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ABSTRACT: The application of a chiral auxiliary ligand to
control the diastereoselectivity in the synthesis of a cyclometalated
iridium(III) complex is presented. The diastereomeric iridium-
(IIT) complexes 1a and 1b are reported, in which a phenoxyoxazo-
line auxiliary ligand incorporates a chiral center functionalized
with a pendant pentafluorophenyl group. The diastereomers were
readily separated, and their structural, electrochemical and
photophysical properties are discussed. Solution-state NMR data
and X-ray crystal structures establish that the pentafluorophenyl
group engages in intramolecular 7—7 interactions. The X-ray
analysis reveals that the two diastereomers display very different
modes of intramolecular stacking. The variable-temperature

(As, AR) 66% yield (Ar, As) 30% yield
® Reproducible diastereoselectivity due to intramolecular m—mt interactions

* High EQE PhOLEDs for a highly fluorinated Ir complex (25% at 270 cd m2)

F NMR data indicate that rotation of the pendant pentafluorophenyl rings in 1b and la is a temperature-dependent
process and that there is a smaller energy barrier to rotation in 1b in comparison to la. This correlates with variable-
temperature photoluminescence data, which show that upon heating the integrated emission intensity is reduced substantially
more for 1b than for 1a, which is ascribed to the enhanced rotation in 1b, providing a more easily populated nonradiative
pathway in comparison to la. These experimental data are supported by computational calculations. Phosphorescent organic
light-emitting devices (PhOLEDs) using la as the dopant complex give blue-green emission with a high maximum external
quantum efficiency (EQE,,,,) of 25.8% (at ca. 270 cd m™2) and with a low efficiency roll-off to 24.9% at 1000 cd m™2. Our
results extend the scope of ligand design for cyclometalated iridium complexes which possess interesting structural and emission

properties.

B INTRODUCTION

Iridium(III) complexes have been widely studied in applica-
tions”? such as photocatalysis,” biological labeling,” and
sensing’ and as emitters in highly efficient phosphorescent
organic light-emitting devices (PhOLEDs).°”"> They possess a
range of advantageous properties such as high luminescence
quantum efficiency (@), microsecond-scale phosphorescence
lifetime (7), and good electrochemical stability, while their
metal—ligand based photochemistry has enabled their emission
color to be tuned across the entire visible spectrum through
appropriate synthetic modifications.'*~">

Notably, highly phosphorescent heteroleptic complexes
have received significant interest because they can be syn-
thesized under milder conditions in comparison to fac-
homoleptic complexes, allowing a wider scope for structural
variation.'™"? They typically feature two cyclometalating C"N
chelates, which function as luminophores, alongside a third
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auxiliary ligand that is not directly involved in the excited
state (ancillary) but instead can influence emission color
and orbital mixing through tuning of the energy of the Ir d
orbitals.” >

An interesting way to alter this classic system is through the
incorporation of phenoxyazole-based ligands as the third che-
late, which provides unusual complexes where the auxiliary
ligands feature significant frontier orbital contribution. Several
highly emissive derivatives have been reported by our group
and others, including application in efficient PhOLEDs.”” ™"
In particular, we have established that synthetic modification of
such auxiliary ligands can be used to control emission color
through tuning either the frontier orbital energies or the emis-
sion bandwidth.”**’
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Noncovalent interactions are another promising tool for
altering the photophysical properties of luminophores.””** Their
incorporation can offer synthetic control while avoiding the
difficulties associated with the construction of covalent
bonds. For example, in a sky blue bis[2-(4,6-difluorophenyl)-
pyridinato-C% N](picolinato)iridium(ITI) (FIrpic) based sys-
tem, a comparison of hydroxy- and methoxy-substituted deriv-
atives unequivocally established that intramolecular hydrogen
bonding decreased the nonradiative decay rate (k) by 1 order
of magnitude and increased PhOLED operating time by over
50%.”

Intramolecular 7—7 stacking has been incorporated into a
few specific iridium complexes® " and has been shown to
improve the operational stability of light-emitting electro-
chemical cells (LEECs).*® In addition, intramolecular 7—7 inter-
actions can rigidify complexes, thereby enhancing their photo-
luminescence quantum yields (PLQYs)*>*® when perfluoroaryl
groups are included to augment stacl<ing.39_4 However, it is
difficult to determine the exact consequences of intramolecular
stacking, as its presence/absence inevitably alters secondary
electronic and/or steric factors.””*~**

In this study we intended to circumvent this issue by study-
ing the new diastereomeric complexes la and 1b (Figure 1).

Figure 1. Structures of diastereomeric complexes 1a and 1b with their
3D configurations. The colored rings engage in intramolecular 7—7x
interactions.

Their phenoxyoxazoline auxiliary ligands (6; Figure 2)
incorporate a chiral center functionalized with a pendant
pentafluorophenyl group. As la and 1b are diastereomeric,
they are expected to have nearly identical electronic pro-
perties. However, the pentafluorophenyl ring was expected to
display different stacking modes in la and 1b.*>* Con-
sequently, it was anticipated that any significant differences
in the photophysical properties of la and 1b would be
specifically related to the nature of their intramolecular 7—x
interactions.

The diastereomers la and 1b were separated, and their
structural, electrochemical, and photophysical properties are
reported. Experimental data are supported by a density
functional theory (DFT) study. In particular, variable-temper-
ature (VT) F NMR and photoluminescence (PL) measure-
ments provide insights into the influence of the intramolecular
7m—rx interactions on the solution photophysical properties of
1a and 1b. Vacuum-processed PhAOLEDs doped with 1a as the
emitter demonstrate notably good performance for a
perfluoroaryl-functionalized Ir complex.

B RESULTS AND DISCUSSION

Synthesis. Monari, Bandini, Ceroni, and co-workers previ-
ously demonstrated that chiral phenoxyoxazoline auxiliary

ligands functionalized with pendant phenyl rings afford highly
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Figure 2. Syntheses of the chiral auxiliary ligand 6 and the diastere-
omeric complexes 1a and 1b.

emissive Ir complexes, the diastereomers of which were
separated.30 Weak intramolecular 77—z interactions were
observed between cyclometalating pyridyl and pendant phenyl
moieties in the Ag, Ap diastereomers (stereochemistry anal-
ogous to 1a) by X-ray crystallography, with centroid—centroid
distances of 3.65—4.31 A. Inspired by this work, we devised
the chiral auxiliary ligand 6 with a pendant pentafluoro-
phenyl group to enhance intramolecular 7—7 interactions.*”~*!
2-(2,4-Difluorophenyl)pyridine (dfppy) cyclometalating ligands
were selected because they afforded higher PLQYs in
comparison to 2-(phenyl)pyridine (ppy) in previous work.*
In addition, when they are implemented alongside the CF;
group on the phenoxy moiety of the auxiliary ligand, these
ligands would allow the study of intramolecular 7—7 inter-
actions in a system with an emission energy higher than that of
Ir(ppy)s.”

