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Abstract

The preparation of two new chiral binaphthyl phosphorous ligands bearing perfluorinated ponytails is
reported. Special precautions or harsh reaction conditions were not required and the fluorous ligands were

readily isolated from by-products.

Introduction

 

The use of non-conventional reaction media such as supercritical fluids [1] and liquid biphase systems
(aqueous/organic [3] as well as purely organic [4]) in synthetic organic chemistry is arousing increasing
interest.[5] Besides offering the possibility of cleaner technology for the chemical industry, these novel
reaction media could also promote reactions that are not attainable in common organic solvents along with
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selectivity improvements related to the unique solvation environment.[6] The advantages brought about by
the use of CO2 (supercritical or compressed) and fluorous biphasic systems (FBS) in catalytic reactions are
well-documented. [1] [7] In both instances, a major requirement for the catalyst is the good solubility in the
peculiar reaction medium. To this end, several ligands featuring long-chain perfluoroalkyl substituents
("fluorous ligands") have been recently synthesized,[8] including a few examples of chiral compounds.[9]
Indeed, the presence of long-chain perfluoroalkyl substituents increases the affinity of an organometallic
compound both for CO2 and perfluorocarbons.

As phosphorous-based ligands are extensively used in catalytic chemistry, many efforts has been devoted to
the synthesis of their fluorous analogues.[7] [10] However, chiral compounds of this kind are not yet easily
available.[11], [12]

Here we describe the synthesis of two new fluorous chiral ligands, namely (R)-2-{bis[4-(1H,1H-
perfluorooctyloxy)phenyl]phosphino} -2’-(1H,1H-perfluorooctyloxy)-1,1’-binaphthyl (1) and (R)-2,2’-{ bis[4-
(1H,1H-perfluorooctyloxy)phenyl]phosphino} -1,1’-binaphthyl (2) (Figure 1), that enlarge this restricted family
of compounds.

Results and Discussion

 

The chiral binaphthyl skeleton is the basic structure of many effective enantioselective homogeneous
catalysts, as witnessed by the popularity of ligands such as 2-(diphenylphosphino)-2’-alkoxy-1,1’-binaphthyls
(MOPs) and 2,2’-bis(diphenylphosphino)-1,1’-binaphthyl (BINAP). [13] [14]. Pd-complexes of chiral MOPs
are able to catalyze many types of asymmetric transformations, including regio- and enantioselective
alkylation of allylic esters, reduction of the same substrates in the presence of formic acid, hydrosilylation of
1-alkenes, [13c] while BINAP-metal complexes show a broad applicability in various asymmetric reactions
such as hydrogenation, transfer hydrogenation, hydroboration and C-C bond formations both in lab scale and
in industrial applications. [15] Several applications of related fluorous compounds could be thus envisaged in
FBS or scCO2.

Pd-catalyzed coupling of bis(aryl) phosphonic acids with commercially available (R)- or (S)-1,1’-bi-2-naphtol
bis(trifluoromethanesulfonate) provides also an easy access to optically pure 2-(diphenylphosphino)-2’-



alkoxy-1,1’-binaphthyls [13] and to 2,2’-bis(diarylphosphino)-1,1’-binaphthyls.[16] Leitner and Francio' took
advantage of this versatile reaction in the synthesis of a chiral phosphine/phosphite ligand bearing two –
(CH2)2C6F13 ponytails, structurally similar to (R,S)-BINAPHOS.[12a] The introduction of the perfluoroalkyl
substituents required the use of a properly functionalized bis(aryl) phosphonic acid at an early stage of the
synthesis.

In order to increase the flexibility of this approach, we decided to postpone the introduction of perfluorinated
residues. Perfluorocarbon-soluble triarylphosphines can be conveniently obtained through O-alkylation of
tris(hydroxyphenyl)phosphines. [10d] This procedure allows the insertion of the required perfluoroalkyl
chains onto a preformed ligand structure increasing the number of possible locations.

The preparation of optically pure (R)-MOPF15 (1) was thus successfully accomplished by a four steps
procedure. The use of bis(4-methoxyphenyl)phosphonic acid 4, which was obtained in a one-pot synthesis
from the corresponding para-substituted aryl bromide 3 (Scheme 1),[17] allowed the easy
monophosphinylation of bis(trifluoromethanesulfonate) (R)-5 (Scheme 2). This reaction was carried out in
the presence of 5 mol % of Pd(OAc)2 and 5 mol % of 1,4-bis(diphenylphosphino)butane (dppb) in
dimethylsulfoxide at 100°C. Demethoxylation of the phosphinyl derivative (R)-6 with BBr3 in CH2Cl2 afforded
the dihydroxy derivative (R)-7 in 99% yield, after recrystallization from diethyl ether. Subsequent hydrolysis
of the remaining triflate group with aqueous sodium hydroxide in a methanol/dioxane mixture converted
(R)-7 into (R)-(+)-2-[bis(4-hydroxyphenyl)phosphinyl]-2’-hydroxy-1,1’-binaphthyl (8) in 91% yield. The
perfluoroalkoxy chains were then introduced at the 2’ and para positions of phenyl groups by reaction of the
three hydroxy groups with perfluoro butansulfonate 9 in the presence of cesium carbonate giving the
phosphinyl perfluoroalkoxy (R)-10 in 70% yield after simple flash cromatography (eluent Et2O). Finally,
reduction of the P=O functionality was achieved by treatment with Cl3SiH in boiling toluene for 3h, affording
pure (R)-1 in 90% yield.



The bidentate fluorous phophine (R)-BINAPF15 (2) was obtained through a synthetic route (Scheme 3)
based on that proposed by Gladiali and coworkers for the preparation of 2-diphenilphosphino-2’-
diphenylphosphinyl-1,1’-binaphthalene (BINAPO).[16]

The phosphinyl derivative (R)-6, obtained as described above, was converted into the diarylphosphino
triflate (R)-11 by reduction with Cl3SiH in boiling toluene. This allows a further Pd-catalyzed coupling
reaction with bis(4-methoxyphenyl)phosphonic acid 4 affording the diarylphosphino-diarylphosphinyl
compound (R)-12 in 50% overall yield. (R)-12 underwent a quantitative oxidation with H2O2 in acetone to
the corresponding (R)-2,2’-[bis(4-methoxyphenyl)phosphinyl]-1,1’-binaphthyl (13). After deprotection of the
CH3O- protecting groups, four perfluoroalkoxy substituents were introduced according to the same
procedure described for (R)-10. Finally, reduction with Cl3SiH permits a simple access to (R)-BINAPF15 (2).



 

Possible applications of these new fluorous ligands in fluorous biphasic systems and in supercritical CO2 are
currently under investigation.
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