
Bioorganic & Medicinal Chemistry Letters 19 (2009) 3884–3887
Contents lists available at ScienceDirect

Bioorganic & Medicinal Chemistry Letters

journal homepage: www.elsevier .com/ locate/bmcl
Homogeneous gold-catalyzed efficient oxidative dimerization
of propargylic acetates

Li Cui, Guozhu Zhang, Liming Zhang *

Department of Chemistry, University of Nevada, Reno, 1664 North Virginia Street, Reno, NV 89557, United States

a r t i c l e i n f o a b s t r a c t
Article history:
Received 17 February 2009
Revised 23 March 2009
Accepted 25 March 2009
Available online 28 March 2009

Keywords:
Catalysis
Oxidation
Dimerization
Homogeneity
Gold
0960-894X/$ - see front matter � 2009 Elsevier Ltd.
doi:10.1016/j.bmcl.2009.03.127

* Corresponding author. Tel.: +1 775 784 6688; fax
E-mail address: lzhang@unr.edu (L. Zhang).
A highly efficient gold-catalyzed oxidative dimerization of propargylic acetates is developed. In this
chemistry, Selectfluor oxidation of Au(I) to Au(III) is readily incorporated into Au-catalyzed tandem reac-
tions of propargylic acetates, and transmetallation and reductive elimination on Au(III) intermediates are
likely involved.

� 2009 Elsevier Ltd. All rights reserved.
Homogeneous gold chemistry based on Au(I) or Au(III) catalysis
has attracted much attention lately, and various practically useful
synthetic methods have been developed.1 In these reactions, the
gold catalysts often do not change their oxidation state.2 However,
homogeneous reactions involving catalytic interconversion of Au(I)
and Au(III) has just started to emerge. For example, Au complexes
were reported to catalyze Suzuki and Sonogashira reactions at
130 �C, where the arylhalides were likely the oxidant for convert-
ing Au(I) into Au(III) (i.e., oxidative addition, similar to Pd cataly-
sis).3 Alternatively, external oxidants have been employed to
oxidize Au(I) to Au(III). For example, an oxidative dimerization4

of non-activated arenes using HAuCl4 as catalyst and PhI(OAc)2

as external oxidant was reported by Tse and co-workers.5 A second
example was recently reported by Wegner,6 where aryl propiolates
dimerized following an initial cyclization using AuCl3/3AgOTf as
catalyst and tBuOOH as oxidant. In the latter example, a combina-
tion of contemporary Au catalysis based on alkyne or allene activa-
tion and external oxidant-enabled Au redox processes was
achieved. Considering the large array of Au-catalyzed reactions
based on alkyne/allene substrates, the introduction of Au(I)/Au(III)
interconversion would potentially add a new dimension to gold
chemistry. However, protodeauration was a major side reaction
in this dimerization of aryl propiolates and the reaction yields were
mostly low, thus casting doubts on the synthetic potential of this
concept. Herein, we report a highly efficient homogeneous Au-cat-
alyzed oxidative dimerization. In this reaction, Selectfluor oxida-
All rights reserved.
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tion of Au(I) to Au(III) was readily incorporated into Au-catalyzed
tandem reactions of propargylic acetates. In addition, dynamic
light scattering experiments offered support for the homogeneity
of this reaction.

In our attempts to develop a Au-catalyzed synthesis of a-fluo-
roenones from propargylic acetates,7 Selectfluor was chosen as
an electrophilic fluorinating reagent. To our surprise, when propar-
gylic acetate 1 was treated with Ph3PAuNTf2

