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Phosphorescent Platinum(ll) Complexes with CAC*
Cyclometalated NHC Dibenzofuranyl Ligands: Impact of Different
Binding Modes on the Decay Time of the Excited State

Alexander Tronnier,”” Gerhard Wagenblast,”™ Ingo Miinster,®

Abstract: Two CAC* cyclometalated platinum(ll) N-hetero-
cyclic carbene (NHC) complexes with the general formula
[(CAC*)Pt(ONO)]  (CAC* =1-dibenzofuranyl-3-methylbenz-
imidazolylidene; OAO =dimesitoylmethane) have been
synthesized and extensively characterized, including solid-
state structure determination, '*>Pt NMR spectroscopy, and
2D NMR (COSY, HSQC, HMBC, NOESY) spectroscopy to elu-
cidate the impact of their structural differences. The two
regioisomers differ in the way the dibenzofuranyl (DBF)
moiety of the NHC ligand is bound to the metal center,
which induces significant changes in their physicochemi-
cal properties, especially on the decay time of the excited
state. Quantum yields of over 80% and blue emission
colors were measured.

/

The concept of employing transition-metal complexes as phos-
phorescent emitter materials in organic light-emitting devices
(OLEDs), utilizing their strong spin-orbit coupling (SOC) to en-
hance quantum yields and emission decay properties, has
been extensively explored over the past decade."” Quantum
yields approaching unity and the ability to tune the emission
color from the blue to near infrared region of the spectrum
have triggered a rush in research towards cyclometalated com-
plexes with heavy transition metals, especially iridium and plat-
inum complexes.” In 1998, Baldo et al. demonstrated the first
device with a porphyrin-based platinum complex that exhibit-
ed red electrophosphorescence.” Following these findings, re-
search efforts shifted to heteroleptic cyclometalated Pt" emit-
ters with bidentate®* or tridentate® ligands. As such, pyri-
dinyl, imidazolyl, or other five-membered heterocycles are a re-
peatedly found fragment used as neutral N-coordinated o-
donor ligands. Recently, these fragments were replaced by N-
heterocyclic (NHC) ligands,”” leading to stronger ligand fields
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and, thus, blueshifted emission maxima, addressing the still un-
fulfilled demand for stable blue emitters. The resulting com-
plexes feature imidazole or benzimidazole moieties, allowing
for well-directed fine-tuning of the electronic properties by
modifying the N-bound substituents or incorporating electron-
donating or -withdrawing groups in the NHC backbone.”

Our group has reported different studies on bidentate CAC*
ligands, wherein the influence of modifications in the cyclome-
talated fragment, of extensions of the NHCs m-system, the use
of triazole-based carbenes, and the impact of ancillary ligands,
was investigated.”*"® A complex (Scheme 1A) bearing a diben-
zofuranyl (DBF)-based NHC ligand together with the common
monoanionic acetylacetonato (acac) ancillary ligand showed an
outstanding quantum yield of 90%, a blue emission maximum
(463 nm), but a relatively long decay lifetime of 23 us in poly-
(methyl methacrylate) (PMMA) at room temperature (RT).”)
First device tests showed very good external quantum efficien-
cies of 6.2% at 300cdm™ and a maximum luminance of
6750 cdm™ considering that the stack design was not opti-
mized. In contrast, similar complexes featuring pyridinyl in-
stead of 3-methylimidazol-ylidene showed green emission
(516 nm) and quantum vyields of 43% (Scheme 1B).'”

Replacing the acac ligand with a more bulky congener,
namely, the dimesitoylmethanato (mesacac) ligand, led to in-
creased solubility, reduced aggregation behavior, and an im-
provement of the photoluminescence properties to 91%,
466 nm, and 18.9 us (Scheme 1C)."" Furthermore, we recently
showed that an extension of the m-system in the rigid NHC
backbone could increase the quantum yield.”¥ In the present
study we combine these earlier results in one system and in-
vestigate the influence of different ways of attaching the DBF
fragment to the heterocyclic system and thus the metal center
with the goal to reduce the decay lifetime, which remains
a very critical aspect in overall device stability. In particular, the
latter may inspire new ideas of how the established DBF frag-
ment can be used in other cases.
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Scheme 1. Platinum(ll) complexes with cyclometalated DBF-NHC (A, C) and
DBF-pyridinyl (B) ligands.
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Scheme 2. Synthesis of the NHC precursors 5 and 6 (yield).

The synthesis of the ligand precursors started with the selec-
tive halogenation of dibenzofuran (Scheme 2). The bromina-
tion in the 4-position was achieved by deprotonation/lithiation
at —40°C, followed by metal-halogen exchange at —78°C
using 1,2-dibromoethane.”” Benzyl trimethyl ammonium di-
chloroiodate (BTMA:ICl,) and zinc chloride were used to facili-
tate an iodination in the 2-position. The halogenated dibenzo-
furanes 1 and 2 were subsequently coupled with benzimida-
zole in a copper(l)-catalyzed Ullmann-type reaction to generate
the corresponding benzimidazoles 3 and 4 in low (18%) to
very good (93 %) yields. Finally, methylation was undertaken
with an excess of iodomethane at elevated temperatures. The
complexes were synthesized following our previously reported
route.”’ The imidazolium salts were reacted with silver(l) oxide,
yielding a silver complex as intermediate, which was immedi-
ately transmetalated to the platinum(ll) precursor dichloro(1,5-
cyclooctadiene)platinum(ll) (Pt(COD)ClL,). In the next step cyclo-
metalation was achieved by heating to reflux for a prolonged
time. Finally, the ancillary ligand mesacac and potassium tert-
butanolate as a base were added to generate the products 7
and 8 in good to moderate yields (Scheme 3).

