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ABSTRACT: A new class of platinum(II) compounds, the 4,5-
dimethyl-3-aryl-thiazole-2-ylidene platinum(II) acetylacetonato
complexes, are described. Their efficient phosphorescent
emission at room temperature makes them suitable for potential
applications in organic light-emitting diodes. A new synthetic
pathway that allows the preparation of a broad range of different
N-arylthiazole-2-thiones and their subsequent conversion into
the corresponding N-arylthiazolium perchlorate and hexafluor-
ophosphate salts has been developed. Not only electron-rich (4-
OMe, 4-Me, 3-Me) N-arylthiazoles but also electron-deficient
ligands with a cyano or an ester group could be synthesized.
From commercially available anilines N-arylthiazolium perchlo-
rate and hexafluorophosphate salts were synthesized via ring-
closure of in situ generated N-aryldithiocarbamate salts followed by a sulfur-oxidation/-substitution protocol to the air-stable
carbene precursors. All reactions were performed in multigram scale in good yields. The synthesis of the corresponding
platinum(II) complexes involves generating the corresponding N-arylthiazole-silver(I)-carbene complexes, transmetalation to
platinum, cyclometalation, and reaction with acetylacetonate (acac). Solid-state structures of two N-arylthiazole-2-thiones, one N-
arylthiazolium salt, and three N-arylthiazole-2-ylidene-platinum(II) complexes complement the analytic characterization
including 195Pt NMR. The unsubstituted complex 4,5-dimethyl-3-phenylthiazole-2-ylidene-platinum(II)-acac was additionally
characterized by 2D-NMR techniques (COSY, HSQC, HMBC, NOESY). Photoluminescence measurements were performed in
amorphous poly(methyl methacrylate) films and revealed bluish-green emission maxima (∼500 nm) independent of the
electronic structure of the thiazoles, whereas the variation of the substitution pattern at the cyclometalating aryl system led to
excellent quantum efficiencies and decay lifetimes of 8.1−21.4 μs.

■ INTRODUCTION

Sulfur-containing heterocycles have been an interesting and
challenging motif in organic synthesis for more than a century.1

From marine and terrestrial organisms, from simple industrial
products to essential structures and building blocks in the
human immune system, many different compounds have been
isolated and thoroughly investigated.2 Historically thiazole
structures were early found to show interesting properties and
have been studied up until today.3 Structure−activity relation-
ships of thiazole derivatives have been extensively investigated
to explain their biological effects.4 One is attributed to in situ
generated carbene structures (Scheme 1, general structure I)
followed by subsequent C2 substrate binding.5 The most
prominent example, the coenzyme thiamine (Scheme 1, II),
itself represents a thiazole-2-ylidene precursor. Such in situ
generated carbene structures6 and respectively their ruthenium
metal complexes7 have been investigated in detail for their
catalytic activities. Additionally, structurally diverse mesoionic
1,3-thiazole metal complexes were presented by Bertrand8 and
Shi.9

Sulfur-containing heterocycles and foremost their metal
complexes are currently also of great interest because of their
photophysical properties.10 Compared to typical reoccurring
motifs such as pyridine,11 triazole,12 and pyrazole structures,13

only a small percentage of sulfur-containing heterocycles are
found in emitter molecules.14 The most commonly described
structures contain C∧N-coordinated 2-aryl-1,3-thiazoles
(Scheme 1, III) at metals such as iridium15 or platinum16

and were shown to be interesting phosphorescent materials. To
date phosphorescent complexes, used in organic light-emitting
diodes (OLEDs), frequently rely on N-heterocyclic carbenes
(NHCs)17 derived from arylimidazole18 and aryltriazole19

structures to achieve defined emission wavelengths, high
quantum yields, and short decay lifetimes. We could only
find one report on the synthesis of cyclometalated ruthenium
NHC complexes based on the N-aryl-1,3-thiazole-2-ylidene
motif (Scheme 1, general motif IV) but without describing the
photophysical properties.20

Received: December 4, 2015

Article

pubs.acs.org/Organometallics

© XXXX American Chemical Society A DOI: 10.1021/acs.organomet.5b00991
Organometallics XXXX, XXX, XXX−XXX

pubs.acs.org/Organometallics
http://dx.doi.org/10.1021/acs.organomet.5b00991


Herein we report the synthesis and the photophysical
properties of a new class of C∧C* cyclometalated platinum(II)
N-arylthiazole-2-ylidene complexes with acetylacetonate ligands
(Scheme 1, V). We developed and optimized a new synthetic
route that allowed us to prepare structurally and electronically
diverse N-arylthiazolium perchlorate and hexafluorophosphate
salts starting from commercial anilines. The different electronic
structure of the N-arylthiazole (compared to typical imidazole
and triazole moieties) allowed us to develop a new type of
efficient blue to green room-temperature emitter molecules. We
studied the effect of electronically different substituents at the
cyclometalating aryl ring on the photoluminescence properties.

■ RESULTS AND DISCUSSION

Synthesis. For the synthesis of the general motif of the N-
arylthiazolium salts as carbene precursors there is recent
literature precedent using different approaches.7b,21 In partic-
ular the groups of Bach22 and Glorius23 used a two-step
reaction sequence starting from commercially available anilines.
The first step involves the reaction of different anilines with
carbon disulfide in a basic medium and leads to the formation
of the corresponding dithiocarbamate salts by a nucleophilic
attack on the CS2 carbon atom. The ring-closure is then
achieved by adding an α-haloketone compound. Substitution of
the chlorine atom by the nucleophilic sulfur atom is followed by
another nucleophilic attack of the nitrogen atom onto the
carbonyl function.24 Treatment of the crude N-arylhydroxy-
thiazolidine with hydrochloric acid finally yields the desired N-
arylthiazole-2-thione structures (see Scheme 2 for a possible
mechanism). Some N-arylthiazole structures with (sterically
demanding) alkyl substituents25 have been reported in the
literature, but only a few examples of electronic variations of the
phenyl ring can be found.26

Following the procedure reported by Bach22 and Glorius23

we were able to synthesize compound 8, previously reported by
different groups,27 with a phenyl ring attached to the nitrogen

atom and two methyl groups in the 4- and 5-position of the
thiazole heterocycle by using 3-chloro-2-butanone (see Scheme
3). But unfortunately we found that the reported route does

not allow the synthesis of new compounds with electron-
donating or -withdrawing substituents. We therefore needed to
change the procedure for the N-arylthiazole-2-thione synthesis.
By using freshly ground sodium hydroxide, avoiding an aqueous
solution, we were able to transform even electron-deficient
anilines 2, 4, and 6 (Br, CN, CO2Me) as well as electron-rich
anilines 3, 5, and 7 (OMe, Me) into the desired thiazole
structures 8−14 (see Scheme 3). After the reaction all N-
arylthiazole-2-thiones 8−14 crystallized from the acidic
solution. Filtration, washing with alcohol, and drying gave the

Scheme 1. Overview of 1,3-Thiazole Compounds I−V

Scheme 2. Postulated Mechanism for the Formation of N-Aryl-thiazolium Salts (MX = NaClO4 or KPF6) with Highlighted
Isolated Compounds

Scheme 3. Synthesis of N-Arylthiazole-2-thiones 8−14 and
N-Arylthiazole-2-ium Salts 15−24a

a(i) NaOH, DMSO, then CS2, 0 °C to rt, then 3-chloro-2-butanone, 0
°C to rt, aqueous workup; (ii) HCl, EtOH, reflux; (iii) 3 equiv of
H2O2, AcOH, rt; (iv) NaClO4 or KPF6, MeOH/H2O, rt.
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pure N-arylthiazole-2-thiones 8−14 in good yields from 30% to
68% even on a larger scale of 25 to 50 mmol.
The following generation of the N-arylthiazolium salts has

been described by different groups21−23 and involves an
oxidation/substitution protocol in an acidic medium. Slow
addition of H2O2 to an acetic acid solution of the N-
arylthiazole-2-thiones 8−14 reliably removed the thione sulfur
atom. As mentioned in the literature, this step includes the
stepwise formation of a sulfonic acid derivative by oxidation of
the thione sulfur atom.28 The hydrogen atom at C2 is then
introduced by a substitution/desulfonation process using a
proton from the acidic solution as electrophile (see Scheme
2).29 After evaporation of the solvent a salt metathesis yields
the desired products. Either sodium perchlorate or potassium
hexafluorophosphate was used to give the N-arylthiazolium
perchlorate (ClO4) or hexafluorophosphate (PF6) salts 15−24
(see Scheme 3). After a washing and extraction procedure (see
general procedure B in the Experimental Data section) all N-
arylthiazolium salts were isolated by slow precipitation upon
addition of diethyl ether to a concentrated dichloromethane
solution. Only in the case of the perchlorate salt 23 was a
further purification step using column chromatography
necessary. Overall the hexafluorophosphate salts tend to be
less hygroscopic compared to their perchlorate counterparts.
Therefore, the hexafluorophosphate salts were preferably used
for the complex synthesis, which is in need of dry reaction
conditions. Moreover the advantage of using the N-
arylthiazolium hexafluorophosphate salts over the perchlorate
compounds is that the formation of potentially dangerous silver
perchlorate in the drying process of the platinum(II) complex
synthesis (see Experimental Data section, general procedures C
and D) can be avoided. All N-arylthiazolium salts are obtained
in yields from 10% to 72% on a scale of 5 to 10 mmol.
All complexes shown in Scheme 4 were prepared using an

established one-pot synthesis developed in our group.30 This
procedure involves the deprotonation of the carbene precursor
(here: N-arylthiazolium salts) in 1,4-dioxane using silver oxide
(Ag2O), transmetalation to dichloro(1,5-cyclooctadiene)-
platinum(II) (Pt(COD)Cl2), and cyclometalation by using a
temperature gradient in a dioxane/butanone mixture. Afterward
the acetylacetonate ligand is added under basic conditions in
dimethylformamide (DMF) using KOtBu as the base (see
Scheme 5, A). All complexes could be isolated by flash
chromatography using dichloromethane as the solvent.