The synthetic scheme for the ligand 6 and complexes 1a and
1b is shown in Figure 2. The racemic aminoethanol derivative
4 was synthesized via the dihydroxylation of pentafluoro-
styrene (2) followed by the Ritter rearrangement of 3. Subse-
quent ZnCl)-catalyzed condensation with the commercial
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Figure 3. Aromatic regions of the '"H NMR spectra of crude 1 and the resolved diastereomers la and 1b in d,-1,1,2,2-tetrachloroethane to
highlight the ca. 2:1 diastereomeric ratio. Legend: (*) residual d;,H;-1,1,2,2-tetrachloroethane in the NMR solvent; (#) CH,Cl,. Chemical shifts

are given in ppm.

benzonitrile derivative § afforded racemic 6 in 41% yield.
Reaction of 6 with the racemic dimeric complex [Ir(dfppy),(u-
Cl)], resulted in near-quantitative conversion to the diaster-
eomers la and 1b, which were each formed as a racemic pair of
enantiomers. Anhydrous diglyme was selected as solvent to
avoid any nucleophilic aromatic substitution side reactions on
the perfluoroaryl ring of 6.

The diastereomers la and 1b were easily separated
via column chromatography and isolated in yields of 66%
and 30%, respectively. Analysis of the crude evaporated
reaction mixture by "H NMR (Figure 3) indicates a similar
diastereomeric ratio, i.e. 2:1 in favor of 1a, as does a trace of
the UV detector output from the preparative flash chromatog-
raphy system used to separate la and 1b (Figure S19).
d,-1,1,2,2-Tetrachloroethane was used as the NMR solvent in
this study due its high boiling point, which enabled the VT
NMR study reported below. The diastereoselectivity is
reproducible. Importantly, no discernible diastereoselectivity
was reported for nonperfluorinated analogues,*® indicating that
perfluorination of the pendant ring on 6 is responsible for the
diastereoselectivity encountered during the synthesis of 1a and
1b. We propose that this is due to more favorable intra-
molecular 7—7 interactions in la than in 1b (see X-ray
diffraction and VT NMR data below), as perfluorination is
known to enhance z—7 stacking’®™*' and Ar—H and Ar—F
groups exert very similar steric effects.” Such a combination of
diastereoselectivity and clean diastereomer separation is
noteworthy. The separation of diastereomeric monoiridium
complexes is often challenging™ and has previously required
HPLC separation.”” Previously reported separations have often
focused on statistical distributions of isomers for which no
diastereoselectivity was observed.””>° The only completely
diastereoselective synthesis of a diastereomeric monoiridium
complex that we are aware of affords complexes with poor
photophysical performance due to their proline auxiliary
ligands (PLQY < 10%).*

The complexes show good thermal stability with decom-
position temperatures (T, corresponding to 5% weight loss) of

Table 1. Selected Geometrical Parameters (Bond Distances
in A)

1a“ 1b
space group P2,/n I4,/a
stereochemistry Ar/Ag Ag/Ag

Bonds to Cyclometalating Ligands
1.99(1)/2.00(1) 1.994(3)
2.01(1)/2.00(1) 1.999(3)

2.026(9)/ 2.028(2)
2.02(1)

2.06(1)/2.04(1) 2.049(2)
Bonds to Auxiliary Ligand

Ir—C (trans-O)
Ir—C (trans-N)
Ir—N, stacked

Ir—N, nonstacked

jrae} 2.117(8)/ 2.137(2)
2.134(7)

I—N 2.140(8)/ 2.165(2)
2.14(1)

deviation of phenoxy plane from Ir-N1-01  25.0/24.2 33.8

coordination plane, deg
Intramolecular Stacking (7—7)
6, deg® 5.0/6.7 7.8
D, A° 3.30 3.33

“Contains two crystallographically nonequivalent molecules. “Inter-
planar angle between pendant pentafluorophenyl ring A of the
ancillary ligand and ring B of the cyclometalating ligand (pyridine for
1a, phenyl for 1b; see Figure 4). “Distance between the plane of ring
B and the centroid of ring A.

ca. 320 °C by thermal gravimetric analysis (TGA) (Figures S25
and S26).

Intramolecular z—z Interactions. X-ray Crystallogra-
phy. The molecular structures of la and 1b were studied by
single-crystal X-ray diffraction. Important parameters are
summarized in Table 1, and the structures are shown in
Figure 4.

The crystals are racemic for both diastereomers, while the
crystal of la contains two crystallographically nonequivalent
molecules (Figure S29). Complexes la and 1b both have
distorted-octahedral coordination about their Ir centers as
expected, with the N atoms of the cyclometalating ligands
occupying positions axial to the plane of the phenoxyoxazoline
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Figure 4. (top) Two depictions of the X-ray crystal structure of Agp-la. The left OLEX2®' perspective plot highlights intramolecular 7—7x
interactions. The central structure is drawn in the same projection as this plot to clarify the differing stereochemistry of the diastereomers. The right
perspective plot is projected along the auxiliary ligand Ir=N—O coordination plane. Cyclometalating ligands are drawn in green and blue, while the
auxiliary ligand is drawn in red. (bottom) Similar diagrams for Ag-1b. Thermal ellipsoids are drawn at the 50% probability level, and H atoms are
omitted for clarity. Vector D identifies intramolecular 7—7 interactions (see Table 1 and discussion in the text).

ligand coordination and trans to each other. The phenoxyox-
azoline ligand 6 coordinates via a six-membered N*O chelate
as expected.””

The structure of the Ag/Ag diastereomer 1a features slipped
face-to-face intramolecular 7z—7x interactions (vector D in
Figure 4) between the pendant pentafluorophenyl group
(ring A) and the pyridyl component of a cyclometalating
ligand (ring B) (Figure 1). This is analogous to the case for
Ar/Ag nonfluorinated analogues,"’O although the stacking in 1a
is closer (D = 3.30 A vs 3.57 A) due to perfluorination of the
pendant aryl group, as intended.

Close intramolecular stacking (D = 3.33 A) is also observed
for the diastereomer 1b (Figure 4, bottom). However, unlike
the case for la, the stacking is between the pendant
pentafluorophenyl group (ring A) and one of the cyclo-
metalating phenyl moieties (ring B). The face-to-face overlap is
greater (less slipped) for 1b than for 1a. However, the stacking
in 1b is not as close and is less parallel (1a, 6 = 5.0/6.7°,
D =330 A; 1b, 0 = 7.8°, D = 3.33 A; see Table 1). The
stacking in both 1a and 1b is facilitated by distortion of the
auxiliary ligand from its coordination plane to increase the
intramolecular 7—7 overlap. For 1a, the plane of the phenoxy
ring is bent from the auxiliary ligand’s Ir=N—O coordination
plane by 24.2/25.0°, whereas for 1b a larger distortion of 33.8°
is required to facilitate stacking. These distortions are much
greater than those for literature analogues that do not feature
perfluoroaryl rings (5.8—15.6°).”>*" Such notable distortions
to enhance stacking in 1a and 1b (particularly 1b) highlight
the effectiveness of perfluorination for promoting 7—n
interactions.

To summarize, the intramolecular 7—7 stacking appears to
be marginally weaker in 1b than for 1a while also requiring a
greater structural distortion of the ancillary ligand to facilitate it.

This indicates that the intramolecular 7—7 interactions are
more favorable in 1a, which is reinforced by the diaster-
eoselectivity of the complex formation and the VT NMR data
below.

