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Abstract—The catalytic enantioselective electrophilic a-amination promoted chiral palladium complexes is described. Treatment of
b-ketoesters with azodicarboxylates as electrophilic amination reagents under mild reaction conditions afforded the corresponding
a-amino b-ketoesters with excellent enantiomeric excesses (91–99% ee). Palladium complexes were immobilized in [bmim]PF6, and
their applications to catalytic a-amination of b-ketoesters were successfully demonstrated.
� 2006 Elsevier Ltd. All rights reserved.
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1a: Ar = Ph: (R)-BINAP, X = BF4
1b: Ar = Ph: (R)-BINAP, X = SbF6
1c: Ar = Ph: (R)-BINAP, X = OTf 
1d: Ar = Ph: (R)-BINAP, X = PF6
2a: Ar =  4-methylphenyl: (R)-Tol-BINAP, X = PF6
2b: Ar = 3,5-dimethylphenyl: (R)-Xylyl-BINAP, X = PF6
Amino acids are used as pharmaceuticals, agrochemi-
cals, and fundamental synthetic building blocks for
preparation of an assortment of biologically valuable
molecules.1 The development of stereoselective synthetic
methods for the preparation of natural and non-natural
a-amino acid derivatives has attracted considerable
attention over the past decades.2 The most popular
methods for the catalytic asymmetric synthesis of a-amino
acid are C–C bond formation and include hydrogena-
tion of a-dehydroamino acids,3 alkylation of a tert-butyl
glycinate–benzophenone Schiff base4 and addition to
imines using Strecker5 and Mannich reactions.6

The catalytic enantioselective electrophilic amination of
carbonyl compounds represents an efficient and the sim-
plest procedures to generate stereogenic carbon center
attached to a nitrogen atom.7 Recently, Jørgensen,
Pihko, and Takemoto groups presented the direct enan-
tioselective amination of b-ketoesters catalyzed by
chiral copper(II)–bisoxazoline complexes,8a,b quinidine-
derived alkaloid8c and cinchona alkaloid,8d and chiral
urea8e as organocatalysts. As part of the research
program related to the development of synthetic meth-
ods for the enantioselective construction of stereogenic
carbon centers,9 we report the catalytic enantioselective
fluorination and amination of ester derivatives pro-
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moted by air- and moisture-stable chiral palladium com-
plexes.10a,b In this letter, we wish to report the direct a-
amination of cyclic and acyclic b-ketoesters 3 catalyzed
by using palladium complexes 1–210 with azodicarboxy-
lates 4 as the electrophilic nitrogen source.
To determine suitable reaction conditions for the cata-
lytic enantioselective electrophilic amination of b-keto-
esters, we initially investigated the reaction system
with indanone carboxylate 3a using azodicarboxylates
4 as the electrophilic aminating agent in the presence
of 5 mol % of catalyst 1a in MeOH at room tempera-
ture. We first examined the impact of the structure of
azodicarboxylates 4 on enantioselectivity (Table 1, en-
tries 1–4). The best results have been obtained with i-
propyl and t-butyl ester of azodicarboxylates. Catalysts
1b and 1d were more effective than other catalysts
(entries 5–7, 9, and 10). The present catalytic system
tolerates catalyst loading down to 1.0, 0.1 mol % with-
out compromising either the yield or enantioselectivity
(entries 8 and 17). Concerning the solvent, the use of
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Table 1. Optimization of the reaction conditions

O
CO2Et

O

N

3a

N
N

RO2C

CO2R
  Pd-cat.
(5 mol %)

 rt
HN

4a-d 5aa-ad

CO2Et

CO2R

CO2R

Entry 4, R Cat. Solvent Time (h) Yielda (%) eeb (%)