8 (5 mol %) and Select-
fluor in acetone in a sealed vial at 80 �C, enone dimer 2 was formed
in 19% yield along with 11% of enone 39 and some unreacted start-
ing material (Table 1, entry 1). No desired a-fluoroenones was ob-
served. Solvent screening revealed that MeCN was better than
acetone, toluene, THF and MeNO2 for this dimerization, and the
yield was dramatically increased to 72% (Table 1, entry 2). Among
different gold catalysts and PtCl2, (2-biphenyl)Cy2PAuNTf2 (i.e.,
5)10 gave the best result (Table 1, entry 7). Noteworthy is that nei-
ther PtCl2 (Table 1, entry 5) nor Au(III) complex 4 (Table 1, entry 6)
gave any discernable dimer 2. Much to our surprise, Ph3PAuCl, cat-
alytically inert in our previous studies with propargylic esters, also
catalyzed this reaction (Table 1, entry 3). Using (2-biphe-
nyl)Cy2PAuNTf2 as catalyst, the reaction yield was lower with less
Selectfluor (1.2 equiv, Table 1, entry 8) or at 60 �C (Table 1, entry
9). We surmised that H2O could affect efficiency of this reaction
as it was involved in the reaction (vide infra). To our delight, when
the volume ratio of CH3CN (anhydrous) and H2O was 500:1, this
reaction became highly efficient, affording dimer 2 in 91% isolated
yield (Table 1, 12); moreover, only E,E-2 was detected, and no en-
one 3 was observed. The reaction mixture was transparent
throughout, suggesting its homogeneous nature. Control
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Table 1
Au-catalyzed homo-coupling reactions: reaction conditions optimizationa
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Entry Catalyst (5 mol %) Reaction conditions Yield (%)b % of 1 left

2 3

1 Ph3PAuNTf2 Acetone, 80 �C, 36 min 19 11 25
2 Ph3PAuNTf2 MeCN, 80 �C, 25 min 72 6 —
3 Ph3PAuCl MeCN, 80 �C, 60 min 78 <2 —
4 (4-CF3Ph)3AuNTf2 MeCN, 80 �C, 25 min 76 — —
5 PtCl2 MeCN, 80 �C, 4 h — — 16
6 4c MeCN, 80 �C, 4 h 20 — 7
7 5d MeCN, 80 �C, 11 min 82 — —
8e 5 MeCN, 80 �C, 50 min 71 2 —
9 5 MeCN, 60 �C, 25 min 71 — —
10f 5 MeCN (anhyd), 60 �C, 25 min 53 — —
11f 5 MeCN:H2O = 300:1, 60 �C, 25 min 70 4 —
12f 5 MeCN:H2O = 500:1, 60 �C, 25 min 91g — —
13f — MeCN:H2O = 500:1, 60 �C, 25 min — — 79
14f HNTf2 (1 equiv) MeCN:H2O = 500:1, 60 �C, 25 min — 24 —

a Vial reactions with regular solvent. The reaction concentration was 0.05 M. Selectfluor (2 equiv) was used.
b Estimated by 1H NMR using diethyl phthalate as internal reference.
c Dichloro-(2-picolinato)Au(III).
d (2-biphenyl)Cy2PAuNTf2.
e 1.2 equiv of Selectfluor was used.
f Flask reaction with anhyd MeCN.
g Isolated yield.
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experiments (Table 1, entries 13 and 14) suggested that Au cata-
lysts were essential for this dimerization.

The scope of this chemistry was studied using the optimized
conditions in Table 1, entry 12. As shown in Table 2, propargylic
acetates with oxygen-functionalized alkyl chains on either side of
the propargyl moiety worked well, giving enone dimer 6a and 6b
in excellent yields (entries 1 and 2), respectively. Sterically
Table 2
Reaction scope studiesa
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demanding cyclohexyl group were well tolerated, again affording
excellent yields of corresponding products (entries 3, 5 and 6). Par-
ticularly noteworthy is that highly hindered enone dimer 6f was
formed with ease and high efficiency. A phenyl group at the prop-
argylic position, however, led to mostly enone formation9a along
with small amount of the corresponding a-fluoroenone;7 a phenyl
group at the alkyne terminus did not work well, either. However, a
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phenyl group removed from the propargyl moiety was well toler-
ated, giving dimer 6d in 81% yield (entry 4). In addition, a cyclopro-
pyl group at the alkyne terminus was allowed. For substrates
without substitution at the alkyne terminus or propargylic posi-
tion,11 no dimer was observed.

