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Abstract

We have developed new electron rich chiral bisphosphinites from mannitol. The new ligands have been found
to be efficient chiral auxiliaries for rhodium catalyzed hydrogenation of functionalized ketones leading to hydroxy
compounds in up to 86% ee. © 2000 Elsevier Science Ltd. All rights reserved.
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Chiral phosphorous containing chelates occupy a special position among the chiral ligands applied in
catalytic processes in the synthesis of optically active compounds.1 In this context, chelates possessing
diaryl substituted phosphorous ends associated to a great variety of chiral backbones have been very
efficient for the asymmetric hydrogenation of C_C and C_O bonds.1 If generally diphosphines have
been utilized preferentially as stereodirecting auxiliaries for the latter reaction, there has been an
increasing interest in diphosphinites for the same purpose.2 In the latter class of ligands, carbohydrate
diphosphinites constitute attracting chiral modifiers because they are easy to synthesize from readily
available starting materials and have already led to important applications.3,4

In our continuous effort to develop easily accessible chiral diphosphanes, we have reported on
the synthesis and use of the aminophosphine phosphinites (AMPP)5 derived from amino and amido
alcohols, which are highly enantioselective auxiliaries for the rhodium based asymmetric hydrogenation.
Such ligands are not following the strategy consisting of incorporating aC2-symmetry into the ligand
design in order to restrict the number of diastereomeric transition states of the enantioselective catalytic
process. Nevertheless, the basic cycloalkyl substituted AMPP ligands are particularly well suited for the
hydrogenation of functionalized ketones.6 We have been interested in the use of sugars as the chiral
source and explored the potential of the correspondingC2-symmetrical basic diphosphanes. Even if, as
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mentioned above, aryldiphosphinites based on sugar have been applied successfully in the asymmetric
hydrogenation of enamides,3,4 their behavior in the stereoselective hydrogenation of ketones has been
reported only once4c and the synthesis and use of more basic peralkylated carbohydrate diphosphinites
has not been reported yet. Herein, we describe the synthesis of new chiral carbohydrate diphosphinites
and their use in the hydrogenation of functionalized ketones.

The mannitol derivative 1,3-4,6-di-O-benzylidene-D-mannitol1 is readily prepared7 and then react-
ed under nitrogen with two equivalents of chlorodiphenylphosphine, chlorodicyclopentylphosphine or
chlorodicyclohexylphosphine in the presence of an excess of triethylamine in diethyl ether at room
temperature for 18 h (Scheme 1).8 Then, a chromatographic purification through basic alumina provided
the C2-symmetric Ph,Ph-MannOP2,4c Cp,Cp-MannOP3, and Cy,Cy-MannOP4 ligands in 85–90%
yields.9

Scheme 1.

These new ligands were then applied to the enantioselective hydrogenation of four functionalized
ketones namely dihydro-4,4-dimethyl-2,3-furadione5, methylpyruvate6, N-benzyl benzoylformamide7,
andN,N-dimethylamino-m-chloro-benzophenone8 in the presence of rhodium catalysts (Scheme 2). The
latter are prepared in situ by reacting two equivalents of the ligand with one equivalent of [Rh(COD)Cl]2

or [Rh(COD)(OCOCF3)]2
10 in the solvent used for the catalytic reaction.

Scheme 2.

Results of the hydrogenation reactions are listed in Table 1. The series of investigated ketones
underwent smooth hydrogenation leading to the corresponding hydroxy derivatives with modest to high
enantioselectivities (40–86% ee). The electronic properties of the MannOP ligands influenced greatly
the performances of the catalysts. Thus, the electron-donating alkyl substituted ligands induce higher ee
than the corresponding phenyl substituted derivatives and they are also providing catalysts presenting
higher activities (entry 11 versus 10 for example).11 Generally, the bulkier cyclohexyl is most effective
for asymmetric induction with respect to the cyclopentyl analogue (entry 21 versus 20 for example). On
the other side, the dependency of the enantioselectivity and activity on the non-chiral ligand is also
remarkable. Thus, the adequate association between the substrate to hydrogenate and the non-chiral
ligand leads to the most effective catalysts i.e.5 and6 with CF3COO (entries 9 and 14, respectively)
and7 with Cl (entry 18). Ethanol as solvent, necessary to dissolve the chlorohydrate8, affords most
probably a cationic catalytic species in which the non-chiral ligand (Cl) has been removed. Thus, only the
properties of the chiral ligands involved influences the activity and the enantioselectivity of the catalyst
(entries 20 and 21). The replacement of phenyl by cycloalkyl substituents led to an opposite absolute
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configuration for the hydrogenation in only one case (substrate5) (entry 3 versus 1).12 This is attributed
to the coordination of opposite enantiofaces for substrate5 that result from different conformations of the
catalytic intermediates including ligands2 and3. Such a trend was not observed for the other substrates
while being hydrogenated by catalytic systems involving identical ligands.12

Table 1
Asymmetric hydrogenation of ketones catalyzed by ‘Rh-MannOP’ complexesa

The MannOP ligands reported here provide nine-membered chelates that are more prone to flexibility
than five- or seven-membered chelates. In addition, they might also providetrans-coordinated ligands.
Consequently, they may induce lower selectivities. Nevertheless, the degree of enantioselectivity obtained
here suggests that the overall structure of the ligand confer a particular control of the chiral environment.
The latter is keeping the phosphorous ends in space with a bite angle most appropriate for acischelation
to the rhodium center. As a matter of fact, the nature of the derivatizing group on the sugar (here
benzylidene) and the presence of several chiral centers are certainly important factors that influence
significantly the conformational properties of the catalysts. The space arrangement of such ligands could
be perceived from the examination of molecular mechanics optimized structures. From a reactivity
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standpoint, these ligands are not superior to the previously reported AMPP analogues. However, from
a tuning standpoint, they may offer attractive features when considering the modular approach to their
synthesis. As such, the combination of the various derivatizing possibilities with the conversion of the
remaining OH groups of the starting sugar into phosphinite species will lead to attractive structures.

In conclusion, we have demonstrated the applicability of such sugar based electron-donating ligands
in asymmetric catalysis. Even though these ligands are not chiral vicinal diaryl or dialkyl phosphinites,
they are quite effective for the hydrogenation of ketones. Research is under way to investigate both areas
of new synthesis and applications of such ligands.
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