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ABSTRACT: Precursors PtCl{κ3-N,C,N-[py-C6HMe2-py]} (1),
PtCl{κ3-N,C,N-[py-O-C6H3-O-py]} (2), Pt(OH){κ3-N,C,N-[py-
C6HMe2-py]} (3), and Pt(OH){κ3-N,C,N-[py-O-C6H3-O-py]}
(4) were used to prepare d8-platinum bimetallic complexes.
Precursors 1 and 2 react with AgBF4 and 7-azaindole (Haz) to
give [Pt{κ3-N,C,N-[py-C6HMe2-py]}{κ1-N-[Haz]}]BF4 (5) and
[Pt{κ3-N,C,N-[py-O-C6H3-O-py]}{κ1-N-[Haz]}]BF4 (6) and 3
and 4 with indolo[2,3-b]indole (H2ii) to generate Pt{κ1-N-
[Hii]}{κ3-N,C,N-[py-C6HMe2-py]} (7) and Pt{κ1-N-[Hii]}{κ3-
N,C,N-[py-O-C6H3-O-py]} (8). Subsequent addition of 3 and 4 to 5-7 affords bimetallic derivatives [{Pt[κ3-N,C,N-(py-C6HMe2-
py)]}2{μ-N,N-[az]}]BF4 (9), [{Pt[κ3-N,C,N-(py-O-C6H3-O-py)]}2{μ-N,N-[az]}]BF4 (10), and {Pt[κ3-N,C,N-(py-C6HMe2-
py)]}2{μ-N,N-[ii]} (11). X-ray structures of 9-11 reveal separations between the metals in sequence 9 (3.0515(4) Å) < 10
(3.2689(9) Å) < 11 (3.2949(2) Å). DFT calculations support σ overlap of the dz2 orbitals of platinum atoms, for 9 and 10.
Accordingly, their absorption spectra show a MMLCT transition. Complex 9 is a red emitter. The excited state has 3MMLCT
characteristics and a Pt−Pt separation of 2.763 Å. Complex 11 is a dual emitter in the red and NIR regions, in solid. Both excited
states have a 3LC/LMCT characteristic and platinum−platinum separations of 3.290 and 3.202 Å. Intermediate 5 is a green emitter
that achieves quantum yields close to unity, when diluted in PMMA and 1,2-dichloroethane at low concentrations.

■ INTRODUCTION
There is great interest in controlling the separation between the
metal centers of d8-platinum bimetallic complexes. The interest
is mainly motivated by the influence that this parameter has on
the photophysical properties of these complexes. The relatively
large Pt−Pt separations provide little interaction between the
metals. As a consequence, dimeric species emit similarly to
mononuclear subunits, with excited states resulting from the
combination of metal-to-ligand charge transfer (MLCT) and
ligand-centered (LC) transitions. In contrast, short Pt−Pt
distances provide strong dz2-dz2 interactions, causing a sharp
split between the generated molecular orbitals, dσ-bonding and
dσ*-antibonding. The splitting produces an increase in the
energy of the HOMO, which is centered on dσ*. Thus, excited
states are best described as a metal−metal-to-ligand charge
transfer (MMLCT).1

The most common designs have been structures of the types
[Pt{κ2-C,N-[chelate]}(μ-L2)]2 and [Pt{(κ2-C,C-[chelate]}(μ-
L2)]2. The first type is based on two platinum subunits, which
contain an orthometalated phenyl-N-heterocycle, linked by a
double bridge formed by two bidentate ligands resulting from
the deprotonation of molecules type: thiazolthiol,2 quinolinyl-
and pyridylthiol,3 hydroxyquinoline,4 hydroxypyridine,5 pyr-
azol,6 triazole,7 and terminal alkyne.8 The second one is
constructed in a similar way, changing the N-donor heterocycle

by an NHC group and using pyrazolate9 or formamidinate10 as
bridges. The separation between the platinum centers is usually
governed by the bridging ligands, giving rise to two class of
structures: rigid and flexible. Bridges built on anionic N,S- and
N,O-donor ligands derived from thiazolthiol, quinolinyl- and
pyridylthiol, hydroxyquinoline and hydroxypyridine produce
rigid structures with short metal−metal distances, leading to
strong 3MMLCT emissions. Because dσ* is antibonding in
character, photoexcitation produces a T1 structure that exhibits
additional contraction of the Pt−Pt distance.2,3,4,5 On the other
hand, the double pyrazolate bridges generate flexible structures
that allow access to a wide range of Pt−Pt separations, both in
the ground state and in the excited state. The separation
between the metals can be adjusted by modifying the volume of
the pyrazolate substituents. Due to the flexibility of the double
bridge, the emitters that produce 3MMLCT emissions undergo
an ultrafast photoinduced structural change, in solution, which
generates two conformational isomeric structures of T1, with
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long and short metal−metal separations, giving rise to a dual
emission.6c,9b That is, each isomer produces its own emission,
the excited state with a longer Pt−Pt separation at higher energy
and the excited state with a shorter Pt−Pt distance at lower
energy. The chelating group of platinum subunits also appears to
play some role in controlling Pt−Pt separation, although its
effect has been much less studied. A recent analysis in a family of
complexes containing phenyl-pyridine-type orthometalated
groups in platinum subunits linked by two 2-mercaptobenzo-
thiazole N,S-bridges points out that an increase in the electron
deficiency of the C,N-ligand results in an increase of π-back-
donation from the filled dxy orbital of platinum to the empty π*
orbital of the heterocycle. This causes a reduction in the
electronic repulsion of the partially overlapping dxz orbitals,
which leads to the shortening of the Pt−Pt distance.11

Pincer ligands are gaining importance as tools to stabilize
phosphorescent emitters that provide special characteristics.12

However, its use to construct d8-platinum bimetallic complexes
has been scarce, mainly limited to terpyridine type ligands13 and
6-phenyl-2,2′-bipyridine type pro-ligands.14 These pincers result
in Pt{κ3-N,N,X-[pincer]} subunits, which form the compounds
[{Pt[κ3-N,N,X-(pincer)]}2(μ-L2)]n+ (X = N, C; n = 3, 2, 1)
when joined by a diphosphine,14a,b,d,e bis(NHC),14c N-hetero-
cycle-thiolate,13b,c,e pyrazolate,13a,d or acetylide13f,g monobridge.
The Pt−Pt separation in these cations is usually longer than in
complexes containing subunits with bidentate ligands, probably
due to the greater flexibility of the monobridge. As a
consequence, emissions 3MMLCT have rarely been observed.15

The N,C,N-ligands occupy a prominent position among the
pincers.16 In particular, those generated by the activation of the

C−H bond at the 2-position of the central ring of 1,3-di(2-
pyridyl)benzene-type pro-ligands and related molecules attract
increasing interest in platinum(II) chemistry.17 In this context,
we have recently studied the conflict posed by the joint
coordination, to platinum(II), of ligands such as 1,3-bis(2-
pyridyl)-4,6-dimethylphenyl- or 1,3-bis(2-pyridyloxy)phenyl
and chelating groups of the type 3-(2-pyridyl)-pyrazolate,
seeking to analyze the influence of typical parameters of pincer
ligands, including bite angle, hemilability, and electron
delocalization capacity, on the emissive properties of the
resulting metals species. The results indicate that the pincer
coordination of 1,3-bis(2-pyridyl)-4,6-dimethylphenyl is stron-
ger than that of 1,3-bis(2-pyridyloxy)phenyl. Although the
presence of oxygen atoms between the phenyl and pyridyl
groups in the latter allows a more comfortable arrangement of
the donor atoms, from a geometric point of view, they prevent
the electron delocalization within the generated metallahetero-
cycles. Such delocalization in 1,3-bis(2-pyridyl)-4,6-dimethyl-
phenyl derivatives favors the pincer coordination of the
tridentate ligand, compensating and overcoming the increase
in comfort provided by the oxygen atoms of 1,3-bis(2-
pyridyloxy)phenyl. Complexes containing the pincer ligand
1,3-bis(2-pyridyl)-4,6-dimethylphenyl and κ1-N1-pyridylpyrazo-
late-type groups are among themost efficient platinum(II) green
phosphorescent emitters.18