Washing the bright yellow compounds with diethyl ether and
isohexanes yielded the pure complexes 25−31. Over the course
of this study we also focused on improving the yields and the
general experimental procedure of the complex synthesis. We
found DMF to be a superior solvent and lowered the basicity in
the final step by employing K2CO3 as the base (Scheme 5, B).
With this new protocol we were able to improve the yields of
complexes 25−28 by more than 50% (e.g., for complex 26 we
observed a 3-fold increase in comparison to the conventional
synthesis). Complexes 29−31 were subsequently prepared
using the new procedure. Noteworthy, even complex 31,
bearing an ester group, could be isolated analytically pure from
the basic reaction conditions showing no signs of an ester
hydrolysis. In conclusion seven new air-stable platinum(II)
complexes with an acetylacetonate ligand19a,31 based upon N-
arylthiazolium salts as precursors were prepared in good yields
of 24% up to 54% using the optimized one-pot procedure.

Characterization. All N-arylthiazole-2-thiones, N-arylthia-
zolium salts, and N-arylthiazole-2-ylidene platinum(II) com-
plexes were investigated by standard techniques involving 1H
and 13C NMR, as well as gas chromatography mass
spectrometry (GCMS) for 8−14, electron spray ionization
mass spectrometry (ESI-MS) for 15−24, and 195Pt NMR for all
complexes 25−31. For complex 25 additional 2D-NMR spectra

Scheme 4. Synthesized Platinum Complexes 25−31

Scheme 5. Synthesis of the Cyclometalated Complexes 25−
31a

a(i) 0.55 equiv of Ag2O, rt to 50 °C, A: 1,4-dioxane (B: DMF) ; (ii)
Pt(COD)Cl2, rt to 115 °C, A: 1,4-dioxane/butanone (B: DMF); (iii)
4 equiv of Hacac, DMF, rt to 100 °C, A: 4 equiv of KOtBu (B: 4 equiv
of K2CO3).
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were recorded (COSY, HSQC, HMBC, and NOESY; see
Supporting Information).
The 1H chemical shifts for the proton at the C2 carbon atom

of the N-arylthiazolium salts 15−24 were detected at 10.20−
10.29 ppm. For those salts the resonance of the C2 carbon
atom in the 13C NMR spectra was found at chemical shifts
between 157.04 and 157.86 ppm. The hexafluorophosphate
salts show melting points between 86 and 166 °C. In
comparison the perchlorate salts 15, 17, and 23 possess even
lower melting points compared to the corresponding
hexafluorophosphate salts. In addition to the cationic N-
arylthiazolium fragment detected by ESI-MS, all N-aryl-
thiazolium salts show higher m/z values that can be matched
to the formation of charged pairs consisting of two positive N-
arylthiazolium fragments and one counterion.
All complexes are bright yellow compounds and tend to

decompose in the NMR solvent CDCl3. As other typical NMR
solvents (MeOD, d3-MeCN, d6-benzene, d6-DMSO) could not
sufficiently dissolve complexes 25−31, all compounds were still
measured in CDCl3 but recorded as fast as possible to avoid
decomposition before or during the acquisition of the spectra.
In addition to the 4-methyl-substituted complex 29, the

regioisomer 31 with the methyl group in the 5-position was
synthesized to investigate the impact of the substitution pattern
on the photoluminescence properties. In principle two different
regioisomers regarding complex 31 could be formed (see DFT
section), but only complex 31, with the methyl group in the 5-
position, was isolated according to the NMR data (see
Experimental Data section).
We additionally recorded 195Pt NMR spectra of all seven N-

arylthiazol-2-ylidene platinum(II) complexes and compared the
resonances with values reported in the literature. Complexes

25−31 show chemical shifts between −3346.21 and −3311.01
ppm in the 195Pt NMR. These values are similar to those
previously reported for imidazole- and triazole-based C∧C*
cyclometalated complexes with O∧O ligands.32

Depending on the substitution pattern, the melting points of
these novel platinum(II) complexes are quite different. Values
between 264 and 265 °C for the methoxy-substituted complex
27 and 277−278 °C in case of the bromo-substituted complex
26 can be observed. Complexes 28 and 30 show decomposition
at higher temperatures (>300 °C).

Solid-State Structure Determination. Single crystals of
8, 9, 18, 26, and 27 suitable for X-ray diffraction were obtained
by slow evaporation of a saturated dichloromethane solution
(Figures 1 and 2). Despite being bright yellow powders,
complexes 26 and 27 crystallized as dark green crystals after
evaporation. In the case of complex 25, a concentrated
dichloromethane solution was slowly infused with diethyl
ether to yield bright yellow crystals. Details of the solid-state
structure determination are given in the Supporting Informa-
tion (Tables S1 and S2).
Both N-arylthiazole-2-thiones 8 and 9 as shown in Table 1

reveal similar S1−C1 bond distances of 1.718(6) Å for the
unsubstituted thione 8 and of 1.726(10) Å for the bromo-
substituted compound 9. In addition the C1−N1 bond
distances (1.357(7) Å for 8 and 1.363(12) Å in the case of
compound 9) and S(1)−C(1)−N(1) angles (108.5(4)° for
compound 8 and 107.9(6)° for structure 9) show only minor
structural differences for the thiazole moiety. On the contrary
compounds 8 (−74.1(7)°) and 9 (−79.3(12)°) reveal different
C7−C6−N1−C1 torsions of the phenyl ring. Those values
differ significantly (by more than 10 degrees) from the results
of the DFT calculations, which show a nearly perpendicular

Figure 1. ORTEP representations of N-arylthiazole-2-thiones 8 and 9 and N-arylthiazolium salt 18. Thermal ellipsoids are drawn at the 50%
probability level.

Figure 2. ORTEP representations of thiazole-2-ylidene platinum(II) complexes 25−27. Thermal ellipsoids are drawn at the 50% probability level.
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orientation of the phenyl ring to the thiazole moiety (see
Supporting Information, Tables S5 and S6).
In comparison to the N-arylthiazole-2-thione structures 8

and 9 the N-arylthiazolium salt 18 shows shorter S1−C1
(1.657(8) Å) and C1−N1 (1.320(9) Å) bonds and a longer
C1−N1 (1.446(9) Å) bond. Additionally the S1−C1−N1 angle
(112.2(5)°) widens, whereas the N1−C1−S2 angle contracts
(95.6(7)°). These structural changes in bond distances and
angles further involve an almost perpendicular orientation
(95.6(7)°) of the 4-bromophenyl ring to the N,S-heterocycle
(for a comparison with DFT calculations see the Supporting
Information, Table S7). Further investigations of the solid-state
structure showed that no interactions of the ring structures
(carbocycle or thiazole) with neighboring N-arylthiazolium
molecules can be found due to the hexafluorophosphate anion,
which is positioned in between the N-arylthiazolium structures
(see Supporting Information, Figure S3).

All three complexes crystallize in a monoclinic crystal system
and reveal a square planar coordination of the platinum(II)
atom but with deviations from the ideal angles. While the O1−
Pt−O2 angles are the closest to 90°, the C1−Pt−C7 angles
(79.4(2)−79.9(5)°) show deviations of about 10 degrees as
also observed for the imidazole- and triazol-based C∧C*
platinum(II) complexes.19b,32a ,33 The C1−Pt bond
(1.905(11)−1.907(5) Å) is the shortest of all platinum−ligand
bonds. The oxygen atom bond lengths show only minor
differences (2.041(8)−2.090(8) Å), while the C7−Pt bonds are
slightly shorter (1.957(13)−2.002)11) Å). Complex 25 forms
molecular pairs (Pt···Pt distances 5.34 Å) in the solid state that
are oriented at an angle of 49.19° toward the next molecular
pair (both metallacycles were used for the calculation of the
planes). Within two molecules π−π interactions between the
N-aryl-thiazol-2-ylidene moieties are found, revealing an

interaction of the phenyl ring with a thiazole ring from the
adjacent molecule (3.94 Å). Complex 26 shows a similar
formation of molecular pairs and crystallizes in a zigzag pattern
with an angle of about 53.1° between two molecular pairs.
Pt···Pt distances of about 7.03 Å are revealed as well as π−π
interactions between two N-aryl-thiazol-2-ylidene moieties of
3.68 Å. For complex 27 no pairs are found but a zigzag layer of
molecules with weak interactions between phenyl rings and
thiazole moieties (4.53−5.02 Å) as well as interactions between
the thiazole ring and the acetylacetonate ligand within 3.76 Å.
All Pt···Pt distances of the three complexes exceed the sum of
van der Waals radii for the platinum atom, indicating no
interaction between two platinum metal atoms (see Supporting
Information, Figures S4−S9).
In conclusion the N-arylthiazol-2-ylidene platinum(II)

complexes show similar bond distances and angles regarding
the central metal atom but provide a sterically less demanding
environment at the heterocyclic ring compared to typical
imidazole- and triazole-platinum(II) complexes with O∧O
ligands known from the literature.18b,19a,31−33 This is a very
promising result for the design of new emitter molecules.

Photoluminescence Properties. To investigate the
photophysical behavior for this new class of complexes, the
absorption and emission spectra at room temperature in doped
poly(methyl acrylate) (PMMA) (2 wt % complex) were
measured (see Supporting Information, Figures S12 and S13,
for absorption and emission data for 100% emitter films). For
all complexes a strong absorption between 250 and 280 nm is
observed, and only minor absorptions appear in the region
between 300 to 350 nm. Additionally local maxima in the low-
energy region of 360 to 370 nm can be observed for all
complexes (see Figure 3).

All new N-arylthiazole-2-ylidene platinum(II) complexes
show interesting photoluminescence data (see Table 3), as
they emit at room temperature and show high quantum yields,
decay lifetimes of 8.1−21.4 μs, and remarkably stable emission
maxima between 508 and 526 nm (see Figure 4). Interestingly
all complexes emit in a very narrow range and retain their blue-
green maximum emission wavelengths, almost independent
from electron-donating or electron-withdrawing groups at the
cyclometalating aryl ring, as only the shape of the emission
spectra changed. Broad unstructured bands can be observed for

Table 1. Selected Bond Lengths (Å), Angles (deg), and
Dihedral Angles (deg) of the N-Arylthiazole-2-thiones 8 and
9 and the N-Arylthiazolium Salt 18

8 9 18

S1−C1 1.718(6) 1.726(10) 1.657(8)
C1−N1 1.357(7) 1.363(12) 1.320(9)
N1−C6 1.434(7) 1.458(12) 1.446(9)
S1−C1−S2 124.2(4) 124.4(6) (124.0)a

S1−C1−N1 108.5(4) 107.9(6) 112.2(5)
N1−C1−S2 127.3(4) 127.7(7) −95.6(7)
C7−C6−N1−C1 −74.1(7) −79.3(12) 178.3(4)

aIn the case of compound 18 this refers to S1−C1−H1.

