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ABSTRACT

A general method for the coupling of aryl and vinyl halides with diaryl and dialkyl phosphines, as well as with dibutyl phosphite, is reported.
This highly efficient transformation is realized through the use of copper(I) iodide as a catalyst, N,N′-dimethylethylenediamine as a ligand, and
Cs2CO3 as a base. A variety of sterically hindered and/or functionalized substrates were found to react under these reaction conditions to
provide products in good to excellent yields.

The formation of carbon-heteroatom bonds by transition-
metal-catalyzed cross-coupling methodology has been the
subject of intensive investigation in recent years.1 Although
the majority of efforts have been focused on the formation
of carbon-nitrogen,2 -oxygen,3 and-sulfur bonds,4 limited
protocols for direct coupling of aryl halides with secondary

phosphines have been published.5 Recent reinvestigation of
Ullmann-type chemistry showed that many of the above-
mentioned cross-coupling processes may be performed using
a catalytic quantity of a copper complex.6 However, examples
of copper-mediated carbon-phosphorus bond formation are
rare.7 In this communication, we wish to report a general
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protocol for copper-catalyzedsynthesis of tertiary phosphines
and phosphonates from aryl or vinyl halides and secondary
phosphines or phosphites. Both classes of products are of
great importance in organic synthesis: tertiary phosphines
are widely used as ligands for transition-metal-catalyzed
reactions, and alkenylphosphonates are common precursors
for preparation of biologically active molecules,8 flame
retardants,9 and polymer additives.10

1-Iodonaphthalene and diphenylphosphine were selected
as prototypical reaction partners for ligand-free copper-
catalyzed coupling reactions. Initial examination, which was

aimed at the discovery of the optimum reaction conditions,
revealed that 5 mol % of CuI can effect the transformation
of 1-iodonaphthalene to 1-diphenylphosphinonaphthalene.
This reaction was performed using 1.1 equiv of diphen-
ylphosphine and 2 equiv of Cs2CO3 as a base with 1 equiv
of the aryl iodide in toluene at 110°C (Table 1, entry 1).
Reduction of the starting aryl iodide was the only side
reaction (up to 7%). Applying these conditions to cross-
coupling reactions between a variety of aryl halides and
different phosphines immediately revealed several problems.
For instance, the reaction was sensitive to the steric bulk of
the aryl iodide when dialkylphosphines were used as coupling
partners; this was reflected in the formation of a large amount
of the reduced arene.11 In addition, aryl bromides did not
react under these reaction conditions. Furthermore, using a
1:1 ratio of phosphine/aryl iodide, the reaction did not go to
completion. The use of excess phosphines to obtain complete
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Table 1. Copper-Catalyzed Phosphination of Aryl and Vinyl Halides

a Conditions A: R-I (1 mmol), R2PH (1.1 mmol), CuI (5 mol %), Cs2CO3 (2 mmol) in toluene at 110°C. Conditions B: R-X (1 mmol), R2PH (1 mmol),
CuI (5 mol %), ligand (35 mol %), Cs2CO3 (2 mmol) in toluene at 110°C. Conditions C: R-X (1 mmol), R2PH (0.9 mmol), CuI (5 mol %), ligand (35 mol
%), Cs2CO3 (2 mmol) in toluene at 110°C. Conditions D: R-X (1 mmol), R2PH (1.1 mmol), CuI (5 mol %), ligand (20 mol %), Cs2CO3 (2 mmol) in toluene
at 110°C. b Isolated yield (average of two runs).c All dialkylarylphosphines were isolated as borane complexes to aid in isolation.d 1.5 equiv of base was
used.
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conversion complicated the isolation procedure. Thus, we
sought an alternative set of reaction conditions that would
be capable of overcoming the above-listed problems.

