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ABSTRACT: A series of cyclometalated Pt(II) com-
plexes of the type [(ppy)Pt(Lm)]" (n = 0, 1) with 7-
bonded catecholates acting as organometallic ligands
(Lm) have been prepared and characterized by analyti-
cal techniques. In addition, the structures of two com-
plexes of the series were determined by single crystal
X-ray diffraction. The packing shows the formation of
1D supramolecular assembly generated by dp-mcp+ in-
teractions among individual units. All complexes are
luminescent in the solid state and in solution media.
The results of photophysics have been rationalized by
means of DFT and TD-DFT investigations.

INTRODUCTION

Square-planar cyclometalated Pt(II) complexes are
an important class of compounds due to their attractive
photochemical and photophysical properties." Such
compounds have found successful applications as ac-
tive materials in organic light emitting devices
(OLEDs),”” molecular sensors,”’ photochromic mate-
rials®® and biological imaging.lo Interests in such
compounds are motivated in part by the cyclomet-
alation effect, which improves stability and lumines-
cence efficiency.'’ In fact, all cyclometalates form
very strong M—-C covalent interactions and exhibit
highly stabilized ligand field strength toward the Pt
center. One important consequence on the photophysi-
cal properties is that the energy of the higher lying
metal-centered d-d excited states (which deactivate
non-radiatively) are raised substantially relative to
those of complexes bearing only neutral bipyridine
ligands. Accordingly, cyclometallation offers an effec-
tive tool to prepare efficient luminescent compounds.

Homoleptic [Pt(C”N);] complexes were the first
luminescent cyclometalated compounds reported by
von Zelewsky and Balzani.'™"® After, many heterolep-
tic complexes were prepared displaying different an-
cillary ligands which allow a certain control on the
stability and luminescence properties. Most of these
compounds, however, were limited to p-diketonates

cyclometalated platinum compounds, because of the
available synthetic procedure that provides these com-
plexes in high yield.16 We also note that cyclomelated
complexes with benzene dithiolate and with mercap-
tobenzothiazolate ligands were recently prepared.”'19
Though, to our knowledge, there is only one cy-
clometalated Pt(II) complex with a dioxolene ligand in
the semiquinone form, “(szgg)PtB,5-di—t—butyl—
catechol)”, reported by Thompson.
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Chart 1. Schematic drawings of a novel series of phos-
phorescent [(ppy)Pt(Lam)][OTf], cyclometalated com-
plexes with mt-bonded catecholates

Some of us have shown that organometallic moie-
ties, in particular Cp*M (M = Ru, Rh and Ir), can sta-
bilize reactive intermediates by modifying their elec-
tronic properties.”’?® More recently we demonstrated
that s-bonded quinones,””° thioquinones®'** and se-
lenoquinones™ can be used as adequate ancillary
metalloligands to prepare a wide range of luminescent
coordination assemblies when mixed with octahedral
{Ru(bpy)2}, {Rh(ppy)s}, {Ir(ppy)>} luminophores or
with {Pt(tpy)} centers.” " In this paper we report the
synthesis of a series of luminescent cyclometalated
platinum compounds displaying mt-bonded catecholate



ligands (Chart 1). The organometallic (OM) quinonoid
ligands stabilize the catecholate form of such dioxo-
lene ligands and offer the opportunity to tune the pho-
tophysical properties of the cyclometalated Pt chro-
mophore.

RESULTS AND DISCUSSION

Synthesis of t-bonded o-benzoquinone ruthenium com-
plex [(CsHo)Ru(n ‘-0-CsH,02)] (L)
[(CeHg)Ru(solvent);][OTf], prepared in situ from
[(CéHg)RuCl,], and AgOTT in acetone, was treated
with catechol in acetone, in the presence of an excess
of BF;-2H,0. Precipitation with Et,O provided the 7t-
bonded catechol complex [(C5H6)Ru(n6—o—
C¢HgO,)][BF4]> (1). Subsequent deprotonation with
Cs,COs; in acetone afforded the target m-bonded OM-
ligand [(CeHg)Ru(m’-0-C¢Hs05)] (Lru) in 90% yield
(Scheme 1). The catechol complex [(C5H6)Ru(n6—o—
CsHeO2)][BF4] (1) and the related m-bonded o-
benzoquinone complex Lg, were fully characterized
by spectroscopic data and elemental analysis (see ex-
perimental section). In particular the 'H-NMR of Ly
recorded in CD,Cl, confirmed that the o-
benzoquinone moiety n-C¢H4O; is m-bonded through
the arene ring to the (C¢Hg)Ru fragment. For instance,
we note the presence of a singlet attributed to the phe-
nyl protons of (CsHg)Ru at 5.82 ppm and two doublet
of doublets centered at 5.32 and 4.97 ppm attributed
to the protons of the m-bonded o-benzoquinone, re-
spectively.

