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a Department of Chemistry, Ryazan State University, 46 Svoboda Street, 390000 Ryazan, Russia
b Institute of Organoelement Compounds, Russian Academy of Sciences, 28 Vavilov Street, 119991 Moscow, Russia

c Leibniz-Institut für Katalyse an der Universität Rostock e.V., A.-Einstein-Str. 29a, 18059 Rostock, Germany

Received 19 December 2007; revised 21 February 2008; accepted 7 March 2008
Available online 18 March 2008
Abstract

A novel readily available P,P-bidentate diamidophosphite ligand with P*-stereocentres is prepared from an inexpensive C2-symmetric
1,4:3,6-dianhydro-D-mannite. By using this efficient ligand, up to 98% ee is achieved in Pd-catalysed asymmetric allylic alkylation, up to
92% ee in Pd-catalysed asymmetric allylic amination and up to 87% ee in Rh-catalysed asymmetric hydrogenation. The influence of the
precatalyst, substrate and solvent on the enantioselectivity is discussed.
� 2008 Elsevier Ltd. All rights reserved.
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Asymmetric metal complex catalysis is a powerful syn-
thetic method for producing valuable chiral compounds.1

To achieve the highest levels of reactivity and selectivity
in enantioselective catalytic reactions, different reaction
parameters must be explored and adjusted. In this optimi-
sation process, a careful selection and design of the chiral
ligand is perhaps the most crucial step, since the choice
of the best ligand strongly depends on each particular reac-
tion.2 Therefore, the design of new ligands for efficient
asymmetric catalysis remains a challenge of high impor-
tance. Diphosphines have played a dominant role amongst
the phosphorus-containing ligands, but recently a group of
less electron-rich organophosphorus compounds, phos-
phite ligands, have received much attention. These ligands
are extremely attractive for catalysis because they are easy
to prepare from the readily available starting materials and
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are also less sensitive to air than to phosphines. Hence, this
makes it possible to develop protocols for the whole pro-
cess including the ligand synthesis that do not necessitate
the use of a glove box. In addition, phosphites are charac-
terised by pronounced p-acidity and low cost.3 At the same
time, there are only a few examples of very promising
P,P-bidentate phosphite-type ligands with stereogenic
phosphorus atoms in the literature.4

Chiral diol-based phosphite ligands are readily available
and are highly functionalised with several stereogenic cen-
tres.2,3 A series of P,P-bidentate chiral phosphites with a
1,4:3,6-dianhydro-D-mannitol backbone and biphenyl or
binaphthyl moieties was synthesised and screened in the
search for high activities and selectivities in asymmetric
hydrogenation and allylic substitution (some examples
are shown in Fig. 1).5

On the other hand, we have recently reported the syn-
thesis of P*-mono- and P*,N-bidentate diamidophosphites
and demonstrated that they can serve as a new class of very
efficient ligands for Pd-catalysed allylation.6 Encouraged
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Fig. 1. Examples of P,P-bidentate phosphite ligands.
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Scheme 2. Rh-catalysed hydrogenation.
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by these observations and motivated by our continuing
efforts in the design and application of novel P*-chiral
ligands for use in asymmetric catalysis,7 we have prepared
P*,P*-bidentate bisdiamidophosphite compound 1 as a
ligand for an application in asymmetric catalysis.

As stated above, the development of asymmetric cataly-
sis requires access to the novel classes of structurally
diverse phosphorus-containing ligands. Such diversity is
quite difficult with phosphine ligands, whose syntheses
can often require multiple steps.8 Phosphite-type com-
pounds, however, can be assembled in a much easier way
by reacting alcohols or amines with phosphorus halides.
In particular, bisphosphites can be readily prepared by
the reaction between different phosphorochloridites and
diols. The diol moiety bridges the two phosphite moieties
and controls the bite angle of the resulting ligand. By
using this strategy, we have synthesised very efficiently
bisdiamidophosphite 1 in one step from the inexpensive
1,4:3,6-dianhydro-D-mannitol and (2R,5S)-2-chloro-3-
phenyl-1,3-diaza-2-phosphabicyclo[3.3.0]octane (Scheme
1). The reaction was performed in the presence of Et3N
(�1.1 equiv/OH) in THF.

