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Luminescent Platinum(ll) Complexes with a Tridentate
Caffeine-Based NHC-Pincer Ligand: Synthesis,
Electrochemistry and Photophysics

Oliver Bysewski,™" Niklas Klosterhalfen,“® Rose Jordan,” Lukas Kletsch,®
Andreas Winter,” " Axel Klein,”® Benjamin Dietzek-lvansi¢,“® and Ulrich S. Schubert*® !

A strategy of “greening up” Pt(ll) luminophores is presented.
For this purpose, caffeine, as a renewable alkaloid and precursor
for an N-heterocyclic carbene (NHC), is incorporated into a
tridentate, pincer-type ligand framework. A series of lumines-
cent Pt(ll) complexes, containing the tridentate bis-NHC ligand
and an arylacetylide ligand is reported. The complexes’ electro-

Introduction

Platinum(ll) complexes possess remarkable properties which
have inspired intense research on such compounds and a
manifold of applications has been proposed or even realized.
This holds particularly true for the chemotherapeutic treatment
of cancer by cisplatin, which was invented in the 1960s,"? and
the wide range of platinodrugs presented thereafter.> Aside
from the medicinal application of Pt(ll) compounds, their
photophysical properties have been explored regarding a
potential use as sensitizers for photovoltaics”' or as emitters
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chemistry and photophysics strongly depend on the electronic
nature of the substituent on arylacetylide ligand. The use of
bio-derived ligands represents one important approach to
make emitters or sensitizers eco-friendlier by coming back to
cheap, abundant and non-harmful staring materials for their
synthesis.

for organic light-emitting devices (OLEDS).""™ In the same

context, notable achievements in the fields of non-linear
[14] 15]

optics," catalysis,” photocatalysis (e.g., hydrogen-evolution
reaction),®'® and fabrication of alloy nanoparticles”” have been
made.

The enormous interest in inter-alia Pt(ll) complexes for opto-
electronic applications is due to the possibility to reach very
high quantum yields of emission. Representing a heavy-metal
ion, the efficient spin-orbit coupling enables fast intersystem
crossing (ISC) after photo-excitation and, thus, singlet as well as
triplet excitons can be harvested. As a result, theoretical
quantum yields of up to 100% might be reached.'®" It has
been demonstrated that by choosing a proper ligand set, the
photophysical properties can be varied over a wide range. The
Pt(ll) center, representing a species of d® electron configuration,
will adopt a square-planar coordination geometry. In many
complexes, chelating ligands of the polypyridyl family are used
to saturate two (e.g., bidentate 2,2-bipyridine) or three coordi-
nation sites (e. g., tridentate 2,2":6',2"-terpyridine).”’ In particular,
cyclometalating variants of these ligands, in which at least one
of the pyridine rings is replaced by a phenyl one, have attracted
the most notable attention - complexes with quantum
efficiency close to unity have been reported.'*32"]

Regarding the ancillary or co-ligands, c-arylacetylides, as
carbon-based ligands, have widely been used. The outstanding
role of these anionic ligands is mainly due to the remarkably
high stability of the Pt—C bond against moisture, air and
temperature in concert with the typical ease-of-synthesis.®2*-%”
However, also other types of monodentate ligands have been
employed, as co-ligands, to moderate the luminescence proper-
ties of Pt(ll) complexes: Cyclometalated aryl or carboranyl
moieties,”*>" triphenyl pnictogens,®? etc.. In recent years, N-
heterocyclic carbenes (NHCs) have emerged as powerful ligands
whose o-binding strength is at least similar to those of
phosphine ligands; unlike the latter, the Pt—NHC linkages
features an overall superior stability, which is favorable for
many applications.”® Not only in the context of medicinal
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chemistry,®*>% but also with respect to opto-electronic applica-
tions Pt(Il) complexes with NHC ligands have been studied.?” In
this respect, the NHC moiety might either represent a
monodentate ligand®**® or be a part of a bidentate,**™*
tridentate*! or even tetradentate ligand framework."**”