We are now interested in obtaining information on how the
metal−metal bond of bimetallic d8-platinum complexes can be
governed with N,C,N-pincer ligands. In particular we wish to
know the influence of the presence of oxygen atoms between the
phenyl and pyridyl groups of 1,3-di(2-pyridyl)phenyl type

Scheme 1. Preparation of the New Complexes

Inorganic Chemistry pubs.acs.org/IC Article

https://doi.org/10.1021/acs.inorgchem.4c01712
Inorg. Chem. 2024, 63, 14482−14494

14483

https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c01712?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c01712?fig=sch1&ref=pdf
pubs.acs.org/IC?ref=pdf
https://doi.org/10.1021/acs.inorgchem.4c01712?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


ligands. To do this, we have generated Pt{κ3-N,C,N-[pincer]}
subunits, with the pincer ligands 1,3-di(2-pyridyl)-4,6-dime-
thylphenyl and 1,3-bis(2-pyridyloxy)phenyl, which are linked
with N,N-monobridges resulting from the deprotonation of the
7-azaindole (Haz) and indolo[2,3-b]indole (H2ii) pro-ligands.
These N,N-monobridges provide more rigid dimeric structures
than those generated by pyrazolate or diphosphine.19 This
article describes the sequence of events that lead to complexes of
type [{Pt[κ3-N,C,N-(pincer)]}2(μ-N−N)]n+ (n = 1, 0), with the
mentioned ligands. In addition, it analyzes structurally and using
DFT methods the Pt−Pt bond and the influence that this
parameter has on the photophysical properties of the new
complexes.

■ RESULTS AND DISCUSSION
Preparation and Structural Characterization of the

New Complexes. Scheme 1 summarizes the synthetic
procedures leading to the designed [{Pt[κ3-N,C,N-(pin-
cer)]}2(μ−N-N)]n+ compounds. They are based on the use of
the chloride precursors PtCl{κ3-N,C,N-[py-C6HMe2-py]} (1)
and PtCl{κ3-N,C,N-[py−O-C6H3−O-py]} (2) and their
hydroxide derivatives Pt(OH){κ3-N,C,N-[py-C6HMe2-py]}
(3) and Pt(OH){κ3-N,C,N-[py-O-C6H3-O-py]} (4) and
develop through mononuclear intermediates [Pt{κ3-N,C,N-
[py-C6HMe2-py]}{κ1-N-[Haz]}]BF4 (5), [Pt{κ3-N,C,N-[py-
O-C6H3-O-py]}{κ1-N-[Haz]}]BF4 (6), Pt{κ1-N-[Hii]}{κ3-
N,C,N-[py-C6HMe2-py]} (7) and Pt{κ1-N-[Hii]}{κ3-N,C,N-
[py-O-C6H3-O-py]} (8). Salts 5 and 6 were generated by
abstraction of the chloride ligand from precursors 1 and 2 with
AgBF4, in acetone, and subsequent coordination of the Haz
ligand; they were isolated as pale yellow and white solids,
respectively, with almost quantitative yields (≈95%). Molecular
species 7 and 8 result from the coordinative deprotonation of
one of the N−H groups of pro-ligand H2ii, promoted by the
hydroxide ligand of complexes 3 and 4; they were isolated as
orange and yellow solids with yields of 50% and 60%,
respectively. The most notable spectroscopic characteristics of
these intermediates are a ν(N−H) band between 3300 and 3430
cm−1, in the IR; a broad singlet due to the NH-hydrogen atom,
in the range 7.90−9.90 ppm, in the 1H NMR spectra; and a
singlet between −3100 and −3800 ppm in the195Pt{1H} NMR
spectra. The treatment of salts 5 and 6, in acetone, at room
temperature, with the hydroxide precursors 3 and 4 produces
the substitution of the NH-hydrogen atom of the ligand Haz, by
the corresponding subunit Pt{κ3-N,C,N-[pincer]}, with release
of water. The substitution gives rise to the respective bimetallic
salts [{Pt[κ3-N,C,N-(py-C6HMe2-py)]}2{μ-N,N-[az]}]BF4 (9)
and [{Pt[κ3-N,C,N-(py-O-C6H3-O-py)]}2{μ-N,N-[az]}]BF4
(10), which were isolated as red and yellowish-white solids,
respectively, in yields of approximately 65%. The inequivalent
195Pt nuclei of these salts generate two signals between −3000
and−3600 ppm, in the 195Pt{1H}NMR spectra. Under the same
conditions, the reaction of 7with 3 leads to the bimetallic species
{Pt[κ3-N,C,N-(py-C6HMe2-py)]}2{μ-N,N-[ii]} (11), in the
form of a blood-red solid in almost quantitative yield. This
complex is completely insoluble in common organic solvents.
Unlike 7, complex 8 is completely inert in the presence of 4. It
was impossible to prepare a bimetallic compound similar to 11
with the ligand 1,3-bis(2-pyridyloxy)phenyl.
Figure 1 shows a view of the cation of 5.20 The coordination

around the platinum(II) center is the usual square-planar
arrangement, with the central aryl group of the pincer and the
Haz ligand disposed in trans. As expected, the Pt−Npincer

distances of 2.015(3) and 2.025(3) Å (Pt−N(3) and Pt−
N(4), respectively) are significantly shorter (about 0.11 Å) than
the Pt−NHaz (Pt−N(1)) bond length of 2.136(3) Å. The
molecules stack through π−π interactions between the rings of
the N,C,N-ligands (Figure S29a),21 which were confirmed by
using an AIM approach (Figure S30). Two cations with
alternating orientation associate to form a pair through the
interaction of the aryl linker of a pincer with the pyridyl ring of
the other. The separation between the centroids of the rings
involved is 3.8279(2) Å, whereas the separation between the
platinum atoms is 7.6242(5) Å. The pairs are associated with
other pairs above and below, using the aryl group and a pyridyl
ring; the separation between pairs is 3.9301(2) Å. The
interacting rings are slightly displaced, with slips in the offset
conformation in the range 1.57−2.16 Å.
Complex 7 was also characterized by X-ray diffraction

analysis. Figure 2 shows the molecular structure. The geometry
around the metal center resembles that of 5 with the Hii ligand
in the Haz group position. The anionic character of the Hii
ligand appears to shorten the platinum-monodentate ligand
distance. Thus, the Pt−NHii bond length, 2.018(8) Å (Pt−
N(1)), is slightly shorter than the Pt−NHaz distance. Two
molecules of 7 with alternate orientation associate to form pairs
analogous to those of 5 (Figure S29b), the separation between
molecules being 3.950(2) Å; about 0.12 Å longer than in 5.
However, unlike the latter, pairs of 7 do not undergo association
with other pairs. The higher steric requirement of Hii with
respect to Haz might explain the difference.
Dimers 9−11 were also characterized by X-ray diffraction

analysis, to perform a comparative structural analysis on the
influence of the pincer and bridging ligands on the metal−metal
separation. Figure 3 shows the structures (a−c, respectively),
whereas Table 1 summarizes the main structural parameters.
The structures conform to what was designed. Thus, they can be
described as nearly parallel square planar subunits, stabilized by
an N,C,N-pincer ligand, which are linked by a N,N-bridging

