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Abstract—A novel synthetic protocol has been developed for the synthesis of ﬂuorous tertiary phosphines excluding the use of
hazardous PH3 and with control over the number of methylene spacers and the length of ﬂuorous ponytails.
 2005 Elsevier Ltd. All rights reserved.

Fluorous catalysts could oﬀer easy product separation
for numerous homogeneous catalytic reactions by temperature dependent liquid–liquid1a,b or solid–liquid2
phase separation. One of the most eﬀective ways to
make a homogeneous catalyst soluble in the ﬂuorous
phase is the incorporation of ﬂuorous ponytail(s) into
the catalyst design.3,4 Since tertiary phosphines could
be used as organocatalysts2,5 or as ligands in homogeneous catalysis,1b a large number of methods have been
developed for the preparation of ﬂuorous phosphines.6
Fluorous mono- and polydentate tertiary alkyl phosphines are attractive ligands, since they coordinate very
strongly to metals, a key factor in designing robust and
recyclable catalysts. It is important to recognize, that the
direct attachment of perﬂuoroalkyl groups to a phosphorus atom leads to phosphines,6a,b,7 in which the
strong electron-withdrawing eﬀect of the ﬂuorous ponytails limits the coordination capability.8 Therefore, the
insertion of two or more methylene spacers between
the phosphorus atom and the perﬂuoroalkyl groups is
necessary to insulate the phosphorus from the electron-withdrawing eﬀects.4,6f,9
Although there are several procedures for the synthesis
of ﬂuorous trialkyl phosphines utilizing the coupling
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of RFX(CH2)AI with PCl3 in the presence of the appropriate Rieke-10a,b or Grignard-reagents,10c the much
more eﬃcient routes still require the use of the highly
toxic PH3 either directly4,6e,f or indirectly.6f,11 Furthermore, pure PH3 ignites in air at about 150 C and is often contaminated with traces of P2H4 that promotes its
spontaneous combustion, representing signiﬁcant hazards even in small scale preparations. Hence, we developed a new procedure avoiding either the direct or
indirect use of PH3, which also allows partial control
of the number of the methylene spacers and the length
of the ﬂuorous ponytails and combinations of these.
Our new approach is based on the radical addition of
2 equiv of perﬂuoroalkyl-alkene to 1 equiv of phenylphosphine, which can be prepared by the reduction of
phenylphosphonic dichloride with lithium aluminum
hydride,12 resulting in a bis(perﬂuoroalkyl-alkyl)phenylphosphine. The alkylation of this phosphine with a
perﬂuoroalkyl-alkyl iodide yields a phosphonium salt,
which can be converted into a phosphine oxide by selective removal of the phenyl group using sodium hydroxide. The ﬁnal product ﬂuorous trialkylphosphines can be
obtained by reduction of the phosphine oxides with trichlorosilane (Scheme 1). For example, the radical addition of 3-perﬂuorooctyl-1-propene (RF8CH2–CH@CH2)
to phenylphosphine in the presence of AIBN at 78–
80 C was carried out by mixing the two compounds
without any solvent under nitrogen. The pure bis(perﬂuorooctyl-propyl)phenylphosphine, PPh[RF8(CH2)3]2,
was obtained by removing all volatile side products
and excess alkene in vacuo. The radical addition of
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Scheme 1. Synthetic protocol leading to ﬂuorous tertiary phosphines; A = 2 and 3; B = 3; X, Y = 4, 6, and 8.

PhPH2 to ﬂuorous oleﬁns RF6CH2–CH@CH2, RF4CH2–
CH@CH2, and RF8CH@CH2 resulted in the corresponding ﬂuorous dialkyl-phenylphosphine in 87–93%
yield (Table 1). These phosphines are air-sensitive white
solids (RF6(CH2)3-, RF8(CH2)3-, and RF8(CH2)2- ponytail) or slightly yellow viscous oils (RF4(CH2)3-ponytail)
and all are soluble in dichloromethane, isooctane, and
ﬂuorous solvents.13
The third ﬂuorous ponytail was introduced by the alkylation of Ph[RFX(CH2)A]2P with 1-iodo-3-perﬂuoroalkylpropane (RFY(CH2)3I) at 140 C. After 16 h of reaction
time, the isolated yield for phosphines with three or
two methylene spacers was typically 95–97% and
90%, respectively. The Ph[RFX(CH2)A]2[RFY(CH2)3]P+I
compounds are air-stable white or slightly yellow powders and their melting points increase with the length
of the ﬂuorous ponytails, as expected.11 They are insoluble in apolar organic solvents and ﬂuorous solvents,
but soluble in acetone and with three RF6(CH2)3-groups

