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ABSTRACT

Treatment of tertiary alkyl fluoride with diphenylphosphine in the presence of a stoichiometric amount of boron trifluoride etherate yields the
corresponding tert -alkyldiphenylphosphine despite the coexistence of the strong Lewis acid and the highly coordinating phosphine. Use of
diphenyl(trimethylsilyl)phosphine as a nucleophile makes the reaction catalytic in boron trifluoride.

Organophosphorus compounds play important roles in vari-
ous fields of chemistry as synthetic reagents, ligands for
transition metal complexes, advanced materials, and building
blocks of supramolecular assemblies. Among them, phos-
phines having a bulky alkyl group on phosphorus provide
transition metals with unique reactivity in catalysis.1 Syn-
thesis of phosphines having atert-alkyl group thus deserves
further exploitation. Installation oftert-alkyl group often
requires highly basic conditions.2 For instance,tert-butyl-
diphenylphosphine was prepared fromtert-butyl Grignard
reagent and chlorodiphenylphosphine.3 tert-Butyl chloride
reacts with lithium diphenylphosphide to afford the same
phosphine under UV irradiation.4 Such syntheses always
suffer from functional group compatibility. Development of
mild and efficient methods has been awaited.

Recently, we reported that boron trifluoride chemoselec-
tively activates the carbon-fluorine bonds of tert-alkyl
fluorides in the presence of ether, ketone, and ester moieties
to generate the corresponding tertiary carbocations.5 The
cations were efficiently trapped with nucleophiles such as
silyl enolates and allylsilanes. The unusually strong fluoro-
philicity of boron trifluoride prompted us to employ a highly
coordinating nucleophile. We report herein the use of
diphenylphosphine, known to form adducts with boron
compounds,6 as the nucleophile. The reaction offers a mild
procedure for the synthesis oftert-alkyldiphenylphosphine.

Treatment of 3-fluoro-3-methyl-1-phenylbutane (1a) with
diphenylphosphine (1.2 equiv) in the presence of a stoichio-
metric amount of boron trifluoride etherate (1.0 equiv) at
-20 °C for 6 h afforded (1,1-dimethyl-3-phenylpropyl)-
diphenylphosphonium tetrafluoroborate (2a) (Table 1, Method
A). Sincetert-alkyldiphenylphosphine was generally sensitive
to oxygen, the product was isolated as phosphine sulfide3a
after treatment with elemental sulfur in 73% yield (Table 1,
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entry 1). Alkenes formed by the elimination of hydrogen
fluoride were the only detectable byproducts. Ether, ester,
and keto functional groups were tolerant under the reaction

conditions (entries 2-5). Although, in some cases, an excess
of diphenylphosphine was essential to attain a satisfactory
yield, the present procedure offers functionalized phosphines
unavailable by conventional phosphine synthesis. To our
delight, the more basic dicyclohexylphosphine underwent
alkylation (entry 6). Use oftert-alkyl chloride resulted in
no conversion.

The requirement of a stoichiometric amount of boron tri-
fluoride would stem from the formation of stable phospho-
nium tetrafluoroborate2, which prevents regeneration of
boron trifluoride (Scheme 1). Attempted removal of hydrogen

fluoride from 2 in the presence of various bases failed to
regenerate boron trifluoride. We anticipated that diphenyl-
(trimethylsilyl)phosphine, instead of diphenylphosphine,
would act as a nucleophile to yield intermediate5 and that
generation of a strong silicon-fluorine bond would facilitate
liberation of boron trifluoride with concomitant production
of trimethylsilyl fluoride. This was indeed the case and 0.10
equiv of boron trifluoride effected the alkylation (Table 1,
entries 7-10, Method B).

Besides tertiary alkyl fluoride, allylic fluoride participated
in a similar reaction to afford allylic phosphine sulfide
(Scheme 2). Unfortunately, the reaction yielded a mixture

of regioisomers7 and8, which were readily separable from
each other by silica gel column chromatography.

Taking advantage of the mildness and efficiency of this
reaction, the present procedure is applicable to the synthesis

Table 1. Phosphination oftert-Alkyl Fluorides with
Diphenylphosphine or Diphenyl(trimethylsilyl)phosphine in the
Presence of Boron Trifluoride

a Isolated yield. The yield in parentheses was determined by NMR.
b Dicyclohexylphosphine was used instead of diphenylphosphine.

Scheme 1

Scheme 2

4874 Org. Lett., Vol. 6, No. 26, 2004



of precursors of bidentate ligands. Treatment of difluoride
9 with 2.4 equiv of diphenylphosphine in the presence of
boron trifluoride provided diphosphine disulfide10 in good
yield (Scheme 3). Aminophosphine derivative12 was
obtained in the reaction of11 with diphenylphosphine.

We have developed a mild method for the synthesis of
tert-alkyldiphenylphosphine sulfides. With a proper desulfi-
dation procedure,7 trivalent phosphines that are useful for
ligands and catalysts in organic synthesis would be available.
However, the conventional desulfidation requires harsh
conditions. Development of mild and easy-to-operate meth-
ods for the isolation of trivalent phosphines is now re-
quested in organophosphorus chemistry. Gratifyingly, we
could isolate a free phosphine5a from the reaction mixture
(Scheme 4). Namely, after the alkylation of1a was com-
pleted, the solvent was removed to obtain a solid containing
2a and contaminations such as the remaining HPPh2. Since
phosphonium salt2awas hardly soluble in ethyl acetate, the
solid was washed with ethyl acetate to afford pure2a.
Treatment of2a with basic ion-exchange resin, Amberlyte,
provided (1,1-dimethyl-3-phenylpropyl)diphenylphosphine

(5a) in 60% overall yield, although we were unable to
prevent concomitant formation of ca. 20% of the phosphine
oxide of5a (See Supporting Information). Phosphonium salts
such as2a, in place of free phosphines, are also a useful
form of ligands for transition metals, since the free phos-
phines can be generated in situ in the presence of a base.8

In summary, we have developed a mild procedure for
alkylation of diorganophosphine with tertiary alkyl fluoride.
Radical addition of diorganophosphine or its sulfide to alkene
resulted in the completely opposite regioselectivity to the
present reaction, that is, anti-Markovnikov selectivity, which
the present method can compensate for.9
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