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A novel synthesis of functionalised tertiary phosphines by
palladium catalysed phosphination with triarylphosphines
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Abstract

The palladium catalysed Pd-aryl/P-aryl exchange was applied in the synthesis of various functionalised
phosphines from their corresponding substituted aryl triflates using triarylphosphines as the phosphinat-
ing agents. This method tolerated many functional groups including ketone, aldehyde, ester, nitrile,
methyl ether, pyridyl and chloride groups. © 2000 Elsevier Science Ltd. All rights reserved.

Tertiary phosphines are an important type of ligands in transition metal catalysed reactions.1

Functional group incorporation is necessary for modified catalysis. However, the synthetic
methods available are limited in scope for the synthesis of functionalised phosphines. The
preparation of phosphines from the literatures can be divided into two categories. The reaction
of halophosphines with organometallic reagents;2 or transition metal catalysed couplings of
primary or secondary phosphines with aryl halides/sulfonate esters.3–7 The former methodology
is not compatible with base-sensitive compounds since organo-lithium/magnesium reagents are
used. Easily reducible functional groups such as the aldehyde group are not tolerated in the
latter transition-metal catalysed category because reducing zinc metal is used.4 Although
palladium catalysed phosphination using (trimethylsilyl)diphenylphosphine tolerates many func-
tional groups, it is mainly limited to aryl iodides and incompatible with the aldehyde functional
group.5 Besides, the complementary palladium-catalysed phosphination using diphenylphos-
phine oxide6 or diphenylphosphine–borane7 requires subsequent reduction or deprotection steps.

(1)
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In order to seek a functional group tolerant phosphination, the interesting aryl–aryl exchange
reaction of the palladium bound aryl ring with the phosphorus bound phenyl ring was used (Eq.
(1)).8,9 However, the application of this reaction in synthesis remains limited.10 Herein, we report
the application of the catalytic aryl–aryl exchange for the synthesis of substituted aryl phosphi-
nes using economical triarylphosphines as the phosphinating agents (Eq. (2)). This method was
found to be compatible with many functional groups such as ketone, aldehyde, ester, nitrile,
methoxy and pyridyl groups (Eq. (2)).

(2)

In a typical experiment, 4-acetylphenyl triflate was transformed to 4-(diphenylphos-
phino)acetophenone 1 with 10 mol% of Pd(OAc)2, 2.3 equiv. of triphenylphosphine11 in DMF
for 2 hours at 110°C (Table 1, entry 1). Besides, the 4-formylphenyl triflate underwent smooth

Table 1
Palladium catalysed phosphination of various functionalised aryl triflates using triphenylphosphine
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reaction to give 2 in 31% yield which showed that this phosphination tolerated a redox sensitive
functional group (Table 1, entry 2). In contrast, the previous synthesis of aldehyde phosphine 2
involved an acetal protective pathway.12 Moreover, the traditional synthesis of 4-(diphenylphos-
phino)benzonitrile 3 and methyl 4-(diphenylphosphino)benzoate 4 required several steps and the
overall yields were approximately 11% and 21%, respectively.13 In contrast, the phosphines 3
and 4 were obtained in 32% and 30% yield, respectively, in one step (Table 1, entries 3, 4).

The transformation of quinolyl and pyridyl triflates to their corresponding phosphines 5 and
6 required much longer reaction times (Table 1, entries 5 and 6). Presumably, the chelating
heteroatom coordinated to the palladium centre and rendered the complex coordinatively
saturated,14 hence the catalytic activity was reduced. The quinolyl phosphine 5 was found to be
a useful ligand precursor for asymmetric catalysis.15 The naphthyl derivatives were successfully
phosphinated to yield the naphthyl phosphines 7 and 8 (Table 1, entries 7 and 8). The
1-naphthyl triflate reacted slower than the 2-napthyl substrate probably due to an increase in
steric hindrance at the ortho-position (Table 1, entries 7 and 8). In fact, this phosphination also
tolerated other functional groups such as methoxy and chloride (Table 1, entries 9 and 10). The
low yield of the phosphine product 9 was due to the partial oxidation of the product during
purification. Although palladium-catalysed phosphination using triphenylphosphine as the
reagent tolerated many functional groups, it was found to be incompatible with p-nitrophenyl
triflate. Initial experiments revealed that the nitro group was reduced to an amino group when
the reaction mixture was heated at 110°C for 2 days.16

Although both tetrakis(triphenylphosphine) palladium(0) and palladium(II) acetate catalysed
phosphination and gave similar yield of the products, Pd(OAc)2 was the catalyst of choice
because other triarylphosphines, such as trixylylphosphine, tri(4-methoxyphenyl)phosphine and
tri(4-tolyl)phosphine could be used as the phosphinating reagents instead of just PPh3 only
(Table 2, entries 1–3). Therefore, an array of tailor-made phosphines can be prepared easily
through this direct methodology in combination with suitable substrates containing different
triarylphosphines.

Table 2
Palladium catalysed phosphination of 4-acetylphenyl triflate using triarylphosphines.

A plausible mechanism for this phosphination starts with in situ reduction of palladium(II)
acetate by triphenylphosphine to palladium(0) (Fig. 1).17 The substituted aryl triflate undergoes
oxidative addition with Pd(0) to afford an aryl palladium(II) species. The facile aryl–aryl
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Figure 1. Suggested mechanism for palladium catalysed phosphination

exchange occurs by reductive elimination between Pd�Ar with triphenylphosphine to give a
phosphonium salt,18 which subsequently undergoes C�P bond oxidative addition with Pd(0) to
generate the coordinated phosphine product, and phenyl–palladium species. Finally, ligand
substitution affords the functionalised phosphine and reductive elimination of palladium bound
phenyl group with triphenylphosphine regenerates the catalytic active Pd(0) species and
Ph4POTf which was isolated in 72% yield (Fig. 1). In fact, the aryldiphenylphosphine was
observed as the major product and only a trace amount of diarylphenylphosphine was detected
by GC–MS analysis with extended reaction time. Therefore, arylphenylphosphination by further
exchange is very slow.

In conclusion, a variety of functionalised phosphines were prepared by palladium catalysed
phosphination of aryl triflates using economical triarylphosphines as the phosphinating agent.
This methodology tolerated many functional groups including ketone, aldehyde, ester, nitrile,
methoxy and pyridyl groups.
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