Compound 1 was obtained as a white powder after fil-
tration, evaporation of THF from the filtrate and tritur-
ation of the resulting solid with hexane.9 The new
P*,P*-bidentate ligand 1 is stable on prolonged storage.
Since the phosphorylating reagent is easily prepared from
N
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Scheme 1. Synthesis of
the readily accessible (S)-(2-anilinomethyl)pyrrolidine,6a 1

can be obtained on gram scale. As follows from the charac-
teristic 2J(C(80),P) value (37.9 Hz) in the 13C NMR spec-
trum,9 the phosphorylation of 1,4:3,6-dianhydro-D-
mannitol results in the exclusive formation of stereospecific
bisdiamidophosphite 1 with the (R) configuration at the
P*-stereocentres (see Ref. 10 and references cited therein).

Asymmetric hydrogenation is a highly attractive strat-
egy for the synthesis of optically active organic molecules
of academic and/or industrial interest.1 In this connection,
we describe our results on the Rh-catalysed hydrogenation
of dimethyl itaconate 2 and methyl 2-acetamidoacrylate 4

with ligand 1 (Scheme 2).
These benchmark substrates have been investigated with

a wide variety of ligands carrying various donor groups.
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Table 1
Rh-catalysed hydrogenation of a-dehydrocarboxylic acid esters
([Rh(COD)2]BF4/1, 1 bar H2, 20 �C)a

Entry Substrate Solvent Time (min) eed,e (%)

1 2 PCb 35 80 (S)
2 2 CH2Cl2 25 86 (S)
3c 2 CH2Cl2 120 81 (S)
4 4 PC 5 13 (S)
5 4 CH2Cl2 120 87 (R)

a 100% conversion in all cases.
b Propylene carbonate.
c [Rh(COD)2]SbF6 added as precatalyst.
d The conversion of substrate 2 and enantiomeric excess of 3 were

determined by GC (Lipodex E, 25 m � 0.25 mm, 80 �C, 1 mL/min) or
HPLC (Daicel Chiralcel OD-H, C6H14/i-PrOH = 98/2, 0.8 mL/min,
220 nm, t(R) = 9.1 min, t(s) = 16.1 min).

e The conversion of substrate 4 and enantiomeric excess of 5 were
determined by GC (XE-valin(tert-butylamide) 4 � 0.25 mm, 85 �C, 1 mL/
min).

Table 2
Pd-catalysed allylic amination of 6 with benzylamine and dipropylamine
(20 �C) and allylic alkylation of 6 with dimethyl malonate (BSA, KOAc,
20 �C)

Entry Precatalyst L/Pd Solvent Time (h) Conv. (%) ee (%)

Allylic amination with benzylaminea

1 [Pd(allyl)Cl]2 1/1 PC 12 98 72 (R)
2 [Pd(allyl)Cl]2 1/1 CH2Cl2 12 40 92 (R)

Allylic amination with dipropylamineb

3 [Pd(allyl)Cl]2 1/1 CH2Cl2 48 100 90 (+)
4 [Pd(allyl)Cl]2 2/1 CH2Cl2 48 100 77 (+)
5 [Pd(allyl)Cl]2 1/1 THF 48 57 76 (+)
6 [Pd(allyl)Cl]2 2/1 THF 48 100 70 (+)

Allylic alkylation with dimethyl malonatec

7 Pd(CF3CO2)2 1/1 PC 14 78 67 (S)
8 Pd(CF3CO2)2 1/1 CH2Cl2 14 91 86 (S)
9 [Pd(allyl)Cl]2 1/1 CH2Cl2 48 72 98 (S)

10 [Pd(allyl)Cl]2 2/1 CH2Cl2 48 80 95 (S)

a The conversion of substrate 6 and enantiomeric excess of 7 were
determined by HPLC (Daicel Chiralcel OJ, C6H14/i-PrOH = 80/20,
0,5 mL/min, 254 nm).