or two RF4(CH2)3-groups and one RF8(CH2)3-groups
are slightly soluble in dichloromethane.14
Selective removal of the phenyl group from the phosphonium salts was eﬀected by treatment with sodium
hydroxide in a 1:3 mixture of 2-propanol and water
resulting in the formation of benzene and the corresponding [RFX(CH2)A]2[RFY(CH2)3]P@O compounds
in 78–83% yields.15 It should be noted that in the case
of a phosphine containing RF8(CH2)2-groups, the isolated yield of the corresponding phosphine oxide was
only 55%. However, we could isolate a phosphine oxide
containing two ﬂuorous chains and one phenyl group
from the reaction mixture indicating that the selectivity
of the removal of the phenyl group decreases when
strong electron-withdrawing groups are attached to the
phosphorus atom. These phosphine oxides are air-stable
white powders and are soluble in acetone and FC-72 (except for [RF8(CH2)3]3P@O), and with three RF6(CH2)3groups or two RF4(CH2)3-groups and one RF8(CH2)3-

Table 1. Syntheses of ﬂuorous tertiary phosphines
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groups are soluble in dichloromethane, and insoluble in
diethyl ether and apolar organic solvents.16
The ﬂuorous tertiary phosphines were obtained in 86–
89% yield by reduction of the [RFX(CH2)A]2[RFY(CH2)3]P@O derivatives, as reported by Gladysz
and co-workers,6e using trichlorosilane (HSiCl3) in
triﬂuoromethyl-benzene (BTF). Since the resulting
phosphines were expected to be soluble in ﬂuorous solvents, we used ﬂuorous extraction during the work-up
procedure. The product phosphines are colorless or
slightly yellow viscous oils ([RF4(CH2)3]2[RF8(CH2)3]P,
[RF8(CH2)2]2[RF6(CH2)3]P, [RF6(CH2)3]3P) or a white
solid ([RF8(CH2)3]3P).17
In conclusion, a new synthetic protocol was developed
for the synthesis of ﬂuorous tertiary phosphines. Our
procedure oﬀers a safer approach by avoiding the use
of the highly toxic and hazardous PH3. Furthermore,
the synthetic protocol allows variation of the number
of methylene spacers and the length of the ﬂuorous
ponytails providing a library of ﬂuorous tertiary phosphines with ﬁne tuning of the basicity of the phosphorus
atom and the partition coeﬃcients of the phosphines or
their transition metal complexes.
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pleased to acknowledge Professor József Rábai for providing samples of the 3-perﬂuoroalkyl-1-propenes. We
thank Ute Hoﬀmann and Andreas Hecking at Bayer
Material Science AG for their kind help.

Supplementary data

14.

Supplementary data containing the NMR data of the
compounds is available. Supplementary data associated
with this article can be found, in the online version, at
doi:10.1016/j.tetlet.2005.09.166.
References and notes
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closed and the mixture was stirred at 140 C for 16 h.
After cooling to room temperature, 40 mL of FC-72 or
CH2Cl2 was added to the yellowish solid, the mixture was
ﬁnely powdered in a mortar, and ﬁltered through a
Büchner funnel. Washing with 2 · 10 mL of FC-72 and
drying in vacuo resulted in the corresponding phosphonium salt as a white or slightly yellow powder.
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General procedure for the dephenylation of phosphonium
salts: The appropriate phosphonium salt (4.33 mmol) was
placed into a heavy-walled round-bottomed ﬂask and
treated with NaOH (17.3 mmol) and with 1:3 mixture of 2propanol/water (9 mL). The ﬂask was closed and heated
to 120 C with vigorous stirring. After 12 h the reaction
mixture was cooled to room temperature and treated with
FC-72 (40 mL) and water (30 mL). The biphasic mixture
was stirred for 2 min, the ﬂuorous phase was ﬁltered
through a layer of MgSO4, and evaporated in vacuo to
give the corresponding phosphine oxide as a white
powder. For further puriﬁcation, the solid could be
recrystallized
from
perﬂuoro-2-butyl-tetrahydrofuran. According to its low solubility in FC-72,
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[RF8(CH2)3]3P@O was isolated by ﬁltration of the biphasic
mixture through a Büchner funnel and drying in vacuum.
17. General procedure for the reduction of phosphine oxides:
A heavy-walled 200 mL Schlenk-ﬂask was charged with
trichlorosilane
(52.6 mmol),
triﬂuoromethyl-benzene
(17 mL), and the appropriate phosphine oxide (1.4 mmol)

under nitrogen and then closed. The solution was stirred
at 48–50 C for 5 h, evaporated in vacuum, treated with
20 mL of O2-free FC-72, ﬁltered under nitrogen, and
evaporated again. The resulting solid or oil was dissolved
in 10 mL of FC-72, ﬁltered, and evaporated in vacuo
(0.05 mbar) to give the corresponding phosphine.