Scheme 1. Synthesis of the m=-bonded o-
benzoquinone complex [(C6H6Ru(n6-o-C6H402)]
and its catecholate precursor [(C¢Hg)Ru(m S_0-
CsHsO2)][BF4],
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Synthesis of the cyclometalated Pt(II) complexes
with m-bonded catecholates [(ppy)Pt(Ly)][OTS], (n
=0,1) (2-5)

Treatment of the solvated chromophore unit
[(ppy)Pt(acetone),]” prepared in situ with the OM-
ligands [(arene)M(CsHgs0,)]™ (n = 0, 1) with (arene)M
= (Cp*)Rh (Lgn), (CpM)Ir (Lyr), (Cp*)Ru (Lga) and
(C¢Hg)Ru (Lry) provided, after reaction workup, the
novel series of hetero-bimetallic compounds
[(ppy)Pt(Lr)I[OTE]  (2),  [(ppy)Pt(Lin)][OTE]  (3),

[(ppy)Pt(Lru)] (4) and [(ppy)Pt(Lru)][OTE] (5)
(Scheme 2). It is noteworthy that our attempts to pre-

pare the related cyclometallated Pt(II) complex
[(ppy)Pt(CcH4O,)][NBuy] with a free catecholate lig-
and under the above conditions were unsuccessful. All
these complexes (2-5) were fully characterized by
spectroscopic techniques (IH, C NMR, IR) and ele-
mental analysis (see experimental details). The NMR
data confirmed that the integrity of the bimetallic
complexes is maintained in solution. For each com-
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plex the 'H-NMR spectrum showed two series of res-
onances for the bicyclic ppy entity as well as three
multiplets for the catecholate protons indicating loss of
symmetry in these bimetallic compounds. For instance
the "H-NMR spectrum of [(ppy)Pt(Lgrn)][OT{] (2) pre-
sented six multiplets in a range of 8 7.14-8.88 ppm
corresponding to the non-equivalent protons of ppy
moiety. Three doublet of doublets are visible at d 6.10,
6.01 and 5.91 ppm attributed to the coordinated cate-
chol which are downfield relative to the OM-ligand
Lgn. The singlet at 8 2.01 ppm is assigned to the me-
thyl protons of the m-Cp*Rh moiety. The BC-NMR
data also confirmed the formation of the desired com-
plexes (see experimental section). In addition, we have
obtained the X-ray molecular structures of two com-
pounds from the above series (vide infra).

Scheme 2. Synthesis of the novel cyclometalated
platinum complexes [(ppy)Pt(LM)]"Jr (n =0, 1) with
the m-bonded catecholate organometallic ligands
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2 (arene)M = (Cp*)Rh, n=1
3 (arene)M = (Cp*)Ir, n=1
4 (arene)M = (Cp*)Ru, n=0
5 (arene)M = (CgHg)Ru, n=1

X-ray molecular structures of [(ppy)Pt(Lgry)][OT1] (2)
and [(ppy)Pt(Ly,)][OTH] (3)

Convenient crystals of complexes [(ppy)Pt(Lrn)][OTH]
(2) and [(ppy)Pt(L1)][OTH] (3) were obtained by slow
diffusion of diethylether into acetonitrile solution of
the desired compound. Both compounds crystallize in
the monoclinic P2,/c space group and are iso-
structural (Table 1). For instance the X-ray molecular
structure of 2 confirms the 0,0’ chelating mode of the
OM-ligand Lg, towards the cyclometalated
{(ppy)Pt(II)} chromophore (Figure 1). The platinum
center is in a distorted planar geometry as a result of
the coordination to two oxygen centers and to the C"N
chelate of the phenylpyridine. The n-bonded dioxolene
unit is in accord with a catecholate form as manifested
by the C-O bond distances of 1.288(10) A and
1.291(9) A. The C—-C bond distances in the m-bonded
arene are almost equivalent (1.42 A in average) and
confirm a symmetric form. The dihedral angle be-
tween the plane containing the m-bonded catecholate
and that of the phenylpyridine is about 8 = 1.5(3)° for
2 and O = 1.1(4)° for 3. These data show the near-
perfect planarity occurring in these cyclometallated
platinum complexes. Examining the packing in the
solid state (Figure 1) showed that the individual mole-
cules [(ppy)Pt(Lgn)]” undergo dipole-dipole interac-
tion between perhaps the electron rich (C*N)Pt unit
and the electron poor Cp*Rh2+ moiety to generate 1D
supramolecular chain, however one might argue that
the Cp* ring is weakly donating electrons into the
empty pz orbital of Pt. It is noteworthy that the Pt cen-
ter is exactly located at 3.566 A over the centroid of



the Cp*Rh unit. We also note that there is no Pt—Pt in-
teraction between the individual molecules. The com-
plex 3 gave similar structural features to that of 2.
Having prepared these compounds and identified their
solution behavior and solid-state structure we investi-
gated their photophysical properties (vide infra).

Table 1. Data collection and refinement parameters for
compounds 2 and 3

2 3

Chemical for- C,7H,7NO,PtRh, C,7H7IrNO,Pt,

mula CF;0;3S-H,0 CF;0;S-C,H3sN
Formula weight 862.58 97491
zZ 4 4
Wavelength 0.71073 0.71073 A
T(K) 200 200
Crystal system Monoclinic Monoclinic
Space Group P2,/ P2,/
a(A) 16.2420(4) 16.2212(3)
b (A) 8.4344(3) 8.4377(2)
c(A) 22.4090(6) 22.4227(4)

o (deg) 90 90

B (deg) 94.652(2) 94.827(1)

v (deg) 90 90
Volume (A’) 3059.73(16) 3058.10(11)
Deare (grem™) 1.873 2.117

Absorption co- 5.233 9.045
efficient (mm™)

0 range (deg) 1.82 to0 27.51 1.82 t0 30.03
Reflections col- 15069 / 6985 33722 /8927
lected / unique

R(int) 0.0270 0.0505
Parameters / 354 /7 357/10

restraints

R (all data) / 0.0713/0.1346 0.0656 /0.1255
Rw, (all data)

Ry (I>2a(]))/ 0.0480/0.1207  0.0503/0.01179

Rw (1> 20(D))

goodness of fit 1.052 1.101
AF i/ AF o 1.861/-1.076 2.701/-2.425
(e/A%)
CCDC number 959187

d
'
) 3.566
'

