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ABSTRACT

Synthetically usefulR,β-unsaturated carbonyl compounds were obtained from gold-catalyzed oxidative rearrangement of homopropargylic ether
under mild reaction conditions. Gold carbenoid and oxonium ylide are proposed as key intermediates.

Gold-catalyzed reactions have intensively been investi-
gated in the past decade.1 Numerous new transformations

based on theπ-acidity and electron-donor property of gold
catalysts have been developed and applied in multistep
syntheses. In 2007, Toste and co-workers2a and Zhang and
co-workers2b independently reported that alkyne with a
tethered sulfoxide could be used as precursor ofR-oxo gold
carbenoid. This method is promising because it offers a
convenient and benign alternative to generate metal car-
bene, which is tranditionally obtained from the diazo
compound.2,3 Intermolecular oxidation of alkynes was sub-
sequently realizedby using pyridineN-oxide, and themetal
carbenoid or gold-stabilized carbocation can be trapped
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intramolecularly4 or intermolecularly5 (Scheme 1).Among
all the trapping approaches of metal carbenoids, ylide
formation and the subsequent reaction are attractive be-
cause chemical transformations of ylides have shown great
versatility in the synthesis of natural products.6 Surpris-
ingly, littleworkhas beendone in this area.7 Exploringnew
transformations based on ylide formation that evolve from
alkynes and gold catalyst is of great significance.

In 2010, Zhang and co-workers reported that in the
presence of gold catalyst and pyridineN-oxide, homopro-
pargylic alcohol could be converted into dihydrofuran-3-
one 4 via R-oxo gold carbenoid and subsequent O�H
insertion (Scheme2).4aWe envisioned that if theOHgroup
was replaced by OMe group, instead of O�H insertion, an
oxonium ylidemay be formed and [1,2]-shift would lead to
cyclobutanone 5. To our surprise, when substrate 1a was
subjected to the gold-catalyzed redox reaction, instead of
cyclobutanone, an R,β-unsaturated carbonyl compound
2a was obtained in moderate yield. Herein, we report an
unprecedented synthesis of R,β-unsaturated carbonyl com-
pound fromhomopropargylic ether via oxonium ylide route.

Using 1a as the model substrate, reaction conditions
such as gold catalysts, silver catalysts, oxygen-delivering
oxidants, acids, solvent and reaction temperature were
screened, representative conditions are summarized in
Table 1. The use of 4 mol % IMesAuCl/AgNTf2 gave
the best result, 68% of 2a could be obtained (entry 5).
Surprisingly, when 8-ethylquinolineN-oxide was used, the
reaction completed in 2.5 h, but the products were complex
and only trace 2a could be isolated (entry 7). In the absence
of MsOH, the reaction proceeded slowly; 34% of the
substrate was recovered after 11 h, and 2a could be

obtained in 34% yield (entry 8). IMesAuCl, AgNTf2 or
HNTf2 alone could not catalyze the reaction; the starting
material was recovered unconsumed in each case after 24 h
(entries 9, 10 and 11).
The scope of this reactionwas then examined (Scheme 3).

Moderate to high yield could be obtained when methyl
ethers with an electron-poor aromatic unit at the homo-
propargylic position were used (2b, 2c, 2d, 2e, 2f and 2g).
Halogen, trifluoromethyl, ester and cyano groups are well
tolerated in this mild transformation. Aromatic ring at the
homopropargylic position is necessary for high yield since
2h could be obtained only in 28% yield. This method also
worked well with phenyl ether and benzyl ether (2i and 2j).
Additionally, 2-methoxy substituted 1,3-diketone 2k can
be obtained in 52% yield from ynone 1k; compound 6,
which is an sp2C�Hinsertion product, can alsobe isolated
in 16% yield.8 Interestingly, when substrates bearing
electron-rich aryl ring were used, R,β-unsaturated carbonyl
compound 2 and cyclobutanone 5 were obtained (2l, 2m, 5l,
5m and 5n).Ageneral trend canbededucedhere: the electron
richer aryl ring the substrates bear, the higher ratio between 5
and 2 we can expect; this is in accordance with the relative
stability of zwitterion (Scheme 4, intermediate I). We also
tried other OH protecting group such as TBS and THP.

