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Abstract—Fluoroalkyl-derivatised R-BINAP ligands have been prepared, characterised and applied in the ruthenium-catalysed
asymmetric hydrogenation of dimethyl itaconate. © 2001 Elsevier Science Ltd. All rights reserved.

The attachment of long perfluoroalkyl chains to con-
ventional ligand scaffolds has been widely utilised for
the synthesis of ligand systems and metal-based cata-
lysts compatible with supercritical CO2 (scCO2) and
fluorous solvents.1–6 However, there have been rela-
tively few reports on the application of perfluoroalky-
lated chiral ligand systems. Notable examples include
the epoxidation of alkenes with fluorous chiral salen
manganese complexes,7 the asymmetric alkylation of
aromatic aldehydes using fluorous BINOL titanium
alkoxides,8 the asymmetric protonation with a BINOL-
related perfluoroalkylated chiral diol9 in the fluorous
phase, and asymmetric hydroformylation in scCO2

using a perfluoroalkylated-BINAPHOS derivative.10

Although asymmetric hydrogenation with metal–
BINAP complexes is one of the most extensively used
reactions in synthesis, fluoroalkylated BINAP ligands
have not appeared in the literature. In the examples
above, the direct influence of the perfluoroalkyl sub-
stituents on the reactivity and enantioselectivity has not
been unequivocally established, since spacer units are
often incorporated into the ligands in an attempt to
ameliorate the powerful electron withdrawing influence
of the perfluoroalkyl substituents. However, we have
established from a comparison of derivatised and
underivatised ligands in the rhodium-catalysed hydro-
genation of styrene11 and Gladysz et al. from the varia-
tions in �(CO) with perfluoroalkyl-derivatised phos-
phine ligands in trans-[IrCl(CO)L2] (L=phosphine)12

and from basicity studies of perfluoroalkyl-derivatised
amines,13 that it is virtually impossible to completely

eliminate the electronic effect arising from incorpora-
tion of these fluorinated chains. Consequently, we
thought that it would be interesting to prepare
fluoroalkylated BINAP ligands that may find applica-
tions in asymmetric transformations in scCO2 and
fluorous solvents and allow the electronic effect of the
fluoroalkyl tails to be determined. We report herein the
synthesis of two fluoroalkylated BINAP ligands and a
preliminary evaluation of these ligands in asymmetric
hydrogenation in conventional organic solvents.

Our groups have recently developed two simple,
efficient routes to perfluoroalkylated aryl phosphi-
nes.14,15 The direct attachment of a C6F13 group to the
aryl ring is available via a copper-mediated cross cou-
pling reaction between a perfluoroalkyl iodide and an
aryl iodide or bromide,14,15a whilst the incorporation of
an additional C2H4 spacer group (i.e. attachment of a
C2H4C6F13 group) is possible via a Heck coupling of
aryl halides with CH2�CHC6F13, followed by reduction
of the resultant double bond.15b We have applied both
of these methodologies to the derivation of the pro-
tected (R)-6,6�-dibromo-2,2�-dihydroxy-1,1�-binaphthyl
for the preparation of the fluoroalkylated BINAP lig-
ands 3 and 4 (Scheme 1). The copper-mediated
perfluoroalkylation of (R)-6,6�-dibromo-2,2�-diacetoxy-
1,1�-binaphthyl, derived from 6,6�-dibromo-1,1�-bi-2-
naphthol and acetic anhydride, with perfluorohexyl
iodide was performed in C6H5F–DMSO (1:1) at 80°C
for 72 h to give (R)-6,6�-bis(perfluorohexyl)-2,2�-diace-
toxy-1,1�-binaphthyl in 99% yield.16 Following hydroly-
sis the perfluoroalkylated (R)-binaphthol 1 was
obtained in 89% overall yield. The Heck reaction of
(R)-6,6�-dibromo-2,2�-dibenzyloxy-1,1�-binaphthyl with
1H,1H,2H-perfluoro-1-octene was completed in 24 h at
125°C.15c Following hydrogenation catalysed by Pd/C
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Scheme 1. (i) Ac2O, Et3N, DMAP, DCM; (ii) C6F13I, Cu, bipy, DMSO, C6H5F, 80°C, 72 h; (iii) NaH, MeOH; (iv) (CF3SO2)2O,
py, DCM, 0°C, 4 h; (v) NiCl2(dppe), Ph2PH, DABCO, DMF, 110°C, 74 h; (vi) BnCl, K2CO3, acetone; (vii) CH2�CHC6F13,
NaOAc, palladacycle, DMF, 125°C, 24 h; (viii) 10% Pd/C, EtOAc, H2 (30 bar), rt, 16 h.