Table 2. Selected Bond Lengths (Å), Angles (deg), and
Dihedral Angles (deg) of Complexes 25−27

25 26 27

C1−Pt 1.907(11) 1.907(5) 1.905(11)
C7−Pt 1.957(13) 1.967(4) 2.002(11)
Pt−O1 2.076(8) 2.082(3) 2.090(8)
Pt−O2 2.041(8) 2.052(3) 2.044(7)
C1−Pt−C7 79.9(5) 79.4(2) 79.9(5)
O1−Pt−O2 90.7(3) 90.61(13) 91.4(3)
C1−N1−C6−C7 1.5(14) −2.7(5) 3.6(12)
O2−Pt−O1−C13 −3.7(10) −1.2(4) 6.8(9)
Pt···Pta 5.338 7.028 7.002

aShortest intermolecular Pt−Pt distances.

Figure 3. Absorption spectra of complexes 25−31 at room
temperature (2 wt % in PMMA).
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compounds 25−27, 29, and 31, whereas complexes 28 and 30
show a spectrum with a vibronic coupling (progression
distances of about 1120−1270 cm−1 for complex 28 and
about 1070−1180 cm−1 for complex 30). In addition to the
(global) maximum at 515 nm a second (local) maximum at
about 640 nm can be observed for complex 28. These
observations support a different emission process for complexes
with electron-withdrawing substituents at the aryl system (28,
30) compared to the (mainly) electron-donating substituents
present in complexes 25−27, 29, and 31.
While keeping stable blue-green emissions the substituents at

the cyclometalating aryl ring furthermore enhance the quantum
yields and the decay lifetimes. The unsubstituted complex 25
reveals quantum yields as high as 61%, a much higher intrinsic
value when compared to the analogous triazole or imidazole
complexes.19b,30 Overall quantum yields from 33% up to 79%
and decay lifetimes ranging from 8.1 to 21.4 μs were achieved
by a variation of the substitution pattern at the cyclometalating
aryl ring. We were pleased to find that the ester-substituted
complex 30 not only showed the highest quantum yields and
lowest τ0 value but also retained high quantum yields of about
68% in the 100% film. All other complexes show lower
quantum yields in the pure emitter film and a red-shift of the
emission wavelength maxima (see Supporting Information
Table S3).
In summary concerning the 2 wt % PMMA films, positive

mesomeric or inductive effects originating from the methoxy

and methyl substitution (complexes 27 and 29) decrease the
overall quantum yield. In contrast negative mesomeric and
inductive effects present in complexes 28 and 30 (CN and
CO2Me substituent) improve the quantum yields and lower the
decay lifetimes. All comparisons are always related to the
unsubstituted complex 25. The bromo-substituted compound
26 has a strong positive mesomeric effect and a small negative
inductive effect showing a higher quantum yield than complex
25 and shorter decay lifetimes.
Comparing complexes 29 and 31, the decay lifetime of

complex 31 could be lowered by 4 μs, but quantum yields and
emission wavelengths are almost identical (see Supporting
Information, Figures S10 and S11 for a direct comparison of
absorption and emission spectra). In conclusion changing the
position of the methyl substituent showed no significant
improvement; hence no further variation was investigated.
Complexes 25−28 show remarkably better photolumines-

cence properties compared to their imidazole analogues.30 Also
complexes 25 and 28, when compared to their triazole-based
equivalents,19b show enhanced quantum yields while maintain-
ing good decay lifetimes. These data are very promising for
developing new highly efficient emitters and their implementa-
tion in modern day phosphorescent OLEDs (PhOLEDs).

Quantum Chemical Calculations. All geometry optimi-
zations including ground-state and triplet-state geometries were
performed using DFT methods. As stated in the Character-
ization section complex 31 could possibly form two different
regioisomers, but only the cyclometalated structure with the
methyl group in the 5-position was isolated (see Figure 5).

Quantum chemical calculations support the formation of the 5-
Me isomer, showing an energy difference of about 4 kcal/mol
in favor of the sterically less hindered Pt environment (see
Supporting Information, Table S4).
The calculated geometries and the solid-state structures are

in very good agreement. Calculations on the triple-ζ level using
B3LYP/6-311++G(d,p) show only minor geometrical changes
for bond distances (up to 1%) and angles (up to 2%) compared
to the structures obtained with B3LYP/6-31G(d) or BP86/6-
31G(d). All three methods place the platinum atom in a
perfectly planar environment, whereas the N1−C1−Pt−O1
dihedral angle in the solid-state structures shows a slight torsion
of up to 2.8 degrees (see Supporting Information, Tables S8−
S11, for a direct comparison).
The triplet-state geometries calculated by B3LYP/6-31G(d)

show distortions of the thiazole ring system in comparison to
the calculated singlet structures. Next to the distorted N1−C1−
Pt−O1 dihedral angles, which slightly twist the NHC−ligand

Table 3. Photoluminescence Data (2 wt % in PMMA, rt) of
the Cyclometalated Complexes 25−31

λexc
(nm)a CIE x;yb

λem
(nm)c ϕd

τ0
(μs)e

kr (10
3

s−1)f
knr (10

3

s−1)g

25 370 0.28;0.52 510 0.61 11.64 85.7 2776.8
26 360 0.32;0.50 508 0.67 9.30 107.0 2065.8
27 360 0.34;0.55 526 0.33 21.39 46.2 4790.5
28 370 0.39;0.49 515 0.72 10.93 92.0 2192.4
29 360 0.30;0.54 516 0.51 13.09 76.3 3273.2
30 370 0.31;0.55 520 0.79 8.11 97.4 1703.1
31 360 0.31;0.56 521 0.51 9.83 101.8 2454.9

aExcitation wavelength. bCIE coordinates at room temperature.
cMaximum emission wavelength. dQuantum yield at λexc; N2
atmosphere. eDecay lifetimes (excited by laser pulses (355 nm, 1
ns)) given as τ0 = τv/ϕ.

fkr = ϕ/τv.
gknr = (1 − ϕ)/τv.

Figure 4. Emission spectra of complexes 25−31 at room temperature
(2 wt % in PMMA).

Figure 5. DFT (B3LYP/6-31G(d))-calculated geometries of possible
isomers of complex 31.
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(171.1−175.0°), elongated C1−N1 bonds with differences of
0.98−1.17 Å and shortened N1−C6 distances with deviations
of 0.65−0.82 Å are observed (see Supporting Information,
Table S10). There is almost no change in the Pt−C and Pt−O
bond distances, and no out-of-plane bending of the
acetylacetonate ligand can be observed (also in the case of
BP86). Spin densities based on B3LYP/6-31G(d) reveal a
strong influence of the N-arylthiazole ligand and just a small
contribution from the acetylacetonate (acac) system. This
indicates that the main emission process is controlled by the
thiazole-aryl moiety and therefore represents intraligand
charge-transfer (ILCT) or metal-to-ligand charge-transfer
(MLCT) character (see Supporting Information, Figure S15).
Using a previously described method developed in our group

we could successfully predict the emission maxima by BP86/6-
31G(d) and B3LYP/6-31G(d) calculations.34 All complexes
and their emission wavelengths could be well described and
predicted.

■ CONCLUSION
The first seven C∧C* cyclometalated Pt(II) acetylacetonate
complexes with 1,3-thiazole-based NHC ligands could be
synthesized, and their photophysical properties were inves-
tigated. A series of N-arylthiazole-2-thiones with electron-
donating (OMe, Br, Me) as well as electron-withdrawing
groups (CN, CO2Me) could be synthesized. With overall yields
of up to 48% air-stable N-arylthiazolium perchlorate and
especially hexafluorophosphate salts were accessible in gram
scale. They allowed controlling the electronic effect on the
platinum atom and the overall absorption/emission process by
variation of the substitution at the cyclometalating aryl ring. All
complexes are efficiently emitting at room temperature with
high quantum yields. These newly synthesized N-arylthiazol-2-
ylidene platinum(II) complexes show remarkable stable
emissions of about 508−526 nm independent from the
substitution pattern. Quantum yields could be improved from
33% up to an excellent 79% with decay lifetimes between 8.1
and 21.4 μs in 2% PMMA films. The complex with methyl ester
substituent not only showed the highest quantum yields of 79%
but even retained excellent quantum yields of 68% in the
concentrated film. The solid-state structures of two N-
arylthiazol-2-thiones, one N-arylthiazolium hexafluorophos-
phate salt, and three N-arylthiazol-2-ylidene platinum(II)
complexes provided structural information. In addition all
solid-state structures are in good agreement compared to the
results of quantum chemical DFT calculations. These new
thiazole complexes are promising emitters for applications in
OLEDs.

■ EXPERIMENTAL DATA
General Considerations. All complex syntheses were performed

under an argon atmosphere and with exclusion of light, using flame-
dried Schlenk tubes. Unless otherwise stated, all other syntheses were
run without using an inert atmosphere. Solvents of at least 99.0%
purity were used in this study. DMF and 1,4-dioxane were dried using
standard techniques and stored under an argon atmosphere over
molecular sieves (3 Å). Dichloro(1,5-cyclooctadiene)platinum(II)
(Pt(COD)Cl2)

35 was prepared following a modified literature
procedure.30 Compound 636 was prepared according to the literature
procedure. Compounds 8,27 9,27c and 1227c have been synthesized
following a modified procedure described below. Chemicals were
obtained from common suppliers and used without further
purification. 1H, 13C, and 195Pt NMR spectra were recorded on Bruker
NMR spectrometers. 1H and 13C NMR spectra were referenced

internally by using the resonances of the solvent (1H: 7.26 ppm, 13C:
77.0 ppm for CDCl3;

1H: 2.50 ppm, 13C: 39.43 ppm for DMSO-d6).
195Pt NMR spectra were referenced externally by using potassium
tetrachloroplatinate(II) in D2O (−1617.2 PtCl4

2−, −2654.1 PtCl2).
Shifts are given in ppm; coupling constants J in Hz. Mass spectra of
thiones 8−14 were recorded on an Agilent 6890N GC coupled with a
5973N MSD system using electron ionization (EI) as ionization
method. Electrospray ionization (ESI) mass spectra of the N-
arylthiazolium salts 15−24 were measured on a Bruker Esquire MS
with an ion trap detector. Elemental analyses were performed on a
Hekatech elemental analyzer by the microanalytical laboratory of our
institute. Uncorrected melting points have been determined using a
Wagner and Munz Poly Therm A system. The emitter films were
prepared by doctor blading a solution of emitter in a 10 wt % PMMA
solution in dichloromethane on a substrate with a 60 μm doctor blade.