Figure 1. X-ray molecular structure of complexes 2 and
3 (top); and solid state packing showing intermolecular
interactions among individual units to generate 1D su-
pramolecular chain (bottom). Selected bond distances
(A) and angles (°). For complex 2: Pt1-C11 = 1.973(7),
Pt1-N1=1.991(6), Pt1-O1 = 2.092(6), Pt1-O2= 2.051(5),
Rh1-C12= 2.407(8), Rh1-C13 = 2.405(8), Rh1-Cl14 =
2.231(8), Rh1-C15 = 2.204(8), Rh1-C16 = 2.195(8),
Rh1-C17 = 2.239(9), O1-C12=1.288(10), 02-Cl13 =
1.291(9), N1-Pt1-C11 = 81.3(3), N1-Pt1-02 = 178.9(2),
C11-Pt1-02 = 99.4(3), N1-Pt1-O1 = 98.2(2), C11-Ptl-
O1=179.5(3), O2-Pt1-O1 = 81.0(2). For complex 3: Ptl-
C11 = 1.985(8), Pt1-N1 = 1.973(7), Pt1-O1 = 2.084(6),
Pt1-02 = 2.057(6), Ir1-C12 = 2.410(8), Ir1-C13 =
2.394(9), Ir1-C14 = 2.226(9), Ir1-C15 = 2.212(8), Irl-
Cl6 = 2.188(9), Ir1-C17 = 2.233(9), Ol1-Cl12 =
1.301(10), O2-C13 = 1.314(11). N1-Pt1-C11 = 81.1(2),
N1-Ptl- O2 = 179.1(3), C11-Pt1-O2 = 99.5(3), N1-Ptl-
01 = 98.1(3), C11-Pt1-O1 = 179.1(3), O2-Pt1-O1 =
81.4(2)

Absorption

The absorption spectra of complexes 2-5 recorded in
dilute acetonitrile solution at 298 K are reported in
Figure 2 and the relevant data are summarized in Ta-
ble 2. All complexes display an intricate envelop of
absorption bands. Nevertheless, a set of high energy
intense transitions (below 300 nm) and low energy
bands (above 350 nm), along with absorptions of
moderate intensity in between can be distinguished.
The high energy bands can be attributed to 7t,mw* transi-
tions mainly centered on the ppy ligand, as for com-



parison with similar {(ppy)Pt(I)} derivatives reported
in the literature.'”* In a similar way, the lowest ener-
gy bands observed above 350 nm could be attributed
to charge transfer (CT) transitions of metal-to-ligand
(MLCT) or ligand-to-ligand (LLCT) character mixed
with some ligand centered (LC) contributions. Any-
way, the attribution to molecular orbital transition of
the observed absorption bands in this series of com-
plexes bearing a non-innocent m-bonded catecholate
ligand is not straightforward. To this end, a DFT and
TD-DFT study has been performed for complexes 2-5,
and the results have been discussed and compared to
those of the virtual [(C¢H4O,)Pt(ppy)] model complex
(vide infra).

Table 2. Absorption parameters for complexes 2-5
Amax, 0 (£,10° M'em™)

2 247 (32.2), 269 (33.5), 393 (10.2)
3 242 (29.4), 271 (20.0), 321 (11.7), 368 (8.6)
4 258 (31.7), 399 (8.2)
5 244 (19.3), 372 (5.9)

“In acetonitrile solution at 298 K

40x10°

30

20

Molar Absorptivity (M 'cm’")

T 1
200 300 400 500 600
Wavelength (nm)

Figure 2. Absorption spectra of complexes 2-5 in ace-
tonitrile solution at 298 K

Emission

All complexes under investigation display an emission
in the visible region either in liquid solution or in
glassy matrix at low temperature. The luminescence
spectra obtained in dilute acetonitrile solution at 298 K
and in CH;0H:C,HsOH 1:4 (v/v) mixture at 77 K are
reported in Figure 3 and the main photophysical pa-
rameters are collected in Table 3. The monocationic
complexes 2, 3 and 5 display in liquid solution an al-
most identical spectral shape, with minimal variations
in the emission maximum (215 cm'l). In every case, a
well resolved vibrational progression is observed, as
for related cyclometalated Pt(II) complexes having ex-
cited states of mixed LC/MLCT nature, with vibronic
coupling constant of about 1,400 em™ ¥ 1t should be
noted that in the neutral Ru(Il) derivative 4 the vibron-

ic emission bands are in a different intensity ratio with
respect to the charged derivatives, possibly because of
a different Huang-Rhys factor.™* All complexes 2-5
show a strong reduction in luminescence intensity in
CH;CN in air-equilibrated solution at 298 K (see Ta-
ble 3). This indicates the occurrence of a triplet-triplet
energy transfer to molecular oxygen. The bimolecular
rate constant of the quenching process, k,;, can be de-
termined from the Stern-Volmer equation for colli-
sional quenching:41
T
7" =1+ ky70[0,]

where 7 (7) is the lifetime in de-aerated (air-
equilibrated) solution, respectively, and [O,] is the
molecular oxygen concentration (1.9 mM in
CH3CN).42 Substituting the measured values of life-
time reported in Table 3 one obtains k, = 2x10° s for
4 and 1x10° s™' for the monocationic complexes 2, 3
and 5. This is comparable to that observed for Ru and
Os complexes,” considering that the diffusional limit
of the quenching rate constant in acetonitrile is kg =
1.9x10" M's™ at 298 K.*

Ongoing from 298 to 77 K, a small bathochromic
shift of the emission of ca. 200-400 cm™ and an in-
crease in luminescence lifetime are observed (Table
3). Again, all complexes 2-5 display an intense and
well-structured almost superimposing emission. This
indicates a pronounced LC character for the emitting
excited state.

