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ABSTRACT: The orthometalated phenyl groups of the dimer [Ir(u-Cl){x*-C,N-(CsH;Me-py)},], ®

have been selectively brominated, at para-position with regard to the Ir—C bonds, with N- "
bromosuccinimide. The bromination leads to [Ir(u-Cl){x*-C,N-(CsH,MeBr-py)},],, which affords
the mononuclear derivatives Ir{x*-C,N-(C¢H,MeBr-py)},{x*-O,N-[OC(O)-py]}, Ir{x*-C,N-
(C¢H,MeBr-py) },{x*-0,0-(acac)}, and Ir{x*-C,N-(C4H,MeBr-py)},{x*-C,N-[CsH,-Mepy]} by
replacement of the chloride bridges by a picolinate anion, an acac group, and an orthometalated
2-phenyl-S-methylpyridine ligand, respectively. Complexes Ir{x*-C,N-(C¢H,MeBr-py)},{x*-O,0-
(acac)} and Ir{x*-C,N-(C4H,MeBr-py)},{x*-C,N-[C¢H,-Mepy]} have been subsequently post-
functionalized by means of palladium-catalyzed Suzuki—Miyaura cross-coupling to give Ir{x*-C,N-
(C¢H,MeR-py) },{x*-0,0-(acac)} (R = Me, Ph) and Ir{x*-C,N-(C4H,Me,-py) },{x*-C,N-[CsH,-Mepy]}. These [3b + 3b + 3b’]
mononuclear compounds are green-yellow emitters (488—580 nm) upon photoexcitation, in doped poly(methyl methacrylate)
(PMMA) film at 5 wt % at room temperature and 2-methyltetrahydrofuran (2-MeTHF) at room temperature and at 77 K. They
display lifetimes in the range 1.0—5.0 us and quantum yields in PMMA films and in 2-MeTHF at room temperature between 0.84
and 0.40.

H INTRODUCTION Bromination can be carried out using molecular bromine.’

However, it is hazardous and strongly irritant, and its reactions
are rarely selective. As a result, different brominating reagents
have been developed. Among them, N-bromosuccinimide

The selective functionalization of inactivated C—H bonds is a
target of paramount importance for modern chemistry.
Particularly relevant is the functionalization of aromatic

compounds because of the wide range of applications of (NBS) occupies a prominent Placig’y its accessibility, easy
these moieties in several fields, including material science. handling, and reasonable stability.”” With this reagent as
Traditional electrophilic aromatic substitution reactions are bromine source, Ackermann and co-workers have disclosed a
directed by the substituents of the arene. Electron donating heterogeneous ruthenium catalyst for the meta-selective C—H
groups promote substitutions at ortho- and para-positions, bromination of arylpyridines and purines,” whereas Huang and
whereas electron-withdrawing groups direct the electrophile to co-workers have developed a homogeneous ruthenium-system
meta-position, although rather harsh conditions are necessary for the meta-selective bromination of arenes bearing pyridyl,
for the reaction. In the past years, metal-catalyzed C—H bond pyrimidyl, and pyrazolyl groups.” The mechanistic proposal
functionalization has emerged as a promising alternative. includes the formation of a key intermediate coordinating two
However, only the functionalization at ortho-position appears orthometalated aryl-substituted heterocycles. The metal center
to be well solved, while the C—H functionalization of the meta- seems to direct the addition to its para-position of the resulting
and para-positions continues to be extremely challenging.l electron-rich arene. In agreement with this, Aoki and co-

Halides are versatile functional groups in organic synthesis. workers have described the selective bromination of the C—H
In recent years, with the advent of cross-coupling chemistry, bond disposed in para with regard to the C—M bond of
the importance of aryl-halides has been increased further, being orthometalated 2-aryl-pyridine chromophores, in homoleptic

currently classified as core building blocks in chemical
synthesis.” Traditional routes to form a carbon—halogen
bond generally afford poor regio- and chemoselectivities and
need harsh reaction conditions, which are compatible with a
scarce number of functional groups. To overcome these issues,
interesting metal-catalyzed direct C—H halogenation reactions
are being developed.” Particular interest is aroused by
bromination, when the halide should be used as intermediate
for cross-coupling chemistry, since the strength of the C—
halide bonds decreases as we go down the group in the
periodic table.*

and heteroleptic phosphorescent iridium(IIl) emitters.” DFT
calculations located a noticeable percentage of the HOMO of
the precursor at the brominated position. Several groups'® had
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previously employed pyridinium tribromide in the presence of
a catalytic amount of iron powder or interhalogens in
combination with a base (amines, carbonate, salts of carboxylic
acids, etc.) and a Lewis acid, for the bromination of different
class of o-aryl organometallic compounds in meta-position with
regard to the metal center, includin§ also some homoleptic
iridium(TII) phosphorescent emitters' * and iridabenzene and
iridabenzofuran complexes.'*®

Molecular iridium(III) phosphorescent emitters lie at the
forefront of modern photophysics'' and photochemistry.'” A
class of emitters of noticeable interest is formed by compounds
bearing three bidentate three-electron-donor ligands (3b), of
two different types, usually two orthometalated 2-aryl-pyridines
and other one. These molecules [3b + 3b + 3b’] are generally
prepared from [Ir(u-Cl)(3b),], dimers."> Thus, the selective
bromination of these starting materials should allow develop-
ing synthetic methodologies of postfunctionalization from the
origin, reducing the issues of competitive functionalization and
side reactions in subsequent steps. In the search for a proof of
concept validation of this hypothesis, we decided to start from
dimer [Ir(u-Cl){x*-C,N-(C¢H;Me-py)}], (1) to develop a
family of iridium(III) phosphorescent emitters, by means of
the selective bromination of the phenyl groups at para-position
with regard to the iridium atom, along with a subsequent cross-
coupling chemistry.

This paper proves the performance of the methodology,
reporting the preparation of three different types of
brominated [3b + 3b + 3b’] emitters, their use as substrates
for palladium-catalyzed cross-coupling reactions, and the
photophysical properties of the resulting new emitters.

B RESULTS AND DISCUSSION

Brominated Compounds. Treatment of dichloromethane
solutions of complex 1 with 2 equiv of NBS, at room
temperature, for 24 h produces the selective bromination of
the phenyl substituent of the four orthometalated phenyl-
pyridines, at para-position with regard to the iridium atom.
Bromination of the metal center or Br/Cl exchange between
the brominating reagent and complex 1 were not observed.
The C—H functionalization reaction affords dimer [Ir(u-
Cl){x*C,N-(C4H,MeBr-py)},], (2), which was isolated as a
yellow solid in 80% yield (Scheme 1). The 'H and *C{'H}

Scheme 1. Bromination of the Dimer 1 with NBS

1 2 (80%)

NMR spectra of the solid, in dichloromethane-d,, at room
temperature (Figure S1 and S2) display resonances due to only
one class of orthometalated phenylpyridine. Because the
rupture of the chloride bridges, in dichloromethane, at room
temperature is unlikely, this points out a symmetrical dimeric
structure. In principle, both a racemic pair and a meso form are
possible'* (Figure S17). DFT calculations (B3LYP-D3//
SDD(f)/6-31G**) reveal that the less sterically congested
racemic mixture is 6.7 kcal-mol™ more stable than the meso
form.