X-ray Crystallography. Preliminary examination and data
collection were carried out on a NONIUS κ-CCD diffraction system
(FR590) equipped with an Oxford Cryosystem cooling system at the
window of a fine-focus sealed tube using graphite-monochromated Mo
Kα radiation (λ = 0.710 73 Å). The reflections were merged and
corrected for Lorentz, polarization, and decay effects. An absorption
correction was applied using SADABS.37 The structures were solved
by a combination of direct methods38 with the aid of difference
Fourier synthesis and were refined against all data using SHELXL-
97.39 Hydrogen atoms were assigned to ideal positions using the
SHELXL-97 riding model. All non-hydrogen atoms were refined with
anisotropic displacement parameters. Full-matrix least-squares refine-
ments were carried out by minimizing ∑w(Fo

2 − Fc
2)2 with the

SHELXL-97 weighting scheme. Details of the structure determinations
are given in the Supporting Information. Neutral-atom scattering
factors for all atoms and anomalous dispersion corrections for the non-
hydrogen atoms were taken from the International Tables for
Crystallography.40 All calculations were performed with the programs
COLLECT,41 DIRAX,42 EVALCCD,43 SIR92,38a SIR97,38b SA-
DABS,37 the SHELXL-97 package,39,44 and PLATON.45 Images of
the solid-state structures were generated with ORTEP-346 and
MERCURY.47

Computational Details. The Gaussian09 package48 was used to
perform all quantum chemical calculations employing the density
functional hybrid model B3LYP49 and gradient-corrected BP86.50

Both functionals were combined with a 6-31G(d) basis set51 further
using a double valence basis set for bromine.52 In addition B3LYP was
combined with a 6-311++G(d,p) triple-ζ basis set.53 In all calculations
platinum was described with a decontracted Hay−Wadt(n+1) ECP
and basis set.54 All given structures were verified as true minima by
vibrational frequency analysis and the absence of negative eigenvalues.
By applying thermochemical analysis approximate free energies could
be obtained. Thermal corrections to Gibbs free energy, as reported by
Gaussian09, were taken into account including zero-point effects,
thermal enthalpy corrections, and entropy. All presented energies,
unless otherwise stated, are free energies at standard conditions (T =
298 K, p = 1 atm) using unscaled frequencies. Frontier molecule
orbitals (FMOs) and spin densities were visualized by GaussView.55

Calculated geometries were visualized with CYLview.56

General Procedure A: N-Arylthiazole-2-thiones. According to
a modified literature procedure,22,23 0.4 mL/mmol of DMSO and 1
equiv of the corresponding aniline (1−7) were mixed, and 1 equiv of
freshly ground NaOH was added at room temperature in one portion.
The solution immediately darkened. After 15 min of stirring at room
temperature 1 equiv of CS2 was added at 0 °C. A further 60 min of
stirring at room temperature was followed by the slow addition of 1
equiv of 3-chloro-2-butanone at 0 °C. This led to another color change
and slight evolution of HCl. The solution was diluted with 200 mL of
distilled water after 60 min of stirring at room temperature and then
vigorously stirred for another 30 min. A crude solid precipitated in the
case of aniline 1 and 2, whereas anilines 3−7 yielded a viscous oil.
After 30 min of standing at 5 °C the water phase was decanted and the
remaining oil or solid dissolved in 125 mL of EtOH. The concluding
elimination was performed by refluxing the ethanolic solution with 1.5
mL of concentrated hydrochloric acid (37 wt %) for 1 h. The product
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crystallized after one night of standing at 5 °C. Filtration of the
remaining solid, washing once with 0.4 mL/mmol of EtOH, and
drying under high vacuum yielded pure 3-aryl-4,5-dimethylthiazole-2-
thiones.
4,5-Dimethyl-3-phenyl-1,3-thiazole-2(3H)-thione (8). Accord-

ing to general procedure A 4.66 g (4.56 mL, 50 mmol) of aniline 1 and
2 g (50 mmol) of NaOH were added to 20 mL of DMSO followed by
3.02 mL of CS2 (3.81 g, 1 equiv, 50 mmol) and 5.18 mL of 3-chloro-2-
butanone (5.49 g, 1 equiv, 50 mmol, 97 wt %). The next steps
involving removal of the water phase and acidic elimination were
conducted as described in general procedure A. The crystallized
product was filtered, washed with 20 mL of EtOH, and dried under
high vacuum to yield compound 8 as a pale brown solid (7.48 g,
67.6%). Mp: 87 °C. 1H NMR (300 MHz, DMSO-d6): δ 1.80 (s, 3H,
CH3), 2.19 (s, 3H, CH3), 7.30 (d, J = 6.8 Hz, 2H, CHarom), 7.41−7.69
(m, 3H, CHarom).

13C NMR (75 MHz, DMSO-d6): δ 186.23 (CS),
138.25 (Ci), 135.35 (Ci), 129.56 (2C, CHarom), 129.18 (CHarom),
128.28 (2C, CHarom), 116.80 (Ci), 13.32 (CH3), 11.18 (CH3). GCMS
(EI): m/z (fragment, %) 221 (M+, 100). Anal. Calcd for C11H11NS2:
C, 59.69; H, 5.01; N, 6.33; S, 28.97. Found: C, 59.49; H 4.98; N, 6.25;
S, 28.93.
3-(4-Bromophenyl)-4,5-dimethyl-1,3-thiazole-2(3H)-thione

(9). According to general procedure A 4.39 g (25 mmol) of aniline 2
and 1 g (25 mmol) of NaOH were added to 10 mL of DMSO
followed by 1.51 mL of CS2 (1.90 g, 1 equiv, 25 mmol) and 2.59 mL
of 3-chloro-2-butanone (2.75 g, 1 equiv, 25 mmol, 97 wt %). The next
steps involving removal of the water phase and acidic elimination were
conducted as described in general procedure A. The crystallized
product was filtered, washed with 10 mL of EtOH, and dried under
high vacuum to yield compound 9 as a brown solid (4.62 g, 61.6%).
Mp: 130 °C. 1H NMR (300 MHz, DMSO-d6): δ 1.83 (s, 3H, CH3),
2.19 (s, 3H, CH3), 7.31 (d, J = 8.7 Hz, 2H, CHarom), 7.77 (d, J = 8.7
Hz, 2H, CHarom).

13C NMR (75 MHz, DMSO-d6): δ 186.34 (CS),
137.47 (Ci), 135.18 (Ci), 132.61 (2C, CHarom), 130.67 (2C, CHarom),
122.49 (Ci), 116.99 (Ci), 13.30 (CH3), 11.17 (CH3). GCMS (EI): m/z
(fragment, %) 300 (M+, 100), 220 (M+ − Br, 31). Anal. Calcd for
C11H10BrNS2: C, 44.00; H, 3.36; N, 4.67; S, 21.36. Found: C, 44.02;
H, 3.35; N, 4.69; S, 21.15.
3-(4-Methoxyphenyl)-4,5-dimethyl-1,3-thiazole-2(3H)-thi-

one (10). According to general procedure A 6.22 g (50 mmol) of
aniline 3 and 2 g (50 mmol) of NaOH were added to 20 mL of
DMSO followed by 3.02 mL of CS2 (3.81 g, 1 equiv, 50 mmol) and
5.18 mL of 3-chloro-2-butanone (5.49 g, 1 equiv, 50 mmol, 97 wt %).
The next steps involving removal of the water phase and acidic
elimination were conducted as described in general procedure A. The
crystallized product was filtered, washed with 20 mL of EtOH, and
dried under high vacuum to yield compound 10 as a violet solid (6.06
g, 48.2%). Mp: 90−91 °C. 1H NMR (300 MHz, DMSO-d6): δ 1.81 (s,
3H, CH3), 2.18 (s, 3H, CH3), 3.82 (s, 3H, CH3), 7.08 (d, J = 9.0 Hz,
2H, CHarom), 7.22 (d, J = 9.0 Hz, 2H, CHarom).

13C NMR (125 MHz,
DMSO-d6): δ 186.48 (CS), 159.33 (Ci), 135.73 (Ci), 130.81 (Ci),
129.42 (2C, CHarom), 116.39 (Ci), 114.64 (2C, CHarom), 55.33 (CH3),
13.39 (CH3), 11.23 (CH3). GCMS (EI): m/z (fragment, %) 251 (M+,
100), 236 (M+ − Me, 33). Anal. Calcd for C12H13NOS2: C, 57.34; H,
5.21; N, 5.57; S, 25.51. Found: C, 57.45; H, 5.24; N, 5.62; S, 25.74.
3-(4-Cyanophenyl)-4,5-dimethyl-1,3-thiazole-2(3H)-thione

(11). According to general procedure A 5.91 g (50 mmol) of aniline 4
and 2 g (50 mmol) of NaOH were added to 20 mL of DMSO
followed by 3.02 mL of CS2 (3.81 g, 1 equiv, 50 mmol) and 5.18 mL
of 3-chloro-2-butanone (5.49 g, 1 equiv, 50 mmol, 97 wt %). The next
steps involving removal of the water phase and acidic elimination were
conducted as described in general procedure A. The crystallized
product was filtered, washed with 20 mL of EtOH, and dried under
high vacuum to yield compound 11 as an off-white solid (6.19 g,
50.3%). Mp: 211 °C. 1H NMR (300 MHz, DMSO-d6): δ 1.82 (s, 3H,
CH3), 2.20 (s, 3H, CH3), 7.61 (d, J = 8.4 Hz, 2H, CHarom), 8.07 (d, J =
8.3 Hz, 2H, CHarom).

13C NMR (125 MHz, DMSO-d6): δ 186.25
(CS), 142.09 (Ci), 134.85 (Ci), 133.69 (2C, CHarom), 129.91 (2C,
CHarom), 117.93 (Ci), 117.39 (Ci), 112.11 (Ci), 13.16 (CH3), 11.09
(CH3). GCMS (EI): m/z (fragment, %) 246 (M+, 100). Anal. Calcd

for C12H10N2S2: C, 58.51; H, 4.09; N, 11.37; S, 26.03. Found: C,
58.31; H, 3.98; N, 11.41; S, 25.99.