In the overwhelming majority of the published studies
imidazole or one of its derivatives (e.g., benzo[d]imidazole) is
employed as the NHC precursor. In addition to these, mesoionic
carbenes, derived from triazolium salts, represent a (still) less
frequently used alternative.*****? However, none of these
systems fulfills the “12 criteria of green chemistry”, which have
been defined by Anastas and Warner;?” indeed, the mostly
multi-step synthesis relies on non-renewable sources, i.e.,
products from the petrochemical industry.”'? Xanthines, on
the other hand, are naturally occurring alkaloids, which allow
for a more sustained and eco-friendlier NHC synthesis via
straightforward derivatization.”® According to the statistics of
the worldwide coffee market, ca. 166.63 Mio bags, each with
60 kg of coffee beans, were sold in 2020/21.54 Caffeine and
theophylline can be isolated from the respective plant material
by extraction with supercritical CO, and subsequent ion-
exchange chromatography using water at various pH values, as
the eluent.”>® Thus, the starting material is readily available
and can be used even for large-scale synthesis. As summarized
by Morales-Morales etal., a wide range of organometallic
compounds incorporating xanthine-derived NHCs has already
been reported.”” Most of these studies were devoted to
biomedical applications. More recently, such complexes have
also been employed as catalysts in various organic reactions:
Hydrogenation of ketones,® cross-coupling reactions,®** and
Diels-Alder reactions.’®”

On the other side, studies dealing with luminescent Pt(ll)
complexes with xanthine-derived NHC ligands are exceedingly
rare. For example, the 1,3,7,9-tetramethylxanthinium cation was
used, as a precursor, for the synthesis of Pt(ll) complexes with
one NHC ligand.®™ ¥ |n previous work, we reported the
synthesis and structural characterization of complexes 2 and 3,
which contained a CNC coordinating tridentate, bis-NHC ligand
(Figure 1a).””7 The ligand design allowed, due to the CH,
bridges, for an almost ideal square-planar coordination geome-
try (Figure 1b). Pd(ll) complex 3 displayed a remarkably high
catalytic activity in various cross-coupling reactions — even at
low catalyst loading in the ppm range." In continuation of this
work, we now turn back to the Pt(ll) complex 2 and present a
study of its arylacetylide complexes 4-8 (Scheme 1). Herein, we
report their synthesis and structural characterization along with
their basic electrochemical and optical properties, which are
meaningful for their potential use as luminescent bio-mimetic
molecules.

Results and Discussion
Synthesis and characterization

For the synthesis of complexes 4 to 8, phenylacetylenes with
different substituents in para-position were applied. The use of

Figure 1. (a) Schematic representation of the protoligand 1 and its Pt(ll) and
Pd(ll) complexes 2 and 3. (b) Solid-state structure of 2 (counter ion and
solvent molecules omitted for clarity).*” Figure reproduced from the original
data (CCDC entry no. 2157149) set using the Mercury 2022.3.0 software.”®
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Scheme 1. Schematic representation of the synthesis of complexes 4 to 8.

electron-withdrawing as well as -donating groups showcases
the tunability of the photophysical and electrochemical proper-
ties of the derived complexes via the variation of the terminal
moieties. Following the fundamental strategy for the cross-
coupling between precursor complex 2 and the alkyne
derivative, the starting materials were allowed to react in the
presence of Cul, as catalyst, and NEt;, as base for trapping the
liberated HCl (Scheme 1).*” Worth emphasizing, all reactions
were run under inter conditions to counteract the Glaser-type
homo-coupling of the respective phenylacetylenes. Even
though substrate conversion was always quantitative, according
to thin-layer chromatographic (TLC) analysis, the isolated yield
varied between 29 and 92%. The precipitation step afforded
the complexes as very fine powders, which were difficult to
collect.

All complexes were characterized by 'H and "C nuclear
magnetic resonance (NMR) spectroscopy as well as high-
resolution electrospray-ionization mass spectrometry (HR-ESI-
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MS). In neither case, single crystals suited for X-ray diffraction
(XRD) analysis were obtained. The NMR spectra of 4 to 8
revealed only marginal differences in the signal positions. The
'H NMR signals, which were assigned to the protons of the
pyridine ring were located between 8.10 and 7.80 ppm. The
characteristic signals of the CH, bridges, which were split up
due to the diastereotopicity of the protons, were observed at
ca. 6.50 and 5.40 ppm, respectively; for comparison, these
signals appeared at 6.55 and 5.70 ppm in the case of the
chloride complex 2. Thus, a more pronounced shielding due to
the presence of the arylacetylide moiety was assumed. The
proton signals of the caffeine’s CH; groups were unaffected by
the terminal substituent; they were at fixed positions of 4.35,
3.77, and 3.33 ppm. Representatively, the '"H NMR spectra of the
protoligand (1), the chlorido complex (2) and the phenyl-
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Figure 2. 'H NMR spectra of compounds 1, 2, and 8 (from the bottom to
top). All spectra were recorded in CD;CN at 300 MHz and 25 °C. For clarity,
only the most significant region from 5 to 9 ppm is shown.
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Figure 3. HR-ESI-TOF mass spectrum of complex 4. The inset shows the
comparison of the measured and calculated isotopic patterns of the [M]*
peak.
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acetylide complex (8) are depicted in Figure 2. The *C NMR
signal of the NHC carbon atom was located at 173.3 and
172.0 ppm for complexes 2 and 4, respectively. Within the series
of arylacetylide complexes, there was only little deviation in the
signal position, regardless of the electronic nature of the co-
ligand. The 'H and *C NMR spectra of complexes 4 to 8 are
provided in the Supporting Information SI (Figures SI-1 to SI-
11). The formation of the desired complexes was corroborated
by high-resolution electrospray-ionization time-of-flight mass
spectrometry (HR-ESI-TOF-MS). In all cases, the characteristic
[M*] peaks, whose isotopic patterns accurately matched those
of the respective calculated ones, were observed (Am/z
<2.7 ppm; Figure 3). The mass spectra of all complexes are
provided in the SI, Figures SI-12 to SI-16.