Table 3. Emission parameters for complexes 2-5

298 K* 77K’
Amax, NM ¢ (%) T, Us Amaxo DM T, US
2 474,507 0.52(0.08) 2.4(0.4) 484,522 6.5
3 475,507 0.27(0.07) 1.6(0.4) 479,516 7.2
4 478,506 0.26(0.12) 2.6(0.2) 487,524 7.1
5 478,512 0.62(0.06) 6.0(0.4) 484,521 7.2

“ In de-aerated (air-equilibrated) acetonitrile solution at
298 K, Aex = 340 nm for quantum yield and 331 nm for
lifetime measurements. ” In methanol:ethanol 1:4 (vv)
mixture at 77 K, Ay = 373 nm
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Figure 3. Normalised corrected emission spectra of
complexes 2-5 in acetonitrile solution at 298 K (top) and
in methanol:ethanol 1:4 (v/v) mixture at 77K (bottom)

DFT calculations of the electronic properties

The electronic properties of 2-5 were calculated using
the DFT hybrid-exchange correlation functional
PBE0*** with basis sets and pseudopotentials*®*’ ad-
equate to account for the relativistic effects of the tran-
sition metals (TMs). The influence of the solvent envi-
ronment was accounted for b4y means of the polariza-
ble continuum model (PCM).**

The Natural Ch21rge49’50 distribution of 1-5 (Table 4),
where 1 is the wvirtual model complex
[(CeH4O2)Pt(ppy)] without the OM ligand, shows
how the charge is rearranged within the different
fragments in acetonitrile solution and in vacuo. The
polar solvent increases the amount of electron charge
delocalized on the catecholate ligand (cat) in 2-5 leav-
ing that of Pt almost unchanged, but in the case of 4.
In fact, on the basis of the Natural Bond Orbital
(NBO)49’50 analysis, the d orbitals of Ru also contrib-
ute to the delocalization of the electrons of the PtO,
bonds, while those of Rh and Ir only participate to the
delocalization of the m electrons of the carbon atoms
with the Pt—O bonds acting as bridges toward the
arene for the electron charge donated by ppy (Figure
4). For the same reason, the total amount of charge
subtracted to 1 by the OM ligands is larger in 5 than in
2 and 3.

The comparison of the MOs of 2-5 with those of 1
(Figure 4) evidences a deep reorganization of the elec-
tron density in the cationic complexes. In fact, their
HOMO and HOMO-1 are both largely delocalized on
the ppy unit and spread all over the Pt bonds, contrary
to 1, where the HOMO is mainly delocalized on cat.
Also the HOMO of the neutral 4 is largely delocalized
on cat, with contributions by the d orbitals of Ru,
which significantly participate to the description of the
occupied frontier orbital. Besides, the low virtual or-
bitals of 4 closely resemble those of 1 since they are
completely delocalized on the ppy moiety, while in the
cationic complexes their description varies with the
TMs. Moreover, their characterization depends upon
the considered environment. In fact, in vacuo the
LUMO and LUMO-+1 are always delocalized on Ly as

in 2, while already in a low polar solvent such as di-
chloromethane, they are ordered as in Figure 4.

Table 4. Comparison among the Natural Charges of 1-5

Pt(IT) PPy cat 1 ™

1 a +0486 +0.046 -1.532 —1.000 -
b) +0.401 +0.162 -1.563 —1.000 -
2 a) +0482 +0.227 -0385 +0.324 +0.050
b) +0.486 +0.230 -0.484 +0.232 +0.075
3 a) 10481 +0.226 -0.447 +0.260 +0.206
b) +0.484 +0.230 -0.536 +0.178 +0.229
4 a) +0491 +0.155 -0.794 -0.147 -0.143
b) +0.452 +0.198 -0.846 -0.196 -0.140
5 a +0478 +0.232 -0.269 +0.441 —0.150
b) +0.480 +0.231 -0.383 +0.328 -0.128

Calculated by PBEO @) in vacuo, and ) in CH3CN.

Umoz%éaﬁg %j% g*% %
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Figure 4. Electron density plot of 2-5 in acetonitrile

TD-DFT calculations of the excitation spectra

The comparison among the TD-PBEOQ calculated ab-
sorption spectra of the cationic species 2, 3, and 5
(Figure S1-S3), shows that the low energy and weak
So—S; transitions calculated in vacuo result signifi-
cantly blue-shifted when considering their solutions in
acetonitrile. On the other hand, in polar solvent they
are in satisfactory agreement with the observed maxi-
ma (Table 2), i.e. 399 nm (2), 375 nm (3), and 380 nm
(5). This is due to the fact that the ordering of their
MOs significantly depends upon the environment, as
mentioned in the previuos paragraph. Nevertheless,
the comparison with the absorption spectra evidences
the complex nature of transitions, particulary of those
observed above 300 nm. The analysis of the excita-
tions contributing to singlet excited state transitions
gives only poor information, due to their widely
spread multiconfigurational character.

To gain a further insight into the nature of the excit-
ed states, the information obtained by the long range
corrected functional LC-wPBE>"™ was also consid-
ered, since its usage is suggested in the presence of
ligands with different electronegativity bound to cati-
onic forms of transition metal atoms.” This functional



is particularly well suited for the description of pro-
cesses involving long-range CT providing reliable
structures for TM complexes.” Though LC-wPBE
overestimates the calculated transition energies, a sig-
nificant improvement in the description of the low en-
ergy absorption band was obtained after scaling of the
excitation frequencies by 80 — 2.0 * n (2), 103 — 3.0 *
n (3), 65 — 2.0 * n (5), where n refers to the excited
state, for all the cationic complexes (Figure 5). The
calculated spectrum of 4 shows a very week intensity
in the region about 310-340 nm, in agreement with the
absorption spectrum. Comparisons among the spectra
calculated by the two TD-DFT considered methods
with the assignment to transitions are reported in Fig-
ures S1-S4. Moreover, the excitations contributing to
the low energy transitions of the cations were thereaf-
ter analyzed by means of the Natural Transition Orbit-
als (NTO),56’57 which give a qualitative description of
the electronic excitations. In Figure 6 are reported the
NTOs for the Sy—S; transition, while more details are
reported within the Supporting Information (Figures
S5-S8).

