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The use of phosphine ligands in organometallic chem-
istry is ubiquitous.1,2 Phosphine metal complexes have
been used in applications from catalysis3-7 to chelation
of metals for medical imaging.8-11 For some time we have
been interested in the synthesis of new chiral phosphines
based on the utilization of biological structures. As a
consequence, we are attempting to develop new routes
to highly functionalized phosphines. One of the severe
limitations on the chemistry of phosphine ligands is the
difficulty of their synthesis. Most phosphines are syn-
thesized by either addition of a Grignard or organo-
lithium reagent to a phosphine chloride or reaction of
phosphide anion with an electrophile.12,13 Both of these
routes are incompatible with sensitive functionality,
particularly base-sensitive groups. The phosphide anion
is often sufficiently nucleophilic to react with typical
organic protecting groups, particularlly ethers and esters.
To facilitate the synthesis of phosphines containing
complicated functionality, especially protected amino
acids, we have developed a catalytic method for the
conversion of phenols to arylphosphines (Scheme 1). To
demonstrate the utility of this reaction, we have used this
chemistry to convert derivatives of tyrosine to phos-
phines. This chemistry has also been used to convert the
phenolic hydroxyl of a tyrosine-containing peptide to a
phosphine group.
In 1987, Stille reported the palladium-catalyzed reac-

tion of aryl halides with (trimethylstannyl)diphenylphos-
phine and (trimethylsilyl)diphenylphosphine.14 The Stille
coupling provides a mild method for the formation of a
wide variety of arylphosphines. As part of a larger
project, in which we are interested in synthesizing
peptides that contain phosphines in their side chains, a
transformation that appealed to us was conversion of the
OH of tyrosine to a phosphine. We felt that given the
Stille precedent, along with the fact that palladium-
catalyzed couplings with aryl and vinyl triflates are well

known,15 one should be able to convert the OH of tyrosine
to a phosphine by proceeding through the aryl triflate.
Recently, a group from Merck Process Research has
reported this transformation using nickel catalysis.16 Cai
et al. have developed a practical method for the conver-
sion of dinaphthol to BINAP without racemization of the
sensitive starting diphenol.
Independent of the Merck group, we have developed a

palladium-catalyzed version of the reaction. Conversion
of the protected amino acids to their triflates was
performed by the method of McMurry and Scott.17-19

Reaction withN-phenyltrifluoromethanesulfonamide and
diisopropylethylamine gives good to excellent yields of
the required aryl triflates (Table 1). Stille’s procedure
to convert aryl halides to phosphines uses (trimethyl-
stannyl)diphenylphosphine as the source of phosphine.
Our attempts to use this reagent under palladium
catalysis with aryl triflates resulted in no reaction. We
found that readily available diphenylphosphine is an
acceptable source of phosphorus for our reaction. Ini-
tially, it was found thatN-acyltyrosine could be converted
to its triflate. Reaction of the triflate with diphenylphos-
phine and Pd(OAc)2 in the presence of dppb gave the
phosphine amino acid in good yield, albeit with racem-
ization of the R-carbon. As expected, racemization of the
amino acid R-carbon is sensitive to the protecting group
on the amine. Replacement of the acetate with t-Boc
allows the reaction to be run without racemization. As
an example, reaction of diphenylphosphine and the
triflate of N-tBoc-L-tyrosine benzyl ester with palladium
under our conditions gave a good yield of the correspond-
ing phosphine, without racemization at the R carbon
(Table 1, entry 2).20 This reaction also proceeds with the
ortho and meta isomers of tyrosine, as well as with
hydroxylphenylglycine to give new phosphine ligands
(Table 1).
There appear to be distinct differences between this

system and the Merck method. The Merck group re-
ported that the use of palladium under their conditions
gave no reaction. One explanation for the difference in
reactivity is the use of DMSO as the solvent in our
system. It is not known if the effect of DMSO is intrinsic
to the solvent or simply due to the ability of run the
reaction at a higher temperature in DMSO. We also
found the reaction does not take place in DMF with
palladium. The potential issue of oxidation of the metal
species in the catalytic cycle by DMSO does not appear
to be a problem.21,22 In our hands, the Nickel system
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results in cleavage of the acid protecting group along with
formation of the phosphine product.
The phosphine amino acids were reacted with elemen-

tal sulfur to convert the potentially air-sensitive phos-
phine group to a phosphine sulfide group, which is stable
to chromatography in air. We have shown previously
that the sulfide group is an effective protecting group for
phosphines, being easily removed with Raney nickel.23,24

Morgans et al. have reported the reaction of aryl
triflates with a variety of phosphorus species under
palladium catalysis. They found reaction with diphen-
ylphosphine oxide gives a product similar to the phos-
phine sulfides we ultimately obtain. There is an impor-
tant functional difference between these two types of
products. The conversion of phosphine oxides to phos-
phines is not a facile reaction. It is generally performed
with silanes or hydride reducing agents. We have never
been able to perform this conversion on amino acid based

phosphine oxides. We attempted the phosphine sulfide
analog of the Morgans reaction. If successful, this
method would have provided the phosphine sulfides
directly from the aryl triflates. We found the sulfur
analog of the reaction developed by Morgans yielded only
recovered starting material. This is likely due to poison-
ing of the catalytic metal by the phosphine sulfide.
While this reaction is a convenient route to phosphine

derivatives of tyrosine it also presents the possibility for
the direct conversion of tyrosine residues in larger
peptides to phosphine ligands. To demonstrate the
feasability of this idea we have run the reaction on
tyrosine-containing pentapeptide 21. Pentapeptide 21
was treated with N-phenyltrifluoromethanesulfonamide
and diisopropylethylamine. Reaction of the purified
triflate under the standard reaction conditions discussed
above gave the phosphine-containing peptide 22, in 78%
yield (Scheme 2). This reaction indicates that it may be
possible to use this chemistry to convert the phenols of
naturally occuring tyrosine-containing proteins to phos-
phines.
In conclusion, this reaction can be used to convert

derivatives of tyrosine and hydroxyphenylglycine to
phosphine ligands as the single amino acids or when they
are present in larger peptides. We are currently using
this chemistry to synthesize phosphine ligands for use
in catalysis and in the development of metal binding
groups for medical imaging.
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Table 1. Synthesis of Amino Acid Triflates and
Phosphine Ligands
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