Electrochemical properties

All complexes showed an irreversible first reduction wave in
their cyclic voltammograms (CVs) at ca. —2 V vs. the ferrocene/
ferrocenium (Fc/Fc*) redox couple in THF or MeCN solution,
which contained n-Bu,NPF,, as electrolyte. Representatively, the
CVs of the complexes 2 and 7 are shown in Figure 4, selected
data are summarized in Table 1 (the CVs of all complexes and
protoligand 1 together with the full data can be found in the SI:
Figures SI-17 to SI-21, Table SI-1). A slightly lower, i.e., more
negative, potential was found for the protoligand’s first
reduction at —2.16 V, which was followed by a second wave at
—2.71V (Figure SI-21). In addition to this, minor irreversible
waves were observed for some of the Pt(ll) complexes in the
potential range from —2.1 to —2.5 V.

The NO,-substituted complex 5 revealed a reversible first
reduction at —1.61V (Figure SI-18). Taking previous reports on
related NO,-substituted complexes into account, one can assign
this process to the NO,-centred reduction.”"® Remarkably, the
singly reduced complex 5~ showed only a marginal cathodic

Table 1. Selected redox potentials of Pt(ll) complexes 2 and 4 to 8.”

Compound Epcrecﬂ [b] E1/2°X1 [ AE [d]
2 “1.99 - -
~1.90 1.41 (irr) © 3.31
4 —2.02 0.09 2.11
1.96 0.15@
5 —2.06 0.18 224
6 —2.04 0.14 218
7 —2.03 0.17 2.20
8 -1.98 0.18 2.16
protoligand 1 —2.16 1.01 317

[a] From cyclic voltammetry (CV) in THF, which contained 0.1 M n-Bu,NPF;
potentials are listed in V vs. Fc/Fc® with an accuracy of +£0.003 V. [b]
EPC’E‘”: Cathodic peak potential for an irreversible (irr) reduction. [c] E,,*":
Half-wave potential for a (partially) reversible oxidation. [d] AE=E,,"
E,*"". [e] Measured in 1 M n-Bu,NPF, in CH,CN. [f] A first reversible wave
at E£,,=—1.61 is attributed to the reduction of the NO,-group.

© 2023 The Authors. European Journal of Inorganic Chemistry published by Wiley-VCH GmbH
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Figure 4. (a) Cyclic voltammograms of 2 in a 0.1 M solution of n-Bu,NPF in CH;CN. (b) Cyclic voltammograms of 7 in a 0.1 M solution of n-Bu,NPF4 in THF. All

measurements were conducted at 298 K and at a scan rate of 100 mVs™".

shift for its second reduction when compared to the other
complexes of the series (i.e.,, —2.06 V vs. —1.96 to —2.04 V).

The chlorido complex 2 did not show any oxidation wave
up to the potential of 1.23 V, representing the discharge limit of
THF, and was only sparsely soluble in this solvent. However,
irreversible oxidation processes occurred at 1.41 and 1.61V
when the CV was recorded in a solution of n-Bu,NPF, in CH,CN.
This finding contrasts the behavior of complexes 4 to 8, which
all revealed reversible oxidation waves in the range of 0.1 to
0.2V in both THF and CH;CN. These processes were accom-
panied by further irreversible oxidations at higher potentials
between 0.8 and 1.1 V. The first oxidation potentials (E,,*") of
the arylacetylide complexes increases in the following order: 4
(X=H) <6 (X=CF;) <7 (X=0Me) <8 (X=CN) ~ 5 (X=NO,).

