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ABSTRACT

An efficient synthesis of r-iodo/bromo-r,�-unsaturated aldehydes/ketones directly from propargylic alcohols is described. This reaction is
catalyzed collaboratively by two metal complexes, Ph3PAuNTf2 and MoO2(acac)2, and Ph3PO as an additive helps suppress undesired enone/
enal formation. Notable features of this method include low catalyst loadings, mild reaction conditions, and mostly good to excellent
diastereoselectivity. In comparison with our previously developed method based on propargylic acetate substrates, this chemistry omits the
need to prepare acetate derivatives and, moreover, has a much broader substrate scope.

Propargylic carboxylates, prepared from propargylic alcohols
and activated carboxylic acids, are arguably the most versatile
substrates1 for gold and platinum catalysis,2 and some of
their gold-catalyzed reactions resulted in the formation of
products without retaining the acyl group.1c,d,g,3 For those
reactions, it is in theory possible to replace the acyl group
with an in situ installed and subsequently cleavable surrogate
or equivalent in a catalytic fashion. In this manner, significant

economic and environmental benefits can be garnered with
shortened synthetic routes and less chemical waste generated
(Scheme 1).

Last year, Akai and co-workers reported a bimetallic
catalysis4 using a combination of Ph3PAuCl/AgOTf5 and
MoO2(acac)2 (Scheme 2). In this efficient Meyer-Schuster
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Scheme 1. Carboxyl Group Surrogate for Gold-Catalyzed
Reactions of Propargylic Carboxylates
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reaction, several features are noteworthy: mild reaction
conditions (mostly at room temperature), low catalyst load-
ings (1 mol % for both Au and Mo complexes), and a broad
substrate scope.

Although Meyer-Schuster reactions catalyzed only by
gold complexes6 have been reported, the propargylic alcohol
substrates invariably contained features capable of substan-
tially stabilizing carbon cations. The broad scope and the
ease of Akai’s chemistry calls for, in our opinion, a
mechanism similar to that of propargylic carboxylates, where
a gold-catalyzed 3,3-rearrangement1b,c occurs en route to
enone formation.3a The difference is, as in our conceived
mechanism (Scheme 2), that the oxomolybdenum moiety acts
as an equivalent of the carbonyl group. Due to the labile
nature of the RO-Mo bond, intermediate 1 was generated
in situ and the Mo complex was rendered catalytic.

We were attracted to the synthetic advantage of this
revelation as propargylic carboxylates in a range of gold
catalysis could be replaced with their precursors (i.e.,
propargylic alcohols) and thus decided to look into applying
this approach to some of the chemistry previously developed
in our laboratory.

We recently reported a preparative method of linear
R-iodo/bromo-R,�-unsaturated ketones based on gold ca-
talysis using propargylic acetate substrates.3b,d These func-
tionalized enones are versatile synthetic intermediates and
can be readily converted to a range of R-substituted enones
via transition metal-catalyzed cross-coupling reactions.7

Though efficient, the reaction required propargylic acetates
as substrates and, moreover, did not work well with substrates
without substitution at either end of the propargyl moiety.
We reasoned that a Mo complex such as MoO2(acac)2 could
replace the acetyl moiety in this chemistry, similar to Akai’s
case, allowing the formation of R-halo-R,�-unsaturated
carbonyl products directly from propargylic alcohols and
likely with an improved scope (Scheme 3).

We first studied the formation of R-iodo enones/enals using
MoO2(acac)2 and Ph3AuNTf2

8 as the catalyst combination
and anhydrous CH2Cl2 as solvent. To our delight, R-iodo
enone 3 was indeed formed from propargylic alcohol 2 at
room temperature in 3 h (Table 1, entry 1). The drawback

was the competitive formation of enone 4. While other metal
complexes such as VO(acac)2 and MeReO3 failed to improve
this reaction, we turned to modify MoO2(acac)2. It was
recently reported that dinuclear molybdenum complexes
Mo2O5(acac)2L2 (L ) DMF, Ph3PO, DMSO, H2O, HMPA,
etc.) could be readily prepared from MoO2(acac)2 and polar
compounds (i.e., L) in 96% ethanol.9 While our attempts to
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Scheme 2. Akai’s Chemistry and Our Conceived Mechanism

Scheme 3. Preparation of R-Halo-R,�-unsaturated Carbonyl
Compounds from Propargylic Alcohol: Design

Table 1. Bimetallic Au/Mo Catalysis: Conditions Optimization

3

entrya additive yield (%)b Z/Ec 4 (%)