Variable-Temperature '’F NMR Spectroscopy. The intra-
molecular 7—7 interactions in 1a and 1b were also studied in
solution by VT '”F NMR spectroscopy (Figure 5) to compli-
ment the single-crystal X-ray data.

At 25 °C (Figure S, top left) both diastereomers exhibit five
F environments between ca. —140 and —160 ppm of equal
integration, which are assigned to the pentafluorophenyl
groups. The presence of five distinct environments (in contrast
to the case for the free ligand 6, for which there are three
environments; Figure S15) is ascribed to a breakdown
in molecular symmetry and indicates that the intramolecular
m—r interactions in both la and 1b are strong enough to
restrict rotation of the pendant pentafluorophenyl units in
solution.”® No such restriction of rotation is observed in the 'H
NMR spectra of the nonperfluorinated analogues reported by
Monari, Bandini, and Ceroni, indicating that the intramolecular
m—7m interactions in our perfluorinated derivatives are
stronger.30

Meta "’F—"’F coupling appears to be absent from the spectra,
as previously reported for other heavily fluorinated aro-
matics.”***7>° Consequently, diastereomers la and 1b both
display well-resolved triplets corresponding to the pentafluor-
ophenyl 4-positions at room temperature. However, whereas
the signals corresponding to the 2-, 3-, 4-, and S-positions
are sharp for 1a, they are broader and less well-defined for 1b.
This suggests that rotation of the pentafluorophenyl group at
room temperature is more restricted (i.e., exchange is slower)
for 1a, and this was further investigated using VT YF NMR
spectroscopy.
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Figure 5. (top left) Expansions of the pentafluorophenyl regions of the '’F NMR spectra of 1a and 1b at room temperature. (bottom left) VT "F
NMR spectra for 1a recorded between 25 and 100 °C. (right) VT '"F NMR spectra for 1b recorded between 25 and 100 °C. All spectra were
recorded in d,-1,1,2,2-tetrachloroethane, temperatures are +5 °C, and chemical shifts are in ppm.

Upon heating, no significant change is observed in the
shape of the triplets corresponding to the 4-positions across
the entire temperature range for both 1la and 1b. This
is expected, as the 4-positions are para to the freely rotating
C—C bond.

For 1a the signals corresponding to the 2- and 6-positions
slightly broaden upon heating to 100 °C, resolving into
doublets (Figure S, bottom left). They also move toward one
another, although at 100 °C they are still far from their coa-
lescence point—their frequency difference (6v) is ca. 330 Hz
at 25 °C, which decreases to ca. 250 Hz at 100 °C. Similarly,
the signals corresponding to the 3- and S-positions slightly
broaden upon heating, while év decreases from ca. 550 Hz at
25 °C to ca. 460 Hz at 100 °C. These changes indicate that the
rate at which the pendant pentafluorophenyl ring rotates
increases with temperature. However, as none of the signals are
close to coalescing at 100 °C, it is concluded that exchange is
slow across the entire studied temperature range and that a
significant energetic barrier exists for rotation of the pendant
pentafluorophenyl ring of 1a.

The VT NMR data for 1b (Figure S, right) contrast with
those obtained for 1a, as the rate of exchange for 1b increases
more drastically with temperature. The signals corresponding
to the 2- and 6-positions (6v at 25 °C ca. 740 Hz) and the
3- and S-positions (v at 25 °C ca. 835 Hz) coalesce at ca.
85 °C and ca. 95 °C, respectively. This is because upon heating
the pentafluorophenyl ring of 1b starts to rotate sufficiently
quickly that the 2- and 6-positions become indistinguishable
on the NMR time scale (millisecond scale in this case—see
discussion in the Supporting Information). The same applies
to the 3- and S-positions. As coalescence is observed for 1b,
the free energy barrier to exchange (AG¥) can be tentatively
estimated at 70 kJ mol™" (see the Supporting Information).””
This value is comparable to the room-temperature AG* value
of ca. 80 kJ mol™' reported by Cozzi and Siegel et al. for
rotation of intramolecularly stacked perfluoroaryl rings in
diarylnaphthalenes.*>*!

Importantly, coalescence is observed for 1b, but not la.
From this it is clear that intramolecular 7—7 interactions are
more effective at restricting rotation of the pentafluorophenyl
ring in 1a. This is in agreement with the more favorable stacking
observed in la by X-ray diffraction above.

Electrochemical and Photophysical Properties. The oxida-
tion and reduction potentials for 1a and 1b were obtained via
cyclic voltammetry (CV). The key data are given in Table 2,
and the voltammograms are shown in Figure S20.

Table 2. Electrochemical Data for Complexes 1a and 1b
Referenced to E,,,(FcH/FcH') = 0.00 V

E%/V, E,/Epe HOMO/ LUMO/
complex (E,,/V] B /VY eV eV EyV?
la 0.88, 0.69 [0.78] —-2.37 —5.58 —2.43 3.15
1b 0.87, 0.74 [0.81] —-2.35 -5.61 —2.45 3.16

“All reductions are electrochemically irreversible. “HOMO levels
calculated from CV potentials by HOMO = —4.8 + (—E, ,”), using
ferrocene as the standard. “LUMO levels calculated from CV poten-
tials by LUMO = —4.8 + (=E™4 ), using ferrocene as the standard.
“Estimated electrochemical HOMO—LUMO gap.

Diastereomers la and 1b both display electrochemically
reversible oxidations. The variation between their oxidation
potentials is minimal (30 mV), as expected for diastereo-
mers.”***” The oxidations were determined to be chemically
reversible over 10 cycles for both 1a and 1b (Figure S21).

The estimated reduction potentials for 1a and 1b are typical
for ppy-based cyclometalated heteroleptic Ir complexes
(ie., within ca. 2.2—2.8 V).°” While their irreversibility adds
error to their accurate determination, it is clear from the volta-
mmograms that the reduction potentials of la and 1b are
similar (within 20 mV), as expected. Because of their similar
redox potentials, the electrochemical band gaps (E,) for 1a and
1b are practically identical.

The absorption and emission spectra for la and 1b are
shown in Figure 6, and the key data are given in Table 3. The
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Figure 6. Absorption and PL spectra of 1a and 1b; A, = 355 nm.

absorption spectra for both diastereomers are very similar and
display profiles and extinction coefficients typical of cyclo-
metalated Ir complexes.””®" The bands below 300 nm are
ascribed to spin-allowed ligand-centered (LC) 'm—n* tran-
sitions, while the longer wavelength bands which extend to
490 nm are assigned to both singlet and triplet metal to ligand
charge transfer states (‘"MLCT and *MLCT).®'

The PL properties of la and 1b in degassed 2-MeTHF
solution at 20 °C are identical within experimental error. They
each display broad profiles with subtle vibronic features,
indicative of emission from admixed *LC/MLCT states,
with full-width half-maxima (fwhm) of ca. 80 nm. The PLQYs

of 1a and 1b are ca. 50%, and their phosphorescence lifetimes
are around 1.5 ps. These data are within the range reported for
Ir(III) complexes with 2-phenoxyazole auxiliary ligands, includ-
ing nonperfluorinated analogues of 1a and 1b, and are typical
of heteroleptic phosphorescent iridium complexes.'****" 1a
and 1b display the same 77 K emission spectra in 2-MeTHEF,
with estimated Huang—Rhys factors and triplet energies
(Er) of 0.6 (1 s.f) and 2.70 €V, respectively. This similarity
in the photophysical properties between la and 1b is
important information for future work, demonstrating that
diastereomeric mixtures of monoiridium complexes can be
studied without concern that the diastereomers are behaving
differently.