The electrochemical band gaps (AE) ranged from 2.11 to
2.24 V; while a AE value of 3.31 V was calculated for the chlorido
complex 2. As summarized in Table 1, the values of AE increase
as follows: 4 <8< 6<7<5. Interestingly, neither the series of
the first oxidation potentials nor the trend in the evolution of
the electrochemical band gaps did simply correlate with the
expected electronic influence of the terminal substituent X.

The first reduction step can be assigned to a pyridine-
centered process as it is, on first sight, highly invariant and does
not depend much on the co-ligand. A closer look shows, that
chloride as a weaker 6-donor, compared with an alkynyl moiety,
in trans-position to the pyridine unit results in slightly easier
reducibility, in line with this assignment. Due to their small size,
the following reduction wave can be assigned to products,
which resulted from the first reduction step and a subsequent
chemical reaction (according to an EC mechanism).”*7* This
assignment is also in line with Wolf's recent report on the Pt(ll)
complexes 9, which possessed either a chlorido or MeCN co-
ligand (Figure 5).7 For the Pt(ll) complexes 10 with a bis-NHC
ligand, i.e., pyridine-2,6-bis-imidazolydene (Figure 5), signifi-
cantly lower reduction potentials were found (ca. —1.3 V);">””
the reduction potential was almost invariant when comparing
the complexes with either CI-, CN”, or MeCN as the co-

Eur. J. Inorg. Chem. 2024, 27, €202300620 (4 of 9)

/q0a:x=clLn=1,Y=Cl "
10b: X=CN,n=1,Y=Cl
10c: X = NCCH,, n = 2, Y = PF,

9a: X=Cln=1
9b: X =NCCH;, n=2

Ma: X=Cl

11b: X = C=C-tert-Bu

11c: X = C=C-CgH;-p-CF;
11d: X = C=C-C¢H;

11e: X = C=C-CgH,-p-Et
11f: X = C=C-CsH,;-p-OMe
11g: X = C=C-CgH,-p-NMe,,

“ \rl 12a: R = CeHs 12h: R = —CgHs

N = 13b: R = CgHy-p-Me 12i: R = tert-Bu
U’ [ '*‘1 T ) 12¢: R = CgH,p-OMe  12j: R = SiMe,
el Nz 12d: R = CHs-p-Cl 12k: =SiMe;
Pt 12e: R = C.H,-p-F
12f: R = CgH-p-NO;,
Il 12g: R = CoF;
R

Figure 5. Schematic representation of the Pt(ll) complexes 9-12.

ligands.”” This is completely in line with our findings for 2
when compared with 4 to 8.

As an oxidation process at low potential is absent for the
chlorido complex 2, oxidation of complexes 4 to 8 can be
attributed to the arylacetylide group. In similar Pt(I)-NHC
complexes with arylacetylide ligands (11, Figure5), such
oxidation processes were observed in the potential range from
0.12 to 1.26 V, depending on the ligand’s structure.””7® Also
the closely related CNN cyclometalated complexes 12 (Fig-
ure 5) revealed very similar potentials ranging from 0.04 to
0.29 V." Interestingly, in in the aforementioned cases, these
oxidations were of irreversible nature;”’”’® whereas, a reversible
behavior was found for 4 to 8. It is assumed that contributions
from the Pt(ll) center”” accounted for the observed reversibility
of the oxidation.

© 2023 The Authors. European Journal of Inorganic Chemistry published by Wiley-VCH GmbH
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Figure 6. Absorption (a) and emission (b) spectra of complexes 4 to 8 measured in CH;CN at 298 K. Emission and transient emission data were collected upon
excitation of the complexes at 360 and 355 nm, respectively. (c) Concentration-dependent emission of compound 6 under the conditions mentioned above
(normalized to the emission at 443 nm). (d) Transient emission traces recorded under the same conditions. The fast decay component of 5, 6, and 8 is visible
in the sub 50 ns region, displayed in the inset along with the instrument response function (IRF).

Photophysical properties

The electronic absorption spectra of complexes 4 to 8, which
are depicted in Figure 6a, revealed several distinct absorption
bands at wavelengths below 400 nm. With reference to
previous studies on alkynyl Pt(ll) and phenylalkynyl Pt(ll)
complexes containing CNC-type pincer ligands,®™ we assign
the high-energy absorption bands between 240 and 310 nm to
intraligand m—w* transitions. The lower-energy transitions
centered in the range from 310 to 400 nm are assigned to a
mixture of intraligand and metal-to-ligand charge transfer
transitions (ILCT and MLCT). These assignments are supported
by TD-DFT calculations (for details, see the Experimental
Section). Figure 7 shows the TD-DFT calculated absorption
spectrum for 4 with transition-difference densities for selected
transitions. Remarkably, TD-DFT consistently vastly overesti-
mates the intensity of the HOMO-LUMO transition, which
appears only weakly in the experimental spectra and features
major MLCT character into the central pyridine ring Detailed
information on the predicted character of the calculated
transitions is given in Table SI-2.

