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A series of phosphane- and (N-heterocyclic carbene)gold(I)
complexes were prepared by deprotonation of terminal al-
kyne precursors and reaction with the corresponding gold(I)
chlorides. Some ten new compounds are reported; these are
characterized by multinuclear NMR, optical spectroscopy,
and elemental analysis. Crystallographic characterization is
reported for five complexes. Organogold species bearing
conjugated aryl substituents on the alkynyl ligand are lumi-
nescent. Density-functional theory calculations on a model
complex suggest that emission and the first several absorp-
tion transitions result from excited states dominated by the

Introduction

The family of alkynylgold(I) complexes is varied and its
history is long.[1–3] In 1866, Berthelot reported the explosive
gold carbide Au2C2, which precipitates when acetylene gas
reacts with solutions of a gold salt.[4] Today, complexes of
the type (L)AuC�CR constitute a majority of gold(I) alk-
ynyls; L may be an organophosphane ligand, an N-hetero-
cyclic carbene ligand, or even the ammonia molecule.[5] The
predominant structural feature of gold(I) alkynyls is the
two-coordinate, linear binding geometry about gold. This,
together with the linearity of the carbon–carbon triple bond
imparts a rigid-rod topology of the (alkynyl)gold(I) moiety.
Accordingly, gold(I) alkynyls find use as supramolecular
synthons,[6–10] notably in the preparation of catenanes.[11,12]

Multinuclear gold(I) complexes, including dendrimers,[13]

are obtainable from organic precursors bearing several ter-
minal alkyne functionalities. The rod-like character of (alk-
ynyl)gold complexes has also prompted investigation of li-
quid-crystalline behavior.[14,15]

Much current interest in (alkynyl)gold(I) species derives
from their luminescence capabilities. Emission most often
results from inter- or intramolecular interactions between
gold(I) centers (aurophilicity),[16–23] or from the triplet ex-
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arylacetylide ligand. Excited-state geometry optimization
finds that the lowest-energy triplet state bears linear, two-
coordinate gold(I) with a miniscule lengthening of the alk-
ynyl carbon–carbon bond. An unusual triplet excited state
having a bent geometry at gold lies at higher energy in aryl-
acetylide complexes. For the model terminal acetylide
Me3PAuC�CH, the calculations find this bent state to be the
lowest-energy triplet.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

cited-state manifold of the alkynyl ligand itself. The
spin-orbit coupling constant of a gold 5d-electron
(5100 cm–1)[24] is comparable to that of a 5p-electron in
iodine (5700 cm–1).[25,26] This heavy-atom effect inter-
mingles singlet and triplet excited-states, relaxes spin-selec-
tion rules, and opens access to the ligands’ triplet-state
manifolds.[27–32] Solution-phase luminescence responds to
remote perturbations. For example, gold(I) alkynyls bearing
pendant crown ether- or calixarene moieties[33–35] are cation
sensors, some with selectivity for potassium over sodium in
dichloromethane/methanol mixtures.[36]

Luminescence of gold(I) alkynyls in the solid state is typ-
ically ligand-centered if metallophilic interactions are sup-
pressed, say with encumbering ligands such as tricyclohex-
ylphosphane. Excitonic coupling still occurs in crystalline
solids and depends on the relative orientation of molecules
within the unit cell.[37,38]

The chemical reactivity of the gold-bound carbon–car-
bon triple bond has been relatively under-explored. Recent
work from this laboratory has shown[39] that phos-
phanegold(I) alkynyls react with hydrozoic acid equivalents
under mild conditions to yield triazolate products. In these
compounds, gold binds a monoanionic triazolate ligand
through carbon. The same complexes are preparable by re-
acting terminal alkynes with the corresponding phos-
phanegold(I) azide reagent, although in somewhat attenu-
ated yields.

Our investigations of gold(I) triazolates have produced a
family of new (alkynyl)gold(I) complexes; several are lumi-
nescent. Ten new gold alkynyl compounds are disclosed
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here; five are crystallographically characterized. The syn-
theses, structures, and spectroscopic attributes of the new
compounds are discussed.

Scheme 1 enumerates new compounds.

Scheme 1. Designation of compounds.

Results and Discussion

Syntheses

Preparation of the new gold(I) alkynyl compounds relies
on the in situ deprotonation of terminal alkynes with sodi-
um- or potassium tert-butoxide in methanol, as in previous
work.[40–43] Scheme 2 depicts a representative synthesis, of
9-ethynylphenanthryl complex 6. Methanol solutions of the
alkali metal acetylides are added to suspensions of the
phosphane- or (N-heterocyclic carbene)gold(I) chloride.
Washing with cold methanol, followed by extraction into
dichloromethane and solvent removal, affords the phospha-
negold(I) acetylide products. Methanol-soluble (N-hetero-
cyclic carbene)gold(I) acetylide products were isolated by
removing methanol, extracting into ether and evaporating
the solvent. The compounds so obtained are frequently an-
alytically pure; however, contamination with the gold(I)
chloride reagents occasionally occurs. In these instances,
vapor diffusion of pentane into benzene solutions yields the
analytically pure product.