When they are doped into poly(methyl methacrylate)
(PMMA), both la and 1b feature longer 7 values of ca.
1.7 ps. The PLQYs are slightly increased to 60/67 + 10%,
although within experimental error they are similar to the
solution values. This can mainly be attributed to decreases
in k,;, due to the more rigid PMMA matrix, although there is
also a small increase in the radiative rate constant (k,) for
both complexes. Despite very similar lifetimes and PLQYs
in PMMA, a noteworthy difference is observed between
the spectral profiles of 1a and 1b. Doping either complex
into PMMA leads to PL spectra that are blue-shifted (by 2 nm
for 1a and 8 nm for 1b) and narrower (fwhm: 1a, ca. 70 nm;
1b, 65 nm) than in 2-MeTHF solution. These effects are
more pronounced for 1b and may be related to either the
higher rigidity of PMMA in comparison to 2-MeTHF or its
polarity.

While 1a and 1b display similar PL properties at room
temperature and 77 K, the VT NMR data above suggest that
they may display different photophysical properties at elevated
temperatures, prompting a high-temperature PL study. The PL
spectra of 1a and 1b in xylenes upon cycling the temperature
between 30 and 100 °C are shown in Figure 7.

Upon heating from 30 to 100 °C the emission intensities for
both complexes decrease. The decrease in intensity is not due
to decomposition or ingress of oxygen, as the initial spectral
intensities are retained upon cooling back to 30 °C. The
normalized spectral profiles do not change for either
diastereomer (shown for 1b in Figure S22), suggesting that
PL originates from the same state at both temperatures.
A decrease in the emission intensities of la and 1b upon
heating implies the existence of a temperature-dependent

Table 3. Photophysical Properties of Complexes 1a and 1b

2-MeTHEF soln”

Ay em/ DM PLQY/%
complex DCM soln Ay /nm (e/10° M~! em™) [CIE,,] (£5%) t/us  k/10° st k,./10° s7!
la 251 (39), 270 sh” (33), 291 sh (22), 332 (8.7), 383 (6.5), 439 sh (1.3), 487 [0.23, 0.49] 51 1.56 327 3.14
464 (0.5), 490 (0.1)
1b 252 (41), 269 sh (36), 290 sh (23), 332 (9.0), 384 (6.3), 438 sh (1.4), 465 (0.5) 487 [0.24, 0.49] 50 1.54 328 325
, 490 (0.1)
2-MeTHF glass* doped into PMMA 1 wt %
complex Amesern/DM (A1o9 e /0m)¢ [Eg/eVY /s Amasem/nm [CIE, ] PLQY/% (£10%) T/ps k./10° s7! k,/10° s
1la 468 (459) [2.70] 2.79 485 [0.18, 0.46] 67 1.72 3.90 1.92
1b 469 (459) [2.70] 2.49 479 [0.17, 0.42] 60 1.73 3.47 2.31

“h = shoulder. “Solution photoluminescence measurements were recorded in degassed 2-MeTHF solutions at ca. 20 °C with an excitation
wavelength of 355 nm with quinine sulfate in 0.5 M H,SO, as standard (® = 0.546) ;'¢ under the same experimental conditions a value of 73 +
5% was obtained for Flrpic. “Measured at 77 K using an excitation wavelength of 355 nm. “Measured in an integrating sphere in air using an
excitation wavelength of 355 nm. “Wavelength at 10% intensity on the blue edge of the spectrum obtained at 77 K. fEstimated using Ep = hc/

Arosem- T = 1/ky, + ki
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Figure 7. Variable-temperature PL spectra of 1a and 1b recorded in
degassed xylenes. The spectra are normalized to the initial emission
intensity at 30 °C. Temperatures are +5 °C and A, is 405 nm. The
numbers refer to the order in which the spectra were run.

nonradiative pathway which becomes more accessible at higher
temperatures. For cyclometalated iridium complexes this has
been ascribed to the thermal population of low-lying metal-
centered (MC) states.®>*

The integrated emission intensity for 1a drops to 44% of its
initial intensity upon heating to 100 °C, whereas it drops to
18% for 1b. Both complexes have the same solution PL 4.,
PLQY, and phosphorescence lifetime, display identical Ep
values, and have the same coordination environment about
their Ir centers. Therefore, the energy gaps between the MC
and emitting states for la and 1b are expected to be very
similar, meaning that nonradiative deactivation via thermally
accessible MC states alone cannot explain such a significant
difference in the temperature dependence of their PL

properties. The VT '"F NMR data above indicate that there
is a smaller energy barrier to rotation of the C4Fs ring in 1b.
Therefore, such rotation can be expected to constitute a more
easily populated nonradiative pathway for 1b than for 1a,
which leads to a more substantial decrease in emission inten-
sity upon heating for 1b and explains the observed differences
in the high-temperature PL data.

Computational Study. Electronic structure calculations
were carried out on la and 1b to explore their molecular
orbitals and to support their electrochemical and photophysical
properties. The optimized S, geometries were calculated at the
B3LYP/LANL2DZ:6-31G* level. They are in good agreement
with the X-ray crystallographic data above—intramolecular
m—r interactions are observed for both diastereomers and the
auxiliary ligand of 1b is more distorted. Complex 1a is less
stable than 1b by 2.3 kJ mol™’, suggesting that 1a is the kinetic
product, although it could not be isomerized to 1b
photochemically.

Molecular orbital plots for the highest occupied molecular
orbitals (HOMO) and lowest unoccupied molecular orbitals
(LUMO) of 1a and 1b are shown in Figure 8. Further plots
and tabulated contributions for the HOMO-1-LUMO+2
orbitals are given in Figure S23 and Table SI.

The HOMO—-1-LUMO+2 compositions are nearly identi-
cal for both complexes. The HOMOs are primarily localized
on the phenoxy moieties of the auxiliary ligands (55%) and
the Ir atoms (25%), with small contributions from the
cyclometalating phenyl groups (ca. 10%). This suggests that
the CF; and oxazoline-functionalized phenoxy moiety is more
electron rich than a cyclometalated dfppy ring. The LUMOs
are almost exclusively localized on the cyclometallating
ligands with ca. 70% and 25% contributions from the pyridyl
and phenyl moieties, respectively. Therefore, the FMO
contributions for 1a and 1b are in good agreement with pre-
vious complexes that feature a phenoxyoxazole auxiliary
ligand.”” Tt should be noted that there is no LUMO contri-
bution from the pendant pentafluorophenyl groups for either
la or 1b.