1 4a, Et 1a MeOH 0.5 5aa, 83 80
2 4b, i-Pr 1a MeOH 0.5 5ab, 86 86
3 4c, t-Bu 1a MeOH 7 5ac, 97 87
4 4d, Bn 1a MeOH 27 5ad, 64 69
5 4b, i-Pr 1b MeOH 0.5 5ab, 98 97
6 4b, i-Pr 1c MeOH 0.5 5ab, 96 93
7 4b, i-Pr 1d MeOH 0.5 5ab, 98 97
8c 4b, i-Pr 1d MeOH 18 5ab, 96 96
9 4b, i-Pr 2a MeOH 0.5 5ab, 95 45
10 4b, i-Pr 2b MeOH 0.5 5ab, 95 73
11 4b, i-Pr 1d EtOH 1 5ab, 89 81
12 4b, i-Pr 1d THF 21 5ab, 70 91
13 4b, i-Pr 1d CH2Cl2 18 5ab, 84 85
14 4b, i-Pr 1d Toluene 18 5ab, 65 47
15 4b, i-Pr 1d Acetonitrile 18 5ab, 95 63
16 4b, i-Pr 1d Acetone 20 5ab, 97 97
17d 4b, i-Pr 1d Acetone 70 5ab, 96 97
18 4b, i-Pr 1b [bmim]PF6 12 5ab, 96 91
19 4b, i-Pr 1d [bmim]PF6 18 5ab, 81 71
20 4b, i-Pr 1b [bmim]SbF6 12 5ab, 92 89
21 4a, Et 1a [bmim]BF4 0.5 5aa, 88 0
22 4a, Et 1d [bmim]BF4 1 5aa, 90 0
23 4a, Et 1b [bmim]SbF6 0.5 5aa, 91 87
24 4a, Et 1d [bmim]SbF6 1 5aa, 89 79
25 4a, Et 1b [bmim]PF6 1 5aa, 96 97
26 4a, Et 1d [bmim]PF6 1 5aa, 93 85

a Yield of isolated product.
b Enantiopurity of 5 was determined by HPLC analysis with Chiralpak AD (for 5aa–ac) and AS (for 5ad) columns.
c Reaction carried out using 1.0 mol % of catalyst.
d Reaction carried out using 0.1 mol % of catalyst.
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MeOH gave the best results in the yield and the enantio-
meric excess (entry 7). Acetone also provided good
enantioselectivity, but longer reaction time was neces-
sary for the completion of the reaction (entry 16). Inter-
estingly, ionic liquid [bmim]PF6 is also a suitable solvent
for this reaction, providing the desired amination prod-
uct with excellent enantiomeric excess. Ionic liquids such
as [bmim]PF6 and [bmim]SbF6 showed over 70% ee, but
[bmim]BF4 gave racemic product. Catalyst 1b was more
effective than other catalysts in ionic liquid [bmim]PF6

(Table 1, entries 25–26).

To examine the generality of the catalytic enantioselec-
tive amination of b-ketoesters 3 by using chiral palla-
dium complexes 1, we studied the amination of
various b-ketoesters 3a–i.11 As it can be seen from the
results summarized in Table 2, the corresponding a-ami-
nated b-ketoesters 5ab–id were obtained in moderate to
excellent yields and excellent enantioselectivities. The
cyclic b-ketoesters 3a–h, with cyclic aromatic ketones
3a–f, cyclic aliphatic ketone 3g, and cyclic ester group
3h, reacted with azodicarboxylates 4 to give the corre-
sponding a-aminated b-ketoesters 5ab–hb in 56–99%
yields and 91–99% ee (Table 2, entries 1–11). Acyclic
b-ketoesters 3i reacted with dibenzyl azodicarboxylate
(4d) to afford the a-aminated b-ketoesters 5id with
95% ee (Table 2, entry 12).

