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Electrophilic aromatic substitution1 would normally be consid-
ered incompatible with organometallic complexes containing low
valent, oxidative addition2 susceptible metal centers. For example,
Br2 addition to a Pt(II) organometallic complex with an attached
aromatic ring would not be expected to undergo aromatic ring
bromination. Instead, attack at the Pt(II) center would be expected
resulting in Br2 oxidative addition to the metal center and formation
of a Pt(IV) complex or cleavage of the Pt-C bond (Scheme 1).3-5

In this paper we report the opposite of this expectation, a Pt(II)
anthracenyl complex that is remarkably resistant to Br2 oxidative
addition and instead undergoes selective multiple bromination of
the anthracenyl ligand. In addition, the resulting complexes are
highly solution photoluminescent in the blue region with high
emission quantum yields (Φem ) 0.54-0.88) and long lifetimes.

The chemistry of the Pt 9-anthracenyl system is outlined in
Scheme 2. The starting complex, trans-Pt(Br)(9-anthracenyl)(PEt3)2

(1), is readily prepared from Pt(PEt3)4 and 9-bromoanthracene.
Addition of 1 equiv of Br2 to a CCl4 solution of 1 was expected to
give a Pt(IV) complex in analogy to other Pt(II) complexes
including the phenyl, 1-naphthalenyl, and 8-phenanthracenyl ana-
logues of 1.6-8 Instead, a yellow complex (2) with 31P NMR
spectral characteristics consistent with a Pt(II) complex similar to
1 is isolated. Complete characterization reveals 2 to be the ring-
brominated product, trans-Pt(Br)(10-Br-anthracen-9-yl)(PEt3)2 shown
in Scheme 2.

The 9- and 10-positions in anthracene are reactive,9,10 and in 1
initial bromine attachment at the 10-position might simply be more
favorable than attack at the Pt(II) center. Anticipating that a second
attack would occur at the Pt center, 2 equiv of Br2 were added to
1. A mixture was obtained consisting of 2 and other ring brominated
products described below. No Pt center oxidative addition was
detected. Subsequently, it was found that, in the presence of silica
gel,11 2 equiv of Br2 yields exclusively trans-Pt(Br)(2,10-Br2-
anthracen-9-yl)(PEt3)2 (3). This selective second bromination is also
not at the Pt center but on the ring, this time at the 2-position. Yet
further selective bromination on the ring occurs with 3 equiv of
Br2 in the presence of silica gel. A high yield of trans-Pt(Br)(2,7,10-
Br3-anthracen-9-yl)(PEt3)2 (4) is obtained. Finally, excess Br2

(10-20 equiv) gives exclusively the extensively ring-brominated

complex trans-Pt(Br)(2,3,4,7,10-Br5-3,4-dihydroanthracen-9-
yl)(PEt3)2 (5). Complex 5 is readily rearomatized. Silica gel induces
debromination to 4 while KOBut dehydrobrominates 5 giving new
trans-Pt(Br)(2,3,7,10-Br4-anthracen-9-yl)(PEt3)2 (6). (Silica gel has
no effect on 2, 3, 4, or 6.)

There are two outstanding features of the above reactions: (1)
The resistance of the Pt(II) center to oxidative addition and (2) the
selectivity of the ring brominations. The selectivity contrasts sharply
with that of anthracene itself where multiple (>2) bromination
yields mixtures of products.12 The oxidative addition resistance is
explained by the blocking effect of the peri-hydrogen atoms of the
anthracenyl ligand. As shown in A (Chart 1), these hydrogen atoms

shield the fifth and sixth coordination sites that would be occupied
in the incipient octahedral Pt(IV) complex. Consistent with this
concept we have also observed oxidative addition resistance in the
Pt(II) complexes of type B where the larger vicinal Br atom of B
realizes the same role as a peri hydrogen atom (Chart 1).8 Resistance
to oxidative addition has also been reported for PtL2(Mes)2 (L2 )
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a bidentate ligand, Mes ) 2,4,6-trimethylphenyl) and [Pt(C6Cl5)4]2-

where the 2- and 4-methyl groups or Cl atoms similarly block the
Pt axial positions.13,14

