4.21 (s, 3H, CH3);

13C NMR (DMSO-d6, 75.475
MHz) δ 148.6 (CHarom), 144.2 (CHarom), 142.7 (Ci), 132.4 (Ci), 130.1
(CHarom), 129.9 (CHarom), 125.3 (Ci), 125.1 (CHarom), 123.8
(CHarom), 122.5 (CHarom), 34.1 (CH3); mp 242 °C. Anal. Calcd for
C13H12IN3 (337.16 g mol−1): C, 46.31; H, 3.59; N, 12.46. Found: C,
46.41; H, 3.40; N, 12.51.

Synthesis of Complexes. (SP-4-3)-[1-Methyl-3-phenyl-imidazol-
2-yliden[4,5-b]pyridine-κC2,κC2′](2,4-pentanedionato-κO2,κO4)
Platinum(II) (4). A flame-dried and argon-flushed Schlenk tube was
charged with 1-methyl-3-phenyl-3H-imidazo[4,5-b]pyridin-1-ium io-
dide (3) (602 mg, 1.8 mmol) and silver(I) oxide (210 mg, 0.9 mmol).
After addition of 50 mL of dry DMF, the reaction mixture was stirred
under argon protected from light for 1 h at room temperature and
then for 25 h at 50 °C. Dichloro(1,5-cyclooctadiene)platinum(II) (662
mg, 1.8 mmol) was added, and the mixture was stirred for 2 h at 50 °C
and then for 30 h at 125 °C. Afterward, potassium tert-butanolate (401
mg, 3.6 mmol) and acetylacetone (368 mg, 3.7 mmol) were added,
and the mixture was stirred for 24 h at room temperature and then for
24 h at 115 °C; all volatiles were removed in vacuo, and the crude
product was washed with water and isolated by flash chromatography
(silica gel, eluent of ethyl acetate/iso-hexanes) in 19% yield (166 mg,
0.3 mmol): 1H NMR (CDCl3, 300.13 MHz) δ 8.40 (d, J = 4.9 Hz, 1H,
CHarom), 8.25 (d, J = 7.7 Hz, 1H, CHarom), 7.81 (pseudo-t, J = 6.0 Hz,
JH,Pt = 27.0 Hz, 1H, PtCCHarom), 7.60 (d, J = 8.0 1H, CHarom), 7.22
(m, 1H, CHarom), 7.14 (t, J = 7.5 Hz, 1H, CHarom), 7.04 (t, J = 7.4 Hz,
1H, CHarom), 5.50 (s, 1H, OCCH), 4.17 (s, 3H, NCH3), 2.08 (s, 3H,
CH3), 1.99 (s, 3H, CH3);

13C NMR (CDCl3, 75.475 MHz) δ 185.5
(CO), 185.2 (CO), 163.0 (NCNHCN), 147.1 (Ci), 145.3 (Ci), 144.5
(CHarom) 131.0 (CHarom), 128.4 (Ci), 124.7 (Ci), 124.2 (CHarom),
124.0 (CHarom), 117.9 (CHarom), 117.5 (CHarom), 114.0 (CHarom),
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102.2 (CH), 31.6 (NCH3), 28.1 (CH3), 28.0 (CH3);
195Pt NMR

(CDCl3, 64.51 MHz) δ −3335.89; mp 257 °C. Anal. Calcd for
C18H17N3O2Pt (502.43 g mol−1): C, 43.03; H, 3.41; N, 8.36. Found:
C, 42.66; H, 3.33; N, 8.32.
(SP-4-3)-[1-Methyl-3-phenyl-imidazol-2-yliden[4,5-b]pyridine-

κC2,κC2′](dipivaloylmethanato-κO2,κO4) Platinum(II) (5). A flame-
dried and argon-flushed Schlenk tube was charged with 1-methyl-3-
phenyl-3H-imidazo[4,5-b]pyridin-1-ium iodide (3) (350 mg, 1.0
mmol) and silver(I) oxide (122 mg, 0.5 mmol). After addition of 20
mL of dry DMF, the reaction mixture was stirred under argon
protected from light for 1 h at room temperature and then for 25 h at
50 °C. Dichloro(1,5-cyclooctadiene)platinum(II) (384 mg, 1.0 mmol)
was added, and the mixture was stirred for 2 h at 50 °C and then for 24
h at 125 °C. Afterward, potassium tert-butanolate (240 mg, 2.1 mmol)
and dipivaloylmethane (393 mg, 2.1 mmol) were added. After the
mixture was stirred for 24 h at room temperature followed by 24 h at
115 °C, all volatiles were removed under reduced pressure, and then
the crude product was washed with water and isolated by flash
chromatography (silica gel, eluent of dichloromethane) in 24% yield
(145 mg, 0.2 mmol): 1H NMR (CDCl3, 500 MHz) δ 8.43 (d, J = 4,9
Hz, 1H, CHarom), 8.31 (d, J = 7.5 Hz, 1H, CHarom), 7.92 (pseudo-t, J =
7.5 Hz, JH,Pt = 24.0 Hz, 1H, PtCCHarom), 7.64 (d, J = 8.0 Hz, 1H,
CHarom), 7.25 (m, 1H, CHarom), 7.17 (td, J = 5.0, 1.0 Hz, 1H, CHarom),
7.04 (td, J = 7.5, 1 Hz, 1H, CHarom), 5.90 (s, 1H, OCCH), 4.31 (s, 3H,
NCH3), 1.32 [s, 9H, (CH3)3], 1.26 [s, 9H, (CH3)3];