The employment of ionic liquids as solvents for chemical
reactions has been receiving increased attention because
they have essentially no vapor pressure and provide high
solubility for a wide range of organic and organometal-
lic compounds.12 These solvents are reusable, simplify
product isolation and allow for catalysts recycling.13

From the results of the amination of b-ketoesters 3a in
ionic liquids (Table 1, entries 18–26), we also tested recy-
cling of catalyst 1b (Scheme 1).14 The reaction was per-
formed five times without affecting the yield and
selectivity. The pale brown color [bmim]PF6 layer and
colorless ether layer indicated that chiral palladium cat-
alyst was retained in ionic liquid layer. In the second
recycling experiment, the desired product was obtained
in 95% yield and 97% ee. Further, the catalyst recycled
up to five times, maintaining the excellent yield and
enantioselectivity. The complete reproducibility in this
amination is a proof for the negligible leaching of the
palladium catalyst.

In conclusion, we have developed a highly efficient cat-
alytic enantioselective a-amination of cyclic and acyclic



Table 2. Catalytic enantioselective amination of b-ketoesters

O
CO2R3

O
CO2R3

O O

3d : R3 = Me, R4 = H

3e : R3 = Et, R4 = H

3f : R3 = Et, R4 = OMe

R1

R2

O O       cat.1d
     (5 mol%)

R1

O

CO2R3MeOH, rt

3a-h 5ab-hb

OR3
N
N

RO2C

CO2R

4a-d

N

R2

HN
CO2R

CO2R

R4

R4

3a : R3 = Et, R4 = H

3b : R3 = Bn, R4 = H

3c : R3 = Et, R4 = OMe

R4

O

O

CO2Et

O O

3g 3i

OEt

3h

Entry 3 4, R Time (h) Yield (%) eea (%)

1 3a 4b, i-Pr 0.5 5ab, 98 97
2 3a 4a, Et 0.5 5aa, 94 99
3 3b 4b, i-Pr 0.5 5bb, 99 94
4 3c 4b, i-Pr 120 5cb, 64 93
5b 3c 4b, i-Pr 170 5cb, 71 95
6c 3d 4c, t-Bu 106 5dc, 56 95
7 3e 4a, Et 1 5ea, 75 91
8d 3f 4c, t-Bu 144 5fc, 66 91
9 3g 4b, i-Pr 31 5gb, 89 97
10 3g 4d, Bn 1 5gd, 73 93 (R)e

11c 3h 4b, i-Pr 9 5hb, 93 93
12 3i 4d, Bn 62 5id, 57 95 (R)e

a Enantiopurity of 5 was determined by HPLC analysis with Chiralpak AD (for 5ab, 5bb, 5cb, 5fc, 5gb, and 5id), AS (for 5gd and 5hb), and Chiralcel
OD-H (for 5ea and 5dc) columns.

b Reaction carried out in acetone.
c Reaction carried out using catalyst 1a.
d Reaction carried out using catalyst 1b.
e Absolute configuration was determined by comparison of the optical rotation and the HPLC retention time of the corresponding ester with

literature value.8a
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EtO2C

CO2Et   cat. 1b
(5 mol %)

[bmim]PF6
   1 h, rt HN

4a 5aa

CO2Et

CO2Et

CO2Et
run 1, 96%, 97% ee
run 2, 95%, 97% ee
run 3, 96%, 97% ee
run 4, 96%, 96% ee
run 5, 96%, 96% ee

Scheme 1. Catalyst recycling studies.
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b-ketoesters using air- and moisture-stable chiral palla-
dium complexes. The desired a-aminated products were
obtained in good to high yields, and excellent enantio-
selectivities (91–99% ee) were observed for all the sub-
strates examined in this work. It should be noted that
this reaction proceeds well in environmentally benign
alcoholic solvent and ionic liquid. Chiral palladium
complex 1b was efficiently immobilized in ionic liquid
and reused five times in this amination with excellent
enantioselectivity. This catalytic enantioselective amina-
tion in MeOH or ionic liquid has been shown to be prac-
tical from environmental and economical points of view.
We believe that this report provides a practical method
for the preparation of chiral a-amino acid derivatives,
and the availability of these compounds should facilitate
medicinal chemical studies in various fields. Further de-
tails and application of this amination will be presented
in due course.
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