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New chiral phosphinoimidazolidine ligand in palladium-catalyzed
asymmetric allylic substitution
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Abstract—Chiral phosphinoimidazolidine 3 was used as an excellent ligand in Pd-catalyzed asymmetric allylic alkylation of
racemic 1,3-diphenyl-2-propenyl acetate 5 with dimethyl malonate. Outstanding enantioselectivity of up to 99% and remarkable
catalytic activity were observed. The ligand was also found to be effective in the asymmetric allylic amination of 5 with
benzylamine. © 2002 Elsevier Science Ltd. All rights reserved.

Pd-catalyzed asymmetric allylic substitution has
received considerable attention as a useful asymmetric
carbon�carbon and carbon�heteroatom forming pro-
cess, in which racemic or achiral allylic substrate can be
converted to an optically active product in the presence
of a palladium complex of chiral ligand.1,2 Develop-
ment of new chiral ligands is an important chapter of
current research in this area. Among numerous
reported ligands, phosphorus–nitrogen heterodonor lig-
ands are particularly effective in the asymmetric allylic
alkylation due to their different electronic properties
(trans effect).3,4 Phosphinooxazolines 1 represent one of
the most useful and versatile ligands in this area.3

Generally, most of the phosphorus–nitrogen ligands
possess an sp2 nitrogen donor. We were interested in
phosphorus–nitrogen ligands bearing an sp3 nitrogen
donor. Recently, we have found that phosphinooxazo-
lidines 2 can act as excellent chiral ligands for the
asymmetric catalysis.5 Introduction of the oxazolidine
moiety might open up a path to the development of
different kinds of chiral ligands. Encouraged by the
results, we have designed imidazolidine systems bearing
double sp3 nitrogens. We herein present semi-C2-sym-
metrical phosphinoimidazolidine 3 as a highly efficient
ligand which has the first application to the Pd-cata-
lyzed asymmetric allylic substitution.

The phosphinoimidazolidine 36 was easily prepared
through condensation of commercially available 2-
(diphenyl-phosphino)benzaldehyde and (1S,2S)-N,N �-
dimethylcyclo-hexane-1,2-diamine7 in refluxing benzene
over 12 h in nearly quantitative yield. Pyridinylimidazo-
lidine 4 was also prepared by the same method. The
catalytic properties of the palladium complexes formed
in situ from these ligands and [Pd(�3-C3H5)Cl]2 were
investigated in the asymmetric allylic alkylation of 1,3-
diphenyl-2-propenyl acetate 5 with dimethyl malonate.8

N,O-Bis-(trimethylsilyl) acetamide (BSA) combined
with a small amount of KOAc, NaOAc or LiOAc was
used as base. The data obtained are summarized in
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Table 1. Palladium-catalyzed asymmetric allylic alkylation of 5 with dimethyl malonatea

Solvent Additive Temp. (°C) Time (h)Ligand (mol%)b Yield (%)cEntry Ee (%)d

THF1 KOAc3 (4.4) 20 0.4 97 97
THF KOAc 103 (2.2) 0.72 95 97

3 (2.2)3e THF KOAc 10 1.5 90 97
THF4 KOAc3 (4.4) 0 0.9 96 96
CH2Cl2 KOAc 103 (4.4) 0.75 96 95

3 (2.2)6 THF NaOAc 20 0.7 97 96
THF NaOAc 107 0.83 (4.4) 96 97
CH2Cl2 NaOAc 103 (4.4) 18 92 95

3 (4.4)9 CH2Cl2 NaOAc 20 0.7 96 94
THF LiOAc 20 0.810 973 (2.2) 95
THF LiOAc 103 (2.2) 111 95 99
THF LiOAc 1012e 13 (1.1) 94 98
THF LiOAc 03 (2.2) 1.513 90 96

3 (2.2)14 CH2Cl2 LiOAc 10 3 70 95
THF LiOAc 204 (2.2) 2015 35 33

4 (10)16 THF LiOAc 20 20 62 32

a BSA (3 equiv.), dimethyl malonate (3 equiv.) and 4 mol% additive were used unless noted otherwise.
b Entries 1–15: ligand/[Pd(�3-C3H5)Cl]2=2.2, entry 16: ligand/[Pd(�3-C3H5)Cl]2=4.
c Isolated yield.
d Determined by HPLC with a chiralcel OD-H column. Absolute configuration was assigned by the sign of the optical rotation and the elution

order from a Daicel chiralcel column.
e BSA (2 equiv.) and dimethyl malonate (2 equiv.) were used.

Table 1. The reaction proceeded remarkably well both
in terms of enantioselectivity and reactivity. Optimum
results were obtained when the reaction was performed
at 10°C in THF. Use of THF is more desirable than
CH2Cl2 in this system. Additive source seems to have
little influence on the ee. BSA–LiOAc gave somewhat
better enantioselectivity. Under these conditions, ligand
3 afforded the substitution product (S)-6 with up to
99% ee (entry 11). The results are comparable to those
of phosphinooxazolines 1 and phosphinooxazolidines 2.
It is noteworthy that nearly complete conversion and
high ee were achieved with only 0.5 mol% Pd[(�3-
C3H5)Cl]2 and 1.1 mol% 3 in 1 h (entry 12). In contrast,
chiral N,N-homodonor ligand 4 gave low asymmetric
induction and modest reactivity (entry 15 and 16).
Next, the asymmetric allylic amination9 of 1,3-
diphenyl-2-propenyl acetate 5 with benzylamine was
performed at 40°C in the presence of 2 mol% [Pd(�3-
C3H5)Cl]2 and 4.4 mol% 3. High enantioselectivity of
95% ee was observed for the generation of (S)-7. The
enantioselectivity was better than with phosphinooxa-
zolines 19b and phosphinooxazolidines 2.5 The asym-
metric induction by ligand 3 can be briefly explained as
follows. Presumably, the nucleophilic substitution pro-
ceeds through the less sterically-hindered endo-�-allyl-
palladium complex as a major intermediate (Scheme 1).
In the case of exo-�-allyl complex, severe repulsive
interaction would be generated between the imidazo-
lidine ring and the phenyl group in the substrate. The
nucleophilic attack occurs preferentially at the allyl

terminus trans to the phosphorus which is the better
�-acceptor. Therefore, the (S)-isomer is formed as the
major product, in accordance with the experimental
results.

Scheme 1.
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In conclusion, we have demonstrated that chiral phos-
phinoimidazolidine could be used as a highly efficient
ligand in the asymmetric Pd-catalyzed allylic substitu-
tion. The results described above show the considerable
potential of such ligands in asymmetric catalysis. Fur-
ther synthesis of chiral imidazolidines and their applica-
tion are underway in our laboratory.
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