3-(4-Methylphenyl)-4,5-dimethyl-1,3-thiazole-2(3H)-thione
(12). According to general procedure A 5.34 g (50 mmol) of aniline 5
and 2 g (50 mmol) of NaOH were added to 20 mL of DMSO
followed by 3.02 mL of CS2 (3.81 g, 1 equiv, 50 mmol) and 5.18 mL
of 3-chloro-2-butanone (5.49 g, 1 equiv, 50 mmol, 97 wt %). The next
steps involving removal of the water phase and acidic elimination were
conducted as described in general procedure A. The crystallized
product was filtered, washed with 20 mL of EtOH, and dried under
high vacuum to yield compound 12 as a pale brown solid (5.44 g,
46.2%). Mp: 123−124 °C. 1H NMR (300 MHz, DMSO-d6): δ 1.80 (s,
3H, CH3), 2.18 (s, 3H, CH3), 2.38 (s, 3H, CH3), 7.17 (d, J = 8.3 Hz,
2H, CHarom), 7.36 (d, J = 8.4 Hz, 2H, CHarom).

13C NMR (75 MHz,
DMSO-d6): δ 186.25 (CS), 138.73 (Ci), 135.68 (Ci), 135.46 (Ci),
130.03 (2C, CHarom), 127.95 (2C, CHarom.), 116.61 (Ci), 20.67 (CH3),
13.33 (CH3), 11.18 (CH3). GCMS (EI): m/z (fragment, %) 235 (M+,
100), 220 (M+ − Me, 10). Anal. Calcd for C12H13NS2: C, 61.24; H,
5.57; N, 5.95; S, 27.25. Found: C, 61.58; H, 5.66; N, 5.96; S, 27.12.

3-(4-Benzoic acid methyl ester)-4,5-dimethyl-1,3-thiazole-
2(3H)-thione (13). According to general procedure A 3.78 g (25
mmol) of aniline 6 and 1 g (25 mmol) of NaOH were added to 10 mL
of DMSO followed by 1.51 mL of CS2 (1.90 g, 1 equiv, 25 mmol) and
2.59 mL of 3-chloro-2-butanone (2.75 g, 1 equiv, 25 mmol, 97 wt %).
The next steps involving removal of the water phase and acidic
elimination were conducted as described in general procedure A but
using MeOH instead of EtOH. The crystallized product was filtered,
washed with 10 mL of MeOH, and dried under high vacuum to yield
compound 13 as a brown solid (2.16 g, 30.9%). Mp: 150−151 °C. 1H
NMR (300 MHz, DMSO-d6): δ 1.82 (s, 3H, CH3), 2.20 (s, 3H, CH3),
3.90 (s, 3H, CH3), 7.51 (d, J = 8.4 Hz, 2H, CHarom), 8.12 (d, J = 8.4
Hz, 2H, CHarom).

13C NMR (75 MHz, DMSO-d6): δ 186.24 (CS),
165.40 (Ci), 142.22 (Ci), 134.99 (Ci), 130.40 (2C, CHarom), 130.29
(Ci), 129.28 (2C, CHarom), 117.36 (Ci), 52.39 (CH3), 13.23 (CH3),
11.16 (CH3). GCMS (EI): m/z (fragment, %) 279 (M+, 100), 264
(M+ − Me, 5). Anal. Calcd for C13H13NO2S2: C, 55.89; H, 5.01; N,
5.01; S, 22.95. Found: C, 55.92; H, 4.67; N, 5.09; S, 22.77.

3-(3-Methylphenyl)-4,5-dimethyl-1,3-thiazole-2(3H)-thione
(14). According to general procedure A 5.36 g (50 mmol) of aniline 5
and 2 g (50 mmol) of NaOH were added to 20 mL of DMSO
followed by 3.02 mL of CS2 (3.81 g, 1 equiv, 50 mmol) and 5.18 mL
of 3-chloro-2-butanone (5.49 g, 1 equiv, 50 mmol, 97 wt %). The next
steps involving removal of the water phase and acidic elimination were
conducted as described in general procedure A. The crystallized
product was filtered, washed with 20 mL of EtOH, and dried under
high vacuum to yield compound 14 as a pale brown solid (5.61 g,
47.7%). Mp: 118−119 °C. 1H NMR (300 MHz, DMSO-d6): δ 1.81 (s,
3H, CH3), 2.18 (s, 3H, CH3), 2.37 (s, 3H, CH3), 7.00−7.14 (m, 2H,
CHarom), 7.32 (d, J = 7.6 Hz, 1H, CHarom), 7.45 (d, J = 7.8 Hz, 1H,
CHarom).

13C NMR (75 MHz, DMSO-d6): δ 186.14 (CS), 139.21 (Ci),
138.20 (Ci), 135.39 (Ci), 129.84 (CHarom.), 129.35 (CHarom), 128.52
(CHarom), 125.23 (CHarom), 116.76 (Ci), 20.67 (CH3), 13.32 (CH3),
11.18 (CH3). GCMS (EI): m/z (fragment, %) 235 (M+, 98), 220 (M+

− Me, 5). Anal. Calcd for C12H13NS2: C, 61.24; H, 5.57; N, 5.95; S,
27.25. Found: C, 61.10; H, 5.56; N, 5.86; S, 27.54.

General Procedure B: N-Arylthiazolium Salts. According to a
modified literature procedure,22,23 a dispersion of the corresponding 3-
aryl-4,5-dimethylthiazole-2-thione (15−24) and 2.5 mL/mmol of
AcOH was slowly treated with 3 equiv of H2O2 (30 wt % in water;
Warning! Exothermic reaction!). The solid dissolved, and the clear
orange solution was stirred at room temperature for another 30 min.
The solvent was removed in vacuo, and the remaining oil dissolved in 2
mL/mmol MeOH. A mixture of 4 mL/mmol MeOH/water (1:1) and
2 equiv KPF6 or 2 equiv NaClO4-monohydrate were added. A salt
precipitated after the addition was completed, and the dispersion was
stirred at room temperature for 16 h. The solids were filtered off, and
the remaining solution was transferred to a separation funnel
containing 100 mL of distilled water. The resulting water phase was
extracted with 50 mL of dichloromethane first, followed by another
extraction with 100 mL of dichloromethane. The combined organic
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phases were dried over Na2SO4, and the drying agent was filtered off.
After evaporation of the solvent the resulting oil was dissolved in 2 mL
of dichloromethane and the product was precipitated by slow addition
of diethyl ether. The solid was filtered and washed with ether before
drying under high vacuum.
4,5-Dimethyl-3-phenyl-1,3-thiazolium Perchlorate (15). Ac-

cording to general procedure B 1.99 g (9 mmol) of 3-aryl-4,5-
dimethylthiazole-2-thione 8 in 23 mL of AcOH was treated with 2.75
mL of H2O2 (27 mmol). Following general procedure B the oil was
dissolved in 18 mL of MeOH, and a mixture of 36 mL MeOH/water
(1:1) and 2.53 g of NaClO4·H2O (18 mmol, 2 equiv) was added. After
extraction the precipitated solid was filtered and washed with ether
before drying under high vacuum. Compound 15 was obtained as a
brown solid (1.87 g, 71.7%). Mp: 104−106 °C. NMR (300 MHz,
DMSO-d6): δ 2.21 (s, 3H, CH3), 2.59 (s, 3H, CH3), 7.68−7.74 (m,
5H, CHarom), 10.25 (s, 1H, N(CH)S). 13C NMR (125 MHz, DMSO-
d6): δ 157.07 (N(CH)S), 142.05 (Ci), 137.01 (Ci), 132.69 (Ci), 131.27
(CHarom), 129.96 (2C, CHarom), 126.14 (2C, CHarom), 12.01(CH3),
11.94 (CH3). MS (ESI): m/z (fragment) 190.0 (M+), 479.0
(2[NHC]+ + ClO4

−). Anal. Calcd for C11H12ClNO4S: C, 45.60; H,
4.17; N, 4.83; S, 11.07. Found: C, 45.87; H, 4.08; N, 4.56; S, 11.30.
4,5-Dimethyl-3-phenyl-1,3-thiazolium Hexafluorophos-

phate (16). According to general procedure B 2.21 g (10 mmol) of
3-aryl-4,5-dimethylthiazole-2-thione 8 in 25 mL of AcOH was treated
with 3.06 mL of H2O2 (30 mmol). Following general procedure B the
oil was dissolved in 20 mL of MeOH and a mixture of 40 mL of
MeOH/water (1:1) and 3.68 g of KPF6 (20 mmol, 2 equiv) was
added. After extraction the precipitated solid was filtered and washed
with ether before drying under high vacuum. Compound 16 was
obtained as a brown solid (2.14 g, 63.9%). Mp: 115−120 °C. 1H NMR
(300 MHz, DMSO-d6): δ 2.21 (s, 3H, CH3), 2.57 (s, 3H, CH3), 7.66−
7.80 (m, 5H, CHarom) 10.26 (s, 1H, N(CH)S). 13C NMR (75 MHz,
DMSO-d6): δ 157.12 (N(CH)S), 142.03 (Ci), 136.98 (Ci), 132.85
(Ci), 131.25 (CHarom), 129.94 (2C, CHarom), 126.13 (2C, CHarom),
11.98 (CH3), 11.92 (CH3). MS (ESI): m/z (fragment) 190.0 (M+),
525.0 (2[NHC]+ + PF6

−). Anal. Calcd for C11H12F6NPS: C, 39.41; H,
3.61; N, 4.18; S, 9.56. Found: C, 39.67; H, 3.26; N, 4.22; S, 9.77.
3-(4-Bromophenyl)-4,5-dimethyl-1,3-thiazolium Perchlorate

(17). According to general procedure B 2.99 g (10 mmol) of 3-aryl-
4,5-dimethylthiazole-2-thione 9 in 25 mL of AcOH was treated with
3.06 mL of H2O2 (30 mmol). Following general procedure B the oil
was dissolved in 20 mL of MeOH, and a mixture of 40 mL of MeOH/
water (1:1) and 2.81 g of NaClO4·H2O (20 mmol, 2 equiv) was added.
After extraction the precipitated solid was filtered and washed with
ether before drying under high vacuum. Compound 17 was obtained
as a brown solid (2.04 g, 55.4%). Mp: 131−134 °C. 1H NMR (300
MHz, DMSO-d6): δ 2.22 (s, 3H, CH3), 2.59 (s, 3H, CH3), 7.69 (d, J =
8.7 Hz, 2H, CHarom), 7.94 (d, J = 8.7 Hz, 2H, CHarom.), 10.25 (s, 1H,
N(CH)S). 13C NMR (75 MHz, DMSO-d6): δ 157.41 (N(CH)S),
142.01 (Ci), 136.15 (Ci), 132.86 (2C, CHarom), 132.68 (Ci), 128.41
(2C, CHarom), 124.69 (Ci), 11.96 (CH3), 11.88 (CH3). MS (ESI): m/z
(fragment) 268.0 (M+), 636.9 (2[NHC]+ + ClO4