Figure 1. X-ray structure of the cation of complex 5 (displacement
ellipsoids shown at 50% probability). All hydrogen atoms (except the
NH) are omitted for clarity. Selected bond distances (Å) and angles
(deg): Pt−C(1) = 1.924(3), Pt−N(1) = 2.136(3), Pt−N(3) =
2.015(3), Pt−N(4) = 2.025(3); N(3)−Pt−N(4) = 162.41(12),
N(3)−Pt−C(1) = 81.46(13), N(4)−Pt−C(1) = 81.03(13), C(1)−
Pt−N(1) = 176.96(12), N(1)−Pt−N(3) = 97.83(11), N(1)−Pt−
N(4) = 99.74(11).
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ligand. The main conclusion derived from their comparison is
that the separation between the metals depends equally on both
the pincer and the bridging ligand. The cation of 9 (a) shows a
Pt−Pt distance of 3.0515(4) Å, suggesting strong metal−metal
bonding. Replacing the 1,3-di(2-pyridyl)-4,6-dimethylphenyl
pincer with 1,3-bis(2-pyridyloxy)phenyl produces a significant
elongation of approximately 0.22 Å of the Pt−Pt distance. Such
elongation points to a marked destabilization of the metal−
metal bond in 10 (b) with respect to 9. The reason seems to be
related to the flexibility that the oxygen atoms bring to the
structure of the subunits and the repulsion they experience when
one is on top of the other. As a result, the 10 subunits are wavy
rather than flat. The replacement of the monoanionic bridge az
in 9 by the dianionic bridge ligand ii also leads to a notable
elongation of the distance between the metals, almost 0.30 Å.
Thus, the metal−metal separation in the molecular species 11
(c) of 3.2949(2) Å is comparable to the separation observed at
10, 3.2689(9) Å. As expected, 1,3-di(2-pyridyl)-4,6-dimethyl-
phenyl coordinates with angles that deviate markedly from the
ideal values of 90° and 180°, while the 1,3-bis(pyridyloxy)-
phenyl ligand allows angles close to ideal values. Despite this, the
lengths of the platinum−nitrogen and platinum−carbon bonds
are very similar in the three compounds.18

Absorption Spectra, Frontier Orbitals and Electro-
chemical Properties. Figures S31−S36 show the UV−vis
spectra of 10−5 M solutions of 5−10, in 1,2-dichloroethane, at
room temperature, whereas Figure S37 presents the diffuse
reflectance spectrum of a 4% solid solution of 11 in BaSO4.
Because the cations of 5 in the solid state associate through π−π
interactions, the spectrum of this salt was also studied as a
function of concentration, at 390 nm, ensuring compliance with
Beer’s law in the concentration range 5.56 × 10−6 − 1.00 × 10−4

M, while for higher concentrations it clearly deviates (Figure
S38). Spectra in 1,2-dichloroethane were calculated by TD-DFT
(B3LYP-D3//SDD(f)/6-31G**); Figures S31−S37 give those
obtained, while Tables S1−S8 gather the transitions that
contribute to the bands. Figures S39−S45 group the most
relevant orbitals, whereas Tables S8−S14 list the fragments
involved in said orbitals.
Table 2 collects some relevant absorptions and their

assignment. The bands observed for the mononuclear species
5−8 are due to metal-to-pincer combined with intra- and
interligand charge transfers. The very weak tails at the end of the
spectra involve formal spin-forbidden transitions, which result
from the large spin−orbit coupling provided by platinum. The
spectra of bimetallic complexes 9 and 10 are similar to those of
mononuclear compounds 5 and 6 with a very notable difference;
the presence of weak absorptions (ε ≈ 3697 (9), 9800 (10)M−1·
cm−1), at about 490 nm for 9 and at about 350 nm for 10. They
correspond to transitions HOMO−LUMO almost pure (97%).
For both complexes, the HOMO is mainly localized on the
metals (39% and 42% for 9 and 35% and 40% for 10), while the
LUMO mainly lies on the pyridinic rings of the pincer ligand
(39% and 32% for 9 and 54% and 37% for 10). Therefore, these
absorptions correspond to MMLCT transitions. Being charac-
teristic of a Pt−Pt bond in bimetallic complexes,22 the energy
increases as the metal−metal bond weakens. Unlike 9 and 10,
the calculated spectrum of 11 does not contain any transition
showing pureMMLCT character, suggesting that 3.2949(2) Å is
too long a distance to support a true Pt−Pt bonding.
Figure 4 shows the frontier orbitals of mononuclear

complexes 5−7 and bimetallic compounds 9−11. The
HOMO of 5 is centered on the platinum center (24%) and
the pincer ligand (74%), with an almost negligible participation
of the monodentate group. The contribution of the latter to the
HOMO of 6 increases significantly to 22% at the expense of the
pincer. In contrast, theHOMOof 7 is practically centered on the
monodentate ligand (97%). The LUMO of the three
mononuclear species is mainly situated on the pyridine rings
of the pincers with a small contribution from the aryl linker and

Figure 2. X-ray structure of complex 7 (displacement ellipsoids shown
at 50% probability). All hydrogen atoms (except the NH) are omitted
for clarity. Selected bond distances (Å) and angles (deg): Pt−C(1) =
1.863(9), Pt−N(1) = 2.018(8), Pt−N(3) = 1.980(8), Pt−N(4) =
1.915(8); N(3)−Pt−N(4) = 162.9(3), N(3)−Pt−C(1) = 78.2(4),
N(4)−Pt−C(1) = 84.7(4), C(1)−Pt−N(1) = 178.5(4), N(1)−Pt−
N(3) = 102.5(3), N(1)−Pt−N(4) = 94.6(3).

Figure 3. X-ray structures of the cations of complexes 9 (a), 10 (b) and of complex 11 (c) (displacement ellipsoids shown at 50% (9 and 11) and 30%
(10) probability). Hydrogen atoms are omitted for clarity.
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the metal center. The HOMO of bimetallic complexes 9 and 10
is dσ* (5dz2−5dz2); the antibonding molecular orbital resulting
from the σ overlap of the dz2 orbitals of the two platinum atoms.
However, the HOMO of 11 is centered on the bridging ligand;
that is, the same place as in the mononuclear precursor. As in the
mononuclear species, the LUMO of the three bimetallic
compounds is located mainly in the pyridine rings of the pincer
ligand. The calculated HOMO−LUMO gap is significantly
larger in mononuclear compounds than in bimetallic complexes.
It depends on both the pincer ligand and the bridging-bidentate
or monodentate group, while it does not seem to have a clear
relationship with the separation between platinum atoms in
bimetallic compounds; the complex with the longest separation
displays the smallest HOMO−LUMO gap. 1,3-Bis(2-
pyridyloxy)phenyl generates larger gaps than 1,3-di(2-pyrid-
yl)-4,6-dimethylphenyl, while Hii and ii generate smaller gaps
than Haz and az. Thus, the gaps decrease according to the
sequences 6 > 5 > 7 and 10 > 9 > 11.

The redox properties of the soluble mononuclear and
bimetallic complexes were evaluated by cyclic voltammetry, to
also have experimental information on the frontier orbitals. The
measurements were carried out in an argon atmosphere, in 1,2-
dichloroethane, at room temperature, using [Bu4N]PF6 as a
supporting electrolyte (0.1 M). Figures S46−S51 provide views
of the voltammograms. Salts 5, 6, 9, and 10 present two
irreversible oxidations, [M]+/[M]2+ and [M]2+/[M]3+ or
[M2]+/[M2]2+ and [M2]2+/[M2]3+, and two irreversible
reductions, [M]+/[M] and [M]/[M]− or [M2]+/[M2] and
[M2]/[M2]−, while molecular species 7 and 8 undergo two
reversible oxidations, [M]/[M]+ and [M]+/[M]2+, and two
irreversible reductions, [M]/[M]− and [M]−/[M]2−. Table 3
lists the potential values against Fc/Fc+, which are in the range of
−0.27 to 0.90 V for oxidations and between −0.85 and −1.75 V
for reductions. Table 3 also contains the HOMO energy levels
estimated from the first oxidation potentials and the LUMO
energy levels estimated from the first reduction potentials, as