b Enantiomeric excess of 8 determined by HPLC (Daicel Chiralcel OD-
H, 1000/1/1 hexane/i-PrOH/HN(Et)2, 0.4 mL/min, 254 nm, t(+) =
8.2 min, t(�) = 9.1 min). The conversion of 6 was determined according to
1H NMR.

c The conversion of substrate 6 and enantiomeric excess of 9 were
determined by HPLC (Daicel Chiralcel OD-H, C6H14/i-PrOH = 99/1,
0.6 mL/min, 254 nm).
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We can therefore compare directly the efficacy of different
ligand systems. The reactions were performed in propylene
carbonate (PC) or CH2Cl2 at room temperature (with
[Rh(COD)2]BF4 or [Rh(COD)2]SbF6, L/Rh = 1) according
to the published procedures.7a,11 In the transformation of 2

to succinate 3, ligand 1 showed good enantioselectivity
(81–86% ee), irrespective of the solvent and precatalyst
(Table 1, entries 1–3). It is important to note that propyl-
ene carbonate as a reaction medium makes it possible to
recycle the chiral catalyst successfully.12A good enantio-
selectivity (87%, Table 1, entry 5) was also obtained in
the Rh-catalysed hydrogenation of substrate 4, but only
in CH2Cl2. In propylene carbonate, product 5 was formed
with low optical purity and with the opposite (S) configu-
ration (Table 1, entry 4).

Allylic substitution is a versatile, widely used process in
organic synthesis that can result in the enantioselective for-
mation of carbon–carbon and carbon–heteroatom bonds.13

To study further the potential of bisdiamidophosphite 1,
we tested it in the Pd-catalysed allylic substitution of
(E)-1,3-diphenylallyl acetate 6 (which is widely used as a
model substrate) with C- and N-containing nucleophiles
(Scheme 3).
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the precatalyst Pd(CF3CO2)2 provided higher conversion
but reduced asymmetrising ability in comparison with
[Pd(allyl)Cl]2 (Table 2, entries 8 and 9).

In conclusion, bisdiamidophosphite 1 is an efficient
ligand in asymmetric catalysis. In the Rh-catalysed hydro-
genation of dimethyl itaconate 2, ligand 1 was slightly infe-
rior to L1a–c (up to 86% and 98% ee, respectively), but in
the Rh-catalysed hydrogenation of methyl 2-acetamido-
acrylate 4 the enantioselectivities of the product 5 were
almost equal (up to 87% and 89%).5a At the same time,
in the Pd-catalysed allylic substitution of (E)-1,3-diphenyl-
allyl acetate 6 with benzylamine and dimethyl malonate,
ligands L1c and L2 only gave up to 36% and 49% ee, respec-
tively,5b being significantly lower than the enantioselectivi-
ties achieved with 1 (92% and 98%). Further testing of
bisdiamidophosphite 1 in other benchmark asymmetric
reactions is in progress in our laboratories.
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12. Bayardon, J.; Holz, J.; Schäffner, B.; Andrushko, V.; Verevkin, S.;

Preetz, A.; Börner, A. Angew. Chem., Int. Ed. 2007, 46, 5971–
5974.

13. (a) Trost, B. M.; Crawley, M. L. Chem. Rev. 2003, 103, 2921–2943; (b)
Graening, T.; Schmalz, H.-G. Angew. Chem., Int. Ed. 2003, 42, 2580–
2584.

14. Lyubimov, S. E.; Davankov, V. A.; Gavrilov, K. N. Tetrahedron Lett.

2006, 47, 2721–2723.
15. Birkholz, M.-N.; Dubrovina, N. V.; Shuklov, I. A.; Holz, J.; Paciello,

R.; Waloch, C.; Breit, B.; Börner, A. Tetrahedron: Asymmetry 2007,
18, 2055–2060.


	A P lowast -chiral bisdiamidophosphite ligand with a 1,4:3,6-dianhydro- d-mannite backbone and its application in asymmetric catalysis
	Acknowledgements
	References and notes


