
Arene Complexes

DOI: 10.1002/ange.200601688

Cationic h1/h2-Gold(I) Complexes of Simple
Arenes**

Elena Herrero-G�mez, Cristina Nieto-Oberhuber,
Salom� L�pez, Jordi Benet-Buchholz, and
Antonio M. Echavarren*

Bulky biphenylphosphane ligands have been particularly
successful in Pd-catalyzed reactions.[1] These ligands have
led to the isolation of new PdI complexes, which display
unusual Pd–arene interactions and enhanced reactivity in
cross-coupling processes.[2]

We have used bulky biphenylphosphanes for the prepa-
ration of AuI complexes 1a–c (Scheme 1), whose cationic
derivatives are very active catalysts that allow for the
cyclization of 1,6-enynes substituted at the alkyne function
with aryl or alkenyl groups.[3] Instead of preparing the cationic
complexes by chloride abstraction with AgI salts in situ, we
have sought to use stable [Au(PR3)(L)]

+A� (L= ligand)
complexes with a weakly coordinating ligand that could be
replaced by the alkyne functionality of the reacting enyne.

Scheme 1. Neutral and cationic AuI complexes.
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Thus, complexes 2a,b with an acetonitrile ligand have been
prepared as stable white salts that are particularly active for
the alkoxycyclization, skeletal rearrangement,[4–6] and intra-
molecular cyclopropanation[7] of a variety of enynes.[8] These
complexes also catalyze the cyclization of indoles with
alkynes.[9] Cationic complex 3 with triphenylphosphane is
also an excellent catalyst for the intramolecular cyclopropa-
nation of dienynes.[7, 10] Importantly, the use of 2 a,b or 3 as
catalysts allows reactions to be carried out in the absence of
AgI, which can lead to unwanted side reactions.[11]

In contrast to AgI, whose complexes with arenes have
been thoroughly investigated,[12] only three examples in which
the AuI center interacts with an
arene have been reported.[13] These
have been described by Zhang and
co-workers as h2-arene complexes
with an intramolecular interaction
with an anthracene unit that is
covalently attached to the phos-
phane ligand. Thus, the Au com-
plex 5 shows the strongest h2-an-
thracene–AuI interaction, with
Au···C distances of 2.958 and
3.097 7,[13b] whereas other anthra-
cene complexes show Au···C close
contacts between 3.020 and
3.246 7.[13]

We wanted to determine if the
proximity of the arene ring parallel

to the Au�P bonds of complexes 2a,b played any role in
stabilizing these complexes by arene–Au interactions. As part
of this study, we found that crystallization of 2a,b from
toluene or p-xylene leads to the isolation of the first AuI

complexes 4a–d of simple arenes that show h1/h2 coordina-
tion. Herein, we report the single-crystal structures of AuI

complexes 4a–d, as well as those of 1a–c, 2a,b, and 3.[14]

X-ray structures 1a and 2b, representative of neutral (1a–
c) and cationic (2a,b) complexes,[15–20] are shown in Figure 1.
The relevant distances and angles are shown in Tables 1 and 2,
respectively.
The Au�P and Au�Cl bond lengths of 1 a–c are around

2.24 and 2.30 7, respectively, which are similar to those found
in [AuCl(PPh3)]

[21,22] and related AuI complexes.[23] The Au�N
lengths (around 2.04 7) in 2a,b and 3 correspond to that
found in cationic acetonitrile complex 5 (2.043 7)[13b] and are
slightly longer than that reported for [Au(NCMe)2]SbF6
(1.96 7).[24] Cationic complexes 2a,b show a greater bending
of the P-Au-NCMe angle (174.43 and 173.068) than complex 3
(177.108) with a triphenylphosphane moiety as the ligand.

For neutral complexes 1a–c, the average distance between
the Au center and the covering arene ring is 3.15 7. This
distance is slightly shorter in cationic complexes 2a,b (3.03 7;
Figure 2). These values are similar to those found by Zhang
et al. for Au–anthracene complexes such as 5.[13]

In contrast, the arene–AuI interactions with toluene or p-
xylene ligands in complexes 4a–d are considerably stronger

Figure 1. Ortep plots (50%) of complexes 1a and 2b (only the
complex cation is shown for 2b). The hydrogen atoms have been
omitted for clarity.

Table 1: Selected distances [I] for 1a–c, 2a,b, 3, and 4a–d.[a]

Au�P Au···Cl,N,C2A/C3A/C4A[b] Au···Ar[c] Au···C7/C8/C12/O1[d]

1a 2.2364(6) 2.2912(6) 3.15/3.55/3.83
1b 2.254(3) 2.303(4) 3.16/3.40/3.40
1c 2.2378(5) 2.3089(5) 3.27/3.13/3.92/3.27
2a 2.2466(3) 2.0338(9) 3.02/3.25/3.24
2b 2.2539(7) 2.046(2) 3.04/3.28/3.38
3 2.2282(12) 2.038(5)
4a 2.2459(13) 2.535(6)/2.263(5)/2.689(6) 2.244(5) 3.22/3.10/3.69
4b 2.2400(17) 2.338(7)/2.341(7) 2.229(7) 3.15/3.45/3.33
4c 2.2643(10) 2.299(5)/2.423(5) 2.233(5) 3.03/3.42/3.14
4d A 2.2657(11) 2.300(4)/2.354(4) 2.200(4) 3.04/3.00/3.64
4d B 2.2636(10) 2.308(4)/2.370(4) 2.221(4) 3.04/3.41/3.21

[a] Compound 4d has two independent molecules (A and B). [b] Distances are from Au to Cl for 1a–c, to
N for 2a,b and 3, and to C2A/C3A/C4A for 4a–d. [c] The shortest distance between the Au center and the
plane of the complexed arene. [d] These distances are only approximations.

