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ABSTRACT: Complex Ir(acac){x2-C,N-[CeBrHs-py]}{x2-C,N-[CeHs-py]} (2) is a green emitter, which displays short lifetimes (0.9-4.9
ps) and quantum yields of 0.32 in poly(methyl methacrylate) films at 5 wt % and of 0.41 in 2-methyltetrahydrofuran at room
temperature. Its Pd(PPhs)s-catalyzed cross-coupling reactions with RB(OH)z afford Ir(acac){x2-C,N-[CsRH3-py]}{x2-C,N-[CsHa-py]} (R
= Me (3), Ph (4)), which show almost identical emissions with quantum yields in the range 0.98-0.82.

Phosphorescent iridium(I1l) complexes are positioned at the
forefront of modern photochemistry.! The HOMO of
compounds of this class bearing cyclometalated 2-
phenylpyridine ligands mainly comprises the metal d orbitals
and the phenyl m orbitals, whereas the LUMO is mainly
comprised of the m* orbitals on the pyridyl rings. Thus, the
substituents at 2-phenylpyridine play a critical role in the
HOMO-LUMO gap and, as a consequence, in the photophysical
properties of the complexes.2 In addition, the steric hindrance
of substituents at phenyl group disposed in ortho-position with
regard to the pyridyl appears to fine-tune their electronic
effects,3 although ligands with this substitution pattern have
been rarely used.*

The coordination of different cyclometalated 2-
phenylpyridines to a metal center is of noticeable interest,
since it allows a better govern of the emitter’s properties.
However, the preparation in moderated yield of neutral
[3b+3b’+3b”] tris-heteroleptic compounds of iridium(III) with
two different orthometalated 2-phenylpyridines and a third
ligand, usually acetylacetonate (acac), is certainly a true
challenge. This is because the one-pot procedures lead to
statistical mixtures of ligands distribution products,5 which
usually afford the target emitter with a maximum yield of about
30%, and the sequential coordination of the different ligands
needs several steps® and has only a relative success when the
three ligands are of very different nature; for instance,
cyclometalated phenylpyridine, cyclometalated carbene, and
acac.” Accordingly, the development of procedures that
selectively give these emitters is of great relevance. Although
the formation of mixtures of products resulting of distribution
reactions of the ligands coordinated to the metal center of tris-
heteroleptic emitters is favored in solution from a
thermodynamically point of view, the emitters are kinetically
inert. Thus, once isolated, they rarely evolve into mixtures. In
this context, it should be mentioned that six-coordinate
iridium(III) complexes exhibit a high octahedral Ao splitting.
The electron configuration of the 5d¢ metal center is always of
low-spin and maximizes the ligand-field stabilization energy.8
This fact does pure iridium(IIl) emitters inert towards the

substitution reactions, which are essential to the ligands
distribution.

Suzuki-Miyaura cross-coupling reactions are powerful tools
for forming carbon-carbon bonds® (eq 1) with broad
applications in the preparation of pharmaceuticals,0
agrochemicals,!! and other fine chemicals,12 as well as in the
total synthesis of natural products.!3 The search for new
materials is also not alien to their value.l4 Starting from
iridium(IlI) complexes containing cyclometalated 2-
phenylpyridine or related ligands, these reactions have been
successfully employed in the preparation of emissive
polymers?s and dendrimers.1¢ The Freixa’s group has used this
procedure to append azobenzene moieties to the phenyl group,
in order to study the effect that the extended conjugation and
substitution pattern has on the photochromic behavior of the
azobenzene-appended 2-phenylpyridine ligands.1” The post-
functionalization of the 3b’ and 4b ligands of [3b+3b+3b’] and
[3b+3b+4b]* iridium(IIl) complexes has been also reported by
several research groups.’® In addition, Williams and co-
workers have constructed multimetallic broad-band light
emitters, by means of the assembly of mononuclear bis-
terpyridyl complexes with extended conjugation.’® A common
fact of the performed reactions is the formation of the new
carbon-carbon bonds at positions sterically non hindered.
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We some months ago showed that the dimers [Ir(p-CI)(#2-
CgH14)2]2 and [Ir(p-Cl)(#4-CsH1z)]2 activate ortho-C-H and
ortho-C-Br bonds of the phenyl group of 2-(2-
bromophenyl)pyridine in a competitive manner. The
selectivity of the reactions is governed by the olefin of the
starting complex and the experimental conditions. The
cyclooctene dimer (1) promotes both ruptures in the same
extension, in 2-ethoxyethanol, at 135 2C. As a consequence, the
tris-heteroleptic iridium(III) complex Ir(acac){x?-C,N-[CsBrHs-
py]Hx?-C,N-[CsHa-py]} (2) with two different cyclometalated 2-