Scheme 2.

Structures

Compounds 1, 3, 5, 9, and 10 afforded X-ray quality
crystals upon vapor diffusion of pentane into concentrated
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benzene solutions. Thermal ellipsoid projections of two typ-
ical compounds, 5 and 10, appear in Figure 1; those for
other crystallographically characterized compounds consti-
tute Figures S1–S3 of the Supporting Information. Table 1
collects crystallographic data for gold(I) alkynyl com-
pounds. No structure shows imposed crystallographic sym-
metry. Table 2 and Table 3 summarize metric parameters in-
volving gold and the carbon–carbon triple bond. Phospho-
rus–gold bond lengths range from 2.2632(10) Å in 1 to
2.3009(5) Å in one independent molecule of 3. The two
gold-carbene carbon distances are 1.999(3) Å and
2.0132(19) Å in 9 and 10, respectively. The span of gold-
alkynyl carbon bond lengths is 1.988(2) Å for 10 to
2.024(4) Å in 5. These gold(I) donor atom bond lengths fall
within normal ranges.[44–53] Carbon–carbon triple bond
lengths range from 1.162(5) Å for 5 to 1.205(3) Å for one
independent molecule of 3. These C�C bond lengths are
similar to those encountered in a cationic, π-bound gold(I)
alkyne complex [1.221(8) Å][54] and in neutral (3-hexyne)-
AuCl (1.224(6) Å].[55,56]

Figure 1. Thermal ellipsoid projections of 5 and 10 (100 K, 50%
probability). A partial numbering system is indicated. Hydrogen
atoms are omitted for clarity.

The bond angles of Table 3 show the Au–C�C–R link-
ages to be essentially linear. The available crystal structures
show no close approaches between gold(I) centers, nor is
there obvious π-stacking.

Optical Spectroscopy

Alkynyl complexes having polycyclic aromatic hydrocar-
byl fragments are luminescent in fluid solvents at room tem-
perature. Table 4 collects luminescence maxima of emissive
compounds. All emission profiles show vibronic structure,
and dual emission occurs in several cases.

Phenanthryl acetylide complex 6 is representative. Ab-
sorption and emission spectra of this compound in THF
solvent appear in Figure 2. Absorption sets in near 350 nm.
Maxima occur at 331 and 316 nm, with an absorption
shoulder near 305 nm. Shorter-wavelength absorption max-
ima occur between 250–300 nm.
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Table 1. Crystallographic data for alkynylgold(I) complexes.

1 3 5 9 10

Formula C32H24AuP C32H42AuP C30H40AuP C39H45AuN2 C39H47AuFeN2

Fw 636.45 654.59 628.56 738.74 796.60
Crystal system triclinic monoclinic monoclinic monoclinic orthorhombic
Space group P1̄ P21/n P21/c P21 P212121

a [Å] 9.995(4) 13.1222(8) 12.289(4) 12.8343(10) 12.2581(8)
b [Å] 12.350(4) 16.9075(11) 17.142(5) 10.3083(8) 14.5555(9)
c [Å] 12.508(7) 25.0523(16) 12.301(4) 15.8854(13) 19.8593(12)
α [deg] 100.358(4) – – – –
β [deg] 111.113(5) 95.310(1) 93.976(2) 113.7940(10) –
γ [deg] 113.341(3) – – – –
Cell volume [Å]3) 1225.0(9) 5534.3(6) 2585.0(1) 1923.0(3 3543.4(4)
Z 2 8 4 2 4
Dcalcd. [Mg/m3] 1.725 1.571 1.615 1.276 1.493
T [K] 100(2) 100(2) 296(2) 100(2) 100(2)
µ [mm–1] 6.088 5.392 5.769 3.850 4.573
F(000) 620 2624 1256 744 1600
Cryst size [mm3] 0.28�0.17�0.11 0.55�0.35�0.14 0.15�0.10�0.06 0.34�0.27�0.26 0.39�0.30�0.27
θmin, θmax, [deg] 1.94, 27.00 1.45, 28.05 2.04, 27.28 1.73, 26.86 1.73, 27.93
No. of reflections collected 13803 66274 29711 21070 42076
No. of independent reflections 5063 13204 4859 8077 8327
No. of refined parameters 403 613 289 387 396
Goodness-of-fit on F2[a] 1.155 0.998 1.038 1.036 1.003
Final R indices[b] [I�2σ(I)], R1 0.0165 0.0180 0.0274 0.0241 0.0144
wR2 0.0174 0.0217 0.0371 0.0579 0.0373
R indices (all data), R1 0.0483 0.0434 0.0624 0.0253 0.0154
wR2 0.0487 0.0451 0.0661 0.0582 0.0375

[a] GOF = [Σw(Fo
2 – Fc

2)2/(n – p)]1/2; n = number of reflections, p = number of parameters refined. [b] R1 = Σ(||Fo| – |Fc||)/Σ|Fo|; wR2 =
[Σw(Fo

2 – Fc
2)2/ΣwFo

4]1/2.

