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Summary: Two 1-pyrenyl deriVatiVes of gold(I) haVe been
prepared by base-promoted transmetalation of 1-pyreneboronic
acid. Triplet-state luminescence obserVed from the new com-
plexes at 77 K is assigned to a pyreneπ-π* state.

The design of photoactive compounds having both predefined
optical absorption and triplet-state luminescence is an imperative
in organic materials chemistry. Applications are varied and
include light-emitting diode fabrication, sensor technology, in
vivo photochemistry, and photodynamic therapy.1-6 A staple
of phosphorescence emitter design is the spin-orbit coupling
brought about by heavy-atom substituents.7 A recent report8

describes a general protocol for aromatic carbon-gold bond
formation from arylboronic acid precursors. The reaction
tolerates polar and reducible functionalities that recur in organic
fluorophores. Steric encumbrance, heterocyclic substrates, and
ring fusion are all accommodated. The carbon-gold bond is
minimally polar and nonchromophoric in the visible region.
Here, gold is intended as a relativistic spectator.9-13 Spin-orbit
coupling associated with the heavy-atom nucleus intermingles
singlet and triplet excited states. Optical access to the triplet
manifold of organic chromophores can thereby result. Bench-
mark properties associated with triplet excited states include
microsecond-scale or longer excited-state lifetimes and triplet-
state photosensitization. Presented here are syntheses and optical
characterization of gold-substituted 1-pyrenyls prepared by the

new method. Photophysical consequences of auration are
directly interrogated.

Commercially available 1-pyreneboronic acid was reacted
with Cy3PAuBr14 (Cy ) cyclohexyl) in isopropyl alcohol in
the presence of Cs2CO3 to afford Cy3PAu(1-pyrenyl) (1) as an
air-stable, yellow-brown solid in 80% isolated yield after
crystallization (eq 1 of Scheme 1).15 An analogous reaction with
the N-heterocyclic carbene complex IPrAuBr16 afforded the
corresponding 1-pyrenyl derivative2 in 75% isolated yield (eq
2 of Scheme 1). Full experimental details appear in the
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Supporting Information. The new compounds have been char-
acterized by elemental analysis, optical absorption and emission,
multinuclear NMR, X-ray diffraction crystallography,17 and
combustion analysis.

Diffraction-quality crystals of1 and2 were grown by vapor
diffusion of pentane into concentrated benzene solutions at room
temperature. A thermal ellipsoid projection of2 appears in
Figure 1. The crystal structure of1 is provided as Supporting
Information, along with full crystallographic data for both
compounds. Metric parameters in the new structures are
unexceptional. In both, gold adopts a nearly linear two-
coordinate geometry. In neither structure are aurophilic inter-
actions evident: the closest approach of neighboring gold atoms
in 2 is 7.01 Å; that of1 is 8.16 Å. Neither structure exhibits
pyreneπ-stacking.

Compounds1 and2 absorb light of wavelengths below 400
nm. Their absorption spectra are similar to that of pyrene and
are included as Supporting Information. Room-temperature
excitation at 355 nm in 2-methyltetrahydrofuran (2-MeTHF)
elicits weak luminescence between 400 and 500 nm (Figure
2). Cooling to 77 K leads to concentration-dependent emission.
At 5 × 10-8 M concentration (Figure 2, inset), the emission
from 400 to 500 nm is the more intense of the two observed
luminescence profiles. Structured emission is evident at low
temperatures, with a mean peak-to-peak separation of 971 cm-1.
No higher wavelength emission is apparent at this concentration.

At increased concentration (5× 10-6 M), the same lumines-
cence occurs between 400 and 500 nm. However, structured
emission appears at 77 K, beginning near 600 nm and extending
to 800 nm. A vibronic progression is clearly resolved between
600 and 700 nm, with an average peak spacing of 404 cm-1.
Structured luminescence at 77 K extends to at least 800 nm,
albeit with lesser resolution. This structured luminescence is
quenched at room temperature. The 77 K emission lifetime of
the structured emission collected at 603 nm is 1.09( 0.01 ms.
Luminescence behavior of the N-heterocyclic carbene variant
2 is closely analogous. Here also, concentration-dependent
structured emission occurs at 77 K with a 1.08( 0.01 ms
lifetime. Emission spectra of2 appear as Supporting Informa-
tion. Under identical conditions, pyrene is nonemissive at
wavelengths exceeding 600 nm.