2 —
3
5 ——
3 4 —
c
(1]
=
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w
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<
300 350 400 450 500
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Figure 5. Absorption spectra in acetonitrile calculated by
scaled LC-wPBE (2, 3, and 5), and by PBEO (4)

The first absorption band of 2, is originated by tran-
sitions up to the fifth excited state, largely character-
ized by ligand centred Lg,C weak transitions. Though,
significant contribution to its intensity are calculated
for the Sy—S, and Sy—S; which mix excitation from
PtO, bonds to Lg, with excitations starting from Lgy
up to ppy. Analogously to 2, the first absorption bands
of 3 and 5 are originated by transitions up to the five
low excited states. Nevertheless, contrary to 2, a fairly
intense So—S; electronic transition is calculated in
both cases, which largely involves excitations starting
from the Pt-N bond up to L,p,. The So—S; of 3 is as-
signed to an excitation starting from the PtO, bonds up
to Ly, of weak intensity in polar solvent, while an in-
tense So—S; transition is mainly originated by an ex-
citation starting from the Pt-N bond and delocalized
over all the Pt bonds. In the case of 5, all the other
transitions up to the fifth state are mainly delocalized
within Lg,. It is interesting to point out that the fact
that the So—S; transition of 2 has a very weak intensi-
ty, contrary to what is calculated for 3 and 5, suggests

that significant emissions can be expected by de-
excitations largely involving the {Pt(ppy)} fragment.
The absorptions at 310-340 nm of the cationic com-
plexes are largely due to excitations starting from the
Pt bonds and ppy, ending up to the L, with contribu-
tions by excitations more delocalized all over the
complexes. In the case of the neutral 4, the TD-PBEO
calculated spectrum satisfactorily reproduces the ex-
perimental one, particularly in the spectral region at
high energy. The first absorption band is assigned to
two different combinations of excitations from HOMO
and HOMO-1 up to LUMO (see Figure 4), giving rise
to the Sy—S; and Sy—S, calculated transitions at 398
and 371 nm, respectively, in acetonitrile. Compared
with what occurs in the cationic species, the other
transitions of 4 up to S—Ss (306 nm) occur at much
higher energies and are of very weak intensity.

2 3 5

Figure 6. Comparison among the NTOs of the Sy — S,
transition of 2-5 in acetonitrile. N-atom of the ppy moiety
on the left hand side

CONCLUSION

In this work we reported the synthesis of a family of
cyclometalated Pt(II) complexes with m-bonded cate-
cholates of the type [(ppy)Pt(Ly)]™" (n = 0, 1), where
Ly is the organometallic ligand (M = Rh, Ir and Ru).
The m-bonding of the metal(arene) fragment to the
catecholate ligand allows for the stabilization of the
complexes, which have been successfully synthesized
in good yield. The presence of the organometallic lig-
and Ly induces the presence of a blue luminescence
with moderate intensity already at room temperature in
fluid solution, which is enhanced by lowering the
temperature.

EXPERIMENTAL DETAILS

General methods

All experimental manipulations were carried out under
argon using Schlenk tube techniques. All solvents
were purified and dried by standard techniques. The
'H NMR and "*C NMR spectra were recorded using a
Bruker Avance 300 NMR spectrometer. Infrared spec-
tra were recorded from neat samples on a Bruker FT-
IR spectrometer Tensor 27 equipped with an ATR



Harricks. The organometallic chelates [Cp*M(n4—o—
C¢H40,)] (M = Rh, Ir) and [Cs][Cp*Ru(n’-o-
C6H402)3] were prepared according to published pro-
cedures.’*¢

Synthesis of [(C¢Hg)Ru(n *-0-C¢Hs0,)][BF4], (1)

To a red suspension of [(C¢Hg)RuClz], (250 mg, 0.50
mmol) in acetone (10 mL) was added a solution of
AgCF3S0; (520 mg, 2.00 mmol) in acetone (10 mL)
and the mixture was stirred for 20 minutes at room
temperature. Then the mixture was filtered through
celite into a Schlenk tube containing catechol (165 mg,
1.50 mmol) in acetone and the solvent was immediate-
ly removed under reduced pressure. BF3-2H,0 (1 mL)
was added to the residue and the heterogeneous mix-
ture was stirred for 3 hours at room temperature. Care-
ful addition of diethyl ether (20 mL) provided a white
precipitate that was washed with two more portions
(20 mL each) of diethyl ether and dried under vacuum.
The white microcrystalline solid was identified as
[(CeHg)Ru(n -0-CsHgO,)][BF4]2 (398 mg; 0.86 mmol).
Yield: 86%. Anal. Calcd. for
C12H15BFsO,Ru.1/10(CH3),CO  (468.8  g:mol '):C,
31.48; H, 2.68. Found: C, 31.77; H, 2.27. '"H NMR
(300.13 MHz, CD;0D) 6 6.44 (s, 6H, CsHp); 6.12 (dd,
2H, *J = 4.8 Hz, *J = 2.7 Hz, C¢HeO,, H.); 5.97 (dd,
2H, °J = 4.8 Hz, *J = 2.7 Hz, C¢H¢0,, H,). *C{-'H}
NMR (75.45 MHz, CD;0D) & 144.0 (C-O, C¢Hg0O,),
91.2 (C=C, Cg¢Hg), 85.0 (C=C, C¢HeO,, C,), 80.4
(C=C, C¢HO, C.). IR (neat ATR Harricks, cmfl):
v(BF, ) 1038; v(O-H) 3097.