3212

A noticeable feature of the bromination reaction of 2 to be
highlighted is its high selectivity, including the absence of Br/
Cl exchange, which is not consistent with a radical substitution
reaction. We note that Leung and co-workers have carried out
the treatment of the dimer [Ir(u-Cl){x*-C,N-(C¢H,py)},]»
with pyridinium tribromide in the presence of iron powder. In
contrast to us, they isolated mixtures of [Ir(u-Br){x*-C,N-
(C¢H;Br-py)},], and IrBr{x*C,N-(C4H;Br-py) },(py).'* The
high selectivity observed in the reaction of Scheme 1 points
toward a HOMO controlled nucleophilic substitution, as
suggested by Aoki and co-workers.” In order to confirm it, we
analyzed the HOMO distribution in 1 and in the successive
brominated intermediates which should lead to 2 (Scheme 2).

Scheme 2. Intermediates for the Bromination of 1 to Give 2
Showing the HOMO Percentages on the Carbon Atoms of
the Phenyl Groups

The HOMO of 1 spreads through the metal centers (45%) and
the four orthometalated phenyl groups (48%), with higher
contribution of two of them coordinated to the same iridium
atom (16, 16, 7, and 7%). The analysis of the distribution
within these rings reveals that the carbon atoms disposed in
para-position with regard to the Ir—C bonds have the highest
HOMO percentage (5% each one). The bromination of one of
these centers affords the monobrominated intermediate A. The
HOMO of the latter is mainly delocalized on the iridium atoms
(45%) and the phenyl rings of the non-brominated
mononuclear fragment (19 and 18%). The carbon atoms
disposed trans to the Ir—C bonds are the centers of these rings
displaying the highest HOMO percentage again. The
bromination of one of them gives the dibrominated
intermediate B. A similar analysis on B reveals that the
following functionalized C—H bond should be that, trans
disposed to the Ir—C bond, of one of the non-brominated
phenyl groups. Its functionalization would give C, which could
subsequently afford 2. In summary, according to this analysis,
the tetrabromination of 1 is a sequential process, which takes
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Scheme 3. Complex 2 as Starting Material for the Preparation of [3b + 3b + 3b’] Compounds
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place in both mononuclear metal fragments in an alternate
manner.

Dimer 2 is certainly an excellent starting compound to
prepare brominated [3b + 3b + 3b’] emitters. As a proof of
concept validation, three different compounds were synthe-
sized in high yields starting from it (Scheme 3).

Treatment of tetrahydrofuran suspension of 2 with 2.1 equiv
of 2-picolinic acid and 2.1 equiv of KOH, at 60 °C, for 1.5 h
quantitatively leads to Ir{x*-C,N-(C¢H,MeBr-py)},{x*-O,N-
[OC(O)-pyl} (3), which can be also obtained in about 95%
yield by bromination of Ir{x*-C,N-(C¢H;Me-py)},{x*-O,N-
[OC(O)-py]} (4) with NBS in dichloromethane. In principle,
one would expect that the asymmetry of the picolinate anion
could generate some preference in the order of bromination of
the phenyl rings of 4. However, the analysis of the HOMO
within these rings reveals that both have the same HOMO
distribution (Chart 1).

Complex 3 was isolated as a yellow solid and characterized
by X-ray diffraction analysis. Figure 1 shows a view of the

Chart 1. HOMO Percentages on the Carbon Atoms of the
Phenyl Groups of 4
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Figure 1. ORTEP diagram of complex 3 (50% probability ellipsoids).
Hydrogen atoms are omitted for clarity. Selected bond lengths (&)
and angles (deg): Ir—N(1) = 2.034(4), Ir—N(2) = 2.046(4), Ir—N(3)
= 2.136(4), Ir—0(1) = 2.162(4), Ir—C(1) = 1.979(5), Ir—C(13) =
2.026(5), N(1)-Ir—-N(2) = 176.16(18), O(1)-Ir—C(1) =
173.37(16), N(3)—Ir—C(13) = 171.56(18).

molecule. The geometry around the iridium atom is the
expected octahedron with the pyridyl groups of the
orthometalated ligands situated mutually trans (N(1)—Ir—
N(2) 176.16(18)°). The picolinate anion lies at the
perpendicular plane along with the metalated carbon atoms
of the brominated groups (O(1)—Ir—C(1) = 173.37(16)° and
N(3)-Ir—C(13) = 171.56(18)°). The asymmetry of the
picolinate anion has a strong influence in the iridium-phenyl
bonds, which is revealed by the Ir—C(1) and Ir—C(13) bond
lengths. Thus, the former (1.979(5) A) is about 0.0S A shorter
than the second one (2.026(5) A), indicating a marked
difference in trans-influence between the pyridyl ring and the
CO, substituent. The structure shown in Figure 1 is consistent
with the "H and *C{'H} NMR spectra of the obtained solids,
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in dichloromethane-d,, at room temperature (Figure S3 and
S4), the most noticeable feature of which being the presence of
two singlets at 2.17 and 2.12 ppm in the 'H spectrum, due to
the methyl substituents of the inequivalent brominated phenyl
groups.

The chloride bridge ligands of 2 can be also replaced by
acetylacetonate (acac). The addition of 2.1 equiv of
acetylacetone and 2.1 equiv of KOH to tetrahydrofuran
suspensions of the dimer at 60 °C affords Ir{x*-C,N-
(C¢H,BrMe-py) },{x*-0,0-(acac)} (5) in almost quantitative
yield after 1.5 h. Similarly to 3, the yellow complex 5 was
further prepared by bromination of the acac-precursor Ir{x*-
C,N-(C¢H;Me-py) },{x*-0,0-(acac)} (6), in 84% yield, and
characterized by X-ray diffraction analysis. The structure
(Figure 2) resembles that of 3 with the acac group in the

Figure 2. ORTEP diagram of complex § (50% probability ellipsoids).
Hydrogen atoms are omitted for clarity. Selected bond lengths (A)
and angles (deg): Ir—N(1) = 2.034(10), Ir—N(2) = 2.044(10), Ir—
O(1) = 2.133(8), Ir=0(2) = 2.135(8), Ir—=C(1) = 1.994(12), Ir—
C(13) = 1.979(13), N(1)-Ir—N(2) = 175.7(4), O(1)-Ir—C(13) =
173.8(4), 0(2)-Ir—C(1) = 174.6(4).