Recently, we reported that chelating diamine ligands could
be employed to enhance the efficiency of copper-catalyzed
reactions.6,12 Therefore, we decided to test commercially
availableN,N′-dimethylethylenediamine as a ligand for the
copper-catalyzed phosphination of aryl halides. To our
delight, when 35 mol % of this ligand was used in
combination with 5 mol % of CuI, a dialkylphosphine (Cy2-
PH) could be successfully coupled with 1-iodonaphthalene.
Further examination revealed that various aryl iodides reacted
with diaryl- and dialkylphosphines even when a 1:1 ratio of
aryl iodide/phosphine was used. In this case the separation
and the purification of the product were greatly simplified,
and for some runs a sample of∼95% pure compound could
be obtained simply by filtering the crude reaction mixture
through a short pad of silica gel, followed by concentrating
the filtrate.

The reaction is tolerant to the steric bulk of the starting
aryl iodide. Thus, using this technique, we were able to
prepareo-diphenyl-biphenyl phosphine ligands2d,13 in good
yields (Table 1, entries 5, 8, and 17). We also found that in
some instances aryl bromides could be successfully converted
to the desired products under these new reaction conditions.
For instance, electron-poor methyl 4-bromo-benzoate could
be coupled with diphenylphosphine in 70% isolated yield
(Table 1, entry 7). Unfortunately, chemoselective phosphi-
nation of bromoiodoarenes was problematic because of the
formation of a complex mixture of mono- and disubstituted
products, as well as reduced byproducts. In this case,
applying ligand-free conditions is recommended in order to
prepare halosubstituted tertiary phosphines (Table 1, entry
4). Interestingly, these mild reaction conditions also allow
the presence of a number of functional groups (e.g., amino,
cyano, esters) as listed in Table 1 (entries 3, 7, 11, 14, and
16).

The electronic and steric properties of phosphines are
important for the success of the reaction. Diarylphosphines
are typically more reactive than their dialkyl analogues in
this process. For example, aryl bromides failed to couple
with dialkylphosphines even in the presence of ligand. It
seems that the steric demand of the phosphine rather than
of the aryl halide determines the rate and the efficiency of
the transformation. Thus, for example, no reaction was
observed with bulkyt-Bu2PH. In contrast, relatively fast
reactions took place wheni-Bu2PH or Cy2PH were used as
the coupling partners. In addition, an excess of dialkylphos-
phine (1.1 equiv) was required in some cases in order to
reach complete conversion (Table 1, entries 11 and 12).i-Bu2-
PH exhibited reactivity higher than that of Cy2PH and reacted
with the excess of aryl iodide, leading to comparable yields
of the tertiary phosphines (Table 1, entries 11, 14, and 17).
However, an increased amount of reduction product (up to
15%) was observed in several reactions of Cy2PH (Table 1,

entries 12 and 13). We also discovered that vinyl phosphine
can be accessed from the corresponding iodide in satisfactory
yields (Table 1, entry 10) under the same conditions.

We have also found that the described copper-catalyzed
cross-coupling protocol can be extended to the preparation
of aryl and vinyl phosphonates. Despite the variety of recent-
ly published protocols, regio- and stereoselective approaches
are still lacking.7,14 We found that various aryl iodides could
be successfully coupled with dibutyl phosphite, employing
this newly developed chemistry to afford the desired aryl
phosphonates in good to excellent yields (Table 2, entries

1-3). The coupling of vinyl iodides with dibutyl phosphite
using the same protocol proceeded even under milder
reaction conditions (Table 2, entries 7-9). Thus, a variety
of vinyl iodides as well as vinyl bromides were coupled to
phosphite in high yield. We also demonstrated that the
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Table 2. Copper-Catalyzed Coupling of Aryl and Vinyl
Halides with HP(O)(OBu)2

a Isolated yield (average of two runs).b Reaction was conducted at 110
°C. c Reaction was conducted at 70°C;
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reaction of vinyl halides with dibutyl phosphite proceeds
stereoselectively and with retention of the original stereo-
chemistry. For instance, only a negligible amount of theE
stereoisomer was detected whenZ vinyl iodides were used
(Table 2, entries 7-9) under the suggested reaction condi-
tions. Such high stereoselectivity is of great value due to
easy access of starting materials with well-defined stereo-
chemistry.15

In conclusion, we have developed a general and efficient
copper-catalyzed carbon-phosphorus bond-forming protocol
for both aromatic and vinylic halides under relatively mild

conditions. This method is of particular value given its
experimental simplicity, functional group compatibility, and
the low cost of the catalytic system.
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