−). Anal. Calcd for
C11H11BrClNO4S: C, 35.84; H, 3.01; N, 3.80; S, 8.70. Found: C,
36.23; H, 2.98; N, 3.70; S, 8.99.
3- (4 -Bromopheny l ) -4 ,5 -d imethy l -1 ,3 - th iazo l ium

Hexafluorophosphate (18). According to general procedure B 1.49
g (5 mmol) of 3-aryl-4,5-dimethylthiazole-2-thione 9 in 13 mL of
AcOH was treated with 1.53 mL of H2O2 (15 mmol). Following
general procedure B the oil was dissolved in 10 mL of MeOH, and a
mixture of 20 mL of MeOH/water (1:1) and 1.84 g of KPF6 (20
mmol, 2 equiv) was added. After extraction the precipitated solid was
filtered and washed with ether before drying under high vacuum.
Compound 18 was obtained as a brown solid (631 mg, 30.5%). Mp:
162−166 °C. 1H NMR (300 MHz, DMSO-d6): δ 2.21 (s, 3H, CH3),
2.58 (s, 3H, CH3), 7.68 (d, J = 8.6 Hz, 2H, CHarom), 7.93 (d, J = 8.6
Hz, 2H, CHarom.), 10.24 (s, 1H, N(CH)S). 13C NMR (75 MHz,
DMSO-d6): δ 157.43 (N(CH)S), 142.00 (Ci), 136.15 (Ci), 132.85
(2C, CHarom), 132.66 (Ci), 128.41 (2C, CHarom), 124.69 (Ci), 11.95
(CH3), 11.87 (CH3). MS (ESI): m/z (fragment): 268.0 (M+), 680.7

(2[NHC]+ + PF6
−). Anal. Calcd for C11H11BrF6NPS: C, 31.90; H,

2.68; N, 3.38; S, 7.74. Found: C, 31.66; H, 2.48; N, 3.35; S, 7.88.
3-(4-Methoxyphenyl)-4,5-dimethyl-1,3-thiazolium Hexa-

fluorophosphate (19). According to general procedure B, 1.26 g
(5 mmol) of 3-aryl-4,5-dimethylthiazole-2-thione 10 in 13 mL of
AcOH was treated with 1.53 mL of H2O2 (15 mmol). Following
general procedure B the oil was dissolved in 10 mL of MeOH, and a
mixture of 20 mL MeOH/water (1:1) and 1.84 g of KPF6 (20 mmol, 2
equiv) was added. After extraction the precipitated solid was filtered
and washed with ether before drying under high vacuum. Compound
19 was obtained as a brown solid (889 mg, 48.7%). Mp: 157−159 °C.
1H NMR (300 MHz, DMSO-d6): δ 2.20 (s, 3H, CH3), 2.57 (s, 3H,
CH3), 3.87 (s, 3H, CH3), 7.21 (d, J = 8.8 Hz, 2H, CHarom), 7.63 (d, J =
8.8 Hz, 2H, CHarom), 10.19 (s, 1H, N(CH)S). 13C NMR (75 MHz,
DMSO-d6): δ 160.88 (Ci-OCH3), 157.06 (N(CH)S), 142.28 (Ci),
132.36 (Ci), 129.70 (Ci), 127.49 (2C, CHarom), 114.88 (2C, CHarom),
55.71 (OCH3), 12.02 (CH3), 11.91(CH3). MS (ESI): m/z (%) 220.0
([NHC]+), 585.0 (2[NHC]+ + PF6

−). Anal. Calcd for
C12H14F6NOPS: C, 39.46; H, 3.86; N, 3.83; S, 8.78. Found: C,
39.28; H, 3.73; N, 3.56; S, 8.97.

3-(4-Cyanophenyl)-4,5-dimethyl-1,3-thiazolium Hexafluoro-
phosphate (20). According to general procedure B, 1.23 g (5 mmol)
of 3-aryl-4,5-dimethylthiazole-2-thione 11 in 13 mL of AcOH was
treated with 1.53 mL of H2O2 (15 mmol). Following general
procedure B the oil was dissolved in 10 mL of MeOH, and a mixture
of 20 mL of MeOH/water (1:1) and 1.84 g of KPF6 (20 mmol, 2
equiv) was added. After extraction the precipitated solid was filtered
and washed with ether before drying under high vacuum. Compound
20 was obtained as a brown solid (174 mg, 9.6%). Mp: 125−132 °C.
1H NMR (300 MHz, DMSO-d6): δ 2.21 (s, 3H, CH3), 2.59 (s, 3H,
CH3), 7.95 (d, J = 8.2 Hz, 2H, CHarom), 8.24 (d, J = 8.3 Hz, 2H,
CHarom.), 10.29 (s, 1H, N(CH)S). 13C NMR (75 MHz, DMSO-d6): δ
157.77 (N(CH)S), 141.90 (Ci), 140.26 (Ci), 134.06 (2C, CHarom),
132.88 (Ci), 127.68 (2C, CHarom), 117.57 (CN), 114.10 (Carom-CN),
11.92 (CH3), 11.87 (CH3). MS (ESI): m/z (fragment) 215.0 (M+),
575.0 (2[NHC]+ + PF6

−). Anal. Calcd for C12H11F6N2PS: C, 40.01; H,
3.08; N, 7.78; S, 8.90. Found: C, 40.40; H, 2.97; N, 7.38; S, 9.23.

3- (4 -Methy lpheny l ) -4 ,5 -d imethy l -1 ,3 - th iazo l ium
Hexafluorophosphate (21). According to general procedure B, 2.35
g (10 mmol) of 3-aryl-4,5-dimethylthiazole-2-thione 9 in 25 mL of
AcOH was treated with 3.06 mL of H2O2 (30 mmol). Following
general procedure B the oil was dissolved in 20 mL of MeOH, and a
mixture of 40 mL of MeOH/water (1:1) and 3.68 g of KPF6 (20
mmol, 2 equiv) was added. After extraction the precipitated solid was
filtered and washed with ether before drying under high vacuum.
Compound 21 was obtained as a pale brown solid (1.74 g, 49.8%).
Mp: 116−118 °C. 1H NMR (300 MHz, DMSO-d6): δ 2.20 (s, 3H,
CH3), 2.44 (s, 3H, CH3), 2.58 (s, 3H, CH3), 7.50 (d, J = 8.5 Hz, 2H,
CHarom), 7.58 (d, J = 8.4 Hz, 2H, CHarom), 10.21 (s, 1H, N(CH)S).
13C NMR (75 MHz, DMSO-d6): δ 156.97 (N(CH)S), 142.18 (Ci),
141.27 (Ci), 134.57 (Ci), 132.58 (Ci), 130.26 (2C, CHarom.), 125.83
(2C, CHarom.), 20.67 (CH3), 11.99 (CH3), 11.91 (CH3). MS (ESI): m/
z (fragment) 204.0 ([NHC]+), 552.9 (2[NHC]+ + PF6

−). Anal. Calcd
for C12H14F6NPS: C 41.26; H 4.04; N 4.01; S 9.53. Found: C 41.33; H
4.11; N 4.00; S 9.52.

3-(4-Benzoic acid methyl ester)-4,5-dimethyl-1,3-thiazolium
Hexafluorophosphate (22). According to general procedure B 2.79
g (10 mmol) of 3-aryl-4,5-dimethylthiazole-2-thione 9 in 25 mL of
AcOH was treated with 3.06 mL of H2O2 (30 mmol). Following
general procedure B the oil was dissolved in 20 mL of MeOH, and a
mixture of 40 mL of MeOH/water (1:1) and 3.68 g of KPF6 (20
mmol, 2 equiv) was added. After extraction the precipitated solid was
filtered and washed with ether before drying under high vacuum.
Compound 22 was obtained as a brown solid (1.01 g, 25.6%). Mp:
130−132 °C. 1H NMR (300 MHz, DMSO-d6): δ 2.21 (s, 3H, CH3),
2.59 (s, 3H, CH3), 3.93 (s, 3H, CH3), 7.87 (d, J = 8.4 Hz, 2H,
CHarom), 8.24 (d, J = 8.4 Hz, 2H, CHarom), 10.30 (s, 1H, N(CH)S).
13C NMR (75 MHz, DMSO-d6): δ 165.05 (CO), 157.44 (N(CH)S),
141.89 (Ci), 140.37 (Ci), 132.89 (Ci), 132.04 (Ci), 130.63 (2C,
CHarom), 126.94 (2C, CHarom), 52.65 (CO2CH3), 11.94 (CH3), 11.88

Organometallics Article

DOI: 10.1021/acs.organomet.5b00991
Organometallics XXXX, XXX, XXX−XXX

I

http://dx.doi.org/10.1021/acs.organomet.5b00991


(CH3). MS (ESI): m/z (fragment) 248.1 ([NHC]+). Anal. Calcd for
C13H14F6NO2PS: C, 39.70; H, 3.59; N, 3.56; S, 8.15. Found: C, 39.77;
H, 3.60; N, 3.57; S, 8.46.
3-(3-Methylphenyl)-4,5-dimethyl-1,3-thiazolium Perchlorate

(23). According to general procedure B, 3.53 g (15 mmol) of 3-aryl-
4,5-dimethylthiazole-2-thione 14 in 39 mL of AcOH was treated with
4.59 mL of H2O2 (45 mmol). Following general procedure B the oil
was dissolved in 20 mL of MeOH, and a mixture of 60 mL of MeOH/
water (1:1) and 4.21 g of NaClO4·H2O (30 mmol, 2 equiv) was added.
After extraction no solid could be precipitated. Further purification by
column chromatography using a dichloromethane/methanol (10:1)
mixture yielded a crude oil, which crystallized overnight. Further
stirring of the crude solid in diethyl ether for 24 h and subsequent
filtration gave compound 23 as a pale brown solid (1.31 g, 21.5%).
Mp: 70−71 °C. 1H NMR (300 MHz, DMSO-d6): δ 2.21 (s, 3H, CH3),
2.43 (s, 3H, CH3), 2.58 (s, 3H, CH3), 7.37−7.70 (m, 5H, CHarom),
10.23 (s, 1H, N(CH)S). 13C NMR (75 MHz, DMSO-d6): δ 156.92
(N(CH)S), 142.00 (Ci), 139.90 (Ci), 136.92 (Ci), 132.66 (Ci), 131.80
(CHarom), 129.71 (CHarom), 126.40 (CHarom), 123.10 (CHarom), 20.66
(CH3), 12.00 (CH3), 11.92 (CH3). MS (ESI): m/z (fragment) 204.0
([NHC]+), 507.0 (2[NHC]+ + ClO4