Scheme 1. Cross-coupling functionalization procedure
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phenylpyridines, one of them with the phenyl group
brominated at ortho position with regard to the pyridyl ring, is
selectively formed in high yield (82%)2° (Scheme 1). Although
the post-functionalization by Suzuki-Miyaura cross-coupling of
that bromine position is sterically hindered and has been not
described for this class of compounds, we decided to try it
because of several reasons. The success should mean a
synthetic procedure of reasonable yield for the preparation of
[3b+3b’+3b”] tris-heteroleptic iridium(III) complexes. The
new compounds would be furthermore the first bearing a
cyclometalated 2-phenylpyridine with the phenyl group ortho
substituted with regard to the pyridyl. In addition, the
formation of these species should allow us to study the
influence of the substituents at this elusive position on the
photophysical properties of phosphorescent tris-heteroleptic
iridium(III) emitters.

The cross-coupling reactions were performed in toluene, at
90°C. Under these conditions, the treatment of 22! with 4.0 mol
of RB(OH)2 and 4.0 mol of K3POs, in the presence of Pd(PPhs)s
(10 mol %), for 24 h quantitatively gives the corresponding
tris-heteroleptic complexes Ir(acac){x2-C,N-[CsRH3-py]}{x2-
CN-[CsHs-py]} (R = Me (3), Ph (4)), which were isolated after
column chromatography as pure yellow solids in about 60%
with regard to the starting dimer 1; i.e., twice the expected one
for the usual one-pot procedure. Both compounds were
characterized by X-ray diffraction analysis. Figure 1 shows a
view of the structures, which prove the formation of the
desired complexes. The geometry around the metal centers is
the expected octahedron with the pyridyl groups situated
mutually trans.

Data of UV/vis spectra of 10 x 105 M 2-
methyltetrahydrofuran (2-MeTHF) solutions of 2-4, at room
temperature, are collected in Table S1. The spectra of the three
compounds are very similar showing bands in three different
zones of energy (Figures S5-S7): 220-240, 320-470, and
greater than 470 nm, in agreement with other tris-heteroleptic
iridium(Ill) emitters.5-7.22 The respective transitions were
assigned on the base of the results of time-dependent density
functional theory calculations (B3LYP-GD3//SDD(f)/6-31G**)
computed in tetrahydrofuran. Absorptions at the highest-
energy region are due to !m-n* intraligand transitions. The
region of moderate energy contains three main bands due to
spin-allowed metal-to-phenylpyridine charge transfers
(*MLCT) mixed with ligand-to-ligand transitions: 346 (Ir-to-
CsRH3-py), 372-384 (Ir+acac-to-C¢RH3-py+CsH4-py), and 438-
468 (Ir+CeHa4-py-to-CsRH3-py) nm. The weak absorption tails
after 470 nm are assigned to formally spin-forbidden 3SMLCT
transitions, produced by the large spin-orbit coupling induced
by iridium.

The electrochemical properties of 2-4 were studied using
cyclic voltammetry in degassed dichloromethane (2) or
acetonitrile (3 and 4) solutions and referenced versus Fc/Fc*.
The three compounds show a one-electron oxidation between
0.48 and 0.39 V (Table 1), whereas no reduction peaks were
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observed within the solvent window. The computed HOMO-
LUMO gap of about 3.6 eV is similar to that found for complexes
Ir(acac){x2-C,C-[CsHa-ImMe]}{x2-C,N-[CsR2Hz2-py]} (R = H, F),
which have neither reduction peak and display a similar
oxidation at 0.36 (R=H) and 0.51 (R=F) V.7

Figure 1. ORTEP diagrams of complexes 3 and 4 (50%
probability ellipsoids). Hydrogen atoms are omitted for clarity.
Selected bond lengths (A) and angles (deg): for 3: Ir-N(1) =
2.022(7), Ir-N(2) = 2.042(7), Ir-0(1) = 2.143(6), Ir-0(2) =
2.147(7),Ir-C(1) = 1.987(9), Ir-C(13) = 1.977(10), N(1)-Ir-N(2)
=176.5(3), 0(1)-Ir-C(1) = 175.0(3), 0(2)-Ir-C(13) = 174.9(3).
For 4:1r-N(1) =2.021(7), Ir-N(2) =2.039(8), Ir-0(1) = 2.136(7),
Ir-0(2) = 2.152(7), Ir-C(1) = 1.985(10), Ir-C(18) = 1.988(9),
N(1)-Ir-N(2) = 174.9(3), O(1)-Ir-C(18) = 176.7(3), 0(2)-Ir-C(1)
=174.8(3)

Table 1. Electrochemical and DFT Molecular Orbital
Energy Data for Complexes 2-4

Complex | Ei20x | HOMO®P LUMOP (eV) | HLGbe
(V) | (eV) (eV)
2 0.48 -5.08 -1.49 3.59
3 0.39 -4.94 -1.32 3.62
4 0.42 -4.98 -1.37 3.61

aMeasured in degassed dichloromethane (2) and acetonitrile
(3, 4) solutions (1 x 10-3M) / [BusN]PFs (0.1 M), vs Fc/Fc* at
0.1 V/s, at room temperature. PValues from the electronic
structures DFT calculations. cHLG = LUMO - HOMO.