Table 2. Selected interatomic distances [Å] in crystallographically characterized gold(I) complexes.

Compound Au–P Au–Ccarbene Au–Calkynyl C�C

1 2.2632(10) 1.991(3) 1.191(4)
3 2.3009(5), 2.2870(5) 2.0177(19), 2.011(2) 1.205(3), 1.190(3)
5 2.2800(10) 2.024(4) 1.162(5)
9 1.999(3) 1.994(4) 1.171(5)
10 2.0132(19) 1.988(2) 1.204(3)

Table 3. Selected interatomic angles [°].[a]

Compound �P–Au–Calkyne �Ccarbene–Au–Calkyne �Au–C�C �C�C–R

1 174.51(8) 170.9(3) 178.0(3)
3 178.62(5), 174.94(6) 178.44(18), 177.14(18) 178.5(2), 176.2(2)
5 175.14(10) 176.0(4) 177.1(4)
9 179.4(5) 175.0(10) 176.3(7)
10 174.23(8) 172.45(19) 175.8(3)

[a] The atom symbols printed in boldface type lies at the vertex of the angle.

Table 4. Luminescence maxima (273�2 K) of emissive compounds
in THF solution. Excitation wavelengths λex are indicated.

Compound λex [nm] Eem [nm]

1 310 331, 353, 497, 533
3 310 330, 345, 497, 533
4 285 305, 319, 533, 579
5 310 343, 359, 501, 540, 583
6 330 366, 385, 406, 529, 577
9 314 346, 362, 503, 542, 586
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An emission, assigned as an ethynylphenanthryl-centered
singlet state, commences at ca. 350 nm, with vibronic max-
ima at 366, 385, and 406 nm. The average peak-to-peak
spacing, 1480 cm–1, suggests activation of ring-deforming
vibrations. The small Stokes shift indicates singlet parent-
age of this structured emission. Free 9-ethynylphenanthrene
displays a single, structured emission extending from 330–
475 nm that maximizes at 376 nm, Supporting Information,
Figure S4. Its absorption onset is blue-shifted relative to
that of 6; the first absorption peak occurs at 313 nm.
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Figure 2. Room-temperature absorption (solid) and emission
(dashed) of 9-ethynylphenanthryl complex 6 in THF. Local absorp-
tion maxima are indicated.

For gold complex 6, a second vibronically structured
emission appears from 510–650 nm. No corresponding
emission is evident in the spectrum of the free alkyne. The
Stokes shift of this luminescence is ca. 11000 cm–1. This
lower-energy emission is quenched on exposure to oxygen,
and is assigned as an ethynylphenanthryl-centered triplet
state. These observations invite computational study.

Computations

Quantum-chemical calculations have been undertaken on
model complexes to investigate the electronic structure of
the new alkynylgold(I) compounds. Alkynyl 6� is a simpli-
fied analogue of alkynyl 6, where methyl groups substitute

Figure 3. Partial energy level diagram of model compound 6� (mpmpw91/Stuttgart ECP and basis on Au); implicit THF solvation is
included through a polarizable continuum model. Right: plots of selected orbitals (contour level 0.03 a.u.).
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for phosphane cyclohexyl groups. The geometry of the sing-
let ground state and the first triplet excited state were opti-
mized for 6�. Harmonic frequency calculations affirm the
converged structures to be potential energy minima.

Optimized metrics for 6� agree favorably with the crystal-
lographic geometry of 6. The calculated structure possesses
Cs symmetry. The carbon–gold bond length, calculated at
1.998 Å is similar to those assembled in Table 2. The alk-
ynyl carbon–carbon triple bond length is calculated to be
1.230 Å, 0.036 Å longer than the mean of those in Table 2.
The optimized structure reproduces the linearity about gold
with a calculated C–Au–P bond angle of 179.94°.

Figure 3 depicts a partial Kohn–Sham orbital energy-
level diagram of 6�. Plots of frontier orbitals appear at the
right. The highest-occupied Kohn–Sham orbital (HOMO)
and the lowest unoccupied Kohn–Sham orbital (LUMO)
are mainly centered on the arylacetylide ligand, as are the
HOMO – 1 and the LUMO + 1. Figure 3 indicates compo-
sitions[57] of the frontier orbitals in terms of percentages of
phosphanegold(I) and arylacetylide fragment density.
Among the occupied orbitals within the energy interval of
Figure 3, only the HOMO–4 is metal-localized. This orbital
overlaps with the sp-hybrid orbital of the adjacent alkynyl
carbon atom.