Synthesis of [(CsHg)Ru(m 6-0-C6H402)] (Lgry)

To a suspension of Cs,CO3 (128 mg; 0.40 mmol) in
acetone (10 mL) was added a colorless acetone solu-
tion (10 mL) of [(C¢He)Ru(n®-0-C¢HgO,)][BF4l> (90
mg; 0.20 mmol) and the mixture was stirred for one
hour at room temperature. Then acetone was evapo-
rated under reduced pressure and the residue was ex-
tracted with dichloromethane (30 mL) and filtered
through celite, subsequent evaporation of dichloro-
methane and drying under vacuum provided a light
yellow  microcrystalline  solid  identified as
[(CeHg)Ru(n*-0-CsH40,)] (Lry) (67 mg; 0.18 mmol).
Yield: 90%. Anal. Calcd. for C;2H0O2Ru-1.2CH,Cl,
(389.2 g-molfl): C, 40.74; H, 3.21. Found: C, 40.51;
H, 3.45. '"H NMR (300.13 MHz, CD,Cl,) & 5.82 (6H,
s, CeHg); 5.32 (dd, 2H, °J = 4.5 Hz, *J = 2.7 Hz,
CeHeO,, H.); 4.97 (dd, 2H, *J = 4.5 Hz, *J = 2.7 Hz,
CeHeOs, H,). *C{-'H} NMR (75.45 MHz, CD,Cl,) &
170.8 (C=0, CsH40,), 85.5 (C=C, Cs¢Hg), 79.7 (C=C,
CsH40,, C)), 73.4 (C=C, C¢H4O, C.). IR (neat ATR
Harricks, cmfl): v(CO) 1578, 1561.

Synthesis of [(ppy)Pt(Lrn)1[OTH] (2)

To a suspension of [(ppy)Pt(u-Cl)], (55 mg, 0.07
mmol) in acetone (10 mL) was added a solution of
AgCF;S0;5 (37 mg, 0.14 mmol) in acetone (10 mL)
and the mixture was stirred for 20 minutes at room
temperature. Then the mixture was filtered through
celite into a Schlenk tube containing the organometal-

lic chelate [Cp*Rh(n4—o—C6H402)] (Lgrn) (50 mg, 0.14
mmol) in acetone (5 mL), the reaction was maintained
for 2 hours at room temperature and the solvent was
removed under reduced pressure. The residue was
washed with two portions of CH,Cl, (5 mL) then dis-
solved in CH3CN and filtered through celite. Evapora-
tion of the resulting filtrate under reduced pressure
gave [(ppy)Pt(Lrn)][OTf] (2) as a yellowish micro-
crystalline solid (89 mg; 0.11 mmol). Yield: 73%.
Anal. Caled. for C,sH,7F3sNOsPtRhS-CH;CN (885,6
g-molfl): C, 40.69; H, 3.41; N, 3.16. Found: C, 40.67;
H, 3.59; N, 3.06. '"H NMR (300.13 MHz, CD;CN) &
8.81 (dd, 1H, *J = 5.1 Hz, *Jiup = 42 Hz, Py6), 7.99
(ddd, 1H, *J = 8.1 Hz, *Jy.y = 8.3 Hz, *Jyy = 1.6 Hz,
Py4), 7.80 (dd, 1H, *J = 8.1 Hz, *Ji.p. = 30 Hz, Ph6),
7.55 (dd, 1H, *J = 8.1 Hz, *Ji.y = 8.3 Hz, Py3), 7.25
(ddd, 1H, *J = 9.0 Hz, *Jy.y = 6.0 Hz, *Jyy = 1.5 Hz,
Ph4), 7.14 (m, 3H, Ph3, Ph5, Py5), 6.10 (m, 2H, H,
C6H40,), 6.01 (dd, 1H, *J = 3.9 Hz, *J = 2.1 Hz, H.
CeH40,), 5.91 (dd, 1H, *J = 3.9 Hz, *J = 2.1 Hz, H.
CeH40,), 2.01 (s, 15H, Cp*). *C{-'H} NMR (75.45
MHz, CD5CN) 8 9.5 (CHs, Cp*), 91.6 (d, 'Jrn.c = 6.8
Hz, C=C, C¢H40,), 92.2 (d, 'Jrnc = 6.8 Hz, C=C,
CeH40,), 92.4 (d, 'Jrnc = 6.8 Hz, C=C, C¢H40,), 93.6
(d, 'Jrnc = 6.8 Hz, C=C, C¢H40,), 105.5 (d, 'Jrnc =
7.5 Hz, C=C, Cp*), 120.2 (Ph5), 123.9 (Py5), 124.6
(Ph4), 124.7 (Ph6), 130.5 (Ph3), 133.0 (Py4), 140.3
(Ph1), 150.6 (Py6), 155.1 (Py3). IR (neat ATR Har-
ricks, cm'): v(CF3S0;") 1030; 1251; v(CO) 1586;
1607.