position of the picolinate anion and N(1)—Ir—N(2), O(1)—
Ir—C(13), and O(2)—Ir—C(1) angles of 175.7(4)°, 173.8(4),
and 174.6(4)°, respectively. In contrast to 3, the symmetry of
the acac ligand gives rise to iridium—phenyl bonds statistically
identical of 1.979(13) A (Ir—C(13)) and 1.994(12) A (Ir—
C(1)). The presence of the acac group in the complex is also
strongly supported by its "H and "*C{'H} NMR spectra, in
dichloromethane-d,, at room temperature (Figure SS and S6),
which contain the characteristic singlets of this ligand at 5.27
and 1.78 (*H) and 185.2, 108.8, and 28.7 (*C{'H}) ppm.
The sequential addition of 2.0 mol of AgBF, and water to
the acetone solutions of 2 quantitatively generates the solvento
complex [Ir{x*-C,N-(C¢H,BrMe-py) },(H,0),]BF, (7), which
was isolated as a yellow solid in 84% yield. The presence of the
water ligands in this species was inferred from its "H NMR
spectrum, in dichloromethane-d,, at room temperature, which
contains a broad resonance centered at 4.3 ppm (Figure S7).
cis-Bis(aquo)iridium(III) compounds have proved to be aryl
recipients from boronated aryl-proligands, in base-assisted
transmetalation reactions.'> In agreement with this, the
treatment of the 2-propanol solutions of 7 with 1.5 equiv of
2-(2-pinacolborylphenyl)-S-methylpyridine in the presence of
40 equiv of K;PO,, at room temperature, for 24 h gives Ir{x’-
C,N-(C4H,BrMe-py) },{x*-C,N-[CsH,-Mepy]} (8), containing
an orthometalated 2-phenyl-5-methylpyridine ligand instead of
the picolinate or acac anions. Complex 8 was isolated as a
yellow solid in 70% yield (59% with regard to 2), after silica
column chromatography purification, and characterized by X-
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ray diffraction analysis. The structure (Figure 3) proves the
formation of the tris-pyridyl derivative and reveals a mer-

Figure 3. ORTEP diagram of complex 8 (50% probability ellipsoids).
Hydrogen atoms are omitted for clarity. Selected bond lengths (A)
and angles (deg): Ir—N(1) = 2.131(4), Ir—N(2) = 2.049(3), Ir—N(3)
=2.038(3), Ir—C(1) = 2.077(4), Ir—C(13) = 2.081(4), Ir—C(25) =
1.999(4), N(2)-Ir-N(3) = 171.24(14), N(1)-Ir—C(25) =
172.64(15), C(1)-Ir—C(13) = 176.02(16).

disposition for the pyridyl rings. Thus, the coordination
polyhedron around the metal center can be described as a
distorted octahedron with the pyridyl groups of the
brominated ligands mutually trans disposed (N(2)—Ir—N(3)
=171.24(14)°), whereas the pyridyl disubstituted ring and the
metalated carbon atoms of the phenyl groups lie at the
perpendicular plane, completing the metal coordination
(N(1)-Ir—C(25) = 172.64(15)° and C(1)-Ir—C(13) =
176.02(16)°). The iridium-phenyl bond lengths of 2.077(4)
(Ir—C(1)), 2.081(4) (Ir—C(13)), and 1.999(4) (Ir—C(25)) A
compare well with those of 3 and S. The structure is in
accordance with 'H and "C{'H} NMR spectra of the
compound, in dichloromethane-d,, at room temperature
(Figure S9 and S10). The most noticeable feature is the
presence of three methyl resonances in each one of them,
which appear at 2.20, 2.17, and 2.12 ppm in the 'H spectrum
and at 23.3, 23.2, and 18.3 ppm in the *C{'H} one.

Cross-Coupling Reactions. These reactions are one of the
most efficient tools to modify and enlarge the application range
of phosphorescent emitters.”>'*“'® Thus, they have been
employed to convert iridium(III) complexes bearing cyclo-
metalated 2-phenylpyridines or related ligands into emissive
polymers'” and dendrimers.'® Freixa and co-workers have
appended azobenzene moieties to the phenyl group, to study
the influence of the extended conjugation and substitution on
the photochromic properties of the resulting systems.'”
Williams” group has assembled multimetallic broad-band light
emitters, through coupling of mononuclear bis-terpyridyl
complexes with extended conjugation.”’

The C—C cross-coupling has been usually performed at no
hindered positions. Although bromine sites in 5§ and 8 are
sterically hindered by the presence of the methyl group in
ortho-position, these compounds undergo postfunctionaliza-
tion by Suzuki—Miyaura cross-coupling, with R—B(OH), (R =
Me, Ph), according to Scheme 4. The reactions were carried
out, in the presence of 4.0 equiv of K'BuO, in 4:1
toluene:tetrahydrofuran mixtures as solvent, at 90 °C, using a
20% mol of (2-dicyclohexylphosphino,2’,6’-
dimethoxybiphenyl)[2-(2’-amino-1,1-biphenyl]palladium(II)-
methanesulfonate (Sphos-Pd) as catalyst precursor. Complex
Sphos-Pd is a member of the palladium precatalysts family

https://doi.org/10.1021/acs.organomet.1c00408
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Scheme 4. Cross-Coupling Reactions for 5 and 8
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based on a 2-aminobiphenyl mesylate palladacycle, which
easily generates the palladium(0) active species under the
catalysis.”’ Under the reaction conditions, derivatives Ir{x*-
C,N-(C¢H,RMe-py)},{k*-0,0-(acac)} (R = Me (9), Ph (10))
and Ir{x*-C,N-(C¢H,Me,-py) },{x*-C,N-[CsH,-Mepy]} (11)
were quantitatively formed after 24 h and subsequently
purified by silica column chromatography, to be isolated as
yellow solids in 82, 75, and 74% yield, respectively.

Complex 11 was characterized by X-ray diffraction analysis.
The structure (Figure 4) confirms the postfunctionalization of

Figure 4. ORTEP diagram of complex 11 (S0% probability
ellipsoids). Hydrogen atoms are omitted for clarity. Selected bond
lengths (A) and angles (deg): Ir—N(1) = 2.117(3), Ir-N(2)
2.034(3), Ir-N(2a) = 2.034(3), Ir—C(8) = 2.037(3), Ir—C(8a)
2.037(3), N(2a)-Ir-N(2) = 172.42(14), N(1)-Ir—C(8a)
173.36(12), C(1a)-Ir—C(8) = 173.36(12)°.

the brominated compounds. The coordination polyhedron
around the metal center resembles that of 8, with N(2a)—Ir—
N(2), N(1)-Ir—C(8a), and C(la)—Ir—C(8) angles of
172.42(14)°, 173.36(12)°, and 173.36(12)°, respectively.
Photophysical and Electrochemical Properties of the
New [3b + 3b + 3b’] Emitters. Figures S18—S23 gather the
UV—vis spectra of 107> M solutions of complexes 3, 5, and 8—
11 in 2-methyltetrahydrofuran (2-MeTHF), at room temper-
ature, whereas Tables 1 and S1—S12 summarize the main
absorptions. In order to assign them we executed time-
dependent DFT calculations (B3LYP-D3//SDD(f)/6-31G**)
with tetrahydrofuran as solvent. Figures S25—S30 depict the
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frontier molecular orbitals. The spectra display three different
zones: <300, 300—450, and >450 nm. The strong absorptions
at the highest energy region are due to 'm—z* intra- and
interligand transitions. Bands in the middle region, 300 and
450 nm, correspond to metal to ligand along with intraligand
and ligand to ligand spin allowed charge transfers. The very
weak absorption tails after 450 nm were assigned to formally
spin forbidden transitions, mainly HOMO-to-LUMO, caused
by the large spin—orbit coupling introduced by the 5d metal.
The HOMO is delocalized between iridium atom (39—50%)
and the 3b ligands (52—56%), whereas the LUMO spreads on
the 3b ligands (89—96%) for 5 and 8—10 and on the 3b
ligands (77 and 63%) and the 3b’ group (20 and 36%,
respectively) for 3 and 11.