Table 1. Selected Bond Distances (Å) and Angles (deg) in the X-ray Structures of Complexes 9, 10, and 11

distances and angles 9 10 11

Pt−Pt 3.0515(4) 3.2689(9) 3.2949(2)
Pt−Cpincer 1.924(4), 1.920(4) 1.977(13), 1.977(13) 1.926(2), 1.919(2)
Pt−Npincer 2.024(4), 2.022(4), 2.018(4), 2.019(4) 2.036(11), 2.038(13), 2.036(11), 2.038(13) 2.018(2), 2.019(2), 2.011(2), 2.015(2)
Pt−Nlig 2.179(3), 2.110(6) 2.096(12), 2.097(11) 2.122(2), 2.109(2)
Npincer−Pt−Npincer 162.04(15), 161.63(15) 174.6(5), 174.6(5) 161.37(8), 161.85(9)
Npincer−Pt−Cpincer 80.78(17), 80.98(17), 81.17(17), 81.39(17) 88.2(5), 88.9(6), 88.2(5), 88.9(6) 80.76(10), 80.77(10), 80.90(10), 81.25(10)
Cpincer−Pt−Nlig 176.6(2), 176.9(2) 173.9(6), 175.0(7) 172.32(9), 176.77(9)

Table 2. Selected Calculated (TD-DFT in 1,2-Dichloroethane) and Experimental UV−Vis Absorptions for 5−11 (in 1,2-
Dichloroethane) and their Major Contributions

λ exp (nm) ϵ (M−1 cm−1)
exc. energy

(nm)
oscillator
strength, f excited state character

complex 5
267 18 527 262 0.4771 HOMO−1 → LUMO+4 (79%)
390 4223 355 0.1450 HOMO → LUMO+1 (95%)
440 26 470 (T1) 0 HOMO → LUMO (46%) HOMO−1 → LUMO+1 (38%)
complex 6
236 39 200 248 0.1449 HOMO−1 → LUMO+4 (46%) HOMO−1 → LUMO+6 (10%)
316 11 900 324 0.0465 HOMO → LUMO (95%)
388 100 412 (T1) 0 HOMO−2 → LUMO+1 (24%)

HOMO−2 → LUMO+2 (24%) HOMO → LUMO+1 (13%) HOMO → LUMO+2 (14%)
complex 7
268 62 700 263 0.3453 HOMO−4 → LUMO+3 (63%) HOMO−3 → LUMO+3 (16%)
380 9200 363 0.0944 HOMO−2 → LUMO+1 (61%) HOMO−4 → LUMO (25%)
593 200 598 (T1) 0 HOMO → LUMO (98%)
complex 8
269 48 900 249 0.1389 HOMO−4 → LUMO+2 (26%) HOMO−4 → LUMO+3 (20%) HOMO−3 → LUMO+2 (20%)
324 24 400 323 0.0421 HOMO−2 → LUMO (68%) HOMO−1 → LUMO+2 (15%)
489 200 501 (T1) 0 HOMO → LUMO (99%)
complex 9
293 39 221 295 0.2011 HOMO−7 → LUMO+1 (67%)
492 3697 475 0.0740 HOMO → LUMO (97%)
565 114 516 (T1) 0 HOMO → LUMO (95%)
complex 10
233 84 000 269 0.1685 HOMO−6 → LUMO+4 (44%) HOMO → LUMO+9 (13%)
351 9800 387 0.0316 HOMO → LUMO (97%)
435 100 434 (T1) 0 HOMO−1 → LUMO+4 (50%) HOMO−1 → LUMO+3 (17%)
complex 11
397 377 0.1263 HOMO−4 → LUMO+1 (43%) HOMO−3 → LUMO+1 (30%) HOMO−2 → LUMO+1 (19%)
496 431 0.0462 HOMO−2 → LUMO (67%) HOMO−3 → LUMO (24%)
687 721 (T1) 0 HOMO → LUMO (99%)
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well as the HOMO and LUMO energy levels calculated by DFT.
There is good qualitative agreement between the HOMO−
LUMO gap estimated from the experimental potential values
and those calculated by DFT. As deduced from the DFT
calculations, the experimentally estimated gap values indicate
that 1,3-bis(2-pyridyloxy)phenyl generates higher gap values
than 1,3-di(2-pyridyl)-4,6-dimethylphenyl, while Hii gives rise
to smaller gaps than Haz.

Emissive Properties. Both the pincer ligand and the
bridging-bidentate or monodentate group govern the emissive
properties of the new prepared compounds. This was expected,
since both influence the structure, nature, and HOMO−LUMO
gap of the resulting compounds. The pincer ligand determines
the planar or wavy shape of the square-planar units and dictates
the degree of aggregation between cations or molecules. For its
part, the bridging-bidentate or monodentate group decides the
saline or molecular nature of the generated species. The
separation between platinum atoms in bimetallic species is also
conditioned by both. Table 4 summarizes of most relevant
emissive findings of the new compounds. All measurements
were performed under argon.
Salt 5 has a cation bearing the pincer ligand 1,3-di(2-pyridyl)-

4,6-dimethylphenyl and the monodentate group Haz. In
agreement with the ability of this cation to undergo aggregation,
it is a self-quenching emissive material, upon photoexcitation.
Thus, its emissive properties depend on the measurement
medium and the concentration of salt in the medium. At 298 K,

the spectrum of a poly(methyl methacrylate) film containing 5
wt % of salt (PMMA5%) shows a highly structured emission in
the green region of the spectrum, between 490 and 590 nm, and
a very broad band centered around 640 nm. Dilution of the salt
up to 2 wt % (PMMA2%) leads to a significant decrease in the
intensity of the structureless broad band in the red region
(Figure 5a). Furthermore, the quantum yield experiences a
dramatic increase from 0.58 to 0.96. At the same temperature,
the spectra of solutions between 1 × 10−6 and 1 × 10−3 M in 1,2-
dichloroethane are similar to the spectra in the PMMA films,
although the intensity of the unstructured band is lower and
decreases as the concentration of emitter also diminishes
(Figure 5b). Like for the films, the quantum yield gradually
raises from 0.40 to almost 1 as the dilution increases. In frozen
1,2-dichloroethane matrices at 77 K, the spectra show a dramatic
increase of the unstructured band in the red region at the
expense of the green emission (Figure 5c). The green emission
comes from the excited state T1, which possesses a significant
ligand-centered 3π−π* character. This origin is supported by the
excellent agreement between the wavelength of the structured
band maximum and the calculated value for the energy
difference between the optimized T1 triplet state and the S0
singlet state. The broad band in the red region stems from
aggregates with excimeric character,17c,n,23 which quench the
green emission. Consistent with this, the excitation spectra
monitored at the red emission maximum show an MMLCT
band centered at approximately 470 nm, which is not observed
in the excitation spectra monitored at the green emission
maximum (Figure S62). The replacement of 1,3-di(2-pyridyl)-
4,6-dimethylphenyl by 1,3-bis(2-pyridyloxy)phenyl prevents
self-quenching, as expected from the low inclination of the
resulting cation to aggregate. Thus, salt 6 is a poor green emitter
(ΦL < 0.03) that displays emissions independent of salt
concentration, both in PMMA film and in 1,2-dichloroethane
(Figure S63). A similar effect as a consequence of the same
pincer substitution was recently observed in related neutral
emitters.18 The interchange of the neutral monodentate group
Haz by the anionic monodentate ligand Hii does not change the
emissive characteristics provided by the pincer, but drastically
reduces the efficiency of the emitter. Like 5, molecular complex
7 is a green emitter, which undergoes self-quenching (Figure
S72), but only achieves maximum quantum yields of
approximately 0.09 (Table 4). The 1,3-bis(2-pyridyloxy)phenyl
counterpart 8 is nonemissive. Consistent with the narrowing of
the HOMO−LUMO gap in the sequence 6 > 5 > 7, the
maximum of the green emission shows a red shift in the opposite
direction.
The bimetallic salt 9 is also an emitter; its emissive properties

however show significant differences from those of mononuclear

Figure 4. Frontier orbitals of mononuclear complexes 5−7 and
bimetallic compounds 9−11 (isovalue 0.03 au).