The emission spectra recorded upon excitation of these
ILCT/MLCT transitions are presented in Figure 6b. While com-
plexes 5 and 7 have broad and structureless bands, centered
around 547 and 562 nm, respectively, complexes 4, 6, and 8

Eur. J. Inorg. Chem. 2024, 27, €202300620 (5 of 9)

—— 4 calc. transitions.
—— 4 calc. convoluted
4 exp.
0 350 400 450 500 550
200 300 400 500 600

wavelength (nm)

Figure 7. TD-DFT calculated UV/vis absorption spectrum for 4 compared to
the experiment with transition difference densities for selected transitions.

display hypsochromically shifted emission, in which (at least)
two distinct emission bands are visible. In general, the
complexes are only weakly emissive with quantum yields below
1% (Table 2). This is in accordance with other phenylalkynyl
Pt(Il) complexes in solution (although values of up to 93 % were
observed for the same complexes when excited as dry
powders).®” The complexes were also processed into thin-solid
films using poly(methyl methacrylate) (PMMA), as the matrix
polymer. The spin-coated films showed an apparent increase in

© 2023 The Authors. European Journal of Inorganic Chemistry published by Wiley-VCH GmbH
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Table 2. Photophysical properties of Pt(ll) phenylacetylide complexes in
solutions of CH,CN at 298 K.©!

Compound Eem (eV) Dy, 7, (ns) 7, (ns)
4 2.74 <1% 1.9 20.9

5 2.27 <1% 25.7 552.1
6 2.80 <1% 4.6 82.6

7 2.21 <1% 2.5 26.7

8 2.64 <1% 216 4431

[a] Epn: emission maxima; ®,;: photoluminescence quantum yields, T, and
1,: excited states lifetimes from a biexponential decay fit. Data recorded

upon irradiation at A.=355 nm.

emission intensity, which, due to the inhomogeneity of the
samples, could not be quantified.

One possible interpretation for these results obtained in
solution is a substituent-dependent emission of either the
excited monomer (sharp emission at ca. 450 nm) or excimer
formation (broad emission at longer wavelengths).**' Following
this assumption, the monomer emission is tentatively assigned
to an admixture of ILCT and MLCT states,”® which are most
likely of triplet character considering the long emission lifetimes
(Table 2). In order to test this theory, concentration-dependent
measurements of complex 6 were performed. When the
concentration of this compound in solution is increased, the
emission intensity of the monomer emission is reduced in
comparison to the excimer emission at 550 nm (Figure 6c). At
the same time, the overall emission quantum yield decreases,
likely due to self-quenching without excimer formation. Similar
results were also found for other NHC-containing alkynyl Pt(ll)
compounds in PMMA films.”® The absence of low-energy bands
in the UV-vis absorption spectra upon increasing the concen-
tration corroborates the assumption that excimers rather than
ground-state dimers were formed (Figure SI-22).

While excimer formation can be induced for complex 6 by
increasing its concentration in solution, the same process can
also be suppressed for complexes 5 and 7 by immobilizing
them in solvent glasses. The emission measurements, which
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were conducted for all complexes at 80 K, provided increased
emission intensities than at room temperature in solution.
Raising the temperature back to 160 K allowed the complexes
to be mobile again and, thus, their emission intensity decreased
(Figure SI-23). In all cases, the emission profile at 80 K was
sharper and more structured (representatively, the emission
spectra of 6 at 80 K and room temperature is depicted in
Figure 8a). Moreover, the emission band of 5 and 7 also
experiences a blue shift with decreasing temperature; this
indicates that “monomers” are indeed formed at low temper-
atures (Figure 8b). Interestingly, the emission at 160 K does not
follow this trend; this is associated with the used CH;CN/CH,Cl,
solvent mixture, which freezes at this point. A summary of all
emission spectra, recorded at 80 K is given in Figure SI-23.

At last, the red-edge effect observed in the parent complex
2% was not visible for any of the complexes 4 to 8 upon
variation of the excitation wavelength from 260 to 380 nm
(Figure SI-24). This leads us to presume, that the low-energy
emission indeed stems from an excimer rather than a ground-
state dimer.