The redox properties of the new emitters were evaluated by
cyclic voltammetry, to gain more insight into their frontier
orbitals. The experiments were performed under argon
atmosphere, in dichloromethane solutions, with Bu,NPF as
supporting electrolyte (0.1 M). Figure S24 provides the
voltammograms, whereas Table 2 compiles the potentials
versus Fc/Fc'. The table furthermore collects the HOMO
energy levels, calculated from the oxidation potentials, and the
LUMO energy levels, estimated from the optical gap obtained
from the onset of emission, as well as DFT-calculated values.
Complexes 3, 5, 9, and 10 exhibit a quasireversible Ir(III)/
Ir(IV) oxidation, between 0.23 and 0.60 V, while complexes 8
and 11 display quasireversible oxidations from Ir(III)-to-Ir(IV)
and from Ir(IV)-to-Ir(V) at 0.21 and 0.76 V and 0.00 and 0.58
V, respectively. Reduction peaks were not observed in the
range from —1.5 to 1.5 V. The DFT-calculated HOMO—
LUMO gap values are between 3.51 and 3.64 eV and depend
upon the 3b’ ligand, decreasing as the picolinate anion is
changed by an acac group and the latter by an orthometalated
2-phenyl-5-methylpyridine ligand. In addition, it diminishes
when the bromides of the 3b ligands are replaced by methyl or
phenyl; i.e., according to the sequence 3 >5>8=102>9 >
11.

Complexes 3, 5, and 8—11 are green-yellow emitters (488—
580 nm) upon photoexcitation in doped poly(methyl
methacrylate) (PMMA) film at S wt %, at room temperature,
and 2-MeTHF at room temperature and at 77 K (Figures
S31—S48). Table 3 summarizes their main photophysical
features, including experimental and calculated wavelengths,
observed lifetimes, quantum yields, and radiative and non-
radiative rate constants.

The experimental wavelengths agree well with those
obtained through the estimation of the difference in energy
between the optimized triplet states T and the singlet states S,
in tetrahydrofuran. This indicates that the emissions should be
assigned to T, excited states. The emission wavelengths
depend upon the chemical nature of the 3b’ ligand. The energy
increases in the sequence 8 < § < 3, observing a shift of the
emission maximum toward blue as the orthometalated 2-
phenyl-5-methylpyridine ligand is replaced by an acac group
and the latter by the picolinate anion (Figure Sa), in good
agreement with the increase of the HOMO—-LUMO gap
according to the same sequence. An evident fact resulting from
the comparison of the spectra of Figure Sa is that picolinate
and acac groups give rise to narrower emissions than the
orthometalated 2-phenyl-5-methylpyridine ligand. This, which
is highly desirable for the OLED application, seems to be
related to a less pronounced difference between the excited-
state structure and the ground-state structure for 3 and $ than
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Table 1. Selected Calculated (TD-DFT in THF) and Experimental UV—Vis Absorptions for 3, 5, 8—11 (in 2-MeTHF) and

Their Major Contributions

Aexp (nm) e (M cm™) exc. energy (nm) oscillator strength, f
Complex 3
270 95 800 272 0.103
328 23200 327 0.044
360 10 800 359 0.0106
408 6900 425 (S,) 0.0578
457 3900 472 (T)) 0
Complex 5
273 89 374 268 0.4658
373 4014 376 0.0453
420 2302 433 (S)) 0.0547
470 1564 478 (T,) 0
Complex 8
276 85 800 276 0.0532
390 12 300 378 0.0795
455 5200 434 (S,) 0.0452
490 1900 472 (T)) 0
Complex 9
281 41 500 260 0.0613
320 17 300 340 0.0988
375 5500 374 0.0412
422 3100 441 (S,) 0.0562
475 2500 490 (T,) 0
Complex 10
278 103 500 270 0.0657
340 14200 339 0.101
379 7400 374 0.0436
429 3700 437 (S,) 0.0581
476 300 483 (T,) 0
Complex 11
276 114 500 280 0.0725
345 21700 350 0.0435
391 12300 383 0.0385
436 7100 442 (S)) 0.439
477 4500 482 (T,) 0

transition

H-6 — L +2 (54%)

H-3 = L +2 (58%)
HOMO — L + 3 (95%)
HOMO — LUMO (85%)
HOMO — LUMO (65%)

H-2 > L + 4 (42%)
H-1—> L+ 1 (95%)
HOMO — LUMO (97%)
HOMO — LUMO (81%)

H-6 — L +2 (32%)
H-4 —> L+ 3 (25%)
H-1 - L+ 1 (79%)
HOMO — LUMO (95%)
HOMO — LUMO (66%)

H-5 - L + 3 (40%)

H-3 — LUMO (86%)
H-1 > L+ 1(93%)
HOMO — LUMO (97%)
HOMO — LUMO (82%)

H-8 - L+ 1 (47%)

H-3 — LUMO (89%)
H-1 - L +1 (86%)
HOMO — LUMO (97%)
HOMO — LUMO (80%)

H-7 - L+ 1 (51%)

H-2 —» LUMO (70%)
H-1-L+1 (93%)
HOMO — LUMO (85%)
HOMO — LUMO (56%)

character of the transition”

(3b" — 3b)

(Ir + 3b - 3b)

(Ir + 3b — 3b + 3b’)
(Ir + 3b > 3b + 3b")
(Ir + 3b > 3b + 3b")

(3b - 3b)

(Ir + 3b’ = 3b)
(Ir + 3b - 3b)
(Ir + 3b - 3b)

(3b" — 3b)

(Ir + 3b" - 3b + 3b’)
(Ir + 3b - 3b)
(Ir + 3b - 3b)

(3b + 3b’ — 3b)
(Ir + 3b - 3b)
(Ir + 3b’ > 3b)
(Ir + 3b - 3b)
(Ir + 3b — 3b)

(3b + 3b" — 3b)
(Ir + 3b — 3b)
(Ir + 3b’ - 3b)
(Ir + 3b — 3b)
(Ir + 3b = 3b)

(3b - 3b + 3b)

(I + 3b + 3b" > 3b + 3b’)
(Ir + 3b + 3b" — 3b + 3b’)
(Ir + 3b > 3b + 3b)

(Ir + 3b > 3b + 3b")

“3b = {¥*-C,N-(C¢H,BrMe-py)}, {x*-C,N-(CsH,RMe-py)}; 3b’ = {x*-O,N-[OC(O)-py]}, {x*-0,0-(acac)}, {¥*-C,N-[C4H,-Mepy]}.

