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a b s t r a c t

Benzothiophene-based ligands containing quinoline or pyridine moieties were synthesized through
Suzuki Coupling reactions and subsequently reacted with the binuclear Platinum compound, [Pt2Me4 (m-
SMe2)2], PtA, in order to study chelate-assisted CeH activation. The preparation and characterization of
C^N cyclometalated products, including h2 intermediates, monometalated, and bismetalated species, are
reported. The photophysical properties of the complexes were studied and compared to TD-DFT
computational results.

© 2018 Published by Elsevier B.V.
1. Introduction

Cyclometalated and orthometalated complexes have many
practical applications in material science and as artificial photo-
synthetic devices [1e8]. Many of these cyclometalated species,
when utilizing methyl platinum precursors, are formed by CeH
activation reactions followed immediately by reductive elimination
of methane [9e12]. Ring size is an interesting variable to consider
when studying cyclometalated species, as ring size may vary
physical and chemical properties [13e22]. Thus, synthesizing
different ring sizes by varying ligand architecture may allow for
subtle or gross changes in the physical and/or chemical properties.
Appropriately designed ligands are therefore necessary in order to
guide the regiochemistry of the initial CeH oxidative addition.
n).
Due to the heterocyclic nature of benzothiophene, it is a useful
material in the production of biologically active drugs and exam-
ples of benzothiophene moieties in pharmaceuticals and dyes exist
[23e26]. Benzothiophene has additional aromatic conjugation than
its related species, thiophene, which is well-known for its inter-
esting photophysical behavior and has been used in many appli-
cations in dye-sensitized solar cells and photodetectors [27].

Bismetallated complexes are somewhat more rare than their
monometalated counterparts and might be expected to be more
rigid than the monometlated analogues [9,28e30]. This additional
rigidity may aid in augmenting the compounds photophysical
properties including longer excited state lifetimes [31,32]. Thus, we
report and describe the synthesis and photophysical properties of
bis-cyclometalated platinum (II) compounds with chelating N Ĉ
ligands that contain a benzothiophene moiety.
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Scheme 1. Reaction of ligand L1 with PtA to form metalated species. a) 2 equiv. of L1,
stirred in toluene 2 h at room temp. followed by heating to 60 for 1 h; b) L1 with PtA
heated at 80C for 5 h followed by 1 h irradiation with 450 nm light.

Table 1
Structures for ligand, intermediates, and N Ĉ metallacycles.
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2. Results and discussion

Ligand O1 (Table 1 and Scheme 1) was synthesized by a Suzuki-
type coupling reaction and its structure is analogous to a
thiophene-derivative ligand reported by Tan et al. [33], with a
benzothiophene in place of thiophene. The ligand was character-
ized by NMR spectroscopy and X-ray diffraction (XRD). The struc-
ture of O1 (Fig. 1), obtained by XRD, clearly shows the expected
product of the coupled benzothiophene and quinolone moieties.
Upon allowing the chelate ligand O1 to react with PtA a new
compound was formed, O2′, as a result of substitution of O1 for the
two labile dimethylsulfide ligands. O2′ was isolated and the pro-
posed structure has a chelate ligand which includes the coordi-
nated nitrogen and an h2 moiety originating from the
benzothiophenene [34]. The species was characterized by its pro-
ton NMR spectrum. For example, the proton closest to the h2 bond
of the intermediate is more upfield and shielded than its aromatic
ligand counterpart because of its interaction with the Pt, therefore
appearing at midrange in the spectrum at 6.22 ppmwith platinum
satellites with couplings of 51 Hz. Two distinct methyl resonances
are observed and appear as singlets exhibiting platinum satellites
peaks characteristic of Pt coordination. A peak representing one of
the methyls appears at 1.10 ppmwith a coupling constant of 88 Hz.
The peak representing the other methyl group appears further
upfield at �0.41 ppm with coupling constant of 81 Hz. O2′, was
characterized by carbon-13 NMR, showing the appropriate 17



Fig. 1. ORTEP of Compound O1 (50% probability thermal ellipsoids). Selected bonds
lengths (Å) and angles (º):C7eC8: 1.3781 (16); C8eC9: 1.4285 (15); C8eC10: 1.4818
(15); SeC11 1.7283 (13); SeC17 1.7376 (13); NeC1 1.3193 (15); NeC9 1.3708 (14);
C11eSeC17 91.38 (6); C1eNeC9 117.7 (1); C11eC10eC8 123.4 (1); C12eC10eC8 124.7
(1); C7eC8eC10 120.3 (1); C9eC8eC10 120.70 (10).