Synthesis of [(ppy)Pt(Li)][OTH] (3)

This compound was prepared following the procedure
described for 2 but using [Cp*Ir(n*-0-C¢Hs0,)] (Lir)
(50 mg, 0.14 mmol) instead of Lgn.
[(ppy)Pt(Ly)][OTS] (3) was obtained as a yellowish
microcrystalline solid (89 mg; 0.11 mmol). Yield:
73%. Anal. Calcd. for C,gH,;F3NIrOsPtS-2CH,Cl,
(1103,7 g-molfl): C, 32.65; H, 2.83; N, 1.27. Found:
C, 32.68; H, 2.89; N, 1.18. '"H NMR (300.13 MHz,
CDsCN) & 8.76 (dd, 1H, *J = 4.8 Hz, *Jip = 44 Hz,
Py6), 7.98 (ddd, 1H, *J = 8.2 Hz, *Ji.y = 8.4 Hz, /.y
= 1.5 Hz, Py4), 7.78 (dd, 1H, *°J = 8.2 Hz, *Jip = 15
Hz, Ph6), 7.54 (dd, 1H, *J = 8.1 Hz, *Juyu = 8.3 Hz,
Py3), 7.23 (ddd, 1H, *J = 9.0 Hz, *Ji.s = 6.0 Hz, *Jyn
= 1.5 Hz, Ph4), 7.12 (m, 3H, Ph3, PhS, Py5), 6.15 (m,
1H, H, C¢H40,), 6.01 (m, 3H, H., H, C¢H40,), 2.10 (s,
15H, Cp*). “C{-'H} NMR (75.45 MHz, CD;CN) &
9.3 (CHs, Cp*), 83.7 (C=C, C4H.0), 83.9 (C=C,
CeH40,), 84.7 (C=C, C4H.40»), 85.9 (C=C, C¢H40,),
95.0 (C-0, CgH405), 99.0 (C=C, Cp*), 120.1 (Ph5),
123.9 (Py5), 124.6 (Ph4), 124.7 (Ph6), 130.5 (Ph3),
133.0 (Py4), 140.2 (Phl), 145.5 (Py3), 150.6 (Py6),
155.1 (Ph2), 168.1 (Py2). IR (neat ATR Harricks,
em ): v(CF3S05) 1028; 1254; v(CO) 1583; 1609.

Synthesis of [(ppy)Pt(Lru)] (4)

This compound was prepared following the procedure
described for 2 but using [Cs][Cp*Ru(n4—o—C6H402)]
[Cs][Lgru] (69 mg, 0.14 mmol) instead of Lgp. Com-
pound [(ppy)Pt(Lru)] (4) was obtained as a greenish



microcrystalline solid (63 mg; 0.09 mmol). Yield:
64%. Anal. Caled. for CyHpyNO,PtRu (693.7
g-molfl): C, 46.75; H, 3.92; N, 2.02. Found: C, 46.77;
H, 3.88; N, 2.18. '"H NMR (300.13 MHz, CD,Cl,) &
9.04 (dd, 1H, *J = 4.8 Hz, *Jyp, = 44 Hz, Py6), 7.82
(ddd, 1H, *J = 8.2 Hz, *Jy.y = 8.4 Hz, *Jyy = 1.5 Hz,
Py4), 7.62 (m, 2H, Ph6, Ph4), 7.45 (dd, 1H, *J = 7.5
Hz, *Jiy = 1.8 Hz, Py3),7.07 (m, 3H, Ph3, Ph5, Py5),
5.20 (dd, 1H, H,, >J = 6.6 Hz, “Ji.1 = 2.4 Hz, C¢H,40,),
5.13 (dd, 1H, H,, >J = 6.6 Hz, *Ji.y = 2.4 Hz, C¢H,40,),
475 (m, 2H, H., C¢H40,), 1.90 (s, 15H, Cp*). “C{-
'H} NMR (75.45 MHz, CD,Cl,) 8 10.7 (CH3, Cp*),
79.2 (C=C, C¢H40,), 79.3 (C=C, C¢H40,), 79.9 (C=C,
CeH40,), 80.1 (C=C, C¢H40,), 91.0 (C-O, C¢H40,),
119.2 (C=C, Cp*), 122.7 (PhS), 122.9 (Py5), 123.9
(Ph4), 129.6 (Ph6), 130.3 (Ph3), 133.7 (Py4), 137.8
(Phl), 141.8 (Py3), 143.4 (Py6), 145.2 (Ph2), 150.4
(Py2). IR (neat ATR Harricks, cm'): v(CO) 1583;
1609.

Synthesis of [(ppy)Pt(Lr.)][OTH] (5)

This compound was prepared following the procedure
described for 2 but using [(C6H6)Ru(n4—o—C6H402)]
(Lrw) (41 mg, 0.14 mmol) instead of [Cp*Rh(n*-o-
CsH40)] (Lrn). Compound [(ppy)Pt(Lru)][OTH] (5)
was obtained as a yellowish microcrystalline solid (77
mg; 0.11 mmol). Yield: 79%. This complex slowly
decomposes in presence of air and moisture and hence
accurate elemental analysis data could not be obtained.
'H NMR (300.13 MHz, CD5CN) & 8.75 (dd, 1H, *J =
4.9 Hz, *Jip = 44 Hz, Py6), 8.00 (ddd, 1H, °J = 8.4
Hz, *Jun = 8.4 Hz, *Jiy = 1 Hz, Py4), 7.78 (dd, 1H, *J
= 8.2 Hz, *Jiup = 15 Hz, Ph6), 7.53 (m, 1H, Ph5), 7.44
(dd, 1H, °J = 4.5 Hz, “Ji.y = 2.1 Hz, Ph4), 7.25 (ddd,
H, *Juy = 7.5 Hz, *Jun = 6.0 Hz, “Jyy = 1.5 Hz,
Py5), 7.14 (m, 2H, Ph3, Py3), 6.30 (s, 6H, CsHy), 6.18
(ddd, 1H, * /iy = 3.5 Hz, “Jiuy = 2.1 Hz, “Jyy = 1.5 Hz
H, C¢H40,), 6.11 (ddd, 1H, *Jiyy = 3.5 Hz, “Jyy = 2.1
Hz, *Jun = 1.5 Hz, H, CeH40,), 5.75 (m, 2H,
H. CH40,). IR (neat ATR Harricks, cm ):
v(CF;3S0; ) 1028; 1258; v(CO) 1584; 1609.