Complexes 2-4 are emissive in the green spectral region
upon photoexcitation, in doped poly(methyl methacrylate)
(PMMA) 5 wt % at room temperature and in 2-MeTHF at room
temperature and 77 K. The substituent of the phenyl group has
not any influence on the color. Thus, the spectra of the three
compounds are almost identical. This is consistent with the
previously mentioned very similar HOMO-LUMO gaps, since
the emissions can be attributed to T1 excited states originated



by charge transfer transitions between these orbitals.
According to this, good agreement is observed between the
experimental wavelengths and those calculated by estimating
the difference in energy between the optimized triplet state
and the singlet state So, in tetrahydrofuran (Table 2). The
emission spectra in PMMA films and in 2-MeTHF at room
temperature show broad structureless bands centered at about
528 nm, whereas the spectra in 2-MeTHF at 77 K display
vibronic fine structures with peaks at about 511, 548, and 595
nm, in a consistent manner with the contribution of ligand-
centered 3n-n* transitions to the excited state. The lifetimes are
short, laying in the range 0.4-5.5 s. In contrast to the emission,
the quantum yield is substituent dependent; the replacement
of the bromide of 2, which displays similar quantum yield to
Ir(acac){x2-C,N-[C¢H4-py]}2 (Aem=516 nm, ¢ = 0.34 in 2-
MeTHF),23 by methyl or phenyl increases between two and
three times the efficiency of the emitter. Thus, complexes 3 and
4 display quantum yields close to the unity, in the range 0.98-
0.82, in both doped PMMA films and 2-MeTHF at room
temperature. We note a similar effect in Ir(acac){x2-C,N-
[CeRH3-py]}2.2¢ However, in contrast to 3 and 4, the
incorporation of a phenyl or methyl group at the same pyridine
position in Ir{x2-CN-[C¢Hs-py]}s produces a significant
decrease of the emission quantum yield.3

In conclusion, the ability of the dimer [Ir(u-Cl)(n2-CsH14)2]2
to induce the ruptures ortho-C-H and ortho-C-Br in the phenyl
group of 2-(2-bromophenyl)pyridine, in the same extension,
provide a tris-heteroleptic iridium(III) green phosphorescent
emitter, with two different orthometalated 2-phenylpyridines;
one of them with a bromide at the phenyl in ortho-position with
regard to the pyridyl. Without affecting its emission, this
emitter increases its efficiency, between two and three times,
through the replacement of the bromide by a hydrocarbon
fragment, by means of Suzuki-Miyaura cross-coupling
reactions. From a methodological point of view, it is also
noteworthy the high efficiency of the synthetic procedure that
provides the new tris-heteroleptic emitters with a total yield of
about 60%. Furthermore, it should be mentioned that the study
of the photophysical properties of these emitters has revealed
that the substituents at the phenyl in ortho-position to the
pyridyl determine the quantum yield of the emission but not its
color.

Table 2. Photophysical Data for Complexes 2-4
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Complex | Calcd Aem?(nm) | Media (T,K) Xem (nm) Aex(nm) | T(Ms) | ¢ keb (s71) KnrP(s1) | kr/Knr
2 PMMA(298) 527 470 0.4 0.32 9.0x105 1.9x106 | 0.47
531 2-MeTHF (298) 528 469 1.0 0.41 3.9x105 5.6x105 | 0.70
2-MeTHF (77) 511,548,596 | 470 5.6
3 PMMA(298) 526 472 0.9 0.82 9.4x10° 2.1x105 | 4.6
525 2-MeTHF (298) 527 471 1.8 0.86 4.8x10° 79x104 | 6.1
2-MeTHF (77) 509,547,594 | 472 49
4 PMMA(298) 529 470 0.6 0.84 1.4 x106 2.7x105 | 5.2
530 2-MeTHF (298) 529 470 1.7 0.98 5.6 x105 1.2x10% | 49.0
2-MeTHF (77) 512,550,597 | 471 5.4

aPredicted from TD-DFT calculations in THF at 298 K. PCalculated according to the equations kr= ¢ / T and knr = (1- ¢) / T, where kr
is the radiative rate constant, knr is the nonradiative rate constant, ¢ is the quantum yield, and T is the excited-state lifetime
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