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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 tem-
perature 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 homoge-
neous catalysis,1b a large number of methods have been
developed for the preparation of fluorous phosphines.6

Fluorous mono- and polydentate tertiary alkyl phos-
phines 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 phos-
phorus atom leads to phosphines,6a,b,7 in which the
strong electron-withdrawing effect of the fluorous pony-
tails 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 elec-
tron-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 appro-
priate 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 Further-
more, pure PH3 ignites in air at about 150 �C and is of-
ten contaminated with traces of P2H4 that promotes its
spontaneous combustion, representing significant haz-
ards even in small scale preparations. Hence, we devel-
oped 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 phenyl-
phosphine, which can be prepared by the reduction of
phenylphosphonic dichloride with lithium aluminum
hydride,12 resulting in a bis(perfluoroalkyl-alkyl)phenyl-
phosphine. The alkylation of this phosphine with a
perfluoroalkyl-alkyl iodide yields a phosphonium salt,
which can be converted into a phosphine oxide by selec-
tive removal of the phenyl group using sodium hydrox-
ide. The final product fluorous trialkylphosphines can be
obtained by reduction of the phosphine oxides with tri-
chlorosilane (Scheme 1). For example, the radical addi-
tion 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(per-
fluorooctyl-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.
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PhPH2 to fluorous olefins RF6CH2–CH@CH2, RF4CH2–
CH@CH2, and RF8CH@CH2 resulted in the corre-
sponding 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- pony-
tail) 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 alkyl-
ation of Ph[RFX(CH2)A]2P with 1-iodo-3-perfluoroalkyl-
propane (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 pow-
ders and their melting points increase with the length
of the fluorous ponytails, as expected.11 They are insol-
uble in apolar organic solvents and fluorous solvents,
but soluble in acetone and with three RF6(CH2)3-groups
Table 1. Syntheses of fluorous tertiary phosphines

Entry (Ph)R1
2P; yield

a (Ph)R1
2R

2P+I�; yie

1

93

P

RF8F8

RF8

89

P

I

2

90

P

RF6
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P

I

3

93

P
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P

I

4

87

P
RF8F8

RF8F8

78

P

I

a Isolated overall yields, based on phenylphosphine.
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 phos-
phonium 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 corre-
sponding [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 iso-
lated 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 (ex-
cept for [RF8(CH2)3]3P@O), and with three RF6(CH2)3-
groups or two RF4(CH2)3-groups and one RF8(CH2)3-
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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 sol-
vents, 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 phos-
phines 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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3. Horváth, I. T. Acc. Chem. Res. 1998, 31, 641–650.
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