−). Anal. Calcd for
C12H14ClNO4S: C, 47.45; H, 4.65; N, 4.61; S, 10.56. Found: C,
47.82; H, 4.81; N, 4.65; S, 10.47.
3- (3-Methy lpheny l ) -4 ,5 -d imethy l -1 ,3 - th iazo l ium

Hexafluorophosphate (24). According to general procedure B, 1.18
g (5 mmol) of 3-aryl-4,5-dimethylthiazole-2-thione 14 in 13 mL of
AcOH was treated with 1.53 mL of H2O2 (15 mmol). Following
general procedure B the oil was dissolved in 10 mL of MeOH, and a
mixture of 20 mL of MeOH/water (1:1) and 1.84 g of KPF6 (20
mmol, 2 equiv) was added. After extraction the precipitated solid was
filtered and washed with ether before drying under high vacuum.
Compound 23 was obtained as a pale brown solid (739 mg, 42.3%).
Mp: 86−88 °C. 1H NMR (300 MHz, DMSO-d6): δ 2.21 (s, 3H, CH3),
2.43 (s, 3H, CH3), 2.58 (s, 3H, CH3), 7.37−7.70 (m, 5H, CHarom),
10.23 (s, 1H, N(CH)S). 13C NMR (75 MHz, DMSO-d6): δ 156.95
(N(CH)S), 141.99 (Ci), 139.89 (Ci), 136.92 (Ci), 132.64 (Ci), 131.79
(CHarom.), 129.70 (CHarom.), 126.39 (CHarom.), 123.09 (CHarom.), 20.65
(CH3), 11.97 (CH3), 11.90 (CH3). MS (ESI): m/z (fragment) 204.0
([NHC]+), 553.0 (2[NHC]+ + PF6

−). Anal. Calcd for C12H14F6NPS:
C, 41.26; H, 4.04; N, 4.01; S, 9.18. Found: C, 41.46; H, 4.01; N, 4.23;
S, 9.55.
General Procedures C and D: Thiazole-2-ylidene Pt(II)

Complexes. The general procedure C employed in this study starts
by adding 25 mL/mmol of dry 1,4-dioxane to a mixture of 3-aryl-4,5-
dimethylthiazolium salt and 0.55 equiv of Ag2O in a dry Schlenk tube.
The resulting solution was stirred at room temperature for 2 h and for
22 h at 50 °C under the exclusion of light. After addition of 13 mL/
mmol of 2-butanone and 1 equiv of Pt(COD)Cl2 a further 2 h of
stirring at room temperature was followed by 22 h of stirring at 115
°C. The solvent was removed in vacuo, and 25 mL/mmol of dry DMF,
4.0 equiv of acetylacetonate, and 4.0 equiv of KOtBu were added.
Afterward the final mixture was stirred at room temperature for 24 h
and then heated to 100 °C for 6 h. All volatiles were removed in vacuo,
and the remaining solid was dispersed in 50 mL of distilled water and
filtered. The solid residue was dissolved in dichloromethane and the
complex isolated by flash column chromatography using pure
dichloromethane as the eluent. Subsequent washing with isohexanes
and diethyl ether yielded the pure complexes. The improved synthesis
(general procedure D) followed the same time−temperature sequence
but solely uses DMF as the solvent and K2CO3 as the base for
deprotonation of the acetylacetonate ligand. Washing and purification
remain the same as described above.
(SP-4-4)-Acetylacetonato-κO,κO′-[4,5-dimethyl-3-phenyl-

κC′-1,3-thiazole-2-ylidene-κC]platinum(II) (25). According to
general procedure C 20 mL of dry 1,4-dioxane was added to a
mixture of 268 mg (0.8 mmol) of 3-aryl-4,5-dimethylthiazolium salt 15
and 102 mg of Ag2O (0.44 mmol, 0.55 equiv). Stepwise addition of
299 mg of Pt(COD)Cl2 (0.8 mmol, 1 equiv), 320 mg of
acetylacetonate (3.2 mmol, 4.0 equiv), and 370 mg of KOtBu (3.2
mmol, 4.0 equiv) and following general procedure C in temperature

and workup steps yielded complex 25 as a bright yellow powder (69
mg, 17.8%). The improved synthesis (general procedure D) using 536
mg (1.6 mmol) of 3-aryl-4,5-dimethylthiazolium salt 16, 204 mg of
Ag2O (0.88 mmol, 0.55 equiv), 598 mg of Pt(COD)Cl2 (1.6 mmol, 1
equiv), 640 mg of acetylacetonate (6.4 mmol, 4.0 equiv), and 884 mg
of K2CO3 (6.4 mmol, 4.0 equiv) in 40 mL of dry DMF gave a bright
yellow powder (260 mg, 33.7%). Mp: 294−295 °C. 1H NMR (300
MHz, CDCl3): δ 2.03 (s, 3H, CH3), 2.06 (s, 3H, CH3), 2.26 (s, 3H,
CH3), 2.70 (s, 3H, CH3), 5.49 (s, 1H, CHacac), 6.97−7.16 (m, 2H,
CHarom), 7.32−7.48 (m, 1H, CHarom), 7.73−8.02 (m, 1H, CHarom).

13C
NMR (75 MHz, CDCl3): δ 186.30 (CO), 185.30 (CO), 178.00
(NCS), 151.35 (Ci-Pt), 136.96 (Ci), 132.53 (CHarom.), 127.76 (Ci),
125.53 (CHarom.), 123.60 (Ci), 123.37 (CHarom.), 113.40 (CHarom.),
102.39 (CHarom.;acac), 28.01 (CH3;acac), 27.85 (CH3;acac), 14.12 (CH3),
12.67 (CH3).

195Pt NMR (64 MHz, CDCl3): δ −3346.22. Anal. Calcd
for C16H17NO2PtS: C, 39.83; H, 3.55; N, 2.90; S, 6.65. Found: C,
39.77; H, 3.70; N, 2.75; S, 6.63.

(SP-4-4)-Acetylacetonato-κO,κO′-[4,5-dimethyl-3-(4-bromo-
phenyl)-κC′-1,3-thiazole-2-ylidene-κC]platinum(II) (26). Accord-
ing to general procedure C 20 mL of dry 1,4-dioxane was added to a
mixture of 331 mg (0.8 mmol) of 3-aryl-4,5-dimethylthiazolium salt 18
and 102 mg of Ag2O (0.44 mmol, 0.55 equiv). Stepwise addition of
299 mg of Pt(COD)Cl2 (0.8 mmol, 1 equiv), 320 mg of
acetylacetonate (3.2 mmol, 4.0 equiv), and 370 mg of KOtBu (3.2
mmol, 4.0 equiv) and following general procedure C in temperature
and workup steps yielded complex 26 as a bright yellow powder (71
mg, 15.8%). The improved synthesis (general procedure D) using 166
mg (0.4 mmol) of 3-aryl-4,5-dimethylthiazolium salt 18, 51 mg of
Ag2O (0.22 mmol, 0.55 equiv), 150 mg of Pt(COD)Cl2 (0.8 mmol, 1
equiv), 160 mg of acetylacetonate (1.6 mmol, 4.0 equiv), and 221 mg
of K2CO3 (1.6 mmol, 4.0 equiv) in 10 mL of dry DMF gave a bright
yellow powder (122 mg, 54.3%). Mp: 277−279 °C. 1H NMR (300
MHz, CDCl3): δ 2.03 (s, 3H, CH3), 2.08 (s, 3H, CH3), 2.27 (s, 3H,
CH3), 2.65 (s, 3H, CH3), 5.50 (s, 1H, CHacac), 7.16 (dd, J = 8.6, J = 2.2
Hz, 1H, CHarom), 7.20−7.28 (partially omitted by solvent signal, m, 1H,
CHarom), 7.77−8.05 (m, 1H, CHarom).

13C NMR (75 MHz, CDCl3): δ
186.29 (CO), 185.51 (CO), 177.75 (NCS), 150.19 (Ci-Pt), 136.85
(Ci), 134.65 (CHarom), 131.09 (Ci), 125.84 (CHarom), 124.05 (Ci),
119.25 (Ci), 114.68 (CHarom), 102.51 (CHarom;acac), 27.93 (CH3;acac),
27.88 (CH3;acac), 14.01 (CH3), 12.67 (CH3).

195Pt NMR (64 MHz,
CDCl3): δ −3313.03. Anal. Calcd for C16H16BrNO2PtS: C, 34.17; H,
3.05; N, 2.49; S, 5.70. Found: C, 34.42; H, 2.84; N, 2.56; S, 5.76.

(SP-4-4)-Acetylacetonato-κO ,κO′-[4,5-dimethyl-3-(4-
methoxyphenyl)-κC′-1,3-thiazole-2-ylidene-κC]platinum(II)
(27). According to general procedure C 20 mL of dry 1,4-dioxane was
added to a mixture of 292 mg (0.8 mmol) of 3-aryl-4,5-
dimethylthiazolium salt 19 and 102 mg of Ag2O (0.44 mmol, 0.55
equiv). Stepwise addition of 299 mg of Pt(COD)Cl2 (0.8 mmol, 1
equiv), 320 mg of acetylacetonate (3.2 mmol, 4.0 equiv), and 370 mg
of KOtBu (3.2 mmol, 4.0 equiv) and following general procedure C in
temperature and workup steps yielded complex 27 as a bright yellow
powder (85 mg, 20.7%). The improved synthesis (general procedure
D) using 146 mg (0.4 mmol) of 3-aryl-4,5-dimethylthiazolium salt 19,
51 mg of Ag2O (0.22 mmol, 0.55 equiv), 150 mg of Pt(COD)Cl2 (0.8
mmol, 1 equiv), 160 mg of acetylacetonate (1.6 mmol, 4.0 equiv), and
221 mg of K2CO3 (1.6 mmol, 4.0 equiv) in 10 mL of dry DMF gave a
bright yellow powder (69 mg, 33.7%). Mp: 264−268 °C. 1H NMR
(300 MHz, CDCl3): δ 2.02 (s, 3H, CH3), 2.05 (s, 3H, CH3), 2.26 (s,
3H, CH3), 2.66 (s, 3H, CH3), 3.86 (s, 3H, CH3), 5.48 (s, 1H, CHacac),
6.56 (dd, J = 8.8 Hz, J = 2.9 Hz, 1H, CHarom), 7.31 (d, J = 8.8 Hz, 1H,
CHarom), 7.35−7.56 (m, 1H, CHarom).