Fig. 2. ORTEP of Compound L3 (50% probability thermal ellipsoids). Selected bonds
lengths (Å) and angles (º): PteN (11): 2.133 (7); Pt1eN12: 2.116 (7); PteC (11): 1.964
(9); Pt1eC114 1.978 (9); C11ePt1eC114; 101.5 (4); C11ePt1eN11: 78.0 (3);
C114ePt1eN11: 171.0 (4); C11ePt1eN12: 168.7 (3); C114ePt1eN12: 78.0 (3);
N11ePt1eN12: 104.3 (3).

Fig. 3. Proton NMR spectrum (400MHz) of M3 in (CD3)2SO.
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carbon peaks in the 13C NMR including the two distinct methyl
peaks upfield. O2, with a six-membered platinacycle was synthe-
sized directly from O1 and PtA when a solution of the two com-
pounds were refluxed in toluene. This resulted in pure O2, whereas
when O2’ was subjected to the same conditions, a clean reaction
was not observed. O3 was not obtained by thermal or photo-
chemical reactions (Table 1).

The reactions of the two ligands L1 and M1 with PtA differed
from the reaction of O1 with PtA. The h2 intermediate was not
observed in either case prior to the formation of the five-membered
platinacycles. However, the monometalated intermediate L2 was
obtained in pure form, but the monometalated M2 was not. At-
tempts at M2 gave only mixtures of species of which M2 was
speculated to be one of them, but M2 could not be extracted or got
in purified form without decomposition of the products. Presum-
ably the formation of these metalacycle go through an h2 inter-
mediate as in the case of O2’; however, the reaction to form the
five-membered rings for L2 and M2 must be faster, compared to
the six-membered ring for O2, thus the h2 intermediate is too
short-lived to be observed, which is reasonable considering that
five-membered rings predominate in the literature [35,36].

The proton NMR spectra were invaluable in the characterization
of the compounds.

For example, L2 has one platinum methyl and one DMS reso-
nance present at the appropriate chemical shifts (1.23 and
2.51 ppm, respectively) and coupling constants (79 Hz and 30Hz,
respectively) for platinum (II) monometalated species [37]. When
the synthesis of bismetalaed species were attempted using stan-
dard thermal techniques (whether beginning with PTA or the
monometalated species) and when monitoring the reaction while
heating, mixtures of monometalated species, species tentatively
assigned as k1/k2 species [38], and/or mixtures of bismetalated
species were observed (Table 1), somewhat similar to that observed
in the attempted syntheses of M2. However, pure bismetalated
species were isolated in each case using a photochemical technique
adapted from Julia et al. [39]. The ligand and metal precursor were
mixed and heated for several hours followed by irradiation with
blue light for an additional duration of time. This afforded a crude
material, which when purified by column chromatography resulted
in isolation of a bismetalated species in modest yields. M3 and L3
were characterized by multi-nuclear NMR and HRMS, while L3
(Fig. 2) was characterized by X-ray diffraction techniques (XRD).
The proton spectra of the bismetalated species showed the
absence of the platinum-methyl group as expected with the second
metalation and thus only aromatic resonances remained (See SI for
NMR spectra). For example,M3 showed the expected 10 resonances
(Fig. 3) and L3 the expected 8 aromatic resonances. Attempts at
synthesizing O3 were unsuccessful. Insoluble, uncharacterized
material was formed.