Table 3. Electrochemical and DFT Molecular Orbitals Energy Data for 5−10

Obs (eV) Calcd (eV)

complex Eox (V)
a Ered (V)

a HOMOb LUMOb E00
c LUMO from E00

d HLGe HOMO LUMO HLGe

5 0.24, 0.65 −1.09, −1.66 −5.04 −3.71 2.63 −2.41 1.33 −6.15 −2.14 4.01
6 0.45, 0.90 −1.40, −1.65 −5.25 −3.40 2.90 −2.35 1.85 −6.32 −1.81 4.51
7 −0.27f, 0.11f −1.12, −1.75 −4.53 −3.68 2.65 −1.88 0.85 −4.42 −1.82 2.6
8 −0.22f, 0.63f −1.07, −1.73 −4.58 −3.73 2.67 −2.33 0.85 −4.49 −1.48 3.01
9 0.28, 0.61 −0.85, −1.53 −5.08 −3.95 2.17 −1.91 1.13 −5.56 −2.20 3.36
10 0.25, 0.81f −1.05, −1.68 −5.05 −3.75 2.72 −2.33 1.30 −5.72 −1.82 3.9

aMeasured under argon in 1,2-dichloroethane/[Bu4N]PF6 (0.1 M), vs Fc/Fc+. bHOMO = −[Eox vs Fc/Fc+ + 4.8] eV; LUMO = −[Ered vs Fc/Fc+
+ 4.8] eV. cE00 = onset of emission. dLUMO from E00 = HOMO + E00.

eHLG = LUMO − HOMO. fEox1/2.
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compounds 5−7. At 298 K, the spectra of poly(methyl
methacrylate) films doped with 2 and 5 wt % salt contain only
one concentration-independent unstructured band in the red
region, centered around 660 nm, upon excitation at 400 nm

(Figure 6a). The emission shows a quantum yield of 0.46. Under
the same photoexcitation, the emission spectra of the salt, in 1,2-
dichloroethane, at room temperature depend on the concen-
tration, showing the unstructured band in the red region and a

Table 4. Selecteda Photophysical Data for Complexes 5, 6, 7, 9, and 11

calc λem(nm) medium
T

(K) concentration λem(nm)b
τav(μs) green-shifted

bandc
τav(μs) red-shifted

bandc
τav(μs) NIR-shifted

bandc ΦL
d

Complex 5
PMMA 298 2% weight 490, 524, 560,

640
11.63 (83.5%), 5.35
(16.5%)

10.81 (12.3%), 2.67
(87.7%)

0.96

495 C2H4Cl2 298 1 × 10−5 M 490, 524, 560,
640

13.67 (89.3%), 5.89
(10.7%)

0.97

C2H4Cl2 77 1 × 10−5 M 490, 524, 640 11.53 (62.1%), 4.59
(37.9%)

7.37 (15.5%), 3.59
(84.5%)

Complex 6
PMMA 298 5% weight 458, 488, 520 393.60 (33.2%), 119.20

(66.8%)
0.01

467 C2H4Cl2 298 1 × 10−5 M 494, 554, 568 12.91 0.03
Complex 7

PMMA 298 2% weight 494, 528, 620 3.31 (55.9%), 1.07 (44.1%) 0.76 (28.4%), 0.27
(71.6%)

0.08

691 C2H4Cl2 298 1 × 10−5 M 494, 528, 570 4.57 0.09
C2H4Cl2 77 1 × 10−5 M 492, 528, 570,

650
8.78 2.97 (46.8%), 0.94

(53.2%)
Complex 9

PMMA 298 2% weight 660 2.15 0.46
623 C2H4Cl2 298 1 × 10−5 M 494, 528, 670 5.08 1.96 0.50
Complex 11
738, 918 solid 298 2% weight 712, 917 0.08 0.004

solid 77 2% weight 734, 917 0.31 (78.4%), 0.001
(21.6%)

aTable 4 summarizes the data in Table S15. bThe most intense peak is in bold. cRelative amplitudes (%) are given in parentheses for biexponential
decays. dAbsolute quantum yield.

Figure 5. Emission spectra of complex 5 in (a) PMMA films at 298 K, (b) 1,2-dichloroethane solutions at 298 K, and (c) in frozen matrices of 1,2-
dichloroethane at 77 K.

Figure 6. Emission spectra of complex 9 in (a) PMMA films at 298 K and (b) in 1,2-dichloroethane solutions at 298 K.
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weak and highly structured green emission with a maximum at
496 nm, which increases in intensity as the dilution increases
(Figure 6b). Substitution of 1,3-di(2-pyridyl)-4,6-dimethyl-
phenyl by 1,3-bis(2-pyridyloxy)phenyl quenches the emission
as in the mononuclear salts. In contrast to 9, the salt 10
practically does not emit.
The excitation spectrum of a 1 × 10−6 M solution of 9, in 1,2-

dichloroethane, monitored at the intense red emission
maximum resembles the absorption spectrum, including the
MMLCT band at approximately 490 nm. On the contrary, the
latter disappears when the excitation spectrum is monitored at
the green emission maximum (Figure 7).

The red emission stems from a T1 excited state with
3MMLCT characteristic and a short Pt−Pt distance of 2.763
Å; Figure 8a shows a plot of its spin density calculated by DFT.
This origin is strongly supported by the very good agreement
between the wavelength of the emission maxima and the
calculated values for the energy differences between the
optimized triplet state and the singlet state S0. The green
emission appears to result from the deformation of the bimetallic
structure of the emitter as a consequence of the inclusion of a
solvent molecule between the monomeric subunits. The pyridyl
groups of the pincer ligand anchor a solvent molecule through
Cl−π interactions.24 The introduction of the solvent causes
separation of the metal centers up to 3.488 Å, which prevents
any MMLCT transition. Thus, we find an energy minimum

corresponding to the optimized structure of an S0’ state with
these characteristics (Figure S138), which is approximately 1−2
kcal mol−1 less stable than the structure of S0 plus a molecule of
1,2-dichloroethane. The emission estimated from the T1’ state
with said geometry by TD-DFT, 476 nm, agrees well with that
observed experimentally.
Molecular bimetallic complex 11 is a weak dual emitter (ΦL ≈

0.004) in the solid state, at 298 and 77 K, after photoexcitation at
λ = 520 nm. Under these conditions, the spectra of the pure solid
and of the solid solutions containing 5 and 2% by weight of the
complex in SiO2 contain two unstructured bands, one of them in
the red region, centered at approximately 740 nm, and the other
in the NIR region, centered at 918 nm (Figures S89−S91). Such
wavelengths compare remarkably well with the values calculated
for the energy differences between the optimized excited states
T1b and T1c (Figure 8b,c) and the singlet state S0. Triplets T1b
and T1c originate from HOMO−LUMO and HOMO−1−
LUMO transitions, respectively. Since HOMO and HOMO−1
are centered on the bridging ligand (98 and 92%) and LUMOon
the pincer (86%) and metal centers (7 and 7%), both excited
states have 3LC/LMCT characteristic. From a geometric point
of view, they are conformers of S0, with separations between the
metals similar to that found in the ground state; 3.290 and 3.202
Å. The excited state T1b provides the red emission and is 7.6 kcal
mol−1 above the excited state T1c which is responsible for the
NIR band. The photoinduced structural change to transformT1b
and T1c must exceed a very low activation energy of 0.2 kcal
mol−1. To our knowledge, complex 11 is the first dual emitter in
solid-state.

