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Synthesis of Allenes and Alkynes through Metal-Catalyzed

Regioselective Reactions of Propargyl Alcohol Derivatives
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Allenes and alkynes are uniquely versatile intermediates in modern organic synthesis because
of their structural and reactive properties. These moieties have been found in many natural
products as well as pharmaceutically related compounds. Therefore, development of highly
efficient and selective methods that can rapidly lead to allenes and alkynes from simple and
readily available starting materials is highly desirable.

Over the past-decades, enormous efforts have been devoted to the development of highly
efficient allenes and alkynes synthesis. Among the various methods hitherto developed, the
transition-metal-catalyzed transformation of propargylic compounds was intensively studied
because of the special character of the triple bond and the easy available of the starting materials.

With regard to their scope, there are two apparent limitations: one of the most apparent
limitations in the transition metal catalyzed transformation had been the poor regioselectivity,
especially in the palladium-mediated reactions, the regioselectivity was greatly dependent on the
substrate structure, limiting the utility; another apparént limitation had been the poor
functional-group tolerance, especially in copper-mediated reactions, because the cupurate reagents
are generally prepared from highly reactive organometallic reagents, such as organolithium or
Grignard reagents. So the development of high regioselectivity and functional group compatibility
methods are highly desirable.

In palladium-catalyzed decarboxylative hydrogenolysis of propargylic formates, the allene-
or alkyne formation is successfully controlled by phosphine ligands, regardless of the substituents
of propargylic formates. In general, the allene formation is preferred with the small
monophosphine ligands such as PMe; or the bisphosphine with small bite angle such as DPPE
[DPPE = 1,2-bis(diphenylphosphino)ethane], while the alkyne formation is favored with the
bisphosphines with relatively large bite angle such as DPPPE [DPPPE =
1,5-bis(diphenylphosphino)pentane] and DPPH [DPPE = 1,6-bis(diphenylphosphino)hexane]
(Scheme 1). The method provides access to a wide range of multi-substituted allenes and alkynes.
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Scheme 1. Ligand-controlled, Pd-catalyzed decarboxylative hydrogenolysis reaction
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Synthesis of conjugated allenes through copper-catalyzed y-selective and stereospecific
coupling between propargylic phosphates and aryl- or alkenylboronates. The reaction proceeded
with excellent y-selectivity and 1,3-anti chirality transfer, which gives the corresponding coupling
products with axial chriality. The wide availability and easy-to-handle nature of aryl- and
alkenylboronates, the inexpensiveness of the Cu catalyst system, and the high regio- and
stereoselectivities are attractive features of this protocol (Scheme 2).

Scheme 2. Copper-catalyzed vy-selective and stereospecific coupling between propargylic
phosphates and aryl- or alkenylboronates
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In conclusion, in palladium-catalyzed decarboxylative hydrogenolysis, the allene- or alkyne
formation was successfully controlled by phosphine ligands, irrespective of the substitution
patterns of propargylic formates. A Cu-catalyzed coupling between propargylic phosphates and
aryl- or alkenylboronates as a versatile route to aryl- and alkenyl-conjugated allenes was
developed.
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