The structure of L3 (Fig. 2) has a square planar platinum (II)
metal center with two C^N chelate ligands. The pyridine rings of
each ligand are cis to each other rendering the expected trans ge-
ometry of each carbon donor to each nitrogen donor of the C^N
chelate ligand, thus avoiding trans carbons due to their high trans
influence. L3 adopts a distorted square planar geometry in the solid
state, with a significant dihedral angle between the two planes
defined by Pt (1)-N (12)-C (114) and Pt (1)-N (11)-C (11) (Fig. 2). For
the two nearly identical molecules of L3 in the asymmetric unit,
this angle is 16.04� and 15.47� for Pt (1) and Pt (2) respectively.
While this distortion from an ideal square planar geometry could
simply reflect crystal packing effects in the solid state, the DFT
optimized geometry of a single gas phase molecule of L3 shows a
chelate dihedral angle of 16.10� (Figure SI1). This structure was
confirmed to represent an energetic minimum by vibrational
analysis, and was found even when a square planar structure was
used as the input geometry. The good correspondence between the



Fig. 4. Emission and Uv/vis Spectra for the bismetalated species L3 and M3.

Fig. 5. Comparison of experimental and TD-DFT calculated normalized absorbance
spectrum. The theoretical absorbance spectrum is visualized by the convolution of the
discrete eigenspectrum with gaussian functions of 25 nm half-width.
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computational results found in the gas phase and the experimental
results found in the solid state strongly suggests that this
geometrical distortion from an ideal square planar geometry is a
result of the steric profile of the benzothiophene chelate used here.

3. Photophysical measurements and computational results

The isolated compounds, most importantly the target bis-
melatated species, were characterized by UV/vis and emission
spectroscopy. Data can be found in Table 2. The ligands have large
absorbance bands for their lowest energy band at around 300 nm.
O1 emits with a red-shift of around 115 nm, while O2's emission is
red-shifted twice that amount. L2 absorbs just above 400 nm and
emits in the orange region with two shoulders. The target bisme-
talated compounds have their lowest energy absorbance in the
visible region and they have extinction coefficients in the 103-104

range (Table 2). Their emission spectra show peaks that are red-
shifted 150e200 nm (Fig. 4). L3 has a well-defined shoulder at
lower energy that has a longer lifetime than the large, primary
peak, perhaps due to excimer formation [40]. Excited state lifetimes
for L3 and M3 are greater than a microsecond and their quantum
yields are modest at 2.3 and 3.0% for L3 and M3, respectively. The
data lead us to conclude that their emission is phosphorescence
from MLCT states.

Time-Dependent Density Functional Theory (TD-DFT) calcula-
tions were run on L3 to interrogate the nature of the observed
electronic transitions in the UV/vis (Figure SI2). The experimental
UVevis spectrum and the TD-DFT calculated UVevis spectrum
obtained by optimizing the first 30 excited states show a good
qualitative agreement to the experimental spectrum of L3 as is seen
in Fig. 5. Examination of the TD-DFT Natural Transition Orbitals [41]
associated with the high oscillator strength transitions, which
correspond to major peaks in the experimental spectra of L3,
allowed characterization of the nature of these transitions. The
observed hole and particle NTOs of the lower energy peaks with
large oscillator strengths which correspond to experimentally
observed absorption features are consistent with mixed Metal to
Ligand Charge Transfer/Intraligand Charge Transfer (MLCT/ILCT)
[42e44] character of these transitions with the hole wavefunction
primarily localized on the electron rich thiophene moiety and
platinum atom and the particle wavefunction localized primarily
on the pyridine moiety (Fig. 6). Consequently, the lowering of the
lowest unoccupied p* orbitals by the increased conjugation of
quinoline compared to pyridine should result in the appearance of
redshifted absorption features in M3 as compared to L3, which is
observed experimentally.

4. Concluding remarks

The reactions of [Pt2Me4 (m-SMe2)2] with the quinoline or pyr-
idine functionalized benzothiophene ligands highlight several
Table 2
Photophysical data.