Table 2. Electrochemical and DFT Molecular Orbitals Energy Data for 3, 5, 8—11

obs (eV) caled (eV)
complex EV2_ (V) HOMO* Eoy’ LUMO® HOMO? LUMO? HLG¢
3 0.60 —5.40 2.60 —2.80 -5.16 —1.52 3.64
5 0.43 —523 2.55 —2.68 —5.04 —1.42 3.62
8 0.21, 0.76 -5.01 2.62 —2.39 —4.95 —-1.37 3.58
9 0.23 -5.03 2.52 -2.51 —4.80 -123 3.57
10 0.32 —5.12 2.57 —2.55 —4.89 -131 3.58
11 0.00, 0.58 —4.80 2.61 —2.18 —4.71 —-120 3.51

“HOMO = —[E,, vs Fc/Fc* + 4.8] eV. YEy, = onset of emission in 2-MeTHF at 77 K. “CLUMO = HOMO + Eg. “Values from DFT calculations.

“HLG = LUMO — HOMO.

for 8.*% As expected from the reduction of the HOMO—
LUMO gap as consequence of the replacement of the bromide
substituent of the phenyl groups of the 3b ligands by phenyl
and methyl, the performed cross-coupling reactions give rise to
a slight red shift of the emission maximum of the resulting
emitters, being bigger for methyl than for phenyl (Figure Sb).
This is consistent with previous observations pointing out that
the presence of halide substituents at the orthometalated
phenyl group causes an increase in the energy of the
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emission.'*"** The number of replaced bromides also appears
to influence the shift magnitude. In contrast to S, 9, and 10,
the effect of the substitution on the emission of the
monobrominated complex Ir{x*-C,N-(C¢H;Br-py) }{x*-C,N-
(CeH,4py) Hx*0,0-(acac)} is negligible.16C This compound
was prepared by activation of ortho-CH and ortho-CBr bonds
of two different molecules of 2-(2-bromophenyl)pyridine on
the same molecule of the dimer [Ir(u-Cl)(COE),], (COE =
cyclooctene).”* The emission spectra in PMMA film and in 2-
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Table 3. Photophysical Data of Complexes 3, 5, 8—11

caled. A, (nm)“ medium (T, K) Aem (nm)

Complex 3

511 PMMA (298) 507
2-MeTHF (298) 508
2-MeTHF (77) 489, 526

Complex §

522 PMMA (298) 520
2-MeTHF (298) 520
2-MeTHF (77) 504, 541

Complex 8

528 PMMA (298) 551
2-MeTHF (298) 565
2-MeTHF (77) 501, S31

Complex 9

536 PMMA (298) 532
2-MeTHF (298) 531
2-MeTHF (77) 515, 552

Complex 10

526 PMMA (298) 525
2-MeTHF (298) 528
2-MeTHF (77) 493, 532

Complex 11

556 PMMA (298) 580
2-MeTHF (298) 577
2-MeTHF (77) 488, 526

7 (ps) ¢ k (sh)” ko (s7)° ke/ ko,
LS 0.79 53 X 10° 1.4 x 10° 3.8
2.1 0.84 4.0 x 10° 7.6 x 10* 53
3.7
1.3 0.49 3.8 X 10° 3.9 x 10° 0.97
1.4 0.45 32 X 10° 3.9 x 10° 0.82
3.0
1.0 0.40 4.0 x 10° 6.0 X 10° 0.67
1.3 0.41 32 X 10° 45 % 10° 0.71
3.7
1.1 0.60 5.5 X 10° 3.6 X 10° L5
2.0 0.58 2.9 x 10° 2.1 X 10° 1.4
4.8
1.3 0.55 42 x 10° 3.5 % 10° 1.2
1.6 0.59 3.7 X 10° 2.6 X 10° 1.4
5.0
1.2 0.47 3.9 x 10° 44 x 10° 0.89
1.6 0.50 3.1 % 10° 3.1 % 10° 1.0
5.0

“From the DFT optimized structures (THF, 298 K, ZPE(T,)-ZPE(S,)). bk, = ¢/t and k,, = (1—-¢)/7, being k, the radiative rate constant, k,, the
nonradiative rate constant, ¢ the quantum yield, and 7 the lifetime of the triplet excited-state.

MeTHF at room temperature display broad structureless
bands. However, they have vibronic fine structures in 2-
MeTHEF at 77 K. Figure Sc shows the spectra of complex 3.
This suggests a significant contribution of ligand-centered
3p—m* transitions to the excited state.”’

The lifetimes are short and lie in a narrow range of 1.0—5.0
ps. The quantum yields, as the maximum of the emissions,
depend upon the nature of 3b’ ligand and the substituents of
the orthometalated phenyl group of the 3b ligands. The
quantum yields of the picolinate derivative 3 in PMMA and in
2-MeTHF at room temperature are about 0.80. The
replacement of the picolinate anion by an acac group decreases
the quantum yield values until close 0.50 and the replacement
of the latter by an orthometalated 2-phenyl-5-methylpyridine
ligand to 0.40. The substitution of the bromide at the 3b
ligands of the acac derivative 5 by methyl or phenyl, to afford 9
or 10, gives rise to an increase of the quantum yields, which
reach about 0.60. Similarly, the change of bromide by methyl
in 8 to form 11 improves the quantum yield to 0.50. Although
the effect of the substitution of bromide by methyl and phenyl
on the quantum yield is in this case moderate, it lies in line
with that observed for the replacement of the bromide of the
monobrominated compound Ir{x*-C,N-(C4H;Br-py) }{x*-C,N-
(CeH,py) Hx*-0,0-(acac)} by the same organic fragments.16C
In contrast, the incorporation of phenyl or methyl to the
orthometalated phenyl groups of Ir{x*-C,N-[C¢H,-pyl};
produces a significant decrease in the emission quantum
yield”® The radiative and nonradiative rate constants have
values of the same magnitude order and the ratio between
them is close to the unit.
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B CONCLUDING REMARKS

This study shows the selective bromination, with N-
bromosuccinimide, of the C—H bonds disposed in para-
position, with regard to the Ir—C bonds, of the phenyl
substituent of the orthometalated 2-phenylpyridine ligands of a
[Ir(u-Cl)(3b),], dimer. The tetrabromination is HOMO
directed and occurs in sequential and alternate manner in
both mononuclear metal fragments. The resulting function-
alized dimer is the origin of several types of functionalized
iridium(III) phosphorescent green-yellow emitters of class [3b
+ 3b + 3b’], which are easily and cleanly obtained in high yield,
by replacement of the chloride bridges by 3b’ ligands. These
functionalized emitters allow a subsequent postfunctionaliza-
tion through C—C cross-coupling reactions catalyzed by a
palladium-phosphine complex. Their photophysical properties
are dependent on the 3b’ ligands and, once it has been
established the 3b’ ligand, they can be fine-tuned by means of
the replacement of the bromine atoms by alkyl or aryl groups,
via cross-coupling reactions.