Closer inspection of the data reveals no direct correlation
between the position or intensity of the electronic absorption
and emission spectra and the electron-donating or -withdraw-
ing effect of the various substituents. While bathochromic
emission shifts have previously been observed for NCN Pt(ll)
complexes with electron-donating amino substituents,®" this
does not provide an explanation for the occurrence of the same
effect for both methoxy and nitro in this context. As discussed
above, the long emission lifetime indicates the presence of
phosphorescence in 4 to 8 (Figure 6d). Particularly for com-
pounds 5 and 8, emission lifetimes of several hundreds of
nanoseconds were observed (Table 2) in addition to a (faster)
decay component, which was found for complexes 5, 6, and 8.
A similar biexponential decay behavior was also seen for related
Pt(ll) complexes.®

Fitting the experimental data with two decay components
yielded the lifetimes as listen in Table 2. Details on the
deconvolution process and the fit results can be found in the SI
(Figure SI-25).
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Figure 8. (a) Emission spectra of complex 6 at 80 K and room temperature. (b) Evolution of the emission properties of complex 5 upon gradual warming from
80 K to room temperature (all measurements were performed in a CH;CN/CH,Cl, 1:1 mixture).
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Conclusions

A series of Pt(ll) complexes bearing a tridentate NHC-pincer and
alkyne co-ligands has been prepared. These complexes have
been studied regarding their electrochemical and photophysical
characteristics. These studies corroborated a profound influence
of the lateral substituents on their properties in solution.

In UV-vis absorption experiments both intraligand and
charge transfer (ILCT and MLCT) transitions are observed. Upon
excitation of the latter, pronounced excimer formation is
assumed for complexes 5 and 7 on the basis of red-shifted and
structureless emission bands. This behavior is also found for
complex 6, though only at elevated concentrations. However,
ground-state association can be ruled out due to the invariance
of the emission spectra on the excitation wavelength and the
absence of low-energy absorption bands upon increase of the
concentration. At lower concentrations, complexes 4, 6, and 8
are assumed to undergo phosphorescence decay from states
with ILCT or MLCT character.

Experimental Section

All reagents and analytical-grade solvents were purchased from
commercial suppliers and used as received. Protoligand 1 and Pt(ll)
complex 2 were synthesized following the procedure published
beforehand.™ In all cases, the reaction mixtures were purged with
N, for 20 min before starting the reactions. 'H and *C NMR spectra
were recorded at 25°C on Bruker AVANCE instruments (250, 300 or
500 MHz) in deuterated solvents (Eurisotop). Chemical shifts are
given in ppm and referenced to the solvent signal. High-resolution
electrospray ionization time-of-flight mass spectrometry (HR-ESI-
TOF-MS) was performed on an ESI-(Q)-TOF-MS MICROTOF Il (Bruker
Daltonics GmBH & Co KG) mass spectrometer.

Steady-state absorption measurements were performed in 1cm
quartz cells and recorded with a V-760 (JASCO) spectrophotometer.
Fluorescence emission spectra were acquired using a FLS980
emission spectrophotometer (Edinburgh Instruments) with a Xenon
lamp (ozone free, 450 W) as white light source. Fluorescence
quantum yields and low-temperature measurements were per-
formed in the same device using either an Ulbricht integrating
sphere or an OptistatDN cryostate (Oxford Instruments), which was
cooled with liquid nitrogen. Fluorescence lifetimes were acquired in
1 cm quartz cells under ambient conditions using a custom-built
Nd:YAG laser setup with a 10 Hz repetition rate (Pascher Instru-
ments). Details on the experimental setup can be found
elsewhere.®

Electrochemical measurements were carried out in 0.1 M n-Bu,NPF;
solution in THF or CH,Cl, at 298 K and at a scan rate of 100 mVs™".
A three-electrode configuration (i.e., glassy-carbon working elec-
trode, Pt counter electrode, Ag/AgCl pseudo-reference electrode)
and an Autolab PGSTAT30 or an pStat400 potentiostat (Metrohm)
were used. The potentials were referenced against the ferrocene/
ferrocenium (Fc/Fc*) redox couple as internal standard.