The HOMO and LUMO bear significant contributions
from the alkyne triple bond. The HOMO is 26.9% com-
posed of alkynyl electron density. This alkynyl π-bonding
orbital is conjugated into the phenanthryl π-cloud, and the
phenanthryl contribution to the HOMO is 68.6%. The
LUMO carries 12.0% alkynyl character (79.9% phenan-
thryl). Alkynyl contributions to the HOMO – 1 and the
LUMO + 1 are negligible.
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Time-dependent density-functional theory (TDDFT)
calculations on 6� find that its first few singlet-singlet transi-
tions are promotions to A� states that intermingle through
configuration interaction. (All spin-allowed transitions are
optically permitted in Cs symmetry.) The first optically al-
lowed transition is calculated at 378.71 nm in continuum
THF with an oscillator strength of 0.1216. A second, more
intense transition is calculated at 372.44 nm; its oscillator
strength is 0.4733. The next spin-allowed transition is calcu-
lated at 333.68 nm. These calculated absorptions are in fair
agreement with the absorption onset for 6 in THF. Two
triplet states are calculated to lie below the first excited sing-
let (calculated for the optimized geometry of ground-state
6�). The lowest-lying of these, corresponding to the triplet-
state emission, is a LUMO�HOMO transition. Its calcu-
lated wavelength, 665.80 nm, is in poor agreement with the
triplet emission observed at 529 nm.

Triplet State Geometries: The geometry of the lowest
triplet state of 6� was optimized in a spin-unrestricted com-
putation. Energy-minimization proceeded without imposed
symmetry, and a harmonic frequency calculation finds the
optimized structure to be a minimum of the potential en-
ergy hypersurface. For comparison, triplet-state optimiza-
tions were also carried out on the terminal gold acetylide
3[Me3PAu–C�CH] and on phenylacetylide complex
3[Me3PAu–C�CPh].

Triplet-state geometries of 3[Me3PAu–C�CPh] and 36�
appear in Figure 4, along with selected calculated metrics.
The lowest-energy triplets of Me3PAu–C�CPh and 6� re-
tain linear geometries about gold. Carbon–gold and phos-
phorus–gold bond lengths change little on reaching the
triplet state. In both cases, the alkynyl C�C bond distends

Figure 4. Calculated geometries of the lowest-lying triplet states of
model complexes Me3PAu–C�CPh and 6�. Excited-state metrics
are non-italicized; triplet states are in italics.
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in the triplet, owing to the promotion of a π-bonding elec-
tron to a π* orbital. The C�C bond lengthening lessens as
conjugation of the arylacetylide ligand increases; the pro-
moted electron is delocalized throughout the carbocyclic π-
system.

Metal-Centered Triplet States: An unrestricted geometry
optimization of 3[Me3PAu–C�CH] converged to the triplet
structure depicted in part (a) of Figure 5. This entity is a
gold-centered triplet state, in contrast to the ligand-centered
triplets encountered for arylacetylide complexes. A ligand-
centered triplet structure has also been located; it appears
in Figure 5 (b). In the gas-phase, this ligand-centered triplet
is 8.22 kcalmol–1 more energetic (based on sums of elec-
tronic and thermal free energies) than its metal-centered
counterpart. The promoted electron resides in an acetylide
π* orbital, and partial rehybridization at carbon occurs.
Figure 5 depicts the higher-energy singly occupied orbitals
of the triplet states of Me3PAu–C�CH, each below its re-
spective structure.

Figure 5. Top: optimized structures of two triplet states of model
compound Me3PAu–C�CH; structure (a) has lower energy. Se-
lected metrics are indicated. Bottom: the higher-energy singly occu-
pied Kohn–Sham orbitals (SOMOs); contour level 0.03 a.u.

In the metal-centered triplet states a gold-based orbital
is populated that has antibonding character toward phos-
phorus and the acetylide carbon atom. Gold, with its bent
two-coordination, is describable as sd-hybridized.[58] Sim-
ilar gold-centered triplet excited states were also found for
3[Me3PAu–C�CPh] and 36�. In these complexes, the metal-
centered triplets lie higher in energy than do the ligand-
based triplet states. Depictions of these metal-centered trip-
let geometries appear in Figure S5, Supporting Infor-
mation. These bent triplet structures are local energy min-
ima, as found from harmonic frequency calculations. Fig-
ure 6 plots relative energies of metal- and ligand-centered
triplet states for terminal, phenyl-, and (9-phenanthryl-
ethynyl)gold(I) complexes. The ligand-based triplet state
stabilizes as conjugation of the alkynyl ligand increases.
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Figure 6. Energies of metal-centered triplet states relative to the
corresponding ligand-based triplet. Differences in sums of elec-
tronic and thermal free energies are indicated.