Complex Absorption lmax/nm (ε/M�1cm�1)

L1 248 (7620), 282 (7350)
L2 331 (5460), 368 (2330), 412 (1670)
L3 353 (15500), 436 (9900)

M1 236 (51700), 312 (14300), 329 (13700)
M3 385 (42800), 484 (11800)
O1 292 (8244), 301 (8673)
O20 398 (919)
O2 357 (5011), 460 (2930)

?excitation¼ a 405 nm, b 450 nm, c 365 nm.
interesting patterns related to the effect of ligand structure and
composition on the selective chelate assisted CeH activation pro-
cess. In all cases, the selected CeH bond at the 2-position of the
thiophene moiety successfully underwent a regioselective reaction
by what is generally proposed to be a concerted oxidative addition
mechanism to produce a putative Pt (IV) intermediate, which
quickly reductive eliminated methane. Five-membered metala-
cycles are formed with pyridine-derived ligands and a six-
membered ring with the quinolone moiety and an h2 intermedi-
ate is observed in the latter case. The bismetalated species was then
formed by another such series of reactions, however a
Emission lmax/nm Lifetime ns (c2)

353 0.2 (1.142)a

541, 618, 677 887 (1.080)a

577, 620 805 (1.069)b (577)
1470 (1.070)b (620)

384 e

660 1700 (0.9739)b

416 58 (1.137)c

660 347 (1.032)a

656 457 (1.076)a



Fig. 6. Calculated Hole (left) and Particle (right) wavefunctions for the high oscillator
strength calculated electronic transition at 453 nm.
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photochemical process was necessary to obtain a viable product.
The bismetalated species had more pronounced photophysical
properties, including longer excited state lifetimes, than the mon-
ometalated analogue. This may be due to the planarity of the li-
gands and the rigidity of the bis-etalated species, but tempered due
to the somewhat large dihedral angle between ligands as observed
in the structure of L3. We are currently testing these compounds on
a variety of catalytic reactions.

5. Experimental section

5.1. General

The solvents and reagents were purchased from Sigma Aldrich
unless otherwise noted. K2PtCl4 was purchased from the Pressure
Chemical Company. NMR spectra were recorded at Bard College
using Varian MR-400MHz spectrometer (1H, 400MHz; 13C,
100.6MHz) and referenced to SiMe4 (1H, 13C). Shifts are given in
ppm and coupling constant J values in Hz. Abbreviations used:
s¼ singlet; d¼ doublet; t¼ triplet; m¼multiplet. Electrospray
mass spectra were performed at Vassar College using an LC/MSD-
TOF spectrometer.

5.2. Computational details

Calculations were carried out using TD-DFT and DFT imple-
mented in the Jaguar 9.1 suite of ab initio quantum chemistry
programs. Geometry optimizations were performedwith the B3LYP
functional using the LACVP** basis set [45]. In all cases, the ge-
ometries were confirmed to be energetic minima by vibrational
analysis. In the case of the TD-DFT calculations, the UV/Vis absor-
bance spectrum was simulated by optimization of the first 30
excited states and the use of a Poisson-Boltzmann implicit solvation
model of dichloromethane to improve agreement to the experi-
mental spectra in the case of L3. Initial geometry guess was
generated using either crystallographic data molecular mechanics
as implemented in Avogadro version 1.2.0 using the UFF force field
[46]. Mean crystallographic planes were calculated using Mercury
version 3.7.

5.3. Photophysical measurements

Steady-state emission spectra were recorded using a PTI QM-40
instrument with a PMT detector, which is sensitive up to 850 nm.
Luminescence quantum yields were determined using [Ru (bipy)3]
Cl2 (in aqueous solution) as a standard following known proced-
ures; uncertainties are estimated at 20% or better [47e49]. The
luminescence lifetimes of the complexes were measured by time-
correlated single-photon counting following excitation with a
365, 405, or 450 nm LED in methylene chloride. All samples were
de-gassed for 5min.

5.4. X-ray diffraction

X-ray diffraction data were collected on a Bruker APEX 2 CCD
platform diffractometer (Mo Ka (l¼ 0.71073 Å)) at 125 K with
crystals mounted in a nylon loop with Paratone-N cryoprotectant
oil. The structure of O3 was solved using direct methods (SHELXS-
97) and standard difference map techniques, and was refined by
full-matrix least-squares procedures on F2 with SHELXL-97 [50] L3
was crystallized by slow diffusion of hexane into a chloroform so-
lution in an NMR tube. The structure was solved using direct
methods (SHELXT 2014/4) [51] and standard difference map tech-
niques, and was refined by full-matrix least-squares procedures on
F2 with SHELXL-2016/6 [52]. All non-hydrogen atoms were refined
anisotropically. Hydrogen atoms on carbon were included in
calculated positions and were refined using a riding model.
CELL_NOW (v2008/4) revealed that L3 contained two twin do-
mains. Both domains were integrated with SAINT (v8.34A) using
the two-component orientation matrix produced by CELL_NOW.
The data was scaled and absorption corrected with TWINABS
(v2012/1). The initial solution was refined with single component
data for the stronger domain before final refinement with an HKLF
5 dataset constructed from all observations involving domain 1. See
Figs. 1 and 2 and the captions for ORTEP drawings, labels, bond
lengths, and bond angles. CIF for compounds O1 and L3 is included
in the supporting information.