Both complexes were thoroughly characterized. The first sig-
nificant difference between them was found by measuring the
melting points. Whereas compound 7 melts at 232-234°C,
isomer 8 has a melting point beyond 330°C. In the ">Pt NMR
spectra, complex 7 showed a signal at —3358 ppm in CDCl;
and 8 one at —3320 ppm, whereas the values for the reference
complexes A and C (Scheme 1) were reported as —3390 and
—3341 ppm.”“? This difference in the chemical shifts already
shows a slight effect of the DBF binding mode on the electron
density at the metal center. 2D NMR experiments were con-
ducted (see the Supporting Information, Figures S1-S10) to
confirm the actual structure of complex 8, as next to the C3—
Pt configuration shown in Scheme 3, an isomer with a C1-Pt
bond is possible, although disfavored according to DFT calcula-
tions. In this case, the DBF fragment would be rotated about
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Scheme 3. CAC* cyclometalated complexes 7 and 8 (yield).

Chem. Eur. J. 2015, 21, 12881 - 12884 www.chemeurj.org

12882

CHEMISTRY

A European Journal
Communication

Y

Mel
N —_—

®,
Q%o e

| N
THF, reflux o NJ ! or
Q S o0 ge
4 (93%) 5 (95%) 6 (78%)

180° (see below, Figure 4). As a coupling between the hydro-
gen atom of the CH group surrounded by the C—Pt bond and
the oxygen atom and a hydrogen atom from the ortho-CH,
group of the mesityl fragment from the ancillary ligand was
observed, this result is only in agreement with the structure
shown in Scheme 3.

For both complexes, single crystals suitable for X-ray diffrac-
tion experiments were grown to unambiguously confirm the
3D structures of the compounds (Figure 1). The results also
confirmed the bonding situation of complex 8 with the plati-
num-carbon bond to be in the 3-position of the DBF fragment
(see DFT section).

The metal atom is coordinated in a square-planar fashion.
The shortest metal-ligand contact in complex 7 is found for
the carbon-metal bond C9—Pt1 of the DBF fragment with
1.963(10) A, which is marginally shorter than the C1—Pt1 bond
(1.966(14) R). This surprising finding is the very first example
for the whole class of bidentate CAC* cyclometalated NHC Pt"
complexes where the carbene carbon-metal bond is not dis-
tinctively the shortest metal-to-ligand bond.?>7*-9%™ The pic-
ture for 8 is reversed, back to the previously observed trends
with a C1—Pt1 distance of 1.926(8) A and a C9—Pt1 bond
length of 1.970(7) A. Both complexes crystallized in the triclinic
P—1 space group (see Supporting Information, Table S1), but
with very different Pt--Pt distances and molecular interactions
(see Supporting Information, Figure S11 and S12). In the struc-
ture of 8 the molecules are more intercalated, leading to short-
er Pt-Pt distances of 6.76 to 9.31 A and perpendicular separa-
tions between two neighboring molecules of 3.15 and 3.46 A.

:{u o
C o] = ~o X / i
;\ — ( & /."'o/ vd ko
c>—(.\ /\ﬁi’/ S ot li g o / \ o 0\?%'\/‘4
/’E\M ¢ Qoik’zvflx' N1 02&/ o
/ SN2 S J \T/ V‘/ Q
c8 0 cs
P 20 é \O—a—’/i o é\oa {\ ?
P { N o \ | P8,
A N Y aQ Vi 2 o-ig\\\‘;
d b i O’\&——‘/& %
7 d L 8

Figure 1. ORTEP representation of complexes 7 and 8 in the solid state.
Thermal ellipsoids are drawn at the 50 % probability level. Selected bond
lengths (A) and angles (°) for 7: C1—Pt1, 1.966(14); C9—-Pt1, 1.963(10); 02—
Pt1, 2.101(8); O3—Pt1, 2.062(8); C1-Pt1-C9, 80.4(5); O2-Pt1-03, 89.5(3); C8-
N1-C1-Pt1, 2.1(12). For 8: C1-Pt1, 1.926(8); C9—Pt1, 1.970(7); O2—Pt1,
2.082(5); 03—Pt1, 2.059(5); C1-Pt1-C9, 80.4(3); O2-Pt1-03, 89.5(2); C8-N1-C1-
Pt1, —0.8(8).