Conclusions

The principal results and conclusions of this investiga-
tion are as follows.
(1) Phosphane- and (N-heterocyclic carbene)gold(I) alkynyl
complexes were prepared by deprotonation of terminal al-
kynes in situ, followed by reaction with chloridogold(I)
complexes. Isolated yields as high as 91% are realized.
(2) Five new compounds have been crystallographically
characterized. Close gold–gold interactions (aurophilic at-
tractions) are absent, presumably because of steric heft
about the supporting phosphane and carbene ligands.
(3) Gold(I) arylacetylide complexes luminesce at room tem-
perature. Dual, structured emission is observed. The longer-
wavelength emission is oxygen-quenchable, and is attributed
to arylacetylide ligand fluorescence. Shorter-wavelength
emissions are assigned as the corresponding singlet-state
fluorescence. The longer-wavelength triplet emission is not
observed for the parent (non-metallated) alkyne under iden-
tical conditions.
(4) Density-functional theory calculations of the model
complex Me3PAu(9-ethynylphenanthryl), 6�, find its fron-
tier orbitals to lie almost entirely on the arylacetylide li-
gands. Gold(I) is a nonchromophoric spectator.
(5) Optimization of the lowest-lying triplet state of 6� and
of 3[Me3PAu–C�CPh] preserves the linear geometry about
gold. The ground-state carbon–carbon triple bond length-
ens in the exited state ca. 0.04 Å for 3[Me3PAu–C�CPh]
and ca. 0.02 Å for 36�. Greater delocalization of the pro-
moted electron in the ethynylphenanthryl complex lessens
the local alkynyl distortion, despite population of a nom-
inally C�C π* orbital.
(6) Geometry optimization has also located triplet excited
states with a ca. 90° bent geometry about gold, for Me3-
PAu–C�CH, Me3PAu–C�CPh, and 6�. This bent triplet
state is the lowest-energy triplet for the terminal alkynyl
complex Me3PAu–C�CH. A second triplet state lies some
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8.2 kcalmol–1 higher in energy. In this state, the promoted
electron occupies a C�C π* orbital. The alkynyl carbon–
carbon bond stretches to 1.333 Å, compared to 1.223 Å in
the ground state. Extensive rehybridization of the alkynyl
carbon atoms occurs (Figure 5).
(7) Bent, metal-centered triplet states have been located for
the model arylacetylide complexes Me3PAu–C�CPh, and
6�. However, these have higher energies than the foregoing
ligand-centered triplets. By Kasha’s rule,[59,60] the observed
phosphorescence is expected to derive from the first triplet
state.

Research in this laboratory continues to elaborate the li-
gand-centered transformations of gold(I) alkynyl com-
pounds and the photophysics of gold compounds. These
studies are ongoing.

Experimental Section
General: All solvents and reagents were used as received. (PCy3)-
AuCl and (PPh3)AuCl were synthesized by a slight modification of
the literature procedures (used toluene and Au(tht)Cl).[61] (SIPr)-
AuCl was made according to the literature procedure.[62] Pro-
cedures for alkynylgold(I) complexes were done in air. Microanaly-
ses (C, H, N) were performed by Robertson Microlit Laboratories,
Inc. NMR spectra (1H and 31P{1H}) were recorded with a Varian
AS-400 spectrometer operating at 399.7 and 161.8 MHz respec-
tively. For 1H NMR spectra, chemical shifts were determined rela-
tive to the solvent residual peaks. For 31P{1H} NMR spectra,
chemicals shifts were determined relative to concentrated H3PO4.

General Procedure for New Alkynylgold(I) (Species): tert-Butoxide
was dissolved in ca. 4 mL of MeOH, sodium (or potassium), and
1 equiv. of the appropriate alkyne was added to this solution. The
suspension was mixed until it was a solution and then further
mixed for 5–10 min. The solution was added to a suspension of
LAuCl (0.50–0.60 equiv.; L = PPh3, PCy3, SIPr) and stirred for 1–
2 h (for phosphane derivatives) or overnight (for SIPr derivatives).

The phosphane derivatives were collected by filtration, washed with
cold methanol and pentane, extracted with dichloromethane, fil-
tered, and the solvent was removed by use of a rotary evaporator.
The resultant residue was triturated with pentane and the solid
collected. In most cases, the as-isolated solid was pure with perhaps
a trace of (PR3)AuCl remaining, but recrystallized yields (which
are reported unless otherwise stated) via benzene/pentane vapor
diffusion gave analytically pure material.

For carbene complexes, the solvent was removed from the resultant
solution, and the solid left was extracted with diethyl ether and
filtered. The solvent was removed from the filtrate, and pentane
trituration yielded the products as powders. Benzene/pentane vapor
diffusion yielded analytically pure crystals.