1 54 6/1 36
2 DMSO (5 mol %) 72 24/1 12
3 DMF (5 mol %) 69 11/1 28
4 HMPA (5 mol %) 80 26/1 <2
5 Ph3PO (5 mol %) >98d 16/1 <2
6 Ph3PO (1 mol %) 71 12:1 9
7 Ph3PO (5 mol %), no gold 13e 18/1 <1
8 no gold 3e

9 Ph3PO (5 mol %), no Mo 7e <1
10 no Mo 7e <1
a Reaction concentration was 0.05 M. b Estimated by 1H NMR using

diethyl phthalate as internal reference. c The geometries of 3 were determined
by NOESY1D experiments. d 98% isolated yield. e The rest of the starting
material remained unreacted.
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prepare these complexes in pure form always met with
difficulty, we screened these polar compounds as additives
to the reaction. To our delight, the formation of enone 4 was
significantly suppressed with DMSO (entry 2) and almost
completely prevented with HMPA (entry 4) or Ph3PO (entry
5). In the case of Ph3PO, the reaction proceeded with an

excellent yield with 5 mol % of the additive, while significant
enone formation was observed with 1 mol % (entry 6). The
role of Ph3PO in the reaction, though not clear at this point,
is likely to modify MoO2(acac)2 instead of Ph3PAuNTf2

(comparing entries 7, 8 and 9, 10). Notably, the reaction did
not proceed well using only one of the catalysts (entries
7-10).

With the optimized mild reaction conditions in hand, the
scope of this reaction was promptly studied. As shown in
Table 2, the reaction scope was broad and substantially
improved over that of our previous method3b,d based on
propargylic acetates (vida supra). Besides propargylic alco-
hols with substititions at both ends of the propargyl moiety
(i.e., R1 or R2 * H and R3 * H, entries 1-8, 13, and 14),
substrates with R1 ) R2 ) H (entries 10-12) worked
smoothly, affording 1-iodovinyl ketones efficiently. More-
over, when R3 ) H, R-iodo enal 6i was isolated in 73% yield
(entry 9). Notable is that R-iodo enals are versatile synthetic
substrates and their syntheses frequently require multiple
steps10 or strong reaction conditions11 or were limited by
substrate scope.12 For functional group tolerance, aryl groups
(entries 4-7, 10, and 11), benzyl/methyl ethers (entries 7,
8, and 11), and ester (entry 10) were allowed although a
TBS ether appeared to be labile under the reaction conditions.
The reaction yields were generally good to excellent, and
enone formation was mostly minimal. In some cases, more
catalysts were required to drive the reactions to completion
in acceptable time periods (entries 7-11). For the double-
bond geometry, good to excellent Z-selectivities were
observed except for substrates with phenyl substitution (Z/E
) 6:1, entries 4 and 5). In comparison, R-iodo enone 6d

Table 2. Reaction Scope for the Formation of R-Iodo Enones/
Enals

a The substrate concentration was 0.05 M. b Isolated yield. c The yield
of the corresponding enone was shown in parentheses. d Reaction time: 15 h.
e 2 mol % of Au(PPh3)NTf2, 2 mol % of MoO2(acac)2, and 10 mol % of
Ph3PO were used.

Table 3. Reaction Scope for the Formation of R-Bromo Enones/
Enals

a The substrate concentration was 0.05 M. b Isolated yield. c The yield
of the corresponding enone is shown in parentheses. d Reaction time: 11 h.
e 5 mol % of Au(PPh3)NTf2, 5 mol % of MoO2(acac)2, and 15 mol % of
Ph3PO were used.
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was formed without much stereoselectivity (Z/E ) 1.2/1)
using the acetate of 5d.3b,d

This reaction protocol could be readily applied to the
synthesis of R-bromo enones/enals by replacing NIS with
NBS (Table 3).3d,13 However, the reactions proceeded slowly
with 1 mol % of catalysts (e.g., 38 h for 5a). By increasing
the catalyst/additive loadings, all of the reactions were
complete in less than 12 h and afforded products with good
yields. Moreover, excellent diastereoselectivities were ob-
served in the cases of 5a and 5i.

Attempts to extend this chemistry to the synthesis of
R-chloro/fluoro analogues were not successful, and further
studies in this direction are currently ongoing.

In summary, we have developed a highly efficient syn-
thesis of linear R-iodo/bromo-R,�-unsaturated ketones/alde-
hydes from propargylic alcohols. In this chemistry, two metal
complexes, Ph3PAuNTf2 and MoO2(acac)2, catalyze this
reaction collaboratively, and Ph3PO is used as an additive
to suppress undesired enone/enal formation. Notable features
of this method include low catalyst loadings, mild reaction
conditions, and mostly good to excellent diastereoselectivity.

In comparison to our previously developed method based
on propargylic acetate substrates, this chemistry omits the
need to prepare acetate derivatives and, moreover, has a much
broader substrate scope.
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