13C NMR (75 MHz, CDCl3): δ
186.23 (CO), 185.25 (CO), 175.38 (NCS), 156.82 (Ci-Pt), 145.08
(Ci), 136.65 (Ci), 129.86 (Ci), 123.56 (Ci), 117.40 (CHarom), 114.17
(CHarom), 107.85 (CHarom), 102.40 (CHarom;acac), 55.32 (OCH3), 27.99
(CH3;acac), 27.86 (CH3;acac), 13.94 (CH3), 12.66 (CH3).

195Pt NMR
(64 MHz, CDCl3): δ −3330.75. Anal. Calcd for C17H19NO3PtS: C,
39.76; H, 3.93; N, 2.73; S, 6.24. Found: C, 39.90; H, 3.85; N, 2.74; S,
6.28.

(SP-4-4)-Acetylacetonato-κO,κO′-[4,5-dimethyl-3-(4-cyano-
phenyl)-κC′-1,3-thiazole-2-ylidene-κC]platinum(II) (28). Accord-
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ing to general procedure C 20 mL of dry 1,4-dioxane was added to a
mixture of 288 mg (0.8 mmol) of 3-aryl-4,5-dimethylthiazolium salt 20
and 102 mg of Ag2O (0.44 mmol, 0.55 equiv). Stepwise addition of
299 mg of Pt(COD)Cl2 (0.8 mmol, 1 equiv), 320 mg of
acetylacetonate (3.2 mmol, 4.0 equiv), and 370 mg of KOtBu (3.2
mmol, 4.0 equiv) and following general procedure C in temperature
and workup steps yielded complex 28 as a bright yellow powder (86
mg, 20.7%). The improved synthesis (general procedure D) using 144
mg (0.4 mmol) of 3-aryl-4,5-dimethylthiazolium salt 20, 51 mg of
Ag2O (0.22 mmol, 0.55 equiv), 150 mg of Pt(COD)Cl2 (0.8 mmol, 1
equiv), 160 mg of acetylacetonate (1.6 mmol, 4.0 equiv), and 221 mg
of K2CO3 (1.6 mmol, 4.0 equiv) in 10 mL of dry DMF gave a bright
yellow powder (63 mg, 31.0%). Mp: 330 °C (dec). 1H NMR (300
MHz, CDCl3): δ 2.05 (s, 3H, CH3), 2.10 (s, 3H, CH3), 2.30 (s, 3H,
CH3), 2.70 (s, 3H, CH3), 5.53 (s, 1H, CHacac), 7.35 (dd, J = 8.4 Hz, J =
1.9 Hz, 1H, CHarom), 7.44 (d, J = 8.5 Hz, 1H, CHarom), 7.99−8.26 (m,
1H, CHarom).

13C NMR (75 MHz, CDCl3): δ 186.54 (CO), 185.69
(CO), 176.72 (NCS), 136.92 (Ci), 135.51 (CHarom), 129.69 (Ci),
128.04 (CHarom), 124.59 (Ci), 119.61 (Ci), 113.22 (CHarom), 108.49
(Ci), 102.66 (CHarom;acac), 27.92 (CH3;acac), 27.83 (CH3;acac), 14.16
(CH3), 12.70(CH3).

195Pt NMR (64 MHz, CDCl3): δ −3311.01. Anal.
Calcd for C17H16N2O2PtS: C, 40.24; H, 3.18; N, 5.52; S, 6.32. Found:
C, 40.15; H, 3.15; N, 5.50; S, 6.28.
(SP-4-4)-Acetylacetonato-κO,κO′-[4,5-dimethyl-3-(4-methyl-

phenyl)-κC′-1,3-thiazole-2-ylidene-κC]platinum(II) (29). Accord-
ing to general procedure D, 20 mL of dry DMF was added to a
mixture of 279 mg (0.8 mmol) of 3-aryl-4,5-dimethylthiazolium salt 21
and 102 mg of Ag2O (0.44 mmol, 0.55 equiv). Stepwise addition of
299 mg of Pt(COD)Cl2 (0.8 mmol, 1 equiv), 320 mg of
acetylacetonate (3.2 mmol, 4.0 equiv), and 442 mg of K2CO3 (3.2
mmol, 4.0 equiv) and following general procedure C in temperature
and workup steps yielded complex 29 as a bright yellow powder (110
mg, 27.7%). Mp: 268−269 °C. 1H NMR (300 MHz, CDCl3): δ 2.02
(s, 3H, CH3), 2.08 (s, 3H, CH3), 2.26 (s, 3H, CH3), 2.37 (s, 3H, CH3),
2.67 (s, 3H, CH3), 5.48 (s, 1H, CHacac), 6.83 (dd, J = 8.2 Hz, J = 1.3
Hz, 1H, CHarom), 7.23−7.31 (partially under solvent signal, m, 1H,
CHarom), 7.52−7.80 (m, 1H, CHarom).

13C NMR (75 MHz, CDCl3): δ
186.25 (CO), 185.30 (CO), 177.05 (NCS), 149.09 (Ci-Pt), 136.84
(Ci), 135.30 (Ci), 133.09 (CHarom.), 127.37 (Ci), 123.68 (Ci), 123.49
(CHarom), 113.31 (CHarom), 102.39 (CHarom;acac), 28.02 (CH3;acac),
27.90 (CH3;acac), 21.22 (CH3), 14.05 (CH3), 12.66 (CH3).

195Pt NMR
(64 MHz, CDCl3): δ −3340.04. Anal. Calcd for C17H19NO2PtS: C,
41.13; H, 3.86; N, 2.82; S, 6.46. Found: C, 40.73; H, 3.69; N, 2.87; S,
6.31.
(SP-4-4)-Acetylacetonato-κO,κO′-[4,5-dimethyl-3-(4-benzoic

acid methyl ester)-κC′-1,3-thiazole-2-ylidene-κC]platinum(II)
(30). According to general procedure D, 20 mL of dry DMF was
added to a mixture of 315 mg (0.8 mmol) of 3-aryl-4,5-
dimethylthiazolium salt 22 and 102 mg of Ag2O (0.44 mmol, 0.55
equiv). Stepwise addition of 299 mg of Pt(COD)Cl2 (0.8 mmol, 1
equiv), 320 mg of acetylacetonate (3.2 mmol, 4.0 equiv), and 442 mg
of K2CO3 (3.2 mmol, 4.0 equiv) and following general procedure C in
temperature and workup steps yielded complex 30 as a bright yellow
powder (202 mg, 46.7%). Mp: 276−278 °C. 1H NMR (300 MHz,
CDCl3): δ 2.03 (s, 3H, CH3), 2.11 (s, 3H, CH3), 2.24 (s, 3H, CH3),
2.65 (s, 3H, CH3), 3.92 (s, 3H, CH3), 5.50 (s, 1H, CHacac), 7.31−7.46
(m, 1H, CHarom), 7.71 (dd, J = 8.5 Hz, J = 2.0 Hz, 1H, CHarom), 8.31−
8.60 (m, 1H, CHarom).

13C NMR (75 MHz, CDCl3): δ 186.24 (CO),
185.56 (CO), 179.67 (CO), 167.35 (Ci), 154.87 (Ci), 136.98 (Ci),
133.09 (CHarom), 127.94 (Ci), 126.48 (Ci), 125.80 (CHarom), 124.06
(Ci), 112.86 (CHarom), 102.46 (CHarom;acac), 51.90 (CO2CH3), 27.94
(CH3;acac), 27.90 (CH3;acac), 14.15 (CH3), 12.63 (CH3).

195Pt NMR
(64 MHz, CDCl3): δ −3320.80 (d, J = 49.0 Hz). Anal. Calcd for
C18H19NO4PtS: C, 40.00; H, 3.54; N, 2.59; S, 5.93. Found: C, 39.68;
H, 3.47; N, 2.64; S, 6.31.
(SP-4-4)-Acetylacetonato-κO,κO′-[4,5-dimethyl-3-(5-methyl-

phenyl)-κC′-1,3-thiazole-2-ylidene-κC]platinum(II) (31). Accord-
ing to general procedure D, 20 mL of dry DMF was added to a
mixture of 279 mg (0.8 mmol) of 3-aryl-4,5-dimethylthiazolium salt 24
and 102 mg of Ag2O (0.44 mmol, 0.55 equiv). Stepwise addition of

299 mg of Pt(COD)Cl2 (0.8 mmol, 1 equiv), 320 mg of
acetylacetonate (3.2 mmol, 4.0 equiv), and 442 mg of K2CO3 (3.2
mmol, 4.0 equiv) and following general procedure C in temperature
and workup steps yielded complex 31 as a bright yellow powder (95
mg, 23.9%). Mp: 318 °C (dec). 1H NMR (300 MHz, CDCl3): δ 2.02
(s, 3H, CH3), 2.05 (s, 3H, CH3), 2.27 (s, 3H, CH3), 2.35 (s, 3H, CH3),
2.70 (s, 3H, CH3), 5.48 (s, 1H, CHacac), 6.94 (d, J = 6.8 Hz, 1H,
CHarom), 7.17−7.31 (partially under solvent signal, m, 1H, CHarom),
7.58−7.86 (m, 1H, CHarom).

13C NMR (75 MHz, CDCl3): δ 186.21
(CO), 185.26 (CO), 178.12 (Ci), 136.93 (Ci), 132.79 (CHarom),
132.28 (Ci), 126.13 (CHarom), 123.44 (Ci), 123.37 (Ci), 114.53
(CHarom), 102.36 (CHarom;acac), 28.03 (CH3;acac), 27.85 (CH3;acac),
21.72 (CH3), 14.19 (CH3), 12.70 (CH3).

195Pt NMR (64 MHz,
CDCl3): δ −3342.70. Anal. Calcd for C17H19NO2PtS: C, 41.13; H,
3.86; N, 2.82; S, 6.46. Found: C, 40.91; H, 3.98; N, 2.78; S, 6.35.
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