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ABSTRACT

The rhodium-catalyzed addition of alkynes to 1,2-diketones, 1,2-ketoesters, and aldehydes provides a method for the synthesis of tertiary
alkynyl alcohols under mild conditions. The reaction tolerates many functional groups (such as carboxylic acids) that are incompatible with
other methods. The alkyne addition reaction proceeds best using bulky phosphine ligands such as 2-(di- tert -butylphosphino)biphenyl. This
method fills a void in the more common zinc-catalyzed processes, which give poor yields with enolizable 1,2-dicarbonyl substrates.

Great strides have been made in the development of catalytic
methods for the addition of alkynes to aldehydes, ketones,
and imines.1,2 Such transformations have attracted consider-
able interest due to the versatility of the alkyne addition
products which are useful intermediates in the synthesis of
complex molecules.3 Although the development of catalytic
methods for the addition of alkynes to aldehydes and ketones

has received significant attention, the catalytic addition of
alkynes to 1,2-dicarbonyl compounds has been explored in
only a cursory fashion. Although catalytic zinc conditions
are compatible with 1,2-dicarbonyls, they are limited to non-
enolizable systems, with enolizable 1,2-dicarbonyls providing
only low yields.4

Rhodium acetylides provide a useful solution to this limita-
tion of catalytic zinc chemistry. Use of catalytic amounts of
Rh(acac)(CO)2 in the presence of phosphine ligands has been
shown to form acetylides with nucleophilic properties.5 These
rhodium acetylides act as selective nucleophiles under mild
conditions. Indeed, alkyne addition reactions catalyzed by
rhodium complexes tolerate functional groups (such as
unprotected alcohols and carboxylic acids) that are not
tolerated by many other metal-catalyzed alkyne addition
reactions.
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Initial attempts focused on the addition of 1-octyne to ethyl
pyruvate (Table 1). Only when the phosphine was changed

to the bulky, electron-rich 2-(di-tert-butylphosphino)bi-
phenyl6 (5) and tri-tert-butylphosphine (10) did the yields
become excellent (Table 1, entries 6 and 7). Triaryl phos-
phines were much less effective ligands for this transforma-
tion (Table 1, entries 1-4). Control experiments showed that
both the rhodium complex and the phosphine ligand were
required for activity, precluding a phosphine-catalyzed
process and implicating a rhodium-phosphine complex as
the active catalyst. In support of this hypothesis, numerous
literature reports describe activation of the C-H bond of
monosubstituted alkynes using rhodium-phosphine com-
plexes.7

With the realization that the reaction required a bulky,
electron-rich phosphine, 2-(di-tert-butylphosphino)biphenyl
5 was chosen as the ligand of choice. This decision was based
on the ease of handling of this stable, white solid in contrast
to tri-tert-butylphosphine (10), which oxidizes quickly when
exposed to air.

Other parameters were then modified to determine the
optimal reaction conditions. Temperatures as low as 40°C
were found to give excellent yields of the alkyne addition
product. Further optimization showed that use of 3 mol %
of Rh(acac)(CO)2 and 9 mol % of phosphine5 gave an
optimal yield with a minimum of catalyst. Use of THF
instead of 1,4-dioxane provided a small increase in yield.
The ratio of alkyne to dicarbonyl was also assessed.
Lowering the amount of ethyl pyruvate to two equivalents

provided a 50% yield of product, whereas one equivalent
gave a modest 26% yield. Increasing the amount of octyne
(2) in relation to ethyl pyruvate (1) to more than one
equivalent did not produce any increase in yield due to alkyne
dimerization.8

Once reaction conditions were optimized, a survey of
electrophiles was performed (Table 2).

Reaction of 2,3-butanedione (12), 3,4-hexanedione (14),
and ethyl pyruvate (1) gave excellent yields of alkyne
addition products with 4-pentyn-1-ol (11). Alkyl aldehydes
also gave good yields of addition product, whereas aromatic
aldehydes gave lower yields unless they were highly
activated, as in the case of 4-nitrobenzaldehyde23.

Different alkynes were also evaluated as coupling partners
(Table 3). As in the case of 4-pentyn-1-ol (11), unprotected
alcohols are well tolerated in the rhodium-catalyzed alkyne
addition reaction. Aromatic alkynes such as phenylacetylene
(26) also provide excellent yields of product. To further
demonstrate the functional-group tolerance of the reaction,
an alkyne containing a carboxylic acid was also used as a
nucleophile providing an excellent yield of addition product
(Table 3, entry 8).
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Table 1. Phosphine Ligand Screen

entry ligand yield (%)

1 triphenylphosphine (6) 13
2 tris(o-methoxyphenyl)phosphine (7) 9
3 tri-o-tolylphosphine (8) 24
4 dppfa (9) 26
5 2-(dicyclohexylphosphino)biphenyl (4) 71
6 2-(di-tert-butylphosphino)biphenyl (5) 83
7 tri-tert-butylphosphine (10) 95

a Only 5 mol % of dppf was used.

Table 2. Variation of the Electrophile
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A proposed reaction mechanism is shown in Scheme 1.
Displacement of one carbon monoxide ligand by a phosphine
is well precedented9 for Rh(acac)(CO)2, and this is assumed
to be the first step. Coordination of the alkyne to the newly
formed Rh complex followed by insertion of the metal into
the alkyne C-H bond provides rhodium acetylide42.
Rhodium complexes similar to intermediate42 have been
isolated by Esteruelas and Werner.7a Coordination of the
carbonyl to the alkynylrhodium42 is followed by carbon-
carbon bond formation, leading to rhodium alkoxide44.

Reductive elimination then provides the propargylic alcohol
product, regenerating the active catalyst.

In summary, a rhodium-catalyzed method for the addition
of alkynes to aldehydes, 1,2-diketones, and 1,2-ketoesters
under mild conditions has been described. The reaction
tolerates the presence of a variety of functional groups
including unprotected alcohols and carboxylic acids. Studies
to elucidate the reaction mechanism, the development of an
enantioselective variant, and the application of this reaction
to the synthesis of bioactive substances are currently
underway.
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Table 3. Variation of the Alkyne Nucleophile

a 3,4-Hexanedione (14) was used instead of 2,3-butanedione (12).b One
equivalent of triethylamine was added.

Scheme 1. Proposed mechanism for the Rh-catalyzed alkyne
addition

Org. Lett., Vol. 8, No. 1, 2006 69