Time-dependent density functional theory (TD-DFT) was
also employed to simulate the absorption spectra of 1a and 1b
and to investigate the character of their lowest energy excited
states (Figure S24 and Table S2). The simulated absorption
spectra for both complexes broadly agree with the
experimental data, while the predicted lowest energy triplet
states of both 1a and 1b are mainly localized, as expected from
analysis of their frontier molecular orbitals (HOMO and

la
LUMO
-1.77 eV

Ir : Ph: Py: Phen : Oxa : C¢Fs
4 :25:69: 0 : 1 : 1

HOMO
—5.40eV

~ Ir:Ph:Py: Phen: Oxa: C¢Fs
25:11:3 : 55 : 5 : 0

1b

LUMO
-1.77 eV

" Ir:Ph:Py: Phen: Oxa: CeFs
4:24:70: 0 1 : 1

HOMO
-5.39eV

" Ir: Ph: Py: Phen : Oxa : CeFs
25:12:3 : 55 : 5 : 0

Figure 8. Molecular orbital compositions for 1a and 1b. Contributions are percentages. Abbreviations: Ph = phenyl, Py = pyridyl, Phen = phenoxy,

Oxa = oxazoline.
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LUMO) (a more detailed discussion is included in the
Supporting Information). Both DFT and TD-DFT data
suggest that any contributions from the pentafluorophenyl
groups to the excited states of 1a and 1b are small, rendering
them ancillary.

PROLEDs. To evaluate the major diastereomer la as an
emitter in PhOLEDs, devices were fabricated in the following
configuration: ITO/TAPC (30 nm)/mCP (10 nm)/PPF: 1a
(30 nm)/B;pympm (30 nm)/LiF/Al. The devices were
fabricated by thermal evaporation onto a cleaned glass
substrate precoated with conductive transparent indium tin
oxide (ITO), where 4,4'-cyclohexylidenebis[N,N-bis(4-
methylphenyl)benzenamine] (TAPC) served as a hole-trans-
porting layer, 1,3-bis(carbazol-9-yl)benzene (mCP) as an
electron/exciton-blocking layer (EBL) between TAPC and
the emissive layer, 4,6-bis(3,5-bis(pyridin-3-yl)phenyl)-2-
methylpyrimidine (B;pympm) as an electron-transporting
layer, and 2,8-bis(diphenylphosphoryl)dibenzofuran (PPF)
as the host. Devices were fabricated with doping levels of 1a
of 3.5, 8, and 15 wt %. The device data are summarized
in Table 4. Data are plotted for the best-performing device

Table 4. Device Data for la

Wt % Vou/VY Lpn/cdm™®  EQE/%°  PE/lmW™'° CIE,?
35 47 9190 23.6, 23.5, 34.0, 28.5, 0.17,
19.1 15.3 0.46
8 43 31480 25.8,25.3, 423, 33.6, 0.17,
24.9 24.8 0.48
15 4.0 21870 243,237, 419, 312, 0.18,
23.1 22.0 0.50

“Applied voltage required to reach a luminance of 1 cd m™ L =
maximum luminance. “The efficiencies listed are the maximum values
and the values at 100 and 1000 cd m™2, respectively. “Recorded at
1000 cd m™.

(8 wt %) in Figure 9; comparable data for the 3.5 and 15 wt %
devices are presented in Figures S27 and S28. Generally, the
most commonly used and suitable concentration of an Ir
complex for doping PhOLEDs is 5—10 wt %.°'* Indeed, our
results in this manuscript confirmed this, as the devices
employing 8 wt % showed the highest performance. Here,
other devices adopting lower (3.5 wt %) and higher (15 wt %)
concentrations of la were also fabricated to investigate the
dependence of the doping concentration on the EL perform-
ance, as discussed below.

The electroluminescence (EL) spectrum of the 8 wt %
device at 100 cd m™ is consistent with the PL spectrum

recorded for la in PMMA, although the EL spectrum is
narrower (by 15 nm). The device displays a turn-on voltage of
4.3 V. It also features a high maximum external quantum
efficiency (EQE,,,) of 25.8% (at ca. 270 ¢d m™2) with a
low efficiency roll-off to 24.9% at 1000 cd m™2, which is better
than previously reported data for other heteroleptic com-
plexes functionalized with phenoxyoxazole/thiazole auxiliary
ligands.zg’29 However, the maximum brightness and luminance
efficiency are lower in comparison to the previous derivatives.
The overall EL performance for the 3.5 wt % device is poorer
than that for the 8 wt % devices (Table 4). This is presumably
because of the low content of the dopant molecules, which
means that almost all holes and/or electrons must inject into
the emissive layer from the host molecules. For this to occur,
the large energy barriers between the charge transport layers
and emissive layer due to the rather wide HOMO—-LUMO gap
of the host must be overcome, resulting in a high buildup of
charge carriers at the corresponding interfaces. The decreased
performance of the 15 wt % device is likely due to an increased
probability of triplet—triplet annihilation.

Notably, the maximum EQE, power efficiency (PE), and
luminance efficiency (L,,,,) values for 8 wt % 1la are either
notably better than or highly competitive with those obtained
by Shan, Xie, Su, et al. for a device doped with a different
pentafluorophenyl-functionalized heteroleptic Ir complex
(maximum EQE = 10.7%, maximum PE = 27.6 Im W7,
Ly = 32710 ¢d m™2).%* At 10000 cd m™2 an EQE of >15% is
maintained for the device doped with 8 wt % 1a, in comparison
with ca. 10% reported by Shan, Xie, Su, et al. at this brightness.
These new data provide a further example for which
multifluorination of an Ir(III) phosphor does not mandate
poor PhOLED performance. This is in contrast to what would
be expected considering that only four aromatic fluorine atoms
are known to adversely effect the PhOLED performance of
Flrpic, and 1la incorporates an additional five Ar—F groups
(nine in total).®>~%” This is likely related to the ancillary nature
of the additional aromatic fluorine atoms on the pentafluor-
ophenyl substituent in la, which is also the case for the
example presented by Shan, Xie, Su ,and co-workers.’* Liter-
ature precedent from work on emitters for light-emitting
electrochemical cells suggests that the intramolecular 7—n
interactions in la may also play a significant role in the good
device performance.”

Conclusions. In conclusion, the new diastereomeric Ir
complexes la and 1b were obtained in a 2:1 ratio. They were
easily separated, and their structural, electrochemical, and
photophysical properties were studied in detail.
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Figure 9. PhOLED data (8 wt %) for la: (a) EL spectrum at a luminance of 100 cd m™* (inset: energy level diagram for the device (eV));
(b) external quantum efficiency and power efficiency curves vs voltage; (c) luminance and current density curves vs voltage.
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In both diastereomers the pendant pentafluorophenyl ring
on the chiral auxiliary ligand engages in close (D = ca. 3.3 A)
intramolecular 7—x stacking with a cyclometalating ligand on
the periphery of the complexes. The intramolecular 7—x
stacking was studied in the solid state by single-crystal X-ray
diffraction and in solution by VT 'F NMR. The interactions
are stronger in la, leading to the observed diastereoselectivity.
The different intramolecular 7—7 interactions in la and 1b
have little influence on their photophysical properties at room
temperature. This is likely because the interactions occur on
the periphery of an already highly emissive Ir complex core.
However, upon heating to high temperatures the weaker
intramolecular 7—7 interactions in 1b provide a more efficient
thermally activated pathway to quench phosphorescence
through rotation of the pentafluorophenyl ring. Overall the
photophysical differences between 1la and 1b are small.
Nevertheless, the separation and study of diastereomeric
Ir(III) phosphors in detail is still relatively rare and further
enhances the understanding of the effects of stereochemistry
on the photophysical properties of Ir(III) complexes.