Computational details

DFT calculations were performed using ORCA 5.0.2,;%%! def2 TZVP
basis sets were used for all atoms as well as the corresponding
def2-ECP for Pt.®® The geometries of 4 as well as of 2, for method
cross-validation, were optimized at the BP86 level of theory, using
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Grimme's D3 dispersion correction and the conductor-like polar-
izable continuum model (CPCM), which is parametrized for CH,CN
as an approximate solvation model.*”%? The geometry optimiza-
tions were followed up with numerical frequency calculations in
order to confirm the energetic minimum nature of the optimized
structure, as indicated by the absence of imaginary modes. On the
optimized geometries, single-point and TD-DFT calculations were
performed using the B3LYP functional, Grimme’s D3 dispersion
correction and CPCM parametrized for THF, as the solvent.’”%=4
For the TD-DFT calculations of the absorption spectra, 30 roots
(transitions) for singlets and triplets each were included for each
complex. Broadened spectra were obtained using the orca_mapspc
module with 2000 cm™" full-width at half-maximum band broad-
ening. Orbital isosurfaces and TD-DFT difference densities were
extracted from the single point calculations using the ORCA module
orca_plot and plotted with the visualization software CHEMCRAFT
at an isovalue of 0.04 for molecular orbitals and 0.001 for difference
densities.”

General procedure for the synthesis of arylacetylide
complexes

An excess of the respective arylacetylene and Pt(ll) complex 2 (1.0
eq) were dissolved in a large amount of DMF (20 mL). Then cuprous
iodide (1.5 eq) and triethylamine (2 mL) were added successively
and the reaction mixture stirred vigorously at room temperature for
24 h. The mixture was filtered and the solvent was evaporated
under reduced pressure. The residue was dissolved in a minimum
amount of DMF and added to large excess of diethyl ether. The
resulting precipitate was filtered off, washed three times with
toluene and dried in vacuo to afford the product as a colored solid.

Complex 4

The reaction of 2 (12 mg, 0.027 mmol), phenylacetylene (0.1 mL)
and Cul (2 mg, 0.042 mmol)) afforded a yellow solid (6 mg, 45 %).

'H NMR (CD,CN, 300 MHz, 25°C): §=8.07 (t, 1H, J=7.8 Hz, H?), 7.79
(d, 2H, J=7.8 Hz, H"), 7.36 (m, 2H, H%), 7.29 (m, 2H, H'), 7.21 (m, 1H,
H¥), 6.50 (d, 2H, J=15.3 Hz, HY), 5.37 (d, 2H, J=15.3 Hz, H), 4.38 (s,
6H, H%), 3.76 (s, 6H, H"), 3.33 ppm (s, 6H, H*); *C NMR (CD;CN,
125 MHz, 25°C): 6 =173.3 (C=™®*"™, 155.2 (C**), 155.1 (C*'*%), 152.2 (C"),
143.0 (C%), 142.5 (C3), 132.5 (C), 129.6 (C°%), 128.6 (C?), 127.7 (C%),
127.4 (C'°), 109.9 (C?), 109.6 (C%), 71.3 (C7), 53.7 (CY), 53.9 (C9), 40.1
(C), 33.1 (C%), 29.2 ppm (C"); HR-ESI-MS: calcd. for [C3,H3,N,O,Pt] "
m/z=787.2063, found 787.2045 [M*].

Complex 5

The reaction of 2 (12 mg, 0.027 mmol), 4-nitrophenylacetylene
(50 mg) and Cul (20 mg, 0.042 mmol)) yielded a yellow solid (6 mg,
43%). '"H NMR (CD,CN, 300 MHz, 25°C): 6=8.07 (t, 1H, J=7.8 Hz
H?), 7.79 (d, 2H,J=7.8 Hz, HY), 7.36 (m, 2H, H%, 7.29 (m, 2H, H"),
7.21 (m, 1H, H¥), 6.50 (d, 2H, J=15.3 Hz, H°), 5.37 (d, 2H, J=15.3 Hz,
H°), 4.38 (s, 6H, H), 3.76 (s, 6H, H"), 3.33 ppm (s, 6H, H*); *C NMR
(CD4CN, 125 MHz, 25°C): 6=172.9 (C®"®*"), 155.2 (C**), 155.1 (C*),
152.1 (C"), 146.9 (C%), 143.0 C?), 142.5 (C°), 135.5 (C®) 133.2 (C°), 128.6
(C?), 127.4 (C"), 124.8 (C'°), 109.9 (C?), 109.6 (C°), 71.3 (C"), 53.7 (C9),
53.9 (€, 40.1 (C%), 33.1 (C%), 29.2 ppm (C"); HR-ESI-MS: calcd. for
[C31H,6N,00sPt] ™ m/z=832.1907, found 832.1916 [M 1.