[(PPh3)Au(4-biphenylethynyl)] (1): KOtBu (46 mg, 0.41 mmol), 4-
ethynylbiphenyl (72 mg, 0.41 mmol), and (PPh3)AuCl (102 mg,
0.21 mmol). No recrystallization of the product was required. Yield
101 mg (78%). 1H NMR (C6D6): δ = 7.89 (d, J = 8.4 Hz, 2 H, 4-
biphenylethynyl), 7.38 (d, J = 7.2 Hz, 2 H, 4-biphenylethynyl), 7.33
(d, J = 8.0 Hz, 2 H, 4-biphenylethynyl), 7.20–7.30 (m, 6 H), 7.15–
7.19 (m, 2 H), 7.08 (t, J = 7.2 Hz, 1 H, 4-biphenylethynyl), 6.84–
6.98 (m, 9 H) ppm. 31P{1H} NMR (C6D6): δ = 42.6 (s) ppm. IR
(KBr): ν̃ = 2109 (w, υC�C) cm–1. UV/Vis (THF): λ (ε, –1 cm–1) =
284 (38400), 296 (42200), 309 (36900) nm. C32H24AuP (636.48):
calcd. C 60.39, H 3.80; found C 60.51, H 3.95.
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[(PPh3)Au(3-thienylethynyl)] (2): KOtBu (90 mg, 0.9 mmol), 3-eth-
ynylthiophene (88.5 mg, 0.8 mmol) and PPh3AuCl (282 mg,
0.6 mmol). Yield 251 mg (91%).1H NMR (C6D6): δ = 7.36 (d, J =
2.8 Hz, 1 H, 3-thienyl), 7.31 (d, J = 4.8 Hz, 1 H, 3-thienyl), 7.22
(dd, J = 12.4, 7.2 Hz, 6 H, (C18H15)P), 6.85–6.96 (m, 9 H, (C18H15)-
P), 6.72 (dd, J = 4.8, 2.8 Hz, 1 H, 3-thienyl) ppm. 31P{1H} NMR
(C6D6): δ = 42.4 ppm. IR (KBr): ν̃ = 2110 (w, υC�C) cm–1.
C24H18AuPS (566.41): calcd. C 50.89, H 3.20; found C 50.70, H
3.29.

[(PCy3)Au(4-biphenylethynyl)] (3): NaOtBu (49 mg, 0.51 mmol), 4-
ethynylbiphenyl (90 mg, 0.50 mmol), and (PCy3)AuCl (133 mg,
0.26 mol). Yield 102 mg (60%). 1H NMR (C6D6): δ = 7.83 (d, J
= 8.0 Hz, 2 H, 4-ethynylbiphenyl), 7.36 (d, J = 7.6 Hz, 2 H, 4-
ethynylbiphenyl), 7.30 (d, J = 8.0 Hz, 2 H, 4-ethynylbiphenyl),
7.13–7.17 (m, 2 H), 7.07 (t, J = 7.2 Hz, 1 H, 4-ethynylbiphenyl),
0.84–1.80 (m, 33 H, C6H11) ppm. 31P{1H} NMR (C6D6): δ = 56.7
(s) ppm. IR (KBr): ν̃ = 2109 (w, υC�C) cm–1. UV/Vis (THF): λ (ε,
–1 cm–1) = 296 (40900), 305 (37600) nm. C32H42AuP (654.62):
calcd. C 58.71, H 6.47; found C 58.45, H 6.39.

[(PCy3)Au(1-naphthylethynyl)] (4): KOtBu (37 mg, 0.33 mmol), 1-
ethynylnaphthalene (50 mg, 0.33 mmol), and (PCy3)AuCl (84 mg,
0.16 mmol). Yield 66 mg (64%). 1H NMR (C6D6): δ = 9.29 (s, J =
8.4 Hz, 1 H, 1-naphthyl), 8.00 (d, J = 6.8 Hz, 1 H, 1-naphthyl),
7.59 (d, J = 8.0 Hz, 1 H, 1-naphthyl), 7.47 (d, J = 8.0 Hz, 1 H, 1-
naphthyl), 7.30 (t, J = 7.6 Hz, 1 H, 1-naphthyl), 8.00 (t, J = 7.6 Hz,
1 H, 1-naphthyl), 7.10–7.14 (m, J = 6.8 Hz, 1 H, 1-naphthyl), 0.89–
1.80 (m, 33 H, P(C6H11)3) ppm. 31P{1H} NMR (C6D6): δ = 56.5
(s) ppm. IR (KBr): ν̃ = 2107 (w, υC�C) cm–1. UV/Vis (THF): λ (ε,
–1 cm–1) = 285 (25300), 300 (21900), 313 (22700), 318 (21700), 332
(23800) nm. C30H40AuP (628.59): calcd. C 57.32, H 6.41; found C
57.48, H 6.21.