This study also enriches the literature on phosphorescent Ir
complexes, especially related to the effects of intramolecular
m—r interactions and ancillary aromatic fluorine atoms on
structural and photophysical properties. This is evident from
PhOLED results: a vacuum-processed PhOLED doped with 1a
as the emissive dopant gave a high EQE,,,, and low efliciency
roll-off (EQE 24.9% at 1000 cd m™2) for a complex with such
a highly fluorinated aryl substituent. This is likely related to
the ancillary nature of the pentafluorophenyl group, which is
predicted by DFT/TD-DFT for both 1a and 1b. Future work
should address the significance of ancillary fluorine atoms
on the stability of Ir complexes, as this may provide new
insights into designing highly fluorinated Ir(III) complexes
that improve upon complexes such as Flrpic, for which the
nonancillary fluorine atoms are known to be a source of
instability.*>®

B EXPERIMENTAL SECTION

General Considerations. 'H, *C, and "F NMR spectra were
recorded on Bruker Avance 400 MHz, Varian Mercury 400 MHz,
Varian Inova 500 MHz, and Varian VNMRS 600 MHz spectrometers.
All spectra were referenced against the residual solvent signal, and
peak shifts are reported in ppm. Electrospray ionization (ESI) mass
spectra were recorded on a Waters Ltd. TQD spectrometer.
Elemental analyses were obtained on an Exeter Analytical Inc.
CE-440 elemental analyzer. Thermal analysis was run under a helium
atmosphere at a rate of 10 °C min~' using a PerkinElmer Pyris 1
instrument. Melting points were determined in open-ended capillaries
using a Stuart Scientific SMP3 melting point apparatus at a ramp rate
of 3 °C min™" and are uncorrected. Reactions requiring an inert
atmosphere were carried out under argon, which was first passed
through a phosphorus pentoxide column. For reaction monitoring
analytical thin-layer chromatography (TLC) was carried out on silica
gel (Merck, silica gel 60, F254) or alumina (Merck, neutral alumina
60 type E, F254) plates and visualized using UV light (254, 315,
365 nm). GCMS data were recorded on a Thermo-Finnigan Trace
GCMS instrument. Flash chromatography was carried out using
either glass columns or a Biotage Isolera One automated flash
chromatography machine on 60 um silica gel purchased from
Fluorochem Ltd. All commercial chemicals were of >95% purity and
were used as received without further purification. All solvents used
were of analytical reagent grade or higher. Anhydrous solvents were
dried through a HPLC column on an Innovative Technology Inc.
solvent purification system or obtained commercially.

Calculations. All calculations were carried out with the Gaussian
09 package.” All optimized S, geometries of the iridium complexes
were carried out using B3LYP’®”' with the pseudopotential
(LANL2DZ)”>™"* for iridium and 6-31G* basis set for all other
atoms.”>7°All S, geometries were true minima based on no imaginary
frequencies found. Electronic structure calculations were also carried
out on the optimized geometries at the B3ALYP/LANL2DZ:6-31G*
level. The MO diagrams and orbital contributions were generated
with the aid of Gabedit”” and GaussSum’® packages, respectively.

X-ray Crystallography. X-ray diffraction experiments were
carried out on a Bruker three-circle D8 Venture diffractometer with
a PHOTON 100 CMOS area detector, using Mo Ka radiation from
an Incoatec IuS microsource with focusing mirrors (4 = 0.71073 A)
and a Cryostream open-flow N, gas cryostat. The structures were
solved by direct methods (SHELXS’®) and refined by full-matrix least
squares using SHELXL® programs on an OLEX2 platform.”"

Crystal data are as follows: 1la, C;H ¢F,IrN;0,, M, = 968.75,
monoclinic, space group P2;/n (No. 14), a = 11.2459(6) A, b =
15.8876(9) A, ¢ = 36.256(2) A, p = 96.748(1)°, V = 6433.0(6) A3,
Z=8,D,=2.000gcm™ u=426mm™, T =120 K, 78522 data with
20 < 50.7° (11783 unique, R, = 0.085), R; = 0.071 on 8751 data
with I > 26(I), wR, = 0.150 on all data, CCDC-1850087; 1b,
tetragonal, space group I4,/a (No. 88), a = 19.2978(8) A, ¢ =
34.5207(15) A, V = 12855.7(12) A%, Z = 16, D, = 2.002 g cm™>,
i=427mm™", T =120 K, 110471 data with 26 < 58° (8529 unique,
R,y = 0.070), R; = 0.025 on 6701 data with I > 26(I), wR, = 0.049 on
all data, CCDC-1850088.

Electrochemistry. Cyclic voltammetry data were recorded using a
BAS CVSOW electrochemical analyzer fitted with a three-electrode
system consisting of a glassy-carbon disk (i.d. = 1.8 mm) as the
working electrode, a Pt wire as the auxiliary electrode, and a Pt wire as
the quasi-reference electrode.. Experiments were conducted in dry
THEF solution with n-Bu,NPF, (0.1 M) as the supporting electrolyte
at a scan rate of 100 mV s™". All potentials were referenced internally
to ferrocene.

Photophysics. The absorption spectra were measured on either a
Unicam UV2-100 spectrometer operated with Unicam Vision
software or a Thermo Scientific Evolution 220 spectrometer with
Thermo Scientific Insight software in quartz cuvettes with a path
length of 10 mm. Pure solvent (DCM) was used for the baseline
correction. The extinction coefficients were calculated using the
Beer—Lambert Law: A = ecl. They were measured using a titration
method, whereby a stock solution of known concentration was
incrementally added using a calibrated glass pipet to a cuvette of pure
solvent. A minimum of 1 mg of sample was weighed out for the stock
solutions, and the measurements were carried out in triplicate to
minimize weighing and dilution error. Photoluminescence spectra
were recorded on a Horiba Jobin Yvon SPEX Fluorolog 3-22
spectrofluorometer in quartz cuvettes with a path length of 10 mm. All
solutions were degassed via multiple freeze—pump—thaw cycles using
a turbomolecular pump before acquisition of any spectra. For
quantum yield measurements the absorption values for the samples
were determined on a Unicam UV2-100 spectrometer operated with
Unicam Vision software in quartz cuvettes with a path length of
20 mm. The PLQYs of all samples were determined in triplicate by a
comparative method relative to a literature standard following the
literature procedure.”®> PMMA films were prepared according to a
literature procedure.’® The quantum yields of complexes doped into
PMMA were recorded on a Horiba Jobin Yvon SPEX Fluorolog
3 instrument using a calibrated Quanta-® inte§rating sphere and were
calculated according to the literature method.®" Solid-state PLQY data
were obtained in triplicate from three samples that were prepared in
parallel: the calculated standard error values were <10%. Lifetime
measurements were recorded using an N, laser (337 nm, 10 uJ,
10 Hz) as an excitation source in a custom spectrometer which
produced a 1 kHz train of pulses of 20 ns duration. The luminescence
was collected at 90° and focused onto the entrance slit of a
monochromator (Bethan TM 300 V). The emission was detected by a
photon counting PMT, and the arrival times of photons at the
detector were determined using a multichannel scaler. The data were
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transferred to a PC and analyzed using nonlinear regression. The
decay data were fitted to exponential functions. Low-temperature
emission spectra and lifetime data were measured in a DN1704
optical cryostat (Oxford Instruments) with an ITC601 temperature
controller (Oxford Instruments). For high-temperature PL measure-
ments, samples were degassed via multiple freeze—pump—thaw cycles
in an NMR tube fitted with a Young tap. The sample was heated in a
silicone oil bath. A 405 nm laser was focused on the sample
perpendicular to the detector of an Ocean Optics Maya Pro
spectrometer.