These brominated 9-anthracenyl Pt(II) complexes exhibit inter-
esting photophysical properties, especially strong photolumines-
cence in the blue region. As shown in Figure 1, the UV-vis

absorption spectra and the emission spectra of 1, 2, and 4 red-shift
as the degree of bromination increases. This could be due to the
electron-donating ability of the bromine atom(s) through a resonance
effect, which increases the electron density of the anthracene and
subsequently decreases the HOMO-LUMO gap. Both the UV-vis
and the emission spectra resemble those of anthracene, indicating
that the electronic absorption and the emission originate from the
π,π* transition of anthracene. This is consistent with other
platinum-anthracenyl complexes reported in the literature.15 In line
with the trend observed in the UV-vis and emission spectra, the
triplet transient difference absorption spectra of 1, 2, and 4 also
resemble that of anthracene and red-shift with a higher degree of
bromination (see Supporting Information). The photophysical data
for 1, 2, and 4 are listed in Table 1.

The emission lifetimes of 1, 2, and 4 are much longer than the
lifetime of the prompt-fluorescence from anthracene. With reference
to the reported work on the delayed fluorescence of anthracene,16

the emission from 1, 2, and 4 can be ascribed to P-type delayed
fluorescence of the anthracene ligand. This notion is supported not
only by the similar emission energy to the delayed fluorescence of
anthracene16 but also by the significant oxygen quenching of the
emission (Supporting Information). The emission quantum yields
of 1, 2, and 4 are much higher compared to other recently reported
blue-emitting Pt and Ir complexes.15,17-19 This could be explained
by the heavy-atom effect of the Pt and Br atoms, which enhances
spin-orbit coupling and thus increase the quantum yield of the
anthracene triplet excited state. The increased triplet population
would enhance triplet-triplet annihilation, resulting in high delayed
fluorescence quantum yields. Further evidence supporting P-type
delayed fluorescence include the quadratic dependence of the
emission quantum yield on excitation light intensity (Supporting
Information) and the similarity of the emission lifetime to the triplet
excited-state lifetime obtained from the decay of the triplet transient
difference absorption of these complexes (Table 1). In addition,

the emission measured at 77 K is quite similar to that at room
temperature, with more distinct vibronic structures (Supporting
Information). This confirms that the observed emission of 1, 2, and
4 does not emanate from E-type delayed fluorescence.

In conclusion, we have found that in certain Pt(II) σ-bonded
polycyclic aromatic complexes two hydrogen atoms or a hydrogen
atom and a bromine atom of the polycyclic aromatic block the axial
positions of the Pt(II) centers suppressing oxidative addition. At
least in the case of the anthracene ligand, this permits the Pt(II)
substituent to activate and direct electrophilic substitution on the
anthracene ligand yielding novel polybrominated anthracene ligands.
In principle, this concept can be extended to other polycyclic
aromatic ligands, metal centers, and electrophilic reagents for the
synthesis of novel polycyclic aromatic compounds. In addition, the
introduction of the trans-Pt(Br)(Et3P)2 center to the anthracene ring
greatly increases the delayed fluorescence of anthracene in the blue
region due to a significantly enhanced quantum yield of the
anthracene triplet excited state.
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C.; Meijerink, A.; Havenith, R. W. A.; Pérez-Moreno, J.; Clays, K.; Büchel,
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Figure 1. UV-vis absorption and normalized emission spectra of 1, 2,
and 4 in toluene at room temperature.

Table 1. Photophysical Parameters of 1, 2, and 4 in Toluene

τem /µs Φem λT1-Tn/nm (τT/µs)

1 3.24 0.54 450 (3.92)
2 2.85 0.88 455 (2.78)
4 4.09 0.63 460 (5.36)
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