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a b s t r a c t

A new family of phosphine-imine and phosphine-amine ligands based on D-glucosamine were synthe-
sized in order to probe previous asymmetric allylic alkylation results with those of disaccharide ligands
of the same class. In most cases, good-to-excellent activities and enantioselectivies were observed with
these ligands with ee’s reaching up to 87% in the Pd-catalyzed allylic alkylation reaction of racemic (E)-
1,3-diphenyl-2-propenyl acetate with dimethyl malonate as the nucleophile.

� 2008 Elsevier Ltd. All rights reserved.

Carbohydrates represent excellent tools as chiral auxiliaries, re-
agents, organocatalysts and ligands for asymmetric synthesis,1 as
they can be easily functionalized to provide efficient ligands, which
are applicable in a large number of catalytic asymmetric reactions.2

Derivatives of the most accessible NH2-containing sugar, D-glucos-
amine, have been evaluated as chiral ligands in numerous transi-
tion metal-catalyzed asymmetric catalysis based on Mn,3 Ni,4 V,5

Cu,6 Zn,7 and Pd. With the exception of the few examples studied
in the Suzuki–Miyaura8 and the Mizoroki–Heck8a,9 reactions, the
most studied Pd-catalyzed reactions, applying ligands derived
from glucosamine, are the allylic substitution reactions, which
represent powerful processes for the asymmetric construction of
carbon-carbon and carbon-heteroatom bonds.10

The main results in the Pd-catalyzed asymmetric allylations
with glucosamine-based ligands are those obtained from
diphenylphosphinoaryloxazoline 1,11 phosphinite-oxazoline 2,12

phosphite-oxazoline 3,13 and the phosphite-phosphoramidite 414

(Fig. 1). These ligands provide products of high enantioselectivities
(up to 98%) in the allylic alkylation of 1,3-symmetrically disubsti-
tuted acetates. A conceptually simpler and more readily available
ligand is represented by the phosphine-amide ligands 5 (Fig. 1),
which was introduced by us in 2003.15 Whereas high enantioselec-
tivities can also be obtained with this ligand, they are nevertheless

strongly dependent on the C1-alkoxy group and on the anomeric
configuration. In order to further probe this class of ligands, these
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Figure 1. Ligands based on D-glucosamine used in allylic alkylation.

Tetrahedron Letters 49 (2008) 6635–6638

Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t

mailto:ts@chem.au.dk
mailto:framery@univ-lyon1.fr
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


monosaccharide phosphines were extended to their disaccharide
derivatives, as illustrated in Figure 2.16,17 Of the three classes of
disaccharide ligands prepared, the phosphine-imine derivatives 7
rather than the amide 6 or the amines 8 exhibited the highest
ee’s attaining 99% for the allylic alkylation of racemic (E)-1,3-
diphenyl-2-propenyl acetate with various nucleophiles. This came
as a surprise as (1) phosphine imine ligands are generally not good
ligands for these types of palladium-catalyzed reactions as exam-
ined with other NH2-containing sugars18 and (2) our previous
study with ligand 5 showed that it was superior to its correspond-
ing imine-phosphine and amine-phosphine. Suspecting that the
role of the reducing sugar of these disaccharide ligands for the
good enantioselectivities observed is simple sterical bulk, we have
prepared a series of simpler ligands based on 2-amino-2-deoxyglu-
cosides with varying degrees of sterical bulk at the anomeric center
and have investigated their activities in asymmetric allylic alkyl-
ations of racemic (E)-1,3-diphenyl-2-propenyl acetate with
dimethyl malonate. The results of this study are communicated
in this Letter.

The functionalization of the amino group on the D-glucosamine
derivatives provided an easy access to various phosphine-imine
ligands,19 as well as to two phosphine-amine ligands20 based on the
carbohydrate moiety (Scheme 1). The condensation of 2-(diphenyl-
phosphino)-benzaldehyde onto 1,3,4,6-tetra-O-acetyl-2-amino-2-
deoxy-b-D-glucopyranose 9a or alkyl 3,4,6-tri-O-acetyl-2-amino-
2-deoxy-b-D-glucopyranosides 9b–e using MgSO4 as the drying
agent in toluene furnished the corresponding phosphine-imine
derivatives 10 with yields in the range of 63–85%, except from
benzyl 3,4,6-tri-O-acetyl-2-amino-2-deoxy-b-D-glucopyranoside
9e where a yield of 31% was obtained after purification. The reduc-
tion of the imino group of the derivatives 10a and 10b, using
NaBH3CN in a mixture of acetic acid and methanol, provided the
phosphine-amine ligands 11a and 11b in quantitative yield.

The starting materials 9 were easily generated from the com-
mercially available D-glucosamine hydrochloride. 1,3,4,6-Tetra-O-
acetyl-2-amino-2-deoxy-b-D-glucopyranose 9a was obtained in
three steps according to the literature procedure:21 protection of
the NH2 group with p-anisaldehyde, acetylation of the OH group,
removal of the p-methoxybenzylidene group with HCl, and a basic
washing to give the free amino group. The other glycosides 9b–e
were prepared following the process described by Billing and Nils-
son22 in the case of the methyl glycoside 9b from 3,4,6-tri-O-acet-
yl-2-amino-2-deoxy-a-D-glucopyranosyl bromide hydrobromide

12 (Scheme 2). The treatment of the D-glucosamine by a large ex-
cess of acetyl bromide gave the compound 12 in 80% yield. Then,
the derivative 12 and pyridine (1.2 equiv) were dissolved in the
corresponding alcohol (ROH) to give after a stirring at 45 �C for
the desired time, the corresponding alkyl glycosides 9c–e with
yields in the range of 31–47%.

The phosphine-imine and phosphine-amine ligands 10 and 11
were examined in the palladium-catalyzed asymmetric allylic
alkylation of racemic (E)-1,3-diphenyl-2-propenyl acetate with di-
methyl malonate (Table 1). The reactions were performed in THF
(0.125 M) at 25 or 60 �C for 24 h, using 2 mol % of [(g3-C3H5)PdCl]2,
4 or 8 mol % of the sugar ligand, 3 equiv of dimethyl malonate, and
a mixture of N,O-bis(trimethylsilyl)acetamide (BSA) (3 equiv) and
KOAc (2 mol %) as the base.24 The results were compared to those
obtained previously using the phosphine-amide, phosphine-imine,
and phosphine-amine ligands 5–8.

We first examined the results obtained using phosphine-imine
derivatives 10a–e as ligands. In the case of a Pd/L ratio of 1/1, after
24 h at 25 �C, the nature of the substituent at the b-anomeric posi-
tion of the carbohydrate moiety of the ligand had no influence on
the reactivity as complete conversion and high yield (97–99%) of
the allylic product was obtained. On the other hand, this substitu-
ent greatly influenced the enantioselectivity with enantiomeric ex-
cesses produced in the range of 38–87% (Table 1, entries 1, 3, 5, 7
and 9). The use of ligands 10c or 10e, carrying a t-butoxy or benzyl-
oxy group (Table 1, entries 5 and 9), afforded high ee’s (87% or 82%,
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