R

OAc O

R

R

O
R

R

R
(2-biphenyl)Cy2PAuNTf2 (5 mol %)

Selectfluor (2 equiv)
MeCN : H2O = 500:1

60 ºC, 25 - 40 min

6h, R = Me, 83%
6i, R, R = (CH2)4, 31%

Me F
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Me
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ð1Þ

For tertiary propargylic acetates, the substrate prepared from
cyclopentanone upon reaction gave only a 31% yield of dimer 6i
(Eq. 1) along with 15% of a-fluoroenone 7. However, the sterically
less demanding dimethyl substrate reacted smoothly to afford di-
mer 6h in 83% yield.

The mechanism of this highly efficient homo-coupling reaction
is proposed in Scheme 1. As established in studies by us7,9a,12 and
others,13 propargylic acetates undergo Au(I)-catalyzed tandem
reactions, affording oxocarbenium intermediate A with LAu(I) at
the enone a-position. Hydrolysis of A leads to a-auroenone B,
which would form enones9a such as 3 via protodeauration. How-
ever, Selectfluor appears readily oxidizing Au(I) complex B into
Au(III) complex C. The lack of enone formation (e.g., 3) indicates
that intermediate B undergoes this oxidation much faster than pro-
todeauration. Although this oxidation of organogold(I) to organo-
gold(III) by Selectfluor is previously unknown, this change of
gold oxidation states is necessary for subsequent C–C bond forma-
tion. Transmetallation between B and C would then yield Au(III)
complex D with two identical 1-acylalkenyl ligands, which can un-
dergo reductive elimination to afford enone dimer 2 or 6. Similar
reductive elimination of dialkenylgold(III),4a diarylgold(III)4b,14

and alkoxyalkylgold(III)15 intermediates have been previously pro-
posed. The essential oxidation of B to C by Selectfluor is most likely
facilitated by the formally negatively-charged 1-acylalkenyl li-
gand; alternative oxidation of (2-biphenyl)Cy2PAuNTf2 to Au(III)
is less likely due to the cationic nature of Au(I). Moreover, oxida-
tion of (2-biphenyl)Cy2P to the corresponding phosphine oxide
was not observed during the reaction by both 31P NMR and ES+

MS, suggesting the (2-biphenyl)Cy2PAu moiety was most likely in-
tact during the reaction.

Importantly, no precipitates were observed during these reac-
tions. To provide further support for the homogeneous nature of
the reaction, we performed dynamic light scattering experiments
on the reaction mixture using 1 as substrate.16 Using Microtrac
NanotracTM ULTRA with a particle size detecting lower limit of
0.8 nm, the filtered reaction solution,17 while still containing
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Scheme 1. Proposed reaction mechanism.
catalytically active gold catalysts,18 could not be effectively mea-
sured due to the lack of light scattering.19 This negative result sup-
ported the homogeneous nature of this oxidative dimerization
reaction.

In summary, a Au-catalyzed homogeneous oxidative dimeriza-
tion of propargylic acetates has been developed, leading to highly
efficient formation of enone dimers from readily available propar-
gylic acetates. This chemistry is proposed to involve Selectfluor-
promoted Au(I)/Au(III) catalytic cycles and proceed with transmet-
allation and reductive elimination on Au(III) intermediates in a
homogeneous system. The oxidation of Au(I) into Au(III) by Select-
fluor efficiently outcompetes protodeauration frequently observed
in gold catalysis. This work would help the introduction of a new
area in Au catalysis, where gold oxidation states can be tuned
and contemporary Au chemistry based on alkyne/allene activation
can be coupled with oxidative metal-catalyzed reactions.
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