X-ray Crystallography

A single crystal of each compound was selected,
mounted onto a cryoloop, and transferred in a cold ni-
trogen gas stream. Intensity data were collected with a
BRUKER Kappa-APEXII diffractometer with graph-
ite-monochromated Mo-Ka radiation (A = 0.71073 A).
Data collection was performed with APEX2 suite
(BRUKER). Unit-cell parameters refinement, integra-
tion and data reduction were carried out with SAINT
program (BRUKER). SADABS (BRUKER) was used
for scaling and multi-scan absorption corrections. In
the WinGX™® suite of programs, the structure were
solved with SUPERFLIP® or Sir92% programs and
refined by full-matrix least-squares methods using
SHELXL-97.°" All non-hydrogen atoms of cations
were refined anisotropically while some atoms of tri-
flate anion or solvent molecule were refined isotropi-
cally. Hydrogen atoms were placed at calculated posi-
tions. In both structures, the anion undergoes a few

geometrical restraints. DIAMOND® was used to cre-
ate structural graphics. CCDC reference numbers
959187 and 959188 contain the supplementary crystal-
lographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallo-
graphic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Photophysics

Absorption spectra of acetonitrile solutions at room
temperature (rt) were obtained using PerkinElmer
Lambda 950 UV/Vis/ NIR spectrophotometer. Steady-
state photoluminescence spectra were measured in de-
aerated and air-equilibrated solutions at rt, using an
Edinburgh FLS920 fluorimeter, equipped with a Pelti-
er-cooled R928 (200—850 nm) Hamamatsu PMT, at
the excitation wavelength of 340 nm. Solutions were
de-aerated by bubbling Argon into a gas-tight cuvette
for at least 15 minutes. Luminescence quantum yields
(¢) at rt were evaluated by comparing wavelength in-
tegrated intensities (I) of the corrected emission spec-
tra with reference to [Ru(bpy);]Cl, (¢, = 0.028 in air-
equilibrated water).63 Luminescence measurements of
CH;3;0H:C,H50H 1:4 (v/v) mixtures at 77 K were per-
formed by employing quartz capillary tubes immersed
in liquid nitrogen and hosted within homemade quartz
cold finger Dewar. Band maxima and relative lumi-
nescence intensities are obtained with uncertainties of
2 nm and 10%, respectively. Luminescence lifetimes
were measured by using a Jobin-Yvon IBH 5000F
TCSPC apparatus equipped with a TBX Picosecond
Photon Detection Module and Nano/SpectraLED
pulsed excitation sources at Aex = 331 and 373 nm, re-
spectively. Analysis of luminescence decay profiles
against time was accomplished using the Decay Anal-
ysis Software DAS6 provided by the manufacturer.
The lifetime values were obtained with an estimated
uncertainty of 10%.

Computational methods

The platinum complexes were studied in the frame-
work of the Density Functional Theory (DFT) and the
Time Dependent DFT (TD-DF T)64'66 by means of the
GAUSSIAN 099 program package. The investigation
of the structures and electronic properties of their sin-
glet excited states was carried out by means of the hy-
brid exchange-correlation functional PBEO,"*** which
was already successfully employed in the case of
sandwich complexes.®*”! The charge distribution
within the complexes was investigated with the natural
bond orbital (NBO) population analysis program
(NBO program version 3.1).49’50 Besides, the infor-
mation obtained by the long-range corrected hybrid
functional LC-wPBE”"® was also considered to cor-
rectly describe the asymptotic behavior of the func-
tional, which is important in the case of charge trans-
fer (CT) transitions.” Small-core relativistic energy-
consistent pseudo-potentials for the 44 Ru and Rh
(ECP28MDF)," and the 54 Pt and Ir (ECP60MDF)*
transition metals were employed with the VTZ basis
set, and the 6-31G* basis set for all the other atoms.
The geometries of the electronic ground state were



calculated for both functional using a very fine prune
grid in all calculations (Int = UltraFineGrid) for nu-
merical integration to reach the minimum on the very
flat potential energy surfaces. The stability of the op-
timized structures was always confirmed by the calcu-
lated Hessian matrix. The solvent effects were ac-
counted for by means of the polarizable continuum
model (PCM)™ to compare the calculated with the ab-
sorption spectra in solution. The natural transition or-
bital (NTO) formalism®®’ was used to elucidate the
nature of the transitions to the excited states. The ab-
sorption spectra were simulated using a convolution of
Gaussians with the full width at half maximum
(FWHM) equal to 16 nm. The electron density plots
were drawn by Gabedit”” software.
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SYNOPSIS TOC. A family of cyclometalated Pt(IT) complexes [(ppy)Pt(Ly)]"" (n = 0 or 1) with mi-bonded catecholates
are reported. The related anionic catecholate complex without the organometallic ligand was not reported so far. Re-
markably the presence of the organometallic ligand Ly modifies the nature of the excited states when compared to the
metal free anionic complex "[(ppy)Pt(CeH40,)]"" mainly for 2, 3 and 5. All compounds were found to be luminescent at
room temperature in fluid and solid state. A TD-DFT investigation is advanced to explain the photophysical properties.

| N B
O N~
o N~ N4 __ Cp*Rh, Cprlr
Pt ; M= CoRu, CHAR
/ o pRu, Lghghu
|
o M
/ij (2-5)
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