5.5. Preparation of the compounds

Platinum dimer, cis-[Pt2Me4 (m-SMe2)2], PtA, was prepared as
reported elsewhere [53]. L1 and M1 were synthesized by adapting
existing procedures [30,54e57].

[C13H9NS] (L1): 2-bromopyridine (0.3102 g, 1.96mmol), benzo
[b]thien-3-ylboronic acid (0.6989 g, 3.93mmol), tetrakis-(triphe-
nylphosphine)-palladium (0) (0.1202 g, 0.1040mmol), and K2CO3
(0.8140 g, 5.89mmol) were dissolved in degassed DMF (5mL) and
degassed H2O (1.25mL). The mixture was stirred for 4 h at 60 �C
under argon. The resulting solution was extracted with ethyl ace-
tate and the solvent was removed under vacuum. The desired
compound was isolated by flash chromatography with 50% hexane
and ethyl acetate as the eluents. The resulting product appeared as
a pink oil. Yield 0.2166 g (1.03mmol, 52%). 1H NMR (400MHz,
CDCl3) d¼ 8.76 (d, J¼ 4.9 Hz, 1H), 8.46 (d, J¼ 8.1 Hz, 1H), 7.91 (d,
J¼ 7.8 Hz, 1H), 7.80 (s, 1H), 7.78 (t, J¼ 7.8 Hz, 1H), 7.70 (d, J¼ 7.8 Hz,
1H), 7.45 (t, J¼ 7.6 Hz, 1H), 7.40 (t, J¼ 7.8 Hz, 1H), 7.28 (t, J¼ 4.9 Hz,
1H). 13C NMR (100MHz, CDCl3) d¼ 122.12, 122.74, 122.84, 124.21,
124.70, 124.80, 126.51, 136.75, 136.78, 137.35, 140.99, 149.77, 154.75.

[C17H11NS] (M1): 2-bromoquinoline (0.2137 g, 1.03mmol),
benzo [b]thien-3-ylboronic acid (0.3683 g, 2.06mmol), tetrakis-
(triphenylphosphine)-palladium (0) (0.0658 g, 0.0570mmol), and
K2CO3 (0.2858 g, 2.06mmol) were dissolved in degassed DMF
(1.4mL) and degassed water (0.35mL). The solution was stirred for
6 ½ hours at 60 �C under argon and a blue color was observed. The
solution was extracted with dichloromethane and the solvent was
removed under vacuum. The desired complex was isolated by flash
chromatography using 50% hexane and ethyl acetate as the eluents.
Yield: 0.2574 g (0.985mmol, 96%).1H NMR (400MHz, CDCl3):
d¼ 7.43 (d, 3J¼ 8.0 Hz, 1H), 7.51 (d, 3J¼ 7.8 Hz, 1H), 7.56 (t,
3J¼ 7.5 Hz, 1H), 7.76 (t, 3J¼ 7.5 Hz, 1H), 7.85 (d, 3J¼ 8.3 Hz, 1H), 7.86
(d, 3J¼ 7.6 Hz, 1H), 7.94 (d, 3J¼ 7.9 Hz, 1H), 7.97 (s, 1H), 8.22 (d,
3J¼ 8.6 Hz, 1H), 8.25 (d, 3J¼ 8.7 Hz, 1H), 8.83 (d, 3J¼ 8.0 Hz, 1H). 13C
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NMR (100MHz, CDCl3): d¼ 121.01, 122.78, 124.93, 125.00, 125.03,
126.56, 127.13, 127.68, 127.72, 129.75, 129.91, 136.76, 137.60, 137.46,
141.06, 148.24, 154.64.

