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ABSTRACT

A new, efficient method is developed, based on a palladium(0)-catalyzed reaction of propargylic derivatives with various phosphorus nucleophiles,
to produce allenylphosphonates and their analogues with defined stereochemistry in the allenic and the phosphonate moiety.

In recent years, allenes have rapidly evolved from curious
chemical entities into one of the most flourishing research
subjects in organic chemistry.1 An allene structural motif
has been discovered in many natural products and has started
to attract increasing attention of pharmaceutical research.2

Due to the development of novel synthetic methods,3 allenes
also became useful intermediates in chemical synthesis, often
enabling a rapid molecular complexity increase in a single
reaction step,4 inter alia, due to an efficient transfer of
chirality to the newly formed stereocenters.1,5

A special class of allenes constitute allenylphosphonates
and related compounds that exhibit diverse reactivity6 and

hence can serve as very useful synthetic intermediates.
Synthesis of allenylphosphonates has been dominated by
[2,3]-sigmatropic rearrangement of propargyl phosphites,1,7
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which has a broad scope with respect to the precursor
propargylic alcohols used, enabling the synthesis of alle-
nylphosphonates with various substitution patterns in the
allene moiety. Despite these, the approach suffers from a
serious drawback, namely, a limit in the kind of substituent
that can be attached to the phosphonate center.

To overcome this limitation and to explore new avenues
to carbon-phosphorus bond formation, we turned our
attention to a completely unexplored, in this context, transi-
tion-metal-catalyzed propargylic substitution (SN2′) reaction
as a means of synthesis of allenylphosphonates. Although
this is a well established synthetic approach to a variety of
allenes,1,8 the reaction has never been used for the formation
of the C-P bond. We expected that stereoselectivity and
chirality transfer from the propargylic substrate observed
during some allene synthesis1 would also be preserved for
phosphorus nucleophiles. Since other Pd-catalyzed C-P
bond-forming reactions9 have been shown to work well in
the synthesis of biologically important phosphorus com-
pounds,10 and mechanistic aspects of the reaction with aryl
electrophiles have been studied in depth,11 we expected that
these may lend themselves to a new method for the
construction of complex allenylphosphonate derivatives.

Herein we report for the first time studies on a palladium-
catalyzed propargylic substitution reaction with H-phospho-
nates and related compounds as nucleophiles. Our aim was
to develop a new synthetic method for this class of
compounds and expand the scope of accessible allenylphos-
phonates, particularly those of potential biochemical rel-
evance.

As a model reaction we chose coupling between propargyl
chloride and diethyl H-phosphonate (Table 1, entry 1). The
screening revealed that only bidentate ligands with wide bite
angles were able to promote a conversion into the alle-
nylphosphonate, and the highest reaction rate was observed
for bis(2-phenylphosphinophenyl)ether (DPEPhos) (see Sup-
porting Information).

The scope of the reaction turned out to be broad in terms
of propargyl derivatives and the H-phosphonates used, as it
was apparent from synthesis of allenylphosphonates with
diverse structural features (Table 1).

In this reaction propargyl chlorides showed relatively high
reactivity that did not depend on the presence or absence of

substituents at C1 (Table 1, entry 1 vs 3 and 8). Propargyl
carbonates did not require an external base and exhibited
significant differences in rates between primary vs secondary
substrates (entry 2 vs 4), with the latter one reacting much
faster (7 h vs 30 min). A substituent in the terminal position
of the alkyne (R3) dramatically slowed down the reaction
for both the leaving groups, and a good conversion to the
corresponding allenylphosphonate could only be achieved
for the carbonate derivative (entry 5 vs 6). However,
introduction of substituents at C1 significantly increased
the reactivity of this type of substrate (entries 7 and 9). The
coupling reaction was sensitive to steric hindrance at the
phosphorus center as it is apparent from entry 10 vs 1 in
Table 1. Other phosphorus nucleophiles, e.g., phosphinate
esters, could also be used in this reaction (entries 11-13) to
produce the corresponding allenylphosphinates. Although the
last two products could also technically be obtained using
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Table 1. Synthesis of Allenylphosphonates and Related
Compoundsa

a Reagents and conditions: 1.38 mmol of propargylic substrate, 1.25
mmol of P-nucleophile, 0.019 mmol (1.5 mol %) of Pd2(dba)3·CHCl3, 0.038
mmol (3 mol %) of DPEPhos, 5 mL of THF (0.25 M), 68 °C. For
propargylic chlorides, additionally 1.5 mmol of Et3N.
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the sigmatropic rearrangement reaction,1,7 preparation of
suitable tervalent phosphorus precursors would pose con-
siderable difficulty. On the other hand, aryl- and vinylphos-
phinates used in our palladium-catalyzed propargylic sub-
stitution reaction can be easily synthesized by methods
develped by Montchamp et al.12

To investigate the stereochemistry of this reaction, enan-
tioenriched propargyl carbonates 1 were allowed to react with
diethyl H-phosphonate 2 under the developed conditions. As
is apparent from the results in Scheme 1, propargyl carbon-

ates (R)-1 and (S)-1 were transformed into allenylphospho-
nates 3 in a completely stereoselective and stereospecific
manner.

Center to axis chirality transfer described above does not
exhaust stereochemical features of this allenylphosphonate
synthesis. The other equally important aspect is chirality at
the phosphorus center. Therefore we studied a stereochemical
course of the investigated reaction, when the starting material
contained a stereogenic phosphorus center (Scheme 2).

To this end, two diastereomeric dinucleoside H-phospho-
nates, with opposite configurations at the phosphorus, (RP)-4
and (SP)-4, were subjected separately to coupling with
propargyl chloride under the developed reaction conditions
(Scheme 2). It was found that each of the dinucleoside 4
diastereomers was transformed quantitatively into the cor-
responding diastereomer of the product [Scheme 2, (RP)-5
and (SP)-5), respectively], and this proved that the palladium-
catalyzed process was completely stereospecific, and the
configuration at the phosphorus center in the product was
determined by the configuration in the starting material. It

is important to mention that this aspect of the allenylphos-
phonates synthesis, i.e., control of stereochemistry at the
phosphorus atom, is completely beyond the scope of the
original sigmatropic rearrangenent method.1,7

In conclusion, we have developed a novel method for the
synthesis of allenylphosphonates and related compounds via
a Pd(0)-catalyzed coupling of propargylic derivatives with
H-phosphonate diesters or their analogues. The reaction
represents a new means for the formation of the C-P bond
and permits stereoselective and stereospecific construction
of an allenic moiety with complete transfer of center to axial
chirality and retention of configuration at the phosphorus
center. By a proper choice of propargylic components and
H-phosphonate derivatives, complex organic structures can
be generated. High efficiency, mildness of the reaction
conditions, and easily accessible starting materials can make
this reaction a method of choice for the synthesis of various
analogues of biologically important compounds with a
predefined stereochemistry and substitution pattern in the
allene and the phosphonate moieties.
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