PhOLED Fabrication and Measurements. Prior to the
fabrication of the devices, patterned indium tin oxide (ITO) coated
glass substrates (20 Q/square) were first cleaned in detergent
solutions, followed by deionized water, acetone, and isopropyl alcohol
ultrasonic baths. Then, the ITO substrates were treated using a
Plasma Cleaner (PDC-32G-2, 100 W) with the oxygen ambient for
S min to increase the work function. The OLEDs were fabricated
by thermal evaporation at a pressure of ca. 3.5 X 10~* Pa. All organic
materials were purified by sublimation and were continuously
deposited onto the substrate at the rate of 0.3 A s7', and then a
very thin layer of LiF (0.5 nm) was deposited at a rate of 0.2 A s™! and
the Al electrode (cathode) was deposited at a rate of 3.0—4.0 A s7,
where the active area of the diode segments was 2 X 2.5 mm?. The EL
spectra and CIE coordinates of the devices were measured using a
PR650 spectrometer. The current density—voltage—luminance curves
of the devices were measured using a Keithley 2400 source meter.
EQEs were calculated from the J—V—L characteristics and EL spectra.
All characterizations were carried out under ambient conditions at
room temperature.

Synthesis. Compounds 3 and 4*® and [Ir(dfppy),(u-CI)],** were
synthesized according to literature procedures.

rac-4-(Pentafluorophenyl)-2-(2-hydroxy-5-trifluoromethylphenyl)-
oxazoline (6).

HO4 5

4
2 3 CFs
rac-2-Amino-2-(pentafluorophenyl)ethanol (4; 1.21 g 533 mmol,
1.21 equiv) and 2-hydroxy-S-trifluoromethylbenzonitrile (S; 829 mg,
4.40 mmol, 1.00 equiv) were combined in dry toluene (12 mL).
A solution of ZnCl, in THF was added (0.7 M, 0.31 mL, 0.22 mmol,
S mol %), and the resulting mixture was heated to reflux for 20 h. The
reaction mixture was cooled to room temperature and evaporated
under reduced pressure. The residue was purified by flash
chromatography on silica gel (eluent: gradient 1/0 to 1/3
n-hexane/DCM with ca. 0.5% NEt; as additive) to afford rac-4-
(pentafluorophenyl)-2-(2-hydroxy-S-trifluoromethylphenyl) oxazoline
(7) as a white powder (730 mg, 1.80 mmol, 41%): mp 117—119 °C;
'"H NMR (700 MHz, CDCl;) § (ppm) 11.91 (s, 1Hgy), 8.02 (d, ] =
2.3 Hz, 1Hy,), 7.64 (dd, J = 8.8, 2.3 Hz, 1Hy,), 7.09 (d, J = 8.8 Hz,
1Hg,), 5.83 (dd, J = 10.7, 7.6 Hz, 1H,,), 4.81 (dd, ] = 10.7, 8.8 Hz,
1H,), 4.51 (dd, J = 82, 7.6 Hz, 1H,); *C NMR (101 MHz,
CDCLy) & (ppm) 166.5 (Cyy), 1613 (Cy,), 146.0-136.0 (Cng ),
130.7 (Cgs), 126.2 (Cgs), 123.9 (q, J = 270 Hz, Ccps), 1214 (q, ] =
32.3 Hz, Cy,), 117.6 (Cy,), 109.9 (Cpe), 71.2 (Cps), 58.93 (Cas);
YF{'H} NMR (376 MHz, CDCl;) § (ppm) —61.7 (d, J = 1.1 Hgz,
3Fcps), —143.3 to —143.5 (m, 2F(,), —153.1 (ddt, J = 23.1, 21.0,
2.2 Hz, 1Fg,), —160.9 to —161.1 (m, 2Fc;); HRMS (ESI) m/z
398.0459 [MH"], caled for C,HgFgNO," 398.0422. Due to exten-
sive coupling to F nuclei, the 3C signals for ring C are stated as a
range.

Cgomplexes Ta and 1b. [Ir(dfppy),(u-Cl)], (315 mg, 0.26 mmol,
1.00 equiv), rac-4-(pentafluorophenyl)-2-(2-hydroxy-S-
trifluoromethylphenyl)oxazoline (6; 211 mg, 0.53 mmol, 2.05 equiv),

and K,CO; (90 mg, 0.65 mmol, 2.50 equiv) were combined in dry
diglyme (10 mL) under argon and heated in a 140 °C heating mantle
overnight under argon. The reaction mixture was cooled to room
temperature and the solvent evaporated under reduced pressure.
Repeated coevaporation with toluene to remove the final traces of
diglyme was beneficial to obtain facile separation of 1a and 1b. The
residue was purified by flash chromatography on silica gel (eluent:
gradient 1/9 to 4/6 DCM saturated K,CO3/n-hexane v/v) to elute
1a. Increasing the solvent polarity to 6/4 DCM saturated K,CO;/n-
hexane v/v eluted 1b. Each diastereomer was further purified through
dissolving it in minimal DCM (ca. 10 mL), adding n-hexane (30 mL)
and reducing the solvent volume to ca. 15 mL to induce precipitation.
After the mixture was cooled in a freezer for ca. 1 h, the precipitates
were isolated via filtration and washed with ice-cold pentane before
being dried under high vacuum.
Complex 1a.