Figure 2. Ortep plots (50%) of the cationic part of the complexes 4a–
d. The hydrogen atoms have been omitted for clarity.
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(Figure 2).[25–29] In all cases, the plane of the aromatic ring
forms an angle to the vector of the Au–P bond close to 908
(Table 2). The shortest distances between the Au atom and
the plane of the aromatic ring of the p-complexed arenes are

2.20–2.24 7 (Table 1). Importantly, these values are markedly
shorter than those found for AgI–arene complexes (2.41�
0.05 7),[12a] which is probably due to rather large relativistic
effects at the Au center.[22] The distances between the Au
atom and the covering arene ring for 4a–d are 3.03–3.22 7,
similar to those found for 1a–c and 2a,b.
Compound 4a, which is complexed to toluene, shows a h1-

arene interaction with the shortest atom–atom distance from
the Au center to C3A (2.263 7) and secondary interactions to
C2A and C4A (2.535 and 2.689 7). The Au atom in p-xylene
complex 4 b shows almost a h2-arene interaction (2.338 and
2.341 7 with C2A and C3A, respectively). Complex 4c shows
a distorted h1-arene interaction with the shortest atom–atom
distance from the Au center to C2A (2.299 7) and a
secondary interaction to C3A (2.423 7). Curiously, the Au
atom in 4a is more strongly bonded to themeta position of the
toluene ring, whereas the strongest interaction in 4c occurs
with the ortho position. Complex 4d, which contains two
independent molecules in the crystal packing, shows a
distorted h2-arene interaction with a stronger bond to C2
than to C3. According to the geometrical criteria introduced
by Kochi and co-workers,[29] the hapticity of complexes would
be h= 1.42 (4 a), 1.69 (4b), 1.41 (4c), and 1.52/1.56 (two
independent molecules of 4 d).
The shortest intermolecular Au···Au distance was found

for 1a (5.4 7), whereas this distance ranges from 7.6 to 9.7 7
for 1b,c, 2a,b, 3, and 4a–d, all of which are beyond the
accepted contact limit of 3.6 7 for significant aurophilic
interactions.[30]

Broad signals were observed in the 31P{1H} NMR
(202.5 MHz) spectra of the arene–AuI complexes in CD2Cl2
at room temperature, thus indicating a fluxional character of
these complexes. The broad resonance around d= 68 ppm for
4c leads to a sharp signal at d= 65.70 ppm upon cooling to
200 K. Addition of water to the solution of 4c in CD2Cl2 leads
to a new signal at d= 60.40 ppm (300 K), which corresponds

to the aquo complex. By comparison, the 31P NMR resonance
of acetonitrile complex 2b was observed at d= 60.53 ppm
(300 K).
In summary, we have characterized the first AuI com-

plexes of simple arenes, which show separation between the
Au center and the mean aromatic plane of 2.20–2.24 7. These
AuI–arene bonds are much shorter than the related AgI–arene
bonds. Weaker interactions have been found between the Au
center and the arene parallel to the P�Au bond.

Experimental Section
X-ray structure determinations: Crystals of 1a were obtained by slow
evaporation of CH2Cl2 at room temperature using a synthetic fiber as
crystallizing base; crystals of 1b,c and 2a,b were obtained by slow
evaporation of CH2Cl2 at room temperature; crystals of 3 were
obtained by slow evaporation of CHCl3; crystals 4a–d were obtained
by evaporation at room temperature, after heating a solution in an
aromatic solvent (toluene or p-xylene) of 2a or 2b. Although the
analyzed crystals are stable under atmospheric conditions, they were
prepared under inert conditions and immersed in perfluoropolyether
as a protecting oil for manipulation.

Data Collection: Measurements were made on a Bruker-Nonius
diffractometer equipped with a APPEX 2 4 K CCD area detector, a
FR591 rotating anode with MoKa radiation, Montel mirrors as a
monochromator, and a Kryoflex low-temperature device (T=
�173 8C). Full-sphere data collection was used with w and f scans.

Programs used: Data collection Apex2V. 1.0–22 (Bruker-Nonius
2004), data reduction Saint + Version 6.22 (Bruker-Nonius 2001),
and absorption correction SADABS V. 2.10 (2003).

Structure solution and refinement: SHELXTL Version 6.10
(Sheldrick, 2000) was used.[31,32]
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