[(PCy3)Au(2-naphthylethynyl)] (5): KOtBu (42 mg, 0.37 mmol), 2-
ethynylnaphthalene (57 mg, 0.37 mmol), and (PCy3)AuCl (96 mg,
0.19 mmol) and a total of only 4 mL of methanol (2 mL for alkynyl
solution, 2 mL for gold suspension). Yield 102 mg (87%). 1H NMR
(C6D6): δ = 8.26 (s, 1 H, 2-naphthyl), 7.89 (dd, J = 1.6, 8.4 Hz, 1
H, 2-naphthyl), 7.40–7.50 (m, 3 H, 2-naphthyl), 7.09–7.14 (m, 2 H,
2-naphthyl), 0.89–1.80 (m, 33 H, P(C6H11)3) ppm. 31P{1H} NMR
(C6D6): δ = 56.7 (s) ppm. IR (KBr): ν̃ = 2109 (w, υC�C) cm–1. UV/
Vis (THF): λ (ε, –1 cm–1) 287 (28400), 297 (31000), 311 (33000),
325 (4800), 342 (3000) nm. C30H40AuP (628.59): calcd. C 57.32, H
6.41; found C 57.13, H 6.36.

[(PCy3)Au(9-phenanthrylethynyl)] (6): NaOtBu (45 mg, 0.47 mmol),
2-ethynylphenanthrene (94 mg, 0.47 mmol), and (PCy3)AuCl
(119 mg, 0.23 mmol). Yield 111 mg (71%). 1H NMR (C6D6): δ =
9.46 (d, J = 7.6 Hz, 1 H, 9-phenanthryl), 8.44 (d, J = 7.6 Hz, 1 H,
9-phenanthryl), 8.38 (d, J = 8.4 Hz, 1 H, 9-phenanthryl), 8.28 (s, 1
H, 9-phenanthryl), 7.46 (q, J = 7.2 Hz, 2 H, 9-phenanthryl), 7.38
(t, J = 7.6 Hz, 1 H, 9-phenanthryl), 7.30 (t, J = 7.2 Hz, 1 H, 9-
phenanthryl), 7.23 (t, J = 7.6 Hz, 1 H, 9-phenanthryl), 0.89–1.80
(m, 33 H, P(C6H11)3) ppm. 31P{1H} NMR (C6D6): δ = 56.6 (s)
ppm. IR (KBr): ν̃ = 2102 (w, υC�C) cm–1. UV/Vis (THF): λ (ε,
–1 cm–1) = 278 (2284), 316 (2291), 331 (2852) nm. C34H42AuP
(678.65): calcd. C 60.17, H 6.24; found C 59.89, H 5.99.

[(PCy3)Au(3-thienylethynyl)] (7): KOtBu (56 mg, 0.50 mmol), 3-eth-
ynylthiophene (54 mg, 0.50 mmol), and (PCy3)AuCl (128 mg,
0.25 mmol). The crude material was analytically pure. Yield 115 mg
(79%). 1H NMR (C6D6): δ = 7.31 (dd, J = 1.2, 2.8 Hz, 1 H, 3-
thienyl), 7.27 (dd, J = 1.2, 4.8 Hz, 1 H, 3-thienyl), 6.70 (dd, J =
4.8, 2.8 Hz, 1 H, 3-thienyl), 0.78–1.75 (m, 33 H, P(C6H11)3) ppm.
31P{1H} NMR (C6D6): δ = 56.6 (s) ppm. IR (KBr): ν̃ = 2116 (w,
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υC�C) cm–1. C24H36AuPS (584.55): calcd. C 49.30, H 6.21; found
C 49.49, H 6.30.

[(SIPr)Au(tert-butylethynyl)] (8): NaOtBu (100 mg, 1.0 mmol), 3,3-
dimethylbut-1-yne (85 mg, 1.0 mmol) and SIPrAuCl (324 mg,
0.5 mmol). Yield 292.4 mg (79%). 1H NMR (C6D6): δ = 7.09 (t, J
= 7.6 Hz, 2 H, CH aromatic on SIPr), 6.97 (d, J = 7.6 Hz, 4 H,
CH aromatic on SIPr), 3.08 (s, 4 H, CH imidazole), 2.94 (sept, J
= 6.8 Hz, 4 H, CH(CH3)2), 1.50 (d, J = 6.8 Hz, 12 H, CH(CH3)2),
1.15 (s, 9 H, C(CH3)3), 1.13 (d, J = 6.8 Hz, 12 H, CH(CH3)2) ppm.
IR (KBr): ν̃ = 2110 (w, υC�C) cm–1. C33H47AuN2 (668.71): calcd.
C 59.27, H 7.08, N 4.19; found C 59.29, H 7.28, N 4.16.