[C17H11NS] (O1): 8-bromoquinoline (0.0757 g, 0.3638mmol),
benzo [b]thien-3-ylboronic acid (0.1303 g, 0.7313mmol), tetrakis-
(triphenylphosphine)-palladium (0) (0.0210 g, 0.0182mmol), and
K2CO3 (0.1534 g, 1.11mmol) were dissolved in degassed DMF
(5.00mL) and degassed H2O (1.25mL). The solution was stirred at
60 �C for 6 ½ hours under argon. The solution was extracted with
dichloromethane and the solvent was removed under vacuum. The
desired complex was isolated by flash chromatography using 50%
hexane and ethyl acetate as the eluents. A light pink solid was
collected. Yield 0.0463 g (0.1772mmol, 48%). 1H NMR (400MHz,
CDCl3): d¼ 7.29 (t, 7.8 Hz, 1H), 7.36 (t, J¼ 7.4 Hz, 1H), 7.44 (dd,
J¼ 8.1, 4.2 Hz, 1H), 7.51 (d, 3J¼ 8.0 Hz, 1H), 7.64 (dd, 3J¼ 7.2, 8.9 Hz,
1H) 7.65 (s, 1H), 7.85 (d, 3J¼ 7.2 Hz,1H), 7.90 (d, 3J¼ 8.1 Hz,1H), 7.94
(d, 3J¼ 8.0 Hz, 1H), 8.25 (d, 3J¼ 8.4 Hz, 1H), 8.90 (d, 3J¼ 4.2 Hz, 1H).
13C NMR (100MHz, CDCl3): d¼ 121.37, 122.84, 132.85, 124.05,
124.29, 125.99, 126.39, 128.16, 128.89, 131.22,135.36, 135.38, 136.42,
139.51, 140.19, 146.85, 150.48.

[C16H17NPtS2] (L2): L1 (0.0147 g, 0.0696mmol) and
Pt2Me4(SMe2)2 (0.0200 g, 0.0348mmol) were dissolved in dry
toluene (5.00mL). The solution was stirred under argon for 2 h at
RT, followed by an hour stir at 60 �C under argon. The solvent was
removed under vacuum yielding a yellow-orange solid. Yield
0.0281 g (0.0582mmol, 84%). 1H NMR (400MHz, CDCl3): d¼ 1.23
(s, 2J(PteH)¼ 78.8 Hz, 3H), 2.51 (s, 3J(PteH)¼ 29.5 Hz, 6H), 7.12 (t,
3J¼ 6.4 Hz, 1H), 7.21 (t, 3J¼ 7.5 Hz, 1H), 7.34 (t, 3J¼ 7.5 Hz, 1H), 7.86
(t, 3J¼ 8.0 Hz, 1H), 7.89 (d, 3J¼ 7.7 Hz, 1H), 8.00 (d, 3J¼ 8.1 Hz, 1H),
8.07 (d, 3J¼ 8.1 Hz, 1H), 8.78 (d, 3J¼ 5.6 Hz, 1H). 13C NMR (100 MHz,
CDCl3): d ¼ 20.18, 23.55, 117.79, 118.34, 119.19, 120.15, 121.49,
122.40,123.00,123.17,124.12,124.95,138.35,146.38,150.61. HR-ESI-
(þ)-MS: m/z 482.0492 calcd for C16H17NPtS2; 482.0450.