13C NMR
(CDCl3, 75.475 MHz) δ 195.5 (CO), 194.9 (CO), 163.7 (NCNHCN),
147.0 (Ci), 145.3 (Ci), 144.6 (CHarom) 131.3 (CHarom), 128.3 (Ci),
124.9 (Ci), 124.2 (CHarom), 124.1 (CHarom), 118.0 (CHarom), 117.5
(CHarom), 114.0 (CHarom), 93.0 (CH), 42.2 [C(CH3)3], 41.5
[C(CH3)3], 32.1 (NCH3), 28.9 (CH3), 28.8 (CH3);

195Pt NMR
(CDCl3, 64.51 MHz) δ −3348.63; mp 297 °C. Anal. Calcd for
C24H29N3O2Pt (586.59 g mol−1): C, 49.14; H, 4.98; N, 7.16. Found:
C, 49.45; H, 5.19; N, 7.06.
(SP-4-3)-[1-Methyl-3-phenyl-imidazol-2-yliden[4,5-b]pyridine-

κC2,κC2′](dimesitoylmethanato-κO2,κO4) Platinum(II) (6). A flame-
dried and argon-flushed Schlenk tube was charged with 1-methyl-3-
phenyl-3H-imidazo[4,5-b]pyridin-1-ium iodide (3) (602 mg, 1.8
mmol) and silver(I) oxide (210 mg, 0.9 mmol). After addition of 50
mL of dry DMF, the reaction mixture was stirred under argon
protected from light for 1 h at room temperature and then for 25 h at
50 °C. Dichloro(1,5-cyclooctadiene)platinum(II) (662 mg, 1.8 mmol)
was added, and the mixture was stirred for 2 h at 50 °C and then for 30
h at 125 °C. Afterward, potassium tert-butanolate (401 mg, 3.6 mmol)
and 1,3-(2,4,6-trimethylphenyl)propane-1,3-dione (368 mg, 3.7
mmol) were added, and the mixture was stirred for 24 h at room
temperature followed by 24 h at 115 °C; all volatiles were removed
under reduced pressure, and then the crude product was washed with
water and isolated by flash chromatography (silica gel, eluent of ethyl
acetate/iso-hexanes) in 19% yield (166 mg, 0.3 mmol): 1H NMR
(CDCl3, 300.13 MHz) δ 8.46 (d, J = 4.9 Hz, 1H, CHarom), 8.32 (d, J =
7.8 Hz, 1H, CHarom), 7.78 (pseudo-t, J = 7.5 Hz, JH,Pt = 25.2 Hz, 1H,
PtCCHarom), 7.65 (d, J = 8.1 Hz, 1H, CHarom), 7.26 (m, 1H, CHarom),
7.16 (t, J = 7.6 Hz, 1H, CHarom), 7.00 (t, J = 7.5 Hz, 1H, CHarom), 6.87
(d, J = 7.2 Hz, 4H, CHmes), 5.74 (s, 1H, OCCH), 4.17 (s, 3H, NCH3),
2.33 [m, 18H, (CH3)mes];

13C NMR (CDCl3, 75.475 MHz) δ 185.6
(CO), 185.1 (CO), 162.8 (NCNHCN), 147.0 (Ci), 145.2 (Ci), 144.8
(CHarom), 139.8 (Ci), 139.2 (Ci), 137.9 (Ci), 137.7 (Ci), 134.4
(Ci),133.9 (Ci), 131.5 (CHarom), 128.4 (CHarom), 128.3 (Ci), 128.2
(CHarom), 124.5 (CHarom), 124.2 (CHarom), 124.1 (Ci), 118.1
(CHarom), 117.6 (CHarom), 114.2 (CHarom), 107.3 (CH), 31.8
(NCH3), 21.3 [(CH3)mes], 19.7 [(CH3)mes];