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://www.chemeurj.org

.@2 ChemPubSoc
x Europe

From the experimental results discussed above, it is obvious
that the actual binding mode from the metal to the DBF frag-
ment has a significant impact on the properties of these com-
pounds. This also holds true for their photophysical character-
istics. Measurements with 2 wt% emitter in amorphous PMMA
films show absorption between 240 and 340 nm at room tem-
perature (see Supporting Information, Figure S13). The emis-
sion spectra, shown in Figure 2, clearly demonstrate the differ-
ence between 7 and 8. Although both show an emission maxi-
mum at around 475 nm and a certain degree of vibronic cou-
pling, complex 8 has a weaker first-emission band in the deep
blue region at 450 nm and a less resolved spectrum. Thus, the
Huang-Rhys ratio is S> 1, which would hint at geometrical dis-
tortions in the triplet state. For 7, three distinctive bands (475,
506, and 542 nm) with a vibronic progression of 1290 and
1313 cm™' are observed, leading to a bluish-green color
(Table 1). Complex 8 shows only two discernible bands with
a separation of 1345cm™' and a more pure blue color (CIE
0.175;0.268). High quantum yields of 84% (7) and 80% (8)
were measured at room temperature in the diluted films and
the decay lifetime of 8 (10.8 us) is only half of that for 7
(22.4 ps). Experiments with pure amorphous emitter films
showed additional significant differences between the re-
gioisomers (Figure 3), namely, a remarkably high quantum
yield of 31% for 7, but only 4% for 8, and the appearance of
an additional unstructured band in the green-yellow region

Normalized emission intensity

400 450 500 550 600 650 700
Wavelength [nm]

Figure 2. Emission spectra of 7 and 8 (2 wt% in PMMA, room temperature).

Table 1. Photoluminescence data (2 wt% in PMMA, room temperature)
of the cyclometalated complexes 7 and 8 (1 in nm, 7 in ps and k in
10°s7).

s CIE®™ A ld ¢[d] r e k1 k191
exc em o r nr
7 370 0.180; 475 0.84 224 44.6 8.7
0.427
8 340 0.175; 479 0.80 10.8 92.7 233
0.268

[a] Excitation wavelength. [b] CIE x;y coordinates at room temperature.
[c] Maximum emission wavelength. [d] Quantum yield at A, N, atmos-
phere. [e] Decay lifetimes (excited by laser pulses (355 nm, 1 ns)) given as
1, =1/¢. [fl k.= /7, (9] ke =(1—P)/7,,
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Figure 3. Emission spectra of 7 and 8 (100 wt% films at room temperature).

(592 nm) for 7. This shifts the CIE coordinates to 0.477;0.462
and indicates intermolecular interactions. From both solid-state
determination and DFT calculations, Pt-Pt interactions and
a metal-metal-to-ligand charge transfer (MMLCT) are ruled out
due to the steric demand of the mesacac ancillary ligand.
Thus, the emission with a very short decay lifetime of 4.4 us
can only be explained by intermolecular m-m interactions
made possible by the more extended mt-system of the benzimi-
dazole unit and the orientation of the DBF in 7.

For complexes 7 and 8, geometry optimizations were under-
taken using DFT methods. The optimized structures for the sin-
glet state show a nearly perpendicular orientation of the mesi-
tyl rings of the ancillary ligands and similar bond lengths to
the X-ray diffraction experiments (see Supporting Information,
Tables S2 and S3). Even at the transition to the triplet state, no
rotation of the aryl substituents leading to a planarization
were observed, due to the ortho-methyl groups of the mesityl
moiety. Nonetheless, the observed Huang-Rhys ratio of S>1 is
validated by a slight distortion of the ancillary ligand in the
case of 8. A free-energy difference between the isomeric com-
plexes 7 and 8 of only 2.2 kcalmol™' was calculated, with 8
being thermodynamically favored. A possible third regioisomer,
8iso (Figure 4), which could, in principle, be formed during the
synthesis of 8 was found to be 6.9 kcalmol™' higher in free

8 8iso

Figure 4. Optimized ground state structures of 8 (left) and the possible
isomer 8iso (right, B3LYP/6-31G(d)).
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energy, due to a strong distortion in the NHC ligand induced
by steric interactions with the mesacac ligand. For more elec-
tronic evaluations, frontier molecular orbitals, and spin densi-
ties, see the Supporting Information, Figures S14 and S15.

Two novel platinum(ll)-NHC complexes with a cyclometalated
dibenzofuranyl unit were prepared and characterized. They are
regioisomers in which the DBF moiety and the benzimidazol-2-
yliden part of the NHC ligand are bonded in a different fash-
ion. The isomer with the bond at the 2-position shows remark-
able differences compared to the other compound. In particu-
lar, much faster emissive decay is observed, which is important
for highly efficient OLEDs and improved device lifetimes. Al-
though the mesacac ancillary ligand effectively prevents any
Pt--Pt interactions apparent from the solid-state structures ob-
tained from X-ray diffraction experiments, a bathochromic shift
of the emission wavelength and high quantum yields were ob-
served in pure emitter films of 7 that might arise from interli-
gand interactions induced by st-nt stacking made possible by
the DBF orientation.
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