[C19H17NPtS] (O2’): O1 (0.0060 g, 0.023mmol) and
Pt2Me4(SMe2)2 (0.0088 g, 0.0015mmol) were dissolved in dry
toluene (5.00mL). The solution was stirred at RT for 2 h under
argon. The solvent was removed under vacuum. Yield: 7.8mg
(0.0016mmol, 68%). 1H NMR (400MHz, CDCl3): d¼�0.40 (s,
2J(PteH)¼ 81.4 Hz, 3H), 1.10 (s, 2J(PteH)¼ 88.3 Hz, 3H), 6.23 (s,
2J(PteH)¼ 50.6 Hz, 1H), 7.41 (t, 3J¼ 7.3 Hz, 1H), 7.47 (t, 3J¼ 7.3 Hz,
1H), 7.54 (t, 3J¼ 7.6 Hz, 1H), 7.58 (dd, 3J¼ 4.9, 8.5 Hz, 1H), 7.76 (t,
3J¼ 8.9 Hz,1H), 7.82 (d, 3J¼ 7.9 Hz,1H), 8.10 (d, 3J¼ 7.7 Hz,1H), 8.42
(d, 3J¼ 8.4 Hz, 1H), 9.23 (d, 3J¼ 4.9 Hz, 3J(PteH)¼ 22.0 Hz, 1H). 13C
NMR (100MHz, CDCl3): d¼�10.33, 10.78, 29.37, 91.17, 122.42,
122.99, 123.29, 124.50, 124.90, 126.59, 126.84, 127.80, 130.63,
130.73, 137.00, 138.45, 143.55, 148.04, 149.70.

[C20H19NPtS2] (O2): O1 (0.0200 g, 0.0765mmol) and
Pt2Me4(SMe2)2 (0.0220mg, 0.0383mmol) were dissolved in dry
toluene (5.00mL). The solution was stirred at 60 �C for 2 h under
argon. The solvent was removed under vacuum yielding a golden-
orange solid. Yield: 0.0355 g (0.0667mmol, 87%). 1H NMR
(400MHz, CDCl3): d¼ 1.24 (s, 2J(PteH)¼ 81.0 Hz, 3H), 2.29 (s,
3J(PteH)¼ 27.7 Hz, 6H), 7.14 (t, 7.3 Hz, 1H), 7.18 (t, J¼ 7.3 Hz, 1H), 7.37
(dd, J¼ 5.0, 8.0 Hz, 1H), 7.68e7.73 (m, 2H) 7.84 (d, 3J¼ 7.6 Hz, 1H),
7.95 (d, 3J¼ 7.9 Hz, 1H), 8.37 (d, 3J¼ 8.6 Hz, 1H), 8.40 (d, 3J¼ 6.0 Hz,
1H), 9.29 (d, 3J¼ 5.0 Hz, 3J(PteH)¼ 20.4 Hz, 1H). 13C NMR (100MHz,
CDCl3): d¼ 20.40, 110.15, 120.86, 121.12, 121.26, 122.34, 122.99,
123.34, 123.38, 124.71, 124.97, 127.56, 129.84, 130.06, 136.48, 138.65,
144.19, 152.18. NMR experimental monitoring: (4.3mg,
0.016mmol) mixed with Pt-Dimer (8.0mg, 0.014mmol) in dry
toluene-d8 (0.7mL) in a J. Young NMR tube which was frozen in
liquid nitrogen, purged, and thawed three times before being
exposed to a N2 atmosphere. The tube was then sealed and heated
on an oil bath at 60 �C for a total of 150min. Solvent removed,
yielding a golden solid (9.6mg, 65% yield). 1H NMR (400MHz,
CDCl3): d¼ 1.24 [s, 2J(PteH)¼ 81.1 Hz, 3H, Hm]; 2.29 [s,
3J(PteH)¼ 27.4 Hz, 6H, Hl]; 7.14 [ddd, 3J¼ 15.3 Hz, 4J¼ 2.4 Hz, 1H,
Hd]; 7.21 [ddd, 3J¼ 15.3 Hz, 4J¼ 2.4 Hz, 1H, Hc]; 7.36 [dd, 3J¼ 8.0 Hz,
4J¼ 4.9 Hz, 1H, Hj]; 7.71e7.72 [m, 2H, He/g]; 7.83 [d, 3J¼ 7.6 Hz, 1H,
Hf]; 7.95 [d, 3J¼ 8.1 Hz, 1H, Hi]; 8.36 [dd, 3J¼ 8.2 Hz, 4J¼ 1.7 Hz, 1H,
Hh]; 8.39 [dd, 3J¼ 6.1 Hz, 4J¼ 2.7 Hz, 1H, Hb]; 9.28 [dd, 3J¼ 4.9 Hz,
4J¼ 1.7 Hz, 1H, Hk].