■ CONCLUDING REMARKS
This study reveals the procedure to prepare complexes of type
[{Pt[κ3-N,C,N-(pincer)]}2(μ-N−N)]n+ (n = 1, 0), with the
pincer ligands 1,3-di(2-pyridyl)-4,6-dimethylphenyl and 1,3-
bis(2-pyridyloxy)phenyl and the anionic bridging groups az
(Haz = 7-azaindole) and ii (H2ii = indolo[2,3-b]indole), shows
the influence of the pincer ligand and the bridging group on the
platinum−platinum separation, and provides the photophysical
properties of the new synthesized species.
The strategy designed to obtain the desired complexes is

developed in two steps and requires the use of two different
precursors; PtCl{[κ3-N,C,N-[pincer]} and Pt(OH){[κ3-N,C,N-
[pincer]}. It starts from the X-precursors (X = Cl, OH), which
generate mononuclear intermediates [Pt{κ3-N,C,N-[pincer]}-
(N-NH)]n+ (n = 1, 0) in the first step. The reaction of these

Figure 7. Normalized excitation (λem = 670 nm, blue dotted line; λem =
490 nm, blue line) and emission (λex = 400 nm, green line) spectra of a 1
× 10−6 M solution in 1,2-dichloroethane of complex 9.

Figure 8. DFT calculated spin density for the triplet states T1 (a) of complex 9 and for the triplet states T1b (b) and T1c (c) of complex 11 at 0.002 au
contour level.
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intermediates with the OH-precursors produces the planned
compounds.
The X-ray diffraction analysis structures of these bimetallic

complexes points out that the separation between metals
depends on both the pincer ligand and the bridging group. The
1,3-bis(2-pyridyloxy)phenyl pincer lengthens the separation by
approximately 7% with respect to 1,3-di(2-pyridyl)-4,6-
dimethylphenyl, whereas the ii bridge lengthens it by
approximately 10% compared to az. In this context, DFT
calculations show that the HOMO of the complexes bearing the
az bridge corresponds to the antibonding molecular orbital
resulting from the σ overlap of the dz2 orbitals of the two
platinum atoms, while the HOMO of the compounds carrying
bridge ii is in the bridging ligand. This is supported
experimentally by the absorption spectra, which display clear
MMLCT transitions for the first ones. Both the DFT
calculations and the electrochemical study of the compounds
furthermore indicate that the HOMO−LUMO gap depends on
both the pincer ligand and the bridging group, while it does not
seem to have a clear relationship with the separation between
platinum atoms. 1,3-Bis(2-pyridyloxy)phenyl generates larger
gaps than 1,3-di(2-pyridyl)-4,6-dimethylphenyl, while ii gen-
erates smaller gaps than az.
The bimetallic salt carrying the pincer ligand 1,3-di(2-

pyridyl)-4,6-dimethylphenyl and the az-bridging group is a
moderate red emitter in PMMA film (ΦL ≈ 0.50). For its part,
the molecular bimetallic compound bearing the same pincer
ligand and the ii-bridging group is a weak dual emitter (ΦL ≈
0.004) in the solid state, with emission in the red and NIR
regions. In the context of the emissive properties of the
discovered species, it is worth highlighting the mononuclear
intermediate [Pt{κ3-N,C,N-[py-C6HMe2-py]}{κ1-N-[Haz]}]-
BF4, which is a green emitter that achieves quantum yields
close to unity, at room temperature, when diluted in PMMA and
1,2-dichloroethane at low concentrations.
We can say that the pincer ligands indeed allow governing the

metal−metal bond distances of d8-platinum bimetallic com-
plexes. However, its use involves replacing the double bridge,
typical of bimetallic complexes with chelating ligands, with a
monobridge. This structural change significantly increases the
flexibility of the subunits around the bridge. For this reason, the
bridging ligand achieves special relevance in order to control the
photophysical properties of the emitters.

■ EXPERIMENTAL SECTION
General Information. All reactions were carried out with exclusion

of air using Schlenk-tube techniques or in a drybox. Instrumental
methods and X-ray diffractometry analysis details are given in the
Supporting Information. In the NMR spectra (Figures S1−S20) the
chemical shifts (in ppm) are referenced to residual solvent peaks (1H,
13C{1H}), or external Na2PtCl6 (195Pt{1H}), while coupling constants
are given in hertz. In the 13C{1H} NMR spectra not all 13C−195Pt
couplings could be resolved and the signal assignment was performed
based on their two-dimensional NMR spectra (HSQC and HMBC).
Indolo[2,3-b]indole,25 PtCl{κ3-N,C,N-[py-C6HMe2-py]} (1),

17j PtCl-
{κ3-N,C,N-[py-O-C6H3-O-py]}) (2),17h Pt(OH){κ3-N,C,N-[py-
C6HMe2-py]} (3),18 and Pt(OH){κ3-N,C,N-[py-O-C6H3-O-py]}
(4)18 were prepared according to the reported procedures.

Preparation of [Pt{κ3-N,C,N-[py-C6HMe2-py]}{κ1-N-[Haz]}]BF4
(5). A suspension of 1 (200 mg, 0.41 mmol) in acetone (10 mL) was
treated with Ag[BF4] (80mg, 0.41mmol) and the resultingmixture was
stirred protected from the light for 2.5 h at room temperature. After this
time, 7-azaindole (48 mg, 0.41 mmol) was added, the resulting
suspension was filtered through Celite to remove the silver salts and the
solvent was evaporated to ca. 0.5 mL. Addition of diethyl ether afforded

a pale-yellow solid that was washed with diethyl ether (3 × 5 mL) and
dried under vacuo. Yield: 257 mg (95%). Anal. Calcd for
C25H21BF4N4Pt (%): C, 45.54; H, 3.21; N, 8.50. Found: C, 45.43; H,
3.15; N, 8.42. HRMS (electrospray, m/z) calcd. for C25H21N4Pt [M]+:
572.1411; found: 572.1407. IR (cm−1): IR (cm−1): ν(N−H) 3332, ν(C
=N), ν(C = C), 1590 (w), 1563 (m), ν(BF4) 1050−999 (vs). 1H NMR
(400.1 MHz, CD2Cl2, 298 K): δ 9.89 (s, 1H, NH), 8.59 (dd with195Pt
satellites, JH−H = 5.4, JH−H = 1.0, JH−Pt = 19.2, 1H, az), 8.39 (dd, JH−H =
7.8, JH−H = 0.8, 1H, az), 8.04−7.98 (4H py NCN), 7.59−7.48 (4H, 2H
py NCN + 2H az), 7.09−7.03 (m, 2H, py NCN), 6.98 (s, 1H, Ph),
6.81−6.78 (m, 1H, az), 2.71 (s, 6H, CH3). The high instability in
solution of the complex prevented getting its13C{1H}NMR spectrum at
298 K. For this reason, this spectrum was recorded at 223 K. 13C{1H}-
APT NMR (100.63 MHz, CD2Cl2, 223 K): δ 167.8 (s, C py NCN),
161.5 (s, C−Pt), 150.2 (s, CH py NCN), 146.2 (s, C az), 142.7 (s, CH
az), 140.4 (s, CH py NCN), 138.0 (s, C Ph), 137.5 (s, C Ph), 132.9 (s,
CH Ph), 132.2 (s, CH az), 127.6 (s, CH az), 123.6 (s, CH py NCN),
123.2 (s, CH py NCN), 117.9 (s, CH az), 102.5 (s, CH az), 22.0 (s,
CH3). 195Pt{1H} NMR (85.6 MHz, CD2Cl2, 298 K): δ −3755 (s).

Preparation of [Pt{κ3-N,C,N-[py-C6HMe2-py]}{κ1-N-[Haz]}]-
SbF6 (5′). A suspension of 1 (100 mg, 0.204 mmol) in acetone (10
mL) was treated with Ag[SbF6] (70 mg, 0.204 mmol) and the resulting
mixture was stirred protected from the light for 2.5 h at room
temperature. After this time, 7-azaindole (24 mg, 0.204 mmol) was
added, the resulting suspension was filtered through Celite to remove
the silver salts and the solvent was evaporated to ca. 0.5 mL. Addition of
diethyl ether afforded a pale-yellow solid that was washed with diethyl
ether (3 × 5 mL) and dried under vacuo. Yield: 157 mg (95%). Crystals
suitable for X-ray diffraction analysis were obtained at 4 °C by vapor
diffusion of diethyl ether into an acetone solution of the complex. Anal.
Calcd for C25H21F6N4PtSb (%): C, 37.15; H, 2.62; N, 6.93. Found: C,
37.11; H, 2.59; N, 6.86. IR (cm−1): ν(N−H) 3372, ν(C =N), ν(C =C),
1592 (w), 1565 (m), ν(SbF6) 654−641 (vs). 1H NMR (400.1 MHz,
CD2Cl2, 298 K): δ 9.51 (s, 1H, NH), 8.61 (dd with195Pt satellites, JH−H
= 5.6, JH−H = 1.2, JH−Pt = 19.8, 1H, az), 8.42 (d, JH−H = 8.0, 1H, az),
8.05−7.98 (4H py NCN), 7.59−7.45 (4H, 2H py NCN + 2H az),
7.10−7.04 (m, 2H, py NCN), 7.01 (s, 1H, Ph), 6.85−6.80 (m, 1H, az),
2.72 (s, 6H, CH3). 195Pt{1H} NMR (85.6 MHz, CD2Cl2, 298 K): δ
−3761 (s).

