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Abstract: Asymmetric palladium catalyzed allylic amination of 5 with
various amines has been studied using a new class of chiral pyridine-
phosphine ligands. High enantioselectivities of up to 94% ee have been
observed using benzylamine, veratrylamine or morpholine as
nucleophiles. 

In recent years, various C2-symmetric and non symmetric chiral ligands
bearing phosphine(s), nitrogen(s) and/or sulfur(s) have been developed
and used in numerous transition metal catalyzed reactions1 such as
hydrogenations2 and allylic substitutions3. Thus, a wide class of non
symmetric chiral PN-, SN- type ligands were efficiently used as ligands
for catalytic asymmetric reactions, on the basis of their electronic as
well as steric effects4,5. In almost these cases, the phosphorus atom is
not stereogenic, the chirality being induced by a chiral oxazoline or
imidazoline group which have been recognized as effective parts
inducing high enantioselectivity4b. 

Recently, we described the use of a new non symmetric chiral ligand
bearing the chirality at the phosphorus atom in a palladium catalyzed
asymmetric alkylation with enantioselectivities up to 87%6. We report
the preparation of various analogues of chiral ligand 1 and their
application to the palladium catalyzed asymmetric allylic amination7.

Diastereoselective synthesis of ligands 1-4 was accomplished by
exchange reaction in refluxing toluene between
tris(dimethylamino)phosphine and (S)-2-anilinomethylpyrrolidine or
(S)-2-naphthylaminomethylpyrrolidine followed by addition of the
corresponding hydroxyquinoline, hydroxymethylpyridine or
hydroxypyridine8,9.

Asymmetric allylic amination of 1,3-diphenyl-2-propenyl acetate 5a or
1,3-diphenyl-2-propenyl carbonate 5b with primary or secondary
amines was carried out with palladium(II)-phosphines 1-4 complex
catalysts (Table 1).

Using benzylamine as test nucleophile, a dramatic solvent effect on the
conversion is observed. Thus, under various experimental conditions no
reaction occurred in THF. Diethylether (entry 1) and dichloromethane
(entry 2) led respectively to 70% and 100% conversion of 5a with a
good enantiomeric excess (ee) (77 and 79% ee respectively).
Nevertheless, the best results were obtained using toluene as solvent. A
total conversion was observed and the desired product 7 obtained with
an ee up to 93% (entry 6). Moreover, a significant effect of the
temperature has been noticed and the best results were obtained at -10°C
(entries 3-6). The effect of the ligand used has also been taken into
account. Ligands 1 and 4 led to excellent results in terms of
enantioselectivity at -10°C (93% ee) (entries 6 and 9). Nevertheless,
under the best experimental conditions, ligands 2 and 3 led to the
desired product with lower ee and an incomplete conversion (entries 7
and 8). Even with 1 mol% of the palladium catalyst, the reaction
proceeded in high enantioselectivity (92% ee, entry 10) and the product
was isolated in 80% chemical yield. Excellent results have been also
obtained using veratrylamine (94% ee, entries 11 and 12) and
morpholine (88% ee, entry 13) as nucleophiles.
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It is generally well assumed that the enantioselective step in palladium
catalyzed allylic amination is the substitution of π-allyl complexes with
nucleophiles, the nucleophilic attack occurring predominantly at the
alkyl terminus trans to the better π-acceptor (P>>N)4,10,11. Since the (S)
product was obtained as the major enantiomer the reaction probably
proceeds through an M-type.

This model proposes that trapping of the π-allyl species occurs opposite
to the phosphine, as its superior π-accepting properties makes C-1 of the
allylic acetate electron deficient. Therefore, based on this analysis, 8
rather than 9 would be the diastereomeric complex responsible for the
product12. 

In summary, we have demonstrated that palladium complexes derived
from new chiral pyridine-phosphine ligands are efficient catalysts for
allylic aminations leading to enantioselectivities up to 94% ee. Further
studies are under current investigation in order to use these new ligands
in other asymmetric reactions.
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