[C26H16N2PtS2] (L3): L1 (0.0587 g, 0.2778mmol) and
Pt2Me4(SMe2)2 (0.0468 g, 0.0815mmol) were dissolved in dry
toluene (4mL). The solution was stirred under argon at 80 �C for
5 h, followed by a 1 h stir under blue light (450 nm). The solvent
was removed under vacuum and awash with dichloromethanewas
performed yielding a red solid. The precipitate was collected. Yield
0.0369 g (0.0599mmol, 74%.). 1H NMR (400MHz, CDCl3) d¼ 8.63
(d, J¼ 6.0 Hz, 3J(PteH)¼ 22.0 Hz, 1H), 8.02 (d, J¼ 8.1 Hz, 1H), 7.88 (d,
J¼ 7.9 Hz, 1H), 7.85 (d, J¼ 8.2 Hz, 1H), 7.70 (t, J¼ 7.8 Hz, 1H), 7.38 (t,
J¼ 7.6 Hz, 1H), 7.25 (t, J¼ 7.2 Hz, 1H), 7.05 (t, J¼ 6.2 Hz, 1H). 1H NMR
(400MHz, (CD3)2SO) d¼ 8.92 (d, J¼ 5.7 Hz, 1H), 8.29e8.34 (m, 2H),
8.18 (t, J¼ 7.8 Hz, 1H), 8.02 (d, J¼ 7.9 Hz, 1H), 7.51 (t, J¼ 6.6 Hz, 1H),
7.43 (t, J¼ 7.7 Hz, 1H), 7.30 (t, J¼ 7.5 Hz, 1H). 13C NMR (100MHz,
CDCl3) d ¼ 162.06, 158.75, 148.42, 144.69, 139.40, 138.82, 136.77,
124.27, 122.62, 121.70, 119.25, 119.05, 118.09. HR-ESI-(þ)-MS: m/z
615.0485 calcd for C26H16N2PtS2; 615.0403.

[C34H20N2PtS2] (M3): M1 (0.0271 g, 0.1037mmol) and
Pt2Me4(SMe2)2 (0.0155 g, 0.0270mmol) were dissolved in dry
toluene (5mL). The solution was stirred under argon for 45min at
RT, followed by a 4 h stir at 60 �C. The solution remained in an inert
atmosphere and was then stirred for 12 h under blue light
(405 nm). The precipitatewas collected. Yield: 9.90 g (0.0138mmol,
53%). 1H NMR (400MHz, CDCl3): d¼ 8.36 (ABq, 2H, DdAB¼ 0.01,
JAB¼ 8.92 Hz), 8.31 (d, 1H, 3J¼ 8.21 Hz), 7.98 (d, 1H, 3J¼ 7.92 Hz),
7.78 (d, 1H, 3J¼ 8.80 Hz), 7.72 (d, 1H, 3J¼ 7.89 Hz), 7.46 (t, 1H,
3J¼ 7.36 Hz), 7.31 (t, 1H, 3J¼ 7.49 Hz), 7.20 (t, 1H, 3J¼ 7.27 Hz), 6.81
(t, 1H, 3J¼ 7.44 Hz). 1H NMR (400MHz, (CD3)2SO): d¼ 8.75 (d, 1H,
3J¼ 8.75 Hz), 8.61 (d, 1H, 3J¼ 8.91 Hz), 8.55 (d, 1H, 3J¼ 8.03 Hz),
8.10 (d, 1H, 3J¼ 7.94 Hz), 8.02 (d, 1H, 3J¼ 8.12 Hz), 7.65 (d, 1H,
3J¼ 8.69 Hz), 7.52 (t, 1H, 3J¼ 7.47 Hz), 7.38 (t, 1H, 3J¼ 7.55 Hz), 7.34
(t, 1H, 3J¼ 7.55 Hz), 6.92 (t, 1H, 3J¼ 7.55 Hz). 13C NMR (100MHz,
(CD3)2SO): d ¼ 162.77, 161.75, 147.10, 143.38, 141.09, 140.70, 136.48,
129.41, 128.33, 126.31, 125.55, 125.18, 124.89, 122.69, 122.49, 119.90,
117.43. HR-ESI-(þ)-MS: m/z 715.0792 calcd for C34H20N2PtS2;
715.0716.
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