to reduce the double bonds and deprotect at the same
time, the fluoroalkylated (R)-binaphthol 2 was obtained
in 86% overall yield. The phosphination of 1 and 2 was
conducted according to a literature method developed
for non-fluoroalkylated binaphthols. The perfluoro-
alkylated binaphthol 1 was treated with triflic anhy-
dride in the presence of a base17 to form the chiral
ditriflate, which was then reacted with diphenylphos-
phine, [NiCl2(dppe)] and DABCO18 to give the
perfluoroalkylated (R)-BINAP ligand 3 in 48% yield.19

The same reaction involving 2 led to the isolation of 4
in 85% yield. The higher yield with 2 is probably an
indication of the influence of the additional C2H4 units
on the P–C coupling step of the synthesis. The resultant
off-white solids were characterised by a combination of
elemental analysis and multinuclear NMR. The 19F
NMR spectra revealed the anticipated six mutually-
coupled multiplets and the 31P{1H} NMR spectra
revealed singlets at −13.5 and −15.4 ppm, respectively.

To test if the fluorous BINAP ligands 3 and 4 are
capable of asymmetric induction and if the CH2CH2

spacers are necessary for high activity and enantioselec-
tivity, we first carried out the asymmetric hydrogena-
tion of dimethyl itaconate in CH3OH. The catalysts
Ru-3 and Ru-4 were prepared from the reaction of
[RuCl2(benzene)]2 with 3 and 4 in DMF, respectively,
according to a method designed by Noyori.20 The
hydrogenation reaction was carried out at ambient
temperature under 20 bar H2 in CH3OH for 15 min
(substrate/catalyst=2000, 1.0 �mol of catalyst,20 2 mL
solvent). For comparison, the same hydrogenation was
also performed with Ru-(R)-BINAP. The conversions
with Ru-3, Ru-4 and Ru-(R)-BINAP were 42, 83 and
88%, respectively, while the ee values with the three
catalysts were 95.3, 95.7, and 95.4%, with the S enan-
tiomer dominating the product in each case.21 Clearly,
fluorous ponytails impose no detectable effects on the
enantioselectivity of prochiral olefins such as dimethyl
itaconate, but affect the rates of the hydrogenation, as

can be judged by the excellent ees obtained with the
three ligands and the lower conversion observed with
Ru-3. These results indicate that the electronic effects
arising from 6,6�-fluoroalkylation of BINAP only
impact on the hydrogenation activity of the Ru-BINAP
catalysts. Electronic effects have been shown to play an
important role in a number of asymmetric catalytic
reactions including hydrogenation.22

In conclusion, the synthesis of perfluoroalkylated-
derivatives of BINAP, potential ligands for asymmetric
catalysis in scCO2 and fluorous solvents, has been
achieved using established methodologies. The applica-
tion of these ligands in the ruthenium-catalysed hydro-
genation of dimethyl itaconate in methanol establishes
that fluorous ponytails can impose significant effects on
the hydrogenation activity (the more electron with-
drawing the ponytails the less active the catalysts), but
not on the enantioselectivity. We will report the scope
and application of these ligands for asymmetric induc-
tion in scCO2 in due course.
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