In summary, the selective bromination of the phenyl
substituent of the orthometalated 2-phenyl-pyridine ligands
of dimers [Ir(u-Cl)(3b),],, with N-bromosuccinimide, is a
nice synthetic methodology of C—H functionalization, to
implement the preparation of iridium(III) phosphorescent
emitters, which allows subsequent postfunctionalization and
prevents issues of unwanted reactions in successive steps.

B EXPERIMENTAL SECTION

General Information. All reactions were carried out with
exclusion of air using Schlenk-tube techniques or in a drybox.
Instrumental methods are given in the Supporting Information.
Chemical shifts (expressed in ppm) are referenced to residual solvent
peaks. Signals were assigned using also bidimensional NMR
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a) Emission Spectra of Complexes 3, 5, and 8 in
PMMA Film at 5 wt %
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Figure 5. Emission spectra for complexes 3, S, and 8—10.

experiments (‘H—'H COSY, 'H-"C{'H} HMBC and 'H-"*C{'H}
HSQC). The complexes [Ir(u-Cl){x*-C,N-(CsH;Me-py)}], (1),
Ir{K*-C,N-(C¢H;Me-py) },{x*-O,N-[OC(O)-py]} (4), and Ir{x*-C,N-
(CgH;Me-py) },{x*>-0,0-(acac)} (6) were prepared as published.”’
Reaction of [Ir(u-Cl){x*-C,N-(CsH;Me-py)l, (1) with N-
Bromosuccinimide: Preparation of [Ir(g-Cl){x*-C,N-(C¢H,MeBr-
py)}Ll; (2). N-Bromosuccinimide (315.6 mg, 1.77 mmol) was added
to a solution of [Ir(u-Cl){x>-C,N-(CsH;Me-py)}], (1) (500 mg,
0.443 mmol) in 15 mL of dichloromethane. The reaction was stirred
for 24 h at room temperature. After that time, the green suspension
was filtered over Celite to obtain a green solution which was
concentrated almost to dryness under a vacuum. The addition of 5
mL of diethyl ether afforded a yellow solid which was decanted and
washed with more diethyl ether (3 X S mL) and dried under a
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vacuum. Yield: 512 mg (80%). Elemental analysis calcd. for
C,sH3¢Br, I, N,: C: 39.93; H: 2.51; N: 3.88, found C: 40.12; H:
2.46; N: 3.75. HRMS (electrospray) m/z calcd for C,,H,¢Br,IrN, [M-
Ir(Br-p-tolylpyridine),ClL,]*: 686.9432, found 686.9485. 'H NMR
(Figure S1) (300 MHz, CD,Cl,, 298 K) 6 9.14 (4H, CH py), 7.85
(8H, CH py), 7.70 (4H, CH Ph), 6.83 (4H, CH py), 5.69 (4H, CH
Ph), 2.00 (12H, CH;). “C{'H}-apt NMR (Figure S2) (75 MHz,
CD,Cl,, 298 K) 6 167.0 (4C, C py), 151.8 (4C, CH py), 144.4 (4C,
C-Ir), 143.3 (4C, C Ph), 139.0 (4C, C—Br), 137.4 (4C, CH py),
132.9 (4C, CH Ph), 127.5 (4C, CH Ph), 123.3 (4C, CH py), 119.3
(4C, CH py), 118.3 (4C, C-Me), 23.2 (4C, CH,).

Preparation of Ir{k?-C,N-(C4H,MeBr-py)},{x-O,N-[OC(O)-pyl}
(3). This complex was prepared by two different procedures:

(a) Picolinic acid (45.9 mg, 0.372 mmol) and KOH (24.6 mg,
0.373 mmol) in 2 mL of methanol were added to a suspension of 2
(200 mg, 0.139 mmol) in 15 mL of THF. The mixture was stirred at
60 °C for 90 min. After that time, the suspension was dried under a
vacuum, treated with 15 mL of dichloromethane, and filtered over
Celite. The resulting yellow solution was concentrated under a
vacuum almost to dryness. The addition of S mL of pentane gave rise
a yellow solid which was washed with more pentane (2 X 4 mL) and
finally was dried under a vacuum. Yield: 220 mg (98%).

(b) N-Bromosuccinimide (274.1 mg, 1.54 mmol) was added to a
solution of 4 (500 mg, 0.768 mmol) in 15 mL of dichloromethane.
The reaction was stirred for 2 h. After that time the green suspension
was filtered over Celite to obtain a dark green solution. This solution
was concentrated almost to dryness. The addition of diethyl ether
afforded a yellow solid, which was washed with 3 X S mL of diethyl
ether and dried under a vacuum. Yield: $90 mg (95%). X-ray quality
crystals were grown by slow diffusion of pentane into a concentrated
solution of the solid in dichloromethane at 4 °C. Elemental analysis
caled. for C3,H,,BrIrN;0,: C: 44.56; H: 2.74; N: 5.20, found C:
44.36; H: 2.57; N: 5.12. IR (cm™) v(C=0) = 1650 (s). HRMS
(electrospray) m/z caled for C;H,,Br,IrN;NaO, [M + Nal*:
831.9573, found 831.9537. 'H NMR (Figure S3) (300 MHz,
CD,Cl,, 298 K) & 8.66 (1H, CH py), 8.23 (1H, CH py or Ph),
7.83 (8H, CH py or Ph), 7.46 (1H, CH py or Ph), 7.36 (1H, CH py
or Ph), 7.17 (1H, CH py), 6.99 (1H, CH py or Ph), 6.23 (s, IH, CH
Ph), 603 (s, 1H, CH Ph), 2.17 (3H, CH,), 2.12 (3H, CH,).
BC{'H}-apt NMR (Figure S4) (75 MHz, CD,CL, 298 K) 5 167.6,
166.5 (2C, C Ph), 152.5 (C py or Ph), 149.1 (CH py), 148.9, 148.7
(2C, CH py or Ph), 148.2, 146.2, 144.9, 144.8, 139.8, 139.3 (6C, C py
or Ph), 138.4, 138.1, 138.0 (3C, CH py or Ph), 135.1, 135.0 (2C, CH
Ph), 128.5, 128.3, 128.0, 123.1, 123.0, 119.7 119.2 (7C, CH py or
Ph), 118.5, 118.0 (2C, C py or Ph), 23.2 (2C, CH,).

Preparation of Ir{x?-C,N-(C4H,BrMe-py)},{x>-0,0-(acac)} (5).
This complex was prepared by two different procedures:

(a) Acetylacetone (82 uL, 0.812 mmol) and KOH (53.6 mg, 0.812
mmol) in 2 mL of methanol were added to a suspension of 2 (550
mg, 0.381 mmol) in 1S mL of THF. The mixture was stirred at 60 °C
for 90 min. After that time, the suspension was dried under a vacuum.
The residue was treated with 15 mL of dichloromethane and the
resulting suspension was filtered over Celite. The yellow solution was
concentrated under a vacuum almost to dryness. The addition of 5
mL of pentane led to a yellow solid which was washed with more
pentane (2 X 4 mL) and dried under a vacuum. Yield: $33 mg (89%).