Scheme 1. Gold-Catalyzed Oxidation of Alkynes

Scheme 2. Design for the Trapping of R-Oxo Gold Carbenoid

Table 1. Optimization of Reaction Conditionsa

entry catalyst (4 mol %) N-oxide (2 equiv) time (h) yield (%)

1 Ph3PAuCl/AgSbF6 3a 3.5 40

2 AuCl/AgSbF6 3a 6.5 31

3 IMesAuCl/AgSbF6 3a 3.5 63

4 IPrAuCl/AgSbF6 3a 7.0 48

5 IMesAuCl/AgNTf2 3a 4.8 68

6 IMesAuCl/AgNTf2 3b 8.0 46

7 IMesAuCl/AgNTf2 3c 2.5 trace

8b,c IMesAuCl/AgNTf2 3a 11 34

9b IMesAuCl 3a 24 0

10b AgNTf2 3a 24 0

11 HNTf2 3a 24 0

a [1a] = 0.1 M; the reaction was conducted in 2 mL of 1,2-dichlor-
oethane in open flask. bNo MsOH was added. c 66% conversion.
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Since MsOH was used in the reaction, the OTBS or OTHP
were hydrolyzed, only dihydrofuran-3-one was isolated.
Remarkably, the E/Z selectivity of this reaction is perfect,
all the enone products we obtained are (E)-isomers, and no
(Z)-isomer could be detected from the crude NMR.
To shed light on the reactionmechanism,we synthesized

homopropargylic ester 1o and internal alkyne 1p. Under
the optimized reaction conditions, 1o led to compound 7

(eq 1), which is an sp2 C�H insertion product. When 1p

was employed, R,β-unsaturated carbonyl compound 8

could be obtained in 82% yield (eq 2). Compared with
compound 2, the regioselectivity here is different. On the
basis of Zhang and co-workers’ report,4c formation of
R-oxo gold carbenoid and subsequent 1,2-C�H insertion
led to finalproduct8.These results, togetherwith compound
6 in Scheme 3, indicate that R-oxo gold carbenoid plays a
central role in this reaction.

As depicted in Scheme 4, several pathways could
be possible. Nucleophilic attack of pyridine N-oxide

to gold-activated alkyne 1 and subsequent expulsion of

pyridine aided by gold catalyst affords carbenoid C. In

path a, elimination of MeOH leads to intermediate F,

which undergoes intermolecular O�H insertion to afford

final product 2. Alternatively, electrophilic carbene can

be attacked by pendent oxygen atom, which results in

oxonium ylide E. Intramolecular H transfer leads to

intermediate G (path b), subsequent cleavage of C�Au

and C�O bond affords 2 and regenerates gold catalyst.

Instead of H transfer, proton at the R-position of

carbonyl can be eliminated, followed by cleavage of

C�O bond (path c); thus, intermediate H can be ob-

tained. Compound 2 can be formed by subsequent

protodeauration. When aryl ring at homopropargylic

position is electron rich (Scheme 3, 1l, 1m and 1n),

relatively stable intermediate I can be obtained (path d),

which undergoes intramolecular nucleophilic attack to

afford cyclobutanone 5.
To gainmore information about the mechanism, we did

a crossover experiment (eq 3). When benzyl ether 1j was
used, 1 equiv of MeOH was added to trap the proposed
intermediateF (Scheme4); only 2j could be isolated in 34%
yield, which indicated that path a could not be the actual
mechanism. We also prepared 1a-d, which was deuterated
100% at alkyne terminus, and the gold-catalyzed reaction
led to 2a-d having a >98% deuterium content for the
methylene position (eq 4). This result is in consistent with
path b and path c. Furthermore, when 1awas subjected to

Scheme 3. Substrate Scopea

a [1]=0.1M; the reactionwas conducted in 2mLof 1,2-dichloroethane
in open flask.

Scheme 4. Proposed Mechanism
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the optimized reaction conditions, 2 equiv of D2O was
added simultaneously (eq 5); 42% deuterated product
could be obtained. To rule out the hydrogen exchange
between 2a andD2O under the reaction conditions, 2awas
employed under the same conditions as eq 5; no deuterium
labeled product could be obtained (eq 6). Thus, path c
should be the most possible mechanism.

In summary, we have described a novel and convenient
approach that converts homopropargylic ethers into R,
β-unsaturated carbonyl compounds. The reaction tolerates
various functional groups and generates a compound
with excellent (E)-selectivity. Oxonium ylide is proposed
as the key intermediate, which is generated from ether
tethered alkynes and pyridine N-oxide for the first time.
When substrates bearing an electron-rich aryl ring at the
homopropargylic positionwereused, cyclobutanone could
be obtained. We are working on this interesting reaction

and trying to figure out the relationship between selectivity
and structure of substrates and catalysts.
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