Preparation of [Pt{κ3-N,C,N-[py-O-C6H3-O-py]}{κ1-N-[Haz]}]-
BF4 (6). A suspension of 2 (200 mg, 0.405 mmol) in acetone (10 mL)
was treated with Ag[BF4] (79 mg, 0.405 mmol) and the resulting
mixture was stirred protected from the light for 2.5 h at room
temperature. After this time, 7-azaindole (48 mg, 0.405 mmol) was
added, the resulting suspension was filtered through Celite to remove
the silver salts and the solvent was evaporated to ca. 0.5 mL. Addition of
diethyl ether afforded a white solid that was washed with diethyl ether
(3 × 5 mL) and dried under vacuo. Yield: 254 mg (95%). Anal. Calcd
for C23H17BF4N4O2Pt (%): C, 41.65; H, 2.58; N, 8.45. Found: C,
41.33; H, 2.27; N, 8.63. HRMS (electrospray, m/z) calcd. for
C23H17N4O2Pt [M]+: 576.0996; found: 576.1020. IR (cm−1): ν(N−
H) 3303, ν(C = N), ν(C = C) 1614, 1593 (w), ν(BF4) 1055−986 (vs).
1H NMR (400.1 MHz, CD2Cl2, 298 K): δ 10.27 (s, 1H NH), 8.36 (dd,
JH−H = 5.6, JH−H = 1.0, 1H az), 8.33 (d, JH−H = 7.9, 1H az), 7.96−7.90
(m, 2H py NCN), 7.55 (t, JH−H = 3.1, 1H az), 7.47 (d with195Pt
satellites, JH−H = 8.4, JH−Pt = 30.0, 2H py NCN), 7.39−7.29 (3H, 1H az
+2H py NCN), 7.25−7.20 (m, 1H Ph), 7.13 (d, JH−H = 7.6, 2H Ph),
6.74−6.69 (3H, 2H py NCN + 1H az). 13C{1H}-APT NMR (100.63
MHz, CD2Cl2, 298 K): δ 160.2 (s, C py NCN), 153.5 (s, C−Pt), 149.2
(s, CH py NCN), 146.3 (s, C az), 142.7 (s, CH az), 142.6 (s, CH py
NCN), 133.1 (s, CH az), 129.4 (s, CH az), 127.4 (s, CH Ph), 125.2 (s,
C az), 120.9 (s, CH py NCN), 118.4 (s, CH az), 117.4 (s, CH py
NCN), 113.7 (s, CH Ph), 102.8 (s, CH az), 100.8 (s, C Ph). 195Pt{1H}
NMR (85.6 MHz, CD2Cl2, 298 K): δ −3344 (s).

Preparation of Pt{κ1-N-[Hii]}{κ3-N,C,N-[py-C6HMe2-py]} (7).
Indolo[2,3-b]indole (66mg, 0.318mmol) was added to a suspension of
3 (100 mg, 0.212 mmol) in acetone (5 mL), and the resulting mixture
was stirred for 6 h at room temperature getting a reddish orange
suspension. The solution was removed, and the orange solid was
washed with diethyl ether (5 × 3 mL) and dried under vacuum. Yield:
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70 mg (50%). Crystals suitable for X-ray diffraction analysis were
obtained at 4 °C by vapor diffusion of pentane into a dichloromethane
solution of the complex. Anal. Calcd for C32H24N4Pt (%): C, 58.27; H,
3.67; N, 8.49. Found: C, 57.91; H, 3.43; N, 8.33. HRMS (electrospray,
m/z) calcd. for C32H25N4Pt [M + H]+: 660.1722; found: 660.1706. IR
(cm−1): ν(N−H) 3425 (w), ν(C = N), ν(C = C) 1603 (m), 1562 (w).
1H NMR (400.1 MHz, CD2Cl2, 243 K): δ 8.16 (broad s, 1H NH), 7.99
(dd with195Pt satellites, JH−H = 5.5, JH−H = 1.1, JH−Pt = 39.8, 2H py
NCN), 7.93−7.82 (5H, 4H py NCN + 1H (ii), 7.79 (d, JH−H = 7.2, 1H
(ii), 7.62 (d, JH−H = 7.6, 1H (ii), 7.23 (d, JH−H = 7.8, 1H (ii), 7.12 (td,
JH−H = 7.5, JH−H = 1.0, 1H (ii), 7.02 (td, JH−H = 7.1, JH−H = 1.2, 1H (ii),
6.98−6.91 (m, 2H (ii), 6.90−6.85 (3H, 2H py NCN + 1H Ph NCN),
2.68 (s, 6H CH3). 13C{1H} NMR (100.63 MHz, CD2Cl2, 298 K): δ
169.6 (s, C py NCN), 169.1 (s, C−Pt), 155.8 (s, C (ii), 152.4 (s, CH py
NCN), 149.0 (s, C (ii), 139.5 (s, CH py NCN), 139.3 (s, C Ph NCN),
139.2 (s, C (ii), 137.4 (s, C Ph NCN), 131.8 (s, CH Ph NCN), 125.2,
124.7 (both s, C (ii), 123.2 (s, CH py NCN), 123.1 (s, CH py NCN),
119.7, 118.0, 117.5, 117.4, 117.1, 117.0, 114.7, 110.7 (all s, CH (ii),
101.3 (s, C (ii), 22.1 (s, CH3). 195Pt{1H} NMR (85.6 MHz, CD2Cl2,
298 K): δ −3558 (s).

Preparation of Pt{κ1-N-[Hii]}{κ3-N,C,N-[py−O−C6H3−O−py]}
(8). Indolo[2,3-b]indole (66 mg, 0.316 mmol) was added to a
suspension of 4 (100 mg, 0.210 mmol) in acetone (5 mL), and the
resulting mixture was stirred for 6 h at room temperature getting a
yellow solution. The solvent was removed under vacuum. The resulting
yellow solid was purified by column chromatography in deactivated
silica eluting with toluene. The eluted solution was evaporated to
dryness, affording a yellow residue. Addition of pentane afforded a pale
yellow solid, that was washed with pentane (3 × 5 mL) and dried under
vacuum. Yield: 84 mg (60%). Anal. Calcd for C30H20N4O2Pt (%): C,
54.30; H, 3.04; N, 8.44. Found: C, 54.25; H, 3.01; N, 8.36. HRMS
(electrospray, m/z) calcd. for C30H20N4O2Pt [M]+: 663.1229; found:
663.1222. IR (cm−1): ν(N−H) 3352 (w), ν(C = N), ν(C = C) 1609
(m), 1565 (w). 1HNMR (400.1MHz, CD2Cl2, 298 K): δ 7.94 (broad s,
1H NH), 7.86 (d, JH−H = 7.6, 1H (ii), 7.82−7.71 (5H, 4H py NCN +
1H (ii), 7.51 (d, JH−H = 7.9, 1H (ii), 7.38−7.29 (m, 2H py NCN),
7.23−7.17 (2H, 1H PhNCN + 1H (ii), 7.15−7.08 (3H, 2H Ph NCN +
1H (ii), 7.02 (ddd, JH−H = 7.2, JH−H = 1.1, 1H (ii), 6.96 (ddd, JH−H = 7.5,
JH−H = 1.2, 1H (ii), 6.89 (ddd, JH−H = 7.5, JH−H = 1.3, 1H (ii), 6.57−6.51
(m, 2H py NCN). 13C{1H} NMR (100.63 MHz, CD2Cl2, 298 K): δ
159.7 (s, C py NCN), 154.1 (s, C−Pt), 153.9 (s, C (ii), 151.5 (s, CH py
NCN), 146.9 (s, C (ii), 141.6 (s, CH py NCN), 139.1 (s, C (ii), 126.1
(s, CH Ph NCN), 125.2, 124.4 (both s, C (ii), 120.2 (s, CH py NCN),
119.7, 118.3, 117.8, 117.6, 117.5, 117.3 (all s, CH (ii), 116.0 (s, CH py
NCN), 114.3 (s, CH (ii), 113.1 (s, CH Ph NCN), 110.8 (s, CH (ii),
107.2 (s, C Ph NCN), 101.7 (s, C (ii). 195Pt{1H} NMR (85.6 MHz,
CD2Cl2, 298 K): δ −3175 (s).