(b) N-Bromosuccinimide (113.4 mg, 0.637 mmol) was added to a
solution of 6 (200 mg, 0.318 mmol) in 10 mL of dichloromethane.
The mixture was stirred for 24 h at room temperature. After that time,
the green suspension was filtered over Celite to obtain a green
solution which was concentrated almost to dryness under a vacuum.
The addition of S mL of diethyl ether gave rise to a yellow solid which
was decanted and washed with more diethyl ether (3 X S mL) and
dried under a vacuum. Yield: 174 mg (84%). X-ray quality crystals
were grown by slow diffusion of pentane into a concentrated solution
of the solid in dichloromethane at 4 °C. Elemental analysis calcd. for
C,oH,Br,IrN,0,: C: 44.34; H: 3.21; N: 3.57, found C: 44.63; H:
3.15; N: 3.32. IR (em™") »(C=0) = 1579 (s). HRMS (electrospray)
m/z caled for Co,H Br,IrN, [M — acac]*: 686.9432, found 686.9477.
'"H NMR (Figure SS) (300 MHz, CD,ClL, 298 K) & 8.43 (2H, CH
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py), 7.81 (4H, CH py), 7.72 (2H, CH Ph), 7.20 (2H, CH py), 6.08
(2H, CH Ph), 527 (1H, acac-H), 2.10 (6H, Ph—CH;), 1.78 (6H,
acac-CH;). *C{'H}-apt NMR (Figure S6) (75 MHz, CD,Cl,, 298 K)
5 1852 (2C, C=0 acac), 167.1 (2C, C py), 148.6 (2C, C—H py),
146.1 (2C, C Ph), 145.7 (2C, C—Ir), 138.5 (2C, C—Br), 137.8 (2C,
C—H py), 135.8, 127.6 (4C, C—H Ph), 122.5, 119.0 (4C, C—H py),
117.7 (2C, C-CH,), 100.8 (CH acac), 28.7 (2C, CH, acac), 23.1 (2C,
CH,).

Preparation of [Ir{x?-C,N-(C¢H,BrMe-py)},(H,0),1BF, (7).
Silver tetrafluoroborate (134.9 mg, 0.693 mmol) was added to a
solution of 2 (500 mg, 0.346 mmol) in 15 mL of acetone. The
suspension was stirred for 2 h in absence of light and filtered over
Celite to afford a yellow solution. Then, water (500 uL, 27.7 mmol)
was added and the solution was stirred for 1 h. After that time, the
resulting solution was dried under a vacuum and pentane (2 X S mL)
was added to break the oily product. Yield 468 mg (84%). Elemental
analysis caled. for C,,H,,BBr,F,IrN,0,: C: 35.62, H: 2.74, N: 3.46,
found C: 35.79, H: 3.11, N: 3.26. IR (ecm™) v(H,0) 3434, (br),
v(BF,) 1042 (s). HRMS (electrospray) m/z calcd for C,,H;¢Br,IrN,
[M — 2H,0]": 686.9432, found 686.9458. '"H NMR (Figure S7) (300
MHz, CD,Cl,, 298 K) & 8.90 (2H, CH py), 7.93 (2H, CH py), 7.86
(2H, CH py), 7.71 (2H, CH Ph), 7.42 (2H, CH py), 5.96 (2H, CH
Ph), 4.57—4.02 (4H, broad, H,0), 2.09 (6H, CH,). “C{'H}-apt
NMR (Figure S8) (75 MHz, CD,Cl,, 298 K) & 166.1 (4C, C py and
Ph), 150.0 (2C, CH py), 1454 (2C, C-Ir), 139.6 (2C, C-CH,),
139.5 (2C, CH py), 135.6 (2C, CH Ph), 134.0 (2C, C—Br), 128.0
(2C, CH Ph), 123.7 (2C, CH py). 119.5 (2C, CH py), 23.2 (2C,
CH,).

Preparation of Ir{x?-C,N-(C4H,BrMe-py)},{x?-C,N-[C4H,-
Mepyl} (8). 2-(2-Pinacolborylphenyl)-S-methylpyridine (256 mg,
0.867 mmol) and K;PO, (491 g 23.12 mmol) were added to a
solution of 7 (468 mg, 0.578 mmol) in 30 mL of 2-propanol. The
resulting orange suspension was stirred for 24 h. After that time, the
suspension was dried under a vacuum. The residue was treated with
30 mL of dichloromethane and filtered over Celite. The solution was
concentrated almost to dryness. The addition of pentane (2 X S mL)
gave a yellow solid which was purified by a silica column
chromatography using toluene as eluent. Yield 342 mg (70%). X-
ray quality crystals were grown by slow diffusion of pentane into a
concentrated solution of the solid in dichloromethane at 4 °C.
Elemental analysis calcd. for C34H,sBr,IrN5: C: 50.59; H: 3.30; N:
4.92, found C: 50.35; H: 3.33; N: 4.84. HRMS (electrospray) m/z
caled for C,,H;¢Br,IrN, [M — MePyPh]*: 686.9432, found 686.945.
'"H NMR (Figure S9) (300 MHz, CD,Cl, 298 K) § 8.04 (1H, CH
py), 7.86 (2H, CH py or Ph), 7.76 (SH, CH py or Ph), 7.55 (4H, CH
py or Ph), 6.95 (1H, CH py or Ph), 6.89 (1H, CH py or Ph), 6.78
(3H, CH py or Ph), 6.43 (1H, CH Ph), 6.24 (1H, CH Ph), 2.20, 2.17,
2.12 (9H, 3 CH,;). “C{'H}-apt NMR (Figure S10) (75 MHz,
CD,Cl,, 298 K) 6 175.6 (C py or Ph), 174.1 (C Ph), 169.3 (C py or
Ph), 166.6 (C py or Ph), 166.0 (C py or Ph), 158.5 (C py or Ph),
153.5 (CH py), 151.4 (CH py or Ph), 148.4 (CH py or Ph), 146.0
(C-Ir), 145.6 (C—Ir), 143.3 (C-Ir), 139.2 (C py or Ph), 138.9 (C
py or Ph), 138.2 (CH py or Ph), 137.8 (CH py or Ph), 136.3 (CH py
or Ph), 135.7 (CH Ph), 135.0 (CH py or Ph), 133.3 (CH Ph), 132.9
(C py or Ph), 129.9, 128.1, 127.7, 124.4, 122.8, 122.1, 121.9, 119.2,
118.9 (9C, CH py or Ph), 118.0 (C-CHj,), 115.6 (C-CH;), 23.3, 23.2,
18.3 (3C, CHj,).