Static and time-resolved density-functional theory calculations
have been performed18,19on Me3PAu(1-pyrenyl) (1′), a truncated
analogue of1. The geometry was optimized in the gas phase
with the TZVP basis set of Godbout and co-workers.20 A
harmonic frequency calculation confirmed the resulting structure
to be an energy minimum. Calculated (observed for1) metrics
are as follows: Au-C ) 2.071 Å (2.073(8) Å), Au-P ) 2.351
Å (2.3115(19) Å), and∠C-Au-P ) 179.13° (174.0(2)°).
Implicit THF solvation was included in single-point calculations
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Figure 1. Crystal structure of2 (50% probability, 100 K). Selected
bond lengths (Å) and angle (deg): Au-C1, 2.000(6); Au-C2,
2.005(7); C1-Au-C2, 172.7(2).

Figure 2. Emission spectra (77 K, red; 298 K, black; 355 nm
excitation) of (Cy3P)Au(1-pyrenyl) (1; 5 × 10-6 M) in degassed
2-MeTHF. Inset: emission of1 at 5 × 10-8 M under otherwise
identical conditions. No luminescence is observed past 550 nm at
this concentration. Note thaty axes of the two spectra have different
scales. An asterisk indicates the excitation pulse second harmonic.
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through the polarizable continuum model of Tomasi and co-
workers.21,22 Figure 3 depicts a partial Kohn-Sham orbital
energy level diagram; plots of selected orbitals are given on
the right-hand side of the figure. The highest occupied Kohn-
Sham orbital and the lowest unoccupied Kohn-Sham orbital
(HOMO and LUMO, respectively) are pyreneπ-orbitals, as are
the HOMO-1 and LUMO+1 (not shown). The HOMO-2
primarily accounts for the carbon-gold σ-bond. This orbital
has 51.9% gold, 9.0% phosphorus, and 32.0% pyrenyl character,
as apportioned by Mulliken analysis.23 Energetically this
σ-orbital lies 1.01 eV below the HOMO of1′. Time-dependent
density functional calculations of1′ (in the singlet geometry)
indicate that the lowest four triplet states have pyreneπ-π*
character; all transform as A′ in Cs symmetry. The two lowest
lying singlet excited states are alsoπ-π* in nature. The
calculations suggest that the intense absorption (ε ) 52 000 M-1

cm-1) at 336 nm is attributable to an optically allowed transition
that is a combination of LUMOr HOMO and LUMO+1 r
HOMO-1 one-electron excitations.

The structured luminescence encountered at low temperature
indicates triplet-state parentage, as does its millisecond-length
lifetime. The concentration dependence of the structured emis-
sion indicates oligomer formation. However, aurophilic24-27 and
excimer28,29 emissions are typically structureless. Scheme 2
depicts a plausible excited-state hypothesis. Excitation of1 (or

2) leads promptly to a singlet excited state that decays to an
excimer. The excimer lies at higher energy than the triplet, to
which it decays. The excimer effectively pumps the triplet.
Higher temperatures suppress excimer formation. Alternatively,
nonradiative decay processes at higher temperature may subvert
triplet-state emission. This hypothesis qualitatively reconciles
the observed temperature- and concentration-dependent emission
of aurated hydrocarbons.8

Excited-state consequences of metalation with gold have been
evaluated for two 1-pyrenyl complexes. The absorption profile
of pyrene is substantially retained. Triplet-state photophysical
properties emerge at low temperature upon replacement of a
single terminal hydrogen with (phosphine)- or (carbene)gold-
(I) fragments. A structured luminescence of millisecond duration
occurs in a 2-MeTHF glass at 77 K; no comparable emission is
observed for pyrene under identical conditions. Density func-
tional calculations indicate an emitting triplet state of pyrenyl
π-π* parentage. Ongoing efforts seek to enhance intersystem
crossing by attaching multiple gold(I) fragments to the pyrene
core and to alter the luminescence temperature dependence by
varying the ancillary phosphine or N-heterocyclic carbene
ligand.
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Figure 3. (left) Kohn-Sham orbital energy-level diagram of (Me3P)Au(1-pyrenyl) (1′) (mpwpw91/Stuttgart ECP and basis on Au). Implicit
THF solvation is included through a polarizable continuum model. Percentage contributions of (phosphine)gold(I) cation and pyrenyl anion
fragments are indicated. (right) Plots of selected orbitals (contour level 0.03 au).

Scheme 2
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