[(SIPr)Au(2-naphthylethynyl)] (9): NaOtBu (62 mg, 0.6 mmol), 2-
ethynylnaphthalene (98.1 mg, 0.6 mmol) and SIPrAuCl (201 mg,
0.3 mmol). Yield 231 mg (79%). 1H NMR (C6D6): δ = 7.72 (s, 1
H, 2-naphthyl), 7.39–7.42 (m, 1 H, 2-naphthyl), 7.35–7.37 (m, 1 H,
2-naphthyl), 7.27–7.29 (m, 1 H, 2-naphthyl), 7.18–7.20 (m, 3 H, 2-
naphthyl and CH aromatic on SIPr), 7.01–7.05 (m, 6 H, 2-naphthyl
and CH aromatic on SIPr), 3.13 (s, 4 H, CH imidazole), 2.99 (sept,
J = 6.8 Hz, 4 H, CH(CH3)2), 1.55 (d, J = 6.8 Hz, 12 H,
CH(CH3)2), 1.17 (d, J = 6.8 Hz, 12 H, CH(CH3)2) ppm. IR (KBr):
ν̃ = 2107 (s, υC�C) cm–1. UV/Vis (THF): λ (ε, –1 cm–1) = 262
(48200), 302 (26500), 314 (29700), 343 (5340) nm. C39H45AuN2

(738.76): calcd. C 63.41, H 6.14, N 3.79; found C 63.37, H 5.90, N
3.76.

[(SIPr)Au(ferrocenylethynyl)] (10): NaOtBu (65 mg, 0.68 mmol), 3-
ethynylferrocene (141.2 mg, 0.68 mmol) and SIPrAuCl (222 mg,
0.36 mmol). Yield 219 mg (75%). 1H NMR (C6D6): δ = 7.12 (t, J
= 7.6 Hz, 2 H, CH aromatic on SIPr), 7.00 (d, J = 7.6 Hz, CH
aromatic on SIPr), 4.21, (s, 2 H, ferrocenyl), 3.91 (s, 5 H ferrocenyl),
3.70 (9s, 2 H, ferrocenyl), 3.10 (s, 4 H, CH imidazole), 2.95 (sept,
J = 6.8 Hz, 4 H, CH(CH3)2), 1.51 (d, J = 6.8 Hz, 12 H,
CH(CH3)2), 1.15 (s, 9 H, C(CH3)3), 1.13 (d, J = 6.8 Hz, 12 H,
CH(CH3)2) ppm. IR (KBr): ν̃ = 2102 (w, υC�C) cm–1. UV/Vis
(THF): λ (ε, –1 cm–1) = 307 (7250), 449 (248) nm. C39H47AuFeN2

(796.63): calcd. C 58.80, H 5.95, N 3.52; found C 58.89, H 5.85, N
3.49.

X-ray Structure Determination: Products were crystallized by dif-
fusion of pentane into saturated benzene solutions. Single crystal
X-ray data were collected with a Bruker AXS SMART APEX II
CCD diffractometer using monochromatic Mo-Kα radiation with
the omega scan technique. The unit cells were determined using
SMART[63] and SAINT+.[64] Data collection for all crystals was
conducted at 100 K (–173.5 °C). All structures were solved by di-
rect methods and refined by full-matrix least-squares against F2

with all reflections using SHELXTL.[65] Refinement of extinction
coefficients was found to be insignificant. All non-hydrogen atoms
were refined anisotropically. All hydrogen atoms were placed in
standard calculated positions and all hydrogen atoms were refined
with an isotropic displacement parameter 1.2 times that of the adja-
cent carbon.

Computations: Spin-restricted density-functional theory computa-
tions were performed within the Gaussian 03 program suite.[66] Cal-
culations employed the modified Perdew–Wang exchange func-
tional of Adamo and Barone[67] and the original Perdew–Wang cor-
relation functional.[68] Nonmetal atoms were described with the
TZVP basis set of Godbelt, Andzelm, and co-workers.[69] Gold or-
bitals were described with the Stuttgart effective core potential and
the associated basis set,[70] which was contracted as follows: Au,
(8s,7p,6d)�[6s,5p,3d]. Relativity with the Stuttgart ECP and its as-
sociated basis set is introduced with a potential term (i.e., a one-
electron operator) that replaces the two-electron exchange and
Coulomb operators resulting from interaction between core elec-
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trons and between core and valence electrons. In this way relativis-
tic effects, especially scalar effects, are included implicitly rather
than as four-component, one-electron functions in the Dirac equa-
tion. Geometries were optimized without imposed symmetry, and
harmonic frequency calculations find all structures to be potential
energy minima. Calculations on triplet states were spin-unrestric-
ted. Vertical excitation energies were calculated using a TDDFT
implementation described by Scuseria and co-workers.[71] All calcu-
lated properties reported here include implicit THF solvation (ε =
7.58, 298.15 K), which was incorporated in single-point calcula-
tions of the gas-phase geometries with Tomasi’s polarizable contin-
uum model (PCM).[72,73] The stability of each converged density
was confirmed by calculation of the eigenvalues of the A ma-
trix.[74,75] Percentage compositions of molecular orbitals, overlap
populations, and bond orders between fragments were calculated
using the AOMix program of Gorelsky.[76,77]

Supporting Information (see also the footnote on the first page of
this article): Thermal ellipsoid projections of 1, 3, and 9; absorption
and emission spectra of free 9-ethynylphenanthrene, optimized
Cartesian coordinates of singlet and triplet states of 6�, Me3PAu–
C�CH, and Me3PAu–C�CPh; crystallographic (CIF) data.
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