\\\\\\\\\‘O CF3

N=
o}

Isolated as a yellow microcrystalline powder (331 mg, 0.34 mmol,
66%): 'H NMR (600 MHz, d,-1,1,2,2-TCE) § (ppm) 8.76 (dt, J =
5.5, 1.3 Hz, 1H,¢), 8.36 (dt, J = 5.5, 1.6 Hz, 1Hgy), 826 (d, J =
8.5 Hz, 1Hy;), 8.08 (dd, J = 2.7, 1.0 Hz, 1Hy;), 7.89 (d, J = 8.4 Hz,
1H,;), 7.82 (td, ] = 8.5, 1.6 Hz, 1Hg,), 7.76 (ddd, ] = 8.4, 7.6, 1.3 Hz,
1H,,), 7.39 (dd, ] = 9.2, 2.7 Hz, 1Hg;), 7.25—7.21 (m, 2H,; ;), 6.74
(d, J = 92 Hz, 1Hg,), 6.45—6.39 (m, 2Hc, p,), 5.80 (dd, ] = 8.6,
2.3 Hz, 1Hgy), 5.51 (dd, J = 10.5, 5.7 Hz, 1Hg,), 5.27 (dd, J = 8.8,
2.4 Hz, 1Hpy), 4.86 (dd, ] = 10.5, 9.4 Hz, 1Hg;), 4.29 (dd, J = 9.4, 5.7
Hz, 1Hg); “F{'H} NMR (376 MHz, d,-1,1,2,2-TCE) § (ppm)
—60.34 (s, 3Fcg3), —107.03 (d, ] = 10.5 Hz, 1Fy,,,), —107.63 (d, ] =
9.9 Hz, 1Fy,,,), —109.80 (d, J = 10.0 Hz, 1Fdfppy3, —110.36 (dd, J =
10.5, 2.8 Hz, 1Fy,,), —141.73 (dd, J = 22.6, 7.5 Hz, 1Fgy/c6),
—142.44 (dd, J = 222, 7.7 Hz, 1Fg,,66), —152.55 (t, ] = 21.0 Hz,
1Fg,), —159.59 (td, J = 21.0, 7.5 Hz, 1Fg;/¢s), —160.76 (td, J = 21.0,
7.5 Hz, 1Fgs,6s); “C NMR (151 MHz, d,-1,1,2,2-TCE) & (ppm)
171.4 (Cgy), 165.5 (d, J = 9 Hz, Cy,), 1644 (d, ] = 263 Hz, Cpy),
165.0~160.0 (Cripg ), 164.2 (d, J = 258 Hz, Ccs), 164.1 (d, ] = 7 Hz,
Cys), 163.82 (Cpg), 161.6 (t, ] = 273 Hz, C3), 161.6 (t, ] = 273 Hz,
Cbps), 155.5 (d, J = 6.0 Hz, Cp,), 150.5 (d, J = 7.1 Hz, C,), 148.7
(Cae), 147.56 (Cgg), 138.30 (Cgs), 137.9 (Cuy), 130.1 (Cpy), 128.8
(Cgs), 128.4 (Cp,), 128.3 (Cy), 125.8 (Cp,), 1234 (d, J = 20.4 Hz,
Cgs), 122.6 (Cgs), 1222 (Cps), 121.9 (d, J = 19.5 Hz, C,;), 115.0 (d,
J = 14.7 Hz, C), 114.9 (Ccps), 113.5 (Cp,), 113.3 (d, J = 15.9 Hz,
Cps), 108.7 (Cpy), 98.1 (t, ] = 26.5 Hz, Cpy), 974 (t, ] = 26.9 Hz,
Ccs), 724 (Cgs), 61.3 (Cgy); HRMS (ESI) m/z 968.0905 [MH'],
caled for C;3H oF,IrN;0," 968.0892. Anal. Calcd for
C3sH F,IrN;0,: C, 47.11; H, 1.87; N, 4.34. Found: C, 46.98; H,
1.97; N, 4.26. Due to extensive coupling to '°F nuclei, the *C signals
for ring G are stated as a range. Crystals for X-ray analysis were grown
by slow diffusion of n-hexane into a DCM solution of 1a.
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Complex 1b.
F
CF;

F
F

F

4
2 3 CF3

Isolated as an amorphous yellow powder (151 mg, 0.16 mmol, 30%):
'"H NMR (600 MHz, d,-1,1,2,2-TCE) & (ppm) 8.96 (ddd, J = 5.8, 1.6,
0.7 Hz, 1H,¢), 8.52 (dt, J = 5.6, 1.3 Hz, 1Hy), 8.36 (d, J = 8.5 Hz,
1H,3), 8.16 (d, ] = 7.4 Hz, 1Hy;), 7.98—7.93 (m, 2H,, §s), 7.73 (td,
J = 74, 1.3 Hz, 1Hg,), 7.35—7.29 (m, 2H,s §3), 7.04 (ddd, ] = 7.4,
5.6, 1.4 Hz, 1Hg;), 6.56 (d, ] = 9.0 Hz, 1Hg,), 6.41 (ddd, J = 12.0, 9.2,
2.4 Hz, 1H,), 6.32 (ddd, ] = 12.0, 9.3, 2.4 Hz, 1Hp,), 5.47 (dd, ] =
8.7, 2.4 Hz, 1Hg), S.19 (dd, ] = 8.6, 2.4 Hz, 1Hpy), 4.63—4.54 (m,
2Hg, gs), 4.36—4.29 (m, 1H); F{'H} NMR (376 MHz, d,-1,1,2,2-
TCE) & (ppm) —60.36 (s, 3Fcg3), —107.94 (d, ] = 9.7 Hz, 1Fyg,,,),
—108.78 (d, J = 10.2 Hz, 1Fyg,, ), —109.21 (d, J = 10.3 Hz, 1Fy,,),
—109.98 (d, ] = 9.8 Hz, 1Fy,,, ), —140.59 (d, ] = 22.5 Hz, 1Fg,/ce),
—142.17 (d, ] = 22.5 Hz, 1Fgy,qe), —152.11 (t, ] = 20.9 Hz, 1Fg,),
—159.31 (t, ] = 19.5 Hz, 1Fg3/g5), —161.08 (t, J = 22.1 Hz, 1Fg;/65);
BC NMR (151 MHz, d,-1,1,22-TCE) § (ppm) = 172.50 (Cy,),
165.0—160.0 (Cripg ), 164.9 (Cyy), 164.7 (Cpy), 1642 (Crg), 162.4
(d, J = 259 Hz, Cps), 162.3 (d, ] = 249 Hz, C¢), 161.2 (d, J = 261
Hz, Cp;), 160.6 Hz (d, J = 259 Hz, C;), 1542 (d, ] = 6.2 Hz, C(,),
151.4 (d, ] = 7.5 Hz, Cp,, 149.6 (Cyg), 149.0 (Cye), 138.8 (Cay),
138.3 (Cgy), 1304 (Cpy), 128.6 (Cc,), 1284 (Cp,), 128.0 (Cgs),
124.9 (Cpy), 122.9 (Cgy), 122.8 (Ca3), 122.5 (Cys), 121.8 (Cgs),
115.3 (Ccps), 114.0 (d, J = 15.7 Hz, Cpyg), 113.5 (d, ] = 16.5 Hz, Ccy),
113.1 (Cg,), 110.7 (Cgy), 97.9 (t, J = 25.9 Hz, Cc,), 96.8 (t, ] =
27.9 Hz, Cp,), 71.5 (Cgs), 59.7 (Cg,); HRMS (ESI) m/z 968.0919
[MH'], caled for CygH,oF;,IrN;0," 968.0892. Anal. Caled for
C;sH F,IrN;0,: C, 47.11; H, 1.87; N, 4.34. Calcd for
CysH F,IrN;0,:0.6CH,Cl,: C, 45.46; H, 1.90; N, 4.12. Found: C,
45.30; H, 1.84; N, 4.11. Due to extensive coupling to F nuclei, the
13C signals for ring G are stated as a range. Crystals for X-ray analysis
were grown by slow diffusion of n-hexane into a DCM solution of 1a.
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