Complex 6

The reaction of 2 (12 mg, 0.027 mmol), 4-trifluoromethane-phenyl-
acetylene (0.05 mL) and Cul (2 mg, 0.042 mmol)) afforded a yellow

© 2023 The Authors. European Journal of Inorganic Chemistry published by Wiley-VCH GmbH
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solid (4 mg, 29%). '"H NMR (CD,CN, 300 MHz, 25°C): =8.08 (t, TH,
J=7.8Hz, H%, 7.78 (d, 2H, J=7.8 Hz, H®), 7.59 (m, 2H, H”®), 7.56 (m
2H, H¥), 6.52 (d, 2H, J=15.3 Hz, HY, 5.47 (d, 2H, J=15.3 Hz, HY),
437 (s, 6 H, H%), 3.77 (s, 6H, H"), 3.33 ppm (s, 6H, H3"); *C NMR
(CD4CN, 125 MHz, 25°C): 6 =172.7 (C®™="®), 155.2 (C*°), 155.1 (C*%),
152.2 (C"), 143.2 (C%), 142.5 (C3), 133.1 (C'), 132.6 (C¥), 128.4 (C°),
127.4 (C°), 126.4 (CF5), 109.9 (C?), 108.3 (C**), 83.2 (C°), 53.8 (C°), 48.2
(C9, 403 (C%), 333 (C*), 29.2 ppm (C'"); HR-ESI-MS: calcd. for
[C5,H56F3NgO,Pt] T m/z=855.1937, found 855.1916 [M 1.

Complex 7

The reaction of 2 (12 mg, 0.027 mmol), 4-methoxy-phenylacetylene
(50 mg) and Cul (2 mg, 0.042 mmol) yielded a yellow solid (11 mg,
79%). "H NMR (CD5CN, 300 MHz, 25°C): 6=8.07 (t, 1H, J=7.8 Hz,
H?), 7.78 (d, 2H, J=7.8 Hz, H®), 7.30 (m, 2H, H%®), 6.84 (m, 2H, H*),
6.50 (d, 2H, J=15.3 Hz, HY), 5.37 (d, 2H, J=15.3 Hz, HY), 4.39 (s, 6 H,
H?), 3.77 (s, 6H, H"), 3.33 ppm (s, 6H, H*); *C NMR (CD;CN, 125 MHz,
25°C): §=173.3 (C=™"), 155.2 (C**), 159.7 (C*) 155.2 (C**), 155.1
(C*%) 152.1 (C"), 142.9 (C%), 142.4 (C), 133.8 (C'°), 127.4 (C°), 120.9
(C), 119.4 (C°), 115.1 (C?), 109.5 (C°), 83.2 (C'), 53.8 (C), 53.7 (C°™)
53.7 (C9, 40.1 (C%), 33.1 (C*), 29.2 ppm (C"); HR-ESI-MS: calcd. for
[C5,H3,NsOsPt]* m/z=817.2171, found 817.2151 [M™*].

Complex 8

The reaction of 2 (12 mg, 0.027 mmol), 4-cyanophenylacetylene
(0.05 mL) and Cul (2mg, 0.042 mmol)) afforded a yellow solid
(12 mg, 92%). 1H NMR (CD4CN, 300 MHz, 25°C): 6=8.09 (t, TH, J=

8 Hz, H?), 7.81 ( 78H 7.65 (m, 2H, H¥®), 7.48 (m, 2H, H”
Z 52d2H J|53Hz, 7‘ 5%7 d5§ 7153Hz, (435(

H, H%), 3.77 (s, 6H, H"), 3.33 ppm (s, 6H, H*); ®C NMR (CD,CN,
125 MHz, 25°C): 6 =172.9 (C®™"), 155.2 (C/*®), 155.1 (C*%), 152.1
(C"), 143.2 (C?), 142.5 (C), 133.4 (C°), 133.3 (C?), 133.2 (C"), 1274
(C"), 120.2 (C¥), 110.2 (C™), 109.6 (C?), 108.9 (C%), 86.2 (C7), 53.7 (CY),
40.1 (C%), 332 (C%), 292ppm (C"); HR-ESI-MS: calc for
[C3,Hy0N,,0,Pt] T m/z=812.2016, found 812.2006 [M*].

Supporting Information

The authors have cited an additional reference within the
Supporting Information (SI).*® The SI contains the 'H and '>C
NMR as well as the high-resolution ESI mass spectra of the
complexes 4 to 8. Furthermore, the full cyclic voltammograms
and tabulated redox potentials of all compounds can be found
in the SI. The excitation wavelength dependent emission and
transient emission decay data of 4 to 8 are also shown.
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