195Pt NMR (CDCl3,
64.51 MHz) δ −3308.11; mp 289 °C. Anal. Calcd for C34H33N3O2Pt
(710.73 g mol−1): C, 57.46; H, 4.68; N, 5.91. Found: C, 57.66; H,
4.89; N, 5.87.
(SP-4-3)-[1-Methyl-3-phenyl-3H-imidazol-2-yliden[4,5-b]-

pyridine-κC2,κC2′](1,3-bis(2,3,5,6-tetramethylphenyl)propane-1,3-
dionato-κO2,κO4) Platinum(II) (7). A flame-dried and argon-flushed
Schlenk tube was charged with 1-methyl-3-phenyl-3H-imidazo[4,5-
b]pyridin-1-ium iodide (3) (200 mg, 0.6 mmol) and silver(I) oxide
(69 mg, 0.3 mmol). After addition of 20 mL of dry DMF, the reaction

mixture was stirred under argon protected from light for 1 h at room
temperature and then for 23 h at 60 °C. Dichloro(1,5-
cyclooctadiene)platinum(II) (220 mg, 0.6 mmol) was added, and
the mixture was stirred for 1 h at 75 °C and then for 22 h at 115 °C.
Afterward, potassium tert-butanolate (267 mg, 3.6 mmol) and 1,3-
(2,3,5,6-tetramethylphenyl)propane-1,3-dione (600 mg, 1.8 mmol)
were added, and the mixture was stirred for 10 h at room temperature,
then for 6 h at 55 °C, and then for 20 h at 110 °C. All volatiles were
removed under reduced pressure, and the crude product was washed
with water and isolated by flash chromatography (silica gel, eluent of
ethyl acetate/iso-hexanes) in 26% yield (115 mg, 0.2 mmol): 1H NMR
(CDCl3, 300.13 MHz) δ 8.46 (d, J = 4.9 Hz, 1H, CHarom), 8.33 (d, J =
7.8 Hz, 1H, CHarom), 7.79 (pseudo-t, J = 7.5 Hz, JH,Pt = 22.8 Hz, 1H,
PtCCHarom), 7.65 (d, J = 7.0 Hz, 1H, CHarom), 7.33 (m, 1H, CHarom),
7.19 (t, J = 7.6 Hz, 1H, CHarom), 7.02 (m, J = 7.5 Hz, 3H, CHarom),
5.70 (s, 1H, OCCH), 4.19 (s, 3H, NCH3), 2.25 [m, 24H, (CH3)dur];
13C NMR (CDCl3, 75.475 MHz) δ 186.5 (CO), 186.1 (CO), 162.7
(NCNHCN), 146.9 (Ci), 145.1 (Ci), 144.7 (CHarom), 142.6 (Ci), 142.2
(Ci), 134.1 (Ci), 133.8 (Ci), 131.5 (CHarom), 131.2 (CHarom), 131.0
(CHarom), 130.5 (Ci), 129.8 (Ci), 129.5 (Ci), 128.2 (Ci), 124.4
(CHarom), 124.0 (CHarom), 117.9 (CHarom), 117.4 (CHarom), 114.0
(CHarom), 107.7 (CH), 31.8 (NCH3), 19.8 [(CH3)dur], 19.7
[(CH3)dur], 16.6 [(CH3)dur], 16.1 [(CH3)dur];

195Pt NMR (CDCl3,
64.51 MHz) δ −3316.10; mp >350 °C (no decomposition was
observed). Anal. Calcd for C36H37N3O2Pt (738.78 g mol

−1): C, 58.53;
H, 5.05; N, 5.69. Found: C, 58.20; H, 5.07; N, 5.53.

Computational Details. All calculations were performed with
Gaussian 09.45 The singlet and triplet ground state geometries were
optimized using the density functional hybrid model
B3LYP51−55together with the 6-31G(d)56−61 basis set and the Hay-
Wadt-ECP (LANL2DZ)46,47 for platinum. All reported intermediates
were verified as true minima by the absence of negative eigenvalues in
the vibrational frequency analysis. Frontier molecular orbitals were
computed on the singlet ground state structure, while the spin
densities were calculated on the basis of the ground state structure of
the optimized triplet state. Absorption transitions were assigned by
TD-DFT at the same level of theory. The first 20 excitations from the
optimized singlet state geometries of complexes 4−7 were calculated
without spin restriction and the CPCM41 model (with dichloro-
methane as the solvent). For visualization, GaussView62 was used.
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