Preparation of Ir{x-C,N-(CsH,Me,-py)},{k?-0,0-(acac)} (9). A
Schlenk with a PTFE stopcock was charged with § (250 mg, 0.318
mmol), methylboronic acid (114.2 mg, 1.91 mmol), potassium fert-
butoxide (142.8 mg, 1.27 mmol), Sphos-Pd (49.6 mg, 0.0636 mmol),
8 mL of toluene and 2 mL of THF. The yellow solution was stirred in
the dark, at 90 °C for 24 h. After that time, the mixture was dried
under a vacuum. The crude was purified by silica column
chromatography, using toluene as eluent, to afford a yellow solid.
Yield: 172 mg (82%). Elemental analysis caled. for C;;H3 IrN,0,: C:
56.78; H: 4.76; N: 4.27, found C: 57.03; H: 4.45; N: 3.98. IR (cm_l)
v(C=0) = 1579 (s). HRMS (electrospray) m/z calcd for
CyH;y IrN,0, [M*]: 656.2011, found 656.2069. '"H NMR (Figure
S11) (300 MHz, CD,Cl,, 298 K) & 8.45 (2H, CH py), 7.85—7.79
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(2H, CH py), 7.77-7.70 (2H, CH py), 7.35 (2H, CH Ph), 7.12 (2H,
CH py), 5.97 (2H, CH Ph), 525 (1H, CH acac), 2.14 (6H, Ph—
CH,;), 1.98 (6H, Ph—CH,), 1.77 (6H, CH, acac). *C{'H}-apt NMR
(Figure S12) (75 MHz, CD,Cl,, 298 K) 5 184.9 (2C, C=0 acac),
168.9 (2C, C py), 148.5 (2C, CH py), 144.1 (2C, C Ph), 143.3 (2C,
C-Ir), 138.3 (2C, C Ph), 137.2 (2C, CH py), 134.7 (2C, CH Ph),
129.1 (2C, C Ph), 125.3 (2C, CH Ph), 121.4 (2C, CH py), 1184
(2C, CH py), 100.6 (CH acac), 28.8 (2C, CH; acac), 20.0 (2C, Ph-
CH,), 19.5 (2C, CH,).

Preparation of Ir{x?-C,N-(CsH,PhMe-py)},{x2-0,0-(acac)}
(10). A Schlenk with a PTFE stopcock was charged with § (200
mg, 0.255 mmol), phenylboronic acid (124.4 mg, 1.02 mmol),
potassium fert-butoxide (114.5 mg, 1.02 mmol), Sphos-Pd (39.7 mg,
0.0509 mmol), 8 mL of toluene and 2 mL of THF. The yellow
solution was stirred in the dark, at 90 °C for 24 h. After that time, the
mixture was dried under a vacuum. The crude was purified by silica
column chromatography, using toluene as eluent, to afford a yellow
solid. Yield: 150 mg (75%). Elemental analysis calcd. for
C;H; 1 IrN,0,: C: 56.78; H: 4.76; N: 4.27, found C: 56.52; H:
4.87; N: 4.12. IR (em™) 1(C=0) = 1577(s). HRMS (electrospray)
m/z caled for C3H,gIrN, [M — acac]™: 681.1878, found 681.1864.
'"H NMR (Figure S13) (300 MHz, CD,Cl,, 298 K) § 8.51 (2H, CH
py), 7.88—7.80 (2H, CH py or Ph), 7.81-7.70 (2H, CH py or Ph),
7.45 (2H, CH Ph), 7.42—7.25 (10H, CH py or Ph), 7.23—-7.14 (2H,
CH py or Ph), 6.17 (2H, CH Ph), 5.29 (1H, CH acac), 2.01 (6H,
CH, Ph), 1.82 (6H, CH; acac). *C{'H}-apt NMR (Figure S14) (75
MHz, CD,Cl,, 298 K) & 185.1 (2C, C=0O0 acac), 168.6 (2C, C py),
148.6 (2C, CH py), 146.5 (2C, C Ph), 143.8 (2C, C Ph), 143.0 (2C,
C Ph), 137.5 (2C, CH py or Ph), 136.8 (2C, C py or Ph), 135.4 (2C,
CH py or Ph), 129.8 (4C, CH Ph), 128.4 (4C, CH Ph), 126.7 (2C,
CH py or Ph), 125.5 (2C, CH py or Ph), 122.0 (2C, CH py or Ph),
118.8 (2C, CH py or Ph), 100.8 (CH acac), 28.8 (2C, CHj acac),
20.8 (2C, Ph-CH,).

Preparation of Ir{x?-C,N-(CsH,Me,-py)},ix?-C,N-[CsH,-Mepyl}
(11). A Schlenk with a PTFE stopcock was charged with 8 (150 mg,
0.176 mmol), methylboronic acid (63.0 mg, 1.05 mmol), potassium
tert-butoxide (79 mg, 0.704 mmol), Sphos-Pd (27.2 mg, 0.0352
mmol), 8 mL of toluene and 2 mL of THF. The yellow solution was
stirred in the dark, at 90 °C for 24 h. After that time, the mixture was
dried under a vacuum. The crude was purified by column
chromatography, using toluene as eluent, to obtain a yellow solid.
Yield: 95 mg (74%). X-ray quality crystals were grown by slow
evaporation of the solvent of a concentrated solution of the solid in
pentane at 4 °C. Elemental analysis calcd. for C3sH3,IrN;: C: 62.96;
H: 4.73; N: 5.80, found C: 63.12; H: 4.95; N: 5.63. HRMS
(electrospray) m/z caled for C,gH ,IrN, [M — MePyPh]*: 557.1594,
found 557.1576. "H NMR (Figure S15) (300 MHz, CD,Cl,, 298 K) §
8.06 (1H, CH py), 7.91-7.71 (6H, CH py or Ph), 7.65—7.44 (6H,
CH py or Ph), 7.00—6.91 (1H, CH py or Ph), 6.92—6.86 (2H, CH py
or Ph), 6.76—6.70 (1H, CH py or Ph), 6.36 (1H, CH Ph), 6.17 (1H,
CH Ph), 2.23, 221, 2.14, 2.10, 2.09 (1SH, 5 CH,). *C{'H}-apt
NMR (Figure S16) (75 MHz, CD,Cl,, 298 K) 6 177.7 (C py or Ph),
172.5 (C py or Ph), 171.3 (C Ph), 171.3, 168.3, 166.3, 156.9 (4C, C
py or Ph), 153.4 (CH py), 151.6 (CH py or Ph), 148.3 (CH py or
Ph), 146.2, 143.2, 140.7 (3C, C-Ir), 139.1, 138.9 (2C, C py or Ph),
138.1, 137.8, 135.7, 134.4, (4C, CH py or Ph), 134.3 (CH Ph), 132.5
(C py or Ph), 132.1 (CH Ph), 129.6 (CH py or Ph), 128.9, 126.9
(2C, C py or Ph), 125.7, 125.3, 124.3, 121.7, 121.5, 121.0, 119.0,
118.7, 118.4 (9C, CH py or Ph), 20.3, 20.2, 19.9, 19.7, 18.3 (SC,
CH,).
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