Preparation of [{Pt[κ3-N,C,N-(py-C6HMe2-py)]}2{μ-N,N-
[az]}]BF4 (9). Complex 3 (86 mg, 0.18 mmol) was added to a
suspension of 5 (120 mg, 0.18 mmol) in acetone (5 mL), and the
resulting suspension was stirred at room temperature for 24 h. After this
time the solvent was removed and the resulting red solid was washed
with cold acetone (2 × 3 mL), diethyl ether (3 × 5 mL), and dried
under vacuum. Yield 139 mg (68%). Crystals suitable for X-ray
diffraction analysis were obtained at 4 °C by vapor diffusion of diethyl
ether into a dichloromethane solution of the complex. Anal. Calcd for
C43H35BF4N6Pt2: C, 46.41; H, 3.17; N, 7.55. Found: C, 46.15; H, 2.99;
N, 7.52. HRMS (electrospray, m/z) calcd. for C43H35N6Pt2 [M]+:
1025.2209; found: 1025.2202. IR (cm−1): ν(C = N), ν(C = C) 1604
(w), 1548 (m), ν(BF4) 1051−1031 (vs).1H NMR (400.1 MHz,
CD2Cl2, 298 K): δ 8.44−8.35 (m, 2H az), 7.80 (d, 3JH−H = 2.8, 1H az),
7.70−7.60 (m, 4H py NCN), 7.41 (t, 3JH−H= 8.3, 4H py NCN), 7.28 (d
with195Pt satellites,3JH−H = 5.6, 3JH−Pt = 42.4, 4H py NCN), 7.20 (dd,
3JH−H = 7.70, 3JH−H= 5.3, 1H az), 6.91 (d, 3JH−H = 2.8, 1H az), 6.60 (s,
2H Ph) 6.59−6.51 (m, 4H py NCN), 2.41 (s, 6H, CH3), 2.41 (s, 6H,
CH3). 13C{1H} NMR (100.63 MHz, CD2Cl2, 298 K): δ 168.5, 168.1
(both s, C py NCN), 167.6, 165.2 (both s, C−Pt), 155.6 (s, C az),
150.7, 150.2 (both s, CH py NCN), 141.3, 140.6 (both s, CH az),
139.3, 139.0 (both s, CH py NCN), 137.8, 137.5, 136.8, 136.7 (all s, C
Ph), 132.2, 131.9 (s, CH Ph), 130.5 (s, CH az), 127.3 (s, C az), 123.2

(s, CH py NCN), 122.9 (s, CH py NCN), 122.5 (s, CH py NCN),
122.3 (s, CH pyNCN), 114.6, 101.9 (both s, CH az), 22.2, 22.1 (both s,
CH3). 195Pt{1H} NMR (85.6 MHz, CD2Cl2, 298 K): δ −3462, −3563.

[{Pt[κ3-N,C,N-(py-O-C6H3-O-py)]}2{μ-N,N-[az]}]BF4 (10). Com-
plex 4 (86 mg, 0.18 mmol) was added to a suspension of 6 (120 mg,
0.18 mmol) in acetone (5 mL), and the resulting suspension was stirred
at room temperature for 24 h. After this time the supernatant solution
was removed and the yellowish white solid was washed with cold
acetone (2 × 2 mL), diethyl ether (3 × 5 mL) and dried under vacuum.
Yield 131mg (65%). Crystals suitable for X-ray diffraction analysis were
obtained at 4 °C by vapor diffusion of diethyl ether into a
dichloromethane solution of the complex. Anal. Calcd for
C39H27BF4N6O4Pt2: C, 41.80; H, 2.43; N, 7.50. Found: C, 41.46; H,
2.67; N, 7.77. HRMS (electrospray, m/z) calcd.for C39H27N6O4Pt2
[M]+: 1033.1384; found: 1033.1413. IR (cm−1): ν(C = N), ν(C = C),
1614 (m), 1568 (w), ν(BF4) 1053 (vs). 1HNMR (400.1MHz, CD2Cl2,
298 K): δ 8.47 (dd, JH−H = 5.4, JH−H = 1.6, 1H az), 8.31 (dd, JH−H = 7.9,
JH−H = 1.3, 1H az), 7.75 (d, JH−H = 3.1, 1H az), 7.60−7.50 (4H py
NCN), 7.32−7.00 (5H, 1H az +4H py NCN), 6.96−6.92 (3H, 1H az
+2H Ph), 6.85 (t, JH−H = 8.8, 4H pyNCN), 6.66 (d, JH−H = 8.0, 4H Ph),
6.42−6.32 (4H py NCN). 13C{1H}-APT NMR (100.63 MHz, CD2Cl2,
298 K): δ 159.1, 158.9 (both s, C py NCN), 153.0 (s, C−Pt), 152.9 (s,
C az), 152.7 (s, C−Pt), 149.4, 148.5 (both s, CH py NCN), 142.3 (s,
CH az), 141.9, 141.6 (both s, CH py NCN), 139.9 (s, CH az), 131.6 (s,
CH az), 128.1 (s, C az), 126.5, 126.1 (both s, CH Ph), 120.0, 119.6
(both s, CH py NCN), 116.4, (s, CH py NCN), 116.1 (s, CH az),
112.9, 112.6 (both s, CH Ph), 104.5 (s, CH az), 101.8, 99.4 (both s, C
Ph). 195Pt{1H} NMR (85.6 MHz, CD2Cl2, 298 K): δ −3061, −3152.

Preparation of {Pt[κ3-N,C,N-(py-C6HMe2-py)]}2{μ-N,N-[ii]}
(11). Complex 3 (80 mg, 0.17 mmol) was added to a suspension of 7
(112 mg, 0.17 mmol) in acetone (5 mL), and the resulting suspension
was stirred at room temperature for 24 h. After this time the solvent was
removed and the resulting deep red solid was washed with acetone (3 ×
5 mL), dichloromethane (3 × 5 mL), pentane (3 × 5 mL) and dried
under vacuum. Yield 164 mg (87%). Crystals suitable for X-ray
diffraction analysis were obtained as follows: Acetone (10 mL) was
layered over a solution of 3 (50 mg, 0.106 mmol) in acetone (50 mL)
placed in a Schlenk flask, and then, a solution of indolo[2,3-b]indole
(11 mg, 0.053 mmol) in acetone (10 mL) was added slowly over the
acetone layer. After 24 h standing at room temperature deep red crystals
were collected. Anal. Calcd for C50H38N6Pt2 (%): C, 53.95; H, 3.44; N,
7.55. Found: C, 53.81; H, 3.39; N, 7.47. IR (cm−1): ν(C�N), ν(C�
C) 1595 (m), 1546 (w). The high insolubility of the complex prevented
getting its mass and NMR spectra.
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